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ABSTRACT 

  Soybean is a short day plant. Both photoperiod and temperature control the duration of pre 

and post flowering phase and are expected to affect source-sink relationships. The present 

investigations were aimed at evaluating the relative performance of different maturing group of 

soybean genotypes with respect to different physiological and biochemical indices for higher 

productivity under variable photoperiods. To achieve the objectives, field experiments were conducted 

during kharif seasons of 2012 and 2013 at Punjab Agricultural University, Ludhiana. The experiment 

were laid out in randomised block design with three replications consisting of 15 genotypes to screen 

for various morpho – physiological traits, yield and yielding attributes in first year. On the basis of 

results obtained from the first year experimentation, two genotypes from early maturing genotypes and 

each of three from medium and late maturing genotypes were selected for biochemical analysis. 

Morpho-physiological parameters viz., leaf area, leaf area index, leaf and stem fresh and dry weight, 

net photosynthesis, growth efficiency, chlorophyll content, photochemical efficiency and transpiration 

rate were affected by photoperiods. Under both the photo-periodic conditions, the late maturing group 

genotypes maintained higher leaf area, biomass accumulation, leaf area index, photosynthetic rate and 

transpiration rate as compared to medium and early maturing genotypes leading to higher yield. Under 

longer photoperiod i.e. June sowing showed more metabolic status as compared to shorter photoperiod 

(July sowing). Nitrogen metabolizing enzymes viz., GOGAT, GS, GDH and NR activity showed 

varied response in leaf and stem. Highest activity of these enzymes was found in longer photoperiod as 

compared to shorter photoperiod. Carbon metabolizing enzyme- invertase also showed varied response 

in podwall and developing seeds. The activity of this enzyme increased in developing seeds and the 

highest activity was observed in late maturing genotypes. Finally, it can be concluded that for selection 

of better genotypes under variable photoperiods, the physiological parameters total dry matter, CGR, 

RGR, photosynthetic rate, chlorophyll  content, LAI, SPLW, 100 seed weight, numbers of pods per 

plant and harvest index should be  considered. These parameters were found to have significant 

positive correlation with seed yield. Of the evaluated 15 diverse maturing genotypes, the early 

maturing genotypes EC 457161, medium SL 983 and late SL 958 are superior in terms of yield as well 

as in other morpho-physiological traits. Of all genotype SL 958 performed the best. 

Keywords: Soybean, Maturity group, Source –sink, Photoperiod 

 

 

 

 

________________________     _____________________ 

Signature of Major Advisor     Signature of the Student 
 



 

Koj gRMQ dw isrlyK : v`Ko-v`Kry PotopIrIAfW ADIn soieAwbIn (glweIisn 
imks AYl. mYirl) jInotweIpW iv`c sors-isMk sihsbMDn 
dw iPzIElwjIkl ivSlySx 

ividAwrQI dw nwm Aqy  
dwKlw nM. 

: Ainl kumwr fogrw    
(AYl-2010-bI AYs-55-fI) 

pRmu`K ivSw : bnspqI ivigAwn 

sihXogI ivSw : plWt bRIifMg Aqy jYnyitks 

ifgrI : AYm.AYs.sI.   

ifgrI imlx dw swl  : 2014 

Koj p`qr iv`c ku`l pMny : 97+AMiqkw+vItw 

XUnIvristI dw nwm  : pMjwb KyqIbwVI XUnIvristI, luiDAwxw - 141004 
 

swr  

soieAwbIn ie`k Cotw pOdw hY[ PweIto-pIrIAf Aqy qwpmwn dovyN hI Pu`l iKVx qoN pihlW Aqy bwAd dy 
pVwvW aupr inXMqrn r`Kdy hn Aqy ieh mMinAw jWdw hY ik ieh sors-isMk sihsbMDn nUM pRBwivq krdy 
hn[ mOjUdw AiDAYn v`Ko-v`Kry PotopIrIAfW ADIn vDyry auqpwdn leI v`Ko-v`Kry iPzIElwjIkl Aqy jIv-
rswiexk sUckWkW dI kwrjkuSlqw dw AiDAYn krn dy mksd nwl kIqw igAw[ iehnW audySW dI pRwpqI 
leI pMjwb KyqIbwVI XUnIvristI ivKy swauxI 2012-13 dOrwn Kyq qzrby kIqy gey[ Awr.bI.fI. ivDI qihq 
qzrby dOrwn pihly swl v`Ko-v`Kry mOrPo-iPzIElojIkl guxW, JwV Aqy JwV dy mwpdMfW leI 15 jInotweIpW 
dI jWc kIqI geI[ pihly swl kIqy gey qzrby dy ADwr qy, jIv-rswiexk mulWkx leI CyqI p`kx vwly 
do jInotweIp Aqy drimAwny Aqy dyrI nwl p`kx vwly ie`k-ie`k jInotweIp dI cox kIqI geI[ morPo-
iPzIElwjIkl mwpdMf ijvyN ik p`qw KyqrPl, p`qw KyqrPl AMk, p`qy Aqy SwKw dy qwzw Aqy su`ky mwdy dw 
Bwr, ku`l pRkwS sMslySx, vwDw kwrjkuSlqw, kloroiPl imkdwr, PotokYmIkl kwrjkuSlqw Aqy tRWspIrySn 
dr aupr PotopIrIAfW dw pRBwv vyKx nUM imilAw[ donoN PotopIrIAf hlwqW ADIn drimAwnI Aqy CyqI 
p`kx vwly jInotweIpW dy mukwbly dyrI nwl p`kx vwly jInotweIpW iv`c aucqm p`qw KyqrPl, jYivk mwdw nUM 
zzb krn dI smr`Qw, p`qw KyqrPl AMk, pRkwS sMslySx dr, tRWspIrySn dr brkrwr rhI ijs nwl 
iehnw iksmW ny vDyry JwV id`qw[ CotI AvDI vwly PweItopIrIAf (julweI mhIny bIjI) Psl dy mukwbly 
lMbI AvDI vwly PweItopIrIAf Bwv jUn mhIny dOrwn bIjI geI Psl iv`c mYtwbwilk p`Dr vDyry pwieAw 
igAw[ p`qy Aqy SwKwvW iv`c nweItRojn mYtwboilzm ieMzwiem (jI.E.jI.ey.tI., jI.AYs., jI.fI.AYc. Aqy 
AYn.Awr.) gqIivDIAW ny AsiQr pRqIikrAw ivKweI[ CotI AvDI vwly PweItopIrIAf (julweI mhIny 
bIjI) Psl dy mukwbly lMbI AvDI vwly PweItopIrIAf iv`c ieh gqIivDIAW vDyry sn[ PlIAW dI iC`l 
Aqy ivkwsSIl bIjW iv`c kwrbn mYtwbolwieizMg ieMzwiem – ienvrtyz ny AsiQr pRqIikrAw ivKweI[ 
ivkwsSIl bIjW iv`c ies ieMzwiem dI gqIivDI iv`c vwDw hoieAw Aqy dyrI nwl p`kx vwlIAW iksmW iv`c 
ies ieMzwiem dI gqIivDI sB qoN vDyry sI[ AMq iv`c ieh is`tw k`iFAw igAw ik v`Ko-v`Kry PotopIrIAfW 
leI iksmW dI cox krn smyN, iPzIElwjIkl mwpdMfW ijvyN ik ku`l su`kw mwdw, sI.jI.Awr., Awr.jI.Awr., 
pRkwS sMslySx dr, kloroiPl dI imkdwr, p`qw KyqrPl AMk, AYs.pI.AYl.fblXU, 100 dwixAW dw Bwr, 
pRqI pOdw PlIAW dI sMiKAw Aqy ktweI AMk nUM iDAwn iv`c r`Kxw cwhIdw hY[ dwixAW dy JwV nwl iehnW 
mwpdMfW dw sbMD ArQpUrn qOr qy Dnwqmk sI[ AiDAYn dOrwn mulWikq kIqy gey 15 jInotweIpW iv`coN 
CyqI p`kx vwly jInotweIp eI.sI. 457161, drimAwnw AYs.AYl. 983 Aqy dyrI nwl p`kx vwly jInotweIp 
AYs.AYl. 958 morPo-iPzIElojIkl guxW Aqy JwV dy ilhwz nwl au~qm pwey gey[ swry jInotweIpW ivcoN 
AYs.AYl. 958 dI kwrjkuSlqw sB qoN vDIAw sI[  

mu`K Sbd: soieAwbIn, pikAweI SRyxI, sors-isMk, PotopIrIAf 
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CHAPTER I 

INTRODUCTION 

Soybean (Glycine max L. Merrill) is one of the important legume crop and major 

source of high quality protein for human daily diet and livestock feed in the world (Lie et al 

2006). Botanically, soybean belongs to the family Fabaceae. In addition to its rich protein 

(35-45%) and oil content (15-25%), soybean seed also contains about 33% carbohydrates, 

upto 16.6% of which are soluble sugars (Hou et al 2009). Besides being an important source 

of protein for human diet and animal feed, soybean has been considered to be one of the most 

promising crops for producing bioenergy (biodiesel) in the near future (Soy Stats 2010).   

India ranks fifth in the world after USA, Brazil, Argentina and China in soybean 

production and accounts for 11.5 million metric tons (3%) of total world production in the 

year 2012-13 (Soy Stats 2013). However, average yield of soybean in India is less than that of 

world average which needs to be improved through genetic manipulations. Cultivation of 

soybean in India is restricted mainly to Madhya Pradesh, Uttar Pradesh, Maharashtra and 

Gujarat. It is also grown on a small acreage in Himachal Pradesh and Punjab. 

Crop growth and development is ultimately controlled by the environmental factors 

such as photoperiods and temperature. Soybean is a short day plant. Both photoperiods and 

temperature control the duration of pre and post flowering phases and are expected to affect 

source- sink relationships. Economic yield of a crop is a function of better assimilation of 

photosynthates and growth rate of crop. The availability of assimilates is determined by a rate 

of photosynthetic capacity and by the photoperiods (the periods when conditions are suitable 

for plant growth and development). To prolong and improve yield of soybean in the future, 

physiological understanding of yield traits is essential. 

Photoperiod has been account to play an important role in flowering induction, floral 

organ differentiation (Zhang et al 2001) and flowering development (Han and Wang 1995, 

Kantolic and Slafer 2001). The previous studies mainly focused on post-flowering features, 

instead of other growth stages under variable photoperiods. As response to photoperiods, the 

best appropriate plants for high seed yield should possess characters such as vertical leaf 

orientation, larger leaf area, high photosynthetic and assimilatory capacity, more canopy 

reflectance, a short and stout stem that allow maximum supply of assimilates due to shorter 

distance and result in additional seed production (Cooper 1981, Board and Tan 1995, Ma et al 

2001 and Ustun et al 2001). 

A soybean crop is usually source restricted during the reproductive period of seed 

formation (Egli 1998). During this period canopy photosynthetic rate is increased by carbon 

or light enrichment, more seeds are produced (Hardman and Brun 1971 and Schou et al 

1978). Crop growth limitations imposed by shading and defoliation reduce pod and seed 

number as reported by Egli and Zhen-Wen 1991, Jiang and Egli 1995. If the crop is exposed 
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to favourable environmental conditions during the critical period, high photosynthetic and 

crop growth rate had attained under these conditions and source restrictions are attenuated 

(Egli 1998).  

Relationship between source-sink may be modified by manipulating plant responses 

to the environmental dynamics controlling development, mainly photoperiod and temperature. 

Photoperiod seems to have no major direct effect on crop growth but functioning in regulation 

of duration of most phase of soybean development (Raper and Kramer 1987, Kantolic and 

Slafer 2001). Temperature control both growth and development of crop by regulating plant 

architecture and duration of crop. Longer photoperiods may result in delay floral initiation 

(Caffaro and Nakayama 1988), promote node differentiation and appearance and delay 

flowering (Hadley et al 1984). 

 Longer photoperiods may also result in greater production of photosynthates and to 

increase biomass, growth efficiency, duration of crop and yield per plant and thus mitigating 

source limitations (Summerfield et al 1998, Ellis et al 2000). Results from the previous 

studies reported that the changes in seed number due to photoperiodic manipulations during 

post-flowering stages are scare and contradictory. But exposure to longer photoperiods has 

been found to increase seed per pod by means of higher node per plant and fertility (Guiamet 

and Nakayama 1984). Soybean yield is determined by the number of pods (seeds) produced 

per unit area and individual seed weight (Desclaux et al 2000, Ohashi and Nakayama 2009). 

The seed number depends upon the number of floral buds that initiate pods and attain 

maturity. Generally, soybean plants produce an abundance of floral buds, but a large 

proportion of them abort during development. Indeed, rates of flower and pod abscission or 

abortion were estimated to reach 80% (Shibles et al 1975). During the grain-filling period 

limited resource availability mainly results in source restrictions by reducing current photo-

synthesis and less by sink limitations (Madani et al 2010, Eghareuba et al 2006). 

Photosynthetic activity by crop canopy declines gradually during the effective grain 

filling period and current photosynthesis is considered to be main source for seed growth in 

soybean (Liu et al 2006). Partitioning of photosynthetic metabolites between leaf and stem is 

an important factor in yield determination (Misra et al 2009). The response of the sink (seed) 

to source-sink alterations during seed filling depends upon the assimilate level in the seed and 

the ability of the seed to respond to a change in assimilate supply (Jenner et al 1991). So, a 

change in the photosynthetic source-sink balance is an important factor that can regulate 

photosynthesis (Paul and Foyer 2001).  

In addition, these results accounts in highly controlled environments with plant sown 

in plots, so that the direct extrapolation of the results under natural field growing crop does 

not seem warranted. In a field experiment, conducted with four indeterminate soybean 

genotypes exposing the plants after R3 (beginning pod stage) to photoperiods 2h longer than 
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the natural daylenth resulted in a longer period of pod and seed formation (Kantolic and 

Slafer 2001). These increments were obvious under longer photoperiods (early sowing) but 

were not noticeable when the sowing was delayed. 

Moreover, photoperiod has shown to affect the growth and development of soybean 

(Adam et al 2001). Most of the soybean genotypes are sensitive to photoperiod and different 

maturity groups are expected to have differential response to photoperiod. Under Punjab 

conditions soybean genotypes sown in June- July are likely to flower at the same time due to 

sensitivity to day length leading to variation in duration of vegetative and reproductive 

development which is controlled by both genetics and photoperiod (Kumudini et al 2007) and 

expected to have affect on source-sink relationships.  

 Considering the constraints in the production potential of soybean, it is worth to study 

the influence of different photoperiod conditions on the production potential of soybean. It is 

also utmost important to understand the physiological basis of yield variation due to changes 

in photoperiods conditions, since a simple description of growth and yield without the context 

of growing condition is inadequate. The present knowledge of the physiology of yield and 

inter relationship of source-sink and physiological characters with the environment is meager. 

Considering the present Punjab scenario as depleting natural resources and unabated 

soil degradation as a consequence of intensive agriculture calls for crop diversification. 

Soybean is the most viable option, which requires less number of irrigations and inputs as 

compared to paddy. The overall aim of this study is: 

 To investigate physiological factors involved in regulating source-sink relationships 

under variable photoperiods. 

 To study the mobilization of reserves within the soybean canopy throughout growth 

and development. 
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CHAPTER II 

REVIEW OF LITERATURE 

 Soybean is a member of the family Fabaceace, subfamily Papilionoideae, and tribe 

Phaseoleae. The crop originated in Manchuria, a province of China and domestication 

probably took place between 1700 and 1100 BC (Hymowitz and Singh 1987). Soybean has 

been repeatedly mentioned in later records as an important cultivated legume crop throughout 

Asia and particularly in China. 

 Soybeans growth and development is influenced by temperature. Soybean, 

however, is very sensitive to photoperiod (daylength) and does not change from 

vegetative to reproductive growth until a critical daylength is met. Soybean has been 

recognized as a quantitative short-day plant, in which flowering is promoted within a 

certain time range but is retarded and/or diminished outside this time frame (Loomis and 

Connor 1992). The soybean plant flowers earlier and more profusely in response to day 

lengths that are shorter than a certain value (usually 14 hours) within a 24-hour cycle 

(maturity group V and up). This requirement restricts a cultivar’s adaptability to a band of 

about 150 miles north and south of its adapted area. Photoperiod and temperature are the 

two main environmental factors controlling classification of soybean cultivars into 

maturity groups (as discussed in introduction).Therefore, an attempt has been made in the 

present investigation to understand the growth, development  and physiology of different 

maturity date genotypes of soybean as influence by planting dates under variable 

photoperiods. Keeping in view the above facts, the literature reviewed has been divided 

into following sub-sections: 

2.1  Developmental Stages 

2.2  Photoperiod 

2.3  Temperature 

2.4  Vegetative Growth  

2.5  Reproductive Growth 

2.6  Growth Parameters 

2.7  Dry Matter Accumulation and Its Partitioning 

2.8  Biophysical Parameters 

2.9  Yield and Yield Attributes 

2.10  Biochemical Parameters 

2.1 Developmental stages of Soybean 

An understanding of the developmental stages of a soybean plant is important in 

evaluating its yield potential. The use of indeterminate versus determinate as well as plants of 

various maturity groups allows growers to maximize the yield potential within their growing 
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season. The developmental stages in soybeans are characterized by the standards established 

by Fehr and Caviness (1977) (Figure 1). The life cycle of soybean is split into vegetative (V 

stage) and reproductive (R stage) stages. The stages begin with VE, defined as seedling 

emergence, the appearance of the seedling above the soil surface. The next stage is the VC 

stage, which is when the cotyledonary leaf open and the node above it has a leaf that has just 

unrolled. In an unrolled leaf, the edges of the leaf blade must not be touching one another. 

Following the VC stage, all other vegetative (V stages) stages are numbered according to the 

number of nodes on the main axis (Vn) with a fully developed leaf (Bean and Miller 1998). A 

fully developed leaf is defined as one that has a leaf above it (at the next node) that has just 

unrolled. The V1 stage is defined as when the primary unifoliate leaf (at the next node above 

the cotyledons) is fully developed and the leaf at the node above them has just unrolled. 

Subsequent vegetative stages are defined in a similar manner. For example, the V5 stage is 

when the sixth node above the cotyledon has a fully developed leaves and the leaf above it 

has just unrolled. 

The reproductive (R stage) stages are split into two flower stages (R1 and R2), two 

pod stages (R3 and R4), two seed stages (R5 and R6), and two maturity stages (R7 and R8). 

The R1 stage is defined as the stage at which one open flower appears at any node on the 

main stem. The R2 stage refers to an open flower at one of the two upper most nodes on the 

main axis with a fully developed leaf. The R3 stage is when atleast one pod 5 mm long is 

apparent on one of the four uppermost nodes of the main stem axis with a fully developed 

leaf. The R4 stage occurs when at least one pod reaches 2 cm at one of the four uppermost 

nodes of the main stem axis with a fully developed leaf. The R5 stage occurs when at least 

one seed within a pod is 3 mm (1/8 inch) long at one of the four uppermost nodes of the main 

stem axis with a fully developed leaf. At the R6 stage at least one seed extends to the length 

and width of the pod cavity at one of the four uppermost nodes of the main stem axis with a 

fully developed leaf. The R7 stage is considered to be the point at which one normal pod on 

the main stem reaches its mature pod color. The R7 stage is when seed filling ends and is 

called physiological maturity. At this stage, the seed has about 60% moisture and contains all 

necessary plant parts to germinate. The normal color of a mature pod can range from tan to 

brown depending on the genotype. The R8 stage is when 95% of the pods have reached their 

mature pod color and is called harvest maturity. By this time, the soybean seed would have 

a moisture level of 15%, which is considered the harvestable level. 
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Developmental Stages

Vegetative Stages                                     Reproductive Stages

VE (emergence)                                       R1 (beginning bloom, first flower)

VC (cotyledon stage)                               R2 (full bloom, flower in top 2 nodes)

V1 (first trifoliolate)                                 R3 (beginning pod, 3/16” pod in top 4 nodes)

V2 (second trifoliolate)                            R4 (full pod, 3/4” pod in top 4 nodes)

V3 (third trifoliolate)                                R5 (1/8” seed in top 4 nodes)

V(n) (nth trifoliolate)                                R6 (full size seed in top 4 nodes)

V6 (flowering will soon start)                  R7 (beginning maturity, one mature pod)

R8 (full maturity, 95% of pods on the plant

are mature)

 

Figure1. Developmental stages of soybean. 

