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Impact of Wood Biochar Doses on Vegetative Growth of Cauliflower (Brassica oleracea var. botrytis) in Coastal Saline Soils of Bangladesh
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ABSTRACT 

	
Aims: To evaluate the effects of varying wood biochar doses on growth parameters (plant height, leaf number, leaf breadth, and leaf length) of cauliflower in coastal Bangladesh, and assess its potential as a soil amendment for challenging environments.
Study design: Randomized Complete Block Design with three replications.
Place and Duration of Study: Noakhali Science and Technology University Campus, Noakhali, Bangladesh, from January to March 2022.
Methodology: Five treatments were tested: T0 (0 ton/ha, control), T1 (2 ton/ha), T2 (4 ton/ha), T3 (6 ton/ha), and T4 (8 ton/ha) Meheguni wood biochar. Each plot contained 6 plants per plot. Growth parameters were measured at 20, 40, and 60 days after transplanting (DAT).
Results: Biochar significantly influenced all four growth parameters (p < 0.05). Plant height increased with higher doses; maximum values were 17.72 cm (T4) at 20 DAT, 33.97 cm (T4) at 40 DAT, and 38.75 cm (T4) at 60 DAT. Leaf number peaked at 10.77 (T3) at 20 DAT, 12.88 (T3) at 40 DAT, and 15.56 (T4) at 60 DAT. Leaf breadth was highest in T3: 5.8 cm at 20 DAT, 12.53 cm at 40 DAT, and 15.45 cm at 60 DAT. Leaf length reached 14.68 cm (T3) at 20 DAT and 31.11 cm (T4) at 40 DAT. No significant effects on development or yield were observed.
Conclusion: Wood biochar at 6-8 ton/ha enhanced vegetative growth of cauliflower, but failed to improve development or yield amid coastal challenges like salinity, waterlogging, and temperature fluctuations. Further studies are needed to optimize biochar for such conditions. These findings demonstrate the potential of biochar to support growth under stress conditions but also indicate the need for optimized application strategies to improve yield.
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1. INTRODUCTION 
Brassica species are well known for their high nutritional value and abundance of health-promoting phytochemicals, including phenolic compounds, vitamin C, and essential minerals (Ahmed & Ali, 2013). Cauliflower (Brassica oleracea L. var. botrytis), belonging to the family Brassicaceae, is one of the most important vegetable crops cultivated worldwide (Mashabela et al., 2018). The term cauliflower is derived from the Latin words Caulis, meaning cabbage, and Floris, meaning flower, referring to the thick inflorescence that forms the edible portion known as the “curd” (Parajuli & Adhikari, 2019). It is primarily a cool-season crop and is more exacting in its climatic requirements compared to most other crops of the Brassicaceae family (Hamad et al., 2017). Botanically, cauliflower is a herbaceous annual when grown for vegetable production but behaves as a biennial when cultivated for seed production (Parajuli & Adhikari, 2019). In Bangladesh, cauliflower (Brassica oleracea var. botrytis) is one of the most popular winter vegetables, widely cultivated across the country under suitable climatic conditions. The crop grows best under cool daytime temperatures ranging from 21 to 29 °C, with adequate sunlight and moist soils rich in organic matter, particularly sandy soils (Hoque et al., 2021). Vegetable production in Bangladesh has increased significantly over the past decade. For instance, total vegetable production increased by 22.73% from 10.52 million metric tons in 2010–11 to 12.912 million metric tons in 2017–18, while cauliflower production increased by 63.09% during the same period. According to the Bangladesh Bureau of Statistics (BBS, 2019), the total vegetable production was 12.912 million metric tons, of which 0.274 million metric tons was cauliflower (Hoque et al., 2021). Despite the increasing demand for and production of vegetables, soil degradation remains a significant challenge that affects agricultural productivity in tropical regions. Continuous cropping and intensive agricultural practices have led to the degradation of many productive soils, resulting in problems such as loss of organic matter and nutrients, drought stress, erosion, waterlogging, salinity, and soil compaction (Karim et al., 2020). These factors ultimately reduce soil fertility and crop productivity. Several studies have suggested that the application of soil amendments such as biochar can help mitigate some of these problems. For