
--1 



\ 
"\ 

..._ 

'-

'--

' . ..._ 

.._-

·-

'l 
' c, 

\Cr\~ 



L 

~· 

-

~~fifi1~u~uu1~«u~w~ 

~'11'1u · ~~l'l~lfi~~ . 
~.rfim~ ~uu1~«uqlfo 

L m:tii w~fi 

4 

17 

33 

44 

49 

59 

62 

67 

84 

87 



1-, 
I 

I 
~ 

--
-· 

' ~ 

G\11nti fl '1\1~t11'1:.'i' 

~··"iL~fl\1~UL~fl\1fll"nl~UU1"~~·~L"a~~u~ 

,, 
t-'11JI 

1 00 

111 

159 

192 



I 
L... 

·.._ 

,, 
.\: 



i 
I 
\..., 

L 

~ 

-

I 
'--

~11 

LL fl\'lfl Tl 

ihauL ", 

tl'nvi v\'I 

.;,'l 1 'l'I flH'l,U 

ll~LiiVLVJl'l 

LL(ij\'1111 

rfo~\'I 

ihN'nu,-:i 

- 2 -

"J'-Ju-:iuftN~fl /i'J 

(flu) 

80 

3 - 4 

300 

80 

200-250 

80 

Lma\rna-;. 

".lt,11'1'1~ (tnfllA') 

th,~u11.~ l tnflna ,\'I) 

na'mrn (fi,flfl~~UvvflLDU\'ILHUv) 

Lifo\'l~,u (fi,fl LnUvflvUJJU) 

n'-JLL'l'l\'I L'l'l11~ (fi,fl LHUvflvua',\'I) 

~ 

(fi,fl rnuvflvugi',\'I) Ufl~~T~~fl 

Ufl~l'l~fi~~ll~,'.l}' (fi,flli) 

~,'ll't.15 (fi,flna,\'I) 

- (fi,flfla ,\'I) fl,qi'OJUJ..1. ~ 

.,,'11'11..;° (fi,flfla ,\'I) 

fi,flft~~UvvflLDU\'ILHUvL~~fi,flLHUv 

I 

fltiua, \'I 

'{'l'I~ "'CUJ..I. ~ (fi,flna,\'I) 

u fl 4J1I !j 11 (fi,flfla ,\'I) 

~ 

(fi,fl L nuvflvua',\'I) L '1'1'11'.,J!~CU 

~ 

(fi,fl LHUvflvUa
1

,\'I) Ufl.,~'l.,~fl 
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tuiJ ~.fl. 2522 u~tit'liliif2.l~l;u;L~ILTiflL1JL~an1~N~flL2.l~fl«u~~flN~2J Fl 
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t)'u~~LLPi"~HU L ~· L i"i~flfll~ L tn::t.loi,n1i;JEJ L ~"~lflfll~RA L5'rlflHuqiiiat.i'luti~~"1l'liiiLLiJifo1~ 

R'i;i L~anPii;i~at'i'u"' 1 i;iu lfiiiam:tru::iii~~"'""i'rl~fl1~11'rl~ L ~• iil~1iu'l u~::u:: L imL~fl n1-W ~1J111~ 

L~Ufll~Na"H'uqu.a::~~L~anH'uq~,fl~~"~HUL~'lfl;LMLfiPl~U 

iii'~t1un1~ =j1J111~H'u~H~a1~m~·,J 1A'-l1 Liiuiti u1n1"»1 Lifun1~Na"Na1u~::11~1~fti11.I:: 

"fl~Lflnm fll~RIPIR::LUNil«~~LflA~Jmf~'l~RJl"ivi•~itit11fl1aAia1111~u 1 "'~J~LUflT'WIAila~ 

LI.Cl ::iij111~u'l ~ L tla 'l Mn1~R'111 L ~·ani11l'it L ili;i~umi1~w ~::an fi111H Lia ::~"'lfl ~Nil ~~uu-l1 Lil uin ~1f11aP1i 

J "" .e- "~'.'V.1 ". • 1 Lafla1~u~::naun1~u~~EllEIL~a~ fll~N~AL"~AHUqHfl R~~fll~N~AL"~flHUqNfl Rru::LflHPl~fllaA~ 

""',fltlla't1Lnt1~LM" ~::1171~~ui 1 H~fl~fllEJU - 30 L"HIEJU 2531 ru ~fl~ru~~~EIL~aNi'IN~A 

--------- ~--- ---- - -....--- -- ----- - - --- -
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ff'1a-:iu«uti~ ·1 ,.,~ ·u1t1ufll1't,fii'tfl~1JPim i1E"ftU2Jl~"LLi;i11J"'.ilfU111 ~UTI"'i.fl~ IU 1;ii1'111.h ::l'J IUflUTI" 

ir...i~uu LL~fl 1"'.i1.l 1'taJ 1"«ut{titi1(;UJEIKt1mt'fl"11utif1'.l"'l1l..;tJfl\lll"',j::L1'I f11l'I ti L "'.iliiu 1; L ~2J£U"'.i 1-:11.h ::2.J lfll 

1 • (yield potential) 

Ev•" l "'.ifl' 11112.J t ufl1"'.i1l ~UJ..11."«utirhm~~ ::R~" lii R-:i "'.in o:,,.,u i;i1'111lp.J "'.i ::a"l'i'tt12J1flM~fl 

fl.;.," L flu bJ f'l':l"'.i tt1ii~O:,u-:iuuEmL<'l ::fl~Hui;i lt1 L i;iui.nm1''1,w;i1 L "'.il~::ii1'111cp.h ::a"l'it11'J..11J 1."«uti L ~fl 
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4. 

L n1n::"1~~mffl'lwfiuti'la'lfl 'lfl LL"l ::~::uufl'l";il)'l,flW~11-rhH flttPl~fl~n~:e>'il'lfl1i'a 1 lthi''ll 1i'-a 4 

~'lt11fl~'lW1JqW~L~'l1J;L1i'l"'l'il'lfl~'l\1t.J~::L~fl"1'l"'l~~~w.J~uA•lAfin"1'l"'l~~~V'lVL"aAw1J~'l,fl 

(heritable) 

fl • (indiginous landrace variety) 

(germplasm collection) 

i'• luwuqifu d:'ia'lln~awutitJ'-, L na' -,;1''il::ii~mffll~ 'l'llfl'l~ L fltt~~ 12.ifi L ,!u ~Ui'll AAHl~PIA; LL~'il::ii 

fl•'l""'.,".,~~-at.i~ai;i l u"1fl'lWfi~~mr-,fi1Aiii L ,;u ~mLa 'll 1 ~l'lLL~:: LLm~ 'll Lif uPiu 
,_ 

11. fl'l~u;«u~'il'lflA'l'lll.l~::L~fl (introduction) .tf''il~uuil~uv~~Vfl'l~LflttPI~ 

~::n~'l'll~'l~ (International agricultural research centers) 



l 
l 

l 
l 

l 
l 

u 

1 

1 

- 7 -

•l17H'uq"lMii L ~ilfl f!LLnuH'uq L miif L flttPl"Hl"1°l1i'Er.i, fn"1fi'm1uqE,'ilfl'i 1 f!L flr-.JN,1J~1JPIEUm"1Rfltt, 

~~LnPiH'uq (observation) ~auL~ERfl~anttw::11,-ru~~~·L~::~•,"~,","1~"lun,~lMNaNaP1 

D .. _.al... 1" I Ii •I' ~ ... ..,, tj ~ 
?JE~LLPla::~,!JH1Jqfl fl~•u"1•" • MQ'°~"il,flN,1J?J1JPIWU."1flLLiil• 1'11JQ.flLLi:ffl~~·,"~,",~~ L1Jfl,"D.1"11J 

A• L ,i,tiu~1nt1LL•P1;E" 1 AA ua ::lM'NaNaPlij~"il ::u'i ui,n fl~Eu Lt1:;°t1u Liit1uti'uqtu~1ntl1J.ii'mn,fl 

pj,~ 1 Lfl!.1 Ltl~t1u L fit1ufiuH'~q",P1"1;j,1Jfh:iE~ ;, u1utruqtmi.-j,fi'il:: 1 fluu::u'iti uJutrutitJ~11tu 

LEm~PiEltJ 

Kfl"il,nH'uqfuL"E~M~EH'uq~u'iL?i',",'il,nPi,~tJ"1::Lflfl~ u11tJ~utJ1~H'uqw~1J1~~;,~a11ttw::~•," 

utl"D.1"1•un,~H'uqn"1"1" (genetic var1ation) ?JE~1foqw1l'Pi,~ 1 ?fu",tMJL~::n'in,"1 

fifl L~ En L at1 tlntJ"l'utJ1~H'uqw~ L W't1~uPifl fl LaEniuqM~E~,m~uqfiLL~fl~~·,"~,","1~ tum"D.li'ml• 

LLa ::ti1Na N§°Plij~ LL.iil::LL!.lflEEn","il,flHUqftl. ~"il,flm"1"1•U~•"«uq (germplasm collection) 

I' "'tJ I 
2. n,"1~"1,~H1JqLM" 

n,"1~ flH1JqL'IUj1'.ft ~'il,nfl,"1 N~""1::M.-j,~wuqH'~ L ff E°lMaflttw::W'uqn"1"1"?JE~W1JqWELLa:: 

"tt~qLu.i"1•" L ,j, ~•m1u Ma ~'il,fl 1 fl rn: fl'il,n~ N•WLLa•'il::il itfl L ftaJa Et1°lMii'm~n~::'il,t1fll•anmu:: 

(homozygous) 

iS~fi'fl L§En L~E~.;-,~~,t1H'uqu~'iflif (pure line) ?JE~anttw::«uqn';iNn,"11-) ~,t1W'uqui"{nt 

~ Li.f Eu'i ltJtJin"il :;£i'~nttw::~~ L fi"Jlmh::n,~ii~ LLii.-j ,'il::iJitnPiE ltJfi',j'.fiPI," tin L -)'1J L ~mLpj.-j,£lm"1N~" 

?i',mi'm~uq~u 1 t 1J"1::t1::PiE",M~m tif!n,"1 Jh L Ma·, 1 i;mH~·rn~,~ ~a'n~~~;,~«uq"lMJ1 flt1n,"1N~" 
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(Self pollinated crops) 

(homozygous) ml°xPinfliim·HHlllti'uq~::.,.-;,"ti'uqLLl'i 2 ti'uqLW'l ~f1N"12.1.ff'lfi' 1 tli;i~::iiLtJ~ 

L 11U~fl'lall li.Jfl."A'll'n\1ituqfl"~~ll (heterozygous) i"'iflmf"\11il,fl F 1 .,.;iii \lLLPi F2 Liluiu ltJ 

·tu~'l~Vaf11tt11::fl~~fl~::~,~«'l~~"rtuqf1~~2.1 (.J'l~ 2 TI\1tJ~::2.1,fll1i''lfi' s) ~fif11~ 

fl fl L§ ilfl "1,~«u~~fl NP!ll~.r \11inf1N PilltiuqLLi'l ... 'l t uri'71N"1ll u; 'l L Uti11N"1ll lli'T:l.-£J\1iiuii-Wm~ ilci 3 -!Gfl ,~ 

1.. fll~ftflL§ootiuqLLtJ1Ja'tJtJ~::1lt (pedigree method) 

2. fll~RflL§£Jmlu.quutJdltJrnGfl~'lil (bulk method) 
~ I C: c:l f;f •. 9' 

3. 111~fi'fl L§£JfltiUQLL1JtJ'ill L f11J.,U\1 rnQI flfnilfnU (single seed descent method) 

~ - ~ fla"mfl"1£11J~u~i;m,~~::v~::f1£11Jfl'l~ 

1. ln~'l~~illJ~~fl~ilU~il\1"11~tiu~~;~lflfll~ftflL:ilfl 

2. 
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.,. 1 '1 " _.,, ... " ~ ~ ''I ~ ..I 10 I LLi'l '"l :u fl Ni'! fl UJ'il\1 ~nfl arntHL'lfli'lil:IJLLi'I ::~ ::i;imn~~i;ifn~'ll'il" L fltffl~ ~::'fl 'l. L 1.1~ ::i;iut'J A"lfl'l,LWQI" 

t'lflailtJ il~,'11 hfl' A,:Ufl,"ilJ~flfli;tailufl'ltifl'l~~i;i{(f '\lLL4fl;'il:uLLi'I ::';i::i;lu~ ,~..Ji;i1n-m'~i~U L flU 1tt 

2. ill'"l tM' (donor parent) Llfu«ui:ii1'iiaflmu::fi'r'1a'11fl,-a ~'11 l:u'iit ulll'li'ULLi'I:: 

i£1'11fl"l~~::~,~~timu::ijAil'llfl,~UJtMlll'li'1J ~1U'l1Jfl~'11'llil'11fl1~Na:ufla1J ~'111.l~U~flULUfl"l~tii'utl1'11 

n.,~1;1fin,~r-ia:unau,ill~t;ui'utl1"11'11.1i:i"Lu~1::tu~nr-ia:ui'lL'il'l1 tu~nr-ia:u;1:uti'l~ 

l;LUfl"l~Ui'Utl\'11'11.lii.L~UL~~'lflU 1fl~LD~,::il~1'11~'11Ltitun1~L~:uanmu::'llil'llfl'l1:UA"lUt'J"lU1~fl 

liuAilULLi'I ::~ifo .,~~," 'l tlil'llfl ,~r-ia:umfotinr-ia:u;,:ud'~:: L Mii'aufiun,~fl; lutinr-ia:u~'l L il'11fl.fl 

u~::n.,~ i1iui~~'"lnu 
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~-i'.,"«u q'lm.i'fo1vfl1·rn~11«uti~::111'1"«uti°H'tm'l;fli;i L~ilmrmtt11~"1il"fl'~~::tl i'J.JI.11." LLA~'1 mi:: L jjvi;i 

LLt'l ::vi 'JlflJ"i ::11-l1\lfl'1~A'fl L'1°tifl~'1flH~" 2 1.1 ~::rnnif ~:: LLlllflA'1\lflUfla '11 fi"LJ 'l Ufl'1~ i'Utl 1, '1Ht1qtl11 

fl'1~ ~-r'1'1~'1!.IHU41J~i{fl t~'1ll '1~m'I; lfi'1 fl!lfl'1'nl~llPl1 L il\l 'l uifoi~::n 'ifl"l~flfl La'° ilflLLeia ::-iu L tlti 'l; 

~fl:tl1U::H'uqfl~~ll~tl\lH11~'1ft 1.1~::11'1fl~~;fl'1~fi'ftLatifltl'1~Ufu«uqN~JJtl~~!ltt~ilN~ll~1llfllfi' LllGfl 

.. 
~ml - - • oCllo Jd --· • d . - •.Jq .di fl'1"mfl~tl1JM~ ~::LllUml~'1!.lnU~tJ~"{l16U ~v~~::~\l~Lnt1M'1~~!.lnUqi'lll~ll~~~u::11~t1 

u~::~8fi1~'lufl1~~111Pi'1«~ (combining ability) i"11~::~Gfi1n'lufl1~~111A1~t1'1~'1!1HUq 

tJ~"{l'Jff"t11~LLU'1lfi'ufu 2 u~::Ltlfl~ti fl'1~~111Lfl!lfl.!.11t.J (genaral combining ability) 

~""' fl~tiu Li;iv'l 11'H'uqN~mla
0

t1v u'.fuA'111 fl~iltJ ;.,~1vH'uqui'{fl &tl;mi Ni1'11'i'i 'lufl1~N~11fl'ugj"111 fl~tiu 

ffufl ~ ::'l M'Na N~1'1iii'i l Uiifl N~ll L f'lv1 LLa ::'11~1vH'u qui"{flifif'l M'mi Na1'1~" L flt1N~11fl'u in'7YI fl~t1unilfl ~:: 'l ff' 
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-· 'tun .,~J.JitJ1l1."«utiH'trm~11,J'.,111i;rnn.,~~; ... hnruri,11 1i;ivfi, 1J.J LLa,~::ii 

J'l.rnn'l~fi' ~'-ifi'qiaia V'l'l1J'lfl'l1 fiat'inJ.J 1'1J11\'3HutiH'tr~ ::ltW":i.:: 1 v~u~'lflfl .,~ L iii;ifl'l'lllLL ~'111.1£1'11~fl N~11 

(heterosis J'l~a hybrid vigor) 1;11.,n~~i;i ~"mr"~.,fl~t'intl~tJU1,'11Hu~H'~1~~~.," 

~'lvffuqtJ~~n~l~u;, ~.,v«u4"~~ng~~::1ili1un'l~~;.,""uq~"~aUl~~a.-

• ) ol d - .., I n. tiuq_ij,flN~11 (hybrid varie.ty fl'l'l'l'lflN~11uH11'lll'1'1'lfl:lU1.U 

(threeway cross) 

(.synthetic variety) 

H'uq LLfi ~., llHUqN~111.la £lllH~£l ~.,fifiaff uqH'~f!'lJl,f L ll~fl't!ll'lllHUq LL Iii; a ~'-ifi'qifian'a·ufi'lil::U'1i ~., v«uti 
LJ'la'li111'l~'l1lflUL~£l~~'l\1HUq~\1iR~'l::~~u~::~a\1U'lUfl'l~Mfl~£11Jfl'l'l1l~'l1l'l~'1LUfl'l~N~11nu1~ 

' 11 'lfl au 

fl.,_~~.;., \1Hu4«" L fl~'l::J-il uH'~N~111i''l11'1 t'iflll it.J1J1,'11Hu~H'~ii1'fl qtJ ~ ::~ ""1 L rlmLn 

U'!JM'lfi'HtJlun.,~~;.,""uq~nN~11 na1'lRan.,~N~P1L11~fl«uq'lflN~11~u~::iiiu~uij"L~::f1.,~~~.," 

~::~a"l;J'l~n~~.,n.,~11.,n LflHfl~fl~Ra\1~aL11af1tiuqtJ~n~.,R.,uH" ~an~1nan.,~l-iHu4~nN~11 

ff uq~n N~11 'i" L 11~fttiu4 ~:: Qnn-l1 ·mu:: L·~v'lfiu~'lll'l ~'1tJ itJR'l L t1 L -ii'1ntJ ~fl'lHilluti'la'lfl'l flfi'tJ'l" fl~" 

£1'1~ Lfli;!LW~tJ~'lUW~r:Jifl{jfl LtfU Lfli;)fl'l'l::LLi1\1LLa\1 1~R"3::1J'lfl Lllulil'u fl'l~ltilruti«" Lfl~'l::ti 

ti~fltJij,fl Ltlan~rn~'lU~\1 (hay) tJ'ifl Ltfa LlJUvL'11J'ltY'l Ldll\1~Pl-i L,fu H~PJ~::fJ.aii''l LLa::HtrA~::Q~ 

H~'l~'-iJ'litJlUHtl"Lfl~H3n~~U 1;n'-ifiU11'lflLU,j'l'l1Hi;i L,fu HUq;'l'l1Hfl~'l~~W 1 n1~H~U'l1flll 

L ,fu L ~ ll'lflU 

., 
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a~"{~n1.,ufuu1~u.,:::~1n.,~~~w~Na";'"i*~NaNi~~~"11.,:::~1n., L~~ti 

a"ll11'ua.;1~'1uqa~ L fl.,1:::M'H~£Jt.J Lii.uu., :::~1fi.,hui L ~~.tti'ati~L iiua1f.l«ut{LLi w~~a1mruti 

·u~'ifl g Li;f £Ja-i°1~ u1u..1uq'i,flNamiu~:::il"'lfin1:A' ~ L€~n l~m'l lll1Cfi'1.,R'1~ 1 nu ~~LL~a :::-le 

~u1~£Jfiu1ll1~tuMu~~~"~nn1-nl{uu1~'1'\J~~ti ~~~aut~a'"'.,~"1~1u1~1~mt.1u 

1. n1., LU~f.IU Liillu Lif£J~iu (preliminary· yield trial) 

. . 
A"~ L ~£Jn"' ,,~m~iia1mruq Liiu~~u•u"1n LLa::: i m~-~"utiu~ii~~u.uu £Jll !1fotiu~~u.u.J~ LLa::: 

... 
L~il~~uu ~:::i•llLMunu~uu1~"uq"ti. A~L~£Jna1f.l«u~~L~u~£Jn"1tMLfla~~~u•uu~f.la1f.l"uq 

n1-ID "lJlfl r1a~u1iu;f tl'nu-fuu \~«u~ii~~:::fl'~~~u.ua1mf'u q'1'°fi '1"Fi1un1.,fl ~amJ 

L~il~ iu"1LLa• ~~~~u•ua1f.l«urifi'~~a£Ju~:::ii1""'n~n£J1~iit.J.,:::"1ru 10-20 a1f.l"uq u~n 
" LU~f.IU L ii'llunu«uq"1111.,:11ut mwa ~~ ~a~u~u•~"'~"!l'uii'~~u•u,f'~ s-.5 .;~ ~~f!a1mrn'1u~ 
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ua'lum..l-1ut11"«uqfi·1f~::A'1;Jt~ilmf'1vwutiit~L ~.u (promis-in.g , elite line) 

1-l°L f'iv" 3-5 Et'1vwuq ;1"a.,m~·u~~ L~u LMi'i.,d'm~fla1 '1'l 1;-l.,~:: Ltfua.,vtruritm.ituilU'1fllll 

(farm trial) 

M«'1~'1flUfl1.l-11J111"truq~'ll'1 ~ (;) L~ ilflEf'1v«ut{w'll'ul.," { .~u 1 fi'a.,v«u qfiL ~u11., LLi'i' 'l fl'l~~ ::u; 

Ef'1V~uqfi L ~u L Mi'l
1 

.,;ftl'!flfl nEf iltJ.;'l11fi'u«u~11.,fl~;j'1utmll.l"" Lflttfl•rn~~i" 1 11;Jt1fl'1~ ~m1 (;) 

Efil1J~~::1l~flt;"~tm't1U'11lltM~1l'1fl~U "~;U'lU 2 ;; LtlUiJV'1'1UiJV fl'1.,,.)qflflE~uu~::AiJ\1 

(field test) 

LLEf (;)\1iJilfltlil'1Ef'1VWUqit·~iL ~udl ;~.,flfl, flEffl '1l'ltlil'1ifmi'1.1 ~fl ~:: illtJfl .,..,.r (;)fl .,~tlil\1 L flttfl~-l .,ii'fl'l '111 

Ef'111 '1~ f1LLl'lflfl
1

'1 '1Nu ilV'1'11 ~ ;f '1~'1fltiil2J,i'l fl '1~VI (;)Ef illJ Lu 1_; \ flttfl~fl~if v'1a'111'1~flU; 111 a\1 L ai11 t J1' 

M.f "~., fltl'fltJ -ni1.11"«utiti'll' 1 f;A' Ill L ~ ilflEf'1vwuqfiLLil ::N'1uiu" ilUfl .,~" lllEf iluwu~fi.," 1 

11.,~'l fl'1~t1v'1vffuquu-l.,L~uiulllilu~a;~~~fliu"~"tufl.,-nt~::t..UU~::1v'll'u~.,flwuq~1~~u1.11" 
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1 . u1~ i;iH'uqR'i;i (breed·er seed) 

il'fl1HUl.l 1"H'uqH''II' 1 i;iuiiHu.,r: L nuintt"'lLLiil ::11u"iu~utili.iu11 i2.1"1fUll"'lflt1Eia;wru'lti't.1u""1uH'uqllia11.11 fi' 

~·n~ti'!l'tl'uqdu ff" iit1~nLLt1cJHiil ""Illa~ LLiil ::A'a\li'fltt"'lfl'l"'lll1Ji$1 t'tia\ltruti1-i'i;i'-;iu L tiu L fiu-;ifi'u 

2. Lll~~H'uqH~fl (foundation seed) 

?l'uq~Lfl1JLrlu.1~~L~Ufl~"1LlJai;iH'uq"~fl ~"~::1i;i'lil~flLUULlla~H'uqtiu"1ULUiil;~u~a1tl fl"'l~ 

ti ~fl L tf aNa~ Lll~ flil'utimrntfa.,~; 1 i;iuuntl i'1J111."~uqfl''Il'11.lfaHu1 u"~tm'.;-u r:ilil'!l'min1i;i' L tiu L fiu•«u 

3. Lll~fltl'uqtiu"'lu rnul tiplication ":fa register seed 

H~a certified seed) 

mi• U\l"'luti" i~tl ~'II' £11J 1 flUUfl "1-nl i}tTPilll"'lll1°£ifl"'l~LLiil .::1i'an'rnu ~t.lil\lfl"'l~ i'u ~£1\lH1JtlH'Il'LL~iil ::ti'!I' ;.u 

L 1fu L fiu•t'i'u 
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'l u5'tfl ,~ir"J,!l\J Vi'l "J::~tJ.-; "ILL Pia ::A''Ifiil1uti'l ml 1 ftuntl i'tJtJ i."«ut\A''If l ;"'; 'l" 

i!u:i.n ;1"..ruQ'A'tr'l m.i~"J:: 'l M'Na Nr~ma ::flwfl 'l~fin-l'ltruq i ii:uit \fl!!tfl•rn-, 'liu~niltl i ~:u ii~," hnfl'l:u 

' ,_ u 
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1 • 

a. 

85 - 92 

5. Allard, R. W. 1960. Principles of plant breeding. John Niley & 
Son, Inc,New York. 

s. Eriggs, F.N. and P.F. Knowleso 1967. Introduction to plant 

breeding. Reinbold. Publishing Crop. New York. 

L ~-----------------

------- ----------~-- -- - --
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~~~flLfluifratla•uqRR" i~a::a"",~,nn,~1;"1an,aR~n~ .n'iltl~u~~,uau,~aJ~La"afiu«n 

ttilfldu 1 ", Lifo L '" ,u,u i i4mi'in,-nli'ml1~~mm::l'i,~ 1 '71a~N'ntwfitf~ifuflatnfin-l,'71a~H'utiii'iitti'aQ 

.. t Ill: - ..... r -" e - l: .- I' • I _'f 
flv~ tt~~L•",""::~"iHU,fl"iilflm'l,VaU,~L"U~,U•U",fl fl~UU~~~::~a~~,~,uav,~t"U"i~UU 

~'iLflU~Uflj)U ('d,LLNU~iiff 1 .ih::nau) ~,mrntN,u.r.,~1{L.ilu"i::v:: 1 ~,1!R•,"L"",::~~'7Jj)~ 

1.§an 11~-lfl~p.l"i::a~f'iLL" :;4,~ ul',m.nu f1'1 L i.iU~'lU111'tltl1.~HUr;l. ~ ~;,tJi~flfi~flfl,"iHUti«nwutit 112.i 

ii'lfi.YutM'ti ~iia L fl!:Wl"ifl"i Lif a.,,,,.a~ L ~a~if Lif uLLu::u'itu L .rta~mfnn,"itl i'tJI.11~H'u~N'ni!u,~n{,~ 1 

LLuua111 ·L """l::a~11i'u~fitfu9,u L ffu•fiun,-nli'uti'l.~H'ur;iH'tta~Lm• 

I 1. n,"iL~anttUfl'tla~N'nLffm'l~n,"illi'uu1~wuti 

\ 

! 
I 
I 

L 

L 

L 

L 

L 

"" ,uttflfl ( "i•"~~""fill"i::",cu so ttfli;i i:i_gi'l"i,~tutnRNu•m1 1) i1~N'mL~ ::ttui;it'iiiR•,mL~ml'i,~«u 

ff~~u~~i;i°a~1in,"i L ~v~" ~~uR•,"a~fltynau ~'l-i 1;1i;iuu~tia'J." tu;,u~h~ 1 '7.la~r4mLi;la ::tti.ii;i", Ll.l'!vu 

Liiuufiu tiaJJ,~a'i·A'ty1fi°LLfl R•,"a'l"'l"iflLUfl,"iL ~~q)L ~u1~ fl,"itHNSIN~fl fl'l"ijJj)flflj)flLL"::6i°fl L"afl 

L uatnHLL4fl;j)"ft2Ja~ 1.l~",CUfl,"iNigiLL"::'J."fj,'7Jj)~N" rur111 ;1"1..ULW ::lTtyM, tufl,"iNaA 1an,mr~:: 

1} 
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. ~ 
·: . 

~ 4' ., 

1 • L ~ilfl'!fUMfl 
" 

fl~1utf"lfitm1~,~~~ 
~-~-I! ... •411 . nun:~Q~mwa~ 

1.1 
0 "' ..., 2. 'Vi1fl':ll:.!j~rn .. m r. 

. ·• 'tJ. 
1.1 t • t.I •.q ..., <Cl 

• 1-.J~~!l'Nl~~~B)J~l'i LnEJ'J!!El'\l I 
\J 

.. -:.«Ii . 

• l~fiUfi15TI1~~~~Ln~~ ., 
" • Yim.i~~1.Jl·ru1m-; ~:.: 

\J , .. 
c., -:.ct " .., 

• l ~fiUfill~~11m 1 WWU~ '3i°l'lJ1i . , , 

·- - ··--~---- - - t: 
0 q ""' ""' 4. ~1L1.ru~lUUjl.JtJj~~Un , , ., ., 

~ ~ q 
• L~Bn~~B~~1'31J~~~1n~"MJ~1u 

~ ..... 
L~Bn1tin1~ 

'II ,, " • 

fi"fiL~Bn;ru1fn'iUti~n~uti1~~ , , 

" " s . ~ .... flrn jmm ~nm.mi. i'il.J , , 

c ., .. 
• ?11111:1 tlmtlmJti 

. ------....~ - .. 1 . 

• LNl:IU'W~ti , 

. .:· 
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2. 

Lif "E> 1~ L«"E>fl'.lfu111N'fli1'~::u:u1'11l-futl1,'l:lwuql!ilu; 'l '6u111"E1ufi"E> 1th:: L tlum-m ;fl'l-i11i~fl 

i{u L flttt'i'urlfl'.lfili;m'~ ::1'1 ;'1:1-it.f;, v ~·'llflfl"E> 11-i~ ;fl 'l"111 L ;., t ~ti'.lf fl; 1fi"1111uu;N'11'.lfu 111i.ii''l:lfla1 'l'l11'.111~fl L ft fl 

~'lflflT'nr111nt:twL fltWl~fl"HLa ::~il;, LLa :;~,m.1a ",u~>rt1t1il'l:IRU'lt1~,1:111,~ L 1iuei'u ,j"E>SJ.a rna'-i;f~:: u'.fu 

JJ~::1v'.lfuA£lfl'l~fl;l;rn'l:l,uLu~u111"E>uA£lltJ a;w~u;f1SJ.a~~;Ltlui°il'l:lf.l~,u"i.il"fiilb.liffl"E> 

2 .1 

O' .d ~ I d.V, I ~ .. t .. e ~ "" 1 "Cj I 2 .. 1 .1 tlflSJ.~ L fltl'lfl1J'.lf'l\:11. 'l~ '1l'hiflLLlll~.::'.du111Pl"E1\:lfl,~ '.if a-iM~1Jfl'l~ L "'" Pl LULLPllil ::~::v:: 

~'lfl~.," L '.du tf'l'l:I L 'la 'littitufl'i~\1flfl flfi°fl~;u,u1'umf''l:l~,mJ ~11~uii 'll1'uH'lii'uN'fl'l:l"E>fl1mi'ti"uN'l~u 

t ..:1.., .. • _'f ... II' f& ~ • - ~ t """" - .. .... I .dt "''l '.lf'l \:IL 'l~ '11'1 L '.lfa-iwfu~:: v:: LlJUl'IUfl~, fll"l"El~'lU'lU'lUlll\:I LLml ~f)~U'1 \:l'lU tl'lttfla ., tl'l \:IL -;ia '1YI '.if Lu~:: ti:; 

it L ilu A'u 1PI L ~11ft tt'l'll L '~ -m''l Ja;n1'ufl,~"E>"E>fllll£lfl m~ti., va ::"E>"E>'ll L fla~ 11-i~R' 111L11a 111.LLa:: J Pili!Na 
~~!') 

L Piu1lllt1£l\:l«flLLAa ::'.lfu111 L?IU fJ~flT.i ~u ,;; G'l~"E>Tin~ ~MUJ.ii LLa'l:I LLa ::fl'l'111ifu'lu"E>,fl'lfl Ltlu;u 

2 .. 1 .. a ;flSJ.~ L i'f u'ltri.nf 'lJR'l t Ufl'l"UAf Pl L '.du hfl LLa:; u11a mf L fiflifut u ullia ::tt'l'l:I L 'la, tl"El'l:I ur;i~:; 
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1.. "' 
~,v l'!Aaal'J~UAU~Ufl,~N~A 

2. 2 ;a\la Lflvr;ii'l'11.rn!ffil::l'!an. 'ffi;;iu1n,~t1a\'ll'lilfl ua:: LflflUfl'iDfl,~NaJJ Lfla~ 

fl'1~fl·'JtJ ~JJfl,~;, va:: aa\1 L na~~::,n', \'lr;1ut1'1ii'iiWnJ:tW::il'rlil\'lfl ,~ 11\'lfi'fiilfl,~Nam~' \ ti 
H'1LGun,~~l'ln,"ll.l{tJLudvuv~1,Li;i::n,~~r;i"~r;i~il\'IV~fl'JtJflJJ.rflH~::fi,\'I 1 J'l1AilUL~""~il~::n1·,\'I 

• - ., P! -~ ~P.! ,,, ... • , it .,., ., , . --'- . -
fl,~1'1,LUU\'l,Ufll'JL~ilflnUQn'1 Ln'ilfl~::fl, " l'l~tJafJ!ttU:: "" 1 fll1tfl'],Ll'JJJ 

,d I , ., • fit e _'f ...:! r 11 

fl,~fl~::fl'J1J~2Jfl,~~,Va::aa\'1Lfla~ ffU~::atJNaa,L~~ ~,L~Ufl~::Aa\'lfl~,tJ~a~aJ 

a~fltyf!\'lt!fia '1Ufl'llil\'ll'lafl n,~Liil'll'lafl n,~LLal'l\'111'11'1 Lfl~\'la.;,\'l~il\'lflilflLLtJtJ~,\'I 1 f!~"'"'1,J 

ti a\'lfl,~ ~,va:: ilil\'I L na~ LJfou1111 lnu 1lrannn,~t1 a\'l l'!a~ 1 "Jfu 1/r;i\'I L r;ia, l'lilfltJ,U ,lr;i\'I L r;ia ,;ii\ fl ~ 

~h d.fovawr11n,~NaJJ ,fr;i\'I L r;ia-m° L na~~r;i~ua' ilva ::aa\'l rna~ ,fr;i\'I 'r;ia ~ L nJJ,::aJJa~rn{11n,~~,\v 

n,~u~11u1\'lanHru::~,\'I 1 ~il\'IH'1du ~=fl~l~1uH,::anmu::~a,",~~,Vflt11'11tlv\'11 

~a lu 1 ~ na' ,r;ifiil L t1uif nJ:tW::fi'qn1iuflr;itJ fl" li'nHru::~ L ii l'lifUJJ ,~,nm. Gtia~il\'lafl ,H Ln l'!a°'i!JJ hi 

a,JJ,~~,vflal'l1"v\'liu~nn~iliuna,ul~ ~\'ldui~il~Luflr;i,"aul~~il\'IUfltl~11u1\'IHUqfi'fia 

LLtJtJNatJ'Jfl ( additive) 

(complete dominance) 

(over dominance) 
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2. 3. 3 Ufl'1''Hflflfl'1"Hii1iJ1.HH1fli!U (in breading depression) m>i::/1"~il 

heterosis '1lil\1~m:tru::t f'IU'l\1 LL~a ::am:tru::lifi.,~A·nwufi.fl"'"'" (heritability = h 2 ) 

El~ L H'l 111~ ua ::~mffil:: LLfi~ ::.rmtru::ii!"'l'1JJ~JJH'ufi11~i!ii5'!1't~JJH'uti' ( correlation) 

~ 1 ii~.," hU'.," 

(F 
1 

- hybrid) 

. . 

3. fl'l~fl~MU 111i flqJJ ~:; 5'I \1R LL"I ::'l'l\1L1h1"JJ'1U'llil\1fl'1-nl-i'uJJ \\1HU tt 

ti'usi' flttfU:; 

~flqt.!~::5'!\1~~il\1fl'1~U-fuJJ1\1HUqNfl ~:;~flfl~MU111if'UJJ'1 1f1Ui!'1~U;i!JJ."l~U~'1U~'1~fl'1~ 

VI ~fl 'l'lJJi~fl~U L fl UftUNfl'll'U111 iii°'1flSl
1 

'1'l L ,ju ~fltifU::'llil\1 Nflfi'tflttfl"'fl~~tJ'i,fl 1 ~ \1\1'1ULLtht,t.1 LL4'l:; ci' 

3.1 

.~'lLLtl\1 l-;i~"' tu~111"1~i!LU1Mu Li1u~u 

3. 2 L ~ EJ5'i..;'1\1HU qeJ'fl~ii~flttru:: LL4'l ::f!Ml '1H'll il\1frn Nafl nlu ;.tJ ~ ... " ~ 5'1'1l''1fl fliu €{ flCU..i., 

I 

U'lULL"I ::V1Ufl'1~'1JU5'i\1 
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llr! n-::! 1 I:.' l'l" .! 1 ~fl Lll\:: LU.ll'1.V 
" ~ . .... 

~ ~rl~~~~~ ~1Wfi " , 
d .... • w .. m1 ~ L nu~nB1 Lm::Yn.Jri ..:i ., . 

. y:uv:un 1~ ~&i~ 1 , 

11 ~' 1u LLll 2 iun 1m: ) 
irn ru 'l fl'-11Vl j qu , ... 
1~ nru L '11.1-:!'l'ill ., , . ... . 
m.Ji1Un 1'HJ&iri 1 , 



llLt. 1.1:::u.M, t.~W, rc .. ~:::~}ln!lL\l. (Ul,!-flf\LL\no, ~l!lt.Llm~::t!G llf! .. ~l!lt.11MLll~!'l.f'l llt.t.ubn,tiUL~LllL\BJP 

neL\L1tJU1tJ111lLt.1,1nm L\f!M::~ nnnuL\LltJU!fJ11Lt.llMU::nmu111::: m1 (GcL<:iouG3) rru.1n11111L ~wrc) ::nurn·111 ,.. I !J- tS ~ ,.. I I f"' ~ }--- P" ~ ~ 

BL ~"".VL\L,lfSUltJ11~::numn~.!! f!~t.L.~U ~~, ~~~tm~::t. ri}ln,t'Uf!~1l!l~t.Lu;t}.~U::~~MULlljn,t'UB§1 l!l~t.LU 

~u::~»::nutU,t!L\B~ (A:i1r1q~1x~A J1'.lGUG3) llt.t.ubn,t'L\LUnt.t.[lt.fmllLt.l,I~ e~~~~~~W}ll~IU~~L\e~ 

::~nt.L~UL\l!lt.UL~::t.fl bn~Uf!~11!1l,lt.LUl1t.WL~nl!Jllt.1~l.Lll.UL~::t.cm-M nLEnMt.UL~::t.fl 
Ii" I - • - llP - - • ,. 'P ... F" ,,. N 

• (uo1:i~rndod GS~q) nL;n~t.UL~::~flL\L}~Bh~UB~1t.LU ~·v 
. . . . . . . 

e1'pL\Jai_!!nBl!lni;:: ~11M!l11!111!!,:: ~BLt.11!-WL~~ !1"1.?"AlUAI 

}ln.till!-!4 t M}ln,t'UB~1 l!l~t.LU~UL\~t. .. ei1 re~::: Lil~ 1 »}ln,tiL\l..flll!- flt.LU~S.Ur!,~1 t.L u }ln»UB~1 l!l~t.LUnl."!' 

ll~1~}.ll!-W~~nL~n~uL~7t.(U'L:~t.LUBbWUe~1t.LU Bt.~llf!U:::t.[1f1LL\nn1~l!lt.LuneMn~ 

}ln!lL\li:tru-rmLL\nn 1 ~l!lt.L u ·v 

ruLrc::t.fmL\L\B~L\e~1nl.l!l.V~~e~~ 

UL~L\ep1 t.LB::B::t.e~WL\L~unL("I::B::~BLllWLJI1L~UULlln;::ra::t.BLllWLjUn~1£!~ ~ n~L~t.11.\t.~n}.Lll 

ueenLL\~N~l_."l.~LL\~Ut.LUn_1;t1::~u~ n~~n,t'L\tflll!-[1f1LL\~Ut.LUBLllWLjl1t.!11fllL?Ul11!11 

ULllL ~t. 1~ }.!'}.~LU\~ 

nf!!fJn~BL~nLL\LUt.LYnf!~n~llL\~ Ll.lt.Lunrr1u~~ubnM~mL[1bnML\Lt.W::t.e~ U»L\B~l!ln~rcL~::flUlU» 
:f • ~ r:;7 f" IS !J- f".. ,.. I I•(. I ~ ,.. I "Cl' Al 

BLBt.LUl1UL\B~t.11u1unLL\nrr1 g o~·Lt.UULllL~t.1~1.::~ nnt.LB::B::t.BLllWLrr1nt.~ 
A ,.. tS f"' F' J:J- I .. :f J - I 

n_vrat.~L~'l 

L\ 1~w.11 ~ uL~Je::nmu~rct.t.~l.}m!UJ.t;i~l "l. f!~, 1" u, ::t. flL\L~uL~LrcL .. ~ 1 ~n~n,t'fW~L\e ... u}Jn»e~wnL!1n~ 

bnML\Lt.W:::t. llL~ll~Nt.LUUL~fWl.n~nMrct.1unLL\nrr1 ~ULllnBBl!llll~llt.1.!Untc:nmu»n~1 ULBl!ltLU 
• - • ,. I K ,. p F' ,,,- • p::JI' P' I .,,. • 

»::nmun~L\l.f1Tl!-flt.LUnJ;t1 u o~ - !i IULll::t.[lL~t.1~}.::~ L\L~YnL(l::B::t.BLrnAL_jl111kW~~ 

t.~n~eLl.lt.L unn1 
.,, • d j:,-

~ }.~}in!l~ r1l, L~ 1L\e!J1 n_t!~n,t'UL ~ :::rtmun~L\L 00~.~~ ::rtmUn~ll~llt.l.IB~Wl.I t. t n~ UnL !d no 11. L!iBgWB L!lt.L U 

n~1L\L~et.~ (3u1ssoxJ~J~q) nf!~ll~N~~Bl!ll ~11e~rc~11t.1.1ngg~::nmu~::LMt!1Bl!ll ::nmu~L\Lfl~n» 

~~::t.(l::mRY,t!L\~f111nBpf11t.LUB&ll (GU1T GXnd) ~u~~ll~n!ln~t~l. L\B1t.~ll~N~O~"L!1"JU»j"» 

L\l..fITT!-(ll.LUnf1U~ULllULBL\~!11~"LL\11!-W~~ g !i - e IULll::t.[lL~t.t~l. n;:::ra::t.BLllWL.(l'l 

n_vllf!}Mf!_!' ~ BL ~(!~WC!-_!':: ~.w11:iL\~:::t.f'ht11!-llL'&l~J.!' l."LL\~Ut.Lun l.~l.M!':::~~L ~t. 1 

L\ t.~L\!!t.LUIULll:::t. fl%Wl!I "'"~ Yt.LYn.!f1 n~}Jn»L\t[Ill!-[mL L\~ tR.LUMgra LrutL .(l1 .L\ L t.t.L u 
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LLLlln~-hltlUL dD'11JT;JlfH'1fll'l'HL'l f11;il111iu liia1111·rnii\1::~1tm 'ilf111tJ El\l-iU~'il 1 ltJ lfi' 

1ur11~111~'l ';JQl'iJu-l-u1 ~ ::'.111.n ~mN«n'.lfui;itiu 1 ufl1111 LLt1 "ill ~•tm l\1HtH\f1~~11t1'il'1.t'nmu::'ilQ 

L Ht1\1HDH~'il ludu l'l; li;ilV1t1liLLNun1·u-rn11H'uq (mating design) uuu'li;muu"Hi1'1 d;fmJ~:: diu 

Hl11Uf11LL~ ::11.,UIWfl'llULW ~ ~·'IJf) 1'1H1Hl,f1~~1JLLUUL'il\1 1 1un~~ ::'.lflfl-m'";J::u;u.,A'i;i La'ilnH'uqu 

.,_,, .. _.. ,Jf 1" ,.. l:l·... ~ ~ d • 
w '.lf UJ1Jt.h ::11111 ~Hu;pu f1I L ~ti LLPl&ntJ ~::1f'1fl~UU llllfl'lllJLW ~tl~•Uf.11\lHUq_fl~~ll,.'il\1~ f11ffil:::1'l 'ii :::1'11 

fll~i!li;i L~'ilflHUq ;f ";J; Lii,m'";J:: ~'il\1°"1.;1'1 fl'lllJLW -ru·~'lUf.l l'111'Utl,f1~~11ifu111 1f11tl1i-!fin1-a N"'111HUqH~'il 

~ .. d • t .. _., ,J( 1 " ' 
HUq,Nflf.lfl"J~'il::UIUI '.l1 LIJW ~::1flfl~HU:JIU f11LLf1 

1.. «ut{iruu1uH~'ilHU¥il'1gmfiiD~ it'1 Liiutiu~1'UA'l L1i1ffua11111 LL'lf11;'illl lfi'~D~LLi'l 

2. ~flNQlu-itm' 2 (F2) «Lflf11';Jlflfll.~Na111i'111~::H~l\lHUin1~;l';JlflAl\Ul~::L~Mffu 

tluq~uu1ut1D'1 lf.I t1 ( H'uqn1~fi'1~u; L 1i'1";J1f1Al\1t.I ~::; L l'lM ,,'1Uf),Wfll'l'i~LL~::11uL~fl~a;A'qiu1\1 L~fl'ilQLL;'l 

4. H'uiN~uLDf11 (open-pollinated cultivar) L~U H'u~Nau~•u (composite 

fll~L~'ilf11G'f11'il.l~UJ.l~\1HUqdu~U'il~tlU ~flmu::«;'il\lfll~~f11La'i1fl~I Liiu.t'nmu::«~n 

fl'lU~ULf11t1aUU'iltl~ (1 - 2 ~) H~'illllfl~ ~2 ~~ultl) ~IDP1~"1uqn~~UH1'il~lfl'll11"'11111~~1un1~ 

~ltll'l 'ilf11~flttw:: (her it ability) ~1iifi1ij\1H1Di;i; ~•uif "-!fin1~~1m1 ::'il'il\1 L na~t1'il'1Nf1 m~'1•fi'D 

Lt1u«nnuf11fiNauK•~~""1DNau,j111 a;111'umi'nn1~La'iln-!fin1~'il::lia;111'un1"lll1'ut11'1H'uqi:rn 

iiii!'1A'il ltld'M°'il 
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(mass selection) 

tlu~LW (maternal line selection) LL"'.::n1~l'iflL~'VflliuqLLUU'N'OJ~ (recurrent selection) 

tun,~~fll~'Vflliuq~u'OJ.::AE~"fl,~~~inwti'tun1~Rf!La'Vnirut{ (selection criteria) 

i!ull'l =A~fr~Efl 'l~fl1H'Ufilll'l\ll~:pu LL"' .::H~E/'OJ1U'lUtlE~~fltffil.::~\'11fi'qJ Lit Et; Ltlu~'lfl1Hu flt Ufl ·~ 

ll'r;i~ut 'OJi?i'r;i La'Efl A'ufhf 1-l L fiEt1lllt1'1uqoi'V w~mrr;ii~ 1rJ L nwti'tun1~fi'r;i u1'Vfl'1ut{~u'OJ.::;ruE~liui'lllq 

1h.::ot~Rt1E~fl1"ill iut.11~'1ut{ 

~ .. • ~ ~ ~ " ~ ( ~d ) ~ ·' d( d 'OJ'lflUUfl)'J 'lfl'l~r1fl L4'1'ilfll'tUflOl'llltlUOIEU ~LLNU1J.ll>1 3-4 f'l'V'OJ'lflu~.::'lf'lfl~Wu;pu L 2.rn 



r 
L 26 
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1. ·u'j:;~1nwn.i51u (base or breeding population) 

" 2. 1 Y'IUfitJ~lJ L ilf'I 
1 

Copen-pollinated variety) 
·~ ..... 