 

 

 

 

 

 

Figure 2: Reproductive stages (R1 to R4). 

Beginning Bloom (R1)                                                                                                Full Bloom (R2)

Beginning Pod (R3)                                                                                                           Full Pod (R4)
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Beginning Seed (R5)                                                                                     Full Seed (R6)

Beginning Maturity (R7)                                                                             Full Maturity (R8)

 

Figure 3: Reproductive stages (R5 to R8). 

 

2.2 Photoperiod 

 Both photoperiod and temperature control the duration of pre- and post-flowering 

phases. Long photoperiods delay floral initiation and slow down the rate of development of 

flower primordial (Thomas and Raper 1977, Caffaro and Nakayama 1988, Thomas and 

Kanchanapoom 1991, Fleming et al 1997) and consequently, delay flowering (Hadley et al 

1984, Upadhyay et al 1994, Zhang et al 2001). Although it is also known that long 

photoperiods extend the duration of post-flowering phases as well (Thomas and Raper 1976, 

Guiamet and Nakayama 1984, Summerfield et al 1998, Kantolic and Slafer 2001, Han et al 

2006), our understanding of photoperiodic control of development in soybean has been 

mostly restricted to pre-flowering responses, which are in fact the bases for the 

characterization of soybean cultivars into different maturity groups (Summerfield and Roberts 

1985). In spite of the high importance of post-flowering phases on yield definition, the 

knowledge of photoperiodic responses after flowering is fragmentary and far less 

comprehensive.  

In consequence, the link between post flowering response to photoperiod and yield 

has not been established. A quantitative or continuous response to photoperiod is a pre-

requisite for a plant which is permanently sensing a changing photoperiod environment and 

has a continuous capacity to respond to this perception. Although it has been found that 

indeterminate soybeans quantitatively responded to the length of photoperiod when the 

treatments were imposed continuously (Kantolic and Slafer 2005), it is not clear if post-

flowering development is quantitatively responsive to the length of the exposure to long 
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photoperiod or whether the response saturates in just one or few cycles of long photoperiod. 

In wheat (Triticum aestivum), a long-day plant, there is some evidence of the existence of a 

so-called ‘memorized’ or ‘historic’ effect of photoperiod on development. 

Changes in sensitivity to photoperiod during the post flowering phases and the 

possibility of memorized effects of photoperiod on later development have to be assessed 

before it is possible to design breeding or management strategies which apply our 

understanding of soybean post-flowering response to photoperiod. Moreover, the evaluation 

of these responses under highly controlled environments as proposed by Adam et al (2001) is 

possibly limited if their consequences on seed production and yield are to be drawn.  

The soybean has ability to continuously perceive the photoperiod under which they 

are grown during their reproductive development, as found in other crop species e.g. wheat 

and barley (Miralles et al 2003). During most of post-flowering phases plants were sensitive 

to changes in photoperiod. In soybean, it has been found previously that photoperiod effects 

persist throughout flowering, podding, seed filling and maturation phases of maturity group, 

when evaluating highly contrasting and constant photoperiod regimes (12 h against 18 h; Han 

et al 2006).  

Soybean seed weight is generally source-limited (Egli 1999, Borra´s et al 2004) and 

an increase in seed number without changes in crop photosynthesis should result in smaller 

seeds, as source and sink are usually in balance (Egli and Bruening 2001). It has been 

proposed that the less inductive photoperiod during reproductive phases increases assimilate 

availability, as a longer duration results in greater radiation interception and greater 

production of assimilates (Kantolic and Slafer 2005) and there is some evidence in wheat to 

support this hypothesis (Gonza´lez  et al 2005). If the photoperiod responses are mediating a 

mechanism such that seed weight maintains high while seed number is nearly doubled, 

manipulating sensitivity to photoperiod during the critical pod formation phase may be a 

means of improving the source : sink ratio during the critical period, a very potent trait to 

further increase soybean yields (Kumudini 2002). 

However, the adaptation is not only controlled by photoperiod but also by the 

temperature which influences the time required to reach floral differentiation, floral 

expression and subsequent reproductive stage under inductive photoperiods. Norman (1978) 

reported that longer day length delay flowering in soybean and results in large number of 

flowers, but the percentage of flower and pod shedding also increases. Settimi (1987) reported 

that a long reproductive photoperiod was positively correlated with branch development. 

Verma and Sawaji (1994) screened 3000 soybean genotypes for photoperiodic insensitivity 

and reported that most rainy season soybean varieties do not do well in the winter seasons 

characterized by prolonged flowering and maturity periods. The genotypes which fit under 

short day conditions of 9 – 10 hours were considered as photoperiod insensitive. 
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Han and Wang (1995) indicated that flowering of early soybean varieties was 

insensitive to photoperiod. However, post flowering development was affected by both pre 

and post flowering photoperiods. To determine the response of some soybean genotypes to 

photoperiod and temperature in different environments (different dates during kharif and 

spring) Deka and Talukdar (2000) observed majority of the genotypes took less than 70 days 

to flower during kharif sowing environments while 70 – 80 days in spring environments. 

2.3 Temperature 

Calves et al (1988) found that low night temperature reduced the assimilate 

translocation within soybean plants, particularly that of newly synthesized assimilates, 

thereby decreased seed yield. Nigam et al (1990) and Tiwari et al (1994) studied the 

performance of different soybean cultivars under different environmental conditions and 

reported significant genotype and environment interaction. Exposing the different 

reproductive phases to different levels of high temperatures, Gibbson and Mollen (1996) 

observed 27 percent reduction in the seed yield when exposed to 35
0
C for 10 hrs per day from 

flowering to maturity. The reduction in seed yield was due to reduced photosynthetic rates. 

They also concluded that the reduction in yield from high temperatures are primarily a 

response to day temperatures and moderate to high night temperatures have only a small 

effect on seed yield components. 

2.4 Vegetative growth          

The amount of mobile reserves in the vegetative parts will determine the yield gap 

(Madani et al 2010). Limitations to crop yields are often sought in either source or sink 

restrictions.  The rate of assimilate transportation from source to sink depends upon the rate of 

assimilates production in the source on one hand and the rate of up-loading the products at 

sink. Mature leaves produces more assimilates than their need and therefore export the extra 

carbohydrates to other organs. They are called source and the destination of photosynthetic 

products are called sink (Emam et al 1994). 

The source activity, which determines the availability of assimilates and the sink 

capacity, which determines the potential of assimilate utilisation are the two major processes 

involved in determining the yield potential of a crop (Egli and Bruening 2001). Modification 

of source activity of soybean during flowering and early pod expansion usually results in a 

corresponding change in pod number and this has been well described under optimal soil 

moisture conditions (Egli and Yu 1991, Board and Tan 1995, Andrade and Ferreiro 1996, 

Board and Harville 1998). Yield production begins with vegetative growth when the 

formation of organs for nutrient absorption and photosynthesis   provides the machinery to 

produce yield. 

The rate of canopy photosynthesis is determined by the inherent photosynthetic 

capacity of the leaves, environmental conditions (temperature, solar radiation, CO2 
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concentration, nutrient and water availability) and the proportion of the incident solar 

radiation absorbed by the plant canopy. Leaf area is the ratio of the leaf area to the ground 

area (Watson 1947), and is described by the leaf area index (Wells 1991, Board and Harville 

1996). There is a linear relationship between LAI and radiation interception until radiation 

interception is maximized (Heilman et al 1977, Taylor et al 1982). The length of the 

vegetative growth phase, maximum vegetative mass and LAI is directly related to cultivar 

maturity (Egli 1993, 1994, Edwards and Purcell 2005). 

Canopy photosynthesis (CO2 fixation expressed on a ground area basis) (Wells 1991) 

and crop growth rate (an indirect estimate of canopy photosynthesis) (Board and Harville 

1994) are directly related to LAI and radiation interception during the initial stages of 

vegetative growth. Canopy photosynthesis increases rapidly during early vegetative growth 

and reaches its maximum level when radiation interception is complete. Canopy 

photosynthesis, crop growth rate and ultimately yield will be reduced if the canopy does not 

reach maximum interception by the beginning of reproductive growth. The potential size of 

the yield container is determined by the number of seeds that are set (a function of fruit 

number and seeds per fruit) and the potential size of the seed (Egli 1998).  

Plant height and number of branches are influenced by the interaction between the 

environmental variables and genetic makeup of the plant. Among the environmental 

variables, temperature strongly influences branching, plant height and length of the 

vegetative period. Raut et al (1991) reported a wide genotypic variation for plant height and 

number of branches among the ten soybean genotypes with a range from 18.0 cm (Monetta) 

to 50.0 cm (MACS-II) and 2.6 (DS – 11 – 2) to 5.8 (MACS-111) respectively during kharif 

season indicating variability for these traits. The traits contributing to seed yield in 

determinate, indeterminate and semi determinate soybean types, has significant influence 

on seed yield, irrespective of growth habit (Bhattacharyya and Ram 1992). Naidu et al 

(1993) observed a whole genotype variability for plant height among 20 diverse genotypes 

of greengram and the range was from 34.5 to 54.4 cm, but variation for branches per plant 

was low (1.23 to 1.92), showing that growing environment had a profound influence on 

these parameters.  

Sharma and Sharma (1993) observed a wide variation in plant height (57.2 to 83.9 

cm) and number of branches (3 to 4.2) among soybean genotypes. Similarly, (Verma and 

Sawaji 1994) also indicated that in soybean, the plant height varied from 20.5 to 120.0 cm 

among 3000 lines of soybean. Ouattara and Weaver (1995) found that determinate plants have 

more main stem branches and more two seeded pods than indeterminate plants and further 

reported that growth habit did not affect total pods per plant or branch per plant.  
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2.5 Reproductive growth 

 The rate of photosynthesis may be affected by the size of the reproductive sink and 

reducing sink size often reduces photosynthesis (Mondal et al 1978, Goldschmidt and Huber 

1992). Relating the rate of photosynthesis to reproductive sink size is completely untenable 

with the argument that fruit number and sink size are determined by the assimilate supply 

(Egli 1998). The competition for assimilate between vegetative and reproductive sinks could 

reduce fruit and seed numbers (Egli 1998). The soybean plant has two mechanisms by which 

fruit and seed number are adjusted to match the assimilate supply. First the flower production 

responds to environmental conditions and varies among cultivars and second is not all flowers 

produce fruits and not all fruits survive until maturity (Jiang and Egli 1993). 

The number of flowers is directly related to the number of nodes (Egli 2005), 

although the environmental conditions can influence the number of flowers per node. Late- 

maturing cultivars generally have more nodes (Jiang and Egli 1993), while delayed planting 

shortens the vegetative growth period and reduces node number (Egli and Bruening 2000). 

Flowering time is important because, environmental condition during the reproductive phase 

have a major impact on final yield (Kobraee et al 2010).     

  Abortion is influenced by manipulation of the assimilate supply (Mann and Jaworski 

1970, Heitholt et al 1986, Jiang and Egli 1993, Miceli et al 1995). Abortion and abscission 

occur at several stages of reproductive development with flowers (Kato et al 1955, Huff and 

Dybing 1980, Heitholt et al 1986), immature pods (Hansen and Shibles 1978, Heitholt et al 

1986) and seeds (Duthion and Pigeaire 1991, Westgate and Peterson 1993) all participating in 

the process. A fruit development suggests that abortion may result from competition for 

assimilate between rapidly growing fruits from early flowers and small fruits from later 

developing flowers (Bruening and Egli 1999, Egli and Bruening 2002). The capacity to adjust 

flower number and to abort flowers and developing fruits allows soybean to match the size of 

the yield container to the productive capacity of the plant in most environments.  

The export rate of sucrose from source (leaves) to sink (fruits/seeds) organs is 

dependent on the current photosynthetic rate and the concentration of sucrose in the leaves 

(Grodzinski et al 1998, Komor 2000). The export rate of sucrose could be expressed as a 

positive linear function to the photosynthetic rate and the concentration of sucrose in the 

leaves (Fader and Koller 1983, Huber et al 1984). Both a low rate of photosynthesis and a low 

sucrose concentration in the leaves may cause a decreased rate of sucrose export to the sink 

organs, and thereby affect the reproductive development. 

 Intensity and quality of solar radiation intercepted by a soybean canopy during the 

reproductive period is an important environmental factor determining soybean yield and yield 

components (Board and Harvill 1992, Evans 1996, Biabani et al 2008). Increased seed yield 

of soybean through narrow rows, can be attributed to increased light interception during 
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reproductive period (Board et al 1992, Board and Harville 1996, Liu et al 2004). Light 

enrichment initiated at early flowering stages increased productive pod number, resulting in a 

144 to 252% increase in seed yield (Mathew et al 2000).  

2.6 Growth Parameters 

The technique of growth analysis has been extensively used in recent years for better 

understanding of the physiological basis of yield variation in crop in chronological sequence 

elucidate and account the causes for differences in yield through the events that have occurred 

at different stages of growth (Krishnamurthy et al 1973). Leaf area duration is an important 

factor for growth and development of a crop. Sinclair and Dewit (1976) reported that the leaf 

area plays an important role in determining productivity in soybean. Significant genotypic 

variability in CGR among blackgram genotypes at 49 and 56 days after sowing. NAR and 

RGR decreased with the advancement of crop growth in all the genotypes (Pandey et al 

1978).  

The dry matter accumulation and leaf area in diverse soybean cultivars showed 

significant difference for various growth analysis parameters like crop growth rate (CGR), 

relative growth rate (RGR), net assimilation rate (NAR), leaf area ratio (LAR), leaf weight 

ratio (LWR) and specific leaf area (SLA). The CGR was maximum at late vegetative and 

early reproductive stages (18.6 m
-2

 days
-1

). Whereas, the RGR, NAR and LAR were highest 

during early vegetative growth and decreased as season progressed (Scott and Batchelor 

1979). 

Soybean leaves adapt to their growth regime primarily by adjusting leaf dimensions 

(leaf thickness) and the high irradiance during growth resulting in thicker leaves with more 

photosynthetic apparatus per unit leaf area (Gourdon and Planchon 1982). Reddy and Saxena 

(1983) studied the leaf area index in six diverse soybean genotypes and showed significant 

differences for this trait. Singh et al (1985) observed that LAI was higher in all the greengram 

genotypes grown during summer as compared to kharif. Specific leaf weight continued to 

increase from 33 to 44 days after sowing in all the varieties of greengram during both kharif 

and summer seasons and decreased thereafter until maturity.  

Nijhawan (1986) found that leaf area differed significantly among twenty five 

promising varieties of greengram. An increasing trend of leaf area upto 15 days after the 

initiation of buds and thereafter there was a study decline in all the cultivars. The high 

yielding cultivars also possessed higher leaf area. Significant differences among twenty five 

diverse greengram genotypes with respect to both SLW and LAR.  Seed yield is associated 

with high LAI and number of seeds / m
2
 and moderate seed weight and dry matter production 

in soybean. Panwar et al (1986 ) noticed both LA and LAI attained maximum values around 

49
th
 day from sowing, remained stable upto 70 days after sowing and started declining 
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thereafter in all the greengram genotypes studied. The cultivars which possessed larger leaf 

area as well as leaf area index were high yielders. 

Temperature and solar radiation affects growth parameters of soybean. Early soybean 

cultivars had higher RGR and CGR but lower leaf area duration and partitioned more 

assimilates to reproductive parts than the late cultivars (Shah 1989). They further reported a 

high degree of variability for CGR, RGR and NAR. Egli and Yu (1991) reported that the 

number of seeds per unit area is an important yield component in soybean and linear 

relationship between CGR and a seed per m
2
 was established. They computed that a seed per 

m
2
 is a direct function of canopy photosynthesis and partitioning co-efficient.  

Sharma and Sharma (1993) reported that the CGR, RGR and NAR differed 

significantly among the soybean genotypes. The CGR and NAR values ranged from 11.6 to 

21.6 g m
-2

 day
-1

 and 0.17 to 2.21 mg cm
-2

 day
-1

, respectively. However, significant differences 

for dry matter accumulation were not observed. Zhang et al (1993) observed that the LAI of 

3.98 at flowering, 5.80 at podding and 4.91 at seed filling, are most ideal for high yield in 

some of soybean genotypes. Similarly, Bhatia et al (1996) observed differences in SLW (at 

beginning seed fill stage) for various soybean cultivars and the range was from 4.73 (PK-472) 

to 4.81 (MACS 101).  

The important morpho-physiological traits associated with higher productivity in 

greengram are higher number of leaves, higher TDM, LAI, CGR, LAD, photosynthetic rate, 

nitrate reductase activity, higher number of fruiting clusters, higher seeds per plant and higher 

harvest index. These traits may be considered important for developing an ideotype concept 

in greengram (Goswami 2000). Forty one genotypes of cluster bean and forty seven 

genotypes of mothbean were evaluated for crop physiological and yield traits during kharif  

There exists a significant relationship between SLA and seed yield, further suggested that low 

SLA could be an important character for selecting for higher yield (Talwar et al 2004). 

2.7 Dry Matter Production and Its Partitioning 

 Shibles and Weber (1966) showed that during vegetative stage, the dry matter 

production increased linearly as leaf area increased until LAI of 4.0 was reached. Seasonal 

dry matter accumulation exhibits essentially a linear trend between about mid – bloom and 

late seed filling stage with a maximum vegetative dry weight occurring at about mid – bean 

filling stage. Vegetative and pod dry weight decline during the later stages of bean filling as 

tissues lose dry matter because of respiration and mobilization to the bean fraction (Evans 

1975). Reddy and Saxena (1983) in soybean reported that the total dry matter production 

increased with an increase in the age of plant upto 100 DAS and then remained constant in 

Bragg, Clark – 63 and Lee upto harvest whereas, it decreased towards harvest in Hardee and 

improved pelican.  
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Dry matter production increased with an advancement of the crop and the genotypes 

with better accumulation of dry matter at reproductive stage were more productive in green 

gram genotypes (Goswami 2000). While investigating the varietal differences in the dry 

matter production in both winter and summer grown soybean genotypes. Liaw and Chen 

(1988) found that the summer crop had a higher LAI coupled with higher photosynthetic rate 

and resulted in higher productivity as compared to winter crop. They also reported significant 

correlation among dry matter production, CGR and photosynthetic rate during pod 

development to maturity in summer, but not in the winter crop. Bhattacharya (1996) 

concluded that the yield potential in mungbean is related to physiological traits during pre and 

post flowering periods. During pre-flowering period, dry matter and its rate of accumulation 

in leaf as well as whole plant had a significant influence on yield. During post flowering 

period, stem and total plant dry weight had definite role in influencing the yield in mungbean 

genotypes. It was concluded that in normal seeding of chickpea genotypes, yield is greatly 

affected by dry matter partitioning in stem and leaf and their respective rates of accumulation. 

While during late seeding (45 days late to normal) yield had substantial positive effects for 

total dry matter during pre and post flowering periods (Ganguly and Bhattacharya 2001). 

2.8 Biophysical Parameters 

The relationship between crop growth rate and the rate of photosynthesis is well 

known. The rate of photosynthesis depends on carbon diffusion into the site of carbon 

assimilation and the diffusion process in turn depends mainly on stomatal and mesophyll 

conductances. In legumes, the photosynthetic rate during vegetative phase had more 

pronounced effect on total dry matter production. However, photosynthetic rate declined 

sharply as pods began to develop, which was further associated with a fall in total nitrogen 

content, loss of ribulose 1, 5 – bisphosphate carboxylase activity and disintegration of nodules 

in legumes. Christy and Porter (1982) reported that diurnal changes in canopy photosynthesis 

is one of the important determinants of total photosynthates available for plant use and the 

peak canopy photosynthesis occurs at 60 per cent of full sunsight.  Lugg and Sinclair (1981) 

found no greater apparent photosynthesis for soybean leaves developed during reproduction; 

they and Gordon et al (1982) observed that such leaves retained their maximum activity for 

longer periods than lower leaves. They further explained the lower leaves generally will have 

slower AP during their most active period than do middle or upper leaves.  

