
J. Agronomy & Crop Science 160, 191-197 (1988) ((4'] <' 

© 1988 Paul Pare'Y Scienrtific Publishers, Berlin and I ambUrg
 
ISSN 0931-2250
 

Contribution85-15iJ, Agron. l)ept., Kanmss Agric. Exp. Sn., Alinhttamn KS 66506. Cooperative 
project bet zceen contract A ID/DSA N- G-D149, Agenc-,for InternationalDevelopment, Title XII, 
INTSORAIL, and kansaIs State U'ntersit , 

Grain Yield of Intercropped Sorghum and Pearl Millet
 
as Influenced by Sorghum Genotype and Cropping Pattern
 

1-. S- I , /I anIId R. L. V.\',I)] KtIIt 

Authors' Addrcss.s: )r. 11 Sii/i, Institut tir l'flanze'tbau (340); Univ'ersitit Hllohenheim, )-7000
Stuttgart 7C ((crmrai) lild Prof. )r. R. .. :\NIii RIiII, )epartment of Agronomy, Throckmorton Hall,
Kan,a, State Utiic,,itv. NIi.dlaatan, KS 06506¢(U.S.A.). 

IV"th one hign? c ornt I table, 

Ir'ei e 1/1v 7. 1987; aft ,ttd (htocr 12, 1987 

Abstract 

litcclpptri1of sorgrhunli arld peCArlIillet with diffcrcnt grorwth cvclcs is uosed wirielv in third-witrld 
csti il tttct(Ii ure lo iLLcra,. \1.11 Scr, it is tCiulable'I v[fhctither Yieldi incI eases Iecause of
intcrcropping call be rttairrt.titCed tfidCr 111c012nIlo htped SYItis. sice tenpOral difterences are necessary to 
ailw ntt .citat:/Cdpl Uiri, r1 esIInni;. 

Thic s,,rghuri I , itlh i , tl. yclhes trou V0 i90I I1 da\'s wcre pIIIted in soIC stands and in 
aLItrIaIc t0\ , .tril Il XtI iI thi It t o ith . pCerl mIllet h\vbrid h,1% a go41sgth ck'clC Siiliar to that ofIh ll 

1ic Cuh,tile oathk 0t i J 11,11. It ANf %i\ctis crc d. TheiuhitTh %Cits pin1Cd at three illwere IhratiCm, 

anra,,\t (, Irland .IIrII ',iC Ilcli, 1 hi t1 
.11dt M id irIgti Ii.. t ls NitNri that vi\ h'.I,\cre consistently


highcSt Il sith .tNids 0I ',f orILtiI, miul,ito the highC 
 yi\edl lced oit sorgium. NO yield ijrcrease could 'I 
hulird i l ,I I.'lid c rivmlciltt ratio l si.S, 1ih,ir.uill in,, ilrercrnppirg tivartag s. I lO,C Cr, urtndcr goOrd

in stIc crtnlrtuitws, .1CIJtctd s t(IwuId v.h\ jirercasC W.'s ,bscrocd with lilter .tatrrittgsorglhnruzIs, which

had I- 2 w\ckl o.rLra11 tiling L,111 rte Millct w t.1ilIrc. \\'hici s \\ppwas
, rINItitr 'I itsufficiett, millet

ShwlCd hih,rI co0r ptetiti Cls, for wirer rhin
111 ig.1hiNol, .nd sturghr1u1r was .lVCjsei\" attceCted bore thtan pearl

nuilet wus. ,
fusrcd. It ws,Ntlndcd 11,t irrosrurIconubitOus haV to, be good anti that tcmporal differences
sl\wcTi ,Lrgt11lirni1 Millct hiVC Ii, be "gcatertita1 those lused ill this experittcirt to achievc intercropping 

Key w i'ds: S)Ighutrit, tiiet, itrticrnrpping, competitionrt, [I1R 

Introduction trices bctwcen crops. AN'l-xVs (1972) inter-
Intcrcroppinrg St rghumi, Sobghtmn bicrhr (1.) cropped 1 vi 'rv early maturing millet with a 
Moctch atri pearl trillet, Pnnisetwotomer- mtuch later tuaturing sorgrlU and fouind yield
ic, tr,, (I.) lecekc. is a traditiOnal altd Widely increases, depending on the spatial arrange­
used practice it third-wrld coittrtries tt !ticttt, Oftmp to 50 'o. K.ss..sM antd SvT:Icu GER: 
etsure ach incrcase yields, li's traditintal (1973) pialItcd sttrgium and millet on 15 May,
crtpping systertr take.s aII\,ltagc 0t great dil- .Mid harv'sted millet olt 1"8August and sor­
firetices it dcvclopilncrt bet w'en the crops. gium ()it 14 Novcmber. Yield increases of 

