
   



Pr

 
 

 
 
 

 

 
 
 

 
 

 

 

 

 

roduction 

geomet

 
 
 
 
 
 
 
 

 
 
 

UNIVE

potential 

try, popul

A thes
the

DO

DEPA

FACU

ERSITY 

of maize a

lation dyn

Muhamm

M.Sc. (Ho

sis submitte
e requireme

OCTOR O

AGR

ARTMEN

ULTY O

OF AGR

PA

as affected

amics and

By 

mad Asif R

ons.) Agric

ed in partial
ents for the

OF PHILO

IN 

RONOMY
 

NT OF AG

OF AGRIC

RICULTU

AKISTAN

2010 

d by interc

d fertilizer

Rafiq 

culture 

l fulfillment
e degree of

OSOPHY

Y 

GRONO

CULTUR

URE, FA

N 

cropping, 

r managem

t of 

OMY 

RE 

AISALAB

planting 

ment 

BAD 



 
 

DECLARATION 

 

I hereby declare that the contents of thesis Production potential of maize as 

affected by intercropping, planting geometry, population dynamics and fertilizer 

management are product of my own research and no part has been copied in any 

published source (except the references, standard mathematical and genetic 

models/equations/formulate/protocols etc.). I further declare this work has not submitted 

for award of any degree/diploma. The university may take action if the information 

provided is found incorrect at any stage. In case of any default, the scholar will be 

proceeded against as per HEC plagiarism policy. 

                                                      

 

Signatures of the Student                              

Muhammad Asif Rafiq                                 

97-ag-1270                                                      

Department of Agronomy                             

University of Agriculture,                            

Faisalabad 

 

  



 
 

  

 

DEDICATED 

TO 

MY PARENTS, WIFE, SISTERS 

AND BEAUTIFUL DAUGHTER 

 

 

With love and affection 

 



 
 

 

ACKNOWLEDGEMENTS 

All praises and thanks are for Almighty Allah, The Merciful and The Beneficent, who 
created the universe and knows whatever is there in it, hidden or evident and whose countless 
blessings enabled me to perceive and pursue higher ideals of life. Countless salutations to Holy 
Prophet Muhammad (Sallallaho Alaihe Wassalam), who is the eternal torch of knowledge, 
guidance and leadership for humanity as a whole and guided his “Ummah” to seek knowledge 
from cradle to grave. 

I feel highly privileged in expressing my heartiest gratitude to my ever affectionate 
supervisor Dr. Asghar Ali, Professor, Department of Agronomy, University of Agriculture, 
Faisalabad for his dynamic supervision, dedicated interest, energetic guidance and whose 
inspiring attitude made it very easy to undertake and accomplish this project. It was only through 
his guidance that gave directions to my efforts to be fruitful. I acknowledge my indebtedness to 
the members of my Supervisory Committee, Dr. M. Asghar Malik, Professor (Retd.), Department 
of Agronomy, University of Agriculture, Faisalabad and Dr. Mumtaz Hussain, Professor and 
Chairman, Department of Botany, University of Agriculture, Faisalabad, for their personal 
interest, sympathetic attitude and valuable suggestions for the improvement of this dissertation. 

The author particularly likes to thank Dr. Riaz Ahmad,  Professor, Dr. Abdul Khaliq, 
Associate Professor, Department of Agronomy, University of Agriculture, Faisalabad; 
Muhammad Saeed, Assistant Research Officer, Sugarcane Research Institute, Faisalabad and 
Muhammad Ishfaq, Deputy District Officer, Sargodh, for their generous help and cooperation in 
completion of my studies. 

Words are lacking to express my deepest appreciation to my father Rana Muhammad 
Rafiq, Mother and Sisters, for my success is really the fruit of their support and devoted prayers. I 
owe a debt of gratitude to my father-in-law Muhammad Iqbal Rashid who not only gave 
invigorating encouragement but also supported me morally. 

Special thanks to Higher Education Commission of Pakistan for providing me financial 
assistance throughout my Ph.D. degree. 

 Last but not least, I express my profound love and affection to my wife Mrs. Asifa Rana 
and little loving daughter Areeba Asif, who ever remembered me in their prayers and without 
whom cooperation and patience such a stupendous project could not be completed successfully.   

 

(Muhammad Asif Rafiq) 

  



 
 

LIST OF CONTENTS 

Chapter Title Page # 

 ASTRACT 1 

1 INTRODUCTION 2 
2 REVIEW OF LITERATURE 5 

2.1 Introduction 5 
2.2 Morphology 5 
2.3 Plant density an important component of higher yield in maize 6 

2.4 
Relationship between nitrogen application and phenological 
development, growth, yield, and quality characteristics of hybrid 
maize 

7 

2.5 Plant density effect on plant growth 8 

2.6 
Interactive effect of fertilizer and plant density on growth and yield 
performance of maize 

9 

2.7 Crop productivity response to Zn fertilization 10 

2.8 
Intercropping and planting geometry interactive effect on 
performance of maize and associated intercrops 

12 

3 MATERIALS AND METHODS 16 
3.1 Experimental location 16 

3.1.1 Site 16 
3.1.2 Soil 16 
3.1.3 Metrological data 17 
3.2 Experiment and Treatments 18 

3.2.1 
Experiment # I: Influence of different densities and fertilizer 
levels on maize yield 

18 

3.2.1.1 Treatments 18 
3.2.1.2 Layout plan 19 
3.2.1.3 Sowing 19 
3.2.1.4 Maintenance of plant densities 19 
3.2.1.5 Irrigation 19 
3.2.1.6 Fertilizer application 19 
3.2.1.7 Weed removal 22 
3.2.1.8 Other agronomic practice 22 
3.2.1.9 Harvesting 22 

3.2.2 
Experiment # II: Effect of planting geometry on the agro- 
physiological traits of maize-legume intercrops 

22 

3.2.2.1 Treatments 22 
3.2.2.2 Layout 22 
3.2.2.3 Sowing 23 
3.2.2.4 Fertilizer application 23 
3.2.2.5 Weed removal 23 
3.2.2.6 Other crop husbandry practices 23 

3.3 Observations 23 
A Phenological development 23 
B Growth and development 24 
C Agronomic and yield traits 24 



 
 

D Grain quality 24 
E Intercrops 24 
F Patterns of nutrient uptake 25 
G Statistical analysis 25 
H Economic analysis 25 

3.4 Procedures for recording data 25 

3.4.1 Maize 25 

3.4.1.1 Growth and development 25 

3.4.1.2 Phenological development 27 

3.4.1.3 Agronomic and yield traits 27 

3.4.1.4 Grain quality 29 

3.4.2 Intercrops 29 

4 Results and discussion 31 

4.1 
Influence of different densities and fertilizer levels on maize 
yield 31 

4.1.1 Phenological development 31 
4.1.1.1 Days taken to seedling emergence 31 
4.1.1.2 Days taken to 50 % tasseling 31 
4.1.1.3 Days taken to 50% silking 34 
4.1.1.4 Days taken to maturity 34 
4.1.2 Growth and development 37 

4.1.2.1 Leaf area index  37 
4.1.2.2 Leaf area duration  42 
4.1.2.3 Dry matter accumulation (DMH) 42 
4.1.2.4 Crop growth rate                                                           45 
4.1.2.5 Net assimilation rate                                                           50 
4.1.3 Agronomic and yield traits 55 

4.1.3.1 Plant height 55 
4.1.3.2 Number of leaves per plant 57 
4.1.3.3 Number of ears per plant 60 
4.1.3.4 Number of grain rows per ear 60 
4.1.3.5 Number of grains per ear 63 
4.1.3.6 Grain weight per ear 66 
4.1.3.7 1000-grain weight  66 
4.1.3.8 Grain yield per hectare(GYH) 68 
4.1.3.9 Stover yield per hectare (SYH) 70 
4.1.3.10 Grain to pith ratio 72 
4.1.3.11 Harvest index (%) 72 

4.1.4 Grain quality 76 
4.1.4.1 Grain crude protein content (%) 76 
4.1.4.2 Grain oil content (%) 78 
4.1.4.3 Grain starch content (%) 78 
4.1.5 Nutrients uptake by maize plant 81 

4.1.5.1 Nitrogen uptake by maize plant 81 
4.1.5.2 Phosphorous uptake by maize plant 81 



 
 

4.1.5.3 Potassium uptake by maize plant  88 
4.1.5.4 Zn uptake by maize plant 88 

4.2 
Effect of planting geometry on agro-physiological traits of 
maize-legume intercrops  

95 

4.2.1 Maize (Major crop) 95 
4.2.1.1 Phenological development 95 

4.2.1.1.1 Days taken to seedling emergence 95 
4.2.1.1.2 Days taken to 50 % tasseling 95 
4.2.1.1.3 Days taken to 50% silking 98 
4.2.1.1.4 Days taken to physiological maturity 98 
4.2.1.2 Growth and development 101 

4.2.1.2.1 Leaf area index  101 
4.2.1.2.2 Leaf area duration  105 
4.2.1.2.3 Dry matter accumulation (DMH) 105 
4.2.1.2.4 Crop growth rate  111 
4.2.1.3 Agronomic and yield traits 115 

4.2.1.3.1 Plant height 115 
4.2.1.3.2 Number of leaves per plant 115 
4.2.1.3.3 Number of ears per plant 117 
4.2.1.3.4 Number of grain rows per ear 117 
4.2.1.3.5 Number of grains per ear 120 
4.2.1.3.6 Grain weight per ear 120 
4.2.1.3.7 1000-grain weight (g) 125 
4.2.1.3.8 Grain yield per hectare (GYH) 130 
4.2.1.3.9 Stover yield per hectare (SYH) 132 
4.2.1.3.10 Grain to pith ratio 132 
4.2.1.3.11 Harvest index (%) 132 

4.2.1.4 Grain quality 134 
4.2.1.4.1 Grain crude protein content (%) 134 
4.2.1.4.2 Grain oil content (%) 134 
4.2.1.4.3 Grain starch content (%) 134 

4.2.2 Intercrops 134 
4.2.2.1 Number of pods per plant  134 
4.2.2.2 Number of grains per pod 134 
4.2.2.3 Number of grains per plant 140 
4.2.2.4 1000- grain weight (g) 140 
4.2.2.5 Grain yield (kg ha-1) 140 
4.2.2.6 Land equivalent ratio (LER) 146 
4.2.3 Economic analysis of various maize-based intercropping systems 148 

4.2.4 
Dominance and marginal analysis of different intercropping 
systems 

148 

5 Summary 153 
5.1 Conclusions 156 
5.2 Recommendations 156 
5.3 Future research needs 156 

 Literature cited 158 



 
 

LIST OF TABLES 

No. Title Page # 

2.1 Physico- chemical analysis of the soil 16 

4.1 
Effect of fertilizer levels and plant densities on days taken to 
seedling emergence of maize 

32 

4.2 
Effect of fertilizer levels  and plant densities on number of days 
to 50 %  tasseling of maize 

33 

4.3 
Effect of fertilizer levels and plant densities on number of days to 
50 % silking of maize. 

35 

4.4 
Effect of fertilizer levels and plant densities on number of days to 
maturity of maize 

36 

4.5 
Effect of fertilizer levels and plant densities on leaf area index of 
maize 

38 

4.6 
Effect of fertilizer levels and plant densities on leaf area duration 
of maize. 

43 

4.7 
Effect of fertilizer levels and plant densities on dry matter 
accumulation t ha-1) of maize. 

46 

4.8 
Effect of fertilizer levels and plant densities on crop growth rate 
(g m-2 day-1) of maize. 

51 

4.9 
Effect of fertilizer levels and plant densities on net assimilation 
rate (g m-2 day-1) of maize. 

56 

4.10 
Effect of fertilizer levels and plant densities on plant height (cm) 
of maize. 

58 

4.11 
Effect of fertilizer levels and plant densities on number of leaves 
per plant of maize 

61 

4.12 
Effect of fertilizer levels and plant densities on number of ears 
per plant of maize 

62 

4.13 
Effect of fertilizer levels and plant densities on number of grain 
rows per ear of maize 

64 

4.14 
Effect of fertilizer levels and plant densities on number of grains 
per ear of maize 

65 

4.15 
Effect of fertilizer levels and plant densities on grain weight per 
ear of maize 

67 

4.16 
Effect of fertilizer levels and plant densities on 1000-grain 
weight of maize 

69 

4.17 
Effect of fertilizer levels and plant densities on grain yield (t. ha-

1) of maize 
71 

4.18 
Effect of fertilizer levels and plant densities on stover yield (t. ha-

1) of maize 
73 

4.19 
Effect of fertilizer levels and plant densities on grain to pith ratio 
of maize 

74 

4.20 
Effect of fertilizer levels and plant densities on Harvest index 
(%) of maize 

75 

4.21 
Effect of fertilizer levels and plant densities on protein contents 
(%) of maize grain 

77 

4.22 
Effect of fertilizer levels and plant densities on oil contents (%) 
of maize grain 

79 



 
 

4.23 
Effect of fertilizer levels and plant densities on starch contents 
(%) of maize grain 

80 

4.24 
Effect of fertilizer levels and plant densities on nitrogen uptake 
by  maize plant 45 DAS 

82 

4.25 
Effect of fertilizer levels and plant densities on nitrogen uptake 
by  maize plant 75 DAS 

83 

4.26 
Effect of fertilizer levels and plant densities on nitrogen uptake 
by  maize plant 105 DAS 

84 

4.27 
Effect of fertilizer levels and plant densities on phosphorous 
uptake by maize plant at 45 DAS 

85 

4.28 
Effect of fertilizer levels and plant densities on phosphorous 
uptake by maize plant at 75 DAS 

86 

4.29 
Effect of fertilizer levels and plant densities on phosphorous 
uptake by maize plant at 105 DAS 

87 

4.30 
Effect of fertilizer levels and plant densities on potassium uptake 
by maize plant at 45 DAS 

89 

4.31 
Effect of fertilizer levels and plant densities on potassium uptake 
by maize plant at 75 DAS 

90 

4.32 
Effect of fertilizer levels and plant densities on potassium uptake 
by maize plant at 105 DAS 

91 

4.33 
Effect of fertilizer levels and plant densities on Zn uptake by 
maize plant at 45 DAS 

92 

4.34 
Effect of fertilizer levels and plant densities on Zn uptake by 
maize plant at 75 DAS 

93 

4.35 
Effect of fertilizer levels and plant densities on Zn uptake by 
maize plant at 105 DAS 

94 

4.36 
Effect of planting geometry and maize-legume intercrops on days 
taken to seedling emergence 

96 

4.37 
Effect of planting geometry and maize-legume intercrops on 
number of days to 50 %  tasseling of maize 

97 

4.38 
Effect of planting geometry and maize-legume intercrops on 
number of days to 50 % silking of maize. 

99 

4.39 
Effect of planting geometry and maize-legume intercrops on 
number of days to physiological maturity of maize 

100 

4.40 
Effect of planting geometry and maize-legume intercrops on leaf 
area index of maize 

102 

4.41 
Effect of planting geometry and maize-legume intercrops on leaf 
area duration of maize. 

106 

4.42 
Effect of planting geometry and maize-legume intercrops on dry 
matter accumulation (t ha-1) of maize. 

107 

4.43 
Effect of planting geometry and maize-legume intercrops on  
crop growth rate (g m-2 day-1) of maize. 

112 

4.44 
Effect of planting geometry and maize-legume intercrops on 
plant height (cm) of maize. 

116 

4.45 
Effect of planting geometry and maize-legume intercrops on 
number of leaves per plant of maize 

118 

   



 
 

4.46 
Effect of planting geometry and maize-legume intercrops on 
number of ears per plant of maize 

119 

4.47 
Effect of planting geometry and maize-legume intercrops on 
number of grain rows per ear 

121 

4.48 
Effect of planting geometry and maize-legume intercrops on 
number of grains per ear 

123 

4.49 
Effect of planting geometry and maize-legume intercrops on 
grain weight per ear of maize. 

126 

4.50 
Effect of planting geometry and maize-legume intercrops on 
1000-grain weight of maize 

128 

4.51 
Effect of planting geometry and maize-legume intercrops on 
grain yield of maize 

131 

4.52 
Effect of planting geometry and maize-legume intercrops on 
stover yield of maize  

133 

4.53 
Effect of planting geometry and maize-legume intercrops on 
grain to pith ratio of maize 

135 

4.54 
Effect of planting geometry and maize-legume intercrops on 
harvest index (%) of maize 

136 

4.55 
Effect of planting geometry and maize-legume intercrops on 
protein contents (%) of maize grain 

137 

4.56 
Effect of planting geometry and maize-legume intercrops on oil 
contents (%) of maize grain of maize 

138 

4.57 
Effect of planting geometry and maize-legume intercrops on 
starch contents (%) of maize grain 

139 

4.58 
Effect of planting geometry and maize-legume intercrops on 
number of pods per plant of intercrops 

141 

4.59 
Effect of planting geometry and maize-legume intercrops on 
number of grains per pod of intercrops 

142 

4.60 
Effect of planting geometry and maize-legume intercrops on 
number of grains per plant of intercrops 

143 

4.61 
Effect of planting geometry and maize-legume intercrops on 
1000- grain weight of intercrops 

144 

4.62 
Effect of planting geometry and Maize-legume intercrops on 
grain yield of intercrops 

145 

4.63 
Effect of planting geometry and maize legume intercrops on land 
equivalent ratio (LER) 

147 

4.64 
Economic analysis of pooled results of different intercropping 
systems 

149 

4.65 
Marginal rate of return analysis of different intercropping 
systems 

152 

 

   



 
 

LIST OF FIGURES 
 

No. Title Page # 
3.1 Meteorological data 2006 (a) 17 
3.2 Meteorological data 2007 (b) 18 

4.1 
Changes in LAI with time as affected by different fertilizer levels 
during 2006, 2007 and pooled 

39 

4.2 
Changes in LAI with time as affected by different plant densities 
during 2006, 2007 and pooled 

40 

4.3 
Relationship between leaf area index and grain yield (t ha-1) in 
maize during 2006, 2007 and pooled 

41 

4.4 
Relationship between leaf area duration and grain yield (t ha-1) in 
maize during 2006, 2007 and pooled 

44 

4.5 
Changes in dry matter accumulation with time as affected by 
different fertilizer levels during 2006, 2007 and pooled 

47 

4.6 
Changes in dry matter accumulation with time as affected by 
different plant densities during 2006, 2007 and pooled 

48 

4.7 
Relationship between dry matter accumulation and grain yield (t 
ha-1) in maize during 2006, 2007 and pooled 

49 

4.8 
Changes in CGR with time as affected by different fertilizer 
levels during 2006, 2007 and pooled 

52 

4.9 
Changes in CGR with time as affected by different plant 
densities during 2006, 2007 and pooled 

53 

4.10 
Relationship between crop growth rate (gm-2d-1) and grain yield 
(t ha-1) in maize during 2006, 2007 and pooled 

54 

4.11 
Relationship between plant height (cm) and grain yield (t ha-1) in 
maize during 2006, 2007 and pooled 

59 

4.12 
Changes in LAI with time as affected by different planting 
geometries during 2006, 2007 and pooled 

103 

4.13 
Changes in LAI with time as affected by different intercropping 
systems during 2006, 2007 and pooled 

104 

4.14 
Changes in dry matter accumulation with time as affected by 
different planting geometries during 2006, 2007 and pooled 

108 

4.15 
Changes in dry matter accumulation with time as affected by 
different intercropping systems during 2006, 2007 and pooled 

109 

4.16 
Relationship between dry matter accumulation (t ha-1) and grain 
yield (t ha-1) in maize during 2006, 2007 and pooled 

110 

4.17 
Changes in CGR (g m-2 day-1) with time as affected by different 
planting geometries during 2006, 2007 and pooled 

113 

4.18 
Changes in CGR (g m-2 day-1) with time as affected by different. 
intercropping system during 2006, 2007 and pooled 

114 

4.19 
Relationship between number of grain rows per ear and grain 
yield (t ha-1) in maize during 2006, 2007 and pooled 122 

4.20 
Relationship between number of grains per ear and grain yield (t 
ha-1) in maize during 2006, 2007 and pooled 

124 

4.21 
Relationship between grain weight per ear (grams) and grain  
yield (t.ha-1) in maize during 2006, 2007 and pooled 

127 

4.22 
Relationship between 1000 - grain weight (grams) and grain 
yield (t ha-1)  in maize during 2006, 2007 and pooled 

129 



 
 

ABERVIATIONS AND ACRONYMS 

 

%   =  Percent 

@   =   At the rate of 

CGR    =   Crop growth rate 

cm    =  Centimeter 

ear-1    =   Per ear 

cv    =   Cultivar 

d-1    =   per day 

DAE    =    Days after emergence 

DMH   =   Dry matter accumulation per hectare 

DW    =   Dry weight 

FW       =   Fresh weight 

g   =  Gram 

GYH   =   Grain yield per hectare 

ha-1    =   Per hectare 

HI    =   Harvest index 

K2O    =   potassium 

Kg   =   Kilogram 

LA    =   Leaf area 

LAI    =   Leaf area index 

LER   =  Land equivalent ratio 

m-1    =   Per meter 

m-2    =  Per square meter 

mg     =   Milligram 

mm    =   Millimeter 

N    =   Nitrogen 



 
 

NAR   =   Net assimilation rate 

P2O5   =   Phosphorous 

Plant-1    =   Per plant 

ppm    =    Parts per million 

SYH   =  Stover yield per hectare 

t   =   Tonne  

Zn    =  Zinc 



 1 

ABSTRACT 
 

Investigations into production potential of maize (Zea maize L. cv. Pioneer 30-Y- 

87) as affected by intercropping, planting geometry, population dynamics and fertilizer 

management was carried out at the Agronomic Research Farm, University of Agriculture, 

Faisalabad, in two field experiments during Kharif 2006 and 2007. Both experiments 

were carried out in randomized complete block design with split arrangements. First 

experiment consisted of three nitrogen levels (150, 200 and 250 kg ha
-1

), two zinc levels 

(0 and 15 kg ha
-1

) and three population densities (57100, 71400, and 999000 plants ha
-1

). 

Fertilizers were kept in main plots and plant densities in sub-plots. Second experiment 

comprised of three intercropping systems i.e. maize alone, maize + mungbean (Vigna 

radiate L.) and maize + mashbean (Vigna mungo L.) and three planting geometries (70 

cm apart single row planting, 105/35 cm apart paired row planting, and 140/35 cm apart 

three row planting, respectively), keeping planting geometries in main plots while 

intercropping systems in sub-plots. Sowing was done with the help of a dibbler to ensure 

desired plant population. The results of the experiments are briefly described as under. 

 In the first experiment, growth and development of maize crop was maximum 

with increase in nitrogen from 150 to 250 kg ha + 15 kg Zn ha
-1 

and consequently, yield 

(24 %) and yield components increased. LAI, LAD, and CGR increased with increasing 

plant populations. Although, yield components decreased with elevated plant densities yet 

grain yield increased due to more number of plants per unit area. In the second 

experiment, maize crop sown in double row strips proved superior to other planting 

geometries in terms of yield and yield components. Although intercropping of legumes in 

maize reduced growth and development, yield components and finally the grain yield of 

maize, however additional benefits obtained from intercrops compensated more than the 

losses in maize production. The effect of planting geometries and intercropping systems 

was non-significant on grain quality of maize. 
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CHAPTER-1 

 

INTRODUCTION 

 

Maize (Zea mays L.) is a significant food and feed crop of the world, besides 

having become an industrial input. It is the third most promising crop of Pakistan after 

wheat and rice and is cultivated on an area of 1.02 million hectares with a total production 

of 3.56 million tones and normal grain yield of 3.49 tons per hectare (Anonymous, 2009). 

It is a versatile crop that adapts easily to a wide range of production environments and fits 

well in the existing cropping systems of Pakistan. Being a source of diversified products 

obtained from industrial inputs, such as starch, corn oil, glucose, etc., the demand of 

maize crop has been constantly mounting. Maize grain has elevated nutritive value as it 

contains about 72% starch, 10% protein, 4.8% oil, 5.8% fiber, 3.0% sugar, and 1.7% ash 

(Chaudhary, 1983). 

At present, a number of maize hybrids of different origin and agro-physiological 

traits are under cultivation in Pakistan. These hybrids vary in their response to the agro-

management practices. Agronomic as well as physiological response of these hybrids 

needs to be investigated further more that will help establish the scientific base for 

analyzing the growth and yield as well as to lay down suitable production practices for 

growers to realize higher maize yields. 

Nitrogen being an essential element plays a pivotal role in crop development 

(Tisdale et al., 1990). Application of nitrogen fertilizer influences dry matter 

accumulation of maize by having direct effect on leaf growth and development resulting 

in greater photosynthetic efficiency of the leaves (Muchow, 1988). Maize is highly 

responsive to nitrogen fertilization. The growth and development patterns of the maize 

crop entirely change when grown on variable N levels (McCullough et al. 1994). 

Deficiencies of micronutrients in plants have gained more importance worldwide 

because of the increasing concerns over the effects of low levels of micronutrients 

especially Zn in human food (Chakmak, 2002). In Pakistan, zinc deficiency prevails 

among more than half of the cultivated area especially for highly sensitive crops like rice, 

maize, citrus, bean etc. (Rashid and Fox, 1992). Zn deficiency in soils is common in arid 

and semi-arid regions. Little or no use of Zn fertilizers along with imbalanced fertilization 

further aggravated Zn deficiency in soils resulting lower Zn contents in grains (Rashid 
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and Ryan, 2004). Behaviour of Zn in soils highly depends upon pH, CaCO3 contents and 

amount, and type of other nutrients (Rahmatullah et al., 1994). 

Plant density is one of the most significant agronomic practices contributing 

towards grain yield, as well as other important attributes of this crop. Unlike other 

cereals, maize hybrids do not produce tillers efficiently and quite often result in 

production of one cob plant
-1

. Therefore, maize fails to compensate for less leaf area due 

to its non-branching behavior (Gardener et al., 1985). On the other hand, the utilization of 

high densities accelerates interplant competition for space, nutrients, water, and light. 

This might have adverse effect on crop yield because it increases plant height, induces 

bareness, and consequently reduces the cobs number per plant and grain set per cob. 

Genetic improvement in the capability of hybrid maize to tolerate high populations 

requires researchers to periodically assess optimum plant population levels for maize 

under varying locations. The response of hybrids to different growing environments is 

quite variable. Growers are searching for improved practices to increase the economic 

returns from maize production. Plant density influences plant architecture, changes 

growth and developmental behavior and affects production and partitioning of 

carbohydrates in maize (Casal et al., 1985). Rather it is highly sensitive to changes in 

plant density than other cereals (Almeida and Sangoi, 1996). According to Almeida et al. 

(2000), modern hybrids withstand high plant densities much better compared to 

genotypes used in the past. 

Intercropping is a strategy of raising more than one crop simultaneously in rows 

on the same field, in order to get maximum total yield per unit area. Although it is under 

practice from ancient times, it still requires to be investigated. Mostly it is used by small 

farmers to increase the diversity of their agricultural produce and stability of annual 

output. Moreover, intercropping can enhance the productivity and profitability per unit 

area and time through more efficient use of land, labor, solar energy, and water, besides 

providing insurance against crop failure due to failure of one or the other crop. The 

maximum advantage from intercropping systems can be harvested by growing both tall 

and small plants for better utilization of sunlight (Iragavarapu and Randall, 1996). Maize, 

being a widely spaced crop, provides an opportunity for intercropping where legumes of 

short stature like mungbean (Vigna radiata L.) and mashbean (Vigna mungo L.) can be 

grown. Legume intercrops provide plant nutrients that supplement/compliment the 

organic fertilizers. Legume intercrops are added in cropping systems because they fix 

biological N (Giller et al., 1994), suppress weeds (Exner and Cruse, 1993), and reduce 
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soil erosion (Giller and Cadisch, 1995). Besides, some legume crops like pulses are good 

and economic source of proteins. 

In addition to maize grain, we also need pulses for meeting protein requirements 

of our diet. The area under autumn maize and pulses cannot be increased because of its 

preoccupation by rice, cotton and other summer crops. Therefore, there is a need to 

develop a system of intercropping leading to increased productivity of both the 

component crops per unit area. Advantages of intercropping can be further enhanced by 

proper combinations of the component crops, by grouping the rows in strips or by 

widening the row spaces of tall growing plants without reducing their density. This 

necessitates a systematic and comprehensive study of compatibility and feasibility of 

different maize-legume intercropping under various geometrical patterns. Intercropping 

system can be arranged in a variety of patterns; for example, raising two crops in the 

same row or alternate rows of each crop. The latter is commonly known as strip cropping. 

Present studies were designed with the following objectives: 

1. To evaluate corn response to different planting densities under different fertility 

levels, 

2. To study the impact of different levels of N and Zn fertilization on growth, yield, 

and nutrient uptake of maize grown under different population densities, 

3. To develop an appropriate planting geometry in relation to maize-legume 

intercropping system. 
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CHAPTER-2 

 

REVIEW OF LITERATURE 

 

2.1. Introduction 

Maize (Zea mays L.) commonly referred to as corn is used as staple food in 

America. The most probable origin of maize is Mexico (Central America), from where it 

spread to other parts of the world. In Teotihuacán (Mexico), the maize was found about 

7000 years ago. Maize has also been reported in creation stories, in which it was claimed 

that body parts are made from maize. It is reported that maize has been introduced to 

other counties in 1400s’ where it has been cultivated in spring and winter seasons. 

