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ABSTRACT

A three-year study was carried out at six locations in three agro-ecologies representing the areas of irrigation water
availability at critical stages during kharif maize (Zea mays L.) in North Western Plain Zone (NWPZ), North Eastern
Plain Zone (NEPZ) and Peninsular Zone (PZ) for optimizing the nutrient requirement and realizing potential yield of
the popular genotypes. The study included five popular genotypes/hybrids with three nutrient management practices
of RDF, 50% RDF/Farmer Fertilizer Practices (FFP) and nutrient expert based site-specific nutrient management
(NE-SSNM) in the split-plot design and replicated thrice. The grain yield of maize was significantly higher at four
locations with NE-SSNM however; it was at par with RDF at two locations. The gross returns followed the same trend
as of grain yield but the returns over fertilizer cost (ROFC) were significantly higher with NE-SSNM which indicates
that the use of these nutrient management practices has the potential to rationalize the nutrient management practices
in maize. Hence, it was concluded that the NE-SSNM could be an effective strategy for realizing the potential yield
and enhancing net returns of maize production in NWPZ, NEPZ and PZ.

Keywords: Farmer fertilizer practices, Genotype x Management interaction, Multi-location, return
over fertilizer cost, Site specific nutrient management

In the world, maize (Zea mays L.) has the highest
production of all the cereals while India is catching the global
trend. In India, the area under maize is increasing, in 2017-
18 maize was grown on 9.4 million ha. The productivity of
maize in India is still very low (2689 kg/ha), as compared
to the world (5500 kg/ha), showing a large gap between
potential productivity and actual productivity. About 70%
of the total maize area of the country comes under kharif
maize whose productivity is half of that of rabi maize. The
kharif maize has the potential to sustainably enhance the
productivity in assured ecology of North Western Plain
Zone (NWPZ), North Eastern Plain Zone (NEPZ) and
Peninsular Zone (PZ) representing highest maize acreage
and production in the country.

Being grown in a wide range of climatic conditions
in India, proper assessment of the limiting conditions for
maize production and productivity is difficult but nutrient
management is one of the most important factors limiting
maize production (Dass ef al. 2012 and Jat et al. 2013).
The blanket fertilizer recommendations do not account the
change in ecologyand the genetic potential of the genotype
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(Kumar et al. 2014 and Parihar et al. 2017). There is a
good genotype interaction of maize in varied ecology and
management practices (Kumar ef al. 2015 and 2016). The
fertilizer prescription equations are available for the crops.
Based on yield potential, soil test crop response (STCR)
based equation involves the analysis of soil for nutrients.
The available equations have certain limitations of non-
availability for higher yield potential in all ecologies. In this
context, use of the nutrient expert{™) based site specific
nutrient management (NE-SSNM) developed by IPNI
could be advantageous in maize which takes into account
the effects of the previous crops, residue management,
organic manuring, soil type and soil fertility status along
with genotype and seasonal variation for giving the nutrient
recommendations (Pooniya et al. 2015).

Considering the above facts in mind, it was hypothesized
that the use of the NE-SSNM would increase the yield and
net returns of the genotypes in assured maize ecologies for
decreasing the environmental footprints towards nutrient
stewardship.

MATERIALS AND METHODS

A multi-location experiment was conducted (kharif) in
irrigated ecologies, viz. NWPZ (Delhi and Ludhiana), NEPZ
(Ranchi) and PZ (Arbhavi, Hyderabad, and Karimnagar)
during 2012-14. The experiments were conducted in split-
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plot design wherein the main plot fertility levels, viz. N1:
RDF (Recommended dose of fertilizer), N2: 50% RDF/
FFP (Farmers fertilizer practice), N3: NE-SSNM (Nutrient
expert(TM) -Site Specific Nutrient Management) were kept
and in subplot treatment, five hybrids (Gl to G5) were
taken. RDF (N1) dose for Delhi, Ludhiana, Ranchi, Arbhavi,
Hyderabad and Karimnagar were 150:60:40 125:60:00
150:60:40 150:75:37.5 200:60:50 200:60:50, respectively.
While the fertilizer dose in FFP (N2) and SSNM (N3) dose
got varied over the years. At Delhi PMH 1, PMH 3, HQPM
1, Bi0-9637 and DHM 117 were grown all three years. At
Ludhiana, in 2012, PMH 1, Parkash, PMH 4, JH 3956 and
JH31244 were grown, whereas in 2013 and 2014 PMH
1, PMH 3, PMH 4, CoH (M)8 were grown. Similarly, at
Ranchi, PMH 1, PMH 3, HQPM 1, DHM 117 were grown
in 2012, and PMH 1, PMH 3, CoH (M)7, CoH (M)8 and
CoH (M)9 were grown in 2013 and 2014. At Arbhavi, PMH
1, PMH 3, HQPM 1, Arjun and DHM 117 were grown in
2012, whereas, in 2013 and 2014 PMH 1, PMH 3, HQPM
1, CoH (M)7, CoH (M)8 were sown. At Hyderabad, in
2012, PMH 1, PMH 3, HQPM [, KNMH 1 and DHM 117
were sown and PMH 1, PMH 3, HQPM 1, CoH (M)8 and
DHM 117 were sown in 2013 and 2014. At Karimnagar
PMH 1, PMH 3, HQPM 1, 30 V 92 and DHM 117 were
grown all three years.

