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INFLUENCE OF NITROGEN RATES AND GENOTYPE ON NITROGEN
AND SULPHUR CONTENT OF WINTER WHEAT AND TRITICALE

BJIMAHHWE JO3 ASOTA H T]%HOTHHA HA COJIEPYKAHHE A30TA U CEPHI B
O3UMOHN MMUEHULIE U TPUTHUKAJIE

Sneiana Jaksié', Savo Vuckovié®, Nada Grahovac', Vera Popovid, Gordana Dozet’

!nstitute of Field and Vegetable Crops, Serbia
’Faculty of Agriculture, Serbia
I Faculty of Biofarming, Backa Topola, Serbia

Hremumym nonessix u osowyreix kyiemyp, CepOus
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Keywords: grain, quality, N/S, fertilizer.

Summary: Nitrogen is the most important element for high yield and protein content
in grain. In addition, it affects the adoption and accumulation of certain ions in plants,
including sulphur. The aim of this paper was to examine the influence of increasing
quantities of N rates and genotype on grain and aboveground vegetative biomass N
and S contents of winter wheat and triticale and their relationship, and to find
optimum doses of nitrogen that can give good grain quality. A two year stationery
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trial with increasing quantities of N (0, 50, 100 and 150 kg ha'') and three cultivars of
wheat and one of triticale was performed at the experiment field of the Institute of
Field and Vegetable Crops in Novi Sad. The grain and aboveground vegetative
biomass N and S content of winter wheat and triticale grew with increasing doses of
nitrogen fertilizers. It was determined that the genotypes responded differently to
different rates of nitrogen fertilizers when it came to their N and S contents. Due to a
strong relationship, the N/S ratio can be an important parameter for indicating the
nutritional status of wheat and triticale.

The present study showed that by using the right quantities of nitrogen fertilizer we
can optimize the fertilization in wheat production with proper environmental care.

Pestome: B cTaThe npeasioxeHb! HCCIEIOBAHUA 110 H3YYEHHIO BIHAHHA 1103 a30Ta Ha
3€PHOBYIO U HA/I3eMHYIO BETeTaTHBHYIO OHOMacCy 03MMOM MMILEHHMIbI U TPUTHKANIE U
X B3aUMOCBHA3b, & TAKKEe MOUCK ONTUMAJIBHBIX JI03 a30Ta, KOTOpble MOIYT JaTh
3epHO Xopouwero kadectBa. Ha onbiTHOM none MHCTUTYTA NMONEBBIX W OBOLLHBIX
KyaeTyp B HoOBH-cajze mpoBeldeHO ABYXJIETHEE MCIIBITAHHE ¢ Pa3/IMYHBIMU J03aMH
azora (0, 50, 100 u 150 kr/ra) ¥ Tpex COpPTOB TIIEHWIEl H OJHOTO TPHUTHKANE.
YCTaHoB/IEHO, YTC IEHOTUIILI [O-pa3sHOMY PEardpyiorT Ha pasJIMYHble HOPMEI
a30THBIX ynoOpenuil. Mccnemopanue mnokaszano, 4YTO C TMOMOIIBIO TNPABHILHBIX
KOJHYECTB A30THRIX YI0OpEeHUH MOKHO ONTHMH3MPOBATH BHeceHWe yaoOpeHHil B
MPOU3BO/ICTBO MIIEHHLb! C YHETOM 3KOJIOTH3aLUH arpOTEXHOIOIHH.

Introduction

Crop production increases will come primarily from higher yields and thus
higher nutrient application rates. Nitrogen is often the most deficient of all the plant
nutrients. Wheat grain N content depends on the cultivar, the environmental
conditions, and the fertilization management. Amount and timing of application of
fertilizer are factors that affect wheat quality. So there is a need to estimate the
optimum N fertilizer dose needed to obtain the greatest yield and the desired protein
content. Nitrogen deficiencies generally affect crop growth, decrease grain protein
content, and ultimately decrease grain yield and grain protein yield [1]. N deficiency
resulted in much slower accumulation of grain N and S and lower final
concentrations |2].

In addition, N affects the adoption and accumulation of certain ions in plants,
including sulphur. Controlling the quality of wheat for breadmaking is a major
concern for the milling and baking industry.

The aim of this paper was to examine the influence of increasing quantities of N
rates and genotype on grain and aboveground vegetative biomass N and S contents of
winter wheat and triticale and their relationship. The goal was to find the optimum
doses of nitrogen that can give good grain quality with proper environmental care.

