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EFFECT OF HARVEST TIMES ON THE YIELD AND SEED 

QUALITY OF FRENCH BEAN 

M.R. Shaheb
*1

, M.N. Islam, A. Nessa, and M.A. Hossain
2 

Seed Technology Division, Bangladesh Agricultural Research Institute (BARI) 

Joydebpur, Gazipur-1701, Bangladesh 

ABSTRACT 

A two years field study was carried out in the research field and 
laboratory of Seed Technology Division, Bangladesh Agricultural 
Research Institute, Gazipur, Bangladesh during rabi season of 2008-10. 
The aim of this study was to determine the effect of five different dates of 
harvest viz. H1: 65 Days after emergence (DAE), H2: 70 DAE, H3: 75 
DAE, H4: 80 DAE and H5: 85 DAE on the seed yield and viability of 
French bean. The experiment was laid out in randomized complete block 
design (RCB) with four replications. Results showed that the yield and 
yield contributing parameters significantly influenced the days to 
harvesting. The highest seed yields of 1.15 and 1.31 t ha

-1
 were obtained 

from the harvest of 75 DAE (Days after emergence) in 2008-09 and 
2009-10, respectively. On the contrary, seed quality parameters like 
seed germination, root length and vigour index were also significantly 
influenced by harvest time. The highest seed germination percentage of 
91.33 and 91.56 were recorded from the seed plots harvested at 75 DAE 
(pods are light brown with few yellow colour) both for the year 2008-09 
and 2009-10, respectively. Similarly, the vigour indexes (12.49 and 
11.64) were the highest in seed harvested at 75 DAE from the year of 
2008-09 and 2009-10, respectively. This might be due to more food 
reserve and dry matter accumulation on the seed at later harvest. 
However, seeds harvested in 80 and 85 DAE were also found good for 
seed yield and seed quality. 

Keywords: French bean, Seed maturity, Viability, Seed yield, Vigour 
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INTRODUCTION 

French bean (Phaseolus vulgaris L.) is an important leguminous crop mostly 

grown as green vegetable in Bangladesh. It is a nutritious vegetable commonly seen 

in home gardens and  cheap source of  calcium, iron and vitamins. The immature 

pod, tender parts and also dry beans are used as curry and French beans have a 

possibility to meet a large share of vegetables demand in Bangladesh (BARI, 2007). 

Singh et al. (1997) reported that French bean is a potential source of proteins, 

carbohydrates and minerals. Mineral matter, crude fibre and ether extract are 

concentrated in seed while crude protein and energy are stored in the cotyledons. In 

Bangladesh, there is a vast scope to grow French bean both in the field and 

homestead condition especially in Sylhet region. But higher production of crops 

depends largely on the ability to integrate better crop management into the cultivation 

systems. To boost yield, quality seed is essential both for vegetables and seed 

production. Seed maturity, viability and storability are correlated with each other. 

Early harvested seeds are immature and poorly developed, resulting in poor quality 

that affects subsequent storability compared to seeds harvested at physiological 

maturity. Delayed harvesting also results in the loss of yield due to shattering, 

damage of seed and the risk of rain that affect seed quality. The quality of bean seeds 

depends on many pre and post-harvest factors, such as the area of production, 

cultivation techniques, seed maturity, harvesting, threshing, processing and storage 

conditions. Greven et al. (2004) reported that timing of harvest is an important factor 

since both seed immaturity and rewetting reduce seed quality. Kumar et al. (2002) 

reported that seed yield and quality largely depends on the stage of maturity of crops. 

Therefore, harvesting of seeds at the optimum stage of maturity is important as 

harvesting either at early or late stage results in lower yields with poor quality seeds. 

Dharmalingam and Basu (1990) reported that seed development and maturation study 

is important to ensure good yield associated with viability, vigour and field 

performance. Moisture content of harvested crops also affects seed quality. 

Harvesting at high moisture content increases the chances of mycofloral infection on 

seed, while harvesting at low moisture content increases mechanical damage to seed 

(Yadav et al., 2005). Mehta et al. (1993) stated that chickpea attained maximum dry 

matter accumulation (physiological maturity) when most pods were light brown with  

few yellow green, thereafter, dry weight of seed decreased due to disruption of 

vascular connection and utilization in various physiological and metabolic processes 

like respiration.   

Seed development is the period between fertilization and maximization of fresh 

weight accumulation and seed maturation begins at the end of seed development and 

continues till harvest (Mehta et al., 1993). The seed reaches its maximum dry weight 

at physiological maturity and seeds should be harvested at this time to ensure their 

quality in terms of germinability and vigour. If the seeds are retained on mother plant 

after physiological maturity, physiological changes in seed may lead to formation of 

hard seeds or off colour seeds in pulse crops. Attainment of physiological maturity is 
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a genotypic character which is influenced by environmental factors (Mahesha et al., 

2001a). Storability of seed is mainly a genetic character and is influenced by pre-

storage history of seed, seed maturation and environmental factors during pre and 

post-harvest stages (Mahesha et al., 2001b). Greven et al. (2004) reported that later 

sowing, higher plant populations, desiccation and earlier harvesting reduced seed size 

of Dwarf French beans, but significant differences were found in germination and 

seed vigour.  

Muasya (2001) reported that both high temperature and less rainfall could 

reduce seed quality of common bean. A number of studies revealed that high 

temperature is more detrimental than limited rainfall. Unfavorable weather conditions 

may reduce seed quality mainly through reducing the maximum quality attainable 

during crop development. The seed quality in general did not change significantly 

between physiological maturity (PM) and harvest maturity (HM), but in some cases 

the proportion of viable seeds increased between PM and HM, especially when 

ambient temperatures were relatively low (Muasya et al., 2008). Thus, harvesting of 

seed crop at optimum stage of seed maturation is essential to obtain better seed 

quality. There is hardly any literature available on appropriate maturity time (harvest 

time) of French bean in Bangladesh condition where seed quality will be maximum 

and that will affect the subsequent viability and storability of seed.  Hence, the 

present study was done with the following objective:  

i) To find out appropriate harvest time on the seed yield and quality of 

French bean and 

ii) To investigate the relationship between seed maturity and viability with 

harvest time in French bean.  

MATERIALS AND METHODS 

The trial was conducted at the research field and laboratory of Seed 
Technology Division, Bangladesh Agricultural Research Institute, Joydebpur, 
Gazipur during rabi season from November 2008 to March 2010.  The experimental 
treatments comprised of five different dates of harvesting viz., H1: 65 Days after 
emergence (DAE- Department of Agriculture Extension), H2: 70 DAE, H3: 75 DAE, 
H4: 80 DAE and H5: 85 DAE. The harvesting stages were characterized by deep 
green with light yellow colour of pod (65 DAE), 50% green and 50% yellowing of 
pods (70 DAE), light brown with few yellow colour pods (75 DAE), 90% brown 
colour of pods (80 DAE) and 100% brown colour and dried pods (85 DAE), 
respectively. Approximately 100% field emergence was recorded at 10 days after 
sowing of seed. The French bean (also called Bush bean) variety BARI Jharsheem-1 
was used for the trial. The experiment was laid out in randomized complete block 
design (RCBD) with four replications. The unit plot size was 12 sq.m. The land was 
fertilized with 23, 75, 75 and 20 kg ha

-1
 of N, P, K and S in the form of Urea, TSP, 

MoP and Gypsum, respectively (BARI, 2006). Half of N and all other fertilizers were 
applied at the time of final land preparation. The remaining N was applied at 30 
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DAS. Seeds were sown in furrows @ 60 kg ha
-1

 in 30 cm rows on 22 and23 
November 2008 and 2009, respectively. Before sowing, all seeds were treated with 
Bavistin @ 0.2x ml kg

-1
 of seed. All intercultural operation viz., weeding (two times 

one each at 15 and 40 DAE), thinning (1 time), irrigation (two times one each at 30 
and 50 DAE) were done. The crop was harvested on February 3 (65 DAE), Feb 8 (70 
DAE), Feb 13 (75 DAE), Feb 18 (80 DAE) and Feb 23 (85 DAE). Prior to harvest 5 
plants were selected randomly from each plot and uprooted carefully for collecting 
data on yield contributing characters viz. field emergence, 50% of flowering, plant 
height and pods plant

-1
, and seeds pod

-1
. After harvesting the collected pods were 

then sun dried until the moisture content reached 10-12%. Seed yield data collected 
from individual plots were converted to per hectare of yield. The data on seed quality 
parameters like seed germination (%), root and shoot length (cm), average seedling 
dry weight (g) and vigour index (%) were then taken in the laboratory following 
ISTA rules. The collected data were statistically analyzed following the ANOVA 
technique using MSTAT-C software. The mean differences among the treatment 
means were adjudged by Least Square Difference (Gomez and Gomez., 1984). Seed 
vigour index was calculated by multiplying germination (%) and seedling length 
(Abdul-Baki and Anderson, 1973). Seed germination was calculated by the following 
formula (ISTA, 1999): 

i) Vigour index (VI) = (MRL + MSL) x PG ..............................(A) 

Where,  

VI = Vigour index; 

MRL=Mean root length (mm); 

MSL= Mean shoot length (mm) and  

PG = Percentage germination. 

 

ii) Seed germination (%) =                                                    × 100 ...............(B) 

 

RESULTS AND DISCUSSION 

Results obtained from the two consecutive years of 2008-09 and 2009-10 are 

presented in table 1-4 and figure 1-4. Two years (2008-10) average maximum and 

minimum temperature and total rainfall in Gazipur are presented in figure 1 and 2. 

From the graphs, it was observed that the average maximum temperatures were in the 

month April in both the years (34
o
C) while the lowest minimum temperature was 

recorded in middle of January which was just above 9
o
C. There was almost no 

rainfall recorded during the growing period (November to February) of French bean 

in both the years except in the last week of February where a very small amount of 

precipitation (5 mm) was observed. However, rainfall was recorded in all other 

months ranging from 5 mm to 160 mm.  

No. of seed germinated 

Total seed 
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Effect of harvest time on the seed yield and yield parameters of French Bean 

Results revealed that there were significant differences on plant height, number 

of pods plant
-1

, pod length, 1000 seed weight and seed yield both from  2008-09 and 

2009-10 (Table 1-2 and Figure 3-6). The highest plant heights (38 and 37.04 cm) 

were observed from the harvest at 70 DAE in 2008-09 and 2009-10 respectively, 

while the lowest plant heights (28.30 and 32.02 cm) in both the years were obtained 

from the harvest at 85 DAE (Table 1). The highest numbers of pods plant
-1

 (21.13 

and 22.75) were recorded from the harvest at 85 DAE in both years. Crop harvested 

at 65 DAE produced the lowest numbers of pods plant
-1

 (17.62 and 18.03) in 2008-09 

and 2009-10, respectively. It was observed that the longest pod (15.08 and 15.60 cm) 

were obtained from the harvest at 70 and 75 DAE,  while the shortest pods (13.75 

and 13.60 cm) were found from the harvest at 85 DAE in 2008-09 and 2009-10, 

respectively (Table 2). It was noted that the number of seeds per pods were 

significantly different in 2009-10, unlike in 2008-09. The highest number of seeds 

per pods (628) was recorded from the harvest of 75 DAE from 2009-10 (Table 2).  

Significantly, the highest 1000 seed weight of 213.80 g and 207.26 gm were 

recorded from the harvest of 80 and 75 DAE, respectively in 2008-09 and 2009-10, 

while the lowest 1000 seed weight (137.10 and 141.82 g) were obtained from the 

harvest at 65 DAE in both the years (Figure 3 and 4). The highest seed yield (1.15 

and 1.31 t ha
-1

) were recorded from the harvest at 75 DAE from  2008-09 and 2009-

10, respectively, while the lowest seed yield (0.64 and 0.75 tons) were harvested at 

65 DAE in both years (Figure  5 and 6). Number of pods per plant was directly 

related to seed yield. Therefore, as 75 to 85 DAE harvested plants beard higher 

number of pods per plant, so it reflected on seed yield on theses harvesting time. The 

increase in yield in 75 DAE compared to 65 DAE was 79.68%  in 2008-09 and 

74.66% in 2009-10 which might be attributed to increased pods per plant, seeds per 

pod and 1000 seed weight (Rani and Kodandaramaiah, 1997). The result is in 

conformity with the findings of Khatun et al. (2010). The optimum time of harvesting 

of French bean was also determined by regressing the 1000 seed weight and seed 

yield with harvesting dates (Figure 3-6). Regression co-efficient study revealed that 

associations between harvest time and 1000 seed weight (r
2
= 0.695 and 0.478) and 

with seed yield (r
2
= 0.84 and 0.593) showed highly significant positive correlations. 

Singh and Lachanna (1995) reported that early harvested seeds were immature and 

poorly developed compared to seeds harvested at physiological maturity. The present 

findings are in agreement with the findings of Khatun et al. (2010)who observed   

that most pods of chickpea harvested at light brown with a few yellow green stages 

recorded the highest seed yield. Greven et el. (2004) reported that rain during harvest 

may reduce seed quality, especially for seeds with <25% seed moisture content. This 

indicates that seed quality can already be reduced by rewetting before harvest 

maturity is reached. In field crops, maximum seed quality is gained at physiological 

maturity at the end of seed filling (Egli, 1998). Padrit et al. (1996) reported that 

delaying pea harvest could also cause the seed to become too dry and therefore more 
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easily damaged. Kavak et al. (2012) observed that early and late harvests not only 

decrease physical quality of seed lots but also decrease seed quality. Mehta et al. 

(1993) asserted that cultivars of chickpea attained maximum dry matter accumulation 

(physiological maturity) at H2 stage when most of the pods were appeared light 

brown with few yellow in colour thereafter, dry weight of seed decreased because of 

restricted supply of nutrients from mother plants to seed due to disruption of vascular 

connection and utilization in various physiological and metabolic processes like 

respiration etc. Thus, maximum seed quality of French bean may be obtained during 

harvest at physiological maturity. 

Effect of harvest time on the seed quality parameters of French Bean 

Significant influences were observed among the different harvest times of 

French bean on the seed quality parameters viz., seed germination, root length, shoot 

length and vigour index in 2008-09 and 2009-10, and average seedling dry weight in 

2008-09 while the other parameters did not show any significant variations (Table 3 

and 4). Results revealed that the highest seed germination (93.78 and 94.12%) was 

found from the harvest at 75 DAE in  2008-09 and 2009-10 respectively, while the 

lowest seed germination (62.67 and 64.11%) was recorded from the harvest at 65 

DAE in both years. A similar trend was observed regarding the root and shoot length 

and average seedling dry weight (Table 3). The highest vigour index (2891) was 

recorded from the harvest of 75 DAE that was statistically identical with the harvest 

of 80 (2823) and 85 DAE (2825) from the year 2008-09. The same trend was also 

observed in vigour index (VI), where the highest VI (3069) was recorded in the seed 

harvested at 75 DAE followed by the harvest at 80 (2711) and 85 DAE (2712) in 

2009-10 (Table 4). 

The lowest values of vigour index (6.57 and 6.48) were obtained at 65 DAE for 

year 2008-09 and 2009-10, respectively. The quality of bean seeds depends on many 

pre and post-harvest factors, such as area of production, cultivation techniques, seed 

maturity and harvest as well as threshing, processing and storage conditions of seeds. 

Therefore, appropriate time of harvesting might be responsible along with other 

factors for higher seed quality of french bean seed harvested at 75 to 85 DAE. The 

seed lot showing a higher seed vigour index is considered to be more vigorous 

(Abdul-Baki and Anderson, 1973). The results are in agreement with the findings of 

Ayyub et al. (2007) who reported that physiologically mature seeds displayed better 

viability than immature seeds. The results is also conformity with the findings of 

Khatun et al. (2009) who asserted that lentil seeds collected at the stage when most of 

the pods were light brown with a few yellow (H2 stage) recorded the highest 

germination percentage, dry weight, root length, shoot length, seedling length and 

vigour index (vigour index-I and vigour-Il). 
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CONCLUSION 

Seed is the most valuable, basic and vital living input for increasing crop 

production. It has been scientifically proved that quality seed alone can contribute to 

the increase of yield by 15-20%. Therefore, quality seed production at appropriate 

time and seed maturity are a must for successful crop production. However, the 

present investigation  revealed that the highest seed yield (1.15 and 1.08 t ha
-1

) of 

French bean (BARI Jharsheem-1) was obtained from third harvest (75 DAE) while 

pods are shown light brown with few yellow colour in both the years. Regarding seed 

quality parameters, the study showed that French bean seeds harvested at 75 days 

after emergence were better in seed quality. Maximum seed germination and vigour 

index were also observed in seed harvested at 75 days of emergence. However, seeds 

harvested 80 and 85 DAE were also found good for seed yield and seed quality. To 

sum up, it can be concluded that harvesting of French bean seed at 75 to 85 days after 

emergence would be physiologically matured seed that ultimately lead to the highest 

seed quality as well. 
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Table 1.  Effect of harvest time on the field emergence, days to 50% flowering and 

plant height of French bean 

Treatments* 

 

Field emergence 

(%) 

Days to 50% 

flowering 

Plant height (cm) 

2008-09 2009-10 2008-09 2009-10 2008-09 2009-10 

H1 95.25 95.75 45.50a 46.05 35.72 a 36.40a 

H 2 95.50 95.50 46.50 45.65 38.00 a 37.04a 

H 3 95.00 95.50 45.75 45.85 35.85 a 35.19ab 

H 4 95.00 96.25 46.50 46.34 29.55 b 33.62bc 

H 5 95.00 96.75 47.00 46.49 28.30 b 32.02c 

CV (%) 0.87 - 2.01 - 6.40 3.93 

LSD(0.05) NS NS NS NS 4.206 2.110 

* H1: 65 DAE (Days after emergence), H2: 70 DAE, H3: 75 DAE, H4: 80 DAE and H5: 85 DAE 

Table 2. Effect of harvest time on the pods plant
-1

, pod length and seeds pod
-1

 of 

French bean 

Treatments* 

 

Pods plant 
-1

 (nos.) Pod length (cm) Seeds pods
-1 

(nos.) 

2008-09 2009-10 2008-09 2009-10 2008-09 2009-10 

H1 17.62d 18.03b 15.07a 15.33a 5.32 5.27b 

H 2 18.92c 18.65b 15.08a 15.40a 5.85 5.47b 

H 3 20.03b 20.56ab 14.15ab 15.60a 5.77 6.28a 

H 4 20.91ab 20.90ab 14.63ab 14.01b 5.30 5.71ab 

H 5 21.13a 22.75a 13.75b 13.60b 5.30 5.69ab 

CV (%) 2.15 9.23 3.92 4.04 7.64 7.60 

LSD(0.05) 0.080 2.868 1.119 0.921 NS 0.666 

* H1: 65 DAE (Days after emergence), H2: 70 DAE, H3: 75 DAE, H4: 80 DAE and H5: 85 DAE 
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Table 3. Effect of harvest time on the seed germination,  root and shoot length of 

French bean after harvest 

Treatments* 

 

Germination (%) Root length (cm) 

RL-2 

Shoot length (cm) 

2008-09 2009-10 2008-09 2009-10 2008-09 2009-10 

H1 62.67c 64.11c 8.39b 7.98c 18.57c 19.60c 

H 2 74.89b 73.11b 8.52b 8.17c 19.42b 21.25b 

H 3 93.78a 94.12a 9.59a 10.01a 21.25a 22.59a 

H 4 92.89a 90.56a 9.58a 8.97b 20.81a 20.96b 

H 5 92.56a 92.00a 9.26a 8.55bc 21.26a 20.91b 

CV (%) 3.26 3.35 2.5 4.58 2.13 2.85 

LSD (0.05) 5.121 5.218 0.3859 0.7531 0.8120 1.131 

* H1: 65 DAE (Days after emergence), H2: 70 DAE, H3: 75 DAE, H4: 80 DAE and H5: 85 DAE 

 

Table 4.  Effect of harvest time on the root-shoot ratio, average seedling dry weight 

and vigour index of French bean 

Treatments* 

 

Shoot-Root ratio (cm) Average seedling dry 

weight (g) 

Vigour index (VI) 

2008-09 2009-10 2008-09 2009-10 2008-09 2009-10 

H1 2.213 2.457 0.11b 0.11 1687c 1769d 

H 2 2.283 2.603 0.12ab 0.11 2092b 2153c 

H 3 2.213 2.257 0.14a 0.13 2891a 3069a 

H 4 2.177 2.343 0.14a 0.13 2823a 2711b 

H 5 2.297 2.450 0.12ab 0.12 2825a 2712b 

CV (%) 3.68 5.88 9.88       4.32 2.25 3.93 

LSD (0.05) NS NS 0.019 NS 118.4 183.8 

* H1: 65 DAE (Days after emergence), H2: 70 DAE, H3: 75 DAE, H4: 80 DAE and H5: 85 DAE 
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Figure1. Maximum and minimum temperature (
0
C) from November to June of 2008-10 

              at Joydebpur, Gazipur 

 

 

Figure 2. Total rainfall (mm) from November to June of 2008-10 at Joydebpur,  

                Gazipur 
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Figure 3. Effect of harvest time on 1000 seed weight of French bean (2008-09) 

 

 

Figure 4. Effect of harvest time on 1000 seed weight of French bean (2009-10) 
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Figure 5. Effect of harvest time on the seed yield of French bean (2008-09) 

 

 

Figure 6. Effect of harvest time on the seed yield of French bean (2009-10) 
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PHOSPHORUS SORPTION CHARACTERISTICS OF 

SOME REPRESENTATIVE SOILS OF SOUTH INDIA 
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ABSTRACT 

Studies were conducted to investigate P sorption characteristics of 
representative soils from ten locations of alfisol and ultisol of India using 
Langmuir and Freundlich equations. The P sorption maxima (b) of soils 
derived from Langmuir equation in alfisol varied from 520.6 to 574.7 µg 
g

-1
 and ultisol varied from 561.6 to 678.1 µg g

-1
. The maximum 

phosphorus buffering capacity (MPBC) in alfisol ranged from 80.7 to 
180.2 ml µg

-1
 and ultisol ranged from 162.1 to 284.4 ml µg

-1
. Phosphorus 

sorption maxima was significantly correlated with clay (r
2
=0.70), Al (r

2
= 

0.73) and Fe (r
2
=0.81) forms, MPBC (r

2
=0.67) and Freundlich constants 

(r
2
=0.82). The standard P requirement (SPR) to maintain 0.2 mg l

-1
 P in 

soil solution for alfisol ranged from 15.62 to 27.62 mg kg
-1

 and ultisol 
from 41.98 to 46.35 mg kg

-1
. The SPR (0.2 mg l

-1
) was significantly 

correlated with binding strength coefficient (r
2
= 0.97) and binding 

strength coefficient supporting the fact that energy coefficient of a soil is 
an important index for planning P management strategies. Among the 
two soil orders in order to maintain optimum P concentration in soil 
solution for crop growth, ultisol will be required to supply with more P 
fertilizer as compared to alfisol.    

Keywords: Phosphorus sorption, Clay, Aluminium and iron content, 

                  Standard P requirement, Alfisol, Ultisol 

INTRODUCTION 

One unique characteristic of P is its slow diffusion and high fixation in soils 

and, therefore it is imperative to apply P fertilizers for improving crop growth and 

yield. India accounts for approximately 19% of global consumption of P fertilizers 

with its demand fully depending upon imports. It is of concern that prices of 

phosphate rock have  increased substantially in recent years, a phenomenon  known 

as “peak phosphorus” where the price increased by about  800% in 2008 thus making 

importers like, India more vulnerable to foreign exporters” (Cordell et al., 2011). 

In order to understand the complex behaviour of P in soil, several workers have 
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emphasized the importance of P fertilizer management based upon chemical 

extraction methods (soil-test methods) and phosphate adsorption isotherms. But, P 

sorption method has an edge over chemical extraction methods as it also defines the 

efficiency of the crops to utilise the P available from soil (Fox and Kang, 1978). 

Sorption curves also integrate quantity and intensity parameters to characterise the 

capacity of soil to supply P to soil solution and predicting fertilizer requirement. In 

acid soils, Al and Fe adsorb P and in neutral soils P retention on Ca is dominated by 

precipitation reactions. The P sorption isotherm can be used for determination of 

Standard P Requirement (SPR) for most agricultural crops at equilibrium 

concentration of P 0.2 mg l
-1

 soil solution. 

In acid soils of India, liming and application of phosphate fertilizers as organic 

or inorganic sources have been suggested for controlling P deficiency. However, low 

availability of soil P due to adsorption reactions by the soil constituent‟s results in 

only a small fraction coming to soil solution for crop utilization. Thus the 

concentration of soluble reactive P in soil and drainage water is controlled by rapid 

adsorption reactions (Siemens et al., 2004). The knowledge of P sorption illustrates 

supply of phosphates to plants depending upon the concentration of soluble 

phosphate ions in the soil solution, as well as on the soil‟s capacity to maintain this 

concentration. But, the soils of south India differ greatly in their capacities to 

maintain adequate level of P in soil solution. At present 5% of the Indian soils have 

adequate available P, 49.3% are under low category, 48.8% under medium and 1.9% 

under high category (Pattanayak et al., 2009). The P deficiency in Indian soil varies 

from region to region according to soil texture especially clay content, Al and Fe 

oxides, CaCO3, organic C content, pH etc. This problem gets accentuated with 

improper P management. The P fertility data from long term fertility experiments on 

the other hand revealed tremendous movement of residual P to deeper layers in one 

subtropical coarse-textured irrigated soil pointing to the potential for extensive 

leaching of fertilizer P Aulakh et al. (2007) where P fertilization could be reduced 

without jeopardizing the productivity.  

The major soil orders of South India belong to alfisol and ultisol which are 

acidic in nature where P is adsorbed by aluminium, iron oxides and layered silicate 

minerals. The adsorption behaviour of P in such soils is required to measure crop 

phosphate requirement and effectiveness of applied phosphatic fertilizers. There is no 

detailed study of P sorption in these soils and therefore we attempted to investigate P 

sorption characteristics and its relationship between soil properties of major soils of 

south India.  
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MATERIAL AND METHODS 

Soil sampling and analysis 

Soils from ten sites belonging to two different soil orders namely (i) alfisol 

from Bangalore Typic Kandic paleustalf in Vijyapura series and (ii) ultisol from 

Trivandrum Kandic ustalf in Kazhakuttam series were taken for the experiment. The 

study was carried out in Indian Institute of Soil Science, Bhopal during the year 

2012-13. The soil samples collected from ten locations were air dried and processed 

through 2 mm sieve and used for laboratory analysis. Each soil samples were 

replicated thrice for analysis and the mean values are illustrated in tables. Soil pH 

was determined in 1:2.5 soils: water suspension by potentiometric method. Electrical 

conductivity was determined in 1:2.5 soil-water extract using conductivity bridge and 

expressed as dS m
-1

. The organic carbon content of finely ground soil sample (0.5mm 

sieve) was determined by Walkey and Black‟s oxidation method. Particle size 

analysis was done by a method as described by Kettler et al. (2001). Soil available 

phosphorus was determined by Bray 1 (0.03N NH4F + 0.025N HCl, 1:10, soil: 

extractant). The extractable phosphorus was quantified by ascorbic acid method and 

the intensity of blue colour was read at 880 nm using a UV-VIS spectrophotometer 

(Pierzynski, 2000). 

Soil Al and Fe fractions were extracted as follows: (i) organically bound Fe and 

Al (Fep, Alp) were extracted by 0.1M sodium pyrophosphate (p) (ii) ammonium 

oxalate extracts organically bound plus inorganic amorphous forms of Al and Fe 

(Feo, Alo) (iii) dithionate-citrate-bicarbonate reagent extracted organically bound, 

inorganic forms of both crystalline and amorphous forms of Al and Fe (Fed, Ald) 

(Parafitt, 1988 and Borggaard, 1988).  Amorphous Fe and Al were calculated as Feo – 

Fep and Alo – Alp, and crystalline Fe and Al as Fed – Feo and Ald – Alo respectively.  

Phosphorus Sorption Experiment 

The P sorption isotherm was determined by equilibrating (at 30 ±1⁰C) 3 g soil 

samples with 30 ml of 0.01 M CaCl2 containing 0, 5, 10, 25, 50, 75 and 100 P mg l
-1

. 

Two drops of toluene were added to arrest microbial growth. The suspensions were 

shaken horizontally for 30 minutes twice, for six days. After six days of equilibration, 

the suspension was centrifuged at 3500 rpm for 10 min and the solution P content in 

the clear supernatant solution was determined by depletion technique (Olsen and 

Watanabe, 1957) by ascorbic acid method. The amount of P sorbed was calculated by 

subtracting the amount of P in the extract from amount of P initially added (Fox and 

Kamprath, 1970). Phosphorus sorbed (mg kg
-1

) versus P remaining in solution (mg l
-

1
) was plotted to determine the sorption isotherm. The sorption values of each soil 

were plotted according to the Langmuir and Freundlich isotherm. 

(i) The Langmuir equation described in its linear form is as  

C/X = 1/ Kb
 
+ C/b  
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where, C is equilibrium P concentration (mg L
-1

); X (x/m) is the amount of 

 sorbed P (mg kg
-1

); 

 b is the constant related to P sorption maximum (mg kg
-1

) and K is the 

 bonding energy (l mg
-1

), respectively.  

 

The Langmuir constants were used to calculate maximum P buffering capacity 

(MPBC) which is the product of P sorption capacity and phosphate affinity constant.  

(ii) The Freundlich equation takes the form: 

X = AC
1/n 

 
 

  

By taking the logarithm, Eq. (2) changes into log X = log A+1/n log c 

Where, X (x/m) is the phosphorus sorption in mg kg
-1

 of soil; C is the 

equilibrium concentration in mg l
-1

; A and n are two constants, where n is measure of 

degree of linearity between solution equilibrium concentration and adsorption and A 

is the extent of adsorption.  

Standard P requirement (SPR) and external P requirement (EPR) were 

calculated by fitting the values of 0.2 and 1 mg l
-1

, respectively in the Langmuir 

equations (Dodor and Oya, 2000). 

Statistical analysis 

Suitability of different sorption equations were based upon r
2
 values. 

Correlations between P sorption maxima and soil properties were calculated using 

Microsoft excel and SAS 9.3. Relationships between P sorption parameters, and P 

sorbed at equilibrium with P 0.2 mg l
−1

 with selected soil chemical properties were 

done with simple regression and correlations and tested for significance at 5% 

probability level using SAS 9.3 (2013). 

RESULTS AND DISCUSSION 

Physico chemical properties of the soils 

The soils were acidic in reaction, the pH ranged from 5.3 to 6.3 and electrical 

conductivity ranged between 0.12 and 0.22 ds m
-1 

(Table 1). The soils were low in 

organic carbon content, which ranged from 3.9 to 4.7 g kg
-1

. The soils were sandy 

clay loam in texture. The soil extractable Bray P ranged from 7.3 to 10.5 mg kg
-1

 for 

alfisol and 8.51 to 9.4 mg kg
-1

 for ultisol. Exchangeable bases decreased in the order 

Ca> Mg> K> Na. The forms of iron and aluminium extracted by various extractants 

are presented in table 2 and the amount extracted followed the sequence citrate 

dithionite (d) > ammonium oxalate (o) > pyrophosphate (p) in all soils. Among the 

different Al fractions extracted Ald content ranged between 10 to 20.5 g kg
-1

, Alo 2.8 

to 4.2 g kg
-1

, and Alp 0.8 to 2.1 g kg
-1

(Table 2). The different Fe fractions extracted 
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showed Fed ranged between 17.8 to 24.5 g kg
-1

, Feo 3.5 to 5.4 g kg
-1

 and Fep 0.9 to 

2.6 g kg
-1 

(Table 2). It has been found that aluminium is a dominant cation which is 

associated with phosphorus regardless of soil reaction (pH) and Fe oxides are 

reported to be most active P adsorbent which might be responsible for P fixation in 

ultisol and alfisol. These forms of amorphous and crystalline Al and Fe contribute for 

P fixation in moderately to highly weathered soils of tropics.  

Phosphorus sorption characteristics 

The P sorption capacity of the soils and the affinity of the soil to hold P was 

calculated from the different soil solution equilibrium P concentration and rate of P 

sorbed on unit mass of soil colloids. In both alfisol and ultisol, the equilibrium P 

solution and per unit P sorption by soil colloids increased with increasing P additions. 

The equilibrium P concentrations and P sorbed on all ten soils varied among each 

other at different levels of P as shown in figure 1 and 2.  Initially at low 

concentration, the relationship was linear and at high concentration it deviated from 

linearity. The linearity between equilibrium P concentrations versus rate of P sorbed 

was due to large intermolecular distance between P ions resulting in negligible 

mutual repulsion and the deviation from linearity indicated that the binding affinity 

of soil to P decreased with increase in surface saturation with P (Bera et al., 2006).  

Langmuir and Freundlich P sorption parameters 

The P sorption maxima in five sites of alfisol ranged from 520.6 to 574.7µg g
-1

 

and in ultisol ranged from 561.6 to 678.1µg g
-1 

(Table 3). The binding energy 

constant „k‟ derived from Langmuir constant ranged from 0.15 to 0.21 ml µg
-1

 in 

alfisol and 0.33 to 0.44 ml µg
-1

 in ultisol indicating that the latter can act as sink for P 

sorption and retain more P. The soils with k value less than ~ 0.4 indicate that 

sorption rather than precipitation is responsible for the removal of phosphate from the 

solution (Castro and Torrent, 1998). The binding energy of the soils for P sorption 

decreased with increase in surface coverage because the interaction with molecules 

already sorbed tends to increase with increasing surface coverage, which is in 

agreement with other worker (Quang, 1996). The phosphate sorption isotherm of all 

soils gave good fit in Langmuir (r
2
 = 0.92 to 0.97) equation (Table 3). Among the 

different sorption parameters obtained from equation illustrated in table 3, P sorption 

maixma „b‟ was the highest in langmuir compared with the slopes for those of 

Freundlich constants for the soils.  

The Freundlich constant varied from 104.69 to 110.6 mg kg 
-1

 in alfisol and 

139.4 to 181.4 mg kg
-1

 in ultisol. The „n‟ coefficient values varied from 2.48 to 2.54 

g ml
-1

 in alfisol and 2.42 to 3.07 g ml
-1 

in ultisol. The phosphate sorption isotherm 

gave good fit for Freundlich (r
2
= 0.96 to 0.99) equation and was a better fit of the 

equilibrium than the Langmuir equations.  This was because the Freundlich equation 
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although empirical, implies P affinity to sorb on soil surface decreases with increase 

in surface P saturation, which is closer to reality than the assumption of a constant 

bonding energy illustrated in the Langmuir equations (Sanyal and Dutta, 1991).  

The average maximum phosphate buffering capacity (MPBC) was found to be 

higher in ultisol (ranged from 162.1 to 284.4 ml µg
-1

) than alfisol (ranged from 80.7 

to 180.2 ml µg
-1

). This shows that ultisol have high P sorption capacity and would 

maintain low P supply in soil solution for a longer period. The MPBC remains 

unaffected with the addition of P or the removal of P from the soil solution so long as 

the sorption properties of the soil remain unchanged providing a rough estimate of 

the field P buffering capacity in the soils studied  

Standard phosphorus requirement (SPR) 

Amount of P adsorbed at 0.2 mg l
-1

 equilibrium solution P concentration 

is generally accepted as standard P requirement (SPR) for optimum crop yield 

(Fox and Kamprath, 1970) in wide range of soils. The SPR value in ultisol 

was higher ranged from 41.98 to 46.35 mg kg
-1
 whereas in alfisol, the SPR 

varied from 15.62 to 27.62 mg kg
-1
. The SPR values indication higher P supply 

is required in ultisol as compared to alfisol. 

Relationship between P sorption parameters and soil properties 

The correlation coefficients between P sorption maxima with soil properties 

are shown in table 4. Phosphorus sorption maxima (b) was significantly correlated 

with Freundlich constant „A‟ (r
2
= 0.82), clay content (r

2
= 0.70), different Al (r

2
= 

0.73) and Fe (r
2
= 0.81) forms at 5% significant level. The significant correlation 

between P sorption maxima and Freundlich constant „A‟ shows their interdependence 

as suggested by Bera et al. (2006). The tropical soils, particularly with low pH and 

high activity of Al and Fe might contribute to more P sorption (Chand and Tomar, 

2009). 

The relationship between soil properties and P sorption maxima, illustrated that 

citrate dithionite and ammonium oxalate Al and Fe forms contributed for 65 % 

variation in P sorption (Table 5). The linear regression equation (p=0.05) illustrated 

that Ald, Feo and Alo contributed for 75% variation in P sorption. This clearly 

illustrated that different forms of Al and Fe highly influenced P sorption in these 

soils.  

The Langmuir affinity constant „k‟ was significantly correlated (r
2
=0.67) with 

MPBC indicating bonding energy constant is a component of buffering capacity of 

soils. The reactive Fe and Al forms were significantly correlated with SPR (r
2
=0.63) 

indicating their role in P sorption. The  Langmuir equation correlated significantly 

(r
2
= 0.70 and 0.92) with P sorption maxima „b‟  and binding energy „k‟ indicating 
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both parameters can be used for evaluating P sorption characteristics of the soils. The 

SPR (0.2 mg l
-1

) was highly correlated with Freundlich constants (r
2
=0.97), 

supporting the fact that energy coefficient of a soil is an important index for planning 

P management strategy for the weathered soils of tropical regions (Egwu et al., 

2010). The amount of P adsorption at equilibrium soil solution concentration 1 mg l
-1

  

was significantly correlated with binding energy (r
2
=0.97 and 0.83) indicating high 

sorption capacity of soil will retard  surface and subsurface P mobility in soil system. 

The correlation between soil properties and sorption equation constants indicated that 

soil texture, crystalline and amorphous forms of Al and Fe forms play a vital role in P 

sorption characteristics of the soils influencing buffering capacity and maintaining 

optimum soil solution P concentration for sustainable crop production. 

CONCLUSION 

The study on phosphorus sorption in ten soils of southern India illustrated that 

the Langmuir and Freundlich sorption models can be used to describe satisfactorily P 

sorption on soil colloids. Among the soil properties clay content, reactive Al and Fe 

forms significantly influenced P sorption capacity of soils, and were strongly 

correlated with maximum P sorption capacity. The acid soils (alfisol and ultisol) with 

higher P sorption explained by higher Al and Fe forms may suggest higher 

application of P fertilizer for optimum crop production. 
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Table 1. Physico chemical properties of the experimental soils 

Locations pH 

(1:2.5) 

EC 

(ds m
-1

) 

OC 

(g kg
-1

) 

Clay 

(%) 

Sand 

(%) 

Silt 

(%) 

Av. P 

(mg kg
-1

) 

Exchangeable cations 

(cmol (+) kg
-1

) 

Alfisol        Ca Mg K Na 

Site 1 6.3 0.15 4.4 20.7 47.3 32 10.5 2.5 0.8 0.31 6.3 

Site 2 5.8 0.12 4.7 17 50 33 9.8 2.6 1.5 0.55 5.8 

Site 3 6.1 0.14 4.5 18.8 49.87 31.33 9.3 2.7 1.7 0.42 6.1 

Site 4 6.2 0.14 4.0 22.1 48.35 29.55 9.5 2.3 0.9 0.6 6.2 

Site 5 6.3 0.14 4.3 19.3 47.93 32.77 7.3 2.7 0.8 0.56 6.3 

Ultisol            

Site 1 5.5 0.21 4.2 19.2 47.55 33.25 8.51 2.5 0.8 0.2 5.5 

Site 2 5.3 0.18 4.5 17.6 49.9 32.5 9.4 2.6 1.2 0.5 5.3 

Site 3 5.6 0.19 4 16.9 51.9 31.2 8.8 2.5 1.3 0.3 5.6 

Site 4 5.4 0.22 4.1 21.5 49.9 28.6 9.3 2.7 1.5 0.6 5.4 

Site 5 5.7 0.2 3.9 23.5 48.78 27.72 9 2.5 1.2 0.7 5.7 
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Table 2.  Extractable aluminum (Al) and iron (Fe) forms and degree of activation of Al and Fe oxides of experimental 

soils 

Locations Fed Feo Fep Ald Alo Alp Crystalline (g kg
-1

) Amorphous (g kg
-1

) 

Alfisol    (g kg
-1

)   Fe Al Fe Al 

Site 1 19.3 4.6 0.9 12.7 3.5 0.8 14.7 9.2 3.7 2.7 

Site 2 21.3 3.5 1.2 10 3 0.9 17.8 7 2.3 2.1 

Site 3 20.5 4 0.9 11.5 3.6 1.5 16.5 7.9 3.1 2.1 

Site 4 21.2 4.5 1.2 12.5 2.8 1.9 16.7 9.7 3.3 0.9 

Site 5 17.8 3.9 1.5 10.4 3 1.7 13.9 7.4 2.4 1.3 

 Ultisol           

Site 1 22.6 4.7 1.9 16.5 3.8 2 17.9 13.8 3.1 1.8 

Site 2 18.7 4.2 1.6 16.4 3.1 1.5 14.5 13.3 2.1 1.6 

Site 3 18.4 3.6 2.1 18.5 3.5 1.8 14.8 15.7 1 1.7 

Site 4 23.1 5 2.6 20.5 4.2 2.1 18.1 16.9 2.7 2.1 

Site 5 24.5 5.4 2.3 19.9 4 1.7 19.1 16.5 5.4 2.3 
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Table 3. Phosphorus sorption parameters of experimental soils 

Locations Langmuir constants Freundlich constants MBC 

(ml g
-1

) 

SPR 

(mg kg
-1

) 

Alfisol 
B 

(µg g
-1

) 

k 

(ml µg
-1

) 
r

2
 

A 

(µg g
-1

) 

n 

(g ml
-1

) 
r

2
  0.2 1 

Site 1 563.8 0.17 0.96 110.6 2.49 0.99 180.2 18.54 81.6 

Site 2 520.6 0.21 0.92 104.8 2.53 0.98 109.3 27.62 99.4 

Site 3 543.2 0.21 0.95 108.3 2.49 0.97 114.1 21.89 103.7 

Site 4 574.7 0.15 0.95 109.0 2.48 0.98 86.2 16.72 78.4 

Site 5 537.7 0.15 0.96 104.7 2.54 0.98 80.7 15.62 73.3 

Ultisol          

Site 1 620.3 0.38 0.97 181.4 3.07 0.98 223.8 43.81 170.8 

Site 2 561.6 0.42 0.97 139.4 2.57 0.98 162.1 43.52 214.4 

Site 3 573.1 0.42 0.97 141.6 2.55 0.97 235.9 44.41 218.8 

Site 4 646.3 0.44 0.97 157.8 2.44 0.97 240.7 46.35 258.8 

Site 5 678.1 0.33 0.96 160.8 2.42 0.96 284.4 41.98 203.4 
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Table 4. Correlation coefficient among sorption parameters and related properties of soil  

 b K A n MBC OC  

(g kg
-1

) 

Clay 

(%) 

Fed Fe 

ao 

Fe p Ald Al ao Al p SPR 

b 1 0.55 0.82* -0.02 0.62 -0.74 0.70* 0.77* 0.88* 0.78* 0.85* 0.79* 0.57 0.70* 

k  1 0.83 -0.25 0.87* -0.30 -0.16 0.25 0.24 0.80* 0.87* 0.59 0.49 0.97* 

A   1 -0.49 0.68 -0.51 0.20 0.56 0.59 0.80* 0.85* 0.72 0.60 0.92* 

n    1 0.11 -0.09 0.34 -0.02 0.06 -0.05 -0.01 -0.05 -0.23 0.33 

MBC     1 -0.35 0.09 0.24 0.42 0.74 0.90* 0.68 0.26 0.87* 

*Significant at 5% level 

 

 

Table 5. Relation between soil variables and P sorption maxima 

 

Soil properties (x) Best equation fitting R
2
 

Clay Y=15.69+213.45x 0.60 

Ald Y= 10.89+419.76x 0.72* 

Alo Y= 84.85+289.20x 0.68* 

Feo Y=73.10+264.66x 0.78* 

*Significant at 5% level 
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Figure 1. Sorption data of alfisol according to Langmuir (plot a) and Freundlich (plot b) equations. X is the amount of P  

                 sorbed per unit weight (µg g
-1

) of soil, C is the equilibrium P concentration (µg ml
-1

) 

    

Figure 2. Sorption data of ultisol according to Langmuir (plot a) and Freundlich (plot b) equations. X is the amount of P 

             sorbed per unit weight (µg g
-1

) of soil, C is the equilibrium P concentration (µg ml
-1

) 
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ABSTRACT 

Determination of genetic variation is important to the plant breeders for 
development of high yielding variety. The aim of the current study was to 
investigate the genetic diversity of nine tamarind cultivars, out of nine 
four flowering cultivars using random amplified polymorphic DNA (RAPD) 
markers. Ten Random amplified polymorphic DNA (RAPD) primers were 
used to assess the genetic diversity in four flowering cultivars and five 
non-flowering of tamarind trees. The average genetic similarity level 
among the four flowering cultivars and five non-flowering accessions 
grouped into six clusters groups at 0.76%. RAPD profiles of all the 
tamarind were compared and a total of 58 scorable bands were 
produced with seven primers ranging from one for OPG-13 to twelve for 
OPA-R15. Genotypes which were morphological closely related were 
found to be unrelated at the molecular level. A sizeable amount of 
intrapopulation diversity recorded in the present study which can be 
utilized in hybridization programmes to efficiently introgress the desirable 
trait of interest. 

Keywords: Cultivars, Diversity, RAPD, Tamarind  

INTRODUCTION 

Tamarind (Tamaridus indica L.) is a dicotyledonous perennial tree belongs to 

the family Fabaceae (Leguminaceae) and sub family Caesalpinioideae. It is a diploid 

species with a chromosome number 2n=26 (Purseglove, 1987). The species has a 

wide geographical distribution in the subtropics and semiarid tropics and is cultivated 

in numerous regions. It is mostly self sown or sown with seeds of unknown 

parentage, which result in wide variation among seedling progenies. Owing to its 

wide geographical distribution and adaptability to different agro climatic zones, large 

genetic diversity is present in the seedling population. Due to cross pollination and 

predomination of seed propagation over a large period of time, it gives immense 

opportunity to locate elite trees having desirable horticultural traits (EL-Siddig, 
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2006). Recent investigation was carried out to find out the variability on the basis of 

growth parameters of different seedling progenies so that valuable germplasm could 

be protected from being eroded and at the same time their utilization is also 

maximized under crop improvement (Gunasena et al., 2000). 

Tamarindus itself is a monotypic genus, containing the sole species T. indicus. 

Being a highly cross-pollinated crop, wide variability is common in this species. 

Such an individual variation between the trees within a population is of paramount 

importance and it may be worthwhile in selecting the very best trees in relation to 

neighboring ones within ecological zones for increasing their frequencies. The 

present study is an effort to examine the extent of genetic diversity and assess genetic 

relationships among tamarind cultivars using DNA markers.  

MATERIALS AND METHODS 

Plant material 

Tamarind widely grown in different parts of India, have been collected and 

maintained at the Horticultural College and Research Institute, Periyakulam. Nine 

cultivars from this collection were used in this study (Table 1). 

DNA extraction 

Total genomic DNA was isolated from tamarind leaves were collected from the 

field and washed thoroughly using distilled water: 0.5 g of leaf tissue was used for 

DNA extraction. DNA was extracted following the (CTAB) extraction method. Leaf 

tissue was ground to a fine powder using a pestle and mortar with liquid nitrogen, 

and 6 ml of extraction buffer (2% w/v CTAB, 1.4 M NaCl, 20 mM EDTA,0.1% ß-

mercaptoethanol, 100 mM Tris pH 8.0), preheated to 60°C, was added to the ground 

leaves and mixed and transferred to centrifuge tubes. Following the addition of 50 

mg PVPP (polyvinylpolypyrrolidone), the tubes were inverted 2–3 times to ensure 

thorough mixing. The centrifuge tubes were incubated at 60°C for 1 h with 

occasional shaking, and cooled to room temperature. Then 8 ml of 24:1 

chloroform:isoamylalcohol was added and mixed gently by inverting the tubes 20–25 

times to form an emulsion and centrifuged at 8,000g for 5 min at room temperature. 