• mass selection 

• materna.l line selection 

recurrent selection 

" 'V 

• r:n"flri1mru15LLl'i , 
• pedigree selection 

single seed descent 

~ selfing and sibbin~ 

J. ~1rJYfWDLLV1 (inbred lines) , 

• diallel cross 

• top cross 

"' 

..... 
? . 1 Y'IUnrm~fllJ 

--- ---. ,..., 
"( F 1 h Yb r 1 d) <ooen-ooliinated variety) 
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I.I 
ell 

1. Uj~~1n"W1u~1u {base or breeding population) 

pure line selection 

• backcross.ing 

• mass selection 

pedigree selection 

• single seed descent 

' ' l .., ""' 
2 . 1 1'1J D1.J 'H'lVl 15 , . Vlflrlm.Jfl11'-l~ 11,1; ~r{lun T'l"; ~--.,-~, 

(pure line variety) diallel cross · 

top croE:s 

' ' 2 -2 1·run J,J'-'~~1 m.J , 
--cm~ltiline va~iety) 

.., 
2 ~~. -~'tJfilJ'tJ - , 

_,.Cb.Iended variety) 

CF1 hybrid) 

..c::aa.==........:.-'------------- -· - . -· --··. -···----- ---· -· ---·--·---·--. -- - - -- . - -· -· -
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~ 

~ 

1. Uj~~1n~wu~1lJ (base or breeding population) 

pure line selection 

• backcrossing 

. mass selection 

• pedigree selection 

• single seed descent 

.... "" 
2. 1 YfW'filJ ~fW!n , , . 

(pure line variety) • diallel cross 

top cross 

~ ~ 

2 • 2 1·ru mJ°'t'l~ fl'W , 
rmulttllne variety) 

.. -- .... . 2-:;J··.rnmtJu - , 
Clllended.variety) 

CF1 hybrid) 
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(open-polli"nated variety) L'liu«uqa" LR'n::n (synthetic variety) .,~oouti 

~~"~~" (composite variety) 

tJ~tiflg (pureline variety) «utiiJ~Pihu (multiline variety) .,~~utiilu (blended 

"'n~~~ LfiH~~n~~~~~~t~1"~flwuql;~~~~1"~~"1~nn1fiu1"3~«u~L~LiL~'111~ ff'l1~tJ~'l1fi~" 

fl~ L ~u"111ulu~u~~ 111 11"tifi~n•~~{,"«uti"J.n~~"t~LL'rn 1 flt1ii~u~~un1-m ~"1uff"t'ffi ~ 

n~ro~~"«~~~";'"~::"~~ s ~u~~fi~ n1.,~nf1~1t1~u~u; (inbrid line 

extraction) 

(pedigree selection) 

descent) 

(sibbing) 

(combining ability test) ~~"~1t1«uti°LL;t:1i;i"ru ~"tifis flTll~1t1~uqun ~1t11Zuq 

1 ..I o ~ 'I .. iJ .. \':: ~ I I -- ..1- 'I "' o ~ 1 "' 1 1 MtJfl rn"1::~"~ • .,~1J L~L tJ~ltlntJQW~Lrn::LL" Tllfil~'1tJtJ" L~~-l'l~1Jfil"rn fl~~1J f!LLfi ~LL~~ 

~~R~~~ (diallel cross) LL~::11wR·rn~ (top cross) 

1.1.,::~1n~iiifu;J 1tm 1"11«uQn~·rnftLLflmi1'1fiu 

n1~~~L~~n«uq'ii~"~nmu::L~'l1lli"1w (quantitative traits). ~u~::;s" 
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£uR~U~~~n1~~r;in1~HUqNnfiu~1"" ~l~~1nn1~R;LUU~IUU{UU\~fiuq U~Z 

n~u~•vn1~~J;1~~u"uq1u~~~~~.~ 1 1uq~iJ~nffLnHR~n~iJfiuR~~ L~u~.~~:v:L•a1"d~ 

"~~"nun1~uuiinanH~:~1~ 1 ~v•~a:L~v~ n;n1~~~~~ua:~u~~~fiuq";~"nun1~~v1viJ~"'~ 

5 .1 

iuq~n"uqt""~:~n~;n•~~~~~u 1J;!Vfll~LU~VULflVUftU"uq«LnHR~n~1; 

iJ ~n ~~1 u1i'~~ff'~1~ 1 'L ilmL"~ ~u~nff ~;fi'flJ "-r~ u1uPI• LLTIU~~~if ufi'd.u1 "~ ,,;n•~~ r;i~ ~u 

'1~1uqf)n1a m1:1u~1ntln1~ \ "'ZilSJ.nff LflHR~n~il'v"iJfiu~ LflV'l; 1u 1~1 nH~~n~1t1 L nHR~n~ 

"~.u~'"1un1~~fl~~U~•v (~~~ZLtlUn1~~~1~~""'~~~" ;,"uqNn"uq1"~~~i~) 1un1~ 

~f;l~~u~~na••~:"n•~uu~nti~~a~v1~a:L~vmini1uLffv•nu"uq1"" L~:an•~~f;l~~u;;L~u 
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5.3 

Lu~fl11uqtJa~"~qtnmi~;~u#1~umi~,utJ~~~s ~L~~fl~,\u~Pl"uqn~fl 

~~ufl~~l"tnnu~~~,u\f";nu-lit~~,~"~aLffu";u,ruLulR"u~ Hilfla~tJ~,~"u~~n fl.,u~~ 

L ~~Ufl,.,L fl1fP1-m'£1''!(UfitJ~,~tmqii°nE~Pl"'IU~~MtPIPj,~ 1 (#ufRPl~HUU~,uuiil~ 5 ttufi' LLil~ 

fl;iiY ~~.;,~ L ifu1fuiifl 1 7 f.Iufi') tl;f1,'1Fl«PI ~ E~M~E~~iJiiaflUlfl!ffl"rn: fla·,~·Hatn L fl!:tlll.,fl., 

LDuijN~PI UUfl~n,fl,~Eafll~R~U~Ufl,.,FliPl~fl~UPl"ilU ua~~"'~\U~fltfuqfl~URU 

t -...a -• . " • ..-. ..I.'.. I 1 -~ .: -ti!: " ~ "rt • 'l ~ Ufl.,lUl'ILllU\'1\JqHflfl"~U,tJUU, R~U.,tiflLUaPlnU~ fl~~~~,~"U~flfl, u~flttru~. 

L~~~nu Aa a~1a~utH1flttP1.,fl.,LDu~NaP1Lu~~"uq~,~ 1Pi~Ufl,~R~u~ufl,.,N~M ua"'~~ula 
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tn-nl i'ull 1. "ti u rt ii tr FY fl 

1~~fl,.,L~,::Ltf~~\ifil1fiil 

fl,~~ 'f ,:: L.1~~ Lif:rn f1~tru1ui6'fl,~UU1'un'sa::-nifl·nu~;fl'l!l'l ,~fl,Ufl,'1°L flttlll.,LLNU 

lm.i11,fl~'lnl.fl'l1tu:: -R~tr\ d1NSJ,flll'l!t1t1 Lmi'1::lm1us;nfli0fl,~Pl'"m11

,'li1J,~11,fl L i11·sa,fl 

hornologus ch~ornosorne 

i~·infli1tt~mm:: ifom~· ,'l~,11'1.'1flu;11, l,llJ '1::1 m1ul ufi,ufl,'nl-flJIJ i.~liuq"'lii-l,sa ::lfl~i6'N~11 

L fl~'1lULLUUD'1'111fl,;fL flWlij'Uil ttiilfl,'1 ltf-1°iifl,'1-J'l11LT1iiltt.;°il1th 1·11l~a ,~~UCJ,uuiiirtni 
..I «! I _If h b • d ... ...I ...I l l' 1 ~ Liltn::JJL•~fl'l,L.IJU "Somatic y ri " TntnH{.flYl~,11,.,fl fll.1-J:: ~T1U'J,flfl,'1Lrn:: 

· Lr~~ L if mfi'21i°iT1 flE fl,_,~..r,~nu:iifitrftiiaflttfll::tiL flttPnllfl'l,1IRil~fl,'1TJil~UflN~111~'uq Ltiu 

°' -.V~ °' .-I -.VS!: d ~.NI - ...I o -1 • Mil"1.l!)ul'lfl'i"J TJU,flTJil~Mil'IJU !}Uftfl,.,'J ::TJUfl I.JU .,11,CU~,Uft 'J::W ,LLa ::T)'Uf!TJE~ 

~,1m'sa::VJ; ii~,~ l~~lll,11lu LiE~TJil~Mil~tJfiiliifl,.,;fil,'J~LU~ LiiUff'lUPh~ 1 · lfi'i;i~;f 
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1 • 1 

'l " " ""'"""' l"'"'l. _ .. ' 'l ~LUfl,~LflU~,"SLfl2.mL~il"~~," AL~~ U~Mt~"Wil~ \~U·Ui11 "UM~ 

11-VD_~,~auTJ::ffi"°th~ , 

• t°"t ""'l*' I ...I •' d LA,UH~ ~ Ufl,~A"~u ml::iil,~ftilUfl~=u,~~UilU",N~" 

pH Meter L ffil'li'lun,-,tfi'u~~,"fl~,mif un~fl Lif ufii,~'lM°'Ht",::ti'uii~ueiiil ::~ufil 

Autoclave 1. Ril'li'lun,~zi, tifil1qi'UYl~Jitrl ::tlu Mi°il LLl1 fl Lifau'luD,M,~~~ L fl-s,::M' 

1.2 
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;,v~"a,n,~~"1fl~1::nui~ nii"iR"il\11Ju;a-m1'~1u1~~fl~Ufl.U ~am~fi fl~1uL;utia\1u~" 

~::v::L ~~ 1111~l;u~" l;E"v',"fi 1nviuna"ii.nu~'ini'u~1"ti~fl~i"il1ilaufi't,j'tu11~~ L tv" Lifo L ffo .• 

.... 
<j _... l I_.. .d ~ II' II'" _...., l - I <j r I I 
LUfl~M1!1'\1 UU\11Jll~::u1CU11afltlml1il ::~fl~':il\1n"il\11J!)Ufl111~ u'Vl fl\1f1~ ,~ ill~ L1l'fll':IUU\1UR 

- r t "''I r l - ! §/ I . l "'t r llf .d l...I o A': r • ... , ""t .Ji d ... 
~::~UffiJ\1 HLm.J~:: U11URl\1 1 RIUTifl~l~UI ftLfllRUfl URYIS,ntyft"il\171 11 Ufll~L~V\1LUiJLViJ . . 
~11du~::Aa\1UV11"ila11lt.J~111uiL~w6u 1 L~"fltfa'1ffu111~LLLlfl1ifautie'1Ll"il,iun~utu~::n~,"11,~Liv" 

~ _'i.,.¥. .d o ~ d ,a' .d ·.,. I 
~\1LUWJ~M,TI~,n'UtJil\1fll~l~V\1\U"iJLViJtl1l'"iJV1'1Ulf1 

2. L~au~fl~a"il;iu111~1fiuw11mr"~111Liv"tun"il"11fiu~111~ui~ fl~~LnuL~au 

n'~aUl~~tlUUU~\1 lfliJVl\1LLtl ~i\1 L f1mf'a\1ftUfll~flfl L l"iJLMUti"il'1fi11LTIU1-i'Lnuuu.ruq 

3. 

I 

lJ .,I l"f t 9' • ,d Ill' • ,,,. -. -l lJ I , .:ii f I e 4 I TI \1U L Uil\1~ ,fl~l"!_UiJiJUYI VI v~,1ln"il\11J!]URfll~UU "ilfJ. t U~fl"'ntft"iliJULL"ilRilfll~ ,~ IVtiiJ\1 L 'DilPn\1 , 

i1iiauu,f1U,Vfniluaf1 ffodu1'{f~t;i Ufll"illij,f11S\1AiJ\11J~ i)fl~lfl L 1-aiLJu~• L Hfltiil\1 l~fliJV,\1LL; ~i\1 

'da"~,m1uiust11~=ii' .. ·1il~qitufffl~Uf1.milfi lflvtt~ lt.J"iJ1tn-,it,j't u111'2 Liv" L d'a L ii'e~111il:: 

~::t.I ~ ::fliJU ltJ ~~V 
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1. a1"lll.,:::mmailufl~V (inorganic 'compound) 

"~•1ua;R~Aa1CaLdaffn1ufl1u111.,1uua~Ru.,:::11autia~~~uR1~ 1 n1v1uLna L~u NU~Lna 

~.-iah~a w~'a Liiua~fttJ:1.::11~ut1a~11.,~aiilu 'itniiu 11.,PJii~~aa~ Raar;i~uLaulniii(1i1u 
I 

'11UIUflT'U11~ 1 

Calcium Pqtassium Phosphorus 

Nitrogen Iron Magnesium Manganese Copper, Boron Molybdenum Sulfur Cobolt 
I -=" _.,. -. 

Lia :::LL~1n~au 1 am1a1vnur;i 

111.,Lia111ia1"lll.,:::11e~n1mi'Ltluautm~vfi"~•1ua;my~a111~L~i'lltfa~LdaLdaHnL~unu 
I Lnu Nitrogen Nitrate Anmloniurn 

(organic compound) ufuiil1.,,l.i.,,:::11:atm~fl' 

,K ... 
'llil~ L Uil \Vil 

pH ., I "' 
a~ un•~ 5.3 fl~ s.5 

·----- ------- --
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.. ' if. ~d... , "'n: d d I R~~u,~~~~~,W'l~ ~LR~,zn~uu~ » u",tm~~~R~mJ~ ,,_. 

Murashige and· Skoog (1962} mg/1 
i 
'-- A· NH4 N03 1,650 

KN03 1,900 

CaC1 2.2H20 440 

MgS04 .~H20 370 

KH2PQ4· 170 

B Na2EDTA 33.6 

Feso4 • 7H20 27.8 

c MnS?4.4H2o 22 • .3 

Znso4.4H20 8.6 

H3Bo3 6.2 

--· KI . 0.8.3 

Na.2Mo0 4 • 2H2 0 0.25 

Cuso4.5H20 0.025 

COC1 2• 2H20 0.025 

D VITAMINS 

GLycine 0.2 

Nicotinic acid o. 05. 

Pyridoxine.HCl 0.05 

Thiamine.HCl o. 01 

E Kin et in 0.1 

myo-Inositol 100 

IM 10 

Sucrose 30,000 

Agar 0.6 - 0.8 % 
~-

·pH 5.7 
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stock solution 

. . 
~,~11,u1.u11111u::t.J.,.,,~:: lufl'l-,'lim. L 1'l"i,::1il:t1; 'ln"'tfi"u-it5,fl lufl-,11t1111ijfl., ;t"1il::~"Na 'lnn,., 

.L~~~tiE'1LifE1daR1fw1°ERU~ilUtiE\1M1tJ,n~~nfi 

2. 

3. 

4 • 

1. n1~Nit1~u~R11tlaafll"ifl 

fl,~P€t1rruqw1ftlaEfll~fl;f~"LUm1'~::Mf11fl'uq«11itl~Efl~'1fll1flWLnfl~'1flLIE 

l'li'~ l 'l"jEf.llfl M.lfE ll,t1lfl1'l5! '1~1l'1 ufu~;tf~ L da"~,flL laifona','ld°U'1 liifi~"l"i L flii'lfl «~.,;..,~fl 

.;'nt:t,EU'1\1 lfi'Na w~aii-,,fl,LL1't\111,fl1'1Uluth1il::u'i11,'I,; it'1UflflR'1\11'1,flL la ~· L M9l 1"iflti1111Ufl~U 1 

~~1111-,fl'l;~.,.,Lflu~nt:t,lAL~u,nun 
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. . 
L~RUR~lilun,~N~Ari"uqRim'il~~fl~,ft1.,Rif~nt,i'icn,-ur1~vn~, ft,.,iflH, 

(Thermotherapy) (meristem) 1flv 

. n,~~fiu«ni~~M~rr~~n\,at;Llilfi'ia~n,.,n;~flunn~~nn,.,i~i~M~mi~A~,n,.,u~~ 

tJil~ L fa Uhi~J'lu~u "J tlil~ff''lfli,f'liil ~ 'lumu~L flV'ltlUi1~~;-fUft,.,i'ftH,~~V~R~ L ~i'lJlfi'PnmJnPi 

. . 
rlnlu~tn'l~~'\:1m1

1

,'l~~~u~,~niiilA·n metabolism u~s.i,n S;i~;il~ft,., carbondioxide 

L~~ oxygen s.i,nn~,if1ftinPi u»n~,nifR'l"11#s.iR'l,t1ifutuu"1"1V,n,RtMnuffnfi"lv1Ra~~~A~,n,., 

10 % ' -LLn 1 O - .1 5 Ul\'I 

~~.riauth ~ll,CU 24 -i'"l lll~ ua'lSj~;~Vll, L tiulu~rnm..I niiPia 1tJ L dm ifa L Om ~i'l! Lfluil'uaauLLi'"l 

ia~u;ll,A"1•~~au~-u.l~afl~,n1la~i~M;alJnaim'~;u;ltJtJv,v~uqlMLiRi1~s.i,cus.i,n~uPialtJ n,~A.,•~ 

~E1udfa~u»-:ts.lfl;lt1\.,a,vi6 11iu n,.,titinnt1~au n,-mfl~atm,~inimLuuPh~ 1 L'liu 

ELISA ISEM u1uiu ft,.,~.,'l~~auit,i' L niuiflMR'"l,llLLJuv;tun,.,A"1'l~~ilUil~,~ll,ft 1\i~ hi 
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~dil\1.1\l'lfl~~fl'l'U. tlflUflfl'l'H t"v\1 L ifa1 d-aitrtf'lVtttif~1l ~·HuJqnA'111il,tJ'l'U1l'lfl tu 

'if'mi'~1«fll;a~.,\1i ~\1U'l11'l~~~Rtr~;u'lu11~1111~ttr1un~..,Rfilailfl'1uqifn!:Hll~fi.,\1 1 lfi~.,v 

n'l·rn-:fi'1uqfitr11ul..,flif a.,~; lfii fiVfl.,..,t;u~..,iiHW' L lau.;~\1ifu11'1N~ tu·a.,.,.,., LiV\1Lifil1t1a 

mf'1~'lfl,iuu;L;f~1i1aii'fia\1fl'l~Rfi\~an11~Ll°V\1UU~~.,,,tl\1fla'l'l l;filL~iltfiiU'l1J'l.,~L1\li~ 

lfi'iia"'., ufo L d'a 1 ifmfMuPial·~fliiu n~,fln~ tufi~u;fff'ltJ1l'lflil'l1\l L-i11 ~,fl L trilii1m\a"v\1 tu urn~ . 
( 11 '• ) '" I ( 11 ) '~ .If .l I ce suspension R42ilfl~1l~il\1L11~ · ca us JJ\1tJLUil\1~'lfl'l'lU'l11'1~~ 

tufi,un.,~if;,'1'1uqfftrfi'11ufiauri~" ~LL'lfl;'r,)11ilil ~ n11.,~u11 L ifu un\1ua '1fiu Lif un~fi 

M=iil u1u L fl~il1l'lfll fiu ltJ .. fi°fl; l111L fiV1fi°\ iiV'lfltJ ~ ~Vfl tl'lil!i~\1fl~~U.;'1'1truqff111'1UL nail if'l1l'l~~ 

3. 

,,. ft e G' t ., l'rt ..,_ . 't e - ~ ... ,d - ,di 9" I 
Al1l'l~~tiL~'lfl111'11l fl'l'l1JU'lL~~ Ufl'ltJUflV\1il~ tJ'l\11\l'lfl~\11JL1Jil\1~'lflafl1:ffil~flfiil\1fl'l..,U'l\1ilV'l\1 

1u a~t ufftrn~11fi'lil U'l1l'l~~NU11tl'uqtiu lfil flt1'1ifo.,..,~..,~11fl'l W&i' \11il,,m'111!H!i'if.,11.,., mLvn L tra 
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H, 1 41 °'~ o C 'I °' °' ~ ~,t"t ..I °' I 'j d I 
~~ilV,~tl ~~Uft~,ua,L~~i~U,fllU~,un,.,a~,~~uq~1ff!R,1m,UR~l.,ftU L~U 

iftl~tuv,iU lfi~,nn,.,~~ULli~LRttiinifR.,::n-l-NV,iU«utP/-ro'R,mJ 1u.li1L~fttmh~ HU 

111.,1R~inai11a~f.l,ii~11~n u1un,~ft', iJ.f1NifuKdi~~,n11u~un,.,1. tiu;fa,~ L:;urn', "trybrid" v 

if,Ul"i~ft~~n2ttll::Ri;mi,ufia1~fttu~,~1;av,~~ ua::v~ft~LWNilN~Mi~LtiUL~U 

rn"i11v,v11'uti'1~1~vn ,., L1'1,:: Liv~ L d'm Eta lfii'un,"ivaui'unu1i;imt~ 111~·, 
..i ·1°' I ..... , ~ /;,Xd ~ - .fl' I 

if,U,"i~L~ull~u,w flilf.l,~~~~L"i~lUL~~,~u~u ~~ULUil~~,nifiU,~~11.,utl.,u,wLn~ilU"i 

~ ::a~mh::nauifu i 'lttM~~ti'uft~,utl'a~n,~11a'1ii'~lfi .tJ ~::11auffun ,-ro'a~1uari,~n' mu,:: 

~ilfll"iL~~~1lil~W~ilV,~Uln L~::luuRM'1;ii~~n~ti;i , U,"iUn~u ~~a~N~ft~iUiflUi"i~tun1~ 
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-~ ... 'l r: ~ ~ ..... d A'! 't~-~ - ~ .... .. »'lll1"1fl"U Uftl~\ftU~ft~~~·VftUqft'!M"UrrUE~ WJ.~~UUnE ftl~LailJJW~E. 

n•~~~L~Vfl~'"~En'lun~wifLnu'lu;.tl~E~L"~~ ~~du~~;E~Gn1~u;EEn"'1ll~n'lmi.nqoJ~n. 

i~Lflun1~lu\rl~E~i~L~a1ua=fl1'lJ~1vEu1~"'" uEn~1naJ~i:il~n1mt~=1;~uLIE11u~R•~ 1 

~ffllJHU\"~~«u~Eni~v H11~u~1fiu'lu,P~B~ff'~ u~~ w~E ~•n K~="utrqrn~n•.,i~L~un'Lnft 

1 L'I .. • 'l .. - <!!I .. _ d r: ... .. 
~flTI11~=L~-m1a1v WLftftfl~l"L~VMIUft""'"~U~l"E•q~E~ftl~LftUEftft~V 

~1niiE~~~~fl~~na1~"~HU~~1mrmu1ion1~LftU~lv~u4~E~ff11lffVEIRVL~flUfl 

I 'l O' I Ji ,If. .J.,.j'l °''l r: ~ 1 1 "' I 1 I ..I . LL.,~~•uua=fl• 11~1VEU 1 etaEft~U"Um'I 11 Uftl~LftU~mna~ tJ ftEVI~"'" ftV Lil"•=Evl~V~ 
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f..1o!Lj,1C.1tau, ::nn1 .. I~ 

1
M11 I. L_!'"L~C!fll. nu1OOYC!FMJ!ilb!-r,1C.L~1.l;~r,l;!'.!J'ttwu'B.:: mtn!lnl-"~L_?:: 1!11 ~R,tlYflUM.§tH.l..Y!111 

::Lrut, ui.&Lttanm nl!nt-NLtta ul!Yl!.llllY, C.Luu11:: ucu, ::r, ii e: ~ URl,l!.llY!f 1C.Luun::Lrcu,:: r, .ii Vi~ 
fP .- - fi - I v I •· ~ 6 • • 

y~"""a~~WUhNLttanl. Rl,l!fl!=UYIJYBfR~tl6y1::r,t.~YfUll;Y::r,u~(U'l!~1n1.rclJ.,.nYt-11Nt.llaR~1""1"1.~e 

M11"HYIJ~rt~Yln ::r,uLitrtT.nwhrtWlY, M.1n1 t-trtBUt-WRY 1l..ll """"t,.[lt-1!11t-Lru&j,I LYLIJRC.Yt 14YLr,"~ 
• fl I - :S •1 - P'r' ~ ~ - !!t .A p ' A -... f"' 

ueY ooo~z - OS !',,"~J!r,l..(Jl!fRl,OO~nt-n~r, Ut![tl!l..Y~bnr,~(Jf!ft }Jn!'t-_\tt.flllj.R~tt.LU~::l!11t-,liYt.~ri 

~n!m.v~en.1! ef' oz - ~ ~,;"~!!r,t.ee11nt-n~r, c.1trc1 ~. t-Lc. "aueY~f'!!::r,~lft-»rc~u int-r Mt 

RM11nrr1::rtmUMRU\::r,t-U"(J""l..l!nt.YUt.r,"1JrtLll::tm I. Rl!Rm11"~B"~nitt.~Brint-auLr,ue"nl. 
I .- ;;"" jJI - • -A -A ti -p I p ,. • I . . . '. 
Y ,!!R, "L!'~::r,"~1..rt.Y»l)bnl.:: m1t-!l"t.;-~r,uc.nf6bni BJf ~b"eaii~ngt!h"l.~rceu 
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fl,"'3mfR1Ufflnu~;liai1'1~D 1Dim1'1\tfu~aiuvunmf~1iJ ~ii fl,"'3MfR'il,n.r~ 

...-ze " ~ .Y. .g • e .:- • ,_, _, ~ .:- -~ .. - -- c1 _.; _.. ., 
~tiUtlULL"'rnRa~Fh11Pln~l .-iVflilU'il,flUUflU, wt1itn\ ~ilFlwR\UiilflnUfl ilfl~l:JMU\1 LIJUfl'l."'3Fllll Pl'il,fl LU'~fl 

fie u;rnf fl ~J..11hJ.n 'luLUJil "1 flVR"'N t1a
1
Ev;J" 1~..,uutJiil\1Pliililflqt1nu:n 'il~m'iun'il:a fifliiilflilfl 

. L#i1F16Rt"~flLUL~il,,jil", 

n,.,MfRM'~f!;n.rut1fofuuii'nuri' Lfti1F1ii'P11 "a'fltrurit'iu fl; L1iu L iiv~nun,.,FlfRM'~ L '1'£1 

n,.,fi~~ 1tJ UR'il::;il\1\ffULffV~RilUftM'~un'lRil'wi~ Hil LDilVilflnuua~ll.,::",fll 1 - 3 tlil\1tf\1u1.li'l\1 
2 4 

tu~ft,"11-,::1t1~l~u fl~"51.J~nnBuq~nu-nLlnuBvLRB'lH~una"l;iuE,n,~nu,~'lu 

~~"q~nu,~ i11.1~n~,'il::1'l;'t.tli;i"F1~Fl~P1\"~fli1fliil\1 
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r:.- ' -. fit u _. , 1 •1 r 
':i::t.1:a..l~flfl1JN0UlilNwNw1Rtlil\1l.1lwflfl'Ull, fil,flfl,'mf!QliJ\1tlU'ifufj,Lt!W .w"l flwU Lfl'U L"lil':i 

tiu~,ii,ltf'~::t.1::-:i::\'l,_;"1'1LLP"l 3 'ifl ~::t.1::-:i::\'l..j,'1M'U 3·~4,6 .• a .• 12 if"l 11u-l'1NwNaf1L11a-f1Ailiu 

I I' 

-:i:: ll:: "l:: \'l"l '1~ lllU 
.. L 1JQl.fl 

3 315 3.32 1 ,337 1 0.05 

4 256 3.47 1 , 145 13.20 

6 188 3.63 884 14. 50 

8 . -146 a. 74 • 736 15. 90 

• 12 104 a.ea 563 17- 77 

flot.," 3 
.If.) .. ~. O•- J di.,..., 11_.,, 
U"l ~::~\'lfil'1U"lU~ilAm1"111'1flVl~fl Ra1J~ilflilflrl~::11'1m 4 ~illRm'l"l \'l"ltJU'1flflw'1'1 

(LaUN'1dUUfla'1\1 2~ - 3 ~.) ~::LMfil~U"lU~aAm'.1"l~VJPl\111'1 fim.1~::11'1W 2-3 ~a/M• M"lfiU~ 
4 

r: .. I r 1 1 .,p) l" o I .. ..,I ~ I u tJU'1flLwfl (LaUN'1~Ullfla,\1 1- - 2- U"l fil:: \'lfil'1U"lU~mJilm'lqfl nil 1-2 ~il/\'l"l" 
4 4 
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11"1·rn~P1\ 11~·fl\1uquuu;fiilil1rmu11 iit1111 ,;'tr11tl'utifimvil'1liu'iiflM1"ltl1 ut1 .,"l 'fi"u-f 11t:t., liifi 

Nw N~Plfi'1 flSJ 'lflfl'l"l Nf'Ri'6'1fl ;~ '1fl-l·~fl ~"lN'"~l1il~WlM'Utl 1.11'2"1:: s;i;'U')'U Ma Uil ::sa ;'U')'U,;j)R£lni1 '1niht1;fu6 

"...,' rl - •1·"'• ... ,,.. 1 ..i..i fl"1~N6P1Lllaflff'U~SJ'lfl1.llaflu R')~~flSJ"lfl\llafl m.1\~a"ltlimfl.'Un1111sa:: Pltli.))1'JSJ:: 

ililflffilfl1;1Gill;~Uil'lfl~ffnui~ 
. . 

"l::t1::tJ~mi-'t'1lfn1'1"l::t1::"l::vh"1~Ua"nl.,::11,N -2 

,dil'1SJ"lflt1"1cn.l~nli;it1imfufu'161J~tm'~11~n ~"l~a"1SJRP1ai.lu ut1ni~t1ni.l1; ~"~u 

Lll~ft~uqfi't;R~"l\lf:'U\ll:~"'U~~l\lfl~"~ i'1SJ::l;SJ~flfl~"lN°iPILll~fift'U~SJ~flM~ft'U4 

. . . . 
2 •. a.,111"1amiP1111ii;i1fuqil'.n.ruqn~fllfl"1"1un"l"lLnu~nt:t"lluffli1u"l1R1i~na" 

2. il"11i11i'fl"1 "lailu1uLUJa"1 fltl \ Qtl'l ::ti.,:;\ fJff 1'U·\11t1.nu"1~ 

a. Wil'11'1i.11if i;i1f uqlf~ "lw.Jill~aii'i" 

4. Pi'ufl''1i°il'1i1°u"luutJa'1 L Piti~ti'uu'lu 1 
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'luti·Nu"ttl 1 tiu 11~-nl~'\du~; lfl~flm,,~fffl\D~1't~lifl1.lflliaamfta'lno1u 
it rn~afli'11ttcu::ii'uri.iau 1. -ffu ;f \Jtl; lfl°'t fltlfl ~-,Ifft nli1lflm;i (mass selecting) n'ial fl t1fl1~ 

' 
tu~~~q~~flff~DADUL~uLfit1~ ~a~fli RilUU'i"iJilfl~lnl~~L~U L~UH'lfl~~fl~il~ . . 

~ .llf o 1• r ~ -~ ~ ."f" d,m c4 d o l O' I ~ 
fl~U~~·. HLU~flnU~NaU\uVltlU~tuil,Wt~ ~~a,u·~~LWU~IU~U fliltll~~~flL~~ 

'l mn"11fi'Ulilufl~·rna3..1Pi'~ La~ L iiu 2 fl.f~ 1·w-,1::iia ufufl!J lfi'rn t1-l1;uR'!f1il::aauua 

....... 
qO!an 

• 
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I • -LLJ-ffi \1fl'l L Ufl 

fl 'l~ililfl flilfl 

(Lycopersicon esculentum L.) 

1. Determinate typetJ-,::mm;'luaxillary raceme U.A:: 

• .It" ,.... .:- . ~ t" ~ .. tel'.IDrnal re~eme ,..'lflU'OJ:: 'RNiHffi°lllL~.1 'il'lF:f=i!U 'OJ:: nMU'l,,..'lflU 

a;"~" processing tomato LdE\1-o.J'lflL~uLfiu'l~l;tu"d""~E 

. 2. Indeterminate type .th::11Eui'lt1 ' axillary raceme a'lu 

a,u,.,nL~u~Nifll~~::~,11 1 L'RilEu Determi~ate type 

«uti'rn11d'tia;"R.;u fresh market tomato 

~Efl\~Uflilflffu~~m stamen ~'lufiuL.ifu tube fl~Eu pistil 

11,~~au,ru~~"Lifuuuu self pollination 

~ l: fl\1UU 

Asian.Vegetable Research and Development Center 

ufuiJ~::L11t'I berry·1.1-,::11EU;'ltJlocule 2 - 25 locule (.JJ11h::ii 

5 - s locule ) ,hmftiL.tft1E'l'R'l~l;LLTI. pericarp, placental 

tissue Lia:: seeds (~11'1ml.,::11Eu) pe:rica:i:p 1.1~::11EuA'lU 

epidermis i"iir.J.,::",w s - 4 cell layer cuticle ~E" 

epidermis ~EU;'l\1'RU'l ~'lun'Lim"E~il" pericarp LJu cell ~U'lflt'R~ 

1/ r1 .. .. , 

«n'lUft'l~R.,,~,.,u .,::~u 7 fl'lflin'lRn~'lU flW::L~~R.,ft'l~R., U'RTltJU'l~ULiu"'"" . 
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.. 
placenta 1.b:ntrufl"lU parenciQma tissue .. ... .. .: .: 

l~t~1tl" 1 ovules ~:~Bh'rl0LlJBhllIDU8llUUO , 
., 4 I 

ll1llJtlfltl~lU gelatinous tissue 
I 

~ ... ... 
pigment tUlh\I tufl'll10lJ lycopene 

I ... ... 
"illfl\.lU~41!f)~ xanthopbyll pi8JlleD.t 

pigment 

pericarp 

seed 

placenta 

pericarp · 

seed 
gelatinous tissue 

(placenta) 
placenta 
core 

calyx 

pedicel 
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g 1u 

wild specie's ' L 'll'1J 

.1,. _ hirsutum ua:: L •. p:impinellifolium 

75 mg/~O~ g lu Lycopersicon 

_b. peruvianum 

Soluble solids ufu"4ft~,~~,~ 1 ia~1u61:'~,~w::w,~ 

1uNa ~::fiR~,"~"!i'uat1uR4,"Wl,1J ;, S.S ~~ 

finnness tJiNFm 

locule 

Clostridium botulinum 

tftN~" L"l~tt'uqfi,,R,Utt~ lu~,",~mJ~ui4L;,ffu~~,"tlE~L,,~~ 

L~E~~,ft~"~SEL";ft,mi'RqflN~1m\~~~1;~,~~~,tttJE~Ltl, L~,du 

1JEft~,nif«~l"~~4flL1Jft,,;fEL"~A Ll.il::~,4~41J1"a,~lTIU 
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. . . . . 
A'l.mnul-,i:i .tr~,iru L ~,tt1'-WutiuJ1i1it .. u.~'l.'im1i'uil'-:iui"'lfiuil11'lw'Jls'l1 L"3'l ua:: 

.it"'1JJ'l-a'1 L ~uffuq1-i'tt1
1

'lfi°1. E\1 
. . 

;il"tJ;utJ~hH_Yn:: .9i,,unn fl'l'iiin,-,su~u;-:ivit,"3Lflii L~umethyl 

bromide 
.. ~J .. . "'1". ... wrn DD n-aiJU '11 flU urn n-,,ua:: bacteria SI flUima '11 fliil,tl 

~1u-:iu11,mu::i ::;;, 1ii1 fi'1iln"'l-allfii1P\~fi u.RR'u 

n,~V',v11riiin~::ri'i 2 ·fl.f'l1 niJUa\11.ltn fl~'11LL'itl Li1il1u~-i'l11Nan~s 

fl"'l-rn'i;,'11 (Staking) ~'iL~UMiJJJ::L~ilL~flw-:in Indeterminate 

ua::w-:in fresh market fl'l-DJ'inarul'nifR1~Efiu1"li~n11~L~ilLflflUflfiu 

ua:: sun scald ij'l1 11::L~ilL~flw-:in determinate l"Mil'11f1'l"3 stake 

processing 

market 

Mulching 

er N ..I "'1 .. - A~ 1 '1 ., ~ Lf1Ufl'l"'l111JU LLa:: LWilPI flfl'l'lJJ L ~tlff'ltl L 1Jil\1~'lflNUPlflJJ"'ltl 'ltifl"'l"31Jtl'11 11 l'l~U 

f1"'l'iAflN~~::1~wi:~n,tu11::L~ilLflfl~1.l~tltuq~NU '2'1'"~U,1JPlilUfl~"'l\1RU 

~::L~u critical factor optimum range fl'l'i~::s~-a::n~,'11 15-2o·tl' 
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1>.i viable Ul\'lfl~w style EJ1'1 diuitl pollination Lfi111~UEJ1n 

~1 ~. hormone 

Parachlorophenoxyacetic acid 

B - .naphthoxyacetic acid 

L - naphthalene acetic acid 

L - ortho - chlorophenoxy propioni9 acid 

. ... .d 
fi"'l~ LfiU LfiEJ'1 

c;i. mature green ... 
fil~LfiU 

LLuuiJ LvlCJ~-..i::'lltJ~\'l1tl1n~ 'l u1u L~11J-..i1 Lliu;CJ\l Lnu'lu stage iJ 

<'$ "" "I ..... 
L~~I::~~ LL~::~ LJ.JCJ~fi L>J\11 

1£l. 'pink 11~CJ breaker stage iln Lnu~111~u'lJ1EJ9!~1111vfiin1~'lltJ~\l 

111. red - r~pe stage 
d •• .., r: .d • 

Ll'lEJ\l LL91~'1tJ2.llnLL~'1 LfiU L~ClVll 
I 

processing tomato >J1nn~1 

~tll111Jil fo m 12.l ;flu ~m'l'ms Cll£.1vf Lnu'lu1~\'l 

"C (R H.) (storage life) 

~n~111 (ripe tomato) 

~nL~EJ'1 (mature green) 

i:;--c;i111 

c;i111-c;i\;i 

i:;-cr-«.o l'rc;io -ru 

i:;'<t-«.o 111-Ci. CJ1Vi91~ 

'ij\'l t.l~r.J~91 LrlEJ'1'1i'CJ\'ltrU 'lJUl\11, -..i1tJ'1tJ LL~::>J:: LlliCJ LVll'Tvf;~\'J~\11~\'l 

!i~\l Determina.te LL~:: Indeterminate Determinate 
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lu 

aNw 

1lt.rlfl 

N.U'll'i.lil\lNw 

~'it.nu locule 

Solidity 

Core 

1~m· 

Stylar scar 

pH 

Soluble solids 

Total solids 

Ascorbic acid 

Carotene 

- 54· -

sun scald . 

shoulder 

flw;J M~EUTl"i a'iMiUfllll ,fl LLlll ::tn'l'1a'il'li'u processing 

\GE'll~,11~u11,~11~::~1111~::\fiEt1u,1111~, 

processing tomato 

~~11~::ll roughness 

\'I'll 1.ffElMNwiifl'l~LLUt.1 

\'!" a'iniuflw.,fl LLw:: canning 

'• I fllfl';J I 4 .. 5 

\'I'll 4 - 6 % 

\'I'll 5 - 85 % 

\'I'll 1s - 75 Dw~fl~u j 100 11~u 

u~ 0 .. 2 - 10 Dw€fl~U j 100 fl~U 
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1. u~n Order, Family, Genus 

Order Polemoniales 

Family Solana~eae · 

Ge~us Lycopersicon 

Species escul~~tum 

species .tu Family 

Uil:: species 

Lycopersicon esc.ulentum var. cerasiforme 

L. pimpinellifolium 

b.: cheesmanii 

L. peruvianum var. dentatum , var. hymifusum 

L. hirsutum 

L. glandulosum 

Marglobe, Pritchard, Break O'DaY,, Illinois Pride, 

Early Baltimore, Pan American, Manalucie, Homestead, 

Jefferson, Rutgers, Indiana, Baltimore, $outhland 

«uqi,tm,UA~ Tobacco mosaic : 

~· hirsutum,_!!. peruvianum, L. pimpinellifolium 

11'uqi,mi,u~~ leaf mold : 

L. pimpinellifolium, Vetomold, Globelle, Bay state 
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~.. I 

l1utiP11un1u111a Al tenaria blight : 
Southland, Norduke, Riverside, Prairiana 

Cherry types~ Red Cherry, Denmark, 3outhland - ,,,,.. .. 
. tlUflPlltm'lUPla Spotted wilt 

I:_. pimpinellifolium, Pearl Harbor, Hawaiian varieties 

u ~.- I 1 af t tlUflPl'ltm_'ltJPl"il Gray e spo : 

~· pimpinellifolium, L.Chilense, Hawaiian Varieties 

~ematode (root knot): 

!!._. peruvianum. Hawaiian varieties 
- ,,,,, ' tiuq111'lun1uP1"£J Verticillium wilt: 

Loran Blood, V.R Moscow, Riverside 

Indeterminate 

wm Determinate 



., 

·I/··~. ' ' - C' . L. .. 

/1_. 
• • • 

~1n Indeterm1.nate UU~1UU~ft~~~fiiflUUa:n~~i~L,7QlihJ . . . .; . . . 
11ma:fl9fl 1flflffilftt}flllsn 11tirrani1unn~1nainu un\':~tm1~nm.b:1rn11 2 ~ 

11 11 11 
• I " I I I 

c~n i· ~~~ 3 fll11llll1:nm.i) ~1~i~~nu1u1~ua:1uL~i" , ~ , 

·-

Determinate Indeterminate 

" I <C ..c..c ... .... 
fl171 flUlJ:: l i~ ntrll'Wfl1H 'HtJI l 1JUU111J Determinate 

ua: Indeterminate 
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s. ~fiu·u.1R'i-l1 " Locule " 

Locule 

mi 'lll 1 iJu (carpel 

L~:: stigma ) locule ~~::nau;~ll pericarp , placenta 

s ~u~ R~ chlorophyll 

lycopene 

~~a~ chlorophyll 

ua:: pigment 

carotene 
' 

~w::fi~M1~ilij~fi~'l so·~ ~~"~R~UUJM'l~~J" ~M1~fiiL""'::~mt~~~'infuNw 

"::L~~L~~~u~~a~~::H~'l~ 24 - 27 ·~ 
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n,~N~~L"3fl~uq"~'~a\~~~nNa"tmJ~~\~~lnv l;~"R',"a;L~~ij~~fl 

~~a;wrunan~ LL~ ~u.:rtifiiju;i.nNa~ \mf fl~~qfiN~~ lfi'iif).cu111~ij~ 1h1~~,n1~Rn'a,"'~"' 

~fl 111 tiu L "~ i;i LLil ~ih,R ,un uitifiilfl'm~ u'fuuititl u·nm'u; Lill L~fl1u1iliin'l·rnar;u,n L N vu~.; 
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a. 

4~ 

5. 

s. 

c: ... ...11·· A'<J"' 
9 • HI fl fl 00 flU 1 fl 2J A ih:I fl T'ffi \I U'll'l 2J fl 

10. l:JLL~ LHi!ti ~flU1 ~~tlltl£J\ltlU1~1'1L~ ::LL2J~\I 'OJ::2J::LiiilLflfl 'iflL P\11f1 

1 1 • 
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L. 

I 

L 

I 

L. 

L 

Varietal Improvement of 

Chinese Cabbage 

L flti11 i~n 2/ 

. . 
tuu~~,w1d1~~ffun~~"~';i.Ja ua~1flu«nfi'l.rl°fl-.iiui 1uu~",W~\1a~,"u,~ut~ 

.. ' uanLMUa~,nn~" n = 9 

(B. oleracea n~"a';u~ ) LLR~ n=Cl (~. nigra) 

mrn tuarntl LL'lf!aamn"ri~~"tftPiUfu li.J 1;~tfl",fl Uafl ~,fl;ffl\1HU-l,iJ'm\mfuqt'll\1af.iiJna~ 
• 

m1,'" 1 fl~~uiJH;pu-l,iii"1'1mnn ,~",~,nn.\"rfu;j ,,ro'ni'l1 ,'l" tLLa 'l,j," R"u if "noi~uJu'i,n fl::t" L ffQl1 ,;f 

n=17(~.carinata) 

LL1J'li'i"f11Ja\1iifi'~~;\1,uUi'uiJ"l\1trutifl'11' fn~LLAflRt\1nul; 3 fl,\1,ff~ '1 ilia LLU'lflfl 

lu<fntffil~~~\1 Uht~"", LLU'lfif!LLUUtf'lf11,j!'lf,W LLil ~LLU'lfif!tu Lifon~ '!" ri tuaa\1LLU'lt'n\1LL""Jmiu 
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~ .. .,. l I ~ J' -4 _<( ..t' ..I - tj ol .d • ~ ~ al ,_, I - I ~ _r; nuqn'lf 1111 L rl fl1JU "II" \JJU"fl1ttll~fl L flfl ~ Uu., ~ Ul l'lflfl'liil ""W"'m "l w a"lULLU"lfl fliltl1"11w" LIJU 

LLU"lfifl L if"t1...,il~na lw1 ii'lilt.I .,:: 1vtr,i'ri1"n1.,..i1 ~"rA'a"iin1.,u1i"1lurt" ~" Ltlu~"~" l '1 l M'nuqN'n 

l D - 8 ~ - .If .oo I d ~ r J: 1111 1 Lflfl1JU111fl111tl auwUU"'J'1V1fl1fl1lE'\ll.J.,~Lnl'ln11~U1LLiil"lft"m11tJ 

L m~ fll u1l ill'ltllll'lfl t unuqii'n 'iMUfl l M l U"'J ::v:: L "lw '111'.imJ' Wil ::ltfJ. '1 f1Uflfl1" ;1Ufl 1'1 Namfti°q-N°trfi 

L """ L dmt~::-1mn1twamll'ivl 1"truqn.,.,11 1liN11'ut{iirin~riuflltt1 n'1du 

' 
3.. ~mm::Lil'111111v 

HBM"lLLUU 

I • •' 11' 

VJUVJ1UAaa1nnLnf1Qlv11 ('1vU rJu l"'Jfla~R''l! a1n1-,,,1"a-1.,::) 

. . 
VI UVI 1UABfl1 '11JUa" 

16~1-nl fml \ ._muq ltnn1 fl11 Tnl ~~u il'l i!fv11srn n 'l"JLLuun .,.,11iutl1 "nuqfit1H"lfl Na11t1111 Pi'llJ 

t'l'1'111'lf191i""w1tl ui;ifl"l111LLPlflA'1."1Jil"'lfifl'1..,~U ifua~fl'u LLU"lR111 .rn11w:: Lil'111111t1 \LQI ::l1Uflfl"'i"J11 
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fl'l-,1'fll1tru~ 

fl'l., N~R L la i;i«ui 
L fl'.ltlil_,fl-,~tt1111~ fl'1U~ 

L ti.,, ::!il ::n; t~fn 'l11LL.V\1LL.,\1 L i1ilmN (in breeding depression) 

selection) 

(mass selection) 
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'l fl L ,Ju 

.1.. ifin1"1A°'fldh1mLJJJJ"l"1il~ (recurrent selection) LLJJJJrR'l" 1 t11"1ir-rafitiu 

fl'l"1 L d1111"';numJa L~:: L.Uumrn::ri nu ltJ~n 'l"1L ;mi Ni°P1°ij."11-£NiftJn 1f1111"ll.li 

2. -lfifl'l"1N~llfl~JJ (backcross rnethod)~;\~a;a"n1,~1minflif'fllitll::L~u 

n 'l"1nijwi"'"l LLilav1.n t H'iifl"l'llltlmi 1u~a 1 "1fl'7'l.u;fi '" n~a 1,fli1u 1 LLM;'v"~nfl"l'lll"1~ 1 ~1iln fia fl"l'lll 

flUfl 1u ~n L "1fl L ,;., L ~:: 1il'lfl LLJJl'liil :;v 

(homozygous) 

~::fifl~'ltlWUrtLLtl (inbred) 
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L flr:irn~r:ir:in flr:imrn ::~11«u~- t ua111tn1r:i\UJ., ::·L flf'f lfl t1 LLtffi1'llii"fl"1 
•• R'l., L.iiuifufi'uu1.,\ L t1 •\!"~:: iiu 

1 , 5 oo L llPl~ 1 mlr:i-, ::Kuu"in :a" 1f "1f-;a'iuuilm1• t1.,1n111-,.m 1mu.;" L ;., lth1iw1 uiRiil fi'"i:i uf .,.,"., t1 
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L 

~·· 

L 

L...... 

