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ABSTRACT

During growth, kernel of cereals can be provided with carbohydrate and nitrogen (N) from the translocation of pre-anthe-
sis accumulated reserves stored either in the vegetative plant parts or from current assimilation during kernel develop-
ment. This study was conducted to assess the effects of nitrogen level and cultivars on dry matter and N accumulation
and mobilization during pre-anthesis and post-anthesis. Twenty two-rowed spring barley (Hordeum vulgare L.) cultivars
were grown on a non-cal careous chernozem soil in four growing seasons (1995-1998) at Novi Sad (45°20'N, 15°51'E,
86 m a.s.l.) at two nitrogen levels. Dry matter accumulation before anthesis ranged from less than 50% in unfavorable to
90% in favorable growing conditions. Dry matter translocation occurred in favorable growing conditions only. Pre-anthe-
sis accumulated N represented 57-92% and 54-129% of total N at maturity at the low and high N levels, respectively.
Translocated N represented 41-85% and 37-153% of grain N at the low and high N level, respectively. N losses occurred
in favorable growing conditions when anthesis N exceeded 150 kg/ha. N accumulation during grain filling was in negative
correlation with dry matter and N accumulation before anthesis. The N harvest index was 0.57-0.63 and 0.71-0.74 in
unfavorable and favorable growing conditions, respectively. Selection of genotypes with a higher ability of pre-anthesis
reserve utilization or genotypes with longer leaf area duration after anthesis may be two possible solutions in spring
barley breeding for Mediterranean growing conditions.
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The supply of assimilate to growing kernels of barley
(Hordeum vulgare L.) can come from current assimilation
and matter assimilated before anthesis and stored tem-
porarily in the vegetative parts of the plant (Austin et al.
1980, Sanford and MacKown 1987). The contribution of
pre-anthesis assimilates to kernel weight depends on the
amount of matter that is mobilized between anthesis and
maturity and the efficiency of conversion of the mobi-
lized matter into kernel (Gebbing et al. 1999). It was esti-
mated that pre-anthesis reserves contributed up to 74%
to the grain yield of barley (Gallagher et al. 1975) and 57%
to the grain yield of wheat (Gallagher et al. 1976) when
crops suffered from severe postanthesis drought.

In cereals, research on N accumulation and utilization
has been carried out mainly on wheat. Studies have
shown that grain N in wheat mainly represents N accu-
mulated in the vegetative parts until anthesis and trans-
located to kernel during the reproductive phase. N in the
form of protein and amino acids is a component of the
pre-anthesis portion that is potentially available for grain
filling (Schnyder 1993). In barley, 10—-100% of grain N is
taken up during vegetative growth and translocated dur-
ing the grain filling period (Carreck and Christian 1991,
Bulman and Smith 1994). The importance of both N sourc-
es has been emphasized by Sanford and MacKown (1987),
who have found that variation in final spike N can be
associated with variation in total N uptake. Bulman and
Smith (1994) established that post-heading N uptake in
barley was generally not related to N concentration and
N per plant at heading, instead, it was highly correlated
with total dry matter accumulation after anthesis and to-
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tal plant N and grain at harvest. Environmental conditions
during the pre- and post-anthesis periods are likely to
have different effects on N accumulation. N uptake is
influenced by available water (Clarke et al. 1990), degree
of association between the roots and the soil, the supply
of nitrate (Cox et al. 1985, Papakosta and Gagianas 1991),
genotype requirements and efficiency of N use, and oth-
er properties of the genotype and conditions of growing.
In wheat, a surplus of soil N at grain filling favors post-
anthesis N uptake and reduces the mobilization of pre-
anthesis N (Papakosta and Gagianas 1991).

This study’s objectives were to examine the accumula-
tion of dry matter and nitrogen during pre-anthesis and
grain filling periods, the contribution of pre-anthesis dry
matter and nitrogen to grain development, and the rela-
tionships among the investigated characters.

MATERIAL AND METHODS

Field trials. Detailed procedures for the field experi-
ments and laboratory analysis have been described else-
where (Przulj and Momcilovi¢ 2001a, b). Briefly, the trials
were conducted in a four-year period (1995-1998) on
non-calcareous chernozem at Novi Sad, Yugoslavia
(45°20'N, 15°51'E, 86 m a.s.1.). In all four years, preceding
crop was soybean and 45 kg/ha of each N, P and K in
winter before plowing were applied. In springs two N lev-
els were applied, a low N level with no additional N and
a high N level with 50 kg/ha N as ammonium nitrate at mid-
tillering (Zadoks GS 23). The crop was grown under the

PLANT SOIL ENVIRON., 49, 2003 (1): 3647



usual agronomic practises for spring barley in Panonian

plane conditions. Around mid-anthesis, five plants from

the second row in each replication, 30 cm from end of the
row, were cut at ground level and they represented one
sample/replication in the analysis. These samples were
separated in two components at anthesis (leaf + culm and
chaff-flowered spikes) and in three components at matu-
rity [leaf + culm, chaff (rachis, glumes, awns), and grain]
and dry matter (DM) and N have determined.

Measurements. The following parameters related to
dry matter and N accumulation and movement within the
barley plant are discussed in this paper:

1. Pre-anthesis and post-anthesis dry matter accumulati-
on (kg/ha)

2. Dry matter translocation (kg/ha) = dry matter at anthe-
sis—dry matter (leaf + culm + chaff) at maturity

3. Dry matter translocation efficiency (%) = dry matter
transl ocation/dry matter at anthesis x 100

4. Contribution of pre-anthesis assimilatesto grain (%) =
dry matter translocation/grain yield x 100 (Papakosta
and Gagianas 1991)

5. Pre-anthesis and post-anthesis nitrogen accumulation
(kg/ha)

6. N translocation from vegetative tissues at anthesis to
thekernel (kg/ha) =N content at anthesis— N content at
maturity (leaf + culm + chaff) (Cox et a. 1986)

7. Proportion of vegetative N in the plant at anthesis that
was translocated to kernel: nitrogen transl ocation effi-
ciency = N translocation/N content at anthesis

8. Proportion of the N in grain in relation to total above-
ground N at maturity: nitrogen harvest index = grain N/
total N content in aboveground parts at maturity
Statistical analysis. Three-way analysis of variance

and estimates of the components of variance due to ni-

trogen, cultivar, year, and all interactions were made as
well. A mixed model was used, with N level and cultivar
considered as fixed and years as random effects (Zar

1996). The analysis of variance and estimates of the com-

ponents of variance due to cultivar (0%)), cultivar by ni-

trogen level interaction (0°,), and error (0%) were

calculated for each year according to Comstock and Moll
(1963). The significance of mean squares for nitrogen lev-
els and cultivars was tested using mean squares of G X Y
interaction and significance of cultivar x year interaction
(G xY) by pooled error. The percentage contribution of
each variance component was estimated by summing the
appropriate terms to give an estimate of total variance and
then dividing the specific variance component by the to-
tal variance (Brandle and McVetty 1988). The Pearson co-
efficient of correlation was used to calculate the simple
correlation between the characters based on their yearly
mean performance. Accumulated growing degree-days
(GDD) from emergence to heading were calculated by sum-
ming daily degree-days. Daily degree-days were calculat-
edas T = (T, + T, +2T,)/4, where T, T,,, and T, are
temperatures at 7 a.m., 14 p.m. and 21 p.m.

