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Abstract 

 A field experiment was conducted to evaluate the effect of different soil amendments and nitrogen levels 
on growth, yield and N uptake by rice (cv. BINA dhan10) under saline soil condition. Treatments consisted 
of three FYM and gypsum combinations in main plot viz. M1: gypsum @ 210 kg/ha, M2: FYM 3 t/ha + 
gypsum 140 kg/ha and M3: FYM 6 t/ha. Three nitrogen treatments assigned in sub-plots viz. N1: 75 kg N/ha, 
N2: 100 kg N/ha and N3: 125 kg N/ha. The study revealed that the combination of FYM and gypsum with and 
N levels produced the maximum grain yield of rice (6.07 t/ha) under the treatment combinations of M1N3, i.e. 
gypsum @ 210 kg/ha along with 125 kg N/ha. 
 
Introduction 
 Bangladesh is one of the sea side countries of world and, due to this condition it faces many 
adverse effects of salt intrusion. The coastal areas of Bangladesh consist of 19 districts, which 
cover 32% of the country and accommodate more than 35 million people (Huq and Rabbani 
2011). Increasing of salinity is a climacteric issue to the people of the coastal area of Bangladesh. 
In 1973, Bangladesh had 83.3 million hectares of land, which was affected by salinity that 
increased up to 102 million hectares in 2000 and the value raised to 105.6 million hectares in 2009 
and it is continuing to increase (SRDI 2010). Concerning the rising salinity in the water and soil, 
the public of coastal region suffering from scarcity of drinking water, agriculture and other uses. It 
has been observed that the coastal cultivable lands are not being used for crop cultivation, mostly 
due to the soil salinity; rising soil salinity retards crop growth and reduce the ultimate production 
(Mahmuduzzaman et al. 2014). Mainly there are two factors that cause the development of soil 
salinity, one is tidal flooding during the wet season (June to October) and another is lateral 
movement of ground water during the dry season (November to May) (Rasel et al. 2013).  
 Two salt tolerant rice varieties have been tested and released by BINA. The varieties are 
BINA dhan8 and BINA dhan10 which can tolerate soil salinity level up to 8 - 10 dS/m, but EC 
value of soil in many areas are much higher (Sinha et al. 2014). Rice is affected mostly during the 
dry season as the salt concentration becomes higher but during wet season the effect of salinity is 
insignificant because the salt is diluted by the monsoon rain water (Sinha et al. 2014). Salt toxicity 
and poor soil properties are the main reasons for low productivity of crops grown in saline soil 
(Gao et al. 2008).  
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 Proper management strategies and techniques with suitable crop variety consisting of higher 
yield potential could contribute to the development of crop production in the salt stressed areas. 
One of the approaches for the economic utilization of moderately salt affected land is to grow salt 
tolerant crop varieties along with the suitable management of cultural practices (Khattak et al. 
2007). The best means of maintaining soil fertility, productivity and salt tolerance could be 
through adding of soil amendments such as farmyard manure, compost and gypsum etc. (Hasan   
et al. 2014). Gypsum is widely used amendment for saline soil reclamation, due to the application 
of the gypsum in saline-sodic soil removes the greatest amount of sodium ion from the soil 
particle and reduces the soil electrical conductivity (Abdel-Fattah 2012). Keeping in view the 
ameliorating effect of farmyard manure and gypsum on saline soils, Binadhan-10 (salt tolerant rice 
variety) was selected to monitor its response to various levels of combination of farmyard manure 
and gypsum under saline conditions along with N uptake under different N levels.  
 