For indeterminate types, leaves reproduced during vegetative growth have AP 

ranging from 19 to 25 u mol m
-2 

s
-1

, but leaves produced during flowering and pod growth 

have rates ranging from 30 to 40 u mol m
-2

 s
-1

. Wells et al (1982) in soybean reported that 

during seed filling stage, the canopy photosynthesis progressively decreases and it will be 

zero near physiological maturity. High CER has always been considered desirable 
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characteristics and several attempts have been made to select for a specific photosynthetic 

component that would results in a higher CER.  

. Hence, CER is an alternative tool, which gives broad view of photosynthetic 

apparatus (Jaleh 1985, Rao and Ghildiyal 1985) observed that the rate of photosynthesis in 

greengram attained its peak at 28 days after sowing and decreased subsequently. Wells et al 

(1986) reported that the cultivars with high canopy photosynthesis during reproductive 

development also had highest SLW and these genotypes possessed higher leaf soluble 

proteins and RUBP carboxylase levels per unit leaf area. Shibles et al (1987) reported 

moderate temperatures of 20 – 30
0
C is desirable for photosynthesis in soybean. Similarly, Zou 

et al (1991) while studying the photosynthesis for two soybean cultivars under different range 

of temperatures reported that the most optimum temperature is 28
0
C for higher photosynthetic 

rate in soybean.  

The greater sink demand by higher yielding cultivars was responsible for higher 

apparent photosynthesis and not vice versa and they further stated that seed yield is positively 

correlated with apparent photosynthesis only at seed development stage in late maturing 

genotypes. Canopy apparent photosynthesis (CAP) of soybean plants during reproductive 

development differs among genotypes, which is a heritable trait and is positively associated 

with seed yield (r = 0.66). This strongly holds good for determinate types also (Ashley and 

Boerma 1989) they further showed that canopy photosynthesis decreases during reproductive 

development and showed genotypic variation for this trait.  

On the other hand, Panwar et al (1990) found that the rate of photosynthesis in 

greengram was higher at 50 days after sowing as compared to 60 days after sowing. Sung et 

al (1990) reported that in soybean, the rate of photosynthesis is highest during vegetative 

stage and observed no correlation between photosynthetic rate per unit leaf area and seed 

yield but there was a positive correlation between photosynthetic rate per plant and seed yield. 

Zou et al (1991) reported significant differences in rate of photosynthesis and diffusive 

resistance among soybean cultivars and further opined that the optimum temperature for 

photosynthesis is 28
0
C. Fu and Zhang (1993) studied the photosynthetic rate, RUBP 

carboxylase activity, chlorophyll content, SLW and stomatal resistance and further reported 

that photosynthetic rate of wild soybean was higher than that of cultivated soybean at 

vegetative stage, but lower at the reproductive stages. 

 Mingan et al (1995) reported that the apparent photosynthesis, stomatal conductance, 

mesophyll conductance, intercellular CO2 concentration and respiration rates were greater at 

the late seed filling stage than at flowering stage in 12 soybean cultivars studied. 

Venkateshwarlu and Balasubramanian (1993) studied various biophysical parameters, i.e., 

rate of photosynthesis, transpiration and stomatal conductance among eight greengram 

cultivars (both traditional and high yielding) at different growth stages under rainfed 
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condition and concluded that all the above biophysical processes showed a relatively higher 

rate during early pod growth stage and declined subsequently with the advancement in crop 

growth. 

2.9 Yield and yield attributes 

 The yield of soybean is determined by two components: the number of seeds per unit 

area and individual seed weight (Kokubun et al 2001). Because seed per pod is genetically 

influenced (Shibles et al 1975), the number of seeds is determined predominately by the 

number of pods, which is largely dependent on the number of floral buds that initiate pods 

and attain maturity (Desclaux et al 2000). Soybean plants produce an abundance of floral 

buds, but a large proportion of the ovaries are aborted prior to developing into mature pods 

(Wiebold et al 1981, Dybing et al 1986). It has been reported that 40–80% of the flowers and 

pods initiated eventually abort under conventional cultivation (Wiebold et al 1981).  

Pod number is primarily determined during early stage of pod development (within 5 

days after anthesis) (Dybing et al 1986). The individual seed weight is a product of the rate 

and the duration of seed filling (Munier et al 1998), it is generally determined during seed 

filling after the pod number had been fixed (Westgate and Grant 1989, Desclaux et al 2000, 

Brevedan and Egli 2003). 

Both yield components (pod number and individual seed weight) are genetically 

determined (Tischner et al 2003) and are subjected to environmental conditions that prevail 

during reproductive development (Fageria et al 1997) The seed-filling period starts when the 

seeds begin to accumulate dry matter and ends at physiological maturity ( Tekrony et al 

1979). The total seed growth rate is directly affected by the assimilate supply (Egli 1999) 

through effects on seed number and individual seed growth rate (Egli and Bruening 2001). 

There are two sources of assimilate: current photosynthesis and remobilization of stored 

carbohydrates. The capabilities of the vegetative plant, the characteristics and capabilities of 

the seeds (the sink), and the environment, all play a role in determining the total seed growth 

rate (Egli 1998, 2006).  

The productivity of the soybean canopy begins to decline shortly after the beginning 

of seed filling (Larson et al 1981, Acock et al 1985, Boerma and Ashley 1988) as senescence 

destroys the photosynthetic machinery and nitrogen is exported from the leaf (Crafts-

Brandner and Egli 1987). The nitrogen exported from the senescing leaf is translocated to the 

developing seed (Morris and Weaver 1983) where it can account for up to 100% of the seed 

nitrogen at maturity (McBlain and Hume 1981, Zeiher et al 1982, Egli et al 1983). 

The duration of seed fill is under genetic control, but it is also influenced by 

environmental conditions.  Seed-fill duration increases as temperature drops below 30°C in 

many crops (Egli 2004), but Egli and Wardlaw (1980) found little difference between 20°C 

and 30°C in soybean. Boote et al (1996) found that they could improve the predictability of 
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the CROPGRO soybean simulation model in cool environments by making the seed-fill 

duration less sensitive to temperature than earlier stages of reproductive growth. Seed-fill 

duration is regulated by the plant through the supply of assimilate to the developing seed and 

by the characteristics of the seed (Egli 1998). 

Flowering occurs for over four to six weeks period depending upon seasonal 

adaptation, but the sequence of flowering differs with growth habit and depends on 

photoperiods and temperature. The seed yield is determined basically by the number of 

flowers and the percentage of those which can develop into mature seed and seed size. The 

number of flower per plant is a varietal trait but is also affected by photoperiods and 

agronomic practices in soybean. Tall late varieties tend to produce more flowers than early 

short varieties. The high yield potential of some varieties tend to be levelled out by flower and 

fruit drop which varied from 27 to 87 per cent according to the variety and meteorological 

conditions (Janicka and Szymer 1989). Increasing the length of seed filling period in soybean 

has suggested as a means of increasing yield as in other crop species.  

The number of seeds per pod ranged from 5 to 15 with an average of 10.7 high 

yielding strains had higher seed number per pod. Test weight (1000-seed weight) ranged from 

10 to 85 g with a mean of 30 g. They further indicated that moderate to heavy seed weight 

was associated with higher yield. Jepson et al (1978) established a positive correlation 

between harvest index and seed yield after studying 32 soybean genotypes and HI ranged 

from 0.14 to 0.60. Gay et al (1980) reported that yield improvement is possible by 

lengthening the grain filling period rather than increasing the partitioning of photosynthates to 

the seed. 

Schapaugh and Wilcox (1980) studied the relationship between HI and seed yield in 

indeterminate, semi-determinate and determinate soybean strains and reported that the HI is 

inversely correlated with biological yield and plant height. The HI and seed yield were not 

consistently related from one season to the next and no relationship existed between the 

growth and the HI of a genotype. Reicosky et al (1982) observed a wide range of filling 

period among the soybean genotypes of 18 to 54 days with a mean of 40 days.  

The strains with longer seed filling periods maintained seed growth at the end of seed 

filling for a longer time than strains with a shorter seed filling period. They further concluded that 

reproductive period and seed filling period were highly correlated across years, which indicated 

genetic control of the characters. The characters were highly correlated with each other indicating 

that any of these methods could be used to evaluate the length of the seed filling period.  

The genotypes showed differences for seed yield and the environments also appeared 

to be affects their performance was shown by (Henry and Daulay 1983) in mothbean 

genotypes. Genotypic variations were observed between the pod weight and grain yield per 

plant in greengram (Pramila Kumari and Verma 1983). Meckel et al (1984) found that the 
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seed filling period (R5-R7) varied from 22-30 days in some soybean cultivars under different 

environmental conditions. There is considerable evidence that seed yield is principally a 

function of number of fruits and seed determined during flowering and fruit set (Shibles et al 

1987). Hanson (1988) concluded that high yielding genotypes had lower dry weight per seed 

volume than low yielding genotypes of soybean.  

Raghuwanshi et al (1988) reported a wide seasonal variation of seed yield in soybean 

genotypes during kharif season mainly due to variation in rainfall. They further concluded 

based on different dates of sowing that sowing of soybean in the first week of July produced 

higher grain yield as compared to that sown in the last week of July and also noticed 

significant differences in seed yield among the four varieties tested. Bhati (1989) recorded a 

significantly high seed yield when crop was sown on last week of July when compared to 

early, mid July and early August in moth bean. 

Holkar et al (1991) also reported a significant interaction effect between genotypes 

and environment in ten soybean genotypes tested in three kharif seasons. The results indicated 

significant variation for seed yield, days to flowering, pods per plant, days to maturity, 100 - 

seed weight and harvest index. While, Egli and Yu (1991) reported that yield is the function 

of the number of seeds per unit area and the average weight per seed which vary with the 

environment. The primary yield components in greengram are the number of pods per plant, 

number of seeds per pod and seed weight and all these are quantitative characters and are 

genetically controlled (Poehlman 1991). 

The number of pods per plant, number of seed per plant and 100 seed weight differed 

significantly in kharif season and the number of pods ranged from 41.5 to 93.9, the number of 

seed per plant varied from 61.6 to 152.9 and 100 seed weight from 9.50 to 13.3 g in ten 

soybean cultivars (Raut et al 1991). Bhattacharyya and Ram (1992) reported that in 

indeterminate soybean, the plant height, number of pods per branch and pods per plant 

differed significantly among the cultivars. 

Hiremath et al (1992) recorded significantly higher yield of 869 kg per ha in the 

cultivar KHSb-2 as compared to Hardee (745 kg/ha) and Monetta (293 kg/ha) in rabi season. 

The higher yield in these cultivars was attributed to the duration, prolonged vegetative phase 

with more plant height, higher total dry matter production per plant, more number of pods / 

plant, higher seed weight per plant and test weight. Pushpakumari et al (1993) found 

significant differences in harvest index and its correlation with seed yield in soybean. In a 

study to find out the yielding attributing characters in six soybean genotypes in rainfed 

situation (Sharma and Sharma 1993) obtained seed yield ranging from 21.1 to 26.0 q per ha 

with a harvest index of 41.9 to 43.8 and oil content of 18.4 to 19.0 per cent and 100 seed 

weight ranging from 12.6 to 15.4 g. Similarly, the seed yield range of 4.7 to 11.1 g per plant 
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with 19.4 to 40.5 pods per plant, 27.1 to 74.0 numbers of seeds and 100 seed weight of 13.5 to 

21.5 were reported in 25 diverse soybean genotypes by (Knoieczny et al 1994). 

Kumar (2002) observed that there is a significant genotypic difference for majority of 

the traits in mothbean at different environments and explained linear and non- linear 

components of genotype and environment interactions were involved in the expression of 

important traits including grain yield. A yield reduction of 15.8, 29.0 and 45.7 per cent was 

recorded with successive delay in sowing at every 15 days interval beyond 20th November of 

winter seasons was observed by (Munir et al 2002) in fababean.  

2.10 Biochemical Parameters 

 Sucrose is the major solute in the phloem translocates (Patrick 1997) and the 

concentration of this material determines the turgor induced mass flow in the sieve tube. 

Photo-assimilate is the major substrate for plant metabolism and most biomass yield is 

derived from photosynthetically-fixed carbon (Jackson 2003). Assimilate distribution under 

different fixed source activities might differ from one time to the next. Sala et al (2007) stated 

that late planting shortens the growing season and the chance to better complete pod 

formation and thus reduces the number of seeds per pod and the final seed yield. The plant 

couples the nutrient source (the maternal tissue) to the nutrient sink (the seed propaqule) on 

the assumption there is a proportional linkage of the strength of the seed sink to input of the 

nutrient source perhaps regulated at the transport level.  

Exposure to continuous light, which is a manipulation giving a surplus source rather 

than a direct sink-limitation, was shown to decrease leaf photosynthetic rate and activation 

ratio of Rubisco in leaf (Sawada et al 1989). Manipulations giving surplus source rather than 

sink-limitation, exposure to continuous light and high CO2
 
treatment were shown to decrease 

leaf photosynthetic rate and activation ratio of Rubisco in leaf (Sage et al 1989, Sawada et al 

1989). These manipulations rise to accumulation of carbohydrate (e.g., sucrose, starch) in leaf 

(Sawada et al 1986, Sage et al 1989, Xu et al 1994). Existing evidence suggests inhibition of 

photosynthesis by accumulation of carbohydrate in leaf (Paul and Pellney 2003). Therefore, it 

is likely that leaf photosynthetic rate is regulated under surplus source and sink-limitation 

through changes in the activation state of Rubisco by the same regulatory mechanism of 

photosynthesis that involves the leaf carbohydrate status, although the precise mechanism is 

still un-known. 

The genotypic variation in chlorophyll content has been reported in various crops 

(Singh et al 1985 and Chandrababu 1990). Singh et al (1994) found an increasing trend of 

both chlorophyll ‘a’ and chlorophyll ‘b’ in greengram upto 45 days after sowing and declined 

significantly at 60 days after sowing. Genotypic differences in chlorophyll a, chlorophyll b 

and total chlorophyll contents among twenty four cultivars of soybean (different yield groups) 

have also been reported (Koti 1997). He also observed an increasing trend of these parameters 
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from 30 to 60 days after showing and decreased thereafter irrespective of the cultivars. Higher 

chlorophyll content was associated with higher yield in some promising hybrids of greengram 

and blackgram (Jayapragasam et al 1998). Goswami et al (2000) observed significant 

differences in chlorophyll a: b ratio and total chlorophyll among the different yield potential 

greengram genotypes sown during kharif. 

The nitrate reductase activity, which is the key enzyme in nitrogen metabolism is 

known to be regulated by various environmental factors apart form its own substrate, nitrate. 

It is also believed that the reduction of nitrate to nitrite by NRA is the rate limiting process for 

the utilization of nitrogen in the form of nitrate. The peak activity of NRA coincided with the 

maximum chlorophyll content thereby complementing the carbon - nitrogen balance in the 

plant. It was further observed that NRA had positive significant relationship with LAI, 

chlorophyll content, total dry matter and stem nitrogen content.  

Hanway and Weber (1971) studied the accumulation of ‘N’ by soybean plants and 

reported that the total ‘N’ accumulation in plants followed patterns similar to that of dry 

matter accumulation. More than 50 per cent of N in the mature seeds was translocated from 

other plant parts and the remaining from soil and nodules. They reported significant 

differences in N content of leaves, stem, petioles, seeds and pod walls at different stages.  

Harper and Hageman (1972) studied the nitrate reductase profiles within the soybean 

plant canopy and observed that the mean activity per gram fresh weight per hour of the entire 

plant was highest in the seedling stage while the total activity (activity per gram fresh weight 

per hour times the total leaf weight) reached a maximum when the plants were in full bloom 

to mid pod fill stages. 

In soybean, the loss of N from the vegetative tissue coincides with the accumulation 

of N in the seed (Derman et al 1978). Thus, seed contained maximum concentration (6.55%) 

of nitrogen at maturity followed by leaves (1.46), stems (0.64), roots (1.66) and pods (0.62). 

The nitrogen content in the leaf reached a maximum level during growth stage R5 and began 

to decline at approximately growth stage R6. Abrol et al (1984) reported that activity of NR is 

expected to be correlated to growth and yield. But Antony (1995) reported that NR activity 

was correlated with TDM at early stage, but did not have positive correlation with any of the 

yield and yield components. 

Sung et al (1990) noticed the seasonal pattern of variation in NR ‘ase in soybean and 

reported that leaf NRA declined rapidly after flowering. Li et al (1993) found a wide variation 

in nitrate reductase activity among soybean cultivars and further reported that the young 

leaves possessed higher activity of the enzyme than the older leaves.   

Khan (1994) showed that the NRA was more in shoots than roots under both normal 

as well as under salt stress conditions in leguminous crops like lentil, chickpea and peas. 

Hayati et al (1995) studied the N redistribution along with photosynthesis during seed filing 
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period and concluded that increasing photosynthesis during seed filling period increased seed 

dry matter.  

Yohe and Poehlman (1972) found an inverse relationship between seed yield and 

protein content among 321 diverse greengram genotypes. The protein concentration of 

mungbean seed ranged from 24 to 26 per cent on dry weight basis and the nitrogen 

requirement for seed development was more (Mitra et al 1987). The seed protein content 

decreased with increased number of seeds m
-2

 and number of pods per plant but increased 

with increasing average seed weight, whereas seed oil content increased with increasing 

number of seeds per m
2
 and number of seed per pod (Benati et al 1988). The high protein 

soybean cultivars exhibited shorter seed filling interval as compared with low protein soybean 

(Leffel et al 1992). Naidu et al (1993) reported a wide genotypic variation in shoot nitrogen 

and seed protein contents among twenty diverse genotypes of greengram.  

The shoot nitrogen concentration ranged from 1.98 to 2.66 per cent; while the seed 

protein content varied from 23.59 to 27.47 per cent. Among sixty diverse genotypes of 

soybean, the protein content ranged from 34.5 to 41.4 per cent, whereas, the oil content 

ranged from 19.1 to 22.4 per cent. Jain (1975) and Koti (1997) also reported significant 

variability of seed protein content among soybean genotypes. The pod walls store and 

redistribute starch, reducing sugars and nitrogenous materials.  

Based on pH optimum, acid invertase and neutral invertase were present. Invertase 

activities generally peak later than sucrose synthase activity during fruit growth, which is 

related to enlargement of sink cells, and usually have a sharp rise during the ripening process 

(Yelle et al 1988), which seems related more to ripening or after-ripening of tomato fruits.  

Yelle et al (1988) found a single peak curve with highest acid invertase activity at 

mid fruit development. It seems that the sharp rise in invertase activity at maturity may be 

related to the ripening process in tomato fruits.  

PEPC [PEP (phosphoenolpyruvate) carboxylase] (EC 4.1.1.31) is an important 

enzyme situated at a crucial branch point in plant carbohydrate metabolism. It catalyses the 

irreversible β-carboxylation of PEP in the presence of HCO
3−

  to yield OAA (oxaloacetate) 

and Pi using Mg
2+

 as a cofactor. The enzyme is present in all plants, green algae and 

cyanobacteria, most archaea and non-photosynthetic bacteria, but is absent from animals and 

fungi (O’Leary et al 2011). 