The clear aqueous phase was then transferred to fresh tubes and 1 ml of 5 M NaCl 

was added. After the addition of 8 ml isopropanol, the tubes were incubated at −20°C 

overnight. The contents of the tubes were centrifuged at 12,000 rpm for 20 min, the 

supernatant was discarded, and the pellet was washed twice with cold 70% ethanol. 

The DNA pellet was dried at 37°C for 30 minutes. The dried DNA pellet was 

dissolved in 1 ml of Tris-EDTA (pH 8.0) buffer containing RNAase (20 µg ml
-1

) and 

incubated at 37°C for 1 h. The physical integrity of the DNA was verified by agarose 

gel electrophoresis (0.8%) and the DNA content was quantified by measuring OD at 

260 nm. 
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PCR and RAPD analysis 

Tamarind DNA was amplified by polymerase chain reaction (PCR) as 

described by Williams et al. (1990). The PCR reaction was carried out in 20 µl 

reaction mixture containing 100 ng template DNA, 0.3 µM primer, 2.6 mM MgCl 2, 

0.5 units of taq polymerase, and 100 mM of each dNTPs. PCR cycles included initial 

denaturation at 93°C for 3 min followed by 40 cycles of 2 sec denaturation at 92°C, 2 

sec annealing at 35°C and 1 min 30 sec polymerization at 72°C. Finally, extended 

polymerization at 72°C was done for 8 min. Amplified products were separated on a 

1.5% agarose gel containing ethidium bromide (0.5 µg ml
-1

). Electrophoresis was 

carried out for 2–2.5 h (5V/cm). Later the gel was visualized under UV light and 

photographed. Using pooled DNA from all cultivars. The presence of a RAPD band 

in each position was recorded as 1 and its absence as 0. RAPD bands for each primer 

were scored separately. Using these data, squared Euclidian distances were calculated 

to estimate all pair-wise differences in the RAPD markers for all cultivars (Sokal and 

Sneath 1973). Ten primers (OPA-A09, OPA-B06,OPA-K06,OPA-R15,OPA-

X01,OPA-Y01,OPG-19,OPG-05,OPG-13 and OPG-09 were screened to identify 

suitable primers for RAPD analysis. From them, seven primers (OPA-A09, OPA-

B06, OPA-K06, OPA-R15, OPA-X01, OPA-Y01, and OPG-19) were able to detect 

distinct, clearly resolved and polymorphic amplified products (Table 2). 

Scoring of bands and statistical analysis  

Amplified bands were scored present (1) or absent (0) regardless of band 

intensities. Ambiguous data scored as missing data. The scored band data was 

subjected to statistical analysis using the computer programme ‘STATISTICA’. The 

agglomerative method of clustering using Ward’s method (Ward, 1963) for 

developing dendrogram was adopted. A distance matrix was also worked out based 

on dissimilarity measure Squared Euclidean Distances (SED). 

RESULTS 

Random amplified polymorphic DNA (RAPD) analysis carried out on all the 

accessions produced a large number of distinct fragments for each primer. Genetic 

diversity based on RAPD studies of the ten primers used to screen RAPD diversity of 

T. indica cultivars; seven primers were found to produce distinct polymorphic bands. 

A total of 58 polymorphic amplification fragments were generated across the whole 

sample Table. 2, lists the polymorphic primers, their sequences and the number of 

polymorphic markers found in the four cultivars and five accessions. The number of 

bands produced per primer varied from 5-12. Among the selected primers OPA-R15 

produced maximum number of bands (12 bands) and minimum of 1 bands produced 

by the primer OPG-13. Primer OPA-B06 amplified a unique fragment of 150 bp 

specific to genotype of PKM1, Red tamarind and Sweet tamarind (Figure 2). We 

obtained moderate degree of genetic diversity, with Jaccard’s similarity co-efficient 

values ranging from urigam and TI-9 had 100% similarity there is no variation, 
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cluster I and II had maximum variation 51% with accessions of TI-3 and TI-7. PKM1 

and Red tamarind cultivars had 87.5% similarity; Sweet tamarind had 85.5% 

similarity with PKM1 and Red tamarind. TI-1 had a 54.55 similarity with TI-2.  This 

is the first report in India describing the genetic diversity in tamarind using DNA 

markers. Tamarind was found to have genetic heterozygosity and level of 

polymorphism observed in present study. Indicating that a wide and diverse genetic 

base existed between genotypes of tamarind. This variation may be due to the diverse 

genotypes used and partly due to its cross pollinating nature. The variation between 

genotypes observed with 9 of the 10 selected primers, can be used for identification 

of superior type and also for genotype specific DNA markers. The 10 primers 

showing repeated amplification and the58 were polymormphic indicating 

considerable genetic variation among the tamarind genotypes.  

In the present study, dendrogram generated from the Unweighted pair group 

arithmetic average (UPGMA) cluster analysis broadly placed 9 tamarind cultivars in 

to six major cluster at co-efficient of 0.76% (Figure 1). The cluster size varied from 1 

to 6 and cluster VI was the largest cluster comprising of three cultivars followed by 

cluster V possessing 2 and cluster IV, III, II and I possessing one varieties. The 

cluster VI the most diverse cultivars namely, PKM1, Red tamarind and Sweet 

tamarind. The cluster V which included cultivars of TI-9 and Urigam. The cluster I, 

II, III and IV falling only one TI-3, TI-7, TI-1 and TI-2.  

DISCUSSION 

This is the first report in India describing the genetic diversity in tamarind 

using DNA markers. RAPD has been successfully used to study the genetic diversity 

in trees viz., eucalyptus (Keil & Griffin, 1994), mango (Ravishankar et al., 2000) and 

plum (Shimida et al. 1999), teak (Keiding et al., 1986) and oil palm (Shah et al., 

1994). RAPD markers proved to be very informative and useful in monitoring the 

genetic diversity present in samples of selected genotypes. Tamarind was found to 

have genetic heterozygosity of 0.15 and the level of polymorphism observed in 

present study was fairly high (0.76) indicating that a wide and diverse genetic base 

existed between genotypes of tamarind. This variation may be due to the diverse 

genotypes used and partly due to its cross pollinating nature. Similar discriminative 

ability of RAPD markers in identifying the genotypes has been documented in 

several other fruit crops like avocado (Lewis 1992), apple (Koller et al., 1993), 

mango (Schnell et al.,1995; Hemanthkumar et al., 2000), guava (Prakash et al., 

2002).RAPD has been successfully used to study the genetic diversity in tree viz., 

eucalyptus (Keil Griffin, 1994), Mango (Ravishankar et al., 2000) and Plum (Shimida 

et al., 1999), Teak (Keiding et al., 1986) and oil palm (Shah et al., 1994). RAPD 

markers proved to be very informative and useful in monitoring the genetic diversity 

present in sample of selected genotypes. The result in coffee by Laslermes et al., 

(1993) showed the ability of RAPD to discriminate among genotypes and suggested 

their application in cultivar identification. The similar results high similarity 
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coefficient value of 0.82 was found between two cultivars of sweet oranges, similar 

to the result obtained by previous studies (0.82-0.88) done by Gulsen and Roose 

(2001), among 95 citrus accessions and for ISSR, SSR and isozymes analysis. Nine 

of 25 primers used were not able to differentiate and gave monomorphic bands. The 

high similarity (0.82) between the 2 cultivars of sweet oranges is probably due to 

their common origin by mutation (Elisiario et al., 1999). The similar results, twenty-

five primers produced 219 alleles among 5 genotypes of lime and lemon group, of 

which 138 were polymorphic. Between 4 and 10 clear and repeatable bands were 

obtained for each of these primers, which is similar to the results (1 to 9 alleles) 

obtained by Abkenar and Isshiki (2003) in 31 acid citrus species and cultivars. A 

search for unique bands was made for all the species tested and it was found that 

primers OPO-17 and OPB-14 gave 2 and 3 unique bands respectively for Jatti-Khatti 

genotype. Nicolosi et al. (2000) also reported 2 unique bands in C. limonia and 1 

unique band in C. aurantium in a study on phylogeny and genetic origin of Citrus. In 

a similar study carried for the assessment of genetic diversity in 57 Musa genotypes 

at NBPGR, New Delhi, Bhat and Jarret 1995, reported that 49 promising primers 

yielded 605 scorable bands with an average of 12.35 bands per primers in a similar 

study. High level of genetic diversity in acid lime varieties has been reported by 

previous studies and composed of different phenotype, genotype and large number of 

varieties. This variation allows identifying the different cultivars with molecular 

markers. Molecular marker may provide information on the history and biology of 

cultivars, but it does not necessary to reflect what may be observed in morphological 

traits (Metais et al., 2000). Wide variation was observed among the different 

genotypes with respect to growth and yield traits and this may be attributed to their 

genotypic differences. In addition, age of the tree is also an important factor which 

influences the yield. Kadam et al. (2005) reported that yield increased in sapota trees 

up to 30 years of age. Attempts have been made to evaluate the sapota germplasm for 

different agronomic traits. These studies indicated great variation in fruit size, 

production and quality of fruits (Chundawat and Bhuva, 1982; Rokhade et al., 1989). 

Chundawat and Bhuva (1982) evaluated the performance of five sapota cultivars and 

found Kalipatti to be the best in terms of yield and quality. Though RAPD markers 

proved to be useful for germplasm characterization and diversity analysis in citrus in 

the present study, use of other molecular marker techniques such as AFLP, ISSR and 

SSRs should be considered for finer molecular analysis of genotypes and to solve 

discrepancies left unresolved by RAPDs. 

CONCLUSION 

This will also help in choosing the core collection which represents the genetic 

spectrum of the entire collection. The identified plus trees having a higher pulp 

weight to seed weight ratio can thus be suggested for clonal propagation. Thus, from 

the studies it can be concluded that tamarind is an economically important 

multipurpose tree species. With the increasing population pressure, the demand for 



32 M. Kumar et al. 

tamarind pulp has increased considerably. This has necessitated identifying superior 

elite trees like genotypes for monoculture plantations, without causing genetic 

erosion. Thus tree improvement through the application of genetic principles is 

basically directed towards modifying the heredity of tree populations to meet the 

needs of the farmers. 
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Table 1.  Tamarind cultivars used in this study 

S. No. Flowering cultivars S.No Non- flowering accessions  

1. PKM 1 5. Tamarindus indica-9 

2. Red tamarind 6. Tamarindus indica-2 

3. Sweet tamarind 7. Tamarindus indica-1 

4. Urigam 8. Tamarindus indica-7 

  9. Tamarindus indica-3 

 

Table 2. Details of bands generated by RAPD primers 

Primer used Primer sequence Number of 

polymorphic bands 

OPA-A09 GGGTAACGCC 7 

OPA-B06 TGCTCTGCCC 8 

OPA-K06 CACCTTTCCC 7 

OPA-R15 GGACAACGAG 12 

OPA-X01 CTGGCATCTC 8 

OPA-Y01 GTGGCATCTC 9 

OPG-05 CTGAGACGGA 2 

OPG-09 CTGACGTCAC 2 

OPG-13 CTCTCCGCCA 1 

OPG-19 GTCAGGGCAA 2 

 Totals 58 

 Average  5.8 
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Figure 1. Phenogram of nine tamarind cultivars based on RAPD data. The phylogenetic tree obtained from Unweighted Pair-Group (UPGMA) cluster method of Nei’s 

                genetic distances option in the NTSYS-PC1.2 program 
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Primer-OPA-R15 

      1              2               3               4              5                6              7              8                9                10 

 
1-100 BP Ladder, 2-PKM1, 3-Red tamarind, 4- Sweet tamarind, 5-Urigam, 6-Tamarindus indica 9,7- 

Tamarinds indica 2, 8-Tamarindus indica 1, 9-Tamarindus indica 7, 10-Tamarindus indica 3 

Primer-OPA-B06 

1                  2              3               4                5                6               7               8                 9              10  

 
1-100 BP Ladder, 2-PKM1, 3-Red tamarind, 4- Sweet tamarind, 5-Urigam, 6-Tamarindus indica 9,7- 

Tamarinds indica 2, 8-Tamarindus indica 1, 9-Tamarindus indica 7, 10-Tamarindus indica 3 

Figure 2. Random Amplified Polimoriphic DNA (RAPD) profiles of nine different 

                      tamarind cultivars 
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ABSTRACT 

A field experiment was conducted at the research farm of the Directorate 
of Wheat Research, Karnal (Haryana) during 2007-08 to 2009-10 with 
the objective to compare the whole basal and split application of nitrogen 
under different residue management and tillage options in rice-wheat 
cropping system. Combined analysis of data revealed that puddled 
transplanted rice produced maximum rice grain yield, straw yield, 
thousand grain weight and grains /panicle. Rice yield under zero tillage 
was decreased to the tune of 27.8% (with residue), 33.9% (without 
residue) and 45.3% (under permanent bed planting) as compared to 
puddled transplanted condition. Split application of nitrogen increased 
the rice grain yield to the extent of 4.7% with residue, 8.0% without 
residue and 10.2% under puddled transplanted condition as compared to 
whole basal N application. Pooled analysis under zero tillage condition, 
retention of rice residue enhanced the wheat grain yield 21.3% at zero N, 
8.3% at 150 N (whole basal) and 5.4% at 150 N (three split) applications. 
Application of nitrogen in three split doses increased the wheat grain 
yield up to 9.6% without residue retention and 6.7% with rice residue 
retention condition as compared to whole basal N application.  In nut 
shell, it can be said that adoption of zero tillage, residue retention and 
whole basal N application did not work well for rice whereas it was better 
for wheat in rice-wheat system. 

Keywords: Bed planting, Economics, nitrogen, Organic carbon, Residue 

                    retention, Rice-wheat, Yield, Zero tillage 

INTRODUCTION 

In South Asia, rice-wheat crop sequence is the largest agriculture production 

system and occupies about 13.5 million hectares area including 10 million hectares in 

India, extending from Indo-Gangetic plain to Himalayan foothills. Rice and wheat 

contribute 80 % of total cereal production in the region. In India, approximately 23% 
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and 40 % of total rice and wheat area, respectively, is represented by rice-wheat 

system alone (Timsina and Connor, 2001), which requires contrasting edaphic 

conditions. Rice is generally transplanted in puddled soil and is grown under 

submerged condition whereas wheat is grown in upland well-drained soils having 

good tilth. Rice-wheat crop sequence that yield 7 t ha
-1

 of rice and 4 t ha
-1

wheat 

removes more than 300 kg N, 30 kg P and 300 kg K ha
-1

 from the soil. Continuous 

adoption of this system has been reported to decline soil and crop productivity 

(Nambiar and Abrol, 1989). Analysis of several long-term experiments on rice-wheat 

system (Dawe et al., 2000, Duxbury et al., 2000 and Yadav et al., 1998) indicated a 

negative average yield trend of rice (–0.02 t ha
-1

 yr
-1

 or 0.5 % yr 
-1

) under fixed set of 

inputs and agronomic practices. 

Conservation agriculture requires three things, namely no tillage, residue 

retention and cropping system. Residue burning is the main problem under rice-

wheat system in North West Plain Zone of India. To address this issue an experiment 

was planned with tillage options (zero tillage, bed planting and conventional tillage), 

residue retention/incorporation in rice as well as in wheat and application of nitrogen 

(whole quantity as basal v/s three splits) under rice-wheat system. 

MATERIALS AND METHODS 

A field experiment was conducted in rice-wheat cropping system during 2007-

08 to 2009-10 at research farm of the Directorate of Wheat Research, Karnal 

(Latitude 29
0 

43’ N, longitude 76
0
 58’ E and altitude 245 m). Twelve treatments viz., 

T1. Zero tillage with 0N,   T2. Zero tillage with 150N basal, T3. Zero tillage with 

150N split (3), T4. Zero tillage with 0N +residue retention on surface, T5.  Zero 

tillage with 150N basal +residue retention on surface, T6. Zero tillage with 150N split 

+ residue retention on surface, T7. Bed planting with 150N split, T8. Bed planting 

with 150N basal + residue retention on surface, T9. Bed planting with 150N split + 

residue retention on surface, T10.Conventional tillage with 150N split +residue 

incorporated, T11. Conventional tillage with 150N basal, T12. Conventional tillage 

with 150N split, were conducted in randomized block design and replicated thrice. 

Residue of rice and wheat crop was retained or incorporated @ 6 t ha
-1

 and N was 

applied as per respective treatments followed by irrigation. Rice variety Govind was 

direct seeded in 1st week of June and 25 days old seedlings were transplanted in 

puddled condition in first week of July. Wheat variety PBW 502 was seeded after 

rice harvest in zero tillage and conventional tillage conditions. Fertilizers @ 150 kg N, 

60 kg P2 O5 and 40 kg K2 O ha
-1
 were applied to the rice and wheat crop as per 

treatment. Full dose of phosphorous in the form of single super phosphate and potash in 

the form of muriate of potash and one third dose of nitrogen in the form of urea was 

applied as basal i.e., before sowing and remaining two third dose of  nitrogen was top 

dressed in two equal splits at first node stage (DC 31, DC stands for Decimal Code of 

Zadoks scale ranging from 0 to 99) (Zadoks et al., 1974)  and at booting stage (DC 41). 

Irrigation was applied as per need of the crop. Weeds in zero till rice were controlled 
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with the application of pendimethyline @1.0 kg ha
-1

 just after seeding whereas in 

transplanted rice weeds were controlled with the application of butachlor @ 1.0 kg ha
-1
 

in 400 litre of water at 3-4 days after rice transplanting. Similarly weeds in wheat were 

controlled with the application of sulfosulfuron @ 25 g ha
-1
 in 400 liters of water at 30-

35 days after sowing. All the other recommended practices were adopted in rice as 

well as in wheat.  Observations were recorded on yield and its component characters 

and soil analysis, mainly organic carbon, electrical conductivity and pH were done at the 

start and end of the experiment. Standard statistical methods of analysis were followed 

for the yield and yield attributing parameters and soil analysis (Gomez and Gomez, 

1984). Cost of cultivation was calculated by taking into account the prevailing price 

of inputs like fertilizer, seed, herbicides, irrigations, tillage operations, transportation 

charges, management charges, rental value of land and depreciation cost of 

implements. Returns were calculated by taking minimum support price of rice and 

wheat grain yield and market price of rice and wheat straw on pooled yield basis. 

RESULTS 

Rice yield 

All the parameters like grain yield, straw yield, harvest index (HI), 1000-grain 

weight, panicles/m
2
 and grains/panicle were significant for yearly as well as 

combined analysis over the years. Pooled analysis of data (Tables 1 and 2) revealed 

that puddled transplanted rice (T10 to T12) produced maximum rice grain yield, 

straw yield, thousand grain weight and grains /panicle. Direct seeded zero till rice 

was decreased to the tune of 27.8% (with residue), 33.9% (without residue) and 

45.3% (under permanent bed planting) as compared to puddled transplanted 

condition. There was lesser decrease in rice yield where wheat residue was retained 

on the surface under residue retention treatments (T5 and T6) suggesting beneficial 

effect of wheat residue on rice yield. Split application of nitrogen increased the rice 

grain yield to the extent of 4.7% with residue, 8.0% without residue and 10.2% under 

puddled transplanted condition as compared to whole basal N application. Therefore, 

split N application under zero tillage with and without residue retention condition 

holds better for rice crop as compared to whole basal N application. 

Residue retention under zero tillage condition enhanced the rice grain yield by 

9.2%  with zero N and 8.4% with 150 kg N ha
-1

 application as compared to respective 

no residue retention treatments. This suggests that there was positive role of wheat 

residue in increasing rice yield as compared to without residue condition. Maximum 

and significantly higher straw yield (13.0 t ha
-1

) and HI (0.40) was recorded in 

puddled transplanted with split N application treatment. Under puddled transplanted 

condition, thousand grain weight and grains/panicle was maximum and significantly 

higher than all other treatments. However, there was no such difference in case of 

panicles m
-2

. Direct seeded rice either under zero tillage or under bed planting (bed 

planting means raised surface 40 cm and furrow 30 cm, 3 rows on top of bed i.e. on 
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raised surface, furrow to furrow distance 70 cm) produced significantly lower 

thousand grain weight and grains/panicle than puddled transplanted condition. This 

shows that rice grain yield under puddled transplanted condition was higher due to 

significantly higher thousand grain weight and grains/panicle. There was variation in 

rice yield during period of study and maximum grain yield was recorded in 2008. 

During crop cycle 2008, thousand grain weight and grains/panicle was maximum in 

all the treatments as compared to 2007 or 2009 crop cycle. 

Wheat yield 

All the parameters like grain yield, straw yield, HI, 1000 grain weight, panicles 

m
-2

 and grains  per panicle were significant for yearly as well as across the year 

analysis (Tables 3 and 4).  Pooled analysis under zero tillage condition, retention of 

rice residue enhanced the wheat grain yield 21.3% at zero N, 8.3% at 150 N (whole 

basal) and 5.4% at 150 N (three split) applications as compared to without residue 

condition. Three split application of 150 N under rice residue on surface with zero 

tillage produced similar yield (5.83 t ha
-1

) as compared to conventional tillage 

condition (5.54 to 5.83 t ha
-1

) condition. As compared to whole basal N application, 

grain yield increased in split application of N was due to significantly higher 

grains/ear head (11.2% without residue and 13.5% with residue condition). 

Therefore, it could be said that increase in grain yield under split N application with 

and without residue retention condition was mainly attributed by increase in 

grains/spike. At zero N application, residue retention increased the grains spike
-1

 to 

the tune of 14.5%. Straw yield was maximum (8.52 t ha
-1

) under conventional tillage 

with whole basal N application (150 kg ha
-1

) and harvest index was maximum (0.47) 

with conventional tillage split N application (residue incorporation). There was no 

definite trend in case of thousand grain weight. Ear head m
-2

 was maximum (498) 

and significantly higher in conventional tillage with split N application as compared 

to other treatments.  

Organic carbon 

In general, organic carbon content, pH and EC were higher after three years of 

study in all the treatments (Table 6). Under zero tillage condition, residue retention 

with no nitrogen application increased the organic carbon to the extent of 14.2% as 

compared to without residue condition. Similarly residue retention at 150 kg N/ha 

application increased organic carbon content 9.3 to 13.9% as compared to without 

residue retention condition. Under bed planting condition residue retention enhanced 

the organic carbon content to the extent of 3.6% to 6.1% compared to no residue 

retention. Maximum pH and EC values were 8.16 and 0.518, respectively after three 

years study.  

Economic Analysis   

In general, cost of rice cultivation was higher than cost of wheat cultivation 

(Table 5). Under zero tillage or permanent bed planting conditions, return from rice 
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was lower than cost of rice cultivation, whereas in case of puddled transplanted 

condition it was just reverse. Total cost of cultivation and total return were maximum 

under puddled transplanted rice followed by conventionally tilled wheat. Net return 

at zero N application and permanent bed planting condition of rice-wheat cropping 

was negative. This showed that these technologies are not feasible under no till 

conditions. Positive net return and B:C ratio more than one in case of puddled 

transplanted rice followed by conventional till wheat and zero tilled rice-wheat with 

and without residue retention were profitable. Benefit accrued by adoption of zero 

tillage for eco friendly cultivation and improvement in soil health was not included in 

the economics of different treatments.  

DISCUSSION 

Conservation agriculture (adoption of zero tillage with residue retention in a 

cropping system perspective) has emerged as a major strategy to achieve goals of 

sustainable agriculture.  No-tillage when combined with surface managed crop 

residues sets in motion processes whereby slow decomposition of residues results in 

improvement in soil health. Rice yield under no till system declined drastically (27.8-

45.3 %). These findings were against the observation of Kumar et al. (2005), who 

reported similar yield by adopting conservation practices. Sah et al. (2013) also 

reported higher rice yield with residue retention which is in contrast to our findings. 

In Haryana, where soils are sandy loam, it can be said that adoption of residue 

retention and whole basal N application are not suitable for rice in rice-wheat system. 

In wheat crop, three splits application of nitrogen increased the grain yield up to 9.6 

% without residue retention and 6.7% with rice residue retention condition as 

compared to whole basal N application. These findings were in agreement with 

observation of Kharub and Chander (2010). Naresh et al. (2013) also reported that 

split application of nitrogen increased wheat yield under residue retention condition. 

Permanent bed planting treatments recorded lowest wheat grain yield (4.96 to 5.02 t 

ha
-1

). This finding is in contrast to the observations of Hobbs and Gupta (2003a) 

under rice-wheat system. Economics play an important role in the adoption of 

technologies. Positive net return and B:C ratio more than one in case of zero tilled 

rice- wheat with and without residue retention were profitable and provides eco-

friendly cultivation. Residue retention enhanced the organic carbon content of soil as 

compared to residue removal which was in agreement with observations of Naresh 

(2013).  However, there was no significant difference between residue retention and 

residue incorporation for the organic carbon content. This finding was in agreement 

with observations of Ladha et al. (1986). 

CONCLUSION 

Puddled transplanted rice produced maximum rice grain yield, straw yield, 

thousand-grain weight and grains /panicle. Rice yield under zero tillage decreased to 

the tune of 27.8% (with residue), 33.9% (without residue) and 45.3% (under 
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permanent bed planting) as compared to puddled transplanted condition. Application 

of nitrogen in three split doses increased the rice grain yield to the extent of 4.7% 

with residue, 8.0% without residue and 10.2% under puddled transplanted condition 

as compared to whole basal N application. Rice residue retention enhanced the wheat 

grain yield 21.3% under zero N, 8.3% 150 N (whole basal) and 5.4% under 150 N 

(three split) applications. Promoting conservation agriculture in rice-wheat system 

will call for moving away from the conventional compartmentalized and hierarchical 

arrangement of research that generated and perfected technologies, extension that 

delivers it and farmers who adopt it.  All the stakeholders involved would need to be 

brought together on a common platform to conceive end-to-end strategies. Roles of 

research, extension, farmers and other stakeholders should be institutionalized in a 

way that strengthens these partnerships. 
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Table 1. Effect of residue retention, tillage options and timing of N application on rice grain yield, straw yield and HI  

Treatments Grain Yield (t ha
-1

) Straw Yield (t ha
-1

) HI 

2007-

08 

2008-

09 

2009-

10 

Pooled 2007-

08 

2008-

09 

2009-

10 

Pooled 2007-

08 

2008-

09 

2009-

10 

Pooled 

T1 2.49 4.03 2.99 3.17 8.70 7.28 4.15 6.71 0.22 0.35 0.42 0.33 

T2 3.98 5.74 4.11 4.61 10.83 7.53 5.81 8.07 0.27 0.43 0.42 0.37 

T3 4.49 6.34 4.21 5.01 16.03 9.53 6.51 10.68 0.22 0.39 0.39 0.34 

T4 3.15 4.07 3.27 3.50 7.18 6.64 4.27 6.03 0.31 0.38 0.44 0.37 

T5 4.58 5.93 4.87 5.13 12.69 7.96 5.84 8.83 0.27 0.43 0.46 0.38 

T6 4.68 6.48 4.99 5.38 16.67 8.39 6.91 10.66 0.22 0.44 0.42 0.36 

T7 3.14 4.80 4.00 3.98 10.20 7.30 5.12 7.54 0.24 0.39 0.44 0.36 

T8 3.21 4.33 3.87 3.80 8.37 7.38 5.66 7.14 0.28 0.37 0.41 0.35 

T9 3.53 4.64 4.33 4.17 11.27 7.86 5.79 8.31 0.24 0.37 0.43 0.35 

T10 6.95 9.03 7.12 7.70 13.89 15.58 9.55 13.00 0.33 0.37 0.43 0.38 

T11 6.39 8.10 6.25 6.91 11.75 11.94 9.20 10.96 0.35 0.40 0.41 0.39 

T12 6.89 7.87 6.95 7.24 10.46 13.08 9.20 10.91 0.39 0.38 0.43 0.40 

CD (P=0.05) 0.66 0.73 0.86 0.45 0.82 0.96 1.02 0.65 0.04 0.06 0.07 0.04 
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Table 2. Effect of residue retention, tillage options and timing of N application on rice yield attributes 

Treatments 1000 Grain wt (g) Panicles m
-2

 Grains panicle
-1

 

2007-

08 

2008-

09 

2009-

10 

Pooled 2007-

08 

2008-

09 

2009-

10 

Pooled 2007-

08 

2008-

09 

2009-

10 

Pooled 

T1 19.73 19.87 21.29 20.29 370 330 388 363 35.0 61.7 37.1 44.6 

T2 20.88 21.60 21.39 21.29 358 423 398 393 53.0 62.9 48.2 54.7 

T3 21.55 22.02 21.24 21.60 398 430 410 413 52.7 67.4 50.0 56.7 

T4 19.73 19.87 21.29 20.29 360 372 383 372 45.3 61.6 40.6 49.2 

T5 21.85 21.82 21.93 21.87 327 395 405 376 65.0 70.5 55.5 63.6 

T6 21.52 21.02 22.15 21.56 373 393 423 397 60.0 80.7 53.3 64.7 

T7 20.24 20.85 21.48 20.86 308 311 356 325 50.3 74.1 52.4 58.9 

T8 20.29 21.12 21.57 20.99 295 307 391 331 53.7 67.6 45.8 55.7 

T9 20.54 21.32 21.17 21.01 352 309 383 348 49.3 71.0 53.6 57.9 

T10 27.36 31.10 22.77 27.08 305 368 413 362 84.0 78.9 75.8 79.5 

T11 27.17 31.05 23.13 27.12 303 321 320 315 78.0 81.5 84.5 81.3 

T12 27.84 32.17 23.09 27.69 305 418 377 367 82.0 60.7 79.9 74.2 

CD (P=0.05) 1.56 1.28 1.16 0.78 24 33 37 26 15.1 13.4 13.5 9.6 
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Table 3. Effect of residue retention, tillage options and timing of N application on wheat grain yield, straw yield 

               and HI 

Treatments Grain Yield (t ha
-1

) Straw Yield (t ha
-1

) HI 

2007-

08 

2008-

09 

2009-

10 

Pooled 2007-

08 

2008-

09 

2009-

10 

Pooled 2007-

08 

2008-

09 

2009-

10 

Pooled 

T1 1.71 2.62 1.73 2.02 1.95 3.39 2.20 2.51 0.47 0.44 0.44 0.45 

T2 4.45 6.05 4.43 4.98 4.67 6.91 6.40 5.99 0.49 0.47 0.41 0.46 

T3 5.10 6.52 4.89 5.51 5.55 8.75 6.78 7.02 0.48 0.43 0.42 0.44 

T4 2.92 2.85 1.94 2.57 3.89 3.87 2.95 3.57 0.43 0.42 0.39 0.42 

T5 5.35 5.71 5.24 5.43 8.35 8.64 7.97 8.32 0.39 0.39 0.39 0.39 

T6 5.82 6.38 5.28 5.83 4.13 8.89 7.10 6.71 0.62 0.42 0.43 0.49 

T7 4.52 5.42 5.03 4.99 4.84 7.48 6.56 6.79 0.49 0.42 0.43 0.45 

T8 4.74 5.77 4.36 4.96 4.59 7.72 6.55 6.28 0.51 0.43 0.40 0.45 

T9 4.88 5.54 4.65 5.02 4.05 8.16 6.39 6.20 0.55 0.40 0.42 0.46 

T10 5.38 6.18 5.05 5.54 6.80 8.40 4.2.8 6.49 0.44 0.42 0.55 0.47 

T11 5.44 6.07 5.98 5.83 8.92 8.29 8.34 8.52 0.38 0.42 0.42 0.41 

T12 5.50 5.81 5.84 5.73 7.14 8.77 8.61 8.17 0.44 0.39 0.41 0.41 

CD (P=0.05) 0.52 0.55 0.66 0.48 0.40 0.55 0.69 0.55 0.12 0.05 0.07 0.05 
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Table 4. Effect of residue retention, tillage options and timing of N application on wheat yield attributes 

Treatments 1000 Grain wt (g) Ear head m
-2

 Grains ear head
-1

 

2007-

08 

2008-

09 

2009-

10 

Pooled 2007-

08 

2008-

09 

2009-

10 

Pooled 2007-

08 

2008-

09 

2009-

10 

Pooled 

T1 37.68 41.38 38.99 39.35 263 260 368 297 17.1 25.1 12.4 18.2 

T2 41.07 42.43 41.43 41.64 335 435 457 409 32.4 34.3 23.6 30.1 

T3 42.71 39.90 40.82 41.14 340 530 380 417 38.5 31.2 32.0 33.9 

T4 39.53 43.36 39.49 40.79 300 252 368 307 24.2 26.4 13.4 21.3 

T5 40.59 45.98 40.56 42.38 408 407 510 442 33.9 33.1 25.4 30.8 

T6 42.25 40.43 42.75 41.81 362 413 380 385 38.5 39.1 29.3 35.6 

T7 39.97 40.92 38.60 39.83 327 418 457 401 34.6 31.8 28.7 31.7 

T8 40.02 44.32 41.32 41.89 300 411 463 392 39.7 31.7 22.9 31.5 

T9 40.31 41.38 40.02 40.57 298 414 467 393 40.5 32.4 25.2 32.7 

T10 40.75 39.81 41.58 40.72 467 350 417 411 28.7 45.2 30.1 34.7 

T11 38.55 43.34 36.79 39.56 536 383 478 466 29.8 38.5 34.1 34.2 

T12 40.49 37.92 37.29 38.57 588 358 547 498 23.1 47.1 28.9 33.0 

CD (P=0.05) 2.12 2.03 3.51 1.95 26.4 33.7 35.1 28.0 4.8 5.1 4.7 3.0 
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Table 5. Effect of residue retention, tillage options and timing of N application on economics of rice-wheat 

               cropping system (Rs ha
-1

) 

Treatments Rice cost of 

cultivation 

Wheat 

cost of 

cultivation 

Total cost 

of 

cultivation 

Rice 

return 

Wheat 

return 

Total 

return 

Net return B:C ratio 

T1 64275 46025 110300 31740 28920 60660 -49640 0.5 

T2 65675 47425 113100 46110 70747 116857 3757 1.0 

T3 66175 47925 114100 50140 79247 129387 15287 1.1 

T4 64275 46025 110300 34970 37663 72633 -37667 0.7 

T5 65675 47425 113100 51270 81655 132925 19825 1.2 

T6 66175 47925 114100 53830 82031 135861 21761 1.2 

T7 69300 48550 117850 39800 72851 112651 -5199 1.0 

T8 68800 48050 116850 38030 71251 109281 -7569 0.9 

T9 69300 48550 117850 41680 71705 113385 -4465 1.0 

T10 69175 51175 120350 76970 78225 155195 34845 1.3 

T11 68675 50675 119350 69130 86561 155691 36341 1.3 

T12 69175 51175 120350 72380 84597 156977 36627 1.3 
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Table 6. Effect of residue retention, tillage options and timing of N application on organic carbon (0-15 cm in %), 

               pH and EC 

Treatments OC pH EC 

Initial 0.388 8.02 0.453 

After three years 

T1 0.39 8.05 0.46 

T2 0.43 8.06 0.47 

T3 0.41 8.03 0.42 

T4 0.46 8.01 0.49 

T5 0.48 8.07 0.47 

T6 0.47 8.09 0.48 

T7 0.39 8.11 0.47 

T8 0.41 8.47 0.51 

T9 0.42 8.16 0.51 

T10 0.42 8.11 0.49 

T11 0.41 8.10 0.44 

T12 0.40 7.97 0.47 

CD (P=0.05) 0.03 0.26 0.09 
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ABSTRACT 

Simple and joint scaling tests led to similar inferences in respect of 
presence or absence of epistasis in majority of cases across the fourteen 
characters of six crosses in two conditions. The generation mean 
analysis revealed importance of additive (d) and/or dominance (h) gene 
effects as well as one or more of the epistatic gene interactions (i, j, l) for 
all the seven characters in most of the crosses under both the conditions. 
However, nature and magnitude of gene effects and epistatic interactions 
for a character exhibited considerable variation across the six crosses 
and two environmental conditions. Significance of dominance gene 
effects and epistatic interactions for most of the traits in six crosses 
under two conditions indicated that exploitation of heterosis through 
hybrid varieties appears to be a potential alternative. Only in drought 
condition, considerable number of crosses exhibited positive and 
significant estimates of standard heterosis across seven characters. 
Present study indicated apparent lack of desirable heterosis of requisite 
degree. It appears that extremely diverse nature of parents involved in 
six cross combinations may have resulted in incompatible gene 
combinations or genetic architecture in crosses resulting into poor 
performance and lack of heterosis for most of the characters. The 
positive and significant heterobeltiosis was noted for relative water 
content and membrane thermo stability in cross VI in irrigated condition.  
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INTRODUCTION 

Rice is the staple food for approximately 340 million people in South Asia and 
140 million each in Southeast Asia and sub-Saharan Africa (IRRI, 2006). Progress 
has been slow in improving productivity, and drought is a major constraint affecting 
rice production, especially in rain-fed areas across Asia and sub-Saharan Africa. 
Pandey et al. (2007) estimated that at least 23 million ha of rain-fed rice area (20% of 
the total rice area) in Asia are drought-prone. Drought is a particularly important 
production constraint in eastern India, with more than 10 M ha of drought prone, 
where yield losses due to drought are reported to cost an average of US $250 million 
annually (Bernier et al., 2008). In recent years, crop physiology and genomics have 
led to new insights in drought tolerance providing breeders with new knowledge and 
tools for plant improvement (Tuberosa and Salvi, 2006). Drought resistance is 
improved either if the crop is able to access more water or if it can use available 
water more efficiently (higher transpiration efficiency) (Passioura, 2006). Several 
secondary traits are known to contribute in drought resistance in rice. Most of the 
secondary traits (leaf water potential, epicuticular osmotic adjustment etc) have 
moderate to high heritabilities under stress indicating the possibility of incorporating 
them into breeding program (Kumar et al, 2008). Certain secondary traits such as leaf 
water potential (LWP) had good correlation (r = 0.69) with yield under stress as well 
in rice (Jongdee et al., 2006). 

New varieties tolerant to drought are needed to evolve that can grow well 
under moisture stress. Research is needed to reduce the risk of crop failure by 
understanding an action of drought related traits to develop drought resistant 
cultivars. Data on agronomic, morphological and physiological plant traits are 
generally used to characterize the varieties, however such data may not provide an 
accurate picture because, environment influence upon the expression of observed 
traits are difficult in scoring due to the presence of multiple allele or gene. The 
inheritance of the characteristics chosen has a major influence on the strategy 
employed for cultivar development. Though the goals of rice breeding programs vary 
considerably depending on the intended use, yet some traits considered important in 
most breeding program such as yield where genetic improvement for yield and its 
components are most difficult to achieve due to the complex nature of their 
inheritance and influence of numerous environmental factors. The ability of the 
parents to combine well depends on the complex interactions among the genes 
adaptation which cannot be judged by mere yield performance and adaptation of the 
parents. Moreover, in a breeding program an objective judgment about a particular 
cross combination likely to produce transgressive segregants in self pollinating crops 
like rice would mainly depend upon the precise estimates of various components of 
genetic variances. An experimental method known as generation mean analysis 
(Jinks and Jones, 1958; Hayman, 1958) provides the opportunity to detect the 
presence or absence of epistasis and quantify them appropriately. In view of limited 
reports on estimation and comparison of estimates of gene effects and heterosis in 
irrigated and drought conditions, such experiments were conducted.  

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3429056/#B31
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3429056/#B53
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MATERIALS AND METHODS 

Plant materials, experimental design and site 

In the present study, six generations (P1, P2, F1, F2, B1, B2) of six crosses viz., 

Sarjoo-52 x P0 359, P0 359 x Sonam, NDR-359 x P0 1564, P0 1564 x Sarjoo-52, IR 

74409 x Saita, DSL-63-8 x NDR-359 were evaluated in Compact Family Block 

Design with three replications under irrigated (E1) and reproductive stage drought 

conditions (E2). The two evaluation trials were conducted during 2011 and 2012 in 

wet season at Student’s Instructional Farm of Narendra Deva University of 

Agriculture and Technology, Kumarganj, Faizabad (U.P.). The rows of 3 m length 

were used for making subplots of two rows for P1, P2 and F1 generations, 4 rows for 

B1 and B2 generations and 6 rows for F2 generations of each cross. Inter and intra-row 

spacing was kept 20 cm and 15 cm, respectively. 

Management of water stress 

Irrigated control (E1): The experimental field was left uncovered to receive 

natural rainfall. In addition to this, experimental plots were irrigated using well laid 

channels for supplying tube well water, as and when required, to maintain 

appropriate moisture levels as recommended for irrigated rice.  

Reproductive stage drought stress (E2):  The experiment field was covered 

by constructing temporary shelter at a height of 10-12 fetes using polythene sheets to 

exclude any possibility of natural rainfall falling in the experimental plots. Care was 

taken to check the inflow or seepage of water from the adjoining areas by making 

adequate bunds around the experiment in drought condition. The flowering stage 

drought was created by withholding the irrigation on week before panicle exertion. 

Plants were exposed for two weeks drought at flowering stage (60-80 KPa). Drought 

was released by irrigation. Recovery was measured at 10
th
 days after released of 

drought. 

Observations 

The characters studied in the two experiments were relative water content 

(RWC), membrane thermo stability (MTS), apparent translocation rate (ATR) and 

apparent contribution rate (ACR), harvest-index (HI), biological yield plant
-1

 (BY/P) 

and grain yield plant
-1

 (GY/P).  

Biometrical analyses  

The data on seven characters of 36 genotypes (treatments) were subjected to 

analysis of variance for Compact Family Block Design and whole set of treatments 

following Singh and Singh, (1994). Heterosis expressed as per cent increase or 

decreases of hybrids (F1) over better-parent (heterobeltiosis) and standard variety 

(standard heterosis) were calculated according to the method suggested by Hayes et 

al., (1955). To find out the presence of gene interaction scaling test and joint scaling 

test were computed following Singh and Chaudhury (1985). The three-parameter 
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model of Jinks and Jones, (1958) was used to test the adequacy of the additive 

dominance model in the absence of non-allelic gene interaction and the six-parameter 

model of Hayman, (1958) and Jinks and Jones, (1958) were used to estimate various 

gene effects including the non-allelic interaction. 

RESULTS AND DISCUSSION 

Analysis of variance: 

The analysis of variance for Compact Family Block Design revealed that six 

cross families differed significantly for all the seven characters in irrigated as well as 

drought condition except for ATR in E2. The analysis of variance for differences 

between progenies (generations) within families (crosses) showed significant 

differences among the progenies of the six crosses for all the characters in both 

conditions except for HI in crosses III and V in E1 and HI in cross VI in E2. The 

significance of mean squares due to progenies (generations) within families (crosses) 

in majority of cases, indicated existence of significant and substantial variation in the 

experimental material of the present study validated further statistical and genetical 

analysis. 

Simple and joint scaling tests: 

Simple as well as joint scaling tests revealed that role of epistasis had greater 

impact in E2 as compared to E1 for all characters across the six crosses. Significant 

chi-square value indicated the presence of epistasis and significance of digenic 

interactions along with inadequacy of additive-dominance model or three-parameter 

model (Table 1). Besides, non significant chi-square value showed the absence of 

epistasis and adequacy of additive-dominance model. For HI, presence of epistasis 

was revealed by simple as well as joint scaling tests in both the conditions except 

lack of epistasis noted in cross I and II from simple scaling tests, cross V from joint 

scaling test and cross III from both types of tests in E1 and in cross VI from both type 

of tests in E2. Furthermore, GY/P and BY/P
 
and physiological traits, namely, RWC, 

MTS, ATR and ACR, the simple as well as joint scaling tests detected presence of 

epistasis in all the six crosses in both conditions except absence of epistasis for 

physiological traits recorded in cross IV from simple scaling tests in E1. 

The consistent absence of epistasis in both conditions by the two type of 

scaling tests was recorded only for HI in cross III and HI in cross VI in E2. Thus, 

highly important role of epistasis in the in heritance of seven characters under study 

was evident in both environments. Importance of epistasis in inheritance of GY/P and 

its components in rice has also been reported earlier (Saravanan et al., 2006 and 

Singh et al., 2007). 

Gene effects: 

The present study, was undertaken to use P1, P2, F1, F2, B1 and B2 generations 

of each of the six crosses of rice in order to obtain information about epistasis 
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(additive x additive, additive x dominance, dominance x dominance epistatic 

components) in addition to additive and dominance gene effects for grain yield, yield 

components and some physiological traits.  

Cross I (Sarjoo-52 x P0 359) 

In E1, the significance of additive (d) and dominance (h) gene effects along 

with (i), (j) and (l) type of gene interaction effects were recorded for RWC, MTS and 

ATR except for non-significant of (j) for ATR. The additive (d) gene effects were 

found to be significant along with (j) and (l) type gene interactions for ACR. The 

additive (d) and dominance (h) gene effects were predominant for GY/P and BY/P 

which also had significant (j) type of gene interaction effects. None of the gene 

effects or gene interaction effects was significant for HI. In E2, additive (d) and 

dominance (h) gene effects along with (i), (j) and (l) type of gene interaction effects 

were recorded for RWC and ATR. The additive (d) and dominance (h) gene effects 

with absence of three types of non-allelic interactions were noted for HI while, 

additive (d) and dominance (h) gene effects and additive x additive (i) interactions 

were important for GY/P. The significance of only three epistatic components (i, j, l) 

was noted for MTS.  

Cross II (P0 359 x Sonam) 

In E1, all the five gene effects (d, h, i, j, l) were found significant for ATR only. 

Four types of gene effects were recorded for BY/P and ACR (except for l). The 

significance of both additive (d) and dominance (h) gene effects without any epistasis 

interaction was recorded for GY/P. Only (j) and (l) type of epistatic interactions were 

significant RWC and MTS. Significance of only additive gene effect was found to be 

present for HI. With regards to gene effects for drought condition in cross II, only 

ACR was found to have significant estimates for all the five (d, h, i, j, l) gene effects. 

Both additive (d) and dominance (h) gene effects along with (i) and (l) type the 

epistatic interactions effects were noted for GY/P, BY/P and ATR, while MTS were 

found to have significance for all the three epistasis gene interactions (i, j and l) along 

with dominance (h) gene effect. Only additive x dominance (j) gene interaction 

effects were significant for RWC. 

Cross III (NDR-359 x P0 1564) 

The additive (d) gene effects with additive x dominance (j) non allelic 

interactions were per dominant for MTS, ATR and ACR. The significance of three 

effects each were recorded for BY/P (h, i and j) while two parameters each were 

important for GY/P (h and j). Only additive x dominance (j) interactions were 

important for RWC in E1. With regards to E2, all the five estimates of gene effects 

were found to be significant for ACR. Four gene effects were found to be significant 

for MTS, HI, GY/P (h, i, j and l), BY/P (d, h, i and l) and ATR (d, h, i and j). 
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Cross IV (P0 1564 x Sarjoo-52) 

The results revealed that RWC (h, i, j and l), ATR and ACR (d, h, i and l) had 

the significant estimates for four effects. The additive (d) gene effects were important 

along with dominance x dominance (l) effects for GY/P and BY/P. In case of E2, all 

the seven characters investigated under present study had significant gene effect for 

at least one gene effect, there by suggesting the role of different gene actions in the 

inheritance of all the traits. However, none of the traits had recorded significance for 

all the five gene effects. The significance of additive (d) as well as dominance (h) 

gene effects was recorded with importance of (h) gene effects was recorded with 

importance of (i) and (j) interaction effect for ATR and (j) and (l) type of interaction 

effects for GY/P and ACR, BY/P and MTS showed existence of additive x 

dominance (j) and dominance x dominance (l) type of non-allelic interactions. Only 

additive x dominance (j) gene interactions were significant for RWC.     

Cross V (IR-74409-730-08 x Saita) 

The results suggested that both additive (d) and dominance (h) gene effects 

were significant along with the significant (i) type epistasis for RWC and with (i) and 

(j) type epistasis for ATR. Whereas, significance of additive (d) gene effects along 

with (j) type of gene interactions was observed for MTS, while significant (l) type 

epistasis along with significant additive (d) gene effect was found to be responsible in 

the inheritance of GY/P and BY/P. Beside this, none of the gene effects was found to 

be present for harvest index. For apparent contribution rate significance of (d), (i) and 

(j) effects was found.  

The gene effects in cross V under drought condition revealed that both additive 

(d) and dominance (h) gene effects along with all the three types epistasis (i, j and l) 

were significant for BY/P. The significance of all the five gene effects except for (j) 

type epistasis was observed for HI. Presence of dominance (h) gene effects in 

addition to presence of all the three type epistatic interactions was noted for GY/P. 

