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(1. State Key Laboratory for Development and Utilization of Forest Food Resources, Zhejiang A&F University,
Hangzhou 311300, Zhejiang, China; 2. Zhejiang Key Laboratory of Non-wood Forest Products Quality Regulation and
Processing Utilization, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] Torreya grandis ‘Merrillii’ is a characteristic dried fruit tree species in southern China,
exhibiting a seed drop rate of up to 90%, which severely constrains its productivity and sustainable industrial
development. This study aims to investigate the effects of exogenous plant growth regulators
[aminoethoxyvinylglycine (AVG) and gibberellic acid (GA5)] on seed setting and quality of 7. grandis, and to
elucidate the underlying physiological regulatory mechanisms, providing theoretical support for enhancing seed
quality and yield in T. grandis industry. [Method] Using middle-aged bearing 7. grandis trees as experimental

material, 4 treatments were applied via foliar spraying during the early spring period of intense nutrient
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competition (20 d before pollination): AVG (180 mg-L™"), GA; (200 mg-L™), a combination of AVG (180
mg-L™") and GA; (200 mg-L™), and distilled water (control, ck). Seed setting rate, seed weight, endogenous
hormone levels and nutrient content were measured to analyze the effects of different plant growth regulators on
seed setting rate and quality. [Result] Both AVG and GA; treatments significantly increased seed setting rate
and seed weight. AVG treatment was more effective in improving seed setting rate to 16.92% compared to ck of
6.84% (P<<0.05). GA; treatment had a more pronounced effect on seed weight, which increased single seed
weight to 141.91% of ck (P<< 0.05). AVG+GA; treatment increased seed weight but did not significantly
improve the seed setting rate. Regarding quality formation, AVG, GA;, and AVG+GA; treatments improved the
seed nutritional quality to varying degrees. GA; treatment maintained a higher synergistic effect between
indole-3-acetic acid (IAA) and GAjz;. AVG treatment influenced seed setting by reducing the abscisic acid
(ABA)/GA; ratio during the early seed development stage. °C labeling demonstrated that both AVG and GA,
treatments promoted the allocation of assimilates to the seed, thereby enhancing seed development.
[Conclusion] AVG and GA; treatments improve seed setting and nutritional quality in 7. grandis by
modulating endogenous hormone fluctuations and nutrient partitioning. For practical application, AVG (180
mg* L") is recommended when the primary objective is to increase the seed setting rate, and GA; (200 mg-L™")
is suggested when the main goal is to increase the seed weight. The optimal ratio for the AVG+GA; treatment
requires further optimization. [Ch, 4 fig. 1 tab. 20 ref.]

Key words: Torreya grandis ‘Merrillii’; aminoethoxyvinylglycine (AVG); gibberellic acid (GA3); endogenous

hormones; nutritional quality

FME Torreya grandis  “Merrillii’ W41 G A2H} Taxaceae HEMJE Torreya W ERFA, P ERG 1L X 4
T RRF L, FHEHEGH S N6, AT TR Akt BRI = It &, Zir i Frs:
T 5 MATMMFAR LG, FAER S A KO F AR o B R, RS Ay 31 L g e
K, 5 1740 H 0 MEEREHEE T 4 ARG TE Mg R, AR, H 2B 4 4R A A
KK, BB T A= s M A BOE B 2 OCEE, | TRHASTE IR “ZEomiass ” Ferk, HHRR
HETDCA RN AR, REISR M A K EEERIE , ORI BN R, 22
KEVRRAAED, AR TEFLHAERAEI, FR A FEIA 95%, WHEHEm | ==t B
W, Gnfe] et v AR A SRR R A P Ml A R A AR R P ) A

2B A S A X AR A T A [R] B[R] RS B B A R AL B, BRI AT 20 d AT AL R A A AT LA
PR AR AL SR AR O TN E SR A I OGN 0] . SR, AR R R SR T LA 5322 i A6 SR T 4 X Al SR
o, HFFEAER KRR AW Iy, A& TR . B, 7l b3 5 R it AE 4 A= 1 8 35 5
O B AR DA i SRS T, AN 3R (GAS) AbHE IR I i 3 R R v 2 AR R SR s, Ot
BEEMAS K NEIIZD . A AR CIRHET IR (AVG) 1E R —Fh ZI&G iR, mras i 1-24
IR L - 1R IR & U (ACS) 196 1, BHIT S-IRTH B 2R (SAM) [A] 1-2 ZEFR N e - 1-F2 1R (ACC) %
1k, W 2R A R, M m R4 H . ALTUNTAS %56 & B 200 mg- L™ A9 AVG /KIERAER A
RUEA 5 g ORISR, O s RS BT

