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CHAPTER I 

IN'.t'R,ODUCTION 

Grain sorghum is a:n im:porta:nt w~ season orop in the United 

States part:i,.eularly in the Southwest~ where the climate is too hot and 

toe;> o.ry :for 90:r;-n. 

In the Oklahoma sorghum breeding program are several sources of 

high-protein containing lines from the Purdue breed.in~ program. 

Crosses with some of th.em have been made and F1 and. F2 segregating 

lX)pu.!l.ations were available from_the.1968 and 1969 c:rops £qr analyses. 

o;r the methods available f!.>r deter.m.;i.ning prot~in aoijtent, the dye

binding method described by Udy, o!f ers a ~apid axid economical 

proc~'\U"e, lt gives resi.D.ts fairly aOlllpa.rable to the standard Kjeldahl 

test whe:t1. oper$.ted carefully. Altho'Ugh it has been used o:n wheat, ric:e, 

and a. :pumber o:f grains and f'eed stuff.s, it has not been e,ctensively 

used on sor~hun,. ~ra~. 

The pu.rpose of thi~ study was to evaluate the dye-binding method 

of detel"l!lining sorgh\llll protein a,nd to use the method to study the 

~egregation of protein content in F2 p;,pulations of sor~hum. 

t 



CHAPrER II 

LITERATURE·REVIEW' 

Gra.in sorghUlll (Sorgh1lll1 bicolol' (L) Moench) is cultivated through

out Africa and extensively in India, China, Manchuria. and the United 

States. The estimated world productiQn of sorgh'\lill grain for the period 

1934 to 1938 averaged 2#,172,105 tons, Approximately 18,069,400 tons 

or 75 percent of the total was 'Q.Sed as hUlllan food, ~nd :3,86,5,9.53 ton~ 

or t6 pe~cent as livestock feed (8), 

Comparisons have been made between low-protein and high.p~otein 

diets and their ef:f,'ec~ on health, Stefansson and covmrkers a.~ reported 

by Peyton (15) disproved the theory that high-prote:i.n diets ca.use 

hypertension and digestive disorders, Ol"J, the other hand, there i~ 

proof that a diet too low in protein causes edema (rete~tion of :f.'luid 

in the tissue) and malnutrition. Complete proteips co1n,e from an:i,m.a.l 

products and incomplete proteins which are low or lacking in one or 

more of the e~senti.al am:i,no acids come from pl~ts (15), 

Helle;ci and Siegl:inge;r (6) noted that a. complete ehemic~l Ma.lysis 

or ::Z8 varieties of Oklahoma ~orghu;n gra;l.n fl;'Om Perkins and Woodward 

:indicated that there was some variation among varieties but environ

mental conditions, especi,;1.lly temper~ture and m9istu.re, were of the most 

impo:r;,tant, The protein, a.~h, f'at, and carboh;yd;ciate analysis of the 

sorghw:ns was ~imilar to corn and other cereals, 

2 
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Barham et al. (1) reported that the proteft.n content of the grain 

of a group of miscellaneous so~ghum varieties was higher than that of 

the kafir varieties, Miller and coworkers (12), from protein analyses 

of S8lllples collected in 1958, indicated that hybrids were somewhat 

lower in protein content than old standard varieties. This could be 

expeQted since work with hybrid corn indicated that protein in general 

decreased and yields increased due to hybridization, Worker ~ 

Ruckman (23) reported that protein analysis of S8lllples collected from 

1961 through 1966 indicated some grain sorghum hybrids contained some-

what less protein than varieties nonnally grown in the Jinperial Valley 

of California, whereas others contained more. This variability may be 

explained in part by the absence of hybrid vigor in certain 

co:inbinations. Burleson et al. (2) indicated that in a field 

experilllent with grain sorghum, applications of 60 and 120 pounds of 

nitrogen per acre gave significant increases in both content and yield 

of protein in the grain and forage , Zuber ani coworkers (24) confirmed 

that the crude protein content of corn grain was significantly altered 

by applications of nitrogen, Also, they indicated that varietal 

differences existed since the hybrid, Mo , 804, had a higher crude 

protein content than did US 13 or Dixie 17. Increasing the plant 

population ca.used a slight decrease in crude protein content . 

Application of 50 pounds of nitrogen gave a significantly lower protein 

content in the grain than where no nitrogen was applied, The 

percentage crude protein in stover was increased e.s additional nitrogen 

was applied. Sumner et al. (19) reported that with 200 pounds or more 

of applied nitrogen it was possible to maintain a very satisfactory 

crude protein level in the forage of Piper sudangrass (Sorghum 



sudanense, Piper) throughout the season in Yolo and Kings Counties of 

Galifornia, 

4 

Pond et!!• (18) conclud(;ld that lysine :i.s the i'irst l:bniting 

amino acid and threonine is probably the second limiting amino a,oid in 

milo grain for growth, Hogan (7) found that lysine is the first 

limiting factor in kai'ir~ and cysi;.ine is the second, Lysine ii:; 

indispensable for the ma.;i.ntenance of young animals, Heller and Green 

(5) co11cluded that the analysis of Darso grain sQrgh'Uill showed ;it to be 

low in histidine, and Hogan (7) proved that kafirin was deficient in 

cystine and lysine, Osborne aJ:+d coworkers (j,4) noted that at least 

insofar as nutrition and growth is concerned, the nomal sy:nthes:l.s of 

new tissue is limited. by the ~pply of lysine. No amount of energy or 

protein, however abwida.nt, induced growth of the animals in the absence 

of J.ys:Lne, The animal organi&'Ill apparently cannot synthesize lysine, 

which is ev'ldently not essential for maintenance in the sense of 

preservation of body-weight, 

Pickett (16) l'.'e:po:rted that the genetic variation in grain, yield 

and percent lysine was caused b:y neaJ;"ly equal amounts of additive and 

non-additive gene action, Pickett (17), from the world's collection 

of sorghum, noted that the percent oi]., in add;i.tion to being an 

excellent ;indication of embryo percentage, is also an indicator of 

highest percent lysine and protein. 

Levi and Anderson (9) found that wheat heads with high prote;tn 

tended to occur on the shorter tillers qi' plants conta.;ining more than 

three tillers. The protein content of spikelets tended to decrease 

towards the top from about the top thil:'d of the head, The top two 

spikelets of each head genera.ll.y had decidedly lower protein content 
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t~ the remainin~ spike;tets, 

McNeal and Davls (11) showed thftt the average protein of the 

spring wheat varieties •supreme', 'Rescu.e', a.1td 'Lee' was 14,98 percent 

f"or main s:pike~ and 14,7:;3 pe:rQent fol' till~r spikes, and thai;, these 

levels of protein wel'e not ~ignifica.ntly d~fferent. MoNeal and Da~~s 

C12) also reported that the lateral kernels in a sp:tkelet ha4 a lµ.gher 

prote;i.n content than did the central kemell?, and grain f:rorii the m:i.d.dle 

ot the sp;i.ke was higher in protein con~ent than that from the top of 

t,he spike, These di:f.':ferenoes indicate that the earlier formed arid 
ma t:u.ring kemels contained the highest p;rotein content. 

