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ABSTRACT 

Gencs that increase the grain protein potential of wheat 
known. The interaction of(Triticun aesfivum L.) are 

such genes with factors of the production environment, 

particularly soil nitrogen availability, determines their 

probable value and contribution to higher protein con-

tent in wheat.
 

winter wheat varieties differing inherently
Two hard 

in the protein content of their grain were grown in re-

plicated plot. at selected sites in Nebraska over a 3-year 

period. Nitrosgen fertilizer was applied at five rates iTi
 
tileIstYear and at seven rates in the 2nd and 3rd years. 

Data we:re recorded for yield, test weight, and protein 

content of the grain. 


Significant protein responses to nitrogen fertizer oc-

curred in all trials. Responses of both varieties were
 
linear and positive. C.I14016 maintained a protein ad-


vantage of 2 percentage points over 'Lan'er' at all levels
 
of fertilizer. The irotein advantage of C.I.14016 over Lan-

cer was independent of the relative yields of the two
 
varieties. The feasibility of effectively increasing the 

grain protein content of wheat by breeding is indicated
 
by the data. 


Statistical!) significant yield responses to fertilizer were 

recorded in 6 of 10 trials. Yield responses of both varie-

ties were nonlinear with the second-degree polynomial 

prosiding a good fit of the data. Less nitrogen fertilizer 

was required for maximum yield of Lancer, the lower 

protein variety, than for C.1.14016. Test weight responses 

of the varieties to fertilizer were negative and linear. The 

test weight of Lancer was higher than C.1.14016 at all 

fertilizer rates, 

Test weight, Linear, Non-.dditiorml index words: potential.
linear, Regression coefficient, Genetic 

ItHEAT (Tritidum aestivumin L.) is a najor food 

W crop. Mttch of the nutritional value of wheat 

isdetermined by itsprotein content. The soft wheat 


variety 'Atlas 66' has been effectively utilized by the 
as a geneticNebraska Agricultural Experiment Station 

source of high grain protein to develop hard winter 

wheat varieties that possess hligh grain protein poten-


tial (7, 8). From this program 26 experimental high 
released as elite gernmplasos by theprotein lines were 

Agricultural Research Service, USI)\, and the Ne-

braska Agricultural Experinment Station in 1971 (6): 

Published data provide evidence that high grait 

protein of the Atlas 66-derived lines results froi more 

efficient and complete translocation of nitrogen fron 

the plant to its grain (1). Differential nitrogen tp-
take by roots was not detonstrated to be a factor. 

Tile nitrate redttctase system has been implicated in 

grain protein differences (i). The nitrate reltctase 

research supports the Nebraska evidence for differen-
frosFietial nitrogen tranislocation stats thle physiologiphysiologic basistanr e tnotton ss 


high grain prolein i h t (1). Since differential i-


'Contribution frot the University of Nebraska and the Plant 

Science Research Division, Agricultural Reearch Service. USDA. 
as No. 3,104Published with the approval of the Director Paper 

of the Journal Series, Nebraska Agricultural Experiment Sta-

tion. Receied July 21, 1972. 
USDA: Professor aniResearch Agroisotnist, PSRD, ARS, 

Assistant Professor of Agronoiny, respectively, University of 

Nebraska. 

trogen uptake does not appear to he involved, grain 

protein differences restulting fromh inco(rporatioln of 
varietiesgenes front Alias (i6 itlo h:rd winter whseat 

should have phenotypic expression ill an tlrrav of ell­
v'ironilents anti soil fertility levels. Evidence' ol the 
stiity of expression ilon)y eu\'itl ntS wts oh-

Vinter Wheat Perfornsl­

ante Nursery illwhich Atlas 66 and a derived hard 
wintcr line were evaluated (9). 

taititd front an International 

The effect of nitrogen fertilier in ilerent ltrottc­
tion evironllilelits oil the high protein trait 'roilu Atlas 

