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ABSTRACT 

This research was conducted at the Látókép Research Station of the University of Debrecen, site (N 47°33’ E 21°27’) in 
2018 and 2019.Yield response of three hybrids of maize, Loupiac (FAO 380), Fornad (FAO 420) and Armagnac (FAO 490) 
were investigated under different agro-technical conditions which include, irrigated and non-irrigated (rainfed) 
treatments ,three levels of fertilizer (N 160 kg ha-1, N80 kg ha-1, N0 kg ha-1) and two levels of plant densities(60,000 and 
80,000 plants ha-1).The experiment was set up in a split plot design with the main plot equally divided into irrigated and 
non-irrigation(rainfed). Maize hybrids were sown at 76 cm interrow spacing in the main plot which was subdivided to 
accommodate the fertilizer treatments with four replications. There was a total of 216 treatment plots, each 3x10m. The 
crop was harvested at the end of the growing cycle and grain moisture content adjusted to 15% to arrive at the final 
yield. Data collected were analyzed using IBM SPSS 26 descriptive statistics and Microsoft Excel.   The results indicated, 
water supply, fertilization and planting density influenced the yield of the test hybrids to varying extent. Fertilizer 
application greatly enhanced yield and accounted for 43.7% of yield variance. N80 and N160 appreciate yield by 2.77 t 
ha-1and 4.01 t ha-1 respectively. Significant interaction (p<0.05)was observed between, fertilization x irrigation; planting 
density x irrigation, and fertilization x planting density. Effect of irrigation on yield of hybrids varied with fertilizer 
dosages and planting density. At 60,000 plants ha-1, irrigation depressed yield of N0and N80 treatments by 11.7% and 
6.5% respectively, while at 80,000 plants ha-1 there was no significant difference in yield between irrigated and non-
irrigated, N0 and N80 treatments. Yield increasing benefits of irrigation was only realized with N160 kg ha-1 at both 
planting densities and was significantly higher at 80,000 plants ha-1 (1.18 t ha-1 vs. 0.70 t ha-1).  Higher planting density 
resulted in higher yield and yield variations and impacted negatively on individual plant productivity. Mean yield of 
80,000 plants ha-1 was 13.8% (1.30t ha-1) higher than 60,000 plants ha-1, concurrent with 14.6% decline in individual 
plant productivity at the higher density. Reduction in individual plant productivity for the hybrids ranged from 11.2 to 
18% with the highest decline (18%) in Fornad (FAO 420), followed by Lopiac (FAO 380) with 14.5% and the 
least(11.2%) in Armagnac(FAO 490). The adaptability of Loupiac(FAO 380) and Armagnac (FAO 490) to higher planting 
density was superior to Fornad (FAO 420), with Armagnac (FAO 490) being the most tolerant of the hybrids.    
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INTRODUCTION 
Maize (Zea mays L.) is amongst the most important grain crops in Hungary, cultivated on approximately 
1.0 M ha with significant fluctuation in yield, ranging from 4.0 to 8.6 t ha-1 in the last decade [14]. 
Achieving high and sustainable yield under changing climatic conditions and limited resources is a major 
challenge facing the agriculture sector.  
Maize, a C4 plant with high productivity, is very sensitive to the agroecological and agrotechnical 
conditions. Under optimal conditions, the yield is determined by the potential of the hybrids, however, in 
situation of unfavorable climatic condition or deficiencies in the agrotechnological inputs, the adaptability 
of the hybrids is of paramount importance [7, 19]. The effects of the agrotechnological factors on the yield 
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stability of maize are especially important and exert their influence via interactions, rather than in 
isolation [27]. 
Plant density has a determining effect on yield and is one of the most important cultural practices utilized 
for maximizing yield by increasing the interception of solar radiation within the canopy [30, 20]. The 
impact of plant density on yield is dependent on complex interactions between the genotype, 
agroecological condition and agrotechnical factors. Increasing planting density, increases yield up to a 
maximum for a given maize genotype, under a specific set of agroecological and agrotechnical conditions, 
beyond which, yield decline with any further increase in plant density [31, 32, 36]. Testa et al. [34] found 
higher plant density led to a decrease in the stalk area (-20%), leaf greenness (-5.2%) and cob length (-
10.8%) and also negatively affected the kernel weight (-7.1%) and the number of kernels per row (-10%). 
The increase in yield from higher planting density in modern hybrids, resulted from better tolerance over 
a variety of environments, including stress associated with high plant populations and not yield potential 
on an individual plant basis [10, 12, 8].  
According to Pepó et al. [28], the optimum plant density of maize was found to be 50,000 plant ha-1in dry, 
while 80,000 plant ha -1 in wet years. Berzsenyi et al. [3] reported similar findings with maximum yields 
for maize being achieved in drought years at low plant density. 
Maize needs relatively large quantity of water (500-600 mm) during its vegetation period and the most 
critical periods of water supply are tasseling, silking and early grain formation in maize production. 
Results of long-term experimental data showed that the yield surpluses of irrigation varied with rainfall 
