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CHARACTERIZATION AND EVALUATION OF 
ADVANCED COTTON GENOTYPES IN BANGLADESH 

S. Begum1 and Md. S. Hossain2 

Cotton Development Board, Khamarbari, Farmgate, Dhaka-1215, Bangladesh 

ABSTRACT 

Twelve advanced cotton genotypes were evaluated with a standard 
variety at Central Cotton Research, Training and Seed Multiplication 
Farm, Sreepur, Gazipur during 2006-07. Significant differences 
among the genotypes were observed for different characters. All the 
advanced cotton genotypes except SR-05 showed short hair. The 
genotype SR-05 was glabrous, but some short hairs were found at 
the margin of the leaves. All the genotypes produced fuzzy seed and 
white colored lint. The only genotype, SR-05 produced lobed/okra-
leaf type leaves whereas others had normal types. The genotypes, 
SR-05 and SR-12 produced the highest seed cotton yield (2634.73 
and 2632.59 kg ha-1) and 29% more lint yield than CB-9. The 
genotypes, SR-05 (56.03g) and CB-9 (56.57g) produced the highest 
average weight of seed cotton per ten bolls. Superior performance of 
SR-05 was mainly due to its highest seed cotton yield and average 
weight of seed cotton per ten bolls. The highest number of bolls 
plant-1 contributed towards highest seed cotton yield in SR-12.  
Keyword: Characterization, Cotton, Evaluation, Gossypium hirsutum, 
Genotypes, Ginning, Okra-leaf cotton, Performance, Staple, Yield. 

INTRODUCTION 
Cotton is one of the most important fiber crop and grown as a cash crop in 

many countries of the world. It plays a dominant role in the industrial and agricultural 
economy of the country. The future requirements of cotton depend on several factors 
like population increase, changing clothing habits, competition from manmade fibers, 
competition with other commercial crops, global demand etc. To date the import of 
cotton to meet the needs of the Bangladeshi mills is a regular feature. Before 
independence, raw cotton requirement for textile industries was met from the West 
Pakistan. After independence, local textile industry faced serious problem from 
inadequate supply of raw cotton from local source. Hence, cotton production need to 
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be enhanced to meet the national demand. In Bangladesh, the annual requirement of 
raw cotton for textile industries (270) is estimated at 2.0 million bales against the 
local production of about 0.1 million bale (Anonymous, 2007a). That means only 5% 
lint (fiber) is being produced domestically and production is far below the actual 
demand. Huge amount of foreign currencies are being spent to import raw cotton to 
meet the national demand. In 2006-07 fiscal year 0.8 million tons of raw cotton has 
been imported costing nearly Tk. 65 billion (Anonymous, 2007). So, it can be seen 
that there is a great urgency to increase cotton production for saving the foreign 
currency (Khalequzzaman, et al., 2010).  

Early maturity, reduced plant size, high seed cotton yield potentialities, high 
Ginning Out Turn (GOT), better fiber quality  are the  major characteristics of a 
desirable variety of cotton in this country. Wu et al. (2004) reported that boll number 
and boll weight interacted to affect lint yield (Tan, 1993), indicating that balanced 
selection for boll weight and boll number is needed for development of high-yielding 
line. Modern cotton is annual and day neutral in flowering and has large fruit (5-8g of 
seed cotton), long coarse to fine-white lint with a lint percentage of 35 to 40% (Lee, 
1984; Azad, 2006). Fiber quality, particularly strength, length and micronaire, is 
critical in maximizing returns to growers and accessing premium markets.  

Information regarding the characterization and evaluation of cotton genotypes 
in Bangladesh condition is scanty. Keeping the above views in mind the present 
study was designed to obtain the information on the aspect of twelve advanced cotton 
genotypes of Gossypium hirsutum.  

MATERIALS AND METHODS 
The experiment was conducted at Central Cotton Research, Training and Seed 

Multiplication Farm, Sreepur, Gazipur during 2006-07. The farm belongs to the 
Madhupur Tract of Agro Ecological Zone 28 (UNDP and FAO, 1988). The 
experimental material comprised of twelve advanced cotton genotypes (Gossypium 
hirsutum), such as, SR-01, SR-02, SR-03, SR-04, SR-05, SR-06, SR-07, SR-08, SR-
09, SR-10, SR-11 and SR-12; and one existing variety, CB-9 was used as control. 
Among the twelve genotypes, SR-05 was disclosed as a new variety, designated as 
CB-1 in 01 July, 2010. The twelve advanced cotton genotypes obtained from twelve 
crosses under variety development program, where both parents belonged to 
Gossypium hirsutum. These cotton cross combinations were developed according to 
the criteria of productivity, fiber quality and resistance to boll rot diseases. Each 
genotype was developed through single plant selection. Among the parent lines, only 
BAC-59 was lobed/okra-leaf type.  
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Table 1. Main features of twelve advanced cotton genotypes 
*Accession 

number 
Donor identification 

number 
Pedigree cultivar 

BC-0410 SR-01 (CB-1×DL-41) 
BC-0419 SR-02 (CB-1×K-502) 

BC-0420 SR-03 (CB1×BAC-59) 

BC-0421 SR-04 (CB-3×DL-41) 
BC-0411 SR-05 (CB-3×BAC-59) 

BC-0422 SR-06 (DL-41×K-502) 

BC-0423 SR-07 (CB-3×DL-81) 
BC-0424 SR-08 (CB-7×CB-10) 

BC-0425 SR-09 (CB-9×CIM-446) 

BC-0426 SR-10 (CB-9×SI-2000) 
BC-0427 SR11 (CB-3×CB-9) 

BC-0428 SR-12 (CB-9×VN-20) 

 Source: *Azad (2006) and Begum et al. (2006) 

Seeds were sown on 25 July, 2006 in a Randomized Complete Block Design 
(RCBD) with three replications. The unit plot size was 4m×3.6m (4 rows). The plant 
spacing was 0.90m×0.60m. Three or four seeds were sown per hill during planting, 
but after final thinning one healthy seedling per hill was allowed to grow.  

Green manuring was done by growing sunhemp. Decomposed cowdung 
(@3000 kg ha-1) was applied before final land preparation. Chemical fertilizers were 
applied at the rate of 23-35-50-18-1.80-1.70-0.95 kg ha-1 N-P-K-S-Zn-B-Mg in the 
form of Urea, TSP, MP, Gypsum, Zinc Sulphate, Borax and Magnesium Sulphate 
respectively, during final land preparation as basal dose. N was also applied at the 
rate of 23 kg ha-1 3 times as side dressing at 3, 6 and 9 weeks after planting and also 
37.5 kg ha-1 K was applied during 1st and 2nd side dressing of Urea. Yield data were 
recorded from the middle two rows (4m×1.8m) of every unit plot in order to avoid 
boarder effects. Yield of seed cotton was reduced due to drought occurred during 
October to December of 2006. Irrigation was done during mid November for better 
boll setting. Normal cultural and plant protection measures were followed.  

Ten plants were chosen at random from each plot and data were recorded on 
number of vegetative branches/plant, primary fruiting branches/plant, secondary 
fruiting branches/plant, node number of 1st fruiting branches (NFB)/plant, number of 
bolls/plant, plant height at harvest, average weight of seed cotton/ten bolls, number of 
locules/boll and number of boll rot infestation/plant. Days to 50% flower and 50% 
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boll split were recorded when 50% plants bore flowers and opened boll, respectively. 
At harvest, each plot was hand-picked. Visual selection was done for identification of 
qualitative characters during growth period. After ginning, percentage of ginning out 
turn (GOT%), lint yield (kg ha-1), seed index, lint index and fiber quality 
characteristics were calculated. The yields of all genotypes were measured as kg ha-1. 
Data were analyzed and mean separation was done through Duncan’s Multiple Range 
Test (DMRT) under MSTAT program. 

RESULTS AND DISCUSSION 
Characterization 

The genotypes were visually evaluated based on their growth habit, colour of 
plant, hairiness, leaf shape, petal colour, petal spot, pollen colour, boll shape, seed 
fuzz, fuzz colour and lint colour (Table 2). All the genotypes showed erect growth 
habit and petal spot was absent.  

According to the colour of the plant they were grouped into two distinct 
morphological categories viz. greenish purple and green. All the genotypes showed 
greenish purple coloured plant, except SR-04 and CB-9 which showed green 
coloured plant. The result is in partial agreement with that of Azad (2006).  

Twelve advanced cotton genotypes except SR-05 showed short hair. The 
genotype SR-05 was glabrous, but some short hairs were found at the margin of the 
leaves. On the other hand, CB-9 showed hairy character.  But SR-03 showed entire 
leaf type characteristics. Only SR-05 showed okra-leaf/lobed characteristics, which is 
in agreement with that of Begum et al., 2006. Anonymous (2007b) and Azad (2006) 
also reported similar qualitative characteristics. Regarding petal colour three groups 
viz, cream, light yellow and yellow petal colour were observed among the genotypes. 
Only SR-04 and CB-9 showed cream coloured petal; and SR-09, SR-10 and SR-11 
showed yellow coloured petal; but others had light yellow coloured petal. According 
to the colour of the pollen the genotypes were grouped into two distinct groups viz. 
yellow and cream. SR-04, SR-11 and SR-12 showed only yellow coloured pollen, but 
others had cream coloured pollen (CDB, 2007b).  



Table 2. Qualitative characters of twelve advanced cotton genotypes grown at Sreepur, Gazipur during 2006-07 

Sl. 
No. 

Accession 
Number 

Growth 
Habit Colour of plant Hairiness Leaf 

Shape Petal Colour Petal 
Spot 

Pollen 
Colour 

Boll 
Shape 

Seed 
Fuzz 

Fuzz 
Colour

Lint 
Colour

1. SR-01 Erect Greenish purple Short Hair Entire Light Yellow Absent Cream Oval Fuzzy Grey White 

2. SR-02 Erect Greenish purple Short Hair Entire Light Yellow Absent Cream Oval Fuzzy Grey White 

3. SR-03 Erect Greenish purple Short Hair Entire Light Yellow Absent Cream Oval Fuzzy Grey White 

4. SR-04 Erect Green Short Hair Entire Cream Absent Yellow Oval Fuzzy Brown White 

5. SR-05 Erect Greenish purple Short Hair Lobed Light Yellow Absent Cream Conical Fuzzy Grey White 

6. SR-06 Erect Greenish purple Short Hair Entire Light Yellow Absent Cream Oval Fuzzy Grey White 

7. SR-07 Erect Greenish purple Short Hair Entire Light Yellow Absent Cream Oval Fuzzy Brown White 

8. SR-08 Erect Greenish purple Short Hair Entire Light Yellow Absent Cream Oval Fuzzy Brown White 

9. SR-09 Erect Greenish purple Short Hair Entire Yellow Absent Cream Oval Fuzzy Grey White 

10. SR-10 Erect Greenish purple Short Hair Entire Yellow Absent Cream Oval Fuzzy Grey White 

11. SR-11 Erect Greenish purple Short Hair Entire Yellow Absent Yellow Oval Fuzzy Grey White 

12. SR-12 Erect Greenish purple Short Hair Entire Light Yellow Absent Yellow Oval Fuzzy Grey White 

13. CB-9 Erect Green Hairy Entire Cream Absent Cream Conical Fuzzy Grey White 
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Two types of boll shape were found among the genotypes viz. oval and conical. 
Only SR-05 and CB-9 produced conical shaped boll; but other genotypes produced 
oval shaped boll. All the genotypes produced fuzzy seed and white coloured lint. But 
the colour of fuzz was of two types viz. brown and grey.  Fuzz colour of most of the 
genotypes was grey, except SR-04, SR-07 and SR-08; which had brown coloured 
fuzz (Azad, 2006).  

Performance 
Seed cotton yield and related characters of the genotypes are presented in Table 

3. Number of vegetative branches/plant, secondary fruiting branches/plant, node 
number of 1st fruiting branches (NFB)/plant, days to 50% flowering and 50% boll 
split, average weight of seed cotton/ten bolls, number of bolls/plant, plant height at 
harvest, growth period/days to 90% seed cotton harvest and yield of seed cotton 
characters showed significant variations due to genotypes (Table 3).   

The genotypes SR-05 and CB-9 produced the highest numbers of vegetative 
branches/plant. There were no significant differences among the genotypes for 
primary fruiting branches/plant. The only genotype, SR-05 produced the highest 
number of secondary fruiting branches/plant (17.93). The lowest node number of 1st 
fruiting branches (NFB)/plant was produced by SR-03 (5.70) and the highest was in 
CB-9 (7.03) (Table 3).   

All the genotypes except CB-9 showed earliness in days to 50% flowering 
(Table 3). On the other hand, for days to 50% boll split, SR-12 showed earliness (113 
days), but SR-01, SR-02 and SR-09 were late (120 days).  

The genotypes, SR-05 followed by CB-9 produced significantly the highest 
average weight of seed cotton/ten bolls. Begum et al., (2006) observed similar results 
in SR-05 and CB-9. The genotypes, SR-03 and SR-08 produced lowest average 
weight of seed cotton/ten bolls. But the genotype SR-08 was found to produce the 
highest average weight of seed cotton/ten bolls (58.00g) in the season of 2005-06 
(CDB, 2006). Significantly highest number of bolls/plant was found in SR-07 and 
SR-12. The tallest plants were found in CB-9 (120cm) and the shortest plants (98cm) 
were found in SR-12 (Table 3).  

There were significant differences among the genotypes for growth period/days 
to 90% seed cotton harvest (Table 3). It is one of the index of earliness. The 
genotypes, SR-05 and SR-12 showed earliness for seed cotton harvesting compared 
to other genotypes. About 90% seed cotton was picked up from the genotypes SR-05 
and SR-12 at the age of 179 days, whereas control variety was harvest at 190 days. It 
was observed that the two genotypes could be completely picked up before eleven 
days earlier than the control variety. Similar findings were reported by Rahman 
et al., (2005) and William and Meredith, (1983). Jones (1982) also concluded that 
okra leaf type genotype enhanced earliness which caused shorter growth period.  



 

 

Table 3.  Seed cotton yield and related characters of twelve advanced cotton genotypes grown at Sreepur, Gazipur in 2006-07 

Number of Days to Yield of seed cotton 

Ge
no

ty
pe

s 

Vegetative 
branches / 

Plant 

Primary 
fruiting 

branches 
/ Plant 

Secondary 
fruiting 

branches / 
Plant 

Node 
number 

of 1st  
fruiting 

branches 
(NFB)/ 
Plant 

50% 
flower-

ing 

50% 
boll 
split 

Average 
weight of 

seed cotton/ 
ten bolls 

(g) 

No. of 
bolls /plant 

 

Plant 
height at 
harvest 

(cm) 

Growth 
period 

(Days to 
90% 
seed 

cotton 
harvest) 

(kg ha-1) 
As % 

of 
CB-9 

SR-01 1.20 c 16.50 8.57 d 6.17 bc 53 b 120 a 45.97 bcde 15.73 ab 117 ab 184 ab 1702.73 b 83.59 
SR-02 1.93 abc 17.90  14.10 abc 6.13 bc 53 b 120 a 51.07 abc 17.17 ab 104 abc 192 a 2392.22 ab 117.44 
SR-03 1.40  bc 16.70 10.57 bcd 5.70 c 53 b 117 ab 40.83 e 14.17 ab 103 bc 193 a 1925.00 ab 94.51 
SR-04 1.83 abc 18.00 13.40 abcd 6.53 ab 53 b 117 ab 44.83 cde 15.47 ab 108 abc 187 ab 1853.93 b 91.02 
SR-05 2.40   a 18.37 17.93 a 6.87 ab 50 b 118 ab 56.03 a 15.70 ab 112 abc 179 b 2634.73 a 129.35 
SR-06 1.77 abc 16.93 11.43 bcd 6.40 abc 53 b 118 ab 47.43 bcde 12.30 b 105 abc 187 ab 1680.23 b 82.49 
SR-07 2.07 abc 17.97 13.53 abcd 6.90 ab 52 b 119 ab 48.37 abcde 17.53 a 110 abc 188 ab 1931.53 ab 94.83 
SR-08 1.70 abc 17.47 8.97 cd 6.20 abc 52 b 117 ab 41.20 e 16.47 ab 104 abc 184 ab 2330.83 ab 114.43 
SR-09 2.07 abc 16.43 15.17 ab 6.67 ab 53 b 120 a 53.93 ab 14.43 ab 105 abc 187 ab 2275.83 ab 111.73 
SR-10 1.90 abc 16.73  12.73 bcd 6.63 ab 52 b 119 ab 49.90 abcd 14.40 ab 108 abc 191 a 2237.36 ab 109.84 
SR-11 2.17  ab 17.53 13.87 abc 6.43 abc 54 b 118 ab 45.53 bcde 15.70 ab 106 abc 186 ab 1826.20 b 89.66 
SR-12 2.10  ab 17.33 10.97 bcd 6.27 abc 52 b 113 b 42.10 de 18.13 a 98 c 179 b 2632.59 a 129.25 
CB-9 2.53   a 2.53 12.83 bcd 7.03 a 58 a 117 ab 56.57 a 14.20 ab 120 a 190 a 2036.90 ab 100.00 

CV (%) 23.23 23.23 20.81 6.62 3.52 2.72 9.22 16.97 7.68 2.79  17.56 - 
LSD at 5% 0.76 0.76 4.43 0.72 3.13 5.40 7.45 4.44 13.92 8.76 625.2 - 
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Yield of seed cotton showed significant difference due to genotypes (Table 3). 
The genotypes, SR-05 and SR-12 were superior in seed cotton yield and produced 
significantly higher seed cotton yield of 2634.73 and 2632.59 kg ha-1, respectively 
which was 29% more than the control variety CB-9.  The genotypes, SR-01, SR-04, 
SR-06 and SR-11 showed the lowest yield. The genotypes, SR-02, SR-03, SR-07, 
SR-08, SR-09 and SR-10 followed by CB-9 produced highest seed cotton yield. The 
second highest yield was produced in SR-02 (2392.22 kg ha-1) and it was 17.44% 
more than CB-9. But SR-08 and SR-12 produced 2992.40 and 2639.50 kg ha-1 seed 
cotton yield, respectively in 2005-06 (Anonymous, 2006). The lowest seed cotton 
yield (1680.23 kg ha-1) was observed in SR-06.   

All the genotypes produced statistically similar percent of Ginning Out Turn 
and similar number of locules/boll (Table 4). The highest lint yield was produced by 
SR-05 and SR-12, which were higher than the control. The result is in partial 
agreement with that of Rahman et al., 2005. The highest seed index was found in SR-
02 (11.07g). The lowest seed index was found in SR-08 (8.49g). But SR-08, SR-09, 
SR-10, SR-11 and SR-12 which produced 10.45, 11.98, 12.00, 10.38 and 12.00g seed 
index respectively, in 2005-06 (Anonymous, 2006). The highest lint index was found 
in CB-9 (7.60g). 

Table 4. Seed and lint characteristics of twelve advanced cotton genotypes at 
Sreepur, Gazipur during 2006-07 

Lint yield 
Genotypes 

(kg ha-1) As % of 
CB-9 

Ginning Out 
Turn (GOT) 

(%) 

Seed Index
(g) 

Lint 
Index 

(g) 

No. of 
locules/ 

boll 
SR-01 610.82 83.05 35.87 9.54 ab 5.43 b 4.17 
SR-02 847.25 115.19 35.42  11.07 a 4.70 ab 4.20  
SR-03 724.38 98.49 37.63 8.52 b 5.76 b 4.13  
SR-04 689.05 93.68 37.17 9.58 ab 5.49 b 4.20 
SR-05 942.44 128.13 35.77 9.27 ab 5.89 b 4.33 
SR-06 596.48 81.10 35.50 9.20 ab 5.40 b 4.27 
SR-07 717.24 97.51 37.13 8.73 ab 5.80 b 4.13 
SR-08 895.04 121.69 38.40 8.49 b 5.50 b 4.27 
SR-09 819.82 111.46 36.02 10.81 ab 6.82 ab 4.23 
SR-10 794.11 107.97 35.49 9.77 ab 6.10 ab 4.33 
SR-11 638.08 86.75 34.94 10.03 ab 5.25 b 4.30 
SR-12 942.20 128.10 35.79 9.64 ab 6.05 ab 4.10 
CB-9 735.52 100.00 36.11 10.40 ab 7.60 a 4.20 

CV (%) - - 6.24 12.58 14.42 0.23 
LSD at 5% - - 3.82 2.04 1.46 0.02 
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The genotype SR-05 and SR-12 produced the highest seed cotton yield and lint 
yield. Begum et al. (2005) and (Anonymous, 2009) revealed that the highest average 
weight of seed cotton enhances the highest yield of seed cotton in SR-05. Stoilova, et 
al., (2003) also showed that seed cotton yield is positively correlated with boll 
weight. Highest number of bolls/plant also increased highest yield of seed cotton in 
SR-12 (Anonymous, 2006). 

Boll rot infestation status and plant population of different genotypes are 
presented in Table 5. Significant differences were observed for boll rot infestation 
among the genotypes. The highest infested number of bolls/plant was found in SR-09 
(4.73) and the lowest was in SR-03 (3.23). There was a severe attack of boll rot 
diseases on all the genotypes. But Jones, (1982) observed that okra leaf type 
cotton reduced boll rot.  

Table  5. Boll rot infestation status and plant populations of twelve advanced 
cotton Genotypes 

Plant population ha-1 
Genotypes Number of boll 

rot infestation /plant 30 Days After 
Emergence (DAE) Harvest 

SR-01 3.43 ab 21300 20830  

SR-02 3.70 ab 20830 20370  

SR-03 3.23 b 20830 20370  

SR-04 3.70 ab 20370 20370  

SR-05 3.63 ab 21300 20370  

SR-06 3.77 ab 21760 21300  

SR-07 4.00 ab 19910  19440  

SR-08 3.53 ab 21300  20370  

SR-09 4.73 a 22220  21760  

SR-10 4.17 ab 19910  19910  

SR-11 4.10 ab 22220  19910  

SR-12 3.37 ab 21300  20370  

CB-9 3.80 ab 20830  19910  

CV (%) 19.47 6.11 7.60 

LSD at 5% 1.24 2172 2614 
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Fiber quality characteristics of the genotypes are presented in Table 6. In case 
of 50% span length, SR-01, SR-02, SR-09 and SR-11 produced significantly longest 
staple of 15.49mm, 15.32mm, 14.90mm and 15.07mm, respectively which were 
statistically similar to those of SR-03, SR-04, SR-05, SR-06, SR-07, SR-08, SR-10, 
SR-12 and CB-9. Considering 2.5% span length, SR-01 produced the longest staple 
(29.63mm) which was statistically similar to those produced by the rest of the 
genotypes except SR-07 which produced the shortest (26.92mm) staple. For fiber 
bundle strength and uniformity ratio, all the genotype produced approximately same 
strength of fiber and uniformity ratio. Where as Azad, (2006) observed that, SR-05 
produced 84.61psi strength and 3.6 mµ micronaire. SR-01 showed the finest fiber 
quality among the genotypes. The micronaire value represents the fiber diameter. 
Ideal micronaire range was 3.8– 4.5mµ. All the genotypes produced ideal micronaire 
value.  

Table 6.  Fiber quality characteristics of twelve advanced cotton genotypes 
grown at Sreepur, Gazipur during 2006-07 

Genotypes 
50% Span 

length 
(mm) 

2.5% 
Span 
length 
(mm) 

Fibre 
bundle 

strength 
x103  (psi) 

Micronaire 
value 
(mµ) 

Uniformity 
ratio 
(%) 

SR-01 15.49 a 29.63 a 85.20 3.97 b 52.28 

SR-02 15.32 a 28.28 abc 83.63 4.30 ab 54.17 

SR-03 13.88 ab 29.12 ab 85.07 4.13 ab 47.66 

SR-04 14.14 ab 27.60 bc 84.03 3.93 b 51.23 

SR-05 14.02 ab 28.04 abc 82.47 4.43 a 50.00 

SR-06 14.14 ab 28.70 abc 85.35 4.00 b 49.27 

SR-07 14.56 ab 26.92 c 82.35 4.27 ab 54.09 

SR-08 13.97 ab 28.78 abc 83.14 4.00 b 48.54 

SR-09 14.90 a 28.02 abc 84.06 4.07 b 53.18 

SR-10 14.65 ab 27.69 abc 83.13 4.07 b 52.91 

SR-11 15.07 a 29.21 ab 84.51 4.23 ab 51.59 

SR-12 14.06 ab 28.45 abc 83.76 3.93 b 49.42 

CB-9 14.48 ab 28.11 abc 84.79 4.17 ab 51.52 

CV (%) 8.04 3.58 1.81 4.64  

LSD at 0.05% 1.95 1.17 2.56 0.31  
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CONCLUSION 
From the above results and discussion it can be concluded that, SR-05 and SR-

12 were high yield potential genotypes. The highest average weight of seed 
cotton/ten bolls enhanced the seed cotton yield of SR-05. SR-05 showed the highest 
number of vegetative branches/plant and the highest number of secondary fruiting 
branches/plant and showed shorter growth period. SR-12 produced the shortest 
plants, which was also earlier, whereas check variety, CB-9 produced the tallest 
plants with long growth period. SR-01 performed better for fiber quality 
characteristics. All the genotypes possessed fuzzy seed, white coloured lint and had 
no petal spot.  
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ABSTRACT 

Six samples of bottled intermediate moisture tomato paste were 
stored at ambient conditions (32-38°C, 55-59% RH). Four of these 
samples were treated with preservatives. One of the remaining two 
samples (not treated with preservatives) added with palm oil filled on 
to its headspace. Shelf-life studies conducted for forty weeks showed 
no appreciable changes during forty weeks of storage in chemical 
properties of samples treated with sodium metabisulphite and 
sodium benzoate. The samples with vinegar and palm oil filled 
headspace showed changes in chemical properties from the 13th 
week of storage. Chemical changes were noticed on the 10th and 4th 
week respectively for sodium chloride treated and untreated control 
paste samples. There was no significant difference in organoleptic 
properties of all the samples in the first 8 weeks of studies with the 
exception of control samples, which was rated lower (p<0.05) in 
overall acceptability. However, from the 16th week of storage, the 
control sample became inferior in all the organoleptic attributes 
measured. 
Keywords: Ascorbic acid, Intermediate moisture, Titrable acidity, Shelf-
life, Sodium benzoate.  

INTRODUCTION 
Tomato is highly esteemed as a source of vitamin C and a significant source of 

vitamin A and B (Robinson, 1977). It has about 20-25 mg ascorbic acid per 100 g 
(Duke and Atchey, 1996). The mineral content of tomato is high and varies from 0.3 
and 0.6% (Gould, 1983). Potassium concentration is the highest in the mineral 
content with 2282-2668 mg kg-1 and iron is ranged from 5.0 to 12.2 mg kg-1 
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(Kardeniz and Eski, 2005). Iron is the most important in terms of providing adequate 
nutrition (Gould, 1983). 

Tomatoes are seasonal and during the period of harvest the price of this 
commodity is low. It becomes highly exorbitant as soon as the harvest period is over. 
The activity of water is high in tomatoes and because of the high solutes 
concentration; bacteria, yeasts and moulds grow and multiply (Charley, 1982). Large 
losses are encountered through transportation, storage, harvesting and marketing as 
the product is mostly consumed as fresh. Post harvest losses in tomatoes during 
transportation increases as a result of practice of packing tomatoes at different stages 
of ripeness and various grades in the same containers without prior sorting (Aworh et 
al., 1981). Most products that reach to the market in good condition but could not be 
sold on time are left to the various natures to rot away. Various methods of 
preservation have been used for tomatoes; these include canning (Frazier and 
Westhoff, 2004), flaking (Cruess, 1996), use of sun drying (Gupta and Nath, 1984) 
and the use of chemical preservatives (Lueck, 1980). The most popular method is to 
concentrate the tomato puree by evaporation of moisture using cooking pots. Over-
concentration and localized heating results in to paste with burnt and undesirable 
flavour (Srivastava, 1999) 

The burnt and undesirable flavour of this popular home preserved tomato paste 
can be eliminated by concentrating to lesser degree followed by oven-drying to 
produce intermediate moisture tomato paste (Srivastava, 1999). Intermediate 
moisture foods are shelf stable without refrigeration and resist the growth of 
microorganisms due to low moisture content (Kordylas, 1998). The reduction of 
moisture content of foods alone is not sufficient to protect the intermediate moisture 
foods from bacteria, yeasts and moulds (Jideani et al., 1995). It is customary to add 
chemical preservatives to control these types of microorganisms, which are tolerant 
to low moisture foods (Abebe and Kebede,1993). This study, therefore, was designed 
to develop suitable preservation method which is within the reach of SAARC 
countries people and also to determine the effects of chemicals preservatives on the 
shelf-life of bottled intermediate moisture tomato paste. 

MATERIALS AND METHODS 
Mature and ripe tomatoes (Lycoperseium esculatus) and palm oil used in this 

study were procured from local market of Bhopal. 
Preparation of Intermediate Moisture Tomato Paste (IMTP) 

Twenty-five kilograms of sorted tomatoes were washed and blanched at 85°C 
for 15 minutes. These were immediately cooled in cold water and the peels were 
manually removed by pulling back the skin from the blossom end. The cores and 
seeds were removed using stainless steel sterile knife and made into slurry in an 
electric blender. The slurry was concentrated to tomato puree by boiling for 40 
minutes in stainless steel pot smeared with palm oil so as to prevent burning. The 
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concentrated puree was divided into six batches, four of which had chemicals added 
to each respectively 100 ppm sodium metabisulphite, 30 ppm sodium benzoate, 5% 
vinegar or 15% sodium chloride (Srivastava, 1999). The last two batches were not 
mixed with any chemical preservative. The six batches were each spread on 
aluminum trays greased with palm oil and dehydrated at 60°C for 7 hours in a large 
air oven to obtain the intermediate moisture tomato paste of average moisture content 
40.00±0.02%. Intermediate moisture foods have been used to identify foods that have 
moisture varying from 20%-50% (w/w) and water activity (aw) range from 0.70 to 
0.85 (Jideani et al., 1995). Each of the six batches was covered with roundly cut 
polyethylene film and aluminum foil in such a way as to overlap the bottles’ mouths. 
They were sealed with tight fitting screw caps and labels as follows: 

Sample PMS: 100ppm sodium metabisulphite paste 
Sample PV: 5% vinegar paste 
Sample PCL: 15% sodium chloride mixed paste 
Sample PO: Palm oil filled headspace paste 
Sample PP: Control paste (no chemical, nor palm oil) 
Sample PSB: 30ppm sodium benzoate paste 

Sample collection during storage study 
Proximate Analysis 

The pH and total soluble solids of the six batches of IMTP were determined as 
described by (AOAC, 2004). Moisture content was determined using an oven at 85 
°C. (AOAC, 2004) 

Ascorbic acid was determined by weighing 50g samples into 200 ml 
volumetric flask to which 25 ml of 20% metaphosphoric acid was added as 
stabilizing agent. The volume was then made to 100 ml with water. 10 ml of the 
solution was pipetted into a conical flask and 2.5 ml of acetone added and titrated 
with standardized dye solution (2,6-dichlorophenol-indophenol dye) a faint pink 
color persisted for 1 second. The ascorbic acid content was calculated as mg per 100g 
of sample. All the proximate analysis was determined in triplicates and the mean 
values recorded. (AOAC, 2004). 
Isolation and Identification of Microorganisms  

Ten-fold serial dilution of the paste samples was carried out at the end of 40 
weeks of shelf-life studies. A 10g quantity of paste was diluted using 0.10 peptone 
water as diluents. Subsequent decimal dilutions (10-2, 10-3, 10-4, etc) were made by 
adding serially 1.0ml of the diluents. On a Petri dish containing 0.1ml of inoculum 
10ml of sterile medium (Nutrient agar) was poured for the isolation of the bacteria. 
The plates were gently rotated to distribute the inoculum evenly in the plate and left 
to solidify under laminar airflow. Each of the inoculated plates was incubated at 37°C 
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for 24 hours. The colonies were counted and all the counts were done in triplicates 
and average values were reported. The colonies were sub-cultured again into fresh 
media (Nutrient agar) by streak plate technique and incubated again at 37°C for 24 
hours. Cultural characteristics of the isolates on the plates were noted. The motility of 
the isolates was examined from fixed smears. The microorganisms were identified by 
various methods (Cowan and Steel, 2007; Steel, 1981).  
Sensory Evaluation Studies 

Sensory evaluation of samples was carried out every four weeks during shelf-
life studies. Nine panelists participated in rating the color, consistency, taste, aroma, 
and overall acceptability of the samples. The rating was on 7-point hedonic scale 
where 0 was extremely disliked and 7 extremely liked. Analysis of variance was 
computed for each sensory attribute using (Snedecor and Cochran, 1986) and 
Multiple Range Test (Duncan, 1955) to separate differences among the sample 
means. 

