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Abstract

Field experiments were conducted at Main Agricultural Research Station, University of Agricultural
Sciences, Dharwad (Karnataka) on vertisol to assess the effect of nutrient management in soybean-wheat
sequence cropping under rainfed situation in transition zone of Karnataka during kharif and rabi seasons
of 2019-20 and 2020-21. The experiment was replicated thrice in split plot design. Main plot treatments
comprise nutrient management practices to soybean in kharif season viz., Absolute control, 100 per cent
N + 75 per cent P20s and K20, 100 per cent N, P2Os and K20 and 100 per cent N + 125 per cent P20s and
K20. Sub plot treatments comprise nutrient management practices to wheat in rabi season viz., Absolute
control, 50 per cent N and P20s, 75 per cent N and P20s and 100 per cent N and P20s. In kharif,
significantly higher N, P and K uptake was recorded with application of 100 per cent N + 125 per cent
P20s and K20 (139.78, 17.55 and 113.26 kg ha'l, respectively) in soybean. In rabi, application of 100 per
cent N and P2Os to wheat recorded significantly higher N (111.40 kg ha't), P (30.26kg ha*) and K uptake
(117.70 kg ha?). Interaction effect of application of 100 per cent N + 125 per cent P20s and K20 to
soybean followed by 100 per cent N and P20s to wheat recorded significantly higher N, P and K uptake
(116.87, 32.68 and 117.70 kg ha, respectively) in soybean found promising with respect to uptake of
major nutrients by soybean and wheat in soybean-wheat cropping sequence in transition zone of
Karnataka under rainfed situation.
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Introduction

Agriculture sector is vital for the food and nutritional security of India (Kadiyala et al., 2014).
The sector remains the principal source of livelihood for more than 58 per cent of the
population through its contribution (19.90%) to the national gross domestic product (Anon.,
2021). Cropping system-based approach to agro-technology development has gained
momentum during the past decade after realization of higher productivity. In which selection
of crops in sequence is also a key component in the nutrient management strategies. In recent
times, soybean-wheat cropping sequence has emerged as a predominant cropping system under
rainfed situations. The farmers prefer soybean as a cash crop followed by wheat as a food
grain crop (Chandel et al., 2014). The goal of nutrient management in cropping system is to
maximize crop productivity with environmental sustainability. The conventional nutrient
management is based on the nutrient requirement of individual crops ignoring the carry over
effect of organic manures and inorganic fertilizers applied to the preceding crops in kharif
season. Due to intensive cultivation of crops with unscientific nutrient management practices,
the productivity of soil is declining and it is high time for reconsidering the nutrient
management practices for individual crops and their interactions in cropping sequence.
Further, soybean is a crop which forms root nodules and fix atmospheric nitrogen which would
be utilized by the crop in sequence.

Soybean is cultivated as rainy season crop in India on 12.09 million ha, producing 11.22
million tonnes with average productivity of 928 kg ha’. In Karnataka, it is grown over an area
of 0.32 million ha with total production 0.36 million tonnes with average productivity of 1137
kg hal (Anon., 2020). In India, wheat is the second most important cereal crop after rice,
grown on an area of 31.45 million ha with production of 107.59 million tonnes with
productivity of 3421 kg ha'.
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In Karnataka area and production of wheat is 1.67 million ha
and 1.79 million tonnes with productivity of 1078 kg ha
which is less than national average (Anon., 2020). Hence, in
order to increase the productivity of soybean and wheat in
transitional zone of Karnataka under assured rainfall situation
the experiments were planned and executed. As transitional
track of Dharwad is blessed with two peaks of rainfall (141.1
mm in June and 101.0 mm in October months). Keeping these
points in view the present study was conducted in vertisols of
Dharwad under rainfall conditions.

