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Abstract: Maize (Zea mays L.} yield in rainfed areas is generally low due to scanty rainfall and continucus depletion of
nutrients from the soil. In Ravvalakot, soils are generally deficient in nitrogen and phosphorus, therefore addition of N
and P through fertilizers become inevitable for obtaining maximum vyield. A field experiment was conducted to explore
the response of maize to NP fertilization in terms of growth and yield. In the plots where N alone or NP together vvere
applied, all the growth parameters i.e. height of the plant, number of leaves per plant, leaf area, fresh weight and dry
vveight increased significantly relative to control plots without fertilizer. The dry matter yield in control was 2933-kg
ha™", which, increased to 11667 kg ha ' when 120 kg N and 90 kg of P,O, vwere applied. The difference between N
alone or NP together wwas statistically non-significant. Yield components increased significantly when N alone or NP
together was applied. The grain yield was increased from 1350 kg ha~' in the contral to 4200-4683-kg ha ' in the
treatments where either N or NP together was applied. A maximum of 4583 kg of grain ha ' was obtained in the
treatment where 120 kg N and 90 kg P.O; ha™" was applied. In the present investigation, a 4 to b fold increase in the
yield of maize by the application of N and P proves that N & P fertilization substantially enhanced the per acre vyield of

maize under agro-climatic conditions of Ravvalakot Azad Jammu &Kashmir.
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Introduction

Maize [Zea mays L.} is an important cereal used as human
food, animal feed and as a ravv material for various agro-based
industries throughout the world. In terms of total global
production maize normally exceeds 400 million metric t/year
compared with almost 500 metric tones for wheat and just
under 400 metric tones for rice. Maize is an important cereal
crop of Pakistan and it ranks third in cereals next to wheat and
rice. It is growwn on an area of 869 thousand hectares, an
annual production of 1251 thousand tones with an average
yield of 1440-kg ha™' {Chatha ef a/, 1986). About 60% of
maize is grown under irrigation, the rest is rainfed. Maize is
used as a multi-purpose crop for food, feed, fodder,
manufacturing of industrial products and as a fuel (dry stalk].
Its seed is an important source of carbohydrates, protein and
various other mineral nutrients (Bhatti and Soomro, 1996). As
a cereal, about 75% of the grain yield is consumed directly as
food in the form of chappatees, 2.5% as seed, 11.9% starch
industries and 10.6% feed and urban food grains {Chatha ef
al., 1986]}. The importance of maize as a source of industrial
raw material is rapidly increasing, due to its expanding
industrial use in Pakistan {Chatha et al., 1988).

Maize is grown on b1% of the total cultivated area in Azad
Jammu and Kashmir. The average vyield is 1165.6-kg ha™'
{Socio-economic study of Azad Jammu & Kashmir, 1992). In
spite of ideal growing conditions, yield per hectare of maize in
Pakistan and AJK is far belovw than the developing countries
of the world. Among various yield limiting factors, balanced
and proper fertilization is an important one. The causes of this
gap in yield are injudicious use of inputs and lack of modern
production technology. In addition, soil erosion and small
annual additions of organic matter from plant sources are the
major causes of lowy sail fertility resulting in lovw per acre yield.
Use of both organic and inorganic fertilizers is still not
common amoeng farmers. According to the report presented by
Sacio-ecohomic study of Azad Jammu & Kashmir (1992), only
43-45 kg N ha ' is applied to maize while application of P is
just 2.35 kg ha ' and of the total private farms surveyed
throughout AJK, only 1.6% were given optimum fertilization.
Under such conditions, lovy fertilizer application is considered
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being a major constraint responsible for low maize production
in the region. A detailed study of the fertility status of soils in
and around Rawalakot showed that soils are severely deficient
in nitrogen and phosphorus {Malik et al., 2000).

