


Effect of organic manures and micronutrient application on growth and yield of chickpea (Cicer arietinum L.)
ABSTRACT 
	Chickpea (Cicer arietinum L.) is an important pulse crop; however, its productivity is frequently constrained by low soil organic matter content and micronutrient deficiencies. In this context, a field experiment was conducted during the rabi season of 2025–26 at the Agricultural Farm of Career Point University, Alaniya, Kota (Rajasthan), to assess the effects of organic manures and foliar-applied micronutrients on the growth and yield performance of chickpea (variety GNG 1581). The experiment was arranged in a factorial randomised block design (FRBD) comprising 12 treatment combinations with three replications. The treatments included three levels of organic manure (control, vermicompost at 2.0 t ha⁻¹, and farmyard manure (FYM) at 5 t ha⁻¹) and four foliar micronutrient applications (control, zinc at 0.5%, boron at 0.2%, and iron at 0.2%). The experimental soil was clay loam in texture, alkaline in reaction (pH 8.35), and characterised by low organic carbon content. Results indicated that the application of Vermicompost @ 2.0 t ha-1 significantly enhanced all growth attributes, recording the highest plant height (45.60 cm), number of branches per plant (9.65), and dry matter accumulation (34.90 g) at harvest. Yield studies further demonstrated the superiority of this treatment, which registered the maximum grain yield (1980 kg ha-1), straw yield (3680 kg ha-1), and harvest index (34.98%) over FYM @ 5 t ha-1 and the control. Among the micronutrient treatments, the foliar application of Zinc @ 0.5% consistently outperformed the others. It maximized vegetative growth, leading to the highest plant height (45.45 cm), branches per plant (9.70), and dry matter accumulation (35.20 g). Consequently, the Zinc treatment also produced the highest grain yield (2010 kg ha-1), straw yield (3710 kg ha-1), and harvest index (35.13%), significantly surpassing the Boron, Iron, and control treatments. The strategic integration of Vermicompost @ 2.0 t ha-1 and foliar Zinc @ 0.5% emerged as the most effective nutrient management approach for optimizing the overall growth and yield of chickpea.
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1. INTRODUCTION
chickpea (Cicer arietinum L.), commonly known as Bengal gram or chana, is one of the most significant pulse crops in India and ranks third globally, contributing approximately 20% of total world production. It plays a vital role in dietary protein supply, particularly within vegetarian diets, serving as an affordable and accessible protein source (Ali et al., 2005; Gaur et al., 2010; Sharma and Upadhyay, 2011). With rising income levels in India, the future demand for plant-based protein is expected to increase substantially. Notably, around 43.6% of chickpea growers are smallholder and marginal farmers, for whom the crop contributes nearly 50% of household income. As a predominantly single-season crop, chickpea remains an essential livelihood and nutritional security crop for resource-poor farmers (FAO, 2022).
At the global scale, chickpea is cultivated over approximately 10.56 million hectares with a production of about 11.49 million tonnes, of which India accounts for nearly 70% of both area and production (FAOSTAT, 2023). Within India, major producing states include Madhya Pradesh, Rajasthan, Maharashtra, Gujarat, Uttar Pradesh, Andhra Pradesh, Karnataka, Chhattisgarh, Bihar, and Jharkhand, collectively contributing more than 95% of national production. Chickpea is also recognised as an efficient leguminous crop due to its ability to improve soil fertility through biological nitrogen fixation, thereby enhancing the sustainability of cropping systems (Saxena, 1990; Singh and Diwakar, 1995).
In India, both desi and kabuli types of chickpea are cultivated. While the country continues to be a major importer of desi types, it has emerged as a significant exporter of kabuli chickpea over the past decade. Considerable progress has been achieved in expanding chickpea area and production, particularly in central and southern India, where cultivation has increased by approximately 4 million hectares over the past two decades. This expansion has partly compensated for the decline in chickpea area in northern India, largely attributed to the intensification of irrigated wheat cultivation (AICRP-Chickpea, 2022). Furthermore, improvements in agronomic practices, varietal development, and integrated nutrient management have collectively contributed to enhanced productivity in India (Kumar et al., 2014; Singh et al., 2018).