RESULTS AND DISCUSSION 
Intermediate Moisture Tomato Paste samples treated with sodium 

metabisulphite and sodium benzoate did not show appreciable change in the pH, 
titratable acidity, moisture content, total soluble solids and ascorbic acid content with 
time throughout the shelf-life studies. The pH, and moisture contents (Figs. 1 and 2) 
only changed from 4.40 to 4.43 and 40.00 to 40.08% respectively; while the titratable 
acidities, total soluble solids and ascorbic acid contents reduced respectively (Figs. 
3,4 and 5) from 0.29 to 0.27%, 4.95 to 4.85% and 17.00 to 16.70mg/100g after 40 
weeks of storage. Results showed that bottled tomato paste stored in air tight bottles 
could be stored for long time using sodium metabisulphite or sodium benzoate as 
preservatives. They are known to inhibit the growth and development of 
microorganisms and in ideal instance kill them (Ihekoronye and Ngoddy, 1995; 
Potter, 1982). The sample with palm oil filled headspace without additional chemical 
preservative showed only minor changes in their chemical properties. Throughout the 
period of shelf-life studies as determined at the 0 week to 40 weeks, the pH and 
moisture content increased from 4.40 to 4.46 and 40.00 to 40.20% respectively while 
the titratable acidity, total soluble solids and ascorbic acid contents reduced from 
0.29 to 0.19%, 4.95 to 4.85% and 17.00 to 16.60mg/100kg respectively (Figs. 1-5). 
This showed that bottled tomato paste could be preserved for at least 40 weeks 
without much adverse effect on product quality. The aluminum foil and polyethylene 
film used to cover the mouth of the bottles before screwing the cap cover was 
assumed to produce air and vapour-tight bottle. Aluminum foil is impermeable to 
oxygen and water vapour (Saccharaw and Griffin, 2008). Polyethylene film serves as 
a good moisture barrier (Potter, 1982). The combination of these two materials 
together with tight fitting metal cap obviously prevented the exchange of gas between 
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the environment and bottled paste. The unavailability of air (oxygen) act as deterrent 
for aerobes to grow in the palm oil filled bottles. Spores of some aerobic spore 
formers may be unable to grow or germinate in the absence of oxygen (Frazier and 
Westhoff, 2004). 

Sodium chloride treatment of the bottled tomato paste could not prevent the 
rapid deterioration of bottled tomato paste (Figures 1-5). Sodium chloride though 
bactericidal was unable to prevent deterioration in bottled tomato paste at the 5% 
level of use. Addition of sodium chloride at higher level imparts intensive saltiness to 
the product and this may not be accepted by many consumers using paste without 
dilution. The control-bottled product started deteriorating in chemical properties from 
the 4th week and the deterioration was very rapid. At the end of 14th weeks of storage 
as shown by the result of this work, bottled tomato paste not mixed with any 
preservative became shelf unstable. The principle underlying the technology of 
intermediate moisture foods is that water activity of food materials is reduced by 
partly removing the moisture followed by the use of chemical preservatives, 
humectants, etc (Abebe and Kebede, 1993). 

The sensory evaluation studies showed that there was no significant difference 
(p<0.05) between all the samples in the first eight weeks of storage (Table 1). The 
control paste (no chemical preservative or palm oil) was however, rated lower than 
some of the samples in terms of colour and overall acceptability after 12 weeks of 
storage. As from the 16th week of storage the untreated control paste (pp) was rated 
lower (p<0.05) than sodium metabisulphite, sodium benzoate and vinegar mixed 
samples. Towards the end of the shelf-life studies (40 weeks) in addition to control 
paste, 5% sodium chloride paste became inferior to other samples in terms of taste 
and consistency. 
 
 
 

 

Figure 1.  Effect of time of storage on the pH of 
bottled intermediate moisture tomato paste 

Figure 2. Effect of time of storage on the 
moisture content of bottled intermediate 
moisture tomato paste 
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Figure 3: Effect of time of storage on the Titratable Acidity of 
Bottled Intermediate Moisture Tomato Paste 

 
 
 
 
 
 
 
 

Figure 4: Effect of time of storage on the Total Soluble 
Solids Bottled Intermediate Moisture Tomato Paste 

 
 
 
 
 
 
 
 

Figure 5 Effect of time of storage on the Ascorbic Acid Content of 
Bottled Intermediate Moisture Tomato Paste 

The moisture content of sodium chloride mixed paste increased with time 
leading to the dilution of salt concentration. This therefore resulted to lowering of 
NaCl preservative effect on the paste with time (Desrosier, 1981). This in turn 
decreased the organoleptic quality of the paste with time of storage. 
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Table 1.  Sensory properties of bottled IMTP at the 8th, 12th, 16th and 40th week 
of storage 
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8th week of storage 12th week of storage 

PMS 5.58a 5.67a 5.75a 5.50a 5.50a 5.67a 5.50a 5.75a 5.67a 5.50a 

PSB 5.67 5.75a 5.67a 5.50a 5.50a 5.67a 5.75a 5.50ab 5.50a 5.58a

PV 5.58 5.67a 5.50a 5.75a 5.42a 5.42a 5.25a 5.50ab 5.55a 5.25a

PCL 5.50 5.67a 5.67a 5.67a 5.16ab 5.00a 5.25a 5.83a 5.42a 5.42a

PO 5.67 5.75a 5.38a 5.50a 5.58a 5.25ab 5.50a 5.75a 5.65a 5.58a

PP 5.33 5.50a 5.67a 5.67a 4.58b 4.67b 5.58a 5.42b 5.58a 4.25b

12th week of storage 40th week of storage 

PMS 5.67 5.67a 5.67a 5.58a 5.58a 5.66a 5.58a 5.50a 5.42a 5.50a

PSB 5.67 5.67a 5.67a 5.67a 5.58a 5.58a 5.67a 5.67a 5.42a 5.67a

PV 5.00a 5.42a 5.17ab 5.25a 5.08a 5.17a 5.00a 5.17a 4.75b 5.08ab

PCL 5.00a 5.25ab 4.67bc 5.00ab 5.25a 4.33b 5.08a 4.83b 4.58b 5.00ab

PO 4.33 5.42a 5.25ab 5.25a 5.25a 5.25a 5.17a 5.08a 5.17a 5.42a

PP 4.75 4.97b 4.50c 4.50b 4.58b 4.00b 4.17b 4.33b 4.33b 4.30b

Values with the same superscripts in a column are not significantly different (P<0.05) 

Bacterial counts conducted on the 40th week of storage showed that control 
paste had the highest bacteria load of 0.35 x 104cfu/ml. The paste containing 5% 
vinegar and the palm oil filled headspace paste contained 0.11 x 104 cfu/ml and 0.08 
x 104 cfu/ml respectively (Table 2). Sodium metabisulphite (0.03 x 104 cfu/ml) and 
sodium benzoate (0.05 x 104 cfu/ml) mixed samples contained very low microbial 
loads. The predominant microorganism found in all the six samples of the bottled 
tomato paste on the 40th week of storage was Bacillus coagulans. This bacterium was 
able to survive during heating concentration of the tomato puree due to their 
thermophilic nature. The spores of Bacillus coagulans can be regenerated when 
conditions are favourable. The presence of Bacillus coagulans in the products must 
also have contributed to undesirable sour taste in some of the bottled pastes. 
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Lactobacillus spp. was identified in four out of the six samples with exception of 
those mixed with sodium metabisulphite and sodium benzoate. Lactobacillus spp. 
though desirable in dairy products is undesirable for tomato paste due to sour taste it 
produces. 

Table 2. Microbial identificationx and count in IMTP at the 40th week of storage 

Parameter PMS PSB PV PCL PO PP 

Microbial load (× 104 cfu/ml) 0.03 0.05 0.11 0.23 0.08 0.35 

Lactobacillus spp. (Gram positive rod shaped 
forming pairs and chains of cells with green 
colored colony) 

- + + + + + 

Bacillus coagulans (Gram positive endospore 
forming rods in green colored colony) 

+ + + + + + 

Staphylococcus aureus (Gram positive spheroid 
non-bacterium with clusters of cells that are 
arranged in grape-like fashion with green colored 
colony) 

- - - + - + 

+ sign for the presence of bacteria and   - sign for the absence of bacteria 

The untreated control paste (PP) and sodium chloride mixed paste (PCL) were 
found to contain Staphylococcus aureus. Staphylococcus are known to grow better 
aerobically (Gupta and Nath, 1984) and they are pathogenic. Paste containing 
Staphylococcus aureus is not safe. The bacterium has a short incubation period of 2-4 
hours; ingestion of the enterotoxin it produces causes gastroenteristis or inflammation 
of the intestinal tract lining.  

CONCLUSION 
This study indicated that tomato paste samples treated with sodium 

metabisulphite and sodium benzoate are organoleptically and microbiologically 
acceptable for consumption up to forty weeks of storage at ambient condition. 
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ABSTRACT 

Field experiments were conducted during Kharif seasons of 2007 
and 2008 at Birsa Agricultural University, Ranchi on sandy loam soil 
to study the effect of integrated weed management on weeds and 
productivity of direct seeded upland rice variety Vandana. The 
experiment was laid out in randomized block design with 8 integrated 
weed management practices viz., T1- Pendimethalin @ 1 kg ha-1 pre 
emergence; T2 – Pendimethalin @ 1 kg ha-1 pre emergence + 1 
hand weeding (HW) 4 weeks after sowing (WAS); T3 – 
Pendimethalin 1 kg ha-1 pre emergence + 2, 4 –D @ 0.5 kg ha-1 post 
emergence 4 WAS; T4 – Pendimethalin @ 1 kg ha-1 pre emergence 
+ mechanical weeding (MW) 4 WAS; T5 – Sesbania (broadcast) + T3; 
T6 – Sesbania (intercropped and incorporated 4 WAS) + T1; T7 – 2 
hand weeding (4 and 6 WAS) and T8 – Weedy check. Sedges, broad 
leaved weeds and grasses constituted 59.5, 24.6 and 15.9% of the 
total weed population, respectively at 40 days after sowing in the 
unweeded check. Intercropping of sesbania and incorporation of the 
same at 4 weeks after sowing, along with application of 
pendimethalin @ 1kg ha-1 was observed to be the superior treatment 
with highest weed control efficiency of 87.3% at 40 days after sowing 
and productivity of 2091 kg ha-1. However, two hand weeding at 4 
and 6 weeks after sowing were also found to equally effective with 
weed control efficiency of 85.3% at 40 days after sowing and grain 
productivity of 2074 kg ha-1.  
 Key words: Integrated weed management, rice productivity, upland rice. 

INTRODUCTION 
Rice is an important and strategic crop of eastern India. This region is endowed 

with abundant water supply, which favours rice cultivation thrice a year. In India, 
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total area under upland rainfed rice is about 6.0 million hectares accounting 13.5% of 
the total area under rice crop in the country. Generally, upland rice productivity is 
very low owing to heavy weed infestation. Yield loss due to weeds in direct seeded 
upland rice varied from 40 to 100% (Choubey et al., 2001) depending on the weed 
flora, their density and duration of competition. Manual weeding is not only labour 
intensive but their timely availability is also a problem. Chemical weed control on the 
other hand may lead to environmental pollution. Keeping the above facts in view, an 
experiment on integrated weed management in direct seeded upland rice was 
conducted with the objective to find the appropriate integrated approach to suppress 
the weeds and to achieve higher productivity of direct seeded rice crop. 

MATERIALS AND METHODS 

Field experiments were conducted during Kharif seasons of 2007 and 2008 at 
the University farm, Birsa Agricultural University, Ranchi, Jharkhand (23017’ N 
latitude, 85010’E longitude and 625 m above mean sea level). The soil of the 
experimental site was sandy loam in texture with pH 5.2, organic carbon 0.43%, 
available N 243.6 kg ha-1, available P 12.5 kg ha-1 and exchangeable K 152.0 kg ha-1. 
The experiment was laid out in randomized block design with 8 integrated weed 
management practices viz., T1- Pendimethalin @ 1 kg ha-1 pre emergence; T2 – 
Pendimethalin @ 1 kg ha-1 pre emergence + 1 hand weeding (HW) 4 weeks after 
sowing (WAS); T3 – Pendimethalin 1 kg ha-1 pre emergence + 2, 4 –D @ 0.5 kg ha-1 
post emergence 4 WAS; T4 – Pendimethalin @ 1 kg ha-1 pre emergence + mechanical 
weeding (MW) 4 WAS; T5 – Sesbania (broadcast) + T3; T6 – Sesbania (intercropped 
and incorporated 4 WAS) + T1; T7 – 2 hand weeding (4 and 6 WAS) and T8 – Weedy 
check. The treatments were  replicated thrice. The rice variety “Vandana” was sown 
in lines of 20 cm apart using the seed rate of 80 kg ha-1 during the last week of June 
in both the years. The crop received recommended fertilizers @ 60 kg N, 18 kg P and 
17 kg K ha-1. Half of N and full phosphorus and potash were applied as basal at the 
time of sowing and the remaining N was top dressed at 30 days after sowing. Data on 
weed density and dry matter at 20, 40 and 60 DAS were recorded with the help of 
quadrate (0.5 × 0.5 m) randomly placed at two places per plot.  Data on weeds also 
subjected to square root transformation. The yield and yield attributes of rice were 
recorded at full maturity. Grain and biomass production rate was calculated and 
analysed using standard analysis of variance test. 
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RESULTS AND DISCUSSION 
Weed flora 

Alternanthera pungens, Ageratum conyzoides, Polygala chinensis, Stellaria 
media and Aeschynomene indica were the dominant broad-leaved weed species found 
in the weedy check during crop period. Digitaria sanguinalis, Dactyloctenium 
aegyptium, Paspalum distichum, Echinochloa colonum and Cynodon dactylon were 
the grasses noticed during the same period in direct seeded upland rice. These apart, 
the sedges Cyperus rotundus and Cyperus iria were also observed to be dominant  At 
20 days after sowing (DAS) sedges, grasses and broad-leaved weeds constituted 45.8, 
43.1 and 11.1% of the total weed population, respectively. The corresponding figures 
at 40 DAS were 59.5, 24.6 and 15.9%, respectively.  

Effect on weeds  
Weed density was maximum (1197 m-2) at 40 DAS followed by 60 DAS (1120 

m-2) and the minimum (439 m-2) at 20 DAS in weedy check (Table 1). However, the 
dry matter accumulation by weeds increased with crop age and was maximum (158.3 
g m-2) at 60 DAS in weedy check. Weed density and weed dry matter accumulation 
in direct seeded rice were influenced significantly by integrated weed management 
treatments at 40 and 60 DAS. Weed density was comparatively lower both at 40 and 
60 DAS (10.0 and 9.5 g m-2) in sesbania (as intercrop and incorporated at 4 WAS) + 
pendimethalin @ 1 kg ha-1. Similarly the dry matter accumulation was also observed 
to be lower in plots where 2 hand weeding  were done followed by pendimethalin @ 
1 kg ha-1 + 1 hand weeding at 4 WAS. Sesbania (as intercrop and incorporated at 4 
WAS) + pendimethalin @ 1 kg ha-1  recorded maximum weed control efficiency of 
87.3% at 40 DAS. However, the weed control efficiency was observed to be the 
highest (91.2%) at 60 DAS in the treatment where two hand weedings were done. 
Luxuriant growth of sesbania in between rice rows suppressed the weed germination 
and growth resulting in lower weed density and weed dry matter. This is in 
accordance with the findings of Singh et. al., 2002, who observed that luxurious 
growth of green manure crops in between rice rows suppressed the weed population. 
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Table 1. Weed dynamics in direct seeded upland rice as affected by integrated 
weed management practices (mean of 2years) 

Weed density /m
2
 

Weed  dry matter 
g/m

2
 

Weed control 
efficiency (%) 

Treatment 
Days after sowing Days after sowing Days after 

sowing 
 20 40 60 20 40 60 40 60 
T1  Pendimethalin@1 kg ha-1 19.8 

(393) 
25.0 
(628) 

23.7 
(563) 

19.5 65.0 66.4 64.3 66.2 

T2  Pendimethalin@1 kg ha-1 
+   1 HW (4 WAS) 

19.6 
(382) 

11.8 
(160) 

11.1 
(125) 

19.4 14.3 18.5 77.6 88.3 

T3     Pendimethalin@1 kg 
ha-1 +   2,  4 –D @ 0.5 kg 
ha-1 

19.6 
(383) 

21.8 
(476) 

15.8 
(249) 

19.1 44.9 49.6 43.1 68.7 

T4  Pendimethalin@1 kg ha-1 
+ 1MW (4 WAS) 

19.7 
(390) 

21.0 
(440) 

17.0 
(289) 

19.6 34.6 36.1 60.3 77.2 

T5  Sesbania (broadcast) + 
T3  

19.2 
(369) 

17.6 
(321) 

17.6 
(287) 

18.1 33.8 28.7 61.2 81.9 

T6  Sesbania (intercrop) + T1 18.0 
(328) 

10.0 
(101) 

9.5 
(91) 

17.4 11.2 23.7 87.3 85.0 

T7  Two hand weeding  
(4 & 6 WAS) 

20.7 
(427) 

11.8 
(120) 

10.6 
(113) 

20.3 11.1 14.0 85.3 91.2 

T8  Weedy check  20.9 
(439) 

34.6 
(1197)

33.5 
(1120) 

21.6 87.0 158.3 - - 

SEm ±  
CD (P= 0.05) 

0.55 
NS 

1.00 
3.02 

0.57 
1.71 

0.92
NS 

4.77 
14.43

3.93 
11.89

  

Values given in parentheses are the original means; HW= Hand weeding; MW= Mechanical 
weeding 

Effect on crop  
Sesbania (as intercrop and incorporated at 4 WAS ) + pendimethalin @ 1 kg ha-1 

produced higher grain yield of 2091 kg ha-1 owing to higher number of effective 
tillers m-2 (124) coupled with maximum grains/panicle (77) and 1000-grain weight 
(24.3 g) (Table 2). This was followed by 2 hand weeding at 4 and 6  WAS with 2074 
kg ha-1 grain yield as against 1004 kg ha-1 in the weedy check. Integrated weed 
management consisting of sesbania recorded higher harvest index of the direct seeded 
rice (47.0 and 46.5) than pendimethalin @ 1 kg ha-1 alone and weedy check. As 
regards to biomass production rate, growing of sesbania (as intercrop and 
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incorporated 4 WAS) + pendimethalin @ 1 kg ha-1 had significantly higher biomass 
production rate (51.1 kg ha-1day-1) than all other integrated weed management 
practices with the exception of 2 hand weeding at 4 and 6 WAS (51.8 kg ha-1day-1). 
Similarly maximum grain production rate (69.99 kg ha-1day-1) of direct seeded rice 
with two hand weeding was statistically at par with growing of sesbania grown as 
intercrop and incorporated at 4 WAS + Pendimethalin @1 kg ha-1. Sesbania might 
have supplied sufficient nutrients to soil after decomposition besides smothering 
effect on weeds during the crop period.  

Table 2. Yield and yield attributes, harvest index, grain production rate and 
biomass production rate of direct seeded rice as influenced by 
integrated weed management practices (data are means of 2years) 

Treatment 
Effective 

tillers 
(m-2) 

Grains/ 
panicle 

1000-
grain 

weight 
(g) 

Grain 
yield 

(kg ha-1) 

Straw 
yield 

(kg ha-1) 

Harvest 
index 
(%) 

Grain 
production 

rate 
(kg ha-1day-1) 

Biomass 
production 

rate 
(kg ha-1 

day-1) 
T1  Pendimethalin 1kg ha-1 87 67.47 22.43 1219 1950.0 38.22 38.44 36.01 

T2  Pendimethalin 1kg ha-1 
+ 1 HW (4 WAS) 

97 72.47 23.51 1662 2077.5 44.42 56.54 42.50 

T3  Pendimethalin 1kg ha-1 
+ 2, 4 –D 0 5 kg ha-1 

92 71.33 23.34 1505 1715.0 46.69 50.17 36.59 

T4  Pendimethalin 1kg ha-1 
+ 1MW (4WAS) 

88 71.20 23.27 1295 1489.0 46.27 43.69 31.64 

T5  Sesbania (broadcast) + 
T3  

98 75.47 23.56 1845 2066.0 46.98 63.51 44.44 

T6  Sesbania (intercrop) + 
T1 

124 77.00 24.32 2091 2405.0 46.46 65.99 51.09 

T7  Two hand weeding (4 
& 6 WAS) 

121 75.53 23.90 2074 2488.0 45.42 69.99 51.84 

T8  Weedy check  72 60.93 21.32 1004 1506.0 39.94 31.75 28.52 
SEm ± 
CD (P= 0.05) 

8.37 
25.33 

7.99 
NS 

0.74 
NS 

105.8 
320.15 

27.48 
83.15 

1.65 
4.99 

3.93 
11.91 

1.28 
3.86 

This confirms the findings of Dwivedi and Thakur, 2000 and Sardana et al., 
2004. Only application of chemical herbicide pendimethalin @ 1 kg ha-1 was not 
sufficient to control the weed in direct seeded rice. Therefore, integrated weed 
management with sesbania (intercropped and incorporated at 4 WAS) + 
pendimethalin @ 1 kg ha-1 may be adopted for suppressing weeds and achieving 
higher productivity of direct seeded upland rice in eastern India. 
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INFLUENCE OF SOIL AMELIORANT ON GROWTH  
AND YIELD OF MAIZE (Zea mays L.) 
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ABSTRACT 

Field experiments were conducted during rainy seasons of 2007 and 
2008 to study the effect of soil ameliorants and nutrient level on 
growth and yield of maize under red and lateritic soils of Ranchi. 
Treatment consisted of 3 soil ameliorants, viz. farm yard manure 
(FYM) @ 5 t ha-1, lime @ 0.3 t ha-1 and FYM + lime (full dose) and 
control treatment in main-plot and 5 nutrient levels, viz. 50% RDF 
(recommended dose of fertilizer), 75% RDF, 100% RDF (100 Kg N, 
50 Kg P2O5 and 25 Kg K2O ha-1), 125% RDF and 150% RDF in sub-
plot.  Results showed that among ameliorants, FYM @5 t ha-1 and 
lime @ 0.3 t ha-1 recording maximum dry-matter accumulation, leaf 
area index and crop growth rate and  produced higher grain (4.162 t 
ha-1) and stover (9.823 t ha-1) yield than lime alone and control. Crop 
with highest fertilizer 150% RDF (150 kg N, 75 kg P2O5 and 37.50 kg 
K2O ha-1) having higher growth parameters produced higher grain 
yield (4.483 t ha-1) and stover yield (10.186 t ha-1). 
Key words: growth, maize, nutrient level, soil ameliorant, yield. 

INTRODUCTION 
Agro-ecological condition of Jharkhand favors successful cultivation of maize 

crop in upland during rainy season. Upland soils are red and lateritic, highly 
permeable, coarse textured, shallow depth with low base saturation, cation exchange 
and water retention capacity, acidic in reaction, low in organic matter as well as 
deficient in nitrogen and phosphorus (Sarkar et al., 2000).  Acid soils are highly 
weathered and contain large quantities of Al and Fe hydrous oxides that have the 
ability to adsorb major elements onto their surfaces such that much of added nutrients 
are fixed instead of being made available for crop use.   As these soils suffered multi-
nutrient deficiencies, application of mineral fertilizers has become mandatory to 
increase crop yields. However, mineral fertilizers are commonly scarce, costly, 
having imbalanced nutrition and their use could exacerbate the problem of soil 
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acidity. Application of organic manure had been found to have higher comparative 
economic advantage over the use of inorganic fertilizer.  Similarly application of lime 
may serve as an important ameliorant for correcting the soil acidity and thereby 
making the nutrients more available to the crops. Farm yard manure (FYM) is yet 
another ameliorant improving physical, chemical and biological properties of soil. It 
plays key role in transformation, recycling and availability of nutrients to crops. 
Thus, FYM  can help in enhancing and maintaining stability in production with least 
degradation in physical, chemical and biological properties of soil. In this situation, 
proper management of soil fertility with integrated use of lime, FYM and chemical 
fertilizers may be the key factors in sustaining the productivity of maize crop in this 
region. 

MATERIALS AND METHODS 
Field experiments were conducted during 2007 and 2008 at Birsa Agricultural 

University farm, Ranchi (23o 17’ N latitude, 85o 10’ E longitude and 625 m above 
mean sea level), Jharkhand, India. The soil was sandy loam, well drained, low in 
available N (200.7 kg ha-1) and medium in available P (12.8 kg ha-1), exchangeable K 
(150.1 kg ha-1) and high in exchangeable Ca (2.1 m eq./100 g soil). Treatment 
consisted of 3 soil ameliorants, viz. farm yard manure (FYM) @5 t ha-1, lime @ 0.3 t 
ha-1 and FYM + lime (full dose) along with a control treatment in main-plot and 5 
nutrient levels, viz. 50% RDF (recommended dose of fertilizer), 75% RDF, 100% 
RDF (100 kg N, 50 kg P2O5 and 25 kg K2O ha-1), 125% RDF and 150% RDF in sub-
plot laid out in split-plot design with 3 replications. FYM was powdered broadcasted 
whereas lime was placed in open furrow lines 2 weeks before sowing as per 
treatment. ‘Suwan’ – a composite maize variety was sown with 20 kg seed ha-1 at 60 
X 30 cm spacing in 4th week of June during both the years. Half N with full P and K 
was applied as basal dose in furrows as per treatment. The remaining N was applied 
in 2 equal splits at knee-high stage (45 DAS) and early tasseling stage (65 DAS). 
Periodic dry-matter accumulation, leaf area index and crop growth rate was estimated 
taking the plant samples from a unit area of second row from each plot using standard 
procedure. Growth, yield and yield attributes were recorded and statistical analysis 
was done as per standard procedure. 

RESULTS AND DISCUSSION 
Growth  

FYM and lime alone or in combination, positively influenced dry-matter 
production of maize at all growth stages except 20 and 60 DAS (Table 1). Crop 
receiving both FYM and lime, being at par with crop receiving only FYM produced 
maximum dry-matter (135.65 and 973.65 g m-2 and was significantly higher than 
lime alone and control at 40 and 80 DAS. At maturity, FYM + lime produced 4.97 
and 8.82% more dry-matter than lime alone (1298.24 g m-2) and control (1252.36 g 



INFLUENCE OF SOIL AMELIORANT ON GROWTH  AND YIELD OF MAIZE (Zea mays L.) 31 

m-2 respectively. FYM and lime alone being at par with each other, registered their 
edge over control. Nutrient levels also significantly influenced dry-matter production 
at all growth stages. Throughout the growth period each incremental dose of nutrients 
produced higher dry-matter than its preceding one and maximum dry-matter was 
registered at 150% RDF.  

Table 1. Periodic dry-matter accumulation (g m-2) of maize as affected by soil 
ameliorants and nutrient levels 

Days after sowing 
Treatments 

20 40 60 80 
Maturity 

A. Soil ameliorant 
Control 7.53 105.02 477.37 887.89 1252.36 
FYM 8.45 133.59 515.55 941.93 1321.41 
Lime 7.37 115.40 503.66 925.20 1298.24 

FYM+ Lime 8.28 135.65 542.04 973.65 1362.78 
S Em ± 0.27 4.17 14.59 11.59 12.99 

CD (P=0.05) NS 14.44 NS 40.10 44.94 
B. Nutrient level 

50% RDF 5.50 94.21 432.35 778.47 1110.07 
75% RDF 6.38 100.30 468.95 874.45 1239.05 

100% RDF 7.47 127.17 508.74 946.25 1326.45 
125% RDF 9.55 137.14 543.58 1001.98 1397.45 
150% RDF 10.64 153.25 594.66 1059.67 1470.47 

S Em ± 0.15 4.22 12.43 10.31 10.16 
CD (P=0.05) 0.44 12.17 35.83 29.77 29.33 

Interaction 
S Em ±  0.30 8.44 24.85 20.62 20.32 

CD (P=0.05) NS 24.33 NS NS NS 

RDF: Recommended Dose of Fertilizer (100 Kg N, 50 Kg P2O5 and 25 Kg K2O ha-1) 
FYM : Farm Yard Manure 

Leaf area index (LAI) of maize increased with crop age up to 80 days after 
sowing and its rate of increase was higher during 20 to 40 days after sowing (Table 
2). Soil ameliorants had a significant effect on leaf area index of maize at all growth 
stages except at 20 days after sowing. At 40 days after sowing, FYM + lime showed 
edge over control, lime and FYM alone with an increase of 37.79, 24.08 and 16.18 
percent respectively. FYM alone being similar to lime alone also resulted in 18.60 
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percent increase in leaf area index as compared to control. Leaf area index recorded 
with lime alone and control were similar. At 60 days after sowing, FYM + lime 
recorded maximum leaf area index (4.41) which being similar to FYM (4.27) showed 
its superiority over lime alone (8.62%) and control (12.50%). FYM also being similar 
to lime had an edge over control resulting in 8.93% increase. Leaf area index 
recorded with lime alone and control were alike. At 80 days after sowing, FYM + 
lime (4.79), FYM (4.60) and lime (4.73) alone being similar to each other showed 
their superiority over control (4.24) and the magnitude of increase was 12.97, 8.49 
and 11.56% respectively. Nutrient levels also significantly influenced the LAI of 
maize at all stages. At 20 days after sowing, 150% RDF resulted in maximum LAI 
(0.22) and showed superiority over 50, 75 and 100% RDF while it was similar to 
125% RDF. The increase in LAI with 150% RDF was 29.41, 22.22 and 15.79 percent 
as compared to 50, 75 and 100% RDF respectively. At 40 days after sowing, 150% 
RDF resulted in higher leaf area index than all other nutrient levels and the 
magnitude of increase was 50.61%, 42.77%, 26.02% and 10.27% over 50, 75, 100 
and 125% RDF respectively. At 60 days after sowing, each incremental level of 
nutrients registered more LAI than its preceding level except 100 and 125% RDF 
where it was similar to each other and maximum LAI was noted with 150% RDF. At 
80 days after sowing, 150% RDF (5.27) being similar to 125% RDF (4.81) recorded 
higher LAI than remaining nutrient levels.  

Crop growth rate (CGR) of maize increased with crop age reached its peak 
during 60 to 80 days after sowing and decreased thereafter (Table 2). During 20 to 40 
days after sowing, FYM + lime resulted in higher CGR of maize (6.37 g m-2day-1) 
than lime alone (5.40 g/m2/day) and control (4.87 g m-2day-1) and the magnitude of 
increase was 17.96 and 30.8 percent respectively. Whereas during 80 days after 
sowing to maturity, FYM + lime (19.45 g m-2day-1) being similar to FYM alone 
(18.97 g m-2day-1) showed superiority over control (18.22 g m-2day-1) and lime alone 
(18.65 g m-2day-1) by 6.75 and 4.29 percent respectively. FYM alone being similar to 
lime alone recorded more CGR than control. Among nutrient levels, crop receiving 
150% RDF had more CGR than remaining nutrient levels except 125% RDF at all 
the stages of growth. 125% RDF also had an edge over 100, 75 and 50% RDF during 
20 to 40 days after sowing, over 75 and 50% RDF during 40 to 60 days after sowing 
and only over 50% RDF during 60 to 80 days after sowing.  

This was due to increased availability of mineral nutrients thus increased 
uptake of nutrients resulting in better vegetative growth. FYM is a storehouse of 
nutrients, increases soil microbial activity, acts as buffering agent for soil pH and 
increases water retention capacity of soil resulting in favorable growth of crops 
(Mehta et al. 2005). Similarly, liming reduces soil acidity, improves soil microbial 
activity, increases organic N content and enhances the availability of nutrients, is a 
well-established fact (Motiramani, 1971). Liming in presence of organic manure is 
known to maintain the levels of hydrolysable NH4

+-N and amino-N fractions in soil, 
thus growth of crops (Sarkar et al. 2000). Similarly in case of nutrients, nitrogen 
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being the component of amino acids, nucleic acids and number of co-enzymes, can 
induce cell elongation, cell enlargement, and cell division. Likewise, phosphorus 
being a constituent of adenosine diphosphate and adenosine triphosphate, also helps 
in cell division and multiplication. Potassium is a major osmotically active 
component in plant cell, contributing to cell turgor and enhancing the capacity of 
cells to retain water, which has a direct bearing on the size of cells. These functions 
of nutrients caused increase in plant growth with increasing nutrient levels (Pierre et 
al. 1966).  

Table 2.  Leaf area index and crop growth rate of maize affected by soil 
ameliorants  and nutrient levels 

Leaf area index Crop growth rate (g m-2day-1) 
Days after sowing Days after sowing .Treatments 

20 40 60 80 20-
40 

40-
60 

60-
80 

80-
maturity 

A. Soil ameliorant  
Control 0.19 1.72 3.92 4.24 4.87 18.63 20.53 18.22 
FYM 0.20 2.04 4.27 4.60 6.27 19.10 21.32 18.97 
Lime 0.19 1.91 4.06 4.73 5.40 19.41 21.08 18.65 

FYM+ Lime 0.20 2.37 4.41 4.79 6.37 20.32 21.58 19.45 
S Em ± 0.01 0.06 0.08 0.08 0.21 0.67 0.88 0.16 

CD (P=0.05) NS 0.19 0.27 0.29 0.71 NS NS 0.55 
B. Nutrient level  

50% RDF 0.17 1.64 3.43 3.74 4.44 16.91 17.31 16.58 
75% RDF 0.18 1.73 3.77 4.46 4.70 18.43 20.28 18.23 

100% RDF 0.19 1.96 4.23 4.67 5.99 19.09 21.88 19.01 
125% RDF 0.20 2.24 4.50 4.81 6.93 20.32 22.92 19.77 
150% RDF 0.22 2.47 4.89 5.27 7.13 22.07 23.25 20.54 

S Em ± 0.01 0.05 0.11 0.06 0.21 0.65 0.73 0.30 
CD (P=0.05) 0.03 0.16 0.30 0.19 0.73 1.87 2.12 0.87 
Interaction  

S Em ± 0.022 0.109 0.211 0.133 0.42 1.30 1.47 0.61 
CD (P=0.05) NS 0.315 NS NS NS NS NS NS 

RDF: Recommended Dose of Fertilizer (100 Kg N, 50 Kg P2O5 and 25 Kg K2O ha-1)  
FYM : Farm Yard Manure 
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Yield 
Soil ameliorants positively influenced grain and stover yield of maize (Table 3). 

