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ABSTRACT

Fifteen photo- and thermo-insensitive early maturing genotypes and five promising main season normal maturing genotypes of soybean
which were determinate in growth and photo-thermo sensitivity were evaluated for their agronomic performance under a wide range of
photoperiod and temperature conditions manipulated through five sowing dates (February 23, March 20, April 14, May 9 and June 3).
Genotypes, sowing dates and their interactions with environments were highly significant for the traits studied. The significant GE
interactions for biomass production, harvest index (HI) and grain yield (GY) indicated that the tested genotypes ranked differently across
diverse environments for these characters. In early maturing genotypes, longer day-length and higher temperature produced bold seeds
and high HI but fewer yields. Main season genotypes produced higher biomass and GY than that of early maturing genotypes in all the
sowings. Early maturing genotypes viz. E7 and E19 had higher GY whereas SL 295 and Pb. No. 1 recorded higher GY among main
season genotypes over all the sowing dates. Biomass and HI were important determinants of GY as evident from their significant positive
regression coefficients with GY. It is concluded that for main season genotypes (May and June sowing) GY can be increased by increasing
HI and enhancement of biomass production in early maturing-photo and thermo insensitive in February-March sowing could lead in yield
improvement. Study also demonstrated that early maturing photo-thermo insensitive genotypes of soybean could be grown successfully

during spring/summer (February to June).
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INTRODUCTION

Soybean (Glycine max L. Merrill.), believed to have origi-
nated in China, is a nitrogen fixing legume crop that may be
a good component of a general plan to improve cropping
system efficiency. For this purpose, crop suitability to spe-
cific environments must be established, as the economic
yield of the crop will depend largely on its adaptability to
various environments. So, the understanding of the growth
dynamics and of the growth realized in the grain component
is important to improve the crop management.

Soybean is a short-day plant, and photoperiod and tem-
perature control the duration of both pre- and post-flower-
ing phases (Kantolic and Slafer 2007). Its growth depends
on the ability of different genotypes to capture light and the
efficiency of conversion of intercepted light into biomass
(Confalone et al. 2010). Photo-thermal sensitivity in soy-
bean influences to a considerable extent the area of its adap-
tation and the time of maturity of cultivars (Hartwig and
Kihl 1979).

Temperature along with photoperiod affects the flower-
ing time but temperature along with humidity affects initia-
tion and normal development of pods (Singh and Khehra
1988). Roberts ef al. (1996) had also emphasized the impor-
tance of photoperiod-insensitivity in the improvement of
soybean crop after characterizing soybean genotypes in
conjunction with an analysis of the world-wide range of
photo-thermal environments in which soybean crops are
grown. Most of the Indian soybean cultivars (> 95%) were
found to be highly sensitive to photoperiod that limits their
cultivation in only localized area (Bhatia ef al. 2003).

In soybean three loci E/e;, Exe, and Ej/e; affect the

photoperiod sensitivity of the duration from the sowing to
first flowering (Upadhyay et al. 1994a, 1994b), and from
first flowering to the end of flowering (Asumadu ef al.1998;
Summerfield et al. 1998). The genotypes differing in one or
more alleles show negligible differences in vegetative and
reproductive durations in short days but substantial dif-
ferences in long days (Upadhyay et al. 1994a, 1994b; Asu-
madu et al. 1998; Summerfield et al. 1998). Not surpri-
singly, the greater the reproductive duration of a genotype
in long days the more biomass was accumulated by matu-
rity (Asumadu et al. 1998). However, the variation in dura-
tion accounted for only about 70% of the variation in the
biomass accumulated at maturity (Hunt 1982).

Different soybean varieties behave differently under dif-
ferent photoperiod and temperature conditions. Photoperiod
affects vegetative growth, flowering and seed maturity
while temperature influences time of flowering, rate of
growth, normal pod development and pod retention (Piper
et al. 1996). Both of these parameters i.e. photoperiod and
temperature can be manipulated by varying sowing dates
under field conditions.