Material and Methods

Field experiments were conducted to study the effect of
nutrient management in soybean-wheat sequence cropping
system under rainfed situation during kharif and rabi seasons
of 2019-20 and 2020-21 at Main Agricultural Research
Station, University of Agricultural Sciences, Dharwad
(Karnataka). The geographical co-ordinates of Dharwad are
15926 N latitude and 75 ° 7% E longitude with an altitude of
678 m above mean sea level (MSL). Dharwad comes under
Northern Transition Zone (Zone-8) of Karnataka which lies
between the Western Hilly Zone (Zoe-9) and Northern Dry
Zone (Zone-3). The soil of experimental site was black clay
(vertisol). The texture of soil was clay having organic carbon
0.55 per cent, pH 7.68, EC 0.19 dS m, available nitrogen
250.50 kg ha' (low), available phosphorus 35.40 kg ha*
(medium) and available potassium 320.50 kg ha' (medium).
The experiment was replicated thrice in split plot design.
Main plot treatments comprise nutrient management practices
to soybean in kharif season viz., M;: Absolute control, M;:
100 per cent N + 75 per cent P20s and KO, Ms: 100 per cent
N, P2Osand K0 and My: 100 per cent N + 125 per cent P,Os
and K;0. Sub plot treatments comprise nutrient management
practices to wheat in rabi season viz., Si: Absolute control, S;:
50 per cent N and P,0s, Ss: 75 per cent N and P,Os and Sa:
100 per cent N and P20s.

Soybean crop (cv. DSb-23) was sown at spacing of 30 cm x
15 cm with recommended fertilizer dose of 40: 80: 25 kg N,
P,Os and K,O hal. Wheat (cv. UAS-375) was sown at
spacing of 22.5 cm row spacing with recommended fertilizer
dose of 50: 25: 00 kg N, P,0s and K;O ha.

A known weight of powdered plant samples was treated with
concentrated nitric acid and kept overnight for pre digestion.
Next day, the pre-digested samples were treated with di acid
mixture (HNO3:HCIO, at 9:4 ratio) and digested on a sand
bath at low temperature till colourless white residue was
obtained. The residue was dissolved in 6 N HCI and filtered
and made to known volume. After digestion, total nitrogen,
phosphorus and potash were estimated by Micro Kjeldahl
method suggested Tandon (1998) ', The following analysis
was carried out in the di-acid digest. Nitrogen, phosphorus
and potash nutrient uptake (kg ha™) was worked out using the
formula

(kg hal)= Nutrient concentration (%) * Total biomass (kg ha'l)

Nutrient uptake
100

The data was subjected to the statistical analysis (Gomez and
Gomez (1984).

Results and discussion

Nitrogen uptake by the soybean (kg ha)

Application of 100 per cent N + 125 per cent P,Os and KO to
soybean recorded significantly higher N uptake (139.78 kg ha-
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1) and found at par with 100 per cent N, P,Os and KO
(135.87 kg hal). Significantly lower N uptake was recorded at
absolute control (90.62 kg ha?). Similar trend was also
noticed for individual years. Non significant effect of nutrient
management practices to wheat during rabi season was
noticed on N uptake by the soybean. Similar trend was also
noticed for individual years. The N uptake differed
significantly with interaction effect of nutrient management
practices to soybean and wheat. Application of 100 per cent N
+ 125 per cent P20s and KO to soybean followed by 100 per
cent N and P.Os to wheat recorded significantly higher N
uptake (142.07 kg ha*) (Thakur et al. 2009) [*21,

Phosphorus uptake by the soybean (kg ha?)

Application of 100 per cent N + 125 per cent P,Os and KO
(M) to soybean recorded significantly higher P uptake (17.55
kg ha') and found at par with 100 per cent N, P.Os and K;O
(16.67 kg ha't). Significantly lower P uptake was recorded at
absolute control (10.56 kg ha?). Similar trend was also
noticed for individual years. The effect of nutrient
management practices to wheat during rabi season was found
non significant on phosphorus uptake by the soybean. Similar
trend was also noticed for individual years. The P uptake
differed significantly with interaction effect of nutrient
management practices to soybean in kharif and wheat in in
rabi. Application of 100 per cent N + 125 per cent P,Os and
K20 to soybean followed by 100 per cent N, P,Os and KO to
wheat recorded significantly higher P uptake (18.53 kg hal).
The results were in conformity with the findings of Mere et
al. (2013) I), who reported that higher nutrient status is due to
inclusion of major nutrients in adequate amount through
fertilizers and crop residues added by crops involved in
sequence cropping systems.

Potassium uptake by the soybean (kg ha?)

Application of 100 per cent N + 125 per cent P.Os and KO to
soybean recorded significantly higher K uptake (113.26 kg ha
1 and found at par with 100 per cent N, P,Os and KO
(109.64 kg ha1). Significantly lower K uptake was recorded at
absolute control (87.80 kg ha?). Similar trend was also
noticed for individual years. The effect of nutrient
management practices to wheat during rabi season was non
significant on potassium uptake by the soybean. Similar trend
was also noticed for individual years. The K uptake differed
significantly with interaction effect of nutrient management
practices to soybean and wheat. Application of 100 per cent N
+ 125 per cent P,0s and KO to soybean followed by 100 per
cent N and P,Os to wheat recorded significantly higher K
uptake (116.67 kg ha'l).

