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Abstract: [Objective] This study aims to investigate the colonization characteristics of arbuscular mycorrhizal
(AMD) fungi in the roots of Gannan navel orange and their relationship with soil chemical properties, thereby

providing a theoretical basis for the role of AM fungi in the sustainable development of the navel orange industry
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and soil erosion control in the Gannan navel orange planting areas. [ Methods] Using the roots and rhizosphere soil
of three major navel orange varieties (Citrus sinensis Osbeck cv. Gannan Zao, Citrus sinensis Osbeck cv. Cara,
and Citrus sinensis Osbeck cv. Newhall) in Zhanggong District, Xinfeng County, and Huichang County as the
study objects, this study analyzed the differences in hyphal colonization, arbuscular colonization, vesicular
colonization, and total colonization rates among different regions and varieties. Path analysis and other methods
were used to conduct correlation analysis between root mycorrhizal colonization rates and soil chemical properties.
[Results] Regional differences in root mycorrhizal colonization rates were more noticeable than varietal
differences. The root mycorrhizal colonization rates of navel orange in Zhanggong District were higher than those
in other regions. Specifically, hyphal colonization (86.7% ), arbuscular colonization (80% ), and total colonization
rates (86.7% ) of Gannan Zao navel orange in Zhanggong District showed significantly higher values than Gannan
Zao navel orange in Xinfeng County (38.9% ), Newhall navel orange in Xinfeng County (27.8% ), and Newhall
navel orange in Huichang County (27.8%) (p<C0.05), while the vesicular colonization rates showed no significant
differences among different groups. Among soil nutrient factors, only alkali-hydrolyzable nitrogen (AN) content
exhibited significant correlations with root mycorrhizal colonization rates. It showed negative correlations with
hyphal colonization (r=-—0.541, p<C0.01) , arbuscular colonization (r=—0.474, p<C0.05) , and total
colonization (7= —0.541, p<C0.01), but showed no significant correlation with the vesicular colonization rate. Other
soil factors (organic matter, OM; available phosphorus, AP; available potassium, AK; pH) showed no
significant correlation with any of the colonization rates. Path analysis further revealed that the absolute values of
the direct path coefficients of soil AN on the root hyphal colonization, arbuscular colonization, and total
colonization rates (0.515, 0.396 and 0.515, respectively) were much higher than those of the indirect path
coefficients (0.026, 0.078, 0.026, respectively) , indicating that AN was the key factor directly affecting root
mycorrhizal colonization rates. The indirect effects of soil factors on total mycorrhizal colonization rate through AN
followed the order: AP>AK>pH>OM. [Conclusion] The colonization of AM fungi in the roots of Gannan
navel orange is primarily directly regulated by soil AN. Therefore, the application of nitrogen fertilizers should be
minimized during fertilization to enhance the symbiotic relationship between AM fungi and navel orange, thereby
improving water-soil resource utilization efficiency and ecological conservation benefits.

Keywords: colonization rate; soil chemical properties; Gannan navel orange; path analysis

5% T DX AR A G AR ) 21 B R I BT A
A, B I A B A R X SR, K
1048 2 A R R AL SRR & B R IA O 20U BOZ X i
P R SR el s v i S R 0 O A L TR A e L R oK
A R 5 TR T G A I G ™ R ) 24 3 2 M R
Pl i TR R K R BT R LB CAM LD A
R IR B A YA R e R R o
R TR 22 19 24 S 25 4 T i R AR ) b R R AR AR
IR T % 40 0 MR RO, 0 AR B0 R 1)
i, AM H B RE 15 T A W) D0 000 i A 3 0k, 0 9 e T 0
5 R a0 R Gy A T 52 5 O a8y i R
P M LR X — R AR R
P - 8 VA 3R AR R R AT R AR AR i X
5 R, A R AM L X — A IR, e
A 245 A0 NE 1) fof AT B JB R 7l vy AT o 2 K R O
e AL JIF 8™ XA PR I5E XU

