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Effects of salt and alkali stress on seed germination and mitosis of
root apical cells of Brassica campestris L.

XU Yao-zhao', ZENG Xiu-cun''?, FANG Yan?, SUN Wan- cang2
(1. Hexi University , Zh(mg}e, Gansu 734000, China;
2. Gansu Agricultural University/ Gansu Engineering Research Center of Rapeseed , Lanzhou 730070, China)

Abstract: Using Longyou 6 as test material, the characteristics of seed germination and morphological changes of
mitosis of root apical cells of rapeseed ( Brassica campestris L.) were studied under the stresses of neutral salt NaCl:
Na,S04(9 mol:1 mol) (concentrations of NaCl: Na,SO, were 40, 80, 120, 160, 200 mmol* L~! and 240 mmol- L~ "',
and concentrations of Na* were 44, 88, 132, 176, 220 mmol- L~ and 264 mmol- L") and alkaline salt NaHCOs :
Na,CO;(9 mol:1 mol) (concentrations of NaHCO; : Na,CO; were 10, 20, 30, 40, 50 mmol-L~! and 60 mmol-L™!,
and concentrations of Na* were 11, 22, 33, 44, 55 mmol*L ™" and 66 mmol*L~!) . The results showed that the maxi-
mum concentration of NaCl : Na,SO,4 was 160 mmol * L' (pH =6.67, Na* =176 mmol-L~"), and that of NaHCO; :
Na,CO3 was 50 mmol- L.~ '(pH=9.29, Na* =55 mmol*L~") under which the seed germination and seedling growth of
rapeseed were not affected negatively. With the increase of salt and alkali concentration, the mitotic index of root apical
cells in rapeseed seedlings was gradually reduced; the cell micronucleus rate and chromosome aberration went up firstly
and then came down; and the decrease rate under alkaline salt treatment was significantly greater than that under neutral
salt treatment. Under the same concentration of salt and alkali stress, the longer the treatment time lasted, the lower was
the mitotic index of root apical cells and the higher were the chromosome aberration rate and micronucleus rate. It could
be concluded that salt and alkali stresses were different each other in affecting seed germination and seedling growth of
rapeseed, and the effects of alkaline salt were stronger than those of neutral salt.
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AP )R (H R A 4 2 Al AR = v B T E A
PSR S IR A AR B I A
9.55 42 hm?, 7 hER ki b TR 7.26 % , 1 9% [ 46 6
FHRUEL R 9 913 J7 hm? s K () ER AR 4 1 A7 7E
gl A 752 32 B R P, X A M i i Hb 9% U5 B
Pt B FE 273, SRR A AR T
F6 Na* |, Ca®*  Mg* \ K* 5 FH & 7 DL & Co%
HCO;~ .Cl™ ,S0,2~ F1 NOy =~ &5 [ g 7140, &M 13k A
PR AR BRI E R o R R A AR A
KB R 3 PR B S, i NaHCO;, Nay CO5
EEmE R T X AR A B X6 0 4 T R A R K
FH NaCl, NaySO, 25w k8 Bt s £ i, |
AT A A DI SIESE £33 5 o2, HCO; ™ ¥
234 pH (ET i, HEY) 2 203 AR pH E AR
friate-121 R AL 7 bk i £ JE TR A P kSR X
FrORPEER 0 A R, bk S Ak A A A A R
PRI, A BRI LB SR 2 R Ak - e 9 0, %o Al
A RAEEE L,

=¥ ( Brassica campestris L. ) FR E FE Ak
YEY) , 356 T T R 8 1 il i ot B AN AT A9 R LA
TAAR , DRUE B M AL 25 | 3 AT S [a) 2 B M B 76 it
il L, B AR SR . TR, A AR e
XL SR AE 1) F 2020 N A b E A IR
2B MRS LR PR LB SEARGE B R
B R IS b B R R i B I SR R D . B
JHpia R — AR B 2 R, B S R A A LT i
AWEE AR, AR SEAER EARE K.
AE e ARSI AE . Bl 7l R R E i i i =
A WY R R A g B T
Tl RN ER B A8 SN, S RGN IR ER B
MU I AR 2 — o ASBEFEARSE SR b i & 3043
AR SRR ER AR 38, 353 SR - L i kA
SEAITHTHR AN 43 24 % 8 B 368 g g 7, R 6 Bk
JoiR 38 R I SRR 8 A R, DU A T SE T R A R
7 18 RN BT TR R LIRS RS .
b
1.1 ##