Maize has been reported to respond wvell to nitregenous
fertilizers and N levels up to 250-kg ha~' has been
recommended under different soil and climatic conditions
[Dathotonde and Rahate, 1972). Individual experiments have
also documented an increase in crop growth rate and yield
associated wvith increasing soil N availability (Shahzad ef af.,
19986; Cheema ef al., 1997). Tasseling, silking, and maturity
periods were reported to be delayed by N application while
cob weight, 1000-grain vveight, stalk and grain yield wvere
increased significantly (Hussain, 1976; Shahzad et al., 1996].
Sabir et al. (1987] reported that NP application increased grain
yield of maize from 1.72 t ha ' with no fertilizer and 2.89 t
with N alone to 4.18 t when NP were applied together.
Keeping in vieww the importance of maize as grain crop and the
role of nitregen and phosphorus on its productivity, a field
experiment was conducted to examine the effect of different
levels of N and P on the growth and yield performance of
maize. The experiment will help to find the optimum dose of
N and P, which, can be recommended for maximum growth,
and yield of maize under agro-climatic conditions of Ravwalakot
Azad Jammu and Kashmir.

Materials and Methods

Field Operation: This experiment was carried out at the
Experimental Farm, University College of Agriculture,
Rawalakot Azad Jammu & Kashmir during 2000. The seeds of
maize variety “Kashmir Gold” were collected from Agriculture
Station Padhar District Bagh Azad Kashmir. From the research
area, a field of 15 x 13 m? with uniform micro-topography
was selected, ploughed thoroughly for seed bed preparation.
Before sowing, composite sample in the plough layer {0-15
cm) was taken randomly for physical and chemical analysis
[Table 1). The experiment wvas laid out in randomized
complete block design with three replications, using a net plot
size of 3 x 2 m?. Following fertilizer levels were tested:
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Te O, ONP{kgha ")

T,: 120, ONP tkg ha™ ")
Ty 150, ONP (kg ha™ ")
Te O, BONP (kg ha™")
Ty O Q0 NP (kg ha™")
Te 120,80 NP (kg ha™")
Te 120, 90 NP (kg ha™")
Ty 180, B0 NP (kg ha ")
Te: 150, 90 NP (kg ha™")

A basal dose of 80 kg k,O ha™' in the form of potassium
sulphate was applied to all plots including control. Nitrogen
and phosphorus were applied in the form of urea and single
super phosphate at the time of sowing. All the fertilizers vwere
mixed and incorporated well into the soil before sowing to
minimize any chance of loss. Maize vwas sovwwn during last
week of May 2000 in 50-cm apart row with a seed rate of B0-
kg ha='. Germination was completed within 7-10 days. Plant
population vwas maintained by thinning when the plants were
at four leaves stage to establish a plant-to-plant distance of 22
cm. Two manual hoeing were accomplished with the help of
a kasola at 20 days interval right in the early growth stage of
the crop to remove weeds. All other agronomic practices were
kept wuniform. During or at the end of the study the
observation on days taken to tasseling, silking and maturity,
leaf area plant™' at tasseling, plant height at maturity (cm);
number of leaves plant™'; green fodder yield (kg ha™'}; dry
matter vyield (kg ha™'}); number of grains cob™'; 1000-grain
wveight and total grain yield (kg ha™') were recorded.

The crop was harvested during the last week of September.
Cobs were removed immediately after harvesting while from
each plot all the plants were tied up into bundles. After taking
their fresh wveight these wvere allowed to sun-dry on their
respective plots for about two weeks for dry veight of crop.
The weight of the grains from each plot was converted into
hectare basis using the formula:

Grain yield plot™’

Plot size (m?)

Grain yield (kg ha™') =

Harvest index of maize crop was calculated using the formula:

Economic yield

Biclogical Yield

Harvest Index:

For leaf area, ten plants were randomly selected from each
plot and their maximum length and breadth were recorded to
have estimated leaf area. Correction factor wwas determined
with the help of graph paper using the following formula:

Leaf area taken by graph paper

C.F.

Estimated leaf area

The actual leaf area vwas estimated by multiplying estimated
leaf area with correction factor and then was averaged to
have leaf area per plant.

Statistical Analysis: The data collected from different
treatments wvere statistically analyzed wusing analysis of
variance technigques and Duncan’s New Multiple Range test
was employed to compare the treatment means at 0.05%
probability level {(Steel and Torrie, 1984).