1. ih1H'11 Nflfllf11JTltltr 

Chinese Cabbage 

Brassica campestris L. ssp. pekinensis (Lour) Olsson 

, .. ' ,; ~ - ' l ., .. .. . d .d .d -L f1Qf'1 MLLfl UlhNNa\•11.11a fl11Uttrrfl i;i~mn-:i flfl":I ti 1l .,, fll)fl '"'CU:"'IRtyl.I., ::fl ,.,ml\1fl L fl tl":lflJJfl 1'1N"11l 

LflQf'1nRa fll.,NQf11K-:i1a~liiAfl (self incompatibility)~uLUa~111~1flL»~NQ1fll~ftU~fl'1'11l 

a~L Qf~111 MN~fl'lfl1Jl'lJJ~L flflfll":I:: NQf111i°1mrutt11lfl ~~ifJJ fll'1NQt1JR":I La.~ liJ~i;ifiuLW°~:: Lif u1i'a 1 imtfl ~'l .;'q~ 

tllfl~afll'1N"11JA":ILa~ 1ut11~Uflll~utl~~«uti~11;a~fll'1NifA~flN"111~-n1 1 fll~fll'1RI ;":ltlfll~~fl 

LLNUfiu1 ..,~ ~ lfl fuJ ~ii fl,., LLtl ~fl.,::~ ltlt!afl 1iJ ~tJ .,:; L fl flt ULL flJJ L aL iv 1 fl ti ii L aim, ~a~ R'lJ~a~Qf ltl iii a 

"1 ·~fllfl fl::1'uaaflii L .iufl l~Uti..;~.,:: ~n ti 1tJ ~.,:: L fl fl L fl 1.,a°Lw ~ LLtl-ifl., ::lill ti L 1i'1 li.J, utl.,:: L flfl~U 

Pl-:iuiiflJJ l~..,;j~ u1u L ;Ufl •~ LLt1.,.fl'1 ::~• uN1ut11flm~ •~ Lwi'-:i" ~ijt11fl 1 ;11a"11.,:: L'f!Pl~u ~1flfiut1 L ;., 

11l q1Lll'..,-rmm:: L NtlLLtf~W itJ .,::rn fll'i1~ 1 , U2,}Jj°fl lfl La L;f t111t::1'uaafl L Utl~, fl l'liil af!LLMil 11aul fl~U 
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( 1984) ii'1"ih'7it1LiifJU Li 

iiifu iii t1"ffutfu11lfl.1ll vua ::ii~ .J1"RI" 1· flU ltJ Utlfl 1illfl,iUflfUfllfl tllfl L tl1JL fl'v'1L~:: u«fJfl T'i 

ilflfl flflfl LLldvu w.J a" 1LI t1111fl'1111 L "1111:;~11t1a" LL'1 fla-Em lmi ii" ifim'21wi'uil'1 L tlafl'1111t1 ti·rn fl 
~'-1.,~t..m~ Q; t1 "&1.1 t1'31.I '1:: L fl fl lfl v· u 1'il:: 1 fi un' 11 L fi'vu ~u 11 1t" LJlu-ffu ~11 ·nnlJ t1ul u.,,r ~iif E.,1vn1'1 

aufl~I L ;J~fltrU ~ff11. t.lil\ltJ~Ml RI L m~ firiut{LLR""1d"t.1i1\11.1-,:; L fl _fftTiir.J '1 ::-Jl'tf! tl~"fJ 1'1UIU111'ilUfl'1 ::lf "U1il~UU 

3. 2 fll'1'il'-JLLUfltruq 

truti,r~fll flt!Tnl a'il ::£ifl'111JLLPlfl fi1 "flU 'bJ Pnmfnttfll:: f.11.,'1'311 a" at.Iii" l tJ 'l.fllfllfl 

(1) n~11truqlu (var. dissoluta) 

( 2) n~11truqfl'1nru..I~ (var. inforcta) 

(s) n~mfuq~mliLla1v'1 (var. lax.a) 

( 4) n~11riuqL1iuuu (var. c ephala ta) 

1h::Lmnla;,t.1lti (ovate type) 

th:: L 11nLliu1u (flat-topped type)-

th:: L 11mliv1'1n ""fl" ::tJilfl (cylindric al type) 

( 5_) fl~lltl°U~"J.flfl~" 

'l11ltitf1u (flat-topped ovate) 

n""fl.,::tJilflLiv (stoutOcylindrical) 

fl""n"::ut1ntf'1u .(flat-topped cylindrical) 

;,t.1l1itla1v~ (fluffy-topped ovate) 

"""fl'1::tJvflLla1v~ (fluffy-topped cylindrical) 
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~.hi ~ ll fl~llti'uqff \IH lJi..1~~'1 lfi'LLrl ri'uq dillu~u "'•uij'11m(m·td\lfl at1':1fl1.la°'LLU1J LLQI:: nruii..l~,\I 

1.l~L~ULLUUn,\111.li~l:LL~ H':lfli..1~~1.11~ H-:inqn~~\IH,\lfl,!:Ullfl 

4. n,•~~•,2..1All'1fl,,L~~flnuq 

~. 1.1,~Ln~lnvv\ll"~,",~~NaRL2..1~~~~n L«ll~Ull\l~-:1,2..1il1\lfl,,~ll\1~1.l'lnn,v1u 

fl,,u; L 1i', L mf i;iffuq2..1,n L i1u_iluiJru~l1\l 1 un~mlnn, f!LLa ~Nflfl ~via'; , ll\l·;nnfl ~ria''it.1~ ( i;i,,,\I 2) 

~\I~ LH,,::~,i..l,~Ln~lnvN~RLll~flHUqNfl~\1fl~,.1~ullV "~~U,\1U~,~L~Vfll;~,1""fl,,Naf1Lav 

~,flfl,,fi',vna,i..l'lfl PlUfla ,ftii1u~.;'\1LLa':l;ll\11 i L ':l"I,~ ::~ll ~tUVltJ.ii'~;R llt°Jfi'-Jjfo 1 u~ft,H wJ a \I , 
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L.. 

I 
L,_. 

L 

1 • ~~::oa u~" 

LL~ \1 Lll awf3m 111°fl'l 1;wru 
..! ,. 

1 • 1 20 .. 70 4.58 ua::r~tJ 

1 • 2 LL~\1fl'"l'l o .. 03 o. 01 ~Wi';j'il L ll~fl'l LLQI:: lrilwru 

'-- ~•11~~::oa LLA\1 20 .. 73 4.59 

'• 2 .. ~~ ::ua fl ::na., 
·~· 

2 .. 1 Nflfl 1 i;i'l1-:i 69 .. 41 5.54 - l _. ~ ilitt LLa ::aa~ L Iii~ L ~l'.I '1tJ lilM'"ltJ ,tJ 

2.2 Nflf'I ::u1 149 .. 92 6.75 ~J'li;j a rn~flr ~u LLG1::l;wru 

'• - ~wr:i a L iiiflr 
,.! I 

2.3 fl::na 11.la 7.82 9.93 LLa :: ijjt! tJ 

Nflfl'1 fl L ~t.nl..16 awr:l'il lll~fl'l ~·u 1;wru 
d I 

2.4 32.67 2.30 ijjr.J,tJ 

m;i::aa~L~~L~u 

2.5 Nflfl 1 fl'llr-:itl a' 69.58 9 .. 22 ~w1';j'il L 111°fl'l !J"u 1;J'l'ltJ tiitiu 

'-- tLa ::aaa L~~ Liu 

.. 
"l'u ua:: 1;J'l'ltJ 2.6 N' flfl 1i;ifl-;i1" ~" 69 .. 95 2.40 

2.7 '• fl:: na., fl afl 9 .. 91 4.51 t'fM~~'iJLllifl'l liJ'!JtJ 
..d. 
ftitJ.tJ LLa ::i't'1f'l Ltl..; 

u-iaR Lf'I~ .... 
lA'J'l-ltJ 

.... I 

il'1R1t1-i 
, 

2.8 0 .. 39 o.75 "OJtJ 'lJl!U LLa:: L fltJ11'1~f'I 

.. 
~•11fil~ ::01rn ::na., 408.65 41".40 
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-· 
(fiu) 

2.52 1. 86 

3.2 ti=ifl 0.91 o.47 

3.43 2. 33 

1 04.12 1. 74 

104.12 1 • 74 

3.43 3.37 

127.32 3.96 

0.24 0.05 

5. 4 N'nn lfl11'flll 3.22 o.75 

134.21 8 .13 

671 .1 4 58.19 



f '_ii 
'AT'n'IWI 2 

r - r f - - . r -----

~uantity and Value of Imported Controlled Seeds for Commercial Purpose in 1983-1985 

~uantity Kilogram 

Value baht 

ti.fl. 2526 (1983) ti.fl. 2527 ( 1 984) ti.fl. 2528(1985) 

a ~ fl uit ilfhr 
I 

Il~iruu 
I 1J ;"1ntu 

I 

J..1~1ntu ~a fl I SJ.ii fl I Jlil fll 

1q1,uantity Value iqi,uantity Value ~uantity Value 

1 • N"1111•fl L iit1•1.1a 9.805.00 734.755.67 32.667.00 2 .297. 436. 58. 59.389.68 3 .374.584.29 

Leaf mustard 

2. Nflfllflt11•JJ~ 14,143.40 6.795.106.00 69.580.44 9 .210 .640. 35 40!136. 45 7.074.682.79 

-J 
Chinese cabbage I\) 

3. Nflfllfl11°'• 11 • 061 • 8 0 3.690.159.14 69.408.65 5 • 5 45 • 8 9 0 • 46 60.365.50 5.423,567.83 

; hinese radish 
.. 

4. fl ::u1 34. 287. 40 1.975.,417.99 1 49 .925. 00 6.754,902.11 138.938.00 7 .696 .077.64 

r hinese kale 
.. 

4.435 .24 2 ,830 ,640. 47 5. fl ::Hw I i;i ilfl 8,913.62 4,515,348.57 

t auliflower 

6. fl::m~~!..la 7,824.66 9.931 ,565.11 15:,573. 49 19,414.916.46 

Cabbage 

7. Nflfll flfl "'"' ~"' 69.950.00 2 ,404.543. 0·5 39.528.36 1 ,703.388.18 

F'dible rape 

8. JJ-iilfl 1flif 396. 04 749. 976_. 00 2,299.04 658 .392.51 

Irocc:oli 
•:hmfuti°~1f fl il\1fl")1Jl'J.11~1Jfit11l'LLa ::1'.i f}fl l"l L fll:tlil~ fl•nr~1flfll., LflHA., 
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"' "''11'1'.UIJ fl ti .. flfl • ti ti. fifl. 11fl. fltl. iifl. L11 ti. tlfl. iI 

22.4 16·.3 11.6 7.2 4 .. 8 5.2 
. 

8.2 13.0 17.4 15 11 

• . 
WJ~"lm'l ";1'\1 13 .8 1 1 • 1 7.4 6. 0 5.4 5.8 8.6 12 .. 7 15. 0 11 ,, 

.. ' ("1~ 1'1) 
. 

U~11111 26.6 25.9 24.0 21.3 2:1 .• 3 23.9 21:·. 4 29.7 28.8 25 11 

5.2 

fll"1L;~W111~fl~~~•t1L~'1fll"1~~flfl~fl ~::~•t1lMtl'11~~flfl~f11~•~u ~•t1L;•'1~"1~~A~~" 

fl°'1'~u"" LL~Lifuif:fii'u.;~A'uifa~::'fi~uu~ il~u·uaan LW ::lH'mrna fl Lllafl~~iu" ~" ~::uu::u;l111"'1.itru 

"1wJ-1U111'\1«u~t111ftA'~"fll~ 'f111CUL 11a flA~iu lJ111flUfl Lri1if uLL"I ::tl'\11iiiirilflu~ UlflUfl ffofl"1
1

1";J 1tJtJ1'u 

L;flU'\11UN~AL11~fl«UQ~flHl'\1fll"1~1 1ll~'1~1fl1~L11~flU~t1~1~1"~~~Hl'\1L~"1H;jfl~ 

.. 
5 .. 3 fl";Jl11fl~'\1fll"1U"''\1 

~ :>! ' _., ...... ' ' .. ..... .d "' ~ "' 'I ~ ~ 
UU ~ fl";J I LIJ UL ~flH11 ~CU1111Jflml ::11";1'\1LL"' '\1fl ~U~l'\1fl \WI LL"I ::Nflfll fl~l";JtJ~ L flU"lflttl L 11il fl L 11 L fl L U"'1l'l1'1 

U";Jfli~11~'\1fl~l";JUflL~UMUqLUl~'\1~~'\1fll"1~CU111~fi~~1"111fl'lltl 
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21 iiqu-rnu tra'lliT fi\niuiun 1·Hia111\11a" i;iwuq_N'flfl'l.lil'll"l~ ~~ ::ia"~~ L "lil'1LLl'l 'll'liilflilfl mf 'll~,nfi~,u 

t7u1'uitii.J.'llLL~'lliU ltJ ui. L i1a~:: L a~mitJ "1::1 !l"lfU~ ~flti"l'lli'U;1\lR'il!J 1 Vl"lifu 

llJu 

,, - I "'i I 1 9' f ' .:- - -1 91' .cil ..,v. Ii I .d.,. 
Til11NUAfl~::Lavn'1V~lfl~"1RL~ILil:: ~'Ill!! ~"lULW~\l~aAL11ilfl"Uq~::Aa\l11"1::v::wflLLfl U"lf"l"1111 

'illfllflLLM'll U"1lfl~lflNUAfl~'ll~::11~inl;Lll~flWU~ifiiR"llll'U~l!JiU\1J~fl'il~iu"1::flmi'';a\lfll"1 

6 .1 
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1'if i;i_fl~ll ~u 1 ;~ii 1 fl'11t1 ,";,. fl 'it H'11.ltnt11~'1fla',•iifl 1·rn~111.u1a flfiut{«m1"Viv1l'u~.Ri1'1flT'~ 

illfl,IH vu 1iill~flUfl 

fl.. ~::1111fl1~Mt111 ih1y 2 ~::1111;•m'i'ufii1 ~•flrnafl-irnafl (seed-·~o-seed) 

1flv1iiN,ufl1~L;-u.la LDu15tlJnu111flLufl,~N~111L11lf1~utii1,"fl'~R, ~•UBfl~::1111Mij'1fiv 

~lflLI~ -ULll.~fl (head-to-seed) 

;v'11ifl,~Rfl iavfl.tflmu~av~;.v 1..~sjf!•~Mfon m~fl~uqwifl ufuR'u 

if.. fll~Hllilflm\llH~ilVlllfl;, ifill~fl~\1ifiJ\1UlJlJ;rn;a~L~::;ilt~llUl'lfl~l\1flUb1 

.. "" .. .. 
if il fl 1 • a flLL~\1\1,UEnllflil., ., ~ K ..d ~ 

1 • i:J.Llil flil IL ii flt UfitJflUilllOI ::fl'lfl 

2. oi ::mfl Plilfl 1-m 'l t uLuJa \1 LH~ 2. fll~PI~. ~fl; lfl Butl'l,flfl ~ 1 ;~.,ll 

3. W1l'1ii,i'3flfll~L ~~'!! 3 • LWI ::mi 1a
1

'1\1HUI 1; 

.i. .. c= 4. ~lflH ll \1il flL~:: L 11\1 LL~\1 4 .. 11'11i;i°fi11fJ.fl~ut{ 

1 .. LLI i'i' il\1 U~\1 \11U Vlllfl;, 

2 .. LuJ~ "t H~Plil'1V 1vmi 1111fl 

3 .. tt1l'1l'"flfll~L~i'lJL~lJLPI 

" I 

4 .. ~ ::u 11~, fl LLfl'lil., flil'LL fl~ lfl Nilll 



I 

L 

' L. 

I 
'-

1.....-

- 76 -

f'l. 

;uni 'l:U'l»Tl'tH rn:: L :u~ i;i =li" 1 flmf"l bJ lfi'l;mr 'l~flfl'llil11'1-:11.la°a'1El" 2 5-2a 1'u ~~-:1uPifl'l'lm'f:u7J."'w 

;.,rl'lfl~fl»UTH !lu:u'lnmf .,-;i::11'1'li'la'l-oJA"a\1'limi''la'lfl 1 i iiiau -;i.,mt1;m:i.,~ l-l'~-:1lwumu.,n '1 --,i., 

(4) 
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1i;iau,n"n~:w~tu~:a::.1';un;,ntu~~" s-s tu L~:naun,~a,m.l~n 

( 7) n,"lll~n t uul.1"1 \1 h1~ ~: L fi'a•'lia"fiun ,-,.ri;i L "l"1-u.l~n n ,~~fl~ :a ::tl<i,n n ,., L i;i~au ~u 
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1 ... ,.,. -1 ·1.. .,.., .,. ....... 
'OJI fl ~fl~ :::LL2Ja" fntl~mn111 L flU tl-..i ::\')I ,.,~ :aJ ::;f)j)fl L 'll<itf'Nillfllfl~ilULLQl :;~::ti ::;~flLLflL '1Jli_11'NNU 

~~1,n;L"~f!Uiltl ~tufllW~~ ~utl~fl~l1'1"1::;~"fl•~Ll1u 15 ~qfl~flltl~'llil'1il' LLQl::1"fl•~L~.,.,~a;. 

flUfl•~tiflLlthi"dhnl'2,flLL1J1JLLfn~ ;1"ti11u1fl-i'1" 120 11". ua"'.ii.;a"u"?, 5o 11"· ri~u-..i:::umuJ.iil'1~alu 

'iGfl1~iif "m~·,. 1;1lilJ,11.I~ '1fi'~1111uu1u.-i :::ff tJ,L 'lll fi-m ~ 'luifuif'i";f"iiu"?,fi,"u1i" fl•~ umuJ.-i "1.1 ~fl 

X 1 "" _'f - 11' #' d W ., J: f;; 'l O' I I 

~f,ij~::;u::;uTI• • 75 11"· LUU1'1"1fl Tiltl'iflWU~L"il"~au ~~"ln1JLQ!flililfllililflL~• ~::; 11~::t1::1'11"~::11••" 

Au 4o 11"- (11~at1~::""u 5. soo A'u;l.;) L
0

LAfi'lllqmru~wufl~~"A'u111'lin~1 fl•-nl'tflMl'1~u1lilti 

'l"1i'~::u::~::1'1'Jl"AU 50 "If"· (11~atl~::;"l{U 4,200 ;u;l-iJ 

". fll ~Ultlfl; 11.l~fl 11uml'TI"fl"1 I" t 6iautiqfl~fllt!U ~" Ll1u'1·N1'1"1i1NULL;'J LL"1::; LlJu 

;Uqtl,1'1UI' fl~lftrn1::1.jfl•~ii111-..i~" 6-8 1rnL;•LL~fl•l"~"7J~ru ua ::LWQl'1Ufl::fl;,aa~1fli 1 fl1J 

., • • K 1"' ,, ,, - 1 ., .. c:- ... 1 ,, .... .d , 1 ,, I .co.. d lil•ml.tifl ilflLL.-i ::t!ti~rNtfU •LL"1 • 'lJilfl•~~::·" Ufl •~tiltlfl"1 lfl~il lnrN 11fl"1 'WI ~m.i.~ru flUlnULL.-i ::~•u L 'OJ~!.1'J:. 

ti .-i 1u tir.ilil 1il11fl L 1'1u111 u fll~fl.-i 11~u1flu;u;j)"1Miilil~1mL.-i ::fl lilii'iu1 ,.;fl~ :::~ll~1flau1'l ,.;iu;",.,~ "~ lilU~ 
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o. n1.,uu1Au ~•-m1n~u~~nfl~n1~n~~uV1~aJ"~"'ru 5o-55 ~u""~"~1nv1u 

tJ~m ~~'li-:itm ;t,.;'fiuti'1~1fi1Rli1uL fl l~fi' '1-:im «"if~wi., L ~i'l!'lHLLn.,1n LW ::'11-:iu L ai"A"'" 

(a) nT~tiU'; 'lu.,::u::LL-,ntu'li-:i~-,:::"1ru 2 fillf!~M~"n-1.,u .. ·unJ~n n1.,t,.;'U'"-iuuu 

tiu!IJ~u,.,::s~t11'u-:i.,f!u1 ~:: L 1rn1::aiWt'iflL H.,1::~1ni1N'mT"ianA'~"n1.,A-:i1"if'u L Mu~~·-:ifiui;i'-:iu 

fl 1'LML 1"~'iami~U'1.,~«'ll'L ,i'-m1a ·w li;i~1u 

n1.,tM'u1uuu 111 lt.h"n".;~"~; Ltfum.i1"d'1mr"~•nif11~~nf!~n LU'i-:i liiLLu::u1t,.tt.J 

~1nn1.,NaA«naflti'1" L Gnu~u a'iri.;'utJ:u l\ a1fl''l!A~n•.,~"il-:i i .;,~~"fl'ufli 11 fluii«fl~-:iu~" 

n~1«-:i~ututJ:uuA.,~1L~~t.;.,~"nuM~" ~~"1.,::u:::«a~"taH~t,.tfl'u~'ll'af1tal-:ifi~n1.,au~"A~u 
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1 • P= 30 tl tl 11.; 

K= 40 tltl 11.; 

N= 2S tltl 11.; 2S tltl/1.; 2S tltl/l.; .. 
16-16-8 11 -22-23 16-16-8 

(so nn;l.;J (so nn/1-i) 

a~A''lJ'llrh:iNfl Nifl 1 Jj~£;JH'uq ~"n~1~uu\m ~ii'N'n h1
1

~m {, ii;;i~u'ltJNtifi r:i1fa111n LLa ~ii'°"'u L #t1,;a" 

ftlJ;;}~1J'lULll~fl~ENtlfi''lt1 iu.LW<l\:ll'l'"i.itJ'iy1.ni1f llr:JU~tl; 1.6 nn/1.; ilfll::L fl~t1mal<i\ll.l~tl;;i::1f"Jt11fi'111tl 

a111Hii2ln LflW'l)M'lflfi ~'l~fl'l'llliftJi u ~ufi~uoi ::LLM\:ILL.i\:I =11\:13.ltl uf u1i'l\:I ilrltl fliltlLLa ::PiV!Ntl tl ·~5 flHU 

1 J.l'' - ' ' ., a l.l ~:: Lfl fl VI ti rl 'l ;;)H uUtyM 'lNtlUil 'l ti tl \:I 11 fl rl ti fl fl L H~ 'l ::114\:Ifliltl1J 'lUil 4 \:I L ii tlf) ~MU '1411'lLLil4 fl I~ L flfl ti rl fl 

tu"'4uf!'M.-r\:I L 11K fl 1ii1fi°EmL<i'l~\:I ltJ ;;i::1f4 t11MN'tid'luil
1

'1\:IL ~-tty L ~lllflUil ::1i-i'L11~ i;iam,.t·Hirifu 
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ti'lm'f1t1«uq1•""" ~' ui"=lt"amrna . ~::llililrnif Iii li;i° L tit1" 1 o L 2.1if lil~aN'm f1
1

1tiu rnif lil~::urivia~ "~'fl L rla 

1i1afl111ui.J 4i ::2.11w 40 1'u LLQt ::· u1m ll't1-nf ".A'u 1iiiJ4i ::2.11w so 1'u MQt~" ~•fl~\1Lflf;I L MU1i1£JfltJ'lu112.1 lilui'l 

... 
L 2.li'l Iii liiii endosperm 

7. ~r;i4,fl~LLi'I ::fl 1-nf £1\1flU 

( 1) 14il'l L u1 L i'I:: L fllil~'lfl df aLmfltr~ t1 2iflf.ULL4i "r;iauii'tu L ~2.1~ri au fl 'l4iil£Jfllililfl Lila" ~•flii 

~Iii fl; t M'ti~~-3'flfl'l4i L ~~'lJLLl'l4i::LLfl4iUL; rn~ lilUat1 fl 'l4iUlilWU ~Iii 1 i;iii (~'1"ihf'l4iil£lflfJl1 g'i1a 

L 2.J?l 'lW'I flllri'! tl1JLL2JU 1 l'l L ~1J) (;! '12.Jl'l ;LLu::u'; tu "1i'l 'lfl ~::i-;i tli'l lilil'ltl 'l4i 1; 

() 
'I if-"" ·~ ,;; ...I ~~~ ... ,/, I 

3 11uau~t1 L Unf;l4"1'lr1'1Jf;li'1£11i1£l'l~Lfl1JLfltl'l lil\1UU~\1~£l\1'12JU~4i'l~L~i'l\1il~L"12Ja'1'lfltl1J 

Li1U4i'l tlfl 1·nh ::~~fl mllil1M LL~li'111'lfl"1;1-l '14i ::u 'l lil'1Ufl 1 lilt1'1~" ~'lfltlULLi 'l 2 1'u fl\1 liia1~1'l'l1Jfl.2J 

1;Pi'a'1tiUP1'12J;'lt1 Q.~1'21'~ ;1"ii 1i!auuiri'l~"1 -r11Hif U"l~tm-=ifi° ~~' m'l ~ 1 t111u au1t11~ 'ilfl"1il\1"1'12.11'u 
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. ( 4) uit"v~E!tJ u1u Lmw "111f1Ufl Yl'ttflU:-'"H fv"lil1mhumNtitr umiful'YPl'li'fi~qtftim.hrn 

fl~ 1mf" LU w i;tJ .JE!f!Bfl ";i:;EJ::E!E!flflE!flLLW ::~flU.n~\u.ifu1f-l\111"~tJ" L UtJfl1.J E!"tltJ Ltluih l'IH L tl";i1:: 

Rm.n ~u L.t1u NW fl";i ::fl uPiEJNW N~PI L 11~ i;iff'u@v1"t 11~~-N L t1EJP1";i'l 1i1t1ut1uPiutitrLLii1 ~v"iu L iiiv'ln 

; El"~urii~fl fl flUfl1";i";i ::U1Alil ::LLtl~E!tlfl UJ EJJ 1"11-l'N'JJ'l 1" 

8. 

.,. .. -~ 'i' C" .cl 
";i::EJ::PltJflw 1 LLW ::~::v::fl1";iL lil";iqjVI 1" ~U_L Plm'l 

wmfJEJ"fltJf11";iNi'f11;111 «flfl1fl'Jll'lL"fil" ~flft1fl;tltJ 

.. .... 
fl 1";i L flU L fl EJ'l 
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Lll~fl 1flvrn·rn,ULUT 1 fi-rnliiLUJU n~f.JL;L,J,a''itivLMNflLLPlfl uutfui\llJ,fi'"lEUr,LPiuw~aN',~u 

~El\l~U Lll~ fl~"'\flElvflll~~,fl Nfl ~ ,flfiun"J"lll L 11~ flll,L~~\lNfl L in~Ui'l ::a Wf.Jvfl LL;"l;s\lU~~~i'l \l 

'l" N',fiuw~ail'u11u11tl' "fi'iiN-u! i;i~flir fl L fi u 1-l't ufi'll i'l vflii'EJ~ ,fl ~Llli'l \l LLi'l ::fl•,11if'u ~ ,m1 ::aa\l NU L ~a 

~mi'im1,EJ~a 111 

LUHEJ\l L~un~au~~~fl~::1.1·a" fl"l~i'l flfl"l,11£ui'l\lLHa~tu~::iifu 5-·s % fl"l,11\lf.lfl 80 % .ifu111 LLi'l:: 

N'\N~Plfifl•~~:: 1 i;i ~ ::urnn,;i ,"rru l1.l 1;n11ni'l:11truqiil" ,;i a l1.1if 

80 - 1 00 111 i'lfl~ll/1...; . 

II 

,, 
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(Seed Production of ~hinese Kale) 

Chinese Kale, Kaai Laan 

Brassica oleracea var. acephala 

or ].;_ albograbra Bailey 

.. 1 C: 1 ...1..,. 'I ' I ."i'. ~ d' J! ..Y. , .d! I .:..,. 
fl'l tlfll;n:u fill L l'IPJl'l:U flEfl1JU'l fl u•nyfl ..... flE~ r-iflfl .... fl1l'l'l11a N\l:U:U 'IJUCU~\lfl LLa ::N\lm'n\l '"'l\lfl:U 

llfl 1J ll'I 'l Ufll~,i-;i tJN~:Ua:; EE\l 1fl ~~t ;LLflLLth'l \l N~r;i L :Ua fl~UtLl fi' L Ji-.. 1 flU E'l~.nwtJ ~lfll)fl I~ cUN~:U 

n. «u~'lmLfl11 tJa-..mLl'la:u lfi'LLn P. L. 20 

l LI ~ d I C: .. t ,d ... , e • ) .I 
u~::fllJ 20 E\lfl'HtfUL"Dtl~ l'l~E~\lflTH5lflUEtl L1l'Ufl E- LL~l'l:U ~. a'11.l'l\l (25 11' LLa::fl E.N'l\l 

~ • L nt1\l 'l m.i (2 4 °11') fl ::u-..lf~'l:UI ~fl E fill f!Efl LL5l :;~fl L :U~ fl lfi' fl '1-.. ~CUl11Jii ~~ L fiu UJ n ~::fl; L tl fl ::u1 

EEflflEflL~'lflEUfl~l'IUfl ~flL:Uafl~E;U~Etl L~UNa'll'ILi;ii~:u .... CUL:Uafl~El~~~a\lltl;•tJ 
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l;L1'1iv1'1~"a: 1 ~u Lflaa1q 25 ~u 

4. 111~1 ~,j'; lu~:a.1 :u~t1,, .,,j'; LL1J1JHUN Ell M5t'\1'0Jlt1fn''H 'OJi'!! L Piu 1 M'll\1 ltJL ~uff 

aii; L a"a L tlafl'11JfJ."L 1'1Lfi' iifln"'lfi'LLfl l"ih Plv-i ·ti;ilni;i" LL'lffl -fia LiHI.; l'liilPl~IPllmrn lt1LLU:u; 

a"'JU hR~ILL vULLfl~fl 1 uafl'tJNt1 '1:fl'tl''l!1'11 lu-d°i'11'1"vm'I \1~flLL4'1 :fl"'Jl"ifuluvlfllflq\1 l'lia1~ flU~I 



L - 86 -

: 

I 
~--

1 o. .. ...a r: 
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(Brassica carnpestris var pekinensis) 11 

1J'h1fl~\1~,,::L1Sttfl-l1 Brassica pekinensis L"ltt ufoN'fl~'1<i'Ar:JU1tJ Family LrucifBrea 

1i'1LDu family 

tJ <j ::v11u a fl LL"! ::11 "j ::fl v11v1vi-:i "jJf '1.Ufl '1 LL"! :: flfl · utl fl "j ::«.'11 i1 un '1"j ~u r:Jii r:J'1VI ,"j A '1'1 1 1 uu r:Jflt1 r:J\1 

Nfl n1 i;it1'1'll1 m:f11r:Jnti; ,,'1flfl,"jtJ1J't\1LL"I ::~flti r:JR1Lu.ifi1 A"fl;;f \1n auu; uh 1'1t1'1t1,jua12.11"j~ 11f1111'l; A°'1~'1 tt 

lh:: L1'l f111J tl .. f1. 252 4 /25L '1ul. ;:r .m' 58 • 6 08 1..; Wl l'M'11 'tflil'1rm'~ flflil~ '1 fllll::1'u ll'ilflL iltt '11 L t1U il 

.,. A' ..di 1 I .. "" ~ J diJ 1 ' ~ ~ .d.I .d fl ilL1Jtl1'1 24,686 "j "jr:J\1"1\12.1'1flilfl'1flLV11JililL1Jtl1'1 'ifl 13,953 "j LL"l:::'i1\1M'lflVb1'1,flil'1fl1'l"{flL1J 
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i1iltt'lf tl~ll'lnU tJ ~1J'lnU 
. 

"'~~1J 2525 2526 1J.a I'll 

(flfl .) (tltl.) 

1 Ntl tl 'l Iii L ii tl"JtJ ~ 70.032.80 9,805.00 734, 755.6 7 

2. N'titi1.i;it11-;it.la . 70,162~ 17 14, 1 43 .44 6. 795 .106.98 

3. N'titi 1 i;iM'-;i. 116. 478 .16 11 ,061 .84 3,690,159.14 

4. ~tl~~ 27 ,586. 36 100,000.00 4. 28 9 • 8 03 • 8 1 

5. 11::1ililL'l'lfl 804. 08 1,201.51 965,079.11 

6. 'l'l:S-tl 652.25 627.65 375,908.35 . 
7. 

./, ~ 
fl"J<l'l_J L fl'l 72,995.oo. 60,932.00 835,071.14 

" 8. fl ::u 'l 88,621.00 34,287.40 1,975,417.99 

9. ti°1-;i1'1'11i1M":l'l1J 25. 0,0 136.36 6 ,8 95. 75 

1 0. LLfl\'ltl":l'l - 1 3.64 2,829.00 

~· tl\'l'lU-l'l~fl 'l'l'lil'ltl 'lflL ufl'ti1·rn~i;i L "'~ i;il1uqN'til 1J1.1 ~:: Lfl fl~'lfi'l"HU1':11l~ ::'lf'l'lfU~U I.La ::tJ ~:: U'J fl~U 

tW'wru tufl' 2525 1iiL~ilil~U"Jtl ~\'IYl~LMN<!Nai;i1m~lilNtl~"JULM~f!i'l\'11l'ltl 
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3.1 

~1nn1~a~~-~;1u~~HU1UL"a~WUQNflfl1~~Tltlatu~~H~~L~u~lH" 4 ;1U w~~~ 

l fi1lvJJ.a L rlu•f1uwuqLLa ~~•wi \ "~ ~wutiff~if 

i1v;IU 
. I 

WUQ ~U1~U~"J"I, ~1fl1~~mnu H"1ULHl1l 

(U1fl) 
-

L?S'uli;i ifiuu~u • 1.lvui;]· 1 ·• .L Url~ 1,32 1 7'00 

-' ..: 
a~La~" II 1 tl oo..i 345 -2 
fll~ L fl1:tlil~ " 1 tJ rJU~ 183 -

4 
II 1 tl vu Iii 50 -20 . 

1.lvUfl Hl~H~1:t 1 60 

II . 
1 tlvu~ 31 -2 

II 1 tl vu..i 16 -4 
II 1 tJ rJU~ 5 -20 ..... ~ , 

tl mi i;i' wuqr-J~~ Lu v"J 1 1 120 

1 tJ rJU~ 61 -2 -
1 tl vui;i' 31 -4 
1 - tJ rJU~ 11 
20 
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f 
' L i1u-i'1u 

~ I 
'1uQ. . 'lJU I fl1J"'.i"'.i~ "'.i I fl I~ :.Utu I ti '12J'ltl L '1111 

( 1Jlfl) 

L~tihi (flu) 'lll-:itJ~«uq'l 11~ 
~· 

1 UuU£'1 60 

1 J..I uUvl 31 -2 
~ 

1 J..luU£'1 16 -4 
~ 

1 UuU111 5 -
20 . ;IU L nti \1 'l m.i 'll'l-nJ~ ('lll":ltiu) 32 fl.fll 8 2 

L flJ:tl'l"'.i 
I: 

3 . -i'1u L fl-i''!U11":1 £11 H'utiff £11 L u\1 32 fl.fll 50 

1 a'l'l"'.i 80 -
2 

4 . L nti\1 'lm.iiil'l"'.i- L ii'tiu!,iu O.K. 20 fl-i'll 45 
L fllffi"'.ifl"'.iUtlll 

fl 'ltl L fl ii (l'l"'.i'l.;1\1) 11 0 fl.f 11 11 0 

~ 

l'l"'.i'l~fl1Ju"1"1 20 fl"'.ill 45 

11 0 fl 1'11 1.1 0 

-
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lT'lJM'lfl'l''H ,j'll.I ~UfJULtH]~~u L da\l~l'lfli~fll\'IJJ,il11ul L ua'u\'I~ \l~'lfl ~ ~f1Ufl2Jfl'l~uti bi LL;'l 

.. If) .. C I ~ d lJ I CJ ~ - .'r'. ..,. _<; 
LL2J Iii:: v!J_ L Ufl 'lfl L \'1Uflfl~::~\lfl'l'lijfll\'lt.).2JL ilil U fl\l LLfl L 111flUl'lf)fl~fl'lUU fl\l 2Jfl~ 'lfl2J Hflfl'lfl1J'l'lthl LIJU 

I ., $!!' I., .d lJ t d .,_,fl I .a - I 
filvflfl au L 'il 'll.l 4'l LLflfl 'll.l 'l,fltJUfl ij'llfl\lLLfl 1 • 00 0 L "fl~ 1JU _w LU'l1'l 'llf)~\'IU 'l'l ~::W'lJM'l111\lflil 'l'l 

a~ LLa •tl''lJ'1• i: ~u•tl'ua1fl1flluir~~uua•ut 11~~:: L fiu•«u~ru11t.iii~" L iiu 1tJ a;11-ru tuq~ 

~U~ULI ~2J'lruU;~U2J'lfl 0

L fiu 1~n2l'fl~ !:ihl''!Jn'l L fi'u'l,i' a'll 111ii'llfl'l~Lfi1111 ~ fl,j'l'll 1 1 fi' 

(Soft rot) ;1" L ii111~1m ifaLLtJflii t~u ( Erwinia Caro to vora) 

furrow 

vegetative stage 
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'.ii •. 

(veget~tive stage ) 

family Crucifer 

(post~harvest handling) 

fl'1"il1~flNflfl'10l'.i1'1'.lJ.1~L~rlLflULffEJ~N~N~AaAltnf~~UULfliffi~fl~~~mir:i~-m'1un~fl'1~~u 

f r:i~'1fl L flttot·m~~ ~nil1A°.rflfl'1"1mf''1fl'1~ L nu L ff u~~UflArl\1A'UJ~4f n1"11'1 L tf r:i~ :.'VI 'i Lifl.Mnfl.'.ilrl'1Nn 1u 

ii~L ~EJ\1Lm.i ~.r\1~'1fl'.ilU L,;\1U~"1~Nfl L~~·,a~\1~1.fl"1flU"11.fl!J-l'1Nflfll.Ol'.il~~~lu Ltl\1LU~1'1\1 1 ~:a :tu 

~'1utl ~:anru 2 o-3 a LU r:i-i' L nuii' fl~'111 L ~EJ~'1u ~\1trn' ,~ Lif ufl~1.11 La' utn-i.t1~1.nn-i. ~l"1i'1nnu::Vt111\ ~11"1:: 

..ait.... _. .- .,_, 1 AL " 0L ~ 1 ., 1 ,.. ....I 
n11f1rutnfl111.LL~::11"1'1fll.LLfl\1 wn~'1:rnnu::n "11r:ifJ. uir~~1Ju fl Lfl"1'1::~'1flfl'1"1ar:iuri'111l'jr:ifl1.11'1t1N'nn. 

Ol~'1otLnEJ\1L~" ~\1~~0IL~EJ\1l~" n~1.U~'1Nflfll.~~1.'ll.lalui~\1L~rlU~\1~1.fl11 - flUE.11.E.IU ~::fi~'1fll 
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· stage ltJ LfltJ reproductive stage 

.. 
VJ'hl11l'l1J vegetative phenotype 

vr~\l'OJ'1f1Uf1 vernalization 

·-

·-
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i.__, 
flT'H ~11Hi1iiii \1 1 00 LtJa..; \ 11'UA tufl'l"111Ci,fltJ£1fl fl~'1'lflflT'H ;Ill iii" 75 L tJ £).; L 'l!UA LUil ::;";j'lfl'l 

\1'1fl .. -m' Lif uti ~tw-o;i~uu L fli:tfl";jfl ";jflfl \1~1111";im.J~flafl'1"i'1n~ 1~ 1~ If '!1'1'1t'1~tulf-o;i~uu1iit~'l!..,., 

L L .:1ti'1HU ti LLA Liiwl''l!'1'l'°;i'lfl'lr4'in·iQI tu111QI., i;i 

d .. ~ 

11 • fl 'l-nl 'lfl L ti £1 Na Pl L lJQI i;irl\J q 
'--

fl '1";iU~fl Nflfl., fl11Tl11~\ tf tiNafl L 11; i;iH'uti_tfuiiu~";i fllHiJ°fl"llllitu t $J-l'1~11'1tl ~utf 1 

,__ ti'l fl 1fl\'l 1'1fllfl L·'1ilt111a\111 ~::: L.i l'l l1rn~1111";i mi~ 1 fiutl Lit a\1 ~•fl ~•fl 1i'uif'a L 11G i;iH'u~-o;i1flu~m.i -o;i~ '1U'1 fl 

L 11~ flHU~tutJ";j::; L fll'I~~ L nu 111 fl~ tHfl'1";iffif Pl'L11G i;il1u~tu~ ::~UH'1.;111JU'1i;J L Gfl11£1"1.I ~:: b fll'l lfl fl 1il 

' - , C' .. - - ""' ~'111'1";i'1LL1J\11J1JnUH'1~11 NaPI L11QI flH1JflPl'111~ ::UUfl£1112J,U1J£J"1.I ~:: L fll'l~'1ti'1~tu~.3ll ~ ::11"11l'U'OJU LL<'! ::;-o;iu 

1 "1'1·fo 1 fi°ii \1LUj.J '1 L ";ii 'OJ :::~'111'1~'1~.;., \1HU~Nflfll i;J1Jl"llla°ii!;fl N~i.m'~111'1~m1Ci,flU£Jfl']~1 ~ li'1";i'1 fl'1 

~N~P1~i;i«\1t1~tu";i::~u~~L~utuu-o;i~uu Lfli:tl1l";ifl~nfl\1$J::ff'1lii~1111";i~~~nN'flfl'1i;i111"lllit;iJ'fl~l";j 

\1'1111 fi 

NQINiPIL11Gi;itu1;'1~tJ Opvar 600 kg/ha 

F1 hybird -o;i::l~ soo kg/ha 

'---

\..-, 

'--
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L n~:i..i~'..,t ~f,_,mn ~"'~, ~fiGtm ~'\.J~nV'l~trn ~1v~~'llmnv-n ::'\.J~n 2524 ;25 

tr;iv~hv1 L fi1~1 ::i;e:i~~~.., L~f:i..im n n~111~ rn:1-1 LLt.i14-11t.rnlil::'Lm-1 m~'Plb A~ 

2. n~:w1~1 m n n~~ ~ti"1'\.Jf:w1mn1 rn°1L ;1 t'.l[)-1iAfl..li'Yl!Ifi11u~,_,'ll 2 525 -2526 9t'1 LL'Yli.J 

uf~ L ~v1i;iJ.., L ~f:i..im n n~111~ i.J0 'l:l-l1 L t.itJLL'l"l;"'Li.Jm ~'\.J~ ::~'-l-!~1 m ~~~rfmLvi-1~11111 
-

fi1¥..,Y.( 4 ~~.mtJ'iJ L'Ylfilti.Jt~t:ln1n n~111nL:i.Jt~~ ~. b~V-1"'LviJ 

3~ ~·'l\tn4114~f'iGtm~Ln~111~. n~::'Yl~'l-1Ln~111~ , 1111~1-1bL~r;i4m~tl1b;1rn~r;i~;trn 

~flr;i~1.., "1 , t'.l~m.i~m;:i..i1tr;itm1~i;tr;i111
1

[lblfi.Jm~~11.J9t'1 

4. Tonguthaisri , Thongchai et al , 1977, Semi-annual report No. 2, 

Research on Vegetables for and seed production and for the fresh market 

a·s replacement crops for opium .poppy in northern Thailand. 

Division fo Horticulture, Department of Agriculture, Bangkok, 

Thailand. 
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CHINESE cAfiBAGE 

Figure I. The evolution of Chinese cabbage 
(B:rassica campest;;r>is ssp pekinensis). A. var 
dissoluta. B. var infC11•cta. C. var Za:r:a, D. var 
cephalata. 0 1 • f ovata, 02 • f depressa, 03. f · 
cyliruirica., CD1. var la.xaxf ovata, CD3. var la:i:a. 
xf cylindrica, 0102 • f ovataxf depressa. D1D3. 
f ovataxf cylirulrica, 02 03 • f depressaxf cylin-
drica 

(CD1 ) Fluffy-topped ovate fonn: Hybrid fonn produced from var Zaxa 
x f ovata, head stout. solid, with fluffy top; adaptable to unfavorable 
climate and ·extensive growing conditions. 

(CD 3 ) Fluffy-topped cylindrical fonn: Hybrid from var laxa x f cyl-
inib>ica, head cylindrical with fluffy top. though not very solid; highly 
adaptable to unfavorable climate and extensive growing conditions. 