SRR Pl 6 57, JE TR P IEL
TSR, B H A RO R E st 1% & Fh Bt & 3
fto FEHSERN 1 K B AT AS (R B 1 R B ae
ARBE I H A A8 T PG A JER AR e T YR P A S
=T

1.2 FHik
1.2.1 iR E ¥ NaCl F NapSO, 4% 9: 1 BE/R
LR A, BN 6 DR BEAR I O 40.80.120.,160,200
mmol* L.~ "1 240 mmol * L=', Na* ¥ FEE /K YK N 44 .88,
132,176,220 mmol* L™ "1 264 mmol- L', 6 ~Eh ik &
MU S1.52.83.84.85 il 6 18, LA PHS - 2C 4%
% pH T (BREETH) M 45 Eh Ve pH AE, ST ~ S6 £h ik
i pH {HMKIH 6.60.6.62.6.64.6.67.6.77 F16.86,
1.2.2  #mhia sk % NaHCO; Fil Na,CO; 5 9: 1
FEIRELIR A, B 6 B0k 2 AR 10.20.30.40,
50 mmol* L™ 'l 60 mmol * L™', Na* He BEAR K Jy 11,
22.33.44.55 mmol - L™l 66 mmol - L~",6 4~Hf 4k Bt
WeEEIR T A1 A2, A3, A4 A5 A6 f8#E, L) PHS -
2C K5 % pH it (BRI 1) W7 & Bl W pH fHL, A1 ~
A6 TRV pH EAKIK N 8.62.9.02.9.17.9.23.9.29
#19.32,
1.2.3 %@ P BN 234 M &
BEALZE BRI K/ N—E0% B 6 5 ZERh -,
0.1% LRI 10 min, Z5E K vp ¥k 3 WG 2B
N 208 4R 55 7 L (ELAR 90 mm, 5 14.2 mm)
WL AR AAS TR B Ak BRI 10 mlL, 7848 /K 4b B
St B (CK) , AR g Ad B 32 /b7 30 ki, & 3
WK K IR LS T FR48 16 25°C £ 1°C Tk
SRR 6 d, KGR W), B K8 B 28 1R K PR B vk
FNFEREFR MK 43 AR R B 5 B K30 S il & Fh T4
(LIFhF58 AR ), ELg1t 6 d B iHEAF &
TR R = KM/ T x 100% ;
557 K20 BRI AR A 4 o

TSRS L 1 7% « AR BRI R/ N—30
“Bli 6 5 T IR AL, IS R ZE IR K T 25C
+ 1 CE R B T4 28, FF IR K 0.5 ~ 1 em B,
VEPURARAE KRB R MR — W sE /7, 4
AL RN B B A B SR, 25°C + 1°C IS %
Fro VAZERIRKAL B X IR (CK) , B3R 24 h A RE—4b
PREAHLEEL 10 RIS, FLHL 2 WK, BYBUR R, i [
EWR(TK CBE VKR = 3V:1V) [f5E 24 h, 281K
Bk 3 Wa, KRR EE A T0% BT R , 4°C VKA £
FE, I TFIMSAR I LA 2253 5446 55 W A8 2R X
WG AR R A, BRI R F & T DM-
BA450 A= P50 s e T WS, I FH SRR IA T BH -
10 X ORGP R 28 1) 200 M A T S e

A 25 ZFR (M1 % ) = 43 2440 M 5/ W5 41 i
S X 100% 5

Yo R AR 2 (AF % ) = Yo (o 1A B A8 550/ 2% 440
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2 HERE A

2.1 AR ENE THEMTFHEFR

YEYI DT REAE 76 £R P38 T i & i, 2 A
B FTAEREAE R, HE 1T LUE R
W EEERIME R (S1 ~ S4) SRS & , (HAEFD
TR 6 KRET ARk BEER A PR A& ZF %5 CK
FLTCHA I 25 5 5 M Wk B R i aa S5 i S6 Ak BEAS A AE
BB &, i H W SRR SR 1 & 283, L
TE S6 AL FES 6 K, WS Fh 5 & % FAUHN CK 1Y
16.2% ;e &1 2 W] & Ik B2 9 B 38 R (AL ~
A5) , WISERP 14 4 2F S8 T0 B IR 5 ) , (H 3 v B 1Y
BBl (A6 ) W St R AT Sl & 282, 76 A6 b B 6
KIG , MR F R 2R A CK 1 72.9% . B ILATAT,
Fe v B (4 R B 3E (ER MK E = 160 mmol - L™, Bk FE
=50 mmol- L=") AT 0 il vy R b7 A 7 &, 7 W A 0
TSR & 1 R B8 e Nat MR EE AR AE 25 572,
BMIE A6 1K) Na* e (66 mmol - L") B AL FEh b
18 S6 H Na* ¥ FE (264 mmol *L~1)
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Fig.1 The germination rate of rapeseed

