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ABSTRACT- To assess mtrogen movemcnt from the soil into the plant a.nd within the plant, studies of
dry matter and N accumulation are necessary. The objective of this experiment was to study the effect
of 30, 60, 90 and 120 kg of N/ha on dry matter and N accumulation by four standard height-semi-
-dwarf normal mutant malting barley isotype pairs (Morex, Hazen, Norbert, Andre) and two check
cultivars: Steptoe and Klages. Considerable differences among genotypes on dry matter accumulation
until anthesis and dry matter lost during grain filling period were observed. Genotypic differences for
pre-anthesis (range: 36.6 to 52.9 mg N/plant) and post-anthesis (range: -2.3 to 10.8 mg N/plant) N
accumulation and in total N accumulation (range: 69 to 149.2 mg N/plant in 1987 and 41.3 to
56.5 mg N/ha in 1989) were observed. Within the isotype pairs, consistent differences were detected
for post-anthesw and total N accumulation both favoring the standard isotypes. These differences were
not affected by fertilizer N levels. Genotypic differences in N remobilization into the grain were also
observed Relationship between N and dry matter partltlomng are discussed.

lndex terms: Hordeum vulgare, nitrogen response, protein.

ACUMULO DE MATERIA SECA E DE NITROGENIO
POR GENOTIPOS DE CEVADA COM ALTURA NORMAL E REDUZIDA

+

RESUMO- Para aval:ar o movimento do nitrogénio do solo para a planta e dentro desta, estudos de
aciimulo de matéria seca ¢ de N s2o necessarios. O objetivo deste trabalho foi o de estudar o efeito de
30, 60, 90 e 120 kg/ha de N no acamuto de matéria seca e N em oito gendtipos de cevada cervejeira
(quatro com altura normal e quatro com altura reduzida, mutantes de cada um dos normais), € duas
testemunhas, Verificou-se variabilidade entre os genétipos no actimulo de matéria seca até a antese e
na transferéncia desta para o grio. Foram observadas diferengas entre os genétipos no acimulo de N
até a antese (de 36,6 a 52,9 mg N/planta), apds a antese (de +2,3 a 10,8 mg N/planta) eno total de N
_acumulado na planta (de 69 a 149,2 mg N/planta em 1987 ¢ 41,3 a 56,5 mg N/planta em 1989).
Diferengas consistentes foram observadas, entre os isbtipos pares, no N acumulado apds anteseeno N
total, ambos maiores nos isdtipos de altura normal. Verificou-se, também, variabilidade entre os
gendtipos na remobilizagio do N para o grio. Dlscutem-se as relagdes entre dlstrlbmcﬁo de matéria
seca ¢ N na planta.

Termos para indexaglio: Hordeum vulgare, proteina, resposta a0 mtrogemo

INTRODUCTION

Nitrogen is the most expensive fertilizer utilized
on cereal crops and has significant impact on its cost
production. A significant portion of the applied N

rriay‘be_lost by leaching and denitrification (Huber
' S ‘ © (Cox et al., 1985; Nedel et al.,, 1997).
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et al., 1977). Therefore, plant breeders are challenged
to develop cultivars that have a better ability to ab-
sorb the N from the soil and partition most of the
absorbed N to the grain. There are evidences for
genetic control of some of the component traits that
determine the nitrogen concentration in the grain

Some association between translocation of nitro-
gen and carbon compounds has been inferred by
positive correlation between the proportion of total
N in the grain and harvest index (Desai & Bhatia,
1978). To get an understanding of the assimilation
and partitioning of N and C process in the context
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of plant growth and development, data on accumu-
lation and partitioning of dry matter and nitrogen
are necessary. o ' ‘

A negative correlation between grain yield and

N in the grain has been reported in barley and wheat

(Kramer, 1979). This negative correlation can be
partly explained on bionergetic grounds. According
to Penning de Vries et al. (1974), 1 g of glucose
produced by photosynthesis can be used by the crop
_to produce 0,83 g of carbohydrate or 0,40 g of pro-
tein. This would imply that the only way to increase
protein without a decrease in yield, or vice versa,
would be to increase photosynthetic capacity. This

increase could be met by having a higher rate of

photosynthesis per unit of leaf area, increasing leaf
area or extending the period of photosynthetic ac-
tivity, or by maximizing the mobilization of photo-
synthetic reserves into the grain (Bhatia & Rabson,
1976).

