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I :> a previous paper (19J8), it \\':1:> pointed out t ha t t he na t ure of th e 
am ino acid deficien ci es in nat ur al protein feeds is an essen tial fudor 
ill i he qualit a.ti ve selection of p10tein m ix tu res; t hat t her e exists 
uo direct m ethod of Lleten niuing the n atur e of t hese am ino acid s 
and t h:1t th e d wm ical an alyses m ay r eYeaJ to some extc11 t th e valu l' 
of ;l protein, but aTe of JlO act ual hiological siguifi eauee u n le:>s 
eon t>lated " ·ith t he biolog ica l requ i1 em ents of t h e ;mimaJ. :Jiitch ell 
(1908) f ully endorsed t his statem ent 011 t he Yalne of ch em icn l 
analyses . H e states " t h:~ t eYen wi th all t he chemical :md 
biochemical in form ation before us, t h r quantitat ive eYaluation of 
protei n 1lin• rsities in nu tritio11 \loul t1 not be w ived hecmlRc the 
inf ormation neglect s t h e animal " . 

It appear s that the best m eth od at p resent to study th e n ahn e 
uf t he ami11 o aci1l defi ciencies i n protein feNls is to supplem ent dift'c­
n mt protein fee1ls " ·ith t h e suspecterl defici ent amino acids. Th ese 
sup p lementat ions are t hen compu red wi th t he U11 suppl em ented ]Wotei 11 
feerl s on :;-oun g' l'<lts by m eans of t h e 11air ecl feeflin g· m eth od und er 
id e nt ical cotHlitions. Si nre t he only di ffer enc-e iu t h er-;e com pmisons 
i ,.; t he i nclusion of a small amount of a specific amino acid , i t iR 
reasonable to ;1ttr ib11te any sign ificant g- :~ in in " ·eigh t in faYour of 
t he R1lp p1 emented 1ation, t o t l1e inclusion of t he :~ mi.no :~ cid. How­
eY(']' , g;~ i1 1 in weight a lone is a non-specifi c cr iter ion of nntritiYe 
n llu<•. U nless ther efore in stu <l ies of th is n ai nrr , t h e gai11 s in \Y eigh t 
cnn l>e cl efinerl or eon ela te1l w ith in n ensed ni trogen storag<•, ib e 
r esu lts are in cond uRiYI' and h aYe <l llunl intenn-ebtion . Conc:lusiY<' 
p1 oof, a;; to 11·het her the greatPr gain s incluce1l h,· the :~min o acid 
i u d n ~i.on a re cln e t o a better nti liza h on of the nitroge n r·on b in ecl 
in t h E' pr otein n nrlPr exnerim enta tion ca11 he ohtainerl ei t hE'r h~· a 
eomplete n itroge11 mwl.vsi s of 1 ·n t~ in en r h pnir or hv n detrrmin :~tiu n 
of t he hiologieal Ya h! <' of t he Rupplem rn tecl <Hl <l nn supplcmetderl 
ration . Th e ]a ti el' m ethod w:~s adop! erl in p refe ren ce to t he fi1 st . 
since it fitted i nto our gener nl p rogTamme of p rotPin in YPstig·:~tion . 
R ri.efi:v t h en th e method :lflopted i n this Labor ator:v for the rlotenni­
i•;di on of :~m i no aeifl dPn r iencies in prot ein feeds is :1 s foll o,,·s : The 
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nature of the amino acid deficiency is fi rst establish ed by means of 
th e p aired feeding m eth od. If by statistical analysis, it is found 
that t he supplem en ted ration produces gr eater gains t han the u nsup­
plem eu te<l ration , th en t he biolog-ical Yalue of t he same ration s 
containing t he same percentage of uitrogen is det enuiued. By t his 
m eans t he greater gain in weigh t is suppor ted by n itrogen u ti lizatiou 
fig ures and defin ite con elusions can be arriYecl at. K o difference in 
growth response in t he paired feeding test sig nifies n o supplemen­
tation a nd consequent ly nit rogen balance studies :ne comlucted only 
in selected cases. 

:J<[osL of t h e plan t pl'oteins except ~esamemt>a l and cottonseed­
mea l have already been supplemen ted by some or other of the 
indispensible amino acid ;; (Smuts and Marais, 1939) . Due to lack 
of direct information the same course as pr eviously adopted, n amely 
supplementation by the least expensive and most easily procurab le 
amino acid , wa s £oll01Yed. Conseqnen t ly sesamemeal and cottonseed­
meal \\·ere each ~upplemented by cystine and compared wit h t he 
un suppl t-mented component in a paired feeding tt-st. 