example, the application of biochar to agricultural soils may address environmental issues associated with the removal of crop residues and contribute to sustainable biomass harvesting and biofuel production systems (Laghari et al., 2016). In Bangladesh, soil fertility problems are often associated with the excessive use of synthetic fertilizers in intensive cropping systems. Although organic fertilizers such as manures, composts, and crop residues are used, their residual effects in soil are often limited (Baquy et al., 2022). Therefore, the use of eco-friendly bioproducts has become an important strategy for sustainable agricultural production. Biochar has recently garnered considerable attention among scientists as a potential soil amendment that can enhance soil health and increase soil carbon content, thereby supporting sustainable agriculture (Baquy et al., 2022).Biochar is a fine-grained, carbon-rich material produced through the carbonization of biomass under high temperatures (400–700 °C) in the complete or partial absence of oxygen (Manna et al., 2012). It can be applied to soil as an amendment or conditioner, improving the physical, chemical, biological, and nutritional properties of soil (Khadka, 2017). Biochar possesses physicochemical characteristics that allow the safe and long-term storage of carbon in soils while enhancing soil fertility. The addition of biochar can enhance soil physical properties, including improved aeration and increased water-holding capacity. It can also increase soil pH by approximately 0.5–1.0 units, while nutrients present in the ash fraction of biochar may become directly available to plants (Carter et al., 2013). Additionally, some nutrients may become available through microbial utilization of the labile carbon fraction present in biochar. The porous structure, large surface area, and variable surface charge of biochar enable it to retain nutrients and organic matter within the soil, thereby enhancing soil fertility. Consequently, biochar application can increase soil cation exchange capacity (CEC) and improve soil moisture retention, particularly in sandy soils (Coomer & Oosterhuis, 2013). Studies have shown that biochar can enhance nutrient concentrations, increase soil organic matter content, improve pH, and increase water-holding capacity, while reducing soil bulk density (Muhammad et al., 2017). Since biochar is produced from different types of biomass, it generally contains high carbon content along with various plant macro- and micronutrients. However, the chemical composition of biochar largely depends on the type of feedstock used and the pyrolysis conditions during production (Hoque et al., 2021). Biochar has also been reported to stimulate plant growth by improving soil structure, enhancing nutrient availability, and increasing soil water-holding capacity. Furthermore, the porous structure of biochar provides a favorable habitat for microorganisms such as bacteria, actinomycetes, and arbuscular mycorrhizal fungi, thereby enhancing soil microbial activity (Karim et al., 2020). Through these mechanisms, biochar may improve nutrient cycling and soil fertility, ultimately increasing crop productivity (Hagner et al., 2016). Moreover, incorporating biochar into agricultural soils can contribute to long-term carbon sequestration and reduce greenhouse gas emissions (Laghari et al., 2016). Although biochar has attracted considerable attention globally as a soil amendment for improving soil quality and crop productivity, research on its application under Bangladeshi conditions remains limited (Baquy et al., 2022). Therefore, further research is needed to assess the effectiveness of biochar in enhancing soil properties and crop performance under various agro-ecological conditions in Bangladesh. Considering these aspects, the present study was conducted to evaluate the effect of wood biochar doses on soil properties and the growth of cauliflower (Brassica oleracea var. botrytis) in the coastal region of Bangladesh. The objectives of the study were to evaluate the effects of biochar on cauliflower cultivation in coastal soils, to assess the potential for cauliflower cultivation in the southern region of Bangladesh, and to determine whether biochar application can improve soil water-holding capacity, enhance nutrient availability, and reduce soil acidity, ultimately leading to improved crop yield and quality while reducing the dependence on chemical fertilizers and pesticides.

