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GROWTH, YIELD AND NUTRIENT CONTENT OF 
BLACKGRAM (Vigna mungo) AS INFLUENCED BY 

LEVELS OF PHOSPHORUS, SULPHUR AND 
PHOSPHORUS SOLUBILIZING BACTERIA  

A. H. Mir1, S. B. Lal, M. Salmani, M. Abid and I. Khan 
Department of Soil & Environmental Sciences, Allahabad Agricultural Institute-Deemed University, 

Allahabad, 211007, India 

ABSTRACT 

A field experiment was conducted at Allahabad Agricultural Institute-
Deemed University, Allahabad to study the effect of levels of 
phosphorus, sulphur and Phosphorus Solubilizing Bacteria (PSB) on 
growth, yield and nutrient content of blackgram for consecutive two years 
2004 and 2005. The crop growth parameters viz., plant height, number of 
nodules and number of leaves per plant, yield and nutrient content 
increased significantly with the application of high levels of phosphorus, 
sulphur with or without bio-fertilizer inoculation. Application of 60 kg P2O5 
ha-1 recorded maximum plant height (49.9 cm), number of leaves plant-1 
(50.8), number of nodules plant-1(27.8), haulm yield (28.9 q ha-1), grain 
yield (8 q ha-1) and phosphorus, sulphur and protein content of grain 
(0.356 %, 0.253% and 22.64%, respectively) as compared to lower 
levels. Application of Sulphur @ 40 kg ha-1 recorded maximum plant 
height (47.31 cm), number of leaves plant-1 (49.80), number of nodules 
plant-1 (25.58), haulm yield (28.80 q ha-1), grain yield (7.92 q ha-1) and 
phosphorus, sulphur and protein content (0.295 , 0.281 and 21.79%, 
respectively). Inoculation of blackgram seeds with phosphorus 
solubilizing bacteria recorded slightly higher grain yield (7.49 q ha-1) as 
compared to no inoculation (7.39 q ha-1).  
Key words: Blackgram, phosphorus, sulphur, PSB, nutrient content 

INTRODUCTION 
Blackgram (Vigna mungo) is one of the important pulse crops grown 

throughout India. Proper fertilization is essential to improve the productivity of 
blackgram. It can meet its nitrogen requirements by symbiotic fixation of 
atmospheric nitrogen. The nutrients which need attention are phosphorus and sulphur 
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(Thakur and Negi, 1985; Nandal, et al., 1987). Blackgram is very much responsive to 
sulphur application (Aulakh, et at., 1997). Both phosphorus and sulphur can improve 
the quality and quantity of the crop. Hence, the present investigation was undertaken 
to find out the response of blackgram to different levels of phosphorus, sulphur and 
PSB application. 

MATERIALS AND METHODS 
Field experiments were conducted at soil science research farm of Allahabad 

Agricultural Institute-Deemed University, Allahabad for two consecutive years (2004 
and 2005) with blackgram. The soil of the experimental plot was sandy loam having 
pH 7.8, organic carbon 0.31%, and the available N, P S and K 213, 23.40, 13.55 and 
230.10 kg ha-1 respectively. The experiment was carried out in a randomized block 
design with three replications. The treatments consisted of three levels of phosphorus 
(0, 30 and 60 kg ha-1), three levels of sulphur (0, 20 and 40 kg ha-1) with or without 
PSB inoculation. The PSB culture “microphos” containing inoculums of 
Pseudomonas straita was used for inoculation blackgram @ 10 g kg-1 of seed. 
Growth parameters viz., plant height, number of leaves per plant and number of 
nodules per plant were recorded at 20 days interval, where as yield parameters (grain 
and haulm yield qha-1) were recorded at harvesting stage and averages were 
calculated and statistically analysed by ANOVA technique (Fisher, 1950). 
Phosphorus and sulphur content in grains was estimated by wet digestion method, 
and protein content by multiplying factor 6.24 to nitrogen content. 

RESULTS AND DISCUSSION 
Effect on growth and yield 

Growth, yield and nutrient status parameters (plant height, number of nodule, 
number of leaves per plant, grain yield, haulm yield, phosphorus content, sulphur 
content and protein content) of blackgram increased significantly with higher levels 
of phosphorus, sulphur and PSB inoculation during both the years (Table 1). Among 
different phosphorus levels, phosphorus @ 60 kg ha-1 recorded comparatively higher 
growth and yield. An increase of about 59.61, 19.71, 19.49 and 12.78% in plant 
height, number of leaves, grain yield and haulm yield, respectively was observed as 
compared to control. Among the sulphur levels, sulphur @ 40 kg ha-1 significantly 
increased the plant height (39.59%), number of leaves plant-1(15.86), grain yield q ha-

1 (13.46%) and haulm yield (10.93%) of blackgram as compared to no sulphur 
application. Inoculation of seeds with PSB also showed positive response as 
compared to no inoculation by producing taller plants, more number of leaves and 
nodules plant-1. An increase of about 4.0, 1.77, 1.35and 1.10% in plant height, 
number of leaves, grain yield and haulm yield respectively was observed with PSB 
seed treatment as compared to without seed treatment .With increasing levels of 
phosphorus, the response of sulphur also increased significantly. Similar results were 
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observed by Aulakh and Pasrich (1978) and Arunachalam, et al., (1995). The 
significant role of sulphur in increasing the growth and yield might be attributed to its 
role in chlorophyll synthesis. 

Phosphorus @ 60 kg ha-1 produced significantly maximum grain and haulm 
yield of 8.02, 8.06 and 8.04 q ha-1 28.90, 28.96 and 28.93 q ha-1during 2004, 2005 
and pooled data respectively. Sulphur application significantly influenced the grain 
and haulm yield of blackgram. Maximum grain yield during 2004, 2005 and pooled 
data respectively (7.90, 7.94 and 7.92 q ha-1) and haulm yield (28.77, 28.83 and 28.80 
q ha-1) was observed with the application of sulphur @ 40 kg ha-1 as compared to 
lower levels. The increase in yield might be due to vigorous growth which helped the 
plants in more absorption of nutrients from the soil (Singh, et al., 1994). The results 
were in line with those of Dubey, (1996) and Karwasara and Roy, (1984). 
Nutrient content 

Phosphorus and sulphur content in grains of blackgram increased with 
increasing levels of phosphorus, sulphur and PSB application during both the years 
and pooled data as shown in table 2.  Application of Phosphorus @ 60 kg ha-1, 
Sulphur @ 40 kg ha-1 and inoculation with PSB culture recorded maximum nutrient 
concentration of 0.356, 0.295 and 0.301% of phosphorus content, whereas 0.253, 
0.281 and 0.247% sulphur content in grains compared to lower levels and without 
inoculation. Phosphorus solubilizers increased the availability thereby improved 
phosphorus and sulphur nutrition of plant and uptake of nutrient manifested in 
increased concentration (Trivedi, 1996). These results are in conformity with the 
findings of Raut et al. (2000). 

Higher sulphur content in grains with fertilizer application might be due to 
higher  absorption of nutrients as  the pool of available nutrients increased in the soil. 
Dubey et al., 1999; Stewat and Whitfield, 1985 also reported that addition of sulphur 
produced plants with high  content of both nitrogen and sulphur. 

Protein content improved with the increasing levels of sulphur and phosphorus. 
An increase of 10.27, 1.77 and 3.53% in protein content was recorded during 2004, 
2005 and pooled data respectively as shown in table 2. The maximum content of 
protein was recorded at the highest levels of applied nutrients. It might be due to 
enhanced absorption of nitrogen, which ultimately increased the protein content in 
seeds. Favourable influence of sulphur on protein content was due to synthesis of 
sulphur containing amino acids and nitrogen uptake. Similar views were also 
reported by Singh et al. (1992) and Kushwaha and Srivastava (1978). 



Table 1: Effect of different levels of Phosphorus, Sulphur and PSB on plant height, number of leaves, number of 
nodules, grain and haulm yield of blackgram 

Plant height (cm) No. of leaves plant-1 No. of nodules plant-1 Grain yield (q ha-1) Haulm yield (q ha-1) 
Treatment 

2004 2005 Pooled 2004 2005 Pooled 2004 2005 Pooled 2004 2005 Pooled 2004 2005 Pooled 

P2O5  (kgha-1)               
0 31.20 31.34 31.27 42.13 42.37 42.25 11.57 11.83 11.70 6.71 6.74 6.72 25.63 25.67 25.65 

30 42.07 42.31 42.19 46.56 46.90 46.73 21.17 21.70 21.43 7.56 7.58 7.57 27.41 27.47 27.44 

60 49.82 50.12 49.97 50.67 51.03 50.85 27.37 28.27 27.82 8.02 8.06 8.04 28.90 28.96 28.93 

CD (P=0.05) 0.235 0.166 0.152 0.192 0.225 0.203 0.180 0.235 0.166 0.043 0.031 0.022 0.144 0.152 0.135 
S (kg ha-1)               
0 33.80 33.98 33.89 42.82 43.13 42.98 13.63 13.90 13.77 6.88 6.90 6.98 25.93 25.98 25.96 

20 42.12 42.33 42.23 46.90 47.20 47.05 21.30 21.90 21.60 7.50 7.54 7.52 27.24 27.29 27.26 

40 47.17 47.45 47.31 49.63 49.97 49.80 25.17 26.00 25.58 7.90 7.94 7.92 28.77 28.83 28.80 
CD (P=0.05) 0.235 0.166 0.152 0.192 0.225 0.203 0.180 0.235 0.166 0.043 0.031 0.022 0.144 0.152 0.135 

PSB                
Without 

PSB 40.20 40.42 40.31 46.04 46.36 46.20 19.33 19.84 19.59 7.38 7.41 7.39 27.17 27.22 27.19 

With PSB 41.20 42.08 41.97 46.87 47.18 47.02 20.74 21.36 21.05 7.47 7.51 7.49 27.46 27.52 27.49 

CD (P=0.05) 0.192 0.136 0.124 0.157 0.184 0.166 0.150 0.192 0.136 0.035 0.025 0.018 0.188 0.124 0.111 

 



Table 2: Effect of Phosphorus, Sulphur and PSB on nutrient content in grains and available phosphorus in post 
harvest soil  

P-content in grains 
(%) 

S-content in grains 
(%) 

Protein content 
(%) 

Available phosphorus in soil
(kg ha-1) Treatment 

2004 2005 Pooled 2004 2005 Pooled 2004 2005 Pooled 2004 2005 Pooled
P2O5  (kg ha-1)             

0 0.23 0.23 0.23 0.23 0.23 0.23 20.46 20.61 20.53 24.69 23.55 24.12 
30 0.26 0.26 0.26 0.24 0.24 0.24 21.49 21.77 21.63 27.97 27.59 27.78 
60 0.35 0.35 0.35 0.25 0.25 0.25 22.52 22.77 22.64 31.20 30.56 30.88 

CD (P=0.05) 0.009 0.011 0.011 0.004 0.004 0.004 0.244 0.263 0.166 0.224 0.117 0.071 
S (kg ha-1)             

0 0.26 0.26 0.26 0.20 0.20 0.20 21.27 21.55 21.41 27.55 26.83 27.19 
20 0.28 0.28 0.28 0.24 0.24 0.24 21.51 21.70 21.60 27.97 27.24 27.60 
40 0.29 0.29 0.29 0.28 0.28 0.28 21.68 21.90 21.79 28.34 27.63 27.98 

CD (P=0.05) 0.009 0.011 0.011 0.004 0.004 0.004 0.244 0.263 0.166 0.224 0.117 0.071 
PSB             

Without PSB 0.26 0.26 0.26 0.24 0.24 0.24 21.21 21.39 21.30 27.47 26.59 27.03 
With PSB 0.30 0.30 0.30 0.24 0.24 0.24 21.77 22.04 21.90 28.44 27.88 28.16 

CD (P=0.05) 0.008 0.008 0.008 0.003 0.003 0.003 0.203 0.214 0.136 0.183 0.095 0.055 
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INTEGRATED NUTRIENT MANAGEMENT ON WEED 
DYNAMICS OF COTTON BASED CROPPING SYSTEMS 

IN SOUTH INDIA 

S. Marimuthu1 and P. Subbian 
Department of Agronomy, Agricultural Research Station, Pattukkottai 

Thanjavur District, Tamil Nadu, 614602, India 

ABSTRACT 

Field experiments were conducted at the farm of Tamil Nadu Agricultural 
University, Coimbatore, India during 2007 and 2008 to assess the weed 
population, dry matter production, weed smothering efficiency and yield 
of seed cotton in a cotton based cropping system with conjunctive use of 
NPK and bioinoculants. Cotton intercropped with Sesbania along with 
application of Azospirillum and Pseudomonas recorded the lowest weed 
population and weed dry matter production. The maximum weed 
suppression of 54.5 and 44% was observed in cotton + Sesbania system 
as compared to pure crop of cotton during both the years. The maximum 
cotton equivalent yield of 2052 and 1895 kg ha-1 was recorded in cotton + 
onion system which was at par with cotton + Sesbania system with cotton 
equivalent yield of 2010 and 1894 kg ha-1 during 2007 and 2008, 
respectively. Combined application of 100 % recommended dose of NPK 
and bioinoculants recorded maximum cotton equivalent yield of 2460 and 
2190 kg ha-1 during 2007 and 2008, respectively. 
Key words: Cotton, intercrops, weeds, weed smothering efficiency, NPK  

INTRODUCTION 
Cotton is one of the important commercial crops of India. Cotton is grown by 

four million farmers in an area of 7.4 million hectares.  India occupies the foremost 
position in acreage, which is almost 25 % of the global cotton area. However, as the 
productivity is very low, India's contribution to the total world production is only 9 % 
as compared to 22 % from China and 19.4 % from U.S (FAO, 2006). Poor agronomic 
practices, boll shedding, imbalanced use of organic and inorganic fertilizers largely 
contribute to low productivity of cotton in India. Soil resource base is degraded 
below a critical level and newer crop varieties or hybrids are not able to yield beyond 
a level, which is primarily determined by the level of native soil fertility. A nutrient 
budgeting study on cotton showed that the calculated nutrient balances of N and K 
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were negative causing low yield of cotton (Surendran and Murugappan, 2006). Due 
to slow germination and initial growth, wide spacing, slow lateral spread, high 
nutrient and moisture requirement, long duration and diversity in weed flora, cotton 
generally suffers heavily from weed infestation. Hence, successful weed control is 
essential for economical cotton production.  

Inorganic fertilizers have contributed to environmental damage such as nitrate 
pollution and hence, legumes grown in intercropping are regarded as an alternative 
and sustainable way of introducing N into lower input agro ecosystems (Fustec et al., 
2010). The use of legume in mixtures contributes some nitrogen to the non-legume 
component and some residual nitrogen to the following crops (Adu-Gyamfi et al., 
2007), besides having a direct control over the establishment of weeds. The main 
pathway of conservation of other nutrients is return and decomposition of crop 
residues (Rahman et al., 2009). Control of weeds is also important to increase the 
efficiency of the applied fertilizers. Yadav et al. (1991) reported that nutrient 
availability to crop can be increased by timely and effective control of weeds. The 
present study was undertaken to assess the weed population and weed smothering 
efficiency in cotton based cropping system with conjunctive use of NPK and 
bioinoculants.   

MATERIALS AND METHODS 
Field experiments were conducted during 2007 and 2008 at eastern block farm, 

Tamil Nadu Agricultural University, Coimbatore, India. The soils of the experimental 
fields were sandy clay loam in texture low in available N (182 kg ha-1), P2O5 (11.5 kg 
ha-1) and K2O (453 kg ha-1). The irrigation water had EC of 3.76 dSm-1and pH of 6.7. 
The mean maximum temperature during the crop period was 31.5 and 31°C and 
minimum temperature was 20.6 and 20.2°C in 2007 and 2008, respectively. The 
mean relative humidity was 87.3 and 86%, and the total rainfall received during the 
experimental period was 428 mm in 25 rainy days, and 353 mm in 16 rainy days 
during 2007 and 2008, respectively.  

The experiments were carried out in split-plot design with three replications. 
Treatments consisted of  four Cropping systems, i.e., M1: Cotton alone, M2: Cotton + 
Sesbania (Sesbania aculeata), M3: Cotton + Greengram and M4: Cotton + Onion in 
main plots and five  nutrient management practices viz., S1: Azospirillum + 
Pseudomonas, S2: 50% recommended NPK, S3:100% recommended NPK 
(80:17.5:33.2 kg ha-1), S4: 50% recommended NPK+ Azospirillum + Pseudomonas 
and S5: 100% recommended NPK + Azospirillum + Pseudomonas in sub- plots. 
Cotton var. MCU 12 was sown at a spacing of 75 x 30 cm @ two seeds per hill on 
one side of the ridge. The seed rate was 7.5 kg of delinted seed ha-1. For 
intercropping systems, dibbling of cotton seeds was done on one side of the ridge and 
simultaneously in opposite side, intercrops (Sesbania: Sesbania aculeata, 
Greengram: Vigna radiata and Onion (aggregatum): Allium cepa) were sown at 1:1 
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ratio. Intercrops Sesbania and greengram were sown simultaneously and onion was 
sown after irrigation on the same day. The crops were raised under irrigated 
condition. The seeds were sown after treating with Azospirillum and Pseudomonas as 
per treatments. Details of crop sowing and harvesting dates are given in table 1. 

Farmyard manure @ 12.5 t ha-1 (containing 0.5, 0.09, 0.38 % of total N, P and 
K respectively) was applied as a common dose to all plots. Nitrogen, phosphorus and 
potassium were applied as urea (46% N), rock phosphate (6.98 % P) and muriate of 
potash (49.8 % K), respectively. For S1, S4 and S5 Azospirillum and Pseudomonas 
were applied both as seed treatment and soil application at the rate of 80 g and 10 g 
kg-1 of seed, respectively. Commercially available Biofertilizer of Azospirillum and 
Pseudomonas produced by Tamil Nadu Agricultural University with the minimum 
viable cell count of 5 x 109 cfu g-1 and 5 x 108 cfu g-1 respectively were used. For soil 
application, Azospirillum@ 2 kg ha-1 and Pseudomonas @ 2.5 kg ha-1 were mixed 
with 50 kg farmyard manure, 50 kg of soil and applied at 30 DAS (days after 
sowing). 

Nitrogen was applied in three splits viz., 50 % at 18 DAS, 25 % at 45 DAS and 
remaining 25 % at 60 DAS. Entire phosphorus was applied basally and potassium 
was applied in two equal splits at 18 DAS and 45 DAS as per treatment schedule. 
The green manure i.e Sesbania (containing 3.2, 0.26, and 0.99 % of total N, P and K, 
respectively) was incorporated in the interspaces of cotton crop at 45 DAS at the time 
of earthing up. For intercrop, no additional fertilizer was applied in both years. 
Pendimethalin @ 1.5 kg ha-1 was applied at 3 DAS followed by earthing up at 45 
DAS for effective control of annual broad leaved and grassy weeds like Trianthema 
portulacastrum and Cynodon dactylon.  

Weed count was recorded species wise at 20, 40 and 80 DAS using 0.25 m-2 
quadrat from four places in each plot and expressed as m-2 as suggested by Burnside 
and Wicks,1965. The observed weeds were classified as grasses: (Cynodon dactylon 
(L.) Pers,, Dactyloctenium aegyptium Beauv and Chloris barbata Sw) , sedges 
(Cyperus rotundus (L.) and broad leaved weeds (Digera arvensis (Forsk), 
Trianthema portulacastrum (L.), Parthenium hysterophorus, Flaveria australasica 
(Hook), Commelina bengalensis (L.), Amaranthus viridis (L.) and Datura metal.  In 
each plot, quadrate was put in four places at random and the above ground portions 
of the weeds were removed. Weed samples were sun dried and then oven dried at 
75°C till a constant weight was attained and dry weight of weed was expressed in kg 
ha-1. 

Weed Smothering Efficiency (WSE) was worked out by using the formula 
mentioned below to assess the effect of intercrops on the smothering of weeds: 
                                      WDS - WDI 
 WSE (%)     = 
                             WDS 
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Where,  
 WDS = Weed dry matter in sole crop 
 WDI   = Weed dry matter in the intercrop 

 The experimental data collected were subjected to statistical analysis as per 
methods suggested by Gomez and Gomez, 1984.  Data on weed studies showed wide 
variation and hence they were subjected to log transformation [log (x + 2)] as 
described by Bartlett (1947) and analyzed statistically. If significant, critical 
differences were worked out at five per cent level.   

RESULTS AND DISCUSSION 
Weed population  

Weed population was significantly influenced by the Cropping systems at all 
the growth stages and it gradually decreased with the crop age. Lowest weed 
population of 32.33, 23.97, 18.91 and 41.60, 33.20, 37.60 m-2 at 20, 40 and 80 DAS 
was recorded with cotton + Sesbania system in 2007 and 2008, respectively. This 
might be due to the incorporated biomass of Sesbania which served as a thick layer 
of organic mulch preventing weed seed proliferation. The results are in conformity 
with the findings of Masiunas, 1998. Pure crop of cotton recorded maximum weed 
population which was found statistically at par with cotton + onion system in both the 
years (Table 3). Reduced plant density due to sparse foliage, non - branching, short 
stature and slow initial growth of onion might be the reason for more weed growth in 
cotton + onion systems. This is in conformity with the findings of Sivakumar, 2004. 

Higher weed growth was recorded at 20 DAS with 100 % NPK and 
bioinoculants, due to higher and continuous availability of plant nutrients, resulting in 
more weed infestation. But at later stage, the weed growth was reduced due to 
smothering effect of the base crop. Integrated Nutrient Management (INM) practices 
also exhibited significant difference in weed population in both the years with 
minimum weed population of 70.42, 34.87, 27.20 and 82.58, 40.89, 36.37 m-2 was 
recorded at 20, 40 and 80 DAS in first and second year respectively with application 
of bioinoculants alone. Maximum weed population of 96.83 and 110.73 m-2 was 
recorded at 20 DAS with 100% NPK + bioinoculants but it was at par with 100% 
NPK alone during 2007. The weed population was maximum with combined 
application of 100% NPK and bioinoculants which was followed by application of 
100% NPK alone in both the years. The interaction between cropping systems and 
nutrient management practices on weed population was not significant in both the 
years. 

The data on population of grasses, sedges and broad leaved weeds at 20, 40 and 
80 DAS are presented in tables 4 and 5, respectively. In both the years, the broad 
leaved weeds dominated the total population of weeds followed by grasses and 
sedges. 
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Cotton intercropped with Sesbania recorded minimum grassy weed population 
of 14.93, 11.00, 7.20 and 19.93, 15.93, 16.33 m-2 at 20, 40 and 80 DAS but it was 
followed by cotton + greengram system. The maximum population of grassy weeds 
was recorded with sole crop of cotton in both the years. INM practices with 
application of Azospirillum and Pseudomonas exerted positive influence on grassy 
weed population in both the years.  Integrated use of 100% recommended NPK with 
bioinoculants recorded maximum population of grassy weeds of 44.50, 25.16, 30.50 
and 53.08, 30.50, 24.33 m-2 at 20, 40 and 80 DAS which was followed by application 
of 100% recommended NPK alone during first and second year, respectively. 

Significant reduction in the population of sedge was observed under 
intercropping systems over sole cropping of cotton at all the growth stages. Cotton + 
Sesbania recorded the lowest sedge population of 5.80, 4.33, 5.07 and 7.80, 4.47, 
7.93 m-2 at 20, 40 and 80 DAS during 2007 and 2008, respectively. The maximum 
sedge weed population was recorded with sole crop of cotton in both the years. INM 
practices with application of Azospirillum and Pseudomonas had significantly 
reduced the population of sedge weed (12.58, 6.25, 7.33 and 15.67, 5.25, 7.50 m-2 at 
20, 40 and 80 DAS during first and second year, respectively). Combined application 
of 100% recommended NPK with bioinoculants recorded maximum population of 
sedge weed   followed by application of 100% NPK alone during first and second year, 
respectively.  . 

Cotton + Sesbania recorded the lowest broad leaved weed population of 9.67, 
8.67, 6.60 and 13.86, 13.13, 13.67 m-2 at 20, 40 and 80 DAS in first and second year, 
respectively. The maximum population of broad leaved weeds was recorded under 
sole cropping followed by cotton + onion systems. INM practices also significantly 
influenced the population of broad leaved weeds at all the stages in both the years. 
Combined application of Azospirillum and Pseudomonas registered the lowest broad 
leaved weed population of 21.00, 12.67, 9.50, and 27.33, 15.83, 14.00 m-2 at 20, 40 
and 80 DAS during first and second year respectively. The maximum broad leaved 
weeds population was recorded by combined application of 100% recommended NPK 
with bioinoculants in both the years. The interaction between cropping systems and 
nutrient management practices on weed population was not significant in both the 
years. 
Weed dry matter production  

Intercrops had a mitigating effect on dry matter production of weeds than sole 
crop in both the years (Figures 1 and 2). Cotton intercropped with Sesbania recorded 
minimum weed dry matter production of 82.00, 91.00 and 81.00, 106.00 kg ha-1 at 20 
and 40 DAS during 2007 and 2008 respectively as compared to other cropping 
systems. Similar trend was observed at 80 DAS. The maximum weed dry matter 
production 20, 40 and 80 DAS was recorded by sole crop of cotton. The weed dry 
matter production was influenced by different INM practices in both the years of 
study. Application of bioinoculants alone registered the lowest weed dry matter 
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production of 116, 170, 94 and 116, 182, 102 kg ha-1 at 20, 40 and 80 DAS in 2007 
and 2008 respectively. The maximum weed dry matter production was recorded with 
application of 100% NPK along with bioinoculants in both the years. But combined 
application of 50% NPK along with bioinoculants recorded lesser weed dry matter 
production than 100% NPK alone. However, it was at par with 50% NPK alone. The 
interaction between cropping systems and nutrient management practices on weed 
dry matter production was not significant.  
Weed smothering efficiency  

Considerable variation in weed smothering efficiency was observed due to 
cropping systems and nutrient management practices during first and second year 
(Figures 3 and 4). In general all the intercropping systems improved the weed 
smothering efficiency. The maximum weed smothering efficiency was recorded at 40 
DAS as compared to 20 and 80 DAS. Among the various cropping systems, Cotton + 
Sesbania recorded maximum weed smothering efficiency in both years. Sesbania and 
greengram suppressed the weeds considerably and established themselves as an 
efficient tool in minimizing the weed population. Similar results in earlier studies 
were reported by Vaiyapuri et al., 2010 and Pandian and Viola, 2001. Such reduction 
in weed growth by intercrops might be ascribed to the larger canopy coverage of 
Sesbania, which intercepted more light and also competed with other inputs. 
Moreover, certain glucosinolates which are present in the roots, stems and leaves of 
green manure crops are broken down into Isothiocyanates and other chemicals, which 
are responsible for killing or suppressing the weed seeds as allele chemicals by Andy 
McGuire Lauzier, 2003. Liebman and Dyck, 1993 reported that spatial diversity 
achieved through intercropping could markedly reduce weed population density and 
biomass production. 

The weed smothering efficiency was higher with combined application of 50% 
NPK and bioinoculants than 100% recommended NPK alone. Cotton + Sesbania 
system treated with bioinoculants  produced maximum weed smothering efficiency 
of 56.52, 75.16, 57.74 and 57.58, 72.22, 55.29 % at 20, 40 and 80 DAS in first and 
second year, respectively. The least weed smothering efficiency was registered by 
cotton + onion system with 100% NPK and bioinoculants.  
Cotton seed and equivalent yield 

Significant improvement in seed cotton yield and cotton equivalent yield (CEY) 
was observed due to various cotton based cropping systems. The highest cotton seed 
yield was recorded from M2 treatment, even higher than sole cotton. Seed yield was 
reduced in intercrop combination and maximum in cotton + onion combination. The 
maximum CEY of 2052 and 1895 kg ha-1 were recorded by cotton + onion  system 
but it was at  par with cotton + Sesbania  with  2010 and 1894 kg ha-1 in 2007 and 
2008, respectively (Table 6). Green manuring with Sesbania might have helped in 
better suppression of weeds and high weed smothering efficiency, slow and steady 
nutrient release because of synergistic effect of organic N from incorporated 
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Sesbania as well as timely application of inorganic N (Das et al., 1998). Intercrops 
that are effective at suppressing weeds capture a greater share of available resources 
than sole crops and could be more effective in pre- empting resources by weeds and 
suppressing weed growth (Lithourgidis et al., 2011). 

Different levels of NPK with bioinoculants had significantly influenced CEY in 
both the years. Among the nutrient management practices, combined application of 
100% recommended dose of NPK and bioinoculants recorded the maximum cotton 
equivalent yield of 2460 and 2190 kg ha-1 in 2007 and 2008, respectively. Better 
cotton crop growth with higher nutrition suppressed the weeds. Integration of 50% 
recommended NPK with bioinoculants proved its superiority with maximum CEY 
over application of 50% recommended NPK alone. The combination of cotton + 
Sesbania system closely followed by cotton + onion with 100% recommended NPK 
+ Azospirillum + Pseudomonas performed better in terms of CEY compared to other 
treatments.  

Better response to integration of organic and inorganic fertilization might be 
due to synergistic effect. At later stage, the weed growth was reduced due to 
smothering effect of the base crop and increased cotton yield and yield attributing 
parameters analogous to the results of Hosmath et al., 2011. Incorporation of green 
manure in intercropping system ensured better supply of nitrogen increasing the 
nutrient use efficiency and also, the yield of cotton. Besides incorporation of 
leguminous (green manure) crop has beneficial effect on soil fertility.  

CONCLUSION 
The study indicated that cotton intercropped either with Sesbania or greengram  

coupled with weed control measures of pre-emergence application of pendimethalin 
@ 1.5 kg a.i  ha-1 at 3 DAS followed by one earthing up at 45 DAS were effective in 
enhancing the yield of seed cotton and cotton equivalent yield compared to the sole 
crop of cotton. Combined application of 100 % recommended dose of NPK and 
bioinoculants recorded maximum cotton equivalent yield of 2460 and 2190 kg ha-1 
during 2007 and 2008, respectively.  
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Table 1: Crop sowing and harvest details of the field experiment 

Sl. No. Crop First  crop Second crop 
1 Cotton 

Date of sowing 
Date of Harvesting 

 
16.08.2006 
22.02.2007 

 
27.08.2007 
25.02.2008 

2 Daincha (Local) 
Date of sowing 
Date of harvest 

16.08.2007 
29.09.2007 

27.08.2007 
10.10.2007 

3 Greengram  
Date of sowing 
Date of harvest 

16.08.2007 
24.10.2007 

27.08.2007 
04.11.2007 

4 Onion  
Date of sowing 
Date of harvest 

16.08.2007 
03.11.2007 

27.08.2007 
14.11.2008 

Table 2: Major weed flora of the experimental field 

Scientific name Habitat Family 
A. Grasses   
Cynodon dactylon (L.) Pers. Perennial Poaceae 
Dactyloctenium aegyptium Beauv Annual Poaceae 
Chloris barbata Sw Perennial Poaceae 
B.Sedge   
Cyperus rotundus (L.) Perennial Cyperaceae 
C. Broad leaved weeds   
Digera arvensis (Forsk) Annual Amaranthaceae 
Trianthema portulacastrum (L.) Annual Aizoaceae 
Parthenium hysterophorus Annual Asteraceae 
Flaveria australasica (Hook) Annual Compositae 
Commelina bengalensis (L.) Annual Commelinaceae 
Amaranthus viridis (L.) Annual Amaranthaceae 
Datura metal Annual Solanaceae 
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Table 3: Effect of cropping systems and nutrient management practices on 
weed population  

2007 2008 
DAS DAS Treatment 

20 40 80 20 40 80 
Main plot       

M1 120.80 52.72 45.17 128.06 59.28 52.17 
 (2.07) (1.71) (1.64) (2.09) (1.76) (1.71) 

M2 32.33 23.97 18.91 41.60 33.20 37.60 
 (1.49) (1.35) (1.24) (1.59) (1.51) (1.56) 

M3 78.67 43.31 31.09 99.73 50.51 40.27 
 (1.89) (1.63) (1.48) (1.99) (1.69) (1.59) 

M4 115.13 55.53 40.38 127.32 58.77 51.73 
 (2.05) (1.73) (1.59) (3.09) (1.75) (1.70) 

±SE 
CD (P=0.05) 

9.00 
22.03 

3.56 
8.72 

2.14 
5.23 

9.94 
24.31 

2.51 
6.11 

0.94 
2.30 

Sub plot       
S1 70.42 34.87 27.20 82.58 40.89 36.37 
 (1.79) (1.51) (1.39) (1.85) (1.59) (1.55) 

S2 81.42 40.33 30.50 92.87 46.15 41.33 
 (1.84) (1.58) (1.44) (1.91) (1.64) (1.60) 

S3 95.41 47.01 36.66 107.79 53.22 49.13 
 (1.92) (1.64) (1.53) (1.99) (1.71) (1.68) 

S4 89.58 42.42 33.67 101.92 48.42 43.82 
 (1.89) (1.59) (1.49) (1.96) (1.67) (1.62) 

S5 96.83 54.81 41.27 110.73 63.53 56.57 
 (1.93) (1.69) (1.59) (2.01) 1.78 1.74 

±SE 
CD (P=0.05) 

1.16 
2.36 

1.47 
2.99 

0.52 
1.07 

1.43 
2.92 

0.96 
1.95 

1.00 
2.04 

M1: Cotton alone, M2: Cotton + Sesbania (Sesbania aculeata), M3: Cotton+ Greengram and M4: 
Cotton+ Onion; S1: Azospirillum + Pseudomonas, S2:50% recommended NPK, S3:100% recommended 
NPK (80:40:40 kg N, P2O5 and K2O ha-1), S4: 50% recommended NPK+ Azospirillum + Pseudomonas 
and S5: 100% recommended NPK + Azospirillum + Pseudomonas. Figures in parenthesis indicate log 
(x+2) transformed value 

 



Table 4: Effect of cropping systems and nutrient management practices on species wise weed population in 2007 
Grasses Sedges Broad leaved weeds 

Treatment 
20 DAS 40 DAS 80 DAS 20 DAS 40 DAS 80 DAS 20 DAS 40 DAS 80 DAS 

M1 56.73 (1.75) 24.27 (1.38) 17.07 (1.22) 21.67 (1.33) 9.47 (0.97) 12.13(1.08) 36.27 (1.55) 20.07 (1.29) 15.80 (1.16) 

M2 14. 93 (1.16) 11.00 (1.03) 7.20 (0.83) 5.80 (0.75) 4.33 (0.63) 5.07 (1.67) 9.67 (0.98) 8.67 (0.93) 6.60 (0.79) 

M3 36.13 (1.55) 20.17 (1.29) 11.80 (1.06) 14.20 (1.15) 7.87 (0.89) 8.40 (0.92) 23.47 (1.36) 15.53 (1.18) 10.80 (1.03) 

M4 53.00 (1.72) 25.53 (1.34) 15.33 (1.18) 20.87 (1.31) 10.07 (0.94) 10.93 (1.03) 34.47 (1.52) 19.00 (1.27) 14.00 (1.14) 

SEd ± 
CD(P=0.05) 

2.67 (0.001) 
6.53 (0.003) 

0.96 (0.002) 
2.35 (0.006) 

0.69 (0.002) 
1.70 (0.012) 

1.12 (0.005) 
2.74 (0.013) 

0.39 (0.007) 
0.95 (0.017) 

0.42 (0.007) 
1.02 (0.017) 

1.74 (0.002) 
4.26 (0.005) 

0.66 (0.004) 
1.61 (0.010) 

0.62 (0.007) 
1.51 (0.018) 

S1 33.83 (1.47) 16.08 (1.18) 19.50 (0.97) 12.58 (1.04) 6.25 (0.77) 7.33 (0.83) 21.00 (1.27) 12.67 (1.08) 9.50 (0.94) 

S2 37.50 (1.51) 18.50 (1.24) 22.17 (1.03) 14.67 (1.11) 7.23 (0.83) 8.17 (0.87) 24.33 (1.33) 14.58 (1.14) 10.67 (0.99) 

S3 43.75 (1.59) 21.67 (1.31) 25.50 (1.11) 17.30 (1.19) 8.42 (0.89) 9.92 (0.97) 28.67 (1.40) 17.00 (1.21) 12.75 (1.08) 

S4 41.42 (1.56) 19.58 (1.27) 23.33 (1.08) 16.17 (1.15) 7.75 (0.87) 9.08 (0.93) 26.83 (1.37) 15.25 (1.16) 11.67 (1.03) 

S5 44.50 (1.60) 25.16 (1.37) 30.50 (1.18) 17.42 (1.19) 10.01 (0.97) 11.17 (1.03) 29.00 (1.41) 19.58 (1.26) 14.42 (1.15) 

SEd ± 
CD(P=0.05) 

0.35 (0.002) 
0.72 (0.004) 

0.30 (0.004) 
0.60 (0.008) 

0.38 (0.006) 
0.77 (0.12) 

0.19 (.005) 
0.39 (0.010) 

0.17 (0.009) 
0.35 (0.019) 

0.18 (0.008) 
0.36 (0.017) 

0.31 (0.004) 
0.63 (0.008) 

0.24 (0.004) 
0.50 (0.008) 

0.18 (0.008) 
0.37 (0.071) 

M1: Cotton alone, M2: Cotton + Sesbania (Sesbania aculeata), M3: Cotton+ Greengram and M4: Cotton+ Onion; S1: Azospirillum + Pseudomonas, 
S2:50% recommended NPK, S3:100% recommended NPK (80:40:40 kg N, P2O5 and K2O ha-1 ) , S4: 50% recommended NPK+ Azospirillum + 
Pseudomonas and S5: 100% recommended NPK+ Azospirillum + Pseudomonas. Figures in parenthesis indicate log (x+2) transformed value 

 



Table 5: Effect of cropping systems and nutrient management practices on species wise weed population (No.m2) 
in 2008 

Grasses Sedges Broad leaved weeds 
Treatment 

20DAS 40DAS 80DAS 20DAS 40DAS 80DAS 20DAS 40DAS 80DAS 

M1 61.53 (1.78) 28.40 (1.45) 22.40 (1.34) 24.33 (1.38) 7.67 (0.88) 11.00 (1.03) 42.27 (1.62) 23.13 (1.36) 18.40 (1.26) 

