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Physiological response and waterlogging tolerance of rootstocks of
9 Torreya grandis ‘Merrillii’ cultivars under waterlogging stress

DAI Kunrong, LIU Ya, YU Weiwu, WU Jiasheng, YAN Jingwei
(College of Forestry and Biotechnology, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] In regions with poor drainage during the rainy season, frequent waterlogging severely
constrains the increase in yield and quality of Torreya grandis ‘ Merrillii’. This study aims to systematically
investigate the physiological response and waterlogging tolerance of rootstocks of different 7. grandis
¢ Merrillii” cultivars under waterlogging stress, which not only helps facilitate screening and cultivating
waterlogging-tolerant cultivars, but also provides a theoretical basis for elucidating the waterlogging-tolerant
mechanism of 7. grandis ¢ Merrillii’ . [Method] Rootstocks of 9 T. grandis  Merrillii’ cultivars, namely
‘Zhenzhufei’ ‘Zaoyuanfei’ ‘ Yushanyufei’ ‘Jinyehongxiangyafei’ ‘Qiefei’ ‘ Changyefei’  Xiaozixiangyafei’

‘Longfengxifei’ and ‘Zhimafei’ were used as test materials. 2 treatments were set up: normal moisture (control)
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and waterlogging. The tolerance of each cultivar to waterlogging was comprehensively evaluated by measuring
10 physiological indices in 7. grandis  Merrillii’ leaves, including chlorophyll a and b contents, hydrogen
peroxide (H,0,) content, malondialdehyde (MDA) content, electrolyte leakage rate, proline (Pro) content, and
the activities of ascorbate peroxidase (APX), catalase (CAT), superoxide dismutase (SOD), and peroxidase
(POD). Then, the waterlogging tolerance index of each variety was assessed based on principal component
analysis and membership function analysis to comprehensively evaluate waterlogging tolerance capacity of each
cultivar. [Result] Under waterlogging treatment, the contents of chlorophyll a and b of rootstocks of different
cultivars decreased to varying degrees compared to the control. In contrast, the physiological indicators related
to oxidative stress, such as H,O, content, MDA content, electrolyte leakage rate, SOD activity, and POD
activity, all increased to varying degrees. Pro content, APX activity, and CAT activity showed an increasing or
decreasing trend in different cultivars. Based on principal component analysis and membership function
analysis, a comprehensive evaluation of different physiological indicators was conducted to obtain the
comprehensive evaluation values of waterlogging tolerance for the 9 cultivars. [Conclusion] Rootstocks of
different 7. grandis ‘ Merrillii” cultivars exhibit different changes in osmotic substances and antioxidant
protection ability under waterlogging stress. ° Changyefei’ ° Jinyehongxiangyafei’ and ° Yushanyufei’
demonstrate high waterlogging resistance, while ‘ Xiaozixiangyafei’ ‘ Longfengxifei’ and ‘Zaoyuanfei’ show
moderate tolerance. ‘Zhenzhufei’ ‘Qiefei’ and ‘Zhimafei’ have the least capacity of waterlogging tolerance. [Ch,
1 fig. 3 tab. 29 ref.]
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FHE’  ‘Xiaozixiangyafei” . ‘JERIME’  ‘Longfengxifei” . ‘ZJME" ‘Zhimafei’ 45 9 ANFHE S FR
B LAEAS AN I ETAEREANESR. AREWIIEAMFRE: AR 140, BER 25 C, HXEE
N 60%, SRS R 500 pmol-m2-s™'; AH 10 h, JEEHK 23 C, HIXHEE 60%. AT P48 20 cm,
R 17 em WRNE R, 28 o b 1



543 B4 4 ) TSR ZRAE 9 /N7 RIE At R A0 Y 7K 368 14 A4 B 157 B i PR DA 769

1.2 KB HE

O /™ 5 HIE ot o ST A 1 43 ) 18 A R UK A (VIR RS K 2 RhAb s, ARG EREE 3AER, B0 EE
10 ko FEKALFERINERS, fEFTFLINH EZAME | A TOFLAY SR A0 T AR AL, K7 PR
12 2~3 om. XFRRALIER BEK, IF R iRb 70K o0 4 58 5 /K O Ml K i 75% Aidi . ibB 6 d s
HUREVEAT A FEEFE BRI 22 .
1.3 MEMBEFE

