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Abstract: Our field researches took place on the test farm of KIT Látókép of University of Debrecen, Centre 
for Agricultural and Applied Economic Sciences, in growing seasons 2012/2013 and 2013/2014, after previous 
cropping of sunflower with control, N60+PK and N120+PKfertilizer treatments, with varieties Mv Csárdás and Mv 
Toldi, on chernozem soil, in long-term experiment. According to our data, variety and the effect of the crop year 
strongly affected the values of the leaf area index (LAI) and the yield. Due to the mild winter in growing season 
2013/2014 varieties had much larger assimilative surface, which caused increase in LAI and in the yield. Therefore 
the natural nutrient utilization capability of the varieties significantly increased. Compared to the previous year, in 
control treatment we measured 250.0-270.2% higher yield due to the favourable effect of the crop year. Maximum 
yield (8.21 t ha-1) was measured with N60+PK fertilizer treatment with variety Mv Toldi. According to our results, 
in the more favourable crop year of 2013/2014, differences of the SPAD values between the N60+PK and N120+PK 
treatments were minimum (changed between 2.8-6.3 units). It means that the effect of fertilization on SPAD values 
has reached its optimum level according to our yield results.
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Introduction

Winter wheat is one of our most important 
cereal crops. According to Slafer et al. (1994), 
winter wheat is one of the most widely grown 
cereal plant, produced in all regions of the 
world. According to Rajaram and Braun 
(2008), by 2020, 840-1000 M tonnes of winter 
wheat will be utilized. According to Richards 
(2000), compared to the previous century, 
yield of winter wheat has doubled. As per the 
data of the Central Statistics Office (2014), 
in our country the national average yield was 
4.64 t ha-1 in 2013 and 4.64 t ha-1 in 2014. The 
crop year, the crop rotation and the nutrient 
supply affect its production the most extent. 
According to Pepó and Csajbók (2014), the 
effect of fertilization is less (26-28%) in crop 
years with favourable water supply, and more 
significant (50-75%) in dryer crop years. The 
second most important factor that affects yield 
is crop rotation 10.38-37.75%, depending on 
the crop year. Crop structure of our country 
has changed in a disadvantageous way, rate 
of cereal and oil crops has been centralized. 
Jolánkai et al. (2013) claimed that the negative 
effect of monoculture was also measurable 

from the 6th year of continuos cropping. 
According to Berzsenyi and Danq (2002), 
nitrogen fertilization has a positive effect 
on the vegetative development of winter 
wheat. According to the research results of 
Lönhardné and Kismányoky (1992), the 
nitrogen significantly increased leaf coverage, 
leaf area duration and plant height. The leaf 
area index was first defined by Watson (1947), 
who compared the measured leaf area with a 
unit area of the soil.

According to Yang et al. (2007), the leaf area 
index (LAI) is an important parameter in such 
models which are related to the ecosystem, 
the carbon management, the climate and 
hydrology. Changing of the LAI values is an 
important point during production. According 
to Pepó (2005), maximum values of LAI 
were produced in the period of coming into 
ear-flowering in both crop years. In the dry 
year 2003, with N120+PK treatment, 3.31-
3.62 m2m-2, while in 2004 with favourable 
weather 6.91 – 7.66 m2m-2 maximum LAI 
values were measured. Salvagiotti and 
Miralles (2008) partly agrees with Pepó’s 
conclusions (2005), according to their results 
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they measured maximum LAI values up to 
9.46 m2m-2. According to the results of Sugár 
and Berzsenyi (2009), in 2007 outstanding 
LAI values (10.6 – 11.5 m2m-2) were observed 
with variety Mv Toborzó with N160 and N240 
fertilizer treatments. According to Kulig et 
al. (2010), LAI values correlate to the yield, 
the crop quality, the thousand grain weight as 
well as to the number of ears. Global warming 
affects plant production of our country, too. 
According to Tian et al. (2012), as an effect of 
warming, the flag leaf area increased by 36%, 
in the phenophase of flowering the total leaf 
area increased by 19.2%, which resulted in the 
increase of the yield. 