Ammonia is then assimilated into glutamine, glutamate and sometimes in asparagine 

or even in other amino acids, which serve to translocate organic nitrogen from sources to 

sinks in legumes and non-legumes (Lea and Miflin 1980, Lam et al 1995). Prior to 1970, 

major route of entry of ammonium into organic form had been considered via glutamate 

dehydrogenase (GDH) and ubiquitously available reversible enzyme catalyzing reductive 

amination of 2-oxoglutarate and vice-versa. Glutamate acts as both the acceptor and product 
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of ammonia assimilation by the joint action of glutamine synthetase (GS) (GS: E.C.6.3.1.2) 

and glutamate synthase ferredoxin dependent (GOGAT: E.C.1.4.7.1) which is often 

designated as GS-GOGAT cycle (Rhodes et al 1980) or the GOGAT cycle (Rhodes et al 

1980, Robinson et al 1992).   

Several evidences suggest that GS-GOGAT pathway is the major route for ammonia 

assimilation in the plants under normal growth conditions (Kumar and Abrol 1990, Lea et al 

1990). Glutamate dehydrogenase has been found to be of near universal occurrence in living 

organisms. In a number of species representing the three types of plants utilizing the C4 

photosynthetic pathway, 69-87% of NAD-linked GDH activity was equally distributed 

between mesophyll and bundle sheath cells. GDH activity levels in various plant tissues have 

been shown to be affected by age, nutritional and environmental conditions (Binbin et al 

2005). 

 

 

Figure 4.  The central role of GS in the complex matrix of plant N metabolism. The 

central scheme encompasses the total role of GS. The boxes around the 

outside indicate the matrix of various locations and environments in which 

GS may be operating. The direction of the flow of N (and thus the arrows) 

will depend on which part of the matrix is under consideration. Thus in the 

developing seed the flux will be from incoming transport compounds 

towards proteins whilst in the germinating seed the flow will be in the 

reverse direction 
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Figure 5: Enzyme pathways important in the balance of C and N metabolism. AAT, 

aspartate amino transferase; AS, asparagine synthetase; GS, glutamine 

synthetase; GOGAT, glutamate synthase. 
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ABSTRACT 

Soybean (Glycine max L. Merrill) yields often decline when plantings are done 

outward a relatively restricted period of time. The objective was to evaluate the 

impact of sowing time and genotypes on yield and yield attributes of soybean. For the 

purpose, an experiment was conducted during kharif 2012 at Punjab Agricultural 

University, Ludhiana, India on the sandy loam soil. Fifteen genotypes with diverse 

phenology were selected and sown on first fortnight of June and July. Design of the 

experiment was a randomized block design with three replications and data on 

different yield attributes were collected. Mean comparison was done by using analysis 

of variance and significant differences were observed among means of traits at 

different sowing dates. Further, early sown genotypes gave higher yield as compared 

to late sown because of more favourable agro-climatic conditions. The genotypes EC 

457161, SL 983 and SL 958 produced higher numbers of pods per plant, more 100-

seed weight and maximum seed yield than others. The highest seed yield (1,848 

kg/ha) recorded was significantly higher in June sown crop than July sowing (1,591 

kg/ha). Finally, genotype SL 958 and early planting seems to be more effective in 

getting higher seed yields.  
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INTRODUCTION: 

Despite the positive benefits created from the rice-wheat system, the state of 

Punjab presently faces a number of problems threatening its sustainability. The most 

important is the over-exploitation of its ground water resources due to excess of 

paddy cultivation. Soybean is most viable option, which requires less number of 

irrigations and inputs as compared to paddy. Soybean is an important 

legume crop contains 20 per cent edible oil and 40 per cent of protein. It has 

medicinal value and provides protection against heart disease, cancer and other 

diseases. Soybean is short day plant and is most sensitive to photoperiod. The soybean 

growth and development can be affected on account of environmental factors, 

temperature, photoperiod and planting date. Planting at appropriate time of a crop 

leads to optimum yield. Reduced yields consequent upon late plantings during 

vegetative and reproductive periods mainly result from shorter day lengths (Board and 

Settimi, 1986) and decreases the growth period from emergence to R5 (Fehr and 

Caviness, 1977) resulting in too little vegetative growth for optimum yield (Egli et al., 

1987). On the other hand, genotype adaptability to a region influences soybean 

physiology which can be affected by growth habit and planting date (Pedersen and 

Lauer, 2004). Early planting of soybean genotypes result in more nodes and a greater 

numbers of pods, higher seeds weight (Woong and Takeo, 2006; Boquet and 

Clawson, 2007). These yield component changes are linked to extended growth 

periods during R1 (Bastidas et al., 2008) through R8 soybean stages in early as 

compared to late planted soybean. A shorter day length can also decrease the length of 

growth stage (Calvin and Brent, 2001) and increase seed mass. The decreases in life 

cycle of soybean plant due late planting between 13-25 days in comparison with early 

planting date and it may leads to decrease the biomass of plant. Reduction in seed 
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yield at non-optimal sowing dates resulted from reduced pod set and smaller seed 

size. The objective of this study was to examine the effect of sowing dates on yield 

and yield attributes of fifteen diverse genotypes of soybean under Punjab conditions. 

MATERIAL AND METHODS 

The experiment was based on randomized block design with three replications in 

Punjab Agricultural Ludhiana, Punjab, (30
o
 54’ N 75

o
 48´ E), India in 2012 on the 

sandy loam soil to investigate the impact of planting date on yield traits of fifteen 

soybean genotypes. Experiment consisted of two planting dates (first fortnight of June 

and July) and fifteen genotypes (SL 688, SL 778, SL 795, EC 457161, EC457286, SL 

525, SL 744, SL 955, SL 983, SL 1123, SL 900, SL 958, DS 12-5, DS 26-13 and DS 

26-14). Each plot consisted of 4 rows, 45 cm apart and 5 m long. Randomly ten plants 

were taken from each plot to measure plant height (cm), number of pods per plant, 

100-seed weight (g), seed weight per plant (g) and seed yield per plot. All the data 

collected were subjected to statistical analysis to obtain the mean effects of sowing 

dates and their interaction with genotypes according to analysis of variance 

(ANOVA) and mean values were compared with least square difference. 

RESULTS AND DISCUSSION 

Plant height (cm): Analysis of variance in (Table 1) showed that there was a significant 

effect of planting time on plant height (Fig. 1). Of the soybean genotypes sown in first 

fortnight of June, SL 958 had attained maximum plant height followed by genotype DS 

12-5 and minimum plant height was recorded by genotype SL 688. While in early July 

sowing, the same genotype SL 958 recorded maximum plant height, but was less as 

compared to early June sowing and significantly lowest plant height recorded in 

genotype SL 688. It appears that genotypes planted in early June better utilises the 

water and nutrients, which might have led to higher plant height than those planted in 
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early July. Therefore, we expect that the results of this experiment corresponded to 

lower yields in late planting. Also, the results of analysis of variance showed that there 

was significantly affect regarding to interaction effect between planting time and 

genotypes on plant height at 5% probability level (Table 2). 

Number of pods per plant: Highly significant variation among the number of pods 

per plant between genotypes at both the sowing was noted (Table 1). Variance due to 

interaction between genotypes and sowing dates was also significant. The mean pod 

number per plant, in case of early June sowing was 89.35 which varied from range 

57.01 to 108.71 pods (Table 2). The genotype SL 958 had the highest number of pods 

per plant, which was statistically at par with genotype EC 457161 followed by 

genotype SL 744 and SL 983. Significantly lower number of pods per plant recorded 

in genotypes SL 900. In early July sowing, highest number of pods per plant was 

produced by EC 457161 followed by genotype EC 457286 and SL 983. Bello (2000) 

stated that experiment in the Southern Guinea earlier sowings increase the number of 

pods per plant, number of branches and ultimately increase yield. Also, significantly 

minimum number of pods per plant was produced by genotype SL 525. These results 

are in accordance with the finding of Batwal et al. (2004) and Kantolic and Slafer 

(2007). 

100-seed weight (g): Plating date, genotypes and their interactions significantly 

affected 100-seed weight (Table 1). In general, the planting in early July decreased 

the 100-seed weight as compared to early June planting. This can be accounted for 

better partitioning of photosynthate to seeds, and shortening of seed fill period and 

environmental temperature inclement and attitude of plant. In early June planted 

genotypes, SL 983 produced highest 100-seed weight followed by genotype SL 958, 

which was at par with genotype EC 457161. Significantly lower value of 100-seed 
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weight was recorded in genotype SL 688. While in early July planted genotypes, SL 

958 produced highest value of 100-seed weight followed by genotype DS 26-14 and 

lower value was recorded in genotype SL 955 (Table 2). So, planting date of June was 

with suitable conditions for vegetative and reproductive growth of plants and 100-

seed weight was greater than late sown. The results of these accords with findings of 

Moosavi et al. (2011). 

Harvest index : Large variations for harvest index were observed within and between 

the environments (Table 1).The mean harvest index value increased from early June 

to early July planting (Table 2).Among genotypes sown in early June SL 958 had 

maximum value of harvest index followed by SL 983 and minimum value was 

recorded by genotype SL 900. However, in early July sowing, the genotypes EC 

457161 had obtained maximum value of harvest index followed by genotype EC 

457286 and minimum was recorded by genotype SL 1123. Most of the genotypes had 

high harvest index in late sowing as compare to normal sowing in June. The 

genotypes in normal sowing produced high biomass that could not be converted into 

high grain yield thus resulting in low value of harvest index. The genotypes with high 

harvest index were different in different sowing dates indicating G X E interaction for 

harvest index (Table 1). Similar results were obtained by Oad et al. (2002), Pederson 

and Lauer (2004). 

Seed yield (g/plant): The effect of sowing time on seed yield was found to be highly 

significant (Table 1). Interaction between genotypes and sowing time was also 

significant. In case of early June sowing, highest mean (Table 2) seed yield per plant 

was recorded by genotype SL 958 and followed by SL 983. The lowest seed yield per 

plant was recorded by genotype DS 12-13. However in early July sowing , the 

genotype SL 958 had maximum seed yield followed by genotype SL 983 and 
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significantly minimum seed yield per plant recorded by genotype SL 688. The trends 

recorded in seed yield per plant was similar as was in case of  pods per plant. Thus, 

grain yield was highest in the optimal sowing date which confirms to the results of 

Parvez et al. (1989), Shishodia and Singh (1995) and Oad et al. (2002). Kumar et al 

(2008), Bastidas et al. (2008) and Ngalamu et al. (2012) also reported decrease in 

yield with late sowing. In the late planting date crop growing with shorter days and 

earlier onset of flowering and reproductive competition with the growing 

consumption of photosynthesis, amount of yield affected. 

Seed yield per plot (kg/ha): Significant differences in seed yield on account of 

sowing time were observed (Table 1). In early June sowing, the genotype SL 958 

produced more seed yield (Fig. 2) followed by genotype SL 983 and lowest seed yield 

was recorded by genotype SL 1123. While among in early July sowing, the genotype 

SL 958 had attained maximum seed yield followed by genotypes SL 983 and EC 

457161. Significantly lower seed yield was recorded by genotype SL 688. Such 

behaviour can be accounted for reduced vegetative phase limiting accumulations of 

photosynthetes and their translocation to seed due to late planting. As a result, the 

total amount of assimilates produced in comparison with the number of leaves per 

plant, will be reduced. In other hand because of the reduction in plant height and 

number of branches, leading to the lower production number of pods per plant. Also, 

due to the short duration of grain effecting period, seed reserve amount is also 

reduced, which will result in reduced 100-seed weight. Other studies of researchers 

stated yield loss due to delay in planting date. Also, Johnson et al., (1995) showed 

that delayed in planting date leading to decrease seed yield. Reduced size of the 

canopy and shorten the vegetative growth period stated as one of the main reasons for 
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reduced seed yield history of late sowing (Hocking and Stapper, 2001). Egli and 

Bruening, (2000) in their study reported a decrease in yield with delayed sowing.  

 The results of this study showed that significant effect on seed yield and its 

attributes due to planting dates. The increase in these traits at early planting date may 

be due to the prevailing of favourable temperature and day length leading to greater of 

these attributes of soybean plants. The genotypes EC 457161, SL 983 and SL 958 

produced higher numbers of pods per plant, more 100-seed weight and maximum 

seed yield than other because of their better genotypic records. Finally, genotype SL-

958 and early planting seem to be more effective in getting higher seed yields. 
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Table 1.  Results of analysis of variance of mean squares for different traits in soybean 

genotypes pooled over planting dates 

 

Source of variation df Plant 

height 

pods/ 

plant 

100-seed 

weight 

Harvest 

index 

Yield/plant 

Replication (in env.) 4 92.61
ns

 8.661
ns

 0.042
ns

 2.46
ns

 10.19
ns

 

Sowing time (D) 1 520.75* 8128.18* 85.88* 224.72* 78.12* 

Genotypes (G) 14 436.67* 602.55* 3.17* 98.28* 25.66* 

Interaction (G x D) 14 49.70* 154.57* 1.12* 46.99* 8.28* 

Error 56 20.60 6.50 0.32 4.42 2.48 

Ns=Non-significant,*Significant at 5% 

 

 

Table 2. Comparison of mean performance of diverse soybean genotypes sown at two 

planting dates for number of pods, 100-seed weight, harvest index and grain 

yield 

 

Genotypes Pods (No/plant) 100-Seed weight 

(g) 

Harvest index (%) Seed yield (g/plant) 

Early 

June 

planting 

Early 

July 

planting 

Early 

June 

planting 

Early 

July 

planting 

Early 

June 

planting 

Early 

July 

planting 

Early 

June 

planting 

Early 

July 

planting 

SL 688 79.34 63.97 9.98 8.09 30.87 38.66 11.06 8.09 

SL778 99.41 79.07 11.53 9.26 37.37 42.36 13.78 13.51 

SL  795 79.81 68.97 11.67 9.20 30.04 35.91 14.31 10.91 

EC457161 105.71 81.84 12.07 9.74 37.67 52.51 15.91 14.21 

EC457286 92.51 81.27 11.38 9.41 38.37 43.07 15.11 13.20 

SL 525 74.24 52.17 11.89 8.56 33.11 40.95 15.44 11.04 

SL 744 101.64 71.07 11.56 9.95 38.77 41.22 16.03 12.13 

SL 955 92.67 69.04 10.67 7.99 35.11 32.26 15.34 11.03 

SL 983 100.67 79.07 12.59 10.30 39.04 42.61 16.22 14.83 

SL1123 81.54 70.07 10.97 8.83 35.44 29.43 11.03 9.71 

SL900 63.97 57.01 11.39 9.82 27.11 34.39 10.94 9.31 

SL 958 108.17 72.91 12.32 11.36 42.34 38.12 17.24 15.04 

DS 12-5 96.77 67.27 11.48 10.24 35.44 36.35 15.34 14.46 

DS 12-13 82.37 64.34 11.04 9.83 32.53 37.43 10.63 10.71 

DS  26-14 88.41 70.11 11.21 11.08 36.84 32.22 13.38 11.76 

Mean 89.35 70.34 11.52 9.58 35.34 38.50 14.12 12.28 

LSD (P = 

5%) 

3.95 4.57 1.09 0.78 3.18 3.84 2.89 2.34 

CV (%) 2.64 3.88 4.90 4.91 5.37 5.96 12.25 11.45 
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Fig 1.  Interactive effect of planting date and genotypes on plant height (cm) of diverse 

soybean genotypes 
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Fig 2.  Interactive effect of planting date and genotypes on seed yield (kg/ha) of diverse 

soybean genotypes 
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Abstract 

Grain yield is the most important quantitative character inbreeding of soybean, 

depending on both the genotypic potential and environmental conditions. Soybean 

yield reduces under shorter photoperiod due to decrease in duration of crop growth 

period and ultimately resulted in declines of yield attributes. A experiment was 

conducted at Punjab agricultural University, Ludhiana during kharif season 2012, 

where fifteen soybean genotypes were grown under longer (early June) and shorter 

(early July) photoperiods. Various morpho-physiological characters viz., leaf area 

index, specific leaf weight, net photosynthetic rate and transpiration rate all at 

vegetative, flowering and pod initiation stages, crop growth rate and relative growth 

rate both at 30-45 DAS and 45-60 DAS and seed yield were evaluated by applying 

correlation and path analysis in order to determine the relationships between these 

characters under variable photoperiodic conditions. The correlation analysis showed 

significant positive relationships between most of the traits with seed yield. Path 

coefficient analysis revealed that under longer photoperiod the maximum direct effect 

was observed in crop growth rate at 45-60 days after sowing with seed yield (1.649). 

Similarly, maximum value of direct relationship was observed between transpiration 

rate at flowering and seed yield (1.884) under shorter photoperiod. The present study 

explored the importance of morpho-physiological traits viz., leaf area index at 

vegetative, leaf area index at flowering, specific leaf weight at vegetative, crop 

growth rate at 30-45 DAS, relative growth rate at 30-45 DAS and 45-60 DAS, net 

photosynthetic rate at vegetative and flowering stage, for the selection of superior 

genotypes in soybean. 

 

Key words: Soybean, Correlation coefficient, Path analysis, Photoperiod, Seed yield. 
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INTRODUCTION: 

Soybean (Glycine max. L. Merrill) is one of the most important leguminous crops in 

the world. Its importance can be understood by its outstanding properties. Soybean 

contains 35-40 % of good quality protein (Hou et al., 2009) and 18-20 % oil 

comprising 85 % of unsaturated fatty acids and is free from cholesterol along with 

adequate amount of mineral elements which are highly desirable in human diet. 

Besides, it can also be utilized as animal feed. Being a leguminous crop, soybean 

enhances soil fertility by supplying nitrogen and organic matter to the soil. India ranks 

fifth in the world after USA, Brazil, Argentina and China in soybean production and 

accounts for 11.5 million metric tons (3%) of total world production in the year 2012-

13 (Soy Stats, 2013). However, average yield of soybean in India is less than that of 

world average which needs to be improved through genetic manipulations. 

 Grain yield of soybean is a complex character which is dependent on a number 

of components. In breeding programme to improve yield of crops, the breeder has the 

choice to select yield directly or indirectly through yield related traits. Morpho-

physiological traits, if correlated with grain yield in soybean, can be used as indirect 

selection for yield. The path coefficient analysis helps to partition correlation 

coefficient in to direct and indirect effects (Dewey and lu, 1959; Saleem et al., 1999) 

can be used to supplement information on correlation coefficients. The correlations of 

yield with yield components and morphological traits has been studied extensively 

and used as a tool to improve seed yield of soybean (Board et al., 1997; Arshad et al., 

2006; Malik et al., 2006). But correlations among different character can vary under 

different environments. Keeping these points in view, the present study has been 

planned with the following objectives. First, to establish the correlation between yield 

and morpho-physiological traits under variable photoperiods and second, to determine 
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the direct and indirect effect of morphological traits on grain yield in soybean 

genotypes grown under variable photoperiods in order to find out a suitable trait that 

could be used for the yield improvement. 

Materials and Methods 

The field experiment was conducted at the research area of the Department of Plant 

Breeding and Genetics, Punjab Agricultural University, Ludhiana, between June and 

November 2012.  Ludhiana is situated in the sub-tropical zone of Punjab at  about 

247m above sea level on latitude 30° 54’N and longitude 75° 48’E. The soil at the 

experimental site is sandy loam and experimental material consisting of 15 soybean 

genotypes were sown in randomized block design with three replications. Each block 

consisted of 15 plots, each of which measured 5m x 4m, giving a total of 45 plots, and 

the spacing between plants and rows were 5cm and 45cm respectively, with one meter 

alleys between the blocks.  Data were recorded on 5 plants of each plot for morpho-

physiological traits viz., Leaf area index, specific leaf weight, crop growth rate, 

relative growth rate, photosynthetic rate, transpiration rate and seed yield (g/plant) 

and average was calculated. The data were statistically analyzed using ANOVA.  

Correlation and path coefficient analysis were carried out using SPSS 16. 

