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Maize (Zea mays L.) Cropping System

M MV Srinivasa Rao, PV N Prasad, K V Ramana Murthy, T Sreelatha and Ch Mukunda Rao
Department of Agronomy, Agricultural College, Bapatla, A.P.

ABSTRACT

A field experiment was conducted on integrated Nutrient Management in Groundnut (4rachis hypogaea L.)-
Maize (Zea mays L.) Cropping System during two consecutive years (2015-2016 and 2016-2017) at the Agricultural
Research Station, Vizianagaram of Acharya N.G. Ranga Agricultural University (ANGRAU), in the North - Coastal
Agro-Climatic Zone of Andhra Pradesh, to study the effect of integrated nutrient management practices on growth and
yield of kharif groundnut and succeeding rabi maize. Among all, the RDF along with bio-fertilizers application, maximum
values for vegetative parameters were recorded with the application of RDF . + FYM 5 t ha'! and the higher pod yield
and yield attributes were recorded with RDF _+ FYM 5 t ha' which was, however, comparable with RDF, , + FYM 5
t ha'. The research results of succeeding maize revealed that, growth parameters, yield attributes, yield and economic
returns were significantly influenced by the treatments given to preceding groundnut crop in the sequence. Among all
the treatments, the plant height, drymatter production, yield attributes and the yield maximum recorded with the treatment
combination of RDF, + Azospirillum+ PSB+ VAM+ with groundnut crop residue incorporation which was, however,
comparable to combinations RDF, +FYM_+ Rhizobium inoculation +PSB+VAM and RDF, +FYM,+ Rhizobium
inoculation +PSB+VAM.

Key words: Biofertilizers, Growth, Groundnut-Maize cropping system, Integrated Nutrient Management, Yield.

Generally, fertilizer dose is recommended on
the basis of individual crop response. As the
determination of the fertilizer dose for cropping system
is complex due to factors like soil, nutrient fixation and
residual effects. To encourage rational use of fertilizer,
it is essential that the cultivators are made aware of
profitability of fertilizer application under sequence
cropping. The importance of growing legumes for
sustaining and improving soil fertility has been known
since long. The maize productivity increased due to
preceding legume crop. Groundnut-maize is one of the
cropping systems that is gaining productivity under
intensive cultivation on Alfiisols. Information on
nutrient requirement for this intensive cropping system
is limited. Particularly when nutrients are supplied
through integrated nutrient management practices.
Sustainability of higher yield could be achieved through
integrated nutrient management. Therefore, the present
experiment on integrated nutrient management in
groundnut-maize crop sequence was conducted.

MATERIALAND METHODS

A field experiment was conducted at the
Agricultural Research Station, Vizianagaram of Acharya
N.G. Ranga Agricultural University (ANGRAU), in the
North - Coastal Agro-Climatic Zone of Andhra Pradesh.
The results of the soil analysis indicated that the
experimental site was sandy loam in texture, neutral in
reaction, low in organic carbon, medium in available

nitrogen, high in available phosphorus and medium in
available potassium. Soil samples were drawn plot wise,
immediately after harvest of each of the crop to assess
soil fertility dynamics. The weather conditions prevailed
during crop growth period of groundnut and maize were
quite normal and congenial for the better growth and
performance of the crops, during both the years of
experimentation.

The field experiment was laid out in a
Randomized Block Design with groundnut as kharif
season crop with six treatments and replicated four times
with gross plot size 24mx4m and with net plot size
22.8mx3.6m. The treatments consisted of T -
RDF ,+FYM,, (Control); T,-RDF + FYM,+
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Rhizobium inoculation +PSB+VAM; T,-RDF  +
FYM, + Rhizobium inoculation + PSB + VAM; T,-
RDF,  +FYM, + Rhizobium inoculation +PSB+VAM;
T,-RDF_ +FYM, +  Rhizobium inoculation
+PSB+VAM and T -RDF +FYM, + Rhizobium
inoculation +PSB+VAM. The entire FYM@J5tha! was
applied before last ploughing. The FYM contains
0.5%N, 0.25%P and 0.40&K. The entire
recommended dose fertilizers were applied before
sowing of groundnut seed. During the succeeding Rabi,
the experiment was laid out in a split-plot design on
maize with six treatments given to kharif groundnut as
main plot treatments and each of these divided into
four sub-plots with gross plot size 6mx4m and with net