(0102 ) Flat-topped ovate fonn: Hybrid fonn from f ovata x f dep1·~
ssa, head ovate with flat top. more solid and better keeping quality 
than f ovata. 
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CllJNESE CABBAC':E 

Figure 1. Introduction of Chinese cabbage from various regions of 
China into Japan and Korea (adapted from Kastumata 1971) 

Table 1. Parent materials .and early classical cultivars 
of Chinese cabbage in Japan 

Parent material 
from China 

Chi i fu group 

Miyaoshen group 
Chiifu x Miyaoshen 

natural hybridization 
Juhowashin group 

Classical cultivars 
in Japan 

Chiifu, Matsushima. Matsushima 
Junnigo 
Hotoren 
Kaga 

Aichi, Nozaki 

BREEDING METHODS 

The evolution of Chinese cabbage breeding methodology is important 
to the history of cultivar development.' Eiji Watanabe. a Chinese 
cabbage breeder since 1922, traces here the evolution of Chinese cabbage 
.breeding_method~ in Japan. · 

EARLY STAGE (1910-1930} 

Injtially mass selection and later individual or line selections 
were the two major approaches to Chinese cabbage breeding. At this 
period rice breeding was an active research topic and it was thought 
that methods similar to those used in rice breeding could be adopted 
However, information 9f1 self-incompatibility and inbreeding depression 
was not available in those days. Individual and line selection improved 
crop uniformity but in llOSt cultivars the yield performance did not 
improve. 
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l .! 2. . WATltNABE Clllll§B CABBAGE' CVL2'IVARS IN JAPAll 
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Figure 2. Head shapes o(various Chinese c~bbage cultivar groups: A. 
Chiifu group. B. Kaga group. C. Hotoren group. D. Aichi group, E: Ken-
shin group. F. Bamboo shoot type. G. Interspecific hybrid and H. F1 
hybrid Olympia. Hiratsulca Ich1go x Chiifu · 

cross of Chiifu an~ Hotoren groups and there is no specific characteris-
tic associated with them •. In general Kaga group cultivars have thicker. 
somewhat larger dark green leaves and round t9pped heads (Figu~e 2B) • 



f 
I 
I -
L 

. I 
I 
L 1 • fl:nl1 

i ---
~nn,PIM:rJU (Lactuca sativa) ~Pl:rJitu family Compositae 

• 
family 

L Lla :: chicory 
.... . .. "4 fl - ,Id tu fl.fl. -1-951 1u~~n«nn,P1r1:rJutuan-rs·-i fj 2.s4a··1mfl:rJ'1 'Jf\1 a1-uJ:rJ'1L1l'UllltJB\1'11UV1 

'- ff'1mh"l Li1un,:Wq_n«nn,f!Milml '1!a 11\1. L ;,H"lH~:rJni"lllw 

L 

' '-

2. 

n,"illi'l,nrrnn,PIMilU"L ~ilFffi°PI Lua Pl tuiJ., ::rn fl lfl ti fl"l"J'OJ:: L 4u Ul,::n;, 'tUPl:rJUthnt.1qetNU 

LP1t.1n::.,::a::1 "lil·,;umr,'i.~.,::u,w-1 o· °.!I'". n-=!:rJ1.rlii:rJ,!Q.l.,::u,cu 25 - 30 1'u u~"l~\1a,t.11liJ.ntu 

L~il\1i\1fl"l'1'0J::1au~"l~MUPINU'11il~ .,::a~iu~nfl,flHilUL~i~LRUJPlfl~~tunfl"l'1'0J::LtlU~"l\1q~MU~"l 

d"OJ::1h1mruqLflliu~MU\1 L ~mi;n,'1mi~L mr PIWUq fl"l'1'J::fl -,,ua,qLLtl L nu L flt.1"l LM Lmf PlilB\1LLAw ::11uq 

uw ::,..t.1,t.1,u~P11'UtJ'in Lftari~m ta'11utM'iir.iutu1i"l~Lmf An:m\1'0J::LLn Pi'"lmh'1L1iu «uri'J;t1"ln 

Great lakes 

tl"J.n 1;1ui3fl,~t1a.;' 1ut.11LW ::ail".lfu, tril'1ifr11'3arnin, 

fl,'1U"J,.n«nn,PIMilUL~BN~PILU;PI ",",.,~~nl~LUAUMw,ll11UPI uPifl'Au~LMU,::ifufl"l'1 

Lla ::fiu silty clay loam 

·11 Pl.,. 6'1111t.1 "B\1~t.1 fl~ m"OJ,•aiiJ.,::~;rJ°,t.111t.1,t.1nuti;1111rn ::«Pi-l a;un1\1t.1LLw ::~\1 L a.liui11, 

n,~LfttiP1'1 iffl,UUlflAlu1ilan,~LfltiP1'1UUli Liit.1'1'lMu U'1'1ll,lli'f;M~U~L,j,~"lUffUUU,n,., 

2531 L"lil, 13.00 U. - 16.00 U. 
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Pia fliJtiu~ ::Pl'a'1iifl ,.,., ::u'ltl";ii iifl'l'lllili;ill"llfJ.~iU i'fl!t'lfl'l'lll~llifu lu fiu lfi'iii LLa::Pia" 1ii L i1u 

;iu L ~6e ~'lflfl'l~ i;iaa'1Nifl L~~i;i«uti'if flEJ!.ILLiiil'l tiu.1
1 tiu-l'l~Utl'lili;iaJ'l 1 'hit'1'1'1fl'lfl L ..iua~ 

'lw '!11N'1111,i;i..ia11 L ftaNafl Lll.rflll'u~lr;l LLPifiutiu llifl'l'11il::ii' 

fl'1fl~fl~::n;'lMfl'1'1L~~~\~u1Mlii~L~'"lfi'fl'l~ 

pH '• I ... ~" tl'lfl'l'l 5. 5 Ltl'1'1::rn~u·LIJu. 

tu"M'l;Jil Lllafl"~UiJ.flNflf'l'lflMilll L ftaMt°tl Llla=' ml'u~ll'l~il,fl lfi'uti «u.;L 'lM\l! L tn 

'Jl''lfl'1'1L11u 1; Lia ::ii11ih 1lit1atlE1'1-i':Jfl'lf~a.; L iit1 fl '1\'lfl'lfltl ::1'utlfl L iit1\'I t A' fl '1'1fl'lflfl ::1'uaEJfltlEl'1i';J 

Thompson , ( 1 s51) lfi'uu'"tr1111'1fl..ia11ae11 Ltlu 5 11ui;iiij"if 

2. Butter-head 

a. Leaf ..i~e bunching 

4 .. Cos M~El romaine 

5. Stem 

3 .1 tu 

iiflfl'l i;i..ie11ffOt1lllJ'tfltlUll'ltm''i,i;i 'lu"..i-f 3a L 11ifl'l l i;i'LLriiJ.,:: L m1 LL'111fie Nflfl'l i;i..ie11Me 

.i'ftlil'1Nflfl 'lf;IM£1ll £1'1~~ ::i:iil' Lifo'lailu~uifo L iit1'l LLrl M~ilil"l ~1il:: uf uau;tl'lil L~ ::ifLLf;l\1 fl'l 'lll L ti'i.111 £1'1 

Imperial 

Butter head 

2..1'1:: L flflM'l LLuu L 1iu Crisp-head 



r ; 
L 

L 
.. i 

J 
L 

L 

I 
I 
I 
'-

L 

- 102 -

·u.Pi;; Bruner ' 

(1s21) ~u11~1nu.n"l (tap root) 

..a .JI -·1.. .. """".v. •..v. "ft1~~1n111::"11 '11nu~::L'il.,~~e ut.,ev .i ~ue1"1~::rt"""~R \J.JEflUttflfl1fmmieenflen Q1n•u 

'l . ..&... .If .. - ..a...... . I l •... oJ • L • . d .. u L t.1Plt1"fl"l11J'DUi"".,oo.~ L "lM1"flUflU '11fl1il::V1"l llfl"""''" ~1nQ1u MCJ1s.l::~tmfl"l11JP1fl1h_::111~ 

•• ..J 'I ' 'd ... "" Qe"~fl.,1flHEV~"lu~n~~::e~~~::flunu"~" 

• 3.3 1l'EflEfl 

~'u~e~a;;u~1~u~eflenu.Pi::1"1i~~elu\Ju111a~ "1::i"11~::111w 2-4 fi" ~"3ifueu 
.• 

• L11U u.a:: Big Boston Butter head May.King 

1 ..-~ ... • ... ~ • ·, 'I .'Y ' .. U.,::J.J1W 2-2- "'fl UEf1~1flUV"1Jfl"l11JU.flfl~1" L flV"lflUfl"l1"1LUU~E"1l'EflEfl ~UHflfl1flME"1LflPI ::11u fl 2 ~ . 

L fl"lv n1~N'nn1flnm11ifl"l111u.t1nil1".nu'lu L '1e"i~-iN'lu fl"l11li"~e"1ieflen LLPi::fl"l111u.uut.1e"1ie 

flentf ~; 'l; L .,,"11111.,flifs.i ::LLVfl1l'UflilE"Nflfl1 mrn11 lfl"11fl LULWiil" 1 flv.1ii;e"f.J.~fl!tW::~~"rR'u«nn1 fl 

(perrect 

flowers) 
I ..__ 

L.i1u 2 Pieu ·au L"'l! (Anthers) 

- . ~ 
lJE~ 5 EU 

L 

" , 
.... 

A evt.1u~e~~eu i pistil 

.EU L'1'JI stigma 
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.stigma 

Thompson 
\ 

liln,i1Hi11J,],1111.,::11,tu 1. 33 - 6 .22 LiJiJ.j'L,sutl 

.. 
U~'l"~",u",,ml~flL~U~a~~'l" iLfia'1Lfli~ 'i5R,~~~'du ·n,~u,~",rm'~ml'l'1U~n~::»~tu.,::u:: 

. ~fltl',mrn'1.L fi£J1:i5Jiiu,uu ua ::iin 3 \ftJ fl'Jnfi'a",fi~:: Lif un,.,u,u",tm'~fl'lu~'lJ~»"· 1iiiin,~i'lfu 

ii'1R'l,"~"1futi'ti'a'11i'l'1flanu,uPiar-a•rnfi'flt1a'1 L mffl n,.,uqn L i4»Nf8l 1"a fl tu~Mi5»1."~n, 1fi'uu::u; 

..;,tl',n,fiL m~~~'l"","' U~'l'1LL";ifl tn";ia 1tJ L fiu L ftu'l'luti'l'1ii'~a~ n-=i»1i1uti,-ru-, ::ntiflU:";i\1\1,UUil:: 

4. 

I - " ' 1$ &fl I lJ, # ..;1 - ,._¥, - .c.i ...Ii ., 1.16'1 flUi! auil ::aeN L ni:t";ifl'lr;!»an", fl '1U ~Utl''l'1UU~::fl»'1"ilM12J.mLa WI ~'iltlilU't'I L ~",::~" fl'lU 

L"~fltlil\1Nflfl,flMil"ii'6fn2tt11::Na" L~U'lR;,unan iiaR,\1 1 HU ~\1U~aUfl\1 - Ln6a'1 

(bu;ff) 

• .,- .,8 It ...I C: d fl I ,,.. I l t - ii - .,I ~ 
~,U'lUUiltm~::\1~fl L"ilfll'l\flULflU'l~M" 1 ~::"R'l,"ililU M'lfl»~M'l~"L U~LA1:tLflU'lflUfl,";i\1ilfl 

._ ufiLdm~ultJu,u 1 LL;'lR'l,miauln'lif11.:iilfli1'1 

~~,u~ll~n~il::~M1~fiii'im6~6'1ftilfl,";l\1ilfltli1~L"~flNflfl,flM»" 'il,nn,.,i~ULUft,\1 

Shuck (1934) ua:: Thompson 

«u~UR'l,"aouln'lft~U~'1'lu.,::n-1,"",.,"~~ i',",flL":flffClfl't'l;tM'luua::u;UjtRUflU~\1~tJ,'l~:: 

n.,::~utnun,~'1£1fl L ii~u· uft;,, "''flL .,~,ffii~'lflmr" L n'u L ftu'l",n'il::ii'R"n"~ou ln'lti£Ju~"uau6'1" 
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LL"'.~ Mc Alister 1 iJ ... fl 35 LL"'u Borthwick M- U •1• • 19 Mu 

-

TI,~LH,::L"~flNTifi,flME"~Qrun~ii ao·~ ~::n;'liR~,"~EnLfi"~UEU,~",n ;,n,n 

· I.ISi:: Horn ( 1-944) Lm:: Garman ua:: Larton 
. . 

·~"{flNTifi,flME"ldi"1uu;L~U~EU,~L~U~ n~::n;1MR~,"~ETIL~";fu 

LdEL"~flNTITI,flM~QTIR~,";aml'~mt~"i~LfiultJ~;n~un,~~EmJnfi ~::n;lnL"ifl 

inK~M'uii n,~un·~::1J::lln~~ iii\m~,~"; lflL fltm;'lnLmf.~lu ~ ::u'i b.Jl-i'ifii~runiJ.ii.i; 1 o - 15·11 

LL~U,~R.f~n,,'l;~Mt.U,ii.i;iifom~·,~rr~ lii L ftu~tfE EToil~::erE~li~~~ihui~u L W'ElM L "&' fl~ETI 

8 , - ,r::I ~ G - '- d G .d ., ~ G .::11 
~U~EU UTI,"ill~nNTITI,flME"LHENw~L""flHU~TIUfi,-,iJ~TILHELTIULfiU~~U~flUU nLn"au 

tru~mJ~::n,~·LL~1un,"U.l~TILRE~~AL"~fl~U nil~~,~AUNfifi,flME"iiE,~~fl~~~~,fllM~,mln~ 

- - ••• .••• .: .Y. 8 - l "'J, .. 
n,~L~~U"flULW""\JJ..l~TIL""~HTITI,flME"UU UETI~,n~::~flH~~UflU nn~n~~,"fi~~"fl, 

._ u;~ 1"~;Litu;a~H~~u1M'"::LaUfl~UTI~::lf~~uufuN~ R~,"~~~u;~TI,~UEU~ULfiu~1n~uL1funau 
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~ c .... , .,. ' ,, • - -~ - .d ilA.,'U 11a flfl .11'SJ::AfltiflJ -,::111w 1 - 1 1 /2 11 i!Uflitil L ii L fli1'1 .lJSJ'l,tJU\ fl1:tA-ifl"m 

1.lia,fill'flfl'ltilMilllUfJlJLI ij,fl fi°~fJ L 11G fll ilt1~tf~111'i·rni1'1'1 Nitll i"1J '1::oau ltJ Pi'~m(t1 t1-ru"' a'1ffu1 -ifl ua ::· 

L LWi'I" u1'11l'ilti1111.,iimi~fJi4'1.,~'111a','.ltl ~ t.; 1111tilUPlil::L11a fliia11ttcu::11i'l 11 Ltw ::11u'1til rn',nmi,11L11if fl 

·- .. ,_, .. t ...... I • .Jr t ... ..::Ill I • 1$ r .... 

fl'1.,SJ'1\1flU\1'1Uw~ilUUfJfltilU Ml1.,::t1::M'1\1A'11mAil\1fl'1-, fl'l-zl~fl Mll-,::t1::M'1\1U'1\1fl-,\1SJ::llfl'1'1 

Ni4llLll~tilA'1llL;'1~ULllatil~tu~A.,,~~ULll~tilA'1fJ 3 ~~UAi!Lllatil~ 1 ~~u lu11'1-m;tnL11itillil'1fJ 

1 ~ .. -~ J ... - , .. 
fl'l-nl~fl flfJ'~G~-,fJM'1ilMfJtltilLJJUU~~ Llli!RUNflfl'ltilMilll~\11.1'1::ll!CU 2 - 3 11'11. M 

~;fl~.,~ilUUt1flt;il.,::t1::~::M~'1\1RmJ'1::l1'10I 20 _. 2s 11'11. ~~LifU~U~MilM~an'L;'1l.lafl~'1SJ::lnii 

!i. 3 

- Iii' • !Ji - _fi .. ...J - f;;; - 1' 9' c::lc:1 • I I J,, l 
~\1 LW~ '1 flflfl'ltilM~ LJJUtt11'~ Nitll ATL il\1 L\a:: L lli'I fltlU t\fl '1\1fl'1'1fl ~ll'l.'1MU'1 tltlf,1~~ 11 SJ:: 

llR~'1lli1";Li111aRau;.,"i" U'1'1R~~a'1~SJ~ttu~u~6uuu111u'1\1 1ti1t1Luti'1::fl'1-n.l~flNflfl'1ti1Milll~t1 
. . ., l d .,. .... ... "' .di • l d - ,, ~ ,,, .d .... 

fl~'1~'1fl'1'1i1'1'1~SJM'1~Utp.IU U'1::t1::J1Lt1-u.li'I Ltttl~ilUAtmUitflit'1\1iltlfl 11M'1tltlUqt.IU~\1 Atmll 

if 11:t1111::lua'flt.I 11Pi~fl~'1SJ ::~autf" 11,.,·~autf \1 a1 s.is.i ::11-, ::ri; 1 till.I ~\1~aui1u11-nf~ A'u M.!ia liil°tilAtil 1 f'IU 

Thompson 
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I ., fl .,., WU'l'l 

; 

- "' .'i I /$ <t "' o ~ -U'lilfl ~'1LUUL~UUUfl~::Ra\nl'1fl'1~~flilfl 

n.,., N'1«-;ia,~~ ::N'1 "luantiCll:: uf u-vJn,n::u'1flih1 "Lu ufiia'11:Utff'ii fl 1tJ ifo,i;ig aR11a\1a 'tiu 
' 

~ ' _<; J o .. I ,K . "l .. _., d ., t _fi ~ .. .,.., .. 1 I t 

~\1~::LuU,l'Wlw'1RUU~\1~ilflilfl11UU'1 LfltiR.,fl.,U'1\1.,'11J ~'l6AflililflR~\1ff'l URLUU'lD~lflNa uuuuau . . 

ililflU'lffa '1t1U11U\1 uamnfla °liAUffafl a°litlUU11U\1 L ffa
1

'1i'.1'1.:Jt,;'ti~flatm'"'°lm1jw=ia"lff' ma i;i L,;'1a ~Aufla '1\1 

EV'1'11.,~~~'1fl~'1t1\1'1U~~::~'itl'"lutf 1951 11E\1a~'1ULfltiA~fl~~u~~uia'l'1LUt1 ~'1t1\1'1U~'1fl'1~«fl«'l 

ua:: Holland 
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I I·~. d J:1•·t" ',d,d' llilV 1 fl,~~~~UUiJUR~~a,ni'ufl,"nJ~flNnfl,flMil" L~il~~,NilNi~aflUU 1lfl, MN~NfPIL~"~u 
LLPi'lufl,~1.l~fl L.tfaNf P1rnlmiu m~fl;~i;i1'1111fi'11e,'il ti'e"";",flfl·hnd~R.f~ lflu L n~,::~,tuu~ L ~ai 

. . 
..,._., ~ .. I ,a· I r: o u 'l O' l ."i'. -"i'. .. I ., d r: ;S o " I t " 
~"Nflfl,PIMil"nuq.11,~ueu flR~~'il~fl,'ilft """ft 11 Hflfl,ftMil"nuq11,"fl'il::"L~fl~PI, ~~aeu n 

..._, ti'uLLn'ilUfl~~~ililflflilflil'rn&' i;i'luwJa ~Nill'Pi L"~ H~flfl~i;in.eilt'i'uqfl,.,pj, ~ii L"3 i;iai;i;'il::LLvflnutu 

l_ 

L 

l 

L 

L 

i 
I.-

5.8 

'il,flfl,"rn ~il~~il~ Griffiths ~ Jones LLil:: F'incle ( 1946 'lu-f~ 

fl,~'l ;,;; 'luwJa ~Nflfl,Pl\llB"N~PI L "~ P1J1uri. ff~ liiiifl~~fiuR-l,ii'uuueu 'luu,~i':(lu 

ani'~aL"~miim.,'lM'u;Lfiu~ 3 R.f~fia nif~'il,fl~aULLUfl~u na"'~'il,mhn~wilflM'~ LLa::mf~'il,flililfl 

flilfl m~'lnu~ L tiv~ 3 R.f~d°'il::Yl;'lnfiULLn~u-,~ LLRflYI; 'lM'liiii11111fi11" ,fl ua':: ~UNflfl,fl\llil"il~ 

'lu~fi,~«a"~~w~ fl,~tM'~ufiR~,";fu~~LnubJn'il::Y1;tiii1'1111w11ifu",fl 

5. 1 o . fl,~ LLUflLW a ~1.ISJ.fl 

(1933) 
. . 

. ~,u~,u.),fl,~N«Pi1i,itiJ,j1\1 u.a ::'il::11;tM' L liHR~,"~;u,fl 'lufl,-m''il::11; 'lM'«uqu~q,tl t ff~iiufl~·:: 

'- YI~~~ L fltiPl~""i'?J"l ~fofl;"1JflLMUn'iflT'nl~flNflfl,ftMil" L ffo~iPI Lmf PJJ1UrL uf Ufl,.,l'l{ t.ttJ ~fl 
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··~ ::M-l'N La.IQ! "Pl·Nrru qnum ,().; B(JtiM LLQI ::~.,.';::ir fl"2 ::1' \1"il~,~ti'ii«nn~ fln"iJ11tru~· ~ifu"il~'l uui L 'lfll 

· L m~' L 11°() \1 

5 .. 11 

Jones (1927) ~u-l,L~fl 

~a~;uii'~~a~,'l 1 «flen ~"w.i-l,n,~L~ll\~(J'lm'l~"~,nn,.;«~::n;t~111'Tm1,'l;111~flM~fl~~,nMul; 

;,n,nii'n~~.;'l"~e" rnif flll~n \u,::(J:: u~n 'lfill ~ B(JMU 1'l"'t t1iiflenu-l.'uua ::flenii~ua~~~ 1 L tf1111,n 

-- ~ ...I L "'I "'- .. 1!!o A' ~ " - K 'lfiLfllJ\fl(J'l 11•~llf1Rll 1 n~il\na'lnflMLRUMU ~"~ltlLfJUl.1~::11,w 3 - 4 u~ fl,~ 

A' fl;UR'l~~::Kfl 'lu ~ilU L1f,~w::H''lu «" L i1(Jnu;fi,'1ef.l L flii'l iii L11a fl-i'l"mi'uu"iJ~Q{fl u;'lu'i.iun'~ flLL;'l 
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5 • 1 3 Na ufi"PI 

Gre_cj.t Lakes 

.im EL fl~ «u~ti'lfl Imper1·ai 

~hu«uq'lm1iu Grand Rap~ds M~il Prizehead 

~ ~ c:- I ·- ..lta.. I • - -', Lil L fl il~ Na NQI PltlihH J.Ja fl11UilUfl1JMSl 'lEllf lil~lfJ L nu LLMSl "11 S\11 -a:a1::tl'l.fl fl'l'lll~flll\'lllfJ..,tU11il'\1flU 

I.Iii ::ilu 1 

flfl1.lil'1\'IM~~, Ufllil~tiul.,fl brown blight , downy mildew , slimy soft rot , 

spotted wilt , aster yellows mosaic 

s .. 1 Brown Blight 

1-afli'Ya" liiti 1J L iY"11a'l L MP).11il'\1 l-:ifl il'lfl'l':ilil::fl; 'l H''l uiiit\ Mi11'1 LLa ~Mf!,flfl'l., L lil~'!J L A1J 1 Pl 

~, Li1uttuqMilM~a«uti L ,j'-uJalil:: liiMa 'lulil:: LLM'\1 Lia:: L tJa'au Lil uau;lll'liil t ufi'i{fl 1-afliftiuftu~ L 'lM11J 

L 11'1~2.JHL :raa 'lu-i';jfl'l~tla-:i Ljia ua ::fi'-f~a::~11t1, .tf'lil~uuS'lJ.J'l"'Hl titruiifi'A'~tm ~ul':ifl L 1iuwuti 

s. 2 Downy Mildew 

.I ~ .- "1 - I "" 1't .I!' ., 'l _,.._, ' "' 'l t U':ifll'ltl1Jn il ll,flQ! L 11£1'1 iliJUM.,iJC'I L MC'! il'\1fl'1U1JU11il'\1 1J Llil:: 1iJ;;;uC'l~fl1:tfll::':i'l11'1'l 1 tJ .,'lfl!) ilU.fl'lU U 1J 

fl'l~il'1flUfl;l~lfla'l;«u~A'ltm'luL1iu'lu,i'a·s.1 

s. a Slimy Soft Rot 
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(INTRODUCTION TO SEED CONDITIONING) 

lm1mi,'1.~'UIL .;~ .. ~\;tf ,da L ~'1fn~Na1u11G flHU~MitUa'1fl'l..\~ia'1fl'l~tlil'1L fltiA"UVi 1P U.UUtlil'1 

fl~~Ntf1Lll~flWUqU.UUijfiit'1Mfl~~11duLtlun,~N~~~~f1,~u~::uu~~wfun,~N«R~~u~;U'lUll,fl 

- ..I J,t "' · ..I .,. d . ..t •• 1 ~ - "I - ~ ~ ~ "I - a 
ua::lJLfl~il'1~fl~Ltl,11,LflV'ltlil'1LH~L"~u~::~nfifi'lH~Ufl'l~NaR fl'1UUtJUAiJU~Ufl,~NaflL11Bfl 

«uq~h1iu.;£Juifu LflV L g\-l~::tu.n,"nl i'1Jl.11,'1itfi~M L11G flrt'utidufia'1fl'l~ L fi~EJ'1u~iith::an6mH 

~'1fi'~::t.1 ijiJCi'1,UftU rnG~rruiifu; L ,j,i1~'1'1'1Ufl~1'l~ ::11'1fl 1 ,Ju~'iU'lUUUHUiutuuti~ ::q~ 

Ufi'flU L flV.ftUfn1Nfi"rn Liii flHUtt~::HtJ.;,fl,~Niffl Lmf fl;rUtLLU~::fl°Uilflit,Mfl~~ll,iU~:: 

tl~::flEJUltJ;'lVfl'l~fl;LUU'1'1U«u.u'1EJEJfll;L~UitEJ'1S'lU ~~~'luft'LffV'l,j'il'1flUfl'l~~m1;w..1~'111V,V 
, I ,I '• 

tluqtu1~u,~EJ'1Lfl1:ffi~n~ (seed field) 

«uqtu1~'1'11U (Seed conditioning) 

1 .. _ - G: - ~ ~ ..d c ..... ., • r: 
~'1L~ ::u~,f'l~'lfl . ~.fm Plflll'lfltJ LllB flHUfl. L 11a fM L fltJ L flV'lll'l~ ::Ail'1N'1Ufl ,~U'lfl L £1'1 Lua llJE!Elfl~,fl 

tiEJ ~'l.'1 n=iEJitn L11~111~l~d,~vn-l, 111'1ftrt'Utlfl£1Un,-nli'oo.'-"itfi,rt (Raw seed 

Field run seed·· 

L lfu'!11 l-l~::n;ti L flflfl.:n11-i'EJU ,ifEJ•nu.~ ::Lwa '1n ;~ ,v l fi'1,v~:: LtlUit'l L MPJ~.tlil'1fl,~ L i't£111 

fl'l,11'1£Jmiti,"~'l fl L-f'l 1ifodu~ ::' ~u lfi-l, L 11~ i;iwuiin'aun ,-ni i'1Jll 1.'1itfi'1Hiiui'.i"!~nt:ttu:: lii 1. n11,::it11 

50230 
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~£Jrnn ~uifli:t~ 11'1;J..nP1'1;f11Jfl.'1111"1tti1's.i::u'itrafi:;.i'imhu l; s.i'i uf uits.i::Ail~ flfl'l"'lllifu L11R flHUq 

fl 'iR'l~11il ::m fl~~ ::R'fl\ £!"1UrRS'luri'u'i ltJ "L.Ji1. tt:i ::ti i.ifl l fi' s'irii'u rni' Ati'urifl''Jfu'l "'Jfufls.i::;iNu'i 111 . . . . 

1 fl!l~'l11-l'l .~'l"ll.I. i'mli_"Sfl"'l~ ~-11.f flttutifi'Jf (seed conditioning) 

Seed processing) 

conditioning) 

1) LL!lfll. il"'ld" L ~ml.Uililfl (Remove contaminants) 

(Sizing) 

3) ti ~1.1111"fl'1111"1tl L 11~ fl\1uqL nfiifu (Upgrading) 
. . 

fl'l"il.I iull1"Sfl"'ltt L11i fl'lluqLLu"ailfl Lifu 5 iuP1£Ju'h1~ 1 Ril 

fl. fl"'l"ll.I it.JLI \"Sfl'ltt L 11G AH'uti~u;,J (Pre- condi tj oning) 

(Seed 

(Seed drying) 
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L~u~uP1au"d\rli"~fiii'Aauufut.1~::~;tul~~~,m1~1J11,,~a11,\1Luif1Mu~ uMuni~,n,.,~~ut"~~:: 

