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Cytogenetic Effects of Alachlor Herbicide on Root Tip Cells of Allium cepa L. 
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bL~ iP1'l D'l r1':lI:l-J buuyh~14J'il'l ~1l'nl~iP1tJ''llYl'll'il :;~1 r1~'il f ~'il n"l nl'l':l-J nlnLU-l b'l! ~6'l1'il'll'1 m-l'il :l-J"x':lbVI '1! 

Abstract 

In the present study, cytogenetic effects of alachlor herbic ide were examined through the root 

meristem cells of Allium cepa L (onion). Five concentrations of Alachlor herbicide (1.25 to 20 ppm) were 

applied for 12 h. The mitotic index in treated onion root tips decreased with increasing concentrations of 

alachlor In addition, the mitotic phase index was altered in onion incubated with alachlor. The resu lts 

showed that the increase in the percentage of the prophase phase in contrast to the percentage of 

remaining phases was found to be decreased. Alachlor also produced the mitotic abnormalities resulting 

from its action on chromatin organization and mitotic spind le. It is clear from the results of the present 

study that Alach lor is cytotoxic on meristematlc cells of the onion plant. 
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U"'l'1uwm~(;1ml'~'Y11nlnn'ttI9ll'~'il'lUl':;~UUbYVll~hu~m~~u vh 'illnl~ l'lfO) 'ltJ ~e.J~(;1hjLL1..lU'ilU ~'l 
rX'il'l'ill1'1tJ~IHfO)n~I'l 1 :l-Jl'li':lm~:l-Je.J~e.J~(;1'Vll'lnlnn'tt(;1l'11X~'l;U 1 ~b,ri ~tJ eJ'ilfl:l-JU bb~:;~Il'nl~iP11'1(;1~~'ll ,uurXu 

l iP1 tJbUU YL~ . 2537-2550 nll'~I,oiil~lnfO)ni!ill :l-Jlru~~'l;U'iltil'l~'il,~tl 'l "llnoii'il:l-J~u ~.~. 2550 i:j n1 l'~ILil ii 'l 
• r ~ ~ ~ 

cv .. .q..:::,l.q 0 i/ .::liI 0 <V <V dJ .:::!I. 0 <V 0 IV odI 

116,322 Cfl l.l 'lI'l ~Il'br1:l-J'Vl:l-Jnll'Ulb'llI~'l~~ fO)'il ~lml"l~':l'll~'lf l''il'l~'lmr1'il ~lml"l~bb:l-J~'l bb~:;~lml"liP1b'll'ill'l 

Cfl l :l-J~If?fU ~lnWth~iJe.J~m:;'Vlul'i'il~'lIm~bb~:::~'lbb':liP1~'il ~D 'l Lbmojj1ummruii'iltJn(;11:l-J liP1tJri'ilb1XLnl1l nll'uw~'ilU 
bb~::: LUU!lUCfll'ltJ t;l'il~'llU~ n;'l~':lu'lmLJ:l1niJnll'UUb~'ilU:l-J1 ~'l bbt;l LLVlf1'l b~1:::U~n bb~:;'ill"l Ln ~"lln nll'(;1 n ylfl'l'll'il-l 

v ~ v 

~lnfO)iJ~e.J~e.J~(;1'Vll'lnlnn'tt(;1l' (~IUn'lIW~l''jj'in''lnll'Ln'tt(;1l', 2552) ~1l'nl~iP1tJ''ll~'llbUUtJ'(;1r1!lUmltJ ~l':;1JWlu 
'IJ d.B -'\-'\ 
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Vi '1::: '11'll !rC\)~'ll?l Q'fl'W mltJ tI Vi.PI. 2535 'lJ'tl'l1.h:::b'YlPllvltJ nl'1f1'lU"'lJ.J'l'llYl'llbU'W1fi 'l-1 ~'l1'Wnl'1'tllfn'll1 .w'!l nl'1H' 

~lHfl iJ l?il 'l 11'W f11 '1f1'lU flJ.J'l'llYl'll dj'W~fi~~lmLtl::: b~'WI:.J ~L~W'lncJl nl'11on~l'1~nVl"lln D'j"j'J.J'lll~ (f6'llitJ, 2540) 

'II ru:: L ~tI '1 n'Wn ') '11on~lJrh~'Vl'l'llYl'll fr" 'l bU'W~'l~~l Lu'W(;] 'tl niH~J.Jmmru e.J tl e.J ~ l?I 'Yll'l nl'1 Ln 'ttl?l '1'tl tJl'l'l.-l~ n L~H~ lJi 

m nu 'l 

'tl::;tllf1tl'tlf (alachlor) bU'W~1'1rh~Vl'l'llYl'll~Vl'tltJ1'WmiJ.J~lHfli'J c hloroacetamide i'Jmu~J.Ju'111'Wnl H~hm 
~ , , 

'Ill tll tJ (selective) bn'ttl?l '1m~l'W'l'WJ.Jl niltJJ.J1on1'WfI'lUflJ.J nl~Vl'l'llYl'll'N~-'I-1 rYlth::; bJl'Yl~J.J ~n dJ'W~'l'W1 'vHl.! bbtl::; 

'l'llYl'l!\Un<Jl'l'l.-ltlltJ 'lIil Vl '1'lJ.J~'l'l'llYl'll'l'l ~nn b'll'W bb~'l'l.-lJ.J1'WYl'llutlnVi'lnolll 'l lViVl cr'l~~ 'l ~'lL'I.-I~'tl'l i:JltJ J.J'W 
~ ~ 

~l U::;'I.-I~'l 'Yll'Wl?I::;'l'W m~u J.J::;L~'tlb'YlPl ~'tltJ m'lVil'11 bbtl::;Yl'llt:rn;an'l.-ltlltJ'lI'WVl (Vi'1itJ, 2531) ~'le.Jtle.J~l?I'Yl1'lbn'tt(91'1... 
bWi'i1~~'l'W~ l bUWil'tl'l H'~,)HfliJ (;]1'l 1 b~'tlJ.Jl'l1'ltJU'tl'l n'Wnl~Vl~l?IlYJ<~ '1.-11 m11m1on1'Wmm ru~m mn'Wl1.Jv'h t~ 
LnVlnl'j'l?Infll'l1'W t:.Jtle..J~l?I'Yll'lnlHm~ l?I'1 ~ 'W bbtl::;bb'\.-l~'lJl 'tll"lri'tl1~bnwa'Wl?IntJ(;]'tl~'l i:l;~ l?I ~'lbb'lVl~'tlJ.J '1'l J.J t1 'l 

