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scrobiculata) K5 T8 Z ¥E 2 %5 ( Diversispora spurca)
3 Z R BEFE (D. versiformis) , KV R2FMR R
PRI B AL, L = i S AT AR B 3
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AP FLTE OV BRO) S 54N b 3], B A Ab B A 4 R (28R
/AL ) L A0
1.3 HAEHEEM

20194F 5 7 10 H 76 B 17 24 1 Bk 1 g A
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1. Xt B8 Control; 2. A. scrobiculata; 3. D. spurca; 4. D. wversi-
formis 5. P. indica.
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Fig.1 The effect of inoculation with symbiotic fungi on
root fungal colonization

2.2 HARFEIMEBEFERLIMERERIIZN
FiA A HE AN 1 B R T R R
AR SR 5 ORBERN AL BEAR L, 5 AL serobiculata
D. spurca. D. versiformis F P. indica 43 5 ¥ n 1
117%.6526.15206 10404 (K 1) o $Fb A scrobicu-
lata \D. spurca \D. versiformis Fl P. indica H1E W i #&
SRR 0 2 T RE SRR T 390027062204
26% . A HEXIRIOEA —ERBEEEN L H
SR D. spurca 1 D. versiformis 5% #8 8] 25 573 g,
F o HEAN IR G AUR ORI BN, 50k BRAR
He, e Fh A, scrobiculata .\ D. spurca . D. versiformis Fl
P. indica 53 I T 6% . 11%.7% 8% . TEH:Fh4b
R AL B D. versiformis #5524 3 B
(75%0) , AR SR 22 S A% . A BEX
1M IR SR S (0 2247 — E B9 B AR, Hoh 4%



o5 CESLE

SR R8I R 552 i TR RIAR B - MR 1y 50 79

M D. spurca F1 D. versiformis ik 3| i 3 K ¥,
M A. scrobiculata \D. spurca . D. versiformis ¥l P. in-
dica ‘B35 1R BT AR, R B ) )
BT 2024 036940 .23 %0 1 2904 , B R BTtk 235 B

T 1393492196 M1 31 %0, MeA: BRI 17 5 1

et 1 SR Bz JE R A SR g Stk 3 1L PR e A
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Table 1 Effects of inoculation with different symbiotic fungi on the external quality of Lane Late navel orange fruits

@2 WERE/>}10° AR g /mm R /mm AT/ g
s T _ _ _ WA REERE
Coloration (kg/cm?) Fruit Vertical Horizontal . . Single fruit
Treatment ) ) Flesh weight  Peel weight )
value Hardness number diameter diameter weight
Xt HE Control 70.6+1.2b 31.944.9a 23+3d 65.442.1b 62.7+1.7¢c 94+4c 43+5¢ 137+4d
A. scrobiculata 71.4+1.9ab 19.64+1.5¢ 50-+4ab 66.5+2.5ab  66.7+1.8b 113+6b 42+2¢ 155+5¢
D. spurca 73.042.3a 23.3%+1.2b 38+4c 68.642.5ab  69.7x1.2a 128=+5a 565b 184=+9a
D. versiformis 73.0E2.7a 25.042.4b 58=+3a 69.9+t1.9a  67.1+£1.7ab 116=8b 50=2b 166+7b
P. indica 71.442.2ab 23.6+2.2b 4742b 68.4+2.8ab  67.5%1.9ab 12147ab 62+7a 179+8a

o RPAFR/NG FREFR R AL B A 0.05 K ¥ 25 7 3 . A, Note: Different letters in the table indicate significant differences 0.05

level among treatments. The same as below.

