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Devising fertilizer recommendations to a crop considering cropping sequence as a 
whole rather than an individual crop per se is economically sound and environmentally 
safe. Experiments were conducted on Vertisols of Regional Agriculture Research 
Station, Lam, Guntur, for two consecutive years, (2008-09 to 2009-10) to study 
N requirement of maize as influenced by preceding cropping practices. The crop 
residues/biomass turnout was registered in the order of sunnhemp>greengram with 
inorganic N>greengram with FYM>soybean with inorganic N>soybean with FYM 
during both the years of the study. The N turnout through crop residues/biomass across 
different kharif cropping practices, ranged from 17.7 kg ha-1 to 95 kg ha-1 and 17.3 
kg ha-1 to 90.4 kg ha-1 during the first and the second year of the study, respectively. 
The growth parameters of rabi maize like plant height and dry matter accumulation 
were significantly increased by different preceding kharif cropping practices and N 
levels given to maize in sequence. During both the years of the study, significantly 
the highest kernel yield of maize was recorded with the application of 225 kg N ha-1 
following sunnhemp in situ green manuring. Further, rabi maize following green 
gram and soybean in kharif with fertilizer N or FYM were significantly inferior to 
that following sunnhemp in situ greenmanuring but superior to that of following 
kharif fallow at all the levels of fertilizer N application. Fertilizer N replacement 
values estimated for different kharif cropping practices on succeeding maize ranged 
from 15 to 52 kg ha-1.
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1.  Introduction

Growing weird weather patterns and inadequate supply of water 
for cultivation of rice are shifting growers’ interest towards 
maize thanto other crops in early rabi season on Vertisols of 
Andhra Pradesh state in India. Maize has a strong exhaustive 
effect on the soil and the addition of nutrients through 
fertilizers is, however, far below the crop removal (Tandon, 
1995). Exploring different agronomic practices to cut short 
N requirement of maize may reduce cost of cultivation and 
increase profitability. Retention of legume residues improves 
the N economy of the cropping system and enhances the crop 
productivity through many other potential benefits such as 
lower pest and disease incidence (Kirkegaard et al., 2008). 
The inclusion of legumes and stover incorporation improves 
the productivity of soil and the grain yield of subsequent non-
legume crop owing to release of nitrogen and other growth 
promoting factors (Shivaran and Ahlawat, 2000). Incorporation 
of plant residues is a useful means of sustaining organic matter 

content and thereby enhance the biological activity, improve 
physical properties and nutrient availability (Palm et al., 
2001). Dual purpose legumes such as greengram, cowpea and 
soybean may provide direct economic yield and rich residues 
with nodules which can mimic the effect of green manuring 
(Ojiem et al., 2006; Timsina et al., 2006). Information on the 
effect of such practices on maize in rotation is not available. 
Therefore, the present study is aimed at to explore the influence 
of a few possible cropping practices taken up in kharif season 
on productivity and N requirement of maize in succeeding 
rabi season.

2.  Materials and Methods

A field experiment was conducted at Regional Agriculture 
Research Station, Lam, Guntur during 2008-09 and 2009-10. 
The experimental site is situated at an altitude of 31.5 m above 
mean sea level, 16°10´ N latitude, 80°29´ E longitude and about 
8 km away from the Gunturtown in the Krishna Agro-climatic 
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Zone of Andhra Pradesh, India. The results of the soil analysis 
indicated that the experimental site is clay soil, slightly alkaline 
in reaction, low in available organic carbon (0.35%) (Walklley 
and Black, 1934) and nitrogen 188 kg ha-1,  (Subbiah and Asija, 
1956) medium in available phosphorus 28 kg ha-1 (Olsen et al., 
1954) and high in available potassium 852 kg ha-1 (Jackson, 
1973). The treatments consisted of six kharif cropping practices 
as main plots fallow, Greengram with 20 kg N ha-1, Greengram 
with 5 t FYM ha-1, Soybean with 50 kg N ha-1, Soybean with 
5 t FYM ha-1 and Sunnhemp in situ green manuring and 
succeeded by maize in rabi with four fertilizer N levels (0, 
75, 150, and 225 kg ha-1) in sub plots arranged in a split plot 
design and were replicated three times. The cultivars used in 
the study for greengram, soybean, sunnhemp and maize were 
LGG 460, LSB 3, Local, and Pioneer 30 V 92, respectively. The 
sunnhemp crop at pre flowering stage (40 days after sowing) 
was incorporated in the treatments concerned. The kharif crops, 
greengram and soybean, were cut at ground level at maturity, 
dried and threshed plot wise. Grain yields were recorded plot-
wise and the crop residues were incorporated after spreading in 
the respective plot on the same dates of incorporation of green 
manure. Observations were recorded on yield of greengram and 
soybean, biomass of sunnhemp and crop residues incorporated 
into the soil. Grain and stover yields of maize were recorded 
and analysed statistically following the analysis of variance 
technique for the split plot design as suggested by Gomez and 
Gomez (1984).

