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ABSTRACT 
 

Amanulluh. 2007.  Partitioning of Dry Matter and Grain Yield Potential in Maize (Zea mays L.) as Influenced by Plant Density, Rate and 
Timing of Nitrogen application. Int. J. Sustain. Crop Prod. 2(5): 01-07 
 
 

Efficient use of nitrogen is considered as one of the most important input needed for increasing productivity in 
maize. In order to study the response of dry matter partitioning and grain yield potential in maize to plant 
density, rate and timing of nitrogen application an experiment was designed and conducted at the Agriculture 
Research Farm of the NWFP Agricultural University, Peshawar for two consecutive years in summer 2002 and 
summer 2003.  Factorial experimental treatments were two plant densities (60,000 and 100,000 plants ha-1) and 
three nitrogen rates (60, 120 and 180 kg N ha-1) applied to main plots, while six split application for N in 
different proportions were applied to subplots at different growth timings of maize (cv. Azam), in two equal, 
three equal, three unequal, four equal, five equal and five unequal splits at sowing and with 1st, 2nd, 3rd & 4th 
irrigation at two weeks intervals. The crop was irrigated at two weeks interval i.e. 14, 28, 42, and 56 days after 
emergence. Data was recorded on dry matter content (g) of leaf, stem, ear, ear sheath, tassel, plant and grain yield. 
Increasing N rates significantly enhanced the dry matter content of all the parameter studied except tassel 
weight. Similarly except tassel and ear sheath weight the dry matter content of all other parameters was 
significantly increased with increase in number of split application for N. Plant density had no significant effect 
on the dry matter content of all the parameters under study. Years had only significant affect on ear dry matter 
and grain yield plant-1. Higher rate of 180 kg N ha-1, about 50 % more than recommended rate for maize with 
four or five splits increased dry matter content and grain yield plant-1 is therefore recommended for the irrigated 
tracts and high rain fall areas of Pakistan in general and in NWFP in particular which contribute more than 50% 
of the total country production in maize. 
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INTRODUCTION 
Nitrogen fertilizer is universally accepted as a key component to high yield, high seed quality and optimum 
economic return. Increase in N levels increases plant growth rate, leaf area index, and grain yield. Agronomic 
approaches, such as fertilizer placement, proper level of fertilizer application in optimum plant density and time of 
fertilizer application, keep plant-available nitrogen in the plant root zone (Hauck, 1984). Grain yield showed 
positive relationship with kernel number per plant and harvest index. Reduction in N rate reduces grain yield by 43-
74% and number of kernel per plant by 33-65% (Andrea et al., 2006). Grain yield and partitioning of dry matter in 
maize increases by increasing plant uptake and use of nitrogen at proper growth stage. Restriction of N supply from 
seeding to V8 caused an irreparable reduction in ear size and kernel yield up to 30%, while withholding N supply 
from V8 to maturity reduced kernel yield by 22% and N uptake by 53% (Subedi and Ma, 2005). Delaying N 
application till the V6 stage resulted in a near 12% reduction in maximum kernel yield (Binder et al., 2000). 
Nitrogen deficiency in maize decreases cell division and cell elongation, which in turn resulted in decreased leaf 
length and prolonged time for leaf development. Nitrogen deficiency significantly increases both bulk and segmental 
cell wall per-oxidase activity in the growth zone, thus showing an interaction between leaf growth cessation and 
enzyme activity (Jovanovic et al., 2004).  High levels of N application during the reproductive stage not only 
increase proteins in the grains but also partition greater amounts of carbohydrates to the grains. Maize hybrids which 
accumulate more N after silking tending to have higher grain yield (Akintoye et al., 1999). Nitrogen uptake and 
nitrogen nutrition index at silking is positively correlated to grain yield (Bertin and Gallais, 2000). Nitrogen uptake 
during the vegetative stage is used primarily for vegetative growth, and during late vegetative periods for 
