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["-loduLCton Rsear-cli Unit., The Voicani Cnnt r , it I)agan, Israe1
 

IN tRF)LIC "I {N 

TI ii over at I 1 'n o f tihe projec t was to j nt.r ofJi(-U arnd adi vance a farm 

ca'II p-roit iLion o f 7orghmn for fod (gr-Ains) aid hi rjh quality 

i 'r feed grerI Liicmass feoir the semi -arid rup i cs. One,,toci 

Il I r pt)',e Lljs t3 find i;i I cn anid i nfe , pencive !tcl II w 1oIer s for 

c rnr.u rvoItinn o f t. ci,r Op -r,-,ichFr (Ithe i oinr;s,, after orain harve)st) 

,

-ltor!crop- al r (ri?-.ei vorl ei'tho by iryirg, is5 hiy, or by ensi1in.g 

11- mrnt-huld of prlervation d(lipernIs on (tie strucLure, propert ics and 

rliipos iLiojn of tie lat1)1,.s, Li Cnt ic condi t joltos anti technologies 

-.,.iIlahi In a cII? t ii area. IL iS ilip u i , lo tl.- Ina1le hay of s;orghum 

I) u ' Ir o')f i -, 7,t rit: It I-I-. 0li t.1 ? cit heI-i- If-i t , mno Irrn -n r,i ijgi'l,'; 1; l:trela'. 

i a1 scllsLt;,Lictol nd pi occO .LItL r'gLILI!; lrgetI c -rp It al irrvetment. 

.11 1 i 10 aiL ilmacli l Ier . tL li p oco'3 Ing drIes riot fit sina I I farms in 

le (I Cevol(ip, Ud coLirtL- io n. Therefore, Mour appioach tltrOUghLrtI this 

po) jict: LS t"o1d7,1 l tr smpl(-r (-I:oiS-rrvrlt ilt I e(hrt1lotJies which woulI 

,-,.IJL '7Ra I I 10 1ti it) LDC '7,, s ichb -k, in 2iiaz i I trd . 

1,-l.irmical comporiitin, fibre content and nutr it;irnal vA]tie may vary 

hr-t._.en and withi i lliffr-rrnt. .orghIni C:ul I. Iv Is ( 1 jc-irsor 1986). 

Fcrr age sirglI i i SiLulIy 1 1 -i s i Itd at t;he 1ate to soft dough stage of 

iraIuirity , lit, fully gc-i.om and 1.a ve a dr y matter (DM)JIit-- aTC-

I--Lcttnrt o)f 27- 3.". iL~c et? alI . , 1?1C0) Dicker son (1906) ensiled 

\-i OUiS sorql' tIsmri cI it s/ w i. hi D 1 cointrnt betwleen 21 and t2% and 

b l a1Ited w el l - pre se ed Iit Il ]og(s lIII values arid high contentlagcs, 

of l ict:ic a:id. The I lier r-nd of Lhr DM rtit, LtnL might IIe oimewhat: 

tc) ltoiw for a,-deuiqtat.r ,ltrIit- acid feorientl!ion (Wool ford, I 9-4) . One 

p0-,;ssib i I i t y to i Iliprove the ensi i iug fc inrrt-At ion of ntoi st crops is 

to add itor.ulants of lactic ,acid bacteria (LAD) at en-,iling (Seale, 

106, 5polot;?, 191 , Wnitnbmrg cL al . , 190). The henef i ts 

http:hr-t._.en


toincuasar as ainte'nsive pr-oductlion of f.lactic-"
 

'
 i;i.in i" .Sma s ; * :c~a [ 'e i 


V ,:;-.MAnhydr~ouS::ammonia :,is ;ap'plied ;.to:- feedstoffs ::for -its 'antifungal: 


-: i l~ ll he "' ' . -.... '.... 

:
 

I ..eff.feck ;"and ..for ;,its-i conttributLon- to. non-protein'nitrogen (NPN)'
 
-''(Huh B thasL K:t. "A .",:-1973 ). Gaseous; :ammon ia i s 'tox c,.
'ber-i, ABOV Po': 


Y ~ico!'!rosve, }nl egant: tLo sa fety: precautions'must:':
p handle, :and. sp)ecialI 


?be- Laklen.' The"pfore, urea :which generatps ;ammonia int plant materials. 

:by .action ..of: enzymes,. (urease) and: was. reported to satablilize ' 

W-iage:s-upon apro bicr exposure &MDonald at, A., 
 1 991) is preferread.
 

V, ur aborary .... reponsible fr the const.4ervatio'n asp;ects° of the
 

o a s Th w s to" deve l o:p' n exp en sive 


:,:,:'methods of preservation -that would suit-small Farms..in- LDC's. "For.
 

sorgb h um~~ h t e g simp le , i: '
 

.':hatL,:, !pUrpose we h~ad first to study the chemical composition of the ..
 

-b iomiass"o
.;;- f various sorghium cu Itivars. h ich me t the c r iter ia set "rby ",
 

.Field. Crops- partner
:,. of the, project. (that is, would be drought- :
?;.:ohs:"''fubi,190 e,4.,17).; : ..ou. mo.ai txc
LAWKtl anad .have high nutritiunal value). The next step was to. test
 

-,'.cuinservation Smethods in sc'ale
:;} small under laboratory con'ditions, and .
 

:.:: :,:Lh{..n
Lo test 'tle p,'omisinig meth~ods under 'farm. conditions. The.'' 
progress d-of this study: and its recommendaions are summarized inbe alOnTh, Fo.e ui .. . amoi lna wi nran n ateil 
this final report.More details canbefeound in the annual reports.
 

by.acionofenzmo, (uras) .... wa...r.prt to. sataLili 

v' ~ r~posuear~obi a., 191)is peferedupo (r.Doaldl 



:!%:Thf? ini.__l stay.: offthe,,pr oject- was devoted W)study ' .th1o L:1heMiCa I,: 

conpus i oMaSS- Of C 
and tes;:"t t!"h ei 

c. 1.ion:?and m.i c r ob ioIoq ic a I' stLa tUS Q th11e h: dual-, 

":' lIMS 50-hLM' ' Lf' ; to P.g r.ons ili ng p ropert'fe . iExper iment's 

composit ion h 4dua af var4i4ous I -purpo sorghuu biomass 

"*cu[ivr, ~e ocoiant r.i 'ilgm-, . The biomass* o f f o IIowingn • t he 

d lI-- rposPu . rtLhuMl "ll i I4,iP, vi "Ir3 sed.: GDBP., n.3p0o i N'tu Iired , 

':i- . ... • rna"•• oo-. 
-I a h tern1576• -id 6 7 . Taib I 1 {) s:h g - m c lparame of. 

iLI:i'e o he Y hIU I var ieL ies .!-,Lud ied :bLf orve ensilIing.l~ibiumas f. t I 5 C) r ., : 

;I:!:(gat 3 on,. not- haveo ,a.consi stonL fect, th che~micalr ir' royi'me- d id mf on. ., 

• :? . Of t:h1P hiomnas of, the ",,ario)uSs orghum .varieties, in;".,ompo" itJ611 and 

:futurI-C VJor,If Lhis quo~sL-cm OnLusL br.dr)termx ned specuiflcally for each,; 
, r t L l i i4 t l ed '• . 

