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Abstract ; In this study, polyethylene glycol (PEG-6000) was used to simulate drought stress, the germination percentage,
germination potential and radicle length were measured. Correlation analysis, cluster analysis and membership function
method were used to comprehensively evaluate six provenances of Catalpa ovata. The most resistant sources of drought
resistance were screened good rootstocks out for the grafting of Chinese C. bungei, to promote the breeding, and to lay a
material foundation for its large-scale application. The results were as follows: The germination rate, germination potential,
relative germination rate, germination index and vigor index of six provenances of C. ovata seeds decreased with a trend
continuous decline. Except for the radical length, hypocotyl length of the Luoyang in Henan provenance, and the radical
length of the Zhengning in Gansu provenance. The length of radicle and hypocotyl of other provenances showed a trend of
gradual decrease. When the osmotic stress was —1.0 MPa, the Luoyang in Henan provenance was deactivated, and the
indexes of another provenances’ tendency to be consistent. The correlation between the germination characteristics of each
group and the geographical environment factors of origin indicated that there was a significant positive correlation between
vigor index, longitude and latitude (0.903 and 0.871). The higher average annual temperature, the lower seed germination
rate and vigor. Annual precipitation was negatively correlated with seed germination rate and vigor index, but moderately
positive correlated with the growth of radicle and hypocotyl. Temperature and precipitation affected the drought resistance of
seeds of C. ovata to some extent, mainly reflected in the lower annual temperature and annual precipitation, the lower
germination rate of seeds. It was preliminarily found that provenances of C. ovata in the relatively harsh environment of
drought and cold showed the regulation mechanism to improve seed germination rate and reduce the growth activity of seed
embryo to adapt to the unfavorable environment. The results of cluster analysis and membership function method were used
to comprehensively evaluate the drought resistance of C. ovata seeds in six groups. The seeds of Liaoning in Hengren
provenance had the strongest drought resistance, while the Luoyang in Henan provenance had the weakest drought
resistance. In summary, the drought resistance of six provenances of C. ovata is obvious, temperature and rainfall affect the
drought resistance of seed germination to some extent. The provenance with strong drought resistance are selected to be the
rootstocks of C. bungei breeding and lays a material foundation for the large-scale application of C. bungei.

Key words: Catalpa ovata, provenance, PEG stress, seed germination, drought resistance
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KM OCHE, AR, C A BF5E 36 B AL AR 2 Y 52 )
IEEE T B K PUE . TS (2008) AF 5T & B
A NN AR I O INE R T E N
T A GG ERURBRS A IR . PIMEE S (2010) BFSE
FW &N b g IR AR e DU R
fili A BE 2 48 = POt e s R S A, 4,
A R TE UE S5 ARG AR 28R R TR
U R (222452 %, 2018) | 1iif 5 7 ( Podda et al.,
2017) (M FEME (ZE B4 2017) R &35 1 ( F§ ¥4 3%
25,2016) , HUILAT UL, 6 £ 58 B RGO BE KK 1R
TR A ITE S b5 . A ( Catalpa bungei) 5
Ji = T3 0 ol 2 I BT B2 B R RO B A A (4

2 ,2008) , T HAE A Fe 2% 10 AR AR R A (A dn [F]
85,2014, BT DL 2R 2R 42 0 Oy SO AT IR IR
P B (C. ovata) 5 FE, R AR R KL,
PUPESR G REE 5 ROW e BA R AP DT R, —
B DAR AR 155 H 0 R FHRERG (PR Mg 552007 5
JRITEE 2008 ) HET, TR E AR ORI TR 1
000 JT kLA b, 3 )02 W T 6 2 Ak A b el Ak
b GBS S TREUE , H, 7E MBI I e %
F BT A ) A G0 AR R TR AR i Rl A
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TE—E AR BE b3 1 ORI 422 1 0 26 7 g
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WA RORES (2595 ,2010) , AIF5E R,
TP AT R B B A DG (T LA,
1997 ; T KA4F 20145 7 BRI 4, 2017 ), Fh il (] # -+
W A 22 5 T REOR HIF IR BE R B SR AR
[K 2% 3 1% 19 ( Matthies, 1990 ; Herrera, 1991 ; Brad et
al.,2004) . ASHIF 5 BE BURE B 7S A4S B IR Bl AT
PEG il T 2 Wria kb B, 53 B PEG B8 X A ] ol
TERPF 0 R 25 AR R 5 R, T R A B R G T
ERPE2E S DL S WO OO0 B A 1 R B M R A
e PR bR R ST HE