'l'he supplementation of copram eal with 0 · 20 per cent. cystine 
showed 110 improvement in gains in weigh t over t h e unsupplemented 
<;opram eal r ation (Smnts and )la rais, 1939). It was t herefore decided 
to test the inclusion of an other inclispensib le amin o acid nam ely 
lysine i n a ration of whieh the nitrogen ronsisted en t irely of copra­
meal prot<>in . 

Previous attempts \Smuts and )I:.nais, 1938) to establish the 
natun' of t he amino acid deficien cy of pe::m utm enl proved unsuccess­
ful. 'l'he addition of tryp tophan e, lysine and cystine produced no 
signifi can t r esponse in gr owth . Five out of t h e six pairs of rats 
showed g reater g-ain s in weigh t, " ·hen cystine was added to t he 
peanut rat ion. 'l'he magnitud e of th ese gains was, h owever, too sm all 
to est ablish sig-nificamt' . B each and \Vhite (1937) as \Yell as B aern­
stein produced evidence that antchin, "·hich constit utes four-fifths 
of t h e entire g lobulin of peanut, is deficient i n m ethionine. On 
the oth er h a nd 1h e r emai nin g- fraction of t he peanut g lobulin, nam ely 
conarachin is, according to t he lat ter au thor, an excellent p rotein 
fo r g-ro,dh. It contains apparent ly s ufficient m ethionine ,;ince if 
compares favourably with casein in gr owth-prom oting proper t ies . 
Kota,;t hane and Narayana (1937) conclude that pean utm ea l compar e!! 
bette1· with milk pro1t- in;; t han soyabea ns. All these contributions 
point ,·hongly to a m t- thionin e deficiency in peanutmea l. I n fad 
the evidence seemed so convincin g- t h at in a pr evious paper we 
assumed methionine to be t he indispensibl e amino acid of pea nut ­
meal. I n order t o Yeri fy our assumption, it \Yas decided to suppl e­
nwnt ]Wanntm t·al \Yi th m ethionin e. 

Both soyabeanmea l and linseedmeal haYe been found to be 
deficient in cystine. Th ese r esults were establish ed by the pairecl 
feeding m eth od as " ·ell as by nitr ogen balance studies (Smuts an d 
Marais, 1938). H o,Yever, it appeared t h at t h ey may he deficient 
in a seconda ry amino acid. Con sequently tryptoph an e " ·a, a dd ed 
to ea c:h of i h t-se m E'::t1s aht-::~dv supplem ented by r.yst) ne. 
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under pl'actiC'al corulitions Lmw i,-; co nsid ered an e:xcell ent fee d 
£or almo~t en·r.r type of an imal. l1rom a sciPn tific p oint of vi e11·, i t 
see ill s as if this general expe l ience i ,; coned. Tht• eudospcnn protein 
appP<ll'~ to be t he least Ya lu ab lP, ,,·hi)(' the protei n,; of t h e Pmbry o 
and alt:urone cell s ;ne t he nw,.;(· Yaluabll·. .Jiikhell (193S) fouJHl 
t h<! L whole 11·hent i ncluding t he epidermi" o 1· ln·:111 portion h:1 ~ a 
biologi('al Yn lue o:E Gl <Is ('Olllp:lred " ·i th 52 for patent ,,-Jtite tlour 
of 11·hirh t he epidenn i s ha i:> lweu Tt'Jll OYecl. K leiiJ a)l(l a ;o;srH'iatcs 
h as m:Hle a compl etr· st ud y of t he 11hol e 11·lteat ).;:crue l. .l one,; (l~HI) 
in a shtrl _,. o{ the nntritional propel tie,; of ~~-heat p r o!ei11s shoi\'E' rl hy 
ch emical a na lysis t hat the ('y,;! im• , arg-iuine, hi,;ticline, ly,;ine anrl 
tn·ptophane C'ontcnt of b ran prote in,; :a e hig-lwr t h :m ! hat of tl11· 
endosp erm proteins. lie fur l her sho11·erl hy fcr•d in g- r•xperi mcni.s 
th:ll Lr:ul J Ho! eiJl~ g a1·e :1 het!'rr g rrndh ,,-j th ra !.-; ! lt :lu. ,,·!tile tlour. 
Oshmne :tnd ~Iendel (l ~JU)) c;t:de " t hnt whea l· proi e ill ~' ro nsirlrred 
in t ltei r e n tin·i~· a1·e adrr1u:il e for prow oting nornwl gTo \\·th i t e:tten 
in -; nHi(' i (• Jt t :tmotuJ t,; " . H.~- m ea ns of feedin g exp erim ent:; " ·he:ll 
lw -; lH'l'n fou 11Q t o he defil' ient :in lysi ne. In onlcr lo nsr;e rbin, if 
br:1n i-; no t probabl,,- dehcient in l .1·sinl', t his amino aci tl ''"as arlderl 
to :1 hr:m ra t ion and its effec! s 011 t h e g r owtl1 of n1ts in prtil'erl ·fel' rli ng 
te,;( .-; -;( udieLl . 

