PB-225 807

YIELD AND PROTEIN RESPONSES TO NITROGEN
FERTILIZER OF TWO WINTER WHEAT VARIETIES
DIFFERING (N INHERENT PROTEIN CONTENT OF
THEIR GRAIN

Virgil A. Johnson, et al

Nebraska University
Lincoln, Nebraska

April 1973

DISTRIBUTED BY:

National Technical Information Service
U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Springfield Va. 22151




BIBLIOGRAPHIC DATA |- Report No. ) _ 2 ; PB 225 807

SHEET ¢33, —T Gle.

4. Titke and Subtitle 5. Report Date
rs 3 Drambadt " . T4t 1eyaary Tordt 14y e /7[ '//’)7"
Yield and Protein Kesponses to Mitrogen Fertilizer of Two /ﬁf/L L)
Winter Wheat Varieties Differing in Inherent Protein Content 6.
QL Moty Grain
7. Author(s) ; 8. Perfuiming Organization Rept.
V.A. Sehwoow rfsl o |
Q [ VvV 7 o A / Vol
9. Pcrtorming Organization Name and Addeess ) , . 10. Project/Task/Work Unit No.
s s R 547 e - ;-
2[#/VIV:4Q///¢?>/1£ RA a/p? ?3ﬁ'/0-,5/~77/

11. Contract/Grant No.

Nepanr /2/)547‘&745/(&/5 My
/\mc"/rv Va2 4. & 5s5e3 ATD/csd-1248

12. Spensoring Ocganization Name and Address 13. Type of Report & Period
Covered
DG’D'lI tment of State 4 Vs
warey for International Development ]{1 leszRRC A /’ £ A

ington, D.C. 20523

nter vheat varietics differing inherently in the pwo*cin content of their
re g,r'o*m in rmllnat—d plots at selected sites in Nebraska over a 3-year
Nitrosen fartilizer was applied at five rates in the l1st year and at seven
2 % the 2nd & cors. Data were recorded for yield. test vieight, and
Tooconbent cf . Signii'lcont protein response% to nitrogen fertilizer
3 in all sp onsaes of both varleties e lmmr' ard positive.

CoLt Loomaintained n advantase of 2 perce 1t,age vomL ver "Lancer" at all
ezl o7 t‘crti] izer. The prot;ejn dJiZ:mtdg;i of €.1.11016 over LdllC“"’ was independent
o7 X s of the two varicties., The feasibility of effectively increas-
. 2-ntent of whont by breeding is Inaicated by the data.
.?."'““ v1eld responses to [ertilizer were recorded in 6 of 10 Lrials

¢ navnovariobiss were nonlinear with the second-degree polynomial
: Toss nitroren fortilizer was reguired for

, the lower protelin ‘.rar'itffv, than for ¢,I.1N1016. Test weight
ies to fertilizer were nepative and linear., The test welight

17b. idertificrs /Open-Fnded Terms

e COSMT Field/Grawp ([, % 7%,

18. Availability Statement Reproauced by 19, Security Cliss (This N Nowof Panes
Le
NATIONAL TECHNICAL Koo  ASSHELD
|NFOPMAT|ON SERVICE 20. \uurny Class (This 22. rice
U S D Iment oi Commerce Page
Springiivic VA 22151 fincrassirin éa'c‘)o /‘f.

FORMI N TIS A0 {REV. 3-72) USCOMM-DC 14952-1772



a3en5n I

Reprinted from
AGRONOMY JOURNAL, Volume 65
March-April, 1973, p. 259-263

Yield and Protein Responses to Nitrogen Feriilizer of Two Winter Wheat Varieties

Differing in Inherent Protein Content of Their Grain

V. A. Johnson, A. F. Dreier, and P. H. Grabouski



Yield and Protein Responses to Nitrogen Fertilizer of Two Winter Wheat Varieties
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ABSTRACT

Genes that increase the grain protein potential of wheat
(Triticum aestivum L.) are known. The interaction of
such genes with factors of the production environment,
particularly soil nitrogen availability, dctermines their
probable value and contribution to higher protein con-
tent in wheat.

