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Table 1 The seed sources involved in the present study

Tl = FiE AR WK £33 4 ERRRKE AR JorE H (i hreE
Provenances p 8 Number of Altitude Longitude Latitude Annual rainfall Annual temperature Frost-free E | Electropositive
number rovenances family /m (E) (N) /mm /C day / d pHl value degree
HN . YR 10 281 109°69"  28°23' 1 446.8 17.3 326 6 L35
Jishou of Hunan
HB . LR . 10 175 112°01"  32°00’ 878.3 16.5 241 6 B
Xiangyang of Hubei
GS . 'HWJJ:T 6 1 081 108°47"  35°39’ 694.8 9.0 173 8 o
Zhengning of Gansu
HEN e 10 354 111°54"  34°35’ 578.2 14.9 218 8 g
Luoyang of Henan
LN LA
GZ . el ) 10 1531 105°04"  25°32' 1314.8 15.2 280 6 Y
Xingren of Guizhou
T g
IN e 10 297 124°12  41°27' 661.4 7.4 153 8 iil)s

Huanren of Liaoning

1.2 KWt 55%
1.2.1  Ar-Frkmz BPDFJEIE 10 ££(GS Fh

PRI SE 6 AR ) , B ik BEALERE 90 R - i Ff 7K
JE(SL) B8 (SW) FIFh# 4 B (SWL) K i £
0.01 mm & J5 15 BT S A4 il B AL
HIBORAFIF 4 4, B0 200 ki, F L F K7k
(K24 0.001 g) , #5504 TR0 i (TKW) .

1.2.2  #FF NaCl pria 222 RIG K E 4 Fl NaCl
WeE:0.0% 0.3% 0.6% F11.0% , 12k 6 A~Fh i [ il
T RRE, P TR e 40 FE 0. 0% [ NaCl ¥R i
SRR A3 R AR P A5 SRR () R A T A
BA, LIRS R0 o4 B i 8 & 355, £ 47 NaCl
JpaAb R, AR FREE 4 WA, AEK 100 i,
1.2.2.1 FpFaibs  #FET—K, BRI A1
FHUBE N 4% S R FR BV VR 75 1 b, AT AR =
R BR w1, 40°C IR K IR I (LI B AR E D)
23 h,

1.2.2.2  fFFpAER AT RGBT, A
[ B2 1 NaCl ¥ i 52 00 2 IR AR 5 SR 5 43 7 Hs A [F]
0B (U ACH 7 35 7 LR, B 3G R P i A 2
ik, FEHE R R ST U AR T, fE A AR AR
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W, I T RTFR i (RS 8 0.01 ) 45 .
1.2.2.3 K& BRI WF AL
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1.2.2.4 K @RISR sk, i
K 8:00—9:00 F> 45 5% ML 4373 FR T & (FEE Ny
0.01 g) , #hFE LB 7K, AR 45 NaCl 9 11 v B B A
1.2.3 #HFTRFFREFFHMNLT
1.2.3.1 MrRZFHE HHE3IJE, BREAES
BEFR ML 2R 80 o R bR E A AR A B 3k
FIFh TR 1217
1.2.3.2 ZERIE K595 17 d 50058 28 B AR
KEEFIRBIH B2, ERG BE A 0. 1 em BN EFET
TR E PRI — 1 5 BREFI AT E o
1.3 HUEAIE

FHl Excel 2007 F1 SPSS 16. 0 #E47 508840 # . 58
T T IR TR o SRR R Oy 22 40 Bk S A [
FIERER R T2 25 LB & N4l v AR K R S A7 7E
25, Z 5 ECR A Duncan 32,