M2 19.93 (1.28) 15.93 (1.19) 16.33 (1.20) 7.80 (0.87) 4.47 (0.64) 7.93 (0.89) 13.86 (1.12) 13.13 (1.11) 13.67 (1.13) 

M3 47.93 (1.67) 24.27 (1.38) 17.33 (1.23) 19.00 (1.27) 6.53 (0.81) 8.47 (0.92) 32.81 (1.51) 19.67 (1.29) 14.80 (1.16) 

M4 61.00 (1.72) 28.20 (1.43) 22.27 (1.34) 24.21 (1.35) 7.61 (0.86) 10.80 (1.02) 42.03 (1.60) 22.93 (1.34) 17.53 (1.27) 

SEd 
CD(P=0.05) 

2.79 (0.002) 
6.83 (0.004) 

0.83 (0.001) 
2.02 (0.003) 

0.43 (0.002) 
1.05 (0.006) 

1.14 (0.002) 
2.78 (0.004) 

0.23 (0.009) 
0.55 (0.022) 

0.27 (0.007) 
0.68 (0.017) 

1.99 (0.002) 
4.87 (0.006) 

0.65 (0.002) 
1.59 (0.004) 

0.65 (0.013) 
1.59 (0.032) 

S1 39.67 (1.53) 19.50 (1.27) 15.58 (1.18) 15.67 (1.13) 5.25 (0.70) 7.50 (0.86) 27.33 (1.37) 15.83 (1.18) 14.00 (1.13) 

S2 44.65 (1.59) 22.17 (1.33) 17.83 (1.24) 17.75 (1.18) 6.08 (0.77) 8.75 (0.93) 30.67 (1.43) 18.17 (1.24) 15.92 (1.19) 

S3 51.75 (1.68) 25.50 (1.39) 21.17 (1.32) 20.58 (1.28) 6.92 (0.83) 10.33 (1.00) 35.50 (1.52) 20.83 (1.31) 16.75 (1.22) 

S4 48.83 (1.64) 23.33 (1.35) 19.00 (1.27) 19.33 (1.24) 6.33 (0.79) 9.34 (0.96) 33.75 (1.48) 18.92 (1.26) 17.83 (1.23) 

S5 53.08 (1.69) 30.50 (1.47) 24.33 (1.38) 21.00 (1.29) 8.33 (0.90) 11.83 (1.07) 36.58 (1.54) 24.83 (1.38) 16.00 (1.25) 

SEd 
CD(P=0.05) 

0.42 (0.002) 
0.86 (0.003) 

0.38 (0.002) 
0.77 (0.040) 

0.23 (0.002) 
0.47 (0.005) 

0.22 (0.005) 
0.46 (0.011) 

0.16 (0.009) 
0.32 (0.19) 

0.17 (0.006) 
0.35 (0.013) 

0.32 (0.003) 
0.65 (0.006) 

0.31 (0.003) 
0.62 (0.007) 

1.84 (0.028) 
3.75 (0.058) 

M1: Cotton alone, M2: Cotton + Sesbania (Sesbania aculeata), M3: Cotton+ Greengram and M4: Cotton+ Onion; S1: Azospirillum + Pseudomonas, 
S2:50% recommended NPK, S3:100% recommended NPK (80:40:40 kg N, P2O5 and K2O ha-1), S4: 50% recommended NPK+ Azospirillum + 
Pseudomonas and S5: 100% recommended NPK+ Azospirillum + Pseudomonas. Figures in parenthesis indicate log (x+2) transformed value 
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Table 6: Effect of cropping systems and nutrient management practices on Seed 
cotton yield and Cotton Equivalent Yield (Kg ha-1) in 2007 and 2008 

2007 2008 

Treatments 
Seed cotton 

yield 
Intercrop 
equivalent 

yield 

Cotton 
Equivalent 

Yield 

Seed cotton 
yield 

Intercrop 
equivalent 

yield 

Cotton 
Equivalent 

Yield 

Main plot       
M1 1841 - 1841 1716 - 1716 
M2 2010 - 2010 1894 - 1894 
M3 1651 227 1878 1542 222 1764 
M4 1583 469 2052 1479 416 1895 
SEd 34 - 32 32 - 37 

CD (P=0.05) 83 - 82 79 - 90 
Sub plot       

S1 1208 107 1315 1171 109 1280 
S2 1634 166 1800 1569 135 1704 
S3 1965 207 2172 1840 190 2030 
S4 1806 185 1991 1718 150 1868 
S5 2227 233 2460 1983 207 2190 

SEd 51 - 58 56 - 51 
CD (P=0.05) 104 - 119 115 - 103 

M1: Cotton alone, M2: Cotton + Sesbania (Sesbania aculeata), M3: Cotton+ Greengram and M4: 
Cotton+ Onion; S1: Azospirillum + Pseudomonas, S2:50% recommended NPK, S3:100% recommended 
NPK (80:40:40 kg N, P2O5 and K2O ha-1), S4: 50% recommended NPK+ Azospirillum + Pseudomonas 
and S5: 100% recommended NPK + Azospirillum + Pseudomonas.  
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Fig.1. Effect of cropping systems and nutrient management  on weed DMP in cotton (2007)
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M1: Cotton alone, M2: Cotton + Sesbania (Sesbania aculeata), M3: Cotton+ Greengram and M4: 
Cotton+ Onion; S1: Azospirillum + Pseudomonas, S2:50% recommended NPK, S3:100% recommended 
NPK (80:40:40 kg N, P2O5 and K2O ha-1) , S4: 50% recommended NPK+ Azospirillum + Pseudomonas 
and S5: 100% recommended NPK+ Azospirillum + Pseudomonas. 
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Fig.2.Effect of cropping systems and nutrient management  on weed DMP in cotton (2008)
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Cotton+ Onion; S1: Azospirillum + Pseudomonas, S2:50% recommended NPK, S3:100% recommended 
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Fig. 3. Effect of cropping system and nutrient management on weed smothering 
efficiency in cotton (2007)
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M1: Cotton alone, M2: Cotton + Sesbania (Sesbania aculeata), M3: Cotton+ Greengram and M4: 
Cotton+ Onion; S1: Azospirillum + Pseudomonas, S2:50% recommended NPK, S3:100% recommended 
NPK (80:40:40 kg N, P2O5 and K2O ha-1), S4: 50% recommended NPK+ Azospirillum + Pseudomonas 
and S5: 100% recommended NPK+ Azospirillum + Pseudomonas. 

 

Fig. 4. Effect of cropping sysem and nutrient management on weed smothering 
efficiency in cotton (2008)
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M1: Cotton alone, M2: Cotton + Sesbania (Sesbania aculeata), M3: Cotton+ Greengram and M4: 
Cotton+ Onion; S1: Azospirillum + Pseudomonas, S2:50% recommended NPK, S3:100% recommended 
NPK (80:40:40 kg N, P2O5 and K2O ha-1), S4: 50% recommended NPK+ Azospirillum + Pseudomonas 
and S5: 100% recommended NPK+ Azospirillum + Pseudomonas  
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ABSTRACT 

Seventy five hybrids generated from crossing three cytoplasmic male 
sterile lines with 25 testers were studied along with parents for combining 
ability and gene action involved in expression of characters in rice. The 
GCA and SCA effects were significant for all the characters except 
seedling height, indicating the importance of both additive and non 
additive genetic components. The ratio of gca and sca variance was less 
than unity for all the characters also indicated preponderance of non 
additive genetic variance and suggested good prospects of the 
exploitation of variation through hybrid breeding. Amongst the parental 
lines, UPR-2080-24-1-R, IR-60076-1-R, PNR-165-10-6-R and IR-58025-
A were found to be good general combiners which can be taken up to 
generate desirable segregates for further selection. None of the crosses 
showed significant sca effects for all the characters. On the basis of per 
se performance and high sca effects, IR-58025-A x CSRC-50-2-1-4-BR, 
PMS-10-A x IR-42688-2-118-6-3, RPMS-100-A x UPRI-92-79-R and 
NMS-4-A x IR-32419-28-3-1-3-R were good specific combiners for grain 
yield plant-1 and their components which could be used for exploitation of 
heterosis for yield. 
Key words: CMS line, Line x tester analysis, combining ability, gene 
action, rice 

INTRODUCTION 
Rice (Oryza sativa L.) is the staple food for 65 percent of the global population 

and forms the cheapest source of food, energy and protein. But it is an unfortunate 
paradox that yield of rice, the staple food of Southeast Asia, is lowest in the area 
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where the crop has been cultured extensively since ancient times and the plant exists 
in its greatest varietal diversity (Khush, 1997). To meet the food demand of the 
growing population and to achieve food security in the country, the present 
production levels need to be increased by 2 million tones every year, which is 
possible through heterosis breeding and other innovative breeding approaches 
(Pandey et al., 2010). To increase production and productivity in irrigated ecosystem, 
innovative breeding approaches are needed. Development of rice hybrids with yield 
advantage of 30 percent over the existing hybrids is the turning point for increasing 
production and productivity (Yuan, 1994). Further improvement in parental lines will 
give a steady increase in hybrid yield (Ikehashi et al., 1994). However, varieties good 
in per se performance may not necessarily produce desirable progenies when used in 
hybridization.  Knowledge about combining ability is, therefore, important in 
selecting suitable parents for hybridization, proper understanding of underlying 
inheritance of quantitative traits and also in identifying the promising crosses for 
further use in breeding programme. In view of above, the present investigation was 
under taken with the objective of studying the combining ability of rice genotypes for 
yield and yield attributes.  

MATERIALS AND METHODS 
The three cytoplasmic male sterility lines viz., IR-58025-A, PMS-10-A and 

NMS-4-A possessing ‘wild abortive (WA)’ type of cytoplasm, were crossed with 25 
genetically diverse pollen parents viz., IR-32419-28-3-1-3-R, IR-64-R, IR-47310-94-
4-3-1-R, IR-29723-140-3-2-1-R, IR-54771-29-2-1-R, IR-52256-9-2-2-1-R, IR-
59915-140-3-3-3-R, IR-42688-2-118-6-3-R, IR-70-R, IR-60076-1-R, IR-10376-49-1-
1-R, PNR-10-6-R, JR-82-1-10-R, HUR-3021-R, BTC-E 509-96-1-R, UPR-2080-24-
1-R, CSR-21-R, CSRC-50-2-1-4-BR, RP-2932-2528-R, CSR-50-2-1-1-4-BR, CSR-
32-B-B-1-BR, R-971-2505-2-1-R, AS-9-19106-R, RP-3441-MRST-43-1917-R and 
UPRI-92-97-R in line x tester (L x T) fashion. A total of 75 F1s were produced during 
wet season 2008. The resulted 75 F1s, their 28 parents (25+3) and standard checks i.e. 
Narendra Shanker Dhan-2 were evaluated in Randomized Block Design with three 
replications at the Genetics and Plant Breeding Farm of Narendra Deva University of 
Agriculture and Technology, Kumarganj (Faizabad), India during wet season 2009. 
Thirty days old single seedling hill-1 was planted at a spacing of 20 x 15 cm with 
three meter length row having three rows in each entry. The experiment was 
conducted with normal package of practices with need based plant protection 
measures. Observations were recorded on five competitive plants of the middle row 
of each plot for 12 quantitative characters. Observations were recorded on seedling 
length (cm), number of leaves plant-1, days to 50% flowering, plant height (cm), 
number of effective tillers plant-1, spikelets plant-1, filled grains panicle-1, spikelet 
fertility (%), 1000-grain weight (g), biological yield plant-1 (g), harvest index and 
grain yield plant-1 (g). Standard statistical procedures were followed for analysis of 
variance of combining ability (Kempthorne, 1957).     
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RESULTS AND DISCUSSION 
Analysis of variance for different characters revealed that the mean squares due 

to males, females and males x females were highly significant for all the characters 
(Table 1). This indicated that the treatments had wide genetic diversity among 
themselves. The significant F value of male x females showed the importance of 
specific combining ability effects for the expression of those characters in the 
crosses. These results emphasized the importance of combining ability studied and 
indicated good prospects for selection of suitable parents and crosses for the 
development of appropriate varieties and hybrids. The partitioning of combining 
ability variance into fixable and non fixable variances indicated both additive and 
non additive gene action playing a significant role in controlling the expression of all 
the characters. The ratio of GCA and SCA variance was less than unity for all the 
characters also indicated preponderance of non additive genetic variance and 
suggested good prospects of the exploitation of variation for yield and yield attributes 
through hybrid breeding. Similar results were reported by Kumar et al., 2007; 
Pradhan and Singh, 2008, Salgotra et al., 2009.  

All the parents with significant negative general combining ability (gca) 
estimates for days to 50% flowering and plant height while, significant positive gca 
effects for the remaining characters are considered  as good general combiner. The 
estimate of gca effects (Table 2) showed that the 14 male parents were found to be 
good general combiner for grain yield plant-1 and UPR-2080-24-1-R was the best 
combiner among them that possessed significant desirable gca effects for most of the 
traits viz., early plant vigour (seed length and number of leaves plant-1), number of 
effective tillers plant-1, spikelets plant-1 and biological yield plant-1. The parent IR-
60076-1-R and PNR-165-10-6-R were good general combiners among males that 
possessed high GCA effects for seedling length, number of effective tillers plant-1, 
grains panicle-1, spikelet fertility, 1000-grain weight, harvest index, biological and 
grain yield plant-1 with desirable gca effects for plant height and earliness. As late 
and tall varieties are preferred to low land ecosystem, the genotype UPR-2080-24-1-
R was found suitable for the same and expressed significant and desirable GCA 
effects for almost all the characters. Among the female parents, IR-58025-A was the 
best general combiner for biological and grain yield plant-1 along with high GCA 
effects for seedling length, number of leaves plant-1, days to 50% flowering, spikelets 
plant-1, spikelet fertility, 1000-grain weight and harvest index. Rest of the female 
parents were poor general combiner for grain yield plant-1 and most of the characters 
interestingly were those parents identified as short statured and early maturing. It 
may be suggested that in a multiple crossing programme involving UPR-2080-24-1-
R, IR-60076-1-R and PNR-165-10-6-R as parents may to taken up to generate 
desirable segregates for selection.  

The performance of parents per se was an indication of their GCA effects for 
all the above traits (Kumar et al., 2007). The behavior of parents was good indication 
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of the performance of their hybrids as reported by Sanghera and Hussain (2012). 
Thus, per se performance itself may be regarded as criteria for selecting parents.    

Out of 75 crosses, 34 were identified as specific good combinations for grain 
yield plant-1 (Table 3). The promising specific combinations for grain yield along 
with other traits were IR-58025-A x CSRC-50-2-1-4-BR, NMS-4-A x IR-32419-28-
3-1-3-R, PMS-10-A x IR-42688-2-118-6-3-R, and PMS-10-A x UPRI-92-79-R. It 
was observed that majority of the crosses with SCA effects for grain yield were 
involved with high/low combinations indicating additive x dominance type of gene 
interactions for expression of traits. But very few crosses showing low/low general 
combiners showed high sca effects, suggesting the epistatic gene action which may 
be due to genetic diversity in the form of heterozygous loci. Also, very few crosses 
having high/high general combiners showed high SCA effects, which could be 
ascribed to predominance of additive x additive type of gene action. Thus, in majority 
of the crosses, high SCA effects for grain yield were attributed to dominance and 
epistatic gene action and in only few cases attributed to additive interactions, which 
was also reported by Pradhan et al. (2006) and Pradhan and Singh (2008).       

Desirable SCA effects for days to 50% flowering were IR-58025-A x AS-
19106-R, PMS-10-A x RP-3441-MRST-43-1917-R and PMS-10-A x CSRC-50-2-1-
4-B-R. For plant height, negative estimates of SCA were desirable and promising 
specific combiners were IR-58025-A x CSR-32-B-B-1-B-R and IR-58025-A x 
CSRC-50-2-1-4-B-R. The cross combinations PMS-10-A x UPRI-92-79-R, PMS-10-
A x IR-10376-49-1-1-R and NMS-4-A x IR-32419-28-3-1-R were good combiners 
for number of effective tillers plant-1. The promising specific combiners for spikelets 
plant-1 were IR-58025-A x RP-3441-MRST-43-1917-R, IR-58025-A x IR-60076-1-R 
and PMS-10-A x IR-52256-9-2-2-1-R. The cross combinations IR-58025-A x CSRC-
50-2-1-4-B-R, NMS-4-A x IR-32419-28-3-1-R and PMS-10-A x AS-19106-R were 
showed the highest SCA effects for spikelets fertility. For grains panicle-1, the cross 
IR-58025-A x IR-70-R, IR-58025-A x IR-60076-1-R and PMS-10-A x IR-52256-9-
2-2-1-R exhibited high specific combining ability effects for the trait. Good specific 
combiners for 1000 grain weight were PMS-10-A x UPRI-92-79-R, NMS-4-A x IR-
47310-94-4-3-1-R and NMS-4-A x IR-59915-140-3-3-3-R while, IR-58025-A x RP-
3441-MRST-43-1917-R, NMS-4-A x IR-54771-29-2-3-R and PMS-10-A x IR-
42688-2-118-6-3-R for harvest index. The genotypes PMS-10-A/AS-19106-R, NMS-
4-A/IR-32419-28-3-1, PMS-10-A/IR-10376-49-1-1-R, PMS-10-A/UPRI-92-79-R 
and IR-58025-A/IR-42688-2-118-6-3-R showed high SCA effects for biological 
yield plant-1. Present study revealed that the crosses IR-58025-A/RP-3441-MRST-43-
1917-R, IR-58025-A/CSRC-50-2-1-4-B-R, NMS-4-A/IR-32419-28-3-1-R and PMS-
10-A/UPR-192-79-R produced superior and potential hybrids for grain yield-1.  

The parents involved in these hybrids were either high x high or high x low 
with regard to GCA effects. In case of H x H GCA crosses, there are possibilities of 
complementary epistatic effect acting in the direction of additive effects of the good 
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combiners and can be utilized through single plant selections. The crosses of H x L 
GCA group with the expression of positive SCA effects may be due to the dominant 
x recessive interaction, expected to produce desirable segregates and may be 
improved through population improvement. In case of L x L crosses, with high SCA, 
non-additive type of variation can be exploited by multiple crosses followed by inter 
matting among desirable segregates. 

CONCLUSION 
The acceptable amount of per se performance and SCA effects for yield and 

other yield contributing traits indicates that hybrids can be commercially exploited in 
present conditions after screening of F's at different locations and for various seasons. 
However, the IR-58025-A x CSRC-50-2-1-4-BR, PMS-10-A x IR-42688-2-118-6-3, 
RPMS-100-A x UPRI-92-79-R and NMS-4-A x IR-32419-28-3-1-3-R crosses were 
good specific combiners with the high performance and high SCA effects for 
developing high yielding hybrid rice varieties.  
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Table 1: Analysis of variance for combining ability for twelve characters in rice 

Source of 
variation 

df SL (cm) L/P DFF PH (cm) NET/P S/P FG/P SF (%) TW (g) BY (g) HI (%) GY/P 
(g) 

Replications 2 28.04 0.04 4.64 111.11 0.71 138.89 274.39 16.73 2.04 13.04 13.52 5.42 

Females (Line) 2 130.55** 0.59** 335.68** 1004.41** 38.70** 2881.41** 15028.01** 2130.64** 102.22** 1581.75** 415.08** 156.99**

Males (Tester) 24 67.23** 0.90** 189.69** 355.76** 22.98** 2206.19** 3424.09** 546.23** 47.50** 993.06** 134.62** 233.31**

Females x males 48 55.79** 0.58** 121.34** 222.28** 13.25** 3537.66** 3079.58** 344.48** 13.17** 802.18** 112.30** 184.02**

Error 148 25.63 0.01 1.15 60.70 0.27 304.97 175.16 1.79 0.58 6.46 1.99 0.88 

** Significant at 1% level of probability 
Legends: SL: Seedling Length (cm); L/P: Number of leaves plant-1; DFF: Days to 50 per cent flowering; PH (cm); NET/P: Number of 
effective tillers plant-1,   S/P: Spikelets plant-1; FG/P: Filled grains panicle-1; SF (%): Spikelet fertility; TW (g): 1000 grain weight; 
BY/P: Biological yield plant-1; HI (%): Harvest Index and GY/P: Grain yield plant-1  
 



Table 2:  Estimates of general combining ability (gca) effects of parents for twelve characters in rice 
Characters 

Parents 
SL (cm) L/P DFF PH (cm) NET/P S/P FG/P SF (%) TW (g) BY (g) HI (%) GY/P (g) 

Male Parents 

IR-32419-28-3-1-3-R 0.76 0.11** -1.15** -5.36** 1.16** 6.44- -36.69** -21.79** -3.88** -7.25** -5.94** -5.13** 

IR-46-R -3.07 -0.26** -1.07** -7.93** -1.54** 17.80** -1.91 5.51** 0.90** -5.65** 2.98** -0.67** 

IR-47310-94-4-3-1-R -1.26 0.05 -1.87** -12.04** -1.94** 12.75 -9.21* 2.62** -1.00** 2.84** 2.35** 1.71** 

IR-29723-140-3-2-1-R -0.07 0.02 -4.03** -10.34** -0.48** -30.22* -12.02 4.32** 2.74** 4.04** -1.33** -0.03 

IR-5477129-2-3-R -2.88 -0.40** -0.78** -4.53 -0.36** -13.02** -17.67** -5.55** 1.34** -12.61** -5.25** 7.67** 

IR-52256-9-2-2-1-R 1.30 0.19** 0.96** -4.26 -2.87** 37.58** 30.71** -0.30 0.91** 9.47** 4.57** -1.38** 

IR-59915-140-3-3-3-R 0.84 0.39** -0.69 -7.99** -1.86** -7.53 0.90 0.85 1.02** -3.30** 0.46 -1.63** 

IR-42688-2-118-6-3-R -3.42* 0.04 2.15** -7.39** -4.96** 1.81 -1.64 -6.18** 1.83** -3.75** 1.34** 1.90** 

IR-70-R 2.28 0.50** 2.58** -5.18** -1.12** 3.03 -8.96* -9.10** 2.55** -2.93** -1.79** -1.69** 

IR-600-76-1-R 4.46* -0.41** -2.24** 1.10 0.73** 3.00 11.95** 2.19** 2.15** 9.47** 2.22** 5.04** 

IR-10376-49-1-1-R -3.06 -0.28** -1.58** -7.54** -0.42* -8.44 1.36 3.61** 1.49** 11.08** 3.85** 5.88** 

PNR-165-10-6-R 0.35 0.32** -1.24** 2.12 1.24** 6.46 17.34** 5.34** -1.98** 6.68** 3.23** 4.31** 

JR-82-1-10-R 0.45 0.03 0.93* -0.48 2.27** -6.14 5.00 4.40** 0.77** 4.52** 4.95** 4.84** 

HUR-3021-R -0.90 -0.13** 2.81** -0.14 -0.72** 7.48 21.42** 6.70** 3.62** 11.20** 3.15** 6.14** 

BTC-E 509-96-R 0.79 0.15** 10.44** 0.81 1.25** 0.53 10.33* 12.84** 2.01** 16.59** 1.11* 6.78** 

UPR-2080-24-1-R 2.88 0.54** 9.35** 9.63 1.65** 19.47** 32.54** 7.43** 1.79** 20.44** 0.82 7.80** 

CSR-21-R 2.62 0.19** 4.06** 1.38 -1.22** 6.2 9.75* 1.30** 1.26** 3.46** 3.85** 2.97** 

CSRC-50-2-1-4-B-R 1.69 0.17** -0.66 5.98* -0.20 15.10* -9.08 12.29** 0.10 -7.00** -1.94** -3.44** 

RP-2932-2528-R 3.06 0.58** 7.39** 1.16 -0.63** 15.40** 26.29** 6.05** 0.93** 15.78** -4.58** 2.47** 

CSR-50-2-1-1-4-B-R 5.99** -0.31** -2.93** -1.94 0.68** -13.35* 26.45** -9.87** -0.73** -17.34** 0.53 -7.08** 

CSR-32-B-B-1-B-R -0.46 -0.18** -3.01** 6.02* -0.18 -18.88** 0.19 8.77** -3.78** 6.30** -0.14 1.44** 

IR-971-2505-2-1-R -0.26 -0.15** -8.70** 8.61** -0.05 -22.53** -26.83** -0.24 -1.96** -14.56** -5.56** -8.49** 

AS-19106-R -0.78 -0.31** -8.69** 9.83** -0.58** -19.66** -39.73** -8.48** -4.44** -11.42** -8.08** -9.82** 



Characters 
Parents 

SL (cm) L/P DFF PH (cm) NET/P S/P FG/P SF (%) TW (g) BY (g) HI (%) GY/P (g) 

RP-3441-MRST-43-1917-R -3.31 -0.34** -3.43** 3.83 -0.54** 14.34* 10.32* -0.67 -2.86** -11.87** -5.43** -5.28** 

UPRI-92-79-R -4.94** -0.52** 1.77** -0.80 0.77** 7.88 12.09** 2.52** -2.87** -5.28** 4.65** 1.05* 

SE (Sgi) males 1.69 0.03 0.36 2.60 0.17 5.82 4.41 0.45 0.25 0.85 0.47 0.31 

SE (Sgi-Sgi) 2.39 0.05 0.50 3.67 0.24 8.23 6.24 0.63 0.36 1.20 0.67 0.44 

Female parents 

IR-58025-A 1.15* 0.08** 2.24** -0.87 -0.30** 7.11** 15.98** 5.97** 0.84** 2.73** 1.16** 1.60** 

PMS-10-A -1.44* 0.01 -1.96** 4.02** -0.52** -2.88 -5.00** -1.70** 0.50** 2.57** -2.71** -0.37** 

NMS-4-A 0.29 -0.09** -0.28* -3.14** 0.82** -4.24* -10.98** -4.27** -1.33** -5.30** 1.55** -1.228** 

SE (Sgi) Females 0.58 0.01 0.12 0.90 0.06 2.02 1.53 0.15 0.09 0.29 0.16 0.11 

SE (Sgi-Sgi) 0.83 0.02 0.17 1.27 0.08 2.85 2.16 0.22 0.12 0.42 0.23 0.15 

*, ** Significant at 5% and 1% probability levels, respectively. 
Legends: SL: Seedling Length (cm); L/P: Number of leaves plant-1; DFF: Days to 50 per cent flowering; PH (cm); NET /P: Number of effective 
tillers plant-1, S/P: Spikelets plant-1; FG/P: Filled grains panicle-1; SF (%): Spikelet fertility; TW (g): 1000-grain weight; BY/P: Biological yield plant-

1; HI (%): Harvest Index and GY/P: Grain yield plant-1  
*In case of spikelet fertility, test weight and grain yield plant-1 corresponding maintainer lines data were taken due to CMS lines are unable to 
produce it. 

 
 
 



Table 3:  Estimates of specific combining ability (sca) effects for grain yield and their component characters in rice 

SN Characters

Crosses  

SL (cm) L/P DFF PH (cm) NET/P S/P FG/P SF (%) TW (g) BY (g) HI (%) GY/P (g)

1 IR-58025-A x IR-54771-29-2-3-R -0.38 0.19** 4.88** 0.34 -0.57 -8.7 4.16 6.16** 2.13** 3.61* 0.41 1.20* 

2 IR-58025-A x JR-82-1-1-10-R 0.97 -0.26** 1.23* -1.78 -0.27 -20.46* -20.51** -2.48** 1.56** 1.96 0.44 1.45** 

3 IR-58025-A x CSRC-50-2-1-4-B-R -0.02 -0.20** 0.17 -10.42* 0.07 -3.08 35.10** 18.26** 1.20** 16.60** 2.99** 7.79** 

4 IR-58025-A x IR-59915-140-3-3-3-R -0.36 0.44** -1.37* 3.08 -0.55 16.42 26.89** 7.43** 0.12 1.11 1.41 1.48** 

5 IR-58025-A x PNR-165-10-6-R -3.35 -0.20** -0.23 -6.25 0.68* -14.6 -5.34 2.90** 1.31** 13.33** -3.16** 3.30** 

6 IR-58025-A x IR-42688-2-118-6-3-R 3.35 0.83** 6.62** 2.29 1.34** 9.22 31.01** 14.25 -0.54 17.72** -0.92 3.65** 

7 IR-58025-A x IR 70-R 0.81 0.06 2.44** 1.53 0.20 33.64** 49.98** 12.21** -0.64 8.05** 5.15** 5.91** 

8 IR-58025-A x RP-2932-2528-R -0.13 -0.08 0.48 5.84 1.56** 32.47** 24.68** -3.20** 0.95* 2.72 6.70** 6.33** 

9 IR-58025-A x CSR-32-B-B-1-B-R -0.43 -0.51** 0.53 -10.91* 2.30** 26.79* 16.40** -5.68** -0.83 8.46** 4.61** 7.73** 

10 IR-58025-A x RP-3441-MRST-43-
1917-R 

-0.95 -0.35** -2.30** 1.06 -0.53 46.73** 27.47** -6.15** 1.08* 12.36** 7.95** 11.77** 

11 IR-58025-A x IR 60076-1-R -6.37* -0.06 -5.04** 7.04 -0.60* 44.31** 50.40** 5.68** 1.09* 6.99** -2.12* 1.24* 

12 NMS-4-A x IR-32419-28-3-1-R -3.13 -0.09 2.58** -3.26 2.73** -34.08** 21.33** 23.37** 1.77** 25.02** 12.94** 17.19** 

13 NMS-4-A x IR-54771-29-2-3-R  -0.71 -0.13* -0.35 -6.35 -0.95 -11.22 -1.76 3.00** -0.25 7.17** 9.04** 6.49** 

14 NMS-4-A x IR 59915-140-3-3-3 R -0.74 -0.22** 1.51* -5.85 1.86** -16.55 -44.02** -18.80** 2.28** 19.03** -5.20** 4.05** 

15 NMS-4-A x IR-70-R -1.21 -0.02 -4.21** -0.35 0.24 13.86 -7.94 -7.17** 0.65 5.22** 4.77** 4.48** 

16 NMS-4-A x IR-10376-649-1-1-R 1.56 0.19** -2.97** -0.83 0.14 25.15* 8.68 -6.14** 1.28** 16.63** -0.92 7.28** 

17 NMS-4-A x RP-2932-2528-R  -1.37 -0.19** 3.15** 11.88* 0.47 -17.04 -4.15 7.27** 0.56 11.20** 1.11 4.84** 

18 NMS-4-A x IR-47310-94-4-3-1-R -1.45 -0.33** -6.19** -5.79 -2.11 -66.58** -18.75* 4.62** 2.82** 6.25** 0.01 2.69** 



19 NMS-4-A x PNR-165-10-6-R 0.67 -0.04 2.83 1.93 0.23 1.46 13.8 6.68** -1.37** 5.76** 0.46 2.96** 

20 NMS-4-A x CSR-21-R -0.99 0.02 -7.86** 13.67** 1.37** -7.06 -18.72* -7.45** 0.29 4.35** -0.06 2.38** 

21 NMS-4-A x CSRC-50-2-1-4-B-R -1.09 -0.10 7.08** 1.74 1.36** 6.14 -8.34 -5.51** 0.34 -0.75 7.66** 3.12** 

22 NMS-4-A x CSR-50-2-1-1-4-B-R 10.60** 0.32** -2.77** 19.76** -1.04** 11.07 12.7 2.39** -1.58** 6.14** 0.99 3.21** 

23 PMS-10-A x UPRI-92-79-R 5.71 0.82** 10.24** 3.69 12.24** 11.85 16.60* 3.04* 4.94** 20.82** 3.61** 11.76** 

24 PMS-10-A x IR-46-R 0.20 -0.11 3.35** 0.48 -1.03** 27.16** 32.47** 5.50** 0.33 0.73 1.80* 1.25* 

25 PMS-10-A x IR-29723-140-3-2-1-R 0.89 0.10 1.49* -2.44 -1.25** 9.45 9.92 -0.58 1.01* 7.30 1.62* 3.37** 

26 PMS-10-A x JR-82-1-10-R 1.13 0.18** -0.79 -2.74 0.56 19.25 12.17 -1.63* -2.31** 3.99** 2.30** 2.90** 

27 PMS-10-A x IR-52256-9-2-2-1-R 1.97 0.55** 1.24* -0.74 0.12 43.62** 48.00** 5.60** 0.69 14.14** 3.55** 7.91** 

28 PMS-10-A x IR-42688-2-118-6-3-R 2.04 -0.41** -0.8 7.61 -3.58** 35.34** 33.36** 6.60** 1.04* 4.92** 9.53** 11.14** 

29 PMS-10-A x IR-10376-49-1-1-R 3.14 0.22** -2.56** 1.23 3.56* -10.91 4.53 7.68** -1.86** 23.34** -1.69* 7.47** 

30 PMS-10-A x HUR-3021-R 1.69 0.18** 6.34** 3.13 -0.74* -7.83 8.87 8.47** 0.24 6.42** 3.17** 4.50** 

31 PMS-10-A x BTC-E 509-96-R -3.28 -0.75** 3.56** 1.19 0.25 21.31* 39.60** 2.33** 0.53 1.89 6.40** 5.21** 

32 PMS-10-A x UPR-2080-24-1-R -0.53 0.15** -4.78** 4.26 2.30** 8.4 15.19* 3.95** -2.05** 13.90** 1.56 5.70** 

33 PMS-10-A x R-971-2505-2-1-R -1.78 -0.43** 0.21 2.72 1.05** 13.81 -31.98** -12.24** -0.05 12.30** 1.98* 4.54** 

34 PMS-10-A x AS-19106-R 2.54 0.04 7.05** -7.28 1.48** -26.18* -16.62* 15.47** -0.05 29.99** -2.25** 6.61** 

SE (Sij) 2.92 0.06 0.62 4.5 0.30 10.08 7.64 0.77 0.44 1.47 0.82 0.54  

SE (Sij-Skl) 4.13 0.08 0.87 6.36 0.42 14.26 10.81 1.09 0.62 2.08 1.15 0.77 

*, ** Significant at 5% and 1% probability levels, respectively. 
Legends: SL: Seedling Length (cm); L/P: Number of leaves plant-1; DFF: Days to 50 per cent flowering; PH (cm); NET /P: Number of effective tillers plant-1,  S/P: 
Spikelets plant-1; FG/P: Filled grains panicle-1; SF (%): Spikelet fertility; TW (g): 1000 grain weight; BY/P: Biological yield plant-1; HI (%): Harvest Index and GY/P: 
Grain yield plant- 

1
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Table 4: Prospective cross combinations based on sca effects for seed yield and 
suggested breeding strategy  

Cross combinations SCA 
effects 

GCA effects 
of combining 

parents 

Other characters with 
significant SCA effects 

 

For early maturing 

IR-58025-A x IR 60076-1-R 1.24** H x L S/P, FG/P, SF, TW & 
BY/P 

Heterosis Breeding/Mass 
selection with concurrent 
random mating 

IR-58025-A x RP-2932-
2528-R 

6.33** H x H NET/P, S/P, FG/P, TW & 
HI 

Heterosis 
Breeding/Conventional 
Breeding Methods 

IR-58025-A x CSR-32-B-B-
1-B-R 

7.73** H x L NET/P, S/P, FG/P, BY/P & 
HI 

Heterosis Breeding/Mass
selection with concurrent 
random mating 

IR-58025-A x RP-3441-
MRST-43-1917-R 

11.77** H x L S/P, FG/P, TW, BY/P & 
HI 

PMS-10-A x IR-42688-2-
118-6-3-R 

11.14** L x H S/P, FG/P, SF, TW, BY/P 
& HI 

PMS-10-A x UPR-2080-24-
1-R 

5.70** L x H L/P, NET/P, FG/P, SF & 
BY 

NMS-4-A x CSR-50-2-1-1-
4-B-R 

3.21** L x L SL, L/P, PH, SF & BY/P 

Heterosis Breeding/Mass 
selection with concurrent 
random mating 

For Late Maturing 

IR-58025-A x IR-70-R 5.91** H x L S/P, FG/P, SF, HI & BY/P 

PMS-10-A x BTC-E-509-
96-R 

5.21** L x H NET/P, FG/P, S/F, TW, 
BY & HI 

PMS-10-A x UPRI-92-79-R 11.76** L x H L/P, NET/P, FG/P, SF, 
TW, BY/P & HI 

PMS-10-A x IR-52256-9-2-
2-1-R 

7.91** L x H  L/P, S/P, FG/P, SF, BY/P 
& HI 

NMS-4-A x IR-32419-28-3-
1-R 

17.19** L x L S/P, FG/P, SF & HI 

Heterosis Breeding/Mass 
selection with concurrent 
random mating 

** Significant at 1% level of probability  
Legends: SL: Seedling Length (cm); L/P: Number of leaves plant-1; DFF: Days to 50 per cent 
flowering; PH (cm); NET /P: Number of effective tillers plant-1, S/P: Spikelets plant-1; FG/P: Filled 
grains panicle-1; SF (%): Spikelet fertility; TW (g): 1000 grain weight;   BY/P: Biological yield plant-1; 
HI (%): Harvest Index and GY/P: Grain yield plant-1  
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QUALITY EVALUATION OF READY-TO-EAT 
FISH BALL IN CURRY  

A. D. Kolekar and A. U. Pagarkar1 
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ABSTRACT 

Fish ball in curry (FBC) was prepared following standard recipe. 
Prepared FBC was packed in standup pouches and stored at 0 to -2°C. 
The organoleptic scores for overall acceptability of the FBC were slightly 
decreased within the storage period (12 days). The pH decreased from 
6.38 to 6.07, while peroxide value increased from 2.27 to 9.47. The total 
volatile base-nitrogen (TVB-N) increased from 5.04 to 17.64. The total 
plate count increased from an initial value of 1.8 x 102 to 2.4 x 104cfu g-1 
during chilled storage. The Staphylcoccus aureus, Escherichia coli and 
Salmonella sp. were not detected throughout the study period. It was 
observed that the products stored at 0 to -2°C were acceptable 
organoleptically, and stable biochemically and microbiologically up to 9 
days. 

