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BEHAVIOUR TO THE ADOPTION OF FERTILIZERS IN
CULTIVATING MANGO IN BANGLADESH

ML L Suan', MG Mostara® KOMM, Zaman’ A s, Nane'

ABSTRACT

Fhe sty citrenited to determine 1) the extent of feriilizers adopioon
nromango culiivation i1) the relarionsdips of eacl of the selecred
characteristics of the cultivarors witlh their extens of adoption of
fertilizers in grr;l:w'ﬁle_ maingo. The study owas conducted in sadar
wpazitla of Nowahgoni diserics and the growees of the same were
considered popalation. A sample of 100 mange prowers was selected
at randont friom previows!y selected 2 villages, The findings revealed
thet nearby el (489 500 of the mango prowers had low adoption
while 38 9% had very low adoprions and the rest (13%) had no
adoptienr of fertilizers I their mango orchard, A Litle proparetion of
the  mange growers oved Urea (12-15 %) amd Triple Super
Phosplate (10-13 %0 as per recommended dose while o very
nevlivible proportion of the grovers (3-7%) used Muricte of Porash
as per recommended dose. Educarion. family educadon, family
prcome. cosmapoliteness of the mange growers T significan:

positive relarionships with the o

ption behaviowr of the manga

crlmvarors towaeds fertilizer e
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INTRODUCTION

i Bangladesh sell-sufficiency i food production was an nnperative demeand to Teed
e rapidly - erowing population since  independence. Fortumately. in the recent time,
salistuctory  performance has been achieved in agriculiure specifically in Tood  grain
production. The secret behind this success, in view of an expert. is inlensilicalion of
grcaliure resulting from regular use of high yiclding varietics, expansion of wrigation
fuctlities and wider use of agrochemicals. 11 is estimated tha total consumpion of fertilzers
has mereased by abowl four folds fram 087 million wons in 198021 10 304 million tons in
996 with a growth rate of 8.36% per annwin (Islam. et al. 19993 The achievement in
ood grain production has been sertled at the cost of aoil degradation, genctic erosion and
covironmental and buman health hazards. But o very disappointing situation comes Torward
when we take a ook in the production of horticnlural crops.

For mstance, o could be menticned that 187220 melric tons of mnge produced Trom
L2705 acres of land (BBS, 2000) which is very poor as compared 1o the netghloring
countries India and Pakistan. The aloresaid siwation indicates thal mango growers as well as
concerned personnel are reluctant o adopt proper management of fecilizers i the Mg
archardl. 105 alse reported that sprayving dilficulties of pesticides in the Laroe manao frees,
msect infestation and disease attack during Nowering period, falling of mango trees due o is
heavy tlimber denemd ete. were considered as the major factors behind such trend ol low
production in mange cultivation (Amead & Ahmed, 19943 The above Facts lead the
rescarcher o analyse the extent of adoption of fertilizers what is actually being practiced at
the farmers™ Tevel with the following specific objectives.

[ T assess the extent of ad sptiom of fertilizers by Lthe mango growers.

Tocstudy the extent of doses of urea, TSP and MP practiced By orowers i

cultivating mango

30 To explore the growers” characleristies associaled with acdoprion behaviour of

fertilieer,

MATERIALS AND METHODS

The study was conducted al Sadar upazilla of Nawabezanj disiricl, 6 is Tamons Tor
varieties of quality mango producton. The mango growers of Mivwabgan] Sadar upieilla were
considercd as the population of this study. A multistage sinpling procedure was followed in
selecting sample, Nawabganj Sadar upazilla consists of 14 unions, First, theee unions were
selected randomly, A Dist of all the villages of these three unions was prepared and Trom the
total number of 31 villages 12 were selected randomly, A list of all MIENZO SrOwWers Wiy
preparcd with the help of local village leaders and the concerned Block suprervizors. The fofal
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murelrer ol such HEITEY BIORW LTS Wiy 246 from which a sample al OO was selected al random,
The rescarchers themselves collected data through personal interviews with the help ol
inlerview schedule having both open and closed Torm questions alter capport development
from door 1o door visil Appropriate scales were developed o operationalize some ol the
characteristios ol the mango gsrowers, The slalisical measures such as rmoge, mean, stndad
deviation, percentage used Lo deseribe bolh the independent and dependent variables, To find
out the relationship of selected characteristics of the mango srowers swith their adoption
behavior of mango culuvators, Pearson's Product Moment Co-eficienl of Correlalion was

psed. 003 level of probabilicy was vsed as the basis for rejection of any oull hypothesis,

Measurement of adoption of fertilizers
This wartable was measured by compuling o fertilizer :u_lu]uicm score bused on the
catenl of use of three inorganic Tertilizers namely, Urea, TSP and MP for three age groups of

reango ant, The Tertlizer adoplion score was compuling by assigning scores as Tollows;

Fertilizer dose applicd Weishling scores
As por recomimended dose 4
2005 deviation O ol reconnmended dose 3
A0 desviation O ol reconmmended dose 2
wore than 40 % deviation {7 of recommended dose 1
MNionse 0

Adloption of Tertilizer score ol a mango grower was compuled By somming up hisfher
scores obtained against the three Fertilizers hefshe used for three age groups of mango plants

during T9BE-0% Theorelically, the score could range from (o 36, zero indicating no use of
leriilizers and 30 indicating proper use of ferilizers as per recommendation.

RESULTS AND DISCUSSION

Iis an uneleniable Tact thal individual™s behaviour s greatly mlloenced by his
mberent characteristics. And as such it is quite likely that individual s knowledze on mango
cultivation is lkely o be influenced by his charscteristics. Considering (this view in mind,
some selected characterisies ol the mange srowers were ascertained and described. The basic

stacistical values in respect of the individual characteristics have heen presenied in Table 2,
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Table 2: Characteristics profile of the mango growers with basic statistical values

(N=100)

Characteristics  Scoring

method Calegories

Mgre Mumber Young (27-35)
ol years  wfiddle aged (36-50)
Ol (=500
Fducilion Yoear of [Hirerate (07
sehuoling ey gion only (.5)
Prinuay i 1-3)
Secondary (G- 1)
Above seoondary (above 10
Family Yoear of very low education (U3-4)
cducalion schoolMg  |ow education (4.4-6.8)
hoderate education (7-5.5)
Higher education (above 10]
Family sz Mumber of Small (14}
member pedinm i5-0
Laroe Cabove &)
Farmm size Arca i Small Garm L U3-1.13)
hectare  sqedinm farm (1.14-3.27)
large farm (above 3.27)
Family meome Thousand - L mncorme {5 80-60)
(Laku) Medinn income { G- 100
High income (above 10H0)
[nnovativeness  Scale ol Low innovalive {14333
LA sModerately innovative (36-00)

Highly innovative (aboyve 6U)

MNumber
anl
pereentage
of growers

15
24

Mean
sCOre

5301

RS

0.2

3134

Fa02

Standlned
tleviation

[

S0

]

15

[O].8

10,425
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Fabrle 2 {Continued )

Cosmopoline Scaleof Low cosmopolite {<0) 33

Hiad SEOLE Maoderately cosmopalite (10- 143 37 (R 291
Highly cosmopolite (above Ld) [

Iixtension Scale of Lo extension contact! 10-15) a2

contact EpiE Medinm extension contact { 16-25) e 15.55 4,78
Fligh extension conlact {above 25) 2

Organizatonal  Scale of  Low participation {2-9] )

participation  score Medium  participation 10-20) 31 13,38 11791
High participanoniaboye 200 19

Adoption of fertilizers

The mango growers used all the three inorganic ferulizers namely, Urea, Triple Super
Phosphate (TSP and Muriate of Potash (MP) in varying doses, Fertilizer adoption scores of
the mungo growers ranged from 0w 220 the average being 1241 and standard deviation of
f.31 asainst the possible rmge 100 to 360 On the basis of these scores, the mango growers
were elassified inlo four calegores: “No adoption”™ (0 “very low adopton™ (upto T3, Zlow
adoption”™ {11173 and medivm adoption”™ (18221 The distribution ol mango growers

according 1o their sdoption of fertilizer in mango is presented in Table 3.

Table 3. Distribution ol mango growers according to their adoption of fertilizer
manga cullivalion (N=104)

Catevorices Nomber and percentage Mean Standard
of growers deviation
Mo adoption {U} I3
Very low adoption {up 1o 10 16 1241 031
Lovae acloplion © 11-17) 44
Medium adoption {18-22)" 2

About hall’ (49 %) of the mango growers had “low adoption™ of fertilizers in their

.

mange orchard compared to 31 % of them having “very low adoption™ and 13 % no adoplion.

A proportion of ene-13th (20 40 of the mango growers had “medmm adopion™ of Tertiliers



meaning that these arowers nsed Tertilizers moderately deviating from the recommended
doses. Thus, almest all the mango growers adopted lertilizer practices 1o the extent of “low o
very low™ In fael, very few growers had mango plants below 10 years age and those who had
some such plants did not use any ferilizer, However, very Tew used lerlilizers as per
recommentded dose shown in Table 4, Table 5 and Table 6. These lndings indicate the need

to train the mango growers regarding the nse of balanced ferilizers in mange cultivation,

Aduoption of ureqn

Tabde 4 inchicates that majorily (53 % ol the mange prowers nsed urea lor cultivation
of mango fruit. Fach of 83 percent growers has three age croups of plants and they apply urea

simulianeously for the same al varying doses,

Only o httle: proportion (12-15 %) of the muaneo  srowers used ween as T
recommended dose. For the plants of 10-15 years 13 % growers used weea as per
recammendlation while 12 %% Tor the plants of 16-20 vears and 15 % For the plants of above 20
vears. The rest overwhelming majority (85-88 %) vsed urea as per deviation mostly over thin
recaommended dose regardless of age of the plams, I is an indication of the Tact thal the
mango crowers have no clear conception about the recommended doses of nrea as well as the

Lind efTects of over using the same,

Table 4. Dvistribution of the mango growers (n=100) according to their use of ureain
plants of different age groups

Mango Mange growers using urca by doses

Lrowenrs

Not  Lsing  Ageof Use us por Lse 20 {+) Use b i+}) Use =ddi+) Total
nsing  wrea plant  recormmended deviation from  deviation from  deviation
nrei dose recommended  recommended [rom
dose dose recommendaed
dose
[ 2 3 4 5 i 7 b
[4h-15 v F1il3 [30l5) 26030 3541 R LN
5 Bh 0 1620 yis i 120213 L 2R(E3) B30
=20 s L3 {15} 20024y A 22020 A3 00y

Frgure i the parentbeses indicate %
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Adoption ol Triple Super Phosphaie {'TSP)

Table 3 incdicates that o signilicant proportiion (55 %05 ol the mango growers used TSP
Lo mange collividion, Fach of 25 percent groseers has three age groups ol plants and hey

apply TSP or cach aroup of plants ot varying doses,

The proportion of mumeo growers used TSP as pee recommended dose was negligible
CLOS1L3 %00 Among the nsers of TSP, 29-39 % vsed this Tertilieee an the rate of 20 % devialion
[ e recommmended dose for plants of different age groups compared o 17238 % nsed this
lertilizer al the vate of 0 % deviation and 20-39 % used ot the rate of above H) % deviation
Clable 53 Thus, the overwhelming majority (ac least 87 % of the TSP users indiscrinninately
uscd this lertiliecr o their plants tenocing the recommended doses proposed by the scientists
for plants ol different ages. 10 seems that the mango growers have yel o aware of the

recommended doses of TSP as well as the adverse consequences of over using it

Table 5. Distribution of the mango growers (n=100} according to their use of TSP in
plants ol different age groups

Mungo Mlango srovvers using TSP by doses

BrOWLrs

Mol Using Lse as per Llise 200 () Llse 441 {4) Ulsge =ddi+) Total

Age of
recommended deviation from deviation from deviation

using s plant
TSI dose recommuended  recommended Froum
dose dose recomméended
dose
| 2 3 4 3 0 T b
LO-15 vrs LR LE) 25 129) 32 0AR) 200 2 100
|5 his LE-24) vrs 11613) 33T 250H0 [321) 25100
=20 yrs Sl 20030 141017 KRR B (1M

Froure in the parentheses indicale
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Adoption of Muoriate of Polash
Three quarters (75 %) of the mango growers used MP for the producion of manso,

However, very small proportion (3-7 400 of them vsed MP as per recommendation (Table 6.

Table 6. Distribution of the mango erowers (n=10) according to their use of MP in
plants of dilTerent age groups

Mango growers using "I by doses

Usinge Use as per Lise 200 (4] Ll B0h {4 Ulse =1 ) Tutal
using M Age ol recommended deviation from deviation From  deviation from
mI* plant dose reconmmended  recommoended  recommenided
tlose s s
1 2 3 4 5 i T b
LO-13 vrs 203 i3 AT 35T TA{IOM
25 Ta I0-280 wrs RN 170235 2331} 12 TH
ERITRY 207 210AEy 203 230310 THI0m

Fianre in the parcntheses indicate 5

The wast majority (9397 %) of the mango growers was nol Tound 1o follow the
recommended rate as proposed by the experl, In case of MP management, i is Tound that a
proportion ol 3147 % prowers committed  more than S % deviation Trom the
recornmendation while 3 1-37 % wsers cooscd 40 % deviation and 13-28 % ol the same made
20 % deviation. Tnomost cases deviation lakes places al the Gomers Tevel in the Form of over
adoption. One-Tourth of the mango growers did nol vse any MP ferilizer o their manao

plints.

Relationship between dependent and independent variables

The ten characterisues of the mango growers were the independent variables of the
sty The variables were: Age cdocanon, Family education, family size, Garm size, family
ncome, mnevitlineness, cosmuopolileness, extension contact and orgamzational participation

al the mango growers. The dependent variables are adoption of fertilizers,
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Table 7. Relationships between selected characteristics of the mange growers and their
adoptlion of fertilizers in mango plants (N=100)

Selected L'Imrm:tcri.s;iiu.«: of the growers ( sorrelation co-citicient () with
dependent variable

Mg -G5S

Folueation (2

Family education RSN E

Family size IRV

Farmm siee (14135

Family income 2R
[nnoritiveness [h 149
Cosmopliteness (L2545

Extension conlacl (135
Orgamzatonal participation (1. 16y

Cratical value NS= Not significan
LI P=0.05 o= Rignificant al p<ih0s

0205 1P=0.40] = Kigmlicant al p=.01
G0 P=0.600] FEE=R1Emlicant al p=il O]

The relationship between each ol the wn selected characteristics of the mango
growers with their adoption of fertilizers was studied by the test of co-cilicient of correlation.
The results of these tests are shown in Table 7. The fonr variables namely, education, Fmnily
ciueation, Tamily income and cosmopoliteness of the mango growers were significantly

correlited.

Education and adoption of lertilizers

The education of mangn growers had a significant positive relationship with their
wloption of fertilizers. This Tinding s similar with the findines of Jha, and Shaktasar (19723
RBajaguna (1973 Rujendra (19733 Shankar, {1979 Shulla, (1975 Elan and Kashem
{1997 The importand Wy i which literacy and cducation contribute 10 the m[“,niun
behaviour of o farmer is by expanding the horizon of his awareness and consciousness which
makes im relatvely more rational and imnovative in Farming activities (Dasgupta, 19891 The
arowers who hid higher education also had higher adoption of fertilizers. Education enables o
grower 1o main accurate knowledge through wsing printed materials for inlormation on
agricultural innovations ane thus imercases.heir power of understandings, Consequently, their
outlonk s broadened and horizon o knowledge is expanded, which leads them Tor

rapid adoption.
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Family education and adoption of lertilizers

The Twmily education of the mneo growers had o signilicant positive relationsinp
wilh their adoption ol lertilizers. The growers having bigher Tamly  education had
comparalively gher extent of adopiion. As has been discussed in the proceeding estranger,
early awareness and technically accurate information of innovations become avalable w the

Family environmenl leading rapid adoption by the growers.

Family income and adoption of fertilizers

The existence of the positive relationship between the family income and adoption of
Fertilizers was (ound, This finding supports the findings of Hogue e of. (LR Singh (1983,
Patel and Patel (19730 Rajagina and Satapathy (19730 Rajendra (1973) Growers with high
fmily income and large Farm size wsually have more aceess o inlonnation sources and
production inputs. Consequently, they become wwire and enable o apply Tertibizers in

LW S

Cosmopoliteness and adoption of fertilizers

The finding. significant positive association between cosmopoliteness and adoption of
lertilizers, is in conformity with the findings of Karim (197300 slam and Kashom (1997 1
implics that the erowers who were more cosmopoelite had adopted the Tertilizer practices (o
higher cxtent, Due 1o cosmopohle behaviour of the growers, they might have inlerseted with
variows things, personalities, and organizations, which helped them gain knowledge on

various aspects ol using levilizer. Consequently. thear adoption of fernlieer becomes higher.

CONCLUSION

Based on the lindigs, the fellowing conclusion may be driw:

. Al most all the mange srowers adopled lertilizer practices 1o the extent of “Low
1o very low™. Among the users, very lew growers used lerlilizers as per
recommended dese, One-fourth of the mango growers did nol use any MEP
fertilizers in their mango plants while the cose of wrea and TSP were Tound

HNproving [ some externl,

[

Majority of the mango growers did not have clear conception regarding the
recommended doses of Tertilirers, This indicates the need for proper training of
the mango arowers on how o use production impuls,
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Jo Bdvcabon and  Tamdily education of the mango  growers  having  posilive
relationship with thewr adoption of fertilizers, one may conclude that muango
prociuction can be improved 05 educational levels of the growers could be
uparaced.

4. Family income s o Factor for the adoption of production inpurs Like Teetileers m
mange producion, This indicates the need Tor inereasing the income of the

2ronsers.

300 Mange production will conlinue 1o deeline anless balanced ferlilizers with proper

dose wre ensured to apply in the maneo orchard.
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EFFECT OF INOCULUM, BORON AND VARIETY ON
NUTRIENTS CONTENT AND THEIR UPTAKE BY
PLANT TOPS OIf SOYBEAN

ALALRaman' AT MOS Kagin®, A M Sonasan, A lsean® Ann T Fapnirs

ABSTRACT

A pot experintent was conducted or the prentses of Bangabhendho
Sheitde Meafibuwr Redvnan Agriculire Universive ( BSMRAL), Geazipur,
dhirring rabi season, TUYF-US fo observe the effeciy of inocidum, boron
() csel verriesy an nudrients content and their apiake by plase tops af
vovbean, e experiment was Jadd our or a complete randonized
deign with theee replications of eacl treaiment luncing two fociors
(e variety e fertilizer), Twa sovbean vavieies, PE-T and (5-2
were wsed I this experiment. Fight Jertilizer treatment consisted of 7
tevels of B {00 080 100 18, 200 2.5 and 34k B designeed as
Ba. Bas, Byl Bis Baal Basand B respectively) and tweo levels of
inocielien (with aund withoo! inoculuen desipnared as and 1), Resules
inclivated favonrable effect of inoculwm, B and varieiv on nniirients
cemttentt aeel el pptake by plant tops of sovhbean, ocidated plants
il with B oot the vate of 1.5 keMa produced significandy ficher
migriviiiy content andd their uptoke aver inocalated planes, The highest
NOLALFRGE) PSS and WO (DA conremis aned thelr uptake
(E LA, 385 qind 39010 mgdolant) were produced by the application of
fHoar the vate of 1.5 kedhve with Bradvelizobivn inoculaion. The
soewhean varlety, (-2 ways superior fo Solag (PE-T) in respece of
andrrents comtent (N PR) and their uptake by plant tops af sovbean,
lreculation alone alse significanly increased higher autrient upiake
over controf,
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INTRODUCTION

sSovhean [Cfveine may (L} Merr | is an excellent source of protein. [t contains 20-
5% protein, 18-209 edible ml, 24-26% carbohydrate and o good amount of vitaming (Kaol
& D, 19861 10 thus can play an important role In supplementing ofl-protein deliciency in
Bangladesh, 16 is being cultivated in Bangladesh as a minor crop and lide attention is given
on the improvement of Hs yield potentiality. Morcover, the vield ol sovbean is low in
Bangladesh as compared 1o the other countries (Nasreen & Bhuivan, 1997 There is o ereal
possibility o inerease its production by selecting high yiclding vaneties, applving adequale
mantres, lectilizers (both major and  minor), seed  inoculation and  adopting  proper
managemenl practices. Sovbean, like other legumes, has the ability o fix atmoespheric N
through sy mbiosts with rool nodule bacteria (8. japaniconn and thus enrich the sol fertility
s Wahabal, 14980

I Tises about 270 kg Néha compared (o 58 o 157 kg Néba by other pulses (Hogue,
975y This can meel sround B0-85% of the crop's demand Tor mitrogen. Hanway and Weber
1971 noted that unfertilized but effectively nodulated sovbean accumulated as high as 247
ke Néha, while non-nodulated soyhean even with 263 kg Néha application accunulated only
198 kg N BoroniBy has a primary role nocell wall biosvathesis ( Teasdale & Richards.
[0, Boerger (1949 concluded thar "the normal development of cell wall s upser when B

hecomes delhoent”,

Boron influenced  the absorption of N, P. K and s deliciency chaneed the
cguilibrivm of optimum of these three macronutrients (Raj, 19833, Boron deliciency in soil
has been found o be associated with sterility in legumes and crucilers in some lertility trinls

recently carried oul in Bangladesh {Jahirudding 19925,

Research work on the B Fertibizanon m soybean and its effect on nutrient content and
their uptake o plant wops of sovbean s msolTicienl in Bangladesh, But the role of
Bruclyrliizabing inoculation, B application on various legumes are well recognized (Jain &
Rewart, W73 Howeler ef of ) 19780 Hunt er af. 19510 Robson, 1983; Agbemn er al 1990,
Drwiveddi o el 19420 Mahajan e ol 1999; Zaman ef af., 1990, Bhuiyvan er af, 1996, 1997 &
Rahman er al 1998), Research results on sovbean are available i relation to single applicalion
el 1o rhizobial inoculum, boe no information 15 availuble regarding the eflfects of inoculum
alone or along with dilTerent levels of Bl Therefore, the pol experiment was conducted 1o
study the effects of Hradvehizebivm inoculum, B oand variety on nutrients content and their

uptake by plant wps ol sovbean.
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MATERIALS AND METHODS

The pot experiments were conduected in the premise o Bangabandhu Sheikh hlupibur
[ahman Agriculiure Universily (BSMRAL), Gazipur, Bangladesh during December, 1996 10
February, 997 10 ohserve the effecls of Bradyvehizebium inoculum, B and variely on nurients
comlent and their uptake of soyvbean. The experiment was laid out in a Complete Randomized
Design with three replications ol each treatment having two faclors (ie. vartely and fertilizer),
Pwo soybean vanieties, PB-1 and G-2 were used in this experiment. Fertilizer ireaiments
comsisted of 7 levels of Be o, 0,500, 1.0, 1.5, 2.0, 2.5 and 3.0 kg Biha designated as By, Bo..
Bio . Bis . Bog, Bos and By respectively) and two levels of inoculum iwith and withowt
imoculum desiznated as [and 1),

Each por {Wagner poty was filled with 4.5 kg of previously washed and dried coarse
sand. The sand was washed fiest wilh Lap water and then with distilled water to make i1 free
frome plant nuirients as far as possible, Pots were armanged accordimg 1o the experimental
design und placed one meter apirt Trom each other, Keguired amount ol seeds of sovhein
fvar. PB-1 and G-2) was inoculated with peat bascd moculant iobrained from BARD of
Braelvrhizobiun strain {RGM 9800 immediately before sowing nsing rum arabic as the
sticking agent. Seeds were sown on December 15, 1996, Mecessary shading by newspaper
was provided o preserve soil moisture until germination, Tnigally 3 plants were maintained in

cach pot, which was decreased o [ at 10 days aller emergence.

Tust alter the emergence ol the seedlings, 500 ml modified Hoagland nuwirients
solunon lacking B (Down & Hellmers, 1975: Haider e af,, 1991} was applied daily i cach
pol which was increased 1o | Jivee afler 30 days of crocrgence. The cxeess solution wi
dramned through the drainage hole. Malybdenum as sodium molybhdate and boron as baric acid
were applicd i pot aller 10 days ol sowing according 1o treatments, For laboratory analysis,
the plant wis collected from cach unit pot al lNowerina stage alter 63 days from the date of

CIMSTECnes:,

Plants were carefully 'u]n'nmccl with the help of a weeder, so that no nodule or plant
oot was lefl i the sand. Collecled plants were brought immediately to the laboratory and
then sand was removed from the roots keeping the nodules intact. These were separaled from
the shoots (Planl tops) al the cotyledonary node. Plants lops were also separated Trom roeat and
dricd in an oven al 63" C for 48 hours and weighed, Oven dried shoots were pul in a
desicentors Tor chemical analysis. Data on nutrients content and their uplake by plant tops
were analyzed statistcally following aforesaid design and mewn ditferences were acljudaed by
DMRT ws outlined by Gomer and Gomez {1984



161 Ml AL RALIMAMN of i,

RESULTS AND DISCUSSION
Nitrogen content and its uplake

Diata on tolal N ocontent and its uptake by plunt tops as influcnced by B fertilization
with Bradvelizobium inoculation are shown in Table | Average N ocontent in plant 1ops
varied from 339 to 3.78% due 1o the teatment variations. Nitrogen conlent in plant twops
mnercased eradually with increasing rate of B application up to 1.5 kg/ha, but above that rate N
content was decreascd o 3745, 3.71% and 3.68% 0 1By, 15a. and 1Bag treatments,
respectively. N ouptake by plant tops were also significantly increased with increasing rate of
B application up to 1.3 kg/ha, Further addition of B (above 1.5 kgfhal progeessively decreased
the M uptake by plant tops.

Waximmm N uptake (81,15 mefplant) was recorded with B application @ 1.5 kp/hacin
presence ol Bradvefiizobinn mocnlation which was 31.67% higher as compared o inoculated
contral treatments. Mabajan er el (1994) reported that N content and uptake inereased due 10
application o B (L3 kgfha). Agbenin ef af. (1990) Tound higher N content in cowpea Jeaves
due o application of B (3 kefha). Inoculation alone significantly increased 40.7 % lngher N
content 1 plant lops of soybean over control. {Table 21 Inoculated plants (1Bg) without B
showed 605 higher ™ uptake as compared 1o uninoculaled control frearment. The effect of

variety on N contenl ol the planl was also significant {Table 31

The variety, G-2 was Tound o be superior to PB-1 in this respect There was also
significant difference between the varieties in respect of N ouptake. The N ouptake m G2

variely was 26% higher as compared o PB-1.
3 i i

Phosphorus content and its uptale

Phosphorus content and uplake by plant tops were affected by the treatments of
imoculum and B i Table (3 The highest P content (00 ELRSE ) was recorded in inoculated plants
supplied with 1.0 kg Bfha, The values in these treatment was 12.5% higher as compared with

inoubaled control plants.

Phosphorus content and its uptake varied with the variation of B teatments. The
highest P ocontent (0018%) and s uplake (395 mg/plant) were noted i 3 and 18,

treatments, respectively.
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Table 1. Elfect of boron with inoculation on N, P and K contenl and their uptake by
plant tops of soybean al Nowering stage

Treatment Nutrient content in plani tops Nutrient uptake by plant tops
) (%) {mg/plant)
N __P K N P K
[.[3:, 2414 013 ¢ 1.46 ¢ k514 205 d 2ine
By 339¢ 0.16 b 1.60 b Bl63e 2840 JEAT be
e . 302h (17 ab 173 ab OR.91 he 323 he 3309 ab
B, Jodab  LiRa 1.78 a Ta.d8 ab 367 ab A6.51 g
B 378 a 018 a 1.82 a Bl.15a 3495 A0 16 a
[Bay 374 u (L1E a [.20a TO05 ab 384 ab REREE
15, AT7labh 08 L7 a 75.24 ab 3.7 ab 3027
EEm A6 abh  hl¥a [.7H a T2 ac 3.52 ah 3513
L5130 ) 1l .41 16 1§.50 (.66 (.30
O (50 .98 T.H 582 153 12.47 1.9

Pigures in column having common letter(s) do not differ significantly ar 15 level of signilicance by
DMET.

The values onder higher lovels of B owere identcal, Mahajan et ol (19947 observed
that application of B (0.5 kgfhal increased Pocontent and uplake in groundnul keenels,
Bradveliizobinn inoculation alone had 23.08% increased P eontent in plant lops as compare:d
Lo uninoculated contro] reatment {Table 20, Bradvelizobiom inoculation alone also mereased
higher P uptake as compared 1o unmoculated control treatment, Individual effect of variety on
P content in plant tops was nol signilcant{Table 33 but the effect of variety on P aptake by
plant tops was significant. Vaeiety, G-2 was [ound 1o be superior o PB-1 in respect of P
uptake.
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Table 2. Effect of inoculum on N, P and K content and their o plake by plant Lops of
sovbean at flowering stage

Treatment Nutrient content in plant tops Nutrient uptake by plant tops
() {mg/plant)
N P k N P K
Control 2414 13 146 ¢ 3ERad 2054 23.19¢
[naculum 339¢ 016 b L60be  6163¢ 284 2831 he

Figures n column baving common letter(s) do not difler significantly a 1% level of significance by
CDMRT,

Potassium content and its uptake

Dac on K contenl and its uptake by plant tops as influenced by boron with 4,
Japonicurn inoculation are shown in Table 1. Potassium content and its uplake by planl wops
viried signilicantly with the variation of B treatments, Increment of B level up 1o 1.3 kgtha
had showed increasing wend of K content and its uptake by plant tops. The higher values
(La2% and 39,16 mg/plant) were observed in [B, 5 treatment which was identically followed
b 1B (189 and 38.02 mg/plant).

The lowest K content (1.46%) and uptake (2319 mg/plant) were noted in absolute
control {LBg} treatment. Agbenin e ol {1990) reported that K content in cowpea leaves
mereased with increasing level of B (3 kg/ha) application, Inoculation with Bradyrhizobiim
Saponienm strain had substantial increment in K content and uptake in sovbean plant {Tuable
21 The mean values as recorded in [B, trealment {1.60% and 2831 mg/plant) were 9.6%: and

220 higher than that in uninoculated control (1B} treatment.

The effect of variety on K content in plant tops was significant (Table 31, The VATIELY,
G-2 seemed 1o contain an averuge of 4.2% higher K content as compirred o PB-1. The
nulrients uptake by G-2 variety was significantly higher (26.9%) than the olher one.

Interaction effects of variety and lertilizer have been found insignificant.
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Table 3. Effect of variety on N, P and K content and their uptake by plant tops of
soyhean al Nowering stage

Treatment  Nutrient content in plant tops Nutrienl uptake by plant tops

[ %) (mg/plant)
M P K N P K
P1- 1 346 b Y i 168 b* 6l 153 b 299 W 2971 b
-2 357 {017 1754 THU0a 371a 3TN a

Fioures i colomn having common letter(s) do not ditfer significantly at L fevel of signilicance by
LMET,

¥ Bignilicant at 5% level,

CONCLUSION

From the study, it may be concluded that the effect of inoculum, boron and variety on
N. P. K concentration and their uptake by plant tops of soyhean were found significant.
Response of boron at the rate ol 1.5 kg. B/ha with Bradyrhizabiaer inoculum were the best in
respect of N, PP and K content and uplake by plant tops ol sovbean at flowering stage. Resulis

also indicated that the soybean variety, G-2 perlormed beter in comparison 1o PE-1 variety.
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FFFECT OF SOWING DATE ON THE VIABILITY AND
VIGOUR OF TOSSA JUTE (Corchorus olitorius L.) SEED
IN LATE SOWN CONDITION
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ABSTRACT

(heilite of tossa jute secd abtained from different sowing dates wos
evaluated by nsing germination test, speed of germination, seeddling
cvednation tesi, electricad condueiivite and aceelerated cpein west, ff
v fonied thent sowing deate hod a simall effect on seed viabilitv, bt
e Aairser effect on seed vigowr, Germination perceiiage rernged
from 870000 97,7 in O-98Y7 aned 7823 10 9573 in OM-1. The seeds
pbiained from S Oetober vowing showed the lowest e
percentage i both the varieties. Seedling prowil af the veariety OM-
I owas better than that of C-9897 and 3% Oetober sowing produced
the lenvest seedling drv weight e both the varieties. Flectrival
conductivity of seeds of Q-89 was higher thart seeds of OM-f. [
(U807 i varied from 254 §o 322 ps oom “and in OM-1 it varied
Srenne 230t 306 g e LB peneral, ageing rede of OM-1 was frister
Hieen CRG8R07 Germination percentage of seeds decreased grodually
with the increase in ageing time. Sowing deates also inflaenced o the
ageing pettern of jute seeds. Seeds celfected frant S Octaber sowing
cnded s Life only at 4 davs of ageing. Wiile jute seeds obiained
Srone dndv-August sowing completed it fife by five davs apeing, Juie
sevels prodicced from September sowing was wincle better than that of
erfrer sowings and fook 6 days af ageing to end their Trves. hmmu
the three dates of Septesber sowing, jute seeds obtained from 5"
Seplentier were SRPerior ey of germinability of aged s el

Keywords @ Jule, sowing tine, seed, Corchorus olitorinsg,

" anglaclesh ot Eu.'w-u'rh Tostiuse, Mlanik Bia Avenos, Dhaka- 1200,
* Bangabandhy Sheikh Mujibur Rahiman Agiculural University, Gaedpur, Baogladesh
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INTRODUCTION

Iwte {Corchorus spp.) is the main cash crap of Bangladesh and plays an important
role m Bangladesh economy, Neady, 106 million lons of jule is produced Trom an arca of
086 million heciares of land (BBS, 20007, Bangladesh earns abow 6% of the tonl loreign
exchange by exporting raw jute and jute goods. Although jule s coltivated in Bangladesh
from an ancient tme but its production is in declining trend. The main reason of declining
Jwte production in Baneladesh is i lowering  price in inlernational market a5 well as
narrowing arca. Such decrease of jute area predicted a great challenge to sustain Jute
production in Bangladesh.

Jute production in Bangladesh may be sustained by increasing [ibre yield in unil area,
Although vield is the function of genetics and environment, quality seeds stand first i yiehl
tproverent of any crop. High quality seed is the basic input and the use of other mputs and
technolomes of crop production are worthless if quality seed is not ensured. Therelore,
prociuction of quality jute sced is the lirst step of higher productivity of jute crop,

Traditionally, juie seed is prodoced from Tibee crop where seed is sown m the month
of March-April and 2 small portion of crap is kepl al the corner of the field afier the harvest of
libre crop. As jule is a short day crop (Kundu e e, 1959), 31 remains in vegetative phase uplo
October and then starts Plowering. Such seed crops slaying in the ficld, for long time face
iy natural hazards and  produce poor quality seeds (Hossain er ., 1994 Fecently
Bangladesh Tute Research Institute has developed Jate sown technology where secd Crop is
established in the month of Avgust-Seprember instead of March-April. But adequale studics
have not been done in relation 1o seed quality of lae sown jute over a1 wide runge of sowing
thimes,

Qualitative parameters of seed are genetically controlled but their expression is better
under suitable covironmental and technological conditions (Blum & Pruel, 19903, Several
mrthars - (Srivastava et al, 1976; Salim and co-workers, [H9°7) reported that sowing tme s
one of the important factors that alTect differently on seed qualicy of dillerent CFOpE,

Bulles et al (1978 abserved that Tuly sowing increased sovbean secd viahility uand
vigour compare o May or June sowin 2, while Castillo et al., (1994) did not find uny efleel of
sowing times on qualily of pea seeds. Sueh information relating 1o effect of sowing times on
seed guality of late lossa jute are yet to be clucidated. Therefore, the present sludy aims o
determine the effect of sowing dale on the seed quality of lossa jute in late sowing condition,



FUFECTT O SO TG TRATTE O THE YIATILILY AN VIGOLUT G TOSSA JUTE SEED 25

MATERIALS AND MIETHODS

The experiment was conducted at the Bangabandhu Sheikh Mujibur Rahmin
Agricubiural Universily, Salna, Gazipur during July 2001 1o March 20022, The lescation ol the
caperimental site was 34" Tatude and 19Y16° longitude with an elevation of 8.4 meters
Above mean sea level. The soil of the experimental field helonged to shallow rededish-brown
lerrace type under Salna series of Madhupur tract. 'T'he soil was silty clay in nalure, conlaining
3390 clay. 30% siltand 26% sand with a ol pbi 6.3,

The climate was sub-ropical in nature having frequent anfall during Augnst,
Seplember and October with oradual fall of temperature from the month of Oelober.
Tmportant meteorological parumerers viz. mean masinm and minimam temperatmre, relative
homidity and raindall experienced by the seed crop during growing season are shovwn i

Fagure |,

Two varieties of wssa jute namely O-9897 and OM-1 were sown at ten davs interval
on 13 July., 25 July. 3 Augusl, 15 August, 25 August. 3 Seplember, 15 Seplember, 25
September and 5 October, 2001

he design of the experiment was sphit plot with three replications, Unil plot size was
Ay A and distance between plot to plot was L. Sowing times were assigned in main plots

and varielies in sub plots,

The crop was lertilized with urea, triple super phosphate and muriate ol potash al the
pate of 220-153-20 ke ha''. One-third of wrea and all ot her lertilizers were applied as basal
during final land prepacation. Rest of the ures was top dressed in two cqual amosnts al 20 and
35 days alter sowing, Jute sceds were sown al the rate of 2.5 kg ha' in 30 cin apart rows.
Light frvigation was given just atler sowing for better establishment of the seedlings, The
exeess seedlings were thinned oul at 20 days alter sowing. Two weedings were also done af
200 and 35 days alter sowing just before the top dressing of urea. Miticide, insecticide and
[ungicides were sprayesd prophvlactically wilh recommended doses 1o protect the crop from

ses e sy,

When 70% pods attained brown colour, then it was considered as roady for
harvesting. The harvested crop [rom each sowing date was dried in the sun for & days. Jule
seeds were then threshed out by beating the pods with stick, cleaned and dried in the sun on
he cemented Moo till its moisture comes down to 7-8%. The dried seeds from cach sowing

lime were stored 10 aittight plastic containers for determination of gualitative parameters,
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Assessment of seed quality

The quality of jute seeds collected from nine sowing limes was assessed by
sermination test, speed of germination, seedling evaluation test, electrical conductivity test
and accelerated ageing Lest according to the following procedures.
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Germination rest

One hundred pure seeds of each sample were placed in Petridish containing filler
paper soaked with distilled water. For each test. four Pat ridishes were used. The Peiri dishes
were placed in an incubator at 30°C for 5 days for germination. Secdlings were counted every
day up to the completion of germination on fifth dav. A seed was considered to be geminated
as seed coat ruptured and pluynule and radicle came out up to 2 mmoan length. Germination
percentage was calculated using the tollowing formula (Copeland, [a76)



FITFEC 01 SO TN DATE O THE W IABILITY AND WIGOUR O TOssA TUTT SEED 27

MNumber of seeds cerminated

Clermination [ % = x 100
MNumber ol seeds tested
Speed of germination

The speed of germination of seed sample was monitored by counting the germinatesd
seedling al an interval of 24 hours and continved for live days, Coelficient ol germination and
vieour indes were caloulated using the tollowing formula (Copeland, 1976070

s _ L I'{fl{]'{f‘l. Febg s i)

Coellicient ol }_Tttl'lnlll;lhi‘.ul‘l— —
L5 S b e AT

Where

A = number of seed germinated

T = time corresponding o A

X = number of days to final cownt

Mumber of seeds germinated (irst count)

Vigor intdex =

Number of davs 1o first count

Mumber of seeds gemimated (last count)

Mumber of days w last counl

Evaluation of seedling

Seedling shoot and oot length were measured on day 5 of the zermination lest. Ten
plant samples from each Petri dish were harvested and shoot and root length of mdividual
seedling ways recorded. 'The shoot and oot were also dried at 70"C for 72 hours for dry matler

vield,

Electrical conductivity test
For electrical conductivity tesl, 22 seeds of cach sumple were taken ina canteal Mask
ioa . i < 1P . r
containing 50 m] de-ionized water and incubated at 20°C Lo 20 hours, After 20 hours, water
af the beaker conlaining seeds was decanted in order (o separale lhe seeds, The electrical
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conductivity of 1he decanted warer containing seed leachate was measured with o cond uetivity
meter { Maodel - M - I0ETY, Five replicates of measurements were made for each sample of
seed.

Accelerated ageing test

The sceds were kept in ageing chamber g 45% ane L0 relative humidity for a
duration of 1.2, 3.4, 5, 6 and 7 duys. After accelerated ageing, seeds were dried in the 51
and the percentage survival of the seeds was determined by standard germination test a e
(Delouche & Baskin. 1973). The procedure of ageing technique is illustrared below.

Wire mesh net (9 x 9 miesh size) was used 1o make aysof IBem x 3.5 emx 3 cm o
vontain 1000 1o 1200 seeds, An iron sheet was used to fabricate 30 cm x 2003 em o2 7.5 em
box, The box had two inner ridges to hold the wire mesh trays above the water level. A aap of
LY mim was maintained between the water surface and the wire mesh trays with seeds. The
baxes were put inside an incubator at 45°C. The boxes were covered with lids angd kept
arrtight so that no vapour ean escape torm the ageing box.

Transformation of dats
Data which were obrained by counting and cxpressed as percentages. were
transtormed according 1o the following rules (Gomez & Gomez, 1984):
Rule 1: For percentage data lving with in the range of 30 10 70%. no transformation
Wik used:
Rule 2: For percentage daiy Iying with in the range either 0 to 30% or 70 0 100% but
I 2 yimng 2
not both, a square root transformation was used;

Rule 3: For prrcentige data that did not follow the ranges specified in either rule 1 or
rule 2, the ar; sine transformation was ysed.

Statistical analvsis

All data were analyzed by Analysis of Vanance {ANOVA) (Gomez & Gomez. 1984
using MSTAT package and the means were compared according 10 Duncan’s Multi ple Range
Test,

RESULTS AND DISCUSSION

Grermination test

There were varieral differences for percent germination in late lossa jute seed which
were further influenced by different sowing times. Germination test of seads obtained from
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ditterent sowing times indicated that germination percentage of 0-9897 was hi gher than that
of OM-1 (Table 1), Germination percentage ranged from $7.00 to 97.73 in O-9897 and 7805
o 9375 in OM-1, Differences in germination percentage of two varictics may be due 1o their
differences in seed size.

Germination of seeds oblained from 13 July o 25 seplember sowing of 098497
showed the similar results (94,50 to 97.75%). while the sceds of 5 Octoher sowing
germinated the least (87.000). The effect of sowing times on sermination capagity of seeds of
OM-1 was similar 1o that O-9897 but it was more affected under delayed sowing condition.
Seeds obtained from 3" October sowing of OM-1 resulted in lowest percentage of

germination (78.25%).

lute seeds obtained from 3" October sowing might not have got enough time for
maturation and nnmature seeds might be responsible for rotlen seeds and development of
more number of abnormal jute scedling. Figure 2 depicted that Jute seed started o zermimate

-

within 24 hours and completed by 3 days.

This result 15 in disagreement with the findings of Verma and Arora (197%) who
observed that Corclones olitorius jute seed required five davs 1o complete germination ar
W'C. The seeds of 0-9897 gollected from September sowings germinated more than 705
within first 1 day. Except 5" Ocrober, seeds obtained from other sowings germinated more
than Y0% within 2 days and completed by 3 davs. The rate of germination of seeds dernved
from 5% October sowing was much slower and wok 4 days to complete its germination. On
the contrary seeds collected from OM-1 of September sowing germinated around 40% within
I day and around 80% within 2 days except seeds of 5™ Octaber sowing which took four days

o complete its 90% sermination,

This result also is in disagreement with the findings of Jain and Saha (1971) who
found that 90% seeds of both the species germinated within first 24 hours at 30°C. The results
revealed that seeds of O-9897 germinated fuster than OM-1 and it was tavoured in Sepiember
sowings. Sceds collected from 5% October sowing of both the varicties germinated very

slowly and 1t was profound in seeds of OM-1 than that of 0-9897.
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Table 1. Elfect of sowing dates and variety on the germination percentage along with
transtormation made (shown in parenthesis) of tossa jute seed in late sowing condition

Germination

Sowing dales (%)
O-95497 _f}ﬁ-'l—l
15 .Iul}'_ : 7 Alad 950004
(98741 (9.747)
25 July 9 Sl G5 T3aA
R {9 785)
{15 Aug a7 5kaA 95, 5000
R (9.772)
[3 Aug Q4 50aA O3.00aA
(N2 (9.644)
25 Aug U7 TAA 4 004
{9.886) (9.095})
05 Sept 96,5004 94, 25aA
(Haeli) (908
15 Sepl D6, 000 A 02 00k A
(D 7OE) {9.598)
25 Sepl O, S00A 9 5000
(9.823) (97213
05 Ot 570008 TE.25bE
{*_,1'.32?} {15400 i

Means in the column with same small leter and i rows with same capital leter are not significant|y
different at 4003 level by DMRT.
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Secdling characteristics
seedling charactenistics ke shoot length, root length, shoot dey weighl, rool dry
weight and total dry weight were evaluated and mostly it varied significantly over the variety

and sowing dates (Table 2). In general seedling growih of the variety OM-1 was betier than

thitl ol O-9897 which might be atteibuted 1o i Bigger seed size (Talukder and Al 1977
Bigger seeds of OM-1 supplicd more nutrients to growing sccdlings which enhanced the

seedhing growth, Sowing tmes effects indicated thae 15" September sowing produced 1he
highest shoot dry weight and 3" September produced the highest rool dry weight in bath the
varieties, Although, highest total dry weight of O-9897 was Tound from the seedling of (5"
september (0964 g plant 1 and that of QM- from 3" Seplember sowing (LT my plant ), il was
similar 1o seedling dry weight of other sowing times except 3™ Octoher, Seadling dry weight ol (-98497
[roan & Chelober sowing was anly 0780 mg plan Vand it wns 0873 mg plant” in OM-1. Poor seed sive
resulted Trom shorl Tved planes of 3" October sowing might have caused the poar seedling arowth n
ol the varietivs, Seedling growth is associnled with seed size {Austin & Conden, 19671 and proswth is

dependent on either shoot ar roal geoseth o1 Taoth.