2. material and methods 

2.1 Experimental site
The experiment was carried out at the agricultural field of Noakhali Science and Technology University, Sonapur, Noakhali, from December 2021 to March 2022. The experimental site is located at 22.79187° N latitude and 91.10073° E longitude. It belongs to the 18th agro-ecological zone, known as the Young Meghna Estuarine Floodplain, which is characterized by medium to high land. This region is influenced by the Meghna estuary and is regularly affected by both deposition and erosion processes. The soil of the area consists mainly of stratified, slightly calcareous silt, and the salinity level may vary during the dry season. Seasonal flooding typically remains shallow and is primarily caused by rainfall and runoff from rivers. In some cases, saline water may also enter the area during high tides and cyclones.

2.2 Climatic condition
The experimental area has a tropical climate according to the Köppen–Geiger classification (Aw), which is marked by wet summers and relatively dry winters. The average annual temperature of the area is about 25.2°C (77.3°F), and the yearly rainfall is approximately 2218 mm (87.3 inches). During the experimental period, the maximum temperature varied from 25.4°C to 32°C, while the minimum temperature ranged between 12.6°C and 20.3°C. The meteorological data were collected from Climate-Data.org.
2.3 Soil characteristics
The soil of the experimental site was sandy loam in texture, medium high land.
2.4 Planting materials
Cauliflower variety “Snow white” were used in this experiment. The seedling of the variety was transplanted in the field at the age of 20 days. “Snow white” is a variety of cauliflower that is known for its pure white heads and mild, sweet flavor. This variety is a type of "Italian" or "Romanesco" cauliflower, which means that it has a distinctive pointed, cone-shaped head instead of the typical rounded head of other cauliflower varieties. The total seeding number was 90.
2.5 Experimental treatments
Five treatments of wood biochar were used in the experiment. The treatments were T₀ = 0 ton/ha (control), T₁ = 2 ton/ha, T₂ = 4 ton/ha, T₃ = 6 ton/ha, and T₄ = 8 ton/ha. The biochar used in this study was produced by the CCDB Biochar Project located in Shibalaya, Manikganj. Although wood biochar is widely used in agricultural research, biochar prepared from meheguni wood was selected in this experiment to evaluate its specific effect on the growth of cauliflower. The biochar was produced through a pyrolysis process, which involves heating organic materials at high temperatures in a limited oxygen environment. This process converts the biomass into biochar by stabilizing its carbon content and improving its ability to enhance soil properties. Pyrolysis also helps maintain important characteristics of biochar, such as high porosity and better nutrient retention, which make it suitable for agricultural use. The preparation of the biochar for this study was carried out with the support of the CCDB Biochar Project (Nayem et al., 2024).
2.6 Experimental design and layout
[bookmark: _GoBack]The experiment was arranged in a Randomized Complete Block Design (RCBD) with three replications. The experimental field was divided into three blocks, and each block contained five unit plots. Each plot measured 1.98 m² ( 1.65 m × 1.2 m). The distance between the two plots was 0.5 m. Six seedlings were planted in each plot, resulting in a total of 90 plants in the experiment (6 × 15). Five levels of biochar were applied in the field: 0, 2, 4, 6, and 8 tons per hectare. The treatments were randomly assigned to the plots within each block to ensure unbiased distribution. This experimental design helped reduce the influence of environmental variation across the field and ensured proper randomization at both block and plot levels. Different biochar application rates were selected to study their possible effects on soil properties and cauliflower growth. The lower doses (2 and 4 tons per hectare) represent practical levels that local farmers could easily apply. Higher doses (6 and 8 tons per hectare) were included to observe whether excessive biochar application would lead to reduced benefits or negative effects. The treatment without biochar (0 tons per hectare) served as the control and provided a baseline for comparison. This design allowed the researchers to observe gradual changes in plant growth and yield and helped determine the most effective biochar application rate.
2.7 Crop husbandry
2.7.1 Collection of seedlings: The cauliflower variety; Snow White was used for the study. The seedlings of this variety were collected from a nearby nursery. 
2.7.2 Land preparation
The experimental field was made even by ploughing it twice with a power tiller. The corners of the land were also spaded thoroughly, and hand racks were used to clear out weeds and stubbles. Next, the plot was prepared by hand using a spade and hoe. The area was then labeled using hands and bamboo. In order to facilitate drainage water movement, a drainage channel was prepared around the land and between the blocks. On January 13, 2022, which was ten days prior to transplanting, the land was finally prepared. To maintain the soil's fertility, the recommended amounts of Urea, TSP, and MOP were mixed in with the soil.
2.7.3 Biochar application
The required amounts of biochar were weighed according to the treatment levels and applied to each plot following the experimental design. The biochar was incorporated into the soil on 25 January 2022, eight days before transplanting the seedlings. After application, a small amount of water was sprinkled on the plots to help the biochar mix well with the soil.
2.7.4 Manures and Fertilizers:
Table 1: Management of manures and fertilizers
	Name
	Total amount/decimal
	Time of application