Keywords: Catla catla, fish ball in curry, chilled storage, quality 
evaluation 

INTRODUCTION 
The Indian major carps being the high-protein food form a major component of 

the Indian aquaculture, but some carps have limited consumer acceptability because 
of the presence of intramuscular bones (Seghal and Seghal, 2002). These carps offer 
distinct advantages such as white colour of meat, and good taste, whereby offer good 
scope for value addition (Anon, 2009). Processing of carps into value-added products 
enhance their acceptability and market value as revealed by the sensory evaluation of 
the product. Value addition means employing processing methods, specialized 
ingredients or novel packaging to enhance the nutrition, sensory characteristics, shelf 
life and convenience of food products (Pagarkar et al., 2011). 

Currently consumers particularly urban ones are showing more and more 
interest in food products which are available in ready-to-eat or ready-to-cook form 
such as fish fillet, finger, cutlet, patties, burger, sausages and fish balls.  Present 
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trends of marketing reflect a rapidly growing demand for such processed foods that 
are more convenient to handle, store and prepare. Factors responsible for such a 
situation are increasing number of working women, reasonably increase in income, 
education, awareness and consciousness towards quality, freshness, nutrition, 
hygiene and health etc. This has led to the development of several fishery products 
varied in taste, texture and appearance (Pagarkar et al., 2011). Fish ball in curry is 
one such product that can be processed as a heat processed product in a suitable fluid 
medium. Fish ball was prepared as per Indian palate and nutritious product prepared 
from fish surimi. Surimi is an intermediate product, which has characteristic gelling 
and elastic properties. Surimi was used to develop products with good appearance, 
flavor and texture. Texturisation of surimi involves modification of elasticity with 
ingredients such as starch etc. (Kolekar et al., 2012). Fish ball in curry is ready-to-eat 
‘convenience' form of product and would be a new appropriate channel  in the 
supermarket chain.  

In the present study, an attempt has been made to prepare ready-to-eat fish ball 
in curry and its shelf life was studied at 0 to -2°C  concerning to the microbiological, 
biochemical and organoleptic characteristics.  

MATERIALS AND METHODS 
Preparation of fish surimi 

Fresh catla (Catla catla) of 1.5 to 2 kg were brought to the laboratory in iced 
condition. Surimi is the Japanese term for debined fish flesh that has been washed 
with water and mixed with cryoprotectants for good frozen shelf life (Ninawe and 
Rathnakumar, 2008). Frozen catla surimi was prepared according to the procedure of 
Huang and Awad (1996). After heading, gutting, filleting, mincing, washing, the 
meat was drained and mixed with cryoprotectants (5.8% sugar, 0.2% Polyphosphate). 
This surimi was packed in polythene bag, frozen in plate freezer and stored in cold 
storage at -18°C for further use.  
Preparation of fish ball in curry 

Fish ball in curry was prepared following the recipe developed by Kolekar et 
al. 2012 (Table 1 and flow chart 1). 
Chill storage of the fish ball in curry  

Prepared fish balls in curry were stored at 0 to -2° C. Samples were drawn at 3 
days intervals during storage and organoleptic, biochemical and microbiological 
analysis of samples were carried out. The proximate composition of fish ball was 
determined at the beginning and end of storage following standard methods (AOAC, 
2005). The pH was recorded using a pH meter of EQUIPS-TRONICS model EQ-610 
(AOAC, 2005). The peroxide value of fish ball in curry was determined and 
expressed as milliequivalent of O2/kg fat (AOAC, 2005). A TVB-N content of fish 
ball in curry was determined by the procedure given by Beatty and Gibbons (1937) 
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using Conway micro-diffusion units and results were expressed in terms of nitrogen 
mg/100g. Samples were analyzed for Total Plate Count (TPC) as well as E. coli, S. 
aureus and Salmonella sp. counts following methods described by USFDA (2001). 

Table 1: Recipe of catla fish ball in curry (Kolekar et al., 2012) 

SN Ingredients (g) Quantity 

1. Fish surimi 100 

2. Salt 2 

3. OS:MS* (60:40)                                                                15 

4. Curry paste 40.20 

                    Total                                                                     157.20 

* OS= Ordinary starch, MS= Modified starch 
Curry paste is this another table? 

1. Onion paste 24.60 

2. Tomato paste 4.92 

3. Garlic paste 3.34 

4. Chilli powder 0.82 

5. Turmeric powder 0.37 

6. Coriander seed powder 0.62 

7. Garam masala 0.87 

8. Green chilli paste 1.00 

9. Coriander paste 0.90 

10. Ginger paste 0.51 

11. Salt  2.25 

Organoleptic evaluations were conducted as per Indian Standard Institute guide 
for sensory evaluation of foods (ISI, 1975). The prepared fish ball in curry was 
subjected to organoleptic evaluation by the group of 10 trained panelists by using a 9 
point hedonic scale. The various characteristics viz., appearances, colour, taste, 
texture, odour and overall acceptability were evaluated at 3 and 15 days intervals 
during the period of chilled storage respectively. 
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Flow chart 1:  Standardized method of fish ball in curry preparation  
Frozen surimi  Concentrated curry paste Diluted curry paste 
                                                                                                                           
Thawing                          
 
  
Mixing with ingredients (Table 1)     

                             
Preparation of dough 
 
Shaping the paste into round balls (10g each) & keeping forsetting at 250C for 240 min 
 
Steaming (for 10 min) 
         
Packing the fish ball in pouch with hot curry 
(50:100:: fish ball: curry) 
        
Sealing 
           
Pasteurizing at 1000C in steam for 60 min 
 
Cooling in chilled water 
 
Chill stored at 0 to - 20C 

RESULT AND DISCUSSION 
The results of organoleptic evaluation of fish ball in curry  kept in chilled 

storage (0 to -2°C) showed a declined trend of organoleptic scores from 9.0 to 3.1 
(Figure 1) for the storage period of 0 to 12 days. Fish ball in curry kept in chilled 
storage was not acceptable after 9 days. Similar results in organoleptic characterstricts 
were reported by Kamat (1999). Fish ball in curry prepared from bleached mackerel 
mince did not show much change in the appearance, colour and texture during storage 
at 0 to -2°C. Undeland and Lingnert (1999) studied lipid oxidation in fillets of herring 
(Clupea harengus) during frozen storage. The decrease in overall acceptability in 
fillets was found to be due to formation of some volatile low molecular weight 
compounds, lipid oxidation and protein degradation during chilled storage. 
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In the present study fish ball in curry stored in chilling temperature (0 to -2°C) 
showed a decrease in pH from 6.38 to 6.07 (Figure 2). Kamat (1999) also reported 
sharp decrease in pH of fish ball in curry during storage. Balange et al. (2004) 
reported similar findings, where pH decreased from 5.90 to 4.2 pH during studied the 
chill stored fish ball in curry. Decrease in pH of fish ball in curry could be due to the 
growth of heat tolerant bacteria during storage that had survived at heat processing 
and then multiplied at chilling temperature. This was also reflected by increase in 
total plate count during storage. Generally bacteria prefer carbohydrates for 
immediate use and later go in for utilization of protein. Under such circumstances 
there would be production of acids and subsequently reduction in pH (Frazier and 
Westhoff, 1988). 

The peroxide value (PV) in chilled fish ball in curry showed an increasing trend 
from 2.27 to 9.47 meq of O2 /Kg (Figure 3). Similar trend was also recorded by 
Todkari (2005), accounting a PV from 1.20 to 12.50 meq of O2 /Kg for fish ball in 
curry chilled stored at 0 to -2°C. Kamat (1999) reported gradual increase in PV of fish 
ball in curry from 2.9 to 3.6 meq of O2 /Kg during the chilled storage, Peroxide value 
within the acceptable limit i.e. below 10 (Ninawe and Rathnakumar,2008). Peroxide 
value (PV) is a measure of the degree of oxidation in the fat (Gopakumar, 2002). The 
peroxide value was employed for determining the formation of primary products due 
to oxidation during the storage. Oxidative rancidity is very complex deterioration in 
which oxygen first reacts with unsaturated fat (lipid) to form hydroperoxides, which 
then breaks down into substances that render the objectionable rancid flavour. The PV 
is a measure of first stage of rancidity. 

 
Figure 1. Organoleptic evaluation of catla fish ball in curry during chilled 

storage at 0 to -2°C for 12 days. 
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Figure 2. Changes in pH of catla fish ball in curry during chilled 

stored at 0 to -2°C for 12 days 

 
Figure 4: Changes in TVB-N (mg/100g) of catla fish ball in curry  

during chilled storage at 0 to-2°C for 12 days 

 
Figure 3: Changes in peroxide value of catla fish ball in curry during 

chilled storage at 0 to -2°C for 12 days 
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Figure 5: Changes in TPC of catla fish ball in curry in chilled 

storage at 0 to -2°C for 12 days 

TVB-N of catla fish ball in curry stored in chilled storage showed increasing 
trend from 5.04 to 17.64 mg 100g-1 (Figure 4). Increasing values of 6.10 to 9.4 mg 
100g-1  TVB-N and 4.21 to 9.82 mg 100g-1  TVB-N were also observed by Balange et 
al. (2004) and Mote (2001) in cooked and chill stored fish ball in curry and in cooked 
and chill stored fish ball in spinach curry, respectively. These values are within 
acceptable limit. TVB-N values above 35 mg 100g-1 in the sample is considered as 
unacceptable for human consumption. TVB-N is a commonly used chemical method 
to determine spoilage of fish. The TVB-N in freshwater fish and their products comes 
from ammonia (Tokur et al., 2004). 

The total plate count (TPC) of the fish ball in curry in chilled storage was 
increased from 1.8x102to 2.4x104cfu g-1  (Figure 5) and other pathogenic bacteria viz. 
S. aureus, Salmonella sp. and E. coli were not detected. Kamat (1999) reported TPC 
of fish ball in curry prepared from mackerel (R. kanagurta) stored in chilled 
temperature was 3.1x104to 4.1x107cfu g-1 during storage period of 14 days. Mote 
(2001) found the TPC values of chilled stored fish ball in spinach curry ranging from 
1.70×104 to 5.70×107 cfu g-1. Heat processing applied for the fish ball in curry might 
kill vegetative cells of bacteria but the spore formers might survive in the process and 
possibly grew in the later stage during chilled storage. 

Catla fish ball in curry kept in chilled storage showed slight variation in 
moisture (68.12 to 66.75%), protein (15.73 to 14.26%), carbohydrate (4.22 to 4.09%), 
fat (8.75 to 11.05%) and ash (3.18 to 3.85%) content at the beginning and the end of  
the storage period (Table 2). Similarly, Ninan et al. (2008) and Pawar (2011) reported 
a slight variation in proximate content of fish cutlet which was due to dehydration and 
protein denaturation fish muscle during cooled and chilled storage. 



42 A. D. Kolekar and A. U. Pagarkar 

Table 2: Proximate composition of catla (Catla catla) fish ball in curry at the 
beginning and at the end of chilled storage study 

Proximate composition 

Chilled stored fish ball in curry 
Attributes 

Initial Final 

Moisture (%) 68.12 66.75 

Protein (%) 15.73 14.26 

Fat (%) 8.75 11.05 

Carbohydrate (%) 4.22 4.09 

Ash (%) 3.18 3.85 

CONCLUSION 
Ready-to-eat fish ball in curry prepared using a standard recipe has good taste. 

Fish ball in curry stored at 0 to -2°C showed organoleptic, biochemical as well as 
microbiological quality analysis values to be within acceptable limit up to 9 days. 

REFERENCES 
AOAC, 2005. Official methods of analysis of the Association of Official Analytical Chemists 

International, 18th edition, In Horwitz, W. (Ed.), AOAC, Washington (D. C.), 35: 2-36. 
Anon .2009. Handbook on fisheries statistics 2008. Department of Animal Husbandry, 

Dairying and Fisheries. Ministry of agriculture, Govt. of India, New Delhi.  
Balange A. K., Joshi, V.R. and Pagarkar, A.U. 2004. Preparation of pasteurized fish ball in 

curry and its storage study. Journal of Indian Fisheries Association, 30: 141-148.  
Beatty S. A. and Gibbons N. E. 1937. The measurement of spoilage in fish. Journal of the 

Biological Board of Canada, 3: 77-81. 
Devadasan K., Varma P. R. G. and Venkataraman R. 1978. Studies on frozen 

storagecharacteristics of fillets from six species of fresh water fishes. Fisheries 
Technology, 15: 1-6.  

Dun A. S. and Rustad T. 2008. Quality of superchilled vacuum packed Atlantic Salmon 
(Salmo salar) fillets stored at -1.4 and -3.6 °C. Food Chemistry, 106:122-131. 

Frazier W. C. and Westhoff D. C. 1988. Food Microbiology, Tata McGraw-Hill Publishing 
Company Limited. 

Gopakumar, K. 2002. Textbook of Fish Processing Technology, Directorate of Information 
and Publishing of Agriculture. ICAR, New Delhi, pp. 18-30. 

 



QUALITY EVALUATION OF FISH BALL IN CURRY 43 

 

Huang W. Y., Abdel-Aal H. A. and Awad A. H. 1996. Properties of surimi made from tilapia. 
In: Nineteenth and twentieth annual conferences of Tropical and Subtropical Seafood 
Science and Technology Society of the Americans.  

ISI, 1975. Indian Standard Institute guide for sensory evaluation of foods, Part III, Statistical 
Analysis of Data, Indian Standard Institute, (Part III), IS: 6273. 

Kamat A. K. 1999. Preparation of fish ball and fish cutlet from mackerel mince meat. M.F.Sc. 
thesis submitted, Dr. Balasaheb Sawant Kokan Krishi Vidyapeeth Dapoli, Maharashtra. 

Kolekar, A. D., Pagarkar, A. U., Baug, T.E., Kedar, J. G.  and  Bhatkar, V. R. 2012. 
Standardisation of recipe for fish ball in curry from Ctala catla. Asian Journal  of 
Microbiology, Biotechnology, and Environmental, Science, 8 (2): 381-387.  

Mote M. V. 2001. Cook-chill storage of fish ball in spinach curry. M.F.Sc. thesis submitted, 
Dr. Balasaheb Sawant Kokan Krishi Vidyapeeth Dapoli, Maharashtra. 

Ninan G., Bindu J. and Joseph J. 2008. Frozen storage studies of minced based products 
developed from tilapia (Oreochromis mossambicus, Peter 1852). Fisheries Technology, 
45(1): 35-42. 

Ninawe, A. S. and Rathnakumar, K. 2008. Fish Processing Technology and Products 
Development, Narendra Publishing House, Delhi,562 pp. 

Pagarkar A. U., Joshi V. R., Baug T. E. and Kedar J. G. 2011. Value addition is need of 
seafood industries. FISHCOOPS, 23(4): 8-17. 

Pawar P. 2011. Preparation of battered and breaded product from fresh water fish catla (Catla 
catla). M.F.Sc. Thesis submitted to Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, 
Dapoli, Maharashtra. 

Sehgal H.S. and Sehgal G. K. 2002. Aquaculture and socio-economic aspects of processing 
carps into some value-added products. Bioresourse Technology, 82: 291-293. 

Sankar T. V. 2000) Biochemical and storage characteristics of myofibrillar protein (surimi) 
from freshwater major carps. Ph. D. thesis submitted, Cochin University of Science 
and Technology, Cochin, pp. 191. 

Tokur B., Polat A., Beklevik G. and Ozkutuk S. 2004. Changes in the quality of fish burger 
produced from tilapia (Oreochromis niloticus) during frozen storage (-18°C).  
European Food Research Technology, 218: 420-423. 

Undeland I. and Lingnert H. 1999. Lipid oxidation in fillets of herring (Clupea harengus) 
during frozen storage. Influence of pre-freezing storage.  Journal of Agricultural Food 
Chemistry, 47: 2075-2081.  

USFDA .2001) U.S. Food and drug Administration, Bacteriological Analysis Manual. http: 
www.usfda.com  

 



SAARC J. Agri., 11(1): 45-52 (2013) 

CHARACTER ASSOCIATION AND PATH ANALYSIS IN 
GARLIC (Allium sativum L) FOR YIELD AND ITS 

ATTRIBUTES 

S. R. Singh, N. A. Ahmed, S. Lal, Asima Amin1, Mudasir Amin5 
S. A. Ganie  and Nusrat Jan 

Central Institute of Temperate Horticulture, K.D. Farm, Old Air field 
P.O. Rangreth, Srinagar (J&K)-190007, India 

ABSTRACT 

Character association and path analysis in twenty genotypically diverse 
indigenous genotypes of garlic (Allium sativum L.) were studied at the 
Central Institute of Temperate Horticulture, Srinagar during the years 
2010 and 2011 for nine important characters. Total bulb yield showed 
positive and significant genotypic and phenotypic associations with plant 
height, number of leaves per plant, pseudo-stem length, bulb weight and 
number of cloves per bulb, indicating that selection based on these traits 
will help increasing the yield of garlic. Path coefficient analysis provides 
an effective means of a critical examination of specific force action to 
produce a given correlation and measure the relative importance of each 
factor. In this analysis bulb yield was taken as dependant variable and 
rest characters were considered as independent variable. Bulb weight 
showed high positive and direct effect and significant positive correlation 
with total bulb yield. Therefore, bulb with higher weight should be 
considered in selection criteria for increasing the total bulb yield and 
emphasis should be given for selecting the genotypes with higher bulb 
weight. Overall path analysis indicated that direct effect of bulb weight 
and equatorial bulb diameter and indirect effect of plant height, number 
of leaves per plant, pseudo stem length, polar bulb diameter, equatorial 
bulb diameter, number of cloves per bulb and average weight of 50 
cloves should be considered simultaneously for amenability of total bulb 
yield. 
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INTRODUCTION 
Garlic (Allium sativum L.) belongs to family Alliaceae is one of the most 

important crop of Allium group next to onion grown throughout the world over in 
1.37 million hectare area with 22.282 million tons production and 16.26 t ha -

1productivity (FAOSTAT-2012). China is the world leader in production (80%) 
followed by India (4.8%). Though India is second in area and production but 
productivity is much low (4.8 t ha-1) as compared to China (23.06 t ha-1), Egypt 
(23.03 t ha-1), USA (18.94 t ha-1) and Republic of Korea (12.67 t ha-1). Major cause of 
low productivity is poor yield potential of varieties coupled with susceptibility to pest 
and diseases.  

Scanty information on specific genetic behavior of garlic limited the options of 
crop improvement for the breeder. Clonal selection is a major breeding method for 
garlic since plant sterility usually precludes crop improvement through cross 
hybridization. Nevertheless, garlic shows wide morphological and agronomic 
variations in colour, size of bulb, plant height, flowering, number and size of the 
cloves, days to harvesting, resistance to storage capacity, dormancy and adaptation to 
agro-climatic situations (Mario et al., 2008). Despite the importance of crop very 
limited breeding work has been done so far. However, yield is a complex character 
and its direct improvement is difficult. A crop breeding programme aimed at 
increasing the plant productivity requires consideration not only on yield but also its 
components that have direct or indirect influences on yield. Knowledge in respect of 
nature and magnitude of association with different component characters is a pre-
requisite to bring the improvement in desired direction. 

MATERIALS AND METHODS 
The present research was carried out at the research farm of Central Institute of 

Temperate Horticulture, Srinagar, for two consecutive years i.e. 2010 to 2011. 
Geographic position of the experimental site lies between latitude of 3405 N and 
longitude of 7405 E at an altitude of 1640 m above the sea level under temperate 
region. Soil of experimental field was sandy loam with slightly acidic pH (6.81). 
Twenty genotypes (BG 111, BG 110, BG 109, BG 108, BG 107, BG 106, CG 119, 
CG 118, CG 117, CG 116, CG 115, CG 114, CG 113, CG 112, AG 121, AG 120, AG 
105, AG 101, AG 103 & AG 102) were taken for the study. Garlic cloves 
transplanted in main field during rabi season during both the years.  Each accession 
was planted in 10 row of two meter length with a spacing of 20 x 10 cm. The 
experiment was conducted under randomized block design replicated three times 
Recommended cultural and plant protection measures were followed to raise a 
healthy crop and good expression of the characters. Observations were recorded on 
randomly selected plants from each plot for nine characters namely, plant height 
(cm), number of leaves per plant,  polar diameter (cm), equatorial  diameter (cm), 
average bulb weight (g), average weight of 50 cloves (g), number of cloves per bulb, 
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pseudo stem length (cm) and marketable yield (t ha -1  ). Pooled data of two years 
were subjected to statistical analysis on agro-morphological quality traits using XL 
STAT-2011 and SAS 9.2 software SAS Institute (2011). 

RESULTS AND DISCUSSION 
The major causes underlying association are either due to pleiotropic gene 

action or linkage or both. The phenotypic correlation includes genotypic and 
environmental effects, which provides information between the observable 
characters. Phenotypic correlations provides information about the association 
between two characters, whereas genotypic correlation provides a measure of genetic 
association between the characters and normally used in selection, while as a genetic 
and environmental architecture of a genotype plays a great role in achieving the 
higher yield coupled with better quality. The genotypic and phenotypic correlation 
for bulb yield and its components in garlic are presented in table1. Findings clearly 
indicated that genotypic correlations were of higher magnitude than the 
corresponding phenotypic ones, thereby establishing strong inherent relationship 
among the characters studied. Low phenotypic value might be due to appreciable 
interaction of genotypes with environments. The present findings are in conformity 
with Tsega et al., 2010 and Dubey et al., 2010. Total bulb yield showed positive and 
significant genotypic and phenotypic associations with plant height, number of leaves 
per plant, pseudo-stem length, bulb weight and number of cloves per bulb, indicating 
that selection based on these traits will help in increasing the yield. This may be due 
to improvement in plant height, leaf number and stem length as they have 
physiological capacity to mobilize and translocate photosynthates to organ of 
economic value which in turn might have increased the bulb yield as observed in this 
study. Dubey et al., 2010 and Tsega et al., 2010 reported similar findings in garlic.  

Correlation among yield and yield components and other quantitative traits 
helps in understanding the interdependence of the traits. Plant height showed a 
positive and significant relationship with number of leaves per plant, pseudo-stem 
length, number of cloves per bulb and average weight of 50 cloves that might have 
partially contributed to the total yield (t ha-1 t/ha). Number of leaves per plant indicated 
positive and significant genotypic and phenotypic correlation with bulb weight, 
average weight of 50 cloves and total yield. This may be due to increase in 
photosynthate assimilates with increasing the leaf number which has increased the 
bulb weight, 50 cloves weight and total yield. Pseudo-stem length also showed a 
significant and positive phenotypic and genotypic correlation with bulb weight, 
number of cloves per bulb, average 50 clove weight and ultimately with total yield. 
Polar bulb diameter and equatorial bulb diameter showed a positive correlation with 
all the traits related to yield which could be the factor for selection to improve the 
yield. Bulb weight, have significant and positive genotypic  and phenotypic 
correlation with number of cloves per bulb and average weight of 50 cloves  and 
significant correlation with yield and these characters  may be used as traits for 
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selection to improve  the yield of garlic. The findings are in conformity with the 
findings of Figliuolo et al., 2001 and Shri Dhar, 2002. 

Path coefficient analysis is an important tool for partitioning the correlation 
coefficients into direct and indirect effects of independent variables on a dependant 
variable with the inclusion of more variables in correlation study when their indirect 
association becomes more complex. Two characters may show the correlation just 
because they are correlated with common third one. In such circumstances path 
coefficient analysis provides an effective means of a critical examination of specific 
force action to produce a given correlation and measure the relative importance of 
each factor. In this analysis bulb yield was taken as dependant variable and rest 
characters were considered as independent variable. The path coefficient analysis 
splits the total correlation coefficient of different traits into direct and indirect effect 
on total bulb yield in such a manner that the sum of direct and indirect effects is equal 
to total genotypic correlation.   

The results shown in table 2, revealed that bulb weight showed the highest 
positive direct effect (23.780) on total bulb yield followed by equatorial bulb 
diameter (1.343) whereas plant height (-0.423), number of leaves/plant (-0.752), 
pseudo stem length (-0.145), polar bulb diameter (-4.895), number of cloves/bulb (-
1.956) and average 50 cloves weight (-18.806) showed direct negative effect on total 
bulb yield ( t ha-1) whereas total sum of direct and indirect effects of plant height 
(0.778), number of leaves per plant (0.113), pseudo stem length (0.156), polar bulb 
diameter (0.893), equatorial bulb diameter (0.845) and average weight of 50 cloves 
(0.943) showed positive effect on total yield (t ha-1). Plant height showed positive 
indirect effect on total bulb yield via number of leaves per plant (0.059), pseudo stem 
length (0.035), polar bulb diameter (3.926), equatorial bulb diameter (0.999), bulb 
weight (18.309), number of cloves per bulb (0.652) and average weight of 50 cloves 
(13.443). Number of leaves per plant showed positive indirect effect on total bulb 
yield via plant height (0.033), pseudo stem length (0.018), polar bulb diameter 
(1.333), equatorial bulb diameter (0.149), bulb weight (4.760), number of cloves/bulb 
(0.871) and average weight of 50 cloves (1.824). Pseudo stem length exhibited 
positive indirect effect on total bulb yield through plant height (0.102), number of 
leaves per plant (0.994), polar bulb diameter (0.675), equatorial bulb diameter 
(0.121), bulb weight (4.194), number of cloves per bulb (0.203) and average weight 
of 50 cloves (3.128). Equatorial bulb diameter reflected positive indirect effect 
through plant height (0.315), number of leaves per plant (0.084), pseudo stem length 
(0.013), polar bulb diameter (4.312), bulb weight (20.256), number of cloves per bulb 
(0.409) and average 50 cloves weight (15.621). Bulb weight demonstrated indirect 
effect on total bulb yield through plant height (0.326), number of leaves per plant 
(0.151), pseudo stem length (0.026), polar bulb diameter (4.743), Equatorial bulb 
diameter (1.144), number of cloves per bulb (0.197) and average weight of 50 cloves 
(18.526). Number of cloves per bulb showed indirect effect on total bulb yield via 
plant height (0.141), number of leaves per plant (0.333), pseudo stem length (0.015), 
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polar bulb diameter (1.332), equatorial bulb diameter (0.281), bulb weight (2.395) 
and average weight of 50 cloves (0.056). Average weight of 50 cloves reflected 
positive indirect effect on total bulb yield through equatorial bulb diameter (1.116), 
bulb weight (23.426) and number of cloves per bulb (0.121) whereas negative 
indirect effect via plant height   (-0.302), number of leaves per plant (-0.073), pseudo 
stem length (-0.024) and polar bulb diameter  (-4.513).  

Path analysis revealed high direct contribution of bulb weight (23.780) and 
equatorial bulb diameter (1.434) on total bulb yield. Dubey et al., 2010 and Ghodhani 
and Singh (2000) also reported similar results in their findings. However, indirect 
positive contribution of plant height, number of leaves per plant, number of cloves 
per bulb were appreciable for the yield. The findings get support with findings of 
Singh et al., 2011. 

The effect of residual factor (0.473) on total bulb yield was normal thereby 
suggest that some minor yield components are left out in programme. In present 
investigation bulb weight showed high positive and direct effect and had significant 
positive correlation with total bulb yield. Therefore, bulb with higher weight should 
be considered in selection criteria for increasing the total bulb yield and emphasis 
should be given for selecting the genotypes with higher bulb weight. Overall path 
analysis suggests that direct effect of bulb weight and equatorial bulb diameter 
whereas indirect effect of plant height, number of leaves/plant, pseudo stem length, 
polar bulb diameter, equatorial bulb diameter, number of cloves/bulb and average 
weight of 50 cloves should be considered simultaneously for amenability of total 
bulb yield. 

The unexplained variation in genotypic path co-efficient was 0.473. It 
predicted that 0.527 percent variation at genotypic level has been determined and 
further indicated that some more factors not considered in this study contributed for 
total bulb yield. Therefore, some more traits need to be considered while selecting the 
genotypes for higher yield under temperate region.   
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Table 1: Estimation of correlation coefficient at the phenotypic and genotypic levels for various yield & yield 
attributing traits 

Characters 
 

Plant 
height( 

cm) 

No. of 
leaves/plant 

Pseudo 
stem 

length 
(cm) 

Polar  bulb
diameter 

(cm) 

Equatorial 
bulb 

diameter 
(cm) 

Bulb wt. 
(g) 

No. of 
cloves/bulb

Av. wt. of
50 cloves 

(g) 

Genotypic 
correlation with 

total yield 
(t ha-1) 

Plant height  
(cm) 

G1.000 
P 1.000 

0.079** 
0.078** 

0.241** 
0.241** 

0.802 
0.792 

0.743 
0.724 

0.769 
0.748 

0.333** 
0.331** 

0.714** 
0.713** 

0.778* 
0.777* 

No. of 
leaves/plant 

 G1.000 
P 1.000 

-0.125** 
-0.124** 

0.272 
0.268 

0.111 
0.109 

0.200** 
0.186** 

0.445 
0.441 

0.097** 
0.096** 

0.113** 
0.112** 

Pseudo stem 
length (cm) 

  G1.000 
P 1.000 

0.138 
0.136 

0.090 
0.088 

0.176** 
0.175** 

0.104** 
0.109** 

0.166** 
0.165** 

0.156** 
0.155** 

Polar  bulb 
diameter  (cm) 

 
 

  G1.000 
P 1.000 

0.881 
0.856 

0.969 
0.935 

0.272** 
0.273** 

0.922 
0.910 

0.893 
0.882 

Equatorial bulb 
diameter (cm) 

    G 1.000 
P 1.000 

0.852 
0.807 

0.209 
0.204 

0.831 
0.811 

0.845 
0.824 

Bulb wt.(g)      G1.000 
P 1.000 

0.101** 
0.103** 

0.985** 
0.959** 

0.957** 
0.931** 

No. of 
cloves/bulb 

      G1.000 
P 1.000 

-0.062** 
-0.060** 

0.056** 
0.056** 

Av. wt. of  
50 cloves (g) 

       G1.000 
P 1.000 

0.943 
0.943 

*. Correlation is significant at the 0.05 level 
**.Correlation is significant at the 0.01 level 



Table-2: Direct (Bold) and Indirect effects of different yield and yield attributes in garlic 

Characters 
Plant 
height     
(cm) 

No. of 
leaves/p

lant 

Pseudo 
stem 

length (cm)

Polar  bulb
diameter 

(cm) 

Equatorial 
bulb diameter 

(cm) 

Bulb wt. 
(g) 

No. of 
cloves/bu

lb 

Av. wt. of
50 cloves 

(g) 

Genotypic 
correlation 

with total yield
(t ha-1) 

Plant height (cm) -0.423 0.059 0.035 3.926 0.999 18.309 0.652 13.433 0.778* 
No. of leaves/plant 0.033 -0.752 0.018 1.333 0.149 4.760 0.871 1.824 0.113** 
Pseudo stem length (cm) 0.102 0.094 -0.145 0.675 0.121 4.194 0.203 3.128 0.156** 
Polar  bulb 
diameter (cm) 

0.339 0.205 0.020 -4.895 1.183 23.042 0.532 17.340 0.893 

Equatorial bulb diameter 
(cm) 

0.315 0.084 0.013 4.312 1.343 20.256 0.409 15.621 0.845 

Bulb wt.(g) 0.326 0.151 0.026 4.743 1.144 23.780 0.197 18.526 0.957** 
No. of cloves/bulb 0.141 0.333 0.015 1.332 0.281 2.395 -1.956 0.056 0.056** 
Av. wt. of  
50 cloves (g) 

-0.302 -0.073 -0.024 -4.513 1.116 23.426 0.121 -18.806 0.943 

Residual effect = 0.473 
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ABSTRACT 

Agriculture in Bangladesh is at a stage where there is a need for 
research priority setting. Given the physical, financial and human 
resource base, there is a need for proper allocation of these resources 
for higher and sustainable growth in production and productivity. On the 
other hand, resource allocation is needed to be distributed based on the 
commodity and regional importance. The study generates indices of 
research priorities for the crop sector of Bangladesh in terms of 
commodities and regions keeping in view the national developmental 
goals. Growth rates were calculated and compared share of different 
sectors, commodities were used to determine the priorities which is 
basically initial base of the congruence analysis method. Literature 
survey was carried out to understand the priorities at different point of 
times given the grand realities based on the secondary data. Division 
wise share analysis was done to determine the regional priority. The 
study concludes and emphasizes the need for (a) the increased 
allocation in agricultural research (b) strengthening of rice research 
activities (c) proportional allocation of research budget for pulses, 
oilseeds, cash crops, fruits and vegetables, (d) reduction of improper 
trade balance in export-import, and (e) regional importance for research 
resource allocation. 
Key words: Trend in crops, research priorities, resource allocation, 
Bangladesh 

INTRODUCTION 
Bangladesh is agriculture based country having a population of about 142 

million (BBS, 2010). About 84% of the total population live in the rural areas and are 
directly or indirectly engaged in a wide range of agricultural production. Agriculture 
is the single largest producing sector of economy since it comprises about 20.6% of 
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the country's GDP and employing around 48.1% of the total labour force during the 
year 2010 ( Table 1). Rice, jute, sugarcane, potato, pulses, wheat, tea and tobacco are 
the principal crops. The crop sub-sector dominates the agriculture sector contributing 
about 56% of total agricultural GDP. Fisheries, livestock and forestry sub-sectors are 
22%, 13% and 9% respectively. Bangladesh is the largest producer of world's best 
jute. Rice being the staple food, its production is of major importance. Rice 
production was found to increase from 23.1 million tonnes in 1999-00 to 27.6 million 
tonnes in 2008-09 fiscal year. Crop diversification program, credit, extension and 
research, and input distribution policies like National  

Table 1: Sectoral contribution of Bangladesh Economy for the year 2010.  

Sector GDP share (%) Employment (%) 

Agriculture 20.6 48.1 

Industry 29.7 14.6 

Services 49.7 37.3 

Source: BBS, 2010 

Agriculture Policy, National Food Policy, Agricultural Policy Brief, 
Agricultural Sector Review, Millennium Development Goal pursued by the 
government is yielding positive results. The country is now on the threshold of 
attaining self-sufficiency in food grain production.   

In recent years, priority setting has established itself as an important tool in the 
management of limited research resources. It aims to improve strategic planning and 
accomplish efficient allocation of scarce research resources to improve research 
efficiency within the framework of national policy goals (Contant, 2001). Priority 
setting helps (i) review existing resource allocation, (ii) update research agenda, (iii) 
make resource allocations more transparent and unambiguous, and (iv) strengthen 
credibility of the institution in soliciting support for research. 

National Agricultural Research System (NARS) is the collegial body 
responsible for the entire range of agricultural research in Bangladesh. It is composed 
of Bangladesh Agricultural Research Council (BARC) and ten national agricultural 
research institutes. The BARC, being the apex organization of the NARS, is 
responsible for strengthening the national agricultural research capability through 
research priority setting, planning and coordination of research, resource allocation, 
human resource development, monitoring and evaluation (M&E) and impact 
assessment (IA). In pursuit of its mandate, BARC formulates strategic plans and 
conducts regular sectoral studies, coordinates the formulation of master plans by the 
Agricultural Research Institutes, and provides policy advices and recommendations 
related to agricultural Research & Development (R&D).  



RESEARCH PRIORITIES IN BANGLADESH: ANALYSIS OF CROP PRODUCTION 55 

 55

There are two major approaches in priority setting procedures: top-down and 
bottom-up. Officials dominate the top-down approach and experts oriented towards 
achieving government goals and based on technical information provided by the 
research leaders and scientists. In some cases, ‘top down’ approach is followed in 
research priority setting with little or no consultation at farm level and without 
determining existing constraints. So, there remains a big gap between what is known 
and what can be done, and what is actually practiced by farmers. In case of the 
bottom-up approach basically farmers together with scientists is involved in the 
priority setting of problems and solutions. Farmers' needs, knowledge and priorities 
are solicited to formulate research agenda and identify research priorities. Priority 
setting approaches are found to be varied in different Consultative Group for 
International Agricultural Research (CGIAR) Centres. Generally, combining bottom-
up demand driven approaches with top-down supply driven approaches are 
recommended for priority setting in agricultural research. 

Recently, Bangladesh Agricultural Research Council (BARC) has done a 
priority setting study by using a hybrid approach. Several group meetings were held 
to review the research priorities on sub-sector wise at ARI and University level. All 
Extension agencies e.g., Department of Agricultural Extension (DAE), Department of 
Fisheries (DoF), and Directorate of Livestock Services (DLS) and also Hortex 
Foundation were requested to provide information on identified field level problems. 
Four regional workshops provided valuable inputs on regional issues where all 
stakeholders including research, extension, educational institutes, private 
organizations, non-government organizations and representatives from farmers were 
participated. All these were taken into account in setting research priorities. Synthesis 
and finalization was done at a national workshop (Hussain and Iqbal, 2011). 

The objectives of the present study is to see the production trends of different 
crops and estimate their share in Bangladesh which would serve as a  platform to 
NARS decision makers for setting priorities in efficient way.  

METHODOLOGY 
The study was carried out as post-doctoral research programme at the National 

Academy of Agricultural Research Management (NAARM), the constituent 
institution of Indian Council of Agricultural Research (ICAR) located at Hyderabad, 
India during the period from July 2011 to January 2012. The choice of method 
depends on the objectives of research, level of priority assessment (national, 
institutional or programme) and its simplicity in application, data requirement and 
capacity to allow participation of stakeholders in priority assessment exercise.  

The selection of the model is also guided by the level of priority setting (macro 
or micro), availability of data, analytical skills and resources. It is reported that 
different international agricultural research organizations adopt different methods in 
setting priorities in agriculture. The commonly used methods are congruence method, 
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checklist method, economic surplus model/benefit-cost analysis method, 
mathematical programming model, econometric model etc. Out of different methods, 
this study followed congruence method. Due to lack of data on sufficient variables 
like equity, sustainability, poverty etc only initial baseline (IBL) was worked out. 

Growth rates were calculated by following the formula, = (logest (series)-
1)*100 in MS Excel and compared share of different sectors, commodities were used 
to determine the priorities which is basically initial base of the congruence analysis 
method. Literature survey was carried to understand the priorities at different point of 
times given the grand realities based on the secondary data. Division wise share 
analysis was done to determine the regional priority 

Many types of data and other information are used for the priority setting 
study. These include policy papers, published data on agricultural statistics (national 
and global) comprising growth rate of area, production and yield of different crops, 
land use pattern, gross domestic product, exports and imports, price of the 
commodities and information taken from agricultural economists.  

