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A3 s EEEBNA T (10 mg/ke) , TPk FLEN AbHRAT A 4 2 & BRSO P Bk E AbBE41HY FL/F, JF,/Fu 16
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(Avena sativa) 5EiE W5 Vicia sativa) IRAE - HLXT
B FRCR A Z M 2 (i FE v & SR i A P 4
TET BRI FIRCE. 5 A AR N A BT R
AT EF (E. urophylla X E. grandis) B4 ¥
(Lolium perenne) M2 A (Cunninghamia lanceolata)
A VE IR 2 B & A B R B 7E 5 H N
AR TR BRI AR R, R O HR THAR A 't 6 3 7
FOFE R s R 0 A DL ARG BRI I, AR F 5 A i B 7 28 5
TEAHE AR FCE Y R SRl L i &
AR EAE FHAHSCHE bR 1k, USRI 25 4F T N
A LR BT S R SO R R S, B0 28 TR
AR FURR - S5 2 5 T AH JEL BB ) o i 2% i e A AL
DA VSRR A TR A RIS % IR AR
TR Dl AR T R G SRR AR,

1 BB

L1 #

TR0 R — A A 15 VA SR 1 O 82 0 Aol
JR R B AR ] 8505 AOE A TR (&7 20 em,
HAE 21 em) BRZEEE 3 kg HME(HIERHIN 239, 55
R ZR N 5 8 A S 220 30 . R kAR R &
M€, SA PR 8. 311 mg/g 4224 0. 107 mg/g. K i
0. 035 mg/g. 4=k 0. 353 mg/g. A% 0. 019 mg/g.
481 2. 889 mg/g HALAN 0. 025 mg/g.

TR TR A T B DA 5 VSRR L vl O 3 O 4 1 I
BERCR I 4 RN AEEE . 2B M EE F
(Filobasidium sp.) .15 % J& 1 (Penicillium sp.) .
)@ E (Penicillium sp.) \T5%J& N (Penicillium sp.).
RIS R F 5 T 7= AR R R P, s TR ik
FLIR AL, 3 — 25 B UE R 5 B AR 45 A 1 R B SR
PR 1 R v ] Gl A ) o e O A 3 2 B 2 i
E s, FLOLLECN B AR 2301 o CGMCC
12102,CGMCC 11914 ,CGMCC 11913,CGMCC 11907.
1.2 Ewigit
1.2.1 HRH&E5EM

BB F FOLEN 203138 A 40 mL A9 18 i8S
FrHk  HIR IR EE AR Th R 3R 48 h, R kT4,
FHICHE K B B ol 5. 5X10° mL ™' AU K. F1 B
W FRWS Tl ia 1 1 IRA A, Ea
3 dTEEAMRBRIEM 100 mL FIiRE W , LI A R4
K AR R B IR BRSO M R (CKD L 38 FUTLEL N,
FI.CK 6 PAbRE, B b 3] 3 A

1.2.2 {R#iEMEALEE

RS TR R = N7, E9R 18~28 C LB
75% , JEIRETK 14 h/d. AR T R Ao 1R, &
YRR I R . B (] 3 &) Déite 1 IR T 1/3
Hoagland/7d #FRE ™, A B K BEE 30 mL™, #
W15 d J5 FF AR I M2 4 R, SR T KHLPO, 1E 8 8
B, 152 4 A B A B K OSEES, g3 i Sk TG B A B
(0 mg/kg) . # B # A (10 mg/kg) | 5% B i b 30
(20 mg/kg) FIidE BALHE (10 mg/kg) A 3 4N
525 B FLOILLELNLFILCK 6 MER 7=, it
72 F5 I TNE 30,50,70,90 d B AT E SR
TR 5
1.3 WEFE
1.3.1 MHEZEENE

SR FH VAR Tt B ) 2 2 2R ) O /N
FEXT— B R B, Yedr e K v e BRI 0. 1 g
MG A 15 mL {RA& W (R 5 2 BRI L
1 D AEER B 24 h 5,43 50F 663 nm Al
645 nm @'J%J:/%(&B"JW%& (Aess ﬂ] Asqs ) ﬂfgi%/ﬂ\
i (mg/ @) HAAXIT .