Grain yield and protein represents the end result
of C and N metabolism. They are influenced by the
sink size and by the ability to translocate assimilates
from the site of synthesis, the source to the sink. It is
generally accepted that current photosynthesis plays
adominating role in carbohydrate supply to the grain,
Assimilation formed before anthesis contribute with
less than 15 % to final grain weight under most non
stress conditions (Austin et al., 1980). For N, how-

ever, it has been esiimated that two thirds of the grain

nitrogen is derived from nitrogen assimilated before
anthesis and one-third from current assimilation
{Cregan & Berkum, 1984). However this may vary
greatly depending on soil moisture and N avallabll-
ity during the grain filling period.

The objective of this study was to determine the
influence of soil N supply on the genotypic differ-
ences for nitrogen and dry matter accumulation us-

ing standard-height semi-dwarf normal mutant bar- .

ley isotype pairs.
MATERIAL AND METHODS .

" Field experiments were conducted in 1987 and 1989

atthe Spillman Agronomy Farm, near Pullman Washing- *

ton on a Palouse silt loam soil (fine-silty, mixed mesic

Pachic Ultic Haploxeroll). The two experimental crop

years were preceeded by typical Palouse crops; peas
(Pisum sativum L.} in 1986 and barley in 1988. The re-
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sidual N to a depth of 0.9 m in the soil before planting
was 19,5 and 9.3 mg N/kg in 1987 and 1989, respectively.

The design was a randomized complete block arranged
in split-plots with four replications. The treatments were
four N levels (30, 60, 90 and 120 kg N/ha) as main plots
and ten spring barley genotypes as sub-plots. The barley
genotypes included four standard height-semi-dwarf (SD)
normal-mutant malting isotype pairs (Aydin, 1985; Ullrich
& Aydin, 1988): Morex and Morex SD (6-row); Hazen
and Hazen SD (6-row); Norbert and Norbert SD (2-row);
Andre and Andre SD (2-row); and two check cultivars:

~ Steptoc (6-row) as a yield check and Klages (2-row) asa

malting quality check. Morex also served as a 6-row malt-
ing quality check. The genotypes description can be seen
elsewhere (Nedel et al., 1993). The plot size was of
4x1.28mand 4.8 x 1 28 m in 1987 and 1989, respec-
tively,

Starter femllzer was applied at 10 kg N ha'l,
12.5 kg P ha! and 8.7 kg S ha'! with the seed. The re-
maining N was placed 10 cm below the seed. Amonium
nitrate was the N source In 1989 an additional
45 kg P/ha, as triple superphosphate, and 20 kg Stha, as
CaSQ, were broadcasted and 1ncorporatcd into thc soil
prior to planting.

* Plant samples were takcn at Large’s (1954) growth

- stages 10.4 (3/4 of the heads emerged) and at stage 11.3

(kernel dough). Ten plants were randomly harvested from
within segments of the six internal rows of each plot where
a uniform stand was observed. The plants harvested at
stage 11.3 were divided into vegetative tissue
{culm+leaves+chaff) and grain. Dry weight was obtained

" after drying for 72 hours at 55°C in a convection dryer.

The vegetative samples were ground through a 1 mm sieve
in a Wiley mill. The grain samples were ground through a
0.5 mm sieve in a Udy mill, Total N in the vegetative

