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STUDY ON THE LEAF TRAITS OF AMAN RICE VARIETIES IN VARIOUS SOIL MOISTURE LEVELS 
 

M. M. Rahman1, K. U. Ahamed2 and N. Akhter3 
 

ABSTRACT 
 
An experiment was carried out at Sher-e-Bangla Agricultural University, Dhaka, Bangladesh during the 
period from July to November 2014 to study the performance of four transplanted aman rice varieties 
(BRRI dhan56, BRRI dhan57, Binadhan-7 & BRRI dhan49) under three different soil moisture levels 
(100% field capacity moisture content or control, 70% of the control moisture and 40% of the control 
moisture). The experiment was carried out in a polythene shed controlling the intrusion of rainfall. The 
results indicated that leaf area, specific leaf area and relative water content were found to be the highest at 
100% FC condition and the lowest at 40% FC condition; but the reduction was comparatively lower in 
BRRI dhan56 and BRRI dhan49. No leaf rolling was recorded in 100% field capacity moisture level and 
the highest leaf rolling was recorded at 40% field capacity moisture level. 70% field capacity moisture did 
not give any remarkable effect on BRRI dhan56 and BRRI dhan49. These varieties could be cultivated in 
drought-prone areas of Bangladesh providing 70% field capacity moisture.  
 
Keywords: field capacity, leaf rolling, leaf traits, soil moisture 

 
INTRODUCTION 

In Bangladesh, rice is the key staple crop and there is no alternative of increasing rice production to 
feed the ever increasing population of Bangladesh. The second largest production of rice in Bangladesh 
comes from aman season after boro. Now a day, drought is one of the major problems in aman season 
due to prevailing climatic changes. After October, rainfall is not sufficient for potential yield of rice 
and most of the aman rice remains at the flowering and grain filling stage at that period. If water is not 
supplied on those farms rice yield will be reduced drastically (Sattar and Parvin, 2009).  
Leaf is the main light harvesting organ. Biswal and Kohli (2013) observed a positive correlation 
between leaf traits and yield under drought. The leaf area is an important trait which is related to plant 
canopy photosynthetic and dry matter production. Zubaer et al. (2007) stated that the interaction effect 
of different moisture levels and rice genotype of leaf area per hill at all growth stages was significant. 
They also reported that at booting stage, the highest leaf area was found at 100% FC in different rice 
genotypes and the leaf area was reduced with the reduction of moisture levels. It was reported that the 
effect of drought stress on leaf area at flowering and maturity stages was more or less similar as 
booting stage. They also found that the flowering stage was more critical than other stages. It was also 
reported that the reduced soil moisture levels produced lower leaf area; might be due to inhibition of 
cell division of meristematic tissue under water starved condition (Aggarwall and Kodundal, 1988 and 
Hossain, 2001). Relative water content of leaves is higher in the initial stages of leaf development and 
declines as the dry matter accumulates and leaf matures. RWC related to water uptake by the roots as 
well as water loss by transpiration. It was also reported that the exposure of plants to drought stress 
substantially decreased the leaf water potential, relative water content and transpiration rate, with a 
concomitant increase in leaf temperature (Siddique et al., 2001). 1 
It was reported that although components of plant water relations are affected by reduced availability of 
water, stomatal opening and closing is more strongly affected by the extent of moisture supply. 
Zulkarnain et al. (2009) also observed that the relative water contents of different rice varieties were 
similar under the well-watered condition. However, RWC declines progressively in stressed plots with 
the development of severe water deficit. They also reported that the tolerant has relatively higher water 
content than the other varieties, even after 10 days of exposure to soil drying. Sinclair and Ludlow 
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(1985) proposed that RWC is a better measure for plant's water status than thermodynamic state 
variables (water potential, turgor potential and solute potential). The leaf rolling under water stress 
condition was observed by Zulkarnain et al. (2009) and found that the sensitive rice varieties showed 
higher leaf rolling score and the tolerant cultivars showed lower leaf rolling. It was also reported that 
after a long time drought condition the leaves of all rice cultivars (tolerant and sensitive) were rolled at 
mid day. Based on the above discussion, the experiment was designed to study the leaf traits of 
different aman rice varieties under various soil moisture levels and to identify the strongly drought 
tolerant rice varieties suitable for cultivation in drought-prone areas of Bangladesh. 
 

MATERIALS AND METHODS 
 
The experiment was conducted at the research farm and Plant Physiology Laboratory, Dept. of 
Agricultural Botany, Sher-e-Bangla Agricultural University, Dhaka-1207 under polythene shed. The 
experimental field was situated in the sub-tropical region characterized by heavy rainfall during the 
month from May to September (above 1800 mm) and scantly rainfall in the rest of the year. The 
experiment was carried out in a factorial Randomized Complete Block Design (RCBD) with four 
replications. Soil moisture level such as 100% FC (field capacity) moisture = S0 ii) 70% of the FC 
moisture = S1 ii) 40% of the FC moisture = S2 and rice varieties i.e. - i) BRRI dhan56 ii) BRRI dhan57 
iii) Bina dhan7 and iv) BRRI dhan49 used as traditional varieties. The fertilizers were applied as per 
recommendation. The experiment was carried out in a polythene shed controlling the intrusion of 
rainfall. Data were collected during germination, seedling stage, at anthesis, during grain filling and at 
maturity. The Leaf area, specific leaf area, leaf weight ratio, relative water content and leaf rolling were 
computed as follows: 

, Where, k = adjustment factor, l = length of leaf blade and w = breadth of 
leaf blade.   

 
The fresh, turgid and dry weights of the leaves were used to calculate the relative water content of 
leaves according to Ghannoum et al. (2002) as follows- 

 
Leaf rolling was assessed visually from each treatment as O’Toole and Moya (1978). The data were 
analyzed and the means were separated by DMRT at 5% level of significance using the statistical 
computer package program MSTAT-C (Russell, 1986). Correlation analysis was also done.  

 
RESULTS AND DISCUSSION 

 
Leaf area and specific leaf area 
The results showed that leaf area was affected due to water stress treatment. Water stress decreased the 
leaf area in all the varieties. But there were no significant difference among the treatments in each 
variety. In all the varieties, S0 (control treatment) produced the highest leaf area (Table 1). Considering 
all the varieties and soil moisture treatment, the leaf area was found the maximum (48.06 cm2) in S0 
treatment of rice variety BRRI dhan57 which was statistically similar to other soil moisture treatments 
of those varieties except Binadhan-7 in all soil moisture levels. It was reported that reduced soil 
moisture levels produced lower leaf area and this might be due to inhibition of cell division of 
meristematic tissue under water starved treatment (Zubaer et al., 2007). These results are also in 
agreement with Aggarwall and Kodundal (1988) and Hossain (2001). Gloria et al. (2002) also reported 
that the water deficit in rice caused a larger reduction in leaf area than shoot dry matter, greater 
sensitivity of leaf enlargement to water stress than dry matter accumulation.  Kumar et al. (2014) was 
found that drought stress at reproductive stage caused reduction in leaf area (34.87%). 
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Considering all the varieties and soil moisture treatment the SLA was significantly highest (276.88 
cm2/g) in S0 treatment of BRRI dhan49 than any other treatments and lowest SLA (176.29 cm2/g) was 
recorded in S1 treatment of BRRI dhan56 which was statistically similar to the S2 treatment of the same 
variety and with S2 treatment of Binadhan7 (Table 1). The specific leaf area (SLA) was recorded the 
highest at control (S0) treatment in all the varieties. The S2 treatment produced the lowest SLA in all 
the variety also. 
The overall results indicated that the SLA was decreased under drought treatment. The reduction in 
SLA under severe water stress is an adaptive mechanism to water stress helps in reducing water loss 
from the evaporative surfaces (Hayatu and Mukhtar, 2010) and the reduction in transpiration under 
water stress treatment. Farooq et al. (2010) stated that broader leaves result in better performance of 
indica rice under drought stress. 
 
Table 1.  Effect of different soil moisture levels on leaf area and specific leaf area of 

transplanted aman rice varieties 
 

Varieties Soil moisture 
Levels 

Leaf area 
(cm2) 

Specific leaf area 
(cm2/g) 

BRRI dhan56 S0  36.55±2.31 ab 221.52±8.67 bc 
S1  36.14±2.32 ab 176.29±6.23 e 
S2  35.09±2.31 ab 183.00±6.53 de 

BRRI dhan57 S0  48.06±2.42 a 246.46±9.89 b 
S1  36.85±2.33 ab 223.33±8.56 bc 
S2  35.33±2.30 ab 220.12±8.86 bc 

BINA dhan7 S0  33.81±2.28 b 220.98±8.77 bc 
S1  25.18±2.12 b 209.83±7.53 cd 
S2  33.45±2.21 b 199.11±6.83 c-e 

BRRI dhan49 S0  38.21±2.37ab 276.88±10.38 a 
S1  34.24±2.25 ab 244.57±9.87 b 
S2  37.41±2.39 ab 226.70±8.76 bc 

LSD(0.05) 
CV (%) 

12.06 
23.38 

29.88 
9.41 

S0=100% FC (field capacity) moisture, S1= 70% of the FC moisture, S2= 40% of the FC moisture. Values followed by same letter 
(s) did not differ significantly at 5% level of probability. 
       
Relative water content (RWC) of flag leaf during anthesis 
The relative water content of leaf depends on the moisture content of the soil and the water absorbing 
capacity of the root. The result showed that the relative water content of flag leaf recorded at anthesis 
had significant difference among the soil moisture treatments for relative water content in each variety. 
The relative water content of leaf gradually decreased with decreasing soil moisture from control to S2 
treatment in all the rice varieties (Fig. 1). But the difference of RWC between S0 and S2 was lower in    
BRRI dhan49 and higher in BRRI dhan56. Considering all the varieties and soil moisture treatments, 
the highest RWC (96.43%) was recorded in S0 treatment of BRRI dhan56 followed by Binadhan-7 and 
higher than other treatments. The lowest RWC (74.55%) was recorded in S2 treatment of BRRI 
dhan56. It is also suggested that the high relative water content could help the tolerant variety to 
perform physio-biochemical processes more efficiently under water stress treatments than susceptible 
variety (Moussa and Aziz, 2008). Zulkarnain et al. (2009) stated that the relative water contents of 
different rice varieties were similar under the well-watered treatment on different measurement 
occasions and it declined progressively in stressed plots with the development of severe water deficit. 
The differences among the rice varieties in terms of the rate of decline in the leaf RWC could also be 
associated with the variations in other physiological responses to water stress, such as reduction in 
stomatal conductance. Kumar et al. (2014) was found a significant difference in RWC among different 
rice varieties between drought stress and irrigated treatment. 
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Fig. 1.  Relative water content of leaf of different rice varieties under various soil moisture treatments. 
S0=100% FC (field capacity) moisture, S1= 70% of the FC moisture, S2= 40% of the FC 
moisture. LSD = 0.17, values followed by same letter(s) did not differ significantly at 5% 
level of probability. 

 
Leaf rolling score 

The result showed that leaf rolling was not observed at S0 or control treatment (Fig. 2) in all the 
varieties. The highest leaf rolling score was recorded at S2 treatment in all the varieties. Under S1 
treatment, the score recorded was the highest (3.0) in Binadhan-7 which was significantly higher than 
any other varieties and the lowest (1.34) score was observed in BRRI dhan56 which was statistically 
similar to other varieties. Leaf rolling under water stress condition helps plant to minimize transpiration 
loss and protect the plants from drying.  

The highest leaf rolling at S2 treatment in all the varieties might be due to the lowest RWC of leaf 
under this treatment. But in BRRI dhan49, the leaf rolling was relatively lower in S2 treatment 
compared to others and this might be due to higher proline accumulation in this variety under S2 
treatment. But in Binadhan-7, the highest leaf rolling under S2 treatment might be due to lower proline 
accumulation as well as lower RWC under this treatment. Therefore, leaf rolling is commonly used as 
an important criterion during screening of varieties for drought tolerance (Cutler et al., 1980; Sloane et 
al., 1990; Rosario et al., 1992; Lilley and Fukai, 1994). Accordingly, rice variety Binadhan-7 was 
found to be sensitive and BRRI dhan49 was found tolerant to drought. Leaf rolling and leaflet closure 
during periods of soil moisture depletion have also been observed in other varieties of rice (Lilley and 
Fukai, 1994). These leaf movements, such as the adjustment of leaf angle or modification of leaf 
orientation to reduce the interception of solar radiation and, thus, decrease leaf temperature and water 
loss by transpiration, are regarded as one of the drought avoidance mechanisms evolved in plants 
(Pugnaire et al., 1999; Carr, 2001). The leaf rolling score of different rice varieties under drought stress 
was also stated by Zulkarnain et al. (2009). Blum (1988) reported the use of delayed leaf rolling under 
water stress as important selection criteria for dehydration avoidance. Leaf rolling was considered to be 
a response to leaf water potential and has been found to correlate with leaf water potential in rice. 
Delayed leaf rolling was considered as a desirable character in rice (Maji, 1994) as also observed in 
BRRI dhan49. Mackill (1991) was reported that delayed leaf rolling positively related to drought 
resistance and recovery from drought. It was also reported that the leaf rolling is one of the acclimation 
responses of rice and is used as a criterion for scoring drought tolerance (Pandey and Shukla, 2015). 
However, it was also reported that increased leaf rolling under severe stress has the advantage of 
preventing water loss and radiation damage and variation in leaf rolling among varieties has a genetic 
basis (Subashri et al., 2009; Salunkhe et al., 2011).Thus, leaf rolling is an adaptive response to water 
deficit in rice, and leaf angle is a character usually associated with plasticity in leaf rolling when 
internal water deficit occurs (Chutia and Borah, 2012). 
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Fig. 2. Leaf rolling score of different rice varieties as influenced by various soil moisture levels. 

S0=100% FC (field capacity) moisture, S1= 70% of the FC moisture, S2= 40% of the FC 
moisture. LSD = 0.45, values followed by same letter(s) did not differ significantly at 5% 
level of probability. 

 

In all the variety, 100% FC condition produced the highest leaf area. The specific leaf area (SLA) was 
recorded highest at 100% FC in all the genotypes except BRRI dhan57 and 40% FC produced the 
lowest SLA in all the variety except BRRI dhan57.  No leaf rolling was observed at 100% FC condition 
but the highest leaf rolling was observed at 40% FC condition. The relative water content of leaf 
gradually decreased with increasing water stress from 100% FC to 40% FC condition. Considering the 
above statement, it may be concluded that lower soil moisture content (40% of the field capacity) 
affected different morpho-physiological processes. It was revealed that BRRI dhan49 and BRRI 
dhan56 showed lower leaf rolling, relatively higher leaf area and specific leaf area, comparatively 
higher leaf investment and relative water content of leaf under water stress condition. These varieties 
could be cultivated under low soil moisture level (under 70% of the field capacity moisture) without 
any remarkable effect on different mopho-physiological processes.  

 
REFERENCES 

 
Aggarwall, P.K. and Kodundal, K.R. 1988. Relative sensitivity of some physiological haraceristics to 

plant water deficits in wheat. Pl. Physiol. Biochem., 15(1): 161-168. 
Biswal, A.K. and Kohli, A. 2013. Cereal flag leaf adaptations for grain yield under drought: 

Knowledge status and gaps. Mol. Breed., 31(4): 749-766. 
Blum, A. 1988. Plant breeding for Stress environments. CRC. Inc., Florida. USA. 
Carr, M.K.V. 2001. The water relations and irrigation requirements of coffee. Expt. Agric., 37: 1-36. 
Chutia, J. and Borah, S.P. 2012.  Water stress effects on leaf growth and chlorophyll content but not the 

grain yield in traditional rice (Oryza sativa L.) genotypes of Assam, India II. Protein and 
proline status in seedlings under PEG induced water stress. American J. Pl. Sci., 3: 971-980. 

Cutler, J.M., Shahan, K.W. and Steponkus, P.L. 1980. Dynamics of osmotic adjustment in rice. Crop 
Sci., 20: 210-314.  

Farooq, M., Kobayashi, N., Ito, O., Wahid, A. and Serraj, R. 2010. Broader leaves result in better 
performance of indica rice under drought stress. J. Pl. Physiol., 167(13): 1066-75. 

Ghannoum, O., Caemmerer, S.V. and Conroy, J.P. 2002. The effect of drought on plant water use 
efficiency of nine NAD-ME and nine NADP-ME Australian C4 grasses. Func. Pl. Biol., 29: 
1337-1348. 

Gloria, C.S., Ito, O. and Alejar, A.A. 2002. Physiological evaluation of responses of rice (Oryza sativa 
L.) to water deficit. Pl. Sci., 163: 815-827. 

Hayatu, M. and Mukhtar, F.B. 2010. Physiological responses of some drought resistant cowpea 
genotypes (Vigna unguiculata L.) to water stress. Bayero J. Pure Appl. Sci., 3(2): 69-75.  