Tole2 ives :ra-nge of c-tv.5l ing paramoters- of laboratoryI si lageS., , 

'
 S "laborator'y condlions. Except for lactic acild, otlianol was the major : 

voIlLiIl fermenLaLin 1prUducl, pr otabIv prodUCed b y yEasts, 0Lhr 

VA (aceL ic , prfApion iL ac:ids~i) were in smaI]I coicenlI.rat ions (usuia IIy ,: 

444 : ' ,,i tV ; : !.. : ' : .,' ; , , , . , * :' :. ", " '" " ,' :, . - ; ' " .. ' . ! 
<0. . in-. DH) . Ensi I 1in' Ilosses or. Iosses during, aerob ic exposure : 

wei e, in .grn al, ,re tasonalhle. Carbon diu)'ido produced during .aerobic 

• lXpot-SUrl-l f - 5 da,7ys T-WILPd from O to 1"7 g/kyg I DMI), and aerobic-DMrl : 

"!" osse5 Percent." l from, 0 to 11. o "... . , :!:: 

The pre dominant: microorganisms on ,lh(-frsh -crop were lac tobaci 11iI , 

,i'-yeas Ls 'and -moulIds (loCJ number. nf.colony- forming units5 per, g DM wobre Y ' 

,0.6-,7.7, O - "yeasts: -' 0" 0.].,-and 6.6-.9.5, resp'ectively) . Aft~ir ens'ilIi ng . , 

i:.-e Lhe m-Ajor s p o ilage (3.6-7. )1."i oranism5-

ci periment 2- July Decembur1990 

Irh i.u petid a o t was Lu luro.'v study the ensm.lica 'lyprojert d
L0td 

chara LoiitLi usof mSorghumbiocal'uLUI laburaLur crhditAons, dand 



.<. . ..., . . -. ?
 

Nh •-h .?-Y .: /
 

~iyLo' Les t fpiran iwamly, mist 11yLatnatvaiemtu 

that P ),1, 1pc.. it)biofyarn, ua f -orghttin ,cu Itivar -X1wvasz-use , , ~ ....~ I Lo i v 0(reIs.. ..n El / .... a a MVt,I L))ftpre .. 
io ods 

th_- iii igAtion linp: "dlry" At 30" I)M and "moist"' at 23% D11. 
The ensi'ng epe, imentr,: of the two kinds of biomass 'inc Iude- .. 

Thier we i'e k i )f biOtrass according to thevir distaiicei from~ 

control, and ta'tic acid bacterial inoculum. Moist hay experiments 

iTiictidpd a co)t,'oland urea" application at 0.5, 1.0 and 2.0% Urea. 

ROsulls indicatQ that the silags thqi were obtained were of good 

qua Iitly. The rate of , pHi decline is shiown in Figur-es 1 and 2. The 
inoculant was fft:ctive thre Themore in mtist. biumass. inoculated
 

silaye- of 1thdL-y biuomass was less sLable upon aerobic exPOSUre, as 
indicated by rise tn pil ( from 3.7 to It .5) Impairement of the aerobic 

-itabiility of silyes by LA inIoculants occur also in other dry 

cereal ci ops (Weinberg PL al . 1993), and is explained by lack of VFA 

hich prLect the si luyes from yeas;ts and moulds.. 

l-he moist hay of it I tre,nents spoj 1ed already during the initial 2 

vwels of stor ay.. Tlr numnhrve, of yeasLs wi.d 111oLtI.ds ve ywas hlighV-. 

(over 10" c ful/y D. The hay of Lhe dri(,r biomass treated with 2% 

.trr a was somt.what less spoiled after 2 wes. Therefore, we decided 

La LrLtoth LreatmefiL in tLhe followintj s.ason.try i; 

E".jeriment 3 -January - December 1991 

In .1991 we rvepeated the experiment with moist hay treated with 2% 

urea. The biomass of CullivOr X-701 was, it 2M. (we could not obtain
 

Urier biomas), and the moiS,
: hay SlpOild rap idly, as in the.
 

Iprevious year s experiment. We ; conc liuled that this method of 

preservation is not fit for dual-purpose sorghum biomasS. 

In adi i 'ion we performed a practical ens ing exper i-.Jent which might 
fit sT. :."farins in LDC's such as Svaziland: 2.5-3.0 chopped biomass 

.was4')eighed into double layer plastic bags. Twenty one bags were 

bLuried in a 70 cm deep trench dug in a field' near our laboratory. 

The trench was covered with soil. Ever L month three bats, were 

r.'41moved from the Lrench foi analySis. 

a- :'i;.; ':i . .':' .. C:! 

,.<>; .i>' '., ',, ,i;;;:' 0" :
.., . :: ;';J <! 'A'.' ;, '"< '",:;? ,'>!, ;" " :...!' ' "'''...... " '; 


J 

..
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Thp Ii enc~h 'si lag F wIrre o)f QOvid wt. I a , tI )ad pa rdnroma, 

cr And -1) si(Ini I1'-" ch mrl ,and 

microbiil-ogical an l of the trench silag~ are given inTables 3. 

for less tha, 2 months),
< and ., respective l. Youg silages (stored 

&&not stable LupO aerobict expo,ure, whiJle 'pore mature silages (90 

Idays and more) wvier mce stable. This was indicated by the extent 

~of ri-jse in pH, intensi ty of C0j. pi oducLion, ard increase i the 

numbe-s of yeasts and mould-.
 

Experiments 'If5 "" 1992. 1773 

Thr trench experiiment wer repr(at rd in 1992 and 1993, with the 

boiomass of forage snrghum cultivars X-901 and FS5, at dry matter 

conLents5 o f 36 .-nd 301,1, -espetLivr-ly. 

rhe silago of 17?2 w.s :onpl'-t I y Sp(1 1ed (moulded), even after the 

first month of t;torage. We hypothesized that the ensiling failure of 

this yearI as cau ,ed by the fact that. the trench was too dry. 