KEFR = T R 2R AR T8 x 100%

AEX K 2E 3 = B R 2838/ % BR 288 x 100%
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FER I 6 DNFPIR T D BE(F = 4.4827 7 p
=0.002) FERE(F =7.736"" ,p =0.000) . K 5% It
(F =7.18"",p =0.000) F1fp 8 K BF (F =
5.750" " ,p =0.000) 2= T ¥R B 0 K (£ 2) .
HAPI K 5258 BE 4y o 7.99.2. 59 mm, H
o, HEN [ e K (8. 60 mm) |, i B d5c /8 (2.
46 mm) , K B8 iR R (3. 51) 5 GS F K B /)y, K&
FEFN YL BE 43 R 7. 05 2. 50 mm, Fofri Fe K 9 i
J& HB, ik 11.29 mm, 1fif LN M 545, & 8.98 mm, —
FAZE N 2.31 mm,

6 NFPIEAY TR RN EZER(F =
73.221°% p =0.000) , HARNE K 2. 774 ~ 4.456 g,
&K% A LN > HN > GZ > HEN > HB > GS,

R2 6 M HERMIREMFRNES

Table 2 Seed size difference in six provenances of Catalpa ovata
i = i1 B 55 RE 1 BE/ T 1 2 BE b ERNE S TR
Provenances SL / mm SW / mm SL / SW SWL / mm TKW / ¢
i FHE{Z LN 8.42 +0.078C 2.49 £0.012A 3.38 +0.023BC 8.98 +0.088A 4.456 +0.070E
H R IET GS 7.05 £0.291A 2.50 £0. 194A 2.83 £0.103A 9.50 £0. 198A 2.774 £0.061 A
1% BH HEN 8.60 +0.339C 2.46 £0.047A 3.51 £0.181C 9.97 £0.504AB 3.269 +£0.079B
WAt 2 PH HB 8.33 +£0.245C 2.69 £0.039B 3.11 +£0.099AB 11.29 +0.436B 3.186 +£0.084B
WEE T HN 7.54 £0.111AB 2.62 £0.065AB 2.88 £0.060A 9.19 £0.364A 3.810 £0.071D
FM %~ GZ 8.02 +0.073BC 2.78 £0.025B 2.89 £0.024A 9.53 £0.185A 3.539 £0.027C
H1{H Mean 7.99 2.59 3.10 9.74 3.506
F {f F value 4.482** 7.736* " 7.186 " * 5.750 " * 73.221**
0.000 0.002 0. 000 0. 000 0.000 0. 000

T s o FORAE P<0.01 KF B2 5 B3, RS FHREORMIRRI2Z 7 B3, T,

Notes: * # # ’mean significant difference at 0.01 level, capital letters indicate significant differences between the two provenances. The same below.
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Fig. 1 Differences in germination rate and relative germination rate of six Catalpa ovata provenances under NaCl stress
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PR A IRAR B A B R R B TR S
e AT 1P A A, T H 8 Al 5 D R 4 IG5 29 NaCl vk 2
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N 0. 6% I, A [) R 5 4l e 1) ~F- 2R AR A B2 25 (60D
KFNHEF] Jy . HB > GZ > HN > LN > GS > HEN, Jif
R EEHERE . HB > HN > GZ > GS > HEN > LN; #
KHEF A: HB >GZ >HN >LN >GS >HEN, 2
PR S N T R AEER BB R B 1 RO,
IS R4S HB R A R P4 m o

ERIFI

Table 3 Effects of NaCl stress on seedling growth of different kinds of provenances