While, ATR which had additive as well as additive x additive and additive x 

dominance gene effects to be significant. The trait which was governed by additive 

(d) gene effects and additive x dominance (j) epistasis was ACR. The significance 

only additive (d) gene effect for MTS and additive x dominance (j) for RWC was 

noted.  

Cross VI (DSL-63-8 x NDR-359) 

Apparent translocation rates the dominance (h) gene effects in combination 

with all the three types of non allelic interactions (I, j and l) were important. The 

dominance (h) gene effects in combination with additive x additive (i) type gene 

interactions were present for GY/P and BY/P. None of the five estimates of gene 

effects were important for HI while, significance of only (j) type epistasis of RWC 

and (l) type epistasis for ACR was found. Membrane thermo stability had significant 

estimates for additive (d) gene effects with all the three types of epistatic interactions 
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(I, j and l) in E1. In drought condition, among all the five estimates of gene effects, 

three effects each were found to be significant for GY/P (d, i and l), BY/P (i, j and l) 

and MTS (h, i and j), while only two estimates of gene effects were observed for 

ACR (d and j). The significance of only additive (d) gene effect was observed for HI 

and ATR while only additive x dominance (j) gene interaction effects assumed 

importance for RWC. 

Heterosis and inbreeding depression 

The estimates of heterosis over better-parent in E1 and E2 are presented in 

Table 2. The estimates of standard heterosis were calculated by taking NDR-359 as 

standard parent in irrigated condition and P0-1564 as standard parent in drought 

condition (Table 3). The heterobeltiosis for GY/P ranged from -4.42% (cross VI) to 

4.24% (cross IV) in E1 and from -17.65% (cross III) to 7.11% (cross II) in E2. 

Standard heterosis for GY/P varied from -15.24% in cross IV to 3.29% in cross I in 

E1 and from -49.56% in cross VI to 8.30% in cross I in E2. Besides GY/P, very low 

and non-significant heterobeltiosis of positive nature or non-significant and 

significant heterobeltiosis of negative nature was observed in most of the crosses for 

most of the characters in both environments except few exceptions. Similarly 

majority of the estimates of standard heterosis across fourteen characters of six 

crosses were either non-significant in negative or positive direction or significant in 

negative direction in irrigated condition. Only in drought condition, considerable 

number of crosses exhibited positive and significant estimates of standard heterosis 

across seven characters.  

Results indicated that extremely diverse nature of parents involved in six cross 

combinations may have resulted in incompatible gene combinations or genetic 

architecture in crosses resulting into poor performance and lack of heterosis for most 

of the characters. In earlier reports in rice have reported existence of wide range of 

heterosis in negative and positive directions for grain yield and most of the yield 

contributing characters (Yadav et al., 2004; Eradasappa et al., 2007; Singh et al., 

2007; Rashid et al., 2007 and Salem et al., 2008). It was interesting to note all the 

four physiological traits were found mostly to have negative estimates of non-

significant or significant nature in all the six crosses with some exceptions. The 

notable exceptions were the positive and significant heterobeltiosis recorded for 

RWC and MTS in cross VI in E1 and for RWC in cross II in E2. In case of standard 

heterosis, the positive and significant estimates were obtained for MTS in all the 

crosses and for ACR in cross I, II, V and VI in E2 only. This showed that the six 

crosses did not show high heterosis in desirable direction for physiological traits in 

most of the cases and higher standard heterosis for MTS and ACR in E2 may be 

attributed perhaps to low mean performance for these traits by standard parent, P0-

1564.      

The in-breeding depression was also estimated for seven characters of six 

crosses in E1 and E2 (Table 4). All the six crosses emerged with highly significant 
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inbreeding depression in irrigated condition for GY/P, BY/P, ATR and ACR except 

non-significant values recorded cross I for ATR and cross I, II and VI for ACR in E1. 

Similarly, five crosses showed significant inbreeding depression for GY/P and HI 

(except cross VI) and ACR (except cross III) in E2. Significant inbreeding depression 

was also noticed for BY/P (cross II, III and V) and ATR (cross I) in some of the six 

crosses in E2.       

CONCLUSION 

Like the gene effects and non-allelic interactions, the estimates of heterosis and 

inbreeding depression showed considerable variation across the two conditions. This 

indicated that genotype x environment interactions played significant role in altering 

the estimates of various genetic parameters understudy. Thus, in order to get precise 

understanding of gene actions, heterosis, inbreeding depression and direct and 

indirect selection parameters for a specific condition or environment, the studies 

should be carried out in the condition or environment in question. More precise study 

should be under taken to make conclusive recommendation.       
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Table 1. Chi-square estimates for joint scaling test for seven metric traits under irrigated and drought conditions 

Characters Chi-square estimates 

Irrigated Condition Drought Condition 

Cross I Cross II Cross 

III 

Cross 

IV 

Cross V Cross 

VI 

Cross I Cross II Cross III Cross 

IV 

Cross V Cross 

VI 

RWC 47.24** 104.94** 45.54** 38.86** 28.83** 31.88** 109.34** 76.55** 104.90** 42.40** 97.78** 95.13** 

MTS 177.48** 27.42** 50.27** 18.45** 19.39** 52.23** 373.74** 328.26** 217.23** 203.56** 397.26** 431.93** 

ATR 601.47** 67.15** 640.62** 578.83** 314.98** 152.60** 31.03** 64.92** 255.42** 220.95** 41.66** 28.04** 

ACR 61.60** 40.56** 317.72** 229.35** 41.18** 55.81** 283.82** 222.89** 206.93** 713.56** 152.62** 202.21** 

HI  7.39** 10.04** 3.81 8.81* 5.96 15.17** 14.28* 28.65** 214.28** 83.68** 159.48** 6.13 

BY/P 25.03** 68.29** 89.15** 102.09** 129.45** 102.14** 91.59** 70.99** 427.21** 469.08** 193.45** 59.12** 

GY/P 27.55** 64.54** 27.69** 74.27** 75.99** 108.59** 89.65** 19.23** 1020.13** 204.03** 308.58** 15.98* 

 *, ** Significant at 5% and 1% level of probability, respectively. 

Legend: RWC: relative water content; MTS: membrane thermo stability; ATR: apparent translocation rate and ACR: apparent contribution rate; HI: 

harvest-index; BY/P: biological yield plant-1 and GY/P: grain yield plant-1 
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Table 2. Heterosis over better parent for seven metric traits under irrigated and drought conditions 

Characters Heterobeltiosis 

Irrigated Condition Drought Condition 

Cross I Cross II Cross III Cross IV Cross V Cross VI Cross I Cross II Cross III Cross IV Cross V Cross VI 

RWC -6.93 -4.41 -1.39 -3.11 -4.92* 9.00** -13.56** 10.47** -9.31** -8.96** -13.39** -9.21** 

MTS -14.89** -7.08* -8.43** -3.21 -3.83 10.12** -19.18** -17.80** -15.46** -15.18** -17.59** -19.33** 

ATR -24.66** 4.93 -8.77* -15.70** -10.73* -9.62* -10.10* -3.93 -10.41** -14.39** -6.45* -2.57 

ACR -12.32* -10.93* -17.23** -16.45** -12.32* -5.46 -17.32** -15.05** -11.74* -13.42** -16.39** -13.53* 

HI  0.23 -0.47 0.05 0.50 -0.08 1.27 2.18 -5.43 -13.34* 8.10 -2.00 -5.72 

BY/P -1.84 -3.56 -1.79 3.62 -3.08 4.02 -6.48* 13.64* -5.02 -28.57** -7.52 10.23* 

GY/P -1.88 -4.16 -1.89 4.24 -3.43 -4.42 -4.30 7.11** -17.65** -17.60** -9.39 3.61 

*, ** Significant at 5% and 1% level of probability, respectively. 

Legend: RWC: relative water content; MTS: membrane thermo stability; ATR: apparent translocation rate and ACR: apparent contribution rate; HI: 

harvest-index; BY/P: biological yield plant-1 and GY/P: grain yield plant-1 
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Table 3. Heterosis over standard variety for seven metric traits under irrigated and drought conditions 

Characters Standard Heterosis  

Irrigated Condition Drought Condition 

Cross I Cross II Cross III Cross IV Cross V Cross VI Cross I Cross II Cross III Cross IV Cross V Cross VI 

RWC 6.89 7.34 2.95 1.75 3.12 6.17 -12.94** -10.44** -8.21** -10.04** -12.94** -9.06** 

MTS -1.68 -1.32 -3.00 -6.33 -6.40 -8.11 22.55** 23.45** 26.29** 23.00** 23.80** 24.67** 

ATR -10.64* -10.64* -10.64* -10.64* -16.49* -22.34** -14.32** -7.98* -11.57** -13.22** -14.60** -16.52** 

ACR -48.55** -47.11** -50.00** -51.45** -52.89** -52.89** 101.35** 104.72** -12.16** -12.83** 96.62** 94.59** 

HI  0.57 -1.28 -1.33 -1.80 -1.60 -0.80 6.07** -0.30 -8.66 9.29* -11.09 -4.05 

BY/P 2.85 0.38 -5.07 -13.75* -12.10* -10.05* 2.02 -36.74 -4.79 -28.73** -23.01** -47.26** 

GY/P 3.29 -0.94 -6.51 -15.24* -13.45* -10.55* 8.30 -37.11** -13.00* -22.26** -29.44** -49.56** 

*, ** Significant at 5% and 1% level of probability, respectively. 

Legend: RWC: relative water content; MTS: membrane thermo stability; ATR: apparent translocation rate and ACR: apparent contribution rate; HI: 

harvest-index; BY/P: biological yield plant-1 and GY/P: grain yield plant-1 
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Table 4. Inbreeding depression (%) in F2 over F1 for seven metric traits under irrigated and drought conditions 

Characters Inbreeding Depression  

Irrigated Condition Drought Condition 

Cross I Cross II Cross III Cross IV Cross V Cross VI Cross I Cross II Cross III Cross 

IV 

Cross V Cross VI 

RWC 4.81 5.36 0.59 3.13 1.14 0.52 0.70 0.58 1.10 0.49 0.87 1.05 

MTS 4.73 1.73 1.69 2.12 2.75 1.89 1.93 2.09 1.25 2.68 2.50 3.35 

ATR 0.00 28.64** 14.42** 24.47** 9.62* 19.15** 8.67* 4.29 6.54 6.13 4.20 4.40 

ACR 5.62 0.00 10.41* 13.80** 8.43* 5.78 8.62* 8.91* 4.09 10.59* 8.26* 12.63* 

HI  2.36 1.76 2.53 2.17 1.59 2.51 10.41* 9.26* 12.36* 16.35** 17.53** -5.45 

BY/P 16.14** 13.13** 15.99** 16.22** 12.85* 17.63** 5.81 14.64** 7.77* 7.06 15.24** 4.64 

GY/P 17.94** 14.60** 17.97** 18.09** 14.18** 19.55** 15.92** 22.92** 19.23** 22.05** 30.34** -0.79 

 *, ** Significant at 5% and 1% level of probability, respectively. 

Legend: RWC: relative water content; MTS: membrane thermo stability; ATR: apparent translocation rate and ACR: apparent contribution rate; HI: 

harvest-index; BY/P: biological yield plant-1 and GY/P: grain yield plant-1 
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ABSTRACT 

The productivity of arid legumes in arid and semi-arid tracks remains 
virtually stagnant over decades because of their susceptibility to root 
diseases. The information on interaction of beneficial nitrogen fixing 
rhizobia with particular reference to arid legumes of the region is limited. 
Systematic studies on predominant species Sinorhizobium saheli in 
management of root pathogens in arid legumes were undertaken. In-vitro 
interactions of root pathogens and S. saheli isolated from arid legumes 
significantly suppressed the growth of all fungal pathogens in presence 
of S. saheli. In addition the growth of Rhizobium was stimulated in 
presence of different root pathogens. A field experiment on integrated 
disease managementexhibited that the maximum root nodulation with 
the maximum seed yield of 1325 kg/ha was observed from treatment 
where seeds were treated with S. saheli. Whereas, the minimum root 
nodulation was recorded in treatment, where a mixture of isolated fungal 
root pathogens were co-inoculated with S. Saheli was recorded from 
cowpea. The minimum seed yield was recorded from treatment wherein 
the mixture of isolated root pathogens of arid legumes was co-inoculated 
with S. Saheli due to increased disease pressure. The results of in-vitro 
and in-vivo efficacy of S. saheli strains suggest that their co-inoculation 
with PGPR’s can not only reduce the use of chemical fertilizers but also 
can significantly enhance yields by increasing plant growth and 
suppressing soil borne plant pathogenic fungi. 

Keywords: Clusterbean, Cowpea, Moth bean, Horse gram, Root 

                  pathogens, Management 

INTRODUCTION 

Clusterbean, cowpea, moth bean and horse gram are predominantly grown in 

arid and semi-arid tracks of Indian subcontinents under rainfed conditions (Chillar, 

2009). During Kharif, high temperature coupled with moisture stress put them into 

abiotic and biotic stresses. The productivity of arid legumes remains virtually 
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stagnant over decades because of their susceptibility to root diseases. Most of these 

root pathogens are soil and or seed-borne. The fungi belonging to the genera 

Rhizoctonia, Fusarium and Neocosmospora are the most destructive plant pathogens 

with a very wide host range causing substantial damages and yield reduction in arid 

legumes (Patel et al., 1998; Fawole et al., 2006; Gautam et al., 2014).  

The association between rhizobia and some members of leguminosae accounts 

for 80% biologically fixed nitrogen and contributes 25-30% of the world wide 

protein intake. The ability of rhizobia to inhibit certain soil-borne plant pathogens has 

enlarged the importance of rhizobia besides their use in nitrogen fixation. The dual 

role of the species of Rhizobium in plant growth promotion and disease control is 

receiving increasing attention in sustainable agriculture (Mallesh, 2008). The 

antagonistic and plant growth promotion properties of R. leguminosarum b.v. 

phaseoli against root rot caused by F. solani f .s. phaseoli in bean (Buonassisi et al., 

1986), and R. japonicum against root rot diseases caused by F. solani and M. 

phaseolina in soybean have been demonstrated (Al-Ani et al., 2012).  

Essalmani and Lahlou (2003) found that cultural filtrate of R. leguminosarum 

and heat killed bacterial cell protected lentil plants from infection by F. oxysporum 

significantly. In-vitro hyphal growth of F. oxysporum was suppressed by 

multiplication of R. meliloti in a mixed culture, while in soil, it reduced the severity 

of root rot of lucerne (Sawada, 1982).  

Chakraborty andChakraborty in 1989 experimented that bacterization of seeds 

with R. leguminosarum was highly effective in reducing severity of F. solani root rot 

of pea under field condition but not much antagonistic effect was observed under in-

vitro interaction. Sinorhizobium sp. strain NGR 234 formed nodules on 112 plant 

genera (Ausmeeset al., 2004). Singh et al. (2011) found that S. saheli isolate (PC- 6) 

from Prosopis cineraria was crossed infective to Acacia senegal. 

The information on interaction of beneficial nitrogen fixing rhizobia with 

particular reference to arid legumes of the region is limited. Therefore, systematic 

studies on predominant species Sinorhizobium saheli in management of root 

pathogens in arid legumes were undertaken. 

MATERIAL AND METHODS 

Field surveys were conducted during Kharif 2012 and 2013 to collect major 

root pathogens and rhizobia from Jodhpur, Bikaner and Jaipur districts of Rajasthan. 

Molecular characterized cultures of root pathogens and putative strains of 

Sinorhizobium saheli were used for in-vitroand field evaluation trials (Table-1). 

In-vitro interaction 

Pure cultures of predominant rhizobial species Sinorhizobium saheli were 

raised in Petri plates containing yeast mannitol agar medium (31.82 g litre
-1
 

containing yeast extract: 1 g, mannitol: 10 g, di-potassium phosphate: 0.50 g, 

http://www.cabdirect.org/search.html?q=au%3A%22Al-Ani%2C+R.+A.%22
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magnesium sulphate: 0.20 g, sodium chloride: 0.10 g, Congo red: 0.025 g and agar: 

20 g in one litre distilled water). Whereas, all fungal pathogenic isolates were raised 

in Petri plates containing PDA (39 g l
-1

 containing potatoes infusion form: 200 g, 

dextrose: 20 g and agar 15 g in one litre dH2O). Since there are large number of 

natural and synthetic culture media well known for growing pure cultures of 

microorganism including rhizobia and fungi, several nutrient media namely PDA, 

malt extract agar (MEA), nutrient agar (NA), luria broth (LA), yeast mannitol agar 

(YEMA), rose bengal agar (RBA) and potato rose bengal agar (PRBA) were initially 

tested for dual cultures for simultaneous luxuriant growth of root pathogens and 

gram-negative strains of rhizobia for interaction studies. 

Since no single tested culture medium supported the luxuriant growth of both 

fungal pathogens and rhizobia concurrently, a combination of PDA and YEMA in 

half strength (19.5 g of PDA and 15.9 g of YEMA of Hi Media Company) was used 

to grow dual cultures. A 5 mm disc of different fungal root pathogens was aseptically 

transferred onto one side of the Petri plate and a loop full of rhizobial culture was 

streaked on the other side of the Petri plate and kept for 96 hours in a BOD incubator 

at 25°C ± 2°C. Fungal root pathogens or rhizobial cultures alone on one side of the 

Petri plate served as control. The relative growth of each microorganism was 

measured after 96 hours in control (in absence of other microorganism) and in 

presence of rhizobia for each interaction in four repeats. 

Integrated disease management  

Field experimentation 

A field experiment was conducted in Central Research Farm of Central Arid 

Zone Research Institute (CAZRI), Jodhpur in randomized block design (RBD) during 

July, 2013 under rainfed conditions. A putative variety of each arid legume namely 

cowpea (PGCP- 6), moth bean (CAZRI- Moth 2), guar (RGC- 936) and horse gram 

(Maru) was treated with rhizobia and or pathogens and then sown in three meter rows 

in three repeats. The row to row and plant to plant distances were 30 cm and 10 cm, 

respectively. 

Seed pelleting 

A sticky solution was prepared by dissolving 100 g of Jaggery and 50 g of 

Acacia senegal gum in one litre of sterile distilled water by continuous stirring and 

boiling the water for 15 min. and subsequently cooling it to ambient temperatures. 

Five ml of sticky solution was mixed with 5 ml of liquid microbial culture with 20 

gm of CaCO3 and 60-80 g of seed per replication and allowed to dry for half an hour. 

Microbial inoculum 

Composite inocula of two Sinorhizobium saheli strains was prepared in 200 ml 

Luria broth culture medium on rotary shaker overnight. Each fungus was multiplied 

on boiled and sterilized wheat grains mixed with 2% CaSO4 and 0.5% CaCO3for 2 

weeks. Pure culture of each fungus was then mixed with 200 ml of sterilized distilled 
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water and blended in a mixture thrice for 45 seconds. Fungal mycelium and or spores 

were filtered through doubled layered muslin cloth. The inocula prepared this way 

were used for seed pelleting as per the treatment required and pathogenicity tests. 

Treatments 

Each arid legume had nine seed treatments: T1= seed treatment with Rhizobia 

(Sinorhizobium saheli), T2= mixture of Macrophomina phaseolina and Rhizoctonia 

bataticola, T3= mixture of Neocosmospora vasinfecta and N. striata, T4= mixture of 

Fusarium spp. (F. acutatum + F. oxysporum + F. solani), T5= T1+T2, T6= T1+T3, T7= 

T1+T4, T8= mixture of all fungal root pathogens and S. Saheli and T9= control 

(without any inoculation). 

Observations 

The effect of seed treatments on root nodulation in different arid legumes was 

observed at flowering stage. Three plants were uprooted from each replication and a 

total of nine plants per treatment were taken into account for counting of number of 

root nodules. Healthy plants were watered before uprooting the plants to keep the 

root system intact. The uprooted plants were washed in running tap water and then 

total number of nodules was counted per plant. Whereas, the seed yield was recorded 

after harvest from each replication comprising of three four meter rows separately 

and average values of each replication was taken into consideration for assessing the 

effect of interaction of rhizobia with root rot pathogens on seed yield of arid legumes. 

The seed yields were converted into killogram (kg) for assessing the effect of root 

nodulation on root rot pathogens of seed yield. 

RESULTS AND DISCUSSION 

Isolations from diseased roots of arid legumes revealed association of fungal 

pathogens belonging to different genera Macrophomina, Fusarium, Neocosmospora 

and Syncephalastrum and healthy roots yielded a predominant rhizobial species 

Sinorhizobium saheli and their identity validated at molecular level (Table 1). No 

single media tested could support simultaneous luxuriant growth of both types of 

microorganisms. Finally a combination of two nutrient culture media i.e., PDA (for 

pathogens) and YEMA (for rhizobia) in half strength supported the growth of both 

i.e., root pathogens and S. saheli equally well. A large number of plants were 

associated with nodules because it is inherent characteristics of leguminous plants to 

form nodules under natural growing conditions (Wei et al., 2002; Garcia-Fraile et al., 

2007). Earlier researchers also did not find host specificity at species or genus level 

in different rhizobial species and their leguminous host (Ausmees et al., 2004; Singh 

et al., 2011). 

The data regarding the relative growth of each microorganism measured after 

96 hours in absence and presence of rhizobia are presented vide table 2. The 

combination of PDA and YEMA supported the growth of both fungal pathogens and 
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rhizobia because the most of the rhizobia are readily isolated on YEMA and fungal 

pathogens on PDA. In-vitro interactions of root pathogens and S. saheli isolated from 

arid legumes significantly suppressed the growth of all fungal pathogens tested in 

presence of rhizobia. Additionally, the growth of Rhizobium was stimulated in 

presence of different root pathogens. It is evident from the data that S. saheli readily 

grew and showed 42.5 mm growth in absence of root pathogens whereas different 

fungal root pathogens varied significantly in their rate of growth.  

Out of eight fungal strain, three fungal strains namely of M. phaseolina, R. 

bataticola and N. vasinfecta completed the maximum growth of 85 mm by the end of 

96 hrs. Whereas, other five strains namely N. striata, F. acutatum, F. oxysporum, F. 

solani and S. monosporum showed almost half of the growth which ranged from 42 

to 44.5 mm in the stipulated time.  

Inhibitory effects on growth of pathogenic fungi by in-vitro Rhizobium strains 

isolated from various legumes have been reported by a number of researchers. Sharif 

et al. (2003) used dual culture inoculation technique on potato dextrose culture 

medium. Kucuk (2013) studied interactions between pathogenic fungi and rhizobial 

strains on yeast glucose mineral agar (YGMA) culture medium by recording 

inhibition of radial fungal mycelium growth in presence or absence of rhizobia to 

determine the inhibitory effects of rhizobia against F. oxysporum, F. moniliforme, F. 

solani, and F. culmorum solid media in Petri plates by dividing them in two halves 

by marking with permanent marker. Rhizobium species significantly reduced wilt and 

root rot on common bean and chickpea caused by Fusarium species (Akhtar and 

Siddqui, 2007; Arfaoui et al., 2007). 

The maximum root nodulation and seed yield was recorded in treatment T1 

where seeds were treated with S. saheli. Whereas, the minimum root nodulation and 

seed yield was recorded in treatment T8 where a mixture of all the fungal root 

pathogens were co-inoculated with S. Saheli. Whereas, the minimum  nodulations in 

all the arid legumes in treatment T8 wherein mixture of all the fungal pathogens were 

co-inoculated with S. saheli was due to high competition from root infecting 

pathogenic fungi and reduced number of nodules as compare to un-inoculated 

control. The number of nodules did not vary significantly in most of the treatments as 

compare to control except T1 because of presence of pathogenic fungi with or without 

S. saheli. 

Several species of Rhizobium and Bradyrhizobium have been reported to 

restrict the growth of M. phaseolina. Biocontrol mechanism of rhizobia may involve 

the production of antibiotics, HCN, siderophores and/or phytoalexins which acts 

against plant pathogenic microorganism.Inhibition of microbes was most likely due 

to expression of essential metabolites produced in excess by the interacting 
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microorganisms in a medium where it is in limited supply (Arfaoui et al., 2007). The 

amount and variety of nutrients available to the interacting organisms in the soil are 

very different to those of culture media (Kucuk, 2013). 

Treatment T1 resulted in the maximum seed yield due to inoculation with 

mixture of S. saheli strains that had no competition with any root pathogenic fungi. 

The reduction in seed yield in other treatments as compare to control was due to 

attack by root rot pathogenic fungi. The treatment T4 followed by treatment T2 

wherein mixture of Fusarium spp.and M. phaseolina + R. bataticola were co-

inoculated as seed treatments resulted in the minimum seed yields because of absence 

of growth promoting S. saheli strains. Co-inoculations of S. saheli with one of the 

major pathogenic fungi i.e. treatment T5 (S. saheli + M. phaseolina), T6 (S. saheli + 

Neocosmospora spp.) and T7 (S. saheli + Fusarium spp.) resulted in better yields than 

in treatments T2, T3 and T4 where seeds were treated with only one major pathogenic 

fungus. This clearly indicates the inhibitory effect of S. saheli on different pathogenic 

fungi in all the four arid legumes tested. 

Species of Rhizobium have been shown to reduce root rotsand wilts in 

legumescaused by M. phaseolina, R. solani and Fusarium spp. (Haque and Ghaffar, 

1993, Akhtar and Siddqui, 2007; Arfaoui et al., 2007).Khalequazzaman and Hossain 

(2008) suggested that seed treatment with Rhizobium strain BINAR P36 not only 

control foot and root rot but also increased green pod yield in P. vulgaris.  

Hossain et al. (2000) observed reduction in fusarial foot and root rot in 

chickpea over untreated control with Rhizobium inoculation @ 50 g kg
-1

 seed. 

Treatments of seeds with bio-fertilizer substantially reduced death of plant in lentil 

and chickpea due to infection by S. rolfsii. Kumar et al. (2006) assessed the genetic 

diversity of PGPR isolated from Macuna pruriens. Among the five isolates, only 

MPR4 inhibited the growth of M. phaseolina and F. oxysporum. They observed that 

fungal inhibition was more pronounced in dual culture conditions in comparison to 

that of cell free culture filtrate. Huang and Erickson (2007) proved that seed 

treatment with R. leguminosarum b.v. viceae was effective in controlling damping off 

in pea under naturally infested field condition. 

Mazen et al. (2008) evaluated the antagonistic activities of the cultural filtrates 

of R. leguminosarum and arbuscular mycorrhiza (AM) fungi in the management of 

damping off and root rot diseases of faba bean. They observed that soaking of faba 

bean seeds in cultural filtrate of Rhizobium species individually or in combination 

with AM fungi not only act as bio-protection agents against root rot diseases but also 

substantially increase plant growth and yield. 

Effect of seed treatment on root nodulation in arid legumes is presented in 

figure 1. Nine seed treatments resulted in significant variations in number of root 

nodules and seed yield. The data clearly exhibited that the maximum root nodulation 

as observed in treatment T1 where seeds were treated with S. saheli strain CP-R4. 
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Whereas, the minimum root nodulation was recorded in treatment T8 where a mixture 

of all the fungal root pathogens were co-inoculated with S. Saheli. Nevertheless, 

statistically most of the treatments except T1 were at par with that of control.  

Effect of seed treatment on seed yield in arid legumes is shown in figure 2. The 

maximum seed yield of 1325 kg ha
-1

 was recorded from cowpea and the minimum 

seed yield of 483 kg ha
-1

 was recorded from horse gram. The treatment T1 resulted 

the maximum seed yield which was significantly higher compared to all other 

treatments. The minimum seed yield was recorded from treatment T8 where the 

mixture of all the root pathogens of arid legumes was co-inoculated with S. saheli 

due to increased disease pressure. 

Significantly higher number of nodules was recorded from treatment T1 where 

mixture S. saheli strains were used for seed coatings was because S. saheli has a wide 

host range and therefore could infect all the four arid legumes tested (Rasanen et al., 

2001; Singh et al., 2011). Sinorhizobium species strain NGR 234 formed nodules on 

more than 100 plant genera (Ausmees et al., 2004). Singh et al. (2011) found that S. 

saheli isolate (PC-6) from Prosopis cineraria was cross infective to Acacia senegal. 

Chickpea rhizobia were both phenotypically and genotypically diverse and were 

closer to Mesorhizobium or Sinorhizobium species and distinct from Bradyrhizobium 

(Maatallah et al., 2002). R. leguminosarum biovars confer host specificity on 

nodulation such as biovar viciae on peas, biovar phaseoli on beans etc. Whereas, 

symbiotic genes are carried on plasmids which are interchanged (Young et al., 2006). 

Seed dressing or soil drenching with R. leguminosarum reduced the infection 

of M. phaseolina, R. solani and Fusarium spp. in both leguminous and non-

leguminous plants under field conditions (Haque and Ghaffar, 1993). Huang and 

Erickson (2007) observed significantly reduced incidence of damping-off, promoted 

seedling growth and increased root nodule mass, plant biomass and seed yield of pea 

and lentil due to Elkoca et al. (2008) observed that seed inoculation of chickpea 

with Rhizobium significantly increased the seed yield under different inoculation 

treatments which ranged between by 18.0% to 30.5 % over the control. 

CONCLUSION 

Drawbacks of intensive farming practices and environmental costs of nitrogen 

(N) and phosphorus fertilizers have renewed interest in biofertilizers. The results of 

in-vitro and in-vivo efficacy of S. saheli strains suggest that their co-inoculation with 

PGPR’s can not only reduce the use of chemical fertilizers but also can significantly 

enhance yields by increasing plant growth and suppressing soil borne plant 

pathogenic fungi. 
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Table 1. Molecular Identification of fungal root pathogens and rhizobial strains 

              of arid legumes 

Origin Isolate Molecular Identification Gen Bank accession number 

Jodhpur JD-HG1 Macrophomina phaseolina JQ954868 

Jodhpur JD-CP5 Rhizoctonia bataticola JQ954872 

Jodhpur JD-HG10 Neocosmospora vasinfecta JQ954881 

Jaipur JAI-CP11 Neocosmospora striata JQ954882 

Jaipur JAI-CP16 Fusarium acutatum JQ954883 

Bikaner BK-CB15 Syncephalastrum 

monosporum 

JQ954886 

Bikaner BK-CB20 Fusarium solani JQ954888 

Jaipur JAI-CB37 Fusarium sp. JQ954890 

Jaipur JAI-MB24 Fusarium oxysporum JQ954892 

Jodhpur HG-R4 Sinorhizobium saheli  KC794787 

Jodhpur HG-R6 Sinorhizobium saheli  KC794788 

 

Table 2. In-vitro interactions of root pathogens and Rhizobium (S. saheli)  

                isolated from arid legumes 

Isolate Pathogen Growth (mm) 

Fungus 

alone 

Fungus + 

Rhizobium 

Rhizobium 

alone 

JD-HG5 M. phaseolina 85 40 + 45 42.5 

BK-MB8 R. bataticola 85 42 + 43 42.5 

BK-CB17 N. vasinfecta 85 39 + 46 42.5 

JAI-CP11 N. striata 42 38 + 46 42.5 

JAI-CP16 F. acutatum 44.5 36 + 47 42.5 

JAI-MB24 F. oxysporum 43.5 38 + 43 42.5 

JAI-MB21 F. solani 42 35 + 48 42.5 

BK-CB15 S. monosporum 44 41 + 44 42.5 

CD at 0.05% 3.3 1.2 ; 2.1 0.8 

 

http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_219846504
http://www.ncbi.nlm.nih.gov/nucleotide/219857542?report=genbank&log$=nucltop&blast_rank=1&RID=JXXM9RGE014
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Figure 1. Effect of seed treatment on root nodulation in arid legumes 

 

Figure 2. Effect of seed treatment in seed yield in arid legumes 
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ABSTRACT 

As a very common feature of fish marketing, small-scale fisheries in tropical 
countries suffers from huge post-harvest loss every year. A method was 
proposed to quantify the post-harvest quality loss of  wet fish using sensory 
based assessment tool. The assessments were conducted on four fish species 
(rohu Labeo rohita; Ilish Tenualosa ilisha, catfish Pangasius sutchi and tilapia 
Oreochromis niloticus) in different steps of major distribution channels in 
Bangladesh for a year. Sensory quality defect point data were standardized 
with corresponding biochemical and microbiological quality parameters through 
interval estimate based on regression analysis, where a “near to actual” 
sensory quality breaking point was found to be DP 3.3. High value of 

goodness of fit 
2R   indicated a highly fitted regression model for all the fishes 

tested, with highly significant (p<0.01) estimated regression coefficients.  
Percent quality loss of fish at each step of distribution channel was determined 
using DP 3.3, constructing a (1-α) confidence interval for average percentage of 
defective fish.  The loss assessment study indicated that fish did not lose 
quality during handling by the fishermen,  and fish farmers or at landing centers 
and primary fish markets, except fresh T. ilisha destined for consumer market. 
While, T. ilisha used for salting during glut catch suffered substantial loss. Most 
of the quality losses were initiated at the transporters and commission agents, 
from 4% in P. sutchi to 11% in O. niloticus. When fish come to retailers, a 16% 
loss was recognized in L. rohita and O. niloticus, but 7% in P. sutchi and 9% in 
T. ilisha. Higher loss was observed in fish vendors, from 10% - 19%.  
Considering the retailers as the end-point stake in the fish distribution chain, 
study revealed the range of fish quality loss was 7-16% in four major consumed 
species in Bangladesh. The method was further validated in assessing the 
quality of 24 other major commercial fish species in different seasons and 
locations country-wide for two consecutive years and found identical results. The 
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results suggest that the new method can be applied to any fish in quantifying 
the qualitative loss.     

Keywords:  Post-harvest fish loss, Distribution channel, Quality indicators, 

                   Qualitative loss, New loss assessment method 

INTRODUCTION 

The fisheries sector has acquired a unique status in Bangladesh economy contributing 

to the socio-cultural setting, rural employment and food and nutritional security.  Because of 

its vast span, conducive ecological conditions and immense potential for development, the 

sector continues to provide direct and indirect livelihood opportunities to over 12 

million people. Freshwater aquaculture has been expanding very fast, contributing from less 

than 20% to nearly 50% to the total fish production over a decade (DoF, 2012). 

Fish provides the consumers with about 60% of their animal protein intake in 

Bangladesh. The average per-capita consumption of fish in Bangladesh is between 20 and 

25 kg, while the world average is 13 kg (DoF, 2012). Present fish production of the 

country is 3.62 m MT (DoF, 2012). The country has set a target of producing 4.5 million 

tons of fish by the year 2019. In spite of all positive measures taken towards increment of 

production, post harvest loss of fish in the country is also enormous. The huge loss in 

fisheries exerts immense pressure on food security of the country. Although avenues exist to 

double the fish production, present post-harvest loss is presumed to be devastating, about 20-

30% in different fish and fishery products (Nowsad, 2007), 50 % reduction of such loss can 

save Tk.8,000-10,000 crore per annum (Nowsad, 2010). 

Preliminary research revealed a dearth of qualitative and quantitative data on post-

harvest fish losses in Bangladesh. This is seen as a constraint to planning for the post-

harvest sector at country level and at sector level. Previous research focused on estimation 

of local losses in wet fish distribution chain found about 20% of the marine fish landed in 

Cox’s Bazar was deteriorated up to 80% of its original quality before it was loaded on the 

truck for distant transport (BCAS, 2003; Nowsad 2004). About 28% fish lost 60-70% of 

freshness quality before it reached consumers in local retail wet fish shop.  

The International Fisheries Research Meeting in Paris in 1991 prioritized the need of 

estimating post harvest fish losses, since there had been no tried and tested methods by 

which fish loss could be estimated (Ward 2000). Since then the development of systematic 

and practical tools for assessing post harvest losses and assisting  users to plan mitigation 

measures have been the key focus in many tropical African and Asian countries, where post 

harvest losses are thought to be very high (Cheke and Ward 1998; DFID 2002; FAO 

2000; Ward 2000; Ward and Jeffries,  2000). Over  the  years,  many  different  methods  

of  quality  assessment  have  been developed and investigated in an attempt to determine the 

most suitable index for use in quality testing or loss estimation, but no single method is 

found appropriate or suitable completely. Usually two or more methods are applied to 

measure the quality of fish or fishery products (Clucas and Ward 1996; Gopakumar 

2002). Ward (2000) developed a field and desk based tool to estimate post harvest fish loss 



ASSESSMENT OF POST HARVEST LOSS OF WET FISH 77 

 

in West Africa and validated it in many African and Asian countries.  

Many other authors have estimated physical or quantitative (economic) loss in fish 

and products in narrow ranges with minimal number of species or products, for example 

discard of by-catch species from shrimp trawlers or loss due to insect infestations 

(Srinath et al., 2008; Ward and Cheke, 1997). On the other hand, there is no any holistic 

study on estimation of quality loss of wet fish post-mortem, though it is thought to be a loss 

encountering up to 40% in some developing countries (FAO 2000). Although qualitative 

losses in fresh fish postharvest are generally assumed to be significant, it is extremely 

difficult to quantify the qualitative losses. 

Sensory methods are generally used at field level to assess the quality of fish, i.e., the 

degree of freshness is assessed based on organoleptic characteristics. These subjective 

judgments are made by individuals. Various numerical scoring or ranking systems have been 

developed to evaluate the judgments  or results (Connell, 1990). We have revitalized the 

fish freshness assessment method (Howgate et al., 1992) in quantification of post 

harvest quality losses through a regression model developed to estimate the parameters of 

the explanatory variables. Sensory quality  defect points  were  standardized  by  several  

chemical and microbiological quality  parameters  to  obtain  near to accurate results. The 

current study is an attempt of assessing post-harvest quality loss of wet fish under a 

holistic approach incorporating all steps of major fish distribution channels where potential 

loss may occur. 

MATERIALS AND METHODS 

Loss assessment of wet fish throughout the distribution channel 

In the present experiment, based on Howgate et al. (1992), the qualitative fish 

freshness assessment tool was revitalized to quantify the post-harvest fish loss, while the 

sensory defect points were standardized by several chemical and microbiological 

indicators. The assessments were  conducted  on three aquaculture species (rohu, Labeo 

rohita;  pangas catfish, Pangasius sutchi; and tilapia, Oreochromis niloticus)  and one 

captured species (river shad ilish, Tenualosa ilisha),   in different steps of 11 major fish 

distribution channels (FDC) of the country for a year covering both summer and winter 

months (Table 1). In every distribution step, at least five lots of  same  fish  and  3  

individual  measurements  for  each  lot  were  assessed. The quality defects of the same 

fish or same lot of fish were assessed during its movement from fish farmer/fisherman;   to 

commission agent (CA)-1(commission agent in primary market); to transporter/wholesaler; 

to CA -2 (commission agent in secondary market); to retailer and vendor. Time required to 

move fish from harvest to retail sale in the distribution chain has been presented in table 1. 

Field data collectors moved along with the fish from the harvest or landing centers 

through these distribution steps up to retailers and/ or vendors and assessed the quality of 

same fish or same lot of fish through the distribution chain, using table 2. Average of all data 

for a single fish in each step of FDC was taken as average quality defect point, as shown in 

table 3. 
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Standardization of sensory defect point (DP) by chemico-microbiological indicators 

In sensory quality defect analysis of wet fish (Table 3), sensory quality breaking 

point lies within the DP range of >3 to <4.   The range is very wide. Therefore, a near to 

actual sensory quality breaking point needs to be understood to determine the percent quality 

loss.  

In order to correlate the  sensory quality breaking points, several biochemical and 

microbiological quality parameters of fish were assessed and in the laboratory conditions, 

their quality breaking points were determined corresponding to each sensory DPs. When 

these biochemical and microbiological quality breaking points were plotted against the 

sensory quality DPs, a near to accurate sensory quality breaking point was pointed out. 

Fishes were purchased live, or in premium quality fresh condition as in case of T. 

ilisha, brought to the laboratory and allowed to stand at ambient temperature (28-32
o
C) 

for deterioration.  Samples from the spoiling fishes were collected at regular intervals in 

course of deterioration and several biochemical and microbiological parameters were 

measured corresponding to each sensory DPs.  The non-protein nitrogen (NPN), total 

volatile base nitrogen (TVBN), protein solubility (PS), peroxide value (PV), 

thiobarbituric acid reactive substance value (TBA), pH and surface aerobic plate count 

(APC) were measured corresponding to the obtained sensory DPs. Standard methods 

(AOAC 2010) were followed for the estimation of biochemical parameters. The PV and 

TBA were determined according to the modified method of Miwa and Ji (1992). 

For the determination of surface APC, bacteriological samples were collected in 

duplicate from 1.5 cm
2 

area of skin at the base of pectoral fin above the lateral line of each 

of the fish (Nowsad et al., 2014).  A 1.5 cm
2 

area marked on sterile filter paper (Advantec 

131, 55 mm, Toyo Roshi Kaisha Ltd. Japan) was cut-off and placed on the skin surface.  A 

piece (1 cm x 1 cm) of sterile cotton (Cut Cotton, 4 cm x 4 cm, Tomonari Salinity Material 

Co. Ltd. Japan) was wet with 1.5% NaCl and the  designated skin surface  was  wiped 

with  a  forceps. Wiped cotton was dissolved in 20 ml sterile 1.5% NaCl for 30 sec, 

squeezed well to drop out NaCl solution and used for second time wiping.  Similar wiping 

of surface skin and subsequent dissolving in NaCl solution were done 5 times.  The NaCl 

solution with collected bacterial cells was serially diluted and then pour plated in duplicate 

on appropriate media (poly peptone0.5%, yeast 0.3%, MgSO4 0.05%, K2HPO4 0.2%, 

KH2PO4 0.04%,  agar-1.2%,  NaCl 1.5%  pH  7.4). The plates were incubated at 37
o
C and 

APC was done up to 24 h. 

  



ASSESSMENT OF POST HARVEST LOSS OF WET FISH 79 

 

RESULTS AND DISCUSSION 

In  order  to  determine  a  near  to  accurate  value  of  sensory  DP  corresponding  to 

biochemical and microbiological quality breaking points, the following steps were followed- 

i. values of some  important biochemical  and  microbiological  factors  related  with  

fish  quality deterioration were determined, viz., NPN, TVBN, PV, TBA, PS, APC and 

pH; 

ii. a regression model was developed on the basis of model selection criteria, 𝑅2. Here, 

the selected target oriented regression model to estimate the parameters of the 

explanatory variables was as follows-     

       𝑌𝑖 =  𝛼 +  𝛽1𝑁𝑃𝑁𝑖 + 𝛽2𝑇𝑉𝐵𝑁𝑖 + 𝛽3PV𝑖 + 𝛽4TBA𝑖 + 𝛽5PS𝑖 + 𝛽6APC𝑖 + 𝛽7pH𝑖 + 𝜀𝑖  

                       Where   𝑌𝑖    =    quality defect point corresponding to chemical/microbiological  

                                                  parameters; 

                                   α     =    intercept greater than zero; 

                                   𝛽𝑖    =    ith regression co-efficient, i = 1 (1)7; 

                                     𝜀𝑖    =    random error; 

iii. value of percent quality loss (L) was simulated,  L (%) =  0 (0.1) 5; then different 

biochemical and microbiological parameters corresponding to their sensory DPs for 

each step of distribution were estimated; 

iv. range of each biochemical and microbiological parameters for each quality grade on 

the basis of  the former step was constructed considering non-negative non- zero 

values; 

v. near to actual sensory breaking point for percent quality loss (L%) (Here it was DP 

3.3) was determined based on individual inverse regression (Table 3). 

The value of the goodness of fit 
2R  lies between 0 to 1 (Table 4). Since the value of 

the goodness of fit, 
2R  is so high, the regression model for different fishes is observed to be 

highly fitted and the estimated regression coefficients are significant at 1% level of 

significance. When the value of protein solubility (% PS) increased, on an average, the 

sensory DPs decreased in each fish and the quality of the fish remained in acceptance level. 

On the other hand, when the other quality parameters, viz., NPN, TVBN, PV, TBA, APC 

and pH increased, on an average, the sensory DPs also increased. So, the quality of the fish 

declined. This well-known phenomenon, as commonly observed during the sensory DP 

validation study in four fishes, is also well-supported by the present regression model (Table 

4).  Interval estimate between different parameters based on this regression analysis 

calculated a near to actual sensory defect point 3.3 (Table 5), as also discussed later,  comes 

to a more valid and genuine quality defect, compared to the existing sensory quality analysis 

(Howgate et al., 1992), to quantify the quality loss of wet fish. 
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As seen in table 5 also, in all four fishes studied, NPN, TVBN, PV, TBA and APC 

values increased but PS decreased with the increased level of sensory DPs. For teleosts of 

acceptable quality, the recommended value of NPN varied from 9.2 to 18.3% of the total 

nitrogen. A limit of 35-40 mg TVBN per 100 g of muscle is considered acceptable for good 

quality wet fish, while a value of 50-70 mg 100g
-1

 of muscle can be taken as upper limit 

beyond which fish is considered inedible (Gopakumar, 2002). The PV above 20 mmol kg
-1

   

for any fish is considered rancid (Gopakumar 2002). For a good quality moderate lipid fish, 

TBA value of less than 2 mg kg
-1

 is usually accepted (Gopakumar 2002). In tropical 

freshwater fish, pH goes above 7.8-8.0 and in marine fish, pH above 7.7 is considered 

spoiled. Fish generally harbours a large population of bacteria on skin, surface, gills and in 

the intestine. Usually the bacterial load in fresh fish is in the range of 10
3 

to 10
5
/cm

2 
in the 

skin surface, 10
4 

to 10
6
 g

-1
 tissue in the gills and 10

5 
to 10

8
 g

-1
 in the gut contents, beyond 

which the fish is said to be deteriorating. Many authors opined a total aerobic plate count 
(APC) of 10

5 
(log10 5) is the upper limit beyond which the wet fish become unacceptable 

(Clucas and Ward, 1996; Connell, 1990; Gopakumar, 2002). 

Interval estimate between different parameters based on regression analysis (Table 5) 

showed that  the quality breaking point of NPN, as   observed 19.06%  in T. ilisha, 22.94% 

in P. sutchi, 23.0% in O. niloticus and 24.06% in L. rohita,  intercepted  the corresponding 

sensory DP 3.3 of the four test fishes. TVBN values at 64.92mg 100g
-1

 in L. rohita, 70.10mg 

100g
-1

 in P. sutchi, 75 mg 100g
-1

 in O. niloticus and 108.83mg 100g
-1

 in T. ilisha crossed   

the respective sensory DP 3.3. The PV within the range of 26.0 - 30.0 mmol kg
-1

  in four 

fishes and TBA within 2.30  to 2.44 mg kg
-1

 body weight in four fishes, PS at the range 
from 62.96 to 66.33%,  pH from 7.32  to  8.01 and  APC  from  4.86  to  5.1  x  (log10   

CFU/g)  were  observed  to  cross  their corresponding sensory DP  at 3.3.  Similar 

phenomena can also be observed in line graphs if the chemical and microbiological 

parameters are plotted against their corresponding DPs. The quality cut-off points of 

chemical and microbiological parameters of L. rohita  intercepted the sensory defect points 

at x-axis at a range between DP 3.1 and 3.6 with an average DP of 3.28 (Figure 1). 

Similar average DP values (DP 3.3) were also found when the line graphs of quality 

parameters of three other fishes (O. niloticus, P. sutchi, T. ilisha) were plotted against their 

corresponding DPs too.  Thus DP 3.3 can be taken as the sensory quality breaking point at 

or beyond which fish is rejected. 

Determination of post-harvest quality loss of wet fish 

Quality loss (%) was calculated from the number of assessed cases in each step of 

FDCs that attained or crossed DP 3.3.  The following formula was used to calculate percent 

quality loss of fish. 

 𝐿  % =  
𝐷𝑖

𝑁
 𝑋  100 

                           

L = Percent quality loss 
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N  = Number of observed lots 

𝐷𝑖     = Total number of calculated DP ≥ 3.3 

                   

𝐷𝑖 =
𝑑1

𝑛1
+

𝑑2

𝑛2
+ ⋯  +

𝑑𝑖

𝑛𝑖
 

Where ‘di’ is the number of DP ≥ 3.3 in fishes in n th lots and ‘n’ is the number of 

observations in ith lot. 

