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A COMPARATIVE STUDY ONTHE QUALITY OF YOGHURT
PREPARED FROM COW, BUFFALO AND GOAT MILK

S.OM. K ALAMY MM MUNZUR™. S AKIT FRAND AL WADLD®

ABSTRACT

The present expoviment was conducted to assess the graline of dahi
tvoghurs) prepared from cow, goat and buffado ok Mk swmples
were cotfected from Baneladesh Agricwdiveal University, Dairy
Farm: Seabart and Gobiddochar, Mvmensingh, Thiee (vpes of dahi
sapiples wese analvzed duving the experiment. The parameiers seed
o monitor the quality: of dahi samples weee plsical Goaell and
foste hodv and comsistency: colar amd teiurel chemdeal farmiein,
jut, total solicds, ash, acidite and pH) and ndorobiofogical (gram
prositive rods and coccl, dotad vialde count, coliforn and motild
count), Frong the result of all parameters it was concluded thar dali
prepared from cow niilh B superior than dalii prepared fron huficado
or coal milk. Considering afl purameters from the sicteiitonad point of
view i was concluded that dali made from bufialo and goal mili i
alvo vood and finallv. it waos suggested that daoli from con, fugffirler
aned woat mifl i oof egual value so dong § i prepared maintaining

stefet fvgdenic conditions,

Kev words: Dahi; Quality: Yoghuort; Milk
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INTRODUCTION
Thes e sources of milk i the world are cows, Buffaloes are the second lareest
source of milk supply in the world. In India, nearly half of the milk processed by the

organized dames comes Grom bulliloes.

Bultalo milk fat has less cholesterol and more wcopherol, which is a natoeal
antioxidant. BulTalo milk is vicher in caleiom and phosphorus and lower in sodium and
potassium than cow's millk. Goat milk 15 also richer in caleium. phosphorus & chlorme,
Cioat milk fal globales ave smaller in stee compare 1o cow & butfalo milk: that is why it 1s

castly digestible especially Tor children & old man { Husain: 1987

Milk 15 very nutritious and perbaps an indizpensable food for human being, But in
this era of ndustrializaton, Tood babit ol common people s changing, They preler
healthier. delicious [oods (o fresh raw foods. Hence, milk is converted o various milk
products. Dahi or voghart 15 one of them. Dahi?Yoghurt s o popular fermented milk
product knewn Tor its typieal Navour, characteristic semi-solid consistency and high
nutritive and therapeutic value, With the advent of health Toods, there 15 o conziderable
merease i the popularity of voghurt in all parts of the world, Of the milk production in
Tndia, about 7% is converted 1o dahi (Chakraborty, 1998 m Pakistan, 4% 15 converled 1o
dahi (Cakraborty, 19498 and about 4% of the todal mulk produced m Bangladesh s used

for the preparation of dahi (Mustafa, 1997,

Difference between Yoghurt and Dahi

Adthough woghurt and dabi are caltured or fermented daivy products soll there are
lle dillerences between those, Yoshurt is prepared by using the starter organisims
Stevptococons Sevmophiins and Lociobacilus Bulearicns na propovtion of 101, whereas
dahi is prepared by using mixed culture of Sireprococeus factiv, Laciobacifing Buloaricns,

Strepdoicaceons thermophilus, Sepiococens ciophifos, Doctabaciflns plassiaron e,

Types of dahi! yoghuri
[. Sweet or Misti dahi/ Yoghurt: Sweel dalo s generally prepared Troon nised
cullure ol Sie lactis, Siv thermopduilis and See ediopdhilus, Sugar was added at the rate of

S0 L% during preparation.

I Sour dahif Yoghurt: Sour dahi is made by seeding milk with a combination ol 5.

ihevnapfiifis aod L badloariens,
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L Flavored dahif Yoghurt:
I modern fermented milks, especially voghurt flavor is derived from fruit and other

additives are added (Varmeum and Sotherland, 1994,

Compasition of dahi:
Composition of plain dahi prepared Trom whole milk and skimmed milk is represerled helow:

Product  ¥Water Iat Protein Lactose Laetic Ash(%a) u () I (%)
[ (™) (") (%) Acid(a)

Db fwhale H5-84 ] 3#-54 4662 4511 Q70075 01204 o0
milk)

Caki G151 CAas0I0 3335 4753 0510 070075 2014 a0e0 i
Lskimeed

il

Source: Liominarayana el oal, (1952}

A Mow diaeram for voghoet making as per Robinson { 19833 15 show below:
Preparation ol basic mx
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Dyahi is very nutritious dairy product. It has been demonstrated that fermented milk
prewtuct like dahi s somewhat easily digestible than normal milk. ls demand is
mereasing day by day for its multipurpose health benelits such as improves intestinal
health, which preventing constipation, diarrthoea and dysentery and also prevent
gastrenntestinal mfections, 1t is based on the assumption that acid Termenting bacteria and
factose of milk are able to create conditions in the intestinal tract. which are unfavorable
for the growth of putrefactive bacteria, and thercby prevents the formation of gas and a
condition known as "autointoxication’. 1t is also effective in lowering blood cholesterol,
reduces coronary hearl disease, breast and ovarian cancer (Munzur et al, 2004). Immunity
level also increased by dahi consumption (Kaic and Antonie. 1996y, Dahi. capectally
mistt dahi, s one of the most popular fermented milk products in Bangladesh. The typical

Bangladeshi consumers always prefer dahi with sweetmeat

Although it is very nutritious and popular food, the products available in the market
lack quality and uniformity. That is why; a desirable standard for the manuiacture of dahi

should be established to maintain consumer's health,

Some rescarch works have been done in different countries on the quality of dahi
(voghurt) prepared from cow and bufTale milk. But very limited works have been done on
the quality of dahi made form goat milk. Hence. an attempt was made to judee the quality
ol dahi (yoghurt) prepared form cow, bullalo and goat milk, This cxperiment is carrving
signmificance because in this country people have no idea about this type of fermented

food product.

This food product can bring significant change in our national health, Moreover, the
avatlability of data on cow, buffalo and goat milk dahi (yoourt) s scanty. so this
experiment is very important for practical point of view, Therclore, the present study was
undertaken to prepare acceptable quality ol dahi {voghurt) using dillerent sources af milk
to monttor the physical, chemical and microbiological quality of dahi (voghurl) and also

to compare the quality of dabi prepared from cow, bufTalo and goat milk.

MATERIALS AND METHODS

Site and Period of Fxperiment

The experiment was conducted at the Dairy Technology and Microbiology Laboratory
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ol the Department of Dairy Science and Department ol Animal Nutrition, Bangladesh

Asrienltural University, Myvimensingh during the period from July to August 19949,

Collection of Milk Sample
Cow ilk was collected Trom Bangladesh Agricultural University (BALD Dairy
Farm. Buffalo mille was collected from Senbari, Mymensingh and Goat milk was

collected Trom Gobiddochar, Mymensingh.

Preparation of different types of dahi

Aller collecting the whole milk, dahi was prepared in the Taboratory. A first milk
was boiled up to boiling temperature. AL the time of boiling sugar at the rate of 8 percent
wis added to the whole milk and continued boiling until the volume was reduced o 20
255 Boiled milk was then cooled down to near 42YC  and inoculated with 2 10 3 per

cent starter cultures collected from Dairy Science Laboratory.

After inoculation, warm milk was poured into plastic cups and kept at an meubation
temperature of 37°C until complete congulation. After complete coagulation {(8-10 hours}
litratable acidity percentage of the curd was measured. [ this way three types of dahi
(Conw. bulTalo & pgoat) were prepared. The samples were then stared in a relrigertor al

about 47°C for further analysis,

Analysis of dahi samples
After preparation of all types {cow. bullalo & goat) ol dalu different physical.
chemical and microbiological tests were conducted to investigate the quality of dahi

samples,

Physical test
A panel of six experienced judges assessed different types of organoleptic
parameters such as smell & taste. body & consistency, color & texture scparately. The

scorecard used for judging the sample s given in Table 1.
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Table 1. Score card for judging dahi samples

Tests Maximum points
Sl andd Taste SLI]
Flavar
R
Cooked
A
Bitte
Flat
Slharp sour
Mounldy
Bodly and consistency kL]
Thicl
Thin
Sy neresis
Cagrs
Crack
Clorlorr anad texiare 24
Light
Deep
Chckled
Lrreenish
Solt and lose coagnlum
Ciassy coagnlum
Lumpy-griliy

Chemical analvsis

To mvestigate the nutritional status of dahi following tests were conducted. These
were acidity (%), [al (%), total solids (%), Protein ("), ash (%) and P". Total solids
content ol the different tvpes of dahi were determined according to AQAC {1952). Fal
percent was determined by Babceock method using the procedure described by Aggarwala
and Sharma (19611 Acidity was detenmined by titrating with NAO sodium hydroxide
solution using the procedure of Agaarwala and Sharma (19617, Protein was determined
by kjekdahal procedure (AOAC, 1982), Specific oravity test was performed by using
Quevenne Lactometer, according o the method described by Avzarwala and Sharma
C196TE P was measured with the help of P mieter-215 (Ciba Clorning Diagnostics Lid.

Sudhury, Suilolk, Fngland Co 106 5 D).
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Micobiolooical tests

Difterent tvpes ol microbiological tess bke, gram-positive cocetr (%), gram-postive
o= (%0, total viable count/ml, coliform countyml and mould countim! were performed o
Lo the microbislogical status of the prodocts. Foe determmation of grame-positive coee
and grinm-positive rods o dabn samples grams staning procedore was followed and Tor
total viable connt, standard plate count was dooe according to the method deseribed
Lhie "Standard wethod For the Examination ol Day products". (Aonerican Public Health

Associbion, [T

Data Analysis

Dhata obtamed Trom collected and prepoared samples were analyeed statistically using
Complete Randomieed Design (CRDD wath one actor i MSTAT programme. The
difterences among sample means were compared by caloulating Least Signilicant

DniTerence (LS00 value (Gomes and Gomee, [958,

RESULTS AND DMSCUSSEHON

[nitial quality of Milk

It s mentioned earhier that ok samples were imtally analyveed beloee preparation
ol dalu Tor getiing wdea about the guality of mulk ased o thes experiment (CTable 23
Acidity was 001533200004, 00 188=0.013 and 015 120,008 pereent in cow, bulTalo and goat
mulk respectively, Acidiny was lugher i case ol bullale milk than cows and goat milk.
Average specific gravity was LO295H0.0012, 10290400018 and 10299400020 0 cow,
Bulfale and goat mulk respectively, The average porcentaze of milk Tar was TS D26,
TRIGLOT and 308 -00dd m cow, bulTalo and goat milk respectively, The Tal percentage
was ligher i bulfalo milk than cow and geat mulk. The average percentage ol malk
profein was 371026, 4252037 and 33340310 0 cow, bullalo and goal milk
respectively, The percentage of mean total solids contents was 12 160018, 10860494
and TERZHOED i cow, bullado and goat oulk respectively, T s e be noted that protem
and total solids percentase was also hagher in buffalo milk compared o cows and goat

milk samples (Table 23
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Table 2. Initial Quality of milk Sample

Sl Namme of Adcidity (%) Specific Fat (") Protein Tuotal Solids
M, Samples Gravin ) (o)

| Cow ik (R I RR A AR LO29360.001 2 S IH=0L 20 3F=0 20 2. he={L1s
2 Butfalo malk  Q.188510.013 TAD2EMIL0r ] & TRAAOT 4250057 b Sf=1), 90
3 Croat ik LN BB R AN NS L2595 LR 00 2T Fs LA A3 MRS LE8320.34

CQruality of different dahi Samples

a) Smell & taste

Smell & taste score was the highest in case of dahi prepared from cow milk (435 50 4
1.29) and the lowest for the dahi (3875 = 2.22) that prepared from goat milk (Table 3).
The vari

different tvpes of milk used in the present study, The result agrees with the findings of

ton in smell and taste score of different dahi samples could be attributed due to

Duitschaever (1978) who reported that in his studv 32% consumers gave preference for
goat milk yvoghurt and 68% preferred cow milk voghurt.

h. Body and consistency

he mean value of body and consistency score for dahi prepared from cow. buffale
and goat milk were 25.00 + 3,56, 28.00 +2.16 and 23.75 + 2.63 respectively (Table 3),

Statistical analysis showed that there was no significant difference between the body and

Talo
at milk (23.75 + 2.63). Duitschacver (197%)

reported that goat milk yoghurl was less viscous and less firm than that was made from

consistency score of different types of dahi samples, 1t was the highest i case

miulk (2800 £ 216} and the lowest {or u

cows milk. Venkateshaiah et al, (1996) reported that higher Jevels of fat and SNF in cow

& buffalo milk improved the body and consistency score of cow and buffalo milk

voghurt. Bozamie et al. (1998) reported that voghun samples prepared from goat milk had
a softer consistency and lower viscosity than those prepared from cow milk. The variation
i body and consistency score of different dahi samples could be atributed due to
differences i total solids in milk samples.

c. Colour and texture

The mean value of colour and texture score of dahi prepared from cow, buffalo and
goat milk were 17.0= 1.83, 155 = 1.2%9and 145=1.29 respectively (Table 3). Statistical
analysis showed that there was no significant difference between the colour and texture

score of different types of daht samples, Colour and texture score of cow milk dahi was
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higher than ather type of dahi samples that might be due o colden vellowish colour of cow
milk. Total solids and fat content of milk samples had positive eftieets on colour and texture
ol dahi samples. Goat milk had lower content of fat and total solids: henee the colour and
lexture score was the lowest in goat milk dahi than other dahi samples, The result ol the
present study agrees with the findings ol Pette and Lolkema (1930) who reported that if the

total seluls content of nnlk samples 15 low than the wexiore of dahi will be Tow.

Table 3. Average organoleptic taste of different Dahi samples

bl PR Mame of Smell & Body anad Color and (hverall
Samples Laste senre consisieney fexdore

o il d3 800 |29 2R0ES A0 | 700 LR it B

2 Buolfale milk 405000 250 ZRAED 0 15504 20 w24

3 Croat il k RS L 222 237542403 [4£.50 2120 TTANR 24

Chemieal parameters
Acidity (%)

The average percentage ol acidity in the samples prepared from cow, bullaloe and
goat mlk were 082 © 004 074+ 0,06 and 093 © 0.03 respectively (Table 4). Statistical
analvsis showed that there were significant dilTerences (p=0.001 between the mean
acidity values ol different types of Dahi samples. Acidity was the highest for dahi made
from goal milk (093 = 0,03} whereas the value was the lowest for dali made Trom
bullalo milk (0174 1 (LO6) Similar types of acidity were reported by some rescarchers
{Laxmimarvama et al, T932) 0.8 10 2.45%,, {Ray and Srinpvasan, 1972y (hsd o [o16%
(Ghosh and Rajorhia, 1957) 0.73 (o 0.9% and (Sarkar o al. 1996) 0036 o 1.22%
respectively for cows milk dahi. The results also agree the reports of Cardoso et al
P who Tound [% acidity in bulTalo milk. Wide varaton in the tivaable actdily
could be attributed due to difTerent types of milk (Kharmbatta and Dastor, 19505 Reddy et
al. (98T & different butfering action of protein, citrates, lactase & phosphates ete
ifenness and Patton, 195494,

Fat %y

The pereentage of mean fat content of cow, butTalo and zoal milk dahi were 5.82 4

U35, TS5 086 and 516 + (.65 respectively (Table 4y Statistical analvsis showed that

fat content of different dahi samples difter significantly (p=0.001 ). Maximum fat poreent
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was seen in bulTalo milk dahi and the lowest in goat milk dah, Akin et al. (1993) reported
from an experiment that cow milk yoghurt contained 3.9% fat. [n anether expenment

Manaojit ( 1998) found that fat content of buttalo milk dahi was 8.08%.

Total solids (%)

The percentage of wial solids content of cow, buffalo and goat milk dahi were 29.94
b 164, 4073 £ 277 and 2789 + 1.27 respectively (Table 4). There was significant
difference (p=0.001) between the total solid content of different types of dahi samples.
Average total solids content was the highest (3 ).73%1 in buffale milk dahi and the lowest
in goat milk dahi (27.89%). Ali (1998) found that fresh cow milk yoghurt contained
20 (6%, total solids, which is similar to our experimental result. From another experiment
Chakraborty (1998) ebscrved that total solids content of bufTalo dahi was 30,6750 which

supports our experimental results.

Table 4. Chemical parameters of Dahi samples

SL. Name of Acidity Fat (%) Protein  Total solids — Ash (%) pli
M. Samples "a) (%) {"a)
l Brah (R LA SHI=(.35 A RH={L5 2005 10 (1L HOs D 4 G0 20

froamn R BRI [V R T S.13=0107 AN 3277 DOR0 = 006 01045

2 Dahi from IR RS R S 16 b Bs 40030 IT.Rus| 2T .78 + Dk 4 25006

Protein {Ya)

The average protein percentage of dahi prepared from cow. buffale and goat milk were
458 + 0.34.5.13 = 0.17 and 4.00 £ 0.36 respectively | Table 4). Statistical analysis showed
that there was significant difference (p=0.01) w ithin the protein content of differemt types

=

of dahi samples. Maximum profein pereent was seen in buffalo milk dahi (3.33) and the

lowest in goat milk dahi (3.50), In casc of cow milk dahi the result agreed with the findings
of Chakraborty ¢ 1998) and Al {19981 whom found that cow milk dahi contained 4.22 and
4.44%, protein respectively, In case of buftalo milk dahi the result agreed with the findings
of Chakraborty ( 1998) who found that percentage af protein of buffalo milk dahi was 3 Bl
In case of goat milk dahi the result agreed with the tindings of El-Samragy and Samragy

(19851 whom found that average percentage of protein of goat milk dahi was 3.80.
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Ash ("0)

The ash cantent of cow, bullalo and goat milk dahi was 0809004, (L980 H0.06 and
(.78 10,06 respectively (Table 41 Signilicance dillerences (p=0.01) were found among
thise mean vilues, Maximum ash content was seen in bufTalo milk dahi ¢l A7y and the
lowest in goat milk dahic In case ol cow milk dahi the result agreed with the Tindings of
Rabman ( 1998) who reported that cow milk dahi contained (1L825-0.00 percent ash. In
case of goat milk the result agreed with the work ol El- Samragy and Sumragy (198E)

whomn found that ash content of goat milk dahi were 0818 4 0.01.

pH

The pl1 values of different dahi samples for cow. bullalo and goat mulk dahn were
48RS L0200 5,01 1048 and 4.25 & 0,06 respectively (Table 4). Statistical analysis showed
samples. Inoour experiment acidity ol goat milk dahi was higher than cow and buifalo
milk dabi that might be due o lower pH ol goat milk than cow and butTale mill. In case
of cow milk dahi the resull agreed with the findings of Rahman (1998} who found thal

average pH value of cow mille dahi were 4.47 = 0,45,

Microbiological parameters
Gram-positive cocci (%)

he percentage of gram-positive cocel of cow, buffalo and goat milk dahi were 6414
433 6785 + 3.65 and 62,17 £ 5.78 respectively (Table 5). There was no stgnificant
difference between the valnes of different types of dabi samples, The highesl value was
faund in case of bulfalo milk & the lowest in goat mills dahi. The result agreed with the
findings ol Chakraborty (19987 whe found that the percentage of gram-positive coccl ol
cow milk deahi was 66,00, Proper ratio ol rods and cocer are senerally important for
preparing cultured dairy product to ensure betler quality (Davis el al., 1971 and Driessen
ef al, THR2 )

Gram-positive Rods (%)

The average percentage of  gram-positive rods m cow. budtale and soat malk dali
were 35.86 © 433 32,15 + 3.65 and 37.83 = 5.78 respectively (Table 5). There was no
signilicant difference between the values ol diflerent types of dahi samples. Highest value
was found in case of cow milk & the lowest in goat milk dahi. Our result acreed with the

findings of Hasan (1970) who Tound that the gram-positive rods of cows milk dabin were
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about 26%, The result agreed with (e indings of Chakraborty {1998} who found that the

percentage of sram-positive rods of cow milk dahi was 36,00,

Total viable count

The average tolal viable count per ml of dahi samples made from cow, balTalo and
goal milk were SOL003 GOLL0S and 5940.05 (Log value) respectively (Table 3).
Statistical analysis showed that significant differences (p=0.05) were existed among the
different dahi samples, Average the highest total viable count was recorded from buffalo
milk dahi (6.0-0.05) and the lowest [rom goat milk dahi (3.9=0.053], The present
investication partially supported by the result of Adeyl (19951 who found that the wial
viable count per ml of laboratory made mist dahi samples were within the range ol 6.2 to

0.3 {log value).

Table 5. Microbiological count in different Dehi samples (periml)

SL. Hame of Gram positive Gram Total viahle Coliform Mould count
No.  Samples cocci positive rod count {Log count {Log [Log value)
(%) (%) value) value)
[xani fram B4, 7404 33 dhonbdd 3a GEAL] 0 1,751,220 T80

Cow ik

2 Dahi from G765 £365 32 154585 B0 0,06 IR0 { BEQED 50
Bulfalo
1milk

! Caki from G217 2578 ITEILLTE A HE HION 1004115 20804 D44
Goat milk,

Coliform count

Fhe average colilonm count per ml of cow. bullalo and goat milk daht were
L75=1.20, 2700021 and 100115 (log value) respectively (Table 510 The highest
coliform count per ml was Tound in bullale milk dabs (2700021} and the lowest Tor goal
wilk dahi (100101150}, Statistically significant differences were found i respect of
coliform count per ml of different dahi samples. Ghose and Rajorhia (1987 and sarker
et al. (1996) who found that coliform count per ml of laboratory made dahi was
(AADB60=114.0200, log value (2.64-2.05) [or cow mill dahi, The prescnces ol colilorm
organisms in dahi samples indicate that contamination during s production and

Bandling,
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Maould and yeast count

Microscopic examination showed that average mould content per ml ol cow, bullalo
and goal milk dahi were 1.445=1.07, 1.88910.59 and 2.064-0.44 (log value ) respectively
( Table 51 The highest mould count per ml was {2,064 L0L44) found in goat oulk dahi and
the Towest in cow milk dahi (1445461007 No sienilicant differences were found among

the different dahi samples,

No veast was Tound inour experiment. 1t mdicates that the quality ol dahi mace

from cow, bullalo and zoat nulk were good.

CONCLUSION

Judging Trom the results ol all parameters (physical, chemical and microbiological)

il could be advocated that dahi made Trom cow milk was the best among the dahi made
fram cow. buffalo and goat milk. However, the second and third position was adorned by
dahi made from buflfalo and goat milk respectively, Although bulTalo milk daln and goat
milk dahi ranked sceond and third positions respectively, their nuiricnt contents were

excellent.
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AN ECONOMIC STUDY ON GOAT DISEASES 1IN
SOME SELECTED AREAS OF BANGLADESII

MUACSAYEED, S M. ATAUR RAHMAN CLALAMY AND M. E A, TAIMUR?

ABSTRACT
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INTRODUCTION

Cioal plays an important role by producing meil, milk and skins in the national
ceonomy ol Bangladesh. The share of soat meat and milk to the total production ol
cuminant meat and milk is 23% and 4.2%, respectively (Razzague, 2002y The
contribution of geals to the national cconomy is worth Tk 500 crores per year (MOFL,
202y 1 is to be mentioned here tha duting the late eighties and carty ninetics poal
population mercased at the rate of 3% and 7.89%, per annum. which was [aster than that
of other species of hvestock (ATam, 1095}, Bul the geal production decreased by 5.42%
0 1996 (BRS, 19997 compared 10 T9RI- 19841 his decrease in goal production wis due
W the death of goats by various diseases. especially due 1o PPR cpidemic m 1993-94. A
stucy conducted m Mymensingh district i 19%1 on 100 houscholds showed that 84 goats
were attacked by some discases and T0% of the diseased soats died and most of them
were below 6 months ol age. The mortality rate ol poats was caleulated af L0.7% and loss
due 1o death ol soats was estimated 1o k. 64 per farm {dabbar and Green. 1483),
Another study condueted in Patuakhali disteict showed that out of 57 goats 13 ooits were
attacked by various discases and 6 pgoats dicd causing 6% mortality (Hossain ot al.,
19963, The loss due Lo death ol goats was estimated at Tk, 2100, So, for increasing goal
production contral and preventive measures ol godl diseases are very nmporlant.
Viareover, recently governmient lunched a national programime o6 increasing gl
production for reducing poverty. Therefore. Lo achieve the nabienal objective suceessfully.
this study was undertaken with the [olfonwing objectives:

i To know the prevalence ol diseiscs and poal mortality by arca.

i To estimate the financial loss due 1o goat discases (death loss and treatment Toxs)
arca and

i1, Tor identify the nature of reatment and extent ol veterinary services received by

the goat raising farmers in those wareas.

MATERIALS AND METILODS

For this study, 3 distncts namely, Bogra, Conulla, Dhnajpur, Jessore and
Mymensingh were celected. A survey was conducted on 230 woat-raising o

houscholds taking 30 Trom cach of the selected districts. Uive villages from cach ol the
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selected districl were selected considering concentration of goal population. Data were
collected randomly from 10 goal raismg houscholds from cach of the selected villages.,
Total number of goats reared by the selected houscholds was 1264 with an average of
506 per houschold. Data for the year 001 were collected using pre-designed and pre-
tested survey schedule by a single visit A second visil was made to some households for
collecting missing information. The survey was conducted during January 2002 1o April
20072, Microsolt spreadsheet was used to analyze data, Chi-square test was carvied oul for

better precision of data to detenmine the prevalence ol goal diseases and coat mortality.

RESULTS AND DISCUSSION

Socio-cconomic characteristics of goat raising farmers
Shcig-ceonomic charactoristies ol goal raising farmers are presented o Table [ The
avernee size of Tandholdings per farm was 117 acres varying from 0.32 acres in Bogra to
|90 geres in Dingjpur. The distribution of Tand is skewed irrespective of Jocations. The
average sive of family po houschold was 5.51, which seemed ta be slightly higher than the
or houschold (Population Census. 2001). The averaze family

0. 508 564 and 5.72 Tor Bogra. Comilla, Dinuypur,

national average of S5
members per houschold were 475, 6.3
lessore and Mymensingh, respectively, Oceupation of heads of households wore agriculiure
i 5200 ollowed by husiness {1a%, sorvice (14% ) duay-labourers {14%0) ang rickshawvan

pulling (4%,

Fable-1. Size of holdings and ownership ol goat

Rlain oceupalion (pereent )

7 5 2 z 2 g 3
[herrs Al A2 00N 37a 00 ATE 025 4 4,10 oo 3400 B
Canmilla KiH G DY 5320003 BANE0 REAN (ALK T ——
(RHTRYTEAL ili] Lol o023 S ol Am -0 300 RICRA LY oo 2 -
Tomsane a0 i 1022 SEZ-007 S84 H0500 G600 FLL [oom 2o 2.00
Mlymensinah 30 e 0 rdnande ATIo AR L0 BN Laon A0 |2
Allarvas 250 LAT 00w S06 000 S51ERd 5200 L3 6l TR E R i
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Dristribution of goat by area and age

The age composition of epat-herd is shown in Table 2. From the age group distribution of
goat herd it can be observed that for all the areas proportion of kids of | day o six
months of age was the highest (37.26%) tollowed by productive age group of | yvearto 2
years {34 10%), growing age ol 6 months 1o 1 year {15.51%), adult goats ol 2 years to 3
vears (1 1.87%) and goats of above 3 years old (1.27%). [1was found that goats in the age
al 1 day Lo 6 months, 6 months to 1 year. 2 years to 3 years and above 3 oyears differcd
significantly (x2-46.0H. p<0.01; $2=31.73, p=0.01; %2=27.95; p=0,01 and ¥2=15.54;
POl respectively) with arcas. No significant diflercnce was observed for the goats of
productive age group of 1 year 1o 2 years (¥2=2.14; p=0.05) with arcas. The average
pumber of goat per farm was 5.06. The distribution of goats was Tound more or loss

similar in all the arcas.

Table 2. Distribution of goat by area and age

. 2 Sdi TwE U9 Sr 3 2o €
- = - = e R - z= .
=
Hoera 126 23 101 16 1 260 5AF 005
{4737 (565 [37.497) (a2 {04y {2004
Conmulla |28 23 el 20 Y 270 SAZ LD
(46,38 (8331 (3201} a2y (5200 PARY
Chiajpur 53 al By A i) 258 506 000
(3207 (19381 (3A0 (1395] 000y (20413
lessorg 70 13 w7 3 4 291 82 007
D408 (2165 (3333 (1939 (13T {2300
Mymensingh i a7 hE I3 3 173 Adp =g
I LN I v (31.21)  (BAOV) (1.7%  i13.09) )
All aren 471 144y 43| [ 3 LGy [ 204 0060 w001
B ) {37261 (13510 C34am LE7y (120 Ly
w2 values® 46011 3173 214 270 s 1554

Signifeance p <001 p <001 P=0405 p <001 p =001

[Frgures m l:-m'mll'uc.ﬁt.a; are Lhe percantages Lo l'i_'hj’]k‘.i‘.li\'l." area lodal,

#y 7 uas cstimated from absolute numbers aned o fronm percendagas
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Prevalence of goat diseases by arcas

Sixty-two per cent of the sample houscholds reported the occurrence of discases i their
poal-herd (Table-3). Percentage ol households with discased goats were 66, 70, 82, 64
and 28 in Bogra, Comilla, Dinajpur, Jessore and Mymensingh, respectively, Farms
reported occurrence of discases wtheir goal-herd differ signiticantly (72=34.80; Pl
with areas, The overall prevalence ol goat discases was found 24%, Prevalence ol goat
diseases was the highest in Jessore (39.806%)  followed by Dinajpur (27.91%), Comilla
(20.65%), Bogra (17.67%) and was Mymensingh (809%) 1 was Found that infection i
coal differed signilicantly (72=73.38; 0,017 with arcas. O the infected goals about 84%
were freated,  Treatment of discased goats was the bighest in wymensingh (92.80%)
followed by Dinajpur (91.67%), Jessore (91.38%). Bogra {70.21%) and Comilla
(68.42% 5 Chi-square values showed that the teatment ol discased goat differed
signilicantly (2= 2477, p=0.01) with arcas. A lotal of 140 goats died in different
diseases, Fotality rate was found the bighest in Mymensingh (83.71%), Tollowed by
Bogra (30.006%), Comilla (47.37%), Dinajpur (43.06%) and Jessore (39.00%) and 1l
differed significantly (2= 11,55 p=0.01) with areas. The averal] mortality rate of goat
L1% Tt wens 9.02%, 9.78%, 12.02%, 1581% and 6.94% for Bogra, Conulla,

Dinajpur, Jessore and  Mymensingh. respectively. Chi-sgquare value showed that the arca

Wilh

had significant effect (z2-11.46; p=t.01) on mortality ol geat (Table-3).

Table 3. Prevalence of diseases in different study areas

Arcas Nunnber Farms Mo, ol Number of  Fatality Maortality
al goal reported roat infected poat rate il s
reared diseases of infected treated i

ol

g 2l 33 47 A3 24 a2
{210k 431} (1767 (T0L21} (31 .00)

L omilla 170 35 a7 i M 9T
(2Edh 71 {2105 (0542 (47.371

Dinajpur 25H 4] 72 il 3 [ 242
{2041} (R2% (274811 (BT b3 000

less ore 20 32 1l |42 44 1541
(2301 () [ 34 BA (SH38) [5000)

Svnensingh 173 L4 L4 L3 12 it
{1369 (2R (B {U2 RO {83271

Al ares [ 26 25 3 357 1Y 108

i 1010 P62 i24.21] PR3] 4575
;{3 values? - 3480 T338 2477 11.35 Lldn
Sl Teance - [r =041 [ =l Pl p o0 [ IR

Fignres 1n parentheses are e pereantages (o the respective area tolal,

ot s estimatad rom abselute numbers and net from pereentagas
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Prevalence ol diseases by age ol goat

Prevalence of discases by age of goat is presented in Table 4. The able shows that
morhidity was 153%., 43%, 25%, 23% and 31% for goats of | day-6 menths. 6 months-|
vear, | year- 2 years, 2 years-3 years and above 3 vears of age, respectively with an
average of 24%  Tor all groups.  Results showed that morbidiy ditlered significantly
(%268 E L p=0.01 with age group. The overall fatality rale was 45.75%. Fatality rate was
found the highest for kids under 6 months of age (100%) lollowed by goats ol above 3
vears (60%) and goats of 12 years ol age (18.52%1  Fatality rate ol gout dilfered
significantly {x2=118.32; p=0.01) with age of goats, Kid morbidiiy is more or less same
with that reported by Jabber et al. {19831 and Honhold {2001}, The goat mortality varied
[ronm 5% tor L9 % across the age group and overall goat mortality was 1%, This result is
alzo similar 1o Jabber et al. (1983), Mortality of goat differed signilicantly (x2=34.03:
0011 with age of goats. The age group proportional mortality rate (AGPMRY showed
that goatl morality decreased with the increase in age. The AGPMER was the highest {50%)
for kids of | day - 6 months old Tollowed by growing age (24%) of & months-1year old,
(14%0) for 1-2 vears, (9% Tor 2-3 years and (2% in older age group of above 3 years.
Homhald (2001 ) observed similar trend inhis study.

Table 4. Prevalence of discases by age of goat

Ave group Total no. of Muorbidity Fatality Maortality AGPMR*

soatls rate "

(1-rv months 47 Tl i T S0
[37.26) (1 B0 i (1 He)

Al (RS ni a4 34 2429

innntisl i (1551 ERRI [ 38.0ed) {17.35)

Above 1 year- 431 10O 20 20 14,28

2 wers EERILY {25.00) (1557 B

Above 7 ovenn- | =50 35 13 L3 AN

b owears (1155} (23,35 (371 (5.7

Al 3 vears | & & 3 3 214
{1200 [A1.25) [EELANeley! (1&.773)

Al proups L 26 3 4 140 L)
{ iKY (2421} (<15.75) (1 1.0=)

v values” i | L1552 3465

Sipnificance peiin ERRIE AR LAY

Figures in parcntheses are the pereentages o the respective age total,
# AGPMIL Ave proup proportional mortaliny vate, Le. death spectlic age group na year
per total deaths in the same year, expressed pee L0 (Tabbar and Green, [983),

= w2 s estimated Trom abselute numbers and not Trom pereentages
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Death of goat by area and age

Death of goat by arca and age is shown in Table 5. [Lcan be seen [vom the table that
death of goat decreased with the increase in age. Death of poat was the highest (30%) for
| day-6 months old goat followed by 6 menths-1year (24.29%). 1 year -2 years
(1429900, 2 years -3 vears (9.29%) and above 3 years old goat (2.14%0. 10 was Tound that
death of goat differed significantly (72 —22.11: p= 0.0, %2 — 1678 p=0.01) with areas
for | day-fi months and & months - Lyear old zoats  bul no signilicant elfect was
ohscrved for death of goats for 1 year -2 years, 2 years -3 years and above 3 vears old

poat (32 378, =005 w2 =597, Pe005; 2 2oEd, P 05 with arcas.
Table 5. Death of goats by area and age

Areas 1 dav-bonihs Above Aborve Abarve Above Total
& months-lvear 1 year—2years 2 year-3 years 3 years.

Bowra i 4 2 | il 24
{6007 (16,067 (12,5100 {4173 (0 i 1
Comilla 20 2 2 2 I 27
(70 (7410 (7.4 (7.4 {3710 L
I HTRIIN [ b A 2 0 k3
[R000) (25381 (S hR) (43 RURNIe) [
Jessine I [ 11 b 2 A6
(3040 (26,00 (21 {173 (4.3 { 10
My mensingh 2 b Z 0 0 12
(1607 EELEN A []1_11_f1?] [1_].[}“] MIRIN (10
Aldl e T 34 ) I3 3 [ET
{5000 (24.29) (14,29} {129 (2,14 {1040
v values® 2201 6,78 174 347 2.4
Significance P=i01 14) 0} P 005 P (.05 [t (hAE

Figures in parentheses ane the pereentiges 1o the respective aret lolal

#y 2 was estimalod rom abselute numbers and not [rom percentages
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Severity of discases

Prevalence of various diseases are the major constraints to goal production. Diseases
cause death to goats or reduce productiviny. which reduce the income of the goat raisers
i one way or other.  The major goat diseases reported by the farmers were Peste des
Petits Ruminants (PPR)Y. malnutrition, parasitic diseases, goat pox, bloattympany and
Haemorrangic Septicemia (1S}, 1t revealed from Table 6 that Peste des Petits Ruminants
(PPR) caused the highest mortality (36%0) followed by malnutrition (9%0), parasitic
discases (2%, goal pox (%), bloattympany (1%) and H. 5. {1%). It revealed that the
highest goal mortality was due to PPR which badly affected goat ralsers particularly,
small and landless farmers who reared about 83% of zoats. Mortality of goat by various

diseases did not differ signilicantly with areas,

Tahle 6, Disease-wise mortality rate of goat by area

Areas M, of Mortality of goat (%a) -
E{I'm 'R Malnutrition  Parasitic Goat Bloat/ H. %,
aitd Discase Pox Tympans

Bogra 24 15 L 3 - - -
CL7Ed) (FSAND {1667 2330 {000 {00 Ry

Comilla 27 s 4 : l . _
(1929 QislaE) (1.1 I (370 (4. 0hk ({10303

Dimiappu il 73 < ] I -

(2204 [B00E) {1290 {323 (323 L0 RN

Tessore 4h 45 - - - - 1
(32R0)  (0TE3 (0000 (1.0 (100} (1100 (X017

Myvmensmgh 12 10 5 2

8573 (#8353} (4.00) IR RVEN] 0m las?) (0.00)

All farm s I L20 . 3 2 2 I

00y (BE71) (8.57 (214 i1.43) ({43 @71
7~ values® B8l 804 6140 232 L.86 197
Significance pe-AL05 pell03 Pl et Pl s

N . -
o= was estimated from abselute numbers wid not from pereenlages

s parentheses are the percentages W the respective area 1otal
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Cost of treatment of diseased goat

During the survey period, a total of 360 poals were atfacked by varous diseases, OF
the discased soats, 84% were treated. The average cost of treatment per goal was Tk.
6.3 OF the 1otal cost. 85% and 15% were incurred Tor medicine and fees. respectively,
The cost of treatment was found the highest in Mymensingh (k. 63,001 followed by
Tessore (Th, 61161 Dinajpur (306363, Comilla (30.92) and Bogra (30.G100 (Table 7). Mo
farms reported 1o vaccinate their goats against any diseases duving the survey period in

A1y ATl

Financial loss due to mortality of goat

The average loss per famm dug to mortality of goals in the reference vear was
estimated to Tk, 338 (Table 8). ln estimating loss due to goat mortality, only direct
financial loss has been ealeulated. This loss was the highest for farms m Jessore (Tk. 716)
followed by Dinajpur ( Tk, 368) Comilla {Tk. 243), Bogra (Tk. 201} and  Mymensingh
{Tk. 1643, The average unit price of goat died was estimated 1o Tk, 604, Average livas Lo
the affccted Birms was Tk, 881, This loss was Tk 479, Tk, 528, Tl 736 and Tk. 2106 Tor
Bogra, Comilla, Dinajpur, Jessore  and  Mymensingh, respectively, Based on oot
mortality of 11%, the caleulated loss due 1o death of goats stood at Tk, 870 mallion per

vear, For the long run the losses would be imanifolds.

Table 7. Cost ol treatment of diseased goat

Argas Number of Number of Costoof treatment per ¢oal
poat infected infected soal A ) P
aabial Moedicine Fee Lotal
Bogri 47 A4 2400 S8 3k6]
{15.30) (1230
Coimilln a7 A 24.51 i1 300z
RENRY! {151
Drinajpur 72 i 2534 [t 030
(2354 (25081
legsore N1 [ b 35 Bl Gl 140
(2791 i1.25)
hvimensingh L4 L3 ARRALY [riMd H .00
(.58] [ 5.0
Al s A 257 At SRl 40,30
L L 1y

Figures in parentheses are the percentages o the respeetive area total
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Table 8. Financial loss due to mortality of poats

Areas N of MNumber  Total loss Price/unit | Loss! Lass Tor
affected of poat FTl ol dead affected all
farms ied goul ** Farms % [urms®
B 21 24 (ERARTARI 414,75 47857 20100
Lol 2% a7 121504 450400 IE.26 243.00
Lriapur 25 il R 59355 FRTRIL 6E.00
Tessone 1% 4ty IAR14.00 TIEET 21067 Flo 2k
Mvnensimeh [0} 12 B18G .00 (u2. 14 HIH.60 [63.72
Al Tarims un <4 Bl i) il 26 BEl2A A3E.A0

It was caleulated by estimating the value of poats died in each arca,

O Itwas caleulated by estimating the wital value of goat died dividing by number of
woul died in cach arca,

FEEIewas caleulated by estimating the total value of goat died dividing by number
ol allected farms in cach arca.

EE

[ includes [oss due 1o death ol goat for both altected and non-aftected farms in cach

ared,

Availability of veterinary services

The farmers were asked abou the veterinary services available o them. It revealed
from Table 9 that 79% o the farmers had access o veterinary [acilities, OF the veterinary
facilities, Tarms in Dinagpur had the highest access (90%) followed by Jessore {80%)],
Wivinensingh (78% 1 Comilla (74%) and  Bogrea (72%). The access was found ligher in
arcas near lo the veterinary hospitals and lower in the distant villages,

Table 9. Facilitics of yeterinary services

Arins Access Lo veterinary hospital (%6 of
respondents)

[hengera 72

ol 4

[T e Y

dessore A

My h Eh

Adl Curms T
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Types of veterinary services

The types of velerinary services received by the farmers were analyzed and
presented in Table 100 Tt was found that 1% of the famers received proseription only,
29t poat raisers received treatment with medicine and about 20% reported  that

doclorsiveterinary feld stalls were available on call,

Table 10, Types of velerinary services

Yelerinary services Percentage of respondents All
LGosea  Comilla  Dinajpor Jessore Mymensingh aren
Cinly prescriplion 5550 24,05 R 45 .4M) S3.R5 51.27
Trewuent with 3333 2402 ) 250 3303 2EMA
ricclie e
Diosctors % elerinary 111 2162 203 30,00 282 [ERREAY

eld stalTavatlable on call

CONCLUSION
Gioal 15 vulnerable 1o various discases, which badly alleet the economy of tanmers
who rear goats, Among the soul discases, Peste des Petits Rummants (PPR} was Iowml
the most fatal and a great menace 1o goat production, Bul mortality by variouws diseases
did not differ significantly with arcas. In 51% cases veterinary factlities were ltimitced with
preseription only. Therefore, veterinary facilities need to be enhanced and discase control

measures should be strenathened for profitable goat preduction,
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MULTHLOCATION YIELD TRIAL OF AMERICAN COTTON
{CGossypium firsatam)

SCBEGEMMA KASHEM M AL MIAHT, MMA. AL S HOSSAINT AND N AKTER"

ABSTRACT

Performances of one advanced fine encoded SR-03 with three other
existing Cotfon Develapment Board(CDBI vavietios nanels CB-1.
CB-5 and CB-Y were investizated ai four SR rescarelt siciions of
Rangpir, Gazipu, Dinafpure and  Jessore during 2004-2003,
Significant variations among the line aid varictios were observed for
nimber of vegetaiive fvanches per plaog, node nusther wf fivsi
Jruiting branches, davs fo fivst flowerving. davs to first boll split and
seed cottonsholl weight. But plant count at harvest, primeasy fruiling
branches, secondary frudifing branches, number of bolls per plan,
plant height at harvest and seed cotton vield did not show anv
significant difference. Theve was w significant difierence amony ihe
locations for seed cotton vield, SR-05 produced the hivhest secd
cotton yield (3tthat ar Sudarpur farm, Dinajpur, the second highest
wats produced af Sveepur farm, Gazipur (2334 kodtha) and the fowest
at Maliganf fars, Rangpur (1463 kefhai. This line also produced the
highest seed cotion boll (3.7g2), and CB-5 the Jowesi (4900 The
fested lime SR-05 showed 0.33% more seed cotion vield than the best
check CB-Y. In case of lint prodiciion SR-03 showed 3.34% more lini
than CB-9. Superior performance of SRAO5 was mainly die (o its
fisher vield of seed cotion 7holf

Key words : Advanced line, Existing varicty, Location, Sced eotton ¢
Ball, GOT, Seed index.
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INTRODUCTION

Cotton 15 a very sensitive crop. s vield performance is influenced by many genetic
and environmental factors. Yield varialion in cotlon was observed from variety 1o variety.
location o location and with v wiety x location interactions, To deve HJop high viclding
colton variely, Sreepur colton fann developed 7 cotton strains from crosses under variety
development programme sinee 1993 and SR-05 is one of them, This advance line WS
primartly evaluated m 2003-2004 through prelommary evaluation trial i 4 locations of
Cotton Development Board (CDBY research Tarm a1 Rangpur, Gazpur, Dinajpur amd
lessore. The potential advanced line SR-05 was obtained [rom the performance of

prelimanary vield eial.

High yicld and quality are obtained by the optimum combination of boll wetzht ang
boll number (Tan, C. S, 1993). The Tundamental way Lo realize the targel of hieh vield
and good guality was to regulate the time of flowering and boll position to caincide with
the optimum period under the local climatic and ceological conditions. Boll size, boll wy.
and (ibre properiics were positively correlated with Nowering dote and boll retention
(Fan. 70 1oeral, 1989). Thomson. et al.. (1987} showed that, under the light spray
regime, against Heliothis, genotvpes with the okra leal and ¢ or nectariless mutant genes
had higher wiclds than the normal, while genolypes with glabrous leal and ¢ or frego bract
hadd lower vields than the normal. Ok leall o deeply divided and reduced leal” Torm,

enhances carliness, reduces boll rot and provides resistance o boll weevil {Joncs, 1982),

S0, the study o Advance Yield Trial (AYT) was aimed 1o test the vield and quality
perlormance of that advanced line by comparing the agronomic and RTTEIT
characteristics with the existing CDB varieties as conlrol,

MATERIALS AND METHODS

The experiment was Taid out ac cach of the four CDB Farms, i.c. R: angpur. Gazipur,
Dinaygpur and Jessore. One advance line (SR-051 and three existing varictics (CB-1, CB-9
and CB-5) were ncluded in the study, Seed sowing started Trom mid July to last week of
July i different locations. Uxperiment in all locations was dene in Randomized
Complete Block Desien (RCBDY with Tour replications, The unit plot size was 10m x
SAm 6 rows ) Data were recorded from the middle Tour rows {10 x 3.om} from every
unil plot m order to avold border elfects, The Plant spacimg was 9 em belween the lines
and 6them between the plants. Three or Tour seeds were sown per bl during planting, but
after final thinning one seedling per hill was allowed 1o grows. 10 a stand was missing,
twe plants were lelt at onee o the adjacent stands, Green manuring and decomposed

cowdung were applied  belore final  land preparation. All chemical  fertilizer
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such as TSP MP. Gypsum, Borax and Urca were applied at the vate o 175, 125, 100, 10
and 30 respectively during final land preparation as basal dose, Urea applicd at 3 times as

side dressimg with 3, 6 and 9 weeks alter planting @ 50 kgha and also 50 kesha MP

applicd at 2nd - side dressing,

Ten plants were chosen at random Grom each plot 1o observe number of vepetative
branches. number of primary [ruiting branches. number ol secondary fruiting branches,
node number, ol fiest fruiting branches (NEB.. plant height at harvest and average
welght ol seed cotton £ boll, Davs 1o first Tower and days 1o first boll split were recorded
when 30%% plants bore an flower and open boll, respectively. Recommended agronomic
practices were followed during the perod of tial, Analysis of variance was performed Tor
il characters accordime to Zaman, ot al {1982

RESULTS AND IMSCLSSHON
Muean performances o the line and varieties for agronomic characieristics are
presented i Table 10 Seed cotton vield ol dilferent lines and varicties in differem
locations are given i Table 2, where as average secd  and lint characteristics ol 1ested

line andd varieles are given in Table 3,

Stgnificant variations among the lines and varicties for number of vegerative
Branches per plant, node number ol first frutting branches (N.F.BY, days 1o fiesi Monveimy,
days 1o Tirst boll splic, and single boll weight were observed. 13t some characters such as
plant count al harvest, primary Truiting branches, secondary fruiting branches, number of
bolls per plant, plant height at harvest and seed cotton yield did not show any signilicant
difference.

[ cise of number of vegetative beanches per plant, SR-03 showed the highest number

(309 and  CB-1 showwed the loweest
branches per plant, CB-3 the highest number (6.99) and CB-1 the lowest number (3,93,

1

22 In case of node number of st fruiting

Incase of days 1o first Mowering, SR-05 showed carliness for Nowering (47 dayvs)
and CB-5 was found late 55days (Table 1) On the other hand, in case of days to st boll
spht. CB-1 and SR-05 showed carliness in boll split 111 and [ 2davs, respectively and
CB-5 was found Lawe (123 days)

I case of average weight of seed cotlond boll SR-05 produced the highest (3.7g)
and CB-5 produced the lowest (4.92). The highest average weight of seed cottons boll
(3.7} enhanced the highest seed cotton yield (Table 1), which was in agreement witly
that of Fan, et al . 1989,

Plant height at harvest were not signilicant for varieties in this tial (Table 1) The

shortest plant was found in CB-9 (103cm) and the tallest plant was Tound in CHB-9
(110,
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Yield of seed cotton did not show any signilicant difterence for varieties, line
(Table 1y The mean performance of sced cotton yield showed that SR-05 produced
(1.53%0 vield more than the control varicty CB-4. where C13-3 produced the lowest (Table
Ly, SR-05 was found superior for seed cotton vield, But different locations showed a great
sienificant difference for seed cotton vield (Table 21 In Sadarpure farm, Dinajpur, 5R-05
produced the highest seed cottan vield (30000 kesha): the second highest was produced
Sreepur farm, Gazipur (2334 kedha) the third position was for Jagadishpur Tarm, Jessore
(163537 kedad and the lowest was produced ot Mahigan) Tanm, Rangpur (146333
keshay, Teavy shower durmg September hampered the plant growih at sreepur farm,
Ciazipur, In case of Rangpur and Jagadishpur Garm, Oclober disaster allected the vield of

sed colton due o dropping of Tower bolls,

I case of ginning outturn (GOUT)L the highest was Tound m CB-5 (4108%),
Whearas sccond highest was Grom in CB-1 (392 1% The lowest was found in OB-9

(33.95%0 The line SR-05 produced the second lowest (34.90%) {Table 3),

But in case of lint vield. the highest yield of lint was Tound in CB-1 (825 37kg/hal,
The lowest vield of lint was found i CB-9 (71 1L.94keha), The line SR-05 produced

2.349% more lint than the check varieties C13-9,

In case of seed index, the highest seed index was lound m CB-9 (11.99a) The
lowest seed index was found in CB-3 (9.40¢), The sceond highest was produced o SR-05

(1ha3a) (Table 31

[ case of Tint index, the highest lint index was Tound m CH-5 (6321 The loweslt
lint index was found in CB-9 (571 Clable 33 Highest seed mdex was produced rom the

lomarest lint index ¢ lakle 370

CB-5 and CB-% wore pubescent and SE-05 and CB-1 were glabrous. Only S1R-05

showed okra leal having freeo bract  amaong the Tour genolypes.