~u1tn f1Ji'l tl Lbtl:::m n ~~ n l'1'vnmmru~l'1l?I n fll'l~LnVl~'W1'W~'W 1'Wbm~'l~1~1on1'Wn lHVil::;Utln nl'j'1 bfl'1l::;tf~lJ
~ ... 

nl~Vl'l'llYl'll "l?I n ~1'l1'W~11.nt VltJ1fi Gas Chromatography bu'W";jfi~ij u'1::;~'YlfiJl1Yi1'Wnl'1'l bfl'1 ')::;tf'l.-l lmmru~l'1 
l?In~l'l"lln~ l':rrh~Vl'l'llYl'll'tl:::tllf1tl'tlflU'1m'lltl (bromacil) Yl'W'tln'l! lVi J'tlU-~-b'tlDVitl (fenoxaprop-P-ethyl) 'tl'tl n'll 

~\j'tl'tl b~'W (oxyfluorfen) Lbtl::;bVi'1Vitllf1tl'tlf (pret ilachlor) "llmm~'l~11Ji'tltJ l'l'1'l Vl b~ 'l ~'1 "l::; b1J'Woll'tl:l;J rl~'W31'W1 'W 

n 1 '1tJ,1 m H hl'lml?l m 1 m 1 nult'1111 C\)'I.-Il n 1 '1U'Wb~'tl'W~l'1 bflm'Wbb'I.-I~'l~1 ~1 LU'W~"l ::;11l'tl'l11nfi~ bfl '1l ::tf'Vll'1 bfl il~ il 
U'1::;~'YlfiJl1Vi Yh1Ji~1t1 ~::;Vl'l n '1'l Vlb~'l Utl::;LU'Wnl'1~~'Wlm::;U'l'Wnl'1l?I'1'l"'l~'tlU~lHfli1~l?In fll'l1'Wi-l bb'lVl~'tlJ.J 'l1 

~ 

ml?l'1~l'WfI'l ,)J.JUtl'tl f?1.nwhwm1,n'1 (~U'W'Yl1 bbtl::;f1ru::;, 2550) 'W'tl n"lln\ltJ'li'Jntl'll'Wnl'1~ n'tt,) e.J~m::;'Yl U'lJ'tl'l nl'1 
~ , 

'l-n~l '1n l~Vl'l'llYl 'll 9 "lI i1 Vl ~'tl 2, 4-0 (80%WP) VlltllVi'tl'W (da lapon 85%WP) 'tl::;tllf1~'tlf (alachlor 48%EC) 

IYi 'W~bJ.J'YlDl~ 'W (pendimethalin 31.7%EC) 1Vlb~'Wli1Vl (diphenamld 50%WP) 1~~'1'tl'W (Ii nuron 50%WP) lV) ~ 

'1'tl'W (diuron 50%WP) 'tl::;'YlJl;']l'W (a trazine 50%WP) 'tl::;~lVi'1'Yl1'W (aziprotryn 50%WP) n uYl'llt:rn'llUVl(;]1'l 1 ~'tl 

olll'"llViVl ti''l m~'tl'l ;Jl'l Lbtl::;bb[}l'lnrll Jl1t1'1.-1~'lnl'1H'~l'1nl~Vl'l'nYl'n 30 'l'W Viui1nnl'1[}ln~1'l'lI'tl'l~l'j''tl ::; ~lf1tl'tlfi:w 
~'Wu'1::;mru 2 b ~'tl'W utl::;i1e..Jtlm::;'YlUJ.Jl n~~ Vl(;]'tlnl'1u\jnoih'l (n'1::;Vitl, 2541) 

n 1'1~ n 'ttl'Vl 1'1 b'lltl'if~'W~Pl l~ [}If (cytogenetics) d:J 'W1fi nl'j''Yl Vl~'tl U L~'tlH'~ n 'ttl Vi ~ ~ n '1'1J.J n lHLU'l L'1l~'if 
Lb~::;f1'llJ.J~ VlU n ~ 'll 'tl'l LfI'11J.J 1'1lJ.J~ LnVl"ll n nl'1~J.J t:r~ nU ~l'1 bfln'l.-l~'tl~l'1Y;'tt(;]l'l 1 ;'l~'ll ~tJ, IJ.J l1on1'Wnl'1'YlVl~'tlU 
L(;)L bri .w'll~~tl Allium 1Vltlb'UVil:::'\.-I'tlJ.J'IX'l'b'l.-lb\! (Allium cepa L.) bU'WYl'liI1l'W LLUU 'l'Wn1'1~n'ttl L '11 ~'if~'W~Pll~l?If 

L~'tl 'l"'lln1m1J.J1'llJ.JiJ'lJ'W1 Vl1Vi b\! ~1'W'l'W 16 Lb'Vl'l bb~::;~IJ.J1'1nii'ElJ.J ~ Vl~1Ji~ltJ (Havey, 2002) 1'Wnl'1U'1::;bil 'WfI'l1J.J 

LU'WY;'tt'lJ 'tl 'l ~1 '1n l4'Vl'l'll~'lllVltJH''I.-I'tlJ.J'IX'l1Vib\! LU'W~'ll'Yl Vl~'tlU ViUcJl~l '1n 14'Vl'l'llYl'll'tl ::;ml;'Wvll1,x~'lliJ.nl'1 bbU'l 

V'lltl'iftlVltl'l imJ.l1~imfl~tJ~n'lJ'Wlm~ntl'l (micron ucleus) LLtl ::;LnVln1'1U[}ln'IXn'lJ'tl'lLfI'j'LJ.JL'llJ.J (Srivastava and 

