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r~uhd:lr~lflun~uAa7u~~A4n74&7~~1~1? (Food secu"ty crop) Wol: 'lfln73~86lq4 

(high productivity) ~nitw5mnk~iuk~~1u~t\1~iuun::~biuuinn~i8i~1nm 30-1 00 % 
J nuniuma~aiuuJi.tuk (drought resistance) ~ A I I U ~ ~ U $ ~ @  (flexibility) niuqon~iiu  nu?\& 

d r  4 - 4 mnang qu~u 2-3 i~ ~ u a ~ n r a u ~ f i u ~ ~ i u \ ~ ~ i i . r  ~ o w i a ~ ~ d ~ n  ~d ~1-.1<nnrau~hn97u 

Gh~,u~dwurin fiuiudidzlr6~IiT~fldrnnunu~biadioi undudidzlr6.sw'u~~d~~iluw'u~ 
r d  liirnw3mp.l ~ f l u n n n d ~ n 4 . i l u u n ~ n i t ~ ~ n ~ n w ' ~ r j ~ ~ o i n ~ u ~ ~ u ~ ~ ~ ~ u k ~ ~ i i m d u  dqnumnad 

~q~~~~uh~ugnnn~n'iufl~~~~niflfa;~dtz~nflnu ~fiudua wnw^nm~~~\tuda7~ 8-24~80ulrk 

dOn ~ f l u ~ n w t a ~ i l ~ d i ~ ~ i i ~ u ~ ~ k l ~ ~ n f i ~ i l u d i ( m . r ~ i n  dia uiwnn unrdau hiln.fl. 

2549 ynri~n7od~aan 25.072 h u u w  unr Iu3n.fi. 2550 Ruti~8auunnnu ?I4 ntnoinu 

ynd7n7tdqaenLirrfufaun: 6.90 ~ d u u d u u f i ~ n . f i .  2549 lud9.r~~ni~#u1lTu 'lufln.fi. 

2549 d t ~ ~ n f i ~ n u d m n  w~m~~~~'~~id:lr4i401uiqiu 2.334.473 fi unrti.r~.rli tdwnatie 

~a iuk . rn ina~Qi in~~A~ lu i l r ( .n .  2550 lmu~rrrri:hda.rq@ zlrdncilau nq~n7nu 8.r 
L ~ I U  fiuuiuu ~ . r~1rsu7~waw~maan~w~~m~"auu~n  &uikWl&drruind 30-40 daf~4uri 

ra.rlmuniwdifiu dmnauiiua1iulia.rn~d~~il~u'1~did,~i~.r~~nvia~iludt::~nfidi.r~~6u 
Y J  uin4u ~muanlnltnnfiilu u~:dr:tnm7nyM i?lflfl9nrru'ud7d:lrei'~iio7~7~~'11u~ua 

~1huduulrulldri7u~ k ~ l l u u ' ~ ~ l ~ 1 1 r n ~ ~ n ~ u u ~ d ~ n u ' u ~ i d r u i ~ ~ ~ u ~ i n ~ u  ~iuiV; 
Y J K d  ~~nnundpnIuiI2550 L ~ U ~ U L ~ ~ U  7.2 471~14 in~flukun:: 7.5 q~nnundpnfln.fl. 2549 

e d i 4 ~ ? i i m ~ u w a w ~ m ~ ~ 4 ' I r i ~ i ~ . r ~ m d 1 ~ 1 9 1 ~ l i a ~ n 7 ? d i f p i n & ~ ~ ~ n i ~ t i l n ~ 7 u n m ~ n u  ku 

~~fi~did~X~~fluT~qAu~uni~u31~1an~ua ~ d a l ~ ~ c l w ~ m ~ ~ u . r n a ~ n ~ ~ n t l i a ~ ~ ~ ~ ~ ~ ~ ~ ~  
Y d  J d  dawundozu7nr 26 ~d~fiPJdre.ruau3~1~fiun 3.7 fiuda14 w:n7t~iuwnu'im$9am~ja1+ 

K d  ~ n a n m ~ i ~ ~ ~ ~ i f n ~ t i n n i ~ u ~ r n ~ ~ ~ a ~ m d ~ ~ n f i ~ ~ u ~ z ~ ~ ~ ~ : n u n ' u m ~ n m d n  

mnaio;ja?nio idaq W ~ I ~ P Q P ~ ~ I T W S R ~ Y ~ ~ ~ I I Z M ~ ~  ~flu~~na7sni~n?nid~n&ur7iu.riu'~~d 

~ ~ u i l n i t ~ ~ u ~ r r l ~ n n i s l l p n u ' ~ 4 ~ d ~ ~ i . r ~ ~ ~ l 3 ~ 1 ~ w n w 3 m ~ - . I l u ~ ~ ~ ~ u f n d ~ u ~ ~ u n i ~ n n ~ ~ ~ u  

i n n i t i i  unraiqallrit ~i i~u~~ui i~m~dt:a.rn '~da~d~f lu~i j~r i i l r fu  ~n~fmtntgd~nfiu 

c t i ~ ~ z ~ f i  ~n3q1initmmt ~ n ~ u l ~ ~ t m m t  unz~fiu14ciilrl 



und 1 

8 ~ ~ ~ u ~ h ~ u n z . ' n w w ' ~ 1 i ~ n i ~ n i w  r~.ru"uQidz~k (Plant Morphology and 

Physiology) 

1.1 r l s ~ u w z n i ~ n m ~ ~ ~ ~ u ~  
u ' u d i d m f i r i l u ~ r ~ ~ r ~ n u d ~  da?inuiw-~amf Manhot escu~enta Crantz a ~ l u m r r ~ n  

Euphorbiaceae ~ r r g m i i u ~ f i u u n i n  nrq4 unrfiljn'l ii+hruumdtrulm 7.200 qirm iiiu 

iii LG. uoudt@rn~ku (Lowland tropics) du~n~ididgnluh(ruri iu unr n r y  rani u iu iu  

ndi 3,ooo-7,000 Buiu& XuQqiudiCud?dru6.~du~d;1fii~Qn 4 uddhufldaurknrn unu 

d rr m flfiq rmuini unr rrin'lln u d ~ d n a ~ u i ~ i n n i ~ ~ f i m z ~ u m n r ~ u ~ ~ f i n ~ ~ n " ? d a ~ ~ n i ~ ~  udqd 

~iuui~inni;rQfiwrTu~ann~~d0z~nrilutr3;.iuunzni;l~rirsrTulrin~~u~ruiiana~dor~~fi 

aihuRui  unz u~~dd~i~innw%fim~u~enna;nlzrnfiurn~~l i rudida~~uwino=:qiu~in 

olu)niuluikdzafi~i~n"?d~Kmi 1 ~ 9 d 4 f i m 9 d 1 6  r f l u ~ ~ n i i ~ ~ u d ~ n ~ ~ u d z r n ~  

da~rruiur&unr)igm 30 a~fiirwila unr 30 awiilh dih~ulmduuinndi 500 iidwnrdaB 

un~d~mu~~r~duu~nn.1120 a~mrradun udiiu?~~ufiaiuir~#ur~ilud?~rnfi'n~!~udij 

gruupii~~dudafl 16 a~fiirrnrlun uwf huilud~.SlnulmupnJi~4i~indt~rnfiui~ndutri 

J~nnnuninU d d  n.n.1786 u'ud1daikrfl~~~1~1~~16~duiudiu 5 )~wlnn m w n  

~illni4 r.Ialwm 419 unrifudkl ~ ( ~ ~ 4 ~ a i u i d 1 1 ' 1 ~ ~ ~ a ~ d x r n f i l u ~ n ~ 1 ~ u  B~LQIII~L~O~LMII 
rii.t$um3d fivEni unrn"?da uifni lh h r a  ~ ~ u d r r r n l u ~ i i r ~ u  u~2:Gur~uin~ru3hnu'u 

d i l l r ~ k r l l u i i m w i n  l0lnmunrt5induluueinraku~z 60 14~ i lua iu ina~uyw~ kunr  

27.5 l8+iqa1~19(r.6 ~nrbunt. 12.5 IWZIU~IWJ~I~U~ 

1.2 n7Siiuun4b j 
~ d l d ~ ~ I , f l M ~ u ' ~ ~ d ~ w " ~ ~ 4  1-4 LNm? d~ahnunludardu cassava mania: mandioca Unr 

yucca L ~ ~ ~ A Y I I U L ~ ~ ~ ~  ad'Iufizqn Euphobiaceae , nqn Manihot ddo=:uim 100 ' I i lm u d r h  

ddpniflunitfiiii~~wriimriuqiia Manihot esculenta Cranz dalj 2 uuudumneiiq~nnu #a 

~ul i rd i~~u~r~ur~"~uuuuk~wr~ (erect types) (~kq'~riwnii.r u n r ~ u m n i ~ )  unrrgurjuuri 

(spread types) f i a n r r ~ h ( r N J i u t ~ u ' u d i d r ~ 6 ~ i i u i n u i ~ ~ ~ 1 i ~ ~ d i  ni~liuqnrnriinit 

~~u~nmr4ani~nftSu~'u0%i~=:u~.~I~ 3 udq utiqurn d CIAT drrrnfiun3n iidrruiw 4,700 

lhfil4f L L ~ Z U ~ ~ $ ( M ~  d EMBRAPA lu Cruz das Almas do=:sfl u i du  ihlmind 1.700 L ~ B  

flu$ unrdqdnqu drJu~~uCirIirr,ueq dtr,r~cllns ridtzuim 680 r ia th f  nirudquun 



iinw~af~qtwiaz~#~w'uf ifq7flsd IPGRl 111u Gulick unrmc luq 1983 Muid~ttunfiudidm k 

M 75 S n w  &u ~ 6 n m  utknrninwmi~8~pu3nu~ du flhYdw i~ll8anGq 4 
Ai8u ~ilutliu unzln 21 6nw~ld:: t t L j ~ m i ~ ~ n w ~ ~ i ~ n i t ~ n k ~ 1 ~  LIIU ~airnuiaflq iiwuflqi~ 

liu un:rmailn ~c~awr~i~41w~1u3n~iijn1t~fi11.1f1~nn1cw'u~n00~~inni~in~m::ni~ 

ninnant m ~ u ~ u u n l i e . j ~ ~ ~ n ~ i ~ i w  g i u f ~ r i i i l ~ ~ ~ u  12 g n w f i d  

1. aluuasl (apical leaf color) 

2. apical leaf pubescence 

3. fih41,udounaw (central lobe shape) 

4. 8K7ub.1 (petiole color) 

5. stem cortex color 

6. ii(dl&u (stem external color) 

7. A ? I U ~ I ~ ~ ~ B  (phyllokis length) 

8. root peduncle presence 

9. 8 ~d8anii? (root external color) 

1 0. root cortex color 

1 1. root pulp color 

12. nimonnen (flowering) 

~ f l u n i m i n ~ ~ r i ~ u ~ n u ~ ~ f m ~ ~ n i ~ u f i f i ~ ~ ~ n ~ ~ ~ ~ ~ ~ ~ n m ~ ~ ~ ~ ~ ~ ~ i i c ~ u a  a n z f i m z r i w q  

~ 1 ~ ~ 8 4 ~ ~ a d l i u ~ ~ ~ u ~ f i # ~ u ~ ~ u  n ~ ~ ~ p ~ h w u i u h ~ a ~ n  (DNA mkcutar marker) daulfi 

n l ~ l ~ n u n 4 u  (Beeching et al.. 1993: Fregene et al., 1994) 



4 qzumnnynwi 

3. ~~udi~Mrjnai~vio~w'uf 

4. w'uf 
4.4. 

5. anihtnqiniiuwi ( i l ~ a u ~ ' u ~ ( ~ i i n f i u ~ n ~ ~ ~ i l i u ' ~ ~ ~ u n : : u ~ . ~ u ~  n w i t o ~ i u i i u a u  

dihu~znuimlk 

6. u e d ~  (apical dominance) n i ~ u R n i t w n & ~ a a w ~ u a s l i i ~ i ~ i j i i b i u ~  &~+~dfiu 

nis?wvi.ouw'u$ 

u m n d i ~ f i w ~ u ~  vu'u~11~n~u6v~sn11muu~nd~h~~ud~~~fluuuu f l  (elliptical) ~ ? a  311 
&A A 4 Y A Zuuan (lanceolate) Pi iAi . l~lo~3nawunZ~n' I112wni~iwun' luP umndi\lrTu 



?In (adventitious) ~~BrniUI[u 1-2 ~ i ~ m ~ i u n e u T Q ~ ~ m  ~ 7 ~ ~ 3 1 f l  

11 tennmiaa~rieuw'uffii4 nndeu (adventitious mots) qz*iuuild 

L ~ M  91n81~13 (fibrous roots) niutu 30-60 1Yld ~61~3lnelu1~lwu 
4 d ald;rs::vu"earui~ilwoinjirl ufizwairaan~dtl;rsindnirazauui]~ mnC9 

w's31u~nmwsrju (canopy development) ~ ~ ~ ~ U ~ I T L ~ ~ L ' ~ Y P W ~ B ~ ' ~ L I U ~ = : ~ ~  d . r~~nqin  - anrnani~~uqnomufi:&u~p1~u e 



3~3~nfiuqnmnlrrnau&qu 

1. ni~u1om~a~nni~W'uqnm 

2. hybrid vigor 

3. ploidy level 

^en'iwnq7n&uqnbudt:naub;?u 

1. aiqdr 

2. ~ i 4 ~ i u ~ d d u d z b 6  
t J r  

3. u in~nGi~dI4d~'mld'  

4. n i f i u ~  (light interception) 

5. z 6 u a a ~ n i r ~ i ~ t l u ' I n a ~ n ~ ~ a i  
J-l- - o46d tnaunmnumdanw~~4¶ 

I .  nwnna4deww'uf 

2. ~ l ~ ? ~ l l I ~ i l ~ ~ ~ ~ l d ~  

3. function u n z n i t ~ ~ 3 ~ ~ u b n a . j d ~ ~ u d ' 1 ~ d i . ~ ~  

4. ~ n i ~ u ~ ~ h u ~ a n i t ~ ~ 3 ~ G u l m  

I .3 ~ ~ ~ ~ u ~ u ~ ~ ( I ~ ~ s s ' ~ ' I u  
3 J n~ru~dud~u~'udidru~fi~~tr(fi~u% Uttri n l t l l ~ ~ h l T n m u n l u  nqtI4n~ndiu uar nit  

Tmmiunh a i l  aaqludau ~f ldu ~ . I I ~ ~ ~ z T ~ Q B H Q I L ~ o ~ ~ ~ ~ ~ ' u  nit I3wkia~mdudlu 
9-4 ~ l l u ~ m n ~ n ~ n a i u ~ r o d ~ ~ ~ ~ ~ ~ ~ u f f a ~ d ~ u ~ n ~ t u f i : n i ~ ~ ~ u ~ u  url~&~iisiit~niuwq 

~du&wriun~~I#niwdiu chwfun~nnh~ubu~~'11 ' Iuhn7f im~q7udq\ l  uq~ra.sIu 

~ P U  ~ ~ i ~ G i u i ~ ~ A u d ~ ~ i n ~ 1 ~ ~ u & u ~ u ~ t z ~ . i i ~ ~ u d l u ~ u ~ ' 1 i u n 4 ~  u 7 m a & 1  ~Pu~duuu 

L&UAN 64d 

Auhu (LA) = r i l ~ t t = : ~ ~ %  (k) x MIWIQIU (L) x nliun4wIu ON) 

r i~~u1ltr3n~wnri~.1n"ldw~~~nw~~~11'1u dai;tduuuu~noii~tYu i luri  ydbuannf i  

(oblanceolate) @UOU (linear) F() (elliptic) @191tI8u (pandurate) un:: fluuan (lanceolate) 

du6u n ~ m i r i ~ ~ t z ~ ~ 1 ~ ~ u r ~ u ( 8 ~ d : : ~ ~ ~ ~ ~ 1 ~ u ~ ~ z ~ ~ u 1 ~ n i m i ~ u ~ u ~ ~ u 1 r i ~ i ~ ~ ~ m l u  

~ ' ~ i i u i u ~ r i ~ ~ t p z : ~ n % ~ ~ ~ ~ u ~ u ~ ~  u n ~ f r i i ~ d r , ~ n n u i ~ w ' u ~ ~ ~ 9 i i ~ ~ d ' t ~ 3 n & ~ ~ ~ u  

dquuu h u n m  undqudqmwliu rkufirn'~fluniwria~~ 



~ , . . . . . - . .  .- - - - -A -A - -  * .:, . . 
f i q  caar 5 fluwan YY mu &.:%$ 4% 

. . . . . .. .; < ,= .  . '  ' : 
,;: <;< .;. - , ',=+:La. -- , 4 , 

L C -  . . - . A  -- - ..-:: .c. ..., -_,.I L i . -  -. -- . . &-,-.' - ..*. 
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n'ub q MARG 7 
f l 9 f ~ s ~  (pandurate) 



s'{ MARG 12 

d 3 h t u  (pandurate) 
Y 

GU~MARG P 13 

$ m s n  (lanceolate) 



he' a MIND 8 

fluwan (kincsohte) 

%d$ MMEX 36 

sfflunurron (lanceolate) 
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w d  

2.1 W Y U { U Y U ~ ~ ~ Z V ~ ~ ~ W ~ ~ ~ ~ U ~ ~ Z ~ M H \ W ~ ~  (Cassava Varieties in Thailand) 

~'ufu'ud?dzrrkdd~n~udoz~nel~nu~a~ 2 a% l o  %u@p~?rrnoou ~fluW'u$d~~u?m1%u?h6~4 

~~az%u@idozn?u ~flunifiilGu?oil'11u?lu66? luirq4uirii6uun I I riu$ ~fluw'u$qma?rrnoou 
3 

I o $144 iaGa~fluw'u{?ud~miu uazviu$ki~~~rr6iul&ui1~nn~owfiuW'u$ rin~Ganriuf q?n 

u ~ ~ ~ ~ I ~ I I ~ ~ L ~ ~ ~ ~ Y u u ' u ~ I ~ ~ u ~ ~  3 udqu~iuAqunYld lAuri nou'ia?n?ornaws 

uwi5nuiriu~namoniRnf uaz~uu"?4uua:risruiUirdidzrr nou?ainio~n~m~l&?uoa.~w'u{u'u 

didzrrtrkk 2 Qnoqu 9 %uf Uuri v*$ozua41 ozua.12 (nir$kdozniu) ozue43 ozaec5 o~uo.17 

ozumg ozua460 PZU0472 ozu1490 d i r r~uv~ud ~nasloniaslc50 L~IUI?U<~U~I~~IOW~YI~~ 

~wi?nuiAYU~nwmoniam4 ~ 8 : k $ 6 ? ~ ~ 4 6 0  U~nnio?s'ui~~nids:Hii~~uu^?9'u~nzWYWluiUYld 

didzv&uazuvi3nuiri~nawonianf uanqin$uC4~riu$61~14 ic~flur~uf~uLiia4lBiiivTu 

hdozniu 
1 2.4 L&aqinn~iCudidzv~4i~4nu~'4utiiJ n.n. 2549 r n ~ h ~ ~ ~  vii1rinund~nriutiidzu<4LAuiuqin 

6.7 61ult lug n.H. 2547148  flu 7.6 fiiuli bdn.fl. 2550 u~u i immunedoz~np i~~u~u udnio 

~~u~ura.rwnul~Cudidzv5~lu. i l~~~u~fluw~uiqinnitd~n~slontd~nu'udidz~C~w'u~1v~~l6 
Y 

~~waw~munzGuimui l~~. ;~  du %u$o=ua.r 5 3zua.r 90 't:ua\r 9 nnunuw'u$~rii ~ d u  WYM$ XUDQI 

.4 ozuac 3 ~4w~w'lmrr%ufldinii wawzlm~qanLoaufidozLnma~d 3.7 h d a l t  5uf~namtnian9' 
2 . 4  