2.3 HARFEXHERREERL N ERRB R

FEAD A 7] e A= B XA R 5 R S AT 4P [
YA R A A0 RS S s 45 R (R 2) i
TN, H P AL scrobiculata \D. spurca ., D. versiformis Fl
P. indica 3542 7 RN S 004 & 720,102
8% .10% . FEFh 3 Fh AM E 1 (A. scrobiculata ., D.
spurca Fl D. versiformis ) ¥ b 34 5 7 F A A

PR T 7001420 .99 A5 3R P, indica REPE
XIS 22 7 . HRN D. spurca . D. versiformis
M P. indica ¥ 5 48 & TR SLERE & & 25 04
T 19% .5% F115% A5 A. scrobiculata A5 B F 1A
FEME S i, R 2B IR IR AL scrobiculata D. spur-
ca.D. versiformis Fl P. indica 3] ‘i 3 $2& 5 T 50T %
PEETE Y &, 2l 1 2206142627 % #1116 %4

R2 EMAR R EEFEXHERE BTSSR SEAEm R R

Table 2 Effects of inoculation with different symbiotic fungi on the intrinsic quality of Lane Late navel orange fruits

Lbyg WEBE/ (mg/g) b/ (mg/g) MERE/(mg/g) nf IR Y
Treatment Glucose Fructose Sucrose Soluble solids
X} Control 69.3541.08¢ 249.942.5¢ 249.94+4.1d 11.85-0.60e
A. scrobiculata 74.1140.99b 268.6+1.5b 253.941.9d 14.50£0.99¢
D. spurca 79.034+1.93a 275.7+1.7a 296.3+4.1a 13.54+0.86d
D. wversiformis 75.4241.25ab 270.543.0b 261.843.2¢ 15.07£0.88b
P. indica 72.62£0.48bc 274.1+0.9a 288.1+2.3b 16.0940.88a

2.4 HEREFEIMEBEFERRTEEROZ0

Hi 2% 3 AT UL, BT A b AR T AL RS P 3 4R
w7 R E MWD, 5 x5 B L, 2R AL serobicula-
ta . D. spurca . D. versiformis 1 P. indica 5y & & T
2674287031023 %0 , RS HE P T 1]
R EE . M AL BEIE B %42 & T EE-GRSP FI
DE-GRSP. S5 KR AH L, 7 A. scrobiculata ,
D. spurca. D. versiformis 1 P. indica $& % T EE-
GRSP &1, 4 i/ T 76 %0..138%.90% . 71 % , #¢
DE-GRSP %1 L0l 1 3126.31%6.10%4 125,

HAFLID. spurca #2E R bR EE-GRSP fl DE-GRSP #¢
&

&M A, scrobiculata . D. spurca ,D. versiformis Fl
P. indica¥33im 1 SOC &, 71l s 1 1696.26 4
4% A% W ER S TAMBE S &, e T
83%0.147% .55% .53% (£ 3) o X IRARLL , 4 Fh
D. spurca 1A 0 FH MU TR A A S &, HEER
A. scrobiculata M P. indica 38N T A B, 0 0l &
T 32% F116% , D. versiformis 2 M) H 5 4, ik
33% . AHRUMHL, 55 XTRAH L, H2 A, scrobiculara Ff:
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HP. indica i35 5 M5 &, 73 4 & 7 39%
21% , M D. versiformis W) g 2% 31 il 2 & & i
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THA
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Table 3 Effects of inoculation with symbiotic fungi on soil traits in Lane Late navel orange

) PSR- T R o ALK / R0/ B/

b3 s RELE R LEER (mg/kg) (mg/kg)
i AR/ mm (mg/g) ) ) (mg/kg) (mg/kg)

Treatment H/(mg/g) H/(mg/g) Ammonium Nitrate )
MWD SOC . . Olsen P Available K

EE-GRSP DE-GRSP nitrogen nitrogen
Xt B8 Control 2.227+0.04c 0.4240.06d 0.49+0.02¢ 13.44-0.3d 13942¢ 147+9¢ 7549¢ 2334+19a
A. scrobiculata 2.80=+0.07ab 0.74+0.01c 0.64+0.01a 15.6+0.1b 144+-6¢ 194+5a 137419 238+18a
D. spurca 2.85+0.07ab 1.00+0.02a 0.6440.02a 16.9+0.1a 193+11a 146+13c 185+-4a 182+11b
D. versiformis 2.9040.05a  0.8040.02b  0.54+004b 140405  79+1d  99+10d  116+11b  149+1lc
P. indica 2.74+0.08b 0.72+0.01c 0.55+0.02b 13.9+0.2¢ 168+19b 170+15b 115+34b 228+ 11a