amount and distribution during the growing season. In drought crop years, yield increment from 
irrigation was between 4-5 t ha-1, while in average and wet crop years, 1-2 t ha-1 and 0-0.4 t ha-1, 
respectively [37, 27].   
Water stress can have detrimental impact on maize, resulting in reduced biomass and consequently yield. 
Khan et al. [16], reported stem height, stem diameter, leaf area and days to complete flowering, decreased 
significantly with increasing water stress. Yield components such as number of grains per cob, 1000-
grainweight and grain yield have also been decreased by increasing water stress. Irrigation prevents 
water stress situation and improves the efficiency of fertilization. Wang and Xing [39] found interaction of 
nitrogen and irrigation has significant effects on biomass yield and the physiological indices of maize 
were increased with irrigation amount and fertilizer level. With higher fertilizer doses, the yield 
increasing effect of irrigation is greater due to the positive correlation between nutrient and water 
supply. Without irrigation, the negative effect of the insufficient water supply was further compounded by 
the increasing fertilizer dosages and plant density [1, 22, 23, 18].  
The most important yield-enhancing factor in maize production was the nutrient supply, followed by the 
variety and the effects of unfavorable abiotic stress can be reduced by appropriate cultivar selection and 
the optimum use of different agrotechnical factors [9, 27]. 
Maize absorbs nutrients partiallyfrom the soil and from fertilizers applied, however, the nutrient demand 
of maize is predominantly satisfied with chemical fertilizers. The applied fertilizer dosage is influenced by 
several factors which include planned yield level, the nutrient pool and nutrient providing ability of soil, 
the specific nutrient demand of maize, the water supply of the soil at sowing, the characteristic of the 
hybrid and preceding crop [5, 29].  
Nitrogen is a vital plant nutrient and a major yield determining factor required for maize production.   It 
is very essential for plant growth and makes up 1 to 4percent of dry matter of the plants. When nitrogen 
is inadequate, growth is reduced [2, 11]. According to Nagy, [23] under rainfed condition  90 kg N ha-1 
fertilizer dose was found to be adequate to achieve yield that are close to maximum, while in irrigated 
treatments it was 120 kg Nha-1.  
Genotypes showed a differential grain yield response depending on planting density and incidence of 
drought, [2, 11]. The advantage of genotype may not only be in the area of increased yield, but also for the 
greater stability in production across the environments [24]. According to Veldboomand Lee [24] the 
different response in yield of hybrids is attributed to different sets of alleles and possibly different loci are 
being expressed under different environmental conditions.  The response of genotypes to drought 
intensity and time differs according to their genetic structure and adaptability. Wenzel [40] found that 
some genotypes yielded more under moisture stress than under near-ideal moisture conditions. The 
biological bases, the selection of appropriate hybrids will be of greater importance in the future due to 
changing climatic conditions, hence good agronomical and stress bearing traits will be fundamental for 
achieving optimum result [3].  
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MATERIAL AND METHODS 
Yield response of three hybrids of maize, Loupiac (FAO 380), Fornad (FAO 420) and Armagnac (FAO 490) 
were investigated under different agrotechnical conditions which include, three levels fertilizer 
treatments, two levels of plant densities, irrigated and unirrigated (rainfed) treatments. The experiment 
was conducted in 2018 and 2019 at the Látókép Research Station Site (N 47°33’ E 21°27) of the 
University of Debrecen. The soil type was calcareous chernozem soil, consisting of 11 % sand, 65 % silt 
and 24 % clay in the upper soil layers, with a near neutral pH value (pHKCl=6.46). It has a   humus content 
of 2.8 % and humus depth of approximately 80 cm, with good water holding capacity. The available water 
is approximately 50% of field capacity and the minimum field capacity (WC min) is 275 mm in the 0-100 
cm and 265 mm in the 100-200 cm.  
The experimental design was split plot, equally divided into irrigated and non-irrigated. Maize hybrids, 
Loupiac (FAO 380), Fornad (FAO 420) and Armagnac (FAO 490) were sown at 60,000 and 80,000 seeds 
ha-1 with Gaspardo 6-row automatic planter and a row spacing of 76 cm. The main plot was subdivided to 
accommodate two levels fertilizer treatments (N80 & N160 kg ha-1) along with the control (N0 kg ha-1) 
which was replicated four times in both irrigated and non-irrigated (rainfed) plots. Nitrogen was applied 
in the form of ammonium-nitrate (NH4NO3) with a total of 216 treatments plots, each 3m x 10 m.  
Irrigation was applied in an amount that is close to the calculated needs of the plant (273 mm) and was 
done with a self-propelled, 75 cm division linear sprinkler irrigation system, equipped with sensors to 
maintain uniformity in movement during operation.  
The crop was harvested at the end of the growing cycle each year and the grain moisture content 
corrected to 15% to arrive at the final grain yield. Yield data were analyzed using IBM SPSS 26 and 
Microsoft Excel.  (figure 1).  
Figure 1 Monthly precipitation and temperature were recorded during the growing season and compared 
to the 30-year mean 