3.  Results and Discussion

3.1.  Performance of kharif crops 

The kharif crops performance was assessed by taking mean 
yield and N turnout data over three replications. During both 
the years of the study, greengram and soybean with the receipt 
of inorganic N recorded higher grain yield than that with FYM 
(Table 1). Irrespective of N source, soybean recorded more 
grain yield than that of greengram during both the years. The 
crop residue/biomass turnout was registered in the order of 

sunnhemp>greengram with inorganic N>greengram with 
FYM>soybean with inorganic N>soybean with FYM during 
both the years of the study. The N turnout through crop residue/
biomass across different kharif cropping practices, which 
became main plot treatments for the subsequent rabi maize, 
ranged from 17.7 kg ha-1 to 95.0 kg ha-1 and 17.3 kg ha-1 to 
90.4 kg ha-1 during the first and the second year of the study, 
respectively. The N turnout through soybean residue (17.7 
kg ha-1  and 17.3 kg ha-1 during the first and the second year, 
respectively) was the least of all and the sunnhemp biomass 
turnout was the highest of all (95.0 kg ha-1 and 90.4 kg ha-1  
during the first and the second year, respectively). Greengram 
was superior to soybean in N carry over to the subsequent 
crop through residue. Overall, the kharif cropping practices 
had caused a lot of variation in N carryover to subsequent rabi 
maize through residue/biomass turnout of N.

3.1.1.  Effect of kharif cropping practices  and  fertilizer N on 
succeeding  maize
During both the years of the study, plant height increased 
significantly with increasing level of N application to maize 
following different kharif cropping practices. Irrespective 
of N level, sunnhemp in situ  green manuring favoured the 
succeeding maize to grow taller (Table 2). Similarly, all the 
kharif cropping practices which preceded the rabi maize also 
increased the succeeding maize plant height compared to 
that preceded by kharif fallow duly indicating the advantage 
of residue/biomass incorporation. The superior performance 
of maize following sunnhemp in situ green manuring might 
be due to three fold increase in biomass N turnout (90 kg 
ha-1 to 95 kg ha-1) compared to that of greengram (33 kg 
ha-1 to 38 kg ha-1) or soybean (17 kg ha-1 to 19 kg ha-1) and 
also because of narrower C:N ratio of  sunnhemp biomass 
(Table 1), which might have favored faster decomposition 
and release of nutrients.The data on the yield components of 
maize such as number of cobs plant-1, number of kernels cob-1, 
kernel weight cob-1 were significantly influenced by the kharif 
cropping practices together with the application of fertilizer N 

Table 1: Grain yield, residues biomass yield and nitrogen turnout in kharif cropping practices
Cropping practice 2008 2009

Grain 
yield
(kg 
ha-1)

Crops resi-
due/biomass 

turnout 
(kg ha-1)

Nitrogen turnout 
(kg ha-1)

Grain 
yield 
(kg 
ha-1)

Crops resi-
due/biomass 

turnout
 (kg ha-1)

Nitrogen turnout 
(kg ha-1)

Grain Crops resi-
due/biomass

Grain Crops resi-
due/biomass

Fallow        - - - - - - - -
Greengram with 20 kg N ha-1 1064 3045 34.7 34.7 987 2956 32.7 34.9
Greengram with 5 t  FYM ha-1 997 2933 32.9 38.2 854 2828 28.6 33.7
Soybean with 50 kg N ha-1 1474 1553 58.2 18.9 1368 1497 56.4 18.7
Soybean with 5 t  FYM ha-1 1337 1439 53.2 17.7 1242 1364 51.5 17.3
Sunnhemp in situ green manuring - 4220 - 95.0 - 3896 - 90.4
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during both the years of the study. Of all the kharif cropping 
practices, sunnhemp in situ green manuring with fertilizer N 
@ 225 kg ha-1 increased the yield components significantly. 
Sunnhemp in situ green manuring preceding maize might 
have helped in maintaining the buildup of soil organic matter, 
which in turn helped in improving the soil structure, pore 
size and water-holding capacityand translated intosuperior 
growth performance as discussed earlier. Similar superior 
performance was also reported by Sujatha et al. (2008); Lelei et 
al. (2009). As seen with the plant height, the yield components 
of maize were also increased with increasing level of fertilizer 
N application showing higher N responsiveness of maize 
irrespective of the crop it preceded in the sequence (Table 2). 
Such increased response of maize to fertilizer N application 
irrespective of the preceding crops to maize in sequence was 
reported by others (Franke et al., 2008; Adiku et al., 2009, 
Sharma and Behera, 2009). Higher kernel yield was recorded 
in maize following sunnhemp in situ green manuring with the 
application of  225 kg N ha-1. Sunnhemp in situ green manuring 
along with fertilizer N might have maintained adequate supply 
of N to enhance maize crop productivity through the increased 
growth and yield attributes. Similar increase in yield due to 
incorporation of green manures/residues which facilitate the 
growth of the succeeding crops through improvement in soil 
properties and release of nutrients was also reported by Adiku 
et al. (2009); Sharma and Behera (2009).