- tissue and in the grain was determined by the micro-

Kjeldahl method (Association of Official Agricultural
Chemists, 1965). In the 1987 experiment, plants at anthe-
sis were sampled on 30 cm length and the number of plants
not counted. That’s why results that envolved dry matter
data at anthesis on its calculation are not presented, -
- From the parameters measured (dry weight and N con-
centration) the following variables were derived: 1) Nyield
in the shoot (leaf+culm+chaff) and grain (mg/pl) = (dry
matter yield of component x % N in the tissue)/100; .
2) total N yield at anthesis (mg/pl) = total shoot
(leaftculm+chaff) N yield at anthesis = pre-anthesis N
accumulation; 3) total N yield at maturity (mg/pl) = shoot
(leaf+culm+chaff) + grain N yicld at maturity = Total N
accumulation; 4) post-anthesis N accumulation (mg/pl) =’
total N accumulation - pre-anthesis N accumulation;
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5) N translocation (mg/pl) = pre-anthesis N accumulation-
-shoot (leaf+culm+chaff} N yield at maturity., :
Analyses of variance over years as well for individual
years were conducted with MSTAT microcomputer sta-
" tistical program (Michigan Statistic-C, 1989). As means

comparisens of the various parameters of intcrest were.

between two means, either isotypes of a pair or overall
standard vs scml-dwarf isotypes the independent t-test was
used.

'RESULTS AND DISCUSSION

Dry matter accumulation .

Dry matter yields at maturity (stage 11.3) were
considerably lower in 1989 than in 1987 (Table 1),
probably the lower initial soil N level and lower rain-
fall in the 1989 experiment were factors that con-
tributed substantially to this difference. Grain yield
and total biclogical yield of the standard isotypes
Hazen, Norbert and Andre were greater than their
derived semi-dwarf mutants (Table 1). The differ-
ences in vegetative dry weight could be due to the
differences in plant height (Nedel et al., 1993) and
in tillering capacity between each of the isotypes.
Morex had significantly lower vegetative dry mat-
ter accumulation at anthesis and maturity than Morex
SD in 1989. Morex SD was observed to have a
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thicker culm and a higher tillering capacity than
Morex. Based on means over all standard and all
semi-dwarf genotypes, the standard types had the
higher dry matter accumulation for each variable at
the two stages (Table 1). All genotypes showed a
reduction in vegetative dry matter, from anthesis to
maturity, Morex SD, Hazen, Norbert and Andre SD
showed the highest reductions (31, 29, 28 and
35 %, respectively), indicating that these genotypes
may have utilized more of the stem and leaf reserves
formed prior to anthesis for filling the grain. Morex,
Andre and Steptoe had substantially lower reduc-
tions (16, 16 and 10 % respectively) suggesting that
they may have used assimilates primarily formed
by photosynthesis during grain development. Ge-
netic differences may account for differences in pre-
and post-anthesis photosynthesis contributions to
grain yield. Carbon partitioning can be influenced
by environmental conditions as well (Evans &
Wardlaw, 1976).

In 1987 the vegetative dry matter at maturity,
grain yield and total biological yield did not show a
significant response to N. However, there was a con-
sistent tendency for the standard height isotypes to
increase in dry weight (vegetative, grain vield, bio-
logical yield), while the semi-dwarfs had a slight
decrease with increasing N fcrtilizer'levels

TABLE I, Mean values for dry matter accumulatmn in vegetative tissue at anthesis and maturity, and graln
- and total biological yield by genotype averaged over N treatments, -

Genotypes Anthesis Maturity
Veg. tissue Veg. tissue Grain " Bio. yield
1989 1987 1989 1987 1989 1987 1989
/pl

Morex 226" 3.36 1.89° 420 2.15 7.5% 4.03
Morex SD 3.12, 339 215 4.15 2.16 7.54 432
Hazen 297" 4.67 2.11 5.50" 2.32" 1017 442"
Hazen SD 241 2.86 1.88 3.19 1.64 6.05 3.52
Norbert 3.68 433" 266 4.04" 244" ‘837" 5.10"
NobertSD . 3.18 361 2.43 © 331 215 6.92 458
Andre 3.12 2.86 263" 3.09" 253" 595" 516"
Andre SD 261" 207 1.69 2.32 2,05 439 3.75
Klages 353 3.69 277 3.50 2.40 719 5.17
Steptoe 212, D358 1.0 499 2.59 8.56 4.49
Standard 3.007 3.80" 232" 421" 235" 8017 467"
Semi-dwarf 2.83 ..298 2.04 3.24 2.00 623 4.04