 

Results and Discussion 

Correlation coefficient analysis: 

The correlation matrix of yield and morpho-physiological traits of soybean genotypes 

under variable photoperiods (longer and shorter) are illustrated on Table 1. A close 

look at the Table 1 (top diagonal) elucidates all parameters were positively and 

significantly correlated with seed yield under longer photoperiodic conditions. Leaf 

area index at vegetative stage was highly correlated with seed yield per plot i.e. r = 
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0.890 followed by leaf Area Index at flowering (r = 0.825), net photosynthetic rate (r 

= 0.785) and transpiration rate at vegetative (r = 0.768). Likewise, specific leaf weight 

at flowering was positively and significantly linked with crop growth rate at 30-45 

DAS (r=0.518). Specific leaf weight at flowering was positively and significantly 

correlated with net photosynthetic rate at flowering and pod stage. Further, net 

photosynthetic rate at vegetative was positively and significantly associated with 

transpiration rate at vegetative, flowering and pod stage with the value of correlation 

coefficient of 0.835, 0.693 and 0.526, respectively. Similarly, leaf area index at 

vegetative, flowering and pod stage were positively and significantly linked with net 

photosynthetic rate at vegetative, flowering and pod stage. The highest correlation 

was obtained between relative growth rate at 30-45 DAS and relative growth rate at 

45-60 with correlation coefficient of 0.963 and was significant. Plant breeders are 

interested to know the extent of relationship between yield and its various morpho-

physiological traits, which will enhance their selection processes. Our Correlation 

results showed significantly positive relationships between most of the traits and seed 

yield. Since the leaves are better exposed to solar radiation owing to the broader leaf 

area, photosynthesis processes thus increase on the leaf surface with the resultant 

increase in productivity. Our results depicted that leaf area index at harvest was found 

to have positive significant correlation with seed yield during both the photoperiodic 

condition. This suggests that the maintenance of high leaf area index, particularly at 

the time of flowering stage is necessary for higher productivity in soybean. Gill et al. 

(1992) also observed a positive correlation of seed yield with leaf area index in 

greengram. Similar reports have been made by Renganayaki and Sreerangasamy 

(1992) in blackgram. Singh and Singh (1982) reported that specific leaf weight made 

a substantial contribution to seed yield and was found to be strongly associated with 
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seed yield in greengram. Similar to our findings, Dornhoff and Shibles (1970) 

suggested that specific leaf weight may be considered as an important character for 

higher productivity in soybean. The results of correlation studies indicated a 

significant positive association of crop growth rate (30 – 45 DAS and 45 -60 DAS) 

with seed yield during both the photoperiods. These results are in agreement with the 

reports of Gill et al. (1992), who found a significant positive correlation between seed 

yield and crop growth rate in greengram. Similar pattern of association has also been 

reported by Prasad et al. (1979) in chickpea and by Kenneth and Hell (1980) in 

soybean. 

 Likewise, a glance at Table 1 (bottom diagonal) showed that all parameters 

were positively correlated with seed yield under shorter photoperiodic condition. Leaf 

area index at vegetative stage showed the highest correlation with seed yield 

(r=0.909) than other parameters. Specific leaf weight at vegetative stage associated 

positively and significantly with net photosynthetic rate at vegetative, pod and 

flowering stages. Specific leaf weight at vegetative stage had correlation coefficient of 

0.805 with seed yield which was significant. Similarly, Leaf area index at vegetative 

stage was positively and significantly related with net photosynthetic rate at 

vegetative and flowering stage. Likewise, leaf area index at flowering stage linked 

with net photosynthetic rate at vegetative, flowering and pod stage with correlation 

coefficient of 0.821, 0.846 and 0.636, respectively and net photosynthetic rate at 

vegetative, flowering and pod stage along with transpiration rate at vegetative, 

flowering and pod stages were positively and significantly correlated with seed yield 

under shorter photoperiodic condition. Besides, net photosynthetic rate was also 

positively and significantly correlated with transpiration rate at vegetative, flowering 

and pod stage. Photosynthetic rate was found to have significant positive correlation 
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with seed yield, thereby clearly indicating the importance of this parameter in 

improving the yield potential of genotypes. Kuo et al.  (1977) also reported a 

significant positive association between the seed yield and the photosynthetic rate in 

greengram. Similarly, Rao and Ghildiyal (1985) established a positive relationship 

between photosynthetic rate and seed yield in greengram. It is obvious that higher 

photosynthetic rate and transpiration rate leads to higher production of dry matter and 

yield and this has also been proved from the results of the present investigation.  

Path Coefficient Analysis: 

The results presented in Table 2 revealed that under longer photoperiodic conditions, 

leaf area index at pod initiation stage, specific leaf weight at flowering, specific leaf 

weight at pod, crop growth rate at 45-60 DAS, net photosynthetic rate at flowering 

and pod, transpiration rate at vegetative and pod stage had negative direct effect on 

seed yield. This suggested that selection on the basis of these traits might lead to loss 

in term of soybean yield. However, leaf area index at vegetative, leaf area index at 

flowering, specific leaf weight at vegetative, crop growth rate at 30-45 DAS, relative 

growth rate at 30-45 DAS and 45-60 DAS, net photosynthetic rate at vegetative and 

flowering showed the positive direct effect with seed yield. Maximum direct effect 

was observed in crop growth rate at 45-60 days after sowing on grain yield with a 

value of (1.649). In the same way, under shorter photoperiod leaf area index at 

flowering and pod, specific leaf weight at pod, crop growth rate at 30-45 DAS and 45-

60 DAS, net photosynthetic rate at flowering and transpiration rate at vegetative 

exerted negative direct effect on seed yield (Table 3). In contrary, leaf area index at 

vegetative, specific leaf weight at vegetative and flowering, relative growth rate at 30-

45 DAS, net photosynthetic rate at vegetative and pod stage, transpiration rate at 

flowering and pod stage demonstrated positive direct effect on seed yield. Maximum 
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value of direct relationship was observed between transpiration rate at flowering and 

seed yield (1.884). The results of this experiment are also supported by other 

researchers (Ball et al., 2001; Arshad et al., 2006). 

 

Conclusion 

Our results suggest that the leaf area index at vegetative and flowering stage, crop 

growth rate at 30 - 45 DAS, net photosynthetic rate at vegetative and transpiration rate 

at vegetative and flowering stage should be considered while selecting for high 

yielding soybean genotypes under variable photoperiods. Additionally, path 

coefficient results explicitly indicate that the leaf area index at vegetative, leaf area 

index at flowering, specific leaf weight at vegetative, crop growth rate at 30-45 DAS, 

relative growth rate at 30-45 DAS and 45-60 DAS, net photosynthetic rate at 

vegetative and flowering which directly contributed substantially towards seed yield, 

should be indices for selection in soybean. Interestingly, the correlation and path 

coefficients results are in agreement confirming the importance of these traits during 

selection. 
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Table 1: Correlation matrix of yield and Morpho-physiological traits of  soybean genotypes under longer photoperiod ( top of diagonal ) and shorter 

photoperiod ( bottom of diagonal). 

  LAIV LAIF LAIP SLWV SLWF SLWP CGR1 CGR2 RGR1 RGR2 NPRV NPRF NPRP TRV TRF TRP SY 

LAIV 1 0.787** 0.757** 0.735** 0.716** 0.657** 0.755** 0.760** 0.759** 0.764** 0.784** 0.767** 0.791** 0.724** 0.753** 0.620* 0.890** 

LAIF 0.684** 1 0.740** 0.557* 0.784** 0.524* 0.596* 0.523* 0.637* 0.639* 0.611* 0.697** 0.661** 0.669** 0.590* 0.377 0.825** 

LAIP 0.611* 0.528* 1 0.543* 0.721** 0.682** 0.688** 0.643** 0.858** 0.857** 0.658** 0.534* 0.671** 0.596* 0.557* 0.580* 0.713** 

SLWV 0.707** 0.751* 0.613* 1 0.664** 0.645** 0.293 0.294 0.472 0.495 0.732** 0.688** 0.708** 0.523* 0.788** 0.525* 0.741** 

SLWF 0.531* 0.398 0.203 0.391 1 0.677** 0.518* 0.377 0.580* 0.530* 0.524* 0.641* 0.673** 0.564* 0.635* 0.518* 0.701** 

SLWP 0.407 0.247 0.142 0.27 0.182 1 0.462 0.461 0.610* 0.630* 0.584* 0.710** 0.540* 0.295 0.608* 0.675** 0.553* 

CGR1 0.603* 0.298 0.144 0.486 0.384 0.326 1 0.961** 0.833** 0.821** 0.606* 0.475 0.649* 0.672** 0.51 0.630* 0.668** 

CGR2 0.644** 0.503 0.229 0.552* 0.588* 0.401 0.879** 1 0.803** 0.822** 0.605* 0.515* 0.601* 0.603* 0.503 0.572* 0.607* 

RGR1 0.773** 0.759** 0.505 0.852** 0.402 0.373 0.641* 0.732** 1 0.963** 0.772** 0.487 0.651** 0.723** 0.48 0.729** 0.737** 

RGR2 0.718* 0.589* 0.412 0.772** 0.585* 0.353 0.776** 0.882** 0.799** 1 0.767** 0.528* 0.623* 0.619* 0.473 0.712** 0.752** 

NPRV 0.604* 0.821** 0.549* 0.792** 0.156 0.204 0.504 0.601* 0.868** 0.652** 1 0.638* 0.744** 0.835** 0.693** 0.526* 0.785** 

NPRF 0.665** 0.846** 0.548* 0.779** 0.452 0.524* 0.268 0.501 0.766** 0.694** 0.719** 1 0.747** 0.45 0.830** 0.436 0.636* 

NPRP 0.419 0.636* 0.141 0.530* 0.051 0.473 0.271 0.336 0.574* 0.482 0.48 0.666** 1 0.738** 0.942** 0.505 0.768** 

TRV 0.646** 0.615* 0.579* 0.703** 0.262 0.048 0.409 0.51 0.821** 0.524* 0.825** 0.505 0.213 1 0.611* 0.371 0.717** 

TRF 0.642** 0.703** 0.455 0.649** 0.351 0.524* 0.661** 0.868** 0.775** 0.789** 0.783** 0.683** 0.49 0.602* 1 0.434 0.672** 

TRP 0.611* 0.747** 0.214 0.697** 0.351 0.252 0.673** 0.691** 0.723** 0.667** 0.815** 0.599* 0.478 0.613* 0.706** 1 0.660** 

SY 0.909** 0.772** 0.576* 0.805** 0.386 0.202 0.544* 0.568* 0.775 0.673** 0.705** 0.662* 0.516* 0.725** 0.629* 0.731** 1 

Note: *, ** indicates the correlation significant at the 0.05 and 0.01 probability level. 

LAIV= Leaf Area Index at Vegetative, LAIF=Leaf Area Index at Flowering, LAIP=Leaf Area Index at Pod , SLWV= Specific Leaf Weight at Vegetative, 

SLWF=Specific Leaf Weight at Flowering, SLWP =  Specific Leaf Weight at Pod, CGR1= Crop Growth Rate at 30-45 days after sowing, CGR2= Crop Growth 

Rate at 45-60 days after sowing , RGR1= Relative Growth Rate at 30-45 days after sowing,  RGR2= Relative Growth Rate at 45-60 days after sowing, NPRV=   

Net Photosynthetic Rate at vegetative, NPRF=   Net Photosynthetic Rate at Flowering, NPRV=   Net Photosynthetic Rate at Pod,  TRV= Transpiration Rate at 

vegetative,  TRF= Transpiration Rate at Flowering, TRP= Transpiration Rate at Pod, SY= Seed Yield.                         
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Table 2. Direct (diagonal) and indirect (off diagonal) effects of 16 characters on seed yield of soybean genotypes under longer photoperiod. 

 
LA1V LAIF LAIP SLWV SLWF SLWP CGR1 CGR2 RGR1 RGR2 NPRV NPRF NPRP TRV TRF TRP 

LA1V 1.082 0.570 -0.412 0.043 -0.331 -0.151 1.244 -1.514 0.639 0.097 0.294 -0.373 -0.318 -0.603 0.658 -0.037 

LAIF 0.852 0.725 -0.403 -0.033 -0.362 -0.120 0.983 -1.060 0.536 0.081 0.229 -0.338 -0.266 -0.557 0.516 -0.022 

LAIP 0.819 0.537 -0.544 0.032 -0.333 -0.157 1.135 -1.280 0.722 0.109 0.247 -0.260 -0.270 -0.496 0.486 -0.035 

SLWV 0.795 0.404 -0.296 0.059 -0.307 -0.148 0.483 -0.586 0.397 0.063 0.275 -0.334 -0.285 -0.436 0.688 -0.031 

SLWF 0.775 0.568 -0.392 0.039 -0.462 -0.155 0.855 -0.751 0.489 0.067 0.196 -0.311 -0.271 -0.470 0.554 -0.031 

SLWP 0.711 0.379 -0.371 0.038 -0.313 -0.230 0.761 -0.919 0.514 0.080 0.219 -0.345 -0.217 -0.246 0.531 -0.040 

CGR1 0.817 0.432 -0.375 0.017 -0.240 -0.106 1.649 -1.916 0.701 0.104 0.227 -0.231 -0.261 -0.559 0.445 -0.037 

CGR2 0.822 0.386 -0.350 0.017 -0.174 -0.106 1.586 -1.992 0.676 0.104 0.227 -0.250 -0.242 -0.502 0.439 -0.034 

RGR1 0.821 0.462 -0.467 0.028 -0.268 -0.140 1.373 -1.600 0.842 0.122 0.289 -0.237 -0.262 -0.602 0.419 -0.043 

RGR2 0.827 0.463 -0.466 0.029 -0.245 -0.145 1.353 -1.637 0.810 0.127 0.288 -0.256 -0.251 -0.515 0.413 -0.042 

NPRV 0.849 0.443 -0.358 0.043 -0.242 -0.134 0.999 -1.206 0.649 0.098 0.375 -0.310 -0.299 -0.695 0.605 -0.031 

NPRF 0.830 0.505 -0.291 0.040 -0.296 -0.163 0.783 -1.027 0.410 0.067 0.239 -0.486 -0.301 -0.375 0.725 -0.026 

NPRP 0.856 0.479 -0.365 0.041 -0.311 -0.124 1.070 -1.197 0.548 0.079 0.279 -0.363 -0.402 -0.615 0.823 -0.030 

TRV 0.784 0.485 -0.324 0.031 -0.261 -0.068 1.108 -1.201 0.609 0.079 0.313 -0.219 -0.297 -0.833 0.533 -0.022 

TRF 0.815 0.428 -0.303 0.046 -0.293 -0.140 0.841 -1.002 0.404 0.060 0.260 -0.403 -0.379 -0.508 0.873 -0.026 

TRP 0.671 0.274 -0.316 0.031 -0.239 -0.155 1.038 -1.141 0.613 0.091 0.197 -0.212 -0.155 1.038 0.379 -0.060 

LAIV= Leaf Area Index at Vegetative, LAIF=Leaf Area Index at Flowering, LAIP=Leaf Area Index at Pod , SLWV= Specific Leaf Weight at Vegetative, 

SLWF=Specific Leaf Weight at Flowering, SLWP =  Specific Leaf Weight at Pod, CGR1= Crop Growth Rate at 30-45 days after sowing, CGR2= Crop Growth 

Rate at 45-60 days after sowing , RGR1= Relative Growth Rate at 30-45 days after sowing,  RGR2= Relative Growth Rate at 45-60 days after sowing, NPRV=   

Net Photosynthetic Rate at vegetative, NPRF=   Net Photosynthetic Rate at Flowering, NPRV=   Net Photosynthetic Rate at Pod,  TRV= Transpiration Rate at 

vegetative, TRF=Transpiration Rate at Flowering, TRP= Transpiration Rate at Pod, SY= Seed Yield.       
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Table 3. Direct (diagonal) and indirect (off diagonal) effects of 16 characters on seed yield of soybean genotypes under shorter photoperiod. 

 
LAIV LAIF LAIP SLWV SLWF SLWP CGR1 CGR2 RGR1 RGR2 NPRV NPRF NPRP TRV TRF TRP 

LAIV 1.157 -0.636 -0.096 -0.073 0.342 -0.247 -0.013 -1.296 0.463 -0.004 0.051 -0.325 0.016 -0.251 1.201 0.333 

LAIF 0.791 -0.929 -0.084 0.077 0.256 -0.15 -0.007 -1.016 0.455 -0.004 0.07 -0.414 0.241 -0.238 1.317 0.406 

LAIP 0.706 -0.49 -0.158 0.063 0.131 -0.086 -0.003 -0.46 0.302 -0.002 0.047 -0.268 0.053 -0.224 0.852 0.116 

SLWV 0.818 -0.697 -0.097 0.102 0.251 -0.164 -0.011 -1.12 0.51 -0.005 0.067 -0.381 0.210 -0.272 1.213 0.379 

SLWF 0.614 -0.369 -0.032 0.04 0.643 -0.110 -0.008 -1.193 0.24 -0.004 0.013 -0.221 0.019 -0.101 0.657 0.191 

SLWP 0.47 -0.229 -0.023 0.028 0.116 -0.609 -0.007 -0.807 0.224 -0.002 0.017 -0.257 0.179 -0.019 0.982 0.137 

CGR1 0.697 -0.277 -0.023 0.05 0.247 -0.198 -0.022 -1.781 0.384 -0.005 0.043 -0.131 0.103 -0.159 1.249 0.367 

CGR2 0.745 -0.468 -0.037 0.057 0.379 -0.244 -0.02 -2.020 0.439 -0.005 0.051 -0.245 0.127 -0.197 1.636 0.376 

RGR1 0.894 -0.706 -0.08 0.088 0.259 -0.228 -0.014 -1.470 0.599 -0.005 0.074 -0.376 0.217 -0.319 1.467 0.394 

RGR2 0.831 -0.547 -0.065 0.079 0.376 -0.214 -0.017 -1.783 0.479 -0.005 0.056 -0.34 0.187 -0.204 1.651 0.362 

NPRV 0.699 -0.764 -0.087 0.081 0.101 -0.125 -0.012 -1.221 0.521 -0.004 0.085 -0.352 0.182 -0.321 1.477 0.443 

NPRF 0.769 -0.787 -0.087 0.08 0.291 -0.319 -0.006 -1.009 0.459 -0.004 0.061 -0.489 0.252 -0.197 1.289 0.327 

NPRP 0.485 -0.592 -0.022 0.055 0.032 -0.288 -0.006 -0.677 0.345 -0.003 0.041 -0.327 0.379 -0.083 0.918 0.259 

TRV 0.748 -0.572 -0.092 0.072 0.169 -0.293 -0.009 -1.037 0.493 -0.003 0.07 -0.248 0.081 -0.388 1.128 0.334 

TRF 0.743 -0.654 -0.072 0.067 0.226 -0.318 -0.013 -1.748 0.467 -0.005 0.067 -0.335 0.186 -0.233 1.884 0.385 

TRP 0.708 -0.694 -0.034 0.072 0.227 -0.154 -0.015 -1.393 0.434 -0.004 0.069 -0.294 0.181 -0.238 1.133 0.544 

LAIV= Leaf Area Index at Vegetative, LAIF=Leaf Area Index at Flowering, LAIP=Leaf Area Index at Pod , SLWV= Specific Leaf Weight at Vegetative, 

SLWF=Specific Leaf Weight at Flowering, SLWP =  Specific Leaf Weight at Pod, CGR1= Crop Growth Rate at 30-45 days after sowing, CGR2= Crop Growth 

Rate at 45-60 days after sowing , RGR1= Relative Growth Rate at 30-45 days after sowing,  RGR2= Relative Growth Rate at 45-60 days after sowing, NPRV=   

Net Photosynthetic Rate at vegetative, NPRF=   Net Photosynthetic Rate at Flowering, NPRV=   Net Photosynthetic Rate at Pod,  TRV= Transpiration Rate at 

vegetative, TRF=Transpiration Rate at Flowering, TRP= Transpiration Rate at Pod, SY= Seed Yield.     
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Figure 1. Path diagram showing the path coefficients and correlation coefficients of seed yield 
and morpho-physiological traits in soybean genotypes under longer photoperiod. 

