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ABSTRACT- To assess nitrogen movement from the soil into the plant and 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 lcg of N/ha on dry matter and N accumulation by four standard height-semi-
-dwarf normal mutant malting barley isotype pairs (Morex, ilazen, Norbert, Andre) and two check 
éultivars: Steptoe and Klages. Considerable differences among genotypes on dry matter accumulation 
until anthesis and dry matter lóst during grain fihling period were observed. Genotypic difíerences 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-anthesis and total N accumulation both favoring the standard isotypes. These differences were 
not affected by fertilizer N leveis. Genotypic dilferences in N remobilization into the grain were also 
observed. Relationship between N and dry matter partitioning are discussed. 

Index terms: Hordeum vulgare, nitrogen response, protein. 

ACÚMULO DE MATÉRIA SECA E DE NITROGÊNIO 

$ 	POR GENÓTIPOS DE CEVADA COM ALTURA NORMAL E REDUZIDA 

RESUMO- Para avaliar o movimento do nitrogênio do solo para a planta e dentro desta, estudos de 
acúmulo de matéria seca e de N são necessários. O objetivo deste trabalho foi o de estudar o efeito de 
30. 60, 90 e 120 kg/ha de N no acúmulo de matéria seca e N em oito genótipos de cevada cervejeira 
(quatro com altura normal e quatro com altura reduzida, mutantes de cada um dos normais), e duas 
testemunhas. Verificou-se variabilidade entre os genótipos no acúmulo de matéria seca até a antese e 
na transferência desta para o grão. Foram observadas diferenças entre os genótipos no acúmulo de N 
até a antese (de 36,6 a 52,9 mg N/pianta), após a antese (de -2,3 a 10,8 mg N/planta) e no total de N 
acumulado na planta (de 69 a 149,2 mg N/planta em 1987 e 41,3 a 56,5 mg N/planta em 1989). 
Diferenças consistentes foram observadas, entre os isótipos pares, no N acumulado após antese e no N 
total, ambos maiores nos isótipos de altura normal. Verificou-se, também, variabilidade entre os 
genótipos na remobilização do N para o grão. Discutem-se as relações entre distribuição de matéria 
seca e N na planta. 

Termos para indexação: Hordeum vulgare, proteina, resposta ao nitrogênio 

INTRODUCTION 

Nitrogen is the most expensive fertilizer utilized 
on cereal crops and has significant impact on its cost 
production. A significant portion ofthe appiiedN 
niay be lost by leaching and denitrification (Huber 

Accepted for publication on October 7, 1996. - 
2 Eng. Agr., Ph.D., Prof. Titular, Dep. de Fitotecnia, Fac. de 

Agron..UFPeI.CaixaPostal 354,CEP9600I-970Pelotas,RS. 
Bolsista do CNPq. e-mail: jlnedeluel.tche.br  

3 Eng. Agr., Ph.D., Prof., Plant & Soil Department, 
Washington State University, Pullman, WS 99164. USA. 

et ai., 1977). Therefore, plant breeders are challenged 
to deveiop cultivars that have a better ability to ab-
sorb the N from the soil and partition most ofthe 
absorbed N to the grain. There are evidences for 
genetic control of some of the component traits that 
determine the nitrogen concentration iii the grain 
(Cox et ai., 1985; Nedel et ai., 1997). 

Some association between translocation of nitro-
gen and carbon compounds has been infened 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 ofN and C process in the context 
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ofplant growth and deveiopment, data on accumu-
iation and partitioning of dry matter and nitrogen 
are necessary. 

A negative correlation between grain yieid and 
N in the grain has been reported in barley and wheat 
(Kramer, 1979). This negative correiation can be 
partiy explained on bionergetic grounds. According 
to Penning de Vries et ai. (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 ofpro-
tem. This would imply that the only way to increase 
protein without a decrease in yieid, or vice versa, 
would be to increase photosynthetic capacity. This 
increase could be met by having a higher rate of 
photosynthesis per unit of ieaf area, increasing ieaf 
area or extending the period of photosynthetic ac-
tivity, orby maxiinizingthe mobilization ofphoto-
synthetic reserves into the grain (Bhatia & Rabson, 
1976). 