ExPEHDLJ·:~TAL. 

}, Jl protein feeds "·ere of r·om me rcial q ua lit_v r Ppresenia tiYc oJ 
those lmtnds used in practical fePcling. These me:tls "·ere finely 
g·1oun1l a iHl mi:s:Prl with tlw rest nf t h e ingn·rli enb of the experi­
m enta l ration so as to g·iye a pproximately !:J p t•r C'ent. protein . Th e 
amino acids 11·ere caref ulh· m i:-;ecl ,,·ith thr-' rpst o:E t he ration f' O as 
to ensure homogeneou s rl ish i hu ho n. 'rhe pen;en t:q:re composi tion of 
the ratio ns is givrn in 'r:1hle l. 

Th e paired feeding m et hod ,,·n,; uti\ ized tlnough m1t t h ese shtrlies . 
The n itrogeu balance sh eel m eth orl of .Jiitcl1ell '":1 s u sed for the 
<lelerm in ation of !he biolop:il'al Yah tes . H ats ,,.e1·e paireil ar·<·orrling· 
to age, sex, litt e1· an rl " ·eigh t. Bod~, " ·eig·h ts 1\'t~re tnken ,,·eekl~- anrl 
the initia l awl fin a l wPig-hts " ·ere th e av(~rap:e of three con set·n tiYl' 
ll"eighi ng,;. 

DiscussioN m· ExPERDIEKTAL RESULTS. 

Iu Table 2 is giseu t he r esults on the paired feeding tried· of 
sesame meal and sesam emeal s upplement ed "·ith 0 · :2 per r·ent. cystine. 
In n compar ison of t he ,,·eekly gains, as sho11·n in '1':1bl<:· 3, ra !.-; on 
Sbamemeal supplemr•nter1 hy 0 · 2 p e1· r·ent. cystine gai uecl ;rl 1 inw;-; 
nnrl thr~se on !be Ullsnpplem en!Pd r <1tiou, on ly D l illl<' ti ott! of i i1 P 4S 
('()ll l j)<l l'l ~O ll S. 

The s upplem entr•rl ration ga in ell in 1ot:tl " ·eight· 01er !lw llll­
suppl.ementecl in 4 out of the 6 ]J :I i r::; of .ra ts . 'l' he m ean gai11 
hei wepn t h e :-; i:-;: t·umparisons i s '!0 anrl tllP sLtnclarcl 1leYiation 1 ~! ·R. 
The Yalue of Z in t his caRe becomes 1 ·2. Applying Stu deDt ' s prob­
a,bility taMe for Z = l ·2 anrl :;'\ - G, th e probabili ty tl!at the in('l'eafie 
in weight registe1·ed b~r t h e acl<litiou of cystine " ·as a eh ance effect 
i s ] in 46. 'rhi,.; r esult , there fore. i1tclicates that ih e inclusion of 
cys! ine has enha ncerl th e gro1dh-promot i ng proper ! ies of sesame­
m ea l. HoweYer, th e crucia l p oint iR w heth er th e inclusion of cystine 
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has 1·enuered the nitrogen of ;;esamemeaJ more utili;~,a Lle for syn theiit · 
purposes . In Tabl.e 4 the data pertaining to tho biologie:.tl vnlut 
lletermi nation of sesamem eal supp l ementell by cystine aTe gi Yen. In 
a preYious paper by Smuts aH<l )!alan (lU~18 ) the biological Ya l u f• 