I! 'Thrnfore, CO,. production in the trench was limited, and air 

pen. trat-d into the bays and !po1]ed t ;lage. 

In 179 ' we devidd lIhe trenIc intu irrigated arid non-irrigated 

parts.. lhe irriated part was watered once a week. Carbon dioxide 

in the dry and mist parts of the trench,levelsS ere, 0 and 3.1%¢ 


repectively. Silages from both parts of the trench were of good
 

qaul ItY. AnalySis uf. these silages is given in Table 6. It seems
 

that the dry matter content plays an important role in the quality.
 

of the trench sorglum si I ages. I f tlh biomass is too dry,
 

formntation in the trench might.be oo cI1w.. and allow spoilage
 

tl,h lac. in ensiling this 

-method,the dry matter content should not exceed 30%. An inocuLium 

v' : speed up tli-ensiling fermentation, but cause problems during 

processes, to 1)e Therefore, planning by 

mLght 


carobic exposure.
 

1


" . _'-. 


http:might.be


1)~~~~~~ ~- as I- icbg t d.Ti ehdO t1 ou,-i~ nsln 
r-vPI o'p i ng iqimp'l(e, p'eevt~ M0OJ o ta-purpose: sorghumi;:, 

,:!"'b i nni:s th~at I- d j L sina I I : , fav'ins i n Go,.a zJ. I :and" A, f t c . ;-,IsIOUt ,, f.E 

- of (-hom i ca I"n nicI" o t icIo-.g c aI c omp ot- t i Ln of t,he,,dete.rinaL ion 

1) omass var iou,; !:orLjtmm :c t.tI L ivir. we ( ette 
Cf 
d t wo 0 1-- rrva t ianli af 

.. .. .
 
Moi st hay spoiled " , 11-1"mrtrod-,: eli ifg and inn :'-5 hay t,'PiatPd Wil~1 Ur,- A. 

t mr-l,l vs Lth tit ,'1,- r.) in a. . 11- r,.uantI- a pr i tlI.Iy wrV ja1I II]f" - Cr Ia 

for such mnatPial, prnbablycwrnMF, 1, 1 a t Uith i. n (thod is tn(t st, itahle-


beCau.se Lthe-dry maLte,- coi',Lent wsp Lo low. 'Ftsling rin I trenclh.. i'n"£
 

rf-qi i -c a|l.)ito1 1it ves ~lmrt f Fin bt- acco ml 1 i.Ohr-d by wor Pr s Hi. thIou, 

h h-4 farmr t4fhnd 

t 
- rrAriw.vc nimal I !-ilagyv-quantitiP5 at a Limp o fer'd a Small herdTh 

follow.in~g points Eho 'ItJ he considored: The dry matter conte'nt of the 

MJOMa- , -1hoUld not. exce.ed 30-321%. The o.il ion' top L)f the trench 

" "shoti Id(I h-P iste L -nPd , hy ra in t- b y i , ,.~ri L m,'n Lto ?n suri -e p)r op er: 
;-, 

,ea Iinrg C)f ,the-? .i I qe . Odd jiion o f LOP , irIoCuLaniL : .is not 
"ensil"igRthe of ..... ecommendl:d in th is c ase, adbocAUSP,ncroi" it compI,:ia cmoitna L es thntono ceial 


of' f prisoj etd obic,,detriorationth, and 1tE-Cauoyui h miLvi/ ct enhan1edw a, to osrairOp erap aioi,ioaso 

After
with hahuchinoculantd 

http:beCau.se
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-,]bd- aurL) t- at ory three,visits tto Sa i and a n 

!<one '.y L iSwa zi' I esr~arclher to v isit L. r labor-atory.. Thle MUtua].,ii.!o f. 

"?::I,n gener:a! -I le prcjr~ct indL, Ced- mLW~ 11 Crlk in ClUr laboratory on i 

' 'prpservaLiun' of forage ,Sorghumn which migh~t bncomei more important: in 

Isalbca1Po tewlorsotge. Re-searh) we,"k' in this a rea 

y iei? Ied Lth)e f o IIuw in g iiiL r n aLionalI pi blIi catiorns7, 
" Y.< ' - ,. .° 

A '''r:"" S 
s ) " " w ". . . . 

I.Ashbec 11 G ., Wr inb evy, Z .G. and. Kipnis, T. 1992 . 
- ",i''i.':Effrct of biro fjica]l additive, ammonia and irrigation wi th saline . 

tqa LPatron sorght m, -,ilIage charatLeri st ic5s. SuthLA1f r ican Soc iet y of 

Ohi ima -I ProducLi on , 31 Congr essi Zjthabisenj , Kwandebele, South. 

"'A rica, Opril- 13-16, 1p.112.1, .. 

... 2.rMeske , R.,9 Ashbel I, G. , Weinberg, 7.G.. and K~ipnis',T. 1993." 
"F:"nsi'l in'g' forage ,;sryIghUm at I.wo: stages,, of ..."Ma~t rity _ i th the -,, 

.. "additLion
.;. o f IactLi c ac id. ba c LI-ria I i n or:I Ia nt,3 Aiima] Ford Science 

"¢: and" Te hl o gy 14-': 165- 175. r 

3:'i,
3.Asl ,ItI , G . am) Weinbe,'g, Z .G. 1993 ., f 

:t: Tlhe offect of appilying ammonia to corii, wheat: a n d sor ghIium upon... 
e:enn ss Iagejr .:Ca nad ian Ag riC UIt UraI E ng inee i nq a5: 113-,117. :; 

,.We iieI-g ,;7. G. 4: , Asl 1.e 1 1, .) lei 1 Y . an d A .,r' ie- , A . 1993: 

T,T,,et eff ec t of :applIyinrg 'lactic acid bacteria at. ensiling on the 

, aero :cstab i IiLy Ifs Ilagus. Jour na I of OpplIied Bat:Ler io Iogy (in 



Tabl.e1 ..he.cal paraml.rrs. of d.S.rghurm bom.ass.

S ALuvwesL -Valuc _,.Highe-,t,_Valu.. 

"-" - -h --- --- - . 