ETANE NaCl 7 ¢ #1455 Provenances number
Bud seedlings RlCl .
organs "0““?(‘;0”‘“’“ LN S HEN HB HN 6z F
0.0 4.14£0.209b 5.31£0.473bc  0.81 £0.173a  8.97 £0.586d 6.31 £0.416c  8.34 +0.534d 27.682*"
Rﬂf’fﬁﬁfg 0.3 3.97 £0.260b 4.97 £0.285c  2.53+0.335a  6.75+0.349¢ 6.04 +0.218de 5.60 £0.411cd 25.289 **
! I;aiifngth 0.6 3.75£0.236be 2.73 £0.267b  1.21 £0.174a  5.72£0.327d 4.41 +0.368c 4.73 £0.303cd 16.800**
1.0 1.17 £0.103ab 1.73 £0.185bc  0.520.118a  2.25£0.225¢ 1.91 £0.159be 1.11 £0.198ab 6.080**
0.0 1.92 £0.078¢d 1.71 £0.045bc  0.96 £0.183a  2.21 +0.080d 1.67 £0.062bc 1.56 £0.062b 17,624 **
’g?ﬂiﬁfﬁi 0.3 0.92+0.048a 1.20£0.057b 1.18£0.081b  1.65=0.070d 1.37 +0.065bc 1.49 +0.061cd 12.562**
lengh 7 om 0-6 0.48+0.033a 0.890.071b  0.86+0.107b  1.52+0.090c 1.17+0.033b 1.05+0.064b  9.250°*
1.0 0.35£0.026ab 0.47 £0.040b  0.41 £0.043ab 0.71 £0.062¢ 0.40 +0.031ab 0.33 £0.032a 11.028 **
0.0 6.06 £0.240b  7.02 £0.486bc 1.77 £0.295a 11.18 £0.604d 7.98 £0.40lc  9.90 £0.575d 36.007 **
Seedgfgﬁlength 0.3 4.89£0.267b 6.17£0.320c  3.71£0.36la  8.39+0.362¢ 7.41 £0.256de 7.09 £0.437cd 23.604 **
P 0.6 4.23£0.254bc 3.63 £0.322b  2.07 £0.220a  7.24£0.397¢ 5.57 £0.365cd 5.79 £0.350d 15,114 **
1.0 1.53 £0.108ab 2.20 £0.199be  0.93 £0.150a  2.95£0.272¢ 2.31 £0.179be 1.44 £0.221ab 6.859 **

TE AN FREFOR ) — A BN A R R R 2R (P < 0.05)

Notes ; Lower case letters indicate significant differences between different provenances under the same treatment at P < 0.05 among different NaCl

concentrations.
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Fig. 2 Comparison of GI and VI of six Catalpa ovata provenances under NaCl stress

2.3 NaCl fpiEXf AEMIEZFEEBEELIEIRN
A1

i 2 H B R AT MDA il 2R | R M A
FTVA A A 5 R A SR AL B ) B A7 A W35 2
F(F4) . AHJ5 LN GS HEN Fl HN Ry MDA
bl NaCl e B A3 inmi g />, i HB il GZ i

OIS NaCl i 3 010 T 125 5 S 55 7 U A6 1 98, 7
NaCl ¥k i 0. 6% 45 /M 11 Y (LR 77 255 2%
KT 525 5. K HB 1 GZ R MDA 1
P (P B 50 36 1047 T % 5 T 1 U a2 14
Fo 24 NaCl ¥ 5% 0.3% B, LN . HB . HN F1 GZ
FI RO SR A 4935 I, 25 S NaClYRBE I

F4  NaCl BB XA EFMIEFRZF 8 MDA FIAlA S E AT YRS 2N
Table 4 Effect of NaCl stress on MDA and content of soluble osmotic adjustment material of different provenances of
Catalpa ovata G. Don seedling