Mlshra, 2009) 'W'tl n "'l l n\lwem'IX'l1 'I.-Ib\! tJ'l bU'WYl'1lI1l'WLLUU~ Lb~ Vl 'l1,x L~'WD'l e..Jtl m::;'YlUv1'tl~'liJ:n'l [}l1Ji'tl tJ l'liVl L"l'W 

b~'tl'l"'l1 n n1'1l?1'tlU~'W'tl'l (;]'tl f1'l 1 :W L1:J'WYl'h'111 ~L~tJ'l nu nl'1'Yl Vl ~'tlu1'W~'l n :n1 [}l'llilVl~'W1 L'lI 'Wb '11 ~'if~1'1.-1~1 tJU1'l'll'WVl LLtl::; 

L'll tl'ifLilVl L~'tl Vl'lJl'l'lJ'tl'lfl'W (FiskesjO, 1985) r;1'l,r'W nl'1~m~l~'Yljf~ LU'WY1'ttv1'tl L'Dtl'if Utl~~l '1~'W~ n'1'1:iJ'jJ'tl'l~l'1'tl ::;tll 
f1~'tl flVl tJ1'ifVi'tlJ.J'IX')1Vib\! Lu'W~ 'll'Yl Vl~'tl U "'l::; LU'Woll'tl:l;J tl~1 ~C\)1 'Wn! '1U '1::; LiJ'Wfl l f1'l l :WUtl'tl Vl.ntJ Lbtl:::01 '1 l:iJ L~ tJ 'l (;]'tl m '1 

l?Infll 'l 'lJ'tl'l~l'1bfl ilt'W'1::;UU~'l LL'l Vl~'tl:W ~ 'tl W"l::;~'l e.J~ m::;'Ylu(;]'tl~ 'l iJ:n~[}l 1Ji 

1, n1'i~61~~~i,}i1!h':)'5InwmJ,r'11.~ tY 

L~ 'el nVi'tl:W~'l1'1.-1b\!~iJ'lJ'W1VlL'Vll1 n'W tl'tlmU~'tl n ~LL~'l'tl'tl mb~::;[i]Vl'1lmril~'l tJ,lhJ~I'l~l ti'ltl:w1~\L,x'l 9'1 

'tll1u bb'll1'W~ln~'Wu'1::;:w1ru 2-3 'l'W b~'tln n ;j fl'll:wm'lU'1 ::;:w1ru 1.5 - 2 L'll'WiIlLJ.Jl?IJ iiltJ1ubb'll(;]'tl1'W~ 1 '1nl4'Vl 
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rJ'll~'ll'f):;~1~~'f)f ~J':;(;)U~'l1:\.Jbi:\.Ji'W 1.252.55 10 b b~:; 20 ppm bu'Wm~112 i'lLl-J.j '6'l'lU'I-I'f)l-J,x'llvm,hl~H'1'lu'1l-J 
bb'liluJ1ni'Wt1l~'f)(p)n1J'YI (P)~'f).j ~(p)nn'l-l'f)l-J,x'llm1.j,x'l~:; 3 - 5 nn ~1U'lU 4 'IX'l i9l'f)Yl1'VIb:\.Ju!?lL(P)tJ~(p)nn 
'I-I'f)l-J'IX'llm1.jlu'li'l-lJ':;tJ:;b'l~1 8.00 - 8.30 u. 

2. n1 'i L(;1~tI~Lfl'i1aJL'lfaJ'wa~,;r';{l~qj 

2.1 n1J'~.j~Jl1"r'H'll~6 tJ,1nn'l-l'f):\.J,x'll'i1r1.j bbonlu~1J'b~~h~'f)~-l~f11'YH'll~6uJ':;n'tlu ~'ltJ b'f)YI1U'f)~ 95% 

bb~:; acetic acid lU'1lt1lJ'1'6'l'lU 3:1 ~'ilru'l-ld:Jn'lX'tl.jbllUb'l~1 12 i'lLl-J.j tJ,1:\.J1~1'1~'lm'f)Yl1U'tl~70% bb~:;bb'liU~1tJ 
J'1n~l~Ub'f)Yl1U'tl~ 70% diufmnWLu~b~U b~'tlH'~n'jj-1i9l'f)1u 

2.2 n1J'tj'f)m'll~6 tJ,1U~1m1n~bI'11tJ:\.J1~ 1'6'llU'I-I~'tl(p)YI(P)~'f)'1'l1U1(P) 1.5 iJ~~~t1lJ' 'iH'l'f)(P)~:; 2 nn ~ 
uJ':;n'tlu~'lm'tlu1'l1,r pectinase ~'l1:\.Jbi:\.Jiu 3% cellulase Wl1l-Jbil-Jiu 4% ~:;~1tJlu citrate buffer ~ 
uJ':;n'f)u~'ltJ citrate acid 0.01 mM bb~:; sodium citrate 0.01 mM tJ:\.J~'ilru'l-ld:JiJ 37°C bllUb'l~1 70 'W1Yl 

2.3 mnJ'f):\.J~L~J'Ll-JL'I! :\.J tJ,1U~1tJU'l-l~:\.J~uU~1m1n'f)'f)n"l1n'l-l~'f)(p)YI(p)~'f).j'l1.jUu~1~cr) ~(P)J'1mj),'Yn:;'6'l'lU 

~bll'Wb~'f)b~'f)b"l1'ruil~'lI1'l'liU 'I-ItJ(P)~1J' b~:iJ~.j~m'Y'l~bb'libilu~.ju'W~1~cr)~~1'1~'lm'f)Yl1'W'f)~ 95% 'lI~ b'll~6u~1m1n 
~ " 

1'lXvi''lbb~'W~1~cr) J''f)''l'W~1~cr)bb'lX.j ti'f)l-J~~'ltJ~ giemsa ~'l1l-Jbil-Ji'W 2% dj'Wb'l~1 10 U1Yl ~1.j~1uJ1niu ~.jrl:\.Jl'lX 
bb'lX.j tJ,1~1~ r;1~1~:\.J1~n'jj-1mtJ1~n~'f)-l"rlYlm'l,r 

n1J'1JuVin~~n1J'YI(p)~'f).:I UUVin~1U'lU b'll~~1uJ':;tJ:;i9l1.:1 1 'lI'f).:In1nbU.:Ib'll~6b bUu1l-Jt'YI 'il ~ ~U~1U'lUbb~:; 