Grain yield and protein representa the end result 
ofC and N metabolism. They are mnfluenced by the 
sink size and by the ability to translocate assimilates 
from the site of synthesis, the source to the sink. It is 
generaily accepted that current photosynthesis plays 
a dominating role in carbohydrate supply to the gramn. 
Assimilation fornied before anthesis contribute with 
less than 15 % to final grain weight under most non 
stress conditions (Austin et ai.; 1980). For N, how-
ever, it has been estimated that two thirds of the grain 
nitrogen is derived from nitrogen assimilated before 
anthesis and one-third from current assimilation 
(Cregan & Berkum, 1984). Howeverthis may vary 
greatly depending on soil moisture and N availabil-
ity during the grain fihiing period. 

The objective of this study was to determine the 
influencê of soU N suppiy on the genotypic differ-
ences for nitrogen and dry matter accumulation us-
ing stãndard-beight semi-dwarf normal mutant bar-
leyisotype pairs. 

MATERIAL AND METHODS 

Field experiments were conducted iii 1987 and 1989 
at the Spiilman Agronomy Farm, near Puliman Washing-
ton on a Palouse silt loam sou (fine-silty, mixed mesic 
Pachic Ultic Haploxeroli). 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 ia thc soll before planting 
was 19.5 and 9.3 mgN/kg in 1987 and 1989, respectively. 

The design was a randomized complete block arranged 
in split-plots with four replications. The treatmcnts were 
four N leveis (30, 60,90 and 120kg t'4/lia) 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; Uilrich 
& Aydin, 1988): Morex and Morex SD (6-row); Hazen 
and Hazen SI) (6-row); Norbert and Norbert SI) (2-row); 
Andre and Andre SD (2-row); and two check cultivara: 
Steptoe (6-row) as a yield check and Klages (2-row) as a 
maiting quality check. Morex also served as a 6-row malt-
ing quaiity check. The genotyjes description can be seen 
elsewhere (Nedei et ai., 1993). The piot size was of 
4 x 1.28 m and 4.8 x 1.28 m in 1987 and 1989, respec-
tively. 

Starter fertilizer was appiied at 10 kg N ha', 
12.5 kg P hwl and 8.7 kg 5 ha' with the seed. The re-
maining N was placed 10 cm below the seed. Arnonium 
nitrate was lhe N source In 1989 an additional 
45 kg P/ha, as tripie superphosphate, and 20 kg S/ba, as 
CaSO4  were broadcasted and incorporated into the sou 
prior to pianting. 

Plant sampies were taken at Large's (1954) growth 
stages 10.4 (314 of the heads emerged) and at stage 11.3 
(kernel dough). Ten planta were randomly harvested from 
within segmenta of the six internal rows of each plot where 
a uniform stand was observed. The planta harvested at 
stage 11.3 were divided into vegetative tissue 
(culm+leaves+chaff) and grain. Dry weight was obtained 
fter drying for 72 hours at 55°C in a convection dryer. 

Tbe vegetative samples were ground through a 1 mm sieve 
in a Wiley miii. The grain samples were ground through a 
0.5 mm sieve in a Udy miA. Total N in the vegetative 

• tissue and in the grain was determined by the micro-
Kjeidahl method (Association of Official Agricuitural 
Cheniists, 1965). In the 1987 experiment, planta at anthe-
sis were sampied on 30 cm iength and the number ofplants 
not counted. That's why resulta that envoived dry matter 

• data at anthesis on lis calcuiation are not presented. - 
From the parameters measured (dry weight and N con-

centration) the following variables were derived: 1) N yield 
in the shoot (ieaí+cuim+chaff) and grain (mg/pl) = (diy 
matter yield of component x % N in lhe tissue)/100; 
2) total N yield at anthesis (mg/pI) total shoot 

