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ABSTRACT: Nitrogen harvest index — NHI is a measure of efficiency of nitrogen
translocation from vegetative organs to grain. The goal of this paper is to investigate varia-
bility and stability of nitrogen harvest index of twelve bread wheat genotypes, on three ni-
trogen levels. ANOVA showed that nitrogen harvest index was mostly under influence of
the year x genotype interaction, year of investigation and genotype, and in the smallest
amount of the nitrogen rate. Increasing doses of nitrogen did not lead to increased nitrogen
harvest index. AMMI analysis showed that most genotypes differed in both the main effect
and in GXE interaction. The highest stability i.e. the smallest interaction effect, was found
in varieties Axis, Ilona, Sonata and Renan on N rate, and in varieties Malyska, Petrana,
Axis and Evropa 90 on Ny rate. Cultivar Pobeda with the high average values for nitrogen
harvest index, also had small interaction effect, i.e. it proved to be a stable variety.
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INTRODUCTION

Numerous studies indicate that nitrogen is the key factor of yield and
quality in the wheat. Nitrogen harvest index (the ratio of nitrogen content in
grain and whole plant) is a measure of efficiency of nitrogen translocation
from vegetative organs to grain (Austin et al., 1977, McMullan et al,
1988; Sinclair, 1998). Nitrogen harvest index for wheat usually ranges
from 0.70 to 0.80 (Calderini et al., 1995; Brancourt-Hummel,
2003, Andersson, 2005). Van Sanford and MacKown (1987)
noted the extreme values of 0.51 to 0.91. Ortiz-Monasterio et al.
(1997) have studied the nitrogen harvest index of genotypes recognized bet-
ween 1950 and 1985 and recorded a significant increase in the newer varieties.
Slafer et al. (1990) recorded similar results.

Loffler et al. (1985), Ortiz-Monasterio et al. (1997), and
Anderson (2005) noted positive correlations between NHI and HI, as well
as between NHI and grain yield (Loffler et al.,, 1985). McKendry et
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al. (1995) and McMullan et al. (1988) did not find significant correlations
between NHI and grain yield.

The goal of this paper is to investigate variability and stability of nitrogen
harvest index of twelve bread wheat genotypes, on three nitrogen levels.

MATERIAL AND METHODS

The 12 bread wheat cultivars were studied in the three-year (2004—05,
2005—06 and 2006—07 growing seasons) field trial with three nitrogen rates
(0, 75, 100 kg/ha N). Five cultivars originated from Serbia (Evropa 90, Neve-
sinjka, Pobeda, Zlatka, and Sonata), five from Slovakia (Ilona, Malyska, Van-
da, Petrana, and Axis), one from France (Renan), and one from Switzerland
(Tamaro). The experiment was conducted at the experimental field of the In-
stitute of Field and Vegetable Crops, Novi Sad. The sowing rate was 600
grains/m?. Plot size was 5 m?. In all three years 45 kg/ha of each N, P and K
before plowing were applied. In spring three N levels were applied (0, 75, 100
kg/ha N). Standard agronomic practices were used to keep the plots free of di-
seases.

At maturity, ten plants were cut at ground level and they represented one
sample/replication in the analysis. At maturity, samples were separated into ve-
getative (leaf + culm + chaff) and reproductive parts (grains). After drying, all
samples were ground in a mill to generate 1-mm particles. The nitrogen con-
centration was determined by the standard Kjeldahl procedure. Nitrogen har-
vest index was calculated as the ratio of grain nitrogen content over total ni-
trogen content. AMMI (Additive main effects and multiplicative interaction)
model was used to analyze the genotype x environment interaction (Zobel
et al., 1988). The analysis was performed in GenStat 9 program (trial version).

RESULTS AND DISCUSSION

ANOVA showed that nitrogen harvest index was mostly under influence
of the year x genotype interaction (52.70%), year of investigation (33.58%)
and genotype (10.55%), and in the smallest amount of the nitrogen rate
(1.56%) (Table 1) Baldelli et al. (1990) state that they have not recorded
a significant difference between genotypes, but the difference between years
was significant.