Materials and methods
The influence of increasing quantities of nitrogen rates and genotype on grain
and aboveground vegetative biomass nitrogen and sulphur content were examined
during 2002 and 2003 at the experiment field of the Institute of Field and Vegetable
Crops in Novit Sad. The experiment was arranged in a randomized complete block
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design with two factors and four replications. The plot size was 10m?2. The soil was a
chernozem. The experimental material consisted of three winter wheat cultivars
(Sonata, Durumko, and Pobeda) and one triticale cultivar (Novosadski triticale), each
of which has different agronomic, physiological and technological characteristics.
Nitrogen fertilizer was applied in different doses of N: 0, 50, 100 and 150 kg ha''.
The usual cultural practices were applied. The total N content in wheat grain was
determined by the CHNSO elemental analyzer according to the AOAC Official
Method 972.43:2000, Microchemical Determination of Carbon, Hydrogen. and
Nitrogen, Automated Method, in Official Methods of Analysis of AOAC
International. The total S content in wheat grain was determined by elemental
analyzer [3].

The results were processed by statistical methods of variance analysis (Statistica
10). The significance of differences between individual means was tested by
Duncan's test.

Results and discussion

The weather conditions during the growing season influence the expression of
genotypic traits. The analyzed parameters had lower values in 2002 because of larger
winter moisture reserves. The year 2003 was marked by water and temperature stress,
which resulted in higher amounts of N in plants [4].

Table 1 — Effect of N rates on winter wheat and triticale grain nitrogen content

(%) in 2002 and 2003
N Sonata| Durumko| Pobeda| N. | x |Sonata | Durumko|Pobeda N. | X
(kg ha) triticale triticale
2002 2003

0 1.38¢ | 1.80" i3aE 152 O taoe | aEl | B dRR T Bay | | 2y
50 1.52" | 1.93% 1865 [1EF |1Le0P[2md® |22 [203 |[268° |224
100 &S | 250 1o | 2307 [ 2158 | 200 | 258 | Gaps | 545
150 1IR3 |243% |[217P®|2842 [227% 200 | 1. 72% 253 | 271 | 246°

% L | 218 1.83% | 2.08" 1.98¢ | 2.48" Z19% [ 258

Distinct letters in the row indicate significant differences according to Duncan’s
test (P <0.05).

Table 2 — Effect of N rates on winter wheat and triticale aboveground vegetative
biomass nitrogen content (%) in 2002 and 2003

N Sonata | Durumko | Pobeda N. x| Sonata | Durumko | Pobeda N. . K
(kg triticale triticale
ha) 2002 2003

0 0.26™ |0.29* 0.31°% | 0.19¢ 0.26° | 0.37% [0.32¢ g29° | 0.55° 0.33°

50 | 0.42%d | 0,542 (aysse | pogse | 039" | 040P™ | 036" 0.51% | D34 0.40°

100 | 0.47%¢ | 0.47%¢ 0.43%9 | 047 | 0.46" | 0.51* | 0.50° A0 | 0437 | 048

150 |48 | L37 0.64> |0.56® |0.56° [ 0.43** |0.53° 0.54% | 0.40%° | 0.47*

% [ 0.41* | 047 G472 [ 037 0.43%" | 0.43* 0.46* | 037"

Distinct letters in the row indicate significant differences according to Duncan'’s test
(P <0.05).

453



The grain N content of all the cultivars responded positively to the increasing N
quantities in both years for all cultivars for 0.30-1.12% (Table 1), which was also
confirmed in a study by Milogev [5]. The aboveground vegetative biomass N content
grew for 0.1-0.37% (Table 2). Not only increasing the N fertilization rate but also
splitting the N rate had a beneficial effect on grain quality.

The lowest N content was found in treatments without N fertilizers. Much
higher N contents were obtained in treatments with 50 kg ha! in relation to the
control, 0.16-0.30% on average in grain, and 0.07-0.13% on average in aboveground
vegetative biomass. There was no significant difference in grain N content between
cultivars at this level of fertilizer application, except for the significantly higher
nitrogen content found in N. triticale in 2003, but there was significant difference in
aboveground vegetative biomass.

[n the treatment in which 100 kg ha' of N fertilizer were applied, grain N
content was significantly higher relative to control (for 0.37-0.65%) and relative to
the treatment with 50 kg ha' N (for 0.16-0.30%). There were significant differences
in grain N content between the cultivars. The highest increase was achieved with N.
triticale in first and with Durumko in second year. There were no significant
differences in aboveground vegetative biomass N content between the cultivars, but
some cultivars achieved higher values in relation to the control treatment.

In our study N content grew with increasing N quantities up to the rate of 150 kg
ha! N. but this difference was not statistically important relative to the application of
100 kg N ha'. There was a significant difference in grain N content between the
cultivars at this level of fertilizer application. The highest value was found in
Novosadski triticale in the first year and in Durumko in the second. The lowest value
was found in the grain of Sonata in both years. There was no significant difference in
aboveground vegetative biomass N content between the cultivars and also relative to
the lower treatment, except the significantly higher N content was found in Pobeda in
the first year. Habtegebrial and Singh [6] examined the effects of increasing N doses
(N at 0, 100 and 180 kg/ha N) on the protein contents of two bread wheat cultivars
grown in Andisols and Cambisols. Both cultivars responded significantly (P <0.05)
to N applications. Bogdanovic [7] however, obtained results similar to ours, with both
studies indicating that the highest protein content is achieved by using 150 kg/ha N,
but there was no significant difference relative to the rate of 100 kg/ha N. In northern
Spain 13 experiments were conducted in the years 2001-2004 where 0, 100, 140, 180,
and 220 kg N ha-1 were applied.