Flectrical conductivity test

Elecirical conductivity test provides a quick decision abont sced quality, Electrical
conductivity is related o deterioration processes of sceds as degradation of cell membrancs
and leakiage out of the cells (Delouche & Basking 1973) Other factors such as water quality,
water quantity, period of imbibition, number of seeds tested and remperature also affect

clectrical conductivity test of seeds (Loeftlier et al., 1988,

Electrical conductivity differed signilicantly within the seeds of two varicties as well
s the seeds obtamed rom ditferent sowing times (Table 31, Elecincal conductivity of seeds
ol O-U897 was higher than seeds of OM-1. In O-9897_ it varied from 254 to 322 ps eo”’ and
i OM-1 it varied Trom 250 10 306 us em™' Higher electrical conductivity in the seeds of O-
RT may b associated withoits smaller seed size as Mugmsjah and Nakamura (1986)
observed higher clectrical conductivity in smaller sovbean seeds, Tao (1978) explained this
phenomenon s the small seeds having a greater surface arca per unil weight and induced
higher rate of leakage out of the cells which mcreased electrical conductivity of seeds EllTects
of sowing dates on electrical conductivity of seeds obtained from 15" July to 25" September
sonwings were inconsistent although it was profound on the seeds o 3% October sowing. In
bath the varieties higher electrical conductivity was observed from the small sized seeds of 3™

Orctober sowing where it was 322 and 306 ps o’ in O-9897 and OM-] respectively.
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Table 3. Electrical conduclivity and speed ol germination ol two varieties (O-9897 anql

OM-1) of tossa jute seed in late sowing condition

Sowing  Electrical conductivity Vigonr index Coelficient of
dates { ps em™) ' rermination
O-9897 OM-1 O-9897 OM-1 O-9897 OM-1
13 July 200G 2ancH S350 3 5244 Tlulel A4 59beE
25 July 254211 250l RiAGabA AT 4N0bck  T5.53bcb 471 A9c)
05 Aug 2T0el 257cH 220008 48 54bel 7430heh 4 Tl
15 Aug 27 el 258cH T3.03eC d44.5300ck 667 e 41.61cF
25 Aug 2ROUE 25041 TR Theld 46, 10ch T A% A3 06eF
(13 Seql REATHR 2640 BA.67abaA TLaWal THAOMB il (ORald
153 Sepl REIRN 2590 HET9ubA G785l F3.93abA (3. G0haly
25 Sep 203LC 260G Q000 A 370400 R EZaA 53.26hE

05 Ot 322aA Jab 0.04dE TR JLusdE 41.20ck

Means 1 e columm Ssmall Tetterd and i vows (capital leter) are nod signifeantly different ar 0,035
level by DIMET,

Speed of germination

Fligher values of coellicient of germinalion or vigowr index indicate higher specd of
germination, There were varielal dilferences inospeed of germination where the variety (-
SEOT showed higher wigowr index and coefficient of sermimation {Uable 33 The hirhest
vigour index (90000 and coelficienl of germination (34527 of O-9897 was observed from the
seeds obtamed Trom 25" September sowing, Contrary, highest vigour index (71.69) and
cocificient of germination (64.08) of OM-1 was observed from the seeds of s September
sowing. Yigour indices and coefficient of germination ol OM-1 were much lower than that of
O-9897 i all sowang tmes, The lowest vigonr index and coetficient of germination of hoth
the varieties were found from the seeds of 3% Qctober sowing,
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Accelerated ageing test

Accelerated ageing of seeds of two ossy jute varieties showed o distmel different
seenario e aermination pattern over time (Figure 33 Inoseneral ageing vate of OM-1 was
Gister than Q9897 Gernnmlion percentage of O-9897 seeds ranged G000 o 9925 and OV
I Frome 125 10 98 88 before ageing which decreased gradually with the increase of ageing
lime. Decrease in germination ol aged seeds ocourred doe 1o cither decline of phosphatase
activity. alpha amylase acoivity and sugar content (Mitea & co-workers, 19743 or denaturation
ol profein (Navtival et al., 1983) or decrease in glutamic acid decarboxylase activity within
the seeds (Mora & Echandi, 1976) Such changes in physiological and biochemical processes

g seeds results i either death of seeds or production of abnormal seedling al the end.

Sowing dates also influenced the ageing pattern of jute seeds. Secds collected from 5™

October sonwving ended s lile only 4 days ol ageing, While jute seeds obtained Crom July-
Aungust sowing completed i lite by Five days. Tule seeds produced From Seplember sowing
was much better than that of other sowings and ook 6 duys of ageing 1o end its lives, Among
the three dales of Seplember sowing, jute seeds obtained from 15" Septeniber wias SUPErion in
terms of germinability. Siddigque et al., (2002 also obtaimed variation in quality of pea seeds
ablaimed Trom dillerent sowing dares.
The results revealed that jote seed vield and seed guality {viability  and vigouwr) varied
stgniticantly due o varieties iesell as well as sowing dates. Bowas found that sowing date hal
asmall effect on seed viabilicy bt had Barger effect on seed vigour, Among the two varicties,
sowing dates showed  profound  effect on seed  guality. Late sowing il Scplember
considerably increased the sced qualily of jute. Further delay i sowing reduced drastically
seed quality of tossa jute. For the best quality seed, sowing of rassa jute by 3 September is
recornmended,
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IMPACT OF TRADE LIBERALIZATION ON AGRICULTURE:
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ABSTRACT

Banglodesh has lberalized ity econonry thronsh reduction of teariff
rates and withdrawal of agriculteeal subsidies althoueh the Cennry,
aw o leasi developed  one,  way exempled Jrown rechciion
conmmbimments. The  wn-weighted  average  tariff rate forall
agriciltiral products declined to 15 per cont in 200203 from 55 per
certd i A9YE92 Subsidies on freigation and feriidizer dectited frena
208 percent of the valuwe of rassisted output in T988-89 1o 0 45 per
cent in 2002-2003. Moreover, there is a very low rate of subsicdies on
apricultuval exporis, However, the impaci of trade Hiberalization
poficies was not foverrable on the  agricultaral ecotiony of
Bangladesh. Towal agricultural export increased by abou 2 per eent
aned qpeiculiveal fmport increased by B oper cent prer ey over fhe
TG Tmport of maize and pulses increased significanily over thai
peviod, Besides conmercial import of food praing increased and the
mtgnitade of food aid dropped over the same period. I reveated ta
Bunglodesh had b0 face more Toss than i enfovedd gaing from
eventualities of recent trade liberalization. In view of the above
circunistances, more vestnent on vield inereasing  technology
gencration and adoption 15 necessary o meet the current deficie in

foand ftenss and aecelerate the speed of diversitv in cgricilire,
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INTRODUCTTON

Koynes's interventionism zot into problem towards the lae 19705 with mcrensed
stignation in outpat and employment aceompanied by high inflation, The oil price shocks in
P23 aml in T979-R0 put the world economy into a severe recession. Finanee hecame the
most el fctor world wide, Consequently, a wave of economic liberalism prevvok cd

reform all over the world §ATam, 20041,

The green revolution i the 19605, 19708 and after made 2 great contribution to
mercased Tood  peoduction in the developing countvies. The high level protcction of
agrienlture o the developed countries including USA and Weslerm European countries also
stimulated agricultural production. Morcover, as a resull of overproduction i some ol the
developed countries, mternational prices of agricullural commodities started to decline. In
recoznibion of this sitwation. the agrieultural exporting countries Pegan o reduce asricultural
protection and dereaulate production control. They also stanted negotiation on agricoliural
tride i the Uruguay Reund of the General Agrecment on Tarlls aned Trace {GATT) o open
the market with o view 10 rebool mermational food prices and increase rade (Ohasa, 19903
I April 1999 an agreement was sioned al Marrakesh, Moroeeo integrating lood inko the
glohal free commadity marker. The principle of Tree markel ceonomy became applicable (o
all commaodities including agriculiural commadities,

Objective

The long-term objective of agreement on agriculture is 1o establish a faic and marker-
ariented apriculiural trading svsten and initiate o reform process through the negotiation of
commitments on support and  protection. 11 was thought that a substantial progressive
reducton in agricaltural support and protection will be made over an agrecd period of (me
that will result in correction and prevention of restrictions and distortion in world agricnlural
mwrkets, The main objective of this paper is 1o make an assessment of Buangladesh's progress
- the process of oade liberalization and analyze s impact on agricullural trade and
procduction i the country.

MATERIALS AND METHODS

This stody was based on secondary data collected fram pulrlished aned unpublished
sourees ol vartons national and international agencies, The main sources of daly were varions
publications of the Government ol Bangladesh (GOB), Baneladesh Burean of Statistics
(BBSI Bangladesh Bank, World Bank and Food and Agricolural Organtzation of the United
Manons (FAO) Some of the specific documents consulied were Bangladesh Economic
Review (virious issues), Handbook of Agricultural Statistics, Economic Trends, Siatistical
Yearbook of Bangladesh, National Accounts Sialistics of Bangladesh and the Tesal Text of
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the Urnguay Round of Multlateral Trade Negotiations, Inaddition, various unputhlished
documents of the Export Promotion Bureaa, National Board of Revenue, Ministry ol Tronl,
Ministry of Finance, and Mimstry of Commerce were ntensively used Tor obtaining data tor
his stuely.

Banaladesh liberalized her coonomy very quickly during early 1990s aned continued
ber reform agenda even in later veurs, Data on taclt rades Tor ditferent commodities and
subsidics on agriculture were assembled Tor the last decade ol the 20" century and aller
(relarm periad) Tor establishing trend of those variables over the vears. [Uwas then mieresting
o see what bappened o Bangladesh economy alter showing adherence o WO rules on
liberalization of trade in agriculture, For that purpose the trends ol agricaltural exports,
imports, Tood aid and Toreign assistance were examined by tabular ane praphical Torms, The
ipact of trde hberalization and relorm was also analyecd on macro-economic perfonmance
ol the country. Finally, the magnitude of curreat Tood deficit was determined by comparing
recenl dictary pattern with that of an expecied pattern o rellect on policy issues for
development of the agricultural sector i Bangladesh.

RESULTS AND DISCUSSION
Commitments on agriculturs

The wgemda for liberalizanon of ageiculture consists of three components: markel
access, domestic support amd export competition (WO, 1993) The provisions under mrkel
access called Tor reduetion ol tarlT and non-tariff barmers. Under domestic support, countries
weres required o reduce tade distorting domestic supports. Under the provision ol expon
competition, countries were conumiled to reduce the value of export subsidics. Being a least
developed country (LDC), Bangladesh was exempled from those reduction commitments.

Nearket access

Fhe Urngway Round Agreement on Agriculieee (URA0A) under its commitment on
markel access called for conversion of all non-tarill trade barriers into tarilh equivalents,
reduction of boonnd teiffs over dme, and setting of low import taridls Tor a fixed guoty of
import, Under tarifTication, member counlries were required Lo converl non-Larill barricrs
during the base period {1986-881 into tariff equivalents and to establish a base rate of duty Tor
individual commodities covered by the URAoA, The average reduction of tardTs alter
ariffication of non-tarilT barriers was set at 24 per cent Tor developing countries and 36 per
cent Tor industrialized countrics, ndostrialized countres had a dme frame of st yvears within
which 1o decrease their aeilt levels while developing countries had 10 years, Minimum access

Il 1o be established al not less than 3-5 per cent of domestic consumption during the base
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peried  (T9R0-HE) As a LDC Bangladesh was not required o undertake any such
commilment, but she had 1o bind wrills on all agricultoeal products,

Marker access reform in Bangladesh began in the early 19805 with a reduction m
impaort duties and was Tollowed by o reduction i quotas in 19835 and o simplification of tariils
i 1EG. The most intense period for trade reforms oceurred in the 19905 with o movement
tenwird loweer acilT rades (Table 1.

Table 1. Un-weighted average tariff rates for dilferent commodity proups in

Commuodily group [ Y43 Y91 Y93 1% tHi FY¥97  Fy9s 1y

I’rimur-}'- 252 477 Y .o 24.6 22.3 _-21.‘} 214
commodily :

[olermediate 495 41.6 318 232 202 o 192 |59
s

Capital goods A5.0 ERA 26.2 3.9 (2.3 125 121 123
Final consumer 0.3 030 49 .G 8.6 347 3Z3 0 G 290
g0y

Al commoities 273 47.4 dal 2549 223 215 2007 205
P “ommodity group Y () FY0I Y02 FY03
Primary commodity 7.1 it |5_t’1. 149
Intermediale inpuls 5.6 5.7 2001 21.0
Capital zoods 0. 1.3 R "0
Fioal comsumer goods A0 29.0 26100 LN

All commoditios 14.5 | 3.0 17,1 1G4

Soes Mational Board ol Bevenee,

In 2002-2003, the un-weighted average tarifTs Tor all agricultural products declined to
I3 per cent from 55 per cent in 99192, Inoa similar way, the import-weighted average tandfl
tell to 12 per cont Trom 23 per cent in the same period. The magnitude of decline i T rates
tor all other commudities showed almost the same rend (Table 2.



PRAPACT OF TRADL LIBERALLZATION OMN AGRICULTURE [N BARGLADESL 43

The reduction of tanift raes Tor most of the crops including food grains and polses
was quite significant (Table A-1). Under the minimum access level provision, the current
necess opportunity s more than the threshold for all commaedities, except For potatoes and

SR,

Table 2. Import  weighted average larifl rates for different commaodity groups in
Bangladesh

Commedity gronp IFy92 Y43 Iyl FY95 FY 0 Fye7 (R Iy oy

Primary _.'.;'3.4 BoE 272 7.3 13.2 ]é‘]_ﬁl 136 95
commmodily

[nlermediale 241 237 22.9 26.3 227 22.2 213 21.3
inputs

Capital goods 18.7 [8.5 162 2.5 0.5 (34 8.2 %1
Final consumer 473 RTEN) 367 26.5 241 231 201 17.6
gy

Al commodies 2401 230 2401 2008 [ 7.0 L[5.0) 16,6 14,1
Commnlity group FY i Fy i FY02 o Y03
Primary commadily [3.0 144 - 0.4 120
[ntermediate inpurs 151 15,0 162 153
Capitul pocds PRY 1.4 33 17
Final consumer goods L35 20.3 1440 (]
All commuodities (3.8 13,1 0.7 (2.4

Souree: Matiomal Boaed ol Bevenue,

Domestic support

The Uruguay Round Agrecment on Agriculture (URA0A) under its domestic support
policies did not include expenditure on research, extension, disease contral, food securty, and
rural development etc. (green box measures) i reduction comminments, Nevertheless,
subsiies on anputs and price support Tor oulpuls were categorized under trade distorting
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pohicies and were required o be kepl within the limit of 3% ol the value of oulput foe the
developed countries, and 0% for the developing couniries. The otal aggregate measure of
support (AMS) was to be reduced By 20% for developed connries and 13.3% tor developmg

countries (with no reduction lor LDCs) over the implementation peciod.

Bangladesh provides support o agricultural rescarch, extension. training, marketing
and mlrastructore that are nondistortionary in character. These supports Tall under the green
box area and are excluded from AMS reduction commitments. During the [970s and early
980 agriculiural mputs were heavily subsidized and price support for agricultural output
were also significant. These subsidies and supports were gradually reduced and becume quile
imsignificant during the 19905, Table 3 shows thal Bangladesh did not provide any price
support Lo any of the agricultral commodities after the 1995-96 fimancial year. Subsidies on
fertilizer and irrigation accounted for 2.53% of the value of unassisted ootput in [988-5Y,
which declined gradually 1o less than one-tenth of one per cent in [998-99. The calenlared
producer subsidy equivalent (PSE) slightly increased over first three years ol the new
millennium, but still 1 hovers around a hall of only one per cent, very mnsignificant i
comparison with that of about 40% for Furopean Union and 35% for OECD countries
fadam, 200043,

Table 3, Producer Subsidy Lguivalent (PSE} in Bangladesh

Year Tuput subsidy (% of Price suppaort (% of Total subsidy
| unassisted output) unassisted output wse)
(RS RRE I F[J.H_Fﬂ ot [ 5
| G- .[}_{':2 () G2
| G705 (43 ] (b3
[ CLHS-L (h{k i) 008
[P 2000 2| {] 02l
20002001 .24 ) 0,24
0012002 (.48 i (.48
220005 {145 0, .45

Exporl subsidics

Under the commitment on expart subsidics members were required 1o reduce the
value of mainly direct export subsidies 1o a level 36 per cent below the 198690 base peciod
level over the six-year implementation period, and the guantity of subsidized exports by 21
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per cent over the same pertod. In the case of developing countries, the reductions were two-
Ihmi\ of lhu.x-c of developed countries over a ten-year pericd and subject to certain conditions,
there were no commitments on reduction of the costs of marketing of agriculiural exports or
internal transport and freight charges on export shipments. LDCs were not obliged o reduce
export subsidies but were required to freeze such subsidies at the 1986-90 period levels.

Bangladesh declared no export subsidies in her schedule of UR commitments,
However. there may be some elements of subsidics enjoyed by the country's export regime.
They include a small amount of direct subsidy on export of vegetables, export subsidies in

the form of

lower interest rates than market interest rates, il concessions on import of
capital machinery, and some sort of subsidy on export credit zuarantee schemes,

It appears from discussion on market access. domestic support and export subsidies
that Bangladesh liberalized her economy quite early cven though there were tme and
exemption provisions for the country in the WTO rules,

This was due to pressure from international donors for reform and the country’s
mabihity to mobilize resources o support her development programmes without taking
assistance from the donors. The counury was not, however, benefited from such an early
liberalizanon,

Impact of liberalization

[t was interesting 10 scc what has happened o Bangladesh economy after showing

adherence to WTO rules on liberalization of trade i agriculture. First, the agricultural expert
and mmport situations of Bangladesh over the last eleven vears (1991-92 ta 2001-02) were
exdmined

It was observed thal total agricultural export mereased by abour 2 per cem and
agricultural import increased by 9 per cent per vear over that period {Tuble A-2 and A-3).
Figure 1 shows that agricullural impuorts superseded the export figure in 1995-96 and afier that
the 1mport curve continued to flow over the export curve Tor rest of the years.

The total export earnings of the country increased by 119 per cent. while impon
expenditure increased by .59 per cent over the last eleven years. It may be mentioned that
most export earnings in Bangladesh come through garment industry, where the bulk of the
export earnings 2o back out of the country to pay for imported raw materials and mact
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The average annual growth rate of export carmings were negative for jute. juie proglucts, e
and 1o1al crops. However, the annual growth rale of export Tor greater ageicultural scelor was
positive mainly due o high expert carnings from [rozen tood, and hidles and skins. The
orowth tates of import Tor all agricultural commodities were posilive excepting wheat, and
were very strong Tor pulses. maize, edible oil and raw cotton. The situation is unlikely Lo be
changed unless duty-lree and quota-free access of Bangladeshi products are ensured o
developed countries.

The WO member countries attending in Ministerial meetings recognized the special
dilficultios faced by LDCy and called for providing more technical assistance 1o LI s Tor
trade development. They also appealed for enhancing the magnitude ol food aid and
comeessional Joans 1o LDCs for their sdjustment o a new global sitation. Bangladesh, as a
LDC, was supposed 1o be o beneficiary from those assistance. Howewver, the country was not
much benefited from such benevolent aid and assistance commitments in recenl yeurs,

Bangladeshi people depend more en cereals for comsumplion of Tood. The production
ol cereals has inereased in the country over ime, but al the same tme imports of food-2rains
continued without any interval (Table A-2) This was pol atiributed exclusively o ade
Tiheralization, hut was also relaed o other domestic factors like weather, natural cabamitics,

technological development, management of the production system and governance. What is
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important (o nete 15 that the composition of food-grain imports has significantly changed after
rade hiberahization. The extent of food aid declined and the magnitude of commercial
imports mereased  during the post liberalizavon period.  Figure 2 shows that commercial
imports crossed the line of food wid in 1994-93, reached its peak in 1998-99. and remained

above the ing of food aid till the last vear of observation.

Fig. 2: Food grains imported through commercial ‘
imports and aid.
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For further examination of the proposition, the growth and composition of foreign
assistunce o Bangladesh was analyzed, Data presented in Table A-5 shows that the annual
growth rate of foreign assislance has declined over the last cleven years. The amount of
foreign loans has slightly increased but the amount of donations significantly dropped during
the period of liberalization, The evidence confirms the view that Bangladesh had to face more
loss than it enjoyved gains from cventualities of recent trade liberalization.

The impact of trade liberalization and reform was nol very positive on macro-
cconomic performance. The growth rate of GDP stugnated at around 5 per cent and the

overall budget deficit did not show any sien of improvement, The amount of foreign
exchange reserve increased in absolute terms but declined in relative lerms (in months of



4 FAMNAMOGIR ALAM

importsh The rate of inflation has, however, declined over the years (Table A-6), The growih

rates of real prices of most of the agricaltural commaodities have also declined.

Food self suftficieney and Dhversification of agricullure

Government of Bangladesh is committed 1o achieve  sell-sufficiency i Lo
production, Te that elfect the farmers, agricullural seientists and policy makers are worling
hard for years together, Very recently, the conntry has produced little surplus of food grans
(Figure 33, but there is siill a huge delicit in production of other crops. The deficit is much
larger for pulses, edible oil, vegetables, fruits and non-crop agricultural products {Table A-T).
which has aceentuated over time with the increase in population. It is possible (o have a
significant inercase in production of these crops and non-crop sub-sectors provided new
technologies ave generated and policies are framed conducive to technology adoption, which
will promote diversification. This is consistent with the policy of Bangladesh government
(GOB, 2003a; 1999), which will require bigher investment in apriculture and more support
and subsidies in the process of technology generation and adoption.

CONCLUSION

Results of the study show that Bangladesh has liberalized ber economy very quickly
over 1990s through reduction of tariff rates and withdrawal of agricultural subsidies,
However, there was hardly any positive impact of the liberalization efforts on the agricultural
sector of Bangladesh. Tn fact, the growth rute of agricultural imports has much superseded the
growth rate of agricullural exports and the country hecame more dependent on commercial
imports of food grains and other agricultural commaoditics, Thus it appears that the country
should now pursue a policy ol protecting bor agricullural sector and merease support aml
subsidies on vield increasing technology generation and adoption o meet the currenl Tood

=

deficit and accelerate the speed of agriculture diversification.
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Fig. 3: Food grain availability (000 MT) from domestic production, (excludes 11.58% of
iotal production) deficit and surplus.
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Appendices

Table A-1: Un-weighted tacill rates and value-added tax on major agricnltural producis
in  Bangladesh

Group

Rice
Wheat
hlaize
Sugar
Ohilseed
Edible ail;
crule
Bdihle oil:
relined
Cinion
Chilies{dey)
Potato
Ml

Pulses

Tasiznl

Rice
Wheat
Mlniee
Sugar
[ilseeil
Edible ail:
crude
Eadible ail:

refinned

¥AT

CIMHLESIDE VAT =D CD+LF+IDS 50 Taotal
1991492 199293
16.44 14.81 (1,00 31,25 598 1255 (.00 2136
[4.44 IREY C1.00 144 AR RN SREY BN
B4 12.25 00 ERN BlLAR 1225 (100 U35
+1.44 (.00 (L0 41 .dd 2703 [4HD 00 2373
5594 H.Hd AR 7 A2 23 0,72 €100 5045
H3 <] 14,005 R0 [T LG B1AR 1255 000 O0.005
Jla4 (100 .00 344 3LAS L0 000 ERRES
.44 505 FENY] 52 1273 Bad .00 2136
[0l .44 {00 (.80 [{}1.44 AR (i) (L0 Th48
4.7 508 .00 3286 45.41 480 (1,00 A2
2144 ALY (.00 2144 0.8 {00 0.0 [65.45
1995-0; 16-97
122 4 BNy .24 .28 0,400 400 1.28
5.72 6T . 934 578 .08 (L0 L.di
il.zz 4.71 0.0 3503 3128 4.7 .00 3602
&1 .37 (.00 19.4% Lin 13 [.39 0,00 17.52
3122 5,460 (.00 J6.08 Al.24 4004 (AW 33,34
38,72 5,84 (00 dd 50 JRTH 4.4 OAHy 437
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_’__l'al‘.-lu A-1 (Continued).

YAT

a1

Group CIH LIS VAT D Tartnl CO+IF+LDS SD Total
1*)‘95-‘);1 - - - l*J‘J{i-‘).? “
CIniom 31,22 236 CLAN} 1358 31,28 237 [0 33.'.".-:"-_.
Chiliesidry 2372 (1.6 EL 1] 2372 2378 {000 000 2378
SEHIT 46,22 R 00 40,740 4628 350 00 4978
Ml 4622 573 ALY 51.05 4028 LoD 400 50,54
Pulses | 2.4% {95 .06 1342 12.53 01,546 AN [ 3.4
1500 1o 200

Bice [.08 .00 .10 L8 LW} LI RN WK
Wit 08 a7 .06 165 350 50 L1000 .00
Maiae
Sugir 33,58 4.74 {100 gz 24.50 R RV 32,49
Chilseed 14,71 1.14 (100 588 12.5% [.01] .00 [3.5%
Edible oil: 21.08 246 (AW 23,54 L& 2,49 (1.0} 20,00
wrule
Faihle ail: S1iRY! 4 44 .00 41.37 3386 416 .06 IR
refined
Ciien 3358 2.37 (.40 3595 2850 2AHy {h00 ALE0
Chilissidre 2233 {100 {00 22.33 2225 6 {1,000 2235
Pistii A43.58 312 AN 470 41.00 243 000 4395
Milk 4354 L 00 06 [ W) .50 2.7 3321
Pulses fi.05 (1.5 (AN} e 4.35 (N [208) 306
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Table A-1 (Continued).

Caroup CDLI+IDS VAT a1 Total CIM LIS VAT =0 Tatal
2002-2003 _ 2003-2004

Rice Fi=] [} 1 T3 P8 0 0 '.-‘_-.'71

Wheat 135 0 0 13.5 =S ¥ 0 T

Maize .5 0 0 6.3 i ] 0 T3

Sugur 5.5 0 23 740 48.0 <0} 300 k20
3

Ohilseed 0.5 0 )] 6.5 7 0 0 7.0

Edible onl: 225 * 0 i} %3 225 ¥ 0 221

Crude

Edible il T ] 0 213 22.5 i 0 275

refined

Onion 29.0 0 ] 290 295 0 0 295

Chilies{dry 22.5 [ il 223 Py 0N 0 225

Potato 39.0 4] il 39.0 370 i i 37.0

Milk 39 L5400 13, 7.0 3740 130 230 710
(0

Pulses 7.5 ¥ ] 15 7.5 4] 4] 7.5

Maote: C0 = Customs Duties; LF = License Fees: D3 = Infrasiructure Developraent Surcharge:
S0 = Supplementary Duty) WYAT = Value-Adcded Tax

Source: Matienal Board of R{'.'.'cmlif aned Dovas|ah {20035
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Table A-2. Fxport of agriculiural commodities from Bangladesh (Million LIS$).

Asril.

Yoar HKaw  Tea  Frowen Jute Hiules
Jute Ll products  products &
slins
(]2 B 32 131 in 3001 14141
[49492.493 e a1 IG5 [5 2492 1405
R a7 a8 211 5 284 168
[4494.495 T a5 3000 L3 39 202
[R5 U1 ] A 34 22 329 212
1986497 116 38 3210 24 315 [t
99?8 03 47 204 it 231 TU0
199899 72 39 2747 22 3w 165
(LAY 72 I 344 18 266 195
2000004 "7 22 363 12 230 25
20002 il 17 276 23 244 207
Anmal - - 7.33 .42 2.23 354
ool .23 4.5
rite (55 A

Crops
[Total}

e

= N

374

ids

- 15T

Agpril

{Total)

03

e
[N

AT
104
Loy
954
a7
Q13
054
128
.90

Tutal

export

[ered

Sowres Brport Promotion Bareoe,

Move: Gresth rates have been ealeulated by Nining senu-logazitimis irend lines,

L]
Qi

Aceeril,
asa
ol

total
35,26
Jhaa
Mral
2741
2500
2297
13,54
651
| 5.87
[4.75

[3.83



Table A-3. Import of agricultural commodities to Bangladesh (Million USS)

Year Kice

[ 4] - 4
92

R i
a3

103 23
Ll

[RILYE 2200
A

[ 5 Rk
U

[ 41 i
auy

[RYCHp 247
L h

R [iht
';‘](j

e 13
[N14]

2IHI)- 172
0l

200 - [5
{7

Annual KTV X!
arwth
rile

()

WYWheat

228

| 56

T
al

171

-01.25

0il

seeds

M)

4l
N

5

Al

02

4

[

G

il

7.5

Kaw

cobhon

L5

Ul

15

207

]
L]
[PH]

Aadl

L]
[ ]

Lh
[

FAHAMOGIE ATAM

Edille

ol

|74

216

216

287

PRI

Total

Maice  Pulses Agril.
(Total) import

- 0060 J4.f:{5{.; _%?'-J'_('-’." 3516
002 14054 42006 4071
D003 28450 47246 4151
(445 9279 L2073 3834
Lasd 230604 [06d4. 56 6947
2436 52365 T11.50 752
1452 453608 930045 a0
SARYOTORTD 169295 ROOG
12925 112000 13592 5374
26575 BRT749 0 [I03.32 0 9335
JLETA O UZEOD 0dhdn REE
7545 220 o0 9.54%

Agril.
s
G of

Lotal

VIR
.54
L1327
1574
P g

0.95

13.50
182

LLGK

Mote: Growllh rates hove been caleolated by fining semi-Togarithmic tend lines.
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Table A-4. Domestic production of cereals and import of food grains { 000 metric tons)

PFroduction of

Yew o aid Commercial Total imports
cereals mmports
1981-52 14646 1141 114 1255
[WEZ-HE 32706 97 268 L Hdd
B EREhE [ 570 1441 Gl5 256
195485 Liise2 | 3006 | 287 2593
[DR5-H0 161777 8T 13 | 24H}
[ LEH-HT 16592 425 342 1767
LT -HE 6347 1787 1130 2017
[EE-HY G650 1356 THO 2134
[ LHRL-9) 1E6TL G S84 1533
Cirowlh rate 2.20 .25 10,18 2.6
(B8 (2.7 i-2.05) (1815 (2.22
T5s0-4 [HEaY 154(0) 3 L5717
199]-492 LEr0) 1414 150 1564
199215 195495 735 448 1153
[ 30k 159230 54 312 CHGA
[RYNE B 15174 G35 1633 2508
L0546 19155 TAE st 2427
1505 47 20309 ols 344 6T
997 Uy 20793 44 402 1951
[ LI L 2189440 1235 4256 5441
[RYNERTY] 25087 a0 1234 21
2000011 26963 491 10063 1354
200502 20138 509 1264 L 7Eh
Grovath eale 3.29 -0.08 26,15 4.32
U102 (2,721 (-8.22 (2950 (116
Groweh rae 205 4.3 THD 0,78
(R1-020 % (2.76) (-3.8d) (11.55) (.70

Mot fud Cirowdl rates have boen caleulated by filting semi-logarithmic tend lines.

by Componnd prowth sates are given within brackets, This growih vt is colculated depending on the
value of o voriable ot the begioning of a periad (lirst yeary and e value of that warviable ot the end of a
pericdd (last veard, which may be suclibenly higher or lower, To avoid soch o problem and o take inte
aveount the annual Tactmations of continuous values between the Tiest and the last vear, a groweh cate of the

sermi-lesarithmic from is usnally preferred.
E Y i
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Table A-5. Forcign assistance to Bangladesh (Million US$)

Yoeuar . Dionation I.,mun Total
) [971-72 245 2 271
97273 486 5 551
(4374 218 243 il
[974-75 375 520 61
|97 5-T6 234 367 |
97077 256 274 535
[977-TH 3493 EEY| LRE
[4TH-T4 07 528 1030
[ 474K il 373 223
Cieonaeth rate (7 -850 7.8 3202 14,28
[Ls-K] 93 553 L6
[U81-52 634 ShE [ 2400
[9H2-53 S8Y ALH) 1177
[Lr 3ok 733 S35 263
[Lh-55 ELLES 360 | 205
[T 5-HO E ol [ 506
[OHG-R7 Bia Ui L5445
1587 -1 H23 BT 1600
1GHA-R (P LICES 1668
T9EG-GH) 60 160041 1514
Crrovwth e (8000 % ) TR0 5.4
1490-] wil il 1732
[oo].uz 817 T I6]]
[Hr2-us Hlu 8557 L6753
FLi-u T B4 1559
[ird s SO0 R 1759
1995-th 677 66 1443
1996-7 i 45 [4¥1]
[P S0 48 1251
[ LPERs - Ut G BT 1536
[ LU W} 206 BG2 1588
20H0H0-0 S ] 1364
202 470 O3 1442
Ciroseth rate (90020 % -2hi [ 3 -1.71
Cirowth rate ©71-02} 271 34 By

Mote: Girosrth rales have been caleulaced by fitting semi-logarithmic reend lines,
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Table A-6: Macro-economic indicators of Bangladesh

Indicators 1991-92 1995 19949-2000 200102
G ot current markel price [ 1554 6632 23704 27320
{ Talen in billion
G erovweth rate ar canstant 5.0 4.6 A 4.4
{LHUS-4G] prices
Fopaclasion (dilTien) 1130 2008 1251 1310
Per capita GO at current prices (Taki [rE770.0 37685 FHS Y A0
Avernre exchange rate with US Dallar 3R 1453 A0 B3G5 503112 574347

As pereentage of GDP

Consuplien 26.1 253 R2.1 218
Mational savings 9.3 20 2321 234
Toral investment 7.3 2040 ERRY 231
Owerall Budget delicil =47 4.7 6.1 -4.7
lmpart 1.3 164 7.8 8.0
Foxpaort .3 b 122 2.6
[ate ol inlTation (50 4,0 0.7 3.4 2.4
Forcign exchange reserve (Million LIS$) [0 2030 16182 1583
Foreign exchange reserve (Months ol 3.3 33 A% 22
Nt

Sovres: GO C2003), DBangladesh Gank (20073,
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Table A-7. Current dictary pattern in Bangladesh compared with an expected
pattern

Food items Adequate Target Current Minimuomm Energy FFood
intake ' intake® intake’ reepuired Ap

{grams) {Erams) (prams) intake ()

forams) Keal o

Cercals 490 a7 4758 450 15552 0.2 -5.7
Tubers 100 120 TG 70 oLy 28 -1.3

Wegelables 125 132 1405 [ 5} fak 3.0 0.3
Pulses 3 ah 5.8 i 1.0 48 47.3
Lilible ol 20 38 128 20 (200 5.2 a6
Fruits S0 57 284 a0 0.0 2.3 432
Sweeleners 161 24 G835 Lo LAY 13 3.5
Fizh 45 50 385 B0 o) 2.7 358
Meat 20 22 133 an 30 1.5 AT
Fyrprs L4 7 3.3 L0 107 0.7 470
Milk M 7 AV 3l 326 1.5 416

Total Lrid 0| 0} B3TR a0 23 100 89

Seurce: Bangladesh Katonal Nuieition Couneil, Dhaka.
Blinistry of Food, Dihaka

Heugehold BExpenditure Sureey 2000 (BRS, 200037
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ONION CULTIVATION AT FARM LEVEL: INPUT USE
PRODUCTIVITY AND RESOURCE USE EFFICIENCY

-

ML Awar, S Sasa” anp ML Ts0ap’

ABSTRACT

A sinddv was mdertaken to examine the effect of various inpii uses
aned fo estimate the vesource wse efficiency in the production of
ondent. The in 'y'f*.x'."r:;,if.'fimi' was Fased on o sample suevey of vandomidly
selected 1200 onion  growers  under  Sherpur disirict.  Tabalar
tectuiigue, statistical fest (t-1es1), as well ax some functional input-
ontput atadvses were made to analvze and interpret the data. The
restdts of the sty indicared that the return of onion was positively
refated with the tnpuds, fomily fabouwr, hired labonr, ash, TSP, M
aned frrigation except seeds, animal labour, cowdung, wrea and
insecticides. The findings also revealed that anien growers are noi
efficient i terms of resevirce allocation. Further, farmers lave He
seope to dncrease outprt by efficient writization of familv labonr,

cowditng, invectivides and ireigation in the owion caltivarion.

keywords : Cmion, input use, productivity, elliciency.

INTRODUCTION

The efficient use of resources is an important indicator of increased production in
agricullure, and as such emphasis has now a days been given on input use efficiency. Efficient
use of resource can provide the farmers o have higher production from the available
resources. The situation is particulacly critical in a country like Bangladesh where the low
level of resource use is a characterisie feature. Lack of resource always adversely affects the
agricultural production. The second important characteristic is the inefficient use of resources,
Whatever resources available in the country are not being properly utilized up to the optimum

Chcientilic Offieer CAgril Beond), RARS, BARL Rahmatpor, Barisal, Bangladesh
“ Seientific Officer, OFRD, RARS. BARL Tamalpur, Bangladesh

fPaper veceived on 28-T-2003)
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level, For example, it is very ollen observed that the labour used in dilterent crops m
Bangladesh is significantly more than what is required. This is because of the underemployed
family labour and the cheap labour. On the other hand, inputs like fertilizer, irigation and
even management s alwavs under used. The per hectare recommended amount is seldom
used in production (Jabbar & Alam, 1979 Jabbar & Islam, 1981, These situations further
ageravales because mformation on soll type, its relation with fertilizer, irrigation requirement
el are not readily available,

Therelore, the farmers use their own Judgment in applying different inputs in onion
production, Among the spices onion (Alfuer cepea) ranks first both in crop coverage 34338 ha
anel production [44,1700 tons. 10 covers 24% of the area under spices and condiments. The
average national production 15 about 4 0 ha ' The area, production and yield of onjon have
mcreased only al an average annual rate of L67%, 1.24% and 0.57%, during 1974 1o 1998,
respectively, (Anon, 2002), However, lack of farm level information on onion cultivation
practices ane 15 profitabality frequently  prevents rescarchers from undertaking priority
research areas. Keeping this view in mind, the present study is o modest atempt to assess the

impact o input use, Tarmers' resource use efficiency and productivity of omon at farm level.

MATERIALS AND METHOLYS

Six willages  namely,  Kamarerchar,  Munshirchar, Charsherpur,  Bagerchar
charmucharia and Kushombati under Sherpur District were selected for the study where onion
orows extensively, Six unions were purposively selected where a large number of Farmers
used to cultivale onion, A complete list of onien growers ol the selected areas was prepared
during 2000-2001 rabi season and a sample of 120 Grmers were randomly selected. Selected
respondents were interviewed dircetly with the help of a pre-designed questionnaive. In

analyzing the data, tabular as well as statistical technigques were used 1w fulfill the objectives.

Mel return analysis

Profit is actually gross margin minus fixed cost. Therelore, the technique of
enterprise costing was applied. For this purpose the activity budget suggested by Dillon and
Harddaker { [980) was emploved [or deriving the profit equation, The profit equation of the
following Form was used.

[1i = Pyi. Yi+ Phi.Bi- [T ", (Pxji.Xji) - THFC
Where,

11 = profil per hectare from ith output,



O CULTIVATHON AT FARM LEVEL %

Pyi = por unit price ol jth output,

Y1 = total quantity per hectare of jLth oulpot,

Phi = per unit price of the by-product of jth outpuo,

Bi = total quantity per hectare by-product ol jth autpul

Pxji = per unit price of jth input nsed for producimg jth autput

H = otal quantity per hectare of jth input used for producing of jrh output
THC=1otal fixed costs involved o producing per hectare jth ot

i = the number of individual crop produced by the Tarmers,

J = the number of relevant individoal inputs used for producing of the relevant

produet.

1 ] JE‘-{. ----------------- n

Functional analysis

Ter dletermine the contrilbution of variable input o the production of anion, the Cobh-
Douglas Tunctional form of regression equation was employed as follows:

1]_.-: i] :‘ﬂ I'-:I K :Ih':‘ K.;‘I'._i. X_|M Yy F.|!-."- xrltii: X._.'II'; X}\h? XI‘J'::'-JX m’:: I{]X : II:-I I-}{I _.h:_'- 'UU

The function was linearized by transforming 11 inte the following logarithmic
(Doble-1o0 form

Ln¥=Lnadt by InX s +halndGtba G+ by Indtbsln s baln X bl n X by In Xrbyln X +by
I ptby I+ L

Where,

Y = Return Tram onion production Tkfhal
a = Constant or intercepl value

Moo= Costoof family Labour (Th/ha)

W= Costof hired |£I|]l:ZIIIT { Tleha

M= Costof animal labour {Tk/ha)

Xoo Cost ool seed ki)

Hg= Cost ol cowdung (Tk/ha)
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X = Cosl of ash ( Tkiha)

Mo = Clost of urea {Thiha)

Xy = Cost of TSP (Tk/ha)

Ko = Costof MP (Tk/ha)

Xin= Cost of insecticide (Tkiha)
K= Coslof irrigation (Tk/ha)

U= Error ternt, By, -eecmmemeeeeeeeeeo ---==, b= CoetTicient of respeciive variable

A Cobb-Drouglas production funetion was specified to determine possible relationship
between the production of anien and in puts used. The inpuls of family labour, hired laboyr,
animal labour, sceds, cowdung, ash, urea, TSP, MP. pesticides, and irigation were considered

s the explanatory variable for the onion in the praduction function analysis,

The other inputs like management, farm stze, soil condition, time of sowing and
rental value of land which might be affect the farm ineome substantially excluded from the
maodel. The elasticity of production of factor input from Cobb-Douglas production function
were used 1o caleulate the marginal value produet (MVP) ar Geometric mean level (GM) for
the average farms {Yamane, 1973). In order to test the resource use efficiency the ratio of
margimal value product (MYP) (o the marginal factor cost (MECY [or each mpul was
compared and tested for its equality to 1, e MYIEMEBC=] {Yolopoulas, 1967).

The marginal productivity of a4 particular resource represents the additional gross
returns inovalue term caused by an additional one unit of that resource, while other Lputs
were kepl constant. Since all the variahles of the concermed model were measured in
monetary value, the slope co-efficient of the ex planatory variables in the funclion represent
the MYDPs, which have been computed mulliplying the production co-efficient of aiven
resuurce with the ratio of geometric mean (G of gross return to the geometric mean of (he
aiven resouree.

e In Y =1Ina +biln Xi

iy Y

R s R e——

dxi Xi

Y {GM)
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Therefore, MYPixi)=bt —ccoeeeees
*3 (G
Where, Y = Mean value (GM) of concerned aross return in Taka
XKoo= Mean value of (G of different inputs in Taka (1 =12~ L1}
GM = Geomelrie mean

and  byfdx = Slope of the prodoction Tunction as well as MY ol ith input

Hence, this MY Ps indicate value product on Taka, per Taka input cost can express
the ridios of MYP and MEC. Tn ocder tooadentify the status of resource nse efficiency it was
comnpared that a ratio equal 1o ity indicates that optimum vse of that Factor, a ratio more
thien unity indicates that the gross retuen could be inereases by using more of that resource and
g ovalue of less than umity indicates (he unprolitable level of resource which shoold be
decreascd o ominnmize the lasses, The cshmaled ratio of WVPxD and MPCx of different

s are presenied in Table 3.

RIESULTS AND DHSCUSION

The average input used and its associated costs, yield and return Trom onion
cultivation are presented in table 1. I was Tound that per hectare use of human labour on an
average was 207 mandays among which 87 mandays came from family [abour and 1200 hired
labowr, Human labour amounting T, 12610 ha ' was spent, which constituted 31,92 % of total
cost of anion production. In the study area, respondents used @ 10 tha ' cowdung and 2.72
tha ! ash, Fertilizer rate followed in the field of onion by the growers in the study area were
urca 2960, TSP 236 and MF 178 kg ha :_!'L"!H[’]GCfi".-'G]}-'.

The costs of material mpuis (seeds, cowdung, ash, fertilizer, insecticides and
irrigation) together was Tk, 20816 ha'', which was 52.71 % of the total cost. But the cost of
manure's and Fertilizers as caleulated to e 1582 % and 1438 %, respectively. Thus, human
labour and fertilizer constitutes the two major inputs and 1owas 62,12 % ol the lotal cost of

]'II'i,!l[EI,IL‘.l,IEI'II'I.
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Table 1. Per hectare cost and return of onion on the basis of full cosis ai Sherpur districl
during 2001- 2002

[tems Qu:miil,}-' Costs/ Return Percent of tolal
{Thiha) cost/return
_". Total - “;.-f-'EMH"J . 1043

Family labour (man-days) BT 5262 13,32
Hhired Labour {man-days) - L20) T35 18,00
Animal labour (pair-day) 39 24920 758
Materials input (Tk/ha) ME1G 5271
Seed (kafhad o013 Rl 1592
Cowdung (Wha) L SO0 12,66
Al (fhat 2702 6&1 1.72
Urea (kglha) 2494 1781 4.5]
TSP (kefha) 236 2Rty 733
B (kafhal 78 1574 398
Insecticide {Tka) 1360} 3.k
Trrigation {Thiha) 235 312
Rentul value of Tand {Tk M 2471 .25
Interest on aperiling capital (73 |70
B Yield (T/had 6003

€ Ciross return 63000

Nelreturn (C-A) 23311

On an average, the yield of onion per hectare was 6.03 1 ha”'and the nel return per
ectare was Th, 235110 Saha e of {1990} found that the yield of onion was 4,71 tha and it
was lower compared 1o the yield potentiality exhibited in the present study probably due 1o
s management praclices.

