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ABSTRACT 
 

A field experiment was conducted at Agronomic Research Area, University of 
Agriculture, Faisalabad, Pakistan during kharif, 2011 to evaluate the impact of 
different nitrogen and zinc sulphate levels on the phenology, yield and quality 
of maize. Maize hybrid “Pioneer (SS-2525)” was subjected to four rates of N (0, 
200, 250 and 300 kg/ha) and ZnSO4 (0, 9, 18 and 27 kg/ha). The experiment was 
laid out in a RCBD with factorial arrangement having net plot size of 3m x 5m. 
The results showed that nitrogen and zinc sulphate application significantly 
affected the growth, yield and quality parameters of maize. Maximum days to 50 
percent tasseling (53.1) and silking (56.7) were recorded at 300 kg N level. 
Minimum number of days for 50 percent completion of tasseling (45.5) and 
silking (49.1) were recorded in application of 27 kg ZnSO4. In case of 
interaction of N and Zn, minimum days to 50 percent tasseling and silking (44.3 
and 48.3) alongwith maximum plant height (242.3 cm), number of grains per 
cob (539.6), 1000-grain weight (316.0g), grain yield (7.9 t/ha) and protein 
contents (9.9%) were noted in N3Zn3 level (300 kg N + 27 kg ZnSO4). These 
results indicated that these traits linearly increased with increasing levels of N 
and ZnSO4 upto their maximum rate.  
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INTRODUCTION 
 

Maize (Zea mays L.) is very important cereal crop of the world which has 
short growing season than other cereals. Maize is often known as the king of 
crops (10). In Pakistan, maize ranks third after wheat and rice and about 98 
percent of crop is grown in Punjab and NWFP. Pakistan grows maize on 
about 939 thousand hectares with an annual production of 3341 thousand 
tons of grain (9). The average yield of maize is low as compared to biological 
potential of the existing maize cultivars. This potential has not yet been 
explored completely due to some management constraints. Among these 
plant nutrition is considered to be the major one. 
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Nitrogen stress reduces grain yield by delaying plant growth and 
development (37). It plays an important role in crop development and final 
grain yield (1, 36). Nitrogen for maize cultivation is very important to harvest 
maize yield potential (12, 29, 34). It is very essential for plant growth and 
makes up 1 to 4 percent of dry matter of plants. A linear relationship exists 
between N rates and days to tasseling, silking and maturity (14). The existing 
recommended dose of N (200 kg/ha) for hybrid maize production is low for 
Pakistani soils. However, grain yield positively increased upto 300 kg N per 
hectare (17). Quality characteristics in maize such as seed protein contents 
were improved with higher N level (4). Application of nitrogen at low rates 
decreased the grain yield by 43-74 percent and the number of grains per 
plant upto 33-65 percent (5). Yield and protein contents in maize seed 
increased with increase in nitrogen rate (24). 
 
Among the micronutrients, zinc deficiency is considered to be the most 
common (11, 13, 38). A large number of previous investigations showed that 
maize is sensitive to zinc deficiency (21, 26). Zinc plays important role in 
plant metabolism and growth processes. It is required for formation of auxins 
and chlorophyll cytochrome pigment and plays important role in the formation 
of enzyme and carbohydrates regulation and appropriate root development. 
The metal plays a vital role in photosynthesis and nitrogen metabolism. Zinc 
sulphate is used more than any other kind of zinc fertilizer, because of its 
high solvency (27). According to FAO (7) only 5 percent Pakistani farmers 
use zinc fertilizers. 
 
The present study was conducted to determine the interactive effect of N and 
ZnSO4 on phenology, yield and quality of maize hybrid. 
 

MATERIALS AND METHODS 
 

A field experiment was conducted at Agronomic Research Area, University of 
Agriculture, Faisalabad, Pakistan during kharif 2011 on sandy clay loam soils. 
It comprised four nitrogen levels (0, 200, 250 and 300 kg/ha) and four zinc 
sulphate levels (0, 9, 18 and 27 kg/ha). Layout system was RCBD with 
factorial arrangement having net plot size of 3m x 5m. Maize hybrid Pioneer 
(SS-2525) was sown on 04-08-2011 using seed rate of 30 kg per hectare and 
line sowing method with 75 cm row to row and 25 cm plant to plant spacings. 
Nitrogen as urea was applied in two splits; half at sowing and remaining half 
at knee high stage. ZnSO4 was applied at sowing. The recommended dose of 
P and K (100 kg/ha each) was applied at sowing using sources as single 
super phosphate (SSP) and sulphate of potash (SOP), respectively. Prior to 
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crop sowing, soil samples were collected to a depth of 30 cm with soil auger 
and analyzed for various physico-chemical properties (Table 1) using the 
method described by Homer and Pratt (16). 
 

