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Comparative Performance of Drought-Tolerant Rice Varieties in North-Western Bangladesh


ABSTRACT

	Drought is a slow onset recurrent phenomenon in northwest part of Bangladesh. Drought has both direct and indirect impacts on crop yields. Hence, an experiment was conducted at the Nachole, Chapa Nawabganj during Aman season of 2018 to investigate the performance of two drought tolerant rice varieties (BRRI dhan56 and BRRI dhan71) under different fertilizer management practices. The experiment was laid out in a split plot design with two varieties in the main plots and four fertilizer treatments such as T1 (Control), T2 (soil test-based fertilization), T3 (farmers practice) and T4 (soil test-based fertilization and 5 t/ha cowdung) in the subplots with three replications. 80 kg N ha-1, 25 kg P ha-1, 35 kg K ha-1, 10 kg S ha-1 and 3 kg Zn ha-1 were applied as Recommended Fertilizer Dose (RFD). Nitrogen, phosphorus, potassium, sulphur and zinc were supplied as urea, TSP, MoP, gypsum and zinc sulfate, respectively. BRRI dhan71 performed better than BRRI dhan56 considering yield contributing characters and yield of rice. On the other hand, the highest grain (5.927 t ha-1) and straw yield (5.845 t ha-1) were obtained in treatment T4 (Soil test-based fertilization and 5 t/ha cowdung). Considering both variety and treatment, BRRI dhan7l with soil test-based fertilization and 5 t ha-1cowdung (V2T4) showed the highest grain and straw yields of 5.947 t ha-1 and 5.857 t ha-1, respectively. Therefore, this combination could be recommended with some farmer's field trials for sustainable rice production.
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1. INTRODUCTION 
Rice (Oryza sativa L.) is the major food crop of more than one-half of the world's population and grows worldwide (Latif et al., 2020). Among the most cultivated edible starchy cereals in the world, rice ranks as second next to wheat (Abodolereza et al., 2009).  Bangladesh, South Asian country, is currently the world's fourth largest rice producer after China, India and Indonesia (GRiSP, 2013). Rice is a high-quality source of protein, supplying about 15 % of global per capita protein, along with essential minerals, vitamins, and fiber. In Bangladesh, it is the principal crop, contributing 95 % of annual food grain production and providing 75 % of carbohydrates and 50 % of protein in the average diet (Rahman et al., 2025). It is the staple food of about 135 million people of Bangladesh. Total rice production in Bangladesh was about 10.59 million tons in the year 1971 when the country's population was only about 70.88 million. However, the country is now producing about 25.0 million tons to feed her 135 million people. This indicates that the growth of rice production was much faster than the growth of population. Bangladesh's annual consumption requirement of rice is 3.5 crore tones and last year's total production was higher than the estimated demand (BRRI, 2021). In 2019-2020, rice is cultivated in about 28213 acres of land and total rice production is 36604 M. Ton. and about 14204 acres of land is cultivated by aman rice (BBS, 2020). Transplant Aman rice is grown under rainfed ecosystems during July to December, and the most of rice area in Bangladesh. About 5883.80 ha of area is planted to aman rice in Bangladesh and the production is 2.63(ton/ha) (BRRI, 2021). It is estimated that rice yield needs to be increased by 53.3% by 2020 (Mahamud et al., 2013). Since there is little scope of horizontal expansion of the rice area in the country attempt should be made to increase the yield per unit area.	Comment by Almasa: Write In italic	Comment by Almasa: Who said that?	Comment by Almasa: Not found within the list of references! 	Comment by Almasa: Not found within the list of references! 


