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SUMMARY 

 
The aim of this study was to determine the combination of treatment levels of crop management factors which can optimize and sustain maize 

yield under varying climatic conditions. The effect of winter wheat forecrop, three tillage systems (Mouldboard-MT, Strip-ST, Ripper-RT), two 

planting densities (60,000 & 80,000 plants ha-1), three fertilizer levels (N0-control, N80, N160 kg ha-1) with four replications in irrigated and 

non-irrigated treatments were evaluated over a five year period, 2015–2019. The obtained results revealed that growing season rainfall 

positively correlated with yield, whereas, temperature negatively correlated with yield. Impact of adverse weather on yield was less severe in 

biculture, irrigated plots, at lower planting density (60,000), lower fertilizer rate (N80) and in RT and ST, compared to MT. In years with 

favorable rainfall, yields of MT and RT were significantly (P<0.05) higher than ST. However, in a less favorable year, such as 2015, with 299 

mm growing season rainfall and the lowest July rainfall (59% below mean) there was no significant difference (P>0.05) in yield among the 

three tillage treatments. Higher planting density (80,000), and fertilization rate (N160) in tandem with MT are treatments combination 

conducive for high yield under favorable climatic conditions, whereas, in years with low rainfall and high temperatures, RT and ST offer 

alternative to MT for optimum yield with 60,000 plants ha-1 and N80 treatment level. Crop year effect accounted for 20.7% of yield variance, 

fertilization 35.8%, forecrop 12.8%, plant density 3.4%, tillage 1.2% and irrigation <1%. It is conclusive that with proper selection of the 

appropriate levels of agrotechnological inputs the adverse effect of weather on yield can be mitigated. 
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INTRODUCTION 

 
Maize (Zea mays L.) is a major grain crop with a 

variety of use. In addition to being utilized as a source 
of feed, food and fuel, its industrial usages are 
increasingly expanding. In Hungary, maize is 
cultivated on approximately one million ha, with yield 
over the last decade ranging between 3.7–8.5 tons ha-1 
(Hungarian Central Statistical Office, 2019). The 
significant fluctuation justifies the need for improving 
and stabilizing the yield of maize. In addition to weed 
control, pests and diseases management, hybrid 
selection and planting date, other integral crop 
production practices include tillage, irrigation, 
fertilization, planting density and crop rotation, all of 
which have significant impact on maize yield. The 
extent of impact on yield is modified by the effect of 
the crop year and therefore the aim of this research is to 
evaluate and determine the combination of treatments 
levels of crop management factors, which can optimize 
and sustain yield under varying climatic conditions 
(2015–2019). 

Yield is ultimately determined by the level of 
interactions between the agroecological, 
agrotechnological and biological base and therefore 
harmonization of these factors are fundamental for 
achieving high and stable yield. The effect size of 
agrotechnical inputs are strongly modified by crop 
years as a result of variability in amount and 
distribution of precipitation coupled with temperature, 
hence optimization of agrotechnical inputs can help to 
offset harmful climatic effects. Weather regulates heat 
and moisture supply of the crop environment and 
therefore influences material transformation, fertilizer 

efficiency and nutrient uptake by plants (Sárvári and 
Pepó, 2014).  

Tillage is an agrotechnical input, which has 
significant influence on soil physical, chemical and 
biological properties and impacts on plant growth and 
development. According to Grassini et al. (2011), soil 
tillage and crop rotation are the most important factors 
affecting maize yield besides sowing and planting 
density. Conventional tillage is the most widely used 
and popular tillage system in Hungary. However, due 
to environmental concerns and high costs of 
conventional tillage, focus is being placed on 
alternative tillage methods, such as reduced tillage, 
minimum tillage and no-till. The shift from 
conventional to conservation tillage methods has 
several advantages such as soil and water conservation, 
reduction in fuel costs and minimizing soil erosion. 
Long-term research in Kansas, USA has shown that 
maize can be grown successfully in conservation tillage 
systems with careful management and planning 
(Rogers et al., 2007). Deep tillage followed by 
conventional tillage had taller plants, produced more 
cobs plant-1 with significantly higher corn yields than 
in no-till and minimum till, respectively (Memon et al., 
2012). Soil tillage systems had different effects on the 
preservation of the soil moisture contents, which 
significantly affected maize yield (Simić et al., 2009). 
Kristo et al. (2013) reported that under extremely dry 
conditions the height of the maize plant, the number of 
cobs, length of cob, fertility of cob, number of grains 
per cob and the final yield were significantly affected 
by the soil tillage system.  