Material and Methods 
 The experiment was conducted at farmer’s field in Khashirhat village under the Subornochar 
Upazila of Noakhali district during the Boro season of 2015 (January to May, 2015). The land 
belongs to Agro-ecological Zone 18 (Young Meghna Estuary Floodplain). The soil was silty loam 
in texture, having pH 6.85, total N 0.11%, organic carbon 1.16%, available P 6.40 ppm, available 
K 65.24 ppm and available S 10.30 ppm. The salinity level of initial soil was 4.25 dS/m; that 
considered as very slight saline to slight saline soil (Sinha et al. 2014). EC value (d/Sm) ranged 
between 4.25 and 8.50.  
 The experiment was laid out in a RCBD split-plot design with three replications, where three 
FYM and gypsum combination treatments were assigned in main plots viz. M1: gypsum @ 210 
kg/ha, M2: FYM 3 t/ha +140 gypsum kg/ha, M3: FYM 6 t/ha and nitrogen levels were assigned in 
sub-plots viz. N1: 75 kg N/ha, N2: 100 kg N/ha and N3: 125 kg N/ha. The test rice variety was 
BINA dhan10 which can tolerate 10 to 12 dS/m of EC value (Sinha et al. 2014). Total amounts of 
TSP, MoP and gypsum were added as broadcast during final land preparation (FRG 2012). Urea 
was applied in three equal splits at 10 days after transplanting (DAT), 25 DAT (maximum tillering 
stage) and 40 DAT (panicle initiation stage). The crop characters viz. plant height, panicle length, 
number of tiller/hill, grain and straw yield t/ha were recorded at maturity. The grain and straw 
samples were dried in an oven at 650C for about 48 hrs and then ground by a grinding machine to 
pass through a 20-mesh sieve. The N contents of grain and straw were measured following the 
Kjeldahl method (Bremmer and Mulvaney 1982). The analysis of variance for every crop 
characters, yield and N data was done following the principle of F-statistics using MSTAT-C 
software and the mean results in case of significant F-value were adjudged by DMRT at 5% level 
of significance. 
 
Results and Discussion  
 Among the yield contributing characters numbers of tiller per hill and grain yield were 
affected significantly by different soil amendment combinations, while plant height, panicle length 
and straw yield were not affected significantly (Table 1). The highest number of tillers produced 
when gypsum applied @ 210 kg/ha (M1) and minimum numbers of tillers produced by the 
treatment M3 (FYM 6 t/ha) which is statistically similar to M2 (FYM 3 t/ha with gypsum 140 
kg/ha). According to Hossain et al. (2016) addition of extra gypsum @190 kg/ha with 
recommended fertilizer dose, significantly increases tillering of rice in saline soil. Maximum grain 
yield (5.43 t/ha) produced by the treatment M2 (FYM 3 t/ha with gypsum 140 kg/ha) which is 
statistically identical to M1 (Gypsum @ 210 kg/ha) and minimum (4.94 t/ha) produced when FYM 
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applied @ 6 t/ha (M3). In saline soil, gypsum and farmyard manure could be used as competent 
soil amendment in rice cultivation, which may reduce toxic level of salt present in soil and 
enhance physiological growth and increase the grain yield of rice (Suriyan et al. 2011). 
 
Table 1. Mean effect of soil amendments on growth and yield of rice in saline area. 
 

Treatments Plant height 
(cm) 

Panicle length 
(cm) 

Tillers/hill 
(no.) 

Grain yield 
(t/ha) 

Straw yield 
(t/ha) 

M1 97.56 23.46   14.58a 5.28a 6.56 
M2 96.83 23.35   13.63b 5.43a 6.44 
M3 96.11 23.05   13.48b 4.94b 6.15 
LS NS NS * ** NS 
CV (%) 9.54 5.92 10.57 6.17 7.96 

 

In a column, figures having similar letter(s) of without letter(s) do not differ significantly as per DMRT. LS = 
Level of significance, CV (%) = Coefficient of variation. M1: Gypsum @ 210kg/ha, M2: FYM 3 t/ha +140 
gypsum kg/ha, M3: FYM 6 t/ha. NS = Non significant, * = Significant at 5% level, ** = Significant at 1% 
level. 
 

