Comparative Performance of Pro-Vitamin A (PVA) Hybrid Maize (Zea mays) Varieties
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Abstract
Vitamin A is important to support immune system, vision, reproductive health and fetal growth. Maize is a good source of calories that contains low concentration of essential nutrients, hence maize bio-fortification program has been designed world-wide to address deficiency of the nutrient in human diets. Several cultivars with high levels of Pro-vitamin A, lysine, tryptophan, Zn and Fe were developed and commercialized. A field experiment was carried out at International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria in 2023. Ten PVA hybrid maize varieties obtained from IITA were used for the experiment laid out in randomized complete block design (RCBD) with three replicates. Two seeds were sown per hole, and each variety was sown in a two-row plot of 4m × 1.5m each at a plant spacing of 0.5m (intra-row) × 0.75m (inter-row). Nitrogen fertilizer at the rate of 120 kg N/ha was applied in two split doses (2 and 6 Weeks after Sowing). Five plants were randomly selected from each experimental plot for data collection. The maize was harvested 112 days after sowing. Data collected on agronomic and yield parameters included plant height, stem girth, leaf area, number of leaves per plant, grain weight, seed count per cob and plant biomass. Data collected were analysed for significance, the significant means were separated by using Duncan multiple range test (DMRT) at 5% degree of probability. The study identified that variety LY1501-9 had the highest yield (3.25 kg) which was significantly higher (P< 0.05) than IFE HYBRID-3 with yield (2.35 kg).
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Introduction
Maize is a versatile crop with several uses, ranging from food to uses as industrial raw materials in the developed world and in formulation of livestock feed (Halilu et al., 2016). In contrast to what is obtained in the developed countries, a large percentage of harvested maize is consumed as food in low income countries. In Africa, there is a high level of dependence on maize-based diets. Nuss and Tanumihardjo (2011) reported that Africa accounts for about 72.7% of the countries in the world where maize forms the highest percentage of calories intake in their national diets.

The importance of vitamin A to supports immune system, vision, reproductive health and fetal growth in humans made it necessary to incorporate it into diets of man. In recent times, bio-fortification of plant derived foods

has been used to reduce the rate of micronutrient malnutrition (Gilligan, 2012). Genetic bio-fortification involves the use of breeding techniques and biotechnology to increase the concentration and bioavailability of micronutrient in staple crops (Saltzman et al., 2013). Majority of people in areas where staple crop such as maize are consumed on a large scale suffer from micronutrient deficiencies (FAO, 2015). Particularly, in Africa where white maize which is low in B-carotene and B Cryptoxanthin (vitamin A precursors) is preferred (Ranum et al., 2014), the people especially the young ones are mal-nourished. The authors pointed out that, maize being a good source of calories but contains low concentration of essential nutrients has been receiving attention. Hence, maize bio-fortification programs have been designed world-wide to address the challenges. The programs have resulted in several cultivars with high levels of Pro-vitamin A, lysine,

tryptophan, Zn and Fe being developed and commercialized.
The prominence of maize in the diet of people in developing countries has made the crop a target for bio-fortification, more so that the yellow maize is found to contain a wide range of carotenoids (Menkir et al., 2008). Egesel et al. (2003) reported that a typical yellow maize variety contains up to 15PPM vitamin A, although inadequate to prevent vitamin A deficiency (VAD) in diet dominated by maize. It, therefore, becomes imperative to understudy some of the Provitamin A maize developed, to examine their perfomance in terms of yield in order to meet the nutritional needs of the growing populace and the economic need of the farmers.