Contribution of factor inputs to production of onion

The co-efficient of multiple determimation (R7) was 071 which meant thal the
explanatory variable included in the model explained 719 of the variation in returns [rom
onon production. The F-value ol the equation is signilicant at 1% level of confidence
implying that the variation in retum from onion production depencds miainly upon the
cxplanatory variable included in the madel, The contribution of specified factors affecting
produciion of onion can be scen from the estimates of regression equation. The result showed
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{hal some of the co-ellicient do not have the expected sign, However, only the co-cfficient for
family labour, cowdung, insccticides, and irdgation were Tound 1o be signmilicant. The
magnitude of the eo-elficient implicd that these mputs had comsiderable effect on returm from
onion production and it was statistically significant. The contribution of the selected faclors 1o
return from onton are discussed below:

Input-output relationship

Family labour (X,)

The value of the production co-elTicient for family labour was 0,136, which was
sienificant at 19 level. The pesitive sign indicated that return from onion can be increased by
using more Tamily labour, The estimated co-efficicat ((L136) revealed that 19 increase of
family lubour cost. Keeping all other factors remaining constant, would uplift the gross return
Crom anion by (L 136%,

Hired labouriX;)

The value of the production co-eflTicient Tor hired human labour was found 1o be
(LOU6G. The positive sign indicated that return [rom onion can be increased by using more
hired human labour, The estimated co-efficient {(0.0066) revealed that 14 increase in human
hired lahour cost with other factors remaining constant, wounld increase the gross return by
OGO,

Animal power (X:)

The estimated production co-cificient for animal power was observed to be -0.0067
which was insignificant and negative. It revealed that animal power might be over usid,

Manures and Fertilizer

The regression co-eflicient of cowdung (Xs) was -0.328, negatively significant at | %
level, The negative aloebraic sizn for cowdung might be duc 1o 115 over usage. The eatimated
coceflicient of urea (X1 was Q0840 which was signilicant and negative. The negalive
regression co-cilicient as evident from the aforesaid Indings might be due (o creessive use of
fertilizer by the onion growers, However, the regression co-clficient of ash (%o, TSP (g0
and MIP (X} were positive and insignificant which threw and idea that the return [Team emion
can be increased by using more ash, TSP and MP. Similar negative and insignihicant
regression co-efficient was reported in potato production by Das {1992].
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Meanwhile, the avernge dose of Tertilizer used in onion production as surveyed i the
present sty was obviously quite high, The recommended doses of fertilizer in omion
cultivation are urea 260 keha', TSP, 200 kegha' . MP 160 kgha' (Anno, 2000} . The sample
Larmers applied fertilizers @ 296, 236 and 178 kgha™, Urea, TSP and M respectively, The
reasons for the increased ferilizer use by the onion arowers were scemed o be based on the
Believe thal the higher doses of ferilizer will produce higher vicld per unit area of land. Thus,
the appearance of negative sign for input like cowdung and urea is quite likely.

Sceds (X0

The regression co-efficient of seed was -0.0023 which was negative and insignilicant.
ILindicated that the excessive use of seed might be due to poor field Emergenee,

Insecticides (X )

The co-cllicient of insecticides was «0L18d and it was significant at 1% level. It
might be due o the mdiscriminate use of insecticides.

Irrigation (X))

The regression co-efficienl of irrigation was (L0959, which was significanl at 5%
level. It revealed that 1% increased irrigation cost, would increase the aross retrn by
009595 when other factors were kept constanl,

The summation of elasticity of differcnt inputs (¥'bi) was 0.12 which was also less
than one but greater than wera (0=<0002<1) This indicated that the Farmers, mm general,
allocated their resources in the zone of rational stage of production (stage [y where the
diminishing relurms o scale prevails, that is, if all the inpuis specilied in the function were
mercased by one percent, outpul would have increased b .12 percent
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Table 1. Estimated values of co-efficient and related statistics of Cob-Douglas
production model

Explanatory variables

iin-efﬁ cie-nt

Standard _Errm'

Constants 2708 .79
Family lubour{X,) 0] 3Gt 0.045
{3.02)
Hired labour(X,) (LOD6GG 0.043
[0.152)
Animal Labour(Xq) (L0067 0.039
{-0.174)
Seed(Xy) 00023 0.046
{(-0.051)
Cowdung(Xs) (L3R 0.092
(-3.56)
AshiX,) {1.0694 0.044
(1.50)
UrealX-) (LA 0.080
(-1.04)
TSPIX;) 0.0148 008
((L185)
MPiXa) 0.0350 0.073
TSIy
[nsecticide( X q) -0, 184+ 0.060
[-3.0600
Irrigation{ X} 0,09 54 0033
{2.74}
R 0.71
F 5. 16%
Yhi {

Figures in the parentheses indicate "1" value
¥ agnificant at 5 percent level,

** significan at | percent level




0 RAL AWM AL #r il

The efficiency or resonree use

From Table 39t is seen that none of the marginal value product of inputs are ciual 1o
one, This indicates that the farmers have tailed to show their efficicncy in using the resources,
I the cuse of family labour, ash, MP, and ircigation, the ratio of MYP and MEC are greater
than one and positve, [t reveals that the guava Tarmers did nol avail themselves of (he
opportunity of using the optimal amounts of these inputs. Henee, there arc ample
apportunities for farmers of the study area 10 increase the outpnt per hectare by judicious and
increased use of these inputs, i.e., more profit can be obtained by increasing investment in
those inputs,

Table 3. Ratio on of marginal value product (MVPxi) and marginal factor cost (MFCxi)
in different inputs included in Cob-Douglas production function

Input Geometric mean Mecean ratio of M ‘b:'.[’xi and l'vIIi'{L‘xi-
Y " 67474.99 : o
X, TN 5.16
X ARG (.056
i 253117 AL 178
M 3056, 8 -(.027
X5 2087.04 -8.23
X 33502 BT
Mo 155289 S3.04
Wy 270870 (1,360
Ra | 50988 [.56
X 13405 G0y HEG
2y 154 30} .05

In the cose of cowdung, urea and insecticides, the ratio are nesative but areater than
one and inply that excessiveruse of these inputs for suava production lesds to reduction of
gross return, So, the sampled Farmers did not use these input efficiently. In the case of hired
labour, and TSP, the ratio is positive but less than one implying that too much use of this

resouree has gone beyond the economic optimal level.
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CONCLUSION

The retarn from onion was observed 1o be positively related 1o the inputs like Family
labour, hired labour, ash, TSP an trrigation except seeds, animal power, cowdung ey and
msecticides. The productivity effects of Tamil v labour and irrigation were positive whercas
cowdung and insceticides were nesative and statistically significant. The study also revealed
that in general the farmers were not habituated of using their inputs efficiently, It was evident
[rom the findings thal Ewmers have an ample scope o increase the output by judicious and
ertended allocation of family labour, hired labour, ash, TSP, MP and nrigtion. On the other
hand. use of antmal power seeds, cowdung, urea and insecticides are practised by the onion
growers. So, it can be concluded that onion growers were nol observed efficient in wrms of
resouree allocation for yield improvement. P.-nr'i} can be possible through efficient utilization
ol production inputs.
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ANALYSIS OF POINTED GOURD (Trichosanthes divica 1..)
CULTIVATION WITH AND WITHOUT RICE
STRAW MULCH: A CASE STUDY

AL Gienear !

ABSTRACT

Rice strew mleh was applied in pointed gourd field to overcome the
profblems of heat ared moisivive Stress, reduce weed pressore and
improve soil health, Heat and meisture stress reduces its fruit yield
due 1o poor fraii set and wnder sized friat development. Rice straw
maleh was applied in the crop field @ 0, 8, 12, 10, and 20 Mg e’ i
conmbination with different irvigation levels, TW/ACPE = (0.5, LOULS
ane 2.0 Mulehing @ 16 Mg b and rrgation ar IW/CPE = 1.3
seved 300 em frrlpation water over irvigation af fTW/CPE = 2.0 and
performed best, Afnoon howrs, surface and substirfoce soil lavers were
relaiively cooler due to mudcling by F0 fo 12°C aind 5 to 6°C,
respectively, Mulching recorded .l'.'i."qlrrur_}ri'.ru'! vield (1742 kg hua ) over
bare sod enliivarion {1304 Lo .h{.l"l_} e ter hieher fruft oset and
fiealthior fruit development. Mulching maintained signitficantly weed
free envieonment than nen-mulched  plots. After decompaosition,
pidehing  increased available potassiven, phospliors . and organic

mtter confent of soil and kept the soil fertite.

Kevwords: 5ol waler conservation, soil bealth, weed control, Rice
straw, Trichosanthes dioica 1,

INTRODUCTTON

Crop vield improvement 15 o problem under heat and moisture stress particularly in

summer months, The water holding capacity of sandy so1l 1 vsually very poor and has inherent

Vs Selentist CAmronomy s ALS, CRUAE, Bncliom Conneit of Agrivallual Research (JCAR)
[0, Barackpore, sl Kolkat, West Bengal, Pin =743 1241 India.

[Heper vecenveon 24002 20EE)
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Lo ntrient status. 10 now established that availability of surface and ground water s aradually
hecormung limiting due 1o many reasons associsted with over exploitation by agriculinre aned
incustry, reduced recharge and a huge run-ofl due o precipitation. Tt is cstimmeted that even alter
achicving the Tull irrigation potential, nearly 30 per cent of the Wtal cultivated area in Tndiz will
remitin rainted. Problems gel worser for vegetable crops, which reguire frequent irrigation and

adequate nutrition for higher output.

Wilh waler shortage, and aboul 70 per cent area in the countey 15 deficient in soil organic
cacbon, Diehiciency of phosphorus 15 wide spread in Indian sol with, 493, 488 and 1.9 per cent
ol seil having low, medivm and high P status. Farlier estimales in mid 1970°s indicated tha
available potash statos in the soil was low, medivm and high in 117 and 130 districts in the
country. Role ol arganic muleh in maintaining belter hydrothermal regime, improving soil health,

ability 1 control weed and improvement of erop yield has been well establishecl.

Yield improvement of pointed gourd by maintaining betler bydrothermal reginie of soil
through steaw mulehing bas been reported by Ghoral (19941 Significant profile water storge
increise by straw muleh has been reported by Prasad ef af. (20000 w lenlil (Lens esculeno
Mocnchl due 1o less evaporation losses of water from soil surface, Ball Coelho f of. (1997
reparted ncreased organic matter eontent of soil through mulehing. Beverly ef af, (20003 have
reparied  higher phosphorus content of soil due 1o chopped maize straw and grass mulch
application, Medcall (1950} repocted increased availability of potassium and phosphors content

ol soil due 1o mulching.

Wrigley (198511 had reported reduction of soil acidity after decomposition of muleh.
Fortunately the crop residue potential of rice-wheat system in India is presently 276 million mg
anmually which may add 1.55 million mg of nitrogen (N3 048 million rongz phosphorus and 3.6
million mg of potassium (100, besides considerable amount of micronutrients, and decomposed
organic matter, Recycling ol these on farm low cost residues will be profitable if ulilised s
organic mulches which are otherwise under utilized and burnt in rice fields resulting in loss of
villuable organic matter and nutrients particularly nitrogen and sulphur and cavses enviconmental

polluticn (Shaeo e al., 20000

Pointed gourd (Trichosanthes divica L) 15 a perennial summer cucurbit and a high value
cish crop of castern India, Bangladesh, and some parts of south east Asia, This is Twvoured for its
delicacy and has high selflife suitable for long teansit, The tender [ruits contain 92 per cent
maisture, 2 per cent protein, 0.3 per cent [al, 3 per cent fibre, 2.2 per cenl carbohydrate, 153 mg
carolene 1007 edible fruit, 30 mg Ca 100" edible fruit and 29 mg vitamin C 100" edible fruit,

Tl the onset of monsoon season in early June, usually it demands 30 w 33 irigations (75 mm
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cachiin dey period (February o carly June) for oy’ optimurm growih and development.

Hear and menstore stress i summer months restricts its arowth and tevelopment and
hampers fruit setting. Cooperd 1973} reported that optimum soil temperature for maximum root
extension and branching is 25" 1o 30"C. The maximum air temperature during summer season of
the crop growing area varies from 40" to 45"C. The 53 vears average weekly rinfull pattern of
the experimental location is shown in Fig. | Sereening of pointed gourd genotypes on the hasis of
feuil setting were made Tor heat wlerunce in India, Project Dircctorme of Vegstable Research
PTU9EE These abiolic siresses generate undersized fruils, compels premature fruit drop and thus
leads 16 poor econamie return from it High frequency irfgation (4-35 days interval) s Tertiliser
requirerient of the crop also promotes repeated weed (ushes, which competes for 1s space,
vatter and nutrition with the main crop. Swrface muleh suppresses weed growth through s
sinothering eflect and is also an eco-friendly weed control ol by avoiding the toxic effects of
herbicide on soil microbes, soil harbouring usetul carthworms, vermi and other noT-larged
elements leaving no residual toxicity in the environment (Ghorai e af,. 1998, Weed control in

tamato by mulch had been reporied by Tindall ef af. (1991,
Expeniments were thus conducted with the following objectives o increase the 1est Crop
vield under linuted water supply at high soil and air temperature condition from a relatively

weert free environment using rice straw muleh in summer, keeping the soil fertile.
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Fig. I Woeekly rainfall distribution of the experimental location (53 years awverage)
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MATERIALS AND METHODS

Experiments were conducted in Water Technology Centre for Bastern Region, TCAIR,
Onissa, Tndia, a6 Mendhasal Tarm (20"30'° N and 877 48' 16" E), for three consecutive years trom
1992 1o 1994, Initial soil had the following characters: The sol is acidic i nature {pH 561}
having a bulk density of 1.53 g ce’! and sandy loam in texture, The available nitrogen.
phosphorus and potassium content ol soil were 225 kg, 12 kg and 125 Kg ha |, respectively, The
soil had an organic carbon content of 0,36 per cent, Experiments were laiel out in split plol
design, replicated thrice. The ullimate plal size were 16 m % 36 m Man and sub plots were
allotted with irrigation and rice straw mulches treatments, respectively, Dmgations were applied
on the basis of TWICPE ratins, i) 0.5, i) 1.0, i) L5 and iv) 2.0, Where I'W was depth of

irrigation water in min and CPE was cumulative pan evaporation vilue n mm.

Mulch was applied @ 8, 12, 16, and 20 Mg ha' along with a control treatrment. Roots
suckers (female: male ratio, 901 of pointed gourcl {(Trichosanthes dioica L) were planted on
raised beds inpits filled with well rotlen Tarm yard manure at a spacing of 180 cm x 0 cm. In
cach pit 3 oot suckers were planted. Fertiliser dose applied was 90 60; 60 N1 Pas 1 Rt
Vines of the 30 days old crop were carefully traled over straw roulch {rice straw contaimng (1.36
per cent N, 0,08 per cent P20 and 71 per cent K0,

Before spreading mulch Benzine Hexa Chloride (BHC 10 per cont) was applied on crop
field o prevent while ant attack. Length of the growing season is 9 1o 10 months starling trom
February 1o the month of November. Ratooning was praclised on 2nel and 3rd vear of cullivation
in Late January. No other plant profeclion measure was necessary for the crop in the experimental

VLTS,

Green lender fruits, with sofl seeds were harvested trom the month of March and
continued 1ill November. Leal arca was measured using arca meter ( LI-3L00, USA} from
fresh leaf samples. For weed control study, weed counl per square: meter and weed dry
weights were taken at monthly intervals i all the years following standard methods. Total
frmt sets from every micro plots were counted manually n each picking and converted 10 a
heclure basis [or comparison. Average size and Innt weights were e weled  [rom
representative large samples, Plant establishments were counted in each micro plots and then
converted Lo a bectare [or comparison,

Soil temperaturcs were monitored at different depths using soil thermometers regilarly

in the morning and afternoon hours. Soil medsture was determined gravimetrically before and

after each mgation schedule.
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The depth of water available in soil was determined vsing the following formula, ASW
=[IM2Z-M 1) x B0 s di 000 ASW, s available soil water in em, di is the root zone depth i cm,
W and M2 we the percentage of sorl moisture belore and after rrigation. Soil modsture were

collected from three depths al 15 emintervals up to 43 cm oot zone.

B Dyoas the bull density of soil in glee. For chemical analysis soil samples wene
collected alter decomposition of straw mulch up o 15 ¢m soil depth following standard norms
Chackson, 1967). Soil chemical analvsis was made Tollowing standuwrd  procedures  (Jackson,
1967 Organic carbon content of soil was measured following Wallley and Black method, 1934,
soil pll was measured (2:1) using pH meter {WTW, Germany). Available nitrogen content of
soil was measured vsing alkaline KMNO, method (Subbiah. & Asija, 1936). The available
phosphorus content of soil was determined following Truog method (0L0002N sulphuric acid
catraction, Truog, 19300 colorimetrically. Available potassium content of soil was measured
m {lame phoometer using 1N ammomum acetate extraction. Statistical analysis were made
using standard packages.

RESULTS AND DISCUSSIONS

Muoisture conservation by mulch

Mulched plots conserved moce soil waler before and aller cach imigation than non-
mulched plots. Belore trrigation, under different levels of imigation and muleh, mulched plots
maintained an average of 14 1o A0 per cent more sodl moisture than non-mulched plots. Twenty-
four hours after irrigation, mulehed plots retwned 7 w 17 per cent more soil water than bare soil
cultivation under different irrgation schedules (Fig. 20, Tominaga of o, (2002) reported 15 per
cent more sotl water retention due o mubched crop with barvest residues in sugarcane than bare
row planting. Beneficial role of siraw mulch application on soil water storage {in 45 cm soil
profile) are shown here.

Yo (IW/CPE = 1.5) = 000367, 7 =089 {1

Yo (IWICPE = 205 = 0,41 "™ R =089 (2)
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Hiore Y. is the depth of water stored (em) in 45 cm soil Jayer and 5 s the muleh rate
in Mg ha', From the expressions il is evident that every mg ol siraw mulch was able 1o
conserve (.5 1o 0.6 mm more soil moisture in 43 em rool zone over bare sol cultivation.
Bond and Willis (1991) have reported higher moisture conservation by muleh as a result of
low soil evaporaton and transpivation by crops and weeds or both. Mulching €16 mg b
{(IW/CPE = 1.5, where the crop performance was the best), saved 30 em irrigation water over
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Fig.? Dhepth ol water stoned Gin A5 con soil prolile) afer migaion , under ditferen levels of arrigaticn sl el

rrigating the crop al IW/CPE = 2.0 (total ircigation given was 105 em), o usual
pracice. Ghorai e af, (1999 reported saving in irrigation water in pointed gourd due 1o
mulehing. The optimum schedule of irigation was Tound w he IW/CPE = 1414,
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Soil temperature moderation using straw nileh

Weekly average soil temperature data from March (o June showed thal mulching kepl
the swfice 05 cm) and subsurface (30 cmd soi) lavers relatively cooler than bare soil cullivition
i enlire summer season., nthe marning hour CRO0 L), swrfoce and subsurlaee soil Livers were
coaler by 37 1o 4% due to mulching. At noon howr, © Fig 30 the surface and subsurface soil
lemperatures were reduced by 10'-12°C wnd 5%67C, respectively due 1o mulching. This
wrrangement reduced the stress due 10 high soil lemperatwre in the root zone. Steaw muleh
nisintained low soil temperature in winato field (Tindal ef af. 1991}, Ghorai (199 reported soil
lemperature maoderation in pointed gourd feld in sandy loam soil using mulch,
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Fig 3 ElTectof rice strow muleh ¢ Mg ha'yon reon sone {20 cmd lempcratne ot 200 pom

Some chemical properties of soil as affected by muleh

Pointed gourd is highly sensitive Lo an acidic reaction ipH 3.8% and its performance is
adversely affected under sueh condition. At the end of the ex periment it was observed that the pll
ratio 1225 ol the mulched soils were significantly higher than non-mulched plots, The soil pH
and muleh relation is shown i following expression.
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Y (Mean) = 5.396 + 0.0104 X, R =096 (3)

Where Y is the pH of =0l and % is the straw muleh doses in ke ha ¥ Wrigley (1981}
had reported reduction of soil acidity afler decomposition of mulch. The redox potential of soil
was inversely related 1o the doses of straw muleh application.

¥ pp(Men) = 93307 - 0720, R® =097 {4
Yo (1994} = 5652 +1.00 X, RF =0957 (3}

Here ¥y is redox potential (mv) and X is the mulch doses n hlo ha', Yo s the
electrical conductivity of soil in g mohs e’ ar 25 "CThe organic matter content of the soil
increased linearly due to mulching (Table 1), This came from the decompased residucs of rice
straw mulch applied in the crop fickd. The relaionship is given below:

Yo = (L3550 + 0.0068 X, R =082" (&)

Where Yo 15 the organic matter content of sotl and x i5 the doses of straw mulch n
mg ha ' Ball Coelho et af. (1993) reported increased organic matter conlent ol soil through
mulching. Tindall ef el (1991) reported significant increase of arganic matter content sol
{2.26 per cent) after two years due to strivw mulching @ 2.6 mg ha | {oven dry weight) over
hare soil (99 per cent) condition. Available soil nitrogen content af soil was nol alTected by
mulching (Table 1), The available phosphorus content of soil showed an increasing trend due
to mulching over non-mulched plots, Brady (1980) reported thal availability ol phosphorus
increases duc 1o stable complexes of organic acids with iron and aluminium from added
oranic matter, which reduces tixation, Beverly er af., 2000, have reporled higher phosphorus
content of soil due to chopped maize straw and grass muleh application through the Jollowing
EXPrCssion: '

Yp = 1243 + 02114 X, RE =086 (7

Where Y s the available phosphors in kg ha!' and X is the doses of straw muleh inomg
ha'" Decomposed straw much inereased the available potassium content of soil. The relation 15
shorwn here,

¥ (Mean) = 100,06 + 6,226 X, R® = (.84 ()

Where Y is the available potassium content of soil in kg ha 'and x is the doses of straw
mulch in Mg ha™ Robinson and Chenery (1938) reported addition of 12300 ke potassium dlue o
application of 25 mg ha! clephant grass as mualch, From the experiments it was observed that
mulehing afler its decomposition nereased the organic matler content of soil, improved the soil
reaction in acid soil, improved available potassium and phesphorus content of soil. Thus
application of mulch is beneficial in keeping the soil ferile along with ity other added
alvantages.
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Table 1. Some of the physical and chemical characters of soil as influenced by different
levels of straw mulch

Treatments Sl Flectrical Oruanic Redox Available nofricols

pH conductivity nuiier Patential - _ _
Milrogen Potassinn Phaosphorus
Muleh dhoses [ sty e’ {5 {1yl Iz ha! 38T) Tar’! i hy!

at 25'C

0 mighia U s RERER (1360 07 4100 275 103 12,11
% mgha! 545 624 042 B R 245 71 1437
[2mpha' 3.5 {3 10) {112 5383 212 173 1529
lompha ' 563 7.0 1145 7R3 208 143 14,82
2 mgli S0% T 0.5l el 232 227 1704}
5 L (M 319 0.022 2.3 162,50 18,77 2.20
.51 (.08 3. 50) (405 5.98 NS 38,25 NS

(TS

Plant population and straw mulch

Adler three years of plantation it was ohserved that 1otal number ol plants [rom mulched
plots were higher than nen-mulched plots (Table 25 Tt was found that every mg of mulch
increased 1170 new plants ha afler 3 vears of plantation. Due 1o deficit soil moisture and high
surl temperature stress in nof-mulehed plots, the vines could not grow and spread well. 1
resulted in reduced number of nodul adventitious roots, which wre ultimately developed inlo new
plant lets in the successive years in ratoon erops, An inverse relation between root zone soil
temperature and ultimate stand establishment of pointed gourd is shown here.

Y e = 4750334 ¢* R RE =0997 {9
Y o = 586377V RE = 0997 (1)

Here Y o s the total plant population 'l amel x are soil temperature in ¢ ar 30 cm)

¥ | L
e el doses inmg ha o respectively,

Leal area index and straw mulch

Leal arca indices (measured by LICOR-3100, USA) were significantly higher due o
mulching in all the vears and dates of observations, 11 is worth mentioning that high heat and
moishee stress in summer resalted inoreduced number of leaves per unil arca and produced
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unclersized leaves which was ullimately reflected in poor leal area indices from non-mulched
plots. Sekour ef el (1987) reported increase in leaf area of sweel comn due 1o mulching through
' . - = - - .

luctinta arass (fschaemion thnorense Kunth.) @ 3.5 mg ba . A positive relation between doses of
strvw mnwleh and TAT of pointed gourd was obtained during the hotlest summer month, May, The
nesative impact of high root zone soil lemperatre on leal area index 15 shown here for
CONVENIE NG,

Y= 139920006 X R = 0.96%%

Yo (May) = (0138 + 0020 X, R =094 {10

= DT a [T
Yy (May) = 832738 " R*=0.85 {12)

Here ¥ is the mean leal area index of pointed gourd (May). R uand X are s0i]
temperature in "C (at 30 cond and mulch doses in mg ha' respectively.

Total fruit set, its average weight and size under mulch

Mulching significantly increased the toral fruit set per unit area over no muleh bare soil
cultivation ©'Table 2 and 3% Total fruit set ha' was increased by 76 o 300 per cent due 1o
mulching @ 14 to 16 mg ha' over non-mulched plots, [ owas again due to favourable
environment created by mulch over bare soil in hot summer. The optimum dose of mulch for
hetter [ruit 5ol was 16 10 Me ha'. Rool zane soil temperature showed negative impact on total
fruit set and it was observed that every 1°C rise in soil temperature beyond 3 1"C reduced the Truit
sel by anumber 11160 ha 5

Y e = 610723 ¢ 0.363% | R7=0.64 (13)
Y ey = 473074 — 1T1598 T, R*=0.81" {14)

Here, Y e 18 1the total fruait set ha'. 12 and X are soil temperature in (30 cm) and
mulch doses in Mg ha! respectively. Screening of pointed gourd genotypes on the basis of fiiit
selting were made Tor heat tolerance in India, Project Directorate of Vepelable Rescarch {T998),
They also found that even the fruits set at high temperature (40%44 " C) affected physiological
maturity and caused premature Mruit drop. Hence higher Truil seiting is a reality from mulched
plot and is an advantage along with other benefits. From the experiments over the years it was
also estublished that straw mulch application can produce heavier and healthier individual tender
fruits over no mulch bare scil cultivation which usually have higher market preference and price
as well i Table 21 Under sized, deformed and discoloured [ruils Gin ventral sides) were harvested
from non-mulched plots which generally leads to distress sale of the product al a relatively low
price. Average length, average weight and average circumference of il were increased by 7
tolé per cent, 4 w12 per cent and 3 1o 6 per cent respectively due 1o application of straw mulch.
Positive response of mulching on fruit quality (average weighl, length and circumference) is
represented below,
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Yoarw = 2732+ 019 X, R2= 087" {15}
Y= 0.97 + 0.026X, R = 0.00° (16
Yoare = 13499 0006 X, Ri=006" (17}

Where Y, Y and Yare are the mean {three yearsh fruit weight (g, length (em) and
i X : i P . | i g
cireamterence (om) respectively and X s the doses of mulch in mg b respectively. While
carelully examining the role of ronl rone temperature on the Truits average weight and it length
i owas observed that these [ruit guality parameters were adversely allected by rise in sojl
lemperature. 11 is note worthy 1o mention thal the individual fruil weights were reduced by .63 p
e - ' o . .
due (o every 1°C rise in soil lemperature above 31"C. The expressions are shown here for
conveniener,
F Py 3 +
Yoarw =49.92 ~ 063 1, R° = 0.8] {18)
= T ol ~
Yo, = 103 010 T, R =092 (Luy
Here Yaw. ¥ar and Y g are the mean (three years) it weight th length fen) and
. . . i 1 . 1
circumlerence (om) respoctively, T is (he soil ten iperature in 'C fat 30 em o In summer months,

quality Trt production through rice straw mulching is now a4 viable aliernative frim pointed
goure fiell.

Table 2, Effect of mulch level and soil temperature (30 em at 2.00 P on Trait size and
weight of pointed gourd

Treatments ME;I|I1 soil Average Average - Average Plam
Mulch doses 1-;-I.j|r.llperuture rfruit fruit fruil circum population
(0 30em  weight (g) length -lerence (em) (ha'}
at 2.00 p.m. {em)
u_mym_' T 2008 621 s 19433
8 Myha'' 32.9 3080 6.45 1186 41484
12 Mgha 32,6 30.60) 6.71 11.89 12459
16 Mohy ! 19) 31.01 0,58 1180 43160
20 Mol 323 3145 .64 11.85 43891
S.Em=+ - L&l (.09 (1108 0w
L5 iP=0.05) .- 1.65 (.18 022 | 9367

Weed control and straw mulch

The prevalent weed flora in pointed gourd field consisted of arassy weeds, sedpe and broad-
leaved weeds ete. Among the grassy weeds, Cynodon dactvion, Echinochioa colomm and
Digitiaric species were predominant. Melilotus spp., Eclipta alba, Ageratunm convzoides and
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Minuise preclica were predominant among broad -leaved weeds. Cyperns roradies was 1he only
nul sedee Tound in the crop Neld. Muolched plots were relatvely woeed free over non-mulched
plots tor a prolonged penod of nine month's (Fig, 49, This weed conteol was mainly due o
stothering elfect of mulch (Khan eraf., 19973 that cuts off the sunlight (rom the active plant
parts (weeds) and hindercd the growth and development of Treshly emerged weeds. The weed dry
matler redueed progressively with the inerease of mulch doses. The figure shows that iF o muleh
s applied, ot the beginning (17 month) the amount of weed dry matter inereases ENOTIOME] Y, Al
this carly stage when the crop LALs Jow, this has a devastating effect on crop growth,
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Fig. 4. Effect ol wulch on weed dry mater accomuolation in pointed sooed fiekl

Mulching reduces this effect. Mulching @ 16 mg ha ' recoded anly 16 10 68 percent of
the total weed dry matter produced by non-mulched plocs in dilferent months of observalions,
Mulching @ 16 mg ha' reduced the arass, nul sedge and broad-leaved weed population per
square meter by 57 10 90, 73 10 91 and 50 o 71 percent respectively over non-mulehed plots at
ditferent dates of observations over the crop growth period Tfrom March o November, As the
weed diy matter was low under mulched condition, the competition For waler, space and nutriiion
by weeds wath the main crop was obwvioosly reduced. The manpower requirement in manual
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weeding will thus he reduced, Ghoral ef af, (19991 have reported weed contrel ability of mulch in
pointed gourd field. From the experiment it is evident thit weed pressure i pointed gourd Deld
can he minimised through rice straw mulching which is cheap and environment [riendly as well.

Tender fruit yield and straw mulch

Fice straw mulch significantly increased the tender fruit vield (Table 31 of pointed gourd
aver no mwleh bare soil cultivation. The crop responded well tooan irrigation level of PW/CTE
= 1.5 in combination with rice strvw moleh @ 16 me ha'. In this teatment, the froi yields
ringed rom 36 o 76 quintals ha ' over three experimental years. 77 o 323 per cent increase
i fruit yield was recorded due 1o mulching over non-mulch cultivation, This was primarily
due 1o higher fruit set per unit area coupled with heavier and healthier individual fruil
development [rom mulched plots over non-mulched soils (Ghorai, 1994). This increased fri
yicld was primarily due o lavourable growth environment ereated by mulch over traditional bare
soil cullivation. This system reduced the soil lemperature and moisture stress, maintined 2
relatively weed (ree climate and improved nutrient stitus of soil alter s decomposition. The
aptimum doses of straw muleh varied from 14 <16 me/ha ', in different years,

¥ (Mean) = 172642 "% RP= 0,78 (19

Y {(Mean} = 307771.76e M RF = 0927 (209

; i : | 4 : B g .
Here ¥ is tender [ruit yicld (kg ha'y and X, doses of muleh momgfha™. T is soal
F - P P
lemperiture al 30 cm soil depth n "C,

Table 3. Effect of rice straw mulch on yield (kg ha™'}y and fruit setting of pointed gourd

Treatments Yield of tender fruits (kg ha™) Number of fruit set ha

i 1992 1993 1994 Mean 1992 1993 1994
0 mgha ' 1910 2034 S84 1500 6G2R06 66033 23935
f mgha ' 2671 3675 458 26001 107913 113852 52925
12 maha 2514 247 LR0E 3238 149577 [ 59905 606604
16 mgha 3300 A3065 2472 342 1 137 L2 L5HEY
20 m;__th_u ! 2617 .4?52 20k31 __3 [0 BO379 [ 49641 7l Ihﬂ
SEm. = 3280 BLY 286 34396 39223 22383 160151

L5 (P=0.017 1074 2240 Tad4 1490 70932° fH1351 27R24
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Reducoon of yicld due o higher mulehing doses may be due 1o excess water held in soil
leading o anacrobie condition and nitrogen deficiency through leaching as quoted by Wigley
CLSE L) i sugarcane i Maurilios,

Rice st mulch, thos can provide proper hydrothenmal regime suitable For beter crop
growth and wvield. I oredoces the stess due o high soil lemperdure and deficit moisoure,
particularly on frwil sel and ils qualily and is an eco-Triendly weed control tol. This echnology
can be utilised with advantage for the other commercially important summer cash crops sensitive
to heat and moistare stress keeping the soil fertile,

CONCLUSION

Rice atraw mulch maintained better hydrothenmal regime over the years and improsved
soil health over bare soil cultivation. Under different evels of wrigatnon and muleh, mulehed
plots maintained an average of 14 1o 40 per cent more soil moisture than non-mulched plots.
Twenty-Tour hours alter ireigation, mulched plots retained 7 o 17 per cent more soil water than
bare sonl colovaoon under different iriigation schedules. Irrigation at IWACPE = 1.5 with straw
mulch 16 mg ha' saved 30 em irrigation water over irigating the crop al IW/CPE = 2.0, In
surmmer months, he sueface and sub surfuce soils remained cooler due o mulching. Straw mulch
increased the available potassiom, phosphores and organic matter content ol soil afler its
decomposition. Mulching recorded higher fruit vield (3742 kg ha'y over bare soil cultivation
(1508 ke ha 'y due to higher fruit set and healthicr froit development, Tt also reduced the weed
mensce sigmlcantly. There is o wide scope of utilising these beneficial effects of rice staw
muleh in other wide spacing cereals, pulses, oilsceds and vegelables, particularly onder stress
stluations while keeping the soil Terlile,
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CONFIRMED SOURCES OF ADULT PLANT MULTIPLE
RUST RESISTANCE IN WHEAT (Triticum aestivim 1.
T. Dicoccunt AND T, Durum) AND TRITICALE X

P S, Ak Siamsta, WOL S, S5 Karwaskal MU T

SRR A, AN TEw AR RS Bavaia’ B KL MANRT
SR A IRs Sk et BN DA™, AR s LK, Kalariar

R P SR Sk A A Eka St

ABSTRACT

Leal [(Puccinia recondiio) steipe (8 siriiformizs) and stem est A
gremings rivict) are the major diseases of concers fu wheat and triticale
in Inelic aned Dreeding for rust resistasice (5 a contingons process. The
relative importance af eacl wast, fowever, varies with the agroclimatic
zeview. The leal and siripe rusts are of major concern i novthern Rills and
nortliwestern plaing zomes whereas leal” and stew vusts ave of mneh
fmperianee v central and perinsidar Indie. Likewise, fn north-castern
plecing cone, feaf st is of mjor impartance, e sowthern il zone, all
three vists are of imporiares. Thus, the leaf vest 05 iniportant for ofl the
whe gronelig Zones of e counfev, Reepdng inovfew the sieceess of fost
vesistonce B oewoteing e st of whear and oiticale X the s
resistant verotypes identificd from Advaneed Varietiol Triels (AYEs) ax
well gy cher imtentational nurseries were re-tested for confinmaiion af
their vesistanee aeaingd theee eests of ot spor focotions. Ot of fotal {403
genoivpes tested, 375 were hoving average cogflivient af infection ranging
fronre D160 one were resistans to either three or oo rasis, Ot of these,
20 af Bread wheat, 40 of macaroni wheat, qid 12 genotvpes of witcale
were resistand o stes, deal aned steipe reses fnocedition, 46, 2 and T
venoiypes of read, aracaront and teiticale, vespectively were vesivtant o
anlv leal qnd stem nusts, Likewise, the genolypes vesistant o leaf cried
stripe rusts were 49, 23 and 1 oof bread wheat, macarani and bhapel
whewt, respectively, These lnees have wide genetic base anid Hose
iefentified in AVEs are guite good in agrononiic characters. The seeds of
these are feps in gene banks of DWE, Kamal and Nodonal gene bank af
NOPCGR, Mew Delly,

Kevwords: Wheat, Triticale X, Multiple rust resistance, Confiemed
sources

e of Genstics, TARTD Mewe Delli, 3 Diepd. ol Plan Patholegy, CO5 HALL Blisar. Cept. of Plant Pathelogy, GIEEU
BT

Plant Pathalogy, RAL RS Durgapora IARL RS, Wellington, "LAD RS, Indec, MWhes Bosearch Lab, DAS, Do
WGEGLAT Hill Campros, Ramichaaed, Liaranchal, FRAPEY Bt Lahormsore, Mahabsaleshowar RETEM, LA
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INTROIUCTION

Huost resistance plays o major role in the manugemaenl of discases 0 wheal and
traticale. Several rust resistanl varicties wore released during post green revolution eru in
India However, cvolution of new pathotypes in leal, stem and stripe rust cansed by Puceinie
fecondifa Robe Ex, Desm, P striifornis West, and P grennings Pers, Eap, peitied Trikss, aml
[enn , respectively, always pose challenges m managing the rusts in India and regular elforts
lo brecd Tor resistance are required. The varieties like HD 2285 and 1D 2329 which were
quite populae during eighties and early nineties are no longer able 1o sustain their vield
potential due 1o susceptibility 1o new pathotypes and thus sutfers vield losses upr tor 253.8% due
o leal vust (Singh, [999), Hence these have been repliaced by new resistant varicties like
PBW 343, HD 2687, UP 2425, DBW 14 etc, Development of resistant genotypes! varielics s
thus, o continueus process. This has emphasized the identilication of new donor lines with
multiple rost resistinee and diverse genetic base tor the use in breeding for rust resistance.
Reeping this in view. the rust resisiant genotypes ddentilied in dillerent discase sCreening
nurserics of pational and international and material received from CIMMYT, Mexico, were
re-tested at “hot spot” multilocation to conlirm their multiple rust resistance,

MATERIALS AND METHODS

Elite Plant Pathological Screening Nursery (EPPSNY consisting of resistant Tennlypey
ddentified in AVTs and mternational nurseries were planted at hot spot locations during 1997-
U8t 2002-2003 crop scasons (6 vearsh The hot spots are the locations where the
cnvironment is very congenial for diseasc development and sufficient races or variants of
pathogen are available in nature. These centres Tor different rusts were as follows;

Stem rosi ¢ Mahableshwar, Wellington, Indore, Dharwai,
Leal rust : North: Hisar, New Delhi, Karnal, Ludhiana, Fantnagar, Durgapura
South : Mahableshwar, Indore, Wellington and Dharwad,

Stripe rust @ Karnal, Ludhiang and Dhargagira

I total, TGS entries of bread wheat {Triticnm aestiviens Lemend Fiori & Paol),
durvm wheat (1 darnm Derf, Khapli wheat (7, dicocenm Schubl,y and Triticale X were
tested. Some of the entries found resistant in Previous year tests 10 rusts were repeat Manted
next year for re-testing, Each entry was planted in 2 row of Im length. An infector row of «
mixture of highly susceplible varieties like Avora loca), Sonalika, Lal Bahadur, HD 2285 WL
S0 and NP 4, was planted after every 20 tesl entrics us check and rust spreader row, The
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sereening block wis also provided with two lines of susceptible check variclies on the borders
o ereate maximum inecelum pressure of Tust patbotypes. The most predominant and virnlent
puthotypes as mentioned below were used for artihaal inoculation: on infector lines quite
early in the season {Dec- Feb).

Sterm rust: FG1C122y, F0GA3 (295, LLHTO0GR, 150 (G3GETY, 1WGES (42), 20021 (21A-1
2UA-L CAGATY, FIASZ (PRGE). 2405 (21-1)0 3G (| 7=y, HDACG2GROY, 42 (19G35), A2R2
(UGS, 62029 (DAY, G2G20-1 (-1, G2GAT (1500, OGS Gl DI ToAi TG0, LGS T (421827,
(22070011 203G 13 (LA,

Leaf rust (North): 123105y, 77-2 (109R31-1y 77-4 CHO9R3 FF-5012TRA3-1), -
2ATEA5) 1048 (ZRR20),

Leaf rust (Southy: (RS {(12-2), 1222 (LRS), 1223 (40R37), 12-4051013), 13R2T (108), 57KV
(IS 13, 2URSS (104-2), 21RA3 (104-31, 49R37 (12-31, 69R 13 (12-4), 43E11 T TTACCIORRE LG, 172
F9RIL L. T3 (125R55), TI-501TIRA3-1), 93 RT (1621 U3R (162A), [4-2021R535). 10043
FZIRG3 108 ¢ L3R27), 1081 (3TR273 ID9RIL (F7AL 109 BRI (77-2). [25R535 (77-3 123R23-1
(77-41. 121R63-1 (77-5) L2LRS55-1 {77-6), 162 (93RT), 162A (93R15)

Stripe rust: 13(6788), H38S102), K(475102), LOTOSH%). PIAOSTUE), 4651149

The inoculation was done using syringes as well as [oliar sprays with mixres of
uredospores of dilfercnt pathotypes ol each rust separately. Further spread ol rusts was
cnsured by spraying of water on the spreader rows and by maintaining proper maoisiure
conditions in screemng block,

The rust records were tuken in modified Petersons™ scale (Toshi e af. 19838) trom
flowering 1o hard dough stage and linal disease score was taken in 1o consideration. The
recording of rusts was based on severity of disease on plant parls as per Peterson ef af. {1948]
and the host response was recorded as 0- No visible infection, R- Resistant, MR- bModerately
resistant, X- Intermedinte, MS- Moderately susceptible, $-Susceptible. The Coefficient of
[nfection (C1) was caleulated by multiplying the percentage of severity by the ‘response

value” assiened 10 each infection type as below:

Reaction type Response value AC] ¥Value
Ma visible infection {0} ] (}
Reaistant (13 (1.2 (h2-10
Maoderately Resistant (ME) 0.4

Intermediate (X (L

Muoderately Susceptible (M) (his

Susceplible (5} [.0)
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The Average Coelheient of Infection (ACT) was caleulated by taking the average ol
1 ol the entries at each location. The entries having ACI ranging from O- 10 was categorized

resistand

RESULTS AND DISCUSSION

Oul of 1,403 genotypes tested, 373 were Tound resistant (o all three or at loast two
rusts spp. In total, 201 genotypes of bread wheat, 40 of macaroni wheat, and 12 genolypes ol
iriticale were resistant to stem, leal and stripe rusts. In addition, 49, 2 anmd 1 genolypes bread,
macuroni and triticale respectively were resistant only to leal and stem rusls. Likewise, the
senotypes resistant 1o leal and siape rusts were 49, 23 and 1 of bread wheat, macaroni and
khapali wheat, respectively. The details of genotypes, along with their pedigrees are given in
Table 1. Most of the genotypes bred in the centers located in peninsular and central Inckia
were highly suscepuible o stripe rust, Twenty entries received from CIMMYT. Mexico were
(ound resistant 1o the Indian pathotypes of leaf and stripe rusts. Some of the entries showing
almost immunity (ACT- O3 to incdividual rost are Listed below:

Highly resistant to leaf rust: Nineteen entries of wheat, namely HI? 2700, HIY 2837,
HP 1532, HPW 160, HUW 507, HS 443, HS 446, HW 005, HW 3010, HW 3027, [IW 3003, 1%
3035, MACS ARG, UP 2456, W 395, VL 842, PIW S03, PEW S04, PEW ST and teeo ol triticale,
wig, T 2900, T 2900,

Hizhly resistant Lo stem rust: Four entries of wheat numely, 1D 2618, 115 375, HW
45, KA 3974 and seven ol Triticale X, TF0 90, DT 95, I 132, T 133, 1L 28008, 1L 2860 and
TL 28T

Highly resistant to stripe rust: Forty seven genotypes of bread and macaroni wheat:
HI 85491 idy, HS 418, VI 823, VL 824, PEW Ui, 1D 2780, W 4028, HS 240, VL 818, VL 829, VL
S0 PRW 492, [TUW 541, 15 4473, VL 8532, VL 853, VL 854, HPW TG, SKW 191, SKW 196, CBW
L UP 2554, CBW 17, HD 2824, HD 28206, WHD 929 (d). 1S 437, HW 3097, VL 822, LU 543,
PEW 475, HS 240, HS 424, HI 8653 (d). PDW 283, HD 4694 {d]. DWR 231, 11D 2805, 15 444, VL
250 HD 2830, HUW 555, PBW 511, UIP 2665, AUKD Lid), AUKD 3 (d), FIW 4028 . d=T. duran

Mast of the lines selected from final years of lesting were high yiclding and may be
used as resistand sources in brecding programme agaimst rusts. The genotypes having
pesistance to leaf and steipe rusts are also good for northern hill and plaing as well castern
Indis, whereas those showing resistance only o stem and leal Tust may be of vse in central
el peninsular India, A total of 161 entres having varied genetic base have been inclnded in
the National Genetic Stock Nursery (NGSN) and sent for utilization at 36 wheat breeding
centers across India, The pure seed of resistant entries has been deposited m the germplasm
it of DWER, Karnal and National gene bank at NMBPGR, New Delhi For sale slorage inside
the Low temperature module as well as distribution among the wheat and triticale breeders.
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Table 1. Multiple rust resistant lines of T, gestévien, 1. dicoccm, T duvient and
Triticale X and their pedigrees

Lintry Pedigres

A Resistant o leal, stem and stripe rosts

Bread wheal (Frificnm aesfivin)

CEW [T PRIMIAMWLEAVERSSTAR

DL 96-3 {HD 27023 DE TEAZKCONDER SEL. 78 AG 3 DL oo/ 2204
2L 547-2 Rl PERZMEAT 2T NAD MUT HIRA MUT.
DL 975-1 W ARFSG 3AG-3KITESS KAMOLSONCMM 67/HD 2320
(] D R WL THEBABRESSE/ILEY6-2/1L 5300-1
[ 207 GLEMNTOMN

[ 247 PRLAYEE#GASONALIE A

W 24kt VEERL 60 Y RGNV EEA/GLEN ARG

vy 260 WEERL o0 HWVR*FY RIZ2¥VEE 'SYCGEN
CGiW 273 T 2TESTATOLORK-

GW 270 CPANTLOSKAY ACORAMID 2160

W 205 CPAN [BXHCPAN 1967 HD 351

HIx 2580 TR SN 'S

HIY 26346 KNACONSGLT

HD 2639 CMNO THIRL S'WGAA

T 26435 WEB'SWHD2A0TH D 2329

FLLY 26t WEE SYHD 2407 0HD 2329

HD 2660 CS0A SCIRAHPUNAMRL SYRLIC S

HT 2700 HID 2285 LRGATUW 328

LED 2724 BOW/PRL

HI» 2747 HD 2402HW 741 HD 2663

HD 2760 HAKMN 20009/HD 2285411W 741
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IEntry Podigree
M 2777 CPAN 2009/HD 2285/ HW 741
FIED 2780 DACULACHAGUALICA 20
Hix 2826 1 1316ATD 234THD 263 14D 2278
Pl 2835 J1316/HD 263 LHD 2452LIRA
FI 2837 PARA 2IUPIBIY/AVEES S TUNAPHO
FIT 14306 RATIDTHRAT 1923
HI 1454 CPAN 193 1/HD 22364HD 1042
HI 1391 MRLCSVBUCI'S
A1 1400 VEE SYRL 6010/2YR/A/2 VELE 'S
AT 1433 HUW 202007 12006WL 71
HI 1434 WH 14TCPAN 188
L11 1436 AL ID72RAT Y23
HI 1454 CPAN 1931/HD 2236//HD 1042
HI 1462 AL 3160HEY 2445
111 1475 HD 219310 2160/ L 283
SINEE WH LW 494
HIL 1502 NI FIHZICPAN 14991
HI 1514 HDR 162/DA
HP L7 s LOVE 24RIY 'STVBRMNORCNO 'SYHMOR 'SAD S
FLE 177208 R GOLOMEE INLA GGAIF IKALIL
LT 17448 HE 1606/UNNANT C 300
HPF 17449 RL 6043/4% NACTH
HIF Gl RLGOTOME*INLA G603 KAUZ
HE 1511 GARUDASIM TIT 2285
HP 1813 VEE 'SUNBAGI/HORIK 'SHALDAN 'ST47 BOW 'S

HP 1331 VEE 'SYMBAGEMHORE 'SWALDAN SUROW Y
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Entry

Pedigree

HP 1832
HEW 42
HPW 65
HPW 82
HPW 143
HPW 147
HPEW 152
HEW |35
HPW 160
HPW 162
HEW 185
HEW 191
HPW 211
HEW 216
HS 341
HS 364
HS 363

HE 375

HS 295
HS 396
HS 413
HS 431
HS 433
HS 437

HS 4446

HE La0a/UNNANT C 306

VERSYHPUN SYCBRACNO STRIARIORL S
INTERMEDIO RUDLID 2248

VEE 'SYMYNA 'S CM 73815 2M-3Y-O5M-1Y-18-0Y
BRG] VOIS TAEST/RKALBE

CPAN 86 HIMIO-BA

CIPAN [86%HE 208

Il 234%FATH

CPAN LU22/CPAN 1929/0/CPAN 1922

FITOMN 35

LUPT 74203/8 308/CPAN 18304 TL 68/HS T4I3CPAN 1922
CPAN 1869HE 208

MO SRMILAN

HS 277HSs 321

RALIS

MACSTW/E AGELUVANZAMBOYW 'SYCEDR T780-ARA
HS 207/5KA

BB 11AC) TUTAES 1WEALIBB

COT/AZHTAS 35/ALD SYAALD SYNAFNMPIN SYPELS]-
127

PEALGBAGLIGHE 30 T K ALMBOSVEERT
CHIRY A 3

¥ RIG2ANBUCPYN

HEW 42/CPAN 3004

H5 284/HD 2380

PASTOR
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Eniry Pedigree
HI'W 155 BT 2546/ °ATI
W 11 BO BEAMILAN
HI"W 2115 HS 277405 32
HLW 434 HUW S5/HUW 3004T{UW 202
HUW 430 SERVHUW 2344BOW 'SYIUW 37
HUW 467 K BLOLHT 61741 68
HLW ding CPAN 1962/ TONSLIRA 'SYPRL 'S'
W 452 VEE 'SYBOW 'SWHUW MNKCCBS 57
FILW S07 PEW [3WWL 176345CCBS STATUW 305
HUW 532 DL 230-16/HUW 23451100 2278
HUYW 330 HUW 2344HD 2189/PBW 54-326-2
HUW 554 CPAMN | DO0HLIW 304
HW 0 HW 1042/ P 807
HW 1035 O MR 380-143 T3 A0 14
I RES C A0 THDWERKITE
ITW 304 PEW 2267 5/SUNSTAR* 0/ 80
W 2{n2-] WH 5256008 20020 42
HW S0 W 102000 306
HW 30005 HW 042N P800
W 30046 TRO380-1457/3 AG 140KALY ANSONASVEE L5
HW 3H¥7 TR380- 14573 AG LK ALY ANSON A WEE "8
H'W 3008 W 1042/C 3065 20HW (042/C306
FIW 300 HW 04205005 2
FIW 30010 TIMGHALENST S
HW 303 HD 2329 #VEL 5

FW 3 4 HID 2329 0V EE <5
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Lintry Pedigree
LW 3016 TR OAED- 14573 AG [FLALAY AN SONAMSVER 'S
W My HD 23200V EE 8
F1 3020 B 2320V EE -5
Hw 32 VI 22HEAHW 1042
W 30240 TR 380-145705 AG ITHESHTTASALARAD 85
1WA 320 Hw 20020V EER! 'S
HW 3052 MACS 24000 UIKS
FIwy 0G5 UKEMVER S
1T 3075 W S20HW 2001-A
HW 305 SONALIKAFABENVER S
HW 3008 FIW 104200 G
W 3082 GOWABUCULACLRP-6
HW 33 KALICTAN 1REASLIATA
HW 028 PREW 2265300 B0-8KALY ANSONA F4
HW 01 1-1 WIH 54256/C80-B/KALYANSONA Fy
W 5005 PIW 226/HW 3003
T 36 KALACTAN TREZSUIATA
SR [ AR S00R 2% K006
ko BUA2 BT 2160
K oLy KB 1O1K 6
K w223 VEE 'SYNMKT 'S CM 73934 IM-1Y-2M- 1Y -2M-OY
k9406 K TR2TD 2204
I 9563 23 2285
MALCS 2773 B. YELLOW/CHAPAL
K ACS 3061 CPAN 6120/CPAN 60Y3
RLALS 303 CPAN QI 20CPAN GLET

MACE 3127 BAJ 15350 PAN 6120
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Entry

L1 SINGIT e nd.

