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Abstract 

Altering plant spatial distribution induces changes in micro-meteorology of crop canopy and have cumulative 
effect on yield. Creation of suitable plant spatial distribution is indispensable to explore the beneficial effects of 
spatial pattern and it could be possible only through altering rectangular spatial distribution, which is commonly 
practiced in maize. Most of the nitrogen (N) scheduling approaches are growth stages based without considering 
crop demand and soil fertility status which may not yield better, warrants need based N management for better 
production in maize. The present study has investigated effects of spatial pattern and nitrogen scheduling on 
intercepted photosynthetically active radiation (IPAR), light extinction co-efficient (‘k’), leaf temperature (LT) 
and productivity of maize. The experiments were conducted during 2011 and 2012 at Tamil Nadu Agricultural 
University, Coimbatore. Treatments were laid out in split-plot design and replicated thrice. Treatments were: six 
levels of spatial pattern (60 × 25, 30 × 30, 35 × 35, 40 × 40, 45 × 45 and 50 × 50 cm). Growth stage based and 
need based approach of leaf color chart based (LCC) nitrogen scheduling were imposed. Field experimental results 
indicated that maize canopy under 30 × 30 and 35 × 35 cm spatial pattern intercepted 10 to 15% more light 
compared to rectangular pattern (60 × 25 cm). The ‘k’ value and leaf temperature were reduced under this pattern. 
Higher maize grain yield (GY) was recorded at 35 × 35 cm spatial distribution. The LCC based N scheduling 
recorded higher values of IPAR, LT and lower ‘k’ values. Square planting favored canopy micro-meterological 
parameters and which in turn enhanced grain yield of maize. 
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1. Introduction 

Plant spatial pattern is an important agronomic practice which is related to light interception and the plants are able 
to convert light energy into chemical energy, which is pre-requisite for CO2 fixation. Also, it alters photosphere 
and rhizosphere exploitation by the plants especially when spacing is inadequate and the plants suffer clustering 
together. In general, maize plant is typically grown at a wider inter row spacing than intra row spacing. This would 
create a heterogeneous environment in which the plants receive higher red light to far-red light from the inter row 
spaces (Maddonni et al., 2002). Several studies considered maize canopy as homogeneous medium with random 
leaf orientation distribution. Maddonni et al. (2001a) have detected that maize leaf orientation could react to filling 
empty spaces (e.g., intra or inter-row) due to plant spatial arrangement. Acciaresi and Zuluaga (2006) reported that 
in clay loamy soils, the grain yield was 30 and 33 per cent higher under 35 × 35 cm pattern over 70 × 17.5 cm, 
respectively. Fanadzo et al. (2010) indicated that closer square planting of 45 × 38 cm recorded higher green cob 
yield and grain yield than rectangular pattern of 90 × 19 cm at Eastern Cape, South Africa.  

Nitrogen (N) is one of the major plant nutrients without which the agricultural production is not possible. It is 
estimated that about 50 per cent of world’s N fertilizer was applied to three cereal crops viz., wheat, maize and rice 
(Khosla et al., 2010). Effective management of fertilizer, particularly N is a major challenge for researchers and 
producers. To answer the questions of when, where and how much, we require a monitoring technique to evaluate 
the N status of crops. The LCC developed for rice would also suitable for maize as indicated by spectral reflectance 
measurements performed on rice and maize leaves (Witt et al., 2005). The LCC proves to be an effective tool in 
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detecting the maize additional N need, giving higher yields and increased profit compared with fixed rates 
(Pasuquin et al., 2012).  