AM H i 5P RE I R R 9 A G O AM
LR R AR TR SCHE , (HX M At A 56 R A IE it 5 %
THEFRSBIA R . R AR ARG R RAE AM B S5 A
Py Ie A 56 AR WA B b, BIF 7T 3 U - S R R P AR
A AM H R Y i AR T B 2
P AM HE S5 AP A 56 AR B B A R A IR
T AR 2oy I 2 A A A TR, SR AM
FLTE B 22 ) MR AR AR K, A AR N AR e S5 R R B
JRCOH SR 2 o M B T R — S A L R
P o Z B A O R B AR SRR
AM H R G 5 VIR G , 24 A 3 S0 81 35 2 B i
L2 W AT AL LB % 2 IR AL 119 81 DRI 2 Dk 2
L) T TR 2 1 B B %, 0 T R 383 5 R AR A DG R T
BeAh, L3 pHAK A HLBT & B2 % il 5 AM ELH (=
P AFAE ORI 52 m AM H I 5 A R
KA N 5 b e G, nAE R b, 2



%2 3

H A S84 i AR R AM ECR R YRR B M 5 Sl 2 1 DO ) 3 422 23 285

HAt AR 56 R Y OB T N o AR A Uk B L R
U R RV b S B IS B TR T B AM
LR A6 7 8 VPR 22 AR K DA BT AR AR R OK AR 1S
PRIME , 75 THAE Rt ARt 4R R B B A AENE 8%
e 0 b PR A A OC R - ESC D A
WA R Y RO g T I A AR AR R IR
BB AR 28038 IR v T AR AR 0 AL L Ty ) OB 4

W5 M DX A O TR AT HE T RO 1 A R T
MG AR B8 A, HIK A3 F1 55 53 WU AM EL R
B %5 RS 5 AM B Y A ¢ R ] 32 - B
B4 52 W 1 AN TG o PRI, A B O DL B e T X fF R
H B H 3 EEHR R (AL R LA EE R R
I BIETERT G, 53 BT R AR AR AR Gl R AE Y DX I8 2% S5 F
i B 22 S, SR T AR 23 B 45 5 ¥R 8 R A e
JoT X i R MR AR AR AML L B AR AR LT £ ey
AEW 52 o BIF 5 45 R 68 Sy w5 e A8 SR Pl 5 L IE
Feor KA AM H I RE R 2 AR
1 MR SJj ik
1.1 HARREEAFMREFELRE

i b DAL T8V b3, VIV R, b Ak b
R 2 (24°29'—27°09'N, 113°54" —116°38'E) ,
JoE . BA QXU AR 2 18.9 °C L AR K R
1605 mm, JC 75 1] 286 d, B B 22 K, 4 3 i 48 4
WA A, SRR M R RO S AR AL BT
KAEmRITIX fFFE &5 8 3 MR ™ X, iF
5 B e JB% R A 0 45 32 Rl A1 s 2R B A (Cltrus
sinensis Osbeck cv. Newhall) | 4§ (4 5 b 21 A B #%
(Citrus sinensis Osbeck cv. Cara) M F 24 i % 55 7
5 ¥8 (Citrus sinensis Osbeck cv. Gannan Zao) , {18
BB S 6~10 a, A=K B Beit A HLIE .

RAEAERKRZGEAT B0 45 A M 8 3 1> I 4 o A
53 PEEE B 50 m DL B A 3SR AR A, B SR AR AR
VeI 3 B A A 5 A AL B B R 2R AR, 20 i A AR P e L
A T5 1A R FE . K SERTEA R Oy 1) R Y 124> 1
TRERR RZAR A ER TR G A 3t 27 4y, Hrp
217 R R R A 12 AN REAR (L 3 RITN IIR &
DL LL AR R AR O AEAS, B g R BE R R AR 6 14
Ao REERT, K BRR BB A wE LA o PSR
B JRIRRE N 2—30 ecm AR R A1 L R R o iR
RLOREAEMRR B AR R A A B, IR
LA T N KA s M se s A . MR PR -
DA 0 5 100 Al v o, 4B AR e A S, T FAA
I (90 m1 7000 L BEHE W +5 ml K EEIR + 5 ml N
=D /NI C500 mD IR B, TR R AR LA 100 E .

1.2 #EHEMNEFZE

SR A LA E T 2 mm 0+, DA
e e Ah PR BT DL R AT AL 3R 4 . S IR ek
A3 AT ), 4 pH E R F H AL 00 5 A LB R
05K TR B A AR - A A R D E A AL (Available
Phosphorus, AP) >R H]$k 2 i IR 12 #2125 - 41 B6 Bt 1 (4
B2 R CAvailable Potassium, AKD R R 2
- kM O BE I E L Bf# Al (Alkali-hydrolyzable
Nitrogen, AN & F A7 #0% o
1.3 REBEFBUEMNE

