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Title : The Eftects of NaCl on Root Growth, Nucleolus and
Mitotic Activity of Allium cepa
By : Mr. Knssada ~ Kiandee

Miss. Siwaporn Keawchumchean

Department : Horticulture

Major : Horticulture

Faculty : Agricultural Technology

Advisor : Miss Montinee Teerarak
ABSTRACT

The effects of different concentrations of sodium chloride (NaCl ) on root growth cell
division, chromosome morphology and nucleolus in root tip cell of Allium cepa were
investigated. The concentrations of NaCl were 40, 80, 120 and 160 mM. These results indicated
that NaCl reduced root growth and caused mitotic abnormalities, including chromosomec
disturbance, stickiness, bridge and lagging. In addition, interphase cell with micronuclei,
budding, uncqual and nucleus disturbance were observed. The presence of NaCl increased the
number of cell with two nucleoli and lowered the number of cell with one nucleolus and with
three nucleoli. The interphase nucleolar volume (INV) and the average area of a nucleolus with

1-3 nucleoli as well as total nucleolar area in the nucleus were negatively correlated with the

NaCl concentrations.
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b=
~—

a

a ar A o 7
Range NIZAVANNYOUU 95 RIGHE N

81



n' o - 4 a o A a = I'd
MINA 3 MuanIrie uaslessudnmAndndveslas TulwuiiannmsazaieTxmdounae 159

AU o Interphase Mitotic phase
MU Total
Wudu iy $1uu
a0 , abnormal
a4 . 1yan
Uy . . Nucleus Chromosome (%)
NaCl ¥ HAUN® Budding Micronuclei  Unequal Stickiness Bridge Lagging
NIHUA Disturbed Disturbance (X£S.E))
(mM) (%) (%) (%) (%) (%) (%)
(%) (%)
control 2075 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0=0.00 ¢
40 2003 1122 0.47 3.52 1.49 37.28 1.67 2.80 1.08 0.22 48.53+12.97b
80 2015 1456 1.21 8.70 4.63 5222 0.00 473 0.00 0.90 72.39+1.76 a
120 2002 1684 11.98 17.55 6.06 47.61 0.00 0.87 0.00 0.00 84.07+2.08 a
160 2021 1711 13.29 23.82 2.96 43.85 0.00 0.52 0.00 0.25 84.69+£2.36 a
F-test *
Cv 23.25%

*

HAuuAnA1a LB 19T ud)

o = o

yyatAnszAuAUYeu p<0.05

6!
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A15190 4 uaanlSunsveastinndoaluszos interphase (interphase nucleolar volum)

AU uTUIZAUA 9

ANUDUTUUDA Ysuasmasvealag lulauluy
= o 3
NaCl (mM) srpzouaosd (um)
0 5604.59 a
40 4140.80b
80 3253.09 ¢
120 1975.22 d
160 1632.32 d

a o o o = =4 . s = = Y
AYTWNN S llﬁﬂﬁlﬂﬁ]‘iL“ﬁuﬂﬂl@ﬁu')!ﬂﬁﬂﬁiuﬁgﬂg interphase 1Y 1 2 40 3 u')ﬂﬁiﬂaﬁ

AMUDVDINNIULIND loda

ANuTuduve 1 1 Hwndoa (X£S.E.)
NaCl (mM) 1 Wana load 2 Wand leaa 3 Hana leda
(%) (%) (%)
0] 11.1943.06 ¢ v 41.03+£100.66 b 47.78+118.58 a
40 16.53£1.62 be 72.33£173.38 a 11.14430.75 b
80 31.22+5.54 a 45.74£114.51 b 11.09+31.27 b
120 27.64+4.08 ab 64.21t154.75 a 8.15+28.40 b
160 17.38+1.88 bc 75.08+181.49 a 7.54423.72 b
F-test * * *

CV 29.53(%) 15.95(%) 55.95(%)

s o

= Nanuuanandustidsddgmsadaniszduanuseiy p<o.os

'
A g 9 o @ ot

. »
1/ awnaehiddnyimiua i lunds innunanaisiusteiivdrnamsaia

(p=0.05) WionlSouienTas3TA15 Duncan’s Multiple Range N3AuAId0IY

o o o
95 nlasEua



=Y

- - a  as o a
A3 1N 6 LaAdnUNmAY | 1ndloda Ao 1 Lundea

¥
= |

b ' a e = as 2

ANUAVTUUDA ANRAINUNLINA Jode (um) oL

AndY
NaCl(mM) linalede  2uInaleda 3 uAd lood

0 8.042" 6.38 ¢ 3.32 fg 592 A
40 732b 581 cd 291 gh 534B
80 5.50d 3.86 f 2.76 gh 4.04C
120 4.46 e 299 g 2.32hi 3.25D
160 2.72 gh 1971 191 220 F

Mean 561 A 420B 2.64 C 4.15

@ o os A e o

[] 1 4
I/ aundeidadnysinuaisiuluiuids Tanuuanaeduaiafitodngniasig

(p=<0.05) wionfTounouTaeIBMs Duncan’s Multiple Range H3zAUnMADIL

s 2 o
95 (Wasisua

L] ¥ [
M5 7 LaAINUASIwveInd lodade 1 Hundoaluszus interphase

3

. ¥ ¥ - a A o 3

O ANUUHIUUDY WUNIIWUDITNA o0 (um) .