Table 2, Seed cotton vield (kg/ha) of different varieties /lines in dilferent locations

Rangpur

YVaricty

{line

SR-05

OG-l

CB-v

CT3-3
L) 2
Lsni0s5 -

463,33

156111

Locations Kiaai
Yield
: ; i(kaiha)
Srecpur Sadarpur Jagadishpur
233402 000,00 1635.37 2108, 1%
2222 85 204167 164434 210500
Zonz.47 235444 154302 208702
234408 [719.44 L8120 [ K20 76
2108 17.19 21.0% -
filiz2. 6o 674.24 TN -

g

FLEE B £
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CONCLUSIOMN

The lime SR-05 showed the highest sced cotlon vield (210818 kg'ha} as well as
average weight of seed cottond boll {5,721, Though seed cotlon vield could not show any
signilicant dillerence among the varieties, but seed cotton vield showed signilicant
differences Tor locations. Though the tested line SR-05 did not give 10% more vield than
CI3-9 but Lo its okra leaf, [rego bract, high wield potentiality, Turther myvestigation s

neaded.
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ASSESSMENT OF RESISTANCLE IN Aphis Gossppii TO PYRETHROIDS

KHANDOKER AZIZUL 1SLAMY, DAVID ORWIN' AND BHUPINDER! P 3. KHAMBAY'

ABSTRACT

A studv was carvied out in the Integrated Approach to Crop Research
(TACR)- Rothamsied, Harpenden, Hevifordshire, England during
e, 2000t Chtober, 2000 fo assess the vesisiance of Aphis
cossupi to Perethroids. Two clones of A, gossypis (clone 1715 of UK
ovigin and clone Aduna of Turkey arivin) rearved and treated with
Cvpermetfein, Bifenthein, Feafluthring Deltamethring NRDC T4,
BIGH2 and RHG342L Pereilvodds were applicd fwice i both
topical appdication method and feal dip wethod. Peretfronds, 810G
502 and RH 63421 were confirmed as having high level of resistant
o strain (Turker Adana) and suscepiible to strain (1718) 0t was
clear thai topical application cave momve reprodicible resudis with

figher confidence linits than the teaf-dip method,

Key words : Resistance, Aphis gossvpidl, Pyrethroids,

INTRODUCTION

The aphid 15 an extremely adaptable insect and under favourable conditions, can
reproduce and build-up high population densities extremely Tast. Under favourahle Held
conditions, mid-season aphid numbers bave been observed o double in aboul every 623
ihayvs, Wingless adult females produce voung without mating and, therelore, develop large
populations often rapidly. However, populations have alse been reduce observed o
quickly when high populations of benelicial inseets were present during the carly and late

ST SO0,

Faeulty of Svience, Technology and Dessen, University of Luton, Park Souare, Laen, Bedfordshive Lol 3 J0L

g land.
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Insecticide resistanee is the abilily of an insect Lo survive a rate of insecticide that
other individuals in the population cannol survive. This characteristic is inherited and the

survivors pass the genels) for resistance Lo the nexl generation,

[nseclicide resistance is one of the greates! challenges. facing applicd cntomologisis
today, because ol ever widening circle of cross-resistance and muliple-resistanee among
insect pests, dnminishing number of effective commercial insccticides and exponentially-

increasmy costs of developing new pesticides (Metcall, 1954,

I is difficult to imagine the cessation of the development ol resistance, becatlse
resistance is acknowledeed as one of the cvolutionary products of pesticide application.
However, il is possible to reduce the re of development ol resistance or o control

resistant insect pesls i7 insccticides are utilised ideally.

Resistance in Apfiis gossypii Lo Pyrethroids

The cotton aphid. Aphis gossypil (Glovery, is a world-wide pest on field and
areenhouse Crops, cepecially on cotton and cucurbitaceae. Their diversity, species-
specilic effects on crops and ability to develop resistance make them  mportnt to
agriculture. Several authors have reported thal the overproduction and crihanced activity
ol esternses sueh as acetyleholinesierase (ACKEY and mixed function oxidase (mbo) have

Alributed fo the resistance in cotton aphid (Moores ef af., 1906 and Delorme er al. 1997,

The biochemical assays and synergistic udics showed that pyrethroid resistance
was due o increase in esterase achiviey, differences in pyrethroid metabolism Ly

susceptible and resistant aphid sLriins.

Through biochemical assays. pyrethrond resistance was attributed 1o increased
metabolism due enhanced milo (Delorme e al. [99T) or eslerase activity {Zheng o af..

RN

However, Bulure to demonstrate differences in pyrethroid etahalism by susceptible
and resistant aphid strains studied al Rothamsied sugeests an allernabive mechanism.
probably targel-site insensitivity due to moditications ol voltageated sodium channels, as

the primary cause ol pyrethroid resistance in many populations,

Thus the present study wis andertaken to assess the resistance ol Apliis gossppis o

[Pyrethroids.
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MATERIALS AND MIETHODS

The accurale way to assess the resistance is through bio-assays. The topical

application and leal*dipping method were used in assessing resistance levels o the

laboratory.

Inscels

Two clones of Aphis gossypii Glover (Homoptera: Aplhididac) cultures were
maintained without inseelicide selection as anholocyelic clones derived from o single
lemale in the origimal ficld samples.

Clone 1718 was eollected in 1981 from untreated weed hosts in the UK (Furk et al.
990, 1L bas been maintained at Rothamsted as a reference clone exhibiting baseline
susceplibility w inseeticides and without any selection pressure smee |8 July 140,

The resistant strain Adana was received from Sibel Velioghu, Turkey m January 2001
in TACR, Rothamsted and maintamed under selection pressure ( Table 1)

Table 1. Origin and resistance mechanisms associated with the Aplifs gossypif closes

uscd in this study

Clone Origin Hast pland Aaming acid Aming acid al Huomuosveote!
ab fefr site super-kidr site Heterozypole

1711 LIk Pumpkin L Mt Homsreyzole
Adana Turkey Fumpkin Leu L ooy aole

The ingecticides used in the stdy are presented mthe Table 2.

Table 2. List of inseeticides used in the experiment (Tomlin, 2000)

lusccticides Commuon 1UPAC name Moleeular  Maolecular
name . ,
lormula weizhi
Cypermethein  Cypermethrin (RS Feyane-2-phenasybenzyl {TRS GRS ol Flind

(BS1. E-1S0 s, 3501302 2dichlorovinyl)-

Zihmethyl=cvelopropanecarhoxylile.
ANSLBAN) e thyl=eveloprapancearhaeey lile

Bilenthrmn Bilenthrin Zamathelbipheny - dovlmethy -0 BRS3RS- O TL20TE G 4224
. ) A Zeldora- 303, Sariiluroprop- L-enyli=2 2-
(BS1, ANSI 3 Sl

i ! dimethylevelopropancearbosylate
drall B-15400) o




A0 RLANDICHC R AXLAL L ESE AR of ol

Fentluthrn Fenlluthrin 302 2-dichlore-vinylp2 2-dumethyl- C MGl IR L3
cvclopropanecarbozylic acil

pentidTuerepheny imethyt ester

Delamethrin Delunethein 15 -ovane-3-phenosvhereed DR 3R 5= N AR a2
Bl 1 12 2=dibromoyiny-2.2-
=60 dimethyleyeln propanccarhosylale

S T ST TG 32 2eddibromo-winy -2 2 -limethyd gl BN, AT 16

evelopropanecarbesvlic acid cyano-| -

tcthesviming-methe - pheny -ecthylester

I 5102 ¥ an? Sy A-dimethy] prope D6 (hroms 2 - o H BrMey -

naphithy e 200 E-dienamide
RHe32] AR E Y 30 b ey L et e 1440 L FE LN
soluararmethy b pheny bealames =, 3dhedrt

- Hepyresbe-d-carhoxylic acid methy | ester

Aphid rearing

Aphids were reared routingly at a constant lemperature of 20°C in the Laboralory in
plastic boxes conlaining leaves excised [rom pumpkin (Creurdita pepol. A number of
measures were tiker Lo prevent cross-contamination between clones, In addition tw the
isolation ol the clones in different rooms, no two cultures were supplied with fresh plants
on the same dav. All plant materials removed from cages was bagged. deep-Irozen and
then meinerated, All elasshouse work was caried out prior o culture work. and the
alpsshouse was not re-entered U1 the next day. The regular treatment ol the resistant
clones with insecticides and the inability of the clones to switeh host plants was helpful 1o

ricduce the potential for contamination.

Bioassuys
Both susceptible (171B) and resistant {adana) strams were exposed (o pyrethroids

andd other related compounds i several separate Lypes of bioassays.

Topical application method
Adull apterous males and females were transferred 1o newly excised pumpkin

leallets which was placed on moistencd agar bed inoa small plastic box.
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Pumpkin leal dises (35-mm diameter) were placed upside down on an agar bed (25
mm i depth) in dispoesable plastic containers (30 mm highy, Apterous adults (10 per
container, and 3 veplicates per concentration) were then placed onto the leal surface and

confined by applying a ving of fluan to the exposed lip ol the container.

The aphids were individually dosed to the dorsum by (.25ml droplets of test solution in
acelone using a microapplication (Needham & Devonshive. 19731 Compounds tested
included, cvpermethring bifenthrin 91660 bifenthrin @167, feonlluthrin, deltamethrio,
NRDO 196, BTGI02 (N-alkylamide) and RH0342ZL The acetone was also used as a
control. Containers are stored upright, m a Constant Favironment (O FE.) Tacility at 20°C
under continuous room lighting. Mortality was assessed at 24 hrs intervals from the time
of dosing, Adults Failing to exhibit repetitive (e, nonreflexy movement al more than one

leg (afier gentle proddimg il necessary ) were seored as dead.

Leal dip method

Pumpkin leal” dises (35 mm diameter) dipped in agueous solulions of msecticide
(containing 0.01% agral surlactanty were placed upside down on an agar bed (25 mmon
depthy in disposable plastic containers (30 mm highy and allowed to ar-dey, Aplerous
adults (10 per container: 3 batches per concentration) were then placed onto the treated
leal surface and confined by applying a ring of Quon to the exposcd Lip of the container.

Leaf dises dipped in water plus agral were used as controls.

Bioassay containers were stored upright. in a Constant Fnvironment (€5 facility al
PC under continuous room lighting. Mortality was assessed Tor 24 hrs mtervals alter

initial cxposure W insecticide deposits,

Analysis
Results for al least two independent bioassays with insecticides were pooled and
subjected 1o probit analysis using the POLO compuler program {LeOra Soltware,

Berkeley, AL

For comparison ol results, the Resistance Factor (REY was ealeulated for cach
O as Follonws: s .
compound as Tollows Loy (1t per aphid) of resistant strain
Iesistance factor , . ® -

' LDy (pg per aphid) ol susceptible strain
: : Sum ol morlality in three replicates = [
(KR ! f - 4 )
saldoriality = :
Tewal number tested per concentration
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RESULTS AND DISCUSSION
Two bioassay methods for assessing resistance m two steaing of Apfiy rossepd o
pyrethroids were examined. Results Tor one compound (cypermethring are given m Table-

Aand for several pyrethrotds are showed in Table 4,

Table 3. Response of two aphid clones to insecticides in leal dip bioassay (based on 48-hrs

morialily assessments)

Insecticide 1718 Addana
LDy o 2 R
Cypermethrin 913 206ls 32

(O3S 251D R R B

Table 4. Response of two aphid clones to insceticides in topical application bivassays

Insccticide 1718 Adlana
I’yr§l}|ruidﬁ Heplicate LI a0 L.I¥=n RI
I 0514 [40 Thn 5 R
Cypermethrin IRED IR CROLERD 205 697
2 .21 2HK 3R 23K
(GLAR2 220150 (231824 3308210
[ 435 [ faia 22 202
PLTEE SRS (IO B R SO
l 453 42,520 Al
i : (2T ST {7RETY S19d 400
Bitenthrint o o
[. 170 A T
Bilenthrin 9147
COLA2G -2 0% (243025 -392.730)
I 393 |t 2 120
g s QL62Y -2.507) (OR 8R4 227471
I-entTuthrin 0,127 A099% 0
[reltan ethrin (OO0 -0 460 (AR 199 085
MILTI 14
10 502 227 AlxAZ] 259
{00550 22 30K [2a6 MRl 38D 724
REI6592 [hE53 305844 A0

{0307 - Lald

* 1 71 B= susceptible clone, Adana= resistant clone,

(2020 W07 -G T
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Response ol aphid clones to pyrethroids and other related  compounds were
determined by carrving out in vivo & contact bioassays, To compare the level of
resistanee, Resistance Factors (RFs) were determined by (LDsy resistant stram k(105
susceptible straing - The susceptible strain was 1715 and the resistant strain was adana.
To determine the resistance, twe clones of aphids were exposed 1o prrethrowds. BTG 502

and BHE3A2 T compounds.

From this study it is found that homozygate stram, adana showed a level ol high
resistance to pyrethroids, BTG 302 and RHA3421 in topieal application method after
exposure al 1296 ppm, 216 ppm, 360 ppm, 600 ppnand TOOW0 ppm respectively.
Susceptible strain L71B was also exposed to the same compounds in topical apphication
method at 0,156 ppm, (0625 ppo. 2.5 ppm, 10 ppmeand 40 ppn respectively. I leal dip
bioassay method two elones were exposed o only eypermethrio at LOD ppm, 4.00 ppm,

1600 pp and 64,00 ppm respectively.

Table 4 shows that the susceptible clone, 171B was killed at low doses of the
insecticides tested, The resistant strain, adana possessed a high level of resistance 10
MRDE 196 (RE= 1031 and 2 weaker resistance to the deltamethrim (BE [ 200,
Resistance Factors for inseeticides ranged from 120 1o 1031, Moderate (RF-238)
resistance was also found in eypermethring Only a small significant difference was seen

between the susceptible and resistant strains for bifenthrin 9166 C and fenlluthrin,

So from the results it is elear that there was a variation in resistance factors 1o
pyrethroids in two clones of A, gossvpii. This may be due to the mercased level of
detoxifying enzymes. {e.g. esterases) produced by adana, that modifies the pyrethroids to
inactive metabolites. Esterase modilications in resistant strains of A, gossypii have been
noted by several authors (O'Brien et al., 1992) and have been claimed tw be responsible

for resistance,

In topical application method, the resistance was shown Lo pyrethrotds in aduna
strain was due Lo the mutation at super-kdre sile. Super fde mutation: contributed (o

FeslsLanee,

[n leaf dip bioassay the resistance Tactor Tor cypermethrin (Table 31 was found o be
32, The resistance factor appeared 1o be different [or cypermethrin compared with topical
application. In leaf dip bioassay there were soane variables (e dose transler from leal 1o

aphids that allected the experiment.
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Varation was shown by the aphids in response 1o test compounds between adang
and 718 may be due to various causes, both intrinsic and extrinsic. Intrinsic lactors iy

tnclude size, sex and age.

[ thas stody the effects af pyrethroids upen both adana and 1718 were rictly ahsered

andl became clear that the gse ol topical application provided 2 more consisient HETHI

Summary of bivassay results for a phid clones treated with evpermethrin
{Topical application. replicate-1)

Aphidd strain Super -fdi ¥ LIy =p 5% Cl Slope it 0

ng Al per aphid
1710 S8 0.518 0.130 -1.181 i | [
Al SkirSker [ R RILIE2 205697 (DR R

* Knockdown resistance status, Strains lacking of the sodium channel mutation are
designated kds and those with the mutation as kdr. The kdsikds are homoesyeotes, while

keeskads are heterozvpoles.

*  Effective dose to give 50% dead or with rrreversible sviptoms of poisening.
Al = active ingredient.
¢ US% confidence interval,

4 Resistance Factor (LD ol adana i LD, al 1718,

Summary of bioassay results for aphid clones treated with evpermethrin,
{(Topical application, replicate-2)

Aphid strain Super -fide L1335 RN | Slope Rl
T S |20 L5682 -2, 150 [0k 100
Ao Skilviilkdr 283381 231824 -3a0LRT 2,702 25

Summary of hivassay results for a phid clones treated with bifenthrin 9166 C
{"Topical application)

Aphid strain Super -fdr LID & s Cl Slope RF
171 S8 01,635 {1155 -1 445 0,583 1.iH]

Adlana Sk Skdy Iy 22 O I R PR ) | i) 262
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Summary of bioassay results for aphid clones treated with bifenthrin 9167

( Topical application)

Aphid strain Supe r-fdr LIy = 955 1 Slope
718 il (h453 D2 -00977 [ i

Al sShaddrskd L42.326 THEID -194 499 EREE

Summpary of bivassay results for aphid clones treated with fenfluthrin,

{ Topical application)

Aphid strain Super -fdv LIy 95 O Shope
P71 55 5 L .52 22,193 {1,577
Adlang ShalrrSkelr 35 243.625 392736 2670

Summary of bioassay results for aphid clones ireaied with deliameihrin.
{Topical application)

Aqphid strain Super -fdr .13 s oSt O Slope
L1718 S5 [3w3 g 2eh -2 57 K G

Addana Shlesskde | G, 26t UH EEG S227 471 201K

Summary of bigassay results for aphid clones treated with NRDC 196,

{Topical application)

Aphid strain Super -k LAY 5y EERA | Slope
17113 =05 0. 127 L0 40 iy (b330

Aclana SkedrSkdr 10 Ut AR S = AR A [

Summary of bioassay resules for aphid clones treated with BTG 502,

{Topical application)

Aphid strain Super ke 1.3 s 95% C1 Slogpe
(711 =0H 227 (L350 -2 20N (Y37

Mlang skilri=kelr 318421 2AR0REY -FRY.T2 2.629

(M43

1.0m0

4

MY

| ChCh

K

| b

| 21

11

[0
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Summary of bioassay results for aphid clones treated with R11 63421,
{ Topical application)

Aphid strain Soper -fefr LI 5y G53%u 1 Slope RF
1718 R £33 (L36T -1 0l (. .
Al

Skdriskdr LRI A 2 T SRu) T 2.709 370

Summary of bioassay results for a phid clones treated with cypermethrin.
{Leal dip bioassay)

Aphid strain Super -fdr LIY <y 5% 1 Slop kY
(ReR N B 55 L2135 (35 2512 (1785 Y
Aadana Y

ShadrSle 200615 [2514% - 162145 RIS 12

Phe Tollowing observations can be made from this study:

[

fed

Both the susceptible and resistant straing of 4. gossipif wested in this research
exhibited  high levels of resistance (i high RIY values) and RFs for all the
compounds tested were within a narrow range. Thus no relationship between
structure and RFs could be observed. This was in contrast 1o obscrvations with
other studies with super-kdr insect species where signilicant differences were

abserved (R lwumba yoelal., |99y,

The two compounds BTGS02 and RH63421 representing two distinet chemical
classes (alkylamide and dihedropyrazaole, respectively), were also highly resisted

by the resistant strain of 4. gossepii (adana) tested in this study.

But this 15 an unexpected result because both those compounds are known 1o
exhibit negative cross-resislance o insects that are resistant 1o pyrethraids. So
possible explanation may be based on the Tact that (he resislant strain of .
gowspdi used here containg two resistance mechanisimes, site-tnsensitivity and

et boli=m.

From the above comparison it is clear that topical application method gave more
producible results with higher confidence limit than the leal dip method I can.
therefore, be concluded that pyrethroid resistance in adana is an autosomally

inherited, largely recessive trait.
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Do decrease in the degree of resistance of adana 1o prrethroids was observed from
previous work by Xiaowen, 2000 tunpublishedy in the laboratory at Rothamsted, mplying

ahigh level of homozyaosity for the resisiance gene(s)in thas strain.
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COST EFFICIENCY IN WHEAT FARMS OF BANGLADESH:
AN ANALYSIS OF DEA BASED ON FARM SIZFE.

MOND. KAMRUZZAMAN' BASIL MANGST, A PSYOHOLDAK [
MLOMARTTKAT AND IATANGIR A LAM

ABSTRACT

This sty periains to a region of Khuing § Nvivian, a southwesiorn
pat of Banglades. Cost efficiency of wheat farms in o rural aren iy
Bangladesl way estimaivd Hooagh Data Envelopment Apalvsiy
(LA of Jarm level data for the vear 2002, The overall mean crsd
effivicincry scorex of the sample farms weve (0340 meaning that the
cost efficiency of the sample fiarms was 45% helow what can he
wchicved. Computed efficiency scores wore sulwequenthv rearessed on
explanaiony variables using o Tobir anclvsis, to help idenify
inefficicicy velated  factars. Nine cxplanatorny variables were
identified as being refaied to efficivnee Finafiv, how sneflicient farm
Devomes an efffciont weas extineriod in ihis stuedv and it was fownd thae
34.29% of the TSP fertilizer was bedie over nved af the farm fevel of
Bengladesh, which i the highest mivatlocation in the sfedv crea. 1o
dris end, a constant refien fo scale and it ovfentation model hay

bewar apprlied foa saniple of 150 Wiread fesines
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analyars, Wheat Farms
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INTRODUCTION

Aerwculiure s the deminant seotor of the Bangladesh coonomy. Grossth ond stability
of Bangladesh depends Targely on the growth of agocalture. T s the main oceapation of
the people cmploving 62 percent of the labor Toree, This sector directly contribnfes
around 24 percent Ao the Gross Domestic Product and above 68 percent ol the total
poprulation divectly or neliveetly depends on agricoltuee, Many of them are engaged i
agriculture cum business. About T0% of the land of the study arca is devoled to
agricultre directly or indirectly (BBS, 2003) The prime concern for development ellorts

i Hangladesh rests upon agriculiural develomuoent,

Auriculiural productiviey growth needs o be Tosiered, through cither weehnological
development or an increase in production cfficiency o remain competitive. On the one
band, the government has carried oul g sel ol appropriate pobicy reforms, which helped
atlam major weehnedogieal development i agriculiurad sectors, On the other band, the
mplementation of profectionist measares o cnsure scli=sullicieney i stratceic products

mizht generate considerable cost ingMeiencies.

Within the past Tew years, Bangladesh reached self-sufliciency i its main cereal,
rice. My osuccess s largely o story of close cooperation between the government ol
Bangladesh and s people with the help ol forcign aid agencies, international rescarch
mistitutes, and indigenoas NGOs (Non Government Ohrganeeations). Wheat production
climbed from 01T million metrie ton in 19740 4o L9 million metrie tons in 2002 Cereal
prices are Tow and stable, and prodoction continues o merease. The cconomy s also
showing rapid diversification, particularly i the livestock and pouliry sectors (AL,
R

Wheal Taems are good examples of how the Bangladesh governmen has introdoeed
several policy reforms 1o increase the supply of wheat product and ensure selt-
sufficiency, However., given the persistent and substantial variations mowheat farms
proditability, it may be assumed that eMeieney gains shall be furthered. To this cnd,
mesuring s cllicieney s mportnt as this could be the Tost logical step in g process

that leads to substantial resources savings.

The focus of this study s 1o explain the infloence o the overall cconomic

performance of wheat farmers i Bangladesh, The study differs from many previous
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studics into the estimation and explanation of cost elficiency by including variables thal

relate o both persenal aspects and aspects of the decision-making process ol the farmer.

The ohjectives ol this research are twofold. 1o first place. we investgated the
possibility of improving wheat Tarm overall cost elliciency and provided empirical
evidence applying DEA Lo a sample ol 130 farms respondents in the region ol Khulua
Division in Bangladesh. Secondly, we resorted o Tobit analysis 1o assess the effects of
severil explanatory variables, Le. farmers” age, farm size, Tamily sive, education, wheat
price, seil quality, bore rice price, non-farm income, and weeding on efficiency ol wheat

wrowers in Bangladesh.

The Data

e analysis was based on the primary data collected through a comprehensive field
survey, A sample ol 130 farms was chosen. The survey was conducted to the agriculiural
vear 2002, Secondary data were also collected from the Bangladesh Burcau of Statistics
(313 for the period 1972 10 20020 o addition, Joumals, Reports, Ofhcial Records.
documents of Fourth Five Year Plan, and Ministry of Planning of Bangladesh were the
sources ol secondary dat, Excel and SPSS program composed the data and linally it was

analyzed by DEA-Solver, c.g. ElTiciency Measurcment Systems (ENS].

The analysis in this study was based on a wheat vicld and fnputs production systems.
lor the measurement ol cost cfficiency the inputs pricesfcosts were used: 1. human
labour: ii. bulleck labour: iii. power liller cost, iv, seed; v. urea; vi. Triple Super
Phosphate (TSP v Muriate of Potash (MP1: wii Farm Yard Manure (Y M s,

irrigation cost; X pesticides cost; and 1, working capial.

Farmers toak parl in the survey on a voluntary basis. receiving no payment lor

supplying the information, Farmers who took parl i the survey received a detaled

and Tinancial information was collected from the farmer during farm visits conducted by
fhe researcher himsel These visits were conducted over the period when the crop was
being sonan. harvested and marketed. During these visits the rescarcher, o conjunction
with the co-operating farmer, recorded data on outputs and inputs down o the gross

marein level only for the year 20002,



LA
ot

MO, EAMRLAAAMAN o o,

Output data were recorded by the guantity of apain sohd. tones produced ol cach
quantity per farm and price obtained. Tor practical reasons. the amount of data collected
o individual inputs varied from farm w Ern, For seed. hoth the quantity used and price
per lon was collected. Similar intormation was collected on fertilizer usage with the
guantity applicd further broken down into ils constituent parts {the amount ol mtrogen.
phosphates and potassium]. However, only the cost ol crop prolection materials {which
e delined as applications of herhicides, ungicides, and insecticides) was collected.
Sipee Labour and machinery data (both being measured in tenms of the hours of cach thal
were applicd to the wheal crop) were only available for 2002 we assumed that per ha

ulilization of these inputs remain fixed over the period.

Tablel gives a broad deseription of the information of wheat farms by differens
categories ol farms, Yield was caleulated by dividing the total kg produced per farm by the
area. The cost of seeds was used to capiure ditterences m guality of purchased and farm-
coved seed (family supplied seed as dixed cost and purchased seed as varnable cost). The
number of farms included in the panel data set varics slizhtly from year Lo year hecause o

amall number of farmers in the set did not grow wheal in every year considered.

e to resource limitations, i random rather {han purposive sample process wis wsed.
A sample of 150 Tarmers was identified as the masimum [easible sample given resource
and time constraints. By using the cluster analysis, the sanmple was colleeted Trom 10
districts, one Thanal in each district, three vitlapes were selected [rom cach Thana and
five furmers were sclected in cach village. In cach Thana, we selected three villages, one
of which was to be located near the largest lowi, the seeond one located in the Tar fromm
town and the third one to be located in a remaote area of the Thana. The [arms werc treated
as a homogeneous [or several reasons. Firstly, all the fanns were in an area where
technical and agronomic practices were all most same. Sccondly, they were iy reasonable
proximity 1o each other. Thirdly. Al of them [aced same natural market conditions and

Infrastructure. Finally, all the sample Taoms R hroadly similar types ol soll.

During the collection of data Eirms were ned classified, in order to avoid the bias,
Adter eollecting the primary data, all 150 farms were classilied into fan size sroups. For

e convenience, wheal [arms were classified into the following calegory: 11 small Tarmes:

AT s the sablest adminasletive anid i HBargllesh g e village Lol
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having land (0L01 ha to 1.00 ha. 1) medinnt arms: those having 1,01 ha to 3.00 ha laod
and 1) large Tarms: hose possessing lnd 3.0 L and above. The survey schedule was
desipned w collect information in local units, The survey was administratered using acres
and decimals (100 decimals — 1 ace) hecause these are the units familiar o Bangladeshi
Fartners and extension agents. Some farmers also responded using bighi. a traditional unit
equivalent 0 333 decimals, Howeser, local unies were converted later o standard units,
[or examiple all area units i this study have been converled to ha (1 ba = 2.47 acres) and

price in Taka per maund converted to Taka per ke (1 maund = 37.32 kgl

Study Area

Fhe arca of the present study s Khulna Division in Bangladesh, It occupies a fertile
plain area of 29.45 million ha {26.94% are cultivated arca and 12.15% are irrigated aren
ol the tolal arca), The land is suitable for production of rice. wheal, jute, tobacco and
winter crops. The temperature - this arca vaties [rom 7.9% to 31.1%. The average
manthly rainfall s abour 177.93 mm with the lowest in mid December to mid January

and the highest i June and July.

Muaodels Specilication

There are a number of multiple-input multiple-output production units w be
cvaluated, which are taken as Decision Management Units (DMUSs). Each DMU consume
varving amounts of inputs Lo produce dillerent level of wheat production. DEA uses the
set of production uniis n the sample o construct an efficieney [rontier consisting of all
possible lincar combination of efficient production units, The cfficiency [ronoier
represents applicable technigues since it reflects the practices implemented by exisling
production units. 1t also represents efficient fechpiques since it is exclusively defined m

lerms of the technigues used by ellicient production AITIES

Dilterent methods were used by a number of researchers (e.o, Farrell, 19570 Cooper,
o, al., 2000; Ashy, 1995 Sampath, 1979, Charnes et al. 1978, Manos and [Psychoudakis,
a9 Payehoudakis and Dimitriadou, 1999 Menzelxhin-Cepani and Sanos, 1995;
Baltese and Coelli, T.0. 1995; Tadesse and knshnamoorthy, 19949, Anderson. et al., 2002,
Lachaal, Chalitour and Thabet, 2002 Backhshoodeh and Thomson, 2002: Fukuyaman
and Weber 20021 in order to measure the elficiency of various enterprises oF regions i

different scetors of economy. Among them the uses of simple indexes of ¢Micieney {e.g2.
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ceonomic, prolit, returm 1o capital, ele.r the use of production functions and linear

programming models are included.

The Tramework for the DEA procedure was mitiaded by Farrell {1957) and
relormulated as a mathematical programming problem by Charnes et al., {1978). Given a
mimber of producing units, which are Decision Management Units (DMUSs), the DEA
producer constructs an efficiency frontier from the sample of producing units. The
clliciency Trontier reflects the practices of existing efTicient units, Froducmg units that are
not on the frontier are said 0 be ineMicient, The proposed measure of cllicieney ol any
DML s obtained as the maximum of a ratio of weighted outputs Lo wetghted mputs
subject to the condition that the similar ratios for every DMU be less than or equal 1o
unily. The DEA model for a specific DMU s formulated as a non-linear [ractional

progranming problem.

Since the pioncering work of Fareell (1957), 1wo competing paradiems on lonber
estimation have been developed in the Titerature, The fiest one relies upon economelre
techniques o estimate a lrontier function and estimale promal and dual efficicney seores
ol the estimated ronticr. The second  one applics non-parameiric mathematical
programming lechniques o construct a transtormation frontier and compute primal and

dual elficiency ol the frontier,

Non-parametric Trontier analysis, koown as DEA, over comes some of the critical
peints of the statistical frontier approach. In particular, there is a need [or restrictive
assumptions aboul the Tunctional Torm of the frontier or the disteibutional form of
netficicney. [nstead ol fitting 2 regression surface into the data conter. DEA lavs @

plecewtse lnear surface on the top of the observations.

B this paper, we used DEA 1o investigate cost efficiency in sample wheat srowers of
Bangladesh. Also. all data were assumed o be positive and welght choices were also
restricted 1o positive values, We conducted DEA assuming Constant Returns-to-Scale
(CIRS) Tnthis study, we also used input-orientated model that aims 1o Nz s

while producing at Least the given ontput levels.

Cost efficiency
Cost efficiency is the product of technical and allocative cllicieney. If a DMU s

fully efticient (00— 100 in both the wechnical and allocative, then DMU is cost elTicient.
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(nherwise, DML s meffeient, 108U has the full eflcient i technical tallocative)
score hul low efficient in allocative {(lechnical) score, then it is not cost efficient Frms,
Adternatively, we can evaluate the cost efficiency of cach DMU as Tollows:

Ihe abjective funclion:

i i
. 1
i l Cin ™
1
Sulveet o i
2 vy ey ; a
i ::.- x I."._I V=R 1l L)
-1
1
T e S [ e 133
y 141
| }_. L
|
PARER N

where, coo the unit east of the mput 1ol DMUG which may sary Trom one DMV o anether,

m = the number ol inpats
s = the number of oulputs
sip oot ol pul 1w junito = o2 I
v —amounl ol outpul cijanil, e =1, 20 s
This model allows substitutions in mputs. Based on an optimal solution (x*, A #) of the

above LI the cost ellicicocy of DM Uo is defined as

Tobit analysis

In some works, production efficiency has been linked with a number of
soctocconomie variables. The relationship between ceonomic ellicieney and cducation
iy been extensively nvestigaled  mooagricubore (Bravo-Ueela and Ricger, [990;
Kumbhahar et al., 1958 Lockheed ctal., [98 1.

The production efficiency may also be related 1o the Farm size. Large Tarms are oflen
constdered more elficient than small fanns due o cconomic advantages concerning the
organization and economic knowledge, Empirical evidence. provided by several studies

on the relationship between efficiency and the Fam sz, bas also been laken mto account

(Al eral, 1987 Gurer el al, 1982 Byrnes et al, L9871 Another varable, which seems
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lo be related to elliciency. is the Taner's age. Ol Tarmers are often assumed Lo have had
more tme to learn and become maore cxpericneed o managing their arms and thus, they

are thouaht (o be more efficient,

The mwain conclusion that can be drawn is the lack of substantial evidence of the
relationship between efficiency and these variables and henee, more empirical rescarch s
atill necded. In this analysis, several vanables are identilicd as polential determinants ol
cost elficiency. These variables reflect the farmers age, faro size. Tamily size. cducation,
wheat price, soil quality. boro rice price. non-farm income and weeding. To this end. the
cllicieney scores obtaned are rearessed on these farm aluributes using the following
linear Tobit model. We used Tobit analysis duc to dependent varable, cost cificiency. is a

consored variable, having an upper hmit of ome (Lockheed etal., 1981

TR g 00, AG S o o For, EDH 0 SOH o, WP L B o NET R WD ¢ i)
Where:
LT s the elliciency of wheat Farms,
AG s the age of the [armers 0 years,
ES s the Tarm sizc in b,
Fas s the family stze in nomber,
FD s the education of the farmers dummy wariables — 130 high school completed, = 0
olherwise,
S0 is the soil quality dummy variables — L if good guality, = 0 alhorwise,
Wb s the wheat price in Taka per kg reported by the farmers,
BP s the average boro retail price in Taka per ko callected [rom BBS, 2003,
NI is the non farm inceme dummy variables — 1 il yes, = 0 otherwise,
WD s the weeding dummy variable = 1 ibyes, 0 otherwise.

¢ s the error ferm,

Feonomic Results

Table 1 presents the mput-oulpul coellicients per ha yield ol the farms. Fram the
esults we observed that the medium farms produced higher vield (2380.55 kotha) of
wheat than small and large Garms. The national average yicld of wheal was 1956.71 keha
during 1972-2002, which is lower than vields of our sumple Tarms, Although tn the year
2002, the national average yield of wheat was 257817 kpdha, which is higher than Yiclds

ol our sample armes.
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Table 1. Summary statistics of wheat farms in sample houscholds of Baneladesh

Ttems Larm sive Crverall
| Small Medlinm Large |
(=100 ha) (1.01-3.00 'Im“_r (300 hal _
1. Farnt size 4l 0.0z 204 .04 [ &)
2. Family size fnod SR 182 2 .24
GWheat o area (had 1.0 014 .24 12
4. W heal share i lotal crap Ly [, 03 .28
AT arei
A0Ape [yearsh 32.52 RIELY 9y A
f ekl (kedhad 20035 RS Tl 227013 2321067
T Lt price (Tl T4 % 30 GAlS ®.2u

S el use:

a, Lorea Teraliver (k) [z e (49354 La7 I R R
fr, TSI Trvibieer (Ko w67 HE. 23 R B
o WP Tertilizer (hefhad S0,37 52.35 48,54 5155
o Farmeard manuee (ondlu Bl 1Rl RN 972
g Fhman Tnboor (i 4 35 KL 44 30 45 6w
10 Badoek ke pare daysdhia ZEAS 2R A b 2TAE
1, Seed (ke [ 3245 1300 3544 F55.84
L2, e ol ehseration T3 45 Az | 5]

Table 2 shows that the medium fars had higher gross margin (960273 Tha) than
small and laree farms, However, the medium farms had expended more variable cost than
small and larse Tarms. On the other hand, fixed cost was low in medinm farms as
compared to small and Targe Farms, Tn this study, Benehit Cost-Ratio {BCR) was analysed
and BORs over variable cost were [ound o be 177, 186 and 1,75 for small. medium and
laree arms, respectively, | his means that i small, mediom and large farms' invest Taka
L0 00 Tor wheat production then they would get a return of Taka 177000 18600 and
175 00, respectively. Therelore, the investinent relurn pot ha [rom the wheat production
for medinm Tarms is the highest than small and large farms, Modium Tarms had also

higher gross returm {21412.13 Tk.ha) than small (19312.67 Tk./ha) and large (2044257
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Table 2. Variable cost. fixed cost and return of wheat production by farm size in

Bangladesh

Liems |_ o Farm st _l Owerall

B - - - o __Hn'mll_ Moediom |.-:ﬂt‘ | .

! Civain vield (ke 22T AN 203,82 23AEAD 237268
i Cross return (T Tad 19312.67 21412,13 42,57 17833,70
X Variahle cost (Talalha): 1134935 1180940 13202 94 1126331
Tlumen Labour: Lx33 10 [ £ K | 201,400 [ 23308

. Land mortgagerented RREX 977,13 AE 15 £33 43

2 [ireil bolloel labour 942354 T Rl 137327 92354

il Tractorpewer ller b 7N nTe2Y w4 ) 677 AL

. Seed purehased 13151 3R TY13.2] Tilal

I [Fertilizer: | 15001 L f 1144.57 1LanL

i [ T2 THUAY TEAET TMLT2

i, & 36 2 411484 RERNIE 106 232

. WP _ 27298 [ 3, 2100 407411 21208

. { M hers JHOL 63 2943.74 2uid A4 289462

i [rrigation: 2ei4 062 2043,74 ERIEIRE ERC RN

i [l 112871 [136,20 L1254 T12R7

1 “achine charge [ Fan IR | 785 | Taa

b, Pesbicide 447 44 470, 6878 4415
LoWerking capilal [0, 17 LO2HE 43 115373 [ 329

1. brderest an aperaling caplal (e S0 RIERS Sl4.12 2724 S b5

k. Biscellaneous Gt 35%0 TR0 EREA R 18542 Rl R

4, Fixed cost {Fakadba): afd9 92 914,72 72 ES [T L
A Lanl tas 4147 AR5 3500 41,47

b, Farrly o labonr QuT 44 R22.35 [170.5] L

e Family bulloek Tabour b FLIE NI PATERE Sdllnd G E T

i Seed [Family supplicd} | R0 131331 [178.02 WETR

e Farm manure {Family applizsd) A0 20257 255005 uin
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Table 2 (Continued)

I" Depreciaton and repairing of 23114 132014 | 20k 502 2131, 14
matchinery and buildings

o Interest on land improvement RSN 724 4G a7L.40 ard.07?

h. Interest on fixed capitd (G 3.5%) 20k B4 20410 20032 20 24

i Miscellancoos (e 3.3%) 224 KE 2001 205 30 224 KK

5, Toaral cost (Tl hay 177 20 1772412 [45363 .54 [ FU5.23
6. Gross margins (Takd/ha) Ta3 32 DH02.73 TI49.58 GHHE.3Y
T, Proci { Thehan 131341 R bR 170,773 15,47
= Lheneliteost ratio over vaciable cost L33 | 3 |35 | fads
4. Benelitcost ratio over Nxed cost 350 3.7H 1.549 3,24
Rl Benelit-cost ration over total cost I_x';fJ ) 1,22 Lo 1.3

Note : o Tractor and power tiller is heing used for both Land preparation and carrying purpuose,
b Bulleck labaur cost per pair-day is included man works,

e, Oine Buro s equal to 20371 Taka as on 30004 2003)

Cost efficiency

Using the linear programming method ontlined above, non-parametric analysis of
cost efficiency was performed for wheat production farms in Bangladesh. he data were
solved by EMS program and each farm size was separated. The cost efficiency score [
the small, mediom. large and overall farms in the sample as well as the number ol tarms
are reported in Table 3. Given the large variability in the computed measures. efliciency
seores are clustered mto Gve groups such as 0.00-0.70, (10 71-0.80, O.81-0.90, (91-0.99,

and 1.0 (elhicient).

The second and third aroup displays more decent mean efficiency scores between
0.71 and 0.80 and 0.81-0.90, respectively. This means that farms ol these groups can
decrease their inputs by as much as 25% and 15%, respectively, producing the same level
of production more efficiently. The results also indicate a wide varmation in the levels of
efficiency between the Tarms. The result shows the mean and standard deviation for

output and inputs for the vears 2002 for this sample.

The cost efficiency seores reflect the need for adjusiments in relative factor mput

levels, In small Tarms, the resull shows that 57 Tarms (78 .08%0) achicved a cosl efficieney
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score of 0,70 or less when compared 1o the most efficient farms. While 8 farmas (10 96%,
and 3 Tarms (4 11%) and | farm (1.37%) were able 1o achieve cost clliciency score
between 071 and 0.80, 081 and 0.90, and 0.91 and (.99, respectively and the rest 4
larms {3.48% achieved an clliciency level 10K The result shows that average cost
cliciency of the small farms was 0.566. This means that the small farms can deecrease

thetr production inputs by as much as 45% producing the same output more clliciently,

Table 3. Cost efficiency in wheat growers of Bangladesh by farm size using input
oricntation model

Elfcicney index - - _ Farm size Cvernll
Ssmall Medium Large
ChEMG 0,770 57 a 5 [21
EENIEY (17 TR (15.63) {3067
0.7 1= 80 H Il 4 12
{10,940 (24 44y {12,300 R0
(Rl -000 3 12 g
1Ly (20.67) (2] .H8] i1.67]
(L] -0k e I 4 & 2
{L.37} (8,54 (2].KE) (L33
FitTicient ¢ 100 4 | 4 A
(5.48) (22.27) (2513 (5.33)
Mean (1. 366 T FREY {1540
Standard deviation DS 0144 h133 T

Figures in parentheses are percetages 1o the ttal

Twenty lwo percent of the medium Firms were found ta b cost efficient, in directing
that the second maximum cost clliciency was achieve by them. This also means that the
medium farms organized there inputs and produced wheat using the existing technology
efficiently. Therefore, no increase in the outpuls can be achieved by reorganizing the
sime bundle of inputs ar the decrease in the nputs will result decrease in the output. The
reaming 88% ol the medium farms achicved etliciency score below maximum (=11 with
the given technology, These farms can reorganize therr inpuls and the composition of

output in order 1o become efficicent.

Stmilarly, 4 large Firms (28.13%0) was achieved cost clficiency score of 100, which
are the most efficient farmns. However, remaining 33 farms (71.87%) were not able 1o
achieve cost efficiency in the rural area of Bangladesh. The meaning of these results is
clear In each case, the evaluation is effected from a poinl on the ellicient frontier and g

mean value like 0,546 for overall Farmms means that it is 46%, inefficient,
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The Study shows that there is little variation in vields and input application rates.
Diespite this fact parameter estimates for the stochastic Trontier and cost inefficiency
effects model show that svstematic cost inefliciency effects exist and that these are, in

parl, explained by the variables included in the model.

Table 3 shows the standard deviations of the estimates that again support the picture
of considerable variation between farms and heonce considerable scope for mereasing
farm efficiency in the study arca. While there was wide spread inelliciency scores in all
types ol fems, small, medium and large exhibited a celatively better performance in

lerms of various ellicicney measures,

Tobit analysis

To identily factors associated with cost melTiciencies, the Tobit regression defined in
equation (6} was estimated and results are represented in Table 4. The estnmated model
has good explanatory power. As for the apparent unimportance of wheat prices could
indicate that the decision to grow wheat was driven by non-price factors (sinee many
houscholds erow wheat primarily Tor home consumplion. their production decisions are
relatively insensitive to change in markel condition). An alternative explanation is that the
amount of vartability present in these eross sectional price data 1s isulhcient o catablish

a clear relationship between ceonomic efficiency and wheat price.

The likelihood that a rural household grows wheal was hypothesized to be positively
and statistically associated with agroclimatic Tactors that favour wheat production.
particularly in soil quality, In addition, since the arca planted o boro rice is apparently
limited by resource constraints, Lthe likelibood that o household grows wheat was
hypothesized to increase with Tarm size, since Tarmers with large landholdings frequently
will not be able o plant their entire farm to boro ree. Finally, Table 4 shows that the cost

efficiency ol wheal [arins were negatively assoctated with changes in boro prices.

The soil quality assectated with sol salinity and waterlogging has a direct effect on

the cost efficiency of wheat production through the impact 1t has on the tmung ol critical

to check the salinity problem, commonly carry oul a variety of additional farm operations
such as deep plonghing, several ploughing, leveling felds, raisimg bunds, dividing plots
into smaller plots, collecting rain waler in felds, and scrapping the top soil layer w

remove salts, Carrving out these extra operations not only reguires extra factor inputs but
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also requires additional time on the part of the faemer. This extra time reguirement
disturbs 1he schedule of Earm operations Tor land preparation, sowing. irrigation, and the
application of ferttlizer and pesticides, thereby afecting farm cost efficiency. The timing
of application s oflen more important than the wtal level of input use in production
systems like those examined, unfortunately is not included in this study. Nevertheless, the
adoption of the salinity management measures on affected lands probably resulted in
higher eflicieney levels than where the operations did not make any <ot to deal with the
problem. In this study, it was found that about 47 per cent of the total respondents made

ctlorts o reclam alTected Tands and these efforts were most common n small farms,

Table 4. Tobit analysis testing inefliciency and factors associated (o it for a sample of
wheal Garms in Bangladesh

Yariables Estimated coclficient r-valoe
| Censtam LR -0.707
{3347
2oApc AL {1 3658% 2.E008
147
Lo Favm size (F5) LETE (il
Q1.3
4. Family size (1ak) (3358 L.
(1.21%
. Edueation (1512 4120k |.2d4
{3,240
oW heat price W) TR+ R
(10
Tosoil gquality 150 |26 0487
DI R
AL oro price (158 fLLYHE (1.2
R
WS B icome (ML -1 13 {1358
{322
LI W cedizge (W 1.7k (534
(307

Notes @ Figures in parenthescs are standard errar

* Significant an % Tevel, ¥ Sipnificant at 3% level & **#% Significant at 1% level.



COST EEFICIERCY TN WHEAT FARMS OF BANGLADUSH 13

Farm size shows a positive relationship with cost elficiency sugpesting  thal
elliciency would improve with merease i farm size. In the Bangladeshi context, it has
heen observed that if the Farm size is increased the cost efficiency would be increased,

[lhis means that small fams are less cfficient than medim and Jarge Tarms,

OIF the human capital variables (education and age), which are the positive and
statistically significant cstimales may appear counter intuitive, 1L is consistent with the
findings of a previous study based oo a simple probit estimate Trome caclier data,
Rosenzwelg {1982) postulates that education can affect new technology adoption in
different wavs. On the one band, it can encourage adoption by lowering learning cosls.
O the other hand, it may diseourage adoption since education provides more prolitable
olf-farm conployment opportunities and new technologies that may reduce Lthe ability of
farm operators to substitute their time cultivation. The eatimted coefficient farm age 15
positive. sueeesting as we have assumed, thal Farmicrs close 1o retirement are maore

motivated and are therefore more efficient than middle-aged fmers”.

Family stze was statistically insignificant too: however, it becomes signilicant at the
0% Tevel (ool reported here), With the exeeption of planting and harvesting perinds n
which all Tamily members contribute o operations. adult males undertake routine
labouring., But in the planting and harvesting perieds, there 15 an acule shortage ol labour
(Metzel and Ateng, 1993). and every spare band, mcluding, children, s pressed into farm
work, This phenomenon 1s even more acule in wheat cultivation, where crop management
is generally more labour intensive. [n this regard. a larger family size is more conducive

to wheat production, and this observation is reflected in estimate presented in Table 4,

Suggested resource reorganizations

The cfficient reference set Tar each Tarm is available but not reported since it s ol
practical use to the managers of the Tarm only. The resulting information allows the
comstruction of a hypethetical wheat farm for cach inefficient run. while the comparizon
hetween them indicates which inputs are being overused and output of wheat are being
under produced., suggesting by how much cach mput levels need o be adjusted. Table 5
presents the required adjustment of the mean sample farm. The required adjustments of
over utilized inputs are more important than the required adjustment of the output, Thus,

it sugrgests that the main source of cost inefliciency i misallocation of resources.
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From the resalt grve in tabled we observe that 34.29%, of the TSP fertilizer was
being over used at the fanm levels, which 1s the highest misallocation followed by MP
fertilizer (32.42%), pesticides cost (31 153%) working capital (25.61%). irrigation cost
(200110 Y M (12.55% ) bullock labour, urea fertilizer, power tller cost, seed. and

hornan Labour,

Tahle 5. The required reorganization in the variable inputs of the overall wheat Gurms in

Bangladesh

Lpruts Fxisting Addjustmend Reorganized {hange
(")
I Fhieman thour Coan-dasha) 45,10 2 43,64 B IRE
2Bk Labour pair-daes g 2745 b 2382 Tl
A Poseer tller cost Tk Ahad (177 AN 17.52 G20 g T
A Beed (ke 53,80 7.8 L i 14 .07
5oL (ke'hn [3, 51 13,02 [50,740 6,72
0, TSP (kehing A4 60 2042 350 EEREE
FOMIP ke AlhA3 [ 34 RN 3242
S0 Dendha) D32 iy 7K2 [49.55
9 Tt cost { T 2804 62 K201 231201 ML
[0 Pesticides cost { TR a) BB 137,51 RIS A1.1A
[ orking capital (Tl T L3251 2395, FREER 250
CONCLUSION

Costomellicieney i the wheat Tarms of Bangladesh has been estimated and the
variation i cost melhcieney explamed using explanatory variables, The resulls indicate
that the majority of wheat fanmers m Bangladesh operate below maximum technically
leasible vield levels and that there s polential to improve cost efficiency, Morcover,
mercasing farm size and seeking information are alse associated with higher levels of
clliciency, The inlormation-secking variable was not included in this rescarch 1o examine
the mifluence of aspects of the managerial decision-making process.

The results presented both reindoree [Indings Trom previous studies that examine the
saie ol cost efficiency and alse highlight some of the factors that affect cost efficiency.

Perhaps most contemporary interest is that those Tanoers who consider maintaining ihe
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environment as an important objective achicve higher levels of cost eMiciency. The results
ol this study therelore suggest that the medium Taems were the most ellicient farms lead

to an improvement in cost efficiency,

Finally, the question to of how o make the mefficient farms efMicient, 1e. how to
newee them up to efficient Goutier, Inefficient Tarms used cxeess amount o inputs on
wheat farms in the study areas. By reducing the excess amount of inputs in one hand and
by raising yield per ha on the other, their efficiency level can be improved. Thus farmers
can be benefited technically and the rural ceonomy as well as the country will be

developed if farmers can follow the suggested allocative principle.
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GENETIC STRUCTURE OF THE INDIGENOUS CHICKENS OF BHU

K. NIDUPY, PENJOR', P.DORI. R.B. GLURLUNG . P ARASTAY AND €. MORAN

ABSTRACT

Ihe indigenous chickens of Bhutan today make wp approximaiely 93 of

the 1otal rural chicken population. Thev have muritional, cwltral and
rraditional vofes, and have been imvafuahle resonee for the livefihood of
the Bhutanese farmers. This snedv aims o trace the arigin and assess
the genetic relationships of indisenous chickens of Blutan, To achieve
this, mitochondvial DNA (mtDNA} was used becavse of its maternal
inheritunce, haploidy, and rapid rate of evolution. The entire miDNA
displacement loop (D-loop)l region of eight differeni Bhuranese
indigenouy chivken lines was amplified with polymerase chain reaction.
The amplified DNAx were purified. cloned. and sequenced. The paraal
D-loop sequences (5000 bp) of jour jungle fowls rveported in the
Genelank were retrieved together with entire D-loop sequences of five
other domestic chickens. Roth partial (300 bp) and entive (1232 hp) D-
laop sequences were analvsed using various phvlogeneric methods. 4
dendrogram  constructed  from  pariial  D-loop NEGUENCes  Nsing
Neighbowr-Joining (NS} method suggest thar indigenous chickens of
Blwaan have oviginated from Red Jungle Fowl in spite of  their close
geographical location with Indion Grev Jungle Fowl The analvsis of
entive. D-loop sequences wusing NJ. Firch, and Maximum Likelihood
methods suggest matrilineal miDNA sequence variation and genetic
atversity anomg Bhutanese chickens. These findings are wsefid as a pre-
reguisite database jor conservarion and promotion of indigenons

chicken resources In Bhuton,

key Words  Milochonrial DNA, D-oop. DNA sequences, Bhutan, indigenous
chickens, phylogenetic. genetic diversity, conservation.
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INTRODUCTION

Blutan has chicken population of about 230,723 birds. of which 953% of the tolal
flocks are indigenous chickens (Nidup, 2003, Nidup. 2005 Nidup., 2003b). Chicken
cxisted in Bhutanese villages from tme immemorial withstanding changes and the test ol
time. The main input is the feed from houschald refuse and priam by-products. They are
generally seavengers within the houscholds and village boundaries and represent one of
the important assets ol the farming communitics. [ndigenous chickens have nutritional,
cultural and traditional oles, and have been myvaluable resources for the livelihood of the

rural Blhintanese Garmers (Nidup, 2005a; Nidup, 2005b).