reproductive organs initiation, whereas the N applied after silking and tassling is mainly directed towards the 
synthesis of grain proteins (Akbar et al., 1999). Increased productivity in maize genotypes is due to their ability to 
accumulate nitrate in their leaves during vegetative growth and to efficiently remobilize this stared nitrogen during 
grain filling (Hirel et al., 2001). Addition of N at the flowering stage not only increased grain yield but substantially 
improve grain quality (Mengal and Kirkby, 1979). Greater dry matter accumulation in maize is associated with 
greater leaf longevity. Number of green leaves, an indicator of leaf longevity, was greatest when supply and demand 
of assimilates during grain filling were approximately equal. Leaf longevity was enhanced by an increase in soil N. 
Increased leaf longevity in maize hybrids is associated with a larger source: sink ratio during grain filling (Rajcan 
and Tollenaar, 1999). Highest biomass yield was obtained at 120 kg N ha-1 in first year one and at 160 kg N ha-1 in 
2nd year. Maize crop differs in its ability to maintain LAI, CGR and above ground dry matter production at different 
levels of N supply. Optimizing the inputs of N at the farm level would maximize biomass production and harvest 
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index Pandey et al. (2000). The effects of plant population and nitrogen were statistically significant in ear height, 
ear diameter, seed number per ear, fresh ear weight, number of ears per plant and fresh ear yield. Plant population x 
nitrogen level interaction in fresh ear yield was also significant Turgut (2000). Grain number per ear and test weight 
increased with decreasing plant density Sing et al. (1997). Increasing N fertilizer increase ear and grain yield in 
different plant populations. When N was limiting ear and grain yield increased with population up to around 90 000 
plants ha-1, and then remained unchanged with further increase in plant population. Quality characteristics such as 
ear size and individual grain weight were consistently improved by the application of N throughout the range 30 
000-140 000 plants ha-1, compared when N was not applied. Ear size and individual grain weight declined with 
increase in population; regardless of N supply Stone et al. (1998). Grain yield per plant was directly affected by ear 
length, grains per row, ears per 100 plants and seed Soliman et al. (1999). Increasing plant density increases grain 
yield because of improvement in light interception during the critical period for grain set Andrade et al. (2002). Seed 
weight increased with increase in N rate (Raja, 2003). Seed weight increase with increase in N rate in both thin as 
well as in thick population, while weight declined in thick population when N level was not increased (Stone et al., 
1998). Seed weight increase with increase in N rate and number of splits (Purcino, 2000; Rajcan and Tollenaar, 
1999), decreased with increase in plant density (Singh et al., 1997). Grain yield increased with increase in plant 
density (Toller et al., 1999; Yogananda et al., 1999; Modarres et al., 1998; Gaurker and Bharad, 1998; Anjum et al., 
1992 and Mariga et al., 2000), and decreased with decrease in plant density (Chiesa et al. 2000), increase in the rate 
of N (Purcino et al., 2000; Pandey et al., 1999; Gaurker and Bharad, 1998; Anjum et al., 1992, and Mariga et al., 
2000), and increase with increase in the number of split application for N (Mariga et al., 2000; Gomachadze, 1999; 
and Scharf et al., 2002). In order to increase maize productivity the package of latest production technology 
involving the use of proper amount of N fertilizer at appropriate time and optimum plant population needs to be 
developed. Both inadequate and dense plant densities result in low maize yield even if the crop is fully fertilized. 
Experiment to determine the response of maize to different plant densities, and different nitrogen levels applied at 
different growth timings of maize is very important part of research in Pakistan. Therefore, the experiment was 
carried out with an objective to study the effect of plant density, N rates and timings for enhancing partitioning of 
DM to maximize grain yield.  
 