The crop receiving FYM + lime, being similar to that receiving FYM alone (3.963 t 
ha-1), produced maximum grain yield of 4.162 t ha-1 which was 16.52 and 24.28% 
higher than the crops receiving lime alone and control, respectively. Similarly, FYM 
alone produced 10.95 and 18.33% higher grain yield than lime alone (3.572 t ha-1) 
and control (3.349 t ha-1), respectively. Lime alone could not produce any significant 
increase in grain yield than that of control. The increased grain yield of maize on 
application of soil ameliorants is owing to beneficial effects of farmyard manure on 
growth and development of the crop, which ultimately improved yield components. 
Stover yield followed the trend of grain yield.  This confirms the findings of Mahala 
and Shaktawat (2004). 

Table 3. Yield attributes and yield of maize affected by soil ameliorants and nutrient 
levels (mean of 2 years) 

Yield (t ha-1) 
Treatments Cobs m-2 Grains cob-1 

1000-grain 
weight 

(g) Grain Stover 

A. Soil ameliorant 
Control 4.29 413 206.00 33.49 86.61 
FYM 4.62 461 210.63 39.63 95.02 
Lime 4.50 442 208.98 35.72 91.67 

FYM+lime 4.87 464 212.33 41.62 98.23 
S Em ± 0.07 3.5 1.25 1.03 1.38 

CD (P=0.05) 0.26 12.0 4.32 3.58 4.77 
B. Nutrient level 

50% RDF 4.14 406 200.33 29.55 82.58 
75% RDF 4.36 421 205.51 34.22 90.44 

100% RDF 4.59 442 210.14 37.97 93.36 
125% RDF 4.78 472 212.01 41.58 96.98 
150% RDF 4.97 484 219.42 44.83 101.86 

S Em ± 0.06 4.9 1.13 1.07 2.17 
CD (P=0.05) 0.18 14.0 3.26 3.10 6.30 
Interaction 

S Em ± 0.11 9.73 2.27 2.05 4.22 
CD (P=0.05) NS NS NS NS NS 

RDF: Recommended Dose of Fertilizer (100 Kg N, 50 Kg P2O5 and 25 Kg K2O ha-1) 
FYM : Farm Yard Manure 
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Increase in nutrient level markedly increased grain yield of maize and 
maximum grain yield of 4.483 t ha-1 produced at 150% RDF owing to higher number 
of cobs/m2 (4.97), grains/cob (484) and 1000 grain weight (219.42 g) than that of 
lower nutrient levels. Similar trend was observed in stover yield. It is a well 
established fact that nitrogen and phosphorus, having a complementary relationship, 
help in better nutrition of flower primordia, which directly produced cobs and grain 
rows, whereas potassium helps in development of reproductive organs and filling of 
grains with photosynthates. This confirms the findings of Singh and Totawat (2002). 

Hence, it may be concluded that for higher productivity of maize farm yard 
manure @ 5 t ha-1 + lime @ 0.3 t ha-1 should be applied as soil ameliorant where as 
among nutrient level crop responded up to highest fertilizer 150 kg N, 75 kg P2O5 and 
37.5 kg K2O ha-1 under red and lateritic soils. 
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IMPACT OF INTEGRATED WEED MANAGEMENT ON 
DRY MATTER PARTITIONING AND PRODUCTIVITY OF 

DIRECT SEEDED RICE 

R. Thakur1, Shushama  Majhi, R. R. Upasani, S. K. Pal and M. K. Singh  
Department of Agronomy, Birsa Agricultural University, Ranchi, Jharkhand-834006, India 

ABSTRACT 

Field experiments were conducted during Kharif seasons of 2007 
and 2008 at Birsa Agricultural University, Ranchi on sandy loam soil 
to study the effect of integrated weed management on dry matter 
partitioning and productivity of direct seeded upland rice variety 
Vandana. The experiment was laid out in randomized block design 
with 8 integrated weed management practices viz., T1- 
Pendimethalin @ 1 kg ha-1 pre emergence; T2 – Pendimethalin @ 1 
kg ha-1 pre emergence + 1 hand weeding (HW) 4 weeks after sowing 
(WAS); T3 – Pendimethalin 1 kg ha-1 pre emergence + 2, 4 –D @ 0.5 
kg ha-1 post emergence 4 WAS; T4 – Pendimethalin @ 1 kg ha-1 pre 
emergence + mechanical weeding (MW) 4 WAS; T5 – Sesbania 
(broadcast) + T3; T6 – Sesbania (intercropped and incorporated 4 
WAS) + T1; T7 – 2 hand weeding (4 and 6 WAS) and T8 – Weedy 
check. The leaf, stem and panicle accumulated more of the total dry 
matter during early, mid and later stages of growth in direct seeded 
upland rice. Intercropping of sesbania and incorporation of the same 
at 4 weeks after sowing besides application of pendimethalin @ 1kg 
ha-1 was observed to be superior with 44.5% of the total dry matter in 
panicle, higher grain yield (2091 kg ha-1), net return (Rs. 8902 ha-1) 
and benefit: cost ratio (1.84) owing to more number of effective tillers 
(124 m-2), having maximum grains/panicle (77) and bolder grains 
(1000 grain weight - 24.3 g). However two hand weeding at 4 and 6 
WAS was found to at par with the former one in terms of grain yield 
as well as economic return. 
Key words: Integrated weed management, dry matter partitioning, 
productivity, upland rice. 
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INTRODUCTION 
Rice is an important staple food for more than of the global population. Food 

security is challenged by the increasing demand for food and declining resource 
availability. In India, total area under upland rainfed rice is about six million hectares 
accounting 13.5% of the total area under rice crop in the country. Generally, the 
productivity of upland rice is very low owing to heavy weed infestation. Yield loss 
due to weeds in direct seeded upland rice varied from 40 to 100% (Choubey et al., 
2001) depending on the weed flora, their density and duration of competition. Dry 
matter yield is an important plant component for determining grain yield in field 
crops. Dry matter produced by green plants is divided into roots, shoots and grains. 
This process can be referred to as dry matter partitioning in plants. In general, root 
weight is not taken into account when discussing the dry matter partitioning and 
hence, the photosynthetic products are divided into shoots and grains. Realizing the 
importance of information on dry matter production and partitioning in the 
development of crop models, an experiment was conducted to study the effect of 
weed management on dry matter partitioning and productivity of direct seeded 
upland rice. 

MATERIALS AND METHODS 
Field experiments were conducted during Kharif (Summer) seasons of 2007 

and 2008 at the University farm, Birsa Agricultural University, Ranchi, Jharkhand 
(23017’ N latitude, 85010’E longitude and 625 m above mean sea level). The soil of 
the experimental site was sandy loam in texture with pH 5.2, organic carbon 0.43%, 
available N 243.6 kg ha-1, available P 12.5 kg ha-1 and exchangeable K 152.0 kg ha-1. 
The experiment was laid out in randomized block design with 8 integrated weed 
management practices viz., T1- Pendimethalin @ 1 kg ha-1 as pre emergence; T2 – 
Pendimethalin @ 1 kg ha-1 as pre emergence + 1 hand weeding (HW) 4 weeks after 
sowing (WAS); T3 – Pendimethalin 1 kg ha-1 as pre emergence + 2, 4 –D @ 0.5 kg 
ha-1 as post emergence 4 WAS; T4 – Pendimethalin @ 1 kg ha-1 as pre emergence + 
mechanical weeding (MW) 4 WAS; T5 – Sesbania (broadcast) + T3; T6 – Sesbania 
(intercropped and incorporated at 4 WAS) + T1; T7 – 2 hand weeding (4 and 6 WAS) 
and T8 – Weedy check. The treatments were replicated thrice. Rice variety 
“Vandana”  was sown in lines 20 cm apart using the seed rate of 80 kg ha-1 during the 
last week of June in both the years. The crop received recommended fertilizers @ 60 
kg N, 40 kg P2O5 and 20 kg K2O ha-1. Half of N and full phosphorus and potash were 
applied as basal at the time of sowing and the remaining N was top dressed at 30 days 
after sowing. Dry matter accumulation in different plant parts (leaf, stem and panicle) 
was recorded at 20, 40, 40, 60, 80 days after sowing and at maturity.  The yield and 
yield attributes of rice were recorded at full maturity. 
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RESULTS AND DISCUSSION 
Dry matter partitioning: 

Dry matter accumulation in plant gradually increased with crop age and 
attained maximum at maturity (Table 2). The dry matter accumulation in plant parts 
did not show similar pattern. The accumulation of dry matter was more in leaf than 
stem during early crop growth stage (20 days after sowing) and declined thereafter. 
The accumulation of dry matter was observed to be higher in the stem during the  
mid growth stage as compared to leaf and panicle and reached its peak at 60 days 
after sowing and declined thereafter. Panicle accumulated more dry matter than stem 
and leaf during later growth stages and attained maximum at maturity. Similar dry 
matter production and partitioning in plant parts of wheat was reported earlier by 
Mishra et al (2003) and Tyagi et al (2004).  

Dry matter accumulation in different plant parts was not influenced by 
integrated weed management practices till 20 days after sowing. At 40 days after 
sowing, total dry matter accumulation was maximum (351.0 g/m2) in the plot where 
two hand weeding was done.  As high as 55.2% was accumulated in the stem and the 
rest in the leaf. At 60 and 80 DAS, rice intercropped with Sesbania and incorporated 
at 4 weeks after sowing + pendimethalin @ 1 kg ha-1 (T6) accumulated maximum 
total dry matter. Dry matter accumulation in the stem and panicle was 555.33 g/m2 
and 28.97 g/m2, respectively in T6 at 60 days after sowing. At 80 days after sowing 
the total dry matter accumulation in T6 was 1196.33 g/m2, of which 18.1%, 39.9% 
and 42.0% were in the leaf, stem and panicle, respectively. This was followed by two 
hand weeding (T7) and crop with Sesbania (broadcast) + pendimethalin @ 1 kg ha-1 + 
2, 4-D 0.5 kg ha-1 (T5). The crop with low total dry matter accumulation partitioned 
maximum in the stem followed by panicle and the leaf, whereas the crop with high 
total dry matter accumulation partitioned maximum in panicle followed by stem and 
the leaf at 80 days after sowing. At maturity, rice intercropped with Sesbania and 
incorporated at 4 weeks after sowing + pendimethalin 1 kg ha-1 accumulated 
maximum dry matter (1226.97 g/m2) with 44.5% of total dry matter in the panicle, 
38.4% in the stem and a small fraction (17.1%) in the leaves. The crop in weedy 
check though produced 31.7% lower dry matter than the best treatment also followed 
similar pattern of dry matter partitioning in different plant parts. 

The total dry matter yield is the net result of crop efficiency in utilizing the 
solar radiation, soil nutrients and available moisture and is a function of rate and 
duration of photosynthesis and its subsequent translocation into different plant parts 
(Ravichandran and Mungse 1995). Rate and duration of photosynthesis is again a 
function of green leaf area and its duration. Maintenance of high leaf area index for a 
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longer duration owing to smothering effect of Sesbania and its incorporation in soil 
caused more photosynthate accumulation and consequently more dry matter 
production. It is not the total dry matter, rather a portion of total dry matter which is 
translocated to the panicle gives the economic yield (Pal et al. 2000) is important. 
Rice intercropped with Sesbania and incorporated 4 weeks after sowing + 
pendimethalin @ 1 kg ha-1 accumulated 44.5% of the total dry matter in the panicle 
and consequently gave higher yield. Weedy check reduced the panicle dry matter 
partitioning by approximately 2.4% resulting in poor yield  

Yield  

Sesbania (as intercrop and incorporated at 4 WAS ) + pendimethalin @ 1 kg 
ha-1 produced significantly higher grain yield of 2091 kg ha-1 owing to higher number 
of effective tillers/m2 (124) coupled with maximum grains/panicle (77) and 1000-
grain weight (24.3 g). This was followed by two hand weeding at 4 and 6  WAS with 
2074 kg ha-1 grain yield as against 1004 kg ha-1 in the weedy check (Table 1). 
Biological yield of the earlier treatment was also higher (8902 kg ha-1) than all other 
integrated weed management treatments except two hand weeding (7574 kg ha-1) 
owing to maximum dry-matter production during the crop period (Table 2).  

Economics 

Sesbania (as intercrop and incorporated at 4 WAS) + pendimethalin @ 1 kg 
ha-1 recorded significantly higher net return (Rs 8902ha-1) and benefit: cost ratio 
(1.84) as compared to all other integrated weed management practices evaluated in 
the present investigation (Table 2). This was followed by two hand weeding at 4 and 
6 WAS with net return of Rs. 7574ha-1 and B: C ratio of 1.64. It is observed that 
herbicide with hand weeding produced higher yield than sesbania combined with 
herbicide and 2 hand weeding. Sesbania might have enriched the nutrient status of 
the soil after decomposition besides providing smothering effect on weeds during the 
crop period. This confirms the findings of Sardana et al. (2004). 



Table 1. Dry matter accumulation in different plant parts (g m-2) of direct seeded rice as influenced by integrated 
weed management practices 

20 DAS 40 DAS 60 DAS 80 DAS Maturity 
Treatment 

Leaf Stem Leaf Stem Leaf Stem Panicle Leaf Stem Panicle Leaf Stem Panicle 

Pendimethalin @ 
1kg ha-1 

45.97 
(61.2) 

29.10 
(38.8) 

85.20 
(43.6) 

110.10 
(56.4) 

176.6 
(30.9) 

381.66 
(66.8) 

13.12 
(2.3) 

78.50 
(10.2) 

367.40 
(47.5) 

326.80 
(42.3) 

177.83 
(19.3) 

362.75 
(39.5) 

378.93 
(41.2) 

Pendimethalin @ 
1kg ha-1 + 1 HW 
(4WAS) 

67.13 
(62.8) 

39.80 
(37.2) 

134.80 
(42.7) 

180.93 
(57.3) 

181.91 
(27.7) 

458.15 
(69.8) 

16.03 
(2.5) 

185.40 
(19.0) 

429.76 
(44.1) 

358.82 
(36.9) 

183.49 
(18.3) 

422.82 
(42.1) 

397.25 
(39.6) 

Pendimethalin 
@1kg ha-1 + 2, 4 –D 
@0.5 kg ha-1 

68.10 
(66.0) 

34.93 
(34.0) 

135.80 
(45.7) 

161.10 
(54.3) 

176.53 
(27.2) 

454.8 
(70.2) 

16.75 
(2.6) 

182.05 
(18.6) 

423.12 
(43.2) 

375.15 
(38.2) 

179.31 
(17.2) 

416.05 
(40.1) 

443.12 
(42.7) 

Pendimethalin 
@1kg ha-1 + 1MW 
(4WAS) 

63.56 
(68.0) 

29.93 
(32.0) 

127.33 
(45.1) 

154.70 
(54.9) 

185.60 
(29.8) 

421.73 
(67.8) 

14.87 
(2.4) 

176.53 
(19.2) 

352.93 
(38.4) 

388.80 
(42.4) 

172.12 
(17.9) 

345.67 
(36.1) 

440.33 
(46.0) 

Sesbania 
(broadcast) + T3  

59.78 
(68.0) 

28.13 
(32.0) 

127.60 
(45.0) 

155.70 
(55.0) 

191.20 
(26.0) 

527.06 
(71.6) 

18.32 
(2.4) 

205.67 
(19.0) 

430.30 
(39.8) 

445.26 
(41.2) 

197.63 
(17.5) 

402.29 
(35.6) 

529.22 
(46.9) 

Sesbania 
(intercrop) + T1 

62.67 
(67.6) 

29.98 
(32.4) 

133.10 
(40.6) 

194.70 
(59.4) 

193.50 
(24.9) 

555.33 
(71.4) 

28.97 
(3.7) 

217.30 
(18.1) 

477.10 
(39.9) 

501.93 
(42.0) 

209.78 
(17.1) 

471.02 
(38.4) 

546.17 
(44.5) 

Two hand weeding 
(4 & 6 WAS) 

63.92 
(64.1) 

35.82 
(35.9) 

157.40 
(44.8) 

193.60 
(55.2) 

230.10 
(31.1) 

490.46 
(66.3) 

18.77 
(2.6) 

248.40 
(22.5) 

423.20 
(38.4) 

431.60 
(39.1) 

238.15 
(20.7) 

418.79 
(36.4) 

494.05 
(42.9) 

Weedy check  61.08 
(61.5) 

38.27 
(38.5) 

73.20 
(43.5) 

94.90 
(56.5) 

139.50 
(27.1) 

364.06 
(70.8) 

10.87 
(2.1) 

159.60 
(20.8) 

339.13 
(44.2) 

267.93 
(35.0) 

151.08 
(18.0) 

334.71 
(39.9) 

352.77 
(42.1) 

SEm ± 
CD (P= 0.05) 

8.55 
NS 

3.01 
NS 

6.03 
18.24 

13.86 
41.94 

6.64 
20.09 

7.68 
23.24 

1.33 
4.02 

12.40 
37.52 

22.48 
68.02 

32.03 
96.92 

11.97 
36.22 

11.20 
33.89 

13.66 
41.34 

Figures in parenthesis indicate per cent of total dry-matter; DAS, days after sowing; HW, hand weeding; MW, mechanical weeding  
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Table 2. Yield, yield attributes and economics of direct seeded rice as influenced 
by integrated weed management practices (data are means of 2 years) 

Treatment 
Effective 

tillers 

(m
-2

) 

Grains/ 

panicle 

1000 
grain 

weight 

(g) 

Grain 
yield 

(kg ha-1)

Biological  
yield 

(kg ha-1) 

Net 
return 

(Rs ha-1) 

Benefit : 
cost ratio

Pendimethalin @1kg 
ha-1 87 67.47 22.43 1219 3169 2888 1.30 

Pendimethalin @1kg 
ha-1 + 1 HW (4WAS) 97 72.47 23.51 1662 3740 4244 1.45 

Pendimethalin @1kg 
ha-1 + 2, 4 –D @0.5 kg 
ha-1 

92 71.33 23.34 1505 3220 4078 1.41 

Pendimethalin @1kg 
ha-1 + 1MW (4WAS) 88 71.20 23.27 1295 2784 1831 1.17 

Sesbania (broadcast) + 
T3  

98 75.47 23.56 1845 3911 6560 1.63 

Sesbania (intercrop) + 
T1 

124 77.00 24.32 2091 4496 8902 1.84 

Two hand weeding (4 
& 6 WAS) 121 75.53 23.90 2074 4562 7574 1.64 

Weedy check  72 60.93 21.32 1004 2510 2120 1.27 

SEm ± 
CD (P= 0.05) 

8.37 
25.33 

7.99 
NS 

0.74 
NS 

105.8 
320.15 

133 
403 

726 
2197 

0.10 
0.30 

CONCLUSION 

From the above findings it can be concluded that intercropping of Sesbania in 
between two rows of direct seeded rice and incorporating them in the soil 4 weeks 
after sowing along with application of pendimethaline @ 1 kg ha-1 was found to the 
most effective way of integrated weed control measure of direct seeded rice in terms 
of dry matter production, growth, yield, net return and benefit:cost ratio. 
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ABSTRACT 

An experiment was carried out during December 2008 to June 2009 
at the Agronomy Farm of Bangladesh Agricultural University, 
Mymensingh to study the effectiveness and economic importance of 
herbicides, in boro rice varieties: Surjamoni and BRRI dhan29. Ten 
weed control treatments were weedy check; Aimchlor 5G @ 25 kg 
ha-1; 20 kg ha-1;  30 kg ha-1; Topstar 400SC @ 190 ml ha-1; 152 ml 
ha-1; 228 ml ha-1; Superheat 500EC @ 1.0 l ha-1;  0.80 l ha-1 and 1.20 
l ha-1. Among the herbicides Superheat 500EC @ 1.20 l ha-1 was the 
most efficient with the lowest weed population, weed dry weight and 
highest weed control efficiency with the variety BRRI dhan29. Yield 
and yield contributing characters such as plant height, grains/panicle, 
1000-grain weight, grain and straw yields were significantly 
influenced by the interaction between variety and weed control 
treatments. Among the herbicides, Topstar 400SC @ 152 ml ha-1 
produced the highest grain yield (5.0 t ha-1) which was 57.73% 
higher than control (3.17 t ha-1) in case of tall variety, Surjamoni. 
Maximum gross margin with Superheat 500EC @ 1.20 l ha-1 
suggested that this herbicidal treatment can be used as an 
alternative when labor is a limiting factor in boro season rice 
cultivation. Visual observation indicated that all three herbicides were 
not so toxic to rice plants. There were 3 different weed species 
infested the field among which Echinochloa crusgalli followed by 
Paspalum distichum was the most dominated weeds in terms of 
weed density and importance value. 
Key words: Economic weed control, herbicides and boro rice.  

INTRODUCTION 
Rice is one of the most extensively cultivated cereals of the world that 

feeds more than 50% of the world's population. In Bangladesh, it is the staple 
food and the area and production of rice in 2006 were 10.58 million hectares 
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and 27.32 million metric tons, respectively (Anonymous,2007). Production can 
be increased through the application of modern scientific knowledge and technology. 
Weeds are claimed to the greatest yield constraint in rice crop. It applies a serious 
negative effect on crop production and is responsible for marked loss in crop yield. 
Mamun (1990) reported that weed growth reduced the grain yield by 69 - 100% for 
direct seeded aus rice, 16-48% for aman rice and 22-36% for modern boro rice. 
Subsistence farmers of the tropics spend more time, energy and money on weed control 
than any other aspects of crop production (Kassasian, 1971). Poor weed control is one of 
the major factors for yield reduction of rice depending on the type of weed flora and 
their intensity (Amarjit et al., 1994). Therefore, effective control of this pest with 
minimum cost is of prime importance. In Bangladesh, the traditional methods of weed 
control practices include preparatory land tillage, hand weeding by hoe and hand 
pulling. Usually two or three hand weeding are normally required for growing a rice crop 
depending upon the nature of weeds, their intensity of infestation and the nature of crop 
grown. This method involves a large number of labourers and at the same time it is 
tedious, time consuming and expensive. In addition, at the peak period, availability of 
labourers is becoming a big problem day by day. On the other hand, herbicides are 
used successfully for weed control in rice fields for rapid effect, easier to application and 
low cost involvement in comparison to the traditional methods of hand weeding (Mian 
and Mamun, 1969). Although sporadic researches on the effects of herbicides were done in 
the country, no systematic researches with the varieties under study have been done. The 
present study was undertaken to screen out the most effective and economic 
herbicide with appropriate dose for two different cultivars of boro rice. 

MATERIALS AND METHODS 
An experiment was conducted at the Agronomy Farm of Bangladesh 

Agricultural University, Mymensingh during the period from December 2008 to June 
2009. The soil of the experimental site was non-calcareous dark grey flood plain 
(FAO, 2004) with pH around 6.2 having low organic matter content. The experiment 
was laid out in a split-plot design with three replications. Ten weed control 
treatments were in the main plots and two rice varieties in the  sub plots. Two 
rice varieties were: Surjamoni (tall variety) and BRRI dhan29 (dwarf variety). 
Topstar 400SC from Oxadiazon group, Aimchlor 5G from Butachlor group and Superheat 
500EC from Pretilachlor group were used as herbicides in three different 
concentration of each. Ten weed control treatments were weedy check; Aimchlor 5G 
@ 25 kg ha-1; 20 kg ha-1;  30 kg ha-1; Topstar 400SC @ 190 ml ha-1; 152 ml ha-1; 228 
ml ha-1; Superheat 500EC @ 1.0 l ha-1;  0.80 l ha-1 and 1.20 l ha-1. Topstar 400SC and 
Superheat 500EC were applied at 6 days after transplanting (DAT) with 500 liter 
water by hand spryer in 4-5 cm standing water of the plots. But Aimchlor 5G was 
broadcast at 6 DAT in 4-5 cm standing water. The field was fertilized with urea, 
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triple super phosphate, muriate of potash, gypsum and zinc sulphate @ 220, 100, 
60, 60 and 10 kg ha-1, respectively. Except urea, the whole amounts of other 
fertilizers were applied during final land preparation. Urea was top dressed in 
three installments at 15, 30 and 45 DAT. Forty four-day old seedlings were 
transplanted using two seedlings per hill maintaining spacing of 25cm x 15cm. 
Weeds were collected using 0.5m x 0.5m quadrat according to Kim and Moody 
(1983) at 25 and 45 DAT. The weeds were separated into different species and dried 
in an oven for 48 hours at 65o C and dry matter was determined. Relative weed density 
(RWD), importance value of weed (IVW) and weed control efficiency (WCE) of different 
weed control treatments were calculated by the following formulas (Mani et al., 1968):    
               Density of individual weed species in the community 
RWD =                                                                                            × 100 
                Total density of all weed species in the community  
 

                Dry weight of a given oven dried weed species 
IVW =                                                                                   × 100 
                 Dry weight of all oven dried weed species 
 

                   Dry weight of weeds in weedy check plots - Dry weight  
                    of weeds in treated plots 
WCE =                                                                                              × 100 
                  Dry weight of weeds in weedy check plots 

The data on plant height, effective tillers, grains/panicle, 1000-grain weight, grain and 
straw yields, land value, interests on it, cost of land preparation, labours, fertilizers, 
herbicides, seeds, irrigation, price of products and byproducts were collected. Data were 
analyzed using the statistical programme, MSTAT and means were compared by 
DMRT. Economic performance was evaluated in terms of total variable cost, gross 
return, gross margin and benefit cost ratio. Gross return from boro rice cultivation 
was estimated as value of grain (Tk. ha-1) + value of straw (Tk. ha-1)  Gross margin 
was calculated by the following formula: 

Gross margin (Tk. ha-1) = Gross return (Tk. ha-1) – Total variable cost of 
production (Tk. ha-1). 

RESULTS AND DISCUSSION 
Effect on weed density and weed dry matter 

The conditions which are favorable for growing boro rice are also favorable for 
the exuberant growth of numerous kinds of weeds that compete with crop plants. 
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These competitions of weeds are tense when the weed population increases and the 
weed growth are comparatively more exuberant and speedier than those of the 
desired crop plants. Three major weed species belonging to family Poaceae were 
infested the experimental crop. All of them were grasses and the mostly densed weed 
was Echinochloa crus-galli followed by Paspalum distichum and the least dominant 
weed was Leersia hexandra (Table 1). It was found that the relative density of 
Paspalum distichum was highest at both 25 DAT and 45 DAT where the lowest 
density was observed in case of Leersia hexandra. All the species of weeds varied 
considerably in their absolute density and accumulation of dry matter.  

Table 1.  Importance value and relative density of different weed species 
growing in experimental plots 

Importance value (%) Relative density (%) 
Weed species Family 

25 DAT 45 DAT 25 DAT 45 DAT 
Paspalum distichum Poaceae 45.6 48.53 48.52 46 
Echinochloa 
crusgalli 

Poaceae 38.5 41.14 41.42 44 

Leersia hexandra Poaceae 15.9 10.32 10.06 10 

Interaction effects on weed density and weed dry weight 
Weed density did not influence significantly by the interaction between variety 

and weed control treatments but interaction between variety and weed control 
treatments exert significant influence on weed dry weight at 45 DAT (Table 2). 
Numerically, the highest mean weed density (166.67 m-2) was obtained from the 
interaction between weedy check treatment and BRRI dhan29. Again the lowest 
(46.17 m-2) weed density was recorded from the interaction between Superheat 
500EC @ 1.20 l ha-1 and BRRI dhan29. Numerically, the highest mean weed dry 
weight (53.22 g m-2) was found from the interaction of between weedy check 
treatment and Surjamoni variety of boro rice. Again the lowest (6.14g   m-2) weed 
dry weight was recorded from the interaction between Superheat 500EC @ 1.20 l ha-1 
and BRRI dhan29. 
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Table 2. Weed density and dry weight under different treatments combination 

Weed density (m-2) Weed dry weight (g m-2) Treatment 
combination 25 DAT 45 DAT Mean 25 DAT 45 DAT Mean 

V1T0 128.00 194.67 161.33 9.74 96.70a 53.22 
V1T1 92.00 142.67 117.33 6.12 57.07c 31.60 
V1T2 48.67 62.67 55.67 3.40 18.41def 11.91 
V1T3 63.33 57.33 60.33 39.65 20.59def 30.12 
V1T4 40.00 62.00 51.00 4.63 14.94ef 9.79 
V1T5 62.33 63.47 62.90 4.45 31.18de 17.82 
V1T6 61.67 55.00 58.33 57.73 19.82def 38.78 
V1T7 93.33 145.00 119.17 6.76 57.55c 30.66 
V1T8 49.00 64.00 56.50 3.78 17.74def 10.76 
V1T9 54.00 50.00 52.00 34.90 17.25def 26.08 
V2T0 136.00 197.33 166.67 10.36 80.59b 45.47 
V2T1 111.33 88.67 100.00 8.79 23.87def 16.33 
V2T2 60.00 88.67 74.33 4.30 30.99de 17.65 
V2T3 76.00 102.00 89.00 4.99 21.87def 13.43 
V2T4 68.00 92.00 80.00 4.42 29.92de 17.17 
V2T5 82.67 89.33 86.00 6.27 33.99d 20.13 
V2T6 49.33 71.33 60.33 2.48 15.47def 8.10 
V2T7 106.67 82.67 94.67 8.32 22.31def 15.32 
V2T8 56.67 87.33 72.00 22.51 31.27de 26.89 
V2T9 43.33 49.00 46.17 1.71 10.57f 6.14 
S (x) 11.75 16.56 13.48 7.75 3.90 13.48 

Level of sig. 0.05 0.05 0.05 0.05 0.05 0.05 

Small letters compare means at 5% level by DMRT, DAT = Days after transplanting, V1=Surjamoni, 
V2=BRRI dhan29, T0= Weedy check, T1= Aimchlor 5G @ 25 kg ha-1, T2= Aimchlor 5G @ 20 kg ha-1, 
T3= Aimchlor 5G @ 30 kg ha-1, T4= Topstar 400SC @ 190 ml ha-1, T5= Topstar 400SC  @ 152 ml ha-1, 
T6= Topstar 400SC @ 228 ml ha-1, T7= Superheat 500EC @ 1.0 l ha-1, T8= Superheat 500EC @ 0.80 l 
ha-1 and T9= Superheat 500EC @ 1.20 l ha-1. 

Weed control efficiency  
Weed control efficiency increased with the increases of doses of herbicide. Higher 
dose showed higher weed control efficiency at 45 DAT (Fig. 1). Above 80% weeds 
were controlled by Topstar 400SC @ 228 ml ha-1 and Superheat 500EC @ 1.20 
l ha-1. In Surjomoni, the WCE ranged from 81.60% to 27.13% where as in BRRI 
dhan29, it ranged from 86.49% to 40.86% (Fig. 2). In the variety Surjomoni, the 
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highest WCE (81.60%) was noticed when the weed were controlled by Topstar 
400SC @ 190 ml ha-1. In the variety BRRI dhan29, the highest WCE (86.49%) was 
noticed when the weeds were controlled by Superheat 500EC @ 1.20 l ha-1.  

  

 

 

 

 
 

Figure 1. Weed control efficiency of different weed control treatment combinations 

 

 

 

 

 

 
Figure 2: Mean weed control efficiency of different weed control treatments at 45 DAT 

V1=Surjamoni, V2=BRRI dhan29, T0= Weedy check, T1= Aimchlor 5G @ 25 kg ha-1, T2= 
Aimchlor 5G @ 20 kg ha-1, T3= Aimchlor 5G @ 30 kg ha-1, T4= Topstar 400SC @ 190 ml ha-1, T5= 
Topstar 400SC  @ 152 ml ha-1, T6= Topstar 400SC @ 228 ml ha-1, T7= Superheat 500EC @ 1.0 l ha-1, 
T8= Superheat 500EC @ 0.80 l ha-1 and T9= Superheat 500EC @ 1.20 l ha-1.  