 

In order to estimate the accurate value of L (%) of different fish in different steps of 

distribution channel throughout the country, the following sequential steps were followed: 

i.      random samples with replacement for each step of distribution channel were drawn; 

ii.    proportion of defective fishes (DP ≥ 3.3) was calculated and converted into percentage; 

iii.  above 2 steps were conducted as desired level and an average percentage of 

defective fishes were determined; 

iv.  s tandard  errors of average percentage of defective fishes in each step of 

distribution channel were obtained; 

v.    (1- α) confidence interval for average percentage of defective fishes was constructed 

by using the formula – 

         Āi ± Z α/2 S.E (Āi) 

            Where, Āi  = average percentage of defective fishes for the i
th
 type fish, 

equivalent to L (%)                                         

                 S.E (Āi) =   standard error of Āi 

                  Z α/2    =   critical value of i
th
 type fish 

The above steps were conducted repeatedly for each step of distribution in different 

distribution channels. 

Percent quality loss 

The percent quality loss of four fishes in different steps of FDC have been shown in 

table 6.   Neither of the fishes lost their quality when they were in fishermen, landing centers 

or commission agents in primary fish market except T. ilisha.  A 2±0.4% and 5±2% loss 

in   T. ilisha destined for consumer market as wet fish was observed in landing centers and 

commission agents.  This might be due to unavailability of ice or transport in glut season 

catch.  River shad is a highly oily and seasonal fish.  Uddin et al. (1999) reported loss of T. 

ilisha during glut period, mainly in September- October. Glut period may persist only 1-

2 weeks when schools of straddling T. ilisha come across the near coast off Cox’s Bazar 

and Barguna from other parts of the Bay of Bengal. These huge catches are generally not 
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taken care of with adequate supply of fishing boat, manpower for handling, icing, ice box 

and transportation.  Most of such quality deteriorated T. ilisha are processed into dry or wet 

salting (Nowsad, 2010). T. ilisha used for salting suffered substantial loss while they were in 

fishermen (14±3%), landing center (43±5%) or processors (61±7%). This result   supports 

the findings of glut period loss of T. ilisha as explained. 

In most metropolitan cities, there are second commission agents where fish 

transported by the transporters/wholesalers are auctioned again to transfer fish to retailers 

or vendors. Most of the quality loss were found to be initiated at the 

transporters/wholesalers, from 4±2% in P. sutchi to 11±0.5% in O. niloticus.  When the fish 

come to retailers, very high degree of losses, as much as 16±4% and 16±2% were 

recognized in L. rohita and O. niloticus, while it was 7±3% in P. sutchi and 9±2% in T. 

ilisha. A further extreme loss was observed in fish vendors, as much as 10-19% in 4 

species. This was due to delayed selling in association with minimum use of ice in fish. 

CONCLUSIONS 

In existing sensory quality assessment of fish, the  range  of  quality breaking point is 

very wide (>3 to <4). Therefore, a near to actual sensory quality breaking point was 

determined through regression analysis between several chemico-microbiological quality 

parameters and the corresponding sensory defect characteristics of four spoiling fishes in 

laboratory conditions. The regression analysis found a near to actual sensory quality 

breaking point, DP 3.3. High value of goodness of fit 
2R indicated a highly fitted 

regression model for all four fishes tested, with highly significant (p<0.01) estimated 

regression coefficients. We also calculated the estimated range of chemico-microbiological 

parameters for each DP by using the confidence interval. This modified method of DP 3.3 

was used to calculate the percent quality loss of initially four mentioned wet fish (L. rohita, 

P. sutchi, O. niloticus and T. ilisha) and later, huge other commercial wet fishes in different 

steps of their marketing and distribution channels country-wide.  The modified fish loss 

assessment method has been come up as a useful field tool to quantify the qualitative loss of 

fish post-harvest.   
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Table 1.  Fish distribution channels (FDC) covered in the study  

Name of FDCs Nature 

of fishery 

Distance 

transported 

(Km) 

Time 

required 

(Hr)*1 

Month of 

observation 

Temp 

range 

(
o
C) 

Species assessed 

Sunamganj-Dhaka Capture 344    12.0 Jul - Aug 

Nov - Jan 

29-34 

16-19 

L. rohita, O. niloticus, 

Barobazar Jessore – 

Dhaka 

Culture 376    15.0 May - Jul 

Dec - Jan 

34- 35 

20-22 

L. rohita, O. niloticus, 

Mymensingh-

Dinajpur 

Culture 340    18.0 Aug - Sept 

Jan - Feb 

33-36 

16-18 

L. rohita, O. niloticus, 

P. sutchi 

Barobazar Jessore – 

Dinajpur 

Culture 410    17.0 May - Jul 

Jan - Feb 

31-35 

20-22 

L. rohita, O. niloticus, 

Chittagong - Dhaka Capture 

/Culture 

270    14.5 Aug - Oct 

Feb - Mar 

30-36 

20-24 

T. ilisha, O. niloticus, 

Cox’s Bazar - Dhaka Capture 

/Culture 

400    22.5 Sept - Oct 

Feb - Mar 

34-36 

20-24 

T. ilisha 

Mymensingh - 

Dhaka 

Culture 120     9.0 Aug - Sept 

Jan - Feb 

32-35 

18-22 

L. rohita, O. niloticus 

P. sutchi 

Mymensingh-

Sunamganj 

Culture 440    14.5 Aug - Sept 

Jan - Mar 

32-34 

18-25 

L. rohita, O. niloticus 

P. sutchi 

Patharghata - Dhaka Capture 320    23.0 Sept - Oct 

Jan 

33-36 

18-24 

T. ilisha 

Khulna - Dhaka Capture 

/culture 

335    18.0 Oct 

Feb 

35-37 

19-21 

T. ilisha, L. rohita, 

O.  niloticus 

Chandpur - Dhaka Capture 160    13.0 Sept - Feb 34-37 

16-22 

T. ilisha 

*1 “Time required” in the distribution chain was calculated from the time of harvest to retail sale 
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Table 2. Sensory defects and defect points (DP) for assessment of quality loss of fish 
*1 

Name of fish : .............................................   Step of distribution channel: ....................................... 

Nature of landing: …………................Location:  ………………….   Date:…………................. 

Distance from origin (km): …………..….  Ambient temp. (
o
C): ………….…. Fish body temp 

(
o
C):…………… 

Characteris

tics 

Defects DP 

 

Given DPs in different observations 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Odor of 
broken neck 

a. Natural fishy odor 1                

b. Faint odor 3                

c. Sour odor 5                

Odor of 
gills 

a. Natural odor 1                

b. Faint sour odor 2                

c. Slight moderate sour odor 3                

d. Moderate to strong sour odor 5                

Color of 
gills 

a. Slight pinkish red 1                

b. Pinkish red to brownish 2                

c. Brown to grey 3                

d. Bleached color 5                

Slime of 
gills 

a. Thin colorless slime, filaments soft 
& separate 

1                

b. Sticky greenish slime, filaments  

     separate 

3                

c. Yellowish slime, filaments attached  5                

Body slime a. Clear, transparent, uniformly 
spread 

1                

b. Turbid, opaque 3                

c. Thick, sticky, yellowish or greenish 5                

Eye a. Bulging with protruding lens,  

    transparent eye cap 

1                

b. Slight cloudy lens, sunken 2                

c. Dull, sunken, cloudy, blood  

    line/reddish cornea 

3                

d. Sunken eyes covered with yellow  

     slime 

5                

Consistency 

of flesh 

a. Firm, elastic 1                

b. Moderately soft & some loss of  

    elasticity 

2                

c. Some softening of muscle 3                

d. Limp or floppy 5                

General 
appearance 

a. Full bloom, bright, shinning, 
iridescent 

1                

b. Slight dullness, loss of bloom 2                

c. Definite dullness and loss of bloom 3                

d. Reddish lateral line and caudal 

region, dull, no bloom 

5                

Average DP                

Grand average DP 

*1  Indicators proposed by Howgate et al (1992) were revised in the present form 
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Table 3.  Sensory defect point (DP) and quality characteristics of fish
*1

 

DP Characteristics Grade 

<2 Excellent, highly acceptable A 

2 to 3 Good, acceptable B 

> 3 to < 4 Deteriorating, not acceptable C 

4 to 5 Spoiled, rejected D 

*1
 Howgate et al. (1992) 

 

Table 4. Regression analysis of chemical and microbiological parameters on sensory DP 

Parameters 

Estimated Regression Coefficient for different fish
*1

 

L. rohita T. ilisha P. sutchi O. niloticus 

NPN (% of total N) 0.107168 0.11457 0.114504 0.115587 

TVBN (mg 100g
-1

) 0.046814 0.057856 0.06096 0.068808 

PV (mmol kg
-1

) 0.082397 0.073794 0.06596 0.127616 

TBA (mg kg
-1

) 0.868365 0.878568 1.007781 0.804872 

PS (%) -0.07811 -0.08222 -0.08271 -0.1256 

APC (log10 CFU g
-1

) 2.610211 2.239595 1.848606 3.27139 

HP  1.376812 2.12054 1.465419 1.467721 

2R   0.910284 0.927942 0.873365 0.924027 

*1
  p< 0.01 
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Table 5.  Interval estimate of chemical and microbiological parameters corresponding to 

                 sensory DP 

Name of 

fish 

NPN 

(%) 

TVBN 

(mg 100 g-1) 

PV 

(mmol kg-1) 

TBA 

(mg kg-1) 

PS 

(%) 

APC 

(log10 

CFU/g) 

P
H

 
Sensory 

DP 

Grade 

points 

L. rohita 0.17-12.52 0.54-37.62 0.2-10.58 0.05-0.85 105.76- 

83.0 

3.22-4.16 5.78-6.80  

    up to2 

 

 

      A 

T. ilisha 0.19-9.96 137.15-120.84 0.64-12.72 0.01-0.95 99.02- 

78.26 

3.78-4.48 5.96-6.74 

P. sutchi 0.47-13.4 19.7-48.26 1.18-10.99 0.01-1.01 102.2- 

82.73 

2.89-4.03 6.22-7.03 

O. niloticus 0.57-12.18 27.78-55.36 3.42-13.88 0.03-0.81 92..89-77.8 3.95-4.49 6.08-7.02 

L. rohita 13.00- 

20.80 

39.50-57.12 11.70-22.07 0.96-1.98 81.86- 

71.00 

4.20-4.66 6.85-7.33  

 

    >2 to 3 

 

 

      B 

T. ilisha 10.61- 

16.47 

119.99-112.26 13.82-23.70 1.05-2.01 77.17- 

67.34 

4.52-4.86 6.78-7.95 

P. sutchi 14.08- 

20.20 

49.76-63.28 12.39-24.99 1.10-2.00 81.71- 

72.48 

4.09-4.63 7.08-7.46 

O. niloticus 12.96- 

19.93 

56.81-69.88 14.40-19.39 0.94-2.12 77.01- 

69.86 

4.52-4.78 7.07-7.50 

L. rohita 21.00- 

28.99 

59.07-76.63 23.22-33.57 2.10-3.12 69.91- 

59.16 

4.71-5.15 7.38-7.86  

 

    3> to 4 

 

 

      C 

T. ilisha 17.13- 

22.99 

111.40-103.68 24.80-34.68 2.11-3.05 66.24- 

56.40 

4.90-5.23 7.19-7.56 

P. sutchi 20.89- 

27.01 

64.78-78.31 26.40-39.00 2.09-2.99 71.46- 

62.23 

4.69-5.23 7.50-7.89 

O. niloticus 20.70- 

27.67 

71.33-84.39 19.94-24.90 2.25-3.42 69.06- 

61.91 

4.80-5.06 7.56-8.01 

L. rohita 24.06 64.92 26.67 2.44 66.33 4.86 7.54  

 

    3.3
*1

 

 

 

     C
*1 

T. ilisha 19.06 108.83 28.09 2.43 62.96 5.01 7.32 

P. sutchi 22.94 70.10 30.00 2.30 64.00 5.10 7.89 

O. niloticus 23.00 75.00 26.00 2.40 64.00 4.90 8.01 

L. rohita 29.00- 

38.00 

78.00-98 34.71-46.21 3.2-4.37 57.97- 

46.02 

5.20-5.64 7.90-8.45  

 

    >4 to 5 

 

 

      D 

T. ilisha 23.64- 

30.16 

102.82-94.24 35.79-46.75 3.16-4.21 55.31- 

44.38 

5.27-5.64 7.60-8.01 

P. sutchi 27.69- 

34.49 

79.81-84.83 40.40-54.41 3.09-4.08 61.21- 

50.96 

5.29-5.88 7.93-8.36 

O. niloticus 28.44- 

36.19 

85.85-100.36 25.45-30.96 3.55-4.86 61.12- 

53.17 

5.09-5.38 8.06-8.55 

*1
 = near to accurate sensory DP and quality grade 
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Fish Month 

of 

observat 

ion 

Distanc 

e of 

consu 

mer 

market 

(km) 

Quality Loss (%) 

Fisherm 

en/ 
Farmer 

Landing 

centre 
CA- 1 Transpo 

rter/ 
Wholesa 

ler 

CA – 2 Retailer Fish 

vendor 

T.ilisha 

(used as 

wet fish) 

Aug- Oct 
 
Feb-Mar 

160 - 

400 
- 2±0.4 5±2 - 7±2 9±2 19±4 

T.ilisha 

(used  in 
salting) 

Sep- Oct 40 - 

120 
14±3 43±5 - - 61±7

*1 - - 

L. rohita May- Oct 
Nov-Feb 

120- 
440 

- - - 4±2 6±0.4 16±4 19±3 

O. niloticus May- Oct 
Nov-Feb 

120 - 

440 
- - - 5±2 11±0.5 16±2 13±2 

P. sutchi Aug-Sep 
Jan-Mar 

340 - 

440 
- - - - 4±2 7±3 10±4 

 

Table 6.  Percent quality loss of fish in different steps of fish distribution channel 

 

 

 

 

 

 

 

 

 

 

 

 

    

    
*1

 Loss found with the processors 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ASSESSMENT OF POST HARVEST LOSS OF WET FISH 89 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Determination of post-harvest quality loss 

NPN = non-protein nitrogen; TVBN = total volatile base nitrogen; PV = peroxide value; TBA = 

thiobarbituric acid reactive substance value; APC = aerobic plate count 

 

Figure 1.   Relation between biochemical and microbiological quality deterioration and 

                sensory quality defect points of L. rohita 
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ABSTRACT 

 This study was conducted to investigate the genetic variability of plant 
growth and physiological characters in thirty wheat genotypes under 
normal and drought stress conditions. Selection of important plant growth 
and physiological traits are essential component for wheat yield 
improvement. For this purpose, an experiment was conducted in the 
glasshouse during 2012-13 to estimate the extent of genetic components 
viz., genetic variance, coefficient of variability and broad sense 
heritability for plant growth and physiological traits under normal and 
drought stress conditions. Higher genetic variance was observed 
between the genotypes for the cell membrane stability, excised leaf 
water loss, relative water content, proline, sugar and glycine betain under 
both conditions. This suggested that these indices can be used as direct 
selection criteria for wheat improvement. While excised leaf water loss 
and fresh root weight revealed the least variability for GCV and PCV 
correspond to high heritability under stress condition. Hence, these traits 
can be used as indirect selection criteria under stress condition. 

Keywords:  Drought, Genetic variability, Osmotic adjustment, Wheat 

INTRODUCTION 

Wheat, ranking second among cereals, is important staple food crop and it 

provides 21% of the food calories and 20% of the protein in human nutrition to more 

than 3.5 billion people in 94 countries (Braun et al., 2010). Approximately 21% of 

the food relies on the wheat, which cultivated on 200 million hectares worldwide 

(FAO, 2010). The global demand and consumption of agricultural crops for food 

urges food security due to burgeoning population. In rural areas of Pakistan, wheat is 

the important source of income. The wheat area, production and yield are 8693 
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thousand hectares, 24231 thousand tons and 2787 kg ha
-1

, respectively during 2012-

13 (GOP, 2012-13). The yield gap is mainly due to erratic rainfalls, water scarcity in 

rainfed areas and high temperature. Pfeiffer et al. (2005) reported that drought affects 

the 50% of wheat area worldwide. Under such moisture stress conditions 

development of rapid, effective screening method is a major challenge for plant 

breeders (Khan et al., 2013; Mahmood et al., 2013; Subhani et al., 2012). Germplasm 

improvement for drought can be accomplished significantly through the use of 

physiological interventions in breeding (Reynolds and Trethowan, 2007).  

Physiological traits gave better understanding of plants response against 

drought and insight into metabolic pathways at molecular level (Naeem et al., 2013). 

Plants adopted drought tolerance via three major physiological domains: a) 

maintenance high plant water status under drought stress; b) maintenance of plant 

function at low plant water status; c) recovery of plant water status and plant function 

after stress. Among the first physiological domain, osmotic adjustment, proline, 

sugar, glycine betain, leaf succulence while from second physiological domain, 

relative water content, chlorophyll content and cell membrane stability are studied. 

Along with physiological traits, growth traits studied to access the drought impact on 

plant stature. 

For developing suitable selection strategy, the knowledge of genetic variability 

present in the available wheat germplasm for growth and physiological traits is 

important (Noorka et al., 2009 and Rauf et al., 2013). Genetic  improvement  of  

wheat crop  is  mostly depend  on  the  degree  of  genetic variability  and  the  

magnitude to  which  desirable  traits  are  heritable (Ahmad et al., 2014; Hanif et al., 

2013; Hassan et al., 2012; Mahmood et al., 2013; Zamurrud et al., 2013).  This study 

provides the knowledge about the presence of variation in their genetic constitution 

and basis for effective selection. An attempt, therefore, was made in the present study 

to estimate the magnitude of genetic variance, coefficient of variability and 

heritability of growth and physiological traits by using 30 genotypes of wheat.   

MATERIAL AND METHODS 

An experiment was conducted for thirty wheat genotypes, developed by 

different research institutes for drought prone areas in Pakistan.  This was conducted 

in glass-house of PMAS- Arid Agriculture University, Rawalpindi during 2012-

13.Thirty wheat genotypes were sown in triplicate in Complete Randomized Design 

(CRD) in polythene bags (12×6 inch size), which were filled by soil mixture having 

field soil, sand and farm yard manure in 3:1/2:1 proportions and maintained in 

glasshouse conditions i.e. 20±2°C temperature, under natural daylight. Two 

treatments namely control and drought stress was imposed. Eight seeds were sown in 

each bag and after germination seedlings were thinned to four. Drought stress was 

imposed by withholding water as done by Gusmao et al. (2012).  
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Water stress was imposed at tillering stage and watering was interrupted for 15 

days of stressed treatment pots as reported by Bajji (2001) and control treatment was 

watered normally. After fifteen days of stress, data of physiological traits including 

osmotic adjustment (OA), estimation of proline, glycine betaine (GB), sugar content, 

chlorophyll content (CC), relative water content (RWC), excised leaf water retention 

(ELWR), leaf succulence (LS)  and cell membrane stability (CMS) were recorded. 

Similarly plant growth parameters i.e. shoot length (SL), root length (RL), fresh 

shoot weight (FRW), fresh root weight (FRW), total plant weight (TPW), dry shoot 

weight (DSW) and dry root weight (DRW) were determined. All physiological 

measurements and sampling for biochemical analysis were taken at 8:00am-11am. 

Genetic components include genotypic variance (б
2

g) and phenotypic variance 

(б
2

p) computed according to Kown and Torrie (1964), genotypic coefficient of 

variation (GCV) and phenotypic coefficient of variation (PCV) were calculated 

method given by Burton. and Devane (1953) while broad sense heritability (h
2
bs) 

analyzed according to Hanson et al. (1956). 

RESULTS AND DISCUSSION 

Genotypic and Phenotypic Variability  

The genotypic variability (δ
2

g) of seventeen traits ranged from 0.003 to 95.296 

for normal grown and 0.001 to 621.323 for stressed plant. Similarly phenotypic 

variance (δ
2
p) ranged from 0.01 to 250.765 under normal and 0.004 to 685.416 under 

stressed condition. This demonstrated that t greater range of genotypic and 

phenotypic variability exists for all traits. Osmotic adjustment had least genotypic 

(0.019) and phenotypic (0.055) variance while cell membrane stability had maximum 

genotypic variability (111.665) and phenotypic variance (275.975). This result 

provided the evidence that greater variation exists among the genotypes for cell 

membrane stability. While cell membrane stability, excised leaf water loss, relative 

water content, proline, sugar and glycine betain under both conditions showed the 

highest genetic variability between the genotypes under normal and stress condition 

(Table 1).  

Growth parameters and chlorophyll content among other physiological traits 

had greater genotypic variance for normal than drought stressed plants. Similar 

behavior also revealed by phenotypic variance of growth traits, chlorophyll content, 

relative water content and leaf succulence except other physiological traits. While 

fresh shoot weight revealed the maximum value for genotypic and phenotypic 

variance under normal than drought treated. These results provided the evidence that 

growth related traits are influenced much under normal condition. While all 

physiological traits except chlorophyll content revealed the maximum genotypic 

variance and phenotypic variance under stress condition. This result convinced that 

most of physiological traits are activated and pronounced their effects when plants 

faced the drought stress condition. These observations are in agreement with findings 
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of Khan et al. (2007) and Manggoel et al. (2012). Greater differences between 

genotypic (б
2
g) and phenotypic variances (б

2
p) gave evidence that these traits were 

greatly influenced by the environment. Like traits excised leaf water retention and 

relative water content under normal condition while proline and relative water 

content under drought stress revealed the greater differences among phenotypic and 

genotypic variance. 

Estimation of Coefficient of Variability 

The genotypic coefficient of variability for growth and physiological traits 
ranged from 5.966% to 25.127% under normal grown plants, while drought stressed 
plants ranged from 5.063% to 42.982%. Under studied genotypes demonstrated the 
high level of genotypic coefficient of variability for ELWL and OA. This finding 
provides the evidence that these traits play an important role in genetic variation. 
Similarly the phenotypic coefficient of variability for growth and physiological traits 
ranged 11.481% to 34.524% under normal growth condition, while drought treated 
plants ranged from 9.576% to 44.246%. High level of phenotypic coefficient of 
variability contributed to fresh root weight, excised leaf water loss, leaf succulence, 
proline, sugar, glycine betaine and osmotic adjustment in studied genotypes. This 
convinced that environmental factors suppress the expression of traits. 

Higher phenotypic coefficient of variability for traits like osmotic adjustment, 
leaf succulence, glycine betaine, proline, sugar and relative water content than the 
genotypic coefficient of variability is observed. This revealed the obvious influence 
of environment on the expression of these traits. These finding corroborated the 
observations reported by Soleymanifard et al., 2012 and Sedeek et al., 2009. Fresh 
root weight and excised leaf water loss demonstrated the least difference between 
phenotypic coefficient of variability and genotypic coefficient of variability. Sedeek 
et al. (2009) were also observed the least difference between phenotypic and 
genotypic coefficient of variability. This revealed that most fraction of phenotypic 
coefficient of variation mostly contributed by the genetic components and least 
influenced by environmental factors. These traits might be genetically predominant 
and having ability for further improvement. Hence these variations can be exploited 
in wheat breeding program.  

Heritability estimates 

Heritability plays a predictive role in breeding programme, showing the 

reliability of phenotypes as a guide to its breeding value (Tazeen et al., 2009). 

Superior heritability values recorded, indicates the possibility of improvement in the 

traits. Estimates of heritability in broad sense ranged from 94.1% to 8.9% in normal, 

while in stress broad sense heritability ranged from 94.4% to 25%. In normal growth 

condition, heritability was high for root length, fresh root weight, total weight and 

dry shoot weight. While in stress condition high for fresh root weight, total weight 

and excised leaf water retention prevailed among the studied genotypes. Cell 

membrane stability and osmotic adjustment demonstrated the moderate level of broad 

sense heritability.  



94 M.K. Naeem et al. 

Higher broad sense heritability magnitude revealed that greater proportion of 

the entire variance was due to the greater genotypic variance influenced less by 

environmental factors therefore having high heritable variations. Such findings were 

suitable for reliable selection of traits, which are the key components for any crop 

improvement program (Thiyagarajan, 1990). The low broad sense heritability 

magnitude revealed traits under examination had lower genetic potentials. Kandic et 

al. (2009) suggested that the heritability of physiological traits is lower than the 

heritability of morphological traits. Similar trends were showed by relative water 

content and leaf succulence traits depicted lower heritability. This is due to the great 

contribution of the experimental error in the total phenotypic variability. 

Least variation between phenotypic coefficient of variability and genotypic 

coefficient of variability correspond to high heritability were evaluated in different 

studies (Khan et al., 2007). The interpretation of results revealed that traits like fresh 

root weight and excised leaf water retention in stress environment have less 

difference between phenotypic coefficient of variability and genotypic coefficient of 

variability correspond to high heritability. Like fresh root weight in normal 

environment showed the difference 0.778 correspond to 94.1% heritability, in stress 

difference showed 1.35 correspond to 87.5% h
2

 (bs). While excised leaf water retention 

in stress environment depicted the 1.246 difference between phenotypic coefficient of 

variability and genotypic coefficient of variability correspond to 94.4% broad sense 

heritability. Traits having fewer differences between phenotypic coefficient of 

variability and genotypic coefficient of variability corresponding high heritability 

indicated that selection would be effective.  

CONCLUSION 

These results provided the evidence that growth related traits are influenced much 

under normal condition and had pronounced difference for б
2
g and б

2
p. Proline and 

relative water content under drought stress condition demonstrated the greater 

differences among genotypic (б
2
g) and phenotypic variances (б

2
p) gave evidence that 

these traits were greatly influenced by the environment. Excised leaf water loss and 

fresh root weight showed least differences between GCV and PCV and corresponded 

to higher broad sense heritability, depicted these trait are genetically dominant and 

prevailing variations are heritable. This suggests that further improvement in these 

traits is possible.  
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Table 1. List of varieties/genotypes used in estimation of genetic components for 

plant growth and physiological traits of wheat (Ttriticum aestivum L) under 

normal and stress conditions  

S. No. Genotypes S. No. Genotypes S. No. Genotypes 

1 C-271 11 LLR-14 21 Punjab-96 

2 C-273 12 LLR-19 22 Kohsar-95 

3 WC-1 13 LLR-29 23 Lylpur-73 

4 WC-3 14 LLR-39 24 Auqab-2000 

5 WC-4 15 Shahkar-95 25 Sehar-06 

6 WC-8 16 Lasani-08 26 Fsd-85 

7 WC-22 17 Blue-Silver 27 Pasban-90 

8 WC-25 18 MH-97 28 Kohistan-97 

9 LLR-4 19 Maxi-Pak 29 AUR-0809 

10 LLR-13 20 Fsd-83 30 Dhrabi 
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Table 2. Genetic variability parameters for seventeen traits in thirty wheat genotypes under normal and drought stress 

conditions 

Traits б
2

g б
2
p GCV (%) PCV (%) h

2
(bs) 

Normal Stress Normal Stress Normal Stress Normal Stress Normal Stress 

SL 2.099 0.996 3.812 2 11.405 9.441 15.37 13.377 55.1 49.8 

RL 10.856 5.37 16.618 10.747 13.985 11.048 17.303 15.629 65.3 50.0 

FSW 22.05 2.222 43.833 4.821 16.729 8.357 23.586 12.311 50.3 46.1 

FRW 8.981 3.602 9.546 4.116 25.127 19.576 25.905 20.926 94.1 87.5 

TW 39.16 5.962 63.148 9.648 15.646 8.87 19.868 11.283 62.0 61.8 

DSW 2.424 0.285 3.821 0.638 15.352 6.726 19.273 10.059 63.4 44.7 

DRW 0.229 0.132 0.848 0.521 5.966 5.063 11.481 10.057 27.0 25.3 

NT 0.773 0.095 2.752 0.275 11.779 10.065 22.228 17.146 28.1 34.5 

CC 11.679 8.328 22.28 20.382 8.773 6.121 12.117 9.576 52.4 40.9 

ELWR 95.296 621.323 250.765 658.416 18.691 42.982 30.321 44.246 38.0 94.4 

RWC 12.058 27.398 131.165 96.266 4.975 9.153 16.409 17.156 9.2 28.5 

LS 0.003 0.001 0.01 0.004 18.217 9.437 34.524 27.229 30.0 25.0 

Proline 7.199 59.604 80.698 149.14 7.674 13.306 25.694 21.049 8.9 40.0 

Sugar 4.088 33.648 43.33 84.638 9.676 15.039 31.502 23.852 9.4 39.8 

GB 1.419 14.674 15.707 40.791 10.052 17.218 33.439 28.708 9.0 36.0 

CMS 111.665 275.975 11.729 18.439 40.5 

OA 0.019 0.055 41.355 70.351 34.5 

*Phenotypic variance, GCV= Genotypic coefficient of variation, PCV= Phenotypic coefficient of variation, h2 
(bs )= heritability in broad sense. 
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ABSTRACT 

Seventy three rice varieties were evaluated for their variability with 
regards to yield and yield components. Estimates of heritability and 
genetic advance in per cent of mean were also obtained for the above 
traits. In addition, studies on character associations and path co-
efficients were also undertaken. The results revealed high variability, 
heritability and genetic advance in per cent of mean for grain yield while 
panicle bearing tillers and 1000 grain weight had recorded high 
heritability coupled with low genetic advance as per cent of mean. 
Further, yield was observed to be positively associated with panicle 
bearing tillers and number of filled grains per panicle and these 
characters were noticed to exert high direct effects on grain yield per 
plant. High indirect effects of most of the traits were noticed mostly 
through panicle bearing tillers per hill indicating importance of the trait as 
selection criteria in crop yield improvement programmes. 

Keywords: Correlation, Genetic advance, Heritability, Path co-efficients,  

                  Rice, Yield, Yield components. 

INTRODUCTION 

Rice is the most consumed cereal grain in the world. It is staple food crop for 

more than half of the world’s human population. Yield enhancement is the major 

breeding objective in rice breeding programmes and knowledge on the nature and 

magnitude of the genetic variation governing the inheritance of quantitative 

characters like yield and its components is essential for effective genetic 

improvement. A critical analysis of the genetic variability parameters, namely, 

Genotypic Coefficient of Variability (GCV), Phenotypic Coefficient of Variability 

(PCV), heritability and genetic advance for different traits of economic importance is 

a major pre-requisite for any plant breeder to work with crop improvement 

pogrammes. Further, information on correlation co-efficients between grain yield and 
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its component characters is essential for yield improvement, since grain yield in rice 

is a complex entity and is highly influenced by several component characters. Studies 

on path co-efficient also provide useful information regarding the direct and indirect 

effects of different yield component characters on grain yield and thus aid in the  

identification of effective selection criteria for effective yield improvement. 

The present investigation was undertaken in this context to elucidate information on 

variability, heritability, genetic advance, character associations and path of effect in 

promising rice genotypes of Acharya N G Ranga Agricultural University, Andhra 

Pradesh, India.  

MATERIALS AND METHODS 

The present investigation was undertaken with 73 pre-release and high yielding 

rice genotypes developed at different rice research stations of Andhra Pradesh state 

of India. These genotypes were sown during Kharif 2012 at the wet land farm of 

Regional Sugarcane and Rice Research station, Rudrur in a randomized block design 

with three replications. Twenty-five day old seedlings of each genotype were 

transplanted in twelve rows, each of 3.0 m length by adopting a spacing of 15 cm 

between rows and 15 cm between plants within the rows. All recommended practices 

were followed to raise a healthy crop. Observations were recorded for grain yield and 

yield component characters, namely, days to 50 per cent flowering, plant height, 

panicle bearing tillers/hill, panicle length, number of filled grains per panicle and 

1000 grain weight. The observations on plant height, panicle length, panicle bearing 

tillers per hill and number of filled grains per panicle were recorded from five 

randomly selected plants for each entry in each replication. However, days to 50 per 

cent flowering and grain yield were recorded on plot basis. In contrast, observations 

for 1000-grain weight were obtained from a random grain sample drawn from each 

plot in each entry and replication. The data obtained was subjected to standard 

statistical procedures. Genotypic and phenotypic co-efficients of variation were 

computed following the methodology outlined by Burton (1952), while the estimates 

of heritability and genetic advance were obtained as per the procedures outlined by 

Burton and Devane (1953), and Johnson et al. (1955), respectively. The genotypic 

and phenotypic correlations were calculated using the formulae suggested by Fisher 

and Yates (1967), while the direct and indirect contribution of each character for 

grain yield was estimated by path co-efficient analysis suggested by Wright (1921). 

RESULTS AND DISCUSSION 

The results on analysis of variance (ANOVA) for yield and yield component 

characters studied are presented in table 1. Highly significant mean squares due to 

genotypes were observed for all traits, indicating the existence of sufficient variation 

among the genotypes for yield and yield component characters studied in the present 

investigation, and therefore, there is a scope for effective selection.   



GENETIC VARIABILITY, CORRELATION AND PATH ANALYSIS 101 

Information on mean, range, PCV, GCV, heritability, genetic advance and 

genetic advance in per cent of mean for yield and yield component traits are 

furnished in table 2. A perusal of these results revealed maximum range of variability 

for grain yield followed by number of filled grains per panicle. Higher phenotypic 

co-efficients of variation, compared to genotypic co-efficients of variation were 

recorded for all the traits studied in the present investigation, indicating the influence 

of environment. Similar findings were reported earlier by Mamta Singh et al. (2007). 

However, high (>20%) phenotypic co-efficient of variation for grain yield in the 

present investigation was noticed to be closely and essentially associated with high 

genotypic co-efficient of variation for the trait, indicating the minimal influence of 

environment and presence of high genetic variability for the trait in the experimental 

material. Hence, selection on the basis of phenotype in these genotypes can also be 

effective for improvement of grain yield. Similar results were reported earlier by 

Mishra and Verma (2002) and Hasib et al. (2004). However, moderate (10-20%) 

genotypic and phenotypic coefficients of variation were recorded in the present study 

for days to 50 per cent flowering, number of filled grains per panicle and 1000 grain 

weight. These results are in conformity with the findings of Bornane et al. (2014) for 

days to 50 per cent flowering and 1000 grain weight. In contrast, low (<10%) 

estimates of genotypic and phenotypic coefficients of variation were observed in the 

present study for plant height, panicle bearing tillers per hill and panicle length, 

indicating low variability for these characters in the present experimental material 

and therefore little scope for improvement of these traits. Similar findings were 

reported earlier by Satish et al. (2003) for plant height. 

High (>60%) estimates of heritability were recorded for days to 50 per cent 

flowering, plant height, panicle length, 1000-grain weight and grain yield in the 

present investigation, while  moderate heritability (30-60%) was observed for panicle 

bearing tillers per hill and number of filled grains per panicle (Table 2). These results 

are in conformity with the reports of Idris et al. (2013) for 1000-seed weight and 

plant height; Bisne et al. (2009) for ear bearing tillers per hill; Dhanwani et al. (2013) 

for days to 50 per cent flowering; and Kundu et al. (2008) for grain yield per plant. 

A perusal of the results on genetic advance revealed high values (>20%) for 

days to 50 per cent flowering, number of filled grains per panicle and grain yield. The 

estimates of genetic advance in per cent of mean was also high (>20%) for days to 50 

per cent flowering, number of filled grains per panicle, 1000 grain weight and grain 

yield. These results are in conformity with the findings of Babu et al. (2012) for 

number of filled grains per panicle; and Dhanwani et al. (2013) for 1000 grain weight 

and grain yield per plant. In contrast, moderate (10-20%) estimates of genetic 

advance were noticed in the present study for plant height. Similar results were 

reported by Babu et al. (2012). Further, low (<10%) estimates of genetic advance 

were recorded in the present investigation for panicle bearing tillers per hill, panicle 

length and 1000-grain weight. Low (<10%) estimates of genetic advance as per cent 

mean were also noticed for panicle bearing tillers per hill and panicle length in the 
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present investigation. These results are in conformity with the findings of Seyoum et 

al. (2012).  

High heritability coupled with high genetic advance as per cent mean was 

recorded for days to 50 per cent flowering, 1000-grain weight and grain yield per 

plant indicating that the high heritability observed is due to additive gene effects and 

selection may be effective for these characters. Similar observations were reported by 

Adilakshmi and Girijarani (2012) for 1000-seed weight and Madhavilatha et al. 

(2005) for grain yield per plant. On contrary, high heritability coupled with moderate 

genetic advance in per cent of mean was observed for plant height indicating the role 

of both additive and non-additive gene effects for control of the characters. The 

results are in conformity with the reports of Seyoum et al. (2012). However, panicle 

length had recorded high heritability coupled with low genetic advance in per cent of 

mean in the present investigation, which is similar to the findings of Singh et al. 

(2012). Further, information on genetic variation along with heritability and genetic 

advance estimates has been reported to give a better idea about the efficiency of 

selection (Burton, 1952). In the present study, high GCV and PCV coupled with high 

heritability and high genetic advance in per cent of mean were observed for grain 

yield indicating the pre-ponderance of additive gene action and therefore scope for 

improvement of the trait through selection. Similar results were reported earlier by 

Mohana Krishna et al. (2009). 

The genotypic and phenotypic correlations for yield and yield components are 

presented in table 3. A perusal of these results revealed phenotypic and genotypic 

correlations to be of similar direction and significance. However, genotypic 

correlations had recorded a higher magnitude compared to phenotypic correlations 

indicating the masking effect of environment. Similar results were reported by 

Madhavilatha et al. (2005). Further, grain yield per plant was observed to be 

positively and significantly associated with panicle bearing tillers per hill and number 

of filled grains per panicle indicating an increase in grain yield with an increase in 

these characters. Therefore, priority should be given to these traits, while making 

selection for yield improvement. The findings are in agreement with the reports of 

Manikaminnie et al. (2013) for panicle bearing tillers per hill and Sudharani et al. 

(2013) for number of filled grains per panicle. On the contrary, non-significant 

association was noticed for grain yield with days to 50 per cent flowering, plant 

height, panicle length and 1000-grain weight. The findings are in consonance with 

the reports of Yadav et al. (2010). 

Studies on inter-character associations for yield components revealed 

significant and positive association of plant height with panicle length. The results 

are in agreement with the reports of Manikyminnie et al. (2013). However, 

significant and negative inter-character associations were observed for panicle 

bearing tillers per hill and number of filled grains per panicle; and number of filled 

grains per panicle with 1000-seed weight, probably due to competition for a common 
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possibility, such as nutrient supply. The results are in conformity with the reports of 

Panwar et al. (2007). 

Path co-efficient analysis provides an effective means of finding out the direct 
and indirect causes of association and presents a critical examination of the specific 
forces acting to produce a given correlation and also measures the relative 
importance of each causal factor. Hence, the study of direct and indirect effects of 
yield components on grain yield per plant was undertaken in the present investigation 
and the results obtained are presented in Table 4. A perusal of these results on path 
co-efficients for yield and yield components revealed genotypic and phenotypic path 
co-efficients to be of similar direction and magnitude. Further, the genotypic path co-
efficients were observed to be of higher magnitude, compared to phenotypic path co-
efficients indicating the masking effect of environment. The results also revealed 
high residual effect for both phenotypic (0.6774) and genotypic (0.6624) path co-
efficients, respectively, indicating that variables studied in the present investigation 
explained only about 33 (phenotypic) and 34 (genotypic) per cent of the variability in 
yield and therefore, other attributes besides the characters studied are contributing for 
grain yield per plant. The results also revealed high (>0.30) direct effects of panicle 
bearing tillers per hill, number of filled grains per panicle, days to 50 per cent 
flowering, 1000-grain weight and plant height on grain yield per plant. High positive 
direct effect of panicle bearing tillers per hill (Manikyaminnie et al., 2013); and 
number of filled grains per panicle (Parvathi et al., 2011) on grain yield were also 
reported earlier. These traits had also recorded highly significant and strong positive 
association with grain yield per plant. High direct effects of these traits therefore 
appear to be the main factor for their strong association with grain yield per plant. 
Hence, these traits should be considered as important selection criteria in all rice 
improvement programmes and direct selection for these traits is recommended for 
yield improvement. The results are in conformity with the findings of Meena Kumari 
et al. (2011). Further, days to 50 percent flowering, plant height and 1000-grain 
weight had also recorded high positive direct effects on grain yield per plant. The 
results are in consonance with the findings of Seyoum et al. (2012) for days to 50 
percent flowering; and Adilakshmi and Girijarani (2012) for plant height and 1000-
seed weight. However, their association with grain yield per plant was noticed be 
non-significant in the present investigation indicating the need for adoption of 
restricted simultaneous selection model to nullify the undesirable indirect effects and 
make use of the high direct effects (Singh and Kakar, 1977). In contrast, high 
negative direct effect on grain yield per plant was recorded by panicle length. 
However its association with grain yield per plant was observed to be non-significant 
indicating the indirect effect of the trait on grain yield per plant through other 
characters. The findings are in conformity with the reports of Manikyaminnie et al. 
(2013). 

CONCLUSION 

Results of the present investigation on variability, heritability and genetic 

advance indicated a scope for improvement of grain yield through selection. Further, 
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studies on character association and path co-efficients revealed the importance of 

panicle bearing tillers per hill and number of filled grains per panicle as selection 

criteria for effective yield improvement. The study also indicated the need for 

balanced selection in light of negative association of panicle bearing tillers per hill 

with number of filled grains per panicle; and number of filled grains per panicle with 

1000-grain weight in crop yield improvement programmes.    
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Table 1. Analysis of variance (ANOVA) for yield and yield components in rice  

Source of 

variation 

Degrees 

of 

freedom 

Days to 50 

percent 

flowering 

Plant 

height  

Panicle 

bearing 

tillers hill
-

1
 

Panicle 

length  

Number of 

filled grains 

per panicle 

1000 

grain 

weight  

Grain yield 

Replications 2 0.25 6.73 0.20 0.75 680.60 0.44 77801.00 

Genotypes 72 345.68** 261.35** 1.43** 5.39** 2853.53** 43.81** 7702179.00** 

Error 144 1.26 13.29 0.33 0.70 543.56 1.47 90489.73 

*, ** Significant at 5% and 1% levels, respectively 

Table 2. Estimates of variability and genetic parameters for yield and yield components in rice 

Character  Mean Range Co efficient of variation 

(%) 

Per cent  

Heritabilit

y  

Genetic 

advance 

(%) 

Genetic 

advance in 

per cent of 

mean Minimum Maximum Genotypic 

(GCV) 

Phenotypic 

(PCV) 

Days to 50 per cent 

flowering 103.90 85.00 128.00 10.31 10.36 98.0 21.95 21.12 

Plant height (cm) 114.20 90.10 140.70 7.96 8.57 86.0 17.18 15.22 

Panicle bearing tillers hill-1  9.98 8.80      12.30 6.10 8.38 52.85 0.91 9.11 

Panicle length (cm) 23.81 19.20 27.00 5.25 6.30 69.33 2.13 8.94 

Number of filled grains 

panicle-1 185.43 127.10 264.00 14.96 19.54 58.0 43.76 23.60 

1000-grain-weight (g) 21.27 14.03 30.10 17.66 18.56 90.0 7.36 34.61 

Grain yield (Kg ha-1) 6314.32 2604.17 10570.00 25.22 25.67 96.0 3224.31 51.06  
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Table 3. Phenotypic (rp) and Genotypic (rg) correlation co-efficients for yield and yield components in rice  

Character r Plant 

height 

Panicle 

bearing 

tillers/hill 

Panicle 

length 

Number of 

filled 

grains/ 

panicle 

1000-grain 

weight 

Grain yield 

Days to 50 per cent 

flowering rp -0.1078 -0.2024 0.2140 0.0090 -0.1871 -0.0494 

 

rg -0.1161 -0.3570 0.2317 0.0167 -0.2084 -0.0625 

Plant height rp 

 

-0.0319 0.5091** 0.0303 0.1318 0.1363 

 

rg 

 

-0.1135 0.6240** 0.0522 0.1581 0.1577 

Panicle bearing tillers hill
-1

 rp 

  

-0.0480 -0.3763** 0.1752 0.8756** 

 

rg 

  

-0.0446 -0.5571** 0.2138 0.9407** 

Panicle length rp 

   

0.0757 0.1531 0.1606 

 

rg 

   

0.1600 0.1661 0.2015 

Number of filled grains  

panicle
-1

 rp 

    

-0.3578** 0.2506* 

 

rg 

    

-0.4842** 0.3368** 

1000 grain-weight rp 

     

0.1415 

 

rg 

     

0.1787 

*, ** Significant at 5% and 1% levels, respectively 

 



108 N.S. Kishore et al. 

Table 4. Phenotypic (P) and Genotypic (G) path co-efficients for yield and yield components in rice 

Character   Days to 50 

per cent 

flowering 

Plant height  Panicle 

bearing 

tillers/hill  

Panicle 

length 

Number of 

filled 

grains/ 

panicle 

1000- grain 

weight  

Grain yield 

Days to 50 per cent 

flowering 

P 0.4371 0.0058 -0.1877 0.0028 -0.2013 -0.1061 -0.0494 

 G 0.5001 -0.009 -0.186 0.0169 -0.2834 -0.1011 -0.0625 

Plant height P 0.0579 0.3537 -0.2323 -0.0066 -0.0045 -0.0319 0.1363 

 G 0.0464 0.3779 -0.2149 0.0404 -0.1108 0.0186 0.1577 

Panicle bearing 

tillers/hill 

P 0.1087 -0.0017 0.6895 -0.0006 0.0317 0.048 0.8756** 

 G 0.5429 -0.3088 0.7311 -0.2929 0.1149 0.1535 0.9407** 

Panicle length P 0.1149 0.0273 0.1006 -0.3129 -0.0112 0.2419 0.1606 

 G 0.1341 0.1486 -0.0059 -0.3647 -0.033 0.3224 0.2015 

Number of filled grains/ 

panicle 

P -0.209 0.0116 -0.0007 -0.001 0.5477 -0.098 0.2506* 

 G -0.0067 0.0041 -0.1731 0.0103 0.6063 -0.1052 0.3368** 

1000-grain weight P 0.2079 0.0071 0.0017 -0.5002 0.0528 0.3740 0.1415 

 G 0.0034 0.0108 0.0002 -0.2213 0.0009 0.3847 0.1787 

*, ** Significant at 5% and 1% levels, respectively;   

Residual effect (Phenotypic) = 0.6774; Residual effect (Genotypic) = 0.6624; Diagonal values = Direct effects; Off-Diagonal values = Indirect effects 
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ABSTRACT 

The effect of dip treatments of Indian mackerel (Rastriliger kanagurta) in 
0.5 % & 1 % pomegranate peel extracts (Punica granatum) (PPE) and 3 
% & 5 % green tea (Camelia sinensis) (GTE) extracts; on the ice storage 
characteristics was evaluated. Total phenolic content of PPE and GTE 
were found to be 212±20.55 and 159.3±7.72 mg g

-1
tannic equivalent. 

Fish treated with PPE and GTE were evaluated for bio-chemical, 
microbiological and sensory attributes during the period of storage in ice. 
Indicator organisms like Escherichia coli, and Staphylococcus aureus 
were not detected in any sample, whereas biochemical attributes 
increased significantly (p < 0.05) during the storage period. The fishes 
were acceptable up to 17th and 16th days in ice in case of PPE & GTE 
treatments, respectively. On the other hand the untreated fish was 
acceptable only up to 8 days. From this study it is concluded that; the 
natural extracts of PPE & GTE can be used to preserve the fatty fish and 
extend the shelf life during ice storage for a considerable period. 

Keywords: Plant extracts, Indian mackerel, Biochemical, Microbiological 

                 and Sensory analysis, Ice storage     

INTRODUCTION 

Fish is one of the most perishable and difficult to handle of all foods.  It is 

mainly due to the catching method that has no control on its initial quality, which 

results in variation of intrinsic quality of raw material. Icing is the easiest, cheapest, 

reasonably efficient and common method of preserving fresh fish. Iced fish has a 

limited shelf life. Fish can be stored in ice and maintained in good conditions for 3-

15 days depending on species and various intrinsic factors. Fatty fishes like sardines 

have a limited shelf life of only 2-5 days in ice (Balachandran et al., 2001), whereas 

lean fishes will have a little more. This period is inadequate for long distance 
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transport of fish, as most of the fishes are not caught near the landing spots. In 

addition the landing spots are often far from ultimate place of consumption. 

