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Abstract:
Protein distribution in high and low grain protein winter wheat cultivars was studied throughout the
growing season. The relationship between protein percent in plant parts and grain protein percent was
of primary importance. A high correlation of pre-anthesis plant part protein with grain protein percent
would provide an opportunity for wheat breeders to identify cultivars or plants within segregating
populations to be used in crosses for increasing grain protein. The objectives of this study were; first, to
study the above ground patterns of protein accumulation in high and low grain protein winter wheats
throughout the growing season. Second, to identify wheat plant part protein percent correlated with
grain protein.

Field experiments involved two winter wheats with high grain protein percent, 'Redwin' and 'Lancota',
and two with low grain protein percent, 'Centurk' and 'Brule'. Five soil N levels were used in each of
two years. The NIR Analyzer estimated protein in different plant parts. Protein percent was measured
in the head, the upper three leaves, the first and the second leaf, and the peduncle at five growth stages
including; heading, anthesis, early dough, hard dough, and ripe.

High protein cultivars generally had higher protein percent in the leaves and heads, and, lower protein
percent in the peduncles than low grain protein cultivars in both years. Correlations (r) were significant
between grain protein percent and protein percent in different plant . parts at most growth stages in
both years. These ranged from 0.48 to 0.87 in the heads and from -0.45 to -0.79 in the peduncle.
Correlations were positive between leaf protein and grain protein at several growth stages in both
years, ranging from 0.55 to 0.84. An unexpected increase in protein content of the upper three leaves of
Brule at anthesis resulted in a negative correlation (r = -0.46) with grain protein.

Grain protein as a function of protein in different plant parts at different growth stages was examined
using simple linear and multiple regression equations. The combination of the head, peduncle, and first
leaf protein at heading provided good correlation for grain protein percent (r2 = 0.71). Large numbers
of genotypes could be screened in a breeding program for increased grain protein. Additionally,
recurrent selection for increased grain protein, with parent determination at heading, could utilize this
approach. 
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ABSTRACT

Protein distribution in high and low grain protein winter wheat 
cultivars was studied throughout the growing season. The relationship 
between protein percent in plant parts and grain protein percent was of 
primary importance. A high correlation of pre-anthesis plant part protein 
with grain protein percent would provide an opportunity for wheat 
breeders to identify cultivars or plants within segregating populations 
to be used in crosses for increasing grain protein. The objectives of 
this study were; first, to study the above ground patterns of protein 
accumulation in high and low grain protein winter wheats throughout the 
growing season. Second, to identify wheat plant part protein percent 
correlated with grain protein.

Field experiments involved two winter wheats with high grain protein 
percent, lRedwin1 and lLancota1, and two with low grain protein percent, 
lCenturk1 and 'Brule1. Five soil N levels were used in each of two years. 
The NIR Analyzer estimated protein in different plant parts. Protein 
percent was measured in the head, the upper three leaves, the first and 
the second leaf, and the peduncle at five growth stages including; 
heading, anthesis, early dough, hard dough, and ripe.

High protein cultivars generally had higher protein percent in the 
leaves and heads, and, lower protein percent in the peduncles than low 
grain protein cultivars in both years. Correlations (r) were significant 
between grain protein percent and protein percent in different plant . 
parts at most growth stages in both years. These ranged from 0.48 to 0.87 
in the heads and from -0.45 to -0.79 in the peduncle. Correlations were 
positive between leaf protein and grain protein at several growth stages 
in both years, ranging from 0.55 to o.84. An unexpected increase in 
protein content of the upper three leaves of Brule at anthesis resulted 
in a negative correlation (r = -0.46) with grain protein.

Grain protein as a function of protein in different plant parts at 
different growth stages was examined using simple linear and multiple 
regression equations. The combination of the head, peduncle, and first 
leaf protein at heading provided good correlation for grain protein 
percent (r 2 = 0.71). Large numbers of genotypes could be screened in a 
breeding program for increased grain protein. Additionally, recurrent 
selection for increased grain protein, with parent determination at 
heading, could utilize this approach.
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INTRODUCTION

Many factors influence grain yield and protein content of wheat 
(Tritlcum aestivum L.)« Under dryland conditions genotype and climate, 
especially rainfall, play an important role. The major nutrient that 

influences yield and protein content is nitrogen.
The demands for high grain protein percentage by domestic and export 

markets, together with the increasing cost ,of nitrogen fertilizers have 

drawn attention toward improving the efficiency of nitrogen utilization 

in wheat.
The simultaneous improvement of grain yield and grain protein 

percentage in wheat is difficult because of their negative association. 

Selection for only high grain protein percentage is difficult because of 
the association with a reduced capacity to synthesize and store carbo

hydrates. Increased protein storage may be obtained by improving the 

efficiency of nitrogen utilization. This could be achieved through higher 
N uptake capacity of the root system and/or greater mobilization of 

nitrogenous compounds from the vegetative organs to the grain (Bhatiaf 

1975).
The objectives of this study were:

1. to study the patterns of protein accumulation in above ground 
plant parts of high and low grain protein winter wheats 
throughout the growing season.

2. to identify wheat plant part protein characteristics correlated 
with grain protein.
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LITERATURE REVIEW

Nitrogen accumulation in wheat plant

Differences among wheats in total grain nitrogen are circumstantial 
evidence that the capacity for total N uptake is influenced by the plant 
genotype. Varieties may have the same plant protein content but still

differ in grain protein. If wheats differ in genetic capacity for allo-
i

cation of total plant N to plant parts, it may be possible to breed for 
increased translocation efficiency of N to the grain.

Attempts have been made to identify cultivars having high N use 
efficiency in wheat. This suggests that Nuse efficiency may be associ
ated with both the ability to partition N from vegetative organs to the 

grain and the amount of N uptake from the boil (Bhatia, 1975).
Nitrogen uptake is frequently completed by anthesis (Rawson and 

Donald, 1969). Therefore, screening cultivars for the amount of protein 

accumulated at anthesis may be useful in determining potential N use 
efficiency.

