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SUMMARY

Currently, one of the most important objectives of agriculture is to maintain the principles of the sustainability. The use of precision
technologies in agriculture belongs to this topic. The use of precision technologies is increasingly widespread in the cultivation of various
agricultural crops, including maize. Sensing is an important part of these techniques. In our experiment we compared two methods:
measuring relative chlorophyll content and the method of determine the extractable chlorophylls. The experimental plant was maize (Zea
mays L.) and the measurements were performed at an early development stage (V8) of three genotypes. Three levels of nitrogen (0; 80; 160
kg ha'') were applied during the experiment. The relative chlorophyll content was measured by SPAD-502 (Minolta, Japan) and a handheld
GreenSeeker (Trimble, USA) device. The extractable total chlorophyll content decreased in parallel with the increased nitrogen level. The
obtained SPAD values were diversified furthermore the NDVI values have not been changed for the effect of different nitrogen fertilization.
In the early stages of development of maize, these parameters need to be complemented with other measurements to provide reliable

information about the crops nitrogen status.
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INTRODUCTION

Currently, agriculture has to overcome with the
global problems of our days like over population or
global climate change. The optimization of
agrotechnological elements reduces the negative
effects of the global climate change in the crop
production (Pep6, 2010). Precision technologies in
agriculture can reduce the harm effects of weather
factors. The use of this technologies is increasing
widespread in the cultivation of various agricultural
crops, including maize production. Sensor sensing is
an important part of these techniques. The quantitative
examination of the photosynthetic pigments can be
useful in the plant stress research (Pefiuelas and
Filella, 1998). The optimal nitrogen nutrition is one of
the most important factor in term of successful plant
production. There is a correlation between the leaves’
chlorophyll content and the plant’s nutrient status
(Moran et al.,, 2000). The optical non-destructive
methods for measuring leaves relative chlorophyll
content are fast, easy to use, and gives reliable
information of relative leaf chlorophyll content
(Richardson et al, 2002), and provide reliable
information about crops nitrogen status at the
vegetative development stages (Chapman and Baretto,
1997). The SPAD-502 and a handheld GreenSeeker
device also applicable for determining relative
chlorophyll contents. The SPAD-502 has visualized
the relative chlorophyll content as SPAD (Soil Plant
Analysis Development) value while the GreenSeeker
shows the results as Normalized Difference
Vegetation Index (NDVI). Lu et al. (2011) claimed the
NDVI value supplemented with other measurements is
reliable to the examination of drought stress, while
Schlemmer et al. (2013) was used a remote sensing
method with Sentinel-2 satellite for examine the effect

of nitrogen deficiency. Verhulst et al. (2011)
examined wheat and maize plants under different
tillage and crop rotation systems with handheld NDVI
sensor. They have observed a strong correlation
between biomass accumulation and NDVI values. The
SPAD-502 device is appropriate for the examination
of crop status at the silking stage in maize (Simko et
al., 2018). Costa et al. (2001) also found a correlation
between the applied nitrogen rates and the SPAD
meter readings. Nitrogen deficiency can be indicated
by the SPAD value with great security (Széles, 2007).
Nagy (2010) found that the SPAD reading strongly
correlated with the irrigation and the increasing of the
SPAD value was observed as the result of the
fertilization. The destructive determination of
photosynthetic pigments is a widespread technique in
the plant research. Jiang et al. (2017) found a
significant relationship between SPAD-502 value and
chlorophyll content in tomato leaves. Several factors
can influence the total amount of photosynthetic
pigment, such as salt stress (Purcarea and Cachita-
Cosma, 2010), microelements (Garousi et al., 2015)
and nitrogen fertilizer levels (Hafez and Abdelaal,
2015). Deficiencies of individual nutrients affected
significantly the photochemical processes (Kalaji et
al., 2014). Hammad et al. (2011) observed significant
decreasing of yield and quality of maize without
nitrogen application. They also determine the optimal
dose of nitrogen which was 250 kg ha’l. Nitrogen
deficiency was decreased the grain yield, plant weight
and accelerated the senescence. However, there was
no significant difference in harvest index (Ding et al.,
2005). Grain yield under reduced nitrogen supply was
correlated with an increased number of ears per plant,
leaf chlorophyll concentration, leaf area index
(Kamara et al., 2005). The value of diameter x plant
height was positively correlated maize grain yields,
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and this parameter could be wused for refining
midseason fertilizer N rates (Kelly et al.,, 2015).
Recently maize (Zea mays L.) belongs to the most
important crops in Hungary and worldwide to. The
harvested area was 989 thousand ha in Hungary
(KSH, 2018). According to the FAOSTAT (2016)
data, the harvested area of maize was 188 million ha
worldwide in 2016 and the average yield was 5.6 t ha
!, From the 1960s the yield of maize has increased
significantly in the last 50 years (OWID, 2014).

