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Abstract; As a tree that is more than 100 years old, ancient trees are extremely precious natural resources. However, under
the many adverse effects brought about by the rapid development of human society, growth has been severely restricted.
Therefore, the protection and rehabilitation of ancient trees is an important task that should not be delayed and should be

persisted for a long time. After long-term natural selection, there are indigenous microorganisms in their rhizosphere soil that
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are closely related to their growth and have unique functions. Inoculating the inter-root soil of ancient trees with dominant
indigenous Arbuscular Mycorrhizal ( AM) fungi could potentially be a new method for rejuvenating ancient trees. Two
indigenous AM fungal agents ( Claroideoglomus claroideum and Funneliformis mosseae ) successfully screened and
propagated in the rhizosphere soil of ancient Ginkgo biloba trees over 100 years old in urban Shanghai were used as test
materials, and inoculated into ancient Ginkgo biloba seedlings by single and mixed application methods for verification
experiments. The results indicate that the inoculation of indigenous AM fungi had a significant growth-promoting effect on
the phenotype, aerial part, root morphology, plant nutrient accumulation and biomass of ancient Ginkgo biloba seeding.
Meanwhile, the study also found that the inoculated treatments positively impacted various physiological indexes, including
relative chlorophyll content, photosynthetic physiological condition, antioxidant enzyme activity, and metabolite
accumulation in seedlings. As a result, the seedlings experienced overall positive growth. However, the growth process of
the ancient Ginkgo biloba seedlings was affected to varying degrees by different indigenous AM fungi. Quantification and
comprehensive ranking of the growth-promoting effects of different strains of agents on ancient Ginkgo biloba seedlings by the
affiliative fuzzy function synthesis method. The results showed that mixed inoculation ( Claroideoglomus claroideum +
Funneliformis mosseae) was more effective in promoting the growth of ancient Ginkgo biloba seeding. This study initially
demonstrated the potential and effectiveness of indigenous AM fungi in promoting and rejuvenating ancient trees. It has been
initially proved that indigenous AM fungi have certain potential and effect in promoting the growth and rejuvenation of
ancient trees, and the corresponding validation test will be carried out on the ancient Ginkgo biloba trees subsequently. The
results of the study can promote the localised application of indigenous AM fungi in the field and provide new ideas and

technical support for the conservation and restoration of ancient trees.

Key Words: indigenous AM fungi; ancient Ginkgo biloba seedlings; growth promotion
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Fig.6 Leaf health analysis of ancient G. biloba seedlings under different treatments
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Fig.9 Effects of different treatments on root morphology of ancient G. biloba seedlings
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Table 1 Effects of different treatments on biomass of ancient G. biloba seedlings
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Fig.10  Effects of different treatments on nitrogen content and nitrogen accumulation of ancient G. biloba seedlings
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Fig.11 Effects of different treatments on phosphorus content and phosphorus accumulation of ancient G. biloba seedlings
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Fig.12 Effects of different treatments on antioxidant enzyme activity of ancient G. biloba seedlings
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Fig.13 Effects of different treatments on metabolites of ancient G. biloba seedlings

2.6 ARSI RSGE A KM

KSR B A pR B LR Bk XA R A B AR A S AR P i AR RAG LA TR B0 o TR TN A B R R A
33 M MERRA A AR SR BRI S 1Y SRR pR AR (35 2) |, 15 BN [ Ak B B A S8 A A AR AR SBOR Hh v BG40 1)
A :CC+FM>FM>CC>CK,

F2 AEABEGTHREXEFERK EESREERNRERHE
Table 2 Membership function values of growth, physiological and metabolic indicators of G. biloba seedlings under different

treatment conditions

F8H5 Index CK cC FM CC+FM
XE Compactness 0 0.445 0.486 1
JFJERE Caliper length 0 0.851 0.429 1
B ML Projection area 0 0.557 0.529 1
I 8B LE 8] Leaf health ratio 0 0.883 0.897 1
Pk Plant height 0 0.567 0.672 1
25 Stem diameter 0 0.360 0.725 1
I F %% Number of leaves 0 0.517 0.483 1
1A Leaf area 0 0.828 0.488 1
4245 S
ﬁi?l?jei:}izjjyipifwm 0 0.728 0.966 !
HROCREFEALKCR Fo/Fm 0 0.895 0.855 ]