Presently the maize is cultivated throughout the year in almost every part of the world. 

Maize is cultivated from 40 latitude in Russia to 58 latitude in Canada. The potential yield 

of maize per unit land area is highly dependent upon fertility levels, plant population, 

management practices, and inherent potential of the variety adapted to that area. Present 

day maize hybrids show better response towards maximization of fertilizers. Higher 

yields are achieved from hybrid maize because it uses nutrients more efficiently than 

synthetic varieties (Kogbe and Adedrian, 2003). Considerable amount of work has been 

done on maize production technology in both Pakistan and elsewhere. However, a brief 

review of the research relating to the present studies on different planting densities, 

impact of different levels of N and Zn fertilization, planting geometry in relation to 

maize-legume intercropping system is given as under.  

 

2.2. Morphology 

Maize plant has unique characters compared with other cereals. It is a tall (1-4 m), 

vigorous, annual grass (monocot), with overlapping sheaths and extensive, markedly 

prominent blades; making large terminal male flowers (tassels); female inflorescence 

(pistils) in the leaf axils. The developmental processes like fertilization, pollination, and 

grain formation are similar to chasmogamous grasses pollinated by wind, where male and 

female parts are produced entirely in the stamens and pistils, respectively. Both self and 

cross- pollination and fertilization can take place in maize. Genetic sterility and growth of 

pollen tubes can determine that how frequently self or cross-pollination can occur. The 

pollens may remain viable for up to half an hour, but their viability can prolong under low 

temperatures (Coe et al., 1988). The male and female inflorescences develop at different 
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times. The female inflorescence is shiny. However, the extending style can take about one 

week in emerging from female flowers, while the staminate inflorescence developed on 

lateral stages may be fully perceptible. The genetics of corn is well understood compared 

with other crops worldwide.  

 

2.3. Plant density an important components of higher yield in maize 

In the field, distribution of plants has been given full attention worldwide for last 

several years. If soil moisture is not a limiting factor, the increase in plant densities 

increases yield compared with lower populations and there is great relation among plant 

densities and plant spacing (Fulton, 1970). As maize plant do not produce tillers 

effectively. We cannot fill the gap if left between plants, and therefore the effects of 

various plant densities on maize are quite remarkable. An optimum plant stand can 

enhance the efficiency of maize by exploiting growth factors in an effective manner. Plant 

densities changed most during the last sixty years as new hybrids are tolerant to greater 

plant densities (Tollenaar and Lee, 2002). Plant densities commonly ranged between 

25,000 to 30,000 plants ha
-1

, which increased to 39,500 plants ha
-1

 after the dominance of 

hybrid varieties (Metcalfe and Elkins, 1980). As fertilizer use increased in middle of 20
th

 

century, the research was focused to develop hybrids that can be planted at higher 

densities and efforts resulted in plant densities up to 49,000 plants ha
-1

 leading to higher 

yields of corn ha
-1

. However, over populations can suppress the potential of hybrids 

resulting in lower yields (Olson and Sander, 1988). With the availability of resources like 

fertilizer, water, and weedicides, the researchers and producers showed interest in the 

effect of plant distribution on maize yields. The decreased plant spacing became a 

common practice for obtaining uniform spacing between maize plants when maize 

cultivation were mechanized and chemical weed suppression was possible. It is thought 

that maize yield can be increased if uniform distance is maintained. As growers want to 

increase maize yield so plant spacing has to be given great attentions. Through the 1970s’ 

and 1980s’ maize spacing has been reduced with consequential increment in maize 

production (Lutz et al., 1971). Now plant populations of even more than one lac per 

hectare are dominantly utilized by some growers. Small farmers have adopted such 

hybrids even in less developed countries (Heisey and Smale, 1995, Morris and Alvarez, 

1995). 
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2.4 Relationship between nitrogen application and phenological development, 

growth, yield and quality characteristics of hybrid maize 

Application of nitrogen at higher rates produces more dry matter even under 

exhaustive cropping systems. Over application of N may result into nitrate leaching down 

the soil profile (Meisinger and Randall, 1991), while under fertilization reduces yields 

(Pan et al., 1997) and can reduce financial outputs (Scharf and Lory, 2000). Nitrogen 

application at higher rates has significant effect on plant height and hastens days to 50 % 

tasseling in maize (Bakht et al., 1989). Rates of DM production and N uptakes increase 

with increments in N availability (Delgado (2002). Enhancement in grain yield occurs 

because of nitrogen up to 110% compared to control (Shafi et al., 2007). Nandal and 

Agarwal (1989), examined the influence of different nitrogen levels and recorded 164, 

186, 205, 218 and 220g 1000-grain weight, respectively. They also noticed a 

corresponding increase in shelling percentage with enhancing nitrogen levels and the 

highest shelling percentage was recorded at 200 kg nitrogen per hectare. Dry matter 

accumulation increases with application of N at higher rate (Ghafoor and Akhtar, 1991). 

Ahmad et al. (1994) stated that there was linear increment in the number of days taken to 

maturity with increasing levels of nitrogen.  

Several studies have indicated the effects of nitrogen on maize response. With 

increase in applied N doses, maize stover yield, dry matter, and total N uptake increased 

linearly over control (Pare et al., 1992). Grain protein concentration, cob number per 

plant, grain number per plant, 1000-grain weight, and grain weight per cob were 

influenced by addition of nitrogen (Ackin et al., 1993). There was significant increase in 

ear number per plant, fresh ear weight, grains per ear, and plant height with the 

application of N over control (Akhtar and Silva, 1999). Number of days to 50 % tasseling 

was decreased with N application while grain to pith ratio, grain starch concentration, 

total dry matter per plant and LAI were significantly increased by different rates of N 

over control (Hussain, 1997). 

 Maximization of N inputs at farm level could optimize dry matter production and 

harvest index. According to Pandey et al. (2000), maize shows different behavior to 

sustain CGR, LAI and dry matter production at varying nitrogen levels. Application of 

nitrogen at higher levels can cause significant increase in net assimilation rate over 

control (Ahmad et al., 2002). LAI, cob length and grain yield of crop enhances with 

increasing nitrogen rates (Kumar and Walia, 2003). Akbar et al. (2002) carried out 

experiments on sweet corn by using different nitrogen levels. According to their results 
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application of N at 200 kg ha
-1

 can produce maximum biological yield (12.291 t ha
-1

) due 

to more number of days to tasseling (57.35 DAS), silking (69.50 DAS), maturity (102.7 

DAS) and plant height (140.23 cm). Nitrogen level of 150 kg N ha
-1

 resulted in greater 

grain yield (2.7 t ha
-1

), 1000-grain weight (132.73 g) and number of ears per plant (1.45). 

It clearly shows that ever-increasing nitrogen levels have momentous effect on growth, 

development, and yield parameters. 

Present day maize hybrids show better response towards increments in fertilizers. 

Hybrid maize utilizes nitrogen and other resources more efficiently compared to open 

pollinated varieties and hence give more production (Kogbe and Adedrian, 2003). Crop 

growth rate boosts with increasing nitrogen levels. Significant interactions were recorded 

between hybrids and N rates regarding grain yield and due to more grain yield, the 

cultivation of hybrids is recommended (Okeleye and Oyekanmi (2003). According to 

Uribelarrea et al. (2004), all hybrids respond positively to application of nitrogen at 

higher rates. Application of nitrogen at higher levels can also increase grain protein 

contents without affecting the starch production. Oktem and Oktem (2005) investigated 

that increasing nitrogen levels up to 350 kg N ha
-1

 increased cob length (20.88 cm), ear 

diameter (4.44 cm), kernel number per cob (545.4). Sheafer et al. (2006) reported that 

elevated nitrogen rates enhanced corn yield, stover and dry matter production. 

Application of N at higher levels to maize crop can substantially increase grain crude 

protein content (Akcin et al., 1993). According to Andrea et al. (2006), application of 

nitrogen at reduced rates can reduce grain yield up to 43-74% and number of kernel per 

plant up to 33-65 %. 

 

2.5 Plant density effect on plant growth 

In past few years, plant distribution in the field is an important factor that has 

attracted so many growers. As plant populations continue to enhance, a clear strategy 

should be uniform distribution of plants in the field to harvest greater benefits. Fulton 

(1970) investigated that when soil moisture is a limiting factor, more plant populations 

can reduce yield than lower densities. Farnham (2001) investigated that adjustment of 

plant populations by narrowing row spacing seems to have no advantage. Norwood 

(2001) carried out experiments on dry land corn and reported that yield usually increased 

with relative maturity and plant population. The yield increases were 13.5 % from 30000 

to 45000 plants per hectare and 4.3 % from 45000 to 60000 plants per hectare. They 

further concluded that highest yields and WUEs were obtained by late planting dates with 
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combination of hybrids of longer growth periods and more plant densities. Nitrogen use 

efficiency of corn increases with more densities (Charles and Charles, 2006). 

In high populations, many grains may not properly develop. This may take place 

in some genotypes due to delayed silk appearance in comparison with tassel emergence 

resulting in grain and cob abortions due to limited assimilate supply (Iremiren and 

Milbourn, 1980; Zinselmeier et al., 1995). LAI gets highest value soon after silking and 

difference in maximum LAI results from plant population and its environment (Stewart et 

al., 2003). Thus, increase in LAI can be brought about by increasing plant population and 

adequate nitrogen application. Plant density affects leaf area per plant, light interception, 

and grain number per plant. Increased density increased source sink ratio, while kernel 

protein content declined (Borras et al., 2003). Smaller than optimum plant density 

decreased interception of solar radiation (Westgate et al., 1997), that causes an increase in 

grain number per plant, but decreases grain yield (Andrade et al., 1999). On the other 

hand, at lower than optimum plant population, grain weight, number of grains per ear and 

cob length decreased significantly (Bavec and Bavec, 2002). 

 

2.6 Interactive effect of fertilizers and plant density on growth and yield 

performance of maize 

Application of nitrogen and plant population at increasing levels can cause 

progressive increase in the number of days taken to maturity. Under higher plant 

densities, application of N at increased rate is essential for obtaining maximum grain 

yield (Prasad et al., 1990; Abd El-Halem et al., 1990; Schmidt et al., 2002 and Akbar et 

al., 2002). Ahmad et al. (1994) reported that maximum grain yield could be recorded by 

applying 200 kg nitrogen per hectare at different plant spacing. Enhancing plant densities 

and nitrogen rates increased corn yield due to lengthening of vegetative and reproductive 

periods (Hamid and Nasab, 2001). According to Banerjee et al. (2003) leaf area, dry 

matter, light interception, and grain yield can be increased with elevated nitrogen rate up 

to 150 kg ha
-1

. On the other hand, escalating plant population reduced the leaf area and 

dry matter per plant but increased light interception, grain yield and improved canopy 

enlargement and number of plants per unit area. Sahoo and Mahapatra (2004) concluded 

that application of nitrogen at higher levels could increase the number of cobs, length, and 

weight of green cob, yield of fresh grain and ear and net profit. They further concluded 

that increase in cob yield was directly added by weight of individual cob and cobs ha
-1

. It 
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resulted in low yield of green cob and fresh grain. The low population density also 

produced less number of cobs, which resulted in low cob yield. They recommended that 

application of N @ 120 Kg ha
-1

 to a population of 66,666 plants ha
-1 

is the best suitable 

combination to get maximum net returns. More grain yield in maize can be obtained with 

enhancing densities from 17, 400 to 27,200 plants ha
-1

. Increase in population above 

27,200 plants ha
-1 

show contradictory yield results (Blumenthal et al. (2004). 

The studies carried out by Bayu et al. (2005) showed that application of nitrogen 

fertilizer could significantly enhance dry matter production, LAI, CGR and grain yield. 

Nitrogen fertilizer also optimistically affected components contributing towards yield. 

Growth parameters (at the early growth stage) and leaf, stem, and panicle dry mass 

production augmented as population density increased. There was linear increase in grain 

and stover yields in response to increase in population density. They concluded that 

conventional density of 88,888 plants per hectare is not optimum density, as increases in 

yield were linear up to a population density of 1,66,666 plants ha
-1

. According to Ogbaji 

(2003), considerable differences in grain yield exist between N levels and spacing 

regimes. Higher mean grain yields of 1734.87 kg ha
-1

 and 2041.23 kg ha
-1

 were obtained 

in 1997 and 1998, respectively. Al-Kaisi and Yin (2003) found that application of 

nitrogen up to 250 kg nitrogen per hectare and plant densities up to 69000 plants per 

hectare proved most advantageous in terms of maize yield. Plant density and nitrogen 

could appreciably affect ear length, ear diameter, number of grains per ear, ear number 

per plant and fresh ear yield. Interaction between plant density and nitrogen levels was 

also significant (Turgut, 2000). With enhancing plant population, there was 

corresponding increase in (LAI) with increase in nitrogen rate and application of nitrogen 

in different splits (Amanullah et al., 2007). 

 

2.7 Crop productivity response to Zn fertilization 

Yields, yield components and N, P and K uptake increased with increasing N and 

Zn rates. In plants, micronutrient deficiencies have gained much importance worldwide 

because of the increasing concerns over the effects of low levels of micronutrients 

especially Zinc (Zn) in human food (Cakmak, 2002; Welch and Graham, 1999). Zinc 

deficiency in soils is common in areas receiving less rainfall. Limited or no use of Zn 

fertilizers in conjunction with unbalanced fertilization further aggravated Zn deficiency in 

soils and consequently lower Zn contents in grains (Rashid and Rayan, 2004). Behavior 

of Zn in soils highly depends upon pH, CaCO3 contents, and amount of other nutrients 
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especially of P in soil (Rahmatullah et al., 1994). Zinc has specific vital role in growth, 

development, and quality of crops (Loneragen et al., 1982). It plays a pivotal role in 

biosynthesis of proteins and amino acids. The application of Zn therefore, has shown 

significant effects on yield, uptake of nutrients and quality parameters of crop. Rizvi et 

al., (1987) carried an experiment on maize to understand the effect of Zinc on maize yield 

and Zn concentration in leaves and grains as well. Zn was applied ranging from 0 to 20 kg 

per hectare. Effect of Zn on dry matter, stalk, and cob yield was not significant but yield 

of grain was significantly increased. Critical Zn concentration in leaves was 14 mg Zn 

Kg
-1

 while optimum dose was 5 Kg Zn ha
-1

. Teama (2001) studied the effect of seed 

soaking with trace elements (200 ppm ZnSo4. 7H2O or MnSo4. H2O) on maize yield and 

uptake of N under different levels of N fertilizer (90, 105, 120, and 135 kg N/feddan). All 

the studied traits were highly significant due to different N fertilizer levels, trace element 

treatments and their interaction except for the interaction effect on ear diameter. 

Increasing the N levels led to taller plants and high seed protein content. In all the traits, 

the use of single trace element for soaking was better than the control. They concluded 

that Zn was the best single trace element. Dwivedi et al. (2002) observed that use of Zn 

up to 5 kg ha
-1

 enhanced the maize grain yield up to 19 % over control. The optimal dose 

for zinc was found to be 7.1 kg ha
-1

 generating highest yield of 29.8 q ha
-1

. The uptake of 

Zn also increased with the application of Zn. Increasing zinc levels also increased 

nitrogen, phosphorus, and potassium uptake. Protein content also increased significantly 

with increase of Zn over control. 

Tariq et al. (2002) concluded that different zinc levels combined with 120 kg 

nitrogen per hectare, 90 kg P2O5 per hectare and 60 kg K2O per hectare increased yield 

and yield components over control. In zinc deficient soils, Zn content in leaves and soil 

increased with the application of Zn. They further concluded that zinc application is vital 

for maize under deficient soil conditions. Latha (2003) studied the influences of Zn-

enriched organic manures on maize nutrition. Organic amendments (FYM, poultry 

manure and biogas slurry) enriched with varying levels of ZnSo4 were applied to 

determine their effect on the uptake of major and micro-nutrients at different growth 

stages (vegetative, tasseling and harvest of maize) and observed positive effect of Zn and 

manure addition on uptake of macro and micronutrients at different stages of maize. 

Abunyewa and Quarshie (2004) observed that Zinc sulphate application significantly 

influenced maize grain yield in a three-year trial. ZnSo4 was applied at three rates to 

maize. Grain yield due to Zn application ranged between 0.9 to 3.2 t ha
-1

 representing 84 
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to 108 % increase in three-year period. ZnSO4 application also resulted in significant 

increase in soil Zn level. Gill et al. (2004) noted that combined fertilization of P and Zn 

increased shoot dry matter, shoot concentration of P and Zn and their uptake compared to 

control. Application of Zn increased shoot P concentration in maize (19%). Combined 

application of both P and Zn caused 56% increment in shoot P content in maize over 

control. 

 

2.8 Intercropping and planting geometry interactive effect on performance of maize 

and associated intercrops 

Component crops compete for different essential resources and because of that, 

yields and its components are affected at various developmental stages. 50 % of pods are 

abscised because of 60 % shading in soybean (Glycine max L.) as worked out by Mann 

and Jaworski, 1970. Paired planting of maize at 30 cm and using the inter row space for 

growing black gram (Vigna radiata) significantly increased the production and income 

under rainfed conditions (Rathore et al. (1980). Balyan (1997) reported significantly 

higher maize equivalent yield in intercropping compared to sole cropping but no 

significant differences were observed within intercropping system. He also concluded that 

net returns from maize based grain legume intercropping system were higher as compared 

to sole cropping. Planting geometry of maize did not influence growth and yield 

parameters, yield potential and economics of crop. Land equivalent ratio in intercropping 

system increased on an average more than 33 percent over sole maize. Intercropping 

system not only increased yield potentials but also established its superiority over pure 

stands of maize in respect of fertility status of soil measured at harvest. Nazir et al. (1980) 

observed that paired row planting produced significantly higher grain yield as compared 

to single row and hill planting systems. Kumar et al. (2003) concluded from their studies 

that planting patterns non-significantly affected different yield attributes in maize, viz., 

ear weight, grain number per ear and shelling percentage. As yield attributes of maize 

remained unchanged, grain and stover yield were also not affected by planting pattern. 

According to Tareen et al. (1988), yields of component crops in intercropping 

system tend to decrease but total yield tend to increase if planting geometry 

accommodates the planting and handling of component crops. Karamullah (1989) 

reported that maize planted alone in the pattern of paired rows increased the growth and 

yield components than that grown in single and triple rows. Moreover, plant height, leaf 

area, grain number, and grain yield tended to decline but the total yield is boosted. 
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However, maize sown alone in the pattern of paired rows boosted the growth and yield 

components than that grown in single and triple rows. Relay intercropping of legumes 

into maize did not decrease grain yields in companion crops. However, prominent 

reduction in corn yield was noticed because of intercropping of maize with legumes and 

when fertilizer was applied up to 120 kg nitrogen per hectare. (Jeranyama et al., 2000 and 

Ahmad et al. 2001) concluded from their results that intercropping of soybean with maize 

did not reduce yields compared to maize alone. The plant height and days to maturity of 

maize in intercropping and sole cropping systems was not affected significantly.  

Ganwar and Karla (1981) conducted experiments on rainfed maize and stated that 

CGR of alone maize was less than maize intercropped with either green gram, black 

gram, or cowpea. By contrast, Madhavan et al. (1986) concluded that CGR of sorghum-

pigeonpea intercropping system was less compared to their sole cropping. Higher net 

assimilation rate (NAR) of maize was achieved in intercropping systems than in 

monoculture (Araujo, 1985). On contrary, Subramanian and Venkateswarlu (1989) stated 

that NAR of each associated crop such as clusterbean, black gram and sorghum was 

decreased in sorghum, castor + clusterbean and sorghum + blackgram or pigeonpea 

intercropping system than their sole cropping. Yasin (1985) reported that mungbean 

intercropping did not affect harvest index (HI) while maize, linseed, and berseem 

significantly affected HI of associated wheat. Thakur and Sharma (1988) concluded that 

in maize + pigeon pea intercropping systems, dry matter accumulation (DM) of both the 

associated crops decreased than their respective monocultures at all growth stages. 

Similarly, higher amount of DM was recorded for rice alone than intercropped with 

mungbean and black gram at 90 days after sowing. Subramanian and Venkateswarlu 

(1989) reported that LAI decreased in intercropping than sole cropping in sorghum -

pigeon pea, pigeon pea-black gram, and castor-clusterbean intercropping systems. 

Similarly, a decrease in LAI was observed in sorghum – pigeon pea intercropping system 

(Madhavan et at., 1986). By contrast, Bhunia at al. (1991) reported that LAI of maize 

varied with the type of intercropping system.  

Maize and groundnut (Arachis hypogae L.) mixtures can be more productive than 

each of the sole crops; the 1:2 alternate stands might be the most productive pattern 

because it has the highest land equivalent ratio (Mshelia et al., 2004). Thwala and Ossom 

(2004) found from their studies that highest yield was achieved from sole maize 

compared to its combination with groundnut and soybean and same results were noticed 

in case of sole groundnut. Crop competition was possibly the main reason for reduction in 
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yields. According to Shah (1984) who planted maize in 80 cm apart single rows, on 

ridges 80 cm apart and in paired rows 120 cm apart with 40 cm between the rows of strips 

found that planting pattern had no effect on plant stand per unit area, final plant height, 

and cob number per plant and reverse was true for seed number per cob, seed weight per 

cob and leaf area plant
-1

. The highest seed yield of 48.95 q ha
-1 

was recorded from 120 cm 

apart paired rows compared to 42.44 and 39.24 q ha
-1 

in 80 cm apart single rows and ridge 

planting systems respectively. 

The work carried out by Ahmad et al. (2007) showed that sorghum (Sorghum 

bicolor L.) legume intercropping systems reduced the dry and green fodder yield of 

sorghum, however the additional harvest of each intercrop reimbursed more than the 

losses in forage sorghum yield. Amongst intercropping systems, sorghum + cowpea 

(Vigna sinensis L.), and sorghum + sesbania (Sesbania herbacea L.) in the pattern of 45 

cm spaced double-row strips showed superiority to other treatments. Iqbal et al. (2006) 

investigated that maximum mixed forage yield could be attained from maize + cowpea 

alliance when cowpea was intercropped in alternate lines with maize. Cowpea appeared 

to be well matched with forage maize as it yielded significantly higher than clusterbean 

(Cyamopsis tetragonoibous L.) and ricebean (Vigna mungo L.), irrespective to sowing 

techniques. They further pointed out that sowing of maize and intercrop legume in 

alternate row assisted in better circulation of air and light penetration, providing favorable 

conditions for crop growth and development than broadcasting or line sowing with 

blended seed. 

More values of LER, economic advantage, competition ratio were achieved in 

maize + groundnut in 2:2 ratio compared with 1:1 ratio. Pure groundnut gave significantly 

higher maize-equivalent yield and cost benefit ratio than other intercropping systems. The 

maize yield did not differ much for intercropping while groundnut yield was decreased by 

52.2% and 47.7% by intercropping with maize (Adhikari et al., 2005). On the other hand, 

significantly more maize-equivalent yield was recorded for all the intercrops than pure 

cropping of maize while maize yield was declined by intercropping of maize (Bharati et 

al., 2007). Forage maize intercropping with rice bean and cowpea in 2:2 ratios are 

economically compatible intercropping systems (Sharma et al., 2008). Intercropping of 

maize with cowpea in double row strips gave significantly higher fodder yield, crude 

protein, and net returns. However, benefit: cost ratio was higher for maize (alone) than 

other systems (Kumar et al., 2005). Kumar et al., (2003) reported that planting geometries 
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did not affect yield attributes of maize, viz cob weight, shelling %age, and grains per cob 

and hence grain and stover yield were not affected significantly by planting pattern. 
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CHAPTER-3 

 

MATERIALS AND METHODS 

 

3.1 Experimental location 

The location on which experiments were conducted is briefly described as 

follows. 

 

3.1.1 Site 

Two field experiments were conducted at Agronomic Research Area, Department 

of Agronomy, University of Agriculture Faisalabad (Pakistan) during the year 2006 and 

repeated in 2007. Faisalabad, a district of the Punjab province (Pakistan) lies at 31

N 

latitude and 73

 longitudes. The general elevation of the land is about 184.4 m above sea 

level. 

 

3.1.2 Soil 

The experiments were conducted on a sandy clay loam soil. Prior to sowing of the 

crop, soil samples were collected to a depth of 30 cm with soil auger and analyzed for 

various physico-chemical properties (Table 3.1) as detailed below:  

Table 3.1: Physico-chemical analysis of the experimental soil 

Sr. No. Determinations Unit Content 

2006 2007 

1 pH - 8.1 8.4 

2 Textural Class - Sandy clay loam 

3 Organic matter % 0.89 0.86 

4 Total N % 0.039 0.043 

5 Available P mg kg
-1

 6.5 6.8 

6 Available K mg kg
-1 

189 191 

7 Zn mg kg
-1 

0.47 0.49 

8 EC dS m
-1

 0.17 0.15 

 

a) Mechanical analysis 

The proportion of sand, silt, and clay in the soil samples was determined by 

hydrometer method (Moodie et al, 1959). Textural class was determined by using 

International Textural Triangle (Brady, 1990) 
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b) Chemical Analysis 

Soil was analyzed for its different chemical properties by using the methods as 

described by Homer and Pratt (1961). The results of soil analysis are presented in Table 

3.1. 

 

3.1.3 Meteorological data 

The meteorological data for both the seasons were obtained from Department of 

Crop Physiology, University of Agriculture, Faisalabad, Pakistan and same presented in 

Figure-3.1 (2006) and Figure-3.2 (2007). 
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Fig. 3.1- Meteorological data 2006 (a) 
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Fig. 3.2-Meteorological data 2007 (b) 
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3.2 Experiment and Treatments 

Two independent field experiments were conducted to determine production 

potential of maize as affected by intercropping, planting geometry, population dynamics, 

and fertilizer management. Investigations were carried out for two years i.e. autumn 2006 

and 2007. The details of each experiment are given below: 

 

3.2.1 Experiment I: Influence of different densities and fertilizer levels on maize 

yield 

In this study, maize was sown at different densities and varying rates of N and Zn. 

Treatments were as under: 

 

3.2.1.1 Treatments 

A) Fertilizer levels (kg ha
-1

) 

    N  Zn 

F1  150  0 

F2  150  15 

F3  200  0 

F4  200  15 

F5  250  0 

F6  250  15 
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B) Plant densities (ha
-1

) 

D1  57100 plants  

D2  71400 plants 
 

D3  99900 plants 
 

 

3.2.1.2 Layout 

The experiment was laid out in randomized complete block design with split plot 

arrangement having four replications. Fertilizer levels were randomized in main plots 

while plant densities were randomized in subplots. Subplot size measured 7.0 m x 4.2 m. 

 

3.2.1.3 Sowing 

Maize hybrid 30-Y-87 was seeded on 10
th

 and 15
th

 of August in 2006 and 2007, 

respectively. The crop was seeded in 70 cm spaced rows with a dibbler placing 2-3 seeds 

per hill. 

 

3.2.1.4 Maintenance of plant densities 

The experiment was hand planted intending to achieve desired plant densities and 

plant to plant distance was maintained 25, 20, and 15 cm to achieve desired plant 

populations of 57100, 71400, and 99900 plants per hectare, respectively. 

 

3.2.1.5 Irrigation 

First irrigation was applied after three weeks of sowing while subsequent 

irrigations were applied as and when required. Total six irrigations (7.5 cm each) 

excluding Rauni (A pre-sowing irrigation of 10 cm for soaking the soil for seedbed 

preparation) were applied each year during the growing period of crop at different plant 

development stages, until the crop reached physiological maturity. 

 

3.2.1 6 Fertilizer application 

A basal dose of phosphorous and potassium @ 100 kg P2O5 + 100 kg K2O ha
-1 

was applied in the form of diammonium phosphate and potassium sulphate, respectively. 

Nitrogen and Zinc were applied according to the treatments. Zn was applied at sowing, 

while nitrogen was applied in three equal splits at three stages, i.e., at sowing, vegetative 

growth and at silking. 
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N.E.A  

Treatments 

A) Fertilizer Levels (kg ha-1)   B) Plant Densities (ha-1) 

 N  Zn  D1     57100 plants  

F1  150  0  D2 71400 plants 

F2  150  15  D3 99900 plants 

F3  200  0  Lay out =   RCBD with split plot arrangement 

F4  200  15  Replications = 4 
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Layout Plan of 2
nd 

Experiment 

 

N.E.A 

P1 P2 P3  

I2 I1 I3 I1 I3 12 I3 I2 I1 

Sub Water Channel 

P2 P3 P1 
 

I1 I2 I3 I2 I1 13 I1 I3 I2 

Central Path 

P3 P1 P2  

I3 I1 I2 I1 I2 13 I2 I3 I1 

Sub Water Channel 

P2 P3 P1  

I2 I3 I1 I3 I1 12 I1 I2 I3 

N.EA. 

Treatments 

A. Planting Geometry  

P1 70 cm apart single row planting  

P2 105/35 cm apart-paired row planting  

P3 140/35 cm apart three row planting  

B. Intercrops 

I1 Maize alone 

I2 Maize + mungbean 

I3 Maize + mashbean  

Lay out =   Randomized complete block design with split plot arrangement 

Replications = 4  

Net plot size = 7m x 4.2m 
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3.2.1.7 Weed removal 

The crop was kept free of weeds by hoeing twice to avoid weed crop competition. 

