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Abstract 

 An experiment was carried out at the Agronomy Field Laboratory, Bangladesh Agricultural 

University(BAU), Mymensingh in Old Brahmaputra Alluvial Flood Plain(AEZ-9) during 

December 2005 to May 2006 to examine the root growth of different rice cultivars under various 

establishment methods. This experiment comprised two sets of treatment (i) three methods of 

planting viz., dry direct seeding, wet direct seeding and transplanting, and (ii) six rice cultivars, 

two inbreds viz., BRRI Dhan 28 and BRRI Dhan 29, two hybrids, viz., Aalok 6201 and 

Sonarbangla 1 and two local improved cultivar viz., Habigonj IV and Habigonj VIII. Cultivars 

had more remarkable effect on different root parameters i,e number of roots, root length, root 

length density, root biomass, root weight ratio and root shoot ratio of hybrid, inbred and local 

improved rice cultivars than method of planting. BRRI Dhan 28 performed the best for most of 

the parameters. At harvest, BRRI Dhan 29 showed the best rooting behaviour among the 

cultivars. For both stages hybrid rice cultivars showed intermediate and local improved cultivars 

performed lower in rooting behaviour. Direct seeding method performed better than 

transplanting method for most of the root parameters but wet direct seeding and dry direct 

seeding methods were identical. Interaction effect between method of planting and cultivar in 

most of the root parameters were insignificant. But BRRI Dhan 28 and BRRI Dhan 29 under wet 

direct seeding method and Sonarbanngla 1 under transplanting method showed the best rooting 

performance among the other combinations. 
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Introduction 

 

Rice root system consists of different component roots such as seminal roots, nodal roots and 

lateral roots of various branching orders. The seminal and nodal roots build up the frame work, 

and the lateral roots of different orders construct a further fine network of the root systems. 

These component roots differ in origin, age, morphological and physiological features and thus 

respond developmentally to various soil conditions in different manners. On this aspect, 

Yamauchi et al. (1996) pointed out that phenotypic plasticity in the root system structure plays a 

key role in the stress tolerance of crop plants 

About half of the total area planted with rice world wide is under rainfed conditions where 

drought is the major production constraint (Fukai et al., 1998). Fukai and Cooper (1995) 

proposed that genotypic variation in the root system is an avenue of improving rice drought 

tolerance whereby the water collecting ability of the plant could be enhanced. It is widely 

believed that the rice root system structure greatly differs among cultivars (Sharma et al. 1994). 

However, the quantitative evidence for this remains limited (Morita et al. 1995). Kato et al. 

(1991) compared 28 cultivars which included lowland and upland types in terms of seminal root 

elongation rate, lateral root development, nodal root development and their xylem vessel 

diameter and found a large genotypic variation. 

 

The physical environment of the rainfed lowland ecosystem is often characterized and 

grouped according to the surface hydrology of rice paddies and rice cultivars have been 

developed for each sub-ecosystem. Rainfall is an important determinant of the yield of rainfed 

lowland rice, but other factors such as topography and soil fertility also affect grain yield and 

choice of cultivars. The growing environment and also rice yield vary greatly within small areas 
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as well as across seasons. This causes great difficulty in determining the target population of 

environments for a rice breeding program (Wade et al. 1999). 

 

Cultivars also differ in their root development. Although the pattern of root length 

development is the same, early maturing cultivars produce less total root length than late 

maturing cultivars. Results from these studies have provided a better understanding of the factors 

that influence rice root growth in the field, resulting in our ability to better explain rice response 

to modifications in production practices and to refine management recommendations for farmer 

(Craig et al., 1995) 

Until recently, little research had been conducted to study the growth and development of 

field grown rice roots. This lack of research activity can partially be attributed to the difficulty of 

obtaining root samples from a flooded soil. The reason for this is primarily methodological. The 

known methods are tedious and time consuming and the accuracy of their results is often not 

very great. Scientists are therefore, discouraged to undertake research on root system of plants. 

But, the importance of this organ of the rice plant is in no way less than that of the other organs. 