Accompanying significant yield increase over the 
years, plant population density of maize (Zea mays L.) 
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has also increased substantially, since the introduction 
of hybrid maize in 1930. Plant density has a 
determining effect on yield and increasing it, increases 
yield up to a maximum for a given maize genotype 
(Tollenaar et al., 1994). Higher planting density 
increases leaf area index and consequently water 
consumption (Tetio-Kagho and Gardner, 1988). Maize 
grain yield declines when plant density is increased 
beyond the optimum plant density primarily because of 
decline in the harvest index and increase stem lodging 
(Tokatlidis and Koutrubas, 2004). Plant density had 
significant effect on grain yield, plant height, number 
of kernels ear-1, number of grains ear row-1, harvest 
index, number of cobs plant-1, cob length, ear diameter 
and stem diameter (Sharifi et al., 2009; Abuzar et al., 
2011). In Hungary, the optimum plant density was 
lower in dry years (50,000 plants ha-1) and higher 
(80,000 plants ha-1) in years with favorable rainfall 
(Pepó et al., 2008; Berzsenyi et al., 2011).  

Crop rotation in maize production optimizes yield 
potential by improving soil fertility, water availability, 
root penetration, reducing weeds, diseases and pest 
populations. Suitable crop rotation is of particular 
importance in maize production, since it is the most 
effective method of control against the larva of the 
American maize bug and also because water usage and 
nutrient such as zinc can become over-restricted in 
monoculture maize, leading to drastic reduction in yield 
(Brankatschk and Finkbeiner, 2017). Crop rotation can 
help in the successful use of minimum tillage and 
decrease the costs of production with fewer inputs and 
can strongly modify the efficiency of fertilization 
(Sárvári, 2005). Good preceding crops for maize in 
Hungary includes winter wheat, winter barley, spring 
barley, triticale, potato, rape, leguminous plants. The 
effect of weather (precipitation) and irrigation 
(artificial water supply) on the yield of maize was 
significantly influences by crop rotation and was more 
pronounced in monoculture with the lowest yield, 
compared to biculture and triculture maize (Pepó et al., 
2008).  

Nitrogen is a vital plant nutrient and a major yield 
determining factor required for maize production. Its 
deficiency or excess can result in reduced yield (Shanti 
et al., 1997). In non-irrigated treatments in Hungary, 90 
kg N ha-1 fertilizer dose was found to be adequate to 
achieve yield that are close to maximum, while in 
irrigated treatments upto 120 kg N ha-1 (Nagy, 2003). 
Bocz and Nagy (1981) reported that optimal N-supply 
significantly contributes to grain number per cob, and 
to a lesser extent increase of thousand grain weight. 
According to Inamullah et al. (2011), increasing 
nitrogen levels up to 240 kg ha-1, increased ears plant-1, 
ear length, grains ear-1, 1000 grain weight, biological 
yield, grain yield and harvest index. Similar results 
were also reported by and Shivay and Singh (2000), 
who attributed the significant increase in plant height 
and crop yields of maize to the increased cell division 
and enlargement caused by addition of N fertilization. 
Interaction of nitrogen fertilization and irrigation have 
significant impact on grain yield and water use 
efficiency. Water utilization of the maize can be 