• (leaf+culm+chafl) N yield at anthesis = pre-anthesis N 
accurnulation; 3) total N yield at maturity (mg/pl) shoot 
(leaf+culm+chaff) + grain N yieid at maturity Total N 
accumulation; 4) post-anthesis N accumuiation (mg/pi) 
total N accumulation - pre-anthesis N accumulation; 
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5) N translocation (mglpl) = pre-anthesis N accumulation-
-shoot (leaí+culm+chafl) 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 
comparisons of the various parameters of intcrest were 
between two means, either isotypes of a pair or overall 
standard vs semi-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 iii 1989 than in 1987 (Table 1), 
probably the iower initial soil N levei and lower ram-
fali in the 1989 experiment were factors that con-
tributed substantially to this difference. Grain yield 
and total biological yield of the standard isotypes 
1-lazen, Norbert and Andre were greater than their 
derived semi-dwarf mutants (Table 1). The differ-
ences iii vegetative dry weight could be due to the 
differences lii plant height (Nedel et ai., 1993) and 
in titlering capacity between each of the isotypes. 
Morex had significantly lower vegetative dry mat-
ter accumuiation at anthesis and maturity than Morex 
SD in 1989. Morex SD was observed to have a  

thicker culm and a higher tillering capacity than 
Morex. Based en means over ali standard and ali 
semi-dwarf genotypes, the standard types had the 
higher dry matter accumuiation for each variable at 
the two stages (Table .1). Ali genotypes showed a 
reduction iii vegetative dry matter, from anthesis to 
maturity. Morex 50, Hazen, Norbert and Andre SD 
showed the highest reductions (31, 29, 28 and 
35 %, respectively), indicating that thcse genotypes 
may have utilized more ofthe stem and leaf reserves 
formed prior to anthesis for tilling the grain. Morex, 
Andre and Steptoe had substantialiy lower reduc-
tions (16, 16 and 10% respectively) suggesting that 
they may have used assimilates priniarily fonned 
by photosynthesis during grain deveiopment. Ge-
netic differences may account for differences mn pre-
and post-anthesis photosynthesis contributions to 
grain yield. Carbon partitioning can be influenced 
by environinental 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 heigbt isotypes to 
increase in dry weight (vegetative, grain yield, bio-
logical yield), while the semi-dwarfs had a siight 
decrease with increasing N fertilizer leveis 

TABLE 1. Mean values for dry matter accumulation lia vegetativa tissue at anthesis and maturity, and grafia 
and total biological yield by genotype averaged over N treatments. 

Genotypes Anthcsis Maturity 
Veg. tissue Veg. tissue Grain Bio. yicld 

1989 1987 1989 1987 1989 1987 1989 
g/pl 

Morex 2.26" 3.36 1.89' 4.20 2.15 7.55 4.03 
Morex SD 3.12 3.39 2.15 4.15 2.16 7.54 4.32 
1-lazen 2.97 4.67" 2.11" 5.50" 2.32" 10.17" 4.42" 
Hazen SD 2.41 2.86 1.88 3.19 1.64 6.05 3.52 
Norbert 3.68" 4.33" 2.66' 4.04" 2.44 8.37" 5.10 
NorbertSD 3.18 3.61 2.43 3.31 2.15 6.92 4.58 
Andre 3.12" 2.86" 2.63" 3.09 2.53" 5.95" 5.16" 
Andre 50 2.61 2.07 1.69 2.32 2.05 4.39 3.75 
Klages 3.53 3.69 2.77 3.50 2.40 7.19 5.17 
Steptoe 2.12 3.58 1.90 4.99 2.59 8.56 4.49 
Standard 3.00" 3.80" 2.32" 4.21 2.35" 8.01 4.67" 
Semi-dwarf 2.83 2.98 2.04 3.24 2.00 6.23 4.04 
'," Significant differcnce between isoypes wilbin a garnype according to t-tcst at P-O.O5 and 0.0!, reapectively. 
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(Table 2). There were no differences in plant height anthesis and maturity, grain yield per piam and bio- 
ia response to N for either standard height or semi- logical yield at maturity (Table 2). Grain yield per 
-dwarf isotypes. However, there was a significant plant was strongly related to total N accumulation, 
linear response to N fertilizer in the number oft'i- in both years (1987 r= 0.95" and 1989 r= 0.84"). 
able tiliers at maturity for the standard isotypes 
(Nedel, 1990). This could partially explain the re- N concentration,accumulation and transtocation 

sponse tendency of dry matter accumuiation ia the o the grain 

vegetative tissue at maturity, grain yield and total Averaged overN treatments, there were relatively 
biological yield of the standard isotypes. In 1989, small differences between semi-dwarf and standard 
standard and semi-dwarf isotypes showed signifi- height isotypes in N concentration whether signifi- 
cant responses to N ia dry matter accumulation at cantor not (Table 3). The differences were statisti- 