Weather. Barley growing season in 1995 characterized
by moderate temperatures with no high extremes and suf-
ficient precipitations. In 1996, temperatures were low dur-
ing emergence, tillering, and high during stem elongation
and anthesis. At grain filling, a drought was recorded. In
1997 temperatures were low during tillering and high dur-
ing stem elongation while amount of precipitation was low-
er than the long-term average and unevenly distributed
across the vegetative cycle. Favorable temperatures for
germination and higher temperatures at grain filling char-
acterized the temperature conditions in 1998. Water deficit
occurred at tillering and middle of grain filling.

RESULTS
Dry matter accumulation and mobilization

ANOVA (Table 1) shows that main differences in dry
matter accumulated until anthesis were due to year and
its interactions with N level and genotype. In 1996, 1997,
and 1998 accumulated dry matter at anthesis was posi-
tively correlated (P < 0.05) with the sum of GDD, while
there was no significant relation in 1995, when the high-

Table 1. ANOVA for two N levels, four years, and 20 barley cultivars

Anthesis Maturity
Source Df PANU DMTE NTE NHI
DM BAN VDM GY VN GN
Nitrogen (N) 1 ns ns ns ns ns ns ns * ns *
Cultivars (G) 19 * ** ns ** ns ** ns ns ns **
NxG 19 ns ns ns ns ns ns ns ns ns ns
Year (Y) 3 * % * % * % * % * % * % * % * % * % * %
NXY 3 * 3k * 3k %k %k * 3k %k %k * 3k %k %k * 3k %k %k ns
GXY 57 * 3k * 3k %k % * 3k %k %k * 3k %k %k * 3k %k %k *
NxGxY 57 * % * % * % * % * % * % * % * % * % *

DM - dry matter, BAN — amount of N accumulated till anthesis, PANU — amount of N taken up during grain filling,

VDM - vegetative dry matter at maturity, GY — grain yield, VN — amount of vegetative N at maturity, GN — amount of grain N,
DMTE - dry matter translocation efficiency, NTE — N translocation efficiency, NHI — N harvest index

* ** significant at the 0.05 and 0.01 probability levels, respectively
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est amount of dry matter accumulated (data not shown).
Cultivar differences in aboveground dry matter per hect-
are at anthesis were observed in 1998 only, although
variation due to cultivar was high (39.3%) in 1996 also
(Table 2). Aboveground dry matter at anthesis was high-
er in favorable years, when temperature and precipitation
were not limiting factors for plant development. Without
exception, all cultivars had the lowest dry matter in the
least favorable year (1996). Dry matter at anthesis was not
influenced by N level, although in 1995 dry matter was
20% higher with the high N. N level x cultivar interaction
occurred for dry matter at anthesis in all four years, with
the contribution of this component of variance ranging
from 30.9 to 84.6%.

There were no differences among the cultivars in any
year in vegetative dry matter at maturity and grain yield,
despite the numerically high values for the cultivar com-
ponent of variance (Table 3). The observed differences
for both traits were due to N level in 1995 and 1998 and
N level x cultivar interactions in all years. The main part
of the total aboveground dry matter found at maturity at
the high N level had been accumulated by anthesis, 98%
in 1995 and 69% in 1998. At the low N level, in the same
years, 58 and 53% of total aboveground dry matter at
maturity had been accumulated by anthesis. However, in
unfavorable years the N level influenced the amount of
dry matter neither at anthesis and maturity nor grain yield
(Tables 2 and 3). Across N levels, 48 and 46% of total dry

Table 2. Main effects of cultivar and N level on dry matter and N content at anthesis in vegetative parts in 20 spring barley cultivars

in four years (1995-1998)

Dry matter N content
Cultivar
leaf + culm + chaff (kg/ha)

1995 1996 1997 1998 1995 1996 1997 1998
NS.294 11 331 3 994 4 405 5 444 248 93 65 124
NS.301 6 109 2 816 5 459 4218 154 48 73 90
Vihor 8 013 2 804 5369 3 787 197 51 83 83
Pek 7 473 2913 5383 3242 161 58 83 72
Jelen 8 195 2 323 5279 4172 193 52 80 99
Lazar 8 499 2 264 6 229 5 959 221 51 82 127
Arapiles 8 970 3 087 3 825 3 805 199 67 58 83
Shcooner 9 979 2 500 3 353 4 425 222 50 44 92
Cantala 8 181 2 600 4 320 4 648 204 56 61 96
KM.184 10 932 3 720 6 584 10 211 297 78 97 231
Orbit 8 423 4 848 7 640 10 847 199 100 108 188
Triumph 9 203 3975 8 269 8 629 227 98 123 199
Gimpel 6 330 5551 5813 8 362 145 113 110 160
Amsel 6 132 3 646 5293 6 510 129 71 80 126
Aramir 8 245 5 347 7 885 5993 184 103 116 113
Kaskade 7 216 3 361 6 097 4123 155 74 99 86
Berolina 6 765 3 349 7 771 6 528 151 75 127 129
Menuet 8 120 3 067 7 014 7 923 196 56 103 173
Berenice 7 907 3 657 7 477 9 853 189 60 132 194
Hiproly 9 929 2 388 5 853 12 708 239 46 109 277
LSD s 409 5 9
Nitrogen level
Low N 7 564 3 464 5 504 6 539 175 69 77 130
High N 9 031 3 357 6 428 6 600 216 71 106 143
Significance
N level (N) ns ns ns ns * ns * ns
Cultivar (G) ns ns ns * ns * ns Ok
N x G * sk % %k * sk * %k * sk * %k %k 3k * sk
Components of variance (%)
N level (N) 11.9 0.0 8.4 0.0 17.9 0.0 28.3 0.0
Cultivar (G) 0.0 39.3 20.5 64.6 2.8 44.8 20.3 60.1
NxG 84.6 57.5 64.7 30.9 75.8 51.6 46.4 38.2
Error 3.5 3.2 6.4 4.5 3.5 3.6 5.0 1.7

* ** singificant at the 0.05 and 0.01 probability levels, respectively LSD,
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matter found at maturity in 1996 and 1997 respectively
had been accumulated by anthesis.

