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ABSTRACT 

A field study was undertaken at Bangladesh Agricultural University, 
Mymensingh during the season November 2017 to April 2018 to evaluate 
the effects of plant × row spacings on yield and yield contributing traits of 
two Boro rice varieties. Two rice varieties viz., BINA dhan-10 and BRRI 
dhan28 were sown in five plant spacings viz. 25 cm × 15 cm, 25 cm × 25 
cm, 30 cm × 30 cm, 35 cm × 35 cm, 40 cm × 40 cm in randomized 
completely block design with factorial fashion with three replications. 
Growth performances, yield contributing characters and yield were 
significantly influenced by varieties and plant spacings. The highest grain 
yield (8.75t ha

-1
), straw yield (11.56 t ha

-1
), biological yield (20.31 t ha

-1
) 

and harvest index (43.05 %) were obtained from the variety BINA dhan-
10 sown at planting spacing of25 cm × 15 cm. More number of total 
tillers hill

-1
(14.75) and number of effective tiller hill

-1 
(12.87) were 

recorded from the variety BINA dhan-10 sown at planting spacing 40 cm 
× 40 cm. Based on the present study it is suggested that BINA dhan-10 
may be grown under 25 cm × 15 cm in order to get maximum grain yield 
for Boro rice cultivation. 

Keywords: Boro rice, BINA dhan-10, BRRI dhan28, Biological yield, 

Grain yield, Growth characters  

INTRODUCTION 

Rice (Oryza sativa L.) belonging to Gramineae family is a staple food for about three 

billion people around the world (Koireng et al., 2019). Bangladesh is one of the 

leading rice producing country in the world, ranking fourth in terms of total rice 

production after China, India and Indonesia (Statista, 2019). In Bangladesh, rice is 

grown mainly in three cropping seasons namely Aus, Aman and Boro. Among the 

three rice growing season, 48.82% of total rice production was grown in Boro season 

in 2018-19 fiscal year (BBS, 2019) with total production of 37.36 million metric ton 
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from 11.67 million hectares where average rice yield was 3.2 metric ton per hectare 

(AIS, 2020).While Boro rice is the largest crop in Bangladesh in terms of production 

i.e. about 20.38 million metric ton Boro rice produced from 4.09 million hectares 

land with an average yield of 4.15 metric ton per hectare (AIS, 2020). Though being 

staple food and having favorable agro-climatic condition, its expansion is limited due 

to shortage of land and to meet the need of increasing population. Therefore, attempts 

must be taken for vertical expansion of rice cultivation in Bangladesh like high 

yielding variety and different cultural practices with modern production technology. 

Keeping in view, the yield of Boro rice can be increased by maintaining proper 

spacing with high yielding variety. 

Facilitating easy inter-cultural operation and efficiently and conveniently herbicide 
application for weed control is a beneficial part of optimum spacing maintaining in 
crop production (Koireng et al., 2019). Likewise, for getting maximum light 
interception, average light utilization efficiency and to maximize light distribution in 
crop canopy, proper planting geometry is important. These parameters indirectly 
affect the yield of crops (Hussain et al., 2003). The planting density which is 
determined by row to row and plant to plant distances has a direct effect on the yield 
of rice. Furthermore, grain may be reduced in narrow spacing as compared to 
optimum spacing due to increased competition for nutrient and moisture (Das and 
Yaduraju, 2011). 

Another important factor is rice cultivars which are generally selected for higher 
grain yields (Kumar et al., 2013). However, success of any crop production depends 
on using of appropriate and location-specific varieties, additionally improved cultural 
practices may be taken into consideration. Planting spacing and variety are of lead 
important (Eissa et al., 1995), but all the genotypes do not perform well in the same 
planting spacing. Optimum planting spacing vary greatly among climatic conditions, 
areas, soil and varieties (Darwinkel et al., 1977). 

Keeping in view the above facts, the present study was undertaken to find out the 
effect of different spacing and genotypes on yield of Boro rice and to find out the 
interactive effects of planting density and genotypes on yield performances of Boro 
rice, if any. 

MATERIALS AND METHODS 

The study was conducted at the Field Bangladesh Agricultural University, 

Mymensingh, during the season 2017-18. The research field is belonged to the agro-

ecological region of the Old Brahmaputra Floodplain (AEZ-9) (BBS, 2019) having 

sub-tropical monsoon climate featured by heavy rainfall during April-October and 

scarce rainfall during October- March. 