MATERIALS AND METHODS 
In order to study the response of grain yield and partitioning of DM in maize to plant density, rate and timing of 
nitrogen application an experiment was designed and planted at the Agriculture Research Farm of the NWFP (North 
West Frontier Province) Agricultural University, Peshawar during summer 2002 and summer 2003. The 
experimental farm is located at 34.01o N latitude, 71.35o E longitude at an altitude of 350 m above sea level in 
Peshawar valley. Peshawar is located about 1600 km north of the Indian Ocean and has continental type of climate. 
The research farm is irrigated by Warsak canal from river Kabul. Soil was clay loam, low in organic matter (0.87 
%), P (6.57 ppm), K (121 ppm) and alkaline with high pH (8.2) and was calcareous in nature (Appendix I). The 
climatic data of the research farm is given in Appendix II. A sub-plot size of 4.2 m by 6 m, having 6 rows, 6 m long 
and 70 cm apart, was used. The 2 x 3 x 6 factorial experiment was conducted in RCB design with split-plot 
arrangement using four replicates. Factorial experimental treatments were two plant densities (60,000 and 100,000 
plants ha-1) and three nitrogen rates (60, 120 and 180 kg N ha-1) applied to main plots, while six split application for 
N in different proportions were applied to subplots at different growth timings of maize (cv. Azam), in two equal 
splits (S1) i.e. 50% each at sowing and 14 DAE (days after emergence), three unequal splits (S2) i.e. 50% at sowing 
and 25% each at 14 and 28 DAE, three equal splits (S3) i.e. 33.3% each at sowing, 14 and 28 DAE, , four equal 
splits (S4) i.e. 25% each at sowing, 14, 28, and 42 DAE, five equal splits (S5) i.e. 20% each at sowing, 14, 28, 42 
and 56 DAE, and five unequal splits (S6) i.e. 8.3, 16.6, 25, 33.3 and 16.6% at sowing, 14, 28, 42, and 56 DAE, 
respectively.  Nitrogen as urea was applied with irrigation water at two weeks interval i.e.1st irrigation (14 DAE), 2nd 
irrigation (28 DAE), 3rd irrigation (42 DAE) and 4th irrigation (56 DAE). A uniform basal dose of 60 kg ha-1 P2O5 
and 50 kg ha-1 K2O was applied and mixed with the soil during seedbed preparation. The experiment was planted on 
5th July in the year 2002 and 4th July in the year 2003. The plots were planted at high seed rate by drill and the two 
desired plant densities of 60,000 and 100,000 plants ha-1 were maintained in the different experimental units by 
thinning at the early vegetative growth timings of maize. Data were collected on seed yield, seed weight and protein 
concentration in seeds. At physiological maturity 10 plants were randomly harvested from the four central rows. 
Leaves, stem, ears, ear sheaths and tassels were separated, dried and weighed to record data on dry weight of leaf, stem, 
ear, ear sheaths and tassel. Dry weight plant-1 was calculated as sum of the dry weights of the plant components. Ears 
were threshed, grains ware counted, weighed and the grain yield per plant was worked out. Data was statistically 
analyzed and means were compared using LSD test (Steel and Torrie, 1980). 
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RESULTS AND DISCUSSIONS 
Leaf weight plant-1  
Statistical analysis of the data (Table 1) indicates that N rates and N timing had significant effects on leaf weight 
plant-1. Plant density had no significant affect on leaf weight plant-1. Increase in the rate of N significantly increased 
leaf weight plant-1 from a minimum of 22.61 g at the lowest rate of N to a maximum of 26.70 g at the highest rate of 
N application. Plots which received N in five unequal splits produced the heaviest leaves (27.02 g plant-1) followed, 
by 26.83 g plant-1in the plots which received N in equal splits at five timings, while the slightest leaf weight of 20.92 
g plant-1 was recorded in the plots to which N was applied in two equal splits. Increase in leaf weight plant-1 with 
increase in N rates and timings of N application is due to the increase in leaf size and chlorophyll content, delayed 
maturity time and increased vegetative growth period of maize which resulted in higher leaf weight plant-1. These 
results are in confirmation with those of Rajcan and Tollenaar (1999) that increase in N rates increased leaf 
longevity and photosynthesis in maize which results in higher dry matter production. Similar results were reported 
by Pandey et al. (2000) and Turgut (2000) that dry matter production of maize increased with increase in the rate of 
N application. 
 