The seed yield of grain legumes is the result of two
interconnected processes: plant growth and development of
sink strength which will determine the proportion of growth
partitioned to grain, and the harvest index (HI). Compo-
nents of yield, seed numbers and seed weight provide some
clues as to the environmental effects on yield-forming pro-
cesses (Ayaz et al. 2004). Duration of vegetative and repro-
ductive development is reported to vary in response to dif-
ferent planting dates. Vegetative growth of soybean has
been reported to be associated with seed yield. Therefore,
sufficient vegetative dry matter is required to support and
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attain higher yield (Specht et al. 1984).

HI, a ratio between seed yield and total dry matter is a
useful index to understand the optimum balance between
grain yield (GY) and total dry matter for different sowing
dates. Correlation and regression analysis were usually used
to determine the relationship between seed yield, biomass
and HI (Mayer et al. 1991; Morrison et al. 1999, 2000; Cui
et al. 2005). Little information is available about optimum
vegetative growth for attaining higher GY under Punjab
conditions. Therefore, present study has been planned to
investigate the effect of photoperiod and temperature as
manipulated by planting dates on biomass accumulation, HI
and GY in early maturing photoperiod insensitive and nor-
mal maturing photoperiod sensitive soybean genotypes.

MATERIALS AND METHODS

Fifteen photo and thermo-insensitive early maturing genotypes
and five promising main season genotypes of soybean which are
determinate in growth and photoperiod sensitive were evaluated at
Punjab Agricultural University, Ludhiana under different sowing
dates. The experiment was sown in a randomized complete block
design with three replications at five different sowing dates spaced
25 days apart viz. February 23, March 20, April 14, May 9 and
June 3, 2004. Experimental site is located at 30°-40’ North Lati-
tude and 75°-40" East Longitude at a mean height of 240 m above
sea level. Photoperiod and temperature during crop period are
given in Figs. 1, 2. Each sowing date was considered a separate
experiment. Each genotype was planted in a single row of 2 m
length with row to row spacing of 45 cm. Observations were re-
corded on five randomly taken competitive plants in each replica-
tion for plant height, number of branches at flowering, biomass at
flowering, number of pods per plant, total biomass, 100-seed
weight, GY and HI. Mean values of five plants were used for fur-
ther statistical analysis. Analysis of variance was performed for
each sowing date separately and combined analysis over all the
sowing dates. Multiple regression analysis was performed to des-
cribe the relationships among the traits using the stability analysis
developed by Eberhart and Russell (1966). Grain yield per plant
was selected as a dependent variable and other traits were selected
as independent variables. BMM and MVM software were used for
stability and multiple regression analyses, respectively. Signifi-
cance was tested at 0.05 and 0.01 levels.

RESULTS AND DISCUSSION

Experiments conducted in this study were designed to pro-
vide a wide range of environmental conditions to better
understand the growth and yield response of soybean geno-
types. Plants were exposed to large variations in tempera-
ture and photoperiod, both of which increased as the sowing
date was delayed, producing a reduction of crop cycle from
first to last date of sowing.

Analysis of variance

The variance due to genotypes was highly significant for all
the characters in all the sowing dates; however, differences
among early genotypes were non-significant for some of the
characters particularly for days to flowering and days to full
grain development in all the sowings (February to June),
indicating photoperiod insensitivity of early maturing geno-
types. Differences among main season genotypes were sig-
nificant for most of the characters in different sowings. The
combined analysis of variance over environments revealed
that genotypes, sowing dates and their interactions were sig-
nificant for plant height at flowering, biomass at flowering,
number of branches per plant, biomass at maturity, 100-
seed weight, GY and HI which indicates that interaction of
genotypes with environment was of considerable importance
in determining biomass, HI, yield and yield components.
These results are in agreement with Comstock and Moll
(1963).
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Fig. 1 Temperature (°C) from Feb. 2004 to Nov. 2004. Source: Meteo-
rological observatory, Punjab Agricultural University, Ludhiana (India).
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Biomass accumulation for different sowing dates