In favorable seasons during the vegetative period,
plants accumulated sufficient amounts of dry matter for
various biological functions, and the surplus was trans-
located to the growing kernels. Changes in vegetative dry
matter between anthesis and maturity, i.e. dry matter
translocation, were influenced by the N level (P <0.05),
year, and interactions of year with N level and cultivars
(P<0.01) (Table 1). At the high N level, dry matter trans-
location was 3032 kg/ha in 1995 and 1100 kg/ha in 1998,
i.e. the dry matter translocation efficiency was 34 and
17% in the studied years (Tables 2 and 3). Generally,
greater dry matter at anthesis resulted in greater dry mat-

ter translocation efficiency. Across the N levels, the high-
est dry matter translocation efficiency in 1995 was found
in the cultivar Schooner 58%, followed by Orbit 45%,
Arapiles 36%, KM184 34%, Berenice 32%, and Menuet
28%. Grain yields in 1995 and 1998 were lower by 32 and
30% at the high N level compared with the low one. This
could be explained by the loss of a significant amount of
dry matter for maintaining a large quantity of vegetative
mass. In growing seasons with unfavorable conditions
during the vegetative period, plants must accumulate dry
matter during the grain filling period for growth of their
vegetative parts as well as for kernel development.
Therefore, across the N levels in 1996 and 1997, 52 and
54% of total dry matter at maturity accumulated during

Table 3. Main effects of cultivar and N level on vegetative dry matter and grain yield at maturity in 20 spring barley cultivars in four

years (1995-1998)

Maturity
Cultivar
leaf + culm + chaff (kg/ha) grain (kg/ha)

1995 1996 1997 1998 1995 1996 1997 1998
NS.294 7 607 3 500 7 447 10 005 5633 5 866 3 451 5 565
NS.301 8 009 3 580 6 177 6 328 5370 6 252 3222 6 291
Vihor 8 023 3 692 6 191 4 775 4 351 6 190 2 677 4 625
Pek 7 581 3 059 6 743 5 479 4 784 6 305 2 326 5703
Jelen 7 167 3 829 4 907 6 316 4 819 5 759 3 718 4 715
Lazar 4 785 4299 6 200 7 863 4 704 3 885 4119 4017
Arapiles 5 141 3 165 5577 5761 4 475 3 441 3303 5 750
Shcooner 4 251 3 476 5098 4 098 4 206 3 721 3 799 5 049
Cantala 5310 2 845 5 675 5422 4 349 4 071 2 421 6 015
KM.184 7 157 4 473 4 696 7 657 3 921 2 802 3212 4 800
Orbit 6 482 5 063 9 506 6 050 5330 5 094 3179 8 428
Triumph 6 965 6 178 9123 6 296 4 792 4 560 3 689 6 661
Gimpel 8 785 4 300 9 506 6 571 5 186 6 315 2 918 6 937
Amsel 5 443 4 439 9 337 4 828 3 972 2 997 2 766 7 015
Aramir 9 051 3 709 8 997 6 644 5215 6 619 2 883 6 829
Kaskade 6 011 3 871 6 173 4 484 4 445 4 477 3 315 6 690
Berolina 5 425 2 977 6 382 5 883 4 336 4 159 2 288 6 037
Menuet 5267 2 950 5 492 6 098 4 044 3999 2 426 5 144
Berenice 4 861 5 158 9 841 6 421 4 641 3 002 3 373 8 085
Hiproly 12 283 4 486 9 218 8 806 3129 5282 2 767 2 386
Nitrogen level
Low N 7 562 3 967 6 890 7 079 5392 3152 5225 5 280
High N 5999 3 938 7 239 5 500 4 088 3033 6 449 4 061
Significance
N level (N) * ns ns * * ns ns *
Cultivar (G) ns ns ns ns ns ns ns ns
N X G % %k * sk * sk % %k * sk % %k * sk * %k
Components of variance (%)
N level (N) 14.9 0.0 0.0 13.2 19.7 0.0 0.1 19.8
Cultivar (G) 24.2 31.7 31.4 42.6 9.7 10.0 12.1 13.9
NxG 56.9 61.8 60.6 41.3 65.2 81.4 83.2 59.7
Error 4.0 6.4 8.0 2.9 5.4 8.6 4.6 6.6

* ** significant at the 0.05 and 0.01 probability levels, respectively
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grain filling, which represents the total grain yield and
part of vegetative dry matter. In the two unfavorable
years, only the cultivar Menuet had a positive value of
dry matter translocation. The possible contribution of
dry matter accumulated pre-anthesis to the growing ker-
nel is in proportion with dry matter translocation efficien-
cy. Cultivars did not differ in the contribution in any year,
while the N level resulted in marked differences in the
contribution in 1995 with higher contribution at the high
N level (data not shown).

The harvest index had close values in the two favor-
able years, 0.42 and 0.43 for low and 0.41 and 0.42 for high
N level in 1995 and 1998, respectively. The harvest index
in 1996 was 0.44 for both N levels and in 1997 0.43 for
high and 0.47 for low N level.

Nitrogen accumulation and translocation

ANOVA (Table 1) showed non-significant effects of
applied N but significant effects of cultivar and year
(P <0.01) on N accumulation until anthesis. Effect of N
was more prominent through its interactions with culti-
var and year. N accumulated during the pre-anthesis
period represented 92, 69, 57 and 76% of the total N at
maturity under low N level and 129, 68, 54 and 104% of
the total N at maturity under high N level in 1995, 1996,
1997 and 1998, respectively. The N amount at anthesis
was strongly correlated with accumulated dry matter,
the highest N content was in 1995 and the lowest in
1996. Cultivars differed in total N at anthesis in vegeta-
tive parts in 1996 and 1998, with high values of the cul-
tivar components of variance. In 1995 and 1997,
N accumulation at anthesis was 23 and 38% higher with
high than with low N level (Table 2).

With the low N level, plant N concentration at anthesis
was lower in relation to high N level in all years (Table 4).
The effect of N level on the concentration of N at anthe-
sis was significant in unfavorable 1996 and 1997, with 7%
(P<0.05)and 20% (P <0.01) higher N concentration at
high than at low N level. Cultivar differences (P <0.05) in
N concentration at anthesis were also observed in these
two years. Thus, cultivar differences were more promi-
nent in unfavorable than in favorable growing condi-
tions. Components of variance due to N x G interaction
in 1995 and 1998, cultivar and N x G in 1996, and N level
in 1997 had the highest proportion of the total variation.
Chaff N concentration at anthesis was 16.4, 17.0, 14.3
and 17.8 g/kg for the low N level and 18.3,17.8, 15.5 and
18.8 g/kg for the high N level in 1995, 1996, 1997 and
1998, respectively (data not shown). No one cultivar
across the years and no year across the cultivars had
higher chaff than leaf + culm N concentration at anthe-
sis. Grain N concentration depended on N levels in the
three growing seasons, with higher concentration at the
high N level. The highest N concentration across the
cultivars was found in the unfavorable year 1996. Values
of variance components for grain N concentration de-
pended on the year (Table 4).
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The ratio of N content at anthesis to grain N at maturi-
ty was 1.61, 0.97, 0.77 and 1.20 for the low N level and
2.27,0.96,0.75 and 1.68 for the high N level in 1995, 1996,
1997 and 1998, respectively (Tables 2 and 5). The ratio
was larger at high than at low N level in favorable years,
while in unfavorable years it was not dependent on the
N level. The higher ratio observed at the high N level was
due to increased N content at this level at anthesis and
similar grain yields at both N levels (Table 3).