Incorporation of the crop residues after harvesting the grain 
of greengram and soybean, irrespective of the nutrition that 
they received (fertilizer N or with FYM) gave significantly 
higher yield of succeeding maize than that following without 
i.e., fallow (Table 2). But both of these crops were inferior to 
sunnhemp in situ green manuring in their effect on succeeding 
maize. These crops, however, have given grain yield to aid 
profitability of the sequence. The yield of greengram and 
soybean ranged from 997 kg ha-1 to 1474 kg ha-1 and 854 kg ha-1   

to 1242 kg ha-1 during the first and second year of the study, 
respectively, showed the scope to compensate for reduction 
in maize productivity following this practice (Table 1). The 
incorporation of greengram and soybean residuesinteracted 
positively with added fertilizer N, and the release of nutrients 
might have coincided with the early growth stages of 
succeeding maize crop. These results are in accordance with the 
findings of Franke et al. (2004); Franke et al. (2008); Sharma 
and Behera (2009); Yusuf et al. (2009).

Kernel yield of maize with every kharif cropping practice 
increased progressively with each increment in N application 
to maize. The highest kernel yield was obtained following 
sunnhemp in situ green manuring followed by greengram 
and soybean, all of which were significantly superior to 
fallow. A similar result was observed by Singh et al. (2003); 
Sharma and Behera (2009). These observations showed that 
sunnhemp in situ green manuring could account for substantial 

Table 2: Growth, yield attributes and yield as influenced by kharif cropping practices and fertilizer N on succeeding rabi maize
Treatments Plant height 

      (cm)
Cob length

(cm)
No. of 

kernels cob-1

Kernel 
weight cob-1

Kernel yield 
(kg ha-1)

Stover yield 
(kg ha-1)

2008-
09

2009-
10

2008-
09

2009-
10

2008-
09

2009-
10

2008-
09

2009-
10

2008-
09

2009-
10

2008-
09

2009-
10

Kharif cropping practices (KCP)
Fallow 201.0 188.5 17.7 17.2 262 260 78.8 74.5 5561 5450 6503 6407
Greengram with 20 kg N ha-1 234.9 216.8 19.4 18.9 293 280 91.5 85.0 6079 6032 7125 7062
Greengram with 5 t  FYM ha-1 234.4 217.2 19.8 19.3 296 288 91.6 87.2 6100 6010 7198 7127
Soybean with 50 kg N ha-1 228.8 210.5 19.0 18.5 291 279 89.7 83.1 5947 5931 7029 6983
Soybean with 5 t  FYM ha-1 232.3 215.4 19.6 19.1 294 281 91.1 85.1 6027 5898 7105 7029
Sunnhemp in situ green manuring 255.9 233.4 20.9 20.5 319 306 108.9 101.7 6594 6652 7655 7651
SEm± 6.8 4.8 0.43 0.48 6.0 4.9 2.6 2.5 155 157 161 166
CD (p=0.05) 21.4 15.2 1.36 1.33 18.9 15.6 8.2 8.2 428 438 508 518
N levels (kg ha-1)
0 182.4 160.0 16.6 16.1 164 155 54.3 51.7 3961 3933 4917 4821
75 220.7 201.3 19.1 18.2 255 243 78.0 75.9 5499 5500 6564 6468
150 246.2 232.4 20.4 19.6 341 330 103.6 94.9 7137 7019 8045 8057
225 275.7 260.9 21.5 21.0 411 401 131.8 121.8 7611 7531 8885 8828
SEm± 4.2 4.5 0.45 0.44 5.2 3.5 1.6 1.6 149 129 149 139
CD (p=0.05) 11.6 12.4 1.25 1.29 14.5 9.8 4.4 4.4 413 357 414 387
KCP X N levels 20.1 21.4 NS NS 22.0 17.0 7.6 NS NS NS NS NS
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amount of nitrogen thus explaining higher maize grain yields. 
A similar result was observed by Bhandari et al. (1989) who 
reported that the green manured plots receiving 60 kg N ha-1 
produced as high grain yield as that obtained with 120 kg N 
ha-1 which indicated that the green manures like Sesbania 
could supplement 60 kg N ha-1 to succeeding maize. While, 
Sharma and Behera (2009) reported that response of maize to 
N fertilizer rates following summer legumes  was quadratic 
and there was a saving of N to the extent of 57-67 kg ha-1 with 
Sesbania green manuring, but there was a linear increase in 
yield with increasing N rates after fallow. Similar findings were 
also reported earlier by Tripathi and Hazra (2002); Tiwari et 
al. (2004); Balkcom and Reeves (2005).