Apr May Jun Jul Aug Sep
2018 36.5 57.4 63.6 54.6 92.2 13.6
2019 32.6 75.0 32.0 98.4 15.0 35.3
LTM(30 Year) 42.4 58.8 79.5 65.7 60.7 38.0
2018 16.0 19.7 20.2 21.7 23.2 17.1
2019 12.4 13.1 22.0 20.5 22.2 16.3
LTM(30 Year) 10.7 15.8 18.7 20.3 19.6 15.8
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RESULTS AND DISCUSSION 
Growing season rainfall (Apr-Sep)  in 2018 was 29.5mm higher than 2019, with a mean temperature of 
19.65 °C compared to 17.74 °C in 2019. Mean yield in 2018 was 2% higher than 2019 (10.35 vs. 10.15 t 
ha-1) and could be attributed to the slightly favourabe weather based on the meteriological data (table 
1).Crop year reportedly had  
significant influence on the size of yield of maize and in particular, the amount and distribution of 
precipitation of the crop year, coupled with the temperature during the winter [22, 33]. 
Plant density impacted significantly(p<0.05)on yields of the hybrids and accounted for 9.6% of yield 
variance. According to Sangoi [30], plant density is one of the most important cultural practices 
determining grain yield of maize, as well as other important agronomic attributes of the crop.  
Mean grain yield of 80,000 plants ha-1was 13.7% (1.29 t ha-1) higher than 60,000 plants ha-1.The 
increased yield at higher planting density was concomitant with a 14.5% reduction of individual plant 
productivity(fig.2). Similar observations were made by Hammer et al., [10] & Ku et al. [17] who stated 
that grain yield per plant is typically reduced with increasing planting density as a result of the reduction 
in light penetration into the canopy and greater competition for soil resources. According to Sárvári [31], 
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with increasing plant density, the yield per plant decreases, but the yield per unit area increases until the 
optimal number of plants density is reached.  
 