improved with proper nutrient supply and optimum 
fertilization (Pepó and Karancsi, 2014). Megyes (2005) 
found that both fertilization and irrigation had 
significant effect on the yield and the yield-increasing 
effect of irrigation and fertilization differed 
significantly with crop years. Similar report by Sulyok 
(2005) showed that higher yields were achieved with 
240 kg N ha-1 in years with high precipitation, 
compared to dry years, where 240 kg N treatment 
resulted in yield depression. Berzsenyi (2010) reported 
fertilization on maize yields in dry and wet years 
revealed very substantial effect of the year on the yield 
and the wet years was 2.4 t ha–1 greater than the dry 
years. The yield increasing effect of irrigation on 
fertilization can be explained with the positive 
correlation between nutrient and water supply (Nagy, 
2007). In addition to rainfall amount in a crop year, the 
distribution significantly affects yield and lower yields 
are not always linked to drought years, but higher yields 
usually occur in wet years due to better water supply 
which allows for improved fertilizer utilization (Nagy, 
2007). Li et al. (2019) observed in the USA that 
excessive rainfall can impact positively or negatively 
on yield, depending on the region. In cooler areas with 
poorly drained soils and high preseason soil water 
storage, excessive rainfall was found to significantly 
decrease yield.  

Evaluating the effects and interactions of the 
agrotechnical inputs and crop years on yield of maize 
will provide valuable information which will allow for 
better harmonization of agroecological conditions and 
crop production technologies, thus leading to 
improvement in grain production and yield stability. 
 
MATERIALS AND METHODS 

 
The experiment was setup in 2015 in a split-plot 

design at Látókép Research Station, site (N 47°33’ E 
21°27’) as part of an ongoing long-term experiment and 
repeated annually until 2019. The soil type was 
calcareous chernozem, consisting of 11% sand, 65% 
silt and 24% clay in the upper soil layers, with a near 
neutral pH value (pHKCl=6.46). It had a humus content 
of 2.8% and humus depth of approximately 80 cm, with 
good water holding capacity. The experimental area 
had a dimension of 122.7 m x 272.0 m and consisted of 
three main blocks, each with one of the three tillage 
treatments (Mould board (MT)-30 cm, Strip Tillage 
(ST)-25 cm and Ripper Tillage (RT)-45 cm). The size 
of each tillage block was 9,928 m2 subdivided into two 
sections, irrigated and non-irrigated. The main tillage 
blocks were subdivided to accommodate biculture 
(maize-winter wheat) and monoculture (maize) 
treatments. The winter wheat area (8.4 m x 262 m) in 
each of the three main tillage blocks was rotated with 
maize annually during the examined period. 

Maize was sown with a Gaspardo 6-row seeding 
machine at 60,000 and 80,000 plants ha-1, with inter-
row spacing of 76 cm in April and treated with three 
levels of fertiliser treatments, N-0 kg ha-1 (control), N-
80 kg ha-1 + P-60 kg ha-1  + K-90 kg ha-1  and N-160 kg 
ha-1 + P-60 kg ha-1 + K-90 kg ha-1 with four random 
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replications. There were 216 subplots for each of the 
main tillage blocks, and a grand total of 648 treatments 
(216 x 3) plots for the overall experiment.  

Irrigation was applied in an amount that is close to 
the calculated need 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 experimental plots were harvested with a two 
row Sampo Rosenlew-2010 harvester, that processed 
the cobs and separate the grains which were then 
weighed and recorded. Grain moisture of field samples 
was analysed using a GAC2100 electronic moisture 

tester. The moisture content was then corrected to 15% 
and the yield extrapolated to tonnes per hectare. 

Daily temperature and precipitation data were 
recorded on site and monthly averages and totals 
computed for the examined period (2015–2019) and 
compared to the 10-year mean (Figure 1a–1e).  
 
Statistical evaluation method 

Yield data were analysed with Microsoft Excel and 
SPSS 26.0 programs and treatment means were 
compared using the Fisher’s least significant difference 
(LSD) test (P<0.05). 

 

Figures 1a–1e: Rainfall and temperature data in the investigated growing seasons, 2015–2019 (Látókép, Debrecen) 

 

            

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 
 

RESULTS AND DISCUSSION 
 
Yield varied significantly (P<0.05) over the 

examined period, ranging from 8.36 to 12.43 t ha-1 with 

a mean of 10.08 t ha-1. Crop year effect accounted for 
20.7% of yield variance with significant difference 
between years, apart from 2018 & 2019 (Table 1).