M2 K a ML R b B0 50R H QB , HRMA-HL R e N, s B R0 H 24X
MEN, wHEALER (H,0,) i BE/RMEE | TN B (MDA) Jiif BE /R . 2R (Pro) B 204, Pidkim
iR A ALY (APX) 16 M . o | AL A (CAT) i6 M . & kY Ll (SOD) 36 P . i A 1k 9 i
(POD) % P25 ¥l ) &l i o 1R &30 A TR N BHA AR P H AR A PR T . 41004 FEAR ARl 5 i i 2%
FERB A1 A B M S AR Ao
1.4 FMAEUAREIELE

i 57 Z A0SR T S B R 551 A7 b 2R B=(Ab BRI 5 (B0 BRI S (/)< 100% . S8 J& pRAL Y
AKX UsG—min) CmaxXmin)o 3611 U 802 248 b 09 SR JE pREUE 5 x; 0 4548 A5 19 SEE

Soin s ST BRI AR B NIRRT, BT Wo= Py Y Pro Sih: i JHREREL W,
i=1

55 LR R bR T O ERIE, P, S | MR, AN E: Di= Y U,
i, D, WEE A M. SR Excel 2023 SPSS 17.0 4k FFHARS M. -

2 HR G

2.1 FEIKEME TEEMARERELIBRNETL

£ T A8 bR B9 I 2 BCHE UL & (https://zIxb.zafu.edu.cn/fileZINLDXXB/journal/article/file/7ca26197-27ad-
4f8e-9bc7-858fbed354eapdf). FHIIE 1 A1 SXFRBAIAH L, e WAl X 45 A AE & FR Ak A 17 A= BR A= b 8 B
FEAET AR SE . £ PRAL £ 3R a i B R, B AR M A, RS
FRYR B 3 (P<<0.05) B W3 (P<<0.01) 2257, M4 E b R/ ETERR CZMAE" SNG4 4 HP Rk
3 (P<0.01) T, HyO, il MDA [t i B8 /R ik BE A S B 2% (P<<0.01) ETHE#H, KB /KINA 5T
TORRVEE B R A AR 5 o B AT Ah, AR R RR Y AR TS B R 5 I A R I o B
(P<<0.05) St B3 (P<<0.01) Jhimi o fEPUSAALEREG M,  ‘BIRME”  EIL@AHE DL g’
AR IEAE 9 APX I M A W K Ab BRI AR AR AN B2, A R U SR O B3 (P<<0.05) Stk B
(P<0.01) bFt. BRI L NMFRAME 1 CAT IETEAER KA RS To i E 2k, e’
W 52 (P<<0.05) TR, MiHA A % (P<0.05) BiMk 3% (P<<0.01) F+& . SOD I e 45 Ab #L4H
Wi b, BROCMAET A CNHFRIRE A, HoAR SRR R E (P<0.05) Bl B #E (P<<0.01) FiE . POD
TEHEAERE BILME A1 EE MRS, BRI KA B3 (P<<0.05) sk B3 (P<<0.01) FH&.
2.2 BISHRMTE RS

M 1AL HyO, lii /4. MDA i /4. &R . SOD T Fl POD ¥ P (1T 55 5 %k
BIRT 100%; M52 a FIMFERER b T 80055 RES/N T 100%. IR i 7050, APX IE PEAI
CAT TE PR SR ARAE A [R] it B ] 2 BE oAk ka3, RIS s T 100%, #8408 T 100%. HHAT UL, B
— bR ME LA 4 11 B S B A R AT 5, TR A I AR 2 R
23 XSS

X BRAE AR (W T 57 22 BCHEAT A SCHE e T JE A5 B 3% 20 S5 53800 . T8 b (B0 A7 76 R[] A 32 1 AH G
PE o Hy0, i BE IR VR B 5 L i VB 485 R R A B 3 IEAH G (P<<0.01), FHERR I i /3 405 HLO, it i B RV
JE . B ERGIR Y R TG CAT i M5 I 2 W it i 43 F0CZ i) 224 48 35 1E A0 ¢ (P<<0.01);
SOD itk CAT itk POD i&M: 2 [ 24 i 3 IEAHE (P<<0.01). [IRZE SV . A Al SCietnz
(AT —E Y OCHRE, M5 BAAEE S, RVIRAH S —FE bR 0T 57 P A T PP ME LA 4 T L % U0 Ml sz ke
mFPRIZESE . B, A ES|A SRS AN T