Materials and Method
The experiment was carried out at International Institute of Tropical Agriculture (IITA), Ibadan, Oyo State, Nigeria. Ten pro-vitamin A (PVA) hybrid maize varieties obtained from IITA were used for the experiment. The maize varieties were: lowland yellow (LY) 1501-7, Ife Hybrid 3, LY 1001-23, LY 1501-8, LY1501-9, LY20001-2, LY2201, LY2204, LY2205 and
Ife Hybrid 4.
Experimental design and treatment application
The field experiment was laid out in randomized complete block design (RCBD) with three replicates. Each variety was planted in a two-row plot using 4 m × 1.5 m at a spacing of 50 cm (intra-row) × 75cm (inter-row). The field was well prepared with the aid of tractor; ploughing and harrowing were done thoroughly. Then maize seeds were planted at two per hole. Fertilizer was applied at the rate of 120 kg N/ha in two splits, first as NPK 15:15:15 at two weeks after planting and then top dressed with urea at the rate of 20 kg/ha at six weeks after planting. The fertility

status of the soil before planting was determined by representative random soil samples collection. The soil was bulked, air dried, and taken to the laboratory for physical and chemical analysis.
Five plants were randomly selected and tagged from each experimental plot for data collection. Data collected on agronomic and yield parameters included plant height (cm), stem girth (cm), leaf area (cm3), number of leaves per plant, grain weight, (kg) number of seed per cob and plant biomass by cutting the whole plant from the base and weighing on a weighing balance in kg The data collected were analysed for significance using Genstat version 17 (VSN international Hermel Hempstead, UK, 2011) and the significant means were separated by using Duncan multiple range test (DMRT) at 5% degree of probability.

Results
Soil physical and chemical properties
The result obtained from the laboratory analysis of the soil sample of the experimental site revealed that the soil was slightly acidic with pH of 5.58. The nitrogen was low (0.02%) compared to the standard value of 1-
1.5. Organic carbon was low (0.2g kg-1) compared to the standard value of 1-1.4. Available phosphorus was 11.45mg kg-1 which is within the range of the standard value of 7- 20. (FFD, 2021). The textural class of the soil was sandy loam (Table 1).

Agronomic parameters of selected Pro-Vitamin A hybrid maize varieties
Leaf area
Leaf area as shown in Table 2 revealed that there was significant different among the varieties at 2 WAP. Variety LY1001-23 had the highest leaf area which was statistically similar to others with the exception of IFE HYBRID 3, LY1501-7 and LY2205 which
had the lowest leaf area. At 4WAP, Ife Hybrid

3 was significantly lower than others in wideness of leaf. At 6WAP, LY2205 had the highest leaf area which was not significantly different from others except Ife hybrid 3 which was significantly lower.
Plant height
Variations in the plant height of the pro Vitamin A hybrid maize varieties were shown in Table 2. The result revealed that at 2 WAP,

IFE HYBRID 4 had the highest plant height statistically similar with other varieties with the exception of IFE HYBRID 3 and LY1501-7 which had the lowest plant height. At 4WAP, same trend was observed in height but at 6WAP, IFE HYBRID 4 had height significantly taller than IFE HYBRID 3 and LY 1501-7 but not statistically different from other varieties.


Table 1. Physical and Chemical Properties of the Pre- Cropping Soil
	Parameters
	Value

	pH
	5.58

	Organic Carbon (%)
	0.20

	Total Nitrogen (%)
	0.02

	Available P(mgkg-1)
	11.45

	Exchangeable cation (cm011kg)

	K+
	0.38

	N+
	0.17

	Mg2+
	2.10

	Particle size distribution
	

	Sand (%)
	86.80

	Silt (%)
	7.20

	Clay (%)
	6.00


Potassium – K, Sodium – N, Magnesium – Mg, Calcium – Ca,
Table 2. Variation in leaf area (cm2) and plant height (cm) of selected Pro-vitamin A maize varieties.
	2WAP
	4WAP
	6WAP

	Parameters
	Leaf Area (cm2)
	Plant Height (cm)
	Leaf Area (cm2)
	Plant Height (cm)
	Leaf Area (cm2)
	Plant Height (cm)

	Variety
	
	
	
	
	
	