TABLE 2; Mean values combined over standard and semi-dwarfgcnotypes for dry inatter parameters under 
four N treatments'. 

Genotypes 	 1987 Sig. 	 1989 	 Sig. 
N 1 	N2 	N3 	N4  N 1 	N2 . 	N3  

Vegetative tissue at anthesis (g/piant) 
Standard 	 - 	- 	- 23 	2.8 	3.1 	3.3 	LQ 
Serni-dwarf 	- 	- 	- 	. 	- 2.2 	2.6 	2.9 	3.4 	LQC 

Vegetative tissue az niaturity (g/plant) 
Standard 	3.4 	3.4 	3.9 	4.3 NS 	1.8 	2.2 	2.5 	2.5 	LQ 
Semi-dwarf 	3.0 	3.0 	2.9 	2.8 NS 	1.6 	1.8 	2.2 	2.4 	LC 

Grain yield (g/plant) 
Standard 	3.8 	3.9 	4.2 	4.8 NS 	1.8 	2.3 	2.6 	2.5 	LQC 
Semi-dwarf 	3.2 	3.4 	3.2 	3.0 NS 	1.6 	1.8 	2.2 	2.2 	LC 

Total biological yie?d (glplant) 
Standard 	7.2 	7.4 	8.1 	9.2 NS 	3.7 	4.5 	5.2 	5.1 	LQ 
Semi-dwarf 	6.3 	6.4 	6.2 	5.8 NS 	3.3 	3.7 	4.4 	4.6 	LC 
14,,N2, N, and 144=30.60.90 and 120 kg/ba of?1, respectively; 1.-linear, Q -quadratic, C - cubie, 145 - not significara. 	 -- 

TABLE 3. Mcan values for N concentration and N assimilation in the vegetative tissue at anthesis and grain 
and total N assimilatioa by genotypes averaged over N treatments. 

Genotypes 	N concentratiori 	 - 	 N assimilation 
Anthesis 	Grain 	Ai 	After anihesis 	Grain 	 Total 

anthesis 

1987 	1989 	. 1987 	1989 	1989 	1987 	1989 	1987 	1989 	1987 	1989 

Morex 24.7" 17.0 
gilcg 

21.2 17.3 38.6" - 	7.0 • 
zs'g/plant 

89.3 37.4 113.0 45.6 
MorexSD 23.0 16.0 21,1 16.9 50.9 - 	-0.8 87.2 37.2 112.4 50.0 
Hazen 24.6 15.5" 20.8" 16.8" 47.1 - 	1.6 115.0" 395' 149.2" 48.7 
Hazen SD 24.8 17.3 23.3 20.2 42.2 - 	2.0 74.6 33.7 101.7 44.2 
Norbert 20.7" 13.9" 23.7 18.0 51.6 - 	3.9 96.8" 44.5' 122.1" 55.5 
NorbertSD 21.9 16.0 23.9 17.7 52.2 - 	-0.8 79.2 38.8 104.5 51.4 
Andre 227 152 225 173 479 86 698 447 881 565 
AndreSD 24.7 16.5 23.7 16.2 43.7 - 	-2.3 54.9 33.9 69.0 41.3 
KIages 20.3 14.7 21.8 17.3 52.9 - 	1.5 76.8 42.0 100.6 54.5 
Steptoe 22.1 17.1 18.0 14.6 36.6 - 	10.8 90.3 38.4 115.1 47.4 
Standard 23.2 15.4" 22.0" 17.4 . 	46.3 - 	5.3 92.7" 413" 118.0" 51.6 
Semi-dwarf 23.6 16.4 23.0 17.8 47.2 - 	-0.5 74.0 35.9 96.9 46.7 
," Significam differeiice belwecn isotypcswiüimn a genmype according lo l-lest at NO.05 and 0.0!, respectiveiy 
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cally significant in vegetative tissue at anthesis in 
1989 (SD 16.4 vs Std. 15.4 g/kg) and in lhe grain in 
1987 (SD 23.0 vs Std. 22.0 gilcg). Semi-dwarf and 
standard isotype responses were variabie within 
isotype pairs, but most were significant and in alt 
significant cases, except for lhe Morex pair, the N 
concentration was higher in the semi-dwarf than in 
the standard type in lhe vegetative tissue at anthesis. 
For N in lhe grain, only lhe Hazen pair consistentiy 
displayed a signiticant difference between isotypes, 
and lhe Hazen SD had a higherN concentration than 
standard 1-lazen. 

