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Introduction

The cotton (Gossypium hirsutum L.) is the most 
important industrial fiber crop being produced 

over 76 countries, covering an area of 32 million 
hectares across the globe (Saranga et al., 2001). The 
Pakistan ranks 4th largest in production, 3rd largest 

exporter and consumer of raw cotton in world. The 
cotton crop significantly contributes to national 
export earnings (10 billion US$) annually, provide 
raw materials for local textile related industries. 
Consequent upon the need of cotton fiber products, 
cotton is surviving as most widely cultivated 
crop and its fiber is facing severe competition 
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in international market with synthetic fiber and 
production challenges such as competition for area 
with maize and sugarcane and economic concerns.

Being an indeterminate growth habit, the cotton is 
extremely responsive to management factors. The 
fertilizer management and plant population are the 
most important facet for target production (Tariq et 
al., 2018; Bednarz et al., 2006). The cotton production 
is heavily reliant on an adequate nitrogen supply 
(Ali et al., 2003; Hernandez-Cruz et al., 2015). 
Nitrogen contributes to yield through improved 
canopy development and photosynthesis. Both the 
lower and higher supply of nitrogen determines the 
cotton growth and development (Staut and Kurihara, 
2001; Jaynes et al., 2001) and its mismanagement 
causes environmental contamination along with 
economic losses. Therefore, nitrogen management is 
gaining importance (Snyder et al., 2007). The poor 
nitrogen supply reduces fruiting rates, leaf yellowing 
and stunted growth. While, overdose application 
may result in excessive vegetative growth. Therefore, 
application rate is considered an important fertilizer 
management strategy. The current nitrogen use is 
higher than cotton requirement. For example, South 
Wale, it was noticed that additional 40 kg N ha-1 is 
being used in cotton which can be reduced without 
yield losses (Rochester et al., 2007). On average basis, 
the cotton is being fertilized with 200-250 kg N ha-1 

in various cotton growing areas. A significant work 
for nitrogen dose optimization for cotton has been 
carried out in the past ( Jost and Cothren, 2000; 
Saleem et al., 2010; Ayissa and Kebedeb, 2011) 
for standard population but information regarding 
nitrogen application for varying population are few 
to best of our knowledge. 

The planting density is another important production 
factor and determined by soil and environmental 
conditions, cultivar and growers (Silvertooth et al., 
1999). Lint yield is based on lint %age, boll weight and 
boll density (McCarty et al., 2008) but boll density 
is considered the most important component which 
is controlled by plant density. The most important 
factors which alters the plant architecture in planting 
density studies are quality of intercepted radiations, 
competition for resources and microenvironment. 
The light quality changes with penetration from 
upper canopy toward lower and middle plant portion 
with penumbral effects. The appropriate plant 
density is essential for canopy micro-environment 

for potential yield. It has been proposed that cotton 
canopy should be modified for maximum light 
harvesting to middle and upper plant portion (Reta-
Sánchez et al., 2002). Improving plant densities have 
been manipulated as effective mean of reducing 
cultivation cost (Stephenson et al., 2011). Increasing 
plant density produced lower number of bolls per 
plant and average boll weight without affecting fiber 
length and lint %age (Ali et al., 2009). The significant 
variations seed cotton yield across planting densities 
have been reported in literature (Saleem et al., 2009; 
Aslam et al., 2013; Nawaz et al., 2016). 

Therefore, the objective of the study was to determine 
whether high plant population require less nitrogen 
fertilizer over normal population with respect to 
growth, lint yield and quality. 