The higher uptake of nutrients was associated with better
metabolic activities of plant with concentration and
distribution of ions in the external medium. The results were
in line with the findings of Kumawat et al. (2000) € and
Surve et al. (2019) [*91, who indicated that the effects could be
attributed to increased nutrient content in soil followed by
increased nutrient uptake by plants due to the greater
availability of the nutrients. This effect was mainly attributed
by increased growth components followed by higher
photosynthetic rate and its assimilation in sink as quoted by
Paliwal et al. (2011) ®1.

Nitrogen uptake of wheat (kg hat)
Application of 100 per cent N + 125 per cent P,0Os and K0 to
soybean recorded significantly higher N uptake (106.48 kg ha-
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1). Significantly lowest N uptake was recorded at absolute
control (96.43 kg ha). Similar trend was also noticed for
individual years. N uptake by the wheat differed significantly
with nutrient management practices to wheat during rabi.
Application of 100 per cent N and P,Os to wheat recorded
significantly higher N uptake (111.40 kg ha™). Significantly
lowest N uptake was recorded at absolute control (84.00 kg
ha) Similar trend was also noticed for individual years The
N uptake differed significantly with interaction effect of
nutrient management practices to soybean and wheat.
Application of 100 per cent N + 125 per cent P,O5 and K0 to
soybean followed by 100 per cent N and P,Os to wheat
(M4S4) recorded significantly higher N uptake (116.87 kg ha
). Similar results were reported by Anil Kumar et al. (2015)
(351 and Hanumanth Singh et al. (2020) . With respect to
nutrient flux of soil media, nutrient level would be balanced
between its applications during previous season and get
mineralized to succeeding crop uptake. Wheat in this
cropping sequence nutritionally benefited with positive
impact.

Phosphorus uptake of wheat (kg hat)

Application of 100 per cent N + 125 per cent P,O5 and K;0 to
soybean recorded significantly higher P uptake (28.74kg ha?)
compared to absolute control (20.01kg ha?). Similar trend
was also noticed for individual years. P uptake by the wheat
differed significantly with nutrient management practices to
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wheat during rabi. Application of 100 per cent N and P,0Os to
wheat recorded significantly higher P uptake (30.26kg ha).
Significantly lowest P uptake was recorded at absolute control
(16.76kg ha?). Similar trend was also noticed for individual
years.

The P uptake differed significantly with interaction effect of
nutrient management practices to soybean and wheat.
Application of 100 per cent N + 125 per cent P,Os and KO to
soybean followed by 100 per cent N and P,Os to wheat
recorded significantly higher P uptake (32.68 kg ha™)

Potassium uptake of wheat (kg ha®)

Application of 100 per cent N + 125 per cent P,Os and K,0O to
soybean recorded significantly higher K uptake (110.08kg ha
1y compared to absolute control (97.21kg hal). Similar trend
was also noticed for individual years. Potassium uptake by the
wheat differed significantly with nutrient management
practices to wheat during rabi. Application of 100 per cent N
and P,Os to wheat recorded significantly higher K uptake
(112.99kg ha*) compared to absolute control (88.68kg ha™).
Similar trend was also noticed for individual years. The
Potassium uptake differed significantly with interaction effect
of nutrient management practices to soybean and wheat.
Application of 100 per cent N + 125 per cent P,0s and K;0O to
soybean followed by 100 per cent N and P,Os to wheat)
recorded significantly higher Potassium uptake (117.70 kg ha’

Y,

Table 1: Major nutrient uptake of soybean in soybean-wheat sequence cropping as influenced by nutrient management practices