AUNaY
NaCl (mM) 1iywaledas 2 WaAdlean 3 iladladd

0 8.04 def ! 1271 a 9.96 ¢ 10.23 A
40 7.32 ef 11.61 b 8.71d 9.21 B
80 5.50 hi 7.71 def 8.25 de 7.15C
120 4.45 ij 5.97 gh 6.93 fg 578D
160 278 k 392 573 h 4.15EF

Mean 5.62B 838 A 7.92 A 7.31

ar o o ¥ @& o ar

[ [ ¥
1 awmavhiddnyimiumaiuluguds  Sanuuandedueiielitod sy
aa A a ad . a o
NANA (p<0.05) warfSouneu1aeI5n15 Duncan's Multiple Range #3&alANY

A S sd o
0N 95 tloTimua
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g
3D15UANANITNAADY

Fasnaswidu Taveasnaansmusedua nududiuvesasazae lmdounas

¥ ¥
@ A A

156 Waililosmnanuiluiiuee1s1g Na uaganumsoasaa Tudn (osmotic stress) fiMari 1
:’ 3 Y ] 1y a o o ¥ lll Vv
s1nga uazsigeIs ladeoas i ldnswsgdu lavesiin Srduw uazluaaadlidae
o Y = o A 2 2 .
¢an, 2540) dnsazanuAalnavedlas i launwulunmsfne f budding chromosome,
micronuclet, unequal, nucleus distusbtion, chromosome disturbtion, stickiness, bridges 1a¥
lagging chromosome 99n31091UUD Radic ez al. (2005) 1AM niAnYINANTZNUVDS NaCl az
b 4 1 . 9
monital ABMSULTARIPATBBONIYUAWTINUDY Centaurea  regusina L. Tiwzidog
ﬁy ﬂ. 2 :=!'. = . o £ Y
WoHNF I UD1MIT MS MIAN NaCl uag monital hilaresnudnu Ing Tulen wudnvu
anuAadndvesing lulay Ao mana)dsunlasveslas lalmlumsdhgszezueunva
4 ' = . - o & A @ [] . . PN d‘q
$10111UnA (lagging chromosome) 193 1u laruiidnyaziaAANRUILY (stickiness) INANSITDW
- o | 1 . ¥ LY
aanumilpuazwiuszn e lag gy luszozuouunwa (chromosome  bridge) 70AARBIAD
. 4, 2 &4,
510914909 Hossain (2003) Gahinsnaasamizidsutiodadusinvesdungsualueimis
Wagas MS AN NaCl anudiudiu 0, 50, 75 uaz 100 mM Taswu 91U uduYa1 NaCl
1 » ¥
= = as s = =Y v 4 = a
fgavuaziinalumsdudimsniadulnuesin nsularaa uazwuaurailnfvos
- . . A ] ar 1 b - &
TasTulau A Micronuclei  HAZMSWBUADAUIE ¥ 15 Ty Tarundoaswiudou Fauilu
=S ad o = ar = = Y
anuradaanwulussuzuoune (bridges) madind lavia q Tilgwuiiea lodatseum
) =1 s =Y = @ aa s s
2-3 Wnaledd (Gabara ez al  1995) Juiiind ladaninisdunsizr (RNA 15 TuTay nag
= =Y ar ° . 4 o ar 2 ar
Tilsaunuiiad leamilusuIunIn (Derenzini, 2000) tiaad Idsumnainsaldiunu
ﬂ = a’: = 4 o ¥ o o = s 1 o ¥ o
Wy 1w lsmounaslsa fildvue vazdwouiindTodanasadannd uaasldmiu

indledaiimidunsizr RNA 1510 Ty waz T)sauanns seildmsuasadiu

1y Ingaanasa lidqe



31

ajiuanisnaaes

= = o ad J s
1'1«!ﬂT;i‘ﬂﬂﬁﬂﬂﬂ]1n!ﬂuwyﬁ]ﬂdicﬁmﬂnﬂﬁﬁ]hlﬁﬂiﬂtl?ﬁﬂﬁ Allium test W31 99131

v 1 b 4
= = @ =t d =
Mssydu Tavessinszanasnndunuanududusasasazaiv Imdounas lsanmuiy