Proteins are complex substances of high molecular weight whi~h 

~onsist la;rge),y of nitrogen, carbon, oxygen @d h~rogen, They are 

produced on the su.rfa.ce of riboso~e~, spheroid particles about 0,02A.( 

in diameter and composed largely of high molecular weight RNA. When 

proteins are bro'.ken down,~ aoid::i are the produc-t;;, There are 

approx:imate],y 22 amino acids classified into (3)s 

a) Simple amino ~c;i.ds, - glycine, a.la.n~e, vs.line, :t.euciin~ and 

isoleu.cine, 

'I:>) H;ydro:x;y amino ac~ds. - serine and thre<;,nine, 

o) Sv,lfur-contain;ing amino ac;ids. - cysteine, oystine·aoo. 

meth:l.o:niue, 

d) Bas;i.c amino a.aids , ..,. lysine anc;l a.:rginine, 

e) Acidiq amino acids • - aspart;i.c acid and gJ;utam.ie acid, 

f) Amino acid am.ides. - a.spa;t1agine a.no. glutamine, 

g) Heterocye;Lie amino acidf3,.,. tryptophan, histidine, prol:µie 
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and hydroxyp~oline, 

h) Aroma.tic a.tnino a.eids, .. phenylalanine and tyrosine, 

Meas~emE1nt of percent pr9tein has been made by two pr;i.nc:i.pa.l 

methods, One is the Kjelda.hl determination and the other is the dye

binding techniqi.l,e, Fra.enkel--Conrat al1d Cooper (4) indicated tha.t 

micro-analytical methods had been developed for the estimation Qf the 

number of acidic and basic groups of proteins. These were based on the 

tendency of the polar groups to bind dyes ot the opposite cha.rge, 

resulting in a preeipitati:on of the protein dye complex, The proposed 

micromethods were ~ppliQable to both soluble and insoluble protetns. 

Udy (20) oonfinned that acidic and basic groups of p:rotej,n piolecules 

have been measured q'1a.ntitat:tvel.y on fractiona o! wheat prote;i.n by 

dye-binding techniques. The$e fractions were essentially soluble 

proteins, gluten proteins, a. combinatioti of these two, and proteins 

nono.ispers:l,ble in d,ilute acetic acid, Udy (20 found that the wheat 

pro't;e!i.ns react with the d.isµJ.,i'uric acid dye, orange G, at pH 2.2 to 

fonn. an insoluble eompleix;. The amount o:t d,ye bound per gram of s~ple 

may be used to provide estimate of protein con,ten,t, In :practice, the 

estima~e is based on the concentration ot u.nbound dye as ?lleasured 
' .. 

colorimet;rically using a light filter ( 470 m.M ) , 

Neill (13) repqrted that the Kjeldahl protein test is a. ~it:rogen 

test, Protein is t,he teJ:'!11 applied to a combination of amino acids 

which a.re united by chemical bonds. Actual determination of the 

protein content by the Kjeldahl proeed:w;•e, is based on the total aillount 

of n:i,t:rogen in the sample. The a.mQun"I;. of nitrogen times a. f~ctor of 

5,7 for wheat and nour <,>r a factox- of 6.25 .t'o:r teed gives the a.mount 
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Qf o:r\l.d~ protein, The factors are pas$d on the pe~cent of nitrqgen in 

various p~Gtein mol~cules, 



CHAPI'ER III 

MATERIAL.CJ AND METHODS 

The sorghum material selected for study was grown at the Agronomy 

Research Station, Perkins, Oklahoma in 1968 and 1969. The F1 plants of 

selected crosses and their parents were grown in 1968, while the 

segregating F2 populations were grown in 1969. All heads were bagged 

to ensure selfing and harvested by hand. These heads were threshed and 

packaged individually. 

The varieties used in the study consisted of two groups, one from 

the Oklahoma :improvement program, and the other from Purdue University 

where a number of high protein varieties were identified. The crosses 

studied were B Wheatland x P0'.355, B Wheatland x P2190, B Wheatland x 

P'.3237, BOK 8 x P2486, B Wheatland x P4503, BOKY 25 x P5126 and B Redlan 

x P5185, Three backcrosses studied were B Wheatland-P0'.355 x B Wheat

land, B Wheatland-P'.3237 x B Wheatland, and B Wheatland-P'.3237 x BOKY 29. 

Protein determinations were made on grain from F1 and parental plants 

grown in 1968. A total of 873 heads from parental plants and segregat

ing F2 and backcross population plants grown in 1969 were available for 

estimating protein percentage. 

A 100 g sample of grain of ea.ch of the varieties B Wheatland, B 

Redlan, BOKY 54, and ROKY 62 was obtained for a special study of the 

methods of protein analysis. Each variety was analyzed by the Udy 

method using the following conditions1 2 particle sizes, 3 sample 

8 
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weights, and J shak:i,ng t:lm.es. For coinp,::1.ri~on, ea.ch var;i.ety was 

ana.l~ed by the Kjeldahl method wlth the variaoles 2 particle sizes, 2 

sample weights, and 2 digestion tim,es, 

Ninety-si.:lc gra~n samples of AKS 614 hybrid ~rain sorgh-um from the 

various treatments of a. fertility trii3.l at the Ea.stern Okl~~oma. Pastu.re 

Station, Musli'.ogee, were a.lso i:lrnalyzed, The field design was a split 

plot using comb;tn~;~ions of N, P, and K as the main plots a.nd the soUrrce 

of nitrogen (amm.oniUlll nitrate and urea) as the suo ... plots, The ao:rre14-

tio:p between gra.in yields a:n,d percent protein was ca.loulated, 

Another 41 gr,a.:in samples 0£ AKS 614 hybrid grain sorghum f:rom the 

various treatments of two fert~lity trials at the Agronomy Re~earch 

Station, Perkins, we:re analyzed. The trial design in each :.i,nvestiga .. 

tion was a r~domized complete block w·lth nitrogen from urea and 

amm.oniwn nitrate applied as a band, innned.ia.tel.y covered and left for 

72 hours prior to qovering in the fii,st exper:1.me:n.t, ~d four levels of 

anwionium nitrate and urea immediately covered in the second, 

The sim.ple correlation between grain yield and percent prote:i,n 

wa.s oalcula.ted in the1 follow:tng manner• 

~et Y:i,.jk l;'epresent the observed val'l).e .for the yield. of g:,;-ain 

sorgh'Ulll obta:i.?led in the ith replication of jth treatment oi' kth 

nitrogen source. rn the same manna~ let Xijk represent the percent 

prot~in in the grain from_ the same. plant, A new availa.1;,le Zijk = Xijk 

~ Yijk was constru.ctE)d, Analysis of va;ria,nce was run on ea.ch of X, Y, 

and Z, 

The mean, square (F.;MS) for e;l."ro:r (b) for the three variables were 

substit'l).t.ed in the formula. 