   
   

  L
ea

f r
ol

lin
g 

sc
or

e 
 



6 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Hossain, M.A. 2001. Growth and yield performance of some boro rice cultivars under different soil 
moisture regimes. M.S. Thesis, Department of Crop Botany. Bangladesh Agric. Univ., 
Mymensingh. 

Kumar, S., Dwivedi, S.K., Singh, S.S., Bhatt, B.P., Mehta, P., Elanchezhian, R., Singh, V.P. and Singh, 
O.N. 2014. Morpho-physiological traits associated with reproductive stage drought tolerance 
of rice (Oryza sativa L.) genotypes under rain-fed condition of eastern Indo-Gangetic Plain. 
Indian J. Pl. Physiol., 19(2):  87–93. 

Lilley, J.M. and Fukai, S. 1994. Effect of timing and severity of water deficit on four diverse rice 
cultivars. 1. Rooting pattern and soil water extraction. Field Crops Res., 37: 205-213. 

Mackill, D.J. 1991. Varietal improvement for rain-fed lowland rice in South and South East Asia: 
results of a survey. Progress at rain-fed lowland rice. Manila: Int. Rice Res. Inst. 115-144 pp. 

Maji, A.T. 1994. Vegetative stage drought tolerance and agronomic characteristics of Oryza 
glaberrima accessions. Msc Thesis, University of Ibadan, 156 p. 

Moussa, H.R. and. Aziz, S.M.A. 2008. Comparative response of drought tolerant and drought sensitive 
maize genotypes to water stress. Aust. J. Crop Sci., 1(1): 31-36. 

O’Toole, J.C. and Moya, T.B. 1978. Genotypic variation in maintenance of leaf water potential in rice. 
Crop Sci., 18: 873 - 876. 

Pandey, V. and Shukla, A.  2015.  Acclimation and tolerance strategies of rice under drought stress. 
Rice Sci., 22(4): 147-161. 

Pugnaire, F.I., Serrano, L. and Pardos, J. 1999. Constraints by water stress on plant growth. In M. 
Pessarakli (Edn.), Handbook of Plant and Crop Stress. Marcel Dekker, New York. 271- 283 
pp. 

Rosario, D.A., Ocampo, E.M., Sumague, A.C. and Paje, M.C.M. 1992. Adaptation of vegetable 
Legumes to drought stress. In C. G. Kuo (Ed.), Adaptation of food crops to temperature and 
water stress. In 13-18 August, Taiwan. Asian Vegetable Research and Development Center 
(AVRDC), Shanhua, Taiwan. 360 – 371 pp. 

Russell, D.F. 1986. MSTAT-C Pakage programme. Crop and Soil Science, Department, Michigan 
University, USA. 

Salunkhe, A.S., Poornim, A.R., Prince, K.S., Kanagaraj, P., Sheeba, J.A., Amudha, K., Suji, K.K., 
Senthil, A. and Babu, R.C. 2011. Fine mapping QTL for drought resistance traits in rice 
(Oryza sativa L.) using bulk segregant analysis. Mol. Biotechnol., 49(1): 90-95. 

Sattar, M.A. and Parvin, M.I. 2009. Sustainable T. aman rice production in North-West region of 
Bangladesh for food security under climate change situation, Proc. Intl. Conference on 
Climate Change Impacts and Adaptation Strategies for Bangladesh, 189-300.  

Siddique, M.R.B., Hamid, A. and Islam, M.S. 2001. Drought stress effects on water relations of wheat.  
Bot. Bull. Acad. Sinica, 41: 35-39. 

Sinclair, T.R. and Ludlow, M.M. 1985. Who taught plants thermodynamics? The unfulfilled potential 
of plant water potential. Aust.  J. Pl. Physiol., 12: 213-217. 

Sloane, R.J., Patterson, R.P. and Carter, I.E. 1990. Field drought tolerance of a soybean plant 
introduction. Crop Sci., 30: 118 -123. 

Subashri, M., Robin, S., Vinod, K.K., Rajeswari, S., Mohanasundaram, K. and Raveendran, T.S. 2009. 
Trait identification and QTL validation for reproductive stage drought resistance in rice using 
selective genotyping of near flowering RILs. Euphytica, 166(2): 291–305. 

Zubaer, M., Chowdhury, A., Islam, M.Z., Ahmed, T. and. Hasan, M.A. 2007. Effects of water stress on 
growth and yield attributes of aman rice genotypes. Intl. J. Sustain. Crop Prod., 2(6): 25-30.  

Zulkarnain, W.M., Ismail, M.R., Ashrafuzzaman, M., Halimi, M.S. and. Haroun, I.C. 2009. Growth, 
physiological and biochemical responses of Malaysia rice cultivars to water stress. Pertanika 
J. Trop. Agric. Sci., 32 (2): 323 - 333. 



7 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

J. Sher-e-Bangla Agric. Univ., 10(1 & 2): 7-15, January & July 2019               ISSN 1997-6038 
 

IDENTIFICATION OF SUBMERGENCE TOLERANT RICE GENOTYPES 
WITH REFERENCE TO LEAF PHYSIOLOGY 

 
N. Akhter1, K. U. Ahamed2 and M. M. Rahman3 

 
ABSTRACT 

 
The experiment was carried out at the research farms and plant physiology laboratory of Sher-e-Bangla 
Agricultural University, Dhaka, Bangladesh during aman season of 2014 to study the response of different 
rice genotypes to submergence condition and to identify submergence tolerance of aman rice genotypes 
best on leaf physiological parameters. The experiment was conducted with three tolerant (BRRI dhan52, 
IR64Sub1, FR13A) and one susceptible genotype (BR5) with four submergence treatments (0, 7, 14, and 
21 days of submergence). The experiment was laid out in two factors randomized complete block design 
with four replications. Different leaf physiological processes were hampered due to submergence. The 
negative effect of submergence was increased with increasing submergence duration. But there was 
genotypic variation in every submergence level. After desubmergence the relative water content, stomatal 
conductance, transpiration rate, intercellular CO2 concentration, net assimilation rate and specific leaf 
weight were less affected in BRRI dhan52 and FR13A and were more affected in IR64Sub1 and in BR5. 
Considering different leaf physiological processes BRRI dhan52 showed more submergence tolerance 
compared to other genotypes. 
 

Keywords:  leaf physiology, net assimilation rate, relative water content, stomatal conductance, 
submergence  

 

INTRODUCTION 
 

Rice (Oryza sativa L.) is the staple food for more than half of the world’s population. It is the major 
crop in most flood prone areas of South and South-East Asia including Bangladesh. There is a 
tremendous pressure for increasing rice production in order to keep pace with population growth in the 
world. By the year 2035, 26% increase in rice production will be necessary to feed the rising 
population (Seck et al., 2012). The intensity of rainfall is extremely high in many monsoon areas of the 
world. There the rice plant is completely flooded for a period ranging from a day to several weeks. This 
kind of inundation is generally known as "submergence". Submergence is one of the major constraints 
for rice production in Bangladesh along with many rice growing countries of the world. The soil and 
overlying water of flooded habitats are characterized by hypoxia and anoxia, the partial and complete 
depletion of oxygen, respectively. The negative impacts of submergence on rice plant are mainly 
related to low light intensity, slow gas diffusion (10,000 times slower in water than air) and changes in 
root environment including the accumulation of phytotoxic compounds (Gambrell et al., 1991; Bailey-
serres and Voesenek, 2008).The submergence effect on rice plant also depends on water depth, 
duration of submergence, turbidity of water, light intensity, O2 concentration of water, pH of water, 
water temperature and age of the plant (Sarkar et al., 2006).Under submerged condition, rice plants 
usually face reduced ATP production by rapid alcoholic fermentation, limited photosynthesis, 
carbohydrate starvation, degradation of chlorophyll and mechanical damage (Ella et al., 2003). After 
desubmergence, on the other hand, plants face aerobic shock induced photoinhibition, production of 
reactive oxygen species and accumulation of acetaldehyde (Luo et al., 2009). 2 

Tolerant to flash flood submergence may be defined as “the ability of a rice plant to survive from 10 
to14 days of complete submergence and renew its growth when the water subsides” (Catling, 1992). 
Rice varieties differ in their tolerance to submergence. Under flash flooding, few leaf characters have 
been identified as playing a key role in submergence tolerance in rice. Different leaf physiology such as 
relative water content, stomatal conductance, transpiration rate, intercellular CO2 concentration, net 
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assimilation rate and specific leaf weight might play ctitical role after desubmergence. Separately, after 
desubmergence, tissue injuries which developed underwater can be intensified as the floodwater 
recedes and shoots become re-exposed to the atmosphere (Sarkar et al., 2006). The photosynthetic 
carbon fixation and accumulation of carbohydrate are essential for biomass accumulation during 
submergence and after desubmergence. However, it was also reported that sudden increase in light 
intensity upon de-submergence threatens leaves accustomed to low-light underwater environments, 
causing photoinhibition to the photosynthetic apparatus (Osmond, 1994; Ella et al., 2003). For 
example, submergence increased minimal fluorescence in leaves of rice cultivars, which signifies 
photoinhibition (Panda et al., 2006).  

It was observed that the main cellular components susceptible to damage by free radicals are membrane 
lipids (peroxidation of unsaturated fatty acids), proteins (denaturation), carbohydrate and nucleic acids 
(Blokhina et al., 2003). ROS can be generated under hypoxic conditions during submergence; severe 
lipid peroxidation by ROS can have a fatal consequence in submerged plants (Santosa et al., 2007). It 
was reported that the production of ROS is far more intensified upon de-submergence, which is 
associated with an abrupt and concomitant increase in light intensity and O2 concentration. Excessive 
formation of ROS is commonly found in plants re-exposed to the ambient conditions following 
submergence (Blokhina et al., 2003; Bailey-Serres and Chang, 2005; Santosa et al., 2007). It was 
indicated that re-aeration can induce a transient burst of acetaldehyde emission (Zuckermann et al., 
1997; Tsuji et al., 2003) as a result of rapid ethanol oxidation without coordinated oxidation of 
acetaldehyde (Boamfa et al., 2005). It was observed that when the floodwater recedes, low hydraulic 
conductivity of submerged roots cannot provide enough water to meet aboveground transpirational 
demand, causing wilting of shoot (Luo et al., 2009). However, to our knowledge, no study has 
conducted to find the transpiration rate of rice genotypes after desubmergence. 

Debabrata and Kumar (2011) also stated that stomatal conductance found to be significantly decreased 
in both Swarna and Swarna Sub1 during the progression of submergence as compared to control plant. 
They also found that after 7 days of submergence stomatal conductance significantly more in Swarna 
Sub1 compared to Swarna. Closing of stomata, with or without leaf dehydration, reduction of 
transpiration and inhibition of photosynthesis, are responses that can occur in hours or days, depending 
on the tolerance to flooding of each plant species (Bradford & Hsiao, 1982; Else et al., 1996; Insausti et 
al., 2001; Striker et al., 2005; Mollard et al., 2008; Mollard et al., 2010). Sakagami et al. (2009) found 
that the photosynthetic rate at 37 Days after submergence in partial and complete submergence was 
closely related to the net assimilation rate (NAR) during submergence in the pot experiment. According 
to Sarkar et al. (2006), “submergence tolerance is a metabolic adaptation in response to anaerobiosis 
that enables cells to maintain their integrity so that the plant survives hypoxia without major damages”. 
Therefore, the ultimate goal of the present study is to find out the leaf characters those help in 
submergence tolerance.  
 

MATERIALS AND METHODS 
 
The pot experiment was conducted at the research farm and Plant Physiology Laboratory, Dept. of 
Agricultural Botany, Sher-e-Bangla Agricultural University, Dhaka, Bangladesh. The research area was 
located under the Agro-ecological zone of Madhupur Tract (AEZ 28) which was in 23º77ˈN latitude and 
90º33ˈE longitude at an altitude of 9m above the sea level (BCA, 2004). The duration of the experiment 
was July to November (aman season) of 2014. The climate of this area is sub-tropical. The soil used in 
this experiment was deep red brown terrace soil under Tejgaon series. The textural class of the soil was 
silty loam. The experiment was conducted in two factors randomized complete block design with four 
replications. (I) Factor A- Submergence durations:  i) 0 day under water or control (no submergence) ii) 
7 days under water iii) 14 days under water iv) 21 days under water (II) Factor B-Rice genotypes:i)  
BRRI dhan52 ii)  IR 64 sub1 iii) FR 13A  (tolerant check) iv) BR5  (susceptible check).Seeds were 
collected from the gene bank of Bangladesh Rice Research Institute (BRRI), Joydebpur, Gazipur. The 
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seeds were treated and germinated in seed bed. The seedlings were raised for 30 days in the seed beds. 
Sufficient earthen pot was taken as per treatment, replication and data collection. Each pot contained 
10kg of pot soil with recommended fertilizer. Each pot was tagged with enamel paint. Thirty-days-old 
seedlings were transplanted to the pots. Each pot contained one healthy seedling only. The seedlings 
were transplanted immediately after uprooting from the seed bed. Different intercultural operations 
were done. A concrete submergence tank was prepared and the water level was checked daily. After 10 
days of transplanting when the seedlings were well established in the pot soil then all the pots except 
control treatments (no submergence) were placed inside the tank and the water level was gradually 
increased up to 125 cm. The pot containing plants were submerged for different days (7 days, 14 days 
and 21 days) as per treatments. The water was made turbid daily by mixing mud. Different data was 
collected just after desubmergence, at anthesis and at harvest. The stomatal conductance of main stem 
flag leaf was measured by leaf porometer (G9-Leaf Porometer, model: SC-1, USA). The transpiration 
rate, intercellular CO2 concentration and net assimilation rate were measured by ‘LCpro+ 
photosynthesis gas exchange system’ (model: LI-6400XT, USA). The data were analyzed in two factor 
randomized complete block design and the means were separated by DMRT at 5% level of significance 
using the statistical computer package programme MSTAT-C (Russell, 1986).  

RESULTS AND DISCUSSION 
 
Specific leaf weight  
Specific leaf weight (SLW) is defined as the mass of leaf dry matter per unit of leaf area. The plant 
with higher SLW (thick leaf) possesses more mesophyll cells for photosynthesis. The SLW of different 
rice genotypes was calculated after desubmergence from submerged and control plants (Table 1). 
Under control treatment, the SLW found was the highest in IR64Sub1 and the lowest in BRRI dhan52. 
Due to 7 DS treatment, the submergence treated plants produced lower SLW compared to control 
treatment in all the genotypes. Among the 7 DS treated plants, the lowest (81.09% of the control) SLW 
recorded was in BRRI dhan52 and the highest ((92.61% of the control) recorded was in IR64Sub1. Due 
to 14 DS treatment, submergence treated plants produced lower SLW compared to control plants in all 
the genotypes. In this (14 DS) treatment, the highest (81.70% of the control) SLW recorded was in 
IR64Sub1 and the lowest (75.06% of the control) SLW recorded was in BRRI dhan52. Due to 21 DS 
treatment, submergence treated plants produced lower SLW compared to control plants in all the 
genotypes. Among this treatment (21 DS) plants, the highest (75.30% of the control) SLW recorded 
was in IR64Sub1 also and the lowest (49.69% of the control) in BR5. The SLW was more affected due 
to submergence in BR5 and less affected in IR64Sub1.  
 

Table 1. Effect of different submergence treatments on specific leaf weight (SLW) of different 
rice genotypes 

Genotypes SLW  under 7 DS 
mg/cm2 

SLW  under 14 DS 
mg/cm2 

SLW  under 21 DS 
mg/cm2 

C S C S C S 
BRRI dhan52 3.86 ab 3.13 c 

(81.09) 
4.01 b 3.01 e 

(75.06) 
4.25 b 2.69 d 

(63.29) 
IR64Sub1 4.33 a 4.01ab 

(92.61) 
4.70 a 3.84 b 

(81.70) 
4.94 a 3.72 c 

(75.30) 
FR13A 
 

4.31 a 3.46 bc 
(80.28) 

4.59 a 3.30 d 
(71.90) 

4.71 a 2.49 d 
(52.87) 

BR5 
 

4.16 ab 3.62 a-c 
(87.02) 

4.71 a 3.56 c 
(75.58) 

4.91 a 2.44 d 
(49.69) 

LSD(0.05) 
CV (%) 

0.64 
11.24 

0.24 
4.03 

0.31 
5.55 

DS= Days of submergence, (C = Control. S= Submergence, Figures inside the parenthesis indicate relative to control), Values 
followed by same letter(s) are not significantly different from each other by DMRT at 5% level for each treatment. 
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In the present experiment, the SLW recorded was lower than the control in all the genotypes and this 
was due to increased leaf area and decreased leaf dry matter under submergence condition. But 7 DS 
treatment in IR64Sub1 and BR5 showed statistically similar SLW as the control treatment. Decrease in 
SLW means reduction of tissue available in a unit leaf area indicating the sensitivity of a genotype 
under submergence stress as BR5. Sarkar et al. (1996) found that after 9 days of submergence, the 
reduction of SLW for different varieties of rice was continuous and very high in susceptible varieties 
(50-51 %) as compared with the tolerant cultivars (12-18 %). As SLW is an index of photosynthesis in 
rice and chlorophyll is directly related to photosynthesis, it is suggested that better survival of tolerant 
varieties was due to the capability of synthesizing and maintaining more photosynthates during the 
period of submergence. Bailey-Serres and Voesenek (2008) also found that leaves of Rumex palustris 
developed under water were 20% thinner with an increased SLA indicating a larger surface area 
relative to mass. Therefore, it is suggested that IR64Sub1 genotype showed submergence tolerance 
considering this parameter. 
 