Water stress leads to spikelet infertility of rice during reproductive stage. Water stress impairs normal growth, disturbs water relations, and reduces water use efficiency in plants. The rate of photosynthesis is reduced mainly by stomatal closure, membrane damage, and disturbed activity of various enzymes, especially those involved in ATP synthesis due to drought. Drought tolerant rice varieties may act as an alternative to reduce the pressure for excess use of groundwater. The water shortage at the grain filling stage may cause drastically seed yield loss. The performance of rice varieties varies under water stress conditions at different growth stages have been evaluated by many workers. Islam et al. (1994) observed that yield losses that result from water deficit are particularly severe when drought strikes at booting stage. Water stress at or before panicle initiation reduces potential spike number and decreases translocation of assimilates to the grains and it results low in gain weight and increases empty grains (Davatgara et al., 2009).	Comment by Almasa: Sources?

In Bangladesh, drought severely affects agricultural land across all three cropping seasons each year, impacting about 0.40 M ha in Kharif-I, 0.34 M ha in Kharif-II, and 0.45 M ha in the Rabi season. The Barind Tract in the northwestern region, the largest Pleistocene physiographic unit of the Bengal Basin, is recognized as the most drought-prone area of the country (Islam et al., 2019). In recent years, drought stress has become a big challenge for farmers of northwestern region of the country whom are involved in rice cultivation. Therefore, the drought stress has turned to a threat to achieving country's self-sufficiency in rice production. During late monsoon irrigation is the only common practice for the farmers to deal with the drought stress.  In rainfed condition, rice production can undergo dry spell at almost any period during the growth duration leading to drought stress. So, for both local land races as well as for modern Aman rice, drought is a common phenomenon.  The effects of drought stress during the grain-filling stage on the yield of local Aman rice have not yet been adequately evaluated. With declining water availability for agriculture in northwestern Bangladesh, it is therefore essential to assess the physiological potential of drought-tolerant rice varieties. The present study was undertaken to evaluate the performance of drought tolerant rice varieties under different organic and inorganic fertilizer combinations.	Comment by Almasa: Sources?

2. material and methods 

2.1 Experimental Site
The experiment was set up at Nachole in the district of Chapai Nawabganj, Rajshahi during the aman season of 2018 and the period was from July 2018 to November 2018. The farm is situated at the latitude of 24°43.8' N and longitude 88°25.2' E. The experimental site was under the AEZ of lower punarbhaba floodplain. 	Comment by Ava: Elevation?
2.2 Experimental soil and climate 
The soil was imperfectly to poorly drained mixed grey and yellowish-brown clay loam overlying grey and mottled yellow and brown, clayey substratum. All the sediments are acidic in reactions (Japan cooperation agency, 1988). The physical and chemical characteristics of the initial soil are given in the (Table 1). The experimental area belongs to sub-tropical climate and is characterized by high temperature accompanied by moderately heavy rainfall during the kharif (March to September) season and a scanty rainfall associated with moderately low temperature during the Rabi (October to February). From February atmospheric temperature tends to increase as the season proceeds towards kharif.	Comment by Ava: Not found within the references!
Table 1: Physical and chemical characteristics of the initial soil
	Characteristics
	Results