of sesamemea l at approxima tel.v ihe same leYel was determin eel antl 
foun(l to be 71. In 'l'able 4 the hiologi t..:al Yal.ue of sesamelll eal 
supplem en ted by cystin e was (letermiued and a Yalne of 80 ohb inecl. 
Hen ce there was an increased nitrogen utili;~,ation of 9 per cent. 'l'his 
result , to get her with the paire(l f eeclin g test , defi ni tel.v establishes 
that t he cystine addition to sesa mPmeal enhaucecl g-r-owth thmug-h a 
better utilization of the sesamemeal nitrogen. 

T ABLE 3. 
A Compm"ison, of t he liVeekly Ga·ins betn·een Sesmne ancl S esame 

+ 0 · 2 per· cent. Cystine. 

Tota l per W eek. 

Weeks. 

1 . . ..... . .... . . . ... . . 

2 .... ' .... . ' . . .. . . . 

;~ . ... . ..... . .. . .. .. . . 

+. 

,j .. . .. .• ... 

6 .. 

7 ... 

8 ..... . ....... . . .. . . . 

Pair Pair !'air Pair Pair Pair 
l. 2. :l. +. ii . 6. 

+ 

+ 
T 

+ 

± 

+ 
+ 
+ 

+ 

± 

+ 

Total for Experiment ............... . 

+ Indicates g reater ga.in by Sesame m eal. 

0 

2 

3 

0 

Indicates g reater ga.in by Sesame meal + 0 · 2 per cent. Cystine. 
± Indicates equal gains . 

6 

5 

3 

:) 

;) 

;j 

± 

0 

0 

0 

0 

0 

0 

In the comparison of bran and bran supplelllentetl by ly:;ine, 
three pairs fayour the bran ration and three the supplem entecl hran 
ration in total " ·eight over the experimental per iod. In the " ·eekl.' 
t..:omparison s as shown in 'l'able G tho gains in weight cu e cli,;trilmt etl 
almost equally amongst the t wo comparisons. J udging superfil' iall.' 
there appears to be no difference iu grO\dh between the t" ·o r;om­
parisons. This assumption is borne out by a statistical analysis or 
the data. 'I'h e mean gain in weight over t he pm·iocl of experimenta­
tion is 2 · 5 and the standard deviation 11 · ~~ , giving a value of 0 · 21 
for Z. According to Stuoen t's probability t able t he odds are so small 
that chance alone may have brought about thi s result. Consequentl~r , 
it must be rondudecl that the :1clclition of ly.-;ine to hrall lJad 110 

effect on its grO\dh-promoting properties and t hat it i s not a limitinn· 
amino acid in bran protein. 

0 
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T HE .-L\11 :\0 .\ CID JJI·: J.- J(' I ESC I I·:s 01' I' L .\ ST l'HOTEJ).'S. 

l11 Table I l ite r esul ts of th e ]'aired fpe(J[ ug tc :s t on l:OJ!r :tme~J J 
a nd <.:OJi l'a JIIPal :mppl e lll ent <• ,[ by () · :2 per ('eii L ]y,;in c• are l'Pproduced . 
F r om t h e tot a l g:1in s in 1n•igh t of t he si_, p :1 irs of r a t , i t " ·ill be 
sePn i lia !' f ou r of t he (j pa irs sh oll't' ll :1 bette r g-at JJ on t il e snpplem, ·n(pd 
1·a t ion. 

ll o11·e1·e r , tlH• lll <lg ni l llll e of these ga i11 s an· e.:-: l r e mel.y Sll l ~l ll , so 
Jlluch so i lw t no :;Ll ti stic:d sig-11ific:ul ce c·ould he PHia hl ish ecl. Th e 
Jll Pfl n g ai11 ;I I \H•ig-ht is O·GG clll d t h e s tan cb nl cle ,·ia t ion , -t ·S, Jnaki ll g' 
ihe ou!l-olli P of i l1t:> t es t com plei l'l.1· in s[gn i fi ('an t . Il e 11 l:e . nn dc•r th est• 
c·o JHlit ions , i t ap pears :IS if h ·s i11 e i ,; n ot a lillliting- fa ctor of copra­
.111 1':11. 