Major amounts of soil nitrate are assimilated by the leaf blades. It 

is mobilized to the developing grains in reduced form (Williams, 1955; 
Neales et al., 1963; Beevers and Hageman 1969; Abrol et al., 1976). The 
upper three leaf blades, which are green and metabolically active during 
the grain development, assimilate a considerable amount of soil N (Abrol 
et al., 1976; Grover et al., 1978).

iI
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Seth et al. (1960) found no differences in the total nitrogen 

content in the vegetative parts of high and low protein wheat varieties 
prior to heading. After heading, nitrogen increased more rapidly in the 

heads of high protein varieties.

Neales et al. (1963), in studying the role of leaves in the accumu

lation of N, suggested the importance of the leaves and glumes in the 
migration of N to the wheat grain is twofold; First, they promote the 

uptake of N into the culm. Second, they become direct suppliers of grain 
N by the mass transfer of N that takes place with leaf senescence. They 
also found that the absence of a nitrogen supply to the roots enhanced 
the redistribution of nitrogen from the leaves to the ear such that the 

final grain nitrogen content was significantly greater in the "minus" 
nitrogen treatments.

Mikesell and Paulsen (1971) found that nitrogen content in leaves at 

maturity did not differ consistently between high and low protein lines 
when no leaves were removed at anthesis. Nitrogen content of mature lower 
leaves remaining after flag leaves were removed at anthesis was greater 
in low protein lines. When the lower leaves were removed at anthesis, the 

remaining flag leaves contained similar amounts of N at maturity in all 

wheat lines.

Nitrogen percent of wheat plants decreases with age. After the 

seedling stage this reduction may be due to the increase in the dry 
matter production and the mineral absorbing capacity of the roots with 

advancing age (Sahai and Das, 1975). During the later stages of growth, 

they observed a decrease in the root activity and an increase in.the dry 
weight of plants. This caused considerable reduction in the mineral
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contents during the later growth stages. The cause of the maximum uptake 
at heading stage may be the maximum dry matter production during this 

time. The subsequent decline in N uptake may be due to the low rate of 

dry matter production and lower N content during this period.
Studying growth stages and distribution of dry matter and minerals 

in winter wheat, Waldren and Flowerday (1979) observed that about 80% of 
the N in the total plant at maturity had been taken up by anthesis. About 
two-thirds of the N in the leaves, and less in the culms and heads, was 

translocated into the grain. At maturity the grain contained 71% of the 
total plant N. The leaves and culms began losing N at heading and , 
continued to lose N through ripening.

Daigger et al. (1976) reported that while N mobilizes rapidly from 
other plant parts to the grain after anthesis, total N losses occurred 
during the grain filling period after anthesis. These losses were attrib

uted primarily to the stem and leaf loss. Also, they suggested that 
grain protein could be doubled if plant N lost from plant parts could be 

translocated into the grain.
Sandhu and Gill (1976) found that the N percent in the wheat plants 

was similar among cultivars until the boot and milk stages. Their data 
also indicated that N applied at later stages of growth was more likely 

to be translocated to the grains.
Simmons and Moss (1978), suggested the minimal accumulation of 

reduced N after anthesis in spring wheat should not be attributed to the 

level of nitrate reductase (NR) enzyme. About 90% of the total reduced N 

was accumulated before anthesis.
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Plant nitrogen and grain protein relationship

In breeding programs aimed at increasing the production of cereal 
proteins, a major problem is determining a basis for selection in early 

generations. The relationship of plant N and grain protein has been 
researched extensively. When studied independently of other plant 
characteristics, grain protein content appears to act as a highly 

heritable trait (Davis et al. 1961? Haunold et al. 1962; and Chapman and 
McNealf 1970). However, when studied in conjunction with related 

characteristics, grain protein content seems to be largely determined by 

plant growth processes (Army and McNeal 1958; McNeal et al. 1966; 1968; 

1971).
If we assume that N is translocated from various plant parts to the 

developing grain, the N content of top growth becomes very important. 
McNeal et al. (1968) reported a close relationship between grain N 
content and the amount of top growth. Woodruff (1972) concluded that 

breeding cultivars with a more prolonged leaf development and a similar, 
or lower harvest index would increase grain nitrogen concentrations for a 
given yield level.

Nair et al. (1978) concluded that the important role of the upper 
three leaf blades is to supply reduced nitrogen to the grains. This study 

also suggested that for genotypic improvement of grain N f capacity of the 

upper leaf blades for N03-assimilation and mobilization of reduced N are 

important.

Nair and Abrol (1978) observed that protease activity was slightly 

higher at 90 Kg N/ha than at 180 Kg N/ha. Protease activity of flag leaf
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blades exceeded that of second and third leaf blades. They also found 
that all the nitrogen assimilated at 180 Kg N/ha was not mobilized to the 
grains.

Blacklow (1982) concluded that late applied nitrate moved through 
the flag leaves and made a significant contribution to grain nitrogen. 

However, uptake by the flag leaves and metabolism of the Nitrate-N 
exceeded the amount accumulated in the grain. This suggested that either 

the rates of translocation (beyond the flag leaf) or the incorporation of 

assimilates in the grain limited the utilization of the applied nitrate, 
or, that the tissue of the peduncle was an alternative sink to the grain..

Iirproving grain yield and grain protein percent simultaneously is a 

difficult task because, of the inverse relationship between the two 
characteristics.

Terman et al. (1969) found significant inverse yield-protein 

relationships in wheat grain at each level of applied N in hard red 

winter wheat. Studies by McNeal et al. (1968 and 1971) showed a signif- ■ 
leant negative relationship between grain protein and grain-straw ratios, 

suggesting that since grain protein yield is an important part of top 
growth, grain protein percentages will be correspondingly lower.

