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Abstract 
 

The effects of major agronomic practices on growth and above-ground dry biomass production 
have been studied individually or in combinations of two, but not studied collectively and deeply. 
This research was carried out to study the effects of transplanting dates, and split nitrogen 
application on (I) growth (Leaf area index; LAI, crop growth rate; CGR, leaf area duration; LAD, 
mean net assimilation rate; NAR), (II) intercepted photosynthetically radiation (IPAR) & radiation 
use efficiency (RUE) and (III) above-ground total dry matter (ATDM) production of two fine rice 
cultivars under diverse agro-environmental conditions. Field trials were conducted in 2004 and 
2005 in kallar tract (conventional rice zone) of Pakistan. The results revealed that early 
transplanting (1st week of July) enhanced LAI over late transplanting (3rd week of July) 
significantly throughout the growth period. Peak LAI values were reached at 75 DAT in all the 
treatments. Similarly, early transplanting significantly enhanced cumulative IPAR (R2 = 94.4–
97.9%). Seasonal differences in ATDM production were mainly associated with the amount of 
IPAR and to a lesser degree on its efficiency of conversion. RUE for ATDM varied from 1.18 g 
MJ-1 to 1.94 g MJ-1 IPAR at different locations of conventional rice belt of Pakistan.    
 
Introduction 
 

Crop productivity is determined by above-ground total dry matter (ATDM) 
accumulation (areal total dry biomass) along with its partitioning to various parts of 
plants (Van der werf, 1996). ATDM and crop growth rates (CGR) are dependent on the 
ability of the crop canopy to (a) either the interception of photo synthetically active 
radiation (IPAR) (Bisco & Gallagher, 1977) which is function of leaf area index (LAI) 
and crop canopy architecture or (b) conversion of IPAR to ATDM, i.e., radiation use 
efficiency (RUE) (Sinclair & Muchow, 1999). 

Agronomic practices directly or indirectly variably affect the IPAR and RUE in 
terms of ATDM production. The most important are (i) transplanting time in case of 
transplanted rice (Rao et al., 1996; Iqbal et al., 2008) effecting mainly the exposure of 
young seedlings to soil and external environmental conditions from transplanting to 
harvesting, (ii) cultivars exhibiting genetic potential under various agro-ecological 
conditions and (iii) nitrogen management (Patel & Thakur, 1997; Ehsanullah et al., 2001; 
Manzoor et al., 2005; Ahmad et al., 2008; Ahmad et al., 2009) in terms of correct time of 
application keeping in view the losses i.e. leaching, volatilization and runoff etc. after 
application. Nutrient deficiency may affect both IPAR and RUE (Salvagiotti & Miralles, 
2008). RUE is dependent on net CO2 assimilation (Loomis & Amthor, 1999) and 
nitrogen is a source of this mechanism by increasing Rubisco content in leaves (Sinclair 
& Horie, 1989). Therefore, an increase in leaf photosynthesis, CGR and leaf area 
duration (LAD) is expected with split nitrogen application.  
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Review of literature depicted that many workers have investigated the effect of N 
rates, or cultivars on growth, IPAR, and RUE of various crops (Ahmad et al., 2005; 
Khaliq et al., 2008; Ahmad et al., 2009). Rice is one of the most important cereal crops 
and is the staple food of the majority of the people of the world. In Pakistan it ranks 2nd in 
consumption after wheat (Anon., 2008). But there is lack of information regarding the 
effect of transplanting dates, cultivars and split N application of fine rice on growth, 
IPAR and RUE under diverse agro-environmental conditions. This study was designed to 
determine the influence of transplanting dates, cultivars and split N application on (I) 
LAI, LAD, CGR, NAR and (II) ATDM, IPAR and RUE in fine rice grown under diverse 
agro-environmental conditions in the conventional rice zone (Kalar track) of Pakistan. 
 
Materials and Methods 
 

A field study was conducted at Faisalabad (FSD), Kala Shah Kaku (KSK) and 
Gujranwala (GUJ) in Pakistan during 2004 and 2005 to evaluate the effect of 
transplanting dates, cultivars and split nitrogen application on growth, radiation 
interception and its utilization efficiency of fine rice. The data pertaining to site and soil, 
soil analysis, and crop husbandry has been described in detail by Iqbal et al., (2008). 
Additional information regarding experimental sites is given in Table 1.  
 