Aninal resources are necessary Tor food and environmental and social-ceonom
stability of the country. The conservation and uftlization o anmmal and poultry resources
i developed countries are different [rom developing world. In developed countries only
breeds with high ceonomic values and their hybrids are raised o great numbers. On the
ather hand. the developing countries are very rich in breed resources but they v
inadequate conservation and undiscriminating impertation of foreign breeds (W, 2000 ),
which have caused the deterioration in gquality and reduction in number of the native
breeds. Tn both cases. o worldwide erisis of penetie resources resulting from depletion of
animal and poultry gene pools 1s nopending. 1L was cstimated that 409 of all breeds ol
domestic lvestock and fowl have been lost since 1970 (Alderson, 1989 Wu, 2001). The
FACHin 1995 estimaled the loss of three breeds cvery two weeks worldwide (W, 20010
Although, these two situations are nel quite the same, i is @ grave concern. The Roval
Government of Bhutan is fully aware of the miportance of biodiversity resources in the

country and equally concerned of the depleting venelic resources in the world,

Althoueh reference is often made about rich biodiversity in Bhutan. it has not yet
been determined surely how varied is the national's biodiversity. 11 has. therefore. rightly
been emphasized o accord priovily 1o completing a full inventory of the nation's
hiodiversity resource base". Working towards this viston and realising the value and
importance of indigenous chickens, the preliminary Bhotanese chicken diversity study by
Nidup el al. (2002) at the Natoral Resources Training, Institute (NRTTY of the Royal
University ol Bhutan had for the st time unveiled the nation's rich domestic chicken

biodiversity resources in the country. Based on certain phenotypic characteristics
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(plumage, fzeling. naked neck, body confirmation ete. ). more than thirteen lines of

indigenaus chickens were identificd (Nidup et al,, 2002; Nidup, 2003, Nidup 2005}

This study is a continuation of on-going indigenous chicken study (phenolypic and
senolypic) at NRTEL The main ain of this study was:

e To trace the origin of Bhutanese indigenous chickens

e To map the diversity of indigenous chickens with the help ol mitochondeial DNA
SCQUEnces.
e ‘T generate pre-requisite molecular genetic database. that wounld be imvaiuable for

conservation and promotion ol indigenous chicken resources in Bhutan.

e To compare Blutanese chickens with ether domestic chickens around the world.

I the past, the approach to genctic analysis of origim and diversity of native chicken
breeds were based on eytogenetic andd morphological studies {Cheng et al 19 L et al
1996 Lin and Cheng. 1997, Ma and Lu. 1993). Today, the molecular biology lechnigues,
particularly the DNA - sequences analysis, are becoming very popular for assessing
phylogenctic relationships among various animal groups. By comparing DNACsequences
data. one can derive evolutionary relationships, levels ol variability and peographical sub-

structuring within and hetween groups of animals.

The DNA of mitochondria (Figure 11 is extranuelear penetic material and has been

widely used Tor phylogenetic studies for several reasons,

Figure 1: Mitochondrial genomes ol birds (o, mammals & Xenopies (B IRNA genes are pdentificd by
their 1-amino acid codes (T = (RNAT . P R AMN (R ALY, Ouler cirele represents the Haeavy [
airand and the inner eirele 1he Light {1y strand. Polarily of the ranseription and the transcribed strand
15 showen will e arrowheads. When noam wvhead is murked the gene is transeribed Trom the El-=trand
with clockwise polarive, (Snnree: Redeawn by Foist, 2000, from Desjardins & horais, 990
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Firstly, miDNA cvolves mainly via single base pair substitutions (K vist, 20000 with
only mfrequent major sequence rearrangements { Wolstenholme, 1992), secondly, the rate
of MIDNA evolution appears to be 10 limes faster than nuclear DNA {Brown ol al., 1979;
Harth & Clark, 1997 Kyvist, 20000, Diilerent resions of the mitochondrial senome evolve
at different rates (Saccone et al 1991) and this allows suitable repions Lo be chosen Tor
the question under study. For instance, sequence analyais of vertebra mUDNA has
revealed that the control region or the D-loop (Finure 21 s the most rapidly evalving part

ol the genone {Desjardins & Morais, 1990; Wenink. ef al,, 1993,

domon |

e[

I'AS

Figure 2: General stucture of the vertehrate mitochendrial comrel reaion. The D-loop reoion in
(= | (=]
chicken is slightly larger (1227 bpo than the corresponding sequence foand in human (1122 b, conw
EH0 bpy mowse (879 bpd, or it (889 but shorer than X, lacvis, which bas 2134 B {Maoriis &
Crespardins, 19907, As lustrated, the whole of the [-Boop region is divided i three demains, domain
Ho UL and B Ao, indicate locaton o the H=strand replication orgin and the bi-directional
prowoler Tor L and Hestrand ranseaplion. TAS, wermination assoctation sequences: I through B,

conserved sequence boxes inothe central domam: CBSs. conserved sequence blocks, (Source:

Fooskonmen & Fovise, 2000

Thirdly, miDNA s hapleid, non-recombining {Avise, 19947, and maternally
inherited. From 87 gophers studied, 23 distinet tvpes of imntDNA were identificd (Hart] &
Clark, 19971, Each of these types represented a maternal imtDNA lneage, distinet from
other Tmeages. T other words, it can be inferred that the animals that share similar
MLNA type must have a female ancestor in common, Al these features make miDNA a
usclul and ane of the most frequently used mackers in molecular systematics (Sorenson o
al, 1999 Kvist, 20000 Tor deteemining relationships among individuals within and among
closely related species. The mitDNA is particularly useful in mlerring phylogenetic

relationship between closely related species within the same family or even within the
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same species (Haetl & Clark, 19971 The D-loop sequences in pacticular have been used
torestallish intraspect e and interspecilic relatiomships, determme maternal contributions,

and trace the origin of modern and ancient animals.

MATERIALS AND METHODS

Animal Resources and Experimental sites

The blood Trome cight dillerent hnes of indigenous chickens (Seim, Fricele, LocalX,
MNab Yubjha, Barred yubjha, Naked Meck, Kaoray, Native White) with Tive replicates in
cach line was sapled from dilTerent arcas of Tsirang and Lobesa valleys, The Toner
wairs the mam study arca as o harbouwred most Tines of chickens Tound o Bhutan, XA
extraction was done ol the Regional Veterinary Epidemiology Centre (RVIEC),
Serbithang, Bhutan, The molecular hiology techniques such as PCR. Clonimgz, and
senerating DNA sequences were carred out al the Centre Tor Advanced Technelogies m
Ammal Genenes and Reproduction (Reprogeny, Facully ol Veterinary Science, University

of Svdney, Australia,

Preparation of DNA and Polvmerase Chain Reaclion (PCR) Amplification of
miNA D-lnop

The OQlAamp DNA Mini Kit and QLAanp DNA Blood Mini Ki supplicd by Clagen
PAusralia b were used o solate DINA Drom chicken whole blood. The Chagen protocol

was tsed with some modification in order 1o suit nucleated erythrocytes of chicken blood,

Fignre 3 @ Cenomie TRA concentration determined by electrophoretio cthidinm bromide Muorescen

method. The INAS are from nine different Bhotinese indizenous chickens
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The concentration of DNA can Be estimated by comparing with o standard series ol
dilutions, smee the amount of the Nuorescence corresponds o the amount ol DNA

i Sambrook of alf., SR,

The D-loop region was amplified by PCR in two pleces as tllostrated m Figure 4.
The primer combination of 16719 FPL (3G TTAGACCOCAAGOACTACST) and 550
BPLSGTGOCTOGACCOAGOAACCAGTG ) were used o amplify the Orst 250 bp ol
the D-loop, and the combmation 436 FP2 (3CCTOACGAGAGATOAGCAAACT) and
1279 RP2 (S'GTACCATCTTOGUATCTTCAGTG 3 woere used Tor amplification of the
rest of the sequences. o this primer desigo, the D-loop region starts at position one which
s equal o position 16776 and ends at position 1227 of the lirst pubhished scquence of the

entire chicken mtDNA (Desjarding & Morais, 19900,

167191 A6 FP2

—> —

.{._.

a5 P 1279 1k1'2

f

i

Figure 42 D-loop mitochondria of chicken. This s foomd to be omere than 1.2 kb and thes Ngore
ilstiade ow the fragment was amplificd Tor cloning and scguencing,. Node tao pairs of primoers

cinchicated B red aod green arrow respectively s used Tor this purpose,

For the Tiest set of primer ¢ L6719 FRL & 350 BPLL the POR was perlonmed o 25 0
reaction volumes, cach conlaming 200 ng DNA template, 02wl of Tag polyvioerase
iprepared in the laboratory), 0.2 T DNA polymerase, 1wl dNTP {mM1 1.5 wl Mol
P25 mMp 25wl 10 baller (100mM Tris CLo[3mM MaClL, 300mb KCL pH 8.3, and
[3.6 ] distilled sterile water, The mixture was placed in 0.2 pl PCR tubes with 2 drops
ol parallin il The reaction profile meluded 5 muanutes denaturation step ot 9570 followed
Ly 0 cveles, cach consisting of 40 sec denaturation at 94°C, 2 min annealing at 557, 40
sec ol extenston ol 7270, and then a final 20 mun extension step at 72700 Sumilar
procedures were [ollowed for the second set of primer pair {436 FP2 and 1279 RIP2)
except the concentration of MeCl was increased 1o 2.0 wl and the annealing temperature

1o SH°C
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Cloning the PCH Products

The PCR products were gel-purificd using IETquick spin column kit (GeneWork.
Australiay and cloned using TOPO TA Cloning®® kils aceording 1w the manufactorer's
struetions {Invitrogen. San Dicgo, CA USAL After identifying clones wilh the correct
insert, high quality plasmid DNA was purilied usmg Lltra Clean'™ Min Plasmid Prep
T M0 BIO Laboratories, loc.h The Teo R restriction enzyime digestion (5 ml
Plasmid & insert, 2.0 mi10 x buffer, 0.2 ml Acetylated BSA (10 w/miby, 1O ml oo
restriction crovme. and LES ml Distitled ALY was carried out 1o evaluate the efficiency

andd vield of plasmid DNA recovery, Figore 5 illustrates the digestion products Tor one of

the primer pairs.

Yoeclor

hisert - 350 by

S0 Feo R restriclion digestion verlying corect inserls ol Bhnlanese chicken clones

DNA Sequencing

DNA sequencing reactions were carried oul using i SequiTherm EXCELTM TFDNA
Sequencing kit-LOC (Epicentre Technologies. Inc.). The PCR reactions were Y57C nitial
demataration followed by 30 cyles each with 30 sec further denaturation ot 93, 56°C
annealing tor 15 see and T min extension step at 700G The products were loaded on 4%
polyacrylamide gel installed o the Li-Cor sequencer (Modcel 4200, Li-Cor Ine.y, which s
cxcellent [or long sequence reads. Afler punning the sequeneing gel for 12 hours, the
sequence data were analysed with Base Inagel R software (version 4.1, Li-Cor Inc.).

The rw sequence data peneraled was blasted aeainst GenBank using BLASTN
2000 cALschal el al, 99

progrant, Sequencher™ (Gene Cexle Corporation. Aon Acbor, W, was used tooalign

BioManager by ANGIS. DNA sequence alignment

sequences. The correciness ol raw sequence was determined by using both forward and
reverse raw sirands as reference of each other and counter-checked witl three GenBank
seguences {WLEHL Plymonth Rock, That Bantam] as [urther relerences, Ambiguous base
appearing in the sequence was verified using raw sequence chromatogran, This way the

cntive D-loop region with 1232 bp was aligned.
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Figure 6: DNA Sequence chromatogran [rom sample & (Kauray)

Analysis Based On Partial I-Loop Sequences
Netghbour Joining (NJ) Method

Phe NI genetie distance method analysis was used to trace the matermal ancestor of
the Bhutanese indigenous chickens. The same method was also used by Niu et al,, (2002)
to amalyse the origin and genetic diversity of Chinese native chickens breeds. Ter do this,
partial D-loop sequences Tor cach ol the jungle fowl species, one lapanese Coalfus
ifvimesticus {Nagove Dord), Thai Bantam. an Indonesian Avam Kokol Baleneeel, and
twir conimercial breeds CPlymouth roclk and WLHL were retrieved froom the GenBanle,
and their partial sequences {~500 by were alipned a

ainsl the cquivalent 1-=loop

il
L=

sequences of eteht Bhutanese indigenons chicken lines.

Analysis Based on Entire D-Loop Sequences
Neighbour Joining Analysis

This analysis was done 1o investigate the senetic diversity of Bhutanese chickens in
relation 1o other selected breeds and the wild ancestor. The entire d loop sequences lrom
Bhutanese chickens and other selected breeds were analysed usmg the NI distance

method implemented within the PAUP program.

Maximum Likelihood (ML) Analysis

The ML analysis on the complete D-loop sequences was performed 1o verily the
outpul senerated by NI mcthod. ML estimates phylogenics Trom nucleotide sequences.
ML model Lakes account of following assumptions:

 Fach sile in the sequence evolves independently.
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S Different hincages ovalve independently,

% Laeh site undersoes substitution rate al an expected speciied rate.
Fitelr Medvd Anafysis

The FITCH phylogenetic program (Felsenstein, 19891 was used because I estinaies
phylogenics rom distance matrix data under the "additive tree model” according to
which the distanees are expected o cqual the sums of branch lengths between the speies.
The program uses the Fiteh-Margaliash critevion and some related lease squares criteria
and does not assume an evolutionary clock, It generally produces similar results to the N

method Felsenstein, TUst).
RESULTS AND DISCLSSION

Origin of the Bhutanese Indigenous Chickens

The penus Gelliy 15 composed o Tour wild species, Galfis colfuy (Red Jungle
Fowll, Gy sonnerasii (Grey Jungle Fowl), Gaffis fafaverei (Ceylon Jungle Fowely anel
Coerflons verrins,

oy

T

N

g

Figure 7 @ Lell- Red Jungle Pl or Gl goffis {Souree: Wong, 2000 1 Rishie i Ao Fowl ar

o i T

bl wonerad Usonree: Rohbos, 2007

The red jungle Towl {Figure 73 mhibits South Fast Asia ineluding northeast India
covering Bhutan and Nepal and some parts of Tibet and China. The grey jungle fowl
(Fienre 71 is Tound only in India (Stevens, 1991 while Gallus Lalayetter. the Ceylon
junale fowl (Figure 8, originally inhabited ino 5o Lanka. he green jungle Jowl also

called Jivan jungle Towl (Figure 81 s a native of Java Island in Indonesia,
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Left- Cevlan Tungle Fowl or Caffis fafurenci - Right- Green Jungle Fow] or Galflies vt

Figure 8

(seree: Bobhims, 2002
The NI method analysis of partia] D-loop sequences from thirteen domeste chickens
and Tour junele Towls showed that three of the four jungle fowls are very distinet from
domestic chicken sequences. The Red Jungle Fowl or Ceallien ol mitochondnal D-loop
seguence was [ound o be mest similar o the domestic chickens, which is in accordance
with lustory of chicken domestication (CAkizhimonomiyva et al., 129,
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Despite the close geographical location ol Grey Jungle Fowl iGallos sonnerali) ol
Tndia 1o Blutan, this study supparts the origin of Bhutanese indigenous chickens (Figure

[t from Red Jungle Fowl.

i TR
i

g
B
T

Figure 10 2 Jhapay Maep ar red rooster {Lell; Barred Febifie (Centrel, Indigenous weltine hen o Yuhjhn
Foaly (Righey ¢ Source: Midop, 2003

Figure 9 mdicates clustering ol Bhatanese mdigenous chickens with other domestie

chickens sequences and more closely 10 Red Jungle Fowl than other three specics ol

jungle Towls, This study also further reinforees the conelusion that the Red Jungle Fowl is

the matrilineal ancestor of present day domestic chickens, and is m consistent with the

lindings by Akishinomomiva ctal., (1994, Akishinomomiya ctal., (1996], aned Niwetal.,

{2002 ),

Genetic Relationship of Bhutanese Chickens

The analysis of mtDNA D-loop sequences Trom cight chicken lines ndigenous 1o
Bhutan showed twenty-six polymorphic sites (Sce Table L represcnting (LO2% ol the
lotal DNA sequence analyzed (1232 bp). There were no deletion in the sequences and all

he twenty-six variable positions were single nueleotide substitutions.

As i mammalian mitachondrial evolution (Vigilant ot al, 1991 Koo et al, 1998,
the D-loop region of the Bhutanese chickens indicates strong transitional bias or in other
wards, transitional substitulions are found o occur more Trequently than transversions,
These variations or substitutions indicate reasonably high diversity among Bhotanese

chickens.

The entire mIDNA sequences ol Bhutanese indigenons chicken Tines, red jungle

fowl. and other domestic chickens sequences retrieved from the Genbanke were analysed

chickens and the red jungle Towl are given in Table 2.
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The ™) phvlogenctic consensus tree (Figure ) generated using entire: miDNA
sequences eroups Bhutanese indigenous chicken lines into two mam clusters. In the st
clade, the Bhutanese indigenous chicken Maeld Yehiha appears o be closely related 1o two
commercial breeds (WL and Plymounth Rockr and thiree other Bhutanese chickens

{Ahapens Muep, Frivele and Yo Bevfa).
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It is possible that WLIT and Plyvmouth Rock could have been developed from
chicken with similar miDNA sequences to that of Nacb Yujha, which is without doub
one of the most common indigenous chicken lines (second o Seim) found in Bhuan,
Alternatively. it is possible that the widespread crossbreeding programs iWidup ¢ al.,
2005) attempted in Bhutan have introduced mitochondrial sequences from exotic birds
into the indigenous Bhutanese chicken populations. Thus, the mtDINA of three Bhutanese
indigenous chickens (Jhapay Maep, Frizzle and vy Bavla) could be derived from exoties
similar to WL and Plymouth Rock. Yu Bayla. an improved breed was espected 1o
associate closely with the twe exotic commercial breeds since ils mtlINAL should come
from 1= cxotic female parcnt (BY 380 Strains = Bavla). Given Lthe small sample tonly one
each of WLH and Plymouth Rock). the clustering of the Yu Bayla sequence is consisient

with this scenaro.

T Bantun

|
|_-— S 1

—l—— Plymouils Reck

=45
| |-'* Thiapay Maep
. Triezle

Yu Bavles

Pk Yulbiha

e Tarred kil

| L Pk Bocch

—— kauray

—i — Suzim

Aeam Reliok

Figure 12: Maximum Likelibood tree constructed from entire d-loop scyuences using PALT program.
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[0 the second clade, the Bhitanese mitochondria sequences cluster with Indonesian
Avam Kokok Balenggel. perhaps indicative ol genetic exchanges between Indonesia and
Bhatan. This is surprising eiven that Bhutan and Indonesia are scographically widely
separated. This wide geographical separation of two countries divided by sea and other
Asian countries suggests that miDNA D-loop sequences ol Avam Kokok Balenggelk
wauld net have been directly introduced into Bhutan but would have come vii indireet
routes. This would be another interesting arca of rescarch, An cneouraging linding in this
clade was that mIDNA sequences of Kawray, Noked Neck, and Burred Yubjiba clustered
closely and it appears that all these three chicken lines may be derived from Seim, the

most commaon indigenous chicken found in Bhutan.

However, the analysis of M1 in Figure 12 does not fully support this inlerpretation.
Although the ML dendrogram is reasonably similar 10 N1 tree (Figure 1), the
commeretal breeds (WLIH and Plymouth Roek) do not cluster in a clade with the Tour

indigenous breeds (Nach Yubjha, Frizsle, Shipey Meep, Yo Bavia),

Further sampling of exotic and indigenous sequences is required Tor a more

delinitive interpretation.

These patierns of clustering among Bhutanese chickens were reaflinmed when only
the sequences from Bhutanese chickens and red Jungle Towl (out-group) were considered
for evaluation by Fitch-Margolinsh genctic distance methed,

Tharpes Ml
-q'\.'illl

Mk vk

_< Lol Yoty

Fanray
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—

Frrzels Suab Yuhiba

Fed Jongle ol
Figure 13« A

A phylogenctic consensus tree venerated wsing the Fiteh-Mareoliash method o asseas the

genete diversity within the Bhutanese chickens with Red Jungle Fowl raken as out-group,
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The output from Fitch-Margoliash (Figure 13) compared quite closely with
dendrogram generated by NI method (Figure 11 and widh similar pattern to ML ree

{Figure 127 thereby further validating the result,

Geographical Correlations

There is no consistenl pattern of clustering within trees and close peographical
locations. For instance, in the first cluster, Barred Yubiha and Kauray were [rom
Isholingkhor and Naked Neck from Mandegang, both in Tsirang district, wlule Seim was
sanmpled from Lobesa in Thimphu district, In the second cluster. Frizzle and JThapay Macp
were [Tom Tshelingkhor and Daje respectively with both villages located in Tsirang
region, while Nach Yubjha in the same cluster comes rom Lobesa in Thimphu region,
Clearly, there has been plenty of opportunity for mitochondrial sequences 1o disperse

wilhin Bhutan,

Chme might expect that those birds Gom the same district would cluster closely i
dendrogram but this s not always the case here, It might also have been expected that
mIDNA of Thapay Maep {roostery and Scim (hen) be almost identical, since Nidup et al.
(20021 categorised them as one breed. However, mtDNA sequences do not correlate with

geographical distribution or even breed,
CONCLUSION

The indigenous chickens comprise 93% of the wial rural chicken population m
Bhutan, The analysis of miDNA sequences suggest that Bhotanese chickens are

senetically diverse and Like all other domestic chickens oviginated from red jungle Towl.

Recommendations

% In this study, sampling was limited w only two regions of Bhutan e, Lobesa and
Tsirang, Bhutan can be divided into four regions namely castern, western, central and
southern resions. Sampling from these areas may provide an ulimate 1dea on chicken

bicdliversity resources 1 the country,

& Mitochondria DNA by itsell may not be the most usclhul molecular marker when
used for determining genctic diversity, Therelore, use of microsatel e genotyping should

be considered Tor further study, Microsatellites have been proposed as the best markers
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for cvaluating the genctie diversities of demestic animals because ol theie abundant, even
distribution i the genome, bigh polymorphism and case of genotyping, The Tood and
agriculture oraanization's MODALDY Progeam has reconmmended o set of merosattellive
loct for evaluating the genetic diversities ol chickens as o part of the global strategy Tor

the nungement of Tarm animal genetic resources (Wimmaers e al., 2000; FAO, 2004,

< Partcipation of loecal people and use of locally available resources are the bwao
nan pillars ol sustamability of any development iitalive. I iy unequivocal by stated
that local chickens will have o be used as a basal germplasm in breeding programmes [or

sustimable chicken production in Bhutan,

For this reason, further research on genetics. production parameters, breeding and
nuizigement i local chickens o improvee productivity sl have we be carried oat, This
will enable the Tormuolation and unplementation of sustainable poultry development

PrOErmes,
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MILK YIELD OF MITHUN CROSS AND SIRFCATTLE ON
BHUTANESE FARMS

TAMANG. NE AND PERKING. IM-

ABSTRACT

Coiile i dmpartant o Bhutanese govarion coononie as i plavs o oo
vobe i peoviding divigde power, manre, mead, ol and il producis o
fara familios, Over many vears, Bluanese farmers have heen crossing
Mithere (Bas fhosialis) balls witl Siei (Bos dadicusy cows g lmpeove the
periormiance of erovshred progenies for their mill vield, for pesceas size and
pronwer fnd these i vere fivde pablished informaiion averifahle o suppoet e
claim el pevformance of Hhese progesies. B oview of dii o shede was
pndertaken do measare e wnifk vield of Midon x Sive cross-heed (Wit
coss) e Siei coiile, gy veored B fepdcal Biutanese forming Spsici.

Ml vivids were measived ai fourteen different jorms. both moraing wid
cvening for ane dev pee nronth in Apeil aed Moy 2004 A totad of HO08 cows
weve sampled v April of which 43 were Jaisham (MithuecSicd 50300, 210
were Yanekann (Midin:Sici, 23750 and 26 werg Siri (=96% Sirid, fne May
enihy 73 peveent of sanie animals (33 Jarsham, 19 Sivi and 13 Yoo} could
e ve-singled. However anaiher 12 cattle (theee Jatshai, siv Yanghon and
Hirve Siei) were includod whieh fad nor heen measieed inoihe fest nionih,
Avergwe il viefd of Jatshom was the Mghest in Apeil ab 208 Fefone + (L9,
Yanehum averaged 18 Fday + 0000 foflowed by Sief weith 132 Ldeay L 0TS
aned vields were similar i Mav 2004, These avercees do not include the free
sefd cossimed comonnd of wilk e cafves. The fat percent el corresponding
hurtter and cheese vields were bicher in Jaichem wifke These caitle do naot
v the senetc potential for fich milk vields bue the combinaiion of higher
silh St povcend, adaptabiling o lovad conditfons and good disease resistanee
fres meedfe il Rightv prized cross-freed within Shutan's vilfige
srsing svifems for s vears, However widh the development of irbas
cowmiivn ad dmprovement of movker qocessilifine foe fgoid il fiemers i
gt rban arvas o wiio ops deivving as o magor forming aoidine iy fikedy 1o

sweitch over o Box fovrnes Bevesd esels

Key Words @ ol { Mithun: Sirg, 500 500 Yamgdony DOdithun: Sin, 25
TSI (=90% pure Sty Milk vield, Village graszing syslems.

relenisery ol Aaricoliune, Bhotan
Pt ute ol Land wind Food Resaurees, Universiy of Melbaome, Ausmlia
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INTRODUCTION
Cattle have long been a central component of many Bhutanese farming systems. They
are wsed for the production ol milk, the most of which is converted to butler or cheese for
consumplion and trade: dravght power. income and o storage ol wealth, Maost of the
country's 3200000 (Mo, 20007 cattle are Boy indicis types. a Siv breed known locally as

Hhratan but there is also o strong interest in the Mithun (Sos frontalis),

For over a century. and probably longer, Farmers i Bhutan have been crossing Mithun
bulls with St cows (Roder et al., 2000). Their purpese in crossing 18w improve the

perlormanee ol crossbred progenies in reletion to milk yield, fat pereent, siee and power,

The st filial generation (F ) male, called Jaeshe, s sterile while the equivalent
Female, Jossham. 1s Tertile. To deal with the problem ol male infertility. the Jatsbam are
back-crossed with Sirt bulls for the next three to Tour generations, This usually results

three or four generations of cross-breeds present in village communities.

Many farmers are highly enthusiastic breeders, with very detailed knowledge of their
animals' pedigrees. They finmly believe that the Jutsfrant crosses yvield more milk which
has higher Far levels than Siri cattle, and Mithun cross-breeds command higher prices. In
order o keep pace with the demand Tor Mithun, animal scieotists at Governmenl rescarch
centres in Bhutan are obliged o pursue a national cattle breeding strategy based on the
alilisation of Mithun, both as a means of boosting fat content in mille and draught power

and conserving the Muthun gene poal,

AL present. there is relatively little data available wo support the claims of higher
productivity or justily an expanded Mithun cross-breeding strategy. The arguments

supporting the strategy often rely on anecdotal evidence and published information 1s
scarce. Some performance recording has been made Tor Sir cattle mamtained  on
governmenl farms but there 1= a lack of data aboul milk vields recorded on village Taems,
plus lmited general information on Siri and Mithun-cross catle husbandry in Bhotan
{Burgos Leuthi, 19999, Pure Mithun cows vield very little amont of milk. Yaday and Yerma
(1990) reported vields of 041 Fday from sample of one Mithun cow: Ciasuddin e il
{2003} reported milk yvield to be even lower, aboul 030 day on an average tor three
Mithun cows. Staff at Mithun breeding farms in Blunan suggested milk yields would uol
cxeced (L5 Liday (O, Dendup and AB, Bhujel, pees. comer, Regional Mithun Breeding

Farm, Chulhia, Bhuatan).
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In view of the lack of data in Bhutan and the strong interest in a Mithun-bascd
breeding strategy, this study was undertaken o provide wnitial data for testing the zeneral

hypothesis:

Mithun cross cattle (especially Jaesfany managed under typical Bhutanese Tarms

have higher milk vields than S cattle.

MATERIALS AND METHODS

The study area

The study arca was in Bongo geor (smallest administative anit) in the Chukha
District ol Bhutan, Bongo comprises 15 widely scatlered villages of which three were
selected for study: Gedu Trashigang, Chasilakba and Tumja. The villages lie within the
humid subtropical zone and share similar physical and secial environments, They
comprise o total of 89 houscholds, with relatively bigh populations of Mithun cross and
Sireoeattle, Most farmers are agro-pastoralists, depending on livestock, cropping aned
collecting Torest products. Much of the production is for home consumption but farm
families are also actively involved o local tade, particularly milk products such as
cheese and butter. Land is cultivated at lower altitudes, with the cattle tvpically berded in

nearby broadleal forests.

Sampling of animals

Farmers willing to participate voluntarily were selected in three strata: cight small
herds (1-5 milking cowsh tour medmm herds (0-10 cows) and two laroe herds {areater
than 10 cows) Selection ol individual cattle i the farms was based on breeding history
and phenotypic characteristics. Coat colour and horming pattern of animals were also
noted for cach mdividual animal, as additional aids 1o identification. Records were
prepared for a tetal sample of 101 animals, Tn April 43 Jershan, 200 Yauedbowm and 26 Sin
were recorded. [ was proposed that milk vield for same individual animals were 1o be
undertaken on two oceasions in two consecutive months, But during May 2004 only 73
percent ol sawne animals (33 Jeisham, 19 S5m0 oand 13 Youghiny could be re-sampled as
most herds have migrated o higher altilodes Fo away from the road head and could not
be traced;  seme animals had been sold o new owner. However, 0 order not Lo
compromise with the sample siee, ansther 12 cattle (three Jarsfuen, six Yeeedem and

three S weere meluded which had not been measured in the st month,
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Recording of milk yield

Several rescarchers recommend that monthly milk yield recording 15 adequate for
individual selection of cows and recording once every two months is usually sufficient for
progeny testing (Chamberlain, 1989. Arbenz and Tshering, 2000} Therefore.
measurement of muilk vield lor individual animals was undertaken on g monthly basis for
two consecutive months, Milk yield was measured both morning and evening. using a
craduated measurmg eyvlinder.

Milk samples Tor estimating fat percent were collected al random from six different
farms. All milk obtained in a day from the selected farms was feemented and churned 1o

estimate butter and cheese vield, and weighed with a spring balance.

RIS

LTS AND DISCLUSSION

Average daily milk vield
As noted, there was widespread suckling of calves at the wvillage farms. Calves
suckled mostly two or three guarters, thus total vield must comprise two components:
£ Consumption milk or milk off take
“  Call allowance or calf off ke
Datly consumption of milk collected by herder was measured and the amount of
milk consumed by the calves (calf allowance) was estimated. The milk vield recorded on

the sampled farms refers only to consumption milk or milk ofl take.

Fig. 1 Jatsham and Sirl cows being suckled by calves at the village farms
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Average consumption milk yield thitres per day) Tor Jatsheam Ovithun:Sirt 500307 in
April 2004 was the highest at 2.08£0.09, Vangkum (Mithun:Sivi 25:73) was second
highest. & £ 0,10, followed by Siri (Sivl =96) at 1.52 H0.13, Average milk yield per day
in the sccond round of recordings showed almost no change Tor Jutsham at 202000, 13
lieay while slight increases were recorded [or Fnghunt and Sirl, 1.93=0.27 liday and

1.59= (017 Fday respectively (Table 1)

During the fist recording period in April, the milk vields of faisham were higher
than those of Yanekanr bul analysis of variance revealed no statistically significant
difference: similarly there was no significant difference between viclds of Yanedum and
Sip. However. Jutshan crosses had a significantly higher milk yield than Sirt {p=(LiiT ).
There were no significant differences (p=0.176 or p=0.05) in milk viclds between all

three cattle fvpes in May 2004,

Table 1. Average milk yields in lirst and second recording rounds

April 2004 May 2004
Cattle tvpes Mumber Average milk S Number Average millk ] DR |
vield {1iday) vicld (Tiday)
St 43 208" 0014 3 202" 0
aly ) ok 3
Yangkim ) 180" 0,10 1o 1o (.27
Siri 20 v 013 22 P ot 017
p-value 11,00 176

LU ey with diffevent supevseripn wiikin o colum are statisifcafhv differei
Cattle are typically milked twice cach day. Mille yields from the maorning milking
were Tound 1o be signilficantly higher than those recorded o the evening, for all canle

types (pL05), ( Table 2).

Table 2. Milk yields in morning and evening milkings

Average millk yiclds {litres)

Cattle types Merening Evierning Total deify
Saisdne L. 14 ]38 20k
e b (SR ER | =0

Sir 11,510 003 [52
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The results from this present study are slightly lower than the daily vields of
2.240.25 litres for Jatshan and 194024 for Yanghosr reported carlier by Phanchung and
Roden (19963, The data Tor their study were collected in villages ol Lobesa geog
Thimphu district, using structured questionnaives for a sample of Hve Jesshan and Toor
Yok cattle respectivelyv, Milk yields Tor Sir caltle were slightly higher than 147
lialay reported for Siel m western Bhutan bul lower than the T8 Fday Tor Siri cattle ona

Government farm, as reported by Arbeny and Tshering (2000

Estimated total mille yvield and calf allowance

i has been mentioned carlier that the milk vield recorded on the swnpled Tanns
refers only o consmmption milk or milk off take by frmers and did not include the milk
mtake by calves. To estimate tolal milk production, the milk intake by the calves was
caleulated using a sunple medel. The assumptions are that calves are permitted o sockle
belore ilking Tor the purpese of eneouraging let-downg all quariers are healthy; milk
production from cach quarter 15 almost equal. Calves were permitted 1o resume suckling

alter mulking was completed by the Farm Tamily,

The number of guarters mialked Tor cach cow was recorded. 1 two quarters were
milked and twao left for the call to suckle, total wilk yicll was estimated as double the
production measured Trom two quarters, [ three quarters were oilked, total vield was
caleulated as measured vield multiphied by 430 10 all quarers were milked, no correction
factor was used. These correction [actors were applied independently o mormimg and
evening milking i necessary, as some rmers did vary the number of quarters milked on
a oo during the dav, The sum o morning and evening mulking was considered 10

represent wolal daily milk yield.

The average total daily milk wicld (afier correction) for Jaishem was 3.0 liday ol
which call allowanee (corrected vield mmuos milk ofl-ake) averaged 153 liday, Tor
Ve 3.0 iday of which call allowance was 1.2 Fday and Sine 245 |{day and call

allowance 0,96 Lday,

[he comventional wisdom among Bhutanese Tanoers is not 1o milk cows for three 1o
month. allowing calves to suckle eely and gain o healthy start. After a that calves are
sibjected o restricted suckling: typically two quarters are milked 10 1he calves are less

than five months ol age because herders cannot provide appropriate replaceiment lfeeds,
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By aboul six months of age. calves are considered mature and able to graze and

manage their own feed: one quarter is left available to suckle until lactation ceases.

There do appear fo be some opportunities 1o cneourage carlier weaning bul, agam.
resouree constraints are quickly apparent,  Wilk replacements are nol widely available
and carlier weaning would require signibicant changes m time allocation of labour and
management. Most aubsistence-centred Tarmers are reluctant 1o make these changes as
the marginal benefits are relatively amnall and could well be outweighed by marginal

Ciska,

Milk fat percentage

Averape milk Fat percent was the highest i Jartsheny mill, at 8.5%, with Yangkum at
739 and Sirt 4.9%. Milk Tal percent of Jatshen recorded m this sty was very similar
to the results from ickman and Tenzing (1982) who reportid it to be 8.0% but shightly
higher than Phanchung and [shewang (20027 wha reported fal pereent al 8.1%. Milk fal
fram the Yoenehkom was slightly higher than the 6.7 % and 6.4% reported by these authors
while the resull for Siri was a little lower i this study. Samples laken [rom annnals al
different stages of lactation could have varied in fat content. High fal percent in Jabsfam
lollowed by Yenekune is directly related o the higher level of Mithun inheritanee, rure
Withun has very high fat pereent 1.6%, (Hlickman and Tenzing, 19827 and the SUCCESSIVE
eduction in (at content of back-crosses compared oy can be attributed w the reduction

ol Mithun inheriinee in successive generalions.

Cheese and butter vield

Cheese and butler vields are extremely important to the farm family. Flutd milk s
arely consumed lresh and distanees o prarket usnally do not permit sale of fresh mille. I
i invariably converted into butter and cheese on the farm, both [or home consumplion
and sale. Softer cheeses, called darshic are usually produced fromy cattle, Dstimates made
from on-farm churning and production at selected farms showed that both butrer and
cheese vields per litee of Jaisheam milk are higher than those Trom Fonokin and Sir
{Table 31, For interest, the yields from lersey-cross cattle have also been included. These
are lower (k) than other samples taken durimg e study, probably a result ol lower [t
proporiions i the Jersey-cross cattle, Higher milk volome from the Jersey-cross cattle

would more than compensate for the lower yiclds ol milk-based products.
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Table 3. Butter and cheese vields per litre of milk at Farm level

Butier vield Cheese vield
Cattle types Corammues per litee of milk
ekl b | K
Verershiin R 131
i 3 |21
Forsey cross 15 [ {35

CONCLUSTON

Che wamm ato el this study was o provide a ceasonably acourate measorament of the
milk viclds of Muhun-Sm crosshreds and St cattle imovillage Tarms, plus o estinae Tal
percent and buter and cheese vields, This objective was achieved: the study provides
catimates from the laroest sample, thus far, of village cattle surveyed for milking

performance i Bhuatan.

The results Targely followed expectation. Nenther the Sirt (Beas fneficnst nor Mithun
(8o frowdafisy are specialis dairy animals, The varmation o penotypes of catile i the
sample woere rellected by differences in production perlformance: lughest oatpul i erm
af malk volume, Tar content, butter and cheese vield in the milk came Trom daisfiom
{3 athun: S Ses0), intermediare Trom Yanebom {ithun: S 25750 and lowest Trom

S (S =90

The smdy confirmed that Mithun-Sic cross-bred cattle have higher malk and G
wiclds than pure S, However, the mlk vields are substantially lower than those obiaimned
from specialist Box foweey dairy breeds and crosses which suggests that the Mithun:sim
cross 15 unsuitable for development as o specialized dairy animal, These vield levels,
topether with the mfertility of 1) males {and low fertilicy of Foomalesh throw inte
guestion the pursait of Mithun-based breeding strategies as a possible component ol

furture dairy industries i Bhutan.

As s commion elsewhere i the world, the development ol g dairy andusors i Bhuotan
is very much dependent upon marker access, The main growth in demand Tor ligued milk

andl proclucts is likely wo be inourban areas. Transport s a key component ol scrvicing this



PTLIC Y TELEY O BATETIL S CHOES AN SLRTOCATTLE O BHLTTANESE FARMS i

markel. Bhutan's mountainows werran and relatively Tew narrowe roads wall mean thal
only fming communilics which are close to urban arcas will become supplices o the
g mulke market. A Taemer who is interested i beconane o rezolae commercial onlk
supplicr is likely Ao shilt oo Sos reens based herd and introduce substantal changes o
fecding and management practices, This os alveady ccourving: herders in the vicinity of
Giedu town are increasingly rearing Jersev-cross cattle which are better Ted and housed.
Their access tooa ready market Tor Duid onldk seems w be o driving Toree inorestracturing

the herd, with farmers epting for cxolic-cross cows,

I addition, many herders have started crassing their Josshans with Jersey bulls o
privcduce progeny called Jersey Yanedum becavse the older gencrations are beginning o

realize that youn:

1
=

or people may el cope with tradittonal cattle rearing practices and are
adjusting e current necds. To overcome drndeery, some herders with large Terds covision
seiling dewn current herd sizes, 1o maintain a manageable number of high-yvielding

lers Oy CThss OO s,

I sumimary, it is foreeast that traditional cattle breeding strategies may nel continue
lesnge near urban milk markers. lowever, most Bhotanese rural Tamilies bve some distance
from urban communities. For these people, the tradition of Mithun-cross cattle will
continue because of real benelis oained Trom combinations of millk vield, draoghi
worle adaptation, hardiness, market value and other significant Tactors, The information
provides an opportunity for agencies 1o shifl the focus of their current work o prograns
which will directly concentrate on the genetic conservation and effective atithzation of

Sirtand Mithun cattle, meeting herders' very strong demands for Mithun bulls and semen.
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CLUSTER ANALYSIS BASED ON MORPHOLOGICAL AND TUBER TRAI'TS
IN POTATO GERMPLASM (Selanum tuberosim spp. tuberosum)

S AN

ABSTRACT

fhee preesent sty was almed to characiorize the poetaio sermplasin
fholannm tuberosum sub-species Gherosin) based on genciic
divergence for morphological and twber taits and ihedr firiher
distritnifion nio well chavacterized cfusters, One undved amd sixiv
A gevessions of vermplaan from 14 differens couniries were
evalited for folivee (raity comprising shaot heiely, mwaber of
sloods, wmwnber of feaves, number of sodes, intvenode feneth, fidicee
welght and twber characiees vz, tuber wember jiber weicht and
avevape duber guahen The feld evalvation was done i auemeriod
Comiplote Block Desipin. Two chavactors namedv foliage wenshn and
averupe tihee weieht exhilited el cocificiend of variabiling Eieh
cigoen vectors Dased o principad component analvsis, accoumied jor
YOAN per cont of fotal variation. Folfowing the nos-hievarchical
Eheefidean clusier analvsis all the 1ol gecession were sronped into
s elusters with variable number of genoivpes, The macimue genetic
distonce was between cluseer TV and Voand minimum was beiween |
g V0 The elusior JV o with maximum intra-clusior distences and the
hivhest mean valwes for desirable aovanomic trafls was fence
fdfewiifivcd jor selectine superior genoivpes, Genelie diversiy was nol
vedoted to peographic diversite, On dhe basis of genciie divereence
and wean perforiance of weld and otfer teaits, siv vesericalie
dfiverse aid agronomically superior accessions, naiely, Andiniia,
fefinre, SR P60, P-7 aued POCIS T6 were slefected. Bach of these
geinoivpes way eigfer superior or comparable oo e conirols for
fmporiant fraits and dhis, mav be dnvolved dnomadiiple crossing
progeaniie foorecover pvefid segvegates. Charaoter associotion
studios showed that selection of pavenis with high average (iher
weighi conpled  withh opifnnnn foltaee welshe wondd  resule i
progesiivs of iiel vield potesiic!

Key words ¢ Germiplasim, Sodanum deherosim, classification

divergence, clustor analvsis,
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INTRODUCTION

Worldwide. potato is the fourth most important food crop alter wheat, rice and
marize, I possess wide ranges of adaptation and climatic Gexibility, There is o serious
coneern Tor global food scearity especially that of developing countries for mereasing
lood demand Tor rapidly expanding population. Potato. having high produaction
potential per unit area and time, and with high nutritive value, is the best answer 1o
sustain burgeoning populatton and ward ol malnotrition and hunger. One of (uher
bearing species, Sofwn tuhevosin sub-species fuberosiin has been explotted world
wide Tor commercial cullivation. Simmonds {19623 pointed o the narrow genetic base
ol the most ol the cultivated potato varietics resulting [rom a very limiled number of
brecemg clones which may be inter-related through common ancestors {Hougas and
Ross, 19560 The progeess made in the imprevement of tuberosum could therelfore, he

lareely attrbuted 1o a Jow level of diversity,

Collection, conservation and cvaluation of germplasm fo wentify diverse genetic
donors. which can serve as parents o realize masimum helerosis is an inevitable
requirement for any crop improvement progeamme. Moreover. quite oficn i a
sermplasm collection, many of the aceessions may be duplicates and 1o find LU
Lypes, o is necessary 1o characterize the germplaso. The ordination technigues like
principal component analysis followed by cluster analysis was found to be uselul tool
for petting mult correlated variables into another set of uncorrelated variables which
can be unlized for classilication of genotypes into homogenous groups (Spark, 1973
and Dillon and Goldsiein, 1984), The genotvpes from diverse clusters can be
carmarked Jor different objectives, Inthe present study. the permplasm from dilTerent
conntries. were taken up o with specilic objectives (i) to preliminary cvaluate the
vartability inthe germplasm. (@i} to perform natural classification in the germplasim
aceessions Jor their charactertzation based on non-hierarchical Fdelidean oluster

anlysis,
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MATERIALS AND METHODS

Germplasm material

The mateial comprised of 160 potato germplasm aceessions (Solanwm reherosi
spp. fiherosgnny along with three Indian varicties vie. Kofri Chandramulkhi, Kufr
Ashoka and Kulii Badshah. The accessions selected for study were highly diverse
seographically. These have been collected from 14 different countries (Table 1) and being

maintained vegetatively under field conditions.

Table 1: Source of Tuberosum germplasm used in this irial

{ounidry Mo, ol aecessions Counidry N, of secessions
Austrilia i Thi Metherlimils 3
Franglilesl 3 Focwe b 2
Pl garn l Pery 92
i R Miland 2
Lrermany | A Swoeden 2
ltia 7 Uinited Koo q
Mol 2 Ll fed Slales 2

Teal Tod) weoessions ronn T4 conndres

Characters recorded

The germplasm mateial was evaluated under short day conditions durimg autumn
season fram October o January with decreasing day length (1 2975 by and
femperature min, S-18°C, maximum 17-337C al Central Potate Rescarch Station,
Jalandhar loeated in the North - Western Tndo Gangetic plains a the Tongitude of 7575
latitude of 30°N and 237 m Dom mean sea level The tral was licl o T9R-2000, i cighl
hlocks each with 20 test senotypes and three popular varicties (Kulri Chandramulkhi,
Kulii Ashoka and Kufri Badshah) as intermivent checks, Twelve plants in a single row
planted at inter and intro-row distanees ol b cm and 20 cm, respectively, respresented
cach genotype, Recommended agronomic practices wore followed, Folinge characters
were recarded at 70 days ol erop maturity on live competitive plants (e the best
prowing plantsh per plot and twber traits on a plot basis at 75 days ol harvest ferop was

dehaulmed at 75 davs after planting and 30 days are given Lor tuber skin curing belore
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harvest). The charmcters stodied were number of mamn stem per plant (lotal nuomber of
primary shoots divectly emerging (rom the soily plant herght (height of the main shoot
lrom the hase of the plant 1o the wp of the apical meristem in cm; number of nodes per
plant fon the main shoot enly ) mternode length (emy; number. of Teaves per plant, Teafilel
ndex (ratio: leallet lengthd/lealler width of fourth leaflet): wtal fohage weight at tull
eronth (o b tubor vield per plant {emy, tuber number per plant, average twber weighi
{omd and harvest index (ratieo: tber vieldAotal bromass. multiphed by 1000} Adjusted
mcan values and, estimates o error mean were caleulated (Federer and Raghavarao,
1975}, Correlation co-cilicients of tber vield with other characters were estimated using

adjusted mean values

Analytical procedures

Adjusted mean values were also used for principal component analysis o transform
the inter dependent variables into o sel ol independent variables (Mardia, 1971 Hottling,
19331 Principal component scores woere uscd 1o compute Euclidean distances based on
non-hicrarchical cluster analysis (Beale, 19649 Spark. 1973y through compuler soltwane
SPAR T TASRT, New Delhil.

RESULTS AND DISCUSSION

Preliminary evaluation and character associations

The abjective af this study was to determine the magnitude of variability among the
cermplasm collection using the criterion ol stmilacity o dissimularity based on aggresate
effect ol a number ol agronomically important characters and to identily genetically
diverse and agronomically desirable genotypes for exploitation i a breeding programme,
The ranee, means. varianees. co-cllicient ol vaviability and correlation coctficient of tuber
vield with other characters are given in Table 20 Leaflet index exhibited the lowest co
cllicient of variability Tollowed by harvest mdex while the vaviability was mederate for
plant heighe, number of nodes, internode length, number of shots per plant, number of
feaves per plant, vield per plant and average tuber nmmber. The presence of reasenably
high wariability for the most ol characters indicated that there = a ample scope ol
exploiting the germplasim collection aceessions, Character association study revealed that
vicld per plant was highly correlated 1o Toliage weight (-0.49%F). This suggests thal

choosing parental material Tor attempting crosses on the basis of foliage weight and
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avernge ber weight may produce wseful transgeesive segregants. Supporting the preseit
abservation on significant and positive association between tber vield and averase tiber
welght, Gopal (19981 also observed signilicant correlation coefficient between tuber
yicld and average weight i potato on character association study under diverse climatic
conditions, Biomass in potato has shown close association with tuber yicld but Harvest
[ndex (1) bas no bearing on tuber vield of potato under short day conditions, where its
value was very high, Singh (1994 reported that under short day conditions ol Tndo-
Ciangetic plains, the main determinant of yvield was the capacity 1o synthesize more
Biomass rather than its parlitioning towards tuber {H1.
Table 2. Estimates of variability parameters for 11 quantitative characters in potato

Cluster number Mean YVarianee UYL Range Correlation

[P cocllicient

() with
tuber vielkd

Tubwer vicllplant (pm)] 27178 wULAE RE ] =520 -

Plant Dieizght fem) al.1 25166 1000 ER R 11.2453#

P el nodesSsten 13 [0k 24.28 =221 (). 270

[rternede lenpth (o AR2 1.25 2932 L3 s |2 ] 7uE

Nos ol shootsplant 35K 16 1575 [.0-7.0 ARTRE

Mo, af leaves/plam 32 A8 i e inT4 IR E-1022 i 1404

il ines I.54 (28 (WIES (LAY -2 ph (47

Folinge wensht (zngg 13749 4543 00 01 - 3000 (hys=#

Flarvest indes (%90 T2 n T 1145 46,37 - [1.2K2##

9375

Acvs uber weipld {om) Fn RERH 4 22 1.3 SRCTER A
[ A e

A Auber number ! nkl 3RTA A5-105 185"

Principal component analysis

Correlation matrix was used 1o translform al the metric teaits into o sinele index of
similarity i the Torm ol prineipal components which yielded 17 eigen vectors and eizen
roots. Only cight cigen vectors were used Tor Turther analvsis as these accounted for
W55 per cent ol the variation, The per cent variation explained by the these roots was
2253207 108 0ER, SR T2 A, A dn, 1R TR and 058, respectively, The
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st component was o meidsure of plant height and foliage weight: the second componem
ol average tuber weight and the thivd component was the measure of number ol leaves as
the coetlicients associated with these taits bave the largest magnitude. Similarly, the
vicldplant {am) was prescnted by Tourth component: number of leaves as the cocflicients
associated with these traits have the largest magnitude. Similarly, the vieldiplant {aim)
wirs presented by Tourth component: number of nedes by Ofth compaonent, harvest index
and nter node length by sixth component, leatlet index by soventh component and

nwmber ol shootsplant and average tuber number by ciehth component.