The soil of studied locations was suitable for growing
maize. Soil texture was sandy loam at Delhi and Karimnagar.
While it was Loamy sand at Ludhiana, Sandy clay loam at
Ranchi and Hyderabad, Clay loam at Arbhavi. Soil pH ranges
from 6.2 at Ranchi and Karimnagar to 8.2 at Arbhavi. About
soil fertility status of soil, all centres were low in available
nitrogen and medium in available phosphorus except Ranchi,
which has high available phosphorus in the soil. However,
available potassium in soil was medium at Delhi, Ludhiana
and Ranchi while other centres, viz. Arbhavi, Hyderabad and
Karimnagar had high potassium status. The bulk density at
the centres varied from 1.40 kg/m> at Delhi to 1.67 kg/m?
at Ranchi. Climate change is showing its effect on rainfall
and a lot of variabilities were found in rainfall received at
the same centre for three years of experimentation. In all
three years, the highest rainfall was received at Karimnagar
while the lowest was at Arbhavi. The temperature and
relative humidity at all the locations were favourable for
the maize growth and development.

The data on the yield was recorded and reported at
14.5% moisture content. The cost of the fertilizer input in
each location was calculated based on the standard prices
of the fertilizer in three years of the study. The returns
from the maize grain produce were calculated using the
minimum support prices announced for the respective
cropping seasons by the government of India. The return
over fertilizer cost (ROFC) from grain yield was estimated
as the product of subtraction of fertilizer nutrient cost from
returns of the maize grain yield obtained in particular
treatment combination in the respective year and location.
The data obtained on the grain yield, gross returns and
returns over fertilizer costs for each location and year were
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analyzed statistically using the general linear model in SAS
9.3 software. The means were compared statistically using
the least significant difference (LSD) test at 5% probability.
The probability and the significant LSD values of the main
and interaction effects reported for the main and interaction
effects comparisons.

RESULTS AND DISCUSSION

Effect of nutrient management on grain yield: The maize
grain yield was significantly affected by the application
of various nutrient management practices and the hybrids
during all three years of the experimentation at five locations
(Table 1). However, the performance varied across the
years. The significantly highest yield of maize hybrids was
obtained in NE-SSNM across locations in various zones,
viz. NWPZ, NEPZ and PZ. The balanced application of
the nutrients in the NE-SSNM lead to enhanced growth
that increased the plant growth and yield attributes and
ultimately had a better source-sink relationship. This might
have led to increased yield of the maize under NE-SSNM.
The balanced applications of the nutrients in NE-SSNM
not only increase the yield but also have positive soil
nutrients, energy balance, and soil moisture (Parihar ef
al. 2017, 2017a). Almost similar findings of the enhanced
yield with NE-SSNM were also reported in many earlier
studies in India (Kumar et al. 2015, Pooniya ef al. 2015,
Parihar et al. 2017). State recommendation of fertilizer
application enhanced maize yield significantly at Karimnagar
and Hyderabad in all the years which remained at par with
FFP during 2014. The more awareness and application of
the nutrients by the farmers in the Andhra Pradesh might
have the reason for not much yield gains by NE-SSNM as
evident by our survey and data used in this study.