Stem weight plant-1  
Nitrogen rate and timing of N application significantly affected stem weight plant-1 (Table 1). Years also had 
significant effect on stem weight.  Maize grown in 2002 had higher stem weight plant-1 than maize grown in 2003. 
Increase in stem weight in 2002 might be due to the increase in rainfall during the middle stage of maize growth 
than in 2003. Increase in N rates increased stem weight from 40.81 g plant-1 when N was applied at the lowest rate 
(60 kg ha-1) to 50.42 g plant-1 in the plots that received the highest rate of N (180 kg ha-1). Heaviest stem weight of 
50.17 g plant-1was recorded in the plots to which N had been applied in five unequal splits (S6), while the lightest 
stem weight of 40.52 g plant-1was noted in plots to which N had been applied at two timings. Stem weight plant-1 

increased with increase in N rates and timings of N application which may be due to the better nutrition of plants 
that increased leaf area and the processes of photosynthesis. The greater stem weight may have resulted from greater 
partitioning of assimilates to stem because when the N in root zone is more the shoot: ratio increase. These results 
are in confirmation with those of Pandey et al. (2000) and Turgut (2000) that increase in the levels of nitrogen 
results in higher dry matter production in maize. 
 

Ear weight plant-1  
Combined statistical analysis of the two years data concerning ear weight indicates that year, N rates and timings of 
N application had significant effects on ear weight plant-1, while plant density had no significant influence on ear 
weight (Table 1). Maize produced higher ear weight plant-1 at maturity in 2003 than in 2002. The variation in the ear 
weight in different years is due to the fluctuation in the rainfall. The higher ear weight in 2003 might be due to more 
rainfall at the late stage of maize that resulted in the maximum ear weight in 2003 than in 2002. Ear weight plant-1 

showed positive relationship with N rates. Increase in N rates weight per ear also increased from a minimum of 
108.26 g plant-1at the lowest rate of N to a maximum of 122.88 g plant-1 at the highest rate of N. Plots which 
received N in five unequal splits (S6) gave the highest ear weight of 124.73 g plant-1, followed by 120.69 g plant-1 in 
plots which received N in five equal splits (S5). The lowest ear weight of 101.42 g plant-1 was produced by those 
plots which received N in two equal splits. Ear weight plant-1 increased with increase in rates and timings of N 
application. It might be due to the better plant and ear development resulting from better nutrition which increased 
leaf chlorophyll content, net assimilation rate and assimilates during grain filling and development timings which 
resulted in the heavier ears. These results are in close conformity with those of Turgut (2000) who reported that 
increase dry matter production in maize is closely related with increase in the rates of nitrogen.  
 

Tassel weight plant-1  
Data on tassel weight of maize at maturity are presented in Table 1. Combined statistical analysis of the two years 
data indicated that plant density, N rates and timings of N application had no significant effect on weight of tassel 
plant-1 at maturity.  
 

Ear sheath weight plant-1  
Combined statistical analysis of the two years data presented in Table 1 showed that N rates influenced ear sheath weight 
of maize, while plant density and timings of N application had no significant effect on ear sheath weight plant-1. 
Increasing N rates enhanced ear sheath weight from a minimum of 7.53 g plant-1 with the lowest rate of 60 kg N ha-1 to a 
maximum of 8.40 g plant-1 with the highest rate of 180 kg N ha-1. Ear sheath weight plant-1 increased with increase in N 
rates and timings of N application which may be due to  better   plant  growth   and  development   resulting  from   better  
nutrition   which increased leaf chlorophyll content, photosynthesis, net assimilation rate and more partitioning of 
assimilates to ear sheath which may have resulted in heavier ear sheath weight. These results are in confirmation 

Partitioning of Dry Matter and Grain Yield Potential in Maize (Zea mays L.) as Influenced by Plant Density, Rate and Timing of Nitrogen application



Int. J. Sustain. Crop Prod. 2(5) (November 2007 4

with those of Rajcan and Tollenaar (1999) that increase in N rates enhanced leaf longevity and photosynthesis 
increases dry weight of ear sheath in maize.  
 

Total weight plant-1  
Data pertaining to total weight plant-1 at maturity are presented in Table 1. Combined statistical analysis of the two 
years data reveals that N rates and timings of N application significantly affected total weight plant-1. Increase in N 
rates enhanced total weight plant-1 with the highest N rate of 180 kg ha-1 producing the maximum weight of 212.5 g 
plant-1, while the minimum weight of 183.2 g plant-1was recorded in plots which received the lowest rate of N. 
Heaviest plants (214.1 g plant-1) were observed in those plots to which N was applied in five unequal splits (S6), 
while minimum plant weight (174.8 g plant-1) was produced with application of N in two equal splits. Total weight 
plant-1 of maize increased with increase in N rates and timings of N application and slightly decreased with increase 
in plant density. The heavier total weight per plant with application of higher N rate might be due to greater 
assimilates formation as a result of increase in leaf area. These results are in confirmation with those of Toler et al. 
(1999) who reported that in high density of maize crop decreases leaf area and leaf biomass plant-1 which decrease 
stem biomass plant-1. The greater total weight may have resulted from greater partitioning of assimilates to stem due 
the increase in the availability of N to maize. Similar results were reported by Pandey et al. (2000) and Turgut 
(2000) that maize dry matter production in maize increased due to high rates of N application to maize. 
 

