
Sorghum-pigeonpea intercropping and the effects of plant 
population density 

2. Resource use 

I ~ ~ ~ l ~ l ~ ~ I . ~ ~ T ~ " l ~ l l ~ N  

1'411.1 1 of tltia x,.rire (N,~t~&rttjt~n ,V \Villcy, 1980) 
v ~ n ) t l t ~ ~ l l r < ~ I  11113 I%I.+.CI fo~. dtl~~itled ~~t\ndtvr ,111 inttv- 
V ~ O I ~ I I I ~ :  I,') pluvirlc a ~ourtd ~ ~ l c n l , i f i ~  baais (in. 
ylvlcl t11tI>rn\wnwlb Um\vtlt nnd yi15lgl datu s-cn~ 
I .~ . IN". I~~II  filr ttr l  r.~tornrup)ling expencncat on 
xol.uIt~rrn (Sorgl'7rur hirolor (I. ) Moonch) - pigoonl,va 
I('UJ~IIVV raja,! [I..) Mill.) $11 wl>ioh plnnr poprtlat18,n 
,l,.n.11). ra.i vartvrl at a o<lt~nt,unt S sr,rgI~~trn:l 
]xgwolipe.a r,o\rs ar~nngi,nlvr,t. I t  aus fiItow!1 tlmt~t, 
~lllx e w i l ~ r ~ ~ a u o u  cotrld anttsfy the fannrru'prinu~r,~ 
r~bj~et ive  of pnd~tr,iny a 'SIIII' yiold nf aarplmtn 
[I.,:., ~ ~ ~ ~ ~ ~ ~ c l i f i n ~ s ~ ~ l ~ c r ~ ~ ~ ~ )  ~ v l ~ i l o g i v i n ~ ' t ~ l ~ l ~ t ~ o ~ ~ ~ ~ l ~  
yb<.l~Ix~,fpip,.unpt~tr<tf up 10 i :3"& of I. BOIP pigeotq>ua 

tlnr of ~ P ~ ( I I I ~ O O X  und tllrrofov~ BCII~UVO better uvt*r. 
ell rc,aoorcP URC ~ 1 1 r n  growing Lopntllrrr. Tliia papur 
examme* rear3urc.o use 111 tlle C Y U O P ~ ~ ~ B ~ L  ~ r e w l ~ t c d  
~.nrlier and oana~dnm wsya in wlliall Llle yiold 
ntlvantagw of tills inturorupl~lng uo~nbit~ation 
~oigllt be furrhpr imnprov~d. 

Exp~rriinnntul ~lvtatil.: a,,vc p~\.c,n ill I'at1.1 1 
(NuLs~.&j&n & IYlllry, I!)XII). M ~ ~ s a u n ~ r n ~ n t n  <,I, 

r~~wo!~tvc~ I W  ~~~~~w c!arr~vO #18tL owr d l  Iltren mplt- 
(;&III)R bnlt only 0 1 1  C I . ~ I ~ I L I  tl.f.t%tl~&f*n~t~. I l ' ( v f  IlplkL 
intrmpption n~id \vut<.r 4t.r ll11*11(, \I.CIY~: S,. 80113 
~c~rgl t ! t~~i  ( O I P I L U I ~ I T ~ ~  dvti~ilv IYIIIIOII P I ~ ~ ~ % I ~ / ~ I L I J :  I'?. 
NOIP P ~ ~ ~ B O I I I I ~ O L  (~ ,p l i j~ t \ i~ l t  ~ C I I S I L ) .  5t10011 pltlnt~/I1111 i 

S,P,. I I I L + ~ N . I . ~ ~ ~  (1111111111 ),l1\~~1*/l~1t ~ ~ ~ r y l ~ ~ ~ n ~ + % I l l l l l  
] ' lant~/ln~ I > I # ~ ~ P I ~ ) N . I I ~ :  h,l',. t ~ ~ t c r c r ~ ~ ~ ~  (IHlllJlJIl 
plt%nL~/l~a aorglitlt11 t ROIII10 ~IHIIU/I IU p1p011pc.u): 
S,I',,i~rtamrop(:l?ll11I11I~~I~t1itx/l~n~n~~mm+ In0OIMl 
~,lunrl,s/l~n pfigucnaf~v~). Wilr ~l!tl$,ic>t~t ~gt l t~ke ,  only 
t . l~ ,  solo and fi,l'* 11,s ntttlt.ntii wcm cxunrtrtrd. 