f.72/EM..9 f9r z·::_(EMS--f.or-JC ;. ~ for __ Y) 7 
r :; .... - - , - - -. - • 

y(:ER!:i fo;i, X)(EN .. Ci for Y} 
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Of the methods available for determining protein content~ the dye-
:- ~-

binding method desoribed by Udy (22) o:tfer,s a ve:cy r,apid and economical 

procedu:t'e. ').'he dye-bin~ing procedure :for analysis of wheat (22) was 

modi:t,'tled fer gr,ain sorghum as follows1 

1, Clean the sample, remove a).l foreign mat~rial inolud:Lng 

sh:runken and diseased kernels, 

2, Pulverize 5 to 10 g o.f' the sample in the cyclone grinder, 

µtilizing a 0,015 mm mesh screen and vaquum, 

3, Blend the ground sample tho;rough;l.y and weigh out 1,000 mg o! 

sorghum g~ai.n ;tnto a 2~0U11ce reaction bottle, 

4, Add 40 ml of the reagent dye, 

5, Shake in the Eberbach shaker for 4 hou:vs. 

6, Set the meter needle o.f' the colorimeter exactly to zero, and 

then turn on the light to warm up 1 to 2 hours prior to the analysis, 

7, Set the eol(!)r;i.meter meter to 42% transmission when the cuvette 

i~ filled wlth reference dye, 

8. After s.haldng pour the sample solution into the i'ulmel fitted 

1d..th a fiber~gla~s filter disc a.pd cap, Introduce the filtrate into 

the cuvette. 

9. Read the meter needle when it has stabilized, which takes 

a.pproxini~te)Jr 40 seconds, 

10, Convert the percent ~ssion to percent protein by Udy's 

(22) standa.xd wheat conversion cha.J;"t, 

The equipment used in the dye-binding m.ethoo. was Udy's (22) 

protein analyzer Models. All samples were run twice .f'or pe:rtcent 

protein in this study, 



Pl'otein analyses we;re detel"Itlined by the following mooif'ied 

Kjeldahl method 1 

1 • Add 1 g sample to flas}c. 

2, Add 10 ~ pf spditllll ~-uJ,fate (1 scoop) and 2 o~ 3 gra~ules of 

selenium, 

3, Add 2, ml sulfui-ic acid, 

4, Pu.t flask on digester for 90 minutes, Let cool for 

appro:x:imately 20 minutes, 

5, Add 300 to 3.50 ml of water to each sa.tn~le, 

6. Add 50 ml of boric acid 14th methyl red ~d methylene blue 

inqicator :i.nto receiver flasks ~nd put under receiver tubes, 

7, Add 75 ml of sodium roidro:x:ide (501/, solut:Lo;n) an<). 2 or 3 pieces 

of z:uic to each sample, 

8, Distill 1,0 to ZOO I11-l from the Kjeldahl ;f'la.sks into the 

receiver flasks, 

9, T:l.tra.te with 0,1253 N of sulfuric acid to a grazyish blue cqlo:r 

or until no green, shows when looking through :receive:r flask. 

10. One ml of acid is equivalent to one percent protein. 



RESULTS AND DISCUSSION 

The resultSl of pe~@ent prote:i.11 in Fi &lJid parental plants gro"Wn in 

1968 are given in Tablre Io Th6 1:n8ldcequa©y of' the numbel" of' plants 

involved for making a def'ini:~e ©©n@lusii@n w~~ ll"'@@l.li~edo In gene:ra.l 

the per@ent protein in th@ F1 plant~ v~riad ext~nSlively when ©ompared. 

1d th ~ pt.:ifentai., The .@l,V~rage pelt'©ent prote:ln iof the F 1 ©1£ B Redlan 

x P.518.5 w~ai intemoo.iate wh<Ein ©Ol:m.pal'ted with its parents. The a.vl:lrages 

of the Fi of' B WheS,tlmd x P4,SO)~ B Wh@.at1m1d x P'32"5/v B Wheatland x 

P2190v and B Wheatl®l'!.d x P0355 w~~e higher t.l:i.an the p&i.rents a.vaila.bla 

for compa,:!r'isono However, thr6 avel',~,ge&'ll of' the Ft of BOKY 25 x P.5126 and 

BOK 8 :x: P2£ie6 W6?'S l©wel.Z" tfuul. @ith.er ~:lt'ent. The r~es of' percient 

pr@tein in th~ F1 @£ B R®d.Jlmn x PSi8S 11 B Whe~tlmd x P4503!1 B Wheatland 

x P2i90r, BOKY 25 x P5:i26v Wfii BOK 8 x P2486 were 9086 t(Q) i:L8i!) 12025 

tio i2o?6, 13&48 t© 15.85, iio8i to 14oii~ and iio7) to 14.14!1 re~

pectivelyo 

The highe~t peir@ent protl:lin in the F1 po>plllati©nv :i~.1:ll:v was 

found in the ©l'©S~ ~ B W.h~atl~ x P3)231, The hlbghesr:t. per@ent protein 

in the pei,rents wsi.s P2i91 with :i? ocn' per©ant prc,teino 

The effe~t @f the en~©llilment ©n pr(Q)tein p®r©entage was evident 

mong the F1 pl@nts. Alth@u.gh f©l" a:ny ©nrei ~lt"ti@ul.~r @ross the F1 are 

12 



TABLE I 

AVF.MO-E AND RANGE IN PERCENT l'ROTEXN Il'J F 1 JUJl) 
]:>~ITAL PLANTS GROWN JN 1968 

Number of Percent prote;i,n 
Pa.rent p;r ~1 plants Avel;la.ge Range 

I 

B Redlan x F.5185 4. 11,18 9,86-U.81 
B Redla.n . 1 10,&S 
P518.5 1 12,28 

B Wheatland x P4·.503 3 12,45 14,25-12,76 
B Wheatland 1 12~28 

B Wheatland x P3237 :J, 16.71 
:p:3237 1 1,5.83 

B Wheatland x P2190 lj, 14,57 13,48-1.5,85 
B Wheatland 1 :1.0-90 
p2190 1 13,78 

B Wheatland x P0355 1 13, &+· 
B Wheatla.nd 1 12,89 

BQKY 2.5 x P,S126 4 12.82 1.1.8t ... t4,11 
BOKY 25 1 16.33 
P5126 1 15,98 

BOK 8 ::t F24e6 4 12.68 11. 7;--i4,14 
BOK 8 1 12.73 
F2486 1 14~ 73 

P2197 t 17,W 
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theoretioa1lY identical and should have had similar analyses £or 