 

3.2.1.8 Other agronomic practices 

All other agronomic practices such as earthing up, insecticide application etc. 

were normal and uniform for all the treatments 

 

3.2.1.9 Harvesting 

Each year maize crop was harvested manually in the third week of November. 

After harvesting, the plants were left in the field for two days for sun drying, and 

thereafter tied into bundles and stalked for four week. Then the cobs were separated from 

the stalks and allowed drying in sunshine for five days before the shelling. 

 

3.2.2 Experiment II: Effect of planting geometry on the agro- physiological traits of 

maize-legume intercrops. 

 

In this study, different intercrops along with maize were planted under different 

geometries. Treatments were as under:-  

3.2.2.1 Treatments 

 

B. Planting Geometry  

P1 70 cm apart single row planting  

P2 105/35 cm apart-paired row planting  

P3 140/35 cm apart three row planting  

C. Intercrops 

I1 Maize alone 

I2 Maize + mungbean 

I3 Maize + mashbean  

 

3.2.2.2 Layout 

The experiment was laid out in randomized complete design with split plot 

arrangement having three replications. Planting geometries were randomized in main 

plots and inter crops were randomized in subplots. Subplot size measured 7m x 4.2m. 
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3.2.2.3 Sowing 

Maize hybrid 30-Y-87 along with both the intercrops was sown on well-prepared 

seedbed on 10
th

 and 15
th

 of August in 2006 and 2007, respectively. The crop was seeded 

in rows with a single row hand drill. Sole crops of mungbean and mashbean were grown 

for LER calculations. The row-to-row distance within each strip was maintained at 35 cm. 

When maize plants showed four fully expanded leaves, thinning was done to attain 

uniform plant densities. The intercrops were sown at recommended seed rates of 20 kg 

ha
-1

. 

 

3.2.2.4 Fertilizer application 

A basal dose of fertilizer at 150 kg N, 100 kg P2 O5 and 100 kg K2O ha
-1

 was 

applied in the respective plots in the form of urea, diammonium phosphate and potassium 

sulphate, respectively. All the quantity of phosphorous and potash were side drilled along 

the seed row at sowing with a single row hand drill. Nitrogen was applied in three equal 

splits at three stages, i.e., at sowing, vegetative growth and at silking. 

 

3.2.2.5 Weed removal 

Crop was kept free of weeds throughout the growth period of crop by twice 

manual hoeing at 25 and 50 DAS. 

 

3.2.2.6 Other crop husbandry practices 

The crop was irrigated and harvested in the same way as in experiment 1. 

 

3.3 Observations 

Data on agro-physiological characteristics of crops were recorded by following 

the standard procedures in both the years as follows: 

 

A. Phenological development 

1 Days taken to seedling emergence per unit area 

2 Days taken to 50% tasseling 

3 Days taken to 50% silking 

4 Days taken to maturity 
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B. Growth and development 

1 Leaf area index at fortnight interval (Watson, 1947) 

2 Leaf area duration (Hunt, 1978) 

3 Dry matter accumulation  

4 Crop growth rate (g m
-2

 d
-1

) (Hunt, 1978)  

5 Net assimilation rate (g m
-2

 d
-1

) (Hunt, 1978)  

C. Agronomic and yield traits 

6 Plant height at maturity (cm) 

7 Number of leaves per plant 

8 Number of ears per plant 

9 Number of grain rows per ear 

10 Number of grains per ear 

11 Grain weight per ear 

12 1000-grain weight (g) 

13 Grain yield (t. ha
-1

) 

14 Stover yield (t. ha
-1

) 

15 Grain to pith ratio 

16 Harvest index (%) 

D. Grain quality 

17 Grain crude protein content (%) 

18 Grain oil content (%) 

19 Grain starch content (%) 

 

Standard procedures were adopted for recording data on crop growth and 

agronomic traits and appropriate analytical procedures were followed for laboratory 

analysis of plant material for the traits enlisted above.  

 

E. Intercrops 

1 Land equivalent ratio (LER) 

2 Number of pods per plant 

3 Number of grains per pod 

4 Number of grains per plant 

5 1000- grain weight (g) 

6 Grain yield (Kg ha
-1

) 
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F. Patterns of nutrient uptake 

Plant samples collected periodically at different intervals were analyzed 

chemically for N, P, K and Zn (from first experiment only) uptake by using the 

procedures described by Jones et al., (1991) to determine the patterns of nutrient uptake. 

 

G. Statistical analysis 

Analysis of variance was carried out by using Fisher’s analysis of variance 

technique (Steel et al., 1984) and least significant difference test (LSD test) at 5% was 

applied to compare the differences among treatments
,
 means. Correlation and regression 

analysis was carried out to see the relationship between different traits and to quantify the 

same. 

 

H. Economic analysis 

Economic analysis was carried out to look into monitory benefits of different 

agronomic practices. Marginal analysis was carried out according to procedures devised 

by Byerlee (1988).  

 

3.4 PROCEDURES FOR RECORDING DATA 

3.4.1 Maize 

3.4.1.1 Growth and development 

3.4.1.1.1 Leaf Area  

Leaf area of 10-gram sub-sample of green leaf lamina was measured by a portable 

leaf area meter Model IL 3100, Nebraska, USA at a regular interval of fifteen days. First 

sample was collected 30 days after emergence (DAE) of maize, while subsequent samples 

were collected at fortnight interval and finished 105 DAE. Leaf area of 10-gram leaf 

sample (collected from leaves of five randomly selected plants) from each treatment (sub-

plot) was determined. These measurements were used to find out the average leaf area per 

plant. 

 

3.4.1.1.2 Leaf Area Index 

Leaf area index (LAI) was calculated using the formula given by Beadle (1987) as 

follows: 

Leaf area 
 

LAI = ---------------------------------- 

Land area  
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3.4.1.1.3 Dry matter accumulation 

Five plants were taken from each sub-plot at random and weighed to determine 

fresh weight. Then it was chopped into pieces with the help of chopping device (Hand 

Toka). The chopped material was mixed thoroughly and 500 grams from each sub-plot 

were sun dried. After this, samples were placed in an oven at 70
o
 C until a constant dry 

weight was achieved. Then dry matter accumulation was calculated accordingly and 

recorded. 

 

3.4.1.1.4 Crop growth rate  

Crop growth rate (CGR) is dry weight accumulated per unit land area per unit 

time and it was calculated at a fortnight interval as proposed by Beadle (1987) in g m
-2

 

day
-1

. 

W2 - W1 

CGR =  ----------------------------------------- 

T2 - T1 

Where: 

W1 = Total dry weight at first harvest 

W2 = Total dry weight at second harvest 

T1 = Time corresponding to first harvest (days)  

T2 = Time corresponding to second harvest (days) 

 

3.4.1.1.5 Net assimilation rate 

Net assimilation rate (NAR) is dry weight accumulated per unit leaf area per unit 

time and it was determined at a fortnight interval by formula of Beadle (1987) in g m
-2

 

day
-1

 as below: 

Total DW (at harvest) 

NAR = ---------------------------------------------- 

LAD 

Where: 

[(LAI1 + LAI2) x (t2 – t1)] 

LAD = --------------------------------- 

        2 

Where: 

LAD = Leaf Area Duration 
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LAI1 = LAI at first harvest 

LAI2 = LAI at second harvest  

t1 = Time corresponding to first harvest (days) 

t2 = Time corresponding to second harvest (days)  

 

3.4.1.2 Phenological development 

3.4.1.2.1 Number of days to 50% tasseling 

Ten randomly selected plants from each subplot were tagged and date was noted 

when half of the tagged plants showed tasseling and then averaged during both of the 

years. 

 

3.4.1.2.2 Number of days to 50% silking 

Ten randomly selected plants from each subplot were tagged and date was 

recorded when half of the tagged plants showed silk appearance and then averaged during 

both of the years. 

 

3.4.1.3 Agronomic and yield traits 

 

3.4.1.3.1 Plant height 

Ten plants were selected at random from each subplot, their heights were 

measured from ground surface to the top with the help of a meter rod, and then the 

average height was calculated in cm. 

 

3.4.1.3.2 Number of leaves per plant 

Ten plants were selected at random from each subplot and the total number of 

leaves was counted, recorded, and averaged to get number of leaves per plant. 

 

3.4.1.3.3 Number of ears per plant 

The ears of ten plants from each sub-plot were counted, recorded, and averaged to 

get number of ears per plant. 
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3.4.1.3.4 Number of grain rows per ear
 

The rows of ten randomly selected ears from each sub-plot were carefully counted 

by starting from a target row in each case and then averaged to get the number of grain 

rows per ear. 

 

3.4.1.3.5 Number of grains per ear
 

The number of grains per ear was counted and averaged from ten randomly 

selected ears from each sub-plot. 

 

3.4.1.3.6 Grain weight per ear
 

The grain weight of ten ears was taken from each sub-plot and then averaged to 

get the grain weight per ear. 

 

3.4.1.3.7 1000- Grain weight 

Three samples each of 1000- grains were taken randomly from the produce of 

each subplot, weighed, and then averaged to get 1000-grain weight. 

 

3.4.1.3.8 Stover yield 

The weight of air-dried stalks with leaves from each sub-plot was recorded in 

kilograms after removing ears and then converted into t ha
-1

. 

 

3.4.1.3.9 Grain yield 

Grain yield was initially recorded in kilograms on sub-plot basis and then changed 

into t ha
-1

. 

 

3.4.1.3.10 Grain to pith ratio 

After ear shelling, grain to pith ratio was computed as the ratio of grain weight to 

pith weight. 

Grain yield  

GPR = ---------------------------------- 

Pith yield 

 

3.4.1.3.11 Harvest index 

Harvest index (H.I) is the ratio of grain yield to biological yield articulated in 

expressed in percentage. Harvest index was calculated by using the formula 

recommended by Beadle (1987). 
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        Grain yield (t ha
-1

) 

H.I = -------------------------------------- x 100 

      Biological yield (t ha
-1

) 

 

3.4.1.4 Grain quality 

 

3.4.1.4.1 Grain starch content 

A 100 g grain sample was taken from each subplot and grain starch contents were 

determined by following the method described by Juliano (1971). 

 

3.4.1.4.2 Grain oil content 

A 100 g grain sample was taken from each subplot and grain oil content was 

determined by following the method described by Low (1990). 

 

3.4.1.4.3 Grain protein content 

Nitrogen content of maize grain samples collected from each subplot was 

determined by the Microkjeldhal method (Anonymous, 1980). Then crude protein content 

of grain was determined by using the following formula: 

 

Crude protein contents = Nitrogen contents x 6.25 

 

3.4.2 Intercrops 

3.4.2.1 Number of pods per plant 

Total number of pods of ten randomly selected plants from each sub-plot was 

counted then average was computed. 

 

3.4.2.2 Number of grains per plant 

Total number of grains counted from ten randomly selected plants from each sub-

plot was divided by ten to calculate number of grains per plant. 

 

3.4.2.3 Number of grains per pod 

Fifty pods were selected from every ten plants selected at random from each sub-

plot. The total number of grains was recorded and then average number of grains per pod 

was calculated. 
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3.4.2.4 1000-Grain weight 

Three samples each of 1000-grains were taken randomly from the seed lot of each 

subplot, weighed, and then averaged to get 1000-grain weight. 

 

3.4.2.5 Grain yield 

Grain yield of each subplot was calculated and then converted into kg ha
-1

.  

 

3.4.2.6 Land Equivalent Ratio (LER) 

Land equivalent ratio (LER) was calculated using the formula by Willey (1979). 

            Yab       Yba 

 LER = La + Lb = ------- + ------ 

           Yaa         Ybb 

Where: 

La and Lb are the LERs for the individual crops 

Yaa = Sole yield of crop “a” 

Ybb = Sole yield of crop “b” 

Yab = Associated yield of crop “a” intercropped with crop “b”  

Yba = Associated yield of crop “b” intercropped with crop “a” 
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CHAPTER-4 

 

RESULTS AND DISCUSSION 

 

The thorough explanation of results of the present studies are presented and 

discussed in this section. 

 

4.1: Influence of different densities and fertilizer levels on maize yield 

4.1.1 Phenological development 

 

4.1.1.1 Days taken to seedling emergence 

Data presented in table 4.1 shows that individual as well as interactive effects of 

fertilizer levels and plant densities were non-significant in respect of days taken to 

seedling emergence during both the years of study. 

 

4.1.1.2 Days taken to 50 % tasseling  

Data regarding days taken to 50 % tasseling in maize crop as influenced by 

different fertilizer levels and plant densities is presented in table 4.2. Fertilizer levels and 

plant densities significantly affected time taken to 50 % tasseling but their interactive 

effects were non-significant during both the years. In 2006, maximum days to 50 % 

tasseling (50.24) were taken by maize crop where the crop was grown up by applying 250 

kg N ha
-1

 that was statistically at par with the treatments where nitrogen was applied at 

200 and 150 kg ha
-1

. Minimum days to 50 % tasseling (46.46) were recorded in plot, 

which was fertilized at 150-15 kg N-Zn ha
-1

 that showed statistical parity with those plots, 

which were fertilized at 200-15 and 250-15 kg N-Zn ha
-1

. These results are supported by 

the previous findings of Saleem and Aly (1979), Ashraf (1989), Khot et al., (1993), 

Akbar et al., (2002) and Masood et al. (2003) who also observed that tasseling was 

delayed with increased application of nitrogen. Antonov (1974) observed that maize took 

less no of days to tasseling with the application of Zinc. 

Maximum days to 50% tasseling (50.38) were recorded where the crop was sown 

at plant density of 99900 plants ha
-1

 that was statistically at par with the crop that was 

grown under plant density of 71400 plants ha
-1

. The minimum days to 50% tasseling 

(46.97) were recorded in those maize plots where the crop was sown at plant density of 

57100 plants ha
-1

. The same trend prevailed during 2007. At higher plant densities 
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Table 4.1: Effect of fertilizer levels and plant densities on days taken to seedling 

emergence of maize 

 

Treatment 2006 2007 Mean 

  A) Fertilizer levels (kg ha
-1

) 

                      N            Zn 

          F1 )     150           0 5.08 4.98 5.03 

 F2 )     150          15 5.02 5.05 5.04 

          F3 )     200           0 4.97 4.99 4.98 

 F4 )     200          15 5.07 4.96 
5.02 

F5 )     250           0 
5.04 

5.07 
5.06 

 F6 )     250          15 5.10 5.05 5.08 

          LSD(P ≤ 0.05) NS 

  B) Plant Densities (ha
-1

) 

          D1) 57100 plants 5.03 5.01 5.02 

          D2) 71400 plants 5.06 4.99 5.03 

          D3) 99900 plants   5.05 5.05 5.05 

          LSD(P ≤ 0.05) NS 

        Interaction NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant.   
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Table 4.2: Effect of fertilizer levels & plant densities on number of days to 50 % 

tasseling of maize 

 

Treatment 2006 2007 Mean 

     A) Fertilizer levels (kg ha
-1

) 

                      N            Zn 

F1 )     150           0 49.69 ab 49.32 ab 49.50 

F2 )     150          15 46.46 c 46.01 c 46.23 

F3 )     200           0 50.08 a 49.72 ab 49.90 

F4 )     200          15 47.20 c 46.75 c 46.97 

F5 )     250           0 50.24 a 49.92 a 50.08 

F6 )     250          15 47.90 bc 47.53 bc 47.71 

          LSD(P ≤ 0.05) 2.08 2.33  

  B) Plant Densities (ha
-1

) 

          D1) 57100 plants 46.97 b 46.70 b 46.83 

          D2) 71400 plants 48.43 ab 48.02 ab 48.22 

          D3) 99900 plants 50.38 a 49.90 a 50.14 

          LSD(P ≤ 0.05) 2.22 2.25  

        Interaction NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant.  



 34 

enhanced competition between crop plants for different growth resources especially 

moisture and nutrients might have slowed the pace of phenological development that 

ultimately delayed tasseling emergence. Effect of interaction between fertilizer levels and 

different plant densities on time taken to 50 % tasseling was non-significant. These results 

are in line with those of Chaudry and Mockdosoud (1967), Hus and Huang (1984) and 

Rehman (1993) who recorded that increase in plant densities delayed tasseling 

 

4.1.1.3 Days taken to 50 % silking  

Data (Table 4.3) indicates non-significant effect of interaction between fertilizer 

levels and plant densities on days taken to 50 % silking. Data exhibited significant 

(P≤0.05) effect of fertilizer levels on days taken to 50 % silking. During 2006, crop 

fertilized at 250 kg N ha
-1

 significantly delayed silking that was statistically at par with 

the treatments where nitrogen was applied at 200 and 150 kg ha
-1

. Minimum number of 

days to 50 % silking (50.06) was recorded in those plots, which were fertilized at 150 kg 

N ha
-1

 + 15 kg Zn ha
-1

. It was statistically at par where 200 or 250 kg N ha
-1

 was applied 

along with 15 kg Zn ha
-1

. The pattern of taking days to 50 % silking in this study are 

similar to those reported by Akbar et al., (2002) and Rasheed et al., (2004). 

Maize crop sown at different plant densities significantly affected days to 50% 

silking. Plant density of 99900 plants ha
-1

 delayed silking by 3.22 days than plant density 

of 57100 plants ha
-1 

that was statistically at par with the treatments where 71400 plants 

ha
-1

 were maintained. Delay in silking due to high plant densities has also been reported 

(Athar, 1979) previously. The trend was similar during 2007. 

 

4.1.1.4 Days taken to maturity 

Data in the table 4.4 shows that interactive effects of fertilizer levels and plants 

densities were non-significant but their individual effects were significant. During 2006, 

maximum number of days to maturity (111.15) was recorded in plots, which were 

fertilized at 250 kg N ha
-1

 that was statistically at par with treatment where crop was 

fertilized at 200 and 150 kg N ha
-1

. The minimum number of days to maturity (103.02) 

were recorded where fertilizer was applied at 150 kg N ha
-1

 + 15 kg Zn ha
-1

 that was 

statistically at par where crop was fertilized at 200 kg N ha
-1

 + 15 kg Zn ha
-1

 as well as 

250 kg N ha
-1

 + 15 kg Zn ha
-1

. These results are in line with those of Gungula et al. 

(2003) who reported that a linear relationship exists between N rates and days to maturity. 
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Table 4.3: Effect of fertilizer levels and plant densities on days to 50 % silking of 

maize 

 

Treatment 2006 2007 Mean 

     A) Fertilizer levels (kg ha
-1

) 

                       N            Zn 

F1 )     150           0 53.94 abc 53.15 ab 53.54 

F2 )     150          15 50.07 d 49.36 c 49.71 

F3 )     200           0 54.65 ab 53.97 a 54.31 

F4 )     200          15 50.81 cd 50.10 bc 50.45 

F5 )     250           0 54.78 a 54.09 a 54.43 

F6 )     250          15 51.24 bcd 50.75 bc 50.99 

          LSD(P ≤ 0.05) 3.49 3.19  

  B) Plant Densities (ha
-1

) 

          D1) 57100 plants 51.07 b 50.43 b 50.75 

          D2) 71400 plants 52.39 ab 51.68 b 52.03 

          D3) 99900 plants 54.29 a 53.59 a 53.94 

          LSD(P ≤ 0.05) 2.00 1.80  

        Interaction NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant.    



 36 

 

Table 4.4: Effect of fertilizer levels and plant densities on number of days to 

maturity of maize 

 

Treatment 2006 2007 Mean 

     A) Fertilizer levels (kg ha
-1

) 

                           N            Zn 

F1 )     150           0 109.88 ab 108.36 ab 109.12 

 F2 )     150          15 103.02 c 102.97 c 102.99 

F3 )     200           0 110.95 a 108.78 ab 109.87 

F4 )     200          15 104.17 bc 104.07 bc 104.12 

              F5 )     250           0 111.15 a 109.79 a 110.47 

F6 )     250          15 105.20 bc 104.31 bc 104.75 

              LSD(P ≤ 0.05) 5.73 5.15  

     B) Plant Densities (ha
-1

)  

              D1) 57100 plants 105.26 b 104.13 b 104.69 

              D2) 71400 plants 107.05 ab 106.40 ab 106.72 

              D3) 99900 plants 109.87 a 108.62 a 109.24 

              LSD(P ≤ 0.05) 3.44 2.82  

              Interaction NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant. 
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Maximum days to maturity (109.87) were recorded where the crop was sown at 

plant density of 99900 plants ha
-1

 compared to the minimum days to maturity (105.26) 

where the crop was planted at density of 57100 plants ha
-1

 that was statistically at par 

where the crop was sown at plant density of 71400 plants ha
-1

. Increased competition at 

higher densities for different growth factors might have slowed the speed of phenological 

development that delayed the maturity of maize crop. Similar trend was observed during 

2007. 

 

4.1.2 Growth and development 

 

4.1.2.1 Leaf area index  

Leaf area index (LAI) of maize gradually increased and reached its maximum at 

60 DAS and later on declined at all fertilizer levels and plant densities (Fig. 4.1 and 4.2). 

There was a linear increase in LAI with each increase in fertilizer levels. In 2006, the 

significantly maximum value of LAI (5.61) was recorded where fertilizer was applied at 

250 kg N ha
-1

 + 15 kg Zn ha
-1

. The minimum value of LAI (4.60) was recorded where 

crop was fertilized at 150 kg N ha
-1

. The increase in LAI due to higher fertilizer levels 

might be ascribed to increased nutrient availability and consequently more nutrient uptake 

by the crop throughout the growth period. This increase in LAI in response to N 

fertilization is in accordance with the findings of Kumar and Sundari (2002) and Kumar 

and Walia (2003). LAI values in response to fertilizer levels ranked in order of 

F6>F5>F4>F3>F2>F1.  

Different plant densities significantly affected LAI. The maximum LAI (5.53) was 

recorded where the crop was sown at plant density of 99900 plants ha
-1

 compared to 

minimum LAI  (4.75) recorded at plant density of 57100 plants ha
-1

. Enhanced LAI at 

elevated plant densities might be ascribed to higher number of leaves per plant/unit area. 

The interaction between fertilizer levels and plant densities was also found to be 

significant. The maximum value of LAI (6.12) was recorded where the fertilizer was 

applied at 250 kg N ha
-1

 + 15 kg Zn ha
-1

 and crop was sown at plant density of 99900 

plants ha
-1

. The minimum value of LAI (4.27) was recorded where the fertilizer was 

applied at 150 kg N ha
-1

 and crop was sown at plant density of 57100 plants ha
-1

. 
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Table 4.5: Effect of fertilizer levels and plant densities on leaf area index of maize 

 

Treatment 2006 2007 Mean 

       A) Fertilizer levels (kg ha
-1

) 

                 N            Zn  

F1 )     150           0 4.60 f 4.4 f 4.5 

F2 )     150          15 4.83 e 4.59 e 4.71 

F3 )     200           0 5.08 d 4.82 d 4.95 

F4 )     200          15 5.22 c 4.97 c 5.09 

F5 )     250           0 5.38 b 5.14 b 5.26 

F6 )     250          15 5.61 a 5.34 a 5.47 

LSD(P ≤ 0.05) 0.05 0.04  

     B) Plant Densities (ha
-1 

)  

          D1) 57100 plants 4.75 c 4.46 c 4.60 

          D2) 71400 plants 5.08 b 4.48 b 4.78 

          D3) 99900 plants 5.53 a 5.33 a 5.43 

          LSD(P ≤ 0.05) 0.04 0.04  

          Interaction 0.10 0.11  

C) Fertilizer x Plant densities 

F1D1 4.27 l 4.02 l 4.15 

F1D2 4.62 j 4.37 j 4.50 

F1D3 4.91 hi 4.81 h 4.86 

F2D1 4.42 k 4.23 k 4.33 

F2D2 4.86 i 4.57 i 4.72 

F2D3 5.20 ef 4.98 f 5.09 

F3D1 4.70 j 4.43 j 4.57 

F3D2 5.07 g 4.78 h 4.93 

F3D3 5.46 d 5.26 d 5.36 

F4D1 4.89 hi 4.57 i 4.73 

F4D2 5.15 fg 4.92 fg 5.04 

F4D3 5.61 c 5.42 c 5.52 

F5D1 4.97 h 4.65 i 4.81 

F5D2 5.28 e 5.12 e 5.20 

F5D3 5.89 b 5.66 b 5.78 

F6D1 5.23 ef 4.85 gh 5.04 

F6D2 5.48 d 5.30 d 5.39 

F6D3 6.12 a 5.87 a 6.00 

LSD(P ≤ 0.05) 0.10 0.11  

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant.  
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Fig. 4.1: Changes in LAI with time as affected by different fertilizer levels during 

2006, 2007 and pooled  
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Fig. 4.2: Changes in LAI with time as affected by different plant densities during 

2006, 2007 and pooled 
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Fig.4.3: Relationship between leaf area index and grain yield (t ha
-1

) in maize during 

2006, 2007 and pooled 
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Almost same trend was observed later. There was a positive and linear relationship 

between leaf area index and grain yield (Fig.4.3). 

 

4.1.2.2 Leaf area duration 

Data presented in table 4.6 shows significant (P≤0.05) effect of fertilizer levels on 

cumulative leaf area duration (LAD). During 2006, maize crop exhibited significantly 

highest LAD (302.55) where fertilizers were added at 250 kg ha
-1 

+ 15 kg Zn ha
-1 

as 

compared to all other treatments. Minimum value of LAD (234.81) was recorded under 

the application of 150 kg N ha
-1

. Elevated fertilizer levels caused better development of 

leaves and maintained greenness for longer time, which led to longer LAD in these 

treatments. The increase in leaf area duration under the application of higher N levels 

have also been confirmed by the previous findings of Akbar et al., (2002) who reported 

that increasing nitrogen levels have significant effect on leaf area duration. 

Maize crop sown at different plant densities significantly affected LAD. Maize 

crop exhibited maximum LAD (295.26) where the crop was sown at plant density of 

99900 plants ha
-1

 against the minimum (244.96) under plant density of 57100 plants ha
-1

. 

The increase in LAD under high plant densities have also been confirmed by the previous 

findings of Singh et al., (1985) who reported that increasing plant densities increase LAD. 

Same trend was noted during 2007. 

The interaction between fertilizer levels and plant densities was found to be 

significant. The maximum value of LAD (331.35) was recorded where the fertilizer was 

applied at 250 kg N ha
-1

 + 15 kg Zn ha
-1

 and crop was sown at plant density of 99900 

plants ha
-1

. The minimum value of LAD (215.47) was recorded where the fertilizer was 

applied at 150 kg N ha
-1 

and crop was sown at plant density of 57100 plants ha
-1

. Same 

trend was noted during 2007. Leaf area duration was positively and linearly correlated 

with grain yield (Fig.4.4). 

 

4.1.2.3 Dry matter accumulation per hectare (DMH) 

Dry matter accumulation of maize steadily increased and reached its maximum at 

105 DAS at all fertilizer levels and plant densities (Fig. 4.5 and 4.6). Fertilizer applied at 

different levels significantly (P≤0.05) affected dry matter accumulation during both the 

years (Table 4.7). In 2006, maximum DMH (18.16 tons) was recorded where the cop was 

grown up by applying 250 kg N ha
-1

 + 15 kg Zn ha
-1

. It was followed by DMH (17.44 

tons) recorded where fertilizer was applied at 250 kg N ha
-1

 that was statistically at par 
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Table 4.6: Effect of fertilizer levels and plant densities on leaf area duration of maize 

 

Treatment 2006 2007 Mean 

 A) Fertilizer levels (kg ha
-1

) 

                      N            Zn 

F1 )     150           0 234.81 f 222.53 f 228.67 

 F2 )     150          15 248.35 e 234.33 e 241.34 

F3 )     200           0 266.18 d 252.67 d 259.42 

 F4 )     200          15 276.78 c 263.48 c 270.09 

F5 )     250           0 287.03 b 275.71 b 281.37 

 F6 )     250          15 302.55 a 289.80 a 296.17 

LSD(P ≤ 0.05) 3.14 3.36  

    B) Plant Densities (ha
-1

) 

          D1) 57100 plants 244.96 c 231.61 c 238.78 

          D2) 71400 plants 267.64 b 254.14 b 260.89 

          D3) 99 900 plants 295.26 a 283.51 a 289.38 

          LSD(P ≤ 0.05) 1.82 2.58  

         Interaction 4.824.824.8244.82 4.82 6.17  

C) Fertilizer x Plant densities 

F1D1 215.47 m 203.40 j 209.44 

F1D2 232.13 k 219.38 i 225.76 

F1D3 256.83 hi 244.80 f 250.82 

F2D1 225.38 l 213.30 i 219.34 

F2D2 246.08 j 231.30 h 238.69 

F2D3 273.60 f 258.38 e 265.99 

F3D1 242.50 j 228.08 h 235.29 

F3D2 264.14 g 250.55 f 257.35 

F3D3 291.90 d 279.38 d 285.64 

F4D1 252.30 i 238.43 g 245.37 

F4D2 276.00 f 261.52 e 268.76 

F4D3 302.04 c 290.48 c 296.26 

F5D1 259.58 gh 247.68 f 253.63 

F5D2 285.68 g 273.30 d 279.49 

F5D3 315.83 b 306.15 b 310.99 

F6D1 274.50 f 258.75 e 266.63 

F6D2 301.80 c 288.75 c 295.28 

F6D3 331.35 a 221.90 a 276.63 

LSD(P ≤ 0.05) 4.82 6.17  

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant.  
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Fig. 4.4: Relationship between leaf area duration and grain yield (t ha
-1

) in maize 

during 2006, 2007 and pooled 
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with DMH (17.27 tons) recorded under the application of 200 kg N ha
-1

 + 15 kg Zn ha
-1

. 