1,iglht inlr~rrr],rlv~t ni l .  r,a,itx~irvd witlt t t t lr  
uolau,itnrlwu U P I I H I C ~ Y ~  10 t ~ l l  ~olitr  1.rt1lm1t~11~ WBI'O. 

IIII~LIIR (Swicz, Mtlntoitli A I)I,R SUM~OLI, lll(l4), and 
wit,li fi n$c,>rdilrx aul,Lc<' li7.fi PIS,  ion^. Cmp n,ua 
rvem in aa apj~roxtxnatoly h'-S diructiun and inw 
wdtli u,ne 46 c ~ u .  'J'wo mlnrimclnm Imr plot worn 
plarsd a t  gm1111d le\-rl aomea the row to c01nr 
oxltotly ttbnx, r o w  in rarli m l n  crop 11lot and t l ~ n  
full 2 ROIYJIIIIIII: 1 pigeunlnm law patlem in tlln 
interompa. One trpliotrto por day wan worded by 



i ~ t t a c l i l n g  1.111!11 s~tlt1r11bt~.1<.1. 111 1111 1rndivi~11111l il~l~.. 

g r i ~ t ~ v  ( T i n ~ w  I ~ : I v v t r a ~ ~ ~ i w  I,t<l.) for  a fu l l  24 1, I~1SSI:I:I'S ;\XI) l)lS('I 'SStON 

lwrl,lc~, I)iffi,r<wt ~~,I>II<,<LI~R \i*,r<, rvi,*w<ir<I OII C~OII. ','!ll" 'rltrrcpl'i"r'h 

n.v1111v1* da~gs I,, gi\.c 11 :!.11,1y ~~\t , r , lgv fit? t.t~1.11 '1111(* 11011. (.!#tIw 111111 Syl; i r l I~ . rc r ,q~  UIV U~IIIIIRI.(.II 

11.1.1111111.111. 1'1~1.~~~111111.~~ 1rb11.1.t~v1)1i*uh LIRU ~ ~ ~ ~ l ~ ~ ~ t h l t v ( l  i ~ ~ l l i h ~ l l ? .  ( 1 . 1 1 ~ .  1 )  IN,I.IIII*I. ill l.llr~! t r l . l~ l ! f~~z~ l t l  Ill?. 
I,! v c t n g ~ ~ ~ 1 ~ 0 1 1  \)-11i1 it ' t .< i~i t r .~) l '  YI~I~I~IIIL~I~~I~ IIIH.CCII 1118111t pi lpt l l l~t iu! t  t l ~ ~ ~ ~ ~ ~ l y  #sf 0n~11 1.1111) ~ F L W  tint. 
i ~ l r l n  t. 1 1 1 ~ ~  vrcq' a l l t l  lrl l<~v~t11,11 1 ~ 1 ~ 1 y  1111y. A l ~ s ~ l u l < ,  L I t i  I N I ~ ~  RIIIB i s ~ . ~ ~ l > ) ~ l ~ l ~ .  11111.1.. 