Relative water content (RWC) of leaves  
The relative water content of leaf was calculated after 2 hours of desubmergence both from control and 
submerged plants and the results have been shown in Fig. 1. In all the submergence treatments, it was 
recorded that the relative water content was significantly the highest at the control treatment compared 
to submergence treatment. Under 7 DS treatment, the relative water content of leaves was much higher 
in control treatment than the submerged treatment, in all the genotypes. Among the genotypes under 7 
DS treatment, the highest (93.21%) relative water content of leaf recorded was in FR13A at control 
plant which was statistically similar to IR64Sub1, BRRI dhan52 and BR5 at control treatment and the 
lowest (64.12%) relative water content of leaf recorded was in BR5 at submerged plant which was 
significantly lower than any other genotype of this treatment. Under 14 DS treatment, the relative water 
content of leaf recorded was higher in control plants than the submerged plants in all the genotypes. 
Among the genotypes under this treatment, the relative water content of leaf recorded was the highest 
(93.41%) in FR13A at control plant which was statistically similar to IR64Sub1, BRRI dhan52 and 
BR5 at control treatment and the lowest (40.11%) recorded was in submerged plants of BR5 genotype 
which was significantly lower than any other genotype of this treatment. Under 21 DS treatment, the 
relative water content of leaf recorded was also higher in control plants than the submerged plants in all 
the genotypes. Among the genotypes under this treatment, the RWC of leaf found was the highest 
(93.51%) in IR64Sub1 at control plants which was statistically similar to BRRI dhan52, FR13A and 
BR5 at control treatment and the lowest (21.35%) recorded was in BR5 at submerged plant which was 
significantly lower than any other genotype of this treatment. A drastic reduction in RWC of leaf 
recorded was in BR5 at 21 DS treatment.  

Under 7, 14 and 21 DS treatment the RWC of BRRI dhan52 and FR13A was relatively higher than the 
other genotypes. In the present experiment, the RWC was decreased significantly in submergence 
treatment compared to control in all the genotypes and the lowest RWC was recorded in BR5 in all the 
treatments. This might be due to transpiration rate was increased after desubmergence because of 
sudden high light and high heat. A sort of water stress (deficiency) was also created in the affected 
tissue (Fukao et al., 2011). The water stress is related to fall in root hydraulic conductance of the plant. 
Under submerged condition, the membranes of the root cells were injured and root membrane 
permeability to water absorption were hampered. The injured root cannot supply enough water to the 
leaf to meet that transpirational demand. As a result plants fall in drought stress and the RWC of leaf 
become lower (Banerjee et al., 2015). In this situation, plants try to maintain higher RWC through 
osmotic regulation by accumulating proline. It was also recorded in the present experiment that the 
RWC of leaf was closely related to the membrane injury level of the leaf in a certain treatment. The 
RWC of leaf was lower in those treatments where the membrane injury recorded was higher. The 
severe injured leaf tissues (in BR5 at 21 DS treatment) might unable to maintain osmotic adjustment 
under water stress condition. The lowest RWC in submerged leaf of BR5 indicated that this genotype is 
more susceptible to submergence stress than the other genotypes. In this situation, the genotype (such 
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as FR13A) in which the RWC of leaf remain closer to control by accumulating more proline (data not 
shown), is suppose to be tolerant type. 
 

 
 

Fig. 1. Relative water content of leaf after desubmergence of submerged plants and control plants. Bar 
represents standard deviation. DS= Days of submergence, figures inside the parenthesis indicate 
values relative to control. 

 

Stomatal conductance and transpiration rate  
The major role of the stomata is to allow entry of CO2 into the leaf for photosynthesis while at the same 
time preventing excessive water loss. The stomatal conductance and transpiration rate in flag leaf of 
main stem were measured by gas exchange meter during grain filling period and the average values 
were taken for analysis where all plants found dead at 21 days treatment of BR5.  In all the genotypes, 
the stomatal conductance of control treatment recorded was higher compared to submergence 
treatment. The stomatal conductance gradually decreased with the increasing submergence duration in 
all the genotypes (Table 2). Considering all the genotypes and submergence durations, the stomatal 
conductance recorded was the highest (533 µmol m-2 s-1) in BRRI dhan52 at 0 DS treatment which was 
statistically higher than any other treatment. The lowest (130 µmol m-2 s-1) stomatal conductance 
recorded was in IR64Sub1 at 21 DS treatment which was significantly lower than any other treatment. 
Debabrata and Kumar (2011) found that stomatal conductance was significantly decreased in both 
Swarna and Swarna Sub1 during the progression of submergence as compared to the control plant. 
They also found that after 7 days of submergence, stomatal conductance was significantly higher in 
Swarna Sub 1 compared to Swarna. The genotype which maintained higher stomatal conductance after 
desubmergence might tolerant type. 
The transpiration rate in FR13A recorded was the highest (7.425 mmol m-2 s-1) at control treatment 
then gradually decreased with the increase of submergence duration. But in rest of the genotypes the 
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transpiration rate recorded was little higher at 7 DS treatment than the control and then gradually 
decreased with the increasing submergence durations. Among the genotypes and submergence levels, 
the transpiration rate recorded was the highest (7.560 mmol m-2 s-1) in BRRI dhan52 at 7 DS treatment 
which was statistically similar to those at 0 DS treatment in the same genotype. The lowest (4.790 
mmol m-2 s-1) transpiration rate recorded was in BR5 at 14 DS treatment which was statistically similar 
to IR64Sub1 at 21 DS treatment. In BRRI dhan52, IR64Sub1 and in BR5, the maximum transpiration 
recorded was at 7 DS treatment. In FR13A, the maximum transpiration was recorded at control 
treatment. In the present experiment, the stomatal conductance of FR13A at 7 DS treatment was 
statistically similar to the control treatment which might help this genotype to perform better. The 
decrease in stomatal conductance and transpiration rate in submerged treated plant compared to control 
plant might be due to decrease in chlorophyll content and increase in leaf injury. At physiological level, 
flooding modifies water relations and plants carbon fixation. Closing of stomata, with or without leaf 
dehydration, reduction of transpiration and inhibition of photosynthesis, are responses that can occur in 
hours or days, depending on the tolerance to flooding of each plant species (Bradford and Hsiao, 1982; 
Else et al., 1996; Insausti et al., 2001; Striker et al., 2005; Mollard et al., 2008; 2010). Above study 
suggested that 7 DS had little effect on BRRI dhan52. 
 
Table 2. Average of stomatal conductance and transpiration rate of flag leaf during grain filling 

of different rice genotypes as influenced by different submergence treatments 
 

In a column, values followed by same letter(s) are not significantly different from each other by DMRT at 5% level of 
significance. 
 

Intercellular CO2 concentration and net assimilation rate 
The intercellular CO2 concentration and net assimilation rate of flag leaf of main stem were also 
measured by gas exchange meter during grain filling period and the average values were recorded for 
analysis where all plants found dead at 21 DS treatment of BR5. Considering all the genotypes and 
submergence durations, the intercellular CO2 concentration found was the highest (354.75) µmol        
(m-2 s-1) in FR13A at 7 DS treatment (Table 3). The lowest (307 µ mol m-2 s-1) intercellular CO2 
concentration recorded was in BRRI dhan52 at 0 DS treatment. In BRRI dhan52, the highest 
intercellular CO2 concentration was recorded at 21 DS treatment which was significantly higher than 
control treatment. In IR64Sub1, the highest intercellular CO2 concentration recorded was at 14 DS 
condition which was statistically similar to the other treatments of the same genotype. In FR13A, the 
highest intercellular CO2 concentration recorded was at 7 DS which was statistically similar to the 

Genotypes Days of submergence 
(DS) 

Stomatal conductance 
(µmol m-2 s-1) 

Transpiration rate 
(m mol m-2 s-1) 

BRRI dhan52 
 

0 533 a 7.56 a 
7 340 b 7.56 a 

14 323 b 7.24 bc 
21 242 cd 7.29 a-c 

IR64Sub1 0 330 b 6.56 d 
7 275 c 7.01 c 

14 275 c 6.20 e 
21 130 e 4.91 g 

FR13A 
 

0 250 cd 7.43 ab 
7 245 cd 6.49 d 

14 237 cd 6.06 e 
21 220 d 6.31 de 

BR5 0 265 cd 5.72 f 
7 245 cd 5.73 f 

14 217 d 4.79 g 
21 - - 

CV (%) 10.47 3.20 
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other treatments of the same genotype and in BR5, the highest intercellular CO2 concentration recorded 
was also in 14 DS treatment, which was significantly higher than the control and 7 DS treatment. 

Net assimilation rate is a useful measure of the photosynthetic efficiency of plants. Net assimilation 
rate is the rate of increase of dry weight per unit of leaf area. Considering all the genotypes and 
submergence durations, the highest (14.08 µ mol m-2 s-1) net assimilation rate recorded was in BRRI 
dhan52 at 0 DS treatment which was statistically similar to 7 DS treatment in the same genotypes, 
where the intercellular CO2 concentration was in the lowest level. Among the genotypes and 
submergence levels, the lowest (4.96 µ mol m-2 s-1) net assimilation rate recorded was in IR64Sub1 at 
21 DS treatment which was significantly lower than any other treatment.  

In all the genotypes, submerged plants showed lower net assimilation rate than control plant, though 
the 7 DS treatment of BRRI dhan52, 7 and 14 DS treatment of BR5, showed statistically similar NAR 
with control treatment. The intercellular CO2 concentration was increased with the increasing 
submergence duration in all the genotypes; exhibiting the lower CO2 fixation rate. Lower net 
assimilation rate and higher intercellular CO2 concentration under submergence condition indicated 
that photosynthetic enzyme such as RuBP carboxylase might had some limitation to fix CO2. So the 
lower stomatal conductance and higher intercellular CO2 concentration might contributed in lower net 
assimilation rate in submergence treated plants. Panda and Sarkar (2012) stated that due to 
submergence three functional steps of photosynthetic reaction center, namely absorption of light 
energy, trapping of the excitation energy and the conversion of excitation energy to electron transport 
were affected, which ultimately affected the photosynthesis as well as net photosynthesis. They also 
stated that both donor and acceptor sides of PS II were damaged, electron transport perturbed, 
connectivity between the antennae of PS II lost which resulted in the fall of CO2 photo-assimilation 
rate. The structural and functional damage of PS II was more prominent in susceptible cultivars. 
Sakagami et al. (2009) found that complete submergence adversely affected leaf area and 
photosynthesis. 

In the present experiment, the SLW was recorded lower than the control in all the genotypes. But 7 DS 
treatment in IR64Sub1 and BR5 showed statistically similar SLW as the control treatment. But, further 
increase in submergence duration the SLW was recorded lower and thinner leaf under submergence 
indicated the sensitivity of a genotype as in BR5. Under 7, 14 and 21 DS treatment the RWC of BRRI 
dhan52 and FR13A was relatively higher than the other genotypes. In the present experiment, the RWC 
was decreased significantly in submergence treatment compared to control in all the genotypes and the 
lowest RWC was recorded in BR5 in all the treatments. In all the genotypes, the stomatal conductance 
of control treatment was recorded higher compared to submergence treatment. The stomatal 
conductance gradually decreased with the increasing submergence duration in all the genotypes. The 
transpiration rate in FR13A recorded was the highest (7.425 mmol m-2 s-1) at control treatment then 
gradually decreased with the increase of submergence duration. But in rest of the genotypes the 
transpiration rate recorded was little higher at 7 DS treatment than the control and then gradually 
decreased with the increasing submergence durations. Considering all the genotypes and submergence 
durations, the intercellular CO2 concentration found was the highest (354.75 µmol m-2 s-1) in FR13A at 
7 DS treatment (Table 3). The lowest (307 µmol m-2 s-1) intercellular CO2 concentration recorded was 
in BRRI dhan52 at 0 DS treatment. In BRRI dhan52, the highest intercellular CO2 concentration was 
recorded at 21 DS treatment which was significantly higher than control treatment. In all the genotypes, 
submerged plants showed lower net assimilation rate than control plant, though the 7 DS treatment of 
BRRI dhan52, 7 and 14 DS treatment of BR5, showed statistically similar NAR with control treatment. 
The present study indicated that different leaf physiological processes were hampered due to 
submergence in all the genotypes; but there existed genotypic variations. The 7 DS treatment did not 
create any significant and harmful effect on BRRI dhan52. The genotype FR13A also performed better 
after desubmergence.  
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Table 3. Average of intercellular CO2 concentration and net assimilation rate of flag leaf during 
grain filling of different rice genotypes as influenced by different submergence 
treatments 

 

In a column, values followed by same letter(s) are not significantly different from each other by DMRT at 5% level of 
significance.  
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ABSTRACT 
 

A field study was conducted at the Bangabandhu Sheikh Mujibur Rahman Agricultural University 
Research Farm, Gazipur, during the aman season July 2008 to February 2009 to evaluate the effect 
of combined use of organic and inorganic phosphorus (P) sources on nutrient content in rice grain and 
straw of T. Aman rice. Eight treatments including a control, a recommended doses of inorganic fertilizers 
and six other treatments which were combinations of inorganic and organic fertilizers where 50 % and 75 
% of recommended doses of P were provided by using triple super phosphate (TSP) and the remaining 50 
% and 25 % of P were amended by using either cowdung (CD), poultry manure (PM) or household waste 
(HW). The nutrient P as per treatments and nitrogen (N), potassium (K) and zinc (Zn) as per 
recommended dose were applied. Combined application of inorganic and organic sources of P 
significantly increased the nitrogen (N), phosphorus (P), potassium (K), sulphur (S) and calcium (Ca) 
content in both rice grain and straw of T. Aman rice.  The treatment T4 receiving 50 % P through TSP and 
50 % P through PM increased the concentration of N, P, K, S and Ca in rice grain.  On the other hand, the 
rice straw contained maximum N from treatment of T6 receiving 50 % P through TSP and 50 % P through 
HW whereas P, K and S content was maximum from the treatment of T4. The Ca content found maximum 
in rice straw from T5 treatment receiving 75 % P through TSP and 25% P through PM. Magnesium (Mg) 
and sodium (Na) concentration of both rice grain and straw did not show any significant differences in all 
the treatments. Therefore, the above results suggest that the together application of both inorganic and 
organic fertilizers as IPNS basis increase the different nutrients concentration in rice grain and straw of T. 
Aman rice.  
Keywords: inorganic, IPNS, nutrient, organic, rice3 

 
INTRODUCTION 

 

Rice (Oryza sativa L.) is an important staple food for billions of world people including Bangladesh. 
To assure food security in the rice-consuming countries of the world, farmers are practicing rice-rice 
cropping system to produce more rice of better quality to meet the demands of consumers in coming 
years (Peng and Yang, 2003).This cropping system has been gradually declining the nutrient supplying 
power of most of the soils. Continuous use of chemical fertilizers has significant deleterious effects on 
soil fertility and crop productivity (Moe et al., 2019). Chemical fertilizers pollute soil and water 
making environment even more harmful for both terrestrial as well as aquatic life.  

Nutrients supplied exclusively inorganic fertilizers enhance the yield of rice initially, but the yields are 
not sustainable over time. Imbalanced use of inorganic fertilizers decreases soil fertility and reduces 
38% of grain yield in rice (Singh et al., 2001). Thus, in order to make the soil well supplied with all the 
plant nutrients in the readily available form and to maintain good soil health, it is necessary to use 
organic manures in conjunction with inorganic fertilizers to obtain optimum yields (Babhulkar et al., 
2000). It was also reported that integrated nutrients management increases the rice yield, quality and 
nutrient uptake (Masarirambi et al., 2012). The efficiency of nutrient use may be raised by the 
combined use of organic and inorganic fertilizers. Organic fertilizers not only act as the source of 
nutrients, but also provide micronutrients and modify soil-physical behaviour as well as increased the 
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efficiency of applied nutrients but it was reported that excessive application of organic manure should 
be avoided, particularly in soil, to reduce the risk of toxic effects from reduced metabolic intermediates 
(Liang et al., 2003). In fact, organic manure alone might not meet the plant's requirements due to the 
relatively low nutrient contents and the slow release of plant nutrients (Miah, 1994). 