Two rice varieties viz. BINA dhan-10 and BRRI dhan28 were sown in five spacing 

viz., 25 cm × 15 cm, 25 cm × 25 cm, 30 cm × 30 cm, 35 cm × 35 cm, 40 cm × 40 cm. 

The experiment was laid out in a randomized completely block design in factorial 

fashion with three replications. The size of the plot was 4.0 m × 2.5 m. 
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Seeds of both varieties were separately immersed in a bucket of water for 24 hours. 

Thereafter, the sprouted seeds of different varieties were sown uniformly on well-

prepared nurseries on 15 December, 2017. The experimental land was prepared with 

the help of tractor drawn plough. The land was puddled thoroughly by ploughing and 

cross ploughing. The lands were finally prepared, and the plots were laid out on 12 

January, 2018.The experimental plots were fertilized with urea, triple super 

phosphate (TSP) muriate of potash (MOP), gypsum and zinc Sulphate as per 

recommendation prescribed for those varieties (Table1). 

Table 1. Fertilizer doses for different rice varieties (BINA, 2021; BRRI, 2021) 

Variety  Urea  

(kg ha
-1

) 

TSP  

(kg ha
-1

) 

MoP 

(kg ha
-1

) 

Gypsum (kg 

ha
-1

) 

Zinc sulphate                 

(kg ha
-1

) 

BINA dhan-10 160 130 60 85 15 

BRRI dhan28  150 100 70 60 12 

Seedlings of both varieties were transplanted on 15 January, 2018 maintaining five 
spacings as per treatment. Different intercultural operations like gap filling, weeding, 
irrigation and drainage were done when needed. Harvesting was done on proper 
harvest maturity. An area of one m

2
was selected in the middle portion of each plot to 

record the yield of grain and straw. The yield of grains was adjusted at 14% moisture 
content and converted to ton per hectare.  

Five hills in each plot were tagged for recording data on plant height (cm), no. of 
total tiller per hill, total dry weight per hill in 30 days after transplanting (DAT), 50 
DAT and in 70 DAT. At harvest, data on plant height, number of effective tillers hill

-1
, 

panicle length, number of grains per panicle, number of sterile spikelet panicle
-1

, 
1000-grain weight, grain yield (t ha

-1
), straw yield (t ha

-1
) were collected and then 

biological yield (t ha
-1

) was calculated. Analysis of variance was done by a statistical 
software M-STATC and mean separation was done by Duncan’s Multiple Range Test 
Gomez and Gomez, 1984. Correlation-co-efficient and regression equation was 
measured by using Microsoft excel program. 

RESULTS AND DISCUSSION 

Effect on growth parameters 

The highest plant height 32.18 cm, 55.01 cm and 80.37 cm was found by BINA 
dhan-10 at 30 DAT, 50 DAT and 70 DAT, respectively. The lowest plant height 
30.06 cm, 52.11 cm and 77.48 cm was found by BRRI dhan28 at 30 DAT, 50 DAT 
and 70 DAT, respectively. The highest plant height 33.96 cm, 56.54 cm and 84.84 
cm was found by spacing 25 cm × 15 cm at 30 DAT, 50 DAT and 70 DAT, 
respectively. The lowest plant height 29.02 cm, 49.39 cm and 73.54 cm was found by 
spacing 40 cm X 40 cm at 30 DAT, 50 DAT and 70 DAT, respectively. Interaction 
between variety and planting geometry showed non-significant variation for plant 
height (Fig. 1). 
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Figure 1. A: effect of variety on plant height (cm) at different days after transplanting, B: 

effect of planting geometry on plant height (cm) at different days after 

transplanting, C: Interaction effect of variety and planting geometry on plant 

height (cm) at different days after transplanting   

(V1 = BRRI dhan28,  V2 = BINA dhan-10 , S1 = 25cm x 15cm, S2 = 25cm x 25cm, 

S3 = 30cm x 30cm, S4 = 35cm x 35cm, S5 = 40cm x 40cm) 

 

Figure 2. A: effect of variety on no. of total tiller per hill at different days after transplanting, 