protein. percentage, wide rang~s were obtained, However, one shou,J,d 

note that ·too few plant$ were an~lyzEXl to be able to draw definite 

conclusions, The large effect of the .~nvtro:nm.ent should be remembered 

:,\,n subsequent att~pts to d,raw conclusions £rorri. data. in F2 segreg~t:i.ng 

populationE:i, 

Protein Percentage of Segregating Populations 

The means and ranges of the dete:rm.:i.nations for percent protein in 

F2 , ~rental and backcrosa popu.lations grorm in 1969 are shown in Table 

II. ;Frequency distributions a.re presented in Figures 1 to 8, Figures 

1, 2, 4, 5, 7, and 8 show the distribution of pe:r;,oept protein £or F2 

and !)$rental pla,nts while Figures 3 and 6 :i.nolude the distrib~t:i,,on of 

peroent prote;i.n in backoross populations, The ol;!.ss interval £or 

percent p~otein, was 0,5, 

-- -·· 

l?rotein Peroent~ge in F2 and Pa~entai Plants 

Percent protein in the F2 p0,pu1ation 0£ B Redlan x P5185 given in 

F:tg:o.;i:,e 1 and Table II ranged fw<;>m 9,25 to 13,75 and showed a fairly 

no;l,'lllal distribution abo'l,l.t the mean, 11,12, and suggested quant;ita.tive 

:i,nheritance, The prote:i,n percentages in B Redlan and P5185 ranged from 

11,75 to 12,25 and 10.75 to 12,75, respectively, These ranges were 

toward the higher end ot the Fz frequency distribution, but s:i,nce they 

did not l'ange as wide),.y as the Fz population, :tt might be oonoluded 

tha.t transgressive segregatiqn had 1;,aken place. 

The distribution shown ip Figure 2 of percent protein ;tn the F2 

popu~ation of B Wheatland :x: P450J approach~ a no;rmal dist~ibution. 
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TABLE II 

AVERAGE AND RANGE m PERCENT PROTEm IN F2 AND 
· PABENTAL .PLANTS GROWN IN 1969 

Number of Percent protein 
Parent or F2 plants Average Range 

B Redlan x P5185 51 11.12 9,25-13,75 
B Redlan 3 12.23 11. 75-12,25 
P5185 5 11.66 10,75-12,75 

B Wheatland x P4503 149 10,76 7 .75-13,75 
B Wheatland 5 10,59 10,25-10,75 

B Wheatland x P3237 54 11,66 8, 75-14. 75 
B Wheatland 6 10,39 9 ,25-11. 75 
p 32'J? 8 10,47 8.25-13,25 
B Wheatland-P3237 x B Wheatland J8 10,97 8,25-13,75 

B Wheatland-P3237 x BOKY 29 26 10,33 8,2.5-13,25 
B Wheatland 4 10,58 10,25-11,25 
BOKY 29 6 10.10 9,25-10,75 

B Wheatland x P2190 59 12,24 7,75-15,25 
B Wheatland 6 10.39 9 ,25-11. 75 
P2190 4 13,52 12.25-14.75 

B Wheatland x POJ55 55 12.34 9,25-16.25 
B Wheatland 6 11.43 10.7,5-12,75 
B Wheatland-P0355 x B Wheatland 17 11,97 9,75-14,75 

BOKY 25 x P5126 177 12,82 8, 75-18,25 
BOKY 25 5 13.29 12.25-15,25 
P5126 6 13,96 13,75-14,75 

BOK 8 x P2486 173 12,39 9,25-17,25 
BOK 8 4 11.56 10,75-12,25 
P2486 8 13,64 12,25-15,25 
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;F'igure 3, The Distribution of Percent Prot!3in for the Fz Segregating 
Population, Ba.ckcros~, and Pa.rents of,' the Cross, B 

Wheatland~ P3237. 
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The range of percent protein for the segregating F2 population 1ras 7,75 

to 13,75, Its raean was 10.76 percent protein, Only B Wheatland parent 

was available for comparison and it fell approximately in the middle of 

the range of protein percentages, 

The frequency distribution shown in Figure 4 of percent protein in 

the population, B Wheatland-P3237 x BOKY 29 showed two peaks, one at 

9,25 and the other at 11,25 percent protein, The ranges of percent 

protein in each segment of the distribution curve were 8,25 to 9,75 and 

9,75 to 13.25, The bimodal nature of the frequency distribution curve 

suggested a backcross ratio of 1 to 1, The Chi-square test gave a 

value of 0,50, indicating a good fit, However, the protein analysis of 

the parental plants did not fall under the peaks in the curve, Instead, 

the percent protein in the parental plants, B Wheatland and BOKY 29 

were near the low point on the curve with ranges of 10,25 to 11.25 and 

9,25 to 10,75, respectively, while the percent protein of the third 

parent, PJ237, spread over the. entire range of the backcross population 

(See Figure 3 and Table II). 

The frequency distribution of percent protein in the F2 population 

of B Wheatland x P2190 in Figure 5 was bimodal in nature suggesting a 

one gene segregation, The distribution of percent protein in the 

parental plants, B Wheatland and P2190, scarcely overlapped and extended 

toward the peaks in the F2 distribution, The ranges of percent protein 

in F2, B Wheatland and P2190 (Table II) were 7,75 to 15,25, 9,25 to 

11.75 and 12.25 to 14,75, respectively, A Chi-square test of the F2 

distribution gave a value of 0,07 indicating a high probability of a 

good fit to a 311 ratio, 



2.5 

The frequency distribution of percent protein in the F2 population 

of BOKY 2.5 x P21.56 in Fig~e 7 was a fairly normal curve suggesting 

quantitative inheritance. The distributions of percent protein in the 

parental plants, BOKY 2.5 and P.5126, fell under the F2 curve but toward 

the upper end. The ranges of percent protein in the F2, BOKY 2.5 and 

P.5126 were 8.7.5 to 18,2.5, 12,2.5 to 1.5.2.5 and 13.7.5 to 14.7.5, 

respectively, 

The frequency distribution of percent protein in the F2 population 

of BOK 8 x P2486 in Figure 8 was a fairly normal curve suggesting 

quantitative inheritance. The distributions of percent protein in BOK 8 

and P2486 fell under the F2 curve, but they did not overlap, nor were 

there any apparent peaks in the F2 curve over the parental means. The 

range of percent protein in the F2, BOK 8, and P2486 were 9,2.5 to 17.2.5, 

10.7.5 to 12.2.5, and '12.2.5 to 1.5.2.5, respectively, 

Protein Percentage of F2, Backcrosses and Parental Plants 

The frequency distribution patterns of percent protein in the F 2 

population, B Wheatland x P3237 and in the backcross, B Wheatland-P3237 

x B Wheatland are shown in Figure 3, They suggest the possibility of a 

bimodal curve giving a simple 3 to 1 segregation in F2 and a 1 to 1 

segregation in the backcross. One parent covered the lower range of 

percent protein while the other covered most of the F2 range. The Chi

square test of the F2 segregation gave a value of 2,99 indicating an 

acceptable fit to a 3 to 1 ratio, The backcross population fell in an 

(;3XB.ct ratio of 1 to 1, The ranges of percent protein of the F2 

population, backcross, B Wheatland, and P3237 (Table II) were 8,75 to 

14.7.5, 8,2.5 to 13.7.5, 9,2.5 to 11,75 and 8,2.5 to 13,2.5, respectively. 
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The frequency distribution patterns of percent protein in the Fz 
population, B Wheatland x P0355 in Figure 6 appeared to be a nonnal 