Two hard winter wheat varicties differing inherently
in the protein content of their grain were grown in re-
plicated plois at selected sites in Nebraska over a 3-year
period. Nitrogen fertilizer was applied at five rates in
the Ist year and at seven rates in the 2nd and 3rd years.
Data were recorded for yvield, test weight, and protein
content of the grain.

Significant protein responses to nitrogen fertilizer oc-
curred in all trials, Responses of both varicties were
linear and positive. C.I 14016 maintained a protein ad-
vantage of 2 percentage points over ‘Lanzer’ at all levels
of fertilizer. The pruiein advantage of C.1.14016 over Lan-
cer was independent of the relative yields of the two
varielics,. The feasibility of cffectively increasing the
grain protein content of wheat by breeding is indicated
by the data.

Statistically significant yield responses to fertilizer were
recorded in 6 of 10 trials. Yield responses of both varic
ties were nenlincar with the sccond-degree polynomial
providing a good fit of the data. Less nitrogen fertilizer
was required for maximum yield of Lancer, the lower
protein variety, than for C.L14016. Test weight responses
of the varicties to fertilizer were negative and linear. The
test weight of Lancer was higher than CILI14016 at all
fertilizer rates.

Additional index words: Test weight, Lincar, Non-
linear, Regression coefficient, Genetic potential.

HEAT (Triticum aestivum L.) is a major food
crop. Much of the nutritional value of wheat
is determined by its protein content. The soft wheat
variety ‘Atlas 66’ has been effectively utilized by the
Nebraska Agricultural Experiment Station as a genetic
source of high grain protein 1o develop hard winter
wheat varicties that possess high grain protein poten-
tial (7, 8). From this program 25 cxperimental high
protein lines were released as elite germplasm by the
Agricultural Research Service, USDA, and the Ne-
braska Agricultural Experiment Station in 1971 (6).
Published data provide evidence that high grain
protein of the Atlas 66-derived lines results from more
efficient and complete translocation of nitrogen from
the plant to its grain (1). Differential nitrogen up-
take by roots was not demonstrated to he a factor.
The nitrate reductase system has been implicated in
grain protein differences (1). The nitrate reductase
research supports the Nebraska evidence for differen-
tial nitrogen translocation as the physiologic basis lor
high grain preiein in wheat (1). Since differential ni-

1 Contribution from the University of Nebraska and the Plant
Science Research Division, Agricultural Rescarch Service, USDA.
Published with the approval of the Director as Paper No. 34
of the Journal Scries, Nebraska Agricultural Experiment Sta-
tion. Reccived July 21, 1972

3 Rescarch Agronomist, PSRD, ARS, USDA; Professor and
Assistant Professor of Agronomy, respectively, University of
Nebraska.
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trogen uptake does not appear to be involved, grain
protein differences resulting from incorporation of
genes from Atlas 66 into hard winter wheat varieties
should have phenotypic expression in an array of en-
viromments and soil fertility levels. Evidence of the
stability of expression in many environments was obh-
tained from an International Winter Wheat Perform-
ance Nursery in which Atlas 66 and a derived hard
winter line were evaluated (9).

The effect of nitrogen fertilizer in different produe-
tion environments ou the high protein wait front Atlas
66 was a major objective of this study. 'The relation-
ship of grain yield to protein content under differing
soil fertility levels also was investigated.

MATERIALS AND METHODS

Materials

Atlas 66 x ‘Comanche.! C.I. 14016, amd 1he commercially
grown Nebraska variety ‘Lancer,’ Gl 13547, were sclected for
study. C.I. 14016 was released as clite high-protein genmplasm
in 1971 (6). The two varieties are similar in date of heading
and most agronomic traits, with Lancer the more productive on
the average and vesistant to stem rust, but swreptible to leaf
vust. C.I. 14016 has exhibited good vesistance to leaf rust but
maoderate susceptibility to stem rust in the field. Lancer pro-
duces grain with average protein content, ‘The piotein con-
tent of C.I. 11016 has been comsistently higher than ordinary
wheat varictics by 2 to 3 percentage points in Nebraska Experi-
ment Station trials.