50 ~ i lu%u~imas lon~~nu in iqm ~ o o u ~ ~ u n u n ~ ~ n i ~ ~ ~ o z ~ n n ~ o = : u i m  55.41 % oo4na.n ~ u r i  

gut ozua.r 5 (21.78 %) ozua4 90 (I 0.74 %) ~ n z  ozua4 60 (3.88 W )  miuiii~u ( W i n a d  I ) 
1 .4 -42 4 

l u n u n d ~ n n i ~ ~ u i i o  unainnnir w'uc ozea45 u ~ z ~ n a ~ o ~ i a ~ 4 5 0  unund~nIn#i~Fiwniru i i u %  
2 4 1  .4 wt$~namoaiambo danuindpn~uniomz~uaan~3u~aira r~urundgnCutiidzvriluinnii 

d d 2 . 4  ~o4uu.raa4rrund~niqdtzLn~1 

uirdidzukrjrr$ ozua49 ~flu*iufdl6uawzlm~aniuaa~~niiw'u$u~ ~ d u  w'u{~zus~go ~ilu%u$d 
2 4 1 . 4  W~flu~Iwri.r.nunnunul&~fluaii.~~ f 1 9 4 ~ ~ ~ n d g n k ~ 4 ~ ~ ~ n ~ ~ ~ d 4 ~ d ~ s ' ~ 4 ~ w ' ~ ~ 4 ~ ~ n d 6 n  k'~ 

2 A ' 1 dszunn ~imiiluaui~mnund~nqz~w'unuai~~utduau 

~ ~ d 1 d : v 6 4 u d ~ z w ' u $ ~ ~ n w ~ ~ d m i ~ w ~ n a ~ i a ~ 1 ~ u ~ n ~ i i ~ n ' u  l u r i nwmzdd i~ 'q~~~6  l&uri<ninatuz 
1 no4Cu niousln& liuslnF& v%umn&dx~u~4 iinamziean i 6 1 h  a~dZanuan~a~G~ LLaz~lUa 

~n~mzi1.r~~vfiidna~~sin:w'u~~9'no~uo~uli~~0l~~i9u~ij~lun1oi1~unw'u~~~i1~~1 d i v ~  

maslono u n z ~ i a u ~ q i i ~  





Ku+mr~i 
Starch content 18 % 



r;u"%431~0~ 3 kl l ( l~%d"k9 M ~ x  55 Urn 307 

Starch content 23 % 



%U$%UBJ 60 q n n - h  MCOI 22 urz r r c ~  1 

Starch content 20 % 



*{%f!l%!l4 90 

Starch conbnt 24 % 

~ n u r u h 4  CMC 76 uw V 43 



~ ' U ~ ~ ~ L I W R W M R ~  50 annmmjw m w  1 ute ~m so 
High starch 



< ~ 4 s t : t 1 ~ 4  5 a n a a u h u  MR 27-77-1 ulc: srm 3 

Starch content 22 % 





CU@NYUJ w gncrau-4 s-4 P w mwtrnfim/ 50 

H i i  starch 



riir+~a~ 7 tnmun*lu CMR 3071-25 Ymz WR 2 ~ 2 0 1 1 8  

Starch content 27.3 % 



G~ut~ma~ 9 t l n r n m i 7 ~  CMR 31-is23 U ~ Z  OMR ~ 2 ~ 1 1 8  

Starch content 24.4 % 



u " u d ~ d s u & # u ~ h d ~ n ~ u d d ~ ~ ~ u d ~ ~ n d ~ ) p ~  
w d 

vruq%ueq 2 gnuuumrha MCOI 113 u a  MCOI 22 

Low starch and low cyanide content 

1 I a n  
B 



u # Y  u .a nuqu1u7i wu*luaa 

Low starch and low cyanide mtent 



u ' u r l n l : ~ ~ u q ~ m ~ n ~ ~ ~ f i u { h a ~ ~ ~ ~  
CMR 35-22-1 96 

I "p- 



nmqd 130- l7Q 

h h r &  

uauan 4.08 

h n r d b  

(iiuni) 
LMW 24.5 

Ccl*~) 
~ a a ~  
Lamum 
(amfi* 
an) 
nnu h n m  
riiumutrn 
'Lu'Lw" 
nnu 
riiumu 
IWM 
qnuuiill rrld,Wu* ri.ujimmr2i f-%P L- r-tmu 
rriu ?Jmmh &mum@ 
lhuvnh M ~ h  L- rrkh- 1-1uikr lsim&w 

anro? h i I A R k ~ r M 3 h  mriklhrwvpn A 
ihrmnri?u 

* 10 
riku 



2.2 n l % L ~ ' 9 ~ L ~ ~ ~ ~ l ~ ~ Z w " ~ p d l n i %  (Growth and Development) 

r ~ a t ~ i n u i r l i d r a k ~ f l u I ~ ~ u ~ u ~ u i n i ~ ~ ~ ~ r y ~ ~ ~ 1 ~ ~ 1 ~ a ' u ~ m  idatniorq?~rZuImith 
Y 

IU a~uriunloazauuSt~uoln ui.rnkdtzuzrinsi? auedriuaniauan6muuarilq<un~o 

MZR rdu qmuOiiAi ugtduitdatrguraa"u7u iinaiu~uriuBTmurnoto~u~~t~auaa~au~~az 
)r r ii? (Ramanujam, 1990) "d.roz~r~aai'LMnio~~3ry~Pm~C~'Lld~~aza'umeu"11ue~nYYu1iu~q<u 

1m"uriw'wt aniwrramdeu uazniSnniouZrn 

nis~~3'ltyr~ufrnaetuir9%idzu6tumnsiit~~n~~~~~~u~ l~u5ui idr~Ctdnior~?ryr~uC~lu 

dau~u~iuunzlusier~ot~wf iou~nird i l t i r~nn~oudta~oo~aio  ~duuuniorq3ryi.uCm 

Cmu&~duritwiuel~n~orn"uLd~a ni~a5uniomn"urduau'ud~dru~tn" 12 ~Aau ii 4 datnis 
-4 r~ ô'ltydutw ~~r f i~~n"uiha~i rd ldru~td  18 LZOU ii 5 d a t n ~ o ~ 4 ~ 0 r y ~ i h C m ~ t ~  (nww 4) 

1. establishment phase 

2, storage roots initiation 

3. first bulking 

4. recovery 

5. second bulking 

dry matter (kglplant) 

20 - ~remnd bulking1 
estatdishment 

9 12 15 18 

rnon ths 

niwd 4 Growth stage aetCu6~dzvk 

o l n  (first adventitious roots) Ljuten41noe~im%~~vieuw'u~v~eult~~tnnei4t8n4in~1 

dQndtluftu n iu lu  5-7 riuuktton u~1.rqin~un~srq?ry~'iu08;14z~%i~~~u~$ I 

establishment phase fleororn"di~u~uunneenui~~nviouw'u{ 10-1 2 ?uuhdgn 6ud 
A nisafiwh CrnoIuuon~rudao~o~m"uwuk~~ntan~lszuim 30 ?Yld ~ ~ ~ $ ~ ~ I I J I A O L Q ~ U  0.04 

lu tie otnliu (nuCninad 2543) LIZ ~ u ~ n i o ~ q 3 r y ~ ~ u 1 ~ ~ 1 ~ 6 i h u  
d 

9~u-n2s to rage  roots i n i t i a t i o n ~ f l u o z u ~ d o i n l i ' ~ ~ m t ~ e n ~ ~ e t 4 ~ n ~ u i i n 7 ~ ~ z a u  

a~ooluio'luoin n~ow'~uinio~ot~uuazo:uut~niduW"u i 5-90 iuaRjdan rieud 
4 , a  -4 muauniokvloiz~~aa~un"uwelu~onL~u~~~uw~G.~~~n.~en~~a 30 ?u n~or~3~~2uIwaos8q 

~ u ~ a z o n l / ~ 1 o ~ 1 ~ 1 ~ d ~ ~ u a z a u l 5 l u v i o u d ~ {  n i o l l ( v i o u u  auqm 



~ & u J i ~ u c i n ~ i ~ W b u n i i  2.5 LIUAL~IAT ~ a i u a i a ~ C o o n i i  20 LIURLUDIO dilf iC~~udq 

f i iw i~ iwrodo i ldon io~~~~mao i l61~u~~ezs in  Iudail 30 iu r rkdgn 

oin doo I& ~ 7 3 ~  ~~~1~1~~az~~inos~1obu'ild~n 40-50 LI~?I lu mo $4 ~iluu'on nrs i  n (root zone) 

q ~ $ i ~ ~ z , 6 ~  go iu i  t~u'iu (Conceicao. 1979) 

zazd  3 first bulking ~ i n n n u i o i r r i s u a r i i  nndoa i iuau 3-14 ?in ihLddau~iIunn 

fizauoiuis ~ ~ a i u i ~ n ~ i u ~ ~ ~ z u u n o o n ~ i n ~ ~ ~ ~ o ~ i ~ ~ m ~ ~ u  ~uozoz~ae i  60-90 ?YMH~+IB~ 

A' auodn'uwi$~~azfiniw~~ahdou (Cock et al., 1979) $75 iurrhtan oinn:auoiuio 'nhdu 
w 

10-1 5 % ae;liiiuld'noau 
24 " 

niohuinioaatdin"u~~ar'Iu 90-1 80 Tuakdgn dqludat ~ a e i u u o m o i n i o ~ ~ 3 ~ ~ ~ 1 1 F m ' ~ 1 o ~  

~uuerriisiugqqm iinwumniwarnoqvju ? i n  120-150 iuuRjdgnIuIuno~rjuniuion~u 

LLni l~~;~iaudi lum (Veltkarnp, 1985 c) notvjuiiaulmkrddqn n i s k ~ ~ s ~ z r i u n . r u ~ z n i o  
w 

azau6iarinufiqhdauluuaz6in"u$q~m (Howeler and Cadavid, 1983; Ramanujan. 

1985) w i r ~ d u m n d u a i o s  ~iuw'ufozaot5 i i ~ s l o ~ n i o n h ~ l u ~ ~ n i i w ' ~ $ ~ C n i s ~ ~ w n ~ ~  

i i ousz~un i i  i;a'roinisfih;r'lu1.64 I u / h  (autYnw6 2543 L L ~ Z  ?.dYU ua~u ~ n r z ,  2541 ) 

n u h w n i l h 8 n a ? n i s ~ ~ 3 ~ ~ ~ ~ F m ~ ~ e z w " t i ~ 1 u i n i ~  4 Wi($ Ldodsn diudu du 
Y 

L L R L L L ~ ~  W.R. 2543-44 WU~I ~ I O R L R U ( ~ I ~ & L ~ ~ ~ U ~ ~ W ~ ~ ~ ~ Q U ' M $ I ~ ~ ~ ~ ~ ~ ~ ~ ' M ~  SLL189 
' A ' '  

1 orsec90 sru8.1 5 ~at~nwmofl inm~50 LdodEnhqOdu & f i ~ a ~ ~ i l l ~ ~ d  62 i w k d g n  

n i s ~ ~ u ~ u a o ~ ~ i r t r i n ~ ~ ~ ~ ~ . j q ( i l o ~ ~ u d a ~  62 96 i w k d g n  n i o ~ ~ ' 3 q j i A u f m ~ i l u w  
'd ~i iumoc ~ o i n i o ~ s 5 q j ~ f i u ~ m ~ ~ t o  0.082 nF~/nFu~siu/iu ( n i n n  5 n. LLaz w l o i q i  2 n.) 

Iudatne i  16-62 iuukdg n Cufoz(1895 ~znu~iurinuti\ll~i~inn4iw'u@u w~~lsmrti 

awns i i th  n i ~ n z a u ~ ~ a ~ n ~ ~ ~ ~ ~ u d a u ~ a a o i l u ' u ~ i d z ~ ~ ~ k i l  4 ~ d o d g n l u ~ ~ d u  idu 
' 2  

r? iu~ukd 62 i u u k d a n  nio~$u$;raot6iarhu~~gq~had1udail46 5.1 86 iu r t kdqn  4 
d 

~ o i n i o ~ ~ 5 ~ ~ 5 u f m ~ o d a  0.107 nFu/niu/Piw?u (n ind  5 a. m io iqn  2 q.) MWLQRI 
46-86 TuuRjdgn 1fuforoot5 f i z n ~ 6 ~ ~ n ~ ~ ~ ~ ~ ~ i n n i i w ' u u  waw8wlriumnditfiu 

nionzfiu~iurinur~qhdau~aaoilu'u~idzuE3i)kil4 Cuf Ldadgndaiuqqdu idu~iu4u 

k.ri 62 i u u k d g n  nio~~u~u~o~~irrrinuriiil@il~rno~lu4a~ 53 59  163 iuukdgn d h s i  

n lo~q?ty~3u~~noi /u 0.064 n~ /n~u / i i u /? i r  ( n i n i  5 R.  Lrer m i n d  2 R.) \u4ad?snai 53- 

163 Tuakdgn ~Tufszoacgo fizau$irn1nuflq~ulnn4iw'us$u u~zwew5mgtnii 

n ioumn~~$uedriuq~dgn an iww~ku  unz i iuau iudo l i  (nutinaod. 2543; %To uez 

RM:, 2541) niu 1*~ozoot90 d tn i  7.ozooil fiuqlgduiaiu~ni~ usiumn3c 3 o z ~ u  i B. 

aauuriu ~uamzdwidfsroo-as ~ ~ i h ~ w " ~ a ; i ~ m n d i l ~ i i ~ z d g n ~ ~ ~ ~ u  



niwd 5 n i m z m u I : i ~ n u ~ ~ I u i l ~ u ~ ~ ~ m ~ i d a ~ ~ m t l ~ 9 0  ma45 ~nmtfiirmko un=wnql dndandlurlqtlu 

(n) l du  (9) urn= drniutlW (n) flri.fi. 2543144 Iduqn~wtiu d d u f i 6 u w h w  4iwhrnw 



n i t ~ ~ d a u 8 i u u f l t ~ k o i n  180-300 iuuRjdgn  a i o a i a i s d l d i ~ i n n i o k L ~ o i z ~ L L a ~ ~ n  

n o z @ ~ ~ a z ~ i ~ d ~ ~ i n l u l d B ~ t i n  dilfinioazauaiuislrroin~"0afu ~ao in ioazaua iu i s l u  
2 C 

nn~~maugqmludatd (Boerboom.1978; Tavora et al.. 1995; Peressin et al., 1998) ~ U L L ~  

' Y Y  ~ u a ~ i ~ r ~ a H o i ~ u t a Q L $ u ~ a f u  ~ ~ ~ ~ ~ " n i o a r n u a a i l ~ n ~ u u i n a u  (conceicao, 1979) 
d u  a * ozuzw'nGa (Dormancy) 300-360 iuuC.adgn &~oinis~?imhama;~ "Lnu~nau%%uum$a4 

uaznir~s'oy~Zul~nir6iw"ua'u~m ujfisiinioLndauhu~~fl~ldLn"u1flutin uazn inzau  
Y  A $  w 44 

~ i u l i n ~ ~ f i . r h o i n ~ . r ~ m  ozuzw'n~a~~z~'lmaulu~und~nu'udi11zua~~unaiuudodoau 
d  

adi~uinmuan'Ygtwvl~j;~~azdu 

%a-4 4 recovery ~iluozuzd~udidmC~pdu~~mnluluIjuC.j~inldiFu~i idu4u~a~innio 

~ ~ l u ~ ~ o i z d u ~ 9 d a 9  i i n i o i i ~ a i o a i u i o d a z ~ u l ~ u . j i a u i l ~ u n i 9 l h 9  uirdidzu& 
Y  

aiqkq~~si  200 iuauld ( m i n d  2 n a ~ ~ a z  A) nioarau$iulinLLfiqlu.jiaiu1ia4 
d t 

3-a-n 5 second bulking LilutzclrdsiaLi;o~qintzuzd 4 n i o a z a u u i ~ ~ n ~ ~ f i . ~ l u i i a ~ z  
' Y u  d d 

~Gumuanfih ~ u o l u d u m n l u I j ~ i i u a u u i n w a n k ~ ~ o i z G ~ ~ a t ~ a z ~ a i o a i u i ~ ~ ~ 7 a l ~ u n i o  

~q3~1'iulwni;16i&uuazlu 
A $ nioazauaa.raiwiuitlu.jialutzuzd 5 dilfiu'udidzuRj~fiu~nuanaiquinnii 12 ~ i i a u  

L L ~ W L Z ~  18 ~GauIfiwawZm L L R ~  waaauunu p n i i  (sp43nf; uaz nmz. 2544-46) 

n13sl~l~N~?N?d.~d?U6ii.~ ~LLW~FI~IN~WGUB%U~~J source USE sink 

(Dry matter partitioning and source sink relationship) 

1udatnis~q'9y~'i~l~m~~fi~d1d~qinnio~~. ~ ~ o i z i u e ~ d a u u d  in"ul4Iulu d ~ u d o ~ n d t ~  1fiul3 
d u w  d i i a  616u L L ~ ~ I ~ ~ T ~ I & L ~ ' ~ J L G U T I  619 3-5 ~ b i a u ~ ~ u d a ~ n u ~ a ~ i n i ~ ~ ~ ~ y ~ ~ u ~ f l ~ ~ q ~ ~  

diuhuirdidzaC~dd~nlu~amhu (Howeler and Cadavid, 1983) 



2.3 n ~ ~ m n i r u c l a m r ~ u c l ~ n w  ( Agronomic Management) 

n ~ ~ ~ n ~ u d i d ~ k t ~ ~ ~ ~ ~ ~ 1 1 ~ ~ ~ u d ~ 6 ~ n i ~ 6 1 n i ? ~ n : : n i 0 ~ & ~ ~ n  ~ S l ~ n ~ ~ s u n r ~ ~ u i r ~ u  
a d f lu~nqnwundpntuukq~ni~ &i~~nlnm?uubiuwbun'unio~lhd~~u n~t~w~uuriau 

Sufdnlnlgn n19~79'nfiafh nloI#@ nit'I10::~11nitd~nlr nit1467 ~uiimtrlludsa 

2.3.1 n?srm%usu (Land preparation) 
d4 0 n~?~w?uu'iunnni'I#u'udid::~&u~~?~~';i'~b~h dm?iuu~uu~u ~~mr~ha.rud.ra'uiruTrd'~~Zu 

drlrl dasaiqairri t uasuclm u n r h  Is~ar i i l f i& r roa2nnmuq~ iw  d.r:us ~ b & G ~ r i l . r ~  

kdaldi: 

1. I ~ ~ I W ~ U # I Q I ~ ~ P ~  (dimate) 

n n i ~ t d i a ~ n i ~ d d u a ~ ~ ~ ~ n ~ ~ ~ ~ n ~ ~ e i ~ n i ~ ~ ~ % u ~ u l ~ u d  qqnw uar llkriwdu 
A J r l  ~ ~ ~ N ~ ~ ' u B ~ ' T ~ o u I E u A ~ ~ u ~ ~ ' I u ' ~ u  u ' ~ d l d t M j k ~ ~ " o ~ ~ ' i ~ ~ ~ \ ~ \ ~ ~ 1 ~ ~ f i U l ~ d ~  

n n ~ ~ d u  500-2.50 Gas wntdafl qgnrqG i 0-37a~fiina~Iua ik.riuui9 1 0 1  2 

~ ~ t ~ w % ~ ~ u l u r ~ ~ ~ d ~ ~ ~ i ~ ~ u v o ~ a u ~ a ~ ~ ~ i l ~ n ~ ~ ~ ~ i i u l d  nnnrvillrXaiuiulia 

~lhmaulrih y u d a ' i w ~ s ~ = : ~ ~ ~ r i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ' i ~ t m ~ ~  ~ u a d 4 r * d l d r r k  

~93uaw7 
4 4 

2. qunnu (soil type) 

a~~tu~~~~::a.a*h~iuniszl~nu'udid,~#~~il~uhu~n~nitt~i~~i~'~i~i~s Zu 

iimiuauy toid~~nfi74S4q.j ~m~~a \d~uddpnu 'u~ id=:v~sdau~ in~f lu~un  3% 
ntiufau tufiunnu 'irrhunh~ ZuduQu unr 'iugnk d ~ i i ~ l ~ l u i t u n r r n i u  

4 1  rl n u y ~ d h  rl~i(fuitu~ilwn~dn i l n i m l u f i i 3 ~ i n  n ~ d i u n n l s  



n~~uin~~udi~3trnnl~nu"ud7d~W~ri7Iii  3 33 
1. n12klna~auiiu (no tillage) qzilnlmnkc ~h'liunhufldi au7d iuhn lo l l~n  

Jud~drukdn~uq~Clu'Iu~uno~u u% tuntlufau da~qinnaluqulu'luii 
11 

du~rtafian~.~cm unzma~sn~81a~ni~~nu'~~1d~~~n'u~u~~n~ft~fl'~1~nua 

2. nlflacmu5lu3eunk (minimum tillage) dlnldlnnnulmul#aia 7 duafih~iua 

m~u)iaunitunhs ~"wbjunk4 udbj.at'~~d'imi~~uuaw'il  ~ w n z ~ d ~ l f i 5 m  
A' ~ u ~ u m i u ~ u ~ ~ u Z u c i i ~  mu 