Nutritionally, chickpea is a rich source of protein (18–24%), carbohydrates, minerals, and vitamins, making it a key component of global food and nutritional security strategies (Jukanti et al., 2012; Ibrikci et al., 2003). It is widely consumed across the world, particularly in Afro-Asian regions. Its protein quality is considered superior to that of many other pulses, as it contains most essential amino acids except sulphur-containing ones, which can be complemented through cereal-based diets. Carbohydrates are predominantly present as starch, followed by dietary fibre, oligosaccharides, and simple sugars such as glucose and sucrose. Although lipid content is relatively low, chickpea contains nutritionally important unsaturated fatty acids, including linoleic and oleic acids. In addition, sterols such as β-sitosterol, campesterol, and stigmasterol are present in chickpea oil. The seed also contains essential minerals including calcium, magnesium, phosphorus, and particularly potassium, along with appreciable levels of micronutrients such as zinc and iron, which are critical for human nutrition (Grusak and Coyne, 2009; Singh et al., 2015).
Chickpea is also a valuable source of vitamins, including riboflavin, niacin, thiamine, folate, and provitamin A (β-carotene). Like other pulses, it contains anti-nutritional factors that can be reduced through appropriate processing and cooking methods. In addition to its nutritional importance, chickpea is associated with several health benefits, and when consumed as part of a diversified diet with cereals and other pulses, it may contribute to the prevention of non-communicable diseases such as cardiovascular disorders, type 2 diabetes, digestive ailments, and certain cancers (Jukanti et al., 2012; Wood and Grusak, 2007; Yadav et al., 2007). The application of organic manures has been shown to markedly influence soil biological properties by enhancing microbial abundance, diversity, activity, and overall soil health. Organic inputs supply organic matter, nutrients, and energy sources that stimulate beneficial microbial populations, thereby improving nutrient cycling, organic matter turnover, and overall soil ecosystem functioning. Enhanced microbial activity contributes to improved soil structure, nutrient availability, and disease suppression, ultimately increasing soil fertility, resilience, and sustainability under environmental stress conditions. Accordingly, the integration of organic manures into soil management practices is essential for sustaining soil biological quality and agricultural productivity under contemporary environmental challenges (Verma et al., 2024). Earlier studies (Gaur, 1991; Tisdale et al., 2005; Bhattacharyya et al., 2008) similarly emphasised that organic manures improve soil physico-chemical and biological properties, thereby enhancing nutrient use efficiency and crop productivity. Moreover, integrated nutrient management systems combining organic and inorganic sources have been widely reported to be particularly effective in pulse-based cropping systems under sustainable agriculture frameworks (Subba Rao and Srivastava, 2001; Meena et al., 2016).
[bookmark: _GoBack]Despite its high genetic yield potential, chickpea productivity is often constrained by widespread “hidden hunger” of micronutrients in intensively cultivated soils. Deficiencies of zinc (Zn), boron (B), and iron (Fe) are among the most limiting nutritional constraints affecting growth and yield. Zinc plays a crucial role as a cofactor in enzymatic reactions, photosynthesis, and auxin biosynthesis, thereby promoting cell elongation, plant vigour, and seed quality (Meena et al., 2025). Boron is essential for reproductive development, regulating pollen viability, fertilisation, and flower retention, which directly influences pod setting and seed formation. Iron is particularly important in legumes, as it is involved in chlorophyll synthesis and forms a key component of leghemoglobin in root nodules, thereby supporting effective symbiotic nitrogen fixation and overall plant growth (Kumar et al., 2020). Similar findings regarding micronutrient deficiencies and their adverse impacts on legume productivity have been reported by Alloway (2008), Marschner (2012), and Cakmak (2008). Furthermore, zinc application has been shown to enhance enzymatic activity, chlorophyll formation, and seed quality in pulse crops (Hafeez et al., 2013).
