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Effect of Macronutrient Mixtures on Growth and Yield of Cotton (var. CO 14)

	
	ABSTRACT
The present study aimed to assess the effect of macronutrient mixtures on growth and yield of cotton in farmer’s field, Deenampalayam taluk of Coimbatore district, Tamil Nadu. The treatments comprised of NPK fertilizer mixtures having different nitrogenous fertilizers (urea, Calcium Nitrate (CN)), phosphatic fertilizers (Single Superphosphate (SSP)), potassic fertilizers (Muriate of Potash (MOP), Sulphate of Potash (SOP)), NP (Di-ammonium Phosphate (DAP), Mono Ammonium Phosphate (MAP), Ammonium Sulphate Phosphate (ASP)) with control. Application of CN + DAP + MOP (T5) as NPK sources to meet out the recommended dose of fertilizers for cotton registered maximum plant height (124.9 cm), number of sympodial branches (12.9), leaf area index (2.84), and dry matter production (8888 kg ha-1) at boll bursting stage of the crop. Highest kapas yield of 2118 kg ha-1 was recorded by the treatment T5, followed by T7 (Urea + DAP + CN + SSP + MOP) (1957 kg ha-1). Plants supplied with treatment T5 registered highest number of bolls (39.5) and boll weight (7 g). With regard to B:C ratio, highest B:C ratio of 1.70 was obtained with multiple sources of nitrogenous, phosphatic fertilizers, and MOP (T7).
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INTRODUCTION

Cotton, being a major cash and fibre crop has a great impact on the economy of a country. Cotton cultivation in India can be traced back to 5000 BC (Meena and Uzramma, 2017). British colonization has resulted in the growth and fall of the cotton industry in India. Raw cotton was exported from India in huge quantity, and India became the largest importer of British cotton textiles. Mahatma Gandhi believed that cotton was a part of Indian self-determination, which resulted in the Khadi movement, a massive boycott of British cotton goods. Now in India, the area under cotton cultivation is 122.38 lakh ha (CAB press release, 2018). The cotton crop needs more fertilizers, plant protection chemicals, water etc. It is susceptible to a number of pests and diseases, which adds to its cost of cultivation. With regard to fertilizers, farmers usually go for straight fertilizers and mostly depend on subsidized fertilizers for supplying plant nutrients resulting in dumping of excessive fertilizers in the field. Imbalanced use of nutrients and poor nutrient management practices are the major factors that affect cotton production (Zhang et al., 2008). Macronutrient mixtures will help to supply the required nutrients in proper proportion, which improves the growth and yield of crops. Siddiqui and Oad (2007) conducted a study and found that phosphorus application in the form of DAP had resulted in increased kapas yield, leaf P content, P uptake, and better plant growth than SSP.  Jakanoor Aivalli and Backiyavathy (2019) showed that macronutrient mixture containing CAN + DAP + SOP resulted in increased growth and seed yield of red gram. With this background, the present study was conducted to find out suitable macronutrient mixture for maximizing the growth and yield of cotton. 