Interaction effect of on plant characters and yields of boro rice 
Plant characters such as plant height, grains/panicle, 1000-grain weight, grain 

and straw yields were significantly influenced by the interaction between variety and 
weed control treatments. But the interaction effects of variety and weed control 
treatments on number of effective tillers hill-1 was not significant. Result of this study 
showed that control treatment failed to produce more tiller due to severe infestation 
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of weed in the field. Hasanuzzaman et al. (2009) reported similar results. The tallest 
plant in Surjamoni (122.60 cm) was obtained from Aimchlor 5G @ 30 kg ha-1

 and 
the shortest plant height (112.60 cm) was attained by Topstar 400SC @ 228 ml ha-1 
(Table 3). However in case of dwarf variety, BRRI dhan29 the tallest plant (85.50 
cm) was obtained from Aimchlor 5G @ 20 kg ha-1

 and the lowest plant height (74.0 
cm) was attained by Superheat 500EC @ 1.20 l ha-1. The shortest plant in the control 
plot was a result of higher competition for nutrient, air space, light and water between 
crop plants and weeds. Ghobrial (1983) and Patil et al. (1986) observed that 
increased weed competition in control plots reduced the plant height of boro rice. 
The significant highest number of grains panicle-1 (208.65) was produced by 
Superheat 500EC @ 1.20 l ha-1 in the variety Surjamoni. The lowest number of 
grains panicle-1 (68.53) was found due to Aimchlor 5G @ 20 kg ha-1 in the variety, 
BRRI dhan29. The significant highest 1000-grain weight (25.42g) was produced by 
Topstar 400SC @ 152 ml ha-1 in the variety Surjamoni. The lowest 1000-grain 
weight (22.22g) was found due to Superheat 500EC @ 0.80 l ha-1 in the variety, 
Surjamoni. In case of variety BRRI dhan29, the highest 1000-grain weight (25.78g) 
was produced by Superheat 500EC @ 1.0 l ha-1 and the lowest 1000-grain weight 
(22.49) was found due to Aimchlor 5G @ 25 kg ha-1. When the combination of 
variety and weed control treatments were considered the highest grain yield (5.00 t 
ha-1) was observed in Surjamoni treated with Topstar 400SC @ 152 ml ha-1 that 
followed by the treatments combination of variety Surjamoni with Aimchlor 5G @ 
20 kg ha-1;  Aimchlor 5G @ 30 kg ha-1;  Topstar 400SC @ 190 ml ha-1; Topstar 
400SC  @ 152 ml ha-1 and Superheat 500EC @ 1.0 l ha-1

 The lowest grain yield (3.17 
t ha-1) was obtained in Surjamoni treated with Topstar 400SC @ 228 ml ha-1. This 
happened due to severe infestation of weeds in the BRRI dhan29 which lead to 
reduction of all yield components and finally the grain yield. BRRI (2004) reported 
the similar effects of weed competition on the reduction of yield components in boro 
rice. When the combination of variety and weed control treatments were considered, 
in Surjamoni the highest straw yield (6.83 t ha-1) was observed while treated with 
Aimchlor 5G @ 20 kg ha-1 and Aimchlor 5G @ 30 kg ha-1. The lowest straw yield 
(4.83 t ha-1) was obtained in Surjamoni when treated with Superheat 500EC @ 1.20 
l ha-1. In case of BRRI dhan29, the highest straw yield (5.83 t ha-1) was observed in 
the plots treated with Superheat 500EC @ 0.80 l ha-1, which was followed by the 
treatments of Topstar 400SC  @ 190 ml ha-1 (5.58 t ha-1). The lowest straw yield 
(3.67 t ha-1) was obtained in Superheat 500EC @ 1.20 l ha-1. In the treatments where 
weeds were controlled effectively and higher straw yield was recorded it was due to 
less competition between weeds and crops for nutrient, water and light. Gaffer and 
Rikabder (1975) and Patil et al. (1986) also reported similar findings. 
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Table 3. Plant characters and yields of boro rice as affected by interaction of 
weed control treatments and varieties 

Treatment 
combination 

Plant 
ht. 

(cm) 

Effective 
tillers 

(/plant) 

Grains 
(/panicle) 

1000 
grain 

weight 
(g) 

Grain 
yield 

(t ha-1) 

Straw 
yield    

(t ha-1) 

V1T0 116.12ab 5.97 191.21abc 24.62hi 3.67bc 5.17c-f 
V1T1 114.47b 7.93 205.56ab 24.75gh 4.25ab 6.67ab 
V1T2 117.53ab 8.2 196.85abc 24.76gh 4.33ab 6.83a 
V1T3 122.6a 6.73 184.32abc 24.44i 4.17ab 6.83a 
V1T4 121.77a 7.33 169.5cd 25.1ef 4.08ab 6.17abc 
V1T5 113.49b 6.93 166.73cd 25.42cd 5.00a 6.17abc 
V1T6 112.6b 7.4 183.25abc 25.23de 3.17 bcd 5.58a-d 
V1T7 116.33ab 7.8 171.52cd 25.06ef 4.25ab 5.5a-d 
V1T8 121.84a 8.07 176.73bcd 22.22l 3.67bc 5.33b-e 
V1T9 119.37ab 7.93 208.65a 22.68jk 3.17bcd 4.83c-g 
V2T0 83.03c 11.93 93.05fgh 22.73j 2.17d 3.83fg 
V2T1 85.15c 13.07 103.03fg 22.49k 3.17bcd 4.83c-g 
V2T2 85.5c 12.87 68.53h 24.97fg 2.5cd 4.58d-g 
V2T3 85.48c 10 79.12gh 25.1ef 2.5cd 4.67d-g 
V2T4 82.07cd 10.53 91.53fgh 25.21de 3.25bcd 5.58a-d 
V2T5 76.01de 11.13 84.16gh 24.97fg 2.5cd 4efg 
V2T6 84.67c 10.67 119.67ef 25.34cd 3.17bcd 5.33b-e 
V2T7 74e 9.67 78.33gh 25.78a 2.33d 3.83fg 
V2T8 79.5cde 11.33 146.67de 25.5bc 3.92ab 5.83a-d 
V2T9 74e 9 107.33fg 25.64ab 2.12d 3.67g 
S(x) 2.15 0.99 9.49 0.07 0.36 0.44 

Small letter compare means at 5% level by DMRT, V1=Surjamoni, V2=BRRI dhan29, T0= 
Weedy check, T1= Aimchlor 5G @ 25 kg ha-1, T2= Aimchlor 5G @ 20 kg ha-1, T3= Aimchlor 5G @ 30 
kg ha-1, T4= Topstar 400SC @ 190 ml ha-1, T5= Topstar 400SC  @ 152 ml ha-1, T6= Topstar 400SC @ 
228 ml ha-1, T7= Superheat 500EC @ 1.0 l ha-1, T8= Superheat 500EC @ 0.80 l ha-1 and T9= Superheat 
500EC @ 1.20 l ha-1. 

Toxicity of herbicides on rice crops 
Although no scoring was done in the study but visual observation indicates that 

all three herbicides were not so toxic to rice plants. Initially the rice plants looked 
like wilting slightly but it was recovered within five days of application. 
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Economic performance of different weed control treatments 
The economic performance of weed control treatments were evaluated in terms 

of cost and return (Table 4) and (Fig.2). The cost of production and return of unit plot 
of boro rice were converted into cost per hectare. When the means of two varieties 
were considered it was noticed that the highest gross margin (Tk. 22100 ha-1) and 
benefit-cost ratio (BCR) (1.77) were in the treatment of Superheat 500EC @ 1.20 l 
ha-1

 and the lowest was in control plot (Tk. 8203 ha-1) and BCR (1.30) (Table 4 & 
Fig.2). The treatment Superheat 500EC @ 1.20 l ha-1

 provided with the maximum net 
profit (TK.22100.00 ha-1) and the highest BCR (1.77) and  it was 62.88% over 
control plot. The highest gross return (Tk. 50603 ha-1) was obtained from Superheat 
500EC @ 1.20 l ha-1

 and the lowest (Tk. 35445 ha-1) from control plot. It was 
revealed that the application of Superheat 500EC @ 1.20 L ha-1 maximized the net 
profit (Tk. 13897 ha-1) in comparison to other treatments. 

Table 4. Economic performance of different weed control treatments  
(means of varieties) 

Cost of production (Tk) ha-1) Yield (t ha-1) Gross return (Tk ha-1) 

T
re

at
m

en
ts

 

Fixed 
cost 

 

Herbicidal 
cost 

 

Total 
cost 

 
Grain Straw Grain Straw Total 

Gross 
margin 

(Tk ha-1)
 

T0 27243 00.00 27243 2.64 4.25 29040 6405 35445 8203 

T1 27243 1700.00 28943 2.92 4.5 32120 8250 40370 11427 

T2 27243 1360.00 28603 3.71 5.75 40810 8625 49434 20831 

T3 27243 2040.00 29283 3.42 5.71 37620 8565 46185 16902 

T4 27243 1000.00 28243 3.33 5.75 36630 8625 45255 17012 

T5 27243 800.00 28043 3.67 5.88 40370 8820 49190 21147 

T6 27243 1200.00 28443 3.75 5.08 41250 7520 48870 20427 

T7 27243 1050.00 28493 3.17 5.46 40810 8190 49000 20507 

T8 27243 840.00 28083 3.29 4.67 41250 7005 48255 20172 

T9 27243 1260.00 28503 3.79 5.58 41690 8370 50603 22100 

Price of unhusked rice = Tk. 11.00 kg-1, and price of straw = Tk. 1.50 kg-1. T0= Weedy check, 
T1= Aimchlor 5G @ 25 kg ha-1, T2= Aimchlor 5G @ 20 kg ha-1, T3= Aimchlor 5G @ 30 kg ha-1, T4= 
Topstar 400SC @ 190 ml ha-1, T5= Topstar 400SC  @ 152 ml ha-1, T6= Topstar 400SC @ 228 ml ha-1, 
T7= Superheat 500EC @ 1.0 L ha-1, T8= Superheat 500EC @ 0.80 l ha-1 and T9= Superheat 500EC @ 
1.20 l ha-1.  
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CONCLUSION 
 On the basis of one year experimental result it can be concluded that in case of 

tall rice varieties Topstar 400SC @ 152 ml ha-1 and in case of dwarf varieties of rice 
Superheat 500EC @ 1.20 l ha-1 can be used for effective weed control and profitable 
grain production. 
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ABSTRACT 

Seven different concentrations of 6-Benzyle amino purin (BAP), six 
different concentrations of Thidiazuron (TDZ) and eight different 
concentrations of Zeatin riboside (ZR) were tested separately along 
with GA3 (0.2 mg l-1) and IAA (0.01 mg l-1) to find out a suitable 
growth regulator and its optimum concentration for in vitro direct 
regeneration of potato from internode and leaf explants for future 
transformation. Among them, ZR showed the very good performance 
for direct regeneration. Within the different concentrations of BAP, 
TDZ and ZR, MS medium supplemented with 3 mg l-1 of BAP and 0.3 
mg l-1 TDZ showed the good performance for shoot induction from 
internode explants. However, 5 mg l-1 of ZR was excellent for direct 
shoot induction both from the internode and leaf explants. Internode 
explants showed very good performance for direct shoot induction 
compare to leaf.   
Key words: Direct regeneration, growth regulator, internode and leaf 
explants, potato. 

INTRODUCTION 
Potato (Solanum tuberosum L.) belongs to the family Solanaceae are grown 

worldwide from their home to the highlands of Africa and Asia, behind polders and 
dykes in the Netherlands and in the wetlands of the Ukraine. It is used as the most 
important food for a large number of people in the world. Potato is usually 
propagated asexually by means of tubers. However, with conventional method of 
vegetative propagation, potatoes are often prone to pathogen such as fungi, bacteria 
and viruses, thereby resulting in poor quality and yields. Plant tissue culture 
technique has been developed as a modern and worldwide accepted concept to 
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improve the quality and quantity of potato. It has been developed as a new and 
powerful tool for crop improvement (Carlson, 1975; Hossain, 1994). Diseases free 
good quality seeds and pathogen free planting materials are possible to produce 
through tissue culture (Hossain, 1994). 

In vitro regeneration of potato is done easily from different explants using MS 
medium supplemented with different auxin and cytokinin (Yadav and Sticklen, 1995; 
Cearley and Bolyard, 1997; Rabbani et al., 2001). Both callus induction and plant 
regeneration from explants require the appropriate combinations and concentrations 
of plant growth regulators in the culture media (Ehsanpour and Jones, 2000; Ahan et 
al., 2001). Adventitious shoots have been formed by BAP, zeatin or kinetin 
supplemented media (Mukherjee et al., 1991; Sharma and Rajam, 1995). They stated 
that morphogenic response also varied within explants and follows a basipetal pattern 
where the apex region is better responding than the basal region. Shoot regeneration 
responses vary with the cultivar but in the most cases cytokinin helps to enhance 
shoot production (Linden and Riikonen, 2006). According to Wendt et al. (2001), 
internodes cultured in the medium with BAP showed higher regeneration rate when 
compared to leaves, although decreasing with higher doses. Even internode explants 
treated with Zeatin showed higher regeneration rate than those treated with BAP. 
However, BAP and Thidiazoron (TDZ) are also used as growth regulator to induce 
shoot from the explants. TDZ a substituted N-phenyl urea has been established as an 
important regulator for morphogenic responses in many crop species (Ricci et al., 
2001).  These responses include somatic embryogenesis (Visser et al., 1992; Murthy 
et al., 1995); micropropagation (Khalafalla and Hattori, 1999; Murch et al., 2000; 
Fratini and Ruiz, 2002, Jones et al. 2007)) and regeneration & multiple shoot 
formation (Eapen et al., 1998; Li et al., 2000). The mode of action of TDZ envisages 
induced perturbations of endogenous hormonal factors (Murch et al., 2005). 
Cytokinin like activity of TDZ was evident from its potency in three specific 
bioassays i.e. chlorophyll retention, shoot regeneration and pig-gus expression (Ricci, 
2001) but in auxin medium it demonstrated somatic embryogenesis. Sometime TDZ 
shows its bioactivity through its own direct action (Casanova et al., 2004). Ehsanpour 
and Jones (2000) reported that thidiazuron was the best for rapid in vitro plant 
regeneration from stem culture where several buds and shoots were regenerated. 
Recently, use of thidiazuron (TDZ) has shown to enhance shoot organogenesis 
(Magioli et al., 1998; Yucesan et al., 2007). Eapen et al. (1998) reported that 
Thidiazuron (TDZ) either alone or in combination with Indole acetic acid (IAA) 
induced high frequency shoot regeneration in pigeon pea (Cajanus cajan L.).   

Zeatine riboside (ZR) is an important and well known growth regulator for 
direct shoot induction (Wendt et al., 2001; Yadav and Sticklen, 1995). It reduces 
callus phage and accelerates bud formation (Beaujean et al., 1998). Doo and Boe 
(2001) reported that MS medium supplemented with 3.5 mg l-1 IAA and 4 mg l-1 ZR 
produced the most plantlets. All leaf explants treated with ZR (3 mg l-1) and IAA (1 
mg l-1) induced regeneration, produced green and morphologically normal plants 
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(Rodriguez et al., 2000). Under Bangladesh condition, very few information are 
available regarding the effects of different concentrations and combinations of BAP, 
TDZ and ZR on direct in vitro regeneration of potato. The present study was 
therefore, undertaken to find out a suitable one from BAP, TDZ & ZR and its 
optimum concentration for direct regeneration of potato for future transformation 
using internode or leaf explants.  

MATERIALS AND METHODS 
In vitro raised microplants of 18-21 days old were considered for the explants 

collection. Internode explants were collected only from the top of the plantlets (up to 
5-6 internodes) excluding shoot apex and divided into 0.5- 1 cm segments avoiding 
auxiliary buds. For leaf explants- thick and healthy leaves from the upper nodes of 
the plants were used. The leaf tips and basal portions, including the petiole were 
discarded and the entire leaf was cut into 5×5 mm pieces. The leaf explants were 
placed upside down on the medium. For culturing the explants, 4.4 g instant MS 
media powder (Duchefa, Netherlands) and 20 g sucrose (Biobasic, Canada) were 
dissolved in 500 ml distilled water for one liter media. GA3 (0.20 mg l-1) and IAA 
(0.01 mg l-1) were used based on Cearley and Bolyard (1997). Seven different 
concentrations of BAP viz., T1 (0), T2 (0.1), T3 (1), T4 (2), T5 (3), T6 (4) and T7 (5) mg 
l-1 ; six different concentrations of TDZ viz., T1 (0), T2 (0.1), T3 (0.3), T4 (0.5), T5 
(0.7), T6 (1) mg l-1 and eight different concentrations of ZR viz., T1 (0), T2 (0.1), T3 
(1), T4 (2), T5 (3), T6 (4), T7 (5), T8 (6) mg l-1  were tested separately along with GA3 
and IAA. Finally the media were adjusted to pH 5.8 and 2 g gelrite l-1 (Biobasic, 
Canada) was added to solidify the media. Then the media were autoclaved at 1.06 kg 
cm-2 with 121ºC for 20 minutes and 20 ml media was dispensed into each Petri dish 
under the laminar air flow cabinet. TDZ and ZR were added and mixed into the 
medium under the laminar air flow cabinet when the temperature of media was came 
down near about 50ºC by filter sterilization and 20 ml medium was dispensed into 
each Petri dish. When the medium was cool down, all the Petri dishes were covered 
by upper plate and rapped by Para film, marked as per treatment and kept in 4ºC. 
After three days, leaf and internode explants were cultured in the medium as per 
treatment. The cultures were kept at 22±1ºC with 16/8 hrs light/dark photoperiod 
provided by cool-white fluorescent light and checked daily to note the response and 
the development of contamination. Data on survival percentage of explants, days 
required for shoot appearance, per cent explants producing shoot (%), number of 
shoot per explant, length of visible shoot at 21 days (cm), number of visible leaves at 
21 days and diameter of visible shoot (mm) measured by digital slide calipers  were 
recorded. The experiment was designed in single factor CRD with 7 replications. 
Each petri dish was considered as single replication which contained 7 explants. Data 
were analyzed using MSTAT-C program. Differences among the means were 
compared by the Duncan’s Multiple Range Test at 5% and 1% levels of significant. 
The percentage data were subjected to appropriate transformation according to 
Gomez and Gomez (1984).  
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RESULTS AND DISCUSSIONS 
The present investigation was conducted to find out the effects of BAP, TDZ 

and ZR on direct regeneration of potato. Seven different concentrations of BAP, six 
different concentrations of TDZ and eight different concentrations of ZR along with 
GA3 (0.2 mg l-1) and IAA (0.01 mg l-1) were tested for in vitro direct regeneration of 
potato separately. The results and discussions of the study have been presented 
below:  

Shoot induction varied significantly due to the different concentration of BAP 
and TDZ in internode explants. It is mentioned that leaf explant did not produce 
shoot under any of the treatment of BAP and TDZ. Cent percent (100%) explants 
produced shoots in BAP @ 2 and 3 mg l-1 supplemented MS medium followed by 1 
mg l-1 (31.79%) which was statistically significant. On the other hand, 27.42% and 
19.98% internode explants produced shoot on MS medium supplemented with BAP 
@ 4 and 5 mg l-1, respectively (Table 1). But internode cultured in 0.1 mg l-1 BAP 
and without BAP containing medium did not produce any shoot. This might be due to 
the minimum doses of BAP which did not enhance shoot induction. The maximum 
percentage of explants producing shoot (100%) was recorded in TDZ @ 0.3 mg l-1 
containing medium followed by TDZ @ 0.5 mg l-1 (89.31%) and TDZ @ 0.7 mg l-1 
(88.12%). Shoot production in TDZ @ 0.5 mg l-1 (89.31%) and 0.7 mg l-1 (88.12%) 
containing medium was statistically identical (Table 2). The least percentage of 
explants (86.39%) producing shoot was recorded with TDZ @ 1 mg l-1  100% 
internodes and leaf explants produced shoot with ZR @ 2, 3, 4 & 5 mg l-1 and 1, 2, 3, 
4 and 5 mg l-1, respectively. However, ZR @ 6 mg l-1 produced 91.39% and 96.16% 
shoots from internode and leaf explants, respectively (Table 3 and 4). But media 
containing 0.1, 1 mg l-1 ZR and without ZR did not produce any shoot in internode 
explant (Table 3). On the other hand, leaf explant did not produce any shoot with 0.1 
mg l-1 ZR and without ZR (Table 4). 

Remarkable variation was observed among the treatment for days required for 
shoot appearance. It varied from 24.37 to 45.31 days. However, explants cultured in 
BAP @ 3 mg l-1 medium took minimum days (47.60 days) for shooting (Table 1) but 
BAP @ 1 mg l-1 containing medium needed maximum days for shoot appearance 
(85.23 days) followed by 5 mg l-1 (78.10 days). Explants cultured in TDZ @ 1 mg l-1 
containing medium took maximum days for shoot appearance (45.31) followed by 
TDZ @ 0.7 mg l-1 (37.10 days) which was statistically significant. But the explants 
cultured in TDZ @ 0.3 mg l-1 containing medium took minimum days for shoot 
appearance (24.37 days) (Table 2). It was observed that TDZ @ 0.1 mg l-1 and 
medium without TDZ did not produce any shoot from internode. Days required for 
shoot appearance was also significantly influenced due to the different levels of ZR 
in case of internode and leaf explants. Explants cultured in ZR @ 5 mg l-1 containing 
medium required minimum days for shoot appearance (14.67 and 18.32 days) in 
internode and leaf explant, respectively (Table 3 and 4). The reason for early shoot 
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Significant difference was found among the treatments for number of shoots per 
explant both in internode and leaf explants. The results of the study indicated that 
number of shoots per explant increased with the increasing ZR concentration in the 
medium up to 5 mg l-1 and then decreased. The maximum number of shoots per 
explant (43.20 and 7.25) was recorded in ZR @ 5 mg l-1 from internode and leaf 
explant, respectively (Fig. 1, plate 3.c and 4.b). This might be due to optimum ZR 
concentration influenced shoot induction. On the other hand, the minimum number of 
shoots per explant (18.41 and 2.43) was counted in ZR @ 6 mg l-1 supplemented 
medium both from internode and leaf, respectively. Number of shoots per explant 
6.89 and 7.25 from ZR concentration @ 4 mg l-1 and 5 mg l-1, respectively which was 
statistically identical in case of leaf explant. Minimum number of shoots/explants in 
ZR @ 6 mg l-1 supplemented medium might be due to adverse effect of ZR in the 
medium. Length of shoot varied significantly due to different concentration of BAP 
at 28 days. The results of the study revealed that length of shoot increased with 
increasing BAP concentration up to 3 mg l-1 and than decreased (Table 1). The 
longest length (3.79 cm) was measured from BAP @ 3 mg l-1 supplemented medium 
followed by 2 mg l-1 (3.31 cm) which was statistically significant. The shortest length 
(1.19 cm) was recorded in BAP @ 5 mg l-1. Hossain (2008) observed the tallest 
plantlet (2.56 cm) from internode explants of Diamant variety from MS medium 
supplemented with 7 mg l-1 BAP. Different levels of TDZ had significant effect on 
length of shoot. The longest length of shoot (2.97 cm) was measured in TDZ @ 0.3 
mg l-1 supplemented medium followed by 0.7 mg l-1 (2.37 cm) which was statistically 
significant. The lowest shoot length (2.10 cm) was noted in TDZ @ 0.5 mg l-1 (Table 
2). Significant difference was observed among the treatments as to the length of 
shoot. The maximum shoot length (3.20 and 3.43 cm) was measured from internode 
and leaf explants, respectively with 5 mg l-1 ZR containing MS medium followed by 
4 mg l-1  (2.86 cm) and 2 mg l-1 (2.91 cm) in internode and leaf explants, respectively 
(Table 3 and 4). However, minimum length of shoot (0.76 cm and 1.68 cm) was 
recorded in ZR @ 6 mg l-1 containing medium both from internode and leaf explant, 
respectively. Length of shoot recorded from ZR concentration of 2, 3, and 4 mg l-1 

from internode and leaf explants were statistically significant. The reason for higher 
shoot length might be due to early shoot initiation in 5 mg l-1 ZR containing MS 
medium.  
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Plate 1: Shoot induction of potato cv. Asterix as 
influenced by different concentration of TDZ: (a) TDZ 
0.1 mg 1-1 (b) TDZ 0.3 mg 1-1 (c) TDZ 0.5 mg 1-1 and 
(d) TDZ 0.5 mg 1-1 at 45 days. 

Plate 2: Shoot induction of potato cv. as 
influenced by BAP: (a) 1 mg 1-1 (b) 2 
mg 1-1 (c) 3 mg 1-1 and (d) 5 mg 1-1 at 45 
days. 

Table 1. Effect of BAP on in vitro direct regeneration of potato from  
internode explants at 21 days 

BAP      
(mg l-1) 

Internode 
explants 

produced 
shoot (%) 

Days 
required for 

shoot 
appearance 

Length of 
shoot (cm) 

Number of 
leaves 

Shoot 
Diameter 

(mm) 

1.0 31.79 b 
(33.11) 

85.23 a 2.19 c 1.97 c 9.20 c 

2.0 100.0 a 
(86.27) 

56.27 b 3.31 b 2.29 b 10.14 b 

3.0 100.0 a 
(86.27) 

47.60 e 3.79 a 2.75 a 11.60 a 

4.0 27.42 c 
(30.41) 

63.21 c 1.37 d 0.45 d 7.66 d 

5.0 19.98 d 
(25.61) 

78.10 b 1.19 d 0.37 d 7.19 d 

CV % 3.83 2.77 9.78 9.50 8.32 

Means bearing same letters do not differ significantly at 1 % level of probability, Data within 
parentheses represent the  arcsin transformed values 
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Significant variation was observed among the treatments for number of leaves. 
It ranged from 0.37 to 2.75. The maximum number of leaves (2.75) was recorded 
under BAP @ 3 mg l-1 while it was the lowest (0.37) in BAP 5 mg l-1  containing 
medium (Table 1). Either very low or very high concentration of BAP decreased 
number of leaves per shoot. Wide variation was observed among the treatments 
regarding the number of leaves per shoot. It ranged from 2.69 to 3.79. The maximum 
number of leaves (3.79) was recorded in TDZ @ 0.3 mg l-1 containing medium while 
it was the minimum (2.69) with TDZ @ 0.7 mg l-1 (Table 2). Distinct variation was 
observed in number of leaves per shoot due to the different levels of ZR 
concentration in medium both in internode and leaf explants. The result reflected that 
longest shoot produced maximum number of leaves. The maximum number of leaves 
3.18 and 3.11 was noted from ZR 5 mg l-1 both in internode and leaf explants, 
respectively followed by ZR 2 mg l-1 (2.73 and 2.68). However, the minimum number 
of leaves 0.76 and 0.89 was recorded in ZR 6 mg l-1 both in internode and leaf 
explants, respectively (Table 3 and 4). There were no statistically difference among 
the treatments of ZR @ 2, 3 and 4 mg l-1 in case of leaf production from internode 
and leaf explants. 

Profound variation was observed among the BAP concentration regarding this 
trait. The results of the investigation reflected that diameter of shoot increased with 
the increasing of BAP concentration in the medium up to 3 mg l-1 and than decreased. 
It was narrow as 7.19 mm in BAP @ 5 mg l-1 and as wide as 11.60 mm in BAP @ 3 
mg l-1 followed by BAP @ 2 mg l-1 (10.14 mm) and BAP @ 1 mg l-1 (9.20 mm) 
(Table 1, plate 1). There was no significant variation among the treatments of TDZ 
for shoot diameter. However, the wide shoot diameter (8.24 mm) was recorded in 
TDZ @ 0.3 mg l-1 supplemented medium whereas, it was the narrow (7.89 mm) in 
TDZ @ 0.7 mg l-1 (Table 2, plate 2). Shoot diameter was significantly influenced due 
to the different levels of ZR both in internode and leaf explants. The widest shoot 
diameter 11.12 mm and 10.39 mm were recorded from 5 mg l-1 ZR supplemented MS 
medium in internode and leaf explants, respectively whereas, it was the lowest 8.14 
mm and 7.31 mm from ZR @ 6 mg l-1 in internode and leaf explant, respectively 
(Table 3 and 4). Shoot diameter in ZR @ 4 and 5 mg l-1 supplemented MS medium 
from internode explants were statistically identical (Table 3). On the contrary, shoot 
diameter from leaf explant in 4 mg l-1 and 5 mg l-1 of ZR was also statistically 
identical (Table 4). Significant variation was observed as to the regeneration 
frequency rate in internode explant due to the different levels of BAP, TDZ and ZR. 
It was as low as 20% in the MS medium supplemented with 5 mg l-1 BAP and was 
high as 99.99% in 2 and 3 mg l-1 BAP followed by 1 mg l-1  (41.54%) which was 
statistically significant (Figure 2).  
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Table 2. Effect of TDZ on in vitro direct regeneration of potato from internode 
explants at 45 days 

TDZ 
(mg l-1) 

Explants 
produced shoot 

(%) 

Days 
required for 

shoot 
appearance 

Length of 
shoot 
(cm) 

Number of 
leaves 

Shoot 
diameter 

(mm) 

0.3 
100.0 a 
(86.27) 24.37 c 2.97 a 3.79 a 8.24 a 

0.5 
89.31 b 
(68.41) 

25.60 c 2.10 c 3.11 b 8.13 a 

0.7 
88.12 bc 
(67.37) 

37.10 b 2.37 b 2.69 b 7.89 a 

1.0 
86.39 d 
(65.94) 

45.31 a    

CV % 1.88 3.19 11.00 12.94 9.81 

Means bearing same letters do not differ significantly at 1% level of probability, Data within 
parentheses the arcsin transformed values. 

Table 3. Effect of different concentrations of  Zeatin riboside (ZR) on in vitro 
direct regeneration of potato from internodes explants at 21 days 

Means bearing same letters do not differ significantly at 1 % level of probability, Data within 
parenthesis the arcsin transformed values 

ZR 
(mg l-1) 

Explants 
produced shoot 

(%) 

Days 
required for 

shoot 
appearance 

Length of 
shoot 
(cm) 

Number of 
Leaves 
/shoot 

Shoot 
diameter 

(mm) 

2.0 100.0 a 
(86.27) 

23.13 b 2.89 d 2.73 b 9.67 c 

3.0 100.0 a 
(86.27) 

16.89 c 2.77 c 2.51 b 8.68 d 

4.0 100.0 a 
(86.27) 

16.37 c 2.86 b 2.61 b 10.40 ab 

5.0 100.0 a 
(86.27) 

14.47 d 3.20 a 3.18 a 11.12 a 

6.0 91.39 b 
(70.35) 

27.16 a 1.56 e 0.76 c 7.14 d 

CV % 3.34 6.65 9.29 7.69 10.92 
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Plate 4 :  Shoot induction from leaf explants 
of potato cv. Asterix as influenced by ZR 5 
mg l-1 :  (a) Shooting of explants, (b). Shoots 
of 28 days, (c) Shoot of 42 days and (d) In
vitro plant at 28 days. 

Plate 3: Shoot induction from internode 
explants of potato cv. Asterix as influenced by 
ZR 5 mg l-1: (a) Internode explants, (b) Shoot 
induction at 14 days and (c-d) Shoots 28 days. 

 

c d

a b

Table 4. Effect of different concentrations of Zeatin riboside (ZR) on in vitro 
direct regeneration of potato from leaf explants at 21 days 

Means bearing same letters do not differ significantly at 1 % level of probability, Data within 
parentheses the squire root transformed values 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ZR 
(mg l-1) 

Explants 
producing 
shoot (%) 

Days 
required for 

shoot 
appearance 

Length of 
shoot 
(cm) 

Number of 
Leaves 
/shoot 

Diameter 
of shoot 

(mm) 

2.0 100.0 a 
(86.27) 

24.89 b 2.91 c 2.68 b 8.62 b 

3.0 100.0 a 
(86.27) 

23.10 c 2.83 b 2.35 b 8.29 b 

4.0 100.0 a 
(86.27) 

20.36 d 2.90 a 2.42 b 10.12 a 

5.0 100.0 a 
(86.27) 

18.32 e 3.43 a 3.11 a 10.39 a 

6.0 96.16 b 
(77.66) 

30.14 a 1.68 d 0.89 c 7.31 c 

CV % 3.55 8.39 11.87 8.52 9.07 
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CONCLUSION 
From the above discussions it may be concluded that among the three growth 

regulators BAP, TDZ and ZR, ZR performed better for direct shoot regeneration of 
potato from internode and leaf explants. Within the different concentration of ZR, 
MS medium supplemented with 4-5 mg l-1 ZR showed the best performance in 
respect of shoot induction from internode and leaf explants. Moreover, internode 
explants showed the excellent performance for direct shoot induction compare to 
leaf.  
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ABSTRACT 

The study was undertaken at Munshiganj Sadar, Tongibari, Gazaria, 
Sreenagar and Serajdikhan Upazila of Munshiganj district to study 
the physical and morphological characteristics, productive and 
reproductive performances of Munshiganj cattle. The colour of body-
coat was mostly creamy to dull pinkish and looked different from 
other indigenous varieties of Bangladesh. The recorded highest peak 
milk production per day was 6.68 ± 0.186 kg, lactation length was 
8.45 ± 0.27 and dry period was 2.42 ± 0.86 months. The average 
birth weight of calves was 14.83 ± 0.79 and mature live weight of 
cows was 223.74 ± 10.20 kg. The age at first heat was 33.78 ± 1.36 
months, age at first calving was 45.52 ± 1.32 months, gestation 
length was 10.34 ± 0.11 months, calving interval was 13.3 ±0.27 
months, post partum heat period was 70.26 ± 3.35 days respectively 
and service per conception was 1.30 ± 0.10. About 12.18% of total 
cattle population was of indigenous Munshiganj type in the surveyed 
area of Bangladesh. The results indicated that the productive and 
reproductive performances of Munshiganj cattle are better than other 
two indigenous varieties / types of cattle Red chittagong cow (RCC) 
and Pabna milking cow (PMC).  
Key words: Phenotypic characterization, Indigenous cattle, Munshiganj 
variety. 

INTRODUCTION 
Munshiganj cattle are an important indigenous cattle genetic resource localized 

solely in Mushiganj district and its adjacent areas of Bangladesh. Bangladesh is an 
agricultural country and its economic backbone is mainly based on agriculture. 
Livestock being one of the major component of agriculture (crop, livestock, fisheries 
and forestry) plays a vital role in national economy, contributing about 17.70% of 
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Gross Domestic Product GDP) and 4.31% (only from hides and skins) of total 
foreign exchange earning (DLS, 2007). The total livestock population of Bangladesh 
is composed of 22.87 million cattle, 20.75 million goats, 1.21 million buffalo and 
2.68 million sheep DLS. 2007). It was reported that 75% of the world's cattle 
population is in the developing countries (Asia, Africa and Latin America), but it 
contribute only 21% of the world's milk production and 34% of the beef production 
(Rahman, 1992). Among the developing countries, the condition of livestock in 
Bangladesh is the worst in respect to their genetic dilution. Bangladesh has high 
density of cattle population. The relative density of cattle population is well above 
the averages for many other countries of the world. It ranks 12th in cattle population 
in the world and in the Asian countries, her position is third (Alam et al., 1994). 
Despite such a high density of cattle population, the country has been deficient in 
milk, meat and draught power for quite some time.  