66 was a n.ajor objective of this stuttv. The relation­
ship of grain yield to protein content untler differing 

levels also was investigated.soil fertility 

MATERIALS AND METHODS 

Materials 

Atlas 66 X '(Colnanche.' C.I. 1-1016, and tilecotnerciallv 
grown Ncbraska variety 'Lancer,' C.1. 1:1547, were selected for 
study. C.I. 1,1016 was released as elite high-protein gernplast 
in 1971 (6). The two varieties are sitnilar in (late of heading 
and nlost agronomic traits, with Latcer the nsore productive oil 
tileaverage and resistant to siillrust, bitl sit: Ceptile to leaf 
rtlst. C.I, 1.1016 has exhibited gooil resistance to leaf rust but 
moderate susceptibility to ,tent rtst in the field. Lancer pro­
dltces grain with average protein content. rie ptotein con­
tent of C.I. 1.1016 has been consistently higher than ordinary 

wheat varieties y 2 to :1percentage points inNebraska Experi­

Expv~mental Procedure 

The two varieties were grown itt ratnlotied plots cotnprised 
mffour rows, :1ilslong, spaced 25 ctnapart atnd replicated five 

titlesat each test site. Nitrogen fertilizer in the fotinof 
alntonitno nitrate was strface-applied inearly spring at in­

of 22.5 kg/ha frot 0 to 90 kg/Isa in 1!68 and 0 tocrernetsts 
135 kg/ha it, 1969 atid 19)70. Blanket plhosphoros applications 
gwerenatle as eact site according to soil test intications. Rate 

of Feeding was either 3o or .10g per plot depending oilthe Ioca­

tion of the test site inNebraska. lower seeling rates norntnallv 
ate tts('tl inwesitern Nehraska than in central and eastern Ne­

hraska where average antttal precipitatiol is higher. The soil 
:1 eatl test site was aialsed for tnitrate nitrogen content to a1 
depth of 180 cinat seedi'ig tittle it the fall. "The two center 
rows of each plot were harvested for grain yield and protein 

Test weights were moeasured frot replicatiotndtlernie:ttiolls. 
of ea(chvariety and fertili/er treatntent. All datacollnposites 

were .'alttaed staKiti :lls. The Kehlahl procedure was utilizet 
o potel letetit . roei is repotted on a 11%
 
Ittoisture tais.
 

Test Sites 

Test Sitestotaled four in 1968, three in 1969, and three in
 
98 he ts16,aittreioaetfot t nitrogen isvailabiiity, ,td test1970. The cropping practices, soil 

conditions for each siteare stntntarized in Table 1. Nitrate 
itn tile sitl profile (I11 c) rtaiged frott extremelynitrogen 

itt 1970 Io very high (902low (18 kg/ita itt Phelps County 
drought during thekg/i:a) in l.ogats County in 1968. Ittense 

spring glowing season occsitIell in FnirtIas County in 1969. Much 
attove-iortnal p ecipitatioitn at Jefferson Countyocltrred the 
test site in 1970. A late spritlg fi,7-e at tile awes County site 

in 1968 catsel h teasyleaf dainage a,l produced tmoderately 

teiavy flower sterility.Straw gisoli was not excessive its any 

of these trials att differential Iodgitg wis isot a factor, 

259
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EXPERIMENTAL RESULTS 

Grain Yield 
Preliniary examinatin of ata fron four test sites 

i k1968 indicated t eieed for nitrogen fertilizer rates 

above 90 kg ha for fll assessment of varietal responses

to soil fertility level. Rates of 112.5 and 135 kg/iha 
were included iinthe 1969 mti 1971) experiments.

to fertilizer at
There were signilicant yiel espotSes 
three of fottr sites it 191i8 (Tlable 2)..At test site iiten i-
her -I(Logamt (ounty) tihe soil initrogen level at seed-
ing time was very high. [he experitnen t was Subjected 
to severe drought alter tle wheat healed, ald there 
was tit) titeasutrable yiell respotise to fertilizer treat-
litetits. It 1969 only one of tltce test sites pi'oduced 

sinifitt~etlrsotsstolrilzr 	 httii ~ signiiant viel responses to fe.rtilizer, but in 1970ltwo ol tlncesites showedI signiticallt responses ill grain 
sit",.1h , g'in

yield. il tite fltter Near tile failre of yiell response 
occurred ill*effersom Coirely where both soil fertility 
amid precipitation were high. 

,\eart responses otfLancer a tttl CI.1101i6 to nitrogen 
fertilizer treatrletmts ill grain yiehl, btshel weight, and 
graifprotein conten are t il Table 3.skg fari/ed 
Mean values for to 90 kg..h. of nitrogen over 10 
experiments from 1968 through 19710 are shown sep-
arately fron those for the 0- to 135-kg rates applied to 
stx tests inl 1969 aid 1970. 

Table . Cropping practice, ailablehave 

ditons, and wheat pcrformance at experimental sites in Ne.braska, 1968-1970. 

no. I,.a' turist 

'r. .s 


,,S+, i .. 
" It})l5.. 