~1bbun'll \),(p)~'l1:\.Je:l(p) un ~'lI'f).jb'll~6L(P)tJ~ub'llrl6bbuu~l-Jmh.:lir'f)tJ 4,000 b'll~"ri9l'f)Yl1Y1 bl-JU!?l 'Y'l~'tl:\.JuuVinJl1'Y'l bb~:; 

f11u'lru(;)'llilmJ'bbU.jb'll~6 (mitotic index) (;)'lIiln1mU.:Ib'll~~1uJ':;tJ:;i9l1.:11 'lI'f).:I1l-JLYI~n (phase index) bbrl:; 

LU'tlfb'llU!?lb'll~6~:iJ~'l1:\.Je:l(p)un~ (abnormal cell) "l1m'll~6~~u1~Ubbi9l~:;'V11'VH:\.JU!?lL(P)tJ~t1lJ'(;).:Ii9l'f)1ud 
= ~1U'lUb'll~6~.:I'I-Il-J(p)luJ':;tJ:;1:\.JLYI~n X 

~ 

100 

~1U'lUb'll~6~.:I'I-Il-J(p)~~u1~ 
(;)'lIilmmu.j L'llrl~1UJ':;tJ:;i9l1.:11'l1'f).:I1:\.JLYI &1n b'liU (;)'llilmJ'bLU'I b'll~6J'::;tJ:; b:\.JYl1 b~~ 

(;)'l!ilmJ'bbU.:Ib'll~6J':;tJ:;b:\.JYl1b~~ =- ~1U'lUb'll~~1'WJ'::;tJ:;bl-JYl1 b~~ X 100 

~1'W'l'Wb'l!~6~ b bU.:I~'lU n~lUJ':;tJ:;1:\.JLYI &i n 

~'l1:\.Je:l(P)Un &i"lJ'tl.jb'll~6 b'liU ~n~ru:;~'l1:\.Je:l(P)U n ~ delayed anaphase ~'Y'lul'WJ':;tJ:;bb'f)'W1b~~ 
~'l1:\.Je:l(P)Un&1'l1'f).:Ib'llrl6'l1\),(p) delayed anaphase (%) 

= ~1'W'lUb'll~6e:l(p)un&1'l1\),(p) delayed anaphase X 100 

~1U'lUb'll~~-~.:I'I-Il-J(p)~tru1~ 
'l1.:1bb~UmJ'YI(p)~'f).:IbbUU Completely Randomized Design (CRD) 4 ~1 n1'1-1'W(P)1'lX 1 ~1~cr)b'Vhnu 1 ~1 

L(P)tJ1b~J'1:;~~'l1l-JUUJ'uJ''.lUbmtJ1J bYltJurhb'j),~tJL(P)tJ~fi Tukey's Studentized Range Test ~J':;ri1U~'l1l-Jb;'tl~U 95 

bU'tlfb'llU!?l 

t:.I'cln1 ~V1I1l'a'£l~ 

n1J'~n~1~~'lI'f)'1~1J'fh~'(p)rJ'l!~'l!'fl:;~1~~'tl f i9l'f)n1J'bU~tJUbbU~'1'V11'1~ruJ1U"lJ'f)'1J'1m1'tl:\.J'IX'l1'1-1r1.j 'Y'lu'h 

U~1m1n'l-l'f)l-J'IX'l1'1-1r1.j ~bb'lil'W~1J'n1~(p)rJ'l!Yl'l!'f):;~1~~'f)f ~J':;ri1U~'l1:\.Jbi:\.Ji'W 1 0 b b~:; 20 ppm iJ~n~ru:;e:l(p)u n~ ~'fl 
:iJ~'lI1'l~uu1'b'lruu~1m1n bb~:;J'1 n:iJ~n~ru:; b~'f)tJ~tJiJ']JU1 (P) b~n u~:;~u b~'tl bmtJu bYltJU nm1n'l-l'tl:\.J'IX'l1'1-1r1.j~bb'rilu 
J1ni'W;.:I :iJ~'lI1'l"lJU1(p)1'1-1r1.j bb~:;iJ~n~ru:; b1tJ'ltn'l b~'f)~n~1'Y'l~~mJ':\.JmnbtJ'Ib'l!~6 'Viurj1b'll~~-J'1n'l-l'f):\.J'IX'l1'1-1c1.j~ 
bb'liJ1u1'~Ylii:l ri1'l!ilmJ'bbtJ.:I b'l!~6 9.28 (Tabel 1) L~'f)L'll~6L~:\.J Li1~J':;tJ:;1:\.JLYI&1n'Y'luLu'f)fb'llul'lmJ'bbtJwll~6~J':;tJ:; 
tUJ'b~~ 78 .77% L:\.JYl1b~~ 7.27% U'f)U1b~~ 5.59% bb~:;J':;tJ:; bYlL~b~~ 8.37% (Table 1) '6'l'l'W~~mJ'~n~1 
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1,.-IreJl-J'IX'l11,.-1~~ bb'li1U~1'i'fh'~'i?l1'll~'llreJ~rllflrlreJf~5'~~'lJf1'l1~lb'iiWiiU'lJ'fl'lreJ~rllf1rlreJf~bbl7lnl?h~ nu U1U 12 -B-') Ll-J'I 

~'lJ'il Al C;)'ll ilnl5'U1l'l b'llrl~~ i?lrl'l17l1l-Jf1,)1l-J boiil-J.ifU'lJreJ'I~ l 5''fl:;rllf1rlreJf~~'1~U b~'fl b'l!rl~~l-J boifl~ nlnbU'I b'l!rl~1U 5'::; tJ::; 
~ ~ 