*.** Significant difference between isotypes within a genotype according to t-test at P=0.05 and 0.01, respectively,
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(Table 2). There were no differences in plant height
in response to N for either standard height or semi-
-dwarf isotypes. However, there was a significant
linear response to N fertilizer in the number of vi-
able tillers at maturity for the standard isotypes
(Nedel, 1990). This could partially explain the re-

sponse tendency of dry matter accumulation in the -

vegetative tissue at maturity, grain yield and total

biological yield of the standard isotypes. In 1989,

standard and semi-dwarf isotypes showed signifi-
cant responses to N in dry matter accumulation at

JL.NEDEL etal. :

anthesis and maturity, grain yield per plant and bio-
logical yield at maturity (Table 2). Grain yield per
plant was strongly related to total N accumulation,
in both years ( 1987 r= 0.95"" and 1989 r=0. 84")

N concentratlon,accumulatmn and translocatlon
ta the grain

Averaged overN treatments, there were relatwely
small differences between semi-dwarf and standard
height isotypes in N concentration whether signifi-
cant or not (Table 3). The differences were statisti-

TABLE 2. Mean values combined over standard and semi-dwarf genotypes for dry matter parameters under

four N treatments!,

Genotypes . 1987 Sig. 1589 Sig.
- N, N, Ny - N, N, N, Ny N,

L . ) . Vegetative tissue at anthesis (g/plant) " s
Standard - B . Do : 25 28 -3 33 LQ
Semi-dwarf - - - - 220 26 29 . 34 LQc

' : . o chetatlve tissue at matunty (g/planty o ‘ :
Standard 34 34 39 ° 43 NS 138 .22 25 25, LQ
Semi-dwarf 30 30 . 29 28 NS 1.6 1.8 . 22 . 24 LC

B i ‘ C ‘ Grain yield (g/plant) o
Standard " 38 3.9 42 - 48 NS L8 23 26 2.5 LQC
Semi-dwarf. 32 34 32 3.0 NS 16 18 22 22 LC
: . Total biological yield (g/plant) : -
Standard - 72 74 8.1 92 ° NS - 377 - 45 - 52 5.1 LQ
Semi-dwarf 6.3 6.4 62 . 58 NS 33 3.7 44 46  LC

N.,N1, N, and N,= 30, 60, 90 and 120 kg/ha of N, respectively; L = Ianear. Q = quadratic, C = cubic, NS = not significant.

TABLE 3 Mean values for N concentration and N ass:m:latlon in the vegetatwe tissue at anthesns and gram
and total N assimilation by genotypes averaged over N treatments.

Genotypes N concentration . N assimilation
Anthesis Grain At After anthesis Grain Total
) anthesis
1987  1989. . 1987 . 1989 1989 . 1987 1989 1987 1989 - 1987 1989
g/kg ) mg/plant

Morex - 2477 170 212 173 386 - 70" 833 374 130 456
Morex SD 230~ 160 211, 169 509 - -0.8 8722 372 1124 500
Hazen 246 155" 208" 168 47.1 S 1150° 395 1492 487
HazenSD 248 173 233 202 422 - 2.0 e N7 1017 442
Norbert 207" 139" 237 180 - 516 - 39 - 968" 445 12217 555
NorbertSD 219 16,0 239 177 522 . 08 792 388 145 514
Andre 27 152 28" 173 479 . 86" 69.8" 447" 881" 565"
AndreSD 247 165 237 162 43.7 . 23 549 39 690 413
Klages 203 147 218 173 529 . 1.5 768 420 1006 545
Steptoe 21 171 180 146 366 . 108 903 384 1151 474
Standard 232 154" 20" 174 . 463 - 53 27" 415t 180" s16
Semi-dwarf 236 164 230 118 472 . 05 740 359 969 . 467

*,** Significant difference between isotypes within a genotype according to t-test at P=0.05 and 0.01, respectively,
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cally significant in vegetative tissue at anthesis in
1989 (SD 16.4 vs Std. 15.4 g/kg) and in the grain in
1987 {SD 23.0 vs Std. 22.0 g/kg). Semi-dwarf and
standard isotype responses were variable within
isotype pairs, but most were significant and in all
significant cases, except for the Morex pair, the N
‘concentration was higher in the semi-dwarf than in
the standard type in the vegetative tissue at anthesis.
For N in the grain, only the Hazen pair consistently
displayed a significant difference between isotypes,
and the Hazen SD had a higher N concentration than
standard Hazen. . .
Averaged over genotypes, a relatively small but
consistent increase in the N concentration in the veg-
ctative tissue at anthesis and in the grain in response
to N fertilizer was observed in both years for both
standard height and semi-dwarf genotypes with the
‘magnitude of response being greater in 1989