AT AT MRS T a G o HERT, SRV AVG. GA; A FZ5A 0B, 3l ad 2 R IR]
AP AR A SR A . RS R A BT IR DA SR Sk B R R OGS AR BRAR AR AR A, TR R E SR
PITRR RSB, B TR/ AN R ZMEAT ) AE R IR 59 700 X6 A Al 2R 2 it 5T 1) 5% i) B AR SR P LA
A AR o AR R S
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VI FHE N TAREE ST T 2004 45, HAKZM BN 1200 #k-hm 2, FHERHAFEE 142 K 16.1 cm, P2
R 3.7 mo IZHLIX 8 TG 2= XX, AEIRE/K S 1 628.6 mm, 4EXEK 16.4 °C, 4 H I
BFECh 1847.3 h, JCFEMIN 237 d. HIESSAIDIBEEE Ny £, MBSO IR Feles, RIE g bn, HEK
RAF o SEh STRAR A AR R AR A B
1.2 SMEEMELE

VEURHS— 30, A KBTI 20 BRBAEAAERVE RiAF, T 2023 4 3 91 (2R 20 d) 247 4ME
WMEWERXE . S BETAES T, KR 4 Fhab 3, A4S 3 MO IR AL B [AVG (180 mg L),
GA; (200 mg-L™"). AVG (180 mg*L)+GA; (200 mg-L ™) 204 1, VIR R HRZH (Wit 25 2818 K . ck). R
FHBEALIX 20 51T e AR AR i b BRI, B PR A AR E NPT RE 1, SR I3 2 BEAILEURE SR
TERREEM A mE . P db 4 ADNFEAL, F0EE 30 NEERAE AR IS . AN 5 BRAAER
1.3 REBFE

FERSCE BN, A7 dWEIHIE AR IO A RA A R B3, DLWEIAS [ A BE X A SRR 5 . Sy
TR AL SRR, RERRFRIC AT 100 AN SRSE, AR R=9 ] s SR S8l /4 7 ) R R S0k
HEx100%, [T, 78 2023 4F 9 H BRSCaaJy], WL HF 2R, JFREPLEER 10 4550, e 2
TEN . R AR TR SRR
1.4 “CFricsabi2

FERFEARSNIE AT R B E A R A Be i sgm, FEARFRIS A9 0. 10, 30 1 40 d 43 BT
BChRiCAb B, BEFEAAERH: . AR PRES BRI T EC M R A g iR . DIEER RS AN S, TR
H 8:00 FFafik s, et AotGHERER, HRid4 GEEE 90%, JEE 0.05 mm) G284 IFHEA
BCO, (£JE 99%), 4eFy 2 h A4k, WIRIAE 1 h #h5E 1 KPCO,, MARCHHK N 4 he fRICES AR, 5
SR RS E MBS RE 3N FELEMAN, 4105 C AT 15min, 60 CHLT FH &
Ja, RAZESFGEERE R, JE75C R 2 350 LT B sh 25 . e &REdhik 2= E R = BEAR
JbH B 5 Al A= ST Pr kA T RS [ 3R ik (IRMS) 43#T o
1.5 H4EHEMFT

J TR F A A BRI LA, FEALBR)S 15, 50, 75d, BEMLREFHEL RAEA, HITERY
FRMITEGRINE o SRAE M FF i KL BV E FHCR (-196 °C) b T vRAC L, B fR e B9 22-80 °C REITIR VK AR
R IAE, DA e SLiR 58 oM i e
1.6 REEFHDNE

SR AR HEAL £ BE R IO 20 A7 T s PR R AR S I a2 o B 0.5 g RESL, A 10 mL FilvA AR B4 4K
80% Y ZBE5)0, 85 C /KVAHRIL 1 h, 4 °C F 8500 r-min™' 8.0 20 min, WeBE IS ; UiiEH E 2
LR, I LIEWIFERZE 20 mL, RERSEHRBE , i85, B 10mL T 85 C & T 4B, ZIMK
EARZE SmL, RAN B @, LIAZAPEVARES, T 620 nm M@ WEE, IKIEIRER L E B .