Crosbie (1982) reported that light interception is primarily driven by intercepting plant surface, while light 
utilization is a function of canopy photosynthesis. Girardin and Tollenaar (1994) found that Intercepted 
photosynthetically active radiation (IPAR) was influenced by canopy architecture of crops i.e., function of shape, 
distribution and orientation of leaves. Corn under square pattern intercepted more PAR than rectangular pattern at 
flowering stage (Acciaresi & Chidichimo, 2007). The light extinction co-efficient (‘k’) is a measure of interaction 
between canopy architecture and its orientation on the efficiency of radiation intercepted per unit leaf area index 
(Maddonni et al., 2001b). Drouet and Kiniry (2008) reported that ‘k’ value increased when the row spacing 
increased from 0.32 m (square plant rearrangement) to 0.50 m. Canopy temperature depression is used as a 
potential indirect criterion for yield (Rashid et al., 1999). The leaf appearance rate was lower at higher plant 
densities because of shading (Bos et al., 2000). Maize is mostly grown under rectangular pattern without 
considering availability of abundant light sources. It is a nitro-positive crop and most of the nitrogen scheduling 
approaches are either growth stage based or fixed time method is practiced. Hence, this study has been 
contemplated to study the various square planting pattern and N scheduling approaches effects on 
micro-meteorological parameters and economic yield.  

Globally, little attempt has been made to assess the changes in micro-meteorological parameters of the canopy due 
to alteration of rectangular spatial distribution in to square pattern. Similarly, the research on LCC based N 
scheduling in maize was very scanty. Hence, the changes in micro-meteorological environment and productivity 
under various plant spatial distribution and nitrogen scheduling approaches have been considered as main 
objective for this field study.  

2. Methods 

2.1 Seasons and Weather Data 

Field experiments were conducted at the Department of Agronomy, Agricultural College and Research Institute, 
Coimbatore during winter season of 2011 and 2012. The region is characterized as semi-arid tropical (SAT) 
climate, located at 11°8′ N latitude and 77°8′ E longitude. The mean annual rainfall (52 years) at Coimbatore is 713 
mm distributed over about 47 rainy days with a 30% annual coefficient of variation. The rainfall is monsoon type, 
with a south-west monsoon from June to September and a north-east monsoon from October to December. The 
annual mean (1981-2012) maximum and minimum temperatures are 31.58 °C and 21.28 °C, respectively.  

The pre-sowing composite soil samples were collected from the experimental soil was analyzed for 
physical-chemical characteristics. The experimental soil was sandy clay loam in texture with 1.32 and 1.30 g cc-1 
of bulk density and particle density of 2.24-2.26 g cc-1 and porosity of 41.07-40.05% during 2011 and 2012, 
respectively. The nutrient status was low (216-205 kg ha-1), medium (15.2-16.3 kg ha-1) and high (550-515 kg ha-1) 
for available nitrogen (N), phosphorus (P) and potassium (K), respectively.  

2.2 Layout and Experimentation 

The experiment was laid out in a split plot design and the treatments were replicated thrice. Main plot treatments 
comprised of five levels of square plant spacing with recommended rectangular crop geometry for comparison. 
Three nitrogen scheduling treatments were assigned to sub plots where need based nitrogen scheduling was 
compared with conventional scheduling approaches (Table 1). Single cross maize hybrid NK 6240, released from 
Syngenta seeds (Pvt.) Ltd., was used for the experimental study. The standardized new four panel LCC developed 
by IRRI, Philippines in collaboration with University of California Co-operative Extension was used (Witt et al., 
2005) to measure the leaf color intensity. The LCC values were recorded at middle lamina of the third fully 
expanded leaf from the top of maize at weekly interval from 21 DAS to 72 DAS.  
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Table 1. Treatment details 

Main plot: Spatial pattern (cm) 

M1 - 60 × 25 

M2 - 30 × 30 

M3 - 35 × 35 

M4 - 40 × 40 

M5 - 45 × 45 

M6 - 50 × 50 

Sub plot: Nitrogen scheduling 

N1 - Recommended dose of nitrogen (RDN) at 150 kg ha-1 in 3 splits as 25, 50 and 25 per cent at basal, 
25 and 45 DAS, respectively 

N2 - RDN at 150 kg ha-1 in 4 splits each 25 per cent at basal, 15, 30 and 45 DAS 

N3 - Leaf color chart (LCC) based nitrogen scheduling (whenever LCC critical value falls below 5, top 
dressing of N at 30 kg ha-1) 