, Iritlrn.lIti51i 

Si II7il Iis'.-,,sn
I 'l ~070 l, 

Mea';n if I-, :irhl-5.slli, i;lm s',"*s-h Isigh: 

Cr op..t.il Nl,;il m 
10 ir !: 

r::- , ilr:,,.' , 	 . . . ,,,s,l., 
lice v -'isndillon, Id ihilght 'ont,.nt;:hW 

... ! 

I ':h., lht 
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 o h-,v .,s 
' , h t, ' ,4sltlIlg i.'s .trill] ". I 1..,
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. t , I s I, "o .' Iii .55-55 	 II, 
qn'lll
1 AI-- ri,,, 1 1. 1 

5F Fil ssiiC 1 1".sls,,-n,II1 sr'u'Ins-. 

tilizer at 10 experimental 

\viillrlV of 

r 

tl llthtl' tiI getn t lth 


,, sirn i 
I rm:l 

I Medium 5 'ormal 

.5 
V. high 
Medium 

low 
Noraloi 

'Itedil low 
l,, Normal 
ledhium Norm:il 

i,,.e N,"Nm 
S IIlh Iligh 

1,4nliri;int at .it- ' ii Sfi l1diiihlily. 

.....
,prni: r..... 

Table 3. Average yield, 

h hih. 

sites in Nebraska. 
trin 

Lantmer was generally 	 tuolte prodttive than C.I. 

tllb.06I The nonlfet tilited variety performance for six 
experiments was similar for the two varieties bec.ause 
(.1.1-1016 was mtuch superior at one site where contli­
tions were av'i'ahle a11(i lo yiel(l response to nitrogen 
was obtaincdi (Locatio 10). Maxinumtt nmean-iyieldt'sl)tsC of l.aticr otcurrel at the .1 kg/ha rate of 
uttirogen; additional iureitents of nitrogetn ausedliell decreases. 

C.I.1.t}16 resllot(led ill yield to higher rates of'nitro­
ge application ttan did Lancer. At least 67.5 kg/ht 
of nitrogetn was reqttiretl for optiltun response of 
(1.11)16 anI the I ighet" rates did lot decrease yields. 

Yiel r e of both varieties were noilitear-
Fi. I). t ly l 

(Fig. I). T[le scitotld-tlegte polnial p)rovitdetd agoodrsinofit tileirgedata ih vales for ni.ltIe me­of obtained. R2 t wr 8ri 

(P(1)i1C5gessiot loftlit rogel il t gra iii yiehItI ere .88 and .96 
hor l atcer ant C .l.11(i, respectively. R" values for 
correspontding lint:ar regression were .33 anI .80, re­
spectively. 

Relationships shown gFaphically ii lig. I to -1are 
based oi six sites at which rates of nitrogen applica­
tion ranged froI 0 to 135 kg.ha. Data from 10 ex­
periments from 1968 to 1971) involving rates from only 
I) to 911kg 'ha of nitrogen indicated a similar pattern 
of varietal resl .ittei within the range of rates applied 
to that based otn the 1969-19710 data. In the case of 

it 

vield, however, tile use 	of the lower range of applica­
led to somewhat ifferent i­

fraes aou vae 	h tl esoehai toe'ereltcs abot varitl yiel responses than those
 

.sel io I le emntite range. 

T est W eight 

Lancer had higher test weight than C.I.1,1016 at all 
tates of N-fertilizer application. The effect Of ferti­
lizer oil test weights of both variet 'swas pronottnce(l. 

:;- 310 
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" glniia l ;tlii.I1 1 If lr nhioidltl 0". Fig. t. Meat yield response of tw o w inter w heat varieties to 
nitrogen fertilizer in six experiments in Nebraska, 1969-1970. 

bushel weight, and protein content of Lancer and C.I. 14016 at seven rates of nitrogen application. 
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.JOhINSON ET AI..: RESPONSES 

Mean weights lor each rate of application (Table 3)
reveal that both varieties were adversely affected. 
Lancer was less affected than U..I1016. Its test weight 
was reduced from 79.1 kg/hl with no nitrogen appli-
cation to 77.7 kg/hIl at the I35-kg rate. The test weight
of C.1.14016 was reduced from 78.At kg/hli (0 nitrogen) 
to 75.9 	 kg,.hIl at the 135-kg rate, a reduction of 2.5
kg 'i compared to only I. kg Ill for Lancer. 