1= Leaf Area Index at Vegetative, 2=Leaf Area Index at Flowering, 3=Leaf Area Index at Pod , 4= 

Specific Leaf Weight at Vegetative, 5=Specific Leaf Weight at Flowering, 6=  Specific Leaf Weight at 

Pod, 7= Crop Growth Rate at 30-45 days after sowing, 8= Crop Growth Rate at 45-60 days after sowing 

, 9= Relative Growth Rate at 30-45 days after sowing,  10= Relative Growth Rate at 45-60 days after 

sowing, 11=   Net Photosynthetic Rate at vegetative, 12=   Net Photosynthetic Rate at Flowering, 13=   

Net Photosynthetic Rate at Pod,  14= Transpiration Rate at vegetative,  15= Transpiration Rate at 

Flowering, 16= Transpiration Rate at Pod, 17= Seed Yield.                         
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Figure 2. Path diagram showing the path coefficients and correlation coefficients of seed yield 
and morpho-physiological traits in soybean genotypes under shorter photoperiod. 

1= Leaf Area Index at Vegetative, 2=Leaf Area Index at Flowering, 3=Leaf Area Index at Pod , 4= 

Specific Leaf Weight at Vegetative, 5=Specific Leaf Weight at Flowering, 6=  Specific Leaf Weight 

at Pod, 7= Crop Growth Rate at 30-45 days after sowing, 8= Crop Growth Rate at 45-60 days after 

sowing , 9= Relative Growth Rate at 30-45 days after sowing,  10= Relative Growth Rate at 45-60 

days after sowing, 11=   Net Photosynthetic Rate at vegetative, 12=   Net Photosynthetic Rate at 

Flowering, 13=   Net Photosynthetic Rate at Pod,  14= Transpiration Rate at vegetative,  15= 

Transpiration Rate at Flowering, 16= Transpiration Rate at Pod, 17= Seed Yield.            



 

CHAPTER IV 

DISCUSSION 

An understanding of the physiological changes that have occurred in cultivar 

development in the past would be helpful in the continued production of high yielding 

cultivars of various crop species. Crop yields have increased largely through efforts to 

increase the plant adaptability to environmental conditions, resistance to pests and diseases, 

genetic yield potential and efforts to improve management practices.  

Inspite of these efforts, reports by several National and International institutes suggest 

that agricultural productivity is on a yield plateau. As the amount of land available for 

agriculture is decreasing day by day due to urbanization, and as energy and production costs 

are increasing, yield per unit land area must be improved to keep up with increasing 

population and to improve standards of living. The development of cultivars with improved 

disease, insect and pest resistance has also made a significant contribution to the increase in 

yield. However, the physiological changes in the plant particularly, the performance of 

genotypes in different photoperiods and the changes thereof that may contribute for yield 

formation are not clearly understood. Keeping this in view, the present study was aimed to 

find out the performance of soybean genotypes under variable photoperiods and to understand 

various morpho-physiological characters associated with yield.  

Crop growth and yield are under the control of genes which are modulated by their 

continuous interaction with the environment. It was observed that the crop performance with 

respect to morphological, physiological and yield attributes was better in longer photoperiod 

as compare to shorter photoperiod. The early maturing genotypes (EC 457161), followed by 

medium (SL983) and late maturing genotypes (SL958) gave maximum seed yield during both 

the sowing indicating the adaptability of these genotypes under variable photoperiods. 

MORPHO-PHYSIOLOGICAL CHARACTERS 

Significant differences were observed among the different maturing group genotypes 

with respect to various morphological characters such as, Leaf area, leaf area index, specific 

leaf weight, dry matter production and its distribution in different plant parts. The expression 

of most of the morphological characters was better in late maturing genotypes as compared to 

medium and early maturing genotypes in response to variable photoperiods ( normal and late 

sown). The green leaves represent the source and its intensity is measured in terms of leaf 

number, leaf area index and leaf area duration. These are important in determining the yield. 

Leaf area fairly gives a good idea of the photosynthetic capacity of the plant. In the 

present investigation, leaf area increases with an advancement in crop growth from vegetative  

to pod stage and decreased thereafter till harvest which may be due to ageing and senescence 

of leaves during both the photoperiodic conditions (longer and shorter). Panwar et al (1986) 
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and Nijhawan (1986) reported that in greengram, both leaf area and leaf area index attained 

the maximum values at 45 DAS and started declining thereafter till harvest. The data 

indicated a wide genotypic variability with respect to leaf area. This is in agreement with the 

reports of several workers (Nijhawan and Chandra 1980, Thandapani 1985 and Dodwad 

1997). It is evident from the data of both the photoperiodic conditions that the genotypes 

which yielded high during both sowing maintained significantly higher leaf area over other 

genotypes, thereby indicating the importance of leaf area in yield determination. The reason 

for decreased leaf area under shorter photoperiod was due to decrease in size of leaf. But in 

longer photoperiodic condition leaf area showed the increasing pattern due to obtain of 

maximum light radiation. Wallace et al (1972) also found that high yielding genotypes 

possessed 10 per cent higher leaf area than the low yielders. Similarly, Basuchaudhari (1987) 

found that the seed yield is associated with high leaf area index in soybean. 

Leaf area index is an important yield determining factor for soybean crops because it 

is a major determinant of light interception and transpiration. In our present finding, value of 

leaf area index increased until flowering and there after subsequently declined in both the 

photoperiodic conditions. The rate of declining was maximum under shorter photoperiod as 

compared to longer photoperiod due to minimum canopy taken by crops under shorter 

photoperiodic condition. The leaf area index at vegetative, flowering and pod stage were 

found to have positive significant correlation with seed yield in all the genotypes during both 

the photoperiods because leaf area index is directly related to canopy light interception and 

photosynthetic rate. This suggests that the maintenance of high leaf area index, particularly at 

the time of flowering is necessary for higher productivity in soybean under variable 

photoperiods. Gill et al (1992) also observed a positive correlation of seed yield with leaf area 

index in greengram. Similar reports have been made by Renganayaki and Sreerangasamy 

(1992) in blackgram. 

The specific leaf weight (SLW) is an indicator of leaf thickness. Significant variation 

was observed among the different maturing genotypes with respect to specific leaf weight. 

However, it was highest significant with seed yield at early growth stages and declined 

thereafter upto harvest under variable photoperiods.  Kalubame and Pandey (1979) also found 

that specific leaf weight in greengram was initially highest and started declining thereafter 

upto the harvest. A significant genotypic variability was observed with respect to specific leaf 

weight among diverse greengram genotypes (Nijhawan 1986). The genotypes which were 

high yielder’s maintained significantly higher specific leaf weight over all other genotypes at 

all the stages.  

Correlation studies revealed that seed yield had a significant positive association with 

specific leaf weight during both the photoperiods (longer and shorter). The reason for such 

result was maximum thickness of leaf trapped more light and ultimately resulted in more 
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assimilates production. Singh and Singh (1982) reported that specific leaf weight made a 

substantial contribution to seed yield and was found to be strongly associated with seed yield 

in greengram. Similar to our findings, Dornhoff and Shibles (1970) suggested that specific 

leaf weight may be considered as an important character for higher productivity in soybean. 

Crop growth rate (CGR) is influenced by leaf area index, leaf photosynthetic rate, leaf 

angle and the index of the amount of light interception. Significant difference was observed in 

crop growth rate at all the stages among the different maturing genotypes. In general, crop 

growth rate increased with an advancement of crop growth. The late maturing genotypes 

maintained significantly higher crop growth rate over other genotypes due to more vegetative 

growth under longer photoperiods. Among the early maturing genotypes (EC457161), 

medium (SL 983) and late maturing genotypes (SL 958) registered significantly higher crop 

growth rate during both the photoperiods.  

However, relatively higher crop growth rate was noticed during normal sowing as 

compared to late sowing under variable photoperiods. A high genotypic variability has also 

been reported with respect to crop growth rate among the diverse greengram genotypes by 

Nijhawan (1986) and Dodwad (1997). Correlation studies indicated a significant positive 

association of crop growth rate (30 –45 DAS and 45-60 DAS) with seed yield during both the 

photoperiodic conditions. This clearly shows the importance of this parameter in getting 

higher productivity in soybean. These results are in agreement with the reports of Gill et al 

(1992), who found a significant positive correlation between seed yield and crop growth rate 

in greengram. Similar pattern of association has also been reported by Prasad et al (1979) in 

chickpea and Kenneth and Hell (1980) in soybean. The relative growth rate (RGR) reveals the 

efficiency of dry matter production per unit dry matter already existing and it reveals the 

efficiency index of a genotype. Relative growth rate was higher during later stage (45- 60) as 

compared to early stage (30 - 45 DAS) under variable photoperiods. Reddy and Saxena 

(1983) also reported similar results in soybean. Sharma and Sharma (1992) reported a positive 

correlation between relative growth rate and net assimilation rate. 

The amount of Total Dry Matter (TDM) produced is an indication of the overall 

efficiency of utilization of resources and better light interception. Dry matter production and 

its partitioning, particularly to the reproductive organs is an important yield determining 

character in any crop. Therefore, the pattern of distribution of dry matter in different plant 

parts would give a better understanding of the genotypes. Leaf dry weight increased with an 

advancement of crop growth from vegetative to pod initiation stage and declined thereafter 

upto the harvest irrespective of the genotypes during both the photoperiods. This may be due 

to shedding and senescence of leaves towards maturity.   

The late maturing genotypes however, possessed significantly higher leaf dry weight 

at all the stages, thereby indicating the fact that leaf dry weight is an important character for 
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higher productivity in soybean. The late maturing genotypes (SL 958), followed by medium 

(SL 983) and early maturing genotypes (EC 457161) during both the photoperiods maintained 

significantly higher leaf dry weight. The leaf dry weight was relatively less in late sown as 

compared to normal sown which may be attributed to relatively poor growth of the crop due 

to shorter photoperiods during the crop growth period.  

Correlation studies revealed that leaf dry weight had significant positive association 

with seed yield during both the photoperiodic conditions, thereby indicating the importance of 

this parameter in determining productivity, besides confirming the consistency of the 

association with seed yield over the sowing. Singh and Singh (1982) also reported a 

significant association of seed yield with leaf dry weight in greengram. The stem dry weight 

increased continuously from vegetative to harvest irrespective of sowing and genotypes. Late 

maturing genotypes possessed significantly higher stem dry weight in both the photoperiods 

and thus indicating its importance in yield determination. To confirm this, stem dry weight 

was found to have significant positive association with seed yield during both the sowing. 

Among the early maturing genotypes (EC 457161), medium (SL 983) and late 

maturing genotypes (SL 958)  which were high yielders during both sowing possessed 

significantly higher stem  dry weight. Ravi (1984) reported that high yielding greengram 

genotypes were more efficient in the accumulation and partitioning of dry matter in the 

reproductive structures. Similar results were also found by Ganguly and Bhattacharya (2001) 

in chickpea genotypes. 

It is evident from the present study that the production of total dry matter (TDM) 

increased progressively with an advancement of crop growth in longer photoperiod as 

compared to shorter photoperiod because longer photoperiods responds  more to vegetative 

growth. This may be due to increased accumulation and effective translocation of photo 

assimilates with the advancement of crop growth. The genotypes which performed better 

maintained significantly higher amount of total dry matter as compared to other genotypes in 

both the photoperiods. 

Among the early maturing genotypes (EC 457161), medium (SL 983) and late 

maturing genotypes (SL 958) during both sowing possessed significantly higher total dry 

matter. This clearly indicates the existence of a wide genotypic variability. Besides, it is 

evident from the data that during late sowing, there was a substantial reduction of total dry 

matter as compared to normal sowing due to lesser growth under shorter photoperiodic 

conditions. This may be attributed to the overall reduction in the dry weight of leaf, stem and 

reproductive parts in late sowing due to the adverse photoperiodic situations. Similarly, 

several other workers have also reported a wide genotypic variability in the total dry matter 

accumulation among greengram genotypes (Thandapani 1985, Rathanaswamy et al 1986 and 

Nijhawan 1986 and Dodwad et al 1998).  
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Correlation studies revealed that total dry matter at harvest exhibited significant 

positive association with seed yield in both the photoperiods. This strongly suggests that total 

dry matter, particularly at harvest is one of the most important factors influencing 

productivity in soybean, irrespective of genotypes as well as growing situations (normal and 

late). Kuo et al (1977) and Ravi (1984) also indicated that high yielding greengram genotypes 

were more efficient in the production of higher TDM and its efficient partitioning. Similarly, 

several other workers also found a significant positive association of total dry matter with 

seed yield in greengram (Lampang et al 1987, Malik et al 1987 and Soybean (Liaw and Chen 

1988, Mehetre and Jamadagni 1996).  

Bhattacharya (1996) opined that total dry matter production, particularly during post 

flowering period plays an important role in determining yield potential in mungbean. 

Chowdhary et al (2000) also reported that in greengram, dry matter accumulation after 

flowering significantly influenced the grain yield and they further opined that most of the 

photosynthates produced at this stage were used for pod and grain development. 

BIOPHYSICAL PARAMETERS 

 Photosynthesis is the primary process which forms the basis for yield determination. 

Single leaf photosynthesis is the basis for dry matter production, which in turn determines the 

yield. However, under field conditions, the crop growth rate is dependent on total canopy 

photosynthesis rather than the photosynthetic rate per unit leaf area. In the present 

investigation, a significant variability was observed among the different maturing group 

genotypes with respect to photosynthetic rate at vegetative, flowering and pod initiation 

stages under variable photoperiods (longer and shorter).  

Our findings depicted that the rate of photosynthesis increased till flowering and there 

after declined under both the photoperiodic conditions but the rate of declining was more in 

shorter photoperiods as compared to longer. Under shorter photoperiodic condition proper 

light interception and radiation use efficiency are low which resulted to lower photosynthetic 

rate. Venkateshwarlu and Balasubramanian (1993) and Koti (1997) also reported significant 

variability in photosynthetic rate in greengram and soybean, respectively.  

In general, the genotypes which performed better in both the photoperiods maintained 

significantly higher photosynthetic rate over all other genotypes. Among them, early (EC 

457161), medium (SL 983) and late (SL 958) during both the photoperiods had the maximum 

value. Photosynthetic rate was found to have significant positive correlation with seed yield, 

thereby clearly indicating the importance of this parameter in improving the yield potential of 

genotypes. Kuo et al (1977) also reported a significant positive association between the seed 

yield and the photosynthetic rate in greengram. Similarly, Rao and Ghildiyal (1985) 

established a positive relationship between the dry matter production, photosynthetic rate and 

seed yield in greengram.  
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It is obvious that higher photosynthetic rate leads to higher production of dry matter 

and yield and this has also been proved from the results of the present investigation. Hence, it 

may be inferred that for increasing productivity in soybean, maintenance of higher 

photosynthetic rate is very essential. Significant variation was also observed with respect to 

stomatal conductance and the rate of transpiration among the genotypes. Like the 

photosynthetic rate, stomatal conductance and transpiration rate were also significantly higher 

in late maturing group genotypes as compared to other genotypes. Higher transpiration rate 

and stomatal conductance in late maturing genotypes was due to maximum leaf area and leaf 

area index. Under shorter photoperiod condition it was observed that values of transpiration 

rate and stomatal conductance were low because of reduces size of leaf.  

Venkateshwarlu and Balasubramanian (1993), Goswami et al (2000) also observed 

significant variations with respect to photosynthetic rate, stomatal conductance and 

transpiration rate among greengram genotypes. Both the stomatal conductance and 

transpiration rate showed a significant positive correlation with seed yield, thereby indicating 

the importance of these two parameters towards higher productivity in soybean. Again, these 

two parameters recorded significant positive association with photosynthetic rate and thus 

indicating a close association among themselves. Rao and Ghildiyal (1985) also recorded a 

positive relationship between the photosynthetic rate, dry matter production and seed yield in 

greengram. Similarly, Kuhad et al (1990), Pannu and Singh (1987) found that decline in 

photosynthetic rate was closely associated with reduction in stomatal conductance and 

transpiration rate, which ultimately resulted in lower yield in greengram. All these reports are 

in agreement with the results of the present investigation. 

Chlorophyll fluorescence is widely accepted as an indication of the energetic 

behaviour of a photosynthetic system. Photosynthetic activity was studied in terms of 

quantum yield (Fv/Fm) and total chlorophyll. The Fv/Fm ratio can be considered as a measure 

of the quantum efficiency of the electron transport in PSII indicates the physiological state of 

the photosynthetic apparatus in intact plant leaves. By measuring the yield of chlorophyll 

fluorescence, information about changes in the efficiency of photochemistry and heat 

dissipation can be obtained. This demonstrates photochemical efficiency of among soybean 

genotypes increases upto flowering stage and thereafter decline under variable photoperiods. 

Present findings observed that photochemical efficiency was low under shorter photoperiod as 

compared to longer due to less amount of heat emitted after absorption of chlorophyll 

molecules. 

 Chlorophyll is the primary pigment involved in photosynthesis. Result of the present 

investigation revealed that the genotypes differed significantly and the chlorophyll content 

increased from vegetative to pod initiation stage and declined thereafter upto harvest 

irrespective of the genotypes. The decrease in chlorophyll content towards maturity may be 
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attributed mainly to the senescence and ageing of leaves. Present results reported that 

chlorophyll content (SPAD) was higher in longer photoperiod due to maximum 

photosynthetic rate and canopy of the crop during the growth period as compared to shorter 

photoperiod. Chandrababu (1990) also found genotypic variation in leaf chlorophyll content 

in greengram. Jayapragasam et al (1998) indicated that the higher chlorophyll content was 

associated with higher yield in some promising hybrids of greengram and blackgram. Our 

present finding depicted that under the longer photoperiodic condition soybean plant have 

taken longer days for flowering, pod initiation and maturity as compared to shorter 

photoperiodic condition. 

Correlation studies revealed significant positive association of total chlorophyll 

content in leaf at all the stages with seed yield. The results clearly demonstrate the importance 

of maintaining higher chlorophyll content, particularly at later stages of crop growth (pod 

initiation), which may be considered as one of the important biochemical parameters for yield 

determination in soybean. Such a situation would help in maintaining leaves active for a 

longer period which can supply photosynthates to the developing pods. Hence, there is a need 

to identify genotypes having higher leaf area duration coupled with higher chlorophyll 

content, particularly at later stages of crop growth for getting higher productivity. 

YIELD AND YIELD ATTRIBUTES 

Soybean is generally grown in kharif during which the yield levels are higher. 

Recently, attempts have been made to evaluate the performance of genotypes under late 

condition to understand the effect of photoperiods. It is well known that temperature 

influences yield and yield attributes and in addition, environmental variables prevailing in 

different seasons have profound effect on morpho- physiological traits, which determine yield 

potential in soybean. Variable photoperiodic conditions contribute to shedding of 

reproductive organs and the seed yield is determined basically by the number of flowers a 

plant can produce and the percentage of those it can develop into mature seed. The number of 

flowers and number of pods were lowest in late condition (shorter photoperiod) and hence 

resulted in lower seed yield. In soybean, number of flowers and pod set per cent is a varietal 

character and is also affected by variable photoperiods. 

The early maturing genotypes (EC 457161), medium (SL983) and late maturing 

group genotypes (SL 958) had more number of pods as compared to other genotypes during 

both the photoperiods.  Sharma et al (1989) and Singh et al (1994) reported a positive 

correlation between number of pods and seed yield in soybean. Yohe and Poelhman (1972), 

Khan and Rafiq (1989) and Borah and Hazarika (1995) found a wide genotypic variability 

with respect to number of pods per plant among greengram genotypes and significant positive 

association of number of pods per plant with seed yield was found. This clearly shows the 

importance of this parameter in determining the yield potential in soybean, irrespective of the 
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types of genotypes and the growing conditions. Present investigation showed that number of 

pods per plant, 100 seed weight and seed yield were more in longer photoperiodic condition 

as compared to shorter photoperiod. Number of pods and seed weight reduced due to change 

in assimilatory capacity of growth during shorter photoperiod and also reduced the 

cotyledonary cell numbers, resulting in slower seed growth and decreased seed size. The 

results indicated that late maturing genotypes produced higher number of pods per plant, 100 

seed weight, grain yield (g/plant) and seed (kg/ha) due to proper utilization of photosynthate 

under longer crop duration.  