Boron plays a major role in reproductive physiology and carbohydrate translocation in legumes (Dell and Huang, 1997), while iron application improves nodulation and nitrogen fixation efficiency (Mengel and Kirkby, 2001). Because soil applications of these micronutrients are frequently subjected to chemical fixation and poor availability, foliar nutrition provides a highly efficient alternative. Foliar sprays bypass soil-related constraints, delivering nutrients directly to the active sites of metabolism during critical phenological stages, which significantly improves agronomic use efficiency and crop productivity (Math et al., 2023). Foliar nutrition has been reported as an efficient strategy to correct micronutrient deficiencies and improve productivity in pulse crops under diverse agro-climatic conditions (Fageria et al., 2009; Rehman et al., 2018).  
2. MATERIALS AND METHODS
A field experiment entitled “Effect of organic manures and micro nutrient levels on growth, yield and economics of chickpea (Cicer arietinum L.)” was conducted at the Agricultural Farm of Career Point University, Alaniya, Kota during the rabi season of 2025-26. The farm is located at 25° 11' N latitude and 75° 54' E longitude with an elevation of 273 meters above mean sea level, falling under the Humid South Eastern Plain Zone (Zone V) of Rajasthan. The weather during the crop period recorded an average maximum temperature of 30.60°C, a minimum of 26.4°C, an average relative humidity of 78.95%, and a total rainfall of 34 mm.
The experimental soil was clay-loam in texture with an alkaline pH of 8.35. It was low in organic carbon (0.42%) and available nitrogen (177 kg ha-1), medium in available phosphorus (14.6 kg ha-1), and high in available potassium (321 kg ha-1). The field possessed a stable cropping history, having been under a Soybean-Chickpea rotation in the preceding season, ensuring normal fertility was maintained.
The experiment consisted of 12 treatments laid out in a Factorial Randomized Block Design (FRBD) with 3 replications. The treatments included organic manures (Control, Vermicompost @ 2.0 t ha-1, FYM @ 5 t ha-1) and micronutrient levels (Control, Zinc @ 0.5%, Boron @ 0.2%, Iron @ 0.2%). The chickpea variety GNG 1581 was sown on October 28, 2025, using a seed rate of 80 kg ha-1 with a spacing of 30 cm × 15 cm. A recommended basal dose of fertilizers was applied, and foliar applications of micronutrients were carried out as per the treatments. Standard intercultural operations and irrigations were followed, and the crop was harvested upon full maturity on March 3, 2026.
2.1 Growth and Development Studies
Biometric observations were recorded from five randomly selected and tagged plants in each net plot. Plant height was measured from the cotyledonary node to the shoot apex at harvest and averaged. To determine dry matter accumulation per plant, whole plant samples were chopped, sun-dried, and then oven-dried at 65ºC for 72 hours until a constant weight was achieved. The total number of branches and fully matured pods per plant were also counted from these tagged plants. Additionally, the weight of 100 seeds was recorded in grams from the threshed produce of each plot.
2.2 Yield Studies
The crop was harvested from a net plot area of 7.20 m² (3.0 m × 2.4 m). The number of days from sowing to the first picking of pods was recorded. After complete sun drying, the biological yield of the unthreshed produce was weighed. Following threshing and manual winnowing, the clean seed yield was recorded. Both seed and biological yields were converted into kg ha-1. The haulm yield was computed by deducting the seed yield from the total biological yield. The harvest index was calculated as the ratio of economic yield (seed yield) to biological yield, expressed as a percentage.
2.3 Statistical Analysis
The experimental data generated for various parameters were statistically analyzed using the standard "analysis of variance" method as reported by Panse and Sukhatme (1967). The significance of the treatments was tested, and the critical difference (C.D.) at a 5% level of significance was calculated to compare treatment means, following the procedure described by Snedecor and Cochran (1968).
3. RESULTS AND DISCUSSION