plot size 3.6mx3.2m to receive four rates of RDF



770

application viz., S -RDF, | +Azospirillum+PSB+VAM
(Control); S,-RDF  +Azospirillum+ PSB+ VAM +
with groundnut residue incorporation; S,-RDF_ +
Azospirillum+ PSB+ VAM+ with groundnut residue
incorporation and S -RDF, +AS+PSB+VAM+ with
groundnut residue incorporation. The recommended
fertilizers for Maize were applied in four splits, entire
phosphorous, 7 nitrogen and ' potassium applied
before dibbling of seed, Y4 nitrogen was applied 20, 40
and 60DAS. The remaining /2 potassium was applied
along with nitrogen at 60DAS.

The test variety groundnut cultivar, K-9 with
spacing of 30x10 cm and maize cultivar DHM-117 with
spacing 60x20cm was adopted. Different growth
parameters at various stages and yield were recorded
and statistically analysed following the analysis of
variance for randomized block design and spilt plot
design as suggested by Panse and Sukhatme (1978).

Performance of the cropping system as a whole
as influenced by different integrated nutrient
management practices was assessed in terms of system
productivity by making use of the following formula
as stated by Munda et al., (2008).

System Yield of maize X Price of maize
productivity =
Price of groundnut
RESULTS AND DISCUSSION

Growth parameters of kharif groundnut

Growth parameters like plant height (cm),
drymatter production and number of nodules plant!
were significantly influenced by integrated nutrient
management practices (Table 1).

During both the years of investigation, plant
height of kharif groundnut recorded at different growth
stages exhibited significant increase with the
advancement in the age of the crop. Plant height at
harvest was significantly affected due to integrated
nutrient management practices. The maximum plant
height of groundnut at harvest was recorded with
RDF ,+ FYM, + Rhizobium inoculation + PSB +
VAM (T,). Increased plant height may be due to the
application of recommended dose of NPK, Rhizobium
inoculation, phosphate solubilizing bacteria and VAM
fungi along with FYM. This increase in growth of
groundnut could be attributed to the enhanced nutrient
use efficiency in the presence of organic manure.
Further, the organic manure release nutrients slowly
and may reduce the leaching losses, particularly N and
simultaneously the ability of biofertilizers to transport
major nutrients like N and P besides secreting plant
growth promoting substances such as IAA and
gibberellins might have helped in increasing the plant
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height. The superior performance of groundnut plant
height under the influence of INM practices as projected
in the present findings are in agreement with those of
Abou-el- seoud and Abdel-megeed (2012) and Dhadge
and Satpute (2014).

Drymatter accumulation also followed the
similar trend, as that of plant height. The highest
drymatter accumulation was recorded with RDF  +
FYM, + Rhizobium inoculation + PSB + VAM (T))
applied to groundnut (Table 1). It was significantly
superior to the rest of the treatments. Each successive
increment of fertilizers significantly increased the
drymatter accumulation of groundnut upto the highest
level i.e., RDF + FYM, + Rhizobium inoculation +
PSB + VAM (T,). Adequate fertilization to crops is
known to improve the physiological and metabolical
processes in the plant system creating a favourable
environment for higher availability of nutrients. Thus
could have helped the groundnut crop growth and
development and hence the higher drymatter at higher
level of nutrient application. Enhanced drymatter
accumulation under INM practices, as recorded in this
investigation corroborates the findings of Chavan et
al., (2014) and Patil et al., (2014).