Seed weight was found to be more in longer photoperiods than in shorter 

photoperiods in all most all genotypes. Higher 100 - seed weight in normal sowing was due to 

the better availability of assimilates which lead to higher dry mater production coupled with 

higher partitioning efficiency towards seed development in response to longer photoperiod. 

The shorter photoperiod have caused a reduction in 100-seed weight due to less availability of 

photoassimilates, reduced enzymatic activities and ability of sink organ to import photo 

assimilate. Hundred seed weight was highly correlated with seed yield during both the 

photoperiodic conditions indicating that it is an important trait to be considered for increasing 

the yield potential, was less during shorter photo period. Mahto and Mahto (1997) also found 

a similar association in blackgram. Similarly, Raje and Rao (2000) found a significant 

positive association of number of seeds per plant with seed yield in greengram.  

Harvest index reveals the efficiency of translocation of assimilates towards economic 

parts and therefore, harvest index and seed yield are closely related. Jain (1975) reported that 

the harvest index is the most important component for improved plant type and higher 

productivity in grain legumes. The morphological frame of the plant must be reconstructed in 

such a way that the total dry matter produced is more efficiently partitioned between the 

grains and the vegetative parts. 

In the present study, harvest index differed significantly among the genotypes during 

both the photoperiods. It was found to be positively correlated with seed yield in both the 

conditions. Similarly, Jepson et al (1978) showed a positive correlation between HI and seed 

yield in 32 genotypes of soybean. During both the photoperiods, significantly higher seed 

yield was recorded in the genotypes, early (EC 457161), medium (SL 983) and late maturing 

group genotypes (SL 958). Bhattacharya and Ram (1992), Koti (1997) and Verma and Sawaji 

(1994) in soybean Goswami (2000), Dodwad et al (1998), Singh and Malhotra (1970) Yohe 

and Poehlman (1972), Borah and Hazarika (1995) in greengram, Kumar (2002) in mothbean 

and Reddi et al (2004) also reported significant differences for seed yield among the 

genotypes during different seasons. 

 From the foregoing, it is clear that among various yield components, number of pods 

per plant, 100- seed weight and harvest index are the most important traits for yield 
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determination in soybean as all these parameters exhibited a significant positive association 

with seed yield, irrespective of the nature of genotypes and the growing conditions.  

Biochemical parameters 

Based on the above discussion on the various morpho-physiological and yield 

parameters, two genotypes from early maturing group genotypes and each of three from 

medium and late maturing groups genotypes were selected for biochemical analysis. The total 

soluble sugars contribute to the energy reserves and transportable carbohydrates generated 

during photosynthesis. Soluble sugar is the substrate for starch synthesis and there is a close 

relationship between the soluble sugar content and starch synthesis in plants. In the present 

study, total soluble sugar content showed an increase from vegetative to pod initiation stage in 

all the genotypes of different maturing groups. 

The level of soluble sugar content was a sign of the supply ability of leaves and 

reflected transformation and ability of grains to use assimilates (Saratha et al 2001). Wilcox 

(2001) indicated that the soluble sugar content plays a very important role in carbohydrate 

metabolism and has a close relationship with photosynthesis and production. Wang et al 

(2007) reported that the photosynthate exists in the form of water soluble carbohydrate and its 

main components are soluble sugar, starch and cellulose.  

Starch is the major storage form of carbohydrates. The starch content in leaves 

increased from vegetative to pod initiation stage in all the soybean genotypes varying in 

maturity date. Total soluble proteins from leaves showed an increase till flower initiation 

stage then a drastic decline was recorded in all the soybean genotypes under variable 

photoperiods. 

Total nitrogen content in general increased from vegetative stage till flower initiation 

and then declined owing to remobilization induced by reproductive structures accompanied 

by senescence induced protein degradation leading to reduced total nitrogen content in the 

leaves. 

 Legumes have always been a special target for the study of nitrogen metabolism, due 

to high protein content, their levels of nitrate reductase activity and formation of nodules 

where symbiosis with rhizobium takes place. In the present investigation, nitrate reductase 

activity decreased towards the maturity in all the soybean genotypes under variable 

photoperiods. Nitrate reductase activity was maximum in late maturing genotypes followed 

by medium and early maturing genotypes at all the growth stages under variable 

photoperiods. 

Soluble sugars, including monosaccharides and oligosaccharides, are the main 

photosynthetic product and the main substrate for metabolism (Bodeln et al 2010). 

Carbohydrate content accounts for 90-95% of the dry matter in a plant. Soluble sugar is not 

only the main photosynthate of higher plants, but the main form of carbohydrate metabolism 
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and temporary storage (Voldeng et al 1997). Content of soluble sugar in leaves is an 

important form, and a sign of the supply ability of leaves or a physiological index of leaf 

status (Shiraiwa and Ushio 1995). 

The level of these biomolecules in these organs increased during development is 

indicative of high metabolic status.  In the present study, leaf total soluble protein and total 

nitrogen content in leaves and stem increased from vegetative stage till flower initiation and 

then declined during both the photoperiodic conditions. This might be due to remobilization 

induced by reproductive structures leading to reduced total nitrogen content in the leaves.  

The enhanced decline in these reserves might account for the greater availability for 

developing sinks. Comprehensively, total nitrogen content form a major assimilate source for 

seed filling and also may be a function of the sink strength. Also, Khanna-Chopra and Sinha 

(1987) reported that in chickpea, of the total nitrogen, 65% was accumulated before the 

commencement of pod development and only 35% during pod development. At flower 

initiation, leaves contained the highest amount of nitrogen and the stem comes next. During 

fruit development, nitrogen was mobilized from leaves and, to a less extent, from stems to the 

pods. Plant accumulated nitrogen mainly during the vegetative period of growth and the 

majority of nitrogen translocated to the seeds upto 70% is remobilized from vegetative pools. 

Nitrogen remobilization occurs not only from leaf to leaf during vegetative stages but 

also from leaf to seed during reproductive stages (Schiltz et al 2005). Main vegetative tissues 

for assimilation of nitrogen are leaves and stem. During rapid pod initiation stage, the seeds 

become the major sink of the plant having high demand of both carbon and nitrogen. This 

leads to redistribution of dry matter stored in vegetative parts such as stem and leaves to the 

sink. This ability of cultivars to reallocate may also be a function of the strength of the sink 

for assimilates (Basu and Singh 2003).  

Plant accumulate nitrogen mainly during the vegetative period of growth and after 

anthesis nitrogen uptake rates rapidly slow down (Gotz et al 2007).The results by Ali and 

Bano (2008) also reported that protein and sugar content in chickpea leaves increased at the 

flower initiation, thereafter, degradation of chlorophyll and protein content became more 

pronounced in older leaves as compared to younger leaves. Subsequent to the flower initiation 

stage, a significant decrease in protein content was noted in the young as well as the old 

leaves during both the photoperiods. Degradation of leaf proteins during foliar senescence is 

required in order to remobilize leaf nitrogen (N) and export it to developing grain and other 

sinks (Feller and Fischer 1994). 

Significant variability was observed among the different maturing group genotypes 

with respect to total soluble sugars, starch, protein and nitrogen content in leaf and stem at 

different growth stages under variable photoperiods. Jain (1975) and Mitra et al (1987) and Phul 

and Sharma (1993) in soybean reported significant variability of seed protein content in 
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greengram. Similarly Koti (1997) reported significant variability of seed protein content in 

soybean genotypes. The activity nitrogen metabolic enzymes in leaves such as glutamate 

synthase, glutamine synthetase and glutamate dehydogenase were found maximum during 

longer photoperiod as compare to shorter photoperiod due to proper assimilation of metabolic 

reserves in longer photoperiodic condition. Similarly, the activity of these enzymes was highest 

at early stages of growth but decreases due to advancement of the crop. The result also 

illustrated the similar trend in stem. 

The PEP carboxylase activity showed a decreasing trend from vegetative to post-

flowering stage. Under total soluble sugars in podwall in general increased up to maximum 

till 20 DAF and declined afterwards during both the photoperiods. In seeds, total soluble 

sugars in general depict an increase from 10 to 30 DAF. The accumulation of biochemical 

reserves like total soluble sugars, starch and protein content is also phasic. During initial 

phase (10-20 DAF) podwall acted as a major sink as indicated by higher level of these 

reserves while seeds during this period acted as only minor sink. During second phase of pod 

development (20-30 DAF) seeds start acting as major sink for these reserves.  

The reserves located in the podwall are broken down into mobilizable products due to 

activity of various hydrolytic enzymes and are translocated into seeds, especially cotyledons, 

which now form major sink and active metabolic sites for (re)synthesis of reserves.  Similar 

results have been reported for various legumes such as pea, soybean, french beans, chickpea 

and broad bean (Setia et al 1987). In legumes, seed protein accumulation is a function of 

available nitrogen to the seed (Salon et al 2001).  

Seed weight and protein content are mostly determined by the availability of assimilates 

(source strength) but variability in sink strength (assimilate demand) also plays an important 

rate (Burstin et al 2007). Increased nitrogen remobilization and/or translocated from all 

vegetative organs is important factor for increasing and stabilizing seed protein content 

(Gallardo et al 2008).  According to Mickelson et al (2003), grain protein content is probably 

associated with their ability to accumulate higher amounts of nitrate in their leaves during 

vegetative growth and then to efficiently remobilize the stored nitrate during grain filling.  

In the present study, the level of total soluble sugars, starch and protein content 

increased upto 20 DAF in podwall following a decline under both the photoperiodic 

conditions. On the other hand, in developing seeds initial slow accumulation of these reserves 

then a sudden increase was observed during later stages of development. The level of these 

reserves were higher in late maturing genotypes followed by medium maturing genotypes and 

least in early maturing genotypes contributing to higher sink strength under variable 

photoperiods. 

The activity of carbon metabolizing enzymes, invertase was determined in podwall 

and developing seeds. Invertase activity in podwall decreased towards the maturity during 
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both the photoperiods. At 10 DAF, invertase activity was recorded highest in late maturing 

genotypes than medium-and early maturing genotypes. In developing seeds, invertase activity 

showed a decline from 10 to 30 DAF in all the genotypes under variable photoperiods. 

In our study, high activity of acid invertase in the podwall of late maturing genotypes 

during later stages might result in longer cell division phase resulting in its larger size and 

biomass. It can be responsible for providing more reserves for the developing seed hence 

determining its strength. Setia and Malik (1985) also reported that invertase activity in 

podwall was high during 7-14 DAA in chickpea.  Unlike in pod, invertase activity was 

extremely low in seeds. The enzyme is known to be involved in breakdown of sucrose which 

is a predominant form of carbon translocated from vegetative parts to the developing 

reproductive structures. 

Shorter photoperiodic condition causes both reductions in the rate of protein synthesis 

as well as the changes in the type of proteins produced. Among biochemical techniques, 

Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS PAGE) is widely used 

due to its validity and simplicity for detection of proteins. Electrophoretic analysis of total 

proteins in seeds from the photoperiodic conditions revealed that bands were more intense in 

longer photoperiod as compare to shorter photoperiod. The results are in corroboration with 

the results of Mansourifar et al (2011). 
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CHAPTER V 

SUMMARY 

 Soybean is one of the important legume crops and major source of high quality 

protein for human daily diet and livestock feed in the world. Both photoperiod and 

temperature control the duration of pre and post flowering phase and are expected to affect 

source-sink relationships. Further, Photoperiod has shown to affect the growth and 

development of soybean (Adam et al 2001) at a greater extent. Present investigations were 

aimed at evaluating the relative performance of different maturing group genotypes with 

respect to different physiological indices for higher productivity under variable photoperiods. 

It was also aimed to elicit information on variations with respect to morpho-physiological and 

biochemical parameters among diverse soybean genotypes and their relationship with 

productivity to designate ideal plant type characters for higher productivity. To achieve the 

objectives, field experiments were conducted during kharif season of 2012 and 2013 at 

Punjab Agricultural University, Ludhiana. The experiment were laid out in randomised block 

design with three replications consisting of 15 genotypes to screen for various morpho – 

physiological traits, yield and yield components in first year and on the basis of results 

obtained from the first year experimentation. Further, two genotypes from early maturing 

genotypes and each of three from medium – and late maturing genotypes were selected for 

biochemical analysis. 

The performance with respect to morpho-physiological characters, yield and yield 

attributes was poor during the shorter photoperiod as compared to longer photoperiod. Leaf 

area (LA) and leaf area index (LAI) increased progressively from vegetative to pod initiation 

and declined thereafter up to harvest. Significantly higher leaf area and leaf area index was 

recorded in late maturing genotypes. Leaf area index at all the growth stages showed a 

significant positive correlation with seed yield during both the photoperiods. Leaf dry weight 

differed significantly at all the stages among genotypes and was relatively less during shorter 

photoperiods. A progressive increase in leaf dry weight was observed with an advancement of 

crop growth from vegetative to pod initiation stages and thereafter decreased up to harvest. 

The genotypes which yielded more maintained significantly higher leaf dry weight, while, 

low yielders had the minimum leaf dry weight at all the stages. 

Leaf dry weight had a significant positive association with seed yield during both the 

photoperiodic conditions. Stem dry weight increased progressively with an advancement of 

crop growth vegetative up to harvest. At all stages, late maturing genotypes maintained 

significantly higher stem dry weight over all other genotypes. Stem dry weight at all the 

growth stages showed a significant positive association with seed yield during both the 

photoperiods. The genotypes differed significantly with respect to specific leaf weight and 
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specific leaf area at all the stages. Specific leaf weight increased upto pod initiation stage 

under variable photoperiods and declined steadily thereafter up to the harvest. Higher specific 

leaf weight was recorded in late maturing genotypes as compared to all other genotypes. A 

significant positive association was noticed between the specific leaf weight at all the growth 

stages with seed yield during both the photoperiods. 

Significant differences were found among the genotypes for relative growth rate and 

crop growth rate at all the stages. In general, relative growth rate and crop growth rate 

increased with an advancement of crop growth. The genotypes which yielded high possessed 

significantly higher relative growth rate and crop growth rate over other genotypes. Relative 

growth rate and crop growth rate (30-45 DAS and 45-60 DAS) were found to have significant 

positive correlation with seed yield during both the photoperiods. The genotypes differed 

significantly with respect to photosynthetic rate. Among the genotypes, early (EC 457161), 

medium (SL 983) and late (SL 958) during both the photoperiods recorded significantly 

higher photosynthetic rate as compared to other genotypes. A significant positive correlation 

was observed between the photosynthetic rate and seed yield during both the photoperiodic 

conditions. The genotypes differed significantly with respect to stomatal conductance and 

transpiration rate at all the growth stages under variable photoperiods. Both the parameters 

exhibited a significant positive correlation with seed yield. 

Chlorophyll content and photochemical efficiency in leaf differed significantly 

between the genotypes. However, leaf chlorophyll content and photochemical efficiency at all 

stages showed a significant positive association with seed yield during both the photoperiods. 

Phenophasic development viz., days to flower initiation, days to pod initiation and maturity 

were later in late maturing genotypes in compared to medium-and early maturing genotypes 

under variable photoperiods. Seed yield and yield components differed significantly between 

the genotypes. Among the genotypes, early (EC 457161), medium (SL 983) and late (SL 958) 

during both the photoperiods recorded significantly higher seed yield as compared to other 

genotypes. Number of pods per plant, 100-seed weight and harvest index showed a significant 

positive association with seed yield during both the photoperiods. 

Metabolic reserves viz., leaf and stem total soluble sugars, starch at reproductive 

phase of plant development were higher which acted as source which direct assimilates 

partitioning towards the growing sinks. On the other hand, total soluble proteins and nitrogen 

content after flowering stage owing to remobilization of nitrogen from vegetative tissue such 

as stem and leaves to the sink. These reserves were found to be higher in late maturing 

genotypes as compare to other maturing groups. Nitrogen metabolizing enzymes i.e. 

glutamine synthetase, glutamate synthase and glutamate dehydogenase showed variation in 

response to genotypes of different maturing groups in leaf and stem in both the photoperiodic 

conditions. Highest activity of theses enzymes was found in late maturing genotypes as 
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compared to medium and early maturing genotypes during both the photoperiods. Higher leaf 

nitrate reductase activity was also found in late maturing genotypes than other medium- and 

early maturing genotypes and decreased towards the maturity during both the photoperiodic 

conditions. In podwall, the levels of total soluble sugars, starch and total soluble proteins 

increased up to maximum till 20 DAF and declined afterwards during both the photoperiods. 

In late maturing genotypes, these metabolic reserves were higher than medium-and early-

maturing genotypes under variable photoperiods. 

 Finally, it can be concluded that for selection of better genotypes under variable 

photoperiods, the following important physiological parameters viz., total dry matter, crop 

growth rate, relative growth rate, photosynthetic rate, chlorophyll content, leaf area index, 

specific leaf weight, 100 Seed weight, numbers of pods per plant and harvest index may be 

considered since, these parameters were found to have significant positive correlation with 

seed yield. Of the evaluated 15 diverse maturing genotypes, it is found that the early maturing 

genotypes EC 457161, medium SL 983 and late SL 958 are superior in terms of yield as well 

as in other morpho-physiological traits. Of all genotype SL 958 is the best performing one. 

 

  



 

APPENDIX 

Table 1:  Leaf area (cm
2
 plant

-1
) of soybean genotypes at different growth stages under 

variable photoperiods. 