The response in test weight of Lancer to N-fertilizerapplication probably was lincar within the range of 
applications utilized in this study (Fig. 2). However,
observed valties for the varieties, particularly C.I. 
1-1016, at the high rates (90 kg and above) suggest a 
reduction or disappearance of the negative response
evidIent at lower rates. Also, Lancer differed fromC.I.1-t016 in that there was no significant reduction 
of its test weight in the 0 to 67.5-kg rates of application
in contrast to :t pronounced one for C.I.1-1016. For 
Lancer, expansion of the quadratic equation provided
the highest correlation (R2 = .92), whereas for the 
linear regression the R 2 value is only .7-1. The differ-
ence between the two was not statistically significant,
however. Observed bushel weight values for C.I.[,1016 
provided equally good fits to linear (R2 

­ .92) andquadratic regressions (. 2 = .95). 

Grain Protein 

Tiic'e 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.I..1.1)16 are sumnnarized 

in Table 3. The protein content sig­nificantly higher than of C.I.14016 wasthat 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 fron 10. 1 to 
14.0% when fertilizer was applied up to 135 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.I.I1016 was greater. Its 
protein content increased from 12.5 to 16.3% or an 
average increase of 0.54 percentage points for each 22.5-
kg nitrogen increment. The difference in the regres-
sion of protein on fertilizer nitrogen was highly signi-
ficant statistically for the two varieties (Fig. 3).,.c,,

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

R2two varieties. values based on linear regression 
were .99 for Lancer and .98 for C.I. 1-1016. 

Interactions 

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

T0OF -V1-EN FERTILIZER 	 261 
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0 	 22.5 45 67.5 90 112.5 135 
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Fig. 2. Mean effect of nitrogen fertilizer on the test weight of 
two winter wheat in experiments in Ne­braska, 	 1969-1970. varieties grown six 

:6
 

15
 
l 
1
 

13
 

A
A12Lner .R2 .99 

Ul ­ .1392 .27 
0 C.1.14016-- R* .982 

Y 12.71+ .0315X"10-/ 
-

Y. .199 

0 	 22.5 45 67.5 90 112.5 1 
NITROGE N APPLI ED (K /HA) 

Fig. 3. Mean protein response of two winter wheat varieties 
to nitrogen fertilizer in six experiments in Nebraska 1969­
1970. 

Table 4. Combined analysis of variance mean square signifi­
cances for 10 experiments, 1969.1970 and 6 experiments, 1969. 
1970. 
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tions: and C.I.1-1016, ,.t 2; and there were no varietv 
vielt differences at one location. 

Proteiii vs Grain Yield 

Since C.1.i-1016 was less prodttctive than Lancer on 
the average, except at very high levels of nitrogen ap­
plication, its protein advantage over Lancer couldmerely reflect a productivity difference. If so, the
 
protein advantage would be ain artifact front a genetic

point of view. To test this, protein differences from
 
each fertility level at each test site were categorized

according to the relative grain yields of Lancer aund 
CI. 1.1016. 

The grouping incltded (i) C.I.!.1016 less prodtuctive

than Lancer, (ii) C.1-1016 nlore productive than Lan.
 
cer, and (iii) the Iwo varieties no different in produc­
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tivit'. All arbitratry triterionfor dliilereice ill protim. Table 5. Effect of relative grain yield on protein content 
tivity was set at 70 kg/hi (I I)t/acre). The results of Lancer and C.l.14016. 
ar1e stunllnarize(d in Tal)le 5. It is evident that no rela- \-4,rli.,.1111 M,..m rin,' I,.,4i.,.,,i j'l . .,i ., Ir hgi l ulil h 

Iiolship between grain viel anld grain protein conte ,t Iv.- thi i,..I I,I,.. .r ,.mI.me 
existed under ti conditions of this tudv. The pro- h..',., '.I,,t ,,.,,,lg 

tein advantages of C.1.1.1016b over l.ancer was itide- . ,.u,, 
pendent of tile relative viels of the two varieties. , .7 1 

Increasi" Ig olllrloge ill(reased (i (irats pl ogressi vely i. 1. 2.3(.1 
ltoteil yiehls of both v'arieties (Fig. .I). Higher Ili- is :, ., i 2.) (l 
trogell rates raisetd grall proteill. High nitrogen a-ll. 2.-iii 1.9 (i)ill 

atcIr bplications c'aused yiel i epression ofl 'i bil li ttiotri ,ilildui Irhi .n iln4ii ....... I' iilui.
 

C.I.I-1016. Therefore, prol'il yields of 1.alcer showed 
a1 lenldencv to level off after 96 kg/ha of nitrogell fer­
tilizer, while those of C.I.I(116 (onltille to rise. The 
data indicate a potenltial for evel lliglie lproteill pro-
dhtcliOll Il (..1016) with aidled ilitrogell ill evcess 
of 1:15 kg 'ha. 