RESULTS AND DISCUSSION 
Commodity Perspective 

Out of total geographical land in Bangladesh (14.8 million hectares) area under 
forest accounts 17.5% of the total land area (Table 2). As per the international 
standards the area under forest should be about a third of the total land area 
(Krishiworld, 2011). Some of the areas in Bangladesh which are not available for 
cultivation (about 24.2%) may be brought under forest through afforestation to 
balance ecosystem.  Net area sown covers about 53.5% of the total land area which is 
about 46% in India and 21% in Pakistan. Due to limited scope for increasing the net 
area sown, the areas sown more than once may be increased by using the short 
duration high yielding varieties with suitable cropping patterns. This will lead to 
more intensive cropping system with higher production status of Bangladesh 
agriculture.  The availability of land per head in Bangladesh comes to only 0.11 
hectare as compared with the availability of 59 hectares in Australia, 45.07 hectares 
in Canada, 4.48 hectares in the USA, 2.33 hectares in Burma, 1.21 hectares in 
Pakistan, 0.58 hectare in India, 0.43 hectare in the UK and 0.35 hectare in Japan 
(Krishiworld, 2011). This again emphasizes that with the low per capita availability 
of land, Bangladesh need to do well in agriculture sector to feed its ever-growing 
population.  For this there is an urgent need to increase the cropping intensity and 
productivity thereby increasing the production.   

Major problem in agriculture is the shrinking agricultural cropland due to 
increased demand for housing, industrialization and infrastructure development.  
Therefore, the area under all the crops and fruits and vegetables are shrinking, it is 
evident in table (3 and 4).  The area under cereal crops is found in decreasing trend (-
0.10%) but the production (4.39%) and productivity (5.55%) are in increasing trend. 



RESEARCH PRIORITIES IN BANGLADESH: ANALYSIS OF CROP PRODUCTION 57 

 57

This shows that there is a vertical improvement in the cereal production where the 
yield component played a crucial role in increasing the crop production, which is 
again an utmost important factor for the nation to feed its people.   

Table 2: Land Use Patterns of Bangladesh (2008-09) 

??? % of total area 
Area under Forest 17.5 
Cultivated Area 56.7 
Not available for Cultivation 24.2 
Culturable Waste 1.6 
Current Fallow 3.2 
Single Cropped Area 18.5 
Double Cropped Area 26.4 
Triple Cropped Area 8.6 
Net Area Sown 53.5 
Total area 100.00 

Source: BBS, 2010 

Among the cereals, rice followed the same trend (Table 3). In Bangladesh, rice 
is grown throughout the year on high to deeply flooded low land in three seasons, 
namely, aus season (March-July), aman season (July-December), and boro season 
(January-June) with overlapping or short turnover periods (Dey and Norton, 1992). 
Among the different growing seasons, the area and production of aus and aman are 
found decreasing in growth rate while a very slightly positive change is observed in 
case of boro rice during the period from 1999-00 to 2008-09. The decrease in area 
and production of aus and aman rice could be attributed to the low productivity of 
these rice due to unfavourable and unpredictable climate, and to lack of suitable 
varieties for upland and deepwater rice ecosystems.  Thus, with the development of 
irrigation facilities, farmers are loosing interest in growing low yielding aus rice and 
relatively shallow flooded deepwater aman rice releasing this extra land for more 
productive boro rice. The production of boro rice is increasing mainly due to the 
expansion of irrigation facilities and increase in area along with the use of high 
yielding varieties. All the above problems are likely to threaten the sustainability of 
rice production in Bangladesh unless alternative ways are found to overcome the 
current problems facing rice in the country. However, the total rice production has an 
incremental growth rate (1.35%) and that’s why rice is now in surplus in production. 
This increase in rice production has been possible owing largely to the adoption of 
modern rice varieties on around 73% of the cultivated rice land which contributes to 
about 85% of the country's total rice production.  The area and production of wheat 
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have again a negative growth rate along with its productivity (Table 4). It is reported 
that many wheat farmers are now shifting to boro rice because of stable and higher 
yield, high return and for food security (Hussain and Iqbal, 2011). As a result wheat 
cultivation is reducing gradually. On the other hand, area and production of maize 
with its productivity are found rapid growing due to its utility as feed to poultry, fish 
and animals as well as consumption to some extent by people mixing with wheat 
flour  in Bangladesh. Its green parts are also used as fodder for cattle and dried parts 
as fuel which is becoming a scarce commodity in Bangladesh. Efforts may be taken 
to expand its cultivation in southern belt; greater Sylhet region etc. where lands 
remain fallow after harvest of aman rice. 

Table 3: Annual Growth Rate (%) of area and production of rice (1999-00 
to 2008-09) 

Aus Aman Boro Total  

Area Prod. Area Prod. Area Prod. Area Prod. 

Local -10.84 -9.72 -6.38 -7.89 -6.15 -5.60 -7.23 -8.36 

HYV 3.55 4.52 2.92 2.98 1.10 3.36 2.06 3.30 

Total -4.29 -1.29 -0.19 -0.38 0.77 3.14 -0.77 1.35 

Table 4: Annual growth rate (%) of area, production and productivity of some 
major cereal and cash crops (1999-00 to 2008-09) 

Crop Area Production Productivity 
 
Cereals -0.10 4.39 5.55 
Rice  -0.77 1.35 2.15 
Wheat -9.20 -10.70 -1.60 
Maize 29.38 81.90 40.60 
 
Cash crops -1.70 -1.57 0.10 
Sugarcane -3.38 -3.49 -0.11 
Jute -0.50 1.00 1.51 
Cotton  -22.24 -12.42 12.64 
Tobacco -0.45 1.46 1.92 
Tea 1.16 2.35 1.18 
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Pulses -9.17 -8.01 1.27 
Gram -7.12 -5.99 1.21 
Lentil -8.54 -6.25 2.50 
Mung -11.3 -8.45 3.23 
 
Oilseeds -4.83 5.76 8.24 
Rape & Mustard -5.19 -2.28 3.07 
Groundnut 0.13 1.43 1.29 
 
Fruits -3.88 13.55 18.15 
Mango -7.83 22.00 32.37 
Banana 3.60 5.88 2.19 
Jackfruit -14.75 21.01 4.17 
Pineapple 1.97 6.23 18.67 
 
Vegetables -3.56 2.14 5.91 
Brinjal (Rabi) -5.33 -3.10 2.25 
Cabbage 4.60 8.30 3.53 
Cauliflower 5.23 9.43 3.98 
Tomato 3.86 5.21 1.30 
Potato 6.49 9.57 2.89 
 
Spices 0.73 18.11 17.31 
Onion 19.50 30.15 8.91 
Garlic 14.04 21.01 6.11 
Chilli -7.09 -1.44 6.08 

There is a negative or slow growth rate in respect of area and production of 
cash crops (Table 4). The area and production of sugarcane is declining because it is 
an annual crop and can not compete with other crops. Although production 
technologies are available but farmers do not follow them properly as a result their 
yields are low and uneconomic as compared to other competitive crops. From the 
statistics of the last ten years, it is observed that the area under jute is continuously 
declining but the production and productivity has slowly increasing trend. It may be 
mentioned here that many jute mills have been closed by the government due to 
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continuous loss and huge debts. On the other hand, due to the introduction of 
polypropylene, the people are using polypropylene instead of jute products. For these 
reasons, the demand of jute has been reduced. Instead, instability of the international 
market price, the farmers are shifting their jute lands to other profitable crops. The 
increased production and productivity might be mainly due to use of high yielding 
varieties with proper management. The area and production of cotton are also found 
declining very rapidly although its productivity is in incremental trend. The main 
reasons of reduction in area might be due to the long duration of the crop which can 
not be fixed in the existing cropping pattern and price fluctuation of cotton on the 
international market in the recent years. Besides this, the government policy laid 
more importance on food grain production, crop diversification and forest tree 
plantation in the cultivable land have reduced the land for cotton cultivation. 
However, the increased productivity of cotton might be due to modern agro-
techniques (eg. improved varieties, fertilizer and pest management, irrigation etc.). 
Tea is an important cash crop in Bangladesh. It is one the largest agro-based 
industries in the country.  Roughly two thirds of the tea production is consumed at 
home, while the rest one third is exported from which Bangladesh earns a substantial 
amount of foreign exchange.  The area, production and productivity of tea are found 
increasing with slow rate.  It is realized that the areas like mutation, polyploidy, 
tissue culture and genetic engineering are needed to be addressed to increase the 
productivity of tea in Bangladesh. 

The area and production under pulse crops are found declining very fast (-
9.17% and -8.01% respectively) although their productivity have slow incremental 
growth rate (1.27%) (Table 4). The decreasing trend of area of pulses are mainly due 
to (i) expansion of irrigation facilities and more profitable crops are available in place 
of pulses in the cropping pattern, (ii) high infestation of diseases and pests compared 
to other crops, (iii) instability of yield due to micro-climatic fluctuations, (iv) 
negative response to pulses to high inputs etc. The incremental growth of 
productivity might be attributed to slow growth rate of production compared to area 
as well as the use of high yielding varieties with proper management. 

The area under oilseeds is found decreasing but the production and productivity 
are in increasing trend due to use of high yielding varieties (Table 4). Although about 
seven oilseed crops are grown in the country but mustard alone occupies about 70% 
of the oilseed land followed by sesame, groundnut, linseed, soybean, sunflower and 
niger. Though these crops are grown in a small area of land are contributing much to 
increase the productivity. Groundnut and soybean are not currently being used for oil 
extraction. It is assumed that irrigated rice production during the rabi season 
displaced oilseed, pulse and spice crops that led to serious shortage of these 
commodities and dependence on imports.  

Fruits are in general rich in vitamins and minerals, and are essential items of a 
balanced diet. A daily consumption of 85 g of fruits is recommended for a person 
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(Bhuyan and Hossain, 2009). But the availability per head per day of locally 
produced fruits in 2008-09, was only 25g (BBS, 2010). The area under fruits is found 
decreasing but its production and productivity are in increasing trend (Table 4). 
Development of improved varieties and management are the gateway of this 
achievement. However, there is more scope to increase the production and 
productivity of fruits through year round production, improvisation of underutilized 
fruits, supply of quality planting material, reducing post-harvest losses etc. 

The growth rate of area under vegetables is also found decreasing but the 
production and productivity are in increasing trend (Table 4). It is observed that the 
production of this crop is 3.15 million tonnes in 2008-09 which is less compared to 
the requirement (15.58 million tonnes). The present consumption is only 
44g/day/head against 220 g of Recommended Dietary Allowance (RDA). Though the 
area and production of brinjal (rabi) are found decreasing, its productivity is in 
increasing trend. This might be due to popularization of Integrated Pest Management 
(IPM) technology in controlling the most important insect like brinjal shoot and fruit 
borer. Cabbage, cauliflower, tomato and potato are found to have slow incremental 
growth rate in respect of area, production and productivity.  

Production and productivity of spice crops have a remarkable incremental 
growth rate which might be due to use of modern varieties and improved agro-
techniques with high return (Table 4). Bangladesh is producing about 1.2 million 
tonnes of spices against annual demand of about 2.6 million tonnes (Hussain and 
Iqbal, 2011). Among the major spice crops, the area and production of onion and 
garlic are found to be increasing at different levels in the recent years but decreasing 
trend was noticed for chilli. So, major research thrust needs to be given in the areas 
of development of high yielding varieties and hybrids, cultivation in the homestead, 
hills, southern belts along with improved management practices. The crops with yield 
growth rate are summarized in Table 5. 

It is observed from table 5 that cereal crop production does not cope with its 
requirement due to increased population. The population growth rate of Bangladesh 
is recorded about 1.38% compared to 1.34% in India, 0.86% in USA, 0.56% in 
Thailand, 0.70% in UK and 0.51% in China (World Bank, 2009). It is fact that, rice is 
staple food grain crop of Bangladeshi people followed by wheat.  The cereal crop 
production was found deficit up to 1998-99 while it was found surplus in production 
during 2008-09 and the projected year 2020. This growth in production has been 
achieved through expansion of irrigation facilities, spread of modern varieties and 
increase in cropping intensity (Talukder, 2005). This trend of vertical growth is 
needed to be sustained in future to meet the food requirement and for self-sufficiency 
in food grain. Pulses, oilseeds and vegetables are found deficit in production as per 
requirement during 1978-79 to 2008-09 and also in the projected year 2020.  Lack of 
high yielding and short duration varieties, inadequate irrigation, cultivation of 
inferior lands, improper fertilizer use, slow transfer of pest and diseases, slow transfer 
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of technology etc. are major constraints of the production of pulses and oilseeds in 
Bangladesh. Though the production of vegetables is in increasing trend, its daily 
consumption is less than the requirement. So, in addition to increase the production 
of vegetables, initiatives to be taken to increase its consumption.  Overall, emphasis 
may be given to grow more pulses, oilseeds and vegetables. Since pulses, oilseeds 
and vegetables are considered as the major sources of proteins, fats, vitamins and 
minerals; the production of these crops is needed to be increased with priority basis. 

Table 5: Crops with productivity growth rate during 1999-00 to 2008-09 

Productivity growth rate Crops 

High productivity growth rate (> 5%) Maize, Mango, Pineapple, Cotton, Onion, 
Garlic, Chilli 

Slow productivity growth rate (0-5%) Jackfruit, Cauliflower, Cabbage, Mung, Rape 
& Mustard, Potato, Lentil, Brinjal (Rabi), 
Banana, Rice, Tobacco, Jute, Tomato, 
Groundnut, Chickpea, Tea 

Negative productivity growth rate  Wheat, Sugarcane 

Table 6: Cereals, Pulses, Oilseeds and Vegetables requirement with Production 
Figures in Bangladesh  

Year Population estimates 
(millions) 

Requirement (t in 
'000) 

Production 
(000’t) 

Surplus/Deficit  
(000’t) 

Cereals 
1978-79 71.0 11715 11612 -103 
1988-89 106.3 17541 14558 -2983 
1998-99 124.3 20518 19361 -1157 
2008-09 142.3 23482 30813 7331 
2020* 185.0 30527 37314 6787 

Pulses 
1978-79 71.0 1164 218 -946 
1988-89 106.3 1743 495 -1248 
1998-99 124.3 2039 499 -1540 
2008-09 142.3 2334 195 -2139 
2020* 185.0 3034 593 -2441 

Oilseeds 
1978-79 71.0 2563 264 -2299 
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1988-89 106.3 3837 426 -3411 
1998-99 124.3 4489 475 -4014 
2008-09 142.3 5137 661 -4476 
2020* 185.0 6679 1225 -5454 

Vegetables 
1978-79 71.0 5183 752 -4431 
1988-89 106.3 7760 980 -6780 
1998-99 124.3 9077 1526 -7551 
2008-09 142.3 10389 3150 -7239 
2020* 185.0 13506 3976 -9530 

* Projected           Source: BBS (2007, 2010) 
Note:     Cereals requirement is estimated based on major cereals (165 kg/year/person) 

Pulses requirement is estimated based on 16.4 kg/year/person 
Oilseeds requirement is estimated based on 36.1 kg/year/person 
Vegetables requirement is estimated based on 73 kg/year/person 

Regional Perspective 
When comparing the cereal crop production with its requirement in division 

wise during the year 2008-09, it is observed that Chittagong, Barisal and Rangpur are 
deficit in production (Table 7). Pulses and oilseed crop production are found in 
deficit in all the divisions. Vegetable production was found deficit in all divisions 
except Khulna. Divisions deficit with cereals, pulses, oilseeds and vegetables should 
be emphasized more to fulfill the regional requirement with the use of appropriate 
cropping patterns with high yielding varieties and modern agro-techniques. 

The net area sown in Bangladesh is about 7943.7 thousand hectares which 
accounts about 53.8% of the total area (Table 8).  It is fact that there is very limited 
scope to increase the areas under net crop because of a remarkable portion (24.2%) is 
not suitable for cultivation and about 1% of the total land area is declining every year 
due to increased demand for non-agricultural activities like housing, industrialization 
and infra-structure development (Action Aid, 2011).  A large variation is observed in 
respect of net area sown in different divisions (646.15 to 1924.29 thousand hectares). 
Rajshahi, Dhaka, Khulna, Chittagong and Rangpur divisions have been found 
utilizing the lands more than once in a year. This might be due to adopting suitable 
cropping patterns in these divisions. Areas sown more than once have been observed 
the minimum in the Barisal and Sylhet divisions having also the lower cropping 
intensity of 158 and 148% respectively. These might be due to some fallow lands 
having salinity in the Barisal and haor basin in the Sylhet division.  Initiatives are 
needed  to grow more than one crop in a year from a single unit of land using suitable 
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cropping patterns in all the divisions with greater emphasis to the Barisal and Sylhet 
division. Development of short duration high yielding varieties of crops with 
irrigation infra-structure are the gateway for growing crops more than once in a year. 

Table 7: Cereals, Pulses, Oilseeds and Vegetables requirement with Production 
figures in different divisions (2008-09) 

Division Population 
(2008-09) 
(million) 

Requirement**
(000’t) 

Production***
(000’t) 

Surplus/Deficit 
(000’t) 

Cereals 
Dhaka 46.7 7710 7756 46 
Chittagong 28.0 4633 4203 -430 
Rajshahi 18.3 3024 8192 5168 
Khulna 8.1 1344 4364 3020 
Barisal 15.5 2567 2064 -503 
Sylhet 9.8 1618 2206 588 
Rangpur 15.6 2584 2024 -560 
Total 142.0 23480 30809 7329 

Pulses 

Dhaka 46.7 766 59 -707 

Chittagong 28.0 460 17 -443 

Rajshahi 18.3 300 29 -271 

Khulna 8.1 133 59 -74 

Barisal 15.5 255 26 -229 

Sylhet 9.8 160 1 -159 

Rangpur 15.6 256 3 -253 

Total 142.0 2330 194 -2136 

Oilseeds 

Dhaka 46.7 1686 189 -1497 

Chittagong 28.0 1013 131 -882 

Rajshahi 18.3 661 123 -538 
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Khulna 8.1 294 137 -157 

Barisal 15.5 561 51 -510 

Sylhet 9.8 354 13 -341 

Rangpur 15.6 565 15 -550 

Total 142.0 5134 659 -4475 

Vegetables 

Division Population 
(2008-09) 
(million) 

Requirement** 
(000’t) 

Production***
(000’t) 

Surplus/Deficit 
(000’t) 

Dhaka 46.7 3411 889 -2522 

Chittagong 28.0 2049 658 -1391 

Rajshahi 18.3 1338 462 -876 

Khulna 8.1 594 807 213 

Barisal 15.5 1136 89 -1047 

Sylhet 9.8 715 97 -618 

Rangpur 15.6 1143 145 -998 

Total 142.0 9363 3147 -6216 

*    Population (Source : BBS) 
**  Requirement is estimated based on 165, 16.4, 36.1 & 73  kg of  cereals, pulses, oilseeds & 
vegetables per year per capita 
*** Production year 2008-09  t = tonne 
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Table 8: Division-Wise Cropping Intensity & Cropping Pattern (2008-09) 

Division Area (000’ 
ha) 

Share as   
% of       

total area 

Net area 
sown 

(000’ ha) 

Area sown 
more than 

once 

(000’ ha) 

Major Cropping Patterns Cropping   
intensity 

(%) 

Dhaka 3111.9 21 1924.29 2860.32 Boro rice-Fallow-T. Aman rice         
Mustard- Boro rice-T. Aman rice      

184.16 

Chittagong 3377.1 23 1070.85 1546.96 Winter vegetables-Fallow- T. 
Aman rice                                          
Boro rice-Fallow-T. Aman rice         

169.33 

Rajshahi 1819.6 12 1812.55 3105.27 Boro rice-Fallow-T. Aman rice         
Wheat-Mungbean-T. Aman rice       

201.25 

Khulna 2227.4 16 1102.02 1644.53 Boro rice-Fallow-T. Aman rice         
Wheat-Jute/B.Aus rice -T. Aman 
rice  

190.33 

Barisal 1329.7 9 768.42 830.79 Fallow-T. Aus rice-T. Aman rice      
Fallow-Fallow-T. Aman rice             

158.00 

    Sylhet 1259.6 8 646.15 569.23 Fallow-T. Aus rice-T. Aman rice      
Boro rice-Fallow-Fallow                   

148.00 

Rangpur 1631.7 11 619.43 1114.17 Potato- Boro rice-T.Aman rice          
Fallow- Boro rice-T.Aman rice         

199.00 

Bangladesh 14757.0 100 7943.71 11671.27 - 182.00 

Export-Import of Agricultural Crops: 
An adverse trade balance is observed between exports and imports during 2001-02 to 
2008-09 (Table 9). Terms of trade has been found to be in favour of imports causing 
a lot of burden on foreign exchange. It is now high time that production of the 
agricultural crops must be given priority to reduce the improper trade balance. 

Value of products: 
The value of products are estimated as per production and market price of 2008-09 
(Table 10). From the table, it is revealed that rice, jute, potato, chilli, oilseeds, 
sugarcane and wheat contribute about 51.4%, 14.9%, 9.9%, 6.6%, 2.7%, 1.4%  and 
1.4% of total value respectively. So, steps to be taken to increase the production of 
these crops to get maximum return and to reduce the import.  
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Table 9: Year-Wise Export/Import of Agricultural Crops 

Year 
Total exports 
(Million Tk.) 

Total imports 
(Million Tk.) 

Terms of Trade  
(Export/import) 

2001-02 5386 41010 0.13 
2002-03 6437 57091 0.11 
2003-04 7087 18641 0.38 
2004-05 9556 75397 0.13 
2005-06 12977 105729 0.12 
2006-07 14586 58344 0.25 
2007-08 22202 74006 0.30 
2008-09 37281 90929 0.41 

Source: BBS (2010) 
Note: The exportable crops include jute, vegetable and tea 
          The importable crops include oilseeds, pulses, onion, ginger and sugar 

Table 10: Value of Products (2008-09) 

Crops Production  
(000’tonnes) 

Total value 
(Tk. in billion) 

% share of  
total value 

Rice 27591 393.4 51.4 
Wheat 736 10.6 1.4 
Maize 729 6.9 0.9 
Jute 4677 114.6 14.9 
Sugarcane 5232 10.9 1.4 
Potato 5268 76.0 9.9 
Lentil 60 3.6 0.5 
Khesari 75 2.1 0.4 
Onion 154 3.7 0.5 
Garlic 72 1.8 0.3 
Ginger 88 4.0 0.5 
Chilli 735 51.2 6.6 
Oilseeds 
(Mustard) 

601 20.7 2.7 

Others 3284 65.6 8.6 
Total 49309 765.1 100.0 
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Research allocation:  
Share of research allocation to NARS institutes as percentage of Annual 
Development Programme (ADP) is found to be increasing during 2004-05 to 2008-09 
(Table 11). On the other hand, share of research allocation as percentage of Gross 
Domestic Product (GDP) has remained more or less static (0.05 to 0.06%). It is 
reported that the research and development budget as percentage of GDP in USA is 
2.82%, India is 0.80% and Pakistan is 0.67% (World Bank, 2011).  There is now 
evidence that the external support for research and development is declining and at 
the same time developing countries are also providing less support to agricultural R 
&D. Dey and Deb (1990) also reported that government continues to under invest in 
agricultural research and that scope remains for the government to invest more.  

Table 9: Research Allocation to NARS Institutes 

Year GDP at 
constant 

market price     
(Base year: 

1995-96)         
(In Lakh Tk.) 

Research* 
Expenditure      

(In Lakh Tk.) 

ADP 
Expenditure 

(Country 
Allocation)       

(In Lakh Tk.) 

Share of 
Research 

Allocation as  % 
of ADP 

Share of 
Research 

Allocation as  % 
of GDP 

2004-05 37070700 16817.11 187710 9.48 0.05 

2005-06 41615500 23271.00 194730 12.56 0.06 

2006-07 47247700 26057.14 179170 15.28 0.06 

2007-08 54582200 25683.79 184500 14.73 0.05 

2008-09 61479500 29618.18 197000 15.85 0.05 

* Excluding research cost for livestock & fisheries 
Source:   Bangladesh economic Review-2010 and Bangladesh Agricultural Research Council (BARC) 

CONCLUSIONS AND RECOMMENDATIONS 
Based on the analyses of growth rate of area, production and yield of different crops, 
land use pattern, gross domestic product, regional contribution to total production, 
exports and imports, research allocation, price of commodities etc, the following 
conclusions and recommendations are made:  
1. Share of agriculture in GDP is 20.6% and the expenditure of agricultural research 

is only 0.05% of GDP which needs to be increased sharply for sustainable high 
growth in agriculture. 

2. Bangladesh has seen the reduction in the growth rate of area under almost all 
crop groups i.e. cereals, cash crops, pulses, oilseeds, fruits and vegetables. But 
the productivity increase in these crop groups indicates an effective research and 
extension system. Increased investment in research systems will boost the overall 
vertical growth. 
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3. Commodity wise rice is a dominating cereal crop and staple food of Bangladesh. 
Its negative growth in area is a matter of concern. There is also a vast yield gap in 
this crop. Rice research needs to be strengthened. Accordingly, the research fund 
in crop sector should be diverted to rice. However, precise allocation can be 
made based on the human resources involved in rice research in Bangladesh. 

4. The promising growth rates in the yields of oilseed and pulses, and their demand 
for domestic consumption, it is necessitated to allocate high research funds for 
these crops.  

5. Fruits and vegetables are dual purpose crops which have high nutritive value and 
cash earnings. The high productivity of these crops need to be harnessed through 
effective research.  

6. Cash crops and spices give economic impetus to the farmers. The allocations 
need to be increased to sustain the growth of these crops. 

7. Necessary steps to be taken to reduce import and increase export to minimize the 
adverse trade balance. 

8. Dhaka, Chittagong, Barisal and Rangpur divisions are to be emphasized for 
increasing food grain production, and all divisions for pulses, oilseeds and 
vegetable production. 

9. Maximum net area sown is in Dhaka division followed by Rajshahi, Khulna, 
Chittagong, Rangpur, Barisal and Sylhet. Therefore, research and development 
allocation can be done on this basis. 

Overall, it may be concluded that the resource allocation to agricultural research 
needs to be increased to a considerable extent and its distribution to be made based 
on commodity and regional importance. 
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ABSTRACT 

Virus elimination in potato through meristem culture followed by 
thermotherapy and virus indexing was studied. Three levels of 
thermotherapy, viz. 27±1oC (control), 30±1oC and 35±1OC, sixteen 
combinations of BAP (Benzyl Amino Purine) plus GA3 (gibberellic Acid) 
concentrations viz. 0.0+0.0 (control), 0.0+0.2, 0.0+0.4, 0.0+0.6, 1.5+0.0, 
1.5+0.2, 1.5+0.4, 1.5+0.6, 3.0+0.0, 3.0+0.2, 3.0+0.4, 3.0+0.6 , 4.5+0.0, 
4.5+ 0.2, 4.5+0.4 and 4.5+0.6 were used in this study in three potato 
varieties viz. Diamant, Heera and Lalpakri. Among the thermo therapies, 
27±1OC showed the highest (24.55) survival response followed by 
30±1OC, 35±1OC, respectively. The poorest (20.47) survival response of 
meristem derived plantlets was noticed in 35±1OC which gave the 
highest percentage (43.79) of virus free plantlets followed by 30±1OC. 
The best (25.85%) survival response was found in Lalpakri and the 
lowest (19.08%) survivality was recorded in Diamant. The highest 
(33.27) percentage of PVY (Potato Virus Y) free plantlets was observed 
in Heera. The combined treatment 3.0 mg L-1 BAP and 0.2 mg L-1 GA3 
showed the highest (63.39) percentage of virus free plantlet production 
followed by 4.5 mg L-1 BAP and 0.2 mg L-1 GA3. 
Key words: Potato, meristem, ELISA (Enzyme Linked Immuno-Sorbent 
Assay), BAP, GA3.  

INTRODUCTION 
Potato (Solanum tuberosum L.) is the 4th most cultivated food crop after 

wheat, rice and maize and therefore, the most important dicotyledonous and tuber 
crop in the world (Jones et al., 1994). Potato is a good and cheap source of 
carbohydrates, vitamins, minerals and proteins and provides most of the trace 
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elements which can meet the energy requirements of the people living in the 
developing countries. It is cultivated over an area of 345 thousand hectares with an 
annual production of 5167 thousand tones with an average yield of 14.83 t ha-1 (BBS, 
2007). This yield is very low compared to other countries like the Netherlands (45 t 
ha-1), Germany (46 t ha-1), Scandinavian countries (48-52 t ha-1) and neighbouring 
India (21 t ha-1) (Beukema and Vander Zaag, 1990; Rashid et al., 1993). Lack of 
quality seed potato is one of the most important factors for this low yield.  

Most of the farmers in Bangladesh use degenerated seeds obtained from cold 
storage owners, farmers and traders. At present Bangladesh imports only a few 
hundred tones of high quality seed potatoes of some modern varieties, mostly from 
the Netherlands, for further multiplication by BADC (Bangladesh Agricultural 
Development Corporation) and private seed potato producers. On the other hand, 
the local varieties of potato which are tolerant to diseases and environmental 
stresses cover nearly 36% of the total potatoes cultivated in the country (Siddique 
and Hussain, 1988). In tropical and subtropical areas like Bangladesh, it is difficult 
to produce seed tubers of potato due to lack of appropriate storage facilities and 
transport, as well as the presence of active virus diseases vectors (Omidi et al., 2003). 
Plant tissue culture offers an efficient method for production and rapid propagation of 
pathogen-free material and germplasm preservation of plants to overcome this 
unwanted situation. Diseased free good quality seeds and pathogen free planting 
materials are produced through tissue culture.  

Thermotherapy is an important pre-requisite for meristem culture. 
Thermotherapy reduced the incidence of PLRV (Potato Leaf Roll Virus) and PVS 
(Potato Virus S) by 45% and 50%, respectively (El-Amin et at., 1994). More virus-
free plants were obtained when heat treatments were included (Zapata et al., 1995). 
Seed health is the prime consideration for potato production, which can be retained 
by lowering the number of field generations. The conventional method of clonal 
selection is time consuming and requires intensive control over large areas of land 
with low rates of multiplication (Van der Zaag, 1987). Rapid multiplication with a 
reduction to three generations of seed multiplication from 7 in conventional clonal 
selection gave a 25% increased yield and better seed quality in Ecuador (Bryan, 
1989). Based on the above facts, the present work was undertaken to fulfill the 
following objectives- 1) to see the effect of thermotherapy on virus elimination in 
meristem cultured seed potato and 2) to establish a suitable and reproducible in vitro 
regeneration protocol of potato varieties for quality seed potato production. 

MATERIALS AND METHODS 
The investigation was conducted at the USDA sponsored (United States 

Department of Agriculture) Biotechnology Laboatory at Bangladesh Agricultural 
University, Mymensingh during January 2005 to December 2008, as a part of Ph.D. 
research works. There were three factors in this experiment. Factor A consisted of  
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three levels of thermotherapy, viz. 27±1OC (control), 30±1OC and 35±1OC, Factor B  
consisted of  three potato varieties viz. Diamant, Heera and Lalpakri and Factor C 
consisted of sixteen combinations of cytokinin (BAP) plus gibberellin (GA3) 
concentrations viz. 0.0+0.0 (control), 0.0+0.2, 0.0+0.4, 0.0+0.6, 1.5+0.0, 1.5+0.2, 
1.5+0.4, 1.5+0.6, 3.0+0.0, 3.0+0.2, 3.0+0.4, 3.0+0.6 , 4.5+0.0, 4.5+ 0.2, 4.5+0.4 and 
4.5+0.6. So, total number of treatments were 144 (3 × 3 × 16). Four explants were 
placed in a test tube and replicated 3 times. The experiment was done in Completely 
Randomized Design (CRD). In this study MS (Murashige and Skoog, 1962) medium 
was used as basal medium.  

Two sets, each containing plant materials of three potato varieties infected by 
PVY were selected. Each set consisted of 18 plants- affected by PVY, field 
symptoms and serological confirmation followed by ELISA test. After maturity the 
PVY infected potato tubers of three varieties were collected and stored carefully. 
PVY infected potato tubers of three varieties were kept under dark with 1 minute 
deeping in 1 ppm concentration of GA3 for sprouting. For meristem collection 0.2 - 
0.5mm long size meritems were selected. After dissection the excised meristems 
were cultured in MS medium supplemented with the sixteen hormonal combinations. 
Calli derived from excised meristems were treated with three temperature regimes. 

All inoculations and manipulations were carried out aseptically unde laminar 
airflow cabinet. The physical conditions for growth and development of cultures 
were maintained at the temperature of 25 ± 10C and a light intensity of 2000-3000 lux 
provided by fluorescent tube. The photoperiod was maintained at 16 hours light and 8 
hours dark (16L/8D) and the relative humidity was 60-70%.  
Meristem Explants 

Meristem part was taken from leaf buds as top shoot meristems are covered by 
numerous soft bristles and thus difficult to isolate. Under a 50× magnification with 
stereoscopic  microscope, the pedicel, immature leaves and the outer leaf primordia 
surrounding the meristem region were discarded one after another, using sharp 
microsurgical blades and pointed fine needle, until only the meristem region and one 
or two leaf primordia about 0.2 - 0.5 mm remain. At this stage, the manipulation was 
very delicate and care was taken not to damage the meristem region. When the age of 
the meristem derived plantlets were 65 days, they were sub cultured and placed under 
heat treatment. 
Multiplication by nodal cutting 

After 60-65 DAI (Days after inoculation) in vitro grown plantlets derived from 
meristems when attained a height of 4-6 cm were used for multiplication by nodal 
cutting. Each node of a plantlet consisted of 0.2-0.5 cm stem segment with an axillary 
bud and its subtended little leaf was cut aseptically and cultured in MS media. The 
cultures were incubated at the same conditions as was given for culturing meristems. 
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Source of ELISA kits  
Antiserum, antibody conjugated with alkaline phosphatase (IgG conjugate) and 

positive control for PLRV, PVY and PVX (Potato Virus X) were collected through 
the courtesy of Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH 
(DSMZ), C/o. Biologische Bundesanstatt Institut fur Pflanzenvirologie, 
Mikrobiologie und Biologische Sicherheit, Messeweg 11/12, D-38104 
Braunschweig, Germany. 
Virus indexing 

Near about 30-60 plantlets were developed from a single source by 
multiplication of nodal cuttings. Five plantlets of 40 days old from each set and each 
variety was tested by ELISA. This test was carried out for PVY. The sap of the 
plantlets was mechanically extracted in two separate polyethylene bags using a few 
drops of sample buffer.  
ELISA test 

The following materials were used for carrying out the test- i) ELISA 
microtitre plate with plastic lid, Dynatech cooke microtitre co. and ii) ELISA kit for 
PLRV, PVX and PVY of Mannhcim, West Germany which contained the coating 
buffer, washing buffer, extraction buffer, conjugate buffer, substrate buffer and 
substrate {p-nitrophenyl phosphate (NPP) tablets}.    
Observations  

Reaction was observed and red yellow color developed after 30-120 minute 
visually and/or photometrically at 405 nm. Yellow color indicates presence of virus 
(Figure 4) and colorless absence of virus. The microtiter plates were placed inside a 
microtiter plate reader and the presence of virus was compared with positive and 
negative control samples in microtiter plate. Percentage of virus elimination was 
determined. There will be an antibody of respective virus as +ve and –ve control. +ve 
and –ve both will give absorbance result. A sample was considered positive if the 
absorbance was at least three times greater than that of the healthy control plant 
(negative control). Data on survival of meristem derived plantlets (%) and virus free 
plantlets derived from meristem explants (%) were recorded after 25 days of culture 
and arithmetic mean was worked out. The data were analyzed using MSTAT-C 
statistical software. Differences among the means were compared using LSD values.  

RESULTS AND DISCUSSION 
Effect of thermotherapy on virus elimination in potato through meristem culture 

The meristem explants from sprouts of PVY affected potato tubers were 
subjected to thermotherapy of temperature 27±1OC (control), followed by 30±1OC 
and 35±1OC, respectively. The heat treatment was done after excision of meristem. 
Three different temperatures showed significant difference for survival of meristem 
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derived plantlets and production of virus free plantlets derived from meristem of 
potato (Figure 1). It was found that, three different temperature regimes viz. 27±1OC, 
30±1OC and 35±1OC showed positive responses regarding both the parameters 
studied. Among the thermotherapies, 27±1OC showed the highest (24.55) survival 
response followed by 30±1OC. 35±1OC showed the poorest (20.47) survival response 
of meristem derived plantlets. 35±1OC gave the highest  percentage (43.79) of virus 
free plantlets followed by 30±1OC. The treatment, 27±1OC showed the lowest 
percentage (15.17) of virus free plantlets (Figure 1). 

So, it was revealed that more increase in temperature during thermotherapy 
decreases the survival rate of meristem derived plantlets. But thermotherapy was a 
most important treatment with others to eliminate PVY from seed potato tuber 
(Figure. 2).  

 
Figure 1. Effect of three levels thermotherapy on survival and virus elimaination of meristem 
derived potato plantlets. 

 
Figure 2. Responses of meristem derived potato plantlets of three potato varieties to three 
levels of thermotherapy for survival and virus elimaination. 
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The most delicate part of plant is the meristematic zone, naturally which is very 
liable to injury or death by high temperature. That may be the reason of low survival 
rate of plantlets derived from meristems in thermotherapy treatment, where the 
meristems were given heat treatment after excision. Excised meristems was subjected 
to high temperature was not advocated suitable by many workers (Pennazio et al., 
1978). Bjarnason (1986) observed a wide variation on the success of meristem when 
subjected to different temperature regimes both after and before excision of 
meristem. So, from this investigation it was revealed that, up to a critical level higher 
temperature treatment can eliminate more PVY viruses than the lower temperature 
treatment (Figure 3 and 4). Figure 5 showed the micro titer wells where no yellow 
colour was developed, that indicated the absence of PVY.  