Number of seeds plant-1 
Data pertaining to number of seeds ear-1 of maize as affected by years, plant density, rate and timing of N are shown 
in Table 1. Combined statistical analysis of the data revealed that years, N rate and the split application for N 
significantly influenced number of seeds ear-1. Maize produced significantly more seeds in 2003 than in 2002. In 
2003 there was more rain fall during grain filling stage of maize that might have increased assimilates partitioning to 
ear and thus may have increased seeds ear-1. Plants density had no significant effect on number of seeds per plant. 
However, maize produced more seeds per plant in low density than high density plots. Increase in plant density 
increase inter plant competition in maize which may have resulted in less number of seeds ear-1, while in thin 
population inter plant competition was less which may have resulted in higher number of seeds ear-1. Similar results 
were reported by Singh et al. (1997) that number of seeds per ear decreases with increase in plant density. Number 
of seeds ear-1 showed positive relationship with N rates. Increasing N rate increased number of seeds ear-1 from a 
minimum of 362 (60 kg ha-1) to a maximum of 411 (180 kg ha-1). Number of seeds per ear increased with increasing 
the number of splits for N application from a minimum of 349 seeds ear-1 with two split application of N to a 
maximum of 422 seeds per ear when N was applied in five unequal splits (S6). Increasing N rate and splits for N 
increased the reproductive growth period of maize so more photo assimilates were partitioned to seed during grain 
filling stage which decreased tip fill and increased number of seeds ear-1. The greater number of seeds ear-1 with 
higher N rate may have resulted from greater assimilates as a result of larger leaf area and more photosynthesis 
during grain filling. The increase in number of seeds ear-1 with increase in the number of split may be due to 
comparatively more assimilates availability at the time of grain filling which may have resulted in formation of more 
number of seeds ear-1. These results are in conformity with those of Stone et al. (1998), Soliman et al. (1999), 
Andrade et al. (1999), Akbar et al. (1999) and Turgut (2000). 
 

Grain yield plant-1 
Combined statistical analysis of the data given in Table 1 reveals that year, N rates and timings of N application 
significantly affected grain yield per plant. Grain yield plant-1 was greater in 2003 than 2002. The variation in the 
yield in different years is due to the fluctuation in the rainfall. The lower yield in 2002 than 2003 might be due to 
shortage of rain fall in the early growth of maize in 2002 than in 2003. Grain yield plant-1 showed positive 
relationship with the increase in N rates and number of split application. The highest grain yield of 99 g plant-1 was 
produced by plots to which the maximum rate of 180 kg N ha-1 was applied, while the lowest yield of 86 g ear-1 was 
recorded in the plots which received the minimum rate of 60 kg N ha-1. Increasing N rate increased grain yield 
significantly. This increase in yield might be due to the decrease in barrenness, increase in seeds ear-1 and increase in 
1000 seeds weight. These results are in close conformity with the results obtained by Purcino et al. (2000); Pandey 
et al. (1999); Gaurker and Bharad (1998); Anjum et al. (1992) and Mariga et al. (2000). N applied in five unequal 
splits (S6) gave the highest yield of 102 g plant-1, followed by yield of 98 g ear-1 in the plots which received N in 
five equal splits (S5), while minimum grain yield of 82 g plant-1 was recorded in plots to which N was applied only 
at two splits. These results are in confirmation with those of Mariga et al. (2000), Gomachadze (1999), and Scharf et 
al. (2002). Plant density had no significant affect on grain yield plant-1 however it ranged between 92 g in high 
density plots and 95 g plant-1 in low density plots. The decrease in the yield per plant in high plant density might be 
due to the strong competition of plants in high density than in the low density. These results are in confirmation with 
those of Chiesa et al. (2000) that highest density in maize decreased grain yield. In high density plots grain yield 
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plant-1decreased but grain yield ha-1 increased (unpublished data). Similar results were reported by Toller et al. 
(1999); Yogananda et al. (1999); Modarres et al. (1998); Gaurker and Bharad (1998); Anjum et al. (1992) and 
Mariga et al. (2000) that grain yield increased in high than in low density plots.   
 

