


GROWTH, YIELD AND ECONOMICS OF MEDIUM DURATION MAIZE (ZEA MAYS L.) HYBRIDS AS INFLUENCED BY PLANT DENSITY AND FERTILITY LEVELS DURING KHARIF IN ANDHRA PRADESH



ABSTRACT
Aims:
To evaluate the effect of planting density and fertility levels on the growth, yield and economics of medium-duration maize (Zea mays L.) hybrids during kharif season in Andhra Pradesh, and to identify the most productive and profitable hybrid–management combination.
Study Design:
Split–split plot design with three replications.
Place and Duration of Study:
Agricultural Research Station, Peddapuram, Acharya N. G. Ranga Agricultural University (ANGRAU), Andhra Pradesh, India, during kharif, 2020.
Methodology:
The experiment comprised two planting densities (60 × 20 cm and 50 × 20 cm), two fertility levels [100% RDF (200:60:50 kg N:P₂O₅:K₂O ha⁻¹) and 150% RDF (300:90:75 kg N:P₂O₅:K₂O ha⁻¹)] and five medium-duration hybrids (JKMH 15303, DKC 9194, HT 18607, BIO 9544 and CMH 08-292). Observations on plant height, phenology, yield attributes, grain yield and stover yield were recorded. Economic analysis included gross returns, net returns and benefit–cost ratio.
Results:
Plant density and fertility levels had no significant effect on yield attributes or grain yield; however, numerically higher yields were recorded at wider spacing (60 × 20 cm) and 100% RDF. Among hybrids, DKC 9194 produced the highest grain yield (8616 kg ha⁻¹) and stover yield (10,585 kg ha⁻¹). The hybrid also resulted in maximum net returns (₹ 95,700 ha⁻¹) and the highest benefit–cost ratio (2.51) under 60 × 20 cm spacing with 100% RDF, indicating superior profitability compared to other treatment combinations.
Conclusion:
Hybrid DKC 9194 with 100% RDF at 60 × 20 cm spacing proved most productive and economically viable under kharif conditions in Andhra Pradesh. Adoption of this combination may enhance maize profitability without requiring higher fertilizer input.
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Abbreviations 
· N – Nitrogen
· P – Phosphorus
· K – Potassium
· RDF – Recommended Dose of Fertilizer
· QPM – Quality Protein Maize
· HI – Harvest Index
· LAI – Leaf Area Index
· NUE – Nitrogen Use Efficiency
· GY – Grain Yield
· DM – Dry Matter
· DAP – Days After Planting
· kg ha⁻¹ – Kilograms per hectare
· t ha⁻¹ – Tonnes per hectare
· cm – Centimeter
· m – Meter
INTRODUCTION
Maize (Zea mays L.) is one of the most adaptive and widely cultivated cereal crops, often referred to as the “Queen of Cereals” because of its high genetic yield potential among food grains. Globally, it ranks third after rice and wheat in area and production, serving as a major staple food as well as a versatile industrial raw material. Maize is utilized in the manufacture of alcohol, disposable containers, fabrics, oils, papers, plastics, proteins, starches and sugars (Johnson et al., 2012; Fattah et al., 2019). Nutritionally, it contains about 70% carbohydrates, 10% protein and 4% oil (Godswill, 2019), contributing to its value in both human and livestock diets. In India, maize is cultivated year-round over an area of 9.18 million ha, producing 27.23 million tonnes with an average productivity of 2965 kg ha⁻¹ (ICAR-IIMR, 2019–20). Major maize-growing states include Uttar Pradesh, Bihar, Karnataka, Madhya Pradesh, Odisha, Punjab, Himachal Pradesh and Andhra Pradesh. Due to its adaptability to a wide range of tropical and subtropical climates, as well as the high yield potential of hybrid varieties under irrigated and rainfed conditions, maize has become one of the most important cereal crops in the country.
Plant density plays a critical role in optimizing maize productivity. Increased plant population enhances the canopy’s ability to intercept sunlight and improve radiation use efficiency (Liu et al., 2018). However, excessive plant density may lead to competition for nutrients, light and moisture, ultimately reducing individual plant yield (Haarhoff and Swanepoel, 2018). Therefore, determining the optimum planting density is essential to balance resource use efficiency and yield per unit area. Nutrient management is another key agronomic factor influencing maize productivity. Maize is a heavy feeder of nutrients, particularly nitrogen (N), phosphorus (P) and potassium (K), which play vital roles in growth and development. Nitrogen promotes vegetative growth and chlorophyll formation, phosphorus supports energy transfer and root development and potassium regulates enzymatic activity, osmotic balance, photosynthesis and stress tolerance (Hasanuzzaman et al., 2018). Application of fertilizers is one of the most effective yet costly agricultural inputs; hence, judicious nutrient management is crucial for sustaining yield and profitability. Crop response to fertilizers varies with soil fertility status, environmental conditions and genotype (Siddiqui et al., 2020). Abubakar et al. (2019) reported that nitrogen application significantly influenced physiological growth indices of maize hybrids, while Shrestha et al. (2018) found that hybrid maize varieties are more nitrogen-responsive than local ones.