Materials and Methods

The two years’ field study was carried out at agronomic 
field area of Central Cotton Research Institute, 
Multan during summer season 2005-06 under 
irrigated conditions in arid climate with an average 
summer maximum temperature 45 ± 2 °C (Figure 
1). The experimental site was situated at latitude 
30o12’N, longitude 71o28’E and altitude 123 m a.s.l. 
(Makhdum et al., 2001). The composite soil samples 
were collected from 0-30 cm depth and analyzed for 
textural class using standard procedure. The soil was 
silt loam with alkaline in reaction having pH (8.09), 
sand (29.5 %), silt (55%) and clay (15.5%). The soil 
analysis report indicated that the soil was deficient in 
nitrogen with 5.57 mg kg-1 (NO3-N). The treatments 
were four nitrogen levels (0, 50, 100 and 150 kg ha-

1) and two plant densities i.e. 8.88 and 4.44 plants 
(m-2). The plant density was maintained by adjusting 
within plant spaces 15 and 30 cm. The 8.88 plants 
(m-2) was designated as high and 4.44 plants (m-2) 
was low density. The treatments were arranged in 
RCBD split plot with three replications keeping 
the nitrogen in main plot and plant spacing in sub-
plots. The land was prepared after wheat harvesting 
in the form of bed-furrows at 75 cm apart and 
Pendimethalin at the rate of 82.5 a.i g ha-1 was 
sprayed with a device fitted on bed-furrow shaper 
at the time of bed furrows shaping to control weeds 
in the field. The seed of genotype CIM-473 was 
manually dibbled on 10th May both the years at bed 
edges under dry conditions @ 10 kg ha-1 followed 
by irrigation. 
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Figure 1: Daily weather variables of experimental site for the years (2005-06).

The crop received furrow irrigation after 72 hours to 
fill the gap and subsequent uniform irrigations were 
scheduled for treatments under study at 10±2days 
interval till maturity up to mid-October. The crop was 
thinned to single vigorous plant at 25 days after sowing 
to maintain the per treatment plant population. The 
full dose of phosphorus (60 Kg ha-1) was incorporated 
in soil with seed bed preparation through triple supper 
phosphate (46% P2O5) and nitrogen was applied in 
three splits in form of urea (46% N) at bud formation, 
flowering and boll formation. All the cultural 
and plant protection measures were kept uniform 
for all plots during the season. The phonological 
development of crop was assessed in term of days 
taken for bud initiation, flowering and boll splitting. 
The growth indices include crop growth rate (CGR) 

and relative growth rate (RGR) were also measured 
for three times at 50, 100 and 150 DAS by formulas 
suggested by (Hunt, 1978).

Where;
W2 and W1 represents the total biomass at T2 and 
T1, respectively.

The four plants from central rows were harvested 
from ground level and separated into vegetative (stem 
and leaves) and reproductive (bud, flower, green and 
opened bolls) biomass. The dry matter partitioning 
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was worked out as ratio of dry weight of fruiting 
forms (DWFF) to plant biomass (PB) (Dai et al., 
2015). The plant samples were dried at 700C till no 
further weight reduction. The agronomic nitrogen 
use efficiency (ANUE) and partial factor productivity 
(PFP) was calculated by given equations.

The lint yield (LY) was calculated from following 
equation.

The sample containing 100 opened bolls was subjected 
to ginning with micro saw gin. The lint was stored 
under room temperature for fiber quality analysis. 
The lint was submitted to fiber testing laboratory 
of institute and the fiber traits were determined by 
High Volume Instrument (HVI-900-A, USTER) 
using procedure set by ASTM- D-5867(1997). The 
raw data was subjected to computer-based analysis 
software Statistix 8.1 for statistical interpretation by 
using Fischer’s method of variance techniques and 
treatment means were compared at 5% probability 
level using LSD test (Steel et al., 1997). 

Results and Discussion

Growth, dry matter partitioning and lint yield
The dry matter accumulation increased towards plant 
maturity regardless of planting density (Figure 4). 
The CGR was greater in dense planting than low 
density planting (Figure 5). In high density, it was 
increased from 2.39 to 2.83 gm-2day-1 during first 50 
days, 5.89 to 13.02 gm-2day-1 between 50-100 days 
and decreased from 3.84 to 2.01 gm-2day-1 between 
100-150 days with nitrogen increase from 0 to 150 
kg. While, in low density, it was increased from 1.8 
to 2.37 gm-2day-1 at first 50 days, 3.60 to 10.78 gm-