The st rghir iit in tcrc rip p itg literature 19 1% werc observed compared to solemItt/Itt sor­
shows experiments witil great temporal iliffer- giUnt yields. BAKI K and NiORMAN (1975), 
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working in Nigeria, developed a quadratic 
equation, which indicated that intercrop yields 
wvere higher than sole crop yields if the matu-
rity difference between crops was at least five 
weeks. In 16 combinations with four millet 
and four sorghum lines i, 1ndia, \Viii iN and 
RAO (1977) found thei ighest yield incre ise of 
32 %on a land equivalent ratio (1-!,R) basis in 
a combination with greatest temporal differ-
ence betw'Cn crops, although there was u1 
.-orrelation between temporal difference and 
vied over the experiment as whole. 

i.,,d increases because of intercropping can 
be ixpila ind by reduced conpit ition between 
plants, since tuaxiinum demands by the two 
crops for growth factors occur at diIiffereit 
timCs. l-iowcver, large temporal (i ffeItces i 

develo~pmtent Allow)II\ Iittelonly1C ttechlaiiationl 
(ANDRItl~s 1972). When working \,il higher 

levels of aech'ani/atioit, iiitv small differcnIccs 
in itaturitY can Ie used, silice both crops lIaVC 
to be planted and htarCtd at the saIte .ines. 

'Fable 1. SughnIit h .b1iod sstvmilitiicr(lping 
irrigaictd, 19s,' 

( rtippinig 

sy'stemiarly 

Sorghum, I'g. 0.5 ha 

SOIL'Stalid 

ahieriltc IM \ts 

within -row mixtures 


I.S!) (.05) 

Siirgliifi, IR 
sole stand 
altertIate roow's 
witltiltr mv lixtures 

LSI) (0.5) 

Sorghutm, g'head 

sole stand 
aherIatc ri u'' 
vithin- row mitullres 

[SI) (.05) 

Millet, kgi0.5 ha 
alternate rows 
withiut-row ixtures 

I.S) (.05) 

STUTZI 1.and VANIFRI I1' 

Since both sorghurm and millet are excellent 
feedgrains and could be harvested together, the 
purposes of this stud' were to find out: 
(1) if relativcly small differences in develop­

,ncnt of sorgh uini and pearl millet would 
result in yield increases, and 

(2) how different moistare supplies and differ­
ent plantini patterns would influence cow­
petition and, as a result, grains yields. 

Materials ant Methods 

Three sorglium hbri ds, early (ACCO 1014), 
medium (Pionecr S324), and late (I)eKall, F67) were 
planted in scle standS and ittercr iped as withini-
IOW iiixtuIres anld in l0rtr rows with pearl millet 
io bd 2159 x 7024 dCveloped bv \W. 1). Stcgi,'ier, 

I .i I iars 1traich Expcriiuent Station, Ilavs, Kan-S.A. lhcsc sorglhui hvbrids crc hihi Yiclding and
dilterd ,, rle thin 1i ciii iIIhei.lht front pcarl 
tItilIei. ieIillct hyibrid was about th sanime mati­
it a, AC((.( 1014, tloswcrcd about I week before 

etlcis lIi soilghuit and millet grain yields, Manihattan, 

Sorghuit hbrit 

NIediuit Late 

3022 3212 2785 
2244 3419 3266 
2011 3487 3065 

340 

.500 0.500 .500
 

.396 0.536 .620
 

.334 0.545 .603
 

0.096 

35.5 38.8 35.6 
32.0 49.0 47.6 
27.5 45., 43.9 

7.7 

2014 1802 1863
 
2272 1666 1503
 

112 
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Pioneer 8324 and about 2 wecks before 1)eKalb 1:67. the four center rows at Manhattan and 4.5 m of each
 
The stud' contained the tollowing tre.atmt
enis repli- o tihe two center rows at St. John and G arden City .
 
cated four tines: 
 Basic plot data were converted separatel' for each
 

crop into kg/0.5 ha or kg/Ia and adjusted to 12.5 %
 
SorghI inl Pearl millet Croppi , t tnilt Grait Yicds were caculated further on the
mokturc. 