McNeal et al. (1972) reported that grain N content was negatively 

related to grain yield and to the grain-straw ratio in spring wheat. High 
and low protein composites produced the same amount of above ground plant 
N, and each translocated the same percent of N to grain. However, grain N 

content of the high protein composites was significantly higher because 

of the distribution of a similar amount of N to a smaller amount of 
grain. Also, they found that differences in plant growth characteristics
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among these composites such as kernel number and kernel weight seemed to 
account for the differences in grain N content.

Solomon and Evans (1984) reported that the environmental factors 
and source-sink interactions are the causes of the negative relationship 
between grain yield and grain protein percentage. However, the possi
bility of developing of cultivars with grain protein percentage and grain 
yield superior to those currently in use has been reported (Stuber et al. 
1962; Hucklesby et al. 1971; Johnson et al. 1971; Duffield et al. 1972). 

Due to the frequent negative association between grain protein and grain 

yield, Bhatia (1975) proposed selection for grain protein yield instead 

of protein percentage. This would likely increase yield and yield 

components but may not improve grain protein percentage. Rao et al.(1977) 
suggested that no single identifiable factor can be used as a physio
logical criterion in selecting wheat genotypes for efficient N utiliz

ation. Selection must consider two or more factors simultaneously, 
including long-term capacity for absorption, in vivo reduction of 
nitrate, and efficient translocation of vegetative N to the developing 

grains.
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MATERIALS AND METHODS

Cultivars

Fdur hard red winter wheats, two with high and two with low grain 
protein percent, were grown at the Montana State University, Post Field 
Research Laboratory, Bozeman, Montana in 1983-84 and 1984-85 (Table I).

Table I. Cultivars, origin, their pedigree, and mean grain protein 
percent.

Cultivar ID No. Pedigree Grain protein % *

Redwin Cl 17844 Yogo/CNN//YGSS4662-20411 14.6
Lancota Cl 17389 ATLAS 66/CQMANCHE//LANCER 15.6
Centurk Cl 15075 K58N/3/HOPE/2*TK/4/CNN/PARKER 13.3
Brule PI 466739 NE68723/NE68719//GAGE SEL 12.2

* 1984, Bozeman, MT. (Means of five soil N treatments).

Soil Nitrogen

In the first year, 1983-84, soil samples taken at 33, 66 and 100 cm 
depth from the experimental plots were analyzed for nitrogen, phosphorus, 

potassium, and sulfur. About 100 Kg/ha of available N(NOS-N) were present 

in the upper one meter of the soil profile. Adequate P, K, and S were . 

present in the profile; 138, 2484, and 115 Kg/ha, respectively.

In the second year, 1984-85, soil samples taken before planting 
showed only 25 Kg/ha available N (N03-N) in the soil, and deficiency of 
P, K, and S. Consequently, 20, 30, and 20 Kg/ha, of P, K, and S, respec

tively, were applied to the field plots before seeding.
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Ammonium nitrate (34%) was used as a source of N at 5 rates (0, 50, 

100, 150 and 200 Kg N/ha). All granular fertilizers were broadcasted on 

the soil surface. Half was applied at seedling stage (about 45 days after 

planting) and the second half was applied at the end of March (tillering 
stage).

Experimental design

The experiment was a randomized block in a split plot design with 

six replications in 1984 and four replications in 1985. Nitrogen treat
ments were the main plots and cultivars the sub plots. Plots consisted of 

12 rows 30 cm apart and three meters long (six rows for grain yield and 

six for sampling). The planting rate was eight grams of seed per three 
meter row length.

Experimental design, plot dimensions, and planting rates were the . 

same both years.

Sampling and protein measurement

Random plant samples were clipped from the six-row area assigned 
for sampling. In the first year, samples from each plot were separated 
into peduncles, upper three leaves, and heads taken at five growth stages 

(heading, anthesis, early dough, hard dough, and ripe). In the second 

year samples included the first and the second leaf separately (from 
plant top) instead of upper three leaves. The samples were collected, 

oven dried in paper sacks at 60 C until a constant weight was attained, 
then ground in a Udy Cyclone Mill (0.5 mm screen). The Technicon Infra- 
lyzer TM 400 instrument was used to estimate protein percentage in ground
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plant samples (Noamanf Taylor, and McGuire, 1984).

Statistical analysis

Data were analyzed by the analysis of variance. Least significant 
difference (LSD) was used to test means for significant differences 

among treatments and the different interactions (Steel and Torfie, 1980).
Combined analysis over two years was performed using the methods 

given by McIntpsh (1983). Cultivars and nitrogen treatments were consi

dered fixed and years random.
Simple regression, multiple regression, and stepwise regression were 

used to test the relationship of protein in different plant parts with 
grain protein (Neter and Wasserman, 1974).

Abbreviations

The following abbreviations are used in the text:

Protein percent = PP
Leaf protein percent = LPP
Head protein percent = HPP
Peduncle protein percent = PPP
Grain protein percent = GPP
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RESULTS AND DISCUSSION

Protein percentage in different plant parts at successive growth 
stages in high and low grain protein cultivars.

In the present research, protein percent (PP) in plant parts of four 
winter wheat cultivars was followed throughout the growing season.
Protein percentage in the upper three leaves (1983-84), first leaf, and 
second leaf (1984-85), head, and peduncle was estimated at five growth 

stages (details in MATERIALS AND METHODS).

Tables 12 to 21 in the Appendix show the mean squares for protein 
percent in different plant parts of the four cultivars at various growth 

stages in the two years.

The combined analysis over two years showed no significant dif
ferences among cultivars for protein percent in the head and peduncle 

at most growth stages. The exceptions were percent head protein at 

heading and early dough, and, percent peduncle protein at ripe (Tables 8 
and 9, Appendix). However, individual analyses of each year indicated 

other significant differences. This was due to the highly significant 

interaction between years and cultivars (Tables 8 and 9, Appendix).