liari<lt.lat t l i i r rgy  IS nsv l i rn~d  11, I,c, illill P(~I-<~O<YI C(.],~IOII i ! l c ~ . n ~ ~ . d  \1yy 1.tqud1y ill WIP ~org11111tn. 
ttt t l w  I ~ ~ l ~ ~ r ~ ~ u t i ~ ~ ~ ~ ~ i l  ( ' r u ] ~  I~CSP~IIY~I~ I n s ~ ~ t ~ t t c ~  f<,r IIINI 0!8ly :Ill cit~yn l i f t ~ * r  <vtni~rgcI l r+~ 11 \vns ~ ~ 1 r r a ~ l . v  
I I ' I  I I I S ' )  1 1 1 1  111tc,riv1>1.1atg 11~11.1' 111~11 7111',, 11f 1111. 1 ~ ~ 1 ~ h l t ~ 1 ~ 1  l ig l l l .  
tilit. wit11 n l<tl8lrs--%u1,c~!h m,larr!~ri~ler. IS(,uli ~ntol,r.q!tio~lt 01' H,1",, n s 8  t.,r:c,l.rl<al ILL n/,8ml 

Sod IIIIPI~III.~ 9-iw ~ ~ l o r ~ i l ~ r v d  VYI.I:\' 1.5 IIIIYII t ~ ~ t r i ~  65 (ill ~ U J . X .  ttrtcl 111vr(.itft<,r. il dc('li:;,(l t o  Ii5'::, 111 

pn\ir,lt.trlo ~ I ~ . t ( . r ~ ~ l ~ t t t ~ f i u ~ r i  111 111~ t ~ q )  23.5 1.111 ~1111 1111r\c*t. IIIIL.I.I.I,~II~OII II~(.IVIIHIY~ 111111.11 rr1~81~i~ uIonl> 
L I I f I 1 1 t  1 1 i r i  NOIF pi~(.~111)t!n, A t  :Ill d ~ t y n  n f l i , r  clnr~l,!Jl-rlrl 11 
ir~lt,r\.uii; t u  1% <l,.lrtll of 127.5 r m .  A~vi'16: 1\1bf*s \vertL V(W i z ~ ~ ( ~ r u q t t i ~ ~ p  UIII~ IL\D~>II~ Ill':,, of llli. inl.idl.!bt 
*,led b r t u < r . o  111,. i,ro], nnvti. n11d f b ~  aurl~ r ~ . ~ , l ~ e a t c  I ~ g l ~ f , ,  A t  IiO 116 d41,!% 11 r c o ~ ~ l ~ ( - ~ l  IL IIC~~II~.I~IIIX~IILIXII~ 

IIWW 1 ~ 1 ~ t i 1 v d  f(,\tr ~ i w  VAIVII ~I,IVVC,,I~> l~ lo t ,  t s ~ 0  t ~ v u  v t t l t ~ e o f  u b ~ ~ j t  io",,, w11i~l1 w u ~  I I W Y ~  1c.s~ u6i~i11- 
for  P~L,SII w l c  C I < ~ >  j ~ l o l .  t~118a.d n ~ ~ t i l  8t1,lli~t I111 II~I>*: ~lf1l . r  l l l n t  11 11~~1~11rmvtl 

Si t r<,gr.~~, ],lt~,nl~lioro* u 1 ~ 1  ] l ~ ) t ~ t l i ~ i l ~ l b h  ~.orlLf.rtts tqn t ! I~out 3ll';,, ut  Ii,u!l 1 1 ~ ~ v ~ t ~ ~ ~ t  
a-cru dc lo~minr~ , l  N O I ~  n w l t ~ d v  l1111nt 1,as~x Ilr,zrl tlu I ' r ior  I<> WI~INIIL~ II~IV\~~*I $1 mt:\ tn> i  ~N~?~~II,I'~ t o  
d r y - ~ r m t t e r  ~ ~ t t t t p l c ~ ~  ~ . \ . f r r r t ,~ l  11) I I I  Xntnra j~11  & IIICUXIIPI: l i gh t  II,~CICI.II~IIIII ol 1111. i ~ ~ d ~ v i ~ l l ~ a l l  I:P(~])K. 