Design and treatments: The experiments were laid out in split-split plot design with 
three replications. Treatments including three factors were two transplanting dates (1st 
week of July & 3rd week of July) in main plots, two genotypes (cvs. Super Basmati & 
Basmati, 2000) in sub-plots and three split nitrogen (N) fertilizer application in sub-sub-
plots. Nitrogen fertilizer treatments placed in each plot were: Full N at transplanting, ½ N 
at transplanting + ½ N at 30 days after transplanting (DAT) and 1/3 N at transplanting + 
1/3 N after 30 DAT + 1/3 N at 50 DAT. Plot size was 1.8 by 12 m with row to row and 
plant to plant spacing of 22.5 cm apart. 
 
Observations: One half of each plot area was allocated to destructive used for the growth 
parameters and the remaining half plot reserved for final harvest data. 
 
Sampling procedure for growth data: A sample of four plants from each plot was 
harvested at ground level fortnightly intervals leaving appropriate borders. Fresh and dry 
weights of component fractions of plant (eg., leaf, stem and panicle) were determined. A 
sub-sample of each fraction was taken to dry in an oven at 70oC to a constant weight. 
ATDM was obtained by adding weight of all the components. An appropriate sub sample 
(10g) of green leaf laminae was used to record leaf area using Li-Cor 3100 leaf area 
meter (LI-COR Inc. Lincoln, NE). These measurements of leaf area and dry weights were 
used to calculate the growth of rice crop. 
 
Leaf area index: LAI was calculated as the ratio of leaf area to land area (Hunt, 1978). 
LAI = Leaf area / Land area 
 
Leaf area duration (days): LAD was estimated according to the formula suggested by 
Hunt (1978). LAD = (LAI1+LAI2)/2 x (T2–T1) where LAI1 and LAI2 were the leaf area 
indices at time T1 and T2, respectively. Cumulative LAD was calculated at final harvest 
by adding all the LAD values attained at different stages.  
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Table 1. Monthly mean weather conditions during crop growth season (July-Nov.). 

Temperature 
(ºC) 

Rainfall 
(mm) 

Solar radiation 
(MJ m-2 d-1) 

Relative humidity 
(%) Months 

FSD KSK GUJ FSD KSK GUJ FSD KSK GUJ FSD KSK GUJ 
07 32.7 31.3 28.9 87.2 246.9 133.0 22.0 24.3 23.5 65.8 56.7 61.1 
08 33.9 32.0 29.5 51.6 196.2 112.5 21.4 20.6 20.8 53.9 66.2 69.8 
09 31.7 29.2 28.8 78.0 76.0 64.0 22.6 21.7 22.0 51.8 62.3 59.4 
10 27.1 25.7 25.8 10.0 0.8 1.0 19.8 18.0 18.3 44.2 57.0 53.5 
11 20.8 20.1 17.6 0.0 0.0 0.0 17.6 14.0 16.0 50.5 52.5 54.9 

Source: Depart of Crop Physiology, University of Agriculture, Faisalabad, Pakistan 
Rice Research Institute, Kala Shah Kaku, Lahore, Pakistan Adaptive Research Farm, Gujranwala 

 
Crop growth rate (g m-2d-1): CGR was calculated as proposed by Hunt (1978) for each 
harvest after 15 days interval. CGR = (W2 - W1) / (T2 - T1) where W1 and W2 was the 
total dry weights harvested at times T1 and T2   respectively. Mean CGR was calculated 
between first harvest and the last harvest. 
 
Net assimilation rate (g m-2d-1): The mean net assimilation rate (NAR) was estimated by 
using the formula of Hunt (1978). NAR = ATDM / LAD, where, ATDM and LAD are 
the final total dry matter and leaf area duration, respectively. 
 
Interception of radiation: The fraction of intercepted radiation (Fi), twice a month at 
Faisalabad, Kala Shah Kaku and Gujranwala was calculated by the method of Gallagher 
& Biscoe (1978) as Fi = 1- exp (-K x LAI), where, K is an extinction coefficient for total 
solar radiation equal to 0.63 for rice (Ritchie et al., 1998). The amount of IPAR was 
determined by multiplying values of Fi with daily IPAR during the season. Daily IPAR 
values were taken as 50% of total solar radiation values (Szeicz, 1974). 
 