 
Figure 2: Planting densities and yields 

 
Maize hybrids varied in their response to planting density. Yield variation was significantly higher at 
80,000 plant ha-1.At 60,000 plants ha-1, Fornad (FA0 420) was the best performing hybrid with yield 
being 5.4% (0.49 t ha-1) higher than Armagnac (FAO 490) and 2% (0.19 t ha-1) above Loupiac (FAO 380). 
However, at 80,000 plants ha-1, individual plant productivity for Fornad (FA0 420) significantly declined 
(18%), rendering it the least performing hybrid at high plant density (table 1).   
 

Table 1 Plant density, mean yield of hybrids and percent yield variance 

Hybrid Plant Density Population mean(t/ha) Mean yield plant -1 (grams) % yield variance plant-1

60000 9.12 152
80000 10.80 135
60000 9.42 157
80000 10.74 134
60000 9.61 160
80000 10.51 131

-11.2

-14.5

-18.0

Armagnac (FAO 490)

Loupiac (FAO 380)

Fornad (FAO 420)
 

 
Armagnac (FAO 490) recorded the highest yield (10.80 t ha-1), concurrent with the lowest decline in 
individual plant productivity (11.2%). Tollenaar & Wu [36] and Boomsma et al. [4], posited that 
variations in yield responses of hybrids to changes in plant population density, hinges on their ability to 
tolerate abiotic and biotic stresses, including tolerance to high planting density. Based on the foregoing, 
Armagnac (FAO 490) adaptability to higher planting density was superior to Fornad (FAO 420) and to a 
lesser extent Loupiac (FAO 380).   
Fertilization significantly enhanced yield of maize hybrids and accounted for 43.7% yield variance. The 
highest yield was obtained with N160 (12.00 t ha-1), while the lowest yield (7.99 t ha-1) was in the control 
(N0 kg ha-1). Yield difference between treatments was statistically significant (table 2).Yield increment for 
N80 and N160 was 2.77 and 4.01 t ha-1, respectively. The role of fertilization in stabilizing yield was also 
evident with the highest CV in the control plots (N0 kg ha-1) and the lowest in the N160 kg ha-1 treatment 
(fig. 3). Interaction between fertilization and irrigation was significant (p<0.05). The benefits of irrigation 
in improving fertilizer utilization was only realized at N160 level. Grain yield of irrigated, N160 was 8.9% 
(1.01 t ha-1) higher than non-irrigated treatment, however there was no yield increasing benefit from 
irrigation at N80 level and yield was adversely affected in the control (N0 kg ha-1).The results suggested 
that the soil natural moisture content was adequate for utilization of N 80 kg ha-1, hence irrigation was 
not necessary. Similar observation was made by Huzsvai and Széles [13] who concluded that the extent of 
water supply of maize can only adequately judged based on the degree of nutrient supply. 
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The negative impact of irrigation on grain yield in the control plots (N0 kg ha-1)  is tantamount to over-
irrigation and also supports several research findings, that there exists, a positive correlation between 
fertilization and irrigation  [6, 15, 22] and both need to be synchronized to achieved maximum results, i.e. 
increasing fertilizer dosages will necessitate an increase in irrigation and conversely, increasing irrigation 
will require an increase in fertilization. 
 

Figure 3: Coefficient of variations of hybrids yields at different treatments levels 
  
Planting density x irrigation interaction was significant (p=0.002). Irrigation increased yield of 80,000 
plants ha-1 by 4.1% (0.43 t ha-1) but depressed yield in 60,000 plants ha-1, resulting in 2.8% yield decline. 
The negative impact of irrigation on lower plant population density was confined to the N0 and N80 
treatments (fig.4) and could be explained by the disproportionate nutrient to water supply ratio, as 
proffered earlier. At 80,000 plants ha-1the water demand would have been greater as a result of increased 
transpiration and biomass production, thus reducing the wide disparity between available nutrient and 
water supply, hence the positive impact. The largest yield increasing benefit of irrigation was obtained 
with N160 treatment at both planting densities. Based on the results (fig. 4), it was evident that yield 
increasing benefits from higher plant population density can only be achieved under irrigated condition 
and N160 treatment.  
 