2day-1 between 50 to 100 days and decreased from 
4.66 to 1.89 gm-2day-1. Highly significant differences 
in CGR in both densities with nitrogen treatment 
were observed at 100 days over rest of observation 
dates. It is clear from Figure 2 that decline in growth 
rate from 100-150 days is high for plots received 
the highest nitrogen. The decline in dry matter 
production beyond 100 days is associated with leaf 
senescence and aging process. However, the linear 

decrease in relative growth rate was observed with the 
advancement of crop growth across all nitrogen levels. 
The results regarding CGR reported by Cawley et al. 
(1998), Anjum et al. (2007) and Awais et al. (2013) in 
relation to planting densities are similar to our results.

Within the planting density, total dry matter 
production was 19.32% lower in low density than 
high density. The similar trend was also observed for 
vegetative and reproductive dry mass (Table 1). The 
lowest reproductive matter with no fertilizer is due to 
poor plant development resulted by reduced fruiting. 
It is from fact that weeds remained suppress at high 
density due to early stand establishment. The total 
dry matter was improved significantly with nitrogen 
fertilization up to 100 kg and further increase 
produced a relatively smaller differences regardless 
planting density. Besides, nitrogen contribution in 
photosynthesis (Bondada and Oosterhuis, 2000), it 
also increased the root surface area for better nutrient 
and water absorption (Xie et al., 2009). The dry matter 
partitioning to reproductive parts (RVR) is key factor 
to boost up cotton yield other than yield components. 
It was measured with reproductive vegetative ratio 
and presented in Figure 3. The reproductive biomass 
at maturity accounted 58.33% of the total at control 
which was improved up to 58.96%, 60.58% and 
61.35% with N50, N100 and N150 kg, respectively. The 
plants grown in combination with dense population 
and well fertilized allocated more dry matter to 
fruiting forms in comparison with low density. The 
difference in reproductive allocation due to planting 
densities became broader from control to well 
fertilized plots i.e. 150kg N. Higher lint yield due 
to higher plant density could be owing to elevated 
biological yield in field with less fertility (Dong et al., 
2010). Higher number of plants per unit area ensure 
better soil coverage. Higher planting density would 
have increased lint yield by making efficient use of soil 
water with likely reduced evaporative losses compared 
with lower planting density. As RVR is considered 
a direct indicator of dry matter distribution, the 
highest lint yield was also recorded from treatment 
which produced the highest values for RVR. The 
ratio at 150 DAS was increased from 1.44 to 1.64 
in high density and 1.32 to 1.48 in low density with 
N application from 0 to 150 kg. Therefore, it can be 
concluded that higher nitrogen supply is mandatory 
to allocate more assimilates to fruiting sites to harvest 
more economic benefits. It has already been suggested 
that biomass production and dry matter allocation to
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Figure 2: Crop growth rate (CGR) and Relative crop growth rate (CGR) as affected by nitrogen and planting density at various days after sowing.

Figure 3: Effect of nitrogen reproductive vegetative ratio (RVR) at various days after sowing.

reproductive tissues is major yield factor of cotton 
grown in extensive management (Bange and Milroy, 
2004; Saleem et al., 2010). However, our results are 

against the findings of Sadras et al., 1997 where it 
was observed that dense plants in combination with 
low nitrogen supply produced stressful conditions. 
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Table 1: Effect of plant spacing and nitrogen on vegetative and reproductive dry matter of cotton at 150 days after 
planting (DAP).
Vegetative dry matter (VDM) at (gm-2) Reproductive dry matter (RDM) (gm-2)
Treatments Planting density (m-2) Planting density (m-2)
Nitrogen (kg ha-1) 8.88 plants 4.44 plants mean 8.88 plants 4.44 plants Mean
0 247.90 d LSD=7.8076 212.25 e 230.08 d 