N content at anthesis and GDD had a similar relationship
to dry matter and GDD, non-significant in 1995 and signif-
icant in the other three years. In all four years, cultivar dif-
ferences in N accumulation at anthesis were related to dry
matter accumulation rather than to plant N concentration
(data not shown). Coefficients of correlation between
N and dry matter at anthesis were over 0.87 (P <0.01) for
the high N level and over 0.94 for the low one (data not
shown). Correlation between N content at anthesis and
plant N concentration were inconsistent, in 1995 at the
low N level they were non-significant and in 1998 at the
low N level significant and negative, while in the other
years they were positive and significant (P <0.05). Coef-
ficients of determination (R?) between N and dry matter
at anthesis were over 0.76, while those between N accu-
mulation and plant N concentration were lower than 0.34.

By maturity, the N amount in leaf + culm + chaff de-
clined considerably more than dry matter. At the low N
level 33,42, 52 and 36% and at the high N level 49, 42, 45
and 49% of anthesis N were found in vegetative plant
parts at maturity in 1995, 1996, 1997 and 1998, respective-
ly. Differences in vegetative N per plant at maturity were
recorded among cultivars in three years 1995, 1996 and
1997 (Table 5). In the favorable years, more N was retained
in the vegetative plant parts at maturity at the low N level,
although the differences were not significant. In the years
which were adverse for barley growing the amount of re-
tained N was not consistent with respect to N level, in 1996
the same proportion of N was retained at both N levels,
while in 1997 more N was retained at the high N level.
N level x cultivar interactions occurred in all four growing
seasons. The highest variation was due to the N level X
cultivar interaction in 1995 and 1998 and to the interac-
tion and cultivars in the other two years. In addition to
cultivar significance, ANOVA showed a significant influ-
ence of year and its interaction with N level and year on
vegetative N at maturity (Table 1).

Although the differences for grain N content among the
cultivars were large, they were not significant in any of the
growing seasons (Table 5). Differences due to N level were
recorded in 1997 and 1998, when grain N was 41% higher
at the high N level in 1997 and 27% higher at the low
N level in 1998. At the low N level in unfavorable years
the cultivars accumulated more N than at the high N lev-
el, although the differences were not significant. This sit-
uation was probably due to insufficient differences in
available soil N under these growing conditions. Signif-
icant N level x cultivar interactions and the highest val-
ues of this variance component were observed in all
growing seasons. ANOVA showed that only year and its
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Table 4. Main effects of cultivar and N level on N concentration at anthesis and maturity in vegetative parts and grain in 20 spring

barley cultivars in four years (1995-1998)

Anthesis Maturity

Cultivar leaf + culm (g/kg) leaf + culm (g/kg) grain (g/kg)

1995 1996 1997 1998 1995 1996 1997 1998 1995 1996 1997 1998
NS.294 22.5 24.9 14.9 23.7 9.9 8.5 6.9 9.7 21.1 22.4 19.7 20.6
NS.301 26.3 17.3 12.9 21.9 11.8 6.1 5.3 9.1 20.6 23.1 20.4 20.5
Vihor 25.9 17.7 15.4 22.7 12.4 8.5 5.3 10.4 19.2 25.3 21.3 21.8
Pek 22.1 20.8 15.3 23.4 10.0 7.3 7.0 8.8 21.7 24.9 20.0 20.5
Jelen 24.0 23.4 15.5 24.9 10.5 9.0 6.5 9.7 20.2 20.8 18.9 20.4
Lazar 26.7 23.6 12.6 21.8 12.5 6.5 6.9 8.9 23.1 23.2 20.8 19.8
Arapiles 23.5 22.9 15.4 23.1 9.4 7.0 5.3 9.6 22.6 21.3 18.5 18.0
Shcooner 23.2 20.9 13.0 21.6 13.2 6.3 6.2 8.2 26.1 22.1 19.5 18.4
Cantala 25.8 22.2 14.4 21.0 12.8 5.5 5.8 8.8 21.4 23.2 20.0 20.2
KM.184 27.7 21.5 14.7 23.2 14.7 8.9 6.1 8.4 22.6 25.4 19.1 20.2
Orbit 24.8 21.2 13.7 17.3 11.2 8.1 5.4 8.9 22.2 24.6 21.4 21.5
Triumph 25.8 25.8 14.3 23.2 12.4 8.5 7.3 8.4 22.0 24.0 21.2 21.7
Gimpel 24.3 20.7 18.5 19.8 11.1 8.1 6.8 9.9 22.6 24.2 20.5 20.4
Amsel 23.0 19.9 14.7 19.6 12.2 8.9 7.8 9.3 23.8 24.0 20.3 22.6
Aramir 23.7 19.6 14.6 18.7 10.5 8.4 5.2 9.5 21.6 25.8 22.5 22.6
Kaskade 22.6 22.9 16.2 21.7 9.2 6.7 5.4 8.1 21.5 22.0 20.2 19.3
Berolina 23.3 23.3 16.9 19.6 11.1 7.4 6.1 8.5 22.0 24.5 20.3 18.0
Menuet 25.8 19.5 14.7 21.5 11.7 7.4 6.0 8.8 25.1 24.3 19.7 22.8
Berenice 24.6 16.6 18.0 19.7 11.9 7.1 6.7 10.4 22.2 26.4 21.6 22.0
Hiproly 25.0 19.4 18.5 22.5 12.5 6.9 9.4 12.6 22.1 21.2 29.5 26.6
LSD, s 0.97 0.56 0.54 0.60 0.75 0.41
Nitrogen level
Low N 24.5 20.5 13.8 22.0 10.9 7.3 5.1 9.0 20.4 22.6 19.3 20.7
High N 24.6 21.9 16.6 22.1 12.1 7.8 7.6 9.6 23.9 24.7 22.2 21.1
Significance
N level (N) ns * ** ns * ns ** ns ** ** ** ns
Cultivar (G) ns * * ns ns * * ns ns ns ** *
N x G * % * % * % * % * % * % * % * % * % * % * % * %
Components of variance (%)
N level (N) 0.0 9.3 46.8 7.1 14.0 6.0 65.8 7.9 55.4 28.7 40.9 0.2
Cultivar (G) 5.3 41.2 23.4 20.8 8.3 42.1 13.4 28.7 3.7 9.2 45.7 63.6
NxG 88.1 42.1 26.8 70.0 74.2 38.7 15.4 60.7 38.3 56.0 9.2 33.6
Error 6.6 7.4 3.0 2.1 3.5 13.2 5.4 2.7 2.6 6.1 4.2 2.6

*, ** significant at the 0.05 and 0.01 probability levels, respectively LSD

interaction with N level and cultivars had a significant
effect on grain N yield (Table 1).

In favorable years, post-anthesis N uptake (PANU) de-
pended on the N level, while in unfavorable years no dif-
ference was found. Across the cultivars, the amount of N
accumulated after anthesis contributed from 8 to 43% and
32 t0 46% to total N at maturity at the low and high N level,
respectively. In favorable years, at the low N level, PANU
represented 8 and 27% of total N at maturity, while at the
high N level the total N amount was accumulated during
the pre-anthesis period. At the high N level, 23 and 5% of
pre-anthesis accumulated N was lost during grain filling.
Inunfavorable years for barley development, there was no
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difference between post-anthesis N uptake at the low and
high N level. PANU contributed 31 and 43% at the low and
32 and 46% at the high N level at maturity in 1996 and 1997,
respectively. Cultivar differences in PANU were found
only in 1998, although a large range for this was observed
among the cultivars in the other years. In 1998, the cultivar
NS.294 accumulated 131 kg/ha during grain filling, while
the cultivar Hiproly lost 111 kg/ha at the same stage.
N level x cultivar interactions for PANU were significant
in all the years, and the corresponding component of vari-
ation was the highest.