	
	
	Land preparation
	35DAT

	Cow dung
	45kg
	5 Days before
	-

	Urea
	1.2 kg
	0.7
	0.5

	TSP
	1.7 kg
	All
	-

	MoP
	1.2 kg
	All
	-


2.7.5 Transplantation & intercultural operations:
6 holes were making at each plot. Then the seedling was transplanted by maintaining plant to plant space 45cm. Weeding was done at 5 days intervals. To prevent disease infestation "Ektara 25WG"insecticide were sprayed at 4 days intervals.
2.7.5 Gap filling
After transplanting, the soil around each seedling was gently pressed to keep the plants firmly in place. Missing plants were replaced with healthy seedlings when necessary.
2.7.6 Earthing up
Earthing up was done on 13 March 2022 (38 days after transplanting) to prevent lodging and improve nutrient uptake by piling soil around the base of the plants.
2.7.7 Irrigation 
Light irrigation was applied using a watering can after transplanting to help seedling establishment. Later, irrigation was provided as needed to maintain adequate soil moisture while avoiding excess water.

2.7.8 Weeding
Weeding was carried out regularly to reduce weed competition and promote proper crop growth. The first weeding was done 10 days after land preparation, followed by two more weedings at 10-day intervals.
2.7.9 Plant protection
Plant protection measures included hand picking of insects, removal of diseased plant parts, and spraying Cypermethrin (50–100 ml/acre) and Nitro (100–200 kg/acre) when necessary.
2.9 Data collection
Data were collected from three randomly selected plants in each unit plot. Plants were chosen from different positions within each plot to obtain a representative sample. Growth parameters were measured at 20, 40, and 60 days after transplanting (DAT), while developmental parameters were recorded at harvest. This random sampling helped ensure reliable information on plant growth.
2.9.1 Plant height (cm)
Plant height was measured from the base of the plant to the tip of the main stem for three randomly selected plants in each plot. Measurements were taken in centimeters at 20, 40, and 60 DAT, and the average height was calculated.
2.9.2 Number of leaves per plant
The number of leaves was counted from three randomly selected plants in each plot. Observations were recorded at 20, 40, and 60 DAT, and the average number of leaves per plant was calculated.
2.9.2 Leaf length (cm)
Leaf length was measured from the base of the petiole to the tip of the leaf using a meter scale. Measurements were taken from mature leaves of three randomly selected plants at 20, 40, and 60 DAT.
2.9.3 Leaf breadth (cm)
Leaf breadth was measured at the widest part of the leaf lamina using a meter scale. Measurements were taken from mature leaves of three randomly selected plants at harvest and at 20, 40, and 60 days after transplanting (DAT). The average value was then calculated.
2.10 Statistical Analysis
The collected data were analyzed using SPSS and Statistix (version 10) statistical software. Microsoft Excel 2016 was used for graphical presentation. Treatment means were compared using Tukey’s HSD test at a 5% level of significance. The results are presented as mean ± standard error of the mean (SEM).
.