Effect of genotypes on grain yield: Amongst genotypes,
G1 (PMH 1) produced significantly higher yield at Ludhiana
(2013), Arbhavi (2012), Karimnagar (2012, 2013, 2014)
and Hyderabad (2013), respectively. While, G2 (PMH 3)
found significantly superior at Delhi (2012, 2013), Ranchi
(2012), Karimnagar (2012, 2013, 2014).The genotype G1
and G2 found at par at Karimnagar in all the years. The
HQPM 1 hybrid shown significant increase only at Ludhiana
(2012), Ranchi (2013) and Hyderabad (2012), while, Bio
9637 was found superior at Delhi (2014), Ranchi (2012),
Arbhavi (2014), Hyderabad (2014) and Karimnagar (2014).
However, Bio 9637 was found at par with DHM 117 at
Delhi (2013), Ranchi (2014) and with PMH 3 at Ludhiana
(2014). DHM 117 was found significantly superior at Ranchi
(2014) at par with Bio 9637, Karimnagar (2014) at par
with Bio 9637.The genotype * environment interactions
reported by Kumar et al. (2016). Hence, the best genotype
at various locations needs to be exploited for enhancing the
yield. In general, the yields of the various genotypes used
in the study had higher yield in PZ compared to NWPZ
and NEPZ locations. It was due to better weather conditions
(Table 1) along with better soil texture that might help in
better moisture retention and crop growth, which lead to
higher maize yields in the PZ compared to other regions.
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Table 1 Interaction effect of genotypes and nutrient management practices on yield (kg/ha) of maize in various agro-ecologies during
2012-14

Treatment Delhi Ludhiana Ranchi Arbhavi Hyderabad Karimnagar

2012 2013 2014 2012 2013 2014 2012 2013 2014 2012 2013

2014 2012 2013 2014 2012 2013 2014

NIGI 432 433b 49abc goabe g 4b g abe g gab g d

N1G3 4,18 3.6bc 34¢d 932 ¢3h 65fE 570 76b

N1G4 3.90 428 32 g7ed gz 7 gbede 753 6 ged 7ed g ab 7 gab

N1G5 458 502 5bc g3abe T.0ef 7 gdefl _
N2G1 422 3.9abc 4 gabe 7 gbed 7 ge 7 3ede 3 7d 4 qef
N2G2 4.6% 4.43b 43bed 73bed 7 ged 7 gdefl 4 ged 4 g
N2G3 400 2.6° 3.4 g0 560 598 460 47¢
N2G4 3.92 3.93abc 5 qabe g 1d g 3h Al 49ed 3 7f
N2G5 442 3.5bc pgd 7 1bed g 4ch g 4fe - 460
N3Gl 443 303 5 qabe g7ab g ga g qab 7 Qa
N3G2 482 523 5]abc 74bed goa g3a  gor 7.6P
N3G3 432 3.5bc 35ed g7ab g 7fe g gel g gabc g ga
N3G4 412 5.0° 628 823c 73de goab 792 740
N3G5 462 4.13b 53ab g sabe 7 ged 7 gabed g 5a

6.4° 948 6.9bc 9 gabed 702 72b 78ab g 3ab g 1bc g 3ab
N1G2 4778 453 5 qabe 7 gbed g b 7 gabe 7 (ab g gbed 7 3cd g gabe 7 1b

7.9feh g pa g 7b 7.1def g pabe g Afg g gabed

7.0de 75¢ 46 74¢h 28 564 630 730 75 7.0f
10.3%0 8.12 6.7° 7.92 g.gbed 7.7l g 7bed
7.1bc 7.8bcd 444 g 1ed g gedefg 582 7 b 7 4bed 7 qf g 5ef g pabe

42f 913 59c¢d  738h goa 53de 773 7 5ef g gab g Fbed
43f 79¢c 6.0

7.9¢feh 412 4.5fe 70ef g3de g gede g 3ed

400 8.1bc 44c 68" 6.5% 4,08 6.5¢0 598 75  7.0f
47f g3abe 73ab g qbedefl ga g47f 77ab 7 0f 7 ohi g ode
47t 364 53de 79fth g 1a 50f 76abc 562 g 7del g 7bed
7.1b¢ 7.1ede g qab 7 g5ab g gabe 4 7a 772 7 4bed 972 g 5a g 7bed

7.9bc 8 gabe 7.3ab g gabede g 5a g 7b 6 9fe 9 gab g ed g gab
7.8bcd 77¢  57d
8.53b g @abe goa 1092 712 7.1b 778 g4ed g 1gh g gbed
8.9¢ 351 g 1ed g7abed g 5a 7 1b 73cde 74f g ed 972

g.3defe 732 60c 620 720 760 7.3¢f

Means followed by a similar lowercase letter within a column are not significantly different (at P < 0.05) according to LSD test.

