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Introduction 

F.xtcnsi\,tl r r ~ e ~ i r c h c s  ha\.tb helcn ~ ~ 1 r r i t . d  o u t  to cliclr,icte~ri;.t~ roo t ins  p,ltttlrn ot t3,icti 

incii\.idu,11 c rop  itnclcr clt~fitiecl t~~ i \ . i ronmcnt , i l  conii i t ions.  Qu,~nti t , l t i \ rc cic i tc i  \ c t s  ot 

parCimcters rl~lCitcci to rooting p ,~t t r rns  'irl~ ncc'css'lrv for the dcl\.c~lopmcnt of 'I souncl modcl. 

In  ti c x ~ t ~ l l t ~ r i t  rrvit3\z ot the dcvcblopment ,lnci gro~\ , t l i  s t  crnp root svsttms,  Kleppcbr ( ICIC13) 

st'ittd thit although the i ~ ~ d i \ l i d u ~ i l  p'iramctcr5 liLl\.c bc~cn prccisc~lv tclstc.ci u n ~ l c r  \,,irious 

soil conditions, tor modelitlg ptlrposcs, gcncrcilirations th'1t \voitlcl 'lppI\, to '1 r~ ingc ot  soil 

types ,111d conciitiotls ~ i t ~ d  to bc de\~elopt~cl  C ~ ~ l c l  \,,llid,ltt~ci. ['red ictors ot boil pli\.sic,i l 
propc)rties, such '1s strength, li\~dr;lulic ioncluctivit!~, cv'ltcr rc,tc~ntion, 'tnci soil chc~mictll 

~ l iar~~ctcr is t ics ,  should be L1vLiilCiL~lc trot11 soil d,~t,ll.)~jses it the soil t\,pe ot tlit, c \p t~r i rn t~nt ,~l  

si te is icltlntified ( Jones  ILJH3; C ; i ~ p t ~  ~ t n d  Allm,~r, is  1'3137). In ,~clciiticrn, ,111 ,~ppropri; l t t)  

p h y s i c c ~ l l y - t i  conccpt 11cccis tc)  htl cicloptcci to c\cprc1\:, the intcr,ictions bc>t\vci~n grorving 

roots c i~id  soil (Dcxster and He\vitt 1978; RicI1'1rds '1nd C;reacen 198h). The ,117propri,1tc~11t~ss ot 
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t I i c , \ c ~  r t~l ,~tionsli ipi  tit~tt~rrninc~\ thts C ~ C ~ . I I ~ . ~ C \ ,  oi  the. 11locic~l for tht. prcd~ctioli of root s\\t(,ril 

d t ~  c~Iop111e1lt in licld c.ollditions. 

t\ltlioi~gli root systcsm mc)rpliolc)g~ is genc~ticcill\ controlled, its ,lrcIiitccturc ~indc)r  11t.ld 

io l i t i i t i o~~s  is gfi'.~tl\, intlt~c.nccd b\. < , ~ r h o n  sl~t't>I\ troll1 tlic < ~ b o \  t~-groilnd t)1,111t pCists ,111ci 

\oil \ ~ l i \ ~ s ~ i o - ~ ~ l i c ~ ~ ~ ~ i c , ~ I  pro~t>sti( l \ .  hnothcr  t,ictor, \.\~Iiicli .~tft,cts root s\.sttm cic\.c'lopmcwt 

,111d 1s cy>c.zi,ill\. ~mt>ort,int in rc~l,lt~on lo thc5 soil r~~sot~l.cc. ~ t i l i / ~ i t i o n ,  is i11t~,1.'ictio11 ot root\ 

trom nt,i):lihori~lg c r o p  01 tllcj h~lrnc spccios in c ~ ~ s c  of sole, croppin): ,i11ci o t  ciilicrrnt spec.ic.; 

111 C.,I\O ot ~ri tc~rc-roppi~~g To lx~t t t~s  /)rt,ciict root l ~ ( ~ l l ' ~ \ ~ i o r  L i \ .  1nt~~l11s ot '1 11~otIt~l 1111ci~r ):ii t51i 

51.t o t  conilitiol~s, ,111 ot  t h ~ .  ,1bo\~t~ \.,1rl,ihlc\s slio~llci be. ~ ~ i s t ~ t ~ ~ l l \  con\idtbrt.ti. 

O L I ~  ~ ~ , ~ r l i c ~ s  sl~~ciic\s ( C ; c ~ \ , < i t ~ - i  LILY i c ' t  ,I!. l t ) c ) t l )  011 '1 sliort L ~ L I I . J ~ I O I ~  t ~ i g t v ~ i ~ l ~ t ~ , l  L I > I I I ~  thtl 

111oeic~l \>1.essc~11tc~ci l l \ ,  Io11t)s c>t '11 ( l L ) c ) l )  iI)o~\.c~ci t l ~ ~ i t  t l i c ~  r o o t ~ ~ i g  prolile~ tor pi):c~o~ipc~~i L \ , C ~ \  

\ ~ t ~ ~ t , ~ < - t o t . ~ l \ ~  \ i ~ i ~ t ~ l , ~ t c ~ c i  \\ , i t11 ,I ~ ) o L I  c o r ~ r ~ ~ ~ I , ~ t i o ~ ~ ,  \ts1tli lo\\ ,  i r~ tc~rcx~}~ts ,  ,lrlci t ~ ~ i t l i  slope~s 

t ~ ~ l l ~ i i 1 1 ) :  to t1111t\ LX'l\\~~Q.~il oL?sL~l-\ [,Li ,111ci \ i l l1~l l~l t~~t i  \ '1ILle~s. t i 0L l8 t - \  c)l., t l l < l  11l~~c1stlre~ci root 