basis of land FEquivalk'nt Ratio (I'R) with the
 
1.Ear' - sole stand fornla 
2. Mediiu -- sole standit 
3. Late - sole Stand ,

4; Earlsv 21.t) x 7024 altctnatc rows
 
5. Nledtittn 2159 X 702-1 iiierI atL ' ri iWs ss'l'rc Y, is tile Ycied it thie the inter­cutponent ict 
6. 1atc' 21 3t x 7C24 tllt'ittc tro ss crop on otnc uit arc iln.%" , silct' Yield itt the same 
7. aIrl y 2159 x,7024 withit- rItw titUrc crop oin tlt' sanic' ,irca illa Stotcstand. 
8.NC1dihtt 2159 x 7024 sitlli-iow nuittir' Yield cotponteits, he'ads Iii, ieati weight, scecIs/
9. Late 2 15) K 702.4 iittilt-rOW iixttc hicad,t andted c'rec'cwight w detertincd. All CotilpuI­
1(.-- 2159 x7024 Silc Stand Ou 

SAS (i\RR ctal. 1979). 

rIatitoIs, %ee' c.rritit With tile' Statistical package 

1lh'brids seCre plItId (11n28 Mis-, 19S0 01t tile
 
'\ hlad ICpcriiCin field tcat.\lMih.tt.i ,Kui, Reslts
 
oilAiludtl' silt inl c1 I la h.llil, Ci ts'­0,11 lic 

Silts, Mixcd. Mci,!;otl2) N.l.is, '62 at ic. - Crini Is a1d 'IC'l components of sorghtm
S.mtid\ 


hiltt[I CIt I [Ll i AtSt.ot,,Katisis ,)ii lratt ,r\is'n at Mianhattan under irrigation are
 
i.nI fti' stMd nltt c 1nItptIi, t id shown ii 'leaics I ainc 2. Grain Y'ields, aver-
I t11 , 


.\isci ,"lhvitt itiud ,tt3 Iiiiie, 1802 (;,ilcn agcd ovcr croppilg sVstcmls, \,ere highest from
it thie' 
(:it, Bran11ic1l'pIitLuIit 8tIStAti, iu .i Kcith ,ili l thictinediutit Itibriti as , tcsuit tif Ilightst sclil
 
(A ridc ArgiiUstll, ilt'N.h d% .. t ' hltl . h i S el c ' lIC' t fiti th
-tII e .\lit i A it 

L U d .Il 1 'l d t U ,k \\ L'I I t ll l li ) m~Cl 1.. 1l l l b ( -N/hC.1d f e.lnhII)tM I , ,lr nd.1 11 All it ct rL 1 ,1 LO~W S L T d il1 o r t il 

pl.tcsd. liurIss urigation \its IIlplic l f thLu cars nd ltC Ilhitt iti ss'ete'c partially

wecklv tItII the sCtoll IlI]\ t.\A -iiC(lpc'ttsltt'd t b\ higher seed weight
tit t,in 

rM widith lt 7',&niIsis used tIt all pllittiii-,. IA-It (l'alc 21. ( )tI an 1,liFR basis, tileIledhlm and
 
plht ctill,itcdi if eight utow ,H,Il ,im at Nluhi.ittiu lat IA lati tt - iU' hVbIls Lit(il t differ Signifi­

[-,)\8 Ill
'tIndof six , hili., ,itS(.Jo~tiilt ( .tt-d t catitiV. TIlc caIsh hsVbId taIL significantly
 
6h. Itlitit pIpfAl.lItt, II c-Ie 130,,CO plants liait 
 ItigLr yiclIs Il st[c staicds thIan in bot h inter-

M .tililtt.il ult 75,a20l plitt, t.i it st. it atti r(ui, tlit',tiiclts, yields of the late h\'brid
 
aric nCit lltT ti Kiss ciii u t ithnlilk!
h,, d 

plants inlitttripL I . liglhcr altcrntc titanOS%, iwerc in roiws il SOle 
\\V'CtIs seCrC eIItIutltlhd it .lulhlttali, prc stitncds, and thiltc'dititnlh'bridi \'icldcLd equally 