(Table 4). For N concentration in the vegetative tis-

sue at maturity the nitrogen x genotype interaction
was significant in both years. Significant differences
in N concentration in the vegetative tissue at matu-
rity among N fertilizer levels occurred for alt geno-
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types except Andre, Andre SD and Steptoe in 1987
and Morex, Norbert and Steptoe in 1989, Few semi-
~dwarf-standard isotype differences in N concentra-
tion in vegetative tissue at maturity occurred except
for several N fertilizer levels in the Morex and Hazen
pairs. In all cases the N concentration was higher in
the semi-dwarf than in the standard isotype,

In 1989, at anthesis the Morex SD was the only
semi-dwarf that showed significantly higher N ac-
cumulation than its standard height isotype
(Table 3). However, no difference in the N concen-
tration was observed between these two isotypes
(Table 3), therefore, the biomass difference ac-
counted for the N accumulation difference
(Table 1). These results are supported by those ob-
tained by Austin et al. (1980) and Dhugga & Waines
(1989), _ '

The standard height and semi-dwarf genotypes
showed an increase in N accumulation at anthesis in
1989 with increasing levels of N fertilizer (Table 4).
In both years there was a general increase in N ac-
cumulation in the grain and in the total N accumula-
tion for the standard isotypes with increasing N fer-

TABLE 4. Mean values combined over standard and semi-dwarf genotypes for N parameters measured for

four N fertilizer treatments!,

Genotypes 1987 Sig. 1989 Sig.
N, N Ny N, N, N, N; N,
N concentration at anthesis (g/kg) -
Standard 223 228 236 241 L 133 14.2 167 175 LC
Semi-dwarf 239 222 239 24.5 LQC 14.6 15.4 168 191 LQ
N concentration in grain (g/kg)
Standard 21.2 22,0 22.8 223 LQC 15.8 16.6 185 189 L
Semi-dwarf 225 22.7 236 234 LC 16.1 17.0 179 202 LQC
. N assimilation at anthesis (mg/plant}
Standard - . - - 342 40.6 536 577 LQC
Semi-dwarf - - - - 3315 40.7 490 6538 LQ
N assimilation in grain (n{g/ptant)
Standard 819 86.4 95.5 106.9 L 302 387 493 478 LQC
Semi-dwarf 735 76.6 76.0 699 Q 272 313 394 457 L
) Total N assimilation {mg/plant)
Standard 101.7 108.5 1243 137.7 LQ 37.0 476 613 605 LQ
Semi-dwarf 98.2 974 98.7 93.2 Q 344 40.4 51.0  6l.1 LQ
N assimilation after anthesis (mg/plant)

Standard - - - - 28 7.0 87 27 Q
Semi-dwarf - - - - 0.8 -0.3 20 -4.6 LOC

! Ny, Nz, N3, Na = 30, 60, 50 and 120 kg/ha of N, respectively; L=linear, Q= quadratic, C= cubic,
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tilizer levels, while the semi-dwarf isotypes showed
asimilar response to N levels for these traits in 1989
only. This different response to N between the stan-
dard and semi-dwarf isotypes in 1987 for these two
traits was probably due to a steady increase in the
number of titlers in the standard isotypes with in-
creasing N levels but not in the semi-dwarfs (Nedel,
1990). The rate of change in the grain yield per plant
for every incremental change in pre-anthesis N ac-

cumulation differed significantly between the stan--

dard height and semi-dwarf isotypes (Table 5). The
standard height isotypes decreased substantially from
0.033 g of grain yi¢ld per plant per mg of pre-anthe-
sis N accumulated at 30 kg N/ha to 0.002 g at
120 kg N/ha, The semi-dwarfs had a more gradual
decrease, from 0.030 g at 30 kg N/ha to 0.016 g to
120 kg N/ha, These results suggest that when the
standard height isotypes reached a level of N accu-