l~~~un,~aua~fl~,uiuL~,1;1uu~uP1au~a~n,,i.1~u~1~u11,flLuaml'uq uM~::uvnl;iduen 

m~ilJ iuif f!H'uri (Recieving) 

~~~::iin~::;a"~aa,vtnua;LaV~Lmf f!HUt\L ,j,i«~auai;ifl~,llif'ULW ::ti -i'tn.l1,~a11,ftRa ltJ au,~ l~ 

~Pl,llL un~iiiftu\'l,ll-:1'rnu;1 usf fl L ,j'-uJ-i'utJ ,,~a11," l fi'tmiun a,~~:: L d a~~-in L fl~a~~n~tul~~~·,u 

n;a'11.l 1'utJ1~E1fl,'l'I L ulf!'1u~ aP1~uau ".:fauil f!trut\fiu; L ,j,iiiJ .;-u,cuu"'am fiu 1tJlii L tiv~11aiian,., 

u;L ,i-l1M't.nJ1~i'lft,'l'IPla~~at;iit.l.;u,m fiv~trnL·avnau "la "I tun.,Mf~11u~~n~::u;Lmf flH'uqL ~, 

storage bin) 

\n,~auaflfl~,uifuLu~~«uti (Seed drying) 
' 

Uil::lii~uLmffl«u~ria~~~unul;u,uLfiultJ Lffat;n,.,aua~fl~,uiuLuaf!Hu~LtlultJlflv~~flLi~ 

Ui1 ::ih.I ~::ftfJBtnt1i~ tul~~~,u"I li'n~::fi'qJ n~Wii flfl~,uiu Lllif ~H'uri'uuulii,~ 1 L1iu «~au 

(Bin dryer) l~~au1uiff!HU~'~n.,::uau (~,fl n::u::"~aft~a~) (Sack, tray 

or box:. dryer) n .,-~aua flfl~ ,u;fu ri aun, '111 ~U11 .. 1~u11,,.. ~:: fl;u ~ii~.,:: ilufl~1uiftm'"a 



( .Aou-eur.Iop 

(paas ~JJ-eqo-uo~) 

:: t.J!!~L\L~BAY t.,..1An1Jp1!1t::1!!11 tmt Ut.LreL~~ n~Jl»l!l 1re rn~ut.B,!t 1nf1, ~l L\B~ 1 ~ !!!L\L ~nL~ Ut;LreLI!! 

er.u .. 21uwxeaqaa) 

t. mrnn::nre 14LIJQ u.11:: r. flnL\LBBYtY Ln11yu:: l'!!11YLIJ::~reLt.l.IL't4 L\B "', L ~t,ljl'oL\Bt.1!11 l'l.Ut.t.reLI!! 
A -::r- - .,..,,,.. K • '*• """' . . . 

~nmu~~Ul.1!10.JlL\Ln.Jl~~n»Y;retL\Blll4LllBLUL\Ll4::maU~L\~fmnB~~,B~1 ·11 

njreLt:l!IY.enene,ue~u t.U.l!lt.p~auj.n!f, ~!' 1~ru&~ ~re ~~n::rs~~p 

~n»Y9re1MLlllU~l'CB,,~LUYY1.."l~~~~L\~ qin~J~'"jreLt.l!IL~UL\n)_ L\BnjreLt.l!l~L\9~1.!L~UIJn. 

14LU~L\'L(111!- [B.l.Uf:'l.!'1.~Y~L\Bf:Y, ::"m1 L\B g. ,~~~uflf!nt.~~n,l'Y~re 1L\B.§1~ ~t.Lut4Lll!!l4J!::f. fl 

l!l~::mtL\Lt.llYffi::rspt.,!!141.Jl.~IH lo el. ni L\# n~~-~ U~UIJ~(I1. ·P,,!ll t.L,~UL\~Jl.f:!fl1'1, ~n~ 

Y1retL\BUULl'sYBBptnytL\~Lre:~l.~Bnp::p~ (~~1.l!l~nn) Jl,t+R!4iYB11B~1 •y 

B~t.t.,~u Jl»~n.l'l!I ;re 1 L\Bnl!l!}Jl:: m1t!!r.u!411 t. .. m1 
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I: ..at • • . d ~ • .. c: . c: _,.., • "' .... c: tlUPlilUfl 'lM"lfl'l\i.15f::a'1flLil"lil"L"m.Ju H11JLfltifl~ \il~flLLPlfJ 1.ililntU Lililmttrau u-a::.tiiilfl 

itrtitr HU fiu ,fl'".i"lEI °1il°1 ililfllil"lf1Liliffl~Uq~Ufl'".i::ti""1.ill~qtifl'l"li.IU.;i!flif J.J.;iJ"lCllLilifl 

itr~tr u-a::Lii~fl"tr~uay1ui.1'1P1'".i3'1ufflil::u;aanlil;Mu"la1uu1i.1lflnu~'L; 1un'1-m;fl'l'1iJ5f::a"lfl 

I . 

./ 
cleaner) . · "u1u~u f!ULL.,n aEi-1" l'".ililll"liJM"lf1 L iii riutia"iifl'l"liJU~"{n ~liilfii.1'1P1~;pu 

tn;MUPl~lil::«lil"l'".iCll"lL~Lfl~il"~fl'".imlfl~U«LQH"l::LliJ"l::liJ"il"llJ u;i.i-m;fl'l"l~i::a"lflLilifl"Uq 

Air screen cleaner 

(Basic ·cleaner) 

Air screen cleaner 

fl'l'1iJ5f:: il"lflmf fllilU \ii~ ~uqiif1fllfl'1H l flil"lPI '".i?j"lU ui 'lil"llil liJ:: «" liia~iJ"l'".i{IU; lllu'".i '".i1iJ.'J."lil;MU'1 El 

1;;.,M"lf1Lf1HPl'".ifl'".itl~f1~'lEILfl~i1'11'~fl~";a"1iLii'fl"U~;h:itlU'1fl5f";LaiiilLnaLREl"ftU ~"" 

fl'l"li.ilil;L"utlil::~a"1iLfl~a'1tl~n~";a"1iLiiiflnuqaan1uu11u"lflM'1" 1 1aanau (Sizing) 

u anlil"lndij1.1~u1.11"a11'1H rn~ fliiur[E·11i11i1::fili!'1'".iC11'1LttL fl~:rNlfn-rif 1nH"l::a£i.,"-a"11.lu;i.i"lLl-i'uLI\" 

(Upgrading) 

(Gravity separator) 
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L 

I 1..- • 

·- · 1 t6 

r1.,fliVJi1•n flu (Treating l'l~il Dressing) 

.(Packing) 

proof packB;ge) 

(Sav.e sealed 

stora·ge) · 
co( " " . .,f .. I Of~ ".aJ,; ~ lj d ~ I l"' 
ll~LUil~L11'Ufifl,IUllU~:filft,1LUa~tlUftHLflU.,flttl~Unl11'U:'1fl'l"llUNIU ~ 

. (Porous ·package) rl~:u1w 2 - 3 % 1~v~::fl;n1~a~fl,1ulunEu~~il~~~~•nH;n1~ 

(Dehumidified air dryer) 

.N; or " II ' '•"' d ~ ~K d 
fll~•tw'l~'rn111urn ~liUftLLa ::a ~fl,IUDU1il:ft.,::JI ·~' v L fl~il~1\lfl~ffil'1 ~au L fl~iN 

· ·~fl~L ma'1iffi~:~il~'lul~~~,~~uu1~sn1t1 Lui~truti (Seed conditioning plant) 

~uAilU111~ ijiJPi~1u'lul~~~•w 'furl1.~ifn1w Lmi ~trur{ua~~ 1-l'lu;.tJfi' 37 LLa: 

~UfiilUfll""{w 1~an1t1\ui fl'llu~~·rnfl'1l't1il~ rn.i ~liuqu 1~1l'U~LLif~~ 1{'lu(7..!Jf 39 "" 43 

111~a~fl,1uluLu~~«u~ufl,1ua;R~~DD1~n1~Lnu~ntt1 D~~;n,.,Ldilu~wn1w 

.. • ,If 'I 1 c: :!!I .d 1 "'~ d ~ ... • "' 
fll~ L tl'lfl la IVtlil~ L llil~"lLLa :LLUa~ ~u ~~ L flU fl'I" L "IVl'llmJ ~: ~~U~lfl L fl.,il~~fl.,tllU:HUI L tll 

111~~"'1iliilufl,1uiul'l111v~1uuM~t1il~~:'1;11,.,a~fl~1u~ul~vL~~~~ 'lun.,M-.~uD1~~:a~ 

fl'1ulu 1fi°'lutiuiifl'~~·:u; LU~~wuti°L fiu 1~1ud'~ L tiufti:iW~a.u~:u1vil"lfl11'1 (Aereated 

storage bin) 
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. . . . . ... ~... . .. ... ~ ,,~... "~' 
~(Ufl,'11~,fl\1Ja~ln\11'ltl,~,uua::~,flR'1,1J~ilUl'l,Tlfl~,flfl,~M,U ~ Uilfl~'l\'1~~11a~L1Jaf1MUq1a~ 

' ..¥. It .. .,. , 
M111flfl'l~a 1Rfl'1,1J1JU 111a fl'NU\i, 

fl'1,11lu~u~uo (Relative humidity (R.H.)) R1,11lua11~ui,\Jud~ti 

-u~rn~TI~R,,1111\,11v~v,fl,f1 uMu'lu1au,11a-i~~uA M11,uTI~'r'ni~,~'u11E\111~11,rulmi';~a~~~~ 

· 'lua,n~f1Aml~11,rul eU';i~i{fli1'mn,fl~,11,~Tiif11 l,""tfi'lu11ru::du unR''lau',~' ,iu ;,-·R.H. ' UI, 
. . 

- ' •. At~ "•l.,rz.d•,, fltJ 1 oo % LL~fl~,,a,n,f1~11_~~ u, '1Ul11t1LLa'1 -rn R.H. Lf1
1

,ft1J 50 }'o I -LL~fl~'1,il,fl,f11J 

1 "• I ... .,I - ...I .,. 1 it 9'1$ ~ 1$ ~ <"d I d ~ 1 "'• 1 ..... 
eu,ayLMU~R~~11a\111~11,nri~,1J,~TI~::~tJ ' fm~M1Jfl fl~UUU~Jm'l,~'Nmt~::~tJ au, flafl 1 

L fi,«, tu~mtm""'lillin,~ L '" ~i!U;L ;,lil,fl,flEfl ulu 1111iillluflfl R.H. 
..d . .,,, 

~:: u.la uuutla ~ lrnTI, 

- tJ .I '1.1 ..f :.. 8 A') iii.I ... - • d d( -.I I d ~ 1 "'• 1 ..... 
~WM1J1lL auuw 11ru::ft~CUM1J1li~11ua,n,f1~::11u,s~'1 ~1J,fl'1L'l11J11ULLil::im'1,~n~::~tJ au, flafl 

LtJa;L~UA R H . ~::~;a~M~ilil,fl,flUi'1Pl~dULil~ 't1n1,~~~~rru,j,1JM,fli2WM~il11a~a,n,f1~; 

a~L4au 'l tJ=i11,fl~tlil~il,flrlfl~::Mf1A'1 \Uil·..;L"JfUR R.H. fi~::i~;fulflUEflLUs.ii;.iuii"\J 100 x 
l~ ,,,HflruMtJiifl°;a ~iinmn,fl~ ::~ .:r11,-ru 100';11,n L fium'--m'~~~111,1 fi~' lau'l5ihu L iluif~::mtu 

~'L~uu;;,~.,.un ,~~,~~fli20M1Jiiffft;'t;,fifln,~nluA,11a~ir;;,~~,niJ,n,f1~,~flu;;,~ 

(Dew point) ( ,,.iii' 2 ) 

c: I: .d ,._, .. .. -E:ML 11a~ L 1Ja IRUUUilfl~-m~:: LtJa uuUt.I a~ w ,.,11 u.l a-,i ~Ufl . R 'H' ua ::i2CUM1J1l 

11a~a,n,f1L~'1 L 11~ flM~LL~a ::~urn~::ii E!V1L A,~fttJ ltJ« R.H. ua ::~WMtJ,ildiu'lfi'u L "~,::iia~R' 

tJ ~::natJft ,~ L Rii11a~a,M,~~::~11tu L 11sf flituflnA,~fi'u (11 ~11,ruuJ ~ 111tl'.u Tu ~~u) ( fl,~,~ 

.d .d t .. <Ii I fl 1 ) ~,flfl,~,~ 2 LL~fl~ "LMU'l, EMC ... ·~1"t d -4'~~~· 
11il~ L 11a ·rn~:: L11,flU fl U~fl,Wfl R'1,1J'lJU4'11J'NV1 flfl,~ 

.,. 1 ... - ...... 't". ~ ...... "' ' .. ... Jt c1 · "' R H flU flU1J~fUM1.}1JLJJWJ~'ll!IR'11Jfl,llamrnu~ L~U11Jafl~::1JR'1,1J11U\'.l. 16 /C VI ' ' 11a~a,fl,f1 

L ...;,t'i'tJ 73 1'<- ft 4oF ,.,. . - d d 

LLlllTI,il,fUM1J.1lq~11UTI~ 7?F· ..... ~ - .I( I - .dR H L 1Ja flfl~::U~ft~1JR'1,1J'llU LVI, L fllll'I · · 81lc 

- I: r:: ' c ,, 1 .. _ ~ t .. .. 1 I: .N • - -
fl~UU~:: L MU'l, L 1Ja rn~:rnM~ f1()~'1:: fltJ flLl"I :: LLM~ L ~'111U,fl MUUU~ ::11u il'i.fltJ~:: fltJ11a~ R.H. LW:: 

.. .. ., ..a .• R 
QCUM~fi11e~e,n,f1 L1Jafl~~u11~L'1'1Vl ~ H. '• -t:nLW ::~MUJ.11~~ 

I 1.,' ct .di .... A ... .,, 
e,~~::tj.l'lR~,, 'l fl'1,L11af111~~::11ft'1,1l'llUll~::11,ru 10 - 20 fi Lua F .H. 

' ct• .i:t i···. 11e~e,n,f1 L fl,t'i'u 1 oo "fo n,~fl,fl L 11a flfl'ltJU~~uflfl'll~ R.H. 11E~il,fl,f1~:: "",n', 7 o ;i, ~:: 

. t .. J!. - K •• I 1 .. .. ~ I: . ~ 'l .. I ~ d fl, ML""' fill ft'1,1111ua fla ~gi:itn, 1 4-1 5 fo flt1,mw ::~, fl~UUfl,"fi"I flfl';n1111u Mil ~",i":: rntJfl 
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(Artificial drying) 

;. • 'I .. If t r: '· - x ..I r: ~ l "'1 ~ ·1 " r: .!! U'l1'HJ LMfl.'lcU.11JU u rnafl~flPl'UNli!Ufl"~::.viufl LflU"5fU~n fl f!mJailflflfJ fl"5'lfl L~'ltlUUa::fl~,,a:: 

1n11 1 ~ ";f il,fl'u11.,-n.1 i'u uPi"iffl,11 il,fi,fff\' ii 11,-,a i1I Ltl ii.; L "lfUPl R • H 1.lil"infl ,ffl flfJfl ,~ L «2.J 

,.,;1" (Dehumidified air drying) 

(Heated air drying) 

~fll111Jii.1.1 il"in11,flfi"l'lii1u rn~ f!'11uqil,~,"1flfl"5 ::fl'i l fil flfJfl,.,~flu'iiiu L if ii Lti~" t,.; L ilflfl'l,J.J-i'iluLLa:: 

tiif!a1JL~,a1J;i1UNIUL1J~fl"UQ 1ff~t~ilUL1J~fl~Uqtu·11. fl"ilULlJ~fnluq (bin dryer) 

(Wagon d~yer) 
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~;.,iun1·rnu.L:U~.fl«utiifu~"J'J,un-,::.~Emhu r1.lfEiH1R'l11iiTu L:uimrutiailfl Lslfl 1 1m1v 1 

; ilfl1'1.;il:UftU
0 

L ~u Lllii i;iiufiitnua:: ls.I flilfl fl'i.,ilUSJ::'l; L ~ill ls.i~lflUfl 1 flllU;'J.'1M=iilHa
1 

il\1 

n::u:: ua ::fllfl L :u~ ".l«uriif "nu L1'ufl:i1i1 ll llil:U'l H'a :u.,"'su rhu lfi'~::fl'lfl u; l1h·~"l!U1iE" LiJfm""'ii 

a:u{au?I flNIU'J1flfi°1u~~" 11Ulfl1lil'1 L R"iE'1ilUM~il 1-,'1iluii'~" uA L R~i1'11l'~JI i;iufo t1i'a flR'll:Uifu 

L:Ulfl«uql;R"Jl'la::u"J:::UI~ 10 ~" lU'JU8'11-,'1ilU1JUlfltn'liitauL:UslflHU~i;R.,.,'lil:: 50-

1 00 fl"J::~ilU 

EVl'1l~n~. Heated air. drying 

L n 11Ju~\1'J:: lii'rl~il lllR'llllmf~fl1lil'1 Lll~ i;itfut{ ua ::r11mmf fliiR'llllifUt'1:Ulflfl°~::Ail_'1 L ,j'~~t'!Qii 

"J::~U~fl';fl~I 43 c L~mJ'a"nU~l.,t'lfl~'lLflllL~'lEU~::Jl;tnN'lL:UlflL«ll'lVU\af.1611~,"1; 

1~ (Vapour proof package) 

L;~;8'1"J::~uift;LfllllJL~U~Ufl~lllAilR'll:U'1ilfl (~~t'l~ii~"l"LflU 43C). ifiifuv:ut1inuL~afl 

~uqNflL~::lJflilfl Ldil\1'Jlflil1JUlflailflL~fl fll~fll'l'llll~U'J::'l11'i~;.,~u'll\1{11flL:UaflHU~L~U~U 

Silica gel 

u;n.ru L 1i'1:u1 l11'iln :S-mfi4"11ll"Jfla flR'l1:uifu L :ua ... P1truti'J1fl-,:: fiuu f!Pi:u•i~ ::~u'1'M'i1'1fll"J~;.,1'u 

u-,~~LUft"l~u::~tla\1TIUfll.,~flLUdvuR'll:Uifu1;ft,llLUL'lillL«v"1.1-,:::u1~ 12-24 ~'lL:U\1L~I 

~u ( ijUNulfoLL~ fl'1lfUfl£1Ufll~ilUil fll'l'll:Uifu 'lu Lllii' i;i«utiNfl ,pit 38) 

n1-nJ{u~,"~~·rlL:Uslfl~qlfuiu'J::LJun1"Ul~UU~\1~ftl1'lLllslflHUrin'Rau;.,"'J::-,'lfl 

c .. .. N ~Ml ~ - • 'J 1 1 .... ~ " .. ..I ~ L "J'l fl'l ll L.R~il\1 """miLIU -,::~Jltiftl1'1fll"m 1'11U flmi'l ll\1~\1 flll:U'llRq.l -,::~\1R L rlil LUil llUil flit~:: 
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.ufln~,'1fl'u 1tJ fl,2.111u~11iN L mf flnutiua ::1'Rip.i "'J :a~\1R il'15J:a:nl'l'v L f'l41l'1'4"n"'J~,'11l'Uflnu tun,., 

. tJ!jmi'1,u i1!l,'1 l"'Jiffl,2.1'lu12.1G fl'l1ui«11'1''1 ·, bJ n,-,tJ:futli.,'1~Un~ rna mruriiifl'1'12.15J; Ltfotu 

1J~~fl"'JW LL,;lif'l'1 'lll~h.Liiu,i'a\1fl"'J ::fl~\ L'lllil 'lu \2.li ~uqff1iu,\11l'Ufl L ,j,du ~\15J::iJH1J'lV'nV 

a :: Liiv fl 'l ua; flu fl a lil 

fl,"m,f'l'1,2.l"::E'lfli1V,\1fftl~~5J::rrf'1'1,U~,L~ULdi1~1J~,L2.l~fl~Uri«u;L;~~ltt.l(\1 

L'lfl'lfliidef" ~illluua :a fltrn.11rfir11JJ,fl 'lnqjiJ ::Jlui1~2.1,n" nu ltl "5'1Rj)\1fl ;f'l'1'12.1L'l::i1!lfli1V~'1nt1'1u 1 

(Bulk storage) 

scalper 

scalper) c,µvt s) 



(De bearding) 

t1T'l ;1" lJ"~flaan Ultu11::lf,..=-.n,"iU"l fl ,..; tnrnif fl Ln'l::~Anu u1un"i::,n ltia'l21'l~fl L fld aui1'1t.1 

· fl'l2JQI; L i°t1'1'LLQI::,.. ;fl":l'lJJS::tnfl lfi'ati.,"w "i::ifl Dfl'lti L flr4a" lri'"'"," (de bearder) 

. . 
rn~ni'in?lflffil"~"a~iiu~ fl;t;.,;" L~.f flMflJ1~Aaan 111 (-w.Jif 7) L tla ltit nL fli'!fl,"iLLflfl.;.,"l 

(Test weight) 
..., 

. t\'1t11J 

:t.ermudagrass Buffalograss 

Bahiagrass Lespedeza 

clover crotolaria ua:: wild w~nter peas 

Huller - scarifier 

LLw :: hard rubber 

(urethane) 



I 
'-

I 
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L 

I..... ... 

. . 
t'l~U 1 !JU L,11, fl\ ;,fl.,::'t'ltJA'"ltl1!1'1::!1B\1t'I "S\1fl"S ::tJilfl u.la 'iJfltl11 L11g m1qj,'J

0

::Miil,flililflt'l=iil 1 flfl"Hltl ' 

(Aspirator) 

. ti , .... 

1 4 U.I B"H 'JfUPI ( '1).lri 8) 

(Delinting) 

, ......... "'l .. ~- ~ '1 .. •'l" .. \1lilflfht1Lllilt'ltJ\1nUfU tlililflL~"l'J::t1\11li.lUaU , il!J. fltl?iltJL~iilfl rn t'l\11ilPI 

~,ti L fl,-::liflnu u'.fufiau lsJQf,11,.,m .fldau«"l l fi'l flt1aQf.,::'lut1cu::a~ Li't1'1M'1ml-3'111.l1\1Qfrnri fl,., 

Maflfl,.,fi"'l n""Lufl,.,fl flLLa ::11;fl"l,1IQf::i1, fl L11a fl11u ti 
(The physical bases of seed separation) 

'l 'l " ..! ~ - ' 'l r< "'IS .... u fl,., 11 L fl"SE\1'Jfl"S11u flPI ," i u fl,"JflflLLt1fl ua ::";fl"l 'lll Qf::il,"' LJJa r;it1uquu1mafl 

fl,.,BU~l 'J::;a\1nfl"l,1IUP1flA,\1t1B\1~fl1:tt11::~,\1fl,t1n,ri (Physical characteristics) 

(Major crop seed) 

(Physical characteristic used for seed s.e'paration) 
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'OJ:: L ~tn', L:ua flfj~,j,\1~UflflUW'l ::d\1 L ~~u'OJ::iifl'n:U LLflflA,\1tliJ\11itnflil~~\1 L fi~nfl 
"I • .I "i ' • .. _... --' • . .... 'l .. -

fn~ L ~ L fl~i)\1~fl~ LLElfl L flElil,KElfl'l,llLLflflfn \1tl ~\1tJU,ft'OJ\1 LJJU'HJtl \1,EILLil ::fl.,.,ll'infl~fl LLfl flNa fl 

iiil~i Lif U-w°fl,~M~fl t Uf.n~n ,fl'l,:UQI ::£nfl L:U~ flM'utitf 'l , UJ L fl~iN~fl~t imr1111:..~tlfiuti -

L R~il'1A'flLL~ ::fl;fl'l,iiQl::iJ,fl rna f!LflElfl::LLfl~\1Ui'l ::a:u (Air screen cleaner) 

(Width and thickness separators) 

(Length separator) 

Air screen·cleaner 

Air screen cleaner 

(Scalping) 

(Grading) 

1 _. .I ~ t' _fl ""- ,d -· - I LI~:: El~U ~.nfl L fl~il\1Ufl'l,\1il'l,\1LLa:: LlJUflUEl:U:U,fl L Uil\1 '0J,fl:Ufl:: LLfl., \1tJU, flua::'lfuflfl,\1 'l 2.nfl 

t ..I ~ fl .. ,"' ~ - "-~ ~ - I fn, 200 LLUU tlQl,:u,.,m~ilfl L~ MLM:u,::Ql:UflU~UflL:Ua ... nuq~ufl Pl''liJEl,\1~Ufltlil\11.fl::LLfl~\1 

LLQI fl'11-l°l u411ft , 11 



111::u.n.,~1nau (Round perforation). 

- . ,i.,~,,.il~fl,'1Ut1.r·N1fi'u_'1uJ.,~L1i~1 J1u111::u~"5~1'!· (Oblong perforat-ion) SJ!: 

i1~Kufl1'1uMu'1~i1~1ua111~~.,~Ku~aumrn ry~"516i!fl~zun~~~~~ueurru111~.,~'ilil~1uaftitu;u.,· 

fl ;fl4'1U\il::i1'1RliaZ"!lafltlil~d~ L ~mJu ufiif'1U'1"Ulfta0'14 lft'tt.;~~ , ft'~;f 

L "~RU.Ill~~ :au'if f!il't1~'itiifl1'1U,~U'1U'ilUft.;., L~l Riili::~ il~N'1Ufl.:: Ufl"N grader ' ililft 111 

'ii. 1ufi;i-:; .Jt~ scalper 1ia:: grader SJ::ufutt::Uft"N&'°1 111.::u.n.,~ • 

scalper 
- . 

SJ::um.rt~d~1~mJuil'irH1'1UM~'1;i1Uft~'1LUaA~N'1Uai1Ail'ilflltllA 

fl. 1u~ 1111" 1au'1 SJ::iti'111::u.n.,~1;w~i1\il'1~L Ut~ui~u scalper 

grader 

(Width and thickness 

separators M.lfil Precision gnader )' 

Air· screen cleaner 

LLUftL Ua ~U~Ltiu \AU4fTUU.fl]~::LLft"N1iaftmu:: LifUM~Uiiflil ~ lt.J (Indented hole screen 

screen U.flutSJ::1ifu111::u.n.,~1L'!uuo"5~Ufl~ilU'1~iu1fl~~ Air screen cleaner 

cleaner 

Width separator 
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L 

: 

L 
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separators 
. . 

(Cylind~r screen.separator) (1].Jft 14) ill~~::ufu~::Ufl"Nrl"Nft.,::UiJflfliUJ 

n~E na1eLnfi'eunl; lflmt~ l~ueut.Jnuu111tu111.,RAtJUlflLulf11fu~ti',~l~ffiil.flNi1uufu 

L uf flEl~UWI:: LU~ flUUU1iUl.flfll'1 .i JlU L.if Et~ii,fl1fl9"Hl11il,.fl 

i.fl~il" , Cylinder. screen separator~ 

., .A' _., ..... .r. ......... 
-.rne Ufl"3"f1.,::Uilfl fll.,n fltlUlfl~:: Lfl fltlUtlCll::fl A:am.,'1fl ''Nfl.,~UilflMlf.U.,EJUn~ Ul'1 Lu~ flfl ~a fl 

. 11-l1t,f'I:: Ufl.,'1~::~ ilflilimU'l.~'l.flt'l .,~fl.,::U Bfl ~hu. rnif Mrl4Rfri,,.111:: Ufl.,'1rl1il:: .L fldmHJilflfl ,"~~u . -- .. --

t • ' 
nA::Ufl~'1Hi'\,UflaU il~u Thickness separator 

..... ~· 1 ... t. . k t uEmnmuaflt1Utj,t1·1~ 1'1flWI~ 1'1:: n Width and thic ness separa ors 

separator) 

~::~m1u (Pocket) 

(tength separator) 

( ;,tJif 16 -17) Ut:iN~1il'l.UM11.U't1-I ~";ii 1'1.:;ilfb ti'1utu-p.lf1.,'1fl~::u ilfl 

- ~ ' " ,_, ..l e ~ t 
L.,9'1flUil~Lf'IUWMUfl \Uil1il'lUM~ml.,'1fl~::UilflH11.U.,ilUA~Lil'1 UtlCll:: 

auu11a1" (Disc separator) 

f 15-1s) Disc separator) 

1'1.:;ilu~"luu~~" (Cylinder separator) ( 111 

' L nu1::il'i.wfu 1mf fl 
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L 

L 

- 11-26 ,_ 

' . 
...... ... .Y. . .I ""'l ...... fU.l1nMu fl Uil ::.\ fliHltUI flfl 

2 •. 411;~" (Shape} 

lALflUL~~il'1 Air scr~en cleaner 

(Spiral 

. : separator) 

.(Inclined vibrating deck) 

Spiral separator 

WUiN1l'l Li1u L nati.~ilu.\ il'lUflUflw '1'1fl,uuu~ff" I UNULint:: L tiau'1ti'lUUilfl~fl'=J~ LifULLNU L na't1-ru'n 
. . \ . 

·t 11~n~,ur-iu L nfi°u•fi,uiu n'l-m~N,ua,Kuu~" 1 uuil•'111a'11il n1As luii'L R.iil'1~fl.,flil u.; L !'.tu• 

,jil\1 L ila1 a ilU Ul~ fli11°'fi~~ '11l'lfl'lU~NU 1 flifU'"lA'lU tu L iii ffitna u~::nl \la '11l'lA'"lUfl'"l'l11 L .;.ij'1 

- J .d ... .• fl'l'1flU Lfl~il'1LLUUU L~Ufl'"l'l ·Krussow style 

AMOS - type 

• .A S•u L fl~il'1 Draper 

.... 
fl 21) 

Inclined vibrating deck 

Liu" u.a:du1~eu11w::ii",u "~"«us:Lnau~:fl;tttiuaAuuu (M4iliiN•11u'lll) Lfl«mJi1'1M 

iTu ltJ t1'111Ufl0

ui~bm11"n-1, iu11w::fi'1u~ flfllil11 (11-1aN• L :;°uu) lus'l11'l•rn lilifu~Q'1t1il'1LLn1u 
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f 
L. 

L 

i 
L. 

I ---

L. 

L 

'. 

LUlflff~uazd~L~mlU,UtiU,flLl.il::A~,unautn;lRU~nua,~uN~~UHSL;UUM~E 

Mu,~fi,~nu .tun.,Mfs,u,.,fl'l.i1A-=la\'iil~~1.uafl~ii~nt1if'11fi.,~t1.,::uan (Roll ·mill 
... ma ··.Doller mill) ua::,LA4a~ Inclined· vibrating deck UUfl \Uil fl 

.& - . ..il' ' .,; "-·-1 ,, u~ ::a~ L 'OJmJUfl'. URE~fl,·rn~fl w fl 

Roll mill 

. - -
uuNu1aM::fl;,umr~fl,A~u'tt.IR~a~u1i~tia~'nnl~ 't.n~1~~,u,.,f1M~u.,auK~1a~uAtu~~ 

.,;M~,~\flfli'~ 2 ~ ti~::fl'~nnf~M~ultJ'luii~M.,~ti;UftU .Lu~..m'uN~MU,U'OJ::qnN~~nmi,A 

' t!An.,:: L ~~aan bJ'OJ,~'lflfll~ ·d~u L·U~fl~~ L ~uu'OJ:: lMaa~ UJR,1111niL Afauil'aanil'a~ua',~11a~ 

iflnl~ (&tiff° 23) LA.ila~-~mfiif1u'liuunu.1Gf11''1fH'lfL~::f1•nf1Lifn 1 Eilf11il,f11Ua'°flttU~ 

alfalfa M~El clovers 

(Affinity for liquid) 

Jll l ., r: ' c ..1 ... Et . rt .a -" - - J:: .d "'• ... "'• -
11111.,::'0J::ij~fl~,u~u fl\.,~f1~,Luaf1flUH~U11~uaZL.,UULUUUU fl~UULUiJH.,UU,~~EIU,UUa~ 

S ,. .. "I C: t <l I - <l , - ,,._ ,!/. -UULUO'lflUO'I:: .,Ufl~UN~R::~ULMafl N~R:: ULmlfl'OJ::Lfl,::E~R,UN~LUO'lflt!UliltlU~,.,nuLMUU~ 

""ft..,I ""'"l I ,/!I <l <l Id I ,lf 
M.,EIN~Vl11111.,:: Lu EIU, L iia R tllla aua~uU~flflO'I ~WJ L Ma fl Lua i;i L mi ,U'OJ::qn tJflRflEt,J.fl'U'l,flflO'I~ 

~~u1~8fl~'OJ::t1i~N~uaanlillfluas.,::1~.,~::lJuR::luLmf'nii;iai: LR~a~~f1""1~imrnn,.,d 

( "J]it 24) . 

s. ~;Mun (Weight) 
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L· 

"-. 
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'--. 

. . 
'llil\1~PIQ L 51 ii Lift1fl'l~t1 L -f'lil iiLMi'1trn U'7\1R~u1'P1qiP1.ra ""~1il: \itiiii~n;fu1ilun.,:Jf "ii"'i~*" ~ . " ; . . .... 
.. .. .IJ ,.. 1 "'l 1 ' ' .. .... A -· I .: ~ M'lflQUUU'll'lUil ill.I ilfJ. ~ Ufl'7:LL\'liUJ fl 'fill m1a ua \1tl'l fl'l ,ti L 4''lillltl S\f!U L "Jtlfl'l,fl'l'ltl L "'j'lil ii -

U'll'lW ill.I (Terminal veloci t.Y) 

1P1t1U"'j\1ilt1 (Air separators)' 
. . . 

fl'l,t!L~'l~t!U'll'lUililtl~UflflA'l\1tlU"'j:ff~,"L~af1ftUil:d\1L~mJu \tlaflaUM~ad\1LijmJu~\U,fl~'l 

1il.:!ifl'l,~ L ~'laii umua ilvel'irn~, L iia Afiii,n· L if mJ-i'UJi.,:u~aii'il,fl!i'fl':rn tff'iifl'l'lii L i'l ilii U'll'lU 

Air separators 

,.1 I a - ( 
'11. \fl"'ji1\1Ut1flil'lULt1il_fltfUflil~Gfl. Fractionating aspirat6r) 

. h 

( Test weight 

. 6. (Density or specific gravity) 
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L 

I 
'--

i 
L" 

L 

· .Gr'avi tl separa.tor ." 

uuuriu · (Escillati~g ino.~ion) 
. . 

iiflijl llfl; i.·;11iflfl"i ::uiiall'llfl51'lri;,,.,a' '1"1li1\1u11'uaaflll'lP1 -lll N'"Jufi'u i!ti,"ds.i; Lall a 11'lfl fl'l'lll 

. . . . 
I If ...1 ' 1 JI I I ..1 •· .. ..I ,_1 ..I ,,. ' <t ..I 

UflU LlJijl fitnnlm1::_Q,fl ,llUtJUid'l'!Jfl """a ilfl L 'lijl, L flil mm ililfl UJ1Jll'l": .. fl'lU~" d'lU \lJijj fin 

1 u'ls.i:: .L fldooitaafl lt,111, "~hua'," ua:: rnG ml'iiU';~,,rfu.J '11Jflijl ," s.i::aafm'l"ii'mfla, "11a"uriu 

(t}Jit 28-29) 

Gravity separator 

fl,~i.i1fl4a" Gravity seaprator 

Ll::Lluilua~ s.i::lll'lfi'Na~ni-m'fl'l..; (.,pff ao) 

Gravity separator 

uviua,ll L ft~llll (Triangular) 

if1ftdtJll (Regtangular) 
do ~ C _. .a.. c" -1-1 I., (......... ) ,d - I .J d .,. if -

Lftll'l::M'lft<ULllS!f!AilmlllLlla~LU w~uUil~~illl ,....n 29 \fl~il"~UflLLftUaLMilllllSJ"L U~Ufl 

dut1llLifl{'l"tl'l'l"Lul~"",U11iutJ\"dn'l~Llllfl"U~ 



I . I - 1ao -
L.· 

Gravity separator 
L... 

(coior) 

1 fit1a (Electric . c<:>lor ·sortor). 

•I 

Photo cell 

' . ' 
il'flu.nf flliu ., ililfl lt.Ji111fl'l'1Mif" ;f'11 flml nii°fil ::i.ifu., ::~M'"'Jii'flil11 uh .rna flfl~:: L ~ilill'l JtJ ~"'Ju 

Lll~flfl'llfl~fil::M~U~'1ift'l~U~~il'1~Uil~'l'1~a~:: (1}1~ 33) LR~B'1~umr~.,,R'lUM'1 fiflUtlflLll~fl 

l.Lil::Luif1,Yu~mi'11· (Foundation seed) 

11. Electrostatic separator (Non-discharginf field lifting 

effect) 

electrode 
., ..I .. t .. ~ . L RiHlUVI Ul'l fl~tl"'J electrode 

'-. 



' L· 

i 
'--

-..-

·-
'-- ' 

~. Electrostatic separator discharging high 1ntensity 
c \; 

field· pinning effect) . · tun~iiiifLu~~~::1Hdauifu~R~u~nnl"'iii.J~::~1Ju 

Ground (+.) 

iii.J~::,fi,~fiu uA1u~flu,~a,uu~1amJ~::\lfi,f,il~iuK,li1~,u~n ~~M~flaan~,n~~ul~~~a~ 

· iJ.nnl~\{rn11u::fi',u~h~ si,u ~ui fil1~~1'1.~w ~::, 11f ,ii~~:: L n,::fiflnuqnni ~~ ::Qmf'flaan 1 f'IV 
. . 

utlil""'a'mi',v~a~ia.nnt~ C11Ht 35} __ 

l'I. Helmuth-type electrostatic separator 

i:t' .9 .,. ., "1$ c: ... l$ i:t' l . . 
1f0fl~U u,~LUilfl~::t.1~4L~,~nil~~ilU u,~LUilfl~::t.la4\~,M,~4U4H u,~LUilfl UAauaua~Ra 

u~ZlLfl 1 Uil::~::Anil~U,Lnv 1 ~~a,u~~~uu~LUilc~aan1;fi~u~::v::ii"Lu~ffla~lURn Ct.ti~ 

36) 

. . 

n,~HflLLVn Lui Al flt1'1ii'iil~n~:i4ifhiNil lULLUUilU \Ud'muu.lil ~ ltJ R,ua~,,rna~l'l,,U 

. . 
fl:u11fif'ILLil::an,"~a~1uif'1nuq ua::lii~;1Juia~u;1u:mru~lt.JN,ULl'l~a~~n'3!,,n1fufl uA~:: 

L~anti1n",::11uf!ft~;1~uLLil::t1;~,ul;Na~Uu~::~t1~n,"~~Lft,du uan~,nifn,~fiUii~,unu 

(Mechanical damage) 

~,n L l'l~.~~~ni lfiu,ntTu uhdu Ll'l~iN4'n~i1n~,,u,u,~1fufl liia,~~::t1u LMU lfi'tui..1~:: L t1111t1 v 

Lda~~,nii~,utun,-nl~ull~~an,HLU&flHUqLQ",::n~WL~,du Uil::~•~N~ALUaf!Huqiu 

11 ~:: Lt1 fllt1VV~iiu~~~,Ul'IULUft,~iJ.fl I.Lil:: L ~u L ftv4 ~~ liiiiuqjM,-l,iiLui fl1'1fH1fMflU,tlU L uvf fl 
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45-so fo 

30-55. fo 

14-20 le 

10-13 i~ 

4-8 fo ' 

0-4 fo 

33-60,% 

'-- . 

.. 
~-34 

(Mature) 

- 1mf11i{.nLL~fn'l1.it~":i7rltn (Physiological maturity) 

- l"~,"1":iflL~uL~a•lA1Ua'l1~,nR•,"ifui'l1 

\ml fliii~•nfl,."a~,ll, 1ili'l1 ~:a fiflR•,""'ilUi{'11fl,.L tlUG{""a·"~U 1-ll fl~ 1J.i 

ufl,":i":iZu,aa,n,~~LM~,~a" 

- nun1uAaR•,"L~a~,a~,flLR~a'l1~fl":i (Mechanical damage) 

~,~\ R~a'l1u•flLW:: LR~a'l1~n-m''l1r'lun,~ -rini,_"~ini1 

- Lia ai;ifiaa;w;'ufl,"a L nuimn LUinnu:jj'Ji1'11tlUfl"l"aLLQI fl LtltauR•"l"ifu 1;; 
(Save· sealed storage) 

LdaijfliUR~,"lu'lu-azMud~~L~""an (R•,"ifu~L"~fl so% ~an 

radicle-·cri tic al seed moisture content) 



I,,_ 

'--

I 

L 

I.-

i 
"-

'-._.-

I 
~ 

·I_. 

.... -.... 
~ ·"·-'. f '-

-;~·.;>·:~-- 1 35 · .. - ... ·· \ 
.. 

.. .. -:: . 
·.~.:...·.--_ ~.=.·-~:_.,. J 

... ~' ' . . ' ~ · X I fl1'S,"3fi 1 ~UE1Lfttmq?1~~ug~fiQ~ (EquilibriU11l •oisture content) , 
i:a~, ~anid-1 ~l\ ~~~fl ~ ~ ~ - 1: ~ . - .... 

~fl~1Mt~~MWftfi~:ftUft1~ ., fl M' DIU'MlllnHl~ , ~ 

(25 C) 

~·-- " Rekfi11C HtlrnJdlty ~l,aoptnd5 %Rtl.,htc Humldtry 
SfJtdes 111 . 20 JO 4S 6'. 7S SP«ies J.5 70 -0 Co 75 90 JOO 

lken, 8qoad 4.2 S.tl .,.2 t.3 11.1 14.S lbrley 6.0 t.4 10.0 12.1 14.4 19.S 26 s 
Bean.Lima 4'i u 1.1 9.2 11.0 13.l' Bu pew heat 6.7 9.1 10.8 12.7 ! S.CJ 19.J 24.S 
!n.11 Snap 3.0 4.8 6ll 9.4 12..0 15.0 Shellc:d Corn, 
k•t.<ianten 1.1 4.0 $..& 7.6 9.6 11..2 yd_ 6A 1.4 10.S l:s 14.fi 19.1 :23.8 
C:a"ace S-?, <.6 S.:4 6."4 ;,, 9.6 Shcllect C.n1 
C•bbatc. Chinese 2.4 3.4 ~.6 6.3 7.B 9.4 wd · t..(o 8.( !0.4 12.9 14.7 189 '.!"l.6 
Carrot 4.S 5., 6.1 1!J CJ.2 11.6 Snclled Com 
Cclety 5..8 7.0 7B 9.0 10.4 12.4 pop 6.E 8.5 9.~ l:!.2 13.6 IE.3 23.0 
Com,S\...ect 3.o 5.& 7/J 9.G 10., 12.8 flaxseed 4.4 !S.6 6.3 7!J 10.0 15.2 21.4 
Cucumilcr 2.6 4.3 !S.6 1.1 g~ 10.I Otts 5.7 8.D 9.6 It.a 13.8 18.S 24.1 
Eggplant 3.1 4.9 6.3 8.D 9.8 11.9 Punu: 2.6 4.: 5.6 7~ 9.8 13.0 
Lettuce 2.8 4.2 5.1 S.9 7.1 9.6 Rice, Milled 6.8 . 9.0 10.7 l:!.6 14.4 IS.I 23.6 
Mustaro, Leaf l.B 3.2 4..6 6.3 7.8 !1.4. Rye iJl 8.7 10.5 !2.2 14.8 20.6 26.7 
Okra 3.8 7.:! 8.3 IOJ) 11.2 13.I Sorghum 6A ~-6 10.5 12.0 15.2 18.8 21.9 
Onion 4.6 6.8 8JI 9.5 11.2 13.4 Soybean' 4.3 ".:.S 7.4 9.3 13.1 18.8 
Onion Welsh 3.4 5.1 6!J 9.4 11.! 14.0 Wheit, 
Parsnip 5.0 6.1 7.C 81 93 11.2 White 6.i 8.6 ~.9 ll..8 15.0 19.7 ;26.3 
Pea S.4 7:J 1.6 10.1 \1.9 15.0 Whc1.t, 
Pepper· 2.S 4.S'. 6.0 1.B cu 11.0 Durum 6.6 o.5 10.0 11.5 14.l 19.3 26.6 
Radish 2.6 3.8 S.I ,.8 2..3 10.2 Wheat, Soft 
Sr'inach 4.6 6.j 7.8 9.S II I 132 Red Winter 6.3 3.6 10.6 11.9 14.6 19.7 25.6 
S<!aash, Winier 3.0 4.3 S.6 7.4 9.0 10.8 \"/heal, Hard 
Tom:ito 3.2 5.0 63 '7.8 92 I I.I Red Winter 6.4 8.5 IC.5 12.5 14.6 '19.7 '2J.9' 
Turnip 2.6 4.0 5.1 6.3 7A 9.0 Whc~\. Hard 
Watcrm.:1011 3.0 4.& 6.1 7.6 8.8 10.4 Rec Spring 6.8 £.5 IO.I I l .8 14.8 19.7 25.0 

. 
~ ~ - - ~ # 

fl"";~'l~\li 2 fl'l1i.J~uai.iwntii:fJ.ltHHI (Equ.ilibrium-rele..tive humiC.i t;.") , 

(%) 
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12 

• • IC ..:. 

!i D~ .i i.llUt\'f:f 1n "J 1 tJ 1 fltJ1l~ ~i.11 CU 

40 F 

78 

73 

€8 
... 

61 

54 

47 
---

60 F 
" .. .. ' rt 'l 1 t·U1 UAl.lt!Vl:'i 

('(:.) 

63 

7'J 

68 

.61 

53 

77 F 

65 

81 

77 

71 

65 

58 

' 
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.._ 
~"fl~'l 18 % 32 

10 - 18 % 38 
L 

. ~~fl..;,, 10 % 43 .. 

fl~1"lu (Save sealed storage moisture content) 

----------------------------------------------------------------~-----

SEED MC. SEED KING 

8-9 % barley, beans, millet, oats, rice, peas, sorghum, 

wheat 

- 7-8 Yo clover, jute, alfalfa, sugarbeet, tobacco, sweet 

corn 

. 6-7 l~ cotton, flex, rape, sai'flower, soyoean, chilli 

crucl1er seeds, let.tue-3, 1-1.:.i.t~r convovulc.s, 

cucumber, melon, eggplant, tomato, casterbean 

groundnut 
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R.H. 100\. 

tl=iJJ'"lf'l,.PI 
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R.H. 50\ 

r .. R. 80\ 

• A LU'flf1: 1':"7,!J'U\.o 19.,:. 

1 ' . ... 
W•ttf"l"'1•ft.,'"'W'lrU 

rin.,fll': R.H. 110.,. 

- ~:.,.,.,4.a,_.,..i (.EMC) 

I . ... 
U'11 f1Qftft"2"111'1111-

"'''"""MU~ l0.111' 
..,n.,tr: R.H •. eo1' 

~1.; .... ,j 
""'""'":R.H. ••1' 
...,.,.,fv,..,'l•,j' (EMC) 

~ •• " ......... ,~11-Tlllfveittt1.i'1.11.W,,.,;.,.,1,, .. ("' .............. 'l",j'~ .. w; • 
.;.,., l .... '"""""'1""1d l) 
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mi 6 .. Reel-type s~alpin9 aspirator:. · Schematic now d1aor~ 
A-scalp1nq reel, B-aspir1t1on Chamber, C-settl1119 Cham~· 
(1bove). ~ COlllller<:lal lllOdel (below).-·· 
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~·· 

"f ~ -T ;·-(1JUT"-Debeader -i::wn'l~flii11 (Dust aspiration s7s'te111} . - , 
c~1~J ~dft~n111fllllRfl~1~i111fl~D~ Debearder 

A. rotating beater arlllS 

B. stationary beater arlll:i 

;11r. 8. Cliripor, Edcb'-Gian~. huller-scarifier. 
1. :-:-= ·• ••U'aiu,,Gfl 

#'I t,. 
2. 111RAR1.:a~1~~~ufi1uu 

3. INRflG1~-.... ~U~11fl1R1~ .. . 
4. Allftftllltft&i1Alfl~P~1~1 . .. ... . ......_ .. 
5. 1ll-io~11th.-lfn111a::111r.111An 
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CRIPPEN MQD'E! S GS-W end GS rJow Diac;rams 

?in; 9. Air :screen cleaner :I u~ ~ n::u.n, .o C 2 Scel.per15, 

1 Grading :screen) 

CA~~ P ~ N MODEL FH Flow Diagram 

,ui 10. Air acreen cleaner •\m 5 n:an,~ n:u.n,~~ I tR: III . 
... ~ ,,j ... 

LUU Scalpera n:an,~~ IV U.R: V &Uu Gradina acreen 

n:u.nN~ II ~:: l Uu Scalper 11;D Gradinc screen n1 fl 
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•nm •.• 
3:6' • $ 16 •• \:. 112S 10/6' 

•••• 9164 or 51!! V · 11/64-: Q3 V 3 x 14 18 X 18 

A. r.::11ni.;,!;' 

c. t1::11n,~!~,~1•i1111 D. t1::&1n'S~'Hl"IZ"lt1 . 

-:'lJ~ 12 .. ik1:1;.;.:::~"···'-:,·~•..::~ .. : .... ·.~id"'Z.ii !::e-.::."r:t:t.o: . 
"" i:&::::n11 ~:Jt;r. -, i::_ .~-:.~n-. ~::; s...; i;um · ---

,,.; 1:. ~n~m=~n,~!;DE~ Thiclm~aa aeparat.or .. 
llM=n"l,RENi"IU!fl:lln,~:E~lMRft 

.. -~·-·- ""···.·. ·-
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OIS·C 
SEPARATOR 

. LIFTS THE 
SHORTER --_;;_J 

I REJ.EGTS THE 
LONGER 

\· 
.· ~ 

SECTION 

. . --·-- ··~----·--··---· --iui 16. ~n~m::10.oii~i,u1\11"~n,:uon~A:n1,flft&MtftAuoonq1n&M;ft .. -
1111u1~_ltnff lDdented cylinder 21eparator · 

• - .. ., t A. N11t14tn:;uun B. ,,4~UINR~AM CTroucli) 
c. noin-.oiu&MRR~uuiuiiA4n~1~ .. 

... .. 1, D. ,,~ll"l&111tolM1HU111oonq1n~,~n,:uon 



i 
I ...... 

L.· 

I --

, ' 
,'"•i_\~ , .... 

.· . ~t~.' :_,. 

·\/ 

.... -r ~· ..•. 

iuii 1(. Carter-DIST Precision Grader (Width mid thiclcnesa 

separators) 

• 1 • Carter diac aeparator, Model .1547. 1u1I e 
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• -i thi 19 . JL-wss01'" double spiral separa~ . .. 

FEED 

'T 

FLAT SEED 

J AMOS-t:ype spiral separator. '!\111 20. 

FLAT OR ROUGH 
SEED 

-iu~ 21. au~n,1fl&A~~n,,~~~,uns~1fl~D~ Dra~r .. 
• 
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.J 
?lhl 22. Vibrator seed separator. 

SHIELD 
• SMOOTH rtxruRE SEED 
O ROUGH TEXTURE SEED 

0 

'\.....vELYET COVERED ROLLS___./ 
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.,~ 24. &ft~IM Hanatic ~ . 

&Mlt.ii1n1n1:~...:iu,.An . . 
- • ... • .. I: • .. 
ftft!IS1t:t1t1u uunUlllllllM&ll & •an .. . .. .. - ... &UQ.o'11::1.ltllNAfl&•A,'lftlllft.-ift • e . "' • ..i 
AMlll«N l 11•m 11Bft11"111"1411114'1 .. 
2 aa:: 3 A1u1118tiii~1i~lM 
- I: • .I -

• :s 
I 

z 

.I .. . !thl 25 •. &fl1D4 Practionatinc asJd.rlrtor. 

A. n118UaU&N'fl B. 1.;,.WUn~~fl .. ~ - .. .. . c. U1&1aft&NAflKHnn1fl,lltn ... ,.,1ANUD1UAOH .. .,_ ..... . ..... -
D. &NAfl~utl&U\Ulunu 2 ·- INAflft11\UllU\l 

iunu :s :r. ,N; .. ~,~~ -·-

· 1 

, 
;,' 
I 

LIGHT 
MATERIAL 

I , 
·HEAVY 
SEED 

• -· 

PNEUMATIC 
SEPARATOf\ 

I 

.I !th! 26. Pneumatic separator. 
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.I - .. l .. ?Un 27. n,,u~ntr'llSB4&~Aft ftUA,4ANUU&tn&<I Gravity 8eparator 

A. &NA~laiu11t1n"1&~4~,ntn,u,;~Rllfi~&nu1u 

B .. & u;11•mn"1uth4 & 11u,::1tN & Go.n;nfl"l,NU, 4AN'1ofi 
1~R~1riinllliri1uA,~ 1~Aft&V'leHA~uuu . . 

c. &NAtm~::11,zm11Ni&an1Uwfu,~4~,nANu,4&nu1u 
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L 

r 

L 

r~ ... 
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14 LIGHT , HEAVY 

· ooooooooooooooeeew~~eeee~aGeG 
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, \I~ 31. Gravi t7 separator • 
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u- AIR NOZZLE 

FEEDER[ ----J~\ 

e... 0 ~~ PHOTOELECTRIC 

I 

~· 
I 
I 

I 
I 

! 
j 
I 
I 

·I 
I 

. I 

' . , 
',:-:' CELL 

\ ,,-c • ...... f-- REFERENCE 
• BACKGROUHD 0 

• 
_Q. .-. 

REJEClS ACCEPTS !U~ 33. Electric color sortor. 

~ • 
0 
00 • • oo 

00 • • 00 
.• 0 0 . , 
·lit- . 0 _C?-

. ··.•» 0 OA , o. 
P

.,_ 
I 

- -·- -- --
?U~ 34. Elect.roistatic: ~parator. Noa-.diachardnc Ueld liftinc ettect.. 
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.I ?Ult 35. E1.£CiROSTATIC ·SEPARATOR 
Discnarging. n1gn intensity 
pinning effect. 

~ 

~- .. 

0 
0 

0 
0 0 0 

'SUll 36. HEUIUTH-TYPE 
• ELECTROSTATIC 

SEPARATOR 9 
1 
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REC I EYING 

DRYING 

... 
en 

PACKING ~I STORAGE H SHIPPING SIZING 
... 

UPGRADING DRYING 



j 
I ....... 

r 

L 

L 

i 
L-

,_ 

' '--

·! 
L 

./ 

- 152 -

er " ..._ ;11 LUafl«uq«rnJ~::L~flTIUR4,U Ui'll~W:: 
G: .., ~ ;(, .d.a1 

Lua flliUfi mJ~:: Ulflf!UR• 

ct .... (WET VE."'GETAVLE SEED) "' 4' (DRY V.EGETA LflULmn lflULflfn BLE·SEED) 

t l 
ct ..I ...a er .di r: 

L flU L flll4m1TI~fl L MUfl LLllfllUafl'il,mm l flu L it'll• N'tm"u.;'" LW :::1 u-3 
' r: 4'. flqfl LI.fl L PIUTI 

(u,'131tUflRiN.,iifl 1.ul i;i) 
. 

" .. ... 
M"lfl~ mf.IU.Pl'13U.flfl1.;'u,.;''13 U.a :;51 '1'13 fl4f.IU, • L1fU 

L~U~U~flffuqu::L~~LTIR .. ~. <IJ, Ni 
LUafl'WUQ.fl4 flll,4 

1 l 
Lfldf.ILU~flililflL~Uluu,~ 1 

., 
di' ~N flLL .;''13 l ~""fiu.i-m ;fl "l uun::u~u~ 

fl4f.IPl::U.fl"'J'13 u;ltJ~,flU.MM \fl,f.ILU~fl . 
Uilll 1 l 1L" er - J .. " .,rnaf!.Lfl,::Plf)flUL UflilU 

t l 
.,. ' 4111 ,, ' fl,LUaflUR4,U Ui'llfl4, 1 0-11 % ~ n L mf i;itiifl"'J::i'lau 

.. .. .. .. ' lt.Jt 1 lJ .,~ilfl ::u::flU1tfl4lll.'l ::LLfl"'J'll L 'WililUflil u "I'll~tm 'llfl"'J ::aau 

.,~ii L ~'13 ilULLUUfl::u:: (SACK OF TRAY DRYER) 

' ... ~ "...... I tu1"'J'll diu,l'lR·n• LflU~flH,LUaflflUR4"lU U 1 0-11 % 

L ~a~au'i L t!-u.1"fut.11'1li'lfn'Wl'ia bJ 

tJ iutJ;,'lli'ltn'W 1mf i;iri'u~ 

u; L mf fl«uq~tJ iut.l \'lli'ltn'WL~ • 1t.I aul uiaunufltia,"'JfJ.fl 

R•,uifu (Dehumidified dryer) 'ilUfl~ :;,f 'llii'R•,uifu 

t ..j Pl t .. • ..., u~::«u11uaaM~ll ~fl,~U"I~~ U1fil'13NUfltlUR4,U1fU 

t 
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Receiving Hepper 
,/' 

/ 

[Scalp~~ j 

--
[De be~; :r j 

I 
\ 
i 
\ 
\ 

Air Screen 
Machine 

Disk and/~_i; __ _ 
Cylinder Separator 

Gravity Separator 

Treater 

Bagging Machine 

Small-seeded Grasses 

r r 

Receiving Hopper 

Air Screen 
(;leaner 

(fanning mill) 

Gravity 
Separator 

' 

-- --
Color I 

Separator 

Hand 
Processing 

Belts 
I 

It-

Treater 

Bagging 
Machine 

Field Beans 

r ( 

Receiving.Hopper 

Aspirator 

---
- ";> 

Debearder 
(Barley) 

Air Screen 
Cleaner 

(fa:i:ming mill) 

,// 
/ 
~ 

Indent 
C;ylinder 

I 
\ 
I 
\ 
~ 

/ 
/ 

/ 

-I~ ~-T_r_e_a_t_e~r~~~~ 
J: 

Bagging 
Machine 

Small Grains 
-Barley 
-Oat 
-Wheat 
-Rye 

r ---- --

Receiving Hopper Receiving Hopper 

Air Screen 
Cleaner. 

(fanning mill 

Scarifier 

Gra:!lity 
Separator 

' ' ' ' ~ 
I Treater I 
--

Bagging 
Machine 

Soybeans 
Peas 

Huller 
.Scarfi er 

Air Scr~en 
f>!achine 

Gravity 
Separator 

Stoner 

Roll Mill 

/ 
/ . 

/ 
/ 

/ ' ' ' ' ... 
Cylinder 

Separator 
Magnetic 

Separator 

Treater 

Bagging Machine 

i 
Small-seeded Legumes 

-Alfalfa 
-Clovers 
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GRAVITY 
SEP~ATOR 

.... 4.1.h'l 40. 

- :t 5,5 -

ll:: \iii! L '1fl Nflfl,flrlilll .LLfl"HJn ·~.;fl 

AIR SC..REEN 
CLEANER 

C..YLil'iDER 
SEPARA'I'OR 

TREATER 

BAGGER 

(Processing sequence for cruicifer, tomato, littuce, carrot, 

chilli and similar seed.) 

Gregg et al, 1970 
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COLOR 

· SORTER 

~vt 41. 

- :t56 -

rt .. ' ' .u1a m1uq,~-;iPn\1 

(BEANS) 

AIR SCREEN 

CLEANER 

GRAVITY 
SEPARATOR. 

TREATER 

BAGGER 

1 

l$ ~ ., . ~ -~ I 
~u~~un1'11.l~Ut.11\laft1HLU ~HU~~";i~l\1 1 

(Processing sequence for bean seed) 

ftu1 •I ·Gregg et al . 19?0 

PICKING BELT 

I 
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fl]ff 42. 
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. AIR SCREEN 

CLEANER 

LENGTH 

·GRADER 

TREATER 

BAGG~ I 
1$ - c ~., 
~U~BUfll"Ul~Utl\~~ftl~lU~~lfu~~·~ 

(Processing sequence for rice seed) 

ftu1 1 Gregg et al • 1970 

SCALPER 

DRYER 

WIDTH/THICKNESS 

GRADER 

DRYER 
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AIR SCREEN 

CLEANER 

WIDTH/THICKNESS 

GRADERS 

GRAVITY 

SEPARATOR 

1-----tl 

LENGTH 

GRADERS 

TREATER 

I DRYER 

... ltl't'I 43. ~ G ~., 1 
~u~aun,~tliut11~aft,~Lua~"u~~,~ ~~ 

SCALPER 

'l'EMIDRATY STORAGE 

OF OTHER SIZERS OR 

GRADES 

(Processing sequence for corn seed) 

~", Gregg et al. 1970. 
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Lw~~wa~in~uluH,~n,.,LnH~~~u A, (EI'O) 1~vtt~ltlfi~~~,nni,«~~tnlu«uLa~ Ai~, 

"ft,.,A,~.,:;\ n~u\11a~W1fE,~a~· · ;f U~~i1(1f'Ai-), '' R'nmn11ft,.,A,v-,:; \ 1·rn" (Potential 

~vapotranspiration, PET) 

Requirement, Etcrop) 

ETcrop = Kc. EI'o 

Crop Coefficient 

E'I'crop 

1 • 'l'hornthwaite 

2. Elaney - Griddle 

3. Radiation (Makkink) 

4 • Jensen- Haise 

5. Penman 

s. Pan evaporation 

~'1fln~fin,.,fil~A,uufin~ft,w~ua,n,AH,~ij~uvu~Hv, u,Aiu~uA, Ero ~~u 

ffU~V\~U fi~~\U~.,j~U 
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. fl'l~"il::fl"lU'lUfhm1'1 EI'o ti;i'u11'uu"lifu ftAil'1il~fl't1,j'illJ.1H'l'l.'1~il,ilt111~l'lt1-m' 

L if t1'19l"N fi''l t.1 ;.,ii uiuduua'lflT~i-t.,fi., Ero fi~::fi i;i"Na ~fl"il~flfl-;i~11 L iiu"ili'1 lll11'1fl i1'1llflii 

.. . ... 
Uil'lfl'lflil'lflLflaiJU (Error) 

Penman 10 - 20 % 

Pan evaporation " 15 % 

Radiation " 20 % 

Blapey - Criddle " 25 % 

Ero (Aerodynamic) ua::flrl~ 

~a1i;p Utli1'1'11i''1'1'1U (Energy balance method) 

tlil\1 Penman 

il\111'1 l~mi Pan evaporation Makkink (Radiation) 

I -a'lU"lDtlil\1 Jensen - Haise 

1. Radiation method 

2. Pehman method · 
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RADIATION MEI'HOD 

~~ Radiation ~ 1;~M.J1"~~1na"n1,'ll~~ Makkink (1957)~~n1,~~~"1::~ 

~::u'i 1 i.J'l~'lu«u91 v1!ln1,iJuVinam'r'l~1n Tri dit.11flu ~tu~f.}ii LL~::m1"t.111u 1'U'll~~LL a~~1V\9ltJ 

I ) I /l ,;: l::")lo .Gi"' .a I <J""I 
~ 'lf" •. ~'U a1u,::~U2Jf.l~fl'11""1J'ULL~::fl'11" L,'1~"'U'U ~"~' LUtJ91~~'0''UVlfi LL91~:: ~'lffl1th::"1tu ~In 

fil,°'llF.N1'U~1fi1'i'IL'UU~ L1tufiufi1; ~ 911"Un~amil~n~~1fil'i'IUl'U L °'ll~~~~'il~~LL;'1) 1~n1,1! 

~~-~L~LLr.J'U~ Solar radiation ~~~::u~ni.Ji"1tu Solar radiation 9ll"~'il~~~ 'l uuWu 

~11~n u'i"1~1t.1'lt.in1"lfl~u1u 

Ero = c W.Rs mm. lday 

.ETo = . ~lfil"lfl:-it.1,:: L't'lt.l·U~'ll~~Vl°'lf-cl1~~~ ~""·}~'U) 

Rs = i.J~"1tuLLa~~1VivivvlS'.1~1 Lvi1rtu Vl~'l..iu'i,:; L ~FJL ~; L iJidl~~ L"9l°'l~~1''U 

w = Weighting factor 

c = 

I I I ( ) ~11"11 Rs ~1n'lf'1~fl'11"FJl'1'll~~LLa~91~~'U Sunshine duration 

I 
l!J. ~lfll W ~lfi!l~f.lfl LL~::9l1,1~m1"~~ 

"1 • ~1~1 W .Rs 1i.J~1m1u~m1f'Wi'rtu ETo L'Ufi"llvl ~ 'li.JY1 «>) ~~:E'U~~flum1" 

«>.. n1i~1~1 Solar radiation (Rs) 

-~1 Rs ~11;~,n~1m,LL~~~~ tu -if'UU'U"{'il'll~-..:iui"lr.J1m'i'I (Ra) :d~.:ffumlrtu 

La'U~::~~'il LL~::,::FJ::L'1~1L'U\~~'U~1~ '] 'll~~t] ~::S'J~1LJLvl1f'l'U ~91-i·n~vl lE) a1'U'll~~ Ra 
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rldf • 
fltlUil'i. 

fit.JLI "ill'lMJil\1 Rs LI.a ::fl'l''U l'ldiluTfN'lU1J.,'nl'lfl'lfltlil\1U.~)1 if'1t1''0Jtft1h1~lfi'LLfl fl'l'1U\1tlil\1 

Lll~Mllilfl Mu~vttD\1 Rs ~u~~lfi'mi'lvMu~v ~'1lAA~u.tla)1tML~uMu~vttD\1"a~\1,utf;il'1fl'l., 

I 
l'l'l N 

• l'l'l n 

Rs = (0.25 + 0.50 n/~) Ra 

l: uu 

Stokes 

2. fl'l"JM'l"'°'l Weighting factor (R) 

R1 w 

~'lllLLtJ1Jt.1il\1 Campbell 

u.a:: Tmin tMLil'l .('!'max. + 'I'min)·/2 

a. fl'l.,M'lfi'l Adjustment factor ( C) 
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'5'U~l.ll'fr1i' fi''lll"1'11l.J L·~'l~l.J ~ 1::"11~1'\l L'l~1 'i.ll'V .oo - 'i.l~eOO 'U.) vh::~'U«'U?l'U IE L!JVl1 

. ~'\ltl'UL1T~1l.l1~tl"r1'1~'1 ETo l;L~EJ "l1flf11TW ~~i.JVt 'i.l) LVltJYi~flVl~1'llfl'\l W.Rs L'ULLfi'U 

LL~ ::~"lfi~'U 1 U\11 l. i°'U1"1T'll.J L ~'l~ 1::?1uv!~Vl 1; ~'\l L ~flf) 1 ;Vl1l.J Block 'llfl'\l \"1'11l.J~~::?i''U x 

I I 

"l::f!1'U1"11 ETo 

tlfi~tlw lJ~1l.l11tlfl"l'U~1 E;ro flfl'.1l.l1 L i1w-,VlV1flilt1l.l L;"r1~1tJV11LL "r1W'\l"r1~flLWLLvtV11Lrnw'\l L~tl'l 

fi'if '\l~1'U1f1 imn"l1f1i!f1'111"11'U'l'U~1~l.Jf111 L i'wVJ 1'\l'llfl'\l\"1'1'1l.J L ~'l~l.JLLVl
1

~:: L .;'!:! LL ~'l'U1l.l11"11'U'l'U ~ 1 

ETo 

LVltJL~ Gomputer 
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. "" I 
fl]~/..J't11 ~'~61\5 /IY) C lou..dines~· 

Cloudiness (oktas) 0 1 2 3 l 5 6 7 8 

n/N rauo -95 .85•_75 .65 . 55 .L.5 .35 .15 

Cloudiness (tenths) 0 2 3 L 5 6 7 8 

n/N ret10 .95 .es .8 .75 .65 .ss .s .A .3 

D.ATJ\ 

ruae--~o0N 

1th _Jv'J' 
ean //.Shr/ 
tudc .Jo'}v 
th__./"'?' 

·loudrnes~ 

ean,; 

rume 
m/sec 

Country: L/. JI_,( 
enod · ./.. 

Place: ~o Lat1tude : J4-,., 
on 1tude · JO 

Ra mm/day Table2 ~ ~..:.. /J.8 
data _!.ti" 

.--~~--..'·~ x 
Table 3 13.!J 

n 

N 

11/N cak 
or Table text o.B3 

(0.2S• 0. SOn/N) calc 0. 'l 

calc 

w Table I. 

calc 

estimate 

estimate 

JI Rs- //.t. 

W.Rs 

9 10 

. IS 

A ltuude :y.>-"'7 

Fig. 2 Block/hn· 
'--~~~~~~~--ijn;;x-; 1 

ETo mm/day /.t 

measured or obtained from regional or worldwide meps of solar radianon. 
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c.rrrn'n 2 Extra Tcrr<'Slnol Rod1a112n (Ro) CXJff<'Sscd II\ equivalent evaj?orat1on in mm/day 

\ • 
• . J 

l 
I 
\ 

' t 
t 

Northcrn llc1111 sphere 

Jon Feb Mar Apr Moy June July Aug Sept Oct Nov Dec Lot 

3.8 6.1 9,4 12.7 15.8 17.l 16.4 14.l J0,9 7,4 4.'..i 3.2 50° 
!, . 3 6. 6 9. 8 l 3. 0 15. 9 17. 2 lb. 5 14. J 11 . 2 7. 8 'j. 0 3. 7 48 
t,.9 7.1 10.2 IJ.3 16.0 17.2 lG.6 l4.5 11.5 8.3 5.S 4,3 46 
s.J 1.610.613,7 16.111.216.6 14.7 11.9 8.7 G.o 4.7 u 
5.9 8.111.014.0 16.2 17.J 16.7 l').O 12.2 9.1 6.5 5.2 42 
6.4 tl.611.4 14.J lb.4 17.3 Hi.7 lS.2 12.S 9.6 7.0 5,7 40 
6.9 9.0li.814,5 16.4 11.2 1<>.115.312.s10.o 1.s 6.1 J8 
7,4 9.4 12.114.7 16.4 17.2 16.7 15.4 13.1 J0.6 8.0 6.6 36 
7 .. 9 9.8 12.4 14.8 16.5 17.1 16.8 15.5 IJ.4 10.8 8.5 7.2 34 
8.3 10.2 12.8 15.0 16.5 17.0 16.8 15.6 lJ.6 11.2 9.0 7.8 32 
8. 8 JO. 7 13 . I 1 5. 2 16. 5 1 7 , 0 H) , tl• I 5. 7 1 J . 9 I l. 6 9 . 5 8 . 3 JO 
9,3 11.l lJ.t.15.J 16.516.~ l<i.7 IS.7 14.1 12.0 9.9 8.H 28 
9.8 I I.~ 13,7 15.J IG.t. 16.7 IG.6 15,7 14.J 12.J 10.3 9;3 26 

10.2 IJ.9lJ.915,4 16.4 16.6 lG.5 l').814.512.6 10.7 9.7 24 
10.7 12.J 14.2 IS.') 16.J 16.4 lb.4 l'.).t\ 14.6 13.0 II.I 10.2 22 
11.2 12.7 14.t. 15.6 16.J 16.4 16.J 15.9 14.8 13.J 11.6 10.7 20 
1\.6 1J.o 14.6 15,6 16.1 16.1 1G.1 15.8 14.9 13.6 12.0 11.1 18 
12.o 13,3 14.7 15.6 16.0 15.9 1r;.9 15.7 15.0 13,9 12.4 11.6 16 
12.4 IJ.614.915.7 15.8 15,7 l'.).7 15.7 15.114.112.812.0 14 
12.813.-9 15.l 15,7 15.7 15.5 1').5 15.615.2 14.4 13.3 12.5 12 
lJ.2 14.2 15.J 15.7 15.5 15.3 IS.3 15.S IS.J 14.7 13.6 12.9 10 
lJ.6 14.5 15.J 15.6 lS.3 15.0 IS. I 15.4 15.3 14.8·13.9 13.3 8 
13.914.8 15.4 15.4 15.l 14.7 14.9 15.2 l').3 15.0 14.2 13.7 6 
14. 3 15. 0 15. 5 15. 5 14 . 9 14 . 4 14 . 6 I 5. 1 I 5. 3 l S. I I 4. 5 14 . 1 4 
14.7 15.3 15.6 15,3 14.6 14.2 14.3 14.9 l').J 15.J 14.8 14.4 2 
15. 0 IS . 5. 1 5 . 7 1 5 . 3 I 4 . 4 13 . 9 14 . I 14 . 8 I S :J l 5 . 4 I S . 1 14 . 8 0 

Southern Hemisphere 

Jan Feb Mor Apr May June July Aug SeptOct Nov 'Dec: 

17.5 14.7 10.9 7,0 4,2 J.l 3,5 5,5 8.9 12.9 1~.518.2 
17.614.9 11.2 7,5 4,7 3,5 4.0 6.0 9,J 13.2 16.618.2 
17.7 15.l 11.5 7,9 5.2 4.0 4.4 6.5 9,7 13.416.718.3 
17.815,3 11.9 8.4 5,7 4.4 4,9 6.910.213.~16.718.3 
l 7 . 8 1 5 . 5 1 2 . 2 8 . 8 6 . 1 4 . 9 5. 4 7 . 4 l 0 . 6 l 4 . L' I 6 . 8 l 8 . 3 
17.9 r5.7 12.5 9.2 6.6 5.3 5.9 1.9 11:0 14.2 16.9 18.3 
17.9 15.8 12.8 9.6 1. l 5.8 6.3 8.3 ll.4 14.4 17.o 18.3 
17.9 16.0 13.2 10.1 7,5 6.3 6.8 8.8 11. 7 14.6 17.0 18.2 
l 7. 8 16. I 13. 5 lO. 5 8. 0 6. 8 7. 2 9. 2 12. 0 14. 9 17 .1 18. 2 
17.8 16.2 13.8 10.9 8.5 7,3 7,7 9.6 12.4 15.117.218.1 
17.8 16.4 14.0 11.3 8.9 7.8 8.110.112.715.J11.318.1 
17,7 16.t. lt..3 11.6 9,3 8.2 8.6 10.4 13.0 15,4 11.217,9 
17,6 16.4 14.4 12.0 9,7 tL7 9.1 10.9 lJ.2 15.5 11.217.a·-
17.5 16.5 14.6 12.3 10.2 9.1 9.51i.2 lJ.4 15.617.l 17.7 
17.4 16.514.8 12.6 10.6 9.610.0 ll.613.715.717.017.5 