 Nitrogen fertilizer increases tillering and vegetative growth, increases plant height, grain and 
straw yield and number of heads usually are proportionally to the amount of nitrogen added 
(Mahtalat et al. 2005). Different levels of N affected the yield and yield contributing characters 
significantly (Table 2). However, all the yield and yield contributing characters gave good results 
when N applied @ 125 kg/ha. Among the various levels of N, the tallest plant (101.90 cm) 
produced in the treatment N3 (125 kg N/ha) and the shortest plant was observed under the plot 
where N applied @ 75 kg/ha.  The increase in plant height with increased N application might be 
 

Table 2. Mean effect of nitrogen level on growth and yield of rice in saline area. 
 

Treatments Plant height 
(cm) 

Panicle length 
(cm) 

Tillers/ hill 
(no.) 

Grain yield 
(t/ha) 

Straw yield 
(t/ha) 

N1 91.79c 18.93c 11.55c 4.55c 5.67c 
N2 96.80b 24.21b 14.23b 5.28b 6.58b 
N3 101.90a 26.72a 15.92a 5.82a 6.90a 
LS * * ** ** ** 
%CV = 9.54 5.92 10.57 6.17 7.96 

 

In a column, figures having similar letter(s) of without letter(s) do not differ significantly as per DMRT.           
LS = Level of significance, CV (%) = Coefficient of variation. M1: Gypsum @210 kg/ha, M2: FYM 3 t/ha 
+140 gypsum kg/ha, M3: FYM 6 t/ha. NS = Non significant, * = Significant at 5% level, ** = Significant at 
1% level. 
primarily due enhanced vegetative growth with more nitrogen supply to plant (Manzoor et al. 
2005). Due to the application of different levels of N the panicle length of rice was also varied 
significantly and the maximum panicle length (26.72 cm) obtained in N3 treatment (125 kg N/ha) 
and the minimum panicle length (18.93cm) observed by the treatment N1 (75 kg N/ha). The 
elongation of panicle increased with increasing level of nitrogen (Kaushal et al. 2010).  Regarding 
the number of tillers/hill in rice, a marked influence was noticed by the application of different 
levels of nitrogen. The highest number of tillers/hill (15.92) was observed in N3 where nitrogen 
was applied as 125 kg/ha and the lowest (11.55) number was found in N1 (75 kg N/ha) treatment. 
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According to Mirza et al. (2010), more number of tillers per square meter might be due to more 
availability of nitrogen, which plays a vital role in cell division. Results also showed that there 
was a remarkable influence on grain yield by the application of different doses of nitrogen. The 
highest grain yield (5.82 t/ha) was observed in N3 (125 kgN/ha) and the lowest grain yield (4.55 
t/ha) was obtained in N1. From the study, it was revealed that yield contributing characters, i.e., 
panicle length, number of effective tiller/hill, number of grains/panicle increased with the higher 
rate of nitrogen application which may lead to higher grain yield (Vennila et al. 2007). Grain yield 
of rice increases with the increase of N rate up to a certain level and similar result was also 
reported by Salahuddin et al. (2009). 

 Considering the straw yield, maximum straw (6.90 t/ha) produced by N3 and minimum (5.67 
t/ha) by N1. Gypsum and FYM applications to paddy saline soil is an effective remediation 
procedure in terms of the physical, chemical and biological properties of the soil (Tejada et al. 
2006; Wong et al. 2009) which can be used to enhance the growth and development of rice crops 
prior to grain harvesting (Zaka et al. 2003, Sharma and Minhas 2005). Interaction effect of soil 
amendments and N levels on the yield and yield contributing characters also showed significant 
effects on BINA dhan10 (Table 3). However, statistically similar results that could consider as 
better or best were obtained from various combinations. Among the different treatment 
combinations, the tallest rice plant of 102.90 cm was found under the treatment combination of 
M1N3, where nitrogen fertilizer was applied (125 kg N/ha) along with the gypsum (210 kg/ha), 
which is statistically similar to M2N3 (FYM 3 t/ha + 140 gypsum kg/ha with 125 kg N/ha) and 
M3N3 (FYM 6 t/ha + 125 kg N/ha). The shortest plant of 91.33 cm was observed under the 
treatment combination of M1N3. Regarding the panicle length of rice, the interaction effect of 
different FYM and gypsum combination and nitrogen levels also showed significant result and the  
 

Table 3. Interaction effect of soil amendments and nitrogen level on growth and yield of rice in saline 
area. 