Ie~lifith c i ~ - n \ ~ t \  tor pigcttrnt>t,,1 tcand~td to ht-  l i i ) : l i c~r  ,lt t l l r b  ~~iicicilt. ;111<i lo\ \ .c~~. ilc,ptlls tlic3n 

tliosc s ~ m ~ ~ l , i t c ~ ~ l  ht ' i , i~~sc,  ol its ,lllilit>. to spre,1ci its tinc Iolig roots to ,l 30-(30 CIII  ~ i ( , l l t l l .  Tlic\ 

tlliikcr soots I io\\~t~\ .e~r \\.cr.ts cc)ni-txntr,lted i l l  t l i < ,  top I,1!c3r\, 11111s i o ~ ~ t r ~ h u t i n g  to I11gIic~r root 

\x't ,i):l>t\ , ~ t  the) s ~ ~ r t ~ ~ ( . e .  In contr,ist tc) p igconpt~,~ ,  sorghum root s t t~d~c , s  slio\\.c~d tI1'1t tlic soot 

ciistsil't~tio~l \v,7s sl\c\vt~ci to\v'lrii> tht, top I.i\~c~r \vitli rno1.c. roots ~t the' \ ~ ~ r t , i c t ~  contribiitil~g 

to hi):Iicr roc>t Ic~ngtli cltxnsitit,> and \.c~~i):l1ts ( l iobcrtso~i et '11. ILIL)?). Thi? r'1tic1 of root \vc~iglit 

to I o n ~ t h  \ . , ~ r i ~ d  dcpeln~iing ilpon spciicls c>r ):e~iot\.pcs ot (-1.0135 c \~ i i i  soil lnoi>t~~rc> st,ltus, 

c~sp t~c ic~ l lv  ,it thc  s i ~ r l , l r t ~  I,i!,cbl.s 0 1  \oils. ii ~.omhincci  c, t tc ,c -1  o t  tl~c\c, t\\.o t,lctors o n  ,I 

I t ~ n g t l i / n ~ ~ ~ ~ g l i t  1.~1tio s h o ~ ~ l c i  bc u.;cld to Ii,l\c wor t s  L ~ c i ~ ~ r c i t c '  C I I . C C ~ I C . ~ ~ O I I  0 1  t h t ~  root 

c i t s i l ~ t i o ~ i .  I t i  o i l  f i t ,  u c l i  'is \i/c ciistribi~tion ot soil ~ ~ L ~ r t i i l ~ ~ >  Ii~iil ~.l1c~11iic~ll 

i o n ~ l ~ o s i t ~ o n ,  b\,crt' fo i~nd  to bo I t ~ s t  r e s t r i ~ t i \ ~ ~ .  Hou.c~\,t.r, tlle moclt>l \\,,13 \Iio\\.n to L)cs \ c,r\, 

sc~isi t i \ , (> to cs\.cn ,I \nl ,~ll  \ ,lr~,ilion i l l  1,i1Ih c i c v ~ . s i t \  '1s rc~yrt~sc~11tcxi b\, th(, \oil slsc.n):tl~. S i ~ i l i  

\ ,1siCltic)rl is ,1pp.1rc~lltl!' ,i rn,ljor coristr,lilit tor r o o t  ti(>\ cblopmt~nt. 

Tlic prc\( '~it  s t ~ ~ i l !  ~iIrn\ ,lt cle\elopin): the) rnoilt.1 tor the. srnlt~l,llitrn o t  tlic rootin): 

protilc o t  t l iv  inJi \ . ici~~,i l  eu~lllponc~nl crops in a n  intc~rcroppili!: s > , ~ t ( ~ ~ i >  L I I I L ~ L , ~  gi\.cb~) soil 

conclitions, s ~ ~ c l i  ,is soil t!rpts ,111ei dynL1rnic,lllv cli,ingin): soil \ ,~ri,lL~lcs lihc n io i \ tur t~ ,  

te~mptbr,lturc., a n d  ,1e,r,ition. 

1:il.c m,ijos c.sops ~ \ . c ~ r t ~  grotz,n o n  ,111 i2lfisol in t l i c ~  ~c~rni-~isi i l  tt.opic (5A.I ) ol I~lcii,l: ,I 

r i i c c i i i ~ ~ ~ ~ - ~ ~ ~ ~ r ~ i t i o t i  p i ~ e ~ o 1 i p c ~ 1  ([.ii;i~iiiis ( , i i j l i i ~  I . bfillsp. c , ~ ~ l t i \ , ~ i r  l C ~ ' l )  1-0); t . o \vpc~  (Vi,yi~(; 

.;i~rci~si+ I.:ndI, culti\.,ir 1.C' X2-7); grc~un~ir lu t  (/\~.iitliis /ll/~~O;(iil'r? I . c~~l t i \ ' ,w IC3(;S- 1 I ); sorgIii1111 

(ho,~lrr~iir  i~icoi(l~. c.ulti\.,ir C'SH-'7); 'lnd p t ~ r l  n1illt.t ( l ' c~i r~~r~~~t i i i i l  ,y/ i l l i r . l l i i i  I.. I<.I3s. culti\,,ir 

IC'hlL17? I ). A monolith s,lmyling methoel \\,<IS i 1 s t~1  to rnc~isLirt. root distributioli , ~ t  diflc,rcnt 

soil depths in terms oi root length ,inel ~vtxiglit (for cxperime~nt,ll dct'iils see l ( ~ t , i y ~ l n a  ct '11. 
1')0(~). Root cl istr ib~~tion \v<is sirnulattd ~ t s i t ~ g  th t~  rnociel ci t~elopeci  by Joncs t.t ~ l .  (lC191) 

'111~1 coriit'Lw(d txrith obscr\.cd dcitLi. Tlien, ch'1r,i~.tc~ri7~1tio11 uf root sy\tcni ~ i t~i ,e lo t7ni t~nt  

~lrnong crot-Is w'is them cCirritd o ~ ~ t  bawd on ~iiocit>l O L I ~ ~ L I ~ S ,  s ~ ~ c l i  '15 ~ ~ r o f i l c ~  ciistril~i~tioti, 

rooting dt.pth, '~ncl root hcncbscenccB. 