C'mCI'gCiCt' ippliatitI(of2,2 1g pltitie 1I,1:.1tSt. illboth iclrcripping trcattlments. 
.1l111 ilIeCliAIItic.ilIh , tid .at( atlit e tIcItiticills NlilIct tCtcrOI)pctI with the early sorghumanid eitl 2,.4-I) , . is iftt i-,p hail lhybridl \'ieldcc titan when'ceks the signiticantly' mitre 

ctin'rgcd. i ilars'sc'I tit\ Icnt;tli isis 3 iilOf c Il( it itlrrIppi'd withleither the IC'diutn or late 

Tal]c 2. Soir.ltunI lishril c'tf'cts ttl ill t Vi'l l 'lITRi.aldtiillct atit sirghnltlllchittpsiit'ts, Manhattan, 
irrigated, 1982 

Soghni hlybrid 

r Iedhi
c(m (n n 'aI UIIIIle 

Millet vicll (ITPR) .571 a .A64 Ii .449 b 
M ilc', litadno. (th,.5 hlI) 148.9 a 126.9 1) 123.1 1 
M illCt seed Wt. (g,1000) 12.1 a I 1) 11.3 Is 

Sorghunt sCCd IIead 1389 c 2211 a IS48 i) 
Sorghum st'cd seI. (g/ 1000) 20.0 a 17.7 b 20.3 a 

Meatns folhitIsCti I the s.une letter ii rios.I are ,,st significantly%dittc'rett (1) 0.05) 

.1 Agw,,l}+ & ( 1's1r. .*I + l V 1i~r, 14
 

/ 



194 STU'rZLL and VANIDERt.II 

Table 3. Total grain yields (sorghum + millet), Manhattan, irrigated, 1980 

Hybrid Yield, kg/ha 

Early 4862 h 
Medium 5599 a 
Late 5089 b 
Millet 3753 

Means followed by the same letter in a Column are 

hybrid (Table 2). This was due to significantly 
higher head nIubers and IC00-seed weights. 
Millet grain yields were Ingher in within -row 
mixtures than in alternate rows when inter­
croppcd with the earl\ sorgllttt hybrid, and 
higher in alternate rows when interCropped 
with either the tediui Or lat hybrids 
(Table I 

Total grain Vields Of tlrattIlllettS (kg,'a) at 
Manhattan under irrigation (Table 3) showed 
the much higher VicLd level of pore slrglum ,as 
comparCd to ,ind of the intcl­tutilht, i.Id', 
cropping treattl]etits cOse to the arithmetic 
meal of the two species. 

Moisture conditions Ointhe study without 
irrigation at Manlattan were influenccd mainly 
by tnid-sutnrtter drouglt, bCentting I week 
before flowt-itlg Oufthc carlY sorghullt hybrid 
and millet and Cotntinuing ltr 3 to 4 weeks 
thereafter (Fig. I). 

Sorglunt grait yie.'ls (I.ER and absoltc) 
1t ht' \lICtl! t Sand tMosI CeIll)IuIIIt \VCI'e 

consistent] 'higher illsole statmds 0' Sur"hlu s 
with all hre, hybrids (Table 4). 1however, 
1000-seed weights f thLt leC hybrid incrcaswd 
itintercroppitig trcattcnts. Nillct viclds and 

Cropping system Yield, kg/ha 

sole stand-se-glntl 
alternate rows 
within-row mixtures 
sole stand-nI illet 

6012 a 
4869 b 
4668 b 
3753 

not significantly different (P 0.05) 

Yield components were not significantly influ­
ticCd by cropping systems or sorghums used 

for intercropping. 

50 

E
 

E
 

1 30. 

E. 

20. 

10­

rU 
125 160 195 . 230 

Julian days 
Fil.I. Manhattan precipitation (bar 
tiutinott attd taxituttu temperature 

265 

graph), 

vicld atd \ ieldI ,ttMpnettsTable 4. Sorgltti \ affected by intercropping system, Manhattan, dryland, 1980 

Yield 
COit tI)I.lt 

Sorght.utl Yield (kg,.5 ha) 

Sorgh.tt'l (Y.iel 
Sorgltum Yield (g'he'ad) 
Sorghutlt, head no. (111i.5 

Sorghum, sed/itead 

Early 

Medium 
late 

Sole 
crop 

Cropping s5,.tCm 
AItertate \W'ithin row 

row tnixture 

ha) 

1846 a 

.50 a 
25.9 a 

71.8 a 

1303 a 

1017 1 
.28 h 
19.5 b 

49.5 h 

897 h 

933 b 
.27 b 

17.2 b 

54.3 b 

847 b 

I7.S bc 

16.5 c 
17.6 bc 

17.9 b 

18.8 a 
20.4 a 

14.0 d 

19.3 ab 
20.8 a 

Means followed b'the same letter in i row are not significantly different ()- 0.05) 
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Grain Yield of Intcrcropped Sorghum and Pearl Millet 195 

Total grain yields ol sole sorghul at Man- sorghutms produced significantly higher grain

hattan wdChottt irrigation were about twice as 
 vields than the early, mainlY as a result of

high than those of mixtures (Table 5). Sole highest seed tutnmbers/head. TIte earl' so

stands of millet did not diffr significantly ghum, in contrast, developed 
 si,nificantl,
from mixtures. more heads tlan cither of the other sorg'lutms.
 