\\'I~~PJ. (IURO). YIIC si , rp lnt l~~, n l l  t l ~ '  l i w  d,,y.lllattr.~. I ) o r i r ~ g  t l h  period, <:<,~~~l>i t~c, l  mic~r<w]>tlc,r~ of ill<, 
suinplen take11 a t  '-\rc,c.k i l r t c r \111~  \vcn+ n11aly~1.d; R,l', i n t t l r r n p  wuu t111Iy m 11Il11~ ICBM t l ~ n ~ b  I I l 1 o ~  at1111 
furpiyuonl,n.u,<,~~ly ~~ltt~r,~ntrru~r~~l,lcs\vrlr. IL~IU.I~YL~I R)~CIIII~I irtlt.r(wpt~<m. ' l 0 1 i ~  IVUR H!IP]I~IIIIII~~~ (+?I. 
t o  givn five nnrtrl~lcx n l  J.\vcek i t k t ~ r ~ u l u .  r ~ c r ~ t  b a a t r u  t i ~ w t r  ~ v u x  \.cry 11ItIo ~ u g i n ~ n p ~ ~ i ~  

gn,wtlt t i t  t h i s  I Z I I ~ O  (HI%<, ?Ylntolr~~jlttt 8: W i l h y ,  l8Wll) 
u l ~ l  t l ~ t  a,j:.glllt~r~ rnl~g,a~rt<wt,  u l l l ~ i , ~ ~ p l ~  nL tlsc f u l l  
solc r lmy plnrbl 1bol)ulnlioll II~~IIUI~~, u.nn b1:tng 



Yip 4. 'l'lbr vlTr~~'1 ul' &lr.l.vnxtllg Ill,, ~,lsttl ptq~lllt~tion d v ~ ~ ~ i l y  ~ r l  lwtl! C I -~ )~M on 1111. liel~t itilr!,~,t.pll~n 1,) 
tlmr. ~.<,elbttwtl I~II(~I.I.Z~III. -. SIIs,: --.-, SJ',; .-..., iiJI))l 

- .  . . . 
I'rlor to wrrpl~um Iw%.cnt, ull t l ~ r r c  intrrrrop 
trrantlncnta nl~arrtrl ~.llicienri~.s 111or1, typical of 

Ilhkr w e  
Total \vattsr B I H ~  uHn ninlilnr for tlv: tlorrv. i r~ t r r -  

e n ~ p  plunt populnlit~n drnsitivu, nu only 1 1 1 ~  rwnn 
of t l l rw tllrvn: l r n r t t t ~ ( , ~ ~ t ~  I* c*crnnl(lvn.d. ' l ' ~ ~ t n l  



Fig. 4. Cc>!n#:r!ntrntic~r~ of X, P nntl I( ill tolul dry mtltlcr (46) nrr "oh, a,~t.pl~u!m# (--) ,ma1 ir!ll,rrrcq, aurgllum 
(-..) at tla, aamr ~ , lun t  pirrpulttth,n denntty (S,l',). I, H.I~. uf l l to  ~~~~lavalnnl ntoau. 

water tlac was also 11ttle uff+~cu*~l by cnbpying ~ntemmpping w w  434. 430 ungl 4 1 i  rntn, n . a p v .  
rystc~tt. I)orin}: tllv ilarphuln prornbg 11nriurl. Lulal tivc.ly. After 11~191111111 l l n r v ~ ~ t ,  it, was 154 nntl 
ntltcr IIRL. by aulr atlrpllo111, nrdu plg~~0111n~H. and IliH m m  for ~olcs allll intnc:roll I'Igvunpt'a. giur~p 
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Flg. 5. Cunrr.lrtrrrtvsl trI'S, P md IC In total dry ~nntttv ( 7 . )  in sob llig~vnllwa ( - 1  ~ L I N I  inLi~rc~(~j) plg~~1111pI'tI 
(-..) $11 1111. 111111<. ~IlIllt 1#~llllllllli~~l~ < I V L I ~ I I Y  (S#I',). I. N.1:. lib?, 111<111 l1hillll "IllUII. 

\.lrtuaUy idrntirnl sc:hr,1111l total* of ilH4 11ur1 
$85 tutn li>r t1a.r. ta.o Il.cttlrn,~ktw. 