Yield attributes and yield of kharif groundnut

Number of gynophores plant” of groundnut
were significantly influenced by the different INM
treatments (Table 1). The maximum number of
gynophores plant! was recorded in the treatment
RDF , +FYM;, + Rhizobium inoculation +PSB+VAM
(T,), which was however comparable with
RDF , +FYM;, + Rhizobium inoculation +PSB+VAM
(T,) and RDF  +FYM,+ Rhizobium inoculation
+PSB+ VAM(T,). The increased number of gynophores
plant”' under the treatments RDF  +FYM, +
Rhizobium inoculation +PSB+VAM (T,) could be
attributed to balanced application of nutrition comprising
both organic manure and inorganic fertilizers along with
biofertilizers. The performance of groundnut above soil
surface exhibited a significant increase in the formation
of higher number of gynophores which might be due
to increased plant height and corresponding increase in
number of branches and profuse flowering. This finding
is in the accordance with the results reported by Singh
etal, (2011).

Various INM practices in different
combinations have exerted significant influence on
number of pods plant! (Table 1). The highest number
of pods plant! was recorded with combination of
RDF , +FYM;, + Rhizobium inoculation +PSB+VAM
(T,), which was however comparable with other
combination receiving RDF  +FYM, + Rhizobium
inoculation +PSB+VAM (T,). Increased number of pods
plant’ under RDF , +FYM, + Rhizobium inoculation
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+PSB+ VAM (T,) might be attributed to integrated
application of fertilizers, manure along with biofertilizers
that produced adequate and balanced nutrition in readily
available forms throughout the growth period. The
uptake lead to greater photosynthetic activity, production
of metabolites and the enzymatic activity might have
increased the proliferation of the root system in
increasing pods plant™. However, the applied nutrition
in the combination of RDF , +FYM, + Rhizobium
inoculation + PSB+VAM (T,) with other integrated
treatments did not exhibit extensive and lanky vegetative
growth thus preventing the formation of gynophores at
greater height. The greater production of metabolites
and their translocation to various sinks especially
productive structures could have rendered in the
transformation of maximum number of gynophores into
development of pods. These results exhibited in the
present study corroborates the findings of Choudhary
etal., (2011) and Singh et al,, (2011).

Pod yield of groundnut was significantly
influenced by different integrated management practices
(Table 1). The highest pod yield (2542 and 2453 kg
ha! during 2015-16 and 2016-17, respectively) was
recorded with the application of RDF ,+FYM,+
Rhizobium inoculation + PSB+VAM (T,), which was
however comparable to RDF +FYM;,+ Rhizobium
inoculation +PSB+VAM (T,). Among the different rates
of fertilizers and their combination with FYM and
biofertilizers, the combined use of 125% RDF through
fertilizer has remarkably recorded the highest pod yield
of groundnut over all other RDF, FYM and
Biofertilizers management practices. This might be
attributed to efficient and greater partitioning of
metabolites and adequate translocation and
accumulation of photosynthates, amino acids, vitamins,
etc., to developing reproductive structures under
adequate fertilization. This seems to have resulted in
increased yield attributing characters and finally yield.
Similar findings were also reported by Gunri and Nath
(2012), Chavan et al.,(2014) and Sheetal ez al., (2014).

Growth parameters of rabi maize

Plant height of succeeding maize recorded at
different stages has shown a significant increase with
advancement in the age of the crop. The height of
maize recorded at 90DAS (Table 2) was significantly
influenced by different levels of fertilizers, biofertilizers
along with groundnut residue incorporation. The
interactions between them did not influence significantly
the crop performance at all stages of crop growth. Plant
height of maize was significantly affected by different
integrated nutrient management practices imposed to
preceding kharif groundnut. The treatment, RDF , +
FYM;,+ Rhizobium inoculation +PSB+VAM (T,)
recorded significantly the highest plant height compared
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to all the combinations, which was however, comparable
with the combinations that received RDF , .+ FYM; +
Rhizobium inoculation +PSB+VAM(T,) and
RDF +FYM,+ Rhizobium inoculation
+PSB+VAM(T)). Irrespective of the residual effect of
the treatments given to the preceding groundnut, the
treatments applied to the succeeding maize registered
the highest plant height with the combination of
RDF | +Azospirillum+PSB+VAM +groundnut residue

incorporation (S,), which was however comparable to

RDF, -+ Azospirillum+ PSB+ VAM+ groundnut residue

incorporation (S,). Increased plant height of maize may
be attributed enhanced the applied nutrient use efficiency
in the presence of groundnut residue by mycorrizal

colonizaton in the rhizosphere and promoted growth.

