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ABSTRACT

A field experiment was conducted at Shalimar, Srinagar during 2009 and 2010, to study the effect of seed rate
and nitrogen and zinc fertilization on yield and quality of fodder maize (Zea mays L.) var. ‘J-1006’. Application of N
@ 120 kg/ha has resulted significantly higher plant height, leaf area index, green fodder yield, nitrogen content
and its uptake, zinc content and its uptake, Ca content and crude protein content. Seed rate of 60 and 80 kg/ha
being at par, recorded significantly higher plant height, leaf area index and green fodder yield over 40 kg/ha. Zinc
application @ 10 kg/ha, significantly increased plant height, leaf area index and green fodder yield. N and Zn con-
tent and their uptake while Ca and crude protein content remain unaffected. Net returns and B:C ratio were re-
corded highest with 120 kg N/ha, 80 kg seed/ha and 10 kg Zn/ha.

Key words :  Crude protein, Ca-concentration, Fodder maize, Net-returns, Nitrogen, Seed rate, Zinc

Maize is an ideal fodder crop because of its high pro-
duction potential, wider adaptability, quick growing na-
ture, succulency, palatability and excellent fodder quality.
Maize fodder is free from toxicants and can be safely fed
to animals at any stage of crop growth. Quality fodder pro-
duction plays an important role in dairy industry. At
present, the country faces a net deficit of 62.76% green
fodder, 23.46% dry crop residues and 64% feeds (DES,
2008). In India the cropped area under fodder is only 4.2
to 4.4% of the total cultivated area and there is hardly any
scope of expansion due to increasing pressure on agricul-
tural land for food and cash crops. The solution therefore,
lies in increasing quality fodder production on limited
space and time. Maize being highly exhaustive, demands
good nutrient management. Among the essential nutrients,
nitrogen is the most important limiting factor for plant
growth and its application increases the nitrogen, crude
protein content and metabolizable energy besides improv-
ing succulency, palatability and digestibility of fodder
maize (Patel et al., 2007). Among the micronutrients, zinc
deficiency appears to be the most widespread. Besides im-
proving photosynthesis and regulation of auxin concentra-
tion, Zn plays an important role in nitrogen metabolism,
protein synthesis (Alloway, 2008). Its application signifi-

cantly reduces the fiber and soluble carbohydrate content
in fodders thereby increases digestibility. Plant population
is another important agronomic factor, which greatly influ-
ences the micro climate of the field and eventually yield
and nutritional status of agricultural crops. (Ahmad,
2003). The present study was therefore, designed to find
out the optimum level of nitrogen and plant density to
obtain maximum nutritious fodder under the influence of
soil applied zinc.

MATERIALS AND METHODS

A experiment was conducted during 2009 and 2010
growing seasons on silty clay loam soil at the research
farm, Division of Agronomy, SKUAST-K, Shalimar,
Srinagar, which is situated at 340 8’ N latitude and 740 83’
E longitudes and altitude of 1587 m above mean sea level.
Soil test values indicated a neutral pH (6.9), low in avail-
able N (265.0 kg/ha) and Zn (0.51mg/kg) and medium
available K (163.9 kg/ha) and P (15.3 kg/ha).  Precipita-
tion differed markedly between 2009 and 2010 growing
seasons.  The Cumulative precipitation was 177.8 mm in
2009 and 249.9 mm during 2010 crop growth period.
Minimum temperature during crop growth period (June to
September) was from 10-180C, while the maximum tem-
perature was 25 to 320C. The treatments consisted of all
combinations three nitrogen levels (60, 90 and 120 kg/ha),
three seed rates (40, 60 and 80 kg/ha) and two levels of
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zinc (0 and 10 kg/ha) and the experiment was laid out in
randomized block design (Factorial) with three replica-
tions. Half dose of nitrogen and full dose of zinc as per
treatment and full dose of P and K was applied as basal
dose before sowing in each plot. Remaining half dose of
nitrogen was top dressed at knee high stage as per treat-
ment after first irrigation. Pre-soaked maize seed (Variety
‘J-1006’) was sown manually on 25–26 June at a row
spacing of 45 cm. Crop was harvested at 75% silking
stage. Plant height of five randomly tagged plants in the
penultimate rows of each plot was recorded and averaged
to height/plant. Leaf area index was recorded with canopy
analyser (Accu PAR Model LP-80). The crop from each
net plot (leaving boarder and penultimate rows) was har-
vested and immediately weighed. It was then allowed to
sundry for about a week and weight was recorded in kg
and converted to tonne/ha to give the dry weight/ha.
Samples of fodder maize collected at harvest were oven
dried at 60-65 0C to a constant weight. The samples were
subsequently used for chemical analysis to assess nutri-
tional status of fodder maize. Nitrogen and zinc content of
ground samples was estimated by “Modified Kjeldahl’s
Method” and ‘Wet digestion Method’ using Atomic Ab-
sorption Spectrophotometer, respectively, and their uptake
was determined by multiplying their contents with respec-
tive dry fodder yield at harvest. The N content of the
ground samples determined was multiplied by a factor
6.25 to give the crude protein content. The crude protein
yield was determined by multiplying crude protein content
with respective dry matter yield at harvest. Calcium con-
tent in samples was determined by “Dry Ashing Method”.
Economics of all treatment combinations was also studied.

