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ABSTRACT

An experiment was conducted during the rainy season (kharify of 1993 and
1994 to study the effect of irrigation regimes and nitrogen on yield and guality of
soybean [Glycine max (L.) Merr.]. The treatments comprised 5 irrigation regimes
[irrigation at 0.4, 0.6 and 0.8 irrigation water : cumulative pan evaporation (IW.:
CPE) ratio and crop growth stages along with control] in 1993 and 4 irrigation
regimes (irrigation at 0.6, 0.8 IW : CPE and crop growth stages along with
control) in 1994 and 4 nitrogen levels (20, 40, 60 and 80 kg N/ha). The seed,
stover, oil and protein yields of soybean were significantly higher under 0.8 IW :
CPE ratio. The maximum oil and protein contents in soybean seeds were
recorded when the crop was irrigated at 0.8 IW : CPE ratio, while minimum in
the control (rainfed). The N and P uptake in seed and stover and the total
uptake were maximum under 0.8 IW : CPE ratio. However, the chlorophyll
content of leaves was gradually decreased with increase in irrigation regimes. .
Application of nitrogen up to 60 kg/ha increased seed, stover, oil and protein
yields of soybean. However, the oil content of seeds was maximum when the
crop was fertilized with 20 kg N/ha, and it decreased at 60 kg N/ha. Conversely
the protein content of the seeds was increased. with increasing levels of N up to
60 kg N/ha. The N and P uptake both by seed and stover and total uptake
significantly increased with the increase in N up to 60 kg/ha. The chlorophyil

- content of leaves was four)d maximum at 80 kg N/ha when estimated at 60 days
after sowing.
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Soyi)ean seed being very rich in protein  development which is not meet fully by the
(42%) and oil (21%), requires large plant through symbiosis. As such its
amount nitrogen for its growth and nitrogen requirement is high (Tanaka,
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1986). Application of nitrogen increases the
yield, protein content and nutrients uptake
by soybean crop (Hasnabade et al., 1990;
Naidu-- and Pillai, 1991). Since an
information pertaining to the effect of
irrigation regimes and nitrogen on the
yield, quality and nutrient uptake of
soybean is meagre, especially in Rajasthan,
 the present investigation was carried out on
these aspects.

MATERlALS AND METHODS

A field experiment was conducted.

during the rainy season of 1993 and 1994
at the research farm, Rajasthan College of
Agriculture, Udaipur. The soil of the
experimental site was clay loam in texture,
medium in total mtrogen (0.07%), available
P,O, (17.0 kg/ha) and high in available

Kzo (296.30 kg/ha), with pH 8.28. It was -

moderate in moisture-retention capacity.
The experiment was laid out in split-plot
design where 5
(irrigation at 0.4, 0.6 and 0.8 IW : CPE
ratio and crop growth stages along with
control) in 1993 and 4 irrigation regimes
(irrigation at 0.6, 0.8 IW : CPE ratio, crop
- growth stages and control) in 1994 formed

the main plot and 4 nitrogen levels
(20,40,60 and 80 kg N/ha) were alloted to

subplot treatments with 4 replications. The
IW : CPE ratios were maintained by
scheduling irrigation at cumulative pan
evaporation values of 150, 100 and 75 mm
‘respectively, keeping depth of irrigation
water TW) as 60 mm. The effective rainfall
was estimated.
Irrigation at crop growth stages

"(branching, flowering, ped filling and ]

doughS) was applied whenever moisture

irrigation regimes .
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stress was noticed. Required amount of

water (treatment-wise), measured through

constant head flow method, was applied at
each irrigation, keeping irrigation
efficiency 80%. The total rainy days were

19 and 38 in 1993 and 1994 respectively.

Total amount of rainfall received during
crop-growth period of 1993 and 1994 were
443.7 mm and 668.6 mm respectively. A

uniform basal dose of 50 kg P,0 /ha and

the nitrogen (as per treatment) was applied
in furrows before sowing. Soybean
‘Gaurav' @ 80 kg seed/ha was sown in rows

30 cm apart on 4 July and 28 June during

1993 and 1994 respectively. During 1993,

number of irrigations applied in different .

moisture regimes, i.e. 0.4, 0.6 and 0.8 TW :
CPE ratios and during crop growth stages
were 2, 3, 4 and 4 respectively, whereas
during 1994 number of irrigations at 0.6
and 0.8 W : CPE ratios and crop growth
stages were, 1,2 and 2 respectlvely