Major nutrient uptake (kg/ha
Treatment Nitrogen Phosphorus Potassium
2019 | 2020 | Pooled | 2019 | 2020 [ Pooled | 2019 | 2020 [ Pooled
Nutrient management practices to soybean (M)
My Absolute control 90:02° 9122° 90:62° 9:66° 1145° | 1056° 87:25° 88:34° 87:80°
M2 100% N + 75% P»0Osand K20 12261° | 13267% | 12764° | 1386° | 1590° | 1488° 10218° | 10746* | 10482°
Ms 100% N and P,0sand K20 12998% | 14176° | 13587 | 1568* | 1766° | 1667% | 10742® | 11187% | 10964®
My 100% N + 125% P»>0Os and K20 136282 143282 139782 16:68* 18422 17552 111-362 115172 113262
S.Em. + 331 301 251 038 039 030 177 221 146
Nutrient management practices to wheat (S)
S1 Absolute control 11598 | 12408* | 12003 | 1345* | 1510* | 1428 99742 102:34* | 101042
Sz 50% N and P.Os 11805* | 12608* | 12207* | 1355* | 1571* | 1463 10078* | 10442* | 10260*
Ss 75% N and P20s 12207* | 12835° | 12521* | 1428* | 1612% | 1520* 10309*° | 107-07* | 105082
S4 100% N and P20s 122:78* | 13040* | 12659* | 1461* | 1650*° | 1556° 10458* | 109-01° | 106:80*
S.Em. + 337 243 247 034 041 032 150 206 126
Interaction (M x S)
MiS: 8243° 8913° 8578° 873 1107¢ 9:90¢ 82979 83:80° 8338°
MiS; 88:03° 8627° 87:15° 9:20° 11209 | 1020° 8480 8517° 8498°
M1S3 9310° 92:90° 93:00° 1000° | 1157¢ | 1078¢ 8857 89:80° 8918%
M1Sq 9650° 96:57¢ 96:53° 1071° | 11979 | 11349 9267¢ 9460 93-63¢
M2S: 12073% | 12923° | 12498° | 1357 | 1547° | 1452 | 10083%° | 10653* | 10368°
MzS; 11873 | 13230% | 12552° | 1305% | 1567° | 1436 9970% | 10713%® | 10342°
M2S3 12493 | 13363 | 12928° | 1430° | 1613% | 1522%f | 10390°¢ | 10807% | 10598
M2S4 12603* | 13550%° | 13077° | 1450° | 1633 | 1542°f | 10427* | 10810° | 10618
M3S1 12610° | 14027% | 13318% | 1543*¢ | 1717*° | 1630°f | 10567*¢ | 110072 10787
MsS; 12900° | 142:10% | 13555%® | 1563* | 17:33*° | 1648*° | 10827*¢ | 11023* | 10925*°
MsSs 133472 | 14200% | 137:73® | 1597* | 17.97>° | 1697*¢ | 10860*¢ | 11290* | 11075*°
M3Ss 13133 | 14267 | 137:00® | 1570*¢ | 1817>° | 1693*¢ | 10713*¢ | 11427* | 11070*°
MaS: 13463 | 13770% | 13617® | 1607* | 1670 | 1638*¢ | 10950*¢ | 10897% | 10923*°
M3S; 13643% | 14367% | 14005 | 1630 | 1863% | 1747*° | 11037*° | 11513 112:75®
M3Ss3 136772 | 14487® | 14082® | 1683% | 1880% | 1782% | 11130% 117502 11440
MsSs 137272 146872 142072 17532 19532 18532 114272 119072 116672
S.Em. £ 674 486 494 067 082 063 300 412 251

Means followed by the same letters (s) within a column do not differ significantly by DMRT (P= 0.05)
Soybean: 100% NPK- 40, 80 and 25 kg N, P20s and K20 ha!
Mz, M3 and M received 6 t hatFYM + 12 kg ZnSO4 ha'+ 20 kg sulphur ha! as soil application+ 1.25 kg Rhizobium + 1.25 kg PSB ha! as seed

treatment
Wheat: 100% NP- 50 and 25 kg N and P20s ha!

S2, Sz and Ss received 6 t hat FYM as soil application
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Table 2: Major nutrient uptake of wheat in soybean-wheat sequence cropping as influenced by nutrient management practices

Uptake of major nutrients

Treatments Nitrogen (kg/ha)

Phosphorus (kg/ha) Potassium (kg/ha)

2019 | 2020 | Pooled

2019 | 2020 | Pooled | 2019 | 2020 | Pooled

Nutrient management practices to soybean (M)

M1 Absolute control 95-42°¢ 97:45° 9643 | 1969° | 2033 | 2001° 95-83¢ 98:59° 97:21°
M2 100% N + 75% P20s and K20 9865 | 10287 | 10276% | 2308% | 2668* | 2488* | 9860 | 11002* | 107317
Ms 100% N and P2Os and K20 102:10% | 10501% | 10355® | 25372 | 2838* | 26:88% | 10201* | 11020*° | 108107
My 100% N + 125% P.0s and K20 10406° | 10889% | 10648% | 27:02% | 3046% | 2874% | 10442* | 11573* | 11008?
S.Em.t+ 138 205 146 121 167 132 155 279 095