1l-J1')1 ~n bU 'fl fb'l!UI?l'lJreJ'Ib'll~~5':;tJ~tunyj~vi'flb'll~~~boifl~nlHbU'Ib'llrl~ihll7l5'l~'lU~~'1~Ubbrl::;~l-J~U€nU~'lll-Jboifl-J.ifu 
'lJreJ'I~l5'reJ~~lf1~reJf~b~l-J~U ~5'~~'lJf1,)ll-Jboii).J oifU~'1~~i?l (20 ppm) i1~i?l~,)U'lJreJ'Ib'll~~1U5'~tJ~hJnyj~~'1~~i?l ~reJ 
92.77% ~'lU~lU'lUb'llrl~1u5'~tJ::;~u 1 Hibbri5'~tJ~bl-J'Y11byj~ bbreJUlbyj~ bb~::; b')1t'tlb'Y~~i1~i?l~'lU'tli?l'tl'l17l1l-Jf1'l1l-Jboifl.J oiiu 
~ b~).J~U'lJ'fl'l~l5'nl~(9)1'll~'llreJ~'tllf1~reJf b~'fl~l bbUn'l!UM,)ll-J ~ (9)U n ~'lJreJ'I b'll'tl~'lJ1'mwu 'tllml n1,.-l'fll-J'IX'l11,.-1b1!~bM'lJ 
~15'n l 4'(9)1'l!~'llreJ~~1f1rlreJf (Table 2, Figure 1) ~'lJ'ili1~Ubb'lJ'lJf1'll l-J ~ (9)U n~1U~Ubb'lJ'lJvil'1 1 ~'1d bn(9)~n~ru::;nl5' 
'lJ(9)I?l'l'lJreJ'Itf15'l-J1~U1U5'~tJ::;tU5'byj~~C?lUn~ (spindle distribution at prophase) (Figure 1a) ~n~ru~tmtl-Jt'lllJhJ 

~(9) ~tJ'II?l'l'lJ1'b'lrun~1'1b'l!'tl~1U5'::;tJ~bl-J')11 byj l.'l (c-metaphase) (Figure 1 b) tm'tl-Jt'lll-J1U5'~tJ~bl-J'Y11 byj~ bb~::;bbreJUl 

Lyj ~'lI (9)I?l')num.J'W (chromosome stickiness at metaphase and anaphase) (Figure 1 c, 1 d) nlnoiil~~'lb'l!'tl ;'lI reJ'I 
n~l-Jtf15'tl-Jt'll lJ1'W)'::;tJ~ bb'flUlbyj~'if1n'ilun~ (de layed anaphase) (Figure 1e) n~l-J'lJ1l'ltf1J'tl-Jt'l!l-J 2 n~l-J1u)' ::;tJ::; 

bbreJUlbyj~hi~(>I b~ tJ 'II?l'lreJ~1ubbU'lb~mnU (diagonal anaphase) (Figure 1f) bb~::;n~l-J'lJreJ'Itf1J'Ll-JL"ill-J 2 n~l-J1u)'::;tJ~ 

b')1 t'tlbyjl.'l bl-i~(9)b1tN I?l'lreJ~lUbbU'lb~tJ'lnu (diagonal at telophase) (Figure 1 g) ~n~ru~f1'lll-JeJ(9)Un~~~'lJl-Jln~~(9) 
1Ub'l!~ ~·U~lmlnWrm'IX'l11,.-1 b1!~1M'lJl.'l1)'rh~(9) .-r'll~'llreJ ::;'tll fl'tlreJf'J n J'::;c;)'lJ f1'l1l-J boiil-Joiiu ~reJ n 1 J''lJ (9) 1?l'l'lJ'fl'lLf1 J'l-J 1 ~u1'W 

)'::;tJ~ tunrJ l:'l E.j (9)1l n~ b~'flM n~l~lU'lUb"il'tl~~E.j (>IU n ~~'1'\;n.l(9) ~'lJ'il b"il~~U rll tJ),l n1,.-lreJ l-J 'IX'lLmIJ~bM'lJ~l)'nl~(9)
" ~ 

.-r'll~'ll'fl::;'tllf1'tlreJfi'Jf1'l1 l-Jr:i i?lUn~J''ll-J',,1'11,.-1l-Ji?l 0.14 - 3.72% bb'tl::;bU'flh"ilU~YA'l1l-J~i?lUn~),'ll-J~i?l'tl'l17l1l-Jf1'l1l-Jboiil-Joifu 

'lJreJ'I~lJ'reJ:;~lf1~1l f~ L~ l-J~'1;U 1U'lJru:;~U~ltJn n1,.-l'fll-J'IX'lLmU~hnJif'lJ~1)'nl~(9).-r'll~'llreJ :;'tllfl~1lf bl-i~'lJ~n~ru~ 
~ ~ 

f1'lll-JeJI>iUn~'lJ1l'lL'l!'tl~ (Table 2) 

"l1 nnl)'M n~l e.J'tl'lJreJ'I~lJ'nl~i?l.-r'll~'llreJ ::;~lflrl1lfvireJ nl nbU'I b'l!~~1uu~lml n1,.-lreJl-J'IX'l1t-1b1! ~'lJ'il ~'lIil nl), 

bLU'I b"il'tl~~'lJ1'b '1 ruU'tlltJ n n1,.-lreJl-J'IX'l11,.-1b1!~b Jif'lJ ~1 J'nl~i?l1'l1~'ll'fl:;~1f1~reJ f ~i?l~'117l1l-Jf1'l1l-J Loiil-JoiiU'lJreJ'I~l)' .-r'il~ 'l! reJ:; 
'tllfl~'flf~ b~l-J;U (Table 1) bb~i?l'll~b{\u'il~l),'fl:;rllf1~reJh'lJn'lum:;'lJ'lUnl nbU'Ib"il~~LL'lJ'lJb l-Jb')1 ~ ~ Lb'tl:;~ 'le.J~1~ 
~ lU'lUb'l!~~~ boii1 ~)':;tJ:;bl-J 1')1 ~ n~ i?l ~'1 n 1 J''tl i?l ~'1'l1'fl'l~ lU'l Ub'l! rl~~ boiil ~)':;tJ:;bl-J t ')1 ~ n reJl"l iJ~l b1,.-l17ll-J 1"l1 n ~1 J'1l ~'tll 