B: effect of planting geometry on no. of total tiller per hill at different days after 

transplanting, C: Interaction effect of variety and planting geometry on no. of total 

tiller per hill at different days after transplanting 

(V1 = BRRI dhan28,  V2 = BINA dhan-10 , S1 = 25cm x 15cm, S2 = 25cm x 25cm, 

S3 = 30cm x 30cm, S4 = 35cm x 35cm, S5 = 40cm x 40cm) 
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The highest no. of total tiller per hill 3.58, 12.25 and 14.42 was found by BINA dhan-10 

at 30 DAT, 50 DAT and 70 DAT, respectively. The lowest no. of total tiller per hill 3.43, 

11.24 and 12.84 was found by BRRI dhan28 at 30 DAT, 50 DAT and 70 DAT, 

respectively. The highest no. of total tiller per hill 3.87, 14.88 and 18.50 was found by 

spacing 40 cm × 40 cm at 30 DAT, 50 DAT and 70 DAT, respectively. The lowest no. of 

total tiller per hill 3.00, 6.90 and 8.29 was found by spacing 25 cm×15 cm at 30 DAT, 50 

DAT and 70 DAT, respectively. The highest no. of total tiller per hill 4.00, 15.00 and 

19.38 was found by interaction effect of BINA dhan-10 and 40 cm × 40 cm spacing at 30 

DAT, 50 DAT and 70 DAT, respectively. The lowest no. of total tiller per hill 3.00, 5.67 

and 7.25 was found by interaction effect of BRRI dhan28 and 25 cm × 15 cm spacing at 

30 DAT, 50 DAT and 70 DAT, respectively (Fig. 2). 

The highest total dry weight per hill 0.680, 6.20 and 11.11 was found by BINA dhan-10 

at 30 DAT, 50 DAT and 70 DAT, respectively. The lowest total dry weight per hill 

0.617, 5.83 and 10.35 was found by BRRI dhan28 at 30 DAT, 50 DAT and 70 DAT, 

respectively. The highest total dry weight per hill 0.752, 7.75 and 12.73 was found by 

spacing 40 cm × 40 cm at 30 DAT, 50 DAT and 70 DAT, respectively. The lowest total 

dry weight per hill 0.515, 4.57 and 8.92 was found by spacing 25 cm X 15 cm at 30 

DAT, 50 DAT and 70 DAT, respectively. The highest total dry weight per hill 0.780, 

7.90 and 13.43 was found by interaction effect of BINA dhan-10 and 40 cm × 40 cm 

spacing at 30 DAT, 50 DAT and 70 DAT, respectively. The lowest total dry weight per 

hill 0.510, 4.20 and 8.70 was found by interaction effect of BRRI dhan28 and 25 cm × 15 

cm spacing at 30 DAT, 50 DAT and 70 DAT, respectively (Fig. 3). 

 

Figure 3. A: effect of variety on total dry weight (g) per hill at different days after 

transplanting, B: effect of planting geometry on total dry weight (g) per hill at 

different days after transplanting, C: Interaction effect of variety and planting 

geometry on total dry weight (g) per hill at different days after transplanting.  

(V1 = BRRI dhan28, V2 = BINA dhan-10, S1 = 25cm x 15cm, S2 = 25cm x 25cm, S3 = 

30cm x 30cm, S4 = 35cm x 35cm, S5 = 40cm x 40cm) 
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Several researchers have mentioned that different varieties have different caliber to 

show its potentiality in regards to plant height, total number of tiller per hill and total 

dry weight per hill. In the present study BINA dhan-10 showed higher plant height 

than BRRI dhan28. It might be for it’s higher photosynthesis ability and for its 

different genetic characters (Yang et al., 2001). This result is consonance with the 

findings of (Bisne et al., 2006; Nizamani et al., 2014 and Suleiman et al., 2014). 