Therefore, further extension of shelf life could be of great practical significance; 

particularly for the developing countries, where fast moving refrigeration system is 

lacking. There are several other preservatives, mainly chemicals used in combination 

with icing to increase the shelf life of ice stored fish. The demand for natural extracts, 

which act as preservative is gaining importance due to the negative effects and health 

problems associated with chemical preservatives. Plant extracts like green tea 

(Camelia sinensis), grape seed (Vitis vinifera) and pomegranate peel (Punica 

granatum) extracts have been studied for their preservative effect when used in foods 

and the results were positive. In this study, plant extracts i.e. pomegranate peel and 

green tea extracts were tested for their preservative effects on the ice stored Indian 

mackerel (Rastrelliger kanagurta). 

MATERIALS AND METHODS 

Preparation of extracts and storage 

Pomegranate (Punica granatum) were purchased from the local market and 

peeled manually. Pomegranate peels (PP) were dried at 50 
o
C until a constant weight 

and ground to powder. Powder was dissolved in ethanol (1:20 w/v) and then 

extracted in water bath with shaker at 40 
o
C for 4 h. The extract was filtered and 

concentrated in a water bath to get crude extract. 

Antique green tea (GT) dried leaves (Camelia sinensis) were purchased from 

the local market in Ratnagiri. Leaves were ground into fine powder. The powder was 

dissolved in ethanol (1:20 w/v) and then the active ingredients were extracted using a 

water bath with shaker at 40 
o
C for 4 h. The extract was filtered and concentrated to 

get crude extract. 

The green tea and pomegranate peel extracts were stored in a refrigerator in air 

tight bottles. 

Treatment with extracts 

Extract solution was prepared by dissolving 1.0 g plant extract in 100 ml 

distilled water. Fishes were separately dipped into two extract solutions i.e. 

pomegranate peel (PP) and green tea (GT) extracts, stored at 0ºC. Another group of 

fishes were dipped into water and used as control.  

Analyses 

Quality control analyses of fish were performed regularly during the entire 

storage period. 

1. Total Phenolics in Plant Extracts 

Total phenolic contents of the extracts were determined spectrophotometrically 

according to the Folin-Ciocalteu colorimetric method (Spanos and Wrolstad, 1990). 
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Each extract of 0.1 ml was introduced to 5 ml Folin-Ciocalteu’s reagent (10 %), 4 ml 

sodium carbonate (10 %) and 0.9 ml distilled water. The mixture was allowed to 

stand for 2 hours before absorbance measurement against blank at 765 nm (Genensys 

10 UV). Results were expressed as mg tannic acid equivalent (GAE) in mg 100g
-1

. 

2. Sensory analysis  

Sensory characteristics i.e. appearance, color, odor, taste, texture and overall 

acceptability were evaluated by a trained panel of 5 members using 9-point hedonic 

scale according to Peryam and Pilgrim (1957). The limit of acceptability was 4 for all 

the samples (Table 1). High score indicated good quality and vice versa. 

3. Statistical analysis  

Recorded results were analyzed using appropriate statistical methods (Snedecor 

and Cochran, 1967). The significant results were stated as P<0.05. (Simeonidou et 

al., 1997). 

RESULTS AND DISCUSSION 

Total Phenolics of Plant Extracts 

In the present study, the phenolic content of PP and GT extracts at different 
concentrations in terms of tannic acid equivalent was estimated using the standard 
curve equation: y= 0.174+19.03x, r

2
 = 0.967 obtained from standard curve of known 

tannic acid concentrations. The phenolic content in pomegranate peel extract (PPE) 
and green tea extract (GTE) were observed to be 212±20.55 and 159.3±7.72 mg g

-1
 

tannic acid equivalent respectively. 

Yerlikaya et al. (2010) reported the total phenolic content of pomegranate peel 
extract and green tea extract to be 249±17.2 & 126±4.5 mg g

-1
 tannic acid equivalent, 

respectively. The values observed in the present study, if compared to that of 
Yerlikaya et al. (2010), showed that phenolic content was slightly lower in PPE and 
higher in GTE.  

Sarah et al. (2010) reported the total phenolic content in red onion (Allium 
cepa) juice OJ and green tea (Camellia sinenses) TE extracts at different 
concentrations in terms of TAE (with the standard curve equation: y = 0.0091+ 
0.0075x, r

2
 = 0.9945). The lowest (3.13 mg TAE g

-1
) and highest (538.2 mg TAE g

-1
) 

contents were found in aqueous solutions of 1 % OJ and 5 % TE respectively. Green 
tea extract had more phenolic compounds when compared to onion juice at the same 
concentration. Unalan et al. (2011) reported that the pomegranate peel (Punica 
granutum) extract had high phenolic content of 481 mg gallic acid equivalent (GAE 
g

-1
) dry extract; whereas aqueous rosemary extract (1:1) had 30.2 mg GAE g

-1
 dry 

extract. Ibrahium (2010) also reported relatively higher total polyphenols content in 
pomegranate peel extract (867 mg g

-1
). The polyphenolic composition of PPE is 

characterized by a high proportion of punicalagin (296 mg g
-1

) in comparison to the 
remaining compounds. Khammuang and Sarnthima (2011) reported that the total 
phenolic content in mango (Mangifera indica L.) extract was 399.8 mg GAE g

-1
. 
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Biochemical analysis 

The TMA-N content was observed to increase progressively in both PPE & 

GTE treated samples (Figure 1). However, the increment of TMA-N content was 

rapid in GTE treated samples than PPE treated samples. The study indicated that the 

increase in TMA-N value was slow in the PPE treated samples when compared to 

GTE treated samples. These findings are in agreement with Unalan et al. (2011) for 

pomegranate (Punica granutum) extract (1 % v/w) and rosemary (Rosmarinus 

officinalis L.) extract (1 % v/w) on shelf life extension of frozen and chilled 

Greenland halibut (Reinhardtius hippoglossoides) fillets. The fillets were kept in 

modified atmosphere packaging (40 % CO2/60 % N2) during chilled storage at 2
o
C

.
 

The TMA-N values were increased significantly (P < 0.05) during the chilled storage 

and reached nearly limit level at the end of chilled storage. The treatment of mackerel 

with PPE & GTE showed significant effect on the levels of TMA-N between treated 

and untreated fish, whereas no significant difference was found between the treated 

fish. 

During the ice storage of PPE & GTE treated mackerel the production of non-

volatile amines was not significant even when the fish attained the putrid state. 

Hence, the use of these amines as overall quality predictors is not advisable. 

In the present study TVB-N was 7.12±0.58 mg % at the beginning of the 

storage in PPE treated as well as GTE treated samples. The TVB-N content was 

observed to increase progressively in both PPE & GTE treated samples. However, 

the increment of TVB-N content was rapid in GTE treated samples than PPE treated 

samples. The lower TVB-N values were recorded in PPE treated sample during 

storage (Figure 2). The values in treated samples below or close to limit level 

indicated that the increase in TVB-N value was slow in the PPE treated samples as 

compared to GTE treated samples. These findings are in agreement with Unalan et al. 

(2011). The TVB-N values for these treatments significantly increased (P < 0.05) 

during the chilled storage and below limit level at the end of chilled storage. 

In the present study, the untreated and PPE & GTE treated fish samples 

exhibited increase in pH during the entire 1-17 days of ice storage. The initial value 

of 6.20±0.58, reached a value of 7.59±0.51 in untreated fish, whereas the values 

found to be 6.90±0.82, 7.12±0.85, 7.40±0.55 and 7.30±0.59 in 0.5 % PPE, 1 % PPE, 

3 % GTE and 5 % GTE treated fish, respectively (Figure 3). The increase in the pH 

value during storage may be attributed to the raising levels of TMA and other volatile 

bases in fish muscle as a result of spoilage. 

Bennopur et al. (1991) reported that the pH of fresh mackerel (Scomber 

scombrus) was 5.69. It varied from 5.95 to 6.02 at different rejection times. At the 

end of the storage, the pH values were 6.24, 6.29, and 6.52, for ice: fish ratios of 1:2, 

1:3, and 1:4, respectively. This slow rise in pH was observed by all of three different 

ice: fish ratios (1:2, 1:3, and 1:4) if compared to ice: fish ratio of 1:1. Lokuruka et al. 

(2009) reported that the pH of the Nile perch (Lates niloticus) stored in ice increased 
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with storage time. On day 3, the pH was 6.85. However, there was no significant 

increase in the pH until the 10
th
 day when it increased to 6.94. On day 22, when the 

fish was considered unacceptable for human consumption, the pH was 7.18. 

The amount of FFA formed was more than double during the entire storage 

period. However significant difference was found between PPE & GTE treated and 

untreated samples stored in ice. The 0.5 % PPE & 3 % GTE showed a lower FFA 

content as compared to higher concentrations of PPE & GTE. The PPE showed better 

inhibition of lipid degradation than GTE in mackerel as assayed by increased FFA 

content in GTE treated samples. Quitral et al. (2009) reported that the higher 

hydrolytic activity could be explained on the basis of the marked pH increase 

observed for untreated fish. 

Comparison between individuals corresponding to Origanum vulgare (OI) and 

Rosmarinus officinalis (RI) conditions led to a lower (p < 0.05) lipid hydrolysis 

development at days 2 and 23 in Chilean jack mackerel (Trachurus murphyi) treated 

under the RI icing system. During chilled storage, FFA formation has been reported 

during a first stage as a result of endogenous enzyme activity (Quitral, 2009). Later 

on, microbial activity should be important, so that FFA formation should mostly be 

produced as a result of bacterial enzyme activity. A partial inhibitory effect of the 

plant extract on the endogenous enzyme activity occurred in the first stage (days 2–

6); meanwhile, the antimicrobial effect of the plant extracts was strong lead in the 

second stage (days 10–23) to a lower FFA formation in the fish muscle. 

Microbiological analysis 

TPC of PPE & GTE treated samples stored in ice were comparatively lower 

than that of untreated samples. This may be due to action of antimicrobial treatment 

given to the fishes. These findings are in agreement with Ibrahium; (2010), who 

reported that pomegranate peel extract was effective against the growth of 

Staphylococcus aureus, Escherichia coli, Aspergillus niger and Saccharomyces 

cerevisiae. The inhibitory effect of PPE increased by increasing concentrations of 

PPE and inhibition zones ranged from 9.6 to 25.7 mm. The highest inhibition was 

obtained for E. coli while the lowest was for S. cerevisiae. These results provide 

evidence for the presence of antimicrobial phenolic compounds in PPE. These 

compounds degrade the cell wall, disrupt the cytoplasmic membrane, damage 

membrane proteins and interfere with membrane-integrated enzymes, which may 

eventually lead to cell death. Also, Nurmahani et al. (2012) reported that the 

antibacterial activity of PP & GT plant extracts may be due to the capability of 

bioactive compounds to form a complex with extracellular and soluble proteins, 

inhibit enzyme activity and also affect bacterial cell walls. 

Sensory analysis 

In the present study, organoleptic score for fresh fish was taken as the main 

criteria for judging the quality of ice stored fish. The sensory value, on 6th day for 
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control was 1.76±0.97 which was below the level of acceptability limit. Mackerel 

treated with 0.5 % & 1 % PPE was acceptable up to 17 days, where as those with 3 % 

& 5 % GTE was acceptable up to 16 days of ice storage. It indicated that both PPE & 

GTE had tangible effects on increasing the shelf life of mackerel in ice storage. An 

extension of 8 days of shelf life was noticed due to PPE & GTE treatment of 

mackerel. Physical and chemical changes in proteins of fish during ice storage caused 

texture deterioration. This problem also affected sensory aspects. 

Mackerel treated with green tea extract was the most preferred samples in 

terms of sensory scores. Ababouch et al. (1996) reported that the keeping time of 

sardines (Sardina pilchardus) varied between 21 and 27 h (average 23 h) for fish 

stored at ambient and from 8-11 days (average 9.5 days) in ice. Surendran and Iyer 

(1980) reported that the shelf life of pearl spot (Etroplus suratensis) in ice was 8-10 

days.  

CONCLUSION 

Lipid oxidation and protein degradation cause unpleasant physical and 

sensory alterations even during ice storage. In this study, it was found that use of 

plant extracts as natural antioxidants have positive effects on quality parameters 

during ice storage. Green tea extract treatment was more preferred in terms of 

brightness, odor and texture aspects. The present findings will be useful in leading to 

further experiments on the identification and characterization of natural sources that 

are responsible for preservation of eating quality and extended shelf life of food 

products. 
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Table 1. Sensory evaluation scale for ice stored fish  

Score  5 4 3 2 1 0 

Skin Outer slime Transparent Transparent Milky Opaque Clotted Yellowish 

Pigmentation Bright, Iridescent Natural Less natural Not bright Faded Discoloured Grey 

Eyes Colour Bright pupil, 

Translucent 

Convex 

Bright pupil, Translucent Cornea Translucent Cornea, 

faded 

pupil 

Opalescent 

cornea 

Gray pupil, 

Milky 

Cornea 

Opaque, 

discoloured 

Position Completely 

convex 

Completely 

convex 

Less convex Plane Slightly 

concave 

Completely 

concave, 

sunken 

Gills Colour Bloody Red Bloody red Dull red Pale red Dirty yellow        White 

grayish 

Odour Fresh 

   (algae, sea weed) 

Neutral sweet Neutral sweet Slightly 

rancid 

Disagreeable Off odours, 

nauseous 

Flesh  Rigid Firm 

(slightly rigid) 

Elastic Flexible soft Very soft 

Quality of belly  Firm rigid Intact (not rigid) Distended firm Soft (not firm) Fragile Perforated 

Texture  Rigid Rigid Rigid Firm 

(slightly rigid) 

Elastic Very soft 

5-4 “excellent”, 4-3 “good”, 3-2.5 “fair”, 2.5-2 “poor, 2-1 “very poor” Scores<2.5 is rejected 
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Note: PP1- 0.5% Pomegranate peel extract, PP2- 1% Pomegranate peel extract, GT1- 3% Green tea extract, GT2- 5% Green tea extract and CTL- 

Control (untreated). 

Figure 1. Changes in TMA-N (mg %) content in pomegranate peel and green tea extract treated mackerel during ice storage 
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Note: PP1- 0.5% Pomegranate peel extract, PP2- 1% Pomegranate peel extract, GT1- 3% Green tea extract, GT2- 5% Green tea extract and CTL- Control (untreated). 

Figure 2. Changes in TVB-N (mg %) content in pomegranate peel and green tea extract treated mackerel during ice storage 
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Note: PP1- 0.5% Pomegranate peel extract, PP2- 1% Pomegranate peel extract, GT1- 3% Green tea extract, GT2- 5% Green tea extract and CTL- 

Control (untreated). 

Figure 3. Changes in pH value in pomegranate peel and green tea extract treated mackerel during ice storage  
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Note: PP1- 0.5% Pomegranate peel extract, PP2- 1% Pomegranate peel extract, GT1- 3% Green tea extract, GT2- 5% Green tea extract and CTL- 

Control (untreated). 

 

Figure 4. Changes in FFA (% oleic acid) content in pomegranate peel and green tea extract   treated mackerel during ice 

                 storage 
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Note: PP1- 0.5% Pomegranate peel extract concentration, PP2- 1% Pomegranate peel extract concentration, GT1- 3% Green tea extract, GT2- 5% 

Green tea extract concentration and CTL- Control (untreated). 

Figure 5. Changes in TPC (Log cfu/g) of pomegranate peel and green tea extract treated mackerel during ice storage 
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Note: PP1- 0.5% Pomegranate peel extract concentration, PP2- 1% Pomegranate peel extract, GT1- 3% Green tea extract, GT2- 5% Green tea extract 

and CTL- Control (untreated). 

Figure 6. Sensory scores of pomegranate peel and green tea extract treated mackerel during ice storage 
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ABSTRACT 

Pigeon pea [Cajanus cajan (L.) Millsp.] is the rich sources of dietary 
protein, carbohydrate & certain minerals but its poor yield needs to 
formulate a nutrient management practices for higher productivity in 
upland alfisols of Tripura and to combat it, an experiment was conducted 
during three consecutive kharif seasons at College of Agriculture, 
Lembucherra, Tripura comprising of two levels of Lime (150 and 200 kg 
ha

-1
) in main plot and two levels of molybdenum seed treatment (0 and 

4g kg
-1

 of seed) in sub plot and 4 levels of recommended doses, viz., 0% 
of RDF ha

-1
, 50% of RDF ha

-1
, 75% of RDF ha

-1 
and 100% of RDF ha

-1
 

(Recommended dose @ 20:60:40 of NPK). It was revealed that by the 
use of 100% RDF ha

-1 
with 150 kg ha

-1
 lime and 4g kg

-1
 of molybdenum 

seed treatment leads to higher yield and return per rupee respectively. 
But by the use of 100% RDF ha

-1 
with 200 kg ha

-1
 lime and 4g kg

-1
 of 

molybdenum seed treatment, return per rupee was recorded at 2.98. The 
investigation reflects that by the use of 75% RDF ha

-1 
return per rupee 

(3.78) was less compared to 100% RDF ha
-1 

 but significant with saving 
the cost of 25% RDF ha

-1 
and soil health from the excessive use of 

fertilizer for sustaining the agricultural growth.   

Keywords: Pigeon pea, Lime, Molybdenum, Stick yield, Test weight, 

                   Harvest index, Economics 

INTRODUCTION 

Pigeonpea [Cajanus cajan (L.) Millsp.] is the most versatile food legume with 

diversified uses as food, feed, fodder and fuel. It accounts for 5% of global pulse 

production. Of the global acreage and production, Asia is nearly the sole contributor 

and of that too, India alone accounts for over three-fourths of area and four-fifths of 

production (Ahlawat et al., 2005). Pigeonpea ranks second in both acreage (3.58 
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million ha) and production (2.74 million tonnes) among the pulses in India with 

average productivity of 765 kg ha
-1

. Pigeon pea is the rich sources of dietary protein, 

carbohydrate and certain minerals in the vegetarian diet in India (Gopalan et al., 

1971). Besides being the major sources of dietary protein, they also plays an 

important role in sustaining nutrient level in soil productivity by fixing atmospheric 

nitrogen (Kumar Rao and Dart, 1987) for crop productivity. On the upland hill 

slopes, pigeon pea serves as soil conserving crop and check erosion to some extent. 

However, there are many factors influencing atmospheric nitrogen fixation through 

symbiosis. On field condition, soil moisture, temperature, soil pH, mineral nutrient 

supply, salinity and nodule damage by insects are presumably the most important 

factors limiting the biological nitrogen fixation (Kumar Rao, 1990).  As per as the 

productivity is concerned, pigeon pea has been observed almost stagnation 

throughout the state. Soil acidity and Al toxicity inhibits and restricts symbiotic 

nitrogen fixation and root growth respectively (Das, 1996). Again, nutrient 

limitations result from deficiencies of micronutrients such as molybdenum (Mo), zinc 

(Zn), boron (B) and iron (Fe) affects legume production (Bhuiyan et al., 1999). 

Inadequate nodulation of pigeonpea can be associated with low plant available Mo. 

Increase in flower numbers and pod set improvement are influenced by Mo (Prasad et 

al., 1998). Application of recommended doses of fertilizers (RDF), the major, 

secondary and micronutrients, to pigeonpea is essential for higher yield under rainfed 

conditions. To combat the above stated low yield, an experiment was designed to find 

out the influence of liming and micronutrients on production of pigeonpea in Alfisols 

under rainfed conditions.  

MATERIALS AND METHODS 

A field experiment was conducted during three consecutive kharif seasons of 

2011-12, 2012-13 and 2013-14 at the research farm of College of Agriculture, 

Lembucherra, Tripura situated between 22°57’ N latitude and 91°09’ E longitude. 

The soil of the experimental site was sandy loam having pH of 5.4, organic carbon 

(0.79 g kg
-1

), available nitrogen of 260.0 kg ha
-1

, available phosphorus of 19.0 kg ha
-

1
, and available potash of 123.0 kg ha

-1
. The experiment was carried out during the 

kharif seasons where the climate of hilly zone is sub-tropical in nature with 

distinctive characteristics of high rainfall, high humidity and a prolonged winter 

(Table-1). The treatments comprised two levels of Lime (150 and 200 kg ha
-1

) in 

main plot A and two levels of molybdenum seed treatment (0 and 4g kg
-1

 of seed) in 

the main plot B and 4 treatments, viz., 0% of RDF ha
-1

, 50% of RDF ha
-1

, 75% of 

RDF ha
-1 

and 100% of RDF ha
-1

 (Recommended dose @ 20:60:40 of NPK). The 

treatments were replicated thrice in split-split plot design. The plot size was 5.8 

m×4.2 m. Pigeon pea variety ‘UPAS-120’ was grown during mid June keeping seed 

rate of 15 kg ha
-1

. Lime as per treatment was applied 21 days before sowing of 

pigeonpea. Molybdenum in the form of sodium molybdate was applied as seed 

treatment @ 4g molybdenum kg
-1

 of seed. The seed treatment was done in solution of 
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sodium molybdate for four hours and then these seeds were treated and spread over 

gunny bag for two hours for leaching the solution from the seed. The crop was 

harvested in February in first year and January in second  and third year respectively. 

Fertilizers were applied in the form of urea, single super phosphate and murate of 

potash, respectively. Half of the nitrogenous fertilizer and entire dose of P2O5 and 

K2O were applied treatment-wise at the time of land preparation and the rest half of 

nitrogen were top dressed at 60 days after sowing (DAS). The data collected from the 

field and laboratory experiments were subjected to statistical analysis appropriate to 

the design and the treatment variations were tested for significance by F test. The 

economics of growth and yield of pigeon pea as influenced by the liming, 

molybdenum seed treatment and levels of recommended dose were calculated. Prices 

of the produce were taken as per the minimum support price, Rs 4350/- per quintal 

for pigeon pea grain and Rs. 200/- per quintal stick (alternative to fire wood) as well 

several persons use these sticks for making fencing hedge. On the basis of that 

benefit cost ratio were calculated. 

RESULTS AND DISCUSSION 

Growth and flowering characters: 

In general, plant height increased with advancement in age of crop upto 120-

130 DAS. Pooled data showed that plant height and primary branches was non-

significantly affected by liming for the three years at all the stages of plant growth. 

Non-significantly higher plant height was observed in case of liming @ 150 kg ha
-1 

than liming @ 200 kg ha
-1

. The pooled data of three years showed that the plant 

height at harvest was 125.71 cm in case of liming @ 150 kg ha
-1 

whereas 124.86 cm 

in case of liming @ 200 kg ha
-1

,
 
respectively (Table-2 and 3) which might be due to 

the reduced toxicity effect of aluminum and manganese after the application of lime 

whereas higher application leads to soil deficient in iron, copper and zinc with 

reduced availability of phosphorus and potassium. The results confirmed the findings 

of Das, 1996, Verma et al., 2004 and Sharma et al., 2010.  

Among the molybdenum seed treatment the pooled data of three years reflects 

that plant height differs significantly where as primary branches differs non-

significantly. At M4 (Molybdenum seed treatment @ 4g kg
-1

 seed) plant height were 

10.54 % higher than M0 (without seed treatment) and in case of primary branches M4 

were 8.41 % non-significantly higher than M0. This increase was mainly due to 

molybdenum having important role in iron absorption with an essential component of 

major enzyme nitrate reductase in plants, carbohydrate metabolism and again a 

structural component of nitrogenase in all legume crops. These results are confirmed 

by the experiments of Verma et al., 2004 and Sharma et al., 2010. 

Again, in case of different levels of substitution of recommended dose both 

plant height and primary branches differs significantly with the highest plant height 

of 139.65 cm in R100 (Full recommended dose @ 20: 60: 40) while primary branches 
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showed higher values of 134.60 cm in R75 (75% of RDF ha
-1

). From the pooled data, 

plant height and primary branches highest values are 139.65 cm and 10.72 

respectively which might be due to greater availability and synchronous supply of 

plant nutrients throughout the growth period. R0 (untreated) attained the lowest 

values. 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 (De and Bandyopadhyay, 2013). The 

results are in confirmatory of the findings by Sharma et al., 2007 and De et al., 2009.  

From pooled data of three years (table 2) it is depicted that days to 1
st
 flowering 

and 50% flowering (days) were found to be differs non-significantly for liming, 

molybdenum seed treatment and different levels of recommended dose. Increase in 

flower numbers, pod set improvement, and reduction in days to flowering are 

influenced by Mo (Prasad et al., 1998).  

Yield attributing characters: 

The influence of liming, molybdenum seed treatment and different levels of 

recommended dose on no. of pods per plant, number. of seed per pod and 100 seed 

weight of maize was showed in the pooled data presented in the table 3. As regards 

liming, the mean maximum values of pods plant
-1

, seed pod
-1

 and 100 seed weight 

were 113.07 and 3.54 in L150 (Liming @ 150 kg ha
-1

) and 7.85 g in L200 (Liming @ 

200 kg ha
-1

) which are 6.62 and 1.14 % higher than L200 and -0.38% higher than L150 

respectively. This might be due to poor effect of sesquioxides after liming. The 

values of number of seed pod
-1

 and 100 seed weight varies non-significantly 

indicating that lime dose from 150 to 200 kg ha
-1

had not reflected on the yield (Das, 

1996 and Sharma et al., 2010).   

There was significant difference between M4 (molybdenum seed treatment@ 

4g kg
-1

) and M0 (untreated) treatments in case of pods plant
-1

. From the pooled data 

M4 showed maximum mean values of 116.02, 3.58 and 8.10 g of pods plant
-1

, seeds 

pod
-1

 and 100 seed weight respectively. M4 treatment yielded 12.5, 3.46 and 7.00% 

than M0 and the reason behind it was mainly due to molybdenum having important 

role in plants with structural component of nitrogenase enzyme. Yield increase in 

these treatments may be the result of inhibition in flower and pod abscission, 

improvement in morpho-physiological characters in addition to higher pods per plant. 

Velayutham et al. (2003) and Reddy et al. (2007) confirmed the reports.  

Again, in case of different levels of substitution of recommended dose both 

seed pod
-1

 and 100 seed weight differs significantly with highest in R100 (100% of 

RDF) but pods per plant differs significantly having highest in R75 (75% of RDF). 

From the pooled data values having highest recorded are 118.73 in pods plant
-1

, 3.75 

in seeds pod
-1

 and 8.69 g in 100 seed weight which is due to synchronous supply of 

plant nutrients throughout the growth period. The lowest being recorded with R0 
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(untreated). The results are in confirmatory of the findings by De et al., 2009 and 

Sharma et al., 2007. 

Yield characters:  

As per the pooled data (Table-3) of three years, grain yield and stick yield 

attained non-significant values in case of liming. L200 (Liming @ of 200 kg ha
-1

) 

being the highest value of 1519.50 kg ha
-1

of grain and 4008.40 kg ha
-1 

with stick 

yield under L150. This might be due to increased values in pods plant
-1

, seeds pod
-1

 

and 100 test weight. L200 had 1.00% and L150 by 2.51% higher than L150 and L200 in 

case of grain yield and stick yield respectively. Results were confirmed by the 

findings of De and Bandyopadhyay, 2013.  

Higher values under molybdenum seed treatment also depicts the same reason 

of increased values under primary branches and yield attributing characters (Table-3). 

M4 are significantly 11.51 and 11.10 % higher than M0 (untreated). The results are 

confirmed by the findings of Sharma et al., (2010)  

Again in case of different levels of recommended dose substitution, R100 

showed better yield characters than R75 followed by R50 and R0. They differ 

significantly from R100 over R0 by 87.11 and 66.58 % in case of grain yield and stick 

yield keeping the reason behind it the same as earlier one. Confirmations are obtained 

from the results of findings by Sharma et al., 2010 and De and Bandyopadhyay, 

2013.   

From the polynomial curve fitting (Figure 1 and 2), it showed that with the 

increase in fertilizer doses beyond 75 kg ha
-1

, increase in grain yield was achieved 

but with decreasing rate at liming @ 150 and 200 kg ha
-1

 with treated seeds whereas 

non-treated seeds showed some deviation which might be due to direct or indirect 

effect of molybdenum with liming.      

Economic Analysis:  

It was observed that by the application of lime @ 150 kg ha
-1

, highest grain 

yield was obtained 20.93 t ha
-1

 with net return Rs. 82669.70 ha
-1

 and return per rupee 

was 4.09 whereas by the application of more lime i.e., 200 kg ha
-1

, highest grain yield 

was recorded 18.57 t ha
-1

 with net return Rs. 70093.25 ha
-1

 due to higher cost of 

cultivation (Rs. 20,470.00 ha
-1

) compare to the L150 treatments and return per rupee 

was recorded 3.42 (Table-4). These results are confirmed with the findings of Sharma 

et al. (2010). Puste and Jana (1995) reported that the yield attributes and seed yield of 

pigeonpea varieties were significantly influenced by phosphorus and zinc application 

with a maximum benefit-cost ratio of 4.12.  

The findings revealed that the application of molybdenum @ 4g kg
-1

of seed as 

micronutrient was highly significant as compare to M0 treatments. The result showed 

that grain yields in M4 treatments 20.92 t ha
-1

 were followed by 19.85 t ha
-1

 and 18.57 

t ha
-1

 at L200 with per day return of Rs. 688.91, 628.52 and 584.11 respectively. Yadav 

et al. (1997) reported that with the application of 100% dose of recommended 
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fertilizer pigeon pea gave a higher grain yield elevating both net returns and benefit-

cost ratio. These results corroborated the findings of Ramakrishna (2005). Thus the 

application of 100% RDF ha
-1

, gave in turn a higher yield of 20.92 t ha
-1

 whereas 

with 75% RDF ha
-1

 (19.85 t ha
-1

), 50 % RDF ha
-1

 (18.57 t ha
-1

) and with 0% RDF ha
-1

 

(10.10 t ha
-1

) acheived with per day return of Rs. 628.52, Rs. 584.11 and Rs. 251.11, 

respectively. 

But in case of liming @ 200 kg ha
-1

 pooled values of both the yields (Table-4) 

of L200M4R50 and L200M0R50 were found higher than higher doses of nitrogen which is 

also higher in the final year than the rest two years w.r.t 100% RDF where the dosage 

of Lime and Mo are constant which might be due to year after year continuous 

application of lime leading to overliming creating deficiency of cations and sudden 

precipitations of available sulphate ions disturbing the required N:S ratio of 15-16:1. 

Pasricha and Sarkar, (2012) and Tandon (1995) also reported similar findings.  

CONCLUSION 

By virtue of its resilience in rainfed condition, pigeon pea will play a greater 

role in our agriculture. The combination of 150 kg ha
-1

 of lime and seed treatment 

with molybdenum @ 4g kg
-1

 of seed treatment and 100% of recommended dose 

showed higher B: C ratio but it was achieved with intensive use of chemical fertilizer 

deteriorating the soil health and increasing the production cost. Further investigation 

reflect that by the use of 75% RDF ha
-1

 per day return was only Rs. 60.39 less 

compare to 100% RDF ha
-1

 with saving the cost of 25% RDF ha
-1

. So, from overall 

and particularly economic point of view, we have come to conclusion that the 

treatment L150M4R75 (150 kg ha
-1

 lime with 4g kg
-1

 of molybdenum seed treatment 

and 75% of recommended dose) can be suggested for nutrient management practice 

of pigeonpea under rainfed conditions in Alfisols.  
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Table 1. Monthly mean meteorological data pertaining to the period of experiment 

Month Temperature (0C)  Relative humidity (%) Total rainfall (mm) Sunshine hours 

Max. Min. Average day-1 
N
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m
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l*
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0
 

2
0
1
1
 

2
0
1
3
 

Jan+ 25.34 21.97 20.97 25.34 10.18 9.55 10.84 10.18 92.50 92.50 91.97 58.80 9.76 0.00 1.40 0.00 5.75 5.67 5.89 5.77 

Feb 21.38 28.22 27.19 21.38 9.98 14.09 13.45 9.98 90.72 91.20 91.44 47.00 17.65 0.60 8.60 10.31 7.26 7.33 6.92 7.17 

Mar 29.82 31.12 31.11 30.60 16.66 18.72 20.10 20.13 88.96 85.75 74.12 72.85 37.80 2.40 1.50 2.50 6.96 6.25 4.10 5.77 

Apr 30.01 30.68 31.13 31.30 20.01 21.60 20.24 22.05 89.19 90.50 75.53 75.32 269.75 0.00 97.70 101.32 5.93 4.98 4.50 5.14 

May+ 31.43 30.40 31.56 31.43 22.65 22.10 23.26 22.65 89.49 70.80 78.76 70.00 327.36 193.20 269.40 691.90 6.13 4.86 5.00 5.33 

June+ 34.65 29.93 33.06 34.65 25.10 23.23 25.18 25.10 72.53 75.50 65.64 76.00 625.80 360.20 705.00 413.90 4.26 2.93 3.60 3.60 

July+ 32.90 31.75 31.41 32.90 25.22 25.15 25.60 25.22 82.29 81.25 71.43 77.00 516.30 259.90 726.20 241.90 4.00 4.15 6.80 4.98 

Aug+ 32.03 32.75 32.75 32.03 24.70 25.95 25.55 24.70 71.56 71.50 84.81 77.75 426.14 433.80 440.10 176.00 4.79 5.45 5.95 5.40 

Sept+ 32.63 30.88 32.93 32.63 24.63 24.60 25.43 24.63 82.41 92.25 83.96 77.25 333.05 226.60 446.60 261.40 4.99 3.40 5.25 4.55 

Oct+ 30.76 30.85 34.17 30.76 22.04 22.35 23.36 22.04 91.25 91.50 72.09 77.00 235.13 129.50 12.90 115.10 6.77 7.03 5.56 6.45 

Nov+ 29.43 26.79 26.88 29.43 15.50 12.87 10.75 15.50 71.26 70.67 71.25 72.50 19.80 8.00 5.10 0.00 8.20 7.86 7.91 7.99 

Dec+ 26.48 23.81 21.64 26.48 11.45 11.59 9.55 11.45 92.30 93.56 90.22 62.25 15.00 03.10 0.00 2.40 7.11 7.20 6.92 7.08 

 

+ Months denoting experimental period 

*Average meteorological data for the last 35 years 
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Table 2. ANOVA results for effects of liming, molybdenum seed treatment and levels of recommended dose on measured variables from 

pigeonpea  

Source 
Plant height Primary 

branches 

Pod per 

plant 

Number of seed 

per pod 

100 seed 

weight 

Grain yield Stick yield 

Liming (L) ns ns * ns ns ns ns 

Molybdenum seed treatment (M) *** ns *** ns ns *** *** 

Levels of recommended dose (R) *** ** *** ns ns *** *** 

L x M ns ns ns ns ns ** ** 

L x R ns ns *** ns ns * ns 

M x R * ns *** ns ns ns ns 

L x M x R * ns *** ns ns ns Ns 

ns, *, **, ***, non-significant or significant at p<0.05 or p<0.01, ANOVA 
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Table 3. Effect of liming, molybdenum seed treatment and different levels of recommended doses on growth, flowering, yield and yield attributing 

              characters of pigeon pea (Pooled over 3 years) 

 Growth and flowering characters  Yield attributing characters  Yield characters 

Treatments Plant 

Height 

(cm) 

Primary 

branches 

Days to 1st 

flowering 

(days) 

Days to 50% 

flowering 

(days) 

 No. of 

pods/plant 

No. of 

seed/pod 

100 

seed 

weight 
(g) 

 Grain 

Yield (kg 

h-1a) 

Stick 

yield (kg 

ha-1) 

Harvest 

Index 

Liming (L)             

L150 125.71 8.86 65 83  113.07 3.54 7.82  1504.40 4008.40 27.36 

L200 124.86 9.22 68 84  106.05 3.50 7.85  1519.50 3910.20 27.86 

S.E.  ± 0.96 0.14 0.94 0.94  0.96 0.03 0.10  17.97 53.25  

C.D (p=0.05) N.S N.S N.S N.S  5.86 N.S N.S  N.S N.S  

Molybdenum (M) seed treated           

M4 131.86 9.41 66 84  116.02 3.58 8.10  1594.20 4167.60 27.73 

M0 119.29 8.68 64 83  103.10 3.46 7.57  1429.70 3751.10 27.50 

S.E.  ± 0.47 0.23 0.50 0.50  0.47 0.22 0.27  5.75 20.32  

C.D. (p=0.05)  1.83 N.S N.S N.S  1.83 N.S N.S  22.58 79.79  

Levels of Recommended Dose (R)           

R0 104.40 6.52 67 87  86.42 3.08 6.77  964.60 2890.90 24.96 

R50 122.50 8.92 66 83  121.42 3.58 7.98  1539.00 4244.70 26.63 

R75 134.60 10.72 66 82  118.73 3.67 7.89  1739.30 3886.00 31.53 

R100 139.65 10.01 66 83  111.67 3.75 8.69  1804.90 4815.60 27.33 

S.E.  ± 2.08 0.80 2.09 2.08  2.08 0.47 0.56  60.77 210.95  

C.D. (p=0.05) 6.05 2.34 N.S N.S  6.06 N.S N.S  177.37 615.71  

L150 =Lime@150 Kg ha-1, L200 = Lime @ 200 kg ha-1, M4 = Molybdenum seed treatment @ 4g kg-1 of seed, M0 = Molybdenum seed treatment @ 0g kg-1 of seed, R0 =0% of 

RDF/ha, R50 =50% of RDF/ha, R75 =75% of RDF/ha and R100 =100% of RDF/ha (RDF=Recommended dose @ 20:60:40 of NPK). 
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Table 4. Effect of liming, molybdenum seed treatment and different levels of recommended doses on economics of pigeon pea (Pooled over 3 

years) 

Treatment 

Grain 

yield (t ha-

1) 

Stalk yield 

(t ha-1) 

Value of Grain 

yield (Rs.) 

Value of Stalk 

yield (Rs.) 

Gross Return 

(Rs.) 

Total Cost 

(COST C)( Rs.) 

NET RETURN 

(Rs.) 

Per Day 

Return 

(Rs.) 

B:C 

Ratio 

L150 

 

 

 

 

 

 

 

M4R0 9.96 29.05 43363.85 5811.53 49175.37 18720.00 30455.37 253.79 1.63 

M4R50 14.08 39.50 61248.00 7901.86 69149.86 19470.00 49679.86 414.00 2.55 

M4R75 19.85 45.11 86369.25 9022.84 95392.09 19970.00 75422.09 628.52 3.78 

M4R100 20.92 59.25 91038.54 11851.16 102889.70 20220.00 82669.70 688.91 4.09 

M0R0 9.88 28.89 43006.28 5778.31 48784.58 18000.00 30784.58 256.54 1.71 

M0R50 13.21 37.85 57477.86 7570.78 65048.64 18750.00 46298.64 385.82 2.47 

M0R75 16.00 35.13 69633.93 7027.83 76661.76 19200.00 57461.76 478.85 2.99 

M0R100 16.41 45.85 71401.34 9170.88 80572.21 19500.00 61072.21 508.94 3.13 

L200 

 

 

 

 

 

 

 

M4R0 10.10 29.58 43935.00 5917.84 49852.84 19720.00 30132.84 251.11 1.53 

M4R50 18.57 48.86 80789.51 9773.74 90563.25 20470.00 70093.25 584.11 3.42 

M4R75 16.56 38.15 72055.58 7630.08 79685.66 20920.00 58765.66 489.71 2.81 

M4R100 17.47 43.85 75994.50 8771.89 84766.39 21280.00 63486.39 529.05 2.98 

M0R0 8.63 28.09 37540.50 5619.89 43160.39 19000.00 24160.39 201.34 1.27 

M0R50 15.69 43.55 68270.64 8711.22 76981.86 19750.00 57231.86 476.93 2.90 

M0R75 17.14 37.03 74571.62 7407.30 81978.91 20200.00 61778.91 514.82 3.06 

M0R100 17.38 43.65 75623.01 8731.17 84354.18 20560.00 63794.18 531.62 3.10 

Note: L150 =Lime@150 kg ha-1, L200 = Lime @ 200 kg ha-1, M4 = Molybdenum seed treatment @ 4g kg-1 of seed, M0 = Molybdenum seed treatment @ 0g kg-1 of seed, R0 =0% of 

RDF/ha, R50 =50% of RDF/ha, R75 =75% of RDF/ha and R100 =100% of RDF/ha (RDF=Recommended dose @ 20:60:40 of NPK). MSP Recommended by CACP=Rs. 4350 t-1 , 

Value of Stalk yield= Rs.  200 t-1, Cost of Lime @ Rs. 12 kg-1, Molybdenum @ Rs. 12 g-1, Urea @ Rs. 10 kg-1, SSP @ Rs. 7 kg-1, MOP @ Rs. 15 kg-1,  #All the above prices are 

considered to be average of 3 years. 
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Figure1: Curve fitting of grain yield under Liming @ 150 kg ha
-1

 with Molybdenum a) 

Treated b) Non-treated 

 

     

Figure 2. Curve fitting of grain yield under Liming @ 200 kg ha
-1

 with Molybdenum a) 

Treated b) Non-treated 
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ABSTRACT 

Field experiments were conducted at the Central Research Station of 
Bangladesh Agricultural Research Institute (BARI) for three consecutive 
years (2011-12, 2012-13 and 2013-14) to study the comparative 
agronomic performance and economic return of different cropping 
sequences for increasing cropping intensity and productivity. Three 
cropping patterns (CP1 - Transplanted Aman rice (var:Binadhan-7)– 
Mustard (var:BARISarisha-14)– Boro rice (var:BRRIdhan-28)– 
Transplanted Aus rice (var:Parija), CP2 - T. aman rice – Potato 
(var:Diamont) – Boro rice – T. aus rice and CP3 - T. aman rice – Mustard 
(var:BARISarisha-15) – Mungbean (var:BARIMung-6) –T. aus rice) are 
based on four crops; and one cropping pattern (CP4 = T. aman rice – 
Fallow – Boro rice – Fallow) with two rice crops as control were tested. 
Four crops can be grown successfully one after another in sequence in 
all the three cropping patterns tested. On an average organic matter 
3.56, 4.70, 3.58 and 2 t ha

-1
 were added to soil in CP1, CP2, CP3 and CP4 

by incorporation of biomass of respective crops. The highest rice 
equivalent yield (REY) 34.10, 34.02 and 33.36 t ha

-1
 was obtained from 

the cropping pattern CP2 in 2011-12, 2012-13 and 2013-14, respectively 
and it was followed by CP1 and CP3. The highest average gross return 
(Tk.5,00,469 ha

-1
) and net return (Tk. 2,63,773 ha

-1
) were obtained from 

CP2 and it was followed by CP3 but the highest average B:C ratio (2.89) 
was obtained from the cropping pattern CP3  followed by CP2 (2.11) due 
to lower cost of production than in the former one. Four crops based 
patterns can be recommended for higher productivity, soil enrichment & 
economic benefit besides creating more employment opportunity. 

Keywords:  Four crop sequence, Rice, Mustard, Mungbean, Potato, 

                     Cropping pattern and Cropping intensity.  
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INTRODUCTION 

Bangladesh is a densely populated (1008 per sq. km.) country of the world with 

an area of 1,47,570 sq. km with population of about 149 million at an increasing rate 

of 1.19% per year (BBS 2012). At present total cultivable land is 8.5 million hectare 

and it is shrinking day by day.  The overall land area increased in the recent past is 

due to reclamation of char lands .The annual loss of agricultural land is about 0.73% 

per annum due to construction of houses, roads and industrial infrastructure (BBS,  

2011). There is very little scope of increasing cultivable land but there are 

some scope of increasing cropping intensity from existing level of 191% by 

improving the existing cropping patterns by incorporating short duration crops viz., 

mustard, potato, mungbean and aus rice in the rice based cropping system. 

Sustainable crop production in Bangladesh through improvement of cropping 

intensity in rice based cropping system is regarded as increasingly important in 

national issues such as food security, poverty alleviation and creation of job 

opportunity . The main challenge of the new millennium is to increase 50% yield per 

unit land area through manipulating the limited land resource. In order to produce 

more food within a limited area, the most important options are i) to increase the 

cropping intensity producing three or  more crops over the same piece of land in a 

year and ii) to increase the production efficiency of the individual crop by using 

optimum management practices. Oilseed and pulse are the important group of crops 

which are mostly grown in rabi season but area of those crops decreased due to 

increasing cultivation of irrigated boro rice. Recently with the development of short 

duration varities of rice, mustard, potato, pulse and jute, opportunities have been 

created to accommodate four crops in same piece of land in a year. Rapeseed-

mustard production can be increased up to 20-25% only by replacing traditional 

variety with high yielding short duration varieties like BARI Sarisha-14 and BARI 

Sarisha-15 in the existing rice based cropping system. On farm Research Division 

(OFRD, 2014) of BARI also have developed four crops based cropping system. 

Pulses are important legume crops which are generally grown without fertilizer since 

they can meet their nitrogen requirement by symbiotic fixation of atmospheric 

nitrogen in the soil (Islam, 1991; Zapata et al., 1987; Fried and Middleboe, 1977). 

Nevertheless, pulses supply a substantial amount of nitrogen to the succeeding non-

legume crops grown in rice based cropping system (Rachie and Roberts, 1974; 

Ahlawat et al., 1981; Kurtz et al., 1984; Sharma and Prasad, 1999).  Potential 

adoption of mustard, mungbean and potato in T.aman-Fallow-Boro-Fallow cropping 

system would generate employment and additional income for the rural poor and 

producing more of these crops utilizing fallow and under utilize lands in the country. 

Considering the above facts, the present experiment was undertaken to study the 

feasibility of increasing cropping intensity and productivity by growing four crops in 

a year in a same piece of land by incorporating mustard, potato, mungbean and aus 

rice in the existing  cropping system in order  to sustain food security, poverty 
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reduction, resource management and livelihood improvement of the farmers through 

increasing farmer’s income, creating employment opportunity and woman’s 

participation in agriculture.  

MATERIALS AND METHODS 

The field experiment was conducted at the Central Research Station of BARI 

Joydebpur, Gazipur, Bangladesh (AEZ 28) from July to June of 2011-12, 2012-2013 

and 2013-14. Soil samples were analysed in the month of July before land 

preparation for T.aman rice for estimating initial soil fertility status. Three cropping 

patterns (CP1-Transplanted Aman rice (var:Binadhan-7)–Mustard (var:BARISarisha-

14) – Boro rice (var:BRRIdhan-28) – Transplanted Aus rice (var:Parija) , CP2 - T. 

aman rice – Potato (var:Diamont) – Boro rice – T. aus rice and CP3 - T. aman rice – 

Mustard (var:BARISarisha-15) – Mungbean (var:BARIMung-6) –T. aus rice) are 

based on four crops; and one cropping pattern (CP4 = T. aman rice – Fallow – Boro 

rice – Fallow) with two rice crops as control were tested for their comparative 

agronomic performance and economic return.. 

The experiment was laid out in a Randomized Complete Block (RCB) design 

with 5 replications. The unit plot size was 6m x 4m. Transplanted aman (T.aman) rice 

was grown during the Kharif  season and it was the first crop of the sequence. 

Fertilizer management and intercultural operations like weeding, mulching, irrigation 

and pest management were done according to Rahman et al. (2008).  Seedlings were 

grown in adjacent plot and transplanting was done with 20 to 25 days old seedling of 

rice var. Binadhan-7 at a spacing of  20cm x 15cm during 20 to 24 July in four 

cropping pattern. T. aman rice was harvested during 25 to 27 October in three 

consecutive years. Rice plant was harvested at 15cm height from soil surface and 

remaining parts of the plant was incorporated with soil. Potato was planted during 1 

to 8 November. Fertilizer management and intercultural operations like weeding, 

mulching, irrigation and pest management were done according to Kabir and Haque 

(2012). Potato tubers (cv. Diamont) were planted with 60 cm x 25 cm spacing. Potato 

was harvested during 22 to 25 January. Tuber and foliage (over dry) weights were 

taken from whole plot and whole plant except tuber (1.48 t ha
-1

) was incorporated 

with the soil. Mustard was grown during 30 October to 6 November. As per 

treatment fertilizers management and intercultural operations like weeding, 

mulching, irrigation and pest management were done according to Mondal and 

Wahhab (2001). Mustard variety BARI Sarisha-14 and BARI Sarisha-15 were seeded 

with 30 cm x 5 cm spacing. BARI Sarisha-14 was harvested during 18 to 25 January 

while BARI Sarisha-15 during 23 to 30 January. Seed yield and straw yields were 

taken from whole plot. Leaf biomass (from 0.13 to 0.14 t ha
-1

) was incorporated in 

the soil.  