Exotic breeds often lack resistance to local diseases and climatic conditions, 
produce poorly and lack persistency without considerable high quality feed and 
management. In the developing world, indiscriminate use of exotic animal genetic 
resources and poorly designed breeding schemes are the major reasons for the loss of 
animal genetic resources. The loss of locally adapted breeds will have long-term 
negative implications, and in most instances, will reduce food security rather than 
ensure it. The loss of indigenous breeds adversely affects community identity and 
structure and reduces the ability of local communities to maintain their traditional 
lifestyles. Locally adapted breeds will continue to be valuable in our countries 
because these countries cannot afford the inputs that are required to sustain breeds 
that have been developed in low stress, high input production systems. 

Cattle are integrated part of the agricultural operation in Bangladesh. Most of 
Bangladeshi cattle are of Bos indicus type and with certain exceptions are on the 
whole poor producers, even under the good dietary and management condition and 
characterized by poor weight gains and late maturity (Habib et al, 2003). However, 
there are few improved varieties of cattle such as Red Chittagong (RC), Pabna 
Milking Cow (PMC) and Munshiganj localized in some areas of the country. The 
Munshiganj cattle may be one of such promising variety of domestic animal genetic 
resources solely found in Munshiganj district of Bangladesh and internationally 
recognized as pure breed but as a variety (Mason, 1988). It is a very nice looking 
variety of cattle with creamy to dull pinkish coat. History of development of this 
variety is not clear and somebody speculated that they have evolved among 
themselves on the basis of natural selection. Among the varieties of cattle, the 
Munshiganj variety did not identify (both phenotypic and genetic characterization) 
nor has any objective study been made on their conformation, productive and 
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reproductive performance with larger sample sizes Therefore, the present study was 
undertaken on the Munshiganj cattle of Bangladesh with the following objectives: 

i. to study the distribution pattern of Munshiganj cattle, 
ii. to morphologically characterize the Munshiganj  cattle, and 
iii. to assess their productive and reproductive performances in-situ. 

METHODOLOGY 
The methods and procedures followed in this study are discussed under the 

following different sub-titles. 

Selection of the study area 
The five Upazilas namely Munshiganj Sadar, Tongibari, Gazaria, Sreenagar 

and Serajdikhan Upazila of Munshiganj district, which are about 140 km away from 
the capital city Dhaka, were selected as the study area. These five selected Upazilas 
are situated on the Southern side of Dhaka district. These areas were also chosen for 
the reason that Munshiganj cattle are reported to be found in that Munshiganj district. 
Therefore, the area was considered to conduct the targeted field survey. A map 
(figure 1) showing the study area (Sadar, Tongibari, Gazaria, Sreenagar and 
Serajdikhan Upazila) in the Munshiganj district 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. A map showing the study area in Munshiganj district 
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Preparation of Questionnaire 
The questionnaire was carefully designed for keeping the purposes of the study. 

The questionnaire contained both open and closed form questions. Most easy, simple 
and direct questions were used to obtain information from the respondent farmers. 
The questionnaire was pre-tested for judging the suitability of the questionnaire to the 
respondents. After that the questionnaire was finalized upon making necessary 
modifications. Simple and direct questions were included in the questionnaire for 
collecting information relating to study objectives.  

Sampling method 
In this study, a total number of 161 households were surveyed randomly from 

five upazilas, of which 38 were from Munshiganj Sadar, 28 from Tongibari, 30 from 
Serajdikhan, 27 from Sreenagar and 38 from Gazaria upazila.  

Collection of data 
In order to collect relevant information interview technique was followed such 

as socio-economic status, livestock population and genetic status, feeding regime, 
production potential, reproductive performance, physical characteristics, 
morphometric characteristics, disease control and management. But usually, most of 
the farmers are not used to keep any written information (records) on their livestock. 
So, the researcher had to depend on the memory of the respondent for obtaining 
target information. All possible efforts were made by the researcher to ensure the 
collection of reasonably accurate information from the field. When the interview was 
over, the information was checked carefully before leaving the farmers house and 
study area and any confusion was rationalized and corrected by comparing those with 
local standards to keep consistency of data. 

Identification of independent variables 
The independent variables of this study were the five selected characteristics / 

aspects of the farmers. These were: age, education, family size, occupation and farm 
size. The measurement procedures of these variables are described below: 
Age 

It was expressed in terms of complete years. 
Education 

The education of a farmer was measured by the number of years of his / her 
schooling.  
Family size 

Family size of a farmer was referred to the total number of members in his / her 
family including the respondent himself or herself. 
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Occupation 
Occupation of a farmer was referred to the income source on which the family 

of a farmer mostly dependent.  
Livestock population and genetic status 

Livestock population was referred to as the total number of livestock mainly 
cattle reared by the farmer such as milch cow, pregnant cow, bull, heifers, bullock, 
calf of either sex. Genetic status of livestock was determined on the basis of 
information provided by the farmers. Genetic status was mainly classified into non-
descript indigenous (Deshi) cattle, Munshiganj Cattle and crossbred cattle. 
Feeding and management 

Feeding and management system of Munshiganj cattle in Munshiganj Sadar, 
Tongibari, Gazaria, Sreenagar and Serajdikhan Upazila of Munshiganj district were 
almost similar throughout the year. Stall feeding was mainly practiced throughout the 
year. Sometimes grazing was practiced i.e. after harvesting potato the only crop 
cultivated in the field of that region. Besides, cattle graze few hours everyday in the 
open grass land called ‘Chak’. Cattle mainly live on green grass and also on rice 
straw bought from outside. Again now a days, people are cultivating high yielding 
fodder crops mainly for feeding their crossbred animals and so a bit feeding their 
Munshiganj cattle with it also.  Most of the animals were not provided any 
concentrate feed. 
Traits studied   

The productive and reproductive traits were studied: birth weight and body 
weight, peak milk yield of a cow, lactation length, number of services per conception, 
gestation length, calving interval, physical and morphological characters. All the 
values of different traits were obtained by door to door questionnaire survey. 
Analysis of data 

After collection of data from the field, they were recorded in master table 
sheets. After completing the pre-tabulation task, actual tabulation work was started. 
A number of tables were prepared on the basis of the aims and objectives of the 
study. Finally, tabulated data were analyzed and condensed by using simple averages, 
percentages etc. to deliver the results. 

RESULTS AND DISCUSSION 
Findings of the present research along with their discussion are presented 

below under different sub-headings: 
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Distribution 
Out of the total cattle in Munshiganj 74.78% are crossbred, 13.02% are Deshi 

and rest 12.18% are Munshiganj cattle (Table 1). Since no authentic history of cross-
breeding (Nasim, 1965) could be traced, it is presumed that the variety has developed 
in the locality by selective breeding.  

Table 1. Distribution of Munshiganj cattle in Munshiganj Sadar, Tongibari, 
Gazaria, Sreenagar and Sherajdikhan Upazila of Munshiganj district 

Type of cattle Munshiganj (%) Deshi (%) Crossbred (%) 

Milking cow 65.5 51.61 47.75 

Pregnant cow 6.89 16.12 6.17 

Heifers 6.89 9.67 8.42 

Calf (Male) 3.44 9.67 12.92 

Calf (Female) 17.24 12.90 24.71 

Overall 12.18 13.02 74.78 

Morphometric characteristics 
Morphometric measurements such as: body length, height at withers and heart 

girth were taken on 36 numbers of Munshiganj cattle of different categories surveyed 
at 161 households. In all categories of the animals, heart girth was highest followed 
by height at wither and body length giving the appearance of a small, compact body 
(Table 2). Unfortunately I found no bull or bullocks in the randomly surveyed 
households to get them measured.  

Table 2. Body measurements of Munshiganj cattle 

Trait Category  Number Minimum Maximum Mean SD 
Cow 20 91.44 154.94 110.61 13.38 

Heifer 2 91.44 96.52 93.98 2.54 

Height 
at wither 

(cm) 
Calf 6 53.34 83.82 70.90 11.12 

Cow 20 96.52 137.16 113.91 8.25 

Heifer 2 116.84 119.38 118.11 1.27 

Body 
length at 
shoulder 

(cm) Calf 6 58.42 88.9 72.81 12.67 

Cow 20 127 127 165.1 10.08 

Heifer 2 147.32 152.4 149.86 2.54 

Heart 
girth at 
wither 
(cm) Calf 6 63.5 121.26 89.7 19.31 

SD = Standard Deviation  
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Habib et al. (2003) observed the body length, body height and heart girth of 
adult Red Chittagong females were 114.38± 1.56 cm, 107.71 ±0.93 cm and 
139.85±1.63 cm respectively. For adult male the same were 134, 125 and 168 cm 
respectively.  

The mean morphometric measurements of traits such as ear length, ear width, 
head length, head width, foreleg length, hind leg length, tail length, horn length, horn 
diameter, teat length, teat diameter, distance between front teat and distance between 
rear teats are presented in Table 3. 

Table 3. Morphometric characteristics (cm) of Munshiganj cattle 

Characteristics Number Minimum Maximum Mean SD 

Ear length   23 12.7 28.19 23.54 3.27 

Ear width 23 10.16 13.97 12.72 1.01 

Head length 20 34.29 49.53 38.76 3.63 

Head width 20 12.7 19.05 15.59 1.24 

Fore leg length 20 55.88 81.28 65.96 6.22 

Hind leg length 20 62.23 88.9 74.42 7.34 

Tail length 23 96.52 132.08 108.50 9.67 

Horn length 23 3.81 25.65 10.38 4.85 

Horn diameter 23 7.11 12.95 8.53 1.42 

Teat length 23 3.81 8.12 6.09 1.14 

Teat diameter 23 4.82 8.63 6.40 1.19 
Distance between  
fore teats 

23 5.08 17.78 9.80 3.14 

Distance between 
rear teats 

23 3.81 10.16 5.86 1.60 

Al-amin et al (2007) studied body measurements of indigenous North Bengal 
Grey (NBG) cattle and reported the average body length, height at wither and heart 
girth in adult cows were 105.16±1.20, 93.91±1.12 and 126.95±1.52 cm respectively. 
Similarly, for Red Chittagong cattle Bhuiyan (2008) reported that the average body 
length, height at withers and heart girth in adult cows were 107.13±2.17, 
105.94±2.17 and 136.90±2.22 cm respectively. 

Physical characteristics 
The coat colour of Munshiganj cattle was mostly creamy to dull pinkish. This 

variety of cattle has their own particular traits. Its head was medium and colour of its 
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Figure 4. A tail switch of a Munshiganj cow Figure 3. A growing Munshiganj calf 

muzzle, eyelids and hoof was pinkish. Fig. 2 to 4 shows the distinct features of 
Munshiganj cattle. Skin colour was dominantly whitish to creamy. The tail switch 
was brownish in all animals. The horns were small to medium and curved with 
pointed tips (Fig. 2). The ears were small and erect with a sideways orientation and 
had pointed tips (Fig. 2). The face was medium and narrow with a flat long forehead 
(Fig. 2). The body was medium, compact and fleshy. The skin was pliable, the 
dewlap was medium and the hump was poorly developed (Figure 2). The tail was 
long and reaches to below the hock. Cows had medium udders and teats and milk 
veins were prominent (Fig 4). The animals of this breed were usually quiet but 
sometimes aggressive temperament was also observed. 

 
 
                        
      
                                   
 
 

 
 
 

Figure 2. A typical Munshiganj cow 
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Habib et al. (2003) reported that the coat color of Red Chittagong Cattle was 
red. They were comparatively small in size and short in height. Its head was small 
and the color of its muzzle and hoof was whitish. 

PRODUCTIVE TRAITS                                                                                
Birth weight 

Information on birth weight of Munshiganj cattle was gathered only from 6 
calves. The sex pooled birth weight averaged 14.83±0.79 kg. The lowest and highest 
birth weights recorded in this study was 12.00 and 18.00 kg respectively (Table 4). 

Table 4. Production and reproductive performances of Munshiganj cattle 

Characteristics Number Minimum Maximum Mean± SD 
Birth weight (kg) 6 12 18 14.83±1.95 
Mature body weight of cow 
(kg) 

23 115.01 339.39 223.02±48.92 

Peak milk yield (kg) 19 4 10 6.68±1.65 
Lactation Yield(Kg) 19 860 1320 1127.36±130.94 
Lactation length (months)        19 6 12 8.45±1.20 
Dry period (months) 19 1 4 2.42±0.86 
Age at first heat (months) 19 24 48 33.78±5.97 
Age at first calving (months) 19 36 60 45.52±5.78 
Gestation length (months) 19 9.5 11 10.34±0.51 
Calving interval (months)        19 12 16 13.3±1.22 
Post partum heat period 
(days) 

19 45 90 70.26±14.64 

Service per conception 20 1 2 1.3±0.45 

Bhuiyan (2008) reported that the mean birth weight of Red Chittagong Cattle 
was of 14.11±1.06 kg based on farmers’ opinion. Al-amin et al (2007) reported 
18.35±0.52 kg average birth weight of North Bengal Grey calves. Habib et al. (2003) 
reported that birth weight of Red Chittagong calves was 17.24±0.68 kg in male and 
16.0±0.66 kg in female with an average of 16.7±0.48 kg which was slightly higher 
than the results of Munshiganj calves in the present study. Khan et al. (2000) 
observed the birth weight of Red Chittagong calves in farm and rural condition to be 
17.28±0.76 and 16.O±l.52 kg respectively which was almost similar to the findings 
of Habib et al. (2003). These results were also slightly higher than the result of 
Munshiganj calves found in the present study. Hossain and Routledge (1982) also 
reported the average birth weight of Pabna calves was 16.37+0.20 kg. The reported 
average birth weight of male and female calves of indigenous Siri breed in Bhutan 
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were 23.0 kg and 18.0 kg respectively (Payne, 1970). The results were almost in line 
with the findings of present study. 

Body weight of mature cattle 
The average body weight of mature Munshiganj cows was 223.02±10.20 kg 

with a standard deviation of 48.92 kg (Table 4). The mature live weight data were 
collected from 23 Munshiganj cows. The highest and lowest body weight found in 
this study was 339.39 and 115.01 kg respectively. 

Bhuiyan (2008) reported that the mature weight of male and female Red 
Chittagong cattle at Farmers’ Herd were 330.0±23.23 kg and 184.0±13.44 kg 
respectively. Al-amin (2007) reported 240.74±3.98 kg average mature weight of 
NBG cows. Khan et al. (2000) conducted a study on the performance of Red 
Chittagong (RC) cows under different production systems. He found mature body 
weight of Red Chittagong cows to be 234.28 kg and 206.50 kg respectively under 
farm and rural conditions which is almost similar to the results obtained in the 
present study. These results partially agree with the findings of the present study.  

Peak milk yield 
The average peak milk yield observed from some 23 Munshiganj cows are 

presented in Table 4 The overall peak milk yield per day was 6.68±0.186 kg. The 
highest and lowest recorded milk yield was 4.0 and 10.0 kg respectively. This 
estimate came from a sample of Munshiganj cows at various stages of lactation, 
therefore should fairly represent the daily milk yield in the Munshiganj cow. In case 
of Red Chittagong cattle Bhuiyan (2008) reported that the mean lactation yield and 
milk yield per day were 805.08±2.07 liters and 2.70±0.09 liters respectively based on 
farmers’ opinion. Al-amin (2007) reported that the highest peak milk yield of NBG 
cows was of 3.46±0.18 liters per day. Habib et al. (2003) found milk yield/d of RCC 
to be 2.55±0.11 liters. Khan et al. (2000) observed an average daily milk yield under 
farm and rural conditions to be 2.0±0.65 kg and 1.80±0.87 kg respectively which is 
much lower than the result of present study 

Lactation length (LL) 
The mean of lactation length (LL) along with SD of Munshiganj cows are 

presented in Table 4 The overall lactation length was found to be 253.68±12.89 days. 
The highest and lowest value of LL was found 365.0 days and 180.0 days 
respectively.  In case of Red Chittagong cattle Bhuiyan (2008) reported a mean LL of 
208.08±3.11 days. Al-amin (2007) reported 218.58±6.11 days of the mean LL of 
NBG cows. Habib et al (2003) reported a mean lactation length of Red Chittagong 
cows of 261.08±14.51 days. These results are close to that of present study on 
Munshiganj cows. Ahmed and Islam (1987) summarized the performance of local 
cattle for LL and found an average of 270 days, which is a little higher than the 
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results of present study. Hoque et al. (1999) and Khan and Khatun (1998) studied the 
performance of Pabna local cattle and in that lactation length ranged from 
198.9±11.52 to 208.75±18.15 days which partially agrees with the findings of the 
present study. In case of dry periods we found high variation and it is because the 
data provided by the farmers mostly were of usual non-recorded (non-written) data. 

REPRODUCTIVE TRAITS  
Age at first heat 

The mean of age at first heat (AFH) along with SD for the Munshiganj cattle is 
presented in Table 4. The average AFH of Munshiganj cattle was 1013.4±41.08 days. 
The maximum and minimum age at first heat of Munshiganj cattle was 1440.00 and 
720.00 days respectively. 

Gaur et al. (2003) reported that AFH of Gir cattle breed of India was 
1149.0±58.0 days. Ashraf (1998) concluded that AFH of indigenous cows was 
31.0±3.29 months. Ali (1994) showed that the AFH of Local cattle was 42.40 months 
which is higher than the result of present study. Jabbar and Ali (1988) reported that 
the AFH of Local (milk) and Local (draft) were 45.0±6.7 and 57.0±9.6 months 
respectively. These results are much higher than these in the present study.  
Fluctuation in age at puberty of various genetic groups of cows might be due to the 
effect of environment, varied management and heredity. Here, we also found wide 
variation in service per conception and since the conception is occurred duly by 
chance basis which also depends on various factors like quality of semen, appropriate 
timing, inseminator’s efficiency etc. the variation comes thereby. 

Age at first calving (AFC) 
The mean age at first calving (AFC) along with SD for the Munshiganj cattle is 

presented in Table 4. The average AFC of Munshiganj cattle was 1365.60±39.78 
days. The maximum and minimum age at first calving of Munshiganj cattle was 
1800.00 and 1080.00 days respectively. In case of Red Chittagong cattle Bhuiyan 
(2008) reported mean age at first calving of 1305.3±15.6 (83) days according to the 
farmers’ opinion. Al-amin (2007) reported 1190.70±19.67 days of the average age at 
first calving of NBG cows. This result is very close with the result of present study. 
Genetic and managemental factors specially feeding system and care might have 
influenced this trait. 

Service per conception 
The mean of number of services required per conception (SPC) along with SD 

for the Munshiganj cattle is presented in Table 5. The number of SPC of Munshiganj 
cow was found 1.30±0.10. The maximum and minimum number of services per 
conception was 2.0 and 1.0 respectively. SPC information was available on 20 cows 
only. In case of Red Chittagong cattle Bhuiyan (2008) reported a service per 
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conception of 1.55±0.08 and 1.43±0.10 respectively in-situ and ex-situ. Al-amin 
(2007) reported 1.36 of service per conception of NBG cows. Khan et al. (1999) 
studied the performance of RCC and Pabna cattle and reported that SPC were 
1.61±0.09 and 1.57±0.07 respectively. Habib et al, (2003) observed the average 
number of services required per conception for the RCC was 1.25±0.12. The SPC of 
Pabna local and RCC are closer to the   SPC found in the present findings. Sultana 
(1995) concluded the SPC of local cow was 1.78±0.22 which is higher than that of 
present study. 

A number of factors, which might have influenced in the variation of SPC such 
as the quality and quantity of semen used in AI, improper detection of heat, failure to 
inseminate at appropriate time and skill of the inseminator. The other related factors 
could be the level of fertility, which might be influenced by the age of bull and cow, 
season of the year, age of semen, disease and semen handling methods, feeding 
profile and other environmental factors. 

Gestation length (GL) 
The mean of gestation length along with SD of Munshiganj cow is presented in 

Table 5. The overall gestation length of Munshiganj cow was 310.20±3.53 days. The 
highest gestation length was 330.0 days and lowest 285.0 days. 

Khan et al. (1999), Ahmed and Islam (1987) and Majid et al. (1995) found GL 
of RCC cows 281.30±1.43 and 281.0±2.94 days respectively which are nearly close 
to the results of present study. Hossain and Routledge (1982), Khan and Khatun 
(1998) and Khan et al. (1999) reported GL of Pabna cows were 281.0, 283.61±8.23 
and 279.10±1.04 days respectively. These results are much closer with the value 
observed in the present study. Islam (1980) found GL of indigenous cow to be 
283.44±8.12 days. The gestation length is a species characteristic. The duration of 
gestation is genetically determined. Variation may be due to maternal influence. A 
little variation in gestation length within the individual in different parities may be 
contributed mainly by maternal and fetal factors.  

Calving interval (CI) 
The mean of calving interval (CI) along with SD for Munshiganj cow is 

presented in Table 5. The overall mean of CI was 399.0±8.25 days. The maximum 
and minimum CI was 480.00 and 360.00 days respectively. 

According to Bhuiyan (2008), calving interval of Red Chittagong cows was 
found 445.2±9.3 days according to farmers’ opinion. Al-amin et al (2007) reported 
441.94±7.41 days of calving interval for NBG cows. 

Khan et al. (1999), Ahmed and Islam (1987) and Hasnath (1974) studied for CI 
on RCC and their findings were 479.50±16.94, 458.40±71.82 and 485.0 days 
respectively. These results are slightly higher the findings of present study. Habib et 
al. (2003) found CI of RCC cattle 409.9±17.8 days which are shorter than the present 
study. Calving interval varies due to maternal and environmental factors (such as 
feeding, management, fertility etc.). 
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Post partum heat period (PPHP) 
The mean along with SD for post partum heat period are shown in Table 5. The 

observed mean value was 70.26±3.35 days. The highest and lowest PPHP of 
Munshiganj cattle was observed 90.0 and 45.0 days respectively. Information was 
gathered from 19 Munshiganj cows only. Similar result had been shown by Nahar et 
al. (1989). They studied PPHP of 203 cows at BAU dairy farm. They reported that in 
different breed groups PPHP ranged from 150.71±4.42 to 113.33±5.45 days. Again, 
on RCC cattle PPHP was found 121.13±5.50 days (Bhuiyan, 2008). Al-amin et al 
(2007) reported 109.72±4.15 days of PPHP for NBG cows. Ashraf (1998) reported 
PPHP of indigenous cattle in Khulna region was 3.61±1.50 months which is much 
closer with the results of present study.. Care and management are the main factor 
that influence post partum heat period (PPHP) in cows. 

An overview of major findings and their comparison 
It had easily been traced about the productive and reproductive performances 

of Munshiganj cattle variety as compared to other notable varieties in Bangladesh 
which is presented in Table 5. When we consider every single trait among three 
notable varieties of cattle (Munshiganj, RCC and NBG) in respect to their 
performances we found Munshiganj is the utmost promising one because maximum 
of all the valuable traits were in favour of the said variety and the values for the rest 
of the traits might lie almost parallel to the others. 

Table 5. Performances of Munshiganj cattle as compared to other varieties of 
cattle in BD 

Trait Red Chittagong 
Cow (RCC) 

North Bengal 
Grey (NBG) 

Munshiganj Type 

Birth Weight (kg) 14.11±1.06 18.35±0.52 14.83 ± 0.79 

Body Weight (kg) 206.50(Rural), 
234.28(Farm) 

240.74±3.8(F) 223.74 ±10.20 

Daily Milk Yield (kg) 2.70±0.09 (in-situ) 3.46±0.186 4.44 ± 0.19 

Lactation Length (d) 268±4.51 218.58±6.11 253.68 ±12.89 

Dry period (d) 165.22±6.33 180.0 ± 6.79 72.63 ± 5.91 

Service per conception 1.54±0.08 (in-situ) 1.36±0.12 1.30±0.10 

Gestation Length (d) 287.0±3.46 280.80±1.32 310.20 ± 3.53 

Calving Interval (d) 409.9±17.8 441.94±7.41 399.0 ± 8.25 

Age at first heat (m) 32.39±3.92 28.97±0.98 33.78 ±1.36 

Age at first calving (d) 1246.08±121.66 1190.70±19.67 1365.6±39.6 

Post Partum Heat 
Period (d) 

139. 22±9.64 109.72±4.14 70.26 ± 3.35 
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 CONCLUSION 
Within the studied area, this type of cattle still constitutes 12.18 % cattle 

population. The present study on the physical and morphological characteristics of 
Munshiganj cattle clearly indicated it as a medium body sized, less compact and 
fleshy unique indigenous cattle of Bangladesh. The results found that Munshiganj 
cow is a milk type cow and having creamy to dull pinkish coat color it looks different 
from other indigenous varieties of cattle. The results indicated that the productive and 
reproductive performance of Munshiganj cattle is better than RCC and PMC. The 
study further revealed an obvious need for collection of more in-depth and objective 
information on wider samples of this type of indigenous cattle in order to assess and 
recommend the future national strategy for a conservation and improvement program 
to be undertaken for this valued Munshiganj cattle.  
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ABSTRACT 

Experiments were conducted at the Agricultural Research Station of 
BARI, Burirhat, Rangpur, Bangladesh in three consecutive years 
(2004-05, 2005-06 & 2006-07) during rabi (winter) seasons to find 
out optimum planting time for the newly developed rapeseed 
genotype BCYS-03 in the northern parts of Bangladesh. There were 
five planting dates viz. October 20, November 01, November 10, 
November 20 and November 30. Dates of sowing significantly 
influenced the plant height, number of siliqua/plant, number of 
seeds/siliqua, seed yield; stover dry weight, oil content of seed and 
oil yield the rapeseed in three years. The maximum seed yields 
(1.86, 1.69 and 1.60 t ha-1) were obtained from the 1 November 
planting and it was significantly different from all other planting dates 
in Ist and 2nd year. The lowest seed yields were found from 
November 30 planting but it was at par to 20 and 10 November 
planting. Oil content of seed and total oil yields were also higher from 
October 20 planting. Seed and oil yields were reduced gradually with 
delayed in planting. Pooled analysis showed that the highest seed 
yield and other characters were higher from 1 November planting. 
Keywords: Planting date, Rapeseed, Seed yield and Oil yield  

INTRODUCTION 
In Bangladesh, two popular Brassica species, namely Brassica campestris and 

Brassica juncea, are usually cultivated for the edible oil covering 70 and 30 percent, 
respectively of the mustard growing areas. The Brassica spp. is very sensitive to 
weather of the growing season especially the temperature. It needs cool temperature 
(5-150C) throughout its growing period which is prevailed during the winter season 
in Bangladesh. In Bangladesh, winter is very short and its span varies from one 
region to another. The winter begins in early October in the northern region and ends 
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in late February (Biswas et al., 1989 & Mondal et al., 1999) whereas in the southern 
region it starts in mid November and ends in January (Mondal et al., 1992). 
However, the winter in Bangladesh becoming shorter and even very short in last 
couple of years due to the effects of climate change and global warming (Abedin, 
2010). 

The genotypes of any crop can express their potential only when grown under 
optimum management conditions with special emphasis to date of planting. About 
20% yield of mustard is reduced due to delay sowing (ORC Report, 2000-01). 
Generally, the time of planting varies depending on the climatic condition of the 
region and the variety to be grown. Different varieties of mustard are sensitive to 
change in environmental conditions where the crop is being grown. Therefore, it is 
necessary to study the genotype X environment interaction to identify the varieties 
which are stable in different environments (Sarma and Roy, 1993).  

Recently Oilseed Research Centre, Bangladesh Agricultural Research Institute 
(BARI) has developed a high yielding new rapeseed genotype BCYS-03, the growing 
period of which is shorter (80-85 days) than the existing cultivars. The previous 
studies showed that the early or late planting significantly reduced the crop yield 
(Mondal et al., 1992; Biswas,et al., 1989 & Mondal et al., 1999). 

Considering the above facts, the present study was undertaken to find out the 
optimum planting time of the rapeseed genotype BCYS-03 at which the yield would 
be maximum with short duration and less infestation of pests.   

MATERIALS AND METHODS 
Experiments were conducted at the Agricultural Research Station, BARI, 

Burirhat, Rangpur during three consecutive rabi seasons of 2004-05, 2005-06 & 
2006-07, respectively. The experimental field was a piece of well drained high land 
with moderately even topography. The results of physical and chemical analyses of 
soil samples of the experimental plot area are presented in Table I. The area belongs 
to Tista Floodplain agro ecological zone (AEZ,), having low organic matter and 
deficient in nitrogen, phosphorus and potassium in comparison to the standard 
nutrient status. The soil is acidic in nature with pH 4.6. Data on the weekly average 
maximum and minimum air temperature, relative humidity and total rainfall have 
been presented in Figures 1, 2 and 3.     

The seeds of the test genotype were collected from the Oilseed Research 
Centre, BARI, Gazipur. There were five dates of planting viz.October 20, November 
01, November 10, November 20 and November 30. The treatments were arranged in 
a Randomized Complete Block Design (RCBD) with three replications having plot 
size 3m x 5m. Fertilizers were applied @ 120, 80, 60, 40, 4 and 2 kg ha-1 of N, P2O5, 
K2O, S, Zn and B, respectively. 







EFFECT OF PLANTING DATES ON SEED AND OIL YIELD OF RAPESEED 89 

         All other fertilizers and ½ amount of the urea were applied during final land 
preparation; and the rest ½ of urea was applied at 20 days after seedling emergence. 
Weeding cum thinning, irrigation, and insect and disease control measures were done 
as per requirement. At maturity, 10 randomly selected plants were uprooted for data 
collection. Data were collected on plant height, number of siliqua per plant, number 
of seeds per siliqua, 1000 - seed weight, seed yield per hectare, stover yield per 
hectare, oil content of seed and oil yield per hectare. Collected data were statistically 
analyzed and presented in Tables 2, 3 and 4. 

RESULTS AND DISCUSSION 

Different dates of sowing had significant effect on days to flower, days to 
maturity, plant height, siliqua/plant, seeds/siliqua, 1000- seed weight, seed yield, 
stover yield, oil content and oil yield (Table 2, 3 and 4). November 1 planting took 
29, 28 & 29 days to flower and 81, 82 & 81 days to mature and 30 November 
planting were 27, 27 & 28 days and 77, 77 & 78 days  in the three years respectively. 
Plants of early sowing flowered normally due to prevalence of favourable 
environment especially low temperature during vegetative growth phase which 
enhanced flower initiation in the genotype. Saran and Giri, (1987) also reported that 
November 11 sowing date gave earlier flower. This variation might have occurred 
due to temperature and moisture stress. During the months of January and February 
temperature started rising which may have been forced the plants to maturity. Hang 
and Gilliland (1984) also reported that days to flower and days to maturity varied 
year to year depending upon the temperature. Delayed planting reduced the number 
of days to flower and days to maturity.. In Bangladesh, the average daily 
temperatures during the third week of October to first week of November (24-27o C) 
are quite favourable for quick seed germination and establishment of mustard and 
rape seedlings (Islam et al., 1994a). Moreover, the sharp fall of both the mean and 
minimum temperatures from the third week of November onwards shorten the period 
of inflorescence initiation in mustard and rapes (Islam et al., 1994b). It appears that 
plants of first planting during early vegetative period and that of 30 November 
planting during later part of the season faced high temperature. Mondal and Wright 
(1986) also found that a temperature range 5 to 150C is optimum for the normal 
growth and development of rapeseed plant. Above and below of this range, it reduced 
the growth rate by reducing plant height and dry matter accumulation. The highest 
maturity period was required by the plants due to November 01 planting and it was 
statistically identical to the October 20 and November 10 plantings. The shortest 
period to mature was 77 days required due to November 30 planting. The average of 
three years results revealed that the maximum plant height was found in 20 
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November planting and the shortest plant was found in delayed planting on 
November 30. The highest number of siliqua/plant was found in plants of second 
planting which was significantly different from the other dates of planting. The 
lowest number of siliqua/plant was found in the plants of last planting of November 
30. The highest seeds/siliqua, 1000-seed weight, seed yield and oil content were 
obtained from the November 01 planting, which was different from the other dates of 
planting. This happened probably due to optimum temperature and moisture received 
by the plants from the second planting but the high temperature was apparent in the 
last planting. The highest seed yield (1.86, 1.69 & 1.60 t ha-1) were obtained from the 
plants of 01 November planting and it was significantly different from all other dates 
of plantings in the first and 2nd year. Three years average results revealed that the 
highest seed yield was obtained from November 01 planting. The seed yield was 
reduced with the advancement of sowing date from 10th November to 30 November. 
The seed yield of first planting was also lower than that of 01 November planting. 
But the highest dry plant weight (4.15 t ha-1) was obtained from 20 October planting 
and it was reduced with delayed planting. The lower seed and stover yields were 
obtained from planting of November 30 but the seed yield and dry plant yield were 
satisfactory. Oil percentages in seeds were higher in the seeds of early plantings but it 
was reduced due to delayed planting. Mendham et al. (1990) observed that early 
sowing gave more yield than that of late sowing. Chakraborty et al. (1991) stated that 
early sowing produced 24% higher seed yield than that of later sowing. Tuteja et al., 
(1996) also reported the highest seed yield from November 2 sowing but it was 
decreased by delayed sowing to November 22. Delayed planting reduced the seed 
yield drastically, which might be occurred due to rapid initiation of inflorescence, 
flowering, fruiting and maturity. In the late sowing condition, the number of siliqua 
was decreased. High temperatures and long days accelerated rapid maturity and 
lower the yield. The highest oil content in seed was recorded from November 01 
planting and the lowest oil content in seed was recorded from November 30 planting. 
Brar et al. (1998) also reported increased seed and oil yield from early planting. 