MATERIAL AND METHODS
A field experiment was conducted in a sandy clay loam soil of farmer’s field, Deenampalaym, Coimbatore during 2019-2020 with cotton variety CO 14 (origin: (MCU 5 x TCH 92-7) x MCU 5 -1, duration: 150 days). Soil sample was collected from the field and were analyzed for initial soil properties. The experimental soil belongs to Palaviduthi series (Typic Rhodustalf) and it had a pH of 7.8 and EC of 0.201 dS m-1. The soil was non-saline and non calcareous (Free CaCO3 – 1.27%) with medium organic carbon (0.701 g kg-1). Soil exhibited a bulk density of 1.34 Mg m-3. The soil was low, medium and high in NPK status (150:10:612 kg ha-1). The micronutrient status was as follows: Mn : 3.40 ppm, Zn : 0.82 ppm, Cu : 1.20 ppm and Fe : 5.30 ppm. The recommended dose of fertilizer for cotton variety is 80:40:40 kg NPK ha-1 and STCR based fertilizer recommendation by using DISSIFER software was 60:30:30 kg ha-1. Macronutrient fertilizer mixtures were prepared by physical mixing of calculated amount of specific fertilizers to meet out the recommended dose just before application. N sources (urea and Calcium Nitrate (CN)), P sources (Single Superphosphate (SSP)), K sources (Muriate of Potash (MOP) and Sulphate of Potash (SOP)), NP sources (Di-ammonium Phosphate (DAP), Mono Ammonium Phosphate (MAP), and Ammonium Sulphate Phosphate (ASP)) were used. The mixture was applied near to the emitters of the drip irrigation system and irrigated.  The experiment was laid out in a randomized block design with nine treatments and three replications. Irrigation was provided through drip and a standard package of practices were followed as per the crop production guide, 2019. The treatments were T1 : Urea + DAP + MOP, T2 : Urea + SSP + MOP, T3 : Urea + DAP + SOP, T4 : Urea + MAP + SOP, T5 : CN + DAP + MOP, T6 : CN + DAP + SOP, T7 : Urea + DAP + CN + SSP + MOP, T8 : CN+ASP+MOP and T9 control. The plot size was  20 m2 (5m x 4m) and the spacing adopted was 90x45cm. Five plants from each plot was selected randomly and tagged for measurements of growth parameters like plant height, a number of sympodial branches and the number of bolls at different physiological stages of the crop viz., vegetative, flowering, boll formation and boll bursting stages. Dry matter production was calculated by cutting plants at ground level from representative plots, dried in a hot air oven at 60°C till constant weight was obtained and converted to kg ha-1. Matured bolls from each treatment plot were weighed and expressed in gram.  Leaf area index was calculated using the following formula :

                              L x W x N x 0.775

Leaf Area Index =   --------------------------------------------------------------

                                                             Land area (cm2) occupied by one plant

Where, 
L – Length of leaf in cm


W – Width of leaf in cm


N – Number of leaves per plant


0.775 – Constant

Four pickings were made at the harvesting stage, and cumulated per ha-1 for individual treatments was calculated. Benefit-cost ratio was computed using following  formula : 

Benefit Cost Ratio = Net Profit / Cost of Cultivation 

Where, Net Profit = Gross Income – Cost of cultivation. 

The experimental data obtained were subjected to statistical analysis (Panse and Sukhatme, 1978). Least significant difference at 0.05 probability level was used to compare differences between treatment means.

RESULTS AND DISCUSSION
Plant Height

Table 1 represents the results on plant height recorded at various physiological growth stages of cotton viz., vegetative, flowering, boll formation, and boll bursting. The results revealed that there was a significant difference in plant height among the treatments at vegetative and flowering stages of the crop. At boll formation and boll bursting stages, the treatments gave on par results.

At vegetative stage, application of CN + DAP + MOP (T5) registered the highest plant height of 34.6 cm which was followed by Urea + DAP + CN + SSP + MOP (30.6 cm) (T7) and CN+ASP+MOP (28.9 cm) (T8). The minimum value of 24.3 was recorded by the control treatment. A similar trend of results were observed at the flowering stage also. At both stages, the treatment T5 showed 26.84 % (vegetative stage) and 20.01 % (Flowering stage) increase in plant height over the standard check (T2). Nitrogen is the most important nutrient in increasing the growth of the crop (Weinhold et al., 1995). Calcium nitrate application would have improved the physical condition of the soil and led to increasing the nitrogen use efficiency. In addition, the nitrate present in the fertilizer is readily available to the crop without any conversion, which would have been enhanced the initial crop growth immediately after establishment. Plant height is directly proportional to the increasing rates of nitrogen applied at various crop growth stages (Ali and Hameed, 2011).  Souri and Dehnavard (2018) reported similar findings and they found that plant height in tomato was significantly higher in plants treated with calcium nitrate as compared to that of urea and ammonium sulfate. 