5:atirnatcs of tlw pnrlu,rtiorl t,f lt>laI untcr  ua> 
i trtudly trarwq>inrl t l i r c l ~ ~ ~ l t  tia, c n p  \t*c*ro rrttulr 
4111 tho I,nws of tlso t u ~ a , \ ~ n t  of i l t ~ ~ d v n t  I . I I V ~ I ( ~  

irttercopt by tllc c n p .  For t l ~ v  p ~ t o t i  oft'trr 
s ~ r , ~ h l t l n  Iin1-w.iit. tills was 78'); (15(lmm) and 
li0:& (1111 rnm) firr I.lbo a , k ~  and lalrrcnq, prgrwlpnr, 
re:c~~~ctivcly. 'l'lnta. ns <~spcuttld, tllr ~ l ~ a r s o  ~'&,~o{>y 
c ~ f  tllr irltvrorn)> ~~i::cor\l~ra rnnlltrvl ill Ims* wstrr 
I X W I ~  t,rt~tnfi],tr#vI t l ~ r o ~ ~ g l ~  ~ I I C  crop. As ffl>nn al~nve, 
Ilow~ver, L l ~ r  lotal drlrtend or, tlw soil profile aua 
xlrnilnr. ],rc~ho~t~nl,ly h~~cnuiu: tht: aporsu intercrup 
rnuu1,y ul*<~ nllo\vt.d grretrr r\.apornti<,n frr~rn t l ~ e  
~ u i l  anrfurv. 

P u t r i c ~ t  uprake 
011 a whnle plant buiw, the N conocrttratio~~n of 

nola n r ~ d  int,ercnq,prd rnrghlrn~ ahiru ed no nipniti. 
rant d~ffcrcncrn s t  any of the fivr  ampl ling tilntw 
(Fig. 4). I n  contrast, t l ~ o  P and IC ~.orlcrntrnLio~~a 
871 thr, var1ii.r snmplcs ~~r.cx. Iri~.llt.r in tllc intnmnrp 
(and uccaninnally significant), %~l&!~Rting tha t  a t  
this utagc tllc mrgbrt~n \YLR m t ~ m  eonnptltitiv~' for 
thoae nlltnnr~tu. Hy tllr tinle <,f anrpl,n~n har\.rst. 
tllsre war no crtnaint,%nt diffo~umnce in P conoee- 
tration; however, cltm! WRR st.ill a slightly higllw 
1C ouricentrntinn. ~vlhi<.h was significant. Sinn, the  
total dry matter of aolc artd intercrop aorghuln waa 
\.pry similar, tllos*? patterns of nntrlont concontra. 
tion olol~lly mflect total uptake. 

Tho sole and intercrop piynonpea s l ~ o u ~ d  a ri.ry 
distinct, and %imilar, yettorn fur all t.Ilreo nlltricntn 
(Fig. 6). I n  tho two ~!arlipaL ara,ploa the  cona7n. 
tration of all nutricntn u.as lo tv~r  in thc intarcrop. 
~sprwially for P and N fur which tho (ffwts wwa 

~igrjifinlllt. A]~j,rozinlutr~l~ nt tllr t ~ m r  (,I' u~rallllltl 
Ilurvrnt, t l l i ~  ~ r t l t t r . ~ ~ ~  \ v i ~ *  I V \ . P W U ~  and W I ~ I . < . ~ I I  (8- 

tlotm boeunc Iugl~vr r t l  Ilrt, t~rtr~u.rop, wlwcially for 
1'; t l~rse  diff<w.tec.a n,w. ~nuintai~~i:d ~ ~ r ~ t i l  pigcon. 
p ~ r  I~lrn't~st. I t  18 ] ~ I R H ~ J I I I .  il>at in tlto pust-~rgllll l l l  
g,,ua.illg jwriud, tllcw 11igl11.1. ~~utr i t+ntn  DIITIC(!~I~TB- 