* D'ryi mai ter: [2 6
 

WS) 13 27
 

.cP 3 6
 

5 9
 

,NDF 50
 

ADF 29 4"
 

O''DL -3 6
 

i 5Datagi as il matter. water-soluble.ven percent dry WSC 

carbohydrates, CP crude prutein, HIDF= neutral detergent fibre, 

,ADF n acid de-tergL.nt fihre, AODL = acid dmtergent lignin. 

On-e L of r,-ulLs of -WSC wa s as low as 7.3 in DM, however, this 

Was an unusually loWvlue and not typical to sorghum biomass. 

: . - <. . --- -, -. 

".-- - -. " i' 
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T Pblo'.2EnsiIng pr mti of - ' 1 

r I- .imet eL " L5.7' ILIO I1i JIUot V--1 IU 

R '! ±du)" a lsJZi .I 

Latctic acid 

F tai' 1 

' d . e i Ivn 1In-s 

I -it tbaCr - l 

Yeais Ls 

M1)LI I11 

Eti Ler ol.ac U r i., 

Clostriic spores, 

3.6 

1 

2 .5 

0.7 

0 

5.7di 

2.0 

NF, 

1\ 

" 

H.6i 

10 

1 1. 3 

3." 

16 

El8.0 

7 .0 

2.6 
P.0 

3.9 

Ch nIIpra (I ti i s g IvnII s, pe r cent.I i n drI-y ma:iLtterI-; iicrI-o io Io gir al 

-, give...n a- o.. . ly m. .fco . ... ., 

" " I • 



Dual Ptur ) ., florhu a, floti.rcv fr FootJ ;lnd FPC'u 

for the Or'mi iArid rropic5 (protjtl-r Nv CD-092) 

R[eporL to U ]-I ,rae]1Cor )wat ive Devoe opmvi t Ogoncy for International 

PDvr 1opmrnnt 

r:'ipor L per iod I 19931rP/ 

G. AhelI1, Z. Wei nhrrcj and Yaira i'iri, Foi age Preservation and By

ProtJiii:t-, Research Unit , rhe VolCanli Celter , Iet Dagan, Israel 

li I roihtj( I j(11 

11) ''. a pr--lt ic J enl_l I vvieri to an]i Piiy n i r!opr?;ited, similar 


ry'.lr'r iflejtL 
 I)(-i- formed in 1991. Th biomia ., oJf sorghlm rul tivar X-981 

,0 1 31,% P .aIIis r(hopI 'd aie fi 1le T) nt-o b IoF- lyer plasLic bags 

t-ji,i( It iwore- bir i ed i) A Li or (cIt , bthout "7(0 cm p .i Treat riemt.s i C I Lided 
coftlrol and Irloco laLtd fl'acgr? (with lO' c:fu/g of rodipIharm USA 

- on ,1a i in g Lac Lofal: i I I us p) I .i Ltar uln, Prd i uO'[)CtlS spp . and 
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INTRODUCTION
 

There is much detailed information on the response of sorghum to
 

drought conditions. Most of the literature focuses attention on grain
 

production and as a result little attention has been paid to the
 

distrubution of the dry matter yield in the vegetative parts of the
 

plant which Pffects the value of the crop as feed for ruminants.
 

This program deals with dual purpose sorghum where grain is produced
 

for human consumption either as a source of carbohydrate or as a
 

substrate for fermentation in the brewing industry, and the remaining
 

canopy (stover) is used as animal feed. We presume that stover yield
 

and quality of a dual purpose crop is as important as the grain.
 

Selection of drought resistant sorghum cultivars is a crucial issue in
 

this crop which is widely grown under drought stress conditions.
 

Sorghum genotypes differ in yield under drougit stress or in the rate
 

of reduction in yield from non-stress to stress condition (e.g.
 

Seetharama et al. 19C2, 1983). Furthermore, the genetic variation for
 

drought resistance depend on the mechanism involved (Blum et al. 1989).
 

Decision on the proper selection criteria is not simple, and it is
 

probably even more complicated to select sorghum with dual purpose
 

triats than to select for either single purpose crop such as grain or
 

forage sorghum
 

In this report we present results of the first field trial in the
 

research program. This report covers the period from June to December
 

1989 and includes results of agronomical relevance. Other results,
 

especially those concerning the quality of the stover will be presented
 

in future reports.
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MATERIALS AND METHODS
 

A field experiment is being conducted on the central farm of the
 

Agricultural Researcn Organization at Bet Dagan. the previous crop was
 

wheat, grown under irrigation in the summer, fo]lowed by winter fallow.
 

The soil type is a deep and fertile Vertisol.
 

The field was fertilized with 500, 400 and 400 kg ha-' of ammonioum
 

sulphate, superphosphate and potassiun chloride respectively. Atrazin
 

was applied twice at a rate of 700 and 900 g ha-' in winter and
 

spring respectively.
 

Sorghum was sown into wet soil on April 6, 1989. Gravimetric soil
 

water measurements on the day of planting showed that the available
 

soil water to a depth of 100 cm. amounted to 240 mm. No rainfall
 

occurred from planting date onward, and the field was supplied with two
 

light irrigations to assist germination. Fifteen cultivars were
 

included in the experiment. Twelve of them were received from SADCC
 

ICRISAT and they are thought to be among the bent cultivars adapted to
 

the region of South Africa. Two cultivars were received from Pioneer
 

Hi-Breed, in Texas, U.S.A. and one was a 
dwarf drought resistant
 

Israeli grain sorghum cultivar.
 

The African cultivars were: SOS 1513, SDS 1594-1, SDS 1710-1, SDS
 

2293-1,SDS 2293-6, SS 2298, SOS 3168-3, Framida, Ntulired, Red Swazi,
 

SDBP and Town. The American cultivars were P 8319 and P 8320. The
 

Israeli cultivar was Hazerah 226.
 

The response to soil moisture content was studied with a line-source
 

irrigation system. The seed was sown perpendicular to the line source
 

in rows, 1 meter apart. Seedlings were thinned to 15 per meter. The
 

experimental plots consists of two rows, 1z meter long, replicated
 

three times. Each plot was divided into six, two meter long subplots.
 

Irrigation commenced 45 days after sowing and the amount of water
 

received by the subplots was measured by sets of rain gages installed
 

every two meters in two of the plots. Water was applied late at night
 

when wind velocity was low. Water was sprinkled above the canopy six
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times at weekly intervals , and tne amount of water applied was
 

calculated so that the rain gages closest to the line source would 

receive 100% of the evaporation from a class A pan situated in 

vicinity. 