The minimum DMH (15.12 tons) was recorded by the application of 150 kg N ha
-1

. These 

results are in line with the findings of Hanif (1990). Maximum dry matter accumulation 

under higher fertilizer levels may be attributed to greater plant height, vegetative growth, 

LAI, and better light interception due to less inter-plant competition for N and Zn.  

Maize crop sown at different plant densities significantly affected biological yield. 

Crop sown at plant density of 99900 plants ha
-1

 exhibited maximum DMH (18.36) against 

the minimum DMH (15.02 tons) recorded in plant density of 57100 plants ha
-1

. This 

variability in dry matter accumulation may be attributed to differences in crop stand per 

unit area and LAI.  

The interaction between fertilizer levels and plants densities was also found to be 

significant. Highest DMH (20.02 tons) was recorded where fertilizer was applied at 250 

kg N ha
-1

 + 15 kg Zn ha
-1

 and the crop was sown at plant density of 99900 plants ha
-1

. It 

was followed by DMH (19.39 tons) where fertilizer was applied at 250 kg N and the crop 

was sown at plant density of 99900 plants ha
-1 

that was statistically at par where fertilizer 

was applied at 200 kg N ha
-1

 + 15 kg Zn ha
-1

 and the crop was sown at plant density of 

99900 plants ha
-1

. The minimum DMH (14.03 tons) was recorded where fertilizer was 

applied at 150 kg N ha
-1

 and the crop was sown at plant density of 57100 plants ha
-1

. 

There was positive and strong correlation between dry matter accumulation and grain 

yield (Fig.4.7). Trend was similar during 2007 and in pooled values of two years. 

 

4.1.2.4 Crop growth rate 

Crop growth rate values (Fig 4.8 and 4.9) increased steadily and reached at 

maximum during 45-60 DAS (the most active growth phase in maize development) under 

all fertilizer levels and plant densities. Thereafter, there was a gradual decline in CGR. 

Different fertilizer levels significantly (P≤0.05) affected the mean crop growth 

rate (CGR) as presented in Table 4.8. Maximum mean CGR (22.61 g m
-2 

d
-1

) was 

recorded where fertilizer was applied at 250 kg N ha
-1

 +15 kg Zn ha
-1

. It was followed by 

CGR (21.69 g m
-2

 d
-1

) recorded where fertilizer was applied at 250 kg N ha
-1

 which was 

statistically at par with CGR (21.48 gm
-2

d
-1

)  where fertilizer was applied at 200 kg N ha
-1

 

+15 kg Zn ha
-1

. The minimum mean CGR (19.11 g m
-2 

d
-1

) was recorded with the 

application of 150 kg N ha
-1

 alone. Promotive effect of higher fertilizer levels on CGR 

was attributed to more dry matter accumulation per unit area/time. Effect of nitrogen on  
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Table 4.7: Effect of fertilizer levels and plant densities on dry matter accumulation (t 

ha
-1 

) of maize 

 

Treatment 2006 2007 Mean 

 A) Fertilizer levels (kg ha
-1

) 

                      N            Zn 

F1 )     150           0 15.42 e 16.18 e 15.80 

 F2 )     150          15 15.88 d 16.78 d 16.33 

F3 )     200           0 16.61 c 17.64 c 17.13 

 F4 )     200          15 17.27 b 18.01 bc 17.67 

F5 )     250           0 17.44 b 18.24 b 17.84 

 F6 )     250          15 18.16 a 18.93 a 18.55 

          LSD(P ≤ 0.05) 0.27 0.37  

 B) Plant Densities (ha
-1

) 

          D1) 57100 plants 15.02 c 15.89 c 15.46 

          D2) 71400 plants 17.00 b 17.89 b 17.45 

          D3) 99900 plants 18.36 a 19.11 a 18.74 

           LSD(P ≤ 0.05) 2.58 2.13  

          Interaction 0.58 0.57  

C) Fertilizer x Plant densities 

F1D1 14.03 l 14.92 i 14.47 

F1D2 15.62 hi 16.37 fg 15.99 

F1D3 16.60 fg 17.23 e 16.91 

F2D1 14.40 kl 15.30 hi 14.85 

F2D2 16.10 gh 16.99 e 16.54 

F2D3 17.13 ef 18.06 d 17.59 

F3D1 14.97 jk 15.82 gh 15.39 

F3D2 16.84 f 18.02 d 17.43 

F3D3 18.01 cd 19.08 c 18.54 

F4D1 15.36 ij 16.10 g 15.73 

F4D2 17.44 de 18.35 d 17.89 

F4D3 19.01 b 19.59 bc 19.30 

F5D1 15.32 ij 16.31 g 15.81 

F5D2 17.61 de 18.49 d 18.05 

F5D3 19.39 b 19.94 b 19.66 

F6D1 16.06 gh 19.89 ef 17.97 

F6D2 18.41 c 19.12 c 18.76 

F6D3 20.02 a 20.77 a 20.39 

LSD(P ≤ 0.05) 0.58 0.57  
 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant.   
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Fig. 4.5: Changes in dry matter accumulation with time as affected by different 

fertilizer levels during 2006, 2007 and Pooled 
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Fig. 4.6: Changes in dry matter accumulation with time as affected by different 

plant densities during 2006, 2007 and Pooled 
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maize growth rate is also confirmed by findings of Iwata and Takayanagi (1980), Okeleye 

and Oyekanmi (2003), Takai et al. (2006) and D
, 
Andrea et al. (2008). 

Different densities of maize significantly affected the mean growth rate (CGR) 

which is clear from data presented in Table 4.8. Maximum mean CGR (22.61 g m
-2 

d
-1

) 

was recorded where the maize crop was sown at plant density of 99900 plants ha
-1

 against 

the minimum mean CGR (18.72 g m
-2 

d
-1

) recorded where the maize crop was sown at 

plant density of 57100 plants ha
-1

. There was a linear increase in mean CGR with each 

increase in plant density. Higher CGR in higher plant densities may be attributed to more 

number of crop plants per unit area, which increased dry weight per unit area and hence 

faster CGR. These results are in line with those of Zaman and Maity (1988), Tetio-Kagho 

and Gardner (1988) and Cox (1996). 

Interaction between fertilizer levels and plant densities significantly affected the 

mean growth rate. Maximum mean CGR (24.93 g m
-2 

d
-1

) was recorded where fertilizer 

was applied at 250 kg N ha
-1

 +15 kg Zn ha
-1

 and crop was sown at plant density of 99900 

plants ha
-1

 that was statistically at par where fertilizer was applied at 250 kg N ha
-1

 and 

crop was sown at plant density of 99900 plants ha
-1

. Minimum mean CGR (17.51 g m
-2 

d
-

1
) was recorded where fertilizer was applied at 150 kg N ha

-1
 and crop was sown at plant 

density of 57100 plants ha
-1

 that was statistically at par where fertilizer was applied at 150 

kg N ha
-1

 +15 kg Zn ha
-1 

and crop was sown at plant density of 57100 plants ha
-1

. There 

was a positive correlation between crop growth rate and grain yield (Fig.4.10). 

 

4.1.2.5 Net assimilation rate  

The data regarding net assimilation rate (NAR) of maize is presented in table 4.9. 

During 2006, the maximum NAR (6.57 g m
-2 

d
-1

) was recorded where the fertilizer was 

applied at 150 kg N ha
-1

 against the minimum NAR (5.94 g m
-2 

d
-1

) where the fertilizer 

was applied at 250 kg N ha
-1

 + 15 kg Zn ha
-1

 that was statistically at par where the 

fertilizer was applied at 250 kg N ha
-1

. Less leaf area at reduced fertilizer levels might 

have resulted in more light penetration into plant canopy and increase in photosynthetic 

efficiency and reduction in respiratory losses resulted in high NAR at low fertilizer levels. 

This effect of nitrogen on NAR has been confirmed by findings of Ahmad et al. (1989). 

The effect of different plant densities on NAR was significant. Maximum NAR 

(6.34 g m
-2 

d
-1

) was recorded where crop was sown at plant density of 71400 plants ha
-1
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Table 4.8: Effect of fertilizer levels and plant densities on crop growth rate (g m
-2

 

day
-1

) of maize 

 

Treatment 2006 2007 Mean 

A) Fertilizer levels (kg ha
-1

) 

                      N            Zn 

F1 )     150           0 19.11 e 19.99 d 19.55 

 F2 )     150          15 19.78 d 20.75 c 20.26 

          F3 )     200           0 20.70 c 21.84 b 21.27 

 F4 )     200          15 21.48 b 22.30 b 21.89 

          F5 )     250           0 21.69 b 22.42 b 22.05 

 F6 )     250          15 22.61  a 23.44 a 23.02 

LSD(P ≤ 0.05) 0.45 0.61  

 B) Plant Densities (ha
-1

) 

          D1) 57100 plants 18.72 c 19.65 c 19.18 

          D2) 71400 plants 21.14 b 22.07 b 21.60 

          D3) 99900 plants 22.82 a 23.65 a 23.23 

          LSD(P ≤ 0.05) 0.33 0.35  

         Interaction 0.82 0.94  

C) Fertilizer x Plant densities 

F1D1 17.51 k 18.57 j 18.04 

F1D2 19.30 hi 20.15 gh 19.73 

F1D3 20.53 fg 21.26 f 20.90 

F2D1 17.93 jk 19.01 ij 18.47 

F2D2 20.15 g 20.95 fg 20.55 

F2D3 21.27 ef 22.29 e 21.78 

F3D1 18.65 ij 19.65 hi 19.15 

F3D2 21.18 ef 22.24 e 21.71 

F3D3 22.36 cd 23.62 cd 22.99 

F4D1 19.14 i 19.98 h 19.56 

F4D2 21.61 de 22.65 e 22.13 

F4D3 23.69 b 24.28 bc 23.99 

F5D1 19.08 i 19.75 hi 19.42 

F5D2 21.83 de 22.82 de 22.33 

F5D3 24.15 ab 24.70 b 24.43 

F6D1 20.03 gh 20.99 fg 20.51 

F6D2 22.86 c 23.63 cd 23.25 

F6D3 24.93 a 25.78 a 25.36 

LSD(P ≤ 0.05) 0.82 0.94  

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant.  
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Fig. 4.8: Changes in CGR with time as affected by different fertilizer levels during 

2006, 2007 and pooled 
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Fig. 4.9: Changes in CGR with time as affected by different plant densities during 

2006, 2007 and pooled 
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Fig.4.10: Relationship between crop growth rate (gm
-2

d
-1

) and grain yield (t ha
-1

) in 

maize during 2006, 2007 and pooled 
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while minimum NAR (6.08 g m
-2 

d
-1

) was recorded where crop was sown at plant density 

of 57100 plants ha
-1

. 

The interaction between fertilizer levels and plant densities was also significant. 

The maximum NAR (6.73 g m
-2 

d
-1

) was recorded where the fertilizer was applied at 150 

kg N ha
-1

 and crop was sown at plant density of 71400 plants ha
-1

. It was followed by 

NAR (6.51 g m
-2 

d
-1

)  recorded where fertilizer was applied 150 kg N ha
-1

 and crop was 

sown at plant density of 57100 plants ha
-1

 that was statistically at par to the NAR 

recorded at F1D3, F2D2 and F3D2. The minimum NAR (5.85 g m
-2 

d
-1

)  was recorded 

where the fertilizer was applied at 250 kg N ha
-1

 and crop was sown at plant density of 

57100 plants ha
-1

 that showed statistical parity to the NAR recorded at F6D3, F6D1 and 

F4D1. Results were almost same during 2007. 

 

4.1.3 Agronomic and yield traits 

 

4.1.3.1 Plant height  

Fertilizer at different levels had significant (P≤0.05) effect on maize plant height 

during both the years of study (Table 4.10). In 2006, fertilizer applied at 250 kg N ha
-1

 + 

15 kg Zn ha
-1

 produced significantly taller plants (224.71 cm) than rest of the treatments. 

This increase in plant height in response to higher levels of nitrogen has been confirmed 

by the previous findings of El-Hattab et al. (1980); Mohsan (1999); Akbar et al. (2002); 

Waqas (2002) and Rasheed et al. (2004) who reported that maize plant height enhances in 

response to application of nitrogen at higher levels. Increase in plant height due to more 

nitrogen may be attributed to more vegetative development that resulted in increased 

mutual shading and internodal extension. Plant height also enhances as a result of Zinc 

application. These results confirm the previous findings of Singh and Franklin (1974); 

Majid et al. (1977) and Memon et al. (1989) who reported that application of Zn along 

with N enhanced maize plant height.  

The effect of plant densities on plant height was significant. There was an 

increasing trend in plant height with the increase in plant densities during both the years. 

The maximum plant height (224.09 cm) was recorded where the crop was sown at plant 

density of 99900 plants ha
-1

 against the minimum plant height (200.29 cm)  recorded, 

where the crop was sown at plant density of 57100 plants ha
-1

. These results are 

contradictory to the previous findings of Genter and Camper (1973) who stated increase  
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Table 4.9: Effect of fertilizer levels and plant densities on net assimilation rate (g m
-2

 

day
-1

) of maize 

 

Treatment 2006 2007 Mean 

  A) Fertilizer levels (kg ha
-1

) 

                      N             Zn 

F1 )     150           0 6.57 a 7.28 a 6.93 

 F2 )     150          15 6.29 b 7.17 b 6.73 

F3 )     200           0 6.22 bc 6.99 c 6.61 

 F4 )     200          15 6.17 c 6.85 d 6.51 

F5 )     250           0 6.03 d 6.62 e 6.33 

 F6 )     250          15 5.94 d 6.54 f 6.24 

LSD(P ≤ 0.05) 0.11 0.05  

    B) Plant Densities (ha
-1

)  

D1) 57100 plants 6.08 c 6.76 c 6.42 

           D2) 71400 plants 6.34 a 7.06 a 6.70 

           D3) 99900 plants 6.18 b 6.89 b 6.53 

LSD(P ≤ 0.05) 0.07 0.04  

Interaction 0.17 0.09  

C) Fertilizer x Plant densities 

F1D1 6.51 b 7.34 b 6.93 

F1D2 6.73 a 7.47 a 7.10 

F1D3 6.46 bc 7.04 d 6.75 

F2D1 6.22 defg 7.17 c 6.70 

F2D2 6.38 bcd 7.34 b 6.86 

F2D3 6.26 def 6.99 de 6.63 

F3D1 6.17 efg 6.94 e 6.56 

F3D2 6.37 bcd 7.19 c 6.78 

F3D3 6.12 fg 6.83 f 6.48 

F4D1 5.89 h 6.80 fg 6.35 

F4D2 6.32 cde 7.02 de 6.67 

F4D3 6.29 cde 6.74 g 6.52 

F5D1 5.85 h 6.58 hi 6.22 

F5D2 6.16 efg 6.76 fg 6.46 

F5D3 6.08 g 6.51 ij 6.30 

F6D1 5.85 h 6.53 ij 6.19 

F6D2 6.10 fg 6.62 h 6.36 

F6D3 5.88 h 6.45 j 6.17 

LSD(P ≤ 0.05) 0.17 0.09  
 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant. 
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in plant height in lower plant densities. The plant height increases at higher plant densities 

due to competition for light because of mutual shading effect. 

Interaction between fertilizer levels and plant densities was also found to be 

significant during both the years. Maximum plant height (236.29 cm) was recorded where 

the fertilizer was applied at 250 kg N ha
-1

 + 15 kg Zn ha
-1

 and crop was sown at plant 

density of 99900 plants ha
-1

 that was statistically at par where the fertilizer was applied at 

250 kg N ha
-1

 and crop was sown at plant density of 99900 plants ha
-1

 as well as where 

the fertilizer was applied at 200 kg N + 15 kg Zn ha
-1

 and crop was sown at plant density 

of 99900 plants ha
-1

. The minimum plant height (184.25 cm) was recorded where the 

fertilizer was applied at 150 kg N ha
-1 

and crop was sown at plant density of 57100 plants 

ha
-1

. Almost similar trend was noted during 2007 and in pooled values of both years. 

Plant height was positively and linearly correlated with grain yield (Fig.4.11). 

 

4.1.2.3 Number of leaves per plant 

Interaction between fertilizer levels and plant densities was non-significant but 

their individual effects were significant (Table 4.11). During 2006, maximum number of 

leaves per plant (21.57) were recorded where the fertilizer was applied at 250 kg N + 15 

kg Zn ha
-1

 that was statistically at par where the fertilizer was applied at 250 kg N ha
-1

. 

Minimum number of leaves per plant (17.68) was recorded where the fertilizer was 

applied at 150 kg N ha
-1

 that was statistically at par where the fertilizer was applied at 150 

kg N + 15 Zn ha
-1

. More number of leaves per plant might be attributed to more plant 

height of maize in plots fertilized at higher fertilizer doses. 

Significantly maximum number of leaves per plant (21.26) was recorded where 

the crop was sown at plant density of 99900 plants ha
-1

 against the minimum (17.83) 

where the crop was sown at plant density of 57100 plants ha
-1

. Increment in number of 

leaves per plant might be due to increased height of maize at higher plant densities. 

Similar trend was observed during 2007. 
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Table 4.10: Effect of fertilizer levels and plant densities on plant height (cm) of 

maize 

 

Treatment 2006 2007 Mean 

  A) Fertilizer levels (kg ha
-1

) 

                       N            Zn 

F1 )     150           0 198.63 e 194.72 e 196. 67 

 F2 )     150          15 213.60 d 199.68 d 206.64 

F3 )     200           0 212.13 c 207.70 c 209.91 

F4 )     200          15 214.59 c 212.58 b 213.58 

F5 )     250           0 219.64 b 214.83 b 217.24 

F6 )     250          15 224.71 a 220.35 a 222.53 

         LSD(P ≤ 0.05) 3.12 3.18  

    B) Plant Densities (ha
-1

)  

         D1) 57100 plants 200.29 c 197.75 c 199.02 

         D2) 71400 plants 212.27 b 209.17 b 210.72 

         D3) 99900 plants 224.09 a 218.01 a 221.05 

         LSD(P ≤ 0.05) 2.90 1.92  

       Interaction 6.59 4.99  

C) Fertilizer x Plant densities 

F1D1 184.25 h 186.62 j 185.44 

F1D2 207.23 ef 197.32 t 202.28 

F1D3 204.41 f 200.24 hi 202.33 

F2D1 193.85 g 190.02 j 191.94 

F2D2 205.13 ef 202.90 gh 204.02 

F2D3 211.84 cde 206.11 fg 208.98 

F3D1 201.46 f 196.20 i 198.83 

F3D2 208.23 def 209.58 ef 208.91 

F3D3 226.71 b 217.31 cd 222.01 

F4D1 202.04 f 200.38 hi 201.21 

F4D2 211.59 cde 212.51 de 212.05 

F4D3 230.14 ab 224.85 b 227.50 

F5D1 205.74 ef 203.84 gh 204.79 

F5D2 216.88 c 214.86 cd 215.87 

F5D3 235.14 a 225.80 b 231.05 

F6D1 214.43 cd 209.45 ef 211.94 

F6D2 224.56 b 217.82 c 221.19 

F6D3 236.29 a 233.78 a 234.46 

LSD(P ≤ 0.05) 6.59 4.99  

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant. 
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4.1.3.3 Number of ears per plant 

It is obvious from data (Table 4.12) that differences among means for number of 

ears per plant due to interaction between fertilizer levels and plant densities were 

statistically non-significant. However, the individual effects of fertilizer levels and plant 

densities were significant (P≤0.05). In 2006, maximum number of ears per plant (1.24) 

was recorded in response to application of 250 kg N ha
-1 

+ 15 kg Zn ha
-1

 that was 

statistically at par with the treatments where fertilizer was applied at 200 kg N ha
-1 

+ 15 

kg Zn ha
-1

 and also 150 + 15 kg N and Zn ha
-1

.  Minimum number of ears per plant (1.03) 

were recorded where fertilizer was applied at 150 kg N ha
-1

. Balanced nutrition might 

have enhanced the inherent potential of plants to produce higher number of ears per plant 

in plots where nitrogen and Zinc were applied together. Similar results have also been 

reported (Short et al., 1982) previously. 

Maize crop sown at plant density of 57100 plants ha
-1 

produced maximum number 

of ears per plant (1.26) while the lowest number of ears per plant (1.02) was recorded 

under plant density of 99900 plants ha
-1

. Nutrients and water stress caused by high plant 

densities might have imparted more number of barren plants resulting in less number of 

ears per plant. These results are in line with the findings of Tyagi et al. (1998) who 

reported that increasing plant densities increased number of ears m
-2

 and decreased 

number of ears per plant. 

 

4.1.3.4 Number of grain rows per ear 

Data (Table 4.13) indicate significant effect of fertilizer levels on number of grain 

rows per ear. During 2006, addition of fertilizers at 250 kg N ha
-1 

+ 15 kg Zn ha
-1

 

produced significantly more number of rows per ear
 
(14.86) that was statistically at par 

where the fertilizer was applied at 250 kg N ha
-1

. The minimum number of grain rows per 

ear (13.71) was recorded where fertilizer was applied at 150 kg N ha
-1

. Nutrient stress at 

lower fertilizer levels might have reduced resource partitioning to the ear and hence less 

number of grain rows per ears were produced. These results are in line with those of 

Nedelcive et al., 1986. 

Maize crop sown at plant density of 57100 plants ha
-1 

produced maximum number 

of grain rows per ear (14.73) against the lowest number of grain rows per ears (13.95) 

recorded under plant density of 99900 plants ha
-1

. 
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Table 4.11: Effect of fertilizer levels and plant densities on number of leaves per 

plant of maize 

 

Treatment 2006 2007 Mean 

     A) Fertilizer levels (kg ha
-1

) 

                           N            Zn 

F1 )     150           0 17.68 e 16.75 e 

 

17.22 

F2 )     150          15 18.27 de 17.43 de 17.85 

F3 )     200           0 18.97 cd 18.40 cd 18.69 

F4 )     200          15 19.81 bc 18.97 bc 19.39 

F5 )     250           0 20.69 ab 20.05 ab 20.37 

F6 )     250          15 21.57 a 20.57 a 21.07 

              LSD(P ≤ 0.05) 1.13 1.36  

     B) Plant Densities (ha
-1

)  

              D1) 57100 plants 17.83 c 17.20 c 17.52 

              D2) 71400 plants 19.39 b 18.50 b 18.95 

              D3) 99900 plants 21.26 a 20.39 a 20.83 

              LSD(P ≤ 0.05) 1.28 1.26  

              Interaction NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant. 
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Table 4.12: Effect of fertilizer levels and plant densities on number of ears per plant 

of maize 

 

Treatment 2006 2007 Mean 

     A) Fertilizer levels (kg ha
-1

) 

                          N            Zn 

F1 )     150           0 1.03 c 0.99 d 1.01 

F2 )     150          15 1.19 ab 1.09 b 1.14 

             F3 )     200           0 1.06 c 1.01 cd 1.03 

F4 )     200          15 1.20 ab 1.17 ab 1.18 

F5 )     250           0 1.11 bc 1.04 bcd 1.07 

F6 )     250          15 1.24 a 1.19 a 1.21 

            LSD(P ≤ 0.05) 0.10 0.13  

     B) Plant Densities (ha
-1

)  

             D1) 57100 plants 1.26 a 1.19 a 1.22 

             D2) 71400 plants 1.13 b 1.09 b 1.11 

             D3) 99900 plants 1.02 c 0.98 c 1.00 

             LSD(P ≤ 0.05) 0.06 0.05  

             Interaction 

 
NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant.     
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Interaction between fertilizer levels and plant densities was also significant. 

Maximum number of grain rows per ear (15.21) was recorded where the fertilizer was 

applied at 250 kg N + 15 kg Zn ha
-1

 and crop was sown at plant density of 57100 plants 

ha
-1

 that was statistically at par where the fertilizer was applied at 250 kg N ha
-1

 and crop 

was sown at plant density of 57100 plants ha
-1

. The minimum number of grain rows per 

ear (113.11) was recorded where the fertilizer was applied at 150 kg N ha
-1

 and crop was 

sown at plant density of 99900 plants ha
-1

. 

 

4.1.3.5 Number of grains per ear 

Different fertilizer levels significantly (P≤0.05) affected number of grains per ear 

of maize (Table 4.14). During 2006, maximum number of grains per ear (455.54) was 

recorded where fertilizer was applied at 250 kg N ha
-1

 +15 kg Zn ha
-1

. The minimum 

number of grains per ear (368.93) was recorded with the application of 150 kg N ha
-1

. 

Decline in resources availability at low fertilization may 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 ear is also confirmed by findings of Akbar et al. (1999) and Stone et 

al. (1998). 

Different densities significantly affected number of grains per ear of maize. 

Maximum number of grains per ear (438.21) was recorded where the maize crop was 

sown at plant density of 57100 plants ha
-1

 against the least number of grains per ear 

(394.65)  recorded where the maize crop was sown at plant density of 99900 plants ha
-1

. 

There was a linear decrease in number of grains per ear with each increase in plant 

density. Enhanced competition at elevated plant populations declined leaf area and 

consequently less light was captured by the crop canopy, which is primarily related to 

grain number per ear.  

Interaction between fertilizer levels and plant densities significantly affected 

number of grains per ear. Maximum number of grains per ear (482.77) was recorded 

where fertilizer was applied at 250 kg N ha
-1

 +15 kg Zn ha
-1

 and crop was sown at plant 

density of 57100 plants ha
-1

. Minimum number of grains per ear (349.02) was recorded 

where fertilizer was applied at 150 kg N ha
-1

 and crop was sown at plant density of 99900 

plants ha
-1

. Similar results were obtained in 2007 and in pooled values of two years. 



 64 

 

Table 4.13: Effect of fertilizer levels and plant densities on number of grain rows per 

ear of maize 

 

Treatment 2006 2007 Mean 

A) Fertilizer levels (kg ha
-1

) 

                      N            Zn 

F1 )     150           0 13.71 e 13.60 f 13.65 

 F2 )     150          15 13.97 d 13.87 e 13.92 

F3 )     200           0 14.27 c 14.20 d 14.23 

 F4 )     200          15 14.49 b 14.44 c 14.46 

F5 )     250           0 14.70 ab 14.61 b 14.65 

 F6 )     250          15 14.86 a 14.83 a 14.84 

          LSD(P ≤ 0.05) 0.21 0.16  

 B) Plant Densities (ha
-1

)  

          D1) 57100 plants 14.73 a 14.69 a 14.71 

          D2) 71400 plants 14.31 b 14.23 b 14.27 

          D3) 99900 plants 13.95 c 13.86 c 13.90 

          LSD(P ≤ 0.05) 0.09 0.11  

          Interaction 0.29 0.28  

C) Fertilizer x Plant densities 

F1D1 14.26 def 14.24 ef 14.25 

F1D2 13.77 g 13.53 h 13.65 

F1D3 13.11 h 13.05 i 13.08 

F2D1 14.53 bcd 14.44 cdef 14.485 

F2D2 14.09 f 13.95 g 14.02 

F2D3 13.29 h 13.25 i 13.27 

F3D1 14.55 bc 14.51 bcde 14.53 

F3D2 14.24 ef 14.32 def 14.28 

F3D3 14.03 fg 13.78 gh 13.905 

F4D1 14.78 b 14.74 b 14.76 

F4D2 14.45 cde 14.35 cdef 14.4 

F4D3 14.24 ef 14.24 ef 14.24 

F5D1 15.09 a 15.07 a 15.08 

F5D2 14.58 bc 14.54 bcd 14.56 

F5D3 14.43 cde 14.23 f 14.33 

F6D1 15.21 a 15.14 a 15.175 

F6D2 14.75 b 14.74 b 14.745 

F6D3 14.65 bc 14.63 bc 14.25 

LSD(P ≤ 0.05) 0.29 0.28  

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant. 
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Table 4.14: Effect of fertilizer levels and plant densities on number of grains per ear 

of maize 

 

Treatment 2006 2007 Mean 

  A) Fertilizer levels (kg ha
-1

) 

                      N            Zn 

F1 )     150           0 368.93 f 356.34 f 362.63 

 F2 )     150          15 390.19 e 370.45 e 380.32 

F3 )     200           0 422.59 d 400.90 d 411.74 

 F4 )     200          15 430.84 c 411.55 c 421.19 

F5 )     250           0 440.37 b 432.00 b 436.18 

F6 )     250          15 455.54 a 444.73 a 450.13 

          LSD(P ≤ 0.05) 4.70 5.98  

    B) Plant Densities (ha
-1

)  

          D1) 57100 plants 438.21 a 425.37 a 431.79 

          D2) 71400 plants 421.36 b 402.20 b 411.78 

          D3) 99900 plants 394.65 c 380.41 c 387.53 

           LSD(P ≤ 0.05) 3.32 3.86  

         Interaction    

C) Fertilizer x Plant densities 

F1D1 383.38 j 371.99 i 377.69 

F1D2 374.39 k 353.78 j 364.09 

F1D3 349.02 m 343.25 k 346.14 

F2D1 404.29 h 395.52 h 399.91 

F2D2 405.37 h 366.48 i 385.93 

F2D3 360.90 l 349.36 jk 355.13 

F3D1 443.73 cd 421.12 ef 432.43 

F3D2 427.90 f 412.70 fg 420.30 

F3D3 396.14 i 368.89 i 382.52 

F4D1 450.91 c 437.11 cd 444.01 

F4D2 429.52 f 408.91 g 419.22 

F4D3 412.09 gh 388.63 h 400.36 

F5D1 464.19 b 456.10 b 460.15 

F5D2 439.27 de 428.96 de 434.12 

F5D3 417.64 g 410.93 g 414.29 

F6D1 482.77 a 470.41 a 476.59 

F6D2 451.73 c 442.36 c 447.05 

F6D3 432.11 ef 421.40 ef 426.76 

LSD(P ≤ 0.05) 8.14 9.76  

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant.   
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4.1.3.6 Grain weight per ear  

Grain weight per ear (a product of genetic and environmental factors) of maize 

was affected significantly (P≤0.05) at different fertilizer levels during both the years of 

study. During 2006, fertilizer applied at 250 kg N ha
-1

 + 15 kg Zn ha
-1 

produced 

maximum grain weight per ear (146.42 g) compared to minimum grain weight per ear 

(117.39 g)
 
 recorded where fertilizer was applied at 150 kg N ha

-1
. Higher doses of 

nitrogen along with Zinc might have increased the source efficiency (more dry matter 

production) as well as sink capacity (grain weight). These results are in line with those of 

Akbar et al., 2002 who reported that application of nitrogen at higher rates significantly 

increased weight per ear. 