 

Figure 1d: Rainfall and temperature–2018 

Figure 1e: Rainfall and temperature–2019 

Figure 1b: Rainfall and temperature–2016 

Figure 1c: Rainfall and temperature–2017 

Figure 1a: Rainfall and temperature–2015    
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Table 1 

Tukey’s HSD test of significance among crop years 

 
Yield (t ha-1) 

          Year 

N 

Subset 

1 2 3 4 

Tukey HSDa,b 2015 648 8.3631    

2017 648  9.1125   

2019 648   10.1524  

2018 648   10.3487  

2016 648    12.4282 

Sig.  1.000 1.000 .665 1.000 

The error term is Mean Square (Error) = 6.924. 

a. Uses Harmonic Mean Sample Size = 648.000. 

b. Alpha = .05. 

 
 
Annual rainfall (Oct–Sep) moderately correlated 

with yield (r=0.68), whereas, growing season (Apr–
Sep) rainfall displayed a stronger correlation (r=0.76) 
(Figure 2a). The strongest correlation (r=0.75) was 
observed in the month of June, while July rainfall 
showed the second highest correlation (r=0.61). 

Results of long-term experiments showed July 
reportedly had the strongest correlation with yield, 
since it coincides with the most critical phase 
(flowering) of maize development (Nagy, 2012; 
Hodges, 1931). The deviation from July month during 
the examined period resulted from the abnormality of 
2016 with very high precipitation in June (146.4 mm 
vs. 73.2 mm LTM) coupled with the significantly high 
yield (mean+2.35 t ha-1). A test of correlation excluding 
2016 confirm the findings of long-term experiment. 
Totals of monthly rainfall do not reveal the distribution 
within the months, likewise monthly averages of 
temperatures do not provide any indication of the 
timing as evident in 2017 (Figure 1c) where the average 
July temperature appears in line with the 10-year mean 
but yield was severely affected by high temperatures, 
reaching 35.9 ºC between 17th–24th July, coupled with 
lack of rainfall between July 13th–22nd.  

Mean growing season temperature during the 
examined period negatively correlated (r=-0.11) with 

yield, and the strongest correlation (r=-0.93) was 
observed in August. This observation also deviates 
from findings of long-term experiment which showed 
July temperature as having the strongest negative 
correlation and the main reason being the uniqueness of 
2016 (Figure 2b). With the exclusion of 2016 data, the 
correlation analysis showed July having the highest 
negative correlation (r=-0.87) followed by August  
(r=-0.76). The adverse effect of high temperature in 
July was very evident in 2017. Yield in 2017 was 
significantly lower (-1.19 t ha-1) than in 2018, although 
both growing seasons and July rainfall were 
significantly higher by 11.5% & 33%, respectively. 
Daily temperature from July 17th–24th was 4.89 °C 
above the mean and the situation was exacerbated by 
lack of rainfall. In Nebraska, USA, Wilhelm and 
Wortmann (2004) found that maize produced less grain 
with higher summer temperatures and yield increased 
with less spring and more summer rainfall. According 
to Hatfield and Dold (2018), productivity of maize is 
reduced when extreme temperature events occur during 
pollination and is further amplified when there are 
water deficits at pollination. Lobell and Asner (2003) 
reported yield of maize in the USA decreased by 17% 
for every 1 °C increase in growing season temperature.  

 
 

Figure 2a: Correlation between yield and growing season 

rainfall 
Figure 2b: Correlation between yield and July temperature 

    



ACTA AGRARIA DEBRECENIENSIS 2020-2 

DOI: 10.34101/ACTAAGRAR/2/7406 

 

 
35 

Yield in the tillage treatments varied with the crop 
years (Figure 3). MT yield showed stronger correlation 
(r=0.86) with the growing season rainfall, compared to 
RT (r=0.79) and ST (r=0.33). Mean yield of ripper 
tillage (RT) was 2.3% higher (0.232 t ha-1) than that of 

mouldboard tillage (MT) and 8.2% above Strip tillage 
(ST). Yield difference between RT and MT was not 
statistically significant (P>0.05), however, yields of 
both RT and MT were significantly(P<0.05) higher 
than ST (Table 2).  