3.1 Growth Studies
3.1.1 Plant height (cm)
The data presented in Table 1 and Figure 1 indicated that different treatments significantly influenced the plant height of chickpea. Plant height increased gradually with the advancement of crop growth stages. A continuous improvement in plant height was observed up to harvest, and the crop attained an average height of 43.31 cm at harvest stage.
It is observed from the data that the application of organic manures with the treatment Vermicompost @ 2.0 t ha-1 recorded significantly higher plant height at harvest (45.60 cm) over the control (40.15 cm), but was statistically at par with FYM @ 5 t ha-1 (44.20 cm) at 60, 90 DAS, and at harvest. The plant height was positively influenced by vermicompost due to the prolonged and steady release of macro and micro nutrients, which increased the efficiency of nutrients and provided favourable conditions for plant growth. This might be due to the greater availability of nutrients that enhanced crop growth by rapid cell division in the meristematic region and increased activity of the growing tips of the crop. These results are in accordance with those reported by (Jat et al., 2006) and (Gudadhe et al., 2011).
The results indicated that foliar application of micronutrients significantly improved the plant height of chickpea over the control treatment. Among the treatments, Zinc @ 0.5% recorded the highest plant height (45.45 cm) at harvest, though it remained statistically at par with Iron @ 0.2% and Boron @ 0.2%. The increase in plant height due to zinc application may be attributed to its important role in auxin synthesis, cell elongation, chlorophyll formation, and overall metabolic activities, which ultimately enhanced vegetative growth and plant vigour. Iron and boron also contributed positively towards plant growth by improving physiological and biochemical processes in the crop. The superior performance of micronutrient-treated plants over the control suggests that foliar nutrition effectively enhanced nutrient availability during critical growth stages. Similar findings were also reported by (Valenciano et al., 2010) and (Pathak et al., 2012).
3.1.2 Number of branches per plant
The data presented in Table 2 and Figure 2 indicated that the number of branches plant-1 in chickpea increased significantly with the advancement of crop growth stages up to 90 DAS, thereafter remaining almost unchanged till harvest. The maximum mean number of branches plant-1 (9.12) was recorded at harvest stage.
Application of organic manures, specifically Vermicompost @ 2.0 t ha-1, recorded a significantly higher number of branches plant-1 at harvest (9.65) over the control (8.50) but was at par with FYM @ 5 t ha-1 (9.20) at 60, 90 DAS, and harvest. The application of vermicompost increased the number of branches plant-1, which might be due to better uptake and translocation of nutrients by growing plants, boosting the production of a greater number of branches. The results are in accordance with those reported by (Jat et al., 2006) and (Gudadhe et al., 2011).
The effect of different micronutrient treatments on the number of branches plant-1 was found to be significant at 60 DAS, 90 DAS, and harvest stage. Among the treatments, foliar application of Zinc @ 0.5% recorded a significantly higher number of branches plant-1 at harvest (9.70) compared to the control (8.55) and Boron @ 0.2% (8.95), while it remained statistically at par with Iron @ 0.2% (9.25). The increase in branching due to zinc application may be attributed to its beneficial role in activating several enzymatic and physiological processes, which enhanced photosynthetic efficiency, nutrient utilization, and overall vegetative growth of the crop. Improved metabolic activities under zinc nutrition might have promoted better growth and development, resulting in higher branching. Similar findings were also reported by (Khorgamy et al., 2009) and (Pathak et al., 2012).
3.1.3 Dry matter accumulation per plant (g)
The values of dry matter accumulation plant-1 data pertaining in Table 3 of chickpea increased with the advancement in age up to harvest. The mean dry matter accumulation at harvest was 33.05 g. The treatment receiving Vermicompost @ 2.0 t ha-1 recorded significantly higher dry matter accumulation plant-1 at harvest (34.90 g) over the control (31.05 g) at 60, 90 DAS, and harvest, but was statistically at par with FYM @ 5 t ha-1 (33.20 g). Higher dry matter accumulation plant-1 might be due to increased plant height, more leaves, a greater number of branches, and a better soil-plant atmosphere provided by the sustained nutrient release from vermicompost. Results obtained are similar to the findings of (Jat et al., 2006) and (Gudadhe et al., 2011).