Similarly differences in tiller number were also observed as different varieties have 

different genetic makeup. These results are similar to the findings of (Rahman et al., 

2010; Mali and Choudhary, 2011). In the present study plant height was found 

highest in the spacing of 25 cm × 15 cm. In the previous study of (Koireng et al., 

2019; Sihag et al., 2010) highest plant height was observed by row spacing of 25 cm 

which is more or less similar to our present study. Earlier reports suggested that 

reported that highest no. of total tiller per square meter was observed when plants 

were transplanted in 25 cm row spacing (Koireng et al., 2019; Ali et al., 2016) and in 

the present study, the highest no. of tiller per hill was observed in 40 cm × 40 cm  

spacing. It is may be due to wider spaced plots get higher sun light to make 

photosynthates. In the current research work, the highest dry weight per hill was 

observed in 40 cm × 40 cm spacing. Nevertheless, the higher dry weight per hill was 

recorded during 30 cm row spacing (Roy et al., 2014). 

Effect on yield and yield contributing characters 

Effect of varieties 

Different varieties showed significant differences on yield and yield contributing 

characters of Boro rice except harvest index. The tallest plant height was obtained in 

BINA dhan-10 and the shortest plant height was recorded in BRRI dhan28 (Table 2). 

The highest Number of effective tillers hill
-1

 was obtained in variety BINA dhan-10 

and the lowest number of effective tillers hill
-1 

was recorded in variety BRRI dhan28 

(Table 2). The highest panicle length was obtained in the variety BINAdhan-10 and 

the lowest panicle length was obtained in BRRI dhan28 (Table 2). The highest 

number of grains panicle
-1

was obtained in variety BINA dhan-10 and the lowest 

number of grains panicle
-1

was obtained in BRRI dhan28 (Table 2).  Numerically the 

highest 1000-grain weight was obtained from the variety BINA dhan-10. The lowest 

1000-grain was obtained from the variety BRRI dhan28 (Table 2). It was observed 

that grain yield was highest in variety BINA dhan-10 and the lowest grain yield was 

found in the variety BRRI dhan28 (Table 2). The highest straw yield was obtained in 

variety BINA dhan-10 and the lowest straw yield was obtained from the variety 

BRRI dhan28 (Table 2). 

The differences in plant length might be due to the variation in varietal characters and 

heredity. Similar trend also reported by (Islam et al., 2012 and Tyeb et al., 2013). 

Differences in panicle height among genotypes were also stated by (Kabir et al., 

2004). Differences in no. of effective tillers per hill among the genotypes were found 
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by (Tyeb et al., 2013). Grains per panicle also showed variation among the genotypes 

reported by (Niu et al., 2001). Grain yield and straw yield also showed variation due 

to varietal differences. Similar result was also reported by (Akando, 2007; Gawali et 

al., 2015). They reported that grain and straw yield of wheat was affected by 

genotypes. In our present study harvest index was showed variation between the 

genotypes. Similar trend was also reported by (Sultana et al., 2012) 

Effect of planting geometry 

Different planting geometry showed significant differences on yield and yield 

contributing characters of Boro rice except panicle length, no. of grain per panicle. 

Similar results were also reported (Salma et al., 2017). It suggested that panicle 

length, grain per panicle had no significant variation by planting geometry. The 

tallest plant was obtained from the spacing 40 cm × 40 cm which was statistically 

identical to plant height gained from spacing 25 cm × 25 cm and plant height gained 

from spacing 30 cm × 30 cm. The shortest plant height was observed in spacing 25 

cm × 15 cm which was statistically identical with plant height observed from spacing 

35 cm × 35 cm (Table 2). The highest plant height was attained with the spacing of 

25 cm X 20 cm (Islam et al., 2014). However, other reports (Salma et al., 2017) 

suggested that the spacing of 25 cm × 15 cm plant height was maximum which is 

more or less similar to the present study.  The highest number of effective tillers hill
-1

 

was obtained from 40 cm × 40 cm row spacing and the lowest one from the spacing 

of 25 cm × 15 cm (Table 2). The highest number of total tillers per hill, highest 

number of effective tiller per hill was found by spacing 25 cm × 15 cm (Salma et al., 

2017; Islam et al., 2014), which was inverse to the current findings. Numerically the 

highest 1000-grain weight was recorded from 25 cm × 15 cm spacing which was 

identical of spacing 25 cm × 25 cm, 30 cm × 30 cm. The lowest 1000 grains weight 

was recorded from 40 cm × 40 cm spacing which was statistically identical with 

1000-grain weight observed from spacing 35 cm × 35 cm (Table 2). Thousand seed 

weight was maximum when 25 cm × 20 cm spacing was followed (Islam et al., 

2014); which is consonance with the current study. The highest grain yield was 

obtained from the spacing 25 cm × 15 cm and the lowest one was obtained from the 

spacing 40 cm × 40 cm (Table 2). This report is similar to (koireng et al., 2019; 