Leaf protein percent (LPP)
In both years, leaf protein percent (LPP) was highest during the 

early stages of plant development, but declined until early dough (Fig.
I) as was found by Daigger et al. (1976). Rapid decline was observed from 
early dough to hard dough. A large proportion of the protein in the
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leaves was translocated out of the leaves prior to or during senescence. 
Similar results were reported by Waldren and Flowerday (1979). This 

pattern of PP changes in the leaves was common to the four cultivars in 

this study (Fig. 2). In the second year the samples from the first leaf 

(LI) and the second leaf (L2) were taken separately. Leaf I protein 
percent (LlPP) generally was higher than leaf 2 protein percent (L2PP) at 
all growth stages (Fig. I). Both leaves followed a pattern of change 
similar to the upper three leaves in the first year. Leaf protein percent 

was significantly different among the four cultivars at most growth 
stages and followed similar patterns in both years (Tables 2 and 3 and 
Fig. 2).

Table 2. Protein percent in the upper three leaves of four winter wheat 
cultivars at five growth stages in 1984.*

Cultivar

Growth stage

Heading Anthesis E. dough H. dough Ripe

Redwin 21.1 19.3 18.8 4.8 4.1
Lancota 21.7 20.1 18.4 3.6 2.8
Centurk 21.9 19.3 ' 18.5 4.4 1.4
Brule 22.4 21.8 18.4 3.2 2.0
LSD (5%) 0.4 0.5 0.4 0.2 0.1
LSD (1%) 0.6 0.6 0.5 0.3 0.2
C V  % 4.2 4.9 4.9 10.2 11.4

* Data averaged over five soil N and six replications (n = 30).

I
Senescent leaf PP at ripe ranged from.1.4% in Centurk ■to 4.1% in

Redwin in the first year (Table 2) and the high grain protein cultivars 

Redwin and Lancota were significantly (P < 0.01) higher than Centufk and 

Brule. At ripe differences were significant among cultivars for LIPP 
(Table 3). These results agree with those reported by Seth et al. (1960)
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and Sandhu and Gill (1976). The LlPP values ranged from 3.9% in Lancota 
to 5.3% in Redwin,and L2PP varied from 3.3% in Lancota to 4.6% in Redwin. 

Redwin generally was significantly (P < 0.01) higher in leaf protein than 

the other three cultivars at ripe in both years (Tables 2 and 3).

Table 3. Protein percent in the first and the second leaf of four winter 
wheat cultivars at five growth stages in 1985.*

Cultivar

Growth stage
Heading Anthesis E.dough H.dough Ripe

LI L2 LI L2 LI L2 LI L2 LI L2
Redwin 23.4 22.1 19.3 11.1 18.1 14.6 5.5 4.1 5.3 4.6
Lancota 23.1 21.7 20.1 10.8 17.5 12.4 4.2 3.4 3.9 3.3
Centurk 21.8 20.1 19.3 10.3 17.7 13.3 4.2 2.8 4.1 3.5
Brule 23.5 21.2 21.8 11.7 15.9 12.3 3.6 2.6 4.3 3.6
LSD (5%) 0.3 0.3 0.5 0.3 0.3 0.3 0.2 0.2 0.2 0.2
LSD (1%) 0.4 0.5 0.6 0.4 0.4 ■ 0.4 0.3 0.2 0.3 0.3
C V % 2.5 3.2 4.9 5.6 3.3 5.0 8.2 9.7 9.4 12.1

* Data averaged over five soil N and four replications (n = 20).

These data indicate not all the translocatable leaf protein was 
contributed to the grains. The high grain protein cultivars had a higher 
levels of protein in the upper three leaves than the low protein ones at 

ripe (Table 2). These results and those of Blacklow (1982) suggest that 
the uptake and metabolism of nitrate-N by the flag leaves exceeded the 

amount translocated to the grain, suggesting the peduncle as an alter
native sink to the grain.

Head protein percent (HPP)
The head protein percent (HPP) followed similar patterns of change 

in both years (Fig. I). The high grain protein cultivars, Redwin and
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Lancotaf had significantly higher protein percent in the head at most 
growth stages in the first year, and, at all growth stages in the second 

year (Table 4). Similar results were reported by Seth et al. (1960). They 
found after heading N increased rapidly in the heads of high protein 
cultivars. For the two low grain protein cultivars Centurk and Brule, HPP 

exhibited similar patterns (Fig. 3). A slight increase in HPP was 
observed from heading to anthesis, followed by decline from anthesis to 
early dough. HPP increased again from early to hard dough. The decline in 

HPP at ripe may be due to an increase dry matter formed during this 
period. On the other hand, HPP in the high grain protein cultivars 
(Redwin and Lancota) declined from heading to early dough in the first 

year but there was an increase in the second year. Both increased until 

hard dough but Redwin HPP continued to increase until ripe the first 
year, whereas Laricota HPP declined slightly from hard dough to ripe. 

Differences were significant among cultivars in HPP at ripe in both years 
(Table 4). The low protein cultivars, Brule and Centurk, were signifi
cantly (P < 0.01) lower than high protein cultivars Redwin and Lancota.