 
 
 
 
 
 
 

Table 2: Comparisons between fertilizer treatments 
Dependent Variable:   Yield   
LSD   
(I) 
Fertilizer 

(J) Fertilizer Mean 
Difference (I-J) 

Std. Error Sig. 95% Confidence Interval 
Lower Bound Upper Bound 

N 0 kg N 80 kg -2.7681* .13128 .000 -3.0257 -2.5105 
N 160 kg -4.0110* .13128 .000 -4.2686 -3.7535 

N 80 kg N 0 kg 2.7681* .13128 .000 2.5105 3.0257 
N 160 kg -1.2429* .13128 .000 -1.5005 -.9854 

N 160 kg N 0 kg 4.0110* .13128 .000 3.7535 4.2686 
N 80 kg 1.2429* .13128 .000 .9854 1.5005 

*. The mean difference is significant at the .05 level. 
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Figure 4: Interactions of plant density, irrigation and fertilization  Figure 5: Interactions of hybrids, plant density and 
        irrigation  

 
 
Hybrids yield response to irrigation varied with planting density. Yield increase from irrigation at 80,000 
plants ha-1 was highest for Armagnac (FAO 490) with 7.5% (0.78 t ha-1), Loupiac (FAO 380) 3.5% and 
Fornad (FAO 420) 1.2% (31). At 60,000 plants ha-1 yield of all three hybrids declined with irrigation. 
Loupiac (FAO 380) recorded 4.4% decline; Armagnac (FAO 490) 2.2% and Fornad (FAO 420) 2.0%.   
Fertilizer accounted for the largest yield variance (43.7%), followed by planting density (9.6%). Fertilizer 
x irrigation and fertilizer x planting density interactions were significant (table 3). Effect of irrigation was 
not significant(p=4.64), however, irrigation x planting density interaction was significant (p=0.02).  
Crop year x planting density interaction was significant (p=0.024). Yield of 80,000 plants ha-1 was 3.5% 
(0.37 t ha-1) higher in 2018 due to the more favorable growing condition.  
 

Table 3: Tests of Between-Subjects Effects 
Dependent Variable:   Yield 

Source Type III Sum of Squares df Mean Square F Sig. Partial Eta 
Squared 

Corrected Model 4555.124a 71 64.157 17.235 .000 .500 
Intercept 115994.298 1 115994.298 31159.746 .000 .962 
Irrigation 1.998 1 1.998 .537 .464 .000 

Year 3.505 1 3.505 .941 .332 .001 
Plantingdensity 484.322 1 484.322 130.104 .000 .096 

Hybrid 3.097 2 1.549 .416 .660 .001 
Fertilizer 3542.704 2 1771.352 475.841 .000 .437 

Irrigation * Year .033 1 .033 .009 .925 .000 
Irrigation * Plantingdensity 35.629 1 35.629 9.571 .002 .008 

Irrigation * Hybrid 6.196 2 3.098 .832 .435 .001 
Irrigation * Fertilizer 106.628 2 53.314 14.322 .000 .023 

Year * Plantingdensity 19.129 1 19.129 5.139 .024 .004 
Year * Hybrid 1.013 2 .506 .136 .873 .000 

Year * Fertilizer 35.367 2 17.684 4.750 .009 .008 
Plantingdensity * Hybrid 29.178 2 14.589 3.919 .020 .006 

Plantingdensity * Fertilizer 64.228 2 32.114 8.627 .000 .014 
Hybrid * Fertilizer 9.529 4 2.382 .640 .634 .002 

Error 4556.424 1224 3.723    
Total 145287.103 1296     

Corrected Total 9111.548 1295     
a. R Squared = .500 (Adjusted R Squared = .471) 
 
CONCLUSIONS 
Hybrids varied in their response to planting density, fertilizer dosages and irrigation. Armagnac (FAO 
490) adaptability to higher plant density was superior to Fornad (FAO 420) and Lopiac(FAO 380), under 
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irrigated and N160 kg ha-1 treatments. Fornad (FAO 420) yield was the highest at lower planting density, 
making it most suitable for situation of reduced soil moisture (drought).    
Optimum benefits of irrigation can only be realized by taking into consideration both the soil moisture 
content, as well as the nutrient status of the soil, including applied fertilizer dosages. 
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