2.5 MHEXMESH

MWERATLE N MR ERF R YRS EE-GRSP |
MWD . SOC  #A&AF 2 BA i 3 (P<<0.01) IEAHG
KA, 5EBWERE B E(P<0.05)IEMXXER, 5K
B AR 2 A E R . MWD 35 EE-GRSP
SOC B AR AH A F AU SO0 i 2 P . 3 5 i

FIEMX KR, SOCH 5 EE-GRSP .DE-GRSP 4%
SR AUBEZ M EWR D EEHCER, SHEA R
WEIEAMACCR, F20RV MARFRYENS
TSI NE R LR T R ) B R 2 (A
AR IEAE K R

x4 HEREZXSWREIEEREEEXME(R=20)

Table 4 Correlation between fungal colonization and soil traits in the rhizosphere (n=20)

i H Ttems Fmiﬁfiim EE-GRSP DE-GRSP MWD SOC
FUI YR Fungal colonization 1.00 0.74" 0.15 0.76" 0.63"
MWD 0.76 0.85" 0.20 1.00 0.78"
SOC 0.63" 0.93" 0.56" 0.78" 1.00
5% Ammonium nitrogen 0.65" 0.78" 0.48" 0.68™ 0.86™
A% Olsen P 0.56° 0.83™ 0.47° 0.67" 0.88"
fiiA & Nitrate nitrogen 0.42 0.39 0.08 0.67" 0.52"
HALHEN Available K —0.59" —0.63" —0.13 —0.50" —0.40

1 :Note: ¥, P<<0.05;**, P<<0.01.

3 i
3.1 HAHRFEXRBRFERZEEELNME

AR, b A R R B R T e
WG P 1 R R LT A % 30, 150 B A/ ok A L T 0
FET ] 2 WG A AR 2R 010 2 0% , (L5 o i A ) A1 3 24
ELHFP R 5 . HR R YR 7 B 5 E
FEW A OC R I R IR B, 2 e LR AEAR R Y
JREE T BB AR Y. AR B P, indica MR YA
MR AR &R, B 5 D. spurca . D. versiformis o755,

B & & T A. scrobiculata, o8 T P. indica T
A BRI T ER . AR, L A G SRR A G
SR EANEE A I A B 1 A B AR
F2 HEGEAERE , RAF i — 250 T SR 24
PRI AEA o
3.2 HAEEFERIEMEAERER T IEEMMR M
A1

GRSP J& AM B Gk i —FhRr ok i 1, 76 1
HEZEFY ek B A SR MG ER 5 T & B BRI A
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QI
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o LWl Frucrose r=0.78,P<0.01
o Jﬁfy’"@ Sucrose r=0.61,P<0.01
v &7 HlE Glucose r=10.61,P<0.01
ET8 20 22 24 26 28 30 32
BRI R/%