	Physical characteristics

	% sand
	12.57

	% silt
	73.22

	% clay
	14.21

	Soil texture
	Clay loam

	Chemical characteristics

	pH (Soil : Water =1:.5)
	6.25

	Organic matter (%)
	3.31

	Total N (%)
	0.179

	Available P (ppm)
	12.76

	Available S (ppm)
	10.47

	Exchangeable K (me/ 100g soil)
	0.13

	Cation exchange capacity (me/1008 soil)
	14.20

	Organic carbon (%)
	1.913


Source: Soil Science department, Bangladesh Agricultural University, Bangladesh
2.3 Experimental Treatments and Design
The experimental treatment consisted of two factors. Factor A consisted of two rice varieties: BRRI dhan56 (V₁) and BRRI dhan71 (V₂). Factor B included four fertilizer treatments: a control (T₁), soil test-based fertilization (T₂), Farmers practice (T3), and soil test-based fertilization with 5 t ha-1 cowdung (T₄). The experiment was laid out in a randomized complete block design (RCBD) with three replications. The experimental area was divided into three blocks, each containing eight plots, resulting in a total of 24 plots. Each plot measured 4 m × 2.5 m and was separated by 50 cm drains, while blocks were separated by 1 m drains. Treatments were randomly assigned within each block to minimize soil heterogeneity effects.	Comment by Ava: How about the levels of irrigation? 	Comment by Ava: Could you explain little bit of farmer treatment so that to be clear to the reader? 
 2.5 Description of the Plant Material 
BRRI dhan56 and BRRI dhan7l are high yielding varieties of rice was used as the test crop in this experiment. These variety are somewhat resistant to pests and diseases especially tungro stem rot, sheath blight and leaf blight. These are popular variety recommended for cultivation in the aman season of Bangladesh with a lifetime ranging from 110 to 115 days. The seedlings were collected from Nachole upazila Chapai Nawabganj district.
2.6 Conduction of the Experiment
2.6.1 Land preparation and fertilizer application
Land preparation started on 26 July 2018 with ploughing, cross-ploughing, and laddering for fine tilth. Weeds and crop residues were removed, and plots were leveled and laid out according to the experimental design. Fertilizers were applied according to the treatments. Required amounts of N, P, K, S, and Zn for each plot were calculated based on the recommended rates. All fertilizers, except urea, were applied as basal during land preparation. Urea was applied in three splits: the first at 10 days, the second at 25 days (maximum tillering), and the third at 40 days after transplanting.
2.6.2 Transplanting of seedling 
The seedlings were uprooted carefully from the seedbed in the morning and transplanted on the same day. 21 days old healthy seedlings were transplanted in the experimental plots on 15.08.2018. The spacing of transplanting was 20 cm x 20 cm. Three to four seedlings were transplanted in each hill.
2.6.3 Intercultural operation 
[bookmark: _GoBack]Intercultural operations were performed as needed to ensure normal crop growth. After transplanting, 5-6 cm of water was maintained in each plot until ripening, followed by 1-2 cm until harvest. Irrigation was managed differently for each treatment: T₁ was irrigated when the soil dried below 15 cm (measured with perforated pipes), T₂ five days after soil saturation, and T₃ to maintain continuous shallow flooding (5 cm). Excess water was drained as required.	Comment by Ava: "Aren’t these treatments? There are different irrigation levels; why weren’t they included in the calculations
2.6.4 Harvesting and threshing 
The crop was harvested at maturity as indicated by 90% of the panicle become golden yellow. Three hills from the each of each plot were sampled for the agronomic data collection prior to harvest. The harvested crop of each plot was bundled and tagged and then carried for threshing. The bundles were threshed plot wise and the sun dry weight of the grain and straw were recorded. 

2.7 Methods of Data Collection 
Growth and yield data were collected from three randomly selected plants per plot, excluding the outer two rows. Plot-wise grain and straw yields were recorded to calculate yield per hectare. Measured parameters included plant height, effective tillers per hill, panicle length, grains per panicle, 1000-grain weight, grain yield (t ha-1), straw yield (t ha-1), biological yield (t ha-1), and harvest index (%).
2.8 Harvest index (%)
Harvest index is the relationship between grain yield and biological yield. Harvest index was calculated by using the following formula:


2.9 Statistical Analysis
The analysis of variance for various crop characters and also for various nutrients concentrations and nutrient uptake was done following the F-test. Mean comparisons of the treatments were made by the Duncan's Multiple Range Test, DMRT (Gomez and Gomez, 1984). Correlation statistics was performed to examine the interrelationship among the plant characters under study.
3. RESULT 
3.1 [bookmark: _Hlk219055884]Effect of variety
3.1.1 Plant height
The plant height varied significantly between two varieties. The tallest plant (104.12 cm) was observed in BRRI dhan7l and the shortest plant (100.13 cm) was observed in BRRI dhan56 (Table 2) (Fig..1). Plant height is a varietal character and it is the genetic constituent of the cultivar; therefore, plant height was different between varieties.
3.1.2 Number of effective tillers hill-1
Number of effective tillers hill-1 was significantly influenced by variety. The highest number of effective tillers hill-1 (12.425) was found in BRRI dhan7l and the lowest number of effective tillers hill-1 (9.317) was found in BRRI dhan56 (Table 2) (Fig. 1).
3.1.3 Panicle length
Panicle length was significantly influenced by variety. The longest panicle length (23.73 cm) was recorded in variety BRRI dhan7l and the shortest panicle (22.71 cm) was recorded in BRRI dhan56 (Table 2).
3.1.4 Number of grains panicle-1
Number of filled grain panicle-1 was significantly influenced by variety. The highest number of filled grains (122.75) was observed in BRRI dhan7l and the lowest one (95.70) was found in BRRI dhan56 (Table 2).
3.1.5 Number of unfilled grains panicle-1
Number of unfilled grains panicle-1 was significantly influenced by different varieties. The highest number of unfilled grains (29.917) was observed in BRRI dhan71 and the lowest one (19.10) was found in BRRI dhan56 (Table 2).
[bookmark: _Hlk219053284]3.1.6 1000-grain weight
Weight of 1000 grain was not significantly varied between two varieties of rice. The highest thousand grain weight (24.812g) was found in BRRI dhan71 and the lowest one was found (24.741g) in BRRI dhan56 (Table 2).
3.1.7 Grain yield
The studied variety varied significantly in respect of grain yield. The highest grain yield (4.9317 t ha-1) was obtained in BRRI dhan7l. The increased yield might be due to the lowest number of unfilled grains panicle-1. The lowest grain yield grains (4.856 t ha-1) was obtained in BRRI dhan56 (Fig. 1). This difference was observed due to different varietal characteristics of rice plant. BRRI (2005) also reported variation in grain yield among the varieties.	Comment by Almasa: Not found within the list of references! 

3.1.8 Straw yield
Straw yield was significantly influenced by two varieties. The highest straw yield (4.84 t ha-1) was found in BRRI dhan7l and the lowest straw yield (4.79 t ha-1) was found in BRRI dhan56 (Fig. 1).
3.1.9 Biological yield
Biological yield was significantly affected by variety. The highest biological yield (9.77 t ha-1) was found in BRRI dhan7l and the lowest biological yield (9.65 t ha-1) was found in BRRI dhan56 variety (Table 2) (Fig. 1).
3.1.10 Harvest index (%)
Harvest index was significantly affected by variety. The highest harvest index (50.469%) was found in BRRI dhan7l rice variety and the lowest harvest index (50.345%) was found in BRRI dhan56 (Table 2) (Fig. 1).
[image: ]
Figure.1: Effect of variety and treatment on plant height (cm), number effect tiller hill-1, grain yield (t ha-1), straw yield ( t ha-1), biological yield ( t ha-1) and harvest index (%)  of drought tolerant rice. (Bar represents standard error mean).
V1=BRRI dhan56, V2=BRRI dhan71,
Table 2 Effect of variety on yield and yield contributing characters of drought tolerant rice varieties
	Variety
	Plant
height
(cm)
	Number
of effective
tillers hill-1
	Panicle
length
(cm)
	Number
of filled
grain
	Number
of
unfilled
grain
	1000
grain
weight
	Biological
yield 
(t ha-1)
	Harvest
index
(%)