A wide variation was found in freeing PVY virus between temperature treated 
and non treated (control) plantlets which ranged from 43.79 to 15.17%. Increased 
number of PVY virus free plantlets were obtained in the temperature treated 
meristem of potato than control. Similar findings were observed by Miller and 
Lipschutz (1984). Bokx (1972) stated that PVX is difficult to eliminate without 
temperature treatment. Pennazio et al. (1979) obtained very few or no virus free 
plants by meristem culture from infected plants without heat treatment. Size of  
meristem (Smith and Mellor, 1968) and size of explant (Zhuk, 1978) have critical 
role in virus elimination, so 0.3 to 0.7 mm long meristem with one or two leaf 
primordia produced  high proportion of virus free plantlets. In the present 
investigation 0.2 to 0.5 mm size of meristem was used. From present study it may be 
concluded that presence of viruses in potato plants depends on heat therapy, nature of  
viruses, potato varieties and size of meristem.   

 
 
 
 

 
 
 
Figure 3. Successive stages of meristem culture in MS media. a) placement of potato 
meristem with 3.0 mg L-1 BAP + 0.2 mg L-1 GA3, b) gradual development of initial calli from 
meristem at 10 DAI, c) initiation of regenerating shoot from calli of meristem at 30DAI of 
Heera with 3.0 mg L-1 BAP + 0.2 mg L-1 GA3, d) regenerating shoot from initiated calli of 
meristem at 50 DAI of Heera   
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Figure 4. Different growth stages of virus free regenerating plantlets. a) regenerating plantlets 
from initiated calli of Diamant derived from meristem with 3.0 mg L-1 BAP + 0.2 mg L-1 GA3 
at 55 DAI, b) subcultured virus free plantlets of Diamant derived from meristem on MS media 
at 15 DAC.  

 
 
 

   
                                            
Figure 5. In ELISA test, no yellow colour development in micro titer wells indicating virus 
freeness of the sample plantlets derived from meristem culture. 

Role of variety on virus elimination from potato through meristem culture 
Statistically significant difference was found among the varieties for percent survival 
of meristem and production of percent virus free plantlets derived from meristem of 
PVY infected potato (Fig. 2). For survival the best (25.85%) response was found in 
Lalpakri, the next being in Heera and proved to be good respondent. The least 
(19.08%) responsive was Diamant among the PVY infected plantlets. Khanom 
(1984) investigated that among the local varieties Lalpakri gave the highest (96.00) 
survival percentage followed by Lalsheel. The least (53.37%) responsive being 
Jhaubilati, which supports the results of the present investigation, where Lalpakri was 
the best responsive in case of PVY elimination. The local varieties showed better 
performance in survival rate of meristem than the exotic cultivers. In the present 
investigation, Heera was found better than Diameant. However, as it appears, the 
higher survival percentage of meristem derived plantlets may not be a varietal 
character rather it depends on many other factors such as size of meristems, method 
of excision of meristem, degree of temperature and precautions followed during 
inoculation.   

Percentage of PVY virus eliminated meristem derived from 90 days old 
plantlets of three potato varieties are shown in Fig. 2. The highest (33.27) percentage 
of PVY virus free plantlets was observed in Heera which was followed by Diamant 
and the least (31.97) was found in Lalpakri plantlets. The role of varieties in 
obtaining plantlets free from viruses was negligible, which ranged from 33.27 to 
31.97% in the present investigation. Irrespective of varieties, size of the meristem 
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was a factor for obtaining virus free plantlets. Bokx (1972) attached similar 
importance to the size of the meristem for virus elimination in potato. 
Combined effects of BAP and GA3 on virus elimination of potato through 
meristem culture   

Combined effects of BAP & GA3 differed significantly in both the parameters 
studied (Table 1). Combination of 3.0 mg L-1 BAP and 0.2 mg L-1 GA3 showed the 
highest (46.11) survival followed by 4.5 mg L-1 BAP + 0.2 mg L-1 GA3 and the 
lowest (6.52) survivality was observed when 1.5 mg L-1 BAP + 0.0 mg L-1 GA3 was 
used. When the medium fortified only with GA3  didn’t show any response. BAP + 
GA3 combination showed a good percentage of virus free plantlet production during 
meristem culture of potato which varied from 63.39 to 32.25%. Combination of 3.0 
mg L-1 BAP and 0.2 mg L-1 GA3 showed the highest (63.39) percentage of virus free 
plantlet production followed by 4.5 mg L-1 BAP + 0.2 mg L-1 GA3 and 1.5 mg L-1 
BAP + 0.2 mg L-1 GA3, respectively and least (32.25) was in 1.5 mg L-1 BAP and 0.0 
mg L-1 GA3. Medium without BAP and GA3 and medium fortified with 0.2, 0.4 and 
0.6 mg L-1 GA3 showed no response (Table 1). It is concluded from these studies that 
BAP was responsible for growth and survival of the meristem explant as well as virus 
free plantlet production. GA3 alone cannot help to survive or promote the growth of 
meristem derived explant.  

Table 1: Percentage of survival and virus elimination of meristem derived plantlets 
in different hormone combinations of potato followed by thermotherapy.  

 BAP + GA3 
combination (mg L-1)  
BAP GA3 

 Survival of meristem 
derived plantlets 

 (%) 

 Virus free plantlets derived 
from meristems 

(%) 
0.0 -  - 
0.2 - - 
0.4 - - 0.0 

0.6 - - 
0.0 6.52 l 32.25 k 
0.2 39.71 c 50.50 c 
0.4 30.93 f 44.00 f 1.5 

0.6 29.13 h 41.54 g 
0.0 14.88 k 33.90 j 
0.2 46.11 a 63.39 a 
0.4 36.69 d 49.02 d 3.0 

0.6 32.34 e 47.08 e 
0.0 24.43 j 34.50 j 
0.2 42.44 b 52.63 b 
0.4 29.87 g 37.48 h 4.5 

0.6 26.84 i 35.88 i 
The figures in a column with same letter(s) do not differ significantly. 
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Combined effects of temperatures and varieties on virus elimination of potato 
through meristem culture  

Interaction of temperatures and potato varieties showed significant differences 
for percentage of survival of meristem derived plantlets and percent virus free 
plantlets at 90 DAI (Table 2). Meristem of Lalpakri when thermotherapy with 
27±1OC showed the highest (28.06) survival of shoot followed by Lalpakri with 
30±1OC, Heera with 27±1OC, Lalpakri with 35±1OC. Whereas, the least (17.52) 
success in survival percentage was attained in Diamant with 35±1OC. Heera showed 
the highest (44.50) virus free plantlet production followed by Diamant, Lalpakri with 
35±1OC and the least (14.46) in Lalpakri with 27±1OC. 

A wide variation on success of obtaining in vitro plantlet through meristem 
culture was observed at different treatments. Irrespective of heat treatment, more or 
less equal size meristem was excised in this investigation. The control (27±1OC) 
temperature showed better results than other temperatures (30±1OC and 35±1OC, 
respectively). This result indicated that temperature has a marked effect on the 
success of meristem culture. The meristems were exposed to high temperature 
directly, might have had adverse effect on metabolic activities of the meristem. Of 
course, meristem size and other factors incorporated here would have effect on 
survival of meristem (Walkey, 1980), but these were assumed common to all 
treatments. Bjarnason (1986) and Bokx (1972) observed varietal differences on in 
vitro growth of meristem which supports the result of the present investigation.  

Table 2: Interaction effects of different temperature treatment and varieties on 
percentage of survival and virus freeness of meristem derived plantlets 
during meristem culture of potato followed by thermotherapy  

Interaction   
 Different temperature 

treatment  
Potato 

varieties 

Survival of meristem 
derived plantlets 

(%) 

Virus free plantlets  
derived from meristem 

(%) 
Diamant  21.00 f 15.24 f 

Heera 24.58 c 15.80 f (27±1)OC  
Lalpakri   28.06 a 14.46 g 
Diamant  18.73 h 38.89 e 

Heera 22.68 e 39.50 d (30±1)OC 
Lalpakri   25.96 b 38.43 e 
Diamant 17.52 i 43.86 b 

Heera 20.39 g 44.50 a (35±1)OC   
 

Lalpakri   23.51 d 43.02 c 

The figures in a column with same same letter(s) do not differ significantly. 
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ABSTRACT 

A field experiment was conducted at the Research farm, Division of 
Agronomy, Sher-e-Kashmir University of Agricultural Sciences and 
Technology, India for  two consecutive rainy (kharif) seasons of 2009 
and 2010 to find out the impact of nitrogen, sulphur and farmyard 
manure (FYM) on growth and yield of sunflower (Helianthus annuus L.). 
Application of 120 kg N ha-1 significantly increased all the yield 
components viz., plant height, leaf area index, dry matter production, 
capitulum diameter, achenes capitulum-1 and 1000-seed weight. Pooled 
yield increased by 26% with 120 kg N but it was statistically at par with 
80 kg N ha-1. With increased N dose, the oil content consistently 
decreased but the oil yield improved during both years. Sulphur 
application at the rate of 60 kg ha-1 significantly increased plant height, 
leaf area index and dry matter production after 25 days of sowing 
(DAS).All yield contributing characters viz., filled achenes capitulum-1, 
head diameter and 1000-seed weights were higher with 60 kg S ha-1over 
30 kg S ha-1. Seed and stalk yield with 60 kg S ha-1 were significantly 
higher than those of 30 kg S ha-1. Similarly, oil content and oil yield with 
60kg Sha-1 was 2 and 10.5 % over 30 kg S ha-1. Application of FYM at 
the rate of 10 and 20 t ha-1 was at par with each other but recorded 
significant improvement in the plant height, leaf area index and dry 
matter production of sunflower after 25 days of sowing over no FYM. 
FYM @10 and 20 t ha-1increased the oil yield by 11 and 5.4 %, 
respectively over no application. 
Key words: FYM, sulphur, sunflower, nitrogen, yield.   

                                                            
1Corresponding author email: faisulrasool1@gmail.com 
 
Received: 14.11.2012 



82 F. U. Rasool et al. 

INTRODUCTION 
Sunflower (Helianthus annuus L.), an important oilseed crop, contains a good 

percentage of oil (48-53), protein (14-19), crude fibre (16-27), ash (2-3), soluble 
sugar (7-9) and hull (21-27). Its short duration and photo-insensitivity, suits well for 
cultivation in rainy season (Thimmegowdaet al., 2007). In India, it is cultivated over 
an area of about 1.48 million hectares with the production of 0.90 million tones 
(Anonymous, 2010). It is a recent introduction in Kashmir valley as an oilseed crop, 
where hardly any oilseed crop is cultivated in kharif season. Nitrogen is the most 
important limiting nutrient which helps early growth, better assimilation of 
carbohydrates and synthesis of proteins and as such must be supplied throughout the 
growth period of the crop. It also affects the seed quality by increasing protein 
content and decreasing oil concentration (Gudade et al., 2009). Sulphur is 
increasingly being recognized as the fourth major plant nutrient after nitrogen, 
phosphorus and potassium (Tandon and Messick, 2002). For higher productivity and 
sustainability, integrated use of organic and inorganic sources of nutrients is very 
important (Sharma et al., 2008). Keeping these aspects in view, the present 
investigation was carried out to study the response of growth and yield of sunflower 
(Helianthus annuus L.) to different levels of nitrogen, sulphur and farmyard manure 
under temperate conditions of Kashmir. 

MATERIALS AND METHODS 
The field experiment was conducted at the Research farm, Division of 

Agronomy, Sher-e-Kashmir University of Agricultural Sciences and Technology, 
India situated between 34o.05′ N latitude and 74o.89′ E longitude at an altitude of 
1587 meters above mean sea level for two consecutive rainy (kharif) seasons of 2009 
and 2010.  Soil was silty clay loam in texture having  1.4 % coarse sand,  18.2% fine 
sand, 42.4% silt  and 38% clay  with pH 6.5, organic carbon 0.87%  and available N, 
P, K and S  271.5, 14.3, 160 and  15.7 kg ha-1, respectively. The precipitation during 
the cropping season was 177.8 in 2009, and 249.9 mm in 2010. The experiment was 
laid out in factorial randomized block design with three replications. The treatments 
comprised of three nitrogen levels viz., 40, 80 and 120 kg ha-1, two sulphur levels 
viz., 30 and 60 kg ha-1 and three FYM treatments viz., 0, 10 and 20 t ha-1.  Well 
decomposed FYM as per treatment was applied to the respective plots and 
incorporated in the soil. Half dose of N as per treatment, Phosphorus @ 60 kg ha-1and 
potassium @ 40 kg ha-1were uniformly applied to each plot as a basal dose. Rest of 
nitrogen was applied in two equal splits at 31 DAS and flowering stage (57 DAS). 
Nitrogen, phosphorus, potassium and sulphur were applied through urea, di-
ammonium phosphate, muriate of potash and calcium sulphate dehydrated (CaSO4 
2H2O), respectively. After opening of furrows, the overnight soaked seed of 
sunflower variety “Morden”was sown on 24 and 25 June during 2009 and 2010, 
respectively. The crop was thinned at 15 DAS to retain one seedling per hill at 45 cm 
spacing. Light irrigation was given to the crop at the end of June during both the 
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years. Five random plants were selected in each treatment, excluding the border row, 
for taking observation on plant height. The leaf area index was recorded using 
canopy analyzer (Accu PAR Model LP-80).  For dry matter, representative plant 
samples in penultimate rows of each plot were dried in shade followed by oven 
drying at 60-650C to a constant weight. Observations on yield parameters were 
recorded from five randomly selected plants in each treatment. Crop was harvested 
manually on 24 and 26 September during 2009 and 2010, respectively. Yield was 
recorded from net plots, leaving border and penultimate rows. The oil content in seed 
was determined with Nuclear Magnetic Resonance Spectroscope (Ne Port Analyser 
Model MK III A). Sterility percentage was calculated by the formula: 

 

RESULTS AND DISCUSSION 
Effect on crop growth 

With the application of 120 kgN ha-1, growth parameters of sunflower viz., 
plant height, leaf area index and dry matter accumulation were significantly higher 
with values of 115.9 cm, 0.96 % and 7.2 q ha-1 respectively compared to the other 
two levels of 40 and 80 kg N ha-1 (Table 1) As nitrogen is a major constituent of 
chlorophyll and proteins, its adequate supply through fertilizer encouraged the 
photosynthesis, which resulted in better crop growth. Increase in growth attributes in 
sunflower due to nitrogen application have been reported by Shah and Khanday 
(2005) and Sarkar and Mallick (2009).  

Application of sulphur @ 60 kg ha-1 recorded 2.3, 23.5 and 12 percent increase 
in plant height, leaf area index and dry matter production, respectively over 30 kg S 
ha-1. This could be due to sulphur in regulating the metabolic and enzymatic 
processes including photosynthesis and respiration. These results are in conformity 
with the findings of Poomurugesan and Poonkodi (2008). Incorporation of farmyard 
manure (FYM) @ 10 or 20 t ha-1 being at par significantly improved growth 
parameters over the control. The dry matter production with 10t ha-1 FYM was 9.5 % 
higher over control. This might be due to better crop growth, facilitated by the 
improvement in soil physical, chemical and biological properties as well as plant 
nutrition with the addition of organic manure. Similar findings have also been 
reported by Melo and De-Oliveira (1999) and Ahmad and Jabeen (2009).There were 
no significant differences between 10 and 20 t ha-1 FYM treatments for plant height, 
leaf index and dry matter production. 
Effect on yield attributes 

Yield attributes viz., capitulum diameter, achenes capitulum-1 and 1000-seed 
weight increased progressively with increase in nitrogen level up to 120 kg ha-1 
(Table 2). This may be ascribed to the overall improvement in crop vigour and 
synthesis of sufficient photosynthates with higher availability of nitrogen as 
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suggested by Awasthi et al. (2011). Sterility percentage also increased with the 
increase in nitrogen level. This could be due to increased competition for 
photosynthates caused by higher number of achenes capitulum-1 at higher nitrogen 
levels. The maximum seed yield of 25.5 q ha-1 was recorded with 120 kg N  ha-1. The 
yield increase could be attributed to the positive response of yield attributes, i.e, 
ecapitulum diameter and grains/capitulum to nitrogen application. Similar findings 
were earlier reported by Syed et al., (2006) and Sarkar and Mallick (2009). 

Yield contributing characters were significantly influenced by sulphur 
application. Application of 60 kg S ha-1 significantly increased the head diameter 
(12.96 cm), filled achene capitulum-1(355.7) and 1000-seed weight (60.1) over 30 kg 
S ha-1 (Table 2). Seed yield increased significantly to 24.2 q ha-1with60 kg S ha-1. 
Better partitioning of photosynthates to the reproductive part of the plant could be the 
reason for these improvements. 

Significant increase in yield components and seed yield was observed with 
application of farmyard manure, which helped better crop growth, produced better 
yield attributes and ultimately higher seed yield during both the years. Application of 
10 and 20 t ha-1 of farmyard manure increased seed yield by9 and 15%, respectively 
over no application. These findings are in agreement with those of Manjunatha et 
al.(2009). 
Effect onoil content and oil yield  

Oil content decreased significantly from 40.9 % with 80 kg N to39 % with 120 
kg ha-1 (Table 2). Higher rates of nitrogen application might have resulted in greater 
accumulation of protein in plants, reducing the availability of carbohydrates for 
polymerization into fatty acids, resulting in lower oil content in the seed. Higher oil 
yield recorded with120 kg N ha-1 is due to the higher seed yield. The oil yield 
improved significantly with increase in nitrogen levels up to 120 kg ha-1.  These 
results confirm the findings of Aglaveet et al. (2009).  

Application of higher level of sulphur significantly increased the oil content 
and oil yield. Increase in oil content and oil yield with 60kg S ha-1 was 2 and 10.5 %, 
respectively over 30 kg S ha-1. Similar increase with sulphur application was earlier 
reported by Rani et al. (2009). There was significant increase in oil content and oil 
yield due to FYM application with 20 t ha-1 recording the maximum oil yield of 
101.1q ha-1. 

The interaction effect of nitrogen and sulphur, nitrogen and FYM and sulphur 
and FYM for oil yield was found significant (Table 3). At all levels of nitrogen, the 
oil yield varied significantly among sulphur and FYM levels and at all levels of 
sulphur and FYM, the oil yield varied accordingly.  Maximum oil yields of 105.6 and 
108.1 q ha-1were recorded with treatment combination N3F3i.e 120 kg N and 20 t 
FYM ha-1during 2009 and 2010 seasons, respectively. 
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CONCLUSION 
Application of 10 toone farmyard manure along with120kg nitrogen and 60kg 

sulphur per hectare is optimum for higher seed and oil yield of sunflower under 
temperate Kashmir conditions.  

REFERENCES 
Aglave, B. N., Kalegore, N. K., Chavan, M. H. and Jagtap, P. K. 2009.  Performance of 

rainfedrabi sunflower under varied cropping sequence and nitrogen levels. Journal of 
Soils and Crops, 19 (2): 265-8.   

Ahmad, R. and Jabeen, N. 2009.Demonstration of growth improvement in sunflower 
(Helianthus annuusL.) by the use of organic fertilizers under saline conditions. 
Pakistan Journal of Botany, 41 (3): 1373-1384. 

Anonymous 2010.Agricultural statistics at a glance. . Directorate of economics and statistics, 
Department of Agriculture and Coorperation, Ministry of Agriculture, GOI, New 
Delhi. 

Awasthi, U. D., Dubey, S. D. and Shripal, 2011.Effect of nitrogen and moisture conservation 
practices on yield, uptake, water use efficiency and quality of linseed 
(Linumusitatissimum).Indian Journal of Agricultural Sciences, 81(4): 383-5. 

Gudade, B. A., Thakur, M. R., Ulemale, R. B., Imade, S. R. and Bodhade, M. S. 
2009.Nutrient uptake, soil nutrient status and quality of new sunflower varieties as 
influenced by fertilizer levels.Journal of Soils and Crops, 19 (2): 355-9. 

Manjunatha, G. S., Upperi, S. N., Pujari, B. T.,Yeledahalli, N. A. and  Kuligod, V. B.. 
2009.Effect of farm yard manure treated with jeevamrutha on yield attributes, yield and 
economics ofsunflower (Helianthus annuus L.).Karnataka Journal of Agricultural 
Sciences, 22 (1): 198-9. 

Melo, J.P.L. and De-Oliveira, A.P. 1999.Garlic production as a function of different water 
levels and bovine manure in soil. Horticultura, Grasileira, 17: 11-15 

Poomurugesan, A.V. and Poonkodi, P. 2008.Effect of Sources and Levels of Sulphur on 
Growth and Yield Performances of Sunflower (Helianthus annuus).Mysore Journal 
Agricultural Sciences,42(1): 147-153. 

Rani, U. K., Sharma, K. L., Nagasri, K., Srinivas, K., Murthy, T.V., Shankar, G.R., Korwar, 
G.R., Sankar, G.K., Madhavi, M. and Grace, J.K.2009. Response of sunflower to 
sources and levels of sulphur under rainfed semi-arid tropical 
conditions.Communication in Soil Science and Plant Analysis, 40: 2926-44. 

Sarkar, R. K. and Mallick, R. B. 2009.Effect of nitrogen, sulphur and foliar spray of nitrate 
salts on performance of spring sunflower (Helianthus annuusL.). Indian Journal of 
Agricultural Sciences, 79 (12): 986-90. 

Shah, A. H. and Khanday, B. A.2005.Response of sunflower (Helianthus annuusL.) to 
nitrogen and phosphorus under Kashmir valley conditions.SKUAST Journal of 
Research, 7: 214-8. 

 



86 F. U. Rasool et al. 

Sharma, K.L., Neelaveni, K., Katyal, J.C., Srinivasa, A., Srinavas, K., Grace, 
K.J.andMadhavi, M. 2008.Effect of combined use of organic and inorganic sources of 
nutrients on sunflower yield, soil fertility and overall soil quality in rainfed alfisols 
.Communications in Soil Science and Plant Analysis,39: 1791-1831. 

Syed, T.  H., Ganai, M. R., Tahir, A. and Mir, A. H. 2006.Effect of nitrogen and 
sulphurfertilization on yield and nutrient uptake by sunflower. Journal of Indian 
Society of Soil Science, 54 (3): 375-6. 

Tandon, H. L. S. and Messick, D. L. 2002.Practical sulphur guide. The Sulphur Institute, 
 Washington, D. C.  

Thimmegowda, M. N., Nanjapa, H. V. and Ramachandrappa, B. K. 2007. Effect of soil 
solarization and farmyard manure application on weed control and productivity 
ofsunflower (Helianthus annuus)-bell pepper (Capsicum annum) sequence. Indian 
Journal of Agronomy, 52(3): 204-7 



GROWTH AND YIELD OF SUNFLOWER AS INFLUENCED BY NITROGEN, SULPHUR 87 

Table 1: Effect of nitrogen, sulphur and FYM levels on growth characters of 
sunflower 

(Pooled over two years) 

Treatment Plant height 
(cm) 

Leaf Area Index  
(LAI) 

Dry matter 
production   (q ha-1) 

Nitrogen levels (kg ha-1) 
40 106.4 0.50 6.15 
80 112.0 0.82 6.89 
120 115.9 0.96 7.20 
SE + 1.14 0.04 0.10 
CD (p=0.05) 3.31 0.11 0.29 
Sulphur levels (kg ha-1) 
30 110.24 0.68 6.59 
60 112.70 0.84 7.40 
SE + 0.93 0.03 0.08 
CD (p=0.05) 2.7 0.09 0.24 
FYM levels (t ha-1) 
0 108.57 0.62 6.31 
10 112.50 0.82 6.91 
20 113.38 0.84 7.01 
SE + 1.14 0.04 0.10 
CD (p=0.05) 3.31 0.11 0.29 
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Table 2: Effect of nitrogen, sulphur and FYM levels on yield attributes, seed 
yield and oil content of sunflower (pooled over two years) 

Treatment Capitulum 
diameter 

(cm) 

Achenes 
capitulum-

1(No.) 

Sterility 
(%) 

1000-
seed 

weight 
(g) 

Seed 
yield 

(q ha-1) 

Oil 
content 

(%) 

Oil yield
(q ha-1) 

Nitrogen levels (kg ha-1)  

40 12.42 318.4 6.38 57.62 20.2 40.9 82.6 

80 12.90 356.5 6.82 59.91 24.3 39.5 97.6 

120 13.20 363.3 8.15 60.0 25.5 39.0 101.2 

SE+ 0.07 2.27 0.39 0.46 0.49 0.36 0.8 

CD (p=0.05) 0.22 6.56 1.14 1.33 1.38 1.04 2.5 

Sulphur levels (kg ha-1) 

30 12.75 336.4 6.81 58.17 22.5 39.2 88.7 

60 12.96 355.7 7.48 60.06 24.2 40.0 99.2 

SE + 0.06 1.85 0.32 0.37 0.40 0.29 0.7 

CD (p=0.05) 0.18 5.35 NS 1.08 1.13 0.85 2.0 

FYM levels (t ha-1) 

0 12.56 321.4 6.06 57.71 21.6 39.0 85.0 

10 12.89 352.8 6.53 59.73 23.6 40.8 95.6 

20 13.11 364.0 8.83 60.08 24.9 40.7 101.1 

SE + 0.07 2.27 0.39 0.46 0.49 0.36 0.8 

CD (p=0.05) 0.22 6.56 1.14 1.33 1.38 NS 2.5 

NS: non-significant 
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Table 3: Interaction effect of nitrogen, sulphur and FYM levels on oil yield (q 
ha-1) of sunflower  

a) Nitrogen and sulphur 
 2009 2010 

 N40 N80 N120 N40 N80 N120 

S30 73.4 92.3 98.1 

 

76.9 93.5 96.3 

S60 92.4 102.3 105.4 86.5 102.8 105.0 

        SE ±                  =   1.54            SE ±                  =   0.92 

        CD (p=0.05)      =   4.44

 

   CD (p=0.05)      =   2.60 

b) Nitrogen and FYM 
 2009 2010 
 N40 N80 N120 N40 N80 N120 

F0 66.6 91.8 98.7 

 

72.8 89.1 91.4 
F10 86.8 96.5 101.3  85.0 101.1 102.7 
F20 95.7 104.0 105.6 87.7 104.5 108.1 

          SE + = 1.88 
 

             SE + = 1.13 
         CD (p=0.05) = 5.44             CD (p=0.05) = 3.26 

c) Sulphur and FYM  
 2009 2010 
 F0 F1 F2 F0 F1 F2 

S30 76.5 90.1 98.2 

 

76.5 91.3 98.2 
S60 95.1 99.8 105.2 93.7 99.9 103.8 

          SE ±               =   1.54              SE ±              =   0.92 
          CD (p=0.05)   =   4.44 

 

  CD (p=0.05)  =  2.66 
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ABSTRACT 

Fifty three genotypes of Capsicum annuum L. collected from different 
parts of the West Bengal, India were characterized for 23 characters 
namely, stem colour, plant growth habit, branching habit, leaf size, leaf 
shape, leaf margin, leaf colour, leaf pubescence, pigment at node, flower 
per axil, corolla colour, anther colour, calyx margin, mature fruit colour at 
intermediate stage, fruit shape, fruit position, fruit adherence to the calyx, 
fruit shape at pedicel attachment, blossom end fruit shape, ascorbic acid 
content of the fruit, capsaicin in red fruit and colour value of the ripe fruit. 
These genotypes upon cataloguing showed distinct variations with respect 
to vegetative, inflorescence, fruit and quality characters. A wide range of 
variation was also observed among the genotypes for several 
morphological, fruit and quality characters. Among the different 
characters, white corolla colour showed 100 % frequency and higher 
frequency was also recorded in single flower per axil (86.79 %), number 
pigmentation at node (83.02 %) and green fruit colour (69.81%) at 
intermediate stage.  Predominance of single descriptor state was found in 
more than 50 % genotypes for 15 characters. Based on the D2 value 53 
genotypes were grouped into 17 clusters and results indicated that Cluster 
I and Cluster VII comprised with 29 and 9 genotypes respectively. Rest of 
clusters consisted of one genotype in each case. Variability studies 
revealed that there was a wide range of variability for all the characters 
studied. High heritability along with higher genetic advance (as a %age of 
mean) was found in capsaicin content in fruit, number of fruits per plant, 
yield per plant and primary branches per plant. These characters may be 
considered as reliable selection indices as they are possibly governed by 
additive gene effect. 
Key Words: Chilli, characterization, cluster, utilization, variability  
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INTRODUCTION 
Chilli (Capsicum annuum L.) is one of the important commercially grown 

vegetable cum spice crops in the terai zone of West Bengal, India. Chilli is mainly 
used for its pungency and pleasant flavor. Consumption of small amount of chilli 
enriches diet and considered as of minerals, vitamins and other food components 
(Farhad et al., 2010). The genus Capsicum originated in the American tropics. Five 
species of capsicum were cultivated in different parts of the World (Pickergill, 1997). 
It is probably introduced by Portuguese into Southern parts of India and cultivation 
spread out throughout India by the end of 19th century. Due to long history of 
cultivation, selection and popularity of crops sufficient genetic variability has been 
generated. Rich variability in morphological traits in hot pepper occurs through out 
India particularly in south peninsular region, North Eastern foot hills of Himalayas 
and Gangetic plains (Pradheep and Veeraragavathatham, 2006). Collection and 
maintenance of the genetic diversity in capsicum are important to avoid genetic 
erosion. Besides the identification of species, the characterization and evaluation of 
genotypes maintained in gene banks are of fundamental importance (Sudre et al., 
2006). Genetic cataloguing based on standard descriptors helps to easily describe the 
morphological features of a genotype and thus helps exchange of information about 
new genotypes. Characterization and evaluation of germplasm are prerequisite for the 
utilization of the available diversity in the chilli improvement programme. Desirable 
parental combinations provide the basis for selection in the follow up hybrid breeding 
process for exploitation of heterosis (Thul et al., 2009). Desirable parental 
combination can be identified on the basis of cluster analysis. To initiate any 
breeding work, it is necessary to assess the genetic variability present in the 
indigenous genotypes for yield and its components. Parameter of genotypic and 
phenotypic coefficient of variations is useful in detecting the amount of variability 
present in the germplasm. Heritability and genetic advance helps in determining the 
influence of environment in expression of the characters and the extent to which 
improvement is possible after selection. Hence, the genotypes were characterized to 
assess the variability and identification of promising genotypes which can be used in 
further breeding programme. 

MATERIALS AND METHODS 
The present experiment was carried out at the experimental field of Uttar Banga 

Krishi Viswavidyalaya, Pundibari, Cooch Behar, West Bengal, India. Geographically 
the experimental field is situated at 26019'86" N latitude and 89023'53" E longitude, at 
an elevation of 43 meter above mean sea level with an objective of characterization 
of collected germplasm of chilli.  Fifty three genotypes (Table 1) were evaluated in 
Randomized Complete Block Design with three replications during the rabi (winter) 
season of 2006-07 and 2007-08. The climatic condition of terai zone is sub-tropical 
humid in nature characterized by high rainfall, high relative humidity, moderate 
temperature, prolonged winter with high residual soil moisture. The experimental soil 
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was sandy clay loam having pH 5.6. The soil contains 0.91% organic carbon, 133.78 
kg ha-1 available nitrogen, 45.72 kg ha-1 available phosphorus and 59.35 kg ha-1 
available potash. Healthy and uniform seedlings were transplanted in plots of 3.60 m 
x 3.0 m size with a spacing of 30 cm x 45 cm during middle of November. Organic 
manure @ 15 t ha-1was applied as basal. Inorganic fertilizers were applied @100: 50: 
50 kg ha-1 N: P2O5 : K2O. Full dose of P2O5, half dose of K2O and one third of 
nitrogen was given as basal dose at the time of land preparation. After 45 days of 
transplanting top dressing was done with one third of nitrogen and rest half K2O. 
Second top dressing was done with rest one third of nitrogen at 75 days after 
transplanting. Observation on different morphological and yield attributing characters 
were recorded from ten randomly selected plants from each replications. Plant height 
was measured by meter scale from the base of the plant to the tip of the top leaf at 
full bearing stage. Number of primary branches per plant were counted at the time of 
full bearing stage. Harvesting of chilli was done at the mature green stage when a few 
number of fruits change colour from green to red considering consumer preference. 
Harvesting of the mature fruit was done at 15 days interval. The fruit yield of chilli 
per plant was recorded as average of cumulative yield of all pickings at mature green 
fruit stage of 10 plants and measured in gram. Total quantity of chilli harvested in 
each picking was added to get plot yield. Yield per hectare was calculated on the 
basis of plot yield considering 80% area occupied by the crop in these experiments 
and measured in the unit of tones per hectare. Chlorophyll content of leaf was 
measured by Chlorophyll Meter Minolta Sensing, INC, Japan) with the unit of 
SPAD-502 at the time of first harvest. Ascorbic acid in chilli fruit was determined by 
colorimetric method based on the reduction of 2, 6- dichlorophenol indophenol by 
ascorbic acid and was expressed in milligram of ascorbic acid per 100 g of sample 
(Ranganna, 2001). Capsaicin content (%) of green fruits was measured by 
Spectrophotometer Method as described by Sadasivam and Manickam (1996). 
Colour value (in ASTA Unit) of red fruits was measured by using  American Spice 
Trade Association techniques as suggested by Pruthi (1999). Characterization for 
most of the characters was done on ten randomly selected plants from each genotype 
as per the descriptor list of IBPGR for capsicum (IBPGR, 1995). Mahanalobis D2 
statistics was used for assessing the genetic divergence among the genotypes. The 
grouping of the population was done by using Tocher’s method as described by Rao 
(1952). The genotypic and phenotypic coefficient of variation (GCV and PCV 
respectively) was calculated on the basis of formula given by Burton (1952). 
Heritability in broad sense was calculated according to the formula suggested by 
Jhonson et al. (1955). Genetic advance were calculated according to the method 
worked out by Allard (1960). 

RESULTS AND DISCUSSION 
Characterization 

A wide range of variation was observed among the genotypes for several 
morphological characters (Table 2A and Table 2B). The genotypes were 
characterized by green to purple stem colour and majority of the genotypes showed 
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green and green with purple stripe stem colour. Plant growth habit varied from 
prostrate to erect and intermediate growth habit was dominant (58.49 %) followed by 
prostrate (35.85 %). Majority of the genotypes showed dense branching habit (50.94 
%) followed by intermediate (41.51 %). Most of the genotypes had sparse leaf 
pubescence (67.92 per ent) with green (62.26 %) and dark green (33.96 %) in colour 
and leaf shape was lanceolate (58.49 %) and ovate (39.62 %) with entire (52.83 %) 
and undulate (47.17 %) leaf margin. Manju and Sreelathakumary (2002) reported that 
in 90% cases leaf colour was green and 87.55% had sparse leaf pubescence in case of 
Capsicum chinense germplam. In the present experiment, more than 50% cases leaf 
colour was green and having sparse leaf pubescence. Here the slight variation might 
be due to variation in Capsicum species and germplasm. Based on leaf size, the 
genotypes could be grouped into three distinct classes namely small (49.06 %), 
medium (39.62 %) and large (11.32 %).  Pigmentation in node was present in most of 
the genotypes (83.02 %). Flowers per axil were one (86.79 %), two (7.55 %) and 
three or more (5.66 %). All the genotypes had white colour corrolla with pale blue 
(37.74 %), purple (13.21 %), blue (5.66 %) or other colour (43.40 %) anther. Calyx 
margin was intermediate (49.06 %), dentotate (43.40 %) and entire (7.55 %). Mature 
fruit colour at intermediate state was green (69.81 %) followed by others (26.42 %) 
and purple (3.77 %). Similar findings with respect to mature fruit colour were also 
reported by Pradheep andVeeraragavathatham (2006).  Based on fruit shape, the 
genotypes could be grouped into five distinct morphological classes namely elongate 
(9.43 %), triangular (41.51 %), campanulate (22.64 %), all most round (24.53 %%) 
and others (1.89 %%). Most of the genotypes produced fruit under pendent (69.81 
%), erect (26.42 %) and semi pendent position (3.77 %). Hard adherence of fruit to 
calyx (52.83 per cent) was the dominant one followed by semi hard adherence (32.08 
per cent) and loose (15.10 per cent).  At pedicel attachment, fruit shape was acute 
(33.96 per cent), obtuse (22.64 %) truncate (28.31 %) or lobate (15.09 %). Based on 
blossom end fruit shape, the genotypes could be classified into five distinct 
morphological classes namely, pointed (45.28 %), blunt (32.08 %), shrunken 
(7.55%), shrunken and pointed (7.55 %) and blunt (7.55 %). Surface of the mature 
fruit was smooth (37.74 %), Semi wrinkled (49.05 %) or wrinkled (13.21 %). High 
variability for morphological characters in C. annumm was also reported by 
Sreelathakumary (2000), which was similar with the present experiment. 
Genetic diversity of the genotypes 

The data on clustering pattern have been presented in figure1.  Analysis of 
variance revealed that the genotypes varied significantly for all the characters under 
study. Based on the D2 value 53 genotypes were grouped into 17 clusters and such 
results indicated that Cluster I and Cluster VII comprised with 29 and 9 genotypes 
respectively. Rest of clusters consisted of one genotype in each case. The clustering 
pattern revealed that there was no association of species and geographical distribution 
for the formation of cluster in genetic divergence. Similar findings were also reported 
by Sreelathakumary and Rajmony (2004), Indra et al. (2000), and (Farhad et al., 
2010).  
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Intra and Inter cluster divergence  
The data on intra and inter cluster distance have been presented in table 3. 

Among the different clusters maximum intra cluster distance (5.90) was recorded in 
cluster VII. Maximum inter Cluster distance (12.89) was observed in between Cluster 
XVII (CA-28) and Cluster XVI (CA-20), followed by 12.13 in Cluster  XVII (CA-
28) and Cluster V (CA-14)  and 11.89 in Cluster XVII (CA-28) and Cluster IX (CA-
42). So, the genotypes included in these clusters have the greater divergence and 
hence the crossings between the genotypes in these clusters were expected to give 
desirable recombinants. 
Genetic variability 

The data on range, mean and genotypic coefficient of variation (GCV), 
phenotypic coefficient of variation (PCV), heritability in broad sense (H2), genetic 
advance (GA), genetic advance as % mean (GAM) of the different characters have 
been presented in table  4. It is evident from the above table there was a wide range 
of variability for all the characters providing an ample scope for selecting desirable 
types. Maximum range was observed in fruit number (52.30-168.23) followed by 
plant height (34.20-105.20 cm), ascorbic acid (75.89-167.21 mg per 100 g fresh), etc.  