l,iotls it! tho intrx!rol> w.lu. partly n.1atl.d tu t l l ~  
l~iglbtrr pr<qtortir,n ~ t f  dry rrinttrr guin~r into N'lrn,- 
ch~ct.~\.o gm~'Lll (avo Nr~lnrnjarl h Willry. IHSll). 
Uut no I : I IHI~~~.Y 111 ~Iry.n~att,<!r [xtrtiLio~l ~ c l l r r i v I  
t o  r,xl>lairl 11,ruv1. oa,~tr+vttratlt,nrrs in lhlr iaurlior 
surnples. 'I'litla i.lr.ar rc.*l~lt~ e~zggu:~'t tllat d t l r i ~ ~ g  tile 
norgltuln grr~u-irxg l?l.l.lllll t11t. pigivbnpt*& was L ~ I P  
pu#>~.or colnl,?Otur for lt~ltnrtlts:  aftpr alrrllllllnl 
I I H ~ V W ~ .  Ilo)\.t.vt*r. ~ I I C  I I I I < - P C ~ O ~  p i ~ w n p ~ . a  ~ ~ r c ~ b -  
cllrly sufforr~l l r ~ u  r ~ t ~ t r ~ v ~ l t  uln*ss than tlw * o l ~  
pigu(>np<:tt. 

1)alal (((174) r x n ~ n i ~ a . ~ l  18ut1*1ont upt,ake in n1arz.i.- 
pigonnpm intwcnrplrtlrg clnd found tha t  the nctlr 
tnairo tuok up a gnntf.r rptatllity of nr1l.rionts lllalr 
intrtanbppinp. Ih11 1)olul'a ~ntnlarol~pirig aitllIIta,n 
WIN e 'n~pluc.c~nt.r~t' or,? In rvllich the total plant 
pupulation donstt.y MUH eq~tlvalent oldy to orltler 
avlo crop uptirnuln. Cnlrult~tion~ of nutrient nptakn 
ln t l ~ e  prrut,nt oxlarlxnrtlt ntnpllusised t h r  gwator 
rltrtrialt d~.mandn tiint lnuy he rnade a t  l ~ i ~ l l a r  
plant polruletion dvr~t1111~.*. I~EJII~<~I.IIY w11t.11 tlw 
ceroal c n p  i~ p r o ~ i ! l v ~ ~ t ~ .  a 'full' yield (Fig. 6). 
(bnbpamd with mole n<s.gIunn, the  'additionel' 
p igeonpa intomrtlp r e s ~ ~ l t r d  in the uptako of 13% 
more K b y  tilt* time of wrpl~um IIUNBB~;  by piwon. 
pea harveut, the  11ptak0 wae 58% more N, 31% 
more P and 325: rnosn K. Some of the  N oould 
uhvinusly have origtnatutl frum Rrution, but  thn 
P nnd K tlgrrrea indioata additiurtal rumoval of 
nlltricnta from 1110 soil. 



I ~ f .  6. 'I'~1;bl ullla&kc of N. I' uad I( rt l  aola rmp. (0, I't: I,:, 8,) urtrl $in ttslrrvntlr (e, h,lS,) wltl, uwlx 
~~llrrllmnl~nt crlll, nt  thr. SLInu l l lullt )lullulrtlon cluniily 1 8 ,  ll* w h .  clolt. 

I t  r u a  ~ ,~~qr l~aarsa~< l  ill Pnn I (Nstarajan b. 
\\11l,.y. 19Hlll l l l t ~ t  111- prinlsvy ~ ~ b j ~ o t i v o  ~f III~LII~. 