Experimental Procedure

“The two vareties were grown in randomized plots comprised
of four rows, 3 m long, spaced 25 o apart and replicated five
times at cach test site.  Nitrogen fertilizer in the foom  of
ammonitm nitrate was surface-applied in carly spring at in-
crements of 225 kg/ha from 0 to 90 kg/ha in 1968 and 0 to
195 kg/ha i 1969 and 1970, Blauket phosphorus applications
were made at each site according to soil test indications. Rate
of seeding was cither 30 or 40 g per plot depending on the loca-
tion of the test site in Nebraska. Lower seeding vates normally
are udd in western Nebraska than in central and eastern Ne-
hraska where average annual precipitation is higher. The soil
at cach test site was analyzed for nitrate nitrogen content to i
depth of 180 e seeding time in the fall. The two center
vows of cach plot were harvested for grain yield and protein
determivations. ‘Test weights were measured  from replication
composites of cach variety and fertilizer treatment. All data
were analyzed statistically,” The Kjeldahl procedure was utilized
for protein detevminations. Protein is repoited on oa e
woisture basis.

Test Sites

“Test sites totaled four in 1968, three in 1969, and three in
1970. The cropping prictices, soil nitrogen availabiiity, and test
conditions for cach site are summarized in Table 1. Nitrate
nitrogen in the soil profile (180 cm) ranged from extremely
low (I8 kg/ha)y in Phelps County in 1970 to very high (902
kg/hay in Logan County in 1968." Intense drought during the
spring growing scason occured in Furnas County in 1969, Much
aboveatormal  precipitation occaurved at the  Jefferson County
test site in 1970, A late spring ficeze at the Dawes County site
in 1968 caused heavy leaf damage acd produced motlerately
heavy flower sterility,  Straw growth was not excessive in any
of these trials and differential lodging was not a factor,
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EXPERIMENTAL RESULTS

Grain Yield

Preliminary examination of data from four test sites
in 1968 indicated the need for nitregen fertilizer rates
above 90 kg -ha for full assessment of varietal responses
to soil ferulity level. Rates of 1125 and 135 kg/ha
were included in the 1969 id 1970 experiments,
There were signiticant yicld responses to fertilizer at
three of four sites in 1968 (‘'I'able 2). At test site mun-
ber -1 (Logan County) the soil nitrogen level at seed-
ing time was very high. ‘'The experiment was subjected
to severe drought alter the wheat headed, and there
was no measurable vield response to fertilizer treat-
ments. e 1969 only one of thiee test sites produced
significant vield responses to fertilizer, but in 1970
two of thiee sites showed signiticant responses in griain
vicld, In the Tatter vear the failure of vield response
occurred in Jefferson County, where both soil fertility
and precipitation were high.

Mean responses of Lancer and C.LI01G to nitrogen
fertilizer treatiaents in grain vield, bushel weight, and
grain protein content are summarized in Table 3.
Mean values for 0 o 40 kg-ha of nitrogen over 10
experiments from 1968 through 1970 are shown sep-
arately from those for the 0- to 135-kg vates applied to
six tests in 1969 and 1970,

Table 1. Cropping practice, available soil nitrogen, test con-
ditions, and wheat performance at experimental sites in Ne-
braska, 1968-1970.
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Table 2. Varictal yield and protein responses to ntrogen fer-
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Lancer was generally more productive than G.L
14016. The nonfertilized variety performance for six
experiments was similar for the two varieties because
C.L14016 was much superior at one site where cendi-
tions were favorable and no yield response to nitrogen
was obtained  (Location 10).  Maximum mean yield
response of Liancer occurred at the 45 kg/ha rate of
norogen; additional increments ol nitrogen  caused
vield decreases.

C.1.14016 responded in yield to higher rawes of nitro-
gen application than did Lancer. At Ieast 67.5 kg/ha
of nitrogen was required for optimum response of
C.L14016 and the higher vates did not decrease yields.