MRS = (8.04 X Ages +20. 3 X Agis) X

V/(1 000 XW),

K,V R BOR AARF (mL) Wk 6 TR (g). 4%
FEM BRI E 3 K5 HBCE YA,
1.3.2 MERWHRFENE

K Os-5p HUfH # X4 R 526 A0 (Opti-sciences
USA) PRI KRAGESE 3 d( 4 9:00—11:00)#H17
3 WRTEE AL - e REAF IR 5B BH ) A% 4% b B Iy
W —B R S SRz e o i e $EA TS 38 Y 30 min
S s DU AR it 0] 16 9 (F) L B R 56 (F) il
ARG (F) . AR A& R G 1L (PS D 936 H
(F,/F ) B KRB R (FL /FD).
1.4 HIELHESSH

i B 5 AE 2R A Excel 2007 #44. R A
SPSS 20. 0 #4152 5 255387 (one-way ANOVA)
K56 AN [R) Ab PR 2 18] 09 77 22 . 25 V£ 9F A Duncan 73
L. P<<0. 05 FnER7BFH.

2 HBREH

2.1 {RERRME TEEMIHRZSENZIT
A TR PRAL R 3 1 A A8 B 3 1 TR 58 -2 3R
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FRAMERI 22 S CR D OB PR L BE M
38800, TR T A BEZH A i 3R R IR AR L T
POHERE F1 5 E AbBRAL A4 255 52 Bl Wy 30 5 i
BT a3, 70 d I I IR s 18 s oAt b 3 40
(RIS 2% S B I TE 50 d B IR SR AR

FIEBMNO T ER F 5 N LB g4 2 & i
URZE T CK 4, B olp 3 fisf [i] 338 i A4 S22 e T i R
B,70 AR s HARA R M4 R S E I 7E 70 d
Ik f e, Hos T CK 41zt a] sk Ay (.

BREEHEINA T, E Rk FOE B FI AL B4 fy 4 %
TR ZE T CK 4, Hh itk F 5 FI AP g4

RO 70 d WA S (E , R E AL 4 2%
SRIAE 50 d A RARAE.

WA T, HA R LN 1 FIACFRZ7E 30 d i
M2 RS AT CK 2, HoAh A b FRZH 7 45 3 B[R] 5
(ISR ST CK 4, HERFE R 1AFIL41, $47F
70 d AR AR F1ACHZH Ay R A 70 d I
R 3. 543 mg/ g5 CK L% a] S AR 73. 68%.

BBk FIAFRAL7E 50 d A58 bl T kg &
o T HA AN A L 7E 70 d A TJORA A B A R I b R
T T AR R i T A AR B A L E 90 d 1Y
% P Tl T 300 RIS e R N S R B b T LA AR

K1 IR N A R AR R KB AN [RIE A 0 T %8 65 95 AR RE Al i v v 285 i F 52

Tab. 1 Effects of different endophytic fungi on chlorophyll contents in the leaves of A. confusa seedlings

under different experimental days and different phosphorus stress

MR G/ (mg e g )

SIEP LS 173
30 d 50 d 70 d 90 d
e b 2 F 2.672" 1. 957 2,774 2. 855
I 1. 151 2.126 3.025 3. 465
E 1.634 2.003 3. 144 2.729
N 2.088" 1. 700 2.921 2. 855
FI 0. 877 1. 770 3. 304 3. 146
CK 1.738 1.782 2. 819 2. 810
EERTHS F 1. 841" 2.109" 3.279" 2.914
I 1. 035 1. 748 3.034 2.628
E 2.768 2.036" 3.227 2.535
N 2.064" 2.057" 3.225 3.091
FI 1.108 1.614 2.831 2.471
CK 1.572 1. 662 2. 629 2. 670
UzdERr IS F 1. 799 2. 305 3.274 2.478
I 1. 473" 1.837 2.538" 2.761
E 2.988 1. 949 2.927 2. 745
N 2. 392 1. 874 2. 760 2. 302
FI 2. 062 2.074 3. 644 2. 807
CK 1.558 1.731 2.672 2. 427
TE F 1. 951 1. 759 2.711" 2.587"
I 0. 869" 1. 908 3.070" 3.112
E 2.187" 1. 608 2. 827 2.631"
N 1. 287 1.733 3.411" 2.624"
FI 1. 084 1. 926" 3.543" 3.479"
CK 1.477 1.532 2. 040 2. 440

1 FoRTER] —HEBE AR T EARAL PR S5 CK 40 LA TR .38 22 57 (P<<0. 05).
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HA  BRE FACERALTE 50 d B9 BRI A T k4t
Ry T HABA B L s bk FTALBEAEAE 70 d /Y
FEEREM A AR SR R . N 3. 644 mg/g. AT AL,
Wbk FTAEIE R (R A 0 T B A e 3033 nl 42 ik 5 1
FRAE 2R 22 5 B B4R i TR bR F A FT 7R (R o i ia
HhE SR B B A Ay 2 R .
2.2 REBEAME T B E AR RN
A1