Both the influence of the variety and that of fertilization on S content in grain
are statistically significant (Table 3). The mean value of grain S-content (calculated
from all cultivars) for the lowest fertilization rate was significantly higher than that of
the control. Also there was a significant difference between the cultivars. The effect
of the fertilization on S content in aboveground vegetative biomass was not
statistically significant at this level (Table 4).

In our study, the medium dose of N significantly increased grain S content by an
average of 0.022% for both years relative to the control. In 2002 the increase of grain
S content for the medium fertilization rate relative to the lowest one was significant,

454



but this was not the case in 2003. The highest S-content was measured in 2003 in the
treatment in which 150 kg ha' of N fertilizer were applied, with the difference being
significant relative to the lower treatment and the control. In 2002 this level of N
application was not different from the lower treatment.

Table 3 — Effect of N rates on winter wheat and triticale grain sulphur
content (%) in 2002 and 2003

N Sonata | Durumko | Pobeda | N. riticale ] Mean
(kg ha) 2002
0 0.1730%¢ D153 0.1168 0.117¢ 0.140¢
50 @17 ek 0.144¢ 0.160%% 0.130' 319"
100 0.188* fLl7 = 0.168" 0.1524% 0.170?
150 0.176%¢ 0.177% fL157%" 0,165 0.168¢
Mean 1T 0.161° 0.150¢ 0.1414

2003

0 0.142" {1740 0.152¢" 0.150#" 0.155¢
50 0.152¢" 0.163¢'s 0.159f" 0.186% 0.165"
100 0.160%" 0.195° 0.1548" 0.170¢%" 0.170°
150 0.230¢ 184 0.155%" (0.180¢de 0.188*
Mean A g 0.179* 0.155° {172

Distinct letters in the row indicate significant differences according to Duncan's
test (P <0.05).

There was also a significant difference in grain S content between the cultivars
at different levels of fertilization. The highest aboveground vegetative biomass S-
content was measured in the first year in the treatment in which 150 kg ha' of N
fertilizer were applied, with the difference being significant relative to the lower
treatment, medium treatment and the control. In the second year S- content grew with
increasing doses of N fertilizer up to the rate of 100 kg ha' N. In both years there was
also a significant difference of S-content between the cultivars at the same level of
N. Due to the strong N-S relationships, fluctuations in protein contents also caused
decreases/increases in the S contents of the wheat grain.

The effects of N (0, 100 and 180 kg N ha-1) on content of § of two bread wheat
cultivars showed a significant increase of S concentration in the grain with the
increase of N [6].

N deficiency resulted in much slower accumulation of grain S and lower final
concentrations [8]. Based on data from this experiment, a value of 100 kg ha' N is
recommended for winter wheat and triticale.

This level is considered sufficient for this element for the agronomic conditions
of the Vojvodina province. Due to the different grain N content responses of
genotypes to different rates of N fertilizers [9] which have been confirmed in the
present study as well, an individual approach is required in the case of each genotype.
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Table 4 — Effect of N rates on winter wheat and triticale aboveground vegetative
biomass sulphur content (%) in 2002 and 2003

N Sonata | Durumko | Pobeda | N.triticale | Mean
(kg ha!) 2002
0 0.19% 0.15¢ 0.14% 0.12¢f 0.13¢
50 T [, 70 0.11° 0.11' 0.13°
100 L o2 0.14¢% 0.13¢ 0.15°
156|622 0.18" 0.22° | 0.2 ~ |o.ase
Mean 0.15* 0.18% 0.15° 3.12¢

2003
0 0.14¢ [y E 0.09¢ 0.12%
50 0.]3¢de Q.11+ 0.11¢ 0.10% 0.11°
100 0.17° THE TN K 0.10% 0.13"
150 0.12%¢ 0.20" 0.15¢ 0.09¢ 0.14*
Mean 0.14 0.14" 0.13° 0.09"

Distinct letters in the row indicate significant differences according to Duncan’s

test (P < 0.05).
Conclusions

The expression of genotypic traits in all the treatments in our study was
affected by weather conditions. The grain and aboveground vegetative biomass
nitrogen and sulphur content of winter wheat and triticale grew with increasing doses
of nitrogen fertilizers. Based on data from this experiment with different cultivars, a
value of 100 kg ha' N is recommended for winter wheat and triticale. Due to the fact
that the genotypes responded differently to different rates of nitrogen fertilizers, an
individual approach is required in the case of each genotype. The proper management
of nitrogen is critical to the success of wheat and triticale production and
environmental care.
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