	LY1501-7
	139.099b
	8.81bc
	609.70ab
	63.67bc
	777.33b
	149.67bc

	IFE HYBRID 3
	122.62b
	8.15bc
	570.46b
	60.00c
	658.73c
	148.67c

	LY1001-23
	162.45a
	9.61abc
	729.80a
	69.33abc
	844.96ab
	160.33abc

	LY1501-8
	155.92a
	10.03abc
	682.86ab
	67.33abc
	807.57b
	161.33abc

	LY1501-9
	148.04ab
	9.70abc
	672.17ab
	68.67abc
	875.96ab
	159.00abc

	LY20001-2
	153.11ab
	10.26abc
	692.50ab
	68.67abc
	826.37ab
	163.00a

	LY2201
	146.94ab
	10.61ab
	667.73ab
	72.33ab
	844.70ab
	162.33ab

	LY2204
	161.67a
	11.00ab
	726.67a
	71.33ab
	801.93b
	157.00abc

	LY2205
	140.299b
	10.40ab
	641.15ab
	71.00ab
	923.67a
	160.33abc

	IFE HYBRID 4
	160.889a
	11.79a
	723.469a
	76.67a
	815.03b
	165.00a



Means with the same letter(s) in a column are not significantly different at 5% level of probability by Duncan Multiple Range Test (DMRT), LY – Lowland yellow, WAP – Week After Planting


Number of leaves
Variations in number of leaves of pro-Vitamin A hybrid maize varieties shown in Table 3 revealed that at 2WAP, there was variability in the number of leaves produced but no significant difference among varieties. However, at 4 WAP, LY20001-2 had the highest number of leaves which was at par with other varieties except LY1501-7, LY1501-8 and LY1501-9. At 6 WAP, Ife
hybrid 4 recorded the highest significant number of leaves followed by LY20001-2.

Stem girth (cm)
Table 3 showed the variation in stem girth of pro vitamin A hybrid maize varieties and it was observed that, at 2 and 6 WAP, there was no significant difference among the varieties selected. However, at 4WAP, significant differences were observed among the varieties. Variety LY1001-23 had the highest stem girth which was statistically similar with LY1501-8, LY1501-9, LY20001-2, LY2201,
LY2204 and Ife Hybrid 4. The lowest stem girth was recorded for Ife hybrid 3 and LY1501-7 respectively.


Table 3: Number of Leaves and stem girth (cm) of Selected Pro-Vitamin A Maize Varieties
	2WAP
	4WAP
	6WAP

	Parameters
	Number
of leaves
	Stem Girth (cm)
	Number of leaves
	Stem Girth (cm)
	Number of leaves
	Stem Girth (cm)

	Variety
	
	
	
	
	
	

	LY1501-7
	6.00bc
	28.13a
	9.83b
	64.93a
	13.53c
	65.93a

	IFE
HYBRID 3
	5.80c
	26.60a
	10.20ab
	64.93b
	13.00c
	64.93a

	LY1001-23
	6.40ab
	26.27a
	10.60ab
	70.73a
	13.67bc
	65.47a

	LY1501-8
	6.53a
	28.87a
	10.03b
	68.13ab
	13.53bc
	63.93a

	LY1501-9
	5.80c
	28.60a
	10.00b
	67.80ab
	13.13c
	66.53a

	LY20001-2
	6.47ab
	30.76a
	11.13a
	68.60ab
	13.93ab
	64.40a

	LY2201
	6.13abc
	28.80a
	10.53ab
	66.73ab
	13.67bc
	63.20a

	LY2204
	6.60a
	29.67a
	10.53ab
	69.13ab
	13.67bc
	67.27a

	LY2205
	6.00bc
	30.20a
	10.13ab
	64.20ab
	13.20bc
	64.07a

	IFE
HYBRID 4
	6.47ab
	29.00a
	10.33ab
	68.27ab
	14.47a
	64.80a


Means with the same letter(s) in a column are not significantly different at 5% level of probability by Duncan Multiple Range Test (DMRT), LY – Lowland, WAP – Week After Planting