Sympodial Branches

Sympodium refers to fruiting branch of the cotton crop. The results on number of sympodial branches at various physiological growth stages of cotton are presented in Table 1. Significant difference among number of symbodial branches were observed at flowering and boll bursting stages, whereas at boll formation stage, on par results were observed.

The highest mean value for sympodial branches was observed in the treatment T5 (CN + DAP + MOP) (6.7) followed by T7 (Urea + DAP + CN + SSP + MOP) (6.3) and control recorded minimum (4.3) at flowering stage. A similar trend was observed in the boll bursting stage, whereas no significant difference was observed in boll formation stage. Nitrogen is responsible for vegetative growth in plants. The number of sympodial branches increased with an increase in N level (Abbasi and Abro, 2002 ; Baraich et al., 2012). Plot fertilized with calcium nitrate as N source recorded the maximum number of sympodial branches. In addition, plant height has a positive correlation with the number of sympodial branches (Hussein et al., 2000). 

Leaf Area Index (LAI)

There was a significant difference between treatments for leaf area index. At vegetative stage application of treatment CN + DAP + MOP (T5) recorded highest value (0.24) which was followed by Urea + DAP + CN + SSP + MOP (T7) (0.19) and CN+ASP+MOP (T8) (0.19), which were on par. Lowest LAI was recorded in the control treatment (T9) (0.07) (Table 2). At the flowering stage, the treatment with T5 registered the highest value of 2.40. The second highest value for LAI was recorded by T8 (1.97) and T7 (1.95) treatments, which were on par. The lowest value was recorded in the control treatment (T9) (0.57). Similar trends of results were registered in the following stages. Abbasi (2012) showed that calcium ammonium nitrate and ammonium sulfate treated plants showed higher LAI because it supplied both NH4+ and NO3- form of nitrogen. Similar results were recorded in the present study. 

Dry matter production

The results of dry matter production increased from stage to stage (Table 2). Dry matter production among treatments during vegetative and boll formation stages were found to be on par. A significant difference in dry matter production was observed during the flowering stage and boll bursting stage. At flowering stage, treatment T5 (1091 kg ha -1) was found to be superior, which was followed by treatment T7 (953 kg ha-1). A similar trend was observed during boll bursting stage, with T5 (8888 kg ha-1) and T7 (8592 kg ha-1). Results obtained in the present study were consistent with those reported by Abbasi (2012) where source containing ammonium nitrate recorded higher dry matter production than urea supplied maize plants. In the present study, fertilizer mixture containing both ammonium and nitrate fraction resulted in higher DMP.

Boll weight

Table 3 represents the mean weight of mature cotton bolls. Treatment T5 recorded the highest single boll weight (7g), followed by T7 (6.9 g), T6 (6.8 g), and T8 (6.8 g), which were all on par. Control (T9) recorded the lowest boll weight of 5.0 g. Sawan et al. (1997) confirmed that calcium concentrations have a significant role in increasing cotton boll weight. Our study showed similar results.

 Number of bolls

Significant differences were observed among the number of bolls per plant, and the results showed that the highest number of bolls per plant was recorded in the plot fertilized with treatment T5, which was followed by treatment T7 and T8, which were on par (Table 3). Calcium helps to increase the number of opened bolls per plant (Sawan et al., 1997), and Addicott and Lyon (1973) showed that calcium inhibited square and boll abscission in cotton. It is clear from Table 3 that Ca containing treatments have resulted in plants with a higher number of bolls.
Kapas Yield