Maximum photochemical efficiency
WEFETG Y Fo/Fo Potential activity 0 0.869 0.821 1
PS I SE PRt 52355 v(1D)

PSII actual photosynthetic efficiency 0 0.522 ! 0-955
y 2LARE

o hotohenivl i 0 !
BRE Total root length 0 0.326 1 0.957
HRZ T Root surface area 0 0.307 1 0.951
HEHIE A2 Root average diameter 1 0.549 0 0.023
HRAKFR Root volume 0 0.220 1 0.933
FRZ%L Number of root tips 0 0.293 0.680 1

Hi T Aerial dry weight 0 0.570 0.782 1

HFFH Underground dry weights 0 0.283 1 0.785
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#6847 Index CK cC FM CC+FM
2HkFE Whole-plant dry weight 0 0.479 0.998 1
Hi A & Aerial nitrogen content 0 0.984 1 0.747
R & % Underground nitrogen content 0 1 0.766 0.967
AR B Whole-plant nitrogen accumulation 0 0.446 0.767 1
Hi 57 B Aerial phosphorus content 0 1 0.830 0.717
H R B Underground phosphorus content 0 1 0.898 0.855
SRS & Whole-plant phosphorus accumulation 0 0.683 0.847 1
SOD {1 SOD activities 1 0 0.251 0.341
POD it POD activity 0.274 1 0 0.317
CAT i1 CAT activities 1 0.475 0.608 0
M H & & Soluble protein contents 0 0.909 1 0.801
Al & Soluble carbohydrate content 1 0 0.509 0.917
5 # £ 5 Flavonoid content 0 0.352 1 0.520
SEIME Average value 0.130 0.603 0.734 0.839
HEFF Scheduling 4 3 2 1

3 it

3.1 HRhE AM B A S A v AR K A

TEARBE A B Y LR T AM BE L P REREBEFT A A A R OEF m i . Ao R 7E 13
KEHNET A L35 AM FCRAT B T 4E45 ot A SR v R A ) 58 B2 R 3 A e B, i =y o
RS, 5 HRh M AM EC A P2 HE AR AT A0 A R 2 R ] 2 DU b B AR A S A 1 1 SPAD {H K E
i, JCE RE IR R, AHI L CC+FM A B2 I i BN IR AR AR Pt 35 3 T CK, S RRIEm A 25
R0 R AM BRI A (R B 9 A R R A R 1R

MRAR Y E B IIRE I i K o K I W, AR R B AR A BT R A St 3R A K BT
TR 0 ABIFGE e 13 AML BL T T R S A T A SR AR AR SR T AR AR (AR A T —
SE R AERICR , FUR DR AT RE S A A TE IR AR 4544 5 RE A5 2 HEAR 22 35 23 MM 56121 s 5 AR 38 AR o 31K
TARALGEALBEAYZE R, T LI 4 Ak B RE AL T4 M Al AR (AR R 20 R AR, 1 RS A M A AR I AR
PR AT AR AR B9 A I B 8 R oK SR8, ELAR AR BEAG T AR AT S A i il L 3t R AR e 3 T A
PR AL EE R PR AR A AR 5 AM H R AR T2 B E 5 AR SN T 22 | 38 KRR ZR SO L, 38 i R HUS; 37
Wit S T AR AR R A A R AT A HEAE Y b 1 5 R A R RS
32 FEFPE AM BRI IRAY LA HOC A R IE R IR