Grain weight per ear was significantly affected by different plant densities. The 

maximum grain weight per ear (143.42 g) was recorded under plant density of 57100 

plants ha
-1

 and the minimum grain weight per ear (123.01 g) was recorded under plant 

density of 99900 plants ha
-1

. Less photosynthates were available for grain development at 

high plant densities because of high interspecific competition for different growth 

resources. The results are in line with the previous findings of Sharer et al., 2003 and Neil 

et al., 2004. 

Interaction between fertilizer levels and plant densities was also significant. 

Maximum grain weight per ear (156.50 g) was recorded where the fertilizer was applied 

at 250 kg N + 15 kg Zn ha
-1

 and crop was sown at plant density of 57100 plants ha
-1

 

against the minimum number of grain weight per ear (105.57 g) where the fertilizer was 

applied at 150 kg N ha
-1

 and crop was sown at plant density of 99900 plants ha
-1

. Trend 

was similar during 2007 and in pooled values of two years.  

 

4.1.3.7 1000-grain weight 

The data pertaining to 1000-grain weight is presented in Table 4.16, which 

discloses that different fertilizer levels and plant densities significantly (P≤0.05) affected 

1000-grain weight of maize. During 2006, significantly highest value of 1000-grain 

weight (324.58 g) was recorded where fertilizer was applied at 250 kg ha
-1

 + 15 kg ha
-1

,
 

which showed statistical parity with crop fertilized at 250 kg N ha
-1

. The minimum 1000-

grain weight (264.21 g) was recorded under the application of 150 kg ha
-1

. 
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Table 4.15: Effect of fertilizer levels and plant densities on grain weight per ear (g) 

of maize 

 

Treatment 2006 2007 Mean 

A) Fertilizer levels (kg ha
-1

) 

                       N            Zn 

F1 )     150           0 117.39 f 120.58 f 118.98 

 F2 )     150          15 127.48 e 129.15 e 128.31 

F3 )     200           0 132.58 d 135.48 d 134.03 

 F4 )     200          15 136.56 c 139.78 c 138.17 

F5 )     250           0 140.83 b 142.35 b 141.59 

 F6 )     250          15 146.42 a 145.98 a 146.2 

          LSD(P ≤ 0.05) 2.57 2.78  

 B) Plant Densities (ha
-1

)  

          D1) 57100 plants 143.42 a 148.25 a 145.84 

          D2) 71400 plants 134.20 b 140.62 b 137.41 

          D3) 99900 plants 123.01 c 129.45 c 128.23 

          LSD(P ≤ 0.05) 1.25 2.33  

         Interaction 3.59 2.98  

C) Fertilizer x Plant densities 

F1D1 129.47 f 130.52 f 130.00 

F1D2 117.54 h 119.54 h 118.54 

F1D3 105.57 i 106.85 i 106.21 

F2D1 136.35 de 136.78 d 136.57 

F2D2 129.52 f 130.48 f 130.00 

F2D3 116.58 h 118.28 h 117.43 

F3D1 139.52 d 138.52 d 139.02 

F3D2 134.37 e 135.37 e 134.87 

F3D3 123.84 g 125.62 g 124.73 

F4D1 146.07 c 148.07 c 147.07 

F4D2 138.42 d 139.54 d 138.98 

F4D3 125.30 g 126.58 g 125.94 

F5D1 152.60 b 153.95 b 153.28 

F5D2 139.31 d 140.25 d 139.78 

F5D3 130.58 f 131.48 f 131.03 

F6D1 156.50 a 158.34 a 157.42 

F6D2 146.04 c 147.15 c 146.60 

F6D3 136.71 de 137.10 de 136.91 

LSD(P ≤ 0.05) 3.59 2.98  
 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant 



 68 

Lower fertilization probably disturbed the source and sink relationship due to their stress 

prevailing among plants. Several workers (Nenadic et al. 1989, Singh and Srivastava 

1991, Waqas 2002, Akbar et al., 2002, Sharer et al., 2003, Neil et al., 2004) have also 

stated positive influence of nitrogen and Zn on 1000-grain weight.  

Different plant densities significantly affected 1000-grain weight of maize. 

Maximum 1000-grain weight (312.03 g) was recorded where maize crop was sown at 

density of 57100 plants ha
-1

 against the minimum 1000-grain weight (272.18 g) that was 

recorded where maize crop was at density of 99900 plants ha
-1

. Decrease in 1000-grain 

weight in response to plant densities ranked in order D1>D2>D3. The reason for decline in 

grain weight at higher plant densities might be attributed to different stresses induced by 

enhanced intra-plant competition for nutrients, water, and/or light. These results are 

supported by the previous findings of  Akcin et al. (1994), Mannino et al. (1990), Cox 

(1996), Dong an Nian (1995), and Tyagi et al. (1998). 

The interaction between fertilizer levels and plants densities was also found to be 

significant. Maximum 1000-grian weight (344.11 g) was recorded where the fertilizer 

was applied at 250 kg N ha
-1

 + 15 kg Zn ha
-1

 and crop was sown at plant density of 57100 

plants ha
-1

. The minimum 1000-grian weight (238.93 g) was recorded where the fertilizer 

was applied at 150 kg N ha
-1

 and crop was sown at plant density of 99900 plants ha
-1

 that 

was statistically at par where fertilizer was applied at 150 kg N ha
-1

 + 15 kg Zn ha
-1

 and 

crop was sown at plant density of 99900 plants ha
-1

. Similar trend prevailed during 2007 

and in pooled values of two years. 

 

4.1.3.8 Grain yield per hectare (GYH)  

Different levels of fertilizer significantly (P≤0.05) affected grain yield (Table 

4.17). During 2006, application of fertilizer at 250 kg N ha
-1

 + 15 kg Zn ha
-1

 produced 

maximum GYH (7.48 tons), followed by GYH (7.03) where fertilizer was added at 250 

kg N ha
-1

,
 
which showed statistical parity with GYH (6.94) in plots where crop was 

grown by applying 200 kg N ha
-1

 + 15 kg Zn ha
-1

 against the minimum grain yield (5.66 

tons) where fertilizer was applied at 150 kg N ha
-1

. These results confirm the findings of 

Bajwa et al., (1987), Mannino et al.,(1990), Banerjee and Sing (2003) and Blumenthal et 

al., (2004) who reported the promotive effect of N on maize grain yield. Maize grain 

yield increases as a result of Zn application which had been reported by Shah and Singh 

(1969); Saleem et al., (1982); Latif et al., (1983); El. Hattab and Gheith (1984); Kortas  
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Table 4.16: Effect of fertilizer levels and plant densities on 1000-grain weight (g) of 

maize 

 

Treatment 2006 2007 Mean 

A) Fertilizer levels (kg ha
-1

) 

                      N            Zn 

F1 )     150           0 264.21 d 251.63 e 257.92 

F2 )     150          15 278.20 c 265.54 d 271.87 

F3 )     200           0 275.79 cd 281.92 c 278.85 

F4 )     200          15 304.71 b 295.48 b 300.09 

F5 )     250           0 313.43 ab 300.78 b 307.10 

F6 )     250          15 324.58 a 313.41 a 318.99 

          LSD(P ≤ 0.05) 10.91 9.41  

 B) Plant Densities (ha
-1

)  

          D1) 57100 plants 312.03 a 308.91a 310.47 

          D2) 71400 plants 296.21 b 284.05 b 290.13 

          D3) 99900 plants 272.18 c 261.44 c 266.81 

          LSD(P ≤ 0.05) 4.10 3.77  

        Interaction 11.75 12.06  

C) Fertilizer x Plant densities 

F1D1 289.50 efg 279.50 fg 284.50 

F1D2 264.20 hi 253.20 i 258.70 

F1D3 238.93 j 222.20 j 230.57 

F2D1 304.97 cde 293.32 e 299.15 

F2D2 281.23 fgh 269.48 gh 275.36 

F2D3 248.38 ij 233.83 j 241.11 

F3D1 270.14 gh 307.63 cd 288.89 

F3D2 290.25 ef 277.33 g 283.79 

F3D3 266.99 hi 260.81 hi 263.90 

F4D1 327.78 ab 317.78 bc 322.78 

F4D2 302.22 de 291.23 ef 296.73 

F4D3 284.13 efgh 277.44 g 280.79 

F5D1 335.70 a 322.20 ab 328.95 

F5D2 314.50 bcd 300.25 de 307.38 

F5D3 290.10 efg 279.90 fg 285.00 

F6D1 344.11 a 333.02 a 338.57 

F6D2 324.87 abc 312.78 bc 318.83 

F6D3 304.55 de 294.44 e 299.50 

LSD(P ≤ 0.05) 11.75 12.06  

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant. 
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(1987); Sawarker et al. (1999); Sabir et al. (2000); Kogbe and Adediran (2003); Kumar 

and Walia (2003); Uribelarrea et al. (2004) and Abunyewaa and Quareshie (2004) who 

observed that application of nitrogen at higher levels increased grain yield. The results 

confirmed that higher levels of fertilizers enhanced grain yield because of higher LAI and 

LAD that lead to more radiation interception, photosynthetic efficiency, growth rate and 

therefore grain number and grain weight per ear. 

Different plant densities significantly affected grain yield. Grain yield 

substantially increased in response to higher plant densities. Significantly highest GYH 

(7.46 tons) was recorded where the crop was sown at plant density of 99900 plants ha
-1

, 

which was followed by GYH (6.77 tons), recorded in plant density of 71400 plants ha
-1

. 

The minimum GYH (5.63 tons) was recorded where the crop was sown at plant density of 

57100 plants ha
-1

. Although yield components per plant were lower at higher plant stands, 

linear increment in grain yield per hectare at higher plant populations might be ascribed to 

higher grain number and grain weight per unit area. These results are in line with the 

finding of Gouda et al., (1969), Ather (1979), Stanchev and Ivanova (1985), Mannino et 

al., (1990), Liang et al,.(1992), Cox (1996), Hussain (1997) and Widdicombe and Thelen 

(2004).  

Interactive effects of different fertilizer levels and plants densities on grain yield 

were found to be significant. Maximum GYH (8.43 tons) was recorded where fertilizer 

was applied at 250 kg N ha
-1

 + 15 kg Zn ha
-1 

and crop was sown at plant density of 99900 

plants ha
-1

. The minimum GYH (4.85 tons) was recorded where the crop was sown at 

plant density of 57100 plants ha
-1 

and fertilizer was applied at 150 kg N ha
-1. 

Results were 

almost same during 2007 and in pooled values of two years. 

 

4.1.3.9 Stover yield per hectare (SYH) 

Application of fertilizer at different levels significantly (P≤0.05) affected stover 

yield during both the years of study (Table 4.18). In 2006, maximum SYH (8.63 tons) 

was recorded where fertilizer was applied at 250 kg N ha
-1

 + 15 kg Zn ha
-1 

that was 

statistically at par with SYH (8.43 tons) recorded under the application of 250 kg N ha
-1

 

while minimum SYH (7.82 tons) was recorded where fertilizer was applied at 150 kg N 

ha
-1

 that was statistically at par with SYH (7.92 tons) recorded under the application of 

150 kg N ha
-1

 +15 kg Zn ha
-1

. 
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Table 4.17: Effect of fertilizer levels and plant densities on grain yield (t ha
-1

) of 

maize 

 

Treatment 2006 2007 Mean 

A) Fertilizer levels (kg ha
-1

) 

                      N            Zn 

F1 )     150           0 5.66 e 6.02 e 5.84 

 F2 )     150          15 6.09 d 6.39 d 6.24 

F3 )     200           0 6.52 c 6.89 c 6.70 

 F4 )     200          15 6.94 b 7.26 b 7.10 

F5 )     250           0 7.03 b 7.40 b 7.21 

 F6 )     250          15 7.48 a 7.79 a 7.63 

          LSD(P ≤ 0.05) 0.14 0.17  

B) Plant Densities (ha
-1

)  

          D1) 57100 plants 5.63 c 6.06 c 5.84 

          D2) 71400 plants 6.77 b 7.15 b 6.96 

          D3) 99900 plants 7.46 a 7.66 a 7.56 

          LSD(P ≤ 0.05) 0.09 0.08  

         Interaction 0.23 0.25  

C) Fertilizer x Plant densities 

F1D1 4.85 k 5.3 j 5.08 

F1D2 5.78 hi 6.12 h 5.95 

F1D3 6.37 g 6.66 e 6.52 

F2D1 5.25 j 5.58 i 5.42 

F2D2 6.19 g 6.57 ef 6.38 

F2D3 6.19 g 7.04 d 6.62 

F3D1 6.84 f 6.08 h 6.46 

F3D2 5.58 i 7.07 d 6.33 

F3D3 6.62 f 7.54 c 7.08 

F4D1 5.92 h 6.31 gh 6.12 

F4D2 7.09 e 7.48 c 7.29 

F4D3 7.82 bc 7.99 b 7.91 

F5D1 5.90 h 6.38 fg 6.14 

F5D2 7.25 de 7.66 c 7.46 

F5D3 7.96 b 8.18 b 8.07 

F6D1 6.31 g 6.74 e 6.53 

F6D2 7.70 c 8.04 b 7.87 

F6D3 8.43 a 8.59 a 8.51 

LSD(P ≤ 0.05) 0.23 0.25  

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant.  
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Different densities of maize significantly affected stover yield. Maximum SYH 

(8.68 tons)  was recorded where the maize crop was sown at plant density of 99900 plants 

ha
-1

 against the minimum SYH (7.77 tons) recorded where the maize crop was sown at 

plant density of 57100 plants ha
-1

. More stover yield in higher plant densities may be 

attributed to more number of plants per unit area and more plant height, which increased 

stover yield per unit area. 

The interaction between fertilizer levels and plant densities was also found to be 

significant. The maximum SYH (9.25 tons) was recorded where the fertilizer was applied 

at 250 kg N ha
-1

 + 15 kg Zn ha
-1

 and crop was sown at plant density of 99900 plants ha
-1

 

that was statistically at par where fertilizer was applied at 250 kg N ha
-1

 and the crop was 

sown at plant density of 99900 plants ha
-1

. The minimum SYH (7.55 tons) was recorded 

where the fertilizer was applied at 150 kg N ha
-1

 and crop was sown at plant density of 

57100 plants ha
-1

. Results were almost same during 2007 and in pooled values of two 

years. 

 

4.1.3.10 Grain to pith ratio 

Different fertilizer levels significantly (P≤0.05) affected grain to pith ratio of 

maize crop (Table 4.19). The maximum value of grain to pith ratio (4.16) was recorded 

where fertilizer was applied at 250 kg ha
-1

 + 15 kg Zn ha
-1

. It was followed by grain to 

pith ratio (4.03)  that was recorded where fertilizer was applied at 250 kg ha
-1

 and was 

statistically similar to grain to pith ratio (3.94) recorded where fertilizer was applied at 

200 kg N ha
-1

 + 15 kg Zn ha
-1

. The minimum grain to pith ratio (3.55) was recorded 

where fertilizer applied at 150 kg N ha
-1

. These results are in line with Nandal and 

Agarwal (1989).
 

Different plant densities also significantly affected grain pith ratio of maize crop. 

The maximum grain pith ratio (3.96) was recorded where crop was sown at plant density 

of 57100 plants ha
-1

 against the minimum (3.75) where crop was sown at plant density of 

99900 plants ha
-1

. These results are supported by the previous findings of Tetio-Kagho 

and Gardner (1988).  

 

4.1.3.11 Harvest Index (%) 

Different fertilizer levels significantly (P≤0.05) affected harvest index (%) of 

maize crop (Table 4.20). The maximum harvest index (41.12 %) was recorded where 

fertilizer was applied at 250 kg ha
-1

 + 15 kg Zn ha
-1 

that was statistically similar to the  
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Table 4.18: Effect of fertilizer levels and plant densities on stover yield (t ha
-1

) of 

maize 

 

Treatment 2006 2007 Mean 

  A) Fertilizer levels (kg ha
-1

) 

                      N            Zn 

F1 )     150           0 7.82 d 8.33 d 8.07 

F2 )     150          15 7.92 d 8.49 cd 8.20 

          F3 )     200           0 8.16 c 8.70 bc 8.43 

F4 )     200          15 8.32 bc 8.75 b 8.53 

          F5 )     250           0 8.43 ab 8.81 b 8.62 

F6 )     250          15 8.63 a 9.04 a 8.83 

          LSD(P ≤ 0.05) 0.21 0.20  

  B) Plant Densities (ha
-1

)  

          D1) 57100 plants 7.77 c 8.13 c 7.95 

          D2) 71400 plants 8.18 b 8.70 b 8.44 

          D3) 99900 plants 8.68 a 9.23 a 8.95 

          LSD(P ≤ 0.05) 0.12 0.13  

         Interaction 0.32 0.34  

C) Fertilizer x Plant densities 

F1D1 7.55 hi 8.03 j 7.87 

F1D2 7.71 i 8.42 fgh 7.99 

F1D3 8.22 ef 8.55 defg 8.39 

F2D1 7.58 i 8.12 hij 7.85 

F2D2 8.03 fgh 8.47 efg 8.25 

F2D3 8.17 ef 8.89 cd 8.53 

F3D1 7.73 ghi 8.02 j 7.88 

F3D2 8.29 ef 8.92 c 8.61 

F3D3 8.47 de 9.33 b 8.90 

F4D1 7.77 ghi 8.04 ij 7.91 

F4D2 8.30 def 8.77 cde 8.54 

F4D3 8.89 bc 9.29 b 9.09 

F5D1 7.81 ghi 8.21 ghij 8.01 

F5D2 8.34 def 8.75 cdef 8.55 

F5D3 9.15 ab 9.49 b 9.32 

F6D1 8.05 fg 8.37 ghi 8.21 

F6D2 8.61 cd 8.92 c 8.77 

F6D3 9.25 a 9.83 a 9.54 

LSD(P ≤ 0.05) 0.32 0.34  

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant. 



 74 

 

Table 4.19: Effect of fertilizer levels and plant densities on grain-pith ratio of maize 

 

Treatment 2006 2007 Mean 

  A) Fertilizer levels (kg ha
-1

) 

                       N            Zn 

F1 )     150           0 3.55  e 3.50 d 3.53 

 F2 )     150          15 3.66  d 3.59 d 3.63 

F3 )     200           0 3. 38 c 3.72 c 3.55 

F4 )     200          15 3.94  b             3.83 b 3.89 

F5 )     250           0 4.03 b    3.90 ab 3.97 

F6 )     250          15 4.16 a  4.02 a 4.09 

          LSD(P ≤ 0.05) 0.09 0.11  

    B) Plant Densities (ha
-1

) 

D1) 57100 plants 3.96  a 3.88  a 3.92 

D2) 71400 plants 3.85  b 3.75 b 3.80 

D3) 99900 plants 3.75   c 3.67  c 3.71 

            LSD (P ≤ 0.05) 0.07 0.07  

          Interaction NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant.   
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Table 4.20: Effect of fertilizer levels and plant densities on harvest index (%) of 

maize 

 

Treatment 2006 2007 Mean 

     A) Fertilizer levels (kg ha
-1

) 

                          N            Zn 

              F1 )     150           0 36.67 d 37.18 d 38.93 

 F2 )     150          15 38.30 c 38.06 cd 38.18 

F3 )     200           0 39.20 bc 39.06 bc 39.13 

 F4 )     200          15 40.13 ab 40.27 ab 40.20 

              F5 )     250           0 40.26 ab 40.53 ab 40.40 

 F6 )     250          15 41.12 a 41.11 a 41.12 

              LSD(P ≤ 0.05) 1.19 1.50  

      B) Plant Densities (ha
-1

)  

             D1) 57100 plants 37.45 b 38.12 b 37.79 

             D2) 71400 plants 39.77 a 39.93 a 39.95 

             D3) 99900 plants 40.41 a 40.05 a 40.23 

LSD(P ≤ 0.05) 0.90 0.85  

                   Interaction NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant.  
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harvest indices recorded with the application of 250 kg N ha
-1 

and 200 kg N ha
-1

 + 15 kg 

Zn ha
-1

. The minimum harvest index (36.67 %) was recorded where N alone was applied 

at 150 kg ha
-1

. These results are in line with those of Sabir et al. (2000) who reported that 

an optimum quantity of fertilizers is required for exploiting the effective partitioning of 

biological assimilates into grain yield. 

Different plant densities also significantly affected harvest index. The maximum 

harvest index (40.41) was recorded where the maize crop was sown at plant density of 

99900 plants ha
-1

 while minimum value of harvest index (37.45) was recorded where the 

maize crop was sown at plant density of 57100 plants ha
-1

. These results are supported by 

the previous findings of Bangarwa et al., (1988). 

 

4.1.4 Grain quality 

 

4.1.4.1 Grain crude protein content (%) 

Fertilizer applied at different levels (Table 4.21) significantly (P≤0.05) affected 

protein contents (%) of maize grain during both the years. Maximum protein contents 

(10.00 %) were observed where fertilizer was applied at 250 kg N ha
-1

 + 15 kg Zn ha
-1

. 

The minimum protein contents (8.82 %) was recorded where fertilizer was applied at 150 

kg N ha
-1

. Each increase in fertilizer level linearly increased grain protein content. 

Increasing levels of nitrogen (being a major constituent of proteins) contributed towards 

increase in protein content as well as Zn is vital for protein and aminoacid synthesis 

(Loneregen, 1982). These results confirm the previous findings of Uribelarrea et al., 

(2004). 

Maize crop sown at different plant densities significantly affected protein contents 

(%). Maximum protein contents ( 9.66 %) was recorded where the crop was sown at plant 

density of 57100 plants ha
-1 

against the minimum protein contents (9.16 %) recorded 

under plant density of 99900 plants ha
-1

. At higher plant populations, competition for 

photo-assimilates due to deficiency of N and Zn caused reduction in protein content. 

Reduction in grain protein contents (%) of maize has also been reported by Akcin et al. 

(1994). 

The interaction between fertilizer levels and plants densities was also found to be 

significant. Maximum protein contents ( 10.24 %) was recorded where fertilizer was  
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Table 4.21: Effect of fertilizer levels and plant densities on protein contents (%) of 

maize grain 

 

Treatment 2006 2007 Mean 

  A) Fertilizer levels (kg ha
-1

) 

                       N            Zn 

F1 )     150           0 8.82  e             8.92 f 8.87 

 F2 )     150          15 9.02  d 9.15 e 9.08 

F3 )     200           0 9.44  c 9.52 d 9.48 

 F4 )     200          15 9.54 c 9.64 c 9.59 

F5 )     250           0 9.80 b 9.96 b 9.88 

 F6 )     250          15 10.00 a           10.12 a         10.06 

          LSD(P ≤ 0.05) 0.07 0.08  

    B) Plant Densities (ha
-1

)  

          D1) 57100 plants 9.66 a         9.78 a 9.72 

          D2) 71400 plants 9.46 b         9.42 b 9.44 

          D3) 99900 plants s9.16 c         9.18 c 9.17 

          LSD(P ≤ 0.05) 0.04          0.05               

        Interaction            0.11        0.12  

C) Fertilizer x Plant densities 

F1D1 9.06 i 9.05 i 9.06 

F1D2 8.82 j 8.90 j 8.86 

F1D3 8.57 k 8.65 k 8.61 

F2D1 9.27 h 9.22 h 9.25 

F2D2 9.06 i 9.02 i 9.04 

F2D3 8.72 j 8.80 j 8.76 

F3D1 9.65 de 9.63 e 9.64 

F3D2 9.40 g 9.35 g 9.38 

F3D3 9.27 h 9.20 h 9.24 

F4D1 9.72 cd 9.78 d 9.75 

F4D2 9.42 fg 9.49 f 9.46 

F4D3 9.25 h 9.18 h 9.22 

F5D1 10.04 b 10.10 b 10.07 

F5D2 9.79 c 9.92 c 9.86 

F5D3 9.57 ef 9.50 f 9.54 

F6D1 10.24 a 10.31 a 10.28 

F6D2 10.19 a 10.25 a 10.22 

F6D3 9.58 ef 9.48 f 9.53 

LSD(P ≤ 0.05) 0.11 0.12  

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant. 
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applied at 250 kg N ha
-1

 + 15 kg Zn ha
-1

 and the crop was sown at plant density of 57100 

plants ha
-1

. It was statistically similar to protein contents (10.19 %) recorded where 

fertilizer was applied at 250 kg N ha
-1 

+ 15 kg Zn ha
-1

 and the crop was sown at plant 

density of 71400 plants ha
-1

. The minimum protein contents (8.57 %) was recorded where 

fertilizer was applied at 150 kg N ha
-1

 and the crop was sown at plant density of 99900 

plants ha
-1

.  

 

4.1.4.2 Oil (%) 

Different fertilizer levels (Table 4.22) significantly affected oil contents of maize 

grain. Maximum oil content (4.75 %) was recorded where the fertilizer was applied at 150 

kg N + 15 kg Zn ha
-1 

that was statistically at par where the fertilizer was applied at 200 kg 

N + 15 kg Zn ha
-1

. The minimum oil content (4.30 %) was recorded where the fertilizer 

was applied at 250 kg N ha
-1 

that was statistically at par where the fertilizer was applied at 

200 kg N ha ha
-1

.  

The plant densities significantly affected the oil content of maize grain. The 

maximum oil content (4.69 %) were recorded where the crop was sown at plant density of 

99900 plants ha
-1 

against the minimum value (4.34 %) where the crop was sown at plant 

density of 57100 plants ha
-1

. The interaction between fertilizer levels and plant density 

was found to be non-significant.  

 

4.1.4.3 Starch (%) 

Different fertilizer levels (Table 4.23) significantly affected the starch contents. 

The maximum starch content (70.94 %) was recorded where the fertilizer was applied at 

250 kg N ha
-1

 + 15 kg Zn ha
-1 

that was statistically at par where the fertilizer was applied 

at 250 kg N ha
-1

 alone, 200 kg N ha
-1 

 + 15 kg Zn ha
-1

 and 200 kg N ha
-1

 alone. The 

minimum value of starch contents (67.42 %) was recorded where the fertilizer was 

applied at 150 kg N ha
-1 

that was statistically at par where the fertilizer was applied at 150 

kg N ha
-1 

 + 15 kg Zn ha
-1

 and 200 kg N ha
-1

.
  

 Different plant densities significantly affected starch contents of maize grain. 