 

2.3 Observations 

Measurement of photosynthetic active radiation (PAR) was obtained by using a line quantum sensor (LI-COR 
model LI-185A). It measures incident photosynthetic photon flux density (PPFD) received above and beneath the 
crop canopy. All the components of PAR are expressed as percentage of incident radiation at 30, 60 and 90 DAS. 
The values were expressed as (µ mol (photons) m-2 s-1). The percentage of light intercepted by the crop canopy 
(IPAR) was calculated by using the formula adopted by Biggs (1979).  

   
 

–
100

TC H

TC

PAR PAR
IPAR

PAR
                              (1) 

Where, 

(PAR)TC: PAR at top of the canopy, and; 

(PAR)H: PAR at desired height of the canopy. 

Light extinction co-efficient (‘k’) value was worked out by using the formula adopted by Monsi and Saeki (1953).  

I = Io exp(-kf)                                     (2) 

Where, 

k: I/L loge (I/Io); 

f: Light flux density to a horizontal surface below L units of LAI; 

I: Light flux density below the canopy;  

Io: Light flux density above the canopy;  

E: The base to the natural logarithms, and  

‘k’: Extinction co-efficient. 

The temperature of the leaf was measured on hot sunny day by the method of Blad and Rosenberg (1976) using 
hand held Infrared thermometer with laser marker (Raytek Corp., Model RAYST3U, Santa Cruz, CA Model) and 
the mean values were expressed in °C. Harvested matured cobs from net plot after physiological maturity were 
dried, threshed, weighed and calculated as kilogram per plot and expressed in kilogram per hectare.  

2.4 Data Analysis 

The data pertained to yield and micrometeorological parameters were subjected to statistical analysis by Analysis 
of Variance (ANOVA) using AGRES (Data Entry Module for AgRes Statistical software version 3.01, 1994 
Pascal Intl. Software Solutions). Differences between means were evaluated for significance using Least 
Significant Difference (LSD) at 5% probability level as suggested by K. A. Gomez and A. A. Gomez (2010).  

3. Results 

3.1 Grain Yield 

The maize grain yield was significantly influenced by the spatial distribution and nitrogen scheduling practices 
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during 2011 and 2012 (Table 2). Square spatial distribution of maize at 35 × 35 cm (M3) resulted higher maize 
grain yield (10.3 and 10.0 t ha-1 during 2011 and 2012, respectively) which was at par M1 and was superior over 
other treatments. Altering planting pattern from rectangular (M1) to square with almost similar planting density of 
around 8 plants m-2 (M3) contributed 343 and 400 kg increased grain yield ha-1 during 2011 and 2012, respectively. 
Plants planted at wider distance (M5 and M6) recorded significantly lower yields than other treatments and the least 
yields (6.4 and 7.2 t ha-1 during 2011 and 2012, respectively) were recorded under M6. Reduction in yield was 
observed more in M6 when compared to other treatments. However, maize yield obtained under M2 was 
comparable with M4. 

 

Table 2. Effect of spatial pattern and nitrogen scheduling on maize grain yield 

Treatments 
2011 2012 

N1 N2 N3 Mean N1 N2 N3 Mean 

Spatial pattern (cm)         

M1 - 60 × 25 9.3 9.9 10.8 10.0 9.0 8.8 11.0 9.6 

M2 - 30 × 30 7.5 9.0 8.8 8.5 7.9 7.8 8.4 8.0 

M3 - 35 × 35 9.5 10.2 11.3 10.3 8.7 9.9 11.6 10.0 

M4 - 40 × 40 7.9 8.5 9.5 8.6 7.2 8.3 9.4 8.3 

M5 - 45 × 45 7.8 6.6 7.9 7.4 7.4 7.4 8.1 7.6 

M6 - 50 × 50 6.0 6.1 7.2 6.4 6.6 7.1 7.7 7.2 

Mean 8.0 8.4 9.3  7.8 8.2 9.4  

 