The ratio of N accumulated pre-anthesis to grain N de-
pended on N level and cultivars only in 1998, while N lev-
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Table 5. Main effects of cultivar and N level on N content at maturity in vegetative parts and grain in 20 spring barley cultivars in four

years (1995-1998)

Cultivar Leaf + culm + chaff (kg/ha) Grain (kg/ha)

1995 1996 1997 1998 1995 1996 1997 1998
NS.294 78 29 49 93 124 79 111 162
NS.301 93 21 34 56 129 74 132 119
Vihor 100 31 32 50 118 68 98 84
Pek 76 22 45 46 137 57 114 98
Jelen 76 32 33 58 116 77 89 104
Lazar 60 28 41 67 87 96 84 133
Arapiles 46 21 30 52 77 71 108 97
Shcooner 54 21 29 32 92 84 99 78
Cantala 64 16 33 46 85 56 124 98
KM.184 102 39 26 63 57 82 92 98
Orbit 72 41 51 52 107 76 182 100
Triumph 85 52 64 57 98 87 135 91
Gimpel 98 33 67 63 138 70 144 94
Amsel 58 38 63 45 70 67 142 70
Aramir 93 29 45 63 145 74 148 102
Kaskade 55 25 33 37 94 73 136 63
Berolina 58 23 38 53 91 56 123 87
Menuet 61 23 33 58 99 58 102 105
Berenice 53 37 71 66 65 87 179 90
Hiproly 150 30 81 110 114 58 71 56
LSD,, s 8 4 6
Nitrogen level
Low N 82 29 35 64 109 71 100 108
High N 72 30 55 52 95 74 141 85
Significance
N level (N) ns ns * ok ns ns ns * *
Cultivar (G) * * * ns ns ns ns ns
N x G * sk % %k * sk * %k * sk * %k %k 3k * 3k
Components of variance (%)
N level (N) 3.1 0.0 32.0 10.8 3.5 0.0 30.6 16.5
Cultivar (G) 39.2 43.0 28.4 21.6 11.9 4.3 3.1 4.4
NxG 52.3 46.8 34.9 63.5 77.0 85.6 62.5 71.5
Error 5.0 10.2 4.7 4.1 7.6 10.1 3.8 7.6

* ** significant at the 0.05 and 0.01 probability levels, respectively LSD,

el x cultivar interactions occurred in all years. In unfavor-
able years, the ratio was similar at both N levels. In gen-
eral, in 1996 all grain N had been accumulated by
anthesis. That year, those cultivars that we considered
better adapted continued N accumulation after anthesis,
while the cultivars that were supposed to have poorer
adaptation to these growing conditions accumulated
gross N during the vegetative phase. The Australian
cultivars were also able to continue N accumulation dur-
ing grain filling. In favorable 1995, N level did not influ-
ence the ratio of pre-anthesis and grain N, although at
the high N level this ratio was much higher than at the
low N level. That year, the cultivar KM.184 accumulated
10 times more N at pre-anthesis than was found in the
grain at harvesting. In 1995, the Yugoslav cultivars accu-
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mulated between 1 and 2 and the other cultivars between
2 and 3 times the amount of N found in the grain.

N accumulation during grain filling responded nega-
tively to dry matter and N accumulation before anthesis,
while the relation with N concentration in leaf + culm and
flowed spike was not significant. dry matter accumulat-
ed during grain filling is a fairly accurate indicator of
PANU, the coefficient of determination was higher than
0.80. In general, the amount of N accumulated after an-
thesis was in positive correlation with all the characters
that represent dry matter and N accumulation during
grain filling, i.e. vegetative dry matter and grain yield at
maturity, total N at maturity and grain protein yield and
kernel number per plant. PANU was negatively correlat-
ed with N and dry matter translocation characters.
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Table 6. Main effects of cultivar and N level on N translocation (NT), N translocation efficiency (NTE), and N harvest index (NHI)
in 20 spring barley cultivars in four years (1995-1998)

Cultivar NT (kg/ha) NTE (kg/ha) NHI (kg/ha)

1995 1996 1997 1998 1995 1996 1997 1998 1995 1996 1997 1998
NS.294 171 64 16 31 0.67 0.68 0.24 0.25 0.62 0.74 0.67 0.62
NS.301 61 26 39 34 0.28 0.54 0.55 0.38 0.59 0.78 0.79 0.68
Vihor 97 20 51 33 0.47 0.36 0.62 0.39 0.55 0.69 0.76 0.64
Pek 85 36 38 27 0.45 0.61 0.43 0.35 0.64 0.72 0.72 0.69
Jelen 117 19 47 41 0.54 0.33 0.59 0.39 0.60 0.70 0.72 0.64
Lazar 161 23 41 60 0.73 0.46 0.49 0.46 0.60 0.78 0.67 0.67
Arapiles 152 46 27 31 0.74 0.67 0.50 0.35 0.62 0.77 0.79 0.64
Shcooner 168 28 15 60 0.75 0.48 0.32 0.63 0.63 0.80 0.77 0.71
Cantala 140 40 28 50 0.64 0.72 0.43 0.47 0.57 0.78 0.78 0.68
KM.184 195 38 70 167 0.66 0.50 0.72 0.70 0.33 0.68 0.78 0.61
Orbit 128 60 57 136 0.64 0.59 0.48 0.72 0.60 0.65 0.78 0.66
Triumph 142 47 59 142 0.62 0.44 0.46 0.72 0.53 0.63 0.65 0.62
Gimpel 46 79 43 97 0.30 0.67 0.39 0.59 0.59 0.68 0.69 0.59
Amsel 71 33 18 81 0.55 0.46 0.08 0.64 0.53 0.63 0.70 0.61
Aramir 91 74 71 50 0.50 0.72 0.61 0.42 0.61 0.72 0.76 0.62
Kaskade 100 50 66 49 0.60 0.67 0.66 0.57 0.62 0.75 0.81 0.63
Berolina 93 53 89 76 0.61 0.70 0.70 0.59 0.61 0.71 0.76 0.63
Menuet 134 34 71 115 0.66 0.59 0.68 0.62 0.62 0.72 0.75 0.64
Berenice 136 23 61 129 0.69 0.39 0.39 0.66 0.55 0.71 0.74 0.58
Hiproly 89 16 29 167 0.36 0.31 0.23 0.60 0.43 0.66 0.47 0.34
LSD, os 11 0.03 0.04 0.04
Nitrogen level
Low N 93 40 42 66 0.50 0.52 0.49 0.47 0.57 0.72 0.74 0.63
High N 145 41 52 92 0.65 0.57 0.47 0.58 0.57 0.71 0.72 0.62
Significance
N level (N) * ns ns * * ns ns ns ns ns ns ns
Cultivar (G) ns ns ns * ns ns ns ns ns * ** *
NXG * sk kK % %k % %k * sk % %k * sk 3k %k * %k * sk % %k *
Components of variance (%)
N level (N) 25.9 0.0 0.0 7.6 20.9 0.0 0.0 10.9 0.0 0.0 0.0 0.0
Cultivar (G) 0.0 25.8 0.0 45.1 4.5 17.6 9.3 8.6 31.8 33.3 63.3 75.0
NxG 70.8 68.5 92.1 44 .4 70.4 70.6 81.9 73.6 56.8 65.0 22.9 10.0
Error 3.3 5.7 7.9 2.9 4.2 11.8 8.8 6.9 11.4 1.7 13.8 15.0