Averaged over genotypes, a retatively small but 
consistent increase in lhe N concentration in lhe veg-
etative tissue at anlhesis and in lhe grain in response 
lo N fertitizer was observed in bolh years for both 
standard height and semi-dwarfgenotypcs with lhe 
magnitude of response being greater in 1989 
(Tabte 4). For N concenlration in lhe vegetative lis-
sue at maturity lhe nitrogen x genotype interaction 
was significant in both years. Significant differences 
in N concentration in lhe vegetative tissue at inatu-
rity among N fertilizer leveis occurred for ali geno- 

types except Andre, Andre SD and Steptoe in 1987 
and Mõrex, 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 leveis in lhe Morex and Hazen 
pairs. In alt cases lhe N concentration was higher in 
the semi-dwarf lhan in lhe standard isotype. 

In 1989, at anlhesis lhe Morex SD was lhe only 
semi-dwarf lhat showed significantly higher N ac-
cumuiation than its standard height isotype 
(Table 3). However, no difíerence in lhe N concen-
tration was observed between these Iwo isotypes 
(Table 3), therefore, lhe biomass difference ac-
counted for the N accumulation difference 
(Tabte 1). These resulta are supporled by lhose ob-
lained by Austin etal. (1980) and Dhugga & Waines 
(1989). 

The standard height and. semi-dwarf genotypes 
showcd an increase in N accumulation aI anthesis in 
1989 wilh increasing leveis ofN fertilizer (Table 4). 
Ia both years lhere was a general increase in N ac-
cumulation in lhe grain and in lhe total N accumula-
tion for lhe 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. 

N2 N, 144 	 N, N2 143 144 

N concentration at anthesis (g/kg) 
Standard 22.3 22.8 23.6 24.1 	L 	13.3 14.2 16.7 17.5 LC 
Semi-dwarf 23.9 22.2 23.9 24.5 	LQC 	14.6 15.4 16.8 19.1 LQ 

N concentration in grain (g/kg) 
Standard 21.2 22.0 22.8 22.3 	LQC 	15.8 16.6 18.5 18.9 L 
Semi-dwarf 22.5 22.7 23.6 23.4 	LC 	16.1 17.0 17.9 20.2 LQC 

N assimilation at anthesis (mg/plant) 
Standard - - - - 	 34.2 40.6 53.6 57.7 LQC 
Semi-dwarf - - - 	 33.5 40.7 49.0 65.8 LQ 

N assimilation in grain (mg/plant) 
Standard 81.9 86.4 95.5 106.9 	L 	30.2 38.7 49.3 47.8 LQC 
Semi-dwarf 73.5 76.6 76.0 69.9 	Q 	27.2 31.3 39.4 45.7 L 

Total N assimilation (mg/plant) 
Standard 101.7 108.5 124.3 137.7 	LQ 	37.0 47.6 61.3 60.5 LQ 
Scmi-dwarf 98.2 97.4 98.7 93.2 	Q 	34.4 40.4 51.0 61.1 LQ 