Jebi Na%lj(‘jéffﬁ iR 25 Provenances number

lndex COnCil'llleralIOﬂ LN GS HEN HB HN GZ F
0.0 4.38240.02D 4.184%0.013C  3.558 £0.026A  3.724=0.000B  4.2960.002D  4.354=0.009D 114.997 "
M%?ﬁ% 0.3 3.044 £0.009D  3.889 £0.006E  3.430 £0.007F  2.535£0.034A  2.766 +0.026B  2.933 £0.008C  285.892**
J(amol g D) 0:6 2.162 +0.010B  2.693 £0.001D  2.015 +0.002A  2.615+0.021C  2.664 +0.015CD 3.115 £0.002E 637,745 **
1.0 1.553£0.012A  1.973£0.003D  1.823+0.004B  2.013+0.000D  1.884 +0.008C  2.406 +0.012E  340.072"*
0.0 66.79£0.280  68.112 0.600 — 75.522£0.807 102.867 £0.631  91.931 £0.128  325.667**
Pﬁfé‘%ﬁ% 0.3 51.6850.812  87.937x1.121 — 51.938 +0.406  88.694+0.077  68.182 +0.047  449,380""
g g 0.6  146.007 0.627 112.253 £0.618 — 100.454 £0.666  213.745£0.107 169.790 £0.682 2 008.311**
1.0 334.510+0.543 276555 +2.127 — 217.832£3.886  399.044£0.096 388.821 £0.049  584.251 "
N Y 5.978 £0.003  5.952 £0.013 — 4.239£0.019  5.362+0.037  5.505+0.006  513.848 "
Soluble sugar 0.3 4.667£0.007  6.370 £0.032 — 2.642+0.040  4.706+0.005  4.637 £0.046  553.692**
content 0.6 6.654+0.029  5.870 £0.004 — 3.338£0.05  5.730£0.038  4.444+0.016  985.084°"
/(mg-g~") 1.0 8.787 +0.011  7.821 £0.059 — 6.438 £0.002  7.631 £0.024  7.965+0.033  354.738**
N e 12.204 £0.011B  14.320 £0.007D  37.121 £0.078F 11.324 £0.076A 13.500 £0.028C 16456 +0.083E 7 321,882 **
£ Soluble 0.3 14.179 £0.054C  11.383 £0.028B  14.309 £0.092C 16.092 +0.016D 10.811 +0.043A 14.027 £0.176C  263.955**
protein content| 0.6 20,904 £0.002E 19.515 0.001D  25.597 +0.060F 10.500 +0.088A 18.700 +0.128C  17.595 +0.030B 661967 **
/(mg-g™") 1.0 38.895+0.067F 29.956+0.031D 32.657 +0.002E 19.168 £0.037A 24.880 £0.097C 21.276 =0.185B 1 821.003 **

TE: i1 T HEN R NaCl {4028 SEi i A Fh AR T4 e S B0 SRR B ik

Notes: some experimental data were missing due to the high mortality of HEN seeds which has poor NaCl tolerance during the experiment.
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THIT3E 5 GS Fof P52 PR i 219 35 7t U il NaCl 3k &2 71
ryMFEEIE . bR GS FHIEAL, il NaCl e B2 AN 8 T
e A P ) AT R 2 B D B N 4
s bR LN A1 HB FRIRSN, Bl NaCl 3 BEAN T T} HoAth
MR A] A R R B R RS Th R A
P, B NaCl e B2 AR b rT i P o i Al ik e
S AR RS AR R R T
MINFEIE A, DL ESERFE T LN [ 568 it £ 1 n]
AEE A B R BT RETT
SRR AE AR AR BN A MR BT 38 BE T 1Y
R AR, A ALY BB (SOD) | 3 41k ) il

(POD) Filich % b S0t ( CAT) {5 PEAEFfIEURIAL B2 ] 2
FAAEN R 5 225 (R 5) o B NaCl ¥ TH = 3 Al
PUAACREEVE R Z B AR . GS HEN (HN Fhiji
(1) SOD i1k L SE T ey R 3, HB Al GZ Rl £ 55
W5 TR LN Bl S A BT R . 6 > Fb
5 POD {5 LS AL A0 — 2, Bl NaCl ¥ T &
M5t ERE, HEN HB HN GS Fji iy CAT i K
NaCl ¢ & 19 T 8 52 G R AR5 T i g 5, i LN A
GZ FhIE AL H IR S . DL A REN], A5
MU EAL S P AS EAUA BO B0 , A RE R — 15 i
BRI S b 1 it 2 1 e

&5 NaClphBxt A RMIEZF E S UEEENRm

Table 5 Effects of NaCl stress on antioxidant enzyme activities in different provenances