Salma et al., 2017; Islam et al., 2014). The highest yield might be due to highest plant 

height and highest thousand grain weight in spacing 25 cm × 15 cm. The highest 

straw yield was obtained from the spacing 25 cm × 15 cm and the lowest one was 

obtained from the spacing 40 cm × 40 cm (Table 2). The highest harvest index was 

obtained from the spacing 25 cm × 15 cm which was identical with others spacing 

and the lowest harvest index was at 40 cm × 40 cm spacing which was identical of 

spacing 30 cm × 30 cm, 35 cm ×35 cm (Table 2). Similar findings for straw yield and 

harvest index were reported earlier (Salma et al., 2017; Islam et al., 2014). 
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Table 2. Effect of variety, planting geometry and their interaction on yield and yield contributing characters of Boro rice 

Variety/planting 

geometry/Interacti

ons 

Plant 

height 

(cm) 

No. of 

total 

tillers 

hill-1 

No. of 

effective 

tillers 

hill-1 

No. of 

non-

effective 

tillers 

hill-1 

Panicle 

length 

(cm) 

No. of 

grain 

panicle-1 

No. of 

sterile 

grains 

panicle-1 

1000 grain 

wt. (gm) 

Grain 

yield 

(t ha-1) 

Straw 

yield 

(t ha-1) 

Biological 

yield 

(t ha-1) 

Harvest 

index (%) 

V1 83.93 b 10.07 b 7.55 b 2.51 a 21.86 b 102.10 b 11.88 a 21.44 b 5.70 7.77   13.48 b 42.32 

V2 89.75 a 11.42 a 9.08 a 2.33 b 22.60 a 105.10 a 11.47 b 26.10 a 7.75 10.46 18.22 a 42.53 

Sx 0.906 0.104 0.069 0.053 0.222 0.821 0.141 0.274 0.116 0.120 0.086 0.140 

Level of sig. ** ** ** * * ** * ** ** ** ** NS 

CV (%) 4.67 4.33 3.72 9.82 4.46 3.54 5.39 5.15 3.48 3.30 2.43 1.47 

S1 82.67 c 8.87 d 6.03 e 2.83 a 22.08 105.71 11.29 25.19 a 7.56 a 10.07 a 17.63 a 42.86 a 

S2 88.38 ab 12.00 b 9.82 b 2.18 c 22.25 104.27 11.46 24.26 ab 7.00 b 9.88 b 16.88 b 42.69 a 

S3 87.58 ab 10.05 c 7.57 c 2.47 b 22.23 104.00 11.76 23.92 ab 6.51 c 9.80 c 16.31 c 42.40 ab 

S4 85.29 bc 9.63 c 6.93 d 2.69 ab 22.24 102.95 11.88 23.23 bc 6.22 cd 9.16 d 15.38 d 42.22 ab 

S5 90.29 a 13.16 a 11.25 a 1.91 d 22.36 101.18 11.99 22.25 c 5.47 e 7.58 e 13.05 e 41.96  b 

Sx 1.43 0.164 0.110 0.084 0.351 1.30 0.223 0.433 0.101 0.117 0.136 0.221 

Level of sig. ** ** ** ** NS NS NS ** ** ** ** * 

CV (%) 4.67 4.33 3.72 9.82 4.46 3.54 5.39 5.15 3.48 3.30 2.43 1.47 

V1xS1 78.25 8.67  f 5.75 g 2.92 21.75 104.57 11.33 22.50 6.37e 8.56 d 14.94 e 42.67 

V1xS2 85.92 10.25 d 7.97 d 2.28 21.91 103.31 11.49 22.13 6.03 ef 8.15 de 14.19 f 42.55 

V1xS3 85.25 10.17  d 7.58 d 2.59 21.89 102.82 12.04 21.89 5.82 fg 7.93 ef 13.76 fg 42.33 

V1xS4 82.17 9.67 de 6.86 e 2.81 21.80 101.02 12.26 20.67 5.56 g 7.64 f 13.21 g 42.15 