Results and Discussion

Plant height {cm): The height of plant is an important growth
character directly linked with the productive potential of plant
in terms of fodder and grain yield. An optimum plant height is
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claimed to be positively correlated with productivity of plant.
Results showed that different levels of N and P affected the
plant height to a considerable extent {Table 2). N alone or in
combination with P produced significantly taller plants as
compared to the plants grown in control treatment (T ). On
the other hand, plants did not show significant response vwhen
phosphorus was applied alone. A maximum of 245.77 cm
height was recorded in the plots fertilized with 120-90 kg NP
ha™' relative to 153.64 cm height in the control plots.
Comparison between the two wvalues indicating a 60%
increase in height when 120-90 kg NP ha™' was applied. Data
regarding the difference within the treatments revealed that N
alone or NP together was at par. However, plant height in
these treatments wvas significantly higher than the height
recorded in the treatments of P alone or in the control one.
The increasing trend of plant height with N or NP together was
probably because of the role of N in cell division and cell
enlargement, which ultimately affect the vegetative growth
particularly height of the plant. These results are supported by
the findings of Khan and Gill (1992} and Shahzad et al
[19986).

Leaf area: Leaf area was increased significantly by the
application of NP together (Table 2). A maximum leaf area of
43.90 cm? was recorded in the plots where 160-90 kg NP
ha~" was applied followed by other NP treatments. Taking the
various treatments into consideration, the results disclese that
a significant difference exists because of N and P fertilization.
It is evident that in case of T; where maximum level of both
N and P was applied, the leaf area matched the maximum
level of 43.90 cm” relative to the minimum of 32.19 cm” in
the control treatment. These observations are in agreement
with the previous workers who reported increase in leaf size
by the application of N and P fertilizers (Shahzad et al., 1996).

No. of leaves per plant: Application of N and P alone or
together increased the number of leaves per plant significantly
over control but most of the fertilizer treatments wvere
statistically at par with each other (Table 2}. The maximum
number of leaves (17.14) was recorded in Tg (120-80}, which
is not statistically significant to the leaves found in T, {16.26]),
in the treatment where the maximum plant height was
observed. The response of leaves to fertilizer observed in the
present investigation vwas similar to those reported by Tivvary
et al. (1970} and Khan and Gill (1992].

Green fodder yield: Results indicated a significant effect of NP
fertilization on fresh fodder vyield of maize (Table 2.
Application of N and P alone or together increased the fodder
yield substantially over control. A maximum yield of 17217-kg
ha~' was recorded in the plots fertilized with 120-90 kg NP
ha~" against the minimum of 8321 kg in the control treatment.
This value showvved that more than 50% increase in fresh
fodder yield can be obtained if N and P together are applied @
120-90 kg ha'. The increase in the yield of green fodder of
maize by NP application can be attributed to significant
increase in number of leaves/plant, leaf area, plant height.
Khan and Gill {1992) also reported similar effects of NP
fertilization on maize fresh fodder.

Dry matter yield: The results indicated that most of the
fertilizer treatments gave significantly higher dry matter vield
as compared to control. The maximum dry matter yield of
11667-kg ha™' was obtained in T, {120-90) as compared with
4233-kg ha ' in control indicating almost 3-fold increase in dry
matter yield. Within the treatments the trend was almost
similar to that recorded in fresh fodder yield. Arani (1975},
Prusty et al (1987} and Khalil et al. {1988) also reported the
similar results.

Tasseling, silking and maturity: Tasseling is the first stage of
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Table 1: Some physical and chemical characteristics of soil used during stud

Depth pH Q.M MNO,-N Avail. P Auwailable K CaCO, Sand Silt Clay Texture
{om) (96) (Mg kg™ (mgkg™") img kg™ (96) (96) (96) (96) Class
015 £5.59 0.90 1.88 1.18 52 0.68 41.3 567 2.0 Silt Loam
16-30 6.69 0.856 1.92 0.95 a7 0.80 31.7 63.3 5.0 Silt
oean 5.64 0387 1.90 1.03 49 6 074 36.5 50.0 3.5 Silt

Table 2 Effect of nitrogen and phosphorus

fertil\z_ation on vegetative growwth of maize

Treat. Fertilizer applied (kg ha™") Flant height MNo. of Leaves Leaf area Fresh fodder weight Dry matter vield

—————————————————————————————————— (cm) tper plant) (cm?) kg ha ") (kg ha™")