1a11,1ic n '11111' HII~K~~UIBI y i ~ l d  ivun anl~io\.cxl rl tllr 
p l a ~ l l  lia,ll i~latian <ll.~baity of tltc ~rlt(m?rop 8t)rgIh~ltn 
\ n l 6  1~~~~lbvn l t . l l1  tcr tla, nolo crtq, rlplirxlunn, l'l~olu 111 
1I!1h *~t, tnl lon r\.en 1111, r r l a t ~ v c l y  ~ t ~ l o l l  nln*na~lt of 
' a ~ l , l i t ~ ~ ~ r i s l '  Inyc9onpg.s dnrmg llho p e r i r ~ l  of 
HOI.VII~IIO gr<nictl~ n , l> r t ,w~~t<~t l  n pn,ntrr ONICIPIIP~ 
< t E  r..xl,idrre ,lotm I,y ~ t~ teror ,op~ i l lp  1lla11 ~ a u i h l  bc 
t1~11wivaI L y  WI~;II~UII tilt,r~%, 111 1,er~rw of l ig l l t  IIW, 

1113s rl>crcns,vl t % n i ( . i ~ ~ ~ c y  R(\I.IIIPCI tc, IK.CII~ I~W~L~OH 
11t.. WIIH~IIIIII ivns d t l c  t t t  ),IO~~~VL> LIIO e( l t~~ i .u lo t~ t  of. 
a 11111 hltle c r ~ q ~  yit*ld a llrlc ~ r o r i n p  ill o~nly t\v\'o rntt 
tb1 *,\*I). 1.ilrc.r ruwx, a B~)HIIu.~ t~~~n l t l# ( . ln r~ i t  I n  
nl11,.11 11 I ~ T ~ ~ I U ~ I I J ~ , I I I ~  i ~ ~ t n ~ c t ~ ~ ~ t ~ ~ c l  IMA l t r l ~ l .  'Tl~i# 
I~L,CI ltc~a l,n~rrt 11\11lv fi.cqu<>ritly n ~ 1 o r t ~ 1 1  111 IPV~ULLI 
vwqlr 11% I ~ u d l t ~  NIIVI.<> ~ O \ V H  llnvc 1xv\11 'IIIII~,~' 10 
rllah<. 1.11011, for ~ a v i o ~ l f i  i t i t ~ ~ o r q , ~  ( A l l  Iltdlci CU- 
<~<IIIII~I,YI IL<.SLVI~<,II l'roject 1~~~~l)rylt~~~d;t~rtct~l~~1r~~, 
I!l?:i: I<atc~, l t ~ g a ,  & \\'allt~y, 1977; Sl~clku & l i v i ~ l t -  
11h111m~)(,rtl~y, 1978; S~nglt, 1979). C i m ~ l d f ~ r ~ ~ ~ g  tile 
b~. lcw.pn, t~ t~ l  rustnlrraa durlap t l ~ i a  purled of. 
bot.gI111111 ~I.o\III, i~>t,~~.c~.~) l , l ) i r l~ ILII IIU IIIIHRTVH~II~ 
rfi,.vl c l r r  t l ~  t ~ ! l l t ) ~ i t ~ t  111'x).al~(.r IOH~ frc~~r )  1 1 1 ~  ])~.ofiIe 
11111. 11 d i l l  ~.vtl!tlt 111 s I:l :b g r c ~ t ( * r  optt~liLI ~f li. 

. two~rune a f ~ ~ l l  rulrci~llrn vlelrl, t l lc o l ~ i e c l ~ v o  

, . 
01 ~ v ~ ~ u ~ ~ ~ r ~ ~ ~ ~  LIUL. uf1t.r III)~.~II!&I~ 11111.vt.at. 111Iw"~l~tto~rt  
c,f 1 ~ ~ 1 1 1  1,y I1161  iln~en.rup ],lp:%myua w w i  poor 
t l t ~ r ~ r j ~  thin PI'PIO~, i n ~ l ~ o s c i ~ ~ ' t  t l ~ n t  yicild ~ n i g l ~ t  be 
i r ~ ~ l t l ~ , \ < , < l  I f y  11nvlllp LL L~t1t.r VIIIIOIIY (.over. 1(11i1 