 
 

 

 

Table 2 

Tillage treatments pairwise comparison 

 
Dependent Variable:   Yield   

LSD   

(I) Tillage (J) Tillage 

Mean 

Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Mouldboard Tillage (MT) Strip Tillage (ST) .5607* .12071 .000 .3240 .7973 

Ripper Tillage (RT) -.2317 .12071 .055 -.4683 .0050 

Strip Tillage (ST) Mouldboard Tillage (MT) -.5607* .12071 .000 -.7973 -.3240 

Ripper Tillage (RT) -.7923* .12071 .000 -1.0290 -.5557 

Ripper Tillage (RT) Mouldboard Tillage (MT) .2317 .12071 .055 -.0050 .4683 

Strip Tillage (ST) .7923* .12071 .000 .5557 1.0290 

Based on observed means. 

 The error term is Mean Square(Error) = 7.868. 

*. The mean difference is significant at the .05 level. 

 
 
In 2015, a year with relatively low rainfall, yield 

differences among tillage treatments were not 
statistically significant (P>0.05). The result suggests 
that RT and ST are more adaptable for drier condition 
and can be substituted for MT to aid conservation of 
soil moisture during drought. Impact of tillage on 
overall yield variance was relatively small (2.9%) and 
could be attributed to the very good physical and 
chemical properties of chernozem soil at the 
experimental site. Tillage x forecrop interaction was 
significant and effect size varied with crop year. In 
2017, 2018 & 2019 yield of maize in monoculture RT 
was significantly higher (7.0–9.6%) than MT and there 
was no significant difference (P<0.05) in yield between 
MT and ST, except in 2016 (Figure 4). 

    

Figure 4: Tillage x forecrop x year interaction (2015–2019) 

 

Figure 3: Yield of tillage treatments by year (2015–2019)  
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Overall mean yield of RT in monoculture was 5.5% 
higher than MT, while in biculture, yield of MT was 
2.8% higher than RT (monoculture: RT>MT>ST; 
biculture: MT>RT>ST). The higher yield of RT in 
monoculture suggests it is more suitable for soil with 
lower nutritional status, as in the case of monoculture, 
with lower organic matter content, and by extension 
soil with higher bulk density. Its shattering and 
subsoiling effect is known to reducing bulk density and 
make subsoil resources available to the plant (Abidela, 
2019; Al-Kaisi et al., 2015).  

Tillage x irrigation x forecrop x fertilization 
interaction was statistically significant (P<0.05). 
Highest  fertilizer use efficiency was observed in MT 
which was most responsive to irrigation and N160 
treatments with the highest yield increment of 1.75  
t ha-1 in biculture; 1.10 t ha-1 in monoculture (Figure 
5a), rendering it more suitable for favorable crop years 
and intensive maize production, as oppose to RT and 

ST. Irrigation in monoculture tillage plots with N80 and 
N0 treatments adversely affected yield and was more 
pronounced in the control (N0) in particular, ST with 
the highest decline (-1.58 t ha-1), followed by MT (-0.87 
t ha-1) and RT with the least (-0.65 t ha-1). The positive 
impact of irrigation on fertilization x tillage interaction 
in biculture and negative impact in N0 and N80 in 
monoculture is in conformity with research findings 
that soil nutrient status in biculture maize is generally 
higher than monoculture and harmonization of 
irrigation and fertilization is necessary for optimum 
results (Megyes et al., 2005; Csajbók et al., 2014). It is 
well established that tillage practices influence soil 
moisture content and availability of nutrients to varying 
extent and ripper tillage allows for deeper root 
penetration and exploration of subsoil resources (Wang 
et al., 2015; Al-Kaisi et al., 2015; Schneider et al., 
2017).

 

Figure 5 a–f: Interaction of irrigation x tillage x fertilization x forecrop on yield increment by crop year  

 

Figure 5a: Mean 2015–2019 Figure 5b: 2015 

 

 
Figure 5c: 2016 Figure 5d: 2017 

  
Figure 5e:  2018 Figure 5f: 2019 
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RT was least affected by irrigation in the control 
(N0) of monoculture plots, compared to ST and MT 
(Figure 5a). This could be attributed to the subsoiling 
effect of RT which allows for deeper root penetration 
and exploration of subsoil resources. In 2016 with the 
highest growing season rainfall (449.9mm) irrigation of 
monoculture was most deleterious in N0 and N80 
treatments (Figure 5c). The results revealed that the 
impact of irrigation on yield is significantly influenced 
by effect of the crop year as well interactions of tillage 
practices x forecrop x fertilization. Optimum yield from 
N80 in monoculture maize can be achieved without 
irrigation in average crop year and only in relatively dry 
year, is irrigation necessary, as in the case of 2015 
(Figure 5b).   