	V1
	100.130b
	9.317b
	22.713b
	95.70b
	19.100b
	24.741b
	9.645b
	50.345b

	V2
	104.120a
	12.425a
	23.725a
	122.75a
	29.917a
	24.812a
	9.770a
	50.469a

	Level of significance
	**
	***
	*
	***
	***
	NS
	NS
	***

	CV
	2.92
	13.29
	4.6
	11.27
	26.25
	2.53
	18.07
	4.31


In a column, figures with same letter(s) or without letter do not differ significantly whereas figures with dissimilar letter differ significantly as per DMRT.
*Indicates 5% Significance level of probability; **Indicates 1% Significance level of probability; ***Indicates 0.1% Significance level of probability; NS = not significant. CV= Coefficient of variation. V1=BRRI dhan56, V2=BRRI dhan71
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3.2 Effect of treatment 
3.2.1 Plant height
Plant height was significantly affected by treatment. The tallest plant (106.03cm) was found in T2 (soil test-based fertilization) treatment. Though T2 was the tallest but T2 and T4 was statistically identical with the values of 104.77 cm and 106.03 cm. And also, T1 and T3 was statistically identical with the values of 98.13 cm and 99.57 cm the shortest plant (98.13 cm) was found in T1 treatment (Table 3) (Fig. 2).
3.2.2 Number of effective tillers hill-1
Number of effective tillers hill-1 was not significantly influenced by treatment. The highest number of effective tillers hill-1 (11.133) was produced by T3 (farmers practice) treatment. The lowest number of effective tillers hill-1 (10.283) was produced by T4 (soil test-based fertilization) treatment (Table 3.) (Fig..2).
3.2.3 Panicle length
Panicle length was not significantly influenced by treatment. The longest panicle (23.88 cm) was observed in T4 (soil test-based fertilization and 5 t/ha cowdung) treatment and the shortest one (22.73 cm) was observed in T1 (control) treatment (Table 3).
3.2.4 Number of grains panicle-1
Number of filled grains panicle-1 was significantly influenced by treatment. The highest number of filled grains panicle-1 (114.07) was produced by T3 (farmers practice) treatment while the lowest number of grains panicle-1 (102.20) was found T1 (control) treatment (Table 3).
3.2.5 Number of unfilled grains panicle-1
Number of unfilled grains panicle-1 was not significantly influenced by treatment. The highest number of unfilled grains panicle-1 (29.10) was produced by T4 (Soil test-based fertilization and 5 t/ha cowdung) while the lowest number of grains panicle-1 (21.167) was found by T1 (control) treatment (Table 3.).
3.2.6 1000-grain weight
Treatment was not significantly affected the weight of 1000-grains of rice varieties. The highest 1000 grain weight (25.043 g) was recorded in T3(farmers practice) treatment and the lowest 1000 grain weight (24.523 g) was observed in T4 (Soil test-based fertilization and 5 t/ha cowdung) treatment (Table 3).
3.2.7 Grain yield
Grain yield was significantly influenced by treatment. The highest grain yield (5.927 t ha-1) was produced by T4 (soil test-based fertilization and 5 t/ha cowdung) treatment and the lowest grain yield (3.0783 t ha-1) was produced by T1 (control) treatment (Fig..2).
3.2.8 Straw yield
Straw yield was significantly influenced by treatment. The highest straw yield (5.84 t ha-1) was observed in T4 (soil test-based fertilization and 5 t/ha cowdung) treatment and the lowest straw yield (3.008 t ha-1) was observed in T1 (control) treatment (Fig. 2).
3.2.9 Biological yield
Treatments had significant influence on biological yield. The highest biological yield (11.77 t ha-1) was obtained in T4 (soil test-based fertilization and 5 t/ha cowdung) treatment and the lowest biological yield (6.086 t ha-1) was obtained in T1 (control) treatment (Table 3) (Fig. 2).
3.2.10 Harvest index (%)
Harvest index was significantly influenced by treatment. The highest harvest index (50.575%) was observed in V1(control) treatment and the lowest harvest index (50.327%) was observed in T3 (farmers practice) treatment which was significantly identical with T4 (Soil test-based fertilization and 5 t/ha cowdung) (Table 3.) (Fig. 2).
[image: ]

Figure.2: Effect of variety and treatment on plant height (cm), number effect tiller hill-1, grain yield (t ha-1), straw yield (t ha-1), biological yield (t ha-1) and harvest index (%) of drought tolerant rice. (Bar represents standard error mean).
T1= Control, T2 = Soil test based fertilization, T3 = Farmers practice, T4 = Soil test based fertilization and 5 t/ha cowdung.  

