Dry matter accumulation plant-1 was significantly influenced by foliar application of micronutrients. Among the treatments, Zinc @ 0.5% recorded significantly higher dry matter accumulation at harvest (35.20 g plant-1) over the control (31.20 g plant-1) and Boron @ 0.2% (32.50 g plant-1), while remaining statistically at par with Iron @ 0.2% (33.80 g plant-1). The increase in dry matter accumulation under zinc application may be attributed to its catalytic role in several enzymatic and metabolic activities, which promoted better leaf development, enhanced photosynthetic efficiency, and improved nutrient utilization. These favourable physiological effects ultimately resulted in greater biomass production and overall crop growth. Similar findings were also reported by (Khorgamy et al., 2009) and  (Valenciano et al., 2010).
3.2 Yield Studies
3.2.1 Grain yield (kg ha-1)
The data pertaining in Table 4 to mean grain yield ha-1 was obtained as 1776 kg ha-1. Treatment Vermicompost @ 2.0 t ha-1 (1980 kg ha-1) recorded significantly higher grain yield over FYM @ 5 t ha-1 (1790 kg ha-1) and the control (1560 kg ha-1). Vermicompost enhances nutrient utilization efficiency and improves soil microbial activities, leading to higher yields. Similar results are reported by (Jat et al., 2006) and (Gudadhe et al., 2011).
The foliar application of Zinc @ 0.5 % produced significantly higher grain yield (2010 kg ha-1) over Boron @ 0.2 % (1720 kg ha-1) and the control (1580 kg ha-1), but was at par with Iron @ 0.2 % (1850 kg ha-1). This might be due to a greater number of pods plant-1 and improved grain filling facilitated by zinc. Similar results were observed by (Khorgamy et al., 2009) and (Valenciano et al., 2010).
3.2.2 Straw yield (kg ha-1)
The data pertaining in Table 4 to mean straw yield ha-1 was 3516 kg ha-1. Treatment Vermicompost @ 2.0 t ha-1 (3680 kg ha-1) recorded significantly higher straw yield over the control (3350 kg ha-1) but was at par with FYM @ 5 t ha-1 (3520 kg ha-1). This is attributed to the cumulative effect of improvement in vegetative growth parameters. The results are closely related to the findings of (Jat et al., 2006).
Treatment Zinc @ 0.5 % produced significantly higher straw yield (3710 kg ha-1) over Boron @ 0.2 % (3480 kg ha-1) and the control (3370 kg ha-1), but was at par with Iron @ 0.2 % (3580 kg ha-1). The enhanced enzymatic activities and photosynthesis promoted by zinc drove this increase. The obtained results are confirmed by (Pathak et al., 2012).
3.2.3 Harvest Index (%)
The data pertaining in Table 4 to mean harvest index was 33.56%. Treatment Vermicompost @ 2.0 t ha-1 (34.98%) recorded a higher harvest index followed by FYM @ 5 t ha-1 (33.71%), and the control (31.77%). The balanced supply of nutrients facilitated efficient partitioning of photosynthates from vegetative parts to developing grains. The results are in accordance with the findings of (Gudadhe et al., 2011).
The maximum harvest index among micronutrient treatments was recorded under Zinc @ 0.5 % (35.13%), followed by Iron @ 0.2 % (34.07%), Boron @ 0.2 % (33.07%), and the control (31.91%). This increase is tied to the specific role of zinc in carbohydrate metabolism and starch biosynthesis. These findings are supported by the observations of (Pathak et al., 2012) and (Valenciano et al., 2010).
4. CONCLUSION
Based on the findings in the present investigation that using manures and micronutrients together really helped chickpea plants grow better and produce more. We tested combinations and found that using 2 tons of Vermicompost per hectare along with a 0.5% Zinc spray on the leaves worked best. This combination made the chickpea plants grow stronger produce more and overall do better. Using Vermicompost and Zinc together seems like a way to take care of the soil and make chickpeas grow well. It looks like this method could be a choice for farmers who want to grow chickpeas in a way that is good, for the environment.
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Table 1: Effect of different treatment on Plant height (cm) of chickpea 
	Treatments
	30 DAS
	60 DAS
	90 DAS
	At harvest