Mungbean was sown during 20 to 24 February. Fertilizer management and 

intercultural operations were done according to Afzal et al. (2008). Mungbean (cv. 
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BARI Mung-6) was sown at a spacing of 20 cm in solid line. Mungbean were 

harvested during 20 to 27 April. Seed yield of mungbean and biomass weight of 

mungbean were taken from entire plot. After two or three picking of the pods, the 

green biomass (1.3 t ha
-1

) was ploughed down into soil and left for decomposition 

until the T.aus was transplanted. 

Boro rice was the third crop of the sequence. Fertilizer management and 

intercultural operations were done according to Haque et al. (2011). Thirty five to 

forty five days old seedling of variety BRRIdhan 28 were transplanted with 20 cm x 

15cm spacing during 16 to 30 January in CP4; during 24 to 29 January in CP1 and ; 

during 27 to 29 January in CP2. Boro rice were harvested during 2 to12 May in CP1, 

CP2 and CP4. Rice was harvested at 25 cm height from soil surface and remaining part 

of the rice plant was incorporated into the soil. Grain yield and straw yields were 

taken from whole plot.  

Transplanted aus (T.aus) rice was forth crop of the sequence. Fertilizer 

management and intercultural operations like weeding, mulching, irrigation and pest 

management were done according to Haque et al. (2011). 20 to 25 five days old 

seedling of var. Parija were transplanted with 15cm x 15cm spacing during 11 to 15 

May in CP1, during 11 to 15 May in CP2 and; during  11 to 25  May  in CP3 in three 

years. T. aus were harvested during 20 to 22 July and 14 to 23 July in first and 

second year, respectively. Grain yield and straw yields were taken from whole plot. 

Rice equivalent yield and economics of different cropping systems were estimated to 

judge their performance. T.aman rice and total rice equivalent data were analyzed 

statistically and treatment means were compared by Least Significant Difference 

(LSD) test. 

RESULTS AND DISCUSSION 

Soil chemical analysis of different cropping patter revealed that on an average 

pH of the soil increased slightly in all patterns and more in CP1 & CP2 whereas OM 

increased in CP3 where mungbean incorporated as a component crop in the cropping 

system (Table 1). There was no definite trend followed with respect to other elements 

but all the elements maintained above critical level. Organic matter added to soil 

through incorporation of non-economic plant parts l varied among the four cropping 

patterns and it was helped to improve the quality of soil (Table 2) by increasing total 

organic matter in every succeeding year. Three rice crops along with potato 

maintained higher organic matter followed by T.aman- Mustard- Mungbean-T.aus 

pattern and T.aman- Mustard –Boro rice - T.aus but little change was observed in 

case of two rice (T.aman and Boro). 

Grain yields of T. aman rice in case of CP1, were 4.7, 4.6 and 4.5 t ha
-1 

in three 

years respectively and mean straw yields were 4.0 t ha
-1

. Seed yield of mustard (var: 

BARI Sarisha-14) were 1.42, 1.39 and 1.37 t ha
-1

and straw yields were 3.2, 3.0 and 

3.1 t ha
-1 

in three years respectively. Grain yield of Boro rice were 5.9 t ha
-1 

in first 
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year and 5.8 t ha
-1 

in following years and mean straw yields were 5.0 t ha
-1

whereas 

for  T. aus grain yields were 2.50, 2.90 and 2.97 t ha
-1

 and straw yields were 3.6, 4.05 

and 3.90 t ha
-1  

in three years respectively. 

In case of CP2, grain yields of T. aman were 4.8, 4.7 and 4.5 t ha
-1

 and mean 

straw yield was 4.2 t ha
-1

. Tuber yields of potato were 24.89, 23.99 and 22.79 t ha
-1

 

and mean biomass yield was 2.0 t ha
-1

. Grain yields of Boro rice were 6.0, 5.9 and 5.7 

t ha
-1

 and straw yields were 5.5, 5.1 and 5.3 t ha
-1

 and; T. aus were 2.51, 2.60 and 

2.94 t ha
-1

 and mean straw yield was 3.1 t ha
-1

. In case of CP3, grain yields of T. aman 

were 4.5, 4.6 and 4.7 t ha
-1

 and on an average straw yields were 4.2 t ha
-1

, seed yield 

of mustard (var:BARISarisha-15) were 1.46, 1.43 and 1.39 t ha
-1

 and straw yields 

were  3.10, 3.05 and 3.10 t ha
-1

 respectively for three years. Seed yields of mungbean 

were 1.19, 1.14 and 1.15 t ha
-1

 and straw yields were 1.55, 1.29 and1.30 t ha
-1

 and; T. 

aus were 2.54, 2.63 and 2.95 t ha
-1

 and straw yields were 3.30, 3.42 and 3.35 t ha
-1

. 

Grain yields of T. aman were 4.9, 4.8 and 4.6 t ha
-1

 and straw yields on an average 

were 4.2 t ha
-1

 in all the years and grain yields of Boro rice were 6.2, 6.1 and 6.0 t ha
-

1
 and straw yields were 5.6, 5.5 and 5.6 t ha

-1
, respectively, in CP4 Boro rice grain 

yields did not vary in years. 

Rice Equivalent Yield 

Total rice equivalent yield (REY) had significantly varied among the different 

cropping pattern.But T.aman rice yield was not significantly difference among the 

different crooping pattern. 

Total productivity of different cropping systems were evaluated in terms of rice 

equivalent yield (REY) and it was calculated from yield of component crops. Rice 

equivalent yields were varied due to different cropping systems (Table 4). The 

highest REY (34.10 t ha
-1

) was recorded from the cropping system; T. aman – Potato 

– Boro – T.aus comprise of three rice crops with potato. T. aman – Mustard – Boro – 

T. aus also showed reasonable REY (24.01 t ha
-1

). The lowest REY (14.23 t ha
-1

) was 

obtained from the cropping pattern; T. aman – Fallow – Boro – Fallow. Inclusion of 

mustard during rabi season in CP1 and CP3 increased REY 49  to  67% compared to 

farmer’s practiced cropping system, CP4 while Mungbean & T.aus in kharif-1season 

showed highest REY which was 37% higher than CP4. It is noted that inclusion of 

two crops in CP1, CP2 & CP3 showed much higher REY than only two crops in CP4.  

Crop Duration 

On an average, cropping pattern comprises CP1 CP2, CP3 and CP4 took 345, 

352, 315 and 197 days excluding seedling age of T.aman and T.aus rice to complete 

the cycle. . It is observed that CP3 comprising of mustard and mungbean could be 

easily fitted in the cropping pattern with turn around time of 50 days in a year. 

Economic Analysis 

Gross return, net return and BCR were significantly difference among the 

different cropping pattern. Economics of system productivity of four cropping 
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sequences showed that the gross return was quite different for cropping patterns. The 

highest gross return (Tk. 5,00,469 ha
-1

) was recorded from  T. aman – potato – Boro 

– T. aus . T. aman – Mustard – Boro – T. aus  also showed gross return of Tk 3, 

36,900 ha
-1

 followed by T. aman – Mustard – Mungbean – T. aus (Tk. 3,12,444 ha
-1

)  

with  reasonable gross return but much less than CP2.  Two rice crops pattern (T. 

aman – Fallow – Boro – Fallow) gave the lowest gross return (Tk. 1,96,875 ha
-1

). 

Total variable cost was lower in CP3 (Tk. 1,07,992 ha
-1

) followed by CP4 (Tk. 

1,10,655 ha
-1

). The highest total variable cost was recorded from CP2 and might be 

due to higher seed cost of potato. The highest gross margin was obtained from CP2 

(Tk. 2,63,773 ha
-1

) followed by CP3 (Tk. 2,05,527 ha
-1

) and CP1 (Tk.1,73,563 ha
-1

) 

While CP4 gave the lowest gross margin (Tk.86,220 ha
-1

). The highest BCR was 

found in CP3 (2.89) followed by CP2 (2.11) and CP1 (2.05). CP4 gave the lowest BCR 

(1.78). The cost benefit analysis showed that inclusion of potato, mustard and aus 

rice in the existing pattern showed higher benefit. 

CONCLUSION 

From the above result showed that T. aman rice (var: Binadhan7) – Mustard (var: 

BARISarisha-15) – Mungbean (var:BARIMung-6)–T. aus rice (var: Parija) cropping 

pattern gave higher benefit with less cost of production and could be easily fitted in 

the existing pattern. T. aman rice (var: Binadhan7)–Potato (var:Diamont)–Boro rice 

(var:BRRIdhan-28) –T. aus rice (var: Parija) also showed reasonable benefit and 

added higher organic matter than the former one. Short duration of mustard, 

mungbean, potato and aus rice variety could be easily fitted in the existing pattern 

without deteriorating soil nutrient system. Due to growing four crops in year in the 

same piece of land more employment opportunity for male and female laboures could 

be created and at the same time due to increased production of rice, potato, mustard 

and mungbean, the food security and nutritional security could be ascertained for the 

farmers at same time cropping intensity and productivity could be increased. 
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Table1. Initial soil properties of the experimental field of BARI, Gazipur during 2011 – 14 

Cropping 

pattern 

Year P
H

 OM 

(%) 

K meq 

100ml
-1 

Total 

N 

(%) 

P 

(µg ml
-1

) 

S 

(µg ml
-1

) 

B 

(µg ml
-1)

 

Zn 

(µg ml
-1

) 

CP1 

1
st
  6.0 2.1 0.12 0.11 40 15 0.31 3.90 

2
nd

  6.1 2.2 0.19 0.11 42 13 0.30 3.83 

3
rd

  7.1 2.01 0.16 0.11 49 17 0.44 3.89 

CP2 

1
st
  5.9 1.68 0.13 0.09 43 14 0.26 2.09 

2
nd

  5.9 1.68 0.12 0.80 45 12 0.22 2.00 

3
rd

  6.9 2.12 0.14 0.11 44 14 0.51 3.97 

CP3 

1
st
  7.0 1.23 0.12 0.06 51 17 0.20 4.18 

2
nd

  6.9 1.25 0.13 0.07 50 13 0.23 4.19 

3
rd

  7.1 2.08 0.13 0.10 47 12 0.38 3.75 

CP4 

1
st
  6.6 2.04 0.14 0.11 55 16 0.38 2.71 

2
nd

  6.7 2.1 0.18 0.09 57 14 0.39 2.73 

3
rd

  7.0 2.03 0.12 0.11 60 16 0.32 3.72 

Critical Level  - - 0.12 - 7.0 10 0.2 0.6 
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Table 2. Addition of organic  matter from non-economic plant parts of different crops  in soil for four different  cropping 

patterns at BARI , Joydebpur 

Cropping 

patterns 

Years T.aman 

(15 cm 

height from 

soil level) 

( t ha-1) 

Boro 

(20 cm height 

from soil level) 

( t ha-1) 

T.aus 

(25 cm height 

from soil level) 

( t ha-1) 

Mustard 

(organic 

matter from 

leaf ) 

( t ha-1) 

Potato 

(organic 

matter from 

whole plant) 

( t ha-1) 

Mungbean 

(organic matter 

from whole plant 

) 

( t ha-1) 

Total 

organic 

matter 

( t ha-1) 

Copping pattern 

1 (CP1) 

1st  1.15 1.30 1.06 0.15   3.62 

2nd  1.13 1.27 1.03 0.13 - - 3.56 

3rd  1.11 1.23 1.00 0.11 - - 3.50 

Average - - - - - - 3.56 

Copping pattern 

2 

(CP2) 

1st  1.17 1.30 1.05 - 1.32 - 4.79 

2nd  1.15 1.25 1.02 - 1.28 - 4.70 

3rd  1.13 1.20 1.00 - 1.24 - 4.70 

Average - - - - - - 4.70 

Copping pattern 
3 

(CP3) 

1st  1.16 - 1.04 0.16 - 1.6 3.65 

2nd  1.13 - 1.02 0.14 - 1.3 3.59 

3rd  1.10 - 1.00 0.12 - 1.0 3.50 

Average - - - - - - 3.58 

Copping pattern 

4 

(CP4) 

(Control) 

1st  1.22 1.26 - - - - 2.60 

2nd  1.17 1.23 - - - - 2.40 

3rd  1.12 1.20 -   - 2.20 

Average - - - - - - 2.40 
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Table 3. Performance of different crops under four cropping patterns during 2011-12 to 2013-14 at BARI, Joydebpur, 

Gazipur 

Parameters Years Copping pattern 1 

(Variety) 

Copping pattern 2 

(Variety) 

T.aman 

(Binadhan 

7) 

Mustard 

(BARI 

Sarisha-14) 

Boro 

(BRRI dhan-

28) 

T.aus 

(Parija) 

T.aman 

(Binadhan 

7) 

Potato 

(Diamont) 

Boro 

(BRRI 

dhan-28) 

T.aus 

(Parija) 

Sowing/Transplant

ing date 

1st  20-07-11 30-10-11 24-01-12 15-05-12 22-07-11 01-11-11 27-01-12 15-05-12 

2nd  21-7-12 01-11-12 27-01-13 10-05-13 23-07-12 02-11-12 27-01-13 14-05-13 

3rd  24-7-13 6-11-13 29-01-13 11-05-14 24-7-13 8-11-14 29-1-14 11-5-14 

Crop duration 1st  95 80 104 64 95 80 103 67 

2nd  94 82 100 70 92 81 100 70 

3rd  95 80 100 70 95 79 100 69 

Harvesting date 1st  25-10-11 18-01-12 10-05-12 18-07-12 27-10-11 22-01-12 12-05-12 22-07-12 

2nd  25-10-12 21-01-13 05-05-13 17-07-13 25-10-12 22-01-13 10-05-13 23-07-13 

3rd  27-10-13 25-1-14 7-5-14 20-7-14 27-10-13 25-1-14 7-5-14 19-7-14 

Grain Yield  

(t ha-1) 

1st  4.7 1.42 5.9 2.50 4.8 24.89 6.0 2.51 

2nd  4.6 1.39 5.8 2.90 4.7 23.99 5.9 2.60 

3rd  4.5 1.37 5.8 2.97 4.5 22.79 5.7 2.94 

Straw yield  

(t ha-1) 

1st  4.0 3.2 5.0 3.6 4.1 2.0 5.5 3.0 

2nd  4.0 3.0 5.0 4.05 4.1 2.0 5.1 3.1 

3rd  4.2 3.1 5.1 3.90 4.3 1.99 5.3 3.2 

Sowing/Transplantin
g date 

1st  20-07-11 30-10-11 02-02-12 25-04-12 20-07-11 - 16-01-12 - 

2nd  21-07-12 01-11-12 13-02-13 05-05-13 23-07-13 - 20-01-13 - 

3rd  24-7-13 6-11-13 24-2-14 11-5-14 24-7-13 - 30-1-14 - 

Crop duration 1st  95 85 68 67 96 - 108 - 
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Parameters Years Copping pattern 1 

(Variety) 

Copping pattern 2 

(Variety) 

T.aman 

(Binadhan 

7) 

Mustard 

(BARI 

Sarisha-14) 

Boro 

(BRRI dhan-

28) 

T.aus 

(Parija) 

T.aman 

(Binadhan 

7) 

Potato 

(Diamont) 

Boro 

(BRRI 

dhan-28) 

T.aus 

(Parija) 

2nd  96 84 67 70 94 - 107 - 

3rd  95 84 67 70 95 - 101 - 

Harvesting date 1st  25-10-11 23-01-12 12-04-12 02-07-12 25-10-11 - 02-05-12 - 

2nd  25-10-12 24-01-13 21-04-13 14-07-13 25-10-13 - 06-05-13 - 

3rd  27-10-13 30-1-14 27-4-14 20-7-14 27-10-13 - 10-5-14  

Grain Yield  

(t ha-1) 

1st  4.5 1.46 1.19 2.54 4.9 - 6.2 - 

2nd  4.6 1.43 1.14 2.63 4.8 - 6.1 - 

3rd  4.7 1.39 1.15 2.95 4.6 - 6.0 - 

Straw yield  

(t ha-1) 

1st  4.0 3.10 1.55 3.30 4.2 - 5.6 - 

2nd  4.0 3.05 1.29 3.42 4.1 - 5.5 - 

3rd  4.5 3.10 1.30 3.35 4.2 - 5.6 - 
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Table 4. Rice equivalent yield (REY) from different cropping pattern during 2011-12, 2012-13 and 2013-14 at BARI, 

Joydebpur, Gazipur (pooled) 

Patterns REY(t/ha) of different crops 

 T.aman 

(Binadhan 

7) 

Mustard 

(BARI 

Sarisha-14) 

Potato 

(Diamont) 

Mustard 

(BARI 

Sarisha-15) 

Mungbean 

(BARI 

Mung -6) 

Boro 

(BRRI 

dhan28) 

T.aus 

(Parija) 

Total 

(t ha-1) 

CP1 5.95 6.15 - - - 7.73 4.07 23.90 

CP2 6.08 - 15.94 - - 7.96 3.85 33.83 

CP3 5.99 - - 6.28 5.11 - 3.87 21.25 

CP4 5.95 - - - - 8.33 - 14.28 

Level of 

significance 

NS - - - - - - ** 

CV(%) 1.24 - - - - - - 5.24 

LSD(.05) 0.33 - - - - - - 8.21 

Price: T.aman:Tk.15/kg-, Mustard: Tk.55/kg, Mungbean: Tk.60/kg, Boro: Tk.12.5/kg, 

Potato: Tk.10/kg,  Aus: Tk.13.75/kg  and     Straw: Tk. 5.00/kg      
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Table 5. Gross return, total cost and gross margin and BCR of four cropping  patterns  at  BARI, Joydebpur (pooled) 

Cropping 

pattern 
Gross Return (Tk/ha) Total variable cost (Tk/ha) 

Gross Margin 

(Tk/ha) BCR  

CP1 336900 164004 172896 2.05 

CP2 500469 236696 263773 2.11 

CP3 312444 108149 204653 2.89 

CP4 196875 110855 86020 1.78 

CV(%) 5.54 7.45 8.88 1.10 

LSD(.05) 150110 50112 34110 0.70 

Price: T.aman:Tk.15 kg-1, Mustard: Tk.55 kg-1, Mungbean: Tk.60 kg-1, Boro: Tk.12.5 kg-1,  

Potato:  Tk.10 kg-1 and Aus: Tk.13.75 kg-1   
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ABSTRACT 

Moisture stress is a major constraint in productivity across the wheat 
growing zones of India. Climate change and uneven rainfall further 
aggravate the situation under moisture stress environments. Wheat 
genotypes capable of giving increased yield under a broad range of 
optimal and sub-optimal water availability are considered desirable. This 
study was undertaken to evaluate various selection indices of moisture 
stress and their applicability in identifying drought tolerant wheat 
genotypes which can adapt to various moisture stressed environments in 
different wheat growing zones of India i.e., North Western Plain Zone, 
North Eastern Plain Zone, Central Zone and Peninsular Zone. A set of 
wheat genotypes were tested under moisture stress condition of different 
irrigation regimes. Irrigation treatments were arranged as main plots and 
varieties as sub plots. Fifteen wheat varieties representing major wheat 
growing zones of India were tested for water stress tolerance during two 
consecutive years. It was found that yield under irrigated conditions (Ypi), 
yield under stress conditions (Ysi) and lower stress tolerance index (STI), 
were marked indices for stress tolerance. Significantly positive 
correlation of Ypi and Ysi with STI, mean productivity (MP), geometric 
mean productivity (GMP) were obtained during both the years of the 
study. The indices of STI, MP and GMP could be used as the desirable 
indices for screening drought tolerant varieties. On the basis of findings 
of these indices wheat varieties NI-5439, WH-1021 and HD-2733 were 
found having higher stress tolerance and with better yield potential under 
both normal and restricted irrigation conditions of India.  
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INTRODUCTION 

Water scarcity in arid and semi-arid regions is a major concern for agricultural 

authorities around the world (Sharafi et al., 2011). Water stress is heterogeneous, 

both in time and space  and highly unpredictable in nature. Undulated topography 

leads to uneven distribution of rainfall or irrigation water which leads to within field 

spatial variability owing to excess water at lower elevations and in-adequate 

availability of water at higher elevations (Naresh et al., 2004). The ability of wheat 

varieties to perform fairly well under variable water stress is an important trait for 

production stability under water stress conditions (Pirayvatlou, 2001). Several 

drought stress indices, such as stress tolerance (TOL) (Rosielle and Hamblin 1989), 

mean productivity (MP) (Mc Caig and Clarke, 1982), geometric mean productivity 

(GMP) (Ramirez and Kelly, 1998), stress susceptibility index (SSI) (Fischer and 

Maurer, 1978), stress tolerance index (STI) (Fernandez, G.C.J. 1992), have been 

suggested to identify varieties with better stress tolerance. Significant and positive 

correlation of Ypi (yield under irrigated conditions) with MP, GMP and STI have 

been reported. These indices are efficient in identifying high yielding cultivars under 

moisture stress conditions (Talebi et. al., 2009) and are identified as reliable criteria 

to select varieties for terminal drought stress condition. Huang (2000) established 

mathematical relationship between stress tolerance (TOL) and stress indices (MP, 

SSI, GMP and STI) under various water stress regimes. It has been suggested that a 

larger value of TOL and SSI show relatively more sensitivity to stress, therefore, a 

smaller values of TOL and SSI should be favoured while selecting stress tolerant 

varieties (Huang, 2000). Fischer and Maurer (1978) explained that varieties with an 

SSI of less than a unit are drought resistant, since their yield reduction under drought 

condition is smaller than mean yield reduction of other varieties. Correlation 

coefficients of grain yield with GMP and STI in both environmental conditions were 

found significantly positive by Azizi et al. (2009). The present study was undertaken 

with the objective to compare and evaluate various selection indices of moisture 

stress tolerance and to identify the high yielding wheat varieties having higher ability 

to tolerate drought stress conditions than that of normal conditions.  

MATERIALS AND METHODS 

An experiment was conducted for two consecutive rabi seasons (2010-11 and 

2011-12) at research farm of Directorate of Wheat Research, Karnal, Haryana, India. 

The agro-climate of the location is characterized by sub tropical and semi arid 

conditions with hot dry summer (March-June), wet monsoon season (July-October) 

and cool dry winters (November-February). Average annual rainfall of 744 mm, of 

which about 80 percent is received during the monsoon. The mean maximum 

temperature ranges between 34-39
o
C in summer and mean minimum temperature 

ranging between 6-7
o
C in winter. 
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The crop season received 129.7 mm and 36.3 mm rainfall during 2010-11 and 

2011-12, respectively. The soil texture of experimental field was sandy clay loam 

with pH 7.3 (1:2.5 soils to water) and EC 2.0 ds m
-1

. The soil was having organic 

carbon 0.42 %, available N 190 kg ha
-1

, available P 17.8 kg ha
-1

 and available K 165 

kg ha
-1

 at beginning of the experiment. Existing cropping pattern is rice-wheat 

rotation. The experiment was conducted in split plot design with three replications. 

Sowing of trial was done on 10th and 13th November in 2010 and 2011, respectively. 

Different irrigation levels i.e., normal and restricted irrigations were arranged in main 

plot, while varieties were randomized in sub plots. Under normal irrigation treatment 

five irrigations were provided as per standard recommendations (crown root initiation 

stage, late tillering stage, late jointing stage, flowering stage, and dough stage). Under 

restricted irrigation treatment only two irrigations, first at crown root initiation stage 

(21-25 DAS) and second at boot leaf stage (80-85 DAS), were given. Fifteen 

varieties (PBW-343, UP- 2425, UP- 2338, WH- 1021, PBW- 373, DBW- 16, RAJ- 

3765, DBW- 17, HUW- 234, DBW- 14, K- 9107, HD- 2733, GW- 322, WH- 147, 

and NI- 5439) were chosen from four major wheat growing zones of India (North 

West Plain Zone, North Eastern Plain Zone, from Central Zone and Peninsular Zone) 

to evaluate for stress tolerance. Genotype RAJ- 3765 is drought and heat tolerant and 

used as check for drought and heat tolerant screening nurseries whereas, genotype K- 

9107 is a released variety for rainfed conditions. Rests of the genotypes are 

recommended varieties for irrigated conditions (Anonymous, 2013). The rows of 8-m 

length were spaced 20- cm apart. Recommended dose of fertilizers (150:60:40 kg 

N:P2O5:K2O ha
-1

) were applied. Full dose of phosphorus and potash and 1/2 dose of 

nitrogen were applied as basal and remaining 1/2 nitrogen was applied with second 

irrigation. For weed control, one spray of sulfosulfuron (Leader 75 WG) @ 25 g ha
-1

 

was applied 10 days after first irrigation. Subsequently one weeding was done 

manually for controlling of the weeds left after herbicide spray.  

Data were recorded for different parameters according to standard procedures. 

The observation on number of effective tillers per square meter was recorded from 

the centre of plot in each plot at maturity. Chlorophyll content was measured by 

chlorophyll meter at physiological maturity stage of the crop. Yield was taken from 

9.8 m
2
 plot (7.0 m length and 1.4 m width). Grain samples were randomly taken from 

each sub plot and 1000 grains were counted with Contador seed counter and 

weighed. Different stress tolerance indices namely, SSI, STI, MP, TOL and GMP 

were calculated as per the formula mentioned below: 

SI (stress intensity) = [1-(Ysi/Ypi)] (1)          (Fischer and Maurer, 1978) 

Where, Ysi= Total mean (overall mean across genotypes) yield under stress 

condition;  

Ypi= Total mean (overall mean across genotypes) yield under normal condition  

SSI (stress susceptibility index)= [1-(Ysi/Ypi)]/SI  (2) (Fischer and Maurer, 1978) 
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Where, Ysi= yield of genotype under stress conditions; 

Ypi= yield of genotype under normal condition  

STI (stress tolerance index) = (Ypi*Ysi)/Yp2
 
(3) (Fernandez, G.C.J. 1992) 

MP (mean productivity) = (Ypi+Ysi)/2 (4) (Mc Caig and Clarke, 1982) 

TOL (stress tolerance) = Ypi-Ysi  (5) (Rosielle and Hamblin, 1981) 

GMP (geometric mean productivity)= √Ys*Yp (6) (Ramirez and Kelly, 1998) 

Statistical calculations including combined analysis and calculation of 

quantitative index of drought sensitivity and simple correlation was done by SAS 

software (Version 9.2). 

RESULTS AND DISCUSSION 

Results revealed that there was considerable variability among varieties for 

water stress tolerance under both water stressed and normal moisture conditions. The 

ANOVA showed significant difference for yield under non-stress (Ypi) and stress 

(Ysi) conditions and all drought tolerant indices (Table 1), which indicates that 

genotypes are differing for stress tolerance.  

Stress Intensity: The overall stress intensity during year 2010-11 was 0.24 reflecting 

that yield reduction in 2010-11 was about one-fourth under stress conditions in 

comparison to yield under well irrigated conditions. The first year of experimentation 

(2010-11) received fairly good amount of rainfall, therefore, stress intensity remained 

low (0.24) which resulted in less reduction in yield under stress conditions. Whereas 

in second year rainfall received was negligible, hence, stress intensity was 0.54 which 

reflects that there was more than fifty percent yield reduction under stress conditions 

as compared to that of yield under non stress conditions. The stress intensity index 

can take value between 0 and 1. The larger value of stress intensity (SI) can indicates 

more severe stress conditions (Dejan et al., 2008). Mean sum of squares of over the 

year analysis is presented in Table 1. Year as well as genotype effect was significant 

(P=0.05) for all the parameters except SSI. Pooled interaction study for grain yield 

showed that genotype x year, genotype x moisture level and genotype x moisture 

level x year was not significant. Whereas, moisture level x year interaction for grain 

yield was significant due to differential rainfall pattern between two seasons. Talebi 

et al. (2009) observed significant difference among stress conditions for grain yield 

and suggested that high yield potential under normal conditions does not necessarily 

results in improved yield under stress conditions. Hence indirect selection of 

genotypes for moisture stress conditions based on the results of normal moisture 

conditions will not be efficient. These findings are in agreement with Sio-Se Mardeh 

et al. (2006).       

Yearly and combined analyses over the years of various stress tolerant indices 

have been mentioned in Table 2. Mean yield of genotypes under normal conditions 
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(YPi) ranged from 48.6 t ha
-1

 (HUW- 234) to 61.4 t ha
-1

 (NI- 5439). Yield of 

genotypes under stress conditions (YSi) varied from 29.4 t ha
-1

 (DBW- 14) to 40.9 t 

ha
-1

 (WH-147). Based on pooled analysis, it was found that genotype NI-5439 had 

recorded highest yield (61.4 and 40.9 t ha
-1

) under normal (Ypi) and stress (Ysi) 

conditions, respectively. Therefore, it is suggested that NI-5439 is a stress tolerant 

genotype with high yielding ability.  

Stress Tolerance (TOL):  A larger value of TOL show more sensitivity to stress, 

thus a smaller value of TOL is favored. The lowest TOL values were recorded for 

varieties HUW- 234 (17.6), DBW- 16 (17.6) and UP -2425 (17.8). The higher TOL 

values were obtained in variety GW- 322 (24.7), K- 9107 (23.5) and WH- 147 (23.2) 

(Table 2). Larger the TOL value, larger the yield loss under stress conditions and 

higher sensitivity to drought. Selection of genotypes based on TOL favours 

genotypes with low yield potential and higher yield under stress conditions (Zangi, 

1998). HUW-234, DBW-16, UP-2425, UP-2338 and NI-5439 genotypes were the 

smallest TOL, so were the best cultivars based on this index. Similar observations 

were recorded by other workers (Anonymous, 2013).  

 

Stress Tolerance Index (STI): The higher STI values caused higher stress tolerance 

and yield potential (Rajmani, 1994 and Rosielle and Hamblin, 1989). The highest 

values of STI was obtained for genotypes NI-5439 (0.81), Raj-3765 (0.67), PBW-343 

(0.66), WH-147 (0.66) and HD-2733 (0.65) and so were selected by this index (Table 

2). Generally, STI and GMP help in identification of genotype which yields well 

under both stress and non stress condition. 
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Stress Susceptibility Index (SSI): The smaller SSI caused the greater stress 

tolerance (Zangi, 1998). Stress tolerance (TOL) and SSI are positively correlated 

(r=0.95, p<0.001). The genotypes NI- 5439 had the smallest SSI index (0.78) 

followed by HD-2733 (0.92), UP-2425 (0.92) and HUW-234 (0.92) so these were the 

selected genotypes by this index (Table 2). This observation corroborated the finding 

of other workers who explained that varieties with an SSI of less than 1 unit are 

drought resistant (Ramirez & Kelly, 1998). The stress susceptibility index helps in 

identifying the genotype, which has less reduction in grain yield under stress 

conditions compared to normal condition.  

 

 

Mean Productivity (MP): Mean Productivity favours higher yield potential and 

lower stress tolerance (Zangi, 1998). Therefore, selection based on MP may not be 

providing genotypes with increased yield in stress conditions. Value for NI-5439 was 

the highest (51.1) and significantly more than all other varieties followed by variety 

WH-147 (46.8) and Raj-3765 (46.6) (Table 2). Hence, these were the best genotypes 

based on this index. MP is based on the arithmetic means and therefore, it may have 

an upward bias due to a relatively larger difference between Ypi and Ysi (Zangi, 

2005).  
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Generally higher MP value is indicator of genotypes with higher yield potential. 

Whereas the geometric mean (GMP) is less sensitive to extreme values (Rajmani, 

1994). GMP values recorded were highest in variety NI-5439 (49.6) followed by Raj- 

3765 (45.1). NI-5439 also showed significantly higher GMP compared to all other 

varieties. Though, the indices are mathematical expression of same variables, yet 

their relations with the yield are different under non stress and stress environment 

(Amini et al., 2012).  

 

  

During 2011-12, the rainfall was negligible; therefore, it can be considered a season 

of severe stress and indicator of tolerance to moisture stress. In this year the STI was 

highest for NI- 5439 (0.67) followed by WH-1021 (0.55) and HD- 2733 (0.54). These 

three varieties (NI- 5439, WH- 1021 and HD-2733) were the highest yielders (29.9, 

27.2 and 26.8 t ha
-1

, respectively) under stress conditions. Interestingly, same three 

varieties ranked highest in terms of GMP (43.0, 38.8 and 38.4) in the same order. 

Mean productivity (MP) also remained the highest for NI- 5439 (45.9) followed by 

WH-1021 (41.3). HD- 2733 and DBW- 17 ranked third with MP value of 40.9. As far 

as TOL value is concerned although NI- 5439 produced highest yield under stress, 



IDENTIFYING DROUGHT TOLERANT WHEAT VARIETIES 155 

the TOL value was high for this genotype. Similarly, this anomaly was observed in 

case of WH-1021and HD-2733 which yielded higher than other genotypes but their 

TOL value was also high. This suggests that TOL value cannot be taken as a good 

indicator of stress tolerance. 

Significantly positive correlation of Ypi and Ysi (r=0.64, p<0.05), Ypi and STI 

(0.89 & 0.88, p<0.001), Ysi and STI (0.92 & 0.93, p<0.001), Ypi and MP (0.91 & 

0.95, p<0.001) Ysi and MP (0.91 & 0.84, p<0.001), Ypi and GMP (0.89 & 0.88, 

p<0.001) and Ysi and GMP (0.93 & 0.92, p<0.001) were  obtained during both the 

years of study (Table 3). Positive correlation of STI with MP (0.99 & 0.98, p<0.001), 

STI and GMP (0.99 & 0.99, p<0.001), and that of MP with GMP (0.99 & 0.98, 

p<0.001) were observed (Table 3). On the basis of these results, the drought tolerance 

indices, STI, SSI, MP and GMP may be used for screening drought tolerance 

varieties. All stress indices used in the study indicated that genotypes NI-5439, Raj-

3765, HD-2733, WH-147, UP-2425 and HUW- 234perform better in terms of yield 

under moisture stress conditions. Number of effective tillers, 1000 grain weight and 

rate of chlorophyll disappearance (speed of senescence) played an important role in 

sustaining the effective yield under stress conditions. Application of stress condition 

reduced the tillers/m
2
, chlorophyll content and thousand grain weight by 19.6, 23.5 

and 4.3 percent respectively (Table 4). Though, varieties responded differently in 

above mentioned three parameters, reduction in tillers/m
2
, chlorophyll content at 

physiological maturity and thousand grain weight (TGW) among varieties ranges 10 

to 31, 9 to 25 and 0 to 14 %, respectively under normal and stress moisture condition. 

Lowest reduction in tillers/m
2
, chlorophyll content at physiological maturity and 

thousand grain weight was in Raj 3765 and DBW- 14 (14.0 %), Raj 3765 and NI- 

5439 (20 %) and PBW- 373 (0 %) respectively. The varieties which were able to 

produce reasonable yield under water stress conditions showed less fluctuations in 

contrasting conditions and produced comparatively higher number of effective tillers, 

maintained higher grain weight (TGW) and lost chlorophyll content comparatively at 

slower rate during senescence stage.  

On the basis of this study, it can be concluded that along with SI, the use of 

stress indices follows the order of STI, SSI, MP and GMP for selection of drought 

tolerant genotypes under stress conditions and they may be used to screen wheat 

varieties tolerant to moisture stress conditions. Conclusions of this study corroborate 

earlier findings of Shen et al., 2011. It is further concluded that among the tested 

genotypes, NI-5439, Raj-3765, WH-147 and HD-2733 are the superior wheat 

genotypes with higher stress resistance and comparatively better yield potential under 

both irrigated and stress conditions. 
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Table 1. MSS of different indices (Over the year’s analysis)  

Source of variation df Ypi Ysi TOL STI SSI MP GMP  

Year 1 690.3* 9397.3* 4997.2* 2.1* 0.01 3796.8* 5294.4* 

Block 2 9.5 1.8 3.6 0.004 0.08 4.7 5.5 

Genotype 14 84.0* 45.1* 36.9* 0.04* 0.07 55.4* 52.7* 

Genotype  X Year 14 26.2 11.9* 31.4 0.008 0.05 11.2 11.2 

Error 58 29.4 3.7 26.6 0.006 0.06 9.9 8.4 

*Significant (P=0.05) 

 

Ypi: Yield under Normal Conditions 

 Ysi: Yield under Stress Conditions 

TOL: Stress Tolerance 

STI: Stress Tolerance Index 

SSI: Stress Susceptibility Index 

MP: Mean Productivity 

GMP: Geometric Mean Productivity 
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Table 2. Stress tolerance indices in wheat varieties for crop season 2010-11, 2011-12 

These indices should be presented in graphical forms separately in result and discussion section 

Varieties Ypi (t ha
-1
) Ysi (t ha

-1
) TOL STI SSI MP GMP 

2010-11 2011-12 Pooled 2010-11 2011-12 Pooled 2010-11 2011-12 Pooled 2010-11 2011-12 Pooled 2010-11 2011-12 Pooled 2010-11 2011-12 Pooled 2010-11 2011-12 Pooled 

UP 2425 53.4
a
 46.0

de
 49.7

cd
 41.4

fg
 22.4

cd
 31.9

ef
 12.0

a
 23.7

c
 17.8

bc
 0.66

de
 0.37

de
 0.52

de
 0.93

ab
 0.92

a
 0.92

a
 47.4

cd
 35.0

cd
 40.8

cd
 47.0

de
 31.9

de
 39.5

de
 

DBW 16 53.6
a
 49.8

cde
 51.7

bcd
 44.3

de
 23.9

bcd
 34.1

bcde
 9.33

a
 26.0

bc
 17.6

bc
 0.71

cde
 0.43

bcde
 0.57

bcde
 0.71

ab
 0.93

a
 0.82

a
 48.9

bcd
 36.8

bcd
 42.9

bcd
 48.7

bcde
 34.3

bcde
 41.5

bcde
 

DBW 17 56.9
a
 58.5

ab
 57.8

ab
 40.9

g
 23.3

bcd
 32.1

ef
 16.0

a
 35.2

a
 25.6

a
 0.69

cde
 0.50

bcd
 0.59

bcd
 1.15

ab
 1.10

a
 1.12

a
 48.9

bcd
 40.9

ab
 45.0

b
 48.3

cde
 36.9

bcd
 42.6

bcd
 

HUW 234 52.9
a
 44.3

a
 48.6

d
 41.3

g
 20.8

d
 31.0

fg
 11.7

a
 23.5

c
 17.6

c
 0.65

de
 0.33

e
 0.49

de
 0.88

ab
 0.96

a
 0.92

a
 47.1

cd
 32.5

d
 39.8

cd
 46.7

de
 30.3

e
 38.5

e
 

PBW 373 54.4
a
 45.8

de
 50.1

cd
 36.7

h
 22.0

d
 33.1

g
 17.7

a
 23.8

c
 20.7

abc
 0.59

e
 0.37

de
 0.48

e
 1.36

a
 0.94

a
 1.15

a
 45.5

d
 33.9

cd
 39.7

d
 44.7

e
 31.8

de
 38.2

e
 

GW 322 63.8
a
 51.9

bcde
 57.8

ab
 44.5

cde
 21.7

d
 35.5

cdef
 19.2

a
 30.3

abc
 24.7

ab
 0.84

abc
 0.42

bcde
 0.63

bc
 1.24

ab
 1.07

a
 1.16

a
 54.1

ab
 36.8

bcd
 45.5

b
 53.2

abc
 33.5

bcde
 43.4

bc
 

WH 1021 58.2
a
 55.5

abc
 56.8

abc
 43.8

def
 27.2

ab
 32.5

bc
 14.3

a
 28.4

abc
 21.4

abc
 0.76

bcd
 0.55

b
 0.65

bc
 0.97

ab
 0.93

a
 0.95

a
 50.9

abcd
 41.3

ab
 46.2

b
 50.4

bcd
 38.8

ab
 44.6

bc
 

UP 2338 55.1
a
 50.2

bcde
 52.7

bcd
 42.8

efg
 22.1

cd
 35.8

def
 12.3

a
 28.1

abc
 20.2

abc
 0.70

cde
 0.40

cde
 0.55

cde
 0.83 

ab
 1.02

a
 0.93

a
 48.9

bcd
 36.2

bcd
 42.6

bcd
 48.4

cde
 33.3

cde
 40.9

cde
 

Ypi: Yield under Normal Conditions  

Ysi: Yield under Stress Conditions 

TOL: Stress Tolerance 

STI: Stress Tolerance Index 

SSI: Stress Susceptibility Index 

MP: Mean Productivity 

GMP: Geometric Mean Productivity 
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Table 3. Correlation between various stress tolerance parameters  

 Ysi Ypi TOL STI SSI MP GMP 

2010-11 2011-12 2010-11 2011-12 2010-11 2011-12 2010-11 2011-12 2010-11 2011-12 2010-11 2011-12 2010-11 2011-12 

Ysi 1.00 1.00             

Ypi 0.66 0.64* 1.00 1.00           

TOL -0.36 0.13 0.46 0.84*** 1.00 1.00         

STI 0.93*** 0.92*** 0.89*** 0.88*** -0.003 0.49 1.00 1.00       

SSI -0.58 -0.53 0.21 0.30 0.95*** 0.76** -0.26 -0.17 1.00 1.00     

MP 0.91*** 0.84*** 0.91*** 0.95*** 0.06 0.65* 0.99*** 0.98*** -0.19 0.01 1.00 1.00   

GMP 0.93*** 0.92*** 0.89*** 0.88*** 0.001 0.50 0.99*** 0.99*** -0.25 -0.17 0.99*** 0.98*** 1.00 1.00 

Pearson Correlation Coefficients      * = 0.05, **= 0.01, ***= 0.001 
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Table 4. Effect of moisture stress on tillers/m
2
, chlorophyll content at physiological maturity and thousand grain weight of 

wheat varieties  

Genotypes Tillers/m2 Chlorophyll content 1000 grain weight (g) 

2010-11 2011-12 2010-11 2011-12 2010-11 2011-12 

Normal 

condition 

Stress 

condition 

Normal 

condition 

Stress 

condition 

Normal 

condition 

Stress 

condition 

Normal 

condition 

Stress 

condition 

Normal 

condition 

Stress 

condition 

Normal 

condition 

Stress 

condition 

UP2425 482 395 567 421 52 45 50 39 43.2 41.6 40.9 38.3 

DBW16 447 372 482 375 48 46 46 37 42.8 41.2 40.1 35.6 

DBW17 475 388 570 453 51 47 43 34 41.3 40.0 39.1 36.2 

HUW234 520 456 516 406 49 46 41 31 32.5 32.0 31.7 30.0 

PBW373 508 443 568 421 49 47 41 30 34.6 34.5 31.3 31.0 

GW322 528 441 518 401 53 47 41 32 34.4 33.7 34.0 33.0 

WH1021 422 360 478 395 54 44 43 35 41.1 39.7 37.5 34.9 

UP2338 412 340 503 389 46 42 47 35 37.1 35.9 39.0 36.0 

HD2733 388 320 506 390 50 44 42 34 38.4 36.0 35.5 30.4 

PBW343 443 378 525 380 48 41 41 30 41.3 39.9 34.5 33.4 

WH147 503 415 537 423 47 42 39 30 33.9 33.5 32.5 31.3 

NI5439 527 415 490 365 49 45 45 36 38.2 37.1 35.8 33.4 

RAJ3765 462 400 422 356 51 49 44 35 38.3 36.9 35.5 32.9 

DBW14 413 370 483 394 51 43 44 34 45.0 44.2 43.2 40.1 

K9107 432 390 452 310 55 45 43 33 41.2 39.5 39.9 37.4 

CD=0.05 58.82 NS 61.54 NS NS NS NS NS 2.45 3.81 2.15 3.20 
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ABSTRACT 

Thirty three maize genotypes including hybrids and pure lines were 
evaluated to assess the grain yield performance under four 
environments; normal nitrogen (NN 120 kg ha

-1
), high nitrogen (HN 160 

kg ha
-1

), low nitrogen (LN 80 kg ha
-1

) and excess water (EW). 
Environment wise analysis revealed significant variance for grain yield. 
Analysis of data across the environments using additive main effect and 
multiplicative interaction (AMMI) statistics revealed significant variance 
for genotypes, environment and genotype x environment (GxE) 
interaction. Genotype main effects had the largest contribution (55.23%) 
to the total sum of square for grain yield followed by GxE interaction 
(22.73%) and environment (22.02%). The interaction component was 
further divided into three interaction principal component axes (IPCAs), 
IPCA I, IPCA II and IPCA III which accounted for 45.24%, 29.60% and 
25.16% of GxE interaction component, respectively. The AMMI 1 biplot 
analysis using genotype main effect and IPCA I scores indicate that 
genotypes had high variance compared to the variance due to 
environments as evidenced by the distribution as well position occupied 
by the 33 hybrids and 4 environments on biplot display. The AMMI 2 
biplot analysis identified three hybrids SCH-10, SCH-21, SCH-19 with 
relatively stable performance across the environments. AMMI 2 biplot 
analysis also categorized hybrids specifically adapted to NN, LN, HN and 
EW environments. However, all the hybrids exhibited specific adaptability 
to LN and EW environments having lower grain yield than the average 
yield.  The inbred lines identified to have stable performance across the 
environments were IL-5 and IL-10, however it is interesting to note that 
none of the inbred lines exhibited specific adaptability to NN and HN 
environments which may due to inherently poor nitrogen use efficiency of 
inbred lines in comparison to hybrids. 

Keywords: Maize, AMMI analysis, IPCA, Biplot, Stability  
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INTRODUCTION 

Exploitation of heterosis in the form of single cross hybrids has now become a 

focused agenda in maize (Zea mays L.) improvement programme even in developing 

countries where composite varieties are mostly grown. Inbred parents performance, 

combining ability and genetic diversity among them are considered to be important 

factors determining success of single cross hybrid development programme (Devi 

and Singh, 2011). Due to involvement of only two parents, the adaptability of single 

cross hybrids to the existing environmental conditions due to global climate change 

has been questioned. Moreover, over 80 per cent of maize is cultivated during the 

stress prone environment of rainy season in India which necessitates development 

and deployment of single cross hybrids with adequate buffering potential to ensure 

the stability of production and productivity of maize.  Excess or low water 

availability during the rainy season also influences the application of nitrogenous 

fertilizers. Thus, evaluation in many environments are requires to be conducted to 

analyse yield potential and also to identify adaptation and stability of maize hybrids 

and their parental lines. Changes in the relative behavior of the genotype in different 

environments are usually noticed if experiments are conducted over the years and 

locations. This phenomenon is generally referred genotype by environment 

interaction (GxE). The GxE interaction makes it difficult to select genotypes that 

produce high yields across the environments and that are more stable in breeding 

programs. This, of course, reduces the selection progress. Due to changing climate 

and inclement weather conditions throughout the year in general and during the rainy 

season in particular, the criteria for selection based on general as well as specific 

stability and adaptability parameters seem to be more relevant in improvement 

programme in case of single cross hybrids where only two parents are involved. 

Thus, determination of GxE of single cross hybrids as well as parental inbred lines 

have become extremely important, because it can be used to establish the breeding 

objectives, such as the choice of parental lines, identification of the ideal test 

conditions and recommendations for regional adapted cultivars (Yan et al., 2000). 

Because of many options of technical interpretations, the AMMI (additive main 

effect and multiplicative interaction) statistics based on the use of biplots seems to be 

better choice than the other statistical models for the investigation of the GxE (Zobel 

et al., 1988). AMMI analysis interprets the effect of the genotype (G) and 

environment (E) as additive effects plus the GxE as a multiplicative component and 

submits it to principal component analysis. Its biplot is identified as GxE biplot 

which combines the yield stability parameters (Yan et al., 2000). Gauch & Zobel 

(1988) opined that the use of AMMI model to evaluate multi-environment data are as 

effective as with the data recorded from two to five times more replications. Further, 

Gauch (2006) argued that AMMI statistics is better than the site regression analysis 

because it allows distinguishing the effects of the genotype and the environment and 

then assessing the GxE interaction in a reduced dimensional space with minimum 

error. The present investigation was therefore aimed to apply AMMI statistics to 
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determine the stability and adaptability of 33 maize genotypes across the four 

environments   

MATERIAL AND METHODS 

Thirty one maize genotypes comprised of 10 inbred lines designated as inbred line 

(IL-1 to IL-10) and 21 single cross hybrids (designated as SCH-1 to SCH-21) were 

evaluated along with 2 released single cross hybrids namely Pant Sankar Makka- 

1(PSM-1) and Vivek Maize Hybrid- 9 (VMH-9) in randomized complete block 

design (RCBD) with two replications at NE Borlaug Crop Research Centre, 

Pantnagar. Each set of 33 genotypes were exposed to four environments namely 

normal nitrogen (NN 120 kg ha
-1

), high nitrogen (HN 160 kg ha
-1

), low nitrogen (LN 

80 kg ha
-1

) and excess water (EW), thus four evaluation experiments were conducted. 