Maximum value of starch contents (70.78 %) was recorded where crop was sown at plant 

density of 57100 plants ha
-1 

that was statistically at par where crop was sown at plant 

density of 74100 plants ha
-1

. Minimum value of starch contents (67.55 %) was recorded 

where crop was sown at plant density of 99900 plants ha
-1

. 
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Table 4.22: Effect of fertilizer levels and plant densities on oil contents (%) of maize 

grain 

 

Treatment 2006 2007 Mean 

     A) Fertilizer levels (kg ha
-1

) 

                          N            Zn 

 F1 )     150           0 4.48 bcd 4.34 bc 4.41 

  F2 )      150          15          4.75 a          4.61 a 4.68 

 F3 )      200           0          4.37 cd          4.23 c 4.30 

  F4 )      200          15 4.66 ab 4.53 ab 4.59 

             F5 )      250            0 4.30 d 4.18 c 4.24 

 F6 )      250          15          4.53 bc 4.37 bc 4.45 

LSD(P ≤ 0.05)           0.20           0.23  

     B) Plant Densities (ha
-1

)  

             D1) 57100 plants 4.34 c 4.16 c 4.25  

             D2) 71400 plants 4.51 b 4.38 b 4.45  

             D3) 99900 plants 4.69 a 4.58 a 4.64  

               LSD(P ≤ 0.05) 0.15 0.15  

               Interaction 

 
NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant.  
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Table 4.23: Effect of fertilizer levels and plant densities on starch contents (%) of 

maize grain 

 

Treatment 2006 2007 Mean 

     A) Fertilizer levels (kg ha
-1

) 

                          N            Zn 

 F1 )     150           0           67.42 c 67.11 d 67.26  

  F2 )      150          15 68.24 bc 67.99 cd 68.11  

 F3 )      200           0 69.21abc 68.89 bc 69.05  

  F4 )      200          15 69.80 ab 69.49 ab 69.64 

             F5 )      250            0 70.51 a 70.21 ab 70.36 

 F6 )      250          15          70.94 a         70.64 a 70.79 

LSD(P ≤ 0.05)            2.03 1.42  

     B) Plant Densities (ha
-1

)  

             D1) 57100 plants 70.78 a 70.45 a 70.61 

             D2) 71400 plants 69.72 a 69.47 a 69.59 

             D3) 99900 plants 67.55 b 67.24 b 67.39 

               LSD(P ≤ 0.05) 1.59 1.76  

               Interaction 

 
 

NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant.     
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4.1.5 Nutrients uptake by maize plant 

 

4.1.5.1 Nitrogen uptake by maize plant 

Different levels of fertilizer significantly (P≤0.05) affected the N uptake by maize 

plant at 45, 75, and 105 DAS (Table 4.24, 4.25 and 4.26). Each increase in fertilizer level 

linearly increased N uptake by maize plant. Application of Zn along with N also 

improved N uptake by maize plant. In 2006, the maximum nitrogen uptake by maize plant 

was obtained where fertilizer was applied at 250 kg N ha
-1 

+ 15 kg Zn ha
-1

. The minimum 

nitrogen uptake by maize plant was recorded where fertilizer was applied at 150 kg N ha
-1

 

at 45, 75 and 105 DAS. The similar trend was observed during the year 2007. These 

results are in line with those of Rizvi et al., (1987) and Paliwal (1999). The application of 

Zn also increased nitrogen uptake by maize plant. 

Different plant densities also significantly affected the N uptake by maize plant at 

45, 75, and 105 DAS. The maximum N uptake was recorded when the crop was sown at 

plant density of 99900 plants ha
-1

 whereas the minimum N uptake was recorded under the 

plant density of 57100 plants ha
-1

. The trend of increase in N uptake in response to plant 

densities by maize plant ranked in order D3 > D2 > D1. These results are supported by 

findings of Singh et al., (2005).  

The interaction between different fertilizer levels and plant densities was non- 

significant at 45, 75, and 105 DAS.  

 

4.1.5.2 Phosphorous uptake by maize plant 

Different fertilizer levels significantly (P≤0.05) affected the phosphorous uptake 

by maize plant at 45, 75, and 105 DAS (Table 4.27, 4.28 and 4.29). In 2006 the maximum 

phosphorous uptake was recorded where fertilizer was applied at 250 kg N ha
-1

 + 15 kg 

Zn ha
-1

 while the minimum phosphorous uptake was recorded under the application of 

fertilizer at 150 kg N ha
-1

. The trend of increase in phosphorous uptake by maize plant in 

response to different fertilizer levels was in the order of F6 > F5 > F4 > F3 > F2 > F1. In 

2007, almost the similar trend was recorded. Phosphorous uptake by maize plant at 45, 

75, and 105 DAS was significantly affected by different plant densities. 

The maximum phosphorous uptake by maize plant was recorded where the crop 

was sown at plant density of 99900 plants ha
-1

 the minimum phosphorous uptake was 

recorded under the  plant density of 57100 plants ha
-1

. The interaction between fertilizer 

levels and plant densities was non-significant at 45, 75, and 105 DAS. 
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Table 4.24: Effect of fertilizer levels and plant densities on nitrogen uptake (kg ha
-1

) 

by maize plant 45 DAS 

 

Treatment 2006 2007 Mean 

     A) Fertilizer levels (kg ha
-1

) 

                          N            Zn 

              F1 )     150           0  63.97 f 59.70 f 61.83 

  F2 )      150          15  67.07 e 62.58 e             64.82 

 F3 )      200           0  68.92 d 67.98 d 68.45 

  F4 )      200          15 71.90 c 70.68 c 71.29 

             F5 )      250            0 72.95 b 72.48 b 72.71 

 F6 )      250          15 75.61 a 74.95 a 75.28 

LSD(P ≤ 0.05)            1.50 2.18  

     B) Plant Densities (ha
-1

)  

             D1) 57100 plants 57.99 c              54.12 c 56.05 

             D2) 71400 plants 69.14 b              67.28 b 68.21 

             D3) 99900 plants 83.08 a              81.65 a              82.36 

               LSD(P ≤ 0.05) 3.09               2.32  

               Interaction 

 
NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant.     
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Table 4.25: Effect of fertilizer levels and plant densities on nitrogen uptake (kg ha
-1

) 

by maize plant 75 DAS 

 

Treatment 2006 2007 Mean 

     A) Fertilizer levels (kg ha
-1

) 

                          N            Zn 

 F1 )     150           0 194.72 f 200.45 f 179.59 

  F2 )      150          15 201.72 e 205.14 e 203.43 

 F3 )      200           0 203.15 d 206.38 d 204.77 

  F4 )      200          15 208.93 c 210.98 c 209.96 

             F5 )      250            0 211.71 b 214.68 b 213.20 

 F6 )      250          15 213.80 a 216.66 a 215.23 

LSD(P ≤ 0.05) 1.58 1.92  

     B) Plant Densities (ha
-1

)  

             D1) 57100 plants 172.59 c         176.26 c 174.43 

             D2) 71400 plants 205.47 b         210.45 b 207.96 

             D3) 99900 plants 238.59 a          235.78 a 237.19 

               LSD(P ≤ 0.05) 1.79           1.92               

               Interaction 

 
NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant.  
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Table 4.26: Effect of fertilizer levels and plant densities on nitrogen uptake (kg ha
-1

) 

by maize plant at 105 DAS 

 

Treatment 2006 2007 Mean 

     A) Fertilizer levels (kg ha
-1

) 

                          N            Zn 

 F1 )     150           0 145.50 f 149.42 f 140.15 

  F2 )      150          15 152.36 e 157.64 e 164.06 

 F3 )      200           0 155.91 d 162.58 d 179.93 

  F4 )      200          15 160.59 c 167.43 c 147.46 

             F5 )      250            0 165.74 b 170.25 b 155.00 

 F6 )      250          15 169.52 a 175.38 a 159.25 

LSD(P ≤ 0.05) 4.62 3.18  

     B) Plant Densities (ha
-1

)  

             D1) 57100 plants 137.54 c         142.75 c 164.01 

             D2) 71400 plants 160.63 b         167.48 b 168.00 

             D3) 99900 plants 176.68 a         183.18 a                         172.45 

               LSD(P ≤ 0.05) 6.02           5.92               

               Interaction 

 
NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant.  
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Table 4.27: Effect of fertilizer levels and plant densities on phosphorous uptake (kg 

ha
-1

) by maize plant at 45 DAS 

 

Treatment 2006 2007 Mean 

     A) Fertilizer levels (kg ha
-1

) 

                          N            Zn 

 F1 )     150           0 7.86 f 8.05 e 7.96 

  F2 )      150          15 8.36 e 8.15 e 8.26 

 F3 )      200           0 11.86 d 12.10 d 11.98 

  F4 )      200          15 13.71 c 13.50 c 13.61 

             F5 )      250            0 15.53 b 15.68 b 15.61 

 F6 )      250          15 15.78 a 15.92 a 15.85 

LSD(P ≤ 0.05) 0.17 0.18  

     B) Plant Densities (ha
-1

)  

             D1) 57100 plants 10.85 c         11.05 c 10.95 

             D2) 71400 plants 12.07 b         12.20 b 12.14 

             D3) 99900 plants 13.63  a         13.60 a              13.62 

               LSD(P ≤ 0.05) 0.58           0.64               

               Interaction 

 
NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant.  
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Table 4.28: Effect of fertilizer levels and plant densities on phosphorous uptake (kg 

ha
-1

) by maize plant at 75 DAS 

 

Treatment 2006 2007 Mean 

     A) Fertilizer levels (kg ha
-1

) 

                          N            Zn 

 F1 )     150           0 36.93 f 37.25 f 37.09 

  F2 )      150          15 37.98 e 38.14 e 38.06 

 F3 )      200           0 40.33 d 40.58 d 40.46 

  F4 )      200          15 41.11 c 41.37 c 41.24 

             F5 )      250            0 43.59 b 43.82 b 43.71 

 F6 )      250          15 45.57 a 45.42 a 45.50 

LSD(P ≤ 0.05) 0.53 0.65  

     B) Plant Densities (ha
-1

)  

             D1) 57100 plants 35.82 c 35.65 c 35.74 

             D2) 71400 plants 40.76 b 40.94 b 40.85 

             D3) 99900 plants 46.19 a 46.02 a          46.11 

               LSD(P ≤ 0.05) 1.34 1.67               

               Interaction 

 
NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant.  

 



 87 

 

Table 4.29: Effect of fertilizer levels and plant densities on phosphorous uptake (kg 

ha
-1

) by maize plant at 105 DAS 

 

Treatment 2006 2007 Mean 

     A) Fertilizer levels (kg ha
-1

) 

                          N            Zn 

 F1 )     150           0 32.40 f 33.28 f 32.84 

  F2 )      150          15 33.38 e 34.56 e 32.97 

 F3 )      200           0 35.33 d 35.85 d 35.59 

  F4 )      200          15 36.21 c 36.98 c 36.60 

             F5 )      250            0 37.99 b 38.42 b 38.21 

 F6 )      250          15 39.04 a 39.64 a 39.99 

LSD(P ≤ 0.05) 2.28 2.12  

     B) Plant Densities (ha
-1

)  

             D1) 57100 plants 30.59 c 31.02 c 30.81 

             D2) 71400 plants 36.29 b 36.75 b 36.52 

             D3) 99900 plants 40.49 a 40.79 a 40.64 

               LSD(P ≤ 0.05) 0.75 0.92  

               Interaction 

 
NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant. 
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4.1.5.3 Potassium uptake by maize plant  

Different fertilizer levels clearly improved the potash uptake by maize plant at 45, 

75 and 105 DAS (Table 4.30, 4.31 and 4.32). The maximum potassium uptake by maize 

plant was recorded when the fertilizer was applied at 250 kg N ha
-1 

+ 15 kg Zn ha
-1

 while 

the minimum potassium uptake by maize plant was recorded when the fertilizer was 

applied at 150 N kg ha
-1

.  

Potash uptake by maize plant at 45, 75, and 105 DAS was significantly affected 

by different plant densities. The maximum potash uptake by maize plant was recorded 

when the crop was sown at plant density of 99900 plants ha
-1

. The lowest potash uptake 

by maize plant was recorded under the plant density of 57100 plants ha
-1

. Increase in 

potash uptake by maize with increase in plant density was possibly due to more total dry 

weight of maize. The increase in potash uptake by maize with increased fertilizer level 

may also be attributed to more dry matter production. The interaction between fertilizer 

levels and different plant densities was non-significant. 

 

4.1.5.4 Zn uptake by maize plant 

Different fertilizer levels significantly affected the Zn uptake by maize plant at 45, 

75, and 105 DAS (Table 4.33, 4.34 and 4.35). The maximum Zn uptake by maize plant 

was recorded when the fertilizer was applied at 250 kg N ha
-1 

+ 15 kg Zn ha
-1

 while the 

minimum Zn uptake by maize plant at 45, 75 and 105 DAS was recorded when the 

fertilizer was applied at 150 N kg ha
-1

. These results are in line with those of Dwivedi et 

al. (2002). 

Zn uptake by maize plant at 45, 75, and 105 DAS was significantly affected by 

different plant densities. The maximum Zn uptake by maize plant was recorded when the 

crop was sown at plant density of 57100 plants ha
-1

 against the minimum Zn uptake by 

maize plant recorded under the plant density of 99900 plants ha
-1

.  

The interaction between fertilizer levels and different plant densities was non-

significant.  
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Table 4.30:   Effect of fertilizer levels and plant densities on potassium uptake (kg 

ha
-1

) by maize plant at 45 DAS 

 

Treatment 2006 2007 Mean 

     A) Fertilizer levels (kg ha
-1

) 

                          N            Zn 

 F1 )     150           0 78.52 f 80.48 f 79.50 

  F2 )      150          15 79.57  e 81.75 e 80.66 

 F3 )      200           0 81.62 d 83.05 d 82.34 

  F4 )      200          15 82.80 c 84.58 c 83.69 

             F5 )      250            0 84.52 b 85.92 b 85.22 

 F6 )      250          15 85.58  a 87.55 a 86.57 

LSD (P ≤ 0.05) 1.02 1.14  

     B) Plant Densities (ha
-1

)  

             D1) 57100 plants 70.34 c 70.95 c 70.65 

             D2) 71400 plants 81.52 b 82.48 b 82.00 

             D3) 99900 plants 94.38 a 93.95  a 94.17 

LSD (P ≤ 0.05) 3.38 3.15  

Interaction 

 
NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant.     
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Table 4.31:   Effect of fertilizer levels and plant densities on potassium uptake (kg 

ha
-1

) by maize plant at 75 DAS 

 

Treatment 2006 2007 Mean 

     A) Fertilizer levels (kg ha
-1

) 

                          N            Zn 

 F1 )     150           0 196.48 f 196.25 f 196.37 

  F2 )      150          15 198.23 e 199.68 e 198.96 

 F3 )      200           0 202.81 d 204.70 d 203.76 

  F4 )      200          15 205.34 c 207.58 c 206.46 

             F5 )      250            0 209.32 b 210.83 b 210.08 

 F6 )      250          15 210.96 a 212.82 a 211.89 

LSD(P ≤ 0.05) 1.02 1.28  

     B) Plant Densities (ha
-1

)  

             D1) 57100 plants 179.02 c           182.26 c 199.02 

             D2) 71400 plants 204.30 b           206.58 b 210.72 

             D3) 99900 plants 228.26 a           232.46 a              221.05 

               LSD(P ≤ 0.05) 4.31             5.05               

               Interaction 

 
NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant.     
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Table 4.32:   Effect of fertilizer levels and plant densities on potassium uptake (kg 

ha
-1

) by maize plant at 105 DAS 

 

Treatment 2006 2007 Mean 

     A) Fertilizer levels (kg ha
-1

) 

                          N            Zn 

 F1 )     150           0 188.60 f 190.72 f 189.66 

  F2 )      150          15 191.55 e 193.68 e 192.62 

 F3 )      200           0 195.83 d 198.25 d 197.04 

  F4 )      200          15 198.35 c 200.58 c 199.47 

             F5 )      250            0 204.27 b 206.83 b 205.55 

 F6 )      250          15 206.62 a 209.20  a 207.91 

LSD(P ≤ 0.05) 2.35 2.18  

     B) Plant Densities (ha
-1

)  

             D1) 57100 plants 173.52  c         177.75 c 175.64 

             D2) 71400 plants 201.64  b         204.17 b 202.91 

             D3) 99900 plants 217.46  a         216.01 a              216.74 

               LSD(P ≤ 0.05) 5.20           5.92               

               Interaction 

 
NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant.     
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Table 4.33: Effect of fertilizer levels and plant densities on Zn uptake (kg ha
-1

) by 

maize plant at 45 DAS 

 

Treatment 2006 2007 Mean 

     A) Fertilizer levels (kg ha
-1

) 

                          N            Zn 

 F1 )     150           0 1.00 c 1.15 c 1.08 

  F2 )      150          15 2.44 b 2.70 b 2.57 

 F3 )      200           0 1.14 c 1.35 c 1.25 

  F4 )      200          15 3.75 b 3.5 b 3.63 

             F5 )      250            0 1.37 c 1.58 c 1.48 

 F6 )      250          15 4.45 a 4.65 a 4.55 

LSD(P ≤ 0.05) 0.46 0.52  

     B) Plant Densities (ha
-1

)  

             D1) 57100 plants 2.89 a 2.95 a 2.65 

             D2) 71400 plants 2.54 b 2.68 b 2.61 

             D3) 99900 plants 2.15 c 2.25 c 2.20 

               LSD(P ≤ 0.05) 0.26 0.23  

               Interaction 

 
NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant.     
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Table 4.34: Effect of fertilizer levels and plant densities on Zn uptake (kg ha
-1

) by 

maize plant at 75 DAS 

 

Treatment 2006 2007 Mean 

     A) Fertilizer levels (kg ha
-1

) 

                          N            Zn 

 F1 )     150           0 4.15 d 4.68 d 4.42 

  F2 )      150          15 11.68 b 12.10 b 11.89 

 F3 )      200           0 5.66 c 6.25 c 5.96 

  F4 )      200          15 12.14 b 12.28 b 12.21 

             F5 )      250            0 6.17 c 6.10 c 6.14 

 F6 )      250          15 14.37 a 15.05 14.71 

LSD(P ≤ 0.05) 1.26 1.55  

     B) Plant Densities (ha
-1

)  

             D1) 57100 plants 9.89  a 10.15 a 10.02 

             D2) 71400 plants 9.08 b 9.48 b 9.28 

             D3) 99900 plants 8.12 c 7.85 c 7.98 

               LSD(P ≤ 0.05) 0.77 0.62  

               Interaction 

 
NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant.     
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Table 4.35: Effect of fertilizer levels and plant densities on Zn uptake (kg ha
-1

) by 

maize plant at 105 DAS 

 

Treatment 2006 2007 Mean 

     A) Fertilizer levels (kg ha
-1

) 

                          N            Zn 

 F1 )     150           0 4.76 d 5.15 d 4.96 

  F2 )      150          15 13.33 b 14.05 b 13.69 

 F3 )      200           0 6.54 c 6.95 c 6.75 

  F4 )      200          15 14.12 b 14.55 b 14.34 

             F5 )      250            0 7.16 c 7.48 c 7.32 

 F6 )      250          15 16.53 a 17.14 a 16.84 

LSD(P ≤ 0.05) 1.52 1.78  

     B) Plant Densities (ha
-1

)  

             D1) 57100 plants 10.98 a 11.55 a 11.27 

             D2) 71400 plants 10.56  a 10.95 a 10.76 

             D3) 99900 plants 9.67  b 10.05 b 9.86 

               LSD(P ≤ 0.05) 0.82 0.78  

               Interaction 

 
NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05;  

LSD= Least Significant difference; NS= Non-significant.     
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4.2: Effect of planting geometry on agro-physiological traits of maize-legume 

intercrops  

 

4.2.1 Maize (Major crop) 

4.2.1.1 Phenological development 

 

4.2.1.1.1 Days taken to seedling emergence 

Data presented in table 4.36 shows that individual as well as interactive effects of 

planting geometries and intercropping systems days taken to seedling emergence were 

non-significant. 

 

4.2.1.1.2 Days taken to 50 % tasseling 

Data presented in the table 4.37 shows that days taken to tasseling were 

significantly affected by planting geometries. During 2006, maize planted in single rows 

took significantly (P≤0.05) more days for 50 % tasseling  (51.08) compared to minimum 

days (49.07) for maize grown in double row spacing which showed statistical parity with 

maize planted in three row strips that took (49.40) days to 50 % tasseling. More 

evaporation losses due to greater exposure of soil to direct sunlight might have enhanced 

its dryness, which ultimately accelerated tasseling of maize planted in paired row 

planting. These findings are in conformity with the observations of Himayatullah (1992). 

Intercropping systems significantly delayed tasseling of maize compared to maize 

alone. Maize associated with mungbean took 50.96 days to 50 % tasseling that was at par 

with 50.15 days in case of maize intercropped with mashbean compared to minimum 

48.44 days taken by sole maize. Delayed tasseling in case of associated crops might be 

attributed to competition for different growth resources that slowed the pace of 

phenological development. These findings are in accordance with those of Himayatullah 

(1992). On the other hand, Khan (2002) reported that intercropping of maize did not 

affect significantly days to 50% tasseling. Almost similar trend was observed in 2007 and 

in pooled values of two years but with relatively less number of days taken to tasseling 

which was probably due to comparatively dry weather conditions this year. Interaction 

between factors under study was found to be non-significant during both years. 
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Table 4.36: Effect of planting geometry and maize-legume intercrops on days taken 

to seedling emergence 

 

Treatment 2006 2007 Mean 

  A) Planting Geometry 

 P1) 70 cm apart single row planting 4.98 4.94 4.96 

 P2) 105/35 cm apart paired row planting 5.02 5.02 5.02 

 P3) 140/35 cm apart three row planting 4.96 5.05 5.01 

  LSD (P ≤ 0.05) NS 

 

  B) Intercrops 

 I1)  Maize alone 5.03 4.95 4.99 

 I2)  Maize + mungbean 4.94 4.99 4.97 

 I3)  Maize + mashbean 4.99 5.07 5.03 

  LSD (P ≤ 0.05) NS 

 

  Interaction NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant 
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Table 4.37: Effect of planting geometry and maize-legume intercrops on number of 

days taken to 50 % tasseling 

 

Treatment 2006 2007 Mean 

  A) Planting Geometry 

 P1) 70 cm apart single row planting 51.08 a 50.58 a 50.83 

 P2) 105/35 cm apart paired row planting 49.07 b 48.85 b 48.73 

 P3) 140/35 cm apart three row planting 49.40 b 48.39 b 49.13 

  LSD(P ≤ 0.05) 0.77 1.00  

  B) Intercrops 

 I1)  Maize alone 48.44 b 47.83 b 48.14 

 I2)  Maize + mungbean 50.96 a 50.39 a 50.68 

 I3)  Maize + mashbean 50.15 ab 49.61 a 49.88 

  LSD (P ≤ 0.05) 2.02 1.53  

  Interaction NS NS  

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant 



 98 

4.2.1.1.3 Days taken to 50 % silking 

Data in table 4.38 indicates that planting geometries significantly affected days 

taken to 50 % silking. During 2006, maize planted in double rows or three rows took 

significantly (P≤0.05) less days to 50 % silking compared to maximum days taken to 50 

% silking (55.44) for maize grown in single row spacing. The findings are in agreement 

with the earlier observations of Himayatullah (1992). 

Associated cultures significantly delayed silking of maize compared to maize 

alone. Maize associated with mungbean took 55.12 days to 50 % silking that was 

statistically at par with 54.34 days to 50 % silking in case of maize intercropped with 

mashbean against minimum 52.50 days for maize alone. These results are contrary to the 

findings of Khan (1992) who reported that planting patterns and intercropping of maize 

did not affect significantly days to 50% silking. Same trend was noticed in 2007 and in 

pooled values of two years. Interaction between treatments was found to be non-

significant during both years.  

 

4.2.1.1.4 Days taken to physiological maturity 

Data pertaining to days taken to physiological maturity (Table 4.39) reveals that 

days taken to maturity was significantly affected by planting geometries. During 2006, 

maize planted in single rows took significantly (P≤0.05) more days taken to maturity  

(113.96)  that was statistically at par with maize planted in three rows that took (110.73) 

days to maturity compared to minimum number of days taken to maturity  (108.76) for 

maize grown in double row spacing. However in 2007, maize planted in single rows took 

significantly more number of days to maturity (112.19) against minimum days taken to 

maturity (107.29) for maize grown in double row spacing that showed statistical parity 

with maize planted in three rows that took (109.15) days to maturity. These results 

substantiate the findings of Himayatullah (1992). 

Maize maturity was affected significantly by various intercropping systems. 

Maize planted alone matured significantly earlier than that intercropped with either 

mashbean or mungbean during both the years. Competition for different growth resources 

between component crops might have slowed the pace of phenological development of 

maize. These results are in conformity with the observations of Singh and Guleria (1979)  
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Table 4.38: Effect of planting geometry and maize-legume intercrops on days taken 

to 50 % silking  

 

Treatment 2006 2007 Mean 

  A) Planting Geometry 

 P1) 70 cm apart single row planting 55.44 a 54.94 a 55.19 

 P2) 105/35 cm apart paired row planting 52.97 b 52.67 b 52.82 

 P3) 140/35 cm apart three row planting 53.55 b 53.31 b 53.43 

  LSD (P ≤ 0.05) 1.85 1.51  

  B) Intercrops 

 I1)  Maize alone 52.50 b 52.18 b 52.34 

 I2)  Maize + mungbean 55.12 a 54.79 a 54.95 

 I3)  Maize + mashbean 54.35 a 53.94 ab 54.14 

  LSD (P ≤ 0.05) 1.59 1.80  

  Interaction  

NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant. 
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Table 4.39: Effect of planting geometry and maize-legume intercrops on days to 

physiological maturity 

 

Treatment 2006 2007 Mean 

 A) Planting Geometry 

 P1) 70 cm apart single row planting 113.96 a 112.19 a 113.075 

 P2) 105/35 cm apart paired row planting 108.76 b 107.29 b 108.025 

 P3) 140/35 cm apart three row planting 110.72 ab 109.15 b 109.935 

 LSD(P ≤ 0.05) 3.47 2.65  

 B) Intercrops 

 I1)  Maize alone 108.57 b 107.08 b 107.825 

 I2)  Maize + mungbean 113.26 a 111.68 a 112.47 

 I3)  Maize + mashbean 111.61 a 109.86 a 110.735 

 LSD (P ≤ 0.05) 2.52 2.25  

 Interaction NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant 
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and Himayatullah (1992) who reported that maize maturity was delayed significantly 

when grown in association with legumes. Results were almost same during 2007 and in 

pooled values of two years but with relatively less number of days taken to maturity, 

which was probably due to comparatively dry weather conditions during this year. 

Interaction between treatments was found to be non-significant during both years. 

 

4.2.1.2 Growth and development 

 

4.2.1.2.1 Leaf area index 

Periodic data on leaf area index of maize as affected by intercropping systems and 

planting geometries recorded in 2006 and 2007 are presented in fig. 4.12 and 4.13 

respectively. LAI values increased steadily and attained maximum value at 60 DAS 

(Table 4.40) under all intercropping systems and planting geometries during both the 

years. Thereafter, LAI declined sharply. 

Planting geometries had significant (P≤0.05) effect on maximum LAI of maize 

during both the years. Significantly greater LAI (5.45) was observed for maize planted in 

105 cm spaced double row strips than LAI (5.08) of maize planted in 70 cm apart single 

rows. Minimum LAI (4.96) was observed for maize planted in 140 cm spaced three row 

strips. The findings are in agreement with the earlier observations of Himayatullah (1992) 

and Singh (2007). 

Intercropping treatments significantly affected maximum LAI of maize during 

both the years. Significantly highest LAI (5.53) was recorded for mono-cropped maize 

than LAI (5.12) of maize intercropped with mashbean against lowest LAI (4.83) for 

maize intercropped with mungbean. Less leaf expansion due to competition between 

associated crops was the reason behind reduction in LAI of maize. The results 

substantiate the finding of Ghosh (2004), Singh (2007), and Bharati et al. (2007). 

The treatment combinations showed significant differences during both the years. 

Maize alone planted in the pattern of paired rows produced significantly higher LAI 

(5.86) than all the treatment combinations against the least LAI (4.59) recorded for maize 

planted in the geometry of three row strips and associated with mungbean. Results were 

almost same during 2007 and in pooled values of two years. 
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Table 4.40: Effect of planting geometry and maize-legume intercrops on LAI of 

maize 

 

Treatment 2006 2007 Mean 

 A) Planting Geometry 

 P1) 70 cm apart single row planting 5.08 b 4.82 b 4.95 

 P2) 105/35 cm apart paired row planting 5.45 a 5.23 a 5.34 

 P3) 140/35 cm apart three row planting 4.96 c 4.67 c 4.81 

 LSD (P ≤ 0.05) 0.06 0.09  

 B) Intercrops 

 I1)  Maize alone 5.53 a 5.27 a 5.40 

 I2)  Maize + mungbean 4.83 c 4.56 c 4.69 

 I3)  Maize + mashbean 5.12 b 4.89 b 5.00 

 LSD (P ≤ 0.05) 0.08 0.08  

 Interaction 0.13 0.15  

C) Planting Geometry x Intercrops 

P1I1 5.46 b 5.29 b 5.37 

P1I2 4.59 f 4.37 f 4.48 

P1I3 5.19 c 4.80 de 4.99 

P2I1 5.86 a 5.57 a 5.71 

P2I2 5.18 c 4.95 c 5.06 

P2I3 5.30 c 5.17 b 5.23 

P3I1 5.28 c 4.94 cd 5.11 

P3I2 4.72 e 4.36 f 4.54 

P3I3 4.87 d 4.70 e 4.78 

 Interaction 0.13 0.15  

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant. 
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Fig.4.12: Changes in LAI with time as affected by different planting geometries 

during 2006, 2007 and pooled 
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Fig. 4.13: Changes in LAI with time as affected by different intercropping systems 

during 2006, 2007 and pooled 
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4.2.1.2.2 Leaf area duration  

Data given in the table 4.41 reveals that there were significant differences among 

planting geometry treatments with respect to cumulative LAD during both the years of 

study. During 2006, significantly (P≤0.05) maximum LAD (290.24) was observed for 

maize planted in paired rows. Whereas maize planted in single row spacing gave 

significantly more LAD (263.62) than LAD (250.95) of maize grown in three row strips.  

Among intercropping treatments, significantly highest LAD (294.60) was 

recorded in case of maize alone than LAD (266.11) of maize associated with mashbean 

compared to lowest LAD (244.10) for maize intercropped with mungbean. Reduction in 

LAD of maize was attributed to low LAI of maize due to competition between associated 

crops for different growth resources. 