Table 1. Partitioning of dry matter and grain yield potential in maize as affected by plant density, rate and timings of 
N application 

Years 

Leaf 
weight 

(g) 
 

Stem 
weight 

(g) 

Ear 
weight 

(g) 

Tassel 
weight 

(g) 

Ear 
sheath 
Weight 

(g) 

Total 
plant 

weight 
(g) 

Seeds 
per plant 

(g) 

Yield 
per 

plant 
(g) 

2002 
2003 

23.4 
25.8 

48.7a 
41.3b 

105.1b 
124.8a 

4.1 
4.2 

7.9 
8.1 

183.7 
204.1 

378 
395 

88b 
97a 

LSD for years (P≤ 0.05) ns 2.29 14.05 ns ns ns ns 5.21 
Number of Plants ha-1  
P1 =  60000 
P2 =  100000 

 
25.0 
24.2 

 
45.3 
44.8 

 
115.5 
114.4 

 
4.1 
4.1 

 
7.9 
8.2 

 
197.7 
195.5 

 
388 
385 

 
95 
92 

LSD for plant density (P≤ 0.05) ns ns ns ns ns ns ns ns 
Nitrogen rates ( kg ha-1) 
N1  =  60  (50%  less than recom. rate) 
N2  =  120 (Recommended rate)  
N3  =  180  (50% greater than recom. 
rate) 

 
22.6c 
24.5b 
26.7a 

 
40.8c 
43.8b 
50.4a 

 
108.3 
113.7 
122.9 

 
4.1 
4.1 
4.1 

 
7.5c 
8.0b 
8.4a 

 
183.3c 
194.1b 
212.5a 

 
362c 
386b 
411a 

 
86c 
92b 
99a 

LSD for N rates (P≤  0.05 1.19 1.96 4.38 ns 0.43 5.13 10.26 3.27 
Timings of N Application (S)  
S1 =  Two splits (50-50%)  
S2 =  Three splits (50-25-25%) 
S3 =  Three splits (33-33-33%)  
S4 =  Four splits (25-25-25-25%) 
S5 =  Five splits (20-20-20-20-20%) 
S6 =  Five splits (8-17-25-33-17%) 

 
20.9c 
22.5b 
23.8b 
26.4a 
26.8a 
27.0a 

 
40.5d 
40.7d 
44.2c 
46.8b 
47.6b 
50.2a 

 
101.4d 
106.9c 
115.6b 
120.3a 
120.7a 
124.7a 

 
4.1 
4.1 
4.2 
4.2 
4.1 
4.1 

 
7.8 
7.9 
8.0 
7.8 
8.2 
8.2 

 
174.8e 
182.0d 
195.8c 
205.6b 
207.4b 
214.1a 

 
349e 
362d 
382c 
397b 
406b 
422a 

 
82d 
84d 
92c 
96bc 
98ab 
102a 

LSD for N timings  (P ≤ 0.05)  1.36 2.51 4.64 ns ns 5.95 11.06 4.37 
 

Acknowledgements: I am very much thankful to Department of Agronomy, NWFP Agricultural University, 
Peshawar-Pakistan, for providing facilities for conducting this research work. 
 

REFERENCE 

Andrea, K.E.D., M.E. Otegui, A.G. Cirilo, and G. Eyherabide. 2006. Genotypic variability in morphological and 
physiological traits among maize inbred lines. Crop Sci. 46: 1266-1276. 

Akbar F., A. Wahid, S. Akhtar, A.N. Ahmad, and F.M. Chaudhary.1999. Optimization of method and time of 
nitrogen application for increased nitrogen use efficiency and yield in maize. Pak. J. Bot. 31(2):337-341. 

Akintoye, H.A., J.G. Kling, and E.O. Lucas.1999. N-use efficiency of single, double and synthetic maize lines 
grown at four N levels in three ecological zones of West Africa. Field Crop. Res. 60(3):189-199. 