	Organic manures (O)

	O₁ - Control
	12.10
	27.85
	38.50
	40.15

	O₂ - Vermicompost @ 2.0 t ha-1
	12.55
	31.40
	43.80
	45.60

	O₃ - FYM @ 5 t ha-1
	12.42
	30.65
	42.10
	44.20

	SE(m)±
	0.22
	0.58
	0.82
	0.88

	CD at 5%
	NS
	1.68
	2.38
	2.55

	Micro nutrient (M)

	M₁ - Control
	12.15
	28.10
	39.20
	41.00

	M₂ - Zinc @ 0.5 %
	12.58
	31.50
	43.50
	45.45

	M₃ - Boron @ 0.2 %
	12.28
	29.45
	40.80
	42.60

	M₄ - Iron @ 0.2 %
	12.42
	30.80
	42.35
	44.20

	SE(m)±
	0.25
	0.67
	0.95
	1.02

	CD at 5%
	NS
	1.95
	2.75
	2.95









Figure 1:  Graph showing Effect of different treatment on Plant height (cm) of chickpea 


Table 2: Effect of different treatment on Number of branches plant-1 of chickpea.
	Treatments
	30 DAS
	60 DAS
	90 DAS
	At harvest

	Organic manures (O)

	O₁ - Control
	3.02
	6.10
	8.50
	8.50

	O₂ - Vermicompost @ 2.0 t ha-1
	3.08
	6.85
	9.65
	9.65

	O₃ - FYM @ 5 t ha-1
	3.05
	6.55
	9.20
	9.20

	SE(m)±
	0.06
	0.12
	0.15
	0.15

	CD at 5%
	NS
	0.35
	0.45
	0.45

	Micro nutrient (M)

	M₁ - Control
	3.01
	6.15
	8.55
	8.55

	M₂ - Zinc @ 0.5 %
	3.10
	6.90
	9.70
	9.70

	M₃ - Boron @ 0.2 %
	3.04
	6.40
	8.95
	8.95

	M₄ - Iron @ 0.2 %
	3.06
	6.65
	9.25
	9.25

	SE(m)±
	0.08
	0.14
	0.18
	0.18

	CD at 5%
	NS
	0.40
	0.52
	0.52



Figure 2:  Graph showing Effect of different treatment on Number of branches plant-1 of chickpea. 

Table 3: Effect of different treatment on Dry matter accumulation plant-1 (g) of chickpea  
	Treatments
	30 DAS
	60 DAS
	90 DAS
	At harvest

	Organic manures (O)

	O₁ - Control
	2.15
	16.80
	27.40
	31.05

	O₂ - Vermicompost @ 2.0 t ha-1
	2.25
	18.90
	30.80
	34.90

	O₃ - FYM @ 5 t ha-1
	2.20
	17.85
	29.50
	33.20

	SE(m)±
	0.08
	0.30
	0.42
	0.52

	CD at 5%
	NS
	0.95
	1.35
	1.65

	Micro nutrient (M)

	M₁ - Control
	2.16
	16.90
	27.60
	31.20

	M₂ - Zinc @ 0.5 %
	2.28
	19.10
	31.10
	35.20

	M₃ - Boron @ 0.2 %
	2.19
	17.50
	28.50
	32.50

	M₄ - Iron @ 0.2 %
	2.22
	18.20
	29.80
	33.80

	SE(m)±
	0.10
	0.35
	0.50
	0.60

	CD at 5%
	NS
	1.05
	1.50
	1.85


Figure 3: Graph showing Effect of different treatment on Dry matter accumulation plant-1 (g) of chickpea  