3. n~jlnnnu'iurrlnnii 1 n k  (maximum tillage) r i ~ n ~ r l o ~ 3 n ~ u 2 u l m u l ~ ~ i a 3  
u~zmrnslu3ulmu'L4w?n 7 LimnkLi ;~~  14% 2 n k ~ m t ~ l j u m ~ * n m ~ ~ u  RIUK~U 
nimniw u"w'Lrjunk4 

n i i l o ~ ~ u i ; i u ~ ~ u n ~ ~ ~ u ~ d ~ ~ i l ~ u ~ ~ ~ 1 u ~ ~ ~ a ~ u ~ o l b i ~ % ?  ~daaq~nn~ilownuqzldliau~94 
tiquauniniauaaluL~mh$u uen~~n~uu'.~dilr~g~~1u~~'Luiiu~%?$u~nbiau 



2.3.2 nlsi.nlmieudiJ~ (Planting material management) 

n i ~ n n i n i a u v u ' u ~ ~ ~ ~ ~ ~ ~ i n n i ? ~ ~ ' ~ ~ m ~ u ~ u ~ ~ ~ n i ? ~ ~ ~  ri(u &umdlfihufiufl$6~flu 
*A4 b u  u a r n i ~ n a ~ l ~ h r U n u a i n i ~ r i i ~ ~ n l b i ~ = : m a n  ua~Jidaulnun~t9iu~ufEI~Ju'iu qAau 

tXllqh~w'Uf 



2.3.3 iBnisrl2n (Planting) 
orrl ~ s n i d g n  Murinipjnnisnis?itviouw'u$ r?aidgn uaz ~ ? i u a u i u ~ u d o z ¶ i n s ~ a  lunisdgn 

U'udidzuKtlfi~n k t ~ ~ a z ~ u u i z a u  

n7s4'taa~.?lr*isun"ui ii 3 3; 
I. dnmot ~ n s ~ ~ n v i o u r i r r ~ ~ r u ? i t ' ~ n  213 a o t ~ ~ i u u i ~ ~ i o u ~ i d f  

1 
2. dnviouw'uf$utdiyu 45-60 o t f l i n ' u w ~ i u  'In 213 aotn?iuui?viouw'u$ 

a 
3. ~ i t Y i o u r i U $ u u ~ ? ~ u  'In s-20raui%a~ms auo$kaiinaocZu 

orrl ?sniodgnit 3 %iiuasioniotonaotoln uazuau5m nisi lnmstnntanlRnniinioirn~~ut~raz 
4 A d  

uwuaumiuiiA'u nisr~onl%~ln~auutauo~n'u aOnaotAu lu'ludouiiitruiiu? rrazii 

~ f iu iordudetwo (1,000-2.000 uu.f l )  dgnl6i-a 3 3 lu'dunnula";~,ilnmttlfiua~~qm 

bo~~oor i t n id~n ' In~ i i u ld i i l ~u ins ion i&~  

q q J q n u i d ~ d r w 4  
4 A 4 A 1 U ' ~ ~ i d ~ ~ ~ ~ f l ~ ~ ~ ~ d g n ~ m " ~ ~ ~ ~ d ~ ~ ~ ~ ~ ~ ~ ? i ~ ~ ~ b ~ ~ ~ ~ ~ ~ ~ n i t ~  n is iu idd i idzuk  

a i u i s a r f i u ~ u ~ u a w i m ~ d a ~ ~  8-24 Gou i i IArnamsnsaiuisor~onnai~Ignuia~i~IzaKtlX 

miu~~ iub io tn isuaz i i~~ iu rduts ioan iw~ io in i~~oun4 i ia~u  

i i imamsnsbtnisrf iu~~u?u'udidz~~tioiu, 12rihu nidgnrdaduuonui~?t~~ou",uniw'us'- 

w w u u  qz~fiuau5mrr8tgc diuhnidgnhr(gdu41~t~"mouwr(ani~u-ij~uiuu qzlfluau5mfi? 



w a  
2.3.4 ni39'nnisa¶ln% (Weed management) 

n i ~ ~ n i r h # ¶ ~ w Y u d i d r ~ 6 4 ~ ~ ~ n ~ ~ ~ a r ~ m ~ ~ u  i l n a i u i i ~ f l u u a ~ u n d ~ ~ s ~ 1 ~ w ~ f l u ~ d 1 ~  

i r  fi~udidtl~qfiuflilnitLq~fiu~7'~tsdq.~m i 4 &v~~auuaWa~rr imu~~+uf iu~¶~~ 

~i ~ i ~ f i a u t r n r m r k u ~  20-100 r ~ ~ e f i i u g  r d q t J ~ i n m t ~ ~ f i ~ ~ t w u a : : n ~ t ~ ' i i n ~ ' ~ ~ " ~ u a ~  hi: 
~uajriun~iuuuiuliu~ta~%ir 1fudid~wo$il~u~~nit~c13~fi~h~%.r ~nzGiinit~mni4~h du 

fiuq tzm4 5 ~ i ~ u a u ~ i u ~ a ~ ~ ~ ~ z ~ a ~ ~ u ; i ~ ~ ~ n d ~ w " u f u r n n ~ ~ i l i  r 1 7 ~  iriumnh f i t u n i t  

~ ~ u h u a d n i n n ~ u d i d t l 6 u l ~ f w n ~ ~ 4 1  dufiuf ZBqtJ90 ~namtfliami 50 unz'LuW'uf 

htiwn-4 LIIMW'U~ true4 72 %am 9 q ~ d ? u n ) u q u i i r ~ ~ ~  



d U P  ~nySo1n701'9flnn'7lW 6 as n4u 
Y J 

I .  u ~ n u r m  w%kd au~l~wfunrmJpnnwfi18n 
4 Y d 

2. ~fimqntnn ~v~~d~wiunundgnnui~na~. j"o . j lv~  
1 4  3. IIgnLfiqmrtemuru d u 4 r n z Q n h  daur%wku6unidpnu'ud~d~~~ 

4. w'u~wn~~unz~li~Gub~01lu11~.jaiq 1-4 ~gau  
Y Y I  

5. nl?~fi!~9ufluriou?r64sn (pre-emergence herbicides) u ~ z f i l ? I R ~ ~ l < ~ l n . j a l w l  

;ran (post-emergence herbicides) 

6. ~ ~ W ~ ~ J U S I U  
-Id u 

6.1 n i t l 4 w ' u d ~ ~ i ~ G u f w h  hufiu n ~ t l 4 ~ ~ ~ u w u i u d u d m i n q . j  unmltlliju~fiunuu 

h d e u k a l q  1-3 ~ g a u  

6.2 n ~ ~ ~ ~ f i i t ~ ~ ~ f i ~ u q u ~ r ~ n d a u . j a n  huriun~t~~in?ndnk0uo.~~~ufiud1J'ud~d::v6.j 

aiy 3-4 Gau 
r .I 6.3 n ~ ~ ~ ~ u ~ . j . j ~ u r n ~ i h ~ n w n n ~ u d ~ d = : ~ ~ . j a i q  1-2 bgau iarrfiunio~~<min%a#hu 

~ ' l 3 I f i ~ d f I l ~  4-5 L h  



nmt lnwlrlranrmav 

2.3.5 n?3?$+1 (Fertilizer application) 
4 4 -  r i u d i ~ z ~ a j ~ f l u w ~ n n ~ ~ ~ ~ u f ~ I ~ i S n i i ~ ~ ~ ~ m ' e u ~ ' ~ u ' i u d ~ n ~ i ~ f i u ~ ~ o i X i  udnitd~nuir 

d idz~6~1f l&waw~~~4ad i4 f id i~1u~  ~ i ~ f l u ~ a ~ n i t ~ ~ ~ u ~ ~ u ~ ~ u a ~ ~ d ~ u ~ u ~ ~ a ¶ m ~ ~ u n i ?  

~(yr~ufiir1ai~i~~ud'in~dn'udaud~~1~mu'udidz~6~ du flq lu 6i&u LM~I f iud id~~f i  

Pa~ni~fiiqlufmor~u dardah uazfwunartuu dwnw~n 3.5 itdl3 lu f iu iw 13.1.0.96 uar 

1 1.2 n n N  m u l i i ~ u  n i t C f ~ z ~ ~ u ~ n i ' 1 u t m o 1 ~ v i i b f ~ a ~ n ' u ~ ~ i u ~ ~ ~ ~ m u  
r 4 Ad- biudim~uau~tdi / i  d d u n n u  ctrenunuaun%bgi/inii 1 rdair'luC fi~tldqurfiiiniu 

4 4  ~aiuliaani~nauJirdid::~6~ O m u ~ ~ u r ~ r m u ~ n t I n l ~ " A u ~ f i u ~ ~ a i u & ~ ~ n i ~ ~ i ~ ~ i i ~  Muri 

i]umu' N-P-K qmt 1 57-1 8 k n  100 nn.daU 
1 Ad- iiudiinliuauy toidiunni4 du'iufauntiu 'iuntiuiw ~tamrmuauniuimguinnii 1 

~dairhd6f udu ~zu 2 rdafrhd 14flumii N-P-K qmf 1 5-7-1 8 &~TI 50 nn. dab 
1 Arl- biudimiuauytdq4 du'iuhuahl i 8 u ~ ~ j u l f i u  rrrerrunueunhimquinndi 2 rde f~h i i  

* 4 bii~r3ufia4ldflu ~r~d?!nnfiwetlau~m&ftrnail 

mammt~dpnu'ud~d~6~uinndi 50 rdair%uiinaad~z~nnQuulir~u~~d Tmu~~wiz~nmtntlu 

m f i ~ z ~ u a a n i i n i ~ ~ ~ ~ a r n i j u i n n i i  90 LML(UII Lmzatmln~14~1~1umiusi~4~\~imd~\d 



~ j u  ~~i i i~namonoi ruu~~i iLLr i  aa LAG tisdoznaugs~s 15-1 5-1 5 ilqpuin~uzrii~.$;~+iau L A G L ~ Q  

~Ioznaugwo 15-7-1 8 ~ s i i c i ~ a i ~ i s ~ n ~ ' ~ ~ u s n " ~ ~ a i u ~ " ~ s n i s ~ u n i s ~ ~ ~ ~ i . u ~ w ~ a s ~ u i i ~ z ~ ~ j  
A' d 4  n i o ~ ~ n a m ~ n s d ~ n u i r d i d z ~ i s ~ u w u ~ ~ m u ~ n ' u ' l m ~ a n ' u ~ ~ u ~ ~ a i u i u ~ a i u ~ ~ i ~ ~ ~ u ~ d a u ~ ~ s u  

a n s u ~ z ~ n i o ~ d ~ ~ r ~ ~ ' ~ u ~ ~ i a ~ u i n ' ~ d ~ i ~ ~ w a  wz w b f  utu u a n q i n 6 u f i ~  W a ~ i ~ f i ~ i ~ B i M i O ~ i ; I  
2 

airm$QaW"asnislufiuimliiau ~ d u ~ i q d a a d a % ~  a z a u a ~ l u A u L ~ u ~ i n ~ u ~ n ~  r ~ a s q i n ~ i q  

vlanda~a~fluciq$W ~m'Aaufiiu uatliuiidz~kW"asniol~u1~uim6i"7sJi'1~wn~"isa~'IuZu 

r ~ u u i n q u  i iwaJ~l iui im~iu~f lunsm~~u~uua~Ji l i i~ ' im~~iuldnu~a~as~iqpi is~luZu J i  

I ~ ~ G I ~ ~ I M I P $ C ~ ~ ' I M ' ~ I ~ B ~ I M ~ I $ Q ' I I W ~ I U I O ~ ~ ~ ~ U I ~ ~  ~ ~ 6 ~ l ~ ' l u $ i i n i o l d ~ ~ ~ ~ ~ ' i m s i ~ n ' u ~ i ~  

n i l  5 3 m a s ~ n i s d ~ u d ~ G u ~ m u n i o ~ % ~ u ~ ~ ~ t ? u r i u ~ u % u ~ u '  wuiiquyalr iunaurf luqu 

~ m u n i s ~ ~ u ~ 4 i u ~ u ~ ~ ~ ~ a z ~ i a l d ' n ~ ~ p i a m " u  
E 4 d  
nsu~uasqinqeya~riijBu~"0uII'mq s i ~ a i a i o r d u  N P K Ca U R ~  MS $9 k s i d ~ u z k  500-1,000 

nn.siali rdssqinluijuy a l r i i j ~ i q l w  ~ ~ n a ~ ~ u u l u f i u i n r ~ ~  ~ ~ u s w a s i a ~ a i u l a t n i o l ~ l u n i s  

rq '~du1waosvh ~s6u"7sR?ol%i~un'uqu1wunaduu Ji l f iwa wZmCuiidza~i.riiu:ur?iau 

~ v i i i ?  ( a u f i a o i  2551) Im~nL?~~u~Cn~~iifiiqai~~s$QaW"asnisa~lufiuim~i nislqqs 

rru'n~18ir~usiqai~i~1u'iu~mu1flss~~si~zdaud~ud~s~m~uy"m~isniun~w'lu~i1~'lu~u~i 

I 4- a 4 d uin%.~ ~ k ~ f i u i m  4 8 u n s u ~ u n ~ ~ u d ~ z ~ u a l d " d ~ u ~ ~ ~ i q a i ~ i o n i u ~ ~ u ~ a ~ n ~ k s  ' luqsu~?iu 
s.3 nuy omau nioMqeafi i?uriuy arri ii~AwawiinuiiidzvisLiufu 

m ~ ~ ~ r n i j m i u d i i ~ ~ ~ i ~ ~ " m u ~ z ~ ? u a m n " u g u n i ~ w ~ m ~ u i i ~ ~ z ~ i s  

2.3.6 n~sd~nu'udid~cr&sciia&a~ut~anisskn~snaiuau~sd~uuuuuauuaiu 

(Integrated Soil Fertility Management) 
A' d o  A' d o  

d o z r n d a ~ l u n m h u  wunninismamtnssuiim~flu 6 0 ° h ~ ~ 4 w ~ ~ ~ l n l ~ L n ~ m ~ ~ ~ M ~ m  qzi! 

~ u i m i i u n ~ ~ i m ~ ' i u ~ a u ~ i s d i i  

m?iuauy o~aas~udd~n~udidza~samasaiis~a~das~~uwaui~in 

1. sosuai'laas'lu (Nature of the soil) ~az%q&u~ik i rn f tu  lu$dgnuit i idtrrk06auuin 

rfluftunsiu (Calcareous soil) ii"oun?uII'mpdi nis{u~iaas~u'm'iuijdau i i l f i s i q  

o i n o $ ~ ~ ~ h ~ u @ ~ ~ ~ u ~ d ~ ~ ~ ~ u ~ i n n i ~ ~ ~ i s w ' s ~ a i u a a s ' l u  f i a  gnazhsasldlu5u 

b s n i s l ~ a a a s i i h ~ u  
-4' 

2. nnirraininhuau Jumnqn LLRI niolnra?uuAu d?u~~sau?uni~iau~aiuaa~~~un"ru"  
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(CM = guynh-i) (CP = ~d#anrJ'ur%vJ=vk) 
(FC = ninwznauho) (CF = qurnd) 

(GM = @Aaron) (Conml= Iriijn1~244u) 

total mitotal - '  



2.3.7 ?zuuni?d~n% (Multiple cropping) 
r li 

~sz~n~hurnamtnod~uuindqnu'udidzu43~~flu~~dua d i u f u n i t d ~ n w ~ ~ u u ~ ~ u ' u  
Y didzu6~CqruduSauuln 'Iu~w.11.2549-2550 t lni~irdldzuk~anuadiqdaLda~ 

Y 11 rnamontl~~unt~i~fludtz~unduin~u w u i i f i n i n l g n u i d i d ~ K ~ u ~ u ~ ~ u ~ u  du uiqwin 

1116u~ifi qniSdI/~ u n  ha ~dnnOa~On~ka~dO~u~aw~=:'Iwi~wz5uaan 
r 114 a l i i ~ ~ ~ ~ ~ i u m u n i n l q n ~ n n u n a i u ~ f l u ~ ~ ~ ~ d ~ n m ~ n ~ i I f f l ~ b i a d i ~ ~ d z ~ n t ~ ~ i w  l u n ~ t  

dqnJudidt71ih Muri n ~ n l ~ n ~ n m ~ ~ a k a ~ f l u ~ u ' ~ i u  



2.3.8 nivliiu~#ua (Harvesting) 
r d 4 J f iudidakrf lu~m m n i  y n u r i r u ~ e u w ~ ~ u  ~ n a n m ~ s l ~ u i r n d i n ~ t l n ' u d u a ~ ~ ~ ~ u i ~ i ~  8- 

d d 
24 Weu ~ue~6untifun=:1niwua~11~ud~uui=:~u luw'u~nud~ld~ziini~~fi'u ~ n u a n e i ~  1 O- 

..I ..I 
I 2 ~ ~ a u  n i t ~ ~ ~ ~ n u m ~ ~ u q g  m$uedn"1~il~4ufisield 

2.3.9 ~ I ~ ~ ~ ~ u ~ I ~ ' B I ~ ~ A U ~ ~ U ~ ~  (Diseases and pest control) 
4 dd 4 4  4 ~ ~ ~ d i d a ~ ~ ~ e l ~ ~ ~ ~ u n i ~ ~ i i 7 $ i n i ( 1 n a ~ ~ ~ f i ~ n : : ~ ~ ~ ~ l d " a u u i n ~ d e ~ ~ u u f i ~ ~ a ~  ~ u a ~ ~ ~ n a n i q : :  

t n h u  a i ~ ~ f l u n i ~ u q d d i ~ i e n i ~ ~ ~ 3 ~ ~ ' i ~ ~ m n e ~  raed ~flu~u~uqne~ni~~'imt~nddi~'cyluu'u 

dldcaK.jlA d u  bnlliluu' uar tn l 'u~m uen~in~uairi iuniai i l~i~' irnni~~dduuuda~na~ 



0 f l~ r i i~~ inn is ra in" ia i~91~~r#~d i rp l l~  

hi!u\pll; (Cassava Bacterial Bright) (CBB) 

r#mdircr~rrufl~r%!I (Xanthomanas campestris pv. manihotis) 
3 

~tn1u1rr~7'mLflu~~~idi~~divIs'urJ'udidzvI~;Ibiim~innauuni~s Xanthomonas campestris 

pv. rnanihotis iuwuszuimnhLLond<;IvI5mTzua;I ~ ~ a z w u ~ h ' l , d l u u v ~ i ; ~ d ~ n  Judidzv16;1Aa 
d 

dozen n i o ~ ~ w ~ ~ z u i m a a c ~ n q z ~ u u ~ ~ ~ u q ~ ~ u  u a z a m w u a m ~ m ~ v I u i z ~ u ~ ; I d  
Y 

I .  qmv~~iraudu dumnqn ~~aznaiuiiuluoiningc 

2. d ~ ~ u d i d : a f i ~ ~ d u q u ~ ~ u \ d  d i l f i n i o \ r t a i ? u u a a t o ~ n i ~  ttaz~a.r~~mmda;~\a.i$;~ 

Fnuhu 

3. nioldqalrignl;I (uinvI~arisclqu~iiu\d) 
Y 

4. Zu2nisoz1~iuui~aa 
Y 

5. ~aaias)aa;I&n'lmuin'uviauw"u< 

nalu~i4uvIlu 

1. ~ l~ f iUaU~rnama4 ~ P ~ P L ~ ~ L L O ; I L L ~ \ ~ I ~ ~ ~ ~ ~ ~ ~ ~ W ' M <  ~ ~ U ' @ L ~ U V I U C O L I ~ ~ R  ULLfi%%d< 

ozua4 90 

2. bde5~4uK~~fl;rama;I 

3. d 1 l f i v i a u w i $ 2 q ~ i w i i  

4. d11fim"ML~llvI lLIL~~~~;IvI~m ~ I ~ A ~ T . U I A ~ U O ; I ' I M T ~ ~ ~ ~  1-3 ~ ~ a u ~ ~ o n v I R j d ~ n  

a"n~wminis 
3 do h~iaiu\i;vlndauaa;~fiu k u ~ u ~ g n n a ~ % i d i a i u b u ~ r u z ~ ~ ~ n q z ~ ~ m ~ m ~ ~ f  uu2gnwmzdi 