Biomass accumulation at flowering and total biomass at
maturity is considered to be important parameters for deter-
mining GY in soybean. All the early selection lines had
higher biomass accumulation at flowering in February sow-
ing than that in other sowings (Table 1) suggesting that
growth rate of early selection lines was maximum in Feb-
ruary whereas main season genotypes had higher biomass
accumulation in June sowing i.e. at their optimum time of
sowing which shows that main season genotypes are adap-
ted to grow better at higher temperature. Higher biomass
accumulation in February for early genotypes was due to
longer vegetative period as flowering in February was de-
layed due to low temperature. In general, main season geno-
types had higher biomass production at flowering as com-
pared to early maturing, photo-thermo insensitive genotypes.
Mean biomass at maturity for early genotypes was
18.95 g in February, 22.15 g in March, 25.41 g in April,
26.05 g in May and 22.75 g in June sowing (Table 1). Main
season genotypes produced biomass of 35.17, 35.33, 36.86,
46.30 and 43.78 g for the five sowings, respectively. Main
season genotypes due to their longer growth period pro-
duced more biomass at maturity than early genotypes. Bio-
mass production was highest in May sowing both for early
and main season genotypes. This may be due to optimum
temperature conditions favouring vegetative growth.
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Table 1 Effect of sowing dates on total biomass accumulated, harvest index and other related plant attributes. Observations were recorded on five randomly taken

competitive plants in each replication.

Genotype Plant height (cm) No. of branches at flowering Biomass at flowering (g) No. of pods/plant

Feb Mar Apr May June Feb Mar Apr May June Feb Mar Apr May June Feb Mar Apr May June
ES 193 158 123 128 203 50 29 38 21 2.7 112 44 59 34 5.1 39.7 318 390 383 499
E6 174 137 123 9.7 183 48 40 35 21 32 87 67 55 21 55 399 539 426 470 503
E7 186 152 109 132 189 6.1 45 32 26 3.6 129 69 37 26 56 514 458 368 331 512
E8 231 183 145 133 203 58 3.1 38 27 33 129 54 59 38 62 476 343 343 366 479
E9 22.1 186 123 155 223 58 36 37 32 47 134 63 59 62 88 456 420 366 373 39.0
E10 197 171 113 135 255 53 33 28 25 3.5 74 42 46 33 70 388 354 317 386 538
Ell 189 159 118 148 207 39 36 33 25 44 66 49 47 48 6.6 436 439 383 344 324
E12 209 159 112 135 178 4.1 36 32 26 26 71 47 43 39 45 332 492 393 425 324
E13 201 169 136 137 194 30 34 46 30 30 51 57 6.1 4.1 45 418 461 393 505 617
E14 187 163 127 147 246 54 34 44 28 39 10.8 6.3 8.3 57 89 491 497 286 378 347
E15 195 148 104 123 185 55 43 42 23 3.5 10.7 53 80 32 59 400 448 440 376 346
El16 166 147 9.8 112 174 45 3.1 24 22 32 49 46 32 29 47 477 304 374 317 479
E17 196 154 132 130 221 50 32 37 26 38 11.6 4.1 43 30 64 419 407 364 448 319
E18 191 165 143 123 224 59 38 36 29 34 80 55 57 52 79 433 491 404 595 544
E19 178 144 123 146 198 54 36 40 38 37 79 6.1 5.1 57 62 377 375 387 354 479
SL295 308 359 287 294 434 83 41 3.5 32 26 142 138 131 131 192 662 761 786 86.6 104.0
SL443 221 257 262 282 341 8.1 58 34 33 35 121 145 128 141 187 638 868 80.1 877 101.6
SL459 28.7 331 318 306 377 78 41 33 37 33 11.7 107 125 123 173 368 619 662 943 1039
Pb.No.1 307 330 265 335 382 87 52 32 35 32 206 161 139 145 222 774 523 903 1093 120.7
E4 250 219 260 295 329 38 30 33 30 22 84 33 98 11.7 167 353 502 446 1023 1033
Early genotypes
Mean 194 160 122 132 206 50 36 36 27 35 9.3 54 54 40 62 428 423 37.6 403 447
Range 16.6- 13.7- 98- 9.7- 174- 3.0- 29- 24- 21- 26- 49- 41- 32- 21- 45 332- 304 286- 31.7- 319-

