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o9 A AR AR A R T =B (PEG) M T F A2, LB R B oF A T A ARk 4 G ey R AMEEF R . BE AT IR, K
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WEEHR L A RE T, FHRALSERAY AP ERENM T, ETFEWET, Siftkiak, BREA 2 SR E
L ACEE (SOD). it &ALy B (POD) Foit R AL £.Bs (CAT) &M, VAREARH A =8 (MDA), W& (Pro), AR M &
F (0) feid AL A (H,0) MEERKE, [£#] AFHGHFMBERCER LT £ H0HEREER, TIHAT,
BARMEAR AL F AT A A R BAL R RR Y T F i G ARG ER AR R el e, A mmiE A AEMEAR L A AR AT
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Physiological differences in rooting and response to drought in shoots of
female and male Torreya grandis ‘Merrillii’

WANG Xiaorong'?, QIU Hong'?, ZHANG Qixiang'?, WU Jiasheng'*, LOU Hegqiang'?

(1. State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China;
2. College of Forestry and Biotechnology, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] This study, with an exploration of the rooting differences and the physiological
differences in response to drought stress between male and female Torreya grandis ‘Merrillii” | is aimed to
provide a scientific basis for the cultivation of drought-resistant germplasm resources of 7. grandis

‘Merrillii” . [Method] First, with the shoots of newborn male and female 7. grandis ‘Merrillii’  selected
as materials, a comparison is conducted of the differences in rooting of summer cuttings between them. Then,
PEG solution was applied to male and female 7. grandis ‘ Merrillii’ with consistent rooting status for
simulated drought treatment after which the changes of antioxidant enzyme activity, osmomodulating
substances, membrane lipid peroxidation and reactive oxygen species content of male and female seedlings
were compared and analyzed under different treatment times. [Result] The survival rate of male 7. grandis

‘Merrillii”  of summer cuttings was generally higher than female and the best time for cuttings was different
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for male and female T. grandis ‘Merrillii” . Cuttings for the female in June had higher survival, rooting rates
and a higher number of lateral roots than those in July and August whereas the survival rate and rooting rate of
male cuttings in August were higher than those in June and July, and the number of lateral roots was higher.
When the male and female 7. grandis ‘Merrillii” were cut for the same number of days, the survival rate and
rooting rate of male plants were higher than the female ones. Drought stress caused significant changes in
antioxidant enzyme activity in fragrant leaves, and disturbed its osmoregulatory function and reactive oxygen
species metabolism balance. Under drought stress, female plants had higher superoxide dismutase (SOD)
activity, peroxidase (POD) activity and catalase (CAT) activity, as well as lower malondialdehyde (MDA),
proline (Pro), superoxide anion (O*") and hydrogen peroxide (H,0,) than male strains. [Conclusion] The male
T. grandis ‘Merrillii” of summer cuttings have a higher survival rate of cuttings than female, and under
drought stress, the female 7. grandis ‘ Merrillii’ can better use the antioxidant system to reduce the
accumulation of reactive oxygen species and cell damage caused by drought stress. Thus, the female 7. grandis
‘Merrillii”  are more drought-tolerant than male ones. [Ch, 4 fig. 1 tab. 28 ref.]
Key words: Torreya grandis ‘Merrillii” ; dioecious plant; drought stress; plant physiology
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EHME Torreya grandis  ‘Merrillii” &4 G A2F} Taxaceae MEJE Torreya W4T A, MEMERER, NE =4
FEHEY), JEHER Torreya grandis WifE—fL R ARG, e h A B ARAMER R, BA R
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1 #MEE 7 *®

1.1 ##E

T 2022 4F 6—12 A, FEWTTLAR M 22 2 IR IX AT Wi 5 B WAk & i A7 ik e, = N1 TR
21~25 C. BEHET 20224F 6. 7. 8 F 5% 7 HE i Al M A A 00 A7 4 E 0, AR A5 A AR A ke 4 A ) A
FHmETE . 25l R 2k (PEG) Bl T 240 B, e A BdE A, dF— P45 B HEME AR P 2 22
Sk

BT VAEH) VIR VE B =1:1:1 I HLBNR G5 = R N KR, A5 A & 15 K i
R, JEEA 4 emx10 cm BICYiMi4E, HEFFEA 30 cmx45 cm A A H .