Close estimates of GCV and PCV were recorded for most of the characters 
indicated that contribution towards final phenotypic expression of these characters 
was mostly by genetic architecture of the genotypes rather than environmental 
factors. Similar findings were also recorded by Choudhury and Samadia (2004). It 
was evident that the higher magnitude of GCV was observed in number of fruits per 
plant (25.62%), followed by yield per ha (22.34%), etc. Except plant spread and 
ascorbic acid content in green fruit, the rest characters showed more than 80% 
heritability. High estimates of heritability of the above characters have been found 
useful for selection on the basis of phenotypic performance. Higher estimates of 
heritability of the above characters might be due to additive gene effect (Narayana et 
al., 1996). So, these characters could be considered as reliable selection indices and 
selection on the basis of these characters might be rewarding. Findings with respect 
to primary branches per plant, fruit length, fruit yield per plant were supported by 
Nandadevi and Housamani (2003). In case of plant height findings of the present 
experiment was in close conformity with the findings of Choudhury and Samadia 
(2004). Very high heritability along with high genetic advance offers effective 
criteria for selection. But for better comparison of GA was converted to GA as % of 
mean. High heritability estimates coupled with high expected GA as % of mean were 
observed in case of number of fruits per plant, capsaicin content on red fruit and yield 
per ha. Findings of the present experiment were in conformity with Ukkund et al., 
(2007). Higher estimates of heritability of the above characters might be due to 
additive gene effect. So, these characters could be considered as reliable selection 
indices and selection on the basis of these characters might be rewarding.  
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From the above discussion it may be concluded that there was a wide 
variability among the different germplasm for most of the characters studied. So, 
these germplasm may be utilized for future breeding programme. On the basis of 
higher estimates of inter cluster distance of 12.89 as observed  between Clusters 
XVII (CA-28) and Cluster XVI (CA-20), followed by 12.13 between Clusters  XVII 
(CA-28) and Cluster V (CA-14)  and 11.89 between Clusters XVII (CA-28) and 
Cluster IX (CA-42), desirable parents might be chosen from the above clusters for 
effective crossing programme. Moreover, selection on the germplasm may be 
effective and rewarding with respect to those characters having high heritability 
along with higher genetic advance as a % of mean like high in capsaicin content in 
fruit, number of fruits per plant, yield per plant and primary branches per plant as 
these parameters are governed by additive gene effect. 

Table 1: List of  different chilli genotypes along with sources of collection 

SN Variety/  
cultivar Collection area/Source Sl no Variety/  

cultivar Collection area/Source 

1 CA - 1 Raijanj, Uttar Dinajpur, West 
Bengal (W.B.). 

28 CA – 28 Delhi 

2 CA -2 Tufanjanj, Cooch Behar, W.B.. 29 CA – 29 Sajerpar, Cooch Behar, W.B. 

3 CA -3 Tufanjang, Coochbehar , W.B. 30 CA – 30 Dinhata, Cooch Behar, W.B. 

4 CA- 4 Sealdah market, Kolkata, W.B.  31 CA – 31 Madhupur, Cooch Behar, W.B

5 CA- 5  Suri, Birbhum,  W.B. 32 CA – 32 Madhupur, Cooch Behar, W.B

6 CA  -6  Malda, W.B. 33 CA – 33 Madhupur, Cooch Behar, W.B

7 CA -7 Haldi bari, Cooch Behar, W.B. 34 CA – 34 Madhupur, Cooch Behar, W.B

8 CA -8 Balurghat, Dahshin Dinajpur, 
W.B. 

35 CA – 35 Madhupur, Cooch Behar, W.B

9 CA -9 Jalpaiguri, W.B. 36 CA – 36 Madhupur, Cooch Behar, W.B

10 CA -10 Jalpaiguri, W.B. 37 CA – 37 Madhupur, Cooch Behar, W.B

11 CA -11 Haldibari, Cooch Behar, W.B. 38 CA – 38 Madhupur, Cooch Behar, W.B

12 CA -12 Haldibari, Cooch Behar, W.B. 39 CA – 39 Bhubaneswar, Orissa 

13 CA -13 Ghugumari, Cooch Behar, W.B. 40 CA – 40 Madhupur, Cooch Behar, W.B

14 CA -14 Pundibari, Cooch Behar, W.B. 41 CA – 41 Cooch Behar market  

15 CA -15 Pundibari, Cooch Behar, W.B. 42 CA – 42 Cooch Behar market 

16 CA -16 Balurghat, Dahshin dinajpur, W.B. 43 CA – 43 Chilapata,  

17 CA -17  Raiganj , Uttar dinajpur, W.B 44 CA – 44 Chilapata, 

18 CA -18 Balurghat, Dahshin Dinajpur, 
W.B. 

45 CA – 45 Rajabhat Khawa, 
jalpaiguri,W.B. 

19 CA -19 Balurghat, Dahshin Dinajpur, 
W.B. 

46 CA – 46 Madhupur, Cooch Behar, W.B
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SN Variety/  
cultivar Collection area/Source Sl no Variety/  

cultivar Collection area/Source 

20 CA -20 Murshidabad, W.B. 47 CA – 47 Madhupur, Cooch Behar, W.B

21 CA -21 Murshidabad, W.B. 48 CA – 48 Madhupur, Cooch Behar, W.B

22 CA -22 Burdwan, W.B. 49 CA – 49 Tufanjanj, Cooch Behar, W.B.

23 CA -23 Katwa, Burdwan, W.B. 50 CA – 50 Chilapata, 

24 CA -24 Bolpur, Birbhum, W.B. 51 CA – 51 Tufanjanj, Cooch Behar, W.B 

25 CA -25 Beldanga, Murshidabad, W.B. 52 CA – 52 Tufanjanj, Cooch Behar, W.B 

26 CA -26 Delhi  53 CA – 53 Varanasi, UP.  

27 CA – 27 Delhi    

Table 2 A: Characterization of chilli germplam following descriptor based 
qualitative characters 

Character Type Descriptor 
code 

Number of 
Genotypes 

Frequency 
(%) 

Stem colour Green 1 32 60.38 
 Green with 

purple stripe 
2 20 

37.74 
 Purple 3 1 1.89 
Plant growth habit Prostrate  3 19 35.85 
 Intermediate 5 31 58.49 
 Erect 7 3 5.66 
Branching habit Sparse 3 4 7.55 
 Intermediate 5 22 41.51 
 Dense 7 27 50.94 
Leaf size Small - 26 49.06 
 Medium - 21 39.62 
 Large - 6 11.32 
Leaf shape Ovate 2 21 39.62 
 Deltoid  1 1 1.89 
 Lanceolate 3 31 58.49 
Leaf margin Entire 1 28 52.83 
 Undulate 2 25 47.17 
Leaf colour Green 3 33 62.26 
 Other  8 1 1.89 
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Character Type Descriptor 
code 

Number of 
Genotypes 

Frequency 
(%) 

 Dark green 4 18 33.96 
 Purple 6 1 1.89 
Leaf pubescence Sparse 3 36 67.92 
 Intermediate 5 14 26.42 
 Dense 7 3 5.66 
Pigment at node Absent - 44 83.02 
 Present  - 9 16.99 
Flower per axil One  1 46 86.79 
 two 2 4 7.55 
 Three or more 3 3 5.66 
Corolla colour White  1 53 100 
Anther colour Pale blue 3 20 37.74 
 Blue 4 3 5.66 
 Other  6 23 43.40 
 Purple 5 7 13.21 

Table 2 B: Characterization of chilli germplam following descriptor based on 
reproductive  characters 

Character Type Descriptor 
code 

Number of 
accession 

Frequency 
(%) 

Calyx margin Entire 1 4 7.55 
 Intermediate 2 26 49.06 
 Dentoate 3 23 43.40 
Mature fruit colour at 
intermediate state 

Green 3 37 
69.81 

 Purple  5 2 3.77 
 Others  7 14 26.42 
Fruit shape Elongate 1 5 9.43 
 Triangular  4 22 41.51 
 Campunulate 5 12 22.64 
 Almost round 2 13 24.53 
 Others  6 1 1.89 
Fruit position Pendent - 37 69.81 
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Character Type Descriptor 
code 

Number of 
accession 

Frequency 
(%) 

 Semi pendent - 2 3.77 
 Erect  - 14 26.42 
Adherence to calyx Loose - 8 15.10 
 Semi hard - 17 32.08 
 Hard - 28 52.83 

Acute 1 18 33.96 
Obtuse 2 12 22.64 
Truncate 3 15 28.31 

Fruit shape at pedicel 
attachment 

Lobate 5 8 15.09 
Blossom end fruit 
shape 

Pointed 1 24 
45.28 

 Blunt 2 17 32.08 
 Shurken and 

pointed 
4 4 

7.55 
 Semi blunt 5 4 7.55 
 Shurken  3 4 7.55 
Fruit surface Smooth 1 20 37.74 
 Semi wrinkled 2 26 49.05 
 Wrinkled 3 7 13.21 
Ascorbic acid (mg/100 
g fresh) 

Bellow 100 - 3 
5.66 

 100-150 - 44 83.02 
 Above 150 - 6 11.32 
Capsaicin in red fruit 
(%) 

Below 0.5 - 18 
33.96 

 0.50-1.00 - 31 58.49 
 Above 1.00 - 4 7.55 
Colour value Bellow 50 - 2 3.77 
 50-100 - 21 39.62 
 101-150 - 22 41.51 
 Above 150 - 8 15.09 
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Figure 1: Cluster wise distribution of fifty three chilii genotypes 



Table 3: Average inter and intra cluster distances of 17 clusters of chilli germplaasm 

Cluster Cluster  
I 

Cluster 
II 

Cluster 
III 

Cluster 
IV 

Cluster  
V 

Cluster 
VI 

Cluster  
VII 

Cluster 
VIII 

Cluster
IX 

Cluster 
X 

Cluster 
XI 

Cluster 
XII 

Cluster
XIII 

Cluster
XIV 

Cluster
XV 

Cluster
XVI 

Cluster
XVII 

I 5.74                 

II 6.91 0.00                

III 6.95 3.80 0.00               

IV 6.65 7.49 6.80 0.00              

V 7.26 3.62 3.47 7.78 0.00             

VI 6.63 6.57 6.28 7.08 7.92 0.00            

VII 7.97 5.17 5.63 8.87 6.69 7.67 5.90           

VIII 6.80 5.53 6.81 7.80 6.03 6.24 8.11 0.00          

IX 7.07 6.32 5.72 7.97 7.17 7.70 7.54 7.57 0.00         

X 6.70 7.93 7.49 7.06 9.50 7.26 7.67 9.04 4.78 0.00        

XI 6.76 7.90 8.44 9.86 8.15 6.56 8..41 5.79 9.34 9.09 0.00       

XII 7.15 9.45 10.72 8.74 9.59 8.49 11.27 6.79 10.61 10.37 6.64 0.00      

XIII 7.59 8.48 8.18 7.21 9.37 5.18 8.85 9.52 10.69 8.83 8.14 8.99 0.00     

XIV 6.71 7.05 7.35 8.13 7.38 7.80 8.79 4.89 4.43 6.80 7.45 8.11 11.21 0.00    

XV 7.07 6.41 5.79 6.97 4.62 6.72 8.94 4.92 8.58 10.27 7.15 7.65 8.43 7.15 0.00   

XVI 7.85 6.40 6.48 8.89 5.66 9.18 8.78 9.20 7.51 9.51 10.30 9.65 9.71 9.01 7.94 0.00  

XVII 8.85 11.27 11.85 10.14 12.13 8.08 11.79 9.85 11.89 10.17 7.45 7.47 7.42 10.55 9.92 12.89 0.00 
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Table 4: Range, mean and genotypic and phenotypic coefficient of variation, 
heritability and genetic advance of the different characters of chilli  

 Range Mean GCV PCV Heritability GA GA as 
mean 

Plant height (cm) 34.20-105.20 80.08 15.44 16.44 86.10 23.64 37.81 

Primary branches per 
plant 

4.33-8.50 6.21 11.98 12.47 92.30 1.45 30.39 

Plant spread (cm) 37.43-56.60 51.33 7.24 8.17 78.50 6.79 16.94 

Fruit numbers per plant 54.30-168.23 112.70 25.62 26.56 93.00 57.35 66.21 

Leaf chlorophyll 
content (SPAD-502) 

50.87-66.74 59.10 4.98 5.46 83.20 5.53 11.98 

Ascorbic acid (mg/100 
g fresh fruit) 

75.89-167.21 122.25 6.32 8.47 55.60 11.86 12.44 

Yield per plant (g) 61.38-196.29 147.38 22.34 23.42 91.00 4.37 56.29 

Capsaicin content in 
red fruit (%) 

0.33-1.13 0.67 45.17 45.29 99.48 0.64 95.52 
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ABSTRACT 

Among the micronutrients, zinc deficiency is widespread throughout the 
world particularly in low land rice fields causing low yields and affecting 
nutritional quality of the produce. In present investigation, 26 rice 
cultivars including some locals, aromatics, HYVs and hybrids grown on 
an Inceptisols with no Zn, basal Zn and soil+foliar applied Zn were 
evaluated for agro-morphological and quality parameters in a strip plot 
design having three replications during kharif season for consecutive two 
years (2009 and 2010). Rice cultivars differed significantly in their native 
agro-morphological parameters as well as among cultivar categories. 
Grain and straw yield as well as harvest index of different cultivars 
showed wide variations both with and without Zn application. On 
average, grain yields of different rice cultivars increased by 29% and 
22% with soil plus foliar and only soil application of Zn, respectively. 
Regarding yield efficiency, HYV showed highest efficiency followed by 
hybrid, aromatic and local cultivars, irrespective of Zn fertilization. 
Applications of Zn, both as basal and as soil+foliar application 
significantly reduced the Fe content in brown rice irrespective of the 
cultivar grown.  
Key words: Rice cultivars, agro-morphological parameters, zinc, iron, 
brown rice 

INTRODUCTION 
Micronutrient malnutrition affects nearly one-third of the world populations, 

particularly in developing and under-developed countries (Alloway, 2004). Among 
the micronutrients, Zn and Fe deficiencies are of major concern, not only in crop 
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production point of view but also in animal and human nutrition. Zinc deficiency in 
lowland rice (Oryza sativa L.) fields occurred due to its chemical precipitation with 
sesquioxides and rendering it unavailable to plants (Mandal et al., 1992). Hence, 
lowland rice fields having marginal or medium status of available Zn could  become 
Zn deficient under waterlogged conditions (Dobermann and Fairhurst, 2000). 
Response of rice crop to applied Zn towards yield increments as well as grain Zn 
enrichment was observed in India (Singh, 2009), Bangladesh (Rahman et al., 2008), 
Turkey (Cakmak, 2008) and China (Zou et al., 2007). Possibly, the cultivars also 
differ in their response to zinc fertilization in Zn-deficient soil. Genotypic variations 
in Zn uptake and utilization in Zn deficient soils have also been reported (Graham 
and Rengel, 1993; Fageria et al., 2002). An attempt has been made in this study to 
screen out twenty six rice cultivars including some locals, HYVs, hybrids and 
aromatics popularly grown in Indian subcontinent as to their important agro-
morphological and quality parameters.   

MATERIALS AND METHODS 
The study was conducted in kharif season (summer) for the consecutive two 

years (2009 and 2010) at the Central Research Farm of Bidhan Chandra Krishi 
Viswavidyalaya, Kalyani, West Bengal, India located at 220 58.114‘ N latitude and 
880 29.543‘ E longitude. The experimental plot remained fallow for last ten years   
and soils of the experimental plot had clay loam texture, pH 6.6 (Page et al., 1982), 
organic carbon 8.9 mg kg-1 (Walkley and Black, 1934), available Fe 215.8 mg kg-1, 
available Mn 16.0 mg kg-1, available Zn 0.7 mg kg-1 (marginally deficient since, 
critical limit of available Zn for anaerobic rice is 0.8 mg kg-1) and available Cu 6.0 
mg kg-1 (Lindsay and Norvell, 1978). Twenty six popularly grown rice cultivars 
including two locals, four aromatics, seventeen high yielding varieties (HYVs) and 
three hybrids with wide genetic variations were raised with standard management 
practices. Agro climatic parameters like rainfall, expand Tmax., expand Tmin. and 
relative humidity  prevailed  over the location during June to September were 1265 
mm, 32.00C, 26.30C and 97% during 2009 and  987 mm, 32.60C, 25.10C and 94% 
during 2010 respectively Paddy seeds were sown in a nursery bed following standard 
method. During nursery bed preparation the soil was puddled with the help of 
country plough. On the next day, nursery area was divided into narrow beds of 1m 
width and 10 m length. Drainage channel (30 cm wide) was made in between the 
seed beds. Urea and SSP were applied @ 22.5 and 50 g/m2, respectively. Three hand 
full seeds were uniformly broadcasted on the seed bed. The seed bed was saturated 
with water for first four days and then water level was increased gradually up to 5 cm 
as the seedlings started to grow. Seedlings were transplanted in the main field at the 
age of 25 days. Flood irrigation was done depending on rainfall during the growth 
period of the crop. Three Zn treatments viz., no Zn (Zn0), Zn @ 20 kg ha-1 as zinc 
sulphate heptahydrate (ZnSO4.7H2O) as basal (Zn1) and Zn @ 20 kg ha-1 as basal + 
two foliar sprays (Zn2) - one at pre-flowering and another at grain forming stage @ 
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0.5% ZnSO4.7H2O were imposed. Zinc fertilizer was applied to soil at the time of 
land preparation through broadcasting followed by surface incorporation. Treatments 
were imposed in a strip plot design having three replications. Foliar application of Zn 
was practiced with a Knapshack sprayer (volume 14 litre) @ 4.42 kg ZnSO4.7H2O 
ha-1 at evening hours of the daytime. As the rice cultivars varied widely in their 
genetic make-up, initiation of flowering was at different times in the growing season, 
therefore spraying was done at different days after transplanting according to the 
initiation of flowering. NPK fertilizers were applied as per the recommended dose in 
all the plots of the experimental field (80:40:40). Half of the dose of nitrogen was 
applied at the time of transplanting (through IFFCO::10:26:26 and urea) and the other 
half at tillering stage (through urea). The entire amount of P and K were applied at 
the time of transplanting (as IFFCO::10:26:26). The brown plant hopper (Nilaparvata 
lugens) and gundhy bug (Leptocorisa acuta) have been observed as major pests of 
rice during early crop establishing and milky stages, respectively. The Imidachloprid 
@100 ml ha-1 and Carbaryl @ 25 kg ha-1 were used on the crop and found to be most 
effective against BPH and gundhy bug infesting rice, respectively. 

At maturity, the rice cultivars were harvested plot-wise and representative 
samples of grains were collected and subsequently processed for dry-ashing and then 
concentration of Zn and Fe in brown rice was measured by using an atomic 
absorption spectrophotometer (GBC Avanta). Important agro-morphological 
parameters of rice cultivars viz. number of tillers per hill at maximum tillering stage; 
plant height, panicle length (considering eight number of hills in each plot and their 
mean values were presented), test weight (thousands grain weight), grain and straw 
yields of each cultivars were measured plot-wise for the consecutive two years i.e. 
2009-10 and 2010-11. Harvest index (HI) of different cultivars was calculated as 
grain yield divided by biomass yield (grain yield+straw yield).  

Analysed data of the aforesaid trial pooled for the consecutive two years i.e. 
2009 and 2010 are presented. Design of the experiment followed for statistical 
analysis was strip plot. Statistical analyses of the data for comparison among the 
treatments were done using SPSS 10.0 software package. 

RESULTS AND DISCUSSION 
Number of tillers per hill at tillering stage 

Number of tillers per hill varied widely among the cultivars as well as within 
the categories of the cultivars and among the different categories of the cultivars, it 
was higher in hybrids followed by HYV, aromatics and locals irrespective of Zn 
application. Results further depicted higher number of tillers per hill from Zn treated 
plots compared to untreated control irrespective of the rice cultivars. On an average, 
number of tillers per hill of the tested cultivars varied from 9.7 to 22.8 with a mean 
value of 15.0 (Table 1). The highest number of tillers per hill (22.8) was recorded in 
the cv. Satabdi, a high yielding cultivar with basal application of Zn fertilizers but the 
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lowest number (9.7) was recorded in the cultivar IR 64, a high yielding cultivar in 
untreated control. On an average, 17% increase in the number of tillers per hill was 
found with basal application of Zn over control.  
Plant height of the rice cultivars 

Results revealed that Zn application through both soil and soil plus foliar 
applications resulted a significant increase in plant height over control. The 
magnitude of such increase was higher with soil plus foliar application of Zn than 
only soil application irrespective of the cultivars tested. Among the rice cultivars, the 
highest value (203.1 cm) was recorded in Kalma 222, a local cultivar and the lowest 
(92.9 cm) was in IR 64, a high yielding cultivar. Results also revealed that there was 
an increase in its height to the tune of 3.6 and 7.3% with soil and soil+foliar 
application of Zn respectively over control (Table 1). Regarding different categories 
of the cultivars, results also showed that it was higher with locals followed by 
aromatics, HYVs and hybrids irrespective of Zn application methods. 
Panicle length of the rice cultivars 

Like plant height, panicle length of rice cultivars was also influenced 
significantly by Zn levels as well as genotypes. Its magnitude varied from 19.8 to 
33.7 cm with a mean value of 25.5 cm (Table 1). Results also showed that Zn 
application, on an average, caused an increase in its amount over control to the 
magnitude of 5.6% and 10.2% in soil Zn and soil plus foliar Zn respectively, 
irrespective of cultivars. So, from the results it can be opined that soil plus foliar 
application of Zn is conducive for increasing the panicle length. These results are in 
line with Bandara and Silva (2000) who reported an increase of 7% panicle length 
upon application of 2.5 kg Zn ha-1, while Fageria and Baligar (2005) showed 
significant genotypic variations among the rice genotypes upon application of Zn 
fertilizers as well as without Zn application. Results also showed that among the 
different categories of the cultivars Zn application was very effective in case of 
hybrid followed by aromatic, local and HYV. 
Test weight (g) of the rice cultivars  

Test weights (thousand grain weight) of the rice cultivars were measured after 
drying (at 500C) of the harvested grains containing 12-13% moisture. Results (Table 
2) of test weight corroborated with those of panicle length, where it was found that 
Zn application caused a significant increase over control. Results further showed that 
similar to panicle length, soil plus foliar application was superior to only soil 
application. Panicle length varied from 95.3 to 293.3 g with a mean value of 199.1 g 
irrespective of cultivars and Zn application (Table 2). Results also showed that Zn 
application, on an average, caused an increase in panicle length to the tune of 3.9% 
and 5.3% in soil and soil plus foliar application of Zn respectively. Regarding relative 
efficiency about test weight of the different categories of the cultivars results showed 
that HYVs were more effective followed by hybrids, aromatics and locals. Bandara 
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and Silva (2000) reported 3.6% increase in test weight with application of 2.5 kg Zn 
ha-1, while Rahman et al. (2008) reported an increase in test weight upon Zn 
application @ 1.5 and 3.0 kg Zn ha-1 but the effect was found non-significant. Similar 
trend of result was also reported by Pal et al. (2008). Increased test weight of rice 
cultivars upon Zn fertilization might be due to its involvement in the carbonic 
anhydrase activity and more carbohydrate accumulation in seeds. 
Yield and harvest index (HI) of the rice cultivars 

Grain and straw yields recorded the similar trend of results like those of plant 
height and test weight where results showed a significant increase in their amounts 
upon Zn application. Results also showed that effect of Zn was further influenced by 
the method of application i.e. soil and soil plus foliar applications irrespective of the 
cultivars grown. Soil plus foliar application of Zn caused a significant increase in 
grain yield not only over control but also over  only soil application of Zn. Highest 
grain yield was recorded with HYVs followed by hybrids>aromatics>locals. On an 
average, grain yield of rice cultivars varied from 10.8 to 35.3 q ha-1 in locals and 
HYVs respectively when grown in native soil deficient in Zn. Highest grain yield of 
66.7 q ha-1 as well as lowest grain yield of 12.8 q ha-1 was recorded in Swarna, a 
HYV and Kalma 222, a local cultivar respectively with application of soil +foliar 
spraying of Zn fertilizers (Table 2). The magnitude of increase in its amount over 
control was 29% and 22% in soil plus foliar and only soil application of Zn 
respectively. Therefore, it can be opined that soil plus foliar application of Zn was 
very effective than soil alone application. Regarding yield efficiency, HYVs showed 
the highest performance followed by hybrid, aromatic and local irrespective of Zn 
applications. Highest grain yield in HYVs than other cultivars might be related to 
their physiological efficiency, since Zn being metallic co-factor of a number of 
enzyme proteins influencing such activities in plants e.g. carbonic anhydrase and a 
number of dehydrogenases (Vallee and Wacker, 1970). Increased grain yield of 
16.5% upon application of 2.5 kg Zn ha-1 was reported by Bandara and Silva (2000) 
while 15% increase in grain yield upon application of 5 kg Zn ha-1 was reported by 
Rahman et al. (2008); a significant increase in grain yield upon Zn fertilization and 
its variations among the upland rice cultivars was also reported by Fageria and 
Baligar (2005). 

Straw yield (Table 2), on the other hand, was higher in locals (135.6 q ha-1) 
followed by hybrids (113.5 q ha-1), aromatics (107.0 q ha-1) and HYVs (86.0 q ha-1). 
On an average, its magnitude varied from 47.9 q ha-1 to 145.1 q ha-1 with a mean 
value of 90.2 q ha-1 (Table 2). Results also showed that upon Zn application, 
magnitude of increase in straw yield was less than that of grain yield, where it 
recorded 12% and 17% increase over control in soil plus foliar and only soil 
application of Zn respectively. Results, therefore, revealed that Zn application was 
very effective to increase the grain yield compared to straw yield. 
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Harvest index (HI) i.e. transfer of photosynthates from shoot to grain of the 
cultivars was also estimated and the results revealed that Zn application recorded an 
increase in HI over control and the magnitude of increase was higher with soil plus 
foliar (7.5%) than soil alone application (6.3%) of Zn (Figure 1). Results also showed 
that among the different categories of the cultivars, HYVs were very efficient to 
transfer the photosynthates from shoot to grain followed by hybrids, locals and 
aromatics and this result was in corroboration with the grain yields of the cultivars 
discussed earlier. Results further revealed that HI values varied widely among the 
cultivars and it ranged from 0.085 to 0.509 with a mean value of 0.296. According to 
photosynthate translocation efficiency (i.e. HI) cultivars were grouped into four 
classes: very low HI i.e. < 0.2 (FR 43B, Kalma 222, Badshabhog, PA 6444, PHB 71, 
Gayasur and Gobindabhog), low HI i.e. 0.2-0.3 (Sabita, Lalat, Samba masuri sub1, 
Samba masuri, IR 64, Bhudev and PNR 546), medium HI i.e. 0.3-0.4 (Satya, Swarna, 
Satabdi, IR 36, Swarna sub1, Triguna, KRH 2, PNR 519, Khitish and Rasi) and high 
HI i.e. > 0.4 (GB2 and GB1). Results revealed that increased HI of rice was 
associated with higher Zn concentration in grains. The higher HI of the latter groups 
of cultivars recorded a greater amount of Zn in grains than the former groups upon 
soil+foliar application of Zn. This trend was just the reverse in only soil applied Zn 
fertilizers excepting with low HI (0.2-0.3) grouped cultivars (Figure 2). 
Influence of Zn fertilization on Zn concentration in brown rice 

On an average, Zn concentration in brown rice of the tested cultivars varied 
from 22.9 mg kg-1 to 79.7 mg kg-1 with a mean value of 40.3 mg kg-1 (Table 3). 
Results showed that Zn concentration in brown rice was higher in aromatics (32.0 mg 
kg-1) followed by HYVs (29.3 mg kg-1), locals (29.0 mg kg-1) and hybrids (25.9 mg 
kg-1). Results also showed that Zn content in brown rice varied significantly not only 
among the cultivars but also within the different categories of the cultivars. Most of 
the aromatic rice species, such as Jasmine and Basmati types, are high in both Fe and 
Zn (Senasdhira and Graham, 1999; Graham et al., 1999; Yang et al., 2007). Methods 
of Zn applications also showed significant variation between them and its magnitude 
was higher with soil plus foliar application of Zn than only soil application 
irrespective of the cultivars grown. Zinc application in soil increased the Zn 
concentration in brown rice to the level of 5.0 mg kg-1 (17%) over the control; 
whereas, soil plus foliar applied Zn increased the same to the tune of 27.8 mg kg-1 
(95%) than no Zn treatment. Approximately two to three folds increase in grain Zn 
concentration upon soil plus foliar application was also observed by Cakmak (2008). 
Among the different categories of the cultivars Zn content in brown rice was higher 
with hybrid followed by local, HYV and aromatic upon soil plus foliar application of 
Zn. Highest increase in grain Zn content with soil+foliar application of Zn was found 
in Hybrids followed by HYVs than locals and aromatics.  
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Influence of Zn on Fe concentration in brown rice 
As localization of Fe in rice kernel occurs in the surface bran layer and in 

embryo region, brown rice could be a good source of Fe for anaemic patients 
worldwide. Screening of rice cultivars as to their high Fe content in brown rice could 
be utilized in breeding purpose for production of high Fe containing transgenic rice 
cultivars. Loss of this Fe occurred to the extent of 65-70% during milling and this 
loss also varied among rice cultivars depending on size and shape of the rice kernel. 
So, white rice or polished rice would not be a good indicator of Fe availability to 
consumers. The present experiment also showed that Fe content in brown rice varied 
widely not only among the cultivars but also within the different categories of the 
cultivars. Results (Table 3) showed that Fe content in brown rice varied from 50.0 to 
62.9 mg kg-1 with a mean value of 54.4 mg kg-1. Native Fe content in brown rice of 
the tested rice cultivars was as follows: aromatics (72.0 mg kg-1) locals (66.9 mg kg-

1), hybrids (58.0 mg kg-1) and HYVs (56.4 mg kg-1). Results further showed that 
application of Zn caused a significant decrease in grain Fe content over the control, 
irrespective of the cultivars and the magnitude of decrease was higher with soil plus 
foliar application of Zn (17.4%) than with only soil application (9.4%). Goirdano and 
Mortvedt (1972) also reported the antagonistic effect of Zn on Fe nutrition of rice 
regarding translocation within the plant as the pathway for Zn and Fe movement is 
same. Higher Fe content in grains of locals and aromatic cultivars than others might 
be due to high iron chelating phytosiderophore secretion from roots (Cakmak et al., 
1996; Rengel et al., 1998) and more efficient utilization of iron from high iron 
containing soils (215 mg kg-1 DTPA extractable Fe) of this region. 

CONCLUSIONS 
From the overall results it could be concluded that rice cultivars varied widely 

in their native agro-morphic parameters and grain Zn and Fe contents among the 
categories of locals, HYVs, hybrids and aromatics in native soil marginally deficient 
in available Zn. Application of Zn fertilizers both as basal as well as soil plus foliar 
application significantly influenced all the agro-morphological parameters tested viz., 
number of tillers per hill, plant height, panicle length, test weight, grain and straw 
yield of rice. The magnitude of increase in grain yield over control was 29% and 22% 
in soil plus foliar and only soil application of Zn respectively. Therefore, it can be 
opined that soil plus foliar application of Zn was very effective than soil alone 
application. Two foliar spraying of Zn (@ 0.5 % ZnSO4.7H2O) along with basal 
application (@ 20 kg Zn ha-1) increased the grain Zn content to the level of two to 
three times, while only soil applied Zn increased it very slightly indicating that basal 
application of Zn showed a trend to increase the grain yield, whereas, soil plus foliar 
application was proven to enhance the grain Zn content i.e. to increase the quality of 
the final produce.  
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Table 1: Influence of Zn fertilization on number of tillers per hill at maximum tillering stage, plant height and 
panicle length of the rice cultivars at harvesting stage. 

No. of tillers per hill Plant height (cm) Panicle length (cm) 
Type of cultivar Name of the cultivar 

Zn0 Zn1 Mean Zn0 Zn1 Zn2 Mean Zn0 Zn1 Zn2 Mean 
Sabita 10.4 11.3 10.8 153.3 159.5 167.7 160.2 24.2 24.5 28.7 25.8 
IR 36 15.5 18.4 17.0 97.5 98.8 100.9 99.1 21.3 21.6 22.3 21.8 
Khitish 13.4 16.0 14.7 98.2 100.5 102.2 100.3 23.7 23.8 24.1 23.9 
Satya 17.1 18.4 17.7 94.9 97.6 102.5 98.3 21.3 21.7 21.6 21.5 
Triguna 15.9 20.0 17.9 99.7 100.9 103.8 101.4 25.3 25.7 27.7 26.2 
Bhudev 14.6 13.9 14.3 128.8 141.3 144.4 138.2 24.5 26.2 27.2 26.0 
Swarna sub1 11.4 14.1 12.8 93.6 96.4 97.5 95.8 23.2 23.4 24.5 23.7 
Samba masuri sub1 17.5 17.3 17.4 96.0 100.9 108.4 101.8 20.6 21.7 21.8 21.4 
Satabdi 20.7 22.8 21.8 102.3 105.5 108.7 105.5 26.5 27.0 30.3 27.9 
IR 64 9.7 12.9 11.3 92.9 95.3 95.8 94.7 22.0 22.5 23.2 22.5 
Samba masuri 12.5 14.1 13.3 103.4 107.2 113.3 108.0 19.8 21.7 22.3 21.3 
Lalat 14.4 16.7 15.6 120.7 122.7 124.6 122.7 27.3 29.1 31.8 29.4 
Swarna 13.9 17.2 15.6 103.7 105.5 110.5 106.6 22.5 24.8 25.8 24.4 
GB 2 13.0 14.0 13.5 126.3 128.8 130.1 128.4 25.9 27.4 28.2 27.2 
GB 1 13.4 15.7 14.6 130.9 131.4 132.8 131.7 23.9 24.7 26.2 24.9 
Rasi 11.5 16.7 14.1 113.1 114.8 118.8 115.5 24.0 25.2 25.6 24.9 

HYV PNR 519 14.1 18.2 16.1 110.9 113.4 115.5 113.3 22.5 23.9 25.0 23.8 
KRH 2 14.8 19.9 17.3 133.4 141.7 146.8 140.6 28.9 29.9 31.6 30.1 Hybrid 
PHB 71 15.4 15.5 15.5 130.3 135.0 137.2 134.2 28.8 31.4 32.3 30.8 



No. of tillers per hill Plant height (cm) Panicle length (cm) 
Type of cultivar Name of the cultivar 

Zn0 Zn1 Mean Zn0 Zn1 Zn2 Mean Zn0 Zn1 Zn2 Mean 
PA 6444 16.1 17.8 17.0 130.2 132.0 133.8 132.0 23.6 26.3 27.3 25.7 
FR 43B 10.9 13.6 12.3 172.0 178.3 185.9 178.7 23.5 27.1 27.0 25.9 

Local Kalma 222 12.4 14.3 13.4 183.4 191.5 203.1 192.7 24.2 26.4 26.7 25.8 
Gayasur 12.3 12.7 12.5 140.9 144.6 148.6 144.7 24.0 25.3 26.3 25.2 
Gobindabhog 15.0 17.3 16.2 139.5 153.3 154.1 148.9 24.4 25.5 25.5 25.1 
Badshabhog 12.2 15.6 13.9 148.9 154.5 154.8 152.7 24.2 26.7 28.8 26.6 

Aromatic PNR 546 11.7 16.4 14.0 104.9 109.4 111.3 108.5 30.3 32.3 33.7 32.1 
Mean 13.8 16.2 15.0 121.1 125.4 129.0 125.2 24.2 25.6 26.7 25.5 
  SEm (±) LSD (0.05) SEm (±) LSD (0.05) SEm (±) LSD (0.05) 
Variety 0.49 1.38 0.48 1.35 0.16 0.46 
Zn 0.2 0.79 0.12 0.39 0.1 0.32 

  VarietyxZn 0.77 2.17 0.62 1.74 0.3 0.85 

 



Table 2: Influence of Zn fertilization on test weight (g), grain yield (q/ha) and straw yield (q/ha) of the rice 
cultivars. 