It is closely related to overall growth and development of the plant (Nagai and Hirota, 1958); 

Nutrient absorption and the response of the plants to adverse environments are closely related to 

the nature of the root system (Miller, 1986; Nye, 1966; Lyness, 1936; Russell and Sanderson, 

1967; Smith, 1934). 

The primary aim of our work has been to conduct field studies to develop a rice root growth 

data base that would help us better understand root development and distribution of field-grown 

rice as affected by different methods of planting . 

 

Materials and Methods 
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Site and soil conditions 

The soil of the experimental site was non-calcareous dark grey flood plain soil. The soil was 

more or less neutral in nature, low in organic matter content and its general fertility level was 

low. The experimental area belong to a sub-tropical climate, which is characterized by high 

temperature, high humidity and high rainfall with occasional gusty winds during April-

September and low rainfall associated with moderately low temperature during October-March.  

 

Experimental treatment and design 

The treatments included in the study are i) method of planting viz., dry direct seeding (M1), 

wet direct seeding (M2) and transplanting (M3) and ii) cultivar, two inbreds viz., BRRI Dhan 28 

(V1) and BRRI Dhan 29 (V2), two hybrids viz., Aalok 6201 (V3) and Sonarbangla 1 (V4) and two 

local improved variety viz., Habigonj IV (V5) and Habigonj VIII (V6). This experiment was laid 

out in a split-plot design with three replications, assigning method of planting to the main plots 

and variety to the sub-plots. The area of the each plot was 10 m
2
 (4 m × 2.5 m). 

  

Cultural practices 

All the plots were fertilized with urea, triple super phosphate, muriate of potash, gypsum and 

zinc sulphate as per recommendation (Table 1). The recommended doses of different fertilizers 

for different cultivars were plowed into soils. Except urea, the fertilizers were applied before 

final land preparation. Urea was top dressed in three equal splits at 40, 60 and 80 days after 

direct seeding and 15, 30 and 45 days after transplanting. Dry seeds of all the varieties (40kg/ha) 

were directly sown on 21 December in the pre prepared plots with lines 25 cm apart. The 

sprouted seeds on the other hand were sown on 24 December in pre prepared wet field in 25 cm 

apart lines. Seedlings were uprooted carefully from the nursery beds early in the morning on 28 

January 2006 and were kept on soft mud in shade to avoid mechanical injury to the roots. The 
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age of the seedlings of all cultivars was 40 days old. Seedlings were then transplanted in the 

main field at the rate of one seedling per hill with 15 cm spacing between hills and 25 cm 

between the lines on 29 January 2006. Cultural operations such as thinning, gap filling, weeding, 

water management and plant protection measures were done as and when required to ensure 

normal growth of the crop. 

 

Measurements 

Root samples were taken over a hill within each biomass sampling area with a 10cm-diameter 

sharpened steel pipe (soil core samplers). Core samplers were placed encircling the root sample 

and hammered into the soil to 40 cm depth. Five root samples were taken from each plot. Each 

treatment was replicated three times. After sampling, soil cores were divided into 0-10, 10-20, 

20-30 and 30-40 cm layers with a knife but no root was found at 30-40 cm layers. Each layer 

was kept on an iron net and the roots were separated from the soil by applying water. Iron nets 

were used that allow only soil to pass through and retain plant roots. The roots were then 

carefully washed and cleaned, and roots of different layers were kept frozen until the following 

data were recorded. 

 

Root number in different layers 

Number of roots at different layers such as 0-10, 10-20, and 20-30 was counted manually for 

each variety and then averaged by dividing five. 

 

Estimated root length at different layers 

Root length was measured at the laboratory of Regional Station of Bangladesh Rice Research 

Institute, Shympur, Rajshahi. At first roots of each layer were cut into small pieces 

approximately of twenty to thirty millimeters in length. Then the samples were thoroughly 
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washed and cleaned before being cut. Humus, plant debris and all other foreign particles were 

removed. Thereafter, the root samples were uniformly distributed on the sample tray. 