The African and American cultivars appeared to be sensitive to bird
 

damage. To prevent loss of grain yield, heads were covered with paper
 

bags. An attempt was made to bag as many heads as possible, but this
 

could not be accomplished with all cultivars. When bagging was
 

possible all heads in a plot were bagged. Heads in one row of each
 

cultivar were left unprotected in order to evaluate bird damage.
 

Seven cultivars were selected for complete harvest and analyses. They
 

were selected according the development of the canopy and the
 

appearance of the heads, and included both white and red grain
 

cultivars. In the remaining eight cultivars bagging was performed on
 

sample plants in each subplot so that distribution of the dry matter in
 

the canopy could be measured and their quality traits could be
 

analysed.
 

All the plants in each subplot were cut and weighed. Three plants in
 

each subplot were sampled for canopy structure measurements. The sample
 

plants were divided into 4 fractions: green leaf blade (GL), yellow
 

leaf blade, (YL) stem+leaf sheath (ST) and heads (HD). A sample of all
 

above ground canopy was used for dry matter determination. The samples
 

were oven dried at 60C.
 

V 
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RESULTS AND DISCUSSION
 

Water availability
 

The amount and monthly distribution of rainfall in Lowveld and
 

Middleveld regions of Swaziland are presented in Fig. 1. The growing
 

season depends on water availability. It may generally start in
 

November and finishes in late March. In the middleveld average
 

fainfall during the growing season amounts to 550mm, whereas in the
 

Lowveld it is 300mm. The growth of sorghum in the Lowveld seems to be
 

under continuous-mild drought stress. If one assumes that the
 

potential evapotranspiration for optimal growth of sorghum is
 

approximately, 500mm, the distribution of rainfall over the season in
 

the Lowveld indicates that it is unlikely that severe water stress will
 

develop at critical stage for grain production.
 

The distribution and the amounts of the irrigation water supplied
 

through the Line Source (LS) sprinkler system are presented in Figs 


and 3. During the first five irrigations, water distribution was
 

nearly equal in plots on both sides of the line. High wind velocity
 

during the last irrigation impaired water distribution and this is
 

evident in the total amount of water supplied. Of the water applied,
 

maximum amounts were measured by the rain gages, placed two meters from
 

the line. At this position, 660mm were available for plant growth, 420
 

mm of this, were supplied by irrigation and 240 mm were available as
 

stored soil water. The distribution figures indicate that the plants
 

in subplots at a distance of 10-12 m from the LS were grown solely on
 

stored soil water. It should be noted that the amout of water
 

available for sorghum growth in the Middleveld and Lowveld in
 

Swaziland ccorrespond well to the range of water availability in our
 

field trial.
 

Agronomical aspects and dry matter yield
 

Some of the agronomic traits of five African, one American and one
 

Israeli cultivar are presented in Table 1. Water gradient did not
 

affect the number of days to heading and therefore data for different
 

2 



6
 

cultivars are presented as the mean for all subplots. SDBP was the
 

earliest among the African cultivars. this might be an advantage under
 

conditions of water shortage, provided that number of heads produced
 

under stress, relative to the number produced under non stress
 

conditions is not lower than that of a drought resistant cultivar like
 

Hazerah 226. SDBP surpassed all the African varieties in the number of
 

heads produced under non stress conditions. Furthermore, in this
 

cultivar head numbers showed greatest stability over all water levels.
 

In comparision, P 8320 also showed excellent stability but produced
 

fewer heads. Under non stress conditions the number ot heads exserted
 

by Ntulired was only slightly smaller than that of SDBP, however -t
 

was the most sensitive to progressive water stress.
 

Plant height of all cultivars was affected by water availability. In
 

most of them height reduction was obvious only 6 m and further from the
 

LS. There is considerable variability amongst the cultivars with
 

regard to bird damage. Ntulired, SDBP and P 8320 suffered least
 

darage.
 

Data for total dry matter production and for stover and heads yield
 

under extreme water level treatments is presented in Table 2. No
 

significant differences between cultivars were found in total DM yield
 

at 2 m from the LS because of a large experimental error. At 12 m from
 

the LS, the drought resistant Hazerah 226 yielded significantly more DM
 

than most of the tall cultivars. The Israeli and the American cultivars
 

were less sensitive to progressive water stress than african cultivars.
 

At 12 m from the LS yields of Hazerah 226 and P 8320 were 8.7 and 31.4%
 

lower than at 2 m. The reduction in total yield of African cultivars
 

was considerably greater. Since the water gradient in the LS
 

experimental design is not randomly distributed, the data for relative
 

yield reduction cannot be analyzed statistically.
 

In contrast to total DM yield, significant differences in stover and
 

head DM yield were found between the cultivars. SDS 1594-1 and SDS
 

2293-1 were harvested without heads due to very severe bird damage
 

caused by insufficient bagging. SDS 2293-1 surpassed all other
 
varieties in its stover yield, but is was also the most sensitive to
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drought. The genetic variability between cultivars is expressed in the
 
relative sensitivity of stover and head production to 
drought. Under
 
moisture stress conditions relative yield reduction in Hazerah 226 is
 
due to decreased head production, whereas in P 8320 
 it is low stover
 
yields rather than diminished head 
yields that contribute to total
 
yield reduction. Relative reduction of total yield is around 
50% in
 
both Framida and SDBP. 
 However in Framida, head production is more
 
sensitive and stover production is less sensitive 
to moisture stress
 
than in SDBP. The advantage of SDBP explained by its higher head yield
 
in both stress and non stress conditions.
 

Comparable agronomic attributes and stover DM yield of the other eight
 
African cultivars appear in Table 3. 
 Two of the cultivars deserve
 
further attention. They are: 
a) Red Swazi for its high head number and
 
stability (except at 12 m from LS), 
its high stover yield and its
 
earliness. b) SDS 1513 for its head number 
 stability over all water
 
levels.
 

Water production functions
 

The linear regressions fitted 
 to head and stover DM yield data as a
 
function of total water are presented in fig 
 4 and 5. Total water
 
applied and not evapotranspiration was taken as the basis for the water
 
production function. 
 Soil water content for each cultivar over all the
 
water gradient subplots 
could not be measured on the day of harvest.
 
Consequently we are unable to calculate the actual 
 water requirement.
 
Based 
on a number of gravimetric measurements of soil water content it
 
seems likely that the difference between total water applied and 
total
 
evapotranspiration varies in the range of 0-120 mm.
 