AR

1.1 ##4

2014 4, NFER R Z A IX I 6 44 6 B (17,
X)) REEFN T, B R AT R AR BEA R 10 H
PO T38 T A K R A Jo 258, 5 BEH 1
FFAESE LA | 25 BE A (8] H & [R] f KF 100 m, [F]
— SRR AR R IR A AT, A S A R R A
B, SREGS HPRALE SREHERR O W 1,

&1 KBEMBRER

Table 1  Germplasm materials and their collection places
e e AR A AR ToFE
FiRs A {ﬁﬁ{ Z R 2 Annual average Annual average Frost-free
Provenances X Altitude . . L
number Provenances (m) Longitude Latitude precipitation temperature season
(mm) (C) (d)
W HN W 281 109°69' E 28°23" N 1 446.8 17.3 326
Jishou, Hunan
4t HB WAL e e 175 112°01" E 32°00' N 878.3 16.5 241
Xiangyang, Hubei
Hlr GS HNET 1 081 108°47" E 35°39' N 694.8 9 173
Zhengning, Gansu
I HEN T B 965 FH 354 111°54" E 34°35' N 578.2 14.9 218
Luoyang, Henan
S GZ T %A 1531 105°04' E 25°32' N 1314.8 15.2 280
Xingren, Guizhou
L7 LN SOl =X 297 124°12" E 41°27" N 661.4 7.4 153

Hengren, Liaoning

1.2 iR 5% it

PIR TR BE i PEG-6000 5 AR 5L+ 52 3
WK F T R RS, E 4 DR
35124 0.0(CK) .-0.5 .-1.0 ,—1.7 MPa, & Fi b 38
WE 4 REE, HHE 100 KL,
1.2.1 AF3a s FERET— K, B4R IR A
W BE N 5% iy Bl R PR VS I 5 1 b, T SRk H
o i R B PR T L 40 CCRIR A AR (LR A AR
A1) 24 h,
1.2.2 %A foF F i 2 28 MR, 56
AR PEG W RIZ W UEAC, SR 5 70 BPKE A )
A TR 8 AT B T A 8 SR LIS T O 4 b S5
PRI 4% b, B 5 L P A T R Lk B Ab
TFIEREM) 1/3 M, Xt B4 (CK) 4b B 2% 18 K 85

Fro A HL T KA 45 B A By SR AR ORS 2 A
0.01 g) , I #1745,

1.2.3 3144 % PEG RRALF TR & 7k A
JEIARE IR AA (HPG-280BX) HEAT K 7%, DL 9808
ST 150 wmol » m? - s 28 °C .8:00 % 18:00;
MR .22 °C,18:00 EYK H 8:00,

1.3 MFEAFERAEMFHNE

131 #FRFRE BFRLH)E, 5 RWEIC R
R ZF R TR, DURAR S B AR 7 A A IR 2
2 4 B — 2 I Ry R 00 & 2 AR UE (22
DETs ARG, 1989) o B K g L s b1 1Y & 2F
B FESE 2 AR FA R R ZERTC S 2

1.3.2 F%mE TERG SRR 25 12 Kl E &
ZERDF A R R il B I E RS BE SR 0.1 em,



7 A 2 . LU S0 R XAl JEURE AR ol i A e P R PR S T 5 947

AT AR K I EN 10 2
HPEATIE
1.4 $6HRIE S 2T 5
FIFH Excel 2010 F1 SPSS 22.0 #4417 54
ABE GE o b AN RIAE 2l O 25 A AR
A R DR AR R PR AN 2R AR KR A
25, R H Duncan I T 2 E HLEL,
A KA bR BT AT .