14 assimilation afier anthesis (mg/plant) 
Standard - 	 . - - - 	 2.8 7.0 8.7 2.7 Q 
Semi-dwarf - - - - 	 0.8 -0.3 2.0 -4.6 LOC 
' Mi. T4, Mi, Mi -30,60,90 and 120 kg'ba ofN, respectivcly; L- linear, Q- quadratic, C-. cubic 
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tilizer leveis, while the semi-dwarf isotypes showed 
a similar response to N leveis for these traits in 1989 
oniy. This difTerenl response lo N between lhe stan-
dard and semi-dwarf isotypes in 1987 for these Iwo 
traits was probabiy due to a steady increase in the 
number of liilers in lhe standard isolypes with in. 
creasing N leveis bul nol in lhe semi-dwarfs (Nedei, 
1990). The rale of change in lhe grain yieid per plant 
for eva>' incrementai change in pre-anthesis N ac-
cumuiation difl'ered significanliy between lhe slan-
dard heighl and semi-dwarf isotypes (Tabie 5). The 
slandard heighl isotypes decreased substantiaily from 
0.033 g of grain yield per pianl per rng ofpre-anlhe-
sis N accumuiated aI 30 kg N/ha lo 0.002 g aI 
120 kg N/ha. The semi-dwarfs had a more gradual 
decrease, from 0.030 g aI 30kg NIha lo 0.016 g lo 
120 kg N/ha. These resuits suggesl lhal when lhe 
standard heighl isotypes reached a levei ofN accu- 

muialion in lhe vegetative tissue aI anlhesis between 
40.6 and 53.6 mg/pianl (Tabie 4), lhe grain yieid no 
ionger was dependenl on N content in lhe vegeta. 
live lissue. Cox eI ai. (1985) reporled a significanl 
bul iow association (r= 0.27') belween lhese Iwo 
lraits in wheal aI lhe iower N levei and no correia-
lion (r= -0.02) at lhe higher N leveis. Paccaud et ai. 
(1985) reporled a significanl but moderale associa-
lion (r 0.42') between pre-anthesis N accumula-
lion and grain yieid. 

Both semi-dwarf and slandard isolypes had a 
iarger proporlion of lhe variatián in lhe lolai N ac-
cumuiated by lhe piant expiained by pre-anlhesis N 
accumuialion (Tabie 6). A lendency for lhe associa-
tion lo decrease between these two lraits with in-
creasing N ferliiizer was observed in lhe standard 
genotypes (Tabie 7). Bioiogicai yieid aI anthesis also 
proved to be signiflcanliy correiated wilh pre-an- 

TABLE 5. Regression analysis of grain yieid (g/plant) on N assimilation prior.to anthesis, combined over stan- 
dard and semi-dwarf genolypes in 1989. 

Genotypes 	 . N Re2ression of grain yieldlpiant 
levei' 	lntercept Slope2  SE siope r 

g/piant 
Standard 	 N, 	 0.75 0.033 0.005 0.85 

1.53 	. 0.019' 	.. 0.007 0.59' 
2.01 0.012 0.008 0.37 

• 	2.43. 0.002 0.009 0.07 
Combinèd ........130... 0.023: 0.003 0.69" 

Semi-dwarf 	 N 	 0.67 0.030 0.008 0.73 
• 	 N2 	 0.79 	. 0.026" 	.. 0.007 0.69" 

N3 	 0.97 0.025" 0.007 0.69" 
• 	 144 	 1.22 0.016' 0.006 0.57' 

- 	 .ÁJlIIUIIIÇU 	 SUO 	 Uva) U.UUZ 	- 

NzN, and N4-30, 60,90 and 120 kgi,a ofN, respeclively. 	 . 	. . 	. 
2 g4,iani pa mg N/plant uptake pilar lo anibesis. 

Significan* differenee fram O ai P- 0.05 and 0.01, respeelively; forN leveis o 	16; forcombined o- 64. 

TABLE 6. Correlation ofN assimilation prior to anthesis (mglplant) with olher traits combined over standard 
and semi-dwarf genotypes iii 1989 1 . 