The results on kapas yield of cotton (Table 4) indicated that the crop responded differently to different combinations of nutrient mixtures. Sympodial branches indirectly have a great effect on increasing kapas yield per plant through the number of bolls (Salahuddin et al., 2010; Hussein et al., 2000). Plant height and number of sympodial branches had a positive correlation with yield (Ganesan and Raveendran, 2010). Similar responses were observed in this study.  A significant difference in yield was observed with different treatments, where the highest value resulted from the application of macronutrient mixture, CN + DAP + MOP (T5) (2118 kg ha-1) and lowest value was recorded in control (1270 kg ha-1). Cotton roots can take up both nitrate and ammonium ions for the physiological processes that drive crop development and yield (National Cotton Council, 1994). Calcium nitrate provides nitrogen in nitrate form, whereas DAP provides nitrogen in the ammoniacal form: two plant-available forms of nitrogen. This also helps to maintain healthy pH of the soil as the presence of ammonium ion tends to decrease the pH, whereas nitrate form tends to increase it. Potassium increased the activity of the cytochrome oxidase and nitrate reductase, which improved the stomatal conductance and decreased the transpiration rates; these are the physiological effects of K+. Potassium application also increased lint yield and improved cotton and seed quality (Xi, 1989). Potassium improved nitrogen absorption owing to increased vegetative growth (Ali and Tatla, 2007). Plots fertilized with MOP recorded more yield compared to the plots fertilized with SOP. This confirmed the results of Keshavarz et al. (2004), who noted that the maximum yield of cotton in saline condition was obtained by using SOP  and in non-saline condition by MOP (10% yield increase as compared to SOP). In the present study, treatment T5 recorded 18.99 % increase in yield over the standard check (T2). This was followed by T7 with a percentage increase of 9.94 % over the standard check (T2).

Benefit-Cost Ratio

The benefit-cost ratio ranged from 1.26 to 1.70 (Table 4). Highest BC ratio was observed for treatment combination, Urea + DAP + CN + SSP + MOP (T7) (1.70). Treatment T7 comprised three sources for N (Urea, DAP, and CN) and two sources of P (DAP, SSP), which reduced the total fertilizer cost and resulted in higher yield. In case of treatment T5, even though the yield was higher, the cost of the fertilizers resulted in lower B:C ratio (1.69). Thus, T7 was found to be a more economical and feasible macronutrient mixture followed by treatment T2 (1.69) and treatment T5 (1.69). However, it was found that calcium-containing macronutrient mixtures showed a higher yield.
Tables

Table 1.Effect of macronutrient mixtures on plant height and number of sympodial branches at physiological growth stages of cotton

	Treatment
	Plant Height (cm)
	Number of Sympodial Branches

	
	Vegetative
	Flowering
	Boll

Formation
	Boll

Bursting
	Flowering
	Boll

Formation
	Boll

Bursting

	T1 - Urea + DAP + MOP 
	27.2
	53.0
	100.7
	116.3
	5.6
	9.1
	10.0

	T2 - Urea + SSP +MOP
	27.3
	53.5
	102.1
	117.3
	5.7
	9.3
	10.2

	T3 - Urea + DAP + SOP
	27.0
	48.6
	94.7
	111.2
	5.3
	8.8
	9.40

	T4 - Urea + MAP + SOP
	26.5
	47.1
	93.7
	111.0
	5.0
	8.5
	9.30

	T5 - CN + DAP+MOP
	34.6
	64.2
	112.5
	124.9
	6.7
	11.4
	12.9

	T6 - CN+DAP+SOP
	27.5
	56.3
	105.3
	120.8
	5.7
	10.5
	11.0

	T7 - Urea + DAP + CN + SSP + MOP
	30.6
	59.5
	108.8
	121.3
	6.3
	11.1
	11.8

	T8 - CN+ASP+MOP
	28.9
	59.3
	106.4
	121.1
	5.8
	11.1
	11.5

	T9 – Control
	24.3
	44.5
	82.7
	98.2
	4.3
	7.9
	8.80

	SEd
	0.46
	1.07
	2.09
	2.24
	0.10
	0.15
	0.21

	CD (p= 0.05)
	0.98
	2.26
	4.43
	4.75
	0.22
	0.32
	0.46


Table 2. Effect of macronutrient mixtures on Leaf Area Index (LAI) and dry matter production at physiological growth stages of cotton

	Treatment
	Leaf Area Index
	Dry matter production (kg ha-1)