J.L. NEDEL et al.

mulaticn in the vegetative tissue at anthesis between
40.6 and 53.6 mg/plant (Table 4), the grain yield no

‘longer was dependent on N content in the vegeta-

tive tissue. Cox et al. (1985) reported a significant
but low association (r= 0.27") between these two
traits in wheat at the lower N level and no correla-
tion (r= -0.02) at the higher N levels. Paccaud et al.
(1985) reported a significant but moderate associa-
tion (r= 0. 42 ) between pre—anthesns N accumula-
tion and grain yield. ,

Both semi-dwarf and standard 1sotypcs had a
larger proportion of the variation in the total N ac-
cumulated by the plant explained by pre-anthesis N
accumulation (Table 6). A tendency for the associa-
tion to decrease between these two traits with in-
creasing N fertilizer was observed in the standard
genotypes (Table 7). Biological yield at anthesis also
proved to be significantly correlated with pre-an-

TABLE 5. Regresslon anaIysns of grain yleld (glplant) on N ass:mllatnon prior to anthesns, combined over stan-

dard and semi-dwarf genotypes in 1989,

Genotypes o N Regression of grain yield/plant

ICV{:]I Intercept ) SIoDc2 SE slope T

. g/plant - R _
Standard CONp 0.75 " 0033 0.005 085
SN . 153 0.019" .0.007 0.59"

N, _ 201 - 0.012 0.008 037

N, T 243 0.002,, 0.009 0.07
ST " Combined 130 - - 0023’ 0.003 069
Semi-dwarf N, 0.67 0.030.. 0.008 0.73",
S LN 0. 0.026,. 0007 069
! Ny 097 0.025, 0007 0.69.-
N, 122 0.016, 0.006 0.57
_ Combined 1.06 0.020 0.002_- - 0.76

R N1. Ny, N; and Ne= 30, 60, 90 and 120 kg/ha of N, respectively,
#/plant per mg N/plant uptake prior to anthesis.

*, ** Significant dxﬁ'erence from 0atP= 0 05 and 0.0, respecuvely for N levels n= 16; for combmed =64

TABLE 6. Correlatlon of N assimilation prior to anthesis {mg/plant) with other tralts combined over standard

and semi-dwarf genotypes in 19891,

N assimilation prior to anthesis vs * Standard - Semi-dwarf

N1 " 'Nz ) N3 N4 . Combined N| Nz N: N4 Combined
Total N assimilation (mg/plant) ~* 09177 076, 065, 058, 084, 082 073 0917 072" 090"
N remobilization (mg/plant) ~ © 0997 097 097 09, 099 099" 052 0937 093" 098
Biological yield at anthesis (g/plant)  0.87., 0.717 0887 0797 082.. 0937 076" 081" o08" o9
N concentration in the grain (g/kg)  0.65" 073" 073" 055" 077 054 027 054 028 062"

N., Nz, N; and No= 30, 60, 90 and 120 kg/ha of N, respectively.

*, ** Significant at P= 0.05 and 0.01, respeclwely for N levels n= 16 for combined n= 64

Pesq. agropec. bras,, Brasilia, v.32, n.2, p.155-164, fev. 1997



DRY MATTER AND NITROGEN ACCUMULATION

161

TABLE 7. Correlation of N assimilation after anthesis (mglplant) with other traits combined over standard

and semi-dwarf genotypes in 19891,

N assimilation after anthesis vs Standard © Semi-dwarf
N, N, N, N, Combined N, N, N, N, Combined
Total N assimilation (mg/pl) 061" 07 054 042 046" 050" 058 064" 035 0.13
N concentration in the grain (gkg) 071" 064" 021 001 030" 041 066" 040 048 021
N remobilization (mg/pl) 011 OI1 048 063" 023 002 043 001 062" 045"