* ** significant at the 0.05 and 0.01 probability levels, respectively LSD

0.05°

least significant difference at the 0.05 level of significance

Higher amounts of plant N were recorded at the high
N level at anthesis (Table 2). This means that at the high
N level the cultivars had a greater potential for nitrogen
translocation (NT) to the kernel. Compared with the low
Nlevel, NT at the high N level was higher by 56% in 1995
and 39% in 1998. Cultivar differences in NT were signif-
icant only in 1998 (Table 6). If it is assumed that all trans-
located N was used for kernel development, then the
translocated N represented 85, 56,41 and 61% of grain N
at the low N level and 153, 55, 37 and 108% of grain N at
the high N level in 1995, 1996, 1997 and 1998, respective-
ly. In favorable years at high N level, the amount of trans-
located N was 53 and 8% higher than the amount of N
found in the grain at harvesting (Tables 5 and 6), which
indicates N losses during the grain filling stage.
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Nitrogen translocation efficiency (NTE) represents the
proportion of N at anthesis that was lost from the vege-
tative plant parts during grain filling. ANOVA revealed
a significant effect of year and its interactions with nitro-
gen levels and cultivars on NTE (Table 1). The high N lev-
el increased NTE in 1995 and 1998, although the
differences between N levels in 1998 were not statistical-
ly significant (Table 6). Cultivar differences in NTE were
not recorded in any of the growing seasons, while sig-
nificant N level x cultivar interactions were observed in
all the years. The highest NTE was recorded for the Aus-
tralian cultivars and the lowest for the Yugoslav ones as
well as Gimpel and Hiproly. Variation in NT and NTE was
mainly caused by N level x cultivar interactions, with the
partition of this variance component of over 70%.



Translocated N from the vegetative plant parts to the
kernel was in positive correlation with dry matter and N
at anthesis (data not shown). Relation to plant N concen-
tration was not consistent, it was positive and significant
in unfavorable and nonexistent in favorable years. Logi-
cally, the amount of translocated N from the vegetative
plant parts was related to dry matter translocation effi-
ciency and contribution of pre-anthesis dry matter to
kernel weight. Post-anthesis dry matter and N accumula-
tion decreased translocation of N accumulated by anthe-
sis. NT is a good indicator of NTE, the coefficients of
determination were over 0.50. There was no relation be-
tween NT and NHI. In general, higher dry matter at matu-
rity, grain yield, total amount of N at maturity, grain
protein yield and kernel number per plant decreased NT.
Vegetative and grain N concentration did not influence
NT to the kernel.

The cultivars differed significantly in nitrogen harvest
index (NHI) in three years, while N level x cultivar inter-
actions occurred in all four years (Table 6). Despite the
increased N content at anthesis resulting from the appli-
cation of N fertilizer (Table 2), NHI was not significantly
affected by N level. The most important component of
variance was the cultivar in 1997 and 1998 and N level x
cultivar interaction in 1995 and 1996. The highest propor-
tion of aboveground N was retained in straw in favorable
1995, when only 57% of N was translocated into kernel.
In unfavorable growing seasons close to three quarters
of aboveground N were translocated into kernel, and NHI
was 0.72 and 0.74 for the low and 0.71 and 0.72 for the
high N level, respectively. Across the years, the lowest
NHI (0.47) was found in the cultivar Hiproly and the high-
est (over 0.70) in the Yugoslav cultivar NS.301, all the
Australian cultivars (Arapiles, Schooner and Cantala),
and the German cultivar Kaskade. In principle, higher
amounts of dry matter and N at anthesis resulted in low-
er NHI. At maturity, none of the listed traits except N con-
centration in the vegetative plant parts was in consistent
relationship with NHI. Lower N concentration in leaf, culm
and chaff at maturity was in a positive (P < 0.01) correla-
tion with higher partition of aboveground N in the grain
at maturity (data not shown).

DISCUSSION

Dry matter accumulation until anthesis in conditions
with available water and moderate temperature represent-
ed 90% at high and 58% at low N level of total dry matter
at maturity, respectively. It is obvious that N level in con-
ditions with available water is the important factor influ-
encing dry matter accumulation. However, the grain yield
was 32% higher at the low than at the high N level. This
situation can be explained by a state of disharmony be-
tween plant growth in the vegetative phase and plant
growth and kernel development during grain filling. When
environmental factors (available water, abundant N, less
sunshine, etc.) favor the growth of calm and leaves,
huge vegetative mass will develop. If during fertiliza-
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tion and grain filling environmental conditions become
unfavorable, much of photoasimilate may be used for the
maintenance of green parts instead of being translocat-
ed into the kernel. In adverse growing circumstances
during vegetative phase, regardless of the N level, less
than 50% of total dry matter at maturity had been accu-
mulated by anthesis.

Ifit is assumed that all losses from anthesis to maturity
were used for kernel development, then the contribution
of pre-anthesis dry matter to kernel weight was 74 and
27% at the high N level in two favorable years, respec-
tively. Some cultivars in favorable conditions lost much
more dry matter from anthesis to maturity than was their
grain yield, i. e. a major quantity of pre-anthesis dry mat-
ter was used for sinks other than kernel. Austin et al.
(1977) found that only 73% of the losses of vegetative
weight were used for kernel growth. Respiratory losses
(Rawson and Evans 1971) and the losses of dead leaves
(Bidinger at al. 1977) can account for the rest of the loss-
es. The mobilization of dry matter stored pre-anthesis in
the vegetative parts starts during the period of the max-
imum rate of grain filling (Kiichbauch and Thome 1989,
Bell and Incoll 1990). However, earlier dry matter mobili-
zation, i.e. that taking place at anthesis, can occur as
a result of decreased photosynthesis (Kiichbauch and
Thome 1989) or in response to water stress. Cultivars
with larger contribution of pre-anthesis dry matter to
grain yield tended to have lower yields although the co-
efficient of correlation between translocated pre-anthe-
sis dry matter and grain yield was significant (P <0.01).
However, the coefficient of determination (R*) was only
0.21, which means that the measurement of dry matter
translocation was not useful for grain yield prediction.