Significant differences were found between N, and N, rate, N, and N,
rate, while there were no significant differences between N.; and N, rates
(table 1). Increasing doses of nitrogen did not lead to increased nitrogen har-
vest index; moreover, the majority of genotypes had the highest value in the
control, which is in agreement with the results of Le Gouis et al. (2000).
Doki¢ and Lomovic¢ (1990) states that the nitrogen harvest index was
not significantly changed with increasing doses of nitrogen up to 120 kg N/ha,
after which it began to decline.
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Tab. 1. — ANOVA for nitrogen harvest index

Source of variation DF MS F %
Year 2 0.28 219.63%* 33.58
Genotype 11 0.016 12.18%* 10.55
Nitrogen rate 2 0.013 10.14%%* 1.56
Replication 1 0.0004 0.28 0.02
Year x Genotype 22 0.04 2.84%* 52.70
Year x N rate 4 0.0008 0.66 0.19
Genotype x N rate 22 0.001 1.08 1.32
Error 151 0.001
Total 216
Significance of differences between N rates
N rate Differences
Nys 0.019%*
No Nigo 0.026%
Ny —0.019%%*
Nos Nigo 0.006

*p < 0.05 ** p < 0.01

AMMI analysis was performed for all three nitrogen levels, but the prin-
cipal component analysis for the N, rate did not show any significant princi-
pal component, so in this paper it will be presented only AMMI analysis for
N, and N, levels of nutrition.

AMMI analysis of variance for N, rate showed that both additive sources
of variation were highly significant, as well as the year x genotype interaction.
Detailed separation of GE interaction variation revealed that explainable agro-
nomic variation had been carried out by the first PC axis in the proportion of
74% of total GE interaction variance (table 2).

Tab. 2. — AMMI analysis of variance for nitrogen harvest index in wheat — N

Source of variation SS % DF MS F
Treatments 0.319 36 0.0089 11.626%*
Replications 0.0008 1 0.0008 1.049
Years 0.221 2 0.111 144.92%*
Genotypes 0.063 11 0.0057 7.477%*
GxE 0.035 100 22 0.0016 2.058%*
PCA 1 0.026 73.96 12 0.0021 2.791%%*
Residual 0.009 26.04 10 0.0009 1.179
Error 0.027 35 0.0008

Total 0.346 71

*p < 0.05; ** p < 0.01

By analyzing the AMMI1 biplot, it was concluded that most genotypes
differed in both the main effect and in interaction. The smallest GXE inter-
action effect was manifested in the variety Axis, which had a low average
value for nitrogen harvest index, as well as in varieties Ilona, Sonata, and Re-
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nan with values for the main effect higher than average. Cultivars Zlatko and
Pobeda with the highest average values for nitrogen harvest index, also had
small interaction effects, i.e. they proved to be stable varieties. The largest in-
teraction effect was recorded in cultivars Nevesinjka and Vanda (Figure 1).
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Fig. 1. — AMMII biplot for nitrogen harvest index in wheat — N,

Smallest interaction effect was recorded in year 2006, which is characteri-
zed by average values for nitrogen harvest index. A large interaction effect
was recorded in year 2005, in which the varieties had the highest mean values
for nitrogen harvest index. The largest interaction effect was achieved in year
2007, which is characterized by the lowest values for the main effect, i.e. for
nitrogen harvest index (Figure 1).

Cultivars Tamaro, Axis, Nevesinjka, Evropa 90, Zlatko, and Pobeda were
in positive interaction with the years 2006 and 2005, while the cultivars Van-
da, Malyska, Ilona, Sonata, Renan and Petrana were in positive interaction
with the year 2007 (Figure 1).