RESULTS AND DISCUSSION

Effect of nitrogen
Yield attributes and yield

The study revealed that yield components viz., plant
height and leaf area index recorded significant and consis-
tent increase with application of N up to 120 kg/ha (Table
1). These findings may be attributed to the fact that N
causes cell elongation, acts as a principal constituent of
proteins, enzymes, hormones, vitamins, chlorophyll and
thus accelerates the meristematic activity of plant that led
to progressive increase in internode length, protein synthe-
sis and photosynthetic area thereby resulted increased
plant height, leaf area index (Osman et al., 2010). Fresh
and dry fodder yield of maize during both the years of
study and mean yield over two years recorded significant
and consistent increase with increase in N rates from 60 to
120 kg/ha. Eltelib et al., (2006) also reported similar find-
ings.

Nutrient content and uptake
An increase of significant level in the N content and its

uptake of fodder maize was noticed with increase in the
levels of N up to 120 kg/ha (Table 2). The increase in N
content could be attributed to more number of leaves and
higher leaf area index at higher levels of N; leaves con-
tains more N than other plant parts. An increase in N up-
take with application of higher N rates was due to more
dry fodder yield. These results are in conformity with
those of Rammu and Reddy (2007).  Zn content and its
uptake in fodder maize also increased with an increase in
N rate. Improvement in Zn content with increased levels
of N suggests a synergistic effect of N on Zn uptake.
Singh and Singh (1998) also reported similar findings.

Quality
Crude protein content and its yield in fodder maize

showed significant increase with an increase in N level
from 60 to 120 kg/ha (Table 2). Eltelib et al., (2006) also
reported similar findings. Higher dry matter production
and higher crude protein content at higher N levels re-
sulted in higher crude protein yield. Singh et al., (2008)
have also reported a significant increase in crude protein
yield of maize with increase in levels of N up to 120 kg/
ha.  Calcium content of fodder maize also showed signifi-
cant increase with increase in N dose up to 90 kg/ha. N
promotes the growth of young root tips by enhancing the
meristematic activity and Ca2+ can be absorbed only by
young root tips in which cell walls of the endodermis are
still unsuberized. These results are in conformity with the
findings of Sujata et al., (2008).

Effect of seed rate
Yield attributes and yield

S
60

 and S
80

 being at par, recorded significantly taller
plants than S40 during both years of study (Table 1). In-
crease in plant height with higher seed rates may be due to
competition for light. Further, auxins have basipetal move-
ment and shading effect causes the auxins to move from
illuminated side to shade side and thus the imbalance of
auxin causes more elongation of plants in shade. Since
auxin is sensitive to light, shading prevents its destruction
and thus higher accumulation of auxin in shady plants trig-
gers its growth to height. Joshi and Kumar (2007) reported
similar results. Leaf area index showed significant and
consistent improvement with an increase in seed rate from
40 to 80 kg/ha, which could be attributed to the effect of
high plant population on vegetative and reproductive de-
velopment. Similar findings have been reportd by
Valadabadi and Farahani (2010).  However, dry fodder
yield recorded significant increase only upto 60 kg seed/
ha. Nevertheless the results point out that green fodder ob-
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tained with a high seed rates contained more moisture and
was more succulent, which is a good fodder quality.

Nutrient content and uptake
N and Zn content of maize was not affected signifi-

cantly by different seed rates, however, their uptake re-
corded at 60 and 80 kg seed rate/ha, being at par, was sig-
nificantly higher over 40 kg/ha (Table 2). The higher N
and Zn uptake with aforesaid treatment might be due to
more dry fodder yield (Verma et al., (1999). However,
Rahmati, (2009) reported significant increase in N content
of teosinte with an increase in seed rate.

Quality
Different seed rate could not affect crude protein and

calcium content significantly (Table 2), however, crude
protein yield recorded at 60 and 80 kg seed rate/ha was
significantly higher over 40 kg seed rate/ha. Sikandar et
al., (2007) also reported similar findings. The increase in
crude protein yield at 60 and 80 kg seed rate/ha may be
attributed to higher dry matter production.