Simulation of Rooting Profile from Soil, Crop and Climate Data 

Model selection 

(-'rap mocic~ls l i t i \ . c>  hccn ~ l \ t ~ i  to simi~l,i tc. gro\\,tll proce\s<l\. .A moeic~l 111,1\ <ilso Iwo\ itic '1 

p o ~ v t ~ r t t ~ l  I i ic~~ins ot \umm,ir i / i~ig tl,it,i , i r i c i  ,iI\o .i rnc3tliod tor ~ntt.rpol,jlion , ~ n d  c < i ~ ~ t i o l ~ \  

ts\trcitx)l ' i t i(>~i ( - l - l i o ~ - ~ i l ~ ~ \ ~  c i ~ i t i  l o l i ~ i so~ i  1 e ) O O ) .  ~ loc lc~ l \  <I]-c5 01. \ , i r i t ~ l  t \  1>c,\ \\~lic~rc~111 \1111pIitit\,, 

uli l i t\., /~l,iusiLiilil\~, good~ics\ 01- tit, ; 1 1 i c i  ,~ t~propr i~ i tc~n(~ \ \  to oL3jcsiti\.c,\ ,irr tlic t)ropcrtic'\ to 

~ ~ ~ I l i < - l l  <l rt~\<~c3rL.Ilc,r <ltt<icllc~s '1 c~~st<1111 \\~eiglit'lgc~. H e ,  \\~olllci tlle~ll 'lloo\c~ c l  111<>cl0l c i~~~3(~l lci i l lg 

ulloli this \\.c~iglit'igc~. :\ compl~~x 1-1iocic~1 rn,i\. hc* thta I1c.st onl! \\.ll(,~i ,111 thcx ~ n p u l  d<it,i ,lrtS 

rt~ciciily c ~ \ . c i ~ l ' i l ~ l t ~ .  ,\ s i~ i i p l i t i ~~< l  ~iiocic,l ~ i i ' i \  bex l)rctc%rrr~i it i t  is ~ ~ r t ~ c l i ~ ~ l c ~  c i ~ i c i  co\or\ ,ill t11e) 

m,ljor I-cl<ition\hip\ in\,ol \ .c~i In the) procc\\. V'iriot~s motlc~l\ t l i ~ i t  i l l  zoliipl~s\it\. hi\ e, 
bc,c,n pre~scbntc~ci in tht, p,ist to pro\,idc c ~ ~ i l p i ~ - i c . ~ i l  t i i s t r i t ~ ~ ~ l ~ c l ~ i \  ot root grcr\\.tli ((- ,~T\\, I~L 'ind 

1'~igc~ Ie174) ,i~i(l ~i< i i I \ ,  i ~ i ~ - r ( ~ , i \ ( ~  in ( i cp~ l i  01 r t ~ o t i ~ i g  /OIK\ ( R o ~ ~ r i t I ~ ~ l  t,t '11. l%SO) i o~ i i t ,  II~OCI~~I\ 

accoL~nt tor thc~ cltc\c7t\ of tcSrnpc~.~it~~rtp (Sto~ica c3t <iI Ic)H3; I'cirtt~r e3t  ,iI. Ic)Sh), \\.,itt>r k)otc~~i t~~i l  

(lioog01iL~oo111 < i ~ i c i  t I L I C ~  l L M ) ,  c i ~ i c i  ollit'r c ~ ~ i \ ' ~ r o ~ i ~ i i c ~ ~ i t ~ i l  c>t.lt.xct\ ( l o~ i c~ \  c ) t  ,il. lLIL)l ) .  LYl~il\t 

other tiiocit*ls prcd~ct l l i c ,  morpliolog\ (I<osc IL)ST), , i ~ id  t~rc. l i i t (~c l~~rc (1)igglc~ 1WS. Ic~c)fl) o t  

root s\ \tLSl1l5. 

~ l - l i c ,  ~iiociol ~ I \C ,~ I  111 t I i 1 5  h t~~c l \  l i<15 L ) ~ \ ~ l i  ~io\(-~.it>(vi 111 tic~tciil C 3'i\,,i t 1.1 I I ct Lil. ( 10e~o). 

I t  h,i\ic,ill\. ion \ i \ t \  ot I\\,() c-cirii~~onc~nts. Ili<. l i r \ t  c-o~iiponcrit i s  thts \ ini t~l , i t ion ot \oil 

moi \ t~~rc,  ccintc'nl ,in<i 111c3'111 5011 l t~~ i i t~c~~. , i t t~ rc~h '11 t11e' it'11tt'r o t  (,,iili lIi\t'r, tli,it .~ r t ,  c i \ ~ i ' ~ ~ i i i c  

111 n , i l~~rc ,  ,)nil ciircbctl\, ; ~ l l t ~ i t  t l ~ c s  ~'oot gro\vlh. I I i c s  \ t~<.o~ici  ioniponc~nt is to ~ I \L '  tlic.\c 

c i \ , ~ i ~ i ~ l \ i i  datLi icts tor tlit, ope~l.,ition ot the, root model (Ic)nos tbt '11. le)lll) alcIng \ \  itti ~.t.rt,lin 

sl,itiz ~~'lr,irnctc~s.; tor tlics \OII prolil(1 ,inel gc~ictic p,jrLimc9tcr\ c r t  tll1.1 p l ~ ~ ~ t s .  111~~ rc~ot nio~it, l 

' i pp l~ td  i n  tlies prcLscanl s t ~ r c i \ . .  ~ i \ e ~ r i  thc~ to1,iI t it-\ ~li,lttc,r ,~lloc~'itt~d Lo tlics I-oot on  '1 c i , ~ ~ l \ ,  