:idoinga~miuL8ulu aoulu ~ a z d a i u l u  (nin n.) ~iouiqnqz~u~dduu~3uiid~iv1"~afimia 
3 \wu" ~~az. lruiu~hu~~a~ldn?"i; I  luqz~~G;~~~azmiu\d (niw a.) fii~'lla~%i~iaiuu~~amdauuamaa;~ 

h uonqzaz~nnisdulm lusza$aunid~3unszqn ~ ~ n u w a ~ ~ a r a i n i o ~ ~ ~ a ~ G ; I m i u \ d  (niw n. 
3 

LLaZ ;I.) ~ l L ' l l ~ b % l d l ~ l ~ ~ ~ b ~ ~ 6 l h ~  B ~ L ~ M E ~ L ~ N u w ~ ~ P B ~  LHfl? L H ~ ~ ~ ~ u I ; I \ ~ I ~ ~ B ~ u ~  LLUa7Z 

qnaiuuazhfiuufi;ImiuW 



f ~lu~ndimia  (6- leaf spot) 



~311'Lu~mblu' (Blight leaf spot) 

dannrtq Cercoswra vicosae 
Y d.44 I~nlug~lvfi~fi~~uluwun~ufo~lu9~~~w~nt:~~mu~ri~u ud 

h ~ n a . ~ u w ~ : u n d u  ~ m ~ u w a ~ : q n a ~ u ~ f l ~ a n ~ ~ ~ ~ m u ~  
4 ' 4 . 4  Y d ~reuamf~~~iirrrtunvu.~IuSi~daun~~~unlu hilquuoq qt-ri~lil 

I U ~ P  nun~ottu~mIudu~u~~da~qa~q 6 iauauld 

f rilu~mma (white leaf spot) 

~ ~ Q f i l r v ~  Phaeorarnularls manihotis 

~a~u~uut.rra~G~luqm'11iai1Iflu3~~ tYnarn:uwndgnL$aL47 

h n l u  qz~flua~nnuv'iaaduu ~ f l u ~ a ~ f i n ~ ~ n ~ w % d ~  W I ~  LHQW 
tr 

n ~ ~ i u a ~ % ~ h ~ u d ~ ~ u n a u n a ~ l u  



t9fIuauunsriOu~ (Anthracnose) 

r$aflwq Collectolrichurn spp. or Glornerellq spp. 

fsnuauunsn9unrztzu1~~49'~q1ndumn'imdan'u~flu~an1~1u 
A 

hanrznis~?ml?n q z ~ ~ m u w n n t u ~ e u \ u d e u ~ ~ ~ \ ~ ~ d ~ u u n ~ \ ~ ~ n  
w 

dinio ~ i i i n d ~ i ~ u  tiiku4miu.juduann~ui dilflqiiqorniariou 

w'ufautaq ~ ~ I ~ L ~ U ~ I U ~ Z ~ U ~ ~ ~ ~ L ~ B L ~ I ~ I ~ I O ' I ~ ' I I ~  

Gudidrrtk eiq 1 ~iieu 

nikmirrilm u~inrbwnid~n~u41dzu&4\~11a4d~tluwn~3n 
iink5u ~o l l~nw 'u~k iun iu  

1sniiurti.l (Stem rot) 

00~I%Lj7 (Cassava root rot) 

u n d  ~ d u  pythiurn fusa"urn ~fluk n i ? i 7 i m ~ m w u u i n \ ~ ~  

b ~ r s m t \ u ' i u d ~ h n " o u ~ i m ~ ~ ~ n i m u ~ u ~ ~ ~ ~  wr'Iu'id$ufi 
Y I 'uuiIld'iw1rw qs. -4 ? . 

"_ - I.. 



2 3 d 
UM (nlw n.) rwnvb4 anuuflq (nm 9.) m&'uueu wn4wan79 ( n ~  R.) u~zwmrc~nd~nn'm 

iiu rdu dnan (niw 4.) li9-4 mnnr~qqriilhr unr. uuarltwnm (nm 9.) 
r 3 n1thd~a~unetuun~i~~and7nqm qr~~nh~lhrdaurnnO~uuun~~zq~'nuu~~au~IuZu41~ii 

r rl 'luduuw &~ilain~tpu~Iu~t:~~~uun~'Iri~~u~~~ilaa~uuw"u udda~~~nu'ud~dr~~~~f lsdwnn 





(Constraints for Cassava Production) 
4 9 

3.1 w n i w  b a c a i i ~ o l i ~  u a ~ o w ~ ~ a ~ ~ i ~ ~ ~ o l r " u d i d ~ w ~ ~  (Environmental Effects on 

Cassava Physiology) 
4 =i pl I 

r i u d i d z v k ~ ~ u w a n d $ n ~ m " b u ~ u ~ ~ z ~ ~ i ~ ~ z ~ ~ m  30 oslrirviio L L R ~  30 o a l r i U  q w n  

orKu;Ydinzra 2.300 ~umo h f l u d i i n ? i u a u y s 6 i i  Jk r in rJu6asn i i  600 iiaiA~umo ~ u ~ a m  
3 a ' Y  a ' 4  

iiauiqLL~q~Ld;~ ~ a z  u i n n j i  i ,500 iiaiA~u w t  ~ u r a m k u a u  uaznqau a.run?iuumnoii.r<u 

~ ~ u ~ < u q m ~ p i i  wk.nuua.raiBmu'd?qnitrlq~~ti:G~~aq uazf iu inrdu 

qmwc4 
qnrqZiiwndonio.ron auimlu nio~5mlu n i o a m u a i v i o l u ~ i n  uaznioL~ulwlmsnl?~d 

g m ~ p ~ S / u u i t a u a ~ t z ~ ~ l ~  25-29 'C (Conceicao. 1979) u~%¶~d ldzvk . l  kfi;~adIm"d 

2 
firi4'lunmaq ~ ~ ~ n i ~ ~ ~ ~ ~ ~ i M i t ' I ~ t ~ n ~ m ~ ; ~  (Cock and Rosas, 1975) q m v f ~ ~ $ 4 a u G i l f i  

Qoinio~q3cy~iu" l  Luaz~oiniokLfioirriue;ILiu$u El Sharkawy ld 1992 I6vi in io 

n m a ~ < u u i r d i d z v k  3 ~ u ~ n i ~ ~ & l n i w u ? m b u d i ; ~ < u  wuii&nn~tk~fitiz$~~au~c;;~qn 
d  
W ~ W W ~ ~  30-40 OC 

iasbbfl4 (Photo period) 

f i ~ i u ~ ~ m n d i ; l a a ~ d ~ ~ ~ ~ a ; ~ l u ~ a w ~ a u ~ l d " a ~ u i n ~ s ~  10-1 2 ihlu.adaiumaam3 4qIaiiiuaFie 

niouiAwuiddidzv~~ d9qLra.rdauizau 12 di lu.rdaiu iuui~viilGnio~q3yBulmai~ii 
a pl 

h u i n  ~~oinis~rauai~itluoinld"a~ a~mo;lm"7u<uiuau 

w ~ 4 4 1 u b ~ f l 4 ~ 1 ~ 6 1 ~  (Solar radiation) 
4 d 'Luozuuniodgn~udidz~k;~i?un"Uwaau d u t t u u d q n l a  ~duh?fwm +I? ~ a z ~ a m o z ~ a  

4 $4 LI oL? ufluCudidzvkq ~ m u ~ a ~ ~ n i i d d u w a n u a i ~ ~ u ~ n i o q n ~ ~ r i r i a u  uirdidzrr&u'n~nsa 

adidfi~ua~1ud?tnio~q?~~"nu~m~z~lz1-3 r i a u  vi i ' l f i i iuadanio~~~sy~'1u~mni;1i i6~ n io  

a z a u a ~ ~ i t I u o i n Q i a ; ~  ~~az;~u?ufi?ama;l (Ramanujam et al., 1984) nitG4~~a.a 20,40, 

50,60 LLaz 70 L d ~ ? ~ ~ ~ 6 i ~ l l 6 l a l ~ A a m a . j  43,56, 59,69 80 Lda'h.%~6i ~ I U ~ I ~ U  

(Okoli kaz Wilson 1986) n l ~ f i U ~ ~ ~ l ~ r j d ~ u ~ ; ~ L ~ ~ ~ u  f i ? i~ l l u i ' l a4~uama~  (Fukai et al., 

1984; Okoli LLaz Wilson 1986; Ramanujam et al., 1986) ~rnz~i'I6ai~~uama;1nio'In"nitfi~ 

ua~od1.r~uuotniodii~~a~~1<mviilGnio~~3~~'iu~w~i;1di~u~~u~u usinioazauoiait lu 

oinanas r&~aiooiuioQnd~~~;Iiin"uriauMdqzQnd~Fiald~n"uazaul?"buoin riin"u%~flu 
A ar 

sink W L L ~ ; ~ U S Q ~ ~ I  



t+ 
niT?iiti\Ui (Water deficit) 

AArl uirdidrrrkllgn~6~'bunw8.1fi~~i~du f i aun i i  800 SaG~urnosia'i? iida.rqq~&q 4-6 ~ A a u  
a o~~ujuui idzr rRj~n7 'n i i~~uw"anu~~&~ ud61da~u&~uiuftmdan'uii'bfinio~q?~~~uPm~~ar 

2 .r 

W R W G ~ R A R ~  auagiTiYdaqnio~q?g~ftuCm d ? j ? n q ~ ~ ~ n l ~ ~ l ~ ~ l ~ ~ 4 ~ ~ d l d ~ ~ ~ 4 ~ ~ ' b ~ d 3 ~  
A 

nio~q?u~ftuPm 1-5 ~AaurrRjdqn a q ~ f l u d a ~ o r u m i o ~ i i m n  karniowaq%a/?aaqoin~da 

araufiioairrio 6iZda~~~&~ftmF/anvOduiu~iiu 2 ~ S a u  iilfiwawGmama4 32 Z 4  60 ~ d a P c ~ ~ u i  

(Conner et al., 1981 ; Porto et al., 1988) 

ni~wuu& (Drought tolerance) 

u i r i ~d ruk~auaua ;~F ia f i n~azn ioa im~ i  l uaa ius r6u  iudu nio~dduuudaqaaq p l f i q  

K q i u  n o i n u l  L L R ~  nadiuagin'yorurLaai uarna iu tuuot lun iwi& %u@huniu 

rrard?;lnio~q3g~ft'~1Pm 

3.2 n i s n a u a u m ~ ~ a n i s u i n ~ i u m ~ ~ u ~ i ~ z ~ ~ ~  

nis~auqunistiln-iln aaap.linlu uaznisrq~~r'iu1mum~'lu (Control of stomata1 

closure and leaf growth) 

~u~~dr r r~ jmaunua~daf in~arn~oa im~ i~nun is i ln~d in luar i i~oam3a~~aro iao  & d l l ~ :  
d n i o t ~ ~ ~ ~ o l r ~ ~ a . ~ a n a q  n l o ~ q 3 r y ~ ~ u ~ m r r q m a r ~ n  r t a q q l n  n louan~dauu; la  

~lPcuoulmaanlaknaq (El Sharkawy uar  Cock 1984) ~ ~ a r i ~ ~ ~ f i n i o ~ ~ ~ i ( u l i ' ~ ~ ~ u ? u  

~daiqinniorr iukamm ~~unioa~au61lu~ulfi~alflm"uiu~u 

n138ZaN9Imdn361 abscissic 

2543 Alves LLar Setter 1 6 ~ i u 4 l ~ L d ~ l ? n ' ~ n i ~ f i ~ f i U " 1 1 ~ . j n ~ ~  abscissic ~ua?~~fhdrrr& 

dgnliudidruei.r 5 wir f inoroiq finlwL%~nmaaq ilnaitduuunioarauaa.rnon 
2 A 

abscissic lu luu"  ~ a r ~ u d ~ a i ~ h u f i i ~ j ~  . [ ~ d a ~ n i n i m 6 ?  ~ ~ a t r r ~ q n i f l i m i ? w u i ? w u n  

~u~i iuaiaq~uniof izf iun~m abscissic ~ m u i u d  3 URZ6 v ~ j q i n n i m m ~ f i i i  w ~ i l n o n  

abscissic ~ & ~ i u a c i i c  t amda~u~n%uf  ~q~u luLr r iuaz ludou  PmululudauijGu?mnom 
Y abscissic u i n n i i l u u r i  niouciaatludaugniin'm wudluamac k o l n l o r r l u k a m a t  n lo  

3 A 
~maqaaqwunluaciiroamGa ~~arnioi lmaaqpJinlu l i ~ q r i i a ~ ~ r r ~ u ~ q ~ n n ~ o d ~ u d i d z r r ~ ~  

fiiuioofiiitnom abscissic lm"aioditoamGakqudiuaim6i 

Osmotic adjustment 
A 4  rl 

nlonwau Osmotic adjustment d a a i m 6  ~ i ~ f i ~ a ~ ~ 4 ~ n l o L ~ 3 q L ' i u ~ m  ~ n l o L L ~ 4 ~ a ~ a 4  

raad i rn io i lmaa~~dinlu luui~dau iilfiC~n~iiniouan~d"Auun"ia~14uaulmaanla& lu 
r IjlddqdgrrRjwu Osmotic adjustment L$~U~~~UIM'I'LILL~~ q u % h I d 0 ~  M%Iu~c~uLL~ 



w d l  

3.3 nisnouauod~odwu~noaniw~a~a"oo1 
a 4  0 

~ ~ n 1 t r ? u o ~ ~ ~ ~ ~ B m ~ q a m q 1 n 4 i ~ ~ m a a ~ ~ z P s u u ~ ~ u u w ' u ~  ~ a z  M ~ R O U ~ I $  I I ~ i n i o ~ m a 0 4  

h a n i w ~ ~ d a ~ n m a a a ~ u q u u ~ < u  L L R ~  a o i ~ n m a a ~ ~ r k & d o z L n n  & L L ~  w.n. 2533 qu% 

2549 (nmd 1-9) wuiianiwuam~u~u~~iaz~~waiawaw5~buynw'u$ uaz,iida~diaaat 

waw~mi.aui i i;4 i o sirrsia'bi riuQozea41 ~nl%'Lunimmaou~uiis w.n. 2545 w'u$ ozua43 
4 ad w 

0-a w.n. 2537 wif~zua460 i;4 w.n. 2540 miia~uw'u~$nu.r~~~nl%'Lunio~maauqu~;~ilq~Cu 

Uur i  wi$'auoc90 orua-as ~namoniaw550 o ~ a 4 7  LLAZ<U$ ozua-ag 
3 d a , d nio~iwir$~~auizau~avlizrqizqtwun qzi~lrYwaw5m~a~uaosdozunn?.rau i l ~ a i a y n  

cudozuior~azIiuauld"n9iu ~ i l f l I j a i u i ~ o d i i r i r u n i o ~ m a a u  I 1 7 a ~ f i u u ~ $ u u w " u ~ f l W  
C C 

u a i l  ~ ~ ~ ~ z u z ~ a i u  f % 4 l d " ~ n i ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ 4 n i  GuIm (cassava growth model) 

Lflu~~~asiialun~oai;~~~wuni~'~~rnaau qzd~u$uozumailrYLnam~no'b&w"u$dij~nuniwlu 

niow5mLMuimu5uaniwAuddqn uaznniwuamku ~ d u  Snaorzuazqorauuini-a~~ij 
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d unn 4 qn~~~az8nn(lrnwn?~w~9;1~ud1d,~~$3'~ (Soil series and Cassava 

production efficiency) 

ng@qmlu#$%q uaz rTnfimwnw~3m 
iiuddgn~uddm6~1,ud~::~~~~~~ku~a~d dwuin~ i lJunnu l u n n u 9 ~  ufirluhunnu 

a~ZudutKu Ultiwls Entisols ~ n ' .  lnceptisol $!nl~rrqrmcrrry~67 d j j7m~7iuJ luntnW~rh 

nsndnSau ( p ~  556.5) ~ d w r i a n m ~ f i u n n u h d ~ u ~ ~ ~ ~ n ~ u ~ ~ ~ w ~ z d ~ n  &dukdw ucrr 

~i(u~flanm~di~fl~nniuda~dtbwn~lfin nd n8u~~nd l lcu7 : :~~~7uhn~~ l l~nu 'ur%7d~~4  
Y I I  ~ @ z d ~ u 1 u * r u n d ~ n 1 ~ 7 ~ ~ ~ ~ u ~ a n  Uttfi n~ymiiud 24 26 35 43 45 46 56 60 ME62 i 4  

unn41usl1n4il 1 n~yfiiiuC(rruu~n~u~iia~vln~.j~~n ~ u r i  nciuqniiuid 35 un:: 26 dqniiu 

rrhdd16q~iyk4 qn'iu diu34 Jiwil~Jq rk447 uluuau knr niin true4 k i u  nnawn  

niiun4rj9 unza.lnu$ji 

- 1 1  Y 4 "  Y n@ph3fi35 n~3ukundunnnn~rmuln ~fin~inmmau~~u~utaanq$iu~?~~o1'iu~ua 
Y 4- 4 

clu7u dfjiDui3u~llunoninu7n nms?~~uuimn.rndiuncri rniwlnunuy mi41 UuriR y n 

meu'k (Dr) qm~udi11(7~ (DS) qmI)ufi~il~li~t (HC) qn'iulnml ( ~ t )  qmiiwurr?uuau ( ~ b )  q n h  

man (suk) qniiuqifu (wn) unqnfiuulfiat (yt) 

qn~ulnma nu\u<~rrqn ' n z k ~ n n  amj) dniu$ ~ f i ~ n % ~ h  

qnlwriuueu aulu<w?n c k m n  rn$ unzoru94 

qniiuniin rnlIu%ut.in r z l kmn  an$ d n w  me4  uaranufiq 

qmiiwi7iu MUIUQMTB dniu@ unrfitzufi~ 

qm3uabfi~ w u ' l u ~ ~ ~ z u a ~ f l u ~ u d a ~ f i u a  





6 n ~ ~ ~ t l l ~ U ~ h  iflu?ild% ~ U U U ~ U ~ ~ V ~ ~ ~ U ~ U ~ ~ H I ' ~ ~ M ~ ~ ? ~ ~ M W ~ ~ U  8dl6Ilmdir 
~% i lm ln  ZU~?PLIIU~U~ULMCIUIIIUYI~U dquZu~ijayl~f i~~~uiirt l~~~' iu 35 % lhmlr 
~%ii~m~mhralieq a~~rm3mldu&mln hvll~%3~~~duaugZuAud74dnn;1ld w y nrl~z4 

~~mlauriciw3Lvdaqduwa n~UZU~19?uBnu~nnd7 100 au. w n M u  aviwufiau~~Annznu 

Iu3udi.r d~Tmlk~ilun,fi~nfi\1~ilunon~dnfiau ( p ~  5.5-6.5) Iu3uuunnllunmQuln 

(pH 4.55.0) 1Ubiud'lq 

4 a ; l ~ f i n I ~ n u a  Ldaiiurieu~.hll~lunnu iinmuqrurnuyonik dwknin ln lmnu 

~ ~ i l ~ r r i u ~ n I u q ~ a ~ ~ n u a z ~ d u ~ d ~ n ~ ~ : : # ~ ~ v u ' ~ n ~ ~ u  

b a ~ n u a u u r l r m ~ ~ ~ 4 d ~ t u ~ t d ' ~ ~ u ~ ~ ~ ~ ~ u ~ z n ~ d ~ u n n i i l ~ ~ u ~ d ~ n ~ ' 1 1 ~ ~  udf iqt i in i t  

~ n ~ ~ r u r n r n u ~ ~ a d h l l ~ f i ~ ~ u ~ n u n u ~ ~ c d ' ~ ~ a ~ ~ u  ils~lrun~tnn~~un::n~m::d~~w'~nn~u 

n~~Ldantrtlzlqn~d~nw'd~~uiznu n~ilowprudriauunzn~oll~nhuuu18u 

(intercropping) Iilu69adladllmmt&l n l ~ n ~ l U ~ d 4 h u n l ~ 8 1 f i Z  ~#@.IAB~ @llaflfl 
4 i ~ n q s a u  a a d u u i s l q i q  ~ t i u ~ ~ u u n ~ ~ ~ q n u u ^ ~ n ~ ~ n ~ u n ~ w n a . j ~ u ~ u ~ u  