MATERIALS AND METHODS

Our experiment was performed in the
Experimental Station of Latokép (47°33’11” N
21°26°50” E) near Debrecen on a calcerous
chernozem soil. For the experiment three maize (Zea
mays L.) hybrids were chosen with different FAO
number (Armagnac (FAO 490), Loupiac (FAO 390),
Fornad (FAO 420). At the measuring time plants were
in “eighth leaf fully emerged” (V8) stage (Hanway,
1963). The forecrop was winter wheat (Triticum
aestivum L.). The used agrotechnology was the
following: winter ploughing in 2017, the seedbed was
prepared with combination at 10/04/2018 and
17/04/2018. The date of sowing was at 27/04/2018.
The plot’s layout was random, and the repetition was

four. Length of the plots was 10 metres and 4 rows per
plot were sowed. Three level of nitrogen (N) were
applied in during the research: 0 kg ha!'; 80 kg ha';
160 kg ha'. The dose of phosphorus (P) and
potassium (K) were the same at every plot (60 kg ha™!
P,0s and 90 kg ha! K,O). Thirty percent of the
applied N dose was spread at the autumn and seventy
percent at spring. The last fully developed leaf
samples were measured in every plot. The
photosynthetic pigment was extracted according to
Moran and Porath (1980). The data obtained after the
spectrophotometrically determination was
mathematically processed based on the equation of
Wellburn (1994). For the investigation of relative
chlorophyll content two devices were used: SPAD-
502 (Minolta, Japan) and a handheld GreenSeeker
(Trimble, USA). For the statistical analysis SigmaPlot
12.0 for Windows was used (Two-way ANOVA).

RESULTS AND DISCUSSION

Earlier studies proved the quantitative examination
of photosynthetic pigments is suitable in the plant
stress researches (Marcu et al., 2013; Saha et al., 2010;
Yiizbagioglu et al, 2017). The results of the
chlorophyll a and b content presented on Figure 1.

Figure 1: Changes of the A: Chlorophyll a content (mg g™') B: Chlorophyll b content (mg g') of maize hybrids (Armagnac, Loupiac,

Fornad) and means of treatments under different N supply (0 kg ha™'; 80 kg ha'; 160 kg ha™') n=4, +s.e. (differences between means

of N treatments were significant (p<0.05) in chlorophyll a: A: 0 kg ha'; A: 80 kg ha'; B: 160 kg ha™' and differences between means
of N treatments were significant (p<0.05) in chlorophyll b: A: 0 kg ha'; AB: 80 kg ha™'; B: 160 kg ha™)
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The highest chlorophyll a content (11.98+0.95)
was observed in Armagnac at the lowest level of N.
We observed the lowest chlorophyll a content in the
case of third hybrid (9.2840.31) at the 160 kg ha'
level of N. The difference of the chlorophyll a content
was the highest between the 160 kg ha! and the 0
kg ha! treatments. In case of Armagnac this difference
was 21%, 18% in the case of Loupiac and 26% in
Fornad. These differences were not statistically
significant. The tendency of the chlorophyll b content
was similar to the chlorophyll a content but the
concentration was lower than chlorophyll a. The

Armagnac Loupiac Fornad

highest chlorophyll b content (3.5+0.51) was observed
in Armagnac at the 0 kg ha! level of N. We observed
the lowest chlorophyll b content in the case of Fornad
(1.94+0.23) at the 160 kg ha! level of N. The
difference of the chlorophyll b content was the highest
between the 160 kg ha™! and the 0 kg ha! treatments.
In case of Armagnac this difference was 26%, 29% in
the case of Loupiac and 41% in the Fornad. These
differences were not statistically significant, but there
is a statistically significant difference among the mean
values of the different application of fertilizer in the
case of chlorophyll a and b. In the past a few
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researchers examined the correlation between
chlorophyll meter readings and extractable chlorophyll
content with different test plants. Kantety et al. (1996)
used fescue (Festuca arundinacea) as a test plant and
concluded the chlorophyll meter is an easy and
efficient method of detecting N status. Finnan et al.
(1997) have made similar conclusions. Reeves et al.
(1993) based on their research claimed the chlorophyll
meter readings have potential to determine the crops
nitrogen status but implemented with other
measurements like soil analysis or measuring of the
dry matter. Figure 2 contains our results of total
chlorophyll content.

These results are similar to that of the chlorophyll
b content. The highest chlorophyll content
(15.48+1.46) was observed in the Armagnac at the 0
kg ha! level of N. We observed the lowest chlorophyll
content in the case of Fornad (10.56+1.1) at the 160
kg ha'! level of N. The difference of the mean of
chlorophyll content was the highest between the 160
kg ha! and the 0 kg ha'! treatments. In case of
Armagnac this difference was 23%, 20% in the case of
Loupiac and 29% in the Fornad. These differences
were not statistically significant, nevertheless
similarly to the chlorophyll a and b results there is a
statistically significant difference among the mean
values of the different application of fertilizer.