Mlillet gIin yields at St. John did not differ
 
Table 5. Toi.1 4rain viclds (kg hta .\anattan, dr1N. significatntly betwcn croppi.4 systems nor
land, 1980 between si rghu1tit hy brids with which Ithey 

wc i tntc rIT0Ip pcd, .S waS t tle C att NMIan hat -Cropping ,sSicin Yield, kg hit tall Ott dtvl,.Ind. Total grtit 'ields oIf treat­
ttentsl hlo\vcd the Natttc trlrtd ats So1rghulnSole 	 .10a91d-otuyttt (Table 7).3ic'ds 


Altern.te r,\, 183S 1) At Garde ( It-, Vclds and
 
Wileti-r d tt i NLItrc 
 :L' Ctttpt)ttctlts did1824 	 tott dcplld o1 croppingSole stalnd-Ililhct 1464 S, tcts. F-aI' and tttclttttth Ntrghltttns iad sig-


Nleatn, iollowCd be the .1tn lIC r at ot itili ti hy-brid, 
.nificattl 

. atl>.
higiter

bei,L 
grain

at e 4ithigter 
MsIeli 

head 
thte 

ittttt­
t1t.1n late 

t CI' alltd Ib'utr Need t lTablc 5). (]'aitt sields 

otil an1I.IR batNiN wcrC Sigttificaltlty hiigltr fo111At St. John, 	 ltghutn grain iclds (kg, .5 hti) the Ctrh tllt Irolt cilltr inediuLM Or late 
\v'rc sign i canh itighI1t soll,II stlands orghilils. aS a teL-Stl't (of ptor SNLeed CspeC-Net
(Tablco), followcd bv within rIow ttixtlrcN cidrlV it titc'rttatL ros\\, wit lhe latter ones.
 
aid ttMrtLt row"N. The ,aiU order \\', 
 \lillSt, )tli lt hCr hltttd, dcvelopcd sigtnif­
obSCrved l 	 Iteti nLItbers ttttl I 20 N-eed citl\ teu hetead,, int aIltLA.tC lows than itI
wCitghts. TIrcitlclls wi- tle ttteduiltt .ttd Llt si titt-to, tttit i , tower, 
 this did not 
Table ,. Sor,,lnttnII r.itti \tMd,\Iu tI It L.IkgI5 tn CtI IN (t. p P9 

I INbrid .ltd t1alt1 I lCad llo. (rant11 Seeds' Set] 
pl thit g 	 eldttc tnH% 	 .5 t.t .5 111 ield ItadI Ma [ l'I 	 weilht]lic d ( Li 	 g /110 0 0 

IlYlIrid
 
AC(X) 1014 0.18
443 b 58,712 t 7., b 291 L 24.1 
pi;ncer S324 801 a 0.43 3S,598 b 2. . a 767 a 23.4 
S)cKalb1'67 950 a 0.39 39,250 b 24.1 t 864 t 24.0 

PI tit 
Sole Stild 917 at 0.50 47,94.t 21.1 701 26.2 a 
AIMtrtat I'M S 0.32556 It 42,6,21 It 13.8 528 22.5 b
\\'iltit-,w tttixltc --- C.39t 1 ,b 45,991 atb 18.3 729 22.8 b 

.\le 1t'"htlhs cd ly thte stttte lte ill a lttttttIll.itr otIigttiticttttlv0 ditterCilt (P - 0.05) 

Table 7. Total graitl vi-d,, St. john, 1980 

I INbril Yield, lkg I.t P tlatiitg pHtCiIt 	 Yield, kg'la 

A (W 1014 121. 1s oeiCt'lltd sotgltttttt 1815 1
litcer S32-1 162S .I 	 tlellt.utc i \% 1317 b 
l)cKalb 1:67 1852 *t 	 witltitt rosM ttixtticS 1572 ab 

sle st.attl tt-illet 1756 

Me\.lettIolhmved by tite sate ltter itt a Lolttntn are not sitilittntlY differetnt (1 0.05) 

