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‘Nitrogen: Relations During Spring Growth in Varieties of Triticum aestivum L.
Differing in Grain Protein Content'
V. A. Johnson, P. J. Mattern, and J. W. Schmid¢?

ABSTRACT

Ficldgrown hard red winter wheat varieties harvested
at weekly intervals differed in plant nitrogen content,
but the differences were not associated with the protein
content of their grain. Plants of ‘Warrior, a low grain
Erotcln variety, were consistently higher in nitrogen than
igher grein protein varieties, High proten derivatives
of ‘Atlas 66’ ¥ ‘Comanche’ were intermediate or com-
paratively low in plant nitrogen. Their grain was sig.
nificantly higher in nitrogen content than the low pro-
tein varieties throughout the grain development period.
Nitrogen content of the grain first decreased from an
initially high lIeve!, then increased during the last 3
weeks of grain mataration. In the high protein varieties
the decrease was less pronounced and the subsequent
increase more rapic than in the low protein varietics.

OUR cooperative investigations have demo istrated
the feasibility of breeding productive, high pro-
tein varieties of hard red winter wheat \Trticum
aestivum L.) (1, 2, 7). With ‘Atlas 66' (4, 6) as the
source of high protein, genetically induced protein
increases in the wheat grain in the range of 2 to 3%
actual protein have been reported (7). The 1dentifi-
cation of heritable protein differences has led to re-
newed interest in the physiological aspects of mitrogen
metabolism and protein synthesis in wheat (3)

As early as 1915 Thatcher (8) published data on
the wheat varieties ‘Turkey’ and ‘Bluestem’ showing
that percentage of protein in the developing kernel de-
creases somewhat until milk stage and increases there-
after until maturity. Mature kernels possessed more
protein than the immature. Miller (5) in 1939 showed
a similar pattern of protein synthesis 1n the developing
grain of the vaneties ‘Kanred’ and ‘Harvest Queen.’
Signilicant varietal differences were not demonstrated.
Despite the early findings of Thatcher and Miller, a
commonly accepted version of protein synthesis in
wheat has been that nitrogen accumulates early in
keinel development and is followed by starch deposi-
tion and protein dilution in the later stages.

A study of nitrogen accumulation in plants and
grain of selected varieties of hard red winter wheat
differing in the protein content of their grain was
initiated at the Nebraska Station in 1962,

MATERIALS AND METHODS

Six varietics and five high protein experimental lines were
studied. The varietics were Comanche (C, 1. 11678), ‘Wichita’
(C. 1. 11952), ‘Warrior’ (C I 13190), ‘Scout’ (C. I. 18546), ‘Lan-
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tural Research Service, U S Department of Agriculture, and
the Agronomy Department, University of Nebraska, Lincoln,
Nebraska. Published with the approval of the Director as
Paper No 2100, Journal Serics, Nebraska Agricultural Experi-
ment Station. The rescarch was supported by a grant from the
Nebraska Wheat Commussion, Lincoln, Nebrasha Received
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YResearch Agronomist, Crops Rescarch Division, Agricultural
Research Service, U_S. Department of Agriculture, and Pro-
fessor of Agronomy, University of Nebraska, Associate Professor;
and Professor of Agronomy, University of Nebraska, respectively;
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cer’ (C L. 18547), and ‘Gage’ (C. I, 13532). The high protein
experimental hnes included Atlas 66 x Comanche Fy-derived
families 60305, 60306, and 60308, and Atlas 66 % Comanche
Sciections 631250 and 631267 Line 631250 1s a selection from
60305 and 631267 is from 60306. Not all varicties and lines
were used in all experiments