Jebi Na(lilla?ffg FhiE %45 Provenances number
index concir%ranon IN GS HEN HB HN ez F
0.0 34.217 +£0.050D 27.422 +0.602B 15.322 +0.167A 34.450 +£0.019D 30.068 +0.116C  34.923 +0.087D 160.107 **
S?)%Daiil\/%y 0.3 31.113 £0.193B 40.151 £0.063D 35.367 £0.423C 26.557 £+0.099A 41.444 +0.038D 26.911 +0.427A 63.925 **
J(T o =) 0.6 19.304 £0.066C 18.201 £0.008C 12.376 £0.234A 25.448 £0.314D 19.079 £0.135C 15.983 £0.030B 105. 884 **
1.0 9.081 +0.002A 12.096 +0.117B 12.732 +0.173B 32.956 +0.393E 16.610 +0.015C  18.669 +0.661D 355.086 **
0.0 0.072 £0.000A 0.077 £0.001B  0.122 +0.000E 0.101 £0.001D  0.087 £0.000BC 0.076 £0.001B 302.354 **
PI())%Da:c(ﬁli‘vréEy 0.3 0.142 £0.000C 0.148 £0.000D 0.148 +0.000D 0.153 +0.000E  0.099 +£0.000A  0.122 +0.000B 480.020 **
/(U-g™h) 0.6 0.101 £0.005A 0.137 £0.000CI 0.117 £0.000B 0.146 £0.000D  0.129 +0.000BC 0.100 £0.000A 14.481 **
1.0 0.078 £0.000A 0.102 £0.000D 0.089 £0.000B 0.110 £0.000F  0.106 £0.000E  0.101 £0.000C 655.333 **
0.0 24.020 £0.055D 31.522 +£0.478E 19.522 +0.148C 14.871 +0.124A 15.880 +0.249AB 16.361 +0.364B 251.690 **
CCAéerfltty 0.3 29.341 £0.189B 13.416 £0.476A 13.776 £0.433A 13.836 £0.000A 12.242 £0.063A 30.108 £0.572B 213.960 **

/(U_g—]) 0.6

41.749 £0.163F 25.867 £0.104E 20.415 +0.027C
1.0 22.579 £0.121B 24.605 +0.114C 26.583 +0.194D 23.890 +0.036C

16.175 0. 131A  24.380 +0. 146D

24.196 £0.167C

19.121 +0.344B 642.730 **
18.857 £0.213A 101.770 **

2.4 6 NEERFIRM NaCl JE4

TEFE 0. 6% NaCl Ve & b 351 1) 25 48 b B4k , AL 40

14 MRPRIFOCHRBO TS R I HHE% (3R 6)

PEREV RS O A A S VR SR VLM

X2 AR & A PO £ FiE T NaCl PR
%6

B DL FH S SR BRI RS AN [V o L i 56 4 1
(3 7),6 A iR B SR E oA AL 0 D 0. 109 ~
0. 834,6 A Fh T NaCl 38 35594k vk 4 LN > GS >
HB > HN > GZ > HEN,

BRPIEIREXIERRHF

Table 6 Correlative indexes and order of parameters

432& Category 545 Index FHFKF5%L Correlative inde 2 HEF Order of paramater
WEH K B Radical length 0.629 2
POD 754 POD activity 0.358 7
MDA £ #: MDA content 0.472 5
1 AR K BE Hypocothl length 0.522 4
TH K Seedling length 0.599 3
GI Germination index 0.384 6
TR S Soluble sugar content 0.725 1
A H & Soluble protein content 0. 685 1
2 SOD P SOD activity 0.631 2
CAT {51 CAT activity 0.269 3
K ZF3 Germination rate 0.487 1
3 VI Vital index 0.487 1
A FAXT % %3 Relative germination rate 0. 166 1
i % 1% & & Proline content 0. 166 1
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&7 0.6%NaCl Jhi8 TENMFIEFHIERRERBENEMESITN D E
Table 7 Value of subordinative function, index weight, evaluation index D of each provenances under 0. 6 %