Radiation use efficiency (RUE): RUE was calculated as the ratio of ATDM to cumulative 
IPAR for each plot, and the plot values subjected to anova.  Alternatively, RUE was also 
estimated from the slope of the linear regression of cumulative IPAR on ATDM obtained 
from the sequential samplings for all crops (Montieth, 1977; Kiniry et al., 2001). 
 

RUEATDM = ATDM/∑Sa 
 
Statistical analysis: Data collected on growth and RUE were analyzed statistically and 
significance of treatments means was tested using least significant difference test at 5% 
probability level (Steel et al., 1997).  
 
Results  
 
Leaf area index (LAI): The date of transplanting had a significant effect on LAI at all the 
locations, throughout the growth (Fig. 1). Early transplanting (1st week of July) significantly 
enhanced LAI over late (3rd week of transplanting) planting and maximum values were 
reached 7.79, 6.70 and 5.33 at Faisalabad, Kala Shah Kaku and Gujranwala, respectively. 
Equivalent LAI values were 4.11, 5.72 and 4.72, respectively in case of late transplanting 
(Table 2). At all sites, cultivar differences in maximum LAI development were non-
significant (Table 2). Maximum LAI values in cv. Super Basmati were 6.24, 6.19 and 5.01 at 
Faisalabad, Kala Shah Kaku and Gujranwala, respectively. Equivalent values, in Basmati-
2000 were 6.15, 6.23 and 5.03, respectively. LAI was significantly but differentially affected 
by nitrogen split application at different sites. The peak LAI reached a value greater than 6.0 
at 75 DAT in all the N treatments (Table 2). N split application (2 or 3 applications) 
significantly increased LAI over full N at transplanting, at Kala Shah Kaku but not at 
Faisalabad or Gujranwala sites; thereafter, LAI declined until final harvest (Fig. 3).  
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Fig. 1. Effect of transplanting dates on seasonal LAI at (a) Faisalabad, (b) Kala Shah 
Kaku and (c) Gujranwala, bars represent LSD value at 5%. 
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Fig. 2. Effect of cultivars on seasonal LAI at (a) Faisalabad, (b) Kala Shah Kaku and (c) 
Gujranwala, bars represent LSD value at 5%. 
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Fig. 3. Effect of split N application on seasonal LAI at (a) Faisalabad, (b) Kala Shah Kaku and (c) 
Gujranwala, bars represent LSD value at 5%. 
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Above-ground total dry matter accumulation (ATDM): Early transplanting (1st week 
of July) significantly increased ATDM over late transplanting (3rd week of July) at all 
sites (Fig. 4). Averaged over all locations, maximum ATDM was 1814 g m-2 in early 
transplanting as compared to 1499 g m-2 in late transplanting at final harvest (120 DAT). 
Cultivar differences in ATDM production were significant. Super Basmati increased 
ATDM by 32.85% (1998 g m-2 vs 1504 g m-2) at Faisalabad and 9.92% (1839 g m-2 vs 
1673 g m-2) at Gujranwala. In contrast, cv. Basmati-2000 significantly enhaced ATDM 
by 3.21% (1639 g m-2 vs 1588 g m-2) at Kala Shah Kaku. Averaged over all the sites, cv. 
Super Basmati increased ATDM by 12.64% (1808 g m-2 vs 1605 g m-2) over cv. Basmati-
2000 at the final harvest (120 DAT). Generally ATDM production responded positively 
to N application. Three N split application significantly increased ATDM accumulation 
over two split N or full N applications at final harvest.  
 
Leaf area duration (LAD): Table 2 presents the effect of treatments on cumulative LAD 
at all the locations. The early transplanting significantly increased LAD by 75.4% (407 
days vs 231 days) at Faisalabad, 20.1%  (305 days vs 254 days) at Kala Shah Kaku and 
16.61% (307 days vs 256 days) at Gujranwala. Cultivar differences in LAD were non-
significant at all the locations and it varied from 294 days in cv. Super Basmati to 292 
days in cv. Basmati-2000 (Table 2). Split N application did not affect LAD at Faisalabad 
and Gujranwala sites. However, significant differences were found between N application 
treatments at Kala Shah Kaku (Table 2), where split N application increased LAD by 
9.92% (288 days vs 262 days) over full N application treatment. Differences in LAD 
between two and three N split treatments were also significant.    
 