Test weight (g) Grain yield (q/ha) Straw yield (q/ha) 
Type of cultivar Name of the cultivar 

Zn0 Zn1 Zn2 Mean Zn0 Zn1 Zn2 Mean Zn0 Zn1 Zn2 Mean 
Sabita 283.7 291.1 293.3 289.4 35.6 41.9 42.8 40.1 117.9 125.5 131.7 125.0 

IR 36 210.7 213.5 214.4 212.9 26.2 34.2 36.5 32.3 53.5 55.2 57.9 55.5 

Khitish 203.0 213.8 214.6 210.5 34.0 41.4 41.9 39.1 52.2 57.1 57.9 55.8 

Satya 146.4 153.0 154.6 151.3 34.6 38.7 40.8 38.1 74.9 93.5 100.0 89.4 

Triguna 198.9 207.2 207.6 204.5 28.1 38.3 43.3 36.6 53.7 58.3 59.7 57.3 

Bhudev 244.2 248.8 251.5 248.2 44.0 50.8 54.4 49.8 108.5 129.0 137.2 124.9 

Swarna sub1 190.7 194.4 195.3 193.5 43.2 52.8 54.2 50.0 84.7 89.4 91.2 88.5 

Samba masuri sub1 144.4 149.5 150.9 148.3 27.8 39.3 42.5 36.5 78.1 90.4 95.1 87.9 

Satabdi 170.0 173.2 174.3 172.5 22.8 28.6 30.4 27.3 47.9 53.9 54.4 52.1 

IR 64 216.4 230.8 237.4 228.2 25.7 35.4 38.3 33.1 65.7 74.9 76.1 72.2 

Samba masuri 143.9 151.0 155.4 150.1 33.2 40.3 42.1 38.5 85.3 95.6 101.5 94.1 

Lalat 238.3 246.0 251.3 245.2 27.2 34.3 40.4 34.0 84.0 103.6 108.2 98.6 

Swarna 195.6 202.7 205.6 201.3 58.7 65.1 66.7 63.5 126.5 135.1 145.1 135.6 

GB 2 213.0 219.1 222.0 218.1 41.1 45.6 48.1 44.9 52.8 56.2 59.2 56.1 

GB 1 198.0 203.5 204.0 201.9 53.7 62.9 64.4 60.4 58.3 60.7 62.6 60.6 

Rasi 196.7 203.3 204.5 201.5 31.5 39.9 40.8 37.4 47.9 57.4 60.6 55.3 
HYV PNR 519 198.5 211.4 215.1 208.3 32.8 38.5 41.0 37.5 54.3 62.4 63.3 60.0 

KRH 2 210.0 220.1 225.3 218.4 33.3 43.7 47.9 41.7 61.0 66.0 76.7 67.9 

PHB 71 225.7 235.2 236.3 232.4 24.3 29.0 29.7 27.7 110.1 117.9 119.6 115.9 
Hybrid PA 6444 217.5 231.4 236.0 228.3 28.4 38.5 40.8 35.9 134.9 139.9 144.2 139.6 

Local FR 43B 221.6 226.3 228.2 225.4 11.4 15.8 16.8 14.7 122.8 136.7 142.4 133.9 



Test weight (g) Grain yield (q/ha) Straw yield (q/ha) 
Type of cultivar Name of the cultivar 

Zn0 Zn1 Zn2 Mean Zn0 Zn1 Zn2 Mean Zn0 Zn1 Zn2 Mean 
Kalma 222 249.9 254.9 257.3 254.0 10.1 12.6 12.8 11.9 104.2 121.7 128.7 118.2 

Gayasur 120.3 128.3 132.9 127.1 19.6 25.3 26.5 23.8 85.7 106.0 111.2 101.0 

Gobindabhog 100.4 107.0 109.9 105.8 22.6 26.1 27.4 25.4 98.7 111.5 115.8 108.7 

Badshabhog 95.3 99.4 100.8 98.5 24.3 27.1 28.3 26.6 116.9 124.9 129.2 123.7 
Aromatic PNR 546 195.6 203.5 206.8 202.0 24.2 27.6 28.5 26.8 57.8 69.2 71.9 66.3 

Mean 193.4 200.7 203.3 199.1 30.7 37.5 39.5 35.9 82.2 92.0 96.2 90.2 

 SEm (±) LSD (0.05) SEm (±) LSD (0.05) SEm (±) LSD (0.05) 

Variety 1.1 3.08 0.37 1.04 0.88 2.46 

Zn 0.39 1.28 0.19 0.61 0.32 1.04 
 VarietyxZn 1.85 5.16 0.6 1.68 1.15 3.22 

 



Table 3: Influence of Zn fertilization on Zn and Fe content (mg kg-1) in brown rice. 
Zn content (mg/kg) Fe content (mg/kg) 

Type of cultivar Name of the cultivar 
Zn0 Zn1 Zn2 Mean Zn0 Zn1 Zn2 Mean 

Sabita 21.9 27.9 36.1 28.6 59.8 55.8 51.5 55.7 

IR 36 20.6 26.5 46.1 31.1 65.6 57.9 52.9 58.8 

Khitish 17.3 26.9 46.9 30.4 56.5 54.0 49.4 53.3 

Satya 17.8 24.0 40.1 27.3 55.2 51.2 47.9 51.4 

Triguna 22.0 32.4 51.3 35.2 57.6 53.5 47.6 52.9 

Bhudev 24.8 31.8 35.9 30.8 56.4 54.5 45.5 52.1 

Swarna sub1 22.1 27.8 51.3 33.7 55.6 50.1 46.6 50.7 

Samba masuri sub1 28.8 35.1 52.7 38.9 67.0 62.8 58.2 62.7 

Satabdi 27.3 31.8 56.3 38.5 50.5 45.0 42.7 46.0 

IR 64 21.8 27.7 42.5 30.6 50.0 46.6 42.5 46.4 

Samba masuri 28.5 34.7 58.9 40.7 56.0 50.6 46.4 51.0 

Lalat 27.4 41.0 72.6 47.0 55.5 53.4 49.5 52.8 

Swarna 22.8 28.3 39.0 30.0 54.4 51.0 46.5 50.6 

GB 2 20.0 28.7 52.5 33.7 50.6 48.9 45.9 48.5 

GB 1 22.5 27.1 73.6 41.1 55.3 52.4 47.5 51.7 

Rasi 24.1 32.1 65.7 40.6 56.6 52.1 47.4 52.0 

HYV PNR 519 20.7 33.7 75.3 43.2 55.7 50.0 45.9 50.5 

KRH 2 23.5 29.5 55.3 36.1 52.8 46.8 42.9 47.5 

PHB 71 19.8 35.3 57.1 37.4 56.6 45.8 42.1 48.2 Hybrid 

PA 6444 22.7 34.1 54.1 37.0 64.7 53.6 46.7 55.0 



 

FR 43B 25.5 32.4 49.0 35.6 67.8 62.5 59.3 63.2 

Local Kalma 222 27.1 30.9 57.4 38.5 66.1 57.8 53.6 59.2 

Gayasur 25.4 30.4 43.3 33.1 72.1 67.8 62.9 67.6 

Gobindabhog 25.8 27.2 43.7 32.2 72.6 57.7 51.4 60.6 

Badshabhog 27.4 28.7 43.5 33.2 69.6 58.2 53.4 60.4 

Aromatic PNR 546 32.7 38.2 53.0 41.3 73.7 67.6 56.9 66.0 

Mean 23.8 30.9 52.0 35.6 59.8 54.1 49.3 54.4 

  SEm (±) LSD (0.05) SEm (±) LSD (0.05) 

Variety 0.50 1.41 0.14 0.38 

Zn 0.16 0.53 0.04 0.14 

  VarietyxZn 0.89 2.49 0.24 0.67 

 



120 B. Saha et al. 

 
Figure 1: Variation in harvest index of the rice cultivars with different levels of Zn 

 
Figure 2: Relationship between harvest index and Zn content in brown 

rice with different levels of Zn 

1.  Since the Jouranl is for a greater audience of readers across many countries use of terms, 
units etc should be international. 

2.  Title says quality parameters but no such parameters were evaluated except grain Zn and 
Fe content. Hence re wording of title is suggested. 

3.  The LSD values given are for comparing mean effects or treatments effects. It has to be 
clearly indicated. The LSD value for variety is I believe can be used only to compare 
variety groups and not individual varieties.  

4.   No indicationof the Figure 2 appear in the text. 
5.  Fe and Zn content variation in grain has to be given an important consideration as the 

people wanted grains having both Fe and Zn. Therefore authors should be encouraged to 
discuss the optimum way of having both in the grain. But he emphasize only on Zn. 

6.  Author has stated that he observed Brown Plant Hopper at early plant growth stage. I 
believe this must be thrips and not the BPH which usually attack the grown up plants 
with dense canopy when RH is high. 
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ABSTRACT 

A field experiment was conducted during 2006 and 2007 (June-
December) at New Delhi to assess the performance of three cotton 
hybrids of which two Bt (MRC 6304 & RCH 317) and one non-Bt cotton 
hybrid LHH 144 (North zone check) in response to nitrogen fertilization 
(0, 60, 120 and 180 kg ha-1). Based on pooled analysis, both Bt hybrids 
produced similar seed cotton yield (SCY). Bt hybrid have produced 7.1 
bolls/plant (on an average) and bolls 0.48 g heavier than non Bt hybrid 
LHH 144 that lead to 1.07 t ha-1 higher SCY of Bt hybrids than non-Bt 
hybrid (1.93 t ha-1). Though the N uptake by cotton hybrids was 
statistically similar N harvest index (NHI) was higher in Bt hybrid (57.85) 
as compared to non-Bt hybrid (40.5). The agronomic N use efficiency 
(ANUE) was highest in MRC 6304 Bt (6.44) and least in LHH 144 non-Bt 
cotton (3.91). Cotton growth, yield attributes, SCY, and N uptake 
increased with each successive increase to the highest level of 180 kg 
ha-1however, the N response of cotton was quadratic in nature with 
optimum dose of 173.0 kg ha-1. The NHI decreased with increase in N 
dose i.e. from the highest of 56.3 in control to the lowest of 48.8 with 180 
kg ha-1 N fertilization. ANUE and physiological NUE that was highest with 
60 (5.73) and120 kg N fertilization (17.05), respectively and decreased 
with further increase in N dose. The cotton hybrid x N interaction effect 
revealed that Bt cottons have quadratic N response while non-Bt cotton 
has linear N response. From the economic point of view, Bt hybrids with 
120 kg Nha-1 could be optimum dose for cotton cultivation. 
Key words: Bt cotton, nitrogen, nitrogen use efficiency, N harvest index 
(NHI), seed cotton yield (SCY), economics 
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INTRODUCTION 
Cotton (Gossypium sp) is the most important commercial fibre crop of India 

since time immemorial. Its productivity however, has made little progress since 
independence. The severe incidence of bollworm complex owes major responsibility 
for the low cotton productivity in the country. The initial success with 4th generation 
synthetic pyrethroids in the early 1980’s for control of bollworms in cotton was lost 
with gradual resistance development to these pesticides. The costly and partially 
successful pest management practices made cotton farming uneconomical. The 
development of cotton hybrids with a gene from the soil bacterium Bacillus 
thuringiensis (Bt) by Monsanto enabled the plant to produce toxins to defend against 
bollworms attack. The Bt cotton hybrids were commercialized in USA in 1996 and 
subsequently introduced to Central and Southern cotton zones of India in 2002 with 
the grant of permission for cultivation of three Bt cotton hybrids. Subsequently in 
2005, six Bt cotton hybrids were approved for cultivation in North cotton zone. 
Recent region-specific studies in India have found that Bt hybrids improved yields by 
45-87 per cent (AICCIP, 2007). The economic gains reported in India with Bt cottons 
has been primarily due to reduced costs of pest control, and increased yields (Qaim et 
al., 2009). The lowered seed costs between Bt and Non-Bt hybrids (Bt prices to Rs. 
750/packet since 2006 as compared to non-Bt hybrids price of Rs 450/packet) have 
further made Bt technology acceptable to farmers (Kameswara Rao, 2006).  

Nitrogen, an integral component of many plant compounds such as amino 
acids, that are the building blocks of proteins, is a vital nutrient for the growth and 
development of cotton.  As N is a mobile element, its deficiency during the early and 
mid season results in the chlorosis of older leaves. Its deficiency also leads to reduced 
plant height, fruiting branches and increased boll shed (Hodges, 1995). The yield 
response of Bt cotton (Pettigrew and Adamczyk, Jr., 2006) and increases in Bt 
protein content with N fertilization (Yang Chang Qin et al., 2005) demands adequate 
N fertilization. The information on comparative performance of Bt and non-Bt 
cottons under different nitrogen fertilization levels in Northern Indo-Gangetic Plains 
of India is lacking. Hence the present study was undertaken to find the response of Bt 
cotton to different N fertilizer for highest yield and economic return.  

MATERIALS AND METHODS  
Field experiments were conducted during June-December of 2006 and 2007 at 

the research farm of Indian Agricultural Research Institute, New Delhi. The 
experimental soil was sandy loam with 7.8 and 7.7 pH containing 3,700 and 3,800 kg 
ha-1 organic carbon, 166 and 168 kg ha-1 of KMnO4 extractable N, 14.7 and 14.5 kg 
ha-1 0.5 M NaHCO3 extractable P and 179 and 173 kg ha-1 NH4OAC extractable K at 
the start of experimentation in 2006 and 2007. The trial was laid out in split plot 
design with 3 cotton hybrids viz., MRC 6304, RCH 134 (Bt cottons), and LHH 144 
(non-Bt hybrid with resistance to leaf curl virus used as check in the North zone) as 



RESPONSE OF NITROGEN FERTILIZATION ON BT AND NON BT COTTON 123 

main plots and 4 nitrogen (N) levels (0, 60, 120, and 180 kg ha-1) as sub-plot. A sub-
plot of 5.4 m x 4.8 m size was used. The treatments were replicated thrice. Single 
cotton seed was dibbled at 120 cm x 60 cm spacing on a well prepared soil in first 
week of June followed by irrigation.  Some seedlings were gap filled at 15 days after 
sowing (DAS) with seedlings grown simultaneously in plastic bags for this purpose. 
The seed cotton was collected in three pickings starting from October and after final 
picking (the crop stalks were harvested) in first week of December 2006 and in the 
last week of November 2007 (Plot size given). The crop received 26.4 kg ha-1 of 
phosphorus (P) and 36 kg ha-1  potassium (K) as single super phosphate and muriate 
of potash,and nitrogen (N) was given as per the treatments through prilled urea. 
Entire P and K fertilizers were broadcast applied to soil uniformly and were mixed 
with the soil by tractor drawn cultivator before sowing. Nitrogen was applied after 
irrigation in 3 equal splits 15, 40 and 80 DAS coinciding with gap filling, square and 
early boll formation stages, respectively. In non-Bt cotton, one spray of 
monocrotophos 36% SL @ 2 liters (85 DAS) and two sprays of Spinosad 45% SC 
(Tracer) @ 100 ml (110 and 135 DAS) dissolved in 500 liters of water was 
applied/ha to protect crop against boll worm complex. During the experimental years 
from June- December / November 499.3 and 457 mm of rainfall was received in 
2006 and 2007, respectively. The crop received irrigations as per need. However, 
during 2007, the crop faced a slight moisture stress for 15 days in mid to end of July 
(at square formation). Plant height was recorded at last picking stage. The leaf area 
expressed as leaf area index (LAI) and dry matter production (DMP) was recorded at 
30 days interval from sowing to harvest for two plants. A single plant from second 
row from border was cut to the ground level in the morning hours (9.00  AM) and 
were shifted immediately to laboratory and leaves were separated immediately and 
the leaf area was recorded with the help of leaf area meter (model LI-3100 USA). 
LAI was calculated as ratio of leaf area (cm2) /plant to that of land area occupied by 
plant (7200cm2). The defoliated plant and leaf samples after recording leaf area were 
kept in paper bags and was oven dried at 600C for 48 hours and their total weight (g) 
was recorded.  The dry matter values were reported as g/m2 by multiplying dry 
weight of plant with number of plants/m2i.e. 1.388. The LAI values reached their 
highest values at 120 DAS and the LAI and DMP values were reported for this stage 
only The nitrogen concentration of economic produce and cotton sticks along with 
leaves retained on plant at harvest was determined by kjeldahl.s method (Jackson, 
1973) and uptake was obtained as product of concentration and yield. N harvest 
index was worked out as ratio of uptake in seed cotton to total uptake. Partial factor 
productivity was worked out as ratio of economic yield and amount of N application. 
Agronomic efficiency of N was calculated as ratio of yield (yield in N applied-yield 
in no N applied plot in kg ha-1) and amount (kg ha-1) of N applied. Physiological 
efficiency of N was worked out as ratio of yield (yield in N applied plot-yield in no N 
applied plot) and N uptake (uptake in N applied- uptake in no N plot). In calculation 
of economics, minimum support price was taken for seed cotton (Rs. 20,100/t of seed 
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cotton) and dry weight cotton stalks of Rs. 1,000/ton. The N fertilizer price of Rs.11/ 
kg was used. Seed cotton picking cost was taken as Rs. 500/t, while stalk harvesting 
was taken @ 100/t. Seed cost was taken as Rs. 1,125/ ha for non- Bt cotton, LHH 144 
and Rs. 1, 875/ha for Bt hybrids.  

RESULTS AND DISCUSSION 
Growth and yield attributes  

The results indicate significant influence of cotton hybrids and N levels on the 
growth and yield attributes of cotton (Table 1). The two Bt hybrids were on average 
12.4 cm shorter than non-Bt hybrid (126.6 cm). Non-Bt cotton recorded significantly 
higher LAI values than the two Bt cotton hybrids. LAI of non-Bt cotton hybrid on an 
average has 0.57 higher than two Bt hybrid. The two Bt hybrids have statistically 
similar LAI values. Nitrogen fertilization enhanced the plant height and LAI 
markedly up to the highest level (180 kg ha-1) of its application. However, the 
increase in plant height in both the years and LAI during second year beyond 120 kg 
N application was not marked. The plant height and LAI (mean of two years) 
increased by 11.1 cm and 0.73 with 60 kg N fertilization over control. The respective 
increase in plant height and LAI was 5.8 cm and 0.17 and 4.4 cm and 0.14 with 
application of 120 and 180 kg N fertilizer over 60 and 120 kg N/ha, respectively. 
Similar differences in growth attributes among Bt and non-Bt cotton hybrids (Singh 
et al., 2007a) and N fertilization (Fernandez et al., 1996) were also reported. The 
highest dry matter was produced from non Bt hybrid in both the years at 120 DAS 
and was significantly higher than Bt hybrids (Table 1).  

Growth attributes were higher in non Bt hybrid but yield attributes showed 
reverse behaviour. The yield attributes (boll number and boll weight) of Bt hybrids 
were similar. The Bt hybrids on an average had 7.13 extra bolls /plant compared to 
non-Bt hybrid (LHH-144). Similarly Bt hybrids produced bolls weighing 0.48 g more 
than that of the non-Bt cotton hybrid LHH 144. Each successive increase of N dose 
from unfertilized control to the highest level of 180 kg/ha increased the boll number 
and boll weight but at par to 120 kg N ha-1. Application of 180 kg N ha-1 produced  
mean boll number of 54/plant and boll weight of 4.35 g which was 40 and 8.3% 
greater over no nitrogen fertilizer applications (38.55 and 4.015 g). The lower boll 
number and boll weight of cotton in unfertilized control plots was due to inadequate 
N supply from the soil that was rated low in available N. The reduced leaf area 
(source) failed to satisfy the assimilate needs of growing bolls (sink), leading to their 
shedding resulting in less number of bolls per plant. Further, the retained bolls were 
of lighter in weight. A decrease in leaf area (Fernandez et al., 1996) and associated 
lower assimilates supply leading to low yield attributes formation was also reported 
by Raja Reddy et al. (2003). The interaction effect of cotton hybrids and nitrogen 
fertilization on yield attributes was found non-significant.  
 



RESPONSE OF NITROGEN FERTILIZATION ON BT AND NON BT COTTON 125 

Seed cotton yield 
The seed cotton yield (SCY) was significantly influenced by cotton hybrids, N 

levels (Table 1), and their interaction (Table 2). The SCY l was less in the second 
year by 0.3 ton than that in first year (2.79 t ha-1). This was ascribed to the moisture 
stress in the later year due to failure of water supply coinciding with square formation 
starting from mid July for a fortnight. 

The two Bt hybrids being at par produced 1.07 t ha-1 higher SCY (64.7%) than 
non-Bt hybrid LHH 144. (Table 1) The better performance of Bt cottons were 
ascribed to higher boll numbers/plant and heavier boll weight. Similar differences 
among Bt and non-Bt cotton hybrids were also reported from India by Nehra et al. 
(2004) Singh  et al. ( 2007b) Singh et al. (2007a) and Yudhveer Singh  et al. (2010).  

Each successive increase of N dose increased the seed cotton yield up to 180 
kg N/ha during the first year. However, in the second year, response to N beyond 120 
kg was not marked. The SCY increased by 0.35, 0.32 and 0.12 t ha-1 with application 
of 60, 120, 180 kg N over control, 60 and 120 kg N, respectively. The increase in 
SCY with N application was ascribed to the effect of N on boll number and boll 
weight  

The interaction effect of cotton hybrids and N fertilization on pooled SCY ( 
Table 2) indicate that SCY of Bt cotton hybrids increased up to 120 kg N ha-1, 

whereas in non-Bt cotton SCY increased upto the highest levels of N (180 kg ha-1). 
The differential response of Bt and non-Bt hybrids to N could be ascribed to the short 
and determinate nature of the former  as compared to long and indeterminate growth 
habit of the later.  
Stalk yield 

The cotton stalk yield (CSY) i.e. the dried cotton stalk along with the leaves 
retained on plant at harvest and bolls (after removing seed cotton) was significantly 
influenced by cotton hybrids and N levels (Table 1). The non-Bt hybrid (LHH 144) 
on an average produced 11.5% (0.63 t/ha) higher stalks than Bt hybrids. The cotton 
stalk yields of both Bt hybrids were statistically similar and the differences in stalk 
yield between Bt and non-Bt hybrids could be ascribed to taller plants and more 
branching (visual observation) of the former. Each successive increase of N dose 
increased the cotton stalk yield up to 180 kg N ha-1 during both the years but 
statistically at par to 60 kg N ha-1. The cotton stalk yield on an average increased by 
0.68, 0.35 and 0.21 t ha-1 with 60, 120, 180 kg N fertilization over control, 60 and 
120 kg N respectively. The increase in cotton stalk yield with N fertilization was 
ascribed to its impact on plant height and also on branching. 
N uptake and use efficiency parameters 

The N uptake of cotton hybrids (both Bt and non Bt) were statistically similar, 
but LHH 144 has 8.83 kg ha-1 less uptake than Bt hybrids. However, the amount of N 
present in seed cotton was highest (57.85%) in Bt cotton while non-Bt has lowest 
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(40.5%) amount (Table 3). The low values of non Bt cotton was ascribed to the fact 
that it has indeterminate growth habit and thus has more N in vegetative parts at end 
of November. The total N uptake increased with each successive increase from 0 to 
180 kg ha-1. The increased N uptakes with N fertilization as compared to unfertilized 
(control) cotton crop of the present study are in close agreement with the findings of 
Raman Jeet Singh et al. 2009). The share of seed cotton N in total uptake (NHI) 
decreased with increase in N dose. It was 56.3, 52.4, 51.5 and 48.8 % in control, 
60,120 and 180 kg ha-1 N fertilization, respectively. The increase in total uptake with 
increasing N dose was ascribed to the increased N concentration and yield (seed 
cotton and stalk, leaves etc) of crop. In the present study, the N uptake of stalk and 
leaves retained on plant at harvest was only considered, indicating lower estimation 
of N uptake owing to non-consideration of uptake of senesced leaves up to maturity. 
The decrease in seed cotton share in total N uptake with increasing N dose indicates 
that a greater portion of it is retained in stems and green leaves at higher N dose.   

The partial factor productivity of nitrogen, PFP (kg seed cotton/kg N applied), 
agronomic N use efficiency, ANUE (kg seed cotton/kg N applied), and physiological 
N use efficiency, PNUE (kg seed cotton/kg N uptake) of Bt hybrids (31.29, 6.00 and 
16.75) were higher than non-Bt LHH 144 (20.13, 3.91 and 14.12). The higher ANUE 
of Bt hybrids as compared to non-Bt hybrid was ascribed to greater increase in SCY 
with N fertilization in the former as compared to the later. Among N fertilization, the 
PFP, ANUE and PNUE were highest with 60, 60 and 120 kg N fertilization (42.33, 
5.73 and 17.05) respectively and it decreased thereafter and their lowest values 
(16.56, 4.30 and 15.22) were recorded with the highest application rate (180 kg ha-1). 
The decreasing PFP, ANUE and PNUE with increase in N dose were ascribed to the 
fact that the increase in seed cotton yield was not in proportionate to the N 
application rate and N uptake respectively. 
Response functions 

The response of seed cotton yield to N application as influenced by cotton 
hybrids and N levels was worked out from seed yield data by fitting response 
equation based on mean data of two years (Table 4). The equations revealed that 
response of seed cotton yield to N was quadratic with high R2 values. The optimum 
dose of N  for cotton was170.3 kg ha-1 , the response per kg N at optimum dose  in 
terms of seed cotton yield was worked out to be 3.96 and the returns on each rupee of 
investment on N was Rs 6.23. Based on N response, MRC 6304 was found more 
efficient in utilizing N and producing economic yields. Non-Bt cotton response to N 
was found linear.  
Economics 

The economic analysis of the investigation (Table 5) revealed that Bt cotton 
hybrids enhanced more cost of cultivation by Rs. 1190/ ha over non-Bt cotton. Of 
this, Rs. 750 and 535,  were due to seed and seed cotton picking costs, while stalk 
harvesting costs were reduced by Rs 86 /ha. The Bt hybrids showed 88% (Rs. 
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19,357/ha) higher net returns than non-Bt hybrid cotton. The higher seed cotton 
productivity of Bt hybrids (1.07 t ha-1) with marginal increase ( Rs. 1190/ ha) in cost 
of cultivation (Rs. 750 due to seed and rest due to increased seed cotton picking 
costs) as compared to non-Bt hybrids has resulted in the above trend of net returns. 
The N fertilization of Bt cotton has enhanced net returns with each successive 
increase of 60 kg N dose to the highest levels of 180 kg N ha-1. Benefit cost ratio 
(BCR) showed similar in two Bt hybrids and much higher than non Bt hybrids. There 
was trend to increase BCR up to 120 kg N ha-1 (2:67) and decreased with the increase 
of N level 180 kg ha-1 (2:53). 

From the study it is concluded that Bt cotton hybrids are superior to non-Bt 
hybrid (LHH 144) both in seed cotton yield and net returns point of view. Economic 
analysis showed that 120 N kg ha-1 gave higher benefit, so this dose is recommended 
for cotton cultivation.  
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Table 1: Growth, yield attributes and yields of Bt and non-Bt cotton hybrids as influenced by nitrogen fertilization 

Treatment Total N 
uptake (kg 

ha-1) 

N retained 
(kg ha-1)in 
seed cotton

N Harvest 
Index 

ANUE (kg seed 
cotton /kg N 

applied) 

Physiological NUE 
(kg seed cotton/kg 

uptake) 

Partial factor productivity 
of N ( kg seed cotton/kg N 

applied) 

Cotton hybrid 
MRC 6304 (Bt) 118.0 68.3 57.9 6.44 16.97 31.42 
RCH 134 (Bt) 117.7 68.0 57.8 5.56 16.53 31.15 
LHH 144 (non-
Bt)  109.0 44.1 

40.5 3.91 
14.12 

20.13 

SEm± 3.1 2.4 - - - - 

CD (P=0.05)  9.6 7.5 - - - - 
Nitrogen dose ( kg ha-1) 
0   87.6 49.3 56.3 - - - 
60 110.4 57.9 52.5 5.73 15.35 42.33 
120 126.9 65.4 51.5 5.55 17.05 23.83 
180 139.5 68.1 48.8 4.30 15.22 16.56 

SEm± 2.0 1.6 - - - - 

CD (P=0.05)  5.7 4.6 - - - - 
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Table 2: Interaction effect of cotton hybrids and nitrogen fertilization on pooled 
seed cotton yield (t ha-1). 

Cotton hybrid Nitrogen dose 
(kg ha-1) MRC 6304 Bt RCH 134 Bt LHH 144 

0 2.45 2.52 1.59 

60 2.90 2.88 1.85 

120 3.27 3.22 2.06 

180 3.36 3.35 2.23 

SEm± 0.06 

CD (P=0.05) 0.17 

 



Table 3: N uptake and use efficiency parameters of different varieties as  influenced by levels of nitrogen 
fertilization of cotton (Pooled). 

Treatment Plant height 
(cm) 

2006     2007 

LAI 
at 120 DAS 
2006 2007 

Dry matter 
production     

(g/m2) at 120 
DAS 

2006    2007 

Bolls/Plant 
2006    2007 

Boll 
weight (g) 

2006   2007 

Seed cotton 
(kapas) yield (t 

ha-1) 
2006    2007 

Cotton stalks 
yield (t ha-1) 
2006   2007 

Cotton hybrid 

MRC 6304 (Bt) 125.2   101.7 3.38   3.28 311.5   307.3 51.4       45.6   4.38    4.35 3.12      2.87 5.60     4.95  

RCH 134 (Bt) 125.7   104.3 3.31   3.19 310.2   308.0 51.2       47.5  4.35    4.34 3.05      2.93 5.47     5.05 

LHH 144 (non-Bt)  134.8   118.3 3.90   3.82 415.5   408.6 43.8       39.8  3.90    3.85   2.21      1.65 6.35     5.90 

SEm±     3.1       2.7 0.07   0.06     9.0       8.4 1.2         0.97   0.09    0.07 0.058    0.027 0.10     0.09 

CD (P=0.05)      9.7       8.5   0.22   0.19   28.2     26.3 3.7          3.03   0.28    0.21 0.18    0.08 0.31     0.28 

Nitrogen dose ( kg ha-1) 

0 120.5     91.6 2.85   2.90 313.5    320.8 37.3      39.8   4.05     3.98 2.34       2.03 5.10      4.50 

60 126.5   107.8 3.45   3.32 349.5    339.7 46.7      42.8    4.18     4.20 2.66       2.42 5.75      5.20 

120 131.8   114.1 3.85   3.69 357.3    349.8  51.3      46.6   4.24     4.22 3.01       2.70 6.10      5.65 

180 135.8   118.9 3.93   3.81 362.9    355.7 59.9      48.0   4.37     4.32 3.17       2.79 6.25      5.83 

SEm±     2.1       1.9 0.05   0.04     4.9        4.6 0.81       0.66  0.06   0.05 0.04     0.03 0.07    0.06 

CD (P=0.05)      6.0       5.3 0.14   0.11   14.0      13.1  2.3        1.89    0.17     0.13 0.11     0.09 0.19    0.17 
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Table 4: N response functions based on mean data of two years 

Treatment Equation (R2) Optimum N 
dose (kg ha-1) 

N response (kg 
seed cotton/kg 

N) 

Returns 
(Rs/Re 

invested on N) 

MRC 6304 y = 2.4376 + 0.00968x – 
0.0003x2 (R2=0.9948) 

152.21 5.11 8.34 

RCH 134 y = 2.5021 + 0.00773x – 
0.00002x2 (R2=0.9953) 

179.57 4.14 6.57 

Mean N response y = 2.1772 + 0.00736x-
0.00002x2 (R2=0.9975) 

170.30 3.96 6.23 

y: yield in tons ha-1; x; dose of N in kg ha-1 

 
Table 5: Economics of Bt and non-Bt cotton cultivation as influenced by 

nitrogen fertilization 

Treatment 
Cost of 

cultivation (Rs 
ha-1) 

Gross 
Returns (Rs 

ha-1) 

Net 
Returns 
(Rs ha-1) 

Benefit cost 
ratio 

(BCR) 

Cotton hybrid  

MRC 6304 (Bt) 24,100 65,580 41,480 2.72  

RCH 134 (Bt) 24,100 65,359 41,259 2.71  

LHH 144 (non-Bt)  22,910 44,923 22,013 1.96  

Nitrogen dose (kg ha-1)  

0 22,000 48,819 26,819 2.22 

60 23,013 56,936 33,923 2.47  

120 23,723 63,366 39,643 2.67 

180 26,079 65,938 39,859 2.53 
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ABSTRACT 

The climate of the terai region of West Bengal, India in general, is sub-
tropical par humid to tropical with light textured acid soil with the 
problems like low moisture retention, low water use efficiency, leaching 
of bases, soil erosion, limited availability of multiple plant nutrients and 
restricted activity of beneficial soil micro-organisms. To combat these soil 
health related problems and to improve the overall productivity of North 
Bengal, a comparison between the conventional and conservation tillage 
was taken up and the immediate results were measured in terms of 
growth, yield attributes and yield. In the first two years of 
experimentation, though different growth attributes, grain yield, stover 
yield, and different yield attributing characters such as kernel rows cob-1, 
number of kernels row-1, 100 seed weight (g), number of seeds cob-1, 
girth of cob, length of cob and number of effective cob plant-1  were 
higher in conventional tillage as compared to conservation tillage but in 
terms of soil heath characteristics, conservation tillage had a meaningful 
remark from the initial years towards the future food security. Mulching @ 
4 t ha-1 was found to have performed better than unmulched treatments. 
Application of 75% recommended dose of fertilizer + Vermicompost @ 
10 t ha-1 resulted in better growth and yield attributes which directly 
influenced to have higher grain and stover yield.  
Key words: Soil conservation technique, zero tillage, straw mulching, 
vermicompost, maize, stover and grain yield. 
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INTRODUCTION 
The decline in the soil quality is a major concern, not only in the context of 

maintaining food production, but also with regard to the quality of the environment. 
The climate of the terai region of West Bengal, in general, is sub-tropical par humid 
to tropical humid in nature with distinctive characteristics of high rainfall, high 
relative humidity accompanied by low temperature. Light textured acid soil of North 
Bengal occasionally faces the problems like low moisture retention, low water use 
efficiency, leaching of bases, soil erosion, limited availability of multiple plant 
nutrients and restricted activity of beneficial soil micro-organisms. To combat these 
soil health related problems and to improve the overall productivity of West Bengal, 
the possible approaches are conservation tillage, mulching and incorporation of 
sufficient amount of good quality organic matter. In traditional agriculture, the aim of 
tillage can be summarized as to create a suitable seedbed, kill weeds, for reducing 
competition and conserving water and remove restrictions to infiltration, drainage 
and root growth within the root zone. The soil physical environment is important for 
maintaining sustained agronomic production; a concept embodied in the presumption 
that good soil tilth is a precursor to high crop productivity (Russel, 1971). No till has 
been widely claimed as highly effective practice for conservation of soil and water as 
compared to conventional tillage.  Greater retention of water in soil profile under 
conservation tillage has been reported (Moreno et al., 1997). Conservation tillage 
usually changes soil organic matter distribution in the A-Horizon (Angers et al., 
1997). Application of sufficient amount of organic matter is the key for the 
improvement of soil physical, chemical & biological environment (Hebbarai et al., 
2006). Gradual deterioration of agricultural soil health was due to inherent soil 
problems which are noticeable as light textured soil, high rainfall (2000 mm to 3500 
mm), strongly acidic soil (pH 4.0-6.0) leads to low moisture retention capacity, low 
water use efficiency, leaching of bases, low nutrient holding capacity leading to poor 
nutrient use efficiency, soil erosion, limits the availability of plant nutrients and 
restricts the activity of beneficial soil micro-organisms and also due to faulty 
agricultural practices such as heavy tillage. Adopting this technology leads to 
exhausting soil carbon pool rapidly- resulting from oxidation of carbon and emission 
in the form of CO2, poor tendency of farmers for incorporation of organic manures, 
poor quality and insufficient quantity of organic manures.  

The present investigation was planned to determine the effect of different 
tillage systems in combination with mulch application on some soil physical 
properties and growth of maize. So considering the above situations some 
manipulation in terms of tillage, mulching and nutrient management practices needs 
to be experimented to counteract the adverse soil condition and to improve the 
productivity of maize as a potential cereal crops in West Bengal agro-climatic region 
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MATERIALS AND METHODS 
Location and soil condition 

The experiment was carried out at Instructional Farm of Uttar Banga Krishi 
Viswavidyalaya, Pundibari, Cooch Behar, West Bengal, India during two consecutive 
years 2010 and 2011. The farm is situated at 26° 19' 86" N latitude and 89° 23'53"E 
longitude and at an altitude of 43 meters above mean sea level. The soil is sandy 
loam (62-65% sand, 18% silt, 16-17% clay), acidic with a pH of 5.85, 0.52% organic 
carbon, available nitrogen (217.65 kg ha-1), available phosphorus (22.82 kg ha-1), and 
available potash (174.68 kg ha-1).  
Agro-climatic condition of the research farm 

The climate of terai zone is sub-tropical in nature with distinctive 
characteristics of high rainfall, high humidity and a prolonged winter. There are two 
dominant seasons in a year - an extended winter or dry spring and a long rainy 
season. Very low rainfall, cool temperature and dry clear sunny days, with occasional 
heavy rainfall and high humidity are the characteristics of winter season. The winter, 
in most of the years falls in January and is extended even upto March. The rainy 
season is characterized by hot and humid weather, heavy precipitation by south-west 
monsoon with cloudy overcast days and fewer hours of bright sunshine. 
Field experiment   

The experiment was laid out in split-split plot design with three replications 
having two main-plot treatments (C1=conventional tillage and C0=zero tillage), two 
subplot treatments (M1=wheat straw mulching @ 4 Mg ha-1 and M0=un mulched) and 
four sub-sub plot treatments (V1=75% RD + Vermicompost @ 5t ha-1; V2=75% RD + 
Vermicompost @ 7.5t ha-1; V3=75% RD + Vermicompost @ 10t ha-1, and  V4=100% 
RD where RD is a recommended dose of fertilizers @ of 120-60-60 NPK kg ha-1). A 
net plot size was 3m x 4 m. Maize cultivar “Adiquba” was sown with spacing of 
30cm X 10 cm. Nitrogen, phosphorus and potassium were applied in the form of 
Urea, SSP and MOP. Full dose of P2O5, 1/3

rd of K2O, and 1/3
rd of nitrogen were applied 

as basal dose. Then 1/3
rd of nitrogen and potassium was applied as top dressing after 

completion of the first weeding/thinning, and the remaining 1/3rd at 45 days after 
sowing (DAS).  
Statistical analysis 

The data collected on growth and yield from the field and laboratory were 
subjected to statistical analysis appropriate to the design and the treatment variations 
were tested for significance by 'F' test (Cochran and Cox, 1955; Gomez and Gomez, 
1983). The standard error of mean and critical differences are indicated in the tables. 
For determination of critical differences at 5% level of significance, Fisher and Yates 
(1963) tables were consulted.  
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RESULTS AND DISCUSSION 
Maize growth 

The crop growth attributes such as, plant height, dry matter accumulation 
(DMA), crop growth rate (CGR), leaf area index (LAI), leaf area duration (LAD), net 
assimilation rate (NAR), on the average were influenced by tillage, mulch and 
application of vermicompost (Figures 1 to 5). Significantly higher crop growth 
corresponding to all parameters was observed under conventional tillage (CT) over 
zero tillage (ZT). The possible reason might be due to that conventional tillage (CT) 
develops suitable environment for root penetration whereas there is a mechanical 
impedance of roots in zero tillage system. Blecharczyk et al., (2004) and Khurshid et 
al., 2006 observed lower plant height in case of zero tillage as compared to 
conventional systems in light textured soils. The biomass and LAI were, therefore, 
higher in CT plots than other plots in the later stages of maize development (Figure 
4) because of grain yield being highest under CT during 2010 and 2011. However, in 
2011 higher soil water storage at sowing and throughout the seasons under ZT plots 
enhanced maize development and growth. Moreover, no peculiar diseases or pests 
were detected in the CT plots but infestation was observed in ZT plots. After three 
consecutive years of no-tillage practice due to the improvement of physical properties 
of the soil, the penetration resistance become much favourable to the root growth in 
the non-tilled plot, as reported by Izumi et al. (2004) and might be due to the surface 
cover of crop residues on zero tilled plots in the first year, which may have slowed 
down the rise of soil temperature (Khan and Parvej, 2010; Liu et al., 2004 and 
Khurshid et al., 2006) and delayed maize development and growth in the first year 
than the second year. This decrease in biomass yield was also attributed to 
significantly higher number of weeds (m-2) and weed biomass (g m-2) under zero 
tilled plots. Dogra et al. (2002) reported that conservation tillage operations in maize 
check erosion but caused more weed growth, thereby leading to decreased 
productivity and profitability. Other secondary growth parameters such as CGR, 
LAD and NAR also followed the same trend because of the above elaborated facts 
(Izumi et al., 2004; Barik et al., 2006 and Wang et al., 2011).   