V1xS5 88.08 11.58 c 9.63 c 1.95 21.94 98.80 12.29 20.00 4.72 h 6.55 g 11.28 h 41.89 
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Variety/planting 

geometry/Interacti

ons 

Plant 

height 

(cm) 

No. of 

total 

tillers 

hill-1 

No. of 

effective 

tillers 

hill-1 

No. of 

non-

effective 

tillers 

hill-1 

Panicle 

length 

(cm) 

No. of 

grain 

panicle-1 

No. of 

sterile 

grains 

panicle-1 

1000 grain 

wt. (gm) 

Grain 

yield 

(t ha-1) 

Straw 

yield 

(t ha-1) 

Biological 

yield 

(t ha-1) 

Harvest 

index (%) 

V2xS1 87.08 9.08 ef 6.32 f 2.75 22.40 106.85 11.24 27.88 8.75 a 11.56 a 20.31 a 43.05 

V2xS2 90.83 13.75 b 11.67 b 2.08 22.58 105.23 11.43 26.40 8.38 b 11.19 ab 19.58  b 42.82 

V2xS3 89.92 9.92d 7.56 d 2.36 22.57 105.18 11.49 25.95 8.00 c 10.84 b 18.85  c 42.47 

V2xS4 88.42 9.60 de 7.00 e 2.58 22.68 104.88 11.50 25.79 7.42 d 10.14 c 17.56 d 42.28 

V2xS5 92.50 14.75 a 12.87 a 1.88 22.79 103.56 11.68 24.50 6.22 e 8.58 d 14.81 e 42.02 

Sx 2.02 0.232 0.155 0.119 0.496 1.84 0.315 0.612 0.117 0.150 0.192 0.313 

Level of sig. NS ** ** NS NS NS NS NS ** ** ** NS 

CV (%) 4.67 4.33 3.72 9.82 4.46 3.54 5.39 5.15 3.48 3.30 2.43 1.47 

In a column, figures with same letter (s) or without letter do not differ significantly, whereas, figures with dissimilar letter differ significantly, ** 

P<0.01, * P<0.05, NS = Not significant, V1 = BRRI dhan28, V2 = BINA dhan-10 ,S1 = 25cm x 15cm, S2 = 25cm x 25cm, S3 = 30cm x 30cm, S4 = 

35cm x 35cm, S5 = 40cm x 40cm 
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Interaction effect of variety and planting geometry 

Different interaction between planting geometry and variety showed significant 

differences on yield and yield contributing characters of Boro rice except plant 

height, panicle length, no. of grain per panicle, thousand seed weight and harvest 

index. These results are at per with the previous study (Salma et al., 2017). It 

revealed that the plant height and harvest index due to interaction of variety and 

spacing showed non- significant variation. The highest number of effective tillers 

hill
-1

was obtained in BINA dhan-10 with the interaction of spacing 40 cm × 40 cm, 

whereas the lowest number of effective tillers hill
-1

 was obtained in BRRI dhan28 

with the interaction of spacing 25 cm × 15 cm (Table 2). The highest grain yield was 

recorded in variety BINA dhan-10 with the spacing 25 cm × 15 cm on the other hand 

the lowest grain yield was obtained in BRRI dhan28 with the interaction of spacing 

40 cm × 40 cm (Table 2). The highest grain yield was found when BR 25 rice variety 

was cultivated with the spacing of 25 cm × 15 cm (Salma et al., 2017), which is 

consonance with the present findings. The highest straw yield was obtained in BINA 

dhan-10 with the spacing 25 cm × 15 cm which was statistically identical with 

spacing of 25 cm × 25 cm in variety BINA dhan-10 and the lowest straw yield was 

recorded in BRRI dhan28 with the interacting spacing of 40 cm × 40 cm (Table 2). 

This result of straw yield and is at per with (Salma et al., 2017; Islam et al., 2014). 

They reported that highest straw yield and biological yield was obtained when variety 

BR 25 was cultivated with the spacing of 25 cm × 15 cm.  

CONCLUSION 

Different genotypes and different planting geometry can influence the growth and 

yield performance of Boro rice. Based on the present study it can be concluded that 

BINA dhan-10 may be grown under 25 cm × 15 cm in order to get maximum grain 

yield for Boro rice cultivation. 
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