Yield responses of both varieties were nonlinear
(Fig. 1). The second-degree polynomial provided a
good fit of the data obtained. R? values for the re-
gression of nitrogen on grain yield were 88 and 96
for Lancer and C.1L14016, respectively. R? values for
corresponding lincar regression were .83 and 80, re-
spectively.

Relationships shown graphically in Fig. 1 to 4 are
based on six sites at which rates of nitrogen applica-
tion ranged from O to 185 kg /ha. Data from 10 ex-
periments from 1968 to 1970 involving rates from only
0 to 90 kg ‘ha of nitrogen indicated a similar pattern
of varietal response within the vange of rates applied
to that based on the 1969-1970 data. In the case of
vicld, however, the use of the lower range of applica-
tion rates would have led o somewhat different in-
ferences about varictal yield responses than those
hased on the entire range.

Test Weight
Lancer had higher test weight than C.L14016 at all

rates of N-fertilizer application. The effect of ferti-
lizer on test weights of both varieties was pronounced.

3200
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NITROGEN APPLIED (KG/HA)

Fig. 1. Mecan yicld response of two winter wheat varieties to
nitrogen fertilizer in six evperiments in Nebraska, 1969-1970.

Table 3. Average yield, bushel weight, and protein content ef Lancer and C.I. 14016 at seven vates of nitrogen application.
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Mean weights tor each rate of application (Table 3)
reveal that both varieties were adversely affected.
Lancer was less affected than C.I.11016. Its test weight
was reduced from 79.1 kg/hl with no nitrogen appli-
cation to 77.7 kg/hl at the 135-kg rate. ‘I'he test weight
of C.I.14016 was reduced from 78.4 kg/hl (0 nitrogen)
to 75.9 kg, hl au the 135-kg rate, a reduction of 2.5
kg ‘hl compaved to only 1. kg hl for Lancer.

The response in test weight of Lancer to N-fertilizer
application probably was linear within the range of
applications utilized in this study (Fig. 2). However,
observed values for the varieties, particularly C.I.
14016, at the high rates (90 kg and above) suggest a
reduction or disappearance of the negative response
evident at lower rates. Also, Lancer differed from
C.LIM0I6 in that there was no significant reduction
of its test weight in the 0 to 67.5-kg rates of application
in contrast to a pronounced one for C.I.14016. For
Lancer, expansion of the quadratic equation provided
the highest correlation (R? = .92), whereas for the
linear regression: the R2 value is only .71. The differ-
ence between the two was not statistically significant,
however. Observed bushel weight values for C.I1.11016
provided equally good fits to linear (R = .92) and
quadratic regressions (F.2 = .95).

Grain Protein

There were significant grain protein responses to
nitrogen fertiiizer treatments at every test site over the
3-year period of experimentation (Table 2). The pro-
tein responses of Lancer and C.L14016 are sunmarized
in Table 3. The protein content of C.L.14016 was sig-
nificantly higher than that of Lancer at every level of
fertility. However, both varieties responded similarly.
Increases of nitrogen application in 22.5-kg increments
produced highly consistent and predictable increases
in the protein content of the grain of both varieties.
The protein content of Lancer increased from 10.3 to
1409, when fertilizer was applied up to 185 kg, ha.
This was an average 0.46 percentage point of protein
increase for each 22.5-kg increment of nitrogen appli-
cation. The response of C.LI4016 was greater. Its
protein content increased from 125 to 16.39, or an
average increase of 0.5¢ percentage points for each 22,5
kg nitrogen increment. The difference in the regres-
sion of protein on fertilizer nitrogen wus highly signi-
ficant statistically for the two varieties (Fig. 3).