Litisis, tIle31i c i t ! c ~ ~ i i t > t h  to 5i111t1I<itc t l i e l  t i ~ i l \ ,  ~x io t i~ ig  protilc~ \ v ~ t l i  ~ l t ~ l ~ t l i .  l l i i \  15 c ic l i~c~\ .c~~i  l ~ , i \ ~ ~ i  

011 \ i ~ ~ i p l t ~  ~i i~~tl ic~~i i , i l ic-, i l  (v1~1,itioti\ to ~ ~ 5 t i 1 i i ~ i t c ~  tlio i1j1p~ic.t c ) f  \ \ ~ t~ , i t l i c~~~  ~ i r i ~ i l i l c~ \  'ili~i \oil 

pro/i(>rtiob oli root c i ~ \ l ~ ~ i L > ~ ~ t i o ~ i .  111 tl~tb 11iocii~1, (11 I c ~ t s  (it L>otli \t,itic ' i ~ i e i  (I \ ~ i , i ~ i i i ~ .  tor\ 011 

root gt-o\t'lh ‘ire, c\t>l.c+sc>cl (15 strctss I<icto~.\, \\,hie I i  r,ingc. In \.,iluc- tt-0111 0 (110 gro\\.th) to I .O 

( n o  strtw,). flit' rnodc'l t1it.n s~~i i~~l , i t tbs t0111. proi(>s\t3s tli'it dctclrmint. I-oot ~ i ~ s t ~ . i l > t ~ t ~ o n  il l  tllc, 

soil: (i) i~ icrc~,~si~ ig dcy~tli o t  tlic, r o o t i ~ i ~  front; ( 1 1 )  I l i~, lc~~ig l l i /~~c~ip, l i t  1.~1t1o 0 1  ~ i c > \ \ ,  rool\; ( i i i )  

root p r o l ~ l c r ~ i t i o ~ i  ~ v i t l i i ~ i  5011 lQi\rcr\; < i ~ i c i  (I\ ) s~~~icscc~ic-c~. 1 root ~iiocic~l 15 t%\pc5~.tc3ci lo 

incrc,isc, tlic selisiti\ i t\, to \c~cr, l l  5011, crop, .lnd c~n\~ironnlt~~it , i l  t~cto1.5 ~t ~li io~-po~-,ltcci Into 

,I u.liolc~-crop model. 

Model inputs 

Soil profile characteristics 

Alfisols gcncr,i l l~. h'i\.el lo\\. ~ v , i t t ~ r - l i o I d i l ~ ~  cC1p,icity '11ic i  ~1.c i l iCi r~ ic tc~r i / t~ei  ti\, I;1cI\ o t  

s t r u c t ~ ~ r ~ i l  ,iggrcagcjtion in the, soil s t~r f~ icc  (1<1-S\vail\ ct ,iI. IC1X5). hlurrum (hdrc l - }~ i~ i )  I,i\.c>rs 

in t h e  sub-soil restrict root pcnc~tr~ition tor niost , in~it~, l l  u o p .  Soil \arnplt3s u t  ,In :\ltisol , i t  

1AC' wrrc collcctc~i ,it \ , c i r i o~~s  ci<yitI i~ c i ~ i 3  ' i~ i ' i ly / t~ci  t o r  ~IIVS~C',~~ ; \ ~ i c i  i h i~mic ,~ l  proycrtie)s 1 , ~  
stancl'irci proccdurc~s. 'The soil prolilc ci,it,i s ~ ~ c h  ,is tht. Io~\,c.r limit of plcint c~\tr,lct'iblc~ \v,itc>r 
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'itnci clrc~itic~i i ~ p p c r  liniit o t  soil-\v,iti,r holdi~ig  ic.p,iiity rriluireci tor input to the niocicl were 
as.5c~mhlt~ci by using thr  t,lcilitv pro\.iclccl in Ileiision Support systrm For Agrott>chnology 

tr'instrr (llSSiZ1 Vtlr. 3.1) softrv,~rv dc\,t>loped by International Ucwchni'irk Soils Network 

lor Agrotcclinnlogy 1 r,lnstc,r (IHSKAT). 

Climatic data, soil moisture and temperature 

I<ain\. sc,lso11 in tlic Si\ I is c l ic i r t~ i ter l~cd by ;in crrntti ratnt,iIl p'ittcrn u h ~ c l i  rcsulti in soil 

crosion, \~.atc\rlogging, dnci ac,ration problc~ms, ancl const~~l t~t~t i t ly  ,~tfc~cts root growth. The 

modt~l  therctc)~.c rcqt~ires d,~t,l on  thc 'irnount o t  raintall, ' ~ n d  nii t~irnum ,ind m,lxiniuni 
tcnipcrcit i~rcL~ ,is input o n  ,i d,lil\z h,3sis. ' l ' l i c ~  mocit~l ,ilso I-t~c1i1iri.s ci<iilv chatiges in \.oli~rnctric 
\v,i ter ionti'lit ,ind soil tempcraturtl, \vhiili ,ire o ~ ~ t p i ~ t  iron) liitcliic.'~ rnulti-l,i!,t>red writc~r 
b,il,inc~~ sub-roi~tinc, 1YA I litll-. ,itid s ~ ~ b r o i ~ t i l i e  SC)I.T in C1:lit.S-M,ii/c, niodcl ( ]ones  , ~ n d  

Kinirv Iq)i(>), r~spcct i \ . t~ ly .  '1'11~' simulated \,olumctric \vatc>r conttwt i lc~,~r ly  rt~flectcd thc 
r,iintnll In ~ 1 1  1,iyors ot tlic soil protilt, (c1,1t,i not shc>\vn). The) rc>grc~ssion h r t ~ v t ~ r n  ol>scrvcd 
,ind \ i m ~ ~ l , i t t d  soil mois t t~r t~  \ , ~ l u c s  \ v ~ s  high (r: = 0.hh'-O.S3*"), \\,it11 the, .;lopes trndilig to 

i~tiit). anci intercepts tcmdin): to i.rro. 