LSD=10.058
357.90 f LSD=6.9778 286.20 g 322.05 

LSD=17.604
50 280.80 c 249.85 d 265.33 c 445.65 c 349.00 f 397.33 c
100 318.60 b 274.25 c 296.43 b 514.95 b 396.05 e 455.50 b
150 337.65 a 278.10c 307.88 a 555.30 a 422.25 d 488.77 a
Mean 296.24 a LSD=3.9038 253.61 b 468.45 a LSD=3.4889 363.37 b
Total dry matter (TDM) (g m-2) Total fruiting points (TFP) (m-2)
Nitrogen (kg ha-1) 8.88 plants 4.44 plants mean 8.88 plants 4.44 plants mean
0 605.80 e LSD=10.504 498.45 f 552.13d 

LSD=25.875
385.35 b LSD=27.137 289.00 d 337.17 b 

LSD=32.186
50 726.45 c 598.85 e 662.65 c 464.50 a 335.67 c 400.08 a
100 833.55 b 670.30 d 751.92 b 478.50 a 350.00 bc 414.25 a
150 892.95 a 700.35 c 796.65 a 491.50 a 372.50 bc 432.00 a
Mean 764.69a LSD=5.2521 616.99 b 454.96 a LSD=13.568 336.79 b
Bolls plant-1 (BPP) Lint yield (LY) (kg ha-1)
Nitrogen (kg ha-1) 8.88 plants 4.44 plants mean 8.88 plants 4.44 plants mean
0 9.92 g LSD=1.0368 17.68 d 13.80 d 

LSD=1.0372
707.7 ns 618.6 663.1 c 

LSD=202.49
50 14.00 f 24.04 c 19.02 c 1052.4 982.9 1017.7 b
100 15.20 ef 27.00 b 21.10 b 1235.7 1116.7 1176.2ab
150 16.22 e 28.88 a 22.55 a 1348.0 1218.0 1283.0 a
Mean 13.84 b LSD=0.5184 24.40 a 1086.0 a LSD=60.883 984.1 b

Figures in rows and columns not sharing the same letter are significantly different from each other at 0.05% probability level as determined 
with LSD test.

Table 2: Effect of plant spacing and nitrogen on crop phenology and seed index.
Days taken to bud initiation (DTBI) Days taken to flower initiation (DTFI)
Treatments Plant spacing Plant spacing
Nitrogen (kg ha-1) 8.88 plants 4.44 plants mean 8.88 plants 4.44 plants Mean
0 24.50 ns 25.00 24.75 ns 44.00 ns  44.50 44.25  ns
50 24.65 25.35 25.00 45.15 45.65 45.40
100 25.65 26.25 25.95 45.50 46.00 45.75
150 25.65 26.50 26.08 46.15 47.15 46.65
Mean 25.11 ns  25.78 45.20 ns 45.83
Days taken to boll split initiation (DTBSI) Seed index (SI)
Nitrogen(kg ha-1) 8.88 plants 4.44 plants mean 8.88 plants 4.44 plants Mean
0 80.50 ns 81.00 80.75 ns  8.43 ns 8.57 8.50 b Lsd=0.2485
50 81.00 82.15 81.58 8.82 8.78 8.80 a
100 82.15 82.65 82.40 8.48 8.47 8.48 b
150 82.15 83.00 82.58 8.53 8.52 8.53 b
Mean 81.45 ns 82.20 8.57 ns  8.58

Figures in rows and columns not sharing the same letter are significantly different from each other at 0.05% probability level as determined 
with LSD test.
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In such conditions, it will allocate more dry matter 
to fruiting structures. A strong PD X N interaction 
was observed for plant biomass, fruiting point and 
bolls per plant. The total dry matter produced with 
50kg N in high density planting required 100 kg 
less N to produce statistically similar figure in 