SEd 

CD (P < 0.05) 

M 

0.37 

0.83 

N 

0.19 

0.39 

M × N 

0.53 

1.14 

 

M 

0.46 

1.02 

N 

0.20 

0.42 

M × N 

0.61 

1.33 

 

 

 

Discernible variations have been observed due to N scheduling approaches during 2011 and 2012. Maize crop 
nourished through LCC based N application (N3) produced significantly more grain yield (9.3 and 9.4 t ha-1 during 
2011 and 2012, respectively) than the other treatments. The increase was 1247 and 1580 kg ha-1 during 2011 and 
2012, respectively in N3 when compared to existing practice (N1). Drastic reduction in maize grain yield was 
obtained under recommended dose of nitrogen (RDN) at 150 kg ha-1 (N1) and recorded the lowest (8.0 and 7.8 kg 
ha-1 2011 and 2012, respectively) grain yield than other treatments. However, difference between N1 and N2 were 
non significant.  

Maize grain yield was highly influenced by plant spatial distribution and N scheduling approaches together. The 
combination of LCC based N management and maize planted at 35 × 35 cm (M3N3) was found to record higher 
grain yields (11.3 and 11.6 t ha-1 during 2011 and 2012, respectively) and the same was statistically comparable 
with M1N3. Widely planted maize with RDN at 150 kg ha-1 registered significantly lower yield (6024 and 6628 
during 2011 and 2012, respectively) compared to others.  

3.2 Intercepted Photosynthetically Active Radiation (IPAR) 

Varied plant spatial distribution had significant effect on observed IPAR values and registered relatively similar 
values during both the years. Plant spatial distribution treatments registered lower values during the vegetative 
stage of growth (30 DAS) and comparatively more during blooming and cob formation (60 and 90 DAS) stages 
(Table 3). 

During 30 DAS, IPAR of maize canopy was higher (50.4 and 50.7% during 2011 and 2012, respectively) under 
closer square spatial distribution (M2) and it was on par with moderately wider planted square pattern (M3) and 
significantly differed from widely planted square patterns (M4, M5 and M6) and also rectangular planting pattern 
(M1). Similar trend was observed during 60 and 90 DAS stages of maize. Both spatial distributions (M2 and M3) 
intercepted 15 to 16% more light at 30 DAS and the variation was 4 to 10% at 60 DAS when compared to 
rectangular spatial distribution (M1). As the square pattern widened from 35 cm to 50 cm, resulted reduction in 
IPAR and lowest values (29.9, 77.4 and 79.2% at 30, 60 and 90 DAS, respectively during 2011) were observed 
under M5. The similar trend was observed during 2012 too, except at 60 and 90 DAS wherein M6 registered the 
lowest IPAR.  
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Table 3. Effect of spatial pattern and nitrogen scheduling on Intercepted photosynthetically active radiation (%) at 
various growth stages of maize 

Treatments 
2011 2012 

30 DAS 60 DAS 90 DAS 30 DAS 60 DAS 90 DAS 

Spatial pattern (cm)      

M1 - 60 × 25  34.8 84.8 86.0 35.1 84.7 84.9 

M2 - 30 × 30  50.4 90.2 90.8 50.7 94.7 94.5 

M3 - 35 × 35  49.5 88.7 89.5 49.6 89.1 89.6 

M4 - 40 × 40  37.1 83.4 85.0 37.0 84.8 85.4 

M5 - 45 × 45  29.9 77.4 79.2 30.2 82.6 83.2 

M6 - 50 × 50  34.4 78.5 79.8 34.4 75.7 76.3 

SEd 2.5 2.6 2.3 3.5 1.7 1.8 

CD (P < 0.05) 5.6 5.9 5.1 7.9 3.8 3.9 

Nitrogen scheduling       

N1 39.1 83.0 83.9 39.3 85.7 86.0 

N2 40.0 83.1 84.2 39.5 84.0 84.3 

N3 38.9 85.4 87.0 39.8 86.2 86.7 

SEd 1.5 1.5 1.4 0.7 1.2 1.1 

CD (P < 0.05) NS NS NS NS NS NS 

Interaction NS NS NS NS NS NS 

Note. DAS: Days after sowing. 