Dry matter allocation to the root 

Ilie mociel rcc l~~ir rs  tot,il dry matter ,jll(>i,iti,ci to the root on a ci,iil\/ b'isis to si~ni~l~lt in tlir 

sootins distributton 'ilong tlit) soil profile tor tlic \ , a r i o ~ ~ s  crops. Since '1 crop g r o ~ r t h  modc>l 
has not \.ct L>~st,n ~it~\.c~lopcci for pigr>onpe,~, '1 logistic. cs(luatlon w'is t~sccf to t i t  thc obst~r\.ccl 

dr) .  rn'ittcr o f  roots to tlie t ime sc'ile,. I>,lily dr!. rncitter ,~ l locat ion to roots ~ v d s  th('t1 

c o r n p ~ ~ t t d  (is tlic c1ifti~ronce in tlie s i~i iu l ,~ t r i l  root wc,iglit t~t't\vcen tivo s ~ ~ c e ~ ~ s s i \ ~ t ~  ~ 1 ~ 1 ~ s .  

I hi. ri\sultiny: ~1,iily tot'il dry mClttttr ;~lloc',lteci to thc roots of tlic c- i~r i~~i l i  tollo\vcd '1 

s ~ n ~ i l , ~ r  trcwd, ~ ~ l i c ~ r ~ ~ i s  \,,trici13ilitv ~ i m o n g  tlic Icgumrx \t7,is observed (Fig. 1 ) .  L)rv r-n'ittrr 

,~llocation to pigeonpc'i roots ~v, is  lorv at the initial i tagc ,lnd t1ic.n increclscci rcmcirkcibly 

during tht. I ,~te \,eget,iti\-c period. In contr'ist, groundnut m,lintciined a lotvcr r'ltc of dry 
m,lttc,r alloc,itic>n to roots t l i r o t ~ g h o ~ ~ t  the growtli pt,rio~i. I 'artitio~ii~ig of dry m,ltttlr to root 
~ n c i  slioc~t h a s  L7et.11 d i s c ~ ~ s s t ~ c i  b,)sed o n  \.<il-ious t1icorit.s. 111 the  I<C>O'l'SIMU 11ic,dcl 

( t  +oogcnbooni 'ind I l u i k  Ir)Xh), thc p'irtitionirlg of ccirbolivdr,itt.s bctwt~cn root5 , ~ n d  shoot 
i i  c1rtt~rmine~ci hy \\,,ltt.r s t , i t ~ ~ s  0 1  thc pl'jnt. Under w,itcr dciicit coliciitions more biomass is 

ciistritlutrd to roots. ' I  h t ~  4ioot:root pirtitioning r n c ~ d ~ l  is ciiscusscd cxtr,~isi\.c>ly in 1-hornlty 
 nil Iolil~son (19e10) \v l i t~r t~i~i  suhstr,itc) tr '3ns~ort  rid its i~tilization for s t r u c t u r ~ ~ l  growth anci 

sht1c~)t:root pCirtitioning in response to \,,lri,ltion in rn\sirt)nrnc.nt ,ire adcirc~sserl. 

Crop characteristics of the root system 

I ht, length by wc~gl i t  r'ltlos at thr  scccillng \tcigr ,jnci at  the s t~gc .  when the, root 1s niaturt. 

arc rt>qir~rcd as 1ny11t to thc niocicl I h c  other par,lmt.ters ,jrc the maxlmum rooting dcpth,  
st'1ge at  \z h ~ c h  niaxlnium rootlng dep th  15 nttatntd,  and  th'it , ~ t  wtitch root scnewence 
h c g ~ n s  
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Pigeonpea 
- - - -  ( ,oW/ )P~  

Gri11lridn11l 

I ie ldl~vn growth  stag^ 

Model output 

Root growth 

Root grcuvth in ttv-ms ot root It\ngth dcnsit! ,ind root \vciglit s im~~l, i t t~cl  by tlit' modt>l tor 

twr(? boil I'i!.t>rs (0-10 L i ~ i ~ l  20-30 cm clt>pth) i i  i h o \ v ~ i  In Figt~rt,s 2 ,l~ici 3. In ccrc,ili, root Iongtli 
~it.lisit\~ \\.,IS highc~r in the st lr tac~) l,ivcrs 'lnd ciccrc~asc~cl tv i t l i  t l ~ t .  \oil dtlptli. In It~gunit,i, the, 

root length dcnsi tv  \\.as r.c~latl\~c~lv lo\vc~r. (0.3 to 0 . 4  c-m cni ' )  , ~ t  the, sur.t,lcc' \ \ s i t 1 1  a n  

cclui\~alt~nt , i t n o ~ ~ n t  0 1  root in thr, Io\\rcr I,~!~c'rs. ]:or pigt.onpc.,i in p,irticul'~r, the, root Ic.ngtli 

densitv in t!it> lowrr layt,rs \ v ~ s  ~~nclc~rc~st imat t~d h! the, mocit,l 'it thc I ' i t r r  gro~\, tI i  st,lgct (l:ig. 
3). Tliih is h t ~ c ~ i ~ ~ s c x  tllr. root 11lodc5l is ciri\,txn tht. mC~t t tx r  ,~lloc.at~eIn to thc root5 

pro\~iclt,d a s  'in input.  I'igt~onpt~,i h'ls ,I d c i ~ p  rooting sy5tt.m (t4rili,lrci ct '11. 1c) ' ) I ) .  lioot 