low density. It appeared that high density requires 
relatively less nitrogen than low density with respect 
to plant biomass. For example, 8.88 plants × 0 kg 
nitrogen produced statistically similar reproductive 
dry matter as produced with 4.44 plants × 50 kg 
nitrogen.
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Table 3: Effect of nitrogen and planting densities on fiber properties.
Staple length (SL) (mm) Micronaire (MIC) (µg/inch)
Treatments Planting density (m-2) Planting density (m-2)
Nitrogen(kg ha-1) 8.88 plants 4.44 plants mean 8.88 plants 4.44 plants mean
0 27.65 ns 27.65 27.65 ns 4.45 4.45 4.45 ns
50 27.75 27.80 27.78 4.55 4.45 4.50
100 27.70 27.75 27.73 4.40 4.60 4.50
150 27.65 28.00 27.83 4.60 4.55 4.58
Mean 27.69 ns 27.80 4.50 ns 4.51
Fiber strength (FS) (tppsi) Uniformity index (UI) (%)
Nitrogen(kg ha-1) 8.88 plants 4.44 plants mean 8.88 plants 4.44 plants mean
0 93.90 ns 94.08 93.99 ns 81.40 81.25 81.33ns
50 92.90 94.65 93.78 81.95 81.70 81.83
100 94.35 94.50 94.43 81.35 81.80 81.58
150 94.90 95.05 94.98 82.15 81.50 81.83
Mean 94.01 ns 94.57 81.71 ns 81.56
Fiber elongation (FE) (%) Yellowness (+ b)
Nitrogen(kg ha-1) 8.88 plants 4.44 plants mean 8.88 plants 4.44 plants mean
0 5.50 ns  5.85 5.68 ns  7.75  7.95  7.85 ns
50   5.75  5.75  5.75 7.95  8.10  8.03  
100 5.85  5.80  5.83  8.05  7.95 8.00  
150 5.80  6.10  5.95  7.85 8.15  8.00  
Mean 5.73 ns LSD=0.130 5.88 7.90  8.04
Reflectance (Rd) Maturity Index (MI) (%)
Nitrogen(kg ha-1) 8.88 plants 4.44 plants mean 8.88 plants 4.44 plants mean
0 72.85 ns 73.75  73.30 ns 1.04 ns  1.04  1.04 ns 
50 74.30 73.50  73.90  1.06  1.05  1.06  
100 74.35  75.58  74.97  1.05  1.04  1.04  
150 74.70  74.60  74.65  1.06 1.06  1.06  
Mean 74.05 ns  74.36  1.05 ns 1.05  

CVSL: 2.21%; CVMIC: 8.07%; CVFS: 5.33%; CVUI: 1.97%; CVFE: 4.52%; CV+b: 7.58%; vrd: 4.02; CVMI: 3.43%.

The data pertaining to crop phenology indicated 
that neither main factor nor their interactions had 
significant effects on the days taken to bud, flower 
and boll split initiation (Table 2). However, Saleem 
et al. (2009) and Munir et al. (2015) observed a little 
delay in appearance of first square and flower with 
increased plant spaces. These contradictions might 
be result of variations in genetic and environmental 
interactions.The application of 50 kg N was sufficient 
for fruiting points. Number of bolls per plant was low 
in high density because cotton crop coordinates the 
individual plant parts to maintain a growth balance 
according to available resource. Although, single plant 
bears significantly low bolls but lint yield was higher 
due to high boll density. Therefore, yield formation in 
low density population depends upon individual plant 
performance, while boll density remains the major 

yield formation factor in high density. In contrast to 
dry matter variables, the statistical differences in boll 
numbers for nitrogen was not prominent with high 
density planting.

The main factors (nitrogen and plant density) 
significantly affected the lint yield but interaction was 
not significant. The highest lint mass was recorded 
from dense population and it was increased with 
addition of nitrogen. The highest lint yield in high 
density is attributed to high boll density. The cotton 
grown at higher plant densities accumulates more dry 
matter resulting higher yield (Hensh et al., 2011). The 
highest lint yield with high density in our study is 
confirmation of results of Gerik et al. (1998). However, 
significant PD X N is documented in literature but 
trend is different. The optimal yield was obtained in 
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Figure 6: Effect of nitrogen application rate on nutrient use efficiency across various planting densities.

combination with high density and low nitrogen 
(McConnell et al., 2001) and inverse trend was 
reported by Rinehardt et al. (2003) for nitrogen X 
planting density experiment.