under the salt-stress
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Fig.2 The germination rate of rapeseed
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2.2 AR EHNE TR ERKMEK

R 1Al DUE Y, Ik B2 R A 66 (S1.AL) e
LR CK 43BN T 14.5% \12.3% , ik 3] 5.
F2F(P<0.05), b RO aE ik B2 i 38 in, AR K
AR B HTRRAR, FEERBIE S6 Al A6 AbFE TR AR K43
WA CK Y 8.06% F1 4.83% , 4% Th Bl h 360 e J3F ) 55
PP E2ZER(P<0.05),60 mmol L~ "Fi lfr 36 41 i1 il
SEAH KSR T 240 mmol - L™ 'R 36 , i3 6 MK v
FETREER 8 2SS AR A . ARV EE R
ERBR(S1 ~ S6. A1 ~ A6) JHpIE T, B W I 40 il vih =2 1
AR, B SR8 T B2 A3 T e S P K B S
I, ZEER MG S6 Al A6 KEHE R W K43 CK Y
17.6%F1 4. 4% , & EL 080 30 Wk 2 N IR B 18 35 25
(P <0.05),60 mmol - L= "t lfr-1e1 11 1l yth 34 &)y 15 v 4
58T 240 mmol - L~ 'R B, 31X 3% BAAR Mk B il 58 1y
SIS A . BB X S g A
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2.3 AR EMNE Tl FRRKE

M35 2 W DAE AR BUba T, B TSR AT
WK BFTE] (2 ~ 12 ) 3G, Tl S8 1 0 TR K 2 76 %
Wk, 7E R A S1(40 mmol - L~ 1) F1 A4(40 mmol
‘LT DAER B IR KE ] 2 h B OK S R 12
h WK 71.6% F 67.1% , 3 3 W AH [ 4 JBE L 7k
JEE T, BBt 2 410 5 e S A B WK B 9 T R
i
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x 1 ARREREME THEDEPRKFEK
Table 1 Shoot height and root length of Brassica campestris L.

seedlings under different concentrations of salt and alkali stress

TR P FE B0 . 0 70 B — ms )Rk g, B A B
e B Ta) R, 40V P AR BB R R e 24 h
B}, S6 FA 2257 S48 8048 CK T F% 79.6% , 1M S1 %

Ab s K /em T K/em CK T 28.1% ,FEERJHA 48 h B, S6 Al S1 % CK

Treatment Root length Shoot height 6}%”1\4% 9] .Z%ﬂ:‘ﬂ 28.99 ,EWHJ}JE[ 2h Hﬂ‘, A6 ﬂl

B 6.2+0.17b 6.8+0.18a A1 CK 435 N 87.4% M1 29.3% . TEBSME 48h

81 7.1£0.15a 6.5+0.26a i, A6 AL % CK 2353 F & 92.8% 11 30.8% , 1

i 2 6.0=0.21b 5:4:£0.06b LR, 3 e BB ey, () G, 2 M 22 3 244

Salt-stress 3 5:4£0.12¢ 4.7£0.23¢ ORI, T ELROUM 38 0T 40 A 22 53 4 0 40 R R R
4 5.2+0.03¢ 4.4+0.20c 3:%;%530

55 1.9+0.17d 1.5£0.23d EN CHISERORE S SN O g NI g W ]