The varieties we:e grown at Lincoln in replicated nursery
plots consisting cf four rows 3 meters long We used four
replications 1n 1962 and 1963 and two 1n 1964 and 1965, Plant
samples were taken at weckly intervals beginming Apnl 28
mn 1962 and Apnil 11 1n 1963 Sampling conuinued until the
wheat was mature Samples consisted of all aboveground plant
material 1n a 75-cm section of row taken at four places in the
border rows of each plot The unsampled center rows were
retained for yield determinations and other agronomic racasure-
ments  Within-plot samples were composited; oven-dried at 70
C; ground, and analyzed for total nitrogen content by the
Kjeldahl procedure As scon as fcasible after anthesis, the de-
veloping grain was removed from the spikes and analyzed
separately from the other plant material We followed the same
procedure 1n 1964 and 1965 cxcept that sampling was delayed
until May 12 in 1964 and June ll7 m 1785,

RESULTS AND DISCUSSION

Table 1 summarizes yield and agronomic data for
six varieties grown in 1962 and 1963. Scout was the
highest-yielding variety on the average, but with War-
rior it produced grain having the lowest protein con-
tent. Atlas 66 X Comanche (60306) was slightly more
pzoductive than Warrior, Lancer, and Comanche, and
its grain possessed over 2% more protein than the
latter three varietics. Both leaf and stem rust were
heavy on susceptible varieties. Selections 60305 and
60306 exhibited resistance to both rusts, while Scout
and Lancer were resistant to stem rust. Scout and
60306, the earliest varicties, were similar in heading
date. Warrior, Lancer, and 60305 also were similar
in date of heading.

Figure 1 shows the nitrogen content in above-ground

lant parts and in the grain of four varieties at weekly
intervals during the spring of 1962. Plant nitrogen
(dry weight hasis) in all four varieties decrcased from
approximately 59 on April 23 to about 19 on June
27 when the wheat was ripe. Plants of Warrior had
a higher nitrogen content than the other varietics on
every sampling date except one. The nitrogen super-
iority of Warrior over the other varieties was statis-
tically significant on all but three dates. The high

Table 1, Average grain protein, yicld, other agronomic data,
and disease data for six varieties of hard red wiater wheat
grown in replicated nurseries at Lincoln, Nebr,, in 1962
and 1963,

Infection severity®

C.l. Winter Puccinia Puccinia Grain
or Date survi- Plant minla recon- Test Grain pro-
Varisty  Sel,No, headed wval height ‘rflmlgj_ diias wt  yleld telnt
May % om % % kg/wl kg/ha B
Boout 13548 17 100 81 60 8 45,9 2337 138
Atlas 88 ¥
Cowmanrhe 60308 18 [ Trt 8-70 45,8 2030 1l6.3
Warrior 18190 23 100 8l 50 80 428 1934 1.8
Lancer 13847 22 100 81 80 ] 45,8 1928 4.3
Comarche 11873 20 100 84 50 60 44,8 1829 143
Atlas 68 x
C h 80308 22 97 19 Tr-60 5-70 44,9 1639 17.0

* Data from 1862 only, 1 Calculated on 14% motsture basls, § Tr = trace severity,
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Figure 1. Nitrogen content of the plants and grain of four
varieties of winter wheat grown at Lincoln, Nebr., in 1962,

protein Selection 60308, which is comparable in ma-
turity to Warrior, had the lowest plant nitrogen con-
tent on all sampling dates. Plant nitrogen contents
of Scout and 60306 were stmilar throughout the spring.

Physical separation of the developing grain from
other plant parts was possible in 1962, beginning May
28. Even at thus ealy stage of Lernel development,
grain of the lugh protemn sclections 60305 and 60308
contained a higher percentage of nitrogen than Scout
and Warrior Nitrogen content of all varie.ies except
60308 decreased from May 28 to June 4. Nitrogen
level of Scout and Warrior re.namned nearly constant
throughout the remainder of then grain maturation.
In contrast, nitiogen content of the grain of 60306
and 60308 increased steadily until the grain was ma-
ture. It 1s sig'uficant that the June 11-18 period of
most 1apid grain nitrogen increase i 60306 and 60308
coincided with a shap drop 1n plant nitrogen in these
varieties during the same period. The superiority in
grain nitrogen content of 60306 and 60308 over Scout
Snd Warrior was statistically significant at all sampling

ates.