Effect of zinc
Yield attributes and yield

Yield attributes viz., plant height and leaf area index
showed significant increase with application of Zn @ 10
kg/ha over no application. Zn is involved in the protein
synthesis, and biosynthesis of Indole 3-acetic acid (a
growth hormone, involved in cell division and cell elonga-

tion), increased the plant height and leaf area. Earlier Patel
et al., (2007) have reported similar.  As in the case of dry
fodder, green fodder yield was significantly increased due
to the Zn fertilization. The mean dry fodder yield (11.66 t/
ha) recorded over two years exhibited increase of 6.68 per
cent over control. These findings are in agreement with
those of Patel et al., (2007).

Nutrient content and uptake
Zn application increased both N content and its uptake

over control (Table 2). Increase in N content with Zn ap-
plication could be attributed to synergistic effect between
N and Zn. The present findings support the results of
Sharifi and Taghizadeh (2009). The results of present
study also indicated that Zn content and its uptake in-
creased significantly with Zn application compared to con-
trol (Table 2). Higher dry matter productions recorded
with Zn application led to higher zinc uptake by the plant.
Ashoka et al., (2008) also reported that Zn application at
10 mg/kg soil caused significant increase in the Zn content
and uptake by sorghum over 5 mg/kg soil applicant and
control.

Quality
Crude protein content, its yield and calcium content of

fodder maize recorded significant improvement with Zn
application over control (Table 2). Jaliya et al., (2008) also
reported a significant increase in the protein content and
yield of maize with Zn application at 30 kg ZnSO

4
/ha over

Table 1. Plant height, leaf area index, green and dry fodder yield and economics of fodder maize as affected by levels of nitrogen, seed rate
and zinc

Treatment Plant height Leaf area index Green fodder Mean Dry fodder Mean Mean Mean B:C
(cm) 2009 2010 yield (t/ha)  yield (t/ha)  cost of net ratio

2009 2010 2009 2010 2009 2010 cultivation returns
×103

`/ha) (×103`/ha)

N levels (kg/ha)
  60 213.9 214.2 5.26 5.29 40.11 40.09 40.10 10.68 10.69 10.68 18.91 24.62 1.30
  90 217.1 217.5 5.90 5.91 43.23 43.30 43.26 11.48 11.43 11.45 19.30 25.99 1.34
  120 221.9 222.3 6.30 6.32 44.00 44.18 44.09 11.71 11.84 11.77 19.7 26.80 1.35

SEm± 0.40 0.38 0.12 0.13   0.08   0.09    0.08   0.07   0.08   0.07
CD(P=0.05) 1.16 1.10 0.36 0.38   0.25   0.26    0.25   0.21   0.24   0.22

Seed rate (kg/ha)
  40 216.0 217.0 4.48 4.63 40.45 40.52 40.48 10.85 10.86 10.85 18.90 25.38 1.33
  60 218.0 218.4 5.85 5.91 43.06 43.14 43.20 11.48 11.53 11.50 19.30 26.31 1.35
  80 218.6 218.6 6.86 6.92 43.84 43.93 43.88 11.54 11.58 11.56 19.70 25.89 1.31

SEm± 0.40 0.38 0.14 0.13  0. 08   0.09   0.08    0.07    0.08 0.07
CD(P=0.05) 1.16 1.10 0.43 0.38  0.25   0.26   0.25 0.21 0.24 0.22

Zn levels (kg/ha)
  0 216.2 216.6 5.48 5.62 40.72 40.80 40.76 10.93 10.94 10.93 19.03 25.48 1.33
  10 218.9 219.6 5.98 6.02 44.18 44.27 44.22 11.64 11.69 11.66 19.58 26.24 1.34

SEm± 0.32 0.31 0.12 0.10   0.07 0.07 0.07 0.07 0.06 0.06
CD(P=0.05) 0.95 0.90 0.35 0.31   0.20 0.21 0.21 0.20 0.19 0.19
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15 kg ZnSO
4
/ha.

Economics
Response of fodder maize to applied nitrogen up to 120

kg/ha was linear in nature, indicating still higher N need
by the crop. The treatment combination ‘N120S60Z10’
fetched higher net returns (`26,460 and benefit cost ratio
(1.53) during both the years of experiment.  N application
caused improvement in net returns and B:C ratio up to 120
kg N/ha while seed rate application positive effect was
observed only up to 60 kg/ha. Zn application also caused
marked improvement in net returns and B:C ratio
(Table 2).

Thus, for realizing nutritious maize fodder under tem-
perate conditions, an application of 120 kg N and 10 kg
Zn/ha along with recommended dose of P (60 kg/ha) and
K (30 kg/ha) and a seed rate of 60 kg/ha is recommended.
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