56 0.520.06 1.2+0.06e BE A RE R, Bl ER R BV B 30, T SEAR A A

CK 6.2x0.17b 6.8+0.18a G o A G A2 AR RGO R S B TS TR R

Al 6.9£0.10a 3.2£0.12b POTEER BN E 24 h B, 2 Y £ (A I AR 38 RO

‘ A2 5.920.23b 3.0+0.10b ZHT S4.94 Fl A4 A4 AR B (E, H RS

Pt 475006 262006 BRI RIS AT (P < 0.05) (% 3). fER—#h

A4 4.0£0.11d 2.5£0.12 WeRE (S4) i Bl G SR BRI T By 24 h 39 3] 48

AS 3.8+0.13d 2.1£0.12d h S5 e £ A W AR 2RRN R R 2 1 I A, 43 5

A6 0.3£0.20f 0.3£0.20e 3.1%¥ETN%) 8.3% ,6.6%3EINE] 6.7% . 7£[F]—

1 [FIA [ — AN NG FRER R 25 F3K 0.05 B, R IR,
Note: Different lowercase letters in the same column and treatment indi-

cate significant difference at 0.05 level. The same below.

2.4 AEHFEHETHXRRAMELSRIE
H12¢ 3 AT LU Y, SR B30 X vl S AR 2 40 A7
225 SURECE A B EIE R (P <0.05) , 3 F

WS (A4) 3B T, BEAE B AL BRI [E] Hy 24 h 3503 48
h 5, Je o R AR R R 2 TR, 43 i 3.
1% %% 2.3%,H 9.5% FFE%)5.7%.

M 3 Bk g R nT LA 2, $hosihia feag 5] i
TS AARIRANML A 2257 R BRI Z Fh 555, 0k
¥ (E 3a,3b) U (& 3¢) et (K 3d,3e) G
AR (B 3e) DA RS A (B 36) S5 304

£ TR REME THERTFHRKE

Table 2 Water absorption of Brassica campesiris L. seed under different concentrations of salt and alkali stress

Kb T AN [A] U 7K 2 Water absorption in different period/(g+h~1)
Treatment 2h 4h 6h 8h 10 h 12 h

CK 0.215+0.003 0.246+0.011 0.279+0.018 0.307 £0.028 0.313+0.019 0.348 +0.031

S1 0.260 +0.005 0.281+0.028 0.304+0.028 0.327+0.027 0.331+0.036 0.363+0.033

S2 0.283+0.017 0.300 +0.005 0.319+0.024 0.333+0.020 0.342+0.017 0.369+0.019

S‘i:“;}-]jsjiieﬂss S3 0.284+0.013 0.297 +0.006 0.314+0.008 0.328 +0.009 0.332+0.015 0.357+0.012
4 0.318+0.058 0.326+0.052 0.339+0.045 0.352+0.046 0.354+0.047 0.375+0.007

S5 0.284+0.024 0.310+0.007 0.346 +0.035 0.378 +0.029 0.394+0.025 0.413+0.027

S6 0.288+0.012 0.304+£0.010 0.344+0.038 0.387+0.011 0.398 +0.002 0.415+0.049

CK 0.215+0.003 0.246+0.011 0.259+0.018 0.307+0.028 0.313+0.019 0.348 +0.031

Al 0.214+0.012 0.243 +0.006 0.274 £0.004 0.302+0.0310 0.306 +0.026 0.339+0.025

A2 0.253+0.032 0.283+0.025 0.315+0.017 0.341+0.002 0.346 +0.029 0.377+£0.026

Al?;lﬂl)—fti« 0.205 +0.008 0.234+0.036 0.267 +0.019 0.293 +0.021 0.297 +0.025 0.328 £0.025
A4 0.232+0.043 0.259+0.039 0.286 +0.030 0.313+0.023 0.317+0.009 0.346 +0.007