DISCUSSION 

Protein respolses of Lanier anti C.1.1.1016 to nitro-
geii fertilizer were hlighly sim~i lar ill each veal Of this 
3-year stuyv. "lsis was so even though the test sites 
were different eah-1 year atnd tile tests were sulbjectetI 
to all array of elnvironlliental conlitionS [flat ranged
froll severe droulght to excessive Illoistlle. Also, soil 
profile nitrogen levels rangedl froln only 18 kg,/lla to 
as niuch as 90)2 kg ia. There was highly consistent 
response to nitrogen fertilimet and a consistellt varietal 
relationship for grain protein content.that persisted 
thloughoul tile entire rallge of llitogell applications 
ill([ ill all production elviiollielIs sani)1led. Rela-
tiOllships evidenit follsn10 test sites OVr a1"-VeI iperiod 
in which nitrogen appllicaionirates ranigedl to 90 kg./ha 
were the salle as those hlased oil six tests in 2 years 
ill which additional litrogel treatilenlts includheI 112.5 
and 135 kg/ha rates. 

Nonie'tilized wheat ill western Nebraska. norti-
western Kansas, and eastern (:olorado often is low i 
protein content. Tse low protein prollem of this 
area has been fully recognized only in the last decade.protein contentfe of gIrd red winter wheat shoul 

Ie 13" or higher for maximlum value for iread-iak-
iig purposes. Little of tile wheat produced in the low-
protein lroileil area sinice 1960has had Ililch proteitl. 

Profitable use o ilii(rogell fertilizel oil whe;tt re-
quires a favoralle yield respoise to tle nitrogen or- a 
price prelitnll for piroteill. Il the existing wheat I1ar-
keting svstels oif tile Unlited States the farmer who 
tiarkets higher pioteil wheal Ihiiat his neighbor sel-
do)l receives a1 pleniiltt lotI ile allitional lrotein. 
ii(ler drylanl produhctioni conditions, siginificant in-

(Teases ill yiel Ifroi litrOgeni applications above 67.5 
kg/ha seldom occur its the High Plaills. The average 
p)roteiln (Onltenlt of Lanwer wsheat at tIhe 67.5 kg/ha 
level of titl'ogell fertilization ill Isis stu(Iv was olv 
12.1"P,.. .n average protein level foi Latcer o 1.1.1, 
was achieved y application ol 135 kg nitrogenlia, 
Iltlt tIis was asso iatedl with a decrease ill vield froms 
",1lI I kg ha at the IS,5-kg nlitroge level to only 3,021) 
kg la at Ie high rate of nitrogen. 

It) Coilrlast to the response of Laicer. tile yield Ol 
C.I.11016 at tile fi7.5-kg iittrogei level was 3,1160 kg 
ha and its avera!e graill )'oleini coislett was 1..9%. 
Interestingly, C.1.1 1016 ontinued to show favorable 
yield an protein resiotses withhi gher rates of titro 
gel ipl to 135 kg/lia. 
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Fig. 4.Mean protein production of two winter wheat varieties 
under different levels of nitrogen fertilizers in six experi. 
nmenls in Nebraska, 1.M9.1970. 

These data poiet to tile need for tevelopnetlt of 
winter wheat varieties ith genetic potential for iligh 
grain protein. With sttch varieties the wheat producer 
could Ibe assuretd of profitable nlaintenance of accept­sle levels of protein ill the wheat lie produces. 

C.1.1,1016 was not a productive oti the average as 
Lancer -.it1ler the conditions of this study. Thus, the 
high protein of C.1.l11016 was partially offset by its 
lower prottctivity. I)espite this, Fig. .1 provides good 
evidence tiat C.I. 1.1016 was a 1ore efficient producer 
o)f protein per ttlit area than was Lancer. It is signifi­
cant that i relationshii Ipetween grain yield and grain 
protein content coul not be detected. We conclude 
that Under the conditions of this study, the high pro­
tein content of C.1.1-1016 conpare(I to Lancer was not 
associate(l with its lower grain yield. C.I.1,016 was 
not higher ill plotein content than Lancer because it 
was less productive. 

The developmnent of varielies superior ill grain pro­
lehi. t Id Iill ield has been suggested by several 
other investigators (2, 3). Performance data frolm 
Nelbraska high protein selectio.)ns front the second cv. 
(ic of Irucding provide evidence of the feasibility 6f 
sinlltalletous inprovemnent of hoth ield and protein 
by bieelilg (5). 
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