Table 1. Physico-chemical analysis of experimental soil. 
 

 
 
 
 
 
 
 
 
 
Ten randomly selected plants from each plot were tagged and date was 
noted when half of tagged plants showed tasseling and silk appearance and 
then averaged. Data on plant height and number of cobs were taken from 
these selected plants and average was calculated. Total grains of ten cobs 
were counted and grain weight of all cobs selected from each plot was taken 
using triple beam balance and averaged. Similarly 1000-grain weight was 
also computed. For grain yield per plot, cobs of each plot were shelled with 
the help of an electric sheller and weighed. Then yield was converted into kg 
per hectare. At harvest, grain samples were taken from each plot, ground in 
a local make electronic grinder and N contents of seeds were determined 
using micro-Kjeldhal method (8). Crude protein contents were also 
determined using formula described by AOAC (6). 
 

Crude protein = Nitrogen x 6.25 
 

Crop was harvested manually on November 10 and kept in the field for sun- 
drying. The harvested crop was tied into bundles and stacked for four weeks. 
The ears were then separated and sun-dried for 30 days before shelling. 
Data on phenological development, yield and yield components were 
recorded and analyzed using analysis of variance (ANOVA) procedure and 
means were compared according to least significance difference (LSD) test. 
 

RESULTS AND DISCUSSION 
 
The data (Table 2) showed that various nitrogen levels significantly affected 
the time taken to 50 percent tasseling/silking. Maximum days to 50 percent 
tasseling (53.1) and sillking (56.7) were taken by maize crop where nitrogen 

Determinants Value 
             pH  7.8 
             Textural class Sandy clay loam 
             Organic matter 0.87 % 
             Total N 0.045 % 
             Available P 6.7 mg/kg 
             Available K 188.0 mg/kg 
             Zn 0.48 mg/kg 
             EC 1.2 dS/m 
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was applied @ 300 kg against minimum days to 50 percent tasseling (48.7) 
and silking (52.0) where no nitrogen was applied. Akbar et al. (3) and 
Masood et al. (20) also observed that tasseling and silking were delayed with 
increased application of nitrogen. The data further showed that ZnSO4 levels 
significantly influenced the time taken to 50 percent tasseling/silking. 
Maximum days to 50 percent tasseling/silking were recorded in control (55.2 
and 58.5) where no ZnSO4 was applied, against minimum in ZnSO4 applied 
@ 27 kg (45.5 and 49.1). These results are supported by Akbar et al. (3) who 
observed that maize took less number of days to tasseling as well as silking 
with zinc application. 
 
Interactive effect of N and ZnSO4 on time taken to 50 percent 
tasseling/silking was also significant. Maximum days to 50 percent tasseling 
(57.6) and silking (61.0) were taken by maize crop where fertilizer was 
applied at 300 kg N+0 kg ZnSO4 (N3Zn0). It was statistically at par with N3Zn1 
and N2Zn0 interaction. Minimum days to 50 percent tasseling/silking were in 
N3Zn3 interaction (44.3 and 48.3) which was statistically at par with N2Zn3 
interaction. These results are supported by Rafiq et al. (23) who observed 
that application of zinc accelerated tasseling/silking of maize in combination 
with higher N doses. 
 
Plant height at maturity (cm) 
 
Significant (P≤0.05) effect of N and Zn was observed on plant height of 
maize (Table 2). Maximum plant height (231.8 cm) was recorded in plots 
where nitrogen was applied @ 300 kg per hectare against minimum (192.5 
cm) in zero N. Increase in plant height in response to higher N levels has 
been confirmed by Akbar et al. (3) and Rasheed et al. (26). Increase in plant 
height due to more N may be attributed to more vegetative development that 
resulted in increased mutual shading and internodal extension. The effect of 
ZnSO4 on plant height was also significant. Maximum plant height (220.4 cm) 
was recorded in ZnSO4 applied @ 27 kg against minimum (204.7 cm) in zero 
ZnSO4. 
 
