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ABSTRACT

A field experiment was conducted during rainy season of 2010 and 2011 at Udaipur to ascertain suitable nitro-
gen level (125, 150 and 175 kg N/ha), appropriate schedule of nitrogen application (3, 4 and 5 splits) with and
without sulphur (control and 40 kg S/ha) for quality protein maize (Zea mays L.) in soils having medium fertility sta-
tus. Results pooled over two years indicated that dry matter accumulation recorded under 175 kg N/ha was signifi-
cantly higher over 150 and 125 kg N/ha at successive growth stages, while crop growth rate increased signifi-
cantly upto 150 kg N/ha. Application of 175 kg N/ha significantly increased yield attributing parameters conse-
quently yield and nutrient uptake, N status of soil and proved economically profitable to 150 and 125 kg N/ha.
Staggering of nitrogen application in 4 equal splits as 25% at sowing + 25% at 4–6 leaf stage + 25% at knee high
stage + 25% at 50% tasseling stages showed marked improvement in growth, yield attributes, yield, nutrient up-
take, N status of soil and proved economically beneficial compared to recommended 3 splits of nitrogen applica-
tion. Application of 40 kg S/ha affirmed potential role in enhancing productivity of quality protein maize and also
proved economically profitable compared to control.
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In India maize is an important cereal crop and grown on
8.49 mha with production and productivity of 21.29 mt
and 2.51 t/ha. Out of total production 45% is consumed as
staple food in various forms. Beside this maize is a main
ration for poultry birds. Forage maize is used as fresh or
dry fodder. In recent past high yielding single cross hybrid
of quality protein maize were bread by addition of opaque-
2 mutant gene, which improved lysine and tryptophane
and reduced leucine and isoleucine contents and produce
quality protein with balanced composition of amino acids
(Prasanna et al., 2001). The most important goal for en-
hancing productivity of quality protein maize is to reduce
malnutrition through direct human consumption in tribal
dominated area, where maize is a staple food (Sofi et al.,
2009). Most popular variety of quality protein maize
‘HQPM 1’ is having slow initial growth and thereafter vig-
orous growth, thus its nitrogen requirement is high com-
pared to other hybrids (Singh, 2010).  Hence higher yield
of quality protein maize can be obtained through judicious
use of nitrogen as it can alone contribute 45–60% crop
yield (Das et al., 2010). In quality protein maize nitrogen

stress during flowering stage results in kernel and ear
abortion and stress during grain filling accelerates leaf
senescence reduce photosynthesis and kernel weight
(Zaidi et al., 2005). Thus, the recommended 3 split appli-
cation of nitrogen for hybrids and composite may not be
applicable to nitrogen exhaustive quality protein maize
‘HQPM 1’ because of difference in its growth and devel-
opment pattern. In addition to nitrogen, deficiency of sul-
phur has been reported over the past several years and
high attention is required on the importance of the element
in plant nutrition (Nader and Nadia, 2011). Therefore to
standardize nitrogen level, its scheduling and to find re-
sponse of quality protein maize to sulphur fertilization is
need of the hours.

MATERIALS AND METHODS

A field experiment was carried out during kharif 2010
and 2011 at Rajasthan College of Agriculture, Udaipur,
Rajasthan which is situated at 23°34'N latitude and
73°42’E longitude at an altitude of 582.17 meter above the
mean sea level. The soil of the experiment site was clay
loam having pH 7.5 and 7.7, organic carbon 0.66 and 0.67,
available nitrogen 268.4 and 270.18 kg/ha, available phos-
phorus 19.5 and 18.7 kg/ha, available potassium 365.5 and
370.5 kg/ha and available sulphur 9.4 and 9.2 ppm in the
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plough layer. The well distributed rainfall of 758.0 and
642.0 mm was recorded during crop growth period of
2010 and 2011, respectively. The treatment, combination
of 3 nitrogen levels (125, 150 and 175 kg N/ha), 3 sched-
uling (3 splits as 33.3 % at sowing + 33.3% at knee high
+ 33.3% at 50% tasseling, 4 splits as 25% at sowing +
25% at 4–6 leaf stage + 25% at knee high stage + 25% at
50% tasseling and 5 splits as 10% at basal + 20% at 4–6
leaf stage + 30% at knee high stage + 30% at 50% tassel-
ing + 10% at grain filling stage) and two sulphur levels
(control and 40 kg sulphur/ha) were tested in three times
replication factorial randomized block design. The full
maturing single cross quality protein maize hybrid
‘HQPM 1’, which was released by All India Coordinated
Research Project on maize for commercial cultivation
throughout India during 2004 was used as test variety. The
crop was sown manually by placing two seeds a depth of
5–6 cm maintaining rows and plants spacing at a 60×25
cm on 3 July, 2010 and 5 July, 2011, respectively. The
crop was harvested during second fortnight during both
the years. The experimental plot size was 15 m2. Thinning
was carried out at 15 days after sowing to maintain re-
quired plant population. Nitrogen as per treatments was
top dressed in 3, 4 and 5 splits. The recommended and
uniform dose of 30 kg P