Nutrient management practices to wheat (S)

S1 Absolute control 83-89° 8410° 8400° | 1626° | 1726° | 1676° 86-65° 90-72¢ 88-68°
S2 50% N and P20s 10013 | 10711% | 10362° | 2298° | 27:27° | 2512° 99-56° 11153 | 10555°
Ss 75% N and P20s 10598% | 11045* | 10821% | 26:84% | 2089 | 2837 | 10629 | 11467* | 11048
S4 100% N and P20s 11023* | 112:56% | 11140* | 2908 | 3144% | 3026 | 10836° | 11763* | 112992
S.Em.x 160 208 137 166 132 100 166 2:45 128

Interaction (M x S)

Mi1S1 76201 7713¢ 7667" 727° T777¢ 752 7367f 75539 74:60"

M:1S2 9670%f | 102770 | 9973¢ |2133® | 2240% | 21-87°¢ | 9840°¢ | 102:37¢¢ | 100-38°f
Mi1S3 99-53%¢ | 10373° | 10163« | 22.03% | 235304 | 22.78%¢ | 10423*° | 10437°f | 104-30%f
Mi1Ss 10923*° | 106:17% | 107709 | 2813? | 27639 | 27:88%° | 107:03% | 112:10%¢ | 109574
M2S1 83:63" 87-27¢ 8545¢ | 1487 | 19639 | 17-25° 85-90¢ 97:57¢f 91739

M2S2 9537%9 | 10613® | 10075 | 2113% | 26:63%¢ | 23:88>¢ | 9567°¢ | 11167*° | 103674
M2Ss 10553*¢ | 108:80%® | 107-17°¢ | 26672 | 2997 | 28:32%¢ | 10523*¢ | 114-30*¢ | 109-77%¢
M2Ss 11007%° | 10927® | 10967 | 2963 | 3050*¢ | 3007% | 107:60%®° | 11653*d | 112:07%¢
MsS1 8937 | 8343° 86:40° |2177%| 19239 | 2050% | 9517 | 88577 91879

MsS2 103672 | 107-70% | 10568%¢ | 2410% | 2873*¢ | 264234 | 1013709 | 11370%¢ | 107:53"¢
MsSs 108:37%¢ | 11320 | 11078% | 27972 | 32407 | 3018% | 106-30*¢ | 11847%¢ | 112:38*¢
MsS4 107:00%¢ | 11570% | 111:35® | 2763* | 3317% | 3040® | 10520*¢ | 12007% | 112:63*¢
MaS1 86-379" 8857° 87:47¢ | 2113 | 22:40% | 2177%¢ | 9187% | 10120%f | 9653

MaS2 10477%¢ | 11183® | 108:30%¢ | 25:33% | 31:30%° | 28:32%° | 102:80*° | 11840*° | 110:60%¢
MaSs 11047% | 11607% | 11327% | 30707 | 33672 | 3218 | 10940% | 12153 | 11547%
MaSs 11463* | 11910% | 11687 | 30-90* | 3447% | 3268 | 11360* | 12180* | 117702

S.Em.+ 319 417 275 332 264 199 331 490 257

Means followed by the same letters (s) within a column do not differ significantly by DMRT (P= 0.05)

Soybean: 100% NPK- 40, 80 and 25 kg N, P20s and K20 ha!

Mz, M3 and M4 received 6 t ha'FYM + 12 kg ZnSO4 ha'+ 20 kg sulphur ha as soil application+ 1.25 kg Rhizobium + 1.25 kg PSB ha! as seed

treatment

Wheat: 100% NP- 50 and 25 kg N and P2Os ha*

Sz, Sz and S received 6 t ha FYM as soil application
DAS- Days after sowing

Conclusion

Significantly higher major nutrient uptake was recorded in
soybean with application of 100 per cent N + 125 per cent 5.
P,0s and KO in kharif soybean,. In rabi application of 100

per cent N and P,Os to wheat recorded significantly higher

major nutrient uptake. Interaction effect was noticed with
application of 100 per cent N + 125 per cent P20s and K0 to 6.
soybean followed by 100 per cent N, and P,Os to wheat found
promising with respect to uptake of major nutrients by
soybean and in soybean-wheat cropping sequence in Northern

Transition of Karnataka under rainfed situation. 7.
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