The kharif season accounts for a major portion of maize cultivation in India, often under rainfed or partially irrigated conditions, where nutrient availability and management determine productivity. Therefore, optimizing both plant density and fertility level is essential for maximizing yield and profitability. Previous studies have reported genotype × fertility level interactions affecting grain yield and economic returns (Das et al., 2010; Kumar et al., 2015; Kannan et al., 2013). However, limited information is available on the performance of medium-duration maize hybrids under varying plant densities and fertility regimes in Andhra Pradesh.
Hence, the present investigation was undertaken to assess the effect of plant density and fertility levels on the growth, yield and economics of promising medium-duration maize hybrids during kharif conditions in Andhra Pradesh.
MATERIALS AND METHODS
EXPERIMENTAL SITE AND SOIL CHARACTERISTICS
A field experiment was conducted during kharif, 2020 at the Agricultural Research Station (ARS), Peddapuram, Acharya N. G. Ranga Agricultural University (ANGRAU), Andhra Pradesh, India, situated at 17.08° N latitude, 82.13° E longitude, and an altitude of 35 m above mean sea level. The soil of the experimental field was sandy loam in texture, slightly acidic in reaction (pH 6.94), with an electrical conductivity of 0.12 dS m⁻¹ and organic carbon content of 0.44%. The initial fertility status indicated that the soil was low in available nitrogen (208 kg ha⁻¹), medium in available phosphorus (38 kg P₂O₅ ha⁻¹) and low in potassium (161 kg K₂O ha⁻¹).
WEATHER DURING THE CROP SEASON
Weather data recorded at the ARS meteorological observatory during the crop period (July to October, 2020) indicated a total rainfall of 1078.9 mm, which was well distributed over 65 rainy days (Table 1). The mean maximum temperature ranged from 30.8°C to 32.9°C, and the mean minimum temperature varied between 24.7°C and 26.0°C. Relative humidity remained high throughout the season, ranging from 65.7% to 97.5%, which provided favorable conditions for maize growth and development.
EXPERIMENTAL DESIGN AND TREATMENTS
The experiment was laid out in a split–split plot design with three replications. The main plots consisted of two planting densities 60 × 20 cm and 50 × 20 cm while the subplots comprised two fertility levels 100% RDF (200:60:50 kg N:P₂O₅:K₂O ha⁻¹) and 150% RDF (300:90:75 kg N:P₂O₅:K₂O ha⁻¹). The sub–sub plots were assigned to five medium-duration maize hybrids, viz. JKMH 15303, DKC 9194, HT 18607, BIO 9544 and CMH 08-292.
CROP MANAGEMENT AND DATA COLLECTION
Fertilizers were applied as per the treatment specifications. Nitrogen was applied in the form of urea in three equal splits at basal, knee-high and tasseling stages; phosphorus was applied as a basal dose in the form of single superphosphate (SSP) and potassium through muriate of potash (MOP) in two equal splits at basal and flowering stages. Recommended agronomic practices were followed for all plots. Timely weeding and earthing-up were carried out and supplemental irrigations were given when rainfall was inadequate. Plant protection measures were adopted as per ANGRAU recommendations to minimize pest and disease incidence.
Observations on growth and yield parameters were recorded from five randomly selected and tagged plants in each plot. Data was collected on plant height, days to 50% tasseling and silking, cob length, cob girth, number of kernel rows, number of kernels per row, grain yield and stover yield. The yields obtained from the net plot area were converted to a hectare basis. Economic analysis was performed by calculating gross and net returns and the benefit–cost ratio (B:C) based on prevailing market prices of inputs.
STATISTICAL ANALYSIS
The data on various parameters were statistically analyzed following the analysis of variance (ANOVA) technique appropriate for a split–split plot design, as described by Gomez and Gomez (1984). The treatment means were compared using the critical difference (CD) at a 5% probability level (P = 0.05) to test the significance of treatment effects.
RESULTS AND DISCUSSION
Growth And Phenology
Plant density exerted a minor but noticeable influence on plant height and phenological parameters of maize (Table 2). The higher planting density of 50 × 20 cm resulted in slightly greater plant height (220.1 cm) compared to the wider spacing of 60 × 20 cm (216.1 cm). This increase in height under closer spacing could be attributed to interplant competition for light, which encourages vertical growth. A similar trend of increased plant height and light interception with higher plant density has also been reported by Amanullah et al. (2008) and Salifu and Doka (2019). Comparable findings were observed by Singh (2016), Pal et al. (2017) and Sibonginkosi et al. (2019) who noted that denser plant populations promote elongation due to mutual shading and competition for photosynthetically active radiation. This higher plant population also contributed to a greater number of cobs per hectare and higher dry matter accumulation per unit area.