In 'l'ahl c ~ 0 t.l1 c total g-:1 i m; 111 " ·,·ig ld of iiH· COJltp:ni r-;mJ h f'i. 11·eeJ1 
JWa nu tJil ea l and p e:lnu tm Pa l sup p lt·meut c·d hy Jll e l lti unine, ~li e 
,,; \Jllllll< ll' i;~,ed . Fo ur pa ir :; i':ti'Olll' t he cillpJd(•Jtle ll((•(l ;]JJ(l (\\'() p:l i rs th e· 
1l11 Sllpple me nted. n1tio11 i n tota l. ga ill s . ~~ ~- :1 naln ;i11 g lite J'l'Sult s 
s t a tisli ('~1l l ,1· . it is fo un d tl1at tlw me;1u g~1i n i11 11·e ig ld is :1-:{ a ncl t i1C' 
st ancb r cl cl c· l·intio ll G·2. ' l'lH· Yal11l' of z h<'l'OJ1l es o -.-)0. A r.r orcli ng i.o 
~ t ud e ll f · s t :dd e of p rol:a hil ity i lt. t' od cl,; :ll'e <I JlJH'o '\ illlaf c· l)· I in .-, 
tltnt (' li< l ttC'P alOII<' 111~1.1 haYc' hn>u g·lli. al )out thi s result. On i.h is bas i ~ 
it. mu s t lw con,·lu cl Pcl that nw t! Jioni11 e ~t dchtio n d id no1 r·on t r ibu tP 
n11 .dhin p: t o th e ) .. n ·md h-pmm o(iJt g' prope l'iies of p c·~mutmeaL 

1t is i 1il ere~t in g i 11 thi s r espect 1o refe r to a pn ·l·ious puhl i('a tion 
h.1· Smu ts a.nd ?lla ra is (HJ:l8) '" lt ere peanu tmeal IY: ts snp ple 11 1C nted 
11·i th c·.1·stine . Il1 iha t case, alth ou g h i) 0 11 ( of the G p a irs L1 \'CHtrecl 
i h e cy ,.;tin e :;upplem entation. tlw m:1 g nitu de of t h P gain s 11·:1S so 
SliJ all 1lw t th e outroJII e \\'a s conq>le teh · i ns igni fi (' an1. 1'h ese resn li.s 
'' ould ,,;eem to ind icate th~1t pe:-nn ttm enl contains c• ncnq:d1 cystin l' an 1l 
Jll ct h io nine or m ethioni ne :1 lou e for tltc g r o1dh of th e• 11·h it f' r a t. T l1i fi 
woulcl m ean t h nt wl1 ilC' th e great er portion of the gl olmli11 in prrmnt. 
is deficien t in nlCth io JJine, (he r0st of the pr ote in h a c·tio n is c:1pablc 
o l· sup pl,,·in g· t he JI PP <l s of t hi s ~ l lttin o acicl fo r i ltP !-(' J'oldh of 1l1l' ra t. 

0 11 th e oi h er h and, it m:1.1' llf' <·qu all y possible t h :1t. mimt te q n::m t i­
li<•s of Jll ei lt io nin P sucl1 ~"' is ]Ht•spnt for i iJsLm('C' i11 1lte ,.O it: l r:l('hiJ I 
ir:1 ctio n of l)f' <lll\II S, :ne suffi, ·iPn1 in i11 C' Jn ·c• .,;en cc of :td erJ1.Wle 1·ysti Jw 
(o JH'Oilt Otc nOl'lll :ll growth. l"ncln t h ese cond it ion s, i t· mu ~t he• 
:l ~s tnnP cl t h at C,\·s t inc 1'<1 11 repla rP n c<> rb i n portion of nw 1h ion ine i11 
( Jt C' ]Jl '()(' (' SS of all <1 !JO li Slll . 