curve suggesting quantitative inheritance. The distribution of the 

backoross, B Wheatland-P0355 x B Wheatland in Figure 6 showed two peaks 

but they could not be interpreted as exhibiting a backcross ratio of 

1 to 1. The ranges of percent protein of B Wheatland x P0355, l3 Wheat

land-P0355 x B Wheatland, ~dB Wh,eatland were 9,25 to 16,25, 9,75 to 

14.75, and 10,75 to 12,75, respectively, 

The highest estimate of percent protein was 18,25 and it came from 

the Fz population of the cross BOKY 25 x P5126, 

From the populations examined, the inheritance of protein 

percentage would seem to be controlled by a sufficient number of genes 

to give fairly normal frequency distributions as determ.:i,ned by the data 

from the segregating populations sho .. m in Table II and Figures 1, 2, 6, 

7, and 8, However, Chi,..square tests of the segregating populations 

shown in F:i-gures 3, 4, and 5 indicated that the inheritance o:f protein 

percel;ltage was controlled by a single gene pair, This discrepancy 

cannot be e:,cplained except to say that different sources of protein may 

be inherited differently, Data in Figures 3 and 4 are based on the 

same source of high protein while all the rest are based on different 

sources, In addition, the conclusion ot single gene inheritance in 

certain of the populations was made from rather ~111all numbers increas~ 

ing the possibility of ol:;)taining a misleading sample of data, 
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Percent Protein, Grain Yield~ ai1d Their Correlai;.ion 

for a Grain Sorghum Fe1-.tilit;y Trial at the 

Eastern Oklahoma Pasture Station, 

Mu.skogee., 1,969 

The Udy dye-binding method was used to est.iraate percent protein. of 

the grain sorghUlll, From the analysis of variance sh01m in Table III it 

can be seen that 1;,here was a highly significant difference among 

treatments and there was not a significant difference due to nitrogen 

source, replications, or any of the interactions among thain, For grain 

yield there was a signif:i,ca.nt difference among treatments at the 0.01 

level and among replications at 0.05 level. The correlation between 

grain Y'ield and percent protE;_in was calculated using the error mea1'l ., 

squa;res for X, Y and Z found in Table III., 0.1259, 31,703.526.5 1 and 

31 , 69 .5 , 5069 e,s f 01101,·rs : 

t/2[_31,69.5,5069 .,.(0.1259 + 31,703,.526.5) 7 ~ -0.06. 

i{ o,i259)0t 1703,5265)" 

These data indicated a. tendency for the a.m.01..mt of N, P a.no. K 

fer·tilizer in various combinations to give diffe::r•ent effects on per~ent 

protein and grain yield, Th$ comb:1.nat.ion of N, P and K fertilizer 

which gave the highest percent p1~otein 1 j,2. 6.5, was a.nw.onium 11i"tra:t.$ :i.n 

the analysis 80-60-0 (See Table IV), The highe9t grain yield of 2 1 001 

pounds per acre was obta:Lned by the application of t1.rea il'l the oombina-

tion 80.60-80 (See Table IV), 

A noge.tive correlation between percent protein and grain yield 

would indicate that when yield is high, the percent protein ,·riD. be 

low. However, this correlation was not sign.if:i.c$.nt. 
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TABLE III 

ANALYSIS OF VARIANCE OF PERCENT PROTEIN, GRAIN YIELD, AND THElR 
SUM FOR A GRAIN SORGHUM FERTILITY TRIAL AT THE EASTERN 

Oio:,AHOl-ll\ PASTURE STATION, MUSKOGEE, 1969 

Percent 
Mean sg;o.a.re 

· · Percent protein 
Source d,f. protein Yield + yield 

Corrected total fr/ 1,2063 96,909,9246 97,0o6.6272 

Replication (R) 3 0, 7902 105,302,4962* 105,417 ,0917 
Treatment (T) 10 7, 7L~09** 555,578.5568** 556,483,9030 
Erro~ (a) 30 o,6429 '.34,830,9629 34,802,7770 

N source (N) 1 0.01.so 100,305. 01.14 100,219 ,9007 
TxN 10 0,171:f. 36,802.0114 36,843 .1.326 
Erro:r (b) 33 0.1259 31,703,5265 31,695.5069 

Correlation= ~0.06. 

*significant at 0,05 level. **significant at 0,01 level. 



TABLE DI 

MEANS OF PEFtCENT PROTEIN ANI) G-P.AlW YDELD fOR A GRAIN SORGHUM 
FERTJl,ITY TRIAL USING AMMONIUM NlTRA. TE AND URF.A AS 

NlTROGEN SOURCE.CJ , AT THE F..ASTERN OKLAHOMA 

Treatments 

40 .• 60-40 

80-60-40 

120 .. 60-40 

80-0-40 

80.,.J0-40 

80-90-1-!-0 

80-60-0 

80-60-80 

120 .. 90-0 

120-90-80 

PASTURE STATION 9 M1JSKOOEE • 1969 

Percent protein 
.A)J'.l..."110n1Wll 
nitrate Urea 

9.26 

1.0.97 

U,83 

12.07 

12,08 

12,23 

11..63 

:1.2.65 

11..85 

12.61 

12 ,Li,o 

9 .1.4 

10.86 

1.2,50 

1.2, .53 

· 1~. 01 

12,32 

11,68 

12,4t 

11,68 

1.2.63 

12.13 

Yield (") .. b /A) 
AmnioniUlil --
nitrate Urea 

1,888 

1. ,26t 

1g403 

1,840 

1,276 

i,91.J,6 

1,615 

1,s1.5 

1,255 

1,431 

1,572 

1,763 

1,150 

2,001 

1,296 

1,577 
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Percent Prote~ln, GJ;'a:i.11 Yield~ and The:i,.:1,~ Cor;i;•elation ;for a. 

Grain Elorgh'\.'IJll Fertility Trif.Ll ot' .Armncniura Nit:re.te e,.nd 

Urea both Cove:i.aed 3.:nd E:ir.:pof;ed a.t the Agrono:ow 

Researqh Si;.e;t.icm. ~ Per·kins, Oklahoma., 1969 

JO 

'I'he e.nalysis of variance in Table V showeo. that. for percent 

protein, the:t"e was a h:i.ghly significant differenee among replioat:i,ons 

e,nd a. significa.rrt diff e:J;"ence between nitrogen sources using the UdJr 

dye-binding n1ethod, There was no significant difference in gl."a.in 

yield. The correlation o,g.lculated for Table V between peroent prot,ei.n 

and gra.:i.n y:ie],d was positivEl, but was not significant.. 

These data indicated that nit'.'l.'ogen sourc(;)S, '1.l,rea and ru11.mop.i-mn 

nit.rate, gave different effects on percent protein but. not on $:t'ain 

yield. Ai:nmoniun1 n;i. trate covered gave the highest pe:rcent p:rote;i.n, 

shown in Table VI, 

The positive value of the co:rrelation between percent protein and 

grain yield indicated a tendency for protein and grain yield to 

increase or decrease togethe:r·. 