 

3.3 Light Extinction Co-Efficient (‘k’) 

The ‘k’ value was low in early stage (30 DAS) and it doubled as advancement of crop growth (60 DAS) and 
showed mild increase towards maturity stage (90 DAS). Different spatial pattern significantly influenced the `k´ 
value of maize (Table 4).  

 

Table 4. Effect of spatial pattern and nitrogen scheduling on Light extinction co-efficient (`k´) at various growth 
stages of maize  

Treatments 
2011 2012 

30 DAS 60 DAS 90 DAS 30 DAS 60 DAS 90 DAS 

Spatial pattern (cm)      

M1 - 60 × 25  0.251  0.537 0.613 0.203 0.439 0.508 

M2 - 30 × 30  0.292  0.437 0.569 0.211 0.523 0.624 

M3 - 35 × 35  0.301  0.498 0.592 0.284 0.504 0.633 

M4 - 40 × 40  0.251  0.501 0.597 0.224 0.537 0.589 

M5 - 45 × 45  0.250  0.508 0.573 0.221 0.538 0.639 

M6 - 50 × 50  0.302  0.568 0.606 0.299 0.557 0.633 

SEd 0.018 0.033 0.054 0.021 0.030 0.041 

CD (P < 0.05) 0.039 0.075 NS 0.046 0.066 NS 

Nitrogen scheduling       

N1 0.269 0.527 0.603 0.233 0.532 0.608 

N2 0.277 0.489 0.589 0.241 0.515 0.599 

N3 0.277 0.508 0.582 0.248 0.502 0.606 

SEd 0.014 0.021 0.033 0.013 0.024 0.024 

CD (P < 0.05) NS NS NS NS NS NS 

Interaction NS NS NS NS NS NS 

Note. DAS: Days after sowing.  
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Among different spatial distribution evaluated, spatial pattern of 50 × 50 cm (M6) registered higher ‘k’ values 
(0.302 and 0.568 at 30 and 60 DAS, respectively during 2011) and it was on par with 35 × 35 cm (M3) and 30 × 30 
cm (M2) at 30 DAS, but, it was on par with all other treatments except M2 at 60 DAS. The lowest ‘k’ value (0.250) 
at 30 DAS was observed with M5. As crop age advanced, the lowest ‘k’ (0.437) was registered under M2 during 
2011. Similarly, during 2012, wider spatial distribution M6 recorded significantly higher ‘k’ value (0.299 and 
0.557 at 30 and 60 DAS, respectively) and it was comparable with M3 at 30 DAS. However, it was on par with all 
other treatments except M1 at 60 DAS. Rectangular spatial distribution (M1) registered the lowest ‘k’ values (0.203 
and 0.439 at 30 and 60 DAS, respectively during 2012) compared to other treatments. The spatial distributions had 
no significant effect on ‘k’ value at 90 DAS during both the years.  

3.4 Leaf Temperature 

The growth of the canopy leads to slight increase in leaf temperature (°C) and it was significantly influenced by the 
both spatial pattern and nitrogen scheduling treatments (Table 5). During 2011, among different spatial 
distribution treatments, maize planted at 45 × 45 cm (M5) recorded higher leaf temperature (30.3 and 30.5 °C, 
respectively) on 30 and 60 DAS over rest of the treatments. It was on par with 50 × 50 cm (M6) and 40 × 40 cm (M4) 
at 30 DAS, but at 60 DAS, it was at par with all other treatments except M1 (60 × 25 cm) during 2011. At 90 DAS, 
spatial distribution of 35 × 35 cm (M3) reached higher leaf temperature (30.8 °C) and it was comparable with all 
other treatments except M1. Rectangular spatial distribution (M1) registered the lowest leaf temperature (28.0, 28.5 
and 29.4 °C at 30, 60 and 90 DAS, respectively during 2011). Similarly, during 2012, M5 registered more leaf 
temperature (29.3, 29.9 and 30.3 °C at 30, 60 and 90 DAS, respectively). However, the least leaf temperature 
values (28.6 and 28.4 °C) were observed with M2 at 30 and 60 DAS, respectively during 2012. 