https://zlxb.zafu.edu.cn/fileZJNLDXXB/journal/article/file/7ca26197-27ad-4f8e-9bc7-858fbcd354ea.pdf
https://zlxb.zafu.edu.cn/fileZJNLDXXB/journal/article/file/7ca26197-27ad-4f8e-9bc7-858fbcd354ea.pdf
https://zlxb.zafu.edu.cn/fileZJNLDXXB/journal/article/file/7ca26197-27ad-4f8e-9bc7-858fbcd354ea.pdf
https://zlxb.zafu.edu.cn/fileZJNLDXXB/journal/article/file/7ca26197-27ad-4f8e-9bc7-858fbcd354ea.pdf
https://zlxb.zafu.edu.cn/fileZJNLDXXB/journal/article/file/7ca26197-27ad-4f8e-9bc7-858fbcd354ea.pdf
https://zlxb.zafu.edu.cn/fileZJNLDXXB/journal/article/file/7ca26197-27ad-4f8e-9bc7-858fbcd354ea.pdf
https://zlxb.zafu.edu.cn/fileZJNLDXXB/journal/article/file/7ca26197-27ad-4f8e-9bc7-858fbcd354ea.pdf
https://zlxb.zafu.edu.cn/fileZJNLDXXB/journal/article/file/7ca26197-27ad-4f8e-9bc7-858fbcd354ea.pdf
https://zlxb.zafu.edu.cn/fileZJNLDXXB/journal/article/file/7ca26197-27ad-4f8e-9bc7-858fbcd354ea.pdf

770 LA 3 Nl N =+ 2026 4E 8 F 20 H

. ¥ BEE . R e
. . 1 B B [ETTTR R
. .. ok sk SODVHME 0 ‘"gf
L3
. . . » . PODIEHE I -2
. ... . . R
. . ... . \ o+ CATIEIE
. - . e HARITIEIE %
® sk APXiEPE
. e e . H,0, 5

E=EEN-CEEEl-N- EEEE -

Xof HEE 7K o HE A K ot HE K o HE AR K YT HE K T HE K T HE VR T HE TR R HE K

& LE & § & & & & &
AR, % K AR & N 0 §
SN 49»/ ﬁr N %% S

ng

PR R R BB AR L (AL OO T, SR CONPRAR) . ZE A A B SRR A AR SR ZERIROIR I B 5 RoR A — R K AL
0 R A F [ 1) 22 5 S 35 M (3R kP <<0.05,  **3RIRP<<0.01, ***F/RP<0.001).

B 1 RESESFELTFERAE T AR A RISIFTRE

Figure 1 Heatmap of physiological and biochemical changes in different 7. grandis ‘Merrillii’ cultivars under normal and waterlogging conditions
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Table 1 Waterlogging tolerance coefficients of different 7. grandis ‘Merrillii’ rootstocks for each index

[ERVES
FEHE
MegZFEa MEEb  H,0, MDA HBEBEER AR APXIEY:  CATIEM:  SODIEM:  PODIEE
‘BZRAE 53.30 5846  122.07 175.64 110.49 131.60 11011 127.52 124.79 111.75
AR 59.08 5259 13175 167.45 178.96 16525 11652 126.44 127.71 118.47
‘L 70.21 64.42  132.86 140.46 127.86 136.80  110.41 124.77 125.26 117.94
LT R M 88.49 78.95 13745 15041 156.05 106.89  104.58 107.79 124.51 116.21
THE’ 86.36 6127 13500 192.99 113.11 90.64  113.99 91.04 111.23 11275
IR IFRE 69.00 6524 14525 17051 329.53 11843 127.68 105.72 115.96 124.40
CRAE 81.02 8233  127.89 136.86 121.60 144.65 92.20 143.03 159.85 14275
e RANAE 69.07 6896 14471 183.40 303.65 110.54  119.70 107.77 117.20 118.64
ZRRAE 54.66 5448 13383 198.65 146.26 11890 12235 113.40 117.40 121.68