Fertility levels did not significantly influence plant height or flowering duration; however, plants supplied with 150 % RDF were marginally taller (220.1 cm) than those under 100 % RDF (216.1 cm). The increase in plant height with higher nutrient levels might be due to better nitrogen availability, promoting vegetative growth. Similar effects of increased nitrogen and fertility on maize growth have been reported by Mahato et al. (2020), who found that higher maize yields were obtained at a plant density of 85,000 plants ha⁻¹ compared to lower densities of 65,000 and 75,000 plants ha⁻¹ under adequate nutrient supply.
Among the hybrids, JKMH 15303 attained the maximum plant height (239.2 cm) and DKC 9194 recorded the earliest flowering, with 50.9 days to tasseling and 53.9 days to silking, whereas BIO 9544 was comparatively shorter (197.1 cm) and flowering was delayed. Such variation among hybrids could be attributed to inherent genotypic differences in growth habit, nutrient uptake and utilization efficiency. These results are in agreement with the findings of Sanchez et al. (2023), who reported similar genotypic differences influencing phenological behavior and nutrient-use efficiency in maize.
Yield Attributes and Yield
Yield attributes and grain yield followed a trend similar to that observed in growth parameters (Table 3, Fig 1). Plant density and fertility levels had no significant effect on most yield components; however, slightly higher cob length and grain yield were observed at the wider spacing of 60 × 20 cm compared to 50 × 20 cm. This may be attributed to better light interception, aeration, and reduced competition for nutrients at lower plant populations, resulting in improved cob development.
Grain yield was marginally higher at 100 % RDF, though differences were not significant. This is in agreement with earlier findings of Mahato et al. (2020), Ray et al. (2019) and Sireesha et al. (2019), who also reported comparable maize yields at 100 % RDF and higher fertility levels under different agro-ecological conditions.
Among hybrids, DKC 9194 exhibited the most favorable yield attributes, recording the longest cobs (17.0 cm), greatest cob girth (16.0 cm), and the highest number of grains per row (36.0), which translated into the maximum grain yield of 8616 kg ha⁻¹. The superior performance of DKC 9194 can be attributed to its better nutrient use efficiency, enhanced photosynthetic activity, and higher kernel number per cob. On the other hand, BIO 9544 and CMH 08-292 recorded lower yields, primarily due to smaller cob size and fewer kernels per row, reflecting genotypic variability in yield potential.
Economics
Economic returns closely followed the trend observed in grain yield and yield attributes (Table 4, Fig 2). The wider spacing of 60 × 20 cm recorded the highest net returns (₹ 70,761 ha⁻¹), reflecting better economic efficiency due to reduced competition among plants and higher per-plant productivity. Among the fertility treatments, application of 100% RDF resulted in the maximum net returns (₹ 76,544 ha⁻¹), indicating that moderate nutrient input was more cost-effective than higher fertilizer levels, which increased input costs without a proportionate yield gain.
Among hybrids, DKC 9194 recorded the highest gross returns (₹ 159,399 ha⁻¹) and net returns (₹ 95,700 ha⁻¹), along with the maximum benefit–cost (B:C) ratio of 2.51. The superior profitability of DKC 9194 can be attributed to its higher grain and stover yields, which contributed to greater overall returns. Similar trends in profitability influenced by hybrid performance and fertility levels were earlier reported by Kumar et al. (2015) and Singh (2016), who found that maize hybrids with higher yield potential and efficient nutrient utilization result in greater economic advantage under comparable management conditions.
CONCLUSION
The findings of the present study revealed that plant density and fertility levels had no significant influence on growth and yield attributes of medium-duration maize hybrids during kharif, 2020. However, among the hybrids evaluated, DKC 9194 consistently outperformed others by producing the highest grain yield (8616 kg ha⁻¹) and net returns (₹ 95,700 ha⁻¹) with a benefit–cost ratio of 2.51. The results suggest that the cultivation of DKC 9194 hybrid with 100% RDF under 60 × 20 cm spacing is most suitable for realizing higher productivity and profitability of medium-duration maize under agroclimatic conditions of Andhra Pradesh.
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Table -1: WEATHER DURING CROP SEASON, KHARIF, 2020:

	Month
	Rain fall (mm)
	No. of rainy days
	Temperature (°C)
	Relative humidity
(%)

	
	
	
	Max
	Min
	Max
	Min

	July,2020
	171.5
	14
	32.8
	26.0
	91.8
	65.7

	August ,2020
	199.5
	16
	30.8
	25.6
	94.5
	75.0

	September ,2020
	300.2
	18
	32.9
	25.7
	95.5
	70.1

	October ,2020
	407.7
	17
	31.5
	24.7
	97.5
	68.9

	Total / Average
	1078.9
	65
	32.0
	25.5
	94.8
	69.9
















Table-2 : Growth and Phenology of medium duration maize genotypes as affected by planting density and nutrient levels, kharif, 2020:
	
Treatments
	Plant height (cm) 
	Plants ('000/ha)
	Cobs ('000/ha)
	days to 50% tasseling
	days to 50% silking

	Main plot: Plant density

	60 x 20 cm 
	216.1
	81.0
	74.7
	51.1
	53.4

	50 x 20 cm 
	220.1
	90.7
	85.8
	50.5
	54.1

	Sem   ±
	3.41
	0.36
	0.19
	0.12
	0.09

	CD (P = 0.05)
	(NS)
	2.18
	1.18
	NS
	NS

	CV (%)
	0.5
	2.2
	1.2
	1.3
	0.9

	Sub plot: Fertility levels

	100 % RDF
	216.1
	86.0
	80.0
	51.2
	54.4

	150 % RDF
	220.1
	86.0
	81.0
	51.3
	54.3

	Sem   ±
	1.75
	0.34
	0.22
	0.08
	0.11

	CD (P = 0.05)
	NS
	NS
	NS
	NS
	NS

	CV (%)
	4.4
	2.1
	1.5
	0.8
	1.0

	Sub-Sub plots
	
	
	
	
	

	JKMH 15303 
	239.2
	86.2
	79.9
	50.5
	53.5

	DKC 9194 
	218.3
	87.6
	84.0
	50.9
	53.9

	HT 18607 
	206.3
	85.3
	78.9
	50.9
	54.3

	Bio 9544 
	197.1
	85.4
	78.9
	51.0
	53.8

	CMH 08-292 
	230.0
	84.9
	79.5
	50.8
	53.5

	Sem   ±
	4.08
	0.37
	0.50
	0.19
	0.20

	CD (P = 0.05)
	11.76
	NS
	1.45
	NS
	NS

	CV (%)
	6.4
	1.4
	2.1
	1.2
	1.2

	Interaction 
	NS
	NS
	NS
	NS
	NS





Table-3: Yield attributes and Yield of medium duration maize genotypes as affected by planting density and nutrient levels, kharif, 2020:
	
Treatments
	Cob length (cm)
	Cob girth (cm)
	No. of grains/row
	No. of grain rows/cob
	100-seed weight (g)
	Grain yield (kg/ha)
	Stover
yield (kg/ha)