Many soils of the Indo-Gangetic plain, including Bangladesh have become phosphorus (P) deficient 
(BRRI, 1992; Ali et al., 1997). Thus, the rice yield in the P deficient soil was less than 50% of that 
obtained from soils containing even moderate levels of P (Saleque et al., 1998). Much of the P applied 
to soils as fertilizer can become fixed into forms unavailable to the plant leading to agronomic and 
economic inefficiency. Similar to inorganic fertilizers, organic fertilizers such as poultry 
manure mainly contain nitrogenous compounds, which are readily mineralized to ammonia and nitrate 
(Choudhury et al., 2007). Cow manure, an important nutrient source for crop production is rich in N 
content and recognized as a substitute for inorganic fertilizer (Sharma and Mitra, 1991). As a result, in 
recent years there has been considerable scholarly interest in managing soil fertility and crop 
productivity through an integrated approach. For sustaining soil fertility of rice-rice cropping system, it 
is important to apply chemical fertilizers in conjunction with organic sources of nutrients viz. cowdung, 
household wastes, poultry manures in such a way that crop yield and nutrient use efficiency could be 
maximized without deteriorating soil, air and water quality (Islam et al., 2012). However, to our 
knowledge no study has evaluated to find the influence of phosphorus supplied from TSP, cowdung, 
poultry manure and household wastes on the nutrient content in T. Aman rice under the climatic and 
edaphic conditions of Bangabandhu Sheikh Mujibur Rahman Agricultural University, Gazipur, 
Bangladesh. 

MATERIALS AND METHODS 
 
The study was conducted at Bangabandhu Sheikh Mujibur Rahman Agricultural University 
Research Farm, Gazipur during the aman season July 2008 to February 2009. The physical and 
chemical properties of the field soils show in Table 1. Chemical analyses of grain, straw, 
poultry manure, cowdung and household wastes were shown in Table 2.  

Table 1. Physical and chemical properties of the initial soils sample   

Physical properties Value 
Sand (%) 15.90 
Silt (%) 47.10 
Clay (%)  37.00 
Texture  Silty clay loam  
Porosity (%) 48.5 
Bulk density (g/cc) 1.37 
Particle density (g/cc) 2.68 
Chemical properties Value 
Soil pH 5.95 
Organic Carbon (%)                      0.93 
Total N (%) 0.079 
Available P (ppm) 5.8 
Exchangeable K (meq/100 g soil) 0.14 
Available S (ppm) 7.12 
Exchangeable Ca (meq/100 g soil) 6.55 
Exchangeable Mg (meq/100 g soil) 1.88 
Exchangeable Na (meq/100 g soil) 0.32 
Cation exchange capacity (CEC meq/100 g soil) 10.65 

 

Treatments consisted of different levels of phosphorus (P) derived from both inorganic and organic 
sources are shown in Table 3.  As an organic sources of P well decomposed poultry manure (PM), 
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cowdung (CD) and household wastes (HW) were applied as per treatments one week before final land 
preparation and inorganic P as triple superphosphate (TSP), potassium as muriate of potash (MoP), 
sulphur from gypsum and zinc as zinc oxide were applied two days before final land preparation and T. 
Aman BRRI dhan33 was used as test crop in this experiment. 
 

Table 2. Nutrient content of cowdung, poultry manure and household wastes (oven-
dried at 65OC) 

 

Sample Nutrient content (%) 
N P K S Ca Mg Na 

Cowdung 1.23 0.30 1.2 0.12 3.40 0.20 0.21 
Poultry manure 1.3 0.62 0.9 0.20 6.27 0.30 0.36 
Household wastes 1.2 0.35 1.25 0.11 3.50 0.52 0.26 

 
Table 3.  Treatments of phosphorus on the nutrient content in grain and straw of T. Aman rice 
  

Treatments Description 
T0 = Control No fertilizers 
T1 = RD Recommended fertilizer dose 
T2 = TSP50+CD50 50% P through TSP and 50% P through cowdung 
T3 = TSP75+CD25 75% P through TSP and 25% P through cowdung 
T4 = TSP50+ PM50 50% P through TSP and 50% P through poultry manure 
T5 = TSP75+ PM25 75% P through TSP and 25% P through poultry manure 
T6 = TSP50+ HW50 50% P through TSP and 50% P through household wastes 
T7 = TSP75+ HW25 75% P through TSP and 25% P through household wastes 

 

Figures shown as subscript represent percent phosphorus either from TSP, CD, PM or HW 
 
Nitrogen as urea was top dressed in three equal instalments (splits) at the time of final land preparation, 
maximum tillering stage and at booting i.e. panicle initiation stage of crop growth. A common 
procedure was followed in raising of seedling in seed bed. The experiment was laid out in a 
randomized complete block design (RCBD) with three replications. The treatments were 
randomly assigned to the plots. Twenty five days old seedlings were transplanted in experimental 
plots with distances of 20 cm from row to row and 15 cm from plant to plant. Irrigation was done as 
required and other intercultural operations were performed regularly. The crop was harvested 
separately on different dates at full maturity when 90 % of the grains become golden yellow color. 
The rice grain and straw were kept in separately according to treatment for measuring the different 
nutrients content as sample collection. We measured N, P, K, S, Ca, Mg and Na from the collected 
samples.   
Preparation of samples: Grain and straw samples were dried in an oven at 650C for 48 hours and then 
ground by a grinding machine to pass through a 20 mesh sieve and stored in small paper bags into a 
desiccators. The samples were analyzed for N, P, K, S, Ca, Mg and Na contents.  
Digestion of samples with nitric-perchloric acid: Sample amounting 0.5 g was transferred into a dry 
clean 100 ml kjeldahl flask. A 10 ml of diacid (HNO3: HClO4 in the ratio 2:1) was added. After leaving 
for a while, the flask was heated at a temperature slowly to raise up to 2000C. Heating was momentarily 
stopped when the dense white fumes of HClO4 occurred and after cooling, 6 ml of 6N HCl was added 
to it. The contents of the flask were boiled until they became sufficiently clean and colourless. P, K and 
S contents were determined from this digest. 
Distillation of samples with sulphuric acid: An amount of 100 mg oven dry ground sample was taken 
in a 100 ml kjeldahl flask and 1.1 g catalyst mixture (K2SO4:CuSO4 5H2O: selenium in the ratio 
10:1:0.1), 2 ml 30% H2O2 and 3 ml conc. H2SO4 were added into the flask. The flask was swirled and 
allowed to stand for about 10 minutes. After that, the flask was heated and continued until the digest 
became clear and colorless. After cooling, the digest was transferred into 100 ml volumetric flaks and 
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the volume was made up to the mark with distilled water. A reagent blank was prepared in a similar 
way. This digest was used for the estimation of total N.  
Determination of N, P, K, Ca, Mg and Na: Nitrogen, phosphorus, potassium, calcium, magnesium 
and sodium contents in the digest were determined following the methods. 
Nitrogen (N): Nitrogen of grain and straw was estimated following the micro-kjeldahl method. The 
soil was digested with H2O2 and conc. H2SO4 in presence of the catalyst mixture (K2SO4:CuSO4 5 H2O: 
Se in the ratio 10:1:0.1) and nitrogen in the digest was determined by distillation with 40% NaOH 
followed by titration of distillate trapped in H2B03 with 0.1 N H2SO4 (Page, et al., 1982). 
Phosphorus (P): Phosphorus was extracted from the grain and straw with 0.5 M NaHC03 at pH 8.5. 
The phosphorus in the extract was then determined by developing the blue colour by SnCl2 reduction 
of phosho-molybdate complex and measuring the colour calorimetrically at 660 nm (Olsen et al., 1954) 
using Spactrophotometer. 
 Potassium (K): Potassium of grain and straw was determined from 1 N ammonium acetate (pH 7.0) 
extract of the soil by using flame-photometer.  
Sulphur (S): Sulphur content was extracted by CaCL2 extraction method and determined by adding 
acid seed solution and then precipitation with BaCl2 and measuring the turbidity calorimetrically at 420 
nm wave length (Black, 1965) using Spactrophotometer. 
Calcium (Ca): Exchangeable Calcium of soil was determined from 1 N ammonium acetate (pH 7.0) 
extract of the soil by using flame-photometer.  
Magnesium (Mg): Exchangeable Magnesium of soil was determined from 1 N ammonium acetate (pH 
7.0) extract of the soil by using flame-photometer. 
Sodium (Na): Exchangeable Sodium of soil was determined from 1 N ammonium acetate (pH 7.0) 
extract of the soil by using flame-photometer.  
Statistical analysis   
All data were subjected to analysis of variance (ANOVA) and tested for significance by by Duncan’s 
Multiple Range Test (DMRT) using PC-SAS software (SAS Institute).  

 
RESULTS AND DISCUSSION 

 
Nitrogen content in grain 
The effects of P applied through TSP along with cowdung, poultry manure and household wastes on 
nitrogen content in grain of T. Aman rice was significant (Table 4). Significantly maximum nitrogen 
content in grain (1.193%) was recorded in T4 treatment receiving 50% P through TSP and 50% P 
through poultry manure. The effect of this treatment was, however statistically identical to T2, T3 and 
T6 treatments. Triple superphosphate along with organic manures exerted positive effect on nitrogen 
content in grain of T. Aman rice compared to inorganic fertilizer only. The minimum nitrogen content 
in grain (1.06%) was found in T0 (control) treatment. Timsina et al. (2006) observed 1.12 to 1.24% N in 
rice grain in a rice-wheat system experiment. Roul and Sarawgi (2005) found significant effects 
of manures and fertilizers on the grain N content of rice.  
Phosphorus content in grain 
Mean phosphorus content of T. Aman rice grain is presented in (Table 4). Data in the table showed that 
P content of rice grain was significantly influenced by the P treatments, sources and levels. The table 
indicated that minimum P content (0.121%) was registered by the phosphorus control (T0) treatment. 
Treatment T4 receiving 50% P through TSP and 50% P through  poultry manure produced the 
maximum phosphorous content in grain (0.155%) whose effect was statistically identical to all the 
treatments except T7 and control. Triple superphosphate in association with poultry manure was found 
to be more effective in producing phosphorus content in grain compared to other treatments. Gupta 
(1995) reported that the highest P concentration in rice tissue was obtained with the combined 
application of poultry manure and phosphorus. 
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Potassium content in grain 
The effects of different doses of P applied through TSP in association with cowdung, poultry manure 
and household wastes were significant in recording potassium content in grain of T. Aman rice (Table 
4). The highest potassium content (0.247%) was recorded in T4 treatment receiving 50% P through TSP 
and 50% P through poultry manure. The effect of this treatment was statistically identical to T2 and T6 
but superior to the rest of the treatments. The minimum potassium content in grain (0.124%) was 
recorded in T0 (control) treatment. Bhoite (2005) found that treatment receiving 50% recommended 
inorganic fertilizer with 50% organic fertilizer increased concentration of nutrients in rice grain over 
organic or inorganic treatment alone. Astrael et al. (2006) found that increasing municipal waste 
compost (MWC) increased plant content of N, P and K. 
Sulphur content in grain 
Sulphur content in grain was significantly influenced by P applied through TSP along with cowdung, 
poultry manure and household wastes (Table 4). With respect to sulphur content in grain, the maximum 
sulphur content of grain (0.063%) was recorded in treatment T4 receiving 50% P through TSP and 50% 
P through poultry manure which was statistically similar to T2, and T6 treatments and identical with T3 
and T5 treatments. The lowest sulphur content in grain (0.053%) was produced by T0 (control) 
treatment. This might be due to the balanced supply of nutrients from triple superphosphate in 
association with organic manures which recorded higher amount of sulphur content in grains. Similar 
findings were reported by Hossain (1996) who found that sulphur concentration in grain was increased 
due to application of organic manure in association with NPKS fertilizers in rice field. 
 
Table 4.  Effects of phosphorus applied through triple superphosphate (TSP), cowdung (CD), 

poultry manure (PM) and household wastes (HW) on nitrogen, phosphorus, potassium 
and sulphur contents in grain of T. Aman rice 

 

Treatment N content  
(%) 

P content  
(%) 

K content  
(%) 

S content  
(%) 

T0 = Control       1.060 c 0.121 c 0.124 d 0.053 c 
T1 = Recommended dose  1.111 bc   0.142 ab 0.221c 0.055 c 
T2 = TSP50+CD50  1.152 ab   0.150 ab   0.238 ab 0.062 a 
T3 = TSP75+CD25  1.134 ab   0.144 ab 0.222 c   0.059 ab 
T4 = TSP50+ PM50       1.193 a 0.155 a 0.247 a 0.063 a 
T5 = TSP75+ PM25  1.102 bc   0.148 ab   0.226 bc   0.060 ab 
T6 = TSP50+ HW50  1.160 ab   0.149 ab   0.239 ab 0.062 a 
T7 = TSP75+ HW25  1.114 bc 0.140 b   0.226 bc   0.057 bc 
CV (%) 4.46 5.45 6.80 4.91 

Means in a column followed by same letter (s) are not significantly different at 5% level of significance by DMRT 

Figures shown as subscript represent percent phosphorus either from triple superphosphate (TSP), cowdung (CD), 
poultry manure (PM) or household wastes (HW)  
 
Calcium content in grain 
Calcium content in grain was significantly influenced by different levels of P through TSP along with 
cowdung, poultry manure and household wastes (Table 5). Calcium content in grain ranged from 0.77 
to 1.16%. The highest calcium content in grain (1.16%) was noted by the treatment T4 receiving 50% P 
through TSP and 50% P through poultry manure whose effect was statistically identical to T2 treatment 
but superior to the rest of the treatments. The lowest calcium content in grain (0.77%) was found in T0 
(control) and identical with T1, T3, T5, T6 and T7 treatments.  All the treatments significantly produced 
higher calcium content in grain over control treatment.  
 
Magnesium content in grain 
There was an insignificant effect of different levels of P through TSP along with cowdung, poultry 
manure and household wastes on magnesium content in grain of T. Aman rice (Table 5). Maximum 
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magnesium content in grain (0.73%) was observed in T5 treatment. The lowest magnesium content in 
grain (0.65%) was noted in T0 (control).  
 
Sodium content in grain 
The effect of different doses of P through TSP along with cowdung, poultry manure and household 
wastes was insignificant in recording sodium content in grain (Table 5). The maximum sodium content 
in grain (0.48%) was recorded in treatment T6 receiving 50% P through TSP and 50% P through 
household wastes. The lowest sodium content in grain (0.41%) was recorded in T0 (control) treatment. 
  
Table 5.  Effects of phosphorus applied through triple superphosphate, cowdung, poultry 

manure and household wastes on calcium, magnesium and sodium contents in grain of 
T. Aman rice 

 

Treatment Ca content  
(%) 

Mg content  
(%) 

Na content  
(%) 

T0 = Control 0.77b 0.65 0.41 
T1 = Recommended dose 0.78b 0.70 0.44 
T2 = TSP50+CD50   0.98ab 0.70 0.46 
T3 = TSP75+CD25 0.94b 0.70 0.44 
T4 = TSP50+ PM50 1.16a 0.71 0.44 
T5 = TSP75+ PM25 0.78b 0.73 0.46 
T6 = TSP50+ HW50 0.83b 0.67 0.48 
T7 = TSP75+ HW25 0.92b 0.69 0.46 
CV (%) 11.61 NS NS 

Means in a column followed by same letter (s) are not significantly different at 5% level of significance by DMRT 

Figures shown as subscript represent percent phosphorus either from triple super phosphate (TSP), cowdung (CD), poultry 
manure (PM) or household wastes (HW)  
 
Nitrogen content in straw 
Nitrogen content in straw was significantly influenced by different levels of P through TSP applied 
along with cowdung, poultry manure and household wastes (Table 6). The maximum nitrogen content 
in straw (0.543%) was recorded in T6 treatment receiving 50% P through TSP and 50% P through 
household wastes which was statistically identical to all the treatments except T1 (RD) and control (T0) 
treatments. The lowest nitrogen content in straw (0.349%) was found in T0 (control) treatment. 
Application of P through TSP in combination with cowdung, poultry manure and household wastes 
increased nitrogen content in straw as compared to only chemical fertilizer and control treatment. 
Different levels of triple superphosphate along with organic manure exerted increasing effect on 
nitrogen content in straw. Nitrogen uptake increased significantly as the levels of P and PM increased. 
  
Phosphorus content in straw 
A significant difference in phosphorus content in straw was observed at different levels of P through 
TSP in combination with cowdung, poultry manure and household wastes (Table 6). Maximum P 
content in straw (0.090%) was recorded in treatment T4 receiving 50% P through TSP and 50% P 
through poultry manure whose effect was however, statistically identical with all the treatments except 
T1 (RD) and control (T0) treatments. All the treatments receiving P through TSP in association with 
cowdung, poultry manure and household wastes performed better in recording phosphorus content in 
straw over control. The lowest P content in straw (0.071%) was recorded in control treatment. Sharma 
and Mitra (1991) reported a significant increase in N, P and K uptake with 5t/ha of FYM in 
rice based cropping system. Gupta (1995) found that the concentration of phosphorus in rice tissue at 
different stages, and P uptake at maturity, increased with the application of P and/or manure. 

 



23 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Potassium content in straw 
The effects of different levels of P through TSP in combination with cowdung, poultry manure and 
household wastes on potassium content in straw was significant (Table 6). The highest potassium 
content in straw (1.051%) wasfound in treatment T4 receiving 50% P through TSP and 50% P through 
poultry manure which was statistically identical to T1, T3, T5, T6 and T7 treatments. The effects of these 
treatments were more pronounced in increasing potassium content in straw of rice. The lowest 
potassium content (0.502%) in grain was found in control treatment. These results suggest that poultry 
manure exerted better performance in increasing K uptake in rice straw. 
 