Effect of N scheduling practices on leaf temperature was found to significant during both the years of study. 
Among N scheduling approaches, LCC based N application (N3) recorded significantly higher leaf temperature 
(29.6, 30.3 and 30.8 °C at 30, 60 and 90 DAS, respectively during 2011) compared to conventional N scheduling 
approaches (N2 and N1). Similarly, during 2012 also, N3 treatment registered higher leaf temperature. Application 
of RDN at 150 kg ha-1 in 3 splits (N1) registered the lowest leaf temperature values (29.2, 29.4 and 29.6 °C at 30, 60 
and 90 DAS, respectively during 2011). The similar trend observed during 2012 also.  

 

Table 5. Effect of spatial pattern and nitrogen scheduling on leaf temperature (°C) at various stages of maize 

Treatments 
2011 2012 

30 DAS 60 DAS 90 DAS 30 DAS 60 DAS 90 DAS 

Spatial pattern (cm)      

M1 - 60 × 25  28.0 28.5 29.4 29.5 29.6 29.9 

M2 - 30 × 30  28.7 29.8 30.4 28.6 28.4 29.7 

M3 - 35 × 35  28.8 30.1 30.8 28.8 28.8 29.1 

M4 - 40 × 40  29.5 30.2 30.1  29.3 29.3 29.6 

M5 - 45 × 45  30.3 30.5 30.2 29.3 29.9 30.3 

M6 - 50 × 50  29.8 29.9 30.1 29.3 29.0 29.4 

SEd 0.4 0.5 0.3 0.3 0.3 0.4 

CD (P < 0.05) 1.0 1.1 0.8 0.6 0.8 0.9 

Nitrogen scheduling       

N1 29.2 29.4 29.6 29.0 28.9 29.0 

N2 29.2 29.8 30.0 29.1 29.2 29.5 

N3 29.6 30.3 30.8 29.3 29.5 30.0 

SEd 0.2 0.2 0.1 0.2 0.2 0.2 

CD (P < 0.05) 0.4 0.5 0.4 0.4 0.5 0.4 

Interaction NS NS NS NS NS NS 

Note. DAS: Days after sowing. 
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5. Discussion 

5.1 Maize Grain Yield 

Plant spatial distribution had accumulated effect on canopy architecture and micro-meteorological parameters and 
finally reflected in crop yield. It was evidenced from the values recorded for critical micro-meteorological 
parameters viz., IPAR, light extinction co-efficient and leaf temperature of the crops. In general, maize grain yield 
during 2012 (202.8 mm) was slightly higher than in 2011 (84.6 mm) because of variability in seasonal rainfall. 
Singh (1997) opined that a well distributed rainfall throughout the life cycle with bright sunshine intermitted with 
rainfall is the most ideal condition for maize production. 

Change in plant spatial distribution had significant effect on grain yield of maize. Present study showed substantial 
increment in yield was recorded under 35 × 35 cm (M3) spatial distribution compared to others. The yield increase 
under 35 × 35 cm (M3) ranged between 3.4 and 4.2% during 2011 and 2012, respectively when compared to the 
rectangular pattern of 60 × 25 cm (M1) with similar density of 8 plants m-2. Drastic reduction in yield was noticed 
under wider spatial pattern of 50 × 50 cm (M6) and it was 38 and 29% lesser than M3 during 2011 and 2012, 
respectively. The increment in grain yield under M3 when compared to M1 was due to less intra-plant competition 
for resources viz., space, water, light and nutrients. This less competition led to more uniform root and leaf 
distribution that promoted more effective interception of PAR (IPAR) and moderate density favored better 
utilization of intercepted light. Acciaresi and Zuluaga (2006) reported that the grain yields were 30 and 33 per cent 
higher under 35 × 35 cm pattern over 70 × 17.5 cm, respectively. Fanadzo et al. (2010) also reported that closer 
square planting of 45 × 38 cm recorded higher green cob yield and grain yield (33460 and 12547 kg ha-1, 
respectively) than rectangular pattern of 90 × 19 cm at eastern Cape, South Africa.  