 

Treatments Plant height        
(cm) 

Panicle length        
(cm) 

Tillers/hill 
(no.) 

Grain yield  
(t/ha) 

Straw yield      
(t/ha) 

M1N1 92.13c 18.30c 11.47d 4.53de 5.87d 
M1N2 97.60b 24.20b 15.07ab 5.25bc 6.80a 
M1N3 102.90a 27.87a 17.20a 6.07a 6.99a 
M2N1 91.90c 19.22c 12.20cd 4.99cd 5.86cd 
M2N2 96.87b 24.10b 13.03bcd 5.52abc 6.60ab 
M2N3 101.7a 26.73ab 15.67ab 5.79ab 6.86a 
M3N1 91.33c 19.27c 10.98d 4.13e 5.28e 
M3N2 95.93b 24.33b 14.59abc 5.07cd 6.32bc 
M3N3 101.10a 25.55ab 14.88abc 5.61abc 6.86a 
LS * ** * ** ** 
%CV  9.54 5.92 10.57 6.17 7.96 

 

In a column, figures having similar letter(s) of without letter(s) do not differ significantly as per DMRT. LS = 
Level of significance, CV (%) = Coefficient of variation. M1: gypsum @ 210 kg/ha, M2: FYM 3 t/ha +140 
gypsum kg/ha, M3: FYM 6 t/ha. NS = Non significant, * = Significant at 5% level, ** = Significant at 1% 
level. 
 

maximum length of rice panicle (27.87 cm) was found under the treatment combination of M1N3 
i.e. gypsum @ 210 kg/ha with 125 kg N/ha which is followed by M2N3 and M3N3 treatment. 
Hence, the minimum length of rice panicle (18.30 cm) was recorded from the treatment M1N1. The 
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panicle length of rice also significantly affected by cumulative application of gypsum and it 
increases with the higher rates of gypsum (Khan et al. 2006). Maximum number of effective 
tiller/hill produced by M1N3 (17.20), which is statistically similar to M1N2, M2N3, M3N2 and M3N3 
with values 15.07, 15.67, 14.59 and 14.88, respectively and minimum effective tiller/hill (10.98) 
produced by M3N1. Fatema and Khan (2013) observed that the higher dose of gypsum increased 
the vegetative growth like plant height of rice under saline condition. Like other parameters, the 
grain yield of Binadhan-10 rice significantly influenced by the interaction of both FYM and 
gypsum combinations and different levels of nitrogen (Table 3). The maximum grain yield of 6.07 
t/ha was obtained from M1N3 (Gypsum @ 210 kg/ha with 125 kg N/ha) which was also 
statistically identical to the treatments M2N2 (5.52  t/ha), M2N3 (5.79 t/ha) and M3N3 (5.61 t/ha); 
the minimum (4.13 t/ha) was found in M3N1 (FYM 6 t/ha with 75 kg N/ha) which is statistically 
similar to treatment M1N1 (4.53 t/ha).  
 According to Haque et al. (2015), due to the interaction effect of both FYM and gypsum 
combinations and N levels, the maximum grain yield of rice was found where plot received FYM 
@ 5 t/ha with gypsum 210 kg/ha combined with 125 kgN/ha. Application of gypsum and farmyard 
manure helped in improvement of soil properties and leaching of excessive ions to the deeper 
layer thus, concentration of salts was decreased in the upper layers which favored the growth of 
plant and ultimately a significant increase in rice grain was observed (Ghafoor et al. 2008). 
Similarly, the highest and lowest straw yield of rice was noticed as 6.99 and 5.28 t/ha from the 
treatment combination of M1N3 and M3N1, respectively (Table 3). 
 The nitrogen uptake by grain and straw of Binadhan-10 did not affect by different soil 
amendment (Table 4). The N uptake by grain ranged from 41.07 to 42.81 kg/ha and in case of 
straw it’s varied between 30.82 and 34.94 kg/ha. Regarding the different N levels, N uptake by 
grain and straw affected significantly (Table 5). The maximum N uptake (52.31 kg/ha) by grain 
observed in the treatment N3 (125  kg/ha)  and  the  lowest (37.00 kg/ha) N uptake observed by the 
 