Pedigree

BT |30

MIAW 3

MLAW |24
MIAW 300
MEAW 301
MNIAW 514
MIAW 335

MIAW T2

M1AW B35
MW LK)
NWOI012
MW 033
MW 135
MW 1067
PBW 342
PRW 343
PRW 396
PPIAWY 426
PRW 441
PRW 445
PIEW 452
PIW 464
PEW 474
PP AL

PBYW <03

WH 147/MP B67HWLL 22650 [0, SOMNASSK 27
CIANCG TUPRL S

CNO T PRLTS

TURACOSCHIL

SERTAZAMRSAUPHORK 'S

LLEKALY ANASONAMPR-2

NI RTOOHD 23800 AT [TTTCIAN 3024

M 4OEAACE 24900 W 2218 C-BW- 13 CMH-T6A-962
NI 406N C-BW - I 3-CMB-TOA-SDO2ZWW 2218 C-
BW-13

CMH-ToA-962

K13 pATORDBMANBRACALPE T1-23A-4A-0A
PARANA#Z JUR/BIY 8"/ LEERS
FO7HBUNSSISGYR/PAMAUN 8"
F4BUNSSTS3VEERT

TR 3E 16 306 HCAHAT 'S

WNDAG 19 KALYBRANY ACO SUNVELR 'S
MDAG 19N KALYBEAY ACO SYANVELRS '8
CMNOGTMEDMON'S  ASERT

KT BAGEHP 244908A 22 19WILLTLI

PEW 236/RAT 1973

KAUZGEN

PARASUNBIY GV ERSTUNSZ2FK AL

WH SRICPAN 19590 PEW 302

[AS SHHD 228 17W 0 2348

PLW ZRICPAN MUESDL 7882

PEW [34PBW 343WH 542
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Entry

Pedigree

PBW 498
PRW 300
PBYWY 306
PBW 509
PBW 510
PEW 314

RAJ 3702

RAJ3RYT
EAT 3900
RAJ 3965
RaJanl2
RaAld 4027
HaJ 404l
RL 1022
SKW 196
UP 2332
UP 2383
UP 2358
LR 2418
UP 2433
UPp 2447
UP 2458
LP 2456
UP 2473

UP 2481

WL G736/ WEAVER

PRW 331/W 4387

KAULPBRW 232

WoLe3dPEY 381

WOLeAFBW 3581

PBW 282/CPAN 2003/DL 788-2

RaAJ 19T2HRAT 1973

RAT 1972/RAT 3179

RAL "S"{C?\-‘[S‘-)Slf.’a-f“-M-]\’-3[\'1-2":’-If'v"[-U‘f-EL}‘f'-f_'Jh'['l
kAl 323 L/RPG 138/HD 2425
RAJIITPRW 160

NCPW NI DCPAN 3015

WD 232/RAT 2077

1D 2594/0L T88-2

WH 394/AT 3717

RC 10/RL 22

BSP 93-21 (Sel. From EIGSN 98]
RAF2560/UP 319

CPAN 199%/PEN | I2HCPAN [99R/UP 2121
CNO ATAMPOYAMON 'SY3/5ER]
HD2320/UP 2263

ATTHWFRENIGB/AVEE 'SIBUCSYPYN/AUP 2121
HLUW 286/HW 2001

UP 227YPEW 288

HI 25500WH S40/VEE 'SYROW 'S

HD 25300WH 520VEE STROW 'S

PRW 258/UP 21I3VCPAN 3004
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Lndry

Pedigree
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LI 2544
L1 2556
LI 200H)
L2571
VI T2
VLT
W1, 7aY
WL TS
VLT
W1 TG
R R
WL E02
WL 503
WL R0
W1 R0
V1L a23
VI A2
W1 824
VL B3]
W1, 852
WH 601

WL 6T

ATTILASES NBOWAATTILA
L3l RO2- 1R 3077

Bl 14003 HESIFCNE THIZH51ER]
PR AS2WH 545

TR SEIUM b

VERRS S

BUCS ACTTRC 'SAPREL SYYELAG]
PEALERES

WEMBLEY /A LAOS

WEMBLEY Y LA

HS Z40/CPAN 3031

CTAN A01SCPAN S0040PHEW65
SERICPAMN 2094

CrAN 30ECPAN 3004 TTRWOS
WONLEA 470PAN 3031
WONLRA 4TICPAN 3031

LA 330N TURACONTURACO
IBWSHN [4WCTAN 2000

KLATISOREN/PEN/BOW

ALFROGHAHDANSCPAN J004HTBW 65

REVAYW 5B ST ONBONMAMN AL

JUTHAPSCOCIPUNAMGEN

macaroni wheat or durum (77 durni)

[ B 1005
WL HHG
AT L0

i LDW2

ALTARMD 43020R AT 1555

SULAJCREXSAAY

RAT 155510 43020 CHEN 'SYALTAR 84

WAARUFFSHWRAL 1555
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The rust pathogens in wheat are still able (o infeet the wheat coltivars up to a greal exlent angl
regular transfee of resistant genes ellective against newer pathotypes of leal, stem and siripe
rust depending on the degree of visk of different rusts in o particular agroclimatic zone in
India and adjoining SAARC countries is necessary o avoid major rusl epidemics in Tuture,
There are enotgh senetic variability in agronomically superior genotypes of wheat and

triticale X which My he prh:.i[m_l ]'}\ the breeders 1n ]}rl;;l,‘.q_lill_:-_f, o resislant varicties
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DISTRIBUTION AND EVOLUTION OF BIOTYPES
OF RICE GALL MIDGE (Orseolia oryzae)
IN ANDHRA PRADESH, INDIA

CSemavas’, ML Srimasons”, DR Ruseys, BS, Raa' axn Ls, Bewoe®

ABSTRACT

Disirituition and evolition of biotvpes of rice pall midse, Orsealia
arviae (Wood-Mason), in the fndian State of Andiira Pradesh was
mentitored at twe geographical scales by extensive field tesiing of a
staniecred set of ten differeniial rice varieties during the wet seasons
af TVt T9US Ar a macre scale, distribniion observed in e
endive state theoapll tests ar elphe different sites confirmed  the
presence of theee distinet biotvpes viz, Motvpes 1, 3 and 4 that conddd
b distinguished on the basis of reaction of the differeniials. At a
micro seale. the distribution limit of biotypes I and 3 within the
Morthern Telungana Zone of the State was noted throaeh field fesis
it fwenty ene sites spread aeeoss 3 ke Thoagh biotvpe 3 was
distrifnted throwghour the study area, there were pockers i owhich
fiatvpe bowas proevalent. We alse recorded temporal cheasrges in the
reqction pattenn in e tewn of Warangal  within the conrse of ihe
stuely aned neted the emergence of wew Biorepes with viewlence
against the resistance penes in the most commaondy deploved varieties

m the e,

keywords @ Rice Gall Midee, Orsealia orvaee, Biotypes,  Andhra

Friclest,

INTRODUCTION

The Asian rice gall midge, Orseoflie orvzae (Wood-Mason), is @ major insect pest of
rice in several Asian countries (Benter et al,, 20030 In India, it is distributed in almost all the
States except in the North and North-West. Average annval yield losses due to the pest are
estimited 1o be US 5 80 million. The external symptom of damage caused by sall midge s
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the production of a silvery-white, mbular leal sheath gall called a silver shool. This renders
the tiller sterile and causes the yield loss, The pest mainly attacks the crop at vegelative stage
during the wet season (June-December), Since the 19708 gall midge in Indha hias een
successfully munaged through breeding and collivation of - resistand rice varieties {Bentur et
al.. 2003,

Emergence of new virulent botypes ol gall midge cupable of overcoming resistance
in popular varietics has been causing concern, The development of o new virulent biotype
wits [irst reported in 1986 Trom the North coastal distoicts in the Stale ol Andhra Pradesh in
response to exlensive cultividion of popular resistant varietics such as Phalguna {Bentur et al,,
1URTY. Since then reports of development of new biotypes have come from the states ol
Maharastea (Prakasa Bao & Kandalker, 19923, Manipur (Singh, L9y and Kernla (Mair &
Ambika Devie 19945 In these regions, popular gall midge resistant varietics have become
susceptible. In 1993, the appewrance of a virnlent population capable of overcoming resistance
in rice varicties sich as Phalywna and Surekfio was reported from a new region, Telangana
SO0 ki South-West of north coastal region of Andhra Pradesh (Srinivas et al., 1994}, This
population difTered from that of North coast in ils viralence patiern.

Through extensive fleld lesting of differential rice varietics in the muli-location
coordinated program of the Directorate of Rice Research (DRR). Hederabad, it has been
catahlished that six distinet biolypes of gall midee are prevalent in lodia (Bentur et al., 2003).
OF these. three are present in Andhrea Pradesh: Biotype 1 in Warangal (Telangana), biotype 3
in Jaglial {Telangana) and biotype 4 in Ragolu (North coast) (kg 1), [ was intriguing 1o
note the presence of two distinet biotypes within the close vicinily of 120 km or less. This
prompted us 1o undertake the present investgation 10 address the Tollowing questions:

i What are the hiotypes of gall midge in other regions of Andhra Pradesh not
previously surveyed under DRE program?

i1 What are the fine distribution limits of biotype | and 3 within the Telangan
region’?

i) iii) Whal lactors govern evolution of new biotypes al the edges of biolype
distribution?

MATERIALS AND METHODS

The distribution of hiotypes was studied at two spatial scales: 1) within Andhra
Pradesft Stare: cight test sites covering the North coast, Northern Telangana in North-West,
and South coast zones: iy within the Northern  Telangana zone @ twenly onc 1est siles
distributed across a distance of 350 km. Five of the sites were located 15, 35, 601 80 and 104
ki west of Jagtial while two siles were about 120 and 150 km North West. Another five test
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sites were |5, 20, 300 35 and 30 km North of Jagual and eight sites were 25, 35, 43, 60, 75,
U0, 120 and 190 ko Soath-Ease of Tagtial which served as the center and as one of the test
sites. All the distances are based on odometer readines. Under the State wide spatial scale
the central coastal region was also sampled but repeated floods during the swudy period
destroved the field experiments. The South-Western part (Rayalaseema zonep and central wes
{forming southern Telangana zone) were not covered since these are not important  rice
growing areas of the State and the rice gall midge is not a serious pest there,

Field experiments were conducted during the wel seasons of 1993 (o 1998, Seeds of
the standard ser of 10 differentials representing 4 groups (Table 1) were initally obtained
from DRR and multiplied at Jagtial prier to use. The field evaluation protocols were the same

as those used by Kalode and Bentur (1989), Each test entry was planted in an unreplicated

rosw of 20 plants with 15 X 20 cm spacing between plants and rows, respectively, at each of
the test sites either on an expecimental Farm or in @ farmer's field. Planting time was adjusted
s0as to favour high pest damage. Nooinsecticide was applied throughout the crop, Pest

damage was recorded at 30 and 50 Days After Transplanting (DAT).

Both the percentage of damaged plants and the percentage of damaged tillers were
recorded. A test was considered valid only if the susceptible check TN displaved 80% or
higher plant damage on any one of the two observation days. Of the two data sets recorded
on 30 and 30 DAT, the sel showing higher damage in the susceptible check hne was
considered. A differential with <10% plant damage was rated ay Resistant (R). while with

higher damage it was rated as Susceptible (S). Since response of the differential to gall midge
attack is qualitative in nature, the extent of damage in the test row of 20 plants was mainly
influenced by the pest pressure, prevailing temperature and humidity conditions at the time of
ego hatching and maggot establishment, and possible 'off plants’ in the rows. A high level of
damige (30% 1 in TN to qualify the test. and the allowance of marginal damage (10%) for
lines rated as resistant penerally ook care of the vanation common in field evaluation studics

an gall midee (Kulode & Benlur, 1989}

The biotype status of the population at a test site was judged by the reaction pattern of

the four groups of differentials (Bentur et al., 2003). Resistanl reaction by the differentials in
groups 1. 2 and 3 and a susceptible reaction by the check TNIL in the fourth group is
represented as a R-R-R-5 pattern. This pattern is that of biotype 1. Likewise, 5-R-R-5. R-5-
-5 and S-5-R-5 patterns are those of represented biotypes 2. 3 and 4, respectively (Table 1)
Reaction patterns of biotype 5 (R-R-5-5) and biotype 6 {R-5-5-5) were not encounterd during

the study.
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Table 1. Reaction of dillerential rice varieties against gall midge bioltypes in Andhra
Pradesh and other parts of India

Reaction in Reaction noted in

Group Dilferential R gene ﬂ'_ll‘ﬁ.l Pradesh other States’
Biolype Bintype
1 3 4 2 5 6
1 Wo1263 G f 24 i 5 5 R R
ARC 6005 I I 5 5 I I
[ Pl g Cim? R 5 5 4 R S
ARC 5984 Cren’ R 5 5 R E 5
111 ME 1523 R I I I 5 5
Velluthacheera gnd B [ 12 I 5 5
Tidr (4 34 I It 5 5
Aganni I I [ I 3 h
Peb L0 it I R i i 5 5
5 5

v TS, Cheek)  None 5 bt 5 5
R 2003, Bentur e al,, 208003 .

Bactype §reaction was noed ot Warangal C1996), Mellore

Bactype 3 reaction was noted ot Mirmal, Radror, Jagtial, Malyal

Bictype 4 reaction was noted o1 Ragolu, Warangal (1997, Chodavaram

RESULTS AND DISCUSSION
Biotype distribufion within Andhra Pradesh

Thirteen valid tests were conducted a1 six sites (Table 23 Variation in rating against
the differentials within a group was observed v only two of the tests, In three tests ME 1513
was found 1o be susceptible while other members of the third group were resistant,. Based on
these results, biotype 3 prevalence was evident at three of the test sites viz.. Normal, Rudrar
and Jagtival: biotype 4 at Ragolu and biotype | at Nellore, Despite low pest pressure al
Malyal during the three consecutive years of testing and at Chodavarom during 1997, there
was a clear indication of the prevalence of biotype 3 and 4. respectively, at these locations.
AL Warangal, the 1996 data suggested presence of biotype 1 while the 1997 data indicated
biotype 4 pattern. Pest pressure during 1998 was too low to consider the results, Fig, 1 shows
the distribution paltern of the three Biotypes within Andhra Pradesh,
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Table 2. Test sites selected for State wide sampling for
distribution of gall midge biotypes in Andhra Pradesh and
number of valid tests at these sites

Sl Name Locatinn Na. of valicd

Mo : tests
| Mirmal | [5. 19", 7778 2
2 Ruddrur 19.200N, TRRYE 2
5 Tagtial 18,19°N, 79.80"F 4
4 Warangal [7.18"M, 79 B0'E 2
3 Mul}:'u.l 17155, T9.R0E L
0 Kool LR 19N, 8381E 2
§ Chodavaram 17.18°N, 82.83°E 0
b Ml lore L 157N, BOLT'E |

The distribution pattern of biotypes within Andhra Pradesh based on the present
study 15 consistent with the results of the on-going monitoring studies o DRR (DRR, 1999).
The prevalence of biotype | at Nellare in the south coastal wone needs Tuether confirmation, as
pest pressure was relatively low during the present studies. ‘This region occupies a distinet
veagraphic location, receiving North Western monsoon ruins during September t November,
and hence its cropping seasons are different rom the rest of the State. The varieties popularly
crown in this zone are mainly suited Tor late planting. Because gall midge 15 not a serions
pest in this zone, resislant varieties are no popular. The absence ol selection pressure Favors
the prevalence of biotype 1. The central coast zone 1s also distinet, because gul] midge attack
oceurs here mainly during the dry season {December to March). Being mainly an endemic
region of brown plant hopper and white hacked plant hopper, gall midge resistant varieties are
ol widely arown, Information on biolype status in this region may be uselul in the event of a

possible pest outhreak.

The present studies also conlirmed the presence of biolype 4 in the Morth coaslal zone
and showed that i Hmit of distribution is up to about 100 km Soulh of Ragolu, from where
biotype 4 was first reported during 1986 (Beotur et al., 1087y, Similarly, the presence of
hiotype 3 in and around Jagrial, first reported during 1993 (Srinivas et al, 1994), was
ahserved 1o have increased to an area of aboul 350 km across. During the early 1980s thesc
two zones had exlensive coverage under gall midge resistanl varicries such as Phalguna and
Surekha that derived resistance from the G2 gene.
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Thus, the two populations of gall midge appeared o have responded differenty 1o
similar selection pressuee. However, field evalustion o 194 a0 Ragolo mlicated the
suseeplibility ol varneties hoving the Gaed gene (Anonymous, 19753 Thos the pest population
here prier o intreduction of the resistant varisties could have had the charmcteristics of
Bictype 2 which was then prevalent in e adjommng areas of Orssa State (Ralode and Bentor,
19524}, This population, already with vieulence against CGond- conlerred resistance, miay have
additionalby acquired virulence against G- medinted resistance 10 evolve into biotype 4. In
comtrast, the population at Jegtial probably had biotype | characteristios like the biotype that
prevailed o the adjoining areas o Warangal disinet prior wo the caltivation ol resistant
varielies, The change here was obviously Trom biolype | Biotype 30 with no virulence

against Croend conlerred resisionee.

Bintype distribution within northern Telangana zone

Twenty mine valid tests were conducted o the Telungana zone in the 9900 wet
seasons, At four test sites the pest pressure was very low during the test seasons, The lests al
Waraneal, Malval and Jasial reporied in the State wide survey (abovel also formed part of
the Morthern Telenauna zone data sel,

The distethution of hiotypes at the lest siles based on the reaction of the dilTerentisls
i presented in Fig, 20 Allof the twelve test sites North, North-West amd Weal ol Jagtial had
Biotype 3 popolations. Towards the South three of the test sies vz, Nemlikonda, Vedhira and
Gattududenapilly had biotype 3 populations while three sites viz, Kothapally, Minakondor
and Elkatmtby b Biotype 1 populations (Fig, 210 Reaction al Warangal, as stated above,
was hiotype | pattern during 1996 and biorvpe 4 pattern during 1997, Diespite low pest
pressure at Malyal, the reactions of the differennals suzgested the prevalence of biolype 3.
Thus a mesaie ol reaction patterm otk in space and fime was evident o this zone of the
orthern Telangang region,

While new virelenl biotypes could have increased in frequency inoa region in direst
response L selection pressure exerted by the popular resistant varieties, another set ol factors
may have actually influenced the spresd of biotypes. Though micro-level studies were nol
done with respect o spresd of Diotvpe 4, apparently it has not spread much beyond 100 km
South since s Orst appearance in 19860 Being a poor (her, gall midge adolis possibly may
nol have crossed geographic barcers ke the proniment river Godavart and the bigh altinude
monnliin range thal separate the Mot coast rom Norh-Telangana, Buotvpe 4 18 also
reported rom Sakoli I Maharastra Stale about 300 ki West of Ragelu (Prakasa Roooand
Kadalker, 192 Bentur et al., 20003,

[0 05 not known, heswever, if this represents o conlimuens speead of te population or a

case of independent evolution ol these two locations. On the other hand, the spread of botype
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3owithin the Sorth-Telanganma does appear o hove been inlloenced by varielal coverage.
Waraneal and adjoining arcas are part ol the North Telanzana zone with contiznous rice felds
and noomajor geosraphic barriers, Warangal s an active rice Breeding stalion and most ol
the aall mudge resistant varieties developed there e, W 1263, Rakatrya, Pothana, Kavya,
Erramalelly ete., derive their resistance  Trom the Gurd gene, Though not extensively
cultivated, these varietios are erown in the adjoining arcis, We speculate that these patches of
resistant vareties may have been acting as barriers for complete replacement with hiotvpe 3

i the region. Our miceo-level distribution map (Fie. 21 supports this view,

Our studies also revealed a temporal change in the reaction patiern al Woarangal anl
adjoining arcas during the course of the study. In spite of high pest pressure, differentials
from groups 1T and 2 did not show damase during 1996 while similar [rest pressure resulled in
damage during 1997, Refatively low pest pressure durma 1998 did nol permit us 1o verily the
results off 997 A an adjoining site, Munakondur (60 bin from Jagtial), lests both during
194 and 1997 showed Diotype | oreaction, AU Gattududenapally (73 km Crom Tagtial)
Fhalzuna recorded 15% damage even during the 1996 (e, Puring 1998 the compasition of
hiotypes in the Waringal gall midae population was noted in g separate study (Benur e al,
20000, Based on the reaction of progeny of 237 individual mated Temales, the tesl population
wits sheswen o be composed of 34% hiotype 1 40% hiotvpe 20 119 biotype 3 and 9% biotype
4. Subsequent observations during 2002 recorded 44,45, 255, 16.7% & 13.9% cl biolypes 1,

Foand 4 respectively, at Warmaul (DRR, 20033, Such a helerogeneons population
Waringal Is o be expected sinee it can be considersd o he o randomly muting mix of biolype

Lol 3 insects,

Wo anticipate that this populition will stabilize in the course of time but its ultimate
biolype status may agam be influenced by varietal coverage in the region in limes o come,
An equal cxposure o rice varienes with hoth Gaed and G2 eenes waould drive the selection
towards the biotype 4 population, Alternatively, i only the G2 gene s preeloaminantly

deploved inthe remon, biotvpe 3 msy be uniformly spread all over north-Telangana,

IR 20030,

Fhe susceptible response of MRES23. one of the differentials of group 3. in the North
Telengini zone Toether suggests that the wall midge population here gy have already
acuired virnlenee against the unknown geneds in this differential. Hence varietios such s
Surarkstia and Shedei which have the same source of resistance should not he introduced as
allernatives 1o the exisling resistant varictios, Virulenee wanst the reststance conlerred by the
MREI523 gene s the characteristic of gall midge biolype 3. which s now confined in its
distribution to Kerala State {Nair & Ambika Devi. 19943,
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Locations .

1. Jaghal 2. Mirmal 15, Kothapally

2. Chalgal 8. Rebbanpalll 46, Manakondur

& Arapeta 10, Barangpudr 17. Gatududenapally
4, Kammaragally 11, EBgorpur 18, Hikaturthy

4, Armogr 13, Moralla 18, Yarangal

£. Rudrur 13. Namlllkanda 20. Malyal

7. Dudgaan 14, Wadhira 21, Kanspally
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Andhra Pradech

A& Elotype 1
w Blobtype 3
8 Hetergenegus

]
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o =
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Porter et al. (1997} concluded that there was no relationship between the use of
resistant crop varieties and development of new pest otypes in the case of wheat/sorghum
and the «r

cenbug, Sefizaplis groarninnm. There 1s evidence now that gall midge biotvpes may
sometime arise in the absence of sclection by resistant varieties. The existence of three
distnet zall midge biotypes in India in the 1970 (Kalode & Bentur 1989 prior 10 the
release and cultivation of gall midge resistant rice varieties, suggests that there was no

influgnce of resistunt varieties on the evoluton of those botypes,
¥]

Likewise, the evolution of bintvpe 6 10 Mamipur stale during 1990 (Singh, 19927
could not be linked to resistant varicties in that region. Based on the AFLP analvsis of gall
midge populanons from five Asian countries, Kanyar ¢t al, (20000 suggested that this new
tiotvpe in Manipur could be the result of mass migration of the pest population from the
adjoining regions of Myanmur or China

i the other hand, reports of biotvpe 4 in north costal Amdhra Pradesh ( Benter 2t al.,

1

987, Muharastra (Prakasa Ran and Khandalker, 1992 of biotype 3 in northern Telengana

isrnivas et al. 19941 were preceded by inroduction and extensive cultivation of gall midge

resistant varieties in the region, The appearance of biotype 5 in Kerala {Nair & Ambika
Devi, 1992 1V was also preceded by extensive cultivation of locally heed rice vaneties that were
resistant to gall midge, The present study in Andhra Pradesh strongly supports the view that
extensive culuvation of gall midge resistant varieties with a smgle cene for resistance will
result in the selection of virulent biotvpes,

r

Thus these studies helped o conclude that i) wild population of gall midge,
destgnated as biotype 1 continues to prevail in other regions of Andhra Pridesh where this is
oL an important pest, i) distribution of biotvpe | and 3 within the Telangana region presents
4 mosaic pattern aned i) rice warieties popularly grown in the arca govern the evolution of

new biotvpes in the State of Andhra Pradesh.
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INTRODUCTION

[ the hills of noethern Tndia, poor availabilivy of Tedder is the main faetor respensible
For poor health and low productivity of cattle, The problem s Farther ageraviled during the
lean winter months, when srowth of natural grassband is severely hampered becanse ol Lhe
extremely unlavorable climatic condition. In the hills, farmers are not able o procluce enough
food grains even Tor their domestic conswmption from the existing land. Henee the gquestion of
putting this land under forage does not arise. Lnder these circumstances, dual-purpose crops
are the only aption, which can also provide a good quantity of Tadder as well as grain yield,
The use of cereals for the dual purpose of winter Torage and grain is o common production
svatem in the Sowthern grear plains of USA (Dumpy et al., Laksss Carver el al, T and Lo a
lesser extent, in some areas of Canada (Povsa, 19851, North Alrica (Anderson, T985) and
Australia (Dann el ab, 1977, Holiday (19560 reported comman and deliberne use of winler
sorant wheat 2 o dual purpose coop throughout the Southern greal plains.

The wheal variety VL 616 developed by VPKAS, Almora is dual purpose: culting for
ercen forage is done al 73 days after sowing (Jagshoran ¢l al. 19951, A green Torage yield
(03 0 b and grain yield (0,60 ha " was obtaned with cutling, compared with @ 2rain
iehil (L0651 hie ) without cutting. The barley variely VLE- 1, also has the alility o regenerale
profuscly alter the cutling,

Fertility  mansgement inoa cropping sysiem plays an important role Tor iy
sustuinability, owing to variable nature of the crops. Legumes bive been found supertor over
cercals, by virlue of their allity 1o improve the soil condition and also benelit the Tollowing
crop. In the hills, FYM s the major source ol plant nutrients applicd by the fwrmers.
Therelore, it is pertinent 1o study the impact of conjoinl use of organic and INOEEANIC SOUres

of plant nutients, o make it more relevant in the contexd ol hill farmers.

MATERIALS AND METHODS
Experiment site and management

A Teld sty was condueted al the Research Farm, Hawalbagh (20" 36° N longilode
and 7O 400 latimdey at 1250 m AMSL of Vivekananda Parvatiya Krishi Anusandhan
Sunsthan (ICARY, Almora, Tor three conscculive years, rom [991-TU92 1o 1903494 5ix crop
rotations [sovbean and maize in kharil (June to September) cach followed by wheat, barley
and mustard during rabi (Cetober o Mayi] al 3 lerulivy fevels {(F =101 FYM ha-', Fa= 1009
ol recommended NPE ha-' rand F=F, + 50% of F., in a Rancdomized Block Design,

replicated thice were grown in o plot ol 3.6m 3.0m.
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The recommended doses of Tertilieers of respective crop was used and applicd as per
treatment {Table 11 Total FYM was applicd before last plovghing and 1 and K owoere mixed
into soil, before sowing, inoall the crops. Pre-sowing irrigation was given 10 ensure proper
sermination toall crops. For all purpose. the depth of ireigation was 3 e, For green forage
purpiose, wheal and barley were cut at 75-80 days aller sowing at 5 cm. above [rom soil
surface. While green [orage rom mustard was obtained by initially sowing itar 22.5 em. row
apart and linally thinned to recommended spacing of 43 cm by removing alternate rows from
25 to 45 days alter sowing. Except fertility treatments, all the erops were raised according to
the recommended package of practices (Table 1) Crops raised for dual purpose, woere
supplied with the additional 20 ke N ba-' by top dressing just afler catting (75-80 days alter

SOWITE )

The soil of the experimental site was silly clay loam, having pH 6.3 and o low
available nitrogen {180- kg ha 'y and a medium level of available phosphorus (22.0 kg 11:!"_‘1
and petash (183.0 ke ha 'y,

Diry malter yield was determined by sub sampling methods. Then the samples were
dried at 70°C 2 1"C for 48 hours in oven and dry weight was recorded. The nitrogen estimate:d
by the Micro-Kjeldahl method, phosphorus by the Vanadomalybdo phosphoric acid yellow
colour method in nitrie acid system, and potassivm determined by Flame Photomelerical by
ilacksen, 19691, Standard combined analysis of variance was used o analyze the data
ohained (Gomez & Gomes, 19760 Regression and correlalion techniques were used (o assess

the relationship hetween dry weighl and grain yield after cutling,
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Weather

Figure | shows the monthly mean maximum and minimum temperatures in the
cropping scasons, Minimum lemperature was below 0'C for a apart of winter period, during
which the growth of natural vegetation as well as of cultivited forages crops almost, stops,
Temperature starts o rise from March onwards as a result the growth of the crops.
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RESULTS AND DISCUSSION

Green and dry forage vield from wheat, barley and mustard crops

The green Torage yield oblained from wheat, barley and mustard crops after soybean
was 29% more than after maize (0.71 ¢ ha-") and increased with increase in fertilivg levels
{Table 21 Barley produced the highest green forage yield at all the Tertility levels, while
wheal produced the lowest. The mean yield increased by 36% as the fertiliny Tevel increased
rom 101 FYM ha-' o 100% of recommended NPK ha-' and by 25%, from [00% of
recomiended NPK ha-' o 10 ¢ FYM + 504 ol recommended NPIC ha-1 recording higher

vicld following soybean than maize.

The dual purpose crops were tried in order o produce green forage (during the scason
of scarce supply in the region) and in order to compensate the negative effects of culing on
the production of grain yield, by supporting it through a balanced supply o mineral nulrienis.
Cirazing winter wheat during the fall, winter and spring may have & minimal cffect on
subsequent vield of grain if the soil moisture at sowing and the subseqguent precipitation and
soil Tertility levels are satistactory during Lhe growing season {Larry el al, 1995). Although
these crops have been recommended [or dual purpose, cutting adversely altects the harvest
index.

[he agronomic manipulation involved in making mustard dual purpose had heen
taken from the farmer's practice of thinning the broadeast sown mustard tor green forage, The
higher green forage production [rom barley was result of its initial Taster garowth and higher
dry matter accumulation. Although mustard produced higher green forage yield, it could not

keep pace in dry matter production bul because of its high water conlend.

The soybean was compared with maize because ol the Tarmers ability o fix
atmospheric nitrogen {(Bisht & Chandel, 1996 and increase the soil lertility, particularly sotl
nitrowen and conseguently enhance the productivity of the succeeding cercal crops (Chandel
clal, 1989y, This in term benefited the initial 2rowth of the next orop, provided more green
lorage production and eventually the grain and strae yield. The main objective of lesting 50%
of recommended NPK ha-' dose along with 10 ¢ FYM ha-' was to make more balanced
application of nutrients and also o make the best otilization of the farmers' available nutient

source 1o sustaim the sonl coneditions,

The differential response of sole organic source, and sole inorganic source and their
combination was obvious due to slow release of nutrients from sole organic source, while
inorganic conld not sustain supply of nuwients during the entire crop growth period. O the
other hand their combination probably [ullilled bath the conditions as discussed here.
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The dry malter vield of green forage behaved in an almost similar fashion, as did the
areen forage vield al different fertility Jevels, Among the crops providing green forage yield,
wheat yielded more dry matter than mustard when grown after soybean, but less when grown

alter maize (Table 27,

Table 2 Green forage and dry matter yield of dual purpose crops under dilferent
Certility levels and cropping scquences

'l‘l-'i:ul,nwuts Y¥ield (L ha-")
o Grl‘l‘.l‘.;] forage yil:-ltl - Dy .m:il.lnr.:;'iulil
After . Alter I"ﬁcsm After After  Mean
B ) B soyhean maize soy hean nmi?{r_ L

Winter crops
Whizal 0,74 {4y 0.62 .14 010 (.15
Barley 110 (380 (.45 (.20 015 017
Mustard (.2 (.84 (L33 1] N il
P 005 il .u0 073 (ol -
Fertility 0,0 057 (.60 (10 0, LG 013
=101 FYM ha' R 067 {LHE2 14 11 0,03
Fam L recommended NPE la- [ 16 [1nth .02 (210 .13 AN
Fo=a01G Fyo+ | .62 {1,590 - 073 Y i

[F=01415

NPK vield of green Torage

The barley provided the highest quantity of NPK, followed by wheat and lowesl by
mustard. The mean NPK yield was higher after soybean than after maize (Table 31 The
application of 100% of recommended NPE gave the highest nutrients (g Kg-' of DM
followed by FYM @ 10t ha-').
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Table 3. NPK vield of wheat, barley and mustard crops through green forage under
different fertility levels and cropping sequences

MNutrient vield {g kg- dey matter)

Trestments N P K
After Alter Mean After Alter Mlean After After Mean
snyhean maine sovhean i ze sovhean maizre

Winter crops

Wiheat 465 471 4 3 3.1 28 30 204 164 264
Barley T8.3 n3A IR 5.4 4.5 5.0 A6, RO IR R
Mustard 203 227 215 1.6 1.8 1.7 1.1} 27.0 20.5
Fertility levels

Fi=t0t FY M ha 41.3 anT 395 29 28 2:9 257 2335 2546
Fa = 1005 458 4149 435 32 31 iz 25 275 215
I'E:(.'l:'ll'li.['l'li."i'ldf\-l

MPK ha-

Fi=307F.+F k2 9.0 351 30 23 ] 5.3 231 242

Grain yvield of maize and soybean crops

The grain vield of soybean (Table 4) did not differ significantly between 100% of
recommended NPK and 10 ¢ FYM ha-', whereas maize grain yield increased significantly
with 100% of recommended NPK and 50% of recommended NPE+10 t FYM ha-' over 10t
EFYM ha-! alone (5.0  ha-"y. The straw yield of maize increased significantly with 100% of
recommended NPK ha-' over 10t FYM ha-' and with 50% of recommended NPK + 10t
FYM ha-' over 100% of recommended NPK ha-'. The straw yield of soybean increased
significantly with 100% of recommended NPK ha-' and 50% of recommended NPK + 101
FYM ha-' over 10 to FYM ha-' alone.

Table 4 Grain and straw vield of maize and soybean crops at different fertility levels

Yield (L ha-")
Fertility levels Sovbean Maize
Grain Straw Grain Straw
Fi=l0tFYMha' 2.47 2.86 500 7.50
F>=100% recommended MPK ha ' 2.50 3.5l 5.668 Gk
F.=30% F.+ F; 285 367 5.87 9.66

C.1 (P=0.05) 0.08 0. 14 0.23 (.23




EEEECT OF CROPPING SEQUENCES AND FERTILITY LEVELS 1N FOOD ANTY FODER CROPS 125

Grain vield of wheat, barley and mustard crops

The mean vield of rabi crops (Table 5} was comsiderably higher after soybean than
afler maize. Only mustard yield increased significantly. The extent of increase was 4. 3%,

2.9% and 22.6%, for wheat, barley and mustard respectively.

The grain yield of wheat, burley and mustard inereased signilicantly as the fertility
bevel was increased 1o 100% of recommended NPK ha™ or 50% of reconumended NPE - 11
FYM Ba ' over 101 FYM ha' alone. In mustard highest grain yield was obtained with 50% of
recommended NPIC 4 10 1 FYM ha-1 (1.57 ¢ ha"y, while in case of wheat and barley grain
vield did not vary signilicantly between 1004 of recommended NPE ha'' and 50% of
recommended NPK + 101 FYM ha'. The straw yield of all the crops was the highest with
S0% of recommended NPEK + L0 CEYM ba ', which was also significantly more than L00% of

recommended NP ha-1 and 101 FYM b ! alone treatments.

Table 5. Grain and straw vield of wheat, barley & mustard soyhcan crops at different
fertilily levels

Yield (1 ha-")

Wheat Barley Mlustard

Treatmenls

o ) {ariin i Straw  irain ; Straw f}ruin __Slr':lw
Proceeding crop
Soyhean 3G 13,42 4.24 10002 F.al 7.28
Maize 370 12.53 4,12 057 [.15 (22
P (005 NS (.30 NS (.31 .05 .22
Fi=100 YW ha 357 a8 351 a.54 .12 .83
Foz 100 recommended NPE ha GRS 13.72 458 9,00 .15 6,71
15=50%: Fa+ 1) 4.0 15.22 4,66 L1017 1,57 Bl
P=in15 22 5.3 L6 23

-1
!:d
[
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The relationships between dry forage vields {cutting in the case of wheat and barley
and remaeval i case of mustard) and grain vicld of rabi crops is shown in Figure 2, 3 and 4.
The relationship has been worked out at 3 Terulity levels, taking the data of each year into
consideration. Linear regression analysis indicated that higher dry matter production in the
form of green (orage at higher fertility level did nol adversely affect the grain yield. The
highest recovery after cutting was observed in barley (1 = 085%%), followed by wheat
(r=lL7E* % and mustard {r = (LOAFF),

The correlation studics between dry matter production in the form of green forage and
erain yield of rabi crops indicates, thal in spite of more dry matter production/harvesting in
the initial phase of growith, they sill maintained the higher yiclds. The trend was more linear
in wheat and barley than mustard, indicating no adverse effect more dry malter harvesting on
the wrain vield and was supported by conjoint use of organic and inorganic fertilizer. The poor
relationship in the case of mustard suggests that the crop suffered in terms of grain yield,

because of higher initial dry matter production,

CONCLUSION

From the point of view of green l[orage yield, barley is more appropriale than wheat and
mustard. Soybean, followed by dual purpose wheat is the efficient crop rotation. Application
of 10t FYM + 50% recommended NPE dose can be advocated over 100% recommended
MPE.
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ESTIMATION OF RICE STINKBUG, Leptocorisa acuta
(THUNBERG) POPULATION FOR MAKING
MANAGEMENT DECISION

WAL T, SUBIASH CHANDER' AND NAYEEN K alls

ABSTRACT

Tavler™s power fnwe and Twae’s patchiness regression were fitted to
Fice  siinkbug  population counis on o orice coltivar Pasa 8347
Sampling factor {a) and agpregation parameter (B) of Taylor's
power faw for the pooled data of two experiments were found io be
1094 anel 1.5573 respectively while index of hasic contagion (w) and
densily comfagionsness coefficient (1) of hwao’s regression were -
(L7464 and 17690 respectively.  These  parameters  revealed
apgrepated distribution of the pest on the crop. Simple random
sampling plans were formulaied with o precision of 10 and 20%
coefficient of variation (CV) wsing both the methods. Optivni
sample xize was fnversely relared to wean population densitv, The
Taylor's power law vequived more sample size at lower bug densities
aned less sample size ar higher densities than hwao’s regression
method. Popielation estimaies with a precision of 10% CV needed 4
tmes the somple size compared with 209 CV and thus seemed
uneconomical.  Sequentiol  sampding plan was  devised  nsing
paraaneters of Taylor's power lave, economic infury level (2 bugsim”)
el ereor probabilioe (2005:). The maxcimune sample size with the
sequentiol sampling was observed 1o be 12 sample anits. The use of
sequential  sampling  conld  rednce sampling effort appreciably
comperred to simple random sampling.

Keywords; Pest  management, Leplocorisa  acuta,  [wao's
regression, Taylors power law, sequenbial sampling.
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INTRODUCTION

India is the largest producer of rice in the world afier Chinae Tlowever rice
productivity in India is 4.2 tonnes ol paddy per heetare as against 6.1 and 8.3 tonnes in China
and Egypt, respectively  (Siddig, 2000y Concerted  elforts are being made Tor raising
productivity threush cultivation of high yielding varieties or hybrids with concomitant use of
high levels of Tertilizers and ircigation. However, such intensive cullivaiion also agaravides
the problems of various biotic constramts like insccts, disease and weeds, The stimkbmg,
Leplocorisy acula (Thunberg) is one of the major pests, which s widely distributed in India,
Orient and Australia {Acwal & Dhaliweal, 1997,

The pest has been observed o inflict up to 44 per cent vield loss in different vareties
{Rai et al.. 1990; Sugimoto & Nugaliyadde, 1995). The imsecticides have been recommended
against the rice stinkbug in order o prevent high vield losses {Atwal & Dhaliwal, 1997
Verma & Gupta, 20011 Pest management philosophy stresses that the imsceticides should
only be applicd when pest population reaches economic threshold level (ETL). An elTicient
sampling plan i mdispensable for estimating pest density on the crop. The formulation of 4
rehiable sapling plan requires information on the spatial distribution of the pest. Random
sampling has been widely used Tor estimating pest populations in the leld {Dent 1991).
However, random sampling generally proves very Lime conswming as i as decision making
in pest management 1s concerned. On the other hand, sequential sampling has been observed
Ly be very nseful in deciding the need Tor control of pests (Pleters, 19757 Shepard et al., 1955
Chander & Singh 2001y The present study was undertaken considering the economic

inportance and the need for proper sampling procedure of stingbug in rice pest management.