Distribution was done with the help of tweezers in a film of water. After spreading, clean root 

samples were scanned with Comair Root Length Scanner (Hawker de Havill and Victoria Ltd., 

Australia) and the estimated root length expressed in meter was recorded. 

 

Actual root length at different layers 

Actual root length was determined with the following formula 

A = -0.2246+0.9655E + 0.00123 E
2
 

Where, A is the actual root length and E is the estimated root length in meters. 

 

Root length density (RLD) 

 The RLD was calculated according to Ahmed (1992) using the following formula: 

Where, RLD = Root length density (cm cm
-3

) 

             ARL = actual root  length (cm) 

             r  = Radious of the soil core (cm)    

             h = Height of the soil layer (cm) 

              =3.1416 

 

Root biomass 

After scanning, roots of different layers were kept separately in brown paper bags and then 

placed in an electric oven at 72°C for 48 hours. Oven dried samples were weighed separately to 

have root biomass in gram. 

 

2

3-

r

ARL
)cm (cm RLD
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Root-shoot ratio 

Ratio of root dry matter to shoot dry matter. 

 

Where SW is the shoot dry matter and RW is the root dry matter. 

  

Statistical analysis 

The data of this experiment such as number of root, root length, root length density, root 

biomass, root weight ratio and root shoot ratio were analyzed statistically following the ANOVA 

technique and the mean differences were adjudged with Duncan's Multiple Range Test (Gomez 

and Gomez, 1984) using MSTAT. 

  

 

Results 

  

Number of roots at different soil layers 

Method of planting did not exhibit significant effect on number of roots both at heading and 

harvest but cultivar had significant effect on number of roots (Table 2 and Table 3). At heading 

stage number of roots was the highest in BRRI Dhan 28, Sonarbangla 1 and BRRI Dhan 29 at 0-

10, 10-20 and 20-30 cm soil depth, respectively (Table 2). At harvest BRRI Dhan 29 at all the 

soil depths studied showed the highest number of roots (Table 3). Both at heading and harvest 

stage Habigonj IV produced the lowest number of roots. The interaction between variety and 

method of planting showed significant variation only at heading stage at 10-20 and 20-30 cm soil 

depth (Table 4).. Sonarbangla 1 under transplanting and BRRI Dhan 29 under wet direct seeding 

1-g g
SW

RW
ratioshoot -Root
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method produced the highest number of roots at 10-20 cm and 20-30 cm soil depth, respectively. 

Habigonj IV showed the lowest number of roots under direct seeding method at 10-20 cm soil 

depth and under transplanting method at 20-30 cm soil depth. The variation in number of roots 

hill
-1

 is mostly due to genetic variation among the varieties and variation of number of roots in 

different methods of planting probably due to their placement conditions.  

 

Root length density (RLD) 

Method of planting differed significantly in respect of RLD only at heading stage (Table 5 

and 6). Dry and wet direct seeding methods showed significantly the highest RLD and the lowest 

one  in transplanting method. Varietal effect was significant in respect of RLD in both stages. 

BRRI Dhan 28 and BRRI Dhan 29 produced the highest RLD at heading, whereas Habigonj VIII 

and Sonarbangla 1 performed the lowest RLD at heading and harvest stages, respectively. 

Interaction effect of method of planting and cultivar was not significant on RLD (Table 7). 

 

Root biomass  

Method of planting had significant effect in respect of root biomass at both the stages studied 

(Table 5 and 6). Wet direct seeding and transplanting methods resulted in the highest and the 

lowest root biomass both at heading and harvest stages, respectively. In case of root biomass 

production cultivar showed significant effect only at heading stages. BRRI Dhan 28 and BRRI 

Dhan 29 significantly produced the highest root biomass, whereas Habigonj IV and Habigonj 

VIII produced the lowest root biomass. Interaction effect of method of planting and cultivar was 

not significant on root biomass (Table 7).  