2
O

5
/ha was also given through

DAP as basal application. In order to minimize weed com-
petition, pre-emergence application of atrazine at 0.5 kg/
ha followed by one hoeing and earthing up at 20 days af-
ter owing was carried out. Net returns and B:C ratio were
evaluated on basis of prevailing market prices of inputs
and produce.  Leaf area index (LAI), Chlorophyll, protein
content, nutrient uptake, crop growth rate (CGR) and soil
status of different nutrient were worked out by using stan-
dard methods for analysis and formula. Data of each char-
acter collected were statistically analyzed using standard
procedure of variance analysis.

RESULTS AND DISCUSSION

Growth characters
Application of 150 kg N/ha significantly increased

plant height over 125 kg N/ha at 90 days after sowing
(DAS). Further increase in N rate fail to record statistical
significance over 150 kg N/ha. Increasing rate from 125 to
175 kg N/ha significantly increased dry matter accumula-
tion at 90 DAS, chlorophyll content and LAI at 50 per cent
tasseling stage. The crop growth rate between 60–90 days
after sowing significantly responded upto 150 kg N/ha. On
medium nitrogen status soil, these significant improve-
ment with increasing level of nitrogen might be on account
of high uptake of required nutrients, chlorophyll and in-
creased LAI for growth and development of plant
(Sreelatha et al., 2012). Staggering of nitrogen application

in four equal splits at sowing, 4–6 leaf stage, knee high
and 50% stages significantly increased plant height, dry
matter accumulation at 90 DAS, CGR between 60-90
DAS, chlorophyll content and LAI at 50% tasseling stage,
compared to recommended three splits of nitrogen appli-
cation. Further staggering its application in five splits
failed to record statistical significance. In present experi-
ment urea was used as source of fertilizer, which hydroly-
ses in presence of urease enzyme in ammonium carbonate
which is an unstable compound and decompose to ammo-
nia and nitrate and in these form nitrogen is absorbed by
plants within a week period of time. Some of ammonia
may be lost through leaching and denitrification and cause
low recovery of nitrogen. Thus under four splits of nitro-
gen application these losses may be negligible and it be-
comes available for longer period and increased its use
efficiency and efficient uptake (Bindhani et al., 2008).

Sulphur application significantly improved plant
growth in terms of plant height, dry matter, LAI, chloro-
phyll content and CGR. With addition of sulphurs its
availability increase in plant system as a consequence of
lower hydration of (SO

4
-2-S) ions, the plant cell colloids,

get swollen which reduce turgor pressure thereby increase
transpiration and ultimately led to higher extraction of
nutrient from soil environment towards plant system. Fur-
ther sulphur involved in synthesis of S containing amino
acids, various enzymatic processes and various oxidation
reduction reaction of plant resulting in greater
meristamatic activities and apical growth thereby improv-
ing overall plant growth (Jaliya et al., 2012).

Yield attributes and yield
Yield attributes of quality protein maize showed

marked improvement with successive increase in nitrogen
levels upto 175 kg N/ha, consequently highest grain and
fodder yields were recorded under 175 kg N/ha which
were significantly higher over 150 and 125 kg N/ha. The
variation in yield attributes, grain and fodder yields corre-
spond to improvement in growth of crop due to increasing
levels of nitrogen (Singh, 2010).

Application of nitrogen in 4 splits significantly in-
creased most of yield attributing consequently grain and
stover yields over three split application of nitrogen. This
appears to be on accounts of vigorous growth of plant as
reflected by higher plant height, CGR, chlorophyll and
LAI of plant. Under four splits of nitrogen application,
higher availability of nitrogen coincided with three critical
stages of crop growth namely pre-knee high, knee high
and 50% tasseling i.e., during complete grand growth
phase of crop. This eventually suggest observed longer
available period of nitrogen under four splits in soil accen-
tuating greater content and uptake of N, P, K and S in
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grain and stover, thus increasing yield attributes
and yield compared to three splits (Singh, 2010).

Application of 40 kg S/ha significantly im-
proved yield attributes consequently productivity
estimated in terms of grain and stover yield. The
effect of sulphur fertilization appears to be due to
vigorous growth of plant as its presence in plant
system suggest greater availability of metabolites
and nutrients (Singh, 2010) synchronized to de-
mand for growth and development of each repro-
ductive structure (Jaliya et al., 2012).