MATERIALS AND METHODS

Two experiments were conducted during the rainy season of 2000 with rice crop
variety Pusa-834 at Indian Agncultural Rescarch Institure, New Delhi The nursery was sown
an 17 June and 30 days old seedlings were transplanted in well puddled field on 18 July 2001
in 200 m x 1.3 m quadrates, The hill to hill and row to row spacing was mantained at 1y cmox
20 e, A quadrate contained 1O rows with 10 hills cach and there were a total of 40 quadrates
in each experiment, The fertilizer N2 Pr K were applied at the rate of 120060040 kafha

The required amount of Pand K and 153 nitrogen were applicd as a basal dose at the
lime ol transplanting, whereas remaining 2/3 nitrogen was applied in two equal doses a
maximum fillecing stage (35 days afler transplanting) and ot flowering (55 days abler
transplanting, The N, Pand K were applied in the form of urea, smgzle super phosphate and
muriale of polash, respectively. The crop was irrigated regularly to ensure sufficient
availability of water, The weeds were removed manually, Nooinsecticides were applied
Lo the crop,
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The population counts of stinkbug, L. aenfa were recorded at S-day nterval in 40
quadrates alter flowering of the crop until the population became very low. In cich quidrate
the population of nymphes and aelults was recorded in 10 consecutive hills in the midelle of the
quadrate. The populabion counts so obtained were multiplied by three in order o have
population counts on L m2 basis beeanse with the adopted spacing in the experiment, | x 1
n plist contained about 30 hills. {Ruesink & Kogan, 1982},

Pooled counts of aymphs and adulis were arcangzed inoa discrete frequency
distribution and population mean (X) anel variance (5 were determined. Taylor's power L
(Taylor, 19617 and Twan’s regression method (lwan, 19681 were fitled to stinkbug population
mean and variance data. For fitting Taylor’s power law to the stinkbug counts, Lthe varianee
amel mean values of cach observation were pransformed by logarithms, The log S* was
regressed upon log X o estimale sampling [actor (a} and agaregation parameter (b in each
cxperiment as well as Tor pooled data of two cxperiments. The b= 1 shows an aggregated
distribution, b=1, random and bl regular distribution,

To fil lwao's regression method mean crowding (X#) was regressed upon mean ( X)
population and index of basic contagion (01} and density contagiousness cocificient ([} were
determmmed for cach experiment as well as [or the poaled dati of two experiments. The values
of =l represent aggregated distribution, f=1 random  distribution and [lzl regulbar
distribuorion.

Simple random sampling plans lor rice stinkhug

The optimum sample size lor simple random sampling was computed from the
farmula n= STHCVYF X7 (Karandinos, 1970) where, ¥ = mean density of the bug, 52 =
variance of the bug population and CV is coellicient of variation taken as the precision
criteria. The value of CV used was 10 and 20 per cent. The variance (57} in above formula
was substituted by 87=aXD for Taylor's power law and § = (e 4 DX + (P 11X for lwao's
regression method (Ekbom, 1925y, The 2 and b and 2 and [3 values oblained from the pooled

dati were nsed.
Precision of population estimates

The precision level (CV9%) for population estimates with a fized number of sample
nnils was worked oul based on the following formula.

oy |

OV = S5 v

Where. § = standard deviation of the sample, X = mean population, and n= number of
sample units in the sample.
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size of 40 sample units throughout the crop season and therefore n=40 was used.

Sequential sampling plans for the rice stinkbug

Sequential sampling plans were formulated using Taylor’s power law parameters for
stinkbug By substituting the variance as expressed by Taylor's power law, the decision lines
for sequential sampling are expressed as:

d = nmo = 1 ¥n(amob) (Ekbom, 1985)

such that

dl = nmo + t vn{amob) Upper decision ling

di = nmo - t vn{amob) Lovwer decision line
Where,
di) = Lower limit of the confidence intzrval for the cumulative number of rice bugs

collected (treatment not required)

d1 = Upper limit of the confidence interval for the cumulative number of rice bugs
collected (treatment required)

i Mumber of sample units observed

mi = Economic injury level of the stink bug

t= Student’s ‘U test at 20 per cent probability level (1.28)

a & b = Parameters of Taylors power law

The economic injury level of the stinkbug on rice was used as 2 bugs per m2
(Dhaliwal & Arora, 2001), The values of aggregation parameter {(b) and sampling parameter
{a) for the pooled data 1.e. 1.5573 and 1.1094 respectively were applied. The tolerable level of
error was kept as 20 perc ent,

The maximum aumber of sample units (nmax) in sequential sampling was worked out
as follows:

nmax = 12 * {amob)p2

Where, ‘" is the value of normal deviate and p = t*SE. A standard error (SE) equal to
25 per cent of mean was deemed as acceptable (Southwooed and Henderson, 2000) and for 20

per cent probability level, the value of *t" used was1 28,
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RESULTS AND DISCUSSION

The parameters of Taylors power livw vz, sampling factor (o) and aggregation
parameter were found 10 be 11429 and 15048 respectively in first experiment and 1,1542
wil 14168 respectively in second experiment (Fig 1o & B The o and b values for the pooled
data were found o be 1094 and 15573 respectively (Fig. | ¢l The Taylor’ power law
provided a good it to the stinkbug counts as coefficient ol determination (R} was very high.
The aggregation parameter grealer than 1.0 revealed ageregated nature of the distribution of
the pest on the crop. The Tavlor's power relationship for rice stinkbug based on a and b
values for the pooled data could be expressed as Tollows:

S2 = 1.1004 X1.5573

Southwood  and Henderson (20007 opined that aggreganon  parameter () 18
considered constant for a species while “a™ is related 1o cnvironment, sampling procedure and
sample unit employed. However there has been considerable controversy on this over Lhe

years (Taylor, 1984: Trumble et al., 1989},

Farameters of Iwao’s regression e index of basic contagion (@) and densily
contagiousness coefficient (5 were found 1o be (L8419 and 18404 respectively in [irst
experiment and —0.6406 and 16861 respectively in the second experiment while their values
for the pooled data were - 0.7464 and 1.7691 respectively (Fig, 2 a, b & ). The model
provided good (0o the stinkbug mean crowding and mean dala, 4 R* values were very high.
The negative value of index of basic contagion indicated repulsive wendency among the bugs
and 1t also showed that the unit of spatial distribution of the pest on the crop was a single bug.
The walue of density contagiousness coellicient greater than 10 revealed aggresated
distoibution of the pest on the crop. Based on & and [ values Tor the pooled data, the equation
for estimation of population variance. 52 = (e + 13 X + (f =13 X2 could be expressed as
Follows:

The equations based on Taylor's power law parpmeters and Twoao’s regression
parameters can be used for predicting variance 10 mean population density of the bug s
known, Several workers have used the Taylor’s power law and the Twao’s regression method
to investigate spatial distribution of rice pests (Wada & Kabasaki, 1985 Foster et al., 198Y;

Chander & Simgh, 2001},
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Formulation of sampling plans with simple random sampling

The optimum sample size al varous pest densities over the lwo expenments ranged
from 70-189 and 11-47 with a precision of 10 and 20 per cent CV, respectively with Taylor's
power law, while with Iwue’'s regression method it varied from 84-156 and 21-39 sample
units with  precision of 10 and 20 per cent OV, respectively (Table 1), The optimum sample
size with a precision of 10 per cent CV was thus found to be about tour times more than the
20 per cent CV with both the methods. The sample size with 10 per cent CV. therefore
seemed extremely large. The optimum sample size was inversely related to the stinkbug
population density

Table 1, Optimum sample size and precision of sample estimates of Leprocorisa acita
infesting rice Pusa-834 during rainy season 2001

Crop age Population Sample size with Tavlor's Sample size with [ Precision

AT mean and prwer law {07464, [CV ol
wvariance® {a= 1094, h=1.3373) f= L7691) Sample
estimale

TR D 205 CV 1% O 20% CV

Experiment 1

izl 0.9 (1.015) 120} 30 15 26 0.1

0 14 (1.579) b 23 a5 23 T E
T 20 (2692 g 21 g9 2% 013
75 305974 T 17 55 2 017
0 1.2 (1,333) [0S 26 us 24 0.6
&3 L& (L850 KT g1 23 012
) 045 (0.408) %) 41 123 33 {.22

Lixperiment 2

) (87 (1056} I 1y 29 103 20 017
(3 1.501.538) () 24 04 23 013
T 1.95(2.767) B 2} Gk 22 013
5 L e B T3 15 nd 2 016
Hi 15501741 a4 23 93 23 0.13
B3 LOS (1.279) 112 28 10l 25 047
el 032400277 130 47 136 30 .24

* mean populanon'm” and variance] in parenthesesy based on 40 sample unit
K¢ OV= goefficient of varation #** IRM-Iwao's regression * DAT-Days after transplanting
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The Tayloe™s power law required more sample size at lower densities and less sample
size al higher densities than Iwao's regression (Table 130 This bappened  because 11
overestimated the variance af low bug densities and underestimated i at higher densities as
coanpared 1o wae's method, The Taylor's power law thus showed more sensitivity for sumple
stee 10 relation o varions pest densities. For this reason, it was preferred over Davao’s method
lor formulating sequential swmpling plans Tor the stinkbog in present study.

Precision of sample estimates

The precision of sample estimates muost be known before these can beoused in
meaningful way for different applications. The precision achieved in the stinkbug estimates
with 40 sample units ranged from 0.13-0.24 at different bug densitics. The higher CV value
meant lower precision and vice-versi, With a sample size of 40 sample units, the stinkbag
population could never be estimated with a precision of 10 pere ent OV, On the other hand,
the sumple size of 40 sample was sufficient (o cstimate the bug popalation with a precision of
either 25 per cenl or even less OV,

Tiylor et al, {1988) suggested that for Titing Tavlor's power law, mean and variance
vilues should be based onoal least 40 sample units. The range of population used for fitting
the power law must cover the critical density and densities, which might occur in
management practice. Kamai and Dyck (1994) observed a sample size of 40 sample unils 1o
be adequate for estimating one or more Sogatella furcifera per bill, Likewise Kamal e al.
(1995) found that a sample size of 35-40 sample units was sulTicient Tor sampling of rice
hispi, brown plant hopper, green leafhopper and some predators when the mean density was
at least gne per hill ar more.

The population cstimates of the stinkbug with 40 sample units were not accurate
encugh Tor applications such as life able studics, where a precision of 10 per cent OV i3
required. However, these were suitable for decision making with regard to pest management,
where o precision of 25 per cent OV s deemed sufficient (Southwood, [1978).

Formulation of sequential sampling plans for the rice stinkbug
The decision lines of the sequential sampling were found (o be as follows:

di)=2n-2.312%n

dl =2n+231294n
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The above two equations can be used to determine the upper and lower limits ol bog
population Tor a number of sample units (Table 2, Fig. 3). These decision lines can be used o
decision making with respect o adoption of control measures against the pest. For example, if
after inspecting 3 sample units (3 quadraies), the bug population 1s lemanndl tor b less than 5.0,
then application of control measure 15 not o be recommended. On the other band i the bug
population is ehserved to be 15 or more. then application of control measure s o be
recommended against the bug. However, if population is found o be between 5.0 and 15, then
decision will be arrived al after inspecting next sample unit.

In the event of continuous indecisiveness, the sampling has 1o be continued undil
maximum reqnired number of sample units has been examined. The maximum number of
sumple with sequential sampling was Tound to be 12, 1F decision is nob arrived at even alier
inspecting the maximum sample size, then sampling should be stopped and be carried out
aller waiting for a few days (Ekbom, 1983}

In sequential sampling at lowe ar high pest densities decision could be arrived at with
fewer sample units, where as at medium pest densities, comparitively more sample units were
needed, A meaningful cumulative bug population count under lower decision line was
obtained only after inspecting three sample units (Table M. Therefore, under very low bug

incidence on rice, a2 minimum sample size of three sample units was found 1o be necessary.

The sequential sampling plan for the rice bug was compared with the simple random
sumpling. [n sequential sampling, the minimum necessary sample sire required 1o detect very
low population was observed o be 3 while maxinum sample size was Tound o he 12 sample
units, On the ather hand, the optimum sample size with simple random sampling ranged from
| 7-47 and 21-39 with 20 pere ent CV with Taylor's power law and Twao’s regression met lod
(Table 1, Fig. 3. The minimum swmple size with simple random sampling was thus more

than the maximum sample size with sequential sampling.

Therelore, appreciable reduction in sampling effort could be achieved with sequential
sumpling in comparison o simple random sumpling. Picters (19787 opined that sequential
sumpling would  attain significance with adoption of sophisticated  pest management
programmes as decision making and cost reduction are vital in pest management.
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Table 2. Sequential sampling table for treatment decisions against rice stinkbug,

Leptocorisa acuta

Sample unit number
N

Lower [_Il-.visifm line
dy =20-2.3129 {my"*
3
7
24
34
48
0.3
79
44
1.1
|27
14.3
[ &y

Cumulative number of stinkbugs

Lpper decision line
DO=2n+2.3129 (n)""
4.3
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CONCLUSION

In simple random sampling the optimum sample size was inversely related o
population density, The optinum sample size with a precision of 10% C W owas observed o be
very high and thus cost prohibitive. Sequential sampling based on spatial distnbution and
ceonomic theeshold level of the stinkbug could reduce the sampling effort appreciably as
compared 1o simple random sampling. The sequential sampling would help o avoid
uwarranted  pesticide application  therchy comserving natural enemies of the pest and
reducing environmental conlamination.
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EVALUATION OF DIFFERENT CULTIVARS OFF BIER
(Zizyphus mauritiana Lamic) UNDER SEMI-ARID CONDITIONS

GioLar ' BLS Diiara” ANn O, 8, Pagiig”

ABSTRACT

Fowr culiivars of Ber vizy Umran, Gola, Kaithdi and Chonme-local
pron successiilly wnder semi-aricd condifionns were evedicted with
respect fo their vegetodive preveth, wield and froie qualice. Resules
vevealed that inter-varietal differences were Mighty sipnificant for all
the peranteters, Coltfvar Kaithli anained  maximom plant heiahi
(420 ). The Treaviest frait wedely (1777 20 TSN (20 05%:) and pulp
stewre ratio (14 32) was recorded in Unrrain whereas st stens
airth (74,7 3em) way neticed v enltivar Chon Tocel. Cultiver Gala
exfiifited maximann canopy spread (54,36 it and vield (8162
Ledolant) with strong frodt acidivy (D300 ) Gala Is earliost 1o
mattve (1 week of Jan) and Uniran is late seazon (4" week axf
February) cultivar, Kaithli and Choma local are wid-season (3% and
4 weelk of Jangaev) coltivars. In o view of vield and froit quali,
conmtercial cultivadion of Ber colifvors Golo, Dorran and Kaithii fin

descending ovder) are recommended for the semi-arid conditions.

Kevwords: Ber, Zicvphos sreeeitfoone Parel Cullivars, Semi-arid
conditions, Vegetulive srowth.

[INTRODIL

ON

Vitamin packed Ber (Zizvpdies manritiana Tamk.) is popularly known as the apple of
desert in India and nearly 220000 bectares area is used Tor cultivating Ber, mostly in north
Incian plaing, central India and peninsular India (Chadha, 19900, Arid and semi-arid regions

b oSk Seientist (Hostieuliure), Central Arid Zong Besearch Institute, Regional Reacarch Station, Pali, Rajasthan-

a0, Telia
All Indian Cocordinate Research Project on Arid Zone Frois Department of Hortiewlwre, SEN Colleoe of
Agriculivre (Rajstlan Agviculieral Ehaiversity ], Jobnee- 304329, Wajastban, Tndia.
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are spread over nearly 12 per cent of the total land surface of this country, Out of which 61
per cent 1s Iving only in Rajasthan (Pareck & Nath, 1996). Ber cultivation in arid and semi-
aridd region of Rajasthan has gained popularity during past 10-12 vears with the introduction
of vartous cultivars grown Lin the sub-tropical plains of north India and also due to
successfully grown in adverse soil and climane conditions without proper care and
management {Pareek & Sharma, 1993).

Various cultivars, which have given beter performance on one locality. may not
necessarily bebave inoa similar way under different agro-climatic conditions. Only few
experiments have so far been conducted n the different parts of India to find the suitable
variely for a particularly locality. Considering this in view four cultivars of Ber, which gave
better performance under different localities of the country. were collected and studied to find
the potentiality in terms ol growth vield and quality in this reaion.

MATERIALS AND METHODS

With the objectives 1o assess the relative performance, four cultivars viz., Umran,
Gola, Kaithh and Chomu lacal were budded on Zyvziphus rotundifolic root stocks (planted in
July, 1985} at experimental farm of All India Co-ordinated Research Project on Arid Fruits,
5. KN, College of Agricullure, Jobner (Rajasthan) in July, 1986.

After 4 vears, bearing was started. The observations were recorded during 1997-98,
9958-99 and 1999-2000 [or this study. The cultural practices were maintained uniformly in all
cultivars. The pruning up to 6" secondary was done in the 3 week of April every vear. About
20 kg of well rotten farmyard manure was applied per plant, 400 g nitrogen, 400 g
phosphorus and 100 g potassium were also applied in the form of urea, single super phosphate
and muriate of potash. Full dose of phosphorus and potassium and half dose of nitrogen were
applied in the month of June and remaining half dose of nitrogen was applied in Seplember
and November in two split doses, Plants were irmigated just after application of manures and
lertilizers.

Althe ime of harvesting, stem girth (15 em above the ground level), plant heizght and
plant spread were recorded. Five pickings were done and total yield was recorded
accordingly. A random sample of 300 g fruits at colour twrning stage was collected from each

replication for physico-chemical studies, For physical parameters weight of fruit {2y and
pulp/stone ratio were recorded. Similarly for chemical parameters TSS and ucidity were

recorded

The TSS was measured with the help of *Zeiss™ hand relractometer. Titrable acidity in
lerms of total orgame acids was determined by diluting the known quantity of juice and
titrating the same against N/1O Sodium hydroxide solulion using phenalphthalein as an
indicator (Ranganna, 1977). The trial was laid out in randomized block design with six
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replication having a plant unil of fve trees per replication. Data of all the three years were
pooled and statistically analyzed according to the methods suggested by Panse and Sukhatme
(19857 using PC Excels soltware,

RESULTS AND DISCUSS10N
Vepetative growlh

The inter-varietal differences with respect 1o vegetative growth were significant
{Tablel). Data revealed thal maximum plant height (429 m) was attained by cultivar Kaithli
and minimum (297 m} by Chomu local, the maximum plant spread (54,36 mz} was attained
by Gola and minimum (3348 m*} by Umran. The maximum stem gicth (7173 cm) was
recorded in Chomu Tocal as compared o minimum {6144 cm) in Umran, Thus the plani
height of Kaithli was 44.44 per cent more than Chomu local, the plant spread of Gola was
6236 per cent more than Umran ad the stem ginth of Chomu local was 16,75 per cenl more
than Umran.

Physical parameters
Fruoit weighl
I was obvious from the data (Table 17 that the fruit weight of different cultivars

differed significantly, The fruit weight ranged from the fowest of 1131 g in cultivar Chomu
lacal to the highest of 17,77 2 in cultvar Umran.

Pulp/stone ralio

The data (Table 1) show that the inter-varietal differences with respect o pulpdstone
ratio were significant, The pulp stone ratio ranged [rom the fowest of 875 in the fruits of
cultivar Goal o the highest of 14.32 in the fruits of cultivar Umran. These findings arc with
the close conformily of the results of Parcek and Sharma (1993).

Chemical parameters
Total Soluble Solids (TSS)

The TSS content in the juice of different cultivars differed significantly (Table-1} and
ranged from 15,32 per cent in the fruits of cultivar Chomu local to 21,15 per cent in the fruits

of cultivar Umran. Hence cultivar Umran produced the sweetest fruits with the maximum
Lol soluble solids.
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Acidity

[ 3 apparent from the data presented in Table 1 that the total organic acid (as citric
acic content of dillerent cultivars differed significantly and ranged Trom 00118 per cent in the
fruits of cultivar Umran 1o 0302 per cent in the fruits of coltivar Gola, Hence cultivar Gola
produced the most sour fruits with maximum acidity. Similar results were also reporied by
Lal et al. (2002) in pomegranale.

Yield

It is revealed from the data (Table 1) that inter-varictal differences with respect 1o
yield were highly significant. Cultivar Gala s the highest yielder (81.62 kg/plant) followed by
Kaithli (5795 kg/plant) and Umran (4738 kg/plant) however, the lowest yield (32,13
ke/plant] was recorded in eultivar Chomu local, Hence, the vield of cultivar Gola | (ENTRLAR
Faithln (80.36%) and Umran (47 46% was more than the yicll of Chomu local. These resulls
are inagreement with the findings of Pareek and Nath {19967,

Table L. Growth, yield and quality parameters of different cultivars of Ber

Culiivars Flani Plant Sterm FFruii Pulp TS5 Acidity Yield
Height  spread  givth weight  stone (%) (5} {kg/plant)
(1) {m?) {em) {2 ralin

Ulmian 3 348 ol.dd 1777 14.32 2115 s 47,38
Gl 356 540360 FOLES LG 2Y5 0 |oEY D.30H Bl62
aithli 4,249 3585 LEER VT Lo T80 t.130 3795
o Jocal 297 113 TLTE 113 [0.27 1532 (ENEY 323
Skt 0.7 L7 [.o1 .56 My 37 0.0024 298
Ch iP=0.035) 0,20 .80 e 1.3 16 .05 (L0067 - Hodd

These differences in the vegetative growth, vield and physico-chemical characteristics
of the fruits might be mainly due 1o genotypic variation of the cullivars (Mahajan & Dhillon,
20000, though the agro-climatic condition could not be overlooked, Wide Variation in
dilferent cultivars of Ber was also recorded by Pareck and Nath {19960 and of pomeeranie
by Lal et al, (2002,

O the basis of yield, physico-chemical characteristics of [ruits and ripening period,
Gola fearlyl, Umran (late) and Kaithli {mid scasom) cullivirs of Bere in descending order are
recommended for conmercial cultivation in the semj-ard areas of i,
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EVALUATION OF Pseudomonas fluorescens STRAINS
ISOLATED FROM COTTON RHIZOSPHERE
AGAINST Rotylenchulus reniformis

1o Javakisar’, 5 Ramauisiman® ass Gl Raleniran

ABSTRACT

Peewdlomonas  fluorescens  straing isolated  from coton
rliiizosphere  and  strain of  PFS were evaluated for o the
nianagement  of  reniform nemodode e cotton. Significant
rechuction in soil and root popitation of K reniformis and
stbsegrent inerease in cotton ploet growill cllaracteristics were
aberved i P fluorescens treated plants,  Steain PED effected
picvinann popeddion reduetion of nemarode 1o the extent of 704
Sedn ovoer gnd 4408 % i voifs, I owas followed by isolates viz,
PRSP PETH and PFCO3 which were at par with each other in
reducinng renfform nemetode popadlation in soil and roots of
CE oL,

Kevwords : Pseudomoncs fluorescens, Rotvlenchudns
reniformiy, Cotton,

INTRODUCTION

Warld wide, the reniform nemalode, Roivfenchuluvs reniformis 15 a serious hottle-
neck for cotton production, 11 causes delaved maturity, stunting growth, reduction in boll size
resulting in vield loss 1o the extent of [0 to 15 % in India  (Palamsamy Balasubramanian,
19831 Chemical nematicides are used in large scale tor controlling the nematode menace but
Ltheir indiseriminate use causes serious environmental problems by polluting ground water and
leaving chemical residues in soil. Besides, the chemicals are costly. Fluorescent Pseudomonis
15 a potential and most promising plant growth promoting rhizobacteria involved in the bio-
control of phyto-nematodes (Oostendrop Sikora, 1989). Hence attempts were made 1o isolale
native strains of Preadomonas  straing from cotton rhizosphere from major cotlon growing

" Department of Nematology, Tamil Madu Agricaltural University, Coimbatore-3, India
- Seientist, CTRI Bescarch Station, Hunsoe - 571005, Karnataka, India

{Paper vecedved on T2 0020002 |
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1l MNadu., The isolates viz., PFCOL, PEFCO2, PFCO3, PFSFPL, PESP2, PEFRP.
PFTH. PFER. PFPER. PFTBN from cotton rhizosphere and PFI steain were evaluated for £,
rerdformiy management in coltorn.

arcas of Ta

MATERIALS AND METHODS

Sonl samples from cotton rhizosphere were collected from ditferent cotion growing
areas of Tamil Nadu, One-gram representative soil from cach logation was transferred w10
ml sterile distilled water. The antagonist bacterial population in the suspension was iselated
atter shaking by serial dilution plate technique. From the dilution of 107 and 107, one ml
aligquot was pipetted out o sterile petridishes containing King's B medium and incubated at
room temperatere for 24 hre Colomes formed were viewed under UY light at 366 nm for

wlentificarion of P. flucrescess.

King's B broth was prepared without addioon of agar and a loopful of the above
tsolates were moculated aseptically 1o the broth in BErlenmeyer Masks and allowed o muliiply
in i rotary shaker for 48 hr at room temperature. The cultures were centrifuged at 6000 rpm
tor [0 minutes and bacterial cells wers resuspended in phosphale bulfer and concentration
adjusted 10 6 % 107 ¢fufml and used as bactenzl inoculum for screening against £, reniformis
in cotton.

Surface sterilized cotton seeds ov, MOU 5 were treated with 7. fleorescens isolates @
10 ml of moculum and steamn PEL o tile based formulation @& 10 gfke seeds. Two per cent
carboxyl methyvl cellulose was mixed in case of P fluorescens isolutes wilh the inoculum as
sticky agent. Treated seeds incubated for 24 browere sown & Tive per pot and at [0 days after
sowing (DASL plants were thinned to one per pot. Untreated seeds served as control. At 15
DAL, B reniformis was inoculated @ two per gram of soil.

AL 90 DAS, plunts were removed with rools mtact and cotton plant growth
characteristics. final nematade population in soil and roots were recorded.

RESULTS AND DISCUSSION

Varving degree of antagonistic potential agamst R reniformis  was exinbited by
different . luorescens isolates from cotton rhizesphere.

Strain PFI registered maximum increase in plant height o the tone of 433, 36,1 and
[4.39 percent al 45, 60 and 90 DAS rospectively over untreated contral. Other plant growth
parameters like root weight, root length and shoot weight were also significantly improved in
plants treated  wath dsolatesistrain of P Juorescens,  Similar mcreased  plant growth
parameters in P fluorescens treated plants were reported by various investigators in crops
such s potate (Burr er af., 1978), citrus fn

s (Gardner ef e, 1984) and tomato (Gamliel
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Boatan, 19911 Such increase in plant growth may be due o production ol gibberellins,
evlokimm and TAA by growth peomoting rhizosphere bacleria as reported by Litshits e ol
LT

Among eleven isolates tested, PEL PFSPL and PFITH were found promizing in
reducing the reniform nematode population meeotion (Table L) Strain PEL effected maximum
reduction in root and soil nematode population o the level of 7004 and 448 % respectively
and sigmlicantly differed from other isolates, which were at par with cach other in reducing
nematode populations. Zavelta-Mejia and Vun Guady (1982) also reported  simidar
antingomstic potenial of various straing of & Jeorescens against Melaidogne (neaenita m
ermater, Mlisaghi e el (19820 hadd atribuied production of antibiotes and iron chelaling
agents {(Siderophores) (o such suppression of plant pathogens. Costendorp and Sikora (1990}
reported thal the mechanizsm responsible for soch redocton in oematode population may be
related 1o the ability of the bacterium 1o envelop or bind lecting in the oot surface which

therehy inlerTeres with normal host recognition by nematodes,

Table 1. Bio-elficacy of P. flaorescens strains isolated from cotton rhizosphere against K.
reniformis in cotton () IXAS)

Treatment Plant  Shoot Koo oot No.of  No.of female

¢ i 10l height  weight length weight lemal nemalaede!

Pl sead) () (g (e (F1]]) nenuatode 200 1l so1l

= ’ ool (2}

PEL e Sk ol seed 761 347 ElVRE 1.21 .} 4423
FETH 712 4.4 [8.7 eIy .6 3803
PEPRIR (£ 445 LG5 Bt 7.3 L0
FFTBMN 70 40 5.1 .24 E1] AS6E.3
PFCO3 T 40,2 5.2 2 12:3 SILER Y
PERP SRR 414 167 .80 L6 HY2.:
PI5P2 02, 3 441 17.4 501 145 Q1800
PO 6% 4 417 1.6 573 150 TXL3
PFER T2 427 174} a0 133 GRd,na
PECO2 ol | 443 173 592 140 febi 3
PSP T8 a00.2 194 .8 [0 Ail3
Cuntrol e 393 6.2 A4l 23 HO20

1 5% 3449 352 0.7l (15 28N

=l
i

KRR iL
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INDUCTION OF OESTRUS AND FERTILITY IN
FRIESWAL HEIFERS

ALK MATHUR', 5. Srivastava Ann s, Trac!

ABSTRACT

Fourtv-twe Frieswal heifers (Hotstein Friesian x Sahiwal) showing
coestrns were randontty divided inte fonr groups (0V) Heifers of
aronp [ owere fed Norvestrel of the rate of 1.2 mg combined with
Ethinvlestradiod 002 mg per animeal per day for 6 davs. Animeals of
pronp 1 owere administered GoRH 0.02 arg single infection. Gronp
I cmimals were piven two injections of vitemin A af a dose of @ 6
fae fanimal aif weekly interval along with five alternate dav
injection of Tenophosphan at a dose of @ 2.0 glaninal where as,
animals of growp IV were kept as controls. Induction aof pestruy was
abserved in 66,7, 800 and 80 percent heifers ar an average interval
af 237194 and 102 davs post treatment o group 11 and 1,
respectivelv. b control gronp only 200 animals exhibited oestrus
after 47.5 davs. Animals from all the three treated groups took
vigrificantiy {p=0.01) lesser time o exhibit oesirus as compared to
contrels. However, heifers fron group 10 ook sienificanitdy leas
time {102 days sieaificance level) (o exhiihit oestrus after treatment.
The conception rate was also figher (J00%) i this groap as
compared to others, Higher response vesulted into growp Hi may be
attributed jo the sub optimal level of these nutrients available to
these animals at farm, These reselts idicate that oestrus aray be
indieed in heifers by oany of the three treaiments  schedule
siccessfuliv, However, aval feeding of combined progesterone and
aesirogen entersed as most econmnical and convendient way for the
treatment of vnoestons i helfers,

Keywords: Frieswal heifers, [ertility, anoestrus.

' Embryo Tramster Laboratory, Project Divectorate on Catele, PO Bos- 17, Grass Farm Read, Meeral, LR, India

(Papeer reeeived on 6.0, 200
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INTRODUCTION

Delaved sexual maturily and prolonged ancestrus resulting in low Tertility are the
most Frusteating, problem in crossbred cattle and buffaloes. This condition oceurs due 1o
temporary suppression of optimum endocrine secretion needed (o activate the folliculogenesis
and cvulation. The deficiency ol certuin minerals, vitaming and gonadotroping may aggravale
the condition, Oestrus may be induced in cyelic animals employing progesterone (Kordes et
al, 1974 Wilthank & Spitzer, 1975 Willemse o al, [952), progesterone with oestrogen
{Foote & Hunter, 1964 Britt et. al, 1974; Shanker et al 1996}, GnRH (FPernandes et al, 1978,
Maver & Rippel, 1972) and by administering essential minerals and vitamins (Swensson el
al, 19881 1 has been observed that at farm in spite of better health, optimom body weight and
age for attainment of sexual maturity a large number of heifers remains anoestrus for more
than 20 months of age. Accordingly, this experiment was conducted to know the eflicacy of
vanrious treatments on anoestrus Fricswal heifers.

MATERIALS AND METHODS

Frieswal heifers (Holstein Fricsion ® Sahiweal) maintained at Military Farm, Meerot
wnder same management and feeding practices were laken Tor the experimentation. All the
heifers were examined per rectum twice at an interval of 11 duays to know the stats of genital
organs, Fourty-two animals showing true anoestrus (smooth and inactive ovaries) were
divided into Tour groups.

Group 1 Twelve heilfers with mean age 200832186 month and body weight
334 15+ 554 ke were Fed Norgestrel @ 1.2 mg and Ethinylestradiol 0012
myg per day for 6 days

Group IL Ten animals with mean age 2462147 months and body  weight
071001 ke were administered with GnRH single injection of (102
.

Group I Ten animals with mean age 2754057 months and body weight 24100+
562 ke were  administered  wilth  lwo  injections  of  vitamin-A
{Glaxosmithkline} 6 lac LU, per animal at weekly interval along with five
injections of Tonophosphan (Intervel @ 2.0 ¢ per anmal w0 alternate
davs,

Group IV: Ten animals with mean age 22.2+1.12 months and  boedy  weight
JR.0LR.07 ke were injected with normal saline and were considered as
control.
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All the heifers were regularly observed Tor oestrus alter the treatment ol 12 hour
mterval vsing a vascolomized teaser bull, Animals detected in oestrus were inscmimaled using
lrozen-thawed semen twice (e, morning and in evening). Pregnancy diagnosis was done by
per rectal examination after 60 davs of AL Data was analysed using chai-square test as
mentioned by Snedector and Cochran {1967,

RESULTS AND DISCUSSION

Oestrus response was'observed in 66,7, 80 and 80 por cent heilers at a mean interval
of 237,194 and 12 days post treatment in group 1, 1T and T respectively. Two heilers oul
of 10H20%) exhibited oestrus after 47.5 days i group [V {controly, The oestrus response was
significantly higher (p<0.017 in treated animals of group L1 and 1T as compared 1o control,
Further more, these animals took significantly {p=0.01} lesser time o exhibit oestrus than
contral animals (lable 17,

Progesierone treatment associated with oestrogen had also been used (o induce
cvarian activity in post-partum cows (Foole & Hunter, 19640 Britl ¢ al., 1974 Kumear et. al,
20000, In our sidy treatment with progesterone along with oestrogen had resulted in
exhibition of oestrus in 06.7% and conception in 87.3% anoestrus heifers. These resulis
conlirm the earlier reports of induction of eestrus in heifers using combined progesierone aned
oestrogen therapy, (Gonzaliz-Pudilla et al, 1975, Faure et al., 1981 Dantre ¢t al., 1998;
Srivastava eloal, 994,

Perusal of available literature did not cevealed any reporl of oral Teeding of
combination ol progesterone and oestrogen in heifers. However there are reports of oral
feeding of progesterone along with injection of ocstrogen o induce oestrus (Shanker et al.,
9960 Pant & Gupta 19963, Mehta & Mehta (1999 had also reported early revival of oestrus
i post-partum cows treated with PRID and oestradiol. Our results indicate that oral feeding
of Norgesteel in combination with Ethiylestradiol s very effective,  convenient  and
comparatively economical than parentral administration of ether progesterone and oestrozen
[rreraraiions,

Gonadolropin releasing hormone {GnEHMY is known o initale cyvclical ovarian
activity in cattle (Webb et al, 1977, Fernandes et al., 1978; Leslie, 1983; Pattabhiraman et. a1,
1986; Majumdar [98%; Tamuli et al., 2000). In our animals, oestrus response (80%:) and
conception rate {(75%) after GnlRH treatment were significantly higher (p=0.01} than control
antmals (Table 130 These Nndings are in agreement wilh those of Gonzaliz-Padilla et al,
1975 Shams el al., 1991 Sonwane et al, 1995 Dantre of, al, F998; Thakur & Bhatl, 19949 in
crossbreds and Naatival et al, 1997 in buftalo heifers. Tnoour study ocstrus response in GnRH
treated annmals was B0% with conception rate of 75% as compared to heifers in aroup [ where
00.0% animals exhibited oestrus with o conceplhion rat of 87.3%, These observations also
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comfirm the report of precise and higher conception rate by oestrogen and progesterone
combination thuen GnRH treated crossbred heigers by Thakur & Bhatt (1999,

The respense of administration of phosphorus and vitamin A on the induction of
vestrus and conceplion is given in lable - L It indicate that 80% heifers exhibited oestrus after
10.25 day of treatment. Further, the animals of this group showed significantly (p<0.01)
quicker response in exhibition of ocstrus and hi igher conception rates as compared 1o other
bwo lreatment groups. It has been reported that phosphorus is the mineral most frequently
associated with reproductive abnormalities in carle, and is deticiency induces delaved onset
of puberty (Gerloft Morrow, 1986), lowered conception rate, irregular oestrus and depressed
fertility in cows (Maynard et. al, 197%:; Morrow, 19%0).

Salisbury and Vandanmark (1961) had observed that mest prevalent deficiency
atfecting reproduction was lack of phosphorus. Lower levels of phosphorus in anoesirus
condition as compared to normal cycling animals had reported by Ali et. al, (1991) had also
pointed that low phosphorus level in serum wis responsible for mfertility in buffaloes, Hurley
and Done (1989 had also reported that involvernent of phosphorus in phospholipid and
cAMP synthesis may be a key 1o its effect on reproduction.

Vitamin A s extremely important for good health and reproduction eapcciuli;-‘ in
young replacements (Guthric West, 1994). Gerloft and Mormow (1986) reported that onset of
puberty in females may be delayed due to deficiency of vitamin A, further this dt‘tm:m ¥ may
also develop in animals fed all corn silage. Vitamin A and phasphorus plays a vital role (o
over come the problem of ancestrus, sub oestrus and delaved sexual matur ity in cattle (Blood
cl. al, 1959). In an effort to induce oestrus in crosshred heifers under field conditions Dutta
and Misra et al. (2001) reported thal most of the cases responded to the administraton of
vitamin A & phosphorus.

Our study indicates that oestrus may be initiated with acceplable fertility in Frigswal
heifers by any of the three treatments given, However, higher responsc in group 111 heifers
may be attributed to the administration of required minerals and vitamins al optimum Jevels,
which might have enhanced the tunctioning of genital tract and ovary, The deticiency of
vitamin A in our animals may be due to feeding of corn siluge at the farm. which is known to
cause deficiency of vitamin A in stall fed animals, Although we could not estimate various
hormonal and mineral pmﬁln of the animals, however, the results of present investigation
mnchicated that the availability of vitamin A and ,f::mﬁp]mrun tor these animals were at sub
optimal levels,
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INDUCED TWINING AND BOLL ABNORMALITIES
IN Gossypinm hirsutum L.

] 3 - r )
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ABSTRACT

Asternpts were wrade to induce improved variants o colton thronegh
the treannent with botl physical ond chemical nudagens. Seeds of
the varieties MCU-S and MCU-T1 were treated with (HI-500 Cirey
o pamme Fays as well as 1050 mM aof etlyl methane sulphonaie
aned sodin azide. M plants derived from sceds of selfed My plants
showed many  varfations  including pwin-folls  withont  other
abnormalities and twin-bolls with abnormalities. Frequency of these
variants was higher among the M, population Joflowing ganmia ray
treatments than IIrf).\'f{ from chemical treaimeis, The twin-bolled
Varfeils were ﬁe.f:ef_y fertite and the doubling-tendency without
cbnopnaltities  was  inherited  In subseqguent My My and Ms
generations, However, these varianis exhibited segregation in each
weneration and the twin Bedls with abnormalities were noi inherited
cven in the next seneration (M. The dogbie-bolled variants lave

patential in the development of improved varieties of colton.

Keywords @ Collon seed, Gossypinm  hirsutim L Mulagenic
veatments, Induced mutation, Twin ball.

INTRODUCTION

Induced mutations have successfully been utilized in genetic improvement of many
crops including hoth sexuvally and ascxually propagated species. Induced mulagenesis can
increase frequency of mutations, s al lowing the breeder o seleet uselul mutants within a
relatively shorter period. Many useful mutants have been released Tor commercial cultivation
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across the world (Shatkh, 1981 Shaikh, 1983 Kharkwal, 1998). About 2.232 mutants have
been officially registered in the FAOYTAEA mutant vanetics database (Maluszynski et al.,
20005 Cotton varieties and hybeds are more stable in performance over wide range of
growing conditions but their potential performance is often challenged by aberrant rainfall,
pest and disease mmcidence with inherent deficiencies for one or other fibre characters
{MNargvanan e al, 1984 To overcome these problems. mutation breeding was axpected 1o he
effective 1 generating high magnitude of variability for these characters, so that elite lines
which are resistant 1o biotic and abiotic stresses, high yielding with improved fibre qualities

can be 1solated.

The potentialities of mutation breeding in cotton seem not to have been explored to
the extent as in cereals apparently due to the fact that most of the economically useful
characters in cotton arc under polyveenic control {Bahavandoss & Madhava Menon, 1970) and

the resultant low frequency of induced mutations. Even though some improvements in a few

charucters of cotton have been made. quality and yield need further improvement

(Shamsuzzaman et al, 1997, Thus further work on this plant 15 needed to improve its

existing features, particularly high vield, ginning out turn and oil content of the seed.

The twin boll character of cotton is of economic interest because onge could expeat
almost double the yield if i twrms out 1o be henitable, The present investigation of biological
effects of varous mulagens in cotton, a mutant with twining-tendency was observed in M
genertion. A study was made to determine whether this twining-tendency is heritable. The

results of the twining tendency and twining with boll abnormalitics are reported in this paper.

MATLRIALS AND METHODS

Seeds of MCU 5 and MCU [ varieties of cotton were irraciated with 100, 200, 300,
400 and 300 Gy "'Co samma rays and two other sets of seeds were treated with 10, 20, 30, 40
and 30 mM of ethyl methane sulphonate (EMS) and sodiom peide (5A) for 4 he M, plants
were grown at pre-irrigated field i Bharathedasan Unmiversity, Tiruchirappalli, Indig in 1997
wherzas M-, Mz My and M;s generations were grown in the same feld in 1998, 1999 and 2000
respectively. During the time of flowering the plants were selfed. bolls were harvested
separately and the sceds were collected separately from individual boll. The mutants were
selected in My generation, singe the chuaracters for which they were noted in the M. were

transmmitied through to the My, renerution.
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RESULTS AND DISCUSSION

[n M. several plants showed changes in plant height, number of branch, length ol
beanch. number of nodes, number of bolls, boll weight ete. The number of morphological
virants increased  with inerense o dosefconcent calions of the mutagens. Among  the
morphological variations, twin boll formation in one of the plants was noted. The twin boll
was Tormed from 2 single [ower on one plant (Fig. a, b} following treatment with 100 Gy of
samma rays, The twin boll was formed [rom the nodes of a sympodial branch (Fig 4. ki In
{his mutant, twin bolls developed from bwo separate avaries Tormed within a single flower.

The twin bolls were distinetly heavier and holder than the normatl ones.

The changes in twin boll, boll weight. we eight of seed cowondboll, number of loculedboll,
seedsdlocule, mean number ol sceds, mumber of secds/oll {mature and inmatare] oare
presented in Table 1. All these changes ocewrred in both physical and chemical mutagenic
treatments, but the twin boll mutanls saere obtained Tollowing 100 Gy ol gamma rays
greatments, The frequency of these variants following gumma ray treatments was higher Lthan

chemcal mutagens,

The twining tendency characters were o asily scorahle and were tully lertile. The twin bolly
dilTered Trom one another in respective characters and one ball is large and the other one

sinall iTable 1. The twining tendency characler was inherited in M, My and My generations
exhibiting segregation during every seneration. The plants with twining tendeney showed

distinet variations in boll ¢haracters than normal contrel plant (Table 1.

The twin bolls with abnormalities were abtained in the Ms following 400 and 300 Gy
of gamma rays treatment (Fig c-1h Three types of twin boll with boll abnormalites were
noted in three plants thal showed differences both externally and internally, The twin boll

with abnormalities obscrved n M generation was not inherited in the M, generation,

Chemical mutagens induced morphological changes were observed in Ma geaeration.
The twin boll with resular morphological characlers was inherited in the My oand My
generalions. The twining tendency characlers were inherited and have the segregation in the
subsequent generations, In this mutant with twin holl developed from (wo separate ovaries
formed within a single [ower. One interesting [eature observed in this mutant was that all of
the rematining bolls on the same plant did not have twining tendency (Fig. a).

The present report is the first instance of induced twining in cotion where the bolls

were developed, the functional carpels matured 1o produce sceds within a simgle [levwer which

serminated and produced normal tetraploid plants. Kump (19573) reported herilable nature of
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double spike m winter barley and he assumed that the tait was determined by differemt
genetic factors, Mehta et al. (1961} obtained a double spike chimera in Fa generatiom ol wheat
cross, L7710 PhaC. 591, They suggesied that this character might have arisen through
mutation. The results of the subsequent generations were not published 1o confirm this

ohservation.

Since all the M aberrants resulting from chemical mutagen treatment were fully
fertile, their non-recurrence in the subsequent generations because of the elimination process
was also ruled out. The other possible basis of these non-herituble variants could not
conlirmed in the present study. Reviewing the effects of ionizing radiation on plant grovwth,
Gunckel {1962 indicated that, although the genclic materials of the cells were sensilive (o
radiation damage, both primary and sccondary physiological effects could be responsible Tor
many morphological changes,

Thus, the twining tendency with abnormalitics recorded in the present study scems (o be a
physiological disorder belonging to the class ‘radiomorphs' {Dubinin, L9} induced by a
change in the gene environment rather than a change in the gene itself (Gunckel, 1962). The
phenomenen of radiomorphosis is guite interesting and further investigations into the causal

nature of the mutagen-induced twining tendencies are needed.
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Figl, Twin boll and boll abmormalities i collon

Fig 1. oa b - Twin boll and matured apen bolk: ¢ - b — Twin Eoll with abnormalities and respeiive malured
Bl 1 — Capsule wall of the boll with almormalities
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NORTH CAROLINA DESIGN IT ANALYSIS IN INDIAN
RAPESEED (Brassica campestris 1..)

. DERCHT Saua

ABSTRACT

A composite devived fron ten Dmervarieial Tvbrid  popuelations
involdving toria, yellow sarsent and brown sarsone of Indion rapeseed
{ Brassica campestris Lossp. edeifera (Metzg ) Sinsk) was snbfected to
North Careling design I analvsis. Model IF anclvsis of variance of
252 full-sibh progenies for 17 characters revealed  significant
variation ameng the progenies. Variation for seed and biological
vield, siliguae/plan,  harvest  index and seed weloht was
predominanly non-additive. The developmental characters watmely,
dirvs to flower, maturity and plant height showed privarily additive
peneiie variciion, Botl additive and non-additive genetic Bt fen s
were auporiant for the component of branches and the siligua
characters, AH the claracters excepi seed density exbibited complete
te overdominance gene expression. Maternal effects and repulsion
linkages presumably with epistasis were indicated for most of the
charncters. Sufficient additive genetic vaviation for vield and s
determinants like  branchesiplant,  siliquae  on main shoot and
seedw/siliqna was present for effective selection in the composite

propuelition,

Keywords 1 Rapesced (Brassica campestris 1), Oilsced, North
Carolina design 11 analysis, Genetic variance.