RESULTS AND DISCUSSION

Irrigation regimes

Trrigation regimes had mgmﬁcant effect
on seed and stover yields of soybean (Table
1). Irrigation applied at IW : CPE ratio and
at crop growth stages gave significantly
higher seed and stover yields over the
rainfed treatment. The highest seed yield
was recorded at 0.8 IW : CPE ratio which
was significantly superior to irrigation at
0.4 IW : CPE ratio in 1993 and 0.6 IW :
CPE ratio in 1994. However, the former
remained at par with irrigations given at
crop-growth stages. Irrigation at an IW :
CPE ratio of 0.8 and at crop-growth stages
increased the seed yield by 47.80 and
39.90%, respectively, over the rainfed
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Table 1. Effect of ungatlon regime and mtrogen on chlorophyll content, seed and stover yields of soybean

Treatment Chlorophyll . Seedyleld . Stover yield
content (mg/g)* (g/ha) (g/ha)
1993 1994 1993 1994 = ' 1993 1994
Irrigation regime » ) ' o
Noirrigation 1.62 - 144 11:86 1545 -, 2231 40.25
0.4IW : CPE 162 - 17.69 - , " 31.82
0.6IW : CPE 1.60 1.45 18.05 1712 3638 43.76
0.8TW : CPE 1.52 1.42 19.80 . 20.58 139.58 47.12
Growth stages © 150 1.41 18.11 20.10 39.47. 46.69
CD (P=0.05) 0.097 NS 210 1.92 498 4.67
N (kg/ha) ;o
20 1.39 1.31 14.92 1683 - 3180 4154
40 1.57 1.38 1646 18.27 3368 . 4430
60 165 1.49 18.71 1968 3534 46.95
80 : 1.68 154 1832 18.47 3483 4543
CD (P =005 0071 0.063 .

1.43 139 - 261 -~ 370

*Recorded at 60 days after sowing *

treatment. The results confirm the finding
of Martin et al. (1994).

Variation in irrigation regime caused
significant effect on N and P uptake by
crop (seed, stover and total) (Table 2).
Irrigating the crop at an 0.8 W : CPE ratio
and or at crop-growth stages proved
statistically identical and both these regimes
recorded significantly higher N and P
uptake in seed and stover and total over the

‘rainfed control. Further, both- these

irrigation treatments significantly increased
N and P uptake by seed and stover

irrigation at 0.4 TW : CPE during 1993 and

over 0.6 IW : CPE during 1994, except N
uptake in stover during 1994. The
niaximum uptake of N and P was recorded

at irrigation regime of 0.8 IW : CPE

during 1993 and 1994 respectively. This

~~was mainly’ because of the higher seed and

stover yields under this treatment:(Table 1).
Hasnabade ef al. (1990) and Rajput et al.
(1991) also reported .increased uptake of
these elements, with better m01sture supply
in soybean crop.

Trrigation regimes had s1gmficant effect
on protein content of soybean seeds, while
oil content was influenced during the first
year only (Table 3). Soybean seed under
irrigation regime of 0.8 IW. : CPE
possessed maximum mean oil content and
protein content, followed by irrigation at
crop-growth stages. The increase in oil and
protein content under higher irrigation
regimes was probably due to adequate
moisture ‘supply for growth and
development of crop which induced greater
metabolic activities during reproductive
stage of crop. Rajput et al. (1991) also
observed higher oil content of soybean



Table 2. Effect of irrigation regime and nitrogen on N and P uptake by soybean

. Treatment

- P(kg/a) .

' N (kg/ha) ,
1993 ' 1994 11993 1994
"Seed  Stover Total Seed ' Stover Total * Seed .Stover Total. Seed Stover Total -
Irrigation regime ' . oo ’ . : o . . ‘
Noimigation 6477 1608 8085  90.13 3773 12786 611 . 160 771 849 336 1185
0.4IW:CPE 10232 2748 129.80 979 241 1220 |
06IW:CPE 107.66 3508 14274 10279 4270 14549 1012 287 1299 951 - 420 ‘1371
08IW:CPE 12028 40.17 16045 12961 4796 = 17757 1154 338 . 1492 1216 523 1739
Growthstages 109.47 3927 14874 129.13 ‘4705 -173.18. 1043 335 1378. 1177 522 ° 1699
CD(P=005) 1409 543 2050 1511 694 2302 1303 0444 1946 1342 0717 226
N (kg/ha) | - o | |
20 8205 2743 10948 9738 3822 13560 782 233 1015 .7 907 358 1265
40 R 9623 - 3091 127.14 = 11063 4307 15370  9.06 266 1172  1037. 435 1472
60 11255 3413 14668 12290 4742 - 17032 1076 294 /'»1:‘;.70 1148 507 1655
80 11277 3399 14676 11775 4633 16458 1075 296" 1371 1101. 50 1602
CD(P=0.05) 1044 343 1286 1591 0871 0277 1063 053 7 169 :

11.59

534

1.246
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seeds under adequate soil moisture supply.