¥ A

[ = ar v e oo [ S 4
uaz liwaruRuifumdrinsudsiveusasniuua Tuanauios q muanususui
o -3 ) 4 Y 9 = oA ar g ]
Wuvuvesmnsazaie lwdsuaae 1sa lugpanududuvesds@ounas lsdinadudinisuia
< S = = < < - .
15aa 1us20s mitotic ANWAALNAvD31As TuTyufnulun1s@nui Ao budding chromosome,
micronuclei, unequal, nucleus disturbtion, chromosome disturbtion, stickiness, bridges 1oy

-3

lagging chromosome mmﬁﬂﬂﬂﬁﬂumiﬂﬂnIcuuﬁwumnﬁqﬂ 180 nucleus  disturbtion
= L A 1 ° Yo =Y = A a = Qs =Y = pr
a1sazawlmdounas lsadadinaaeri I9suuiuadoand 2 dandloda uaziinndeaii 1
=Y = L ‘2‘ d? L= = | d'd =) =y ™3 = o — = =1
wnalodanuyy uatiundoani 3 1ind Todais wauanas Usuasvestinadoaluszes
=y o v = d" - o = ar .; P = = = ] o o
U0 e AURAoVINUNYeIIRA laad LazAUNILIDIL NAAEA M ana IHNEUD Y

L = L
AUV HUIUNUDINS azmuhmuuﬂaa"l'm
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A1319WUINA 1 IR wHRanaianaamuenvesmeuid nglgnlumsazae

=t d:; [ as
Tmaounna lsanaNuUIUUANA 195U

Source df SS MS F-test F.05 F.01
) Treatr;n_tgiigkw 3.747 0.937 502.49° | 2.76 4?1 7
Ex.Error 25 0.047 0.002
Total 29 3.793 0.131
Grand Mean = 2.74 ' CV = 158 Y%

- o

= Januuenanfuagihishagnatanizauanuweiu p<o.05

1 = o o v d a [
ﬂ]ﬁ]ﬁﬂu’lﬂ‘ﬁ 2 UnI "Ig'HNﬂ“ﬂ'NﬂﬂﬂllﬁﬂQNa“U'ENﬂ'ISLL‘UQLCD'ﬁﬂSWHT‘I'(’]M"H'JCIWEIJ

(Mitotic index)

Source df SS MS F-test F.05 F.01
Treatment 4 2235.33 558.83 15.33%* 2.87 442
Ex.Error 20 728.90 36.44
Total 24 2964.23 123.51
Grand mean = 7.96 CV =10.86 %

o Iy

*  Januuanainuessivedifuneaaanssaun NuFeu p<o0.05

(1]

i o o« aa a = d Y 1
AIIWUINN 3 AT IzHRaNNADALdaIRavsInNuRRlnAvsuTnas e Tueh

( < T Qr
anlumsazawlsdounas lsaluanududuiuandadu

Source df SS MS F-test F.05 F.0l
Treatment 4 25275.50 6318.88 34.84* 2.87 4.42

Ex. Error 20 3626.89 181.34

Total 24 28902.39 1204.27

Grand mean = 57.93 CV = 23.25*

o

Ianuuanannueaaiiisdnynisatanszauanudoiiu p<o.05
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H ) o aa 1 o o
ﬂ]ﬁ‘NNu’Jﬂ‘ﬁ 4 'JLﬂSW%HNﬁ'VI"NﬂﬂﬂlLfTﬂQNﬂﬂlﬂQﬂTi!LUQL“ﬁﬁﬁiu'ﬁZU&’ Prophase 491 an

T‘iﬁmﬁ’ﬂﬂiy: (Mitotic Phase Tuiuszos interphase)

Source af SS MS F-test F.05 F.01
Treatment 4 1793.09  448.27 0.93" 2.87 4.42
Ex.Error 20 9634.74  481.74

Total 24 11427.83  476.16
Grand mean = 49.10 CV = 44,710 %

ns  BANULANANAUNISARRA

¥ - d o ] d 'd
ﬂ1§1~3wu3ﬂﬁ 5 'JLﬂi'lzT'lWﬂ'VI'NﬁﬂﬂllﬁﬂQNﬂﬂJﬂﬂﬂ15!LUQL°ﬁﬁﬁ1uigﬂZ Metaphase Y9UYAN

ﬂﬂﬂﬂllﬁ”ﬂﬂﬂj (Mitotic Phase Tiuszes interphase)