Analysis of water production function for head DM yield indicates that
 
differences between the intercepts of the regressions 
 are responsible
 
more than differences in the 
slopes or the overall response of the
 
cultivars to a reduction in water supply. Among 
 the African
 
cultivars, highest stability 
 in head yield overall water levels was
 
found in SDBP. 
In contrast, there were significant differences between
 
the slopes of the stover production functions (fig. 5). Two cultivars,
 



SDS 2293-1 
and Ntulired were highly sensitive to drought where as 
 SDBP
 
was less sensitive in stover production by a factor of approximately 2.
 

Water use efficiency
 

The water use efficiency (WUE), i,e, D.M. production of heads and
 
stover as a function of total water applied is illustrated in Fig. 6.
 
The values given for 
 stover production are higher than is known for
 
many forage crops. In most cases there was an increase in WUE with the
 
decrease of water availability to the plants. 
 This indicates that the
 
water stress which gradually developed, ,'specially at distances of 10
12 m 
from the LS, was only light, and the amount of stored soil water
 
(240 mm) was not low enough to bring about severe stress which could
 
adversely affect stomatal 
apperture, photosynthesis, growth and thus
 
WUE. Fig. 6 distinguishes between distinct WUE 
 for head production
 
from that of the stover. 
 Except for the dwarf grain type Hazerah 226,
 
the wUE of the stover was higher than that of the heads. 
 Head WUE in
 
Framida and Ntulired was very low, and 
decreased slightly with
 
decreasing water availability. Among non
the dwarf cultivars the
 

the distance from the 

was found in SDBP. Furthermore, it was the most stable cultivar as the
 
difference between WUE 


highest increase in head WUE as a function of LS
 

of the stover and the heads remained constant
 
whereas in all other cultivars this difference increased along 
 the
 
water gradient.
 

Stability and adaptability in sorghum to decreasing water supply
 

To assess the performance 
of sorghum cultivars over range of
a 

available water content a technique suggested by Finlay 
 and Wilkinson
 
(1963), Eberhard and Russel (1966) and Samuel at al., 
1970 was used.
 
For each cultivar a linear regression of the individual yield (y-axis)
 
on the mean 
yields of all cultivars for each available water content
 
(x-axis) is computed. 
The mean yields provides a numerical grading and
 
was suggested a useful evaluation of the environment. 
 This will be
 
referred 
hereafter as the "environmental 
index". In fig. 7 the
 
regressions for 7 sorghum cultivars are presented together with a 
li6l
 
which represents the population mean 
(mean of all cultivar yields and
 



9
 

available water contents). cultivars characterized by a regression
 

coefficient (b) of the order of I have an average stability over all
 

conditions of water availability tested. Cultivars with regression
 

coefficient lower than I have above average stability whereas varieties
 

with coefficients higher than 1 are very sensitive to changes in the
 

environment (water availability). Hazerah 226 (b= 0.159) is the most
 

stable cultivar and SDS 2293-1 (b= 2.164) is the most sesitive one.
 

SDBP with a regression coefficient of 0.953 represent nearly average
 

stability over all conditions of water supply. The regression line of
 

SDS 2293-1 intersect the population mean line at an environmental index
 

of 2.1 kg/m. This indicate that the cultivar is specifically adapted
 

to high yielding environment i.e. high levels of water supply at which
 

mean DM yields higher than 2.1 kg/m can be achieved. On the other hand
 

it performs very poor at low levels of water supply. Hazerah 226
 

represent the opposite characteristics. It posseses very good
 

stability over a range of water supply while producing above average
 

yields, indicating good adaption to low yielding environment.
 

A further analysis of the behaviour of all the cultivars tested in this
 

trial is illustrated in Fig. 8. The regression coefficients calculated
 

for each cultivar and shown in Fig. 7 were plotted against the
 

environmental index (mean DM yields of all cultivars obtained under the
 

various levels of water supply). Each plot is represented by a single
 

point which indicate the association between the level of stability and
 

the average yield performance of each cultivar. The vertical and
 

horizontal broken lines in Fig. 8 represent the population mean yield
 

and the average stability respectively. Hazerah 226, Ntulired and SDS
 

2293-1 have above average D14 yield, but the two african cultivars have
 

greater sensitivity to environmental change and are adapted only to
 

growing conditions with high level of water supply. Hazerah 226 is a
 

typical drought resistant grain sorghum. It produces relatively high
 

yields and shows greatest stability over the range of water conditions,
 

however, it cannot be considered good dual purpose cultivar because of
 

its relatively low stover yield (Table 2). Although P 8320 and SDS
 

1594-1 posseses above average stability their average yields were the
 

lowest. Framida and SDBP are the two cultivars falling closet to the
 

average stability and population mean yield ( the intersection of the
 

711 



10
 

broken lines). Framida is superior to SDBP in total yield and
 

stability but it produces fewer heads under both favorable and
 
unfavorable water supply (tables 1,2). An important result is that the
 

variability between cultivars in yield stability is inversely
 

proportional to their mean yield over all the water supply levels.
 

Except for Hazerah 226, the tall cultivars which give the highest mean
 

yields also possess below average stability, i.e. they can be regarded
 

as drought susceptible cultivars and vise versa. It should noted
be 


that early varieties (based on days to heading) tend to be adapted to
 

unfavorable soil water conditions whereas the late varieties tend to be
 
specifically adapted to non stress water regime as they only yield well
 

under those growing conditions.
 

Canopy Structure
 

Fig. 9 shows the relative distribution of dry matter in the canopy.
 

Assuming that grain production is the primary objective or at least of
 

equal importance as stover production, then a cultivar with a mean
 

harvest index (based on head weight) of 50% is superior to a more
 

vegetative cultivar. Among the dual purpose entries, P8320 
 and SDBP
 

possess the highest mean harvest index, of the two, SDBP is less
 

sensitive to changes in water supply. Another important feature of a
 

dual purpose type of sorghum is the "stay green ability". Fig. 10
 
shows the relative yields of green leaves and heads as function of
a 


change in water supply. In general the relative weight of green leaves
 
was found to be inversely proportional to the relative weight of heads.
 

This was particularly evident at distances of 6 to 12 m from the LS.
 

and amongst cultivars which were highly sensitive to unfavorable water
 

conditions in 
 the number of heads produced and head weights. Canopy
 

structure should have a significant affect on the quality of the
 

stover, and this will be taken into consideration in later stages of
 

the research. At this stage, SDBP appears to be promising cultivar for
 

the environmental conditions in Swaziland.
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Table 1. Effect of waler availability (distance from LS) on 
of sorghum cultivars. 