The positive response of nutrients on plant growth

across different soils and regions as noticed in the

present investigation were also reported earlier by
Umesha et al.,(2014).

Drymatter accumulation at all stages by maize
was affected significantly by the direct treatments as
well as the residual effect of the treatments applied to
preceding groundnut (Table 3). The interaction effects
were found non significant. Different integrated nutrient
management practices applied to preceding kharif
groundnut had significant influence on drymatter
accumulation of rabi maize. The treatment with the
application of RDF +FYM,+ Rhizobium inoculation
+PSB+VAM (T,) recorded significantly the highest
drymatter production, which was however, on par with
the combinations supplying RDF ,+FYM,+
Rhizobium inoculation +PSB+VAM(T,) and
RDF, +FYM,+ Rhizobium inoculation +
PSB+VAM(T,). Irrespective of the residual effect of
the treatments adopted to the preceding groundnut, the
treatments applied to the succeeding maize produced
the highest drymatter with the combination supplying
RDF, + Azospirillum +PSB+VAM + groundnut
residue incorporation (S,), when compared to all other
treatments, which was however, comparable with the
treatments RDF_+ Azospirillum + PSB+ VAM+
groundnut residue incorporation (S,). Judicious supply
of fertilizers is known to enhance chlorophyll content,
which in turn increased the photosynthetic activity
rendering to increased accumulation of drymatter.
Drymatter accumulation in maize with different
treatment combinations might be due to the
improvement in soil N status owing to the biological
nitrogen fixation of the legumes. This may be due to
the ability of biofertilizers to transport major nutrients
like N and P besides secreting plant growth promoting
substances such as IAA and gibberellins (Umesha et
al., 2014). Irrespective of the stage of the crop and
year of experimentation, incorporation of groundnut
crop residue has resulted in significant improvement in
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drymatter accumulation as groundnut crop is a legume.
A narrow C:N ratio enhanced the range of
mineralization resulting in the availability of nitrogen
and ‘N’ from added fertilizer might have been readily
available to the succeeding crop. Prolonged availability
of N owing to reduced losses and fermentation of
mineral complexes was clearly evident from the residue
incorporation treatments. Similar findings were also
reported by Abou-el- seoud and Abdel-megeed (2012)
and Umesha et al.,(2014).

Yield of rabi maize

Kernel yield of maize that followed groundnut
in sequence was affected significantly by the direct
and residual effect of the treatments imposed to
preceding groundnut, but their interactions were found
to be non significant (Table 4). The variation in kernel
yield observed across the treatments imposed in
groundnut-maize sequence was consistent during both
the years of the study. The maximum kernel yield was
recorded consistently following the residual effect of
treatment associated with combination RDF  +
FYM, + Rhizobium inoculation + PSB+VAM (T,),
which was however, comparable with combinations
RDF .+ FYM,+ Rhizobium inoculation +
PSB+VAM(T,) and RDF  +FYM,+ Rhizobium
inoculation + PSB+VAM(T,). In respect of direct
treatments given to maize, the treatment combination
RDF + Azospirillum + PSB+VAM + groundnut
residue incorporation (S,) recorded the maximum kernel
yield of 8892 and 8466 kgha'! during 2015-16 and
2016-17, respectively, which was however, on par with
combination RDF._+ Azospirillum +PSB+VAM+
groundnut residue incorporation (S,). Significant
improvement in the kernel yield of maize by taking
groundnut as preceding crop could be attributed to
higher biomass production and nutrient uptake. Increase
in the soil microbial population subsequent to groundnut
crop harvest as well as due to the residue incorporation
might have led to increased solubilization of all the
nutrients for absorption, which might have resulted in
the enhanced yield attributes and finally kernel yield as
compared to without residue incorporation (Aniket
Kalhapure et al., 2014). The positive response of maize
at higher levels of nutrients application could be
attributed to the overall improvement in crop growth
by drymatter accumulation adequate increase in yield
attributes, that have enabled the plants to absorb higher
quantum of nutrients in order to manifest increased
photosynthates and their translocation to sink which
finally might have reflected in the kernel yield
(Mohammadi and Sohrabi, 2012). The beneficial role
of INM practices as reflected in the present investigation
in enhancing the yield was very well established and
also corroborated with the results as reported by
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Mahendra Singh et al., (2016) and Partha Sarathi Patra
etal, 2017.