m i l  moistt l l r  ~t~c.a,<~~r,.~aa.rlLH i l ~ d i a a l c ~ l  that t l lw  
a-ut~hl rlut ~.t,rntll irl arlay Ctr,trtr,. lu tu l  dnmand fin. 
water from tla. aotl ],lr,lilv 11~1, wntdd only char~rwl 
a gronttlr ~I~IIII,IP~IO,~ t l ~ r o u p l ~  01,- crop. O n  L l a ~  
otlte>r Imnd, n III~II<,I. II~~<.ITI.*~I pi~mtt lpoa yirdd 
w,uld mskc g r a ~ r u r  (1, r~luotlx OII r l ~ l t r v r ~ t u .  nt ld ill 
t,latr lnterrr#nppl~ll: t vc~a l l r~~~r t la  Iriarl ~ r t  this e?xpon. 
rneut tlte l t r tul  t rpt l~k<. u.t~r nlrvady ~trl,ntu~atitally 
trwrc t l ~ u r ~  aulc a,lyl~inz~r. Iiowtwcr, t l l r  uors i~ tcn t ly  
Itlgllcr ~:o!brrszttral~~#~, <,I' 111~1r1t.r~tu z11 Il1(1 inI.t!n-r(,p 
I"g",,II]K~l, ,!I,II,IIILI.L.<~ ,(.,tl, 11,~ "01'1 ~,Ig,'ll,ll,e,, 
stlggoaln t l h t l l ,  a t  Ig,snl IIILCI<T t l ~ c  c ~ t d i t i o r l *  of this 
~ x ~ ~ . r i l o t l r i l .  fi81.11~1.r ~tmq~~i)(.c~!hl~.lI( of I I I M ~ C I ' I ~ )  

l , i ~ c w ~ ~ ~ p v a  gi*.lcl %s,t~tIeI ru>I I, , .  11111111.d l l y  I~!I~PII.II~ 

I,t,~,l"l. 

A r a l l l ~ r  a\rvl,ri?i~lg fi.t~ture 01 t l lv ~ rvwl ta  wan 
t l t s t  irlrmuwt!tl ]>Intlt )IO]~~IIIIII,I~ ~II.IIYII~ of t lw  
~ ~ ~ L n l r r l , a l ~  1)1&!1.11111),~11 cl~ol that IIIVWPPUYC 11~ l1 t  inlor- 
avpltt,n aft[-r rn,rpli\tltl Imr\wsl. O r ~ n  i i i r lo r  muy 
1 1 s ~  b u m  that,  ~1 1 1 1 ~  i rcatrnr.~~ts 111 whl<*l~ l ig l i t  
i ~ t l f ~ r c v p t ~ o ~ ~  vottld I,,, t~tvns~~rcvl, ! , ~ ~ ~ P ~ ~ ~ L W ~ ~  i n  pi go or^. 
IX'S doanity \rsa ~ , o ~ ~ l i t l l l ~ < l l ~ I  9.ill1 i l l < . t ~ n ~ t ,  111 

aoryi lu~n dorts~ty. .\ I'ort111.1. f.i&ut<>r LWLY IINVH ht'(xi 
tImL ~) tpv ,~q>t . t~  111,11411~ 1 5 i i ~  ~~>~.I.I.IIH(.~ I>y rc:dt lc~t~~' 
w t t l ~ ~ ~ ~ - r o w  qxivi~,: \~II~,I, t l h .  z t t , t \ t ~  rruincs < t i  It!. 
<:ffic:loncy was t l lc il~trh:llty ,>I  t hl~>i1.8c.Iy b r&ncI~~.d  
illtt!rmop t o  rovw uorabi* 1111. ~r l r \u .  I I In a l l ~ p ~ ~ n l ~ l ~ ~ .  
tllurcfurr, t l ~ * L   butt<^ Ilfi lrt ! ~ ~ t t ~ l ~ c r . p t l ~ t n  11tHy be 
~lrlrotbdnnt 1x1 IV~ I  jtlnt an ~ X ~ V V U I I . ~  l ~ l t ~ ~ i l  I~PUIII. 
t ~ u ~ , < l t ~ r r e t y  b u t  ulrinr~u ~lnltro\-t,,lplar>t d i ~ t r l h t l t i ~ ~ a .  
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