INTRODUCTTON

The oilseed crops Brassicas are the third most important edible oil source alter
sovhean and palm, accounting for over 13.2 per cent of the world’s edible oil supply {Ram &

Singh, 1994} In India, rapeseed and mustard are the second most important oilseed crops

Senior Scientist (Plant Breediog), Begional Agriculiural Rescarch Slation, Assam Agriculiural Universily,
Karimgam|-7HE TH, Assam, India.
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alter sroundnut contributing about 30 per cent ol the total oilseed production (Saksena, 2001,
Hewever, the productivity of these Brassicas in Inelia is Lo as compared 1o the workd average
of 1333 ke per ha (Ganga Rao & Gulati, 2000, Among these mustire (f juncea L. is lhe
most important accounting for more than 75 per cenl of the aren under rapesced and mstard
lollowed by Indian rapeseed (Ram & Smeh, 1994, Indian rapeseed {4, cempesteis) has three
apro-morphologically distinet eculypes numely, brown sarson, yvellow serson and o
(Prakash & Hinata, 19800, Yellow sarson and foria type brown sarsor are aufogamous,

wherens torfa and lotii type brown sarsost are allogamous,

Toria 15 the predominant oilseed crop in Assam and adjoining States. However, the
present plant type of foria with weak and pithy stem, spreading branches, lax siliqua density,
wide siligua angle and non synchronous maturity (Rai, 1983}, 15 not conducive Tor high yield
under optimum agronomic environment. Many desiruble teatures of a high yielding plant type
are scatlered in the three ecolypes of Indian rapesced. Toria has generally high harvest index:
but low biological yield limits economic yield (Bhargava ef af., 19841 Both brown sarson
and yellow sarson are characterised by high biological yield potential and deep root system.
Yellow sarson has erect srowth habit and generally high oil content, Studies have shown that

these desirable traits can be recombined {Bara, 19923,

Genetically diverse forfa X foria and sarson x et crosses exhibil higher Drequency
and magnitucle of heterosis for yield (Barua, 1992) A composite of such hybrid populations
can be developed 1o initiate o populalion mprovement programme. The extent ol genolypc
dillercnces consequent upon recombination through random mating in such composite
population determines the extent of guin Mrom such selection.

The effectiveness of selection in different population improvement methods is based
on the utilization of additive gene effects (Sprague, 1966). Comparable estimates ol genetic
variance components can be made in a composite population using suitable mating desizns.
The diallel maling design has been used more extensively than any other design for genctic
analysis in [ndian rapeseed. Genelic analysis using North Carolina designs ol Comstock and
Robinsen {1948, 1952) are lacking, if not au all, in Indian rapeseed. Line x tester analysis, a
factorial mating design similar (0 North Carolina Design 11 {(NCT3 11} has been vsed o0 a
limited extent in this crop. Model 11 analysis of NCD Il experiment provides estimates of
genetic varance component in a composite population for comparing gains Tromn difterent
methods of selection. In the present study, a composile derived from ten intervarietal hyhrid
populations invelving fve diverse parents of toria, yellow sarson and brown sarson Wis
subjected o NCD 1L analysis for understnding the nature and magnitude of gene action
involved in the inheritance ol yield and its attributes.
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MATERIALS AND METHODS

The composite bise was a Largely random maling population built up by mixing egual

quantity ol Fa seeds of ten intervarictal hybrids derived from one way €rosses involving five

diverse parents namely, “M 27 and 1PT 3030 of toria, "B ol yellow sarson, anel “BSH 7ol

toria type and “Pusy Kalyani® of fomni type brown sarsomn. The intervarietal crosses were made

during winter, [989-90 (Baru. 19927 as per diallel mating design excluding reciprocals. The

composite thus derived was advanced through open pollination and mild phenotypic selection

wptor [y generation. The composite in Py generation wis used for development of NCD L

[progenies.

The investigation was carried ouf at the experimental farm of the Department of Plant

Breeding and Genetics, Assam Aaricullural University, Jorhat during winter season ¢

o 1997

08 i 1998-99. The site was located ot 35746° Morlh latilude and 947167 Bast lomgitude

having an elevation of 86.6 m above the mean sea level. The soils of the experimental site

Belonged o the order Inceptisols and sandy lowm texlure with pH of 4.8, The status of organic

matier and availuble potash was medium, and available nitrogen and phosphate were low.

The crop seuson of 1997938 received the highest rainfall of 84.4 mm followed by 46.0

mm during 1998499, The period of brighl sunshine was less due o overcast sky during

winter, 1997-98. Low evening relative humidity and warm day lemperatire charucterized

bath Lhe crop seasems. Similarly. high morning relative humidity and low night temperatire

also featured the weather.

The base population was raised during winter, 1997-98 in a crossing block of 5 m x

115 m with a row spacing of 30 cm ancl plant spacing of 15 cm, The extent of self-

incompalibility of the population was assessed psing a random sample of PO0 planes t

before flowering. Sell-incompatibility was computed us per Dolol and Bai (1982)

aree

f=l]

Two hundred and fifty two full-sib Progenics wore venerated in the composite

populaton. The full sibs were grouped in 21 sets, and a set was developed in every 5 rows ol

the erossing block. In each set, four plants were used us males and three as females to develop

12 {ull-sibs. 4 paternal half-sib families and 3 maternal balf-sib families. The full-sibs were

cvaluated in a Randomized Complete Block Design with two replications followed by

candomization of the 12 progenies in each of 21 sets. New randomization was fol lowed in

each of the two replications. Progenics were raised in single rows of 2 m long spaced 45 cm

apart. In each row, thining was done 16 keep an approximate spacing of 10 cm between the

plants.
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Fertilizers were applied at the vate of HUN-251:35K kedha along with Borax 10 kb
Trrigation wis done on aeed Basis with manual sponkling of water. Manual weeding and
thinning were done twice during vegetative growth purind,

Malathion 5% dust was applicd one week after oermination 1o protect the scedlings
from sawily larvac. Al later slage of erop growth Rogor 30EC was spraved twice 1o keep
aphid population under contral,

Qeventeen characters were observed for genetic analysis (Table 11 The mudurity
indices were recorded on plot hasis. The remaining 15 characlers were based on o random
sample of five plants. Siliqua characters were recorded on two mature siliquas collected From
the middle portion of the main shool of euch sampled plant, Siliqua density was derived as the
number ol siliquae per unit length of the main shool, Similarly, sced density was worked oul
a5 the number of seeds per unit fength ol the siliqua. Biological vield was recorded on well
dricd sampled plants harvested by cutting at the ground level.

Sratistical analyses were performed on plot mean basis using the sets in replications
arrangement  (Hallaver & Miranda, 19817 of North Caroling design Il (Comstock and
Robinson. 1948, 1952). Analyses ol variance weire based on model 11 considering sels.
replications, males and famales as random effects. The model for one civironment is:

Y-._:kl = W+ rp b s I 4+ |‘_:| + !1]1Ij'k_| 1 Cijr

Balimales ol variance componenls were caleuluted by coualing terms comprising the
expecled mean squares o the corresponding observed mean square andl solving by appropriste
algebraie manipulation (Comstock & Robimson, 1048 allaver & Mivanda, 1981y The
components of genetic varianee were estmated according o the following expectations under
the asswmpiions of no epistasis and no inbreeding (F=0}:

: 1 e . . 2 2. : : ;

g, =G =Cov 8= (1/4) 047, G4 isthe additlye genetic varianee, and

&, = Cov FS — Cov HS,, - Lov HS, = (144} 0. Gpiisthe dominance variance

Assuming a population in linkage equilibrium at p =g = {13 and no epistasis, the

average degree of dominance of the zenes [or a trait wis estinted a3

T W o
. Ll
d=|——=
a7
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Significanee of deviation of  Trom unity (in either direcuon} was (ested by F-test
(Comstock & Robinson, [948). Narrow Sclise heritability was  estimated on plot basis [rom

the genetic componeils of variance values as

'
b
=

e T

L 2 5

jl i

R 1

The additive genetic coefficient of variability for ith character wis estimated as

RESULTS AND DISCUSSION

The composile population possessed a high leve! of self incompatibility (91 %) and a
genetic background of all the three ecotypes of Indian rapesced. To ussess the extent of
senctic variabon m the composite, the model analysis of variance of Marth Carolina design
[ progenies was carried out Tor yield and 16 yield attributing, characters. The analysis
involved the following assumpions i1 the derivalion of expecled mean sqUArcs :1s stated by
Comstock and Robinson (1952) (1) random choice of individual mated for production of
experimental  progenics: (21 random  distibulion of penolypes relative o variation 1n
environment; and (3 absence of non-gemc miaternal effcots,

The lirst assumption was assured by choosing random parents Before Mowering 10 be
used as males and [emales to gencrate the full-sib progenics in the experimental populad L,
Thus, the estimates of components of variance would characlerize the population from which
the parents wers i candom sample (Hallauer & Miranda, 1981). Because 1he analysis of
variance was hased on gingle environment, the mean square due 1o varialion among progenics
{genetic varianee) would contain genotype-environment intcracion variance, which might
result in upwird hias in genetic varinee estimates. The bias due 1o senolype-environment
interaction would, hewever, be less because the full-sib progenies developed [tom random
non-inbred parents of the composite population were venetically helerogenenus consequent
upon random mating and thus endowed with homeostatic device (Allard, 19060). Maternal
olfects confribute only L mean sguare due 1o femalesfsety in design 11 analysis.
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Table 1. Analysis of variance of North Careling design 11 progenies of a composite population of Indian rapeseed

Primar: secondary
branches’  branches
Hlant plant

Total Siliguue’ Main shont
branches! plant length (em
plant

Source of 1f Thays (o [¥ays i PPlant
variation s TE% height
Nowering reatunrity lemy)

ClhTEE B31.Bp* 29240

r—

Replicutions Q)2 1626874

ety 20 40| 3% T4 ToEA LR LT GTEE 24 FaEs 12184, 45%% AR5ONER

0.93 J6lT.44 51.92

Mlalesi My fi3 1174 1650 11577 277
5215

| 22377 F PR Q74T

IH gL

Fermales{Fy 42
sets

Mo F /et

[LE7*% 14260 QL5 1.43% 53285

Pooled ermar 251 7.26 4.39 L ek

] fa7 304 791 20,95 FXAT 2284 2i.dd 1351

Lxperimental OV (

Moun :

Ruange G218 #3-130 2R Lo-10.1 4.3-21.7
0

95-107 92-123 4.1-74 2478 120-276 4267

Males

Dh- 106 4.2-7.7 2994 1324-2491]

Foemales

Caonrribution (51 1o sum of squares dus to oros:

[
[ ]
L2

a4
Z
Ia
-
[ -]

Mules 21

LS )

Fomales 32 :

ol
&N
=]
Ll
Lad
Lh
el
o
I
i
wd
A

1
L
o

|
e
o
Fim
A
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The analysis of variance of NCD 11 progenies for various quantitative characlers is
presented in Table 1L along with mean, ringe and per cent contribution of males, females and
males x lemales sources of variation 1o sum ol squares due 1o progenies. The mean s uares
due 1o sets were highly stgnificant for all the characters. Thus there were significant

thifferences amone the sels indicating clficien sampling of the reference population,

Significant dilTerences among malesfscls were observed for primvary branches/plunt,
stliquac length, seedsfsiliqua and seed density, Thus, significant genctic differcnces cxisi
among the plants chosen as pollen parents with respeet 1o these characters, 55 enificant genetic
differences among the female [rarents were evident Tor all the characters except harvest index,
Except Tor siliqua length the mean squares Tor femalesfsets were larger than for malesisels,
The differences between the two mean squares reflected the vaviability for charmeters among
the parents per ve and suggested stenificant maternal and non-maternal reciprocal influences
on charucter expression (Cockerham, 19630 Presence of signilicant marermal eflects Tar vield
and vield attributes in Indian rapesecd was reported by Singh (1991 and Barua i T4E2,

The range of variation among the full-sib progenies was always greater than their
hall=sib purents. Thus the two groups of parents (males aned females) showed considerable
variability for different sets of characters, and upon random mating fseneraled progenics with
high range of variation for yield and important vield attribules such as siliquaedplant,
biclogical yield and harvest index as a result of recombination, transgression and heterolic
expression with better complementation al genes in the hybrids,

Considerable bi-direetional shifi in ranges of maternal hall=sib means for (ol
branches, mam shoot length, sced density and seed vield / plant also indicated grearcr
diversity of the parents chosen as femules than that of 1he males. The ranges of maternal hall-
st pragenics shified considerably ang umdirectionally Irom 1he paternal half-sib means for
Mant height, secondury branches and siliquagiplunt, Thus the greater mean souwires due 1o
femalesfsets observed for these characiers might thus result from inflation due (o materl

ellects apart Cronm sampling error.

The genetic meode) developed for estimation of genetic variances using North
Carolina designs involves several assumptions in addition o those mentioned carlier,
Comstock and Robinson (1952} madle the [ollowing assumplions in order to derive genetic
mlerpretation of the variance components @ (1 regular diploid behaviour at meinsis; (2)
populition gene Trequencies of ane-half at all loci where there s segregation: (3) no multiple
allelism: (41 no linkage except where cquilibrium between couplimg and repulsion phases

exislsiand (5) no epistasis.
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[neliun rapeseed being o diploid species, the composite population of intervarietal
hybrids would be expected o show cegular diploid mberitance, The conslituent inlervarietal
hyhrids of the composite involved all the three ceotypes in different cross combinations. The
three cootypes of Indian rapeseed ane senetically diverse (Hlinata & Prakash, 1 OR4, Langthasu.
1990y and they are imterfertile-(Hinata & Prakash, 1984, Singhy, 991

The estimates of components of varance and related  parameters for various
claracters in the NCD I analysis of the composile populabion are preseated in Table 2. There
was large differences between the two estimates of additive genetic variance oblained rom
puternal and maternal half-sibs [or all the characters cxcepl seeds/siliqua, the estimates being
smaller in case of paternal hall-sibs. Additive genetic varianee among  paternal half
:ail:-s{ﬁﬂh; was stgnificant for primary branches, siligqua length, sceds) x|l]qu.|. and sevd
densily, whereas wmong maternal halt-sibs significant additive varance f_(}'. " pwas recorded

Far all the characters excepl harvest index.

Neeative additive variances among paternal hall-sibs were observed Tor days Lo
flonwer, secondary branches, total branches, siliquac/plant, siligua density, biological vield,
seed yield and harvest index, All the non- ~signilicant estimares ol additive vanance among
paternal half-sibs were associated wilh large standard errors indicaling negative bias m lhese
estimates. The higher estimates o additive variance among maternal hall=sibs for all the
characters except siliqua length indicated the presence of maternal eflects. The presence of
maternal effects causes inflation in the coviriances of halt-sibs of maternal parents (Mather &
Jinks. 19873 Nevertheless, among the signilicant estimates, maternal ellects were loss
proneunced Tor seedsfsiliqua, primary branches and seed density in descending order of their
magnitude of difference between the two estimates of additive genelic variance, Standard

crrors [or these estimates were also comparable,

The dominance variance (O 5 wis significant Tor all the characters. These estimales
were much areater in magnitude than their respective additive variances for days 1o Nower,
secondary branches, siliquae/plant, siliqua density, siliqua length, biological yield, seed yield
and 1000 seed weight, apparently showing greater importance ol dominanes varianee for
these characters. [t was, however, noted that cight characters namely, days o Tlower,
secondary branches, total branches, siligquaeplant, H1]I{|11<l density, biological yield, seed yield
and harvest index wilth negative estimales of (‘5 “showed very high estimates of ﬁ,} which
wore also highly significant, Sampling w.nmuuu was low for these estimates of &y’ as
revealed by their relatively small standacd errors, [%.5 (o 37.6 por cent as large as the
estimates, Thus, repulsion phuse linkages were mast llk\.l\" 1o cause upward bias in the
cetimates of & 5 and downward bias in the estimates of G, © for these charaeters. Although

A ¥ : SR ;
non-significant, posiive crlimales of @, "lor duys 0 malurﬂy‘, plant height, main shoot



L34 DR, DERCIT SARMA

length. sihiguase on main shoot and FO00 seed weight would suggest thar these characters were
less affected by linkage bas as compared to those with negative estimates. The estimates of
G for plant height. primary branches, mam shoot length and seed density with large
stundard errors of 62.2 to 110 per cent of the esimates implicated bigh sampling vanation

acerued o these estimales,

The ratios of &, 6 4~ was less than unity for seed density, main shoot len

:th, plant

height and days 10 maturity in ascending order of magnitude, indicating preponderance of
additive variance in the inheritance of these characters. Several earlier studies reported
variation of predeminantly additive type for days (o maturity (Barua, 1992; Hatibarush er af.,
97y and for plant hetght (Singh, 1991 Barua, 1992; Hatibaruah er af, 19970 The
contribution of males x females interaction component accounted Toe 25 w41 per cent of the
hybrid sum of squares for these characters.

Althoug

were oversstimated due o lnkage biss while o

homaternal elTeels were important for these characters, the estimates of T

. being underestimated. The average
degree of dominance for plant beight, main shoot length and days 1o maturity did not show
any significant difference from unily, indicating complete dominance in the expression of
genes for these characters. The average degree of dominance for seed density showed partial
dominance. Assuming equilibrinm gene frequencies and with complete dominance. the ratio
of &,/ 4 for main shoot length was reasonably within the limil of sumpling variation.
Distnbution of genes for days to maturity and plant height might lack symmetry among the

random parents sampled in the composite population.

']

biological vield, seed yield, harvest index and 1000 seed weight, dominance variance was

more important for these charucters. In several earlier reports, dominant role of non-additive
component was indicated for siliquae/plant {Barua. 1992); biological vield (Vurshney er af.,
[990: Singh, 1991: Barwa, 1992); seed yield (Varshney er af., 1990; Singh. [991: Yadav et
al, 1991 Barua, 1992) harvest index (Barua, 1992) and 1000 seed weight (Yadav er ol
(991 Hatibaruah er al, 19971 The estimates of averange degree of dominance were
signiticantly higher than unity, 'llliliﬁillirlg overdominance gene effects in the expression of
these characters. As the estimgtes of d were highly significant, maximum upward bias due to
repulsion linkages was indicated in the overdominance expression of genes for these
characters.

According to Comstock and Robinson (19485, the net effeets of genes tightly linked
in repulsion could be the same as for overdominance in the action of independemly
segregating genes even though none of the linked genes were individually more than partially

dominant to their alleles. For harvest index, the estimate of dominance variance was highly
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sirnilicant, whereas the additive variance was nen-significant, The apparend crverdominance
for harvest index could peeur as a resull of epistusis of tightly linked genes in the repulsion
phase leading to inflated domimance variance (Mather and Jinks, 19823,

The ratios of G246 & were also preater than unity for days w Mower, secondary
branches and siliqua length, For siliqua length, dominance variance was predominant with
averdomimance cxpression of genes, The estimates of average level of dominance in the
overdominance range for days o flower and secondary branches suggested pscudlo-
cverdominance expression because ol linkage bias in estimales of E'F___H_E;md f‘i,f. [oth
additive and daminance varianees were found (o be egually important tor primiary branches,
total branches. siliquae on main shoot and secdsfsiliqua as the ratios & oo 6 4 heing aronnd
unily. Complete domipance was evident in the expression ol genes Tor these chareters. The
cifect of linkage hias in the estimates of ﬁ'_\" “amid & 0 was maximum lor total branches and

minimum for primary branches,

The parental intervarietal hybrids ol the composite comprising a  half-diatle]
populations excluding reciprocals were studied for their combining ability and helerosis over
two environments by Barua (1992), The inferences on genetic variance estimates through
NCD 11 analysis of the composite population, however, indicated dilferences from the results
of Barwa {19923 especially with respect Lo days to [ower, secondary branches, total branches,
main shoot lenath, seeds/siliqua, harvest index and 1000 seed weiaht.

The changes in pattern ol genetic variation might be due to dilference in genetic
make-up between the composite at By ceneration and the varicly crosses i By generation
influenced as much by frequency of sepregating lock as by the number of segregating loo
(Hallauer and Miranda, 1981, Further, senolype-ctvironment inferaclion causes positive has
i the estimates of genelic variance component for various characters with varying deerees,
However, the non-additive component wils more sensitive to environmental variation than the
additive components (Barua, [9492),

The magnitude of additive genetic variation in the composite population wis assessed
theough estimation of narrow sense heritability {lﬁle} on plot basis and additive genelic
coefficient of variability (AGCV) in respect of the various characters stucied (Table 23 The
narrowe sense heritabilities were high (=50%) for seed density and plant height: moderate (30
s for main shoot leneth, days 1o maturity, total branches, siliquac on uin shool,
secdsisiliqua and secondary branches: and Jow for the remaining characters. The characters
with low herilabilities (=306 had, in genceal, relatively large proportions of the fotl
virianee accounted lor by &7, The estimales of & accounted for maxinum varidion in
siliquae { plant (71.2%) followed by siliqua density (63.5%, 1000 seed weight (32.6%), seed
yield (49.7%) and biological yield (46.0%). The proportion of plol 1o plot environmental
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variance (6§73 was maximum for Piclogical yield and 1000 seed weight (39.4%:) [ollowed by
seed yield (3529, siliqua density (18.99%) and siliquac/plant (10.0%). These proportions
seem reasonable because the effects of environmental conditions in dillerent sliges of
ontogeny of the genotype determine the phenotypic expression for various characters. Yield
results from the wotal expression of the genotype from seeding to harvesting, and thus vield
isell is the combined expression of genotype and covironment throughout the whole growing
portod (Hallauer and Miranda, 19817

Yield components, however, are determined during certain stinges of the ontogeny of
the genotype, so their expression depends on just a portion of the growing season. The
heritability estimates for 1000 seed weight, biological yield, siliguac/plant, seed yicld, siliqua
density, siliqua length, primary branches, duys to flower and secdsfsiligqua were wssociated
with lwrge standard ermors indicating sampling variation in descending order of Lheir
magniludes,

The additive genetic coefficient of variability was high (=20%) for secondary
branches, total branches, seed vicll, biological vield and seed density: and moderate {10-
20%:) for siliquae on main shool, primary branches and seedsfsiligua indicating sufficient
viriahility m the composite population to expect signtficant progress frome selection. Mirect
selection for characters with low heritability like seed vield and biological vield, however,
reguires special consideralion with respect o selection methods capitalizing on additive
genetic variation with allowance for genotype-enviromment interaction,

Sulficient additive genetic variability for seed yield and dey matter vield, and their
components like branches/plant, siliquac on main shoot and seedsfsiliqua was present 1o
expect sullicient progress from selection. Further, the non-additive nature of penetic varielion
for yicld and its determinants, mostly with dominance and overdominance expression of

genes, sugpest that hybrids and synthetics could be developed Tram the compasite population.
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OPTIMAL LAND USE PLANNING MODEL FOR A WATERSHED IN
KUMAON HILLS, UTTRANCHAL, INDIA

R. SURESH', G. DAS® ANDR. S. Yapav®

ABSTRACT

In present study, a land use-planning model to minimize the soil loss
has been developed by using Linear Programming technique. In
model formulation, the land, labour employment and the return
generated under existing condition have been accounted as model
constraints. In addition, seven alternative plans have also been
developed based on various possible alterations that could be made
in existing cropping system, with the objective to minimize soil loss.
All alternative plans were operated by using computer programme to
see the variations in reduction of soil loss and increase in net return
& human labour employment under each plan as compared to the
existing level. Amongst all alternative plans, the plan-5 was found
most suitable to reduce maximum soil loss i.e. about 96.25% of
existing level. The plan-3. generated highest net return ie. about
150.43% of current level, and plan-7 generated highest employment
opportunities equal to 36.11% of the existing level. On comparison,
it was also observed that the alternative plan-7 is most suitable, as
under it, the soil loss reduction is about 85.59 % and increase in net
return & employment opportunities was 101.62 and 36.11% of
existing level, respectively.

Keywords: Land use planning, Watershed management, Soil
conservation, Water conservation, labour employ-
ment, India.

INTRODUCTION

The soil, minerals and forest constitute the principal natural resource of a watershed.
The protection of these resources is essential for the benefit of present generation without
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eroding the ecological assets and productivity of life supporting system of future generation.
In hilly areas, the soil loss is occurring at an alarming rate because of over exploitation of
land resources to meet out the various requirements of human and live stock population. The
tremendous soil loss from precious topsoil is resulting in reduction of the soil potential for
sustainable crop yield, national income and employment opportunities. In Himalayan hills,
where subsistence agriculture exists, population pressure is high; topography is not suitable
for cultivation, over exploitation of unsuitable lands for cultivation, overgrazing of
grasslands etc. cause severe soil loss from the watershed and lead to reduction of productive
potential of land, there is emergent need to minimize the problem of soil erosion / loss and
thus to increase the productive potential of the available land or indirectly to uplift the level
of living standards of the population living on the watershed.

The minimization of soil loss from a watershed by using models ,is the task of
optimization, for which the most versatile technique is the Linear Programming Technique
(L.P.T.). The research works on optimization aspects, especially by using linear programming
techniques, have been done to a lot, world wide, but in different modes as per requirement of
the area concerned. In agriculture sector, the development of model mainly for resourse
management (Hernandez Batista, 1990; Kenneth et. al., 1976; Cheung & Auger, 1979),
development of alternative polices for crop planning (Sirohi & Gangwar, 1968; Mann et.al.,
1968; Guglani & Smith, 1972) and very few on development of optimal land use planning
model to minimize the soil erosion and sedimentation (Sands, 1987; Chochrane et al., 1987;
Singh, 1991) are the main.

With the concept of optimization by using L.P.T., in present study, an attempt has
been made to develop an Optimal Land use Planning Model for a watershed with the
objective to minimize the soil loss from the watershed.

¢

'

MATERIALS AND METHODS
Study Area

The Naurar watershed, which is located in Kumaon range of N-W-Uttranchal (a part
of Himalaya) hills, was selected to develop such a model. The total geographical area of
watershed is about 6284.25 ha, distributed under five major land use systems, namely: (1)
Agricultural land; (2) Orchard lands; (3) Forest lands; (4) Grass lands and (5) Waste lands on
48.25, 4.0, 41.65, 3.05 and 3.05 % area of the watershed respectively. The topography of the
watershed is undulate ranging from minimum 5% to maximum greater than 75% slope
(Anonymous, 1982). Generally, the soil of the watershed shows a large variation with types of
parent materials, vegetation, land use, slope gradient etc. The soil texture varies from cherty
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gravelly loamy sand to silt loam. The mean annual rainfall is about 1500mm and maximum
mean temperature is about 23 °C. '

Data collection

The primary and secondary data were collected from different sources. The watershed
was divided into three altitudes i.e. low {(up to 600m elevation), medium (600 to 1200 m
elevation) and high (more than 1200m elevation). Two villages at each altitude were selected,
thus in total six villages were selected. Finally, 40, 30 and 30 farmers were selected at low,
medium and high altitude villages, respectively. From these selected farmers, the primary
data, such as area allocated under various types of food and vegetable crops, orchards, forests,
grass lands and waste lands; the level of application of inputs, such as quantities of seeds,
fertilizer, manures, irrigation water, human & bullock labours used, were recorded through
personal interviews. The input-output prices used in the study were that on which farmers had
actually purchased the inputs or sold their output, were collected from the farmers. The
secondary data, such as aggregate acreage allocation of the area under different cultivated
crops, orchard of various fruits, forest trees, grass species and waste land bushes was
collected from Community Development Block Center, Bhikhiasen, Soil Conservation Office
(Ranikhet) and Divisional Forest Office (Soil Conservation), Ranikhet. Agricultural labour
statistics of the study area was obtained from the population census report-1991 for Almora
district. The land use ﬁqap of the watershed was procured from Indian Photo Interpretation
Institute, Dehra Dun (Uttranchal).

Model development

The Linear Programming technique was employed for development of land use
planning model with the objective to minimize soil loss, based on various constraints such as
land, labour employment, net return and predetermined activity. The form of land use model
is expressed as:

Minimize Z (soil loss) = Y CjX; A1)
i=1

Subject to
Y aij.Xj <bi (2

=1
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(i=1,2....m)
Zn:ainj = bi (3
i
(i=m+1,...p)
iainJ 2 bi ...(4)
j (i=p+1,...q)
and Xi>0 ..(5)

where,

Z = total soil loss (t/y) from the optimum crop activities
CJ = soil loss (t/haly) of the J-th Crop activity

Xj = units of J-th activity

aif = requirement or centribution of J-th activity for the i-th constraint.

In model, the equation (1) represents the objective function to minimize the soil loss
from all possible land use activities in practice on the watershed during Kharif season, only.
The equations 2 to 5 represent the constraint structure of the model,

Model activity (X;)

In model, the types of food grain and vegetable crops being grown during Kharif
season, orchard trees, forest trees, grass species and bush species occurring on different
categories of land in the watershed, are considered as model activities, viz, in the valley part
of the watershed, where irrigation facilities are available, the crops such as local Paddy,
Paddy (HYV), Mandua, Capsicum, Chillies and Soybean are grown on improved and
traditionally terraced lands under single cropping system. In rainfed areas of valley, the crops
like, local Paddy, Paddy (HYV), Soybean, French bean, Mandua, Jhungra, Bhat and Urad are
also grown under single cropping system.

In the areas, other than valley i.e. at medium and high hills where rainfed farming is
practiced, the mixed cropping system is popular, in which the crops like Paddy (local),
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Jhungra, Mandua, Gauhat and Bhat are grown in mixed form. The popular crop combinations
are: Paddy + Jhungra, Mandua + Bhat, Mandua + Gauhat and Mandua + Urad {Anonymous,
1995).

In orchard cultivation, a varieties of fruit species are found in the watershed, their
occurrence varies depending on elevation and land facing aspect, viz. in the valley (i.e.
elevation up to 600m), the Mango, Guava, Citrus, and Peaches are more common; at 600 to
1200m elevation, the Mango, Guava, Apple, Pear; Plum and Apricots are common on the
north-east & west facing lands and Mango, Guava, Papaya and Banana on the south facing
lands. At the elevations ranging from 1200 to 1800m, the Apple, Pear, Walnut and Plums are
found on north-east & west facing lands and on south facing lands, the presence of Apricot
and Plum are dominant.

In forest areas, the occurrence of forest trees varied depending on land elevation and
facing direction, viz, in the valley areas the Chirpine and Sal: at 600 to 1200m elevation, the
Sal and oak on north-east and west facing lands and Chirpine only on south facing lands; at
1200 to 1800m elevation, the Oak, Deodar and Cyprus on north-east & west facing lands and
Chirpine and mixed Oak on the south facing lands; at 1800 to less than 3600m, the Oak,
Deodar and Cyprus on north east & west facing lands and mixed Oak, Cyprus and Deodar on
south facing lands are commonly found. The occurrence of these forest trees is found in all
types of forests in the watershed.

The occurrence of grass species is also found different depending on elevation and
facing direction viz; upto 600m (i.e. in valley) the Dub, Dallis, Giant star, Love grass and
Rhode are more common; at the elevation from 600 to 1200m the Dub, Love grass Dallis,
Rhode and Spear are found on north east & west facing lands, while on south facing lands the
Dub, Love grass, Giant star, Rhode and Spear are common; at 1200 to 1800m elevation on
south facing lands the Dub, Love grass, Rhode, Kikuyi and Spear grasses are common. In
wasteland areas, the xerophytic bushes such as, Kilmora, Hisalu and Lantana are found at all
the elevations and facing directions. In this way, total 173 land use activities (i.e. variables)
were identified from all existing land use systems for model formulation (Suresh, 2002).

Constraints

The resource constraints and predetermined activity constraints were accounted for
model development, Under resource constraints, three basic resources namely: (1) Land; (2)
Labour and (3) Capital are considered.
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Land constraints

Various land categories based on land uses, types of terraces, land slopes, facing
directions and altitudes prevailing in the watershed were considered as the land constraints. In
current situation the whole area of watershed is grouped into cultivated crop lands, orchards,
forests, grass lands and waste lands, which are further sub-divided into different sub-groups
viz., the cultivated crop lands are divided into four main categories i.e. (1) Single cropped
lands; (2) Mixed cropped rainfed terraced lands; (3) Mixed cropped rainfed unterraced lands
with trees; and (4) Mixed cropped rainfed unterraced lands without trees. The sub-groups of
cultivated croplands are further sub-divided into different categories based on slope steepness.

The orchard lands are grouped into different categories based on elevations. Since
occurrence of orchard fruit trees differs considerably with respect to land facing directions,
therefore orchard lands are further sub-divided into north - east & west and south facing slope
directions.

The forest lands are grouped into three main classes as per Remote Sensing Centre
Dehra Dun (Uttranchal) viz; the notified & unnotified forests and forest blank, which are
further sub-divided into closed and open canopy forests. All kinds of forests are sub-divided
into sub categories based on altitudes and slope facing directions i.e. north- east & west facing
and south facing directions (Suresh, 1998).

In Naurar watershed, the grasslands are found at all the altitudes in form of patches
and occurrence of grass species on them varies depending on elevations and slope facing
directions, therefore, grasslands are also classified similar to the orchard and forest lands.

Wastelands are found in scattered way throughout the watershed. Few parts of it are
stony or exposed rock surfaces that are not suitable for cultivation and are termed as
uncultivable wastelands. These types of wastelands are not included in formulation of the
model. However, some areas of wastelands have some soil depth ranging from poor (less than
Scm) to medium (10 to 15¢m) and are covered with natural bushes in Kharif season. These
bushes invariably cover the ground surface pretty densely and reduce the soil erosion
significantly. These types of wastelands are divided into different categories based on

elevation and slope facing direction similar to the forest, orchard and grasslands (Suresh,
1998).

Labour constraint

The constraint on human labour employment was included to make the model
socially acceptable. In study watershed, it was observed that the availability of labour
becomes limiting during peak period, i.e. sowing / transplanting and harvesting operations in
Kharif period, therefore on an average a peak period of 1.5 month was considered to estimate
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the requirement of total laboures to be employed under different cultivation activities i.e.
agricultural crops, orchards and grasslands. For this period, the total number of labour days to
be available was thus estimated as 216075. The crop wise labour employment during Kharif
period was obtained by farmers' interview (Suresh, 1998).

Return constraint

To make the land use model economically viable, the return constraint was included.
The cultivated croplands, orchard lands and grasslands were considered under this constraint,
as these are the main source of farm income for the farmers. The forestlands were not
included because these are not owned by the farmers but under the state forest department and
returns due to the forests are realized by the government only. Similarly, the wastelands also
do not provide any economic return to the farmers, therefore, return constraint for this land
use system was also not considered.

Predetermined activities constraints

These constraints are the restrictions imposed on some essential production activities
(crops) for minimum area allocation at some predetermined level under them to meet the
population requirement. In study watershed, the farmers have preferences for two crops i.e.
Mandua and Paddy amongst food grain crops to satisfy their food habits and for generating
cash income they have desire to grow Capsicum and Chilies. To allot a minimum area under
these crops, restriction was imposed on them.,

Alternative plan

Seven alternative plans were developed based on various possible alterations that
could be made in the existing land use practices, keeping in view to satisfy various
requirements of population and physical features of the watershed, as:

Alternative plan-1 : Existing cropping system with predetermined activity constraint on
crops preferred by the farmers i.e. Paddy, Mandua, Chillies and
Capsicum.

Alternative plan-2 : Existing cropping system with predetermined activity constraint on
food grain crops only,

Alternative plan-3 : Existing cropping system with predetermined activity constraint on
cash crop only.
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Alternative plan-4 : Existing cropping system without any predetermined activity
constraint on any crop.

Alternative plan-5 Assur}ling all unterraced lands up to 35% slope as terraced lands for
cultivation adopting existing cropping system and remaining lands to
be used as per Land Use Capability Classification

Alternative plan-6 : Grouping of cultivated croplands into various classes based on Land
Use Capability Classification and considering existing cropping
systems on them

Alternative plan-7 : Grouping of cultivated croplands into various classes based on Land
Use Capability Classification and considering recommended
cropping practices on them.

For all alternative plans, the model described by eq. 1 to 5 was modified based on
their constraints and were operated by using computer programme to find the results on
reduction in soil loss and increase in level of net returns & human labour employment as
compared to the existing level, under each alternative plan.

Model coefficients

The rate of soil loss, net return and human labour employments likely to be generated
by various land use activities under current situation of the watershed were accounted as the
model coefficients. The possible soil loss rates under various land use activities were
borrowed from Suresh et al (1999), Suresh et al (2000), Suresh et al (2001) and Suresh et.al.
(2002). The level of net returns and human labour employment from different land use
activities were taken from Suresh (1998).

RESULTS AND DISCUSSION
Soil loss under existing condition

The soil loss likely to be generated from different land use systems under existing
condition in Naurar watershed is shown in Table-1, which revealed that amongst various land
uses, the cultivated crop land generated highest rate of soil loss to the tune of about 79.66
t/haly, while forest land noticed lowest rate of soil loss as 0.89 t/hafy. The other land uses,
such as grasslands, orchard lands and wastelands generated the soil loss at the rate of 8.66,
3.78 and 1.96 t/haty, respectively in the watershed.
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Nét return under existing condition.

At watershed level, the amount of net returns likely to be generated from different
land uses under existing condition is shown in Table-1. On comparison, it was observed that
amongst all five land uses, the orchard land returned highest net return per unit area i.e. Rs.
3370/- per ha, while grassland generated the lowest net return to the tune of Rs.1537/- per ha.
The cultivated cropland generated the net return at the rate of Rs.2033 /-per ha.

Human labour employment under existing condition

The level of human labour employment generated under different land use systems in
the watershed is shown in Table-1, which noticed that a sum of Rs.376889/- man days were
employed during Kharif season under cultivated crops, horticultural crops and grasses. Of the
total number of man-days employed in the watershed the cultivated crop lands contributed
320057 man days, (i.e. 105 man days per ha), orchard lands 48149 man days (i.e.192 man
days per ha) and grasses 8683 man days (i.e. 45 man'days per ha)

Table 1. Average rate of soil loss, net return and human labour employment under
existing condition from watershed

Land use Average soil loss Average net Average labour
rate, return rate, employment rate,
t/ha/h Rs /ha man days /ha

Cultivated crop 79.66 2033/- 105
lands

Orchard lands 3.78 3370/- 192
Forest lands 0.89 -* -*
Grass lands 8.66 1537/- 45
Waste lands 1.96 -* -k

* The constraints on net return and human labour employment for forestlands and wastelands were not
included for development of optimal land use plan, because data on these two aspects were not availabl.

Evaluation of alternative plans

All seven alternative plans were evaluated in respect of reduction in soil loss, increase
in net returns and generation of employment opportunities as given below:

Soil loss

The minimized rates of soil loss .likcly to be occurred from the watershed under
different alternative plans are shown in Table-2. '
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On comparison, it was found that amongst all seven alternative plans, the plans-1, -2,
-3 and -6 minimized the soil loss to a lowest limit and almost by the same level from the
watershed, which is 10.23, 10.11, 10.16 and 10.43%, respectively less to that of the existing
rate. The poor reduction in soil loss is mainly due to consideration of existing cropping
system as one of the mode] constraints. Also, the optimal land use model selected less soil
loss generating crop activities and simultaneously allocated greater cultivable aczeage under
them, which caused insignificant variation in the rates of soil loss amongst four alternative
plans. The land use wise reduction in soil loss was found to be 10.12,10.14,10.10 &10.33% in
cultivated crop lands; 17.72, (-} 3.70, 8.73 & 20.11% from orchard lands; 28.10% from forest
lands and 6.12,5.00 , 12.82 &.6.12% from grasslands under alternative palns-1 ,-2 ,-3 and -6,
respectively. The wastelands could not appear in the optimal land use model. Overall, the
forest Inaduse activities noticed highest reduction in soil loss from the watershed.

In alternative plan-4 (i.e. considering the existing cropping system without any
predetermined activity constraint on any crop), the rate of soil loss likely to be generated from
watershed was to the tune of 30.28 t/haly, which is about 24% less as compared to the
existing rate. This alternative plan was found better than the plans -1, -2 and -3 to minimize
the soil loss, because of not consideration of predetermined activity constraint on any crops,
causing the model counted only those crop activities which have less soil loss generating
potential. Amongst different land uses, the highest reduction in soil loss was found from
forestlands i.e. 28.10%, followed by cultivated croplands 24.18%, orchard lands 20.11% and
grass lands 6.12%.

On using alternative plan-5, the minimized rate of soil loss from watershed was found
to the tune of 1.5t/haly, which is about 96.25% less over existing rate. The reduction in soil
loss under this plan was maximum amongst all seven alternative plans, because of
consideration of all unterraced lands up to 35% slope as terraced lands and remaining lands
are used as per L.U.C.C.for cultivation under existing cropping system. The soil loss from
terraced lands is being very less as compared to the unterraced lands.

The alternative plan-7, in which grouping of cultivated croplands was done based on
L.U.C.C and recommended cropping practices were considered to follow on them, minimized
the soil loss to an appreciable level i.e. 5.76 t/hafy, which is about 85.59% less to that of the
existing rate of soil loss from watershed. Under this plan, the highest reduction in soil loss
(69.24%) was generated from cultivated croplands, followed by forestlands 22.47% and
orchard lands 10.85% while from grasslands, the soil loss was not reduced.
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Net return

The net returns that could be generated from different alternative plans, are given in
Table-3, which noticed that from most of the alternative plans, a higher net return was
generated as compared to the existing level. However, in case of alternative plan-1, the net
return likely to be generated from the watershed was about Rs.2375 per ha, which is about
12.98% higher than the existing level. Overall, this increase in net return is not appreciable. It
may be due to consideration of existing cropping pattern and using the predetermined activity
constraint on those crops, which are preferred by the farmers (i.e. Paddy, Mandua, Chillies
and Capéicum) to satisfy their food habits. Also, the optimal land use planning model selected
these crops on priority and allocated greater acreage under them for cultivation. Under this
plan, the increase in net return was found to be highest from orchard lands equat to 15.2%,
followed by cultivated crop lands 13.4%, while from grass Iands about 32.75% reduction in
net return was realized.

In alternative plan-2, which was developed by considering the existing cropping
system along with predetermined activity constraint on food grain crops, only, generated the
net return to the tune of Rs.2151/- per ha from the watershed, which is about 2.33% higher
than the current level. Overall, this alternative plan generated lowest net return to the
watershed amongst all seven alternative plans, mainly due to consideration of existing
cropping system along with predetermined activity constraint on food grain Crops.
Furthermore, due to consideration of food grain crops under predetermined activity constraint,
the optimal land use-planning model selected them for maximum allocation of land acreage
for cultivation, which also caused poor net return to the watershed. However, amongst various
categories of land use system, the highest increase in net return equal to 51.62% was
generated from orchard Iands. On contrast, from grasslands and cultivated croplands about
25.73 and 6.3% reduction in net return was obtained, respectively.

Amongst various alternative plans, the plan-3 (i.e. by considering the existing
cropping system with predetermined activity constraint on cash crop only) was found to
generate highest net return for the watershed, which was about 150.43% higher than the
existing level; it is because of allocation of maximum area to the cash crops for cultivation
due to restrictions on them under predetermined activity constraint. However, amongst
different categories of land use system, the cultivated croplands resulted highest increase in
net return i.e. about 179.53% of existing level and from grasslands, it was about 59.26%. On
the otherhand, the orchard lands resulted 9.37% less net return.
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Alternative plan-4 (i.e. by considering the existing cropping system without any
predetermined activity constraint on any crop) generated about 94.05% higher net return as
compared to the current level, which is quite good. This is mainly due to allocation of greater
acreage to the cash crops for cultivation, because of not consideration of predetermined
activity constraint on any crop in the model for this plan. Also, the cash crops relatively
generate high net return per unit area as compared to the grain crops. Out of total increase in
net return, the cultivated croplands shared about 122.67%, while orchard and grasslands
showed reduction in net return to the watershed.

Under alternative plan-5, about 56.8% higher net return was generated as compared to
the existing level. In this plan, the entire land area up to 35% slope were considered as the
terraced land for cultivation with existing cropping system and rests were used as per
L.U.C.C. Since up to 35% slope, a large area of the watershed is available for crop cultivation
on terraced land, therefore, total production per unit area becomes more, which, overall,
increased the net return to an appreciable ilevel. However, from cultivated croplands about
65.76%, orchard lands 26.18% and from grasslands about 35.87% higher net return was
realized.

In alternative plane-6, which was formulated by grouping the entire cropped lands
into various L.U.C.C classes and existing cropping system was followed on them for
cultivation, generated about 8.37% higher net return which is not sufficient. It is because of
allocation of maximum land acreage to those crop activities, which generated high level of net
return and human labour employment along with less soil loss. Amongst various categories of
land use system, only from cultivated crop lands a higher return equal to 16.87% was noticed,
while from orchard and grasslands about 36.28 and 32.75% lesser net return were found,
respectively.

The alternative plan-7 generated quite appreciable net return i.e. about 101.62%
higher than the existing level of the watershed might be due to grouping of entire crop lands
into various L.U.C.C. classes and considering the recommended cropping system on them for
cultivation. Amongst different land use systems, the cultivated croplands and orchard ands
generated about 120.91 and 30.28% higher net return as compared to the existing level,
respectively, while from grasslands about 32.88% less net return was realized under this
alternative plan.
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Human labour employment

The human labour employment that could possibly be created under all seven
alternative plans, is given in Table-4, which noticed that on application of alternative plan-1
about 2.78% higher employment opportunities were generated than the present level, which is
very less. It is because of consideration of existing cropping system along with restriction on
food grain crops only, causing allocation of greater land acreage under them for cultivation.
Since, employment of labourer is relatively less in cultivation of food grain crops as
compared to the cash crops; therefore, there is overall reduction in the level of human labour
employment under this plan.

However, amongst various categories of land use system, about 0.023 and 6.25%
higher employment was created from cultivated croplands and orchard lands, respectively,
while from grasslands about 11.10% reduction in employments were predicted.