The oil and protein yields obtainéd under
irrigation regime 0.8 IW : CPE remained
at par with irrigation at crop-growth stages

'(Table 3). However, these treatments gave
significantly higher oil and protein yields

than the rainfed control. The irrigation at
0.8 IW : CPE ratio gave significantly

_ higher oil yield over irrigation at 0.4 IW .

CPE during 1993 and 0.6 TW : CPE during
1994. The higher oil and protein yields

could be attributed mainly to increased seed -

yield (Table 1) and their content at cellular
level (Table 3) with increasing irrigation

~ regimes. The present findings are also in

close conformity with the findings of
Hasnabade ez al. (1990) and Rajput ez al.
(1991). -

‘Nitrogen-

_Application of N had significémt effect
on the seed and stover yields (Table 1).

The seed yield increased s¥gnificantly with
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increasing N level up to 60 kg/ha.:Fhe-
mean seed yield recorded with 60 kg N/ha
was-10.54 and 20.91% higher than that
recorded ‘with 40 and 20 kg N/ha
respectively. The increase’in seed yield by

N application was mostly owing to the

beneficial effect of N° nutrition in
exploiting inherent potential of the crop.

.Similar results were also reported .by
-Hasnabade et al. (1990) and Naidu and

Pillai (1991).
Increasing levels of N from 20 to 60 kg/
ha significantly increased N and P uptake

by seed, stover and total uptake (Table 2).

Further increase in N level to 80 kg/ha
showed inconsistency in this respect. The
maxir—~ N uptake by seed in 1993 and P
uptake by stover during 1994 were recorded
at 80 kg N/ha. The increased uptake .of
nutrients with increased N levels seems to -
be the resultant of higher seed and stover

yields of soybean (Table 1). The results .

Table 3. Effect of irrigation regime and nitrogen on oil and prqtéin yields of soybean

- CD (P=0.05)

Treatment Content (%) Yield (kg/ha)
' o oil . Protein . oil : Protein
1993 1994 1993 1994 1993 - 1994 1993 1994
Irrigation regime i . , -
Noimigation - 17.93 19.60 34.21 36.50 211.60 302.82 405.13 563.22
04IW:CPE- 1893 36.18 i 333.90 - 63942 : B
06IW:CPE 1932 1980 . 37.29 37.55 347.64 338.78 672.41 642.16
0.8 IW:CPE - 19.95 20.15 37.86 - 39.41 393.60 414.00 748.02 810.25
Growth stages 19.73 20.02 37.79 39.26 356.30. = .402.40 683.87 789.42
CD (P=0.05) 0.796 NS 1.661 1.870 49.57 54.46 77_.14 84.10
N (kg/ha) . - ,
20 19.65 20.43 34.16 36.12 294.35 344.34 510.22 - 60840
40 19.19 20.06 3649 37.83  317.00 . 367.00 601.31  691.85
60 19.05 19.71 37.59 39.01 357.50 388.40 703.80 . 768.43
80 18.80 19.37 3842 3976 345.50 358.26 704.35 735.37
0.660 0.825 -~ 1354 32.98 59.84 69.08

1.606  35.00

l
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confirm the findings of Reddy et al (1990).

Protein content of seeds increased signif-
icantly with the increase in N levels from
20 to 80 kg/ha, while the reverse trend was
noticed for oil content (Table 3). The mean
maximum oil and protein contept was
found at 20 and 80 kg N/ha respectively.
The oil and protein yields were significant-
ly increased with increasing N levels up to

60 kg/ha during both the years. The maxi-.

mum oil and protein yields were recorded
under 60 kg N/ha. Further increase in N
level from 60 to 80 kg/ha had adverse ef-
fect on oil yield during both the years and
protein yield during 1994. Despite inverse
relationship between oil content at increas-
ing N levels, increase in oil yield can-be
explained by proportionately greater in-
crease.in seed yield up to 60 kg N/ha. In-
creased oil yield with N application up to
60 N/ha was also reported by Kalia et al.
(1984). Increase in protein yield was due to
significant increase in protein content in
seed (Table 3) and seed yield (Table 1) with
increasing N levels up to 60 kg N/ha. The
chlorophyll content of leaves was gradual-
ly increased with increase in N levels from
20 to 80 kg/ha; however, the difference was
found significant only between 20 and 60
kg N/ha.
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