T3 B B I G R S BE A R 8. B 0.2 g BESL, JITA 10 mL AR FRA3 %1 80% 1 2 BEA) 3
85 C /K 1 h, 8500 r-min" B.0> 15 min J5 5% L& (EE W OFARBUETR 1 1K), VIERIF T 10 mL i
W 80% MITHRRES IR, WhAKIASEI 1 h, U85 RIS UEM RO . RA ML (L-KD sk, F
620 nm AN E RO EE , ARIEFRE e i

SR AR B OV SR T A M (IR A T T . B 0.2 g BrEERESL, A S mL WA BE IR £h 2% il
(50 mmol-L™", pH N 7.4), VKIBMFELSIH ; 4 CF 12 000 r-min' & .0» 20 min, W FiE K. RH
Bradford % (% D52 i G-250 Juft), DIA-ITE HEE I (BSA) MARES, T 595 nm AbMNE OGRS, R4
v il £ R

GEER R AR A Zh AT O , 25 2R A IR HR MR IE - AT T4 H . LA L B e Amil e 24
WHE 3 MNEYFES, s TSk
1.7 WNEHERESENE

PRI 2R T 43 SR R 2 RUCROR € 3% - R XT3 (UPLC-MS/MIS) 4 M s il 2 181, B i 28 Y AR
Je . AL IR BUR A R AT E O 4lifb . 3% 5 B 7E Acquity UPLC BEH C18 S {4 3%
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(2.1 mmx100 mm, 1.7 pm Ai42) ESEm, SRAESEEVEI R P LA KR (AA) - BIEIR (ABA). GA; %
FEIECER A 800 B o B R ) = H PO AR AT BT (Qtrap 5500) 1Y 22 Sy e i (MRM) #5X, BT A H
PRUSER 1€ 1 20 B 38 i MultiQuant 3.0.2 B8R, R R 2R NAR LS T TR IE o 150 it =R
Frifidh (BERE =98%) Y414 FI Sigma-Aldrich 23 F
1.8 HESH

P B 2t RSt o Hr b B . R AR R e SR B Excel #H AT B 51FH, [FH RIEF
(version 4.2.2) BEATGe 0T, B¥E IF SMEAG 68 5 Shapiro-Wilk K386 58 1%, 75 22551 R J Bartlett #5565
WEo X TFAF G IS0 0, N 27 22501 (ANOVA) Al AR ) 22 5 W 2, IR Duncan

ZH B SS (P<<0.05) #EATZH 122504 . Bl vl Akl i R 775 1Y ggplot2 Fl pheatmap f158 i

2 HREHARH

2.1 SMEEWEATE T A RN EHEAL R K R L dm R
HIZE 1Al SRIRAR ) AR R R R AR AL SRR . AVG FT GA, A B AR SRR 2 3 T ek (P<

0.05), ot AVG Ab i A SRR B, 38 16.92%;

AVGHGA, 4 & I A o g ok TR E LR, 18 R 1 NRENEREHHCENEELRTA
RSIITFAR ST . AVG Il GA, Ab TR B2 8 T ck #A SR LR 5K R BT R 22
N Table 1 Effects of exogenous phytohormone treatments on seed setting
(P < 0‘05) ’ {E 2 ﬁl} m: H IETJ 36 LA % % ﬁ‘ 5 AVG+GA3 and seed-related quality in mature 7. grandis
HE I RERE ck i, AVG. GA; MHHA b5 A L % e E ATy
AP REE E A AER B R i, Hi DL GA; A B ok 6.84£1.71c  3549+2.08b  6.06+1.07b
B EEE, 15 ck Y 141.91%, AVG 16.92+4.26 a 42.16+4.48a  7.90+1.56 a
EE lzl 1 Ef%ﬂ . &Mﬂﬁ%ﬁztﬁﬁﬁ*ﬁ%ﬂ Xﬁ?%%ﬁi%h GA; 14.36+2.52 ab 43.30+2.50 a 8.60+2.02 a
AVG+GA; 10.65+0.88 bc  37.3242.50b  7.83+x1.92a
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Figure 1 Effects of exogenous phytohormone treatments on soluble sugar, starch, soluble protein and amino acid of mature 7. grandis seeds
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(P<<0.05). Frv, AVG AbBHEXT RIS . o] v o 8 0 o BRORN S R R T A EE UK Uk B 1 4 T Ak B
B, 439k E] 39.83 mgrg ', 12.03 mg-g ! Fl 48.42 pmol- g ' GA; &b IR I A 5 4 B 4 T Ry B
i, i56.06mg g, Ml AVGHGA; H-EALI 5 — AT L, JEARRESE — DR m R E TR
22 SMNEEMEKATHLENEELZETEFYROHSEN