 

Root shoot ratio 



 11 

Root shoot ratio did  not show significant variation due to method of planting at any growth 

stages (Table 5 and 6) but cultivar was found to be significantly influenced in respect of root 

shoot ratio both at heading and harvest stages. Significantly the highest root-shoot ratio was 

found from Sonarbangla 1 at heading stage, followed by BRRI Dhan 29, Habigonj VIII, 

Habigonj IV and Aalok 6201 and at harvest stage BRRI Dhan 29 performed the highest root-

shhot ratio followed by Habigonj VIII and BRRI Dhan 28. The lowest one was found from the 

cultivar BRRI Dhan 28 and Sonarbangla 1 at heading stage and at harvest stage, respectively. 

Root shoot ratio was not significantly affected by the interaction of method of planting and 

cultivar at both the growth stages (Table 7).  

 

Total number of tiller 

Method of planting had no significant effect on the total number of tillers hill
-1

 (Table 8). But, 

wet direct seeding method produced numerically the highest total number of tillers hill
-1

 

followed by dry direct seeding method and the lowest one was in transplanting method. Cultivar 

showed significant influence on the total number of tillers hill
-1

.  The cultivar Aalok 6201 gave 

the highest total number of tillers hill
-1

. Total number of tillers hill
-1

 did not differ significantly 

due to the interaction of method of planting and cultivar (Table 9). Apparently Aalok 6201 under 

wet direct seeding method produced the highest total number of tillers hill
-1

 and the lowest one 

was produced by Sonarbangla 1 under transplanting method (Data were not shown). 

 

 Shoot dry weight 

Method of planting had no significant effect on dry mater of shoot but it was significantly 

affected due to cultivar both at heading and at harvest (Table 8). At heading stage BRRI Dhan 28 

and at harvest stage Sonarbangla 1 gave the highest dry matter of shoot and at both stages 
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Habogonj VIII produced the lowest dry matter of shoot. Interaction effect between method of 

planting and variety was not significant in respect of dry matter of shoot at both stages (Table 9). 

 

Phenological information 

Method of planting, cultivar, and the interaction between cultivar and method of planting 

showed significant differences in days to heading, flowering and days to maturity (Table 8). 

Transplanting method took the longest duration for heading (112 days), flowering (121 days) and 

maturity (146 days) followed by wet direct seeding method for heading (108 days), flowering 

(116 days) and maturity (143 days), while the dry direct seeding method required the lowest 

duration for heading (106 days), flowering (113 days) and for maturity (141 days). Among the 

cultivars Habigonj IV took the short duration for heading (92 days), for flowering (99 days) and 

for maturity (122 days), whereas BRRI Dhan 29 took the highest duration for heading (123 

days), for flowering (133 days) and for maturity (154 days). BRRI Dhan 29 required the highest 

duration for heading (127 days), for flowering (140 days) and for maturity (158 days) when 

planted in transplanting condition. The cultivar Habigonj IV took the lowest duration for heading 

(92 days), for flowering (98 days) and for maturity (120 days) when planed in dry direct seeding 

condition. 

 

 

Discussion 

 

 Root number and tiller 

It was observed that a specific variety produced the highest total number of tillers and some 

did the lowest. From literature it was seen that total number of tillers hill
-1

 differed among the 

varieties (Hussain et. al. 1989). It means that the variation in total number of tillers hill
-1

 might 
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be due to varietal character. Wet direct seeding method gave higher total tillers hill
-1

 than 

transplanting method though same space was maintained for both methods. The probable reason 

for lesser amount of tillers in the transplanting system due to transplanting shock in transplanting 

method which might be suppress tiller formation resulting in reduced total number of tillers
-1

. 

Production of higher number of tiller in hybrid variety might be the reason for the production of 

higher number of roots.  Root density in soil profile is strongly dependent on the total number of 

roots per hill. Root spring out from node and the total number of nodes per plant determine the 

total number of roots even if the varietal differences in the average number of roots were 

observed. The number of roots per plant was closely related to the number of tillers per plant in a 

variety under the different methods of planting. Maximum rate of root growth occurred between 

maximum tillering and panicle initiation, while maximum root length was measured during early 

reproductive growth. A net decrease in root length occurred from heading to grain fill stage. 