Yield and yield components of the Pro-vitamin A hybrid maize varieties
Result of the comparative study of yield parameters in Table 4 showed that LY2204 recorded the highest plant biomass which was significantly higher than that of IFE HYBRID
3 variety. Also, variety LY1501-9 had the

highest field and grain weight which was significantly different from IFE HYBRID 3 with the lowest field weight.
Variety LY2201 had the highest seed per cob which was statistically similar with variety LY1501-8 and these were significantly different from other varieties in number of

seed per cob. Meanwhile IFE HYBRID 3 had the lowest seed per cob which was not statistically different from those of LY20001-
2 and LY 2205. Variety LY2201 had the

highest cob weight which was significantly different from LY2205 and IFE HYBRID 3 which  had  the  lowest  cob  weight.

Table 4: Yield and Yield components of Selected Pro-Vitamin A Hybrid Maize Varieties

	Parameters
	Plt. B (kg)
	TF wt (kg)
	G. wt (kg)
	S per C
	C.wt (kg)

	Variety
	
	
	
	
	

	LY1501-7
	0.30ab
	5.20a
	3.08ab
	429.62bc
	150.00ab

	IFE
HYBRID 3
	0.17b
	3.93b
	2.35b
	348.67d
	103.33c

	LY1501-23
	0.23ab
	5.08a
	2.85ab
	413.60bc
	146.67ab

	LY1501-8
	0.27ab
	5.45a
	3.18ab
	453.47ab
	150.00ab

	LY1501-9
	0.28ab
	5.53a
	3.25a
	408.93bc
	153.33ab

	LY20001-2
	0.28ab
	4.77ab
	2.62ab
	387.33cd
	153.33ab

	LY2201
	0.25ab
	5.50a
	3.07ab
	501.67a
	165.67a

	LY2204
	0.33a
	4.60ab
	2.43ab
	415.07bc
	156.67ab

	LY2205
	0.26ab
	5.07a
	2.97ab
	387.93cd
	140.00b

	IFE
HYBRID 4
	0.32a
	4.90ab
	2.72ab
	395.20cd
	150.00ab


Plant Biomass – Plt. B, Total Field Weight – TF wt, Grain Weight – G wt, Seed per Cob – S per C, Cob Weight – CWt, means with the same letter(s) in a column are not significantly different at 5% level of probability by Duncan Multiple Range Test (DMRT)


Discussion
The success of adoption of pro vitamin A fortified maize lies in the interaction of the varieties with the different local environment and different soil types (Akinmoye - Adelabu and Modi, 2017). The result of the current study revealed that growth parameters of the pro vitamin A maize varieties considered increased with time during the period of study which indicates that they were able to adapt to the local climatic conditions.

The findings of the study also revealed that all the varieties considered were promising in terms of grain yield except Ife hybrid 3. This corroborates the work of Obeng- Bio et al. (2020) who reported that pro vitamin A fortified maize varieties have the potential to perform under low fertile soils. However, variety LY1501-9 and Ife hybrid 4 were outstanding in their perfomance consistently in  both  vegetative  growth  and  yield

parameters. Their significant height and wideness of their leaves enable them to have more access to the sunlight for more photosynthetic activities which translated to more yield and its components. This finding is in contrast to the findings of Zuma et al. (2022) who observed that vegetative growth of the two pro vitamin A maize used in their study did not translate to yield. However, Odeleye and Odeleye (2001) had reported that maize varieties differ in their growth characters, yield and its components, and therefore suggested the breeder must select promising line for genetic diversity studies.

Conclusion and Recommendation
Among the varieties of Pro-vitamin A hybrid maize considered in this study, LY1501-9 had the highest yield while variety LY2201, LY1501-7,  LY1001-23,  LY2205  and  Ife
hybrid 4 also had good yield components but the lowest yield was recorded with variety Ife

Hybrid 3. Hence LY1501-9 is recommended for farmers. However, futher repetitive study can be carried out for authentication.
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