Mon-hirarchical Eucildean cluster analysis

Cluster amalysis Dosed on these cight poncipal components grouped 1H0 accessions
e sexowell-charactevized groups (V0L The aversee intr-cluster distance betweon the
members of cluster IV was maximum follewed in descending order by the clusters V¥,
(1 and DL ranginge Teom 222343172 ('Table 33 The minimuom inter-cluster distance was
ohserved between 1 oand ¥ (24340, while the maximuom iner-cluster distance was
berweon [V and V{47490 Tollowed by inter-cluster distanee between 1 oand 111 {4574
(Tuble 31 The accessions were disteibotd as 37 incluster 128 in 1. 24 a0 L 19 o [V, 28
m Y oand 24 in V1 The aceessions Grom difTerent countrics were grouped toeether m same
cluster as well as Trom one country were scatlercd mall the clusters, suggesting therehy
that there was no parallelism between genctic and geoeraphical diversive. Cluster wise
mean values G cach character under study are geven in Tahle 4. The acessions i cluste
% had the highest mean values for important characters vie,, plant height (738 cm),
ifernode length (573 cmy, oumber ol leaves per plant (72,097, folage weight (2149 p)
and taber vield per plant (GO044 o Intra-cluster distanee was also the highest in this
sroup { Lahle 35
Table 3. Estimates of average intra and inter cluster distances based on non-
hicrarchical Fuclidean cluster analysis in potato

Clusier 1 1 i v ¥ ¥l
numleer
I .39 2 AR 4105 245 3274
[ 2574 4 574 402 4250 R
11 223 13 VARG G A0
v 3172 EE s
¥ 76T 3520
VI o2
Diagonal {hold ey values are average inta-cluster distinees, amd aoderlined svaloes are e

highest (7400 and the Towest (24534 mier-cluster dislanees
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Characterization ol different clusters lTor adaplability parameters i.e., Tuber Yield per
plant CTY b Average Tuber Weight (ATW) and Average Tuber Number (ATN) also
revealed that cluster IV had the highest TY 360,44 ¢ ATW 33 48 ¢ and ATN 7.33. Three
high vielding elile accessions were selected from this group, The aceessions, which were
better than controls in respect to b traits, were identified from other clusters also. Inoall,
stxoaccessions wore selected; one from eluster T{Andinital, one from cluster 1 {POOS.
L6y, three from cluster 1Y (P-70 5RO and Dejimay and one from cluster V1 (P=60. All
these aceessions were originated [rom Peru. Description of their tube characters in
compari=on o contrels i oiven in Table 5.

Table 5. Tuber traits of selected germplasm aceessions in comparison to control
varietices in potato

Cermplasm Doners name Suuruus of Tuber Average Averagr
o germplasm o vield/plant (g taber weight (g tuber number
2297 P-i Pery 41224 HERE. 533
22 B-7 Peru BRI il A T
CP 2578 PO G [*eru 42753 4831 HoHE
Cr 3125 SR Peru 48301 6207 107
P39S ANDIMITA P 40 16 e 34 (.23
CP 3200 DEITM A Peru 4302 i:5.21 Tkl
Contruls
Foulii Inclinn wariety 451,21 SR47 705
Puliharaj
Falri Ash ook [ndian variely SH5K .74
[l [ondian variery 4778 RO
Chandramukhi
Tk A) 54.5 [5,45 342

The grouping ol 160 accessions o statistically well characterized six different
clusters indicated considerable diversity in the germplasm. The observation on o
assoctation between genctic and geographical diversity, due o grouping of genotypes
originated from one country into different clusters in present investigalion were in general
agrcement with results obtained by Birhaman and Kaul, 1991 Inter and intra cluster
distances which provided index of genetic diversity among and within the clusters.
revealed thac intra cluster distances were of lower magnitude as compared to inter cluster
distances. The similar trend has been reported by workers (Gaur et al., 1978 and Gopal,

999)  supporting the  beterogencous  and  homogenous  nature between and
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within groups, respectively, It suggested that senotypes of same cluster had lile
divergence from each other. Therelore the hybridization among the accessions of
genctically similar cluster is not desirable. The crosses between the senotvpes from
clusters having high inter ¢luster distances would give putative [TANSEressive seeremiles
with hugh genctic polential. The maximum average intra-cluster distance between
members of cluster IV suggested that the genotypes in this cluster were relatively more
diverse than those inother clusters. Furthermore, this cluster contained minimum number
o genotypes (14 and had the highest mean values Tor the mest of the morphological andd
tuber teaits. Theretore, the cluster 1V was deemed 'eood' [or selecting penctically diverse
and superior genotypes with high genctic vield potential. The use of senctic distances
between parents in predicting progeny means, heterosis and specific combining ability for
tuber vield i potato s well documented {Gopal and Minocha, 1997). The six diversent
aecessions found superior oo 160 germplasims were proposed in polato crossing

programme W recover seeregales with high genctic vield potential,
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ENHANCING RICE-WHEAT CROPPING SYSTEM PRODUCTIVITY
AND FARMERS PROFITABILITY THROUGH EFFICIENT
CULTURAL AND WATER MANAGEMENT PRACTICES

RS KALRA'Y AND A K. SINGH T

ABSTRACT

A sty was carvicd ouf v diserict Bulandshahe. Wesgera Utiar
Pradosh, India, in scasons of Kharif (e - Oviobery 2000 and Rebi
iNovember - Apeil) 200002 g stedy the fmpact of different witer
supply situations on vice-wheat cropping svsfems, The date revealed
extiene variahility in the most of ihe poremeicrs related toociop
produetion and output. i this situction some furmers oltained very
high vicld levels aind an altemps was made (o demonsivate the
aftainabic potential of the region by adopting the odiveal practices
and input use pattern of ihe moxio efficiens jarmers. A finear
progranuming model was sved and five most efficient plans were
worked ont. fnocase of Padddv, Plan 1 ovsiggested an income of R
30268 wiicd (v FT6 per cont figher e that B the average | Hun,
which gave wi inconse of Re. (703330, T vest of the pluns also an
income of Rs. 26008Ma, 2496350, 233920 and Reo 22200 way
abtained which was nearly 38 per cond, 46.5 per conl, 388 per cont
andd 3004 per cent Dighern respecitively dn comparison to Exisiing
Averawe Plan I case of wheat, Plan 1 suggests an income of R,
2RI o which was 688 per cem higher than that fn the Exisiing
Averace Plon, which save an income of Re 0BT Ju vest of the plans
abver o fnconie of B, 22053440, 24485000, 23 TOS cnd 234N v
obigined which was 36,9 per conl, 448 pee cont, 4007 per cend and
U0 per com hipher respectively, o comparison fo Bvisting Average
Phoee s, B demonsieated that the helter auaageiiend proctices
e the vodds that seed (o be Jilfed Dot sealize full poientiol o
The financial constrainis are nol e veasons for low productivine as
the monciary expenditie of the faraess wnder Efficiens Plans i nof
wiied igher than the farmers wader Faisting Average Plons,

Key words @ Cropping system, variability, cullural practices,
aptimization, profitability and cificient plans,

Vsemion Scientist {Azrculisl Ceanomicst and ~Project Divecor, Waer Tevhnole s Contee, TARL Pusa, Suew
Drthi- 1 T000 2 Tradin
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INTRODUCTHON

T India, the intra-regional variability in production in two major crops of paddy and
wheat s both a bane and o boon. There are lacge variations in the input practices and (he
autput levels among fars i different regions and the regional level analysis wenerally
ignores the inter-larm variations within a region {Mythili and Shammugam, 20007, There
= extreme varialility in the most of the parameters related 1o crop production even a1 g
village level The various socio-cconomic characieriatics of the farmer, like the financial
and soctal status, entreprencurial abilivy, agriculural [deracy. erop management skills and
lvorable or unfavorable externalities play o dominant role in crop production {Singh,
Frz: Ralirgan and Shand. 1994). Since Indian agricaltural scenario is dominated Iy
very Liree number of small Taem lboldings, such vartability is the order of the iy rather
thane the exeeption, Tn such sitnations. the regional production and productivity is VETY
low. However, some Tarmers inany given region do achicve very high levels of
procuctivity and expose the atainable potential of agricultucal production in the region,
Thes Tudden potential = g major source of additional agricultural supplies 1o Teed the
burgeoning population. A study was undertaken with a view o assess the performance of
ity -wheat rotation in Bulandshahr district ol western Utiar Pradesh and to demonstrae
the gap between actual vield and the potential vield attributable mainly e cultural

priactices mcluding water management followed by the Brniers,

MATERIALS AND MIETHODS

Study Area

Bulandshalr disteict s a pact ol the Indo-Gangaetic plains in the doab of the Crangy
el Yamuna rivers, The distriet lies between 287 07 to 28" 45'N and 77° 15 10 78" 30" 1.
The climate of the district is subtropical type and the average annual mitall in the distriel
15 6608 . The wrigation is supplied fram both groundwater and surlice water feanals
and dubewellsy bul the ground waler irrigation constitutes about 79 per cent ol tolal
rgstted area, The main crops grown in the area are maize, jowar and paddy during kKharil
season and wheat, pulses and oilsedds during rabi season, The area has dominant rice-
wheat cropping system and abundant supply of surface and ground water. The study was
carried out i vice growing season ol Kberif (Tuly - Octobery 2000 and wheat LTOWING

season ol Rabi (November - Aprily 200002,
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Sampling frame

Farm units were selected i the arca consisted of villages of Bilsuri, Pilkhanwari,
Sahpani and smailpur in Secunderabad 1ehsil of Bulandshahr district, Three arons ol
larmers consisting of 28 Jarmers cach were purposely selected fo represent the thice
sonrees ol irrigation namely, canal, iubewell and diese] pumps, Tlowever, keeping in view
the fragmented holdings with dillerent sourees of erigation and the dillerent varictics of
the paddy grown in cach fragment. the contiguous fragments were post-stratificd on the
basis of source of irrigation and the variety of the erop srowan Thus, on 144 (ragment
units was collected, oul of which 66 were canal trrigated, 44 electric whewell imizated
and 33 were diesel engine irrigated fragments, In case of wheat crop o varietal
distinetion was made and the agments were stratified on the basis af somrees ol
irrigation only. Information on 124 fragment units was collected, out of which 43 W
canal wrigated. 36 electric whewell irrigated and 26 were diesel engine rigated

[Tagments.

Ikaia Collection

Data were collected through personal interviews with the Birmers and with help of
spectally structured and pre-tested questionnaire. Records of the cultural practices ang
mpul use were maintained by visiting cach selected favmer. al leasl, once in a menth
during the crop-growing season. The data collected Tram Primary sources were related 1o
the cultivation practices, erop inpuls and expenditure, crop outpit and income. Special
caution was exercised while collecting the mformation en number of irrizations and the
depth of waler applicd o paddy ficlds, Very Trequent irvgations and Larege variations in
ireigation practices in wet lields make the sk ol measurement of water viery dilTicult.,
However, farmers were able 1o vive their estimates ol depth of water applicd on the basis
ol therr experience aking into consideration issues llke Howe ol water, timing and hetehi
al field bunds o hold water ete. In case of wheat erop, water applications were mcasured
e 20 per cent ol wheat ficlds with the help ol imtegrating type low head water meters on
selected farm unils, The cost of tubewell water was worked out on the hasis of
mlormation supplicd by the Birmers on manthly electricity rentals. average duration of
clectricity availability and the erop area trrigated. Similarly, the cost ol dicsel enging
waler was calealated on the basis of diesel vomswmption ad the arca irrigated, The canal

water charges are lixed on the basis of erop and its areq rrigated.
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The varieties of paddy erown e the selected area are: Coarse grain: Pant 12, 5ita,
Sharbati, Saket 4, Fine grain: Pusa Basmat 1 (PB-1. Pakistani, In case of wheal crop.
ne distinetion was made between dilTerent varicties grown as there was no dillerence in

the prices received by the farmers on this account.

Cultivation, Cultural Practices and Yield

Paddy
Land Preparation

The information on land preparation practices in paddy cultivation is given m Table 1.
Gienerally, Ll was prepared by ploughing land theee tmes by the tractor deiven cultivator
follved by two harrow plonghings. Thus, the Tarmers carry out approxinuuely total Tiee
plonahings. The maximum nunber of ploughings in PB-1_ among all the categories was
Lk andl the minimuam 3. Similacly for coarse sarieties, the Gomers also ploughed Tand Hve
times with nec i number being S and minmmum 3.

Landd was puddled. mostly, by tractor driven puddlers. The maximum bwo puddlimgs
are alfected o all the catczories. Many farmers, especially the canal Farmers do nol
puddle the land and the average number of puddling in the case of canal Tarms was the
minimuwm. Thus, the average value of puddlmg i this region was 1.2 in PB-1 fields and
DA coarse vartetics Delds,

The variation in land preparation prachiices was reflected inovery high values ol
cocllicient of variation. In case of PB-1 varicty among all the sources ol wrrigation,
averaee coctlicient of variation is 311 per cent and in case ol coarse varicties, 1t was 2850

[rer cenl

Fertilizer use

The application of ferdlizers in paddy crops is shown in Table 2a and 2b In PB-1,
on an average, among all the categories, L1616 keda nitrogen s applied with maximum
being 2685 kedha and minimum 72,2 kgfha, The average usage of POy and zine
sulphate, among all the catepories, 15 289 kedha and 6.7 kedbao respectively. smularly, in
case ol coarse warieties on an average among all the categories, [RO0 kgfha nitrogen s
applicd with a maximum of 320.6 ke/ha and mimimum 0.4 kadha, The average usage of
Pk and Zine sulphate ameng all the categories was 234 kgfha and 301 kedha,

respectively,
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There is o large variation in the wse of these nutrients, In case ol usage of nitrogen,
in PB-1 variety among all the sources of rigation, average cocllicient al variabion s 3 1.0
per cent and in case of coarse varictics. it is 30L5 per cent. simee all the Farmers don’t
apply DAP and zine sulphate in their Oelds. there 15 farge dispersion ol values of 1ts
usage, [n ease of phosphorus (P,0k) in PB-1 variety, among all the sources alf trrigation.
averape coellicient of variation is | 196 per centand in case of coarse varietics., 11y 1344
per cent. Similarly, in case of zne sulphate, i PB-1 variety, aiong all the sources of
irraation, average coellicient ol variation is 1423 per cenland in case of coarse viarielics,

it 15 18 por cent,

Irrigation
The drrigation water use in the area is shown in Table 3. In PB-1. among all the

calegorics, on an average, farmers applied 1005 irmigations 1o the crop i whaole of e

season with corresponding 107.5 em depth of water. Canal farmers, onan average,
applicd less number of frmgations (8.8 due to the fact that many (elds e the area were

prome 1o water logging and vequired very Jess ivrigation. The clectriciy tubewell Grmers,
on an average, applied 12,0 brigations and the diesel engine farmers appliced 103
irvigations. The corresponding depth of water applied in categories of canal. clectric

tbeswell and dicsel engine farmers was 90,6 em. 133.6 cm, and 985 e, respectively,

I coarse varieties of paddy, among all the categories, on an average. Tamaers applicd
10,7 irvigations in whole of the season. The average depth, among all the cateEnries wins
I1L6 cm. The canal. eleetricily whewell and dicse] engine farmers applicd onan
average 1004, 122 and 9.8 irigations, respectively, The corresponding average depth of
water applicd was 11380 cm. 12407 emoand 91,7 em, respectively. [Uis seen that in this
case also cleetricity tmbewell Ganmers applicd the maximum number of irfigations and the

s amount ol water o thens Belds,

There is large variation in the use of irrigation water also among the Tarmers, In case
ol PB-1 variety, among all the sources of irrigation, average coellicient ol variation in
number of irrigations and depth of watering was 36,3 per cent and ik percent.
respeetively, In ease of coarse varictics. it was 355 per cent and 341 per cent

respeciniely,
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Yield

The crop yvield o different categories of farms 1s shown in Table 4. In PB-1, among
all the categories, the average vield was 32,1 g/ba. The canal farmers obtained the highest
vicld 1357 gfha) followed closely by electric tabewell trmers (297 ghay and diesel

engine farmers (284 g'ha),

I coarse vareties, among all the catepories, the average vield was 51.2 g'ha, The
chesel engine Lamers obtained the bighest vield (330 gfha) Tollowed by canal Girmers

(307 g/hay and electric whewel] farmers (45,8 g/had.

There 15 relatively less variation in vield as compared 1o variaion in input use. In
case of PB-1 vaciely, among all the sources of irrigation. average cocllicient of variation
i Yield 25.3 per cent. In case of coarse varielies, it was 25,1 per cent,

W heat
Land Preparation

The mlarmabtion oo land preparation proctices inwheat cultivation is given in Table, 3
In general, land is prepared by ploughing i three tmes by the tractor deiven cultivaror
followed by two harrow ploughings. The maximuwm number of ploughings among all the
categories was 10 and the mininum 3. The average number of ploughings in case of canal.
clectric tbewell and diesel engine Tarmers was 4.7, 5.9 and 5.9, respectively, Thus., the
average number of ploughings in wheat lields mothis region was 5.5 The canal farmers

ploughed the land less than the electricity and diesel Tarmers.

Che warialion in land preparation practices s reflected in overy high values of
coellicient of varlation, Among all the catcgories. avernge cocflicient of variation in

ploughing was 30.7 per cent,

Fertilizer use

Che application of Tertilizers in wheat erop is shown in Table 6. In case of nitogen,
canal, clectric wbewell and diesel engine farmers supply, on an average, 145 7keha,
155.0 ka'ha and 152.0 ke/ha, respectively. Among all the categorics, on an average, | 30,3
kesha nitrogen was applied with maxinum being 394 kgiha and minimum 32 ke/ha. In
citse o phesphorus (P00, on an averape, canal, electric tubewell and diesel engine

farmers supply 68 2kedla, 730 kedha and 750 kedha, respectively. Among all the
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categories, on an average 72.6 kptha phosphorus (P0G, 1s applicd with the MEAR T
being 1 27.0 kedba and minimum zero kg/ha, Incise ol zine sulphate, onan average, canal.
clectric tubewell and diesel engine Farmers supply D.8kgfha, 0.9 kgiba and 1.7 keiba.
respectively. Among all the calegories, on an averuge 2.2 kadha zinc sulphate is applied

with the masimum being 294 koo and mimumunm zere kgdha

There is laree variation in the use of these nutrients among the farmers. In case ol
usage of nitrogen and phosphorus (PO among all the sonrees ol irrigation, average
coefficient of variation is 35.0 per cent and 38,18 per cent. Sinee all the farmers don’t
apply zine sulphate in their felds. there is large dispersion of values ol its usage, which 1s

25T percont,

lrrigation

The irrigation water use in wheat crop is shown i Table 7. Canal Tarmers, on an
avernge, applicd 5.1 numbers ol irgations, The clectncity tubewell farmers and the
diesel engine Tarmers. on an average, applicd 5.1 and 3.3 drrigations. respectively, The
corresponding depth o water apphied i categories of canal, clectric lubewell and diesel
engine larmers was 2600 e, 259 cmoand 249 em, respeetively. Among all the
cileporios. on an average, Brmers applicd 5.1 irrigations and 239 o owater depth in

whiole ol the season,

There is Targe variation i the use ol irrigation water also among the Tarmers, Among
all the sources of irvigation, average cocfTicient of vaviation m number of irrigations and

depth ol watering was 13,1 per cont and 43.5 per cont. respeetively,

Yield

The crop vield in different categories of farms is shown i Table 8. The diesel
farmers obtained the highest vield (48 7g/ha) followed by clectric tubewcll farmers (43,5
ey and canal Farmers (41.0g/ha), Among all the calegories. the average vield was 44.0
gha with maximum 66.7 g/ha and minimum 25400/, Among all the sources ol

irrigation. average coeflicient o variation i vield was 29.4 per cent.

Optimizing the Total Returns From Trrieated Agricullure
Optimization problem was formulated with the objective Lo maximize total value ol

aneput Trom paddy and wheat crops, The linear programming model was used to find oul
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maximum returs by adopting the most profitable coltural practices and input use of
cllicient farmers in cach category. No change in cropping pattern and resource use was
contemplated and this objective was achieved by selecting the crop processes with
alternative mput use already practiced by farmers in the varions situations in the region.
Al the crop processes with yield levels higher than the average level in their calegory
were included inthe model. An atemp was made 1o work oul live most profitable plans.
Elimmating the best crop process in the best plan and subsequently lnding the next best

plan and so forth achicved this objective.

The Muodel
The following linear programming model was Tramed o arve ot e nplimal

soolutions:

1 I
Maximize Bzl = Yux -2 weia — ¥
-1 -l
subject o
I
Yoak x = bk
i

for all xpad and v 2 0 where Erz) is expected return of the plan or solution: ¢. return of
activity |5 %, level ol activity |: ay. technical requirement of aetivity 1 for resouree ki by,
level ol resource or constraint k: w,., unil cost of purchaose activity amd 1y, Jevel of
purchase activity: v, level of water cequirement activity.,

The abjective function of this mode] was 1o masimize the nel relarms {oross relurms
s all the tems ol cost Ay viel, cost of Tertilizer, arm ward manure, surface water as
well as ground water, seed. seed oeatment, hired human labour Bired bullock [ihour,
hired tractor and machinery. fuel and clectricity, insceticides, other plant prolection
measures, lidder, concentrates, ele., other maintenance costs of hullock lahour et ),
subjeet to the physieal resource supplies, Tt ineluded per hectare returms of various Crop
activities and the costs ol purchasing activities pertaining to inputs used and the
aperational measures. The outpul coellicients ol crop activitics (o, values) were caleulaled
by multiplying vield with its price and the output cocllicients of purchasing activitics

were the unit costs of the respective inputs.



FRMASCING RICE-SWHEAT CROPP NG SY 5 TEM [ LY

Real activities melnded erop activities and purchasing input activitics Tor all the
inputs, including various Tarm operations and one water avadlability activity. The crop
activities comprised of crop processes of different crop varictics under identified
irriation situations, viz canal, clectrie tubewells and dicsel engines, Since the objective
af the model is o lind out the crop praduction potential of the arca by selecting crop
processes already practiced by some Garmers inthe area, purchase activities on all mputs
and water supply were included in the model 1o ascertan availability of these inpults,
Thus, the purchasing activitics of inputs and various Tame operations were having inpul
co-elTicient of -1 in the corresponding constraint row. The Jand constraints were the
existing maximum area under each crop and the varictics under different sourees of

erigation mhe given cropping pattern.

RESULTS AND DISCUSSLON
The Existing Averiee Plan and Tive best plans of the most etlicient Fanoers i cach
cateeory, in cise of botl paddy and wheat, were obtained Gom the model. As staled
carbier, eliminating the best crop process in the best plan and subsequently Tinding the
next best plan and so forth achioved this objective. Associaled input nse and the

expenditure on various Jm operations were also oblaimed,

Paddy
The existing average plan and Nve best plans o most elficient Tarmers i cach
catesory, in case of paddy s given in Table % Associated input use and the expenditure

on various fann operations is given m Table B,

Existing Averare Plan

In the Average Plan farmers obamed net meome of Rs. 17033 per hectare and
involved an expenditure ol R 1 1dda (51=Re. 406,43 Thus, the net income expenditure
ratio worked out o be 149, The mputs utthization of farmers involved vse ol 16207 kadha
nitroeen, 28,5 kedha phosphorus (150s00 aod 6.0 kgdha zme sulphace. Tnalle Bs 2146

worth ol fertilizer wis used,

he cost of irrigation provided was caleulated by adding up the payments made by
the farmers for all the ierigations from vanous seurces. FParmers paid Ra 991 ha and

applicd an average depth of TT8.2 em ol water, They alse puid Bs 2974 Ra 1615, Ra 4y
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and R 288 towards plowing, transplanting, intereulure and plant profection measures,

respectively, Re 2485 were paid towards threshing expenses.

Plans of Efficiend Farners

Plan [ sueeested an incom of R4.3072 6% ha when the practices of best farmer i cach
cateaory are [ellowed inowhole ol the arca under paddy crop, This income is 77.0 per cent
Righer than that i the Average Plan. In rest ol the plans also ao income o R5.269 18D,
24965, 23592 and Rs.22212 was obtained which is nearly 38 por cenl, 46.5 por
cent, 383 per cent and 304 per cent higher m compartsen 1o Fxisting Averape Plan. The
tdal expenditure Dvalved in the first five best plans was K 10138 [ Q022 Rs, 1030,
R 10424 and Rs 10443, respectively. The ellicient farmers spent less money than the
Carmers umder Existing Average Plan and obtained hicher vield and meome, Thus, the net
mcome-cxpenditure vatioe m case ol five most Ffficient Faomers Plan works out 1o be
Y gy 298, 237 226 and 2030 respectively, in compartsoen 1o 1.4% under Bxisting
Average PMlan. The mput vse patlern and Farm operation patlern also conform o the

expenditure pattern ol the fumers.

Wheal
The existing average plan and the fve best plans ol most clflicient farmers in each
catcpory, in ciase ol wheat are siven in Table 104 Associated mput use and the

expendilure on various farm operalions 5 ziven m Table 10b.

Faisting Average Plan

I the Lxisting Average Plan, wheat faomers obtained pet income of Rs 16907 per
heetare and imvelved an expenditure of Rs 12809, Thus, the net income expenditure ratio
worked oul o be 13, The input utilization of farmers involved use of 151.1 kg'ha
nitregen, 9.6 keda phosphorus (P05, and 0.2 kgdha wine sulphate, In all, Rs.2533

worllh of fertilizer was used,

The cost of rrigation provided was caleulated by adding up the payments macde [
the Gomers Tor all the irigations from warious seurees, Farmers paid Rs 765 da and
applied an average depth of 20 cm of water, They also paid Rs. 2480/, R, 32,

R, 2010 and Rs. 2333 towards ploughing. mtereudture, harvesting and threshing expenses,
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Efficient Farmers Plans

Phan | suegests an wcome ol Rs 28533 Fha when the practices ol the best Tarmer in
cich catezory are followed in whole of the arca under wheat crop, This income is 688
per cent higher than that i the Existing Average Plan, Inorest ol the plans alsooan imcome
of Rs 26534 ha, 244 80¢ha, 23793a and 23489 was oblained which is nearly 36.9 per
coenl, AFLE per cent, HET per cent and 358 pee cent Taghar i conmparison e Dxisting
Average Plan. The efficient farmers spent marginally higher or less money than the
Brrmers under Bxasting Average Plan and oblaned higher vield and meome. Thus the net
meoane-expenditure ratio m case of the five most Efcient Farmers Phn worked out o be
PUd FFELasd 20 and D7S respectively, i comparison o 1.3 under Exising Averags
Plan., The mput use pattern and Tarmy operation pattern also conlorm to the expenditore

pattern ol the s,

CONCLUSLON

The ellcient plns demonstrated the podential of agrculiore i already agricaliarally
developed arca and also the gap. which is to be bridged by providing infvastrocture
servives like wechmical cxpertise e crop protection and crop production. Acculahility of
phvsweal resoorees like sood guality seed, tmely wrigation Gom canals aod electne
tbewells, right doses of fertilizers and knowledge and availability of plant protection
mensures ele. are the vords which need to be filled in o bring about second green
revelution. Hlowever, the Noancial constrainls are ol the reasons Tor low productivity as

e Plan s the mwst of the

the menetary expencditure of the farmers under Dxisting Avera

times igher than these under ElTcient Plans.
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GENETICAL ANALYSIS FOR OXALIC ACID IN TOMATO
(Lycopersicon escafenriim Milly UNDER PROTECTED
ENVIRONMENT AT 1500 M ALTITUDLE

B BHATT U.C J0SHE, AND 5.0, DAS!

ABSTRACT

A stigev was conducied on a 12 0 12 diallel ser of tamaio exchiding
vecipracals fo find owt the exrent of combining abiliiv, feterosis and
ditire of wene action for ovalic acld  contens. Sienificant
diffevences among  genoivpes were obiained  for the i,
Siwsifieant desivable necative heterosis -60.36, 232 and -
A0 320w Servined crver the mid, the Feagr periestt ool comereiod
control, respectively, The magnitudes of variance die to geacral oy
well we specific combiiing abilione were highty significant fndicaiing
the bnportance of both additive and nes-additive cene aetion.
Huowever degree of dominance revealed the prevalence of son-
idilitive gene effver. The Cross-combinations Meclin v HHawaii-
SRS Hawal-7995 © Manni Thodhe wad Mechin x Manei Thoibe
were found o be the besio specific combiners. Predoninance of
toi-aeledifive gene actton plaved o geeater mole in ihe inheritance of
ewalic aiid fin romante wnder 3l conditions, flicher perceniaze of

feretaldlfing narrow semse) was fousd Jor this il

Key words @ Lveopersicon esadenion, combinime abilivy, heterosis, and

)

poly house covironment.
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INTRODUCTION

Oxalic acid content in wmato [ruits influence tomato quality. Tomato contains an
unelesirable bio-malecule oxalic acid, which renders the dietary calcium unavailable to
the bady by forming soluble caleium oxalates, Up 1o 50 % of urinary oxalates may be
derived from dictary oxalates on a low caleinm diet (Samy et a. 1960} Since human
beings consume  significant  volumes of lomato, it is desiable to have the knowledge
about this compound and the inheritance pattern of this trait. Oxalic acid can be bromz i
down by development of low oxalic geid cultivars that would help minimize the adverse
eltects on human health. There is remendous seope lor growing tomato in off-season
under protected environments and ai preseit it becomes a major cash crop of Tull Barmers
- India, Significant penetic mmprovement work had not been done under hill
environments an this crop, There is an ample scope of improvement and explottation of
bebrid vigour for development of quality cultivars. The present vestigation s aimed o
studying the responses of diallel sets of genotypes under polvhouse environments for
selecting desirable parents and parental combinations, which are likely to produce
supertor hybrids having excellent qualitics on the basis of combining ability, genctic
parameters and heterosis for commercial exploitation in hilly arcas. Further, the sty
would be helplul to gencrate breeding materials for improvement of this trail for

ulthization in the (utyre brecding programme,

MATERIALS AND METHODS

Acsel of 12x12 diallel cross of tomato without reciprocals along with their parents
viz: Azad T-2 (1), Machin (2), DARL-64 (3), Hawnii-790% (41, EC 386032 (3 10
JBO03T (6], BL-342 (7h Sel-7 {R). EC3&a019 (9, BOIRGO2Z3 (101, Mani Thoiba (11
Mani Leima {129 and the conmercial control ARTH-3 were evaluated i a randomized
hlock design with (hree replications. at Defence Agricultural Research Laboratory,
Pithoragarh in India at an altitude of 1300m ahove sea level in mid hill comditions of
central Himalavas nnder protecled condition durmg 2001-2003, Recommended packages
ol practices were adopled during the cropping period. Red ripened fruits were collected at
random in each replication and estimation wits done by cozymatic calorimerric method
using grain sorchm leaf oxalate oxadase (Satvapal and Pundiv, 1993}, The optical density

of samples colour was reud i LI spectrophotometer al 490-360nm.
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RESULTS AND DISCUSSHONS

The Analysis of Variance for combining ability ¢Table 1) showed existence of
signilicant variation Tor oxalic acid content. imndicating a wide range ol varipbility among
the genotypes. Highly sigmilicant variation due o general combining ability {gea) as well
as specilic combining ability (sea) indicated the importance of additive as well as non-
additive type of sene action in inheritance of the character. The Tighest sigmficantly
desirable negative gea effieel (Table 2) Tor oxalic acid was recorded in Main Leima (-(147)
lollowed by DARL-64 (<0331 and Scl-7 {0330 Only (ive parents expressed negative
general combining ability effects. These parents can be used in bybrid breeding

programme Tor accumulation ol fivorable penes,

Table 1. Analysis of variance for Table 2. Combining ability and per se¢
Combining ability performance for oxalic acid  parents
adh . o R K
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(g 100}
- Arad To2 7k i, 70
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D , - 3R6023 o), | (e 4.17%
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- Blanny Theibe 017 i 20
Pl"-'_*l'i"""lh.‘lhl" i _”-l_-:" BLanlenma 147 157

#¥_Sianificant al SE i) natd -

P=(1.011 S igi-gj} 0021 :

Fa sipficant ar P=0l]

The top three cross combinations selected on the Fesis ol sca cffect ( Table 3y also
showed Tower per se performanee in desirable direetion involving low x low gea parents.,
An appreciable amount of negative heterosis expressed by low x low crosses, The highest
negative sca cllect was observed in the cross Mechin x Hawaii 7998 (-1.66) followed by

Hawaii- 7998 = Mant Thoibe (=131 and Mechin = Mani Thotbe (-1 48]




[ 26y FoP BHATT e od,

Table 3. Top three crosses selected on the basis of specific combining abilicy effect

5 Fop s Sea offect Gieneral combining
Crosses : s ]
performance ability effeat
Slevhm s |l - 7998 ER Y Sl Lxl
[l - 79498 5 Manm Tt | 2 = B Rt .= 1.
“echin s BManm Thoibe 2.06d) | AR [ %L

S srmmleane w oG

[Range, mean values and heterosis percentage [or oxalic acid CTable 43 indicated that
the parents varied in oxalic acid content ranging from 200 to 6.70 with mean values ol
.32 med 00, Oxalic acid content m Fys vavied Trom 190010 580 with mean ol 3.34
e 1002, Lower mean values were recorded e Fys Stenificant negative and the highest

heterosis over mid parent was cxpressed by the cross BL-342 x Sel-7 (-60.36%).

Howyever crosses showing minimum amount of oxalic acid content were BC 386032
w Sel-7 and DARL-64 s Mani Leima (190 med L0021 which had also the highest negative
heterosis -9.52 and -56.32%) over top parent and commereial control, respectively, 1t
wis observed that most of the crosses derved from parents having high amounts of oxalic
actd thigh x high showed significant or negative hieterosis, however s imvolving parents
ol Tenw x low, mid % mid and mid = high expressed a higher percentage ol non- signiticam
positive heterosis, Williams and Gilbert (19607 also Tound that positive heferosis wis
senerally absent in omato for all characters where parents with o high level of expression
were involved and was Grequent i hvbrids of poorer genotypes, Bhatt ¢t al., {1993} Tound

this type ol trends in diallel analvsis Tor ascorbic acid content in tomato.

The components of variance and component ratio Tor oxalic acid (Table 5} were
studicd under polvhouse environment, Significance of D, Hy aod Haoindicated that both
additive and non-additive varances were impeoertant in the manifestation of oxalic acid but
relative magnitude of non-additive varance was higher than additive varance. Signilicant
Tovalne (3360 indicated more domimant genes in the parents for this important
processing rail, Existence ol over dominance (1330 was obscrved, The sl (0016)
had asymmetrical destribution ol dominant and recessive genes among the parents, The
DI ratio (3,060 indicated that more number of dominant genes controlled oxalic acid,
Fhe fraction h=/H> (0094} predicted that one group ol genes controlled the degree ol

dominance for this important trait.
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Table 4. Range, mean values ol parents, F, ‘Table 5. Components of genetic parameters
hyhrids and heterosis (pereentage of oxalic acid) — variation and for tor oxalic acid

Farticulars ange amd mean values Components! Crxalic acid
Proportions (e e
Parents R N R A I 220%F )
I 1IME-2 608 M
Foamnee of heterosis s over Iy 3| 3EE 5y
fl =1 00 RIT
[ R P 71 T4 ][_' IAREE (10
r 470 0 A2
E A6 17
e -lad i 56032
L LU I SN

Top Fpwith their ox8, 35 120190

1 .53
Moean value

Top Fis with their heterosis %o over

CADH 3 5 - F (4D )5 0

WP Tx || (60,36} FIRIRR)

T TR o e [l |}."| ¥ RN Y

. R DR Y (R A Flerctabilivg ns %0 a5
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U comnmercial contred caltivar
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The study revealed importance of non-additive gene action both ot varviance and
ealimated component vavianee level suggesting that helerosis brecding would be

exploited to improve the guality of tomato through low erring of oxalic acid content,
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IMPACT OF CLIMATE CHANGE AND ITS
VARIABILITY ON AGRICULTURE
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ABSTRACT
Cilobad climeie is changing aad i can have serions implicaifons Serr qasr
Jiodd wecurite thronsl Qs diveer and indivecr efftens on crops, soils
fvesiock, fishories, and peses. A the sanne tinre, Hiis B oan issee with
several socio-coonomic-palicv-political implications. I the developing
comiies melding India. theve has been refaiivedy fess aitention paid to
this topic in an integrated mannen Uncertaintfes and coror associalio
with e elimeate change modeds. Impacts om soil i crop produciivine
b owsing crop geowils models need g be minimized. The dmpact on
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INTRODUCTION

The relationship between agriculture and climate s well known. Droughts, which
havee Trequented different parts of India through the history, have been responsible for
nrany Lunines, rural poverty and migration despite development of impressive irrieation
potentials. Similarly aboormal temperatores, high velocity winds and humidity during
critical stages e known o significantly affect crop growth and development. pest
metdences and epidemics, demand oo ireigation resources and finally food production.
Orver the past few decades, the man-induced changes i the elimate of the carth due 1o
multifarions human activities linked 1o development have become the focus of scientific
and social atention. These global changes are primartly due to the increased emissions
frann the combustion of Tossil Tuels and land use changes, Probability of the eccurrence of
extreme climatic cvents has increased in the recent past. The global mean annual
temnperatures al the end of the 20 century are almost 0.7 “C' above those observed 2
century ago. Such global climatic changes are hound o impact agriculture through their
direet and mdirect effects on crops, soils. livestock. Asherics. and insects & pests. This
paper deals with the extent of chimate change and its variability and subsequent impact on
agricnlure through dircevindirect effects on soil and crop processes. insects and pesls

ssncation,

Climatic Variability

Inter- and intra-seasonal elimatic varability is gquite large o this part of the world.
The extent of svarability o south-west and north-gast monsoons (uctuate the crops'
productivity around the trend line, which shows positive slope due o teehnolosy
advancement m vartous agro-ceological regions. Analvsis with the historie weather data
sets, although mdicate the mising temperature trend momost of the Tocalions, but year 1o
vear seasonal and annual variation around tend e are quite Tuee. Sometimes these
variations are confused with the climate chanac.

il

Winter rams. m nerth-west India due o western distorbances, ranging uplo 12 cm in
the past years and received in more spells of small amounts but are very much benelicial
ta the raly crops, mainly wheat of this region. Reinfed wheat is mainly dependent on this

rainfall,

Understanding of the elimatie vartabiliny is difficult, and most of the studies in this

regard are with rams and 1o some extent wemperature also, In our country, where most of
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the agriculture 1s under dry land and rainled. the variability in the climatic parameters
plays an important role in deciding the erop production. The climatic variability has not
been relared with the crops’ response. though in seme cases the empireal relations have
been developed, which have the limitations of being location and tine specilic. Linking
the climatic variability with the productivity on regional scale can subsequently be linked
with the climale change scenarios to work out the impact on soil, crops, waler resources

and environmmeint,

Climate Change

Climate 1s changing naturally ot its own pace. since the begmning of evolution of
carth. < -5 billion years ago, bul presently it has gained momentum due w inadvertent
anthropogenic disturbances. There 15 inerease in the atmospheric 1emperature due to the
mereased levels of carbon dioxide (€02 and other greenhonse pases, The €O,
concentrition was 28006 ppm between OO0 and 1750 AD. and today, this value has
become 370 ppm. Methane (CHyl, one of the important greenhouse pases contributing to
elobal warming, has increased since pre-industeial times [rom (07 o currently 178 ppmV
and accounts for about 153% ol the global warming, Methane concentration in he
atmosphere 15 presently increasing al 3% per vear against 1.2% in the late 19705, Nitous
axicle (MO0 with ity carrent concentration of 310 ppbY in the atmosphere is an important
greenhonse gas accounting for approximately 3% ol the wtal greenhouse effect and also
responsible for the destruction of stratospheric ozone, Atmospheric concentration of N-O
15 nereasing at o rate of 0.22% per vear, The emission of NaO is of serious concern
because of s Jong atmospheric Lifeime of 166 1 16 vears, Agriculiural soils contribute

63% ol anthropogenie NoO emission (6.3 Te -1

The quantity o rmnfall and s events has also become more uncertain. In certain
places, chimatic extremes such as droughrs, floods. timing of rainfal] and snowimelt have
also inereased. The global mean annual temperatures ot the end of the 200l century are

=

ahneost 6.7 0 above those recorded at the end of the 14th century. Dinrnal temperature
range has also decreased. The 19905 were, on an average, the warmest decade of the carth
sinee instrumental measurement of emperature started i 18605 and the 19005 the
warmest century durtmg the last 1000 vears. All these changes have been ascribed

primarily to the combuostion of fossl fuel and land use changes,
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There has been a boost of agricultural research world over in understanding the
cffects ol climate change, carbon sequeslration n biosphere and in carbon tradimg
potential of the land. In developing countries including lndia, however, there has been

relatively less attention paid to this topie,

I the Southeast Asian region, climatologically, India is sitapted inoan nmportant
position. Changes to the present climate sysiem may alffeet a wide variety of ceo-systems
and socio-economic sectors in the country with corresponding Impacts onwater
resonrees, agriculture, Torestry and other sectors. One of e major deiving Torees Tor
global change is the rapid increase in the preenbouse gas content of the atmosphere. i

which the role of India is small, but gradually rising.

Fxisting alobal elimate change models, somelimes are guitc contrasting, i
senerating the climate change scenarios for specilic locations, The seenario needs 1o have
higher spatial and temporal resolution, for subsequently working oul the impact on

agricullure.

Indian Agriculture

Agriculture seclor represents 35 per cent of India’s GNP and sustains the Hvelihood
of nearly 75 per cent of the population. To mwet the demand ol ever increasing
population. which has already touched the one hillion mark, food erain production has
inereased during the post-independence era from 51 1o aroumd 206 million tonnes, This
has been possible by increasing the area under cullivation. enhancing crops' yield through
wse of high vielding varicties and increased inputs {water, pesticide and Tertilizery, The
increase has mostly come in areas ol adequate water availability, whereas majority of the
cultivated area has large vield gap lor crops. Total cultivated area has remaimed constant
at about 140 million hectares over the past decade or so. although the arca under double
cropping syslem is increasing with the growth rate of 0.9 million hectare per vear  the
last two decades. Ours being a tropical and sub-tropical environment. thereby the inherent
fertility of the soil is quite low and (o sustain and maximize the agricultural productivity
we have to apply more inpuls {such as fertilizers, water and pestivides). The mputs’ use
elficiency is poing down continuously. The chances of C-Sequestration are alse remuole,

as the organic carbon degradation 1s al a faster rate.
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During the recent past it has been ohserved that the productivity of riec-wheal
cropping 15 going down or has become static in many of the productive districts of MNorth-
west Indin, The decline s primanly due o land degradation {soil structural changes,
water table decline, mereased sodicity and salimity). The repioms having larger yield gap
in the beginning are showing increase i trend of rice-wheat viclds. but the yield gap s
still large, which has sull o scope of narrowing down by adopting suttable ALTONOMIC
manageinent options, Inogeneral, we have concentrated more on enhancing the
auricultural productivity, with Jess cmphasis on the quality aspects. [Fwe have o compele
and stay in the global markets, we have Lo eive more emphasis on the quatlity and value
addition o the products. The question ol the guality of the grainss ‘produce in relation Lo
climatic varability ¢ its change under different growing crvironments has not been

addressed in depth in the past.

i Tas numerous agro-ceological systems, with diversity in cropsicropping
systems, climalte, agronomic/management iputs and related socio-ccononic aspects.
Tmpact of climate change on agriculture needs 1o be warked out by linking these socie
ceonomic and bio-physical aspects. Sometimes, the factors other thao climate
changedclimalic variability dominate in deciding the production of an agricultural system.

Nation food production is a gamble with the South-West Monsoon. ln the ity years,
there have been around 15 major droughts in the country. due to which the productivily in
those years was allected. Though we have learnt lesson Lo deal with this situation atler
severe drought of 1987, where the area lTected was around 49.2%. but the extent of
deeline in the food production was only 3%, cven then this problem creates lot of soeial,

political and cultural stability in the country.

Linking up of the future climate change scenacio Tor evaluating the mmpact on
vartous agricultural production systems ol the country is for the Tollowing purposcs:
o Lxtent of agricultural productivity decrease
e Flfect on various socio-econaemic and biophysical aspects related with agriculiural
production system
e Delineation of the vulnerable regions

o ldentification of suitable agronomic and resource management options lor

sustained agricultural production -
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Lmpact of Climate Change on Soil Health

The interaction of nitrogen, irrigation and seasoval climatic variability, particularly
al Lo input of brrigation has several implications, Under adequate meisture supply
situation, like for Punjab and Haryana, the wicld henelite are obtained up to higher
nitrogen application, whereas in the regioms of limited 1o moderate water supply
conditions, the increased yvields are noticed Wl relatively lower values of nitrogen. At low
levels of water availability, it is dillicult to decide optimal levels of N Jertilizer Tor
masimizing vicld returns in view ol uncertainty of N response, which is strongly related
o o good post monsoon rainfall received during crop growing period (Kalra andl

Agoarwal, [9H).

The rabi and kharil seasons and annual Toad production show increasing trend, and
e deviations around the fechnology trend line can be significantly related o scasonal
paindall Tor kharil and annual production, whereas no definite frend was noticed in case ol
rabi season food production, as majority ol the food production in this season comes [rom
the irdigated arcas. Changes in ramfall due to plobal climate change may affect the
surlace moisture availability, which becomes important for crop stand cstablishment in
the rainled arcas, Quality of surface and ground walers 1s a concern due o mereased
clusteialization. Pressures of land use and land cover change drivers, other than the
climate change and its, need o be inserted for working out the accurate estimate of the
impact. We have large diversity in cropsieultivaes, and thus are ready to adapt with
climate changee for sustained productivity by suitable choice ol crops, sultable agronomic

and cultural practices.

Soils dominate the cveling of many atmospheric trace gases becanse ol the highest
abundance and diversity of micrabes in them. Larlier, couilibriwm vsed to exist between
he sources and sinks of GHGs, but 2 shift in this equilibrium has started becoming,
evident as o consequence of Tuman induced activitics. In order to comprehend the shift of
source - sink equilibrium, one needs 1o understand the processes involved m generating
the net (lux (2 function of production processes, consumplion processes and pas

transport ) at the soil atmesphere interlace.

Ihe possible strategics Tor mitigating methane emission [rom rice cultivation can b
made by altering waler management, particularly promoting mid-scason acration by

short-term drainage. Tmproving organic natier managenmenl by promoting acrobie
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degradation through composting or incorporating into soil during off-season dramed
period is another promising technique. Organic amendments to flooded soils merease
methane production and emission. However. application ol fermented manure Tike biogas
slurey veduces the emission (Debnath et al.. 19961 In addition, nutrification inhibitors
have been shown 1o inhibit methane emission, Another mitigation oplion may be the use
af different riee cultivars as callivars grewn m similar conditions show pronounced
variations in methane emission (Mitra, 2000}, Combined with a package ol technologics
methane envission can best be reduced by (a) the practice ol midseason drainage instead
ol continuous Nooding, (b direet crop establishment like dry secded rice and (¢) use ol

Lo € N ooreanic manure and biogas sharey,

Appropriale crop mainagement practices. which Jead t mcrease Nouse clliciency and
yvield, hold the key to reduce nitrous oxide emission. Application ol nitrate {NO5-N
fertilizers e.u, caleinm ammonium nitrate {CAN), m crops with acrobic conditions and
ammoniug (8 H-NT fertilizers e.o, ammonium sulphate, wrea. welland crops also help
reducing the emisston { Pathak and Nedwell, 2001} Curtailing the niteification process by
the wse ol nitrification inhibitor may deercase nitrous oxide enussion from soil. There are
some plant-derived organies such as neem oil and neem cake, which can act as
mitriGeation inhibitars. These are being experimented i lields to reduce the emission of
ditraus oxide and inerease the lentilizer use efficiency, Other biocidal mhibitors, such as
karanja seed extract have been found o retard nitrification by 60-70% {Majumdar el al.
200100

Microbes have emerged as the major contributor as well as - consumer o CiHGs as
the microorganisms are the main intermediarics of € tumover in soil, due to which, they
are considercd as sole agents for soil humus Tormation, cycling of nutrients, soll tilth and

structure and also perform myriad of other functions. What will bappen o the soil

fertility in the event of global climate change needs o be addressed through Soil Organic
Matter {SOM), The assessment ol soil healthiquality/Lenility through changes i SOM 15

very dillicult, therefore other soil parameters ace being used as proxy indicators, For
example. soil microbial biomass (the living part of organic matler) due teo dynamic
character has been shown o quickly responds Lo changes and perturbations. oflen before
the measurable changes oceur in organic C and N, thereby acting as an indicator ol long

term changes in SOM content i Powlson and Brookes, [987) However, the measuremenlt
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ol microbial biomass { Coed alone will not serve the purpose beeause they are generally
mfuenced by climatic variables. Hence, for real measurement of the pact i soil
processes, one necds o consider proportion of total orsanie C oor N {Cered within the
microbial biomass e microbial quoticnt. Under the equilibrium conditions, Corg of
agricultural soils containg 2.5 - 4% Cuie. Soils exhibiting a Cae to Coe ratio higher or
lower than these values appearing i the equilibrium line would be cither accumulating or
lostng O, respectively (Anderson and Domseh, 1986). Different elimatic conditions in
particular precipitation/evaporation mfluence e cquilibrinm Cuic 1o Corg ratio {Insam.
1980} and a very high correlation was found in which 73% variation eould be cxplained
with the quadratic function, and thereby, one can predict the soil Fertility in terms of

aceumulation or losses of O

Under the changed scenario of atmospheric composition due 1o glohal warming, the
tropieal region such as Indis with small organic O reserves, will show net ciflux of CO-.
Because rates ol soil vespiration increase cxponentially with temperature. Thus CCk
cliluses from tropical system should inerease markedly with small change in temperiatire
withoul any merease m-inputs from the aboveground communitics thercby leading 1o
rapid losses over a short period of a few decades and Tater on it will sustain the balanes
because of the shortage of substrate Tor decomposition as well as adaptation of microbial

communities twards the climatic changes.