! N, Ny, Ny and Ny= 30, 60, 90 and 120 kg/ha of N, respectively,

* ** Sipnificant at P=0.05 and 0.01, respectively; for N levels n= 16; for combined n= 64,

thesis N accumulation (Table 6). Similar results were
reported by Paccaud et al. {1985), Chand & Dev
{1986) and Cox et al. (1986). The greater the N ac-
cumulated before anthesis, the greater the amount
of N available for later translocation to the grain.
This was indicated by the strong association
(= 0.98""} between pre-anthesis N accumulation and
N remobilization (Table 6). A consistently signifi-
cant association was observed between pre-anthesis
N accumulation and N concentration in the grain
for the standard isotypes across N fertilizer levels,
while a moderate and variable association between

these traits was observed for the semi-dwarf isotypes.‘

There was an increase in N accumulation between
anthesis and maturity by Morex, Hazen, Hazen SD,
Norbert, Andre, Klages and Steptoe (Table 3), indi-
cating that these genotypes continued to take up N

from the soil, although translocation from roots may

have also contributed. - »

Steptoe had the highest post-anthesis N accumu-
lation with approximately 23%. Tillman etal. (1991)
also observed that Steptoe had the highest post-an-
thesis N accumulation among the genotypes tested.

Morex SD, Norbert SD and Andre SD showed a
net loss in above-ground N from the plant during
grain filling.

Other studies have also reported negative values
for some genotypes (Wetselaar & Farquhar, 1980;
Dhugga & Waines, 1989; Tillman ¢t al., 1991).

The standard isotypes showed a quadratic re-
sponse to N fertilizer for nitrogen accumulation
after anthesis and the semi-dwarfs a cubic response.

Similar results were reported by Dhugga & Wames '

(1989) in wheat,

There was a significant association (r= 0.52"*)
between grain yield per plant and N accumulation
during the grain filling period in the standard
isotypes, indicating that the continuation of N up-
take was important to achieve the yield obtained,

No association (r=0.05) between these two traits
was observed for the semi-dwarf isotypes. This dif-
ference in the association between these two traits
in standard and semi-dwarf isotypes may be evidence
for differences in the source-sink relationships be-
tween these genotypes, and may explain part of the
genotypic variation for N uptake during grain fill-
ing.

There was a hxghly significant relatlonshlp be-
tween N uptake after anthesis and N concentration
in the grain with 30 kg N/ha (r= 0.71°*) and
60 kg N/ha (r=0.64"*) for the standard isotypes but
not for the other two N fertilizer levels (Table 7).
The relationship between these two traits in the semi-
-dwarf isotypes was moderate with the r value sig-
nificant (0.66**) only at the 60 kg N/ha fertilizer
level. Cox et al. (1986) did not find a correlation
between post-anthesis N accumulation and N con-
centration in the grain in spring wheat. -

However, Sanford & Mackown (1987) observed
that post anthesis N uptake was associated with
higher grain N concentration in winter wheat. An
increase in the negative association between N up-
take after anthesis and N remobilization for the stan-
dard isotypes was observed with increasing N fertil-
izer,r=0.111t0-0.68"* (Table 7). Similar results are
reported by Pan et al. (1984) in corn. This trend was
less consistent for the semi-dwarf isotypes. Since N

- accumulation is related to leaf activity {Marschner,
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1986), and remobilization occurs through the -

degradation of proteins, this negative association
could in part be related to this physiological pro-
cess. e

The genotype x N interaction was significant for
N accumulation in the vegetative tissue at maturity
in both years. In 1987 the standard isotypes Morex,
Hazen and Norbert showed a significant linear re-
sponse to increasing N fertilizer (Table 8). This lin-
ear increase in N accumulation in the vegetative tis-
sue at maturity was mainly related to the vegetative
tissue dry weight response to N (Table 2).

In 1989, all genotypes showed a significant lin-
ear response to N fertilization in N accumulation in
the vegetative tissue at maturity (Table 8). Whereas
the N accumulation response to increasing N fertili-
zation tended to be positive and linear in all geno-
types, a significant difference was detected in the
linear trend within the Nerbert and Andre isotype
pairs indicating that the increase in N accumulation
in the vegetative tissue at maturity by increasing N
fertilizer was at a different rate for the two isotypes
of each pair. This difference could account partially
for the significance of the interaction.