~ ' ~ Y L U ~ : U ~ Z ~ N U ~ U ~ Y I  y (Satuk series: Suk) 
3 A Rnlwnun Q n ~ d u a a u n ~ m ~ d n ~ a u ~ ~ O n ~ i u ~ u f i ~ n  ilmlunlnqu 2-8 % 

n ? ~ m w b  A 
nifl~nd~ra&iuu5idiu dlunnw 

n ~ d d ~ u ~ a a q t h  dwnnwlalfi 

Aansmrs~sua~iiuh-ni~I4d~Iun~111iilk dpnAali 

n~~urr9ns::siu niarn=?'uarrrn~~u~~da 

nloi.fiuqk A - ~ t  



tmluCfnhun~aib Muriqn'iu~ih 

Boiilinnitldd~zItlnI rniugnuctuytddi ~dwmaniminunau~i 

I  nun uuzluni~lld0=:Iu'11u' dqndnl4 ~ d u  u ' u d i ~ l n k  da dinm unudicn3i~riih3iC~au un:: 
4 411 

' l h n  idu uzaiu uzah.r9rmid unr~asllhnl~~~pZuOmu'L~~unan q u u h  unduarr me 

d ~ u d h d p ~ ~ u i l a u ~ n i ~ n i ~ n ~ w d u u n ~ m ~ a i ~ i ~ f i u ~ d a ~ ~ c t u a  

r'n~wu:~cucluu~na~q~~umh (Warin series: Wn) 
3 d fininnun gnni'mmaunm~~nfia~~ilBnndunauaim iinaiunia$u 2-8 % 

n i m i u h  ii 
n 7 d l 4 ~ l h l I ~ 4 d i ~ ~ ~ Q ' i l d  di~"n'Nfi4fi9 

ni~urilul&qa4:i diunau 

danmfimniiiu~mi~1id~Iunld'd1d~k ili~uq~qwrrm dqnflq14 

ni.tuw4ns:wu n~mw::;5uaan~Gu4r~ia 

nif imh.rR ~ p ~ t  

iinarurun:fiuu.i'iu ~a*uiin 2~~ULfl~k~hldd~~97tl~%aUn97~dU~~h~ izimia~hir 

U%iiflimhnnl ~ ~ ~ l f l ~ ~ ~ h l d ~ ~ ~ ~ 3 d ~ ~ 9 7 t l d ~ ~ \ 1 d l d ~ ~ ~ ~ ~ 1 % d ~ ~ ~ ~ 4 d U  d~~%l18U 

~flunomQuin~~~flunrn~8nfi~u (pH 5.0-6.5) lu'u~~una~~unrnTrm~n"o;~~flun~m~~ndau 

(pH 4.56.5) lu8Ud14 



rTnrnnmn~nimriird~d~~~~w'u~ aamrgo (RQO) =am45 (R5) ~n~m~uium450 (KU50) 

nrnm72 (~72) smmg ( ~ 9 )  sama (R7) I u n ~ q n t u i  35 rilnqn Lunzdnaqfirlu 

fiu~~d~il.~~uflu~fiud~n'lu'iu~~~~~fiuuejd~~~un"l2iiln~n~wn~~wtw'ln1~~u.~rfu drtuf 

wau~ua;rdan~tlflwnwtw~mnd~~n'u 

'lun juqmiiud 35 dadgnlirrdu r~nunmn7twtmfiqangq~md 10.9 fiwial+ luiiuqnuluuau 

d~zd.~enluw'uf tzua472 un:: ii y nnauli datzuh lurJLd tzuaqs un::dadgndn7udu 

~nunun~rrn~twtinli?o~m~.~~md i 5.0 KU~I+ 

tzue49 (mind 2 n un:: 9) 1un~~6mii)lilu1~dsz~~anw'u~'1fl~nun~wn~0~5wg.~unn i o liu 

rid+ hliuqpdu n~~dgnGu~~dld-~kw'uf~::ua05 tzuam unzdn?ucJu nmlpndgnrtuf 
II ozue.~g t::uam ~nmt~iinm450 un:: tzua~7 (nim 1 n. un:: 9.) 



~ G U  <~u?"II R90 R5 KU50 R72 R9 R7 

Inma wr34mm 7.1 9.5 7.1 10.3 5.8 9.2 

%@$ 7.0 9.4 6.3 10.1 5.4 8.8 

d5-14~~; 6.4 9.2 5.3 9.6 5.7 7.9 

U S T U ~  6.8 9.3 5.1 9.9 5.4 8.2 

UIUUOU ~ ~ ' ~ 3 4 ~ n 9 7  7.5 10.5 6.5 10.9 8.6 9.2 

nay; 7.6 9.7 7.3 9.2 6.6 8.3 

STUD4 7.6 9.4 7.5 8.7 6.0 7.9 

u7n wr34mm 7.3 10.5 6.3 10.8 5.5 8.9 

nay; 7.3 9.7 5.9 9.1 6.1 7.6 

dmq~y; 6.7 10.0 5.2 9.7 3.7 7.2 

=€I84 7.8 10.3 7.4 9.8 7.5 7.7 

U%U& 6.9 10.2 5.4 10.1 3.9 7.8 

11% dmq~y? 6.6 9.9 5.2 9.6 5.2 7.1 

U%U& 6.9 10.2 5.6 10.0 4.8 7.6 

~ U U ?  U % U ~  7.2 10.4 6.0 10.4 2.7 8.4 

mouli azuni 7.4 10.9 5.5 10.7 3.7 8.3 

pm AU &66? R90 R5 KU50 R72 R9 R7 

hni W L ~ ~ W ~ I  5.0 6.8 10.7 11.3 15.0 9.5 

nay? 5.2 6.0 9.4 10.2 13.0 8.7 

d d ~ y ;  3.3 5.4 7.5 8.9 12.6 7.4 

U%U& 2.3 3.6 7.6 9.0 12.6 7.3 

UIUU~U ~ ~ 3 4 m s 7  3.6 6.5 10.4 11.7 15.0 10.5 

nay; 5.2 6.0 8.9 9.8 9.3 7.4 

STUD4 4.5 4.8 8.6 9.3 9.0 7.1 

u7n wr34mn 4.0 5.6 10.8 11.8 14.6 11.2 

nay; 4.8 5.9 8.4 9.6 9.6 7.7 

dmq~y? 2.8 4.3 14.8 9.0 12.5 8.2 

STUD4 5.7 6.7 8.0 9.3 7.9 6.9 

azuni 2.4 3.5 11.3 9.0 12.6 8.0 

Tlh d5lq~q; 2.5 4.2 7.8 9.1 12.6 7.9 

axuni , 2.2 3.4 8.0 9.2 12.6 7.7 

U ~ U  fig U%U& 1.8 2.6 7.7 8.8 12.6 7.5 

mouli axuni 2.0 2.9 8.3 9.1 12.9 7.9 





1 1 1  drl A' n juqniiud 26 n ~ u ~ u ~ ~ ~ u a n n n c n n ~ ~ n ~ ~ n ~ 1 n w n - n a u i ~ 2 ~ ~ " ~ ~ ~ ~ ~ u i i 1 ~ ~ m i i u n u ~ u a  
0 r l l  rl 

nrlaun dfj~~iiuuluntdfiunum n7trcuw;~noendwnnl.r n 1 7 ~ n u a u ~ t ~ d 7  Muri qn 

ludlaan qniiuhuldc viirmtzd qmiiulfinnnau qfi i iui lpn qnqud7nd qn3uflcc1 qn 

Rw~~fiw q"iiur%a ttnqmlu.X?u~~ilo4 
rl rl p i i ud i dn  miluqr~Tn qunyq awurle~iiua 

qniiuSauld4 nutuq-~~% 4my7 unr MIM 

qn lu i lpn  wu'luiil~Tn quny! tun- teuoc 
rl rl qniiudlnh nutu<4w?n 4irm(o LN~QUI&IL#~~ 

qmlurrj47 wlilus'-~wrin w? at$ unr true4 

qnRq~iim nului.n?n i u q ?  unr 3ruw 

qniiuJjlu~wilo4 wulu%~in nn$ unr moc  

~ n ~ ~ u a z q r u ~ u u ~ m u ~ ~ ~ u w ' u 4 1  (Phang-nga series: Pga) 
Y d 

finlWuV pnfid~8fl~fi7ndnd~~;4~fl~Bnfid~~~ld~7~ iinalrrnlndu 2-1 2 % 

n ~ m ~ e & ~  # 
Y 

1 0 n~~~unliinaeiiuufiaiiu diunai4nc~m 

n7dueilu~qoci7 dwnnle 

b n n n r a m n ~ ~ u n r n ~ ~ l ~ ~ t u a u ~ ~ u  dm.rluau uulrrnnunn-aquwnlu' 

n~olbw+norsw u7~amn7u~Qu~n~naeCuunfiw ~uu~nluhu~t?wnnocn7ntf i  

unrt~dni n m r  Tuaa nnacl l~: :~~ pr'lnu 

nw+ihctu ~ p w t  
4 3 ,  6ninauunn-auuAlu ~fluiiuiinum Snru~iL~a~Lfluiiuhudunnu iid&mn lud7.ru~uanu 

~fld~h~~~&9d~~nu"o~Lfl~~ld~d~9d~n97~ il~dlnmrrtafiJ7w7nduL~~a4 df j~m?i iu 

~3unonqnu7niicnond~unn~il ( p ~  5.0-6.5) 



l u Ilm&n&7ufi~nu ~ h u r i ~ n 3 ~ ~ h  u n ~ q m W ~ J i q ? ~ ~ d ~  Y 

4oii6nn~~l(ll~z0~'1!&8u Z ~ R ~ ~ ~ ~ ~ ~ ~ ~ \ I ~ Z I U B W U ~ ~ ~ U ~ ~ ~ ' Y ~ U  
4a~fiuouuslun1~l~d~Pu~u"n"mu 3ududau~rcruden~~~n~monm wi8dfiujm~rm~m3u lunis 

l#dszPutrlu~nw6 k.siinimq%wiuund~ t n u n m i ~ j t r h b ~ n ~ ~ n ~ ' ~ ~ ~ ~ u W u  
~ n ~ ~ ~ t : u a t : ~ ~ ~ f i ~ ~ n ~ u ~ n ' i u ~ a m ~ r ] u  (Huai Pong series: Hp) 

Y . 4  mqwwun dau4~~rnuhu5~~3uan~~ua~ua7m ilfiqqunm+u 1 - 12 % 
t; 4. Ir n7miuu7 nn~md~unaqq 

n~ilrmll~aadiludq';~u dqunnqil 

niduci~u'lha~Jq d~unnu 

~ ~ i a n 3 3 ~ a 3 3 ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ f  U'II&u l ~ l ~ w f l u u ~ n ~  fJqqy'U\~~gn~nlf dl~ui7fiu 



I R ~ U  f W?R R90 R5 KU50 R72 R9 R7 

diqn'n Cun y? 6.7 9.5 2.9 8.9 4.7 6.1 

Cun y? 7.3 10.2 5.5 8.7 11.5 4.9 

52(fl84 6.6 7.9 5.2 7.1 7.8 5.1 

din& Gun y? 6.8 9.8 5.7 8.5 10.1 5.0 





n j u q n ~ u i  43 ntju~unnuinuln~fim~~nw::naui7d~M"~gunmua7unzLn ila~mi~ubi~u 

ntn~6nrlau3q~fludw nlttzu~ud~rieu~w#uln nawgnunuq?dih lhttri qm7iuul~wr qn 

iiunmz Auu qniiurilh q m 3  qmlu%la qniiuw'nui qn'iuzuaq unqmiiu6'nliu 

qnRu6mfiu nulu<qrt5n <uny? azk~nm an$ dn4u$ un:: zueq 

qmluzuad auluGnn51 my7 unr zua4 

qmfiwinui nului.art5m a q ?  unz rzua4 

~ ~ w w M z ~ ~ ~ w u ? % ~ ~ ~ I I ~ u # I I ~  (Sataheep series: Sh) 
3 A  A nninnun gn~numunindnfieu irniunim%u 2-5 % 

n l o m l u h  riau#wuln 

nlil~n~i~nosJluuia~u 

n ~ ~ u r i l u ~ ~ a q i i  ~h 
bwn~~~maf lu~ : :n i t~~dz fu~ud~u  d~nfldi ~du riuddak k u  #udz?n 

un::a~rnh1 



(au.) Q(L~u d~fiuddurtrl auy.rd 

K n a n m n m l r u ' u r t d ~ n ' u w ' u ~  n w u 9 o  (R90) n w u 5  (R5) bn~r?mar#50 (Ku50) 

s a ~ u 7 2  (R72) Gasu9 (R9) nasu7 (R7) .(uniqnauC( 43 ~ G s d ~ n  i u ~ ~ a ~ a q ~ d u  

~ u ~ i d r ~ ~ j f l u f ~ ~ u ~ n ' u d ~ n ~ d u q n ~ u ~ n ' u u e ~ e i ~ ~ ~ u ~ 3 i ~ n u n ~ w n ~ ~ ~ ~ m 1 n i ~ ~ ~ ~ f i u  wifluf 

rn~~fiua~danit2.3iwnu3~ umnei14fiu 

lunrjuqmlud 43 dadqnhdu f i ~ n i w n ~ ? ~ i l n k f i m ~ ~ q l I d  13.0 niUial+ tu8uqnrinu+i 

'II~Y~) lufluf zua49 umr.dadgndn~u~finun7wn7twtw~~~n~qnd i 5.0 M a l i  Iuiiuqn 

k q u  d dti$u$ lufiuf tr.ua49 (WITI~~ 4 n unr. n) hnit i imiul~d~r.L~ankufdlf i  

fin~n~nniou3muinndi 1 o liuria'lf luliuqqdu m t d g n ~ u d i d r .  tr.uaa9 true472 

undmiurhr nmlgndgnfluf zuchn ?at1472 (nlwd 3 n. un:: n.) 





E 44 4 n j q . 3 ~ :  45 n~u5u8ufiqn3' a-u%fiauihr iIfiiituitu~3unrnQ nmruiuuino.rm 

-iliunni~ naiqnuauytddi Wuri qmzuqunt qmluuimluqj q m k m m l i n  qn2uninim 

qmsu~u~\tnh qm%ddi~~ unqniuurni 

qm%~~unt nuluGuL 4unlj) unr cue' 

qmlrnrmmn nuluGuqm qqmjt rm(3 unr cum 

(Khlong Chak series: Kc) 
3 -I aninnun pnninmaunin ~nfiau?h~nn~unau~u flmiunim4fu 2-20 % 

ninzuiuZi ii 
nitlrtndlaet~iuufia3u ih 
nid~rilul~ra\tZi i+a 

~~lannrusonrn7iunrn1~~~11~0unu"n'iu ~im.rlu4u dil~!iu'u undgnui~nim 
3 4  ' nisunh~r~iu ~ u ~ n ~ n c ~ i ~ ~ a ) [ ~ j l ~ i n l h u n ~ u n ~ i u ~ n ~ ~ ~ n i n w r ~ u a a n  

nioin i'm$u A ~ B ~ C  







r d 4  Y n juqnSuCl24 n~~unnu~nuin~~m~inmznau~iuin~~ua~u~flu' iunmu~ui djj?mi~u 

Lflunm nina~u~iiaudi~1nqii\1~rliunniq n?iuQmutuy ?dii Uuri qm7iufiiuii.r (Bbg) 

qm'iuriiq~nu (TU) unzqm'iuqua (ub) 

iiymfiiuii~ wuluqq~Tm c ~ h ~ n n  rn$ un:: ~ ~ u a . r  

luqmqun wuluhk ds74u4"o uaztxufi~ 

~n~wun~~aruu~"An~u~n~uti iuY'u (Ban Bueng series: Bbg) 
Y d f iniwun ~ ~ u h u i i ~ i a u # i ~ ~ ~ u h u  iin~iun'lm%u 0-2 o/, 

ni??zuiu& f id iunni \ r f f~&u#i~~n~ 

niilrtndiaatJiuufiq'iu diunnu 

ni~ur.iiulha\1& 

~ a w n c u a m a i ' l u n z n i ? ~ ~ ~ ~ u ' ~ [ u d ~ u  dpnbau unzu r l i dak  

~I?UW~~TZ'~IU W Y Z M U ~ L ~ N ~ I U E ~ \ ~ M ~ L ~ ~ I A W ~ ~ M B ~ ~ ' I I B ~ ~ % L ~ ~ ~ I M ~  

ni*m 8 ~ 1 4 i ~  ir~pc-cg 
d Y  rkn'lrl.wuwzfiuu3'iu 'iuvlsiuAnuin 'iuuw~uamu~flu'iuhudunm~tll"w~unnudu'iuf~u il 



wauau~~d~ni~ I .3 i~nutw ulilndi46u 
4 i hnduqmilud 24 dadgnliurhr ~ n u n m r n r r r ~ n f i q ~ m ~ ~ ~ m d  i 0.5 iiuda'tf lduqnfliiluuq n 

ar~9q~n.n ~ufiuf ~ ~ ~ 1 a 4 7 2  unrdadpndnludu~nun~wn~t~tw~~am~.)~nd 14.8 diula'ti 

~u~uqnriiuil.r d ~ r ~ q ~ r n n  inrquf treaqg (mind 6 n unr a) ~ r m l t n a u ~ d q ~ ~ ~ a n f i u f l  

I n u n q  w nir a'lmulnnii 1 o 6uda\+ Iuhqqdu nmlpnrlirilidzlr6ilw'uf rrua.il72 ua:: 





rTnamwmrwiru'ud~d~Wuw'u~ naaugo ( ~ 9 0 1  naau5 (R5) mumrnrr/50 (KU~O) 

%a0472 (R72) s a w 9  (R9) n a m 7  (R7) .Lun+jqn~ui 46 riinlan r i u ~ d a i a q ~ d u  
3 JuciirllltX;1w'uf~iiu~~ud~n~uiiu~11~~u~fiuumBj~~~unZ~ilnun1~nitw~m1naS~f u46u udw'uf' 

waunu~;Idan7~lflwnw3mumnmi~fiu 

Isrntjlrln5iud 24 d~dQn)i~dId ~ l n u n m r n ~ w ~ n ~ ~ n ~ ~ ~ ~ n d  9.8 fiueialf lduqnnijunkji 

doz~q4mn Zuw'uf tue472 unzdadgndniuthrilnuni~n~t~lmr;i~fin~~fOmd 14.0 kBja'lf 

ds~qdao, lur7Nszumg (mmd 7 n unz a) lun~~~n3ul'~d~t~ianw'ufllfl~nuniwnio 

a~muinnd7 l o  ibis!+ tuw"uqprhr fimJgn~udidnkw'uf 3 ~ ~ ~ 4 7 2  unzdniurhr n d g n  
II dpnw'uf szuo.19 ~zua472 (niwn 6 n. unz a.) 



m d  6 n. hunmn~tliwrndm~am~~aw'ufJud~&~ufm~so mats  l r f . 1 ~ ~ 7 2  ?a947  r r t ~ a ~ 8  

wrmrmrmadm ~ ~ Z u ~ m d ~ t ~ e t n ~ ~ n ~ u d  .la dadgn~uh 







m s r i ~ u i ~ n u n r n n i s u ~ w ~ u d i n l t u ~ ~ & a a ~ ~ ~ u w 3 6  

nisd?uJ;tuazGipqflu ~modn ' i~z6sno l i i~dw$ou~f lu  nrii?zo n ~ u a k n i s d M ; t A u  

~ ~ ~ ~ I ~ I ~ ~ ~ ~ ~ I ~ ~ ~ I ~ I o L ~ w c ~ ~ o ~ ~ L L ~ S ?  f i ~ z d i a ~ i i n ~ o ~ i ~ . r ? u ~ ~ a d ? u ~ w " ~ u ~ ~ n ~ ~  L ~ o ~ l z f l ~  
Y A d  ~~rinis~q?y~RuIm~ot4'11 ~azii~?iua1uisnlunisw5muinmu luwundgnliudidzu&n~s 

~ ~ u ~ ~ ~ t u ~ i o ~ ~ u ~ ~ ~ ~ ~ s ~ f i ~ i ~ ~ o ~ ~ u i i ~ ~ w a ~ u ~ " ~  n ~ s ~ d ~ ~ n ~ o ~ m ~ i l ~ u i q i n  L ~ W  