In 2017 significant yield declined from irrigation 
was observed in the control (N0) of MT in biculture 
(Figure 5d) and could be attributed to the crop year 
effect and high temperatures. According to Moraru and 
Teodor (2012) and Muñoz-Romero et al. (2015), soil 
temperature was strongly related to air temperature and 

it varied significantly with tillage system and time of 
the year and was higher in the mouldboard tillage than 
in the reduced and no-tillage system. The soil of 
biculture maize had higher organic matter content 
which increases the water holding capacity and 
contributes to the dark colour of the soil. These two soil 
properties increase its absorption of heat, thereby 
increasing the soil temperature (Fang et al., 2005). 
Increase in soil temperature leads to a decrease in the 
cation exchange capacity of the soil (Rengasmy and 
Churchman, 2009) and nutrient absorption is less root 
zone temperature dependent at higher external nutrient 
concentrations because the energy requirement for root 
absorption is diminished (Hagan, 1952).  

Yield increment from increase in plant population 
density from 60,000 to 80,000 was significantly higher 
in MT 1.765 t ha-1, followed by ST 1.2175 and RT 
1.0375 t ha-1 (MT>ST>RT). Mean yield gain from 
higher planting density (80,000 plants ha-1) was 12.8% 
(1.2 t ha-1) and statistically significant (Table 3).

 

Table 3 

Test of significance between planting densities 

 
Pairwise Comparisons 

Dependent Variable:   Yield   

(I) Plant_density (J) Plant_density Mean Difference (I-J) Std. Error Sig.b 

95% Confidence Interval for Differenceb 

Lower Bound Upper Bound 

60000 plants 80000 plants -1.189* .098 .000 -1.381 -.997 

80000 plants 60000 plants 1.189* .098 .000 .997 1.381 

Based on estimated marginal means 

*. The mean difference is significant at the 0.05 level. 

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

 

 
The increase in yield per unit area coincides with a 

15.5% decline in grain productivity per plant at the 
higher density.  Interaction of plant density x year x 
fertilization was statistically significant (P<0.05). Yield 
increment from 80,000 plant ha-1 was significantly 
higher in favorable crop year (2016, 2018) and higher 
fertilizer dosage (N160), however in unfavorable crop 
year, as in the case of 2015, there was no significant 
yield increment from higher fertilizer dosage and 
80,000 plants ha-1 (Figure 6). Yield gain from higher 

planting density in 2015 was greater in the control (N0) 
and diminished with increase fertilizer dosages. The 
result demonstrated the deleterious effect of increase 
fertilizer dosage and high plant population density 
under unfavorable condition (limited water supply) and 
supported well documented research findings that 
lower fertilizer dosages were more effective under 
limited water supply and maximum yields for maize 
can be achieved at low plant density in drought years.

 

 

Figure 6: Planting density x year x fertilization interaction   
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Fertilizer application significantly improved yield 
of maize and accounted for the largest yield variance 
(35.8%) among the agrotechnical inputs. Yield 
differences between treatments were statistically 
significant (Table 4). Fertilizer use efficiency 
decreased significantly with higher dosage. 
Incremental yield gain from N80 was 3.16 t ha-1, 
compared to N160 with 4.28 ha-1, a marginal 1.12  
t ha-1 increase for the additional 80 kg N ha-1. Fertilizer 
x year interaction was significant (P<0.05); effect size 

of fertilizer treatments positively correlated with 
precipitation of the crop year. There was no significant 
difference in yield between N160 and N80 in 2015 as a 
result of low level of rainfall, especially during the 
reproductive phase of the crop (July). Similar 
observations were made by Nagy (2003) and Berényi 
et al. (2009) who reported that in years with insufficient 
water supplies, moderate fertilizer rates were more 
effective, compared to higher rates in years with 
adequate water supplies.