RHEH(G) G=%x100%0

L. n BEZFFFEG N RHFFRAL (D
BH4F1992) .

FHXT B ZER (%)= (G/XF R ZEH) x100%

K. NPT RER,

R = R R (— ML) 173 KRB
KM FEOT) K2R EU R R T 8% 100%

G
KFARHE(G,) Gi=2(5[)o

K. G, M ¢ HWEZEE D, 0 AR )
REERFL(FRIGAE,2004)

TSR E(VI) . VI=sxG,,

Kb s Mgl E (FROGAE,2004)
1.5 MBEEEETFNFE

K B SR s bR B0k AT B R M 2R A
(Z=RAE 20103045 % ,2013) , [RlEE, S 74
TEMAER 2 FPIE X PEG Wit i S R AP 7
R EFIG S K S b BEEAE AP 8 br . A SR
JE PRE A TR A TR R SR B SR AU, M8 AR
SRR EAHCH, HAX (1) Y5 595
PER FUHEH, AR (2) .

u(Xp) = (X=X ) /(X =X i) (1)

u(Xy) = 1=(X;=X,0) 7 (X=X (2)

A w (X)) i B A8 b5 00 SR s ek B
X, B HEAR IO X, 25 R j FR AR T Y
H KA 5 X, AR B 8 B/ M

2 SR E W

2.1 FEB R R R F L F4 R 2200
B 1253 W HEN F iR AE AS [7) #2 B i aa kb

BLEN N3 R e T (1 Rl S R LB B B )
0 F1-0.5 MPa B, LN i & 2R 5 35 0 3 5 T3
AMUE(E 2:A) (B4 KHET HB HN ,GS Fhii &
HHREF AR E GZ HEN FhE K R B EKXT
HAbAD IR, MoKk -1.0 MPa I, SR & 2F
Y2 ) 0 5 A i, Hod HEN R & 28 R 40 T
0, HAx 5 MR IE & 25 R EIAL FHARK T, 2K
KF-1.7 MPa B}, B GS FhEA AR & 28 R4, H
A5 R ZERIEAR N 0, MR TR A X & 2F
(I 2:B) KA, HEN FiliAH X & 258 2T B g
K, HIEK# K -1.0 MPa B @K T H 4 5 4
PR, FE-1.7 MPa B 58 FE T, GS AP AH X & 25
R T H AR, A 5 AR IR X & 28 %
BT 0, AR ZERFAM N & ZFF KA, LN F1 GS
PR ELA i i B Ak

F2E5RBR BEE PEG il AR 58 | K Fh
T KRB WAL, VLW 7E PEG T 5 b ae1 b B
BT & 2E I S S (RS [ R IR R B &
Xf B E BN, GS HB LN Fh i B A % ik 5
B &% 2E 3 {H HN (HEN | GZ Fh i & 2 ik, Hop
LN FpIRT B B e K, 5 6 BRAH EL T R 17 74.75%
2K # ek —0.5 MPa I, HEN i 19 % 4 #4B A%
FHAFE LN 0.50% ; 47K # G55 -1.0 MPa A,
HA HB GZ A 1.00%F1 0.25% It & 2, Hidy
FHIEHS A 0, XFEH HB GZ i3 A&k,

M3 AL LLE Y K3 0 F g BE A
(-0.5 MPa) i, LN Fft I A 25 45 508 R fe s, {H 2
KR -1.0 MPa B, & ZFHE 5U B IR #K . HB  GS
1 HN FIR & 2F 48 B 4 K BB AL IR /N T LN
P, ELiZFE bR AL T 55 1 7K, B HH 3 = 4> Rl IR (1Y)
P F A ER BT R . 7S PR 1 Fh 7 & 2F 48
BE R T 5 A0 TR A 48 R A A AR — 3

T 148 B B R b 1 B A B K 2 I (] A 55
FEXTA IR 16 1 5R B R T AL 52 W38 W AR
HiRE 1o, W AF fo B AR R R BE J0 16 1 55 A
WIAHIZ , Bl 16 1A & B — B 48 b, T2 £S5 7
T 48 3 Bl 7 M T RE 1 0 25 A HE bR (BRER K A,
2016) , Bl K AAIBEAR , 75 A Fp U FP 7 15 46 44
TREREEA AN (F4), HrPb.GS & HEN Fh
U5 Fh 136 7198 BOFE 52 B 52 B2 e (-0.5 MPa)
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BRIKE T HH A pikle A =M
Water potential LN GS HEN HB HN GZ
MPa