svstvni of ;I rlicotvlrdon, s t ~ r h  '1s p ig i~onpc~ l~ ,  consists of \-t,rticcillv-gro\s,ing t ~ p  root and 
main I,iterclls tliat cnciL71c the pl'ints to cxpl~~rc ,  ni~trlc,n(s in thc clct3p soil I,-l\,t~rs. The l ~ i ~ l i c r -  
0rdt.r latcv-,ils L-oritrihi~ttx to t h t ~  i ~ ~ c r c ~ i s c ~ s  In root s ~ ~ r t ~ i c c ,  ,irt.'i and co~is t~qucnt l \ .  nutric>nt 

rc>soiIrctl c'iyturing 'itlilit); in tl1c1 Iciyt~r. lilong,~tion ratr\, diamt)tcr, and dry \vc.iglit of dicot 

roots dc.pend or1 pl'lnt vigor, shoot cn\ .~ronmcnt,  and local soil conditiolis (Klcppc,r le)LQ). 
Heca~~sc. of scccmd,jry gr~)mrtli, t,ipruut5 J I ~ C ~  first-or~ier lrltc'r'~lh ill  t l i r  upL>er p'irt ot thr  soil 

profile are gencrallv thick and licav!. anci tlic'ir contribution tu rt.source utilization ma\. bc 

lower due  to the limited surfact. area tli'ln liiglicr-orclt~ 1,iterals. '[he prcsclnt rvsults s l ~ o ~ v  
that the model is ,iblt. to  dcscribt, the basic cliffc~rc~ncc~s in rooting profile bCtwcen the cereals 
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Relar~ve growth stoge 
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 rid Ieg~~rncs, but furthcr modification is r t q ~ ~ i r c ~ f  t o  r ~ c h i ~ ~ ~ t ~  niorcl r ~ ~ ~ i l i ~ t i c  precjictions, 
~ s ~ ~ e c i ~ l l y  tor pigeonpcri. 

Ihot  clistribution it7 tcrnis of root Icngth density of sorghum under well-wntcred 

conditions showed an  cxpon~nti~l l  pattt,rti with clcpth (Bloodwclrth t3t '11. 1958; Ito et dl.  

1992; I<ot7t3rtx)n ct '11. 1993). It is ofterl observeci thdt root clistribution with depth is largely 
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~iltcreci d(p.snciing 011 soil \v,iter. c,ontent. 11s ~i result, tllcx e,\poncbnti,ll dlstr~hcrt~on 1s 1101 

c.\prc~iic~cl ill '1 n~1n1t1c.l. ot  ~nst~i~nccs \vlicn st~~eiicls ,~rc, c o n d ~ ~ ~ t t ~ c l  in soils \\,it11 lo\\. nlolst~rre 

I c ~ \ . c ~ l s  in the, sli'~llo\\ I,i\.c~rs (Illurn ,inti !'irkin 1'18-l) ,lnd psc,-'lntlicsib ciro11glit (2lC1\,'1hi c't '11. 

IC17h; l i , i ig ,~rn~~ c> t  ,]I. IeJ77). Ill(. t~\poncliti,lI tittiny: of root clistr~but~on ,~Iorig Ilic. soil pr.otilr~ 

I.; ,in e,ml>irii,il mo~ic~l  \\,hiell d(~si.ribc~s most root s \ s t c ~ ~ i s  ~ rn i i t~ r  non-limitliig soil l.rli\s~c,ll 

;111ci ilicvnic,~l prol~o~.tic~s. t lo \~ ,c~\  ctr, thc, ~l\.n,imic n,iturt' o t  root s\ slctrn i - , l l l s  to!- ,i nioiic'l t l i , l t  

tahc~~ into ,~i:count the1 t~r~\~i~.onmc~nt,i l f,ic-tors \\,liich limit soot si.teni c i ~ ~ \ ~ ~ ~ l o \ ~ r l i e ~ l i t  11ndc.r 

tic'lci coliciitlons. 

f ' ro~i i  t l ~ c ,  s i r n ~ ~ l ~ i t c ~ ~ l  d,lt,l \\,c, oh\t,r\ c ~ i  tli,it ~-c)ot I c ~ ~ ~ g l h  L I ~  st~ciuc.cci c l ~ ~ t -  to  ,111 il~crt~~lsc, 

in thc l7ulh cic,nsit\ i l l  t l ic.  l,l\ t,rs ,lro1111d 10-30 em, \ \ ' l l ~ i l i  \\,,is rc~flt~~.tc~ti i l l  the mc, l i~~r t \< i  

\ ~ c i l ~ ~ c ~ b  ot root lc51igtli tor '111 c.rops t ~ c c > p t  lor pigeo~ipt~~l, \ \  l i i i l i  r ~ ~ i o r c i t ~ i  ~ipl>rt~irCiL)lc~  root 

Ic~ngth ~s c.o~np,isc~d \\,it11 tlics sirn~~l~l lc~cl I-oot Ic~rigtli. This slio\~,c tl1,1t plgc~onpc~~i is , i l~lc~ to 

~ ~ ( m c ~ l r ~ ~ t c ,  tht, Ii.ir(i-t3.i1i l,i\.c,r l ~ s c ~ \ e s ~ i t  111 th~s t ~ ; l r t i i ~ ~ l ~ l r  tic~lel I'IscoI~~(~,I < ~ ~ l t ~ \ ~ i r s  t7r~se.1111\ 

y:ro\\.n I , \ .  thc t'1rrnc~1.s or lg i~ l~ i tc~ tl.om ,I \\'oocI\ t>crc~nnicil t \  pt., <111ci ~ i r c ~  ~ l i ~ r , i ~ - t t ~ r ~ / ~ ~ c i  I)\ ~1 

r i g i ~ i  \ t ~ . t ~ c . t ~ ~ r c ~  0 1  root <\\t t ,r i i  \\,it11 CI l.11.1i1 t,il>root c i ~ i c i  I ~ ~ J I I ~  l , i tcr , i l~.  ~ \ l l l i o ~ ~ g l i  110 

cornp'lr,ltr\,t. \ t ~ ~ c i \  \?,is bclc'n c ,isrit.cl 011t o n  t h c ~  root l.c~ne~ti.,itini; ,~ l ) i l i t \ .  ot t l i r s  il.c)p, 

i-on~l'~ist~ci ivlth othor le~;;~~r~ic~, pigc~onpc~.i s e ~ ~ i ~ i s  to Ii,i\.(~ ,i highor ,il)ilit\, to pc,nc,ts,lt~~ tlic, 

ll'1l.cl soil. 