N assintilation prior tu anlhesis vs 	 Standard- 	 . Scmi-tiarf 
N......N, 	N4 	Combined 	N 1  N1 N3 	N4 Combined 

TotalNassimilatiors(mg/plant) 	0 .91 :: 	0.76:: 	0.65:: 	
0.58: 	0.84:: 	0.92:: 0 . 73 :: 0.91:: 	0.72:: 0.90:: 

N remobilization (mg/plant) 	0.99,, 	0.97,, 	0.97,, 	0.96, 	0.99,, 	0.99,,  0.92,, 0.93,, 	0.93,,  0.98,, 
Biologicalyieldatantiiesis(g/plant) 	0.87;, 	0.71,, 	0.88, , 	0.79, 	0.82,,  . 	0.93 ,  0.76 0.81 , 	0.83 0.91 ,,  
N conceniration in the grain (glkg) 	0.65 	0.73 	0.73 	0.55 	0.77 	0.54 0.27 0.54 	0.28 0.62 -  
'Ni , N2 , N, and N.,- 30,60,90 and 120 kgjba ofN, respeciively. 
'," Signíficani ai!'- 0.05 and 0.01, respeclively; for N leveis o- 16 forcombined n- 64 
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TABLE 7. Correlation of N assimilation after anthcsis (mglplant) with other traiU combined over standard 

and semi-dwarf genotypes ia 1989 1 . 

N assirnilation afler anthesis vs Standard Semi-dwarf 

N N2  N3  N4  Combined N N2  . N, 	N4  Combined 

TotalNassimilation(mg/pt) 0.61' 0.72' 0.54' 0.42 0.46" 0.50' 0.58' 0.64" 	0.35 0.13 

• concentration in the grain (g/kg) 0.71" 0.64" 0.21 0.01 0.30' 0.41 0.66" 0.40 	0.48 0.21 

• rcmobilization (ing/pI) 0.11 -0.11 -0.48 -0.68" -0.23 0.02 -0.43 -0.01 	-0.62" 0.45" 

'N,, N,, 14, and 144" 30,60,90 and 120 kgflha ofN, respeclivcly. 

'' Significani at P= 0.05 and 0.01, ttspectively; for 11 Ievelsn= 16; for c.ombined n-64 

thesis N accumulation (Tabie 6). Similarresults were 
reported by Paccaud et ai. (1985), Chand & Dev 
(1986) and Cox et ai. (1986). The greater the N ac-
cumulated before anthesis, the greater the amount 
of N availabie for later transiocation to the grain. 
This was indicated by the strong association 
(r= 0.98") between pre-anthesis N accumuiation and 
N remobilization (Table 6). A consistently signifi-
cant association was observed between pre-anthesis 
N accumulation and N concentration ia the grain 
for the standard isotypes across N fertilizer leveis, 
while a moderate and variable association between 
these traits was observed forthe semi-dwarfisotypes. 

There was an increase in N accumuiation between 
anthesis and maturity by Morex, Hazen, Hazen SD, 
Norbert, Andre, Klages and Steptoe (Table 3), mdi-
cating that these genotypes continued to take up N 
from the sou, akhough transiocation from roots may 
have aiso contributed. 

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

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

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

The standard isotypes showed a quadratic re-
sponse to N fertiiizer for nitrogen accumulation 
after anthesis and the serni-dwarfs a cubic response. 
Similar resuits were reported by Dhugga & Waines 
(1989) in wheat. 

There was a significant association (e 0.52") 
between grain yield per piant and N accumuiation 
during the grain filiing period in the standard 
isotypes, indicating that the continuation of N up-. 
take was important to achieve the yieid obtained. 

No association (e 0.05) between these two traits 
was observed for the semi-dwarf isotypes. flis 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 expia'm part ofthe 
genotypic variation for N uptake during grain fuI-
ing. 

There was a highly significant reiationship be-
tween N uptake aLter anthesis and N concentration 
in the grain with 30 kg N/ha (r= 0.71") and 
60kg NJha (e 0.64") for the standard isotypes but 
not for the other two N fertuiizer leveis (Tabie 7). 
The relationship between these two traits in the semi-
-dwarf isotypes was moderate with the r vaiue sig-
nificant (0.66") oniy at the 60 kg NIha fertihzer 
levei. Cox et ai. (1986) did not fmda correiation 
between post-anthesis N accumuiation and N con-
centration in the grain itt 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 fertii-
izer, e 0.11 to -0.68" (Tabie 7). Simiiar resulta are 
reported by Pan et ai. (1984) in com. This trend was 
less consistent for the semi-dwarfisotypes. Shce N 
accumulation is reiated to leaf activity (Marschner, 
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1986), and remobilizationoccurs through lhe 
degradation of proteins, this negative association 
cou!d in part be related to this physiological pro-
cess. 