231 186 145 155 255 6.1 45 46 38 47 134 69 83 62 89 514 539 440 595 617
Main season genotypes
Mean 275 299 278 302 372 73 44 33 3.3 3.0 134 11.7 124 13.1 188 559 655 720 960 106.7
Range 22.1- 21.9- 26.0- 282- 329- 38 3.0- 32- 30- 22- 84- 33- 98- 11.7- 16.7- 353- 502- 44.6- 86.6- 101.6-

308 359 318 335 434 87 58 35 37 35 206 161 139 145 222 774 868 903 1093 120.7
Table 1 (Cont.)
Genotype Total biomass (g) 100-seed weight (g) Grain yield (g) Harvest index (%)

Feb Mar Apr May June Feb Mar Apr May June Feb Mar Apr May June Feb Mar Apr May June
ES 171 192 239 224 239 136 151 120 126 125 85 83 94 94 10.7 500 433 394 421 448
E6 174 260 277 171 229 106 140 128 125 127 87 107 104 6.4 11.1 501 412 37.6 377 484
E7 259 287 266 273 292 136 150 121 124 11.7 125 125 104 105 121 481 435 391 386 414
E8 224 185 254 226 296 154 151 121 123 139 113 87 10.0 85 133 507 469 393 377 448
E9 19.7 243 236 252 197 141 144 128 131 115 109 121 84 94 85 55.6 49.7 355 374 431
E10 174 181 235 31.1 269 154 149 133 130 11.7 92 80 92 11.3 109 528 441 391 363 40.6
Ell 199 181 21.0 203 155 139 148 95 11.8 109 11.1 9.1 82 83 67 555 503 391 408 435
E12 112 322 290 377 174 137 159 134 127 114 6.6 154 103 136 173 585 478 356 361 421
El13 148 252 245 248 275 125 145 101 11.1 102 6.7 113 94 88 122 454 450 383 355 444
El4 238 267 209 286 247 163 167 11.7 135 125 11.1 126 7.1 100 9.7 466 472 340 349 392
E15 207 214 303 267 175 139 137 121 125 123 104 83 114 108 84 503 386 37.7 405 479
El6 209 194 240 206 238 13.0 139 114 124 123 106 88 87 74 99 506 455 361 361 415
E17 207 195 233 223 165 13.6 154 123 115 109 93 100 85 87 69 449 511 365 391 420
E18 176 21.6 276 30.0 275 139 149 114 131 120 83 10,6 105 11.6 127 473 493 379 38,6 462
E19 209 225 301 322 226 160 150 132 123 108 11.7 108 115 127 9.7 561 480 382 395 431
SL295 393 409 376 535 480 109 102 98 100 113 145 164 151 21.5 226 369 40.1 402 403 47.0
SL443 33.0 489 402 41.6 439 95 9.3 92 9.1 109 11.8 200 140 162 20.1 357 409 347 389 459
SL459 257 344 401 434 403 95 76 80 82 88 109 134 154 177 174 425 390 385 407 431
Pb.No.1 53.6 275 395 495 532 87 95 86 80 88 143 114 147 207 239 267 414 372 419 449
E4 242 249 269 435 335 75 76 72 75 76 98 9.7 104 182 157 402 388 385 41.7 470
Early genotypes
Mean 194 228 254 259 230 140 149 120 125 11.8 98 105 96 98 10.0 508 461 37.6 381 435
Range 11.2- 18.1- 209- 17.1- 15.5- 10.6- 13.7- 95- 11.1- 102- 6.6- 80- 7.1- 64- 6.7- 449- 38.6- 340- 349- 39.2-

259 322 303 377 296 163 167 134 135 139 125 154 115 13.6 133 585 51.1 394 421 484
Main season genotypes
Mean 352 353 369 463 438 92 88 85 86 95 123 142 139 189 199 364 400 37.8 40.7 456
Range 24.2- 249- 269- 41.6- 335- 75- 76- 72- 75 76- 98 97- 104- 162- 157- 26.7- 38.8- 347- 389- 43.1-