Comparisons of high protein selections 60305 and
60306 with Warrior and Scout in 1963 are made in
Fig. 2. Again, plant nmitrogen content of Warrior was
significantly lngher than the vareties with which it
was compared thioughout the entire spring growing
period. Also, plants of 60306 had the lowest nitrogen
content on most sampling dates although the differ-
(l:g(ci(. between 60306 and Scout was not as large as in

2.

Only Warrior decreased in grain nitrogen content
after May 30, the date on which separate analysis of
the grain was initiated. Both high protein lines 60305
and 60306 showed steady increases in ketnel nitrogen
content throughout their grain maturation periad.
Nitrogen increased in the grain of Warrior and Scout
after June 6 but at a significantly lower level than the
high proteia lines.

Aias 66 X Comanche Selection 631250 was sub-
stantially more productive than the four varieties with
which it was compared in 1964 and 1965 (Tal'. 2).
Selection 631267 and Scout were similar in yield and
test weight, but the giain of 631267 nossessed 2% more
protein than Scout. Wichita and Comanche, which
were susceptible to leaf and stem rust, were low in
both grain yield and protein cor‘ent. Winterkilling
occurred at Lincoln in 1964 and 1965. Winter survival
of 631250 and 631267 was comparable to that of Co-
manche but iess than the survival of Scout.
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Figure 2. Nitrogen content of the plants and grain of four
varieties of winter wheat grown at Lincoln, Nebr., in 1963,
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Figure 8. Nitrogen content in the plants and grain of four
varieties of winter wheat grown at Lincoln, Nebr,, i 1964.
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Figure 4. Niogen content in the plants and grain of four
varieties of winter wheat during grain maturation in 1965,

Table 2. Average grain protein, yield, other agronomic data,
and disease data for five varicties of hard red winter wheat
grown in replicated nurseries at Lincoln, Nebr., in 1964 and
1965.

Reaction to*

c.1 Wintve  Buccinia Puccinis Grain
or Date survi- granints recop- Teat Grain pro~
Varfety 8el, No headed val teitll dita wt  yleld teint
May % kg/ml kg/ha %
Atlas 66 x
Comanche 6312503 25 83 1] MR 445 2411 154
Atlas 86 x
Comanche 6312077 26 55 MR MR 45.2 1870 15.4
8cout 13346 23 n B R 449 1798 13,4
Wichita 11984 22 60 8 8 43,9 1323 12,8
Comanche 11873 28 58 8 5 40.4 1141 13,3
* Data from 1965 only, ¢ Calculated on 14 % moisture basls, $ Belection from
60308, § R =Rual » MR = Mod ly rest ) B8 {bl,

1 Belection from 80308,
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Sampling of plants was delayed until May 12 in
1964. Selections 631250 and 63’1267 were compared
with Warrior and Scout (Fig. 3). Plants of Warrior
contained the highest percentage of nitrogen through-
out the sampling period, as they did in 1962 and 1963.
Scout plants had a slightly lower nitrogen content
than 681267, a selection from G0306. Nitrogen in the
grain of all varieties decrcased slightly after June 3.
The decrease continued unul June 17 except in Scout.
In the week following June 17 nitrogen in the grain
of both 631267 and 631250 increased sharply. Both
lines were higher 1n the nitrogen content of their grain
than Warrior and Scout at all stages of kernel develop-
ment.

In 1965 comparisons of 631273 and 631250 with
Gage and Lancer were made. Since Gage and 631273
are similar in date of heading and both possess adult
resistance to stem and leaf rust, comparison of one
with the other was particularly ag ropriate. Lancer
and 631250 likewise were comparable in maturity and
resistance to stem rust but differed in reaction to jeaf
rust. Sampling was initiated as soon after anthesis as
the grain could be separated from other plant parts.
Kernel and plant nitrogen differences between varie-
ties are shown in Figure 4. Varietal differences in
plant nitrogen content tended to disappear as grain
maturation progressed. Wide differences in grain ni-
trogen content in favor of the high protein lines were
measured on the first sampling date. The differences
persisted until the gramn was ripe. Kernel nitrogen
content of all varieties increased throughout the period
of grain development.