Contribution of stem reserves may be greater under
conditions of severe stress during grain development
and in cultivars adapted to short growing seasons if
plant had developed large vegetative mass during the
pre-anthesis period. However, if growing conditions are
adverse during the pre-anthesis stage and plants are not
able to accumulate enough dry matter, as was the case in
1996 and 1997, dry matter accumulation during grain fill-
ing becomes more important. The pre-anthesis reserves
can be used for grain filling without the alteration of
weight of vegetative plant parts. Thus, in cultivars that
have an increase of weight of vegetative plant parts from
anthesis to maturity there is also a possibility of pre-an-
thesis dry matter contribution to grain yield. In a study
where pulse-labelling and growth analysis were com-
bined, Bidinger et al. (1977) found contributions of pre-
anthesis photosynthate that ranged between 12 and 27%
of grain yield, although there was no decrease in the
weight of the vegetative parts after anthesis. In most
barley-growing regions, grain filling occurs under biotic
and abiotic stresses, increased temperature, water defi-
cit, and severe foliar diseases. All these factors, together
with natural senescence, cause a decrease of assimila-
tion, although growing kernels as well as plant respira-
tion and maintenance demands are increased. Genotypes
that are developed and adapted for particular growing
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conditions satisfy these demands by current photosyn-
thesis efficiently, while those that are less adapted make
larger use of their vegetative reserves. Wardlaw and Por-
ter (1967) and Schnyder (1993) found that in the absence
of stress effects on crop photosynthesis, most of the
WSC reserves accumulate during the first part of the
grain filling period.

Since there is a positive relationship between dry mat-
ter and N accumulation until anthesis, the highest N ac-
cumulation was found in the seasons favorable for high
vegetative mass formation. Although some quantity of N
could be accumulated after anthesis, it is assumed that
all N had been accumulated by anthesis at the high N level
and 92 and 73% at the low N level in 1995 and 1998, respec-
tively. In adverse seasons, N level did not influence N ac-
cumulation until anthesis and 54 to 69% of total N had been
accumulated by anthesis. Halloran (1981) and Heitholt et
al. (1990) found higher vegetative N exploration for grain
filling in poor N supply. Contrary to the state, in our study
the lowest NT and the lowest grain and biological yields
were recorded in 1996, which was the most unfavorable
year for spring barley production. In extremely poor
growing conditions with low N accumulation until anthe-
sis, NT is lower than in better conditions because of the
necessity of retaining some N quantity in the vegetative
plant parts after anthesis. Poor N nutrition does not al-
ways result in a low level of N in the soil. Unfavorable
weather conditions, e.g. low temperature and water defi-
cit, lead to the inhibition of N absorption even if N is
present in the soil.

The amount of pre-anthesis N utilized in the kernel is
considerably higher when nutrition is rich, because of the
higher N content and larger mass of vegetative organs.
The amount of translocated N was the highest in 1995
and 1998, i.e. in years with the highest grain and biolog-
ical yields. High amount of the utilization usually results
in low protein concentration in the grain, where the high-
er efficiency of N utilization is used for the increase in
the grain yield. Regardless of the growing conditions,
significant positive correlation was established between
NT and NTE. Cox et al. (1986) obtained different results,
the participation of translocated vegetative N in total
amount of grain N was high, but there was no significant
correlation between grain protein, the amount of translo-
cated N and NTE.

The ratio of translocated N to grain N was 0.85, 0.56,
0.42 and 0.61 at the low and 1.53, 0.55, 0.37 and 1.08 at the
high N level in 1995, 1996, 1997 and 1998, respectively.
Thus, in favorable growing conditions the highest grain
N amount came from pre-anthesis, while in the less fa-
vorable ones half or more of the grain N was accumulat-
ed during grain filling. These data were not unexpected,
since the climatic conditions in 1996 and 1997 were unfa-
vorable at pre-anthesis and dry matter and N accumula-
tion was extremely low. Because the soil was provided
with N reserves, a significant portion of grain N in 1996
and 1997 was taken up during grain filling.

Wetselaar and Farquhar (1980) and Papakosta and Ga-
gianas (1991) reported N losses from anthesis to maturity
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under field conditions. In our study, most of the cultivars
had a negative N balance at the high N level in 1995 and
1998, across cultivars 53 and 8% NT was higher in relation
to kernel sink capacity. Papakosta and Gagianas (1991)
stated that N losses depend primarily on N content at an-
thesis, i.e. when N content in wheat at anthesis exceeds
200 kg/ha, N losses are inevitable regardless of yield. In
barley, similar to wheat, it can be assumed that N content
at anthesis of over 150kg/ha causes N losses (Przulj and
Momc¢ilovi¢ 2001b). Volatilization of N and leaching of
mobile N compounds from the surface of plants (Haper et
al. 1987), environmental factors (high temperature and low
air humidity during grain filling) (Denmead et al. 1976,
Spiertz 1977), and inadequate usage of nitrogen fertilizer
(Papakosta and Gagianas 1991) are the main causes of
N losses. N losses from anthesis to maturity in the above-
ground plant parts could also be due to loss of some plant
parts during the post-anthesis period, e.g., old leaves, or
due to translocation of a part of N to other sinks. Some
results are erroneous due to analytical errors, non-repre-
sentative sample size of very variable plant replicates, etc.

CONCLUSION

Cultivar, year, and their interaction influenced pre-an-
thesis dry matter and nitrogen accumulation and trans-
location. In the years with favorable growing conditions
during vegetative growth the main portion of dry matter
was stored before anthesis, while in the years with unfa-
vorable conditions during that period significant
amounts of dry matter were accumulated during grain fill-
ing as well. The more adapted cultivars continued the
accumulation of dry matter and nitrogen during the grain
filling period, while in the less adapted ones the main
portion accumulated before anthesis. Poor growing con-
ditions during pre-anthesis inhibited N accumulation,
decreased the amount of translocated N, and increased
post-anthesis N uptake. Plant N content over 150 kg/ha
at anthesis caused N losses. The cultivars with a high
capacity for N accumulation at pre-anthesis, high translo-
cation efficiency and high NHI could be used in the devel-
opment of cultivars with the desired N balance. Straw
N concentration could be a useful and cheaper indicator
in the selection of genotypes with efficient N utilization.

REFERENCES

Austin R.B., Edrich J.A., Ford M.A., Blackwell R.D. (1977):
The fate of the dry matter, carbohydrates and '“C lost from
the leaves and stems of wheat during grain filling. Ann.
Bot., 41: 1309-1321.

Austin R.B., Morgan C.L., Ford M.A., Blackwel R.D.
(1980): Contributions to grain yield from pre-anthesis as-
similation in tall and dwarf barley phenotypes in two con-
trasting seasons. Ann. Bot., 45: 309-319.

Bell C.J., Incoll L.D. (1990): The redistribution of assimilate
in field grown winter wheat. J. Exp. Bot., 41: 949-960.

45



Bidinger F., Musgrave R.B., Fischer R.A. (1977): Contribu-
tion of stored preanthesis assimilate to grain yield in wheat
and barley. Nature, 270: 731-433.

Brandle J.E., McVetty P.B.E. (1988): Genotype X environ-
ment interaction and stability analysis of seed yield of oil-
seed rape grown in Mnitoba. Can. J. Plant Sci., 68:
381-388.

Bulman P., Smith D.L. (1994): Post-heading uptake, retrans-
location, and partitioning in spring barley. Crop Sci., 34:
977-984.