Interaction between N and ZnSO4 was also found to be significant for plant 
height. Maximum plant height (242.3 cm) was recorded from N3Zn3 (300 kg 
N+27 kg ZnSO4) which was statistically at par (237.3 cm) with N3Zn2 (300 kg 
N+18 kg ZnSO4). Minimum plant height (186.6 cm) was recorded in those 
plots where N and ZnSO4, were not applied. 
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Number of grains per cob 
 

Both N and ZnSO4 levels significantly (P≤0.05) affected number of grains per 
cob of maize (Table 2). Maximum number of grains per cob (515.0) was 
obtained  in  plots  where  nitrogen  was  applied  @ 300 kg against minimum  
 
Table. 2. Impact of N and ZnSO4 on phonological development, yield and quality 

parameters of maize. 
 

Mean values with different letter(s) in a column are significantly different at P≤0.05 
LSD = Least significant difference 

 
(471.0) from zero N. Decline in resources availability at low fertilization might 
have adversely affected the efficiency of plants to convert intercepted 
radiation into grain sink capacity as competition for photosynthates causes 
kernel abortion in maize. Effect of nitrogen on number of grains per cob is 
also confirmed by Akbar et al. (2) and Rasheed et al. (26) who concluded 
that increasing level of N enhanced the number of grains per cob.  

Treatments Days to 
50% 

tasseling 

Days to 
50% 

silking 

Plant 
height (cm) 

Number of 
grains/cob 

1000-grain 
weight (g) 

Grain 
yield 
(t/ha) 

Protein 
contents 

(%) 

Nitrogen levels (kg/ha) 
N0 = 0 48.7d 52.0c 192.5d 471.0d 263.7d     4.1d     3.9d 
N1 = 200 50.9c    54.4b    213.1c    478.6c    277.2c    5.1c   7.3c    
N2 = 250 52.1b 55.9a 216.9b 495.9b 288.2b    6.1b 8.8b 
N3 = 300 53.1a 56.7a 231.8a 515.0a 301.7a  7.1a 9.6a 
LSD (P≤ 0.05) 0.73 0.86 2.66 5.77 3.81 0.12 0.09 

ZnSO4  levels (kg/ha) 
Zn0 =  0 55.2a 58.5a 204.7d         475.8c 266.7d      5.0d 7.1c 
Zn1 =  9 52.9b    56.6b    211.6c    480.0c    282.2c     5.4c 7.2c 
Zn2 = 18 51.2c 54.6c 217.5b 497.9b 287.7b   5.8 b 7.5b 
Zn3 = 27 45.5d   49.1d   220.4a   506.7a 294.2a 6.1a 7.7a 
LSD (P≤ 0.05) 0.73 0.86 2.66 475.8c 3.81 0.12 0.09 

Interaction 
N0 x Zn0 51.0ef 54.3fg 186.6j 461.0j 255.0m             3.6l 3.8k 
N0 x Zn1 49.0gh        52.6gh        192.0ij         463.0ij 260.0lm             3.9k 3.8k 
N0 x Zn2 48.0hi         51.0hi         197.6h         476.0fgh 267.0jkl           4.2j      3.9jk 
N0 x Zn3 47.0ij 50.0ij 193.6hi        484.2efg 273.0hij         4.5i   4.0j 
N1 x Zn0 55.6 bc       59.0bc       206.0g        470.7hij 263.0kl            4.7i        6.9i 
N1 x Zn1 52.0de 55.6ef 210.0fg       473.0ghi 276.0ghi       5.0h 6.9i 
N1 x Zn2 50.0fg 53.3g 216.3de     482.0efg 282.0fg       5.2gh     7.5h 
N1 x Zn3 46.0jk    49.6ij    220.3cd    488.0cde    288.0ef      5.5fg   7.8g 
N2 x Zn0 56.6ab        60.0ab       210.0fg        482.0efgh      270.0ijk          5.6f 8.6f 
N2 x Zn1 54.3c 58.6bc 213.3ef       487.3def      289.0ef       5.9e         8.6f 
N2 x Zn2 52.6d 56.3de 219.0d    499.3c     294.0de      6.3d 8.9e 
N2 x Zn3 45.0kl 48.6j 225.3c 515.0b    300.0cd 6.8c 9.1d 
N3 x Zn0 57.6a     61.0a     216.3de     489.6cde   279.0gh       6.1de     9.3cd 
N3 x Zn1 56.3ab 59.6abc 231.3b 497.0cd     304.0bc    6.9 c    9.4c 
N3 x Zn2 54.3c   58.0cd   237.3a   533.7a 308.0bc    7.4 b   9.6b 
N3 x Zn3 44.3l 48.3j 242.3a 539.6a 316.0a 7.9 a 9.9a 
LSD (P≤ 0.05) 1.46 1.72 5.33 11.54 7.62 0.24 0.18 
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In case of ZnSo4, maximum number of grains per cob (506.7) was obtained 
from ZnSO4 @ 27 kg against minimum (475.8) from zero ZnSO4. These 
results confirmed the findings of Himayatullah and Qasim (15) who reported 
that application of zinc significantly influenced the number of grains per cob. 
 