Table 3Effect of treatment on yield and yield contributing characters of drought tolerant rice varieties
	Treatment
	Plant
height
(cm)
	Number
of
effective
tillers hill-1
	Panicle
length
(cm)
	Number
of filled
grain
	Number
of
unfilled
grain
	1000
grain
weight
	Biological
yield
(t ha-1)
	Harvest
index
(%)

	T1
	98.130b
	11.033a
	22.733a
	102.20a
	21.167a
	24.907a
	6.086d
	50.575a

	T2
	106.030a
	11.033a
	23.083a
	114.07a
	23.567a
	24.632a
	10.793b
	50.448b

	T3
	99.570b
	11.133a
	23.183a
	107.47a
	24.200a
	25.043a
	10.183c
	50.327d

	T4
	104.770a
	10.283a
	23.875a
	113.17a
	29.100a
	24.523a
	11.770a
	50.347c

	Level of
significance
	**
	NS
	NS
	NS
	NS
	NS
	***
	***

	CV
	2.92
	13.29
	4.60
	11.27
	26.25
	2.53
	18.07
	4.31



In a column, figures with same letter(s) or without letter do not differ significantly whereas figures with dissimilar letter differ significantly as per DMRT.
**Indicates 1% Significance level of probability; ***Indicates 0.1% Significance level of probability; NS = not significant. CV= Coefficient of variation. T1 = control, T2= soil test-based fertilization, T3= Farmers practice, T4= soil test-based fertilization and 5 t/ha cowdung







3.3 Effect of interaction between variety and treatment 
3.3.1 Plant height
The effect of interaction between variety and treatment was significant for plant height. The tallest plant (106.47 cm) was obtained from BRRI dhan7l variety with soil test-based fertilization. Which was statistically identical BRRI dhan7l with control (102.13 cm), with farmers practice (104.00cm), soil test-based fertilization and 5 t/ha cowdung (103.87cm) and BRRI dhan56 with soil test-based fertilization 105.60, with soil test-based fertilization and 5 t/ha cowdung (105.67cm).
3.3.2 Number of effective tillers hill-1
The effect of interaction between variety and treatment was significant for effective tillers hill-1. The highest number of effective tillers hill-1 (13.133) was produced by BRRI dhan56 with control treatment, while the lowest number of effective tillers hill-1 (8.933) was found from V2T1 (BRRI dhan71× control) treatment (Table 3.).
3.3.3 Panicle length
The effect of interaction between variety and treatment was not significant for panicle length. The longest panicle (24.10 cm) was observed in V2T3 (BRRI dhan7l x farmers practice) treatment and the shortest (22.27 cm) was found in V1T2 (BRRI dhari56 x soil test-based fertilization) treatment and V1T3 (BRRI dhan 56 × farmers practice) treatment. (Table 3.).
3.3.4 Number of grains panicle-1
Number of filled grains panicle-1 was significantly influenced by the interaction between varieties and treatment. The highest number of filled grains (126.40) was produced by V2T4 (BRRI dhan7l soil test-based fertilization and 5 t/ha cowdung) treatment and the lowest number of grains panicle-1 (88.53) was produced by V1T1 (BRRI dhan56 × control) treatment (Table 3.).
3.3.5 Number of unfilled grains panicle-1
Number of unfilled grains panicle-1 was significantly influenced by the interaction between varieties and treatment. However, numerically the highest number of unfilled grains (29.53) was produced by V2T4 (BRRI dhan71 x (Soil test-based fertilization) treatment and the lowest number of unfilled grains panicle-1 (17.60) was produced by V1T2 (BRRI dhan56 x soil test-based fertilization) treatment (Table 3).
3.3.6 1000-grain weight
Weight of 1000 grain was not significantly affected by the interaction between variety and treatment. However, numerically the highest 1000 grains weight (24.787 g) was recorded in V2T1 (BRRI dhan7l x control) treatment and the lowest one (24.393g) was found in V2T4 (BRRI dhan71 x Soil test-based fertilization and 5 t/ha cowdung) treatment (Table 3).
3.3.7 Grain yield
Grain yield was significantly influenced by the interaction between varieties and treatment. The highest number of grain yield (5.9467 t ha-1) was produced by V2T4 (BRRI dhan7l x soil test-based fertilization and 3 t/ha cowdung) treatment and the lowest number of grain yield (3.04 t ha-1) was produced by V1T1 (BRRI dhan56 x control) treatment (Table 3.).
3.3.8 Straw yield
Straw yield was significantly influenced by the interaction between variety and treatment. The highest straw yield (5.856 t ha-1) was produced by V2T4 (BRRI dhan7l × soil test-based fertilization and 5 t/ha cowdung) treatment and the lowest straw yield (2.98 t ha-1) was produced by V1T1 (BRRI dhan56 × control) treatment (Table 3).
3.3.9 Biological yield
Biological yield was significantly influenced by the interaction between variety and treatment. The highest biological yield (11.803 t ha-1) was produced by V2T4 (BRRI dhan7l soil test based fertilization and 5 t/ha cowdung) treatment and the lowest biological yield (6.02 t ha-1) was produced by V1T1 (BRRI × control) treatment (Table 3).
3.3.10 Harvest index (%)
Harvest index was significantly influenced by the interaction between variety and treatment. The highest harvest index (50.65%) was observed in V2T1(BRRI dhan7l x control) treatment and the lowest harvest index (46.79) was observed in V2T3 (BRRI dhan 71 × farmers practice) treatment (Table 3.).
