Nitrogen application at the right time and right amount is critical for plant health and environment (Islam et al., 
2007). In our study also, LCC based N scheduling (N3) strikingly increased the grain yield of maize. The 
percentage increase of N3 over N2 (RDN at 150 kg ha-1 in 4 splits) was 10.3 and 14.1 and it was 15.6 and 20.3 per 
cent over N1 (RDN at 150 kg ha-1 in 3 splits) during 2011 and 2012, respectively. The increased grain yield might 
be due to LCC based N application matched the maize crop N demand which led to increase in N uptake and 
improved the efficiency of applied N. The LCC based N application received higher quantity of N up to 180 kg ha-1 

based on LCC threshold value. Under LCC based treatment, the threshold value 5 coincided with critical growth 
stages like 12th leaf stage (28 DAS), 15th leaf stage (35 DAS), 18th leaf stage (42 DAS) tasseling (49 DAS) and 
silking (56 DAS) stages, respectively. The LCC based N application up to silking improved the vegetative and 
reproductive growth of maize and increased cob bearing plants. It is also noticed that late N application up to 
silking could provide an additional source for elevated rate of photosynthesis and transport of photo-assimilates 
during grain filling that resulted in the higher grain yield. Pasuquin et al. (2012) reported that adjusting N 
application according to leaf color (LCC cv. 4) resulted in 0.80 t ha-1 more grain yield in maize than fixed rates.  

Grain yield was positively influenced by plant spatial distribution and N scheduling approaches together. Among 
different combinations evaluated, spatial distribution of 35 × 35 cm and maize crop nourished with N based on 
LCC value (M3N3) produced higher grain yield than other combinations. The lowest yield was obtained under 
wider spacing of 50 × 50 cm with RDN at 150 kg ha-1 in 3 splits (M6N1). The reduction of grain yield up to 46.7 and 
42.7% was observed under this treatment over M3N3 and it also 21.7 and 28.7 per cent superior over M1N1 (60 × 25 
cm with RDN at 150 kg ha-1 in 3 splits). The increased grain yield might be due to more N accumulation associated 
with radiation interception and increased volume of soil made available for exploration by each plant under square 
pattern than conventional spacing resulted in higher grain yield. This corroborates with the findings of (Blackmer 
et al., 1993; Biradar et al., 2012) in maize.  

5.2 Intercepted Photosynthetically Active Radiation (IPAR) 

Interception of incoming PAR in response to plant spatial distribution is widely reported and may play a role in 
interception and utilization of light. IPAR is primarily driven by intercepting plant surface, while light utilization is 
a function of canopy photosynthesis (Crosbie, 1982). The light interception was improved due to spatial pattern 
over the growth stages. Crop row spacing influences canopy architecture, which is a distinguishing characteristic 
that affects the utilization of light, water and nutrients.  