AMMI analysis of variance for N, rate showed that both additive sour-
ces of variation were highly significant, as well as the year x genotype interac-
tion. Detailed separation of GE interaction variation revealed that explainable
agronomic variation had been carried out by the first PC axis in the proportion
of 80% of total GE interaction variance (Table 3).
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Tab. 3. — AMMI analysis of variance for nitrogen harvest index in wheat — Ny

Source of variation SS % DF MS F
Treatments 0.341 36 0.009 6.840%**
Replications 0.0019 1 0.0019 1.374
Years 0.179 2 0.089 64.64%*
Genotypes 0.085 11 0.0077 5.552%:*
GxE 0.075 100 22 0.0034 2.477%*
PCA 1 0.060 79.66 12 0.0051 3.618%*
Residual 0.015 20.34 10 0.0016 1.109
Error 0.048 35 0.0014

Total 0.389 71

*p < 0.05; % p < 0.01

By analyzing the biplot, it was concluded that most genotypes differed in

both the main effect and in interaction. The highest stability i.e. the smallest
effect of the interaction, was found in varieties Malyska, Petrana, Axis and

Evropa 90, whereby the first three varieties had a low average nitrogen harvest
index, while Europe 90 had a nitrogen harvest index greater than the average.

Varieties Renan, Pobeda and Vanda also showed the low interaction effect,
with Pobeda and Renan had the highest average values for nitrogen harvest

index. The largest interaction effect was achieved by cultivar Zlatko, which
had a high average nitrogen harvest index, and cultivar Tamaro, which is the

variety with the lowest average nitrogen harvest index (Figure 2).
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The year 2007, in which genotypes achieved the lowest nitrogen harvest
index, is characterized by the lowest interaction effect. Year 2006 had high in-
teraction effects, with average values for the main effect, while the year 2005
was characterized by the largest interaction effect and the highest values for
nitrogen harvest index. Cultivars Sonata, Nevesinjka, Zlatko, Renan, and Pobe-
da were in positive interaction with the year 2005, while the varieties Tamaro,
Vanda, Malyska, Petrana, Axis, Evropa 90 and Ilona were in positive inter-
action with the years 2006 and 2007 (Figure 2).
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AMMI AHAJIN3A )KETBEHOI' MHIEKCA A30TA
KOJ XJIEBHE ITIIHEHUIIE

bumana M. lNopjanosuh, Mapuja M. Kpamesuh-bananuh
IMomonpuspennu daxynrer, Tpr . O6pamosuha 8, 21000 Hosu Can, CpOuja
Pesume

JKeTBeHM MHAEKC a3oTa je Mepa e(UMKACHOCTM TpaHCJOKallMje a30Ta M3 BereTa-
TUBHMX OpraHa y 3pHo. Llusb oBor pana je na ce MCNUTajy BapujaOMIIHOCT U CTaOWII-
HOCT JKE€TBEHOT MHIEKCa a30Ta JBAHAECT TeHOTUIIOBA XJIcOHEe IMIIEHMIIE, Ha TPU HUBOA
HUCXpaHe a30TOM. AHaju3a BapujaHCe je IoKa3zaja Ja je KeTBEHW MHIEKC a30Ta y Haj-
Behoj Mepu Omo 1o yTUIlajeM WMHTepakKlyje TOOUHE W TeHOTUIIa, TOAMHE MCIUTHBaka
M TEHOTHIIA, a Y HajMawoj Mepu MpuMereHe ao3e azoTa. IToBehamwe n03e asora HUje
noBeJio 10 moBehama KeTBEeHOT MHIeKca azota. AMMI aHanu3a je mokasana jaa cy ce
TFEHOTHUIIOBU Pa3JIMKOBaIM Kako y ri1laBHOM edekty Tako u y GXE uHTepakuuju. HajBe-
ha crabunHoct je 3abenexeHa xon coptu Axis, Ilona, Sonata u Renan Ha N, no3u, u
kon coptu Malyska, Petrana, Axis n Evropa 90 Ha Ny, no3u. Copta Pobeda, ca Buco-
KIM TIPOCEYHUM BpeIHOCTMMA 3a JKeTBEHM MHACKC a30Ta, Takohe je mMmaja Maiu ede-
KaT MHTepakiiyje, Tj. IMOKa3aja ce Kao cTabuiaHa copra.
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