Differences in PLTA - fingerprint may be interpreted with respeet o alterations in
mierobial community structure and their physiologies. In general PLTA profiles had
decreasing unsaturation, areater chain length and larger number of cyclopropyl fatty acids

al higher temperatures,

Seil microorganisms [ullil 2 major functions, Le. they act as agents of nutrient
clement transportation as well as store carbon and mincral nutrients (mainly N, 1 and $)
t therr own living biomass, acting as a lable reservoir for plant available nutrients with a
fast tumover. The most important process is the aceelerated decomposition of nraanic
matter. which releases the nutrients i short run but may reduce the fertility in the long
run. Soil temperature allects the rates at which organic matter decomposes, nutrients are
released and aken up, and plant metabolic processes proceed. Chemical reactions that
alleets soil minerals and organic matter are strongly influenced by higher soil and water

temperature. - Soil productivity and nutrient evcling are therefore, influenced by the
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amount and activity of soil microorganisms, The doubling ol CO- increases plant biciiss
production, soil water use cificiency by the plants, and C ¢ N ratios of plants. The changes
in the C/N ratios of plant residues returned to the soil have nupact on s0il microbial

process and affeet the praduction of trace gases NOx and NaC)

[ is not only the agriculiure which might get effect of olobal warming, but the
human health may also set affected, Outbreaks of number ol diseases, meluding dengue
fever, bubonic plague. cholera and malara have been linked to chimate change, The
climatic change has triggered the shift and expansion of the populations ol vectors and
hosts 1o different geographic regions. 11 can also directly alTect the distribution and
abundance ol pathogens themselves, thereby increasing the prevalence ol discase in
humans, animals and plants. Changes in mosguito. populations. aee ol major concermn.
since mosquite borne microbial disease are responsible for large number ol catastrophes

i human population

I has also been sngsested that climate change could mercase rates ol soil erosion,
[urther hampering foad production. Inereases i ramfall will accelerate the res of sol
loss, reducing farm productivity even more, A lucther negative conscquence ol
aceelerated crosion will be increased sedimentation i streams and reservolrs, This will
shorten the it span of dams, which helps o prevent floods and provide both electricity
and water Tor irrigation. Another way in which erosion could accelerate 15 through a
decrease in raindadl, which could lead to dry spells and inereased sk of wind crosion
(Parry ot al., 1999y 11 erosion rates go unchecked continued soil impevertsliment would
eventually force farmers Lo abanden their lands { Asian-Pacilic Semmarl. Thus, crosion is
among the major threat o food praduction i a warmer climate. Other land degradation
problems, such as water logaing. soll salinity and sodicity development, are emergmy due
to rapid land use pattern and land cover changes. The inpact of climate change on these

aspuets needs o be looked Tor sustainmg the acricultural production.

hupact of Climate Change on Crop Productivity

Global elimatic changes will allTect agriculture through ther direct and ndirect
clfeets on crops. soils, livestock and pests. ncrease in atmospherie carbon dioxide has a
fertilization cfieet on crops with Cy photosyothetic pathwiy and thus promotes ther

crowth and productivity, [nerease in lemperatuare, depending upon the current ambient



1358 ML HUISSAIN e af,

temperatire, on the other hand, can reduce crop duration, increase crop respiration
rates, alter photesyvothate partittoning to economic products, offect the survival and
distributions of pest populations thus developing new cquilibriom: between crops and
Pests, hasten notvient mincralisation in soils. decrease Tertilizer vse elliciencics, and
nerease evapotranspiration, Indirectly, there may be considerable effects on land use due
oo sy melt, avanlability ol drvigation, Trequency and  intensity of inter- and intrg
seasonal drovehts and Noods, and availability of energy. AL ol these can have tremendons

tnpact en agricultucal production and hence food security of any region,

The vizmg temperatures and carbon dioxide and uncertaintics o rainlall associated
with global climatic change may have serious dircet and mdireet consequences on crop
procuction and bence food security (Sinha and Swaminathon, 19900 We witnessed =uch
animpact ol elimtic events on Tood avatlability in 1998 i the Tomm of a crisis of onions,
potatoes, cauliflower and tomato, which triggered some unprecedented social and
political impact, This crisis has once again demonstrated how litle we understand the
tegrated relationships of weather and agriculiure and how linle we have developed the

Backup Tor policy support in such unfortunate and unlorescen circumstances.

10 s, therelore, tmportant o have an assessment of the diveet and  mdirect
conscquences of global warming on different crops contrbuting Lo our food security. 1 s
also impertant o develop a policy response Lo address i fdure such concerns with a
more mature scientilic understanding and also to provide backop support for our
nesoliations inmterational conventions, Future agricultural planning, thus has 1o ke
note ol the overall goal of atlaiming congruence in productivity, stability, sustamability,

prafitability and cquity o Indian agricalture in the coming decades.

Realization ol crop's vicld 1x o complex interaction ol several biodic and abiotic
Fectors, and sometimes of beeomes diflicult to eliminate the cllect of other siesses i
order o study the impact of climate variability and climate change, Crop erowth models
are well suited Tor this purpose. where setting the boundary conditions are within our
contrel, In India, where most of the cultivation s carried ool under sub-optimal 1o Timited
mputs, the elfects of weather parameters, changes are usually diminished by other biotic

andd alnotic Tactors,
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But the huse task of extrapolating the results over a larger region may have large crvor if
the temporal and spatial vaciabilivy of various biotic and abiotic factors aee not ineluded.
Wheat Growth Simulator {(WTGROWS) developed ar TARL New Delhis has heen
extensively tested for different agro-environments {Aggarwal and Kalras 199400 This
model has been successfully used lor resource management, forecasting ol wheat
procuction in the country and climate change studies. Lsing WTGROWS, o stromg Tinear
decling in wheat vield wos noticed with the increase in January temperature, For every

degres inercase o mean lemperature, grain vield decreased by 428 kedha.

[nter-seasonal climatic varability has been chavacterized through growth and yvielkd
response under different production covironments, which clearly indicate the use of crop
dates on the vield of wheat was simulated for different locations. Places having hugher
potentinl vields of wheat had greater reduction in vield per day delay in sowing from the
optimal date. A fow locations (North Eastern parts) showed a small vield reduction with
delayed sowing. With the tfemperature vise, the adjustments in the date of sowmg to have
the similar weather conditions can be ensured. but it can imbalance the cropping system
schedule, which also is important Tor developing countrics where intensive cultivation is

practived on small and marginal lands.

Gadeil and ber sroup (19935, 1999, by used PNUTGRO model (Boote ef af., 1950)
lo determine the sowing window Tor rainfed groundoot, Vaciation in the model yicld with
sowing date showed that broad sowing window of 22nd June - 17ih Avgust 1s the
optimum Tor minimizing the risk of failure. Lal ef el (1999) projected 30% increased
vield for sovbean for o doubling of CO5 in Central Ineia. However, a 350 rise in surface
air temperature almost cancels out the positive effects ol doubling of carbon dioxide
concentration. Tundal and Kaur (1996 examined the climate change mmpact on

productivity of wheat, nee, maize and groundnut crop in Punjab.

Temperature increase of 1, 2 and 3°C from present day condition. would reduce the
grain vield of wheal by 8.1, 18.7 and 25.7%. rice by 5.4, 7.4 and 25.1%, maize by 104,
4.6 and 214% and sced yield in groundout by 8.7 23.2 and 36.2%, respectvely. Lal er
af. (1995} examined the valoerability of wheat and rice crops i northwest Jodia o
climate change theough sensitivity cxperiments with CERES maodel and fowmd that nnder

elevated CO5 levels, vields of rice and wheat increased signilicantly (15% and 28%, Lor
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doubling of COz), However, o 370 (270 s o weimperature cancelled ont the positive
cllivel of elevated COz onowheat (rice). The combined ellect of enhaoced OO0 andd
imposed thermal stress on the wheat (rice) crop is 21% (%) merease moyviekd for the
wrigatiom schedule presently practiced mothe regions Mandal {19980 Chatterjes {19958)
and Sahoo (1999 calibrated and validated the CERDPS-matze. CERES-sorghum,
CROPGRO and WOEFOST models Tor the Indian environment and subsequently used
them to study the impact of climate change ¢ COs levels: 3500 and 700 ppm: tfemperature
vise Frome 470 wath 170 merement) on phenology, growth and voeld o dilTerent
cultivars. Chatlerjee (1R observed nerease m temperalure consistently decreased the
vields from the present day conditions, [nercase in lemperature by 1 oand 2°C sorghum
decreased the gram yields by 7 to [2%0 on an average. A further merease i wemperatune
drastically reduced the potential wields by 18 w 24%, on an average, Mandal (1998}
observed increase in temperature up o 2°C did not influence potential vield of chickpea
as owell as above ground biomass signilcantly. Pre-anthests and total crop duration got
reduced Iy 10 and 12 days with 270 rise. Drrigated vield which averaged around 58% ol
the potential vield, in gencral incrcased with temperature rvise upto 2°C. Total crop
duration pot reduced only by 4 davs with 2°C vise. Crop vield under rain-led condition
wis much lower, bot the elleet ol lemperature rise on crop arowth processes and
subsequent vield were more or less similar as noticed 0 case of irigated condition. The
clevated COy inereased grain yield under potential, mrigated and ramted conditions.
Potential aram vield of pigconpen fusing WOFOST) decreasad greatly over the control
when the temperature was increased cven by L°C) Sahoo (1999 carvied out simulation
Tor trrigated and ramfed conditions, Rise in temperature decreased the vield both the
civironments. AL COy level of 330 pp. grain vield decreased continuously with
lemperature rise il 470 where the vield decreased b about 30% over the prescuat day
condition. Effect of clevated carbon dioxude concentration on growth and vield ol matae
wils eslahlished. but less pronounced when compared with crops like wheat. chickpea and
mustard crop, With CERES-rice model. Sascendran et all 1999 imdicated that over the
herala Stale, an inerease in CO5 concentration Jeads o vield mercase due 1o s
lertihzation effect and also enhance the water use efficiency. For every one degree
mercment the decline mnoyield is about 6%, Physiological cffect of ambicnt CO- at 425

ppm concemrtion compensaled Tor the vicld Tosses due o mercase in tlemperaiure up Lo
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Specific event of direct radiation reduction during January-March, 1999, in all parts
of the coumry. did not show deviation in the crops' vields as evidenced from the records,
This might be due to modifications in the coupled weather conditions. which
compensated for the reduction i radiation amounts. Morcover, this specific event is very
less probabihistic. The researchers till now have looked at the impacts of haze in the
region’s climate and agriculiure in a very preliminary way. More refined work on climate
madeling and development of crop models to take eare of various scenarios of this

emerging science is needed to get conclusive mformation.

Tropospheric Ozone has various eftects on crops and plants, Under acute short -

term ettect on sensitive crops, under appropriaie growth conditions. can result in visible

foliar jury. Such injury on broadleaved pla

15 consist of chlorosiz, bleaching. benzing.
Mecking, suppling and necrosts. Oy injure the mesophyllic chloroplast and by this reduces
the photosynthesis rate. Tt also inereases the rate of photorespiration, due to which net
assimilates decreases and due to this yield also decreases. [t delays the fruit serting and

Llf'}" matler production,

[ wview of the evidence that suggests that UV-B has little adverse effect on
photosynthests or grewth under ficld conditions, it appears that concern over increase in
LV-B trradiation resulting from stratospheric s depletion should focus on long-term
clfects probably involving the consequences of damage to nucleic acids. In contrast.
increased tropospheric Oy levels will undoubtedly have imumediate adverse effects on

Mt SPLCICs.

Iffect of Climate Change on Pests

The mportance of climaie and weather events for the distribution of insects and
their population dynamics has long been recognized especially in applied studies on pesl
species. Chimatic factors such as temperature. precipitation. humidity, wind speed and
sunshine hours ete can dircetly influence pests by affecting their rate of development.
reproduction. distribution. migration and adaptation and indirectly through host plants.

natural enemies and interspeeilic mteractions with other inscets.

Implication of temperature for insect pest dynamics has always been found
important as it determines the development of insect, Campbell et al (1974) defined
physiological time as @ measure of amount of heat required over time for an organism to

complete vanous stages ol development.



[ MU TTUSSAN e af

The effect olemperature on inscet growth and development has been mostly studied
at constant lemperature m laboratory and 1he stodics have shown that insects remain
active with in lemperature range Trom 15 1o 300 329 (Phadke and Ghai, 19940, Within

the range ol Brvourable lemperature, an merease m temperature mereases the rate ol

constant temperature of 200 25 and 30°C. the average duration of hife evele was found o
e 6] 3 383 and 370 davs respectively wlule at 12,5 and 3590 the pest did not show any
development (B3hatia and Faul, 19600 1t was also seen that within the vourable ity
the temperature inerease also showad an inereasing rend n ege laving and cog hatehing.
I the field condimons the pest populations are studied under Muetvating temperature and

other factors canned be controlled unlike aboratory conditions.

Favorable range of temperature for the pest species inorelation to prevailing
temperature and nercased temperatuee has o be aken m oo consideration for assessing
the impact of chimate change on pest dvnamies. 15 ambicnt temperature remains
Lvourable Tor the pest alter temperature increase. Lthe pest meidence may be cxpected o
rse due to merease morale of development, which may result in completion of more
number ol pest sencrations, However pest population would be adversely affecred once

the ambient lemperatire exceeds the lavourable range.

The distribution and Trequency of rainfall may also effect the incidence of pests
threwgeh changes in hamidivy levels as well as directly. Small insects such as aphids.
Jasstds and whiteflies ave washed away by heavy rains thereby reducing their incidenee of
crops, Aphid population on wheat and other crops was adversely alTected by raintall and
sprikler wrigation {Dacheler and Ting, 1977 Bakbetia and Sindhu, [983; Chander,
1908,

Aroveworm, Megfinng separata reach onbreak proportions alter heavy rains and
Moceds, Lover {1909 analvsed the relationship between outhreaks of armpvworm and Lo a
lesser extent Spodoptera maueitia {Boisd.y and rainfall from 1938 10 19635 and observed
that all but three owbreaks occurred when rainlall exceeded e average 89 cm. Heavy
merdence ol armyworm in Delhi during Khant 1995 could be related w hizgher maximum
and onmum lemperatures and rainfall as compared 1o previous vears (Chander and

Sharmi, 1997,
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Aplid infeslation on barley from 1985-86 1o [999-2000 was analvred morelation Lo
climatic variability. The aphid population on barley exbibited a declining trend with thme,
Fhe aphid population showed negative relationship with January mean mininuam
lamperature and with Febriary's tdal rainlall (Chander et al 20030 The vise H T

temperature and more inlense rains m fulure might thus redoce aphid meidence on Farley.

Climate and weather alse influence oceurrence and viralence of cliscases. The
monocvelic diseases such as stem o, sheath ol ane Talse smut are less influeneed by the
ambicnt weather conditions. Epidemics o monocyelic discases are relatively rare i the
sense ol an explosive increase in their population, Likewise climale change might nel
have much influence on univoline insects such as rice grasshopper, mango mealy bug
cle. Tn eontrast, the poly-cyelic discases such as blast, brown spol. bacterial leal blight
ane riee tmero viros that invade the aerial parts of the plants are subjected Lo constant

nteraction with weather, They easily attain cpidemic proportions to canse heavy losses.

Interactive clleet of climate change on pests and erops can be analyzed through
simulation models, This Center has developed dynamics simulation modil Tor rice
stinkbue, Lopocorisa acuter using thermal time concept {Reji et al. 20031 11 was found
that up to 27C rise i dwrly average fempuerature over 20071 weather will inerease the pest
population while further merease i temperature would have adverse ellect on past

population,

INFOCROP model, a generic crop growth simulation madel developed at our
[nstitute, has been coupled with different pest damage mechanisms such as germimnation
reduetion, stand reduction, light stealing, assimilation rate reduction, assimilate sapping,
fissue consumption and trgor reduction, The INFOCROP has been validated Tor stem
horer. leal folder, bacterial leal blight and weed effects in rice, and for stem borer, leal
st and weed damage mowheat. The vahdated model was then uscd 1o establish
ceonomic jury levels and also w Tormulate 1so-loss curves For the pests, which con be

used Tor ratienalizing pesticide use on crops.

Fealogical zounation ol agriculturally important pests such as rice leal” folder and
nematode species has been carvied out by developing simple pest-weather modules based
on more than [0 vears data ol a location. These location results were then extrapolated

nsing GIS for delineation ot pest hot spots. There is 2 need w make the pest- weather
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madules dynamic and link them with on line weather so that shifting ol the hot spots

witl changes in climate can be visualized,

The Tollowmg scenarios can be visualized regarding inpact of clinmate change on

pest damage in agriculture,

Expansion in geographical range of insects: Any increase in temperature is bound
lo-influence the distribution of insects. 1t is predicied that Ldeg rise in temperature wonld
ciable species o spread 200 Kin northwards or 140 1Kn upwards i altitude (Pacry et al
LIR9L Minimum temperature plays important role in determining the global distribution
ol insect specics rather than maximum temperature (Hill, T987), henee any increase in
tetmperiatire will result ina greater ability o over winter al higher latitdes ultimately
causing northward extenson ol distribution, (EPA 1989 11 and [rvmock. [958 Spatial
distribution ol crops and cropping svstem are also important in deciding inseet pest
distribution. Spatial changes of crops and cropping system lor sustained productivity are
imminent under climate change scenarios (Parey ¢t al, 1989), Presence of over wintering
sites, sorl types and maoisture availability can become dectding Tactor Tor resurgence ol
inseets under such newer arcas (EPA 1989}, However known pest species 11 introduced 1o
news arcas may eheounter marginal conditions for their survival and suitable host plants
may not be available, Besides natoral enemies may also enter new areas therely atding in

Ficlogical control of the pest.

Inereased risk of invasion: With invrease in carbon dioxide concentration, there
may be more crop canopy and more dense Toliage, which will also create more ity
thereby making microcovironment more Ervourable 1o pests. Tnerease in food guality e,
weredse monitrogen content in plants under stress condition due 1o luzh remperature can
result i sudden resurgence of population of pest, Morcover under stress condition Uhe
plant defensive system is lowered and they become maore susceptible (o pest attiack
LA TURET,

Changes in overwintering suceess: With increase in lemperature onset ol
hibernation may be delaved in avtumn while i may be suspended earlicr than usual
thereby initiatimg pest activity carly. Therefore period of activily ol pests will be
inereased leading 1o more pest problems. On the other hand, the increase in [eperluee

in May-Tune may reduce the aclivily of some pests in summer,
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Changes in interactions between species: Rapesced-mustard crop s inlested by two
aphid species, Lipapfis ervsing and Myzus persicae. 1 has been obscrved that Lipapdis
ervsimi domimates during severe winters while Mvowy persicae is relatively more  plant

defensive svstem is lowered and they become more susceptible to pest attack (EPA_TUSY).

With rise in temperature, we may winess higher imeidence ol Such faunal shifts
miay also occur mn other crops. On the other hand with rise i wmperature, activity of

some pests in Khart may also be reduced as temperature may eross favourable limit

Change in crop-pest synchrony: Crop-pest svnchrony may be aliered due 1o
changes i chmate, During Khant we Tiod heavy mfestation of stem bover and shoot 11y
i maize and sorghuny under porth Indian conditions. Honeewver rabi maiee and sorghum
are not aftected by these pests. In southem parts these pests are active during rabi season
also, Therciore with mercase in wemperatures these pests may posc problem to these crops
i kharet! in North India,

Effect on pest control factors: Aficr apphcation of chemicals at least one rain free
iday of [8-24 hrs rain free period is essential otherwise the chemicals gets washed away
(ao and Rao 19960 Simibiarly wind 15 also strong deterrent due to drifting problems.
These parameters have 1o be laken inte consideration while studving the mscet problem

on regional scale.

Etffect on land use patterns: With incressing urbanization and population more and

mere agricultural land is being put under other uses. Farmland 15 being vsed for constructing
butldings and other mitastructure. This i breaking the contimwily ol agricaltural fimms with
mmplications for pests. Pest can be maimly divided into three catcgones based on their mode
ol their appearance on the oreps. Some are resident pests. which remain in the Geld and
immediately intest the crop as it becomes available next scason, Other pests come from
adjoning arcas. while third categories are long-range migrants. The discontinuity of farms
due to changes in land use may not atfect resident pests but it may affect migrant pesis as

thew may fail o locate suttable habitals and tood plants

Socig-cconomic Aspects
Socto-economic linkage is relatively comples. and needs 1o be linked through the
bio-physical modifications associated with the chimate change. Land use and land cover

change i our country is changing rapidly due te several driving forees, Socio-cconommig
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aspects can be dealt in two ways, one workig out the cost-benelit analysis for vanous
climate change scenarios by using production funcuons and the other as generating the
socio-economic scenario ol future which links with the cropping system model for

further impact analysis.

CONCLLUSION

Climate change has emerged as the most prominent of the global environment
imsttes, and future load of excess GHGs emizsion will change the climate w affect the
living communities. Precision in climate change prediction with higher resolution on
spatial and temporal scales is requirement for accurate assessment of the impact on
various sectors,  Response of crops o imter-seasonal climabic vanability can aid in
understanding system's response o weather parameters change. which subsequently can

be finked to climate change scenarios to work out the impact.

{limate change should bhe linked with others bio-physical and socio-cconomic
driving forces to work out its impact on agniculure. The chance of crror propaganon
generallv exists. while blowing up the results over larger regions, and we should be
careful i specifyving the boundary conditions under which the resulls have been obtamed.
Simulation models can be successTully used for agncultural smpact assessment of the
climate change by linking with the spatial databases of socio-cconomic and bio-physical

LS.
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INTRODUCTION

Pulses aceupy 678 million hectares and contribure 55 2 million tonnes to the world's
Tood basket (Chhabra, and Kooner, 19983 [ndia s the Targest pulse producing COUNLY
and contributes 35%, of worlds' area and 27% of 1he production (Kuamgar 200, Singe
Pulses are cheaper than mea (aimal protein, they are ofien referred to as "poor man'y
meat™ inadeveloping country like India (Chaturvedi and AL 20000 India will neced o
least another 23 million tonnes ol pulses by 2005 AD and 30 million tonnes by 2020 AD.
I has been estimated by Ramezan o al, {1 1990) 1ha Callevobirctn Mool
L erfenpivry Brichidae) Oviposited cegs on the seed comt of bengal gram (e
arvitinim ) black sram Frewser navneo), black - “eved cowpen ungiicidata), green aram
O v, kiciey bean (FPhreasenfy viefeerin ), lentil (fens cifinarist, moth bean i
ORI e pigeon pea aidmies cagany and rice bean (Vo wnihellara),  Fewmales
preferved U ingnifare most and e il the greatest dam: 1 in terms of hales (600 W) and
wlghl Joss (33500, Tollowed b | deanitdfedic (54 and 22%0 and Faelicter (50
[4% ). Thus, g proper management in the storages is needed at national eyl Ashang and
Chaturvedi, [ oy,

Storage facilities at the villages and assembling conters are s19) VEIY poor Al
Lrmiers Jevel the big growers siore Pulses in Cwola' made of bamboo and mud, The simall
arel marginal Grmers have 1o stemage lacilities, So, they are Toreed 1o sell the Produce
immediately afier harvest. The larmers of North Fastern Plain Agro-Eeological Zone of
India do not fingd ANy nterest in large-scale production of prulses for not having cnough
spave and proper storage | lactlivy. Besides, the pulses are highly suseeptible (o insect pes
attack thar causes serioys damage 1o the seeds. Prioe o exploring a safe man: wement of
Pulse pests g survey s urgently needed 1o ilentily difteren spCeies DUCUITiNg in a region,
Furthermore, an assessmen; ol the extent of damage, distribution ang abundance of pesis
aned their pavisitonds are essential prerequisites for developing control Programim and big-
ceological salery of dillereni Agro-Ecological  Zones of India. Annex-1 This
communication embodies o survey record of insecl pests of stored pulses and their

parasitoids in the north-castern plain agro-cealogical zone of Indiy,
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MATERIALS AND METHODS

An extensive survey was carried out in the arca covering 131300 sq. ke of tera
resion ol Wesl Bengal, India {Location: 25"57-27" North and KRU25 - 89US4 Fasl:
Adtitude: 40-30 my and low elevations Agro-climatic hill region (Location: {Uhet b Ao T RE
N oand 87'59°-88"33 B Allitude: =2000m. 1 of West Bengal to record insect pest specics
and their natueal enemics of stored pulses durimg 1999 - 2003, Laborwory analyses was
done at the Entomology Department of the Dar Banga Krishi Viswavidvalava, Cooch
Behar, W.EB, and Department of Zoology, North Bengal Universivy, Siligur. Dagecling,
Wl India,

Fhe mseetl pests of pulses (Annex 3 oand 73 wore collected Trome farmers'. store
howses, hats and markets of ditferent administrative blocks, sub-divisions and disoiets of
the zone, at o regular mterval. Inlested seeds were reared o the laboratory. All msect
pests and their natural enemies (Annex 3and 43 thus collected were killed with cthiyl
acetate vapor or chloroform. The mseets were collected by hand and sometimes with the
help of aspirater, These were mounted on card points with water-soluble alue or
preserved m 0% alcobol or i the Kollis solution, The specimens were identified by the
Zoological Survey of India, Calentta, The parasitonds of m=eet pests were wentilied by
Prof. O Narendran ol Calicut University, Kerala, India and by Prot. Mo Tayat of Aligarh

Muslim Universiey. India.
RESULTS AND DISCLUSSION

Insect pests of stored pulses

Ao districl wise occurrence ol nsect pests o storad pulses {Annex 33 and their
parasitoids was recorded (Annex ) Altosether sixmsect pests ol stored pulses were
recorded Trom 14 legume seeds, collected Trom mdigenous store hovses and markets. The
bruchids were the most destroctive pests ol stored pulses. Among them Caffosobruching
chinensis (Coleaprera  Brachidae) was the most notovious pests of green geam, leanl,
przcon pea, black gram. cowpea, grass pea, pea and chickpea whercas O analis and
matcifertiy were the sceond st damaging pests, O gnafiv prelered mamly Black gram,
areen aram. grass pea and cowpea, while € maowlans preferred cowpean, green gram.
Black gram and grass pea. The pea beetle, O pivorim was reconded only o peas s

infestation oceurred in the Neld and adult beetles emerged ot alier few months i
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the storage. It could not complete its life cvele on stored peas supporting the earlier
observatnon by Arora (1977). Sitophilus sp.. Tribolivm sp. and Corevia cephalonica were
recorded as minor pests ol late stored pulses and their infestation was negligible and

QUCASIOTR].

Callosebruchuy analis  have been reported from different countries like India.
(Lefrov 1909, Pacific [slands (Archibald. 1988). Kenva (Warni, 1984), Burma (Ghosh.
19370, Germany (Zascher, 193th, South Afmica (Evans. 1939, Japan (Mivake, 19391
Bangladesh (Begum ct al., 1984, Bulgaria ( Sodomov, 19841, Australia {Whightman et al,

[982) and South Rodesia (Jack, 1936} but sull it is not a dominanl pest of stored pulses

like €. chiensis and C. macwdatis, The common. almost cosmopolitan and most
destructive O chinensis Linnhas been reported previously by Gonealves (1939,
Colderon (1958), Morimeta (1939), Pruthi and Singh (1950). Raina (1970}, Southgate
(1982) and many others. This insect species causes damage o almost all pulses
commonly cultivated in this zone except sovbean, kidney bean, ficld pea and black gram
tAnnex 3 Bruchids having world-wide distribution are an intercsting group. maost
abundant m the tropics, whose larvae develop inside seeds. most preferred hosts
belongimg to the family leguminosae and other 24 families of plants {Southgate. 197%),
Approximately 1300 species of bruchids have been recorded, mostly attack the growing

crops, but they get carried into stores in the ripe pods and seeds and some species are

1990). The excessive damage caused by Callosobwuchus spp. in storages discourages the
poor tarmers from large-scale production and storage of pulses. In India. stored pulses are

damaged by O chinensis Linn., C macrdars Fab., O asalis Fab., O affinis Frol.

emerginaties Al O phaseodi Gyll, C. albacallosus Pie., and C. pisorem Linn, of which

€. chinensis 1s the most serious pest in both Indiz and many other countries.

Parasitoids of insect pests

Quite a good number of parasitoids were collected and identified. Among the natural
cnemies of stored pulse pests Dinarmus vagabundus and Dinarmus sp. (Hemenoprera
FPrevomalidae). Uscana mukerfii (Hvmenopiera Trichaogranmmeadidae), Cerocephala
dinodert (Hymenoptera © Plevomalidac) and Bracon sp. (Hemenoptera © Braconidae)
were recorded. D vagalundus, Dinarmus sp.and U0 mvkersis wore the key parasitoids of

bruchid pests whereas O disodert and Bracon sp. were the minor parasitoids of
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)
]

as an important, gregarious larval-pupal cetoparasitoid of bruchids, Furthermaore, Lhcane
mukeriil was a minute, solitary and potent egg pa rasitoid ol bruchids (Mani, 1989 and
Pajni ¢ af, 1976}, These two are naturally occurring key parasitoids of horth Bastern

Plain agro-ecological Zeme (NE.P.Z.) ol lndia,

REFERENCES

Agarwal, KO 10y, Biadiversing Mew Delhiz Agro Bomanica.

Arvora, L, (19771 Bruchidae of Northern [ondia oriental Insects (Supplement ). Seapermanna! ol Newlenid

Entenniiory. Geography of South and South East Asia, L1110,

Arora. GiL & Singh T, (19700, The biology of Catlasobrichus chinensis (Lin wehidae - Coleopieral.

Besecrch Butleiin of Punjol Dniversiog 21, S5-07%,

Arora, B, (19997 Major [nsect pests of rapeseed mustard and their management, [ dF23d Svsden du

Apvientiure (Eds ) Aditya Books Pyl Lid., MNew Delbi [ndia, Chilfseeds. 5035 - 75,

Aslhina, AN & Chaturvedi S04 (19995 4 Jittle impetos necded. The Hinede Swrver of Tndian

Teeriendiee. Indlin,

Beaum, Ao Almed, Mo & Seal DR 19540 Influcnee ol temperature on population meresse ol pulse
beclle ©allovodrieims anadie Fabricious (Coleoptera o Brachidaz). Beanrladdsl Sonenal of

Ao, | 2021220,

Bligpbal, AR Bhale 50H.L & Farmakar RS- (20003, Elfect of residual roxiey of some inseebndes
and neemn oil a5 pigeon pea sead protectants on loss in seed weighl and genmination ol sead

against £ mecadans Fabe Pestalogy, 25 44-47

Boucek, 7. Subba Rao BR. & Fuoogi S0 (19781 A preliminary revicw of Plecomalidae
(Hvmenepteray of Tndia and adpcent eountrics. Oeienfal fasects, 12, 4 33-dis.

Chatterjer, %, (1933 Biologcal notes on Chaeiosivicw maekceriii (Mani) (Hymenoptera

Trichogranmaridac), an cpg parasile ol Hractis anafis Fabe bidion dosrial af Bafinicdogy B

AH2-3HA



[ 54 FRGEOSAL of of

Chatterjee, 50 (1934 Biological noles on Choerosivica sderiii (Mani) v menoplera

Prchegrammatidacy, an cgy porasite of Srachus analis Fabr, fedion Sonenad of Enemoloer, 16,77,

Chatrvede S0 & Al ML 20023 Poor man's meat needs Tresh Tip, The M Surver aof fndin

Aol D=5,
Cleoma, VS & Misen DN CI962 Cnerene Sedenee, 31,21,

Bro Luea, Yo (19651 Catalopue  des Metnzoaires Paradateors de Brochides (Coleaplera). duweid of

Stered Peogleey Reseeedr, 1, 51-08,

e, s 019770 Further observations an oviposilion of {bearaus vasaboadus Timb, (Pleromalidae

Hymenaprera), Cureeny Sojence, 46, L3,

s, TR (1939, Crop and insects problem of the Union of 5, Afiica, In Al Sepor of e

fvigive of Plad fndisan Faemin 8 Africa. Report Mo, 10, Pretiner, 19349,

Ghosal, TR Senapati SR, & Deb DO, 20031 Morphalooy with special cimplusis o monlhparts,
avipesior apparatus and  sexcual dimarphism of  Noaeeis vitgafndns UTinberlike)
{Hymenoptera: Pleromalidae: Preromalinac), a fiest repod Trom Eastern India. Proceedines of

Aoofowival Socierv, Colewita, 56, 3422,
Ghosh, C.OCT937). The pulse beetles in Burma, frdivn doursal of Agricutiural Seionce, 7, 305-412,

Ciupla, RO Gupta LI, & Sharma SN (19970 Parasitie wiLs[s, PNy ek UThampson aod
Dingrmns Saselis (Rondaniy  (Hymenopieras Pleromalidac) parasilizing  pulse beetle

Cullosofuchus mecidaius (Fabricious). Jowraal of Biodosical Cenired, 11, 77-75,
Hill, Vs (19905 Pewt ;0 Class Insects, Do fwis af siored pndiess and their comtrol. Delhe CBS
Publishers & Distribntors,

Howe, ROW., & Currie L1 {19640, Some laboratory ehservations on the rte of development martalicy
and - oviposition ol several species of Brochidae breeding o stored pulses. Sutledn of

Entomotogical Research, 75, 437-477.

Bl W (19361 Annual report of the division of entomaolooy for the 1935 daienfire fhodesia

z‘f;_’.-".']' Jegenad, 35 300,318

Kapila, R, & Agaraal H.C. {1995), Biology of an gy parasite of Oaflosafienclo mwenfans 1al,

TCeleoptera s Brochidacr, Sowrod af Scoved Prowfct Besearcd, 31, 335341



PARASITOIDS OF INSECT PESTS OF STORED PULSES 137

Komar, L2000 Toveards a qualitative leap. The Hinda Soever of fndian Avvicifinee, India,

Rundra, 5.0 (19761 Some observations on the biology of (Nawmmes basalis (Preromalidae
Hymenopterad, Bulleiin of Grain Technolope, 14, 126-1249,

Letrone, HOL CISO G Doedian Dsect Lz Thaker Spinle, Culeutt.

Lowa, W10 019820 Products of vegetable origin that can b used against bruchids {Calenplara) as
attractants, antelidants aned lethals, Researel Bulfesia of Puniels Drfversin (Science), 2. 1920,

Rl MOS0 T35 st record ol the Trichogrwmalic Chaleid ©fheetovieiedn Walker from Tndia,
wilh a deseription of a new species. Recood of eelianr Miccewm, 37, 3002338,

Mani, MU0 019 Deseription of new and records of some knewn chaleidoid and oller

Binenaplerous pavasites feom hdia, Sedion dowenal of Entoniology, 1, 65999,

Manis MR QTORYY Tl P ol fndics and dhe Adfaeent Coaavivies o dvidoidea Hviic st

Part 11, Mudeas, India, Zoological Survey of India, [264-1577 pp.

Mani, MUSC CLUSDY Phe Fong of Tl aoned the Adfiocont Cooairios 0O haloddodiden  Hivene v,
!} i

Part 1, Madras. India. Zoological Surves ol India. 34357 pp.
Mivaka, T& Gudera 5. (1939 Notes on the biology of Bruchidae, Mugi fairve Shieve, 137, 1542157

Mookherjee, PR Jotwani, MG Yadava T & P Sivkar (19700, Stodies on ineidenee and extent ol
dimage due 1o insect pests in stored seads 1L Leguminous and vegetable sceds, fedian Sonrnal of

Erifeenpdogy, 32, 350-355,

Mukherii, DD & Bhoya, MAR (19300 Lile history of  Chaeofosiricha mukeriii (Mani)

iTrchogrammatidac: Hymenoplerd, Secd, Aoz, 115 200212

Marendran  T.C . (2001 Povasiie BHowesopierg and Bicdovica! Conrrsd, Paland, India: Palani

Parimnount Publication

Papni, FLRC & Stngh T 019720 A note on the mxonomic position of Lo kb (Manil an cop
parasie ol store- bruchids CTrichopramma: Tymemopleral, Sevewech Bulfetdn of - Puajad

Unversion, 24, 103-164.

Pajni, TER. Seemn 5. Bharadwaj N & Sood S0 019900 Biology of Sseara aerforiii (Mani), g
potential parasitond lor the biocontrol of brochid pests (Trichogrammatidae @ Hvmnenoplera).

Fowearshy Bufiovin af Pangad Claiversioe A6, T7-H7,



[ 5% TR GHOSAL @ af

Prthi, FLEL & Mani, MOS0 (100 Biclogienl notes on Indian parasitic chalcidoids, foiperiad Covned?

fear A gricndtoeed Resvar v Miveetloneous Bulioin, Al -4y,

Prathi, TRS & Sl Mo 19s0y, Pests ol stored srainand their control. faelienr Jowrad 0f Aseicltoad

.":-'r .l:r'.ll'l: G | ."i, | -H.-"_

Rahman, AL Sohi GS & Saproc AN, (194920 Stadies on stored ram pests in Punjab I Biolegy of
Beredeis waafis Faboand 8. chieensis L i Brochidae - Coleopreray, feedienn Sosemal of Aeciced i

Sedence, 120 BS1-Rnd,

FBavimin, Ak 19700, Calfosofrschin ap. infesting stored pulse grain legumes in [ndin and conparative

study o thear binlopy, fadican Sl e Eatomafome, 32 3032310,

Raja. NoAdbent 8. & Tgnacimuthu, S (20000, F et of solvent vesidues ol Firey e and ©iesagi
fisinfa on pulse beetle, Caflovohachns mavedans Fah, and its Taeval parasitod, S

veibasids (Timberlake ). fncfian Soonal of  Experimentad Bieafonyy, 38, 200-292,
Sdommen, 001 Granivorous beetles, Resediofie Sowbiodiia, 323234,

saha, 5K Halder S K & Biswas, 5. (19950, Siave Fauwne Sevies 3 baune af West Bengad, Zoofouical

Sirvey of feefin, O, 1= 31

saind, R 1990 Suever and Surveillance in fnveet-Pesis Managemend. In, Mamia! of Advanced
Froniveiine Ot o Diveet Poxg Muvagemens [CAR Centre of Advance Studies, CCS Harivana

Agriculivral Lniversity. Hisar, Harrvana, India.

Sanena, Soo& Saxena. Ro(1997), Owipusitar appunsies in feesins doasilis i Hyvmenoplen

Pleeoimalicdie b #rssion Futomadosiood Sesend, G, TR0

suuthgate, Bl c1978). The importance of the Bruchidae as [resls of gram legnmes, their distribution
ancd contral. In Singh. S R Vao Finden, 1LE & Tavlor, AT, §Lds ), Fesie af Cragn Lepumes

Feadigne aned Conirod (pp. 21922200, London: Academic Pross,

southgate, B {1982 The importanee of broclids (¢l - Bruchidae) o= pests of pigeon pea [ Cagernmes
carfersi ) fvopriced Gl Lewrvene Budleiin, 24212049

Slawislaw, Lo Flbiet I, &% Muorta, K R Compatibility: ol Aseefioacing with cntomophilic

nentttode, Serierseme fiflae (Flipjev in contrislling insect pests, Neem Newwlosger 12, 212070



PARASITOIDS OF INSECT PESTS OF STOHEELD PULSES |59

Vermi R (19007, Hosl habitat location and host location by Dinpeniy basalis, a parasite ol brochids of

stored lepumes. fidian Soivaal of Experinentol Sinfoge 28, Lu- 18,

Warni, OO0, (1984). Bruehid infestation of cowpea variety in the lield. fasect Seivnoe & Apgalicaioi 5

2H3-INO.

Wighiman, LA & Southgats B i 19s2y, Fee momphology, host and prabable repions ol arigi il the
hruchids (Caleopier Bruchidact thay infest slared pulses-in wlentileation . Aew Foaleond

el af Expecinentol Agrivufiire, L9344

Sachiv, B 19300 Investzation on the morphology anel Bivdogy of e seed beetles feentribution w the

ko ledge of pests ol stored Berhin products). dves fichseanis I8, 233-254

Annex L. Agro-ceological Zones of India {(Arora, 1999)

MName of the Lones Name of the States of India

Central Zone (U4 Madhyva Pradesh. Mahavashir, Ciujaral, parls of Rajasthin,

Fmdelkhand region of Utar Pradesh

South Zone (540 Andhen Pradesh, Kamataka, Kerala, Tamil Mo and Chrissa

Mocth East Plin Zone Eastern part of Uar Pradesh. Bikar Tharkhand, West Beogal

(NP7 and parts ol Ass=um

Northern Bl Zone Ty & Kashimir, Hunachal Pradesh, hills of Uitac Pradesh,

NHZ) Silekim. hills of North Eastern Stales such as Assan. Plewhlavi,

Arunachal Pradesh, Nagalaod, Manipur and Miearam,
= 1

sorth West Plain Zone  Punjab. Haryuna, Delhi and parts of Rajasthan

i WP
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Annex 2. Indian, common and scientific name of stored pulses including the physical

characters

Inddian

Mung or

HHKMIE
LIl o Ul

b lvesan oo

C bt madn

Chola o Chana

oo ar

ARSI
Rerishon metor
o chota motm

Arhiar

|.osbvigr on
SHIREARS

Thaleri or mash
IET

Wlisonr

Foulastha or

kulihi kalai

heloth or hin

THLIEE

Hapzsh ar

[ rench hean

Soved bBean

Name of the pulse

English

Loregy eram

ar Mungheon

Black gram

Caritss i

Bengil priom

o chiclkpaa

I
Fichl pes ar

sinall pen

BEod gram or

[ po
Lo s
thlnek -cyad)

Black gram

[.entil

Horse grinm

Patl b

Kichney bean

Sy hsin

seientilic

iz eoefienter Linn.

Foommma Linn,

Ciantfrvees safivas L

Clicer qredtinam L.

Piviern weiifvimy |,

Horvenae L

Caafainnes oo

Mlalspe.

il Walp

I e vl iies

Loy cwondeniin

Melocneh.

Fdealivens Diflers

o,

. |’|'|"|’.|_|r_|:|r|l._|l.{'_llr_|.|:r lack,

Miseafns videaels
L.

Cofvedme sery M,

Colour

Ciracn

Blue green
s
Cirayish

brosen

[Frivan

e
el
Carcanish
NTR T
Brownish
ri
Cream

v [t
Aauber
b

gl
Frronacn

TG

Light

lrcnsn

Lizht

[rroven

Tan hrivwn

Yol

Shape
Lo lndrieal

v lmdrical

Irregular
Oihlong
Eoownd
o
Henngl
Koidney
Cwlindrical

Foesand la

Kichivey [Tan
v limdrieal
Fidney

Foowmad 11l

Texture

Cilonssy

Bough

Fomgh

Hamgly

Faongzh

Famigh

Cilossy

Fusgzh

Rough

Eumgzh

Crlowsy

Cilivssy

Crlonssy

Cilorsy
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Annex 3. District wise distribution of the pests of stored pulses

Name of the Name of the districts
Name of the pulses pest specics Conch Uttar
Jalpaivuri Darjecline
) Behar paipuri arjecling v
{ : CRReR TN P M . —
L.
e M M M- M+
Ve radiat Falar,
Linn Candiv Fabr M i M- R
Sivepliifis sp I T MR I
e
cephatonica T NI 934 NR
Staind,
O chinensis b+ M I+ %=
; Sitopdeifio sp. T T NR NR
Ciser arictinum . L.
S i NR NR AR
cepafonica
) O cendenfis b A —— M R
Foominonee mmnone L
O cfineansis hl++ LSRR W+
Fomnmneo sifvesiries O onalis N+ h—+ W+ NA
' O el iy M-+ M M+ M+
) Coolinensiy — Mi o Ml +- el —
Lathvrus saimus L, )
s M3 R MR “H
O edifResingy h% W+ T A
Sifopadifion sp. L F MR NR
Posym sgriviny L. %
Lo pisaenn T M T R
; Stvepleifios sp T T NE ~R
ERY Ol Ik
O chenensis M— - M= M by
; CL edifneny L5 LB I M-
Viona cariang Walp.
O analis Mo | [ NE
Dradicos hifloris i ; s
O efiinerisiy M= h%| MR ~NE

Faxh,
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Annex 3 (Continued)

. Mame of the districts
MName of the

Mame of the pulses ; Cooch Littar
pest species y Jalpaizuri Iharjeelng b o
Biehar : Dinajpur
Crfveine o Merr, Bruchid egges T T T MR
Pleseofos vidfearedel i
(R RIS e hid Cury | M NE MR
P TN Ml Nl - T M
Catfatmin cafein o anieilin T WIH M S
Walsp, O miceendfoiin bl M MR NE
Siropiiing s | T NI NI
Froawm amvenive | C0 piserum I 1l | R
Fionaer cieeiildifoalic :
I HI i € efiindy (SN W NRE [
I,
Pladicen fade fah s ; ; &
RS O chiinensis | | MR MR
Fuoxh
[ Presence ol eges on the seeds ol stored pulses. M1 Maximum egye on seeds
{abowve 25%0)
M b = Moderate cag on seeds (10-2) h = Mintmum egg on seeds (4-9%)
T = Trace epg on sceds (below 5% ) NI = Noegg on sceds

Annex 4. The district wise oceurrence of parasitoids and their hosts

; ; o MName of the host Name of the Stored Dristrict wise
Madural cnemics/parasitoids

insect pulse distribution
¥ ' i 3 L o 4 - .
Firrcoranies vireadiaio O oehimenaiy Linn, Vierar suinern Coochbehar,
CTimberlake) & o lalpaiguri
CHymenapters s Preromalidac) O ieadis Fabr Fomtgosifvesteivs

Coochbehar,

Linerrinsss). Comgenfaiis Fabr, e _ lalpaiguri
- . i - L onmis corfon e
(Hymenoplern - Pleromahidac) € efidnensiv Linon, Darjeeling,

Litar Dinajpur

Cervoceploa dinoderd (Gabany 2 : ;
. Sieeafiifis Vi virdienin Coochbehar
iHvmeneptera : Pteramalicae)
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Annex 4. (Continued)

) o g7 Sonme of the host
Matural enemics/parasiioids ]
mseet

Bracansi. € coplicfiiioa

o e nopler Bracenidue) Stoant,

{vesiter mideriil AN o
‘ ¢ chinensiy Linn,
iy menoplern .
: . € ernitin Fuhr,
[richogrmmitidie

San ol the Stored hstrict wise

milse distribution
I

Vg erefigstin Coochbelhar

oo hibe b
Citeen gram & ;

Jalpiguri
[Flack gram

Fioae vaalichie,
ot s o

P s sl vesiiies

Annex 5. Cheek list of hymenoplerans parasitoids of stored pulses in different agro-

ecological zones of India

PFarasitoid / Systematlic Haost

posilion

Larval-pupal

celoparasitod -

Lone ol

References

acenrrence

Dy vagahiiidis Callosabnie s LM hlani (19397, Chanerg

i Timherliked chiinenvis RN b i1y, Db (1997,

Family + Preramalidac £ enerlis o Boucek of of, 19781 Mam

Sub-lam  Pleromalinae O miercifenies Oy { 19847, Raja ef ol (20000,

it Sletaponin Cilwesal o ad (20030

£ worertfaiers hasn Cerbldenecding | KA e s Misen 196G 2
s et d Dylvir 19770, Boneck ef ol

R o {197 R Mami LUEY )

£ dadiveps CAslimead) Maic MEPZ ani (19391, Pruthi and

MO Mani (19407 Boucek et al.

Hvied

1978y, Guptied ol (1997
Mlani LR
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Annex 5 (Continued)

Parasitoid / Svstematic
position

Sty DWW alloery
(aief
B3 vodeman? (O rw bord)

hict

1 Bvadi (Rondan)
Sk

Anissaperanifus
cofirndre [Howanl)
Family : Peremalicdie

Sube-Cam  Pleromalinge

Lol
ddistineenedis (Forster)
Fanmily - Preromalidae

b= s PMeromalinge

Cervceplda e
sabin

Fiom = Pleramalidie
sub-Lam s Cerocephaling
Trabe s Cerocephalinin
Fgg parasitoi d ;
Uavana (= Chaeloniriog)
e riEE (M ani)

Fam s Trichogrmmmatidae
Sub-lam
Trichagramoinae
Trile ;

Trichogrammatini

Hust Fone of

aceurrence

fhief [ R B
Fhied MW
[ S B
ol
Fhit
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Annex 0. Fourteen species of legume seeds
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Annex 7. Insect pests of stored pulse

T

e

Cienin weevil, Siropfiifas sp.

Cirain moth, Cereyra ceplralonica Stunton
i Coleaplera  Curculionidas |

i Lepidepter: Galleridae )

R Noor beetle, Tribefinm sp.
S Tenchrioadas

Pulse bectle, Calfosobracius chinem:
s Bruchidae) i Colenplera

{Coleopler:

LA

Carftosobracfins aadis ok

Fea hupey weevil, Caffosobrachs piserum Linn.
1 Bruchdae )

iColeoptera - Braclidiae ) i oleop
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PARASITOIDS OF INSECT PESTS OF STORED PLILSES

Annex 8. Parasitoids ol insect pests of stored pulses

Larval pansitond of grain weth.
Rracan &
|[I-Iymcuuptura:lcimcumunni{lac:l?-ra:unind'

P pp-parasiioid of pulse rovtle.
s makerfif | ¥ani
Joideas Trichogrammatidac)

(Hymenspiera:Chal

ctoparasited ol pikse bewtlz,

Larval-pupal ¢
Diaemees viegatndig i Tomberlake)
{1yme aoprera:Chaleidoidea:Ple romalidac)

Larvl-parasiiogl of grain wecyil
{erovepldic divoderi Cinhin
1Hynmmptera:ﬂlmlciduiduu:l"rermunli(lxe}



SAARC A of i 30 0T N NI

PRODUCTIVITY AND PROFITABILITY OF SPRING RICT (Oryzir
sativa 1) -BASED SEQUENTIAL CROPPING UNDER RAINFED
CONDITION IN MID-HILLS OF N-W HIMALAYAS

VED PRAKASIT, SUBHASH CI TANDRA! AND A K SRIVASTYAS

ABSTRACT

A field evperiment was cemdicied af fopecimeniad Farm, Hlaowertirarehy,
VEEAS Almora on o sande-loam soil from 1995 1o JOOY o
dotermine the productivite and profitabilite of diffevent spring rice

Beved coop segrences. Spepng vice fhvvza saliva f.) - fenfil (fens
codinaris medibus) - capsicmn (Capsicnm annon) - gavdenped,
(Pisam sativin L sequence vecorded the highest vice vipeivalent
vield (4703 ha), gross veturn (R, 249115 hal net velns fils.
A8 1205 ) and benefit - cost ratio (2311 Spring rice-lentil-toinato
(Lycopersicion exculeniunr Miller nonr cons.y - earilen poa anked
soconied G derms el pross sehin (R i LX), ned reteen G
{760 ) and BoC eaiio (230 Traditionad crepping sequence
fepritie rico-wheal- (fritican crestivenm Ao emend ol & Paol) -
[riger wmitlet fEfsine corecana (L) Guerinf Sulfow prdiiced (e
fowest vice eguivident vield (.66 dal, gross et il 30,370 Wy,
et e (e 4030w and B0 O raiio (108 The spring rice -
lemiil-capsicum-zardenpea sequence also proved mosi efficient in
fermns of hotl produciion and ceonemic efficiency.

Key Words ¢ Spring rice-based cropping systems, Rice Yield cquivalents,

Ciross returns Net returns, Land use elficieney,

Production eflicieney, Econamic elficieney,

P o Sereutist [Agronomy ), Yivekanmda Paveativa Krishi Arsandiae Sl (AR L Ahmore-2eio0 ]
(L tarmmchaly, Indin
ead, Divisaon ol Crap Preducion, Yivekananda Pasvativa Krishn Ancsanidban Sansthen C0 AT Almor-26500]

(Ltrsnckaly, hisha

e pecaivedt an 1 0R 2005 )
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INTRODUCTION

Ttensification of cropping segquence is essential il the demand ol Tood. lhre
and vewetables with increasing human population, corresponding 1o the need m the arca,
Now-i-davs in the croppimg systems pulses, oilseeds and veoetables are receving mere
allertion, owing o their increased demand o turn fetching higher market prices,
Inelusion of these erops in a sequence improves the profitability of the croppiog system
¢Tomar and Tiwark, 1990: Gangwar and Katival. 2001 In Utharanchal hills, under rainted
conditions, spring rice (March - Sept) - whaat (Ot - Mayh - finger nullet (May - Oct) -
fllow (Nov, -Feboy is the predominant 2 years cropping sysiem {Table 1) The total
productivity and profitability per unil area and time of this scquence is quite Tow due Lo

poor vicld and low prices of the component crops.