~ ~, 

fl~reJ fU'lJ J-l n1 ),~'1bf1),l:;1Mib~UbreJ 1,.-I1reJ~'lJJ'InlJ'~'1Lf1n:;1,.-I1uJ'~U~~lbUuvi'flnlnbU'Ib'l!'tl~ (Schulze and Kirscher, 

1986) e.J'tlnl)'~ n~l bU'flfb'l!Ur;l fl'lll-J ~I?IU n~nl-J~i?l'tl'l17l 1l-Jf1'l1l-J b'iil-Joiiu'nreJ'I~l J''fl::;'tllf1'tlreJf~ b~l-J~'1;U (Table 2)
'" 

m"l btireJ'Il-J1"ll n~lU'lUb'l!~~~ boiil ~)':;tJ ::; bl-J L')1 ~n'tl i?l 'tl'l ~'1\'l11~bU1lf b"ilUr;lfl'lll-J ~ i?lU n ~'lJ'fl'l b'll~~~~'lJ1 U J':;tJ :;bl-J1')1 ~ 
n'tli?l ~Nl7l1 lJhJJi'ltJ Cei')1fi~~'lI'fl'l~lJ'nl~i?l.-r'l! ~'l! reJ~rllfl~reJf\'l11~bni?l~nmw~f1'll l-J ~i?lu n~ 'lIreJ'I Lf1),Ll-J L'l!l-J ~'1i'J~lb1,.-l17.l 
2 lh~nlJ' ~'fl liii?lnlJ'1,.-l i?l~ULb~ :;1,.-li?lI?T'lnUbbllU'lIreJ'ILf1J'L:wL'lll-Jm n n'ilu n~ bb'tl:;J''lJn'lUnl),~i?l b1-tJ'II?l'l'nreJ'Ibl-JLf1J' 

~'l'lJ~ (microtubule) ~'1~'1e.J~l?IreJnl)'~jl'1~ltJ~ilub~~ f1'lll-J~ i?lUn ~ 'lJreJ'InlJ''lJi?lI?T'l'lJ'fl'lLf1)'hil'll l-J m "l L~moiireJ'Ini.J 
'" 

~1J'nl~i?l1'IfY1'l!reJ~'tll f1'tl'flf~~'1 e.Jrlm~'Yl'lJ I?lreJ Lf1)'m~u'Y; bn i?l"llnnlJ'),'ll-JI?l'l'lJreJ'I ~ L~UbreJ bU),~U~~LI7lU bl~:;tU5'~U~ 
hJ1'li~~Ll7lu ('flml, 2540; sumner, 2003) Li?ltJ1l1"l~'1t-.1~m~')1'lJl?lreJ~n~ru~'Y11'1nltJrn~ 1,.-I1'flreJ'IAu)'~nreJi.J'Y11 '1Lf1 iJ 

'lJreJ'I ~b'~U breJ bb'tl~LU),~U~'1n'Cil'l~'lJI?l'lnunU ~b'SUbreJ\'l 11~nlJ'~i?l~tJ-:iI?l'l~i?l1J n~ (EI-Ghamery et ai., 2003) ~'1e.J'tll~ 

~n~n.df1)'Ll-J 1'1!).J 1,.-li?l~U iJf1'l1l-J 1,.-I'Wl~U bb'tl~'lJi?lI?l'lnu Lb1.luLUJ'~tJ ::;bl-J')11 byj~ bb'tl:;bb'flUlbyj~ (Figure 1c, 1d) ~11,.-1f'lJ 
f1'll lJe.i (9)un1ihl nm),~i?l L~fJ~I?T'l 'tlJ Lf1),Yi'l'lJ~ 1,.-I1'flnl)'~jl'1~1t1~ilUb~'tl 'fll"l btireJ'Il-Jl"lln~l5''fl:;~l f1'tlreJfiJ e.J'tlI?l'fl nl),

'" 
~i?lb1-tJ-:iI?l'l microtubule d:l U~ltJ~UUb~'tl \'l11~nlJ'~jl'1~tlUL~~hJ~l-J\!nl1 (Singh, 2002) \'l l 'l~bni?l~n~ru:;f1'lll-J 

eJi?lUn~1Ji LLri spindle disturbance at late prophase (Figure 1a), c-metaphase (Figure 1b), delayed 

anaphase (Figure 1 e) , diagonal at anaphase bb~:; diagonal at telophase (Figure 1f, 1 g) t-.lrlnl )'~ n~11uf1f-:i 
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ni;'l'eli?lfl~'el'lflmll:hn'W:')~tJ~~~m-if'el-JnUfI,)l:W eJi?l1Jn~'ll'el'i1flJ'1:W 1'l!:W~ dii?l"llni;'l'1J'f'h~(?1')'D~'D ~ori'W Marcano et ai, 

(2004) ntJ-Jl'W':i1 f1,)l:1-Jbu'Wyh~lu-Ji;'l1J'nl~i?l1'D~'D:I-J1~~~n1e:!i?lJ'11'l!C;) (maleic hydrazide) ~J'::;(?)UfI,)l:1-Jb-if~j -if'w 10' 

6, 10'5, 10-4, 10'3 M Lri'el1Mui;'l1J'nl~i?l1'DYhvLl'W~,)~14 8 12 bL~::; 24 oi,)l:W-J 1i?ltJH'1,1!l:w~')lvm.!dJ 'WYhYli?li;'l'elU 
~U~lf1,)l:W b'ii:w-if'W~ bbl11 n !ill-J n'WflU b':J~1~1ri1fu i;'llJ'iJ f1,)1 :w~:wY1''iJjfn'Wnu J;)'Di1mJ'bbU-J b'l!~~' bb~ ::;r1,)1:W eJ i?l1Jn ~'ll!l-J 
1flJ'1:W1'l!~I~~U ~!l stickiness bb~::; anaphase bridge Lb~::;!OnnmJ'J'ltJ-Jl'W'll!l-J Fernandes et ai, (2007) ~urh 
i;'l1J'nl~i?l1'DY1'D1Y1J'~~J'1~'W (trifluralin) 1'111,x bni?lr1,)l:1-Jb~tJ1,11tJ1'WmnLUWll~~ ~iJ!il'el1:W1r1J'Yl,)U~ 1'111,x~'1Ihj