These relationships in root length development can be explained by source-sink relationships 

governing carbohydrate translocation throughout the plant (Craig et al., 1995). 

 

 RLD and root biomass 

Hybrid rice variety produced higher root length density as well as root biomass than the 

inbred variety and wet direct seeding method produced higher root length density as well as root 

biomass than transplanting. This result is coincided with the result of Samson et al. (2002) who 

observed that RLD was closely related to root biomass. On average, RLD increased from 

tillering to heading and dough stages. Rooting declined sharply with depth, so that RLD below 

15 cm (around 1.0 cm cm
-3

) was about 5% of values in the surface layer (around 20.0 cm cm
-3

).  

Root biomass was higher in hybrid rice variety than the inbred rice variety and wet direct 

seeding method produced higher root biomass than transplanting method. RLD and root biomass 

were higher in which variety or method of planting produced more tillers hill
-1

. IR 20 and IR 
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58821 produced more roots than other lines in the surface layer at heading (Samson et al., 2002). 

Wet transplanting method produced the highest RLD and root biomass, it means in water stress 

condition RLD values was higher, this results also coincided with the report of Samson et al. 

(2002) who observed RLD generally increased with water stress, and to a greater extent in the 

deeper soil layer. From heading to dough stage below 15 cm depth, RLD increased significantly 

in Mahsuri and IR 58821 to 1.81 and 2.10 cm cm
-3

 in rainfed early and non-significantly to 1.18 

and 1.34 cm cm
-3

 in rainfed late.  

 

Root length and shoot dry weight 

Most of the roots remained in the upper 0-20 cm soil layers irrespective of cultivar and 

method of planting. Greater than 70% of the total root length was found in the upper 15 cm of 

soil during vegetative growth and at least 90% of the root system penetrates no deeper than 40 

cm soil depth. The average root radius during vegetative growth ranges between 0.007 and 0.009 

cm. Half-distance between rice root axes in the top 10 cm of soil range between 0.5 to 1.5 cm 

possibly contributing to significant interplant competition for immobile nutrient such as P and K 

(Craig et al, 1995). Uptake rate depends on the root surface area as photosynthetic rate depends 

on leaf area. The diameter of the rice root is more or less analogous to one another even though 

varieties are different. Therefore, the root surface area depends on the total length of root. Linear 

relationship was found between the shoot dry weight and the natural logarithm of root length per 

plant at various growth stages among different rice varieties (Shin, 1989). Cultivars also differ in 

their root development. Although the pattern of root length development is the same, early 

maturing cultivars produce less total root length than late maturing cultivars (Craig et al, 1995). 

 

 

Root / shoot ratio 
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Root surface makes up the interface with below ground environment and determines the 

efficiency of obtaining external resources, such as water and nutrients. In the conditions of ample 

water and nutrients, an excess root system reduces the growth of shoot due to the competition of 

carbohydrates between root and shoot. From this experiment it was clearly seen that at the 

advanced stages to at harvest the trend of root dry matter is decreasing as root shoot is also 

decreasing.  This result is similar with the report of Shin et. al.(1995) who reported that dry 

matter partitioning to the root decrease as the growth stage advanced  However, the traditional 

statement "the more root the better" is generally accepted in agriculture. The root zone soil 

hardly supplies sufficient water and nutrients in normal agriculture. Below ground resources are 

stored temporarily in the root environment. This implies the importance of root - shoot 

relationship (Shin et al., 1995). 

 

 

Conclusion 

 

The results of the present study clearly show that cultivar had more remarkable effect on 

different root parameters than method of planting. In the early growth stages BRRI Dhan 28 

performed best for most of the parameters. But at latter stages, BRRI Dhan 29 showed the best 

rooting behavior among the varieties. Direct seeding method performed better than transplanting 

method for most of the root parameters but wet direct seeding and dry direct seeding methods 

were identical. In view of the results obtained in this experiment it may be concluded that direct 

seeding method is better than transplanting method regarding root behavior. Among the cultivars  

BRRI Dhan 29 shows the best root behavior. It is the first work regarding root system study in 

different rice cultivar towards different methods of planting, so further studies are necessary to 

find out more information. 
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Table1. Recommended doses of different fertilizers for different cultivars.  