Y 2R RPOCRES A SOt a i hir 2

AR B BT RS AR AR G0 & 83 Z8 M

HRAE) X LE 2R AR L E T HMER S R e S &R
GERNTERFPE ) B TE B R 5, Tz B T
0 b 2 BRI A A BB ST o,

2.2.1 Xt PSIF./F,KIR0

MR R | 4% B Fl b B 4 - H %) PSILF, /F,
FEAR R R R 7= AR i 25 22 5 (P=>0. 05) , Ui W45 T4
Fixt PSILF, /F, (Y520 AL/ s TE [F] AR B 8 T
HFEFAAFEL] 50 d B F/F 0k, B 30,70 190 d
B F,/F A 225 B2 (P<<0. 05), BiAH 50 d B 4%
FRE PSILF,/F, (TR0 e (5 2).

# 2 ARWA EEEARRE R A RSP0 T XS mSHRL i i PSILE, /F, 15
Tab. 2 Effects of different endophytic fungi on PSII F,/F, in the leaves of A. confusa seedlings

under different experimental days and different phosphorus stress

F./F,
[ilSEl k7S
30 d 50 d 70 d 90 d
TR Kb B F 4. 539% 6. 7214 4. 8620 5. 374"
I 4. 638% 6. 601 5. 3398 5. 500%
E 4. 3928 6. 4614 4. 9928 5. 306"
N 4. 6455 6. 7084 5. 216" 5. 192k
FI 4. 474 6. 8524 4. 985 5. 539"
CK 4. 630% 6. 4264 5. 319% 5. 202%
TG F 4. 670™ 6. 553 5. 242% 5. 023"
I 4, 491% 6. 5294 5. 067% 5. 429™"
E 4, 785% 6. 6624 5.337% 5. 4235
N 4, 546% 6. 6864 5. 3395 5. 509t
FI 4. 496% 6. 5894 5. 2308 5. 498k
CK 4. 745" 6. 658 4. 988% 5. 3508
T2 FE R0 F 4,611 6. 5214 4, 754% 5. 469
I 4. 560% 6. 302 5. 2965« 5. 4728
E 4. 579% 6. 718" 5.331% 5. 302t
N 4.515% 6. 775% 4. 983% 5.071%
FI 4. 5248 6. 6914 4. 930% 5. 330%
CK 4. 416% 6. 4997 5.278% 5. 368%
G R F 4. 8035 6. 619" 4. 749% 5. 111"
I 4. 423% 6. 7137 5. 340% 5. 448"
E 4, 4795 6. 6607 5. 3425 5. 251t
N 4, 528% 6. 953" 5. 3328 5. 285
FI 4.571% 6. 738" 5.318% 5. 558%
CK 4. 426™ 6. 284" 5. 100% 5. 344™

TE PRI 3 A HIZ AP AR RS - B3 AR TR T RS [ I 17 2 5 2. 25 AN [R] /NG 5 B 3 s AN TR] T Al 7 A [ ek )

255 32 (P<<0. 05) .3 3 [Al.
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2.2.2 Xt PSIF,/F.KI80m

FALBEA F,/F, AEARBE MG T i 23 3& 3
7N OB PR L BBk FONCFLARBRYILE 50 d i) F,/F,,
2 E T CK 4 (P<C0. 05) s S EEBEA T AL E# Pk F1
WRERZAAE 70 d B FL/F, B3E 5T CK 41(P<C0. 05);
BREWN T AE F AAFHALE 70 d B F,/F, B3

ST CK 4H(P<<0. 05) s iG f il T . bk ELN AL 2 7E
50 F1 70 d B F,/F,, & T CK 41(P<<0. 05).

SEIL R MR R N AR JC Bl A P ANE B LR Y
TR X 4R A AR PS T F,/Fo 8 W1 5 48 1R
FH BRI RE FT0AE 2 R wl e (9 b 5 104G BH S 0 4
HEAE L.

£ 3 AREWNAEFETEA RS R R FE#E P E T X 6 ARt B PSILF, /F,, 05200
Tab. 3 Effects of different endophytic fungi on the PS|l F,/F,, in the leaves of