Under alternative plan-2 about 1.85% less employment opportunity was generated as
compared to the existing level, might be due to allocation of total cultivated crop lands to the
food-grain crops, only for cultivation, which involves less engagement of labourers .
However, {rom orchard lands slightly higher employment i.e. 2.6% greater than the existing
level was generated, while from grass lands about 8.89% reduction in level of employment
was noticed under this plan.

In alternative plan-3, about 26.85% higher employment was generated to that of the
current level, which is quite appreciable. It might be due to consideration of cash crops as the
predetermined activity constraint in the model, as the result, the model allocated greater land
acreage to the cash crops for cultivation. Since, cash crops require comparatively greater man-
days per unit area for cultural operation, therefore, in this alternative plan, greater percentage
of human labour employment\ opportunity was generated to the watershed. Amongst various
land use systems, from cultivated croplands about 28.57% higher employment was created,
followed by 15.56% from grasslands and 8.85% from orchard lands than their current levels.

The alternative plan-4 generated about 15.74% higher employment opportunity for
the watershed as compared to the existing level, which was solely, contributed by cultivated
croplands and orchard lands which are about 16.19 and 8;33%, respectively, while from grass
lands about 11.0% lesser employment was generated under this plan.

Since, under this plan, there was no restriction on any crop under predetermined
activity constraint, causing the model selected to the cash crops on priority and allocated
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greater land acreage under them for cultivation. It also created greater human labour
employment opportunities for the watershed.

In alternative plan-5, the employment opportunity likely to be generated in the
watershed was about 0.92% less than the existing level, which is mainly due to greater
allocation of cultivated cropland areas to the food-grain crops for cultivation, where
employment scope was relatively very less: and at the same time due to allocation of very
steep cultivated crop lands to the forest area. However, from the grasslands about 17.78%
higher employment was found to generate in the watershed.

In case of alternative plan-6, the generated employment was about 2.78% higher than
the current level, which is same as the alternative plan-1. The poor incremerit in level of
human labour employment opportunity under this plan was mainly due to consideration of
existing cropping system and accordingly selection and allocation of maximum land acreage
under them for cultivation, by the optimal land use model. However, from cultivated
croplands and orchard lands about 0.95 and 8.33% higher employment was created,
respectively as compared to their current levels. On the other hand, from grasslands about
11.10% lesser employment was generated.

On application of alternative plan-7 about 36.11% higher employment was generated
in the watershed than the existing level, which is the highest amongst all alternative plans, i. e.
32.43% higher than the plan-1, 38.68% from plan-2, 7.23% from plan-3, 17.6% from plan-4,
37.38% from plan-5 and 32.43% from plan-6. The reason may be due to consideration of
recommended cropping system in the model.

The optimal land use model selected those crop activities, which generated
comparatively greater number of man-days per unit area for cultural operations along with
reduction in soil loss and increase in net return from the watershed. However, amongst
various categories of land use systems, about 6.67% higher employment was noticed from
cultivated croplands, while it was13.02% less from orchard lands. From grasslands, the
additional employment could not be generated under this plan,
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CONCLUSIONS

The optimal land use planning model, whose objective was to minimize the soil loss-
alongwith to increase the level of net return and human laboure employment opportunities to
the watershed was applied to evaluate its effect on soil loss reduction and increase in net
return and human labour employment under different alternative plans. On application , it was
found that amongst all seven alternative plans, the plan-5 (i.e. when unterraced lands up to
35% slope were considered as terraced lands for cultivation under existing cropping system
and remaining lands were used as per Land Use Capability Classification) , was found better
to minimize the soil loss as compared to the other alternative plans, because of the fact that a
large area up to 35 per cent slope was taken as the terraced lands along with adoption of
existing cropping system from where the occurrence of soil loss is very less to that of the
unterraced lands.

Regarding increase in level of net return and human labour employment, the
alternatives plan-3 (i.e by considering the existing cropping system with predetermined
activity constraint on cash crop, only) and plan-7 were found to be the best, respectively. In
alternative plan -3, the generation of maximum net returns was mainly due to consideration
of predetermined activity constraint on cash crops only, which yield good returns to that of
the food grain crops. The alternative plan -7, in which whole cultivated crop lands were
grouped as per L.U.C.C and recommended cropping system was followed on them, generated
highest level of human labour employment because of employment of greater man power per
unit area under cultural operations.

Comparatively, to minimize the soil loss, which is the objective of model, the
a]ternatlve plan-5 was found better; but due to involvement of heavy expenditure of money
for constructing the terraces, this plan is not economically viable to implement. However, this
finding could be communicated to the department of Soil Conservation for its implementation
to reduce the soil loss from watershed.

Although, the alternative plan-3 generated highest level of net return amongst
different plans but did not able to minimize the soil loss to an appreciable level, and this plan
is not a good one. Overall, the alternative plan-7 was found better in all the respect i.e. to
minimize the soil loss (85.39%), to generate high net return (101.62%) and labour
employment opportunities (36.11%) to the watershed.
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POTENTIALS OF TERRESTRIAL WEEDS FOR THE
PRODUCTION OF GRASS CARP Ctenopharyngodon idella (VAL,)
IN MEGHALAYA, NORTH EASTERN INDIA
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ABSTRACT

Hhe weeds fike Agevatunt conmvanides L. Bldens prifose 1. Cralinsogea
porviflora Cav. and Crassovephalum crepidiofdes (Benih) are very
commaon cand abundanily available i North Eastern ndia, These
weeds were fed to the prass carp, Clenopharoneodon idella (Val bas
i step towardy intesrated weed management including solving the
problem af weed infestarion on the pond dykes and fallonw areas of
the fislt farm Among the four tested weeds, G parviflora was found
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parviflora = O crepidioldes = A convieides = B pilosa. The
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paarviflora, The weight gain with O crepldioides, A convzoides and
. pilosa were 47 34%, 1983 and [006% respectively, while the
FOR were 4840, 7520 and {4460 for the same. The resudts
indlivated thar G parviffora s wi excellent feed Jor the prass carp
among the four tested weeds, The wiilization of wnweanted weeds
theougl biclagical agent Le. O ddella is aue of the best options for
production of flesh bionass from the aguatic habitar, This weonld
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INTRODUCTION

The menace of aquatic weeds had been serious in many countries and long-term
economical solutions were worked oul to alleviate this problem. Biological control of weeds,
particularly using arass carp; was viewed as the best option for an environment-friendly
approach of weed control. The grass carp, Crenopharvngodon idella (Val.), commaonly called
the white amur. a native of Russian and Chinese rivers, has been thus introduced in many

countries, primarily for aquatic weed control. owing to their inherent ability to consume the
plant materials. In India, C. fdefta was inoroduced in the year 1959 and since then it js widely
used not only for aquatic weed control, but also as a food fish, and cultured as an important
component species in polyculture system. Composite fish culture with rass Carp as @ major
component would help 10 reduce the supplementary feeding to a considerable extent
{Grygierik, 1973; Munissery & Varghese, 19825,  This species was found w be highly
compatible with the Indian Major Carps viz. Carla caria, Labeo volita, Cirrhinus rerigala and
the exotic carps like Hypophthatmichthye molitriv and Cyprinigs carpie 0 the polyouliure
syslem.

In the North Eastern Hill Region of India, grass carp is a widely preferred species ina
composite fish cullure system as they are cold tolerant and found to perform verv well,
attaining about 1.0 to 1.2 kg ina year.  There is a good markel demand for this fish, fetching
about Rs.50 1o Rs.80 per kg, The preference for grass carp among the local people of the
region 1s good, as the flesh of this fish is firm and flaky having a good flavour.

Aquaculture 1s one of the important enterprises in the North Eastern Hills and many
rural furmers have been found to have at least one or two ponds within their farm area for fish
culture.  This part of the country receives rainfall during most part of the yesr and is
susceptible to prolific growth of terrestrial weeds. The fish farms are infested with terrestrial
weeds almost throughout the year and this affects the farm operations adversely. The weeds

also become a shelter for many undesired animals including poisonous snakes.

Since, grass carp is a suilable fish species for the hills. some of the terrestrial weeds
can be utilized as feed for this fish. A consistent cropping of weeds from within the farm area
for teeding grass carp would cnable the farmer to keep clean the pond dykes and other fallow
arcas of the fish farm, besides getling the protein-rich food from the pond. Earlier atiempts to
use terrestrial grass as feed for grass carp by Venkatesh and Shetty, (1978): Dey aral et al.,
(1986} and Suresh and Mandal (200) have shown cncouraging results,  Azad and Gupta
(L9900, Azad (1992) and Azad {1996) reported better conversion ratio in griss carp when fed
with terrestrial weeds when compared 1o aguatic weeds,
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The present study is therefore focused o utilize the farm weed as Teed for the grass
carp with a view to minimize the problem of weed infestation and o produce valuable [ish

profein in g very ceonomical way through integration of Weed-Fish management sysiem.

MATERIALS AND METHODS

Four different terrestrial weeds namcly Ageratum convzoides L., Bidens pilosa L.,
Caltnsopa parviflora Cav. and Crassocephalum crepidiendes (Benth) which are very common
in Meghalaya, North East India, were screened for their acceptance and growth performance
by grass carp O fdefla, The Tour experimental weeds were collected and analyzed Tor their
proximate compoesition in respect ol modsture, crude protein, ather extract, crude (ibre,
nitrogen free extract and ash conlents following the methods ontlined in AQOAC (19907,

The experiment was conducted for a period of 90 days during June 1o September
2003, The fishes were collected from the culture ponds of ICAR Complex research larm and
were acclimatized i cement cisterns Tor a period of one week, by feeding them with the
designated feed. Prior to the experiment, the fishes were starved Tor 48 hours o void ofT the
Faccal maller, The leeding experiment was conducted in coment cisterns of dimension 2.0 x
L3 = 075 me The water for the experimental cisterns were drawn from a nearby cullure pond
and o waler level of 50 cmowas maintained in each tank, Ten healthy grass carps (2930 1o
31.60 gms) were introduced into each of the cisterns and the experiment was conducted with
tour treatments (T to Ty) with two replications for each treatment. The incividual fishes were
weighed at the commencement of the experiment.

The Four different ecxperimental weeds were collected daily from within the rescarch
Larm wrea, chopped into small pieces, considering the mouth size of the fishes, weighed ancd
were Ted ad fibitine 1o the lishes.  The chopped feeds were placed on bamboo-made
rectangular Moating Teeding rays. The lelt over feed was removed and weighed daily,

The water qualily of the experimental cisterns was monitored fortmightly and the
samples were analyzed  Tollowing  the standard methods (APHA. 1998), A partial
replenishment of watcr was done once in a formight, when the fishes were sampled Tor
recording their growth, The acceplability of the tested weeds by grass carp and their growth
and Food Conversion Ratio {FCR)Y were calculated.

The data on the weight gain of fishes, average growth, food consumption and FCR
were subjected o Analysis of Variance (ANOVA) (o delermine the statistical significance

betwesn the different means of varions treatments.
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RESULTS AND DISCUSSION

The range of wvariations in water temperature. pH, dissolved oxyeen and towal
alkalinity during the experiment was 19 to 24°C. 7.9 10 8.2, 7.0 10 8.5 ml/l and 38 to 46 ppm

respectively.

All the experimental weeds fed for grass carp during the study viz., the llv goat
weed, A convopides (T} cobbler’s pegs, B pilosa (Ta) ligle flower guick weed, G
peevifTora (T2 and the iron weed O crepidicides (1) belonged (o the Damily Asteraceae. The
proximate composition of the weeds is presented in Table 1. The crude protein content was
found to be the highest in T, (6.00%), followed by T3 (5.95%) T) (4.49%) and T» (2.11%).
However, the hpid content \#115 found to be the highest in Ts (12.753%), followed by T,
(9.06%). T, (8.92%)and T, {3.81%).

Table 1. Biochemical composition of the terrestrial weeds fed Lo grass carp (Percentage
dry matter basis)

Parameters (%) Weeds -
A. conyroides B. pilosa s parviflora . crepidioides
{1 (T4 (T (Ty)
Dy matter [ .38 18.62 128 i1.49
Crude protein 4.4 4.11 5.95 .60
Ether extract {lipid) 581 Q.06 s 592
Total ash 10.76 83 13.26 14,64
Crude fibre 3547 33,28 2974 28.10
Mitrogen free extrac 4347 43.21 3825 41.74

During the present study, all the four terrestrial weeds (1) to T;) were found to be
consumed by grass cwp; allhough the preference vaned from one weed to the other to a
considerable degree (Table 3). In the cuse of A. convroides and B. pifosa, the tender leaves
were preferred while in case of G. parviflora and C. crepidioides, both tender and matured
leaves were found to have cqual acceptability by the fishes. The acceptance of T; (817.19 g)
and T, (724.14 g) were found 1o be exceptionally good when compared 1o T, (437.30 g) and

T: (43989 g). There was a significant difference among all the treatments at 1% level with a
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Critical Difference (Cy of 1357, The prefercnce to Ts and Ty has also reflected on the

arowth performance ol lishes.

The weight zain and the average growth of fishes led with ditferent lerrestrial weeds
are presented in Table 2. The individual wel weight gain was the highest in T3 (22.29 = 0.43g)
when compared 1o all other reatments and registered a growth measired in terms of weight
gain of 72.53%. The performance of grass carp fed Ty was also good with a growth of
47.34% and 1 weight gain of 14.94 20,37z, Compuratively the weighl gain of grass carp wis
found to be poor in Ty (3,81 £ 0.172) and T, (3.18 & 0.66g), which recorded a growth ol only
19 83% and 10.06% respectively. The results of ANOVA for individual wet welzghl gain
ohserved a significant difference among all the tested reatments (P<0.01), except between T,

and T and the CD at 1% level for weight gain was 3 3893,

Table 2. Growth and survival of grass carp fed on different terrestrial weeds

Weeds
Parameters A, conveides (1) B. pilosa . parviflora O, crepidivides
) (T} (Ta) (T4
Mo of fish 10 1 L [
Dharation (days) 0 Gy el L)

Initial weight {g)*
Final weight {g)%
Welzhl gain (g
Percentage weighl
Zain

Average growlh
iofdayifish}

Survival (%)

200+ |48
5.0+ 102
S581+017

19,83
(066"

L0

Aloth 110
K DR S
38 4 D60

10416
(1.0354"

106

WTI |6
53.02 0 125
27,20 & (145"

T2.53

0.2476°

14H}

31.50 = 143
A6.500 4 | Bl
14,94 = (37

47.34

(1. 166"

14H}

# Average wel weightfindividuoal

Values having dilferent superseripts (a, b, ¢, d) dilfer significantly (P< 001}

Ol at L5 for weight gain = 3,38

CL0 e U Tor average growedh = 0000
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The highest average growth (g/idav/fish) was recorded in Ty (0.2476g). The
teatments T T and T, recorded an average growth of 0,166, 0.0646 and 00354
respectively. Significant dilference was observed among all the treatments (P<0.00) with a
CD value of 0.00743. The growth pattern during every 15 days interval is illustrated in Fig I,
The growth increment in T, and T> was less and the trend was almost similar i these two
treatments [rom the 60" day of culiure, while in Taand Ty, there was a remarkable increase in

gronwth alfler 15 dayvs of eulture,

In general, the FCR values were very high (Table 3 and the best FOR was recorded
inT; (36,603, T, also recorded o comparatively better FCR value (48 463 than T, {75.26} and
T (144013 ANOVA revealed significant differcnce among all the four 1ested reatments
(=01 with o C value of 47927, The higher FCR values may be owing 1o the fact that
the griss carp consumes large quantity of feed in a day. However, as the weeds are available
plenty in the wild and the farmer does not have to invest on these weeds, large quantities can
be chopped and provided on feeding rays as per the requirement of the fishes, Muoreover, the
large quantity of facces eliminated by the fishes may serve as [eed for the bottom feeders in a

polveulture system,

60
S0
CIF g
g ——T2
e | —A—T3|
= —5-T4
20
g
g |
10
VI

Initial  15th day 30th day 45th day GOth day 75th day 90th day

Duration

Fig. 1. Growth patiern of grass carp Ctenopharyngodon idella fed with foor different
terrestrial wewds (772
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Thus, it is evident from the present study that some of the errestrial weeds can serve

as potential Teed for grass carp. Among the four tested weeds, 6. parviffora had a beler
accepltance by grass carp and registered the highest weight gaim and average daily growih and

alsoy the best conversion.

Azad (1996} Tound | that the grass carp Ningerlings showed o better  zrowth
pertormance (0.0712g/day/Tish) when fed with A, convzofdes when compared o the aguatic
weeds Azefla and Lemna and atributed the ender nature of leaves of A, convzodides as the
probable reason for high acceptance. On contrary, m the present stuely, growth of srass carp
fed with A, conyzoides was less ((L0640g/day/Nish) and the growth performance was

remarkably high when fed with G, parviffora and C. erepidinides.

The North Eastern Region of India receives very high rainfall and consequently there
s prolitic growth of weeds,  These weeds have always been a menace 1o the Tarmers,
hampering the overall farm activities.  Dense growth of terresirial weeds are ofien
encoutered on the pond dykes and olher fallow areas of o fish farm. Tomar (20007 has
reported a plant density of 107, 97, 89 and 68 number of plants in 4w’ for A, conyooides, B.
pilosa, G, parviflora and C crepidioides respectively in the Khasi hills of Meghalaya. The
present stucdy has revealed that the problem of weed infestation in o fish Tarm can he
mintmized by utilizing them as feed for the grass carp, which would be a step towards
Integrated Terrestrial Weed-Fish Muanagement.

In North-East Indin. fish culture using conventional Teeds [ike rice polish and oil
cikes are not widely acceptable to the furmers owing 1o the high cost. Henee, utilization of
the unwanted weeds for Nsh production would be a vighle proposition (o he [arming
community and moreover the grass carp 15 well preferred by the local people and has become

an integral component of their polyeulture ponds.

CONCLUSION

The utibization of unwanted terrestrial weeds as fish fecd could be one of the cheaper
wiys Lo nerease the flesh biomass production from the aguatic habitat and to narrow the wide
gup between the Tish production and demand in North-Eust India. This would also pave way
for producing organic fish and helps in minimizing the problem of household food and

nutritional security in the North Eastern Hill Region of the country.



218 KL WIWNOD o el

Table 3. Teed utilization and food conversion ratio of grass carp fed on different

terresirial weeds

Woeeds Parameters
Food consumed Wet Weight gain I'CR
fir) (@)
A, conyzoides (1)) 437300 FHEL0.07 Ta.20"
£ piferser (T3] 459 59" 318 = (1667 l44.61"
€, pearviflors (15) ST 22.29 + (143" KT NT
C. crepidioides {15} 724, 14" 1494 = 0,37 48.46"

Values in cach column having dilTerent superseripts (a, by o, dy differ signihcantly
(P 00 0t 15 far food consumplion = 13,5735
C.0 at 19 for weight gain = 33893 O al 1% for FCR = 47927
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POTENTIALS OF TERRESTRIAL WEEDS FOR THE
PRODUCTION OF GRASS CARP Ctenopharyngodon idella (VAL,)
IN MEGHALAYA, NORTH EASTERN INDIA
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ABSTRACT

Hhe weeds fike Agevatunt conmvanides L. Bldens prifose 1. Cralinsogea
porviflora Cav. and Crassovephalum crepidiofdes (Benih) are very
commaon cand abundanily available i North Eastern ndia, These
weeds were fed to the prass carp, Clenopharoneodon idella (Val bas
i step towardy intesrated weed management including solving the
problem af weed infestarion on the pond dykes and fallonw areas of
the fislt farm Among the four tested weeds, G parviflora was found
ten e the most preferved feed and the order of feed preference was €5,
parviflora = O crepidioldes = A convieides = B pilosa. The
welghtt pain (F2.33%) and FOR (I0.60) wore alve figly withy (5,
paarviflora, The weight gain with O crepldioides, A convzoides and
. pilosa were 47 34%, 1983 and [006% respectively, while the
FOR were 4840, 7520 and {4460 for the same. The resudts
indlivated thar G parviffora s wi excellent feed Jor the prass carp
among the four tested weeds, The wiilization of wnweanted weeds
theougl biclagical agent Le. O ddella is aue of the best options for
production of flesh bionass from the aguatic habitar, This weonld
alser pave way for producing erganic fiste and helps in mininiizing the

prroblen of howsehold food and nniritional security in NEH Kegien,
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INTRODUCTION

The menace of aquatic weeds had been serious in many countries and long-term
economical solutions were worked oul to alleviate this problem. Biological control of weeds,
particularly using arass carp; was viewed as the best option for an environment-friendly
approach of weed control. The grass carp, Crenopharvngodon idella (Val.), commaonly called
the white amur. a native of Russian and Chinese rivers, has been thus introduced in many

countries, primarily for aquatic weed control. owing to their inherent ability to consume the
plant materials. In India, C. fdefta was inoroduced in the year 1959 and since then it js widely
used not only for aquatic weed control, but also as a food fish, and cultured as an important
component species in polyculture system. Composite fish culture with rass Carp as @ major
component would help 10 reduce the supplementary feeding to a considerable extent
{Grygierik, 1973; Munissery & Varghese, 19825,  This species was found w be highly
compatible with the Indian Major Carps viz. Carla caria, Labeo volita, Cirrhinus rerigala and
the exotic carps like Hypophthatmichthye molitriv and Cyprinigs carpie 0 the polyouliure
syslem.

In the North Eastern Hill Region of India, grass carp is a widely preferred species ina
composite fish cullure system as they are cold tolerant and found to perform verv well,
attaining about 1.0 to 1.2 kg ina year.  There is a good markel demand for this fish, fetching
about Rs.50 1o Rs.80 per kg, The preference for grass carp among the local people of the
region 1s good, as the flesh of this fish is firm and flaky having a good flavour.

Aquaculture 1s one of the important enterprises in the North Eastern Hills and many
rural furmers have been found to have at least one or two ponds within their farm area for fish
culture.  This part of the country receives rainfall during most part of the yesr and is
susceptible to prolific growth of terrestrial weeds. The fish farms are infested with terrestrial
weeds almost throughout the year and this affects the farm operations adversely. The weeds

also become a shelter for many undesired animals including poisonous snakes.

Since, grass carp is a suilable fish species for the hills. some of the terrestrial weeds
can be utilized as feed for this fish. A consistent cropping of weeds from within the farm area
for teeding grass carp would cnable the farmer to keep clean the pond dykes and other fallow
arcas of the fish farm, besides getling the protein-rich food from the pond. Earlier atiempts to
use terrestrial grass as feed for grass carp by Venkatesh and Shetty, (1978): Dey aral et al.,
(1986} and Suresh and Mandal (200) have shown cncouraging results,  Azad and Gupta
(L9900, Azad (1992) and Azad {1996) reported better conversion ratio in griss carp when fed
with terrestrial weeds when compared 1o aguatic weeds,
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The present study is therefore focused o utilize the farm weed as Teed for the grass
carp with a view to minimize the problem of weed infestation and o produce valuable [ish

profein in g very ceonomical way through integration of Weed-Fish management sysiem.

MATERIALS AND METHODS

Four different terrestrial weeds namcly Ageratum convzoides L., Bidens pilosa L.,
Caltnsopa parviflora Cav. and Crassocephalum crepidiendes (Benth) which are very common
in Meghalaya, North East India, were screened for their acceptance and growth performance
by grass carp O fdefla, The Tour experimental weeds were collected and analyzed Tor their
proximate compoesition in respect ol modsture, crude protein, ather extract, crude (ibre,
nitrogen free extract and ash conlents following the methods ontlined in AQOAC (19907,

The experiment was conducted for a period of 90 days during June 1o September
2003, The fishes were collected from the culture ponds of ICAR Complex research larm and
were acclimatized i cement cisterns Tor a period of one week, by feeding them with the
designated feed. Prior to the experiment, the fishes were starved Tor 48 hours o void ofT the
Faccal maller, The leeding experiment was conducted in coment cisterns of dimension 2.0 x
L3 = 075 me The water for the experimental cisterns were drawn from a nearby cullure pond
and o waler level of 50 cmowas maintained in each tank, Ten healthy grass carps (2930 1o
31.60 gms) were introduced into each of the cisterns and the experiment was conducted with
tour treatments (T to Ty) with two replications for each treatment. The incividual fishes were
weighed at the commencement of the experiment.

The Four different ecxperimental weeds were collected daily from within the rescarch
Larm wrea, chopped into small pieces, considering the mouth size of the fishes, weighed ancd
were Ted ad fibitine 1o the lishes.  The chopped feeds were placed on bamboo-made
rectangular Moating Teeding rays. The lelt over feed was removed and weighed daily,

The water qualily of the experimental cisterns was monitored fortmightly and the
samples were analyzed  Tollowing  the standard methods (APHA. 1998), A partial
replenishment of watcr was done once in a formight, when the fishes were sampled Tor
recording their growth, The acceplability of the tested weeds by grass carp and their growth
and Food Conversion Ratio {FCR)Y were calculated.

The data on the weight gain of fishes, average growth, food consumption and FCR
were subjected o Analysis of Variance (ANOVA) (o delermine the statistical significance

betwesn the different means of varions treatments.
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RESULTS AND DISCUSSION

The range of wvariations in water temperature. pH, dissolved oxyeen and towal
alkalinity during the experiment was 19 to 24°C. 7.9 10 8.2, 7.0 10 8.5 ml/l and 38 to 46 ppm

respectively.

All the experimental weeds fed for grass carp during the study viz., the llv goat
weed, A convopides (T} cobbler’s pegs, B pilosa (Ta) ligle flower guick weed, G
peevifTora (T2 and the iron weed O crepidicides (1) belonged (o the Damily Asteraceae. The
proximate composition of the weeds is presented in Table 1. The crude protein content was
found to be the highest in T, (6.00%), followed by T3 (5.95%) T) (4.49%) and T» (2.11%).
However, the hpid content \#115 found to be the highest in Ts (12.753%), followed by T,
(9.06%). T, (8.92%)and T, {3.81%).

Table 1. Biochemical composition of the terrestrial weeds fed Lo grass carp (Percentage
dry matter basis)

Parameters (%) Weeds -
A. conyroides B. pilosa s parviflora . crepidioides
{1 (T4 (T (Ty)
Dy matter [ .38 18.62 128 i1.49
Crude protein 4.4 4.11 5.95 .60
Ether extract {lipid) 581 Q.06 s 592
Total ash 10.76 83 13.26 14,64
Crude fibre 3547 33,28 2974 28.10
Mitrogen free extrac 4347 43.21 3825 41.74

During the present study, all the four terrestrial weeds (1) to T;) were found to be
consumed by grass cwp; allhough the preference vaned from one weed to the other to a
considerable degree (Table 3). In the cuse of A. convroides and B. pifosa, the tender leaves
were preferred while in case of G. parviflora and C. crepidioides, both tender and matured
leaves were found to have cqual acceptability by the fishes. The acceptance of T; (817.19 g)
and T, (724.14 g) were found 1o be exceptionally good when compared 1o T, (437.30 g) and

T: (43989 g). There was a significant difference among all the treatments at 1% level with a
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Critical Difference (Cy of 1357, The prefercnce to Ts and Ty has also reflected on the

arowth performance ol lishes.

The weight zain and the average growth of fishes led with ditferent lerrestrial weeds
are presented in Table 2. The individual wel weight gain was the highest in T3 (22.29 = 0.43g)
when compared 1o all other reatments and registered a growth measired in terms of weight
gain of 72.53%. The performance of grass carp fed Ty was also good with a growth of
47.34% and 1 weight gain of 14.94 20,37z, Compuratively the weighl gain of grass carp wis
found to be poor in Ty (3,81 £ 0.172) and T, (3.18 & 0.66g), which recorded a growth ol only
19 83% and 10.06% respectively. The results of ANOVA for individual wet welzghl gain
ohserved a significant difference among all the tested reatments (P<0.01), except between T,

and T and the CD at 1% level for weight gain was 3 3893,

Table 2. Growth and survival of grass carp fed on different terrestrial weeds

Weeds
Parameters A, conveides (1) B. pilosa . parviflora O, crepidivides
) (T} (Ta) (T4
Mo of fish 10 1 L [
Dharation (days) 0 Gy el L)

Initial weight {g)*
Final weight {g)%
Welzhl gain (g
Percentage weighl
Zain

Average growlh
iofdayifish}

Survival (%)

200+ |48
5.0+ 102
S581+017

19,83
(066"

L0

Aloth 110
K DR S
38 4 D60

10416
(1.0354"

106

WTI |6
53.02 0 125
27,20 & (145"

T2.53

0.2476°

14H}

31.50 = 143
A6.500 4 | Bl
14,94 = (37

47.34

(1. 166"

14H}

# Average wel weightfindividuoal

Values having dilferent superseripts (a, b, ¢, d) dilfer significantly (P< 001}

Ol at L5 for weight gain = 3,38

CL0 e U Tor average growedh = 0000
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The highest average growth (g/idav/fish) was recorded in Ty (0.2476g). The
teatments T T and T, recorded an average growth of 0,166, 0.0646 and 00354
respectively. Significant dilference was observed among all the treatments (P<0.00) with a
CD value of 0.00743. The growth pattern during every 15 days interval is illustrated in Fig I,
The growth increment in T, and T> was less and the trend was almost similar i these two
treatments [rom the 60" day of culiure, while in Taand Ty, there was a remarkable increase in

gronwth alfler 15 dayvs of eulture,

In general, the FCR values were very high (Table 3 and the best FOR was recorded
inT; (36,603, T, also recorded o comparatively better FCR value (48 463 than T, {75.26} and
T (144013 ANOVA revealed significant differcnce among all the four 1ested reatments
(=01 with o C value of 47927, The higher FCR values may be owing 1o the fact that
the griss carp consumes large quantity of feed in a day. However, as the weeds are available
plenty in the wild and the farmer does not have to invest on these weeds, large quantities can
be chopped and provided on feeding rays as per the requirement of the fishes, Muoreover, the
large quantity of facces eliminated by the fishes may serve as [eed for the bottom feeders in a

polveulture system,
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Fig. 1. Growth patiern of grass carp Ctenopharyngodon idella fed with foor different
terrestrial wewds (772
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Thus, it is evident from the present study that some of the errestrial weeds can serve

as potential Teed for grass carp. Among the four tested weeds, 6. parviffora had a beler
accepltance by grass carp and registered the highest weight gaim and average daily growih and

alsoy the best conversion.

Azad (1996} Tound | that the grass carp Ningerlings showed o better  zrowth
pertormance (0.0712g/day/Tish) when fed with A, convzofdes when compared o the aguatic
weeds Azefla and Lemna and atributed the ender nature of leaves of A, convzodides as the
probable reason for high acceptance. On contrary, m the present stuely, growth of srass carp
fed with A, conyzoides was less ((L0640g/day/Nish) and the growth performance was

remarkably high when fed with G, parviffora and C. erepidinides.

The North Eastern Region of India receives very high rainfall and consequently there
s prolitic growth of weeds,  These weeds have always been a menace 1o the Tarmers,
hampering the overall farm activities.  Dense growth of terresirial weeds are ofien
encoutered on the pond dykes and olher fallow areas of o fish farm. Tomar (20007 has
reported a plant density of 107, 97, 89 and 68 number of plants in 4w’ for A, conyooides, B.
pilosa, G, parviflora and C crepidioides respectively in the Khasi hills of Meghalaya. The
present stucdy has revealed that the problem of weed infestation in o fish Tarm can he
mintmized by utilizing them as feed for the grass carp, which would be a step towards
Integrated Terrestrial Weed-Fish Muanagement.

In North-East Indin. fish culture using conventional Teeds [ike rice polish and oil
cikes are not widely acceptable to the furmers owing 1o the high cost. Henee, utilization of
the unwanted weeds for Nsh production would be a vighle proposition (o he [arming
community and moreover the grass carp 15 well preferred by the local people and has become

an integral component of their polyeulture ponds.

CONCLUSION

The utibization of unwanted terrestrial weeds as fish fecd could be one of the cheaper
wiys Lo nerease the flesh biomass production from the aguatic habitat and to narrow the wide
gup between the Tish production and demand in North-Eust India. This would also pave way
for producing organic fish and helps in minimizing the problem of household food and

nutritional security in the North Eastern Hill Region of the country.
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Table 3. Teed utilization and food conversion ratio of grass carp fed on different

terresirial weeds

Woeeds Parameters
Food consumed Wet Weight gain I'CR
fir) (@)
A, conyzoides (1)) 437300 FHEL0.07 Ta.20"
£ piferser (T3] 459 59" 318 = (1667 l44.61"
€, pearviflors (15) ST 22.29 + (143" KT NT
C. crepidioides {15} 724, 14" 1494 = 0,37 48.46"

Values in cach column having dilTerent superseripts (a, by o, dy differ signihcantly
(P 00 0t 15 far food consumplion = 13,5735
C.0 at 19 for weight gain = 33893 O al 1% for FCR = 47927
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PROFILE DISTRIBUTTON AND LEACHING LOSSES OF NITROGEN
APPLIED TO SANDY LOAM AND CLAY LOAM SOILS UNDER
UPLAND AND WETLAND MOISTURE REGIMES

VaRINDERPAL SIKGE', Buay Smon’, Yamenee Sisci' Ann O, SR

ABSTRACT

Under assured frvigated conditions, coarse texiured soils can be very
productive provided distribution and leaching losses of applicd N can
be adequarely  managed  under different moistuve vegines,
Distribution  and  movement of applied wrea-N was  studied in
fvsimeters filled with sandy loam and clay toam soils at bulk densities
close to those wider field sinetions and wnder wetland and wpland
molstiere regimes encountered  under  rice  and  wheat  crops,
respectively. Under upland moisture regime {4 irvigations of 7.5 ¢m
depth each to wheat), no leaching losses of N oceurved bevond 75 em
in both the sandy loam and clay loam soils. In the sandy lown soil
wnder wetland rice (235 cm water applicd in 47 ivvigations), more
than & per cent of applied-N was leached bevond 73 cm. Mojor
leaching losses of N occurred duving first 10 davs after application of
eaclt split dose. The losses were move from first split dose as
compared to second and thivd split dose, Noleachaie wes olweined
bencath 75 cnr depth of clay loam receiving 120 om of water in 24
irvipation events. Leaching losses of N ander rice-whear ratation can
this be effectively alleviated by applving less fertilizer N in the first
split dose to vice I coarse textwred soils. In fine textured soils

leaching of & does not constitute a major loss mechanism,

Keywords @ Nitrogen, Sundy loam, Clay loam, Leaching losses,

Muoisture regime,

INTRODUCTION
Drepending upon availability of water and nutrients, coarse lexiured soils can be as
productive as fine textured soils {(Aulakh & Bijay Singh, 1997) and can be used for srowing
bath upland {wheat-Triticrn aestiven £ and wetland (rice-Ohryza soiiva L)) crops, The

' Depariment of Soils, Punjab Agriculral University, Ludhiana 141 004, Punjab, Inclia

[Parrer recefved on AH-T- 2003
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sequentially grown rice and wheat constitte o dominant cropping system i the Indeo-
Gangetic plains spread over [3 M ha in India, Pakistan, Nepal and Bangladesh, Soils moa
substantial portion of this area are lowmy samd 10 sandy Toam in lexiwee. Urea, the major
source of M oin ree-wheat cropping svsien, once applicd o soils is subjected o a number of
transTormitions belore i is taken up by crops. Under upland conditions, native and apphied N
iy be readily nitrified so that NO; form may dominate the mineral N fractions. This form of
N omay be lost primarily via leaching and (o some extent via denitrification depending upon
the intensity of ireigaton and cainfall events. Urea placed on surface of the soil may be more
prone o losses via ammonia volatilization,

n Tine textured flooded rice soils, there exists a pan oal a depth of Tew cmowhich
restricts downward percolation (Moorman & Breeman. 1978 ) so that possibility of leaching
NO-MN bevond root zone is osmall. When a sandy soil is brought under wetland rice
cultivation, the situation is far from ideal rice soil. High permeability of waler through the soil
profile may result in leaching of stgnificant amounts ol soil and applicd N beyomd the root
zome, Due 1o allermate wetlimg and drying conditions, oxidized zone is relatively thick,
resulling inextensive mitnlication of N, which can be subsequently lost wia leaching or
denmtrification (Shibu & Ghuman, 20013,

Farmers in northwestern India use high amounts of N lerilizers in rice-whea
cropping system and there is already a growing concern of NO; pollution of ground waler
i(Bijay Singh ed al, 1995), Thus, management especially of coarse soils, is facing o grave
challenge - to maximize crop yields and minimize pollution of soil and waler. The Tertilizer
cificiency issue alone deserves cacclul attention. Becovery of fertilizer IV by rice and wheat is
aften no higher than 30% and 50%., respectively (Aulakh & Bijay Singh. 1997, Bijay Singh
et al, 200017 Even if these low recoveries can be tolerated rom an ceonomic standpoint, these
cannot be twolerated from an environmental pollution point of view. The present imvestigation
was carricd oul o study distribution and leaching of applicd urea-N as these are intluenced by
soil texture and water regimes Tor wheat and rice crops grown in lysimeters,

MATERIALS AND METHODS
Lysimeter study

Bulk soil samples of sandy loam and clay loam soils were collected, air dried and
ground 1o pass through 2 mm sieve, Sand, silt, clay, pll, electrical condoctivily, organic
carbom, available 1P, available K, cation exchanger capacily, urcase activity, NEL M, MO, -N
were 31.2%, 38 1%, 30.6%, 8.4, 06 ds m', 0.46%.13 kg ha', 417 ke ha', 15 cmol kg™,

- . N . i o . - 5, Yy
2450 ureay zmd soil, T mg kg U ane 10 mg ke respectively for clay loam soil and 71.4%,
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J48%, 13.8%., 7.8, 0.2 ds m “(033%, 14 kg ha'', 81 ke ha', 10 emol kg, 16 pg urea-N g’

soil, Bmg ke and 11 mg ko', respeetively for sandy loam soil,

Inveshigations on distibulion and leaching of dilTerent N species under wheat
(upland) amd rice (wetland) ccosystems were carried oul in sandy loam and clay loam sols
packed in 35 cm (D and 83 em deep lysimeters, in three replicales. At the bottom of the
Iysimeters an opening of 1 em dinmeter was made on one side and an iron mbe of 5 em length

was lixed on the opening (o make an outlel for collection of leachate.

To obtain clear leachate, a3 em thick layer of gravels was placed at the bottom of
lysimeter prior e [ilhing of soil and a layer of glass wool was fixed in the opening al the
hattom of the lysimeter. Air-dry soil was Dlled ineach Tysimeter upto ¥5 cm depth. Soil was
filled in small increments and packing was done with a wooden plunger 1o achieve bulk
densities 1.5 Mo m™ and 1.3 Mg m ' for sandy Joam and clay loam soils, respectively. Total
amount of soil packed in lysimeters was 108 ke for sandy loam and 94 kg for clay loam soils,
After taking u crop of wheat, the lysimelers were refilled in the sume way Tor growing rice

under witland moisture regime,

Irrigation, fertilization and planfing: Belore sowing of wheal, soils were brought to
ficld capacity by applying 15 Lowater per lysimeter Tor sandy loam soil and 20 Lowaler per
lysimeter For clay loam soil, Urea, single super phosphate, and muriate of potash were used o
supply 200 kg N ha', dd kg P ha', and 83 kg K ba ' A dose of 25 kg ZnS0, TH ha'' was
also aiven, Hall Noand all P, K and Zn were apphicd as basal dose immediately belore sowing
of wheat, Remaining hall dose of N owas applied along with fiest irrigation at 21 days alter
sonwing of wheal. Busal dose of fertilizers was broadeasied and mixed in the surface 0-10 cm

soil depth manvally.

On the following day, secds of wheat variety HD-2329 were sown at o depth ol aboul
4 cm imorows 20 cmoapart, Aller sermination of the seeds, 25 plants were kept in all the
lysimeters, For both the soils, lysimeters with no-N control treatiment were also maintained.
Bath the treatments (no-N and 200 kg N ha') were replicated thrice, vigations of 7.5 cm
depth each were given 3, 8, 14 and 10 weeks alter sowing wheat. Tube-well water was nsed
for irrigation and measured quantity of water was applied on surface area basis. Total amount
ol water applied in 4 irdeations was 28,8 liters,

Before transplanting Touwr 45-day old rice Dvariely PR LI} seedlings (at row (o row
and plant 1o plant distance of 20 cm), lysimeters filled with sandy loam soil were frrigated

thrice with 10 e depth of water daily o make a puddle up to 10 cm depth. Tn Tysimeters
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filled wath clay Toam soil, puddling was done once alter appl ying 10 em depth of water. On
the 4th day, one third N, all P, K and Zn were applied a1 last puddling with 5 cm depth of
water. Remaining N owas applied in two equal split doses al 21 and 42 dayy after transplanting

ol rice,

Thus source, amount and method of Tertilizer application were similar to field arown
rice in northwestern India. Lysimeters filled with sandy loam soil were irri guted with 5 cm of
waler daily upto 3 weeks aller transplanting, Irrigation water usuall ¥ inhlirated in o the soil
m 3 to 7 he Alterwards, irigations of 5 cm depth each were applied 2 days after the ponded
water had infiltrated in 10 soil. In case of lysimeters Glled with clay loam soil, irgations of 5
cm depth were applied in such a way that standing water was maintained for first 3 weeks

alter transplanting.

All the applied water vsed o infiltrte in 3-5 days {dependmg on weather
conditions). Afterwards irrigations of 5 em depth were applicd one day after the ponded waler
had infilirated in w the soil, In sandy loam soil lvsimeters, a total amount of 226,18 L
(equivalent to 235 cm depth) water was applied o rice in 47 i culions, whereas total amount
of water applied to rice grown in clay loam soil was 120 em (1155 Ly in 24 imigations,
Leachates were collected daily, Quantity of leachates was measured and leachates were
analyzed for urea (Mulvaney &  Bremner, 1979, NH," and NG {Keeney & Nelsen, [982)
forms of N immediately after sampling,

Harvesting of crop, soil sampling and chemical analysis: A1 maly rity, plants of
bath rice and wheat crops were harvested close to the around and grain and straw vield were
recorded. Nitrogen content in grain and straw was determined by digesting the samples in
sulfuric acid (H.50,), followed by analysis for total N by a micro-Kjeldahl method (Yoshida
clal, 1970). Soil samples from 0-13, 15-30, 30-43, 45-60 and 60-75 cm depths were oblained

immediately after harvesl of each crap,

Fresh soil samples (100 g) were extructed with 50 ml of 2 M KO solution.
Simultancously. 100 gm of {resh soil sample were dried at 105°C for determination of
maolsture content. Soil exlracts in KOl were analyzed for NH'-N and NO;-N by steam
distilfation method using MgO and Devarda's alloy (Keeney & Nelsen, 1982), respectively,

and results were expressed on a dry weight basis.
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RESULTS AND IMSCUSSION
Upland moisture regime

Wheat vield and N uptake: Gran and straw vield and 1otal N uptake by wheat were
higher when grown n the sandy loam soil rather than in clay Toam sonl (Table 1y Conditions
for growth and proliferation of plant roots were possibly more favorable insandy loam soil as
compared to the clay loam soil. However, apparent N recovery by wheat from the applied
wrea (N uptake more than in the no-N control and expressed as percentage of applied fertilizer
N) was 68,4 per cent in the clay loam soil as compared 1o 57.8 per cent in sandy loam soil. It
coulil be due to restricted movement of applicd fertilizer-N o deeper soil layers thereby
resulting in higher uptake of fertilizer-N from clay loam soil as compared to that [rom the
sandy loam soil. During initial growth stages of the crop, roots of wheal are limited 1o surlace
30 e sail depth (Gajri ef af., 19893, so that N moved 1o deeper layer in sandy Toam soil could
nat be absorbed by young roots of wheat crop resulling in low apparent N recovery. On the
other hand. contribution of inherent soil N to total N uplake by wheat grown in clay loam soil
also resulted in high apparent-N recovery ol applied fertilizer-N, It was supported by the fact
that 300 and 190 mg of residual mineral N from applied fertilizer-N (INHy -+ NOwin fertilized
lysimeter minus that in no-N control) in the sandy loam and clay loam soil, respectively, was

recovered af the harvest of wheat crop (Table 2),

Table 1. Grain yield, straw yield, total N uptake and recovery elliciency of applied N by

wheat in sandy loam and clay loam soils

Treatment Grain yield (g Straw yicld (g Total ¥ Recovery efficiency
Iysimeter™) Iysimeler) uptake () G applied N

Sanedy focom voil

Mo-M control 35 42 L -
20 kg Mihn il 7 33 374
Clay loam soil

No-N control 33 34 i) -
200 Mdha dad 37 A0 i

LS (550 4.7 ERY} 0.1 9.4
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Distribution and movenent NH,” and NO7-N: Data on distribution of NH. and
NO;-N in no-N control and fertilized lysimeters after harvest ol wheat crop are given in
Table 2. In no-N control lysimeters of the sandy loam soil. NH,'-N content showed crease
with depth in 0-30 cm soil layers. Thereafter. it decreased with depth upto 60-75 cm soil
layer. But NO:-N concentration in the soil showed increase with depth, Higher concentration
of MH, =N in surface 0-30 ¢m layers may be ascribed to more prolification of roots and better
biological activity thereby increasing mineralization of inherent organic soil-N. Increase in
soil NO.-N with depth was due to preferential downward movement of NO:-N with
percolating water. Distribution of NH. N in no-N conteol Iysimeters filled with clay loam
soil showed a trend similar 1o that in sandy loam soil, but NQ;-N content increased
considerably with depth upto 30-45 em soil laver and sharply decreased thereafter.
Accumulation of NO:-N at 30-45 cm soil depth should be duc 1o slow percolation of water in
fine textured soil that results in NOu -N peak at shallow depth as compared 1o in the coarse

textured so1l

Data on NH," and NO«-N distribution of applied fertilizer-N in lysimeter showed
that NH."-N accumulated in 30-60 cm soil depth in the sandy loam soil and 0-30 cm soil
depth in the clay loam soil (Table 2). Movement of NOy-N also showed a similar trend but
MO, -N was accumulated in deeper depths (60-75 cm in the sundy loam and 30-=5 cm in the
cliuy loam soil). These results were expected in view of slow movement of water in the clay
loam soil as compared o in the sandy loam soil (Singh and Singh, 1988). In a highly
percolating soil under rice-wheat system. Katyval et al. {1987) studied distribution of "N in
soil profiles under wheat and (ound that leaching of applied N was not found to be stgmficant.
Applied nitrate was fully recovered between the plant and soil, reflecting hittle or no leaching
of M.