System productivity of groundnut maize cropping
system

System productivity in terms of groundnut
equivalent yield under integrated nutrient management
to groundnut- maize sequence was significantly
influenced by the residual effect of preceding kharif
groundnut and direct treatments applied to succeeding
rabi maize. The interaction effect of nutrient
management practices to preceding groundnut and
fertilizer schedules along with biofertilizers and
groundnut residue incorporation to rabi maize was
found non-significant (Table 5). The distinctly highest
system productivity was recorded with the residual
effect of nutrients supplied to kharif groundnut through
the combination RDF  +FYM,+ Rhizobium
inoculation + PSB+VAM (T,) compared with that of
combination of organic and inorganic sources. In
addition, among the direct treatments applied to maize,
the treatments RDF,  + Azospirillum + PSB+VAM +
groundnut residue incorporation (S,) recorded the
maximum system productivity, which was however,
closely followed by the combination with RDF_+
Azospirillum +PSB+ VAM+ groundnut residue
incorporation (S,). The integrated nutrient management
treatments to kharif groundnut and its residue
incorporation besides direct application of INM
treatments to rabi maize influenced the production of
rabi maize through their after effects probably by
improving the soil fertility and microbial activity for
increased mineralization and better nutrient use
efficiency. Hence, the system productivity was more
through this strategy than due to the inorganic fertilizers
alone. These results are in accordance with the findings
Usadadiya and Patel (2013) and Devkant Prasad et
al., (2013).

From this study, the following conclusions
could be drawn Groundnut crop performed at its best
with the combined use of RDF , +FYM, + Rhizobium
inoculation + PSB+VAM (T,) with respect to yield,
economic returns and soil fertility maintenance.
Combination of RDF  +FYM,+ Rhizobium
inoculation +PSB+VAM (T,) was the next best
treatment in realizing the higher yields. Integrated use
of RDF +FYM,+ Rhizobium inoculation
+PSB+VAM (T),) to kharif groundnut has extended its
residual effect on succeeding rabi maize in the
groundnut-maize cropping system which was, however,
comparable to combinations RDF  +FYM,+
Rhizobium inoculation +PSB+VAM (T,) and
RDF,  +FYM, + Rhizobium inoculation +PSB+VAM
(T,). Among the direct treatments assigned to maize,

conjunctive supply of RDF, + Azospirillum +
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PSB+VAM + groundnut residue incorporation (S,)
resulted in the maximum yield and gross returns which
were, however, on par with RDF._+ Azospirillum
+PSB+VAM+ groundnut residue incorporation (S,), in
the groundnut-maize cropping system.

CONCLUSION

Based on the forgoing findings of the
investigation, it could be inferred that groundnut-maize
cropping system under integrated use of 125%RDF,
FYM@5tha'!, Rhizobium inoculation, PSB and VAM
(T) to kharif groundnut followed by incorporation of
groundnut residue in combination with 100% RDF and
biofertilizers (S,) to rabi maize has higher system
productivity.
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