The treatment combinations showed that maize planted in 105 cm apart paired-

row strips with no intercropping gave significantly higher LAD (316.90) than all the 

interactive combinations. Significantly minimum LAD (227.77) for maize planted in 140 

cm apart three row strips and intercropped with mungbean. Almost similar trend was 

recorded during 2007 and in pooled values of two years. 

 

4.2.1.2.3 Dry matter accumulation per hectare (DMH) 

Dry matter accumulation of maize steadily increased and reached its maximum at 

105 DAS at all planting geometries and intercropping systems (Fig. 4.14 and 4.15). Data 

presented in table 4.42 reveal that there was a significant difference between planting 

geometries in both the year of study. In 2006, significantly (P≤0.05) higher DMH (18.32 

tons) was produced by the maize crop in 105 cm apart double-row planting than the crop 

planted in single rows (16.77 tons) against the minimum (16.03 tons) in case of 140 cm 

apart three row planting. This indicates that the photosynthetic efficiency of plants 

increased when grown in pattern of double row strips probably because of more light 

penetration into plant canopy. These findings are in conformity with the observations of 

Kumar et al. (2005) and Singh (2007). 

As regards intercropping systems, significant differences were observed among 

three treatments in both the years. Significantly higher DMH (17.95 tons) was observed 

in case of maize alone than maize grown in association with either of the intercrops, while 

the minimum (16.10 tons) was recorded for maize grown in association with mungbean. 

Significant reduction in DMH in both intercropping treatments was ascribed to direct 
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Table 4.41: Effect of planting geometry and maize-legume intercrops on LAD of 

maize 

 

Treatment 2006 2007 Mean 

 A) Planting Geometry 

 P1) 70 cm apart single row planting 263.62 b 249.22 b 269.88 

 P2) 105/35 cm apart paired row planting 290.24 a 276.15 a 269.73 

 P3) 140/35 cm apart three row planting 250.95 c 235.73 c 243.34 

 LSD(P ≤ 0.05) 4.77 4.56  

 B) Intercrops 

 I1)  Maize alone 294.60  a 279.38 a 286.99 

 I2)  Maize + mungbean 244.10 c 229.98 c 237.04 

 I3)  Maize + mashbean 266.11  b 251.75 b 258.93 

 LSD (P ≤ 0.05) 3.63 5.31  

 Interaction    

C) Planting Geometry x Intercrops 

P1I1 291.36 b 282.08 b 286.72 

P1I2 234.75 g 222.00 f  228.37 

P1I3 264.75 e   243.60 de 254.17 

P2I1 316.90 a 300.22 a 308.56 

P2I2   269.78 de   251.63 cd  260.70 

P2I3 284.05 c 276.60 b 280.32 

P3I1 275.55 d 255.82 c 
265.68 

P3I2 227.77 g 216.31 f 
222.04 

P3I3 249.53 f  235.05 e 
242.29 

 Interaction 6.99 8.76  

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant 
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Table 4.42: Effect of planting geometry and maize-legume intercrops on dry matter 

accumulation of maize (t ha
-1

) 

 

Treatment 2006 2007 Mean 

 A) Planting Geometry 

 P1) 70 cm apart single row planting 16.77 b 16.32 b 16.61 

 P2) 105/35 cm apart paired row planting 18.32 a 17.79 a 18.05 

 P3) 140/35 cm apart three row planting 16.03 c 15.60 c 15.82 

 LSD(P ≤ 0.05) 0.40 0.18  

 B) Intercrops 

 I1)  Maize alone 17.95 a 17.57 a 17.87 

 I2)  Maize + mungbean 16.10 c 15.62 c 15.82 

 I3)  Maize + mashbean 17.07 b 16.50 b 16.79 

 LSD (P ≤ 0.05) 0.32 0.34  

 Interaction 0.60 0.51  

C) Planting Geometry x Intercrops 

P1I1 17.26 c 16.95 c 17.10 

P1I2 16.23 d 15.69 e 15.96 

P1I3 16.82 c 16.31 d 16.56 

P2I1 19.25 a 18.72 a 18.98 

P2I2 17.30 c 16.75 cd 17.02 

P2I3 18.40 b 17.89 b 18.14 

P3I1 17.35 c 17.03 c 17.19 

P3I2 14.76 e 14.44 f 14.60 

P3I3 15.99 d 15.31 e 15.65 

 Interaction 0.60 0.51  

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant 
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Fig.4.14: Changes in dry matter accumulation with time as affected by different 

planting geometries during 2006, 2007 and pooled 
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Fig.4.15: Changes in dry matter accumulation with time as affected by different 

intercropping systems during 2006, 2007 and pooled 
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competition between associated crops for different growth resources. These results 

substantiate the findings of Sexena and Chandel (1986), Karamullah (1989), and Singh 

(2007). 

The interaction between planting geometries and intercropping systems was 

significant during both the years. Significantly maximum DMH (19.25 tons) was 

recorded for maize planted in 105 cm apart paired-row strips with no intercropping than 

rest of treatment combinations compared to the minimum DMH (14.76 tons) for maize 

planted in 140 cm apart three row strips and intercropped with mungbean. Almost similar 

trend was observed during 2007 and in pooled values of two years. There was positive 

and strong correlation between DMH and grain yield (Fig. 14.16). 

 

4.2.1.2.4 Crop growth rate  

Periodic data on crop growth rate of maize as affected by planting geometries and 

intercropping systems recorded in 2006 and 2007 are presented in fig. 4.17 and 4.18 

respectively. CGR values increased steadily and reached at maximum value during 45-60 

DAS (the most active growth phase in maize development) under all intercropping 

systems and planting geometries during both the years. Thereafter, there was a gradual 

decline in CGR. 

Planting treatments significantly (P≤0.05) affected mean CGR of maize during 

both years. In 2006, maize planted in double row strips gave significantly maximum 

mean CGR (22.84 g m
-2

 d
-1

) than CGR (20.96 g m
-2

 d
-1

) of maize planted in 70 cm apart 

single rows. Significantly minimum CGR (20.05 g m
-2

 d
-1

) was observed for maize 

planted in 140 cm spaced three row strips. 

Significant differences were observed among intercropping treatments with 

respect to CGR of maize during both the years. Maize alone showed significantly highest 

CGR (22.63 g m
-2

 d
-1

) than rest of intercropping treatments during 2006. Whereas maize 

intercropped with mashbean gave significantly more CGR (21.18 g m
-2

 d
-1

) than maize 

associated with mungbean (20.03 g m
-2

 d
-1

). Difference in CGR of maize due to 

associated cultures was ascribed to variation in total dry matter of maize. These findings 

are in accordance with those of Madhavan et al. (1986) and Ghosh (2004).  
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Table 4.43: Effect of planting geometry and maize-legume intercrops on CGR (g m
-2

 

d
-1

) of maize 

 

Treatment 2006 2007 Mean 

 A) Planting Geometry 

 P1) 70 cm apart single row planting 20.96 b 20.35 b 21.59 

 P2) 105/35 cm apart paired row planting 22.84 a 22.31 a 21.63 

 P3) 140/35 cm apart three row planting 20.05 c 19.34 c 19.69 

 LSD (P ≤ 0.05) 0.16 0.36  

 B) Intercrops 

 I1)  Maize alone 22.63  a 21.92 a 22.28 

 I2)  Maize + mungbean 20.03 c 19.48 c 19.76 

 I3)  Maize + mashbean 21.18 b 20.59 b 20.89 

 LSD (P ≤ 0.05) 0.25 0.30  

 Interaction    

 Planting Geometry x Intercrops 

P1I1 22.32 c 20.93 cd 21.62 

P1I2 19.88 f 19.67 e 19.77 

P1I3 20.67 e 20.43 d 20.55 

P2I1 23.94 a 23.44 a 23.69 

P2I2 21.57 d 21.00 c 21.28 

P2I3 22.99 b 22.48 b 22.73 

P3I1 21.63 d 21.38 c 21.50 

P3I2 18.3 g 17.77 g 18.03 

P3I3 19.88 f 18.86 f 19.37 

 Interaction 0.38 0.55  

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant 



 113 

0

5

10

15

20

25

30

35

40

45

50

30-45 45-60 60-75 75-90 90-105

p1

p2

p3

 
 

 

0

5

10

15

20

25

30

35

40

45

30-45 45-60 60-75 75-90 90-105

p1

p2

p3

 
 

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45.00

50.00

30-45 45-60 60-75 75-90 90-105

p1

p2

p3

 
 

Days after sowing (DAS) 

 

Fig.4.17: Changes in CGR (g m
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Significant differences were observed among treatment combinations which 

showed that sole maize planted in 105 cm apart paired-row strips gave significantly 

maximum CGR (23.94 g m
-2

 d
-1

) than all other interactive combinations compared to the 

minimum CGR (18.63 g m
-2

 d
-1

) for maize planted in 140 cm spaced three rows and 

intercropped with mungbean. Almost similar trend was observed in 2007 and in pooled 

values of two years. 

 

4.2.1.3 Agronomic and yield traits 

 

4.2.1.3.1 Plant height 

Data regarding plant height presented in the table 4.44 reveals significant 

differences in plant height due to planting geometries during both years. In 2006, maize 

grown in 70 cm apart single rows attained significantly (P≤0.05) more plant height 

(225.38 cm) than maize planted in 105 cm apart paired rows (204.91 cm) but were 

statistically at par with plant height (210.04 cm) in case of 140 cm apart three row 

spacing. Same trend was observed during 2007. These results substantiate the findings of 

Himayatullah (1992).  

Response of plant height to intercropping systems was significant during both the 

years. Both the component crops significantly reduced the plant height of maize. 

Maximum plant height (224.74 cm) was recorded for maize alone than maize 

intercropped with either mungbean or mashbean. Almost similar trend was noted in 2007 

and in pooled values of two years. Interaction between treatment combinations was non–

significant during both the years. Decrease in plant height due to intercropping systems 

was also reported by Karamullah (1989), Singh (2007), Bharati et al. (2007), and Kumar 

et al. (2008). 

 

4.2.1.3.2 Number of leaves per plant 

Data presented in table 4.45 show that planting geometries significantly (P≤0.05) 

influenced number of leaves per plant during both the years. In 2006, significantly more 

number of leaves per plant (20.46) was recorded for maize planted in 70 cm apart single 

rows than maize grown in the pattern of 105 cm spaced double rows (18.18) or maize 

planted in 140 cm spaced three rows (18.87). More number of leaves per plant might be 

attributed to more plant height of maize recorded in single rows. These results 

substantiate the findings of Himayatullah (1992). 
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Table 4.44: Effect of planting geometry and maize-legume intercrops on plant height 

(cm) of maize 

 

Treatment 2006 2007 Mean 

  A) Planting Geometry 

 P1) 70 cm apart single row planting 225.38 a 213.17 a 219.27 

 P2) 105/35 cm apart paired row planting 204.91 b 194.47 b 199.69 

 P3) 140/35 cm apart three row planting 210.04 ab 201.72 ab 205.88 

  LSD(P ≤ 0.05) 15.90 11.79  

  B) Intercrops 

 I1)  Maize alone 224.74 a 212.31 a 218.53 

 I2)  Maize + mungbean 204.68 b 194.14 b 199.41 

 I3)  Maize + mashbean 210.90 b 202.91 ab 206.90 

  LSD (P ≤ 0.05) 12.02 12.40  

  Interaction NS NS  

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant 



 117 

Intercropping treatments significantly affected number of leaves per plant during 

both years. Monocropped maize produced significantly higher number of leaves per plant 

(20.48) compared to maize planted in association with either mashbean or mungbean that 

produced 19.01 and 18.02 leaves per plant, respectively. However, during 2007, sole 

maize gave significantly more leaves (19.57) than intercropped with mashbean (18.25) 

against minimum in case of maize intercropped with mungbean (17.04). Reduction in 

number of leaves per plant might be because of reduced height of maize in relation to 

associated crops. Almost similar trend was noted in 2007 and in pooled values of two 

years. These results substantiate the findings of Himayatullah (1992) but are contrary to 

the findings of Thwala and Ossom (2004) who reported that numbers of leaves were not 

affected significantly by various intercropping systems. Treatment combinations were 

observed non-significant in both the years.  

 

4.2.1.3.3 Number of ears per plant  

The data given in table 4.46 reveal that planting geometries, intercropping systems 

and their interaction had non-significant effect on number of ears per plant. These 

findings are in accordance with those of Khan (1992) and Thwala and Ossom (2004). 

 

4.2.1.3.4 Number of grain rows per ear 

Planting geometries and intercropping systems had a significant effect on grain 

rows per ear while interaction between two factors was found to be non-significant during 

both the years (Table 4.47). In 2006, regarding planting geometries, the crop planted in 

paired rows produced significantly more number of grain rows per ear (14.90) which 

showed statistical parity with maize planted in single rows (14.48) against the minimum 

number of rows for the crop grown in three row strips (13.83). The results are contrary to 

the findings of Karamullah (1989) who reported that grain rows per ear were not 

significantly affected by different planting geometries. 

Rows per ear were significantly affected by intercropping systems. Although sole 

maize gave significantly more grain rows per ear (14.91) than maize intercropped with 

mungbean (13.93), but was statistically at par with maize intercropped with mashbean 

(14.37). Almost similar trend was observed during 2007 and in pooled values of two 

years. The results are contrary to the findings of Karamullah (1989) and Thwala and 

Ossom (2004) who reported that grain rows per ear were not significantly affected by  
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Table 4.45: Effect of planting geometry and maize-legume intercrops on number of 

leaves per plant of maize 

 

Treatment 2006 2007 Mean 

  A) Planting Geometry 

 P1) 70 cm apart single row planting 20.46 a 19.66 a 20.06 

 P2) 105/35 cm apart paired row planting 18.18 b 17.13 b 17.65 

 P3) 140/35 cm apart three row planting 18.87 b 18.07 b 18.47 

  LSD (P ≤ 0.05) 1. 45 0. 95 1. 20 

  B) Intercrops 

 I1)  Maize alone 20.48 a 19.57 a 20.02 

 I2)  Maize + mungbean 18.02 b 17.04 c 17.53 

 I3)  Maize + mashbean 19.01 b 18.25 b 18.63 

  LSD (P ≤ 0.05) 1.23 1.04  

  Interaction NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant 
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Table 4.46: Effect of planting geometry and maize-legume intercrops on number of 

ears per plant of maize 

 

Treatment 2006 2007 Mean 

  A) Planting Geometry 

 P1) 70 cm apart single row planting 1.06 1.03 1.05 

 P2) 105/35 cm apart paired row planting 1.07 1.07 1.07 

 P3) 140/35 cm apart three row planting 1.03 1.02 1.03 

  LSD(P ≤ 0.05) NS NS  

  B) Intercrops 

 I1)  Maize alone 1.08 1.06 1.07 

 I2)  Maize + mungbean 1.03 1.03 1.03 

 I3)  Maize + mashbean 1.05 1.03 1.04 

  LSD (P ≤ 0.05) NS 

  Interaction NS 

 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant 
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different intercropping systems. Number of rows per ear was positively and linearly 

correlated with grain yield (Fig. 4.19). 

 

4.2.1.3.5 Number of grains per ear 

Table 4.48 reveals that number of grains per ear was significantly affected by 

planting geometries, intercropping systems and their interactions during both the years. In 

2006, significantly (P≤0.05) maximum number of grains per ear (426.73) were recorded 

for 105 cm apart paired row planting, while minimum number of grains per ear (383.25) 

were observed in maize planted in 140 cm apart three rows. Almost similar trend was 

observed in 2007 but with relatively less number of grains per ear. This might be ascribed 

to comparatively less rainfall received during the growing period of crop for the year 

2007. The findings are in agreement with the earlier observations of Singh (2007). 

As regards intercropping systems, monocropped maize gave significantly higher 

number of grains per ear (431.88) than maize associated with mashbean (404.88) against 

minimum (385.31) for maize intercropped with mungbean. Reduction in grain number 

per ear due to associated crops might be attributed to more competition between 

component crops for different growth resources, which led to more grain abortion per ear. 

The results are in line with the previous findings of Pandey et al. (2003), Singh (2007) 

and Bharati et al. (2007). 

Significant differences were observed among treatment combinations, which 

showed that sole maize planted in 105 cm apart paired-row strips gave significantly 

maximum grain number per ear (451.13) than all other interactive combinations 

compared to the least grain number per ear (359.04) for maize planted in 140 cm spaced 

three rows and intercropped with mungbean. Almost similar trend was observed in 2007 

and in pooled values of two years. There was positive and strong correlation between 

number of grains per ear and grain yield (Fig. 4.20). 

 

4.2.1.3.6 Grain weight per ear 

 Table 4.49 indicates that plating geometries had significant effect on grain weight 

per ear during both the experimental years. During 2006, significantly (P≤0.05) heavier 

grains per ear were recorded for maize grown in the pattern of double row strips (130.51 

g) than single rows (121.02 g). Significantly lighter grains per ear (116.64 g) were 

produced from maize planted in pattern of three row strips. The results confirm the 

findings of Shah (1984). 
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Table 4.47: Effect of planting geometry and maize-legume intercrops on grain rows 

per ear of maize 

 

Treatment 2006 2007 Mean 

  A) Planting Geometry 

 P1) 70 cm apart single row planting 14.48 ab 14.09 ab 14.28 

 P2) 105/35 cm apart paired row planting 14.90 a 14.78 a 14.84 

 P3) 140/35 cm apart three row planting 13.83 b 13.60 b 13.71 

  LSD(P ≤ 0.05) 0.77 0.89  

  B) Intercrops 

 I1)  Maize alone 14.91 a 14.62 a 14.76 

 I2)  Maize + mungbean 13.93 b 13.72 b 13.82 

 I3)  Maize + mashbean 14.37 ab 14.12 ab 14.24 

  LSD (P ≤ 0.05) 0.73 0.58  

  Interaction NS 

 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant. 
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Fig. 4.19: Relationship between number of grain rows per ear and grain yield (t ha
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Table 4.48: Effect of planting geometry and maize-legume intercrops on number of 

grains per ear of maize 

 

Treatment 2006 2007 Mean 

 A) Planting Geometry 

 P1) 70 cm apart single row planting 412.02 b   402.37 b 407.20 

 P2) 105/35 cm apart paired row planting 426.73 a 413.08 a 419.91 

 P3) 140/35 cm apart three row planting 383.25 c 375.88 b 379.57 

  LSD(P ≤ 0.05) 2.08 10.43  

  B) Intercrops 

 I1)  Maize alone 431.88 a 420.48 a 426.18 

 I2)  Maize + mungbean 385.31 c 375.82 c 371.57 

 I3)  Maize + mashbean 404.88 b 395.03 b 399.96 

  LSD (P ≤ 0.05) 11.04 5.46  

  Interaction 3.75 12.95  

  C) Planting Geometry x Intercrops 

P1I1 434.13 b 420.38 b 427.26 

P1I2          390.86 f 385.14 ef 388.00 

P1I3 411.09 d 401.58 cd 406.34 

P2I1 451.13  a 434.40 a 442.77 

P2I2 406.04 e 394.58 de 400.31 

P2I3 423.04 c 410.28 bc 416.66 

P3I1  410.39 d 406.67 cd 408.53 

P3I2 359.04 h 

 

347.74 g 353.39 

P3I3           380.32 g 373.23 f 376.78 

  Interaction 3.75 12.95  

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant. 



 124 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Number of grains per ear 

 

Fig.4.20: Relationship between number of grains per ear and grain yield (t ha
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) in 

maize during 2006, 2007 and pooled 
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Grain weight per ear was significantly affected by different maize-legume 

associations during both the years. Maize alone produced significantly heavier grains per 

ear (131.56 g) than intercropped with mashbean (120.88 g) against the minimum grain 

weight (115.73 g) in case of maize-mungbean intercropping system. Shah (1984) and 

Kumar et al. (2008) reported that grain weight was significantly reduced by intercropping 

treatments. 

The interaction between planting geometries and intercropping systems was 

significant during both the years. Significantly maximum grain weight per ear (137.64 g) 

was observed for maize planted in 105 cm apart paired-row strips with no intercropping 

than rest of treatment combinations compared to the minimum grain weight per ear 

(107.14 g) for maize planted in 140 cm spaced three row strips and intercropped with 

mungbean. Grain weight per ear was positively and linearly correlated with grain yield 

(Fig. 4.21). Almost similar trend was observed during 2007 and in pooled values of two 

years. 

 

4.2.1.3.7 1000-grain weight 

Data given in the Table 4.50 show that planting geometries, intercropping 

systems, and their combinations significantly affected 1000-grain weight of maize. In 

2006, maize planted in 105 cm apart double-rows gave significantly (P≤0.05) maximum 

1000- grain weight (287.93 g) than planted in 70 cm spaced single rows (280.60 g) 

against the minimum (259.54 g) in case of 140 cm apart three row planting.  These results 

are in line with the findings of Sulley (1986) who observed the maximum 1000-grain of 

maize for 90 cm apart paired rows.  

Maize alone produced significantly heavier grains than maize intercropped with 

either mungbean or mashbean. Competition for different growth factors between 

associated cultures might have disturbed the source-sink relationship of maize, which 

might be the cause of reduction in grain weight per ear of plant. The results confirm the 

findings of Singh (2007) and Kumar et al. (2008) 

Regarding treatment combinations, maize planted in 105 cm apart paired-row 

strips with no intercropping gave significantly heavier 1000- grain weight (294.94 g) than 

some of the interactive combinations which showed statistical parity with P2I3 and P1I1 

against the minimum 1000- grain weight (242.07 g) for maize planted in 140 cm apart 

three rows and intercropped with mungbean. Almost similar trend was recorded during  
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Table 4.49: Effect of planting geometry and maize-legume intercrops on grain 

weight (g) per ear of maize 

 

Treatment 2006 2007         Mean 

  A) Planting Geometry 

 P1) 70 cm apart single row planting 121.02 b 113.12 b 117.07 

 P2) 105/35 cm apart paired row planting 130.51 a 125.32 a 127.92 

 P3) 140/35 cm apart three row planting 116.64 c 107.83 c 112.23 

  LSD (P ≤ 0.05) 3.30 2.42  

  B) Intercrops 

 I1)  Maize alone 131.56 a 124.26 a 128.91 

 I2)  Maize + mungbean 115.73 c 107.49 c 111.62 

 I3)  Maize + mashbean 120.88 b 114.53 b 117.71 

  LSD (P ≤ 0.05) 2.10 3.42  

  Interaction 4.43 5.40  

  C) Planting Geometry x Intercrops 

P1I1 126.12 c 119.82 c 122.97 

P1I2 117.45 e 106.27 e 111.86 

P1I3   119.49 de 113.26 d 116.38 

P2I1 137.64 a 131.38 a 134.51 

P2I2   122.63 cd   118.55 cd 120.59 

P2I3 131.27 b  126.04 ab 128.66 

P3I1 130.91 b 121.57 bc 126.24 

P3I2 107.14 g        97.65 f 102.40 

P3I3          111.88 f        104.28 e 108.08 

  Interaction 4.43          5.40  

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant. 
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Table 4.50: Effect of planting geometry and maize-legume intercrops on 1000-grain 

weight (g) of maize 

 

Treatment 2006 2007 Mean 

  A) Planting Geometry 

 P1) 70 cm apart single row planting 280.60 b 266.91 b 273.75 

 P2) 105/35 cm apart paired row planting 287.93 a 281.28 a 284.61 

 P3) 140/35 cm apart three row planting 259.54 c 244.68 c 252.11 

  LSD(P ≤ 0.05) 6.72 10.88  

  B) Intercrops 

 I1)  Maize alone 286.86 a 282.08 a 284.47 

 I2)  Maize + mungbean 264.14 c 249.19 c 256.67 

 I3)  Maize + mashbean 277.07 b 262.61 b 269.84 

  LSD (P ≤ 0.05) 7.21 5.53  

  Interaction 12.19 13.36  

  C) Planting Geometry x Intercrops 

P1I1          288.20 abc 282.65 b 288.80 

P1I2  268.60 de  255.29 cd 261.95 

P1I3  278.25 cd          262.80 c 270.53 

P2I1 294.94 a             304.54 a 296.37 

P2I2  281.75 bc          258.86 c 270.31 

P2I3  293.84  ab 280.45 b 287.15 

P3I1 277.44 cd 256.04 c 266.74 

P3I2         242.07  f 233.42 e 237.75 

P3I3         259.12 e 

 

244.57 d 251.85 

  Interaction 12.19 13.36  

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant. 
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2007 and in pooled values of two years. There was positive and strong correlation 

between 1000-grain weight per ear and grain yield (Fig. 4.22). 

 

4.2.1.3.8 Grain yield per hectare (GYH) 

Table 4.51 reveals that interactive as well as individual effects of planting 

geometries and intercropping systems significantly affected grain yield in both years. As 

regards planting geometries, in 2006, significantly higher GYH (7.57 tons) was recorded 

when the crop was planted in double row strips than the crop planted in single rows (6.95 

tons) compared to minimum (6.60 tons) in case of three-row planting. Maize planted in 

double-row strips produced maximum yield per hectare because of increased grain 

number per ear and grain weight per ear. Higher grain yield of maize in case of 105 cm 

apart double-row strips might be ascribed to comparatively increase photosynthetic 

efficiency of plants because of more light penetration into plant canopy. Moreover, 

double row facilitated proper growing conditions for maize in comparison with alternate 

row and three row strip arrangements. These findings are in accordance with those of 

Rathore et al., (1980), Adhikari et al. (2005) and Singh (2007). 

Significantly maximum GYH (7.43 tons) was recorded for maize alone than 

intercropped with mashbean (7.02 tons) against minimum in case of maize intercropped 

with mungbean (6.67 tons). Inter and intra-specific competition for different growth 

resources i.e., nutrients, moisture, space, and light, etc. might be the reason for reduction 

in grain yield of maize due to intercropping. Besides competition for growth factors, 

intercrops might have some suppressive allelopathic effect on growth and yield 

components of associated maize crop. The maximum reduction in grain yield of maize 

due to mungbean was attributed to relatively more aggressive vegetative growth and root 

development behaviour of mungbean as compared to mashbean. Grain yield reduction of 

maize due to legume intercrops was also reported by Kaira and Ganwar (1980), Pandey et 

al. (2003) and Thwala and Ossom (2004). 

The treatment combinations showed that maize planted in 105 cm apart paired-

row strips with no intercropping gave significantly higher GYH (7.96 tons) than all the 

interactive combinations against the minimum GYH (6.15 tons) for maize planted in 140 

cm apart three rows and intercropped with mungbean. Almost similar trend was recorded 

during 2007 and in pooled values of two years. 
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Table 4.51: Effect of planting geometry and maize-legume intercrops on grain yield 

(t ha
-1

) of maize 

 

Treatment 2006 2007 Mean 

A) Planting Geometry 

 P1) 70 cm apart single row planting 6.95 b 6.80 b 6.88 

 P2) 105/35 cm apart paired row planting 7.57 a 7.37 a 7.47 

 P3) 140/35 cm apart three row planting 6.60 c 6.34 c 6.47 

  LSD (P ≤ 0.05) 0.05 0.02  

  B) Intercrops 

 I1)  Maize alone 7.43 a 7.29 a 7.36 

 I2)  Maize + mungbean 6.67 c 6.47 c 6.57 

 I3)  Maize + mashbean 7.02 b 6.81 b 6.91 

  LSD (P ≤ 0.05) 0.05 0.03  

  Interaction 0.08 0.05  

  C) Planting Geometry x Intercrops 

P1I1 7.31 c 7.21 c 7.26 

P1I2 6.62 f 6.49 g 6.56 

P1I3 6.92 e 6.70 f 6.81 

P2I1 7.96 a 7.82 a 7.89 

P2I2 7.23 c 7.00 d 7.12 

P2I3 7.52 b 7.29 b 7.41 

P3I1 7.03 d 6.85 e 6.94 

P3I2 6.15 g 5.90 i 6.03 

P3I3 6.61 f 6.43 h 6.52 

  Interaction 0.09 0.05  

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant. 
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4.2.1.3.9 Stover yield per hectare (SYH) 

Table 4.52 shows that stover yield per hectare (SYH) was significantly affected by 

planting geometries during both the years. In 2006, Significantly (P≤0.05) maximum 

SYH (8.56 tons) were recorded for 105 cm apart paired row planting than maize planted 

at 70 cm apart single rows (7.95 tons), while significantly minimum SYH (7.59 tons) was 

observed in maize planted in 140 cm apart three rows. The results are in line with the 

previous findings of Karamullah (1989), and Ahmad (1997) who reported variable stover 

and straw yield in maize and wheat in response to different planting geometries. 

Regarding intercropping systems, monocropped maize gave significantly higher 

SYH (8.61 tons) than maize associated with mashbean (8.0 tons) against minimum SYH 

(7.50 tons) for maize intercropped with mungbean. The findings are in agreement with 

the earlier observations of Karamullah (1989) and Ahmad (1997). 

Significant differences were observed among treatment combinations, which 

showed that sole maize planted in 105 cm apart paired-row strips gave significantly 

maximum SYH (9.01 tons) than all other interactive combinations compared to the 

minimum SYH (7.07 tons) for maize planted in 140 cm spaced three rows, and 

intercropped with mungbean. Almost similar trend was observed in 2007 and in pooled 

values of two years but with relatively less SYH. This was ascribed to comparatively less 

rainfall received during the growing period of crop for the year 2007. 

 

4.2.1.3.10 Grain to pith ratio 

The data presented in table 4.53 shows that individual and interactive effects of 

planting geometries and intercropping systems on grain to pith ratio were non-significant. 