Ponding water of 5.0 cm was applied for seven days since 35 days after sowing to 

test the genotypes under EW stress. In case of EW condition, N @ 120 kg ha
-1

 was 

used. Evaluation experiments were conducted in plot size of 3.0 m
2
 and all the 

recommended cultural practices except stress conditions were followed to ensure 

optimum growth and development of the crop. The recommended cultural practices 

include pre-sowing irrigation, field preparation and proper leveling, line sowing, 

spray of pre-emergence herbicide Atrazine at 0-4 days after sowing (DAS), 

maintained five plants per running meter in rows having between row distance of 

0.75cm, hoeing at 28-32 DAS, earthing after 32-36 DAS, drained out excess water 

during continuous rainfall, irrigation as and when required especially during the dry 

spell,  application of nitrogen in three split doses and harvesting of fresh cob at 

maturity. Fresh cobs were harvested at physiological maturity and finally grain 

yield/ha at 15% moisture was calculated using formula given below: 

  

 

 

FCY = Fresh Cob Yield/plot  

MC = Moisture content (%) in grains at harvest 

SC = Shelling coefficient 

The grain yield (kg ha
-1

) of each treatment replication wise thus obtained was 

used for single site analysis while AMMI analysis was used to analyse G×E 

interaction (Zobel et al., 1988). The data were analysed using CROPSTAT version7.2 

software (IRRI, 2009). 

RESULTS AND DISCUSSION 

Single site analysis indicated significant variance for grain yield among maize 

genotypes in all the four environments. The single cross hybrid SCH-11 recorded 

                                    FCY/plot (kg) x (100-MC) x 10000 (m
2
) x SC 

Grain yield (kg ha
-1

) =  

                                                  85 x Plot area (m
2
) x ha 
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highest grain yield of 9505 kg ha
-1

 when averaged over the four environments. The 

other promising hybrids which exhibited grain yield from 9424  to 7959 kg ha
-1

 and 

higher than the overall mean of the hybrids (7943 kg ha
-1

) across the environments, 

were SCH-20, SCH-12, SCH-3, SCH-2, SCH-7, SCH-19, SCH-21, SCH-13, SCH-

10, SCH-14, VMH-9 and PSM-1. Of the 21 hybrids, 10 hybrids exhibited grain yield 

lower than the mean yield of all hybrids.  Inbred lines per se performance across the 

environments varied from minimum of 4333 kg ha
-1

 (IL-8) to maximum of 5782 kg 

ha
-1

 (IL-3). Environment wise analysis of mean indicated that HN had more favorable 

environment as environmental means and index were found to be maximum of 8476 

kg ha
-1

 and 1316, respectively, whereas EW condition was identified to be most 

unfavorable environment because of the lowest environmental mean as well 

environmental index of 6166 kg ha
-1

 and -990.2, respectively. Nitrogen fertilizer is 

universally accepted as a key component of high maize grain yield and optimum 

economic return (Gehl et al., 2005). Therefore, high nitrogen dose may provide better 

growth and development along with high grain yield per unit area. On the other hand, 

water stagnation in maize field right from sowing to  flowering and grain filling stage 

is considered to be an important stress environment on plant and depending on stress 

severity, growth, development as well productivity of maize is affected significantly 

(Zaidi et al., 2001). Looking over the data across the environments, it was noticed 

that the rank of genotypes did not remain same from one environment to another 

environment. The differential response of the inbred lines and hybrids over the 

environments in the present investigations therefore indicate the existence of 

genotype x environment interaction for grain yield. 

AMMI statistics was therefore used to quantify the total G×E interaction effect 

of yield data of each genotype and also to partition it into interaction effects due to 

individual environments (Zobel et al., 1988). Linear regression model is the 

commonly used method for determination G×E interaction and identification of 

stable cultivars (Eberhart and Russel, 1966; Mani and Singh, 1999; Babic et al., 

2006). This model states that a stable genotype should have low deviation from 

regression. Considering this criterion, a high yielding genotype often gets rejected 

due to high deviation from regression over the range of environments. It is likely that 

high deviation from regression may occur when a genotype showing high positive 

interaction in some environments and negative interaction in others and therefore the 

genotype is classified as unstable. However, data analysis with AMMI model 

provides estimate of total G×E interaction effect of each genotype and also further 

partitions it into interaction effects due to individual environments (Zobel et al., 

1988). Low G×E interaction of a genotype indicates its stability over the range of 

environments. A genotype showing high positive interaction in an environment 

obviously has the ability to exploit the agro-ecological or agro-management 

conditions of the specific environment and is therefore best suited to that 

environment.  
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AMMI analysis of variance of grain yield data of the 33 maize genotypes tested 

over the environments indicated significant variance due to genotypes (G), 

Environments (E) and the G×E interaction (Table 1). Thus, the circumstantial 

evidence exhibited the importance of all sources of variance in differential response 

of the maize genotypes. However, genotype main effect (G) emerged as the most 

important source of variance due to its largest contribution (55.23 %) to the total sum 

of squares (TSS).  The contribution of GxE interaction to the TSS was observed to be 

22.73% which was marginally higher than those contributed by main effects of 

environment (22.02%). This indicates that differences among mean and rank across 

environments was largely due to genotypic effect followed by interaction and 

environment effects. A large sum of squares for genotypes indicated that the 

genotypes were diverse with large differences among genotypic means causing 

variation in grain yield. The range of variation for grain yield in the present 

investigation was noted be from minimum of 4333 kg ha
-1

 in IL-8 to maximum of 

9505 kg ha
-1 

in SCH-11. This wide range of variation for grain yield was observed 

because of inclusion of both inbred lines and hybrids in evaluation trial. The 

magnitude of the genotype x environment interaction sum of squares was slightly 

larger than that for environments indicating that there were substantial differences in 

environmental and GxE responses toward genotypes. The similar observations were 

also noted earlier by Arulselvi and Selvi (2010) and Khaldun (2012). Nzuve et al. 

(2013), Jha et al. (2013), Abuali et al. (2014) and Kumar et al. (2014) also observed 

significant variance due to G, E and GxE interaction however the magnitude of SS 

due to environment was noted to be higher than the G and GxE.  

The interaction variance was further dissected into Interaction Principal 

Component Axes (IPCAs). Three IPCA axes were adequate to explain whole 

variance of G x E interaction. The first axis consisted of 45.24% of G x E interaction 

SS whereas IPCA2 and IPCA3 explained 29.6% and 25.16% variance of the 

interaction SS, respectively. IPCA1 and IPCA2 together with accounted for total of 

74.68% variance of G x E interaction.  

In AMMI model, the biplot analysis is considered to be the most impressive 

and objective tool in analysis of G×E interaction. IPCA1 scores of genotypes and 

environments are plotted against their respective means in case of AMMI I biplot 

analysis, whereas  in AMMI II biplot, the IPCA1 and IPCA2 scores of genotype and 

environments are plotted against each other. In the biplot display, genotypes or 

environments that occupy horizontal line of the AMMI 1 graph had similar mean 

yields and those that fall almost on a perpendicular line had similar interaction. 

AMMI I biplot analysis for grain yield of the 33 maize genotypes tested in four 

environments in the present investigation showed relatively higher variance due to 

genotypes than the variability due to environments as evidenced from the distribution 

pattern of 33 genotypes and 4 environments on biplot display (Figure 1). Genotypes 

or environments on the upper half of the horizontal lines have means higher than 

those occupied position on the lower half of the horizontal line. All the hybrids 
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except SCH-1, SCH-8, SCH-9 and SCH-16 had higher mean grain yield since they 

occupied place above the horizontal line on AMMI 1 biplot. However, only 13 

hybrids namely SCH-2, SCH-3, SCH-7, SCH-10, SCH-11, SCH-12, SCH-13, SCH-

14, SCH-19, SCH-20, SCH-21, VMH-9 and PSM-1 were identified to be high 

yielding when means of only hybrids were taken as horizontal line. Zobel et al. 

(1988) pointed out that the AMMI expected yield for any genotype and environment 

combination can be calculated from AMMI I biplot. Large negative or positive 

IPCA1 scores of genotypes or environment indicate high negative or positive 

interactions, while those with IPCA1 scores near zero indicate little interaction across 

environments. Of the 33 genotypes, the hybrid SCH-7 exhibited minimum IPCA1 

score and grain yield higher than the average of hybrids and therefore considered 

adaptability of SCH-7 across the environments. The other promising hybrids having 

grain yield above the horizontal main effect line were SCH-10, SCH-12, SCH-19 and 

SCH-20 along with low positive interaction and SCH-3 with low negative 

interaction. The hybrid SCH-11 had maximum yield and largest positive interaction 

indicating its adaptability to HN favourable environment. The other hybrids exhibited 

high yield and adaptability to favourable environments were SCH-13, VMH-9 and 

PSM-1. These hybrids may prove to be promising cultivars in maximizing 

productivity in area where farmers are access to input supply. Inbred lines are 

generally low yielding and therefore occupied position on lower half of the horizontal 

line on AMMI 1 biplot. The distribution of inbred lines on lower half of the AMMI I 

biplot seems to be justified since inbred lines are inherently poor due relatively lesser 

tolerance against abiotic stresses and also low responsive to nitrogen. The IL-3, IL-4, 

IL-5, IL-7 and IL-10 exhibited mean grain yield higher than the average when only 

mean inbred lines were considered. The IL-8 among the inbred lines seems to be 

relatively more stable than the others however, the grain yield potential of IL-8 was 

the lowest. Of the four environments, NN and HN were placed on upper half with 

positive interaction whereas LN and EW environments occupied position at lower 

half of the AMMI 1 biplot with positive and highly negative interaction, respectively. 

The highest positive main effect was recorded by the environment HN followed by 

LN and NN whereas the environment EW recorded maximum negative interaction. 

Based on the biplot observations, it can be said that HN environment is the most 

favourable whereas NN is the average environment. Similarly, EW environment 

followed by LN environments emerged as the most unfavourable conditions for 

maize cultivation probably because of emergence of hypoxic condition in root zone 

due to excess water leading to interference with nutrients as well water supply (Zaidi 

et al., 2001; Gehl et al., 2005). Further, maize is a high nitrogen demanding crop that 

is why LN environment is also not conducive for optimum growth and development 

of hybrids.  

The IPCA 1 and IPCA 2 scores of genotypes and environments were aligned 

for AMMI II biplot analysis to demonstrate the relative magnitude of the G x E 

interaction (Fig 2). The closer the score to the center of the biplot II, the genotypes 
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are assumed to be more stable than the score of the genotypes away from the centre. 

Further, angles between the genotype and environment vectors determine the nature 

of the interaction as it is positive for acute angle, negligible for right angle, and 

negative for obtuse angle. Similarly, the angle between the vectors of two 

environments determines the relationships between pair of environments. The 

environments HN, LN and EW identified to be the most discriminating as indicated 

by the longest distance of these environments from the origin point. In contrast, 

environment NN identified to have little discriminating power and genotypic 

differences at NN remains to be highly consistent with those averaged yield over 

environments, because it had less IPCA scores compared to other three environments. 

Similar observations were also noted earlier by Arulselvi and Selvi (2010). Further 

because of the obtuse angle between environmental vectors of HN and EW, the 

response of these two environments are opposite in direction. The HN and NN 

environments exhibited positive association to each other since the angle between 

these two environmental vectors was acute.  

Analysis of genotypes in reference to environmental vectors exhibited 

adaptability of hybrids SCH-1, SCH-6, SCH-9, SCH-17 and SCH-18 to poor yielding 

environment of EW. However, yield of these hybrids were lower than the average 

yield of all hybrids. In contrast, three single crosses namely SCH-7, SCH-14 and 

SCH-20 were found to occupy positions around vector of NN environment with grain 

yield higher than the average of hybrids. These hybrids are therefore considered to 

have adaptability to NN environment. The angle between NN and HN environments 

is acute and therefore it is assumed that these hybrids will also exhibit positive 

response under HN condition.  The hybrids namely SCH-11, SCH-13 and VMH-9 

had yield higher than the average were found to be specifically adapted to HN 

environment. These hybrids are expected to have high nitrogen use efficiency and 

grain yield per unit area can be maximized by applying higher dose of nitrogen. Two 

hybrids namely SCH-16 and SCH-8 were specifically adapted to LN environment but 

have grain yield lower than the average of hybrids. These hybrids may be useful for 

cultivation on marginal land or area where farmers generally use low fertilizers. 

PSM-1 and SCH-15 exhibited adaptability in between the HN and LN. The hybrids 

SCH-12, SCH-10, SCH-21, SCH-19 and SCH-5 were found to be confined relatively 

close to the origin point in the AMMI II biplot indicating minimal interactions of 

these hybrids with the environments. Thus, the hybrids SCH-12, SCH-10, SCH-21, 

SCH-19 and SCH-5 were identified to have less influence of environmental change 

and said to stable. However, yield potential of hybrids SCH-12 and SCH-5 were 

lower than the average of hybrids and therefore do not qualify for stable hybrids. The 

other three hybrids namely SCH-10, SCH-21 and SCH-19 had high grain yield as 

well as low IPCA 1 and IPCA 2 scores and therefore assumed to be high yield 

performance across the environments.  Further, these hybrids may be potential 

alternatives for cultivation under different environmental conditions. The adaptability 

of the hybrids to specific or over all the environments may be due to diversity of 
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parents and sources from where inbred lines have been derived, allelic homeostasis 

and complementation of the yield related genes upon bringing together the allelic 

forms from the two parents. The IL-1 and IL-5 of the 10 inbred lines, occupied place 

relatively closer to origin of the AMMI II biplot indicating less interaction with the 

environments, however, grain yield of IL-1 was noted to be lower than the mean of 

the inbred lines. Thus, the inbred lines identified to be stable across the environments 

were IL-5 and IL-10. The inbred line IL-2 exhibited adaptability to LN environment 

though yield was slightly lower than the average yield of inbred lines. Most of the 

inbred lines positioned on the AMMI II graph in between the environmental vectors 

of EW and LN. However, none of the inbred lines exhibited adaptability to NN or 

HN environment.  In the present investigation, AMMI analysis has been used 

successfully for determining behavior four environments and 33 maize genotypes. 

AMMI statics has also been used earlier to quantify complexity of GxE interactions 

and to identify genotypes adapted to specific or broad environmental conditions 

(Balestre et al., 2009; Babic et al., 2010; Kandus et al., 2010; Jha et al., 2013; Abuali 

et al., 2014; Kumar et al., 2014).  

CONCLUSION 

The 33 maize genotypes exhibited differential yield response over the 

environments indicating GxE interaction. Hybrid SCH-11 noted to be highest 

yielding across the environment. Environmental index and mean indicated HN as the 

most favourable whereas EW condition at pre-flowering stage as the most 

unfavourable environment for maize cultivation. All the three components namely 

genotype, GxE interaction and environment exhibited significant variance however 

genotype had maximum contribution to the total variance. Of the three IPCAs, IPCA 

1 and IPCA 2 together with accounted for 74.68% of GxE interaction variance. 

AMMI biplot analysis indicates HN, LN and EW as the most discriminating 

environments. Because of the obtuse angle between environmental vectors of HN and 

EW, the response of these two environments seems to be opposite in direction. The 

hybrids namely SCH-11, SCH-13 and VMH-9 had yield higher than the average were 

found to be specifically adapted to HN environment. These hybrids are expected to 

optimize productivity under favourable environmental conditions. The hybrids 

namely SCH-10, SCH-21 and SCH-19 had high grain yield as well as low IPCA 1 

and IPCA 2 scores and therefore can be used for cultivation across the environments. 

The inbred lines identified to be stable across the environments were IL-5 and IL-10 

which may be potential genetic resources in developing hybrids for cultivation in 

diverse environmental conditions. In the present investigation, AMMI analysis 

therefore categorized the environments and identified genotypes adapted to specific 

environment or to all the environments and therefore AMMI analysis can be used 

successfully in plant breeding experiments for determining yield stability of inbred 

lines as well as hybrids over the diverse environmental conditions. 
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Table 1. AMMI ANOVA for yield in maize 

Source of variance DF SS MS % of G-E 

SS 

% of GxE 

SS 

Genotypes 32 243502000 7609440  55.23  

Environment 3 97113000 32371000 22.02  

Genotype x Environment 96 100229000  1044050 22.73  

AMMI 1    34 45342400 1333600   45.24 

AMMI 2       32 29663300 926979  29.60 

AMMI 3       30 25223100 840771     25.16 

Total  131 440844000    

 SS- Sum of square, MS- Mean square, DF- Degree of freedom 
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Figure 1. AMMI I biplot of main effects and G×E interaction of 33 maize genotypes 
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Figure 2. AMMI II biplot of G×E interaction of 33 maize genotypes 
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ABSTRACT 

A field study was conducted at different nitrogen rates on growth, yield 
and achene oil content of sunflower sown at different planting densities 
at Faisalabad, Punjab, Pakistan. Randomized complete block design 
with split plot arrangement was applied, having plants densities (8.33, 
6.67 and 5.56 plants m

-2
) in main plots and while various nitrogen levels 

(90, 120 and 150 kg ha
-1

) in sub-plots. The plant densities and various 
nitrogen levels had a significant effect on leaf area index, crop growth 
rate, 1000-achene weight, head diameter, number of achenes head

-

1
,biological yield, oil quality, harvest index and achene yield of sunflower. 

The plants which were fertilized at 150 kg N ha
-1

 gaveabout 24% more 
achene yield as compared to 90 kg N ha

-1
. More oil content was obtained 

in plots where nitrogen was applied at the rate of 90 kg ha
-1

. It can be 
concluded that nitrogen application at the rate of 150 kg ha

-1
 with 

planting density (8.33 plants m
-2

) produced highest achene yield. 

Keywords: Sunflower, Nitrogen, Plant population, Head diameter, 

                 Achene yield, Pakistan. 

INTRODUCTION 

Due to ever increasing consumption of edible oil, however facing a severe 

shortage of edible oil in Pakistan. The local oil production is raised up to 0.612 

million tons, which accounts for 23% of domestic necessity while the remaining 77% 

is met through imports. The sunflower  has  been  recognized  as  a  crop  with  high  

potentials  that  can  successfully  meet  future  oil  requirements. Sunflower oil is a 

quite edible because it has soluble vitamins A, D, E and K and contains 60% poly 

unsaturated fatty acids as well as 16.25% oleic acid and 75.5% linoleic acid, having a 

positive effect on human health (Saleem et al., 2003). Although, this crop can be 
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suitable in the existing cropping system of Pakistan but average yield is much lower 

than world’s average due to poor soil fertility, lack of proper production technology, 

high costs of inputs, and marketing problems.  

A suitable plant population is of prime importance in sunflower production. 
Weiss (2000) reported that the achene’s yield of sunflower increases to a specific 
level by increasing the plant population. Plant density did not affect the radiation use 
efficiency but differences in total dry matter production due to variation in the leaf 
area index (Ferreira & Abreu, 2001). Plant population can be maintained by adjusting 
row to row or plant to plant spacing. Ishfaq et al. (2009) reported that sunflower sown 
on 60 cm apart rows produced significantly higher achene yield than45 cm. The 
increase in yield with narrow rows was largely related to increased higher leaf area 
index and maximum crop growth rate. Increasing plant population decreased stem 
and head diameter and enhanced plant height (Mojiri & Arzani, 2003). Achene yield 
and 1000-achene weight of sunflower increased with increasing row spacing 
(Diepenbrock et al., 2001) whereas, Nel et al. (2000) concluded that achene yield and 
achene weight of sunflower decreases by increasing the plant population. Higher 
plant populations produce lighter seeds, thinner stems, taller plants and more yield 
than lesser plant populations (Beg et al., 2007). Salehi et al. (2000) reported that 
increasing plant population of sunflower enhanced oil and achene yield and reached 
maximum at plant population of 6.67 plants m

-2
 with 25 cm plant spacing. 

Nitrogen plays an important role in improving the growth, yield as well as 
quality of all crops (Ullah et al., 2010). The yield of sunflower increased by 19 to 
40% in response to nitrogen (Zubillaga et al., 2002). Moreover, a higher rate of 
nitrogen increases photosynthetic processes, leaf area production; leaf area duration 
as well as net assimilation rate and ultimately contributing towards higher grain yield 
(Rafiqet al., 2010). Improvement and development of leaf area, crop growth rate and 
radiation interception are affected by the utilization of nitrogen (Nasim et al., 2012).  

The higher yield resulted where nitrogen fertilizer rate was 180 kg ha
-1

 than 
other rates of nitrogen fertilizer (0, 60, 120, 240 kg ha

-1
). Scheiner et al. (2002) 

reported that excess nitrogen fertilizer application in sunflower causes increases 
environmental risk, decreases the quality of achene and oil contents and also reduces 
the achene yield due to lodging of plants.  

Therefore, the present study was conducted to evaluate the effect of different 
nitrogen rates on growth, grain yield and achene oil contents of sunflower planted at 
various planting densities under agro-ecological conditions of Faisalabad, Punjab, 
Pakistan. 

MATERIALS AND METHODS 

The experiment was conducted at Agronomic Research Area, University of 

Agriculture, Faisalabad (31
o
.40'' N, 73

o
.11'' E). The soil is sandy clay loam according 

to USDA classification (Anon., 1998).The analysis of soil was carried out before 

sowing the crop. Composite soil samples were collected from the experimental area 

at depth of 0-15 and 15-30 cm (Table 1). 
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The experiment was conducted during the spring season of 2012. The 

experiment was laid out in split plot arrangement having three replications. There 

were three planting populations (8.33, 6.67 and 5.56 plants m
-2

) in main plot and 

three nitrogen levels (90, 120 and 150 kg ha
-1

) in sub plot. To achieve plant 

population of 8.33, 6.67 and 5.56 plants m
-2

; plant to plant distance was maintained at 

20, 25 and 30 cm, respectively along with row spacing of 60 cm. After field 

preparation flat sowing was done with hand drill. The crop was sown on 1 March, 

2012. After germination and seedling establishment, plants were thinned to one plant 

per hill. Crop was irrigated with canal water using surface irrigation method. 

Phosphorus and potash were applied @ 100 and 60 kg ha
-1

 respectively. Diamonium 

phosphate (DAP) and sulphate of potash were the source of phosphorus and potash 

respectively. Whole amount of phosphorus and potash was applied at sowing. First 

irrigation was applied just after planting of seeds and subsequent irrigations were 

applied on fortnightly basis up to flowering with amount of three acre inch. To 

control weeds, the plots were hoed twice. Following earthing up manuallyto protect it 

from lodging. Nitrogen fertilizer was applied in 3 splits in the form of urea. 1/3
rd

 dose 

was applied at the time of seed bed preparation, 1/3
rd

 at 7 days after sowing and 

remaining 1/3
rd

  at third irrigation. All other agronomic practices uniform for all the 

treatments. The crop was harvested on 15th June, 2012. 

A sample of five plants was selected in each plot fortnightly for measuring 

growth parameters such as leaf area index, total dry matter production and crop 

growth rate. Ten plants were selected for the determination of different yield 

attributes like plant height, head diameter, number of achenes head
-1

, 1000-achene 

weight and achene yield at final harvest. The harvest index was calculated as the ratio 

of grain yield by biological yield. The oil contents were determined by soxhlet fat 

extraction method and oil yield was calculated by multiplying total achene yield with 

oil content. 

The experimental data was statistically analyzed using the statistical computer 

software MSTAT-C.and least significance difference (LSD) test at P ≤ 0.05 was used 

to compare the differences among treatments means. 

RESULTS AND DISCUSSION 

Leaf area index 

The result showed that leaf area index (LAI) progressively increased and 

achieved its maximum value at 60 days after sowing (DAS) when anthesis started 

(Figure 1.). Thereafter LAI decreased in all treatments and reached its minimum at 80 

DAS. The LAI increased with increase in nitrogen levels from 90 to 150 kg N ha
-1

. 

The treatment where nitrogen was applied @ 150 kg ha
-1

 achieved maximum LAI 

(4.5) which was at par with 120 kg N ha
-1

 while minimum LAI (3.6) was observed at 

90 kg ha
-1

. Plants which were fertilized at 150 kg N ha
-1 

attained 24.6% more LAI 

than fertilized with 90 kg N ha
-1

. More LAI ensure the higher photosynthetic rate, 
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which further facilitate the higher dry matter accumulation. Similarly, more LAI 

could be due to significant developments in leaf expansion, for example, length and 

breadths of the leaves that might be dependent upon high nitrogen rates. The positive 

effect of nitrogen on LAI of sunflower hybrids has also been reported by Bange et al. 

(2000).  

LAI increased linearly with increase in plant population from 5.56 to 8.33 

plants m
-2

. Maximum LAI (4.7) was recorded with planting density 8.33 plants m
-2

 

and it was statistically similar at planting population of 6.67 plants m
-2

. Plant 

population 5.56 plants m
-2

 produced minimum LAI (3.3). The relationship between 

LAI and achene yield was linear and positive, with value of (R
2
 = 0.65) as shown in 

figure 3. 

Total dry matter (kg ha
-1

) 

Figure 2 indicated that the effect of nitrogen fertilizer was positive and linear in 

the production of total dry matter (TDM). Maximum TDM (11286 kg ha
-1

) was 

observed at 150 kg N ha
-1

 followed by 120 kg N ha
-1

. The nitrogen application @ 90 

kg N ha
-1

 produced minimum TDM (10105 kg ha
-1

). Plants which were fertilized at 

150 kg N ha
-1 

attained 11.7% more TDM than 90 kg N ha
-1

. The enhancement in 

TDM with increasing rate of nitrogen fertilizer could be due to better crop growth 

rate, which gave maximum photosynthates. The maximum TDM (11776 kg ha
-1

) was 

observed from 8.33 plants per m
2
 followed by 6.67 plants per m

2
. The minimum 

TDM (9730 kg ha
-1

) was recorded from plots where plant density was 5.56 plants per 

m
2
. Higher TDM from 8.33 plants m

-2 
was due to additional dry matter accumulation 

and more achene yield. Thses results were in accordance with Ali et al. (2014) who 

reported that increasing plant density along with nitrogen increased TDM; however 

the interaction between nitrogen and plant densities was non-significant.  

The possible reason for more TDM might be that 8.33 plants m
-2 

would be ideal 

for the plants to utilize the nutrients, light and moisture and had contributed towards 

the promotion of total dry matter accumulation with a significant difference. The 

relationship between TDM and achene yield was positive and linear with values of 

(R
2
 = 0.98) as shown in figure 3. 

Crop growth rate (g m
-2

 d
-1

) 

Crop growth rate (CGR) expresses the rate of dry matter accumulation per unit 
area per day. Mean crop growth rate was highly significant (P≤0.01) at different 
nitrogen rates 90 kg N ha

-1
,120 kg N ha

-1
 and 150 kg N ha

-1
 with values of 12.0, 12.5 

and 14.5 g m
-2

 d
-1

, respectively as shown in figure 4. The results showed that CGR 
increased with each successive day. Nitrogen at the rate of 150 kg N ha

-1
 gave 

maximum CGR (13.4 g m
-2

 d
-1

) may be attributed to more vegetative growth due to 
nitrogen application. Nasim et al. (2012) concluded that the nitrogen application had 
durable consequence on the improvement and increase of leaf area in terms of 
radiation interception. 
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Plant population 8.33 plants m
-2

, 6.67 plants m
-2

 and 5.56 plants m
-2

 were 

highly significantly different with mean CGR values of 15.1, 13.3 and 10.6 (g m
-2

 d
-1

) 

respectively. The 8.33 plants m
-2

 resulted 4% more crop growth rate as compared to 

5.56 plants m
-2

 because 8.33 plants m
-2

 has more number of plants per unit area. The 

interaction effects of different nitrogen rates and plant population were found 

insignificant. 

Plant height (cm) 

The application of nitrogen @ 150 kg ha
-1

 produced maximum plant height 

(187.9 cm) whereas minimum plant height (180.7 cm) was recorded in at nitrogen 

level of 90 kg ha
-1

 (Table 2). Similar results were observed with increasing the rate of 

nitrogen fertilizer by Ishfaq et al. (2009). The maximum plant height (187.1 cm) was 

recorded with plant population was 8.33 plants m
-2

 while minimum plant height 

(180.8 cm) from5.56 plants m
-2

. The reason of more plant height at narrow plant 

spacing might be due to better utilization of nutrients, light, moisture and more 

competition among plants as compared to more spaced plants. These results are 

conformity to Ali et al. (2011) who reported that with increasing plant density, the 

plant height increased mainly due to more supply of nutrient, light, moisture and air 

as compared to narrow spacing. The interaction between different levels of nitrogen 

and planting densities was non-significant.  

Head diameter (cm) 

Head size contributes substantially to achene yield because it influences both 

achene size and number of achenes per head of sunflower. 

Head diameter was increased with increasing nitrogen levels from 90 to 150 kg 

ha
-1

. The maximum head diameter (18.6 cm) was recorded with 150 kg N ha
-1

but 

statistically at par with 120 kg N ha
-1

while minimum head diameter (16.0 cm) from 

90 Kg N ha
-1

. These results were similar to the findings of Iqbal et al. (2008). They 

recorded maximum head diameter from treatment where N was applied @ 120 kg ha
-

1
. 

Head diameter was decreased with increase in plant density. Maximum head 

diameter (19.1 cm) was obtained from 5.56 plants m
-2

 compare to 8.33 plants m
-2

 

which gave minimum head diameter (16.3 cm). The possible reason for better plant 

growth is due to proper utilization of nutrients, light, moisture and less plant 

competition with planting densities of 5.56 plants m
-2

. These results are in close 

agreement with the findings of Al-Thabet (2006) who reported that head diameter of 

sunflower crop was significantly increased with increase in space between plants. 

The interaction between different nitrogen levels and planting densities was non-

significant.  

Number of achenes per head 

Results presented in table 2 exhibited that the number of achenes per head 

increased with increase from 90 to 150 kg N ha
-1

. Nitrogen application @ 150 kg ha
-1 
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produced higher number of achenes (1106) per head which was statistically similar 

with 120 kg N ha
-1

. While 90 kg ha
-1

 produced lowest achenes number per head 

(992.3). Nitrogen rate at 150 kg ha
-1

 attained 11.5% additional number of achenes per 

head as compared to that in 90 kg N ha
-1

. 

Number of achenes per head increased with decrease in plant densities from 

8.33 to5.56 plants m
-2

. The plan population 5.56 plants m
-2

 produced highest number 

of achenes per head (1167) followed by 6.67 plants m
-2

. The reason was that head 

diameter was more in 5.56 plants m
-2

 so it produced more number of achenes per 

head. While minimum numbers of achenes (954.0) per head from 8.33 plants m
-2

. 

Similar results were reported by Ali et al. (2011) they reported that with decreasing 

plant population the number of achenes per head of sunflower was increased. The 

interaction between different levels of nitrogen and planting densities was non-

significant.  

1000-achene weight (g) 

The data in table 2 revealed that maximum 1000-achene weight (42.84 g) was 

recorded with 150 kg N ha
-1

 which was at par with 120 kg N ha
-1

 while Minimum 

1000-achene weight (38.9 g) at 90 kg N ha
-1

. The plants which were fertilized at 150 

kg N ha
-1

 attained almost 10% more 1000-achene weight than 90 kg N ha
-1

.The 

increase in growth characters and yield components with the increase in nitrogen 

levels might be due to the role of nitrogen in stimulating vegetative growth. These 

findings are in corroborates with the results of Haq et al. (2006). They noted that 

nitrogen application caused increase in achene weight of sunflower hybrids. The 

maximum value of 1000-achenes weight (43.2 g) was recorded with plant population 

of 5.56 plants m
-2

 statistically at par with 6.67 plants m
-2

while minimum weight (39.7 

g) was observed at 8.33 plants m
-2

. The reason for higher 1000-achene weight could 

be due to less competition for light, moisture and nutrients under planting densities of 

5.56 plants m
-2

. These results are in line with the recommendations of Al-Thabet 

(2006). The interaction between nitrogen fertilizer and plant spacing was non-

significant. 

Achene yield (kg ha
-1

) 

The final achenes yield per hectare is formulated by the accumulated effects of 

individual yield components. The maximum achene yield (2908 kg ha
-1

) of sunflower 

was recorded at  150 kg N ha
-1

 whereas minimum achene yield (2343 kg ha
-1

)  at N 

90 kg ha
-1

as shown in table 3. The plants which were fertilized at 150 kg N ha
-1

 

attained almost 24.1% more achene yield as compared to plants fertilized at 90 kg N 

ha
-1

.These results are in line with Zubillaga et al. (2002).Maximum value of achene 

yield (2889 kg ha
-1

) was observed in plots where plant density was 8.33 plants m
-2

 

and minimum value of achene yield (2526 kg ha
-1

) of 5.56 plants m
-2

. The reason for 

more achene yield of sunflower might be due to more number of plants per hectare. 

Similar results were presented by Kazemeini et al. (2009). Interaction between 

varying nitrogen levels and plant spacing was non-significant. 



180 K.  Rasool et al. 

Achene oil content (%) 

Table 3 showed that plant densities had non-significant on oil contents. Oil 

percentage decreased with increase in nitrogen levels from 90 to 150 kg ha
-1

. 

Maximum oil percentage (40.0%) was obtained in plots which were fertilized at 90 

kg N ha
-1

; whereas, minimum oil percentage (38.3%) was observed in plots where 

nitrogen was applied at 150 kg N ha
-1

. The nitrogen application at 90 kg ha
-1

 

produced almost 4.3% more oil contents than 150 kg N ha
-1

. The interaction of 

nitrogen fertilizer level and plant densities was non-significant.  

Harvest index (%) 

Plant population did not significantly effect on harvest index. Nitrogen level at 

120 kg ha
-1

 gave maximum harvest index (25.9%) but statistically at par with 150 kg 

N ha
-1

. Minimum harvest index (23.3%) was observed at nitrogen rate of 90 kg ha
-1

. 

Increases in HI with application of nitrogen at 90 kg ha
-1 

might be due to better crop 

growth rate, which gave better LAI and ultimately produced optimum biological 

yield. Previously Jin et al. (2010) reported similar type of approaches. Harvest index 

increased when plant density decreased from 8.33 to 5.56 plants m
-2

. The lower plant 

population of 5.56 plants m
-2

 gave higher harvest index (25.9%) as compared to other 

planting densities, while minimum harvest index of 24.5% was observed with 8.33 

plants m
-2

. However, there was no difference in nitrogen fertilizer and planting 

densities regarding harvest index. 

CONCLUSION 

Nitrogen application at the rate of 150 kg ha
-1

and planning densities of 8.33 

plants m
-2

 gave higher achene yield as against with nitrogen rates and planting 

densities. More oil contents were obtained in plots which were fertilized at 90 kg N 

ha
-1

. However, it recommended that sunflower should be fertilized at 120 kg N ha
-1 

along with planting density of 8.33 plants m
-2 

to achieve maximum benefits. 
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Table 1. Physio-chemical analyses of the soil samples from Experimental Site 

Determination                                                      Values 

A. Physical Properties 

Sand (%)   62.25   

Silt (%)   16.25   

Clay (%)   21.50   

B. Chemical Properties 

pH 7.56 

Organic Matter (%) 0.87  

Total Nitrogen (%) 0.062  

Available Phosphorus (ppm) 8.90  

Available Potassium (ppm) 193  
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Table 2. Effect of different plant population and nitrogen levels on yield attributes 

of sunflower 

Planting population Plant height 

(cm) 

Head 

diameter (cm) 

Number of 

achenes/head 

1000 – achene 

weight (g) 

(83,333 plants ha-1) 187.0 a 16.3 c   954 c 39.7 b 

(66,666 plants ha-1) 184.9 b 17.4 b 1067 b 41.5 ab 

(55,555 plants ha-1) 180.8 c 19.1 a 1167 a 43.2 a 

LSD (5%) 1.77 0.53 74.7 1.9 

Nitrogen levels (kg ha-1) 

90 180.7 c 16.0 b 992 b 38.9 b 

120 184.2 b 18.3 a 1090 a 42.6 a 

150 187.9 a 18.6 a 1106 a 42.8 a 

LSD (5%) 0.98 1.2 47.7 2.4 

 

 

Table 3.Effect of different plant population and nitrogen levels on yield, oil content 

             & HI of sunflower 

Planting population Achene yield (kg 

ha
-1

) 

Achene oil         

content (%) 

Harvest index (%) 

(83,333 plants ha
-1

) 2889 a 38.9 24.5 

(66,666 plants ha
-1

) 2665 b 39.0 24.5 

(55,555 plants ha
-1

) 2526 b 38.9 26.0 

LSD (5%) 191.5 NS NS 

Nitrogen levels (kg ha
-1

) 

90 3243 b 40.0 a 23.3 b 

120 2829 a 38.6 b 25.9 a 

150 2908 a 38.3 b 25.8 a 

LSD (5%) 134.6 0.89 1.37 
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Figure 1. Effect of different planting densities & Nitrogen levels on leaf area index during 

the growth season 
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Figure 2. Effect of different planting density & nitrogen levels on total dry matter 

during the growth season 
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Figure 3.  Relationship of achene yield (kg ha
-1

) with LAI and TDM (kg ha
-1

) 
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Figure 4. Effect of different plant population & nitrogen levels on crop growth rateduring 

the growth season 
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ABSTRACT 

The present study was aimed to investigate the dietary effect of different 
levels of turmeric (Curcuma longa) powder on the performance of broiler 
during summer (June-July), 2013. Four experimental rations designated 
as T0, T1, T2 and T3 having 0%, 0.5%, 1.0% and 1.5% Turmeric 
(Curcuma longa) powder were fed to 120 broiler chicks (Ross 308), 
randomly distributed into 12 replicates, so as to have 3 replicates per 
treatment and 10 chicks per replicate. Average weight gain, feed 
consumption, feed efficiency, dressing yield and survivability were used 
as criteria of response to feeding turmeric powder. Organs weight 
including heart, liver and gizzard were also recorded. The mean body 
weight gain and average feed efficiency (feed gain

-1
) per broiler 

significantly increased (P<0.01) by turmeric supplemented feed 
compared to control feed. The average feed consumption and 
survivability of broiler chick non- significantly (P>0.05) improved due to 
by turmeric supplementation in the diets. Inclusion of turmeric powder 
caused slightly increased the carcass traits of broiler chicks i.e., average 
weight of liver, heart and gizzard but the differences were non-significant 
(P>0.05). A significant decrease (P<0.01) in abdominal fat pad and 
significant increase (P<0.05) in dressing yield was observed in chickens 
fed the turmeric supplemented diets. The results of the present study 
suggest that the use of turmeric (Curcuma longa) powder as feed 
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additive at a level of 0.5% enhances the growth performances and 
carcass yield of broiler chicks.  

Keywords: Turmeric powder, Performance, Carcass traits, Dressing 

                  Yield and broiler 

INTRODUCTION 

Poultry plays an important role in the economic development of the country. 

Bangladesh provides a very fertile and virgin field for the development of broiler 

industries. Broiler production has become a profitable and most popular income 

generating activity at present time for the people of the country. The broiler industry 

in Bangladesh is developing rapidly and its success depends on how rapidly a bird 

attains maximum marketable weight. The principle of poultry production is to 

achieve high level of performance through efficient utilization of feed keeping 

survivability as maximum as possible. The ultimate consumers of the end products of 

poultry are human beings and the major concern of all industries is the well being of 

the mankind. People of modern times are very much conscious about their health and 

quality of food items that they will consume. The term feed additive is applied in a 

broad sense, to all products other than those commonly called feedstuffs, which could 

be added to the ration with the purpose of obtaining some special effects (Feltwell 

and Fox, 1979). 

The main objective of adding feed additives is to boost animal performance by 

increasing their growth rate, better-feed conversion efficiency, greater livability and 

lowered mortality in poultry birds. These feed additives are termed as "growth 

promoters" and often called as non-nutritive feed additives (Singh and Panda, 1992). 

Many synthetic drugs and growth promoters are supplemented to the broilers to have 

rapid growth, but their use have shown many disadvantages like high cost, adverse 

side effect on health of birds and long residual properties etc. Growth promoters are 

chemical and biological substances, which are added to livestock feed with the aim to 

improve the growth of chickens in fattening, improve the utilization of feed and in 

this way realize better production and financial results. Their mechanism of action 

varies. Positive effect can be expressed through better appetite, improved feed 

conversion, stimulation of the immune system and increased vitality, regulation of 

the intestinal micro-flora, etc. A variety of feed additives are being included in 

poultry diet to derive maximum growth of broiler chickens. Use of in-feed-antibiotics 

and hormones not only increases the cost of production but also leads to residues in 

meat and develops antibiotic resistance in microbes (Raghdad and Al-Jaleel, 2012). 

Beneficial effects of bioactive plant substances in animal nutrition may include 

the stimulation of appetite and feed intake, the improvement of endogenous digestive 

enzyme secretion, activation of immune responses and antibacterial, antiviral and 

antioxidant actions (Toghyani et al., 2010 and 2011). 
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The active ingredients found in Turmeric (Curcuma longa) are curcumin, 

demethoxy-curcumin, bisdemethoxycurcumin, (Wuthi-Udomler et al., 2000) and 

tetrahydrocur-cuminoids (Osawa et al., 1995). Plant extracts were found to have 

antifungal, (Wuthi-udomler et al., 2000) and anti- oxidative value (Osawa et al., 

1995; Iqbal et al., 2003). Some pharmacological activities of Turmeric (Curcuma 

longa) as nematocidal (Kiuchi et al., 1993), hypolipidaemic (Ramirez-Tortosa et al., 

1999) and anti-inflammatory (Ammon et al., 1993; Holt et al., 2005) were 

demonstrated. Curcumin has also been studied extensively as a chemo preventive 

agent in several cancers (Duvoix et al., 2005). Additionally, it has been suggested 

that curcumin possess hepatoprotective, antitumor, antiviral and anticancer activity 

(Polasa et al., 1991). It is used in gastrointestinal and respiratory disorders (Anwarul 

et al., 2006). Moreover Soni et al. (1997) proved the protective effects of Turmeric 

(Curcuma longa) as feed additives on aflatoxin-induced mutagenicity and 

hepatocarcinogenicity. In our previous study, we demonstrated that the medicinal 

plant herbs Nigella sativa, guava leaf meal, buckwheat, mulberry leaf and buckwheat 

supplemented feed improved growth performances and decrease serum cholesterol of 

poultry birds (Siddiqui et al., 2015; Islam et al., 2014; Rahman et al., 2013; Sayed et 

al., 2013; Islam et al., 2011). So, we are again concentrating on the use of our ancient 

medicinal system to find beneficial herbs and plants, which can be safely used to 

increase poultry production. Keeping this view in mind, the research was conducted 

to investigate the effect of feeding turmeric (Curcuma longa) powder on the growth 

performances and carcass characteristics of commercial broilers. 

MATERIALS AND METHODS 

Layout of the experiment  

The experiment was conducted at the poultry shed under the Department of 

Dairy and Poultry Science, Hajee Mohammad Danesh Science and Technology 

University (HSTU), Dinajpur, Bangladesh during the period from 20 June to 11 July, 

2013. A total 120 day-old broiler chicks (Ross 308) were purchased from CP 

Bangladesh Limited, Birampur, Dinajpur, Bangladesh. 

The day-old chicks were reared at brooder house to adjust with the 

environmental condition up to 7 days. After 7 days, chicks were randomly allocated 

four dietary treatment groups of 30 chicks each; each treatment was composed of 

three replications with 10 birds.  

Collection, processing and preparation of the experimental diet 

Dried turmeric (Curcuma longa) rhizomes were purchased from local spices 

market of Dinajpur (Bangladesh). The samples were further ground into powder by 

machine at Bahadurbazar, Dinajpur, Bangladesh. The obtained powder was packed in 

a polythelene bag and preserved in the feed storage room until used for feed 

formulation. Loose feed was used throughout the experimental study. The 

experimental period was divided into two phases (broiler-starter and broiler-finisher). 
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Broiler starter diet was provided between 0 and 14 days, and broiler finisher was fed 

from 15 to 28 days. Turmeric powder was incorporated into the experimental diets 

manually in appropriate doses. The composition of manually prepared experimental 

diets according to NRC, (1994) used in different treatments for the broiler is 

presented in Table 1. The experimental diets were designed as- 

T0:  control 

T1:  control+ 0.5% turmeric powder 

T2:  control+ 1% turmeric powder 

T3:  control+ 1.5% turmeric powder 

Parameters studied 

The experimental birds were randomly assigned to diets and fed ad-libitium. 

During the experimental period (4-weeks), growth performance, body weight, live 

weight, feed efficiency of the birds were evaluated as described by Siddiqui et al. 

(2015). Feed conversion ratio (FCR) was calculated as the total feed consumption 

divided by weight gain in each replication. Survivability percentage was calculated as 

the total broilers survived divided by the number of starting birds multiplied by 100. 

At the end of the experiment one broiler was slaughtered from each replication 

to estimate dressing yield. Dressing yield is based on the relationship between the 

dressed carcass weight and live bird weight after things like the skin and internal 

organs have been removed. Dressing yield can be calculated by taking weight of the 

carcass divided by weight of live bird.  

Statistical analysis 

Data on different variables were subjected to analysis of variance (ANOVA) in 

a Completely Randomized Design (CRD), (Steel and Torrie, 1980). The significant 

differences between the treatment means were calculated by the Duncan’s Multiple 

Range Test (DMRT). All analyses were performed by using MSTATC Program. 

RESULTS AND DISCUSSION 

 Effect of turmeric powder on body weight, feed intake, FCR and survivability 

Initial body weight of day-old broiler chicks fed on different dietary treatment 

was similar (Table 2). From 1 to 14 days of age, the highest (358.10g) body weight 

gain was attained by broilers received turmeric powder at 0.5 % (P<0.05) and also 

from 15 to 28 days of age, the body weight gain was significant (P<0.01) in 0.5% 

(920.70g). During 1 to 28 days of age, the body weight gain (1279.0gm) in birds fed 

diet containing  turmeric powder at level of  0.5% was significantly higher (P<0.01) 

followed by birds received 1.5% (1151.0g), 1% (1137.0g) and 0% (1079.0g) turmeric 

powder. The significant increase in body weight in 0.5% turmeric powder may be 

due to optimum antioxidant activity of turmeric (Curcuma longa) at the level of 0.5% 

that can stimulate protein synthesis by bird’s enzymatic system.  The significant 
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effect of turmeric powder on body weight was in agreement with the findings of 

some previous reports (Durrani et al., 2006; Raghdad and Al-Jaleel, 2012; Osawa et 

al., 1995; Samarasinghe et al., 2003; Wuthi-Udomler et al., 2000). They had found 

that inclusion of turmeric at the rate of 5g kg
-1

 significantly increase body weight of 

broiler. But these findings contradict with the observation of Namagirilakshmi 

(2005), who stated that broiler fed on turmeric either at 0.25, 0.50, 0.75 or 1% level 

did not significantly affect body weight gain. 

Feed intake of broilers in different dietary treatments from 1 to 14 days of age 

was statistically significant (P>0.05) but during 15 to 28 days of age and also 1 to 28 

days of experimental periods was almost statistically similar and the differences were 

non-significant (P>0.05) (Table 2). The above results were in agreement with some 

earlier studies (Nouzarian et al., 2001; Wuthi-Udomler et al., 2000). In those studies, 

feed intake of different broiler treatment did not differ significantly (P<0.05). 

However, the results of the present study disagreed with Raghdad and Al-Jaleel 

(2012) who found significant difference in feed consumption. 

Feed conversion ratio (FCR) in different dietary treatments during the whole 

experimental period was statistically significant (P<0.01). At the end of the trial (28 

days of age), the FCR was lowest in treatment 0.5% powder followed by 1.5%, 1.0%  

and 0.0% turmeric powder treated groups (Table 2) indicating that the best feed 

efficiency was due to optimum antioxidant activity of turmeric powder at the level of 

0.5%. Similar result was found by Durrani et al. (2006); Raghdad and Al-Jaleel 

(2012); Al-Sultan et al., (2003); and Wuthi-Udomler et al. (2000). They reported that 

broilers that received diet with 0.5% of turmeric powder utilized their diets more 

efficiently. However, Yaghobfar et al. (2011) stated that there was no significant 

effect of feeding turmeric powder on FCR at the level of 0.4 and 0.8%.  