'" '" 
i;'ll:1-J1J'blr1,)U fl:wmJ'bbu-J b'l!~~1ri1 bb~ ::;-nm.11mJ'b~:w91'W')'W'lli?l'll!l-J1flJ'1:W1'l!:WJl1tJl'W b'l!~~ (polyploidy cell ) 'W!ln"ll nn 

8 -J iJ n tJ-Jl 'W'll!l-J ~ lJ'ih ~i?l1'D~'D nJ'J'Wlil ~"l1 n i;'l1 J'i;'l n i?I"ll n1uYjYl n'D li?1 ri'1 'W bbi?l-J ~') tJ b:WYll 'W'el~ bb~ ::;Ul:1-J1Y1 i?li;'l !lumJ' 

bbU-J b'l!~~1'WJ'ln1,1!l:W~,) l1,1'1i~J'::;J;)UfI,)l:WL-if:w-if'W 12.5 25 50 100 200 bb~::; 400 ppm LU'WJ'::;tJ:;L,)~l 6 12 LL~::; 18 

oi')1:W-J ~U~l J;)'lIi1mJ'bbU-J L'l!~~-~u1'L') rw1J~lml n1,1'el:W~,)11,1 ru~1Mui;'l1J'i;'l
~ 

n i?I"ll n~,'VI n'Dl i?I rh'WLLi?I-J ~ i?I~-J 1111:W m J' 

b~:W f1,)1 :W L-if:w-if'W'll 'el-J i;'l1J'i;'l n i?I LL~ :;J':;tJ:; L ,)~1~1ri1fu i;'l1 J' LL~ ::;i;'l1 J'i;'l n i?I"ll n 11JYjYJ n'D 1 i?I n1 'WLLi?I·HJ'I iJ e.J ~!il!l nl J' 

L1J~tJ'WLL1J~'1~i?I~,)'W'll'el-J91'W,)'WL'l!~~~ L-ifl~J':;tJ::;l1JJ'b~i;'l b:I-J'VIl L~i;'l L~!l'Wl ~~i;'l LL~ ::;L'VI 1~ L~i;'l L'l!~~1w::;tJ d1JJ'b~i;'liJ 
'il111J'lL~:l-Ji;'l-J~'W ~':J'WL'l!~~~ L-ifl~1:I-J1Yl~n1w:;tJ:;~'W 1 iJ~i?I~':J'W~i?I~-J (Teerarak et al., 2010)

'" '" 
-if !ll;;i~ "l1 n mJ'~ nBl ~'l!~ ~-W'W~ f"Il i;'l111 fli?l tJ H'1,1'el :W~')11,1 '1i LU'iJyh'VI i?I i;'l'elU Lll'W~fi~ i;'ll:1-J1 J'blU -J ;ii-J fl rwi;'l :WU~ 

'll!l-Ji;'llJ''el'eln~Yljf~ ~U 'W~B!il!l L'l!~~ (cytotoxin) ~-J e.J~1,xb'l!~~mJ i?lmw,ihlJ L~Ull11'll!l-J1,11m111,x ~'l!~~I7I1tJ1~ LL~::; 
i;'ll:1-J1 J'bl1i U-J~ i;'l1 J'~ iJ f1') 1:I-J ~l:1-J1 J'bl'l111JB mtJ 1 nu i;'llJ'-w'W~n J'J':I-J LL~:; r1!l1j~ bil i?I m J' L1J~tJ'W~L1J ~,m1!l'l11~1 tJ ~ L~'W L!l 

~-J Lu'Wmd-nnUl~m"lUl11J~fi1m~ltJ-w'Wf (mutation) ~L~:;mJ'bn i?I:W :;L~-J i;'llJ'~iJ flrwi;'l:Wmldb~tJn~l genotoxin 

(Grant, 1982) ~\I,ru LU'WnlJ'YI i?li;'l!lU~~lr1'b1 L~!l'lhtJl11J',)"li;'l!lu1~~1i;'l1J'li?1iJfI,)1:I-J Lll'W~B!il'el L'l!~~ 1,11'el'l11~ltJi;'l1J' 
-w'W ~ n n:w L~!l1JJ'::; L~'WfI,)l:w1J~!l i?I.nmi'el ~-JiJ~~ fil 1i?ltJ e.J~"l1 n nlJ'~ nBl~l,x L~'W~li;'llJ'nl~i?l1'D~'D'el:;~1f1~'el{'I111,x 
(?)'1Ii1mJ'bLU-J L'l!~~~U1' L')rw1J~l tJJ'l n1,1'elJ.J~,)11,1 '1i ~ i?I~-J LLi;'li?l'll ,x L ~'W~li;'llJ''el:;~l f1~'el fLU'Wi;'ll J''el'el n ~'VIjf~ d:J'W~BI?i!l 
b'l!~~'el19'1111,x~'l!~~1,11:J i?I nlJ'b~U 1111 LL~ :;'ell"lUl11J~nl J'1111tJ'l1'el-J L'l! ~~ 'W'el n"ll nni;'ll J''el:;~ 1 f1~!l f8-J-nnu11,x~n(?) r1,) 1:W 

eJ(?)1J n iii'll'el-J 1flJ' 1 'l!:w1'W J':;'\..I~1-J nlHLU \I ~'l!~~ bL i;'l i?I \I n\l f1,)l:I-J bll'W~B'll!l \li;'l1 J'!l:;~ 1 r1~!l f!il!l i;'llJ'Y1''W~n n:W~\I'ell"l-nn 

ul11J~mm~ltJY1''Wfi bb~::;mJ'bni?l:W::;b~\I (Smaka-Klncl et al., 1996) i;'l!li?lfl~!l\lnu-if'el:W~"lln Environmental
'" , '" 

Protection Agency (1998) ~J'ltJ\ll'W~1i;'l1J''el::;~1f1~!lfr1!l1~\ni?l:W::;L~\l1'W'\..I'W~u~nnL~::;1,1'W''lIl,) bb~::;~i?lLll'W~nJ'~
'" '" 

'ell"lr1!l:W::; b~-J1'W:W~BtJ bbr?i!lI:J1'1lJ'fi 1111:I-J ~!lrh iJ f1':Jl:W b~ tJ'I'll'el-J mJ'r1!l:W::; b~-J1'WJ':;(?)U ~ tJ'el:wfulri11,11!l~!l ~liJ f1,)l:I-J 

b~tJ'I ~11'WnlJ'r1'tl1,xLi'i i?I:W::; b;-J 

Table 1 MitotiC Index and mitotic phase Index in the meristem ce lls division of Allium cepa L. root induced 

by alachlor for 12 h. 