Fiber traits
The lint quality parameters were expected to be 
modified by planting density and nitrogen ranges 
but this could not come true. The very minute 
changes were observed for fiber quality assessment 
which ranged 92.90 to 95.05, 81.25 to 82.15, 5.50 
to 6.10, 7.75 to 8.10, 72.85 to 75.58 and 1.04 to 
1.06 for fiber strength, uniformity index, fiber 
strength, brightness, reflectance degree and maturity 
index, respectively across the treatments (Table 3). 
These results have very close association with non-
significant phonological traits. The non-significant 
effects of plant spacing on lint quality have also been 
supported by the results of Wrather et al. (2008), 
Pettigrew and Johnson (2005) and Siebert  et al. 
(2006). Therefore, non-significant differences in fiber 
traits are quite logical and supported from the results. 
It has already been concluded that fiber quality is 
mainly determined by genetic constituent (Richard 
et al., 2006) and the surrounding environment of the 

crop and management factors are secondary to alter 
the fiber parameters (Subhan et al., 2001). However, 
Bednarz et al. (2005) reported that micronaire value 
were significantly decreased by planting density. 
It is clear from results of previous studies that fiber 
quality measurement did not respond to nitrogen 
application rate (Khan and Dar, 2006; Saleem et al., 
2010; Rashidi et al. (2011)). However, previous results 
indicated that nitrogen changes the length, strength 
(Gil et al., 2003) and fiber fineness and micronaire 
(Fritschi et al., 2003). However, the variations in fiber 
quality response to nitrogen application may be the 
result of cultivars developmental rate and prevailing 
surrounding environment during boll development 
(Estrada et al., 2008). The continuous boll setting 
makes the environmental conditions very convenient 
to influence the fiber properties because some bolls 
may be at elongation and others may be drying and 
maturation stage. In the light of present and previous 
results, it is advised not to put extra expenses on 
nitrogen application with the objective to improve the 
fiber traits, however, the lint yield can be successfully 
improved by selecting the right nitrogen application.
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Nitrogen use efficiency (NUE) and partial productivity 
factor (PFP)
The nutrient use efficiency was highly influenced by 
planting densities being maximum with high density 
(Figure 6). The highest ANUE, ENUE and PFP was 
from 50 kg N which decreased linearly with further 
increase in nitrogen supply. In real word, this trend 
would show that loss of nitrogen increased at higher 
dose which must be managed with approaching 
nitrogen management strategies. In contrast to this 
trend, the PRY was significantly increased with 
successive nitrogen application rate. The percent 
relative yield (PRY) over the maximum (150 kg 
nitrogen) was 52.50, 78.07, 91.67% and 50.79, 80.70, 
91.68% at 0, 50 and 100 kg nitrogen for high and 
low density, respectively (Figure 6). The high NUE 
means that high density planting reduced the losses to 
environment. PFP is simple expression of production 
efficiency with applied nutrient. The results are in 
line with Ahmad et al. (2015) where economic and 
agronomic nitrogen returns were decreased at higher 
application rates of nitrogen in cotton.

Conclusions and Recommendations

Maintaining the optimum plant population and 
fertilizer rate is important production goal. The results 
revealed that strong coupling between PD and N was 
observed for CGR, RGR, dry matter production, 
partitioning, total fruiting points and bolls per plant. 
The high density produced superior figures for dry 
matter production, partitioning and lint yield but fiber 
traits were unaffected by main and interactive factors. 
The effect of main factors and their combination 
was inconsistent for phonological and fiber traits. 
It was concluded that higher plant density requires 
less nitrogen for plant biomass. While, the concept 
was not true for lint yield. The impact of nitrogen 
on CGR and RGR was more prominent at 100 days 
over rest of observations dates. The maximum lint 
was obtained from high density and fertilization with 
150 kg N. The changes in lint yield is from changes 
in basic yield components across planting density 
and nitrogen. The non-significant variations in fiber 
traits with current nitrogen rates suggested that some 
additional nitrogen supply may be required to produce 
significant differences. 
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