Stover yield of rabi maize was significantly influenced by 
kharif cropping practices and level of N application during 
both the years of the study, but their interaction was found to be 
non-significant (Table 2). Maximum stover yield was recorded 
in maize preceded by sunnhemp in situ green manuring in 
kharif and it was on a par with that preceded by greengram 
with FYM during the first year of the study (2008-09) only. 
The stover yield of maize following  greengram or soybean 
with organic or inorganic N were on a par but both were 
significantly superior to that following kharif fallow during 
both the years of the study. Irrespective of the kharif cropping 
practices, there was a progressive increase in the stover yield 
with increase in level of   N application from 0 to 225 kg ha-1 
during both the years of the study.

The fertilizer N credits for different kharif cropping practices 
were calculated in terms of fertilizer N replacement values 
worked out by substituting the maize kernel yield obtained 
after these practices with zero applied N into best fit quadratic 
N response equation for maize kernel yield following kharif 
fallow where:

Y=3389+26.38 N-0.040 N2 with R2 0.99 for 2008-09 and 

Y=3365+22.65 N-0.023 N2 with R2 0.99 for 2009-10.

The fertilizer N replacement values calculated for sunnhemp 
in situ green manuring were 49 and 52 kg ha-1 during the first 
and the second year of the study, respectively (Table 3). While 

those for greengram with  inorganic  N were 30 kg ha-1 and 29 
kg ha-1, greengram with FYM were 24 kg ha-1 and 23 kg ha-1, 
soybean with inorganic N were 15 and 16 kg ha-1, soybean 
with FYM were 23 kg ha-1 and 23 kg ha-1 during the first and 
the second year of the study, respectively.

4.  Conclusion

Overall, the field studies conducted for two consecutive years, 
involving different kharif cropping practices followed by maize 
in sequence in every year, clearly indicated the importance 
of sunnhemp in situ green manuring, greengram or soybean 
crops grown either with inorganic or organic N for grain and 
the incorporation of crop residues for enhancing the fertilizer 
N usage and for increasing succeeding maize productivity.

5.  References

Adiku, S.G.K., Jones, J.W., Kumaga, F.K., Tonyigah, A., 2009. 
Effects of crop rotation and fallow residue management 
on maize growth, yield and soil carbon in Savannah 
forest transition zone of Ghana. Journal of Agricultural 
Science 147, 313-322.

Balkcom, K.S., Reeves, D.W., 2005. Sunnhemp utilized as 
a legume cover crop for corn production. Agronomy 
Journal 97, 26-31.

Bhandari, A.L., Sharma, K.N., Kapur, M.L., Rana, D.S., 1989. 
Supplementation of N through green manuring for maize 
growing. Journal of Indian Society of Soil Science 37, 
483-486.

Franke, A.C., Laberge, G., Oyewole, B.D., 2008. A comparison 
between legume technologies and fallow, and their effects 
on maize and soil traits, in two distinct environments,of 
the West African savannah. Nutrient Cycle 82, 117-135.

Franke, A.C., Schulz, S., Oyewole, B.D., Bako, S., 2004. 
Incorporating short season legumes and green manure 
crops into maize-based systems in the moist Guinea of 
the savanna of West Africa. Experimental Agriculture 
40, 463-479.

Gomez, A.K., Gomez, A.A., 1984. Statistical procedures for 
agricultural research.International Rice Research Institute 
Book. A. Wiley-International Science Publication. John 
Wiley and Sons, Singapore.

Jackson, M.L., 1973. Soil chemicals analysis. Prentice Hall of 
India Private Limited, New Delhi.