Interaction effect of genotypes and nutrient on
maize yield: A significant interaction was found between
genotypes and nutrient management practices in different
years (except 2012 at Delhi and Hyderabad) across the
location concerning grain yield in NWPZ, NEPZ and PZ.
In NWPZ at Delhi during 2013, N1GS5, N3G2 and N3G4
produced significant highest yield that was at par with all
other genotypes x nutrient management practice except
combination with G3 genotype (Table 1). During 2014,
significantly highest yields were recorded with N1G4 and
N3G4, which remained at par with N1G1, N1G2, N1GS,
N2G1, N2G4, N3G1, N3G2 and N3GS5, respectively. At
Ludhiana, N1G3 produced significantly higher yield during
2012, however, it remained at par with N1G1, N1G5, N2G3,
N3GI1, N3G3, N3G4 and N3GS5 respectively, but during
2013, N3G1 and N3G2 were significantly superior over all
other treatment combinations. During 2014, N3G2 produced
significantly higher yield, however, it remained at par with
N1G1, N1G2, N3G1, N3G4 and N3GS5 respectively. The
NWPZ being an assured ecology with good yield potential
had given the best yields across genotype and the nutrient
management practices. In NEPZ at Ranchi during 2012
significant yield enhancement was obtained under N3G1,
N3G2 and N3G4, which remained at par with N1G1, N1G2,
N1G4 and N3G3 respectively. During 2013, a significant
yield increase was found with N3G3 and N3GS. While
during 2014, the significantly higher yield was found with
N3GS5 that remained at par with N3G4.

In PZ at Arbhavi during 2012, the significantly higher

yield was obtained with N1G1, which remained at par with
N1G2,N2G1,N2G4,N3G1, N3G2 and N3G4, respectively.
While during 2013 and 2014 significantly higher yield was
obtained with N3G4 that remained at par with N1G4, N2G4,
N3G1 and N3G2, respectively in 2013 while during 2014
it remained at par with N1G1, N1G4, N3G1, N3G2 and
N3GS5, respectively. In Hyderabad, during 2013 significantly
higher yield was obtained withN3G1while in 2014 it was
with N1G4 that remained at par with N1G1, N2G1, N2G4,
N2GS5 and N3G4. However, at Karimnagar during 2012
significantly higher yield was obtained with N3G1 that
remained at par with N1G2 and N3G2. Significantly, the
higher yield was found with N3Gl in 2013 and N3G5
in 2014 that remained at par with N2G1 in 2013 while
with N1G1, N1G2, N1GS5 and N3G2 in 2014. Most of the
genotype expects the genotype G3 that was QPM. However,
the QPM genotype HQPM 1 used in the study had lower-
yielding capacity compared to the rest of the genotype that
could be the reason for the lower yield of this genotype
across the locations. Genotype X management interactions
play an important role in maximizing the productivity of the
crops (Kumar et al. 2016). The changing behaviour of the
genotype in response to the change in nutrient management
and locations needs attention for maximizing productivity.
The best management with the best genotype if adopted
can help in minimizing the yield gaps.

Returns over fertilizer cost (ROFC): The results
obtained in the gross reruns were not replicated for returns
over fertilizer cost in our study where a differential response
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was recorded at various locations. The analysis of ROFC
revealed that in NWPZ (Ludhiana) and NEPZ (Ranchi)
significantly highest returns were found in SSNM over 50%
RDF/FFP but it was at par with RDF in 2014 at Ludhiana
and 2012 at Ranchi (Table 2). While in PZ, the SSNM
gave significantly higher ROFC during 2013 at Arbhavi
and Hyderabad and 2012 at Karimnagar that was on par
with RDF in respective years and locations. However, in
2012 significantly higher ROFC was obtained with RDF at
Hyderabad. In contrast to this, the ROFC for the genotypes
had similar trends as of the gross returns. The optimized
nutrient recommendations helped in enhancing yield and
balancing the nutrient requirement of the maize that might
increase returns from maize production. The higher returns
of maize with the use of NE-SSNM also reported in earlier
studies (Pooniya et al. 2015, Kumar ef al. 2015 and Parihar
et al. 2017a).

Based on the three years multi-location study it was
concluded that the application of the NE-SSNM based
nutrition could be effective for enhancing yield and returns
in NWPZ and NEPZ while it also showed promise in
Karnataka but it was at par with RDF in Telangana. Hence,
the NE-SSNM is recommended for enhancing yield and
returns over fertilizer cost in these ecologies for lesser
environmental footprints and nutrient stewardship.
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