Concentration Total Total mitotic Mitotic phase index (%) 
Mitotic index 

(ppm) counted cells cells Prophase Metaphase Anaphase Telophase 

control 4,594 426 9.28 ± 0.93 a 78.77 b 7.27 a 5.59 • 8.37 a 

1.25 4,773 334 6.99 ± 058 b 81.24 b 5.61 ab 5.38 a 7.77 a 

2.5 4,395 189 4.30 ± 0.93 c 83.81 b 4.18 ab 5.16 ab 6.84 ab 

5 4,497 128 2.73 ± 0.26 d 86.85 ab 3.45 ,b 4.76 ab 4.94 ab 

10 4,557 92 2.02 ± 0.45 d 89.44 ab 2.27 ab 4.12 ab 4.17 ab 

20 4,199 22 0.60 ± 0.23 e 92.77 a 0.00 b 2.45 
b 2.51 b 

In each column, means having the same letter are not significantly different by Tukey's Studentized Range Test (p = 0.05). 
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Table 2 Chromosome aberrations in Allium cepa L. root meri stem cells exposed to alach lor for 12 h.Conc . 

Concentration; Spin. dis . at late pro.: Spindle disturbance at late prophase; c-Met.: c­

Metaphase; Stic. met.: Sticky Metaphase; StIC. ana .: Sticky anaphase Delay. ana.: Delayed 

anaphase; Diag. at ana.: Diagonal at anaphase; Dia. at Te lo. : Diagonal at telophase. 

Total 
Conc. 

counted 
%Spln . dis . 

%c-Met. %Stic. %Stic . %Delay. %Diag . %Dia. %Total 

(ppm) 
cro lls 

~lt late pro. met. ana . ana. at ana. at Telo. abnormalities 

con trol 4,594 0.00 0.00 000 0.00 000 0.00 0.00 OOOC 

1.25 4,773 1A 7 0.82 0.65 0.1 5 0.19 0.06 OAO 3.72i1 .3 1 " 

2.5 4,395 1.24 0.60 0.29 0.07 0.14 0.00 0.2 3 2.57 ± 1.31 "" 

5 4,497 0.82 0.38 0.33 0.04 0.07 000 0. 11 1.76 _ 0.34 \, 

10 4 ,557 0.51 0.33 0.15 0.02 0.02 0.00 007 1 17 ± OAO Ix; 

20 4,199 0.10 0.02 0.02 0.00 0. 02 000 0.00 0.1 7 ± 0.14 c 

In each colum n, means having the same letter are not significantly different by Tukey's Studentized Range Test (p =0.05). 

'"11 n n l'j'~m~l e.J1:'l'll'el\l~l 'j' ih~())~'l!~'l!'el ~tl1 f1 tl'flfl'l'fl nl 'j' ~~U\I ~'l1tl gf1J1 ~'J nnjtl1tJ 'j'1 ml'ell-l,x'J1mli ~ 1J ~1 ~'l!i1 

nl JLlU-l ~'ll tlgftl ())tl\l t>l ll-1 f1'J1 l-1 LoiiJ.JojJ'W'lI'fl\l~1'j''fl~tl1 f1 tl'fl f~ ~~l-I~'W ~~tl ~ ~ri 'el ~ 'lll:'l gf~-ihci'j'~tJ~1:1-1 L'VI ~ nci\l e.Jtlvh 1 ~nl 'j' ~~U\I 
~'lltlI:'l1'W'j'~tJ~hh~~~iJ~())ci'J'W~~l-I~U ci'Ju~'J!tl~l'W'j'~tJ ~ ~:I-I'V11 ~~ ~ ~~'flt.l1 ~~~ ~~tl~ ~~Ltl ~~~ i:J~If)ci'J'Wtl())tl \l ~1Jf1 'J1:1-1 
nlf)U n~~Ln ()) "I11lLf1 'j'1:1-11'll:l-l~lf)i'W ~~I:'l~'lIIf)IPl'Jn'W ~~.Jt.l1t.l'j'~tJ~~l-I'VI1 ~~~ ~~tl~~~'el'W1 ~~~ ~~tl~f1'J1:1-1 nl?1un~~ ~n 1f)'"111lnl'j' 

J1Jmt.lm'j'~h\l~ltJ~iJ 'W ~~tl ~'el spindle disturbance at prophase, c-metaphase, delayed anaphase, 

d iagonal at anaphase ~~tl~ diagonal at telophase '"11 n -iim;itl~~ ~m'j'l-Im nlU\I~'J!I:'l~'~~tl~f1'J1:1-1nIf)Ull ~'lI'fl \l 

Lf1'j'L:I-I L'l1:1-1 ~ bn ()) ~'W 'j' :;~~l \1 1l1JL~U'l ~'J!tl~' ~1'j''f)~tl1f1I:'l'flf9 'l~If) b'Ll'W~l'j'~i:J ~'VItLUt.lY;jj-I'l 'el ~'J!tl~ ~~tl ~ ~iJt.lY; jj-I'l'fl~l 'j' 
~'W~m'j':I-I 

Figure 1 	 Showing a sp indle disturbance at late prophase (a); c-metaphase (b); sticky metaphase (c); 

stic ky anaphase (d); delayed anaphase (e); diagonal at anaphase (f); diagonal at telophase 

(g) in Allium cepa L. root tip cells exposed to alachlor for 12 h. Bar represen ts 10 /-lm . 
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