Wel land moisture regime

Rice yield and N-upteke: Data in Table 3 show that straw and gran vield and N
uptake of rice were higher in the clay loam soil as compared to in the sandy loam soil. Finer
texture of the clay loam soil should have helped in creating highly reduced soil environments
fuvorable for growth of rice. Apparent N recovery by rice from the applied urea was about 52
per cent from sandy Joam soil as compared to 47 per cent from clay loam soil. It may be due
to less contribution of inherent soil N in uptake from sandy loam soil in which leaching losses

of mineralized N were expecied to be substantial (Fig. 1)



PROFILE PASTREIBUTION AN LEACHING LOSSES GF NITROGEN

0T i s i YR | HikA FOTT [=10 ],
Ll O] L1 el 001 el 96 Fl qnt Fol ook ([ L0
g il (41 Zrl (el el O T 8T L (1] (G-
(& gl 591 NZt et ge 0z BT 061 il S8
£l o7 X il it L] 4 (1 Zul o] g OFE 0L
il 81 081 8¢ (LT 07 i1l i1 0el NET 0zl (g C1:0)

.,,...F.A.WHA.“;E T N-'ON NGNS NCFON NN N-FON z.u:z. NON D NSHN S NTON NSUTHN

O30 =00 - [ERIJIEGD -0 {ua}

STHU LTI B BN B 00T
poaziaa g

NUON STILLU JUATEEAT]

IREAIVERRR |

LT BN T

N-ON

[10s wen| Ar)y

SIOS WRO| AR PUB UIBO] APURS ul 1Ray4 Supsasary anje (Fuw) N- {ON pue N- FHN

[I0% WRO| Apuryg

Jo uonngrsi

yrcdap
[og

A LA B



228 VARINDERPAL SINGH et al.

Table 3, Grain yield. straw yield, total N uptake and recovery efficiency of applied N by
rice in sandy loam and clay loam soils

Treatment Gorain yield Straw yield Total ¥ Recovers
{g lvsimeter!) o lvsimeter™) uptake (g) etficiency %
applicd N
Sandv loam sail
Wa-N control A7 6 04
200 kg Miha 03 [13 1.9 326

Clay Ioam sail

No-MN control L3 120 IS
Ei'Jf.JL;:r Niha 121 143 24 47.3
LD {35 30 4.2 LR N ]
—O—Urga-M
180 - —{=Ammonium-N

—r= Milrata-b
—¥=Ammanium-N (no N contral)

160 - ——Hilrate-N (o b conos) Wﬁmﬂmm
140 - P RS

Cumulative lossos of N {mg lysimeter’)

Days after transplanting of rice

Fig. 1. Comulative leaching losses of NH," and ‘\.L.'I N from sandy loam soil lysimeters in s hich
wetland rice was grown with (200 kg N ha™') and without fertilizer N application
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Distribution amd movement of NH, and NGy=-N - Data on distribution of NH, and
NO:-N in no-N control and fertilized lysimeters afier harvest of rice crop is given in Table 4,

uniform in different depths. But data on distribution of applied fertilizer-N show that both
MHy" and NO.-N content increased with depth up 10 60-75 em soil depth. The NH.' -N
content at surface (0-13 em) layer was 17 mg over that in no-N control and increased to 29
mg at 60-75 ¢m seil depth, whereas NO;-N content increased from 9 me (at 0-15 ¢m soil
depth} to 19 mg (at 60-73 cm soil depth). Peak NH.™ and NOy-N contents in the 60-75 ¢m
soil layer in the sandy loam soil were due to downward movement of both NH,™ -N and NO5 -

N with frequent irmigations applied under wetland moisture regime.

In no-N control ysimeter filled with the clay loam soil NH," -N content increased up
e 45-60 cm soll layer: it declined in 60-75 cm soil layer. On the olher hand NO.-N
concentration continued to increase up o 60-73 cm soil layer. Accumulation of more NO: -N
in deeper soul layers as compared to NH.-N indicates slow movement of NH.-N with
percolating water in fine lextured soil. Similar rend for distribution of NH,™ and NO<-N was
observed in lysimeters receiving fertilizer-N,

More residual NH.'-N rather than NOJ-N after harvest of rice was observed in
lysimeters packed with both sandy loam and clay loam soil (Table 4). Residual N (NH," +
NO;-N) was 5343 mg in the clay loam soil as compared to 170 mg in sandy loam soil. Higher
apparent N recovery and meore leaching losses of N from the sandy loam soil rather than in the
cliy loam soil are in line with data Tor residual N,

Leaching losses: No leachate was obtained from clay loam soil. Cumulative leaching
losses of N as ures, NH:" and NOy beneath 75 ¢m from Iysimeters filled with sandy loam soil
are shown in Fig 1. To cach of these lysimeters, 1900 mg N was applied in three equal splits
doses at ransplanting. 3 weeks and 6 weeks after transplanting. First leachate was collected 2
days after imtiation of study and it contained 7.7 mg urea-IN. Mo urea-N was detected in
subsequent leachates. Leachate collected a day after the application of 2nd split dose of
fertilizer N contained 8 mg urca-N.

Another 3 mg of urea-N was found in leschate obtained on the following day as 36
mm rainfall was received on 22" day. After application of the third split dose of fertilizer,
leachate c¢ollected on the following day contained 8 mg urea-N. Leachates collected
subsequently did not contain urea-N, Thus from three equal split applications, 26.7 mg of
apphed vres was leached as urea-N beyond 73 em soil depth and it was 1.4 per cent of the
total fertilizer N applied to rice.
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Due 10 low CEC and coarse lexture of the sandy loam soil. substantial leaching
losses of N as NHy" were observed. [n the no-N control treatment leaching of NH;™-N
beneath 75 cm wis higher initially and it steadily decreased 1o negligible value after 10 days
of rice growth.  Initial leaching from no-N control should be due 10 presence of NHa N in

soll solution from mineralization of soil organic matter. Thereafier, leaching losses decreased

due to increased uptake of N by rice, and depressing effect of soil saluration on mi
of sull organic-N (Gambwell & Patrick, 1975,

neralization

Similarly. leaching of NH.-N beyond 75 cm from applied fertilizer showed decline
with time. Leaching of substantial amounts of NHy-N was detected upto 10 days. & days and
4 days after apphicaton of first, second and third split dose, respectively. More leaching losses
from tirst split dose of N than from second and third dose was due to limited root gronath of
rice crop. immediately afler transplanting and thus low wtilization of applied fertilizer-N
(Meelu & Gupta, 1980, Tolal NH™-N leaching throughout the study period was 84 me and
1665 mg from no-N control and fertilizer-N treatment, respectively, Thus about 82.5 mg
NH."-N in leachate was from applied fertilizer-N alone. which constituted about 4.3 per cent
of applied fertilizer-N.

Leaching losses of NOy-N in no-N control lysimeters were also observed bevond 73

cm. Losses were substantial in initial stages and sieadily decreased o a negligible level § days

after initiation of the study. In N treated |vsimeters. leaching of NO;-N was observed op o

first § days after first and second split dose and upto 4 days after third split dose. Afierwards,
losses were negligible. The leachates obtained after 2 days contained maximum amount of

NO-N (23 mg from no-N control and 33 mg from fertilizer-N treatments).

It was duc o mineralization of soil organic-N and oxidation of urea-N in favorable
soil moisture conditions during the initiation of study. Thus NOy-N in the solution moved
with percolating water and considerable amount of it wus leached with FBrst Nlush of leachate.
Thereafter there was declined in NOs-N coment in leachate from day 3 to day 8
Subsequently there was no NO; -N in the leachate. It may be due to continuous irrigation up
to 21 days: nearly saturated conditions should have proved unfuvorable for microbes to grow

leading w reduced N mineralization (Gambrall & Patrick. 1978) and nitrification.

After 21 days, lysimeters were irrigated 2 day after infiltration of ponded water so
that conditions were favorable for oxidation of NH.'-N. Thus leaching of NO: on 5 and 8
duays after second split dose and on 3 days after 3rd split dose were observed. Losses were 8.3

and 2 mg. respectively. Total NO3-N lost by leaching during crop growth period were 61 mg
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and 1135 mg from no-N control and Tertilizer-N treatments, respectively. Thus aboul 52.5
mg NOy -M o the leachate came From applied fertilizer N. It was about 2.76 per cent of
applicd fertilizer-N.

The comulative Jeaching of nitrogen (ureat NI, 4 NOW) during the growth scason
ol rice crop was 145 mg and 307 mge from no-M - control and fertilizer-N  (reatment.
respectively. Thas about 161.7 mg N in the leachate was [rom applied urea alone, which wus

8.5 percent of the applied fertilizer-N.

CONCLUSION

[n fine textured soils under rice-wheat cropping system, there hardly exists any
possibility that applicd N will be lost by leaching beyond 75 cm depth, Even in sandy loam
soils nitrogen applied to wheatl is nol prone o losses thromgh leaching. Only when wetland
rice is grown on coarse textured soils, substantial leaching of nitrogen is expected. However,
losses are reduced with growth of the crop. Losses Trom third splil dose of nitrogen applicd
around 6 weeks after ransplanting of rice are substantially less than those observed from Lhe
dase applied al transplanting of rice.
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PRODUCTION OF ACTIVATED CARBON FROM KILUVAI
(Commiphora berryi (Arn.) Engl.)

T ARIMUGANATHAY, 7 Kaiarean” Ann O Ivon Ras®

ABSTRACT

Activeded carbon, a carbonaceons moteriod with porous structure
capalle of wdsorbing  organic compounds, contributing  colour,
adour, faste ele, in the food, plarmiacentical and allied products,
cont be produced frowe Kiwval (Commiphora berevi (Arc) Engl ), o
fiehly drought resivtenm, spreading shrad, growing well nnder alf
soil conditions and weasielands, The Kilwval stems were cut inde
picees, dried and powdered in a bure mill. The powder was sieved
tfrandt o 300t sieve. To this sieved powder, W 1235 and 150%.
{hvweighi af powder taken) zine chloride, g chemical weas added and
then activated at 00, 500 and 600°C for 60 75 and 90 minuies
duratione. The  activated  carvbon produced  was washed  winh
fvdrochloric actd, nentralized with sodien hvdroxide and fineadly
wasfied  witlh distilled  water, The wasled  sample was dried.,
pendered and passed thronglh 73um sieve, The resalted sample was
titvested againgt the methlene blue solution to determine its qualiiv
i terms of decolowrizing vatne, The activated carbon thies produced
weis tested fellowing the Burean of Indicn Standavds (8IS} procedure
el reported, The quality of activated carbon produced was better
than the vequirements preseribed in BIS and hewce they can be wsed
in the oil, food ad pharmaceniioal industries. The approxivate cost
of production of one Ky, activated carbon from Kiluvai was abot
Ra. 60~ whereas the cost of sinilar quality (AR grade) activared
corfent in the ket was Rs, T7006- per Ke.

Keywords: Kiluval, Connipliora berrvi, Activaled Carbon.

' Seientist, ! Senior Besearch Fellow, Mutional Rescarch Cenwe for Musheoonn (Tndian Cooancil of Agricultural
Fescarch), Chambaghan, Solan- 173 213, Flimachal Pradesh, Tnalia

* Professor, Prepartment of Agriculiural Processing, College of Agriculural Bogineering, Tawmil Madu Agricaloral
liversiny, Coimbarere-Gd HO0&, Tamil Madh, Tndia.

{Poper veceivodd on FH-2-2004 )



230 T ARUMUGAMNNATITAN of of,

INTRODUCTION

Acivated carbon s o carbonaceous material with porous structure capable of
adsorbing  vreanic  compounds  contributing  colour,  odour,  @ste, cle., in the  food

pharmaceuntical and allied products, 1t may be either in powder or granular Tosm.

Activated carbons are characterieed by o Loge specific surlaee arca of 300 10 2500
sijuare meters per gram, which adsorbs oreanic compounds responsible for colour, odour,
laste, ete, Activated carbon is mainly used 1o purily water by adsorbing insceticides,
herbicides and other chemicals present in the drinking water (Hassler, 1974), Tt has many
applications in food and pharmacentical industrics. In the food industries, i 15 used for
purification and odour removal during processing ol [ruit juices, honey, syrup, candy. soft
drimks and aleoholic beverages, In the pharmacentical mdustries, activated carbon s used for
the removal of pyrogens from the solutions prepared Tor injections, decolowrizing and
deadourzmg of vitaming and purification of insulin (Dhungat, 19873 Such a highly useful
aciivaled carbon s presently produced from peat deposits, lime impregnated lignite, coal and
lovas temperature derived brown coal (Dhungat, 19871, Since they are non-renewable in nature
andl are going 1o be exhavsted soon, iU is necessary o find oul g suitable raw material of

renewable source,

A number of farm wastes and residues, which are henocellulosic and carbonaccous in
Malure, are available in plenty and are suitable for the production of activared carbon
(Ratlappan et al. 20003 Among the varions materials available in the farm. Kilovai
[Conmmiphiora bettvi (Arn Engl) is available in plenty and do nol find any other use except
as o fuel morural areas of south Tndia, Kiluvai is a highly drought resistant, spreading shrob,
growing well under all soil conditions and waste lands. I is grown as live fence shrub around
the periphery of most of the farm holdings in many parts of Tamil Nadu in India. The sticks
of well gromn tree is used as fuel and also converted into charcoal by the method of pyrolysis
i the rural arcas. Hence this material could be more effectively used as o source for the
production of activaled carbon. The process Tor the production of activated carbon from
Kiluvar and qualities of activaded carbon produced are discussed and reported in this e,

MATERIALS AND METHODS

{i} Production of activated carbon

Stems of about 100 mm diameter were cut from Kiluvai and made in 1o chips of 2.3
mim thick size and sun dried 1o 5-7 per cent moisture content (w.b). The dried picces were
crounded i a bur mill and sieved through SO0 wm sieve to get uniform size powder.
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Samples of 10 gram Kiluvai powder was mixed with 100, 125 and 150% £ine
chloride (by weizht of powder taken) and o paste was prepared by adding required quantity of
water. The mixture was kept for 24 hours with occasional strring 10 complete the reaction
(Capareda, 19901 Then the samples were activated at 400, 500 and 600°C for o hoTE and 9o
minutes duration. To avoid the inlerference caused by the inorganic materials, the activaled
carbon samples were initially washed with 25 per cent (W/V) hydrochloric acid. Afier acid
washing, the activated materials were neutralized by washing with dilute sodium hvdroxide
solution (10 per cent) and finally with distilled water 1l they were free of chloride. The
washed samples were oven dried al 150°C £1°C for three hours and cooled in a desiceator
(Hassler, 19741 The experiments were replicated thrice and the average value was worked
ol The samples were powdered and sieved through 75 wm sieve and stored in air gl
container for further quality analysis,

(i} Quality of activated carbon

The quality of the activated carbon produced was assessed based on the volume of
methylene blue {150 mg of methylene blue dissolved in 100 ml of distlled waler) adsorhed
by 100 mg ol activated carbon sample and exprossed as volume of methylene blue adsorhed
i ml (I8 877 1989). Hence, all the activated carbon saumples produced were tested for their
methylene blue adsorption values to optimize the different parameters involved in the process
ol production of activated carbon from Kiluvai,

The quality characteristics of the activaled carbon produced from Kiluvai powder was
analysed for the best treatment by following the Indian Standard, 1S 83066: 1989,

(iii) Cost of production

The cost of production of one Kg of activated carbon from Kiluvai was estimated by
caleulating the fixed and operating costs of different equipment viz., mudTle furmace, vacuum
pump. hot air oven, sieve, pestle and mortal, cost of chemicals, labour charges and
miscellaneons expenses (Palanisami et al,. 1997).

Production of activated carbon

The activated carbon  produced  during  different  combinations of  activalion
lemperature, activation period and percent zine chloride mixed are given in Table 1. It i
depicted from the Table [ that the parameter namely level of zine chloride mixed. exhibited o
direct proportional relationship with activated carbon production, whereas the parameters
namely, activation period and temperature exhibited an inverse relationship with quantily of
activated carbon production. Tt is seen from the Table 1 that, maximum quantity ol 62 per cent
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ol activaled carbon produced by the power mixed with 150 per cent of ane chlorde and
etivated at 400" Tor 60 minutes and the Kilovai powder mixed with 0% zine chloride and
aetivited al GO0MC for 90 mimutes yielded Towes quantity of activated carbon (3 A0

Table. 1. Effect of activalion temperature, zinc chloride addition and duration of
aetivation on quantily of activated carbon produced from Kiluvai

5. Activation Activation Activated carbon produced (%)
Mo, Jermngramee period E chloride mixed (%)
(') {uin) o 135 150
i A - i &9 AR ol
2 40000 i 44 5.0 S
3 M0 it dé all 5249
4 5000 i) 416 54 0.4
3 S fis] 445 A3 52
it SO0 i g 44.4 4.0
7 ) i} Iy Al S48
8 i 15 AUl 42 464
4 EE Ui 3.4 AR 452

When the sample was aclivited [or longer duration. irespective o activaton
temperature, the decreasing trend in activated carbon production was observed and that couldd
he due 1o 1he loss of carbon by oxidation al Jonger duration of activation, The inereasing trendl
i activined carbon recovery was observed incase of lower duration of activation period. This
may be doe w the fact that, ar lewer duration of activalion period, partial carboniztion of raw
material might have taken place and hence it recorded higher quantity ol aclivaled carbon

reCovery,

Quality of activated carbon

The guality of activated carbon produced was estimated i terms of methylene blue
adsorption (1S 877: 1989), The resulls of methylene blue adsorption by the activated carbon
produced by dilTerent combinations of activalion lemperature, per cenl zine chloricde mixesd

and ar different periods of activition are shown in Table 2.
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From Table 2, it is seen that at al. levels of activation temperature, the methylene bluc
adsorption value increased upto 73 minules of activalion and decreased during further
increase in the period of activation, This may be due to the fact that at longer duration, a part
ol zine chloride may dissociate as zine and chloride, The heavy metal, zinc, may be adsorbed
on the aclivated surlace resulting in low methylene blue adsorption. Kailappan et al . i 1URE]
also reported similar results,

I all the treatments conducted, methylene blue adsorption values were higher in the
samples activated with 125% zinc chloride for 75 minules duration, Another trend observed
was the samples mixed with 125% per cent zine chloride recorded high methylene blue
adsorption values and furtber increase in zine chloride mixing yielded less adsorption values

o all the fevel of activalion lemperature,

[ is ohserved from the Table 2 that, low methyvlene blue adsorption value of 4.5 ml
was recorded by the activated carbon produced al 400"C with 100 per cenl zine chloride
qclivated Tor 60 minutes where as the sample mixed with 125 per cent of zinc chloride and
aetivated Tor 75 minutes at 500°C recorded the highest methylene blue adsorption value of
[7.1 ml,

Table 2. Effect of activation temperature, zine chloride addition and duration of
activation on quality of activated earbon produced from Kiluvai

=l Activalion .-‘u:ti\-u.l.iun Methylene blue :1;ixoz"rmd t;lﬂ]

o lcrm:r(z;';nl e I;:III:;;I Zine chloride mixml. [per cenl}-
0o 125 150
o a0 i) 5.4 10.6 9.2
2 A0 1A 127 104
3 A4H} A .1 [L.1 .3
4 A0 o) G 123 113
3 SO0 s 4l 171 143
f SUHY Qi 1.6 4.2 0.3
7 GO0 ol 6 9 2.3

8 | 75 8.7 13.5 12

e G L e 12 1.5
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For the purpose of optimization of production process, the total quantity of methylene
blue adsorbed obtained by multiplying quantity of activared carbon produced taken was
considercd. Among all the treatment the Filuvar powder mixed with 123 per cemt zine
chloride. activated at S00"C for 75 minutes recorded the maximum volume of methylene blue

adsorption value of 82.1 ml,

Kiluvai Stems |
Size Reduchon |
_ ; ad 1
| N Drying ;
i Fulverization . |
| _ Sieving 5040 wum
Mivine
—_ V -
l Reaction time

| Activation at 500"C For 75 min

l_ Disin[cgruri-mn and Addition of Water J

Filtrarinn
Acid —» —Inorganic Materials
Alkali — . Washing —}N{‘.llll'llh‘f.ll'lg E_f:-.u_a_..u..w Acid
Disulled Water — Elute Alkah
Drying
| _ Powdering and Sieving |

= R

Activared Carbon

Fig. 1. Flow diggram lor the production of sctivated carbon from Kiluvai
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Henee, Kilwvid powder mixed with 123 per cent zine chloride and activated at 3007
] I

o 75 minutes s considered as the best treatment inowhich all the activalion parameters were

mmvolved ot optimum level and produced quality activated carbon having the maximum

methylene blue adsorption value, The Tlow diagram describing dilTerent unil operations

mvolved in the optimized processes Tor the production of activated carbon Drom Kiluvai is

showr i e, 1.

Table 3. Quality characteris

of the activated carbon produced from Kiluvai

Requirements (as per 15 8366: T989)

S1. Characteristics Activated
M, carhon
produeed from Type |
Kiluvai (il idustry)

Maistur: e 15 (rmax
{per cent, w.hy

2 Ak iper cent by ANRTH A RATHEY]
(FREEY

3 hlatter soluble in 0.22 -
wealir fper conl by
[MiikE5]

4 Matter soduble in 219 G lmax)
acied [percent by
sy

3 pH T 3-8

i ecolourizing 2505 Alimind
Poswer fmgde)

7 Filteratality 14 Minutes & S0 [max}
[imnutes} 52 seconds

by Ol retention {per 26 EARIEEY
cent by miss)

L Farticle sive Povwdered & Passing through

saeved through
T pm sieve.
lence, poader
812 1% 73 Wim
& less,

|50 micran- LOO%:
25 nucron — 5%
T3 micron - RFE

Type 2

{ Bl

industry)

I3 {max)

A0 (man)

1.3 Dmax)

B {max)

5-8

T imind

[0
LE5
A0

Fyper b

(P hasrmacenticsl)

I3 (max

20 tmax)

0.5 (mash

2.5 imax)

0,575

208 {mnd

LR
LA
A%
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The resulls of quality analysis carried out on the activated carbon mroduced by the
best treatment is given in Table 3. The quality characteristics evaluated and presented in the
Table 3 clearly indicates the suitability of activated carbon produced rom Kiluvai in oil, Fond
and pharmacentical incdustrics,

Cost ol production

Estimation on cost of production of activated carbon from Kiluyai reveadled that the
cost ol one kg of activated carbon was found to be Rs. 690/ where as (he cost of one kg of
activated carbon of equal quality (AR grade) in the market was about Rs, 1700/-

CONCLUSION

From this study, Kiluvai, a high drought resistance shrub, most Ly wsed as fire wood in
rural arcas, was found suitable for the production of activated carbon, Geo wl quality activated
carbon confirming the requirements as per 15 8366: 1989 could be produced from Kiluvai
powder, by mixing i with 125 per cent zinc chloride (hy weight of powder taken) and
activating it at 500°C for 75 minutes,
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LONG-TERM EFFECT OF DIFFERENT SOURCES OF
ORGANIC MANURES ON WHEAT SOYBEAN ROTATION

S0 Maskey!, 5 Buarraza axn KH, Kargl

ABSTRACT

A lomg term experiment wos conducted  ar Agronomy  Fann
{Khumaltar) aplond  site i RCBD with 3 replications and Y
treatinents, Different sonrces of oreanic manures ke FYM, compost
biogas sturry, powltry mamire, citv waste conipost and waste from
wiasliroom culiivation were tested. Al organie sonrces were equedfy
effective and incrensed groin and straw yield of wheat and sovhean
it wheat sovbean rotation. These treatments also increased the
mmhers of root nodules and nodule weight, The tested organic
mesiieees inereased N, P, KB Zn, Ca and M content of soil.
Different sources of orgwmic monures on 105t ereased porosily,
i weter holding capacity and hydranlic conductivity of soil
bt decreased full densitv.

Keywords:  Organic farming, Crop rotation, Soyhean, Wheat, Soil
Frtilily. Nepal

INTRODUICTION

Nepalese agriculture is based in organic manure and much emphasis i laid on the
role of areanic matter in soil productivity because of its beneficial effects in supplying plant
nuirients, enhancing cation exchange capacity, improving soil aggregation, waler relention
and supporting soil biological activily (Dudal & Deckers, 1993, Badamur ¢l al, 1990}, In
addition, organic soil amendments control some root pathogens  (Buruchara,  1992),
Depending on the availability of manure and crops to he grown, the amount of manure used
varies from 10 1o 60 tons per hectare per year. In Nepalese condition normally 15 tha of
organic manure is recommended. In many of the cases Tarmers apply manure for every crop in

PSoil Science Division, Mepal Apricolural Research Couneil, Khumaltar, Lalipur, Nepal
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succession. Since highly erosive power of orrential monsoon rams wash away fertile surtace
sonl and apphed organic manure Nepalese farmers are forced o apply the equal amount of

compost or Farm ¥ard Manore fo cvery crop in succession o maintain soil Terility,

Crardner { 19770 explained the henelcial effect of organic matter on crop production,
Application of organic manures mereased efficiency of chemical Tertilizer and nitrogen.
phosphorus and potassium uptake by different crops (Dixit & Gupta 20000 Applied organic
manure also increased micronutricnt uptake in crops (Badamur et al., 1990 Singh et al. 1994}
Use of organic manure on terraced Farms increases in liltration rate, reduces surtace run ol T
and less soil erosion (Carson, 19851 However, use ol organic manures o MNepalese
apriculture i reduced significantly after the introduction of chemical fertilizer since nid-

sixlies,

Different types of organic manures and their elfect on crops and soil were studied
extensively. Positive effect of poultry manure on crops were studied by Toor et al. (200H )
and Dosani et al (19949 effect of FYM and Yermin-compost by Srikanth et alo (20000,
Similarly. the effect of biogas slurry wis tested by Gupta et al, (20000 Kacki (2003).
Considering the importance of long-term effeet of these organic manures on crop production
and soil Tertility, o long lerm cxperiment was conducted on wheat/soybean rotation 1o study
the eltect of difTeren locally available organic manures, at Khumaltar in Lalitpur., Mepal Moo
196 10 2002 Tor ten years in the swme Neld.

MATERIALS AND METHODS

This experiment wias conducted on soil belonging o Haplustalt (great group-USDA
soil Taxonomy ), Texture was Joam with total N ocontent of 0,13 1% Crganic matter content
wos medium (2.68%) and high in available phosphorus (1345 me Pikg) and available
potassium (1843 mgdke). Soil resction wis acubic (pll 5,61 A long-lerm experiment wis
started al Khumal Agronomy e, Lalitpur, Nepal, and lI]'I-lEI]'IlE conglition i Movember [949]
to April 2002 Tor 10 years and was designed i RCBD with 9 Treatments and 3 rephcations.
Locally available organic manures like, farmyard manure, compost, bio-gas slurry, poultry
manure, waste Trom mushroom cultivation and cily waste compost were applied to wheat and
sovhean crops and their effect on crop production were compared o that of NPR lertihzer.,
The amount of FYM, compost and city waste compost was taken for study was 15¢ha.
Because of higher content of total niteogen in chicken manure and biogas slurry Stha of
poultry manure and  10¢ha of biogas slurry were applied. Recommended dose of NPK
fertilizers (100:40:300 and one ke of inoculums was supplied to wheat of variety NL 297 and

soyhean variety Ransom,
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The treatments in the experiment were as follows:

SN, Treatments 1Eate of application

l. Ty Cuontrol

z. T Azolobacter1ihizobium 1 kg inoculums/ha
A T Compost * L 51/ha

1. T.FY¥YM [ 56ha

o T Powliry manure IR

0, Ty Biogas shurry [ 5dha

T Clty weaste compist 100:40:50 NPE

5 Ty Chemical Tertilizer Fathn

B T Mushroom Waste Compost

F Comnpost s a mixiare of dung and dry matter

Mutrient content of the different organic manure 1s presented in Table 1 Chiclken
manure contained  highest ameunl ol ttal nitrogen Fellowed by iy wiasle compost,
mushroom waste and biogas slury. Althongh, Poand K played significant role in plant
antrition and varied amounts were present in the ditferent orgame manure omly N content of

these manues were considered.

Table 1. Nutrient Content of Organic Manures Used in the Experiment

SN, Orpanic mannres Nitrogen (%1 Phosphorus(9)  Potassinmi %)
L Compos) RNy 1.24 el
2 Farm i Manurs 0.5 [ 10} L.
3 Pl iry s 3.0 356 203
B Clily warste corpost 1,40 d.3n0 2.5
3 Mushrnom Wisle compost L83 230 292

& [y biogs slury [.G3 .83 L.l
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Procedure of Soil Analysis

Composite soil samples lrom O-10 cm depth were collected before planting and aller
harvest of each crop, dried, sieved and analysed Tor pH i soil and water paste (1015 arganic
matter {Walkley and Black method); total nitrogen (Kjetdhal method) available P {Bray 113,
available K by flame ignition afler extracting with | N, neutral ammonium scetute. Soil
lexture was analysed following procedure outlined by Day (1965). Water holdin & capacity,
bulk density and infilbation rate were measured ollowing procedure mentioned in PCARRD
(1980}, Exchangeable cations were extracted by 1 N neutral ammonium acetate whereas
micronutrients were analysed aceording o method explained by Lindsay and Norvel {1978)
and detected by 1CP, Boron was analysed by Hot waler exteaction method s outlined by
Berger and Troug (1939,

RESULTS AND DISCUSSION
Grain yield of wheat and soybean

Ten yewrs pooled data of grain yield of wheat obtained due 1o different (reatments
showed that all organic manures increased wheat vield signilicantly over control (Table 2),
Maximum grain yicld of 1.9 1fha was observed in recommended dose of NPK {'I'8) treatment
followed by 1.7% t/ha produced by FYM {T4) and then compost (T3) which was 163 (e
Though 173 amount (5 tha) was applicd. poultry manure (T5) produced (1.67 tha) at par
results 1o other organic manure. Likewise 2/3 amount of biogas slurry (10 t/ha) produced
almost equal amount of wheat grain vicld (1.54 ttha}, But none of the treatment results were
signiftcantly different from one anather i.e. application of dilferent sources of organic
munures. Yield response by these sources of organic manures were equally cifective.

With regards o the grain yield of soybean mushroom wasle compost (19} produced
the highest yield results (1.55 tha) followed by city wiste compost (17) that are presented in
luble 3. Likewise the vield results were |4 t/ha as affected by the application of city waste
compost by poultey manure (1,38 tha) and FYM (1.35 thad. Unlike wheal grain yvield the
results of pouliry manure and biogas slurry were inferior to cily waste compost and FY M,
The sovbean grain yields produced by other treatments were much Tower bul woere ab par to

one another indicating indifference in the nutritive value of these OFEAnIc manure,
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Table 2. Grain yield of wheat (kg/ha)
E — 1 e - u; = - o o = =
E 5 z 5 g 5 E 5 E 5 = &
: &£ & g s 2 & & & 2 & 3
— =
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Pannerselvam and Lourduraj (2000} conducted similar experiment and reported that

FYM, Sheep manure and biogas slury inereased production but not high as compared Lo

mineral fertilizer (120:40:30 NPK ke/ha), Since organic manures contain small amount af

autrients, 1o supply required amount of plant nulrient it should be applicd in larger amount,
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Table 3. Grain yicld of soybean {kgfha)
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However, to gel maximum yield, combination of orsanic and morganic fertilizer is
the best option (Babhulkar er al. 20000, Among dilferent sources of arganic manures pouliry
minure is recognized as a valuable Tertilizer for crop production. Because of higher amount of
NPK present in poultry manure cven 5 t/ha resulted at par results with 15 t/ha of other or ranic

manires. 10 1s because nuirients in poullry manure are readily availahle o crops and has
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noteworthy residnal effect (Singh ol al, 1999 Dosani, et al, Guu et ol 1997 and Singh et al
1999, Brar, o al {1999, Khalel et oal, (200000 and Pannerselvam and Lowrdorag C20003
reported similar resulls of biogas slurry. Resulls of aily waste compost were reported by
Muskey and Bhattarai (19943 aned Karki {19933 effear of mushroom wasle by Ranganathan
and Selvacclan (19973 and thal of FYM by Kumar and Yaday (1995 and Karki (19951 In

this study sll types of orzanic manures nereased the yield of wheat as well as soybean.

Straw and Biomass Yield of Wheal and Sovbean (kgfha)

All types of organic manures increased straw vield of wheat significantly ditterent,
which was comparable 1o the straw yield obtained due o recommended dose of NPK
application (Table: 43 Maximum straw weight of 2.6 ¢ha was oblained m plots receiving
poultry manure indicating vigorous growth of the plants. Though not the highest. wheat grain

yield was also next (o bighest as an effect of poultry manure.

Unlike the experimental result published by Brar et al. (1999} where bhiogas slurry
produced outstanding results to that of FYM and mineral P application. the straw yield of
wheal and sovbean, in this case, was inferior 1o that of results as alTected by ponliey manurey
comipost, FYM and mineral fertilizers. Elfect ol pouliry manure in the higher production of
griin as well as strew vield, conld be due 1o other elements present in the poultry leeds since
all the nutrents additive in the feeds are not absorbed in the physiology of the birds and most

them are dropped i the form of excreta which proved to be a belter manure.

[ sovhean oo stubble yield was inereased significantly due to difTerent sources of
organic mantre. Chemical ferilizer application did not increase stubble vicld of soybean.
Effect of chemical fertilizer was lowest among all the treatment ((L75 tha). This could be due
ta the effect of mineral nitrogen applied to the leguminons crops, which mhibited the nitrogen
fixing ability of the microorganisms. Additonally, this could be due o physiological
characteristics of soybean. In soybean leaves senesced before maturity, which also explains

by low stubble vield of soybean,
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Table 4. Straw weight of wheat, stubble wi. hiomass and root wt of sovbean (Average of

L vears)

Treatment
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Straw (kyefha)
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446

Biomass (shoot/root) weighi of sovhean

The weight of soybean sampled at early flowering stage also showed positive effect

due o different sources of organic manures, compost, digested biogas slurry and mushreom

wiste compost gave significantly higher yield than other treatments (Table 41, Among the



LONG-TERM EFFECT OF IMEFERIENT SOURCES OF OREGANIC MANURES 251

application of different sources of manure and feruhzer highest shoot yield is recorded by the
application of mushroom compaost (83 gmdd plants) followed by compost, biogas slurey and
cily waste compost. Shoot vield as resulted by the chemical fertilizers was much lower as

comnpared (o organic manure (67.7 gméd plants).

Carrespending resull of root growth as affected by the different treatments 1s similar
to the shoot weight. Highest root yield was recorded with the mushroom compost treatment
fullowed by compost biogas slurry and pouliry manure. But the ratio of shoot and root
differed. Highest ratio is observed in FYM trestment followed by city wasie compost,
compost, biozas slurey and chemical fertilizer. Likewise the lowest ratio was recorded 1o casc

of control and then micro-organisms treatments.

Rhizobium fixes nitrogen, which is directly related to the weight of nodules in
legumes root, Nodules are the houses of microorgamsms, where they fix atmospheric nitrogen
and store for their own future use or contribute to other crops symbiotically. Since Rhizobium
hacteria derve their energy from carbon source. the effect of organic manure has direct
impact on soil © incremenl which imcreased nodule weight and hence positive effect on

nitrogen fixation.

Ultimately it increses the biomass as well as grain yield of legumes, Nodules were
collected from the experimented plants at 30% flowering stage they were dried and weighed.
All sources of organic manure increased nodule weight (Table 53.). Highest weight of nodule
was recordad in the mushroom waste compost treatment Tollowed by biogas slurry reatment.

A usuwal control rreatment badd the lowest nodule number.

All the organic manure treatments nereased root nodules over control. Highest
numbers of nodules were found in the mushroom waste compost treated plots (1358) followed
by bicgas slurry treatments (1274 and compost treatments {1263} Lowest numbers of
nodules were found in the control that was 837 nodules (Table 5). Rest of the treatments
produced almest similar results. Organic manure produced different Types of enzyvmes that
helps produce higher numbers of nodules. Muller et al. (2000), and Pantalone et al. (1994)

reported similar results,
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Table 5. Number and weight of sovhean nodules as affecied by dillerent trestments

Nodules numbers and weight
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Elfect of organic manures on Nutrient Content of Soil

Mujore nutrients (pH, NPK and organic matier) as well as micro-nutrients B, Mg, Fe,
Cu, Zn aned Mn were increased due 1o application of ditferent sources of oreanic manure
{Table 6). So1l organic matter content was increased from 1.29% in control to 1.83% due 1o
manure application, which is 45% higher. This increment was due to continuous application
ol orgnic manure for [0 years, Similarly 1ol nitrogen, phosphorus, polassinm  and
micronutrients ke B, Fe, Cu, Zn, and Mun were also increased in sodl,

Organic manure are nol only sources  of majer nuatrients bul oalso contain
microntutrients, which is evident from the increase in macro and micronutricnts in soil due 1o
iapplication: o organic manures. Organic manures like compost and biogas slurry are also
good sources of phosphorus. Brar et al {1999 reported increment on dry macter vield and 1otal

P uptake of wheat due 10 FYM and Biogas slurry applications. Triboi and Guuchan {1988
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lso reported enhanced P ooutrient and increment of P oootricnd in soil dee o addition of
oreanic manures. Carbon content of sail is very imporiant for soil healih and inerease in
production and productivity of crops and even for increase and multiplication of useful
microorganisms in soil, This experiment shows the importance of organic manures in

Increasing nuirient status of the soil

Impact on soil physical Properties

Organic matter contenl plays an important role in building =il physical properties
such as bulk densily, porosity percentage, water holding capacity and aggregate stability. In
this long-lerm experiment, there has been noteworthy improvement on bulk  density,
Surprisingly, addition of organic manure decreased bulk density 10 some extent, which could
not be explaimed, In chemical fertilizer treatment with recommended dose ol NPE, bulk

density has decreased by (002 unit {Table 7).

Although application of chemical fertilizer mcreases total root biomass {Table 47,
bulk density was decreased. Unpredictable decrease in bulk density as affected by the
application of micro-organisms could be due (o imcrease in the microlial population which
was not counted. All the other reatments have positive effect on the bulk density. Similar
elfects have been noliced on the porosity percentage as well. The implication of decrease in

hulk density is positive in soil. It increase acration and also tillage becomes casy,

Waler holding capacily as an impact of organic matter trealments has heen apparent.
No change has been observed in the micro organisms and chemical fertilizer eatments over
control. All the other treatments have some increase on the waler holding capacity, 10 15
abvious that addition of organie matlier would absorb water cqual Wooils volume (Allison,
1973; Sharma et al, 20000, Similar results have been reported by Badamur et, al {1990 and
Duddal and Decker {1993},

As mentioned by Carson (1985) infiltration rate has also been positively affected by
the addition of the different organic matler (data not shown), Large dilTerences have been
observed with the addition of compost, FYM, and poultry manure. Application of micro

organisms also increases infiloration rate by 1 mmdhe,
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Table 7. Impact of experiment on the physical propertices of soil after 10 years

Treatments Bulk denxity Porosity Water Holding
{wiee) (%) Capacily % (Max.)
Control 117 374 637
Mo oreanisms 098 asd 5.7
Comypos 1.0 574 GE3
Y M I.O0s a2 RN
Poultry manure L1 394 600
Biogas Shurry 1.9 SE i, |
Lty waste compaos 18 S5.0 G2
Chemical Fertilizer (NP .14 554 057
Mushroom compost 1.07 32 0.5
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GAMMA IRRADIATION INDUCED CHLOROPHYLL
MUTATIONS IN RICE (Oryza sativa L.)

AW, Barorn’. A M, Soosme’, H I Buamao', M. S, RBugim!',
T BAOHARMED' arD NN, Masro!

ABSTRACT

Afr-dried grains of theee local rice varieties [ Serrsher, Shua-92 and
IR8) were trecied with gomma vays (150, 200 anel 2500 Oy} for
determining their mutapenic effectivencss thvongh the occurrence
of chlorophyll sudations. The effective dose was 200 Gy in
inciteing chloroplvtl mutations and the rice variety Savshar had
the aravimum aumber of mutarions followed by the varieties Shia-
02 and IRE. The hichest frequency of chforophyll wations was
that of albina types followed by striata types. Hhe xantha, viriolis
ane tigrina tvpes of mutations were less frequent, The verelicitien
doses wsed in the present study were also found appropriate for
Dnclection of mutation i rice,

Key words: Radiation, Chlorophyll, Mutanls, Rice, Oryza
saifver 1.

INTRODUCTION

Several types of chlorophyll deficiencies occur i scedlings of muragenic treated
plants, Some of these deficiencies like albing are lethal, while some others are with partial
deficiencies like virescent and chloring, which continne to survive, but with reduced wigour,
The frequency of oceurrence of these chlorophyll deficient seedlings in the treated population
is generally considered an appropriate measure for determining  the effectivencss of a
mutagen, (Bari er al 1983, Baloch ef af, 1999, 2001a, 2001h and 2002). The present studics
were undertaken 1o determine the mutagenic effectivencss of gamma rays for inducing

mudations in different rice varicties.

Muclear Institote of Agriculiore, Tando Jam, Pakistan

i Paper received on 3.0}



]
n
]

AW Baloch ef af,

MATERIALS AND METHODS

Air-dried, unhusked arains of three non-aromatic, semi-dwarl rice {Chryza sativa Lo
varieties viz, IR, Shua-92 and Sarshar were treated with different doses of gamma rays. The
moisture content of the grains at the time ol irradiation was 1% and the doses given were
150, 200 and 250 Gy of gamma rays from the “Ca radiation source from the Nuclear Reactor,
The radiation treatments were given at the Scibersdorl Laboratorics of the International
Atomic Energy Agency, Vienna, Austria, Five hundred griins per treatment were taken Trom
cach variety for these studies. The treated grains were sown along with untreated grains in
nursery beds, and one month old treated and untreated seedlings were transplanted in the field
keeping a uniform distance of 20 em between plants and rows, AL matarity, the five lirsl
formed panicles of cach My plant from each treatment as well as from the untreated control
plants were harvested individually. The M, panicles thus harvested were subsequently sown
separatcly, without threshing: in the seedbeds and the M. seedlings raised thereafler were
scared Tor chlorophyll deficiencies in the second week after their germunation. The non-
irradiated srains were also sown along with the irradiated malerial in the seedbeds for
comparative studies.

‘The chlorophyll deficiencices in the seedlings were classified into five groups viz.,
albina, xentha, viridis, steiata and tigrina. The albing were white seedlings, and the xuntha
had pale vellow leaves, Both of these types survived only for one or two weeks alter
sermination. In the viridis type of seedlings, there was some delay in the development of
chloroplasid pigments in their leaves. They were pale yellow in colour, but gradually trmed
sreen. The striate seedlings bad while longitudinal streaks on normally green lcaves, while
the #igring scedlings had varicgaled green and yellow patches on the leaves, The mutation
frequency was expressed as Lhe number of chlorophyll mutants per 100 M. seedlings.

RESULTS AND DISCUSSION

The chlorophyll mutations were induced effectively by gamma rays (Table 1), The
frequency of albino type mutations was higher as compared 1o other types ol chlorophyll
mutations. 1l was followed by the steiata types. The remaining three types e xenitha, viridis
and figring were less frequenl. The average oceurrence of albina mutants m all the three
varieties of rice was only 2.03%, lollowed by sirfate mutants (0.7170). The remaining three
types i.e. xantha, viridis and tigrina were much less frequent in the present mutagenie, The
most effective doses of gammia rays for inducing chlorophyll mutations were 200 Gy for all
the varicties (Sarshar, Shua-92 and TRE).
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The occurrence of chlorophyll mutations in plants is a complex phenomencn. The
chlorophyll mutations could result from the interference in chlorophyll synthesis (Raisinghani
& Mahna, 1996 Von Wettsiein, 1960), such inference may arise due to obstruction in the
formation of accessory pigments (Koski & Smith. 1951 Anderson & Robertson, 1960). due
o anomalies 1 the structural development of chloroplasis  and  consequently  the
photosynthetic pigments {Von Wettstein, 1961}, and interference in the formation of essential
metabolites that are necessary for the development of normal chloroplast structure and
chloroplast pigmentation (Walles, 1963; Redei, 1965).

The mechanism of mutability of ditferent varicties of crop plants is considered
closely related o their radio sensitivity, and several factors like physiological properties
inside the cell and the nucleus (Gustafsson, 1944), nuclear volume and DNA content
{Sparrow & Evans, 1961; Sparrow ef al., 1961} chromosome size (Ban & Godward, 1969).
and ploidy level (Conger er al., 1982) such factors have been shown to influence the radio
sensitivity of plants,

Table 1. Spectrum and frequency of chlorophyll mutations induced by gamma rays in rice

Types and frequency of chlorophyll mutations (%} Total
Number of - S —
. frequency
.y Radiation M
Yaricty : 7 of
dose (Gy) seedlings  Afhing  Xamths  Vieidis Striata Tigring .
mutations
analysed
(%)
Sarshar 0 icontrol) 2475 -- - - --
| 50 2015 .57 003 (105 .03 233
200 1650 [.43 019 {068 s 2.71
230 225 .35 - nie .34
Shua-92 0 (control) 2440 - - 5
150 L8515 {155 (.14 (.01 (L5 [.08
20K 1210} .14 - (XN 008 (0,26
250 |10 {126 - (b, 34 - (.65
[543 0 fcontrod) 24R5
30 1545 .51 (303 (04 T
200 [ ARl {1536 -- -- (.36
250 I 1000 (.28 - (132
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I the present studies, considerable differences were observed in the response of
dilferent varicties of rice 10 radiation teatments, Eaelier workers have found SAMINE rays, o
he more effective in inducing chlerophyll muation than other rays (Futsuhara e af, 1967;
Sometoy, 1975 Okuno & Kawai, 1977 Sato 1982 & Min o el POSOL Towever, the response
of genotypes varied. The variety Sarshar produced more chlorophyll mutations than others
(Baloch er al, 2002) difTerent treatments of radiation produced  different spectra and
frequencies of chlorophyll mutations in different varieties. Such differences in radiation
response indicate that several physical and bological Factors are involved in the mutational
process. Thus, it becomes cxiremely difficull w predict the occurrence of mutatons in
dilferent varicties of crop plants, Nevertheless, it can be concluded that radiation doses nsed
i the present studies were, by and large, most appropriate for inducing  mulations

n rice.
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