A5 0.221+0.009 0.249 +0.008 0.277+0.012 0.303+0.011 0.308 +0.010 0.339+0.040

A6 0.216 +0.008 0.242+0.012 0.271+0.022 0.295+0.025 0.299+0.021 0.328+0.017
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Table 3 Mitosis index, chromosomic aberration and micronucleus rate in root apical cells of
Brassica campestris L. under different concentrations of salt and alkali stress
24 h 48 h
Lz B2 AR W78 3R / % WA /%o BRI W78 3R / % HAEHR /%o
Treatments /% Aberration Micronucleus /% Aberration Micronucleus
Mitotic index rate rate Mitotic index rate rate
CK 16.7+1.02a 0.2+0.01d 0.6+0.09d 15.9+1.12a 0.2+0.0l¢ 0.6+0.02f
S1 12.0+0.73b 0.6+0.05d 0.9+0.15d 11.3+0.73b 2.2+0.81bc 1.9+0.41e
S2 9.4+0.67c 1.2+0.21be 1.7 +0.06bed 9.0+0.25¢ 4.2+0.47b 5.5+0.42¢
NS
bl S3 8.8 +0.44c 1.7+0.16b 2.8+0.03bc 8.4+0.71c 8.9+0.84a 9.3+0.43a
Salt-stress
4 7.4+0.88¢ 3.1+0.27a 6.6+0.81a 6.1+0.98d 8.3x0.2la 6.7+0.27b
S5 3.8+0.48d 1.2+0.23bc 3.4+0.34b 4.1+£0.83d 1.4+0.31bc 3.2+0.17d
S6 3.4+0.42¢ 0.71 £0.09¢d 2.2+0.41c 1.4+0.10e 0.9+0.33¢ 1.2+£0.18ef
CK 16.7+1.02a 0.2+0.02e 0.6+0.08d 15.9+1.12a 0.2+0.0lc 0.6+0.02e
Al 11.8+0.49% 0.8+0.02d 1.2+0.21cd 11.0+0.35b 1.1+£0.15¢ 1.3+0.25de
A2 10.2+0.39¢ 0.93+0.13cd 4.4+0.28b 9.2+0.56¢ 2.2+0.28b 2.1+0.33bed
e
WEJ}L 8.7+0.35hc 1.5+0.14bc 8.5+0.43a 7.2+0.57d 4.4+0.6la 9.02+0.23a
Alkali-stress
A4 5.9+0.34d 3.1+0.34a 9.5+0.54a 5.1+0.39% 2.3+0.14b 5.7+£0.75b
A5 4.7+0.33e 1.6+0.23b 3.9+0.40b 2.2+0.08f 1.1£0.25 ¢ 3.1+0.36¢
A6 2.1+0.39% 0.81+0.07d 1.9+£0.38¢ 1.14+0.20f 0.64+0.04c 1.5+0.14de

B3 EhEERE X i SR S 4 A A AR5 08 (48 h)
Fig.3 Effect of salt and alkali stress on morphology of root apical cells of Brassica campestris 1. (48 h)
TE: ab, B o, BV d, YR ; e, Yo LA BT BT 5 £, 252 i B 43 2405 B AN .

Note: a and b, micronucleus; c, twinnucleus; d, chromosome twinbridge; e, chromosome bridge and fragment; f, polyploidization and anaphase cells.
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St G B, T 58 AR i 2R AL LRI
AR T) e T 3l 0 A L K B
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JEAR R EE (YIRS R 1 b (Y i A I ], I
BEAEZ 58 a0k 508 1, i A e BE £h il (240
mmo- L™ ) BEAIE 1R 71K B Bl A i A ik &
AR, S EUCHIZE i A e L = A

R R b8 T, SR Al B DL AR AR
K3, T BEE W0 5 B2 A3, MRS 52 R B
S AR Bt ER B S HE T, 00 o e A A, EL B
SR (S IR A T SERG i Re NI K HEPN
THME , SHAEABUEIA S SR X R Y 2
BN IEB B0 AR T35 e R T X gk
2 30 v K pH A" o 55 pH (EAEAE ) A ]
AROR T B B W AR, 710 A B BE, @
pH {ELA/E AN 2, (H D~ — ELHi 2, it 23 1y R il
AR TR RN R YRR pH (H
BT AR R AREIE B R 505 55 S A<, Al
it 2 B AR 20 45 F4 55 D RE , 52 0 4 it A
o, B MBI ORI AL R E IR

ERBR AR SRR A AT 2270 R RAA
& FOAI 1 SR £ 2R BLRA 2 5 e —
(RIS, Bl 300 %ok 200 M A 222 53400 ) o J8E K 2
38,335 BRI R pH EA 5K Tl SR R 20 Y 3k
A% R AN G (0 AR W 8 SR A — 5 JHipAE e 88 9 P P9 S B
ETHE T B, FC R PR R 0 R 2o v 2 4
a2 11 A T FR) 0 2R B, AR £ AN ) A it
F% G (5 (AR e A8 VU A BER BT 5 | A R A e (8
EN R S N I (BT SE TR AN Bt (/R R U]
A N R B R R B R KR R
I AAF AL, 1] — R VR AN [F) A K
AAAEARR 22 52, X8 T3 53 26 AN [ A AR T ) TR ol
PRI T BE— 225
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