Winter wheat can be rated to the group of C3 
plants, the extent and volume of nutrient usage 
depend on the chlorophyll content. According to 
Wood et al. (1993), the Minolta SPAD appliance 
is a small manual spectrometer that measures 
the adsorption of light (650 nm) on the surface 
of the leaf, which is a non-destructive gauge 
of the chlorophyll and nitrogen content of the 
plant. According to Markwell et al. (1995) 
measurement of the chlorophyll content with 
Minolta SPAD-502 is appropriate. His research 
results are confirmed by that according to 
Ommen et al. (1999, there is a strong significant 
correlation between the SPAD values and the total 
chlorophyll content. Monje and Bugbee (1992) 
stated the opposite saying that the relationship 
between the chlorophyll content and the values 
measured by the Minolta 502 appliance is not 
linear. Fekete et al. (2015) claimed that the doses 
of nitrogen applied have significant impact 
on the SPAD values. According to Szilágyi 
(2014), with genotype Mv Csárdás, maximum 
SPAD value (42.8) was observed with N120+PK 
fertilizer treatment –after sunflower previous 
cropping - , in latic ripeness (BBCH 73-77). 
According to his data, there are considerable 
differences between the varieties. As for 
differences between the fertilizer treatments, 
according to Shi et al. (2010), there was no 
difference between SPAD values measured in 
N130 and N300 kg ha-1 treatments.

Material and method

Our researches done in long-term experiment 
took place on the test farm of KIT Látókép 
of University of Debrecen, Centre for 
Agricultural and Applied Economic Sciences, 
on calcareous chernozem soil in growing 
seasons 2012/2013 and 2013/2014. We 
examined to different genotypes (Mv Csárdás 
and Mv Toldi) after previous cropping of 
sunflower. The experiment were arranged in 
4 replicates in split bands. We examined three 
different nutrient level. Besides the control 
treatment we spread dosages of N=60 kg ha-1, 
P2O5=45 kg ha-1 and K2O=53 kg ha-1; N=120 
kg ha-1, P2O5=90 kg ha-1 and K2O=106 kg ha-1. 
We spread the nitrogen in 50-50% autumn and 
spring split, and spread 100% of the phosphorus 
and potassium dosages in autumn (Table 1.). 

As per our examinations, growing seasons 
2012/2013 and 2013/2014 can be considered 
as favourable, based on the measured 
meteorological data. According to the 
precipitation data, in the growing season 
2012/2013, 480.2 mm, and in growing season 
2013/2014 284 mm of rain fell. In the growing 
season 2013/2014, the average temperatures 
of 2.0 °C in January and 3.5 °C in February 
were extremely mild, which helped the 
development of winter wheat. We determined 
the LAI values with SunScan Canopy Analysis 
Systems (SS1) meter. SPAD results were 
defined with Minolta 502 hand machine, based 
on BBCH scale. According to phenological 
states of development, we carried out our 
measurements at stem elongation (BBCH 30-
39) in stage with flowering (BBCH 61-69) 
during the stage of lactic ripeness (BBCH 
73-77) and grain ripening (BBCH 83-89). 
We averaged the LAI and SPAD values. We 

Table 1.Applied fertilizer doses (Debrecen, 2013-2014)

Fertilizer treatment
N P2O5 K2O

kg ha-1

Control 0 0 0
N60+PK 60 45 53
N120+PK 120 90 106
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measured our yield results with Sampoo 
parcel harvester. Our research data were 
analyzed by Microsoft Excel program. 
Our results demonstrate correlations 
between LAI and yield in growing seasons 
2012/2013-2013/2014.

Results
LAI and SPAD values measured in the 
examined growing seasons are shown in Figure 
1. As an effect of fertilization, LAI values of 
the examined varieties changed on the same 
extent, no difference was observed between 
them. During linear regression analysis, close 
correlation was detected when analysing the 
LAI values of the varieties (Mv Csárdás R² 
= 0.9601 – 0.9908, Mv Toldi R² = 0.9700 – 
0.9845).  In growing season 2013/2014, a large 
difference was measured during the analysis 
of the LAI and the yield (Table 2). 

Considering the SPAD values, in growing 
season 2012/2013, small differences were 
observed between the genotypes. As an effect 
of higher fertilizer treatment, compared to 
the control treatment, SPAD values of each 
varieties were higher (10.4-11.7 units) with 
N60+PK treatment. Differences between the 
SPAD values measured with N60+PK and 
N120+PK treatments changed in a narrow 
interval (5.5-7.0 units)

Differences between those values measured 
with control and increased fertilizer treatments 
changed between 15.9-18.7 units. According 

to our results, in the more favourable crop 
year of 2013/2014, differences between SPAD 
values measured with N60+PK and N120+PK 
treatments changed between 2.8-6.3 units. It 
indicates that the effect of fertilizer treatments 
on SPAD values has reached the optimum 
level. According to our data (Figure 2.), in crop 
year of 2013/2014, with the tested varieties, 
maximum yields were measured with the 
N60+PK treatment (Mv Csárdás 6.27 t ha-1 – Mv 
Toldi 8.28 t ha-1).