 

4.2.1.3.11 Harvest index (%) 

Data on harvest index in table 4.54 reveals the physiological efficiency of plants 

to convert total dry matter into grain yield. The higher the value, the greater the efficiency 

of crop to convert dry matter into grain yield. Data show that individual and interactive 

effects of planting geometries and intercropping systems on harvest index were non-

significant. 
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Table 4.52: Effect of planting geometry and maize-legume intercrops on stover yield 

(t ha
-1

) of maize 

 

Treatment 2006 2007 Mean 

 A) Planting Geometry 

 P1) 70 cm apart single row planting 7.95 b 7.60 b 8.47 

 P2) 105/35 cm apart paired row planting 8.56 a 8.37 a 7.78 

 P3) 140/35 cm apart three row planting 7.59 c 7.34 c 7.47 

 LSD(P ≤ 0.05) 0.40 0.15  

 B) Intercrops 

 I1)  Maize alone 8.61  a 8.15 a 8.38 

 I2)  Maize + mungbean 7.50 c 7.41 c 7.46 

 I3)  Maize + mashbean 8.00  b 7.74 b 7.87 

 LSD (P ≤ 0.05) 0.11 0.12  

 Interaction 0.19 0.23  

C) Planting Geometry x Intercrops 

P1I1 8.52 b 7.58 d 8.05 

P1I2 7.45 e 7.62 d 7.535 

P1I3 7.87 d 7.60 d 7.735 

P2I1 9.01 a 8.63 a 8.82 

P2I2 7.96 d 7.96 c 7.96 

P2I3 8.70 b 8.51 a 8.605 

P3I1 8.29 c 8.24 b 8.265 

P3I2 7.07 f 6.64 f 6.855 

P3I3 7.42 e 7.12 e 7.27 

 Interaction 0.19 0.23  

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant 
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4.2.1.4 Grain quality 

 

4.2.1.4.1 Grain crude protein content (%) 

The data regarding crude grain protein content given in table 4.55 reveals that 

planting geometries, intercropping systems, and their interaction had a non-significant 

effect on crude grain protein content. These findings are in accordance with those of 

Khan (1992).  

 

4.2.1.4.2 Grain oil content (%) 

 Table 4.56 shows that planting geometries, intercropping systems and their 

interactions had a non-significant effect on grain oil content. These findings are in 

accordance with those of Prasad et al. (2007). 

 

4.2.1.4.3 Grain starch content (%) 

Data in table 4.57 shows that grain starch content was not affected significantly by 

planting geometries, intercropping systems and their interactions.  

 

4.2.2: Intercrops 

 

4.2.2.1 Number of pods per plant  

Data showing number of pods per plant of intercrops given in the table 4.58 

indicates that mashbean produced significantly more number of pods per plant than 

mungbean in both the years. 

As regards planting geometries, both the legumes when interplanted in maize in 

three row strips produced significantly more pod number per plant (15.94) than when 

interplanted in paired rows (13.99) as against minimum (12.07) in case of legumes 

interplanted in single rows. Similar results were recorded in 2007. The interaction was 

non-significant during both the years. 

 

4.2.2.2 Number of grains per pod  

Data given in the table 4.59 show that mungbean produced significantly more 

number of grains per pod (9.29) than mashbean (7.35) in 2006 and similar trend was 

noted in 2007. 

Regarding planting geometries, both the legumes when intercropped in maize in 

three row strips produced significantly more grain number per pod that was statistically at  
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Table 4.53: Effect of planting geometry and maize-legume intercrops on grain to 

pith ratio of maize 

 

Treatment 2006 2007 Mean 

 A) Planting Geometry 

 P1) 70 cm apart single row planting 3.54 4.54 4.58 

 P2) 105/35 cm apart paired row planting 3.57 4.45 4.52 

 P3) 140/35 cm apart three row planting 3.52 4.60 4.68 

  LSD (P ≤ 0.05) NS 

 B) Intercrops 

 I1)  Maize alone 4.55 4.45 4.50 

 I2)  Maize + mungbean 4.67 4.51 4.59 

 I3)  Maize + mashbean 4.74 4.63 4.68 

 LSD (P ≤ 0.05) NS 

 

 Interaction NS 

 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant 
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Table 4.54: Effect of planting geometry and maize-legume intercrops on harvest 

index (%) of maize grain 

 

Treatment 2006 2007 Mean 

 A) Planting Geometry 

 P1) 70 cm apart single row planting 41.14 41.30 41.22 

 P2) 105/35 cm apart paired row planting 41.34 41.04 41.19 

 P3) 140/35 cm apart three row planting 40.94 40.96 40.95 

  LSD (P ≤ 0.05) NS 

 B) Intercrops 

 I1)  Maize alone 41.90 41.51 41.21 

 I2)  Maize + mungbean 41.40 40.67 41.03 

 I3)  Maize + mashbean 40.91 41.12 41.01 

 LSD (P ≤ 0.05) NS 

 

 Interaction NS 

 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant 
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Table 4.55: Effect of planting geometry and maize-legume intercrops on protein 

contents (%) of maize grain 

 

Treatment 2006 2007 Mean 

  A) Planting Geometry 

 P1) 70 cm apart single row planting 9.06 8.89 8.97 

 P2) 105/35 cm apart paired row planting 9.12 9.01 9.06 

 P3) 140/35 cm apart three row planting 8.93 8.83 8.88 

 LSD (P ≤ 0.05) NS 

 

  B) Intercrops 

 I1)  Maize alone 9.18 9.00 9.09 

 I2)  Maize + mungbean 8.93 8.89 8.91 

 I3)  Maize + mashbean 9.00 8.83 8.91 

 LSD (P ≤ 0.05) NS 

 Interaction NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant 
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Table 4.56: Effect of planting geometry and maize-legume intercrops on oil contents 

(%) of maize grain 

 

Treatment 2006 2007 Mean 

 A) Planting Geometry 

 P1) 70 cm apart single row planting 4.62 4.54 4.58 

 P2) 105/35 cm apart paired row planting 4.59 4.45 4.52 

 P3) 140/35 cm apart three row planting 4.75 4.60 4.68 

 LSD(P≤0.05) NS 

 B) Intercrops 

 I1)  Maize alone 4.55 4.45 4.50 

 I2)  Maize + mungbean 4.67 4.51 4.59 

 I3)  Maize + mashbean 4.74 4.63 4.68 

 LSD (P≤0.05) NS 

 

 Interaction NS 

 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant 
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Table 4.57: Effect of planting geometry and maize-legume intercrops on grain starch 

content (%) of maize grain 

 

Treatment 2006 2007 Mean 

  A) Planting Geometry 

 P1) 70 cm apart single row planting 69.74 70.11 69.92 

 P2) 105/35 cm apart paired row planting 70.03 70.48 70.25 

 P3) 140/35 cm apart three row planting 69.53 69.78 69.65 

 LSD (P ≤ 0.05) NS 

 

  B) Intercrops 

 I1)  Maize alone 69.87 69.98 69.92 

 I2)  Maize + mungbean 69.69 69.59 69.64 

 I3)  Maize + mashbean 69.74 69.9 69.82 

 LSD (P ≤ 0.05) NS 

 Interaction NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant 
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par when interplanted in paired rows as against minimum in case of legumes interplanted 

in single rows during both the years. The interaction was non-significant during both the 

years. 

 

4.2.2.3 Number of grains per plant 

 Table 4.60 shows that the number of grains per plant produced by mungbean 

were significantly more than the number produced by mashbean in both the years. 

The number of grains per plant of intercrops was significantly influenced by geometrical 

patterns during both the years. Legumes intercropped in maize in the pattern of three-row 

strips produced significantly higher grain number per plant (94.94) than intercrops 

associated in geometry of double rows (86.20) as compared to minimum (76.31) in case 

of single row planting during 2006. In 2007, almost the same trend was observed. 

 

4.2.2.4 1000-grain weight 

The data in table 4.61 reveal that 1000-grain weight produced by mashbean was 

significantly more than the weight produced by mungbean in both the years. 

1000-grain weight of intercrops was significantly influenced by planting 

geometries during both the years. Legumes intercropped in maize in the pattern of 3-row 

strips gave a significantly heavier grain that was at par with intercrops associated in 

geometry of double rows as compared to minimum in case of single row planting during 

both the years.  

 

4.2.2.5 Grain yield  

Data on grain yield per hectare of legume intercrops under different planting 

geometries given in the table 4.62 indicate significant differences between two intercrops 

during both the years. In 2006, significantly higher grain yield was produced by 

mungbean compared to mashbean. 

As regards planting geometries, there were significant differences between 

planting geometries during both the years. Legumes interplanted in between 140 cm 

spaced triple rows produced significantly higher grain yield than intercropped in 105 cm 

apart-paired rows against minimum grain yield of legumes intercropped in 70 cm spaced 

single rows. Increment in grain yield of intercrops in pattern of triple row planting over 

other planting geometries might be attributed to more light penetration and free air 

movement. The results indicated that 140 cm spaced three row strips is more beneficial  
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Table 4.58: Effect of planting geometry and legume-maize intercrops on pods per 

plant of intercrops  

 

Treatment 2006 2007 Mean 

 A) Intercrops  

 I2) Mungbean  12.78 b 13.44 b 13.11  

 I3) Mashbean 15.23 a 16.04 a 15.61  

 LSD (P ≤ 0.05) 2.09 1.41  

 B) Planting Geometry  

 P1) 70 cm apart single row planting  12.07 c 12.84 c 12.45  

 P2) 105/35 cm apart paired row planting  13.99 b 14.75 b 14.37  

 P3) 140/35 cm apart three row planting  15.94 a 16.63 a 16.28  

 LSD (P ≤ 0.05) 1.52 1.78  

 Interaction NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant 
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Table 4.59: Effect of planting geometry and legume-maize intercrops on number of 

grains per pod of intercrops 

 

Treatment 2006 2007 Mean 

 A) Intercrops  

 I2) Mungbean  9.29 a 8.93 a 9.11  

 I3) Mashbean 7.35 b 7.03 b 7.19  

 LSD(P ≤ 0.05) 0.80 1.05  

 B) Planting Geometry  

 P1) 70 cm apart single row planting  7.55 b 7.29 b 7.42  

 P2) 105/35 cm apart paired row planting  8.40 ab 8.03 ab 8.21  

 P3) 140/35 cm apart three row planting  9.01 a 8.60 a 8.80 

 LSD (P ≤ 0.05) 1.07 1.01  

 Interaction NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant 
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Table 4.60: Effect of planting geometry and legume-maize intercrops on number of 

grains per plant of intercrops 

 

Treatment 2006 2007 
 

Mean 

A) Intercrops 

 I2) Mungbean  95.95 a 89.14 a 92.54  

 I3) Mashbean 75.68 b 67.87 b 71.77  

 LSD (P ≤ 0.05) 4.59 8.74  

 B) Planting Geometry  

 P1) 70 cm apart single row planting  76.31 c 69.67 c 72.99  

 P2) 105/35 cm apart paired row planting  86.20 b 79.41 b 82.80  

 P3) 140/35 cm apart three row planting  94.94 a 86.41 a 90.67  

 LSD (P ≤ 0.05) 8.39 6.24  

 Interaction NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant 
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Table 4.61: Effect of planting geometry & legume-maize intercrops on 1000-grain 

(g) weight of intercrops 

 

Treatment 2006 2007 Mean 

 A) Intercrops  

 I2) Mungbean  37.22 b 36.33 a 36.77  

 I3) Mashbean 41.92 a 40.97 b 41.44  

 LSD (P ≤ 0.05) 2.08 1.93  

 B) Planting Geometry  

 P1) 70 cm apart single row planting  37.78 b 36.95 b 37.36  

 P2) 105/35 cm apart paired row planting  39.59 ab 38.62 ab 39.10  

 P3) 140/35 cm apart three row planting  41.33 a 40.58 a 40.95  

 LSD (P ≤ 0.05) 2.60 2.63  

 Interaction NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant 



 145 

 

Table 4.62: Effect of planting geometry & legume-maize intercrops on grain yield 

(kg ha
-1

)
 
of intercrops  

 

Treatment 2006 2007 Mean 

 A) Intercrops  

 I2) Mungbean  719.05 a 675.81 a 697.43  

 I3) Mashbean 631.84 b 588.60 b 610.22  

 LSD(P ≤ 0.05) 54.33 64.87  

 B) Planting Geometry  

 P1) 70 cm apart single row planting  563.92 c 523.93 c 543.92  

 P2) 105/35 cm apart paired row planting  691.86 b 642.13 b 667.70  

 P3) 140/35 cm apart three row planting  770.55 a 730.55 a 750.5  

 LSD (P ≤ 0.05) 57.33 53.61  

 Interaction NS 

 

Mean values with different letter(s) in a column are significantly different at P≤0.05; 

LSD= Least Significant difference; NS= Non-significant 

 

 Sole mungbean yield 931.21 kg ha
-1

 in 2006 and 895.65 kg ha
-1

 in 2007.  

 

 Sole mashbean yield 839.34 kg ha
-1

 in 2006 and 814.24 kg ha
-1

 in 2007.  
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technology for getting maximum yields of intercrops. Almost same trend was noted in 

2007 but with comparatively higher grain yields, which was probably due to less 

precipitation that was conducive to growth and development of legumes. The interaction 

between different treatment combinations was non-significant during both years. 

 

4.2.2.6 Land Equivalent Ratio (LER) 

Land equivalent ratio (LER) is the comparative area of sole crop required to attain 

yield in intercropping. LER was estimated to study relative yield advantage of 

intercropping against sole cropping. Table 4.63 indicates LER values greater than one in 

all intercropping systems against sole cropping. Table shows that total LER ranged 

between 1.52 to 1.79 during both years in different intercropping systems. This indicated 

that 52 to 79 % yield advantage was recorded in both the years. In other words, it might 

be possible to harvest yield equivalent of maize from one hectare of intercropping that is 

harvestable from 1.52 to 1.79 hectares of sole cropping of maize. Regarding intercropping 

systems, maize planted in 140/35 cm apart three row strips and associated with mashbean 

gave highest LER of 1.79 and 1.77 in 2006 and 2007, respectively, followed by maize 

planted in 105/35 cm apart paired row strips and intercropped with mashbean that gave 

LER values of 1.72 during 2006. While minimum LER (1.52) was recorded for maize 

planted in single rows and intercropped with mungbean during 2007.  

This indicated that LER values for strip plantation were higher compared to single 

row plantation under all intercropping systems, which indicated higher utilization 

efficiency of strip plantation for different growth resources over single row plantation. 
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Table 4.63: Effect of planting geometry & maize legume intercrops on (LER) 

 

Intercropping 

system 
Year 

70 cm apart 

single rows  

(P1) 

105/35 cm apart 

paired row 

planting (P2) 

140/35 cm apart 

three row planting 

(P3) 

Maize + Mungbean 2006 1.55 1.70 1.75 

-do- 2007 1.52 1.66 1.73 

Maize + Mashbean 2006 1.58 1.72 1.79 

-do- 2007 1.53 1.67 1.77 
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4.2.2.7 Economic analysis 

 The farmers are always interested in getting maximum output and minimum 

inputs/risks involved while adopting any new practice. For this purpose pooled data was 

analysed to find out economics using standard procedures already discussed in chapter 

III. Prices of inputs prevailing in the local market were used in economic analysis. 

Among the intercrops, maize + mashbean proved to be more profitable. The pooled 

results of partial budget of different intercropping systems indicated (Table 4.64 ) that 

among different intercropping systems, the maximum gross benefit of Rs. 101478 were 

achieved in maize + mashbean intercropping systems while the minimum gross benefit of 

Rs. 87621  ha
-1

 was obtained from maize alone. Highest total cost that vary (Rs. 31340 

ha
-1

) was achieved from maize + mungbean and maize + mashbean each while minimum 

cost that vary was realized from maize alone. Intercropping of maize with mash bean 

gave the highest net benefit of Rs. 70136 and followed by Rs. 59231 realized from maize 

+ mungbean. 

 

4.2.2.8 Dominance and marginal analysis of different intercropping systems 

The dominance analysis of pooled results showed that maize + mungbean 

intercropping was dominated by other treatments (Table 4.65). The marginal analysis, 

marginal rate of return was calculated by dividing the marginal net benefit by the 

marginal cost and expressed as percentage marginal rate of returns for different inter-

cropping systems. The analysis revealed that highest marginal rate of return of 432% was 

obtained from the maize + mashbean intercropping system. 
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Table 4.64: Pooled results of different intercropping systems 

 

 Maize alone Maize + 

Mungbean 

Maize + 

Mashbean 

 

 Yield (kg ha
-1

) from 70 cm apart single rows (P1) 

Maize 7360 6220 6770  
 

Stover  8210 7710 7940  
 

Intercrop - 577.25 510.60  
 

 Adjusted yield (kg ha
-1

) 

Maize 6633 5598 6093 10 % less 

 

Stover 7389 6939 7146 10 % less 

Intercrop - 404.07 357.42 30 % less 

 

 Gross benefits (Rs. ha
-1

) from 70 cm apart single rows (P1) 

Maize 82912.5 69975.3 76162.5 500/40 kg 

(12.5 kg
-1

) 

 

Stover 2770.87 2602.12 2679.75 375 

Intercrop - 14140 17871 Mung = 35 kg
-1 

Mash = 50 kg
-1

 

Total 85683 86717 96712  

 Yield (kg ha
-1

) from 105 cm apart paired rows of maize (P2) 

Maize 8170 6960 7530  
 

Stover 8750 7980 8571  

Intercrop - 711.61 622.37  
 

 Adjusted yield (kg ha
-1

) 

Maize 7353 6264 6777 10 % less 

 

Stover 7875 7191 7714 10 % less 

 

Intercrop - 498.12 435.65 30 % less 

 

Gross benefits (Rs. ha
-1

) from 105 cm apart paired rows of maize (P2) 

Maize 91912.5 78300 84712  

Stover 2953 2696 2892  

Intercrop - 17430 21782  

Total 94863 98426 109386  
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 Maize alone Maize + 

Mungbean 

Maize + 

Mashbean 

 

 Yield (kg ha
-1

) from 140 cm apart single rows (P3) 

Maize 7070 5800 6440  

Stover  8340 7030 7450  

Intercrop - 773.43 667.67  

Adjusted yield (kg ha
-1

) 

Maize 6363 5220 5796  

Stover 7506 6327 6705  

Intercrop - 541.40 467.36  

Gross benefits (Rs. ha
-1

) from 140 cm apart single rows (P3) 

Maize 79537 65250 72450  

Stover 2814 2372 2514  

Intercrop - 18949 23368  

Total 82350 86571 98332  

 Yield (kg ha
-1

) from system as a whole (P1 +P2 + P3)/3 

Maize 7536 6326 6913  

Stover 8433 7573 7986  

Intercrop - 687.43 600.21  

 Adjusted yield (kg ha
-1

) 

Maize 6782 5693 6222  

Stover 7590 6816 7187  

Intercrop - 481.20 420.15  

 Gross benefits ((Rs. ha
-1

) from system as a whole (P1 +P2 + P3)/3 

Maize 84775 71162 77775  

Stover 2846 2557 2696  

Intercrop  16842 21007  

Total 87621 90561 101478  

 Cost of production/cost that vary 

 1.Tillage and seedbed preparation (Ploughing = 4, planking = 2) 

Maize 1500 1500 1500 Rs.300/ploughing 

Intercrop - - - Rs. 150/planking 

System 1500 1500 1500  

 2. Hybrid seed 

Maize 6000 6000 6000 Seed = 20 kg/ha 

Rs.300/kg Intercrop  540 540 

System 6000 6540 6540 

 3. Sowing 

Maize 600 600 600 8 men for 1/2day 

Intercrop - 450 450 6 men for 1/2day 

System 600 1050 1050 Rs. 150/man/day 
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 Maize alone Maize + 

Mungbean 

Maize + 

Mashbean 

 

4. Sprays including labour charges 

Maize 1600 1600 1600 No. of sprays = 2 

Charges/spray  

= Rs.800 
Intercrop - - - 

System 1600 1600 1600 

5. Watch and ward 

Maize 4500 4500 4500 1 man for 30 days 

Intercrop - - - 

System 4500 4500 4500 

6. Irrigation (labour charges for irrigation and cleaning of water channels) 

Maize 300 300 300  

Intercrop     

System 300 300 300  

7. Fertilizers (150kg N, 100 kg P2 O5 and 100 kg K2O ha
-1

) including labour charges 

Maize 11000 11000 11000 DAP = 4 bags (Rs.  

2050/bag, Urea = 3 

 bags (Rs. 750/bag 
Intercrop - - - 

System 11000 11000 11000 

 8. Harvesting 

Maize 1050 1050 1050  

Intercrop - 900 900  

System 1050 1950 1950  

9. Threshing 

Maize 2000 2000 2000  

Intercrop - 900 900  

System 2000 2900 2900  

Total cost that vary (Rs. ha
-1

) 

Maize 28550 28550 28550  

Intercrop  2790 2790  

System 28550 31340 31340  

Net field benefits (Rs. ha
-1

) 

Net benefits P1 57133 55377 65372  

Net benefits P2 63313 67086 78046  

Net benefits P3 53800 55231 66992  

Net benefits from 

system as a whole 

58082 59231 70136  
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Table 4.65: Marginal rate of return analysis of different intercropping systems 

 

Treatments Cost that vary 
Net benefit 

(Rs. ha
-1

) 

Marginal cost 

(Rs. ha
-1

) 

Marginal benefit 

(Rs. ha
-1

) 

Marginal rate 

of return (%) 

Maize alone 28550 58082    

Maize + Mash 

bean 
31340 70136 2790 12054 432 

Maize + Mung 

bean 

31340 59231 

 - - D 
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CHAPTER-5 

 

SUMMARY 

 

Investigations into production potential of hybrid maize (Pioneer 30-Y- 87) as 

affected by intercropping, planting geometry, population dynamics and fertilizer 

management was carried out at the Research Farms, University of Agriculture, 

Faisalabad, in two field experiments during the year 2006 and repeated in 2007. Both 

experiments were carried out in randomized complete block design with split 

arrangements having four replications.  

The first experiment entitled as influence of different densities and fertilizer levels 

on maize yield comprised of six fertilizer levels (150-0, 150-15, 200-0, 200-15, 250-0 and 

250-15 kg N-Zn ha
-1

) and three plant densities (57100, 71400 and 99900 plants ha
-1

). 

Fertilizer levels were kept in main plots and plant densities were kept in sub plots. Maize 

crop was sown in plots measuring 7.0 m x 4.2 m on 70 cm spaced ridges and plant-to-

plant distance was maintained at 25, 20, and 15 cm to achieve desired plant populations 

of 57100, 71400, and 99900 plants per hectare, respectively. Fertilizers were applied at 

100 kg P2O5 and 100 kg K2O ha
-1

 while nitrogen and Zn were applied as per treatment in 

the relevant plots. 

The second experiment entitled as effect of planting geometry on the agro-

physiological traits of maize-legume intercrops comprised of three planting geometries 

(70 cm apart single row planting, 105/35 cm apart paired row planting and 140/35 cm 

apart three row planting) and three intercropping systems (maize alone, maize + 

mungbean and maize + mashbean) by randomizing planting geometries in main plots and 

intercropping systems in subplots. The crop was seeded in plots measuring 7m x 4.2 m. 

Fertilizer was applied at 150 kg N, 100 kg P2O5 and 100 kg K2O ha
-1

 in the respective 

plots. The nutshell of the findings is as follows. 

 

Experiment 1 

1. Phenological development 

Increase in nitrogen from 150 to 250 kg ha
-1

 caused an increase in days to 50% 

tasseling, silking and days taken to maturity. On the other hand, application of Zn reduced 

the days taken to complete these phases. Sowing of crop at higher plant densities also 
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delayed tasseling, silking and maturity. Interactive effects of fertilizer levels and plant 

densities on days taken to 50 % tasseling, silking and maturity were non-significant. 

 

2. Growth and development 

Increasing fertilizer levels and plant densities linearly increased LAI, LAD, dry 

matter accumulation, NAR and CGR of maize crop.  Interactive effects of fertilizer levels 

and plant densities on these growth parameters were also significant. Improvement in 

crop growth under higher fertilizer levels and plant densities finally improved grain yield. 

 

3. Agronomic and yield traits 

Yield and yield components linearly increased with increase in nitrogen from 150 

to 250 kg ha
-1

. Application of Zn at 15 kg ha
-1

 also caused an increase in yield and yield 

attributes. Higher grain yield of maize with the application of fertilizer at higher rates was 

due to more number of grains per ear, higher grain weight per ear and higher 1000-grain 

weight. Yield components decreased linearly under higher plant densities but more yields 

at higher plant densities were due to more plant stand/grains per unit land area. 

 

4. Grain quality 

Application of both nitrogen and zinc at higher rates increased protein and starch 

contents of maize grain. Oil contents although decreased but reduction was non-

significant with increasing nitrogen levels but zinc application significantly increased 

grain oil content. Protein and starch content decreased significantly with elevated plant 

populations however, grain oil content increased with greater densities. Interactive effects 

of both the factors on grain protein content were significant but non-significant on grain 

starch and oil content.  

 

5. Nutrient uptake  

Increase in N and Zn fertilizer levels improved the uptake of nitrogen, 

phosphorus, potassium, and zinc due to more dry weight of maize at increasing 

fertilization. Similarly, increasing plant populations enhanced crop removal of these 

nutrients except for zinc. 
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Experiment 2 

1. Phenological development 

Maize planted in single rows took more days to tasseling, silking, and maturity 

than grown in double or triple strips. Intercropping systems delayed tasseling, silking, and 

maturity of maize compared with maize alone. 

 

2. Growth and development 

Maximum LAI, LAD, dry matter accumulation, NAR and CGR of maize crop was 

recorded when maize crop was sown in 105/35 cm apart paired row planting system due 

to better light penetration into plant canopy. Interactive effects of planting geometries and 

intercropping systems on these growth parameters were also significant. Intercropping of 

maize with either of the intercrops reduced LAI, LAD, dry matter accumulation, NAR 

and CGR compared to maize alone because of competition for various growth resources.  

 

3. Agronomic and yield traits 

Among planting geometries, yield-contributing components were maximum in 

105/35 cm apart-paired row planting system. Maize planted in double row strips not only 

increased the production over the standard method of planting (70 cm spaced single rows) 

but also facilitated the planting and handling of the intercrops without doing any damage 

to the base crop. 

The grain yield of maize in intercropping systems was reduced to some extent but 

the returns were still substantially greater for these crop combinations than for sole 

cropping. 

The seed yield of various intercrops were highest when intercropped with maize  

in pattern of 140/35 cm apart triple-row strips compared to minimum when intercropped 

in the pattern 70 cm spaced single row. 

 

4. Grain quality 

Planting geometries and intercropping systems had non-significant effect on 

protein, starch, and oil contents of maize grain. 

 

5. Economic analysis 

Economic analysis of pooled results showed that maximum gross benefit as well 

as net benefits and marginal rate of return were obtained from maize + mashbean 

intercropping system against the minimum in case of maize alone. 
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5.1 CONCLUSIONS 

 Increasing nitrogen levels up to 250 kg ha
-1

 and addition of zinc at 15 kg ha
-1

 linearly 

increased growth, yield, and yield attributes of maize. 

 Plant density of 999,000 plants ha
-1

 appeared to be superior practice than traditional 

plant densities. 

 Intercropping maize with mashbean and mungbean in planting geometry of 105 cm 

spaced double rows proved more economical and convenient than sole maize 

cropping. 

 Quality attributes of maize were not affected significantly by intercropping with 

legumes. 

 

5.2 RECOMMENDATIONS 

 Increasing nitrogen levels up to 250 kg ha
-1

 and addition of zinc at 15 kg ha
-1

 for 

maize crop under soil conditions of Pakistan is beneficial for achieving higher yield 

goals. 

 With the introduction of hybrid maize varieties, higher plant density of 999,000 plants 

ha
-1

 proves to be more profitable than conventional plant densities. 

 Farmers with small land holdings can successfully adopt the practice of intercropping 

of legumes in maize crop for gaining higher economic returns. 

 Grain legume intercropping in maize can be successfully practiced under 105 cm 

spaced double row strips. 

 

5.3 FUTURE RESEARCH NEEDS 

 Physiological basis of interactive effects of micro and macronutrients needs to be 

established further. 

 Threshold level of Zn in different soils and climatic conditions needs to be explored. 

 Impact of higher nitrogen levels and elevated plant densities on growth and yield 

performance as well as nutrient uptake of maize should be investigated. 

 Investigations on other micronutrients should be carried out of their possible 

responses to maize. 

 Further studies on different maize-based intercropping systems under various 

ecological zones of Pakistan should be conducted. 

 High yielding, short stature, short duration, and less competitor varieties of different 

intercrops like legumes and fodder crops should be evolved. 



 157 

 There is need to develop an appropriate sowing machinery/drill for strip planting to 

facilitate intercropping on a large scale. 

 Further experiments should be conducted to monitor the beneficial aspects of different 

intercropping systems like weed control, erosion control and even pest control. 
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Statement concerning data 

 

The replicated raw data and summery of analysis variance (Appendices) have been 

lodged in the Department of Agronomy, University of Agriculture Faisalabad. Any person 

interested may approach Dr. Asghar Ali, Department of Agronomy for the use / 

consulting of data. 
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