In general, the high grain protein cultivars had higher head protein 
than low grain protein cultivars at most growth stages. Exceptions 
occurred in the first year at anthesis and hard dough.
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Table 4. Protein percent in the heads of four winter wheat cultivars at 

five growth stages in the two years.*

Cultivar

Growth stage ■
Heading Anthesis E.dough H.dough Ripe

1984 1985 1984 1985 1984 1985 1984 1985 1984 1985

Redwin 12.0 12.2 11.1 12.1 10.3 10.6 11.6 13.9 11.9 13.7
Lancota 11.0 11.0 10.8 11.8 9.6 10.2 13.4 13.8 12.3 14.0
Centurk 9.9 10.0 10.3 11.0 8.7 9.3 12.2 12.3 11.5 11.8
Brule 10.8 10.0 11.7 10.8 9.1 9.0 11.6 11.5 10.5 12.3
LSD (5%) 0.3 0.3 0.3 0.2 0.3 0.3 0.3 0.3 0.2 0.2
LSD (1%) 0.4 0.5 0.4 0.3 0.4 0.4 0.4 0.5 0.3 0.3
C V % 5.9 5.8 5.6 3.1 7.7 6.2 4.6 4.7 3.6 3.4
* Data averaged over five soil N and four replications, 1984 (n = 20) and 

five soil N and six replications, 1985 (n = 30).

Peduncle protein percent (PPP)
Cultivars differed significantly for peduncle protein percent (PPP) 

at most growth stages in both years (Table, 5). By the ripe stage the high 

grain protein cultivars appeared to have translocated higher protein 

percent from the peduncle than the low grain protein cultivars.
In both years, PPP was highest at heading for all four cultivars and 

declined through hard dough. In four of eight comparison cases there was 
slight increase in PPP between hard dough and ripe (Table 5 and Fig. 4). 
Differences were significant among cultivars in the PPP at ripe. The two 

high grain protein cultivars, Redwin and Lancota, were significantly (P < 
0.01) lower than the low protein cultivars, Centurk and Brule, in PPP 
both years. These data and those of Blacklow (1982), suggest changes in 

peduncle protein percent may be an important indicator of protein 

translocation to the grain. High protein cultivars had the lowest values 
for PPP and low protein cultivars had the highest values for PPP at ripe.
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Table 5. Protein percent in the peduncle of four winter wheat cultivars 

at five growth stages in the two years.*

Cultivar

Growth stage
Heading Anthesis E.dough H.dough Ripe
1984 1985 1984 1985 1984 1985 1984 1985 1984 1985

Redwin 11.3 8.3 7.8 8.0 4.5 5.4 1.6 2.0 1.4 1.3
Lancota 12.1 8.2 6.7 7.7 4.4 4.7 1.3 .1.6 2.3 1.8
Centurk 12.4 8.8 6.7 8.0 4.6 5.7 3.2 2.5 2.8 2.6
Brule 12.0 9.1 7.8 8.2 4.9 5.9 2.0 2.3 2.8 2.7
LSD (5%) 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2
LSD (1%) 0.4 0.5 0.3 0.3 0.3 0.3 0.2 0.3 0.2 0.2
C V % 5.0 6.7 6.9 6.0 9.3 8.1 17.3 18.6 13.3 14.2

* Data averaged over five soil N and four replications, 1984 (n = 20) and 
five soil N and six replications, 1985 (n = 30).

Grain protein percent (GPP)

Differences among cultivars were significant in grain protein 
percent (GPP) at ripe both years (Fig. 5). The high grain protein 

cultivars, Lancota and Redwin, were significantly (P < 0.01) higher than 
the low grain protein cultivars, Centurk and Brule (Table 10, Appendix). 
The grain protein percent range was 12.1% to 15.6% in Brule and Lancota, 

respectively, in the first year and was 14.5% to 16.2% in Brule and 

Redwin, respectively, in the second year.
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Relationship of protein percentage in plant parts and grain 

protein in high and low grain protein cultivars

Simple correlations between protein in plant parts and grain protein 

Sinple linear regression was used to test the relationship between 

protein percent (PP) of different plant parts at various growth stages 
and grain protein percentage (GPP). The results of the simple linear 
regressions from 1984 and 1985 are shown in Table 6.

Table 6. Correlation coefficients between protein percent in different 
plant parts and grain protein at five growth stages in the two 
years.®

Growth
stage

Plant parts
Leaves LI L2 Head Peduncle
1984 1985 1984 1985 1984 1985

Heading .07 ns .25 ns .62 ** .39 ns .70 ** -.12. ns —.64 **
Anthesis —.46 * .19 ns .17 ns -.32 ns .66 ** -.37 ns -.53 **

E .dough .08 ns .84 ** .47 * .50 * .87 ** -.52 * -.53 **

H.dough .32 ns .63 ** .63 ** .48 * .63 ** — .49 * -.40 ns

Ripe .55 * .39 ns . 27. ns .81 ** .65 ** — .45 * -.79 **

*, ** Significant at 5% and 1% levels of probability, respectively, 
ns Not significant.
@ Data averaged over four and six replications in 1984 and 1985, 
respectively (n = 20).

Regression was used to address the question of the relative impor

tance of the effects of the different independent variables (plant part 
protein percent), and the magnitude of the effect of each independent 

variable on the dependent variable (grain protein percent). Testing the 

residuals of the regression analysis provided information concerning any
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kind of violation or departures from the model used. No major violation 
was found either with respect to linearity or constancy of error var
iance, and, normality or independency.

Plant part protein at various growth stages was significantly 
correlated with grain protein percentage in 22 of 35 comparisons (Table 
6). In the first year there were significant (P < 0.05 to 0.01) positive 
correlations (r) between GPP and HPP of 0.50, 0.48, and 0.81 at early 

dough, hard dough, and ripe, respectively. Significant (P < 0.05) 

negative correlations between PPP and GPP were -0.52, -0.49, and -0.45 at 

early dough, hard dough, and ripe, respectively. However, LPP did not 
show significant correlation with GPP except at anthesis and ripe (r = 

-0.46 and 0.55), respectively. The negative correlation at anthesis was 
due to the unexpected increase in the protein of the upper three leaves 
of Brule. In the second year, correlations between PP in different plant 

parts and GPP were much higher (Table 6).
Head protein percent (HPP) was positively correlated (P < 0.01) with 

GPP at all growth stages. Leafl protein percent (LlPP) was also posi

tively correlated (P < 0.01) with GPP at early dough and hard dough.
Leaf2 protein percent (L2PP) was positively correlated with GPP at 
heading and hard dough (P < 0.01), and at early dough (P < 0.05). These 

results are supported by those reported by McNeal et al. (1968); Wbodruf 

(1972); Nair et al. (1978). They found high relationship between grain 
protein content and N in the top growth.