Percent Proteing Grain Yield and Their Correlation fo:r a 

Gre.in So:rgh'U!Tl Fertili t.y Tr:1.al Using Fou,r Levels of 

Alnmonium Nitrate and Urea, CoYe;red, at the 

Agronomy Res19arch St.at.:1.on, J?erklns, 

Okle.hom~ w 1969 

The analysis Qf variance in Table VII showed that th.ere ·were no 

significant difference~ in percent p~tein, gra:i.11 Y'ield, nor their 

interactions even though d;i.fferemt n:itrogen sources and rai.tes were 

usE;Jd. The highest mean of percent protei.n, 12, 36, was obtain.eel by 



T.AJ3Ll~ V 

ANALYSlS OF VARIANCE OF PERCENT PROTETI-!, GRAU~ YIELD, AND THEIR 
smvr FOR A GRAIN SORGHUM FERTILIT! TRIAL USING .AMMONilJN 

NITRATE AND UREA BOTH COVERED ,A.NP EX'.FOSED AT THE 
AGRONOMY RF.,SEARCH STATION, PERKINS, OKLAHOMA, 

. 1969 

Pe":rcent · 
Mean sq,ua.re 

· ' · Pe;),."cent protein 
Source d,f, ;erotein Y:.1.eld + Yield 

J4 • 
Corrected total 19 0~07;3 70,204,0421 70,257 ,4236 

Re;plica.tion 4 0,2227** 85,668,.57.50 s, 9 82 3 t .54,87 

Exposure (E) 1 0,0074 36,46.5,8000 36,498,3H8 

N source (N) 1 0.1.514* 1.56,8000 1.66 ,6981 

ExN 1 0,0562 2.5,20.5.0000 2.5,180,3377 

l~rror 12 0, 02L~O 77,447,9083 77 /~70,9.588 

Correlation :; 0.24. 



'l'ABLE VI 

MF .. ANS OF PERCENT PROTEIN AND GRAIN YmLD OF GRAIN SORGHUM 
FROM. A FERTILITY TRIAL, USDJG AMMONIUM NITRATE AND 

UREA, BOTH COVERED AND EXPOSF.J) AT THE AGRONOMY 
RESF..ARCH STATION• .PF..RKD1S, OKLAHOMA, 1969 

32 

Exposv.re Mean 
Yield {lb]Al Source (hours) Percent protein 

Ammonium nitrate 0 H.83 2,3o6 
Ammonium nitrate 72 11.77 2,:320 

Urea. 0 11.5.5 2,229 
Urea .... 72 11.70 2,386 

TABLE VII 

ANALYSIS OF VA.Rrl:ANCE OF PERCF..NT PROTEIN, GRAIN YlELD, AND THEIR 
SUM FOR A GRAIN SORGHUM FERTILITY TRIAL USING FOUR LEVEU> OF 

Af1MONTIIl'i NI1RATE AND UREA COVERED, AT THE AGRONOMY 
RF.:SF..ARCH STATION, PERicrNS, OKLAHOMA, 1969 

Mean sqi].are 
Percent Percent protein 

Source d.f, . ;Qro!_~:i:ll: _ Yiel.d + yield 

Corrected total 23 0,084 21,850.694 21,85;3.~17 

Replication 2· 0.213 14,331.542 14,331,j.63 

Rate of N (R) 3 0,125 4t ,238. 819 41,16.5,290 

N source (N) 1 o.o43 L~ ,676, Ol!,2 4~7oL~.567 

RxN 3 0,021 24,988.264 24,988.1JL.~ 

Error tL~ 0, 07L1t 19 ,324.68,5 19,343,123 

Correlation~ 0.27, 
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application or 300 pounds per acre or ammonium nitrate, shown in Table 

VIII. The highest grain yield, 2,752 pounds per acre, was obtained 

where no nitrogen was applied. The correlation of percent protein and 

grain yield was positive, but was not significant, This indicated a 

tendency for percent protein and grain yield to increase or decrease 

together, 

The correlation of percent protein and grain y-leld at the Agronomy 

Research Station, Perkins and the Eastern Oklahoma Pasture Station, 

Muskogee, possibly were opposite because of environmental effects. The 

experiment was indicated to be irrigated but water was not available 

· and moisture was lacking at the Agponomy Research Station, Perkins, 

while moisture was adequate at the Eastern Oklahoma Pasture Station, 

Muskogee, When soil moisture is sufficient, moderate application of 

nitrogen fertilizer will more likely give an increase in grain yield 

than in percent protein. ·when soil raoisture is insufficient, nitrogen 

fert:i,lizer idll be less likely to give an increase in grain yield_ but 

the protein percent may be increased. 

Comparison or Percent Protein in Sorghum Grain of B Wheatland, 

B Redlan, BOKY 54 and ROKY 62, Using the Udy Dye-binding 

and Kjeldahl Methods 

The analysis of variance for the Udy dye-binding study in Table IX 

shows that there were highly significant differences in percent protein 

among varieties, variety x shaldng time, particle sizes, particle size 

x shaking time, particle size x variety, and sample weight. Significant 

differences (at the 0,05 level) were found among shaking time, sample 

weight x shaking time, sample weight x variety and sample weight x 



TABLE VI;II 

MEANS OF PERCENT PROTEDJ AI:ID GRAIN YIELD OF GRADJ SORGHUM 
FROM A FERTILlTY TRIAL, USING Al1ll10NIUM NITRATE AND 

URFJA. AS ~UTRO'Hi:N SOURCES AT O, 150, JOO, AND 
450 AND O, 110; 220 AND 330 POUNDS PER 

ACRE, RESPECTIVELY, AT THB AGRONOMY 
RF..SEARCH STA.T!ON, PERKIN$ , 

1KLAHOV.LA, 1.969 

Mean 
Source Percent protein Yield (lb/A) 

No nitrogen 

1.50 lb/A of ammonium. nitrate 
300 lb/A of ammonium. nitrate 
4.50 lb/A of ammonium nitrate 

110 lb/A of urea 
220 lb/A of urea 
330 lb/A of urea 

p~rticle size. 

1.1.90 2,752 

12.10 2,6o4 
12.36 2,626 
12.15 2,664 

12.12 2,635 
12.13 2,702 
12.03 Z,'-1·70 

These differences ipdica.ted that a higher peroent protein was 

obtained from certain varieties, from the smaller particl~ sizev as 

well as :f;'rom a. longer shaking time, and higher saJ.11ple weight, It ·was 

also indicated that the varieties did not respond tmi:i'orm.ly to 

d;lfferent shaking times, nor to different pa~ticle sizes. In addition 

the two partiicle sizes reacted differ~mtly to vary-ing lengths of 

sha!dng time. 