Iu 6u iuuar~uh ~ m a n ~ s ~ o n a u ~ i n ~ a ~ w ~ i d a ; ~ ~ ~ ~ u ~ u w ~ ~ n i o r i o  q i n n i s i n a i  

dordo.riqunai 21 8 wuiinio1onau3un~u?m~fiiuioo~H'ua~~o1rrislu~u1m"~~u~ 
rAnQu & ? ~ ~ I G W ~ W ~ M L ~ ~ ~ ~ & B ~ ~ ~ ~ T I # ~ ? ~ ~ ' ~ ~ ~ ~ ' I ~ ~ O L R ~ '  N-P-K $11 8-8-8 nn.114 

diaFu"?"SnisIdqs3udo'n'mti 2 $dl$ i ? u i i u n ~ o I d q o ~ n i  N-P-K ?hi 8-8-8 n n . N  8 
IJiwaR~du~Zo?nir ( p w a  uaz~mz 2541 ) 

qu8un'ou~~uuu~niodCmun"~ld u i ~ ~ r i  $man (manure) 4u;afisl (green manure) i]srrGn 
roY 

(compost) ~ L a z $ ~ ' l u ~ ~ ~ f ~ u l  (liquid compost) 





rhun 



Source: Howeler,2001 b 

source: soil analysis devision Department of soil development 1992 



Total Total Total 1 I I 

liifimnizl4~unanluniszl%d~~i~'iulu~da~u'udid~K~div~~n~m0nmui~~~n 
Y I1 d l r o  Y dilfiuwrmlri~3u i 5 lhlaqqdqn fminrl]ufiannuqinm u~zdau8i~viuin oimiu~qiu 

~~j~iudiinYBlha~l4~~jaiu~uviiuriaulnnau 

niol+ii/svrh i i % a i i ~ l i i u n i t i m v 7 ? ' ~ 9 d ~ z ~ i u i i i l ] u v u ' n ~ 4 $ i a 4 ~ ~ u ~ u i ~ u i n  

fl~qlTunammpiiuuld~uvu'nqin~d1anu'udidaC~ n o i a i ~ a ~ ' a l ~ i n l ~ ~ i u ~ ~ ~ ~ i l i l u ' u  
9"  I) d i d z v k k ~ l d  & n d ~ v u i z a u k l r i i j . ~ i u ~ q u n u ~ ~ ~ ~ ~ i ~  n i t l ~ ~ u d a a ~ d ~ h u f i u ~ u m a n  

unz~uvu'ml~u1flnisria~aaiu'11~48un~?'~~ddtz~ntniwuin~u f i h n i ~ ~ ~ 4 i i i ~ q  

~d~uni0Ci~ai?'~~di~~~vdi~uil49~un'u~zd~ulii~nw~tnoij0zuunit~mnio'iudd 
& r  Y d?z~iln~nin~~w~mauunu~udifiuni~auqu 7iudnliugrrunuy trduazu~utanu lu~uinm 

n i t ~ ~ ~ u ~ m ~ l r u n i s z l ~ n u ' u ~ i d ~ ~ ~ z a ~ ~ ~ m i u d i C u  ~flunidluinwaninu~m&auh7ii 

timunfldqluain7fi lu3u uaz& ~f l i i l fun i i lu f lq~~u ni~m~zuunidmnio~uuuu 

wnuuaiu Aa~~ilbi~zuunit~mnio~udd~x~n'inin aiuim~du ua utruaz'~~wawauunu 

~ u ~ i ~ n i m q u h ~ l u l i i u ~ ~ i i ~ ~ a z ~ ~ n ~  



source: Pitayakom et. al., 1998 



1. ? ~ Q O Z J Y ? % ~ ~ . ~ % J  (soil properties) 
w 

2. maiu8uWuldGtzu4i;1'luuazG1 (soil water relationship) 
w 

3. aGmratSa ~ ~ ~ z d a j i n q ~ m a n i n i A I j l  

4. ? ~ ~ z ~ I T L ~ ? Q L ~ ~ I ( ~ ~ " I I B ~ ~ ' I I  (stage of crop development) 

5. ~uinru'~~icaliildI%dszfoafim" (available water supply) 

6. ~ n i W g ~ Q i n i f l  (climatic factors) rdu du  UPIZ~NV.Q~ 

d tnr~nuu%ae~Ru (soil properties) udtriluqnrfiufinitnion~w uar nitrni; du ~ua'lu 

L I ~ a k . j % u  d jiikli'lu ( n ~ i u ~ i l u n s n - i i t )  
Y 4  Luem (soil texture) uuioiitdauds:nouaoJlu k d a u r o ~ o y n i ~ A u  riin naiq bqj ('lu 

84 3 rwGua L L ~  n t i ~  (ilia~GimYZI) Iugu KaoL j i ~~du  3unuruavuiu IA~rrGiunsio 3unsiuiau 
A d  4 A d  Ai 

3unu~uouu iud iuna i t l&u6  Smuiau iaunf l t  w"s a h  r~az' iunu~uoaz~3um l&uri'lu 

~v iuamt iu  ' ~ U L H G U ~ L L ~ ~  v%8u~crGua ~flu6u 

'b~~adh.liiu (soil structure) u u i o ~ t n i ~ ~ u ~ ~ a r ~ ~ s ~ n i ~ 5 u n ~ ~ u  ku  u a z ~ v i u a  ~ i lu  

nduhou iouniirrim'lu niss~u.irat~~mfluiiM"tu'~uu~~au~ w:uuuur iu~u p l i i t t l o a  

k ~ t a k t ~ u i i ~ a i u a ~ m r ~ a z ~ n a i u ~ u w ' u ~ m u ~ s ~ n ' u ~ i  nisciiurmoinifl nlonozqluro.r 

s in  4.a 
aiimrneq%u (soil types) LL~QLJU 'lu~crzua "mmsiu LLPIZZU~~M 

Y s  I 
9 W  nisd~~~~u~uemudi~din't'Iuw"otd~u~~nit (laboratory) u a ~ l u a u i u  nisdszt9ulu 

~ ; o t ~ l ~ d n i s l ~ d i k m d a u r a . j n ~ u ~ d m ' i u r ~ a z a u ~ m ~ 6 s ~ i . j a ~ ~ u m u a z ~ i d ~ m ' a r a r ~ 1 h ~ ~ u  
3 

r d o h i u k a t n d u r u i m f i i t ~  ~uido:mnrusltuqinfiiu~uiuuLda~u nisQd3uimt la~ 



n juru1mnunt~uufl~u1z~u~~i]iualu~~~d~11"wn10i3~~d~uu~unn'ulua.jn~osd'nd~~ 

f l i n f i f i i n ~ ? ~ r $ t ? ~ z f i ~ ~ ~ n a  (mechanical analysis) H%I n?fi~Rfl~$illd76ta~qR (particle 
Y Y . d  

size analysis) n~~~:~u~ua~u~uau~~u%'~u~h~ai~u~aiuflndafiuf~~';iu~'~wau~.j 
J 

LLR& n~~Runuimdi . j~  ii~nwmzViuumzl#n~iuf~n~u~~uw'~~umnei~.jn'u h ~ m z ~ d u  

nasns~uiiaa~nda na.jnnuuiki;a$uazduR17~ufl.j ~a.jiiu~~ij~11au~~~n9.jdausi.j 

unzuGuarmrazcluz n w ~ r n 5 ~ ~ 3 u ~ d d 7 . j  1 ~ r d o q u  iirnif?adir7 ds~niunrnnntiu 
Y n~~uuil.juaziiuahalufimdaud~.~n'u d a ~ ~ ( 1 m ~ 6 n ~ ~ z ~ d u n a . j n ~ u n l d ~ m ~ w d i u a ~ n ~ i  

d~afiurflwsnuuulYlu~ou7u ed~ab~m~u~d~zdtzdurda3~1m~5~~uw'n~~bi~nw"a~ 

~ ~ ~ ~ . j ~ f l u ~ d i j d ~ z n ~ n ~ ~ d u n : : ~ ~ a ~ u ~ ~ u i ~ ~ ~  kSiiitnbjr~u.jn'u5~mta~a~'~1lu 
-4 A h. jd  j m n i t  rfluaannzman m a n t n t ~ ~ u ~ ~ n d ~ ~ ~ b i b i a u m u ~ a ~ d ~ ~ n ~ ~ ~ n c l u ~ ~ ~  

mnqaaulieu~k 

rr~nni~aliiurda'iu~mufiu~'aarii~jio 1 ~murilf tudlia~nitmtaqaa~uii~~duu~~zi 

13snuezsurfiuld uli?~wl#rfluku (i~~n~u~mhukH"rflufi~ulbi 4fihrfluiiunnu 61 
n~uiro~urflufiauunzdaiiufiauqzumnaenq~nn'u Qrfluiiuhu unzhiurflufiau~ida 

iiu fiauiuiu'triumn i.~hiirurriiul 

&' 
5.2.2 A ~ ~ U ~ N ~ ~ ~ S H ~ ~ U Z U U S U ~  (soil water relationship) 

miu~utuRu (soil moisture) ~e3~1~'ai1n'~n~nh~Kn~~1~w~n~ltmuind~mlu~nmhuuaz 

uH"4u1.j d ~ l t d n ~ n ~ w n ~ ~ ~ i r ~ . j ~ ' ~ ~ d ~ ~ ~ u k ~ k u ~ n ~ ' ~ ~ ~ d ~ ~ i u u n z a ~ i ~ u ~ ~ d ~ ~ ~ u ~  50 

rdaiL%ulirvidu f~icu~id11d0z~~~u'iuGuaali~au~nlun~t~m3ul~lun~tt.( t w 
t J r  A" maad f iu~muinwr I4d~f~~u~un~t~~3~~ ia~Pmdt : :u i~ ld  0.01 rdafr4urAra~wnnn 

~iiulf lulnn n 1 ~ ~ ~ a ~ ~ ~ ~ a u l i i i n i u n ~ ~ u ~ l ~ ~ ~ i u & u w ' ~ ~ n ' ~ ' i u u r 5 ' ~ ~ t l ~ ~ i ~ n ~ a ~ t 7  

n ~ u ~ m ~ a u l u n ~ t w ' ~ t u ' ~ ~ ' ~ u n ~ ~ m n i ~ i ' ~ ~ ~ d ~ ~ i u ~ d i ~ ~ u a d i . j ~  r5mdmhuazlnwnh.r 
g 0 

ijuaari7auinPian~sI~17~'11a.juq un~na~ua~u~tnluni~uuina~' iu 



f l ? l N ~ l N l 3 ~ ~ ~ m s ~ ~ ~ l ~ ~ 4 ~ ~ 9 1 u ' ~ e ~ 7 ~  7 (Available Water Holding Capacity (AWC) 
3 

of Various Textured Soils) ;a fm~~~~~u~ui/a~~urr~u~usia.rlfz~i~~n~~uaufzm'fln~iu 
I .  84 K 

~RUIU (field capacity) u@rfblr;(laniat (permanent wilting point) ~ ~ ~ t q f i q ~ I d ' L # d r z l ~ ~ G  
I Isi ;naiuu~nsiiqriuauadnirr~m~u 2 ( m m a d  1 ) h n t ~ d d ~ n t ; a I m s i n i r r a d r z n i u  

2i A na~usumiludrrluaG~flud~4udi~rytun~riiitrlumfiuitlduazn~iudlun~rlw"di lunrr i i i  
3 A dgn~a~mu~~~nlmadr::n~u~~lu~~~alu"IIunL~udr::~uTt~ sz~ f lu i l~~r i~aumi~ l r~ rmu 

w Ad nia:e ]u~~dacl6u iu~~u~lm n iu lw*an~wnis4mnl~pi~~ qilqqunuuanrrnusiana~u~ 
Y d  3 naiuaunr~udrzIua~~a~"mui~aiudrznit~du ~ua"mu CRNWF-N fiuim3uw?u?mq Ira: 

W W 4  a Y n w ~ ~ n a ~ v u ~  w m mu 
3 8 - 3  ~aiukRusr,~'urraiu~*ulu (field capacity, FC) Ra~~m'u~aq~auAu wrn~nutrl&i.~~ln 

, I 

n ~ r r z u ~ u ~ ~ l u n ~ r r ~ ~ a u ~ ~ a ~ ~ 1 a ~ r n ~ ~ ~ ~ ~ ~ ~ d u r i a ~ a a ~ ~ a n ~ u ' i u ~ ~ u m ' a 6 ~ u ~ ~  uaz~14dd 

rz~uwd4 nlazd$Liimnwlu 1-3 i u w k ~ ~ n ~ u ~ 6 h ~ ~ d u ~ " s a ~ ~ a a d r z n ~ u a r i ~ ~ r ~ s ~ ~ a  

d ~ ~ a ~ u ~ h ~ u i u ~ a i ~ d ~ d ~ z m ' u ~ ~ ~ ~ a a ~ ~ ~ i u ~ u ~ ~ d d ~ ~ u d t z ~ u a ~ d a ~ a  uarurnn6h.miu 
2i 

rn~u.aGmaa.s~ua'mu 

~ a w h ' i u ~ ~ ' u ~ ~ ~ d p 1 ~ 1 1 ~ a 9  (permanent wilting point. PWP) R~~:KIIA~W~UAU~~~ 

lG$au~m~a~n~r~d~a~~aza~n~~~d~a~'~riaiuitn~~flt;itrliolm" d ~ u i f l ~ a ~ u a ~ l u ~ i a ~ n i n  
Y awnamflun'mlu 4 m r d u ~ o i ~ r i ; R ~ u ~ t o ~ m a a ~ ~ ~ ~ ~ m u n ~ ~ d B n ~ a ' u ~ ~ ~ ~ m d ~ ~ a m ~ a ~ n ~ r  

rdea'l&~mnu duuzdamntu~ud~::nmaa~1ldnlauzna"7~1ba::~nd~zul~ 6 6a  qu81~di 
w w  4 sunrz~qtiaiilus% 4 d 7~cmtG~~r~az~wdiniau:lG~Gn ild ~awlzlusluwaIwc6aonul 

~~dailaqiiunlsrzrvu21qlnijq'1u f ialuC~u1unlauzq~~r8ulXnl.rL~uaiia wnnw 
Y  B nluiiraqGaRaiuauftuqzamaqdau 1 ~ia.rqlnnlsRluG~aat+aqu~qrz~uvuqn'qzLiim 

a in io~i /s~~~nt iahrnsunai~a 'u u ~ i l A u i u ~ ~ l u ~ a u n a ~ q " ~ u  .suludqm~an'q:ii~a~nw 
Y A  d 2 A d  4 

~di /oanlqoUaz~?u~r~~ud~m s z ~ n ~ i u a u n ~ ~ ~ ~ t r l u ~ n ~ a ~ ~ a i ~ ~ ~ u r ~ ~ ' u n a i u " ~ ~ u n m ~ n ~ m  
Y . 4  aasn~~uaumiludtzCua~piaG'~~ d ~ t a i ~ ~ r q m i i u ~ a 1 ~ ~ u ~ u d s = : r n ' u A ~ n i ~ ~ m ~ ~ u a n ~ ~ t d Z 6  

w d d  Gi~rriPiw'a~zLinu~tnr';I'uCmtrl%lGwa w3rn r&aqindqu dm 1 aa~&uGaqzld.lridlau7n~1]~ 
u d 3 waualnlr r iuaar i l tnw n l n r l ~ a l ~ s u ~ u r z m ' u ~ m r i s a n l a r ~ u u ' u d l d z ~ ~ ~ ~ l n n ~ r ~  

ci 0 Y o i n l o r i u a a o t ~ u . l r i d ~ ~ ~ ~ i a u ~ ~ ~ s ~ n  Lwrizri~~iidm~~1q=:I;I1uruamuinq~uauama~ 60-70 
2 d 2 

~~JaPr~udiaaqnaiuaun ~~udrzPuau.iuEuu3~a I uazkmi i i i i  rna$Xuu"ii~:ip1ai~"11u 

"mldb~~~~bn$au8niu 



WIPIQ~ 1 ~ ? 1 U ~ 1 U 1 9 0 ) l l l n l 9 ~ u i l ~ a Q ' i u ¶ ~ m ~ l Q ~  (Available Water Holding Capacity 

(AWC) of Various Textured Soils) 

Cia, Available Water Capady 

(IncheslFoot of Depth) 

Coarse sand 

Fine sand 0.75-1 .OO 

Loamy sand 1.1 0-1.20 

Sandy loam 1.25-1.40 

Fine sandy loam 1.50-2.00 

Silt loam 2.00-2.50 

Silty clay loam 1.80-2.00 

Silty clay 1.50-1.70 



d w ~ ~ 9 0 1 4 ~ ~ n d i ~ ~ l n ~ ~ n ~ i n  A i o l a i  1 ~wtlriiilq<uiugnn"bii;u?n"u nlofin!diaoc 
9 4" 4 
R U  ~ ~ ~ ~ ~ ~ ~ O ~ ~ ~ ~ ? ~ ~ ~ O ~ ~ ~ A ~ ~ ~ ~ ~ ~ P I T ~ ~ ~ I ~ ~ ~ ~ " ~ I ~ ~ ~ U ~ ~ D A ? ~ U ~ R ? ~ U ~ ~ M L ~ U  

I .  dpz1uarirdunir o y n i ~ ~ u ~ ~ u t ~ n ' u b ~ d u ~ u ~ ~ a ~ ~ . d o ~ ~ ~ ; 1 ~ z ~ ? ' i ~ a v i n u ' a u ~ m ~ ~ n ~ ~ ~ u ~ d  

3 4 ~ufi~iuauno~lud~~ii~~adidd~uZa~~riludrzCu~Gsio~a ~~aYnautu~u~6aa:oR-~~um 
A' n~oioucsilaa.royni~Zurilu~lin'lud;ldi~'lu~haus::d~ul4i.do~ii~di~~~~~n~~ 

3 A A 3 ~l?iuaumb~udozluald"uinau a m z ~ ~ u ~ n i r f i i i ~ n i ~ r i i u r n o i n i ~ ~ ~ u h ~ u  diaFuZu~uo 
3 a Z u ~ u a a u i u f i n ~ . d a ~ i ~ . j t ~ a i i ~ a ~ i m a u i m I a ~  d~ I f l~~ ldn~id~f ludoz~uau~bi  

3 4 A' 3 A 6ou niodi~$~uruoauiu~bd~nuau~~.d?u'I$~.do~i1;1di~s'u~m~~~?1~~un~~~doz~ua6 
4' 

Ulfl4UM 

2 rdef L ~ u ~ A ? ~ u & ~ ~ ~ I J  ~UILI%~ fi?iUau~u~u~mLflus"ooazaaqA?iuaiuitn'~unit~uii 

ao~lulnoilulin~%lmun~sul[il~ 
w w 3 4 n7saryrilai1 w) auiuZiq ~ u i m l j l i  (%a) d ~ ; ~ ~ A ~ R ~ ~ I ~ U ~ U L ~ O I A ~ ~ ~ A ? I ; U ~ ~ ~ M  

d4  -7 d R?luq"luUnuanMw~ w 
aa 0 

~ ~ f i l ~ ~ ~ U l ~ ~ l ~ ~ q d ~ l ~ d ~ ~ d T : o R - ~ U ~ d  (Available Water Content, AWC) u'b?fUfln3h 

i i i ~ ~ : o R - ~ ~ j  ~ u ~ r n o i u i ~ u  ant~miu dnuu'i+~aliozclo.r 

AWC = (1 ) - (2) ........................................................ (3) 

= 13.4 - 4.0 

= 9.4 %, W/W a% I 5.0 ./, V/V a% 150 %&a~tilo 

4 0 
w w 

? ~ R l ~ ? ~ ~ u l ~ i l ' L ~ ~ ~ M ' ~ v I u ~  (Soil Water Storage, SWS) u k 3 ~ ~ 7 f l  (Effective root 

zone) aa;lfiudidzv5q 

SWS = AWC (~a~~o.16510) x ~~? iu~n ' l l oq t in  (wwo) .......... (4) 

= 150 x 0.30 

= 45.0 ~ Z ~ U W T  

1 ~ t u i m ~ i 1 u ~ ~ d r i u d i ~ u ' ~ i ; 1 u o ~ I ~ a i ~ ~ a ~ o ~ i n ~ ~ ~  (maximum soil water deficit, 

MSWD) 

MSWD = SWS x AC (%) ............................................. (5) 

d w 

AC = Availability coefficient of the water to cassava = 8 ~ d ? z ~ n s n l t ~ ~ ~ l ~ ~ ~ u ' ~  

d i d z a k  r r i i t k  30-40 % ~uI~A~IuII~~u~I~zI~;~'I~~I!~ 60-70% aa~d i$8uqum& 