Andrade, F.H., C. Vega, S. Uhart, A. Cirilo, M. Cantarero, and O. Valentinuz. 1999. Kernel number determination 
in maize. Crop Sci. 39(2):453-459 

Anjum, J. I, C. N. Ali, F. H. Sahi, Z. H. Khan, and M. Jafar. 1992. Effect of plant population and fertilizer 
application on growth and yield of summer maize. J. Agric. Res. Lahore. 30(4):453-457.Bertin, P., and A. Gallais. 
2000. Genetic variation for nitrogen use efficiency in a set of recombinant maize inbred lines. Maydica. 45(1):53-66. 

Binder, D.L., D.H. Sander, and D.T. Walters. 2000. Crop response to time of N application as affected by level of N 
deficiency. Agron. J. 92: 1228-1236. 

Bertin, P., and A. Gallais. 2000. Genetic variation for nitrogen use efficiency in a set of recombinant maize inbred 
lines. Maydica. 45(1):53-66. 

Chiesa,A, E. Mateos, J.de. Grazia, and P. Tittonel. 2000. Plant population and fertilization influence on sweet corn 
crop yield. Hortic. Argentina. 18:44-45. 

Partitioning of Dry Matter and Grain Yield Potential in Maize (Zea mays L.) as Influenced by Plant Density, Rate and Timing of Nitrogen application



Int. J. Sustain. Crop Prod. 2(5) (November 2007 6

Gaurkar, S. G., and G. M.Bharad.1998. Effect of plant population, detopping and nitrogen levels on growth and yield of 
maize. PKV. Res. J. 22(1):136-137. 

Gogmachadze, G. D. 1999. Effectiveness of fertilizing maize in the maritime zone of the Georgian Republic. Kukuruza-i-
Sorgo. 1:5-7.  

Hauck, R.D. 1984. Agronomic and technological approaches to improve the efficiency of nitrogen use by the crop plants. 
Nitrogen and the environment an international symposium held in Lahore from January 7-12, 1984.  

Hirel, B., P. Bertin, I.  Quillere, W. Bourdoncle, and C. Attagnant. 2001.  Towards a better understanding of the genetic 
and physiological basis for nitrogen use efficiency in maize. Plant Physiol. 125(3):1258-1270. 

Jovanovic, Z., T. Djakovic, R. Stikic, L.J. Prokic, and V.H.T. Sukalovic. 2004. Effect of N deficiency on leaf growth and 
cell wall peroxidase activity in contrastin maize genotypes. Plant and Soil. 265: 211-223.  

Mariga, I.K; M. Jonga, and O. A. Chivinge. 2000. The effect of timing of application of basal and topdressing fertilizers 
on maize yield at two rates of basal fertilizer. Crop Res. Hisar. 20(3):372-380. 

Mengal, K., and E.A. Kirkby. 1982. Principles of plant nutrition. International Potash Institute. Bern, Switzerland. 

Modarres, A.M., R.I. Hamilton, M. Dijak, L.M. Dwyer, D.W. Stewart, D.E. Mather, and D.L. Smith. 1998. Plant 
population density effects on maize inbred lines grown in short-season environments. Crop Sci. 38(1):104-108. 

Pandey, A.K; V. P. Mani; V. S. Chauhan, and R. D. Singh. 1999. Effect of plant population, row spacing and nitrogen 
level on extra early composite - VL Makka 88 under mid-hills of the North-Western Himalayas. J. Hill Res. 12(2): 88-91. 

Pandey, R.K., J.W. Maranville, and M.M. Chetima. 2000. Deficit irrigation and nitrogen effects on maize in a Sahelian 
environment II. Shoot growth, nitrogen uptake and water extraction. Agric. Water Manage. 46(1):15-27. 

Purcino, A.A.C., M.R.E. Silva, S.R.M. Andrade, C.L. Belele, S.N. Parentoni, and M.X.Santos. 2000. Grain filling in 
maize: The effect of nitrogen nutrition on the activities of nitrogen assimilating enzymes in the pedicel placento chalaza 
region. Maydica. 45(2):95-103. 

Raja, V. 2003. Effect of N rates and plant population on yield and quality of super sweet corn. Indian J. Agron. 46(2):246-
249.  

Rajcan, I., and M. Tollenaar. 1999a. Source:sink ratio and leaf senescence in maize: I. Dry matter accumulation and 
partitioning during grain filling. Field Crops Res. 60(3):245-253. 