The grain protein responses of Lancer and C.I.14016
to nitrogen fertilizer were clearly linear within the
range of applications utilized in this study. The high-
est application rate, 135 kg/ha, was insufficient to in-
dicate any changes in the protein responses of these
two varicties. R? values based on linear regression
were .69 for Lancer and .98 for C.I. 11016,

Interactions

Significance levels of analysis of variance mean
square values appear in Table 4. Highly significant
differences for yield, protein, and test weight were as-
sociated with test sites, varieties, and fertilizer treat-
ments. Similarly, there were highly signiticant inter-
actions of test sites with varieties and fertilizer treat-
ments for grain vielkl! and protein content. Variewy X
fertilizer interaction was significant ior yicld only.
Lancer was significantly higher in yield at seven loca-

i
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Fig. 2. Mean effect of nitrogen fertilizer on the test weight of
two winter wheat varicties grown in six experiments in Ne-
braska, 1969-1970.
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Fig. 3. Mean protein response of two winter wheat varieties
to nitrogen fertilizer in six experiments in Nebraska 1969-
1970.

Table 4. Combined amalysis of variance mean square signifi-
cances for 10 experiments, 1969-1970 and 6 experiments, 1969-
1970,
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tions: and C.L14016, ot 2; and there were no variety
vield differences at one location.

Protein» vs Grain Yield

Since C.LI4016 was less productive than Lancer on
the average, except at very high levels of nitrogen ap-
plication, its protein advantage over Lancer conld
merely reflect a productivity difference. If so, the
protein advantage would be an artifact from a genetic
point of view. To test this, protein differences from
cach fertility level at each test site were categorized
according to the relative grain vields of Lancer and
C.L11016.

The grouping included (i) C.L11016 less productive
than Lancer, (i) C.I.11016 more productive than Lan-
cer, and (iii) the two varietics no different in produc-
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tivity. An arbitrary riterion for difference in produc-
tivity was set at 70 kg/hl {1 busacre). ‘The results
are summnarized in Table 5. 1t is evident that no rela-
tionship between grain yield and grain protein content
existed under the conditions of this study. The pro-
tein advantages of C.LI1016 over Lancer was inde-
pendent of the relative yvields of the two varieties,

Increasing rates of nitrogen progressively increased
protein vields of hoth varieties (Fig. ). Higher ni-
trogen rates vaised grain protein. High nitrogen ap-
plications caused yield depression of Lancer but not
C.LIM016. "Therefore, protein vields of Lancer showed
a tendency to level off after 90 kg/ha ol nitrogen fer-
tilizer, while those of C.LI016 continued to rise. The
data indicate a potential for even higher protein pro-
duction by C.LTI016 with added nitrogen in excess
of 135 kg 'ha.

DISCUSSION

Protein responses of Lancer and C.LIHIG to nitro-
gen fertilizer were highly similar in cach year of this
d-year study. "This was so even though the test sites
were dilferent each year and the tests were subjected
1o an array of environmental conditions that ranged
from severe drought to excessive moisture. Also, soil
profile nitrogen levels ranged from only 18 kg/ha 1o
as much as 902 kg ha. There was highly consistent
response to nitrogen fevtilizer and o consistent varietal
relationship for grain protein content  that persisted
throughout the entive vange of nitrogen applications
and in all production environments sampled. Rela-
tionships evident from 10 test sites over a 3-vein period
in which nitrogen application rates vanged to 90 kg/ha
were the same as those based on six tests in 2 years
in which additional nitvogen treatments included 112,5
and 135 kg/ha rates.

Nonlertilized wheat in western Nebraska, north-
western Kansas, and castern Colorado often is low in
protein content. The low protein problem of this
arca has been fully recognized only in the last decade.
The protein content of hard ved winter wheat should
be 1894 or higher for maximum value for bread-inak-
ing purposes. Little ol the wheat produced in the low-
protein problem area since 1960 has had much protein.

Profitable use of nitrogen fevtilizer on wheat ve-
quires a lavorable vield response to the nitrogen or a
price premium for protein. In the existing wheat mar-
keting systems ol the United States the farmer who
markets higher protein wheat than his neighbor sel-
dom receives a premium for the additional protein.
Under drylindd production counditions, significant in-
creases in vield from nitrogen applications above 67.5
keg/ha seldom occur in the High Plains. The average
protein content of Lancer wheat at the 67.5 kg/ha
level ol nitrogen fertilization in this study was only
12,100, An average protein level for Lancer ol 1-LO¢,
was achieved by application ol 135 kg nitrogen,/ha,
but this was associnted witlh o deerease in vield [rom
3L kg hae ac the 45-kg nitrogen level to only 3,020
kg havat the high rate ol nitrogen.