53.6 489 402 535 532 109 102 98 100 113 145 200 154 215 239 425 414 402 419 470

Grain yield and yield contributing traits as affected
by sowing dates

There was considerable variability in GY across sowing
dates. The effect of sowing date on GY varied with geno-
types. Main season genotypes always produced more grains
than early genotypes because main season genotypes ac-
cumulated sufficient vegetative matter before flowering to
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support more grains per plant. Early maturing genotypes
were extremely early in flowering (30-35 days) which re-
sulted in less biomass accumulation and ultimately low
yield as compared to main season genotypes. Hartwig
(1954) suggested that the vegetative period should be at
least 45 days to optimize seed yields. Highest GY in main
season genotypes was obtained in June sowing (19.94
g/plant) followed by May sowing (18.86 g/plant). The rea-
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son for this is that in May and June sowings number of pods
was higher as compared to other sowings. Early maturing
genotypes being insensitive to photoperiod and temperature
variations in different sowing dates had less variation for
GY that ranged between 9.55 g/plant (April sowing) to
10.48 g/plant (March sowing). These findings were not in
conformation to the results obtained by Kantolic and Slafer
(2007) who found that the sensitivity to photoperiod
remained high during the reproductive period and was
highly and positively coupled with the process of genera-
tion of yield. The exposure to extended photoperiods in-
creased the seed yield per unit area and plants exposed
cycles of extended photoperiods tended to establish more
seeds than those exposed to fewer cycles. Similarly Kumar
et al. (2008) also iterated in their studies that prediction of
growth stages beyond podding was less accurate in soybean
because of difficulties associated with indeterminate nature
of crop. They also reported decrease in GY with delayed
sowing that again uncorroborated our findings. Among
main season genotypes SL 295 and Pb. No. 1 had highest
GY over all sowings whereas among early maturing geno-
types, E7 and E19 had higher yield.

Early genotypes showed higher HI in February and
March sowing whereas main season genotypes had highest
HI in June sowing due to their adaptability to specific envi-
ronmental conditions. HI for early genotypes ranged from
37.57% (April sowing) to 51.59% (February sowing).
Among the main season genotypes highest HI (45.57%)
was recorded in June sowing and lowest value (36.41%)
was in February sowing In February sowing, nine out of 15
early genotypes had HI more than 50% whereas main sea-
son genotypes never showed more than 47% HI.

Like GY, pod production by early genotypes did not
vary much over sowing dates. On an average early geno-
types produced 37.6 pods/plant (March sowing) to 44.7
pods/plant (June sowing). The range for number of pods/
plant was wide for normal season genotypes viz. 33.2 to
77.43 in February, 30.4 to 86.77 in March, 28.57 to 90.33 in
April, 31.7 to 109.33 in May and 31.9 to 120.67 in June
sowing (Table 1). Different genotypes produced varying
number of pods at different sowing dates which may be
attributed to varying degree of flowering period and flower
drop by different genotypes. These results were in confor-
mation to previous findings of Egli ef al. (1985) who re-
vealed that variation in pod and seed number may be more
closely related to variations in crop growth rate than to
variations in the allocation of assimilate between vegetative
and reproductive plant parts. Likewise, Egli (2005) sug-
gested the role of the length of the flowering period that
varied among cultivars, growth habits (indeterminate and
determinate) and environments. The reproductive success of
flowers produced early in the period is usually greater than
those produced later. Lowest number of pods was observed
in February sowing and highest in the month of June.

100-Seed weight was much higher in early genotypes
than main season genotypes in all the sowings. The mean
100-seed weight for early genotypes was 13.98 g in Feb-
ruary, 14.89 g in March, 12.02 g in April, 12.45 g in May
and 11.82 g in June sowing whereas these values for main
season genotypes were 9.22, 8.85, 8.54, 8.55 and 9.49 g in
February, March, April, May and June sowing, respectively.
Reduction in seed weight in main season genotypes as com-
pared to early genotypes suggests the effect of day length
and temperature on grain filling. In early maturing geno-
types grain filling period was exposed to high temperature
and longer photoperiod of May and June. Main season
genotypes being sensitive to photoperiod and temperature
flowered in August irrespective of sowing date, thus, grain
filling period in these genotypes fall in comparatively low
temperature of September and October. Previous studies
(Zheng et al. 2009) showed that elevated mean daily tem-
perature during seed filling period had a discernible positive
impact on grain filling in soybean. Their results also indi-
cated that 22% variation in year to year yield changes
(1987-2007) could be explained by average maximum tem-
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Table 2 Estimates of t-values of different traits with respect to grain

yield.