MCFAA [ b B 4R, /NGB R 40 1 em
B, # iR B A 10% i & AL 1 (KOHD ¥ Wi
90 “C/K ¥ A4 40 min, LAE AR B B 4k, BUB AR B,
T BT Ko BE 33k . B gk IS AR B B LA K
HPR I 30 min, ZEBR AR A, PO AR B, TR B K
vk 3 . BEJE AR B 1% B ERR (HCLO W W b
2 3 min, FEATRR AL AL T, 5 Bk - AR B W, U AR
Be, LB 1K ok 338 o K AR BLTBOA il R R i e £
W 90 COK I N4 30 min, (AR EE A & (0. Jeti s
BUE BT KUE X 2 R Y 0], Bl S 8 AR B A
FLIR H v W b R AT A R AR R R AR,
fETREE . b K AR Bk s R 10 s
SRR AR G A 0, 76 VA Sl f0 8 RN O = W BBE 1 W] LA
T A A B AR B LG5 AR R A V22 A
B RS, F IR A KIT AM B R YR
YR =AM H T {z Je i B/ H £ SR B X< 100 %6
14 BEsSFIT5LE

K H Excel 2019 B 47 45 91 42 8 30 Hr , 4
SPSS £k 1 1] )9 #4734 42 40 B, 4 R 7 Analyze-
Regression-Linear” 3 15 i 12 & £CF1AH ¢ R 80, R
R 4.0.3 M2 I AR R R e R 5 L a4l 5 1 T Y
FH A

2 R0

21 FHEREAAMEEEERARERY

AN [ it BT A AR R AM L 1A (R otk B0 an 1B 1
TR 3 il BT AR AR R A I B AM L R YL iR
PEGE T 73 B 7R A 6] R AR A AR A= e R i 28 A
FEl 3L R (0~96.67 Y0 ), He v i 4 4= e R 10 48 s R A0
o T 22 OANBCR SR Y 32 i A (15.93 %) A iz
& TG =% (58.02% , 46.30% F158.02% ) , # 22 . )\
R SR e 3 22 0] 14 78 S R BORISA E AR AH 22 A K

J7 22 43 Bt 28 WA [) DX 30 5% i) AR R AM
HHAR YRR AE 0 2 25 5, BV 7, X 28 = X
R 20 52 M S 2 = T b 25 572 (p<<0.05) (R Do X



286 P i O S )

33 %

T BF A A IR S R, B T DX R G R 22 AR e R A
MEREREOBREEGTHEEESSEE Q]
0.05) , H o % 57 X i pg OB B B 22 IR g R
(86.7%) KA YL F(80.0 %) M b Az Y % (86.7 % ) I
1R, A5 = B2 far 1 I A8 1Y) P 22 4R 2 SR (27.8 %00 AL
1RYR(L6.7Y0) MR YL R (27 .8 V) e Ik (R 2) . &
MM, A5 = 5L A far JR 548 76 R N B, LT 22 (R e o
(80.0%) MK IR YL FR(75.6 %) FlEAZ YL (80.0 %) It
EE T RMAN p<<0.05) 58 {F YL 2 AE A [] IX 35 Al
st Ff 0] 35 G W 3% 22 5 (p=>0.05) .
L9 IR B o 48
¥E§ -

5

B1 TEGMEFERREAMERERRR

Fig.1 AM fungal colonization status of roots in

different navel orange varieties
22 RETEBUERBERYS
JiF B AR B b pH L LB AR S8 A AT A T B
AR R X AL ) B A 3% 22 5 (p<<0.05) , i A #L IR
FREAFXHNZRABFERD ., FFEELA

PR PR - pHE B & ®m T8 8 (p<<0.05, F+
H A i IR MRS AR B A B R P B (284.7 mg/kg) i 3
T HAR X A (p<<0.05), & B Ba RN FBRKR A
MR (164.7 mg/k) B E® THER HitX4A
T 7K T 18 LA R 5 e L B R (p<<0.05) , 25 B LA+
ST A I R AR B - 5B 1 (> 260.0 mg/kg) ik
f TAE B KM AL far 2R JBE RE (160.6 mg/kg) (p<<
0.05) . M EARKE , 1 pH (E B i 2 A ROk &
KR 2 S ORF R 22 R (R ), T BT X R AR PR
- B it SR AT A5 B i B AT A ST A
A R SR 22 R T X
x1 BEBERERERENEZHEHF

Table1l Two-way ANOVA of root mycorrhizal
colonization rate of navel orange by variety and region