Sulphur content in straw 
Sulphur content in straw was influenced significantly due to the application of P through TSP applied 
along with cowdung, poultry manure and household wastes (Table 6). The variation in sulphur content 
in straw ranged from 0.054 to 0.078%. Maximum sulphur content in straw (0.078%) was found in 
treatment T4 which was statistically similar to all the treatments except control. The lowest suphur 
content in straw (0.054%) was found in T0 control (Treated plot). Rashid (2009) found that poultry 
manure significantly increased S content in straw. Therefore, all together it suggests that PM increased 
the S content in rice straw.  
 
Table 6.  Effects of phosphorus applied through triple superphosphate (TSP), cowdung, poultry 

manure and household wastes on nitrogen, phosphorus, potassium and sulphur 
contents in straw of T. Aman rice 

 

Treatment N content  
(%) 

P content 
(%) 

K content  
(%) 

S content  
(%) 

T0 = Control 0.349 c 0.071 c 0.502 c 0.054 b 
T1 = Recommended dose 0.451 b 0.078 bc 0.947 ab 0.071 a 
T2 = TSP50+CD50 0.503 ab 0.085 ab 0.941 b 0.075 a 
T3 = TSP75+CD25 0.467 ab 0.083 ab 0.976 ab 0.072 a 
T4 = TSP50+ PM50 0.513 ab 0.090 a 1.051 a 0.078 a 
T5 = TSP75+ PM25 0.487 ab 0.082 ab 0.985 ab 0.077 a 
T6 = TSP50+ HW50 0.543 a 0.086 ab 0.999 ab 0.075 a 
T7 = TSP75+ HW25 0.483 ab 0.084 ab 0.963 ab 0.074 a 
CV (%) 8.21 4.45 6.01 5.54 

Means in a column followed by same letter (s) are not significantly different at 5% level of significance by DMRT 

Figures shown as subscript represent percent phosphorus either from triple super phosphate (TSP), cowdung (CD), 
poultry manure (PM) or household wastes (HW)  
 

Calcium content in straw 
The concentration of calcium in straw was significantly influenced due to the application of different 
levels of P through TSP along with cowdung, poultry manure and household wastes (Table 7). 
Maximum calcium content in straw (0.760%) was noted in treatment T5 receiving 75% P through TSP 
in combination with 25% P through poultry manure. The effect of this treatment was statistically 
similar to T1, T4, T6 and T7 treatments. The lowest calcium content in straw (0.480%) was recorded in 
T1 (control). These results suggest that the organic manures increased the content of Ca with the 
together application of organic and inorganic fertilizers. 
  
Magnesium content in straw 
There was an insignificant effect of P applied through TSP along with poultry manure, cowdung and 
household wastes in recording magnesium content in straw (Table 7). Treatment T7 receiving 75% P 
through TSP and 25% P through household wastes recorded the highest magnesium content (0.228%) 
in straw. The lowest value of magnesium content in straw (0.204%) was noted in T0 (control). 
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Sodium content in straw 
Sodium content in straw was also insignificantly influenced by the application of P through TSP in 
combination with cowdung, poultry manure and household wastes (Table 7). Treatment T0 (control) 
receiving no inorganic or organic fertilizer recorded the lowest sodium content in straw (0.512%). 
Highest sodium content in straw (0.672%) was noted in T6 treatment receiving 50% P through TSP and 
50% P through household wastes. This might be due to the reason that household wastes contain more 
exchangeable sodium resulting higher sodium concentration in straw. 
 
Table 7. Effects of phosphorus applied through triple super phosphate (TSP), cowdung, poultry 

manure and household wastes on calcium, magnesium and sodium contents in straw of 
T. Aman rice 

 

Treatment Ca content  
(%) 

Mg content  
(%) 

Na content  
(%) 

T0 = Control 0.480 b 0.204 0.512 
T1 = Recommended dose 0.606 ab 0.223 0.616 
T2 = TSP50+CD50 0.506 b 0.220 0.580 
T3 = TSP75+CD25 0.493 b 0.208 0.640 
T4 = TSP50+ PM50 0.666 ab 0.220 0.616 
T5 = TSP75+ PM25 0.760 a 0.216 0.533 
T6 = TSP50+ HW50 0.540 ab 0.222 0.672 
T7 = TSP75+ HW25 0.560 ab 0.228 0.569 
CV (%) 11.61 NS NS 

Means in a column followed by same letter (s) are not significantly different at 5% level of significance by DMRT 
Figures shown as subscript represent percent phosphorus either from triple super phosphate (TSP), cowdung (CD), poultry 
manure (PM) or household wastes (HW)  
 
In conclusion, most of the findings revealed that some valuable benefits of integrated nutrient 
management over sole application of P fertilizer sources in nutrient uptake. In association with this, the 
findings of the present study concluded that 50% from organic sources and 50% from inorganic sources 
is the best combination for P fertilization in T. Aman rice to improve nutrient uptake capacity of rice. 
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ABSTRACT 
 
An experiment was carried out at Sher-e-Bangla Agricultural University farm, Dhaka, Bangladesh during 
the period from March to July 2013. Plants were grown in the rain protected polyethylene shelter or shed 
in earthen pots to avoid rain under natural conditions. The experiment was conducted on the leaf traits of 
aus rice varieties in various soil moisture levels. The ten rice genotypes were used as treatment i.e. BR21, 
BR24, BRRI dhan42, BRRI dhan43, BRRI dhan48, BRRI dhan55 and lines BR6976-11-1, OM1490, 
BR6976-2B-15 and water deficit tolerant variety Hashikalmi were treated with different duration of water 
deficiency such as continuously  irrigated throughout the experimental period, normal irrigation up to 30 
days and after that no irrigation for 7 days, then irrigated continuously and normal irrigation up to 30 days 
and after that no irrigation for 15 days and then irrigated continuously. Our findings suggest that BRRI 
dhan55 and Hashikalmi produced the highest leaf areas, comparatively higher SPAD value and low leaf 
rolling. Low leaf rolling score is considered as comparatively resistant to water deficit condition. It was 
revealed that BRRI dhan55 and Hashikalmi showed comparatively higher leaf investment under water 
deficit condition among the rice genotypes.  
 

Keywords: genotypes, leaf rolling, water deficit 
 
 

INTRODUCTION 
 

Water deficit is a major problem of growing rice, especially in low rainfall season (Usman et al., 2013). 
It was also reported that water deficit is one of the major environmental threat to rice cultivation and 
production (IRRI 2005). Rice is more susceptible to drought than any other crops. It is estimated that 
the world needs to produce 40% more rice to feed the population by 2025 (FAO, 2002).  
The leaf area is an important trait which is related to plant canopy photosynthetic and dry matter 
production. Leaf is the main light harvesting organ. Biswal and Kohli (2013) observed a positive 
correlation between leaf traits and yield under drought. Zubaer et al. (2007) stated that the interaction 
effect of different moisture levels and rice genotype of leaf area per hill at all growth stages was 
significant and the highest leaf area at booting stage was found. The leaf area was reduced with the 
reduction of moisture levels in the soil. It was also reported that the reduced soil moisture levels 
produced lower leaf area; might be due to inhibition of cell division of meristematic tissue under water 
starved condition (Aggarwall and Kodundal, 1988 and Hossain, 2001). The leaf rolling under water 
stress condition was observed by Zulkarnain et al. (2009) and found that the sensitive rice varieties 
showed higher leaf rolling score and the tolerant cultivars showed lower leaf rolling. It was reported 
that the exposure of plants to drought stress substantially decreased the leaf water potential, relative 
water content and transpiration rate, with a concomitant increase in leaf temperature (Siddique et al., 
2001). Jaleel et al. 2008 reported that although components of plant water relations are affected by 
reduced availability of water. Severe water stress may result in the arrest of photosynthesis in leaf, 
disturbance of metabolism and finally the death of plant. Therefore, to our knowledge little or no study 
has conducted to find the effects of water deficit on rice genotypes with reference to changing leaf 
morphology. Considering the above mentioned facts, the present research work was undertaken to 
achieve the following objectives to study on the leaf traits of aus rice varieties under various water 
deficit condition and to identify the drought tolerant rice varieties suitable for cultivation in drought-
prone areas of Bangladesh.  
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MATERIALS AND METHODS 
 
The experiment was conducted at Botany research field and plant physiology laboratory of Agricultural 
Botany Department of Sher-e-Bangla Agricultural University, Dhaka-1207 under polythene shed 
controlling the intrusion of rainfall during the period from March to July 2013. A total of ten rice 
genotypes as BR21, BR24, BRRI dhan42, BRRI dhan43, BRRI dhan48, BRRI dhan55 and lines 
BR6976-11-1, OM1490, BR6976-2B-15 and water stress tolerant variety Hashikalmi were collected 
from Genetic Resource and Seed Division, Bangladesh Rice Research Institute (BRRI). 
 
Seed treatment and sowing 
Seeds of uniform size and shape of each genotype were treated with Bavistin 5g for 20 minutes. The 
solution was prepared by dissolving 5 g of Bavistin in 1/2 liter of water. Treated seeds were place in 
the Petridis with water. Pre-soaked sprouted seeds were sown on March, 2013 in earthen pots under the 
rain protected polyethylene shade. The sprouted seeds were normally irrigated for ensuring normal 
growth of seedlings.  
 
Pot preparation and fertilizer management 
Earthen pots of 38 cm x 25 cm in size were used and filled up with 10 kg sandy loam soil. The soil of 
the pot was fertilized uniformly with 0.9, 0.8, 0.8 g urea, triple super phosphate and muriate of potash 
corresponding to 160-150-150 kg urea, triple super phosphate and muriate of potash per hectare, 
respectively. (BRRI, 2008) 
 
Design and drought treatments were 
The experiment was laid out in Randomized Complete Block Design (RCBD) considering three 
replications, ten rice genotypes (90 pots) were used as treatments with different duration of water 
deficiency.  
 
Thinning, intercultural operations, and weeding 
Seedlings were thinned out after two weeks of establishment and five healthy seedlings of uniform size 
were kept for growth per pot. Normal agricultural practices were applied for all treatments. 
Intercultural operations, weeding, top dressing was done whenever it was necessary. Adequate plant 
protection measures were taken to keep the plants free from diseases and pests. 
  
General observation and detailed procedures of the experiment 
All the pots were irrigated up to thirty days of seedlings age for ensuring normal growth. Water deficit 
was imposed on 31 days old seedlings. A total of ten rice genotypes were used as treatment. Ten 
treatments with different duration of water deficiency i.e. normal irrigation throughout the 
experimental period, water deficit was imposed for 7 days on 31 days old seedlings in 10 genotypes 
and after that irrigation was done continuously until harvest and water deficit was imposed for 15 days 
in 10 genotypes on 31 days old seedlings and after that the plants were irrigated continuously until 
harvest.  
 
Detailed procedures of recording data  
Different leaf traits parameters leaf area, SPAD value, plant height and leaf rolling were recorded at 
different stages of plant. 
 
Plant height at maturity  
Plant height (cm) was determined by measuring from the joint of root and stem to the tip of flag leaf.  
SPAD value (Soil Plant Analysis Development) SPAD value was recorded using SPAD meter.  
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Leaf area 
Ten leaves were selected from plant samples and their length and breadth were measured and was 
multiplied by a factor of 0.75 (Yoshida, 1981). Leaf area was measured with the following formula: 
Leaf area (L) = k x l x w where, k = adjustment factor (0.75), l = length of a leaf blade, w = breadth of 
a leaf blade. The Leaves were packed with brown paper and oven dried for 72 hours at 720C. Dry 
weight of leaves was recorded.  
 
Leaf rolling   
Leaf rolling was assessed visually in each pot, in all the treatment. The pots were given mean leaf 
rolling score, ranging from 1 to 5 with 1 being flat and 5 a tightly rolled (O’Toole et al., 1978).  
 
Statistical analysis 
The data were statistically analyzed following MSTAT-C software package and the mean differences 
were adjusted by Duncan's Multiple Range Test (DMRT) at 5% level of significance, (Russell, 1986). 

 
RESULTS AND DISCUSSION 

 

Plant height  
Plant height of different rice genotypes under water deficit condition have been shown in the table 1. 
Significant differences were found among the varieties and the treatments for the character of plant 
height. At 7 days duration of water deficiency, the highest plant height found was 112 cm in BRRI 
dhan55, the second highest was found 108.7 cm in Hashikalmi and the lowest plant height found was 
70 cm in BR6976-2B-15. At 15 days duration of water deficiency, the highest plant height was found 
96 cm in Hashikalmi and the lowest was found 67.33 cm in BR6976-2B-15. At no stress the highest 
plant height found was 115 cm in Hashikalmi and the second highest plant height was found 114 cm in 
BRRI dhan55 and the lowest plant height was 74.67 cm in BR6976-2B-15.  

When water stress was applied at early stage of plant growth, the plant height was retired.  Plant height 
of different rice genotypes under water stress condition found significant reduced compared with the 
control. Variation in plant height among the genotypes also indicates that different genotypes had 
different water requirement. The results has the similarity with the results of Bokul et al. (2009) who 
stated that plant height is affected by drought stress.  This reduction in growth might be due to low 
osmotic potential as well as a decrease in wall extensibility and cellular expansion (Mohammadkhani 
and Heidari, 2008). Zubaer et al. (2007) found that under water stress plant height affected at booting, 
flowering and maturity stages. 
 
Leaf area  
Leaf area of different rice genotypes under water stress conditions have been shown in the table 2. 
Significant differences were found among the varieties and the treatments for leaf area. At 7 days water 
stress the highest leaf area was found 47.27 cm2 in BRRI dhan55 and the lowest was 36.96 cm2 in 
BRRI dhan42. At 15 days drought stress the highest leaf area found was 39.34 cm2 in BRRI dhan55 
and the lowest was 28.93 cm2 in BR21. At control the highest leaf area found was 59.78 cm2 in 
Hashikalmi and 58.44 in BRRI dhan55 and the lowest was 40.69 cm2 in BR24.  

At 7 and 15 days water stress the reduction percent of leaf area were found 18.94 and 48.55 in BRRI 
dhan55 respectively compared to control. In this study, leaf area varied significantly in different 
genotypes under different duration of water stress condition. The results has been agreement with the 
results of Wullschleger et al. (2005) who reported that water deficit stress mostly reduced leaf growth 
and in turn the leaf areas in many species of plant like Populus.  Drought stress suppresses leaf 
expansion and midday photosynthesis and reduces photosynthesis rate and leaf area due to early 
senescence (Kramer and Boyer, 1995). It was reported that reduced soil moisture levels produced lower 
leaf area and this might be due to inhibition of cell division of meristematic tissue under water starved 
treatment (Zubaer et al., 2007). These results are also in agreement with Aggarwall and Kodundal 
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(1988) and Hossain (2001). Gloria et al. (2002) also reported that the water deficit in rice caused a 
larger reduction in leaf area than shoot dry matter, greater sensitivity of leaf enlargement to water stress 
than dry matter accumulation.  Kumar et al. (2014) was found that drought stress at reproductive stage 
caused reduction in leaf area (34.87%). Therefore, all together it suggested that the leaf area of rice 
genotypes decrease under water deficit conditions in the soil. 
 
SPAD value after anthesis 
The SPAD value of different rice genotypes under water stress condition have been shown in the Table 
3. SPAD reading was recorded from the flag leaf of all tillers after anthesis. At 7 days duration of water  
deficiency, the significant highest SPAD value found was 46.17 in BRRI dhan55 and the lowest was 
38.47 in OM1490. At 15 days duration of water deficiency gave the highest SPAD value found was 
45.50 in BRRI dhan55, the lowest was 38.03 in OM1490. At control the highest SPAD value found 
was 46.67 in BRRI dhan55 and the lowest was found 41.33 in OM1490. 
  
Table 1.   Effect of different duration (days) of water deficit on plant height of different rice 

genotypes 
 

Genotypes Plant height (cm) 
 No water deficiency 7 days water deficiency 15 days water deficiency 

BR21 102.0 c  95.00 bc 75.33 c 
BR24 105.0 c                98.33 b 95.67 a 
BRRI dhan42 101.0 c  96.00 bc 77.50 c 
BRRI dhan43 102.7 c  94.67 bc 85.50 b 
BRRI dhan48 103.0 c 99.00 b 95.33 a 
BRRI dhan55 114.0 b 112.0 a 94.07 a 
OM 1490 103.0 c 90.33 c   81.00 bc 
BR 6976-2B-15 74.67 e 70.00 e 67.33 d 
BR 6976-11-1 86.00 d 77.33 d 75.00 c 
Hashikalmi 115.0 a 108.7 a 96.00 a 

Values followed by different letter(s) indicate significantly different from each other by DMRT at 5% level. 
 