MSWD = 45.0 x 0.3 (0.4) 
4 4 

= 13.5 (1 8.0) uaawm? 

mtmm~ruan%#u~u nlwunrii le~ulu~fie NRCS (Natural Resources Conservation 
4 z d 

service) n t u 3 r ~ n ~ s m a r t  ra~au3jaw3ni aalia~n~t~~'lulu~~~uu~a~u~ulu'iu 

d l l o ' I ~ ' i u ~ ~ r n d u ~ ~ ~ ? ~ f i u ~ u  dlufnun~odlu~du~~uan'~~n~own~~~a~~~~iufi~ 







25-50 LJQ/L/UI /A~I~~~'~U n l q q ~ ~ u ~ i  1.8-0.8 h@/fl (nln 

dl) 
i nwmzdcru~  : 5u~u~ijnfima iul4~~uri~u\bi  ~ ~ ~ I I A U U I R ~  

r .I= r aenu~fimuu?n l~.XIwo~muuiuaue i~~l$Iriuuuua.~K 



941 

?fiM7M7~?7N8¶da%Ift¶d dA?luqarnu (Field Capacity, FC) uRr qRLdfJln119 

(Permanent Wilting Point, PWP) aatAu.pmAmh GvQorsac 
d 

1. Lfiu'du~inudfi4nnao4n~aiu$n 0-30 ~qu'lrums huimin1flriufl4i~cuv~~fla4 

2. ~ A U L L I ~  25.5 iiCfin?u (MI) ldlunsrnit~fiia'ln#jifn'unsznic auim 

...................................... % PWP = (M6- Ml)/M1*100 (2) 
d $ 0  .3 n7s=rrra&wniiu (soil evaporation) ~i luni~vu~nni l f l~ay~~s~aiuau~in~uCms~I j~Yu 

dorlsau' do% ~4kLYu~aniolflLiimnioarauaa4Ln~auuZa?u ~ t a i ~ i i ~ ~ i l a y v i ? u ~ & . ~  
4 A l6Znias jis1s~iuludonnrrav?~aLu'ini.JinioorLvs6i~inLLdfi4wand~nLYuLLna (row 

A d  
crop) du h a b m  ai~jiuin8~mo~vu~rat$i#Aiso::Lvs (evapotranspiration) mfiamqg 

w I w 
PIPI 0  w 4  P I :  dgn 6iaiui~nfimnio~ras~in~u'Iuda~qgnuui~in"m ii~rdasbnauuiR'iv?~~~miiu 

cY ufitmis61 (transpiration) uinau ~aiuL%ilqLdsaiiunfilnaa4nio or~vs:iqinZu~Yu~4# 

iirYu$iot G s u ~ ~ a u ~ ~ r n " i ~ u m u i m o n i ~ f i m n i ~ ~ ~ ~ s 6 i ~ i n ? u  

d A A d ~Yuora r~~mnn ioo rnu~ i~~ f i = :dauQ i~m~n  rnsznvwaisiosnii orur&oiwn (constant 

rate stage) ozsr~ao4ufir#aiubnoaun"u.Ji T 3 X g m o l f i m f i 4  (falling rate stage) 

R ~ I U ~ ~ ~ ~ I ~ ~ I ? ? Y , L M ~  (evaporative demand) a a 4 u o s s i n l p i L ~ o ~  ~ a i ~ h ~ 4 n i ~ n i T  



O~L)1~'f lO4U99Ul~lf i  I~1~~4~1?~~~4U00~1fllfiM"n"l~~~~l~~TlfllTT~L~~li'lBl~~?li'lVI"s~ 

B a 3 
du 1 ~hduoou in i f i~?o~f lu~M' i Im a 4 ~ u a d n i l g m v ~ i i  ~1 iuau8ur inS n iovyu  

a 
?u (turbulence) amolnifi yay. Liaqmar?irg4au ~ ? l u ~ u e ~ u < M ~ i l a 4  v 'nozut3nu~9 

9 

nu ~mnioozauiiqiniiu~uo=:uzi:iuadn'uA?iue~ aatniouwt (diffusion) aa.r~ai iq in - LY 
. [ P 1 ~ ? ~ U ~ U 9 W 1 ~ l ~ U ~ ~ ~ l T L A ~ ~ ~ d ~ ~ 4 ~ l ~ 4 ~ d ~ l L H ~ ? U ~ ~ ~ ~ ~ l 7 l  Aud?u luau~ i i~~v l i4  

d  n'dniotnrru~i  ~oiniouwhatlali'iqiniiuvi4du'nioozLvuii~utouinipl.a"ia4Loau 1 
B $2. Y m i u s z ~ u ~ ~ i u a n ~ ~ w u a u a a ~ i i ~ ~ ~ l i ~ d ~ n i o o z ~ v u i  k$uo'sloinioozLvutiqinbiu"74 

d 
R ~ R ~ & u ~  < ~ ~ 1 ~ 1 0 9 ~ L l l ~ d ~ ~ ~ 4 ~ d 1 4 9 3 ~ ~ 9  I U . ~ U ~ U ~ O ~ ~ Z ~ L ~ & ~ L & U Y  L~ULIn'l l6WTlM 

amatoQith 1 suLiiauA4dluwoudaiuu Ldacqin~oid?unioLdiuuLLda4"ua4~?iu~n 
d 

aa4iiuvli4di;nioozLvuii1umaufiu Zpiigtnii damaudaiu si?adirduwamiu~naoc 
d B $ A  ' i iuvi.rozau<iLiuqin 1 au. ~ilu 2 au. iuLflunioku ~muann4 2 ,141 aruzn~uodu 

qin 1 o au.  flu 1 1 r u .  ~uLflunioL*uL~uc 1 .I ~ v i i  arii~loiimiulmuu~"~3~ud~iiuld~dZ 
d d 

n l o 3 Z L ~ ~ ~ i 1 ~ ~ ~ 9 i ~ ~ ~ 4 ~ ~ b j ~ m " L f l M ? ~ 6 Y A ? i ~ ~ n ~ U d ~ ~ ~ ~ ~ & ~ 1 ~ t ~ ~ ~ ~ d 4  v i n w i ~ i ~ u d w  

aa4~~iu ' lnni ic  1 4t~uiioz~uR?iu4uiiniioz6uiurii?m"?u:i miu~raanitoznwdiaw 
d  ::a uoouini f i ~  wa~nukuiodmtiniotzLvuJiluozuz~L~u~Lijn~au ~uaaumuu64uui 5 - 8 

f ;  
au. ~&anisoz~vuui~inAu ZCauuin 



a 
otozszn"koinioszLvsamaq d o z ~ n ~ n i w ~ e ~ T ~ q ~ q u ' i u t i i e n i o a m G n t i n i ~  

oriwuin ~&cqiniiqsdit29iar?nE?u~un"u'~ldi;1nii~a'iuLeil h6uniouwhatledidozLvs 

qin'iuciiuiu~uLL~qtq~iniinioLLwiaeq~eiidjiu?'a~nqu'iu ~ a q ~ q u ~ u i i 4 b i a i u i o n  

Raurlu16GmoinioozauamAia;1$n 

Bond L L R ~  Willis (I 969) 1 6 n m a e ~ v i G ~ o i n i o t z n u ~ i a e ~ ~ u d Q n w ~ s d i ~  (clean 
d 

bright rye straw) &lolBi l4 1 lh~~tll0Ylm~04 L~ul6%mL9uil ~leRq~m"aud14 &loin19 
Y 2 

ozLVflU1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ U ~ L ~ ~ I ~ I ~ " I I ~ ~ I ~  l l ~ i l ~ ~ n 1 ~ ~ ~ ~ ~ ~ ~ 4 ~ ~ ~ ~ ~ ~ ~ l ~ [ i l ~ ; 1  

luda~vkub i?  n i o n ~ u ~ u ~ ~ ~ i ~ f i n i ~ ~ z ~ v ~ ~ i ; 1 n ' u ~ ~ i ~ o  n1o~qu6asditPio~lQdi;1uinii~ 
A d  424 n K ~ ~ v u q  a t l u n o w n e d z u i  540 n n . N  kaiu1ooamnioozrvuiiedi;1l6wa ~~azlhwa 

K 
e ~ d ~ z u i ~  20 - 25 Tu s ie~ in~u~u i~n~ooz~v~~ iazau i juua l ld"u~z lnd~~s~n 'uu inau  

C C 

wanimmaet i . i i~~ i iu i in io~~uZu~~~uizau~uda~am~aiu~ isv is~ inn iazdu~i l .da~ lu  
C C 

dqt rqa i iu  1 26 uenqiniCq.ii l f i ~ i i u i i n i o ~ ~ u ~ u d a s l f i d o z v ~ m ~ u i ~ ~ i a a d o z n i u  4 4  

ktl6rilgudatluozuz 1 o - 20 iuden!q'l6edinlin 

2. nio~owoquiiavrii'iu ~iuis 'ulua~~~e~u?nit=:~zuonuam;1lf i~Auiini~~nwo~ulf i  

ijavri?iiuiqu.qstu aiuiooamnioozLvsdirin'iu~~ usisieuiwuiinio~owo~u~~nfiia 
d i d  a i u i o o a m n i o o r a s i i ~ i n ' i u ~ ~ ~ ~ w i z n o m n u o z ~ u i i ~ ~ ' i u d ~ ~ n ~ i n i j ~ ~ r i i ' i u u i n ~ n  4 4  

ii~fia'iuriar~icIuwaemLaaiLviiGu niazdu~~'l8; i ie~lmuiq1d uenqini!naiu$uZud 

8 q d u ~ d ~ m s n i o o z a u i i ~ u  d a ~ ~ u i a R t y ~ i u ~ d r i a u n " q z ~ o w t ~ u ~ u ~ 6  niolowoaulfi'iu 
A d k y u ~ u a i u i o o a m n i o o z ~ v s ~ i ~ i n i j a Z u a ~ ~ u ~ a e m ~ a a i ~ u ~ ~ u ~ w o i ~ i n i o l n w o ~ u ~ ~ u  

n i o ~ i a i s ~ a i u ~ e e  a e ~ d e d i t l u l u  d i 1 f i ~ i ~ ~ ~ e u d ~ ~ a ' i u 1 6 ~ i a i l  u a z ~ f l u n i o ~ i d f i  

~aZu~~f i~~td i l6 i iuv l i~d j in1oozas~ ie~Zna~1dlu ' iu  l e6 iuw iduow in i r i l b i n  n io 
,24* 44 P P oz~vsii7qamaq nioamniooz~vu~i1uu;1uu"11emnei]e~n'u ~ q v i n i o a z a ~ ~ n 8 e u u ~ a m u  

4 4 -  n i i v ~ u l u ~ a m d ~ ~ f i c u k ~ u n i o l o w o a u ~ n i n a ~ z ~ ~ z l 6 ~ a l u n o ~ ~ m u u 6 t u ~ n o z u v s  oes 
a * 4 Y  P  

umno~uvtd t~a~u l f i i j n iooz~v~~ i~ in ' iu~u~ i ;1  atoiuawuhu~s~nauijan"q=:d~si]e~n'u 

nioozLvuiiqin'iu$ufiiqlm" 
C 

3. ?2niol641aadozniu 
Pd a s n i ~ l f i ~ i a a d o z n i u ~ i i l f i E a ' i u ~ ~ ~ n l d " e ~ d ~ m  i jwalii i inio~q8u~i1msniooz~v~rieu 

i q m k s  nio l f i~ iaadozn iu lmul~a ' iu~~sn~esd~m eiqiil~muniolfi$iuuuieqL?"u 
a 

ioq v ~ e i e q ~ ? " ~ ~ ~ e q i e q  o imuauu i~ iuh i j l h3  nio~nuda~16~~~~iilfi ie;1Zn~.dau1w"sdau 
C 

LTllunGiaa~lil'iuama;ll6 



f 
f l l ~ ~ l U ~ b ~ U ~ 7 ~ Q 9 ~ 0  (Evapotranspiration) 

w 
4 d 

n i s ~ i u s z ~ v u ~ i a ~ ~ w ' ~ ~ u ~ a i u d i ~ ~ ~ u ~ n i u ~ n i a i ? ¶ i  n u ~ ~ n i o a i 4 z n 1 o f i 1  nl?'% 

mioi tnio~f iZi  unznioilnrvlnioLRiouu"iuaa4fi 

nioniuozas4ir7imqin 2 auauniskunia 'lanioozLvsrat;i9in~q'1u (soil evaporation) 
w 

unznioozrvuro4fiaa4G¶wiuni4dinlu I m u n i o s z ~ v u n n i u ~ ~ u \ a ~ ~ u ~ t ~ u i n i ~  (cmp 

transpiration) 
4 C9a 

n l ~ d l ~ ~ o k ~ n i ~ ~ l ~ ~ E L ~ ~ ~ i ~ ~ ~ ~ ¶ ~ ~ ~ i 4 d ~ ~  m ~ ~ u q i n n i t r l g n i o  

AIUTzLHU (Potential Evapotranspiration)(ETp) ~ " s a  n l ? F l l ~ ? ~  L~0d14?it (Reference 

Evapotranspiraion)(ETo) ~nz1%di8udoz~n~~¶ (Crop co,efficient)(Kc) L ~ a ~ l f i l n l o R l ~  

szLvo7%aa;lG¶ (ETa) 
D I a D I  a m  a d a l u n i s W  E T ~  u% ETO uiriinislG6iaea4qi 

9 1 ~ 7 ~ 9 8 n i w n i s ~ i ~ ~ ~ ~ u  ( E T ~ )  Penman \ & C i ~ i l $ ~ ~ u ~ u ~ ~ n l u d n i u i ' l  R.H. 1940 L L ~ Z  

2 A 
1950 ~ ~ ~ l f i ~ i ~ i u ~ ~ t ~ ~ ~ i i  ~ ~ ~ u i m f i o z ~ v u ~ u o z s n ? n i a ~ ~ ~ m u ~ ' ~ ~ m " u ~ m u n d n ~ ~ u  
3 A 
wunImuiifiaiugcn4d unznaiuzaoq:iluiiuiiarii4waL~u4 v"salunniwliaim6i &$ 

E T ~  d l % t ~ i ~ r a t G a v d t i ; ' ~ ~ l m I a u ~ ~ w i z ~ ~ i z ~ ~  Gam"ui8udlfiii~uiu\5n'2G'11vniu'11~m~ 
2id -5 

L ~ l d l ~ ~ ~ 4 d l ~ ~ l ~ ~ ~ ~ ~ \ u " ~ ~ 3 L L ~ 3 ~ ~ ¶ L ~ 1 ~ ' i f ~ ' i 7 ~ ~ 3 i 0 ¶ % ~  ~ j $ r i n i n s i n i n m ~ i ~ z r j l l ~ ~ ~  

\ ~ ~ ~ ~ ~ ~ ~ ~ ~ I u ~ Y A M ~ I ~ ~ ~ ~ I \ ~ ~ $ ~ " ~ ~ ' I I ' I I % ~ \ H M ~  L ~ 3 l ~ a k ~ l n l ~ ~ $ ~ l " I I ~ ~ w " ¶ L ~ ~ l d ~ M  

4 d W  anindlr iaim~iaisuinni iw'~~nl '~~vidi ET~IU~C~$ 10-30 L ~ O ? L ~ U ~  

nis~iasr,cclah~9.i (ETO) ~ m o i n i s n i u o z ~ v s ~ i n G ' ~ ~ o " i ~ ? i . ~ ~ ~ ~ a i u g ~  0.12 ~umo v"sa 
a A W 4  

4.72 6 d i ~ i u ~ i u n i u ~ a ~ ~ i ~ u  70 ?uiBda~1mo d l  albedo 0.23 tbadi4otnlanaGa 

mozr~nv$i dGnluaniwlriaim$i d o i n q i n b ~ ~ n z ~ u n 4  ETO 1 h ~ n C i u i ~ L ~ u n ~ 4 ~ o n I m u  

i~laandszniu unzrini<uludniu5 n.n. i 970 unziu?l R.H. 1980 daa~nidut i ia4 icm 
4 Ald 

a o m p  n ioM ETO 4 i u n i i ~ ~ n z d ~ d ~ n ' u ~ ' 1 1 n m a ~ n i t ~ n ' i f i l $ d i 8 u d  t z a n d i ' ~ ~  tul\& 
'34.4 

~ n z W d i  ETa ~ 1 n 6 n " i t  niol% ETo kniuioaW Kc 9inwunvutW'Lfiu 
w d B  ~n~rmv.r \1&dunniw~u'a in i f l~ i~n 'u~un"a~6udi~~ 

4 d o  
~ ¶ ~ U I ~ ~ L ~ U ~ ¶ ~ " I ~ ~ ~ ~ M ~ ~ U ~ D M ~ D ~  2 'ilb \&LLfi w " ¶ f f l o l r J ~ ~ $ l  U R L < ~ R ~ ~ I  L ~ u ~ u  

d ~ a % l  ~ ~ ~ $ 1 ~ ~ ~ ~ l d l 4 ~ 4 ~ ~ 3 1 ~ \ ~ \ h d g n ~ ~ ~ ~ ~ l  Imu~a~~~uduauQui i~3vn' i fmz 
4" A ~ n o 4 a h 4 u n z a ~ ~ n s i r a ~ ~ . 1 1 m ~ ~ r ~ n ~ $ i ~ n 6 ~ ~ u ~ n " u ~ . 1 1 a i o , u i a  unzwundgnuinnii A$ 

ETO a a t v $ i ~ ~ d u ~ % s u l $ u i n n i i  ETO aotdkAarli 



i k % i i t h ? : ~ i i q  ETp ua: ETo ~a~ayaqy~su'inu'la%n'u ETo !6iinii ETp n i r a i d i  ETO 

lmul=#i~yanqcgy%uino? ha.ra~l~niwu~n~ioudroju"ani~z~~"sum u"nirqrraFnwatiiq 

pl unqo~.~ i$ i~~dozn iurda~ i r~u  Cpl d l  ETO ~ i l u d i d ~ u l b & ~ u q  ~ ~ L L ~ $ ~ G I N I ' I + ~ P ~ " ~ ~ ~ ~ ~ C U  
Y 

i l q ~ f l u a n i f l u  ICID URZ FAO l4%aYaqsl i iuu?n~~1uni ta i rna iun"a~n~tC~aa~3 16 
a u n i o u i ~ o ~ i u l u n i o u i h  €TO ban61 FA056-PM 

lmu fh ldd i  ETO IQr rd~ur i lu  6 1 i a j u  dqrauiz1pdnir11~6iaadozniurru~~iuda~ 
Y 

(sprinkler) dia$uadau~a~rumo ~~~uizaunYUszuunitlQCi~~~ul&~u L L L ~ U ~ ~  UlilM%c1?h 
Y Y 

riu niorrdatdiqin 61 ldriluunaaouqz4iusianio<mnioCi k u  ETO 0.2 iiasiaiu 5141 
r v i i h  3260 unaaaudorarrnaf ttazka ETo 1 i i a ~ w m t i o j u  zdirviif iu 10 urwo3~ori?lrn 

rrnn$&Yiu 
* g  d l80 4 d 4 

nioIauinrrruizau rruiui;d nio~aGiwaoiawa.nabtnio uaz~u inrC ik tn is rv i iEu  n io 
l8Z pl 1IY~iaad~zniulQ~adulLj~40~wa n' i lQ61u~~q'u~u~n~olQrdar~uwaw~m n io lau iu  

~ ~ i u ~ i ~ ~ u ~ d a n i t n o ~ ~ i u a a ~ d u ~ L j a ~ i r a u a  r raz6nanrzaaqAu~f lu f tunf i~s  
Y I 

~ a i u a i u i o o b n i ~ u r i i o i i  
Y 'islgdoza~~niolIY~i~da~~~aiuauRul~a~lurz~u~~~&a;1nitlunio~~3rll~~ulm n i o l g i  

d 4Pil8WCpl ~ a ~ i ~ ~ n ~ a ~ b i o t i j ~ ~ ' o a ; 1 i j a T m ~ n i u ~ a a ~ 6 i l u f t u ~ ~ ~ i i ~ ~ o a ~ u a n l a u n u ~ i ~ i r r ~ ~ w " a ~ n i o n i o  
4 

dnl4 d~uuin l~ 'Ri r r~uciu?aib a n r z n " l u r z ~ u l k r i ~ a z m ~ n l u n ~ t d ~ u ~  l i i~namonsk~nm 
d oinioaotGa d a ~ a ~ r r u a m t a i n i t a t ~ ?  u i r A i q a i n i s d u ? ~ f l ~ w a ~ r i i ~ n  a o i z a i s ~ i  

r i i u ~ d ~ ~ a : o c ~ i n n i o ~ ~ ~ ~ ~ ~ u ~ m ' 1 1 f l i l w " 0 a ~ ~ a z ~ n r i a u r ~ u a i n i t ~ d u ~ i ;  wards wa W~BIIIJLL&-J ~ d u  

UY9ddid~,rrG rilun"u 
d l8Z 4 ~ d a c ~ i n i i % a i i f i m l u n i r l 1 a i n i ~ ~ a u ~ a a ~ 3 ~ ~ ~ u n ' ~ ~ ? ' m l u n i r l a u i ~ i l ~ u u i l + ~ n i u z a a ~ ~  I 

S C p l  Y 3 hRu dqiiadaaiula m4u 

1. n i o~~ rn~ iuau~aaa t~k ;1 i uua : :%a~a~ i i a i n i~1  (Energy balance and 

microclimatological methods) 
Y w ~ ~ ~ i u d ~ n a . r u u w u i ~ ~ u  r v i i r i u ~ ~ ~ i u n ' a ~ n ~ ~ n ~ ~ ~ u 1 u ~ ~ ; 1 r ~ a i r ~ u a f i u  

R ~ = G + ~ E T + H  ...................................................................... (1) 
d 
No Rn net radiation 

G 8a soil heat flux 

~ E T  latent heat flux 

H sensible heat 



Y 

2. t l l t ~ ~ n 1 1  (soil water balance) 

1lhn~$idda41fflu8u d i i l u l ~ u i ~ $ i d ~ ~ ~ a u ~ ~ n b i u  Zuu3~aornnQ1Mlrrnuz~~al 
A 

MU4 

ET= I +P-RO-DP+CRiASF&Asw .................................... ... (2) 
d we I L <i~adtmqu 

P 8s dtd 

RO i;e ~IMEI~~MIS'IAU 

DP iia IL~UMIM~~~~  
f Y  A - 4  CR Ao I ~ I I W ~ I ~ W C I ~ ~ ~ I . J ~  capillary 

SF iie n i t ~ d d u u u d ~ ~ m ~ i ~ i n n ~ ~ ~ u f p ~ a ~ u  
A sw iie n~tLdrlnuwrl~qleq~l~qnn~qu~u~e~5u 

win:: n~o14~qa~~lrr^.ulunlm~ ET ~ 1 m 4 ~ I w i a ~ ~ ~ a i ~ u ~  o i r ~ f l u  aqsmd u i  r o iu  

n i P l d i  SF unz CR ~ w r r k i ~ i ? ~ u q n w n  G~nazmu 

Transpiration Transpiration Imgation W a l l  

t 1 1  

Evaporation 

A, , ,  
L - Run Off 

SF out 



a9t19al 24 U('LI~UU i;d 1 W[IMIWU 2549 

SW1 = 71.5 UU. 