Peduncle protein percent (PPP) showed a significant (P < 0.01) 

negative correlation at all growth stages except at hard dough, where it 
was negative but not significant. The highest correlation was obtained



between the head protein at ripe and early dough and grain protein in the 
first and the second year, respectively.

Grain protein.as a function of protein in different plant parts and 
growth stages

To answer the question about which variables (plant parts) can be 

used and which ones should be dropped from the prediction equations for 
grain protein, multiple regression was used to select the best set of 

independent variables (plant parts at different growth stages) which can 

be used in the regression equations predicting grain protein.
Multicolinearity was.not evident among independent variables in the 

first year and very little in the second year before anthesis, the period 

in which plant breeders are interested when they make decisions about 

selecting parents for a crossing program to improve grain protein 
percent. Accordingly, we used the first order linear multiple regression 

model with no interaction (Meter and Wasserman, 1974).
Five prediction regression equations for grain protein percent were 

established (Table 7). These equations gave the highest R and include 

plant parts which exhibited high correlation with grain protein percent 
before anthesis. It is important that parents with a high probability of 
giving high grain protein percent be identified before anthesis. Plant 

breeders then, could make decisions about selecting parents for crossing 

in a recurrent selection program for improved grain protein,. By estimat

ing protein percent in those plant parts which exhibited high correlation 

with grain protein percent such as head protein, peduncle protein, and 
leaf I protein at heading, it is possible to predict grain protein 
percent.

24
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Table. 7. Multiple regression equations expressing grain protein as a 
function of protein in different plant parts and growth 
stages, 1984-85.#

Heading Anthesis
2

R

Y= 8.36+ HPP(.62)+ LlPP(-.23)+ L2PP(.53) + PPP(.45) + L2PP(-.53) .88 **
Y=Il.60+ HPP(.51)+ LlPP(-.14)+ L2PP(.48) + L2PP(-.50) .86 **
Y=Il.43+ HPP(.35)+ LlPP(.18) + PPP(-.43) .71 **
Y= 5.86+ HPP(.44)+ L2PP(.23) , .64 **
Y= 9.45+ HPP(.56) .49 *@

2
** Coefficient of multiple determination (R ) significant at 1% 

probability. 2
@ Coefficient of simple determination (r ).
# Data averaged over four replications (n = 20).

where: j
Y = predicted grain protein.
HPP = head protein percent.

PPP = peduncle protein percent.

LlPP = first leaf protein percent.

L2PP = second leaf protein percent.

Combining the two years of data in the multiple regression gave 

lower correlations (Table 11, Appendix) compared to the single year 
multiple regression. This was due to the small variation that occurred in 
the first year among the different variables compared to the second year. 

Accordingly, use of the second year correlations was preferred. 

Additionally, the correlation between the combined upper three leaves and 
grain protein in the first year did not show high significance.
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Consequently, the first and the second leaf were used in the second.year. 
By doing so, better correlation was obtained between the individual 

leaves and grain protein as compared to the upper three leaves.
Coefficients of the partial correlation measure the contribution of 

one independent variable when all others are already included in the 

model. Coefficients for most of the independent variables in the above 
equations were significant.

Table 7 shows the multiple and simple linear regression equations

expressing grain protein percent as a function of protein percent in

plant parts for the second year. Head protein percent at heading was
2

significantly correlated with grain protein (r = 0.49). However, adding 

the second leaf protein to the equation increased the correlation. 
Although some gains are obtained by adding more variables in the predic
tion equations, it is preferable to use the least number of variables 

which give a reasonably significant correlation with grain protein 

percent. Additionally, the NIR Analyzer requires about 5 gm dry matter of 
the sample which is difficult to obtain in early segregating populations 

where one plant represents each genotype. Also, time limits decision 
making to pre-anthesis concerning lines for intercrossing. This problem 

may be overcome by using a smaller sample cup in NIR Analyzer and by

reducing the number of the variables in the multiple regression equations
2

to the minimum by choosing the least R which gives significant 

correlation.

If enough plant material and time are available the use of more 
variables would give the highest correlation, and, consequently, the best 
prediction of grain protein (Table 7).
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It is important to mention some precautions about the validity of 

applying these prediction equations. First, use of the regression 
equation requires that basic causal conditions in the prediction period 

be similar to those during the period when the regression analysis is 
based. This precaution applies whether mean protein responses are to be 

estimated or new individual observations predicted. The second precaution 
deals with inferences about levels of the independent variables which 
fall outside the range of observations. However, if the independent 

variable (plant part protein) falls far beyond the range of the data in 
hand, extreme caution should be taken since one can not be sure that the 
regression function which fits the past data is appropriate over the 

wider range of the plant part protein.
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SUMMARY

In the present research patterns of protein accumulation in plant 
parts of high and low grain protein cultivars were followed throughout 
the growing season.

The objectives of this research were: I. to study the patterns of 
protein accumulation in above ground plant parts of high and low grain 
protein winter wheats throughout the growing season, and 2. to identify 

wheat plant part protein percents that are correlated with grain protein 

percent.

Genotypic differences were found for the accumulation of protein in 

different plant parts at various growth stages. These differences may be 
due to differing genetic capacities for the translocation of absolute 

amounts of nitrogenous compounds per unit weight of tissue to or from the 

various plant parts. The highly significant differences found among 
cultivars in protein percent in the head and peduncle pre- and post- 
anthesis suggest differing genetic capacities for translocation of nitro

genous compounds to the grain.
High and low grain protein cultivars differed significantly in 

protein percentage in different plant parts from heading through ripe. 