NaCl content stress

e 2= SR )& pRE{E Subordinative function ZE5VF DA
Provenances number A(1) A(2) A(3) A(4) A(5) A(6) Evaluation D
LN 1.000 0.689 1.000 0.854 0.724 0.598 0.834
GS 0.764 0.597 0.636 0.536 0.687 0. 896 0. 694
HEN 0. 000 1.000 0.000 0.000 0.000 0.000 0.109
HB 0. 000 0. 000 0. 446 1. 000 0.736 1.000 0.56
HN 0.721 0.543 0.528 0.885 1.000 0.000 0.553
GZ 0.334 0.470 0.212 0.468 0.484 0.388 0.372
ALFE Index weight 0.208 0.109 0.200 0.222 0.042 0.218

TEACL) AR & R A2) TR A A A3) 2R A(4) VEAGS) AR ZF R A(6) IR & 6 .

Notes; A (1) ;:Soluble sugar content; A(2) ;Soluble protein content ;A(3) ; Germination rate; A(4) : Vital index; A(5) ; Relative germination rate; A

(6) :Proline content.

3 itk

I 38 58 B AR AR e K R
T L S A B A B S 3 S L A
Wi 2 S B — AR R 2 %
PR 200, DL, 200K Bl 248 AR 4 4
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TR, B AT A BT R R R v B R
NaCl [t (16 55 2. PR ERONG v B 1o S5, 1 4
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Bioassay for Salt Tolerance of Six Catalpa ovata Provenances

LI Yuan'? | LI Zhi-hui® , MIAO Xiao-juan', WANG Zhi' , WANG Jun-hui', MA Wen-jun'
(1. Research Institute of Forestry, Chinese Academy of Forestry, State Key Laboratory of Tree Genetics and Breeding, Key Laboratory of Tree Breeding
and Cultivation, National Forestry and Grassland Administration, National Innovation Alliance of Catalapa bungei, Beijing 100091, China;

2. Central South University of Forestry and Technology, Changsha 410004, Hunan, China)

Abstract . [ Objective | The purpose of this study is to select salt-tolerance Catalpa ovata provenances as the ro-
otstock for C. bungei grafting, so as to expand the range suitable of C. bungei growth and alleviate the tight do-
mestic demand for high-quality C. ovata seedlings. [ Method | The seeds of 6 C. ovata provenances were collect-
ed. NaCl treatments were performed on these seeds to simulate salt stress. The salt tolerance were analyzed by
test seed germination and seedling growth. The provenances showed strong salt tolerance were selected as prove-
nances suitable to be used as rootstock to graft seedlings of C. bungei. The variation of germination, enzyme ac-
tivity and soluble substances such as proline and MDA in the seedlings after 20 days’ NaCl treatments (4 concen-
trations; 0% , 0.3% , 0.6% , 1% ) was measured. The correlation indexes of the data was calculated to select
the proper evaluation indexes. Membership function method in fuzzy mathematics together with proportion was
used to evaluate the NaCl tolerance of C. bungei from different provenances comprehensively. [ Result | Under
salt stress, the length, width, fin length and 1 000 grain weight of the seeds, and the content of MDA, proline,
soluble sugar and soluble protein and SOD, POD, CAT activity among these seedlings from the 6 provenances
showed significant differences. The length of radicle, hypocotyl and seedlings was also significantly changed un-
der salt stress. The threshold NaCl concentration for the germination of these seeds was 0. 6% . The salt resist-
ance of C. bungei was comprehensively evaluated using indexes under threshold NaCl concentration. [ Conclu-
sion | For breeding C. bungei grafted seedlings in saline soil, the provenance from Hengren of Liaoning Province
is the most suitable for the rootstock seedlings of C. ovata, while the provenance from Luoyang of Henan Province
is the least suitable provenance.

Keywords: salt tolerance; grafting; provenance; Catalpa ovaia
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