The IPAR showed a steep increase from 30 to 60 DAS and maintained at 90 DAS. It was evident from the earlier 
findings that maize canopy growth at early stages was limited (Andrade et al., 2002) which caused less interception 
at initial stage irrespective of the treatments. In present study, both the square pattern of 30 × 30 cm (M2) and 35 × 
35 cm (M3) intercepted maximum incoming photosynthetically active radiation (PAR) throughout the growth 
stages and it was more under M2 compared to rectangular spatial distribution of 60 × 25 cm (M1) and other wider 
plant spatial treatments. This might be due to earlier canopy closure under square plant spatial distribution which 
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enhanced light interception. Gotz and Bernhardt (2008) indicated that square planting covered surface area more 
favourably at the earliest stage, however, under normal sowing, maize plants overlap clearly frequent and the big 
space between the rows can only close very late. The increased LAI under closer spacing might have increased the 
IPAR. This also might be due to earlier canopy closure which enhanced light interception (Andrade et al., 2002). 
This result corroborates with the findings of (Bullock et al., 1988; Maddonni et al., 2006; Acciaresi & Chidichimo, 
2007) in maize. Wider spatial distribution in maize resulted lower radiation interception because maize did not 
show plasticity in leaf expansion which led to incomplete canopy closure and reduced ground cover (Andrade, 
1995).  

5.3 Light Extinction Co-Efficient (‘k’) 

The light extinction co-efficient (‘k’) is a measure of interaction between canopy architecture and its orientation on 
the efficiency of radiation intercepted per unit leaf area index. The light extinction co-efficient within a row crop 
such as maize is influenced by canopy structure, which has to be defined in terms of the size, shape and orientation 
of shoot components (Maddonni et al., 2001b). The ‘k’ values calculated from the observed parameters indicated 
that a significant increase at all the stages of crop growth whatever the spatial plant arrangement. This is in 
agreement with the results of Drouet and Kiniry (2008). In the present study, calculated ‘k’ value varied when the 
spatial distribution of 35 × 35 cm (M3) increased to 50 × 50 cm (M6), ‘k’ value was also increased slightly. This 
result was consistent with experimental observations made by Drouet and Kiniry (2008) who reported that ‘k’ 
value increased when the row spacing increased from 0.32 m (square plant rearrangement) to 0.50 m.  

5.4 Leaf Temperature 

Canopy temperature depression is used as a potential indirect criterion for yield (Rashid et al., 1999). The leaf 
appearance rate was lower at higher plant densities because of shade. This was not affected by small differences in 
canopy temperature, but, closely associated with reduction in the growth rate per individual plant (Bos et al., 
2000).The findings on leaf temperature indicated that wider spatial pattern recorded higher temperatures compared 
to others. In the present study, most of the stages over the years, M5 (45 × 45 cm) recorded higher leaf temperature. 
This is in accordance with the results of Bos et al. (2000). They observed that square planting with the density of 
4.5 plants m-2 recorded higher leaf temperature. Rectangular spatial pattern of 60 × 25 cm (M1) and closer square 
pattern of 30 × 30 cm (M2) registered the lowest leaf temperature. The reduction of leaf temperature might be due 
to the effect of shading.  

Nitrogen scheduling approaches resulted in significant variation on leaf temperature. Nitrogen application based 
on LCC value measured higher leaf temperature throughout growth stages. Girma et al. (2006) reported that 
canopy temperature was lower under more N fertilizer was applied and higher under less N applied treatment. The 
results obtained are on contrary with those results obtained by Girma et al. (2006). This was probably due to N 
scheduling treatments includes N fertilization at 180 kg ha-1 based on LCC value (N3) and 150 kg ha-1 (N1 and N2) 
and only moderate increase in N rate under LCC treatment might be the reason for slight variation in leaf 
temperature in our study.  

Research findings of current study revealed that change in spatial pattern favored micro-meteorological 
parameters of maize canopy. Square pattern of 30 × 30 and 35 × 35 cm recorded higher IPAR and it was 
intercepted 14 to 15% more light at early growth stage and 3 to 6% at later stage. The light extinction co-efficient 
(‘k’) value was lower in above planting pattern and it allows lesser amount of light to beneath ground surface and 
most of the light was intercepted by the canopy. Both planting pattern intercepted more light and maintaining 
optimum population under 35 × 35 cm resulted higher economic yield. Square planting of 35 × 35 cm and LCC 
based N scheduling can be adopted to sustain the maize production under diverse environment.  
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