3. results and discussion
Effect of Biochar on Growth-Related Parameters of Cauliflower in Saline Soil
3.1 Plant Height (cm)
The analysis of variance (ANOVA) revealed that the application of biochar significantly influenced the plant height of cauliflower at different days after transplanting (DAT). The results indicated a progressive increase in plant height with increasing biochar application rates compared with the control treatment. At 20 DAT, treatments T3 and T4 significantly increased plant height compared to the control. However, at 40 and 60 DAT, all biochar-amended treatments showed significantly greater plant height than the control. The maximum plant height was recorded in treatment T4, measuring 17.72 cm at 20 DAT, 33.97 cm at 40 DAT, and 38.75 cm at 60 DAT. In contrast, the lowest plant height was observed in the control treatment throughout the experimental period (Figure 1). These findings suggest that biochar application enhanced plant growth, possibly due to improved soil physicochemical properties and nutrient availability under saline conditions.












Figure 1: Effect of wood biochar doses on plant height at 20, 40, and 60 DAT. T0 = Control, T1 = 2 ton/ha, T2 = 4 ton/ha, T3 = 6 ton/ha, T4= 8 ton/ha. Data are the averages of three replicates ± SEM (standard error mean). The values with different characters ( A, B, C, D, E) indicate significance (*p<0.05) over control.
3.2 Number of Leaves per Plant
Leaves are essential for photosynthesis, providing carbohydrates for growth and development. The number of leaves per plant showed significant variation among treatments at 20, 40, and 60 DAT. At 20 DAT, T3 recorded the highest leaf number (10.78), followed by T2 (9.67), T4 (9.66), and T1 (9.44), while the control (T0) had the lowest value (8.56) (Figure 2). At 40 DAT, treatments T2, T3, and T4 significantly increased leaf number relative to the control, with T3 showing the maximum number of leaves (12.89). At 60 DAT, T2, T3, and T4 continued to exhibit significantly higher leaf counts than the control, with T4 reaching the highest value (15.56), while T0 remained lowest at all observation stages (20 DAT: 8.56; 40 DAT: 10.67; 60 DAT: 12.77) (Figure 2). These results indicate that biochar promoted leaf development, likely by enhancing nutrient uptake and physiological performance under saline stress. The use of biochar considerably enhanced plant height and leaf number. Previous studies suggested that biochar positively affected these characteristics. For example, Silva Gonzaga et al. (2019) showed significant impacts on plant height and growth-related characteristics in Brassica juncea.

Figure 2: Effect of wood biochar doses on Leaf No. at 20, 40 and 60 DAT.T0 = Control, T1 = 2 ton/ha, T2 = 4 ton/ha, T3 = 6 ton/ha, T4 = 8 ton/ha. Data are the averages of three replicates ± SEM (standard error mean). The values with different characters ( A,B,C) indicate significance (*p<0.05) over control.

3.3 Leaf Length (cm)
Leaf length differed significantly among treatments at all observation periods. At 20 DAT, treatments T2, T3, and T4 showed a significant increase in leaf length compared with the control. At 40 DAT, significant increases were observed in T3 and T4, while at 60 DAT, all biochar-amended treatments exhibited greater leaf length than the control. The maximum leaf length was consistently recorded in T4, measuring 14.68 cm at 20 DAT, 31.11 cm at 40 DAT, and 36.89 cm at 60 DAT, whereas the control had the lowest values throughout the experimental period (Figure 3). These results indicate that biochar application enhanced leaf expansion, likely through improved soil water and nutrient availability under saline conditions.


Figure 3: Effect of wood biochar doses on Leaf Length at 20, 40, and 60 DAT .T0 =Control, T1 = 2 ton/ha, T2 = 4 ton/ha, T3 = 6 ton/ha, T4 = 8 ton/ha. Data are the averages of three replicates ± SEM (standard error mean). The values with different characters (A, B, C, D) indicate significance (*p<0.05) over control.

3.4 Leaf Breadth (cm)
Leaf breadth of cauliflower varied significantly among treatments at all observation periods. At 20 DAT, treatments T2, T3, and T4 exhibited significantly greater leaf breadth compared with the control, with T4 recording the highest value (5.80 cm), followed by T3 (5.51 cm), T2 (5.47 cm), T0 (4.14 cm), and T1 (4.02 cm) (Figure 4). At 40 DAT, T4 again showed the maximum leaf breadth (12.53 cm), while the control had the lowest value (9.98 cm). At 60 DAT, T4 maintained the highest leaf breadth (15.45 cm), and T0 had the lowest (11.44 cm) (Figure 4). These results indicate that biochar application promoted leaf expansion and overall vegetative growth under saline soil conditions. Jabborova et al. (2021) noted significant enhancements in the growth properties of tomato and spinach.