The interaction effect of N and ZnSO4 was also significant on number of 
grains per cob. Maximum number of grains per cob (539.6) was recorded 
from N3Zn3 (300 kg + 27 kg ZnSO4) which was statistically at par with N2Zn2 
(250 kg N+18 kg ZnSO4). Minimum number of grains per cob (461.0) was 
recorded in N0Zn4 (0 N+27 kg ZnSO4) which was statistically at par with 
N0Zn1 (0 N+9 kg Zn). 
 
1000-grain weight (g) 
 
Data exhibited significant (P≤0.05) effect of N and ZnSO4 levels also on 
1000-grain weight of maize (Table 2). N @ 300 kg gave maximum 1000-grain 
weight (301.7g) against minimum 1000-grain weight (263.7 g) by zero N. 
Less fertilization probably disturbed the source and sink relationship. Akbar et 
al. (3) and Rasheed et al. (26) also concluded that increasing level of N 
enhanced 1000-grain weight. Similarly ZnSO4 levels also significantly 
influenced 1000-grain weight of maize. Maximum 1000-grain weight (294.2 g) 
was noted in 27 Zn level against significantly minimum (266.7 g) in zero Zn. 
These results are supported by previous findings (35) where yield and yield 
components of maize were significantly increased with zinc application. 
Interaction effect of N and ZnSO4 was also found to be significant. Maximum 
1000-grain weight (316.0 g) was recorded in N3Zn3 (300 kg N + 27 kg ZnSO4) 
against minimum in N0Zn0 (255.0 g). Sharar et al. (31) have also stated 
positive influence of nitrogen and zinc on this trait. 
 
Grain yield (t/ha) 
 
Grain yield was also significantly affected by different N and Zn levels (Table 
2). Mean values showed maximum grain yield (7.1 t/ha) in case of N applied 
@ 300 kg. Minimum grain yield (4.1 t/ha) was noted where no N was used. 
The promotive effect of nitrogen on grain yield was also reported by Saeed et 
al. (28) and Mukhtar et al. (22). Similarly various ZnSO4 levels also 
significantly influenced grain yield of maize. ZnSO4 applied @ 27 kg produced 
maximum grain yield (6.1 t/ha) against minimum (5.0 t/ha) by zero Zn. Maize 
grain yield increased as a result of zinc application which has also been 
reported by Sawarker et al. (30). 
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Interaction effect of N and ZnSO4 was also found to be significant. Maximum 
grain yield (7.9 t/ha) was noted in N3Zn3 (300 kg N + 27 kg ZnSO4) against 
minimum (3.6 t/ha) in NoZno. These results support the findings of Rafiq et al. 
(23) where application of zinc increased maize grain yield in combination with 
higher N dose. 
 
Grain protein content (%) 
 
The data exhibited significant (P≤0.05) effect of N and ZnSO4 levels on grain 
protein contents (Table 2).  Protein contents continued to increase with 
increasing N levels indicating that nitrogen being a major constituent of 
proteins contributed towards increase in protein content. These results 
confirmed the findings of Khan et al. (18). ZnSO4 levels also significantly 
affected grain protein contents. Maximum protein contents (7.7%) were 
recorded in plots applied with 27 kg ZnSO4 against minimum in control (Zno). 
Zinc is vital for protein and amino acid synthesis as reported by Logeragan et 
al. (19). Some earlier scientists (23, 33) also found that zinc fertilization in 
maize significantly improved protein contents. 
 
N and ZnSO4 interaction also affected grain protein contents significantly. 
N3Zn3 (300 kg N+27 kg Zn) interaction showed maximum protein contents 
(9.9 %) against minimum (3.8 t/ha) in NoZno and NoZn1. 
 

CONCLUSION 
 

It was concluded that application of fertilizer @ 300 kg N + 27 kg ZnSO4 per 
hectare significantly increased plant height, number of grains per cob, 1000-
grain weight and finally the grain yield. It was further concluded that 
application of ZnSO4 accelerated silking and tasseling of maize crop. 
However, tasseling and silking were delayed by N application at higher dose. 
Application of ZnSO4 @ 27 kg per plot also increased protein contents in 
maize grain. 
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