	
	Vegetative
	Flowering
	Boll

Formation
	Boll

Bursting
	vegetative
	Flowering
	Boll

Formation
	Boll

Bursting

	T1 - Urea + DAP + MOP 
	0.17
	1.76
	1.87
	2.03
	58
	810
	3763
	7925

	T2 - Urea + SSP +MOP
	0.17
	1.82
	2.46
	2.06
	58
	817
	3784
	8098

	T3 - Urea + DAP + SOP
	0.13
	1.37
	1.59
	1.67
	58
	763
	3645
	7333

	T4 - Urea + MAP + SOP
	0.12
	1.19
	1.48
	1.53
	58
	751
	3440
	7111

	T5 - CN + DAP+MOP
	0.24
	2.40
	2.96
	2.84
	60
	1091
	3992
	8888

	T6 - CN+DAP+SOP
	0.18
	1.87
	2.52
	1.91
	59
	825
	3822
	8148

	T7 - Urea + DAP + CN + SSP + MOP
	0.19
	1.95
	2.83
	2.39
	59
	953
	3960
	8592

	T8 - CN+ASP+MOP
	0.19
	1.97
	2.57
	2.34
	59
	852
	3906
	8271

	T9 – Control
	0.07
	0.57
	1.31
	1.51
	45
	595
	2431
	3160

	SEd
	0.003
	0.04
	0.05
	0.04
	1.07
	18.92
	53.62
	107.06

	CD (p= 0.05)
	0.006
	0.08
	0.10
	0.09
	2.28
	40.11
	113.67
	226.96


Table 3: Effect of macronutrient mixtures on boll weight and number of bolls per plant of cotton

	Treatment
	Boll weight

(g/ boll)
	Number of bolls per plant

	T1 - Urea + DAP + MOP
	5.9
	30.2

	T2 - Urea + SSP +MOP
	6.0
	33.3

	T3 - Urea + DAP + SOP
	5.8
	27.6

	T4 - Urea + MAP + SOP
	5.8
	26.2

	T5 - CN + DAP+MOP
	7.0
	39.5

	T6 - CN+DAP+SOP
	6.8
	33.5

	T7 - Urea + DAP + CN + SSP + MOP
	6.9
	37.5

	T8 - CN+ASP+MOP
	6.8
	36.6

	T9 – Control
	5.0
	23.7

	SEd
	0.16
	0.63

	CD (p= 0.05)
	0.34
	1.34


Table 4. Effect of macronutrient mixtures on kapas yield and benefit-cost ratio of cotton
	Treatment
	Kapas yield

(kg ha-1)
	B:C Ratio

	T1 - Urea + DAP + MOP 
	1747
	1.65

	T2 - Urea + SSP +MOP
	1780
	1.69

	T3 - Urea + DAP + SOP
	1442
	1.29

	T4 - Urea + MAP + SOP
	1414
	1.19

	T5 - CN + DAP+MOP
	2118
	1.69

	T6 - CN+DAP+SOP
	1929
	1.46

	T7 - Urea + DAP + CN + SSP + MOP
	1957
	1.70

	T8 - CN+ASP+MOP
	1948
	1.62

	T9 – Control
	1270
	1.26

	SEd
	37.09
	-

	CD (p= 0.05)
	78.64
	-


CONCLUSION 

The present study showed that the application of macronutrient mixtures containing calcium nitrate significantly improved the growth attributes and increased the kapas yield of cotton. Calcium nitrate present in the fertilizer mixture helped in increasing the nutrient uptake by creating a better physical condition of the soil, particularly soil structure. Hence, kapas yield of cotton was highest in the treatment T5 (CN), which was 18.99 % over the standard check (Urea + SSP + MOP) (T2). It was also clear from the results that combining different sources of nitrogenous and phosphatic fertilizers had a great impact on the yield of cotton crops. With respect to B:C ratio, this treatment, T7 was economically feasible with a BCR of 1.70. 
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