Cultivar Recommending 

authority 

Fertilizers 

Urea 

(kg/ha) 

TSP* 

(kg/ha) 

MP** 

(kg/ha) 

Gypsum 

(kg/ha) 

ZnSO4 

(kg/ha) 

BRRI Dhan 28(V1) BRRI(1999) 220 120 85 60 10 

BRRI Dhan 29(V2) BRRI(1999) 270 130 120 70 10 

Aalok 6201(V3) ACI(1999) 270 130 120 70 10 

Sonarbangla 1(V4) Mallika Seed(1999) 270 130 120 110 10 

Habigonj IV(V5) Alam et al.(1988) 90 75 60 60 10 

Habigonj VIII(V6) Alam et al.(1988) 90 75 60 60 10 

*TSP : Triple super phosphate. 

**MP : Muriate of potash.  
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Table 2. Effects of method of planting and cultivar on the number of roots at different soil depth 

hill
-1

 at heading.  

Treatment Soil depth (cm) 

 0-10   10-20  20-30 

Planting method    

Dry direct seeding(M1) 238.61 25.28 12.44 

Wet direct seeding(M2) 260.72 22.50 11.61 

Transplanting(M3) 231.56 25.50 12.44 

Level of significance NS NS NS 

xS  10.52 1.41 1.16 

Cultivar    

BRRI Dhan 28(V1) 279.44 a 27.22 ab 12.78 ab 

BRRI Dhan 29(V2) 262.44 a 29.11 a 17.22 a 

Aalok6201(V3) 179.33 b 20.66 bc 10.22 bc 

Sonarbangla 1(V4) 263.56 a 33.44 a 15.67 a 

Habigonj IV(V5) 277.78 a 15.44 c 7.78 c 

Habigonj VIII(V6). 199.22 b 20.67 bc 9.33 bc 

Level of significance 0.01 0.01 0.01 

xS  15.57 1.81 1.14 

 In a column, means followed by a common letter(s) or without letter are not significantly 

different by DMRT at 0.01. NS = Non-significant. 
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Table 3. Effects of method of planting and cultivar on the number of roots at different soil depth 

hill
-1

 at harvest. 

Treatment Soil depth (cm) 

 0-10   10-20  20-30 

Planting method    

Dry direct seeding(M1) 333.83 40.00 18.36 

Wet direct seeding(M2) 333.56 42.56 20.36 

Transplanting(M3) 297.70 46.22 20.25 

Level of significance NS NS NS 

xS  14.28 1.62 0.76 

Cultivar    

BRRI Dhan 28(V1) 293.33 b 42.72ab 19.72 

BRRI Dhan 29(V2) 564.56 a 51.78 a 21.44 

Aalok6201(V3) 280.00 b 45.94 ab 20.67 

Sonarbangla 1(V4) 291.00 b 45.28 ab 19.67 

Habigonj IV(V5) 234.61 b 34.78 b 20.56 

Habigonj VIII(V6). 266.61 b 37.06 b 15.89 

Level of significance 0.01 0.05 NS 

xS  17.06 3.27 1.74 

In a column, means followed by a common letter(s) or without letter are not significantly 

different by DMRT at 0.01. NS = Non-significant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 4.Analysis of variance (mean square) for number of roots at different soil depth hill
-1

 at heading and at harvest.  