M P K
Ta Q Q 80 163.64c 12.35c 3z.19f 8321g 2933
T, 120 o] 80 221.20ab 186.21ab 40.32¢ 13333e 72171
T, 160 Q 80 216.97ab 16.58a 41.67b 18667 ¢ 10000c
T, Q 50 80 201.10b 13.80b 3b6.20e 10840f 5550g
T, o] 20 80 177 14be 14.01b 36.98d 102101 5000h
Ts 120 50 80 220.8%ab 17.14a 41.72ab 15000d 8883e
Ts 120 20 80 245.77a 15.67ab 42.82a 17217a 116673
T, 160 50 80 226.83a 168.26a 43.78a 1720%a 11100b
T 160 20 50 241.27a 15.64b 43.90a 16117b 9433d
* Any two values not sharing a letter in common differ significanthy (P< 0.08)
Table 3: Time teken to maize crop from emergencs to maturity following the application of M and P fertilizer
Treat Fertilizer applied (kg ha™") Days taken to

[ P K Tasseling Silking [aturit

To o] o] 80 48 70f 54 15f 101 .19f
T, 120 Q 80 54.22d 53.70b 116.42¢
T, 160 Q 80 b6.46b 650.47ab 121.42ab
Ts o] 80 80 50.00b 57 20c 110.32e
Ts Q 20 80 50.40e 57.60c 114174
Ts 120 50 80 56.70¢c 53.62b 1M1712¢c
Ts 120 20 80 55 10¢ 59.12b 118.0be
T, 160 50 80 57.00a 651.22a 121.60ab
T 160 90 50 57 32a 51 523 123 623

* Anvy twwo values not sharing a letter in common differ significantly (P< 0.05)

Table 4 Effect of NP fertilization on the vield and vield components of maize

Treat Fertilizer applied (kg ha™") Mo, of grains/cob 1000-grain weight Grain vield  Biological vield Harvest index
------------------------------------ ia) kg ha") (kg hs) (%)
14 P K

To o] o] 80 288.63c 188.43c 1350d 2933i 46 .03

T, 120 Q 80 494 .00ab 263.08b 4217b 72171 52.43

T, 160 Q 80 498.95s8 283.84b 4333b 10,000d 43.33

Ts o] 80 80 498 66a 201 84c 1600c 55509 2883

Ts Q 20 80 495.71s 227.81¢ 1621¢c 5000h 32.00

Ts 120 50 80 484 .00ab 326.97= 4250b 8883e 47 .84

Te 120 20 80 510.33a 354 532 46832 11667a 3928

T, 160 50 80 511.86a 313.82s 4336b 11100b 39.08

T 160 90 50 490.33ab 296.02b 4256b 9433c 45.11

* Any two values not sharing a letter in common differ significanthy (P< 0.05)

Teble 5: Economic analysis of maize production following the addition of nitrogen and phosphorus fertilizer

Treat Fertilizer applied Grain vield  Straww yield Fertilizer cost  Income (Rs) MNet return MNet return
----------------------------------- kg ha™") kg ha™") [Rs) smeemseemes oo (Rs) over
i P K Grain__ Stravw__Total control (Rs)

Ta Q Q 80 1360 2933 720 12160 3666 16816 158096  ----eee

T, 120 Q 80 4217 7217 2280 37953 9021 48874 44634 295398

T, 160 o] 80 4333 10,000 2870 38997 12600 51497 48827 33731

T, Q 50 80 1800 55650 1716 14400 6937 21337 19621 4525

Ts Q 20 80 16821 5000 2214 14400 6250 20860 128436 3340

Ts 120 80 80 4250 8883 3276 38250 11104 49384 48078 30581

Te 120 20 80 4583 11667 3774 41247 14584  5HEB831  b20L7 36360

T, 160 50 80 4336 11100 3666 39024 13875 52899 49233 34137

T 1650 S0 50 4258 5433 4184 38304 11791  50O0S5 45931 30835

reproductive growth in which male organs (tassels] are
developed. Tasseling is necessary for cob formation and final
maturity of the crop. Silking on the other hand is the process
of formation of thread like silks, which after pollination leads
to the development of grains in cob. In the present study, time
taken to tasseling, silking and maturity was significantly
influenced by NP fertilization (Table 3). It was generally
observed that NP fertilizers increased the duration of the crop
to mature. In other words these fertilizers delayed the maturity
and reproductive stage of the crop. The maturity of crop was
delayed up to three weeks while tasseling and silking delayed

for 7-10 days period. Comparisons among different treatments
revealed that in most of the cases N alone or NP together
extended the growth and maturity peried as compared to
control. Application of P with N did not play its role to reduce
the growth period and hasten the maturity of a crop. The
reason being not understoed. Qur results are in line with the
findings of Roy and Singh {1988}, Bangarvwa et al (1988),
Shahzad et al. (1996).