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

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

In 1987 with the exception of lhe Morex isotype 
pair, lhere was a general tendency for lhe standard 
isotypes lo have higher N accumulation in lhe veg 
etative tissue at maturity than lheir respective semi-
-dwarfisotypes (Table 8). 

In 1989 lhere was a tendency for lhe reverse wilh 
lhe exception of lhe Andre isotype pair (Table 8).  

• As lhe standard isotypes had higher vegetative dry 
weights at maturity compared with lhe semi-dwarfs 
(Tab!e 1), these differences can be mainly attributed 

• lo the N concentration in lhe tissue. The higher N 
concentration in lhe vegetative tissue of lhe semi-
-dwarf mutants Morex SD, Hazen SI) and Norbert 
SI) in relation to lheir standard isotypes probably 
was due to lheir lower remobilization efficiency. 

AlI standard height isotypes, except Morex, 
showed greater N accumulation in lhe grain lhan 
lheir respective semi-dwarí isotypes, and N accu-
mulation in lhe grain was higher in lhe standard than 
in lhe semi-dwarf isotypes in bolh years (Table 3). 
This difference was mainly due to lhe higher grain 
yield of the standard isotypes (Tabie 1). N accumu-
lation in lhe grain was affected significantly by N 
fertilization (Table 4). The response lo N of lhe stan-
dard and semi-dwarf isotypes was different wilhin 
years but inconsistent between years. 

Total N accumulation was greater in lhe standard 
height isotypes Hazen, Norbert and Andre lhan for 
lheir derived semi-dwarf mutants in 1987 (Table 3). 

Hazen was !owér in N concentration in lhe grain 
lhan Hazen SI) (Table 3) but higher in grain yield 
(Table 1). 

Norbert and Andre had slight differepces iii 14 
concentration in lhe grain in relation to lheir derived 
mutants but had significantly higher grain yield per 
plant, which accounted for lhe differences in lhe to-
tal N accumutation. 

TARLE 8. Mean values for N assimilation iii the vegetative tissue at maturity 1  
Genotypes 1987 Sig. 1989 Sig. 

N,. N2  143 	.144  N 1  N2  143 
rng/pI aiig/pl 

Morex 18.7 21.9 23.4 30.4 L 5.8 7.8 9.1" 
-- 

9.9 L 
Morex SD 25.3 24.7 24.6 25.3 NS 7.9 11.2 16.6 15.1 LQ 
Hazen 23.6 31.3 40.5" 41.0" L 4.9 7.9 12.0 12.0' L 
1-lazen SI) 29.2 24.9 26.4 27.5 145 6.8 9.2 9.9 16.1 L 
Norbert 20.0' 20.0 29.3 31.5 L 9.0 9.9 12.4 12.7" L 
Norbert SI) 28.6 19.6 26.6 25.9 145 8.8 10.2 11.8 19.4 L 
Andre 16.5 15.1 21,6' 19.8 NS 7.4 9.9 14.2" 15.8' L 
Andre SI) 15.1 13.8 13.4 14.0 NS 5.3 5.7 7.7 10.8 L 
Klages 24.0 19.1 24.0 27.8 NS 8.3 10.7 13.2 17.5 L 
Steptoe 22.0 23.2 23.3 30.1 NS 6.5 7.1 11.8 10.4 L 
N, N,, 113  and N4 - 30, 60,90 and 120 kgflia ofN, respective)y; L- linear, q quadralic, NS- not significant. 

',"significant difference between isolypes within a genotype according lo t4est ai?- 0.05 and 0.01, respectively 
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In 1989 only Andre had accumulated moreN than 
its semi-dwarf isotype. 

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

Genotypic differences ia 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 rernobilization 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-
-dwarfbarleys. 

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

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