-0.0
-0.5
-1.0
=1.7
1 PEG AbHUS 7S ASBl IR AR M1 28155 DL
Fig. 1 Seed germination of six provenances of Catalpa ovata under PEG treatment
1009 A o =6z = 1004 B &~ i Gz
% o~ SR HEN £ o ~- AR HEN
< ¥+ JTTLN -] -+ TFLN
] O N
§® 60 & STLHB ﬁxam & AL HB
s - Hi#6s 3&‘3 - HiRGs
ME 401 k- S HN 28 0- - SR HN
e 0
S 20 '..g 20 4
E
0 T T 0 T T T
0 -0.5 -1.0 -7 0 -0.5 -1.0 -1.7
Bk Water potential (MPa) BifaIkEE Water potential (MPa)

Bl 2 PEG R0 XS /ARl IRAEA Bl 1 25 3R (A) B K 28 R (B) B9
Fig. 2 Effects of PEG stress on germination rate (A) and relative germination

rate (B) of six provenances of Catalpa ovata
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ERIEAR —5;,GS A GZ PR E PR R & DT TG,

—AFE, A 4 AFIEN Z BB BAE S 2.2 FREBENARMIEENFSEEKHE N

PR AR LN ol 03 g 45 B R B K, HEN Rl AE 3 45 ] WK HEN Ff 5 VR AR IR Sl 78 K

KK 1.0 MPa B 2k 205, X FEB GS I GZ 3k 0 B W8 TH AR, B TH/ME.
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& 2 PEG BHEX AN FIRENTFRFEH 0T

Table 2 Effects of PEG stress on seed germination potential of six provenances of Catalpa ovata

K ZEH Germination potential (%)

Fir st

Provenances
0 MPa (CK) -0.5 MPa -1.0 MPa -1.7 MPa
WEF HN 48.75+3.4¢ 4.00+2.94abc 0.00£0.00 0.00+0.00
Hift Gs 59.25+6.24d 5.75+2.99hc 0.00+0.00 0.00+0.00
Wt HB 50.75+6.13¢ 8.75+6.24¢ 1.00£1.16 0.00+0.00
i LN 82.50+3.87e 7.75+0.50¢ 0.00£0.00 0.00£0.00
{7 HEN 10.50%2.75a 0.50+0.58a 0.00£0.00 0.00£0.00
M GZ 33.50+3.32h 1.75+0.50ab 0.25+0.50 0.00+0.00

. ARVNG FREFRR A — 2B R AR R B 227 (P<0.05),

Note ; Different lower case letters indicate significant differences between different provenances under the same treatment at P < 0.05 among

different PEG concentrations.

. 2 -e- =it 6z

£ . —o— ST HEN
£ ¥ ITLN

15 - —A STt HB

F - s

g 104 —%— AR HN

&

Am .

m; 5

® :

o

-0.5 -1.0 -1.7
BRIKE Water potential (MPa)

K3 PEG B X 78 ASRhBREAR B 28 45 B0 52
Fig. 3  Effects of PEG stress on seed germination

index of six provenances of Catalpa ovata

FW] HEN FhEFP A K B, 7T g2 52 5 ]
HARMAR . TEX IR, GZ Al HB FhEH) A4
HRA 2 8 T H A 4 D FRE, GS HN FTLN Fpi i
MIAERKEA B EE2ZS B E ST HEN Fk;
MK AREE]-1.0 MPa B, GZ F1 HB FhiE 47 4= AR K
7558 3 5 T LN R HN, U B 3 95 > F il b 7 & 25
Jea R R AR

AN T 5 S TR A A A Bl 1 ol B R S L
RE B — I E B G bR, 7EX ISR T, X HEN Ff
TR K T Ay 5 ARl IR, Yok ek 3 -
0.5 MPa B, £ Fils il 4 £ A2 21 B 2 30 46 {5 9% it
Toll E 25 YK BFEIRE-1.0 MPa i}, GS HB |