DISTANCE HEAD HARVEST HEAD No. HEIGHT 

EXSERTION 


(m) (d.a.e.) # (d.a.e.) (per m) (cm) 

CV: HAZERAH 226 

2 56 115 18.1+0.7 122.5±2.5 
4 15.9±1.4 120.0±5.0 
6 18.1±1.2 115.0±0.0 
8 " 16.3±1.3 107.5±2.5 
10 15.5±0.4 100.0±0.0 
12 15.5±0.7 90.0±0.0 

CV: SDS 1594-1 

2 99 134 9.8±1.3 270.0±0.0 
4 9.1±1.9 265.0±5.0 
6 " 8.2±1.2 220.0±0.0 
8 7.0±0.9 175.0±5.0 
10 6.3±1.1 150.010.0 
12 5.4±0.6 150.0±0.0 

CV: P 8320
 

2 84 128 9.2±0.7 237.5±2.5 
4 8.9±1.1 235.0±5.0 
6 9.1±0.7 225.0±5.0 
8 9.8±0.2 187.5±7.5 
10 11.±0.5 150.0±10.0 
12 7.5±0.4 150.0±40.0 

CV: NTULIRED 

2 95 130 12.8±1.3 410.0±0.0 
4 " 10.4±2.4 415.0±5.0 
6 9.1±0.2 360.0±20.0 
8 - 4.2±1.2 252.5±22.5 
10 0.8±0.3 195.0±15.0 
12 • 0.0±0.0 170.0±7.5 

" distance from line source 
# days after emergence to 50 % head exsertlon 
$ days after emergence 
& cullivar mean on the day of harvest 

agronomic variables 

GRAIN BIRD 
MOISTURE DAMAGE 

(%) & (%) & 

11.8 0 

" 

" 

16.0 100 

-

15.0 35 
35 
30 

30 
25 
20 

15.0 25 

• 

• 



Table 1. (continued) 

DISTANCE HEAD HARVEST HEAD No. HEIGHT GRAIN BIRD 
EXSERTION MOISTURE DAMAGE 

(m) (d.a.e.) (d.a.o.) (per m) (cm) (%) (%) 

CV: FRAMIDA 

2 77 120 5.3±0.3 275.0±5.0 16.0 70 
4 " 6.3±0.3 270.0±10.0 
6 6.5±0.0 230.0±10.0 
8 " 7.6±3.1 197.5±22.5 
10 - 8.2±0.6 170.0±10.0 
12 4.5±0.5 160.0±0.0 

CV: SDBP 

2 63 120 14.8±0.8 315.0±5.0 9.7 35 
4 - 12.5±0.5 285.0±5.0 -

6 - 13.3±1.3 280.0±0.0 
8 13.4±1.1 270.0±0.0 
10 13.1±0.1 250.0±0.0 
12 - 13.5±0.5 160.0±0.0 

CV: SDS 2293-1 

2 84 130 8.7±0.7 300.0±0.0 11.0 100 
4 8.2±1.2 300.0±0.0 -

6 - 7.5±0.5 255.0±15.0 -

8 " 6.7±1.3 175.0±5.0 
10 4.3±0.4 165.0±5.0 -

12 - 5.5±1.5 160.0±0.0 



Tab e 2. Yield components (kg. D.M/m) of sorghum cultivars under non stress and maximum stres conditions. 

YIELD DISTANCE C U L T I V A R
 
VARIABLE FROM LINE HAZERAH SDS 
 SDS CV 

(m) 226 1594-1 P 8320 NTULIRED FRAMIDA S1Y3P 2293-1 (%) 

stover 2 0.91 d $ 2.44 bc 2.06 cd 3.55 ab 3.04 abc 2.58abc 4.36 a 22.9 

stover 12 0.95 b 1.65 a 1.39 ab 1.43 ab 1.71 a 1.13 b 1.27 ab 16.4 

yield reduction & -4.3 32.4 46.5 59.7 43.7 56.2 70.9 

(%) 

head 2 1.84 a 0.55 c 0.32 d 0.44 cd 0.97 b 11.6 

head 12 1.56 a 0.4 0 bc 0.00 d 0.19 cd 0.52 b 21.1 

yield reduction 15.2 27.3 100 56.8 46.4 

(%) 

total 2 2.75 a 2.44 a 2.61 a 3.87 a 3.48 a 3.55 a 4.36 a 20.5 

total 12 2.51 a 1.65 b 1.79 b 1.43 b 1.90 ab 1.65 b 1.27 b 17 

yield reduction 8.7 32.4 31.4 63.1 45.4 53.5 70.9 

$ Yields within a row followed by the same letter are not significantly different at 5% Ivel of probability by Duncan's
 
Multiple Range Test.
 
& Yield reduction % = 1-(Y12/Y2)xlOO.
 



Table 3. Effect of water availability (distance from LS) on agronomic variables of sorghum cultivars. 

DISTANCE 

(m) 

HEAD 
EXSERTION 
(d.a.e.) # 

HARVEST 

(d.a.e.) $ 

HEADS 

NO. 

(per m) 

HIGHT 

(cm) 

GRAIN 
MOISTURE 

(%) 

BIRD 
DAMAGE 

(%) 

P 

(%) & 

STOVER 

DM. YIELD 
(kg/m) 

CV: SDS 1513 

2 
4 
6 

8 
10 
12 

77 

" 

126 

-

10.0±0.8 
13.5±1.2 
11.5±1.0 

12.0±0.9 
11.0±0.9 
9.8±0.6 

330.0±11.0 
295.0±8.6 
270.018.2 
240.0±3.8 
200.0±10.6 
170.0±5.2 

11 25 
25 
0 
0 
0 
0 

28.9±1.2 
31.9±1.4 
32.2±0.9 
33.4±0.8 
35.0±2.0 
34.8±1.6 

3.7±0.2 
2.6±0.2 
2.0±0.1 
1.8±0.1 
1.3±0.2 
1.0±0.1 

CV: RED SWAZI 

2 
4 
6 
8 
10 
12 

71 
-

* 

115 14.3±1.4 
13.5±1.7 
8.2±4.0 
10.2±5.1 
13.4±1.3 
5.5±2.8 

188.3±7.3 
188.3±8.8 
185.0±2.9 
155.0±16.1 
136.7±8.8 
115.0±15.0 

13 50 47.1±1.2 
43.5±1.2 
49.0±5.0 
52.0±2.1 
50.2±0.9 
51.0±1.0 

3.7±0.1 
3.1±0.3 
2.8±0.1 
3.2±0.1 
3.1±0.1 
2.1±0.2 

CV:SDS 2298 

2 
4 
6 
8 

10 
12 

80 

• 

126 

" 