A. con fusa seedlings under different experimental days and different phosphorus stress

F,/Fa
iy 2 AF B
30 d 50 d 70 d 90 d
Towhib 3 F 0. 8195 0. 8527 0. 834 0. 8425
I 0. 828™" 0. 848" 0. 848" 0. 846"
E 0. 814" 0. 8447 0. 846" 0. 8447
N 0. 830 0. 855" 0. 838" 0. 843™
FI 0. 826" 0. 8544 0. 831™ 0. 846"
CK 0. 822%" 0. 8447 0. 8417 0. 838"
T A F 0. 829" 0. 8472 0. 838ALP 0. 833%™
I 0. 820" 0. 846" 0. 8414 0. 844
E 0. 840™ 0. 852 0. 8457 0. 843™
N 0. 8320 0. 850% 0. 84280 0. 8464
FI 0. 816™ 0. 848" 0. 8474 0. 845"
CK 0. 8247 0. 849" 0. 831" 0. 8414
R EEwEEA F 0. 830™ 0. 846 0. 825™ 0. 845
I 0. 829™ 0. 841" 0. 843 0. 845
E 0. 830 0. 851 0. 8467 0. 840"
N 0. 830™ 0. 852 0. 8417 0. 849"
FI 0. 831% 0. 850" 0. 842% 0. 842"
CK 0. 823™ 0. 846" 0. 840" 0. 8437
T F 0. 827% 0. 8487 0. 83675 0. 835
I 0. 823%™ 0. 851 0. 8427 0. 8447
E 0. 829 0. 8534 0. 849" 0. 839™
N 0. 830 0. 856 0. 848" 0. 840
FI 0. 830™ 0. 851 0. 8417 0. 8477
CK 0. 814™ 0. 8404 0. 82541 0. 842

2.3 AEAMEESENHEFREXRASHB
SEEHAESW

AT RN 0 K RN 0 50 SR Ak B R -, %

BN R SR F/F, F/F T 2R &) %

OIMTSESR L 4% T 2 S W0 S5k T Bk

55 K B0 TR R 22 AR A 3 R T (P<<
0.05) ;X7 T F,/F,, B i 45 K E0A i i 3 52 i (P<<
0. 0DAh, Hofth R R ¥ 6 8 352 s X 1 F,/F., » B R
AN IS KA B 5 (P<<0. 01) , —H 38 HAEH
B RN (P<0. 05) , Hofth PRI 22 ¥4 JC 5. 25 52
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Tab. 4 Multivariate analysis of the influence of strain types.,test days and stress conditions on the

chlorophyll contents and chlorophyll fluorescence parameters of A. con fusa

F

S bR e
T RE M A REC &AM REC RRET &M

i fhia e bk ke

S22 $8 . s N e
I bk R st Hikk
2k KE %A
4R o 5.372"" 144, 493 1. 781
F./F, 0.528 289. 758" 0.291
F./F., 8.054*" 132,517 0.327

5.194™
0. 760
1.573

2.107" 2.198" 1. 139
0. 383 0.093 0. 339
1. 344 0.910 1. 453"

T % P<<0.05, *x P<{0.01.

3 iR SLR

KA FRBE B8 25 T WA e Fe e &
YEMAE AR ok Ak i 3R 2 1 S Wl R FH AL R
ORI N AR PR T SR R i M R R YO
SR B R AV S5 B0 A B AR
BT RN AR LR BB AT S R AR A A 5 T
AHIEHT R AOAS RS2 M, AN (] 2 B 41 2 65 V8 RE R 40 1 i
Mg R SR, A R F O FT AR AR B &, 15
HH PN A LA PT % ff ALK Wl Jolk 3 % 65 TR AR SR A B S R
Ee N R G IS RO T =y A B2 S UL WA K P e (=
F 33X 5 i A ARSI 38 T o8 2 TR XA ) A
K XA A 1E 1952 A58 25 10 AR [F) » B 7= N AR
HHA Sy BRI A EH R 5
BWFFR R AR (Cunninghamia lanceolata ) Fl 7K 78
(Oryza sativa) S AP TEARTE 50T HE R BOC A
B R A S 3R B A B AR T AR T
FHR N A FLTE R A5 A B T 38 i 4 2 1 R el i
DT 18 55 A7 490 WG A B w6 A RE B B D iR A Rt — 2P
WA,

RCH A0 XA 0 516 5 A %) 5% el AN A7 AE — B
FUEE N A B ] 1E T R IR BT K ik
Sl RS 2 DS s A A p e AR5 v AS I
WEa T A AR A B2 SIS AR 0 F,/F, T
S (HEEBEINE T 70 A1 90 d 4% B kAL B
1) F./F, FEARR T X IRLL, AT BB S 50 d J5 45 W AR T4
RAFWTRAE s Rl = B 25 140, 90 d I 4 T Bk Ak
BLIEAE NS N Ny |7 o =1 a4 E S B S A e
AT DA f AR 8 N S VS AR R A PSTT 32 2 84473
HE T i TG RB A AL AR, X 5 P F R AR R (R
KRS B F,/F, F./F., Y35 45 5 A0