14* 

/­
\2 
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196 	 STUIZI I and VANHu..IP 

Table 8. Sorghum grain yields (kg,'.5 ha) and Yield co 	 ponents, Garden Cit)', 1980 

Sorglum (rain vield. ha I lead ino. (rain vield/ Seeds/ 
hybrid (kg) (I.H:i) (.5 	 ha) head (g) head 

ACC(O 10:4 1022.0 . 0.63 a 30,36-I a 33.66 a 1409 1 
Pioneer 8324 929.6 1 0.36 h 31,787 , 31.51 a 1169 a 
1)eKalb F67 199.5 1) 2.33 1 16,526 ) 11.34 h 517 h 

,",eans bllowved Iy thle saute let'r in .1 ,cdtitnl are not 	 significatitly ditfleeii (I' -- 2.05; 

Table 9. Total .rain Nields, (;arden "it, 	 consistent picture dUVCsps of wLIt has taken 
place 1ittam of Whtenit pearlii its coimOpet itioni. 

Planting p'mC'rn Yield, I.R millht was iitercropped with the earlv sor­
attd hvbrid kg hi ghum, which had about the same life cycle, 
so.e Stand-,,r-h--+ 14106 a Iillct appeared t Shto hiwtgher coin petittve ­
SoT-le S512gl.ne'ss. It p)roduce.'d ittor, tilh.sr, than Vhe:n iuter­siatd 
Alternate. rov.s. 852 h rpe il h iirsritis cuit. 

o hti 'itmore\Vithiin-rM nIisnre', 933 1) C l',lei With C irgtdoeel , 
Solstan1d-nilh. 51Of d i, ying ittpirerCCSOICiSut 110s 184 .0pa s cL.p.After tillritg, the 	 earls +.rghul pr+.' 

NEarlnit,ihunt, u, .h t 01.S' b s,,utblY was ntt abhl to produce o-r ittatttain 
lite sclliti 4s c h1 h X tiat,, flirt! prtiitirdiat1LM itt ii

lt IC' asl intI 
,.d 15'1551 a . h 

2(3.69 b .t 1 l.11111 H ittererop,1"L.ate. .olL'hutII 
sole! statds, r.suhil i feWer seedi/head. 

NMC31,S h10h1v<,.d k; The .Al,.' I,.ttCt Ill .1101H]unln IIC, RldItCL licid earitig tillir -tttd* rlteod seed
"let r,+",uh :dI Ill SO,l VIhOw,.' Ihum d,,.. Nlll:t, 

itt Signiticattls diti.cIt (P .25e 
1to\ vWe.r,W.tS t1,ie to iicriSC Vyild baettSe tf 

ittflutCeC %t Mitillet, stOWedL hbtt, tilh.ritig.yield Of whicII 
110Inlu C. iCrain oil , pilk', vhichS ,horv,' Il tixtIreS withIthe tte dittit Itld late str­
ito depeitd,.nce, ott ,:rthg s,,tts to ,tt h ttn 1illet cottld !tot prodttce as inatis 
SOrlt1.It1 IiVbrid htcr,:o)pped. IIds as With the etrlV SoitIIt, 

Total graiti \ ild, we.re IttS,h t i ,il. stattds i . i 
o fds t i ltil d i t fr thte liittgor 'Ce1tati't- ) t'i Of sor­

f In. r)p didt. tlttt SCed set Of the ittditiil titd late sor-S. 	tiitCitlsIrot1ields sole itillekt ('lfaIle 9Y. giutitS w,IS tot rCduced bV cit1nCtitittn with 
111l11C. T[he lat,: s-',llUm Ia a o ' eIo 

Discussion 	 duriIg grai fillitg free frt)t Dillht cotpeti­
tiOtt, FslthitIg itt Itigler sorgltt seed weights. 

.oking at .lie rCsuIltS of the irrigate-d studs ittl ( itsqt,,tttlly yied incre'ases of the late sor-
Manhattat, where siil ittilSture was uinlikely .ltum it citnptititt with millet \were: highest, 
til be liittitintg at at1 tiiit. dirint grIowth, t suppo)rtii tlte lIpotlhsis tltat V~ied increases 

('1. iti. ( .,Table I. . li St. .10hn atd (,.id,.i (lto, 1980 

St. Jo hn (ardeli City 
'l',inpraturC Ir'Ci,. litmper.tture Irecip. 