Table 2.   Effect of different duration (days) of water deficiency on leaf area of different rice 

genotypes 
 

Genotypes Leaf area (cm2) 
 No water deficiency 7 days water deficiency 15 days water deficiency 

BR21 41.16 d             39.64 b-d                28.93 c 
BR24 40.69 d 39.13 b-d 30.79 bc 
BRRI dhan42  46.33 cd             36.96 d 29.88 bc 
BRRI dhan43  46.74 cd 38.48 b-d 29.39 bc 
BRRI dhan48    54.31 a-c 44.60 a-c  34.86 a-c 
BRRI dhan55  58.44 ab             47.27 a                39.34 a 
OM 1490    53.00 a-c             37.52 cd 31.92 bc 
BR 6976-2B-15            41.74 d 39.59 b-d 31.15 bc 
BR 6976-11-1    48.01 b-d 39.97 b-d 29.54 bc 
Hashikalmi            59.78 a             44.85 ab 35.63 ab 
CV (%)              11.67              8.90                 0.27 

Values followed by different letter (s) indicate significantly different from each other by DMRT at 5% level 
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Table 3.  Effect of different duration (days) of water deficiency on SPAD value of different rice 
genotypes 

 

Genotypes SPAD value 
No water deficiency 7 days water deficiency 15 days water deficiency 

BR21 45.07  41.63 b  40.20  
BR24 44.67  42.70 b  40.89  
BRRI dhan42 43.40  42.30 b  41.67  
BRRI dhan43 43.33  42.50 b  40.37  
BRRI dhan48 43.83       40.77 b  38.30  
BRRI dhan55 46.67            46.17 a  45.50  
OM 1490 41.33      38.47 d  38.03  
 BR 6976-2B-15 43.83  41.67 b  41.10  
BR 6976-11-1 42.33      41.37 b  40.67  
Hashikalmi 46.67  42.97 b  41.20  
CV (%) 7.64  5.99  9.72  

 Values followed by different letter(s) indicate significantly different from each other by DMRT at 5% level. 
 

 

 
Fig 1.  Leaf rolling scoring at 7 days stress (blue colour) and 15 days water stress (red colour) of different rice 

genotypes under water stress conditions. 
 
SPAD value represents the greenness of the leaf SPAD value was recorded after anthesis.  After 
anthesis SPAD value slightly increased and then gradually decreased with advanced towards maturity. 
In this study, at 7 days stress the highest SPAD value was found in BRRI dhan55 followed by 
Hashikalmi. This result has the similarity with the results of Zhang and Kirkham (1996) who advocated 
that decreased of chlorophyll content during drought stress depending on the duration and severity of 
drought level. Abaaszadeh et al. (2007) reported that chlorophyll concentration decreases under water 
stress condition. One of the most important changes under drought stress is the decrease in the total 
chlorophyll content reported by Begum and Paul (2007).  Decreasing of chlorophyll content in plants 
such as Paulownia imperialis (Astorga, 2010) bean (Beinsan et al., 2003) was reported under drought 
stress condition. The degradation of chlorophyll increases with the age towards maturity, as a result 
SPAD value gradually decreased from anthesis to maturity in all the genotypes. 
 
Leaf rolling 
Leaf rolling score is an eye estimation process of leaf rolling under water stress treatment. Leaf rolling 
score of different genotypes have been shown Fig. 1. At 7 days stress leaf rolling score was minimum 
and at 15 days stress leaf rolling score was recorded. It depends on intensity and duration of drought. 
At 15 days stress the highest leaf rolling score 4.1 was found in BR24, OM1490 and BR 6976-11-1 
respectively, and the lowest leaf rolling scores 2 were found in BRRI dhan42, BRRI dhan48 and BRRI 
dhan55.  
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Leaf rolling may help in maintaining internal plant water status. Low leaf rolling score is considered as 
comparatively resistant to water stress. The results has the conformity with the results of Zulkarnain et 
al. (2009) who found that the sensitive rice varieties showed higher leaf rolling score and the tolerant 
cultivars showed lower leaf rolling. Leaf rolling under water stress condition helps plant to minimize 
water loss by transpiration, decreased leaf temperature and protect the plant from drying. After a long 
time, drought condition the leaves of all rice varieties (tolerant and sensitive) were rolled at midday. 
Higher proline content increased the RWC of the leaf and the leaf rolling was lower in this genotype. 
Ha et al. (2014) reported that the use of delayed leaf rolling under water stress as an important selection 
criterion for dehydration avoidance. Blum (1988) reported the use of delayed leaf rolling under water 
stress as important selection criteria for dehydration avoidance. Leaf rolling was considered to be a 
response to leaf water potential and has been found to correlate with leaf water potential in rice. 
Delayed leaf rolling was considered as a desirable character in rice (Maji, 1994) as also observed in 
BRRI dhan55. Mackill (1991) was reported that delayed leaf rolling positively related to drought 
resistance and recovery from drought. It was also reported that the leaf rolling is one of the acclimation 
responses of rice and is used as a criterion for scoring drought tolerance (Pandey and Shukla, 2015). 
However, it was also reported that increased leaf rolling under severe stress has the advantage of 
preventing water loss and radiation damage and variation in leaf rolling among varieties has a genetic 
basis (Subashri et al., 2009; Salunkhe et al., 2011). Thus, leaf rolling is an adaptive response to water 
deficit in rice, and leaf angle is a character usually associated with plasticity in leaf rolling when 
internal water deficit occurs (Chutia and Borah, 2012). 
 

CONCLUSION 
Based on the above discussion, the conclusion may be drawn as BRRI dhan55 and Hashikalmi showed 
better performance in all day’s water deficit conditions. Under water stress conditions the highest leaf 
area, SPAD value was found in BRRI dhan55 and Hashikalmi. BRRI dhan55 and Hashikalmi showed 
comparatively higher leaf investment of leaf under water deficit condition.  
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ABSTRACT 

 
The experiment was conducted to investigate the effect of sowing date and nitrogen on the growth and 
yield of French bean (BARI Zhar Sheem-1) at the farm of Sher-e-Bangla Agricultural University, Dhaka. 
The experiment included two factors; A: Sowing date (T1 -15 November, T2 -30 November, T3 -15 
December and T4  -30 December) and Factor B: Nitrogen level (No - 0 kg N/ha, N1 - 45 kg N/ha, N2 - 90 kg 
N/ha and N3 -135 kg N/ha). The experiment was laid out in a Randomized Complete Block Design 
(RCBD) with three replications. The results of this study revealed that treatment T1 gave the highest yield 
of green pod (15.6 t/ha) among the other treatments. Nitrogen fertilizer also showed significant variation 
among the treatments and N2 produced the highest green pod yield (15.7 t/ha). Thus, this study 
demonstrated that T1N2 gave the highest green pod yield of French bean (17.9 t/ha) as well as the highest 
net return (TK. 1, 70,023 /ha) and benefit cost ratio (2.7) among the other treatment combinations.  
 

Keywords: french bean, growth and yield, nitrogen, sowing time 5 
 
INTRODUCTION 

 
French bean (Phaseolus vulgaris L.) is an important vegetable crop belonging to the family Fabaceae, 
has been reported to be a native to central and South America (Swiader et al., 1992). In Bangladesh it 
is known as farashi sheem (Rashid, 1993). It is also known as basic bean, navy bean, pinto bean, raj 
bean, snap bean and string bean (Duke, 1983; Tindall, 1988). In our country beans are mainly used as 
green vegetables and seeds used as pulse in Sylhet, Moulvibazar, Sonamgoj, Hobigonj and Chittagong 
districts. 

Generally, sowing date is an important factor for the yield of a crop. French bean can be grown well at 
19-27°C (Nonneck, 1989). Abdalla and Fischbeek (1978) stated that the pod set of French bean was 
poor at day 30°C and at night 25°c temperature. Farmers frequently sow French bean seeds too early or 
too late, not knowing when the best time to sow them is. In Bangladesh, French bean grows 
successfully in winter due to optimum temperature for their proper growth, development and fruit 
setting. It is sown in mid-October to mid-November. However, the temperature remains fairly high 
upto mid-October, which gradually comes down in mid-December (Kakon et al., 2017). So, it is an 
important to study the effect of sowing time for achieving optimum yield attributes and yield of French 
bean.                                           

The French bean has a great yield potential, but it is not nodulated by indigenous Rhizobia, unlike 
other leguminous crops (Ali and Kuahwaha, 1987). As a result, nitrogenous fertilizer is required by the 
crop. Except in low-nutrient soils, the nutritional requirements of different cultivars are usually similar 
(Adams, 1984). A considerable amount of nitrogen is required for the production of French beans. Too 
much or too little nitrogen might have an impact on yield characteristics and yield. The right amount of 
nitrogen is needed to produce the best yield of top-quality French bean. 

 
MATERIALS AND METHODS 

 
The present experiment was conducted to study the effect of sowing date and nitrogen on the yield 
contributing characters and yield of French bean. The land was belonging to Agro Ecological Zone of 
Modhupur tract (AEZ 28). The selected experimental site was well-drained high land. The soil was silt 
                                                 
1Dept. of Horticulture, 3Department of Entomology, Sher-e-Bangla Agricultural University, 2Manager (Agril.), Bangladesh suger 
and Food Industries Corporation, Dhaka.  
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loam in texture of pH 6.18. The content of organic carbon, total N, available P and K were 1.25%, 
0.08%, 20 ppm and 0.20 mg 100 g soil, respectively. The experiment included two factors, namely, 
Factor A: date of sowing (T1-15 November, T2-30 November, T3-15 December and T4-30 December) 
and Factor B: levels of nitrogen (No- 0 kg/ha, N1 -45 kg/ha, N2 -90 kg/ha and N3 -135 kg/ha). The 
experiment was laid out in RCBD with three replications. Each unit plot was 2m x 1.5 m in size. The 
variety of French bean used in the experiment was BARI Zhar Sheem 1. The seed was collected from 
the Bangladesh Agricultural Research Institute (BARI), Joydebpur, Gazipur. At first the land was 
ploughed with a power-tiller on 2 November, 2006 and opened to sunlight. Afterwards experimental 
plot was prepared by five ploughings and followed by laddering to break the clods and to level the soil. 
The weeds and stubble of previous crop were collected and removed from the soil. These operations 
were done to bring the land until good tilth for sowing of seeds.  

Cow dung, Triple Super Phosphate and Muriate of Potash were applied at the rates of 10 t/ha, 150 
kg/ha and 150 kg/ha, respectively. Nitrogen was applied according to the treatments allotted for each 
plot in form of urea. The half amount of urea was applied during final land preparation and rest amount 
in two installments at 15 and 30 days after sowing (DAS).  

Two seeds were sown in each hill at a depth of 3.0 cm. The seeds were covered with pulverized soil 
just after sowing and gently pressed with hands. Seeds were sown at four different dates viz. 15 
November, 30 November, 15 December and 30 December in 2006 in rows with a spacing of 30 cm × 
15 cm. Intercultural operations were done as and when necessary.  

Immature green pods were harvested at tender stage through hand picking and weighed to estimate the 
yield. Ten plants were selected randomly in such a way that the border effect could be avoided. Data 
were taken on seedling emergence, plant height, number of levels per plant, leaf length, leaf breadth, 
number of branches per plant, days to first flowering, number of flowers per plant, number of green 
pods per plant, length of green pod, diameter of green pod and number of seeds per plant. Economic 
analysis was done for cost of production, gross return; net return and benefit cost ratio (BCR) 
calculation. The analyses of variance for the characters under study were performed by F variance test 
and mean differences were adjudged by using the Duncan's Multiple Range Test (DMRT).  

                                           
RESULTS AND DISCUSSION 

          
Plant height of French bean varied significantly at 15, 25, 35 and 45 DAS that were shown in Table 1. 
At 15 DAS, the longest plant height (14.9 cm) was observed in treatment T1 and the shortest (12.2 cm) 
plant was found in T4 treatment. Similar trend was followed at 25, 35 and 45 DAS whereas the longest 
(26.8 cm, 49.0 cm, 57.8 cm) plant height was recorded from T1 and the shortest (24.4 cm, 36.3 cm, 
47.2 cm) plant was found in T4 treatment respectively. The plant height gradually decreased with the 
delay in sowing. This difference may be due to climatic differences. Andrews et al. (1983) reported 
  
Table 1. Effect of sowing time on plant height and number of leaves per plant of French bean  
 

Treatment Plant height (cm) No. of leaves/plant 
15 DAS 25 DAS 35 DAS 45 DAS 15 DAS 25 DAS 35 DAS 45 DAS 

T1 14.9a 26.8a 49.0a 57.8a 3.7a 7.1b 11.7ab 17.2a 
T2 14.7a 24.6b 48.9a 55.5b 3.4a 7.8a 12.3a 16.8a 
T3 13.8b 24.4b 36.2b 53.6b 2.7b 6.2c 11.4b 15.1b 
T4 12.2c 24.4b 36.3b 47.2c 2.3c 4.7d 10.7c 12.3c 

LSD 0.28 0.60 0.94 1.04 0.34 0.50 0.66 0.59 
Level of significance ** ** ** ** ** ** ** ** 

Cv (%) 2.44 2.87 2.66 2.29 13.30 9.31 6.86 4.58 
 T1-15 November; T2- 30 November; T3- 15 December; T4- 30 December    
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that the low temperature in December suppressed the growth of lateral branches. The plant height 
might have varied due to the effect of low temperature prevailing during December. Singer et al. 
(1996) found that sowing date had a substantial impact on plant height. 

A rise in the number of leaves signifies healthy growth, and the yield of the pod is directly connected 
to the number of leaves. The more the leaf produces, the more photosynthate is produced, resulting in a 
higher yield. Number of leaves per plant of French bean varied significantly at 15, 25, 35 and 45 DAS 
due to different of sowing time (Table 1). At 15 DAS, the maximum (3.7) and the minimum (2.3) 
number of leaves per plant was recorded due to T1 and T4 treatment, respectively. Similarly, the 
maximum number of leaves per plant (7.8, 12.3) was recorded due to T2 treatment and the minimum 
(4.7, 10.7) was found from T4 treatment at 25 and 35 DAS respectively. At 45 DAS, the maximum 
(17.2) number of leaves per plant was recorded from T1 whereas the minimum (12.3) was found from 
T4 treatment. The difference in leaf number produced by sowing date could be related to changes in 
environmental circumstances. Early sowings appeared to have a more favorable climate and more time 
to grow than late sowings. The results are in conformity with that of Singer et al. (1996). 

A significant variation was found in total number of branches showed in different sowing time (Table 
2). The maximum number of branches (11.0) was observed from T1 and the minimum (7.6) number of 
branches was observed from T4 treatment. It was possible because early lead sowing resulted in 
stronger vegetative growth, resulting in a higher number of branches per plant. 
 
Table 2. Effect of sowing time on number of branches, flowers, pod   length of green pod and pod 

weight per plant of French bean      
 

Treatments No. of 
branches 
per plant 

No. of 
flowers    

per plant 

No. of 
pods    per 

plant 

Length of 
green pod 

(cm) 

Pod 
weight per 
plant (g) 

T1 11.0 a 43.4 a 29.2 a 14.9 a 79.7 a 
T2 9.4 b 41.3 b 27.2 b 14.8 a 75.4 b 
T3 9.1 b 36.3 c 22.7 c 13.4 b 62.4 c 
T4 7.6 c 33.0 d 20.5 d 12.6 c 57.6 d 

LSD(0.05) 0.75 0.96 0.90 0.65 1.49 
Level of significaance ** ** ** ** ** 

CV (%) 9.64 2.99 4.33 5.58 2.60 
T1-15 November; T2- 30 November; T3- 15 December; T4- 30 December    

There was a significant variation in number of flowers per plant due to different sowing time (Table 2). 
The maximum number of flowers (43.4) was found from T1 and the minimum number of flowers 
(33.0) was observed in T4 treatment. Temperature was a significant impact in flowering, it should be 
highlighted. It's probable that earlier sowing finished vegetative growth before flowering, and that the 
cold nights of December aided early flowering. With the delay in sowing, the quantity of flowers 
reduced. In bean plants, Sesay (1983) reported a similar result. 

Sowing time showed significant influence on number of pods per plant (Table 2). The highest (29.2) 
number of pods per plant was obtained from T1 and the lowest (20.5) number of pods per plant was 
found from T4 treatment. According to Abdalla and Fischbeak (1978), the pod set of French bean was 
poor at day and night temperatures of 30 and 250C, respectively. From the aforementioned, it was clear 
that the variation in pod set could be due to temperature variations due to different sowing times, as the 
number of pods per plant was significantly reduced with delay in sowing. Fisher (1980) described 
similar results in his research. There was significant variation on length of pod at harvest due to 
different sowing time (Table 2). The longest (14.9 cm) length of green pod was found from T1 and the 
shortest (12.6cm) length of green pod was found in T4 treatment.  
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There was significant variation on weight of pod per plant of French bean due to the effect of different 
sowing time (Table 3). The highest (79.7 g/plant) pod weight was obtained from T1 and the lowest 
(57.6 g/plant) pod weight was found from T4 treatment. The pod weight decreased with delay in 
sowing.  