Table 4. Mean effect of soil amendment and nitrogen level on N uptake by rice in saline area. 
 

Treatments Grain N uptake 
(kg/ha) 

Straw N uptake 
(kg/ha) 

Soil amendment   
M1 41.07 33.57 
M2 43.00 34.94 
M3 42.81 30.82 
LS NS NS 
CV (%) 10.31 12.85 
Nitrogen levels   
N1 37.00c 32.08b 
N2 44.50b 33.17b 
N3 52.31a 37.89a 
LS ** * 
CV (%) 10.31 12.85 

 

In a column, figures having similar letter(s) of without letter(s) do not differ significantly as per DMRT. LS = 
Level of significance, CV (%) = Coefficient of variation. M1: Gypsum @210kg/ha, M2: FYM 3 t/ha +140 
gypsum kg/ha, M3: FYM 6 t/ha. NS = Non significant, * = Significant at 5% level, ** = Significant at 1% 
level. 
 

treatment N1 (75 kg/ha). In case of straw highest N uptake (37.89 kg/ha) was also found from the 
treatment N3 and lowest (32.08 kg/ha) by N1which is statistically similar to N2 (100 kgN/ha). This 
finding was supported by Sarmin et al. (2015) who mentioned that N uptake by rice grain and 
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straw increased significantly with the application of nitrogenous fertilizer. Considering the 
interaction effect of soil amendment and N levels (Fig. 1) maximum N uptake (56.93 kg/ha) was 
observed by the treatment M1N3 (Gypsum @ 210 kg/ha with 125 kgN/ha) which is statistically 
identical to M3N3 (FYM 6 t/ha + 125 kgN/ha) with value 52.32 kg/ha. 

 
 
 

 
 
   
  
 
 
 
 
 
 

Fig 2. Interaction effect of different soil amendment and N rates on N uptake (kg/ha) by grain and straw of 
BINA dhan10. 

 

 Lowest N uptake by grain (32.25 kg/ha) was observed in the treatment M3N1 (FYM @ 6 t/ha+ 
75 kgN/ha) which is statistically similar to M1N1 with value 40.13 kg/ha. Regarding N uptake by 
straw, the highest value (43.96 kg/ha) found from the treatment M2N3 (FYM 3 t/ha + 140 gypsum 
kg/ha with 125 kgN/ha) which is statistically similar to M1N3, M2N2 and M1N1 with value 38.85, 
36.74 and 36.55 kg/ha, respectively. The minimum N uptake by straw (28.72 kg/ha) was observed 
in the treatment M3N1 which show the same lettering in the treatment M2N2 with value 29.90 
kg/ha. The interaction result revealed that with higher nitrogen dose and combination of farmyard 
manure with gypsum showed higher nitrogen uptake. The combined application of gypsum and 
farm manure improves their effectiveness for increasing soil properties (Ullah and Bhatti 2007) 
that may cause improved nitrogen use efficiency under salt stressed soil. Azza et al. (2011) 
mentioned that, S promotes the use efficiency of other essential plant nutrients, particularly N        
and P. 
 BINA dhan10 is a salt tolerant rice variety. In saline condition, additional yield of BINA 
dhan10 can be obtained by the application of gypsum @ 210 kg/ha with 125 kgN/ha. Nitrogen 
uptake by rice increased by the application of gypsum and farm yard manure in saline soil.  
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