Table 2. Growth parameter of rapeseed genotype BCYS-03 as influenced by different planting dates in 2004-05, 
2005-06 and 2006-07 

Days to flower Days to maturity Plant height (cm) Number of siliqua/plant 
Treatment 

1st yr 2nd yr 3rd yr Mean 1st yr 2nd yr 3rd yr Mean 1st yr 2nd yr 3rd yr Mean 1st yr 2nd yr 3rd yr Mean 

20 Oct. 29 28 29 28.67 81 82 81 81.67 100 119 89.7 102.90 84 85 89 86.00 

01Nov. 30 31 30 30.33 85 84 85 84.67 105 101 94.2 100.07 85 109 97 97.00 

10 Nov. 30 30 31 30.33 83 82 83 82.67 115 98 89.0 100.67 77 61 75 71.00 

20 Nov. 28 27 28 27.67 78 77 78 77.67 104 112 96.5 104.17 77 34 61 57.33 

30 Nov. 27 27 27 27.00 77 76 77 76.67 100 110 84.7 98.23 66 43 70 69.67 

CV (%) 0.36 0.30 0.34 - 0.18 0.23 0.21 - 2.76 10.50 8.85 - 11.09 8.70 17.32 - 

LSD (0.05) 0.75 0.95 1.00 - 1.50 1.72 2.0 - 1.32 1.55 2.60 - 2.15 9.12 7.25 - 

 
Table 3. Yield attributes parameters of rapeseed genotype BCYS-03 as influenced by different planting dates in 

2004-05, 2005-06 and 2006-07 
Number of seeds/siliqua 1000-seed weight (g) Seed yield (t ha-1) 

Treatment 
1st yr 2nd yr 3rd yr Mean 1st yr 2nd yr 3rd yr Mean 1st yr 2nd yr 2nd yr Mean 

20 Oct. 21.25 19.00 17.2 19.13 3.80 3.50 3.70 3.70 1.59 1.56 1.45 1.53 
01Nov. 24.00 22.00 19.5 21.83 3.80 3.40 3.80 3.70 1.86 1.69 1.60 1.72 
10 Nov. 22.75 20.00 18.8 20.50 3.60 3.00 3.20 3.30 1.56 1.39 1.38 1.44 
20 Nov. 21.75 18.00 15.2 18.30 3.20 2.80 3.00 3.00 1.52 1.43 1.25 1.40 
 30 Nov. 18.75 17.00 15.0 16.90 3.20 2.40 2.70 2.80 1.47 1.38 1.110 1.32 
CV (%) 7.48 11.25 8.50 - 6.44 10.22 4.47 - 5.41 8.22 7.37 - 
LSD(0.05) 0.92 1.85 1.89 - 0.12 0.16 0.10 - 0.20 0.17 0.13 - 

 



Table 4. Stover yield and oil yield of rapeseed genotype BCYS-03 as influenced by different planting dates in 2004-
05, 2005-06 and 2006-07 

Stover yield (t ha-1) Oil % in seed Oil yield (t ha-1) 
Treatment 

1st yr 2nd yr 3rd yr Mean 1st yr 2nd yr 3rd yr Mean 1st yr 2nd yr 3rd yr Mean

20 Oct. 3.77 3.68 3.35 3.60 43.4 42.2 44.0 43.9 0.802 0.744 0.707 0.751 
01Nov. 4.58 4.07 3.8 4.15 43.1 44.0 44.2 43.8 0.690 0.690 0.631 0.670 
10 Nov. 3.68 3.17 3.14 3.33 42.6 42.5 42.5 42.5 0.665 0.591 0.587 0.614 
20 Nov. 3.56 3.29 2.75 3.20 42.5 42.5 40.1 41.7 0.646 0.608 0.501 0.585 
30 Nov. 3.41 3.14 2.75 3.10 42.4 40.1 42.5 41.7 0.632 0.553 0.468 0.548 
CV(%) 6.01 9.14 6.38 - 2.50 3.15 2.82 - 6.21 7.34 5.23 - 
LSD(0.05) 0.45 0.39 0.35 - 0.25 0.35 0.15 - 0.04 0.025 0.065 - 
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CONCLUSION 
From the results of the experiment it may be concluded that November 01 

planting is the best time for higher seed yield of rapeseed- mustard, BCYS-03 for the 
northern parts of Bangladesh. 
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ABSTRACT 

An experiment was conducted to determine the effect of dietary 
supplementation of saponin and volatile fatty acids (VFAs) on   laying 
performance, body composition and egg quality in laying hens. Forty 
eight 67-week-old laying hens (Shaver 579) were allocated to 4 iso-
nitrogenous and iso-energetic diets with different levels of saponin 
and VFAs. The hens were divided into 4 dietary groups with 12 in 
each. The diets were supplemented with 0% saponin and 0 ppm 
VFAs (S1V1); 0.1% saponin and  0 ppm VFAs (S2V1); 0% saponin 
and 520 ppm VFAs (S1V2) and 0.1% saponin and 520 ppm VFAs 
(S2V2).  It was found that the supplementation of saponin (S2V1) 
decreased (p<0.05) the body fat of the birds by 16% than that of the 
control (S1V1) group, which did not influence the egg production of 
the birds. The feeding of S2V1 diet also showed a decrease of feed 
intake and liver size, and a increase of yolk index in the birds. The 
520 ppm VFAs supplementation (S1V2) increased the egg production 
(6.52%) and egg mass production (6.66%) in the birds along with 
improved feed conversion efficiency, higher eggshell thickness and 
albumen per cent compared to that of the control group. On the other 
hand, the dietary VFAs supplementation (S1V2) had no effect on the 
weight of egg, but it resulted a higher percentage of jumbo and extra 
large egg and lower percentage of large and medium sized egg 
compared to control group. This study suggested that the 520 ppm 
VFAs supplementation could be used as feed additive to increase 
the persistence of lay, improve the feed conversion efficiency and 
egg shell quality in laying hens at late phase of production life. 
Key words: Saponin, volatile fatty acids, feed conversion, egg production, 
body fat. 
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INTRODUCTION 
Egg production of commercial layer commences at about 19 weeks of age, 

rises sharply to a peak at about 26-27 weeks of age and then gradually declines from 
40 weeks of age. It is a routine practice to replace the layers at 72–76 weeks of age. 
However, the age at culling depends upon the production level of the flock. There is 
a tendency of the deposition of abdominal and subcutaneous fat and decline of egg 
production in laying hens with the advance of age (Soltan, 2008). Whether decreased 
egg production is a function of increased fatness at older age is not definitely known. 
The accumulation of triglycerides appears to be a normal consequence of the 
stimulation of hepatic lipogenesis by estrogens to provide lipid for transfer to the egg 
yolk (Whitehead et al., 1981). Fatty liver generally results in reduced egg production 
and increased mortality (Whitehead et al., 1981). However, the extent of 
accumulation of lipid and the incidence of hemorrhage in liver can be influenced by 
the modification of diet and therefore, much research has been done on nutritional 
methods for decreasing the liver lipid concentrations (Whitehead, 1979).  

Saponins are heterogeneous group of triterpene or steroidal glycosides that 
occur in a wide range of plants and are reported to have lipolitic effect (Karu et al., 
2007). Saponins interfere with the lipid and cholesterol absorption from intestine by 
binding with the bile acids and thus prevents the formation of lipid micelles, which 
may affect the abdominal fat content (Jenkins and Atwal, 1994). In older layers over 
40 weeks, there is a common observation of decrease digestive capacity due to the 
impairing of mucosal cells in intestine and decreased length of intestinal villi. This 
causes lower laying percentage, decrease in feed conversion and poor eggshell 
calcification (Schwarzer, 2006). Volatile fatty acids (VFAs) play an important role to 
overcome this phenomena by restoring the function of damaged cells via excess fat 
deposition. VFAs, in particular the butyrate, facilitate the DNA repair enzymes to 
stimulate the epithelial growth of intestinal wall. Due to this action, the metabolism 
and absorption of calcium might be improved (Langhout and Sus, 2005). By 
modifying the intestinal pH, organic acids also have been found to improve the 
solubility, digestion and absorption of feed nutrients (Vogt et al., 1981). Therefore, 
the present research with saponin and VFAs was undertaken to study whether the 
increased fatness reduce the egg production at second half of the laying period, and to 
know the effects of dietary synthetic saponin and VFAs supplementation on body 
fatness, laying persistency and egg quality. 

MATERIALS AND METHODS 
Forty eight, 67-week-old healthy Shaver 579 hens were investigated for the 

effects of saponin, and a mixture of organic acids and short chain VFAs, the 
ProviMax” on body fatness, egg production and egg quality in laying hens. ProviMax 
is a combination of fumaric acids, 2% salt of organic acids calcium butyrate and 
calcium propionate, 50% calcium lactate and carrier ‘sepioliite’and corn until 100%. 
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One gram of ProviMax contains 520 ppm VFAs (Soltan, 2008). The hens were reared 
in pyramid-type laying cages for a period of two months. Four birds accommodated 
in a cage were considered as a dietary treatment unit. There were 3 replications in 
each dietary treatment. The diets were supplemented with 0 % saponin and  0 ppm 
VFAs (S1V1); 0.1 % saponin and  0 ppm VFAs (S2V1); 0 % saponin and 520 ppm 
VFAs (S1V2) and 0.1 % saponin and 520 ppm VFAs (S2V2). They birds were fed ad 
libitum on a compound feed of the following composition; ME (kcal /kg) =2800; CP 
(%) =17; Crude fat (%) =5; Calcium (%) = 3.6; phosphorus (%) = 0.35; Moisture (%) 
= 11.  

Body weight (initial and final), egg production / day / replication, feed intake, 
feed conversion, egg mass /bird / day, average egg weight and grades (USDA 
system), and survivability of the birds were recorded. After completion of the 
experiment, one bird from each replication was dissected to examine body fatness, 
weight of heart, liver, gizzard, spleen, and oviduct. The hens were dissected 
following the procedure of Jones (1984).  For egg quality determination, two eggs 
from each replication were collected at the end of the experimental period. The egg 
quality parameters such as egg weight, shape index (Reddy et al., 1979), yolk index 
(Wesley and Stadelman, 1959), albumen index (Heiman and carver, 1936) and 
Haugh Unit (Haugh, 1937), shell thickness, % shell, % albumen, and % yolk were 
determined. 

All data were subjected to a 2 x 2 factorial arrangement in a Completely 
Randomized Design (CRD) of experiment with multiple observations (3 replications 
per cell). The analysis of variances was done using the MSTAT-C computer package 
to compare the main and interaction effects of the dietary supplements. The Least 
Significant Differences (LSD) were used to find out the significant differences (p < 
0.05). 

RESULTS AND DISCUSSION 
Feed intake, body weight maintenance and egg production performances  

Incorporation of saponin attributed significant decrease (p<0.01) of feed 
consumption (Table1). Results regarding the feed intake was in agreement with those 
obtained by Mourao et al. (2006) and Udea (2001). The lack of influence of VFAs on 
feed intake noticed in this study was similar with the findings of Langhout and Sus 
(2005). 

The significant increase of hen day egg production (HDEP) (Table 1), about 
6.52% higher than control (S1V1), on VFAs supplementation was fully agreed with 
the findings of several authors (Nollet et al., 2004 and  Vogt, 2001 and Langhout and 
Sus, 2005). They highlighted that the supplementation of VFAs improved the laying 
performance during the second phase of laying periods by restoring the functions of 
damaged cells. Non significant effect of saponin on HDEP was contradictory to the 
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observation of Heywang et al. (1959). They reported that the supplementation of 0.3-
0.4 % extracted saponin reduced the egg production. 

Table 1. Effect of saponin and volatile fatty acids (VFAs) on body weight, fed 
intake and egg poduction in 67-week-old laying hen 

VFAs (ppm)  SED (LSD) and significance+ 

Parameters Saponin
(%) 0 520 Mean Saponin VFAs Saponin × VFAs 

0 2316.67 2208.33 2262.50 62.116NS 62.116 NS 87.846 NS Initial body 
weight (g/hen) 

0.1 2316.67 2283.33 2300.00    

 Mean 2316.67 2245.83 2281.25    

0 2329.17 2166.67 2247.92 70.063 NS 70.063 NS 99.084 NS Final body 
weight (g/hen) 

0.1 2195.83 2175.00 2185.42    

 Mean 2262.50 2170.83 2216.67    

0 133.31 132.05 132.68 (6.009)** 1.790 NS 2.532 NS Feed intake  
(g / hen / d) 

0.1 126.30 126.80 126.55    

 Mean 129.81 129.42 129.61    

0 73.62 78.42 76.02 3.349 NS (7.723)* 4.736 NS Hen-day egg 
production (%) 

0.1 66.81 79.76 73.29    

 Mean 70.22 79.09 74.67    

0 49.80 53.12 51.46 2.260 NS (5.212)* 3.196 NS 

0.1 45.36 54.57 49.97    

Egg mass 
production 
(g/hen / d) 

Mean 47.58 53.85 50.71    

0 2.68 2.50 2.59 0.116 NS (0.269)* 0.165 NS FCR  
 0.1 2.79 2.33 2.56    

 Mean 2.73 2.42 2.58    

+NS, p > 0.05;*, p < 0.05;**, p < 0.01 ; no of experimental unit 48 

Statistical analysis showed that the VFAs supplementation improved (p<0.05) 
the egg mass production and feed conversion by 6.67 and 6.71 %, respectively when 
compared with that of the control (non supplemented group). Increasing feed 
conversion resulted for supplementation of VFAs implies that recovery of damaged 
cells of the digestive wall and preservation of microbial balance improved nutrient 
utilization with consequent higher feed conversion efficiency on 520 ppm VFAs and 
non significant improvement on 0.1% saponin and 520 ppm VFAs. This result was 
highly correlated with the findings of several authors (Yalcin et al., 2000); Vugt, et 
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al., 2001 Denli et al., 2003; Langhout and Sus, 2005 and Soltan, 2008). All of them 
described higher feed efficiency on VFAs of organic acids supplementation in 
chickens. Non significant effect of saponin on feed conversion efficiency had no 
relation with the results of Gippert, et al. (1992). On the other hand, Nakaue et al. 
(1980) found greater feed efficiency when hens were given lucerne saponin.    
Egg quality parameters 

Effect of dietary saponin and volatile fatty acids supplementation on egg 
weight and egg grade in laying hen of 67-74 weeks of age is presented in Table 2. 

Table 2. Effect of saponin and volatile fatty acids (VFAs) on egg weight and egg 
grade of laying hens at 67-74 weeks of age 

VFAs (ppm)  SED (LSD) and significance+ 
Parameters Saponin 

(%) 0 520 Mean Saponin VFAs Saponin  × VFAs 
Egg weight (g / egg) 0 67.70 67.68 67.69 0.919NS 0.919 NS 1.299 NS 
 0.1 67.87 68.49 68.18    
 Mean 67.79 68.08 67.94    
Jumbo egg (%) 0 32.48 39.79 36.14 (2.895)

* 
(7.723)** 1.775 NS 

 0.1 38.62 40.79 39.70    
 Mean 35.55 40.29 37.92    
Extra large egg (%) 0 46.55 41.15 43.85 2.311 NS (5.331)* 3.269 NS 

 0.1 47.45 42.07 44.76    

 Mean 46.99 41.61 44.31    

Large egg (%) 0 19.13 15.09 17.11 2.003 NS 2.003 NS 2.833 NS 

 0.1 12.96 16.57 14.76    

 Mean 16.05 15.83 15.93    

Medium egg (%)  0 1.85 3.96 2.91 1.170 NS 1.170 NS 1.655 NS 

 0.1 0.97 0.18 0.58    

 Mean 1.41 2.07 1.74    

+NS, p>0.05;*, p<0.05;**, p<0.01; no of experimental unit 48 

Average egg weights of the experimental hens were statistically similar for all 
diets. Non significant effect of saponin on average egg weight was agreed with 
Heywang et al. (1959) but contradicts with the findings of Nakaue et al. (1980), who 
found significantly heavier eggs in layers fed diet with alfalfa regardless of saponin 
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content. Non significant effect of VFAs on egg weight of   the present study agreed 
with the findings of Nollet et al. (2004); Vugt et al. (2001) but disagreedwith the 
findings of Langhout and Sus (2005) who found slightly heavier eggs on VFAs 
supplementation. 

VFAs supplemented birds exhibited an increase of jumbo and extra large size 
egg production.This result was partially agreed with Soltan (2008), who showed a 
decreased percentage of jumbo and increased percentage of extra large eggs with 
VFAs supplementation.  Increased percentages of jumbo eggs in hens fed on diet 
supplemented with 1g saponin/ kg diet was in agreement with the findings of Nakaue 
et al. (1980). In spite of increased percentage of jumbo and extra large eggs, the 
average egg weight was not affected which might be due to the range in weights at 
egg grade classification.   

Egg Quality 

Effect of exogenous saponin and dietary volatile fatty acids supplementation on 
various egg quality parameters in laying hens during the period between 67-74 weeks 
of age are presented in Table 3. Egg yolk index was significantly (p<0.05) improved 
on dietary saponin. Increasing of the yolk index due to dietary saponin 
supplementation observed in this study was consistent with the observation of Soltan 
(2008). He found a significant improvement on yolk index in layers with organic acid 
supplementation. Decreasing of albumen index on dietary VFAs supplementation 
was consistent with the findings of Soltan (2008). He showed a slight deterioration of 
albumen index in hens fed different levels of VFAs. Increased albumen percentage 
on 520 ppm VFAs supplementation might be the responsible factor for decreased 
albumen index. 

Incorporation of VFAs in diet attributed the insignificant increase in shell 
thickness which might be the consequences of increased mineral and protein 
absorption in the bird. Increased shell thickness was supported by Soltan (2008), who 
found improved egg shell thickness on organic acids supplementation. Partially 
contradictory result was found by Yesilbag and Colpan, (2006), who reported that the 
organic acid mixture did not improve the shell thickness.  The difference might be 
due to the fact that  to that organic acid mixture of their trial was devoid of butyrate 
which plays a role in development of intestinal epithelium more than other organic 
acids.  
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Table 3. Effect of dietary saponin and volatile fatty acids (VFAs) 
supplementation on egg quality parameters of laying hens at 67-74 
weeks of age 

VFAs (ppm)  SED (LSD) and significance+ 

Parameters 
Saponin 

(%) 0 520 Mean Saponin VFAs Saponin  × VFAs 
Shape index  0 75.03 74.19 74.61 0.770NS 0.770 NS 1.090 NS 
 0.1 75.29 73.67 74.48    
 Mean 75.16 73.93 74.55    
Yolk index 0 0.40 0.43 0.42 (0.0133)* 0.0057 NS 0.0081 NS 
 0.1 0.43 0.45 0.44    
 Mean 0.42 0.44 0.43    
Albumen 
index 

0 0.08 0.067 0.074 0.0057 NS (0.0133)* 0.0081 NS 

 0.1 0.073 0.067 0.070    
 Mean 0.077 0.067 0.072    
Haugh unit  0 79.5 75.67 77.58 4.101 NS 4.101 NS 5.799 NS 

 0.1 78.00 80.00 79.00    

 Mean 78.75 77.83 78.29    

Yolk color 
score 

0 5.33 5.83 5.58 0.288 NS 0.288 NS 0.408 NS 

 0.1 5.67 6.00 5.83    
 Mean 5.50 5.92 5.71    
Shell 
thickness  

0 0.38 0.42 0.39 0.005 NS (0.0193)** (0.0188)* 

(mm) 0.1 0.40 0.40 0.40    
 Mean 0.39 0.41 0.40    
Per cent shell  0 11.64 11.39 11.52 0.427 NS 0.427 NS 0.604 NS 
 0.1 12.03 11.71 11.87    
 Mean 11.84 11.55 11.67    
Per cent 
albumen 

0 62.15 63.61 62.88 0.812 NS (1.873)* 1.148 NS 

 0.1 62.27 64.65 63.46    
 Mean 62.21 64.13 63.17    
Per cent yolk  0 26.21 25.00 25.61 0.645 NS (1.489)* 0.913 NS 
 0.1 25.79 24.08 24.94    

 Mean 25.99 24.54 25.27    

+NS, p>0.05;*, p<0.05;**, p<0.01; no of experimental unit 48 
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Supplementation of saponin and VFAs had on effect on shell weights. 
Incorporation of VFAs was attributable to significantly higher albumen percentage, 
by about 2.3%, than that of control group. Significant decrease in the per cent yolk of 
eggs was noticed on 520 ppm VFAs supplementation (S1V2), which was about 4.6% 
lower when compared to the control group.  

Body composition  
Effect of dietary saponin and VFAs supplementation on body composition of 

laying hens during the period between 67 and 74 weeks of age is presented in Table 
4. Decreasing body fat percentage (about 16% lower than control) was found in 
group of birds which fed diet supplemented with saponin (1g/kg).  Prevention of the 
formation lipid micelles and inhibition of pancreatic lipase might be mechanism by 
which saponin interferes with body fat content but this hypothesis was failed to 
explain the correlation of body fatness with egg production of birds in present study. 
The result of the present study was highly related to the findings of Karu et al. 
(2007); Kim-JiHyun et al. (2005) and Miah et al. (2004) who reported the saponin as 
anti-obesity agent. Non significant effect of dietary VFAs supplementation on body 
fat content was coincided with the findings of Denli et al. (2003), who demonstrated 
that the organic acids in dietary regimens had no effect on abdominal fat percentage 
in broilers. 

Statistical analysis indicated that the liver size was significantly decreased on 
1g saponin/kg diet, which is partially agreed with Whitehead et al. (1981), who 
reported that 1g saponin kg-1 added diet resulted in marked reduction of liver lipid 
accumulation and this also affected the size of liver. However, this result had no 
relation with the findings of Miah et al. (2004) and Feher and Bosca (1985). They 
found a definite increase of liver size on saponin feeding in broiler. The significant 
decrease of liver weight on VFAs supplementation disagreed with Denli et al. (2003) 
who concluded that the dietary organic acids had no effect on liver weight in broiler. 
However, the above contradictions were might be due to the differences in types and 
ages of the chickens involved in the study.  
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Table 4.  Effect of saponin and volatile fatty acids (VFAs) on some organ weights 
and carcass characteristics laying hens at 74 weeks of age 

VFAs (ppm)  SED (LSD) and significance+ Parameters 
 

Saponin 
(%) 0 520 Mean Saponin VFAs Saponin  × VFAs

Total fat (g) 0 296.17 279.56 287.87 28.081 NS 28.081 NS 39.712 NS 
 0.1 279.60 247.4 263.5    
 Mean 287.88 263.48 275.68    
Fat per cent 
(%) 

0 14.17 13.21 13.69 (1.386)* 0.600 NS 0.849 NS 

 0.1 11.88 11.95 11.91    
 Mean 13.02 12.58 12.80    
Heart 
weight (g) 

0 9.13 9.60 9.37 0.523 NS 0.523 NS 0.740 NS 

 0.1 9.70 9.03 9.37    
 Mean 9.32 9.42 9.37    
        
Liver 
weight (g) 

0 41.83 35.20 38.52 (2.545)* (3.703)** 1.560 NS 

        
 0.1 37.33 34.06 35.70    
 Mean 39.58 34.63 37.11    
Gizzard 
weight(g) 

0 27.53 25.87 26.70 1.972 NS 1.972 NS 2.788 NS 

 0.1 31.60 26.40 29.00    

 Mean 29.57 26.13 27.85    

Spleen 
weight (g) 

0 1.97 1.73 1.85 0.389 NS 0.389 NS 0.551 NS 

 0.1 2.53 2.47 2.50    

 Mean 2.25 2.10 2.18    

Oviduct 
weight (g) 

0 70.47 77.60 74.03 5.865 NS 5.865 NS 8.295NS 

 0.1 66.06 66.06 66.06    

 Mean 68.27 71.83 70.05    

+NS, p>0.05;*, p<0.05;**, p<0.01 ; no of experimental unit 48 
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CONCLUSION 
Supplementation of 0.1% dietary saponin decreased the body fat and liver lipid 

accumulation without any adverse effect on egg production and feed conversion of 
commercial layer at later stage of egg production. The decrease of body fat in the 
hens fed on saponin supplementaed diet might not be useful to increase the 
persistency of egg production at older age. VFAs supplementation up to the  level 5of 
20 ppm could be useful as feed additive to improve the persistence of lay, total egg 
mass production, feed conversion efficiency and egg shell thickness at advanced 
stage of laying in high yielding strains of chicken. 
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PERFORMANCE OF FRESH WATER PRAWN WITH 
TILAPIA AND RUI IN BRAKISHWATER POND 
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ABSTRACT       

The present study was carried out to explore the culture suitability of 
monosex tilapia (Oreochromis niloticus) and rui (Labeo rohita) with 
freshwater giant prawn (Macrobrachium rosenbergii) in pond. There 
were three different treatments such as (T1) prawn (20,000 ha-1), (T2) 
prawn (20,000 ha-1) and monosex tilapia (10,000 ha-1) and (T3) 
prawn (20,000 ha-1), tilapia (7,000 ha-1) and rui (3,000 ha-1). Prawn of 
all treatments was male juvenile. The experimental ponds were limed 
(CaCO3) based on soil and water pH, and fertilized with urea and 
triple super phosphate depending on water transparency and depth. 
The prawns and other fishes were fed with commercial pellets and 
farm made formulated feed respectively on daily basis. Different 
water quality parameters were monitored at 7-10 days intervals. All 
water quality parameters were found to be within the range suitable 
for freshwater prawn culture, though experienced high temperature 
(35.2-35.50C) in the peak summer months, but no adverse situation 
observed. The average yield of tilapia and rui were 772.45 kg ha-1 
and 340.7 kg ha-1, respectively during the 5 months culture period. 
The survival rate of prawn, after 6 months of culture, varied from 
58% to 65% with significant difference among the treatments. 
Significantly higher (p<0.05) net yields were obtained in T2 (1,087.6 
and 1,045.8 kg ha-1 per 180 day of tilapia and prawn, respectively) 
than other treatments. The benefit cost analysis showed that net 
profit margin was also highest in T2 (55%) followed by T3 (39%) and 
T1 (33%). It is therefore revealed from the study that mixed culture of 
monosex tilapia and prawn might be more prospective compared to 
culture of tilapia, rui and prawn in brackishwater aquaculture in 
Bangladesh.  
Key words: Macrobrachium rosenbergii, Oreochromis niloticus, Labeo 
rohita, polyculture, brackishwater. 
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INTRODUCTION 
Prawn (Macrobrachium rosenbergii) is the most important indigenous 

freshwater shrimp species in Bangladesh. The farming of prawn has gained a great 
popularity worldwide due to its successful domestication in late 1960s (Ling, 1969). 
In Bangladesh, the prawn farming has appeared as one of the most important 
aquaculture practices of the national economy and during the last two decades its 
development has attracted considerable attention for its export potential (Ahmed, 
2003). Prawn is found both brackishwater and freshwater environment of Bangladesh 
and it can tolerate salinity upto 15 ppt (Farmer’s opinion and personal observation). 
Farmers of southwestern part of Bangladesh provide gradually more attention on the 
prawn farming because of it is more disease resistant than shrimp, and production 
rate as well as profitability is better than other shrimp (Huque, 2007). Farmers are 
now cultured tilapia (Oreochromis sp.), rui (Labeo rohita), silver carp 
(Hypophthalmichthys molitrix), grass carp (Ctonopharyngodon idella), persa (Liza 
parsia) and bangon (Rhinomugil corsula) with prawn in unplanned way in their 
shrimp farms. But they are not aware about the scientific management practices of 
prawn and other fishes. Polyculture or mixed culture of M. rosenbergii with 
Oreochromis sp. and L. rohita would be an ideal approach of farming system as well 
as environmental hazard control. On the other hand, culture of prawn with any 
suitable fin fishes may help to boost up the production in shrimp ponds with an 
environment friendly situation (Shofiquzzoha and Alam, 2008). Tilapia is an exotic 
species in the country. It is a very fast growing fish widely cultured in freshwater and 
grows well in brakishwater (Boyd, 1982; Shofiquzzoha and Alam, 2008). Rui (L. 
rohita) is another fish with a detritivorous and well known as bottom-column feeder. 
Oreochromis niloticus and L. rohita have the high market demand and price. 
Fry/fingerlings of these species are locally available. Information on culture 
potentiality of prawn with tilapia or rui in mixed/polyculture system in coastal ponds 
in Bangladesh are not available. This research work therefore deals with the culture 
suitability of Oreochromis niloticus and L. rohita with galda (M. rosenbergii) in 
brackishwater ponds.   

MATERIALS AND METHODS 
Experimental site and design 

The experiment was carried out in 6 earthen brackishwater ponds (area 520-
960 m2 and depth 0.7-1.2 m) at the Shrimp Research Station, Bangladesh Fisheries 
Research Institute (BFRI), Bagerhat, Bangladesh for a period of 180 days between 
April and September, 2009. The experiment consisted of three treatments such as (T1) 
prawn (20,000 ha-1), (T2) prawn (20,000 ha-1) and monosex tilapia (10,000 ha-1) and 
(T3) prawn (20,000 ha-1), tilapia (7,000 ha-1) and rui (3,000 ha-1). 
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Pond preparation 
The ponds were rain and tidal fed, and fully exposed to sunlight. Before 

starting the experiment, aquatic vegetation of ponds were manually removed. All 
fishes were caught by dewatering. The ponds were dried and based on soil pH, 
agriculture lime (CaCO3) was used on the bottom and inner part of the surrounding 
pond-dikes at a rate of 250 kg ha-1 on Day 7. On Day 8, ponds were filled with tidal 
water up to a depth of 0.65 m from the nearby tidal canal of Bhairob river through 
screen net. All unwanted fishes were eradicated using phostoxin tablet at the rate of 2 
tablet/40 m2 of water on Day 9. After 5 days of tablets applying, lime was again 
applied at the rate of 125 kg ha-1 for neutralizing chemical action of tablets. Fine 
nylon net (about 1.0 mm mesh size) was used to fence on the dikes around the ponds 
to prevent escaping of prawn and also to prohibit the potential disease carriers fauna 
such as snail, snake and others from outside. Ponds were then fertilized with triple 
super phosphate (TSP) and urea (2:1) at the rate of 35 kg ha-1. After fertilization, the 
ponds were left for 10 days to allow plankton development in water and subsequently 
fry of prawn, monosex tilapia and rui were stocked. 

Prawn/tilapia/rui stocking and pond management 
Male juveniles of M. rosenbergii (11.0 g) purchased from a commercial trader 

was stocked in all the ponds at a density of 2 prawn juveniles m-2 (20,000 ha-1) on 
April 10, 2009. Male juveniles were selected physically and manually (male organs 
are situated at the base of fifth walking legs of male prawn) based on external 
morphological characteristics. Fry/fingerlings of monosex tilapia (1.0 g) and rui (90.0 
g) also procured from a local trader were stocked on May 10, 2009. Prawns were fed 
with Saudi-Bangla special feed (grower) at the rate of 3% of total biomass from 
beginning to end of the culture period (6 months) with assuming 80% survival of 
total stock in each pond. The proximate composition of the diet is moisture 11.0%, 
protein 42.0%, lipid 4.5%, fiber 6.0%, ash 16.0% and Nitrogen Free Extract (NFE) 
20.5%. Tilapia fry were fed with locally formulated feed (approx. 45% rice bran, 
25% wheat flour, 20% meat and bone and 10% mustard oil cake) twice daily at the 
rate of 100% of the total biomass in 1st week, 50% in 2nd week and 30 % in 3rd week. 
Thereafter, tilapia were fed at the rate of 5~3% of body weight for the rest of the 
experimental period. Rui also fed at the same rate (5~3%) from beginning to 
harvesting. Feed was distributed evenly over the pond's surface, twice daily at the 
morning and in the evening. Weights of 100-150 prawn of total number of prawn 
were measured in every month to estimate the prawn biomass and accordingly 
feeding rate was adjusted. Dried coconut leaves, palm leaves, jute bags and bamboo’s 
kanchi (branches of bamboo) were placed on the pond bottom to create shelter for 
prawn as well as other fishes and to keep the water cool. Prawn, tilapia and rui were 
sampled for measuring weight to adjust the feed requirement using a cast net after 
removing some kanchi and leaves. After sampling, kanchi and leaves were put back 
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to their positions. Ponds were fertilized regularly at 7-10 days intervals with TSP and 
urea (2:1) at the rate of 37.5 kg ha-1 to maintain steady abundance of natural food 
organisms. For congenial environment, ponds were treated with lime at the rate of 
50.0 kg ha-1 at 20-25 days intervals. Additional lime was also used at the rate of 50.0-
125.0 kg ha-1 after 1-2 days of raining during the rainy season. 