Nutrient uptake
Highest uptake of N, P and K were recorded

under 175 kg N/ha, which were significantly
higher over 150 and 125 kg N/ha. Similarly appli-
cation of nitrogen in four splits significantly en-
hanced total accumulation of N, P, K and S over
recommended three split application of nitrogen.
Sulphur application also enhanced total N, P, K
and S uptake over no sulphur application. The
marked improvement in uptake of nutrient could
be ascribed to greater availability of N and S in
soil environment through direct application, im-
provement in dry matter and its synergistic effect
on P and K (Jaliya et al., 2012).

Soil status
Application of 175 kg N/ha retained signifi-

cantly higher nitrogen in soil over 150 and 125 kg
N/ha. Likewise N retained under 5 splits of N ap-
plication was significantly higher over 3 splits but
proved statistically at par with 4 splits of nitrogen
application. Similarly, sulphur application also
improved sulphur status in soil compared to con-
trol. This might be on account of direct application
of nutrients in soil.

Protein content
Application of 150 kg N/ha significantly in-

creased protein content of grain over 125 kg N/ha.
Similarly, 4 splits proved better over 3 splits in
terms of protein synthesis. Sulphur application sig-
nificantly increased protein over no sulphur appli-
cation. Improvement in protein content under N
and S application is expected as N and S are con-
stituents of protein, enzymes and chlorophyll
(Jaliya et al., 2012).

Economics
The pooled data inferred that application of 175

kg N/ha produced significantly higher grain yield
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Table 2. Effect of nitrogen, its scheduling and sulphur application on nutrient uptake, grain protein content and available soil nutrients
status (Pooled data of two years)

Treatment Nutrient uptake (kg/ha) Grain protein Available nutrient status

N P K S content (kg/ha) PPM

Grain Stover Grain Stover Grain Stover Grain Stover (%) N P
2
O

5
K

2
O S

Nitrogen levels (kg/ha)
125 61.1 35.8 13.2 8.8 15.5 64.4 4.4 17.7 10.2 260.6 17.3 290.6 12.5
150 73.9 45.0 15.7 10.6 18.4 77.0 5.4 21.2 10.4 264.2 17.3 291.1 12.5
175 82.0 51.8 17.2 11.7 20.2 85.1 5.9 23.6 10.5 268.4 17.3 293.2 12.5

SEm± 2.09 1.26 0.46 0.41 0.54 2.25 0.17 0.55 0.05 1.02 0.12 1.97 0.09
CD (P=0.05) 5.91 3.56 1.31 1.16 1.53 6.37 0.48 1.57 0.14 2.89 NS NS NS

Nitrogen scheduling
3 Splits 64.4 38.6 13.9 9.3 16.3 68.3 4.7 18.7 10.2 262.2 17.2 290.6 12.6
4 Splits 75.3 46.3 15.9 10.8 18.6 78.0 5.4 21.6 10.4 264.6 17.3 292.4 12.5
5 Splits 77.3 47.8 16.3 11.0 19.1 80.3 5.6 22.3 10.5 266.4 17.3 292.0 12.4

SEm± 2.09 1.26 0.46 0.41 0.54 2.25 0.17 0.55 0.05 1.02 0.12 1.97 0.09
CD (P=0.05) 5.91 3.56 1.31 1.16 1.53 6.37 0.48 1.57 0.14 2.89 NS NS NS

Sulphur levels (kg/ha)
Control 67.6 41.3 14.4 9.7 16.9 70.6 4.7 18.8 10.2 264.0 17.2 290.7 12.0
40 77.1 47.2 16.3 11.1 19.2 80.4 5.8 22.9 10.5 264.7 17.3 292.6 13.0

SEm± 1.71 1.03 0.38 0.33 0.44 1.84 0.14 0.45 0.04 0.83 0.10 1.61 0.07
CD (P=0.05) 4.83 2.91 1.07 0.95 1.25 5.20 0.39 1.28 0.12 NS NS NS 0.21

and also proved economically beneficial with highest net
returns ( 54,709/ha) and B:C ratio (2.88). Amongst nitro-
gen schedules, application of nitrogen in four splits pro-
duced significantly higher net returns and B:C ratio by

8,234/ha and 0.42 respectively over recommended three
split application of nitrogen. Alike this application of 40
kg S/ha affirmed potential role in enhancing productivity
of quality protein maize and proved economically profit-
able compared to control. This might be on account of
higher productivity of quality protein maize under judi-
cious use of nitrogen and sulphur.

Based on findings of present investigation, it may be
concluded that quality protein maize ‘HQPM-1’ should be
fertilized with 175 kg N/ha in four splits at basal, 4-6 leaf,
knee high and 50 per cent tasseling stages along with 40
kg S/ha.
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