AR I DA E M EZ 0, BA A 02 R AL S WA TIRE' ™ . HE RIS T HR A4
A VE AR, SO SRR SR A E RS DA, RO G R EESHCY A
5T R R AM ELT RE AR HE O AL BOR RV AE AL = R0 42 PS I ROV rhO i . A5 b b
& PRI TR] AR SE R | $2h 138 AM BT BE X iy B S92 26 W AR X I 3R 35 1 SPAD {ELAY 1E 1) 2 WA 8K, AN 1R
AL FRIARIL , 6 A ACRRAR . IR AL i R LA 5 o 0 G RE e 4 A0 4 Al bk 1A D6 B A0 T R 2
AM RSP A I TR R 12 FOTR I RE T3 i, e (o 2k 2K A R, 3 R G RE S R L AL,
TR,
3.3 HEAhE AM B ERAY S A AR BRI

AM HLTE TEA IR B IE 000 B 22 I 4 A3 B T8 Bl g SRS le L b 9B 3R 0T 3%, T Ao T 22 [l AR R
Mis s e SRR N P S EET R BT AM BIEAURE BRSO R IR Y N I Pk s 45 il
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B0 T ELRE IR TR R P2 45 ST DU T ALK P ARSI P AR T L A K
R, KBRS L AM B A SR b R B0 N P R EELURHIRAG N P B 1
SE R T AR, S5 G AEAE G | =R S S L BERD AM LRSI,
534h M E 4 N LIRSS T AESE ph T AM LR RES AR %432 N A8 TRIIRINI N 855 AT
SRESFE TR BT T LA K3 O T A T o 4 0 M B B 004 T K R
M4
3.4 PEAI-L R AM LR R SRR L RGN

EEHATTOL T AL T 77 A T —F s Py (R P R 2 K AR R o 7 i
LT PER, XN R BEE B E UL, SOD POD RS SEFFRI B I 9 L 1 1 3T, BRI
B BEFE IR AM PUERE R SERI DI PAYAT SOD SH0 AR Y, S MR F 32 SR 5 | )45
B 53— IZ AR TR AP RO SRS POD IR T e 2 BTG BAD IR LA 5 5 4 K B R
M 2 AL (I PR PR 200 ) Lo 2 0/ D R, 5 M 028 1K 30 5 7 0 A
U BRI ARSI 1 AM ZUB RO Bk SOD , CAT T HEWEAT, POD W PERI. HEFD AM JUES
SOD WA, POD M P I A28 5 5 4 R TT 45— 500, CAT W P DRI A5 TR A6 S B BS00R T i 2
R R B v BRSSO o K LB T AR 035 0, 30 TR BR AR T SOD  CAT gAY i
TSR P A3 25 0 LR R BR A2 K ATt S A R TSRS POD ¥ P
SHA P AL S 66, BT 0 A KA D A LR T i PE RSN AL , R POD 3 PE RO T 5
ELELUR OB R i — AR5
3.5 HERl AM PR A S BRI

HEP IR LR DA AR R R, P BN AT 5 B 1B TR o b AR i T,
T ), B RO PE B UTRSE 0 BIFGCAR U R AM TR A R E AL 1 A ik SR AT
BRI YA 1) A0, T P 28 11 S O 0 7 2 F B BRSO, T PRI A L R
SOD R HES A VAT 7 ¥ e, 2 A RS TR b B0 2 B S, W 3 A O A
HRAAS 1Y T A B AV 5 PRI i SR — B R DA IRV 5 4, T A S S K L X
S B T 45 38 O RS | e A TSR L SR B T o L

VP BRSEA0] AM ELB B SR 1A SRR U R, SRR RO U AR 7
e TBCSEYCE AR PRI R AM SLIR 2 T R 32 S 28 b BT BRI, HR B AR AL 25
() AESRR MY 11 554 Sy ARIEZE 1K I35 5 50 56 0 D IR 48 )y  40 AR PR 384005 %
AM SLB G ) 2 SRS o B L AR b3 AM LA B0 0 38 S5 1 A
F K R DR T3 — 4538, LI S P S BP0 (. mosseae) B 7 s A
4 #ip

ARBFTEHE M SRR Lt S B 2 Bk AM ZLE, B AMECRH GRS S/ 1 K A BRI 48
FRIGRURTERRIITE, BFITAI, 2 SR A R T G0 BT SR A 2 K SR AR ), IR A BE R A
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