Prawn/tilapia/rui harvesting and estimation of yield parameters 
After 180 days of culture, bamboo poles and leaves were removed, water was 

drained out of the ponds and all fishes and prawn were caught, and weighted. 
Individual weight gain was calculated by deducting the average initial weight from 
the average final weight. Specific growth rate (SGR), feed conversion ratio (FCR) 
and net yields were calculated as follows: 

            SGR = [(ln final weight—ln initial weight) ×100] /culture period (days)  
            FCR = feed consumed (dry weight)/ live weight gain (wet weight) 
            Net yield = total biomass at harvest—total biomass at stocking 

Determination of water quality parameters 
Water quality parameters such temperature (Celsius thermometer), dissolved 

oxygen (YSI digital DO meter, model 58), pH (Hanna 8424 pH meter) and Secchi 
depth (Secchi disc) were monitored in situ at 0700 am and 1900 pm on 7-10 days 
intervals. Salinity was recorded using a portable refractometer (ATAGO, Hand-Held 
Refractometer, Japan). Water samples were collected using a horizontal water 
sampler from three location of each pond and pooled together. Total alkalinity 
(titrimetric method), NO3–N and NH3-N concentrations (HACH Test Kit Model FF-
1A) were measured on a fortnightly basis (Strickland and Parsons, 1968; American 
Public Health Association, 1992).  

Economical analysis 
An economical analysis was performed to estimate the net return and profit 

margins in the different treatments. The following simple equation was employed: 
                               R = I – (Fc + Vc + Ii) 
where R = net return, I = income from prawn, tilapia and rui sale; Fc = 

fixed/common costs, Vc = variable costs and Ii = interest on inputs. The wholesale 
price per kilogram of prawn, tilapia and rui was Tk. 500.00, 130.00 and 125.00, 
respectively. The prices of inputs, prawn and fish correspond to the Bagerhat 
wholesale market prices in 2009. 

One way analysis of variance (ANOVA) was performed for statistical analysis 
of growth, survival and production of prawn and fishes. Water quality parameters 
were compared in a repeated measure ANOVA. If the main effect is significant, the 
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ANOVA was followed by DMRT (Duncan’s Multiple Range Test). All statistical 
tests were carried out at a 5% significance level using SPSS (Statistical Package for 
Social Science) software. 

RESULTS AND DISCUSSION 
Water quality parameters of experimental ponds 

Water quality parameters of the research ponds as recorded are depicted in 
table 1. It is revealed that water depth, temperature, transparency, pH, Dissolved 
Oxygen (DO) concentration and alkalinity of water did not vary significantly 
(p>0.05) among the treatments. But there were significant temporal effects on 
temperature, salinity, depth and transparency. Water depth ranged from 78.0 to 155.0 
cm. Fluctuation in water depth was resulted due to evaporation, shower and water 
seepage. It was assumed that lower depth did not provide sufficient space for 
movement and feeding for cultured species. The stocked species were suffered from 
temperature and other environmental parameters during draught period due to lower 
water depth (Personal observation). Inadequate water depth is the most important 
factor for prawn/shrimp/fin fishes mortality (Islam et al., 2008; Karim, 2002). The 
suitable level of water depth for prawn/shrimp is more than 1.0 m. The highest 
temperature was recorded in May (35.5oC) and the lowest in August (29.4oC). In 
some months (May, June and July) water temperature exceeded optimum range 
(>32.0oC) for prawn and finfish culture (Boyd and Zimmerman, 2000).  

Water salinity fluctuated from 3.0 to 10.3 ppt. The observed salinity was found 
to suitable for prawn and other fishes. Farmers’ opined that prawn can easily grow 
upto the range of 12-14 ppt. Rui grows relatively well in slightly brackishwater 
(Boyd, 1982; Karim, 1998). Freshwater prawn become stressed at dissolved oxygen 
level below 2 mg l-1 (Rogers and Fast, 1988) and when it falls below 1 mg/l, prawn 
become exhausted with serious physiological effects leading to suffocation (Boyd 
and Zimmerman, 2000). The dissolved oxygen concentration under this study never 
fell to a critical level and ranged from 4.0-4.85 mg l-1. 

Water transparency ranged from 35.0 to 60.5 cm in different treatments, which 
were similar to the reported values for brackishwater ponds of Bangladesh (Hoq et 
al., 2001; Saha et al., 2006-07; Saha et al., 2008; Shofiquzzoha and Alam, 2008). 
Correlation between transparency and production was remarkably negative observed 
by Wahab et al. (2001). Water of all ponds was always alkaline and water pH ranged 
from 7.5 to 8.65 throughout the study period, which were within the suitable range 
for freshwater prawn and tilapia (Asaduzzaman et al., 2009; New, 2002; Boyd and 
Zimmerman, 2000).  
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Table 1. Mean ± SE of measured water physicochemical parameters of the 
experimental ponds during the study period 

Treatments 
Parameters 

Sole prawn culture Prawn + tilapia 
culture 

Prawn + tilapia + 
rui culture 

Water depth (cm) 
125.0±24.70 

(83.0~155.0) 
125.76±28.48 
(78.0~159.0) 

121.76±25.86 
(78.0~152.0) 

Temperature (oC) 
31.3±2.06 

(29.0~35.2) 
31.4±2.14 

(29.0~35.5) 
31.3±2.15 

(29.0~35.2) 

Salinity (ppt) 
5.11±1.91 

(3.0~10.0) 
5.12±1.96 

(3.0~10.2) 
5.13±1.98 

 (3.0~10.3) 

Dissolved oxygen 
(mg l-1) 

4.35±0.25 
(4.0~4.8) 

4.39±0.24 
(4.05~4.85) 

4.23±0.16 
(4.0~4.45) 

pH 
8.07 

(7.5~8.6) 
8.01 

(7.5~8.55) 
8.06 

(7.5~8.65) 

Transparency (cm) 
43.51±6.73 

(36.0~55.0) 
42.55±5.10 

(38.0~52.0) 
43.94±8.46 

(35.0~60.5) 

Total alkalinity 
(mg l-1) 

73.8±7.94 
(62.0~85.7) 

74.1±6.97 
(63.0~85.10) 

72.3±7.81 
(61.0~84.95) 

NO3-N (mg l-1) 
0.013±0.003 

(0.008~0.023) 
0.013±0.003 

(0.009~0.022) 
0.012±0.003 

(0.009~0.024) 

NH4-N (mg l-1) 
0.045±0.030 

(0.002~0.088) 
0.047±0.031 

(0.002~0.090) 
0.046±0.031 

(0.002~0.090) 

Water parameters under three different treatments were not significantly (p>0.05) different. 

Total alkalinity showed no significant difference (p>0.05) among the 
treatments but temporal variation was significant (p<0.05). Alkalinity was around 
80.0 mg l-1 at the beginning of the experiment in the 2nd week of April, which 
gradually fell down to 61.0 mg l-1 at the end of the experiment. Alkalinity of pond 
water was suitable for the primary production (Boyd, 1990). There were no treatment 
effects (p>0.05) on overall mean concentrations of inorganic nutrients such ammonia 
and nitrate but temporal effects showed significant difference (p<0.05) in different 
dates. Nitrogenous compounds such as ammonia and nitrate were also within the 
recommended ranges (<0.3 mg l-1 and <10.0 mg l-1) for freshwater prawn culture 
(New, 2002). 
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Table 2. Growth, survival and yield of Macrobrachium rosenbergii, 
Oreochromis niloticus and Labeo rohita in different treatments during 
the study period 

Species and yields parameters Sole prawn 
culture 

Prawn + tilapia 
culture 

Prawn + tilapia 
+ rui culture 

Macrobrachium rosenbergii    
Average stocking weight (g) 11.0±0.32 11.0±0.35 11.0±0.30 
Average harvesting weight (g) 96.0±2.84 94.0±2.81 85.0±2.80 
Individual weight gain (g)  85.0±1.98 83.0±1.95 74.0±1.93 

Survival (%) 65.0±1.40
 a 

 63.0±2.82
 a 

 58.0±1.42
 b
 

Specific growth rate (% day-1) 1.21±0.07
 a
 1.19±0.05

 a
 1.13±0.03

 b
 

FCR 2.90±0.20
 b
 3.15±0.23

 ab
 3.45±0.55

 a
 

Net yields (kg ha-1 per 180 day) 1,105.0±59.25 
a
 1,045.8±83.57

 a
  858.4±51.36

 b
  

Oreochromis sp.    
Average stocking weight (g) -- 1.0±0.10 1.0±0.11 
Average harvesting weight (g) -- 150.0±7.07 100.0±6.80  

Individual weight gain (g)  149.0±0.85
 a
 99.0±0.79

 b
 

Survival (%) -- 73.0±1.41
 a
 66.0±2.81

 b
 

Specific growth rate (% day-1)  3.34±0.29 3.07±0.18 
FCR -- 2.30±0.14 2.10±0.08 

Net yields (kg ha-1 per 150 day) -- 1,087.6±63.24 
a
 457.3±44.13 

b
 

Labeo rohita    

Average stocking weight (g)  -- 90.0±2.20 
Average harvesting weight (g)  -- 250.0±8.48 
Individual weight gain (g)   160.0±3.53 
Survival (%)  -- 71.0±2.83 
Specific growth rate (% day-1)   0.69±0.25 
FCR  -- 1.8±0.07 
Net yield (kg ha-1 per 150 day)  -- 340.7±20.19 
Combined yields (kg ha-1 per 180 days) 1,105.0±59.25 2,133.4±76.12 1,656.4±57.29 

Commercial pelleted feed was supplied only for freshwater prawn in the study. 
Fin fishes may have eaten some feed during sinking. However, food conversion ratio 
(FCR) of prawn was significantly higher in prawn + tilapia + rui culture (3.45) than 
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in sole prawn culture (2.90) and prawn + tilapia culture (3.15). FCR of tilapia was 
slightly lower in prawn + tilapia + rui culture (2.1) than that of prawn + tilapia 
culture (2.3) and FCR of rui was 1.8. The net yield of prawn was significantly 
(p<0.05) higher in sole prawn culture (1,105.0 kg ha-1 per 180days) and prawn + 
tilapia culture (1,045.8 kg ha-1 per 180days) compared to prawn + tilapia + rui culture 
(858.4 kg ha-1 per 180days), while the yield of tilapia was 2.37 times higher in prawn 
+ tilapia culture (1,087 kg ha-1 per 150 days) than in prawn + tilapia + rui culture 
(457.3 kg ha-1 per 150 days) and the yield of rui in prawn + tilapia + rui culture was 
340.7 kg ha-1 per 150 days. Kunda et al. (2008) reported 294-596 kg ha-1 of prawn 
production in 120 days in prawn-small fish mixed culture system in Bangladesh with 
different stocking densities (1.0-2.5/m2) of prawn. The average annual prawn 
production in Bangladesh in polyculture system at farm level was reported to be 
390.0 kg ha-1 (Asaduzzaman et al., 2006). Raizada et al. (2005) stated that production 
of prawn in inland saline ecosystem of India was ranged from 600.0-1,000.0 kg ha-1. 
The mentioned production figures of prawn are more or less similar with the present 
findings. The combined yield (2,133.4 kg ha-1) of prawn and tilapia in prawn + tilapia 
culture was significantly (p<0.05) higher than the combined yield (1,656.4 kg ha-1) of 
prawn, tilapia and rui in prawn + tilapia + rui culture, which was also significantly 
(p<0.05) higher than the yield of prawn only in sole prawn culture. Asaduzzaman et 
al. (2009) reported that the 
combined yield of prawn 
and tilapia at the ponds of 
Fisheries Field Laboratory, 
Faculty of Fisheries, 
Bangladesh Agricultural 
University in 120 days with 
a density of 3 nos/m2 
(prawn) and 0 or 0.5 nos/m2 
(tilapia) with and without 
periphyton based 
polyculture system was 
1,763.0 kg ha-1 (660 kg of 
prawn+1103 kg of tilapia), 
which is lower than that of 
T2 (prawn and tilapia) but 
slightly higher than in T3 
(prawn, tilapia and rui). 
Ahmed (2009) reported that 
prawn (head-on) and fish 
yield in improved traditional system in rice field in Fakirhat upazila of Bagerhat 
district was 465.0 and 832.0 kg ha-1 yr-1, respectively, which is lower than the present 

Fig. 3. Relative contribution of different species to 
           combined net yield.
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study. Relative contributions of different species to the net yield in different 
treatments are presented in Figure 3. 
Benefit-cost analysis 

The benefit-cost analysis of different treatments is demonstrated in table 3. 
Significantly higher (p<0.05) net profit margin was incurred from prawn + tilapia 
culture (55%) followed by prawn + tilapia + rui culture (39%) and sole prawn culture 
(33%). Prawn juveniles, supplementary feed and human labour were the most 
expensive inputs. However, 79% of total income obtained from prawn sale proceeds 
and remainders from finfish sale. Significantly highest net margin (net profit) was 
found in prawn + tilapia culture (Tk. 236,797.0 ha-1) than that of sole prawn (Tk. 
137,021.0 ha-1) and prawn + tilapia + rui culture (Tk. 148,289.0 ha-1) but there was 
slight variation between sole prawn culture  and prawn + tilapia + rui culture. The net 
margin as achieved from the present study is much higher than in Tk. 78,302.0 ha-1 
reported by Uddin et al. (2007) but net profit margin (69%) of their study is higher 
than the present findings. Asaduzzaman et al. (2009) stated that the total net margin 
from prawn and tilapia farming was Tk. 140,663.0 ha-1, which is lower than prawn + 
tilapia culture and prawn + tilapia + rui culture but slightly higher than in sole prawn 
culture. The net margins obtained in the present study were manifolds higher than the 
reported value of Tk. 37,878.0 ha-1 (prawn) by Faruque (2006). The economic 
analysis implied that prawn-tilapia mixed culture with a stocking density of 2 prawns 
and 1 tilapia/m2 might be a very profitable aquaculture practice in coastal areas of 
Bangladesh. 

Table 3. A comparison of economics within three treatments during the 
experimental period of 150-180 days 

Items Amount used Price rate (Tk) Sole prawn 
culture (Tk)

Prawn + 
tilapia 

culture (Tk)

Prawn + 
tilapia + rui 
culture (Tk) 

Variable costs (ha) 
Phostoxin tablets 1,625 nos. 5.0/piece 3,125.00 2,500.00 2,500.00 
Lime 3,974.0 kg 10.0/kg 16,667.00 11,538.00 11,538.00 
TSP 600.0 kg 40.0/kg 8,000.00 8,000.00 8,000.00 
Urea 481.0 kg 12.0/kg 1,924.00 1,924.00 1,924.00 
MP 75.0 kg 35.0/kg 875.00 875.00 875.00 

Human labour 2,563 man-
day 70.00/man-day 83,854.00 57,681.00 37,875.00 

Bamboo and 
bamboo sticks - - 16,667.00 15,385.00 15,385.00 

Nylon net - - 23,958.00 19,231.00 19,231.00 
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Items Amount used Price rate (Tk) Sole prawn 
culture (Tk)

Prawn + 
tilapia 

culture (Tk)

Prawn + 
tilapia + rui 
culture (Tk) 

Prawn juvenile - 3.00/juvenile 125,000.00 120,000.00 120,000.00 
Tilapia fry  1.0/fry - 20,000.00 14,000.00 
Rui fingerlings - 3.0/fingerling -  - 18,000.00 
Pelleted feed  25.0/kg 62,500.00 57,692.00 57,692.00 
Formulated feed  20.0/kg - 48,077.00 19,231.00 
Harvesting cost - - 6,250.00 5,769.00 5,769.00 
Lease money - - 14,583.00 13,462.00 13,462.00 
Sub-total   363,403.00 382,134.00 345,482.00 
Fix cost (ha) 
Mong wood - - 20,833.00 15,385.00 9,615.00 
Cast net   8,333.00 7,692.00 7,692.00 
Minor tools   3,125.00 1,923.00 1,923.00 
Sub-total    32,291.00 25,000.00 19,230.00 
Total   395,694.00 407,134.00 364,712.00 
Interests (for 6 
months) 

10% 
annually 19,785.00 20,357.00 18,236.00 

Total inputs cost   415,479.00 427,491.00 382,948.00 
Financial returns (ha) 
Prawn sale  500.0/kg 552,500.00 522,900.00 429,200.00 
Tilapia sale  130.0/kg - 141,388.00 59,449.00 
Rui sale  125.0/kg  - 42,588.00 
Total returns   552,500.00 664,288.00 531,237.00 
Net 
margin/profit   137,021.00 236,797.00 148,289.00 

Net profit margin (%) 33.0 55.0 39.0 

Therefore, the result of the study could be useful in improving the freshwater 
prawn and mono-sex tilapia farming in ecological, biological and financial benefits. 
Economic sustainability could be boost up by identifying cheaper carbohydrate and 
protein sources feed, quality and quantity of feed supply and quality of prawn and 
tilapia seed and farm management practices. 
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ABSTRACT 

Two hundred and forty (240) coloured broiler chicks were randomly 
distributed into four treatment groups, viz. T1 (control)- fed with basal 
diet; T2- basal diet+ vitamin E @ 500 mg kg-1 of feed; T3- basal diet+ 
vitamin C @ 250 mg kg-1 of feed; T4- basal diet+ vitamin E & C @ 
500 mg and 250 mg kg-1 of feed. The experiment continued up to 8 
weeks period in summer season when the maximum temperature 
varied from 36.2 to 40.6°C. The average body weights at the end of 
experiment in T1, T2, T3 and T4 were 1635.00, 1716.00, 1685.34 and 
1781.66 g, respectively which were significantly (P<0.05) different 
from each other. The dressed weight in relation to live weight for 
control (T1) and different treatment groups (T2, T3 and T4) were 
75.93, 75.35, 74.88 and 78.07 per cent respectively. The dressed 
weight of the coloured broiler chick fed with basal diet supplemented 
by Vitam E (500 mg kg-1) and C (250 mg kg-1) (T4) was significantly 
(P<0.05) higher than that of control and other supplemented groups. 
Eviscerated weight, giblet weight and abdominal fat percentage of 
the same group were significantly (P<0.05) higher than all other 
treatment. The cut up parts like breast, back, thigh and drumstick 
percentages in T1, T2, T3 and T4 were 27.33, 24.13, 16.48 and 14.92 
% respectively. The meat protein, fat and ash percentages did not 
differ significantly among control and treatment groups but an 
increasing trend was observed with supplementation of vitamins. The 
meat pH values of control and treatment groups ranged from 6.44 to 
6.48. The TBA (Thio-Barbituric Acid) values of T1, T2, T3 and T4 were 
0.280, 0.226, 0.240 and 0.210 mg kg-1, respectively which were 
significantly (P<0.05) different from each other. The moisture, 
protein, fat and ash percentages of the chicken nuggets of control 
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and combined treatment group did not differ significantly. There was 
no significant difference in sensory parameters like appearance, 
flavour, juiciness and texture between control and combined 
treatment group at different refrigerated storage period (0-14 days). 
Key words: Vitamin E, vitamin C, antioxidant and carcass quality.  

INTRODUCTION 
Poultry production is one of the fastest growing enterprises in the Indian sub-

continent. But high ambient temperature coupled with high humidity results in 
reduced feed intake and lowered growth rate in broilers and heat stress has become a 
challenge to the poultry industry. Some works on supplementation of traditional anti 
oxidants like ascorbic acid in feed has shown promising results in attenuation of heat 
stress in poultry. Beneficial effects of ascorbic acid supplementation on live weight 
gain, feed intake and carcass characteristics were observed in stressed poultry 
(Pardue et al., 1985). Growth performance, feed intake and feed conversion ratio of 
Japanese quails were improved when supplemented with ascorbic acid and melatonin 
@ 250 and 40 mg kg-1 of feed during heat stressed conditions (Sahin et al., 2004). 
According to Bianchi and Antunes (1999) the combined use of antioxidants (ascorbic 
acid and tocopherol) can reduce the effects of heat stress due to its oxi-reduction 
properties, which may have an important role in free radical quenching and 
neutralization, in addition to improving the carcass quality. Vitamin E 
supplementation has been shown to improve the oxidative stability of tissues in live 
animals and food from animal origin. Vitamins E & C are the main natural 
antioxidants occurring in feeds. Vitamin E is a highly effective lipid soluble, chain 
breaking antioxidant that protects cellular membranes against oxidative damage. In 
the animal body, vitamin E (mainly as tocopherol) is found in the lipid, while vitamin 
C (ascorbic acid) is an outstanding antioxidant present in plasma and aqueous 
components. But, little attention has been paid to the use of Vitamin C as antioxidant 
in the diet of farm animals. Keeping in view of these facts, this experiment was taken 
up to study the effect of supplementation of either Vitamin E or Vitamin C or in 
combination of both on meat yield and quality of coloured broiler chicks during 
summer heat stress. 

MATERIALS AND METHODS 
The study was conducted at College of Veterinary Science & Animal 

Husbandry, Odisha University of Agriculture & Technology, Bhubaneswar during 
summer season. Two hundred and forty (240) day-old coloured broiler chicks were 
taken and randomly distributed into four groups with three replicates having 20 
chicks in each. The chicks were reared in linear battery brooder cages. The basal diet 
for the experiment was prepared from ingredients like maize, soyabean meal, fish 
meal and de oiled rice bran (Table 1). Four dietary treatments were: T1 (control)- fed 
with basal diet; T2- basal diet + vitamin E @ 500 mg kg-1 of feed; T3- basal diet + 
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vitamin C @ 250 mg kg-1 of feed and T4- basal diet + vitamin E & C @ 500 and 250 
mg kg-1 of feed. Antibiotics and coccidiostats were added to the feed as per the 
recommended rate. The experiment was continued up to 8 weeks period. The chicks 
were fed with starter ration up to 21 days and finisher ration from 22 to 56 days of 
age. The chicks were vaccinated against New castle disease. Feed and water was 
provided ad lib. The chicks were reared for 8 weeks of age. The average maximum 
and minimum room temperature during the experimental period ranged from 36.2 to 
40.6°C and 24.2 to 27.5°C, respectively. The average maximum and minimum 
relative humidity during the experiment were from 85 to 93% and 36 to 59%, 
respectively. The proximate composition of feed and meat sample was determined as 
per A.O.A.C (1995). The pH of the meat and meat product was determined by help of 
a digital pH meter after homogenizing 10g sample in 50ml distilled water. Thio-
barbituric acid value of the meat & meat product was determined as per the method 
of Tarladgis et al., (1960). Sensory evaluation of the cooked chicken nuggets was 
done by a panel of five judges using 8-point hedonic scale. Statistical analysis of the 
data was done as per Snedecor and Cochran (1994).  

Table 1. Composition of the experimental rations 
Ingredients Starter (%) Finisher (%) 
Maize 54 60 

Soyabean meal 30 25 

Dried fish meal 10 8 
De oiled rice bran 3 4 
Mineral mixture 2.7 2.7 
Common salt 0.3 0.3 
Vit. AB2D3K 0.01 0.01 
Vitamin B complex 0.025 0.025 
L-Lysine 0.05 0.05 
DL Methionine 0.05 0.05 
Coccidiostat 0.05 0.05 
V fur (Furazolidone) 0.05 0.05 
Protein and energy content of the experimental rations 
Crude protein % (on DM basis) 22.25 20.16 
Metabolizable energy* (Kcal kg-1) 2810 2896 

* Calculated value 

RESULTS AND DISCUSSION 
Body weight gain 

During 1st week, the average body weight of different treatment groups did not 
differ significantly (P>0.05) but from 2nd week to 5th week, significant difference in 
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the body weights were observed in all the vitamin supplemented groups (T2, T3 and 
T4) when compared with control (Table 2). But from 6th to 8th week, the T4 group that 
received combination of antioxidants had higher body weight than all other groups. 
The body weights at the end of 8th week in T1, T2, T3 and T4 were 1635.00, 1716.00, 
1685.34 and 1781.66 g respectively. High temperature of 40°C with 85% humidity 
during the experimentation made the birds severe stressful. It was observed that 
supplementation of both the anti oxidant vitamins (E & C) in combination proved to 
have better body weight gain than the individual supplementation under heat stress 
condition (Mc Dowell, 1989 and Gey, 1998).  

Table 2.  Average body weight of broiler birds under different treatments  

Gr
ou

ps
 

Tr
ea

tm
en

t 

0 day 1st  
wk 

2nd  
wk 

3rd  
wk 

4th  
wk 

5th  
wk 

6th  
wk 

7th  
wk 

8th  
wk 

T1 Control 
41.56 
±0.44 

132.60 
±2.06 

250.03b 
±4.01 

388.71b 
±4.96 

634.54b 
±15.42 

935.91b 
±10.79 

1247.17b 
±16.34 

1509.42 b 
±16.10 

1635.00b 
±17.48 

T2 Vit E 500 
41.12 
±0.40 

131.93 
±1.60 

288.47a 
±3.50 

436.93a 
±5.63 

719.07a 
±6.14 

1021.33a 
±13.38 

1219.67 b 
±16.76 

1493.33 b 
±20.26 

1716.00a 
±24.44 

T3 Vit C 250 
40.65 
±0.39 

132.90 
±2.35 

292.05a 
±3.94 

444.28a 
±5.68 

737.63a 
±6.23 

1037.95a 
±11.27 

1269.66 b 
±17.25 

1476.53 b 
±22.09 

1685.34b 
±23.03 

T4 Vit E 500+Vit 
C 250 

41.57 
±0.38 

134.46 
±1.87 

297.85a 
±3.47 

445.15a 
±4.50 

727.61a 
±7.96 

1052.71a 
±12.31 

1386.03 a 
±17.04 

1582.41 a 
±17.47 

1781.66a 
±22.33 

Mean with same superscript within a column does not differ statistically, (P<0.05,) 

Carcass quality traits 
Carcass quality traits like dressed weight, eviscerated weight, giblet weight and 

abdominal fat weight with respect to live weight of the chicks were recorded. The 
dressed weight with respect to live weight for the control (T1) and different treatment 
groups (T2, T3 and T4) were 75.93, 75.35, 74.88 and 78.07 per cent, respectively 
(Table 3). The dressed weight of the T4 group was significantly (P<0.05) higher than 
the control and other vitamin supplemented groups. This fact was in accordance with 
the findings of Sahin and Kuck (2001) who reported that the supplementation of 
vitamin E 250 mg kg-1 and Se 0.2 mg kg-1 increased dressing percentage of Japanese 
quail. There was no significant difference in dressed weight between T1, T2 and T3  
Similarly, eviscerated weight, giblet weight and abdominal fat percentage of the T4 
group were significantly higher (P<0.05) than those of T1, T2 and T3 but there was no 
significant difference between T1, T2 and T3. This might be due to synergistic 
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antioxidant effect of vitamin E and C to minimize lipid oxidation (Mitsumota et al., 
1991 and Sahoo & Anjaneyulu, 2000). 

Table 3.  Carcass quality traits of broiler birds under different treatments 

Groups Live 
weight (g) 

Dressed 
weight (%) 

Eviscerated 
weight (%)      

Giblet 
(%)        

Abdominal fat 
(%)  

T1 
1674.66 
±14.93 

75.93b 
±0.26 

71.31b 
±0.10 

4.97b 
±0.03 

3.12b 
±0.05 

T2 
1721.66 
±9.02 

75.35b 
±0.25 

71.76b 
±0.10 

4.34b 
±0.02 

3.18b 
±0.06 

T3 
1694.33 
±3.48 

 74.88b 
±0.72        

68.37b 
±0.27 

3.78b 
±0.02 

3.02b 
±0.04 

T4 
1745.00 
±8.66 

78.07a 
±0.14 

72.39a 
±0.14 

4.92a 
±0.01 

3.29a 
±0.09 

Mean with same superscript within a column does not differ statistically, (P<0.05) 

Cut-up part percentages of the broiler chicks with respect to eviscerated weight 
of control and other treatment groups did not differ significantly (Table 4). But the 
breast, back, thigh, drumstick, neck and wing percentages showed an increasing 
pattern from T1 to T4, where the latter showed the highest increase. It indicated that 
the combination of vitamin E and C had more beneficial effect compared to 
individual supplementation. The increasing trend of cut-up part percentages of the 
birds might be due to the effect of vitamin E/C and combined supplementation which 
reduced the heat stress of summer.  

The moisture percentage of the control and the treatment groups varied from 
73.78 to 76.00 % (Table 5). The moisture percentage of T1 was significantly (P<0.05) 
lower than T4. But there was no significant difference in moisture percentage 
between the treatment groups (T2, T3 and T4). Higher moisture in the meat of 
supplemented groups might be due to the fact that vitamins and antioxidants caused 
more drip loss. The meat protein, fat and ash percentages did not differ significantly 
among control and treatment groups. The meat fat was in decreasing trend because 
the lipid in poultry meat contains relatively high concentration of phospo-lipids 
(Igene and Pearson, 1979) which are susceptible to oxidative deterioration.  
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Table 4.  Percentage of cut-up parts of broiler birds under different treatments 

Groups 
Neck 
(%) 

Wing 
(%) 

Breast 
(%) 

Back 
(%) 

Thigh 
(%) 

Drumstick 
(%) 

T1 
8.06 

±0.08 
11.74 
±0.14 

24.06 
±0.28 

22.02 
±0.20 

15.40 
±0.12 

14.05 
±0.06 

T2 
8.46 

±0.18 
11.79 
±0.02 

24.45 
±0.12 

22.01 
±0.14 

15.80 
±0.07 

14.59 
±0.14 

T3 
8.63 

±0.02 
11.96 
±0.05 

26.57 
±0.31 

22.71 
±0.44 

16.00 
±0.02 

14.56 
±0.18 

T4 
9.01 

±0.03 
12.31 
±0.17 

27.33 
±0.28 

24.13 
±0.20 

16.48 
±0.23 

14.92 
±0.03 

Mean with same superscript within a column does not differ statistically (P<0.05) 

Table 5.  Proximate composition, pH and TBA value of meat under different 
treatments 

Groups 
Moisture 

(%) 
Protein 

(%) 
Fat 
(%) 

Ash 
(%) 

pH TBA 

T1 
73.78bc 
±0.67 

15.17 
±0.03 

2.06 
±0.03 

3.02 
±0.008 

6.44 
±0.003 

0.280a 
±0.004 

T2 
74.56ac 
±0.40 

15.31 
±0.29 

2.09 
±0.04 

3.02 
±0.078 

6.47 
±0.026 

0.226bc 
±0.001 

T3 
74.80ac 
±0.52 

15.32 
±0.06 

1.98 
±0.005 

3.02 
±0.051 

6.45 
±0.15 

0.240bc 
±0.031 

T4 
76.00a 
±0.51 

15.37 
±0.06 

1.79 
±0.05 

3.11 
±0.037 

6.48 
±0.026 

0.210bc 
±0.001 

Mean with same superscript within a column does not differ statistically (P<0.05) 

The meat pH value of control and treatment groups varied from 6.44 to 6.48 
which did not differ significantly (P>0.05). The TBA value of the control was 
significantly (P<0.05) higher than T2, T3 and T4. The TBA value of T2, T3 and T4 did 
not differ significantly among themselves. Antioxidative effect of alpha tocopherol 
supplementation on chicken muscle is well established (King et al., 1995; 
Maraschiello et al., 1999; Ruiz et al., 1999). This effect might be due to the 
stabilization of membrane bound lipid by incorporation of anti oxidants to protect 
tissue lipids from damage by free radical attack (Tappel, 1962).  

Meat product (Nugget): Nuggets were prepared from the meat of the birds of 
control and combined treatment group. The product was analyzed for proximate 
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composition like moisture, protein, fat and ash (Table 6). The moisture, protein, fat 
and ash percentages did not differ significantly. The moisture content of the control 
product was slightly lower than the combined treatment group. The fat percentage of 
the control group was slightly higher than the combined treatment which might be 
due to the increase in moisture content of a product decreases fat level. 

Table 6. Proximate composition of meat nugget of control and combined 
treatment 

Groups 
Moisture 

% 
Protein 

% 
Fat 
% 

Ash 
% 

T1 
63.61 
±0.29 

17.14 
±0.09 

13.08 
±0.07 

2.05 
±0.01 

T4 
64.49 
±0.18 

17.21 
±0.04 

12.77 
±0.06 

2.18 
±0.03 

Refrigerated nuggets: The keeping quality of refrigerated chicken nuggets 
prepared from control and combined treatment group was assessed on 0, 7 and 14th 
days of storage in terms of pH and TBA value (Table 7). There was no significant 
difference in pH value between T1 and T4 on different storage periods. But the pH 
value of both groups on 14th days of storage was significantly (P<0.05) higher than 0 
and 7th days of storage. After 7th days of storage the pH increased up to 14th day 
which might be due to growth of gram negative bacteria (Sahoo and Karwasra, 
2003). There was an increase in TBA value of the products prepared from the 
treatment samples from 0 to 14th days of storage. Similar findings of increase in TBA 
value with increase in the storage period have been reported by Dawson et al., 1975 
and Young et al., 2003. There was no significant difference in TBA value between T1 
and T4 on 0, 7 and 14th days of storage. But the TBA values of both T1 and T4 group 
differed significantly (P<0.05) between different storage periods.  

Sensory attributes: The sensory attributes of cooked chicken nuggets kept 
under refrigerated storage from 0 to 14th days revealed that appearance score in both 
the products (T1 and T4) showed a decreasing trend from 0 to 14th days of storage 
(Table 8). The flavour, juiciness, texture and overall acceptability also showed the 
same trend from 0 to 14th days of storage. There was no significant difference in 
different sensory parameters under different storage period. Similar observations of 
non significant difference in sensory attributes of refrigerated cooked chicken 
nuggets were reported by Vidyarthi, 1987. As general appearance, flavour, juiciness 
and texture scores recoded a slight but non significant decrease during refrigerated 
storage so also was the over all palatability score. The combined treatment group 
showed a marginal beneficial effect on sensory attributes (Dirinck et al., 1996, Silva 
et al., 2002 and Fellenberg and Speisky, 2006). But the nuggets prepared from the 
combined treatment group in the present study showed marginal increase in score 
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value compared to the nuggets prepared from the control group under different 
storage period. 