MATURING 

GROUP  GENOTYPES   

Vegetative Flower initiation Pod initiation 

NS  LS  NS  LS  NS  LS  

EARLY  

   

SL 688  587.92  306.55  858.15  731.71  2096.38  1214.21  

SL778  589.89  279.09  808.19  617.21  2071.85  1840.56  

SL  795  624.53  366.24  1039.34  726.03  2338.68  1952.31  

EC 457161  696.67  466.36  1087.76  760.96  2834.71  1672.28  

EC457286  685.99  361.99  1097.82  735.74  2763.17  1458.51  

Mean  624.75  356.05  978.25  708.98  2335.41  1627.57  

MEDIUM  

   

SL 525  764.68  359.32  1042.11  883.24  2677.19  1656.37  

SL 744  695.56  337.35  1079.61  726.43  2760.57  1745.87  

SL 955  641.88  331.58  843.08  692.84  2410.69  1105.21  

SL 983  784.61  558.89  1272.62  674.63  2885.42  1998.07  

SL1123  572.89  369.31  1038.39  752.63  2023.61  1395.47  

Mean  691.92  391.29  1055.16  745.95  2551.5  1580.20  

LATE   

SL900  617.98  303.86  917.69  586.27  2399.69  1698.81  

SL 958  774.56  413.22  1335.94  871.05  3056.25  2168.23  

DS 12-5  672.27  389.57  1148.14  741.09  2461.53  1339.31  

DS 12-13  731.21  281.51  1150.62  856.31  2439.65  1594.92  

DS   26-14  693.81  434.19  1009.64  778.41  2847.95  1936.97  

Mean  697.97  364.47  1112.41  766.63  2641.01  1747.65  

   LSD (5%)  167.28  153.58  244.85  322.53  347.41  694.82  

 

NS= Normal sown 

LS=Late sown 
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Table 2:  Leaf area index of soybean genotypes at different growth stages under 

variable photoperiods 

MATURING 

GROUP  

GENOTYPES   Vegetative Flower initiation Pod initiation 

NS LS NS LS NS LS 

EARLY   

   

SL 688  1.8 1.4 1.6 1.4 2.8 1.6 

SL778  2.2 2.0 2.4 1.7 2.7 1.9 

SL  795  2.5 2.3 3.1 1.8 2.6 2.3 

EC 457161  2.8 2.1 3.8 2.4 3.0 2.2 

EC457286  2.6 1.8 3.6 2.3 2.8 2.0 

Mean  2.4 1.9 2.9 1.9 2.8 2.1 

MEDIUM   

   

SL 525  2.6 2.2 3.5 2.1 3.2 2.3 

SL 744  2.8 2.4 4.1 2.3 3.4 1.7 

SL 955  2.5 1.8 3.1 1.9 3.1 1.0 

SL 983  3.1 2.6 3.9 3.1 3.6 2.7 

SL1123  2.4 1.6 1.6 1.5 2.4 2.0 

Mean  2.7 2.1 3.3 2.2 3.1 2.0 

LATE   

SL900  2.4 2.1 3.0 1.9 2.7 1.3 

SL 958  3.2 2.8 4.2 2.7 3.9 2.6 

DS 12-5  2.6 2.2 2.8 2.6 2.8 2.1 

DS 12-13  2.7 2.2 3.9 1.5 3.3 2.0 

DS   26-14  2.9 2.3 2.6 1.9 3.2 2.2 

Mean  2.8 2.3 3.3 2.1 3.2 2.0 

   LSD (5%)  0.54 0.65 0.75 0.55 0.63 0.53 

 

NS= Normal sown 

LS=Late sown 
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Table 3:  Specific leaf weight (mg cm
2
) of soybean genotypes at different growth stages 

under variable photoperiods 

MATURING 

GROUP  

Genotypes   Vegetative Flower initiation Pod initiation 

NS LS NS LS NS LS 

EARLY   

   

SL 688  3.79 2.39 4.03 1.83 4.28 3.12 

SL778  3.45 2.36 4.67 2.51 2.63 3.21 

SL  795  4.53 2.13 4.78 2.63 3.53 2.62 

EC 457161  5.49 3.03 5.81 2.06 5.04 3.64 

EC457286  4.89 3.09 5.53 1.72 4.43 2.57 

Mean  4.43 2.60 4.96 2.15 3.98 3.03 

MEDIUM   

   

SL 525  4.18 2.35 5.82 3.36 4.56 4.24 

SL 744  4.57 2.91 6.04 2.05 5.43 5.11 

SL 955  4.12 1.89 3.89 2.38 4.07 2.82 

SL 983  5.94 3.58 6.43 2.31 6.91 3.39 

SL1123  3.49 1.89 3.25 1.85 4.41 3.56 

Mean  4.46 2.52 5.09 2.39 5.08 3.82 

LATE   

SL900  3.78 2.45 5.61 3.36 4.59 3.43 

SL 958  5.43 4.69 6.65 3.91 5.55 3.96 

DS 12-5  4.82 3.21 4.15 3.63 3.18 3.11 

DS 12-13  3.29 2.58 4.79 1.85 4.11 3.09 

DS   26-14  5.12 3.23 5.62 2.31 4.96 3.61 

Mean  4.33 3.23 5.36 3.19 4.48 3.44 

   LSD (5%)  1.21 0.636 0.949 0.763 1.31 1.08 

 

NS= Normal sown 

LS=Late sown 
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Figure 1:  Crop growth rate of soybean genotypes at 30-45 and 45-60 DAS under 

variable photoperiods 

 

 

 

Figure 3:  Relative growth rate of soybean genotypes at 30-45 and 45-60 DAS under 

variable photoperiods 
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Table 4:  Net photosynthesis (µmol Co2 m
-2

s
-1

) of soybean genotypes at different growth 

stages under variable photoperiods 

MATURING 

GROUP  GENOTYPES   

Vegetative  Flower initiation  Pod initiation  

NS  LS  NS  LS  NS  LS  

EARLY   

   

SL 688  8.85  6.85  18.07  9.58  5.02  3.96  

SL778  8.47  6.48  16.53  9.96  5.39  4.62  

SL  795  9.27  7.27  20.09  9.58  4.89  2.92  

EC 457161  11.34  9.34  27.25  12.05  8.53  5.37  

EC457286  13.67  11.67  24.25  11.25  6.19  5.15  

Mean  10.32  8.32  21.24  10.48  6.00  4.40  

MEDIUM   

   

SL 525  10.02  8.02  24.97  12.57  6.11  4.93  

SL 744  13.48  11.49  24.87  12.82  7.26  5.67  

SL 955  9.83  7.83  21.29  10.26  5.37  4.96  

SL 983  16.04  14.06  25.14  12.97  7.37  6.22  

SL1123  10.14  8.14  22.28  9.39  5.18  4.06  

Mean  11.90  9.91  23.71  11.60  6.26  5.17  

LATE   

SL900  8.91  6.92  21.81  9.15  6.09  4.92  

SL 958  15.17  12.74  25.36  14.98  8.26  5.85  

DS 12-5  14.74  13.17  22.36  12.15  7.48  3.72  

DS 12-13  11.95  9.97  21.51  9.39  6.78  4.47  

DS   26-14  12.19  10.18  22.28  9.98  7.25  4.03  

Mean  12.59  10.60  22.66  11.13  7.17  4.60  

   LSD (5%)  2.78  2.68  1.98  1.16  1.45  1.37  

 

NS= Normal sown 

LS=Late sown 
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Table 5: Stomatal conductance (µ mol Co2 m
-2

 s
-1

) of soybean genotypes  at different 

growth stages under variable photoperiods 

MATURING 

GROUP  

GENOTYPES   Vegetative Flower initiation Pod initiation 

NS LS NS LS NS LS 

EARLY   

   

SL 688  0.439 0.294 0.269 0.312 0.084 0.052 

SL778  0.578 0.433 0.604 0.316 0.086 0.039 

SL  795  0.434 0.289 0.552 0.345 0.074 0.049 

EC 457161  0.553 0.408 0.683 0.427 0.091 0.061 

EC457286  0.611 0.466 1.031 0.296 0.083 0.065 

Mean  0.523 0.378 0.628 0.339 0.084 0.053 

MEDIUM   

   

SL 525  0.482 0.337 0.615 0.381 0.106 0.081 

SL 744  0.583 0.438 0.718 0.315 0.119 0.103 

SL 955  0.477 0.332 0.655 0.289 0.091 0.065 

SL 983  0.639 0.494 0.749 0.345 0.123 0.086 

SL1123  0.454 0.309 0.607 0.337 0.094 0.084 

Mean  0.527 0.382 0.669 0.333 0.107 0.084 

LATE   

SL900  0.557 0.411 0.519 0.332 0.093 0.079 

SL 958  0.675 0.529 0.848 0.246 0.121 0.104 

DS 12-5  0.659 0.514 0.589 0.262 0.096 0.045 

DS 12-13  0.564 0.419 0.758 0.322 0.087 0.064 

DS   26-14  0.599 0.454 0.625 0.414 0.106 0.072 

Mean  0.611 0.465 0.668 0.315 0.101 0.073 

   LSD (5%)  0.147 0.146 0.189 0.165 0.062 0.031 

 

NS= Normal sown 

LS=Late sown 
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Table 6:  Transpiration rate (m mol H20 m
-2

 g
-1

) of soybean genotypes at different 

growth stages under variable photoperiods 

MATURING 

GROUP  

GENOTYPES   Vegetative Flower initiation Pod initiation 

NS LS NS LS NS LS 

EARLY   

   

SL 688  5.24 3.35 5.94 2.94 3.22 2.07 

SL778  6.05 4.17 5.06 2.26 3.43 2.26 

SL  795  6.14 4.25 5.89 3.18 2.96 2.38 

EC 457161  6.39 4.51 9.86 4.15 4.09 3.74 

EC457286  6.94 5.06 7.28 3.54 3.88 2.42 

Mean  6.15 4.27 6.81 3.21 3.52 2.57 

MEDIUM   

   

SL 525  5.91 4.02 7.03 4.05 2.99 2.76 

SL 744  6.61 4.73 7.56 4.64 4.31 3.46 

SL 955  5.11 3.22 5.98 3.25 4.61 3.15 

SL 983  7.19 5.31 8.23 4.89 5.94 3.54 

SL1123  5.45 3.56 6.08 4.05 4.26 2.41 

Mean  6.05 4.17 6.98 4.18 4.42 3.06 

LATE   

SL900  5.89 4.01 6.74 4.01 5.44 3.08 

SL 958  7.98 5.34 8.52 4.96 6.84 3.65 

DS 12-5  7.48 6.06 8.03 4.65 3.71 3.64 

DS 12-13  7.42 5.58 7.11 4.01 3.23 2.72 

DS   26-14  6.46 4.58 8.39 3.91 4.61 3.63 

Mean  7.05 5.11 7.76 4.31 4.77 3.34 

   LSD (5%)  1.16 1.15 1.65 1.29 0.62 0.94 

 

NS= Normal sown 

LS=Late sown 
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Table 7:  Chlorophyll kinetics (Fv/Fm) of soybean genotypes at different growth stages 

under variable photoperiods 

MATURING 

GROUP 

GENOTYPES Vegetative Flower initiation Pod initiation 

NS LS NS LS NS LS 

EARLY   

   

SL 688  0.787 0.661 0.801 0.582 0.614 0.604 

SL778  0.798 0.621 0.784 0.556 0.619 0.613 

SL  795  0.779 0.549 0.811 0.554 0.619 0.607 

EC 457161  0.807 0.613 0.816 0.774 0.676 0.637 

EC457286  0.801 0.557 0.809 0.625 0.665 0.626 

Mean  0.794 0.600 0.804 0.618 0.639 0.617 

MEDIUM   

   

SL 525  0.778 0.605 0.797 0.584 0.648 0.585 

SL 744  0.786 0.569 0.801 0.591 0.645 0.632 

SL 955  0.792 0.652 0.784 0.586 0.604 0.569 

SL 983  0.796 0.657 0.811 0.633 0.652 0.625 

SL1123  0.783 0.555 0.794 0.553 0.619 0.591 

Mean  0.787 0.608 0.797 0.589 0.634 0.600 

LATE   

SL900  0.778 0.641 0.804 0.574 0.636 0.611 

SL 958  0.805 0.668 0.809 0.647 0.672 0.629 

DS 12-5  0.791 0.582 0.791 0.554 0.649 0.592 

DS 12-13  0.785 0.618 0.802 0.602 0.643 0.628 

DS   26-14  0.792 0.594 0.796 0.578 0.628 0.595 

Mean  0.790 0.621 0.800 0.591 0.646 0.611 

   LSD (5%)  0.069 0.012 0.005 0.054 0.0043 0.041 

 

NS= Normal sown 

LS=Late sown 
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Table 8:  Chlorophyll content (SPAD) of soybean genotypes at different growth stages 

under variable photoperiods 

MATURING 

GROUP  

GENOTYPES   Vegetative Flower initiation Pod initiation 

NS LS NS LS NS LS 

EARLY   

   

SL 688  38.0 36.3 39.4 37.4 41.6 37.3 

SL778  36.4 35.3 40.0 36.6 40.2 39.2 

SL  795  38.0 33.8 40.2 38.1 40.1 39.1 

EC 457161  39.2 38.6 45.7 43.5 44.1 42.1 

EC457286  38.4 37.6 41.5 38.8 43.6 41.0 

Mean  38.0 36.3 41.4 38.9 41.9 39.8 

MEDIUM   

   

SL 525  37.6 35.7 42.3 40.5 43.0 40.6 

SL 744  38.2 37.8 41.3 41.1 43.5 42.1 

SL 955  35.1 33.9 37.3 39.1 39.4 38.0 

SL 983  39.3 36.7 43.9 38.3 44.2 42.9 

SL1123  35.9 35.4 40.7 36.5 42.9 41.9 

Mean  37.2 35.9 41.1 39.1 42.6 41.1 

LATE   

SL900  37.9 36.7 37.5 37.4 40.3 38.8 

SL 958  40.2 39.7 41.1 40.6 44.5 41.8 

DS 12-5  35.3 34.2 38.7 36.7 40.3 36.7 

DS 12-13  37.9 35.4 39.2 36.9 38.7 36.2 

DS   26-14  38.8 36.5 37.3 35.4 41.4 37.3 

Mean  38.0 36.5 38.8 37.4 41.0 38.2 

   LSD (5%)  2.23 2.47 2.39 2.11 2.29 2.69 

 

NS= Normal sown 

LS=Late sown 
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Table 9:  Phenophasic development of soybean genotypes under variable photoperiods. 

MATURING 

GROUP  

GENOTYPES   Days To 

Flowering 

Days To Pod 

Initiation 

Days To 

Maturity 

NS LS NS LS NS LS 

EARLY   

   

SL 688  59 41 84 66 132 109 

SL778  58 36 83 63 131 113 

SL  795  56 37 81 64 130 110 

EC 457161  58 40 83 67 132 111 

EC457286  58 40 83 66 132 109 

Mean  58 39 83 65 131 110 

MEDIUM   

   

SL 525  65 44 87 69 139 116 

SL 744  64 44 88 70 138 115 

SL 955  64 42 87 68 136 115 

SL 983  66 45 91 71 139 117 

SL1123  62 42 87 67 135 115 

Mean  64 43 88 69 137 115 

LATE   

SL900  67 46 91 71 141 118 

SL 958  69 49 93 73 143 120 

DS 12-5  68 47 93 72 140 119 

DS 12-13  68 47 95 71 140 117 

DS   26-14  68 48 94 72 139 119 

Mean  68 47 93 72 140 118 

   LSD (5%)  1.34 1.84 1.35 1.09 1.33 1.28 

 

NS= Normal sown 

LS=Late sown 
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 Figure 3:  Total soluble sugars (mg g
-1 

DW) from leaves at Vegetative (V), Flower 

initiation (F) and Pod initiation (P) of soybean genotypes under variable 

photoperiods.  
 

 

 

Figure 4:  Total starch content (mg g
-1 

DW) from leaves at Vegetative (V), Flower 

initiation (F) and Pod initiation (P) of soybean genotypes under variable 

photoperiods. 

NS= Normal sown 

LS=Late sown 
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Figure 5:  Total proteins (mg g
-1 

DW) from leaves at Vegetative (V), Flower initiation (F) 

and Pod initiation (P) of soybean genotypes under variable photoperiods. 

 

 

 

Figure 6:  Total nitrogen (%) from leaves at Vegetative (V), Flower initiation (F) and 

Pod initiation (P) of soybean genotypes under variable photoperiods. 

NS= Normal sown 

LS=Late sown 
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Figure 7:  Nitrate reductase activity from leaves at Vegetative (V), Flower initiation (F) 

and Pod initiation (P) of soybean genotypes  under variable photoperiods. 

 

 

 

Figure 8:  Total sugars (mg g
-1

 DW) from stem at Vegetative (V), Flower initiation (F) 

and Pod initiation (P) of soybean genotypes under variable photoperiods. 

 

NS= Normal sown 

LS=Late sown 

 

0.000

0.100

0.200

0.300

0.400

0.500

0.600

0.700

0.800

0.900

1.000

EC 457161 EC 457286 SL 525 SL 744 SL 983 SL 958 DS 12-5 DS 26-14

EARLY MEDIUM LATE

N
it

ra
te

 r
ed

u
ct

a
se

(µ
 m

o
l 

g
-1

F
W

 h
r-1

Maturing group/Genotypes

V NS V LS F NS F LS P NS P LS

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

EC 457161 EC 457286 SL 525 SL 744 SL 983 SL 958 DS 12-5 DS 26-14

EARLY MEDIUM LATE

T
o

ta
l 

su
g

a
rs

 (
m

g
 g

-1
 D

W
)

Maturing group/Genotypes

V NS V LS F NS F LS P NS P LS



xiv 

 

 

Figure 9:  Total starch content (mg g
-1

 DW) from stem at Vegetative (V), Flower 

initiation (F) and Pod initiation (P) of soybean genotypes under variable 

photoperiods. 

 

 

 

Figure 10:  Total proteins content (mg g-1 DW) from stem at Vegetative (V), Flower 

initiation (F) and Pod initiation (P) of soybean genotypes under variable 

photoperiods. 

NS= Normal sown 

LS=Late sown 
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Figure 11:  Total nitrogen (%) from stem at Vegetative (V), Flower initiation (F) and 

Pod initiation (P) of soybean genotypes under variable photoperiods. 

 

 

 

 

Figure 12:  Glutamate synthase (GOGAT) activity from leaves at Vegetative (V), Flower 

initiation (F) and Pod initiation (P) of soybean genotypes under variable 

photoperiod 

NS= Normal sown 

LS=Late sown 

 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

EC 457161 EC 457286 SL 525 SL 744 SL 983 SL 958 DS 12-5 DS 26-14

EARLY MEDIUM LATE

T
o

ta
l 

n
it

ro
g

en
 (

%
)

Maturing group/Genotypes

V NS V LS F NS F LS P NS P LS

0.0

1000.0

2000.0

3000.0

4000.0

5000.0

6000.0

EC 457161 EC 457286 SL 525 SL 744 SL 983 SL 958 DS 12-5 DS 26-14

EARLY MEDIUM LATE

G
O

G
A

T
 (

µ
 m

o
l 

g
-1

m
in

-1
F

W
)

Maturing group/Genotypes

V NS V LS F NS F LS P NS P LS



xvi 

 

 

Figure 13:  Glutamate dehydogenase (GDH) activity from leaves at Vegetative (V), 

Flower initiation (F) and Pod initiation (P) of soybean genotypes under 

variable photoperiods. 

 

 

 

 

Figure 14:  Glutamine synthetase (GS) activity from leaves at Vegetative (V), Flower 

initiation (F) and Pod initiation (P) of soybean genotypes under variable 

photoperiods. 

NS= Normal sown 

LS=Late sown 
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Figure 15:  PEP carboxylase activity from leaves at Vegetative (V), Flower initiation (F) 

and Pod initiation (P) of soybean genotypes under variable photoperiods. 

 

 

 

 

Figure 16:  Glutamate synthase (GOGAT) activity from stem at Vegetative (V), Flower 

initiation (F) and Pod initiation (P) of soybean genotypes under variable 

photoperiods. 

NS= Normal sown 

LS=Late sown 
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Figure 17:  Glutamate dehydogenase (GDH) activity from stem at Vegetative (V), 

Flower initiation (F) and Pod initiation (P) of soybean genotypes under 

variable photoperiods. 

 

 

 

Figure 18:  Glutamine synthetase (GS) activity from stem at Vegetative (V), Flower 

initiation (F) and Pod initiation (P) of soybean genotypes under variable 

photoperiods. 

NS= Normal sown 

LS=Late sown 
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Figure 19:  PEP carboxylase activity from stem at Vegetative (V), Flower initiation (F) 

and Pod initiation (P) of soybean genotypes under variable photoperiods 

 

 

 

 

 

Figure 20:  Total sugars content from podwall at 10, 20 and 30 DAF of soybean 

genotypes under variable photoperiods 

NS= Normal sown 

LS=Late sown 
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Figure 21:  Total starch content from Podwall at 10, 20 and 30 DAF of soybean 

genotypes   under variable photoperiods. 

 

 

 

 

 

Figure 22:  Total proteins content from Podwall at 10, 20 and 30 DAF of soybean 

genotypes under variable photoperiods. 

NS= Normal sown 

LS=Late sown 
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Figure 23:  Total sugars content from seed at 10, 20 and 30 DAF of soybean genotypes 

under variable photoperiods 

 

 

 

 

Figure 24:  Total starch content from seed at 10, 20 and 30 DAF of  soybean genotypes  

under variable photoperiods. 

NS= Normal sown 

LS=Late sown 
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Figure 25:  Total proteins content from seed at 10, 20 and 30 DAF of soybean genotypes 

under variable photoperiods 

 

 

 

 

 

Figure 26:  Invertase activity from podwall at 10, 20 and 30 DAF of soybean genotypes 

under variable photoperiods. 

NS= Normal sown 

LS=Late sown 
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Figure 27:  Invertase activity from seed at 10, 20 and 30 DAF of soybean genotypes 

under variable photoperiods. 

NS= Normal sown 

LS=Late sown 
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Figure 28: Standard Meteorological Week (SMW) during the crop season (Kharif) 2012  
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