In contrast to the response of Lancer, the yield ol
C.LIHO0T16 at the 67.5-kg nitrogen level was 3,060 kg
ha and its average grain protein content was 1199,
Interestingly, C.LI 16 continued 1o show favorable
vield and protein responses with higher rates of nitro-
gen up to 135 kg/ha,

65, MARCH-APRIL 1973

Table 5. Effect of relative grain yield on protein content
of Lancer and C.L14016.
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Fig. 4. Mean protein production of two winter wheat varieties
under different levels ef nitrogen fertilizers in six experi-
ments in Nebraska, 1969.1970.

These data point to the need for development of
winter wheat varieties with genetic potential for high
grain protein. With such varieties the wheat producer
could he assured of profitable maintenance of accept-
able levels of protein in the wheat he produces.

C.LI10I6 was not a productive on the average as
Lancer under the conditions of this study. Thus, the
high protein of C.LI1016 was partially offset by its
lower productivity. Despite this, Fig. -1 provides good
evidence that C.LT4016 was a more efficient producer
of protein per unit area than was Lancer. It is signifi-
cant that a refationship between: grain yield and grain
protein content could not be detected. We conclude
that under the conditions of this study, the high pro-
tein content of C.LI14016 compared to Lancer was not
associated with its lower grain vield. C.L.14016 was
not higher in protein content than Lancer because it
wits less productive.

The development of varieties superior in grain pro-
tein and grain vield has been suggested by several
other investigators (2, 3). Performance data from
Nebraska high protein selections from the second cy-
tle of breeding provide evidence of the feasibility of
simultancous improvement of both vield and protein
by breeding (5).

LITERATURE CITED
1. Croy, L. L, and R. H. Hageman. 1970. Relationship of

ritrate reductase activity to grain  protein  production in
whoat, Crop Sci. 10:280-285.



JOHNSON ET AL: RESFUNSES OF WHEAT TO N FERTILIZER

1o

£

, —— , ————, and ——— -,

2. Duffield, R. D., L. I. Croy, and E. L. Smith. 1972, Inheri-

tance of nitrate veductase activity, grain protein and straw
protein in a hard red winter wheat cross Agron. J. 64:249-251.

. Hucklesby, D. P., C. M. Brown, J. E. Howell, and R. H. Hage-

man. 1971, Late spring applications of nitrogen for efficient
utilization and ennanced production of grain and grain pro-
tein of wheat. Agron. J. 63:274-276.

. Johnson, V. A, P. J. Mattern, and J. W. Schmidt. 1967. Ni-

trogen relations during spring growth in varicties of Triticum
aestivum L. differing in grain protein content. Crop Sci. 7:

1it4-667.

1972, Genetic studies of wheat
protein. Sced Proteins — Synthesis, Properties and Processing.
Avi Publishing Co., Inc., Westport, Conn. (In Press)

263

----- » J. W. Schmiidt, and P, J. Mattern, 1971, Registration
of high protein wheat germplasm. Crop Sci. 11:141-142.

. ———=—, P. J. Mattern, D. A. Whited, and J. W. Schmidt. 1969,

Breeding for high protein content and quality in wheat.
Proc. IAEA/FAO Panel on New Approaches to Breeding for
Plant Improvement, Rostanga, Sweden, p. 29-40.

. ———=, J. W, Schmidt, P. J. Mattern, and A. Haunold. 1963.

Agronomic and quality characteristics of high protein Fe-
derived families from a soft red winter-hard red winter wheat
crosi, Grop Sci. $:7-10.

. Stroike, |, E., V. A, Johnson, J. W. Schmidt, and P. J. Mattern,

1971. Results of the First International Winter Wheat Per-
formance Nursery., Nel - Res. Bull. 245, 84 p.