In each year of the 3-year period that Warrior was
included among varieties analyzed for their plant and
grain nitrogen content, it had the highest plant nitro-
gen content. Its grain, on the other hand, had the
lowest nitrogen cor.ent among the varieties in two
of the three years. We must conclude that Warrior
has the caracnty to take up more of the available <l
nitrogen than the other varietics tested. However, 1t
seems unable to translocate as much nirogen to its
grain as the other varieties. In contrast to Warrior,

lants of the high protein line 60306 contained the
east nitrogen among varieties studied in 1962 and
1963, but the relatively high nitrogen content of its
grain throughout the grain development period indi-
cates the capacity of 60306 to translocate nitrogen to
the grain more readily and completely than Warrior
and other low protein varieties. This suggests that
nitrogen uptake and nitrogen translocation function
as separate and independent physiological systems in

the wheat plant. This agrees with the conclusion of
McNeal et al. (8) that kernel nitrogen was not closely
associated with nitrogen content o% other plant parts
of spring wheat varieties.

The capacity of 60305, 60306, and 60308 to synthe-
size more protemn in their grain than other varieties
was reflected from the very early stages of kernel de-
veiopment. By one week after flowering significant
differences in nitrogen content of the kernels could
be demonstrated. Had the high protein lines been less
productive than the named varieties with which they
were compared it might be postulated that their grain
contained more protein because there was less of it.
Productiveness OF the high protein lines does not sup-
port this theory.

Evidence was obtained that the nitrogen content of
the grain is high initially, decreases, then increases
again until the grain is ripe. This agrees with the
tindings of Thatcher (8) and Miller (5). Continued
increase of nitrogen during the late stages of kernel
development indicates acccleration of protein synthesis
in the grain as its devclopment progresses. The late
stages of kernel development are clearly an important
period of mtrogen assimilation in the wheat kernel.
Factors of environment during the two weeks pre-ripe
period that interfere with translocation of nitrogen
from the plant to the grain could exert drastic influ-
ence on the final level of protein 1n the grain.

LITERATURE CITED

1. Haunowo, A., V. A. Jonnson, and J. W. Scumior. 1962
Genetic measurements of protein in the gramn of Triticum
aestivum L. Agron. J. 54:208-206.

2, JonnsoN, V. A, J. W. Scumior, P. J. MATTERN, and A.
Haunorp,  1963. Agronomic and quality characteristics of
high pretein Fy-denived famihies from a soft red winter-hard
red winter wheat cr6ss. Crop Sa 3:7-10

3 McNear, F. H, M A, Brre, and C A, WarsoN. 1966,
Nitrogen and dry matter n five spring wheat varieties at
successive stages of devclopment Agron. J. 58:605-608.

4. MionretoN, G. K, C E. Bopg, and B B. BavLes. 1954, A

companison of the quantity and quality of protemn in certain

varieties of soft wheat Agron J. 46:500-502,

MiLLer, E, C 1939 A physiological study of the winter wheat

plant at different stages of its development Kansas Agr. Exp.

Sta. Tech. Bul. 47.

6. Srri, Jacoisu, T T. Hrpert, and G. K. MiopLETON. 1960,
Nitrogen utithzanon n high and low protein wheat varieties.
Agron. Jour. 52:207-209,

7. STUBER, C. W, V. A, JounsoN, and J. W. Scumiot, 1962,
Grain protein content and 1ts relationship to other plant and
seed cgaractcrs i the parents and progeny of a cross of
Triticum aestivum L Crop Sci, 2:506-508.

8. THATCHER, R. W, 1915. The progressive development of the
wheat kernel-II. J. Am. Soc. Agron. 7:273-282,

wt