TEWT AR AR Ke kb, 3 HIBEHLPRIE 5 R 10~12 4F A= FMEMEERRVE Jy REERERT, Fie el 2320
IbrS o BEBCERAEE . KFEANT 3, B Ioh d R 09 4R AE SR AR AR A T . S



480 WroIL R R K A R 2024 4E 6 H 20 H

FEATIN TR, BRI T 2 E0R 0.125% 22T R (25% A %S ) W, 145 2 min; SR)5 HEE
TR 33, TR A BY I 115 RIS (35 K B 15, BEIETEAKE R 5~6 cm) 1Y
LB T AR (B9 25 B9 40 U2 K BE G 1/2) RS 173 B9 s FEF 100 mg- L' (928 2 1R
(NAA) Zb 3 20 min, FFAERS, BRfBia BIm AL, KIEANEANZBRRKMW 13, K5 R
PRG0S, DR 3 7K A A 35 A TR T JB 'R
1.2 EHIBRNE

PR H 3 B B AR 25 o3 M AEAT4G 3. 4. SAH G, BEALBEIUH [R] A 17 B M0 A ik 2 1 45 35 0k,
BRI IC SR R AE AR RIE S8 bR, BREAIER . ARR . RS, MR AR ER . RIE K AAE
W NOFERRIE 8 cmx8 emx11 em WTTE B W, [RIASXF I AAR SR IEA 738 & 55 .
1.3 ETRLE

FEC AR 5~7 N H B HEMERE R LN 1 v, PR K 35— B0 B HEMERE RR ) G 45 S0 Bk, & F 353
S, IR R AR . 55 1 AR aiEok SR 8 d (TR0 0d); 5 2 A5 aid ki3t 6d,
PEG 6000 it & i f 43 500 30% 1 PEG VWAL TR 2 d (T2 118 2 d); 45 3 A5 aligokiss: 4d, M
54y Bk 30% 1) PEG VWAL FE 4 d (T30 4 d); 55 4 54k IgsE 2d, HHBRESECH
30% i PEG ¥ AL HE 6 d (TR Wif 6 d); 55 5 AL & /0500 30% (1) PEG S AL B 8 d (T2 Wi 8
d)o XK IPHE B — K AR, PEG IS FHEAR RAEASE L FAE , FREER RS,
A H IR . A RACERAFESS 8 KANMRICHE, BEJE S RUER b B A AE TS Ve T, BRI 1
5 BUCR R A IS B A, SRIGHL 0.1 g I B KB 2 mL B0 T, AR T BRI
280 C VKA H -
1.4 HEIBIEHRNE

A AL B Y (SOD) 16 PER FH WST-8 A2, 1 AL (POD) & PR FH AT UL 23 O BE vk 2
i E AL A (CAT) WA MR AR L th ikl , i &l (HL0,) R WAt e, A
T (OF) RHIFT WL/ e B, T 8 (MDA) SR AT LA Y6 RE R %2, Bl R (Pro) >R HI AT 43
IR . LR IR MBS A B AR AT PR R AR = AR, EARSEEG 20 BR S BT 0 156 1
FAEAT, PSR ER 4 K.
1.5 HENEBERSH

K H Excel 2019 X fril &4 £ 1744 78, ] GraphPad Prism 8 #E47 KR 24, F SPSS 25.0 X £ #g it
TP 2500, FIHER/IND 325 5% (LSD) 7 2 5 LAk .

2 HREAAH

2.1 WEARBRRRALEKRKERL

e 1 AT . 6 7 A B A e MIEOE Bk RS SRR T 7 R 8 5 8 T A B R M A R RS R R T 6 A
7TH, ISR A AR R S AT IR 100% . FEHEMEREARAT 46 A AR B EAR L MR IR AR B4 B i 3 m
MG XEAFAEMERR R DL, 6 HIFMAEMMMRERZ, H (4.45£1.37) 45, 7 AR B FMAR
KK, 50008 (2.29+0.53) mm Fl (3.76+2.43) cm. X FHEMERRINT S, 6 HFFAAEMMMR KR, H
(4.21£2.30) cm, 7 HFFHEAER N ER K, H (245£0.67) mm, 8 ATl AR MB KR L, H
(4.22+1.57) 45
2.2 FTEME THEHREEITESENREER

wE 1 R : PEG ALBRTFAE 8 d 5, Mkt Wl Wk S, RIMBOK, MR T S ETE A C
WAL, ULWIMERR A BT R . X EMCE TEAR R TR AT, MERRAY SNSRI T A bk
23 FEBMETEETFRELEMNHF MDA KK