	Main plot: Plant density

	60 x 20 cm 
	16.4
	15.2
	32.7
	14.6
	27.0
	7214
	9173

	50 x 20 cm 
	16.2
	14.9
	33.6
	14.7
	27.0
	7113
	9167

	Sem   ±
	0.11
	0.12
	0.35
	0.07
	0.31
	112.11
	84.33

	CD (P = 0.05)
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	CV (%)
	3.7
	4.4
	5.7
	2.6
	6.3
	8.5
	5.0

	Sub plot: Fertility levels

	100 % RDF
	16.2
	15.1
	33.1
	14.6
	27.0
	7455
	9447

	150 % RDF
	16.4
	15.1
	33.2
	14.8
	27.0
	7309
	9314

	Sem   ±
	0.06
	0.10
	0.52
	0.12
	0.32
	42.30
	55.50

	CD (P = 0.05)
	NS
	NS
	NS
	0.4
	NS
	NS
	NS

	CV (%)
	2.1
	3.6
	8.5
	4.4
	6.4
	3.2
	3.3

	Sub - sub plot: Maize hybrids

	JKMH 15303 
	16.4
	15.1
	32.4
	14.5
	30.6
	7071
	9062

	DKC 9194 
	17.0
	16.0
	36.0
	15.0
	29.2
	8616
	10585

	HT 18607 
	16.0
	14.7
	33.5
	14.5
	27.2
	7617
	9595

	Bio 9544 
	16.0
	15.0
	32.0
	15.0
	24.5
	6223
	8281

	CMH 08-292 
	16.3
	14.8
	33.2
	14.4
	27.1
	6289
	8328

	Sem   ±
	0.13
	0.18
	0.54
	0.16
	0.48
	121.65
	111.60

	CD (P = 0.05)
	0.39
	0.51
	NS
	0.47
	1.43
	350.42
	321.53

	CV (%)
	2.8
	4.0
	5.6
	3.8
	6.1
	6.8
	7.2

	Interaction 
	NS
	NS
	NS
	NS
	NS
	NS
	NS




TABLE-4: ECONOMICS OF MEDIUM DURATION MAIZE GENOTYPES AS AFFECTED BY PLANTING DENSITY AND NUTRIENT LEVELS, KHARIF, 2020
	
Treatments
	Gross returns 
(Rs. /ha)
	Net Returns 
(Rs. /ha)
	B:C ratio

	Main plot: Plant density

	60 x 20 cm 
	133461
	70761
	2.13

	50 x 20 cm 
	131590
	66893
	2.04

	Sem   ±
	2074.0
	2074.0
	0.03

	CD (P = 0.05)
	NS
	NS
	NS

	CV (%)
	8.5
	16.5
	8.3

	Sub plot: Fertility levels 

	100 % RDF
	137913
	76544
	2.25

	150 % RDF
	135221
	69193
	2.05

	Sem   ±
	782.50
	782.50
	0.01

	CD (P = 0.05)
	NS
	3054.0
	0.04

	CV (%)
	3.2
	6.2
	3.1

	Sub - sub plot: Maize hybrids

	JKMH 15303 
	130818
	67119
	2.06

	DKC 9194 
	159399
	95700
	2.51

	HT 18607 
	140921
	77223
	2.22

	Bio 9544 
	115129
	51431
	1.81

	 CMH 08-292 
	116361
	52662
	1.83

	Sem   ±
	2250.4
	2250.4
	0.04

	CD (P = 0.05)
	NS
	6485.0
	NS

	CV (%)
	5.8
	11.3
	5.8

	Interaction 
	NS
	NS
	NS



Fig-1: Yield of medium duration maize genotypes during kharif, 2020


Fig-2: Net returns of medium duration maize genotypes during kharif, 2020



JKMH 15303 	DKC 9194 	HT 18607 	Bio 9544 	CMH 08-292 	7071	8616	7617	6223	6289	          Maize Hybrids
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Net Returns  (Rs. /ha)	JKMH 15303 	DKC 9194 	HT 18607 	Bio 9544 	 CMH 08-292 	67119	95700	77223	51431	52662	Maize Hybrids
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