The yield of French bean per hectare was converted from the production of each individual plot. 
Sowing time had a considerable impact on yield per hectare, as evidenced by the results. (Fig. 1). The 
highest (15.6 t) yield per hectare was obtained from T1 which was followed by T2 treatment (14.8 t). 
The lowest yield (11.3 t) per hectare was obtained from T4 treatment. The sowing date has a significant 
impact on the production of French bean. The higher yield obtained from early seeding was most likely 
due to the plants' improved vegetative growth, which led to better flowering, fruit set, and eventually 
enhanced output per plant and per hectare. The number of pods per plant fell as the yield of French 
bean reduced with delayed sowing due to the shift in time in fall. The current finding is consistent with 
that of Bhadwaj et al (1994). At various seeding times, pod yield was positively linked with green-shell 
production (Beaver and Roman-Hermandez, 1994). 

 

 
 
  
 
 
 
  
 
 
 
 

                                                                                                 Fig. 1. Effect of sowing time on pod yield (t/ha) of French bean                                                                                    

 
Significant variation was observed due to application of different levels of nitrogen (Table 3). At 15 
DAS, the longest (15.4cm) plant was produced due to application of 135 kg N/ha and the shortest (12.2 
cm) plant was produced in control treatment. At 25 DAS, the longest (28.0 cm) plant was produced 
from N3 treatment which was identical (25.7 cm) to N2 and the shortest (22.9 cm) was found from N0 
treatment.  At 35 DAS, the longest (44.5 cm) plant was produced in N3 treatment and the shortest (39.9 
cm) was found from control (N0) treatment. At 45 DAS, the longest (56.3cm) plant and the shortest 
(50.6 cm) plant were observed in N2 and control (N0) treatment respectively. The application of 
nitrogen enhanced the plant height in French bean, according to Vishwakarma et al. (2002).  
 
Table 3. Effect of nitrogen on plant height and number of leaves per plant of French bean.  
 

Treatment Plant height (cm) No. of leaves/plant 
15 DAS 25 DAS 35 DAS 45 DAS 15 DAS 25 DAS 35 DAS 45 DAS 

No 12.2 d 22.9 c 39.9 c 50.6 c 3.0 5.3 b 10.8 b 14.3 c 
N1 13.3 c 23.5 c 42.6 b 54.1 b 3.0 6.8 a 10.8 b 14.9 c 
N2 14.6 b 25.7 b 43.3 b 56.3 a 3.1 6.8 a 11.9 a 15.7 b 
N3 15.4 a 28.0 a 44.5 a 55.0 a 3.0 6.9 a 12.6 a 16.5 a 

LSD 0.28 0.60 0.94 1.04 0.34 0.50 0.66 0.59 
Level of 

significance 
** ** ** ** ** ** ** ** 

Cv (%) 2.44 2.87 2.66 2.29 13.3 9.31 6.86 4.58 
N0- 0Kg N/ha; N1- 45Kg N/ha; N2- 90 Kg N/h; N3- 135 Kg N/ha 
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According to Arya et al. (1999), nitrogen application stimulates the growth of French bean. It was 
because the plant got more nitrogen, which stimulated more vegetative development. Srinivas and 
Naik (1988) and Chandra et al. (1990) both reported similar findings (1987). Number of leaves per 
plant of French bean varied significantly at 15, 25, 35 and 45 days after sowing (DAS) due to different 
nitrogen levels (Table 3). The maximum (3.1) number of leaves per plant was recorded in N2 treatment 
and the minimum (3.0) was recorded from control (N0) at 15 DAS. At 25 DAS, the maximum (6.9) 
number of leaves per plant was recorded from N3 and the minimum (5.3) was found in control 
condition. At 35 DAS, the maximum (12.6) number of leaves per plant was obtained from N3 and 
the minimum (10.8) was found from control (N0) treatment. The maximum (16.5) number of leaves 
per plant was recorded from N3 and the minimum (14.3) was obtained from control (N0) at 45 DAS.   
 
Table 4.  Effect of nitrogen on Number of branches flowers, pod length of green pod and pod 

weight per plant of French bean  
 

 

Whereas, N0- 0Kg N/ha; N1- 45Kg N/ha; N2- 90 Kg N/h; N3- 135 Kg N/ha 

Application of different levels of nitrogen had highly significant effect on the total number of branches 
per plant (Table 4). The highest (11.1) and the lowest (6.2) number of branches per plant were found in 
the treatment N2 and control (N0) treatment, respectively. Nitrogen enhanced plant vegetative growth 
and development up to a limiting level, while larger nitrogen doses (135 N/ha) reduced the number of 
branches per plant. 

The number of flowers was also significantly influenced by the application of different levels of 
nitrogen (Table 4). The maximum (44.5) number of flowers per plant was recorded when 90 kg N/ha 
was applied and the minimum (29.2) number of flowers was found when no nitrogen was applied.  

Nitrogen showed significant effect on the number of pods per plant (Table 4). The number of pod 
increased significantly with the increase in nitrogen rate. The highest (29.8) number of pods per plant 
was obtained from N2 treatment while the lowest number of pods per plant (17.8) was recorded in 
control (N0) treatment. However, when compared to 90 kg N/ha, the application of 135 kg N ha 
resulted in no further increase in the quantity of pods per plant. The current study agreed with Edje et 
al. (1975), Sa et al. (1982), and Calvache et al. (1997), who found a substantial variation in pod 
number per plant with varying nitrogen levels.  

The effect of nitrogen on length of green pod at harvest was significant (Table 4). The longest (15.3 
cm) green pod was obtained from N2 treatment and the shortest (11.9 cm) green pod was found in 
control (N0) treatment. The pod weight per plant was significantly influenced due to different level of 
nitrogen (Table 4). The pod weight per plant increased with the increasing level of nitrogen and being 
the highest (79.7 g/plant) at N2 treatment, while the lowest (50.6 g/plant) was found from control 
treatment where no nitrogen was applied.  

The yield of French bean per hectare was significantly influenced by different level of nitrogen (Fig. 
2). The maximum (15.7 t) yield of French bean was recorded with the application of 90 kg N/ha (N2) 

Treatments No. of 
branches  

No. of flowers     No. of pods     Length of 
green 

pod(cm) 

Pod weight 
(g) 

No 6.2 c 29.2 d 17.8 d 11.9 c 50.6 c 
N1 8.9 b 37.3 c 23.4 c 13.6 b 65.3 b 
N2 11.1 a 44.5 a 29.8 a 15.0 a 79.7 a 
N3 10.8 a 43.2 b 28.6 b 15.3 a 79.4 a 

LSD(0.05) 0.75 0.96 0.90 0.65 1.49 
Level of 

signification ** ** ** ** ** 

CV(%) 9.64 2.99 4.33 5.58 2.60 
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and the minimum (9.8 t) yield of French bean was found from the control treatment. A fertilizer dose 
of 90 kg N/ha was advised by Chowdhuri et al. (2001). According to Dahatonde and Nalarnwar 
(1996), the pod yield improved dramatically up to 90 kg N/ha. 

N: 45 kg N/ha N3 : 135 kg N/ha  
 
 
 

  
 
 
 
 
 
 
 
 
  

                            
 
Fig. 2. Effect of nitrogen on pod yield (t/ha) of French bean 
 
Whereas, N0- 0Kg N/ha; N1- 45Kg N/ha; N2- 90 Kg N/h; N3- 135 Kg N/ha 
                       

CONCLUSION 
 
Due to the existing cropping pattern, environmental conditions, and a variety of other factors, yield 
characteristics and yield gradually declined. If the current cropping schedule for sowing time French 
bean was adjusted, early sowing would be advantageous. Nitrogen performed better at a level of 90 kg 
N/ha in terms of all the characteristics and yield. 
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ABSTRACT 
 

Genetic variability provides an important basis for selection of suitable genotypes in breeding program. In 
the present investigation, genetic variability of yield and important morphological and nutritional traits 
were studied in forty-eight genotypes of tomato. High estimates of PCV and GCV were obtained for ash 
content, flowers per cluster, fruits per cluster, fruit length, pH of tomato juice, shelf-life of fruit and single 
fruit weight indicated a good deal of variability present in the characters. Again, high heritability coupled 
with high genetic advance were observed in fruit length, seeds per fruit, primary branch, secondary 
branch, shelf-life of fruit, single fruit weight, width of fruit and yield per plant. Thus, the variability and 
high heritability signify that selection would be effective for improvement of these traits in tomato.  
 
Keywords: genetic advance, heritability, morphological, tomato, trait, variability6 

 

INTRODUCTION 
A significant impact of globalization on horticultural crops has been increasing. As a results, the 
demand for quality improvement and the wider adoption of quality standards for fruit, vegetable and 
salad commodities are increasing. As an important source of minerals, vitamins and organic acids, 
tomato (Solanum lycopersicum L.) is one of the most important Solanaceae vegetable crops grown 
universally. According to FAO, tomato cultivating area is approximately 5,051,983 hactares in the 
world and a production of 186,821 million kilos of tomatoes were produced globally in 2020 
(https://www.hortidaily.com/article/9387133/). A wide range of variability in tomato is available which 
provide a great scope for improving of yield through a systematic and planned selection breeding 
program. The yield is complex character and dependent on many other morphological traits which are 
mostly inherited quantitatively (Hasan et al., 2020; Hossin et al., 2016). It is important to examine the 
contribution of each of the trait in order to give more attention to those having the greatest influence on 
seed yield (Tuncturk, 2007). Importance of genotypic and phenotypic variability, heritability and 
character association have investigated by many scientists (Khan and Mahmud, 2021; Saleem et al., 
2013; Yadeta Dabalo et al., 2020) for genetic improvement (Ghosh & Gulati, 2001) of tomato. They 
also showed that high heritable traits were under the control of additive genes. These implies that 
selection based on phenotypic performance could be applied for improvement of tomato. The present 
investigation was conducted to determine the extent of genetic variability, genetic heritability and 
genetic advance of different characters in 48 genotypes of tomato. The objectives of this present 
research work was to know the yield potentiality of genotypes, to assess the genetic variability among 
the genotypes. 
 

MATERIALS AND METHODS 
 
Experimental site 
The present research work was carried out in the experimental farm, Sher-e-Bangla Agricultural 
University, Dhaka. The location of the site was 23° 74' N latitude and 90° 35' E longitude with an 
elevation of 8.2 meter above sea level. The pH is 6.1 and organic carbon content was 0.82%. 

                                                 
1IUBAT-International University of Business Agriculture and Technology,2 Faculty, 3MS student, Dept. of Genetics and Plant 
Breeding, Sher-e-Bangla Agricultural University, 4 Senior Scientific Editor, Bangladesh Agricultural research Council, Farmgate, 
Dhaka, Bangladesh 
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Plant materials 
Forty-eight tomato germplasm were used in this experiment (Table 1). The physically healthy seeds 
were collected from Plant Genetic Resources Centre (PGRC) of Bangladesh Agricultural Research 
Institute (BARI) and from local farmer’s field. 
 
 

Table 1. Forty eight tomato germplasm used in the study 

 

Field experiment 
The experimental plot was prepared by ploughing with proper tiller. The weeds and other unwanted 
plant materials were removed from the field during the land preparation. Proper laddering was done to 
bring the soil at proper tilth condition. A Randomized Complete Block Design (RCBD) was used in the 
experiment with three replications. The field was divided into three main blocks and each blocks were 
subdivided into 48 plots. Genotypes were randomly assigned into 48 plots in each block. The plot size 
was 37.71 m × 15 m. Block to block and plot to plot distance were 1 m and 0.5 m respectively. The 
seed-sowing was carried out on 13 November 2013 in the seedbed. The 25-day old seedlings were 
transplanted into the main field.  Intra and inter row distance were maintained at 0.6 m and 0.5 m 
respectively. 

Standard agronomic practices were followed whenever necessary. Fruits were picked on the basis of 
maturity, size, color and age. Data were recorded on individual plant basis from 10 randomly selected 
plants. Observations were recorded on various plant traits i.e. plant height, number of primary branches 
per plant, number of secondary branches per plant, number of flowers per cluster, number of fruits per 
cluster, length of fruit, width of fruit, individual fruit weight, yield per plant, shelf life, number of seeds 
per fruit, pH of juice, % of ash, % of protein, % of vitamin C, % of brix and % of chlorophyll. 
  
Statistical analysis 
The data were analyzed for different components. Mean, range, co-efficient of variation (CV) was 
estimated using MSTAT computer programme. Phenotypic and genotypic variances were estimated by 
the formula used by Johnson et al., 1955.Genotypic and phenotypic co-efficient of variation were 
estimated according to Burton, 1952 and Singh RK, 1985. Heritability and genetic advance were 
calculated using the formula by (Hanson et al., 1956; Jain & Allard, 1960; Johnson et al., 1955) 
Genetic advance in percent of mean was calculated by (Comstock & Robinson, 1952). 
 

 

 

RESULTS AND DISCUSSION 
 

Analysis of variance: The analysis of variance indicated that there were highly significant differences  

S.L. Genotype Group S.L. Genotype Group S.L. Genotype Group 
1 BD-10122 G1 17 BD-7291 G17 33 BARI Tomato-8 BT-8 
2 BD-10124 G2 18 BD-7292 G18 34 BD-7276 G28 
3 BD-7750 G3 19 BD-7298 G19 35 BD-10123 G29 
4 BD-7752 G4 20 BD-7301 G20 36 BD-7748 G30 
5 BD-7754 G5 21 BD-10125 G21 37 BD-9011 G31 
6 BD-7755 G6 22 BD-10126 G22 38 Local Kustia-1 LK -1 
7 BD-7751 G7 23 BD-10127 G23 39 BD- 7290 G32 
8 BD-7756 G8 24 BD-10128 G24 40 BD-7762 G33 
9 BD-7757 G9 25 BD-9010 G25 41 BD-7279 G34 

10 BD-7759 G110 26 BARI Tomato-2 BT-2 42 BD-10321 G35 
11 BD-7760 G11 27 BARI Hybrid-4 BH-4 43 BARI Tomato-3 BT- 3 
12 BD-7761 G12 28 BARI Hybrid-5 BH-5 44 BARI Tomato-7 BT-7 
13 BD-7285 G13 29 BARI Tomato-11 BT-11 45 BARI Tomato-9 BT-9 
14 BD-7270 G14 30 BARI Tomato-14 BT-14 46 BARI Tomato-15 BT-15 
15 BD-7281 G15 31 BD-7258 G26 47 Local Jossore - 2 LJ-2 
16 BD-7287 G16 32 BD-7289 G27 48 Local Jossore - 3 LJ-3 
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among the tested genotypes for all the studied characters (Table 1). The results suggested the presence 
of inherent genetic differences with respect of various traits among the genotypes which can be 
exploited through selection. Similar results were noticed by Kumar et al. (2013) and Meena and 
Bahadur, (2015). 

For the development of potential plant material of tomato through selection and breeding, availability 
of variation in the desired characters is imperative for vegetable breeder. In present investigation, 
simple analysis of variance for different morphological characters of tomato revealed significant 
variability. These results indicated that variation in these morphological characters may due to the 
effect of additive genetic component as described by Hayman (1954) and the variation would be 
helpful for the development of desired plant architecture in tomato. However, a detailed study for the 
genetic components of variation is essential to confirm the output of analysis of variance. 
 
Variability analysis 
From the mean value it was found that the highest percentage of ash content (1.15) was observed in G3 
while the lowest percentage of ash 0.27 was observed in G26 (Table 2). On the other hand, the highest 
percent of protein was found in G29 and the lowest was G6. The range of percent of protein was 0.67 – 
3.98. Genotypes G9 and G15 contained the highest (26.35%) and the lowest (3.57%) vitamin-C 
respectively (Table 2). The highest percentage of brix was found in BT-7 (2.97 %) and the lowest was 
in G8 (6.76 %). Out of the forty-eight genotypes of tomato indicated that the highest flower per cluster 
was found in G12 the lowest was in BT-2. G11 was the genotype which contains the highest 
percentage of fruit per cluster (10.11) and the lowest was in BT-2 (2.75) Table 3.  

The highest and lowest length of fruit was found in BT-15 and G20, respectively. The range of the 
length of fruit was 22.93 – 56.26 (Table 3). From the result it was indicated that the highest number of 
seeds per fruit ware found in G14 and the lowest was in G11. The range of number of seeds from per 
fruit was 150.51- 16.59. Numbers of seeds play a vital role to keep up their progeny.  The size of the 
fruit was the biggest in the genotype G16. The highest pH of tomato juice was found G21 the lowest 
was in G23. The range of pH was 3.82 – 4.4. The pH is the parameter for acidic or alkali determination. 
The highest percentage of chlorophyll was found in Local Jessore-3 plant leaf the lowest was in G21. 
Chlorophyll is the main element for photosynthesis and ultimate result of photosynthesis is the 
partitioning of photosynthates toward yield (Table 2). The tallest plant was found in G2 and the lowest 
was in LJ-2. The maximum number of primary branches per plant (21.85) and number of secondary 
branches per plant (17.42) were recorded in G23 and G4 respectively and the minimum number of 
primary branches per plant (3.4) and number of secondary branches per plant (3.1) were recorded in G9 
and BT-11, respectively. 