The azro-climatic condition ol the region is such that cortain vesclables like tonmale
and capsicum can be prown even under rainled conditions, provided some amount of
water is available Tor their seedling establishiment. Theretore, i was thought appropriate,
1o evaluate difTerent spring rice-based crop seguences invelving pulses and vegetables for
thetr productivity and profitability, ander rainfed conditions in mid-hills of N-W

Himaliyas,

MATERIALS AND METHODS

The leld study was conducted during [994-83 1o 190798 at experimental farm,
Hawalbagh of Vivekananda Parvaliya Krishi Anusandhan Sansthan, Almora Jocated al
207 3 N latitude and 797 40¢ 1 Jongitude with an altitude ol 1230 m above mean sea
lovel. The soil of the cxperimental site was sandy loam in texture. neutral in reaction. low
i available N mediom in oavailable Poand KO Treatments comprised 8 cropping
sequences, iz, Spring riee - wheat - [nger millet {Local) - fallow: Spring ree-wheat -
neer millet (VI Mandua 204) - toria: Spring vice - wheial - capsien pardenpea:
Spring rice - wheat - lomato - vardenpea; Spring rice - gram - lomale - eardenpen: Spring
Fice - pram - capsicum - gardenpea; Spring rice - lentil - tono gardenpea and spring
vice - lentil - capsicum - gardenpea were evaluated i randomized block design wath 3

rephications ( Table Ty
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spring rice and finger millet, 60:30:20 in wheat, 20:40:20 in lentil, 20:60:40 m grom
and  cardenpen. 30:30:20 in toria and TOO:S0:500 0 200 FY Kba in tomato and
capsicum. The recommended varieties e, "L Dhan 206" in spring rice, 'Local” and
W1 Mandua 204 in fnger miller, 'VL Gebun 616" in wheat. 'L Masoor 4" in lentil.
T in foria, 'V 86 in gram, V9 matar 1o gardenpen Sioux' in lomate and
‘California wonder' in capsicum were used. Spring riee, finger millel wheal and tor
were planted in March end. June [t tortnight, Oretober beginning and 2 Tortnizht of
Septembuer, respectively whereas lentil, gram and gardenpea {dual purpose grown for

ereen pods) were planted in 2nd fortnight of October

Twenty-five days old seedlings of omate and capsicum were tansplanted m May,
Crops included in different sequences were raised with recommended package of
practices.  The vields ol all crops were converted into rice equivalent on price basis,
Land vse efficiency (%) was calenlated dividing the total duration ol crop sequences
by 730 {as all the seguences were ol 2 years durationy. Production cilicieney
(kehaiday) was caleulated by dividing the total rice cquivalen vield with total
duration of the sequence and cconomic eificiency (Retha/day) was worked out usimg
net retums divided by total duration ol scquence {Singh and Verma, [99R1 The
wemperature and raimfall recorded during the period of investigation is presented i

leure. 1.
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Rice ecquivalent vield:
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ttern during the course of study

DISCUSSION

The highest total rice cquivalent vield was obtained under spring rice - lent!
capsicum-gardenpea sequence (47.03 tha), which was al par with spring rice-gram-
c:el[h.nlL'a:'n-;m'aicnpv;a {46.23 1Yha), spring rice-gram-1omato-gardenpea (43,60 tha) and
spring rice-lentil-tomato-gardenpea (44,93 tha). However, these vields were si ienificantly
higher than rest of sequential cropping in test (Table 31, Traditional Cropping sequence
tspring ncg-wheat-finger mille-Lallow) recorded the lowest rice equivalent vield (6.66
thal which however was at par with spring rice - wheat - tinger millet - toria sequence
(875 tha) All the cropping systems involving vegetables were found significantly

siperior as compared o only cercals consisting

o higher vield of vegetables, coupled with

crops 199507 and 199799 ¢ shown in rable

of sequential eropping. It was mainly due
therr higher prices. Yields ol components

| and 2.
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Land use and production efficiency:

The highest Land Use Efliciency (LUE] was recorded in spring rice wheal-capsicum-
pardenpen sequence {84.8%), which eceupicd the field [or masimum number of days
i 149y, while 11 waos e lowest (67.5%) in spring rice-wheal-linger i llet-lablow
teaditional sequence, wherein field remained oceupicd for 495 days onlv. In other

sequences, the LUE vared from 7.7 - %34 per cent { Table 3).

Yonctary returns:

lnchusion of pulses and vegetables i cropping sequence enhanced the gross and et
returns significantly over traditiona] sequential cropping. Spring rice-lentil-capsicum-
cardenpea gave the highest gross (Rso 249015 ha) as well as net returns (Rs.
| 4% 120/, which were statistically at par with spring rice-lentil-tomato-garden pea.
SPring riee-aram capsicum-gardenpea and Spring rice-gram-lomato-gardenpea crop
sequences (Table 4. However, these returns were signilicantly higher than rest ol the
CTOPPINGE seguenees, Sprng vice-wheat-tomato-gardenpea seguence recorded stonificantly
higher gross (Rs. 2,24.015ha) and nel veturn (Rs. 1.20L015:ba} than spring rice-wheat-
capsicum-gardenpea seguence. However, both the sequences were Tound significantly
superion Lo the praditional spring rice-wheat- finger millet-fallow sequence and spring
dee-wheat-finger millet -tora sequence. 1 might be duc o inclusion of vesclables and
pulses in the sequence and their higher selling prices. Inclusion ol oilseed (loria) i the
traditional sequence, during Tallow perind (spring riee-wheal-linger millet-Tallow]
provided adiditional gross return (Rs. 10233 ha) and net return (Rs, 1.235ha). Inclusion
of Teaumes and vegetables together in the spring rice-hased croppimg system increased
the oross veturns by 246,10 - 34043 % and nel returns by 154.3 - 267.0 % aver the sprmg-
rice-wheat-lnger millet-fallow predonunant sequence under rainlid condition ol the

L.

Benefit : Cost ratio

Rotation invalving pulses and vegetables botl registered higher B:C ratio (2.44 1o
251y as compared 1o those involving either vegetables (1.91-2.15) or oilseed {1.89]) only
{Table 41, However, spring rice cntil-capsicum-garden pea and spring rice-lentil-tomale-
sardenpesn sequences recorded the highest 130 ratio {251} follonwed by spring nee-gram-
capsicum-garden pea (2.45). he lowest 13:C ratio was oblained under spring ree-wheut-

linaer millel-allow traditional sequence (.05
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Traditional sequential cropping {spring rice - wheat-finger millet-fallow) and
addition of toria to i during fallow period. had production elliciency 907 and 11599
kehasday,  respectively (Table 4) [ocorporation of high tonnage  crops like
tomatodcapsicumsdaardenpea in the traditional sequence conpled with their high marke
values recorded very high production efficiency ranging from 5245 - 6442 ke/hadday.
When wheat was replaced either by lentil or gram, it improved the production efficiency

Ly almost 8.0 kedhasday.

Thus. the results revealed that there is a scope 1o enhance the wial productivity and
profitability per unit area and e with the melusion of pulses Like lentil, gram and
vesctables like capsicum. tomato and gardenpen i the raditional cropping seguence
(spring rice-wheat-linger millet-Tallow ). under rainled conditions i mid-hills al” Martli-

Western Himadayvas,
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SPECIFIC AND GENERAL COMBINING ABILITY FOR YIELID
AMNDTURER DRY MATTER OF POTATO
(Nodanum ftuberosum 1y CROP

BALKUMALR

ABSTRACT

The varfances doe o general s specifie comhinine ability shenved
et pon-aedadinive compasient was predaminant and addiiive varianee
wers ol fitele verfiee fene the chaacters taber saenBoradon averize tilfver
weieht, foded vield, markerabic vield and per cent tiher dev maiter
GO A-perrend el aic-povend proweny corvelations were ol il
enonelt o be wsefid b peedicning mean performaince of the peogen,
Mevinmin vailues of miid povessi- progeny v (4040 and GUA-perrens
fr— L6207 corvelations werve found for averaee tuber weielt. MSAS2-
s Nufed Ashede, JEST2 e Kufed Pualifivad were founed G e
important general combiners for vield, These parents also possessed
wood seicral comhaning obifing for vield comivibuding charaeters ke
fher ppmber andior averaee eber welsdi, ERAC 899 0 CF 2383,
Kufri dvori 7 CP 2383, CP 32604 7 Kufid Pulfrai, CP 2359 7 Kufvi
Pukbfiray and OF 3204 7 CP 2368 cross popidutions were the bos
Based on Hheir per se pecformance and specific combBining abiling
cifects, These crosses hold promise Jor scleotion of outsianding

fnvcheddds for vaieing 80-davs crope,

Key Words @ Sodannm tishevosion £, Combining abilivy, Barly bulking,

Glh-clays crop, vicll, Tuber number, Average tuber weight,
Per cent dry matier

S SeenbstGenetics and Cvtemenetios, Central Patata Bescareh Stanion, Past ez Moo L Wodel T

P Balane e Pl G003, Tnadia
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INTRODUCTION

For Tarther inerease inoarea under potato (Solanwm feberosim Loy and bener
campetition of the crop in intensive agriculture, in addition to medium and long duration
variclies. short duration vaneties are required o be developed (Sheldiawat, 14y,
Advantages ol such short duration varieties are multiple. Potato in the Indian plains is
senerally harvested at about 90-110 days alier planting. 1t can, however, be harvested al
any time aler about 60 days of planting, Very early bulking varieties piving vield ol
aboul 20-23 wmmes‘ha in 60 days can be sandwiched betwecn the crops in dillerent
farming systems without limiting the biodiversity of associated crops (Shekhawat et al.,
[29 Such wvaretics can allow taking rce-polato-wheal as scquential crops. Short
duratiom variety can enable the farmers to take the potata crop anviime for two months
during September 1o May resulting in stasoered potato production which can solve 1o
some extent the problem of glutstorage. Knowledge ol combiming ability 15 unportant Tor
planning hybridization Tor the breeding programmes. Most of the studies on combining
ability in pofato were carried out on crop ol 90 or more than 90 davs duration. The
information on combining ability in 60-davs crop is lacking. Keeping in view the
impertance of short duration varicties, present study was undertaken to estimale
combinmg ability of 21 parents and ther crosses for 3 economic characlers in 6l-days

Crop.

MATERIALS AND METHODS

Pawventy-one polalo genotypes representing advance generaion clones, sermplasm
accessions, and exotic and ndian varictics were used as parents, OF these, 15 genolypes
(U1 2023, CP 2287, CP 2359, CP 3142, CP 3165, CF 3204, kufri Ashoka, Kufri Jyvoti.
ERAT w0 JE B12, IW 160, 1% 115, JX 455, 1% 712 and MS/AE2-038) were used as
female parents (lines) and 6 (CP 1704, C1 2366, CP 2383, Kuln Pukhraj. MSAR2-797 and
EXAA BRO-T0) were used as male parents {testers). All the lines were crossed o cach of
the testers w produce true seeds during summer 1996 o Central Potato Rescarch Station.
kol (317 08, 777 181, 2530m amsl), Seedlings and subsequent clonal generations
were raised al Central potato Research Station, Jalandhar (317 02'N 757 D2 257m
sl Seedlings were raised in the Tast week of September 1996, A1 harvest three wbers

et =cedling for cach of the 24 randomly selected senolypes por progeny were relained 1o
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form three replications of Nirst clonal gencration. The sanmw procedure was applicd 1o
form material for second. third and Towrth elonal penerations. The 90 progenies were
evaluated in the ficld for two successive wenerations 1.e. Third Clonal Generation (TCG)
and Fourth Clonal Generation {FCG) during the autumn crop scasons of 1999-2000) il
00022001, Trials in these two clonal generations were laid in Randomised Block Desigo
with a plot size ol 2,88 square melres comprising 2 rows planted al mtea and mter row
spacings of 20 and 60 cm, respectively, The recotmmended agronomic priactices were
followed, The crop was harvested 60 days alter planting, Obscrvations wer recorded on
wher numbersplot, average wber weight (gh total wber yiclklplot fkgl. marketable taber

vield/plot (lg) and per cent dry matter,

Combining ability analysis was done based on Kempthorne (19571 A fixed cllects
mode! was used o test the significance of combining ability ellects, Homogencity ol

erron varianee was tested by two-tatled F-test,

RESULTS AND ITHSCLUSSION

Careying oul combining ability study over senerations is very mportant {Browin ol
al, 1987 Gopal et al., 1992), Keeping this mview, progenics were eviluated over two
(TCG and FOGH generations e the present study 1o get an unbiased estimate ol

combining ablity effects,

Pooled analysis of varance showed that the generalion mean sgquares were
stanificant for average tuber weight, tuber ne. marketable vield and total vield bul non
significant for per cent dry matter (Table T} Replication mean square was not signilicant
far all the 5 characters indicating that these characters were not influenced by shight
change in the envirenment. Combining ability differences due to parents and Temale =
male interaction were significant for all the 5 characters, The estimate due o female =
generation, male x generation, female > male ¥ generalion inleraclions wene non
stenificant Tor all the traits, These findings are i agreement to those of Tai {1976 who
reported that interaction ol General Combining Ability (GCAL and Specilic Combining

Ability (SCA) with vears were in geoeral non-significant.
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Fable 1 Analysis of variance for combining ability

Sourey .1 Mean sguare for
Tuber ne. Average  Marketable Tortal S Dy
fplod tuhwer vield vield meadler
wiighi sl ) [ RIGH Y

Creneralions I [407.3]%% A0 .50 Pt HER
Beplications 4 33.07 R i .27 (.29
within penerilions
[ermmales [ LTS 300 [ 2yt i 20 TGS | 5 A
Wl les 3 [ a5 24 5% Rt eI R A T 21 AR
Fentle x male ) FITE [ |7 ng=s N A BnEE R A
Female |-l L7062 [41.1p2 .12 IR 1,055

M OIS TRTH

Males A [l (e [ e (FRIE 0

aenerilion

Fomale = male 7 242 72 12745 RN (B8 R
oo 350 203,495 1341 0.3 05 18
e

S sizmlicant an 3% oand P level respeetively,

The estimates of asca were of much higher magnitude than a eca for all the 3
characters (Table 2) revealing therehy the predominance of non-additive gene action for
these characters. The proportion of o’gea o ol genelic varianee was, however,
comparatively beter Tor tber numberiplot and average wber welnht compared 1o other
three characters. O estimale ol SCA variance Tor tabel dry matter confirmed  the
previous Nndings {Gaor et al, 1985, 1993 Kumar and g, 20013 Importance of non-
additive pene action for wher number. was in agreement with the carlicr Iindings (Graur e
al 1993 Gopal and Minocha, 1998 Fai, 19760 However GOA was reported e
impartant than SCA Tor taber number, by some workers {Gaur el al., 1983} The estimate
of SCA wariance for yiell and averase tuber welght i the preseot study confirmed the
lindines o other workers (Kumar and Rang, 2000 Plaisted ot al. 19620 Plasied o al.
(902 ) stated that large expression of SCA varance may be a chavacteristic of welraploid
potatoes, Dellaert and Swicsynski (1989, however, argued that the mnpertance of SCA
clleets relative w GOA elfeets seems o depend on character studied, the kind of material

and cventually the environmental conditions.



SPLCTFRC AMD GRS FRAL COMBINPSG ABILITY POV IELD AND TUBER DIRY MATTER OF POTAT L

.l
s

Table 2. Fstimates of variance compaonents pooled over third and fourth clonal

generations

Estinmtes Tuber no. Averape Muarketable Fotal vicld %a Dy

fplot tuber yichd (kaplot) matler
weighi i kefplot)
o geal lemales) 240090 0.K3 0.iwd 1,7 ih23
ﬁ'ig*,r:n,nl:LIu:x:l RInA i .04 [hi)3 ol
Fpcaipooled 16625 481 (103 IXIRE 197
s 47200 75071 0707 (1.TRS 1,253
pead lemales) 101 SRR Bt (PRI SRI 11,00

thlltl'lllli]llﬁ
aopcatmalest <126 113 RIS {1, 0H (1.0
K f_"_i.fl'li_'l'é'll.i'i""ll.\'
TR 12.92 (1.22 A0 10,00} 105
KQCILE1'IIll{1IlH
o e’ (0. 260) 0155 (L4133 110k 0136

[ R T B

Predication of progeny performance Trom the relation of parents and progeny can be
mmportant. Such relations were studicd by computing nmud parent-progeny and GUA
parent correlations, Mid parent-progeny correlations (r— (LT85 1o 00404 ) were significant
(<0057 for all characters except marketable yicld {Table 33 GCA-parent correlations(r
(1357 to 0.620) were significant only for two characters viz. tber number and average
tuher weight, Maximunon values of mid parent- progeny (r— ) and GOA-parent (v
0.6200 correlations were found for average tuber weight, This mdicates 1the vselulness ol
penotypes with good average tuber weight ot 60-days harvest. These correlations,
however, woere nol high enongh to be uselul in predicting mean performance ol the
progeny, 1 owas expected because non-additive gene action was of much higher
magnitude than the additive one (Table 23 These Jindings are in conformity with carlier

reports (Gopal, 1998 Kumar and Kang. 200,
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Table 3. Mid parent-progeny and GCA-parent correlations for various characters

Character Caorrelation
Mid parent -progens GOA -parent
Tuber pumber(per plon .243% [1.57gws
Average wber weiph (4] Udd== O.a20*
Toral vield (koiplot) 0230 0 in7
Marketable vield (kg/plot) T o (1357
Per cont dry maner N3l6e" 3435

£ sigmificant al M and Y level, respectively.

The parems used in this study are frequemly mvolved in various potate breeding
programmes - India. The mformation about the general combining ability effects is
theretore of interest to potato breeders. For specifically knowing the combining ability of
the parents, a fised effeet model was used considering the sets of parents s a compleie
population, MS/82-638. Kulri Ashoka, JE 812 and Kulri Pukhray possessed very good
general combining ability both Tor total and marketable tuber vield (Table 4). Among
these culture MSR2-638 and Kulri Ashoka were verv enod general combiners for tuber
number while JE 812 was very good general combiners for average tuber weisht, Kufn
Pukhra) was the only parent with good general combining ability for both the major vield
contributing traits, tuber number and average tber weight. JE 812, CP 3142, MS'82-797
and CP2366 were very goad general combiners for average wber wei ght. Imporant good
general combiners for wber number were Kufii Ashoka, JW 160, MS/82-638 and EX/A
o80-16. Gaur et al. {1983, 1985} reported EX A 680-16 us okl peneral combiner for
tuber vield and average tuber weight under normal (90 days) harvest conditions.
However. our results showed that for a 60 dav crop (a very carly harvest crop). it was a
poor general combiner for yield and average uber weight and good weneral combiner for

tuber number. Our earlier study in a 73 dav crop. revealed EXAA 680-16 to be average
general combiner for yield; poor general combiner for average wber weisht and zood
general combmer for wber number (Kumar and Kang, 20013, CP 3142, Kufri Jyou. JE
RI2and EX A 680-16 were important good general combiners for per cent dry matter. In

general. good general combiners for dry matter were average o poor general combiners
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for vield However, JE 812 and CP 2366 were good general combiners both for vield and
per cent drv matter. Six males used in the present study represented one released Indian
cultivar, three exotic Tuberoswm genotypes, one Andigena genotype and one advance

generation breeding clone. The results based on these should be reliable enough.

Significant positive as well as negative SCA effects indicated that progenies were
significantly worse or better than was expected on the basis ol GCA of the parents. The
number of crosses with signilficant positive SCA effects for per cent dry matter, tuber no.
average tuber weight, twtal yield and marketable vield were 320 310 28, 34 and 32,
respectively. Many crosses had significant heterosis. Most of the crosses involving EX-A
O8U-16 as one of the parent had positive heterosis for wber vield, whereas those with CF
1704 had in general negative heterosis for tuber vield. Maxinum heterosis over mid-
parent value in desited direction was 84.837%0 in cross CP 2359 X EX‘A 680-16. The
correlation coefficients of specific combining ability with progeny performance and
heterosis over mid-parent value were high (70,8394 and r=0.6340. respectively) for total
vield. Based on per se performance and specific combining ability effects top 5 promising
crosses for various characters are mentioned in Table 5. Most of these crosses also had
positive heterosis, Top 10 cross combinations tor tuber number and per cent dry matter
involved atleast one good general combiner for the respective tranl. However. top 1O ¢ross
combinations for total vield, marketable vield and average fuber weight imvolved either
atleast one good general combiner or both average general combiners for the respective
trait, On the basis of mean performance crosses EB/C 899 7 O 2383, Kutri ot " CP
2383 and CP 2359 ° Kufri Pukbraj provided considerable scope Tor selecting genotypes
with high vield and moderately high dry matter. These cross combinations had positive

SC A effects for tuber yield.

[he results of the present study shows that <election of parents based on their per s¢
performance is not cffective. Parents can be selected on the basis of their general
combining ability. Breeding programme can take account of large non-additive zene
action by progeny testing {Brown et al., 19871 Progeny test can belp to idenuty valuable

crosses betore the build up of a larger population based on selected crosses.
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Table 4. Estimates of general combining ability {(GOA) effects
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Table 5. Promising cross combinations for various characters

Character Cross SOA o se Wid - parent

combination performance heterosis ()
Tulier ne {per 1Lutrt Ashola SR.A6MY 26283 07 hEE
ot} T 2353
opaaod CP 554 % 23767 SR
230h
[ulvi Ashoka [4 L5 23507 BOL320e

EXIA BRI -6

P 2359 Ko HEADk* 228533 | 7600
Pulchraj
MEH2 -638 22 A% 22067 | 760
CP 1704

Average tuber 12X 455 11 12%* 2343 I LgEE

BASIRR -TOT

weizhlig) JE 812 33E% 2110 (.64
WSR2 TUT
(P 2359 fan®* 2065 2.n
MSR2-TYT

CPales CP BN 5020 e
1704
Kulei Jyoui CP [ T 47 98 HlLGE®
2306
Fotal vicld ER/iC &e CP 2.19%# 547 IR A0EE
Clyipdon) 7383
Foulri Jvoti CF Qe 5.30 R o
23R3
Pz Kulb 1.0nts .07 2
Pulchra
CP2350 Kulr 0 By LR BB R

Fukhraj
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Table 5. (Continued)

Character

hlarketa ble

vield

leziplony

Por caent

dry maatler

*

Cross
combination

P a2od Cp
200

Kulii Jyoti - CP
RETA

{8 B 1Y I I
1EHG

CP23539 Kufn
Pukhraj

P34z

EX:A GED -6
MY 712 CF
2366

O 320
WSSRE-T0T
CP2023 Cp
2383

Kulri Jvoti

EX:A 6RO -16

SCA per se
] perlformuance

1:22¥H #.00
AR LRIV
i Pk L
1.0 ** 1.63
[.37%® s
pictld [h,57
P 16,57
E3 o I, 13
4,370 L6008

S stmificant ol 5% and 1% level, respectively.
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WHEAT PRODUCTIVITY AT DIFFERENT SOWING DATES IN
VARIOUS AGROCLIMATIC ZONES OF INDIA

S ¢ TRIPATIHI!, AL D MONGIA', RLK SHARMA, AL S, KHARUB' AND R, 8. CHHOKAR'

ABSTRACT

The vield daia of 28 locations of AN India Coordinated Wheat
Improvemeni Project's agronontic (vial on dates of sowing ¥ varieties
were compiled wnder early, novmal, Taie and very afe sown
conditfons  from  JY70-71 o [9US-RY Means  aoross il
focationsizones and vears showed that maximun grain vield way
obtained by sormal sowing (394 ghal. Delaved wheat sowing. from
newmad 1o faie and faie to very daie condition, resalied inoreduenion of
erabn vield @ 268 and 44.2 kgdhaddav or 155 and 265 T
respectively, Even early wheat sowing decregsed the grain vield by
ahont 4 % comparved to vormal sowiig Among e zewien, NP aned
C7 recorded afmost sinilar vield followed by NEPZ Delaving wheal
senviingr (normal to lafe) resulted in decrease i wield by 155 320,
276, 329 and 20,8 kudhadday ander NHZ NWPZL NEPZ CZ and A
respectively for timelv sown varicties, The corvesponding vield foss
was 7.6, P83 177 170 and 135 per cent. For late yown varieties,
defey i wheat sowing (laie o vere late) decreased the grain vieded b
42,7 44.8 516 and 44.2 kpthaiday or 22,8, 270 309 and 25.6 %
wnier NWPZE NEPZ, CF and P2, respeciivelw

Kev Words @ Wheat yield, sowing time, yield decline

Mrrectorate ol Whest Besearch, 13 No [5E, Karmale 132 G010 Tharyana, India,
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INTRODUCTION

Wheat (Trifferm aesinns Loy o1s the second most important crop alier rce and
occupies approximately 27 million beetare area with a production of 74,25 million mctrie
tonnes in Indias I is grown under dilTerent agroclimatic conditions having variable
productivity levels. Considering the environmental and technological adaptation, the
country 15 broadly divided m o 3 owheat erowine reglons vies, Nocthern Hill Zone
L and lashimir, Himachal Pradesh aned halls of Unae Pradeshe, SNorth Westeen 1lain
Jone (Pungab, Tarvana, Weastern Untar Pradesh and some parts of Rajasthan), North
Fastern Plun Zone (Fastern Uitar Pradesh, Bihar, West Beneal, Orissa and Eastern
states), Central Zene (Madbhva Pradesh, Guojrat, Southern Rajasthan and Bondel Khand
region of Utiar Pradeshy and Peninsular Zone (Maharashira and Karmataka), The growmg
period of wheat is variable from one agroclimatic zone 1o another that affect the
vegelitive and grain Alling duration leading to difforences o attainable yield, The
maximum wheal growing duration is m Northern T Zone and minimom i Penimsular
Aone. The delaved wheat sowing also squecres the growing duration leadime 1o vield
reduction. A detailed study by Jam (19930, reported that senetic gains have been slower
under late sown compared 1o nonmal sown rrigated wheat.

Farmers cenerally fake more than one crop in o vear 1o maximize their total
production ad prefits. In this process wheat crop is zenerally preceded by crops hike rice,
cotlon, sugarcane. maize, sorehum, potato, tori and pigeon pea ete. In this plethora of
cropping sequences, there are some crops like rice, cotlon, sugeane, polalo, loria,
precon pea that delays the wheat sowimg m dillerent parts ol the country, Wheat alter
polato 15 generally sown in the first week of January. Under lale and very late sown
conditlions, temperature 15 Tow at seedling establisliment stage and hot dry spell prevails
during grun Glling. There s acceleratedTorced maturity duc 1o high wemperature and:or
witter stress that reduces prain sae and weight, The quantum of decrease in wheat vield
due to late and very late sowing, in dilferen parts of the country on regtonal level, is not
well established. Ao elfort was made by Singh (1986} to compile the 1O vears data of
dates of sowing tral ol dilfferent zones, He reported thal vield decreased by early and late
sawing in clifferent zones, but he did not quantity the yickl dechoe per day under late and

very late sowing situations,
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MATERIALS AND METHODS

since the meepbion off All India Coordinated Wheat Improvement Praject. second
year entries of advanced varietal trial along with checks (ruling varietics ol the zone) are
being evaluated under different dates of sonwing across the countey at about 30 locations.
The dates ol sowing were carly, normal. Iate and very late, which varied for dilTerent
agrochmatic zones (Table 110 The experiment was condncted a1 28 locations (3 in N7, &
m NWPZ 5 NEPZ, 7 in CZ and 4 m PY) under two categories i.e. normal sown
citriesvaricties at three dates of sowing (carly, normal and lateh and late sown
entriessvaretics al two dates of sowing (late and very lateh The crop was grown
following recommended package of practices with respect 1o irrigation scheduling,
lectilizer application and weed contral measures. The location wise yield data, for dates
of sowing under reigated condition from 1970271 1o 199599 were compiled. Average
sield ofall entries and cheeks under carly. normal, late and very late sown conditions was
caleulated. For cach year, dillerence in sowing time Trom normal to late and lale to very
late was also worked out Tor every location. The average decline in vield o each location
and i cach zone from normal Lo Tate for thinely sown varnetiesientrics and Trom late 1o
very late [or late sown varieties/entries was calealated in kedhadday and as well as in per
cent. This was done by dividing dilTerence movield (normal 1o late and Tate o very late)
by number of days between two sowing dates. Standard error of mean (standard deviation
divided by square rool of number of vears) was caleulated Tor carly, normal, late and very

late soven conditions for cach location,

Lable 1. Date of wheat sowing in different agroclimatic zones of India

s rate of sowing
Farly Mormal Lante Yery Lare

. il 5 d I | _ 1
NI 137 0ct- 217 Oct 26" Oct-4th Nov 19" vov- 25" Now

e 1l i I, ol ih il it wpldl
MAVIMY 2% (her- 50 Mow 12 ™ow -3 M [0 Thec-T6 Dhe [ lan=7 lan

Fas .l _h o] [ th 1h w1 ]
MEPY R I T I L 12 Mov-l® MNow [ Thec-Io Dec |" hin-7 lin
iz R nl wdry I s it Sl il ool i
L 220 (el 280 Ol AoMov-l L Moy 26 MNov-2 0 Do 22 Dee-28 Dec

(i K I: | 1 | ul i I
PZ, 22 00-28" Oer 3 ' Mov-11" Ko 26 Nov 2™ Dee 17 Dee 237 Dee
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RESULTS AND IHMSCUSSION

Norihern Hill Zone

In Northern hill wone, three centors namely Almora, Palampur and Shimla were
ivolved in the conduct of cxperiment, On an average. the maximum grain yield was
recorded under early sowing (353 g/hay followed by normal sowing (348 g/ha). The
decling in vield, from normal o lale sowing, was 155 kg /hadday which turns out Lo be
T per cent (Table 210 A Almora (13 vears mean), the maximum yield (465 gfha) was
recorded when crop was sown belweon 151 and 2150 Ocober, Delay in sowing Trom
normal (261 Oct o dth Nov) to late (19-25th Novy deercased the grain vield e 170
kedhadday, A Palampur (mean ol 4 vears) the maximum yield was obtained m normal
sown (209 g/hay as compared 1o carly sown wheat (240 g'hay Smular trend was
ohserved al shimla also. To conclude. the maximmum attunable vield i this zone was at
Aldmora and the decline in wheat vield ranged Trom 140 10 17,6 ke/hadday by delayving

the wheal sowing bevond lrst week ol November.

Table 2. Zone and location wise vield deeline due to late and very late sowing of wheat

Laones el timely sowo varieties Average of late sown variclies
Melean vl
anid Melean yield (ahag Dclioe in vicld (fhay  Decline in vicld
Very
Laocations Years Earlv  MNermual  Lale  kedhadday ™0 Years Late  late kpfhadday %%
MILE
Al 15 dis SEI q1.2 (ERE T
slalow .3 [1.5 8.1
Sl 24 in 2
Ml il Leb AF Zo by REXY 4.7 .1l
el 4.1 22 ERY
=lm 2.3 1.1 2.8
Alnmnla g} B AL 3A 14,10 i
shehoy a4 [4.5
slm A B3
mein RN KEW il 15,5 1.4
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Continued Table 2
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Continued Table 2
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Continued Table 2
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North Western Plain Zone

In this zone, dates of sowing x varietics experiments were conducted al six centers
(Mew Delhi, Lodhiana, Hisar, Panmagar Durgapura and Seiganganagar) Gor timely and
late sonen varteties (Table 2 Average across the locations revealed that maximum vield,
for timely sown varielies, was recorded by normal sowing (453 géha) and delayed
sowing, Trom mid November to mid December, reduced erain vicld ao 32 kgdhadday (15,3
Bl Advancing the sowing, Trom mid November to first week of November or end of
October, also reduced grain yield by 7.5 %0 i this zone. For late sown entries/varictics,
the decline m arain vield was 42.7 kg/hadday or 228 % i the sowing was delayed Trom
mid December to st week of Tanoary, Among the various centers, the maximum decline
i wheat yield was al Durgapura (4125 kedhaddayd Tor timely sown varictics and at New
Drelhi (374 kedhadday)y o lale sown varietios. Average of 10 vears data Trom Lodhiana
showed that very Late sowing (15t week of January) reduces grain vield @0 50,7 ka/hadday
or 31 % compared 1o vield observed under late sowing condivien. For timely sown
entries/varieties the yvield declined by 24.4 per cent (382 kgfha‘day) when sowing was

delayed Trom mid Nevember 1o mid December. From the same place. in o stady of 7



1495 S0 TRIPATHI of wd.

dates of sowing. Dhillon and Chtiz Monasterio (19493 reported that vield of acstivom
wheal starts declinimg after 25th November and durum wheat afier 15th November
sowcane I this cone, the moest conducive reeion B wheal caltivation i India, the decline

21

i wheat vield ranged from 211 kgfhadday at Sriganganagar to 41.5 kgha‘day at

Prurgapura for tmely sown vareties,

The correspending per cent reduction was 107 10 244 %0 The extent of loss in grain
vicld Turther csealates to 288 to 574 kedhadday (162 to 31 %) as sowing was delaved
from mid December woomid Janwary. These findings collaborates the resalts of Hobbs
(19830 and Randhawa et al, (198 1), who were of the view that wheal sowing bevond
Movember reduces graim vield between 1 to 13 % per day. Generally, standard crror of
mean wits losver Tor nonnal seean varietics compared e lale sown genotypes. This was
due o the Tact that Tormer group of varietios was tested almost double the oumber of
vairs compared o Later one, Standard coror ol mean was ahmost similar Tor varous

locations, indicating the proper conduct of experiments across the locations and years,

North Eastern Plain Zone

Che data of cight centers namely Kanpur, Faizabad, Varanasi, Pusa, Ranchi,
Chiplima, Kalvani and Sabour were considerad for caleulating the decline in vield due 1o
late sowing (Table 20 Average across the locations and vears displayed a similar trend as
in the case of North Western Plain Zone, Maximum grain vield (377 g/ha) was recorded
when crop was sewn timely ces mid of November, Dach day delay in wheal sowing, (rom
mid Movember o mid December Tor imely sown varieties and Trom mid December to 151
week of January for late sown varieties. reduced grain vield by 276 and 448 ko/hasday,
respectively. On an average, this yicld reduction was |77 % under late sown and 271 %

under very late sown condilions,

The range of vield decline was Trom 127 1o 448 kedhadday Grom niad November to
mid Drecember and further delay escalites the vield loss by 2605 o 616 kedhadday at
various locations. Maxmmum yield decline for timely and late sown cntrics was al
Patzabad and Sabour, respectively, By comparing the average vield of NWPZ and NEPZ.
towas clear that Tormer zone produces 4.4, 2001 189 and 19.7 % higher grain vield
compared to latter under early, normal. Tate and very late sown conditions, respectively,

The corresponding absolute yield difference was 5.5, 7.6, 39 and 4.9 g/ha. This is the
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sone where maximum area s under late sown wheat compared o other zones.
Interestingly, under very late sown calegory, yiell decline ot the centers of Uttar Pradesh
and Bihar ranges from 348 o 42,6 kgfhaiday and [rom 474 1w 61.6 kghadday.
respectively. Randhawa et al., (1976) also reported that delayed sowing ol wheat bewvorud
November reduces arain vield by 30-30 kgiha'day. Srandard error of mean at all the
centers was lower under tmely sown varietics compared 1o late 20w genotypes. This
wis due o the availability of data for more number of years under former category than

fanter one.

Central Zone

In this zene. data of seven centers, vie. Udaipur, Powerkheda, Tndore Junagarh
Vijapur CGravalior and Bilaspur, representing, three stales {Rajasthan. Gujrat and Madbya
Pradeshi, were compiled for limely and late sown varieties { Table 231 Average across the
Jacations and vears revealed that maximim arain yield (440 gihal was observed under
normal sown condition (3-11th Nov), which was almost sinilar to the grain il
recorded in NWDPZ (45.3 g'hay Delaying wheat sowmg, [rom [rst week of November 1o
last week of November Tor timely sown varicties and from Jast week of November o last
week of December for ate sown varicties, redueed prain vield @ 329 and 51.0
Kkehadday, respectively. Cnoan average. this vield reduction was 17 % wneler late sown and
3009 % under very late sown conditions. In this zone, the decling in vield was simlar as
n case of NWPZ for timely sown varietics but almost 9 kehaiday more reduction in

vield for lote sown varieties, which was maximum compared to other zones,

For late sown entriesivaricties. the sharp decrease m vield in central zone can be
attributed Lo less crain Ging period and sharp imerease in temperature leading 1o foree
maturity of wheat crop. Lven advancement i wheal sowing (22nd -258th Oct) decreased
the grain yicld by @ %, The range of wicld decline was from 128 10 321 kofhadday by
delaving wheat sowing (rom normal o late and from 32.6 1o 39 .1 kpfhay/day by late 1o
very late sowing, Under very late sown situation. it is mteresting o note that all the
conters of this zone showed yield decline belween SO-60 kahadday except Bilaspor and
L daipur, Generally, people helieve that maximum wheat productivity could be realized
[rom centers Falling under NWPZ especially in Punjab. Whereas, average of 20 vears data

from Udaipur center, containing beavy soil with high Lertility. recorded grain yield ol



200 SOCUTRIPATIN e ol

T

54,550,426 and 3001 g/ha under carly, normal. late and very late sowing conditions.
which was 191, 195, 21.0 and 18.0 % higher, respectively compared 1o the wield
recorded at Ludhiana (mcan of 22 years), This showed hat sood sotl fertility and high
solar radiation could give maximum grain yield even with slightly shorter grain illing
periods. By comparing the average vield of CZ and NEPZ. it was clear thet former sone
produces 9.3, 167, 16.7 and 3.6 % higher grain vield compared o latter one under carly,
normal. late and very late sown conditions, respectively with corresponding yvield
difference ol 3.4, 6.3, 5.2 and 1.4 g/ha. Therefore, il can be said that Coentral Zone have
more yvield potential than North Fastern Plain Zone, which has very diverse and fragile
agro-ccosystem. Under all the calegorics of sowing, the standard error of mean was
comparable. The centers where number of vears are less, the standard error of mean wis

shightly higher,

Peninsular zone

I this zone. four centers i.e. Dharwad, Niphad. Pune and Akola were involved in the
conduct of trial {Table 2. Average across the locations and years recorded sialar grain
vicld under carly (354 géhay and normal (35.2 gihay sowing condition, Delaying wheat
sowing, from first week of November to last week of November for timely sown varielies
and Trom- Jast week of November to third week of December for Iate sown varietios.
reduced gram vield @ 21.8 and 37.8 kghadday, respectively, On an average, this vield
reduction was 14 % under late sown and 25,6 % under very fate sown conditions. Among

the centers under study, maximum vield reduction was observed at Dharwad {3605

Kgdhadday) for timely sown entrics and at Niphad (51.6 k eéhadday) for late sown entries,

The range of yicld decling was from (2.4 to 365 kedhadday by delaving wheal
sowing from normal o late and rom 23.0 10 31.6 kedhadday by late to very late situation.
Average vield of this zone under different eateeories was almost similar to the vield
recorded in North Eastern Plain Zone. By comparing the average vield of CZ and PZ, i1
wins very clear that this zone recorded almost 113, 200 16.8 and 3.8 % lower grain yield

under carly, normal, late and very late sowmg situations, respectiviely.
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CONCLUSION

All Indin averaee acress the zones revealed that maximum gram vield (394 g/ha)
was obtained by normal sewing . As wheat sowimg wis delaved lrom normal to late and
Late 1o very late condition, the gram vield reduction was o 268 and 442 kp/hadday,
respectively. This vield reduction was 155 and 26,5 % under late and very lale sown
conditions, respectively, Pven early wheat sowing decreased the grain yield by about 4 %

comparcd 1o normal sowing.
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STABILITY ANALYSIS OF EARLY MATURING SUGARCANE
(Saccharam hybrid spp.) GENOTYPES

REWATI RAMAN CHAUDHARY ' AND BAL KRISHNA JOSIE

ABSTRACT

Pheveloping crop cultivars that perforer well aeross o wide reaiige of
civironmental conditions fas fong been o major challenge. Eighi
carly susarcane senanpes were evaluated uader irvigated cearedftiony
to fivestizaie the respomie and adaptahilioe of diffecens fivbeids in s
focations of Nepal during 1999 The analvsis of vaviamee showed
vimsificainl Varintion  QuEions geRaivpes. CRvIreReieis e their
inferaciions, Geroivpe CoSe Y3422 was mast ideal aired stabie over
focations ax it showed the highest mean value Jor cane vield
approachiing to unit regression and low deviation from regression, Co
K020 produced more cane vield and exhibited average stabiliiy
CoSe US435 performed well Bn favorable enviromment and B0 130 in
wifirvaraie cnvivoment e, nasteble over locations. Gemofepe
Cov4024 prodiced the lowest cane vield and below average stability,
Stabhifiny vesull ix from a single vear experiment, however, Cabe

3427 e e selected for setifne siafle cane vield over locarions.

Key Words @ Genotype x envitonment interaction. Regression

coellicient, Stability, Sugarcane.
INTRODUCTION

Sugarcane crop is influenced by environmental vargtion (Tyagl ef al. 1995)
Therefore, Tor sustainable production we must ensure that varictics should be stable anid
well adapted ta the range of conditions 1o which they are likely 1o be subjected (Iones.

1995, The performance ol a zenotype is determined by its Genotypie imake-up (G3), the

Sopareane Roscarch frogrnn, MARC, Hior, Bare, Boepal
Arricnlone Hotamy Division, BARC, Klmmalta, Lahopar, Mepal

Ilaper reecived on LR-D7-2004 )
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criviromment (B} and the interactions that oceur between G oand FoiSimmonds. 1981,
Stability analysis has been used by many rescarchers (Bilbro & Ray, 1976, Eberhat &
Lussell. 1966 Finlay & Wikinson, 1903 Hedge & Vidvachandra, 1998; Guimaras ¢l al..
Pusss Joshi er af 2002} 1o decide whether the performance of the genotvpe is
satisfactory, Bista and Joshi, 2004 have ased simple method called Response Dillerences
Stability model for genotvpe selection in rice. The present study was undertaken to
mvestigate the response and adaptability of different sugarcane hybrids o dillerent
locations of Mepal

Sugarcane (Secchanm hybeid spp.) is one of the most important cash crops in the
world, The place of sugar industry in Nepal is next w graim and o1l mills ¢ Shakya, 2000 )
This industry is providing employment Tor nearly 7500 persons (Shrestha, 1995},
sugarcane consumption in Nepal is increasing due o the population growth and the
merease e per capita consumption resulting from change in food habit (Chaudhary,
2002 1lis Majesty's the Government of Nepal have given due prierity to establish new
sugar factories e dilTerent parts of Tarai districts w il ever srowing sugar demand of
the country. There are altogether eleven susar factories established at different parts of
Nepal, To fulfill the demand of sugar mills area under sngarcane crop bas been increased
tremendously in diverse agro climatic conditions o Nepal. Sugarcane varietics are
necessary o develop suitable o such diverse arcas, There are so far two-released

sugarcane varnetcs m Nepal and many genolvpes are m pipalines.

MATERIALS AND METHODS

The cxperimental material consisted of eight promising carly maturing sugarcane
genodypes mcluding one standard check B 99 (Table 1) Most of the genotypes were
mtroduced from India. These penotvpes were evaluated under irvigated in six locations
vizo Lo kastern Sugar mill, Amahibelha, Sunsari, 2. Everest Sugar mill, Rammnagar.,
Mohotari. 3. Indu-Shankar Sugar mill, Hariwan, Sarlahi, 4. Shei Ram Sugar mill.
Garwea, Rautahat. 5. Sugarcane Rescarch Programme, litpur. Bara and 6. Mahalaxmi
Sugar mill, Kapilbastu, Nepal, The experimental desizn was randemized block with four
replications at each location. The plot size was 6- x 4.5-m with 5 rows in each plot at 90
CINpart. Sugarcane senolypes were planted ducing the month ol October [99Y and
harvesied []l!l'il]g first week of November 20000 There budded sets of cane were pHanted
at the rate of 12 bods/meter i Turrow methed, The amount of NP:K used in the

experiment was |30:60:40 kedha, Cane from central three rows at 4w length were
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harvested and cane yield were recorded. Imgation and other cullural operations were
aiven as per the recommendation. Analvsis of Varance {ANOWA) was conducted
according to procedures outlined by Gomez and Gomer (1984) and combined analvsis as
outlined by Melntosh (19833, The environment-wise ANOVA indicated the genotvpic
elfects of sigmficant at all sites. After testing the homogeneity of variances. data were
subjected to stability analysis. Stability analysis was carried out following the model of
Eberhart and BEussel (19660, Eberhart and Russel (1966) delined the stable genotvpes as
that with a high mean. unit regression coefficient and the deviations from regression as
stmall as possible.

Table 1. Promising carly maturing sugarcane genotypes used in stahility analvsis

5N Cienotype Ihefinition Remuarks

I Lo R9029 Coimbitore, Tl Madw, Indizs All these penotypes ure hybrids

3 - g - i 1 oal i 1 Mol

1 Cowdi23 Commbatore, Tannl Mado., Bndia nroduced in _l mﬁ_'“‘ Uk e

. o i S ) as a Zonal Trial of Coordinated

A Copsii2d Conmbatore, Tunnd Mado, Tndiz B ) _
Stzarcane North Central Zone of

) BCY 151 Bilar € rissa, Rihar, Tndia All Indin Rescareh Project

g Cose 9342 Connbatore =eorebn, P Indis

{1 CoSe 9422 Coimbatore Seorohn, LP, [ndia

¥ Cuke Y5435 Coimbators Scoroht, UP, [ndis

5 By uy Eihar Ovissa, Bihar, India

RESULTS AND DISCUSSION
Cane vield of eight sugarcane genotypes at six locations are given i Table 2.

Standard deviauion and cocfficient of variation are also presented to measure the

vartability within genotvpes and locations. The Highest cane vield was produced by Cose

Q5427 in SEP. Ntpur followed by CoSe 93435 i SRO Iitpur. Co 94024 produced Towest

cane vield i Eastern Sugar mill Amahibelha and Everest Sogar mill, Ramnagar
Averaging over locations, Cose 95422 vielded the highest cane followed by CoSe 93435
and Co 94024 produced the lowest cane among these genotypes, Cane was harvested
maximium at SEP Ditpur [ollowed by at Shet Ram Sogar oull, Garuda, Eastern Sugar mill,
Amahibelha harvested the lowest cane, Variation was less within genotypes compared to
within locations (Table 20, The highest CV was found in Co94024 among genotyvpes and

i SR Ntpur among locations.

The Analysis of Varanee showed highly significant differences among genotvpes m

cach locaton for cane vield, This leads o study genotvpe x location interaction (Su

and Khan. 1966} and pooled analysis from 6 locations are given i Table 3. Three sources
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of variance, genolypes, locations and genotype X location mteraction were highly
significant. indicating the importance of environment on the expression of character.

Similar mdication was reported by Singh et al.. (1983} Swbility parameters were

cstimated because of highly significant ineraction of genotypes by locations. ANOVA
was partitioned and presented in Table 4, Two stability parameters. regression coctficient

(bi} and deviation from regression {57y} are given in Table 5,

e relationship sbetween vield and bi vield and (s7g} and between vield and

T
environment index are portraved in figure 1 and 2. This helps to pick up the genotvpes

considering their adaptability and stahility w all. favorable and unfavorable environments.

Figure 2 helps 1o identify genotypes suitable 1o poor environment and good environment.
For example CoSe 95322 produced the highest cane yield in poor gnvironmeant but BO
130 pertorm relatively poor even in good environments. CoSe 93422 has unit regression
coefficient and Co 94023 and Co 89029 have deviations from regressing near to zero.

Tahle 2. Summary statistics for cane yield (t/ha) in early sugarcane genotypes

Cienats pe Lacations Moean 5D Cy

: b oaw e = =

= ¥ B . Zs 3 = =z

= 2 22z & = ==

= = g = = &% 2=

3 a8 =xmE Ok 2 EN

= (5 = 4 -

= - s b = =

Coddly (973 049 Gk 13 Tr29 a6 675 TNE9 472 fL6s
Cotidn s dk.61 5337 949,37 3R33 0 AT43 5251 54900 AR ls4
okt 1i6 432 30,37 3247 4945 3651 SI28: 729 14.2]
Biy 130 G2 37 SR HE25 %12 SR57 0 3949 61T 345 oY
CoSgusd2] 5446 RN HaL 33 6633 7252 4749 6733 b5 925
CoBedsd2)  Thds THT i TR46 R62T7T Tide ?LTH 0 050 BoAE
Cosewadis #3114 T2AZ G354 71360 R260 Tld4e 7105 W4 1256
B S).35 sl 4544 6039 304 64T 337w L2 11,56
Mean T T 03N e 12 6t 77 629
=10 [1.52 [ 147 1335 Q.01 14,63
T 437 [, 3 [ bl [ao0 2207 1342

= Pastern. Fastern Sugar mille Amahibelba, Suesar, Everest, Fverest Gugar mill, Ramnagar,
Mohottan Indu- Shaokar, Indu-Shankar Sogzar mills Harvsan, Saclahic Shri Ram, Shiri Bam su mll,
Garuda, Ravtahat. SRP Suparcane Rescarch Programme. Jupur, Bare Muahalaxmi, Mahalaxm Sogar

mill, kapilbastu.
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Table 3. Analysis of Variance pooled over 6 locations for cane yicld in sugarcane

_._‘-'umrEﬁ variation - ot _L Ss | Ms |_ N
Lowzations (L 3 H74.440 | 74 Rk g, | 5
[Repheation within locations I5 FO0.TA ER
Sugurcanc genolypes (G ! [ Sknd L ERLHALY LRV
[ 35 202070 w371 B
oo crrin 1M AR LG BB
[ aatal Lt 2370464

segipnilicant 4l 1™

Table 4. Analysis of variance when stability parameters are estimaded

Source ol variation df et M= I
Loty s (L) i 3eE51 Zo 5l A1 FhAR
Localions (L Hitis 1 A0k Q31 376 IR0

L linein I 21H.60 EA NI

Coox Loglimer) ¥ | M1L055 | 5 s

Possled devianions 32 70 044 [ 7.0

{or 89024 4 R 2211 L131
Lo U S 4 Rl e {v il by U420
o k2 4 LAY 13353 3 AR
4 130 B Th.AsY [ 748 P
Cose U5 A2 4 -1 544 2,385 0,33
Cole 95422 4 TIAT LH 93 e i
Close BA435 4 1560142 LR RPN 477 1EF
[30) 4 4 137,455 34.303 4817+
[Fooled armor 144 27152 N

ks ficant ab S and e respectively.
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Table 5. Stability parameters of sugarcane genotypes for cane yield

Crenmalypae Lvi SE (b} Hzll

Lo mia2ey [ 11 Adn (D
Cloy 23 | s VI L 2T
TR E T L4750 RSN [ 8.221
[3y | 30 RN IR B [0 558
Close U542 | e -[h 2495 PR LY
Llose WA 1 1.0707 1325 BRTE
CoseEd3s | Ealh Lol 28004
I3 ¥ 14324 [ | ZEasa

Grenetypes Talling in the upper vight guadrant (Figure 1) have above average cane
viclds and regression coefficients ercater than one. These aenilypes are highly responsive
to the covironment producing superior canc vields under Frvorable environments.
Licnotypes - the lower el quadrant response less o changes in environment as thei
regresston coellcients are less than | with cane vield below averuge. They are less
adapted to fvorable coviconments and difler in adaptation 1o unlavorable enviremnents.
From this result three tvpes of genotypes ean be selected one for favorible SOV OIS S,

second for unlivorable covironments and thivd for stable over all locations,

Genatypes = locations interaction (lineary was nen-significant may be dae o individual
buflering capacity Tor stability in some varictics, Singh et al, (1983 reported similar
assumption. bidividoal deviation Trom linear regression was signilicant Tor OO 94024,
BO 130, CoSe 95422 CoSe 95435 and BO 99, Genotvpes with high mean value, unit
regresston coelficient and zero deviation from regression is said o be an ideal and stable
one (Eberhert and Russel, 1966). Among the tested genolypes CoSe 95422 was most
ideal and stable ane as i showed the highest mean value (77.79 tha). approaching o unid
regression (h= 107071 and low devigtiion from regression (576113600, Henee this
cenotype hus wider adaptability and is suitable over wider range of locations. However,
Cobe 95435 had hgher mean value (71,13 Fhay b due o more than one FeEression
coeflicient (1.86161 and high deveation Trom regression (269041 proved unstable over

location ad only  suitable 1o Tavorable  environments., Co K007 has  also
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higher mean value (7089 ¢ha) and exhibited average stability, Genotype CoSe 94024
possessed the lowest cane vield (5128 tha) and possessed below average stability Tor

lociticons,
CONCLUSIMN

This experiment was conducted in six locations across Tarai belt ol Mepal ina single vear,
It is better fo relate adaptability and stability performance with the characteristics of
genotypes. These results are valid for arcas with conditions similar 1o those of the
experiment sites. The growdh and behavior of the genotypes differ Trom scason 1o scason
and [rom vear 1o vear as a result of scasonal and vearly variation in weather patterns,
Therelore one can't peneralize the conelusions on vield stability for other scasons or
years. loogencralize the conclusions [rom experimentation one has o conduct

k.‘.'ﬂ'.li_"r'il'l'tt'lllh' OWCT ITNY SUasons aruld Maars,
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COMBINING ABILITY ANALYSIS FOR MORPHOLOGICAL AND
YIELD TRAITS IN INTRA-Gossyprom hirsatum L. CROSSES

NAQIE ULLAH KHAN' GUL HASSAN? _
MOULA BUX KUMBHAR? AND SALEDYDER GHALOO?