Net assimilation rate (NAR): The late transplanting significantly increased NAR over 
early transplanting at all the sites (Table 3). Cultivar differences in average NAR were 
non-significant at all the sites and it varied from 4.32 g m-2 d-1 to 4.75 g m-2 d-1. Averaged 
over all sites, mean NAR was 4.48 g m-2 d-1 and 4.53 g m-2 d-1 in Super Basmati and 
Basmati-2000, respectively (Table 3). Differences between different N splits were non-
significant at Faisalabad and Kala Shah Kaku but not at Gujranwala where two N split 
application significantly enhanced NAR over the three split N application.  
 
Crop growth rate (CGR): Table 2 shows the effect of treatments on mean CGR 
calculated between first and final harvest. Early transplanting significantly increased 
mean CGR by 10.30% (15.20 gm-2d-1 vs 13.78 g m-2 d-1) at Faisalabad and 8.26% (12.45 
g m-2 d-1 vs 11.50 g m-2 d-1) at Kala Shah Kaku. In contrast, mean CGR was significantly 
higher by 9.65% (12.64 g m-2 d-1 vs 13.26 g m-2 d-1) in late transplanting than early 
transplanting at Gujranwala. Cultivar differences in mean CGR were significant at 
Faisalabad and Kala Shah Kaku, where cv. Super Basmati increased CGR by 6.34% 
(14.93 g vs 14.04 g m-2 d-1) and 4.09% (12.22 g vs 11.74 g m-2 d-1) over cv. Basmati-
2000 at Faisalabad and Kala Shah Kaku, respectively. In contrast, cv. Basmati-2000 
significantly increased mean CGR by 18.19% (12.15 g vs 14.36 g m-2 d-1) over Super 
Basmati. The split N application significantly enhanced mean CGR over full N 
application at Kala Shah Kaku and Gujranwala sites. Differences between two N splits 
and three N splits were also significant at Gujranwala (Table 2).  
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Fig. 4. Effect of transplanting dates on seasonal areal total dry biomass at (a) Faisalabad, (b) Kala 
Shah Kaku and (c) Gujranwala, bars represent LSD value at 5%. 
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Incident and intercepted radiation (IPAR): Table 3 presents the effect of treatments on 
the amount of IPAR during the growth cycle at all the sites. The values of IPAR were 
51.65%, 44.62% and 39.00% at Faisalabad, Kala Shah Kaku and Gujranwala sites, 
respectively. Early transplanting significantly increased IPAR over late transplanting at 
all sites. Average amount of IPAR was 1146 MJ m-2, 773 MJ m-2 and 814 MJ m-2 at 
Faisalabad, Kala Shah Kaku and Gujranwala, respectively. Equivalent values in the late 
transplanting were 727 MJ m-2, 618 MJ m-2 and 693 MJ m-2, respectively (Table 3). 
Cultivar differences in IPAR were non-significant at all the sites. Split N split application 
did not significantly affect the amount of IPAR at Faisalabad and Gujranwala. But at 
Kala Shah Kaku, N split application (2-or 3 splits) slightly but significantly increased 
IPAR over full N application treatment.  
 
Radiation utilization efficiency (RUE): Table 3 presents the effect of treatments on 
RUEATDM at all the locations. The late transplanting significantly increased RUE by 
35.59% (1.60 MJ-1 vs 1.18 g MJ-1) at Faisalabad, 16.16% (1.94 MJ-1 vs 1.67 g MJ-1) at 
Kala Shah Kaku and 12.73% (1.86 g MJ-1 vs 1.65 g MJ-1) at Gujranwala. Cultivar 
differences in RUE were significant at Gujranwala site only where cv. Basmati-2000 
increased RUEATDM over cv. Super Basmati. At all locations, average RUEATDM was 1.66 
g MJ-1 and 1.64 g MJ-1 in cv. Super Basmati and cv. Basmati-2000, respectively. Non-
significant differences were found in RUEATDM between N application treatments at 
Faisalabad, Kala Shah Kaku and Gujranwala sites. Differences in RUEATDM between two 
and three N split treatments were also non-significant except Gujranwala site, where two 
N split significantly increased RUE over three N split. Averaged over three sites, mean 
RUE was 1.65 g MJ-1 in different N (Table 3). 
 