Table 4: Effect of different treatment on yield (g) of chickpea
	Treatments
	Grain yield (kg ha-1)
	Straw yield (kg ha-1)
	Harvest index (%)

	Organic manures (O)

	O₁ - Control
	1560
	3350
	31.77

	O₂ - Vermicompost @ 2.0 t ha-1
	1980
	3680
	34.98

	O₃ - FYM @ 5 t ha-1
	1790
	3520
	33.71

	SE(m)±
	45
	48
	-

	CD at 5%
	155
	165
	-

	Micro nutrient (M)

	M₁ - Control
	1580
	3370
	31.91

	M₂ - Zinc @ 0.5 %
	2010
	3710
	35.13

	M₃ - Boron @ 0.2 %
	1720
	3480
	33.07

	M₄ - Iron @ 0.2 %
	1850
	3580
	34.07

	SE(m)±
	52
	55
	-

	CD at 5%
	175
	188
	-



Figure 4: Graph showing Effect of different treatment on yield (g) of chickpea

 
Yield & Harvest Index

Grain Yield	O₁ 	O₂ 	O₃	M₁ 	M₂	M₃	M₄ 	1560	1980	1790	1580	2010	1720	1850	Straw Yield 	O₁ 	O₂ 	O₃	M₁ 	M₂	M₃	M₄ 	3350	3680	3520	3370	3710	3480	3580	Hravest Index	O₁ 	O₂ 	O₃	M₁ 	M₂	M₃	M₄ 	31.77	34.979999999999997	33.71	31.91	35.130000000000003	33.07	34.07	




Plant height (cm)

30 DAS	O₁ 	O₂ 	O₃	M₁ 	M₂	M₃	M₄ 	12.1	12.55	12.42	12.15	12.58	12.28	12.42	60 DAS	O₁ 	O₂ 	O₃	M₁ 	M₂	M₃	M₄ 	27.85	31.4	30.65	28.1	31.5	29.45	30.8	90 DAS 	O₁ 	O₂ 	O₃	M₁ 	M₂	M₃	M₄ 	38.5	43.8	42.1	39.200000000000003	43.5	40.799999999999997	42.35	At harvest	O₁ 	O₂ 	O₃	M₁ 	M₂	M₃	M₄ 	40.15	45.6	44.2	41	45.45	42.6	44.2	



No. of branches per plant

30 DAS	O₁ 	O₂ 	O₃	M₁ 	M₂	M₃	M₄ 	3.02	3.08	3.05	3.01	3.1	3.04	3.06	60 DAS	O₁ 	O₂ 	O₃	M₁ 	M₂	M₃	M₄ 	6.1	6.85	6.55	6.15	6.9	6.4	6.65	90 DAS 	O₁ 	O₂ 	O₃	M₁ 	M₂	M₃	M₄ 	8.5	9.65	9.1999999999999993	8.5500000000000007	9.6999999999999993	8.9499999999999993	9.25	At harvest	O₁ 	O₂ 	O₃	M₁ 	M₂	M₃	M₄ 	8.5	9.65	9.1999999999999993	8.5500000000000007	9.6999999999999993	8.9499999999999993	9.25	



Dry matter accumulation per plant

30 DAS	O₁ 	O₂ 	O₃	M₁ 	M₂	M₃	M₄ 	2.15	2.25	2.2000000000000002	2.16	2.2799999999999998	2.19	2.2200000000000002	60 DAS	O₁ 	O₂ 	O₃	M₁ 	M₂	M₃	M₄ 	16.8	18.899999999999999	17.850000000000001	16.899999999999999	19.100000000000001	17.5	18.2	90 DAS 	O₁ 	O₂ 	O₃	M₁ 	M₂	M₃	M₄ 	27.4	30.8	29.5	27.6	31.1	28.5	29.8	At harvest	O₁ 	O₂ 	O₃	M₁ 	M₂	M₃	M₄ 	31.05	34.9	33.200000000000003	31.2	35.200000000000003	32.5	33.799999999999997	