Table 4. Combined effect of variety and treatment on yield and yield contributing characters of drought tolerant rice
	Interaction
	Plant
height
(cm)
	Number
of
effective
tillers hill-1
	Panicle
length
(cm)
	Number
of filled
grain
	Number
of
unfilled
grain
	1000
grain
weight
	Grain
yield 
(t ha-1)
	Straw
yield 
(t ha-1)
	Biological
yield 
(t ha-1)
	Harvest
index
(%)

	V1T1
	94.130b
	13.133a
	22.400a
	88.530d
	18.200cd
	25.027a
	3.04c
	2.98d
	6.020h
	50.498c

	V1T2
	105.600a
	12.800a
	22.267a
	101.070bcd
	17.600d
	24.650a
	5.377ab
	5.30b
	10.677e
	50.353e

	V1T3
	95.130b
	12.267ab
	22.267a
	93.270d
	19.400bcd
	24.633a
	5.10c
	5.047c
	10.147f
	50.263g

	V1T4
	105.670a
	11.500abc
	23.917a
	99.940cd
	21.200bcd
	24.653a
	5.907a
	5.833a
	11.739b
	50.316f

	V2T1
	102.130a
	8.933d
	23.067a
	115.870abc
	24.133bcd
	24.787a
	3.117c
	3.037d
	6.154g
	50.650a

	V2T2
	106.470a
	9.268cd
	23.900a
	127.070a
	29.530ab
	24.613a
	5.513b
	5.397b
	10.910d
	50.534b

	V2T3
	104.000a
	10.000bcd
	24.100a
	121.670a
	29.000abc
	25.453a
	5.15c
	5.07c
	11.006c
	46.792h

	V2T4
	103.870a
	9.067cd
	23.833a
	126.400a
	37.000a
	24.393a
	5.947a
	5.857a
	11.804a
	50.382d