Source of variation 

 

Degree of 

freedom 

Mean squares 

Number of roots at 0-10 cm 

soil depth 

Number of roots at 10-20 

cm soil depth 

Number of roots at 20-30 cm 

soil depth 

At heading At harvest At heading At harvest At heading At harvest 

Replication 2 7951.46 NS 2293.63 NS 45.35 NS 78.95 NS 9.50 NS 190.42 ** 

Methods of planting (A) 2 4168.13 NS 7788.35 NS 50.30 NS 176.07 NS 4.17 NS 22.74 NS 

Error (1) 4 1995.35 3669.86 35.94 46.98 24.17 10.43 

Cultivar (B) 5 16750.56 ** 131551.43 ** 396.06 ** 349.01 * 124.66 ** 34.61 NS 

A×B 10 1682.15 NS 3514.28 NS 81.03 133.25 NS 39.86 ** 32.14 NS 

Error (2) 30 2182.39 2617.69 - 96.29 11.66 27.25 

* Indicates significant at 5 % level of probability. 

** Indicates significant at 1 % level of probability. 

NS = Non significant. 

 

 

 

 

 

 



 

Table 5. Effects of method of planting and cultivar on root length density (RLD), root biomass, 

and root shoot ratio at 0-30 cm soil depth hill
-1

 at heading. 

 Treatment Root length density 

(mm cm
-3

) 

Root biomass 

(g/ hill
-1

) 

Root - shoot  ratio 

(mg g
-1

) 

Planting method    

Dry direct seeding(M1) 0.76 a 0.781 ab 77.36 

Wet direct seeding(M2) 0.79 a 0.874 a 70.08 

Transplanting(M3) 0.65 b 0.630 b 59.32 

Level of significance 0.05 0.05 NS 

xS  0.02 0.046 4.54 

Cultivar    

BRRI Dhan 28(V1) 0.95 a 0.994 a 61.52 c 

BRRI Dhan 29(V2) 0.92 a 0.959 a 76.65 ab 

Aalok6201(V3) 0.61 b 0.674 bc 63.94 bc 

Sonarbangla 1(V4) 0.68 b 0.932 ab 79.29 a 

Habigonj IV(V5) 0.62 b 0.501 c 65.48 abc 

Habigonj VIII(V6) 0.60 b 0.509 c 66.63 abc 

Level of significance 0.01 0.01 0.05 

xS  0.04 0.069 4.71 

In a column, means followed by a common letter(s) or without letter are not significantly 

different by DMRT at 0.01. NS = Non-significant. 
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Table 6. Effects of method of planting and cultivar on root length density(RLD), root biomass, 

and root shoot ratio at 0-30 cm soil depth hill
-1

 at harvest. 

 Treatment Root length density 

(mm cm
-3

) 

Root biomass 

(g/ hill
-1

) 

Root - shoot  ratio 

(mg g
-1

) 

Planting method    

Dry direct seeding(M1) 1.16 2.06 ab 30.22 

Wet direct seeding(M2) 1.23 2.164 a 29.11 

Transplanting(M3) 1.13 1.630 b 21.87 

Level of significance NS 0.05 NS 

xS  0.02 0.123 1.79 

Cultivar    

BRRI Dhan 28(V1) 1.15 b 1.96 29.07 ab 

BRRI Dhan 29(V2) 1.60 a 2.94 35.31 a 

Aalok6201(V3) 1.10 b 2.06 22.39 b 

Sonarbangla 1(V4) 1.03 b 2.00 21.64 b 

Habigonj IV(V5) 1.07 b 1.30 22.03 b 

Habigonj VIII(V6) 1.10 b 1.45 31.98 ab 

Level of significance 0.01 NS 0.05 

xS  0.01 0.101 2.51 

In a column, means followed by a common letter(s) or without letter are not significantly 

different by DMRT at 0.01. NS = Non-significant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 7. Analysis of variance (mean square) for root length density (RLD), root biomass, and root shoot ratio at 0-30 cm soil depth hill
-1

  

at heading and at harvest  

Source of variation 

 

Degree of 

freedom 

Mean squares 

Root length density (mm cm
-3

) Root biomass 

(g/ hill
-1

) 

Root - shoot  ratio 

(mg g
-1

) 