Higher growth was observed in case of mulching @ 4 mg ha-1 treatment than 
un-mulched treatment. Similar findings were noticed by Singh et al. (2011), Wang et 
al. (2011) and Mesfine et al. (2005). These results are also in agreement with those of 
Liu et al., (2002), Shittu and Fasina, (2006) and Mesfine et al. (2005) who concluded 
that crop residue on the soil increased soil water contents, improved the ecological 
environment of the field and increased the grain yield of maize. Pervaiz et al. (2009) 
also reported that maize grew taller under greater mulch levels because of availability 
of more soil moisture contents for plant growth. Mulch moderates soil temperature 
and increases water infiltration during intensive rain (Gajri et al., 1994). Biomass 
yield and plant height of maize increased in wheat straw mulch over no mulch to the 
extent 17.90-25.57 % and 18.23-17.74 % respectively at both the years of 
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investigation. Again, in case of CGR, LAI, LAD and NAR similar results were 
reported by Yi et al., (2007). They stated that straw mulching increased plant height, 
leaf area, dry matter weight and increased root activity (Figures 2, 3, 4 and 5). 
Sharma et al. (2009) and Pervaiz et al. (2009) also reported that straw mulch was 
more effective in maize than without mulch. 

Among the nutritional treatments, the highest growth of crop at harvest was 
observed in treatment receiving vermicompost @ 10 t ha-1 in combination with 75% 
recommended dose of fertilizer (RDF) followed by Vermicompost @ 7.5 t ha-1 along 
with 75% RDF, Vermicompost @ 5 t ha-1 along with 75% RDF and 100% RDF 
which also were in conformity with the findings of Barik et al. (2006), Shukla and 
Tyagi, (2009). Net assimilation rate varied non-significantly between the nutrient 
management treatments. Hebbarai et al. (2006) revealed that highest growth was 
recorded under 100% recommended dose of fertilizer + vermicompost application 
that however remained at par with 75% recommended dose of fertilizer + 
vermicompost and 100% recommended dose of fertilizer alone. Reduction in 
recommended dose of fertilizer beyond 75% resulted in significantly lower yields. 
Slow organic matter decomposition through changes in nutrient 
mineralization/immobilization improved the soil fertility and the potential nutrient 
supply to the growing cultivated crops (Gosai et al., 2010). This again explained the 
reason behind greater plant and soil nutrients from organic matter which helped in 
overall growth and production of maize crop.  
Maize yield attributing characters  

Data regarding the yield attributing characters (Table 1-a, b) such as number of 
kernel rows cob-1 of maize, kernels row-1, 100 seed weight, number of seeds cob-1 and 
length of cob where conventional and zero tillage were statistically non-significant 
with each other, whereas, in case of number of effective cob plant-1 and girth of cob 
were found to be significantly different from each other. Su et al., (2007) and Izumi 
et al., (2004) also found parallel observations. Izumi et al., (2004) reported that 
continuous no-tillage practice gradually improved the soil condition for the root 
system development and furthermore, enhanced the crop growth and yield, which 
might be directly due to the increase in yield attributing characteristics.  They also 
added that root growth was improved after consecutive years of no-tillage practice 
due to the improvement of the physical properties of the soil; the penetration 
resistance became much favourable to the root growth in the non-tilled plots. 
Therefore, in maize the reduction in productivity resulting from the no-tillage 
practice was improved by alleviating the restraint of root growth (Khurshid et al., 
2006). As regards mulching @ 4 mg ha-1, the yield attributing characters such as 
number of kernel rows cob-1, kernels row-1, 100 seed weight and number of seeds 
cob-1, where mulching and unmulched were statistically significant with each other, 
whereas, in case of length of cob of maize, number of effective cobs plant-1 and girth 
of cob were found to be non-significant with each other (Table 1-a, b and 2). Yi et al. 
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(2007) and Wang et al. (2011) reported that straw mulching increased 100-seed 
weight and yield attributing characters. They concluded that the effects of full-straw 
mulching were better than those of half-straw mulching indicating that it might be 
due to the increased soil moisture content (27.88 and 27.61 % higher) during two 
years of experimentation. The possible reason may be that wheat straw mulches 
generated favourable soil temperature and soil moisture conditions which, in turn, 
increased the dry matter accumulation in plant (Khan and Pervej, 2010 and Wang et 
al., 2011). 

The application of vermicompost throughout the yield attributing characters 
attained on average non-significant values. The highest yield attributes were recorded 
with treatments receiving vermicompost @ 10 t ha-1 in combination with 75% 
recommended dose of fertilizer (RDF) which were at par with treatments V2 followed 
by V1 and V4. Experiments by Gopinath et al. (2008) and Das et al. (2010) confirmed 
it.  It was indicative of the fact that Vermicompost in conjunction with nitrogen, 
phosphorus, potassium exhibited their role in various physiological functions, 
movement of growth regulators within the plant, germination and growth of pollen 
grains and pollen tubes (Hebbarai et al., 2006; Patil and Sheelavantar, 2006 and 
Gopinath et al., 2008). In an experiment conducted by Shukla and Tyagi, 2009, the 
added organic materials, like vermicompost and enriched compost increased 
germination and growth of shoots, roots coupled with enhanced nodulation in 
legumes and promoting higher yield and yield attributes where slightly greater 
benefits were derived with vermicompost as compared to enriched compost.   

In case of number of kernels row-1, tillage-mulch interaction was significant 
during both years whereas tillage-vermicompost and mulch-vermicompost 
interactions were not significant but kernel rows cob-1, 100 seed weight (gm), number 
of seeds cob-1, girth of cob (mm), length of cob and number of effective cob plant-1 
were found to be non-significant during both years. 
Maize yield 

Data pertaining to grain yield (Table-2) of maize showed the influence of 
tillage, mulch and combination of recommended dose of fertilizers and vermicompost 
levels on grain yield. In case of tillage, conventional tillage differed non-significantly 
from zero tillage during both years. The maximum mean value of grain production 
was observed in conventional tillage which was non-significant with that of zero 
tillage during both years. Ressia et al. (2000), Motavalli et al. (2003) & Okeleye and 
Oyekanmi (2003) confirmed these findings. As regards mulch, significant grain yield 
was observed in treatment where mulch was applied compared with unmulched 
during both years. There were 12.12 and 8.38 % increase in grain yield under 
mulching @ 4 mg ha-1 condition as compared to unmulched or control treatment 
respectively during two years. Results corroborated the findings of Parasuraman 
(2002), Mesfine et al. (2005) and Sharma et al. (2009). Application of vermicompost 
also showed significant variation during both years. There were 24.35 and 26.57 % 
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increase in yield in 75% RD + Vermicompost @ 10 t ha-1as compared to 100% 
recommended dose respectively during both years. The highest grain yield was 
recorded with treatments receiving vermicompost @ 10 t ha-1 in combination with 
75% recommended dose of fertilizer which was at par with treatment V2 followed by 
V1 and V4. Hebbarai et al. (2006), Patil and Sheelavantar, (2006) and Gopinath et al. 
(2008) showed similar results.   

Stover yield in conventional tillage system was at par with that of zero tillage 
(Table 2). Results are in conformity with those of Blecharczyk et al. (2006) for the 
initial years but long term study done by Hati et al. (2006) revealed higher biomass 
yield in the conservation tillage. There were 16.12 and 7.42 % increase in biological 
yield of maize under conventional tillage as compared to zero tillage during both 
years, respectively. The effect of mulches and vermicompost was significant on 
biological yield of maize (Table 2). Similarly, significant biological yield was 
recorded in the mulching @ 4 mg ha-1 conditions as compared to unmulched 
conditions. Similar findings are put forward by Pervaiz et al. (2009). Among the 
nutritional treatments, treatment receiving vermicompost @ 10 t ha-1 in combination 
with 75% recommended dose of fertilizer varied significantly from vermicompost @ 
7.5 t ha-1 along with 75% RD,. vermi compost @ 5 t ha-1 along with 75% RDF  and 
100% RDF. Khandgave (2002) corroborated similar findings. Interactions of tillage-
mulch, tillage-vermicompost and mulch-vermicompost were insignificantly different 
for grain and stover yields during both years of investigation.  

The higher harvest index of maize (46.86 and 46.03 %) in both the 
experimental season were achieved in conventional tillage system (CT) compared to 
zero tillage (ZT) Similarly, higher harvest index was recorded under mulching @ 4 
mg ha-1 conditions (41.53 and 39.58 %) compared to unmulched conditions (38.85 
and 38.45 %) during both the years of experimentation (Table 2). Among the nutrient 
management treatments highest harvest index (40.78 and 40.58 %) was recorded at 
treatments receiving vermicompost @ 10 t ha-1 in combination with 75% 
recommended dose of fertilizer followed by vermicompost @ 5 t ha-1 in combination 
with 75% recommended dose of fertilizer, vermicompost @ 7.5 t ha-1 in combination 
with 75% recommended dose of fertilizer and 100% recommended dose in the ratio 
of 120: 60: 60 respectively during two years of experimentation. 

CONCLUSION 
Comparatively stable production comparable to the conventional tillage can be 

achieved by zero tillage practice in maize in typical North Bengal terai climates in 
spite of the large fluctuation in the growth system. Again, in maize, zero tillage 
practice gradually improves the soil conditions for the root systems development and 
consequently, enhances the shoot growth and seed yield.  
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Table 1(a): Effect of tillage, mulch and vermicompost on yield attributing characters of maize 
 Yield attributing characters 
 Kernel rows cob-1 No. of kernels row-1 100 seed weight (g)  No. of seeds cob-1 
Treatments 2010 2011 2010 2011 2010 2011 2010 2011 
Tillage system (C)  
C1 14.70 15.54 35.29 35.58 22.75 22.69 513.9 551.3 
C0 13.66 14.00 30.88 31.08 20.99 21.14 427.5 441.3 
S.E.  ± 0.59 0.72 1.42 1.43 0.81 0.53 36.22 39.77 
C.D (p=0.05) N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
Mulch levels (M)  
M1 14.37 15.29 35.21 35.46 22.43 22.54 506.7 544.6 
M0 14.00 14.25 30.96 31.21 21.31 21.29 434.7 448.0 
S.E.  ± 0.14 0.21 0.54 0.461 0.53 0.23 11.05 12.07 
C.D. (p=0.05)  N.S. 0.81 2.14 1.81 N.S. 0.88 43.37 47.39 
Vermicompost (V)  
V1 14.33 14.50 33.42 33.67 21.92 21.92 477.2 493.8 
V2 14.33 14.92 34.50 34.67 22.37 22.33 499.0 522.1 
V3 14.67 15.58 35.17 35.42 22.91 23.07 510.3 552.7 
V4 13.42 14.08 29.25 29.58 20.26 20.36 396.4 416.6 
S.E.  ± 0.66 0.66 1.72 1.71 1.06 0.85 29.05 31.28 
C.D. (p=0.05) N.S. N.S. N.S. N.S. N.S. N.S. 84.80 91.31 

C x M 
S.E.  ± 0.60 0.74 1.52 1.50 0.97 0.57 37.86 41.56 
C.D. (p=0.05) N.S. N.S. 8.81 8.85 N.S. N.S. N.S. N.S. 

C x V 
S.E.  ± 1.00 1.08 2.54 2.54 1.53 1.16 50.77 55.23 
C.D. (p=0.05) N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. 

M x V 
S.E.  ± 0.82 0.83 2.17 2.15 1.40 1.06 37.26 40.17 
C.D. (p=0.05) N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. 

C0= Zero tillage, C1=Conventional tillage, M0= Unmulched, M1=Mulching, V1= 75% RD + Vermicompost @ 5t ha-1, V2= 75% RD + Vermicompost 
@ 7.5t ha-1, V3= 75% RD + Vermicompost @ 10t ha-1, V4= 100% RD, RD= Recommended Dose of N, P2O5 and K2O @ 120: 60: 60 Kg ha-1. 



Table 1(b): Effect of tillage, mulch and vermicompost on yield attributing characters of maize 
 Yield attributing characters 
 Girth of Cob (cm) Length of cob (cm) No. of effective cob plant-1 
Treatments 2010 2011 2010 2011 2010 2011 
Tillage system (C)  
C1 4.46 4.51 15.50 16.08 1.29 1.25 
C0 4.04 4.03 13.34 12.60 1.08 1.04 
S.E.  ± 0.01 0.03 0.46 0.57 0.03 0.12 
C.D (p=0.05) 0.05 0.19 N.S. 3.45 0.18 N.S. 
Mulch levels (M)  

M1 4.34 4.39 14.48 15.05 1.29 1.25 
M0 4.15 4.15 14.36 13.64 1.08 1.04 
S.E.  ± 0.28 0.27 0.43 0.34 0.17 0.14 
C.D. (p=0.05)  N.S. N.S. N.S. 1.34 N.S. N.S. 
Vermicompost (V)  
V1 4.16 4.21 14.35 14.24 1.17 1.08 
V2 4.32 4.28 14.90 14.71 1.50 1.25 
V3 4.53 4.55 15.24  15.48 1.35 1.58 
V4 3.99 4.04 13.18 12.94 0.75 0.67 
S.E.  ± 0.15 0.14 0.94 0.80 0.21 0.19 
C.D. (p=0.05) 0.43 N.S. N.S. N.S. N.S. 0.56 

C x M 
S.E.  ± 0.28 0.27 0.63 0.66 0.17 0.14 
C.D. (p=0.05) N.S. N.S. N.S. N.S. N.S. N.S. 

C x V 
S.E.  ± 0.18 0.17 1.24 1.13 0.26 0.24 
C.D. (p=0.05) N.S. N.S. N.S. N.S. N.S. N.S. 

M x V 
S.E.  ± 0.21 0.32 1.23 1.03 0.31 0.27 
C.D. (p=0.05) N.S. N.S. N.S. N.S. N.S. N.S. 

C0= Zero tillage, C1=Conventional tillage, M0= Unmulched, M1=Mulching, V1= 75% RD + Vermicompost @ 5t ha-1, V2= 75% RD + Vermicompost 
@ 7.5t ha-1, V3= 75% RD + Vermicompost @ 10t ha-1, V4= 100% RD, RD= Recommended Dose of N, P2O5 and K2O @ 120: 60: 60 Kg ha-1.  
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Table 2: Effect of tillage, mulch and vermicompost on yield characters of maize 
 Yield Characters 
 Grain yield (Kg ha-1) Stover Yield (Kg ha-1) Harvest Index (%) 
Treatments 2010 2011 2010 2011 2010 2011 
Tillage system (C)  
C1 3305 3364 7565 7643 46.86 46.03 
C0 3238 3297 6515 7115 33.53 32.00 
S.E.  ± 96.0 97.0 145.0 234.0   
C.D (p=0.05) N.S. N.S. N.S. N.S.   
Mulch levels (M)  
M1 3458 3465 7383 7626 41.53 39.58 
M0 3084 3197 6698 7132 38.85 38.45 
S.E.  ± 47.0 58.0 146.0 121.0   
C.D. (p=0.05)  183.0 229.0 572.0 475.0   
Vermicompost (V)  
V1 3171 3200 6843 7159 39.96 38.52 
V2 3336 3388 7215 7726 40.61 38.97 
V3 3646 3763 7860 8174 40.78  40.58 
V4 2932 2973 6244 6456 39.41 38.01 
S.E.  ± 207.0 205.0 226.0 318.0   
C.D. (p=0.05) 605.9 597.6 659.0 929.0   

C x M 
S.E.  ± 107.0 112.0 206.0 264.0   
C.D. (p=0.05) N.S. N.S. N.S. N.S.   

C x V 
S.E.  ± 271.0 269.0 313.0 455.0   
C.D. (p=0.05) N.S. N.S. N.S. N.S.   

M x V 
S.E.  ± 258.0 257.0 313.0 408.0   
C.D. (p=0.05) N.S. N.S. N.S. N.S.   

C0= Zero tillage, C1=Conventional tillage, M0= Unmulched, M1=Mulching, V1= 75% RD + Vermicompost @ 5t ha-1, V2= 75% RD + Vermicompost 
@ 7.5t ha-1, V3= 75% RD + Vermicompost @ 10t ha-1, V4= 100% RD, RD= Recommended Dose of N, P2O5 and K2O @ 120: 60: 60 Kg ha-1. 
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Figure 1: Two years mean effect of tillage, mulch and vermicompost on plant height 

   
Figure 2: Two years mean effect of tillage, mulch and vermicompost on dry matter 
accumulation 

   
Figure 3: Two years mean effect of tillage, mulch and vermicompost on crop growth rate 

   
Figure 4: Two years mean effect of tillage, mulch and vermicompost on leaf area index 
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Figure 5: Two years mean effect of tillage, mulch and vermicompost on net assimilation rate 
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Short Note 

GROWTH, YIELD AND BULB QUALITY OF ONION 
(Allium cepa L.) IN RESPONSE TO FOLIAR APPLICATION 

OF BORON AND ZINC 

D. Manna1 
Department of Vegetable Crops, Bidhan Chandra Krishi Viswavidyalaya, West Bengal, India 

Onion (Allium cepa L.) is one of the most important commercial vegetable 
crops and is widely grown in almost all over the world. Onion has its own distinctive 
flavour and is used in soups, different dishes, salads, sandwiches and is also cooked 
alone as a vegetable. Its pungency is due to the presence of allyl propyl disulphide, a 
volatile oil (Malik, 1994). It contains carbohydrates, protein, vitamin A, thiamine, 
riboflavin, niacin and ascorbic acid. 

India ranks next to China, accounting for 26.8 percent of world area and 19.9 
percent of onion production. The area and production of onion in India are about 
1.064 million hectares and15.1 million tonnes of bulb, respectively, with an average 
yield of 14.2 t ha-1 (Anonymous, 2011). The yield is very low as compared to the 
world average yield of 19.1 t ha-1. Intensive cropping, imbalanced fertilization and 
minimal usage of micronutrients and limited application of organic manures have 
resulted in the depletion of soil fertility in India. Boron and zinc are the most 
important micro-nutrients and are essential for cell division, nitrogen and 
carbohydrate metabolism and water relation in plant growth (Brady, 1990). 
Application of boron can increase bulb size, number of cloves/bulb and yield of 
onion (Smriti et al., 2002). Response of onion to zinc application has also been 
reported (Lal and Maurya, 1981). Mishra et al., (1990) have shown that application of 
ZnSO4 (0.5%) and FeSO4 (1.0%) as foliar spray recorded significantly higher plant 
height and other growth parameters as compared to other treatments in onion. 
However, information on the use of micronutrient in combination with inorganic 
fertilizers for onion is scanty in India. Therefore, an attempt was made to study the 
response of onion to zinc sulphate and boric acid application in presence of nitrogen 
(N), phosphorus (P), potash (K), and sulphur (S) in the New Alluvial Zone of West 
Bengal. 
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The study was done at Horticultural Research Station, Mondouri, Bidhan 
Chandra Krishi Viswavidyalaya, Mohanpur, Nadia, West Bengal (23.5°N latitude, 
89°E longitude having an average altitude of 9.75m from the sea level) on Onion 
cultivar Sukhsagar during rabi season (November- April) of 2010 and 2011. The 
seedlings were planted at a spacing of 15 cm x 10 cm, and recommended cultural 
practices were followed. Before fertilizer application, random soil samples were 
taken from the experimental site and were analyzed.  The analysis revealed that the 
field contained 0.04% N; 22.61 kg ha-1 P; 183.21 kg ha-1 K; 0.25 ppm boron and 0.43 
ppm Zinc; 0.35% Organic carbon  and had a pH of 6.8. 

The experiment was conducted in a randomized block design with four 
replications. The treatments included 4 levels of boron (0, 0.1, 0.2 and 0.5 %) and 4 
levels of zinc (0, 0.1, 0.2 and 0.5 %). Onion plants were sprayed three times with 
these micronutrients at monthly intervals starting from 30 days after transplanting. 
The crop was planted, fertilized and irrigated as per the recommended practices. Ten 
plants were selected from each plot as a unit for all observations on growth and yield. 
Based on the net plot yield, yield per hectare was calculated and expressed in tonnes 
per hectare. Total soluble solids (TSS) were determined by Refractometer, and 
pyruvic acid content of onion bulb  was estimated by using standard method given by 
Yov et al. (1995). Statistical analysis was done using standard procedure given by 
Panse and Sukhatme (1978). Foliar application of boric acid and zinc sulphate 
(ZnSO4) significantly improved vegetative growth, yield and quality of onion (Table 
1).  

Application of 0.5% boron significantly increased the plant height (63.9 cm) 
over control. No significant differences were detected in case of number of leaves per 
plant. Maximum number of leaves (7.25) was recorded with 0.1% boron. This result 
is in conformity with that of Dake et al. (2011), who reported improvement in 
growth, yield and quality of onion cv. Baswant 780 with application of boron. 
Application of boron caused significant improvement in bulb diameter, neck 
thickness, individual bulb weight, marketable and total yield. Maximum bulb 
diameter (4.84 cm), neck thickness (1.39 cm), bulb weight (57.1 g) was produced by 
0.5% boron leading to highest marketable (25. 9 t h-1) and total yield (30.7 t h-1) of 
onion.  Similar results were obtained by Smriti et al. (2002). Dry matter content in 
bulb was also significantly increased with the application of boron. Foliar application 
of boron and zinc significantly affected quality parameters of onion in terms of total 
soluble solid (TSS) and pyruvic acid content. These results are in conformity with 
those of Sliman et al. (1999). Maximum plant height (67.25 cm) was recorded with 
0.5% ZnSO4 and it was observed that zinc application significantly affected plant 
height but not the number of leaves, similar results were reported by Mishra et al. 
(1990). Application of zinc had significant effect on yield and yield contributing 
characters. The highest values of bulb diameter (5.1 cm), neck thickness (1.5 cm), 
individual bulb weight (57.0 gm), marketable (31.5 t h-1) and total yield (33.3 t h-1) 
were recorded with 0.5% ZnSo4 while the lowest  with control (0% ZnSo4). The 
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results of Khan et al., 2007 and Mukesh et al. 2000 are similar to the present study. 
Dry matter content in bulb significantly increased with the application of zinc as 
compared to the control. Meena and Singh (1998) reported that zinc significantly 
increased dry weight of bulb. Foliar application of zinc significantly affected quality 
parameters i.e., total soluble solid (TSS) and pyruvic acid content of onion. These 
results conform the findings of Abd El-Samad et al. (2011).  

The favourable effect of micronutrients on plant growth might be due to their 
role in many physiological processes and cellular functions within the plants. In 
addition, they play an essential role in improving plant growth, through biosynthesis 
of endogenous hormones which are responsible for promoting of plant growth 
(Battal, 2004 and Hänsch and Mendel, 2009). The yield improvement was due to 
better growth and development. Higher photosynthates accumulation in the bulbs 
would ensure higher individual bulb weight, large bulb diameter and neck thickness. 
From the above results, it can be concluded that, the foliar application of boron and 
zinc @ 0.5% significantly enhance the growth, yield and quality of onion in the New 
Alluvial Zone of West Bengal. 
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Table 1: Effect of foliar spraying of boron and zinc on growth, yield and quality of onion. (Pooled data for two 
year) 

Treatments Plant 
height 
(cm) 

Leaf 
number 

Bulb 
diameter 

(cm) 

Neck 
thickness 

(cm) 

Bulb 
weight 

(g) 

Marketable yield 
(t.ha-1) 

Total yield 
(t.ha-1) 

TSS 
(0 B) 

Dry 
matter 

(%) 

Pyruvic acid
(µmol g-1) 

Boron (%)           

0 53.50 5.75 4.29 1.11 44.31 18.81 21.59 9.77 13.42 
(21.47) 

3.05 

0.1 56.25 6.56 4.68 1.22 50.70 21.03 23.41 11.62 13.99 
(21.89) 

3.88 

0.2 60.275 6.87 4.77 1.30 54.90 24.50 27.47 12.72 14.11 
(22.06) 

4.19 

0.5 63.93 7.25 4.84 1.39 57.14 25.89 30.74 13.45 14.65 
(22.54) 

5.94 

CD at 5% 7.267 NS 0.275 0.152 4.981 2.237 2.713 2.396 0.761 0.651 

Zinc (%)           

0 60.14 5.92 3.97 1.19 43.95 19.62 24.43 9.60 13.83 
(21.81) 

2.85 

0.1 62.95 6.50 4.35 1.29 47.57 27.59 30.53 11.52 14.06 
(22.06) 

3.32 

0.2 65.75 7.05 4.80 1.40 51.77 28.73 31.17 12.55 14.24 
(22.14) 

4.23 

0.5 67.25 7.75 5.13 1.47 57.04 31.52 33.34 14.57 14.94 
(22.71) 

5.86 

CD at 5% 5.102 NS 0.258 0.135 6.097 4.116 6.086 1.927 0.397 0.619 

Figures within parentheses indicate angular transformation data of dry matter percentage. NS: Non significant (P > 0.05). 
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significance and scientific excellence. Papers must be submitted on the understanding 
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emanating from a particular institution are submitted with the approval of the 
necessary institution. Only an acknowledgment from the editorial office confirms the 
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publication unless otherwise indicated. It is a condition of submission of a paper that 
the authors permit editing of the paper for readability. All enquiries concerning the 
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font size 12. The manuscript must be double-spaced. The double-spacing requirement 
applies to all written material, including footnotes, references, tables, and figure 
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captions. Authors are requested for limited use of italics, bold, and superscripts and 
subscripts, however, scientific names should be typed in italics. Word processing 
features such as automatic footnoting and outlining must be avoided and if numbered 
list is required to place in the manuscript enter the numbers and use appropriate tabs 
and indents by hand instead of using automatic outlining.  
Manuscripts should be arranged in the following order: 
1.  Title, Running title and byline. 
2.  Author–paper documentation (addresses/affiliations, email address of the 

corresponding author, etc.). 
3.  Abstract. 
4.  Introduction.  
5.  Materials and Methods. 
6.  Results (sometimes combined with the discussion). 
7.  Discussion  
8.  Conclusion 
9.  Acknowledgments (optional). 
10.  References. 
11.  Figure captions, then tables, then the figures themselves. 

Title  
The title should represent the content of the article. The terms in the title should be 
limited to those words that give significant information about the content of the 
article. It is discouraged to start title with ‘Study on’, ‘Effect of’, and ‘Influence of.’ 
An ideal title briefly identifies the subject, indicates the purpose of the study, and 
introduces key concept. Scientific names may be given where necessary. 

Authorship  
There should be a cover page which includes title and all the names of authors. It is 
encouraged to use full names of authors in bylines. The first person listed in the title 
is considered as the senior author. An asterisk (*) follows the name of an author 
denotes the corresponding author and is matched to the words “*Corresponding 
author” at the bottom of the cover page. In this place addresses for all authors, email 
address and phone number for the corresponding author are included.  
Peer Review Policy  
Manuscripts will be sent to reviewers via e-mail for review the manuscripts 
electronically using track change mode. All manuscripts are subject to peer review 
and are expected to meet standards of academic excellence. All articles are initially 
screened by the managing editor/ associate editor solely or with the help of members 
of editorial board. If the article is found to be in order as per the ‘Guidelines’ and 
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there is adequate original information, it is sent to an expert for peer review. On the 
contrary, the articles that contain inadequate information or are not conform to 
‘Guidelines’ are rejected as such or returned to the author for revision. After the 
article has been examined by the reviewer or followed by over viewer, it is also 
suitably edited by a relevant member of Editorial Board. Both reviewer/ over viewer 
and editorial board comments along with the manuscript are passed on to an author, 
who resubmits it after incorporating suggestions and comments. The thoroughly 
revised article will be checked by the editorial board and managing editor in the light 
of review/ over viewer comments whether it would be worth for publishing or not. 
The articles accepted for publication by editorial team are checked by a professional 
editor for English language, uniformity and any other ambiguity before sending to the 
press for composing. Proofs are mailed to the corresponding authors if needed and 
are also gone through by the managing editor/ associate editor/ member of editorial 
board.  
Article Processing Charges  
Articles are published in the SAARC Journal of Agriculture (SJA) free of charge. 
Title and Authorship Information 
The following information should be included 
• Paper title  
• Full author names  
• Full mailing addresses  
• Email addresses 
Abstract 
The manuscript should contain an abstract. The abstract should be self-contained and 
citation-free, single paragraph and should not exceed 200/250 words. An ideal 
abstract may contain background, rationale, objectives, materials & methods, results 
and conclusions.  
Keywords 
Up to 10, in alphabetical order and separated by comma. 

Introduction 
This section should be succinct, with no subheadings. 
Materials and Methods 
This part should contain sufficient details so that all procedures can be reflected. It 
can be divided into subsections if several methods are described. It should include 
year and place of study. 
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Results 
The content of this section should permit full comprehension of the data reported in 
figures and tables. 
Discussion 
A comprehensive discussion section is required to justify the results. Normally a 
comparison between your results and results from previous works should be given in 
the Discussion. The Results and Discussion could be merged in a single section if 
necessary.  
Conclusions 
This should clearly explain the main findings of the work highlighting its importance 
and relevance. 
Acknowledgments 
Acknowledgments of people, grants, funds, etc. should be placed in a separate 
section before the reference list. The names of funding organizations should be 
written in full. Please check this section carefully before publication, as amendments 
or corrections are not allowed after publication 

SHORT COMMUNICATIONS  
Short Communications typically describe research techniques, apparatus, and 
observations which were not confirmed normally by repetition (preliminary findings 
based on a single experiment). These articles are usually shorter than research papers 
and there are no individual abstract, introduction, materials and methods, results and 
discussion. Instead, they are written in continuous form without any sub headings.  

References  
1. In general, not more than 10-15 references would be required. Recent and 

relevant not more than 20 years old references are encouraged.  
2.  There is no need to give references for standard procedures of soil and plant 

analysis, as well as for routine statistical analysis; only the methodology may 
be indicated. 

3.  All references quoted in the text must appear at the end of the article and vice-
versa. The spellings author’s names and dates or years at the two places should 
be carefully checked. 

4.  The references should include names of all authors, years (not within brackets), 
full title of the article, full name of the journal (in italics) (no abbreviations), 
volume number, issue number, and pages. For book or monograph, the name of 
the publisher should also be given as well as its volume, edition and relevant 
pages. 
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5.  The references cited together in the text should be arranged chronologically. 
The list of references should be arranged alphabetically on author’s names, and 
chronologically per author. 

6.  References from standard scientific journals should be preferred, while those 
concerning unpublished data are generally to be avoided or mentioned as 
‘Personal communications’ in the text. These need not be given in the reference 
list. A few examples for correct citation of references in the list are given 
below: 

Journal Article 
Buhler, D. D. and Mester, T.C.1991. Effect of tillage systems on the emergence 
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Mowla, G.M., Mondal, M.K, Islam, M.N. and Islam, M.T. 1992. Farm level water 

utilization in an irrigation project. Bangladesh Rice Journal, 3 (1&2): 51-56.  
Rahman, M.M. 1990. Infestation and yield loss in chickpea due to pod borer in 

Bangladesh. Bangladesh Journal of Agricultural Research, 15(2): 16-23. 
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Bhuiyan, S.I. 1982. Irrigation system management research and selected 

methodological issues. IRRI research paper series no 81. Los Banos, Manila. 
De Datta, S. K. 1981. Principles and practices of rice production. Los Banos, Manila. 
International Rice Research Institute. 2000. International rice trade: a review of 1999 

and prospects for 2000. International Rice Commission Newsletter, IRRI, 
Manila. 

Steel, R.G.D. and Torrie, J.H. 1980. Principles and procedures of statistics: A 
biometrical approach. 2nd ed. McGraw-Hill, New York. 

Westerman, R.L. (ed.) 1990. Soil testing and plant analysis. 3rd ed. SSSA Book Ser. 
3. SSSA, Madison, WI. 

Chapter in a Book 
David, H. and Easwaramoorthy. 1988. Physical resistance mechanisms in insect plant 

interactions. p. 45-70. In T.N. Ananthakrishnan and A. Rahman (ed.), 
Dynamics of insect plant interactions: Recent advances and future trends. 
Oxford and IBH Publication, New Delhi. 

Johnson, D.W. and D.E. Todd. 1998. Effects of harvesting intensity on forest 
productivity and soil carbon storage. p. 351–363. In R. Lal et al. (ed.) 
Management of carbon sequestration in soils. Advances in Soil Science. CRC 
Press, Boca Raton, FL. 
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Conference/Symposium/ Proceedings  
Joshi, B.K. 2004. Crossing frequency and ancestors used in developing Nepalese mid 

and high hill rice cultivars: Possible criteria for yield improvement and rice 
genes conservation. p. 502-523. In Proc. National Conference on Science and 
Technology, 4th, Vol. 1. 23-26 Mar., 2004. NAST, Kathmandu, Nepal. 

Ramanujam, S. (ed.) 1979. Proceedings of International Wheat Genet Symposia, 5th, 
New Delhi, India. 23–28 Feb. 1978. Indian Soc. Genet. Plant Breeding, Indian 
Agric. Res. Inst., New Delhi. 

Dissertation 
Singh, A.A. 2005. Weed management approaches and modeling crop weed 

interaction in soybean. M. Sc. (Ag.) thesis. Tamil Nadu Agricultural Univ., 
Coimbatore.   

Software and Software Documentation 
Minitab. 1998. MINITAB 12. Minitab, State College, PA. 
Online publication 
Venugopal, D. 2000. Nilgiri tea in crisis: Causes consequences and possible 

solutions. Retrieved October 11, 2000 from http://www.badaga.org. 
Online journal article 
Doerge, T.A. 2002. Variable-rate nitrogen management creates opportunities and 

challenges for corn producers. Crop Manage. doi:10.1094/cm-2002-0905-01-
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Tables  
1.  Each table must be typed on a separate sheet (not to be included in the text) and 

numbered consecutively in the same order as they mentioned in text. 
2.  The title should fully describe the contents of the table and explain any symbol 

or abbreviation used in it as a footnote, using asterisks or small letters viz. a, b, 
etc. 

3. Tables should be self-explanatory, not very large (< 10 columns in portrait and 
<14 columns in landscape formats respectively) and may cover space up to 20-
25% of the text. 

4.  Maximum size of table acceptable is that can be conveniently composed within 
one full printed page of the journal. The large sized tables should be suitably 
split into two or more small tables. 

5.  Standard abbreviations of units of different parameters should be added 
between parentheses. 
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6.  The data in the tables should be corrected to minimum place of decimal so as to 
make it more meaningful. 

7.  Vertical lines should not be used to separate columns. Similarly, horizontal 
lines should be used only where these are necessary, not in the body of the 
article. 

8.  All tables should be tagged with the main body of the text i.e. after references. 

Figures 
1.  Figures may be given in place of tables where a large number of values are 

presented that can be interpreted through figures. In no case the same data 
should be presented in both tables and figures. 

2.  Originals of the figures should be no larger than twice the final size, of good 
quality and printed clearly in black on plain white paper or in color. The figures 
may be sized to fit within the columns of the journal (8 cm width for single 
column or 17 cm for columns i.e. full page). 

3.  Lines should be bold enough to allow the figure to be reduced to either single 
or double column width in the journal. 

4.  Black and white photographs are also accepted if these are necessary to 
improve the presentation and quality of the article. 

Some useful hints  
1.  All scientific or technical names as well as all data and facts must be rechecked 

carefully before submitting the manuscript. 
2.  Dates and years may be mentioned as 28 May 2007, 28 May to 7 June, and 28-

30 May instead of May 28, 2007, 28 May-7 June, and 28 to 30 May, 
respectively. 

3.  Avoid numerals and abbreviations at the beginning of a sentence; spell out or 
change the word order if necessary. 

4.  A comma may be used for data in thousands or more such as 10,000 or 
2,30,000 etc. Alternatively, these data can also be presented as 10.0 or 230.0 if 
a common expression such as ‘ x103’ is used in tables or figures. Avoid 
expressing data in ‘lakhs’, instead use ‘thousand’ or ‘million’. 

5.  Only standard abbreviations should be used and these should invariably be 
explained at first mention. Avoid use of self-made abbreviations such as 
Rhizo., Azo., buta, isop. etc. for Rhizobium, Azotobacter, butachlor, 
isoproturon, respectively. 

6.  For names of plant protection chemicals, the first letter of the name need not be 
capitalized for scientific names but should be capitalized for trade names. All 
the names should be checked very carefully. 
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7.  Use of unnecessary abbreviations and treatment symbols such as T1, T2 etc. 
under Materials and Methods or tables without actually using these under 
Results and Discussion should be avoided. 

8.  All weights and measurements must be in SI or metric units. Use kg ha-1, or t 
ha-1 but not q ha-1. Do not follow the style g/ha, mg/kg, mg/l, mg/g, ml/l or g 
per ha, etc 

9.  Use % after numbers, not per-cent, e.g. 7%. In a series or range of 
measurements, mention the units only at end, e.g. use 30, 100, 170 and 300C; 
20 or 30% more instead of 30C, 100C, 170C and 300 °C; 20% or 30% more. 

10.  Numeral should be used whenever it is followed by a unit measure or its 
abbreviations e.g. 1 g, 3 m, 5 h, 6 months etc. Otherwise, words should be used 
for numbers one to nine and numerals for larger ones except in a series of 
numbers when numerals should be used for all in the series. 

11.  For the composition of fertilizers, manures, crops or soil, the elemental forms 
(K, P, Mg etc.) should be used and not the oxides. 

12. Statistical analysis of data in the standard experimental design should be sound 
and complete in itself with both ±SE (Standard Error of means) and CD 
(Critical Difference) or LSD (Least Significant Difference) (P=0.05) values 
given for comparison of treatment means in tables and figures. 

13. Use multiplication sign (×) not a alphabet x for indicating multiplication, 
crossing, etc  

 

 