The analysis of variance of percent protein obtained by the 

Kjelda.hl method in Table X showed a highly significant difference among 

varieties, se,mple weight, and v~riety x sample weight. The analysis 



TABLE Ilt 

ANALYSIS OF VARIANCE OF PF..RCENT PROTEDJ IN SORGHUM GRA.rn 1 

B WHEATLAND, B REDLAN, BOKY 54 AND ROKY 62, USJNG Trn~ 
UDY D);'.E .. BINDING METHOD 

Source 

Trial (T) 
Shaking time ( S) 
Error (a) 

Variety (V) 
V X S 
Error (b) 

Particle s:i,z.e (P) 
Px$ 
PxV 
PxVxS 
Error (c) 

Sample we:i,ght (W) 
WxS 
1-l X V 
WxP 
·wxvxs 
WxPxS 
WxPxV 
WxPxVxS 
Error (d) 

*significant at 0,05 level. 

d,f. MS 

1 6,167. 
2 14.246* 
2 o,441 

3 81.2,1 ** 
6 0,268** 
9 0.013 

1 120, 707** 
2 1.631 ** 
3 2,203** 
6 0,060 

12 0,045 

2 33,695** 
4 o.oLI-2* 
6 0.051* 
2 0,057* 

12 0,039 
4 0.03'-1-
6 o.oiJ 

12 0,009 
48 0.016 

**significant at o.oi level, 
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TABLE X 

ANALYSIS OF VARIANCE OF PERCENT FROTEIN IN SORGHUM GRAIN, 
B WHEATLAND, B REDLAN, BOKY .54 AND ROKY 62, US ING THE 

ICJ~AHL ;METHOP 

Source 

Replication (R) 
Variety (V) 
Errpr (a) 

Particle siie (P) 
VxP 
Error (b) 

Digestion time (D) 
DxV 
DxP 
DX V :ic. p 
E~or (c) 

Sample weight (W) 
WxV 
WxP 
WxD 
WxVxP 
WxDxV 
WxD:icP 
WxDxVxP 
E:r·ror (d) ... 

*significant at 0,0.5 level, 

d.!. MS 

1 0.0032 
3 .53. 269 .5** 
3 0.0232 

1 0,0329 
3 0,0539 
4 o.ous 
1 0,0375 
3 0,0111 
1 0.0032 
3 0,0015 
8 0,0317 

1 17.2744** 
3 0.1088** 
1 0,0172 
1. 0~0113 
3 0,0214 
::; 0,0130 
1 0,0010 
3 0.00.50 

16 0.0086 

**significant at 0,01 level. 
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indicated that different varieties and different sample weights gave 

different protein percentages. Also, the varieties did not respond 

uniformly to an increase in sample weight. There were no significant 

differences in particle size, digestion time, or their interaction in 

this method, while there were significant differences for those 

variables when the Udy dye-binding method was used. 

It is apparent from the analysis of variance and the means sho,m 

in Table XI that some of the factors have a greater influence on the 

results obtained from the dy~binding method than from the Kjelda.hl 

method. An increase in shaldng time from 1 to 2 to 3 hours continued 

to give higher readings with the dye-binding method, while 90 minutes 

of digestion time with the Kjeldahl method was adequate, The smaller 

particle size gave a noticeably higher reading with the dye-binding 

method, but did not influence the Kjeldahl results, Both methods gave 

a linear relationship between sample size and percent protein, Both 

methods revealed differences due to variety, but the Kjeldahl method 

gave a higher percent protein than the Udy method for three of the four 

varieties, when the analysis was averaged over all determinations. 

This average included results from the 1 hour shaking time and from 

the 0,024 nnn particle size tests which were shown to underestimate the 

protein percentage, The fourth variety, the only one with white seed, 

gave a higher protein percentage by the Udy dye-binding method. The 

pigment in the colored varieties may have reduced light transmission in 

the Udy test, thereby giving lower percent protein readings, In the 

lower part of Table XI more critical comparisons of the Udy and 

Kjeldahl methods were made. When the manuf aoturers reconnnendations for 

the dye-binding method were used (as described in footnote. 3) and the 



TABLE XI 

MEANS OF PERCENT PRO'IEIN OF DIDIVIDUAL VARTABLES AVERAGED 
OVER ALL OTHER VARTABLES, AND FOR CERTAIN COMBJNATIONS 

OF VARIABLE.CJ SELECTED TO GIVE CRITICAL COMPARISONS 
OF THE UDY DIE-BINDING A.ND THE KJELDAHL METHOOO 

·-·· 
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Source 
Mean of ;eercent Erotein 

Udy Kjelda.hl 

B Wheatland 
B Redlan 
BOKY 54 
ROKY 62 

Particle size 0,015 mm 
Particle size 0,024 mm 

Sample weight 0,95 g 
Sample weight 1, 00 g 
Sample weight 1. 05 g 

Sha.king time 1 hour ~-, 
Sha.king time or digestion time 2 hours!, 
Sha.king time or digestion time 3 hours 

B Wheatland 
B Redlan 
BOKY 54 
ROKY 62 

B Wheatland 
B Redlan 
BOKY 54 
ROKY 62 

8.63 
10.36 
11,50 

8,26 

10,78 
8,78 

8,Ef? 
9,71 

10.53 

9,11 
9,80 

10,19 

9.~I 
11.6~/ 
12,493'l 
9,1i'J 

9.4~ 
11.7 5/ 
12,~/ 
9,0.52 

9.33 
11.29 
12.08 

8,W 

10.21 
10,17 

9,67 

10,71 

10:12Z.I 
10,22 

4/ 
9,274/ 

1.1.174/ 
12.~/ 
8.1~ 

9 3~/ 11:2w-
12.0 ·1 
8,W-

!/ Sha.l~ t;ime in case of Udy and digestion time for Kjeldahl 
analysis; 'l:.t Digestion time was 90 minutes; 1.1 Recommeno.ed procedure, 
0.015 mm particle siz4/ 1 g sample,.and 2 hours shaking time, average 
of 2 determinations; - Recommended procedure, 0,015 mm particle size, 
average of 0,95 ancl/1,00 g sample, and 90 minutes digestion, average of 
4 determinations; .2 Av~rage of 6 determinations including O, 015 mm 
particle size, 0,95, 1,00 and 1,05 g sample weights, and 2 hours 
sha.lo.ng time; QI Average of all Kjeldahl determinations ( 16) regardless 

· of :factor. 
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resu.lts were compared with the most co1nmon Kjelda.hl procedure (as 

desqribed in ;f.'ootnote 4) protein percientages were, s] ·i ghtly higher by 

the dye-bindi;ng method, 'l'he ~.dditio;na.l oompariiio,:w of the methods in 

Table XI includl;ld. mor$ analyses, e.11d the ;res'l,ll ts we1·e very $;4nilar, 

Statistical tests for differences wel.'E;'l not made beca.1,1.se the exper;;unent 

was not designed to make such test$, 

Since these latter comparisons were considered to be more appro

priate and critical than tho~e of the varieties averaged over all 

factors (upper part of Table XI) it was concluded t.lw.t the Udy dye

binding method of determining protein percentage gave results fairly 

comparable to the standard Kjeldahl method when used according to the 

manufacturers recommendations. 