Fungal colonization

T 1 1%

Soluble solids content

® ,_
° r=0.65,P<0.01
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E2 BEHEIEZESRIBEESEARAFYEERY (B HHEXME(N=20)
Fig.2 Relationship between fungal colonization and sugar content (A) and soluble solids (B) of fruits(n=20)
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GRSP & 4t A= BLIR B ™ A= /9, 1fif DE-GRSP & EE-
GRSP #4741 . MWD J2 1 18 P 3 R da 5 P 1
EEE AR, AR HE MR T MWD IE K, H MWD 5
EE-GRSP I SOC 24 it 2 1EAH G, R WA I 2E B
e A AR B - e 25 4 15 21 03 |, [ EE-GRSP #l
SOC 1y - He H B A B 2591, 25 T it
£, GRSP 4L SOC Ay H BRI, 1 23.26 %17,
It EE-GRSP #l DE-GRSP ¥ 5 SOC £ 1EMH . X
SERF 5 45 0 58 40Tk B, A FUUR G I 43 W GRSP 3
JnSOC [1$5 , I:38 5 GRSP (Rl AR MR A0 i 22 ) %+
SR e 4, A2 iF AR 25 R B R SRR E . I
A, Mo BB 3 Ao [ AR R A3 s — S ) i il X A
ey, AT AR g Y SR R P TS AL,
U, 8 b 0 T AR R e A T XA A
B AR R ALA B AR AR R (R R RO S . A
PR T 396 0 o 3% 5 Meng %5578 24k
= R AM B Funneliformis mosseae F) 2%
— 3, X TR T K VPR s R,
PRAR AR F T 38 KA R, 4 AR 28 R TR AR K R
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B A A TR AR
33 ARANEEEXCHFERLERIZN
AT G 45 SR F B, 4 P A TR X A i T A 2R
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WAL R D. versiformis 18 5 52 R /NFE PE L RIUCR B

U, D. spurca 75 AL SC R E  FOBE AT RERE & 2 BROCR
Bl o A IR LA A AR I RS L D. ver-
siformis , BE 4 1 2 E 3 J5F R 2R 52 AL i J5 LA B X 2
AT S A R SE R R ) &R SR, ARBESE
HAEFD D, spurca XS I T S SC AT R R YA
R, X ] GERE D. spurca AbFR A 18 B R SR 51
I A A0 3 b 2 B Y, W R A8 0L 5 ) ) ] I P [
W& . Horvat 2R R AR A AM B
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IEE A r iE— D WSR3 2 2 A O 73 B e
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R 47/
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Effects of symbiotic fungi on fruit quality and soil
characteristics of Lane Late navel orange

LEI Angi', LI Qiushuang', LI Yan*,ZOU Yingning', WU Qiangsheng'

1.College of Horticulture and Gardening , Y angtze University,Jingzhou 434025, China;
2.Xingshan County Special Products Bureau ,Hubei Province , Xingshan 443711, China

Abstract The 8-year-old field-cultivated Lane Late navel orange was inoculated with three arbuscular
mycorrhizal fungi (Acaulospora scrobiculata, Diversispora spurca, and D. wversiformis) and an endophytic
fungus (Piriformospora indica) and the fruit quality and root/rhizosphere soil properties of lane late navel
orange were analyzed to study the effects of the inoculation with arbuscular mycorrhizal fungi and endophyt-
ic fungi on the fruit quality and root/rhizosphere soil properties of lane late navel orange. The results showed
that the root fungal colonization rate of inocualted trees was from 23.3% to 27.4% , which was significantly
increased by 17%-38% compared with that of uninoculated trees.Inoculation of symbiotic fungi significantly
increased fruit set, flesh weight and fruit weight per fruit by 65%-152% ,20%-36% ,and 13%-34% , respec-
tively, along with reduced fruit hardness by 22%4-39%.These symbiotic fungi also increased fruit coloration
value, polar and equatorial diameter, the content of glucose, fructose and sucrose to varying degrees, but it
was different due to fungal species.In addition, the symbiotic fungi significantly increased soil aggregate sta-
bility (MWD) , the content of organic carbon (SOC) , Olsen-phosphorus, and glomalin-related soil protein
(GRSP) by 23%-31%,4%-26%,53%-147% , and 10%-138% , respectively , but inhibited the content of
available potassium.The results of correlation analysis showed that root fungal colonization was significantly
or significantly positively correlated with fruit sugar components, soluble solids, easy-to-extract GRSP,
MWD, SOC and available phosphorus.It is indicated that D. spurca has the most prominent effect on fruit
appearance quality , sugar composition , soil structure and fertility.

Keywords endophytic fungi; Lane Late navel orange; aggregate ; fruit quality ; soil structure; fertili-

ty
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