SW2 = 121.8 NU. 

P = 18.7 NU. 

I = 12.0 Ual. 
w 

L L ~ M ~ I ~ ~ A U ~ I T  (2) lhdl ET L m l t k  -19.6 UU. ~ ~ ? l n 1 5 ' " L ~ ~ l  LV!lkl -2.8 Ubl./'k 

~ ~ o r i i q d 2  

n1o~1n1ol461~1nd1n1o~1u~z~vu'1~no~~3"sdlw"~1 4 8dn1Gvri.ldgn 9inclunnaoc 

~ ? ~ L ? R I  1 nqanlmu 'ns 26 irqulsu 2549 

SW1 = 104.5 NU. 

SW2 = 123.8 NU. 

P = 422.2 NU. 

I = 12.0 NU. 
C 

L L M M F ~ ~ ~ ~ A ~ u ~ ~ s  (2) MFiI ET LYi lnUEI 414.5 UU. GPI?InI?'I~GI LYi InYeJ  7.4 ~U./ri ld 

3. n i r~n~muw?~ nlr~~Ld:tae~o Lysirneten "LUn19~sl~nlUZ~89~11M~U alulon~sl ET 

'IMA?~ n a i  ~Tluhbcl~ usi keatyuqc 

4. nlml ET ~ ~ ~ % : ~ ; ( R ~ I ~ ~ ~ ~ U % J ~ ~ U I ~ ~  FA056-PM 
Y 

5. nirul ET ?in E-pan n ~ t o ~ ~ v s Z a ~ z ~ ~ ~ i ~ q ~ n n ~ m o z ~ v ~  ~ f l u n ~ ? ~ a ~ ~ a ~ u ~ a q S n % w a  

w n  uacunn gruvqiioinln ~~~rrqukrr%Tng LLRZP~QIUJQRU U~~~S?IUIN$I~UAU uamPn 
A' 

q8.jh $ll# ET i1bi91n %E-pan irmnilqqln ET 'IUIU$~R?IUIUQ~I~K~ P~~Iu~IG~Iu 

n i r v i d ~  ET 9ln E-pan ~ @ r ~ l ~ d " L ~ ~ ~ a 1 n ~ n l ~ ~ ~ m " ~ o d 1 ~ ~ d o r ~ ~ ~ ~ ~ ~ 0 1 n o r ~ v 1 ~  

Panjai UA:: Pojanie 5 11.A.2006 l&v1hr1n1o1461.:laoq~udidzv<.j l n u ~  324 1 
4dd ~&uudsuriu ?an 4 ImslSaqa~jio~n~nAuanclu w m ~ d  2 



Important metro-parameters Season 

Rainy Winter Summer Whole year 

Net radiation (Rn) 105.05 72.75 107.76 95.36 

Wind speed (mlsec) 1.27 1.04 1.47 1.30 

Vapor Pressure deficit (mrnHg) 0.97 2.46 2.24 1.89 

Ambient temperature (oC) 28.10 27.10 28.48 27.92 

r rnn is f ina~nqd i~  h 2 ??la? ~ I E T  a o ~ ~ ~ d i d r ~ & ~ u ~ n d i ~ n ' u  U~FAO-PM h n i s  

lR%.rira'Iun7fiiLQwizLBizB4uinn.j? Pi1 ET q4qmllai 13.00 U. k A Z i l q R B ~ $ 4 ~ m ~ U ~ ~  

nn1nnlt"nra n i s 1 ~ ~ i a a . r ~ u d 1 d z ~ ~ 4 ' 1 u ~ ~ d u  i%u 2.u. 'o4n.o. q ~ n i i  U ~ l H ~ i l ~ A r U f i i  

4ou ii ET ro21uqgdu 0.30-0.31 i ja~lus lss io iq~w q $ ~ u i q  0.22-0.26 i j~ i i~umtv iad j~14 

unzqt$mu 0.30-0.33 iia~iwns~io.nL~~.w nis \461aa~u'udid~wK;1q~vu~~f iooni i~~du 

kAzqgu&4L~oizkatummndfi~unii Vapor pressure deficit i j ~ n i i  ni~a%~'Iuqq$ou A'IiU%d 

44 4 8uw'ns"L~aznaiu~%au uan~ni=do ET 

n i t l f i i i s z h 4 f  m ~ i u ~ ~ n i s i i a o 4 ~ i a  fiwuSnaa.rnn ~ q i u ~ ~ u n ~ s ~ u J i a a t ~ u  utpz 

ozuuniol$61d;doz3n~niw n i s l ~ i~ i uuu r i udoo  i;nitgry18u6i~lmulddidozbau' 

sin29 AU ~ A Z A U  t i i l $ ~ i n a i n a i t i u  rzamnisgcy~8uVi n i d i i d u ~ n a k n i o l ~ ~ i  ~dun io  

qry~~u~ildlmu~ddidszI.oald" u~a~mcln is ' I~6 i~ in i ioz6u FC A w z i j d o t i i t ~ v l ' ~ o n o ~ r r  .. 
Q~l i i f i i i iduwn 
444 ,  A 
a a ~ ~ 1 u n ~ m l ~ n i ~ a i d i d ~ s i n i ~ 1 1 ~ i 1 ~ ~ ~ ~ i  t e n i s i m n i s n m u ~ i n ~ ~ ~ i ~ n s r  class A 

pan l~Q49ln~~9lue~uw'Us"n'~?::~1~74 ETcrop UA:: ET pan b u  ETcropIETpan i d l d l h  

0.8 ( ~ L Y I R ~ U  ~ 4 ? ~ d ~ o ^ 9 m i )  
I 

~ a i ~ ~ m a n i ~ u i f l 8 a ~ ~  (Crop's water requirement) 

c f ; ~ ~ d r a d ~ u ~ l o r n o ~ d d i  n ' r y ~ ~ ~ ~ A d w ' ~  ~ilusi?~r~iu~i~iq'I~'i~G7'Iw"ia3ild'Ifl6 ~ilusil 

6 i ~ ~ u t a i q o i a i s r i n s 7 n ~ d u ' ~ d ~ ~ d i ~ ~ a o ~ m " ~  J i r da~ rmnr i ? r z~ f i s l ~  l a l n s ~ s u  uar 

een%~su d a ~ ~ ~ u o 4 ~ i ) s r n o u l u n i s a 5 7 ~ d ~ u ~ ~ d u ~ ~ ~ ~ u a r ~ 1 m i ~ l u a u ~ u n i s ~ ~ ~ ~ ~ 1 r ~ ~ ~ a 4  
P,P, 4 

n 1 t ~ 1 ~ ~ i a a ~ h d ~ u ~ m ~ ~ i u ~ ~ ~ ~ & ~ ~ 1 ' 1 a ~ ~ n a ~ ~ ~ n 4 n i ~ " 1 ~ n n i n ~ i n i ~ ~ ~ ~ ~ m  



5.2.3 n?s~q$masiYud?d~~a"s 
t' A 4  

F i a u ~ R z a i i P l k t n l o ~ 1 ~ u n q ~ L q ~ y ~ ~ ~ ~ ~ ~ ~ f i ~ l ~ ~ ~ ~ p 1 n ~ l . J n " ~  fi3Jlmu'lnw¶;lldlflm" 
a quod5u fiulmdu ~a- ,~~lualu lon lunlo.$u~~aot"m~ ~ n a m ? n o d l u ~ l n d $ n ~ ~ ~ ~ a ~ l f i ~  

&,duuiL&qodqilL&a &&J f iuqmdu~n n?onozq~oaotduwaflmg ~ a z ~ ~ 7 u a ~ u l ~ n l u  
w A'w d 

n l s ~ u ~ l a o P ~ u L f l ~ ~ ~ ~ ~ m ~ a 7 u d 7 ~ 7 ~ u n 1 5 ' d g j n ~  t L ~ Z L ~ ~ R l ~ a m ~ ~ a l n r ~ u ~ z f l u ~ ~ ~ ~ ~  
Ad d dgnqaanhu LnaRononuLmmaiiow~oulun~o~fii7~7u7oniqz~~~9~~ulmfllusulm" 

~qu~oo~~zdgn~alm"waom~~u.d~t i~a~' Imn'~m" ~ ~ I Q ~ V J $  ~AzkfitwmWaMulz 
4 A d  

m a ~ o n d ~ ~ 3 u ~ ~ ~ ~ a ~ ~ ~ a ~ n ~ o ~ ~ 3 y ~ ~ u ~ m ~ o t ~ a n u w a n o z n u ~ o n ~ m ~ n f  vIiod~tna14 

h b t n ~ o & u i n i q m  tilalm~~qziu'rrasion?oLq"~~iZuCm uazwawGm 
4 2  I 

n ~ ~ ~ n u " u d ~ d m k t u d 0 z ~ ~ R 1 n a ~ ~ o u 8 t ~ ~ m o ~ ~ a ~ 1 d u t ~ i i ~ ~ t o d 1 ~ ~ ~ a a  wawiimstaue~ 
w d u  

r iu f ianmdu nlonozwaaotdu u a z ~ a 7 u a ~ u ~ o n l u n i s ~ u f i ~ ~ t ~ u  4aifluwa;am 
A' A 0  ma~ud~~3~~un~sdgnfiud~dzvIGt uazozaznaldgjndaul-~~~uiu wunnlnio~namsdozuim 

A'A 60 6 1 u ~ i a o ~ d o z ~ ~ 1 ~  ~ ~ u w u m ~ d a t f i a ~ & t : ~ ~ ~ n  uazulnni7 80 ~drlahiu6 o ~ l u o z 6 u  
3 A '  p4uo.ruln ~ u i d t z u ? m  67 ~ d o ~ ~ ~ u ~ o t w u n r ~ u t n " o o ~ ~ m ~ ~ m = : a " u o ~ n ~ a t ~ v ~ o  $tau 

~ ~ v d t d ~ n h d i d z v ~ t ~ ~ ~ ~ ~ ~ ~ n a o t d o z ~ n ~  r n ~ ~ z u 6 t ~ n u d n Z ~ z ~ i i n ~ 3 u d s z i ~ l u ~ ~ i ~ d t  
a o:vI~~tiRouiiu~mu 8 4  ~ ~ o u ~ u m u u  ~ o t ~ n i l ~ a z ~ ~ n i ~ ~ a ~ u ~ u ~ ~ ~ ; ~ ~ z ~ G u u ~ n a u q ~ ~ ~ ~ o  

dlalfldlfluli'l RUL~+~IIIM?U L ~ ~ ~ ~ l l ~ & n ? o u ~ t ~ ~ ~ ~ i i ' i m n ~ ~ ~ d ~ ~ ~ ~ ~ ~ ~ ~ q ~ ~ ~ ~ ~ ~ ~ ~ ~  
Y %,A' A uln n l ? ? z u l m q ~ ~ b ~ ~ ~ u a 4 ~ l n ~ l d  W.H. 2541 izndolnpqo$ EI nine $71ucrundl 

n l ~ l n ~ f l o ~ ~ a ~ l f l n ' h  6 W~UI? U R F ~ U ~  W.H. 2547 ~ ~ m n ~ a : ~ ~ ~ q ~ d ~ q ~ ~ ~ d ~ ~ ~ ~ ~ ~ ~ ~ ~  
C 

~ l a l u ~ u  Kw~L;Q~ wqrrinluu iit Gou w m u u  4 l \ J i ~ ~ a ~ m ~ d ? d : : ~ ~ ~ ~ ~ ~ 1 ] ~ ~ ~ ~ ~ ~ ~ ~ ~  
A ' A  21 ~d95~3u6 ~ t i J $ n ~ ~ ~ d ~ ~ ~ a ~ l ~ ~ U " u d ~ d : ~ i q ~ u w u n ~ ~ n ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

~ ~ l u ~ ~ ~ n l ~ ~ ~ n l o ~ ~ w l o n l ~ f l a i ~ f l 1 ~ i f l u w ~ 9 t 7 u n m ~ ~ ~ u f  qu"u~niuqqnui~qF]1q7nLIIrld9 

~ ~ ~ u ~ ~ ~ ~ ~ a " u s - ~ n d o ~ " o a a ~ 1 d ~ n ~ 4 1 ~ 3 u l o ~ i j n ~ ~ Q ~ n ~ ~ Q ~  su UA:il odl4ij 



ds:~m3~1w uirdidtrks'~~flu~amu~~dil16m"ni~w"~du~ rdu h ~ f v r r  #i?rli~ ~ a m ~ z ~ a k - ~  

~ ~ a t b i ?  (El-Shahawy, 1984) s t s z ~ n [ l m d o n ~ s r ~ m ~ ~ ~ i w a ~ ~ w a w ~ w ~ ~ ~ r i ~ z ~ z v ~ 4 d q n  

Lat 26-30 L~B5LqLqU6 dqnd~lsqqh ( lAnN a?%, 2527 ; Howeler. 2543) """Q~ 

qpdwlnn~ldgnda7UGju 28-30 ~ d o / d u 6  (@v?Fl. 2543; Agbaje. 2004) 3?ud7~nhL'o 

$ A ' 2  
dqnqG19LlU fill{ULnOqm~~q 14 W~U%~L%UIU 8 8.1 11 LIJ~'~%J~ (Lqk'nffLLarRNz~ 

Y 

2529) L L a z f i ~ ~ n l 5 ' ~ ~ ~ ~ ~ ~ L I ~ M n ~ ~ ~ ~ ~ ~ ~ S ~ ~ m l u n ~ s d Q n ~ ~ d ~ d ~ ~ ~ ~ ~ ~ ~ f l d ~ ~ ~ ~ ~ ~ ~ n ~ ~ n  
' Y 

dqqL;ouMqfi;inlou \dqui;q L2ou w ~ u u  waw5 wduru 30 ~ d o f  du6 (Koumoq LLazRNr* 

,% A 2549) Uazn141Mu1m 0.6-0.8 IW/CPE l $aawZwri l rd~dt '~~ iqt~~~  (Mohamedl 2544-45) 

4 Y nlol&l{ql&alu95 r u c ~ f i ~ ~ i u n i u ? o o ~ u n ? s a ~ p u ~ o ~ ~ n ~ [ i l f  n3 %f&flPf~'2~fiz~4~ 
Y 

n l t ~ l ~ u w u n l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ = : ~ n " s n ~ ~ ~ ~ B ~  1 ~ s 9 t & 4 f ~ ? ? ~ 6 @ q n l ~ ~ ? l u u ~ ~ z d a 4 n l ~  

Lq3yLzulm n l o ~ ~ ~ ~ ~ q ~ d i d z v ~ ~ v i \ ~ ~ i n n ? o ~ ? u ? ~ ~ ~ ~ ~ ~ ~ ~ r j ~ ~ ~ ~ ~ ~ ~ ~ f l ~ ~ ~ ~  

nlsfinaimo4 Panjai ~ 8 :  Pojanie lua 2547-48 wui?3?udldrv64'1.n"ilL~~U 0.48 ZaB~ums 

8ioi?:?bq 'I& IP?U 391 -397 3~8~1.4 &tLd ~ f l t l ~ ~ U 1 f l U  ~ 4 l , ~ ~ ~ f % d f l 1 1 1 1 1  L~OU~LIIRU$~ 
Y 

i Aouuns?~u  232-303 ZRBLURI. LR:: 347-385 Zsli?~ums K~ud~flouqun?Y?U6 B ~ L ~ B U  
nqwnimu nis1~iirno4riui?dza~4[fiaBm~~d~n~mso~u 48-54% L i l u i i i s z~vs91n i i ~~~u  

30-36% u i q i n n i o n i u 6 i r o c ~ a  uaz 16% gu$o&9?nPA d m s n i m z ~ ? . a ~ o ~ d u  (van 

Dijk. 2002) 1 ~ 8  LUiJ.fl. 2550 Oguntunde Phillipe wui? ~ d i d ~ ~ d j ~ ? ~ ~ u ~ n i s w i s ~ i  0.8- 

1.2 za8 wmsdoiu R ? I U ~ U ' I U ' ~ U L I I U Q ~ ? ~ ? ~ " ~ ~ ? ~ ~ ~ " I ; I W ~ W ~ [ ~ ~ ' U ~ ~ ~ ~  ~j&fiqqu$ulu'iu~o~ 

n i l  30 ~ d o / ~ # u 6 r o c ~ ? ? u q a ~ u  d w a d i M ~ a i u $ . ~  i ? u ? u l u  1 i i v~n6un~~az~ j i 4ama~  

Y 
(Calata~ud, 2000) ~ l ~ f i n ~ ~ ~ z ~ i n a o c ~ w ~ u u ~ q u ~ n r u ~ w ~ i z i j n l ~ ~ q ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ & ~  

Y 
fkm-uuinau L U R ~ ~ A P I M  (Calatayud, 2002) 
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' q ' ~ " u " ~ ' ~ n d ~ n q u ~ ~ ~ ~ ~  6 L ~ B U  l ~ U ~ ~ d ? ~ J z v c q $ u {  ~zfloqg nlO1fifinll~lunlSal 

ilsilqriudaqdgnfiu~~du h d o u  iiu?Ru ( ~ ~ A ' n a n i ,  2551) w u i q  lud.ud?4n13Lq~9'L~u~m 

2quddgnquolq 1 J~uUudidzvk l$&L~i& 1.7 i i & j ~ u w ~ d ~ { ~  -3 L;5iou14& 
'3" 5.5 " ~ ~ ~ T ~ Q ' T u  L L R Z ~ W  3-5 L ~ B U  I $ ~ ~ L Q &  5.3 Z8z rnOPIDjtl ~udldru&l#$l 
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