CHAPrER V 

SUMMARY AND CONCLUSION 

A study was conducted to determine the inheritance of protein 

content in segregating populati1:mi1 of grain sorghum grown in 1968 and 

1969 using the Udy dye-binding met.hod. One gram ea.ch of the ground 

samples ( 0. 01.5 mm), 40 ml of rea.gen't dye 1 and 2 hours of' shaldng time 

were used in this method. A total of 33 analyses from F1 and parental 

plants and 873 analyses from F2 segregating populations and parental 

plants were completed. 

The highest percent prot~in from F1 and parental plants was 16.71 

from B Wheatland x P:3237 and 17 .W from P2i97, respectively, The 

ranges of percent protein in F1 population and parental plants were 

9 • 86 to i 6 .'71 and 10. 86 to i 7 • (fl ~ respect.i vely. 

The highest percent protein in F2 popula:tion (18.25) and parental 

plants (15.25) wa.s found in BOKY 25 x P.5t26 ai'ld BOKY 25, respectively. 

The ranges of pe1°cent protein in F2 population and parental plants were 

7. 75 to 18.2.5 and 8.25 to 15.25~ respectiv·ely, Fairly normal frequency 

distributions a.bout the mean :in the F2 populations were found in B 

Redlan x P.5185 (Figru."'e 1) ~ B Wheatland x P4.503 (Figure 2) 9 B Wheatland 

x P0355 (Figure 6) P BOKY 25 x P5126 (Figure 7) 9 and BOK 8 x p2L1,86 

(Figux·e 8), The bi111odal curve suggesting a b&ckcross ratio o.f 1 to 1 

was f ou11d in B Whea.tland-P323'7 x BOKY 29 (Figure Li,), and B Whea:tland

P3237 x B Wheatland (Figure 3). The b:lraodal curve in the F2 
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distribution patterns of B Wheatland x P32J7 (Figure 3) and B Wheatland 

x P2190 (Figure 5) suggested a single segregating gene pair with a 

ratio of 3 to 1. 

Apparently the inheritance of some sources of protein is eontro11ed 

by numerous genes while others are controlled by only a single gene 

pair. 

The 96 samples of grain sorghum ta.ken from the fertilitytrµ.l 

with various combinations of N, P and K fertilizer, using 'O,!lea. and 

ammonium nitrate a.s sources of nitrogen, at the Ea.stern Oklahoma 

Pasture Station, Muskogee, 1969, were ana.)yzecl for percent protein, 

using the Udy dye-binding method. The resulting data and the corres

ponding grain yields were anal;yzed statistically and the correlation 

between them was determined. 

There were highly significant d:tfferences in pe~cent protein and 

grain yield from the var;i,ous combinations of N, P and K fertilizer. A 

significant difference in replications was :found in grain yield but not 

in percent protein. The estimated correlation of pe;rcent protein and 

g~ain yield was ~0.06, indicating no relationship between the two 

variables, 

The highest mean for percent protein, 12,65, was oqta.ined by using 

ammonium nitre.te as the n,.1.trogen source from the a.n~lysis 80 .... 60-0. The 

highest mean for gra:tn y-leld, 2,001 po'\ll'lds per a.ore, wa.$ obtained by 

using urea as a nitrogen source frOlll the analysis 8Q-60~8o. 

The 20 samples o:f gra:i,n soz-ghll!ll tal~1;1n f:r.om the .:f;ertili ty trial of 

covered and exposed urea and 8,ll'llllonium nitrate, at the Agronomy Research 

Station, Perldns, Oklahoma., 1.969, were analyzed fo:r percent protein 

using the Udy dye-binding m.ethod. 'l'he resulting data. and the grain 
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Y'lelds were analyzed statistically and the correlation between them was 

calculated, 

There was a highly sign:i,ficant and a: ,sigrtifics.nt .dif.f'erenoe £or 

percent protein for replications and nitrogen sources, respectively, 

The correlation of percent protein and grain yield was 0,24, indicating 

a positive but nonsignificant relationship between the two variables, 

The highest mean for percent protein, 11.83, was obtained by using 

arnmoni'Ul11 nitrate covered, The highest mean for grain yield, 2,385 

pounds per a.ere, was obtained by using urea exposed 72 hours. 

The 21 samples of grain sorgh'Ul11 taken from the fertility trial of 

O, 110, 220, and 330 and O, 150, 300 9 and 450 pounds per a.ore of urea 

and a.nnnoniU111 nitrate, respectively, at the Agronomy Research Station, 

Perkins, Oklahoma, 1969 were analyzed for percent :protein, using the 

Udy dye-binding method, These data and the grain :Tlelds were analyzed 

statistically and the correlation between them was detennined, 

There was no significant difference for percent protein or grain 

y"leld in rates of nitrogen, nitrogen sources, or their interactions, 

The correlation of' percent protein and grain yield was 0.27, indicating 

a positive but nonsignificant relationship between the two variables. 

It was concluded that moderate application of fertilizer with 

adequate moisture such as the tr-lal at Muskogee often results in 

increased yield without a corresponding increase in protein percentage, 

The tests a.t Perkins, however, had inadequate moisture which results 

in~ tendency for grain yield and protein percentage to :increase 

together. 

A comparison of' the Udy dye-binding and the Kjelda.hl methods of 

estimating protein peroentage was conducted using B Wheatland, B Redlan, 



BOKY :;J.4- and ROKY 62, Three shaking tiJ11es ( 1, 2 and 3 hours ) , two 

particle sizes (0.024 and 0.01,.5 :mm), a.;n.d three sample we:i.ghts (0.9.5, 

1.00 a.nd 1.0.5 g) were used in the estimation of percent protein using 

the Udy dye-binding methQd. With the Kjeldahl met..hod two digestion 

times (90 and :t.80 minutes), two particle sizes (0.024 and 0,015 mm), 

and two sample weights ( 0, 9 .5 and 1. 0.5 g) were us ed. , The results were 

analyzed statistically, 

In the Udy dye-binding method, there were highly significant 
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di.ff erences for percent p:rote:.i.n due to varieties, particle sizes, sample 

weights, 'ITariety x shaldng time, part:.tcle si~e x shaklng time and particJ,.e 

size x variety, Also, there were significant d:U'ferences due to shaking 

time, sample weight x shaldng time, sample weight x variety, and sample 

weight x particle size. 

With the Kjelda.hl method, there were highly signii,'icant differences 

due to varieties, sample weights, a.nd the interaction of variety and 

sample weight. 

The data indicated that the estimation of protein percentage using 

the Udy dye-binding method was affected by more factors than the 

Kjeldahl method, The Udy dye-binding method, however, when used 

according to the manut'acturers recol!ll11endations gave results fairly 

comparable to the Kjeldahl method, Results indicated the po~;sibil:l.ty 

of :l.nterfe!•ence of grain pigments with the test dye in the Ud.y analysis. 
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