Figure 4: Effect of wood biochar doses on Leaf Breadth at 20, 40, and 60 DAT. T0 =Control, T1 = 2 ton/ha,T2 = 4 ton/ha,T3 = 6 ton/ha,T4 = 8 ton/ha. Data are the averages of three replicates ± SEM (standard error mean).The values with different characters ( A,B) indicate significancy (*p<0.05) over control.

It should be noted that this study was conducted with a limited number of plants per plot and without detailed soil chemical analysis, which may limit the generalization of conclusions regarding yield improvement and salinity mitigation. Additionally, high scorching temperatures during the experimental period may have stressed the cauliflower plants, which are naturally cool-loving, potentially contributing to the lack of significant yield response. Future studies with larger sample sizes, comprehensive soil analyses, and consideration of temperature management are recommended to validate and expand upon these findings.



4. Conclusion
The growth and development of cauliflower are strongly influenced by nutrient availability, soil properties, and suitable agronomic practices. Biochar, as a nutrient-rich soil amendment, can act as an environmentally friendly alternative to conventional chemical fertilizers, particularly in stress-prone coastal areas. This study focused on the "Snow White" variety of cauliflower grown under saline soil conditions and assessed the effects of wood biochar on vegetative growth parameters. The results demonstrated that biochar application significantly enhanced all measured vegetative growth traits compared to the control. Plant height increased progressively with biochar rates, reaching the highest values in treatment T4: 17.72 cm at 20 DAT, 33.97 cm at 40 DAT, and 38.75 cm at 60 DAT. Leaf number was also highest in T4, with 15.56 leaves per plant at 60 DAT, compared to 12.77 in the control. Similarly, leaf length in T4 reached 14.68 cm at 20 DAT, 31.11 cm at 40 DAT, and 36.89 cm at 60 DAT, while the control showed the lowest values. Leaf breadth followed the same trend, with T4 recording 5.80 cm at 20 DAT, 12.53 cm at 40 DAT, and 15.45 cm at 60 DAT, compared to the control values of 4.14 cm, 9.98 cm, and 11.44 cm, respectively. These findings indicate that T4 was the most effective treatment. Despite the clear improvements in vegetative growth, this study did not observe a corresponding increase in yield. This may be attributed to the limited experimental area, small sample size, climatic variability, pest attack, or other procedural constraints. Therefore, further research with larger-scale trials is recommended to fully understand the effects of biochar on both growth and yield of cauliflower and to optimize its application for sustainable production in saline-affected coastal areas.
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20 DAT	C1
C1
B1C1
B1
A1
0.53266624947835151	0.24257873864880333	0.47479820274863427	0.60917977642072363	0.70550218520804786	0.53266624947835151	0.24257873864880333	0.47479820274863427	0.60917977642072363	0.70550218520804786	To	T1	T2	T3	T4	11.239999999999998	12.173333333333332	12.51	14.850000000000019	17.720000000000002	40DAT	C2
B2C2
B2
B2
A2
0.16389563074645291	0.30971614064781638	0.78375088162275441	0.42897241558558713	0.8666666666666667	0.16389563074645291	0.30971614064781638	0.78375088162275441	0.42897241558558713	0.8666666666666667	To	T1	T2	T3	T4	21.855666666666668	24.766566666666666	26.744333333333245	27.588999999999956	33.966666666666477	60DAT	E3
D3
C3
B3
A3
0.19629909152447331	0.42807060684476578	0.42314549638523907	0.39350278835663438	0.53734946212352919	0.19629909152447331	0.42807060684476578	0.42314549638523907	0.39350278835663438	0.53734946212352919	To	T1	T2	T3	T4	25.91	29.173333333333268	31.74233333333321	33.703333333333333	38.746666666666478	Treatments