WL MR MR BRI

i
AE TR e ok ok %

F 0.206  0.185  1.453  0.206

o i
» 0.816  0.832  0.259  0.816
F 3.402  1.792 2124 3.402

[X 35§
) 0.055  0.194  0.147  0.055
) F 1.153  1.216  0.846  1.153

A <X s

P 0.353 0.331 0.485 0.353

T+ F B S W21 ) 78 5 55 20 P9 738 S 9 LU A5 o (8 S 3 KT o

x2 FARRES3IMRFHEEREERE

Table 2 Root mycorrhizal colonization rates of three navel orange varieties from different regions %
hb A X 3 B 2242 G R B R e i Yo R Rz g
BRX 77.848.4ab 60.0=+6.7abe 36.7+6.7a 77.8+8.4ab
=B 27.8415.8¢ 20.0418.6¢ 7.846.9a 27.8415.8¢
1 7R S A N
gl 27.8+22.7¢ 16.7415.3c 1.1+1.9a 27.8422.7¢
IFEX GNP 80.0£12.0ab 75.6+15.4ab 10+8.8a 80.0+12.0ab
BT IX 67.8+44.3abc 43.34+ 38.4abc 34.4+38.9a 67.8+44 .3abc
21 A i 2B R 62.2+25.2abe 43.34+30.6abc 31.1+48.2a 62.2- 25.2abc
fFEH 53.3%20.3bc 44.4429.1abe 10.0+10a 53.3+20.3abc
N HEHRX 86.748.8a 80.045.8a 7.84+1.9a 86.748.8a
5 R R *
gl 38.9+32.9bc 33.34+31.8bc 4.447.7a 38.9432.9bh¢

ARG TR R B R
23 BRREABRBMESRIELTERFHEXSHT

Pearson M0 #r s (F 2) i RIZ YRR HHHZ
(5] 52 BAR {25 IE AR 2R (p<<0.0 DA, Bl 2 5 1 22 1R Y
Rr=—0.54D MHRPRG=—0.47D K G =Z Y%
(r=—0.54 D ¥ 5 i 2 HAH S (p<<0.05) , 171 5 1 43 Y
I FH R (p=>0.05), HAth +IEHF B/ IR A
O AR 5 12 R TT B B A R (R 2)

I FHAR Z 42 Y 3 5 4 9 e At 2R 7 o A it
TR 153 20 A8 M R R 2242 g 5 1 0 A
T 2 ) B LR PE [ H R Y=80.465—0.182X, Yt 5E

FER=0.264; MR YL 35 1 I 0 A & 5 Z 1] 1Y
2R PR ] ) 7 B Y=65.884—0.159X, Ik F & R*=
0.194 ;9 4% 1= Yy 3 5 1 S i e A0 & £ 2 [) 19 42 [l
175 2 Y=27.671—0.095X, Pt 5& B 5 R*=0.103; i
fRY R AR A S Z A A 5 Y=
80.465—0.182X, & REL R*=0.264(K] 3).
24 WRASRABLEENEZRSW

1 RL B a3 B AT R e A AR AR R b e AR
FZYP R RN A REEAD LRSS ER M ER,
FEA RS, AR R AR EREN . AT



%52 W

% AR AR AM B R ey

AR K H 5 e A 2 M O A AR 20 T 287

TR 5T 00 it 28008 JBF 8 2RV P 9 2 R [R] 22 R0, i
(FRLEEE e ,n%%%'ﬁ A 3 37 43 DA 5 v e i Ok
W B R SR A RS R
—0.515,—0.396, —0.520, —0.515, i) £ i# 12 2 5 o>
W —0.026,—0.078,0.149, —0.026, 1 i He 48 & L,
- A AN T 22 OB R SR G R R

BB T A AR R AR 5D o e R
G A M DA 68 T 22 M AR e 3R 14 1) 2 A DR /N I
J 0 A R0 = SR > pHAE > A HLST, X B AR e 6
F T 3 A T DR /IN e Sy A3 A58 19 = pHL B = U5 B0 > A1
BT, X9 8 42 e 3 1) (8] 32A'F F R/INIBUY Jh pH A =
RO =>4 3w > A PR

£3 FARERE3IANmFFERRLELZER

Table 3 Rhizospheric soil chemical properties of three navel orange varieties from different regions
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Table 5 Direct and indirect path coefficients between root mycorrhizal colonization rates and alkali-hydrolyzable nitrogen
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