Table 7.  pH and TBA values of refrigerated nuggets of control and combined 
treatment 

Storage period (days) 
Parameters Treatments 

0 7 14 

T1 (control) 6.23 b 
±0.03 

6.27 b 
±0.04 

6.34 a 
±0.05 

pH 
T4  

6.16b 
±0.03 

6.17 b 
±0.03 

6.33 a 
±0.04 

T1 (control) 0.36 aA 
±0.13 

0.41 aB 
±0.15 

0.63 aC 
±0.1 

TBA 
T4 

0.28 bA 
±0.12 

0.36 bB 
±0.15 

0.52 bC 
±0.14 

Mean with same superscript within a column does not differ statistically (P<0.05) 

Table 8. Sensory attributes of refrigerated cooked nuggets of control and 
combined treatment 

Refrigerated storage period (days) Treatments 
0 7 14 

 Appearance 
T1 (control) 6.87±0.09 6.79±0.12 6.71±0.09 

T4 6.89±0.10 6.81±0.12 6.78±0.10 
 Flavour 
T1 (control) 6.85±0.12 6.79±0.12 6.62±0.09 

T4 6.88±0.09 6.81±0.12 6.71±0.11 
 Juiciness 
T1 (control) 6.81±0.12 6.75±0.11 6.61±0.11 

T4 6.92±0.11 6.87±0.09 6.78±0.10 
 Texture 
T1 (control) 6.86±0.12 6.81±0.12 6.69±0.09 

T4 6.91±0.11 6.85±0.10 6.77±0.10 
 Overall palatability 
T1 (control) 6.89±0.12 6.82±0.11 6.73±0.10 

T4 6.92±0.11 6.84±0.12 6.77±0.11 
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CONCLUSIONS 
From the above results, it may be concluded that combination of vitamin E and 

C supplement in the diet have better antioxidant effect on broiler chicks than 
individual supplementation to counteract the heat stress of summer. Supplementation 
of vitamin E and vitamin C at the rate of 500 and 250 mg kg-1 of feed improved 
growth performance, higher dressing weight, decreased TBA activities and increased 
shelf life and palatability of the meat product. 
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ABSTRACT 

The study was conducted to determine the influence of leaf age and 
chlorophyll content of cucurbits on the incidence and leaf 
consumption of red pumpkin beetle. Results revealed that the 
chlorophyll-a content ranged from 0.84 - 1.56 mg g-1 and 0.70 - 1.54 
mg g-1fw fresh weight, respectively in young and mature leaves of 
different cucurbits. The highest quantity of chlorophyll-a was in 
young leaves of ash gourd and mature leaves of ribbed gourd and 
the lowest quantity was in young leaves of bitter gourd and in mature 
leaves of bottle gourd. The highest quantity of chlorophyll-b was in 
young leaves of sponge gourd and in mature leaves of ash gourd 
and the lowest quantity of chlorophyll-b was in young leaves of bottle 
gourd and in mature leaves of bitter gourd. The young leaves of ash 
gourd had the highest quantity of total chlorophyll and the lowest 
quantity of total chlorophyll was in young leaves of bitter gourd. The 
mature leaves of sponge gourd had the highest quantity of total 
chlorophyll while the lowest quantity of total chlorophyll was in 
mature leaves of bottle gourd. A negative correlation was found 
between chlorophyll-a, b and total contents of the leaves and the 
level of red pumpkin beetle (RPB) infestation. Higher number of RPB 
was found on mature leaf as compared to young leaves of all 
cucurbit hosts. The highest leaves consumption by RPB was 
recorded in young leaves of ribbed gourd and in mature leaves of 
cucumber. On weight basis, the highest leaf consumption was in 
young leaves of sweet gourd and in mature leaves of ash gourd. No 
feeding was observed in both young and mature leaves of bitter 
gourd. 
Key words: Leaf, chlorophyll, cucurbit, consumption and red pumpkin 
beetle 
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INTRODUCTION 
The red pumpkin beetle is a polyphagous and serious pest of cucurbit 

vegetables and melons (Atwal, 1993; Butani & Jotwani, 1984). The adult beetles 
prefer cotyledons and young leaves and also feed readily on mature green leaves and 
flowers (York, 1992). The host plant may be deficient in certain nutritional elements 
required by the insects and hence exhibit tolerence or resistant. The nutritionally 
deficient plant may cause antibiotic and antixenotic effects on the insect. The 
antibiosis may result from the absence of certain nutritional substances in the host 
plant, deficiency of some nutritional materials and / or imbalance of available 
nutrients (Maxwell, 1972). The plants contain various chemicals, which may act as 
stimulant or repellent for egg laying and feeding. This results in the susceptibility or 
resistance of a cultivar (Sharma & Brar, 1993). Annadurai (1987) reported that adults 
of Raphidopalpa atripennis were tested for their preference and utilization of 
different aged leaves of cucurbit plants (Luffa acutangula, Mukia scabrella and 
loofah) and consequent changes in reproductive ability. He found that the maximum 
amount of food ingested was on mature leaves of L. acutangula. The consumption 
index, growth rate and approximate digestibility were higher for consuming mature 
leaves and flowers than young and senescent leaves of all hosts. The leaves of plants 
change chemically with age and the quantity of amino-nitrogen present in the phloem 
sap of plant changes with the progress of growth and maturation of leaves and shoots 
(Raupp & Denno, 1983). Moisture stressed plants appear to suffer from insect 
attacks, since a given amount of feeding brought about greater injury to plants. Khan 
et al. (1999) also reported that the terminal and young leaves of ash gourd had the 
highest trichome density, nitrogen content and leaf moisture compared to mature and 
senescent leaves. Sarker et al. (1997) reported that the terminal twigs and leaves 
appeared as the richest portion in nitrogen content and hair density and decreased 
with the increase of leaf age of cucumber. Thus present investigation was undertaken 
to determine the influence of leaf age and chlorophyll content of cucurbits on the 
incidence and leaf consumption of red pumpkin beetle. 

MATERIALS AND METHODS 
Ten cucurbit host species of red pumpkin beetle (RPB) viz., sweet gourd 

(Cucurbita moschata L.), bottle gourd (Lagenaria siceraria L.), ash gourd 
(Benincasa hispida L.), bitter gourd (Momordica charantia L.), sponge gourd (Luffa 
cylindrica L.), ribbed gourd (Luffa acutangula L.), snake gourd (Trichosanthes 
anguina L.), cucumber (Cucumis sativus L.), khira (Cucumis sativus L.) and musk 
melon (Cucurbita melo L.) were grown in the experimental farm of Bangabandhu 
Sheikh Mujibur Rahman Agricultural University (BSMRAU),  Gazipur during 
November 2007 to March 2008 following recommended procedures (Rashid, 1993). 
The experiment was conducted following RCBD. Chemical factors were estimated in 
the laboratory of Soil Science Department of Bangabandhu Sheikh Mujibur Rahman 
Agricultural University. Leaf consumption was estimated in the Laboratory of the 
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Department of Entomology of Bangabandhu Sheikh Mujibur Rahman Agricultural 
University.  
Collection of sample 

Plants were selected randomly from each cucurbit host grown in the 
experimental field. Samples of deep green mature leaves from middle part and light 
green young leaves from upper region (third leaf from the top of the selected plants) 
were collected at vegetative stage (18 to 35 days after trasplanting).  
Leaf chlorophyll 

Chlorophyll content (a, b and total) of young and mature leaves of different 
cucurbits   was determined following acetone method as described by Witham et al. 
(1986).   
Number of RPB population 

Number of beetles infesting young and mature leaves of various cucurbits was 
recorded from the experimental field. This operation was done throughout the 
vegetative stage of plant.  
Leaf consumption by RPB  

Leaf consumption rate by RPB was estimated under confined conditions in 
petridishes (90 mm diameter). Samples of young leaves were collected from each 
host species grown in the experimental plots and 60 mm diameter leaf discs were cut 
from each mature leaf sample using a cork borer. One of mature leaf discs or young 
leaf samples was placed in each petridish. A total of 3 petridishes were used for each 
host species. Moisten filter paper was placed in bottom of the petridishes to maintain 
proper humidity. 

Adults of RPB were collected from the experimental plots and placed in empty 
petridishes for 12 hours starvation, which made the insect voracious. After starvation, 
one adult beetle was released in each of the petridishes containing mature leaf discs 
or young leaf samples of the test plants. The insects were allowed to feed on the leaf 
discs for 24 hours and data on leaf area consumption was determined using square 
millimeter transparent graph sheet. The quantity of leaf by weight consumed by the 
insect was measured by deduction of leaf disc weight before feeding and after 
feeding. 

All data were analyzed statistically for ANOVA (Steel & Torrie 1960) using 
MSTAT-C computer software. For the accuracy of the results, the percent data were 
subjected to square root [√(x + 0.5)] or log10 (x+1) or ArcSin-1√x transformation 
whenever needed. Means were separated by Duncan’s Multiple Range Test (Steel & 
Torrie, 1960). Simple correlation of number of beetles with chlorophyll (a, b and 
total) content of leaves were computed. 
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RESULTS AND DISCUSSION 
Chlorophyll-a content 

In young leaves, chlorophyll-a content of different cucurbits ranged from 0.84 - 
1.56 mg g-1 fresh weight (Table 1). Among the tested cucurbits, Ash gourd (1.56 mg 
g-1) contained the highest quantity of chlorophyll-a, which was followed by ribbed 
gourd (1.46 mg g-1) and sweet gourd (1.34 mg g-1) . Differences in this parameter of 
three cucurbits were significant. The lowest quantity of chlorophyll-a was found in 
bitter gourd, which was followed by snake gourd, bottle gourd and muskmelon. The 
rest of the cucurbits contained medium level of chlorophyll-a. Chlorophyll-a content 
of mature leaves of different cucurbits ranged from 0.70 - 1.54 mg g-1fw, However, 
Ribbed gourd contained the highest quantity of chlorophyll-a (1.54 mg g-1fw), which 
was statistically similar to sponge gourd, khira and cucumber. Significantly lowest 
quantity of chlorophyll-a was found in bottle gourd, which was followed by bitter 
gourd, sweet gourd, musk melon and ash gourd. Snake gourd and ash gourd 
contained statistically similar quantity of chlorophyll-a in mature leaves.  
Chlorophyll-b content 

The chlorophyll-b content in young leaves of different cucurbits ranged from 
0.27 - 0.61 mg g-1fw (Table 1). Sponge gourd contained the highest quantity of 
chlorophyll-b, which was statistically similar to those of khira and snake gourd. The 
lowest quantity of chlorophyll-b was found in bottle gourd that was statistically 
similar to bitter gourd. The rest of the cucurbits contained medium level of 
chlorophyll-b. In mature leaves, chlorophyll-b content ranged from 0.16 - 0.74 mg g-

1fw. Ash gourd contained the highest quantity of chlorophyll-b (0.74 mg g-1fw), 
which was statistically similar to snake gourd (0.72 mg g-1fw) but significantly higher 
from all other cucurbits. The lowest quantity of chlorophyll-b was found in mature 
leaves of bitter gourd (0.16 mg g-1fw) that was significantly different from those of 
all other cucurbits. The rest of the cucurbits had medium level of chlorophyll-b. 
Total chlorophyll  

Total chlorophyll content in young leaves of different cucurbits ranged from 
1.16 - 1.98 mg g-1fw (Table 1). Among the tested cucurbits, Ash gourd contained the 
highest quantity of total chlorophyll, which was statistically similar to that of ribbed 
gourd. The lowest quantity of total chlorophyll was found in young leaves of bitter 
gourd, which was significantly different from those of all other cucurbits. The rest of 
the cucurbits contained medium level of total chlorophyll. In mature leaves, total 
chlorophyll content of different cucurbits ranged from 0.86 - 2.06 mg g-1fw. Sponge 
gourd contained the highest quantity of total chlorophyll, which was statistically 
similar to those of ash gourd, khira, ribbed gourd, snake gourd and cucumber. The 
lowest quantity of total chlorophyll was found in mature leaves of bottle gourd that 
was significantly different from those of other cucurbits. The rest of the cucurbits 
contained medium level of total chlorophyll. A negative correlation was found 
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Population of RPB on cucurbit hosts 
The number of RPB on young leaves of sweet gourd and musk melon was 

statistically similar but significantly higher as compared to other cucurbits. Its 
population on young leaves of ash gourd and cucumber was less than one per leaf 
(Table 2). No RPB was found on young leaves of bottle gourd, bitter gourd, sponge 
gourd, ribbed gourd, snake gourd and khira.  On mature leaves, the highest number of 
RPB per leaf was recorded on musk melon which was statistically similar to those of 
sweet gourd, cucumber, khira and ash gourd. Bitter gourd was free from the pest. The 
average population of RPB on sponge gourd, ribbed gourd and snake gourd was 0.67, 
0.88 and 0.88 per leaf, respectively.  In general, higher number of RPB was found on 
mature leaf as compared to young leaf of all cucurbit hosts.   
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Figure 1. Relationship of RPB population with chlorophyll-a (A), chlorophyll b (B) and total 
chlorophyll (C) contents of the leaves of cucurbits 
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Table 2. Abundance of red pumpkin beetle on different cucurbit plants 

Population/leaf 
Cucurbit Plants 

Young leaf Mature leaf 
Sweet gourd 1.33a 2.00ab 
Bottle gourd 0.00c 1.00bcde 
Ash gourd 0.67b 1.33abcd 
Bitter gourd 0.00c 0.00e 
Sponge gourd 0.00c 0.67cde 
Ribbed gourd 0.00c 0.88de 
Snake gourd 0.00c 0.88de 
Cucumber 0.67b 1.46abc 
Khira 0.00c 1.46abc 
Muskmelon 1.33a 2.77a 

Data were analyzed for ANOVA after square root √(x+0.5) transformation.  
Values within the same column having a common letter(s) are not significantly different (P=0.05) by 
DMRT. 

Leaf area consumption  
Young leaves of bottle gourd and bitter gourd were not consumed by RPB in 

petridishes (Table 3). The total area of young leaves of ribbed gourd consumed by the 
adult red pumpkin beetle was statistically similar to that of snake gourd but 
significantly higher as compared to other crops. The lowest leaf area consumption 
was found in musk melon, which was statistically similar to sweet-gourd, cucumber 
and khira. The area of young leaves of ash gourd, snake gourd and sponge gourd 
consumed by the pest was also statistically similar. In case of mature leaf, 
significantly the highest leaf area consumption was found in cucumber. The second 
highest leaf consumption was observed in sweet gourd, which was statistically 
similar to snake gourd but significantly higher compared to other cucurbit. Leaf area 
consumption in ash gourd, sponge gourd, ribbed gourd and khira was statistically 
similar and significantly higher as compared to bottle gourd and musk melon. The 
difference in leaf area consumption by the pest in later two crops was not significant. 
Leaf of bitter gourd was not consumed by RPB (Table 3). 
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Table 3. Consumption of cucurbit leaves by RPB under laboratory condition 

Leaf consumption by area basis 
(mm2)after 24 hour 

Leaf consumption by weight 
basis (mg) after 24 hour Cucurbit Plants 

Young leaf Mature leaf Young leaf Mature leaf 
Sweet gourd 60c  

(7.78) 
200b 

(14.16) 
163.2a 
(12.78) 

52.60c 
(7.28) 

Bottle gourd 0.00d 
(0.71) 

61d 
(7.84) 

0.00f 
(0.71) 

91.39bc 
(9.58) 

Ash gourd 137b 
(11.73) 

120c 
(10.98) 

101.5c 
(10.10) 

225.98a 
(15.04) 

Bitter gourd 0.00d 
(0.71) 

0.00e 
(0.71) 

0.00f 
(0.71) 

0.00d 
(0.71) 

Sponge gourd 138b 
(11.77) 

141c 
(11.89) 

0.31f 
(0.89) 

50.91c 
(7.17) 

Ribbed gourd 190a 
(13.80) 

140c 
(11.85) 

14.00e 
(3.81) 

80.70bc 
(9.01) 

Snake gourd 145ab 
(12.06) 

151bc 
(12.31) 

33.04d 
(5.79) 

32.91c 
(5.78) 

Cucumber 54c 
(7.38) 

349a 
(18.69) 

156.50ab 
(12.53) 

68.60bc 
(8.31) 

Khira 46c 
(6.82) 

122c 
(11.07) 

118.90bc 
(10.93) 

91.70bc 
(9.60) 

Musk melon 43c 
(6.59) 

66d 
(8.15) 

114.80c 
(10.73) 

159.10ab 
(12.63) 

ANOVA (F) 56.55 51.48 78.73 6.86 

CV (%) 12.28 10.46 14.29 11.96 

Figures within the same column accompanied by the same letter(s) are not significantly different at 5% 
level by DMRT. 
Figures in parentheses are transformed values based on square root transformation. 

Quantity of leaf consumption by weight 
Both young and mature leaves of bitter gourd and young leaves of bottle gourd 

were not consumed by RPB. The rate of young leaf consumption ranged from 0.31-
163.3 mg, However, the highest consumption of young leaves was found in sweet 
gourd (Table 3). The second highest leaf consumption was recorded in cucumber, 
which was statistically similar to sweet gourd and khira but significantly higher as 
compared to other crops. The lowest quantity of leaf consumption was observed in 
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sponge gourd, which was followed by ribbed gourd, snake gourd and musk melon. 
The differences in quantity of leaf consumption among the later four cucurbits were 
significantly different. In case of mature leaves, leaf consumption by weight ranged 
from 32.91-225.98 mg. The highest quantity of leaf consumption was found in 
ashgourd, which was statistically similar to musk melon. The lowest quantity of leaf 
consumption was observed in snake gourd, which was statistically similar to sponge 
gourd, cucumber, sweet gourd, ribbed gourd, bottle gourd and khira. The differences 
in that parameter of later seven crops were not significant.  

The expression of resistance of certain crop plants to herbivore insect can be 
affected with plant maturity. The leaves of plants change chemically with age and the 
quantity of amino-nitrogen present in the phloem sap of plant changes with the 
progress of growth and maturation of leaves and shoots (Raupp & Denno, 1983). 
Monophagous and oligophagous herbivores often show strong preferences for the 
more nutritious, younger leaf tissues that are high in toxins, whereas polyphagous 
herbivores demonstrate strong preferences for the less nutritious, mature leaf tissues 
(Evans, 1984), It has been reported that leaves on the same plant or even in the same 
twig may display upto four-fold differences in concentrations of various compounds 
(Schultz, 1983).  

The variation on population of RPB on cucurbits might be due to the presence 
of lowest number of trichomes in mature leaves and the highest number of trichomes 
in young leaves. These exert a profound influence on the movement of RPB. Lower 
trichome density in mature leaves is expected to be one of the important factors 
favouring RPB visit. Trichomes provide a mechanically effective barrier that 
prevents small arthropods from landing, movement and feeding (Southwood, 1986; 
Geortxzen & Small, 1993). Another reason for higher number of RPB in mature 
leaves might be due to lower moisture content which increase the availability of free 
amino acids. Moisture stress accelerates the break down and mobilization of leaf 
protein, thus enriching the amino and amino nitrogen content of phloem sap 
(Kennedy & Booth, 1959). Young succulent leaves contain higher concentration of 
qualitative defensive chemicals and lower concentration of quantitative compounds 
(Scriber, 1984).      
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Short Comminucation 

EFFECT OF ORGANIC AND INORGANIC FERTILIZER 
ON THE YIELD OF TRANSPLANTED AMAN RICE 
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Depleted soil fertility is a major constraint to increased crop production in 
Bangladesh. The increasing land use intensity has resulted in great exhaustion of 
nutrients in soils. The farmers of this country apply on an average 102 kg nutrients 
ha-1 to their land annually (70kg N + 24 kg P + 6 kg K + 2 kg S), while the crop 
removal is about 200 kg ha-1 (Islam et al. 1994). Since fertile soil is the fundamental 
resource for higher crop production, its maintenance is a prerequisite for long-term 
sustainable crop production. Soil organic matter is a key factor for sustainable soil 
fertility and crop production. Organic matter undergoes mineralization and releases 
substantial quantities of N, P and S and smaller amount of micronutrients. In 
Bangladesh, most of the cultivated soils have less than 1.5% organic matter while a 
good agricultural soil should contain at least 2% organic matter. (Ali et al. 2009). 
Moreover, this important component of soil is declining with time due to intensive 
cropping and use of higher dose of chemical fertilizer with little or no addition of 
organic manure. In addition, rapid mineralization of soil organic matter occurs due to 
humid tropic climatic conditions of Bangladesh. Cycling of organic matter in soil is a 
pre-requisite for efficient cycling of nutrients. Unless due attention is paid to the 
improvement and maintenance of soil organic matter, it may not be possible to attain 
the goal of increased and sustained productivity of crops. Soil organic matter 
improves the physicochemical properties of soil and ultimately promotes crop 
production. Evidences from different AEZs of the country have shown a decrease in 
the content of organic matter from 15 to 30% over the last 20 years (Miah, 1994). 
Therefore, it would not be wise to depend only on inherent potentials of soils for 
higher crop production. More recently, attention is focused on the global 
environmental problems; utilization of organic wastes, FYM, vermicompost and 
poultry manure as the most effective measure for the purpose. The organic and 
chemical fertilizers are also positively correlated with soil porosity, enzymatic 
activity and CO2 production. Organic fertilizer enhances soil porosity by increasing 
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regular and irregular pores and causes a priming effect of native soil organic matter 
(Marinari et al. 2000). A suitable combination of organic and inorganic sources of 
nutrients is necessary for suitable agriculture that can ensure food production with 
high quality. Nambiar (1991) observed that integrated use of organic manure and 
chemical fertilizers would be quite promising not only in providing greater stability 
in production, but also in maintaining better soil fertility. The long term research of 
BRRI revealed that the application of cowdung @ 5 t ha-1 year-1 improved rice 
productivity as well as prevented the soil resources from degradation (Bhuiyan, 
1994). Poultry manure is another good source of nutrients in soil. Meelu and Singh 
(1991) showed that 4 t ha-1 poultry manure along with 60 kg N ha-1 as urea produced 
grain yield of crop similar to that with 120 kg N ha-1 as urea alone. Organic manure 
can supply a good amount of plant nutrients that can contribute to crop yields. It is 
necessary to use fertilizer and manure in an integrated way in order to obtain 
sustainable crop yield without affecting soil fertility. Thus, an attempt has been made 
in a field trial to follow the effect of combined use of chemical fertilizer and manure 
in Transplanted Aman rice using BRRI Dhan 33. 

A field experiment was conducted at Sher-e-Bangla Agricultural University 
Farm, Dhaka, Bangladesh during the period from July-December 2008 using rice 
(Oryza sativa) BRRI Dhan 33 as a test crop. The fertilizer treatments used in this 
experiment was based on BARC Fertilizer Recommendation Guide, 2005. Three 
different types of organic manure (dhaincha, cowdung and poultry manure) were 
used in this study. The experiment consisted of 8 treatments, viz. control, 100% 
recommended dose of NPKS and 50% or 30% reduction of NPKS dose plus dhaincha 
(DH), cowdung (CD) and poultry manure (PM). The treatments were T0: control, T1: 
N100P15K45S20 (Recommended dose), T2: 50% NPKS + 5 t ha-1 CD, T3: 70% NPKS + 
3 t ha-1 CD, T4: 50% NPKS + 4 t ha-1 PM, T5: 70% NPKS + 2.4 t ha-1 PM, T6: 50% 
NPKS + 10 t ha-1 DH, T7: 70% NPKS + 6 t ha-1 DH.  

The amounts of N, P, K and S fertilizers required per plot were calculated as 
per the treatments. The rates of manure were 10, 5 and 4 ton ha-1 for DH, CD and PM 
required per plot were calculated as per the treatments respectively. Dhaincha were 
applied before one week of final land preparation. Cowdung and poultry manures 
were applied before four days of final land preparation.  

Forty days old seedlings of BRRI dhan 33 were carefully uprooted from the 
seedling nursery and transplanted in well puddle plot. Two seedlings hill-1 was used 
following a spacing of 20 cm × 20 cm. Necessary irrigations were provided to all 
plots. Leaf roller was observed in the field and Malathion @ 1.12 L ha-1 was used to 
control it. 

The crop was harvested at full maturity when 80-90% of the grain was turned 
straw colour and preserved for analysis of the yield contributing characters (plant 
height, panicle length, number of effective tillers hill-1, number of filled grains hill-1, 
1000-grain weight, grain and straw yield) of rice. Grain and straw samples were 
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digested with a mixture of 4% HClO4 and conc. H2SO4 acids (Cresser and Parsons, 
1979). The digest was used to determine N (Kjeldhal method), PS 
(Spectrophotometrically) (Bray and Kurtz, 1945, Murphy and Riley, 1962, Fox et al. 
1964 and Hunt, 1980) and K (Flame Photo metrically).          

The plant height of BRRI dhan 33 varied significantly in different treatments 
due to application of organic manure and chemical fertilizers (Table 1). It was 
revealed that all the treatments produced significantly taller plants compared to the 
control treatment. The plant height ranged from 98.50 to 104.88 cm and the highest 
value (104.88 cm) was noted in the treatment T4 (50% NPKS + 4 t ha-1 poultry 
manure), which was statistically similar to those found in treatments T2, T3, T6 and T7 
respectively. The lowest plant height (98.50 cm) was obtained in the treatment T0 
where no fertilizers were used. The combined application of fertilizers with manure 
increased the plant height compared to single application of recommended dose of 
fertilizers. Babu et al. (2001) observed that the plant height was significantly 
influenced by the application organic manure and chemical fertilizers. Rajni et al. 
(2001), Singh et al. (1999), Hossain et al. (1997) also observed similar results. 

Data on panicle length was influenced significantly by different treatments due 
to application of organic manure and chemical fertilizers (Table 1). The highest 
panicle length of 24.41 cm was found in the treatment T4 (50% NPKS + 4 t ha-1 
poultry manure). The lowest panicle length 23.19 cm was recorded in the treatment 
T0. The treatments of T1, T5, T6 and T7 produced statistically similar panicle length. 
Hoque (1999) and Azim (1999) showed a significant increase in panicle length due to 
the application of organic manure and chemical fertilizers. Ahmed and Rahman 
(1991) and Apostol (1989) also reported the similar results. 

The number of grains per panicle varied significantly due to different 
treatments under the present trial and the results are showed in table 1. The highest 
number of grains per panicle (106.1) was observed in the treatment T7 (70% NPKS + 
6 t ha-1 dhaincha) followed by treatment T6 (70% NPKS + 10 t ha-1 dhaincha. The 
lowest value (84.17) was obtained in the treatment T2 where 5 t ha-1 cowdung was 
applied along with 50% NPKS fertilizers. Dhaincha manure applied in combination 
NPKS fertilizer increased the number of grains per panicle of BRRI Dhan 33 
considerably compared to poultry manure and cowdung. The effect of dhaincha on 
increasing the number of grains per panicle was more pronounced as compared to 
fertilizers. This might be due to more availability of nutrient from the dhaincha 
manure. Grains per panicle significantly increased due to the application of organic 
manure and chemical fertilizers (Razzaque, 1996). 

The number of effective tillers per hill was influenced due to application of 
different levels of organic manure and chemical fertilizers (Table 1). The treatment 
T1 (N100P15K45S20) gave the highest number of effective tillers per hill where chemical 
fertilizers were applied at the recommended doses. The treatment T6 and T0 was 
statistically similar and T7 was statistically identical with T2. The lowest number of 
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effective tillers per hill (12.7) was observed in the treatment T3 (70% NPKS + 3 t ha-1 
cowdung). The superior effect of dhaincha in increasing the number of effective 
tillers per hill of BRRI dhan 33 over cowdung and poultry manure was noted. 
Chander and Pandey (1996) reported a significant increase in effective tillers per hill 
due to application of higher doses of nitrogen. 

Table 1. Effect of organic manure and chemical fertilizers on yield contributing 
characteristics of Transplanted Aman rice (BRRI dhan 33) 

Treatment Plant 
height 
(cm) 

Panicle 
length 
(cm) 

Number of 
grains 

panicle-1 

Number 
of 

effective 
tillers hill-

1 

1000-
grain 

weight 
(g) 

T0 (Control) 98.50 c 23.19 b 89.2 cde 18.85 ab 22.57b 
T1(Recommended dose) 101.61 b 24.00 ab 92.3 bcd 19.50 a 23.04 a 
T2(50% NPKS + 5 t ha-1 CD) 102.26 ab 23.13 b 84.9 e 17.70 bc 23.03 a 
T3(70% NPKS + 3 t ha-1 CD) 103.11 ab 23.40 b 93.9 bc 12.70 e 23.00 a 
T4(50% NPKS + 4 t ha-1 PM) 104.88 a 24.41 a 93.4 bc 14.70 d 22.62 b 
T5(70% NPKS + 2.4 t ha-1 
PM) 

101.79 b 23.58 ab 86.1 de 16.25 c 23.02 a 

T6(50% NPKS + 10 t ha-1 DH) 103.48 ab 23.66 ab 96.8 b 18.95 ab 23.01 a 
T7(70% NPKS + 6 t ha-1 DH) 104.23 ab 23.96 ab 106.1 a 17.75 bc 23.00 a 
CV (%) 1.68 2.24 4.73 6.00 0.59 

Means followed by the same letter (s) in the column are not statistically significant at 5% level in 
DMRT. 

CD = cowdung, PM = poultry manure, DH = dhaincha 

The 1000-grain weight varied significantly due to different treatments. The 
1000-grain weight ranged from 22.5 to 23.03gm. The highest 1000-grain weight of 
23.03 gm was obtained from T1 treatment which was statistically identical with all 
other treatments except T0 and T4. The lowest 1000-grain weight was recorded in 
control treatment. Abedin et al. (1999) reported that the combined application of 
organic manure and chemical fertilizers increased the 1000-grain weight of rice.  

The grain yield of BRRI dhan 33 varied significantly due to application of 
organic manure and chemical fertilizers (Table 2). All the treatments gave 
significantly higher grain yield over control. The grain yield ranged from 2.89 to 5.09 
ton ha-1. The highest grain yield (5.09 ton ha-1) was observed in the treatment T6 
(70% NPKS + 10 ton ha-1 dhaincha) and the lowest value (2.89 ton ha-1) was recorded 
in the treatment T0. The next higher grain yield (5.08 ton ha-1) was observed in the 
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treatment T7 (70% NPKS + 6 ton ha-1 dhaincha) which was statistically identical with 
T1 (Recommended dose). The treatments may be ranked in order of 
T6>T7>T1>T2>T5>T4>T3>T0 in terms of increasing grain yields. The percent increase 
in grain yield over control ranged from 75.65 to 14.85%. Dhaincha manure when 
applied in combination with fertilizer NPKS exerted marked effect in increasing the 
grain yield of BRRI dhan 33 as compared to poultry manure and cowdung. Dwivedi 
and Thakur (2000) reported that grain yield was significantly increased due to 
application of organic manure and chemical fertilizers. This is also in agreement with 
the findings of Rajni Rani et al. (2001), Haque et al. (2001) and Ahmed and Rahman 
(1991). 

Table 2. Effect of organic manure and chemical fertilizers on 1000-grain 
weight, grain yield and straw yield of T. Aman rice (cv. BRRI dhan 33) 

Grain Straw 

Treatment Yield 
(Kg ha-1) 

Increase 
over 

control (%) 

Yield 
(Kg ha-1) 

Increase 
over 

control (%) 
T0 (Control) 2895 d  3221 d  
T1(Recommended dose) 4685 a 61.83 4777cd 48.30 
T2(50% NPKS + 5 t ha-1 CD) 4105 b 41.80 5009 bc 55.52 
T3(70% NPKS + 3 t ha-1 CD) 3325 c 14.85 4407 abc 36.82 
T4(50% NPKS + 4 t ha-1 PM) 3700 bc 27.81 4482 ab 39.15 

T5(70% NPKS + 2.4 t ha-1 PM) 3850 b 33.0 4519 ab 40.30 
T6(50% NPKS + 10 t ha-1 DH) 5085 a 75.65 5250 ab 63.0 
T7(70% NPKS + 6 t ha-1 DH) 5080 a 75.47 5470 a 69.82 
CV (%) 6.62 - 5.00 - 
Means followed by the same letter (s) in the column are not statistically significant at 5% level in 
DMRT. 
CD = cowdung, PM = poultry manure, DH = dhaincha 

Straw yield of BRRI dhan 33 also varied significantly by different treatments 
under study. The yields of straw ranged from 3221 kg to 5470 kg ha-1. The highest 
straw yield (5470 kg ha-1) was obtained in the treatment T7 (70% NPKS + 6 ton ha-1 

dhaincha) and the lowest value (3221 kg ha-1) was noted in the treatment T0. The next 
highest straw yield (5250 kg ha-1) was observed in the treatment T6 (50% NPKS 
fertilizers + 10 ton ha-1 dhaincha), which was statistically comparable with treatments 
T5 and T4 respectively. The percent increase in straw yield ranged from 69.82 to 
36.82% in different treatments over the control. Dhaincha and poultry manure 
exerted comparatively better effect in producing higher straw yields as compared to 
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cowdung. Ahmed and Rahman (1991) reported that the application of organic 
manure and chemical fertilizers increased the straw yields of rice.  
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