In 1987 with the exception of the Morex isotype

pair, there was a general tendency for the standard
isotypes to have higher N accumulation in the veg-'
etative tissue at maturity than their respectlve semi-
-dwarf isotypes (Table 8).

In 1989 there was a tendency for the reverse w1th
the exception of the Andre isotype pair (Table 8).

JL.NEDEL et al.

As the standard isotypes had higher vegetative dry
weights at maturity compared with the semi-dwarfs

(Table 1), these differences can be mainly attributed
.to the N concentration in the tissue. The higher N

concentration in the vegetative tissue of the semi-
-dwarf mutants Morex SD, Hazen SD and Norbert
SD in relation to their standard isotypes probably
was due to their lower remobilization efficiency.

" All standard height isotypes, except Morex,

showed greater N accumulation in the grain than

their respective semi-dwarf isotypes, and N accu-
mulation in the grain was higher in the standard than
in the semi-dwarf isotypes in both years (Table 3).
This difference was mainly due to the higher grain
yield of the standard isotypes (Table 1). N accumu-
lation in the grain was affected significantly by N
fertilization (Table 4). The response to N of the stan-
dard and semi-dwarf isotypes was different within
years but inconsistent between years,

Total N accumulation was greater in the standard

~ height isotypes Hazen, Norbert and Andre than for

their derived semi-dwarf mutants in 1987 (Table 3).

Hazen was lower in N concentration in the grain
than Hazen SD (Table 3) but higher in grain yleld
(Table 1). -

Norbert and Andre had sllght differepces in N
concentration in the grain in relation to their derived
mutants but had significantly higher grain yield per
plant, which accounted for the differences in the to-
tal N accumulation. '

TABLE 8. Mean values for.' N assimilation in the vegetative tissue at maturity!.

Genotypes 1987 Sig. 1989 Sig.
NN, N N, N, N, N, N, -
ulg/p= . ulgfp}. v
Morex 187 219 . 234 304 L 58 78" 91 99" L
Morex SD 253 247 246 253 NS 79 112 166 15.1 LQ.
Hazen 236 313 405 4107 L 49 79 120 120° L
HazenSD 292 249 264 27.5 NS 68 92 9.9 16.1 L
Norbert 2000 200 293 31.5 L 90 99 124 1277 'L
Norbert SD -~ 286 196 266 259 NS 88 102 - 118 194, L
Andre 165 151 216 19.8 NS 74 99 142" 15.8" L
AndreSD . 15.1 138 134 14.0 NS~ 53 5.7 7.7 10.8 L
Klages 240 1901 240 27.8 NS 83 107 132 17.5 L -
Steptoc 220 232 233 30.1 NS 65 71 118 104 L

!Ny, Ny, Ny and Ny= 30, 60, 90 and 120 kg/ha of N, respectively; L= linear, q= quadratic, NS« not significant.
*, ** Significant difference between isotypes within a genotype according to t-test at P= 0.05 and 0.01, respectively.

Pesq. agropec. bras., Brasilia, v.32, n.2, p.155-164, fev. 1997



DRY MATTER AND NITROGEN ACCUMULATION

. In 1989 only Andre had accumulated more N than
its semi-dwarf isotype.

Total N accumulation was significantly higher
in the standard than in the semi-dwarf isotypes in
1987 (Table 3).

Genotypic differences in total N accumulation
have been reported for wheat and barley (Desai &
Bhatia, 1978; Sanford & Mackown, 1987; Tillman
etal., 1991).

CONCLUSIONS

1. Genotypic differences occur for the contribu-
tion of pre- and post-anthesis photosynthate to the
grain, for pre- and post-anthesis and total N accu-
mulation and N remobilization to the grain.

2. Pre-anthesis N accumulation influences the
total N accumulation at maturity and the N
remobilization in both standard height and semi-
-dwarf barleys.

- 3. Post-anthesis N accumulatlon influences the
grain yield per plant of the standard height but not
those of the semi-dwarf isotypes. In the standard
isotypes 25 to 51 percent of the observed variation
in the grain yield per plant is explained by the post-
-anthesis N accumnulation.

4. Standard height isotypes have a higher total N
accumulation at maturity than their derived semi-
-dwarfs,
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