ABSTRACT
Conthining abiline fes been studied in a 6 0 0 diallel cross in Upland
cotton. The Analvsis of Farionoe sevenled fitehdv simificant differences
ety dhe dhivie Foand B fehedd o ameans andd thede respeciive 4
poveatad velies. D both gencrvations. the smean sgiiares due to General
Clonphiinisne Ahiline (GOAY and Specific Combiniag Ahiline (SO0 weire
feehiv sipnificant Jor plant heichi, monopaodia, svapodia. balls per
prlesnt, aned seed cotton vield pee plani eveept thal sympodia had o non-
siutificant mean sgquive due fo GOA in the 15 gesevation. In the
ceneration, GOA componenis of variance were greater and more
imporiant for plant fieicht and monopodia, showing the predoninance
of adiditive gene action. The vaviance due to SCA was much figher b
siargrificde Sran GOA for svapadive bolls per plant and seed cotion vield
wliiedr fndicated that these teaits were corimolled I donrinance-tvpe
wone aotion B the 7 cadve prlaa eiole had grealer varvioanee due to
GO than SCA (i afher fraits, SOA geaetic variance was secaicr Hhan
COA for monopodia, svmpaodic, balls per plane and seed cotton vield
cnid vevealed the predominence of nom-additive geie aclion for the
inheritance of these waiis, Smaller values of senetic variances wiih
vespect to GUA wied SCA were ofiained for veciprocals, Cultiver CIM-
FHAE was found fo be the best gencral combiner jor plant heighi,
svspodia, holls and seed coiton vield per plang, wiile ihe culiivar CIM-
F0U showed its worth o have ihe least monopodia. Ivolvemeni of
CEM-FIO0 G the maost of the Fooand Fhvbeids and thele reciprocals
sesadte din the svinhesis of superioe cenoivpes e most of the (rafls

sittedieed
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INTRODUCTION

In cotton breeding, for identifcation of potential parents on the basis of progeny
porformance requires large number of crosses, which is very laborious and expensive.
Draallel analvsis 15 o mating design wherehy the selected parents are crosscd 1 a0 cerlain
order and it is used 1o predicting combining ability of the parents and elucidating the
nature of gene action involved in the inheritance of traits, Combining abiliy as delined by
sprigue and Tatwm (19492 and Griffing (1956) 15 one of such statistical procedures for
analvsis o diallel crosses oo generalized theorctical Torme 0 works as o principal
method Tor sereening of germplasm and to determine the ability of the genolypes (o boe
meluded o not i a brecding prograomme on the basis ol ter GOAC SOA and reciprocal
elfects. Soo combining ability is very contribitive in choosing potential parents with
desired cenetic vartance through GOA and SCA and e some cases throuzh maternal

ellects,

Sienilicant genetic variances Jdue 1o GOA and SCA were nobiced by Achae and
Adchar (1992, Baloch et al. (19973, Baloch e af . (1999 Baloch e af, (1999, Kabwar
and Babar (19990, AL e el (2000, Thassan of af, (20000 for dilerent morpholozgical and
vield traits in Gossvpium birsuion. Kalwar and Babar (1999} for sympodia and seed
cotton yield; Panhwar et al, (2002) for svipodia, bolls per plant and seed cotton yvield:
Wealdia er ol (19840 Drfanullah e aof C (1993, Baloch e o, (19951 Raveendran of «f
{1994 and Hassan ¢f al, (1999} for bolls per plant and seed cotton viekl who observed
nen-additrve type of gene action for different trans. However, MoeCarty or afl, [THEH,
Baloch efal, (1997}, Tang ef af, (199320) and Tang or of. (19930 had observed additve
vpe of gene acuon for most of the traits in upland cotten. Such contradictions may be
due o different genetic background of the cultivars used and different environmental

conditions under which the cotton crop is arown,

[ view of the cconomic importance of combinmyg abilicy and the impotance of
selected hybrids in segregating generations, o rescarch project was underlaken o evaluate
the genctic variance and effeets due o GCA, SCA and reciprocals Tor plant height,
monepadia. sympodia, bolls per plant and seed cotton yvield per plant m Fpoand T

generations i a set ol 6 x 6 diallel cross experiment in upland cotton,
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VIATERIALS AND METHODS

The crossing block (Fel Ty and Fz experiments were conducted at the Agricultaral
Research Institnte, .1 Khan 29020 Pakistan. Six diverse genotypes of upland cotton
[Cossypinm hirsutum LY vie, CEN-TUY, CIM-240C1M-1 100, FI-682, B30 and CRIES-
G were sown during May 1996 in a non-replicated crossing block by dibbling on g well
prepared secd bed. Bach genolype was planted in five rows, 27 m long, spaced 60 and
VOO em within and between the rows, respectively 10 eRsUie casy crossing and o handle
the reeding material carelully, AlL cultivars were crossed ina complete diallel fishion
(Grifling, 1950 The 1 oand Froexpernnents of o 6 x 6 complete diallel cross, having
thicty hybrids (ineluding reciprocals) alongwith s parents were sown im Bandoneed
Complele Block Design during May 1997 and 1998, respectively. In Fy peneralion, each
senolype was planted ma single 3300 m long row, having three replications, while i I7-
the plant population per entry was increased and cach penotype was planted i four rows.
(.30 long with Tour replications. n both the cxperiments, the plant and row spacings
were maintained at 30 and 73 em, respeetively. All cultural practices were carricd out as
per recommended package Tor cotlon production tor the locality and all the three crops
were maintained under a uniform agronomic package to discourage environmental
variability 1o the maximum possible extent. Picking was made in November-December
every year on single plant basis and ginning was done with eight savee-pin [noall the
experiments the duta were recorded Tor plant heieht fem. monopodia and sympodia per
plant, wid bells and seed cotion vicld per plant ) The data were subjectod o ANOVA
leehnigue using MSTATC computer soflware (Bricker. 19911 individually for all the
(s, (o assess statistical differences among Fys, Fas and ther parental lines. The data
were Turther subjected 1o Combining ability analyses as oullined by Grilfing's (1936)

Method-1 based oo Fisenbart's Model-1L
RESULLS AND DISCUSSION

[he means of 17 and P hybrid and their parental Tines tested through ANCWA
showed highly signilicam differences {001 for all the trails which allovwed Lo arbiteale
the components ol penetic variations due 1o GOA and SCA and their effeet on the hybrids
(Fable 13 In Fy ceneration. mean squares due o GEA and SCA were laghly significant

for all the traits. For reciprocals, mean squares were highly significant for bolls and sced
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codton vield, merely signilicant for sympodin and nonsignificant Tor plant height and
menapadia, In Fsogeneration, the mean squares due 1o GOALD SCA and reciprocals were
highly signilicant for all the traits except sympodia having nonsignificant GOA (Table 1)
Siantlicant mean squares due o GOA were also observed Tor different parameters by
Azbar and Akbar (1992 and Baloch e af . (1999 o bolls per plant and seed colton
vicld: Al ef o, (20020 Tor plant heieht, sympodiz, bolls per plant and sced cotton yield.
Hasan e af , (20023 For seed cotton vickl, balls per plant and nonsignificant for plant
heteht and Kalwar and Babar {1999} obscrved significant mean squares doe o GOA Lo
sympadic, bolls per plant and seed cotton vield. Stenificant mean squres due o 5CA
were oblained by the other research worlers like Baloch er af ) (19977 and Baloch ef af,
(19997 for bolls per plant and seen cotton vicll, Hassan e af ) 01999 for plant height,
seed cofton vield and non-significant tor bolls per plant, Al e af, (20007 and [assan e
el , (20000 tor plant height, bolls per plant and sced cotton yield. Rescarchers achieved
stenificant reciprocal elfccts Tor varions parameters e Hassan ef ol (1999 [or plant
hetght, olls per plant and seed cotton yield: Kalwar and Babar (1999 Tor syvmpodia,
Bolls per plant and seed coton yield, while Hassan ef af, (20000 noteed non-significant

reciprocal clTeets For plant hetght, Tells pee plant and seed cotton yeeld.

Table 1. Mean Squares for ANOYA (Mean values) and Combining Ability in a 6x6
Iy and I Diallel Cross of Upland Colton

Source ol Degrec ol Plant Maonopadia Sympunlia Bolls! Seed Collon
YVariation Ffecdom  Height MMand Plant Plani Yicld! Plant

Iy Coeneration

Feplivates 2 2.5g%¢ [ AR [41, 3577 5 0%
Gienely s in [1IL5 s [h s = RESER L 2018208 Q472 0%
rror Fi 2 RTEE TRV R £ NEE 3 H2EE 253%R
GO00A s | fareh (355 [iaZ= ToIaEE 1332w L7
S00A 1% | s GEes [} ]%=s A |uEE Sh 53 4]
Reciprocals 13 TR o 2 94% 35.093%% | g7EE
Frror T au.l2 [hi] [ |27 2

Iy Ceneradion

Rephontes 3 RITH R (.01 524#e X | 3R Lk
Cienoly s s 302 e |.26%E [ 2R R E R [343.06%*
Lirran [0 35 TRV R 447 aiTREE 2H.EHE
Gl Ay 5 A AR | 455 37 b o o Ll93 3%
HSOA L5 AT 4LrH it akpn s 20, | 5 T4 FyEE
Reciprocals L5 RN e 2y Rt T ERRIE

[ K R [1.0)2 .12 g T4
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GCA components ol genelic vartance were grealer and more important Tor plant
height in both generations (Table 2) and m Fy for monopodia only showing the

ene action and threugh simple selection the plant

=

predeminance ol additive type of
licight can be mampulated. Raveendran e ad (1990) for all the trails exeep secd collon
yvield and bolls per plant have also reported quite analogues results and additive fvpe of
varinees. Variance due to Fr SCA was much higher in magnitude than GCA (lable 21
and were more substantial for sympodia (91.02%), bolls (43.40%) and sced cotlon vield
(30.70%) which indicate that these traits were controlled by dominance fype ol gene
action, The genctic variance of 175 SCA was larger than GOA o monopodia (57, 14,
sympodia (36,081 bolls {62.35) and seed cotton vield per plant (66,43 indicating
predominance of non-additive type ol gene action [or inhertanes of these uaits and the
saicl breeding material can be used for hyvbrid cottan production on the basis ol heterosis

i Table 2.

In case ol reciprocal vaciances, all the traits exhibited smaller varianees due 1o
reciprocals as compared to GEA and SCA in both aenerations { Table 2} except Tor Plaoy
height (46,141 in o 1o both generations, the varianees due 1o reciprocals Tor sympodia
(5 88 20016%) were second ranking o SCA, but greater than GOAL I 15 pertinent thal
maternal effects were due 1o plasma sene action, which rarely is found in diallel studics.
It wets also proved that sympodia was governed y dimminanee type ol gene action. Genetic
varianees due to SCA were mueh higher in range than GCA and promient Jor sympodi,
bolls per plant and seed cotton vield in both generations and alse for monopodia m Fs
indicated that these traits were controlled by dominance type ol gene action. These
[indings are in corroboration to the conclusions drawn by Koalwar and Babar ¢ 19949 Tor
svinpodia and seed cotton yield: Panhwar ez al., {2002] [or sympaodia. bolls per plant and
seed cotton vield; Waldia e ol (1984), Tefanullah e al., Loy, Baloch er af, (1995,
Raveendran of ol (1996 and Hassan er af, (1999 Tor bolls per plant and seed cotlon

vield wheo observed non-additive type ol gene action for dillerent trats.

[However, MeCarty et al., (1996, Baloch ef ol (1997, Tang of erd (199320 and Tang
o ad U993 had observed additive type of gene action Tor the most of the traits, Such
contradictions may be due o dilferent genctic hackground ol the cultivars used and
dilferent covironmental conditions. Other results are presented in seriatim meluding mean
performance of the Fyand 1 hybrids along with parental cullivars and genetic eflects of

GOAL SCA and reciprocals.
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Table 2. Estimaies of Components of Variance due (o GCALSCA and Reciprocal
ffeets in a 6 x 6 F, and I, Diallel Cross of Upland Cotton
Componenis Ml Hleight Mono podial Sympodia Badlsd Secd Cotlan
of Variation Pland MPlant Plant Yield/Plant

I Cienwration

SR s | .0F7 2323 322,59
(43 560 (5439 [-® 0 (3143 (2.3
ST A Tl I Lk il.d4n A2 R
ELERIEY’ (41547 {51402 DR LY (A0
Reciprocals Ly A5 SRRILI 174 A3 1342
{585} (-4t [5HH) (2345 (24,270
1rrer nuL? (FRAN| 1. 2% e I
e Ty EREY (1101 i1.72} (16d)
Tutal RESNIE 1234 [ 2559 TiM 132258
[ en IMEIIR IR RATLY [REYIST] [ 106
FaGieneraiien
A 32T il 12 A0 B
{25 {1008y (=7 300 [22.2%) (2405
A [4.51 .14 208 144 WK
[1#.51) (37,14 {0k (0235} R
Feviprocals AR R (s 104 | 3H [ K82
{4 130 (122 [ L [T.532) [ 450
oo RIRTA PR 1,12 [ 71
iP5 (A2 (30520 (7.R5] (Z:45]
Tl B 4 10.245 A 1%.34 RN ER
LM | 100 R [ 10 [ 1y

Clomponents ol Yarianea: lpper o,

Percentizes of Campenents af Yarie [avweer ron (Lo parcilliesis).

Plant Height

The highest and statistically equal plant hetght (Table 33 of 168 to [RY cmowias
exhibited by the & 17 derivatives and reciprocals of cultivar CIM-TTO0 The shortest plents
wore recorded i the cultivar CIM-240 {103 cmi and its crosses as @ materval parent with
CI-T08 (LT emy and CRIS-9 0119 cm). In b s generation, the i and statistically
at par plant height of 160 and 161 cm was exhibited by CIM-1 100 5 BH-36 and 082
x BH-36. respectively. The hybrid BH-36xCRIS-9 (116 cm) posscssed the shortest plants.
Plant height is positively correlated with bolls and secd cotton vield per plant i lodgmg

does nol eceur. the inerease in height is desirable uple a certain extent,
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CIM-1 OO was the best general combiner by baving the highest positive GUA effects ol
plant height in B 039100 and Fa (5.97] cenertions. FI-GE2Z {919, 3.99) and BH-36
{366, 3123 closely followed it in e respective generations {lable 4. The cultivars i
CIM-240, CIM-109 and CRIS-9 showed negative GCA effects that suit the evolution of

short stature cotton culibvars being liked by the breeders,

Among the T hvbrids, in SCA for plant height Table 5), 10 hybrids showed
positive SCUA clleets anging trom 1,24 (CIM-240 x CRIS-9) o [2.87 (CIM-109 x ClM-
FLO0, while 5 crosses manifested negative SCA cllects varving from -(hdd (CTM-240
FH-682 o 639 (CIM- 109 5 CRIS-9) Maximuem and at par 5CA ety were achieved
By hybricd CIN-109 5 CTV-TTO0 (L2087 aned C1M-1 [0 s OIS and 555 (C1M- ] 10D
x BH-361, while 6 ligbrids manifested negative SCA effects varying from (L8 {C1M-240
W BH-36 1o 8,79 (BH-36 % CRIS-Y1. Maximum and equal SCA elTects were scored by
Bbricds CIM-1 TG = BI-36 (5.55) and PI-682 x BE-3G (540 For reciprocals i 1
CTable 63, 9 entries revealed positive reciprocal effects ranging from 013 1o 12,23, while
6 reciprocals manifested negative reciprocal effects Muctuating from - 11210 - R ER I T
oeneration, § Tybrids revealed positive reciprocal clfects ranging from 138 o 13,25,

while 6 reciprocals exhibited negative reciprocal effects (- 1.88 1o -10.38),

CIM-1T00 F, hybrids (CIM-109 x CIM-1100 5 CRIS-9} were the leadmyg and the
hest specilic combinations Tor exhibition of the highest SUA ellects lor plam heighi In

these crosses, CI-1100 had a prominent GCAL while the cultivars CIM-109 and CRIS-Y

the crosses involved low x high and high x low parents pecformed well in 1 SCA
determination. The results are in line with the Tindings ol Irfanullah er af, (193] who
communicated that when a parent with the best GCA was used as pollen parcnt produced

Faztter combinations,

ussain and Khan ¢ 1991 has also reported that in intra-specilic crosses the cultivars
with pood GCA produced the cross combinations having good SCA ellects, In I
ceneration, the above B hybrids have not shown their stability but only one hybrid
having third ranking SCA elleets, The 1) hybrids CIM-100 x BH-36 and T [-62 = B1-
36 have shown maximum SCA effeets for plant height having high s low and low X low
GOA parents, These results are also supported by Dever and Gannaway  (1992) and
Galanopoulou and Roupakias (1990 who opimed that F; hybeids despite of by inbreeding

depression offer more heterogencous population alongwith their different elleets s
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compared 1o thew Ty hybrids and parents, The above results are also in close agreement
wilh the fndings o Al e el (20000 and Tlassan e of 0 (20000 who observed stmilar
values ol GOA and SCA Tor plant height, The crosses CIV-240 x CIM-109 and F1-682 x
CIMNTTO0 o By BH-360 1 FH-082 and BE-36 < CIM-TTO0 i Py have shown masimu
reciprocial effects, which may be duc 1o plasma gene action and found rare. Hassan ef af .
CI999y and Hassan ef ol (20000 noticed signilicant and nom-sienificant reciprocal effects

plant g,

Monopodia per Pland

ln both generations, the Jowest and at par means Tor monopodia (Table 3) were
maniiested by cross combinations CIW-2400 « CIM-T09 (006, 057 and CIM-109 %
CRIS-9(L67, 0601 Maximuun monopodia were displaved by parent cultivar CIN -1 OO
(007 Tollowed by its hybeid CIM-T OO« BH-36 01800 and its reciprocal {1.64) m |
and CIM-1T I 5 FH-GE2 (1500 and CIM-240 5 CIM-1 000 (140 in B2 seneration. [n
Both the penerations (Table 4y except CIM-T100 by having positive GOA eifcets (0075,

Uty all the cultivars showed negative GUA effects for monopodia ranged in 19 |-0.02

LO% showed supreme negative GOA cffeels i both generations which are greatly
desirable from breeding point of view as by discouraging the momoepodia which are

negatively correlated with seed cotlon vield.

I case o SCA elfects Clable 53, 7 15 hybrids manifested negative and the Jowaest
SUA elTeets rangiog Teonn -0.002 (CTM- DO 0 CIM-2400 to 0030 (CIM-1 00« FH-GE2),
while 8 hybrids clucidated positive SCA effects ranged Trom 0.0 1o o 16, In s hybrids
SOA L hvbrids revealed negative SCA ellects ranged From 0002 (CTM-T09 « CIM-240)
fo A0 (I =TT 5 FH-0R20 while positive Iy SCA elleels ranged from 003 o (014,
[ reciprocitls {Table 6k 3 F) reciprocals manifested negative reciprocal elleels ranged
rom =00 1o =001 2 and 12 reciprocals revealed positive reciprocal effcets ranged [rom
D03 10 130 I Fol 4 reciprocals revealed negative reciprocal effects ranged from =001 10 -
010, whale 11 exhibited positive reciprocal ellects rangimg Grom (0003 o 00100 The |
cromses CIM-TI00 x FH-0K2 CIM-1 100 x CRIS-U CIM-TO89 5 CIW- 10 angd CIW 2440
© CIM-TTHD have destrable and maximuom negative SCA walue for monopodia. In these
crosses, CIM-THO0 had o positve GOAL bt the other cultivars were having negative

GOA for the sard a0 s coneluded that these crosses involved high = low and low x
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high parents and performed well in SCA determination. Baloch er ol (1999 also
reported that GCA and SCA were independent and GCA is not the criterion lor
predicting the SCA, However, Hussain and Khan (1991 have reported that i intra-
specific crosses the cultivars with good GUA producad the cross combinations having
good SCA. In case of Py SCA efleets, the same four crosses showed their stability and
woere the best cross combination by having desirable negative SCA value for monopodii
even after transgressive seeregation and inbreeding depression, which further confirm the
possibilitics of improvement through selection. But Dever and Ganoaway (19923 and
Galanopoulou and Roupakias { 1999) who opined that F> hybrids despite of Ty mbreeding
depression offer more heterogenous population-alongwith their different eflvets as
compared 1o their F, hybrids. Such contradictions may be due (o different genetic

background ol the cultivars used and dilferent environmental conditions,

Svmpodia per Plant

The maximum syipodia per plant in Fy generation {Table 3} were exhibited by the
hyhrid CIM-109 x CIM-1100 (33.00) which was al par with 3 other hybrids ranged 1rom
2067 to 31.33. Tn F> mean values, the maximum sympodia (25.87) were also exhibited
by the same hybrid as mentioned in Fy and was at par with CIM-1100 x CRIS-9 (24.211),
All the cultivars as compared 1o hybrids manifested the lowest sympodia ranging from
L4.69 10 21,68 and the sympodia 14.69 and 16.09 were produced by CIM-11000n hoth
seneralions, In both the generations, cultivars CIM-1100 and CIM-109 were the best
seneral combiners Tor symwpodia {Table 4) and showed the highest positive GOA ellects

i 1 (135, 034 and in F5 (0,32, 0.39) ceneralions followed by CRIS-9 (0157 in Faonly,

Other cultivars revealed negative GCA elTects Tor sympodia in By ranging from |-
0.05{FH-6821 10 -1.02 (CRIS-9)] and s [-0.12 {BH-36) to -0.43 {F11-682)]. Cultivars
CIM-100 and CIM-1100 showed maxioum positive GUA effects in both generations,
whicl are preatly desirable Trom breeding point of view because sympodia 1s positively
correlated with holls and sced cotton vield per plant. In case of SCA effects (Table 5), 11
[Py hvbrids manifested superlative positive SCA effects ranging from 0L66 1o 359, wihile 4
combinations showed negative SCA effects ranging from 0,12 to (139, In I lvwbrids

SCAL 8 hybrids elueidated positive SCA elleets ranging from 0.003 1o 2.40 and T owere
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having negative (<027 o =131 In ceciprocals (Table 6), 7 F) reciprocals manifested
positive maternal effects ranging from 017 10 233 and 8 reciprocals revealed negative -
007w -2.67% In 1o 10 reciprocals revealed the topmost positive cxtoplasmic clleets
ranging from 009 1o 253, while 3 reciprocals exhibiled negative reciprocal ellects
ranging from -0.19 w113, In Fy generation, CIVM-109 0 CIM-1100 was the leading
specitic combination Tor exhibition of the highest SCA Tor sympodia. In the said

promising cross, both cultivars had promiment GCA ¢lfeets.

It was further clucidated that CIM-240 x CIM-LLO0 and CIM-1 OO % FI-082 were
the second and third top ranking hybrids (or sympodia, In case of Fo, the same Ty hybnd
having promising SCA effects for svmpodia, while CIM-1TOO0RCRIS- was second
ranked hybrid. All these crosses mvolved high = high, low < high and high < Jow GOA
parents and performed well, 10was concluded that the hybrid CIM-109 < CIM-LTOD cven
alter segregation exhibited the highest value Tor sympodia and by sclection the said
morphological parameter could be improved o oa signilicant level. Baloch ef af. (19896)

and Calanopoulou and Roupakias ( 1999) have also reported sntlae resalis.
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274 NAOIE ULLAH KHAN of al.

Baolls per Plant

The maximum and statistically number of bolls per plant ( Table 31 were achieved by
five Voo hvbnds of CIM-1100 viz: CRIS-9 < CIN-TT00 05830, CIM-1TI00 <CIM-108 (53
amd ts reciprocal (323, BH-30 x CIM-1100 (32 ) and CIM-1 100 x CRIS-9 (31, It was
closely followed by two other hybrids ranging from 45 10 47 bolls per plant. The cultivar
CIM-240 and 1ts erosses almost with other cultvars produced the least number of bolls
In Fooseneration. the maximum bolls were recorded in hybrd CIM-11HE x FI-682 (44
and it was followed by six other hybrids of CIM-1 100 rangimg from 37 1o 40, The lowest
holls (230 were produced by the hybrids CIM-240 5 FH-GR2 and B30 x FIT-6820 (CTM-
OO was found 1o be the best general combiner by Taving maximal positive GOA effects
and the foremost position tor bolls per plant in F; (7.60) and - (4.04) gencrations { Table
10t was followed by CIM-108 (2011, 0014 and CRIS-9 (194, 1.223 in both generations.
Other three cultivars showed negative GOA offects by having poor GOA tor bolls per
lant ranging from =097 o =806 and - 1,300 -2.78 i Fyand B> gencrations. respectively.
In case of Fy hybrds 5CA effects (Table 5), 8 specific combinations showed positve
SCA effects rangimg [rom 0.06 1o 739 while 7 hyvbrids manilesied negative SCA effects
ranged from 0019 to -4.53. In F; generation. the maximunm and at par SCA etfects were
achicved by the hyvbrids CIM-109 x CIM-1100 ¢7.39) and CIM-1100 x CRIS-9 (7.06). In
F- hybrds CSALR hvbrids rovealed positive SCA effects ranging Trom 0.01 10 7.01, while
7 crosses manifested negative SCA effects ranging from -0.29 to -4, 16, Majority of the
CIM-1 00 derrvatives oblained the maximum and positive SCA elfects for bolls and due
consideration may be given during planning the breeding programme. In case of Fy
reciprocals ( Table 6), 7 reciprocals revealed positive matemal effects ranging from 130
to 12300 wiule 7 rectpracals manifested negative reciprocal effects rangiog ftrom -0.30 10
=300, In k- generation, 8 reciprocals revealed positive reciprocal effects ranged from 0.23

to 20 while 6 exhibited negative reciprocal effects ranged from (150 to -3.00.

CIM-1100 and i1s hyvbrids with other cultivars viz: CIM-109, FH-682 and CRIS-9
revealed cconomic improvement in holls per plant and s further confirmation was also
made e F-ostadies after sceregation and showed stability as leading general combiner for
majority of trans followed closely by CIM-109, FH-6K2 and CRIS-2. These results are in
close agreement with the fndings of Galanopoulow and Roupakias {1999 that cenotvpes

in By odid not prediet the vield of the bulk in the Following generalions but the combined
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performance ol the hybrids and combinations in the Fy and 195 gsencrations could be a
coud indicator o adentify the promising pepulation. The present results also got support
From the findings of Waldia ed ad, (1984, Tefanullal ef af, (19931 Baloch e of., ( [T
and Hassan et al, (20000 who also coneluded that best vielding parents having high GOA
produced best vielding combinations, These results are also in conformity with the
lindmges regarding high and significant GCA vartance in Fooby Tang e al, (1993a) for
secd cotton yield: Covle and Smith (19971 for vield and vield components also reported
prominent GOA as compared to SCA elfects and coneluded that the best vielding parents
havving high GOA produced the best vielding combinations. However, researchers like
Raveendhran or of (1990 and Tang e ol (1996) were of the opinion that the higher
GOA ol parents did not confer higher SCA, and the GOA and SCA of dilTerent
parameters were mdependent, Baloch e el (1995) also opined that the higher GCA
hybrids did net predict higher SCAL Hassan er af, (19993 and Kalwar and Babar ( 1999
achicvid significant reciprocal effects for bolls per plant, while Hassan ef wf. (20007
noticed non-significant reciprocal elleets Tor bolls per plant,

Table 4. Bstimates of GOA Effectsina 6 x 6 F, and I, Diallel Cross of Upland Cotton

Cultivars Pland Heigehi Monopodial Sympaodia ¢ LBolls ¢ Plam Seed Cotfan
Plami "ani Yicld / Plamt

I Giencration

Lo L e D -1.27 .34 20 -l
L2 -Fth33 -0.24 047 =S -Xd00
L B R R L A4 05 1.35 7.6l A7.n4
FI-682 S0 [ 1 RIS =26 -4.54
[311-36 RS (k42 (k13 SR 303
CRI5-9 =307 -3 [0z 1.4 -1.44
L1 e 035 110 11,5 (w2 BT

Fy Generation

IR0y -2A0 132 (1.0 n14 BRI
[ I IR S0 2K PR - ) “rTE M7
LA -1 100 anT [F s It 360 17N -0 KT
Fll-nK? ERn 0Ll 1A L.32 - A G
B ERTY 312 -0k S 30 -0 17
ORI <4 L 0ol [22 417
CI i 242 [ 2hi (P R 222
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Seed Cotton Yield per Plant {g)

In I, generation, the highest and statistically seed colton vield (Table 3) was
recorded i 1) hybrids CRIS-9 x CIM-1100 (18581 2). BH-36 x CIM-1 100 (18355 o)
and CIM=1100 % CIM=109 {18092 g). These were [ollowed by secomd top scoring
hybrids 1. CIM-11O00 x CRIS-94 16095 o), CIM-1100 x FH-682 (164, L6y, CIM-10Y 5
CIM-1100 (162,65 o), CIM-240 x CLM-1100 {16056 g) and FH-682 x CIM-1100
(155,19 ), The parental cultivars of these promising crosscs were having ncarly hall the
vield in comparison w their hybrids ranging from 5431 10 9477 g per plant. The Towest
seed cotton vield of 5431 g was manifested by the cultivar CIM-240. 1In F» pencration.
the highest seed cotton yield ol 13810 @ was ohtained in Fa hybrid CIM-1100 x F1H-682
followed by three other hybrids af CIM-1 100 Lo, FH-682 5 CIM-=1100 {122.00 ¢}, CIM-
P00 % CRIS=9 (121,84 ¢) and its reciprocal CRIS-9 x CIM-TTO0 (11296 g). The Jowest
yvield was recorded in the hybrid CIM-240 x FH-682 (63.63 p). CIM-1100 hybrids having
the maximum yield may be utilized in the segregating seneralions o evolve cultivars widh
better yield potential. CIM-11000 was found o be the best general combiner by
accomplishine leading positive GCA effects Tor seed cotton vield in Fy (37.69}) and F-
(18,56} enerations ¢Table 43 10 was followed by CRIS-Y {4171 in 2 only, but all other
cultivars showed negative GOCA elfects by haviog poor GUA [or vicld in both generations.
In case of I, SCA effects (Table 53, 9 specific cross combinations showed positive SCA
elTects ranging from 1.80 to 36,01, while 6 hybrids manilested negative SCA- effeots
ranging from -2.84 to -13.77. The highest and at par SCA cllieets of 36,00 and 2890 were
obtained by the hybrids CIM-1 100 x CRIS-9 and CIM-109 x CIV-1T00, respectively. To
F- peneration, 7 hybrids revealed positive SCA effects ranging from 244 o 29.30, while
8 crosses manifested negative SCA elleets ranging from -2.72 Lo 931, Majority of the
CIM- 1100 derivatives oblained maximum and positive SCA elleets for seed cotion vicld
and duc consideration may be given during formulation of future breeding programme, 1n
F. reciprocals (Table 6. 7 reciprocals revealed positive maternal effects ranged from 2,25
to 50,54, while 8 reciprocals manilested negative reciprocul effects ranging from -0.20 o
-23.210 In Fsoreciprocals, 6 reciprocals revealed positive reciprocal cffcots ranging (rom
0,74 1o 7.75. while 9 reciprocals exbibited negative reciprocal efleets ranged from -lis

o -&.57,

The Iy hybrids ie. CIM-109 x CIM-1100. CIM-1100 x CRIS-9 and CIMV-1T100 %

B30 were the leading and the best specific combination for exhibition of the highest
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SCA clfects for seed cotton yield. In these hybrids, CIM-1100 Tad a prominent GOA
ellects Tor seed cotton yield, but the cultivars CRIS-9, CIM-109 and BI-36 were not i a
posilion o have even positive value Tor the said traits. These promising crosses involved
ow x high and high x low parents and performed well in SCA determination, These
results arce in ling with the findings of letullah e ab. (19931 who communicated that
when a parent with the best GOA was used as pollen parent produced  better
combinations, but in later two hybrids the case v in reverse, Outcome of the present
siudies s that the parent with the best GOA on their utilization as one of the parents
produces good hybrid combinations, Similar results have also been reported by Waldia e
ol 19847, Hussain and Khan (19913, lelanullah ef ol (19931 Baloch er wf, (19970
Hassan ef el (20001 and Panhwar et al. (20003 who concluded that the parent with high
COA elTects were found to produce high vielding lbrids, No doubt, the contradiction
between the rescarch findings may due 1o different Tactors like breeding material sl
and peculiar climatic conditions undder which the experiments were conducted, In case ol
Iy SCA cffects, CIM 1100 % FH-682 wus the best cross combination by having
masimum SCA eflects Tor seed colion yield. i above hybrid, CTIM-1 OO was vy
highest GCA Tor above traits bul TT-682 was having negative GOA effeets. Therelore.
high x low GOA parents produced the best cross combination For seed corton yield. These
results are also supporied by Dever and Gannaway (1992 and Galanopoulow and
Roupakias (1999} who opiend that s hybrids despite ol by inbreeding depression ofler
mote heterogencous population alongwith their different eflects as compared o thei b

hybrids and parents.

From the above results it was concluded that I> hybrids e, CIM-1100 x H-682,
CIV-1 100 % CRIS-S and CIM-10Y x CIM-T100 even alter segresation exhibited the
highest and second ranked calue for the most of the taits and by artilicial selection the
morphalogical and vield lraits can be improved to a significant level. In comparison to 1
generation. the the said Tiybrids were also having Jeading position lor most of the tranits
and their best performance have been confirmed in Fa generation even after inbreeding
depression and sepregation. By hybrids having maximum SOA eficots [or some traits
attained the second and third position m aperation for SCA ellects due Lo high
magnitude of inbrecding depression suggesting dominant eenes functioning [or these
traits which will require repeated sclection. Fy Tiyhrids with 2ud and third position for

SUA gave Iransgressive segregates by having lower magnitude of inbreeding depression
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anel additive zenes were responsible Tor these traits which can he improved through
simple selection. Baloch ef af.. (1996) and Cialanopoulou and Roupakias [1999) have also

reported similar results,

CONCLUSLON

lis concluded that eultivar CIM=1100 was Tound as the best aeneral combiner for
majority of the teaits followed by CRIS-Y and CIM-108, Majority of the 1) and T2
liybrids of CIV-TT00 and their reciprocals Tike CRIS- x CIM-1100, BIH-536 X CIM-
1100, CIM-1100 X CIN-109 CIN-1 100X CRIS-H CIV-1100 X FH-082, CIM-109 X
CIM-TT00. CIM-240 X CIV-1100 and FHeR2 x CIM-1100 performed well and can be
wsed i hybrid colton production. Results also revealed that vield components governed
by no-additive tvpe of gene action and such selections in promising hybrids could be
used in hvbrid cotton production for increased vield, Morcover, selection n lop
performing hybrids could be used in hybrid cotion production for increased yield.
Moreover, selection in top performing hybrids can also be studied in scgregating

LUNLTALIOINE,
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PARTICIPATORY RESEARCH FOR AGRICULTURAL
DEVELOPMENT: A CASE BARANI VILLAGE DEVELOPMENT
PROJECT IN PUNJAR, PAKISTAN

[TASSNAIN SITATT. NISAR ALLSHATT AND NADEEM AKMAL'

ABSTRACT
Fhis paper (v a svnthests of thiee-vear experiences and farmers
assessment of technolory validation fn participaiors manner of
intewrated research sites of Barawi Fillage Development Project,
Farmers' profdems  were  ddeniified  aud peioriiized  throwgh
Porticipatare Rural Appraisad (PRAL Favmers alone with o feam of
seseavcliors and cxtensionisis o o pacifeipatory imode developed
fecfmbcal modules that can indervene  iheir problems. The
perticipatory esearch i prafect area s heine conducted  in
celladovatfon with wedionad aodd Sndeenationa! researcll institiles for
tlhe foest thee veaes, During the fiest foeer vegrs ¢ 2000030 o nwmber af
fechnologioal packoees from national fnstitides were fefeniified and
fewsted Jor wider dissemination during the coming vears, AN the
cidlnfarating  research  instiintes  conducied  experimeniys and
assessmient of porticipaiory research (rinls was conducied eaclt vear,
Focli fnrervenifon was replicated with fweo o four faeaees ar all the
theee research sites, Facl vear Bost Javmers ivelved i technolooy
fesfing were dmterviewed, The frowledee gained hath of the
fechinelowios produced e the researel compeniens, and farmers!
afrfectives and constraings wondld support dhe wider dissemination af
the peojects bnierventions resulting in additfonal production and
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INTRODUCTION

The Baran Village Development Project (BYDPY is i cssence a rural development
project with a strong adaptive rescarch and wehnology transfer base 1o improve the socio-
ceonomic condition of the rural communitics. The project commenced in 19992000 and
15 scheduled 1o run Tor six vears until 2004-035, The project components are: Community
and women development; Soil conservation; On-farm water management: Agriculiural
extension; Livestock  development and Applicd Rescarch. The Applied Rescarch

Component of the BV aims to overcome the production constraints, including limited

soil ferility, marginal Tands, inadequate and mefficient use of fertilisers and non certified

seed, through parbicipatory manncr,

The apphed research in project arca is being conducted in collaboration with
national and international research institntes. The Barani Agricultural Research Institute
(BARTY, Baran Livestock Production Rescarch Instidute (BLPRIL. Soil and Water
Conservation Rescarch [nstlue (SAWCRT, Fodder Rescarch Institute, Sargodha and
social Seicnees Institute, NARC, Islamabad were collaborating 1o execute integrated
rescarch agenda Tor different agro-ecological zones ol Polhwar, TCARDA is associated in
the project to provide lechnical backup for poverly alleviation through productivity
unprovements integrated with sustaimable natural resource management practices. T'hese
programs are working on three target sites in Barant Pothwar for the last 3 years, These
are in a process o develop appropriale technologies that would adequately address the

dey agricultural productivity issnes,

The Baram Village Development Project in the minfed Poihwar region was
originally a development project designed (o help poor subsistence rural communitics
unprave their liveliboods. But it has gone far bevond this humble aim to become o classic

example ol a new style of scientilic rescarch called "participatory rescarch'.

Farmer partcipatory research bas been delimed as "the collaboration of farmers and
scientists i agricultoral rescarch and development” (Bentley  1994: 1400, The need to
mprove our understandimg of farmers' conditions and incorporate their perspectives into
the development and dlesting of new ageicullural lechnology s not new. The current

mterest i frmers” participation 15 related in large pant o Farming Systems Bescarch
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(FSRY (Tripp 1989). The PSR PErSPECtive FCCORIZes that most small Fanms are an
integration ol multiple enterprises that require the management ot diverse household
resources Lo meet a range of subsistence, income, and community goals, A Tarmmy
syslems perspective also implics a commitment o include [armers criteria and gouls
when setling research priovities (Tripp and Woolley. 1989, Technologics generated from
rescarch syslem particularly new varietics can be adopted rapidly el tivered oo manner

that is understood by the farmers,

The world experience over the years has shown that the best way Tor adoption ol
knowledse is through participatory approach and invelvement of Tarmers in selecung,
need based technologies and other intervention measures. This way the farmers hecome
mote organized. vigilant, vealistic, learn to work in commu nity, make their own day o
day decisions and start working like expert and without depending on extension stalt and
input dealers Lor crop production process. The approach involves farmers m the research
process at a basic, decision-making level, and recognizes that their knowledge and
cxperience can strengthen the provess. The results would not ouly improve the lives ol the
farmers. but have also equipped them with a new understanding of their natural resourees

i the uncertain rainted STV L,

MATERIALS AND METHODS

viable technological components Trom national institutes were identihed anel tested,
for wider dissemination, at three inteurated  rescareh sites selected through a
comprehensive site selection criterion representing all the ceologics of rainfed Polbwar
Concerning detailed charactertzation. 1o identily constraints and 1ssues and 1 order w
privritize research aciivities from three villages, larmot [ alan { Tehsil Gujar Khan) o
high rainfall zone, Hafizabad {Tehsil Jandi form medium and Kaslian (Tehsil P Khan)

forin Tow rainlall were selected.

A more informal method ol investigation called Participatory Rural Appratsal {PRA)
was used in which rural community was imvolved in analyzing: {a) production syslems:
(b1 problem diagnosis; and (€] setting prioritics lor rescarch and development planning

fotlowed by developing household profile.
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In the first phase different technologies were tested to select the most promising
technologies compatible with different farm situations. o b further disseminate in the
project arca. m the second phase, Farmers managed teials provide farmers' views, ther
acceplance of the mtervention and information on the compatibility (it of the
intervention with in the Tarming systems and an opportunity to further line lune

iHldebrand and Poey, 19850

The results are based on the three years assessment studics by social scientists
engaged in the applicd research team, Analylical procedure was adopled o understand
the development process ol different interventions and to gel response [rom the host
firmers. A set of dilTerent questionnaires along with checklist was developed to collect
frmers” response in a systematic way for difterent technolosical interventions cach year.
[nformation was mainly collected on parameters such as farmers knowledge, participation
level, dilference in vield and cost with [armers” practice and successiul/dailure of the
experiment ete along with socio ceonomic characteristics of the farmers involved o

participatory research hosting different research trials,

During first year 24 farmers. sceond year 32 and thind year 57 farmers who had
hosted different interventionsitrials were interviewed from the three integrated research

sites, Response of host farmers aboul cach intervention wis surmmarizcd,

RESULTS AND DISCUSSION

Characteristies of Farm Houscholds

The Tarm size was divided into [our categorics depending upon the cultivated area
owned by each household. Chher demographic characteristics ol the farm households
were also taken in farm household profile. Most of the farm households fell mto the first
cateaory of farm size. So there was a large number of small tarmers who could directly
benelit from the research output and it alse fullils the most importan criterion sel for the
selection of the villages as integrated research siles, Onoan average cach farmer hal
hosted more than two different trials. Majority ol the Taomers were small having less than
2 hectares of land in the target area bul ther participation in echnelogical development

processes during three vears was much less as shown i Table | and Table 2.
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Table 1. Characteristics of Farm Houscholds at Integrated Rescarch Sites

Farm Sizc Fregquency Education (vears) Cullivated Land (ha)
2 ha A
i .5
(77
2-3ha |47 i
S 2.0
(210
Ao ha L5
5 {15
121
=10 ha 3
L b,
(LIRS
Civeradl TU
I |5
100

Note: The louees given in the parenthaesis are the pereentages

Table 2. Characteristies of Host Farmers (Average of three vears)

Farm Size Host Educaiion Cultivated M ol Moember
! o Farmers (years) Land {ha) Trials of OO (49)
[
2 ha b 1.2 I:7 i
(42}
)
2-5ha AR 1.4 wy
i
. 4 )
3 =141 ha i 9 2.3 S
A
3 ;
=100 ha & 224) A1 i)
Gy
113 B ] .
Cheerall : 7 4.7 20 i
| 100

Mote: The lpures given o the parenthesis are the pereentagaes

A number of research activities are soing on at three siles by collaborating rescarch
institutions. Numerous promising technologies are emerging through the participatory
research along with empowerment of the Bumers with the lalest rescarch developiments,
Low cost structures ta conserve soil and water were developed and experimented at bwo
sites. The cost of these structures varies [rom Rs. 1300 to 2300 that 15 within the resource
limit of small Tarmers and many times Jess than the structures already being constructed

by Soil Conservation Department. Evaluation and standardization ol these cost elfective



outlets and farm water control stiructures is in process to standardize various cost effective
autlets and Taem water contrel structures Tor safe disposal of surplus raimwater across the
lields, improving the soil-moisture and preventing the soil losses, Various moislure
conservalion practices like green manuring, gypsum application and deep tillage 15 also

being done with the involvement of Tarmers.

These experiments have provided laboratory analyses by taking samples and studying
different chemical and physical changes through vanous soil analyses studying physical
and chemical propertics. plant analysis. gypsum analysis tor all macre and nucronutrients
and moisture contents. The improved varieties of legumes along with wheal and
sroundnul are giving higher yield than the farmers' practices, Through participatory
research these fechnologies are nof only adopted but alse being diszsemimated further

through informal seed production by the Tarmers.

The interventions 1o enhance fodder productivity are very much accepted by the
farming communities at all sites. Introduction ol new summer and winter fodder varictios
have signilicantly contributed to the food and fodder security of the rainfed farmers.
These varicties are not only giving 30-100 % higher yield but are also good in guality as
well, Productivity enhancement of livestock through better and least cost urea molasses
and penetic improvement by providing breeding services would make lvestock 4 more

productive and economical enterprise in the rainfed Pothwar region.

The results of some of the interventions from the experiments during the initial years
are summarized in Table 3 that clearly indicate that the improved varieties of lood and
Todeer crops had contributed significantly i food and Todder security. A number of other
long-term technelogical trails like livestock breed improvement, range land development
e are also underway that would bring improvement in the livelihood of the resource
poor Tarmers. Morcover the results ol the formal survey of host farmers for the

assessament ol technological interventions are also sunmarized appendices.
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Fable 3. Resulis of Some of Promising Intersentions al Three Siles

Interventions

ol & Water
Congeryalion
Struclures
isurey resuls)

W il

Caresunclinnl

Winder Fodder

Typed
Varicty

aool
Slructurg
Clost per unil
[ncrease in
vield
Control
CLsION

Futore
Inrentn
Farmer
Prelemence

M=

Yyl
dilferenee
Cither

attrihues

Yaricly

Berseam
apaili

Chals b 2001
Barley Fau
L

Furcller
quality
Wi
(SG2002)
Sorghum
J82063

Pearl Mille

Hafizalad . Jarmot  Kaslian
Irrigated  Wainfed  Irrigated  Rainfed Rabi
lrrisaled
7 12
. . N
{12 W= 3 : ?
[ 300320000 L= | 300 Experiment
201 [0 1 2%
Fully Fully

Audopt with own resources bul need techmeal auidine:
[nglab 2 Logglarh &1 [raglab 41
Aldready adopted more droaght tlerant than ot varielics
Yield kg & Y merease

F75%% — 7a%

Bald zrain stz unilarm grains, less sprcail af plant, localized posds

formation bl marketing problem due e consuoer prelerenee
o= ]

S Lnproverment in green lodder & dry matler ielhd than Local

varichics

15435 VA6
43425 4 [0 ¢S4 220610 66(54)
180210 ARELY 26030 R0 240250

Mare palatable, increase millk vield and fodder avatlaliliny in May

June (ram impriveed herseam than Local

0% (9%} L% K lir |
v G Rl
EERR RN

107 (1) 2305 o
TN

(112 (57 23121}
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Table 3 (Continued)

Interventions Type! Hafizabad Jarmot Kuslian
Variey  pypjgated  Rainfed  Irrigaied  Ruinfed Rabi
Irvizated

Sy

Fodidir Sudan I {2 T =y 16 (22

Ciritss

o P B (2 HIi-2) 225 {-38)
Fawan
InEE
Fuovlider Remain green upto Decombaer 3 manths more than local vareties
iuchity arcl mere palatable also more grain and dey stalk vicl
Farmers™ Tulure A g measure of sneeess for adoption informal secd producton of Berseenn, oal,
mentions ke, sorehum el millel started by the farmers and high Tellow Grmers oilerest
Farmers vicws F1A Nitersday FOUS2 Ty .00

liberiday

OF Eap dbulTalo) E2O5 Derdday F LTS Liler oy -
NI Benei/Cesl Rata - .72 4008

OF Expo1Cow) = 123 Neriday EOLA literiday

BoeneiCost Ratiee 2088 2.97

Beside increase vr the mdlle, aoumal healh also proves witle the use of UMMEB
Source: WCARD AL 2004 and Sorvey resules 2002 and 2003
Sote: The Tipures grven n the parenthesis are the percent change i dey matter vield than local
* e ntraduction therefore compared with local sorghom
FRLMAMB Composition: Maolasses (%0, urea (6%, alaked lime (1%, commuon sall § 5%,

mineral misture (5%, cottonseed meal (0%, maize ehoen 0% and wheal bran (14%)

Transler ol knowledge and technological package 1o farmers 15 of significant
impartant i participatory research and plays a vital role o wechoology diffusion and
adoption. Many innevations have spread from facmer 1o farmer without the intervention
ol any Tormal agriculoral extension services, such as the diffusion of the moldboard plow
i omany parts ol Africa (M, Blackie, personal communication) or the diffusion of
velvetbean (Mucwna sppd in Mesoamerica (Buckles, [995)0 Farmers exchange
mformation as well,
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Social networks plays o lundamental role in the adoption o new lechnologics,
particularly if they require collective action. such as constructing contour dikes for soil
crosion and water control. which cannot be accomplished by a single individual (Smale
and Ruttan. 1997} Social networks also altect the flow ol Farmers’ own experimental
information. For example, the propensity of nce farmers in Sierra Leone 1o discuss new
Piee varietics (Richards, 1986} contrasts with the concern ol many Ghanatan Farmers that
excessive inferest in a neighbor's Tarming activities may be linked to witcheralt (Trpp
2000, Keeping in view all these facts the project activities are implemented with best
possible scientific accords. Efforts are made 1o invelve the farmers at dillerent slages ol
planning and exceution of the interventions. Farmers are involved even in the annual
planning meetings and future plan is finalized according to the needs and demand of the
community. Inspite of all these efforts still there are a number of weaknesses in the
participatory rescarch process due 1o little passive role of the Tarming CoOmMmuity, time
hound activities and many other associated problems with rescarch al farmers' Helds, The
participation level and knowledge of farmers was also explored (Table 4.} 1o dentify
possible measures 1o make them proactive so that the fruits of participatory research can

e readived.