Carreck N.L., Christian D.G. (1991): Studies on the patterns
of nitrogen uptake and translocation to grain of winter bar-
ley intended for malting. Ann. Appl. Biol., /79: 549-559.

Clarke J.M., Campbell C.A., Cutforth H.W., De Pauw R.M.,
Winkleman G.E. (1990): Nitrogen and phosphorus uptake,
translocation, and utilization efficiency of wheat in relation
to environmental and cultivar yield and protein levels. Can.
J. Plant. Sci., 70: 965-977.

Comstock R.E., Moll R.H. (1963): Genotype-environmental
interactions. In: Hanson W.D., Robinson H.F. (eds.): Sta-
tistical genetics and plant breeding. Nat. Acad. Sci. Nat.
Res. Coun., Washington, DC: 164-196.

Cox M.C., Qualset C.Q., Rains D.W. (1985): Genetic varia-
tion for nitrogen assimilation and translocation in wheat.
II. Nitrogen assimilation in relation to grain yield and pro-
tein. Crop Sci., 25: 435-440.

Cox M.C., Qualset C.Q., Rains D.W. (1986): Genetic varia-
tion for nitrogen assimilation and translocation in wheat.
III. Nitrogen translocation in relation to grain yield and
protein. Crop Sci., 26: 737-740.

Denmead O.T., Freney J.R., Simpson J.R. (1976): A closed
ammonia cycle within a plant canopy. Soil Biol. Biochem.,
8: 161-164.

Gallagher J.N., Biscoe P.V., Hunter B. (1976): Effects of
drought on grain growth. Nature, 264: 541-542.

Gallagher J.N., Biscoe P.V., Scott R.K. (1975): Barley and its
environment. V. Stability of grain weight. J. Appl. Ecol.,
12:319-336.

Gebbing T., Schnyder H., Kithbauch W. (1999): The utiliza-
tion of pre-anthesis reserves in grain filling in wheat. As-
sessment by steady-state *C/"?C, labelling. Plant Cell
Environ., 22: 851-858.

ABSTRAKT

Halloran G.M. (1981): Cultivar differences in nitrogen trans-
location in wheat. Austral. J. Agric. Res., 32: 535-544.

Harper L.A., Sharpe R.R., Langdale G.W., Giddens J.E.
(1987): Nitrogen cycling in a wheat crop: soil, plant and
aerial nitrogen transport. Agron. J., 79: 965-973.

Heitholt J.J., Croy L.I., Maness N.O., Nguyen H.T. (1990):
Nitrogen partitioning in genotypes of winter wheat differ-
ing in grain N concentration. Field Crops Res., 23: 13-144.

Kiichbauch W., Thome U. (1989): Nonstructural carbohy-
drates of wheat stems as influenced by sink-source manip-
ulations. J. Plant Physiol., 134: 243-250.

Papakosta D.K., Gagianas A.A. (1991): Nitrogen and dry
matter accumulation, remobilization, and losses for Medi-
terranean wheat during grain filling. Agron. J., 8§3: 864-870.

Przulj N., Mom¢ilovi¢ V. (2001a): Genetic variation for dry
matter and nitrogen accumulation and translocation in two-
rowed spring barley. 1. Dry matter translocation. Eur. J.
Agron., 15: 241-254.

Przulj N., Mom¢ilovi¢ V. (2001b): Genetic variation for dry
matter and nitrogen accumulation and translocation in two-
rowed spring barley. II. Nitrogen translocation. Eur. J.
Agron., 15: 255-265.

Rawson H.M., Evans L.T. (1971): The contribution of stem
reserves to grain development in a range of wheat cultivars
of different height. Austral. J. Agric. Res., 22: 851-863.

Sanford D.A. van, MacKown C.T. (1987): Cultivar differenc-
es in nitrogen remobilization during grain fill in soft red
winter wheat. Crop Sci., 27: 295-300.

Schnyder H. (1993): The role of carbohydrate storage and re-
distribution in the source-sink relations of wheat and barley
during grain filling-a review. New Phytol., /23: 233-245.

Spiertz J.H.J. (1977): The influence of temperature and light
intensity on grain growth in relation to the carbohydrate
and nitrogen economy of the wheat plant. Netherl. J. Agric.
Sci., 25: 182-197.

Wardlaw L.F., Porter H.K. (1967): The redistribution of stem
sugars in wheat during grain development. Austral. J. Biol.
Sci., 20: 309-318.

Wetselaar R., Farquhar G.D. (1980): Nitrogen losses from
tops of plants. Adv. Agron., 33: 263-302.

Zar J.H. (1996): Biostatistical analysis. 3 ed. Prentice-Hall:
285-305.

Received on May 13, 2002

Akumulace a vyuZiti suSiny a dusiku u jarniho je¢mene

Obilky obilnin mohou béhem ristu ziskavat sacharidy a dusik (N) bud’ z translokace zdsob akumulovanych pted obdobim
kveteni ve vegetativnich ¢astech rostlin, nebo z bézné asimilace béhem vyvoje obilky. Tuto studii jsme zamétili na vyhod-
noceni vlivii irovné dusiku a odriid na akumulaci a mobilizaci susiny a N pied obdobim kveteni a po ném. Dvacet odrud
dvoutadého jarniho je¢mene (Hordeum vulgare L.) jsme péstovali na nevapnité ¢ernozemni pid¢ pti dvou davkach dusiku
ve Ctyfech vegetacnich obdobich (1995-1998) v lokalité Novi Sad (45° 20’ severni zemé&pisné $itky, 15° 51° vychodni ze-
mépisné délky, 86 m nad mofem). Akumulace suSiny pfed obdobim kveteni se pohybovala od méné nez 50 % v neptizni-
vych péstebnich podminkach do 90 % v pfiznivych podminkach. K translokaci suSiny dochazelo pouze v ptiznivych
péstebnich podminkach. Dusik akumulovany pfed obdobim kveteni dosahoval ve zralosti 57-92 % z celkového N pfi nizké
a 54-129 % pfi vysoké hladiné¢ N. Hodnoty translokovaného dusiku €inily 41-85 % N v obilkach pfi nizké a 37-153 % N pii
vysoké hladiné N. Ke ztratam dusiku dochézelo za pifiznivych péstebnich podminek tehdy, kdyz dusik v obdobi kveteni
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presahl 150 kg/ha. Akumulace dusiku béhem nalévani zrna vykazovala zapornou korelaci s akumulaci susiny a N pted ob-
dobim kveteni. Sklizovy index N ¢inil 0,57-0,63 v ptiznivych a 0,71-0,74 v nepfiznivych péstebnich podminkach. Dvé
mozna feseni ve Slechténi jarniho je¢mene pro stfedomotské péstebni podminky mtze piedstavovat selekce genotypt s vyssi
schopnosti vyuzivat zdsoby vytvofené pied obdobim kveteni nebo genotypt s delsi listovou pokryvnosti po skonéeni
obdobi kveteni.

Kli¢ova slova: jarni jeémen (Hordeum vulgare ssp. distichum L.); suSina; dusik; akumulace; translokace; koncentrace dusiku;
skliznovy index dusiku; korelace
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