Kirkegaard, J., Christen, O., Krupinsky, J., Layzell, D., 2008. 
Break crop benefits in temperate wheat production. Field 
Crops Research 107, 185- 195.

Lelei, J.J., Onwonga, R.N., Freyer, B., 2009. Organic based 
nutrient management strategies: effect on soil nutrient 
availability and maize (Zea mays L.) performance in 
Njoro, Kenya.  African Journal of Agricultural Research. 
4, 92-99.

Table 3:  Fertilizer N replacement values (kg ha-1) of  kharif  
cropping practices
Kharif cropping practices (KCP) Fertilizer N replacement 

values (kg ha-1)
2008-09 2009-10

Greengram with 20 kg N ha-1 30 29
Greengram with 5 t FYM ha-1 24 23
Soybean with 50 kg N ha-1 15 16
Soybean with 5 t FYM ha-1 23 23
Sunnhemp in situ green manuring 49 52

Bharathi et al., 2015

450



© 2015 PP House

Olsen, S.R., Code, C.L., Watanade, F.S., Dean, D.A., 1954. 
Estimation of available phosphorus in soils by extraction 
with Sodium bicarbonate. USDA circular No. 939.

Ojiem, J.O., Ridder, N., Vanlauwe, B., Giller, K.E., 2006. Socio 
ecological niche: a conceptual frame work for integration 
of legumes in small holder farming systems. International 
Journal of Agricultural Sustainability 4, 79-93. 

Palm, C.A., Giller, K.E., Mafongoya, P.L., Shift, M.J., 2001. 
Management of organic matter in the tropics: translating 
theory into practice. Nutrient Cycle 61, 63-75.

Sharma, A.R., Behera, U.K., 2009. Nitrogen contribution 
through sesbania green manure and dual-purpose 
legumes in maize-wheat cropping system: agronomic and 
economic considerations. Plant and Soil 325, 289-304.

Shivaran, D.R., Ahlawat, I.P.S., 2000. Effect of cropping 
systems and fertilizers on pigeonpea (Cajanus cajan) 
and wheat (Ttriticum aestivum) in pigeon pea-wheat 
sequence. Indian Journal of Agronomy 45(4), 669-676.

Singh, R.N.R., Sautaliya, Ghatak, R., Sarangi, S.K., 2003. 
Effect of higher applicationof nitrogen and potassium 
over recommended level on growth, yield and yield 
attributes of late sown winter maize (Zea mays L.). Crop 
Research Hisar 26, 71-74. 

Subbiah, B.V., Asija, G.L., 1956. A rapid procedure for 
estimation of available nitrogen in soils. Current Science 
25, 259-260.

Sujatha, M.G., Lingaraju, B.S.Y., Palled, B., Ashalatha, K.V., 
2008. Importance of integrated nutrient management 
practices in maize under rainfed condition. Karnataka 
Journal of Agricultural Science 21, 334-338.

Tandon, H.L.S., 1995. Waste recycling in agriculture- an 
introduction. In: Recycling of Crop, Animal, Human 
and Industrial Wastes in Agriculture:1-8. Fertilizer 
Development and Consultation Organization, New 
Delhi. 

Timsina, J., Quayyam, M.A., Connor, D.J., Saleque, M., 
Haq, F., Panaullah, G.M., Jahan, M.A.H., Begum, 
S.R.A., 2006.  Effect of fertilizer and mungbean residue 
management on total productivity soil fertility N-use 
efficiency in intensified rice-wheat systems. International 
Journal of Agricultural Research 1, 41-52.

Tiwari, R.C., Sharma, P.K., Khadelwal, S.K., 2004. Effect 
of green manuring through Sesbania cannabina and 
Sesbania rostrata and nitrogen application through urea 
to maize (Zea mays) in maize wheat (Triticum aestivum) 
cropping system. Indian Journal of Agronomy 49, 15-
17.

Tripathi, S.B., Hazra, C.R., 2002. Forage productivity of winter 
maize under legume covers as influenced by nitrogen 
fertilization. Forage Research 28, 55-58.

Walkley, A.J., Black, T.A., 1934.  Estimation of soil organic 
carbon by the chromic acid titration method. Soil Science 
37, 29-38.

Yusuf, A.A., Iwuafor, E.N.O., Abaido, R.C., Olufajo, O., 
Sanginga, N., 2009. Effect of crop rotation and nitrogen 
fertilization on yield and nitrogen efficiency in maize in 
the northern guinea savanna of Nigeria. African Journal 
of Agricultural Research 4, 913-921.

451

International Journal of Bio-resource and Stress Management 2015, 6(4):447-451