('ltIs utu (Ce sits uttit 
Month Miii. Nts. Vg,. Miii. N .aX. Avg. 

NI.iy 10.S 25.3 18.1 50.3 7.8 21.3 14.6 145.0 

june 18.5 34.9 26.7 12.7 15.8 31.9 24.2 39.9 
1th' 22.3 39.8 31.1 -10.4 19.3 37.5 28.4 12.7 
August 20.6 30.1 28.3 119.9 17.5 33.0 25.3 71.1 
Septemlber 15.3 31.3 23.3 -10.0 12.2 28.5 20.4 0.1 
(.)eiber 6.6 23.7 15.2 24.9 2.2 23.2 12.7 3.8 
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relative to sole stands .ire1I ftIItct*lt Of teipo- I)rei SorClinhylbriden, die iwisclln 90 
ral differences betw en intercropped COImIto- (1ri1e I IvbiideI) UnLd 110lagei (spie 1lvbri­
nents. Ie.) Vur Kinreie , 'UIrdCn in Rein­)cI'tiItrn, 

On dr'iVlard t %Iuliattn lInd St. .lin1. be,,t jndeiIsiwie vWlliinidil uLd iII aliernieren­
il:-rcropping ithel Millet ahIsasireLdt1d deu I1e'iltei geiC IIIt iIt ei.nc'r lerlhiIeSlhvtbri­
sorglum graln \ieIAS. ()\"'iti1g i NiiII itt . de' itgebitL t. I)i, Iiit\V'ic.lnIgsdilCr cr '[Irl­
nlsii'+tute- (Fig. 1+ 'l'able I C, <iiiipctitiiili hic, die. e'h i..illV c<iii .u,.i'tl,it 'svtii.e, lwar 

InlcC,Icui MILnI ,t 's'sIiiOIre ,l.t til ,einIill bvi1iiill's l 1i111uL,.I igc'i6C1 LlIituI St l)i 
petitivl . I IWC' Lr, '-i gl illtl AS lilre1 C 'er. i1liA . I )IC \CrIuihi \"slr\ cil ill KIiiS­
aiveriel'h atie'<teJ than mnillet wji, hi'ssures, LK,\ ,1ll /1l'sU lillltttirte'l !lline+, ,in lnii et'-


C tCL S11.1 I c tIrll Al)t i n ,bringinV in. trs t, i 111.1l I 1aS l n iiid )niit e'Ii v aitlllc gICelgi. 

millet lt12. In_,Ilte lit.l ti \%'.ihSIiblC I( I,t iittl c c"I nII rn,Lr1l1 I It li V ,IIIN dCI' 
.[Iitt_ 3hitki I(ItI II IIrIu1\ I\h l IrrIieCOiIn tel t '\ 'IIilIliet eII lpetitisst lllllhI III d n Ii t, 

during gr ln iilliiig, en I.1 Jttr l i i ilc' t illig\' hel illet IlI'C.Idl iilnt t ;'r milll ,1ircl r 'tii 
11ii1111T.. 1101 'i<,tI 'II. .'\III It IC'h ti\ (,, II l t l ~lcili't I A­

\\'hctrcI ,1 ittLiL1 shllIC:_Clt i '+,,tci Ill tlr:mCht e i'LAtilu hii. ( 'till)LiI ls ilitc'il IlCIHi liti. .. Cn 
tus iite+hi')iiiltii itc ' tl I Iliis \s lilt .t Iillt Il" . li l i l ll1111 CIi c " 't i %\' Jellil. l cj' it 

nI1csl Itisull I. till it1l1illet L ItC( L'\ SCI tcIl I ilic ttIg CLttI g I 'tIeICili l II C I ICh 
litigtr I cgcItltlc' l .l'tI , tIllslIllil ,ilsI li lt t' .hsl Iriilt( I i ti dc \iAtcniS S i , htlh -
Isstgliiiiitl ll Stitl III ll I lIkltc,II ,el, i iCit . iII h I ) i te, l r i t'n lillll itliC , Clli'c iClh I -2 \\' -
Iic Icllliiilc , s,t .II sII,ttil titisll l'll NCI -lse lliii , /tl rI .1 ', lit i s cti ll c' etltteclc li­
vlti ilt tile iligiet sil~t se+titi've ,ilsI pcil livenu +\]leleitticit. is> siiilp+iem x',,'s.a imaiige 

lillit istIliiitcIl Iri Cel ititul', l)( 's l diC Il ltli NCI, llt ItiAki fiti gLt AlsitlilI l ul isc1I 
II tltus IH l lIi cL .11)il l i s1l. III' N Ist s it I Iltllltill\ IItI 'lhlsI V I sttig CiIlIlciti1 Il'CIul 