17.3 16.5 15.0 lJ.O 11.0 10.0 10.4 12.0 13.9 15.8 17.0 17.4 
17.l 16.5 15.113.211.410.410.812.314.l 15.816.817.1 
16.9 16.4 15.2 13.5 11.7 10.8 11.2 12.6 14.3 15.8 16.7 16.8 
16.7 16.4 15.3 13.7 J2. l 11.2 11.612.9 14.515.8 16.516.6 
16.6 16.3 15.4 14.0 12.5 11.612.0 13.2 14.7 15.816.416.5 
16.4 16.3 15.5 14.2 12.8 12.0 12.4 13.5 14.8 15,9 16.2 16.2 
16.1 16.1 15.5 14.4 13. l 12 .4 12. 7 13. 7 14.9 15.8 16.o 16.o 
15.8 16.0 15.6 14.7 13.4 12.8 13.l 14.0 15.0 15.7 15.8 15.7 
15,5 15.8 15.6 14.9 13.8 13.2 13.4 14.3 15. l 15.6 15.5 15.4 
1 5. 3 l 5. 7 l 5. 7 15. 1 14 . 1 13. 5 13 . 7 I 4 . 5 15. 2 15. 5 15. 3 15. 1 
15.0 15,515.7 15,3 14.4 13.914.l 14.8 15.3 15.4 15.l 14.8 

... _ ... _ , .. ____ .................. 
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Mean Doily D11rot1011 of Mox1murn Poss11.Jlc Sunshine Hours (N) for Different Months pn<l Latitudes 

Northern 
Lau Jan rcb M,sr Apr May June July Aug Sept Oct Nov Dec 

Southern 
Lat1 July Aug Sept Oct Nov Dec i Jan Feb Mar Apr May June 

so 8.§ JO, 1 11. 8 lJ,8 15.4 16. 3\ 15.9 -14. 5 12.7 10.8 9.1 8.1 
46 8. 10.2 11. 8 13.6 15.2 16.01 15.6 14.3 12.6 10.9 9,3 8.3 
46 9. 1 10.4 l}. 9 13.5 14.9 15.71 15.4 14. 2 12.6 10.9 9,5 8.7 
44 9,3 10. 5 11. 9 13.4 14.7 15.41 15.2 14.0 12.6 1}. 0 9,7 8.9 
42 9,4 10.6 11.9 13.4 14.6 15.2, 14. 9 13.9 12.6 11. 1 9.8 9.1 
40 9.6 10. 7 11. 9 13.3 14.4 15.0: 14.7 13.7 12.5 11. 2 10.0 ~.J 

35 10.l 11.0 11. 9 13' l 14.0 14.5 14.3 13.5 12.4 11.3 10.3 9.8 
30 10.4 11. 1 12.0 12.9 13.6 14.0· 13.9* 13.2 12.4 11. 5 10.6 10.2 
25 10.7 11. 3 12.0 12.7 13.3 13.7 13.5 13.0 r2.3 11. 6 10.9 10.6 
20 11.0 11. 5 12.0 12.6 13. 1 13.3 13.2 12.8 12.3 11. 7 11. 2 10.9 
15 11. 3 1}. 6 12.0 12.5 12.8 13.0 12.9 12.6 12.2 l}. 8 l l.4 11.2 
10 l l. 6 l}. 8 12.0 12.3 12.6 12.7 12.6 12.4 12. I 11. 8 11. 6 11.5 
5 I 1. 8 11. 9 12.0 12.2 12 3 12.4 12.3 12.3 12. I 12.0 11. 9 11.8 
0 12. 1 12. 1 12. 1 12. l 12. 1 12. I 12. 1 12. I 12. 1 12. 1 12. 1 12.1 

I 
;4 4 Values of We1ghting Factor ~W2 for the Effect of Radiation on ETo at Different Tem:Qeratures and Altitudes 

Ttmperoture 0 c 2· 4 6 8 10 12 14 16 18 20 22 2.4 26 ' 28 30 32 34 36 38 40 

W at altitude m . 
·1 0 0.4J .46 ,49 ,52 ,55 .58 .61 . ()4 .66 .68 . 71 ,73 ,75 . 77• ,78 .80 .82 '.83 .84 .85 
:.1 .. I 500 ,45 .48 . 51 ,54 . 57 .6o .62 .65 . 67 .70 . 72 ,74 ,76 .78 ,79 . 81 .82 .84 .65 .86 
,.:_._ 1 

:(~; w ~ 1 000 .46 ,49 . 52 ,55 .58 .61 .64 .66 . 69 . 71 ,73 ,75 . 77 ,79 .80 .82 .83 .85 .86 .67 
~X}" . 2 000 ,49 . 52 ,55 . 58 .61 .64 .66 .69 . 71 ,73 . 75 . 77 ,79 .81 .82 .84 .85 .86 .87 .68 
~···. 3 000 .52 ,55 . 58 . 61 .64 .66 . 69 .71. ,73 ,75 . 77 .79 . 81 .82 .84 .85 .86 .88 .88 .89 I' ., 4 000 . 55 ,58 .61 .64 .66 . 69 . 7l ,73 .76 .78 . ,79 .81 .83 .84 .85 .86 .88 .89 .90 ,90 . 

: 
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4. V•,.-·>kal-
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2 .. 6 • 10 2 .. 6 
W.Ra.mm/clay W.IU.mm/day , 

c;"',~i Prediction of ETo from W.RSfor dlfferent conditions of mean 
~relative humidity and day time wind. 
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fVR RA DIATtoN N~THdD. 

DIR 

( Volume in drive A has no label· 
I . r Directory of A:\ 

(- REVIEW. f;X_[ 49200 8-02-85 12:54p 
TABLE2S DAT- 4992 1-01-85 12:06a~ 
ETO BAS- 5248 1-01-85 12:14a 

I TABLE4 BAS 1806 1-01-85 2:48a 
TABLE3 BAS 4353 1-01-85 2:5la 
TABLE2S BAK 2469 1-04-80 12:4la 

,cTABLE2N BAS 2525 1-01-85 2:45a 
BLOCKl 1958 1-01-84 l:Ola 

• BASICA COM 27520 3-07-85 1:43p 
TABLE2S BAS 2471 1-01-85 12:05a/ 
TABLE2N DAT- 4992 1-01-85 2:49a 
BASIC • EXE 55808 1-01-83 2:38a 
TABLE4 DAT- 1792 1-01-85 2: 50a '/' 
TABLE3 DAT-· 5248 l-Ol-85 2:52a 

14 File(s) 185344 bytes free 

A:\> 
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L... -• prograg Evapotransiration by Radiation-1-Mthod. 

I 

L 
\ ' ,__ 

I 
I.-

I 
'--

I 
L 

' i 
I 

'-

L 
I 
I 
L 

--~.;-. --· . -·-··· ··-. -- - ···- ----- ---·- - . . . - - ... 
CLEAR \ :j 
oIM T2H(~9 .• 1.2J~.J2S._(.S0.12) ... T.3~9_. l..2). 14(6 .• 40). MN$( 12).0KT(B}. TEN ( 10) 
GQSUB 970 .... >....," ~ ~ ~;N\~;~UJM~l(Sof .• 
c..i,j...:...IHPUT " T Mean. Degree C =";TC:T=INT(TC) 
-~HPUT " Latitude, North/South(N/S) ";LTT,N$:LD=INT{LTT) 

IHPU_T "Wat Altitude meters :";WA 
.....CLS:PRINl :PRINT 
o .E13.IJfT " l. January 
O PRINT. " 2. Febuary 
O PRINT " 3. March 
O PRINT 4. April 
O PRINT " 5. May 
O PRINT 6. June 

7. ..July 
8. August 
9. September" 

October 
November " 
December " 

10. 
11. 
12~ 

O INPUT " Month ";MN 
o PRINT·" 1. Sunshine '":PRINT " 2. C-loudiness" 
o INPUT " What condition l or 2 ";CS - ;; -~~ 
O IF CS=l THEN CS$=" Sunshine":GOTQ 250 
O CS$=" Cloudiness" o INPUT " Cloudiness condition Oktas or Tenths(o/t). Number ";CL$.NUMBER 
O IF CL$=."T" THEN 240 
0 fill=OKT(NUMBER) :GOTO 260 _ r;k,_o(~ 
0 fiN=TEN(NUMBER):GOTO 260 
0 INPU_T" (n).Mean h/day =";Nf"'r\,) 
0 . .If". N$.="S.kTHEN NS$= "South" :GOTO 300 
0 RA=T2N((D';MN):NS$="North" 
o\ij}j:T3(LD.MN):IF CS=l THEN Bti=N/NN:GOTO 330 
0 GOTO 330. \.(N 
0 RA;:.T~(LD,MN) 
0 IF MN>= 7 THEN MN=MN-6 ELSE MN=MN+6 
=>. NN....=..I3.(.LD,MN).: IF CS=l THEN. RN:::N/NN 
0 RS~( 1 25~.5*RN)*RA 
:> . ..CLS..:.PRINT: PRINT 
=> PRINT " 1. Block. I: RH mean 
J PRINT " 2. Block II: RH mean 
J PRINT " 3. Avr. Block II,III: 
:>_ PRDIJ." 4. Block II.I: RH mean 
J PRI~T " 5. Block IV: RH mean 

Low (<40%)" 
Medium-Low (40-55%)" 
RH mean Medium " 
Medium-High (55-70%)" 
High (>70%)" 

).~· ... RH .Mean ='.' ;RJ:L .• 
:>PRINT" 1. Line #1: U daytime= 0-2 m/sec." 
:> J>.R_ IN.T.-.. 2. . . I " Line #2: U daytime .= 2-5 m sec. 
:> PRINT " 3. Line #3: U daytime = 5-8 m/sec." 
:>. PRIN.T:..." 4. Line #4.:. U daytime = > 8 m/sec." 
) INPUT " U daytime =";U . . 
) -IF-WA~--. AND WA<25l. _ . .T.HEN ... W;:l:GOTO 520 
:> IF.~_!'JA>250 AND WA<751 THEN W=2:GOTO 520 
) IF· WA>.7.SO AND WA<l501 . .THEN .W.:3:GOTO 520 
:> I~_WA>l500 AND WA<250l THEN W=4:GOTO 520 
)-IE-.~A>.2500 AND WA<.3501-- .. T.HEN W=5:GOTO 520 

I ) W=6-~ 
~ . )....W:f~(WrT) . 

) WRS=.WT 4*RS 
I 

L 

-·- --·-

)>-ON-Ri:J.- GOSUB 560, 61O,660. 690, 740 
GOT0~790 L 

>--OH-li.: . .Go:ro 5 7 o • 5eo , 5 90. 600 : • _ .AA I ./llltd.l-
> Y=WRS*81/76-.55789473#:RETURN ;•u=l · 
>-.¥.::WRS%9l/.7S-5-.49235668#:RETURN :"U=2 
>. Y=WRS*99/a·o-. 475:RETURN : • U=3 
>-4'~&»;1-07/82-- .. -34878048# :-RETURN--: '·U=4 
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6iO OH U GOTO 620.630~640,&SO :' RH'.~ _ _l 
~_y;WR~*!.6f~5.5-:-.. 46622516#:RETUElN. : 'U=l ..... 
630·Y=WRS*67/63.4-.38832807~:RETURN :'U:2 
64$) v=tfRS!.9..ll7.9 .. ~-:.,.34(>S4088# :.RE.TVRN . : 'U=-3 ... 

-650 Y=WRS*99/71.3-l.~6499298~:RETURN : 'U=4 
660..-GO.SUB .. 610.:. RH 'III: -= er~ n: 'Jl1. I ~;:r .. 
670 Yl=Y:GOSUB 690 -
680 y~;:.Y: Y= ( Yl+Y2)/2: RETURN 
690--0N U GOTO 700, 710, 720. 730 ' RH .IV.~ llf 
79Q..)'_=.WRS*6 7. 5/72- . 625 : RETURN : 'u·:: 1 
710 Y=WRS*6/6.12-.43137254# :RETURN : 'U=2 
720 y:WRS~Bl.3/76-.56736842#:RETURN :'U=3 
730-Y~WRS*B6/77.8-.46825192#:RETURN : 'U=4 
740 ON U GOTO 750, 760, 770, 780 : ' RH ·V 11: ~ 
750 Y=WRS*5/6-.5#:RETURN :'U=l 
760 Y~WRS*64/72-.4888888888#:RETURN :'U=2 
770 Y=WRS*7/7.6-.2105263l~:RETURN : 'U=3 
780.Y~WRS*74.5/74-.61756756#:RETURN :'U=4 
790 ' Print out **************************************************~**** 

~ , 
800(ET~:CLS:PRINT:PRINT 
8101'.Jrl-NT" Given :'-'-
820 .PRINT. • Latitude 
830 PRINT Altitude 
840 PRINT Month 
850 PRINT T mean 
860 PRINT:PRINT 
870 PRINT " Result :" 

::";LTT;" Degree ";NS$ 
::";WA; "Meters". 

" ; MN$ (MN ) ; CS$ 
=";TC;" Degree C" 

880 PRINT ". n/N Ratio::"; RN 
890 PRINT " Ra =";RA;" mm/ day" 
900 .. .P.RINT .. " Rs =" ; RS; " mm/ day" 
910 PRINT" W =";WT4 
920 .P...RINT .. "- W. Rs ="; WRS;" mm/day" 
930 PRINT:PRINT " Evapotranspiration (Eto) =";ETO;" mm/day" 
940 .PRINT:PRINT:INPUT " Do you like to continue Y/N ":ANS$ 
950 IF ANS$.:"y" OR ANS$="y" THEN 60 
960::-END .. 

' -970 Table #2 Extra Terrestrial Radiation (Ra) in mm/day. 
980 .. 0P...EN.-".l.''..,#l, "TABLE2N .DAT" 
990 .'Northern Hemisphere 
1000-F..QR .. I:so TO 0 STEP -1 : ~ 
1010 FOR J=l TO 12 :' i refer 
1.020 -INPUT# 1-, T2N ( I • J ) ; ' Read 
1030_NEXT J,I:CLOSE 
1040 'Souther.n.-Hemisphere 

j refer to Latitude ( 50 -> O) 
to month (Jan -> Dec) 
table #2 Northern 

1050 OPEN "!" .~H, "TABLE2S.DAT" 
1060....f'.OR-I:SO-.TO.O STEP -1 : ' j refer to Latitude ( 50 -> O) 
1070 FOR J=l TO 12 :' i refer to month (Jan-> Dec) 
l.080-.INPUT#l-.-T2S(-I,J) : ' Read table #2 Southern 
L090 NEXT J,I:CLOSE 
UOO ~..able~3-MeaR Dai-ly duratioR of Maximum Possible Sunshine Hour (N). 
lllO 'Northern Latitude · 
l-1-20-0PEN--" .. I.'.' ,-# 1-, "TABLE3. DAT;, 
.l30 FOR I=so TOO STEP -1 :' j.refer to Latitude ( 50 -> 0) 
•140-F-OR-.1:1. :ro 12 : ' i refer to month (Jan -> Dec) 
.150 INPUT#l,T3(I,J) :' Read Table 3 North 
,l6 0-NEXT---J, I: CLOSE 
.170 'Table #4 Values of Weighting Factor (W) . 
. -180--oP.£~---~'. I~·-, #1, "TABLE4. DAT" -· 
19Q FOR I=l TO 6 :' j refer to Wat Altutude meters. ( 0 -> 4000) 
200 FOR-J=2 TO ··40-:' i refer- -to Temperature C (2 -> 40) 
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-... . . .. 
1210 INPUT~l.T4(1.J) :' Read Table~ 
122~ NEXT J.I:CLOSE 
1230 MN$( 1 ):"'.J.anuary": MN$( 2) = "Febu"ary··: MN$( 3 )="March" 
1240 MN$(4)="April":MN$(5)="May":MN$(6)="June" 
1250 MNS(7)="July":MN$(8)="August":MN$(9)="September" 
1260 MN$( 10) ="October·" :MN$~ 11 )= "Novermber .. : MN$( 1:.2) ="December" 
1270 F.OR I=O TO 7:READ OKT(I):NEXT I . 
1280 DATA 0.95,0.85,0.75,0.65,0.55.0.45.0.35.0.15 
1290 FOR I=O TO 9:READ TEN(I):NEXT I 
1300 DATA 0.95,0.85.,0.8,0.75,0.65,0.55~0-5,0.4,0.3,0.15 
1310 RETURN 
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I • -
..._ E T2N.BAS 

9 not found 
I L >TABLE21LBAS 

command or file name 

l >OTYPE 6666444 
L >TYPE TABLE2N. BAS 

DIM. T2N(60,30) 
1 ) 'Table #2 Extra Terrestrial Radiation (Ra) in mm/day. 
L > "Northern Hemisphere 

1 
L 
I 
i 
I 
L-

L. 

FOR I=SO TO 0 STEP -2:FOR J=l TO 12 
READ T2N(I,J):NEXT J,l 
OPEN "Q",#l,"TABLE2N.DAT" 
for 1=50 to 0 step -1 :' I refer to Latitude ( 50 -> 0) 
for J=l to 12 :' J refer to month (Jan-> Dec) 
IF I/2-INT(I/2)=0 THEN 1040 
T2N(I,J)=(T2N(I+l.J)+T2N(I-l,J))/2 
PRINT#l.t2n(i,j) :' Read table #2 Northern 
next j,i:CLOSE 
DATA 3.8, 6.1, 9.4.12.7.15.8,17.1,16.4,14.l,10.9, 7.4, 4.5, 3.2 :'Lat50 
~ATA- 4.3, 6.6, 9.8,13.0,15.9,17.2,16.5,14.3,11.2, 7.8. 5.0, 3.7 :'Lat48 
DATA 4.9, 7.l,10.2.13.3,16.0,17.2,16.6,14.5,ll.5. 8.3, 5.5, 4.3 :'Lat46 
DATA-S.3, 7.6.10.6,13.7,16.1,17.2,16.6,14.7,ll.9, 8.7, 6.0, 4.7 :'Lat44 
DATA: 5.9, 8.l,ll.0,14.0,16.2,17.3,l6.7,l5.0,12.2, 9.1, 6.5, 5.2 :'Lat42 
DATA.~6.4, 8.6,11.4,14.3,16.4,17.3,16.7,15.2,12.5, 9.6, 7.0, 5.7 :'Lat40 
DATA ?6.9, 9.0,ll.8.14.5,16.4,17.2,16.7,15.3.12.8.10.0, 7.5, 6.1 :'Lat38 

"./ 

DATA·' 7. 4, 9. 4, 12. l. 14. 7, 16. 4, 17. 2, 16. 7, 15. 4, 13. l, 10. 6 ,- 8 .-0-,-6~.~6,___,:~'-tL,,.,;a~t1::;;3:'>16tr 
DATA.i7.9, 9.8,12.4,14.8.16.5,17.l,16.8.15.5.13.4,10.8, 8.5, 7.2 :'Lat34 
DATA_.~ 8.3,10.2,12.8,15.0,16.5,17.0,16.8,15.6,13.6,ll.2, 9.0, 7.8 : 'Lat32 
DATA~!B.8,10.7,13.l,15.2,16.5,17.0,16.8,15.7,13.9,ll.6, 9.5, 8.3 :'Lat30 
DATA .. ~.?_9. 3, 11. l, 13. 4, 15. 3, 16 :5, 16. 8, 16. 7, 15. 7, 14. l, 12. 0, 9. 9, 8. 8 : 'La t28 
DATA.}~.8,ll.5,13.7,15.3,16.4,16.7,16.6,15.7,14.3,12.3,l0.3. 9.3 :'Lat26 
DAT A_:_l 0 . 2 , 11. 9 , 13 . q • 15 . 4 • 16 . 4 , 16 . 6 , 16 . 5 , 15 . 8 , 14 . 5 , 12 . 6 , l 0 . 7 , 9 . 7 : ' La t2 4 
DATA"" lo 7 · .• Lat22 . . ,12.3,14.2,15.5,16.3,16.4,16.4,15.8,14.6,13.0.ll.l,10.2 
DATA°!,.. 7 .~11.2,12.7,14.4,15.6,16.3,l6.4,l6.3,l5.9,l4.8,lJ.3,ll.6,l0.7 :'Lat20 
DAT ~~-11 ./ 6 , 13 . 0 , 14 . 6 , 15. 6 , 16 . l • 16. 1 • 16. l , 15 . 8, l._ 4 . 9 , 13 . 6 • 12. 0 , 11 . l : ' Lat 18 
DAT~Ll2.0,13.3,l4.7,15.6,16.0,15.9,15.9,15.7,15.0,13.9.12.4,ll.6 :'Latl6 
DATA .. ·''12 • _ ·,. · 4, 13. 6, 14. 9. 15. 7, 15. 8, 15. 7. 15. 7, 15. 7, 15. l, 14. l, 12. 8. 12. 0 : La tl 4 
DATA ~2.8,13.9,15.l,15.7,15.7;15.5,15.5,15.6,15.2,14.4,13.3,12.5 :'Latl2 
DATA~ .. ~.3. 2, 14. 2, 15. 3. 15. 7, 15. 5, 15. 3. 15. 3. 15. 5, 15. 3. 14. 7, 13. 6, 12. q : 'La tlO 
DATA .1-3.6,14.5,15.3,15.6,15.3,15.0,15.l,15.4,15.3,14.8,13.9,13.3 :'Lat 8 
DATA ~3.9,14.8,15.4.15.4.15.1;14.7,14.9,15.2,15.3,15.0,l4.2,l3.7 :'Lat 6 
DATA:~4-.3,15.0,15.5,15.5,14.9,.14.4,l4.6,15.l,15.3,15.l,14.5,l4.l : 'Lat 4 
DATA ~4.7,15.3,15.6,15.3.14.6,14.2,14.3,14.q,15.3.15.3,l4.8.14.4 :'Lat 2 
·DATA,!S.0,15.5.15.7.15.3,14.4~13.9,14.l,14.8,15.3,15.4,15Jl,14.8 :,Lat 0 

~ . ~~ .. 
-~ YPE ... .,: 

,, 
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L TABLE2S.BAS 
. ) DIM T2S(60,30) 

) •southern Hemisphere 
r L FOR I=SO TO 0 STEP -2: JR J: l TO 12 
\ , z READ T2S(l,J):NEXT J,I 
'- s OPEN "O"', #1, "TABL~2S.DAT" 

) for I=SO too STEP -1 :' I refer. to ~a~itude ( SO-> 0) 
\ >for J=l to 12 :' J refer to Mo·ths (.Jan-> Dec) 
"""' ) If I/2-INT( I/2)=0 THEN 2040 

, T2S(I,J):(T2S(I+l,.J)+T2S(I-l,J))/2 
\ > PRINT#l,T2S(I,J) :'Read table #2 Sout:ern 
L 1 next J. I :CLOSE 

1 DATA 17.S,14.7.10.9,07.0,04.2,03.l,03.6,05.5,08.9,12.9.16.5,18.2 
I DATA 17.6,14.9.ll.2,07.5,04.7,03.5,04.9,06.0,09.3,13.2,16.6,18.2 
I DATA 17.7.15.l.ll.5,07.9,05.2,04.0,04.4,06.5,09.7,13.4,16.7,18.3 

DATA 17.8,15.3,ll.9,08.4,05.7,04.4,04.9,06.9,10.2,13.7,16.7,18.3 
I DATA 17.8,15.5,12.2,08.8,06.l,04_9,05.4,07.4,l0_6,l4.0,l6.8,l8.3 

DATA 17.9,15.7,12.5,09.2,06.6,05.3,05.9,07.9,ll.0,14.2,16.9,l8.3 
DATA 17.9,15.8,12.8,09.6,07.l,05.8,06.~.08.3,ll.4,14.4,17.0,18.3 
DATA 17.9,16.0,13.2,10.l,07.5,06.3,06.8,08.8,ll.7,l4.6,l7.0,l8.2 
DATA 17.8,16.l.13.5.10.5,08.0,06.8,07.2,09.2,12.0,14.9,17.l,l8.2 
DATA 17.8,16.2,13.8,10.9,08.5,07.3,07.3,09.6,12.4,l5.l,l7.2,l8.l 

'DATA 17.8,16.4,14.0,ll.3,08.9,07.8,08 .. ,lO.l,l2.7,l5.3,l7.3,l8.l 
DATA 17.7,16.4,14.3,ll.6,09.3,08.2,08.6,10.4,13.0,l5.4,l7.2,l7.9 
DATA 17.6,16.4,14.4,12.0,09.7,08.7,09.2,10.9,l3.2,l5.5,17.2,l7.8 

i-. DATA 17.5,16.5,14.6,12.~,10.2,09.1,09.6,11.2,13.4,15.6,17.1,17.7 
DATA 17.4,16.5,14.8,12.6,10.6,09.6,l0.:,11.6,l3.7,15.7,17.0,17.5 
DATA 17.4,16.5,15.0,13.0,ll.0,10.0,10.4,12.0,13.9,15.8,17.0,l7.4 
D~TA 17.l.16.5,15.l,13.2,11.4,10.4,lO.e,12.3,14.l,15.8,16.8,17.l 
DATA 16.9,16.4,15.2,13.5,ll.7,10.8,ll.2,12.6,14.3,15.8,16.7,16.8 
DATA 16.7,16.4,15.3,13.7,12.l,ll.2,ll.6,12.9,14.5,15.8,16.5,16.6 
,DATA 16.6,16.3,15.4,14.0,12.5,ll.6,12.0,13.2,14.7,15.8,16.4,16.5 
DATA 16. 4, 16. 3. 15. 5, 14~2·-;-±2-:-8";-t·~.-rz-:--c::,13_5,14. 8, 15. 9, 16. 2, 16. 2 
DAT A 16 . l , 16\-1 • 15 . 5 , 14 . 4 , 13 . 1 , 12 . 4 , 12 . - , 13 . 7 • 14 . 9 • 15 . 8 , 16 . 0 • 16 . 0 
D~TA 15.8,16.0,15.6,14/,7,13.4,12.8,13.2,14.0,l5.0,l5.7,l5.8,l5.7 
DA"l"A 15.5,15.8.15.6,14.9,13.8,13.2,13.Z,14.3,15.l,15.6,15.5,15.4 
DATA 15.3,15.7,15.7,15.l,14.l,13.5,13.~,14.5,15.2,15.5,15.3,15.l 

·DATA 15.0,15.5,15.7,15.3,14.4,13.9,14.2,14.8,15.3,15.4,15.1,14.8 

"YPE TA8LE3SBAS 

' 
L 

--··-·· 

: 'Lat50 
: 'La t48 
: 'Lat46 
: 'La t44 
: 'La t42 
: 'La t40 
: 'Lat38 
:'Lat36 
: 'Lat34 
:'Lat.32 
:'Lat30 
: 'La t28 
: 'Lat26 
: 'Lat24 
: 'Lat22 
: 'Lat20 
:'Latl8 
: 'Latl6 
:'Latl4 
:'Lat12 
: 'LatlO 
: 'Lat 8 
: 'Lat 6 
: 'Lat 4 
: 'Lat 2 
: 'Lat 0 

Ir 

1C 
]..( 

l<. 
l( 

3( 
3.C.. 
3f 

4c .. 
SC. 
s::::. 
5-4. 
56. 
se. 
60. 
c.:. 
b4. 

66. 
66. 
70. 
T2. 
74. 
7b, 
78. 
80. 
SC . 
80. 
80, 
80, 
80, 
84, 
88,. 
92,. 
96. 
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2~9 DIM T3(60,20) 

- .17'4 -

3000 'Table #3 Mean Daily duration of Maximum Possible Sunshine Hour (N) ... 30 0 'No~thern.Latitude 
3ci....l• FOR ·l=SO TO 40 STEP -2:FOR . .J=l TO 12 
3012 READ T~(I,J):NEXT J,I 
39-· 3 FOR I=SO TO 40 STEP --1: FOR .J=l TO 12 
30 4 IF 1/2-INT(I/2)=0 THEN 3016 
30TS T3(I,J')=(T3(I+l,.J)~T3(I-l.,J'))/2 
301"6 NEXT .J. I 
3~ 7 RESTORE 3110 
30\....3 FOR I=40 TO 0 STEP -J:~OR J=l TO 12 
3019 READ T3(I,J'):NEXT J,I 
301 ) OPEN "O", #1, "TABLE3. DAT·· 
30 ..... ) for I=SO to 0 step -1 : •· j refer to Latitude ( 50 -> O.l1 
3038 for J=l to 12 :' i refer to month (Jan-> Dec) 
30~0 PRINT#l,t3(i,j) :' Read Table 3 North 
'50!: ) next j. i: CLOSE 
m5o DATA 8.S,10 ... l,ll.8,l3.8,15.4,16.3,15 ... 9,14.5,12.7,10.8, )9.1, 8.1 
5070 DATA 8 ... B,10.2,ll.8,l3.6,15.2,16.0,15 ... 6,14 ... 3,12 ... 6,10.9, 9 ... 3, 8.3 
50~ ) DAT A 9 . l , l 0. 4, l L 9. :":. 3. 5 , 14 . 9, 15 ... 7. 15. 4, 14. 2 , 12. 6, 10. 9, 9. 5, 8 . 7 
~O<i,_i DATA 9 ... 3,10.5,ll.9,:?..4,14.7,15.4,15.2,14.0,12.6,ll.O, 9.7, 8.9 
)100 DATA 9 ... 4,10.6,ll.9,:~.4,14.6,15.2,14.9,l3.9,l2 ... 6,ll.l, 9.8, 9.1 
;11 ·DATA 9.6,10 ... 70,ll.9,:3.30,14 ... 40,15.0,14.70,13.70,12 ... 50,ll.20,i0 ... 00,09.3 
0 ll~ DATA 9.7,10.76,ll.9,13.26,14.32,14.9,14.62,13.66,12.48,ll ... 22,10.06,09.4 
112 CATA 9.8,10.82,ll.9,13.22,14.24,14.8,14.54,13.62,12.46,ll.24,10.12,09.5 
ll~ DATA 9.9,10 ... 88,ll.9,lZ.1:9,14 ... 16,14.7,14.46,13.58,12.44,ll ... 26,10.18,09.6 
11 DATA 10.0,10.94,ll.9,13.14,14.0B,14.6,14.38,13.54,12.42,ll ... 28,10.24,09.7 
liv DATA 10.lO.ll.OO,ll.~0.i3.l0,14.00,14 ... 50,14.30,13.50,12.40,ll.30,10.30,0Q.8 
121 DATA 10.16,ll ... 02,ll.~L.:3.06~13 ... 92,14.40,14.22,13 ... 44,12.40,ll.34,10.36,09.88 
12: DATA 10.22,ll.04.ll.~4.~3.02,13.84,14.30,!4.14,13.38,12.40,11.38,10.42,09. 06 
12:_ DATA 10. 28. 11. 06, 11. ~(.,: 2. 98, 13. 76, 14. 20, 14. 06, 13. 32, ,1~. 40_._l.L-42-.,..J.0_.48_ 10. C 
124 DATA 10.32,ll.08,ll.98.!2.94,13.68.14.10,13.98.13.26.12.40,11.46,10.54,10.!2 
131 DATA 10.40,ll.10,12.00,:2.90,13.60.14.00,13.90,13.20,12.40,ll.50,10.60,10.20 
13LDATA 10.46,ll.14,12.00,12.86,13.54,13 ... 94,13.82,13-16,12.38,ll.52,10.66,10.2 
132 DATA 10.52,ll.lB,12.00.!2.82,13.48.13.88,13 ... 74.13.12,12.36,11.54,10.72,10.36 
l3~ DATA 10.58,ll.22,12.00.12.78,13.42.13.BZ,13.66.13.08,12.34,ll.56.10.78,10.~ 4 
L3~ DATA 10.64,ll.26,12.00,12.74,13 ... 36.13.76,13.58,13.04,12.32,11.58.10.84,10.S' 
.4(::]-DATA 10.70,11.30,12.00,12.70,13.30,13.70,13.50,13.00.12.30,ll.60,10.qO.lO_oO 
.41 DATA 10.76,ll.34,12.0~.~2.68,13.26.13.62,13.44,12.96,12.30,ll.62,10.9b,l0.6o 
.4~ DATA 10.82.ll.38,12.00,l2.66,13.22.13.54,13.38.12.92,12.30,ll.o4,li.02,10.7. 
4.LDATA 10.88,ll.42,12.0G,12.64,13.18.13.46,13.32,12.88,12 ... 30,ll.o6,ll.08.l0.'? 
44 DATA 10.o4,ll.46,12.00.12.62,13.14.13.38,13.26,12.84,12.30,ll.68,ll.14,10.8~ 
sc DATA 11.oo.11.so.12.oo,12.60, 1 ::,_10.13_30,13.20.12.so,12.30.11.10.1i .20.10.c-.. 
S\_DATA ll.06,11.52.12.00,12.58,13.04,13.24.13.14,12.76.12.28.11.7:.11 .24,10_9~ 
52 DATA ll.12,ll.54,12.0G,12.56,12.98,13 ... 18,13.08,12.72,12.26,ll.74.ll.28.11.02 
5~ DATA ll.18,ll.56,12.00,12 ... 54,12.92.13.12,13.02,12.68.12.24,ll.7c,~i.32,ll.0. 
54, DATA ll.24,11.58,12.00,12.52,12.86.13.06,12.96,12.64.12.22.11.78.ll .36,!J _la 
60-DATA 11. 30. l L cO. 12. OCJ. 12. 50, 12. BO, 13. 00, 12. 90, 12. 60. 12. 20. 11. 80. l J 40. l l :? 
61-DATA 11 .36,ll.64.12.00,12.46,12.7~.12 ... 94,12.84,12.56.12.18,11.80 .• : w~--~: 
6Z DATA 11.42,11.68,12.0u, 12.42,12. 72,12.88,12.78,12.52.12.16,11.80.!1 48,li ~~ 
63~)ATA ll.48,ll.72,12.0U,12.38,12.68,12.82,12.72,12.48,12 ... 14,ll.80.11.52,lJ ~2 
64 ·DATA ll.54,ll.76,12.00,12.34,12.64,12.76,12.66,12.44,12.12,ll.80.11.56,1l.~ 
70: ')ATA 11 ... 60, 11 . 80, 12. OCJ. l 2 ... 30, 12. 60. 12. 70, 12. 60, 12. 40, 12. 10, 11. 80, 11 . 60, ... l · : 7

li )ATA 11. 64. 11. 82. 12 ... 00. l 2. 28, 12 ... 54, 12. 64, 12. 54, 12. 38, 12 ... 10, 11. 84, 11. 66. i l ~c 72~ATA ll.68,ll.84,12.0u,12.26,l2.48,12 ... SB,12.48,12 ... 36,12 ... 10,ll ... 88,ll.72,ll ~ 
?3 DATA ll.72.ll.86,12 ... 00,!~.24,12.42.12.52,12.42.12.34,12.10,11.92,ll.78,ll.bt 7 
4, )ATA 11 . 7 6, 11. 38, l :'. Q(,. 2 :.·. ::>. 12. 36. l~. 46, 12. 36. 12 ... 32 ~ 12. 10, 11. 96. 11. 84. 11 · 7 -~ 

->0·-'c.iTA 11.ao,r 1.90, \Z.oo, r2: ... 20, 12 .30,1z.40,12.3o,12.3o,12.10,12.oo .. 11.!io>11.e 
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DATA -ll.92,ll.98.12.04,12.16,12.22.12.28.i2.22.12.22,12.10,12.04,ll.98,1~ 
DATA ll.98.12.02,12.06,12.14,12.18,12.22,12.18,12.18,12.10,12.06,12.02,lJ. 
DATA 12.04,12.06,12.08,12.12,12.14,12.16,12.14,12.14,12.10,12.08,l2.06,l: 
DATA 12.10,12.10,12.10,12.10,12.10,12.10,12.10,12.10,l2.10,12.10,12.10.l: 
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_r.VP£ TABLE~-BAS 
~000 DIM T4(10 .. 50) 
f010 FOR I=l T 6.:FOR J:.2 .TO 40 
:o20 READ T 4 ( l .. J') : NEXT J , I 
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;oOO 'Table ~4 Values of Weighting Factor (W) . 
. 001 OPEN .. 0 .. , ~U. "TABLE4. DAT" 
.020.for I=l to 6 :' I refer to Wat Altutude meters. ( O -> 4000 ) 
.025 for J=2 to 40 :' J refer to Temperature C (2 -> 40) 
.030· PRINTttl., t4( i. j) -: ' Read Table ~4 
.oso next j.i:CLOSE 
·060 DATA 0.43,.450,0.46,.475,0.49,.505.,0.52.,.535.0.55,.565 
·065 DATA 0.58,.595,0.61,.625,0.64,.650.0.66,.670,0.68,.695 
+070 DATA 0.71,.720,0.73,.740,0.75,.760,0.77,.775,0.78,.790 
.075 DATA 0.80,.810,0.82, .825,0.83,.835,0.84,.845,0.85 
1080 QATA 0.45,.465,0.48,.495,0.51,.525,0.54,.555,0.57,.585 
.oas DATA 0.60,.610,0.62,.635,0.65,.660~0.67,.685,0.70, .710 
1090 DATA 0.72,.730,0.74,.750,0.7h,.770,0.78,.785,0.79,.800 
0 095 DATA 0.81,.815,0.82,.830,0.84,.845,0.85,.855,0.86 
·100 DATA· 0.46,.475,-0.49,.505,0.52,.535,0.55,.565,0.58,.595 

:• 

. ·---: ...,. .. . ,. 
:~.·£~~ .. ~. 

--- .... 

-- -----.. -.. --
•' --.. -a. --
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'.- . 
T -Mean Degree c .·=? 29.2 
Latitude. North/South(N/S) ? lS.N 
h ~t Altitude meters =? 350 

-'"°U.U t' 

t E-"CJUit.I"" 

•·lat iL.t1 

4. Ht>r .A.A 

!>. Ma)' 

o. .1Ut• 

Mont.11 , 

l. ~ ... ,~ 

2. Uoudsness 

7_ .Jub 
.,_ ft1$.!in. 
.,._ ~ .. .... Uc'-OOP• 

; J. _, 
l.L. ~I 

. What. <Xlll011.1.:A1 , U1 2 -, l 

I lo I ri.;...v-, h/~)' -. E,_Q 

Gi\JE.tv 
!>£=G• NO~"t'H lAT1TlJf>£ l«l 

Al.TITV1>E t 3SO METES 

~t-ITI-\ ' J'"4NVAfY SUN~~""E' 

T-t.C£A.N ~ 2.CJ.2 [lee,.. C 

Result 
n/N Ratio= _4 
Ra 11 . .6 mm/day 
Rs = 5.22 mm/day 
w .785 
W.Rs 4_0977 mm/day 

1 _ Block 1 ~ NH nie..,.. Low 1 <.40X ; 
i/._ Block J): f"+1 in..MI ""'°lUllt-'"'°"' I 4(i-b!.," .. · 

::;_ PNr. Eilock J l, .1 I: "11 "llO-.at• !'led• um 

"1. Block 111: flh rne~· f'1eci • wn-h 1 ~· • • 
1•!·- .,, ·. 

~- Block JV: fit1 "~..,.. H1911 • -Ju-.;.' 
fiH ~ :.:·:. 

1- a...ine •1: u a.ayt.1toE- =- (r-, nv &t<'(.. 

~ l.i.nE- •2: u <iaY\.•1- :.. .:.:-!:> la/~. ..... 
.:s. L:ane •::S: u dayt..- = ~ 111/ioeC.. 

4. Line ~: u dayt.~HIE' :. ;, C• fll/~. 

~vapotranspiration (Eto) = 3.942049 mm/day 
... -: ~ .. 

. .... 
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PENMAN MEI'HOD 

'S«tft~~~luffftan,.,uufinft,~a~~~M~fi (~) ft~,ulu. (% R.H) M~utuv.J~e\1 

ft~"luft'ule (mba.r), ft•nui.4~aui.Mu~::fl'uffufiu 2 LUA'1 (Km. /day) ua::ft~,UtJ"'l.~ 
i . . ,·. - . . 2 

t1a\1tJ~\1LLil'1° (Sunshine duratio.n,hrs/day)n.;aft-:ttta\1\1,U (langley/day Cal./cm . 

/day) 

Ii!'> JI <l 1!>... II <l 1$ I J . _... -
~am~~ ft~,U~'Ua,fl,A LLiil::ft~,UL'1~iilU ·•Ufl,.,il.,,\1ilUft,.,ftR\1aUU'UM'U9,u~a'l1flq!:t!)fltliW'1U 

nu11,nn-haun"'l..,ft'iu~ufh E'!'o ilun,.,itu i fIJJ.sa fi_ 252s) 

"Fenman (1948) 

.Ero = 6 Rn .+ -6" ·Ea 
.A + (( 

.I Lua Rn· = i''1irii{flfi .. ;nnA~'1a"'l.ii'Afi (Net s_olar radiation) 

(Psychrometric constant, iifi, 0. 66 mbar/ ° C) 

-Rn = Ra ( 1 - cf.. ) 0. 26 + 0 . .50 n /N) 

6T4 (0.56 - 0.797./ea) (0.10 + 0.90 n/N) 

LS:fa Ra = 

.lf. = 

1$ l I' I iAq,uu Penman tlft, = 

n = 
N = 



f 
I 
L 

I.... - .• 

,__ . 

2 'l'erms 

17.9" -. -' , 

:u:u. /'lu 

.. ed = 

ed x: ea = 
1 oci 

~a = 

Ea 

Ea = 0.262 (ea - ed) (1 + 0.0062 u2) 

= 

= 

{j 
2 

0 

= 

= 

u1 log 2 
log h 

u1 0.3010 
log h 

(Knot) 

1 ua~ = 44.47a fl:U.}'"i'u 

= Energy term 

Aerodynamic term 

(fl:u.J'"i'u) 



i....... 

iUJU'N aerodynamic t~rm s.i::iiunu'lt'I it~ll'l'lJ (Doorenbos and Pruitt, 1977) 

Computer Program ETo 

,_ 
. . 

·L~'lLU Program. tiuR'E"tith · i.J .;u,tuuit"'fl,l'l.;,1i1::iil~"'il'l'l1il'1U~..,t1,rnfl (ly /day) 
' L.. 

\_. . 
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r 
I 

L' Pl,'3,~· 1-1 LUtfl"A'l N-POSSIBLE (hr/day) LL~~ SOLAR RADDIATION-POSSIBLE 

(ly/day) 
L 

MONTH N-POSS SOLAR RAD.-POSS. 

i JAN. 11 .671.b "-• 

FEB. 11.2 757.4 
L 

11.9 MAR. 856,9 

APR. 12.4 927.1 
'-' 

MAY. 12.9 954,5 
,_ JUN. 13.1 957.;3 

.... 
I JUL. 13 952,5 
I 
L AUG. 12.6 932.6 

\ SEP. 12.1 880.4 
L 

OCT. 11.6 709.8 

i_ NOV. 11.1 691+. 2 

DEC. 10.9 644.9 
i 
"-

i_ 

L 
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.m~ A - i ~·~tiD"riwlu~\l:: .. lm~lcuWj1tuii'h.rnmnlfltlnil1tua~ri1wiuin1fimv.i':miitiuLij\4~11 -
t.M.~ :U.fl. II.~. ii.fl. L:U.(J. l't.fl. ir.fJ. n.~. ~.fl. fl.fl. fl.fl. .... u. ?.f: . 

sON 3.8 6.1 !f.4 12. 7 15.P 17.1 1b.4 14.1 10.9 7.4 .C.5 3.~ 

... 4.3 6.6 9.6 13.v , 5.!. 17.2 16.5 1.C.3 11.2 7.8 5.0 3.7 

.-6 4.g 7.1 10.2 13.3 16..Ci 17.2 16.6 14.5 11.5 8.3 5.5 .C.3 

" 5.3 7.6 10.6 13. 7 16..1 17.2 16.6 14.7 11.0 8.7 6.0 4,7 

Q 5.9 8.1 11.0 1.C.C 1U 17.3 16.7 15.0 12.2 0.1 6.5 5.2 

AO 6.4 8.6 11,.C 1.C.3 1f.A 17.3 16.7 15.2 12.5 g,6 7.0 5.7 

38 6.g g.o 11.8 1.C.5 16.4 17.2 16.7 15.3 12.8 10.0 7.5 6.1 

36 7 . .( g,.( 12.; 1.C.7 16 • .C 17.2 16.7 15.4 13. 1 10.6 8.0 6.6 

~ 1.g g,8 12 • .c 1".8 H5.5 17. ~ 1e.8 15.5 13 • .C 10.8 8.5 7.2 

32 8.3 10.2 12.e 15.0 16.5 17.0 16.8 15.6 13.6 11.2 Q.o 1.e 

30 8.8 10.7 13.1 15.2 16.5 17.0 16.8 15.7 13.Q 11.6 Q.5 e.3 

21 Q.3 11., 13 • .C 15.3 16.5 16.8 16.7 15.7 g.1 12.0 Q.Q 8.8 

26 Q.8 11.5 13. 7 15.3 16.4 16.7 16.6 15.7 1".3 12.3 10.3 Q.3 

2•· 10.2 11.9 13.9 15.~ 16.4 16.6 16.5 15.e 1.(.5 12.6 10.7 9.7 

22 10. 7 12.3 1.(.2 15.5 16.3 16 • .C 16.4 15.(1 14.6 13.0 11.1 10.2 

20 11.2 12.7 1" . .C 15.6 1€ .• 3 16 • .( 16.3 15.9 14.El 13.3 i 1.6 10.7 

18 11.6 13.0 14.6 15.6 16. i 16.1 16.1 15.8 1.(.9 13.6 12.0 11. 1 

16 12.0 13.3 1". 7 15.6 16.0 15.9 15.9 15.7 i5.0 13.9 12.4 11.6 

14 12 • .( 13.6 1.C.9 15.7 15.8 15. 7 15.7 15.7 15.1 14. 1 12.8 12.0 
. 
12 12.6 13.9 15.1 15. 7 15. 7 15.5 15.5 15.6 15.2 14.4 13.3 12.5 

10 13.2 14.2 15.3 15.7 15.5 15.3 15.3 15.5 15.3 14. 7 13.6 12.9 

• 13.6 14.5 15.3 15.f 15.3 15.0 15. 1 15.'4 15.3 1'4.8 13.9 13.3 
. •,. -e:. 13.9 14.8 15 • .c 15 • .C 15. 1 14. 7 14.9 15.2 15.3 15.0 14.2 13.7 
-:..~ .. . 4: 14.3 15.0 15.5 15.5 14.9 14.4 14.6 15.1 15.3 15.1 14.5 1'. 1 .. 
-t 
~,~ 14.7 15.3 , 5.6 15.3 14.6 1".2 14.3 1'4.9 15.3 15.3 14.6 14.4 
·?":. 
~o··· 15.0 15.5 ~ 5. 7 15.3 14 . .C 13.9 14.1 14.8 15.3 15.4 15.1 14.8 
~-
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: 
L t111~ A -2 fi,,,£J.,m7wn.,fi~1mt1~li'hth•im aT•,&udhu)m1n-r.~::mtn10.,~1 1w w./~u - , . 
L 

aT~ ar" 01'4 

T°C llll./i''U T°C llll./ila T. (" mt.Jiu 

0 11.21 17 . 14.28 34 17.93 

L 1 11.38 18 14 • .a 3~ 18.17 

2 11.55 19 14.68 36 16.41 

3 11. 7'} 20 14.88 37 18.64 

... 11.89 21 15.08 38 18.89 

5 12.06 22 15.29 39 19.13 

6 12.23 23 15.50 40 19.38 

7 12.41 24 15.71 .:1 19.63 

( 8 12.59 25 15.92 42 19.8f 

g 12.77 26 16.141 43 20.13 

10 12.95 27 16.35 44 :?().39 

'--

11 13.13 28 16.57 45 20.65 

12 13.32 29 16.79 46 20.91 

13 13.51 30 17.02 47 21.17 

14 13.70 31 17.24 48 21.44 

15 13.89 32 17.47 49 21.70 

16 14.08 33 1/.70 50 21.98 

,.____ 

'--

'-

. _.,. 
....... _ :. -



L 
! 

L 

L 

L 
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T"C 

tl 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 
. ---

1-4 

15 

16 
··-

17 .. 
18 

.. 
19 

·. 20 
·.;·~2t 

~---:: 

' .. 22 
'..., 

: 23 

-~· 24 
·"-

~.,., 

.o 
6.1 I 

6.57 

7.0S 

7.57 

8. 13 

6.7? 

9.35 

10.01 

10. 72 

11.47 

12.27 

13. 12 

14.02 

14.97 

15.96 

17.04 

18.17 

19.37 

20.63 

21.96 

23.37 

24.86 

26.43 

26.09 

29.83 
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. . ., 
~A . 3 ",,~liuimhfii.~, .... iini:"'lli, ttJl4 i:iih.1i'3 

-

Ylfl~~°''~~ 

I . 1 .2 .3 .... .5 .6 .1 .e .9 

I 

6·.1s 6.20 6.24 6~ 6.33 6.38 6.-42 6.41 b.SZ I 
' 

6.f>l 6.66 6.71 f>. 7f 6.fl1 6.65 6.90 6.95 7.00 

7.10 1.16 l.2\ ).2f. l.3t 7.3() 7.41 7.-47 1. '51. 

7.63 7.68 7.U. 7.79 7.85 7.90 7.9t 8.01 8.07 

8. 19 6.24 6.30 8.3f 5.42 6.4!' 8.54 e.60 e.66 

8.78 8.84 e.90 6.96 9.03 9.09 9.15 9.27 9.Z8 

9.41 9.48 9.!">t 9.61 9.67 9. 74 9.61 9.66 9.9' 

10.0E 10.15 10.22 10.29 10.J(: 10.43 10.50 10.58 f0.65 

I 
10,7~ 10.67 10.~ 11.02 11.C>ft 11.17 I 1 .24 11.'.n 11 .«i 

I 
! 

11.55 11.63 11.71 11.79 11.87 11.95 12.03 12.11 12.19 I 
I r 

12.35 12.44 12.52 12.61 12.69 12.77 12.86 12.95 13.03 

13.21 13.29 13.38 13.47 13.56 13.65 13.74 13.83 13.92 

14. 11 14.20 1..C.30 14.39 14.419 14.58 14.68 14. 77 i4.87 

15.07 15.17 1!'..27 15..36 15.47 15.57 15.67 15. 77 15.E7 

16.08 16.19 16.2S 16.410 16.50 16.61 16.72 16.83 16.93 

17. 15 17 .26 17.36 17.Al9 17.60 17. 71 17.83 17.94 1e.06 

16.29 16.41 18.52 18.64 16.76 16.88 19.00 19.12 1 9.2.G 

19.49 19.61 19.7.C 19.86 19.99 20.12 20.24 20.37 2C.50 

20. 76 20.69 21.02 21.15 21.29 21.42 21.56 21.69 21.e:· 

22.10 22.24 22.3e 22.52 22.66 22.80 22.94 23.08 23.23 

23.52 23.66 23.81 23.96 2..c. 11 24.26 24.-41 24.56 24.71 

25.01 25.17 25.32 25.48 25.63 25. 79 25.95 26.11 26.27 

26.59 26.75 26.92 21.oe 27.25 27.41 27.58 27. 75 27 .9? 

26.26 26.43 28.60 28.77 28.95 29.12 29.30 '-'9.47 29. 65" 

30.01 30. ~9 30.37 30.55 30.74 30.92 31. 11 31.29 3: .4e 
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T (' 

2~ 

26 

27 

28 

29 

30 

31 

32 

33 

)...: 

35 

36 

37 

:re 
39 

.40 

.Cl 

42 

43 

4-4 

-45 

..C6 

..C7 

.48 

-49 

50 

.0 

3~.67 

33.(>1 

35..(>5 

37.80 

40.05 

42 . .C3 

44.93 

47.55 

50.31 

53-20 

56.2.C 

59.42 

62.76 

6£.~ 

69.93 

73.78 

77.80 

82.0i 

86.42 

91.03 

95.85 

100.69 

106.16 

111.66 

117 .... 0 

123.AIO 

I 

l .'J 

31.66 32.~ 

33.61 34.0• 

35.66 36.07 

38.02 :;5.2.c 

40.::>9 40.52 

.C'L.67 42.92 

45.113 45.44 

.c 7.82 48.09 

50.59 50.67 

53.50 53.80 

56.55 56.86 

59. 75 60.08 

63.·10 63.-45 

66.62 66.98 

70.31 70.69 

7-<:.17 74.57 

76.21 78.63 

82.45 82.88 

I 86.87 87.33 

91.51 91.98 

96.35 96.84 

101..41 101.9~ 

106.70 107.24 

112.22 112. 79 

117.99 118.58 

12-4.01 124.63 

- 1'J~ -

nr.i&rnn1 iJ.) !) lU l',fl iJ 
' . 

.3 .t. .5 .6 . 7 .6 .9 -
:>.~·.24 32 .... :: 3?.6:> 3;> .8? 33.02 )3.71 33 . ..C' 

~./1 3'1 .... 1 3.C.61 34.8:.> 35.02 35.:>:: 35."..: 

36.26 .]b..'49 36. 71 36.92 37.1..C 37 .36 37.~ 

38.46 36-69 38.91 39.14 39.36 39.56 39.6~ 

.i:c.75 40..gs C.23 41 . .C 7 41.70 41.94 <2.19 

43.17 43..-'11 43.66 43.91 4.C.16 4.C.42 4..:.67 

45.70 4~96 46.22 46.49 46. 75 4 7.02 47.'lf' 

4f • .3{, 46..64 .. 48.91 49.19 49 . .(7 4!<. 7-4 ~·.O.? 

51.16 51 .... 5 51. 7-4 52.03 52.32 52.61 5~.90 

~.10 54.AIO 54.70 55.00 55.31 55.62 5'.:.93 

5 7.18 57 .... 9 57.81 :i8.13 58 . .C5 56.77 59.10 

60 .... 1 60.7..C: 61.07 61 . .Cl 61.7.C 62.08 62 . .C2 

63.80 64.1 ... 6.C.-49. 6..:.8-4 65.:?0 65.55 6~.91 

67.35 67.71 68.08 68.45 68.81 69.19 69.56 

71.07 71.<5 71.83 72.22 72.6-0 72.99 73.38 

74.97 75..36 75.77 76.17 76.57 76.98 77 .39 

79.0S 79.-46 79.88 80.31 80.73 81.16 8 .. 5fl 

63..32 83.75 84.19 S..::.6-4 85.08 85.52 85.97 

87.7e 6€.~ 88.70 89.16 89.63 90.09 9-:;. 56 

92.-46 92.94 93..C2 93.90 ~.39 94.87 95.36 

97..34 97..84 98.35 98.85 .99.36 ~.87 lOC.38 

102.A5 102.97 103.50 1 O..C.03 1().(.~ 105.09 105.62 

107.78 106.33 108.88 109.<13 109.98 110.~ 11 ~. 10 

113..36 113.93 114.50 115.07 115.65 116.23 l l l.81 

119.17 119.77 l'L0.37 120.97 121.5 7 122.18 12:'. 79 

125..25 125..ll7 126.49 127.12 1.?7.75 128.38 1~.01 
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L T"C 
-""1\IC~flll<~i. 

O.l' o~ o.• 0.6 OA 

0 .3911 ... CQ .•OS ·"°" • .C1jl 

1 .·41S .41e .•22 •..S ... it; 

2 .•31 .•}S .c;.t- .. , .... 
3 ,AA1 •S• •S• •Sl ·-
4 .46] ·- • 10 .41J .... 
!> .•19 .-4U 48S «e .4191 

f, .494 
, 

.. g1 ~ .SQ3 -~ 

7 ~ .!>•~ .SIS !>•• .!>71 

~ -~ 
.!>21 .!>30 .!>ll .Sll< 

9 ."9 .S.01 -~· 
~1 .!>~ 

•O .!>!>] .!>:.t .!>!>I .S.1 .)().4 

11 .!>61 .!>7G .!> 72. .!>IS .!>7' 

12 .!>80 -~ .~P6 ,Sf1 .~91 

13 .!>94 -~' .~PV 
6(f1 .bQC 

,. .601 .610 .612 .t'~ .6'1 

·~ .620 .a~ .t2S" .6::>, .6X• 

16 .6)1 .63!> .631 .6-4C .6-42 

11 MS .6-41 .6!>0 .6!>2 .6~ 

1e .~1 .6~ .662 .66-1 -~ 

111 ..669 ..671 .613 .676 .67' 

20 .6'0 .6'2 .68~ • .ii7 .U'i 

21 .Ml .694 .6~ 69E .70C 

2~ .102 -~ .101 .10(. .711 

23 .713 .115 .71 i' .:-1~ .n· 

2• .77J .776 .1~ .1)0 .732 

25 .13"< .7J6 .736 .14( . 1•2 

2f> .743 -"~ .7•7 . ,.~ .?~, 

27 .1$3 .7~ .751 .7~ .761 

21! -~ -~ .766 .1€.e .110 

29 ·'" .773 • 77!: .1~~ .779 

30 .71C .782 .18' .7e! .181 
-- --·-- . 

JI ."189 .790 .1n .19' .7~ 

32 .797 .199 .eoo .6C~ .80l 

33 ""°' .Mil .eoe .f''O .Pl1 

34 .8•3 .e1• .816 .f'7 .e•~ 

3!> .810 A22 .823 .&2-< .82' 

J6 ..821 ~ .8l0 .e31 .8ll 

37 Alo< A3S IJ7 All! .83> 

lll .8-4• ...... .8-43 M~ A•t 

.)9 -~' .....e .ew .r!>• .9!>2 

.ol() .853 .e!>-4 .8!>!> .e!>7 .9!>1! 

•I ~ A60 .861 ..86;> .86] 

•2 .a64 .866 .MP .861' .9M 

43 .870 A11 .en .173 .87• 

... .en .816 .877 .81' .e1e 

oC!> A19 
__, .&111 .882 .NJ 

46 ~ ~ .&II!> -- .Ul 

oC7 .... ..NII .990 .890 .• 9, .. 
oC8 ."7 MJ ..993 ~ .89~ 

•9 -~ "9< ... , ... , 191 

~ .899 
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uuuvlniuti1Y1i"Ufl'l\Oa Pol?1tial Evapotrani;piration 
liloli~EW Penman 

lmJm1 ................. . 
Wfll\Otu 

I 
It. iJu~f' thv.fo L~!)U •......••.••.••••••••••• ·:.··········-···· 

! 1) t/ nrnrJfou fiv ·c...... . . . . . . ... .. . . . .. . . .. 
'\'I.fl. 1.).(1. 

30.7 2'M> 
I 

I 
12) m1uT.u1o.i1~Tli (RH) (uant{l'14,,ffiiml). ..... .0.70 0.1• 

I - ;:t : 3 1 ililfl11Ufl1l.lllO.J~lJ~ C c(o 8)........... . ....... . 5.8 6.6 

(4) m1111~1r-u.ifo:ot'iu 2 1mi-:. rQJ./iu .............. . 61.S 66.0 . 
(5) 1~R()1Yli1U RA 1111/i'H (~il1Mtl11.J ri,4.f). .... 16.0 15.9 

0.20 

11 .• ~l'\.l"JtUIUJl:n R.11 (1 <i) (0.2f>.0.50n/Nl 

! '1 I n IN • o. "' • o.o95Cc o.wc: .......... o.623 I o.so• 
I f 8) ( 1 · cc:) •.•.••••••••••••••.••. ········--························ 0.80 0.80 
I • !9) (0.::>6 .. 0.5on/N).......................................... o.571 
l -I ( 1 o) ·nu nT'l YI ( 5) " (a) " ( 9 ). ··--·····-······· .. .••••.••...• 7 .315 

I T1.fl•u11u1u.in11 o T4(o.56 • o.0191krl) (o.10+0 .. 90n/N) I (11)m111ilu1mf:ij~tJ11 I 
j a) fl1111iu1uu1D11~1 ca(~i1ntm1.t A-~ 44.1§. 

b) m1u'1utuJ1~~J cd = (RH><ea) ............ 30.9 
tCO 

c) ~ ·····························-··-·······--······---·· 5.56 

(:<>) oT4 (fl~1nmnl A - ~ --------·················· 17.17 • 

o.515 

6.551 

41.47 

30.7 

S.54 

16.93 

II.fl. 

29.1 

0.76 

6.& 

SQ.2 

15.9 

0.20 

0.466 

a.so 
0.493 

6.271 

40.29 

30.6 

5.53 

16.81 

I( .fl. 

28.4 

0.71:1 

7.0 

52.4 

ts. 1 

0.20 

0.430 

0.80 

0.475 

5.966 

38.69 

30.2 

5.49 

16.66 

( 13) ( o. 56 - 0.0791.,fd) ...............•••. -................. 0.111 0.118 _. _o._1_19 _1---_o_.1_22. __ . 

(14) (o. 10+ 0.90 n/N) .............•• -.................. o.661 o.551 

I 
(15) i1un11n (12) ><(13) ... (14) ....•.•. ----·············· 1.327 1.100 

I J. n1"11ufi1 R.n 

(16) 11am1Yi(10) ftlJ~'JV (15)--------·············· 5.989 5.451 

i. t11u1 nuu.1m; Ea•0.262( ca - ed) (1+0.006~U~ 

(11) o.262(e3 - ed)·····-················-················· 3.474 2.s22 

(1s) (1.o+o.0062U 2) ...............••... ---···-·········~- 1.38t 1.409 

(19) 11vm1fi (11)"' (18) .......••••..•• ---··············· 4.799 3.977 

\lo. t11u1rutu.1m1 ET K .1Rn+rF.e 
P ~+A' 

(20) .1 / ( .1 + 8") (~~1nfl11u A -AL.............. o. 786 o. 111 

(21) 'f / ( .1+ ~·) ( 1.0 · iivn11ii 20) ••••••...•...••• 0.214 0.223 . 
(22) 110n11ii (16) ar(20) ................. --········-····· -4.706 

' 
(23) 11tln11fi (19)•(21) .............. ---··········· t.027 

' 
(24) ET • ·nonnii (22)+(23) in.1/-lu............. 5.73 p 

1111/ lflO\l................ 1 78 

-4.235 

0.887 

5.12 

154 

0.519 

1.039 

5.232 

2.539 

1.367 

3.471 

0.772 

0.228 

-4.039 

0.791 

4.83 

150 

0.087 

0.990 

-4.976 

2.224 

1.325 

2.946 

0.766 

0.23-4 

3.812 

0.689 

4.50 

.40 
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CLIMATOLOGICAL DATA t"OR THE PERIOD 1951..: 197!' 

SI••""' NAAHON SA\\AP.. 
£jcu ltOD of 9'.•llOD • bow MSl 21..U:· la<t.Clt 

ID<icx Sca1k>n "' -· 
Hc.,h1 of boroiMl<I abow: MSL ~ KK'IC'U 

(.11111..H u·., N. 
lk.,hl of 1hcraoomr1<r abcrrr 11ouu<l I 50 mctcri 

!..-:ICM '" ro E. Hc.,:ht of "Jnd vanr nbo'lf'C' ,:-1ound JUO ~ ..... 

Hc"h' of 1un1•urc 
(I Ml -Un 

. 
Jae ,.... - A.- ..... '- 1.1 """ S<p Oct. - De y...,. 

,.,""""''(' (•1-or-•bt.I 
MC'.tn ., ... 11.J.c .... .. =- -- 9'.&2 ol.01 9f>Clf 01 ... ~ HI .. 11'10 IJ.41 ooo 

(in M ... ;n .... 2J.JO 21 .. 1'11' w• I) ... I• It IJ" U.,. :!Ot>f :1., }1 )9 2'1 l' 

(al. Min. OJ.IO G . .M O:llO ~ .. "IC) qf.(IO 't6 ·~ fl.1(1 "·'" •1 IO M-'1 ., 'W H1Ci 

MC&ll ... i11 - !.,. .SAi . "' 3'S 1.M .. JI J.11 • 12 '·" 4 •• • el • f1 • ti 

lcm~r•lart· ro 
~an 

11.7 .:. .. )0.1 Jl..t .I0.1 !'I.' !'I.I h• JI I !).~ 2H ?U 21, 

Man M&.o. Jl.9 )C .. JU U'l .MG ,.._. Jl.1 n.o )J.2 JI.I JI • JO 9 JJ.7 

.Mun M;n "·' 31"• 2J J lf.I no 14.6 J• 2 ~4.G lJ.I ~J f 21 I l!.1 ll' 
Eu Ma.c. JJ.O ... 41.2 41.S .q:r 41.0 ll.Y )7.1 )Id '3.9 ,,.7 ,,. "2..1 

E•I Mtn 6.1 u• l•U 17.0 lll.l ll • JO.• lO.t 20. "4 11.t I.] 61 

llrioll•• Hamldicy (1') 

Mc..n 6).0 f-!.li 61.0 •J.0 'J0.0 14.0 76.0 71.0 IJ.O IO.O 7J.O 17.0 71.0 

Mean Ma>. II.) 117.6 r..1 17.l 119.4 90.1 ".I tJ.O 9'.4 94.I f) 0 to 1 90.I 

Mu• Min C.J 41.I «).) 41.t ,.., ,,_ .. "1.1 CJ t-6.!'I 6C.:? JJ.1 .c.o s:. 

Eat. M&n 160 IOJI IJ..O lOA :!).O )C.D ]4,(1 Ji.O 47.0 )1.0 ;:,.o :?J..O 10 0 

0... Pola• (C.l 
Mean 17.l ., .. 21.) 12.9 lJ.9 ~' 2).t 14 I 14 4 :J.7 ~1.1 Ii: u.o 

E•apol'llli<KI (mml 
Mean- flcht Ill.I Ill.• .. ~.1 1'2 J IOI.I N.l 19 ! 66 7 49 y 'f.7 ll. ti 7 llMJ 

-I'll• J)l .2 1'6.6 ll)o,(I :?11 .l m.1 172.S 16"3 14'1., l!l 0 IJl.0 IU.1 Ill~ 19)1.t 

a..dionl (o-11 
M<oaa J.2 l..l M 4.1 ~·· 

~., 6 I 1.0 6 1 J6 ••• l.4 S.0 . 

\'iWbllily (l\in ) -- - - 1--- - ----
C1700 L.S T. ).0 .... '·' 1.2 11.0 11.t. 10. I0.0 I.I '4 7.1 6.~ ••• - 7.1 S.7 '·' •. 2 11.l IL7 II J 10 6 •9 10.2 10.J ... '·' 

w;.; <K-,) 
!'ten ... ~ - E s s s s !> s s s s E ,, 
Mcoan Win4 Si-<! 4.0 ..... 6.2 f..4 , .. '·' , 2 4.6 J.• ).l ) .. J.I -
MA•. Wond ~ JI NE JIS .ZN t(IN 1' s fO 5 ': s 42 N ., ti ,.. t'f'. p 7NW 11 !! -

llailofall (...n.) 
Mean 1).7 J/6J -0. l 'S.I IJ7.l '"·' l~.7 111.0 ::'jO,I 132.1 J(\.J •.. 1 ITJ.1 

.. can ••'"1 d•Yt 
I.• 11 J.I s.o II.I u., II.I ''·" ,, 0 ·=" J.1 1.0 .... 1 

GrcatcSC ... Z• lor. 6f '9 .., '1.1 ,, 9 l\l:ll ••• 91>. I "I!).) m.: 14'.0 Ill·' •l' 1.c1.• 

0.1/Ycar I 1/71 J/JJ ZJ/10 1111: 14 70 ,,,. 'Z'lf'iJ 2'/61 ll/64 I JI 1•/lJ, 1°"'6 . " 
'-be< el 4•~' wtclt 

Hor< N7 lU 17.1 IV 6 JI 06 01 1.• 1-' ) .. '·' ... I 1)1.7 

Foe IU 4 1.0 J.I 11 04 •.1 0.1 0.• •• 1.J '·I u ~ 

H•il 00 e.ID 00 00 oo ••• 00 00 0.0 o.o 00 0.0 00 

Th.tft4kn.c«m 0.4 1.1 JI 7.l I) 0 1.7 1.• I.I IO) 10 1.4 0 I 'JO l 

s..-11 ao •• 0.0 0.0 0 I 0.0 00 0.0 0.0 0.0 0.0 oo O.l 

._...l ....._ 1i.1-1t7J 

~mf~~01mll~,,~Wl'9a~1ff ~MatlM1tl,MSe•lS•'lne1m~-

11e~Ur.1.'Mlmi ?'Ull-ru 25 {J < 11A. 2494 - 251e J \11fJft'W\)~<J~,,f.l1 
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A :: l::! :; C :: u :: E F :~· G 
J ; ----- ---------------------------------·-----------------·--·---------~-----··-- _:__, __ 
..: : !. 1 -:1 re A1 r· temperature l' c) t=~1 r· hu1n1 di t y !f'i n E=;-1-i>ta1 :· ~ ~ ~~=-~~~~~~~----~=~~------'~~~_:_-----~==~------~~~~ ------~------t·~---- -- ~l~~--
c: l iii- . ..."'\ Q '"• 1 8 8 1 C:' 1 . .,.. 9 /fu ' ~ _,' ..; ..• ..::. 1 1 • _,). 6._:.. :~; j' --- "'1-ii! 
a: 18.8 1::-1.l 6.3.9 laJ;. ::.: .. ;t; 
i' : 1 8 . 8 1 5 . 1 10 ljj;· !. .3. 1 
a: 18.8 m 63.9 ~: J.1 
'7': 18. 8 l 5. 1 63. 9 ~. l!J· 

l!~i: 18. 8 15. 1 63. 9 !~,.: :;;k 1 
1 1 ' 18. 8 15. 1 63. 9 !~~'. l!l 
l :'.; 18. 8 1 ~i. 1 !!I __ ... __ !~:___ _ :'0-~--
1 :'.:: 18.8 15.1 63.9 !!;i", 3.1 
\14: :: '· 
1 i: • ·'. 

.. ' 
~ • ! .. 

.. . ,, .. 
-;· : 
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- -- -- -- -- - -- ~ -- -- ·-· -- ------ - - ·- ·-- - - -· -- - - ----- - -·-- - ~ - - - - ___ .,._ - --·----· ·-- .. 
mba- DlF liJ. V SLUPE AERO. I NEl l-\Ali. F'E I 

· -·---·-m ar1--,,----·-·-) (mbar/'c) (--·----·----mm.'dci1,;-1---mm c1c:iw 
~-~-----~--------------------------------------------

·- .o ', 1 3 1 17' ' 7 . 8 "' -- 1 • :-::.c, 2. 7 :· .. '. -::.· 
13.9 /.8 1.36 2.7 2 _.? 
l'.l 
1 -, 9 "'".:.:,. 
l :3;. 9 I 

J_.3A.2 __ ! 

13.9 
f~f 

1.-:::. c;:· 
l!I 
(~j 

,;I 

21 " 
7 .8 
7 .8 
7.8 
7 .8 
21 . 
7 . 8 
6. 1 
.s. l 

"? 

7 

J 
1· 
j 

1 . 2:;6 
1. 36 
1 .. 36 
1 . 36 
1 • 36 
1 .36 
1 •. 36 
. 44 

44 

7.5: -1.c i.::. 
2.7 
2.7i 
2.7 
2.7 

' 7.5; 
2.7: 
l. 6' 
Lt.' 

'I 

2 
:"2. 2 

-::: .• 2 -1. 2 
-3.:· -1.2 

- :-i_. b ______ _l._._:3 ______ ' 
~ . 
L 

ERROR 
'ERHOF·· 

2.2 
ERROR 
:::i:;·i=;·oF-· 

• 
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t-( E-Par l•Jirid Sun·sh1ne N So Sol ::H" ~:.-:idlS\IF- mba - i Dl~ ~" 
.~. . J ' I 

.~~---:;~--~~~~~~:~----~~~~~---~~;~0----~~~~:=-------~~~~~-·- ~=~~~~=:=~=~)~:1==~=~= 
, -·. 1 I ~14 •. ~.0 .• 4 11! ... ...,. b4 J • ... :. 4..::.1~. . .. 1 . .;. er· 1 • 

~-- :.: .. 1 54.:::.6 9.4 l!!i.9 645.3 42121.9 ::J./ 1.3 9 /.& 
.3.1 54 .. 36 9.4 l.121.9 645.3 4212l.9 .:.:J.i' IJ ::1'..7 
3.1 54.36 9.4 1.!~i.9 645.3 42!!1.9 ::.:J./' 13.9 7.~ 
1~'"· 54 .. 36 9.4 119.9 645.~: 421Zi.9 21.7 1::::~9 I 7.~ 

. ;t~ 1 ·~::~~ ~:~:~ ~i ~~:; -i~·~--1 ;:~. 
~.-.'iii .. · ____ : 54 •. :::6 ,~·-- 42121.9 :~1.7 1z1 21~7 

::: .. 1 54.:36 ~. 42121.9 ::::1.? 1::::.s· 7.$J· 
b.1 l!I 6.i 
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2528 

~ 

L~ft~,~U~~ft~Uft,~~ilU ft,Ri~,~~"~U. RW~Lftti~~n,~~~ 

2526 

Doorenhos, J, and N.O. Pruitt. 1977. Guidelines for 

Predicting Crop Water Requirements. PAO Irrigation 

and Drainage Paper. No. 24 (revised). 
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FERTILIZERS AND THEIR USES 

tutl'~~uuu~=~•n~~a\'.ilanl;L~uifua~1\'.i~~~L~~ u~tfuitun1~N~Ma1H•~~;H~u 

11~\'.11.l~~~,n~~a\'.i1anuaqa~1\'.i~;n~ uan~1nduffu11'1~im'LR~tn"'tun1~NiMa1M1~«\'.iQftu;l1.1ti 
-

tu~IU~ UfU 1J1umm
1

\'.i~Mt'flHft~~U ifa~alif~ u'iuiu t1;tt1tfuri~Uftl~N~MalHl~ij\'.ifiati_a~l\'.i 