Rooting depth 

I<ooting cic~plh I.; '1notlit,r trhc~tul o~ltpirt 11.0111 t i l t '  n1odc.l. \ t : l i c ~ ~ ~  rootr~lg d~t ' t l i  1s i o ~ i > ) > ~ i ~ - c ~ ~ i  

Jmolig the, irot7s ~ L ~ r c i r t ~ l  hc~rc, ~rsi17g the, grc)\\rth st,igc) rc~l,iti\.t~ Lo ,In cantlrt- grc)\\,th \>cnriocl 

(sefcsc~ci t o  '1s r ~ c ~ ~ ~ i t i \ ~ e ~  g r ~ \ \ ~ t I i  st ' ly: ib), thes r'ltc, o t  c ~ c i \ . c i ~ i c - c ,  ot t h e 3  sooi~~iy:  Irolit \\, ' is t l i c ,  

q~richc~st i l i  pigt lo~ipo'~ ,lt tlicb c,<irlv gso\vtli \tL1gen, to l lo\v(~d h\ ~ . o \ \ p e \ ~ i  ( \ , IS .  4 ) .  T l i ~ >  

obst,r\ ,I tiolis \\'crc, rnc1clc o i~ l \ .  L I ~  to !).(7 117, c ~ ~ i c l  '111 tht~ c.r(.rps rc~,lc.hc~ci t lit' l ~ ~ , \ \ i i \ i ~ ~ ~ i i  otisc's\ oti 

cic~ptli b\. ones-tl~ircl ot tl~c' entire, gro\\.tli dt~r,itic)n. I'igconl>c,i ,ind g r o ~ ~ l i d n ~ ~ t  in~tl,iI l\. 

ilistrihutc~cl mart) roots to the, sl1rt~1c.c I,l\st'r ,inel tlic~li r ~ i p ~ d l v  ' i t t , l i l l~d ,i dc~c~~t31. 1.ootr11g 

cltlptli, ~vhc~rc~,ls the, root cl(~\~t'loprntbnt in coi\,pca \\,,is eiirccteci \.(~rtic,iII\, ilo\\-n\v~irci ri,<lit 

fro11i tlits I ~ t ~ g i r i ~ ~ i ~ i g .  Tlic cc~re~'ils s l i ~ \ \ ~ e ~ i  '1 slc)\vc>r rcitcs ot g,iili 111 tlit, ~ , o o t i ~ ~ g  ~ i c ~ ~ ~ t l ~  

cornp'1n~c1 Lo Lht) 1rg11rnt.s. I l~ts ~~ic'lsurc~ci rooting depth ot itlrc,,>ls, s ~ ~ s l i  ,is m ~ l i r t  ,111~1 

sorghum, 11,1s bc2c.n slio\\,n b\, klonteitli ( lelSh) to incrcb,lst. line,lrl\- ivit l i t i~iie~, s1mi1,ir to the1 

s i m ~ ~ l ~ l t i o n  ot the, rooting cicpth h!. Lhc. root n>oeicl. 

The, rnoclcl c o ~ ~ l d  .;ini~ll,lte thc ni'l\imrrrn rooting cic'ptli 11 tlic soil protile, c I i , l r ~ l i t ~ ~ i s t ~ i s  

ot the dccpcr I,~\.crs   re, pro\,idtxi tclr. t-lo\\,t~\.t~r, ,III\ disc~rhsion on the' m,i\imlrn1 1.c.rotr11g 

clc.pth \z,oulcl hc unrc>alistic \ \ , i t l io~~t  the support of ohber\,,it~on. I\ n i~n i l~c~r  of lite~rC1t~~r.c' <'\[st 

o n  thc rnCixirnl~l~i rootii~g clt'pth ot \orghuni ( fv I ,~y~~hi  c,t ~ 1 .  IC)7'h; K.;,~ig,irii.i cst ,iI. IC)77), ot 

sovbeiln (Kclspcir ct .]I. 1964) ,ind t,ictors 'lttt>cting thrm. H c ~ i c ~ ~ ,  ~ n t c y r ~ i t i o ~ i  of clII thc'sc' 

i,ictors in '1 mode4 such ah th(7 one ust>ci in our stud!. slio~rld p,l\.e3 ,I lxbttc~r e.o~up~i~-ison ot the, 

rooting proti1c.s of l l i c >  \ . c ~ r i o ~ ~ \  c-r~ps ill ,in icic~nticciI cn\.ironmtmt, ~ ~ r o \ , ~ c i t > ~ l  tlit) ~ic~ie~ss,~r\ 

input i s  civail,iblc. 
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Relat~ve growth stage 

Root senescence 

I h t ~  ci,i11\. loss o i  root \vt)iglit cxpr(~sst~ci in hilogr,~ms yc5r hcct<ire per J ' iy (kg li,i ' (t,~!, I )  \2"1s 

h i ~ l i t ~ s t  i l l  pig~~o11pc.i tollo\z~ed by ~ c ~ i r l  rnillclt ,is sho\vri in I'ig~11-c 5. Sorghi~ni  i l io\~,txi  thc 

le,ist ,>mount 01 root sellc5cc9ncc. I lic rnodtll sirili~l~itcs root 105s c , ~ L I ~ \  'ili,~it to I " , ,  of tlic' 

\v t - i~ l i t  in ,I l;1yc~s pt'r ci'is ,lnd this incrt,astls '1 factor o i  2 \ ~ ' l i ~ ~ i  soil moist~~rtn is Ion. ,inti 