-@- = Gz
—&— JA[EA HEN
-+ IITLN
—&— JAdL HB
& Hi#EGS
—k- SR HN

JEJIHEB Vigor index

v

I
-0.5 -1.0 -1.7
BRI Water potential (MPa)

o

Kl 4 PEG B3 X 78 ARl b 535 1 48 K0 52 i
Fig. 4 Effects of PEG stress on the vigor

index of six provenances of Catalpa ovata

GZ FhF IR . 2% 5 T LN A HN Fh R, Horh HB
Fofr PRS2 AV P i o WA o DR 5 R AR R i A
Kok%E  HEN Bl FR 7P 555
23 AEMIEENMFEIERSHEERESIE
B FHEX S

— BT S A A o A S BN B8 A [R] X
FhT T PR A 2% A 4 2 S AR 9 ) JHG g 82 AR ]
JIT LA F AR e fad e vh 22 2B 2 AN [W) 4 3t A% 45
Hay, BT A s B AR S (PRAE A, 1992) o K AN [F) Fif
PRS- FRR -5 R I b T M £ 1t i A5 A IR 1
ISR BT, 3% 4 45 R 30, BRIRAR IRl % LA
Gb, Hoax 5 TR bR -5 4K e B RIAR 2 Al 5 TR



950

L

40 %

& 3 PEG BB Xt 754> F iR AR 2F B B AR BE 3 4K B 72

Table 3  Effects of PEG stress on radical length and hypocotyls length of six provenances of Catalpa ovata

PR S | ik Wit i1 T SO
Traits r pote HN GS HB LN HEN GZ
(MPa)
WA B 0.0 6.31+0.76b 5.31+1.01bc 8.97+1.93a 4.1420.19¢ 0.81+0.08d 8.34+0.65a
Radical length
(cm) -0.5 4.23+0.87ab 5.85+0.38a 5.45+1.91ab 3.73£0.51b 1.79+0.44c¢ 4.69+0.56ab
-1.0 1.92+0.79b 2.56+0.38ab 3.19+0.82a 1.51+0.48b 0.0020.00¢ 3.25+0.65a
-1.7 0.00+0.00ns 0.00+0.00ns 0.00+0.00ns 0.00=0.00ns 0.00=0.00ns 0.00=0.00ns
Jdh < 0.0 1.67+0.19a 1.71+0.03a 2.21+0.15a 1.92+0.17a 0.86+0.34b 2.03+0.88a
Hypocotyl
length -0.5 1.12+£0.18ns 1.05+£0.08ns 1.05+£0.16ns 0.85+0.3ns 1.11£0.14ns 1+0.15ns
(em)
-1.0 0.35+0.11b 0.6+0.07a 0.57+0.15a 0.26+0.03b 0.0020.00¢ 0.61+0.19a
-1.7 0.00+0.00ns 0.00+0.00ns 0.00+0.00ns 0.0020.00ns 0.0020.00ns 0.0020.00ns

T ns RRTCWEMLES,

Note: ns means no significant differences.

XK, E bR 28 B2 B B OE AR OC, b R 1% 7 48
WS AR W A, M O R B A ik
0.903 1 0.871, KI5 4k = FE 5 4R
ARG N, B & T 5 a0 RO 1
Byt s, N5 S R B9 AE DG4 A (3R
4)FTLAE AR SR AR B A s b 1 & X T 5
JiliE 5 R, 5 k3R (-0.689) K EF
(—0.623) SEH R (Y T AH O, AR R & 0] 5 AR K
FRRA 52 v B TE AR G, 2% B AR kb oK 23 78 2
R HAEm AR, A, 75— Y [
N JCFE T R 1 s AR IR BB B X AT B
S R LR A RN ) IR B AL
2.4 AEIMIBEFHERFHFHREESEEEN
PP E LR — D E Rk R AR
W &t B — A 2 i AR B AR AL R, L — 1
FEARRAME VT FE M T e R g . R, O
WrAE B 2 1 75 B AT 2 A48 bR 0 25 G R W
(ZERE 955 2010) , #E8 PEG K#E R -1.0 MPa 119
B AR PRECHE , FHBOR SR 8 R 500 X 7S A F R A )
Fh 7R 258 RS M R R R RGN
FEEUL KA IR T 25 5 1R, 13 B S
PR 7 A4 Ak 1) SR S PR RS YA, I AR i 2 (EL 1
K/NHATHEF (2 5) . Hob LN FriliZe & 58 R
H{E f fm (35 0.866) , 3 W HHt 5+ Mk e i s A I,