~~~lftl~ua=~HR1u1antHu 1 ~UUIL«atitunl~NiMalM~~tHLi~\'.i~a tu;IUftl~LftH~~~l~ 

iJ'n1~f1ntnLLa=ft~fi'uft'u a~1\'.i~.;\'.i~\'.i tus.a •~ 1 f71u L 1fu Kiun1~1.l~u1.li.\'.iwuqw~w~aaM..Jrl't'f1u1~tl 

.t HNa Na'Mu\'.iiu l fl t1:il'atf n1~~~n1~tM"'t uf11un1-nl'tt1W~ 1 ~~lin1~1.l~nmrHa •~R-f\'.it u~aut1'lu+fon' 
.,i ... ~ <: 0 - ~ .Ji. ,.V ~ d' II 'I ~ <: 'I II I o 'I II -HU\'.i 1 ~\'.iUU~~LJIU~l~U~\'.iLUuu~~~LUa\'.iMULUftl~NwMalHl~ft~=unL~aQMaa~L~a• HILml~u•w 

fil~alHl~~·\'.i 1 tu~uw~\'.IL~a~ 1 Lfinifunl"m~UHUtl~U,Wfil~a'iHl~~qJLa°~l1.1'11ftfiuLUa\'.i· 

'11nn1~t;~utun1~Na~w~ H~aL~a~nH1~~~u~a\'.iG,~a1H,~~~tu~t;,"~\'.i~anuR~1uia\'.in1~ 

'1~l~na1~~\'.i~~~n~~·\'.i 1 «iin1~tinuHl\'.i;IUftl~NiM~~ Maa~'1Uftl~,.;~~LHal~UL~aLiiu 

uu~Hl\'.iH~aLiiulu~1utun1-rn'~~RnH1L~~~nuL~a\'.11.1:~ H~au;11.111~~~nitinun1~NiMw~1~~ 

Jt~1 111 

if~ (F.ertilizer) 
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1 • 2 1'afJi.iti (Fertllfzer material or carrier) 

.t ( ) d 0 ~ _,, W' 1.a fi,~~t1Fertilizer element MU,tlfl~fi,~B,M,":lff~flL"UB~~U":IZftBU 

LL~Z K 

1.s Lft~~~ti (Fertilizer grade or analysi~) MU,tifl~ft,.,~U"":lznuuiu,w 

~1~~~D~~,PJl]:m1'ua~luiit1~U~~u ~~tl~ZUBftL~ULUD~L~ui-1~tiU1MUft~a~lu1~.,L~mf~MU~ 

(% total N') Lmz1uKaL;ttiuftazinmJ1 (water soluble K20) 

1.6 a~a·mt[ti (Fertilizer ratio) Mu,tiii~«~a·m~D~ N, P205 u~z 

K20 ii'L~ULft":l~~D~:tlUAi'IZ~U~ L~U t[t1Lft~~ 6-24-12 ~zu«~a,ut[t1L'1u 1: 4: 2 Li1uiu 

1. 7 ij~·n.iti (Fertilzer formular) m.ntiii~n,~uDnuiinmLaz Lft":l~~a~i'a~ 

ii tilun,., lifl~u.itiNam.,~miuDylut{m~au 
• , ( ) .ell • .dClll • I: 

1 .a Y.miu;i.~w Complete fertilizer Mint1fl~U.t1'Vlrnn!ip.1.t1~":ll.!Vl~ a fi,~ 

1.9 tjtiluau~~w (Incomplete fertilizer) MU,t1~~t[mtui:i,pg(t1lu~~u~~ 

1-·l - .. ~ • ..I • l .. u U~ULLa4~Z~N~Rft~,~~fl, M pH 

1.12 ~~L~D~ (Filler) 

NauL~al~tiNaui1u1Mun~~u~,u;a~n,~ ~;~,a,.,LdDt1lu~~"u,t1ii~ a,-m'1u~1tlfifiit1,nu1'a~ 

i{t1M-=iDfi"l~t1ii'u1u,l1i'lun,-m;t{t1Nau a,~~ut1ul1i'f1ul~t1.t, UJ lfii°mi fl~,~ z div~ if L~av fiu 
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2. tl'1::Ln~~~'11{~ (Type of Fertilizers) 

fl'1'1LLU\lll"l:: Lft~H-1°il~Ufl~~"iimiu ff•UJ'1"Hit .. ;mrnPi'1'1 1 1Ufl'1"lLLU\1 ll'i'i.nm.n~ 

Li.1~1.;H~fl~-N .1 tunT'HLU\1ftff'1ii'1"HILLu'1i.{~£Jilfl LllutJ.,::1n~oi'1\1 1 li;ii.nm.n~ L,;U 

2 .. 1 1 ;ff,.,fi' ulu ~"mh ::n~un-.'1n• L Rii ulumt'n fl'1'1LLu\11.J .,:; rn~~~"t(~ 1 i;i~1.; 

mrnif ~::ff'1ll'1'1flLLU\1tl:~ililfl 1 ~ u1u 2. tJ '1:: L m1 fi'il 

2 .. 1.1 if~iiu~·:s~ (organic fertilizers) 

2.1.2 i{~iluu~~~ (inorganic fertilizers) 

2.2.1 t(~G'1'1ll~'1i .(natural fertilizers) 

G'1'1lltr'1Fi LL;'llltflf~L;u; 1tJt,ju1w(~ L,;U u:~fl~fl t(~HUfl fl"l::'!lm.iu MUH~ffUlPI Lifu;u 

2.2.2 i(~«'1Lfl'1'1::HH~m(~~~~'1A'1ffPI~ (synthetic fertilizers) 

2.3.1 t.{~lu1lll'1L~U (nitrogen fertilizers_ or carriers) li;i'unt{mfln 

. G'11lJ N LVUHifn Ltiu L~~f!LLH\1 LL~u1u Ld~u'lii'l LtlPI qLi'~ uJu;u 

2.3.2 i(~tl~Pirl~i'ff (phosphorusjertilizers or carriers) li;i'LLntJ:~tttM' 

G'11lJ P LifuH~fl L,;u fl'7::tJfltl
1

u i;utl~ffLtlPI ~LtJ~tl~ffLHPI LifurR'u 

2.3.3 il~ltJPiffLit~u (potassium fertilizers or carriers) l~LLntl~tl'tn 

G'1~ K L~umrn L,;U luPiffL~~ll~i'ILtlPI 1uiffL~~llfl~ill"l~ L~UAU 

2. 4 i.; L n·Hn.I~ u1uHifn u1~mfl'~ rn·un.(~ uf uffi'l~fl 1un'1'1LLU'1 ff'1ll'1"'Hl uu'"ii~~ilfl 

l~ufo 4 1.l"l::rnJJ ti!~ 
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2.4.1 ~tJLft~fl~~ (Low grade fertilizers) 

.. .-f I .. /: ., 1 ' ~ ' ' il"U'l'l~1"1~ il L ft~ fltlil~t.I! LLll'IR ::ti-:1f11"1~il~'llltiUl'I \11"111 fl®'l 11 LflU 1 5 L 11 il'H 'lfUfl 

2.4.2 i!vrn·Hl11"1una-," (medium grade fertilizers) 1;LLm(m1'21'Llla.S 

2.4.3 ~tJLft~fl~\1 (high grade fertilizers) 

2.4.4 ilt.1L,J111i'u (concentrated fertilizers) 1;;u.fti.(vi1iiLllil.SL'llU~ti"l~ 

3. ~vlu1fl~L~u (Nitrogen Fertilizers or Carriers) 

~tn[v~:: Li1um~uanil\111--=ill"1M.lil\1 N 1f'11"1llfl( total nitrogen) 

3.1 uv~ufl~vlu1R~1~u (Organic nitrogen fertilizers) 

ti'l~v.,,.,,~ri11mi "1t.1 1 ti"1"ltiq"lu61.l ~ ... " 1 tiuuPi1il::i'.it'Ul.l .:;11,rufi~ Lifilu~ l11tatufiu~::l'lv'1N'lU 

ft"1~aa-, v«-;i 1 flt.1~'1Ufl~Vfiu L if t.1nilU~'1~::11 a ~a· ilt.1ti"1~il"1H"1~ii''llililftll"1L ,.;ii'llL'71L;; '.i'11iifi ilt.1um.1t; 

ftUll'lftUft ~::t;nUU"1\1LUft~~tl'il\1aU'lllH~"l ll~nl;n~::TI"1\1 H~ilL~mi'lt.1LUft"1~ll~ull\\1~ULU . 
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I• 

mm" . 

..... 
'!Jfl"NflTl 

I OI 

ll ~"ll.l ULUN 

N 

13.0 

13.0 

s.5 

7.2 

7.o 

7.o 

6.6 

1 .. 2 
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UJ 'il.; L 11t.Jtl 

Cao 

o.5 

12.5 2.5 11 • 0 

·5.0 8 .. 5 

1.5 0.5 

10.0 15 .. 5 

1.2 1.5 o .. 5 

2.5 1.5 o.5 

o. 5 o.8 

MgO s Cl 

0.6 

1- 0 1 • 4 1 .s 

o.5 0.2 1 • 5 

o.5 Q.6 

o.5 o.4 Q.7 

o.5 0.2 

1 • 5 0.2 

3.2 tfvlulA~L~u«\11fl~•~~ (Synthetic nitrogen fertilizers) 

N Cao MgO 

Ammonium sulfate 20.5 

Anhydrous ammonia 

Ammonium chloride 28.0 

Ammonium nitrate 32 .5 

Ammonium nitrate with lime 20.5 10.0 

Ammoniated ordinary 

superphosphate 4.0 16.0 23.0 o.5 

s 

23.4 

0.6 

10.0 
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110~v 
~ ~ 

U.hl'1L 1l'1UI 

N P205 K2o Cao MgO S 

Monoammonium phosphate 11 • 0 48 .o 2.0 o.5 2.6 

Diammonium phosphate 20.0 54.0 

Ammonium phosphate-sulfate1s.5 20.0 15.o 

Calcium nitrate 15.5 27.0 2.5 

Calcium cyanamide 22.0 54.0 0.2 

Potassium nitrate 13.4 44.2 0.5 0.5 0.2 

Sodii.im nitrate 16.0 

Urea 46 .o 

Urea-sulfer 40.0 10.0 

s. 2. 1 i[mu111111 Lifo m1 ::iJ1ilt'ufiLLa11111L itv 1h ::11·uu 98 L 11aiL11uA'11a"iiv lu 1r;i., L ;;iu 

iifN~fl llilfl11'11;1 uu;;i•iuu;;i:: L tlui[va~l Ufl~11if fl'l.,a" Lfl.,, ::HLLtl11111 L UV (NH:) ifu11'l 1 ~Vfl'l., 

t.; N2 ffiie~luu.,.,V,fl'lflfl'u.J!jt'i~v'lftt.I H2 11"a'l'1L~"!v11lr;i11,~'lflMil'lVJ'J'l" LLA~'lulm~1i;i° 

'1'lnn.,.,t;1au;V1;11~fi~v,nu~'lu1Rn (coke)· ~"~11n.,., 

Lrle~"LR·n::ii NH3 ean11'll;LL,t:i~fou;l11V1~!jfi~v'lfftJ~'l.,~ 1 "J::lftrfv 

1u lr;i·n ;;iuPi.," 1 eafl11'11l'lfl11'lvmnv11il~ if" LL~ fl"L u-v.Jit 1 2 .1 l[v 1u lr;i-, L ;;iuiiil;R',yl un~11t11 i;i 
• LL fl 

Anhydrous ammonia ( Ntt3 ) 
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I 1 t ' - "I I' _<;.,.f ~ d - t "I rt ~ t "rt " L M"1 "J LLPI ~:: 111'1 amnu.1 L11' L IJuqtl11'1f1UfH Uil\l~ '1f1111'l T111~\l~nfl L Ufl .,., L f1U"2flti'1 LW:: f1'1., 1ff1Plil\l 

il"l~tl L fl~E\lii mil f1Hlif'1ii~'1fl '1LLtl\l LLa::q\lt1'1fl Lii' a taa \l 1t1L U fiuua "JV\l~ty L a°t11th'1fl fiu 1 fi'~'1 tlL U 

Aqua ammonia (NH40H) 

ll~iJ"lW'ZJil\l N ~::i'Tu'Elijnu~Pl~'1~•UL Uf1'1~~~11 U'1'1fli'1niit111N~i.nit11u 1PI~ L 1'JU11'UPI~ L ;., lt.J 

~.ti fl~ t ML ~u~ LL m.r 111 L Utl t u4llPi'1'1 , Ef111'1f111'1tl 11:t1 LLuui1~ ::tiu'Iuiit1P1a 'Elfl~Uf1'1~ L nui'flti'1 

· ~~1t1n-l'1tu4ll'll'El'1LL.EJ11111 LUt1 ma• 

Ammonium nitrate (NH4No 3)uu~1Ljj~t11u1P1~L~u~~111fltrilr;mrl" 
L i1a'1~1nii N fifi~~1111~Tittit1~::1t1tru1fitf,,~'E1'1f.1.lfi'El NH: uai NOJ .tlt1i.fo::iiL fl~fl 

NH4No3(33foN) 
+Na CO 2 3 NaNO (16jm) 

+phosphate rock 3 
-.~::::"-----'? NITROPHOSPHATES (12-20/c N) 