24 FBIEFRERS S

F R W R A R ARSI AL, R EE T ITREE . FRA A RS /i3 A EK
YRR AEAE 2 0 R 4.874. 2.599 1 1.621, TTik 24> K 48.74% . 25.99% H1 16.21%, B TTHkE Al
ik 90.935%, FRWITEW KB T, B 3 LG HER o] LU TP 2 F8 ARt w7t . X700 32 i 73 3k =X
IR s F1=0.195x,+0.551x,—0.597—0.806x,—0.483x5+0.596x,—0.889x,+0.862x5+0.97+0.681x,0; F,=0.881x,+
0.797x,40.61x;3-0.263x4+0.32x5—0.597x4—0.215x7,0.41 5x3+0.043x9+0.257x 193 F5=—0.333x,+0.028x,+0.486x3—
0.131x,+0.784x5+0.427xc+0.376x,+0.254x5+0.152xg+0.479x 90 FiH s x; M4 a JFi i 20 B0 A T 155 2R 50
Xy ANEREE b T B BT R AL 3 i HaO, T iE BE IR MR BE MR TR 35 2405 x4 S MDA JiT i B SR MR 11
it 15 REL; x5 A HLMR TS R T 05 R A X R I 208 o1 i o B T 5 R 40 x; i APX TR PR YT 35 &
B xg B CAT WG TERITTEY REL; xo 4 SOD TEPEMMN B REL; x10 b POD 1 MR35 250
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Table 2 Correlation of flood tolerance coefficients of indicators
LEESES
s mHE%a  HEEL  HORE MDAFRE MR AR
-2 RaffTin /34T 1
- R bR 0.741% 1

APXIEME  CATiEME  SODJET:  PODIRE

H, O, 2 BE /R Mk 0.281 0.151 1

MDABTEEE/RIKEE  -0379  —0.648 0.216 1

HLfifp BT 5 5 % -0.088 0.043 0.844**  0.187 1

i o 1 3 K -0.477  —0.180 —0.474 -0.475  -0.142 1

APXiF -0.478  —0.670* 0.586 0.699*  0.633 —0.239 1

CATIE M -0.315 0.181 —0.649 -0.627 -0.335  0.846%* —0.591 1

SOD{ifi 1k 0.173 0.573 —0.495 -0.720% 0337 0590  —0.824**  0.850%* 1

PODJf 0.193 0.558 -0.042 —0.484 0.062 0368  —0.457 0.576 0.812%* 1

Vi *FRIRTE 0.057KF FAHSC A RUR); **FIRFE 0.01 /K T-_EAHSCHR 35 (BUR) .

MRS 0 i BB R HE AT T . 25 1 B0 (F) o MDA i BE R | APX 3tk . CAT 1%k
F1 SOD FEPEM BTRRES K, 565 2 W (Fy) b4 a FIAFER R b BT r B stk ok, 4 3 = alisr
(F3) HHLff B8 R 1 sk R
2.5 ZEEM

0 6 N e o W v W i M B DU N EZ S 1= 7Y [ NS o1 R DI O Y AT SR g

MG 3 A4 TR SRR RAGE , TR RS 0.536. 0.286., 0.178; fw il i) SR & R AUHIAL

HOR A B HES AR AR LR S VPME (R 3)o ATUL, 9 ST Sl A idi A A T 155 @Nﬁu%’%ﬁu\ﬁ Kt
HE>  CEMLI R CRIOAE  OMFRIE CRRAIRET  CRGAE CBERIET e 2
JRRAE”
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Table 3 Comprehensive evaluation of waterlogging tolerance of nine 7. grandis ‘Merrillii’ rootstock cultivars under waterlogging stress

A e S AN [E sRJE sRUE
HFHE b e LEATENE(D) He44
Fy Fy Fy U, U, Us
“BERAE 62.408 36.093 309.311 0.531 0 0.151 0.312 7
AR 48.901 47.320 386.847 0.484 0.093 0.519 0.378 6
L fAE 87.655 76.725 331.989 0.620 0.336 0.258 0.475 3
e 45.649 139.299 329.112 0.472 0.854 0.245 0.541 2
‘S —24.334 110.054 277.571 0.226 0.612 0 0.296 8
UMFRAAE —88.497 156.930 488.100 0 1.000 1.000 0.464 4
A 195.562 95.947 340.320 1.000 0.495 0.298 0.731 1
T R AHHE —82.569 152.098 457.518 0.021 0.960 0.855 0.438 5
2 RRAE -13.391 59.736 338716 0.264 0.196 0.290 0.249 9

3 3tib

A 8K 5 7 A RS R 2 B AR L IR 30 SRR LAY, B A AR E R
B A K TR A3 TR, e AR S IETY, —Se5 0 SOD . POD Z57% 1 F I, i A
PSS S AL R TS TR R T 0T A AN S R B BT T R 2 K T S ROk
WIFET . SRR, WITT S MK R TR . SRR X 3 R, e S T I 5
Bt B, YRR ARG SR, 6 TR 3 A T 2 3L M TR
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