 
Table 4 

Fertilizer treatments pairwise comparison 

 

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 -3.1626* .10440 .000 -3.3673 -2.9579 

N 160 kg -4.2761* .10440 .000 -4.4808 -4.0714 

N 80 kg N 0 kg 3.1626* .10440 .000 2.9579 3.3673 

N 160 kg -1.1135* .10440 .000 -1.3182 -.9088 

N 160 kg N 0 kg 4.2761* .10440 .000 4.0714 4.4808 

N 80 kg 1.1135* .10440 .000 .9088 1.3182 

Based on observed means. 

 The error term is Mean Square(Error) = 5.886. 

*. The mean difference is significant at the 0.05 level. 

 
 
Interactions of irrigation x crop year x fertilization 

was significant (P<0.05). N160 was most responsive to 
irrigation treatment (Figure 7a) and yield increment 
was more pronounced in years with low levels of 
rainfall (2015 & 2019) (Figure 7b). Nagy (2007) and 
Dóka & Pepó (2009) reported similar results which 
revealed that irrigation had greater influence on the 
yield in a dry crop year, characterized by abiotic stress 
(moisture deficit), than in crop year with adequate 
water supply. Wang et al. (2019) and Csajbók et al. 

(2014) found that higher dosages of fertilization 
improves water use efficiency (WUE) under limited 
water supply (water-stress) conditions. Only in 2015 
which can be consider an unfavorable crop year was 
any significant benefit derived from irrigation of N80 
(Figure 7b). The result suggest that the soil natural 
moisture content was adequate to sustain growth in the 
control (N0) and for utilization of N80 in all years, 
except 2015.

 
 

Figure 7a: Interaction of irrigation, fertilization and year Figure 7b: Interaction of irrigation x fertilization on yield 

increment 

  

Crop rotation significantly improved yield of maize 
and reduce variation. Mean yield of maize cultivated in 
rotation with winter wheat forecrop was 24.7% (2.3  

t ha-1) higher than monoculture (range: 1.28–3.52  
t ha-1). Yield variation was greater in monoculture plots 
compared biculture (RSD=32% vs. RSD=22%). 
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Forecrop x fertilization interaction was statistically 
significant (P<0.05) and influenced by crop year effect 
(Figure 8a). Yield surplus from crop rotation was 
highest in the control (N0) (Figure 8b) and decreased 
with increase fertilizer dosage. There was no significant 
difference in mean yield between N80 and N160 

treatment in biculture plots (12.14 vs. 12.23 t ha-1). 
Based on the results it is evident that crop rotation can 
aid in yield stability and buffer for a reduction in 
applied fertilizer rate of 28–77 kg N ha-1 (mean 52.5 kg 
ha-1), with assumption of 22 kg N t-1 grains.

 

 

Figure 8a: Interaction of fertilizer, forecrop and year Figure 8b: Effect of fertilizer x forecrop interaction on yield 

increment 

 

 
 

CONCLUSIONS 
 
Generally, the results demonstrated that 

agrotechnical inputs in maize production system 
(tillage, fertilizer, irrigation, planting density, crop 
rotation) impacted to varying extent on yield and their 
effect size was modified by the prevailing weather 
condition of the crop year, mainly precipitation amount 
and distribution and temperature. Among the 
agrotechnical inputs, fertilizer had the largest impact on 
yield (35.8%), followed by forecrop (12.8%), planting 
density (3.4%), tillage (1.2%) and irrigation (<1%). 
Higher planting density (80,000 plants ha-1) and 
fertilization rate (N160) in tandem with MT are 
treatments combination conducive for high yield under 
favorable climatic conditions, whereas, in years with 
low rainfall and high temperatures, RT and ST offer 

alternative to MT for optimum yield with 60,000 plants 
ha-1 and N80 treatment level. 

Optimum yield from N80 kg ha-1 can be achieved 
without irrigation in normal crop year, however, 
fertilizer application rate should be determined based 
on nutrient status of the soil, tillage practices, plant 
density, as well as available water supply. The adverse 
effect of weather on yield can be mitigated through 
proper selection of the appropriate levels of 
agrotechnological inputs. 
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