Figure 2: Changes of the Total chlorophyll content (mg g') of maize hybrids (Armagnac, Loupiac, Fornad) and means of treatments
under different N supply (0 kg ha'; 80 kg ha'; 160 kg ha) n=4, +s.e. (differences between means of N treatments were significant
(p<0.05): A: 0 kg ha'; A: 80 kg ha'; B: 160 kg ha™)
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The portable chlorophyll SPAD-502 can be used to
analyse the photosynthetic pigments and total N
(Netto et al., 2005). According to Schepers et al.
(1992) the SPAD values obtained from SPAD-502
device are correlated with crop nitrogen status. But
this can’t be practical because of the differences
between the genotypes of maize. Bullock and
Anderson et al. (1998) claimed the SPAD-502 device
can be useful as diagnostic tool to determine the
nitrogen status rather than crop management. Our
results of SPAD values are presented on Figure 3. The
highest SPAD reading (34.7+£2.97) was observed in
the Armagnac at the 80 kg ha' level of N. We
observed the lowest SPAD values in the case of
Loupiac (22.0+1.76) at the 160 kg ha! level of N. The
difference of the SPAD values means was the highest
between the 160 kg ha'! and the 0 kg ha™! treatments in
case of Loupiac (24%). In case of Armagnac this
difference was 23%, but this time among the 80
kg ha! and 160 kg ha! dose of N. This difference was
22% in the Fornad but between the lowest and highest
level of applied N dose. These differences were not
statistically  significant, but similarly to the

Loupiac

Fornad

chlorophyll results there is a statistically significant
difference among the mean values of the different
application of fertilizer.

Tingting et al. (2015) prove that the NDVI value
may be useful to determine the in-season nitrogen
status in maize. The NDVI (Ma et al., 1996) provides
in-season indications of N deficiency. The highest
NDVI (0.47+0.15) was observed in the Fornad at the
160 kg ha! level of N (Figure 4). We observed the
lowest NDVI values in the case of Armagnac
(0.35+£0.007) at the 0 kg ha' level of N. The
difference of the NDVI was the highest between the
80 kg ha'! and the 0 kg ha'! treatments in case of
Armagnac (8%). In case of Loupiac this difference
was 3%, but this time among the 160 kg ha! and 80
kg ha'! dose of N. There was not in the case of Fornad.
These differences between the applied N levels were
not statistically significant, but we have evinced
statistically significant between the genotypes in this
parameter. According to the statistical analysis the
three examined genotype can be classified into
different groups.
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Figure 3: Changes of the SPAD value of maize hybrids (Armagnac, Loupiac, Fornad) and means of treatments under different N
supply (0 kg ha™'; 80 kg ha'; 160 kg ha') n=4, +s.e. (differences between means of N treatments were significant (p<0.05): AB: 0 kg
ha'; A: 80 kg ha'; B: 160 kg ha™)
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Figure 4: Changes of the NDVI of maize hybrids (Armagnac, Loupiac, Fornad) and means of treatments under different N supply (0
kg ha'; 80 kg ha'; 160 kg ha™') n=4,%s.e. (differences between treatments and genotypes (p<0.05) signed with different letters)
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CONCLUSION

Summarizing the obtained results, most of the
measured parameters were not affected significantly
by N deficiency in this early growth stage of corn
under field conditions. We need to take into
consideration the other important factor which was the
effect of pre-crop and the soil type. The crop rotation
influenced significantly the yield of maize (Berzsenyi
et al., 2000; Fischer et al., 2002). In this experiment
the soil type and the forecrop was optimal for maize.
The winter wheat in the experimental field at low level
N conditions caused lower level of N-loss at the
previous year. Probably these factors reduced the
effects of nitrogen deficiency at V8 stage of maize.

Loupiac Fornad

Argenta et al. (2004) proved that the SPAD value is
more susceptible to errors during maize early growth
stages but reliable at the older stages. Although,
Freeman et al. (2007) proved that the NDVI value can
be use efficient before the V10 growth stages.
According to our results the NDVI could not be
influenced by the N dose but we observed differences
among genotypes. Armagnac reached the lowest
NDVI for the time of examination and the highest
values was observed on Fornad. The SPAD values
tendencies were more closely to the total chlorophyll,
chlorophyll a, chlorophyll b contents. We can
conclude the content of all chlorophyll molecules was
decreased at the plots where higher N level was
applicated. In contrast nitrogen application improved
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all the chlorophyll pigments, water-related attributes,
and yield components (Akram, 2014). Further
examination needed to clarify the exact reason of this
effect. The measuring of these parameters can be
reliable only with other measurements, for example
dry weight, Specific Leaf Area or complex soil
analysis. Complemented with this kind of
measurements these parameters can be suitable for the
prediction of in season nitrogen status of crops.
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