,it>r,ition poor. Robertson c,t ,iI. (190.1) ahsurncd tli,~t root lo.;\ is 0.5",) of existing root ltnngth 

pcr da! in their mocit>l hastti o n  the, C'l:IiliS tr,init~\vork. '1 lie' r~iodcl I<OC)TSlh~IU is L>,lst~i on 

th(, conicbpt th'it root sent~scencc dcpcnds  on 5oil timpc~r,ittrre cll lcl  thc' c i ~ ~ i o t r ~ > t  of rt'scv-\.(l 

c~irbohs~ir , i tc.  f 1~1c-k et '11. ( I  9117) ha\,c dixscriL>cd the sc'ncsccrict, ot soyi3c'in roots ,ls relatcci 

to timt> ,in({ plant strrss t,jctors '3nci 11~1\,c gcnt~rcitrti root clccay Ii~nztions. 

F,lrmcrs iri thy scmi-aricl Inciia incl~rdc pigeonpc'i in crop rotallon ;IS tl\t,\, bclic\,c> i t  

help\ \i~st,lin soil frrtilit!. The contrib~rtion of pigc~oiiyea in tht, ni,~iiitcii~inct. of soil fertility 

1s t~su~ill!, 1111dcrstcxx.I frnnl its mas5i\.c dt~loli'1tioli ,)ftcr flr~\vc'ritlg. Tht) present stuiiv 

sho\v5 [ h i t  pigconpc.,i h,is the Iiighcst ' lmoi~nt of stmesccncc among the) crop5 c.onsicIclrc~c1. 

1-his q~lggcsts tli l i t  supply ot org'lnic rn~1ttt.r. trom thc, dt.'ici roots to wi ls  m,3y be anothcr 

~ ~ , , l y  to tsxpl,jin a role ot pigconpi~a in soil tc~rtility maintcn,ince. Barbcr (lC)79) obsc$rvld t h ~ t  

dt.c,l\,in~ corn root t~i~itcrials  h'lve a higher contribution to soil organic rn,itter than shoots. 

This in tirr~i woulci h'i\,c, a considcr,lblv effect on the soil protwrtics ,lnd ,~ftect the groh1th ut  

su l~sccl i~ui t  crops or otlicr ion1ponrnt crops in an  intercrop. 

Characterization of root growth based on model output 

Cons1cier'3ble t i~ffc~rcnccs  in the dry  rnattilr d15trlbutlon to thc roots (t71g. I ) ,  and protilr 
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Conclusion 

I he rciot~ng cli,ir,ictcristics L - a \ c d  c)n modt7l output ,II.C\ . ; \~ rn rn ,~ r r / t~~ i  in 1 ,lL~lc I .  I lit, 1-0ot 

clistr ihution In tcsmb of 1.oc1t length cic~ns~l\. in they \ul.t,lrt~ I,ivt>r \vcls 1iiglit.r in tht, ct.rc~,~l\ ,is 

comp.ircd \\lit11 ,iny o t  the, Ii>gi~rnt-i, i \ , l i t~ rec~ \  t l i ~ . )  Ii~gttrilcs, c~spc~c.i,~llv pigconpc, ,~ ,inti 

co\vtwci, re~flt'iteci ,\ Iiig11~r r n e ~ ~ s i l r c  in thc i r i i t r ,~ l  IC i \~ t~ r s  ,is comt7,irtd \\.it11 t l i , ~ t  ot th,> 

surf'~c.c layers. I'hc root pc~~ic~tratioii 0 1  co\vptv ~ ~ ~ 1 s  fa\tt.r tli,1ii 'lnv of tlit. otlic~r <-sop\ to '1 

dcptli ot 20 em but pigc>cmpt>,1 ~-e~,~clivd ,I ~ i c y t h  c r t  00 c m  ~t CI rt-l,iti\~c~l\ carlit~s gl.oivth bt,igc. 

I'igcunpc'i 'inJ g r o u n ~ l n i ~ t  rc~tlectc~ci '3 consicic-r'lblc mcycisurc of root It~ngtli cit,~is~i\. , i t  h0 cln, 

nie,iliing that the\, ioi~lci ~.c.;lcli clt,i.ptv- I,ivcrs. 'lhc) loss in root clry \\.ciglit \\,,l\ t>'irlier , I I I ~  

gr tv t r r  in pigcon~t+i,  followed b\. pc,irl millet '3nJ co\srpc,i. (;rounclnirt Il,id lo\v lo\> ot root 
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~~,cs~glil ,  ,in({ \orgIiurn litid CI st~,~ici\, ,111~1 \ cr\ sccinL\, 105s. 

, i r t> \till  ,1t thc st~gc. of tiguring oclt thc r ~ ~ ~ ~ ~ o t i , i b l ~  rc~l~itionsliit, i l l  the i~itt'r,l~.tio~i 

t~t>l~~'clc>n roots ,lnd c3n\.ironnlt~nt. To ~ l c i ~ ~ i 1 ~ 1 , i t ~ l v  prtlciict root 5vstc.m tii~\~t~loprnent ,111d 

rc1.;oirr~'o ~rtilir~iticm uniit.r i~itcriroppint: s i tc~~it~ons,  t l i c .  tollo\~.ing ,lrc cssent~,il. I:ir.;tl\', thts 
~no~j t ' l  h , i b  to Ilcl dc\.elc~pcci t ~ ~ r t h c r  to , i i c o ~ ~ n t  tor ;I rooting \>.sttblil , I \  t l i ' l t  ot pigc.onyc,i 

iic,\tr~bcrl cb,irl~c>r ,ind st~colidly, morc3 cl,it,i o n  roots tor ~~iulti-loc.,ltio~i~il tic,ld cxxpcrlmtwts 
,ire rc,qi~~rcyd. 
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