At heading At harvest At heading At harvest At heading At harvest 

Replication 2 0.19 ** 0.001 NS 0.29 * 0.08 NS 356.24 NS 67.34 NS 

Methods of planting (A) 2 0.10 * 0.04 NS 0.27 * 1.44 ** 1481.27 NS 370.05 * 

Error (1) 4 0.01 0.012 0.04 0.27 370.34 57.46 

Cultivar (B) 5 0.23 ** 0.40 ** 0.47 ** 3.00 ** 474.91 * 310.79 ** 

A×B 10 0.02 NS 0.013 NS 0.03 NS 0.11 NS 353.48 NS 99.52 NS 

Error (2) 30 0.02 0.01 0.04 0.09 199.45 56.79 

 * Indicates significant at 5 % level of probability. 

** Indicates significant at 1 % level of probability. 

NS = Non significant. 

 

 

 

 



 

Table 8. Effects of method of planting and cultivar on growth of rice plants and days to maturity 

in rice. 

Treatment Total 

number 

of tillers 

at harvest  

Dry matter 

of shoot/ 

hill
-1

  (g) 

at heading  

Dry matter 

of shoot/ 

hill
-1

  (g) 

at harvest 

Days to 

heading 

Days to 

flowering 

Days to 

maturity 

Planting method       

Dry direct seeding(M1) 10.31 10.60 72.36 106.23 b 113.28 b 140.50 b 

Wet direct seeding(M2) 10.54 12.62 79.37 107.62 a 115.61 a 142.50 a 

Transplanting(M3) 9.28 10.64 76.81 112.05 a 120.94 a 146..23 a 

Level of significance NS NS NS 0.05 0.01 0.05 

xS  0.50 0.66 5.12 0.29 0.32 0.33 

Cultivar       

BRRI Dhan 28(V1) 10.40 ab 16.32 a 68.84 b 112.78 b 120.89 b 150.45 

BRRI Dhan 29(V2) 9.93 ab 12.79 ab 91.34 a 123.34 a 132.78 a 154.00 

Aalok6201(V3) 12.64 a 10.66 bc 91.90 a 106.34 d 114.33 d 140.23 

Sonarbangla 1(V4) 7.76 c 12.28 ab 96.98 a 109.34 c 116.44 c 149.23 

Habigonj IV(V5) 10.07 ab 7.88 c 59.42 b 92.23 f 99.33 f 122.34 

Habigonj VIII(V6). 9.13 bc 7.78 c 48.59 b 99.78 e 107.89 e 134.23 

Level of significance 0.01 0.01 0.01 0.01 0.01 0.01 

xS  0.50 1.08 5.36 

 

0.32 0.40 0.41 

In a column, means followed by a common letter(s) or without letter are not significantly 

different by DMRT at 0.01. NS = Non-significant. 

 

 

 

 

 

 

 

 

 

 



Table 9. Analysis of variance (mean square) for different growth parameters. 

Source of variation 

 

Degree of 

freedom 

Mean squares 

  Total 

number of 

tillers at 

harvest  

Dry matter of 

shoot/ hill
-1

  
(g) at heading  

Dry matter of 

shoot/ hill
-1

  
(g) at harvest 

Days to 

heading 

Days to 

flowering 

Days to 

maturity 

Replication 2 .74 NS 29.33 NS 509.19 NS 0.79 NS 3.72 NS 2.24 NS 

Methods of planting (A) 2 8.18 NS 23.99 NS 226.65 NS 16.46 * 62.00 ** 21.13 * 

Error (1) 4 4.43 7.89 471.56 1.45 1.89 1.91 

Cultivar (B) 5 17.33 ** 95.15 ** 3609.32 ** 1036.92 ** 1167.86 ** 1291.50 ** 

A×B 10 3.55 NS 13.07 NS 351.64 NS 2.77 ** 3.16 * 2.93* 

Error (2) 30 2.44 10.46 258.19 0.89 1.43 1.51 

 * Indicates significant at 5 % level of probability. 

** Indicates significant at 1 % level of probability. 

NS = Non significant. 

 

 

 

 