Form the experiment, the highest shelf-life was found in the genotype BT-11 and the lowest was in 
G16. BT-11 is suitable for preservation of tomato naturally. The result revealed that the highest 
individual fruit weight was found in the genotype BT-15 (87.93 g) and the lowest was in BT-11(6.84 
g). The forty-eighty genotypes of tomato indicated that the highest width of fruit was found in BD-
7287 and the lowest was in BT-11. Mean performance of the forty-eight genotypes of tomato indicated 
that the highest yield per plant was found in G13 (4.59 kg per plant) and the lowest was in G34 (1.02 
kg per plant). Genotype G9 was shown low yield potential but it may be pioneer because it is very 
much similar to BT-11which was a cherry type tomato. 
The BD-7285, BD-7759, BT-11and BD-10123 showing wide range of variation provide ample scope 
for selecting the desirable types. The characters which showed wider range were also characterized by 
higher magnitudes of PCV and GCV. Therefore, coefficient of variation is more reliable as it is the 
independent unit of measurement. 
 
Heritability 
The phenotypic variance was considerably higher than the genotypic variance for all the characters 
studied (Table 3). Deshmukh et al. (1986) reported that phenotypic co-efficient of variation was higher  
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Table 2. Mean performance in percentage of antioxidant, nutritional and chlorophyll of forty 
eight tomato genotypes 

 
 

Genotype % Ash % protein %  vit  C %  brix % chlorophyll 
G1 0.56 2.72 11.04 5.57 50.33 
G2 0.96 1.81 19.17 6.16 57.46 
G3 1.15 3.24 9.13 4.17 49.72 
G4 0.53 2.28 8.67 3.76 55.71 
G5 0.64 1.45 13.79 4.21 54.17 
G6 0.56 0.67 14.66 3.67 50.75 
G7 0.63 1.89 10.54 4.07 57.33 
G8 0.61 1.03 8.76 2.97 61.84 
G9 0.84 2.18 26.35 3.53 55.23 

G11 0.29 1.33 8.13 3.09 55.67 
G11 0.71 1.89 10.69 4.99 55.8 
G12 0.58 0.86 17.79 3.23 53.33 
G13 0.48 1.47 10.93 4.43 54.68 
G14 0.33 1.6 6.66 5.37 53.75 
G15 0.49 1.82 3.57 4.73 54.33 
G16 0.90 1.36 7.37 5.31 51.54 
G17 1.03 2.27 8.97 4.61 51.33 
G18 0.91 2.43 5.39 5.23 55.99 
G19 0.69 1.03 21.99 3.33 53.67 
G20 0.51 1.17 10.38 3.97 61.33 
G21 0.99 2.23 17.2 4.63 47.37 
G22 0.61 1.19 19.64 5.81 57.63 
G23 0.63 1.97 11.37 4.97 58.67 
G24 0.68 1.70 25.47 4.03 50.33 
G25 0.85 1.89 14.23 5.87 58.47 
BT-2 0.54 1.56 10.34 4.35 62.50 
BH-4 0.52 1.05 9.42 3.32 57.54 
BH-5 0.53 1.62 10.43 4.74 55.27 
BT-11 0.36 1.04 4.74 5.05 60.81 
BT-14 0.33 1.50 5.19 4.72 59.97 
G26 0.27 1.35 15.52 5.07 54.64 
G27 0.58 1.92 17.96 6.33 57.18 
BT-8 0.60 1.35 16.27 4.99 56.83 
G28 0.59 2.04 12.57 5.51 55.78 
G29 0.97 3.98 15.71 5.30 48.61 
G30 0.65 1.36 9.39 3.63 53.55 
G31 0.83 1.72 13.75 5.03 59.22 

LK -1 0.63 1.02 20.03 3.83 51.88 
G32 0.47 1.84 13.53 5.87 57.84 
G33 0.67 0.81 11.64 4.39 53.53 
G34 0.9 2.59 9.05 6.58 52.41 
G35 0.72 0.96 7.29 5.84 54.82 

BT- 3 0.66 1.73 11.87 5.04 49.17 
BT-7 0.3 1.53 5.35 6.76 59.92 
BT-9 0.65 1.72 11.48 5.13 55.34 
BT-15 0.56 1.16 8.846 4.05 60.16 
LJ-2 0.69 1.59 11.87 6.07 57.87 
LJ-3 0.54 1.25 13.59 6.15 64.27 
Mean 0.64 1.67 12.24 4.78 55.53 
Max 1.15 3.98 26.35 6.76 64.27 
Min 0.27 0.67 3.57 2.97 47.37 

CV(%) 3.16 1.19 28.23 3.11 2.11 
 
than the genotypic co-efficient of variation. Relatively high phenotypic variation was observed in plant 
height (11.79), pH of tomato juice (106.65), flower/cluster (146.625) and % of vit-C (106.235) which  
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Table 3. Mean performance of twelve morphological characters of forty eight tomato genotypes 
 

Genotype No. of 
flowers / 
cluster 

No. of 
fruits / 
cluster 

Fruit 
length 

No. 
of seeds / 
fruit 

pH of 
tomato 
Juice 

Plant 
height 
(cm) 

No. of 
primary 
Branch 

No. of 
secondary 
Branch 

Shelf life 
(day) 

Individual 
weight of 
fruit (gm) 

Width of 
Fruit 
(mm) 

Yield 
/plant 
(kg) 

G1 7.3 4.63 26.53 118.74 3.97 141.2 7 10.26 15.2 12.22 32.49 2.53 
G2 6.11 4.37 26.15 99.5 4.23 186.22 10 11.2 15.23 9.63 30.62 2.44 
G3 6.92 4.47 41.07 64.7 4.10 78.23 7.76 8.23 9.56 45.24 47.31 2.41 
G4 7.64 5.9 46.91 98.75 3.91 75.51 13.47 17.42 13.7 39.07 40.47 2.23 
G5 7.18 5.5 48.82 138.71 3.91 102.3 11.51 8.23 14.33 63.45 60.12 2.37 
G6 7.47 6.26 42.69 114.91 3.93 102.62 10 15.42 12.56 44.46 46.89 2.38 
G7 5.36 3.38 39.91 92.91 3.89 85.68 6.43 8.06 9.19 24.56 31.35 2.29 
G8 6.06 4.64 41.27 75.54 4.19 68.44 8.51 11.25 13.68 21.24 36.85 1.57 
G9 12.14 10.00 25.36 42.24 4.06 86.47 3.4 11.37 11.53 10.22 21.12 1.61 
G11 10.15 8.53 26.83 31.51 3.95 87.23 10.31 10.51 8.44 14.65 28.57 3.66 
G11 12.23 10.11 29.14 16.59 4.06 95.29 6.11 12.26 8.74 17.07 28.22 2.46 
G12 4.97 3.55 43.41 69.37 4.16 47.65 8.11 11.2 9.15 39.24 40.16 2.24 
G13 5.63 3.77 25.92 61.81 4.01 116.63 11.37 14.41 8.75 13.63 28.59 4.59 
G14 8 6.43 32.24 150.51 4.04 156.54 12.56 11.55 11.3 14.23 33.54 2.56 
G15 6.24 4.44 23.68 50.16 4.14 54.93 10.14 10.21 10.25 9.44 26.76 1.72 
G16 6.27 4.57 33.32 141.44 4.06 142.41 9.52 11.39 4.62 15.23 134.24 2.59 
G17 6.77 4.61 55.43 131.57 4.17 176.51 10.14 9.52 6.36 14.73 23.30 2.68 
G18 6.80 4.68 28.43 128.9 4.04 150.46 9.67 9.44 5.73 18.24 31.32 2.30 
G19 7.32 5.51 37.83 63.81 4.11 47.25 9.1 10 12.64 30.00 35.27 1.58 
G20 7.02 4.49 22.93 59.91 4.06 95.38 7.33 7 7.54 12.94 23.53 1.63 
G21 9.96 8.25 24.61 134.35 4.4 158.62 11.59 12.32 5.57 13.43 26.44 2.33 
G22 7.45 5.35 32.05 61.99 4.07 143.47 8.45 9.39 7.49 16.07 25.54 2.15 
G23 6.75 4.52 25.53 100.7 3.82 150.34 21.85 14.58 6.58 11.21 29.41 2.39 
G24 7.25 5.17 43.04 90.99 4.11 89.3 8.61 8.46 5.48 46.13 38.68 1.95 
G25 6.81 4.21 36.04 92.65 4.12 78.48 11.52 10.37 6.68 26.83 35.21 1.56 
BT-2 4.11 2.75 45.85 91.92 3.94 67.24 9.66 15.66 8.44 70.316 88.30 3.41 
BH-4 6.79 4.38 40.46 58.14 4.05 78.56 10.33 11.35 11.60 43.33 46.23 3.92 
BH-5 5.25 3.32 44.81 50.27 4.12 72.54 9.50 11.5 9.21 38.64 45.17 1.93 
BT-11 11.97 9.89 26.68 26.32 4.06 78.53 10.41 8 20.41 6.84 19.71 2.39 
BT-14 5.95 4.78 41.37 54.9 4.15 105.62 7.23 3.1 13.26 11.83 50.37 1.29 
G26 7.11 5.47 41.93 97.36 3.95 67.44 9.47 15.29 7.37 12.23 31.52 1.43 
G27 6.85 4.55 23.92 40.08 4.24 119.5 10.67 11.51 8.22 9.43 30.61 1.38 
BT-8 6.036 3.77 41.73 60.13 4.35 103.56 6.52 4.39 13.38 49.43 54.56 1.09 
G28 6.47 3.99 32.37 55.14 3.91 125.56 13.44 8.57 10.42 22.84 21.38 1.36 
G29 6.75 4.79 23.67 77.30 4.22 150.41 9.56 10 10.21 36.15 31.46 2.30 
G30 5.53 3.44 42.19 77.74 4.05 61.48 7.48 13.41 5.64 70.24 39.22 2.88 
G31 4.78 3.00 38.87 71.92 4.14 132.48 7.41 7.52 7.29 32.14 40.27 3.06 
 LK -1 5.92 3.77 44.37 74.71 4.14 70.53 7.44 8.34 12.1 47.24 32.25 1.37 
G32 5.78 3.66 30.80 110.72 3.95 132.26 7.60 10.50 10.4 30.13 37.32 1.83 
G33 6.49 4.33 30.94 84.62 4.03 118.45 9.51 8.38 7.55 17.61 30.88 1.74 
G34 5.77 4.22 26.25 60.73 3.85 168.34 9.60 7.52 9.53 13.26 34.53 1.02 
G35 7.03 5.15 29.18 126.72 4.05 150.63 3.48 6.47 11.15 35.24 41.59 1.30 
BT- 3 8.3 6.11 45.47 51.81 3.95 113.46 9.61 3.64 10.18 44.84 46.52 1.78 
BT-7 6.34 3.77 48.07 79.80 4.18 124.45 13.53 4.32 10.18 81.63 41.43 1.44 
BT-9 6.76 5.55 52.04 46.30 4.23 75.63 9.32 11.50 9.35 47.83 31.73 1.07 
BT-15 7.5 5.76 56.26 60.26 4.04 93.55 10.25 7.11 11.6 87.93 47.42 1.92 
LJ-2 6.29 4.59 32.25 73.63 3.95 9.56 11.43 7.36 10.59 33.24 38.17 1.45 
LJ-3 6.25 4.58 38.42 51.81 4.15 10.38 11.68 5.48 11.35 50.24 42.52 2.15 
Mean 7.00 5.06 36.19 79.47 4.07 103.07 9.57 9.90 9.99 30.75 38.73 2.12 
Max 12.23 10.11 56.26 150.51 4.4 186.22 21.85 17.42 20.41 87.93 134.24 4.59 
Min 4.11 2.75 22.93 16.59 3.826 9.56 3.4 3.1 4.62 6.84 19.71 1.02 
CV(%) 10.86 9.55 0.13 0.11 1.33 o.24 5.21 5.29 1.82 0.09 10.42 11.15 

 

 
indicated large environmental influence on these characters. Characters like yield/plant and plant height 
showed low genotypic and phenotypic coefficient of variation indicated that the genotype has 
considerable variation for these traits. Moderate genotypic and phenotypic co-efficient of variation was 
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observed in % of protein, chlorophyll contain of the leaf, number of primary branches/plant, number of 
secondary branches/plant and width of fruit which indicated moderate variability were present among 
the genotype for these characters. % of ash, flower/cluster, length of fruit, pH of tomato juice and shelf 
life showed high genotypic and phenotypic co-efficient of variation indicated that the genotype were 
highly variable for this trait (Table 2). The phenotypic (PCV) and genotypic coefficient of variation 
(GCV) were high for % of ash (476.12%, 270.75%), pH of tomato juice (253.72%, 167.35%), 
flower/cluster (173.01%, 110.39%), and length of fruit (123.40%, 112.35%) which suggested existence 
of broad genetic base and would be amenable for further selection. The estimated of PCV were 
generally higher than the respective GCV for all the characters under study denoting environmental 
factors influencing their expression to some degree or other. 

Fruit length, no. of seed/fruit, primary branches, secondary branches, self-life, individual fruit weight, 
width of fruit and yield per plant showed high heritability with high genetic advance and high genetic 
advance in percentage of mean revealed the possibility of predominance of additive gene effects and 
selection might be effective. The protein content showed low heritability with low genetic advance 
which indicated that the character is highly influenced by environmental effects and selection would 
not be effective. Low heritability accompanied with high genetic advance found in % of vit. C revealed 
that the character is governed by additive gene effects. The low heritability is being exhibited due to 
high environmental effects. Selection may be effective such cases. 
 
Table 4. Estimation of genetic parameters of 48 tomato germplasms 

Variability is one of the most important hallmark for any breeding program. The further progress of 
any breeding program depends on the amount and nature of variability (Kumar et al., 2013). GCV 
values lower than the corresponding PCV values indicated that the traits reacted with the environment. 
On the other hand, low or very low differences between PCV and GCV values of the traits implies that 
less environmental effects of those traits (Akter et al., 2020). The results of PCV and GCV in the 
present study are partially accordance with Ara et al. (2009); Khan et al. (2012); Kumar et al. (2013), 
Rahman et al. (2015) and Tripathy and Mallikarjunarao (2020). 

High heritability coupled with high genetic advance were found for length of fruit, seed per fruit, 
primary branches per plant, secondary branches per plant, shelf life of tomato, individual weight of 
fruit, width of fruit, and yield per plant. This is due to the additive gene effect and the selection 
contingent on phenotypic make up could be achieved by pure line or mass selection or bulk or single 
seed descent method following hybridization and selection in early generation (Reddy et al., 2013). 

 Characters  GV PV PCV GCV h2b (%) GA GAPM 
% of Ash  3.03 9.37 476.12 270.75 0.32 203.91 317.17 
% of protein  0.06 0.20 27.16 14.07 0.27 25.02 15.01 
% of Vit - C  4.87 106.24 84.18 18.01 0.05 97.23 7.94 
% of Brix  0.23 0.76 17.69 10.14 0.32 57.26 11.98 
Chlorophyll (%)  42.16 82.22 16.29 11.66 0.51 957.72 17.20 
Flower per cluster(no.)  59.69 146.63 173.00 110.39 0.40 1015.55 145.09 
Fruit per cluster (no.) 11.56 21.74 92.07 67.14 0.53 510.74 100.86 
Length of fruit (mm) 1653.29 1994.52 123.40 112.35 0.83 7625.99 210.76 
Seed per fruit (no.) 727.98 950.63 38.79 33.95 0.77 4863.86 61.20 
pH of tomato juice  46.4 106.65 253.72 167.35 0.43 925.56 227.39 
Plant height (cm)  1.7 11.79 3.33 1.26 0.14 101.99 0.99 
Primary branches per plant (no.)  78.91 96.04 57.94 52.52 0.82 1658.72 98.07 
Secondary branches per plant (no.) 9.84 11.08 18.80 17.72 0.89 608.97 34.40 
Shelf life of tomato (ambient tem.) 338.68 426.53 206.54 184.05 0.79 3378.15 337.85 
Individual weight of fruit(g)  358.05 448.58 68.88 61.54 0.79 3482.5 113.26 
Width of fruit (mm) 377.43 470.64 56.00 50.18 0.80 3583.9 92.52 
Yield per plant (g)  396.80 492.69 1.047 0.96 0.80 3682.57 1.74 



49 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

CONCLUSION 
Fruit length, no. of seed per fruit, primary branches, secondary branches, shelf-life, individual fruit 
weight, width of fruit and yield per plant showed high heritability with high genetic advance and high 
genetic advance in percentage of mean which revealed the possibility of predominance of additive gene 
effects and selection might be effective. The protein content showed low heritability with low genetic 
advance which indicated that the character is highly influenced by environmental effects and selection 
would be effective. Low heritability accompanied with high genetic advance found in % of vit. C 
revealed that the character is governed by non-additive gene effects. 
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