Survivability of broilers fed on different dietary treatments was very high 

during the study period. The survivability did not vary significantly (P>0.05) among 

different treatment groups during the whole experimental period. Daneshyar et al. 

(2012) reported that addition of turmeric powder in broilers diets reduce the mortality 

rate due to ascites.  

Effect of turmeric powder on carcass traits  

Data on carcass characteristics and organ weights are presented in Table 3. 

This study showed that fat content of broiler was decreased significantly by 

supplementation of turmeric powder in broiler ration (P<0.01). Among different 

dietary treatments, amount of abdominal fat was lowest in 0.5% turmeric powder diet 

compared to control diet. These results agreed with some other researchers 

(Nouzarian et al., 2001; Al-Sultan et al., 2003), who reported lower fat content in 

broilers that fed diet containing 0.5% turmeric powder.  

The non significant (P>0.05) effect of turmeric powder on the weight of 

internal organs (heart, liver and gizzard) of broilers fed experimental rations was in 
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close agreement with the observation (Lal et al., 1999; Al-Sultan et al., 2003), who 

reported that feeding of turmeric did not alter the size of liver, gizzard, heart. 

This study demonstrated significant (P< 0.05) difference in dressing yield. The 

highest dressing yield was found in 0.5% turmeric powder supplemented diets 

compared to our control diets.  Raghdad and Al-Jaleel (2012) used turmeric powder 

and found dressing percentage significantly increased by using 0%, 0.5%, 1.0% and 

1.5%, and turmeric powder, respectively. 

CONCLUSION 

Based on the results of the present study, it may be concluded that turmeric powder 

supplemented at a level of 0.5% has significant effect on body weight gain, FCR, 

abdominal fat content and dressing percentage of broiler, except feed intake and 

survivability. The results of the study also suggest that the supplementation of 

turmeric (Curcuma longa) powder at 0.5% level in diets has high potential as 

commercial applications for production performance of broiler. Therefore, turmeric 

powder can be used along with the other conventional feed ingredients.  
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Table 1. Composition of the experimental starter and finisher diets fed to broilers 

Feed ingredients 
Amount (kg/100kg feed) 

Starter (1-14 days) Finisher (15-28days) 

Maize 53.5 57.00 

Rice polish (Auto) 10.0 10.0 

Soybean meal (44) 23.0 18.0 

Protein Concentrate (Jasoport) 10.0 10.0 

Oyester shell 1.0 0.75 

DCP(Di-calcium phosphate) 0.5 0.75 

Soybean oil 1.5 3.0 

Common salt 0.25 0.25 

Vitamin- mineral- amino acid Premix 0.25 0.25 

Chemical Composition of experimental ration 

ME (KCal/kg) 2977 3074 

CP (%) 21.21 19.40 

CF (%) 5.00 5.00 

Ca (%) 1.00 0.95 

Available P (%) 0.74 0.75 

Ash (%) 6.00 6.00 

Lysine (%) 1.02 0.89 

Methionine (%) 0.35 0.35 

Vitamin-mineral-aminoacid premix was added @ 250 g per 100 kg which contained: 

vitamin A: 4800 IU; vitamin  D: 960 IU; vitamin E: 9.2 mg; vitamin k3: 800 mg; 

vitamin B1: 600 mg; vitamin B2: 2 mg; vitamin B3: 12 mg; vitamin B5: 3.2 mg; 

vitamin B6: 1.8 mg; vitamin B9: 2 mg; vitamin  B12: 0.004 mg; Co: 0.3 mg; Cu: 2.6 

mg; Fe: 9.6 mg; I: 0.6 mg; Mn: 19.2 mg; Zn: 16 mg; Se: 0.48 mg; DL – Methionine: 

20 mg; L- lysine: 12 mg. 

 



198 M. A.  Mondal et al. 

Table 2. Performance of the broiler chickens fed the experimental diets 

Parameters 

Turmeric powder supplemented diets (%)  
Level of 

significance 
0.0 0.5 1.0 1.5 

Initial body weight 

(g bird-1) 

Feed 

consumption(gbird-

1) 

1-14 days 

15-28 days 

1-28 days 

 

Weight gain (g bird-

1) 

1-14 days 

15-28 days 

1-28 days 
 

FCR 

1-14 days 

15-28 days 

1-28 days 

 

Survivability (%) 

39.670.333 

 

 

 

467.106.30a 

1532.5930.26 

1999.7433.92 

 

302.507.04b 

776.2035.51b 

1079.0041.70b 

 

 

1.550.049a 

1.980.062a 

1.860.055a 

 

96.673.33 

39.670.333 

 

 

 

417.3011.05b 

1379.3834.92 

1796.6841.97 

 

358.1010.64a 

920.7014.34a 

1279.0020.73a 

 

 

1.170.035c 

1.500.061c 

1.410.055c 

 

93.333.33 

39.000.577 

 

 

 

438.3011.30ab 

1452.0943.31 

1890.4354.52 

 

325.4011.96ab 

811.5015.35b 

1137.0027.19b 

 

 

1.350.053b 

1.79.053b 

1.660.052b 

 

96.603.33 

39.000.577 

 

 

 

440.409.39ab 

1414.450.80 

1854.8940.55 

 

336.508.32a 

814.805.57b 

1151.0014.18b 

 

 

1.310.038bc 

1.730.050b 

1.610.047b 

 

93.333.33 

NS 

 

 

 

* 

NS 

NS 

 

 

* 

** 

** 

 

 

** 

** 

** 

 

NS 

 
abc Figures in the row with similar superscripts alphabet did not differ significantly.  

**=(P<0.01), *=(P<0.05), NS=(Non-significant) 
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Table 3. Effect of turmeric powder supplementation in diet of broiler on carcass 

traits at 28 days of age 

Parameters(g) 
Turmeric powder supplemented diets (%) Level of 

significance 0.0 0.5 1.0 1.5 

Abdominal fat  2.501.00
a
 1.310.090

b
 1.350.090

b
 1.620.115

b
 ** 

Heart  8.602.30 8.010.690 8.300.150 8.150.360 NS 

Liver  43.050.150 42.900.100 43.000.650 43.080.790 NS 

Gizzard  37.601.40 38.050.950 37.500.695 37.42.575 NS 

Dressing yield 

(%) 
57.000.20

b
 61.000.500

a
 58.000.50

b
 59.001.00

ab
 * 

abc, Means in the same row with  uncommon superscript differ significantly.  

**= (P<0.01), *=(P<0.05), NS=(Non-significant).  
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ABSTRACT 

This study was undertaken to evaluate production and reproduction 
performances of local and Murrah-cross buffaloes managed by 
smallholder farmers of Bhutan. Data was collected from 80 buffalo 
farming households in three buffalo rearing districts (Samtse, Sarpang 
and Samdrupjongkhar) in the sub-tropical belts of Bhutan. There were 1-
2 milking buffaloes per household and the duration of the field study was 
from 14 -29 December, 2014. Results indicated that average herd size is 
six buffaloes per household and are managed through open grazing with 
supplementary feeding but without proper housing. Study also revealed 
that genetic up-gradation of local buffalo population through introduction 
of Murrah breeding bulls and heifers has improved their productivity. 
Average daily milk yield of Murrah-cross buffalo is 5.9±0.18 l/day/cow 
(Mean ±SE) which is significantly higher (p ≤0.000) than that of local 
buffaloes yielding 2.6±0.04 l day

-1
.  

Murrah-cross buffaloes had better productive and reproductive efficiency 
than local buffaloes and have added advantage to buffalo farmers. 
Average age at first calving is 35.1±2.49 months (Mean±SD) for Murrah-
cross buffaloes compared to 43.4±6.86 months for local buffaloes. 
Similarly, lactation length for Murrah-cross buffaloes is 10.1±0.50 month 
which is longer than local buffaloes (9.2±1.90 month). Calving interval of 
14.6±0.52 months for Murrah-cross is lower than that of local buffaloes 
(17.4±1.01).  

Sale of fresh milk, butter and cheese from these animals contributed a 
major share of household income (54%) and has helped to improve 
livelihoods of farmers despite major challenges faced: limited 
government support, shrinking of grazing areas and labour constraints. 
However, with intensified support, many farmers are enthusiastic to rear 
quality buffaloes that can be an opportunity to accelerate buffalo farming. 
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Study concluded that owing to higher productivity of Murrah-cross 
buffaloes, it can be a viable dairy animal for subtropical belt of Bhutan. 
Regular exchange of breeding bulls, supply of quality heifers and artificial 
insemination facilities with adequate technical support are crucial for 
greater positive outcome of enhancing milk production in the country.  

Keywords: Buffalo farming, Murrah- cross, Local buffaloes, Sub- 

                   tropical belt, Bhutan 

INTRODUCTION 

Buffalo (Bubalus bubalis) farming is popular in south-east Asia and south Asia 
( Banerjee, 1991). In Bhutan, buffaloes are reared only in warmer sub-tropical belt 
viz., Chukha, Samtse, Sarpang, S/Jongkhar, Tsirang and Dagana dzongkhag (district). 
The buffalo population in Bhutan was 28,000 heads in 1984 (FAO, 1984). But, over 
the last two and half decades, (Joshi, 2009) it was noted that buffalo number has gone 
down drastically and present population is reported to be about 800 heads (DoL, 
2013).  

Buffaloes in Bhutan are reared by small holder farmers for milk, meat, manure 
and for draft purpose. Although, multiple benefits are derived from Buffalo, farmers 
are not taking up   Buffalo farming owing to inadequate policy support from the 
Govt.  (Tamang et al., 2009). In an effort made to revamp buffalo farming, 17 heifers 
and 10 breeding bulls of Murrah cross breed were procured from India and 
distributed to farmers of buffalo farming areas in 2010, (MoAF, 2010). Until date, 
there is no reliable information available on their benefit to farmers which warrants 
scientific field study. In order to compare reproduction and production parameters of 
Murrah-cross and local buffaloes, understand effect of government breed 
improvement program and its impact on income and livelihood of farming 
communities and  future interventions required to promote buffalo as an alternative 
dairy animal in the country, a detailed study on it was warranted. Accordingly, a 
comprehensive study was conducted with the objectives to: 

 Compare reproductive and production performance of local (non-descriptive) and 
Murrah-cross buffaloes in Bhutanese environment 

 Understand effect of crossbreeding program on productivity of village buffalo 
herd and its impact on income and  livelihood of farming communities 

 Suggest policy and technical support needed  to accelerate  buffalo farming in the 
country 

MATERIALS AND METHODS 

Study area 

The study was carried out in four geogs (block) each of Sarpang, Samtse and 

SamdrupJongkhar Dzongkhags (district). The block and villages were selected based 

on buffalo population density and farmers involvement in buffalo farming. 
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Sampling techniques and data collection  

In total, 80 households possessing buffaloes within the selected blocks were 

purposively sampled. Semi-structured questionnaires were administered to collect 

data on reproduction and production parameter of Murrah-cross and local buffaloes 

and, impact of breed improvement on rural livelihoods and further intervention 

required. Morning and evening milk yield of Murrah-cross and local buffaloes under 

farmers ‘management condition was measured using graduated measuring jug. 

Statistical Analysis 

 Quantitative variables such as production and reproduction parameters were 

entered in spread sheet. Mean, Standard Deviation and Standard Error (SE) was 

calculated and two Sample T- test was performed using Statistical Package for 

Social Science (SPSS) Version 22 to determine the significance level.  version14.  

 Qualitative data acquired through informal discussion were sorted and when 

appropriate, converted to a percentage 

RESULTS AND DISCUSSION 

Buffalo management practices 

Buffaloes were found predominantly managed in free grazing system during 

the day and were tethered near the homestead at night without any shelter. It is 

evident that for small holder farmers owning < 3 acres cultivable land, grazing on 

communal and fallow land (67%) and forest and fringes (33%) constituted major 

portion of fodder resources used by respondents. Nevertheless, farmers also fed 

native fodder, crop residues (straw) and home mixed local ration. Farmers believe 

that buffaloes are hardy animals, can thrive well in harsher conditions and are less 

susceptible to diseases compared to exotic cattle. Thus, with less input, farmers 

experienced that returns from buffaloes are better compared to other dairy animals.   

Buffalo breed types and herd dynamics 

Sampled farmers mostly reared local non-descript and Murrah-cross buffaloes. 

The existing Murrah- cross comprised of buffalo heifers and breeding bulls procured 

and supplied to farmers in 2010 and their off-springs.  Average herd size was six 

buffaloes. Majority (21%) of the buffaloes reared in the herd were Murrah-cross 

heifers and young bulls. The population of Murrah-cross calves was slightly more (12 

%) compared to local calves (11 %).  However, local buffalo heifers, young bulls and 

cows contributed to 42% and still continued to dominate the population of Murrah-

cross buffaloes (14%). 

Reproduction parameters 

In the present study, age at first service for Murrah-cross buffaloes was 

25.0±2.8 months (Mean ±SD) and that of local buffaloes was 34.2±6.04 months. 

Wangdi et al. (2014) reported similar finding that local buffaloes in Bhutan are bred 
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for the first time at the age of 35.26 months. Similarly, average age at first calving  

was 35.1±2.49 months (Mean ±SD) for Murrah-cross while 43.4±6.86 months in 

local buffaloes (Table 1) indicating that  reproduction in local buffaloes is irregular 

with greater variation as compared to crossbred buffaloes. 

With added advantage of shorter calving interval of 14.6±0.52 months as 

compared to  17.4±1.01 months in local buffaloes, the Murrah-cross buffaloes can 

produce more claves in her life time. Lactation length for Murrah-cross buffaloes 

(10.1±0.50 months) was also longer than that of local buffaloes (9.2±1.90).  Hence, 

farmers harvested more milk and derived higher income for better livelihood. 

Production parameters 

Buffaloes were milked twice a day in early and mid lactation and once in the 

later phase. At least two teats were left for the calves to suckle till they attain 5-6 

months and thereafter only one teat was allowed to be suckled but supplemented with 

green fodder and home cooked local feed.  

Average daily milk yield measured in December 2014 for Murrah-cross buffalo 

was 5.9±0.18 l/cow/day (Mean ±SE) (table 2). Depending on the level of 

management, milk yield of Murrah-cross buffalo ranged from 4-10 l day
-1

. Milk yield 

of Murrah-cross buffaloes was found significantly higher (p<0.001) compared to 

local buffaloes which produces average of 2.6± 0.04l/cow/day (Mean ±SE). 

However, these yields do not take into account the milk sucked by calf. Lesser 

variation in daily milk yield of local buffaloes indicated that they are more adapted 

than Murrah-cross buffaloes to adverse weather and management conditions.  

This finding is in concurrence with Tamang et al. (2009) who reported yield of 

2-5kg/cow/day and Wangdi et al. (2014) as 2.37±1.07 kg /cow /day for local 

Buffaloes in Bhutan. In similar mountain environment of Nepal, milk yield of 

Murrah-cross buffaloes and local buffaloes (in November) was reported to be 6.5±1.9 

l day
-1

 and 2.47 l day
-1

 respectively (Hayashi et al., 2005). Thus, yield recorded in 

this study appeared to be typical of the ranges of similar genetic background.  

Income and livelihood source of the buffalo farming communities  

Buffaloes (especially from Murrah-cross) contributed a substantial portion of 

milk produced by sampled households. The sale of fresh milk, butter and cheese 

contributed maximum (54%) of household annual income and has largely contributed 

to sustain their livelihoods while 19 % was from sale of ginger (Figure 1).  Besides, 

sale from Aracanut and excess food grains contributed to 11% and 8% of their annual 

income respectively. The Govt. intervention in breed improvement program in the 

recent years had immensely benefitted Buffalo rearing communities and buffalo 

farming is found to be becoming a lucrative venture to the farmers. 
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Prospects in Buffalo farming 

Despite key challenges such as shrinking grazing resources, and labour 

shortages, it was evident that majority of the respondents were very keen to intensify 

buffalo farming to sustain their livelihood. Their ability to thrive well and produce 

under harsh weather conditions with low quality forages and having higher disease 

resistivity than Jersey cows provided  ample scope for farmers to accelerate buffalo 

production. There is also potential to diversify buffalo products: dried carabeef, and 

value added niche product- Mozzarella cheese. This could give new opportunity to 

diversify income from buffaloes and trap multi-facet benefits associated with buffalo 

farming. 

Policy and technical support to accelerate buffalo farming  

From the study, it is evident that 29% of the respondents desired for supply of 

quality Murrah-cross heifers/cows on cost sharing basis besides initiating community 

buffalo breeding scheme to meet requirement of breeding stock from within the herd. 

Likewise, 26% of respondents need continuous genetic up-gradation of local buffalo 

population with the introduction of AI services preferably using progeny tested 

Murrah semen, while 21% require support in fodder development. Similarly, support 

needed for construction of improved animal sheds attribute to (17%) of the 

respondents.  

CONCLUSION 

Buffaloes are found to be an efficient feed converter and can be easily 
managed with by small and marginal farmers at minimal management interventions. 
Thus, considering land topography and farmers land holdings it is appropriate to 
promote buffalo farming with improved breed in the potential areas.  

With better reproductive efficiency of Murrah-cross buffaloes reared in 
Bhutan, the Govt. intervention to improve buffalo breed through supply of improved 
heifers and breeding bulls have been very fruitful. Higher productivity of Murrah-
cross buffalos has substantially improved income and livelihoods of farmers.  

Shorter age at first calving and calving interval, higher milk yield of Murrah-
cross buffalo make it a viable dairy animal for subtropical belt of Bhutan compared 
to local buffalo in terms of total productivity. Regular exchange of breeding bulls, 
supply of quality heifers and introduction of AI facilities with progeny tested Murrah 
semen can capitalize potentials of harnessing several advantages associated with 
buffalo farming. Therefore, it is imperative to have adequate policy support to 
intensify buffalo farming and stabilize buffalo population so as to bring about greater 
positive outcome of enhancing milk production in the country.  
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Figure 1. Household income sources 

Table 1. Reproductive parameters of buffaloes 

Reproductive 

parameters 

Mean ±SD  

(Local 

Buffaloes) 

Sample 

size (n) 

Mean ±SD 

(Murrah-cross 

buffaloes)  

Sample size  

(n) 

Age at first 

service(months) 

34.2±6.04 92 25.0±2.8 38 

Age at first 

calving(months) 

43.4±6.86 92 35.1±2.49 38 

Calving interval 

(months) 

17.4±1.01 88 14.6±0.52 38 

Lactation length 

(Months) 

9.2±1.90 88 10.1±0.50 38 

* Figure are based on interview method and are farmer's best estimate 

 

Table 2.  Average daily milk yields for Murrah-cross and local buffaloes  

              (Mean ± SEM) 

Buffalo type N Average yield (l day
-1

) SEM 

Murrah cross Buffalo  15 5.9
a
 0.18 

Local Buffalo 18 2.6
b
 0.04 

p-value  0.000  

a, b values with different superscript within a column are statistically different  SEM-Standard Error 

Mean 
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ABSTRACT 

Inheritance of fertility restoration was studied in crosses involving ten 
elite restorer lines of rice viz. BR827R, BR168R, BR6723-1-1-2R, 
M.H.63R, M.H.77R, Gui99R, IR40750R, IR64R, AjayaR and IR44675R 
and one male sterile line II32A with ID (Indonesian paddy type) sources 
of cytoplasmic male sterility. The segregation pattern for pollen fertility of 
F2 and BC1 populations of crosses involving II32A indicated the presence 
of two independent dominant fertility restoring genes. The mode of action 
of the two genes varied in different crosses revealing three types of 
interaction, i.e. epistasis with dominant gene action, epistasis with 
recessive gene action, and epistasis with incomplete dominance. 

Keywords: Cytoplasmic male sterility, Fertility restoration, Inheritance, 

                    Oryza sativa 

INTRODUCTION 

Precise understanding of genetics of fertility restoration is useful in planning a 

sound breeding strategy for development of superior restorers in a hybrid breeding 

program. It may also help in the efficient transfer of restorer genes into other 

agronomical desirable genotypes. In rice several sources of cytoplasmic genetic male 

sterility (CMS) have been reported (Virmani and Edwards, 1983). However, 

extensive research work on identification of restorers and maintainers and on 

inheritance of fertility restoration has been done on the WA (Wild Abortive) type 

cytoplasmic source only. Cytoplasmic male sterility (CMS), which causes the 

production of non-functional pollen and inherited maternally, is important in 

commercial hybrid seed production (Chen L and Liu YG, 2014)) and breeding 

program. A number of studies on the relationship between CMS and fertility-restorer 
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genes (Rf) have been conducted in various plants and may enable a better 

understanding of genetic differentiation and the interaction between cytoplasmic and 

nuclear genomes in plants (Budar and Pelletier, 2001). The wild- abortive (WA) type 

of CMS in rice has been used extensively in commercial production, and its fertility 

is sporophytically restored by the dominant restorer genes (Suresh et al., 2012; Jing et 

al., 2001). Fertility-restorer genes are important in the production of hybrid rice. 

Although a variable number of restorer genes have been proposed in various restorer 

lines, one or two dominant restorer alleles (Rf3 and Rf4) are usually suggested to be 

responsible for the fertility (Sattari et al., 2008). A major dominant gene with 

sporophytic action has been reported to be involved in fertility restoration of the WA 

source. However, most studies involving restorers of WA cytoplasm suggest the 

presence of two pairs of independent, dominant fertility restorer genes with one gene 

pair being stronger in action than the other (Cai et al., 2014; Li and Yuan, 1986; Raj 

and Virmani, 1988; Muker 1990). The maintenance and transference of CMS within 

natural population of wild rice cannot be separated from Rf and it is easy to assume 

that the restorer genes exist in wild rice. However, the information about the origin, 

evolutionary relationships and distribution of the fertility-restorer genes for ID CMS 

system is relatively new and fragmentary. To be able to recognize the Rf in wild rice 

would facilitate not only the exploitation of new Rf alleles but also give a better 

understanding of the origin and evolution of the fertility-restorer genes. With this 

view, the present study was undertaken to determine the genetic control of fertility 

restoration of ID-CMS system. 

MATERIALS AND METHODS 

The experiment was conducted at the experimental field of Bangladesh Rice 

Research Institute (BRRI), Gazipur. Three consecutive seasons Boro 2007-08, T. 

Aman 2008 and Boro 2008-09 were deployed for this experiment. The soil type of 

the experimental field belongs to the Shallow Red Brown Terrace type under Salna 

Series of Madhupur Tract (Brammer, 1971; Saheed, 1984) of Agro ecological Zone 

(AEZ) 28 which is characterized by silty clay with pH value of 6.5. The climate of 

the experimental site is subtropical in nature characterized by heavy rainfall during 

the months from June to September and scanty in winter with gradual fall of 

temperature from the month of September. The material consisted of one male sterile 

line II32A belonging to ID (Indonesian paddy) type source of cytoplasmic male 

sterility and ten prospective restorer lines. The restorer lines were BR827R, BR168R, 

BR6723-1-1-2R, M.H.63R, M.H.77R, Gui99R, IR40750R, IR64R, AjayaR and 

IR44675R. First season F1 was raised. The resulting F1’s were selfed as well as 

backcrossed with their respective female parents to generate F2 and BC1 populations 

in the second season and final season evaluation was made with pollen fertility of 

each plant in the F2 and BC1 populations. From each plant, five anthers from different 

spikelets were collected and their pollen grains were stained in 1% Iodine Potassium 

Iodide (IKI) solution. Plants were classified into different fertility-sterility group as 
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was done by Chaudhary et al. (1981). Plants with more than 60% fertility pollen were 

grouped as fully fertile (FF), those with 30-60% fertile partial fertile (PF), those 

having 1-30% fertile pollen as partial sterile (PS) and those which had 0% were 

grouped as completely sterile (CS) under an optical microscope. One panicle from 

each plant of F1 population was bagged before flowering for spikelet fertility analysis 

and spikelet fertility of bagged panicle was count at maturity stage. At maturity, the 

bagged panicle was examined for seed set and classified as fertile (81-100% seed 

set), partially fertile (31-80%), partially sterile (1-30%) and sterile (<1%). The 

parental lines, F1 progenies, 250 F2 plants for each segregating population were 

grown and evaluated in the same conditions for phenotypic and pollen fertility rate 

was used as the main criteria for the evaluation of fertile and sterile plants. F1’s 

contained two rows, F2 seven rows, BC1 five rows with 37 plants/row and non 

replicated. Chi-square analysis was used to estimate the distribution pattern of Rf 

alleles with ID type source of CMS lines. Measurement of pollen fertility was made 

on all plants in each of the entries. Twenty to thirty spikelets were collected from 

each primary panicle and fixed in 70% alcohol. From these spikelets 10-12 anthers 

were collected at random and smear in IKI (1%) and examined under optical 

microscope. Plants were classified into different fertility-sterility group as was done 

by Chaudhary et al., (1981). Plants with more than 60% fertility pollen were grouped 

as fully fertile (FF), those with 30-60% fertile partial fertile (PF), those having 1-30% 

fertile pollen as partial sterile (PS) and those which had 0% were grouped as 

completely sterile (CS) under an optical microscope. The pollen fertility were 

computed and expressed in percentage for each F1 s, F2 and BC1 population as 

follows:- 

Pollen fertility (%) = 100X

grainspollengrainspollen

fertileofNumbersterileofNumber

grainspollenfertileofNumber


 

At maturity, the bagged panicle of F1 population was examined for seed set 

and classified as fertile (71-100% seed set), partially fertile (31-70%), partially sterile 

(1- 30%) and sterile (<1%). Plate 1 is given the pictorial view of completely sterile 

(CS), full fertile (FF), partially fertile (PF) and partially sterile (PS) pollen. 

RESULTS AND DISCUSSION 

Pollen fertility, spikelet fertility and standard error of mean of F1’s along with 

their parents were shown in Table 1. Pollen fertility of F1 ranged from 70-80 % and 

the highest was obtained from II32A/BR168R while the lowest from 

II32A/M.H.77R. On the other hand, spikelet fertility of the same cross combinations 

ranged from 74- 82% and suggested that pollen fertility little bit differ with spikelet 

fertility at the time of maturity. It might be due to pollen abortion at different cell 
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division stage. Pollen fertility and spikelet fertility of the parents ranged from 72- 95 

% and 72-88 % respectively (Table 1). 

According to pollen and spikelet fertility classification category all entries 

fallen into fertile class. Segregation patterns for pollen fertility in F2 population of 

II32A with ten restorer lines are stated in table 2. The pollen fertility results indicated 

that relatively few genes were involved in fertility restoration in the crosses studied. 

In the present study, the inheritance of fertility restoration in the cross 

II32A/BR827R revealed an F2 segregation ratio of 12:3:1 (FF: SF: CS), indicating 

the involvement of two dominant genes which exhibited dominant epistasis (Table 

2). This suggested that two dominant genes seem to control the fertility restoration. 

This is an agreement with the findinngs of Sreedhar et al. (2011). The effect of one 

of the two dominant genes in restoring fertility appeared to be strong and as good as 

the two together while the other gene showed weak restoration.  

The F2 populations of the cross II32A/BR6723-1-1-2R, II32A/M.H.63R, 

II32A/M.H.77R, II32A/IR40750R and II32A/IR64R exhibited a similar trend of 

segregation ratio of 12:3:1 of FF: SF: CS type of plants, also indicating the epistasis 

with dominant type gene action controlled by two dominant genes. When the CMS 

line II32A was crossed with the restorer line Gui99R, the F2 segregation for pollen 

fertility fall into the digenic ratio 9:3:4 (FF: SF: CS) (Table 2). The results indicated 

the involvement of the digenic supplementary or an epistasis with recessive gene 

action. Assuming that two dominant fertility restoring genes involved in this action 

but one of the two genes appeared more effective than the other. The F2 ratio of 

9:3:4 involving supplementary or epistasis with recessive gene action has been 

reported earlier by Huang et al. (2012). Again when the CMS lines crossed with the 

restorer line BR168R, the F2 segregation for pollen fertility showed semi-epistatic 

ratio 9:6:1 (FF: SF: CS). This variation in the behavior of fertility restoring genes 

could be due to either to the presence of different restoring genes in the ten restorers 

studied or to differential penetrance and expressivity of these restorer genes 

depending on the nuclear genotype of the female parent. Continuous variation with 

regard to pollen fertility is generally attributed to modifier genes and environmental 

influences. Similar trend were observed in F2 population with restorer line AjayaR 

and IR44675R (Table 2). For further confirmation of the segregation patterns, pollen 

fertility of BC1 generations were also studied and presented in Table 3. The pollen 

fertility analysis in crosses involving II32A with BR827R, BR6723-1-1-2R, 

M.H.63R, M.H.77R, IR40750R and IR64R indicated segregation ratios of 12:3:1 and 

2:1:1 of full fertile, semi fertile and complete sterile plants in F2 and BC1 generation, 

respectively (Table 2 & Table 3).  

This suggests that the restorer lines carried two independent dominant fertility 

restoring genes and one of the two genes had a duplicate effect that exposed higher 

expression than the other gene and it alone could restore fertility (dominant epistasis). 

Similar findings have been reported by Jakkrit et al. (2014) and Muker (1990). On 
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the other hand, the crosses of II32A with BR168R, Ajaya R and IR44675R displayed 

epistasis with incomplete dominance as their F2 and BC1 populations segregated in 

9:6:1 and 1:2:1 ratios, respectively, for full fertile, semi fertile and complete sterile 

plants. The cross II32A with Gui99R showed segregation ratio in F 2 and BC1 

populations as 9:3:4 and 1:1:2 indicated the pattern of recessive epistasis. Sohu and 

Phul (1995) reported similar results which are in agreement with the present findings 

but cyto sources of the CMS line was Gambiaca. From this, it is clearly evident that 

ID type sources of CMS line II32A followed similar pattern of fertility restoration 

system like WA and Gambiaca sources of CMS lines. 

CONCLUSION 

Spikelet fertility analysis might be that a plant with partial pollen fertility may 

give complete spikelet fertility because sufficient pollen would be available to effect 

fertilization. Similarly, a partially sterile plant on the basis of pollen fertility may be 

completely sterile on the basis of spikelet fertility if its anthers fail to dehisce. Based 

on the results obtained, it was concluded that the inheritance of male sterility and 

fertility restoration was conditioned by a pair of alleles, dominant and recessive, at a 

single locus interacting with the male sterile cytoplasm, and that the mode of action 

of the two genes varied in different crosses revealing three types of interaction, i.e., 

epistasis with dominant gene action, epistasis with recessive gene action, and 

epistasis with incomplete dominance. 
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Table 1.Pollen fertility (%) and spikelet fertility (%) of F1 plants of an A/R cross-

combination for ID type CMS system using ten different restorer lines 

Cross combination 
Pollen fertility  

(%) 

Spikelet fertility  

(%) 
Fertility status 

II32A/BR827R 79± 0.58 80 ± 2.08 Fertile 

II32A/BR168R 80± 2.02 82 ± 0.58 Fertile 

II32A/BR 6723-1-

1-2R 
79± 0.98 77 ± 1.53 Fertile 

II32A/M.H.63R 74± 0.40 77 ± 2.52 Fertile 

II32A/M.H.77R 70± 0.81 74 ± 2.31 Fertile 

II32A/Gui 99R 78± 1.85 73 ± 1.00 Fertile 

II32A/IR40750R 77± 0.75 75 ± 1.15 Fertile 

II32A/IR64R 72± 1.10 72 ± 2.52 Fertile 

II32A/Ajaya R 73± 0.87 81 ± 2.08 Fertile 

II32A/IR 44675R 77± 1.33 71 ± 1.15 Fertile 

Restorer line    

BR827R 77± 4.04 82 ± 1.53 Fertile 

BR168R 95± 2.89 88 ± 1.15 Fertile 

BR6723-1-1-2R 78± 1.15 76 ± 1.53 Fertile 

M.H.63R 69± 1.73 79 ± 0.58 Fertile 

M.H.77R 73± 0.58 76 ± 2.08 Fertile 

Gui99R 79± 2.31 76 ± 0.58 Fertile 

IR40750R 77± 0.46 79 ± 1.53 Fertile 

IR64R 75± 1.73 74 ± 2.52 Fertile 

AjayaR 78± 0.52 81 ± 2.08 Fertile 

IR44675R 72± 2.02 72 ± 2.65 Fertile 
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Table 2. Segregation for pollen fertility restoration in F2 populations involving ID 

type source of CMS line II32A 

 

Cross 

combination 
Generation 

Total no. 

of 
plants 

Scored 

Segregation pattern: No. of 

plants with pollen fertility 
reaction 

Genetic 

Ratio 

(FF:SF:CS)    

  

χ2 

  value 
 p-value 

FF PF PS SF CS 

II32A/BR 827R 

II32A/BR168R 
II32A/BR6723- 

1-1-2R 

II32A/M.H.63R 

II32A/M.H.77R 
II32A/Gui 99R 

II32A/IR40750

R II32A/IR64R 

II32A/AjayaR 
II32A/IR44675

R  

F2 

F2 

F2 F2 F2 F2 

F2 F2 F2 F2 

250 

250 

250 250 
250 250 

250 250 

250 250 

94 

150 

183 

195 

188 
136 

180 

196 

147 

136 

27 

60 

33 
31 

35 

27 

34 23 

59 63 

14 

28 

16 

10 

13 
28 

16 

14 28 

32 

41 

88 

49 41 
48 55 

50 37 

87 95 

15 

12 

18 14 
14 59 

20 

17 

16 

19 

  12: 3: 1 

  9: 6: 1 

12: 3: 1 12: 3: 1 
12: 3: 1 9: 3: 4 

12: 3: 1 12: 3: 1 

9: 6: 1   9: 6: 1 

0.453    0.90-0.75 

1.819    0.50-0.25 

0.565 0.90-0.75 1.205 
0.75-0.50 0.197 0.95-

0.90 1.756  0.50-0.25 

1.733 0.50-0.25 2.587 

0.50-0.25 0.784 0.75-
0.50 0.898  0.75-0.50 

FF = Full fertile, PF = Partial fertile, PS = Partial sterile, PF + PS = SF (Semi fertile), CS= Complete 

sterile 

Table 3. Segregation for pollen fertility restoration in BC1 populations involving ID 

type sources of CMS line II32A 

Cross combination Generation 

Total 

no. of 

plants 

scored 

Segregation pattern: No. of 

plants 

with pollen fertility reaction 

Genetic 

Ratio 

(FF:SF:C

S)      

χ2 

value 
p-value 

FF PF PS SF CS 

II32A//II32A/BR827R BC1 80 35 9 16 25 20 2: 1: 1 1.88 0.50-0.25 

II32A//II32A/BR168R BC1 80 23 7 30 37 20 1: 2: 1 0.68 0.75-0.50 

II32A//II32A/BR6723-           

1-1-2R BC1 75 33 8 14 22 20 2: 1: 1 1.19 0.75-0.50 

II32A//II32A/M.H.63R BC1 90 48 6 13 19 23 2: 1: 1 0.76 0.75-0.50 

II32A//II32A/M.H.77R BC1 85 40 7 15 22 23 2: 1: 1 0.32 0.90-0.75 

II32A//II 32A/Gui 99R BC1 88 25 11 14 25 38 1: 1: 2 1.64 0.50-0.25 

II32A//II32A/IR40750R BC1 100 47 8 19 27 26 2: 1: 1 0.38 0.90-0.75 

II32A//II32A/IR 64R BC1 95 47 12 15 27 21 2: 1: 1 0.77 0.75-0.50 

II32A//II32A/AjayaR BC1 120 27 21 44 65 28 1: 2: 1 0.85 0.75-0.50 

II32A//II32A/IR44675R BC1 105 30 14 31 45 30 1: 2: 1 2.14 0.50-0.25 

FF = Full fertile, PF = Partial fertile, PS = Partial sterile, PF + PS = SF (Semi fertile), CS = Complete 

sterile 
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Plate 1. Pollen image categorized as completely sterile, full fertile, partially 

             fertile and partially sterile 
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ABSTRACT 

A study was conducted at the research field of Horticultural Research 
Institute, National Research Center (NARC), Islamabad, Pakistan during 
two consecutive years of 2011 and 2012 to compare the performance of 
seedlings raised in polythene bags with traditional direct seeding in 
respect of early harvesting and profitability. Seedlings of three different 
ages (40, 50 and 60 days old) of vegetable marrow were compared with 
traditional direct seeded crop. Transplanted seedlings of vegetable 
marrow produced fruits 36-38 days earlier and availability period of 34-38 
days longer than direct seeded crop. Similarly, higher fruit plant

-1
, fruit 

weight plant
-1

 and fruit yield ha
-1

 were obtained from seedling treatments. 
Averaged over years, 50-69% increase in yield and 64-100% increase in 
profit were recorded in seedling treatments than direct seeded crop. 
Among seedling ages, 60 days old seedlings were the best performer. 
The overall results of two years study revealed that seedling 
transplantation was superior to traditional direct seeded practice of 
growing vegetable marrow and among those 60 days old seedlings was 
the best in respect of yield components, fruit yield and profit. 

Keywords: Cucurbits, Vegetable marrow, Early crop, Gross return, 

                  Seedlings 

INTRODUCTION 

The demand for vegetables is increasing due to enhancement in prosperity, 

leading to the intensification of production and higher profitability. With better 

profitability, the application of mulch, drip irrigation, fertigation and protected 

cultivation seems to be indispensable. Harvest date planning related to year-round 

city market demand is essential to improve profitability. It is recommended that 

research and extension on vegetables in tropical Asia, next to the development and 
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introduction of improved production technologies, should focus on methods to 

improve harvest date planning and year-round supply (Everaarts and Putter, 2009). 

In Pakistan, cucurbits including vegetable marrow, bitter gourd, cucumber etc 

are traditionally grown through seeds during the month of February-March. Seedlings 

of these vegetables are not in practice on soil beds because these vegetables cannot 

tolerate slight damage to their root and shoot system during their uprooting and 

transplanting. Due to late planting, markets are flooded with such cucurbitaceous 

vegetables during the month of May and June, and the growers are not getting 

reasonable profit.  Early harvest of even 10-15 days can fetch a good price for these 

vegetable produce. Previously, Leskovar et al. (1991) conducted a trial  with two to 

six weeks old seedlings of tomato and found  no improvement in yields by using the 

traditional older transplants. Younger transplants might be used to achieve rapid 

seedlings establishment with minimal transplant production costs. Similarly, Nesmith 

(1993) stated that transplants of varying ages did not differ greatly in yield and yield 

components in the field although all transplants had higher early yields than the 

directly seeded controls in summer squash. Therefore, the experiment was conducted 

to compare the performance of seedlings raised in polythene bags with traditional 

direct seeding in respect to early harvesting and profitability.  

MATERIAL AND METHODS 

The experiment was conducted during two consecutive years of 2011 and 2012 

at the research field of Horticultural Research Institute, National Agricultural 

Research Center, Islamabad, Pakistan (Latitude: 33.42
0
 N; Longitude: 73.08

 o 
E ; 

Elevation: 683 msl). The soil of the experimental field was loam in texture with pH 

7.4. Three different seedlings ages viz., 40 days old seedlings (T2), 50 days old 

seedlings (T3) and 60 days old seedlings (T4) were tested with traditional direct 

seeded practice (T1) under field conditions.  

Seedlings of vegetable marrow were raised in polythene bags under simple and 

low cost protected structures (walk in tunnels) during the month of January/February 

in both the years. The experiment was laid out in a randomized complete block 

design (RCBD) with three replications. The unit plot size was 2m x 3m. Farm yard 

manure @ 7 t ha
-1

 was incorporated into the soil as organic amendment. Seeds or 

seedlings of different aged of vegetable marrow (cv. Local) was sown or transplanted 

during first week of March in both the years maintaining row to row and plant to 

plant distance of 100 cm and 60 cm, respectively. Intercultural operations like 

watering, weeding and pest control etc. were done as and when required. First 

harvesting of vegetable marrow was done at 64-65 days after sowing (DAS) in case 

of direct seeding and at 22-31 days after transplanting in case of seedlings by hand 

picking. Data on yield components were collected from randomly selected three 

plants from each plot. Yield data were taken from whole plot. The collected data were 

analyzed statistically using statistic 8.1 software package. Means of different 

http://journal.ashspublications.org/search?author1=Daniel+I.+Leskovar&sortspec=date&submit=Submit
http://hortsci.ashspublications.org/search?author1=D.S.+NeSmith&sortspec=date&submit=Submit
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parameters were ranked according to Least Significant Difference (LSD) Test (Steel 

et al., 1997). Cost and return analysis was also performed based on prevailing market 

price of vegetable marrow. 

RESULTS AND DISCUSSION 

In a two years study, seedlings of different ages showed a significant effect on 

days to first picking (Table 2). It is evident from the results that seedlings of different 

ages responded differently as year changes. The seedlings of 60 days old produced 

earlier fruits compared to 40 and 50 days old seedlings as well as direct seeded crop 

during 2011. It is also clear from the two years mean values that seedlings 

irrespective of their age produced fruits earlier compared to direct seeded crop (Table 

2). Singh et al. (2010) also proved the technique of raising seedlings for early 

harvesting of cucurbit in India. The difference in days to first picking during both 

years might be due to difference in temperature (Table 1). The higher temperature 

during growth period in 2011 enhanced the early production of pistillate flowers 

leading to early harvesting. Nesmith & Hoogenboom (1994) also stated that 

production of pistillate flowers in summer squash was accelerated by high 

temperature. Availability period of vegetable marrow was also influenced 

significantly by seedlings age. Seedlings of 60 days old gave the longest availability 

period and it decreased with decreasing seedlings age in both the years (Table 2). The 

shortest availability period was recorded in direct seeded crop. Availability period of 

different aged seedlings were longer in 2011 than those in 2012 probably for higher 

temperature. The mean availability period for 60 days old seedlings was longest 

(97.00 days) followed by 50 days one. Similar results were also reported by Singh et 

al. (2010). Significantly higher survival rate (100%) was recorded in three seedling 

transplantation treatments compared with direct seeded crop (81.7%). Higher survival 

rate contributed to increase production per unit area of vegetable marrow. 

Yield contributing characters like number of fruits plant
-1

 and fruit weight 

plant
-1

 varied significantly due to seedlings age and direct seeded crop (Table 3). 

Maximum fruits plant
-1 

was recorded in 60 days old seedlings while the minimum in 

direct seeded crop in both years. Fruits plant
-1

 was more in 2012 than in 2011 in all 

treatments except direct seeded crop. The mean value for fruits plant
-1 

was also the 

highest in 60 days old seedlings as compared to other treatments. Fruit weight plant
-1 

was recorded maximum in 50 days old seedlings during 2011 while in 60 days old 

seedlings during 2012. But fruit weight plant
-1 

in 50 and 60 days old seedlings were 

statistically identical in both years. Considering mean values for fruit weight plant
-1

, 

60 and 50 days old seedlings were better compared to 40 days old seedlings as well 

as direct seeded crop. More fruits plant
-1

 and fruit weight plant
-1 

in these treatments 

might be due to early flowering and longer availability period of the crop. Similar to 

fruit plant
-1

, the highest mean fruit yield ha
-1

 was recorded in 60 days old seedlings 

followed by 50 and 40 days old seedlings while the difference between 50 and 40 

days old seedlings was not statistically significant (Table 4). The higher yields ha
-1

 in 
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seedling treatments was attributed to the fruit weight plant
-1

 and survival percentage. 

Leskovar et al. (1991) also reported similar results in tomato. 

The highest mean gross return ha
-1

 was recorded in 60 days old seedlings, 

which was followed by 50 and 40 days old seedlings. The lowest mean gross return 

ha
-1

 was obtained from direct seeded crop owing to the lowest yield ha
-1

 (Table 4). 

Higher mean gross margins ha
-1

 were recorded in 60 and 50 days old seedlings as 

compared to 40 days old seedlings and direct seeded crop (Table 4). Averaged over 

years, 50-69% increase in yield and 64-100% increase in profit were recorded in 

seedling treatments as compared to direct seeded crop (Figure 1) while crop with 60 

days old seedlings treatment remained at the top with 69% increase in yield and 

100% increase in profit compared to direct seeded crop. This might be due to all 

yield contributing factors, which were at maximum with 60 days old seedling 

treatment. Nesmith (1993) also reported the similar results in summer squash. 

CONCLUSION 

The overall results of two years study revealed that seedling transplantation 

was superior to traditional direct seeded practice of growing vegetable marrow and 

among those, 60 days old seedlings was the best in respect of fruit yield and profit. 
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Table 1. Meteorological data during the study period of 2011 and 2012 

Period of study Maximum 

Temperature 

(°C) 

Minimum 

Temperature 

(°C) 

Relative 

Humidity 

(%) 

Rainfall 

(mm) 

January, 2011 17.3 01.8 71.3 08.32 

February, 2011 17.7 05.8 75.8 78.73 

March, 2011 25.8 10.2 63.0 53.19 

April, 2011 28.8 13.5 61.0 53.96 

May, 2011 38.1 20.4 45.0 17.29 

January, 2012 16.9 01.3 68.5 59.06 

February, 2012 17.4 03.2 70.1 44.12 

March, 2012 24.9 08.9 58.6 15.95 

April, 2012 29.9 15.0 54.7 40.93 

May, 2012 26.2 18.3 38.4 09.47 

Source: Meteorological Section, Climate Change, Alternate Energy & Water Resources Institute 

(CAEWRI), NARC, Islamabad, Pakistan. 

Table 2. First harvest, availability period and survival rate of vegetable marrow as 

influenced by seedling age 

Treatment Seeding/transplanting 

to first picking 

(Days) 

Availability Period  

(Days) 

Survival rate of plants  

(%) 

2011 2012 Mean 2011 2012 Mean 2011 2012 Mean 

T1 63.33 64.66 64.00 56.66 61.33 59.00 83.33 83.00 83.17 

T2 26.00 30.00 28.00 94.00 92.00 93.00 100.00 100.00 100.00 

T3 24.33 29.33 26.83 95.66 93.33 94.50 100.00 100.00 100.00 

T4 22.00 31.00 26.50 98.00 96.00 97.00 100.00 100.00 100.00 

LSD (0.05) 1.68 1.69 1.58 1.42 1.30 1.46 2.49 2.49 2.49 

T1= Traditional direct seeded practice, T2= 40 days old seedlings, T3= 50 days old seedlings, T4= 60 

days old seedlings 
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Table 3. Yield components of vegetable marrow as influenced by seedling age 

Treatment Fruits plant -1  

(no.) 

Fruit weight plant -1 

(g) 

Single fruit weight   

(g) 

2011 2012 Mean 2011 2012 Mean 2011 2012 Mean 

T1 13.33 07.66 10.50 561.10 755.83 658.47 116.9 107.7 112.3 

T2 25.66 27.33 27.33 720.77 848.53 784.65 109.9 112.3 111.1 

T3 27.33 35.66 31.50 778.30 899.30 838.80 118.8 110.8 114.8 

T4 37.66 41.66 39.66 764.90 985.27 875.08 112.5 121.8 117.2 

LSD (0.05) 2.18 3.24 4.48 52.12 96.71 95.93 NS NS NS 

NS indicates not significant, T1= Traditional direct seeded practice, T2= 40 days old seedlings, T3= 50 

days old seedlings, T4= 60 days old seedlings 

 

Table 4. Fruit yield and benefit cost analysis of vegetable marrow as influenced by 

seedling age 

Treatment Fruit yield  

(t ha -1) 

Gross return 

(000 Rs. ha -1) 

Gross margin 

(000 Rs. ha -1) 

2011 2012 Mean 2011 2012 Mean 2011 2012 Mean 

T1 11.66 16.13 13.90 143.8 209.5 176.7 38.6 90.7 64.7 

T2 19.20 22.63 20.91 249.3 294.0 271.7 88.7 123.8 106.2 

T3 20.36 23.96 22.16 266.6 311.6 289.1 100.9 136.4 118.7 

T4 20.73 26.26 23.50 268.7 341.4 355.1 98.1 161.2 129.6 

LSD (0.05) 1.54 1.78 1.30 60.2 45.3 68.4 12.8 23.2 17.5 

T1= Traditional direct seeded practice, T2= 40 days old seedlings, T3= 50 days old seedlings, T4= 60 

days old seedlings, Market price of vegetable marrow: 12-14 Rs. kg -1 
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Figure 1. Increase in yield and profit of vegetable marrow from different aged seedlings 

                 compared to direct sowing (2-year average) 
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