P IET 2 AT s AN RSN 400 A A 0139 500 b BT A A SR S 7 B S0 ) AT PR L R ST E R Y
SCAETEZE 5 o A A0 BRAL N AT IEPERE I i o B8 ek b3, RS R TV (5 15 d),
AVG AL BRI AVGHGA; 417 4b PR SC PN 19 1T 5 M 05 T 5 70 B0 T ok A GA; Zb B Ab B 50 i1 75 d,
AL )T B 2 25 . GA ARSI ST Y A TE R T A B e SR I s AVG R SE N TE B
iR E =T ok (P<0.05) . TERLAF WM LG 15d), GA; AbBER SN Y ] i 8 1 B o
R R T ok (P<<0.05), 5 A Ab IR SC N I TV AR 1 B R BRSBTS
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Figure 2 Effects of exogenous phytohormone treatments on soluble sugar, starch, soluble protein of T. grandis seeds
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FEAMEAE P A AR FI AR B, XA 52K B AN B B R B R 19 sh AR AR SLE AT T bt
(1 3). 5 ck M, GA; ZFRTEALIRSS 15~50d, RN TAA Brat s - (P<<0.05), {HAAFES 75d
R B ARIK . AVG AbHEURSI N TAA fEARHE S 50 d NS B E R 3 . AVG AFEFN ck 1R S GA, ikt
SR THERER R, T AVGHGA; A AN A, HAEAbHLE 75 d 3% /T AVG l ck 4b 2R
(P<<0.05), AVG Hl AVG+GA; G FRAEAN RS 15 d, RS2 ABA B /30508 GA; Ab BRAT BT AR
BFEAN BRI 50~75 d b TF. AVG b FESRSZPN ABA/GA; 7EAL IS 15~50 d F I, FfiJS 78 50~75d b7
AVGH+GA; 1A IR TN ABA/GA; e EFHE TR GA; AbFER N ABA/GA; W2 BLFF b FH#a#.
24 ETFCHRIEMNBFEXBERKEZFTHNXEFTYHE

i FHC ARIC Y CO, MM Fr 5, PC FRic BRI B s iy 2 AR 28 (81 4). AL IR
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Figure 3  Effects of exogenous phytohormones treatments on endogenous hormones content of 7. grandis seeds
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Figure 4 "C distribution rate of each tissue in the early seed formation of 7. grandis
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BCABUR R FIEREHE, RAEC N IAE 30 d AT IR B, FlJSAE 40 d FRE. MEERAEVE N AR
MR E IR, HEC & Hirse BTF, KRB R PC 23 BC AN R A W iz ) ) B A8 R AR K Bemi A2 4k .
BEERIERT, MR PCABRETRE, RUDGE W AR E Wz B R . 22 8UE R b iE R4
B, HEC SrRE LR A VLI R G AR RS S . ARFRRII, SR AL PR T 25 . AbFE 10d
(— AR, SLE AL A e g B4 ie, b 4R PC 3 Be Lo ) S & 15 m L i ) SR R A
AR E B C R IE TR . GA; Kb FRAE TR CPC R 3 2 12%, B AVG Zb3E (8%) #7511 50%.
AEPRSE 40 d (ZASRIE ), SGE R Rt BERR LA, [P PC BBl S . AVG 2R R
TP BLAIK 28%. GA; ABHI B 5 e pEMERRAE R &, R BRIk 3 38%.