Source df SS MS F-test F.05 F.0l1
Treatment 4 562.49 140.62 0.79™ 2.87 4.42
Ex.Error 20 3581.18  179.06
Total 24 4143.67  172.65
Grand mean = 24.19 CV = 5532%

ns lulanuuanafuneana

y o d an [} o «
ﬂ]‘i]ﬂﬂ'ﬂ']ﬂﬁﬁ 'Jlﬂ3'IZHWEW'INﬂﬂﬂLI.ffﬂQNﬁ"UENﬂ'lSM‘UQL"Kﬁﬁul'LISZUS Anaphase UYDIHAN

swouwalvel (Mitotic Phase  11i3iuszue interphase )

Source df SS MS F-test F.05 F.0l

Treatment 4 692.59 173.15 1.61™ 2.87 442
Ex.Error 20 2148.93 107.45
Total 24 2841.51 118.40 .
Grand mean = 11.60 CV = 89.36%

ns  INUANULANANAUNITRA
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4 a e ] Id ¢
ﬂ]ﬁ]dﬂuﬂﬂﬁ-f 'Jlﬂﬁ1$ﬁwaﬂ1ﬁﬁﬂﬂllﬂﬂﬂﬂﬁ‘ﬂ'ﬂ\‘iﬂTﬁLLUQLcﬁaaiuﬁzﬂz Telophase UD3tFAD

ﬂﬂﬁ’t’]‘uﬁlﬂlﬁﬂj (Mitotic Phase Taitfusze interphasc)

Source df sSS MS F-test F.05 F.01
Treatment 4 749.45 187.36 0.92" 2.87 442
Ex.Error 20 4073.50 203.68

Total 24 4822.94 200.96
Grand mean = 15.11 CV = 9442%

ns  UTAMULANSISTUNIIADA

MmN 8 Usuesing Tulauluszoe interphase

Source df SS MS F-test F.05 F.O1

Treatment 4 52770490.06 1319262251 69.83* 2.87 4.42
Ex.Error 20 3778347.40 188917.37
Total 24 56548837.46 2356201.56

Grand Mean = 3321.20 . CV=13.09%

Y

*  dinuuanastueiieiidsddgmeatanizaunudeniu p<o.05

o

H a r'd oy o [=Y 14 =N a ar I'4
A IHUINN 9 AT eHRaNIadALaaI UL IRdeanl 1 WInd lead luadsin

Noun2 Ingy
Source df SS MS F-test F.05 F.01
Treatment 4 833.01 208.25 5.52* 348 5.99
Ex. Error 10 377.02 37.70
Total 14 1210.02 86.43
Grand mean = 20.79 . CV=2953%

. v
ey ar bl

«  danuuenanueilitodagmeaanizaun gy p<0.05
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1 = o Y=Y o o = o a = o
ﬂ]SNN‘H)ﬂﬁ 10 AATICHHAN WADNLTAINIUINUNARITNY 2 u')ﬂaiﬂﬁﬁlu&mﬁﬁ’ilﬂ

nouidIng
Source df SS MS F-test F.05 F.0l
Treatment 4 2880.27 720.07 7.95* 3.48 5.99
Ex.Error 10 906.07 90.61
Total 14 3786.3394 270.4528
Grand mean = 59.68 CV =1595%

A ar as ar

«  fanumnaniuesidiisdvynuaaanszduauiadu p<o.05

H a a4 o3y o 1= =1 oo =9 ~ [ .4
ﬂTiNNN'Jﬂ'?'I 11 AT RHHAN WNTOAUTRINIUIUHUAAYTNY 3 mrﬂaiaaﬁﬂlmmaasm

nouna1vg
Source df SS MS F-test F.05 F.01
Treatment 4 3553.28 888.32 9.66* 3.48 5.99
Ex.Error 10 919.79 91.98
Total 14 4473.07 319.51
Grand mean= 17.14 CV = 5595%

fl «
ar Y S o 24

*  danuuanannueseiliisdngnaaanizduanuyeiivu p<o.0s

3
) = a

AITIHHINT 12 UTAIN MR AENUNNIAR loaaso [ Hunded

Source df SS MS F-test F.05 F.0l
Treatment 14 166.759 11911 97.99* 2.01 2.70
AxB 8 18.407 2.301 18.93* 2.27 3.17
ERROR 30 3.647 0.127
TOTAL 44 170.406 3.87 .
Grand Mean =4.15 CV=28.40%

*  Januuanalanusdalitisdidynuaadanszaun ey p<o.os
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= A4 da  as o
AT 19HUINT 13 uﬂmwasmwuwmﬂaiaaﬂ

Source df SS MS F-test F.05 F.01
Treatment 14 318.075 22.72 57.12* 2.01 2.70
AxB 8 31.365 3.9206 9.86* 2.27 3.17
ERROR 30 11.933 0.3978
TOTAL 44 330.01 7.5
Grand Mean = 7.31 CV=8.63%

ar

* Januuenalsnuegniitivdidgneatanssaua ety p<o.05
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