Grain yield (GY): Table 4 presents the effect of treatments on GY of rice. Transplanting 
in the first week of July significantly enhanced rice GY as compared to transplanting in 
the third week of July at all sites. Cultivar differences in GY were significant at 
Faisalabad and Gujranwala sites. N split application-increased rice GY over control at 
Gujranwala and Kala Shah Kaku but not at Faisalabad. Differences in rice GY between 
two N split and three split were also significant at Faisalabad, Kala Shah Kaku and 
Gujranwala. Averaged rice GY was higher at Kala Shah Kaku than Gujranwala and 
Faisalabad. Almost similar response was observed with respect to total dry biomass.    
 
Discussion  
 

LAI values steadily increased and reached maximum at 75 DAT at all the locations; 
thereafter LAI declined in all the treatments and reached its minimum values at less than 
3 by 120 DAT (Figs. 1, 2, 3). The peak LAI reached a value greater than 6.0 at 75 DAT 
in all the N treatments. The results are in line with the findings of Tanaka et al., (1966); 
Murty & Murty (1981); Hasegawa & Horie, (1996); Dingkuhn at al., (1999); Campbell, 
(2000) and Grigg et al., (2000) who reported maximum LAI values ranging 5.0-7.0 for 
rice in various agro-ecological conditions. At all the three locations, total ATDM 
accumulation followed the pattern of sigmoid growth curve and maintained a positive 
slope throughout the growth in all treatments (Figs. 4, 5, 6). ATDM production increased 
steadily after crop establishment until maturity and responded positively to all the 
treatments. In the present experiments, the comparatively superior performance of the 
early  transplanting in  ATDM  production  may be associated with its higher LAIs during  
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Fig. 5. Effect of cultivars on seasonal areal total dry biomass at (a) Faisalabad, (b) Kala Shah Kaku 
and (c) Gujranwala, bars represent LSD value at 5%. 
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Fig. 6. Effect of split N application on seasonal areal total dry biomass at (a) Faisalabad, (b) Kala 
Shah Kaku and (c) Gujranwala, bars represent LSD value at 5%. 
 
the growing seasons. This enabled the early transplanted plants to intercept more of the 
available radiation and thus increasing mean CGR (Table 3). The increase in mean CGR 
was associated with both the vegetative and reproductive phases when CGR differences 
were also pronounced between the treatments. High CGR is usually dependent upon 
rapid expansion of LAI or LAD to intercept available radiation especially early in the 
season. The relatively poor performance of the late transplanting of rice crops in ATDM 
production was, therefore, associated with their lower LAIs or LAD (Table 2), and thus 

(a) 

(b) 

(c) 



BIOMASS PRODUCTION OF ORYZA SATIVA L.  1255

less radiation interception during the growing seasons. Similar growth curves of rice crop 
were reported by others (Schnier et al., 1990; Dingkuhn et al., 1992). Seasonal ATDM 
accumulation was positively and linearly related with the seasonal LAD at all the 
locations, and 89.5% variance was accounted for the pooled data, indicating that 4.25gm-2 

d-1 of ATDM was produced. However, Monteith (1981) found that relationship between 
ATDM or paddy yield and LAD will however depend on climatic conditions prevailing 
during a particular season, thus making it difficult to generalize over different sites and 
seasons. Seasonal ATDM accumulation was linearly related with the cumulative IPAR at 
all the locations. These values are similar to others who also demonstrated similar linear 
relationships between seasonal ATDM accumulation and cumulative IPAR (Kiniry et al., 
2001; Ahmad et al., 2008). The late transplanting significantly increased RUEATDM as 
compared to early transplanting irrespective of cultivars. However, this response was 
markedly higher in cv. Basmati-2000 as compared to cv. Super Basmati. A significant 
interaction between date of transplanting and N split application affecting RUEATDM 
showed that two N split application significantly enhanced RUEATDM over full N or three 
N split and this response was significantly higher in late transplanting than early 
transplanting. In particular, radiation directly influences the plant ATDM (Monteith, 
1977; Horie & Sakuratani, 1985). Many results showed that crop yield was positively 
related to RUE (Chen et al., 2003; Li et al., 2006; Whimeld & Smith, 1989, Ahmad et al., 
2008; Quanqi et al., 2008). The findings presented in this study are in line with the results 
of above-mentioned scientists. Notwithstanding, treatment effects on RUE were also 
important. N split application increased RUE in the initial period before panicle initiation 
as noted by Horie et al., (1997). At this stage Fi was maximal and the greater RUE ATDM 
increased ATDM production.  
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