•ghli Il sItltciIN .rL, IICCtr IIi Ili I I si iteI tit I llel lhII'tr.ig',sstue1il' dAieI t ci lit rlhiirs 
siu itC.u IC% iIbertt dL1n S ,C­thit llili+'t IBl c' 'llt Aliin lI Kii U iIen. A ell Iigebi11iieit ,lini 

Ib.iS, 1lli evidenlc Ihr ,lt)erCtuI i 11 Itinised sillssetu 's'setcInu, di1 SOt1iHull lrIhii'S-\li-
StAt& Coul bSlllit iti '' : ii I llthinile 'I's, S lltIlI'gIll Illir l i iLti cicliCilItT lsiiclciic htc 

le't mi.iillil-llin t l 
itn1iituIC Issltiitis t, thleiw t ai t' iiidi.i ehi!, ui tI In iiit' ll.ti'ss'li tdiI VCSltilCti 

iiiiiitiil l 'lsl t titig StilsU<l i iiie t i/till"gg Ilcicm ''ntwick llgmini cr­

iiniie , 
Iil. tCIlIii 11 -tets'l, NL i1iii. s c lj6 

I t'( c'scll ill ' t I\ I, i tI , Clll 111l 

Utt tlh t cisillg, ti hIll c'4 l I )I'teile i','sei ,Cii lieLn. 

C'x'C+.'rvi I LIt~ 'litl IpprI iiiilv I JInL diI1Ilr RScflrcu eS, lcc eSCc\.ll Il'Chl\rl i, 1111,111Id !,l ilCA CIrN ItcfS0r*unces1
\\(1 lniitrcrtssitct'n c tilh' in ic'litiscil +iiii 'sicisi ililcics, .\',i~ S' I). I., '72: pi it h sgiiti's's1uills 

the Ill\ittta e it SL41i11l11il ei IIlet titlie Iti N 4I+.I. I pt. Aric. 139-Ii,5D)-, 
CtOp IIIp tA III be iiteh'd shCuI tIC lIi/cil i Ki R. I. 1., .11 I1 \\. N I97S: (lop-Ihell I. W it.\N 

i u vi . i lie. c l 'dturi p illi, ic Ni ti i. 'ltis'), tii ll,,
ilt beii , 'i\',it'l'il tl ilit >l h1I 

,
,I tleIkI I ii N%, L',i Nii IIil ll i,I 1 ) j5. lttsiii.i 

ih, m'll 10i LNI. i ,m lls 1,ti oh I I's.'s:. ii. tst, 

ult, A
t'I+
 

tl i I.It I> \liV I. li,, 's .I l.-tlgiruiiig gcuininl+r~iicimi i I l uill ic1 l iii it tii Ir l's iiii Iljc hiicu t NI. S Ni.< I I ;... ii, .i l iinl .... t \\. ,.\ 

I I It ic lt Ilil ii tt ,n icll tt/ cl1ut I iFi's h,lIs 'u: ils.,it .HI ,isswl i iisl Il1.1 tiil.ti' LuM 

C'tc ItI ltl 1 1111l 1tillllt'irt, Obl MIchantbhau .ituch IIIl l I tCl (itM', tiI .lltill,: .. 1lill,ul 

's'icclcii Iiiiliitistns'siitcit mi l~trili , Ii 5'51itti~ 15551 SSllii t\ViCkC'ltC' IllrOLduktilOInSVNtt'llic'n / tl FAItl 'I 1 \' s i s li\ttt i I 
III~~2- V\ I2111.5 

iiiCgerill tmCii tillIrcmtl k,111iil, i hinr ICh' il-- A\Vii \\., 111\ BWk K ,, I tilicL.1 1I ,
tmligUtiiir+cliie'lc • 

,ititgiitl c 'i iiicchliiicir- ilt lsl,ll t~ t+..lilstl.il I tslss lts.siu~h listi­
'le urc't i ,ii l i t, II It II\ t liI1 ".11II IlI"lrutmiisu n i , I I N 
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