Leaf protein percent at ripe varied among cultivars. High grain protein 
cultivars had higher leaf protein percent than low grain protein 

cultivars at ripe. These results do not agree with those of Mikesell and 

Paulsen (1971), who found that nitrogen in leaves at maturity did not
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differ between high and low protein lines. However, these data agreed 
with Johnson et al. (1967), who found that high protein cultivars have 

higher leaf protein. High protein cultivars generally had higher protein 
percentage in the heads than low protein cultivars at most growth stages 
in both years. High protein cultivars had lower protein percentage in the

f

peduncle than low protein cultivars at ripe. This suggested the peduncle 
in low grain protein cultivars as a competitive protein sink alternative 
to the grain.

In the first year there were significant correlations (r) between 

grain protein percentage and protein percentage in some plant parts.
These ranged from 0.48 to.0.81 in the heads and from -0.45 to -0.52 in 
the peduncle at different growth stages. In the second year higher 
correlations ranged from 0.63 to 0.87 in the heads and from -0.53 to 
-0.79 in the peduncle at different growth stages. However, a significant 

negative correlation (r = -0.46) was noted between grain protein and 

protein percentage in the upper three leaves at anthesis in the first 
year. Also, significant correlations of Li and L2 protein with grain 

protein ranged from 0.63 to 0.84 at different growth stages in the second 

year.
These results can be applied in a wheat breeding programs for 

improving protein. The first step is to evaluate cultivars for plant part 
protein which showed high correlations with grain protein percent.
Second, make crosses between those parents based on these.pre-anthesis 

evaluations. Third, study the heritability and the gene action of those 
plant parts. Fourth, use a recurrent selection program to increase the 
mean protein of the populations by increasing the frequency of the
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desirable genes for the trait under selection; grain protein percentage. 
Fifth, use the resulting materials from each cycle of recurrent selection 
as a source of variability in crossing blocks.

It is appropriate to use the significant protein prediction equation 
with the least number of plant parts and growth stages. Time and amount 
of plant material required for the NIR Analyzer are important consider
ations .
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Table 8. Mean squares for protein percent in the head of four winter

wheat cultivars at various growth stages over two years.

Source
Mean square

df Heading Anthesis Early dough Hard dough Ripe

Year (Y) I 2.81 * 6.05 ** 3.48 ns 18.84 ** 74.53 **
Block/Y 6 0.46 0.12 1.94 0.43 0.28
Nitrogen(N) 4 1.49 ns 0.53 ns 1.96 ns 4.34 ns 0.32 ns
Y x N 4 1.90 ** 0.15 ns 0.45 ns 1.45 * 0.19 ns
Error I 24 0.42 0.24 0.45 0.43 0.19
Cultivar(C) 3 33.11 ** 5.72 ns 19.32 * 28.70 ns 30.01 ns
Y x C 3 2.09 ** 7.53 ** 1.03 ns 12.59 ** 6.05 **
N x C 12 0.89 ns 0.68 ns 0.57 ns 1.74 ns 0.89, ns
Y x N x C 12 0.98 * 0.34 ns 0.37 ns 1.19 ** 0.611**
Error 2 90 0.43 0.33 0.39 0.32 0.18

Significant at 5% and 1% levels of probability, respectively.
ns Not significant.

Table 9. Mean squares for protein percent in the peduncle of four winter 
wheat cultivars at various growth stages over two years.

Mean square

Source df Heading Anthesis Early dough Hard dough Ripe

Year (Y) I 464.40 ** 10.05 ** 25.36 ** 0.42 ns 2.40 **
Block/Y 6 0.25 0.68 0.78 0.14 0.15
Nitrogen(N) 4 4.84 ns 0.20 ns 0.95 ns 0.87 ns 0.13 ns
Y x N 4 7.12 ** 0.22 ns 0,39 ns 0.52 * 0.14 ns
Error I 24 0.40 0.18 0.21 0.13 0.09
Cultivar(C) 3 4.45 ns 5.15 ns 5.59 ns 13.21 ns 18.75 **
Y x C 3 2.36 ** 4.20 ** 1.17 ** 2.73 ** 0.58 **
N x C 12 2.08 ns 0.36 ns 0.79 ns 0.40 * 0.86 ns
Y x N x C 12 2.08 ** 0.26 ns 0.37 * 0.13 ns 0.37 **
Error 2 90 0.33 0.25 0.16 0.16 0.09
*, ** Significant at 5% and 1% levels of probability,, respectively.

ns Not significant.
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Table 10. Grain protein percent of four winter wheat cultivars at ripe 

in the two years.
Cultivar 1984 1985
Redwin 14.6 16.2
Lancota 15.6 15.9
Centurk 13.3 15.2
Brule 12.2 14.5
LSD (5%) 0.2 0.4
LSD (1%) 0.2 0.5
C V % 2.4 6.2

Table 11. Correlations between protein percent in different plant parts 
and grain protein at two growth stages over two years.

Growth
' Plant parts

stages Leaves Head Peduncle
Heading 0.34 ns 0.34 ns -0.61 **

Anthesis -0.53 * . 0.21 ns -0.02 ns

*, ** Significant at 5% and 1% levels of probability, respectively, 
ns Not significant.
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Table 12. Mean squares for protein percent in the head, peduncle, and

leaves of four winter wheat cultivars at heading in 1984.

Source df

Mean square

Heads Peduncle Leaves
Blocks 5 .994 1.001 2.683
Nitrogen (N) 4 4.576 ** 17.530 ** 17.780 **
Error I 20 .287 .428 1.013
Cultivar(C) 3 23.530 ** 6.698 ** .741 ns
N X C 12 .958 * 4.153 ** 4.744 **
Residual 75 .418 .295 .654
*, ** Significant at 5% and 1% levels of probability, respectively, 

ns Not significant.

Table 13. Mean squares for protein percent in the head, peduncle, and 
leaves of four winter wheat cultivars at anthesis in 1984.