3 3

3.1 GA; 1 AVG X EHEAE R B0

HTAAFSR R W] . FHER SR F o B P AATE 2 DU AR B SR e e 0, 55— BOR AETE R SR F
W (4 H BaizEma)), FERIOVREBA S ERI R . B B R FE T  4 A TR
5 Arpa)), AL RO R IT RIE R, HOEEHA A K SIERSE A B OCH], (A 2440t
FOLEREESE , SCE R BN RS, AT R St AVG Fl GA; 7T B E kR, XTRES
HARTHRCESRAOC . AN, GA; AFURITK T I B rl v viss . v . ek R 80 B S
T ek, AVG AP R E, N 16.92%, GA; FRZ, J 14.36%., GA; 4b BT BR 1Y 2
THRCR A

AVG 4bBERE i 3 H2 5 2R R B A SR IR Anacardium occidentale™ . B )& 3 F: Macadamia
integrifolia FEL Pyrus communis!" %%, SANCHEZ £ ifgg 60 . i 250 mg- L' AVG W& #2551 Bl
CURE SRR /KA © Abate Fetel” FIMASEIUABEF] AL Packham’s Triumph’ YA REEH™ &5, XA fEHA T
AVG X IR M IEIER, M ES5 TG R B w2 A& R, AR, AVG Zb#E
AR, AR F S TR IR R, I BEAR T TR SR RIS L AT R
SEEFRYIRR TR A, SRITH AT AR A PR 206 G S KA S RBUE SRR SR T GA; Ab
TR E Y B R E T, H P XE B U TR B . SR, AVGHGA; 45 4b#E
IRCRIFARE T B — B, BFFERY] . GA; AT REIE T 4G5 Sl B b i OCHERE R (i HYS), 35065
YEFR= P RS 4rEe s 1 AVG il ACC & UEsTE M, PRI IE ™ i, MM S & & ™,
BETAMREERKE, AVG HAFM THTALRAR, 1 GA; WEA B THm ARG R ., £ FHE70H
BF, A REAAAE SR IR S R AT, TR A AR BB PR T A SRR SRR AN T RE SR
(R A0 %) 3 A A P
32 GA;TIAVG M BHERLLELREFRERENERZNZT

GA; MY K B IR P A BB IR Z —, TETFAEIEH] AT 2 2 e g SR S e ™, SRk &t
., GA; 5 IAA HEAER], L[E A0 0 2N AT R GA; AU & T AR A 45
SRR B, RS R BN JAA R TEGKF . XS TEMR TR 157 Lycium
barbarum ‘Ningqi 17 HIBFFEEER—3, RIFHTFrh TAA /K5 592K/ N 5 5 35 IR AR OE0T, i ff
TRV TAA {55 P RG22 A A 4 Rl ko AR R IR B Y, AR, GA; A S E A AHE HR T
IR EWINE 8.60 g, FE—PUESE T GA; TEMEHERIZ T HAIMEH] .

ABA TEAEP A K K B ARSNGB A3 EE 2 T, R A RERE A R A5 T B 0 DG e 2 231200,
ARBFFEH, AVG Ab PR AR SEAE R BT S] ABA AKCFEAR,  HARREE AT v Mol o it o3 B0 3
i, BJEERE LB G ABA K- ETF. XER AVG 1] Bl A4 ABA 2 mifii/K LA P Bk 5R
PEH LS Ty o WFFERB]: 2R Malus < domestica FESETE I ABA FI i i 38 hn2s 5 3Ok & I R,
A Ziziphus jujuba V&R, ABA WIS & 200 BOIRBER P, W RE S BUE S [FALY) 7 i
B, (ARSI AL, MR RS, Ao rh A A A AR SR S R R OGN Y ABA K
SFERRT ek, XA B TREARVE R A



8 RN/ NI NI e 14 2026 4F X A 20 H

33 GA; fIAVG MBEMMRLLZE LA EGRNY 5 BELHI I

RLAE R, HAT Sk G HN U R R AR ETSR T, R
SRR R, TEb S, EER . RERZEBfEIEF g, Mg = & f Y, ARk
M GA; Fil AVG AR TG SRS iz, som TR0, b AVG X PEsR gf2 i H
TR, PR AL SRR . WA G R , TR SR T R AE 7R AR/ Z [ AU . AVG
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