	Level of
significance
	**
	**
	**
	**
	**
	NS
	**
	**
	***
	***

	CV
	2.92
	13.29
	4.60
	11.27
	26.25
	2.53
	4.55
	3.67
	18.07
	4.31



In a column, figures with same letter(s) or without letter do not differ significantly whereas figures with dissimilar letter differ significantly as per DMRT.
**Indicates 1% Significance level of probability; ***Indicates 0.1% Significance level of probability; NS = not significant. CV= Coefficient of variation. V1=BRRI dhan56, V2=BRRI dhan71, T1 = control, T2= soil test-based fertilization, T3= Farmers practice, T4= soil test-based fertilization and 5 t/ha cowdung 



4. DISCUSSION
Yield components such as plant height, number of total tillers hill-1, number of effective tillers hill-1, panicle length, filled grain panicle-1, grain yield and straw yield of BRRI dhan56 and BRRI dhan71 responded significantly with the application of treatment of fertilizer combination with cowdung. The maximum number of effective tillers hill-1 (12.80) were found in V1T2 (BRRI dhan56 with soil test-based fertilization). Filled grain/panicle (127.07), plant height (106.47) were found in V2T2 (BRRI dhan71 with soil test-based fertilization). Grain yield (5.947 t ha-1) and straw yield (5.857 t ha-1) and biological yield (11.803 t ha-1) were found in V2T2 (BRRI dhan7l with soil test-based fertilization and 5 t/ha cowdung). Plant height (92.06 cm) and panicle length (24.10 cm) recorded highest in V2T3 (BRRI dhan7l with farmers practice). Grain yield response under drought stress seems to result from a cumulative effect of several of the traits mentioned above, but may be influenced also by other factors.
Variation in yield components under water stress may be related to variation in dry matter production (Boonjung and Fukai, 1996) and/or dry matter partitioning from other parts of the plant to the grains as a result of the capacity of roots, shoots and leaf system to translocate water and nutrients to different parts of the plant and effectively maintain evapotranspiration and photosynthesis (Guan et al., 2010). Moreover, the yield response behavior seems to be influenced by the moisture retention capacity of roots, shoots and leaves (luring the grain filling stage (Jain et al., 2013). Ouk et al., (2006) reported that grain yield of genotypes with higher drought response index (DRI) was less affected by drought. Plant water potential, leaf drought sensitivity score and grain yield components like spikelet infertility seem more likely correlated to grain yield under managed stress (Babu et al., 2003; Atlin et al., 2004) Depth and thickness of root as well as conservative water use, playing a role in avoiding drought (Blum et al., 2011), may influence the yielding performance under drought more than yield under drought, Serraj et al. (2009) proposed an optimization of physiological processes involved in plant response to drought, an efficient water use, dehydration- avoidance mechanisms as well as using genotypes well adapted to the target environment.	Comment by Ava: In the references is not (et al.) check it!
In comparison with variety and soil-based fertilizer application generated plant available N rather spontaneously over the entire growth period indicating a beneficial role of nutrient element specially USG on the growth parameters of rice. Ali et al., (2009) also reported that application of fertilizer and cowdung performed better in respect of all growth parameters as well as grain and straw yields. Application of cowdung with USG had additional benefit on the production of rice as we know cowdung mineralization is slow and improves soil health. Khan et al., (2007) reported higher grain yield due to combined application of soil-based fertilizer fertilizers and cowdung. 	Comment by Ava: What is it? 

5. Conclusion
The study was conducted in Nachole, Chapa Nawabganj to evaluate the performance of BRRI dhan56 and BRRI dhan7l with different fertilization. Based on the findings of the research work, it can be concluded that soil test-based fertilization is better than control and conventional farmer’s practice in terms of rice growth, yield. Between two varieties BRRI dhan7l performed better in terms of yield, yield contributing characters. Treatment T4 (soil test-based fertilization and 5 t/ha cowdung) exhibited the best effect for both rice varieties. Therefore, BRRI dhan71 along with T4 (soil test-based fertilization and 5 t/ha cowdung) could be a potential fertilizer management practice for sustainable agricultural production in drought prone areas of Bangladesh.
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