Rajcan, I., and M. Tollenaar.1999b. Source:sink ratio and leaf senescence in maize: II. Nitrogen metabolism during grain 
filling Field Crop. Res. 60(3):255-265. 

Scharf, P.C., W.J. Wiebold, and J.A. Lory. 2002. Yield response to nitrogen fertilizer timing and deficiency level. Agron. 
J. 94(3):435-441. 

Singh, A. K., G. R. Singh, and R. S. Dixit. 1997. Influence of plant population and moisture regimes on nutrient uptake 
and quality of winter maize. Indian J. Agron. 42(1):107-111. 

Soliman, F. H, G. A. Morshed, M. M. A. Ragheb, and M. K. Osman. 1999. Correlations and path coefficient analysis in 
four yellow maize hybrids grown under different levels of plant population densities and nitrogen fertilization. Bull. Fac. 
Agric. Univ. Cairo. 50(4):639-658.  

Steel, R.G.D., and J.H. Torrie. 1980. Principles and procedures of Statistics. 2nd edition. 

Stone, P. J; I. B. Sorensen, and J. B. Reid.1998. Effect of plant population and nitrogen fertilizer on yield and quality of 
super sweet corn. Proc. Ann. Conf. Agron. Soc. New Zealand. 28:1-5.  

Subedi, K.D., and B.L. Ma. 2005. Nitrogen uptake and partitioning in stay green and leafy maize hybrids. Crop Sci. 45: 
740-747. 

Toler, J.E., E.C. Murdock, G.S. Stapleton, and S.U. Wallace. 1999. Corn leaf orientation effects on light interception, 
intraspecific  competition, and grain yields. J. Prod. Agric. 12(3):396-399.  

Turgut, I. 2000. Effects of plant populations and nitrogen doses on fresh ear yield and yield components of sweet corn 
grown under Bursa conditions. Turkish J. Agric. and Fores. 24(3):341-347. 

Yogananda, S.B., B. Shivaraj, G. Andani, N. Krishnamurthy, and A.Gowda. 1999. Effect of plant population, phosphorus 
and potassium levels on growth and yield of popcorn. Mysore J. Agric. Sci. 33(1):21-25. 

Amanullah 



Int. J. Sustain. Crop Prod. 2(5) (November 2007 7

Appendix I. Physiochemical soil (30 cm depth) properties of the Agriculture Research Farm, NWFP Agricultural 
University, Peshawar 

S.No. Soil Property Level/Type 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Textural Class 
Calcareousness 
pH 
CaCo3 
Organic Matter 
Available K2o 
Available P2O5 
Total Soluble Salts (TSS) 
Electrical Conductivity 

Clay Loam 
Highly Calcareous 
8.2 
10.37 
0.87 % 
121 ppm 
6.57 ppm 
0.058 % 
0.90 m. mhos cm-1 

 

 
Appendix II. Meteorological data at the Agriculture Research Farm for both years during the experiment 

2002 2003 
Name of Climatic Parameter 

July Aug. Sep. July Aug. Sep. 
Total Precipitation (mm) 
Number of Precipitation Days 
Mean Max. Temperature (oC) 
Mean Min. Temperature (oC) 
Absolute Max. Temperature (oC) 
Absolute Min. Temperature (oC) 
Mean R.H. (%) 1200 GMT 
Mean Daily R. Humidity (%) 
Days with Max. Temp. ≥ 35 oC 
Days with Max. Temp. ≥ 40 oC 
Pan Evaporation (mm) 
Total Sunshine hours 

1.0 
03 

39.7 
26.0 
43.6 
22.8 
41 
54 
31 
14 

174.0 
276.8 

116.6 
08 

34.7 
25.5 
40.6 
15.6 
64 
75 
15 
02 

97.2 
191.4 

14.9 
05 

33.0 
21.3 
34.6 
17.1 
58 
72 

NIL 
NIL 
85.2 
240.1 

73.2 
11 

37.0 
26.5 
42.2 
23.9 
57 
69 
26 
04 

143 
264.4 

51.6 
12 

35.6 
25.0 
38.5 
22.5 
60 
73 
21 

NIL 
112.8 
241.1 

45.2 
04 

34.3 
23.4 
38.4 
15.5 
57 
72 
17 

NIL 
82.1 
197.0 
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