-

-

10.5±1.4 
4.8±0.3 
6.8±1.3 
7.8±0.8 
7.5±1.0 
5.9±0.4 

292.5±2.5 
275.0±0.0 
255.0±15.0 
220.0±20.0 
185.0±15.0 
170.0±12.5 

11 

• 

40 

-

35.5±0.9 
34.0±0.9 
29.8±4.9 
32.1±1.3 
34.1±0.9 
35.4±2.2 

2.9±0.8 
2.2±0.2 
1.7±0.1 
1.9±0.1 
1.2±0.2 
1.1±0.0 

CV: P 8319 

2 
4 

6 
8 

10 

12 

80 

• 

-

" 

128 11.7±0.7 
12.2±0.6 
11.3±0.9 
11.9±0.8 

11.3±1.3 
7.3±1.5 

205.0±5.0 
200.0±10.0 
187.5±2.5 

155.0±15.0 

130.010.0 
120.0±0.0 

16 

" 

" 

15 

" 

27.5±1.0 
31.0±0.3 
37.2±2.7 
39.8±3.8 

36.3±2.6 
33.9±1.2 

1.9±0.1 
1.4±0.1 
1.5±0.1 
1.5±0.2 

1.0±0.1 
1.2±0.1 

" 

# 

$ 
& 

distance from line source 
days alter emergence to 50 % head exsertion 
days after emergence 
D.M percentage 



Table 3. (continued) 

DISTANCE 

(m) 

HEAD 
EXSERTiON 

(d.a.e.) 

HARVEST 

(d.a.e.) 

HEADS 

NO. 

(per m) 

HIGHT 

(cm) 

GRAIN 
MOISTURE 

(%) 

BIRD 
DAMAGE 

(%) 

FDIVI 

(%) 

STOVER 

DM. YIELD 
(kg/m) 

CV: 2293-6 

2 
4 
6 
8 
10 
12 

94 

" 

126 

" 

" 

5.5±1.2 
4.8±0.8 
5.0±1.5 
8.6±1.4 
S.6±2.9 
3.0±0.6 

325.0±25.0 
330.0±0.0 
255.0±5.0 
197.5±7.5 
175.0±5.0 
160.0±9.5 

19 

" 

" 
" 

50 32.9±1.4 
33.4±1.6 
36.5±0.4 
32.1±0.1 
33.3±1.2 
37.4±2.0 

3.8±0.8 
2.7±0.7 
2.3±0.0 
2.1±0.5 
1.7±0.1 
1.5±0.0 

CV: 1710-1 

2 
4 
6 
8 
10 
12 

95 

" 

130 9.0±1.0 
8.4±0.7 
6.±1.9 

5.4±1.9 
2.5±1.5 
1.7±0.3 

270.0±0.0 
260.0±0.0 
210.0±0.0 
180.0±0.0 
145.0±5.0 
130.0±6.2 

15 100 

• 

25.3±0.3 
27.4±1.1 
26.5±0.7 
30.4±2.3 
29.3±0.3 
29.9±1.3 

2.7±0.2 
2.2±0.4 
1.8±0.6 
1.8±0.7 
1.3±0.2 
0.8±0.1 

CV: SDS 3168-3 

2 
4 
6 
8 
10 
12 

80 126 

" 

7.1±1.7 
7.8±1.2 
.2±0.2 

8.9±0.4 
8.7±0.0 
9.0±0.3 

232.5±7.5 
230.0±0.0 
225.0±5.0 
175.0±15.0 
157.5±2.5 
150.0±6.3 

18 
-

50 

" 

" 

27.1±0.5 
29.4±3.2 
31.8±1.4 
31.9±0.9 
32.6±1.5 
31.4±0.8 

2.2±0.2 
1.7±0.2 
2.0±0.6 
1.4±0.3 
1.3±0.0 
1.1±0.2 

CV: TOWN 

2 
4 
6 
8 
10 

12 

99 

" 

" 

130 8.2±0.8 
5.6±0.9 
1.3±0.3 
3.0±1.5 
1.5±0.1 
2.0±0.2 

400.0±0.0 
370.0±5.0 
300.0±0.0 
290.0±0.0 
240.0±0.0 
187.5±2.5 

15 

" 

100 

" 

31.9±1.1 
38.1±2.4 
35.2±0.4 

31.6±1.7 
30.9±0.8 
31.9±1.1 

3.3±0.3 
2.6±0.5 
2.0±0.3 
1.6±0.2 
1.4±0.1 
1.7±0.1 
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Fig.4. Water production function for head dry matter yield 

(total water=soil water content on the day of planting+irrigation water) 

Regression eguations (n=6) 

Hazerah 226 Y= 1.508+0.0005x R2 =0.614n.s 

P 8320 Y= 0.457+0.0002x R 2 =0.223n.s 

Ntulired Y=-0.198+0.0009x R 2 =0.820 * 

Framida Y= 0.003+0.0006x R 2 =0.965 ** 

SDBP Y= 0.326+0.0004x R 2 =0.663 * 



----- -----

5.0 

HAZERAH 226..4.0. 
S41594-1
 

S.... P 8320
 
3.0 NTULIRED 

-FRAMIDA------ ...- SDBP2.0 -- -
S 

......2293-1 
W 

0I-
u, 

0.0 I I
200 300 400 
 500 600 
 700
 

TOTAL WATER (mm) 

Fig. 5. Water production function for stover dry matter yield 

(total water= soil water content on the day of planting+ irrigation water) 

Regression equations (n=6) 

Hazerah 226 Y= 1.059-0,0002x R2 =0.157 n.s 

1594-1 Y= 1.410+0.0012x R2 =0.651 n.s 

P 8320 Y= 0.831+0.0018x R2=0.862 ** 

Ntulired Y= 0.39 1+0.0049x R2 =0.980 ** 

Framida Y= 1.356+0.0018x R2 =0.419 n.s 

SDBP Y= 0.504+0.0028x R2 =0.898 ** 

2293-1 Y= -0.120+0.0074x R2 =0.929 ** 
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x axis: mean D.M yield of all cultivars in each of the water regimes.
 

y axis: D.M yield of individual cultivar in each of the water regimes.
 

population mean: 1/1 line.
 

Regression coefficients (b) 

Hazerah 226 0.159 

1594-1 0.365 

P 8320 0.611 

Ntulired 1.675 

Framida 0.709 

SDBP 0.953 

2293-1 2.164
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