M 2 AT LA e 5 i 5 0 A A A R AT 47 4 R MDA i RV B . BEE T R
I B, ERERR MDA Jii BE R B 5 I, AbFE 0~2 d, FEAEMERERR MDA Jot 2 5 R ik 5 G
BEXRESF, AP 4-8d, FAEMEREGRIT AP MDA Ui B RV R I L THES TR 8 A, HEbk
MDA Ji7 it BE /R Uk B 4 2 5 TR (P<<0.05). T4 0~8d, Mtk MDA it B2 /R ik B (A8 fhka 355/, 1
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Table 1 Analysis of softwood cutting results
AFRETE 5 FHE FFIH H T /% AR /% HAZ/mm MR A 2% AR I /em
3 80.00 53.57 1.71+0.36 ef 3.67+1.44 bedefg 2.2040.95 cd
65 4 80.00 92.86 1.49+0.40 f 5.30+1.12 a 3.49+1.51¢
5 40.00 76.47 2.00+0.53 cdef 4.38+1.61 abed 332140 ¢
3 68.57 66.67 2.28+0.40 abcde 2.44+0.81 ghi 2.12+1.70 cd
IHfERR 7H 4 74.29 4231 2.48+0.48 abed 2.18+0.92 hi 2.28+1.78 cd
5 45.71 62.50 2.11+0.70 bede 2.60+1.65 efghi 6.88+3.82 a
3 71.43 28.00 2.27+0.42 abcde 1.43+0.71 1 1.47+£1.21d
8H 4 48.57 47.06 2.13+0.66 bede 4.00+1.41 abed 2.64+1.80 cd
5 37.14 46.15 2.29+0.54 abcde 5.00+1.09 ab 6.68+5.13 a
3 97.14 79.41 1.72+0.26 ef 3.30+1.54 defgh 331£1.82¢
6 4 82.86 82.76 1.96+0.38 cdef 3.83+1.43 bedef 343+145¢
5 85.71 100.00 2.82+0.73 a 3.87+1.46 bede 5.89+3.73 ab
3 94.29 87.88 2.20+0.70 bede 2.48+1.30 fghi 1.74+1.29 cd
A7 7H 4 94.29 100.00 2.53+0.73 abed 3.73+1.56 bedefg 5.07£2.46 b
5 77.14 92.59 2.63+0.57 ab 3.4+1.35 defgh 5.76+2.41 ab
3 100.00 85.71 2.22+0.95 abcde 4.23+1.52 abed 3.26£1.94 ¢
81 4 97.14 100.00 2.56+0.75 abc 3.59+1.58 cdefgh 3.29+1.89 ¢
5 88.57 100.00 1.92+0.59 def 4.84+1.61 abc 5.18+3.92b

Ui AR DUAREC. MUAR KON RS, RISIAIRYING RS A R N ) 22 57 .35 (P<0.05).

A. ﬂt)ﬂ&tﬁ; B. PEG Ab¥# 8 d.
B 1 TR T AR b e KA A

Figure 1 Changes in the appearance of male and female T. grandis ‘Merrillii’ under drought stress
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Figure 2 Variation in MDA contents in leaves in male and female 7.

grandis ‘Merrillii” under drought stress
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242 POD &M% (HE 3B n1: FHEMERE TR ) i 0 B b ) POD 6 1 Bl 2 15 e Bk ) iy 228 K 2 0
S e 0 . il 4 dBF, HERE POD TG MEIA B A, 5 0 d AL T 61.49%; WHriE 6
d i, MRk POD JEPEIR BB (E, 5 0d AL T 101.88%; Wirifl 8 d i, FHEMERRM A 1A POD
PR 3 5 TR (P<<0.05), 3 0d AL, MERESEINT 74.51%, mMilfERk POD iGMES 0 d ML 22 R A3
243 CAT &K ME3CHLEH: BEE T RMHant itk , MRS R i CAT 1§
PRSI R AR s Bt 4 d i, HERE CAT WGP B R m M, S5 0dAHILIIN T 47.97%; i 6
dit, WERR CAT TR R R M E, 5 0d AN T 140.3%; fhid 8 d i, FHMEMERRM A oY CAT 7
PR R TR (P<<0.05), MERE CAT IEPES 0 d M2 F R B, HERIK 0 d BRIKT 92.62%.
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Figure 3 Variation in antioxidant enzyme activities in leaves in male and female 7. grandis ‘Merrillii’ under drought stress
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Figure 4 Variation in reactive oxygen and proline contents in leaves in male and female 7. grandis ‘Merrillii’ under drought stress
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