Number of grains per cob: Number of grains per cob is an
important yield component that contributes directly to the final
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grain yield of the crop. More the number of grains per cob,
more will be the yield. Data presented in Table 4 evinced that
application of different levels of N and P alone or in
combination affected the number of grains significantly. All
fertilizer treatments differ significantly from control but the
difference within the fertilizer treatments vwas non-significant.
A maximum of 511.66 grains/cob was recorded in T, followed
by 510.33 grains in T, and the difference betwween the two
was non-sighificant. This showed that combined application of
N and P yielded more than 70% grain of maize relative to the
control. These results are supported by the findings of Manuel
et al. (1985) and Shahzad et al. {1996).

1000-grain wweight: 1000-grain wweight is an important
indicator, which directly affect the ultimate grain yield because
the plumpness of the grain is positively correlated with grain
yield. The data in Table 4 revealed a significant increase n
1000-grain wweight with the application of N alone and NP
together. Comparisen of individual treatment means indicated
that maximum 1000-grain vweight {354.53 g} vwas observed in
T,. The difference between all the treatments of N and NP
together wvas non-significant. Howvever, the vyield was
significantly higher than the control and P treatments. Prusty
et al. {1987 reported similar results.

Grain yield: Statistical analysis indicated a highly significant
effect of NP fertilizer on grain yield (Table 4]). The comparisen
of individual treatment means revealed that N alone and NP
together produced significantly higher grain yield as compared
to the control and P treatments. A maximum of 4583-kg ha ™’
grain yield vwas produced in T, and it was significantly higher
than the grain yield obtained from rest of the treatments.
These results shovwed the justification of fertilizer application
for maximum crop production. Samad (1992}, Alvi (1994},
Shahzad et af. (1996} and Chaudhry {1997} also reported a
significant difference in grain vyield of maize by NPK
application.

Harvest Index: The Physiological efficiency of maize in
converting the photosynthesis into grain yield is measured in
the form of harvest index. The maximum harvest index, i.e.
568.43% was given by T, followed by T (Table 4). Control and
the treatments where only P vas applied gave a minimum
harvest index indicating that N played a major role in this
parameter of crop development.

Bconomic Bvaluation: Table 6 depicts that a maximum rate of
return (Rs. 36960 ha™'} was obtained by T.. The total income
writhout considering the net return (Rs. 52057) is also
maximum in this treatment while the fertilizer cost was Rs.
3774, which can be easily afford by a farmer. The net return
obtained in the treatment T,was Rs. 48827 and the fertilizer
cost in this case is Rs. 2670. This treatment can alsc be
recommended for a farmer having no access to apply
phosphatic fertilizer.

From the result of this study, it was concluded that deficiency
of twwo major nutrients in our seil, i.e. nitrogen and phosphorus
is @a major constraint of lovw agriculture production. Application
of balanced fertilization substantially enhanced the per acre
yield of maize. At the moment the overall yield of maize under
Azad Jammu and Kashmir is around 1200-kg ha™'. By
applying NP at the rate of 120-90 kg ha', the maximum vyield
obtained was 4500-kg which, is 4 times higher than the soil
without added fertilizers. This yield is almost equivalent to per
hectare yield obtained in Turkey. The level of yield can be
increased up to the level of yield obtained in USA or Italy by
considering factors other than fertilizer application. In areas
like Azad Jammu & Kashmir supply of vwater/meisture to crops
at proper time is a major problem, which also affect the
fertilizer use efficiency.

Application of phosphorus alone did not give any significant
response to the vegetative growth and grain yield of maize
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although the soil under study vvas deficient in P. It may be
because of the poor growth during early crop development
due to absence of N, the maize plants were unable to utilize
the P application properly. Other possibility is that
broadcasting of P may not be as effective as the other
methods of its application
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