Mean square

Source df Heads Peduncle Leaves

Blocks 5 .361 .771 5.628
Nitrogen (N) 4 .942 * 1.219 ** .639 nS
Error I 20 .302 .149 .632
Cultivar(C) 3 10.180 ** 11.850 ** 41.330 **
N X C 12 1.285 ** .471 * 6.026 **
Residual 75 .402 .242 .779

*, ** Significant at 5% and 1% levels of probability, respectively,
ns Not significant.
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Table 14. Mean squares for protein percent in the head, peduncle and

leaves of four winter wheat cultivars at early dough in 1984.

Source df
Mean square

Heads Peduncle Leaves
Blocks 5 2.069 .711 4.912
Nitrogen (N) 4 2.319 ** 1.312 ** 1.114 ns
Error I 20 .522 .104 .674
Cultivar(C) 3 15.063 ** 1.853 ** 1.245 ns
N X C 12 1.752 ** .712 ** 5.293 **
Residual 75 .418 .167 .607
** Significant at 1% level of probability, 
ns Not significant.

Table 15. Mean squares for protein percent in the head, peduncle, and 
leaves of four winter wheat cultivars at hard dough in 1984.

Mean square

Source df Heads Peduncle Leaves

Blocks 5 .490 .014 .105
Nitrogen (N) 4 6.702 ** 1.490 ** 3.656 **
Error I 20 .278 .126 .166
Cultivar(C) 3 21.960 ** 21.180 ** 17.450 **
N X C 12 2.825 ** .671 ** 1.443 **
Residual 75 .323 .125 .163

** Significant at 1% level of probability.
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Table 16. Mean squares for protein percent in the head, peduncle, leaves,

and grains of four winter wheat cultivars at ripe in 1984.

Source df
Mean square

Heads. Peduncle Leaves Grains
Blocks 5 .197 .189 .210 .129
Nitrogen (N) 4 1.086 ** .446 ** 1.352 ** .329 *
Error I 20 .170 .082 .111 .077
Cultivar(C) 3 18.360 ** 13.740 ** 41.320 ** 65.420 **
N X C 12 1.948 ** 1.568 ** 1.842 ** .248 *
Residual 75 .171 .089 .071 .123
*, ** Significant at 5% and 1% levels of probability, respectively.

Table 17. Mean squares for protein percent in the head, peduncle, leaf I, 
and leaf 2 of four winter wheat cultivars at heading in 1985.

Mean square

Source df Heads Peduncle Leaf I leaf 2

Blocks 3 .552 . .255 1.788 1.226
Nitrogen (N) 4 .349 ns .349 ns 1.572 ** 21.060 **
Error I 12 .444 .297 .293 .628
Cultivar(C) 3 21.730 ** 3.365 ** 11.970 ** 14.830 **
N X C 12 .984 ** .819 * 1.465 ** 3.203 **
Residual 45 .357 .344 .224 .382

*, ** Significant at 5% and 1% levels of probability, respectively,
ns Not significant.
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Table 18. Mean squares for protein percent in the head, peduncle, leaf I,

and leaf 2 of four winter wheat cultivars at anthesis in 1985.

Source df
Mean square

Heads Peduncle Leaf I leaf 2
Blocks 3 .118 .765 1.796 .708
Nitrogen (N) 4 .224 * .043 ns 1.275 ns 2.667 **
Error I 12 .073 .249 .993 .211
Cultivar(C) 3 , 7.456 ** 1.676 ** 10.670 ** 15.510 **
N X C 12 .353 * .332 ns .727 ns .432 ns '
Residual 45 .141 .177 .711 .305
*, ** Significant at 5% and 1% levels of probability, respectively, 

ns Not significant.

Table 19. Mean squares for protein percent in the head, peduncle, leaf I, 
and leaf 2 of four winter wheat cultivars at early dough in
1985.

Source df
Mean square

Heads Peduncle Leaf I leaf 2

Blocks 3 .930 .835 .390 2.725
Nitrogen(N) 4 1.286 * .190 ns 2.650 ** .988 **
Error I 12 .324 .313 .235 .194
Cultivar(C) 3 11.090 ** 5.300 ** 19.970 ** 22.250 **
N X C 12 .190 ns .577 ** .289 ** .471 ns
Residual 45 .337 .122 .336 .333
*, ** Significant at 5% and 1% levels of probability, respectively.

ns Not significant.
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Table 20. Mean squares for protein percent in the head, peduncle, leaf 

and leaf 2 of four winter wheat cultivars at hard dough in 
1985.

I,

Source df
Mean square

Heads Peduncle Leaf I leaf 2
Blocks ' 3 .184 .271 .381 .072
Nitrogen (N) 4 .830 ns .213 ns .625 ns 1.303 **
Error I .12 .451 .119 .367 .155
Cultivar(C) 3 27.860 ** 2.680 ** 12.180 ** 8.528 **
N X C 12 .686 ** .065 ns .299 * .529 **
Residual 45 .347 .156 .133 .084
*, ** Significant at 5% and 1% levels of probability, respectively, 

ns Not significant.

Table 21. Mean squares for protein percent in the head, peduncle, leaf I 
leaf 2, and grains of four winter wheat cultivars at ripe in
1985.

r

Mean square

Source df Heads Peduncle leaf I Leaf 2 grain

Blocks 3 .507 .112 .019 .234 8.005
Nitrogen (N) 4 .046 ns .012 ns .333 ns 2.563 ** 3.253 **
Error I 12 .163 .069 .191 .295 .475
Cultivar(C) 3 23.670 ** 8.643 ** 7.991 ** 6.941 ** 10.650 **
N X C 12 .267 ns .176 ns .093 ns .272 ns .366 ns
Residual 45 .175 .089 .174 .179 .560

** Significant at 1% level of probability 
ns Not significant.
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