Plant height (cm)


20 DAT	B1
A1B1
A1B1
A1
A1B1

0.11283665677035599	0.11233333333333315	0.19341348913087208	0.39984719303476268	0.33283446002146239	0.11283665677035599	0.11233333333333315	0.19341348913087208	0.39984719303476268	0.33283446002146239	T0	T1	T2	T3	T4	8.5556666666666921	9.4423333333333321	9.6656666666666844	10.776666666666674	9.6643333333333334	40DAT	C2
B2C2
A2B2
A2
A2B2

0.1934195210187202	0.11233333333333315	0.11000000000000003	0.29418437151630739	0.29323843161798857	0.1934195210187202	0.11233333333333315	0.11000000000000003	0.29418437151630739	0.29323843161798857	T0	T1	T2	T3	T4	10.666666666666684	11.554666666666686	12.22	12.886666666666686	11.887666666666684	60DAT	C3
B3C3
A3B3
A3
A3B3

0.3452696208922979	0.44666666666666682	0.11333333333333316	0.29399338616899384	0.11133333333333315	0.3452696208922979	0.44666666666666682	0.11333333333333316	0.29399338616899384	0.11133333333333315	T0	T1	T2	T3	T4	12.473333333333334	13.223333333333333	14.21666666666667	15.555666666666696	14.555666666666696	Treatments

Leaf numver 



20 DAT	D1
C1D1
B1C1
B1
A1
0.60482127755046799	0.24052927749721706	0.44615505525919225	0.38544188205804086	0.27180466842528317	0.60482127755046799	0.24052927749721706	0.44615505525919225	0.38544188205804086	0.27180466842528317	T0	T1	T2	T3	T4	8.6323333333333334	9.7889999999999997	10.878	12.444333333333333	14.686666666666676	40DAT	D2
C2D2
C2
B2
A2
0.54622838121471196	0.58455006438950752	0.84186010978335557	1.0035640377065016	1.41571689731151	0.54622838121471196	0.58455006438950752	0.84186010978335557	1.0035640377065016	1.41571689731151	T0	T1	T2	T3	T4	19.222333333333232	22.655333333333271	23.255666666666666	26.966666666666669	31.11100000000004	60DAT	D3
C3
C3
B3
A3
0.2348285426528145	0.45670316155877239	0.75271360940119802	0.54884727687520962	0.45200786620490552	0.2348285426528145	0.45670316155877239	0.75271360940119802	0.54884727687520962	0.45200786620490552	T0	T1	T2	T3	T4	24.286666666666662	27.043333333333255	29.093333333333263	32.04	36.896666666666512	Treatments

Leaf length (cm)



20 DAT	B1
B1
A1
A1
A1
0.1566273000185826	0.20504714904951341	0.30648708510039008	0.17888202195239691	0.15746851537159251	0.1566273000185826	0.20504714904951341	0.30648708510039008	0.17888202195239691	0.15746851537159251	T0	T1	T2	T3	T4	4.144333333333333	4.0209999999999955	5.4690000000000003	5.5113333333333427	5.8000000000000007	40DAT	B2
B2
B2
A2B2
A2
0.21194836897487862	0.2410548577491117	0.46241984290373084	0.47641823362811531	0.53644923131436961	0.21194836897487862	0.2410548577491117	0.46241984290373084	0.47641823362811531	0.53644923131436961	T0	T1	T2	T3	T4	9.9876666666666747	10.066666666666686	10.677666666666672	11.688000000000001	12.533333333333333	60DAT	B3
A3B3
A3B3
A3B3
A3
0.25805232027633429	0.83754661561810095	0.46082402040017184	0.74231619498252321	0.72615937950593423	0.25805232027633429	0.83754661561810095	0.46082402040017184	0.74231619498252321	0.72615937950593423	T0	T1	T2	T3	T4	11.441000000000001	12.081000000000001	13.674666666666672	14.49	15.456666666666692	Treatments

Leaf breadth(cm)