Character t-value
Plant height 1.37
No. of branches at flowering 0.72
Biomass at flowering 1.16
No. of pods/plant 0.03
Total biomass 12.64*
100-seed weight 0.07
Harvest index 4.42*

* Different letters within a column indicate significant differences according to
the #-test (P = 0.05). Observations were recorded on five randomly taken com-
petitive plants in each replication

perature warming during seed filling period in soybean.

All the genotypes showed maximum plant height in
June sowing because high temperature and longer day
length prevailed during early plant growth in June sowing.
Camara et al. (1995) reported that long photoperiod and/or
high temperature resulted in taller soybean plants. Gene-
rally plants of photosensitive genotypes were taller than
photo-insensitive genotypes in all the sowings. Branching at
flowering was maximum in February sowing and minimum
in May sowing. This was due to the fact that in February
sowing, all the genotypes remained in vegetative phase for
longer period. Decline in branching after February sowing
in early as well as main season genotypes suggests that low
environmental temperature and shorter day length favours
branching, which was in coincidence with the previous re-
sults obtained from the experiments of Kantolic and Slafer
(2001) who reported that all the cultivars sown on 12" Feb-
ruary showed increased branching but did not support any
decline in branching as no sowing was attempted after Feb-
ruary. They also reported an increase in branch number
below the node where the first open flower was recorded
validating our results that branch number was influenced
more by pre- than post-flowering conditions. Han et al.
(2006) investigated the post-flowering photoperiod effects
on both vegetative growth and reproductive development
and found that number of branches per plant were higher in
long day condition over short day condition, in contrast to
our results.

Components contributing to grain yield

Multiple regression analysis was performed on the raw data
(Table 2). All the yield contributing traits viz. plant height,
biomass, number of branches, number of pods/plant, 100-
seed weight, biomass at maturity and HI are independently
related to yield with total biomass and HI having significant
and positive relationship with GY. The significant #-values
for biomass (12.64) and HI (4.42) showed that these are the
important determinants of GY. Also high values for regres-
sion coefficients for biomass at maturity (0.39) and HI
(0.19) support our results. Path coefficient analysis of soy-
bean yield and yield components showed that HI and plant
dry matter were the most important yield-determining traits
(Shukla et al. 1998). Results from multiple regression ana-
lysis are in agreement with the significant correlations ob-
served for seed yield with biomass and HI. Rao et al. (2002)
evaluated 12 soybean genotypes, including three from
Japan, for their agronomic performance, genotype x envi-
ronment (GE) interactions, and yield stability at four loca-
tions in the USA from 1994 to 1997. Genotypic differences
for the traits like seed yield, biomass, HI, and 100-seed dry
weight were examined and found to be significant. The
genotype effects were significantly larger than the location
x year effects for plant height, seed weight, and HI, but not
for biomass or GY. Biomass and HI were important deter-
minants of seed yield. They also observed a positive cor-
relation of seed yield with biomass production and HI, thus
testifying our results.
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CONCLUSION

The present study showed that both genotypes and sowing
dates had significant effects on biomass accumulation, seed
yield, yield components and HI in soybean. From multiple
regression analysis, it can be concluded that total biomass
and HI had a significant effect on GY. Thus, GY can be
improved by increasing biomass production and or increa-
sing HI. Study also indicated that main season genotypes
had higher biomass resulting in more GY as compared to
early maturing genotypes. On the other hand early maturing
genotypes recorded higher HI but low biomass than main
season genotypes particularly in February and March sow-
ing. Further, for the main season genotypes yield could be
increased by increasing HI because already they have suf-
ficient biomass. Morrison et al. (1999) found that there was
no significant change in biomass produced by old and new
cultivars but HI increased linearly by 0.47% per year. How-
ever, for early maturing genotypes GY can be increased by
increasing biomass production because they have less bio-
mass production to support higher yield. It also demons-
trated the possibility of growing soybean during spring/
summer.
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