(NH4 )2so4 (21 /6N) 

~~~~~ES (11-21% N) 

UREA (45.% N) 

H20 NITROGEN ( ) 
-----=:..__~ SOLUTIONS 27- 53% N 

Aiql,UA ( 207~ N) 
AMMONIA 
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"-'" - l "'1 ., "'• " ., 'e ~ "' ~ - '" ...t-'. i'f'UJl''Hl Laa" w L UflU fl fl ti fl~" ,.,, il'il::a ::a if.It.I·~ fl rnLLfln11fl L fl 11Na flililfllli'OJ:: il'I, L t.14'1 flt:tlll:: 

N~fl~Uifl\in ~~i4Li'f Ui"R4"n't1ilJ.uNalJa"lui4trL~'iliilflll'~nifli~~flR4~llifu~::R4ilJL~U 

ammonium ~itrate with lime (ANL) 

'.20.5 Lllil~L'ifUA .N 

- Ammonium nitrate-sulfate 

s 15 % 

- Ammonium chloride 

iiilmffl:: LJ1u L ~ flt!l'~14 tJflR4iuifuLLa :;a ::a 1m;; lfi'fi iiNaAnR '" uf un~flq" a1u-,·rnlsia "ltJ 'tuiiiu 

l~lf!Vfl~" 't11i.~~nuu1;14 LUil"'OJ'lflLUi'fft'l"u~~";,'t,ii{ufi'Lnfiml'a\"" ~a\"A'OJ::unLJ.J6vu 



'--

i 
I 
L-

·~ 

- 200 -

i{t111u~~\n fl•n:aaflL flt1ti NH3 11'"tt.lfiliit1'1ftJJfl".lflflil"i!'iflt11.;'iJtiJJ Ul'1°iJLLfl'3 

NHJ + HCl · NH4 Cl 

- Urea(co (NH ) ) 2 2 

ta tJflfl") 111;fu l;i'1LLa ::si ::a ;t1u"'i l ;fi a1111·rn 'l ~a" ltJ lu fiu 1 fl1 flt1fl"2'3'1.:f"ilil ::a 1ut1uuiLLa-;ia flt,.; 

fiu~'l1Lflt1Lw"1::ff11«11 111-;ia-;iuut111'l.Ji{t1~L~t11tiui{t11~" 111".1~'3\fl".11::~yL~t1flLflt1fl1".ltiNHJ 

t1'"tt.lijii=it11tiu co2 fl1t1ttlLL".1'3.i1i"U~'3 fl'3illlfl1".I 

t( t1y L ~ti\ if il t aa'3 ltJ lu.fiu tu".I:: ti:: LL".lml::ii't1fiii'it11 Ltlufi1'1 LL~til::iiNaAflfl1'1'ifni'1 ti 

L I1ufl".lfl L d il'3til1fl L if"il1aa" ltJ tu~~::fl ;u fiil~tl 1ft'uu11; ufo (NH4) 2co3 LW-;i~:: LL&'lfl~"). 

tu u1u ilt!JJ.a NH~ ri 1t1mi" ~\1l'l 1 t ,.;fitntiu11".lf! L ff11ifu 11:t1~ L i't1u ilfl~ 1m1 ::ua"~ililflll1t11 t1 

t ua'Mm::tl:m ~t1-;i LL; -;i fl '3iifl1".liJ1 ltJ tit Ufl1~ ;if t1 Niimi.a ::tf t1lu1 R".11 ~mt~ a fltla' iltlililflll1il~1" 

~1 1 (slow released fertilizers) 'l1UflA1'1 1 1flt1fl1".ltia1".IJJ1'3'l1Uflll1illl-;i' L'liu 

na Ltlil-i' L~ilt,.; N R"iltl 1 ufl1la~~iltlililflll1 ,,;tM'iifl1".l~QJLa°tl N Uiltl 'LLRti°'!l't'l1Lflll1flifu 

tilizers) 

- Ammonium phosphate -" • ""'"' *'ll LIJutl, m1 L'Mfl '3ti1pt N 

if'1iiLfl".lflLtlu 11-48-o LLa:: Diammonium 

N 

s.2.2 t(uluLfl"2L~U~'3Lfl".11::~i1u 1 (other synthetic nitrogen fer-

;1" L t1w[ ti l u 1 fl".IL ~ufl'l11
1

l; 1.tlu"-;i flLLiJll 1ll L Utll'l:;ilil1!'11Jtltlil'3LLilll1lJL Utl a-;iu 
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Sodium nitrate (NaN03) 

- Potassium nitrate (KNo3) 

Calcium cyanamide (cacN 2) 

I\ 2 

2CaCN2 + 2H20 

2CaCT-ICN2)2 + 2H20 acid soil ) 

d 
L Uil"~'l fl 
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4. .~an~~nai~ (Phosphorus ~ertilizers or Carriers) 

(phosphorus pentoxide) I '' phosphoric acid 

~ 1 I .. O G"l ""1 y -4 r J: ...... G"l '1 "'l f' "iJ\'I lJUflPl~\'I LLlllfl ~LtflJIUJUL'"li'llUIUL~'"lfl\'I -p1Ktffl lJ fl tt p 

~l\'I °] (;% p = fo p2o5 X 0,4J H~v j{, J::205 =fop X 2.29) 

'l.~ana~na1'~«\'llif11-:;LLU\'lv~fl li;i'ijf111a 1an•fl fifJ 

i:rn1aihnli°1J1t1111~\'I P2o5 i~11J1·rna ::a1a11ii''luLLa1.J11J 

1da1J~Lfl"j~ pH Li1ufli'll\'ILLi'i::fl•11JLtimiu 1 N 

Citrate-insoluble P205 

ilana~nai~.i•u'l11~'il:: 1fi'1J1'il1flf11"ji\'I L fl•n::M1 i;ia'l.J'itun~~ L Hlll (rock phosphate) 

Ll1u-lPiqiiiu fl\'ILL~~\'ltu1t1i 12. 2 ~~rniut.[atla~n~-r~~'l.,f'f1ua~1i;imi..,, ltlfifi 

Rock phosphate 
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Ordinary ~uperphosphate (OSP) \tlui.(m141;~,flfl,~u11a,~UHB~lHA 

b.h1;iJ !jii~tn~un·umilt{~fl ui11~u fl1"li1 P 2o 5 a~'lu111fi1iftuh::1PJtr~Ririitrlflii,flifu fimi 

P205 ~1nur.J~~lfJt1ullii1J~::u,w 20-21 % (9X p ) nifflmu::LtlUH~~~aLiJUL"~iL~, 

·~~DLfl'ltlUU1A,il iiu!jfi~fJ,LUUfl~~ ilfldu~u1~Daufl~~ 

- Concentrated superphosphate(CSP)Llim{mi'"'1~~,flfl,~U1La, OSr Ul 

fl;iJ!ifi~fJ,fl1Jfl~~HD~Ha~~ t[PJ~~::ilaQ 2 tru~ ~a double superphosphate (DSP) 

Metaphos 

u~:;11,w 32 )<, LLa:: tr.iple superphosphate (TSP) 

Calcium meta-phosphate 

~::ii available P 2o 5" 

l"uqml'H«~aafl11,~,fJ1~fJn~m1,~fl,~;,~, 

U~::2J,W 63 % ~~LUU~1fflta:;a,fJ°lU~L~~~ 

L fi ootf ~~11 ~ «~ L fl~,::'1ifu11, l fi'l ~mn~t,1'i1°uHa~ L HAfl1tlfiti~fJ,ffu P 2o 5 ~\'1~2.lfl,~ 

Ca1o(P04)6F2 + 7P205 + H20 1oca("03)2 + 2HF 

Potassium meta-phosphate 

2KPOJ + 2HL1 

jJ ·~..,.,, .J11"'• ~ Ammoniated superphosphate 1 mt~ HuA~u11, L'VlB ~va.tPJtnla~ 
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Fertilizer 
I 

\.._. \ 
Superphosphatcs 

Ammoniated 
superphosphatc 

Ammonium phosphate 
Ammonium 

polyphosphates 

L- Diammonium 
phosphate 

Basic slag 
Steamed bone meal 
Rocle phosphate 

Calcium 
metaphosphate 

Phosphoric acid · 
Supcrphosphoric acid 

L. 

L 

L 
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11'HY1Dmia;Rtfilft~1~ ~ ~~a~'lJ1~1f~ P205 • 

Approicimatc 
Pcrccn11gc of 

Available Phosphol'lll 
Chemical Form P10, (~) 

Ca(HHP0,)2 and 16-50 7-22 
Ca P04 

{NH,H6PO, 
16-18 CaHP 4 7-8 Ca (POJ (3-4% N) 

<NHJ2S3, 
NH4 H3P04 mostly 48(11 % N) 21 

(NHJ,P20 7 and 58-60 
others (12-15% N) 

(NHJ2 Ht .J4 46-53 20-23 
(21 % N) 

(Qi0)5·P20 5·Si02 15-25 7-11 

(Ca3PO.Ji 23-30 10-13 

Fluor and 25-30 11-13 
dtlor apatites 

Ca(P03h 62-63 27-28 

H3 P04 • 54 ·24 

H3P04 and H4P10 1 76 33 

ORDINARY --------+ SUPEftPHOSPHATE (2()90 P,05 l 

MIXED FERTILIZERS 

AMMONIUM (2().64Y, p O l 
PHOSf'HATES 1 5 

-----~--_.TRIPLE SlJl>ERPHOSPHATE l4l·~ PzO•I 

\...., 
' 
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Ammonium phosphate 

monoammonium phosphate (11-48-0) ua:: diammonium phosphate(16-48-0) 

. 
Phosphoric acid 

phoric acid 

Basic slag 

t.1tJ~::ii'at1t1111::L.t1uN"t1u~R1~uLfiiii~Elil~ riu~ml'mnfl iia11u'fhifu~1" ii P2o5 11~::111tu 17-20%' 

~"Lnu~•flfta::a1utuiL~~lil ~"t,il;~fiu~uiLtlUfl~lil 

fl~:: ijfl 111Emi•u1 EU~ L ti EL El l'llffirnoo 111 LL; •u~ 111uflt.;a::1. Etllil 11~2.JIM.lil\1 P 2o 5 ~:: N'u 

LLLl~fl11111il1i1LL5'l::E1f!11E"~"'-l l1i1mr•l1l~::ii p2o5 11~::111ru 20-2a fa R~"mt"Li1urnmf 

a ::5'! 1u t u;tL fl~fl ua ::!i N 11~::2.Jlll! 2-4 fo 

Uilfl~1fldff'1iit.(t1tlE~tlEi~fi'l~~lfl~l~tuG~~11~1fifi1'1 1 afl L~U ~'lfl~Rl\1fll'l 

L~Jtti11 fllflLll~lilH~ fllflU~1la1 L~U~U 

5. t.(u111A~L~u11 (Potassium Fertilizers or ~arriers) 

t[u111Pl'~ Ll.li't111~t-iifiuE~tuir~~UU~'Jutiii~li;i111~1fli'fULL~fi1" 1 tlil\1111~~ L;tu11 

u ilflLI =!111M.Jil\1 p t uiiutlEiltlEi~ fla
1

1'lR il ~::u ilflililflllltu;.11 K20 it" l '1it1i'111 L iJu L 'la I 

u1uL!ii' 'l if" 1 fi'Rn~lul~t,7 K tu'lLlif LL~ti11~::titu7.J.1'11il'1il'i~U'lfl (r) fl~t;u~\1fl.f'1 
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- Muriated of potash or Potassium chloride (KCl) LDu~vi 

ilt111l.Jti\Ji1Vl\1UW~"'"'1lt111Uf!H;j~ .ifN~rll.ililfl11111~tl'il:::il' .K20 li'a :::a.•vu~ 60 Ltli!-i' L'llui 

~.., _If 11111 _fi fl: 1J!I ' jl:ll -~ "'• d I - oe... 1 ...J e ~ f 11Plfltttu::: LIJUN '11W"~il\IJU: L11 fl~ \fllililUH~ illl~Ulrll.liil N~11 11Ui1Qfl1J111HltliNLL"WIUl111Nw Ill L'l'lU 

l I 1... o t II I 
my~:: fllll~lflfll~ I HLL~ sylvite 

ln Cl 11~\\" ~" 1i.i urn1::tl'tJ?inff"1iNfl1~ Cl Pi~ ~ 1iu v1ii,tJ iiul'Ji" tY'ltJ1"1111ui;in~ i1~11 

u~n~wn~nmi1vnui;i~~1111~~l,tt{vnuflif1~ ~11u 11::\~aL~A «nn1fl~'l LDuAu 

- Sulfate of potash or Petassium sulfate {K2so4) 

L '11PI L1f mi l; L 1i'111iufl~i;i LL61
11
'l L ;!11 KQl Pl" 111 K2SO 4 

ililfl 1tJ fl'l1~11fll~ 

2KC1 + ~2so4 

" ~::rll.fl&I:: fl ilU LLPl'l Utlfl Lill MgC12 

Sulfate of potash-magnesia (K2so4. Mgso4) 
I 

LL~ langbeini te 

kieserite (Mgso4 .JH2o) 
4 ~ # ~ K

2
0 :no:i::o:i1vu1 22 LUil~ L'11Urll. ua:: MgO 

l'lilu"1UY1fl~il1JH~il"'uflf!ati\l~1'\I "l L1iu i[vifaqtu'l].I L00°al'l1.;1Ji1Lur11. (.56 % K
2
o) w=iaLfl~il 

1tJl'll-i'1JilLUrll. (J6 -fa K 0) 11il'l11tJ~~ L;ft.111 Li1u.lu 
2 

6. t{t1t1lfJ.~il'l1L.Lw::~o:ia·t~ ·(Secondary and Micronutrient Fertilizers) 
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1 J. l .. l OJ "i • - I ,di) .... ... 
fil~"Hl'l'I flEJrn tJu.a•tl''D'1il:.: :uriauini;iu.a:.: ~w.tu!1Uflfll'l'I 1 l'I L'D'n'il:.::UfilPJ.~a'l'I 

LM~l~N~:uay;•~L~:ua lw.[uu1'1'1'D'Ufla1'ilfia1~N~:ua~lutJi:u1w~'l'I ~'l'l~U~'l'll"uu:uNam{ufilPJ. 

~a'l'l~l'l'I 1 aaninl,i' Lda'l'liiLLM~'l'la~tut[unufl'11'1'1 1 LL;• uiu 

6.1 Calcium t[unui;i,i1xi 1 it1f % Ca N~:uauL~LLn' Calcium nitrate 

19.4.;)6 • Calcium cyanamide 38.5 % • rock: phosphate 33.1 % • OSP 19.6 fo. 

CSP 1 4. 3 % , gypsum ·22 .. 3 fo Li1uiu 

6.2 Magnesium t[unui;i~1'1'1 1 itu %Mg N~:ua~Lfi'LLri basic slag 3.4 "}:; 

Keiseri te 18. 3 fo , sulfate of p~tash-magnesia 11 .1 % 

6. 3 Sulfer i!u'J!ufl~l'l'I 1 fl"l,1't1ulutl'1i11uu1il:.:ii s tJ~:::naua~:u1nu1'1'1 

uaEJUl'l'lfll:U'D'UfltJa\Ul:u ~'l'lniia~:Ulfl:UIEJJ'lalEJ'D'Ufl LtfU ammonium sulfate 24 % • 

potassium sulfate 17.6 % • sulfate of potash-magnesia 18. 3 %, 

ammop~os 1 5 % , OSP 1 4 % Li1u;u 

6. 4 ~•Hnlll (Micronutrients) t1•11~afi1c;iu1'1'1~'l'il:::1fN~:ua~luiiuu1'1'1 

nOi;iLL~ d°f a'l'l'il1ntln;a'l'ln1~l utJ~:u1wuau lusnu1 i;iu/• ltJ:Unfia~ati,'l'ltrn L«u'l'I LL~ati1 'l'I hflP11:u 

lufiuffl,ilunl~~ntl''D'iifl~afl'u u'iu L 'linUIUM'~afiu~l'l'I tl1il:::t1u-l1ff'D'LL~f1'1'1alOl~tllfl li;;' Lt/U 

~ - I -J p .,. t 9" ldl ""• .al I -t ... I di -J d, LflEJ'lflU ~·u ~Hll!LLw'lOI~ 'D'~wtilfltLOtl'D'1i1:::1l"u:uw:::a1uu1LLW:::Ufl'l'lU U'lLLOtl'D'rll'l'I ~" LUa'l'l'illO 

wnl,7U'au~'1'1~a'l'l~:::"i;i~:::i'l'llu1~a'l'l~'ll:UL;:U;ulun1~w:::~1uu;~.5i;ilmLnti'D' Ltl~l:::Ul'l'l~~'l'I 

llll,j~'ll:U L tl:U;U~'l'lrl ;1.; L nfifi1ff)uffnl fi' ;f'l'lt!Ua~ L~:Ua Ltiunurfl'la'l'l'illflQ fll'lu L ;LLn«'D'LLw"''l l,itl''D' 

'il::u a1n1~ lm.i;!u ll',~.,:u L ti:u;u:u111 1 a11il11;l i1'tinfl'lu l~ Lma
1

'1'1t1a'l'l,,_a 15·1PJ.~u:Unuu:ul.;~,~ 

L~iilu4tJLn§a11a'l'lfil~~1'1'1 1 t1a'l'lfil~LM~1~u l'l~alu&tJ~•~~::nmJLn'l'liaut1a'l'lfilPJ.nu~1~ 

iiuV1~ti°Ml3vfi L:;u11~1~1~ chelate i'l'I~;~, chelate I f: - ... ... 
LLtla'llfl~'l'I LaUM~ajJ'l'I L rlltla'l'I 

LM~EJ'l ~'l'IM:UIU~'ll:U~lfil~LMa1du'il:::~fl~ULLUUa~nu~•~au11i" LL~aUl'l'll~ftfll:U~I~ 

chelate ~1:u1~ri~a 1 uCh mil :::tJw i;itJa'autilPJ. L Ma
1

1~u aan:u1l i1 u'.futJ~:::1 unu~atl'nl fi'ati1'1'1 

,7, 1 11;1;"fl•~i~L~EJltJ'il'lfl~UUaEJw'l'lt1W:::L~El'lflUti'D'ft~l:Ul~fll'D'L~:Ulfl'U Lnaat1a\'l~~tilfl 

Ml3a~1~uu:uu;:u1li Lif uLLMw°'1t1a'l'l~aa1~~;wi'ua :::~ 1uu;Lu;),Q'M1u l .i'LLrtfl°ll"lfiu~i;i'l'l l-llu 



L 
( 

L 

Ferrous sulfate 

Ferric sulfate 

Iron chelate 

Manganese sulfate 

Manganese chloride 

Manganese chelate 

Zine sulfate 

Zinc chelate 

Copper sulfate 

Copper chloride 

Borax 

Boric acid 

Sodium molybdate 

- 208 -

Feso4 .7H20 

Fe2(so4 )3.4H20 

NaFeEDTA 

Mnso4 .3H20 

MnCl 2 .4H20 

MnEDTA 

Znso4 .7H2o 

Na2ZnEDTA 

Cuso4 .5H20 

CuC1 2 .2H20 

Na2B4o7 .10H20 

H3Bo3 
Na2Mo04 .2H20 

74 ~umm~ufi~~"~,fi (Natural Organic Ferti~izers) 

19 }~ Fe 

23 fo Fe 

10 /~ Fe 

23 /c Mn 

27 Jo Mn 

12 J~ Mn 

23 ft, Zn 

14 % 7.n 

25 }~ Cu 

37 % Cu 

11 fc B 

17 Jo B 

39 lo Mo 

",m1•nu~i1~ tf utrrnd'il::ljtnorf!,fl,~flijl1J1.1.;"",wfi'i:!.nn LL~iifi, ptil,fl,~i;i,\1 'l t!~"M•nu~ilfl 

LLfl u'il:: l'l~lWJ. n~il fliitii~A' fl\lfl,~ ufln'il,ni1t{uwrni1fl\1~,",.,fl,;-;i u l un,-ru -rutJ 1. "~"tTFifl, \l~~nsr1.1 fl\1 



L 
r 
I_. 

......._ 

'--

.__ 

'---

L 

I 
'---

'-" 

---. 

- 209 -

a1H1~n~ufin~1~fttJaanluA1"~u~ a1q~a~~A~ ua:~~i;ji1;tun1~~a~Ran Aaa111~ua1H1~ 

..lfj .. ..II ,, , l: - ~ - , -~ ~ , n L~Lau~"'~•uu 1 """"1ruG1~a1H1~~an ~1nn1~•LR~1::H~~~•~::uawu~a1•::~a~"'~• 

I ...I ·1·.. l "''J ,.I 
~·~ 1 tl iJ~i;1111a~ 111uai;i~ • LUAl~I~ 12. 5 

Al~•~« 12.5 "~"1ruu1~a1H1~~~tmlfiRan~1n~Ai~u111~1~ 1 l~uU"":"1ru 

«A~ 96R41"i!u . 
ui"lruGl~alHI~ (lbs/ton)* 

N P205 K2o 

-1• 78 9 - 10 3 - 7 7 - 10 

.. 
"' 63 10 - 15 4 - 10 11 - 18 

"1.l 74 10 - 17 8 - 17 7 - 15 

LLn:: 63 13 - 34 8 - 12 1 1 - 28 

lri 58 9 - 25 14 - 20 5 - 12 

* lbs/ton x 0.5 = kg/ton (1111uU~:"1ru) 

. . 1 'l "'l: • _'i d "' t '" - ~ ~ d 
Lun1~UILa!U.uRan UL~UU~ILU1Jfl~:111a~ mJ.uRan"n1~~1u111•"'n~:u:Hu~ 

I 1 I ..I o l fj "'1 "'~ - l: .!/( d I .... _<f 1 ' I ~ nau "a1"1~rin~:u1 "L~ VMU'VI 'Vl~U LUa~~lftGIPl,a'lHl~lill~ 1 fl~: LUUU.,: U~Ulilatl~ 

1;~:;a~N1un1~uauaa1u~a~~UV1~u~u111~1~ 1 L~uriau L~:tu~:H~1~un1~a~1u~• 

.,a1 ti .- d ~ ..., ..a1 I - d .a d - C: _f'i - • ..., 
~:"R•l"~aULfifl~Ui~"ln 'Vl~U~"a1~111~~ 1 infl~U~fi"ln"IU ~~u·~~U111fiLUUtlttalH~U 

ti~ L da1mf uRaniin1~aa 1uK• GIPl,alMl~'lui.(uRanu1~"1•u~=::~'lJ Liil°uaan lu1111u L wtll::: }; 

~~ ;t W1 ~""u~a~1noi.a1H1~~•~ 1 ~;a~ lJJan~1mtl;LLai;i~ 1..;tu1111~1'1it 12. 5 

7. 2 u:umrn ( L;ompos t) JJ:um.Jn LtlW:~1fi'"1~1nn1~mrn Ll'ltt1'~~11i1~ 1 
• .,,_. ..., • i~ "" a • .., _'i • ..., ..I "" • • ..., ~ ., 
'""n1~a"l 1u~•au1~am.1.~mLa•~~1JI lu 1~ wml.u L fltt•a~~::t~tun1-m '111.u""nuu~::t~ 

~ 1 "l .. ..I .J!' t " d l I .. .. I -~ P, ~ <' ,d 
Ll'l~a~a: ~n fmLl'ma tlH~a m•rn~n1~LLa• L~U Ll'lttLn"'a~a~TI~Ha~1innn1~LnuLnu• 

I - ,!/! .d ..11 ''I .. ~ .. ' _,, "' ~ l: - - t .i 
tl~H~aJa~aU'VI "L~ -~~tltl Ll'l'lffiU~~aNau LUUlilU fl~UuU~"•ru~a~Glfl.alHl~tl~ u~u 

11J!n~~ifua~fi'u'la~t'liLLa :i5'n1"'m ;i{um.Tn -!iin1"'m~um.Jn1111mi.i.• lua1"1~rin~::V1; l ;~,u 

L 'liu 1111un1~ L a1 L flrla~L mi'11'"1na~t~ l-ltH'ij°n1.,m>i 1uPi'•ua ·~~u; lu ti u~-lnd'~:1; L •~ 1 
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1 ~ ... , .. ... ~ 'I .. ' "' 'I .. __ _<; "' ' _<; ' :!:I • ., J. ... 
flfJfl'l~ "ll.M "L "1 fJU I.I.a:: ilfl LH LLUU M"lilill'OJ'il:: L n'lG~fl LIJ uwa.,11 wrn-..i :::fl'il \IJUUil'll LllUPlfl fJ'll fl 

1!u ,f "-;! L d ill'l'l'llla::: fl'lflLL~ ::ti il'll flUfll"lijty L iVGl~iJIHl.,_1t1 'il~flflil'lltf vm.Jfl • W~ilill'OJ'il:: l iii 

"«"R1a;"~utl'i:1"fiuu;~u~:::ni:1"1(v"unA'lvnli.~u•A~il""~""~ilui:1n~ui:1ununil'lll{vHumi'-..i::Y1; 

-..i::~ il'll lii L ~fl L fiu 111 -o.iut'l ;".,u 12-ia:: f!'lflM~il l Hiij uiu lt.lt'l; 'l M'iil'll l i-ra ~111fl i1mia :::n1-,~flfll~ 

' ... .,.... ' ~ ..... 3 ' ~ .,... 1 ~ 
LLUULL~ :::"lf!UI LWIJll LUii~ :::nUL'l'l111'1'l111HUl11 "l!:llltU 6 - 12 U'J "l:::M'll'llnU L1111.Vl'lilfl "lfJt'IU 
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L 
7. 3 ,f t1W'11a VI (Green manure) 

L 

Immo):lilization 
• '1 ' ..Id ..:II -. s: ..,,J ' I .al I d A 1 .. 

ml 1J-;J!:fl~~ 'l L U11"Nfl t11111 fl'l~ L ,.~'II L Vlllfl L 11U 11'1 'Im L .!i°ll tl"ilfl fl"ilfl L ti tJ1'l';I:: i;!J ~11'ltu1J 'lflLL~ !: 

fi111iiLLfi L flu bJ 1'1 'i'l M'iifl'l~aa -,ufl-:i 1 lii'1 .;.1fu 

a. t(t1Na11 (Mixed Fertilizers) 

L~fi~~£m'l~W~fla (bulk blending) 

l .. .,,,J • ~ ~ .. .. ~ ' • - .,, 1 .. _ .. 1 .. ( ) 11 LL~ !:flQf'lnqjntJ';J!:Fltl~ L 1.l'lfl1JLL1lt!t111UV1t!U f!VI ~?'111L1.l'lflU VI compatibility 
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Ammonium chloride 
Anunonium nitrate 
Ammonium sulfate 
Bone meal 
Calcium cyan amide 
calcium nitrate 
Compost and Manure 
Dicalcium phosphate 
Limestone· 
Muriated of potash. 
Potassium nitrate 
Potassium sulfate 
Rock phosphate 

Sodium nitrate 
Superphosphat~ 

Urea 

. .. 
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GI 
Q) "' .c -

QI • ~ tD ., .., • 'U ' • ~ :;1 .c: Ill .µ .µ 

"" ~ ..... QI c::: Cl. # .. "' ·~ .i Cl li "' Cl Ill 8. h 'M s. ~ "' . ::E 0 ..... 

I! 
.., .-4 s:: ~ .c ·~ ::s ..... ::s cJ 4J "Cl 0. 'M c:: a> 
i: • :>. -.-4 c:: 0 

.-4 0 c:: fll e Cll e § 
~ ~· "' :;1 -«= 'ti ::s 

,~ 
0 E e .µ ·r-1 0 1i -"1 ..... ..... -.-4 E :J ::s Ill u .µ ID ., 

c: . c i: ..... ..... 
~ 

r-l ., ti! II> ., 
I J 0 GI u tJ IV QI ·rt :3 «1 

! c ..... r-4 0 E J-4 +l 
.2 «I «I 0 ·r-1 ·rt i £ 0 u u u a ..l a. 

c c c i i i i i i c c c 

c c c i i i i i c c c c 

c c c i i i i i c c c c 
-

i i i c c m m i i c I c c 
i i i c c m i m c m m m 
i i i m m c i m m i m m 
i i i m i i c m i m i c 
i i i i ID m m c m m c m 

i c c i c rn i m c m c m 
c c jc c m i rn m m c c c 

•C c c c m rn i c c c c c 
c c c c m m c m m c c c 
c c c i ti i m i i c c c 
c c c c m rn i c c c c c 
c c c i i i i i i c m c 
m m • c m i c c m i i c 

c = Ltiiflul~ (compatible) 

i = L~iiiul~'L~ (incompatible) 

m = L fhr'iul~LL~~-JL f1\1u~Vl~'1';J10~~~ULL~'l 

• 41 .µ .µ 

"' cu .c: "4 
0. .µ 
Ol •ri 
0 c .c: 
0.. E 

::J 
~ ._.j 

0 co 
0 0 a: (I) 

c c 
c c 

c c 
i c 
i m 

i m 
m i 

i c 
i c 
c c 
c c 
c c 
c m 

m c 
c m 

m i 

• .µ 
Ill ..c: a. 
1111 
0 .c: a. 
~ 

t 
~ en 

c 

c 

c 
i 
i 
i 
i 

i 

i 
c 

m 
c 
c 
m 
c 
i 

Id 
Cl) 
~ 

::::> 

m 
m 
m 
c 
m 

i 

c 

c 
m 
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i 

c 
m 

i 

i 

c 

,-
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L 

L. 

L 

"I "' "' ~ t .,._ "' .. - .I .,_, "' "I 1 • J A d • • d 
fl~fl ~ tH '.l.nritJ tiflLLWl 'il\l L f!!ftJ.flfl U,llw \l w LLW 'lflW.,fl ~till fl 'l L 'ZJ1J1J L ~ iltJ 1 ~tJtill f!UlllJ.tJ L ll £JNUll 

fl'\flL fl; ,ilufiua'l ;,Lifmu.lt.(mi'rn"',tru lfi'fifiu,11,~m fiu 1-l'l!tL ;u,u 1 1; u~iium(uu,'1'.lft!fl 

s. ~fl'l~L~~u (Methods of Fertilizer Application) 

L 
"I ' ..... _<; "' 9 .1 fl'l~ ~t'ft.l.Ufl LUtJtlil\lLLtl\l (Application of solid fertilizers) 

s.1.1 l~Ltlm(u~il\l~tJ (basal application) 

- ' .d - e - • ""'"' .. _<; ~ • ll ..i t '"I ,., .... ' fltJfl£1tJJ1~::11fl1~~fln!f 1.h111na!tlfl ~!f~:auu ~ - ~ t1il"1.I ~11,Clll,tlfl \lt1ll£im ~:: u rnLLfll'l'.if~il 
3 2 

ti;j \lfJ ahJ.fl ( fl"'~fiiifow"' llitfl) fl'l~ L ~ L tJu1(u··rn\ltfuifut1llfl~::fl 'ifl'tJ 2 fjfi'fiil 

(broadcasting) 



n, L\C! ruitlr..nn rtLlllJl,t+nld I. m1 t.~ l -t. I .. I 

I!! £11 ~nJ.1_!' l" ~n~ut.l'!.L\ ~mt I!! ri, BC! r..rtLldt.nnnp' B)mr.1 t.Al!l1W~f1L\C! !-'"!! r&L\t. .!'nt.~l!l lJ 1r.t.uBl!l1 C!~ w 

n l!lf.m~ nt.t.14t. ,,l!l11Jl_ML\C!llU°t! p.t..U11 I. L\l.!'flLld t.n'lfni11 B)mr..1 f.LUBl!I t U't<!f1L\C!,t.n,r..LU,!!C!S;Lit.U11. 

nLL\L\t.11M~f11C!MB~, e.A11~11 UL rt~ t BJ~l ur.LrtL~Jl~ "~"LJ'nl!,l.IM.Lltg ~:: t.[1 C!~j!~L\C!ll~C!!' 

flt I. t.71Atl~n~Jl~C!~Li ~~1BG1::ri I. L\L~U»ll~Ut.M. n~1 LAtfilBt.~~t.uBl!ltU~fU!=LiU~[lrt'mi 

t..LUJ!B:[l ~~14Lll9U~::r.. fl,!l C!~B!rn .. 111411 BC!,!1nl.L\L\M1L\C!~[l 1 BL,"!' t ~ u::r..~~r..LrtL~ C!~~ps~ 

B :fl,"1 lr.. LUL\C! llJe.C! !' I!! Ml t.L .. "' n!' 'l l!l J!fl, l!IBBLit. .. mrn°tl)lL'C!f-UBL\11._ld,wi»nkLi~~C!~Lit.l.!'U°i! fll!~Li 
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_ F1 s _ 

a~'" hn1P11i..rua11~1m1::ii'n1"':i'lm(ml'" lfutJa\1 uij"w "ltl 'lu fiu1 fl£JA·N LLi'l !i''1iif11"':i 

u;La1lt1a::a1£Ju;fi~u1~n'l~Laua111tt11::tJa'1tl:£Ju; u.a"'...;i~".,i;ia"ltJ'lu~u1~£JA.,"~~anf'lfiu'l; 

un~im a\1 'lu L ~ii'atJnuri·nui£Ju; 1 ~m ntf1::'lu11"':iiiitJ1l'1tl:£Jl'l•11'il" GIP!. \ t1a"~111A'a"ti'lutJii..r1w 

u £1£1 ;IUfll "':iL aa \1 ltJ 'l ufiu 1fl£JIPl"':i\1fl"':i::fl;1~;u~fl-LLil::1,J'u111":i llivf 'lii ~ \1 LLtl a '1tl'i,f1 

9.2 111"':i'lsii.(m1LtlutJa\11~~'lMim(£Ju; (Application of liquid fertilizers) 

1
• fll"':iL~tbM' LtltJtJ.£1\1 L mi 'lM~miL ::S£111-l1tJ:£Ju; li.i-l1~:: L 1fot(£Ju;«~aA~af11"':i\1\11tJ1 f11£JA"NW~i:I 

_...,.,, - ' 'lti fl'l£lfltJ L 11tJ 

9.2.1 Starter solution 

9. 2. a Application in irri_gation water f\'a111-,~£1111w~t1'laiitl9I '1 ltl 'Lu 

9.2.4 Foliar application 

9.2.5 Injection .. - • .. 1 t d' d - - " 1 fli:lfll.,nru.£JLtn ti tJLtJ£1L£li:ltJi:l\1tl11 tll~ilflL1JI tJ 
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. . . . . 

fi·Tu L f'l"l~ f'l'l~fl.;iifl tl'·ni fim if m•h t.;~'lVUilV iitJ "J::ifi firi 'ltli" 1 fifi·urnmLfl'Ui! '1ijfl n1 .,., :: 

• ...at ....... tJ.tm 'll'tlfl m v 

"' ..I • • • .d t"' t~"' • .. .. ~ L ~2Jtl L'UtJ\1:j}'lflL 2Jtll'l'l'U'luU~11'lruLLOO.f.M :j!::; 'lfN~lJ 11 Lfllfl"'Jfl'ilil\11..l.VN~llfl'llllllil\1fl'l"1Ll.a'J 1Jfl:j}:: 

liil fi'U';11ufltrn\11..I: v N~111t1111 fitJ\1fl'l"1 fi'"ifu Sj" ~; 1tf u ;il\1 i. Pi1.1ila rn. ii.; ui1 ltJ L ff ilt 111. fiU;l'lUfl!lil\1 

...a .... 1 1 ·- ... - ~ ~ 1 .. d .rf t • . d f!a::<11V'U'l flfl:j):: 1111fl'l"lL!JV'U~~lJVlfl'U f!VL flfltl'lfl UliJLU'ULL'U"ll'l'l\1 'Ufl'l"ll'l'l'U'J'ULLa:: Ltlil 

21 ~ N,TSP 46 % P2°5 
R<iL<itJ.;~flLUU:j!;u,u1~1ifl ? 

~ .. J, I t • .tt + .. .,. 
111'U11"1tl 1 , 000 flfl 'U'ULL~fl\1'l'l utlVN~lJ'U~'l'U'l'U 1 , 000 flfl "'1::111£J\12J 

L lf u 1 00 fl fl 

N lS 
" \11111 fl 

- _!,_,. .Jt .. .. lS cf .. ' I • ...... "' .rf • d lS J, .. tl ~'l"'J CU'lUllU.tm 'lftl "lill.ltl \1 L fl"'J fl 'll \1:j}:: L 11'U'l '1Lwll.tm L 'l1 LU W,V l i;lfl'll'I \11111 fl 'U'U fl £1 
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N o.i::;£1" 1;l1,o.i'lfl CNH4) 2so 4 ll ' p fl \11UIJI Qf-;JU z 05 n ;£1" 1fl'll,OJ'lfl TSP 
~ 

~ Ci' • ...cil ..,. -

~\1Mllf!Ua::LUl'llU£1\1Lfl~-;JflUflU K20 

.... 
- fl'l~fl;u-;iu ~::L;,fiL~~uu'l!'Y~1~~~,\1Rfi~~llfl;M~£JOJ::L;~~~Qf;\~OJ'6lJfl£J 

A X = C x B 

"' x f! "" ' • d .. "I "''I • • ( ) L ll £1 n mJ~ll'lWLLlltf.lNI ~£1\1 L11 LUfl'l~ ~.~N'iill flfl 

A fi£J 1 oo 

B fimlill1Wt.1£1\1fil~£11M'l~num!utu~~Namf ""llfl (flflJ 

I.-
C fi£J 'l. 1l£1\1fi'l"l£JIM'l~M~£11.fl~fl'llD\1mn(mf11f' 

Ld£11;,a1«~uu~~~1~~~,"; o.i::1; 

N o,i;u-;iu 21 flfl o.i::;£J\1L~ (NH4) 2so4 = 100 flfl 

.. 
fll .N " 100 " (NH4) 2so 4 = 100 x 100 flfl 

21 

= 476.19 flfl 

P205 o,i;u-;iu 46 flfl 1~ll'l~'lfl TSP = 1 00 flfl 
..._ .. 

fll P205 " 150 " TSP = 100 x 150 fl fl 
46 

= 326.08 flfl 

LLa:: K20 ~;u-;iu 60 flfl 1;ll'lOJ'lfl KCl = 1 00 flfl 

.. 
fll K20 II 100 " KCl = 100 x 1 00 flfl 

'-- 60 

= 166 .6 7 flfl 
·..._ 

"' • . 1 .. Lll£1fllU';JUOJ'lfli~~ OJ:: ~ 

o.i::"li (NH4) 2so4 = 100 x 100 = 476.19 flfl 
21 

o.i::"l~ TSP = 100 x 150 
'-" = 326. 08 flfl 46 

o.i::"li KC 1 = 100 x 100 = 166.67 flfl 
60 

'--
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L = 1,000 - (476.16 +326.oB+ 166.67) nn 

= 31. 06 flfl 

...... 

i 
I ·-

Ammophos 

Ll.Sl:: (NH4) 2so 4 1.trn":iMf~::A'iNl'l'lu-;iu~'l11 ~inw 

Ammophos L ~t.lflilU fi ii 

= 1 oox BO = 400.00 flfl 
20 

= 16 X400 = 64. 00 flfl 
1 00 

= BO fl fl 

= B0-64 = 16.00 fl fl 

(NH4) 2so4 
t1ufii1~::11i7°i1'1 t,f (NH4) 2so4 1 00 = --x 16 = 76.19 fl fl 

21 

~::l,$ K2so4 = 1 00 -x BO = 160.00 fl fl 
50 

~::;il\1L,fvt~ L91 ii.; = 1. 000 (400.00 +76.19 +160. oo) fl fl 

= 36 3. B 1 fl fl 
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ll l ... 
~~Uti~: '.!JU~ULfl":il'I 12-24-18 

l 
. -a41 . .z; 

tJ~111tUmN K20 · utJ..ur-t~m~a~fl,~~"11111 

~~~uu~~ll'I K20 a~afl 

du fl af1a\l l ,f KN03 

N 111 

=· 100 
--X60 
24 

= 250 --x 12 
100 

= 250 --x 16 
1 00 

= 120 fl fl 

= 120 - 45 

= 1 00 x 75 
44 

= 170.45 x 
100 

= 250.00 flfl 

30.00 flfl 

= 45.00 flfl 

= 75.00 flfl 

= 170.45 flfl 

13 = 22.16 flfl 

- 30.00 +22 .16= 52.16 flfl 

= 120.00 flfl 

= 120. 00 - 52.16=67. 84 flfl 

= 100 -- x 67. 84 = 323.05 fl fl 
21 

= 1. 000 (250;. 00 +170.45 +323.05) 

= 256. 50 flfl 

4) J ' .., • • • - A 
L1lrn11U~fl~fll":itJ..UN~11Lfl":il'I 12-12-12 ~IU~U 2,000 flfl tJ..U~UfltJ":il~I 

5.oo U'lVl/flfl LfiaUrea 46 %N 

u'lVl/flfl LLS'I:: K2so4 5o % K2o ":ii~! 3.6o u-m/flfl lufl":iOO~:iflK(uNQl11Ql~L~~1].l'l1.:ra 

'7la1.f u L ilu~111NQl1JL a~ f!UI~ l'l1U~:ih1~l'.),flfl-jlfiULfl1 lll'I ? 

flfl 



I - 220 -
~ 

L ~::t ii Urea = 100 --x 240 = 512.74 fl fl 
46 

if,·, .. , • ~ 
~::L VRI ti~IV~IH~U Urea = 512.74 X5.00 = 2 2563. 70 U'lVI 

t,1 DSP = 1 00 x 240 = 750. 00 fl fl 
32 

~::L a"vfi1t,1...i1v~·=·mfu · DSP = 750. 00 x 3. 50 = 2 .625. 00 Ulfl 

l ti K2so4 = 100 x 240 = 480.00 fl fl 
50 

~~L~vfi1ti...i1v~~HfU K2so4 = 480.00 x 3.60 = 1t.728.00 U'lVI 

~ ~ ... :! !J. ..J 11 ~ 
~\1UULUv ~.VL~V•"•N~"Lv\1~~L VL\1U = 2.563.70 +2,625.00 +1.728.00 

= 6.916.70 Ulfl 

\........ 
~:!" oC: if L"v g~vN~"~.L~~'l1-l~::L VL~U = 2.000.00 x 5.oo U'lVI 

= 10.000.00 Ulfl 

'· 
= 10,000.00 - S,915.70 UIVI 

I 

L = 3,083,.30 u-m 

N LHV\1 0.1 
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_million) LL~lu~uii .P 

l u 1iu v\nn ~ p atj 

~U~t!~U~Ufl 10
6 

flfl ~~~a~ld P 8fl 

"' fl'l " 312,000 " 

DSP 

me 

me 

L~u K 2 me/100 g soil ~~1; 

~~a Ca 10 me/100 g soil~~1; 

• 

= 

= 

::: 0.125 - 0.1 :::: o. 025 'fo 

= 0.025 flfl 

= 312,000.00 flfl 

= 312,000 x 0.025 
100 

fl fl 

::: 78. 00 flfl 

= 100 -- x 78 
21 

20 - 9 

= 12 flfl 

= 12 x 312.000. 
5 

10 

3.74 x 2.29 

100 
32 

x 0.5s 

moleo.1 lar weight 
valency x 1000 

39 x 2 
1 x 1000 

40 x 10 
2 x 1000 

= 371.43 flfl 

= 12 ppm 

= 3.74 flfl 

= 0.56 flfl 

= 26.75 flfl 

g .. 

= o. 078 g, 

= 0.02 g, 
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10.2.2 r.i1R'tJE'F1~1fl1·rnu::u:, .(recommendation) 

. 
LLSI:: 1 0 flfl/l.; iij\1,f U'OJ:, \. 11 U'OJ::i;i°-iJ\1 l.J CNH4) 2so 4, TSP, 

LTillfl ? 

LLlil:: KC 1 r.JVl\1lil:: 

l'ifil'l:...u-;iu 

'OJ::l; CNH4) 2so4 = 1 00 
X12 = 57.14 flfl 

21 

l; TSP = 100 --x 20 = 43. 48 flfl 
45 

l; KCl = 100 --x 10 = 16. 6 7 flfl 
60 

2) 
,, ,,,N , - J 

lufl1~tl~flM~ILlilt1\1«~-;i~u~MU\1 fl'i;i~l'J:mi\Lu::u:...fi'm.(vr-iaJJ L fl~ fl 

'OJ:...u·m flfl/l.; iflJ1J,RLL'.J lil \1tl S!,flM~l 1. ifu LL1J a \1l'I fllil r.J\1"1.IUI fl 2 
15-12-8 100 1 o x 20 lJ 

~\1~U'OJ:,L"U'OJ::;r.i\1ld CNH4) 2so4 , DSP, K2so4 Ll!llil\1lil :! LVlllfl ? LISI :: .• 

='ifi R :...u '"JU 

lu~uvf 2 'OJ::i;i°r.i"la N 1600 1J = 1 5 flfl 

rn\1tf u II 200 II N = 15 x 200 
30 

1600 flfl 
16 

'OJ::l; (NH4) 2so4 100 x 30 = - =B.92 flfl 
21 16 ----

lu~:...ua\1L~v-;i~u'OJ::Ar.i'1l; P205 = 12 x 200 
= 1 • 5 fl fl 

1500 

'OJ::l; DSP = 1 00 - x 1.5 =4.69 flfl 
32 



\ 
- 22-3 -

L 

. i 
= 8 x 200 = 1 • 0 nn 

16 00 

= 100 x 1 • 0 2. 0 nn 
50 

-- . "HifllU'lU 

-. . ,,,,,, . • 1.; ~::i'il" 1; N Lifu~'-JU'lU \..._ ~•n 'ilA~"l'1J~uv1 LLU ::u., LLSf fl"'l I 12 nn 

u l: - ~::'l; N = 12 x fl"UU f!U. 1 5 nn 15 
; nn 
I 312000 
'--

~::t,1' (NH4)2S04 = 100 12 x 15 n-r11 --x x 1 000 
21 312000 

'-- = 2.75 n-r11 

'lufl~u'il"L fiv'lffu~::'li._. P205 15 x 15 nn ,__ 3120000 

~::'l; DSP = 100 1 5 x 1 5 n-r11 --x x 1000 
'-

32 312000 

= 2.25 n-r:u 

m:i::t,! K20 = 1 0 x 1 5 
312000 nn 

~::ti K2so4 = 100 1 0 x 15 n-r11 x x 1 000 
50 312000 

\._ = 0.96 n-r11 
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-- . "JtifllU"JU 

... ' .d .. 'I .... .d 
~~~lfil~~IMl"ro~~~fll~LUHUn 

" 
t(ufl~n. 100 nn Util~~•M•~ 

" 200 " 

1-i ifa 10-1 o-s nn 

2 " 20-20-1's nn 

= 1 .5-1.2-0.s nn 

= 3.0-2.4-1.s nn 

.l11"• l: ., .al 

L irn L'lJtl.ufl~nn ~m.1 i;iLm•fl'~t1'1flfil~~·M•~~n = 17. 0 - 17.6 14-4 nn -

= 100 -- x 17.0 = 36. 96 nn 
iif~1iu"il::;~Nltf Urea 

46 

= 100 -- x 17.6 = 37.45 nn 
1.; TSP 

46 

= 100 -- x 14.4 = 28.80 nn 
111 K2so4 

50 

10.3 M«nlun1~L~~nla(uN~u lun1~La~nl-m(u1i;iuLww1::t(uN~u ~~~~~~ 

.... .. - ... ·-·· -1 d ... ~ .. x ' n lirn~w-;n~CUlfl~ L n~ "111~\JU.U t,U tl~~ti·~~IMl"n'I L MUI ::~UntJt;nJLLa ::t111 ~ "1~'JUtl~~til~~'lM'1~ 

fl • ,.al e ~ idl I e 11' _f' • ..c1- I j.' d 

L utJ.u Lia ::n ~ll"l'l!fl~~•fll 'UUl"lml ::i;i~~ LU utl.mi u«i;i~'JUtl~~ti'1Pl,~'1M'1~"1'1U"1~~n•~ LLw ::u~lfl'l 

I I - , .. ..,! _<i "' fj 1 •.,._: A' ~ 1 fj " o 
"1~MU"JUtl~~til~~·M•~~n~n~•u LH~LUUfll~LtllL"il ~~U~t1u~::11~~ti1.JIU "1UL1l'fll~fl'1U"JU 

~~~~ 1ud' 

-·'I ... - d • .d •J!'. 1 
~U2.J."14'1 L1Jfll~'lflt1'141.JU1iunui;imN ti.EM LLU::Ull"lm.l.uN~1J Lfl~i;t 16-20-4 i;iu 

1~1u~"1~'1 30 nn/1~ 

d - • 'I • d' .. .. _r; 
LU~tl"ill~CUlai;J~"JUtl~~til~~·M•~ Lml.uuL~"J"il::1muu 4 : 5 : 1 

..... 
LU~"1~~fl'1~ 

~rniuN~uu1l;fl•~~::1~~~~•W:uN~unu~~uftfi'«i;i~•u11~~ti•~~•M•~LMfi~unt.J1.(unui;i~t1;~11 

if ~~lfll L~ ::~lflfll~~~·n~l uvi ~~~a l~L~ "JH1.J"J
1

'1 tl:uN~miiJ'«i;i~"JUtl~~tilL'l,~'1~1"H MU~UflUU 

iif~~~11Hf 

n. ~uLn~i;i s-10-2 ~'lfll 440 t.J1n}100 nn 

ti. ~ULfl~i;J 12-15-3 ~'lfl'l 600 t.JIVI /1 oo nn 
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R. ~aLfl~~ 16-20-4 ~IRI 856 Ul11j100 flfl 

~. ~aLn";j~ 20-25-5 ~IAI 1100 u111]100 fln 

.,( CC I o ~ ~ <!Ii!~ I I ~ ,. -
~~'il::1nu~-nta11~ 4 nu~~~~a~U~El~Gl'l.EllMl~L111flUREI 4 5 1 'il~allJl";j~ 

f1'1il::t,1u11utiu 1 fi lun1~111::1 ~Eln1filfl lnul5~TfuE1UfltJ~1R1RE11tU~a~E1~G1flE11n1~ tun1~R'iu~u 

0 I 0 1 .. 
";jlRIAEIMtJ~aGl~Ellt11~ a1u1~~RIU~U ~'illfl 

I 
0 D 

";jlRIA'VntJ~aGl~EllHl";j 
''nRIAEI 1 00 _flfl 

(u111) 
u~u1w~E1~G1~E11M1";jn~nu~ 

-~ d C D t. - I C: 1"' ~~uu1uE1~~~1R1AE1nu~aGl~E11tt1~ u~anu~A•~ 1 n'il:: fl-

440 
= = 22.00 Ul11 nu mt 

8+10+2 

- .... ntJfl11 2 600 
12+15+3 = 20~00 Ul11 

11i!~ 3 856 
16+ 20+ 4 = 21.40 """ 

nil~ 4 1100 = 20+ 25+ 5 = 22. 00 U"lfl 

'il:: L HtJ~
1

-uianumi 2 iJ'~IRIQnn''{~ iS~auR~~tm.{a'Zl'Umf 2 u1tiLL11tJt1'1il:: LtitJ 

• - _d .d a Id t ., .. 1.,_ • d ,.cl: • o _c; ... t .. 
~a11umi 3 11LLtJ::tJI LLAL'J'lj) t1~"1~ ~";jUU,at1~ElGl~Ell'•n~R~Ulillll11LLU::UI 'ill LUtJ'il::lllil~ n 

.i - .JI cl d' /1 I ~ .d t "<: o 1 .. ""'unu~ 2 rnu~tJ'illfl 30 nn ~ E1A~111'il:: nn~1u1~~R1u~u ~'il1n 

illll";jlfft,j = 

f(~,jut un~M!'il:: lfi 

I; • .di • ..... ..,..'I ... 
u'fu1w~E1~GIV1EllH1~11~nu ~~El~t!afl uu::u1 x EIPl";i'lfl .~11 

UilllW~El~Gl~Ellt11~~~t1ll~~El~ilad'il::t; 

(1s+ 20+ 4) x 30 
(12+ 15+ 3) 

= 40. oo nn 

1 ~a~1u l5~R~";jfil~a Ln";jfl 12-1 5-3 u1t1fo11uiia rn~~ 16-20-4 1~al..itu 

ii~~• 40 nn/1.; 

~·nn; 

-, 
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