Cnttcm seecl g-:lYe tluo l1ig- hes t l>iolog ical Y:lluc of i hc JlflltmJI p l:tn !. 
proteins thu s fa r i 1tYcsi. ig-:1i.e<l (.' nt ltl's and )! ala n , ] 0:\8) . Th <' 
i nclicaii on s :1r e t ha t in all p rob:1 hili ty , i t is not serio usly L1 c-k il lg' in 
~tll\' p; tr Li cnlar in d isp cnsi.blP amin o aeid . )/'eve rth el ec;s t lw p/'f,•c ·t of 
(')'sline suppl eme ntation 11·;~ s stucli ed. T h e' resultR on t otal gain s and 
11· c· e kl~· g·ains are g iYe Jl in ' l'ahles 11 ancl 1'2. 
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Uut of the ~i~ pairs iu t li e <"ompa rison four sho11·ed an i JWrt'asecl 
11·eight on t h e supplemented ration . The mean differe n ce in total 
11eight i s equal to 9 · 6 a nd the standard cleYiation 10· 2, g iYin g a 
n1lu e equal to 0 · 94. The odd s t ha t the incr ease in w eight w as due to 
the cystin<! supplement;lhon are 2.2 to 1. Con;;equeutly it must b e 
<"ondu<led that the add ition of <.:ysti_ne to co tton;;eecl m eal had no 
efreet on the growth-promoting properties of the latter. In Table 13 
t h e biological value of cotton see<lmea l plus <.:y stine was determined . 
. As will b e seen from these figures an aYerag-e Yalue of 84 11·a s ohtainerl. 
In a previous paper Smuts and _jfalan (1938) found a bio logie;d Yalu e 
for cotton ::;eedmeal nt a pprox imate ly t he same l eYe] of in tn l;(' of Sl. 
The::;e two Yal u es are 1·e r~· nearly thE' sa liH·' 11·it·h 11 0 :~ppar<-' n t 
.-; igniflt.:ant cli ffe r E' m·<e in thP nitrogen u ti li :t.ation. J t appenrs tllC're­
fo re :1s if r.:ysti ne i s n ot :1 ] iJil it ing· amino a r.:id in cottonsPe <l proh-'in . 

Both soyabeans and linseedmeal haYe previou s ly lJePn f ound to 
he d eficie n t in cystine . Consequentl :v thP pos:sibility or <I S('(" () Jl(h ry 
amino acid d eficiency wa s tested out. Bot h t h ese protein feerls ,,·ere 
Uterefore supplemented hy tryptophane in ad<lihon to <"y ,; t ine a nd 
compared 11·ith the <"ystillP ~11ppleme ntation. Th e rP.~11lb on so y;JUt';l nS 
an' g i.ve n in Table 14 :111<1 FJ an<l t hat of lin seecl nl<' ::tl in ' l':1hl<,s Hi 
;md 17. In n either ca»P did t hP try p tophane a ddition enl1a nce t he 
gnmt h promoting pmpertiPs . T 11 fact "·i th l i mwe<l me':d the 
tryptophane arl<lition h a<l, if an~·thing·, a slight d eprPSO' i ng PffPd. 

S t ' 1DLI.HY .\.C\J) Coc;CL"CSIOC\s. 

By m ean s of p ain :d feeding trsts, it has been :-;L.o,,·n th at 
sesam emeal is deficient in n ·stine anrl ihat cottonseedmea l is not 
deficient in this amino a cirl.. Bran and copramea l arP apparent l ~­
not deficient in lysine, ~d1il e tlw s upplt>ntentation of peanutmPal 
\1·ith methionine did not enhanc-P i ts grmYth -promoting propert i es . 
Tryptophane does not appear to he a sPconrlary a mino ar: id <ldir.:i e nc-Y 
in either soya bPa ns or lin see<l mPa I. 

B y m eans of nitrogen lmla n<;e s tudies, i t \Ya s .-dw11·n Lh:1t th e 
increased \YPigh.t-s ohtai n Nl h~- t he snppl PnwnL1tion of seS:IllJ<'liiPa l 
with cystine are clue to a bette1· uti]i,mtion of t h e sesa memea l JJi t rogPn . 
'l'h e unsu pplenwn tP<l b i olog ical Ya lue preYion sly cletPrntiJI<'d lJ_,. ~1 111d s 
a nd M alan IYa~ 11 and t he su pplPnwnte<l hiolog·i<":il Y:1l n p as 
determined in this paper 80. In t heea se of cotton sl'Pd suppl<'meni.cd 
by cystine, the biologica l Yalu e of 84 j ,., on l_,. slightly l1ig·he1· il1:1n ~ 1 , 
a nrl rl oes not signif.v a s ig-nifica n tl,v he liPr ut ilil\:il inn of nitrog-<-'n 
nf t h e supplem ente <l oYe r th 0 1Jn snppl Pm e nt N1 <·ottonsP<'<lnw:il. 
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