Fable 4. Farmers' Parvtieipation in the Research Trials al Intesrated HResearch Sifes
I :

Rabi Kharil Wheat Green Mustard  Pulses Nl
fodder fodlder Viaouring
Area of trial Percent Response
Liss Y LX) il ii LR ¥l A}
Appropriate o7 500 n7 o 3 il
Sorvwing of trial
Fimely 1030 25 L0 [ L0 [0 L i
Lol T3
Farmer selection
Mot b Hl 20 Rl KR L7 13 I
ek
Farmer Contael 25 Al 0 0 T} L) A1

[ esearcher conticl 45 k1L ) LY K3 52 A0
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Table 4 (Continued)

Rubi I<harif Wilieal Green Muostard  Pulses LT

fodder  fodder Manuring
Area of trial Percend Response
Sowing by
Farirer anly i3 A3 )
Rescarcler only [ kY S A
I3l ot o L ik B3F [ 0=
Boscarcher -
SOy
Harvesting by
o wdy | 1) [ TH] [ 13} [4341 100 [ [h0h [ {11
Fuscarcher ainly
Falh
Bescarcher
oLy
Fechnolopy Partial Partial Partial Partiul Mil Little Partial
Koo Tl
Farmers prepared ¥ 2 i H i 75 Al

socd ol hest

VILY hl."|’:l:'.l':l'|l..‘|':-'

Survey resulls 2003 2 Seed and Fertilizers were applicd by the researeh stalT ol by farmer)
CONCLUSIONS

The results Access to technology - improved seeds, livestock, forestry, agrcaltural,
animal Tusbandry and ather o techniques, and information - are the basic elements of
any strategy o pramote food seeurity and eradicate poverty, The technology generated
should be adapted to the requirements of small farmers in resource-poor arcas, keepiog
view their specilic needs, survival strategies, agro-ceological and cultural covironments.
Fhis will only happen. i small farmers are much more closely involved i the Genertion

and dilTusion of technelogy.

It could be concluded that the participatory research under Bacani Village
Development Project would Pave o new way for sustamable lvelihood of the resource
poor farmers threugh increased productivity off both crop and livestock sector TYRETY

mteerated fashion.
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Many of the project’s interventioms are almost al ke off stage where the mtegration
of ofler development agencics is prerequisite for wider dissemination and adoption of
promising technologies at wider ceale. However some modifications and improvements

are also very vital in the participatory rescarch process.

Farmers should be actively involved in all the practices particularly in the use ol
different inputs and evaluation of crop yield, Results should be shared with the
community. The research trial should be desipned, managed and analyred equally by the
both parlics, The involvement ol farmers at evaluation process is ol moch imporance al

his stage of technology selection for dissemination.

The results of the samples taken by the researchers should be shared with the
farmers rather evaluation should be conducted on participatory manner. This would
increase the understanding of processes, compaonents of new technology into the analysis
under farmers' hiophysical conditions and their management. Training, puidelines,
technical support and published lirerature would be worthwhile for capacity building and

crnpowermaenl.

Althougl the department of extension and soil conservation have been involved
the project from the outsel yet they were not a part of the research compeonent. Mow they
should be regarded as partners in the adaptive research and technology trans [ program
and should be closely involved in the participatory research and technology development
both at Tntegrated Research Sites and for transfer of technology i the similar agro

ccological cnvironment.

The knowledge sained both of the lechnologies produced by the research
component, and Tarmers' objeclives and constraints, would support the wider

dissemination of the project's results.
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Annes Al Farmers Assessmend of Technologies at Haltzabad Hesearch Sile
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Annex B {Continued)
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Annex C. Farmers Assessment of Technologies at Kaslian Rescarch Site
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STUDY ON SEEDLING TRAITS FOR DROUGHT TOLERANCE
IN WHEAT UNDER MOISTURE STRIESS CONDITIONS

SHAHID [OBAL AWANT M. FAISAL ANWAR MALIK! AND MUHAMMALD SIDDIOUTE!

ABSTRACT
Fowr varietios of speiing wheat vz Pak&l, Rawal87, finglab @1, aind
Kohsarts were studicd ander different woisiare peaimes s
riplicated  2-foctor Jucterial experinient g RO Amadvsis of
vrienee wias okl sienificant for all the taits exeepd Ef and ERL
Sienificant differences amoing treainie seiny for all the fraits were
ohserved af P=004 cxcept for Sresh ool weteli, which showed
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INTRODUCTION

The planting depth of wheat oflen is increased 1o place the seeds i soil with praper
modsture contents when low surface moisture restricts germination and  scedling
development. However, planting seed deeply m dry soil ofien results m low cmergence,
slow seedling development and thin stands, Even il moisture is adequate for gemupmation
ol seeds, continued lack of precipitation might debydrate seedlings and stop their growth
nntil additional tain oceurs to rehydrate them, The ability of seedlings 1o wlevate this
motsture siress is important for establishing stands of wheat. In addition, deep planting
andl delaved emergence depletes carbohydrate reserves in the endosperm that are necded
by the seedlings, Worldwide drought stress is one ol the most limitimg factors Lo crop
production. Autumn droughts often result in reduced seed germination and seedling
cstablishment (Schonfeld et al.. 1988), Semi-arid arcas are characterized by lmited and
crratic precipation frequently resulting in droughts at different periods during the
sponwing season. Barly vigour is considered an essential component ol crop plant
development under most environmental conditions { Ludlow and Muchow, 19500 Crop
vitrtedics with carly seedling vieour and pood stand establishment tend 1o maximize the
use of available soil water, resulting in inereased dey matter aceumulation and improved

ariin vield.

Wheat varieties dilTer inherently for their ability 1o withstand drooght conditions,
However, under field conditions. selection Tor scedling vicour can mask the genetic
potential of seedlings. but controlled conditions make such practice easy (Khan ¢t al,
20023, Plant characteristics that are responsible for differences in carly scedling vigour
among and within plant species have not been [ully explored. Simple plant characteristics
such s kernel weight, percentage germination. and scedling werght and height have been
identificd as good indicators of scedling vigour [Acevedo b al, 19910 Regan e of,
1992y, Most studies on drought tolerance of wheat and taits contributing 1o tolerance
have focused on the late-vegetative and reproductive periods ol growth, and the effects of
stress during those periods on yield (Baalbaki et al. 1998 So this study was designed to
determine the ability of wheat seedlings o withstand desiceation and the effect ol the

stress al different developmental stages of seedling emergence.
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MATERIALS AND METHODS

The cxpenment was conducted in the laboratory of Barani Agricultural Rescarch
Station. Fachjang during Qotober 2004, Four svarcties of spring wheat viz, Pak81LY 0
Fawals7iva) Inglab® iV, and Kehsar 930% 1) were sown o pois filled with river sand
wsing triplicated 2-factor Tuctoral experiment in CRD. Four doses of water were given 10
the wvariettes vize S0mI(T 3 LOOMET-) [30mb T2 and 200mlT,. The doses were
adjusted by reviewing data oo rainfall, recorded at BARS. Fatehjang for last five vears
during the germination phasc of seed. The experiment was inspeeted daily to record the
data on percentage emergence. emergence index and temperature during the course of
expeniment. After three weeks seedlings were uprooted and washed carefully 1in tap water
to remove sand particles, Data on parameters Bhe percentage cmergence, cmorgencs
ndex, emergence rate index, fresh shoot weight. fresh root weight. dry shoot weight. dry
root weicht and root/shoot ratio were recorded, Percentage cmergence was caleulated

according to the formula of Smith and Millet (1964).

Emcrgence "oage = Seedlings cmerged in 21 DAP x 100

Total number of secds planted
Emergence index (EI) 15 an estimate ot emergence rate for cultivars in each replication and
was caleulated accarding 1o the formula sugeested by Mock and Eberhart (1972,
Emergence index (E1} = 3 {Plants emerzed i a dav) (1DAP)

Plants comerged in 21 DAP

Where DAP = Days after planting
Fmergence rate index (ER1) was calculated as ratio of El 10 E %,
Emergence rate index {ERD = EI 7 B4
The root-shoot ratie was calealaled by dividing the dred root weight with the dried shoot
welght.

Ris = Diried oo weight/Dricd shoot weizght

The means thus obtained were subjected to analysis of variance by the standard
method of Steel & Tormie (1980), Genetic components of variance were obtained as
outhned by Johnzon et al., (1956) and Mahmud & Kramer (1951). Heritability estimates
were calculated using procedures given by Allard (1960). Phenotypic vorrelation

coctlicients were worked out between the trans following Snedecor, (1956,
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RESULTS AND DISCUSSION

Analysis of variance was performed for all the cight seedling traits as a preveqguisite
for measuring senctic diversity. According to the results (Table 1) dilference among the
vitrietics were highly significant for all the trails exeept emergenee index and emergence
rate index. indicating notable genetic variability among wheat varietics, Significant
dillerences among treatment means for all the raits were observed at P00 except for
fresh root weight, which showed significant difference at P<0.05. The main effect due o
different moisture levels, vacieties and their interactions were bighly significant Tor all
lrails exeepl percentage emcrgence. emergence index, and emergence rate. The CV {%)
{Table 11y was found maximum Tor Tresh root weight, dry root weight and emergence rate
index (26,8, 22.5% and 22.01%) respectively. Medhi and Asghar (19993 and Khan et al..
(2002} reported similar results. Tn agricultural expertment. OV i a good index of
reliability of experiment. These estimates are [requently used by the breeder 1o ascertaio

the precision of trails in an experiment,

[nformution about the genetic propertics of the given population can be drawn friom
the relative waanitude of the components of variance. In general, the estimates of genetic
varianees were smaller than their respective phenotypie varances for all the scedling
leaits evaluated. Likewise, estimales of senetic variance were greater than the estimates ol
covirommental variances for most of the traits, The estimales of genotypic variance lor
96 (3492 451 B1i5 1077 and RS (L1063 were Tound higher amony seedling trans, thus
indicating the presence of greater genetic variability Tor these traits. [nformation on
heritability provides the relative practicability of sclection for a particular character. The
estimutes ol hroad sense heritability recorded Trom wheat varictics at different moisture
levels ranged Trom 7.69% to 9082%. The highest value of heritability was recorded Tor
R:S followed by fresh shool weight (98.E6%), Tresh root weight (98.51%). dry shoot

weight (97.75%) and dry root weight (85.25%) which sugpested that sclection for these

traits will also be effective in future breeding programs of wheal i ramled arcas.

Simple correlation cocllicient for all seedling fraits was eslimated (Table T} The
simple correlation coeflicients ol emergence percentage showed positive and highly
signilicant correlation with emergence index, whereas, 11 was nesatively and significantly

correlated with emergence rate index, fresh shool weight, resh root weight, dry shoot
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weight, dry root weight and R/S. These results are in agreement with Medhi and Asghar
{1999), Emergence index showed positive and sienificant correlation with fresh root
weight, while other traits were negatively correlated with 1l Bmergence rate index was
pasitive and significantly correlated with [resh shoot weight, [resh root weight and dry
shool weight whereas, dry root weight was positively and non-significantly correlated
with it. Fmergence rate index was negalively and non-significantly correlated with RS, I
wis also shown that fresh shoot weight was positively and signilicantly correlated with
dry shool weight, while non-significantly correlated with fresh root weight and dry root

welzhl.

It was nepatively and significantly correlated with RS, Fresh root weight was
positively and significantly correlated with dry root weight, whercas, dry shoot weight
and RS was non-significantly and positively correlated with fresh root weight, Dry shool
weight was positively and non-significantly correlated with dry root weight while RS
indicated negative and highly significant correlation with dry shool weight. However, dry

root welght was positively and highly significantly correlated with R7S,

The different parameters studicd in the present investiogation can be useful for
screcning wheat varicties at scedling stage. Higher values of heritability for [R5, [resh
shoat weigzht, fresh root weight, dry shoot weight and dry root weight md icated that these
fraits were under the control of additive genes and can be improved by sclection. Highly
signilicant and positive correlation berween B% and EIL between fresh shoot weight and
dry shoot weight, between fresh root wei ght and dry root weight and between dry root
weight and RiS was recorded which sugopsted a directional model for direct andior
mdirect improvement in these traits, Looking al the mean values it s concluded that
Kohsar9s (V) exceeded all the varietics regarding percentige emerzence at dillerent
moisture reeimes, Therelore, high percentage cmergence will lead to higher number of
seedlings per acre resulting i better crop stand, which is a prerequisite Lo enhance per

acre grain yield.
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Table 1. Analysis of variance of cight seedling traits studied in four wheat varieties
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Table 11, Means (x), coefficient of variation (CV%) genotypic variance (5g),
phenotypic variance (8p) environmental variance (6¢) and broad sense heritability
(h7) of seedling traits in four wheat varieties at ditferent moisture regimes
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Table 111, Simple correlation coeflicients of ¢ight seedling traits studied in four wheat

variclics
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Where, E% = Emergence percentage. Bl = Emergence index, ERL= Emergence rate
index, FSW = Fresh Shoot Weight, FRW = Fresh Root Weight, DSW — Dry Shool Weight
and DRW — Dy Rool Weight, RAS = Root Shoot Ratio.
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RELEASE OF VERSATILE DESI CHICKPEA VARIETY
'PUNJAB 2000' FOR GENERAL CULTIVATION IN THE
PUNJAB PROVINCE OF PAKISTAN

DR, AKHTAR ALD, MUHAMMAD ALIF AND DR, MUHAMMAL AFZALY

ABSTRACT

The versatile desi chickpea variety ph 2000 was developed and
released 1o meei the needs of hoth painfed and irvigated areas of
Punjab Province of Pakistun. The varietv ph 2000 was developed
through hvbridization using a female parent C-87, u chlorosis
resistant desi variety switable for irvigated areas and male parent (-

¢

&4

r

the desi bold seeded variens highlyv adopted in low recinfeddt creas
of 'Thal' The cross was made during 1988-89 and segregoting
populations were handled adopting pedigree nrethod of breeding. The
prre lines showing promise were selected in I, Generation dwving
1002.93 numbered and tested in Yield Nursery during (99304, The
fine 9308] found most promising was further evaluated alongwith
arher promising lines in Station Yield Trials, Adapiation Yield Trials,
National Uniform Yield Trials and Sowing Date Yield Trials during
[9U4-95 to 1998-99 against standard desi check varieties Ph-91:C-
44 under both rainfed and irvigated conditions thrawshout the
Punjab Province and the Country. (i an average of 30 different vield
wrials conducted under rainfed and irrigated conditions, 93081 with
an average vield of {679 kg ha' prodiiced 27.8% higher yield thies
the cheek varieties Ph-91:C-44 which produced 1314 for hard. Y3
has a high vield potensial of 3300 kg ha! carries tolevance to blight
and wilt diseases, resistance to iron-deficiency chilorosis and also has
a bold seed size, 93081 was released by Punjab Seed Council for
general cultivation by the nume of Punjab 2000, being versatife
varien it was recompiended for planting on baih rafnfed and
irrigated areas of Punfab,

Kev Words @ Chickpea, Cicer artetinum l.. Rainfed arcas, Irrigated
arcas, Wersatile variety.

| pulses Botanist, - Assistant Botanist (Gram and Pulses) and *Director, Pulses Research Institute, Ayub Agneulurad

Research [nstinure, Thang Road. Tasalabad, Pakistan.

[Taper receved on P20 2004



2ah PHE . ARFITAR ALD e ol

INTRODUCTION

Pulses are important both as Tood and crops. Among pulses. chickpea, the major
pulse crop contributing 72.8% 1o the total pulses grown in the country, occupied an area
al” 9604 thousand ha o Pakistan, Oul of which the Punjab Provinee alone contribaed
$60.0 thousand ha which was 89.53% of the wlal chickpea arca planted in the country
during 2002-03 {Anon., 2003) In Punjab. 90.2% of the chickpea crop s planted as
rainfed out of this rainfed arca 88.2% s concentrated in the rainfed vact of "Thal’
comprising of the districts of Bhakkar, Khushab, Layyah, Mianwali and pacts of Thang
{Anon., 2002-03) 1t 1s becanse chickpea is the only crop which has a potential 1o grow
under semi desert conditions o "Thal' comprising of sand dunes and interdunal valleys
having scanty soil moisture & soil fertilivy. Consequential upon the predominance of
ramnled arca. the production of the crop in the country depends upon the kind ol crop
harvested in rainfed arca of "Thal' where the success of the crop depends largely on the
availability of soil moisture. The adequate rains reccived i "Thal® during the crop scason
ol 199798 resulted into o record production of 646.2 thousand tonnes in Pungal with the
highest provincial average vield of 71 kg ha™" which raised the national production to the
highest level of 767.1 thousand tonnes and the national average yield to 696 kg ha !
{Anon., 2000-01, The chickpea variety C-44 is well adopted under "Thal” conditions and
il is the predominant varicty of the "Thal” region where it covers over three Tourth ol the
lotal chickpea arca in Punjab. Consequently, the chickpea markets are also concentrated
i Thal' where most ol the chickpea gram constitutes the produce ol bold seeded
chickpen variely C-44 which is Locally known as 'Bittal’ quality (bold seeded quality).
The Chickpen erain of 'Bital” quality 15 transported  from "Thal' 1o throughout the
provinee/countiry.

In Dreigated arcas. the chickpea arca was dropped [rom 26% during T971-72 10 as
Tow as 6.8% in 2000-01, However, the trend of planting chickpea s Increasing ainong the
ariiers 1o combat the water-shortage orisis sinee chickpea crop reguires only one
irrigation after soaking dose. The irvigated area of chickpea crop in Pungab has mereased
by 19.5% from 534 thousand ba in 2000-01 to 63.8 thousand ha in 2001-02 and Turther
by 31.7% from 638 thousand ha to 84.0 thovsand ha i 2002-03, (Anon. 2002-031. The
Barmers are planting chickpea crop by buying the Bittal quality produce of C-44 from the

market and using 1 oay seed due o is attractive bold size. Consequently, then crops are



RELEASE O VERSATILE DUESHCHICKPEA VARIETY 'PUNJAL 2000 IN PAKISTAN 257

allected by Tron-deficiency chlorosis after first irvigation/rainlall when the clay loam soils
pet compact while in the sandy soils of "Thal” which do not gel compact even Lhe
suseeplible variety C-44 s not aftected by iron-deficicney chlorosis (Al ef al., 1954).
The sources of resistance to iron-deficiency chlorosis are available (AL, e al., |988a} and
the chlorosis 15 conditioned by a single recessive gene (AL e ed 1988 bl Moreover, the
virietics developed for rainfed arcas of "Thal' have less adaptation in Irrigated arcas and
vise versa. Therefore, a need was Telt 1o develop a wversatile variety. wlich can

suceessiully be planted in vainfed as well as Trrigated avcas.

MATERIALS AND METHODS

The chickpea variety development work was carried out at Pulses [Research Institule,
Faisalabad during T988-89 1o [998-99. In hybridizalion programime, @ cross wis made
hetween the female parent C-87. an lron-deliciency Chlorosis resistant desi wariety
suitable for irrigated areas. and the male parent C-A44, the desi variety highly adopted
under low rainfall conditions of “Thal’, during 1988-89. The I generalion was raised
during 1989-90, the sced of which was planted in F: during 1990-91, The segregating
populations (Fa-F b were handled adopting Pedigree method ol selection. The single plant
selections were made in Fa at maturity. The plant progeny rows were studied in Fs and
single plant selections were made during 19971-92, "The plant progenies were raised and
Uniform pure lines showing promise were selected in Fyduring 1992-93 and these Tines
were numbered and tested in vield Norsery during 1993-94. The Tine 93081 Tound
promising in yvield nursery was evaluated along with other lines or vield in 9 Station
Yicld Trials including & under wrigated conditions at Faisalabad{2y, Salkot(2) and
Kallurkoli 21, and 3 under rainfed conditions at Kallurkot 2} and Attocki 1y, during 1994-
95 and 1995-96. The variety 93081 was evaluated in 11 Adaptation Yield Trials
conducted under both rainled and irrigated conditions throughout the Punjab provinee
during 1995-96 (o [997-98 and in 27 National Unilorm Yield Trals conducted under
rainfed and irgated conditions throughout the country by the National Coordinator
(Pulses), NARC, Islamabad during 1995-96 to 1998-9. The varicty 93081 was also
eviluated in Sowing Dales Yield Trials at Faisalabad durimg 1996-97 and [998-9%, The
Yield Nursery was laid out in augmented design while all the vield trials were Landd out i
Randomized Complete Block Design with 4 replications, The sowing Dales Yield Trial

was laid out in Split Plot Design with 4 rephcations, 93081 was raised adopling the
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agronomic practices already established for C-44 and ph.91. 93081 was also tested
against Ascochyla blight and Fusarium wilt diseases as well as against iron-deficiency
chlorosis during 1995-96 10 1998-99. The data were subjected to analysis of variance and

LSD03 was esumated for separation of means adopting the procedures laid down by

Little & Hills (1978). The varietal characteristics of 93081 were studied and agronomic
practices were recommended, The variety was exposed to artificially created disease
conditions of fungal diseases Ascochyta blight and Fusarium wilt and also against abiotic
disease of won-deficiency chlorosis. The variety 93081 was rated against Ascochyta
blight and wilt diseases adopting the international disease scoring lechniques developad
by Mene eral. (1981)

RESULTS AND DISCUSSION
L Yield performance:
The vanety 93081 yviclded significantly higher than the check varieties Ph.91 and C-44 in
Yield Nursery. Station Yield Trals, Adapration Yield Trials, National Uniform Yield
Imals and sowing Dates Yield Trails (Table 1).
Table 1. Summary of vield performance of 92081 in different yield trials during
1993-94 to 1998-99

21 Drevail of Yicld Trials Yield kgfha w, I.HE}
M. Year o _ " - g incr. : U.5 i
Iype of Trial o G081 ' koo ha
| 199394 Yield Nursery (Ireigated) 1 3500 1979 Tau “‘P
2 [994-95 Station Yicld Trials,
e i lerigated f 3o 445 3.1 124-574
1995-96 i) Rainled 3 07 S50 265 175:27%
5] 1995945 Adaptation ¥eld Trals 1] | (FA [ 357 136 178-361]
Lo Chrrigated + Raintad)
199798
4 19495-96 National Linilorm ¥ weld 23 1653 1270% 302
o Tralz
H9E-22 (lrrigated + Rainliad)
5 1996-497 Sowing Date Yield Trials 2 285323
and 1 ET-L0-80 and 24- 10495 2519 (937 300
1998-99 ARRTEEN N BTN RATR e 2182 18U2 53
Weighted Average S 1074 1314 274 -

. Pb-91/ C-44
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a, Yield nursery:
The variely 93081 vielded 3300 ke ha'' which was 76.9% higher than the yiekd of
1979 kg ha' produced by the check variely Ph91 in Yield Nursery planted under

irrigated conditions al Faisalabad during [993-94.

b, Station Yield Trials:

On an average of 6 vield trials conducted under irvigated conditions at Farsalabad,
Sialkot and Kallurkot, the variety 93081 produced 1894 kg ha b which was 31.1% higher
than the vield of 1445 kg ha™' produced by the eheek varety Ph.9 T, While under rainted
conditions at Kallurkot and Attock. on an average of 3 trials. the variety 93081 produced
707 kg ha ' which was 26.5% higher than the yield of 3539 kg ha'' produced by the cheek

PLOL, during 1994-95 1o [995-96.

¢ Adaptations Yield Trials:

On an average of 11 Adapation Yield Trials, conducted under irmgated and ratnfid
conditions throughout the Punjab province, during 1995-96 to [997-98. the variety EATIEY|
viclded 1603 Ke'' ha which was 15.6% higher than the yicld of 1387 Kg ha! produced
by the check variety Ph.91 during 1995-96 to 1997-95.

d. Matienal Unilorm Yield Trials.

On an average of 27 trials condueted throughout the country, the varicly Y308
yiclded 1653 Kg ha ' which was 30.2% higher than the yield of 1270 Ky ha! produced
by the check varieties Ph. 917 C-dd during 1995-96 10 1998-99,

e Sowing Dates Yield Trials,

During 1996-97 and 1998-99. the varicty 93081 planted on [7.10.96 and 24.10.95
produced an average yield of 2519 kg ha™ which was 30.0% higher than the viell of
1937 ke ha! produced by the check variety Pb91 planted on these dates while the variely
93081 planted on 31196 and 6,11,98 produced an average vield of 2182 kg ha' which
was 13.3% higher than the vield of 1892 kg ha' produced by the check variety I'b.Yl

planted on these dates.

O an averaze of 50 vield trials, the variety 93081 vielded 1679 kg ha! which was

27,89 higher than the vield of 1314 kg ha' produced by the cheek vareties Ph.9 1/C 44,
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L. Varietal Characteristics of 930%1.

i, DPreseription of the Variery,
Leal Compound, Rachis length .62
Leal Jut Long
Faliage colour =Light green
Flant type Semi erect
Pods Bald
Seed Baold and Oblong
[raes 1o floweering [12
Dhas tomaturity -| 700

Yiel d components

Meof primary branches Per plant 9.0
Mool secondary branches per 270
plant el
Nu.of pads per pland [4%
Mo af seeds per podd 274
Yicld per plant (g) 274
000 - grain weight (g) 230
1000 - arain weight of C (g} -44 20
Pb.t| 287

“Bittal® 2y

Leaflets long, foliage relatively Tight green, plant semi crect, and pods bold and

oblong and seeds bold.

[TL Agronomic Requirements of Y3081,

The varicty 93081 being u cross between local varictics wave high vield adopting the
agronomic practices already established for the desi tvpe commercial varieties C-44 and
Pb-91. The following agronomic practices were recommended for the cultivation of the
variety 93081,

a. Sowing Time:

The optimum time of sowing for different areas of the Punjab Provinee is given as
under:

Northern Punjab I5th Sept. to 15th Ol

Thal' arca [st 10 311 Oetober.

Clentral and southern Punjab Lach Oct, to 13t Mo,
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b. Seeding Rale:
The seed rate of 62.5 Kg per ha is recommended for oblaining an optimum plant
population of 212.5-225 thousand plants per ha as previously recommended for bold

seeded varieties of chickpea,

c. Planting Geometry:

The row to row spacing of 30 and 45 ¢ under normal and rich soil conditions,
respectively and a plant to plant distance of 15-20 em s recommended using the
recommended sceding rate as already recommended Tor bushy type of desi ehickpen

VHTTCHLES.

The variety 93081 also performed well with one irrigation al [owering as already

recommended Tor desi chickpea varictics under irrigated conditions.

e. Fertilizer Requirements;
The variety 93081 also performed good under the prevailing standard fertilizer dosc
al' NPK as 27.5:92.5:0 Kg per ha.

IV. Reaction to Discases:

The variety 93081 remained under study agamst the major diseases re, blight and
wilt and iron-deficiency chlorosis along with standard check varietics during 1993-96 1o
[998-99, The results obtained under artilicial dizsease conditions created at AARI

Faisalabad are produced in Table 2.

Table 2. The average reaction of 93081 against blight and wilt discases and iron-
deficiency chlorosis during 19495-96 to 1995-99

S1 N "r"ttl'il.,r Wilt - Blight - Irun—dclirinlnl_\'
{in pereentage) (1-9 Scale) Chlorosis
1 GAE | 21-30 3 Resistant
2 KT 21 -3 3 L esistanl
3 -4 EARE 1) 5 Susceptible
4 Ph.al 31 - 3 [Lesistant

A [ERIUET R 21 =340

3

[Fesistant
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The variety Y3081 was [ound moderately resistant to both the major diseases of

Ascochyta blight and Fusarium wilt and resistant 1o mon-deficiency chlorosis,

Fhe vartety Y3081 an out come ol a cross between the locally adopted varietics, on
an average of 50 tials, produced 1679 Kg ha'' which was 27 8% higher than the vield of
1314 Kyg ha ' produced by the check varictics Ph.91/C-44 under rainfed and irvigated
conditions. [ has a wide adaplabilivy and a high vield potential of 3500 Ke ha ' I has no
spectlic agronomic requirements and it can successfully be grown adopling the
agromonie practices already established Tor the prevailing bold seeded commereial
chickpen varietes, Ialso carries tolerance 1o Ascochyta blight and Fusacium wilt as well
as resistance o von-deficiency chlorosis. The variety 93081 has bold seed size. Based
upen these characters, vartety 93081 was released by the Punjab Seed Council Tor general
cultivation by the name of Ph 2000, and 1t being versatile varicly was recommended for

planting on both rainfed and Terigated avcas of Punjab.
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PREDOMINANT NATURAL ENEMILES OF INSECT PESTS IN
AGROECOSYSTEMS AT ARALAGANWILA IN THE NORTII
CENTRAL PROVINCE OF 5RI LANKA

Y KETIPEARACHCH! !

ABSTRACT

Efferent crops were extablished and maintained under pesticide free
conditions plots n reseqrel field ar Aralaganwila, North Cengeal
Peevinee of Sedanka. Insect pests and their patvred enemies
assnciated with the crops were collected and Qmmatire siages were
veceee i e lalewaderr with thele associated hosts for (nvestiveriioss
eired adule emervence. The adults were collecied. processed and
feerntificd oo the fdentification individual specimens were classified
i specifie, geis ar family sames, fdeniificd specimens fncluded
predators and parasiioids belonging o differced ovders, This report
includes the information of identified species beloneing o order
Arencae, Coleoptera, Diptera, Hemenopiera and Heteropiera and
frersts associoated with them. The most predominant predavon: species
Defanged bo orders of Avencae and Coleopiera and parasitic species
Defonged to ovders of Hvmenoptera and Dipicra, This report mives
some species as theie fivst vecond Ker specimens were kepi for
reference al dhe Entomalogy Dvision of the Hoviteulteral Crop
Rescarcl and Development fastiteie, Peradeniva and Resional
Agricidivrad Researvch and Development Center, Aralazanwili,
Results fighliphied the indigenons occwrrence of many species of
mesttived enentics (n the agro-coosvsien of the vesion, Popudaiions af

st enemies showed seasonal fluctwations in the areda.

Key Words ; Hosts, 1PM, Parasitond, Pest, Predator.

Tant Protection Service. Department ol Aasiculiore, Paradeniya, 50 Lanka

[Paper reecmvad on DOCTOLAO0E
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INTRODUCTION

Farmers i Sri Lanka mostly rely on chemical pesticides [or the control of pest
problems. They apply pesticides as routine applications irrespective of pest mlestations or
damage symptoms, These applications usually lolaled over 250 20 and 13 times
respectively Tor ¢hilli, cabbage and bean cultivations during o cropping scason (Aoon,
200543, This reliance and indiscriminate use of pesticides not only increases cost ol
production but alse Teads o many hazardous and adverse conditions (De Silva, 1960
Nargarkat & Javanth, 1982; Ponnambalam, 1983 Kodagoda, 1983 Integrated Pesl
Management ([PM) is highly effective. eco-lriendly and does not cause hazardeous and
adverse effects (Pimental, 1981; Ketipearachehi, 1992). IPM approach demands an
extensive knowledee on indigenous natural enemics as 1L promotes biological control
through parasitoids and predators, But. inlormation is scaree i this field under local
agra-ceosvslems {Ketipearachehi, 20020 De Silva, 196l 1961, Simmonds, 1978
Fernande. 19640 1965: 1966}, Research and development programs are nol giving nueh
attention Tor the biological contral of these pests in the field level, This situation demands

cxtensive rescarch on indigenous natural enenies,

Aralaganwila in the Mahawell System B (eastern part af the Novth Central Provinee)
is an arca highly developed for irigated agriculture after mid 1950s. Until then these
Jands were covered by a natural ecosystem that comprised with many natural plant and
animal specics. At present a major portion of the lands is utilized for paddy cultivation,
during vala {dry season) and maha {rainy season). The extent of lands utilized for nee is
higher during maha than durmg yala and tha utilized [or other ficld crops (OFC) and
vegetables is higher during vala than during maha, The replacement of patural ceosystem
by agro-ceosystem in the region nught have changed the micractiony among hosts, pests
and their natural enemies. The present stody is aimed 1o investigate predominant natural
cnemies of major inseel pests associated wath crop species in the agro-ccosystem al
Aralpganwila, A part of the results of this study was reported previously and included
information of 80 Hymenopteran parasitoids and hyper parasitoids [ Ketipearachehi,

20020, This report includes additional information.
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MATERIALS AND METHODS

The study was conducted at the Regional Agricultural Research and Development
Center at Aralaganwila. Annual crops of different species were monthly established in
100 m? ploeds. These crop species included pigeon pea (Cafantis cojin). cowpen | Figna
pneuicidaia), green gram {Figna vaeiaia L, groundnut (Arvachis hvpogaed [.}. chilli
(Capsicwm annin L. coeplant (Solanen sp.l. Cucurhita pepo, Lufa aciifarelif
cucumber (Cucwmis saiivias), Momordica charastic, Cucnrbila moschaia, anion LANem
sppek radish (Raphanus safivies L., cabbage (Brassisca olerareq var copitati]). sesame
(Sexanum (ndicum 1) and maize (Zea mavs Ly Semi perennial crops, Asparagis
officinalis and Solamor viotacemn G owere grown each in 300 m2 plots during vala and
mehe, These erops were maintained i the rescarch field under insecticide free

conditions.

Jmature stages and natural cnemics of pest species associated witll the crops were
frequently collected and reared i the laboratory, Egps were rearcd in 1est tubes plugeed
with cotton wool and other ummature stages were cultured i plastic containers with
ventilated windows covered with nylon mesh. Immature slages ol pests were led daly
with tender shoots, pods or fruits of crops they preferred and that ol predators were led
with hosts, Emerging adults were collected and processed Tor identification. The
identitics of these specimens were made by comparing them with the reference
collections maintained al the center and use of literature. Specimens ol the species were
also sent Lo the International nstitute of Entomelogy (1HE} in London for conlirmation ol
identities. The taxonemists, R. G. Booth, G, M. Stonedahl, 1AL Muarphy, 1 M. White, B.
Bolton and N, 7 Wyatl identilied these specnmens. Samples o s0me UnConumon or new
species were kept at the insecl muscum of Horticultural Crap Research and Development
Institute al Peradeniva and the Regional Agricultural Research and Development Cenler

al Aralaganwila Joe relerence.
RESULTS AND DISCUSSION

The natural enemies collected Trom this study included parasitonds, hyper-parasitolds
and predators ol arthropod pest species {Ketipearachehi. 2002}, Tnlormation 1 this paper
was limited Lo parasitic species of Diptera and predatory species of Avaneae, Coleopteri,

Heteroplera and Hymenoptera (Table 1), Many of the species collected n this study have
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been dentified only up to genus, This was mainly due to the unavatlability ol services of

experts and mformation on these species in the Asian region for detailed classification,

Observations indicated that spiders, ladybird beetles and Hemiptera species were the
most predominant predator species and dragonflies, damselllies, lacewings. grasshoppers,
birds and snakes were the nceasional predator species associated with dillorent crop pests,
Decaving bodies of some defoliatmg larvae were secasionally noticed in these fields. A
pathogenic infection may be the cause ol death of these larvae. Observations indicated
seasonal oceurrences ol parasitoid species. Many parasitond specics were abundant during
maha than during vala, The species listed w the above represent only o portion ol the
natural cnemy complex existed in the agro-ccosystem. Thus. further research is suggested
for the discovery of many probable parasitic or pathopenic and some predatory species
that have not been reported so far from these arcas and highlight their significance in

relation to scasonal abundanee.

n the natural ecosvstems, a dynamic cquilibrium cxists between parasiloids and
predators and their hosts i Pimental, 198179 Bul, similar couibibrium doges not cxlsl i agEro:
coosyslems due o the influences ol erops, varieties. cultivation cyveles and agrononic
practices. An insect pest of widespread distribution and host range may have several
natural enemies. However, many nalural enemies show a very high degree of host
specificity (Ghosh, [98%). Presence of dilferent natural enemy specics is a positive
ndication [or natural control of diflerent pest species. This study proved the presence of
many species of predatory and parasitic natural enemics. These species may be common in

agro-ceosystents of the dry zone.

They

limit the reproduction and population build up of pest species. Information ol
some species indicated under Lewcopis sp.., Chloropridac, Atherigoma sp., Nematoces,
Phoridae, Sarcophagidae, Suphidae, some species of Tuehinideae. Sweatiomyidae, species of
spiders, Brumoides sp. Ophionea sp., Coccinella transversativ, Micraspis discolor,
Propylea  dissecta,  Serangium  parceselosi, Oriis sp.. Creontiodes pallidifer,
Cepmponnius spp.. Lepiogenys sp.. Laphovimex sp., Meranopfus hicolon Paratreching
spe. Polvehachis exercita, Soleropsis sp. and  Tapinona sp. was nol found as natural
cnemics of crop pests in previous reports ol De Silva (1960 and 19611, Jesudasan and
Yogaratnam { 1984}, Eernando (1964 1965 and  1966), and Ketipearachehi {1992 and

20021, Thus. such species are treated as indigenous specics for the first time with this
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report, As information on bionomics of local parasitoids and predators is scarce,

further studies are suggested on these species.

Many countries successfully manage pest populations by means of on oy
continuous biological control programs, Only a few species (Goniozus weplaniidis,
Rreacon hebeter Eriborus rochenteraius, Brachimeria nephantidis and Creriobagons
sadviniae) are being cultured and released in biological pest control programs ol 511 Lanka
(Anon, 2005b). The indigenous parasitoid and predator species may also be exploited
through mass cullure and release techniques. Henee, the results demand further research
on potentials of using them for mass culture and release. Standard cultueal practices. 1PM,
maintenance of fodder trees or artificial diet and inhabiting sites and reduction of
discriminate nses of pesticides in farmer ficlds favor the build up of natural enemy
populations. Agronomist should urge farmers to adopt them and promote biclogical pest

control in agro-ceosysiems.

Table 1. List of pavasitoids and predutors, theiv hosts and habitats in agro ecosystem at

Aralaganwila

Associated hosts and/!

2 Remarls
or habitats

Species name

£ Atherivana
{Acritochaeta
arferialis Schiner
{Diprern: Muscidae)

Cienus et spe el
i Diplera: Phoridae)

03, Genus el sp indel,

{Dpera: Sarcophapidae)

04, Gienns oL sp. et
i Diptera: Syphidae)

Parasihic an larvae of

Merireq tesiodalis and
Viene anguiculata an
Srecn gram

Larva parasitic on pupa
of Euprociis sp,
delulialor on Cafains
cElfen

Parasitic on defoliating
lepudopleron insects on
aroundnuts

Parasitic on tephritid
lruir flies on pods ol
cneurhis

Masily sapro phytic on decaying
miaderials and somelimes facultative
o insect larvae CAnon, 20003 ),

sSome Phaorid species parasitize on
Lepidoptera, Coleoptera,
Hymenoptera and [soplera species
CAnon, 2003)

Soame sarcophagus speeics show
abligatery parasitsm en Orthoptera,
Lepidaptera and Coleoptera specics
iAnon, 20003, e Silva in 1961

reparted the indigenous ocewrrence ol

sarcophagids
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U3, Careelia ap. (Dhiplern;
Tuchinidae)

U6, Fvoeisia sp. (Dhplern;

Tachinule)

07, Pevitureq spo (Ihplern;

Tachinidae)

D8, Ssveog sp (Dipler

Techinidne)

08, Hvaedathiria sp,
(Diplera; Tachinidac)

1 Genus et ap. indet.

iDiptera : Tachinidoe:;

Ervenni

L Lewcopis sp, (Diplera:

Chamaemyiidac)

CAdenus el spindet,

{Diprera: Chloropidae)

Parasitic on
le pidopreron deloliator
an Crrewibiio weesefiod

Parasitic on Euapeocis
s, defoliaor an
vraundnuts

Parasitic on
defolinling larvae of
frproctiys ap.on
aroundnuts and pigeon
pea and aphid
predatory Syephids on
cuewmber and radizh

Parasitic on
defoliating Psyehid and
Ewproctis larvac on
Cajenimies corfeni il
Svephids (predator of
aplidsy on cucumber
and radish.

Parasitic on larvae ol
Acherwitia ey N
Serfeniua sp.

Parasitic on larvae ol
Pavehidae on
Asvgriringies crop.

Larva predatory on
Apdfis gazsypd on
cucumber and ch 1h
and Apdixv craeeivara
Koch on groundouts

Associied with aphid
and mealy bug infested
feliages ol cucumber,
covvpey and chil i

Y. KETIPEARACHCH

Corrceficr sp. 15 locally Townd and hosts
inelude Ovevia postica, Cvevia spp.,
Heldicoverpa sp.and Suprocti sp. and
iy ather lepidoptercon (Anon,
2003 e Silva, 19610,

Mlajor parasitoid of Lepidoplieron,
Coleaptera, and Hemiptera species
{Anon, 2003), Indigenousfivarisia
species wis reported by De Silva
(19617

Tachinids parasitize mostly on
Lepidoptera and sometimes on
Orthoptera, Coleoptera and
Hymenoptera larvae {Anon, 2003, De
Silva (190 repor led several parasitic
Tactunud species in Sri Lanka,

Fachinids parasitize mostly on
Lepidoplern and sometimes on
Chthaptera, Coleoptera and
Hymenoplern bvae (Anon, 20033, De
Stlvin (19613 reported several parasitic
Tachmid species in S Lanka.

Tachinids parasitize mostly an
Lepidoprera and somelunes on
Orthepler, Coleopter and
Hymenoptera larvae {Anon, 2003 De
Silva {19610 reported the acewrrence
ol several parasitic Tachinid species

in Sri Lanka

Ervenniparasitize mastly on
Lepidoptera species {Anon, 2003). e
Silva i 1961 reported nuhgenons
parasiiic Tachinds species

Larvae ol Chomaemynidae are
predatory on Homaoprera and
FHlemiplern specics (Kesten, 1973,
Ao, 24005 )

Some e predatory on g
spiders, mantids and aphids .
eMartshole 1970: Anon, 2003
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1

3. Genus el sp.indet, 2
specics { Diptera:
Mematocer)

L4, fsedivelon scufellonis
Fabricins { Diptera:
Syrphidac)

5. Parags verbriensis
Stuckenberg
(Diplera:

Syrphidae)

I, Crenus et sp e

{ Diprera; Strativmyidae)

=
=
0
o
=
o

Araneidac)

15, Laeinfu sp. Araneae,
Arancidac)

(9, Cheivacanthinm sp.

(Aranepe: Clubionidag)

200 Clubiona sp.

i Arancae: Clubionidac)

21, Aphaniailar sp.

{ Araneac: Gnaphosidae)

272

220 Oyvapes sppod?
specics] {Araneas
Oreyopudae)

Preyvs om larvae of
Svephid sp.or aphids
on cabbage, radish,
cowped, cueumber and
ggrer plant

Larva predatory on
Aphis gossepil comples
on euewmber and chilli

Larva was predatary on
Apdrin gossypdion
coeumber

Predatory on insect
specics on chilli crop

Predatory oo insect
spectes on the foliage
ol groumndts, cowpai,
Ceagaitis corfenr. chill
ancd Safanmmm s

Predatory on inscels
associaled with the

fobiage of chilli and
O e

Predatary on insecks
nssociated with the
luliage of cucumber,
groundnuts, chill 1 and
Clrafanes colfetn

Mredutory an insecl
specics on the loliage
ol cucumber

Predatory on insecl
species infestod on
onion laliage

Predatory on insccls
infiested on Toliage of
rovndnuts and
Serfernenn S,

Moicastro ef of 1 1985]

Larva prevs on aphid, psylld and
coccinellid species (Anon, 2003 The

264

species is present locally (De Silva, 1961,

A specialized predator species of
aphidls, psyllids and some ather pest
aroups (Anon, 2L Several syrphid

species were present ocally (De Silva, 19611,

Ao (20

A pocturmal predator preys on larvae
and adull= of Lepidoplera and
wymphs of Hemipters
Homopters species (Naton, 1976}

Predatory on Hemipler specics
{Anon, 2003},

Predatery on Hemiptera, Dipter:
species (Anon, 2005: Leech and
Brown, 1994}

Predatory on Hemiplera specics
{MNaton, L9760, Anon, 200531,

Maton {19701 deseribed predatery
behavior and description

Divrnal hunting predators on
Hemiptera, Lepidoprera, Diptera,
Orthoptera, Coleoptera and
Thysanoptera specics in felds of

ishlands and lewlands (Anon, 2005

[t builds no webs (Schepard ef ol
TR Oueradn ef ol 197600
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Ivi

14
i

I_.\, 4
-

20,

Hivaor s L Aranea:
Salticicae)

Mol sp.
(A raneac: Salicidas)

Ve Ry peveesd

Karsch ¢ Araneae:
Salticidac)

CMeinia s,

CAvancac o Fhomosicdacy

Fleeaiistes s,

vAranene: Thomiswdas)

Cfreicles sitealis

Fabwicius (U oleoplera:
[ 'LJk‘LfII1k?||IL|1|L‘]

Chaliniea sp.
(Caleoptern: Carabidae)

A e e i

sevricc it
Fabricius
(Caleoplera:
Coecinellidae)

i frasioveraa i

Fibricins (Coleopler:
Coccinellidae

Produtory on inseers
infested on chil [ crop

Predatory on insect
mfested on folinge of

Seadererins sp

Predatory oo e
vrmrenciioa msile the
sheler

Predatory on nscels
infested on chalh
folinpe

Proedidory on insects
infested on foliages of
chilli, groundnuts,

Sefemein s and
Carfarnny catgan

Larva predatery on
nymphs aned adulls of
apliicls on cocomber
anel ehilli, preen @ram
anel cowpen and mealy
bugs indestad on
Serfonusn vidacenn

Aduliz predatory oo Lhe
delolintiong larvie
infusled on sesame,
LELE, Sreen Sranm,
Piacon pea and
CO .

Larva predatory on
aphids inlzared on
Maize, cucumber,
chilli, groundnul, precn
wranm i covpen
flinges and on mealy
burges inlested on
Scferens viokaoeum

Larva predatory on
apluds inlzsted on
iz, cucimher,
chilli, green gram and
cowpea Toliages

Y. KETIPEARACHCH]I

Predatory on muid bugs and
cilhoppers {Homopterar and (Anon, 2003}

Predatory on leathoppers
(Harmapteray and Ao doniesiion
(ptera b dheah e ol 108G, Anon, 20003

Il male er ad, 197600

Matan (19700 described
predatory behavior and description

Commaon ladyhird beetles and
larva is a general predator on aphids
and ather Homoplera specics.
Widespread in

Oriental region { Anon, 2003,

Beetles and the larvae are
active predators (Schepard er af, 1987)

Cormnon Ludyvbird beetles, Tamva is a

general preditor of aphids and other
Homaplern species, Widespread i the
Oriental region (Anon, 20005 De Silea, 19617,

Cromnen ladybiord beetles, Ciencral
predators of aphids and other
Hormaplers species and Hleficoverpg
araieera. Widesprewd in the Oricnial

Iei

=

fonn Ao, 2003,
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32 Havmonia

RS

1
el

g
Hid

cictonneeesladar Fabricius
{Caleoptera:
Coceinelhcde)

fifeis sp. (Colooplers:
Coceinellidac)

Micraspis diveolor
Fabricius

(0 aleapalera:
Coceinel hidae)
Propufea disvecta
Mulsanm
(Coleopler:
Coceinelidae)

0 Sevnii

»
A

KR

a

futericic ot
Motschulsky (syn.
Searonies givedvillim

Motschulsloyy {Coleopiera

Cocineblidie}

Sevmnny spp.
[ alcopten
Coccinellidac)

Sergiiem
prPCERCIOR S,
(Coecinelhdac)

At Oy s,

1.

[Heteroplera:
Andhocordae

Asveapfereareniia
cpmpresse Dallas
[Hemaplera: Coreidach

41, Cremws et sp. inder,

i Hoemiprera: Coreidac)

Larva predatory on
apluds oo maizeand
cueuter

Predatory ol aphid
complex infested on
chilli, pigeon pea,
cowpea el green gram

Larvie and adule
prodator on Aphids
iolested on chilli and
ITHIE

Larvae prodadory o
Aphids infestedon
cucomber, chill,
cowpen and sreen grian

Larva proved ondphis
oS comples
inlested on cucamber
and chill

Larea pradatory on
Aphids on cucumber,
chilli and grovndm
anil Preudococeidsnn
Serfervrnere 5.

Larva predatory on
e 'n'-:u'l-!-'.lri'_'l WIEY
fisendfies Cireen on
Sedennin spp. and
myples and adults
ol A spp. on
arouncdnut and
cucunber

Predarory on aphids
and thrips inlested on
chilli

Predatory of insecls
tndisted on Cafinig
sl

Predalory ol insects
infestod on Cadans
Cafan

Common Tidvbaed beetles, General
predators of aphids, other Homoptern
spocies and Oraphalocrocis medinells,
Wilespread in the Chriental region {De
Silva, 19013,

Do Silvain 1961 reported Lhe
occurrence of indigenous el spp.
predatory on aphids

Common ladyhirvd heetles, This species
Ceeds o aphids and odher Homoplera
species and also on some Hlemiplera
spreCics,

This was 1he lirst record from S
Lanka. The species belongs to peneral
predators on aphids and other
Hemeprern species. Widespread in Lhe
aricntal region

The presence of  Sewvweis spp. was
reportcd by e Silva in 1961, This s a
seneril predator of aphid and
weidlespread in [ndian subcontinen
iR, 189420

The prescoce ol Sevimpns spr wias
reported by D Silvan 1961, Thisisa
peneral predater of aphid and
widespread in Indian subcontinent
[Eapur, 1942)

T v eva and Floang e Mluan
[ 1974

Predatery oo aphids, thrips and
miites ¢ ol aod Biss, 2000 Takai,
R h)

The presence ol coreid species

ward reporied b De Silva in 149G

The presence of coreid specices
wats reported by Dhe Silvain 1961



42, Creaniiades pallidiier

Walker { Hemiptera:
M iridae)

A5, Camponnties spp,
Ly menopleras
Formicidac)

4 Leprogenys sp,
i Hyvmenaplera:
Formicidac)

45, Lophonivemey sp,
My meneplera:
Formicidae)

N
=

Ciucrin Mincwville
[Hymenopiera:
Frormmcidac

A7, Pavatreching s,
{Hymenaptera:
Formicidae)

A Pefvedachin evercig
Waller {Hymenapiera;

Formicidae)

Fabricivs { Hymenopera;

Formicidag

p)

. Fapincing
mefnacepiilin V.
CHymenaoptera:
Formicidae)

Merermanlus ficodor

9. Sefenopsis gesiinala

Predatory on
homoplerans infested
o chilli

Predutory on insects
infested on cialli and
e

Predatory on imsecis
inlested an Figae sp,

Mredatory on insects
infested on cowpe,
challi and Cremins
TR

Predatory on insects on
L 0eanss seifuy

MPredatory on insects
inlested on chil 15and

CHCIREY Kerfivas

Predatory on msects
mfested on Crewmis
STV

Mredatory on many
SECT Specics 1

uplands

Predatory on insccls on
Chenumie seiivny

Y. KETIPEARACIHCHI

Predator of white Ty (Lirbancg
el 20010

Prodatory on Coces vésiais, smmg
Lepidoptern and Coleaplers specics
pAnen, 2003 Youngs, 1983 Hughes o
il 1994

Benehicial biological comtrol agent n
tropical lorests {Anon, 2003; Dejean
and Lvracris, 1907

Formicid insects are beneficial
Rinlogical coamtrol agent in tropical
Faresis {Anon, 2005)

Predatory on many species including
Crillowobiructie, Leaviogderma
Steagdfiiles and Argeceray

Benclicl species for biolosical conal
iAnon, 200

Beneficiul species for biological
ontrel (Anen, 2000: Dhejean of of
1993 Hughese: of,, 1949

Predatory on epps and laevae of
Lepidoptera and epps of hlack bug
(Anan, 2005: Schepard or af, 1957

Flosits ineluds inseets ol Phasmiticdae
ane seome mites {Anow 2003; Osharme
e af 1995
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CONCLUSION

Many indigenous natural coemy species are present in Agro-ceosysien of the dry
sone of SH Lanka, Activities that favor the build up af their populations promote
biological pest control in agro-ccosysiems. Research and developmenl programs are
necessary Tor the discovery ol such species, their potentials and technologies for biological

pest control programs.
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