ol A & ARG & T, Fo/F (8 828 AR
IN — B R 0. 75~0. 851, AW ST 5 VS AR I 4h VG
F,/F HIEH N 0. 814~0. 856, HAEAN[RME#E MG T
AN, BB = X 5 V5 AR U B R 19 52 A
XN, 5 AT N B 5 B s = XI5 A (Larix
gmelinii ) F,/Fo (HE WA K458 — 8 s (H B A E
KB E FAZA F,/Fo (8 8T m s, A
[ PP AE BRI T ACI I B8 ) A A2 25 5%, WK ]
PR TR N W 119 7 Ak BB 0 L 5% R R SCH IR
BERR IS AR PR Sl H F, /P RS0
BAERZICIH S AR FL /o E A A B
RAR R 34, 2 A Il I 358 X6 65 TS A SR 4l i 7= A e
HIVEM.

A FE I 3o P9 A BB [ 422 A R B Ak B A £ T
FHELAIHT XN A B S B A RS AR R i e R
A S R DS BTN 53 M BB T 15 75 A4 1
SRR v e RN DO K (3R 04 ST NS R F YU 3
TR R AT BT 22 5, P AR FLOFT 942 a4
FAE AL T R A IS A B A KRS % SR
TCNPES N A BT X 5 T8 A S A R R A 0F AR T
JRWFFE AN BE 22 G0 Hh ok R T8 B mg 7 KB AR B b B 1
FHIE A AR AR, 2E— 25 23 Bt P9 AE FL BN 65 T8 A JEUAR
BRI EE A7 AILTR 23 W% 95 T2 65 ¢ i B FLXG) 4 Bl 1% 4k

At AL 2 S ST A R
SE W -

(1] EHFE MOCRE R, 45 STiLoiE T 4 e muh
XL F I R R B & ' SO () . RSB AR
#,2019,38(3):710-718.

[2] #1R. &0, T K, % NEBE B A Lm ik X
Py i 2k KoK L S AL B g L) . A 2
#%,2019,59(10) :1915-1926.
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Effects of endophytic fungi on chlorophyll fluorescence characteristics of
Acacia con fusa under low phosphorus stress

HE Chenyang' ,CHEN Long', WANG Yunzi' ., ZHOU Yanfen',
LI Jian', WU Chengzhen'? , HONG Tao'"

(1. Key Laboratory for Forest Ecosystem Process and Management of Fujian Province, College of Forestry,
Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2. College of Ecology and
Resource Engineering, Wuyi University, Nanping 354300, China)

Abstract: To clarify the effect of endophytic fungi on the chlorophyll fluorescence characteristics of Acacia confusa under low-
phosphorus conditions,and to explore the possibility of using endophytic fungi to improve the photosynthetic characteristics of A.
confusa,4 strains of powerful endophytic fungi F (Filobasidium sp. ),1 (Penicillium sp. ), E (Penicillium sp. ), N (Penicillium
sp. ) and FI mixed bacteria (1 : 1) were isolated and purified from A. con fusa,and added to 4 phosphorus levels (0,10,20,40 mg/
kg) soil culture of A. con fusa. seedlings in pots. The results showed that under an appropriate amount of phosphorus supply (40 mg/
kg) , the chlorophyll content of the control group (non-inoculated) was overall lower than that of each strain treatment group,and the
photosynthetic system [[ (PSIl) activity (F,/F,) and PSIl maximum light energy conversion efficiency (F,/F,) of the strain I and
FI treatment groups were slightly higher than those of the control group. Under mild phosphorus stress (20 mg/kg) » the chlorophyll
content of the control group was lower than that of the stain E,FI and F treatment groups, while the F,/F, and F,/F, were not
significantly different among different treatment groups. Under severe phosphorus stress (10 mg/kg) , the chlorophyll contents of the
strain F,E and N treatment groups were overall higher. For the strain E treatment group, the F,/F, and F,/F,, were higher than those
of the control group. Under the treatment group without phosphorus (0 mg/kg) . the chlorophyll contents of the strain FI and 1 treatment
groups were higher at the middle and late stage of stress,and the F,/F, and F,/F,, of the strain I treatment group were higher than
those of the control group. In summary, strain F and FI show the best effect in promoting the chlorophyll fluorescence
characteristics,and it is clear about the bacteria species suitable for low-phosphorus environment to promote chlorophyll fluorescence
characteristics of A. confusa. These results provide a basis for understanding the promotion mechanism of endophytic fungi on
photosynthetic characteristics of A. confusa,and also provide new ideas for sustainable management of A. con fusa coastal protection
forests.
Keywords: Acacia con fusa ;s endophytic fungus;low phosphorus;chlorophyll fluorescence parameter
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