HEN i )90 M 50 55

L5 S BT AS [R) R A AR A % 52 e 38 A B
TR | DA RREG 3 Sk o v Xof 7S A b R R AT 3R 2K 4y
Br a5 R ULE S, RS Al AL AR AT IE R =
ANEHE LN HN (GS BRI Ry —2 il o b P 2
B BT R B, 3 = A FR IR BT A X R, 7 P aE
ANER X = AR R PR R B AP A
1o A R 25 3R R0 R 2 344 5 THT s HB R GZ FhR A Ry
— 2 BRI AR LR 5 R AR IRl A
KRB 3%, m B TR R X S AR B B s (G
Yy B R AR O R T R 2E R 3
(K 223k e 1] RE A 59 s HEN FhOB sk g — 25, &
T 248 b B A K AR bR 3 B 2% B R R AE S A R
T5 1] Fe 55

3 W54 #

FE X6 5 W 38 1 i R B T AR A R 1Y
A KoK 43 W38 1 s K T3 B2 ( Dale, 1988)
T[] — W AN R 58 %) B AR A 1 3 1 S b A 5
AR AR 7 A s AR AR S O AR e Y st A AR S AR
J WRAE - 11 25 7 1 R T B LR — 9 A A [
PRGN 7 B BT i AL A K SR EES
(MR 5 ,2016) , ATFTELE R R A WP IEAE
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Table 4 Correlation analysis between various indicators of different provenances and geographical elevation and climatic factors

- AR 58 =

FEgR g sri L Rl UL el
. . . X Annual Annual average Frost-free

Traits Altitude Longtitude Latitude L .

precipitation temperature period

R -0.228 0.683 0.613 -0.157 -0.689 -0.483

Germination rate

R -0.194 0.623 0.535 -0.107 -0.623 -0.439

Germination potential

AN 5 2 R -0.385 0.190 0.090 0.319 -0.051 0.165

Relative germination rate

KEFFREL -0.228 0.612 0.516 -0.075 -0.588 -0.398

Germination index

ICPIEE S -0.432 0.903 = 0.871 = -0.467 -0.777 -0.659

Vigor index

AR 0.358 -0.362 -0.464 0.523 0.186 0.304

Radical length

J B 0.329 -0.235 -0.349 0.452 0.072 0.196

Hypocotyl length

W o« FRMEMEAE 0.05 KT FRE (WE),

Note; * means the correlation is significant at 0.05 level (double-tailed).

®5 MEREEGREERMEHEZESITMN
Table 5 Subordinate function value of drought resistances and comprehensive

evaluation of six germplasm materials of Catalpa ovata

R JE PR E{H Membership function value YRR
H<|§ME
i 8 . Total
oo s g _— X K 2R s i 10y e
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Germination Germination .. Germination . . . function
. germination . Vigor index  Radical length Hypocotyl length
rate potential rate index value
#m HN 0.079 0.087 0.025 0.087 0.055 0.095 0.042 0.579
Hifr cs 0.101 0.112 0.016 0.103 0.067 0.107 0.050 0.664
11t HB 0.075 0.103 0.015 0.096 0.031 0.145 0.066 0.675
I LN 0.156 0.164 0.015 0.150 0.149 0.065 0.038 0.866
7 HEN 0.000 0.000 0.000 0.000 0.041 0.000 0.000 0.041
M GZ 0.033 0.051 0.003 0.044 0.000 0.132 0.060 0.389
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Fig. 5 Dendrogram based on relative values of
seven morphological parameters of six provenances of

Catalpa ovata under PEG stress
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