Our data show that in the more favourable crop 
year (2013/2014) a larger difference (+23.1, 
+25.1) was detected between the control and 
the N120+PK treatments, than in crop year 
2012/2013 (+15.9, +18.7).

Based on the data of the analysed years, after 
previous cropping of sunflower, yield of winter 
wheat was influenced by the crop year and the 

genotype. In growing season 2012/2013, the 
yield changed in nearly the same interval in case 
of all the nutrient treatments with the examined 
varieties (Mv Csárdás 1.41-5.17 t ha-1 – Mv 
Toldi 1.60 – 5.46 t ha-1). During the analysis of 
the yield we observed that the varieties utilized 
the naturally available nutrients of the soil on the 
same extent (Mv Csárdás 3.81 – Mv Toldi 4.00 
t ha-1). We measured a much higher increase 
(250.0-270.2%) in the yield compared to the 
previous growing season in control treatment. 
Maximum yield was reached with N60+PK 
treatment, with variety Mv Toldi. Maximum 
yield of Mv Csárdás was lower by 2.01 t ha-1 

Table 2. Polynomial regression (yield (2013/2014)) and linear regression (LAI – SPAD – yield 
(2012/2013)) equations (Debrecen, 2013-2014)

Genotypes Mv Csárdás Mv Toldi

SPAD (2013. year) y = 9,35x + 16,933 R² = 0,9794 y = 7,95x + 16,567 R² = 0,9693

SPAD (2014. year) y = 11,55x + 14,3 R² = 0,9356 y = 12,55x + 13,5 R² = 0,8325

LAI m2m-2 (2013.year) y = 1,2x - 0,5333 R² = 0,9908 y = 1,15x - 0,4667 R² = 0,9845

LAI m2m-2 (2014.year) y = 1,7x - 0,1 R² = 0,9601 y = 2,3x - 0,5667 R² = 0,9700

Yield (2013. year) y = -0,61x2 + 4,32x - 2,3 R² = 1 y = -0,27x2 + 3,01x - 1,14 R² = 1

Yield (2014. year) y = -1,375x2 + 6,585x - 1,4 R² = 1 y = -2,22x2 + 10,94x - 4,72 R² = 1
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than with genotype Mv Toldi. According to our 
results, in growing season 2013/2014 the yield 
and the LAI values in N60+PK and N120+PK 
treatment were much higher than in the previous 
growing season. During regression analysis, we 
detected close correlation when we analysed 
the LAI values (R² = 0.9601 – 0.9908) and 
the yields (R² = 1). Results of our polynomial 
regression analysis show that there is a close 
correlation between the SPAD R2 values of the 
varieties in the examined years (Mv Csárdás 
0.9356 – 0.9794; Mv Toldi 0.8325 – 0.9693).        

Discussion

According to the data of our field researches, 
the effect of the crop year significantly 
influenced the leaf area index (LAI), the 
chlorophyll content (SPAD) and the yield 
of winter wheat after previous cropping of 
sunflower. Based on our plant physiological 
measurements, during the tests of the varieties, 
we observed considerable differences. Our 
researches confirm research results of Pepó 
(2005), according to which significant 

Figure 1:Average LAI and SPAD values after previous cropping of sunflower at different 
fertilizer dosages (Debrecen, 2012/2013-2013/2014))

Figure 2. Yield results after previous cropping of sunflower at different fertilizer dosages 
(Debrecen, 2012/2013-2013/2014)
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differences between the varieties were due 
to adaptation reasons. Our data confirm the 
results of Tian et al. (2012): with the increase 
of the average temperatures of winter months, 
the varieties reached higher LAI values and 
yield. This means that the genotypes utilize the 
naturally available nutrients of the soil and the 
applied fertilizer dosages also in calcareous 
chernozem soil, in case of a mild winter. Our 
results confirm the results of Markwell et al. 
(1995) and Fekete et al. (2015) also.
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Lucius Junius Moderatus Columella 

(AD 4 – 70) is the most important writer on agriculture of the Roman empire. 
His De Re Rustica in twelve volumes has been completely preserved and 
forms an important source on agriculture. This book was translated to 
many languages and used as a basic work in agricultural education until 
the end of the 19th Century.


