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PRI, BRI R S M ) BB o, il AR
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1, A FEAN AL 20K 7 SR B AR 2R S AR PR B
VR RRAIE 22 e SO R IESR PO SC R, TR AN [R]
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M A A7 A 5 5 AR S, K D AR Ve A Bt L B
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HIRMER A THYIR AR E S A RAH
SO, R T RE AR R AR VE A . A IFTER
B, AN RAE A L, Hh SRR R i T T
[IRIHH 7B TR 2, AR T g s T A A XS
PR, Hr B BRI mAR A AR ARG ST R
el H Kt B A AR, (e BER AR AR AT iF
FER, B R E Y A SRR Y
IR, SRR AR, BEIE B4 v A
K, SR U R ™ B R 2 i
SRR AR A A e R S R T S SR R BRI A
BRGCFARSEHPRER, SR, H AT RZ
SRR 0 - S W A 2 i LA, X R S
BELTEMA, UAR AR 28 AR P B B 2R D A
Y AEAN [ it 280K P 84w S AL ) v AN BB, A 15
WAWIIE . ARWTITIE S == A EAR R, B8 4
AN TR GRUZR W B Ao B b B, 3 i it 2R K - ) 4
T, AR TR 25 MR PR BT T 2R L WA 2 i
ARARTE UL, ) 3 5 AR 20 i AR R AR K S
AR Z 1) AR A, PR FEAG I v T RISk it
B IR T 3SR A MR, DA v e B A K Bt
[EErSt e e RS

1 HEST®

1.1 REh = SRR

111 KB E AR T 20234 4 1
20 H % 2023 4 7 H 20 H 729 RS A& N AR K4
rh BT A b B2 B i 38 AR AT S
JEHb (19°30'8" N, 109°29'40" E) 47,

112 REABH AR AR AT i 2R
I PR ERIRAE K 3 A H IS B K
P BRI LT, i RO I 7-33-97°, R
AR E I, BT R O M S (5 R

BABRAFD), R & TR 0.5 kg, BRAR Y4
A SRS R51R 0.62%. 0.03%. 0.66%.
ZEH 1A TR R
1.2/ &
121 RE&E RIUTR A, Y iE A =
T 0.08 g-kg ! B, MIARECT LK N, i 2 2 7
0.64 ~ 1.28 g-kg ' B, MIAREGE RN K, His Tt
o AR A R 4 e D) TG T AR AR T
YESR 1 R AL 35 JE o, LA B 25 4 (CAnFL B B
Rkt ) Fifk 2apE B (U PHES 13 el CECL ANJIE
F R 5165 L A —E 25, (HHET
i A7 A X MR L T RO it FH A 9T o R, AR E
FRAEW AR, 2% 7 LI A R s
) VR S R 75 SR SOk L, SR FH BRI 2 4K
ST, DI ZAE A X E (CK), 5% 3 i EUk
SERRFE, 23 ) R AU(LN, 0.32 g'kg ') . FFAU(MN,
0.64 g'kg"). EA(HN, 1.28 gkg ). RAKMEIT
AL, ZIE IR E (N=46%, AN E A R
Jy ] ), B AR AR AT B R — A B (P,0s=52%,
K0 =34%, MR ), B4 BB T i FH 2 A4
M, ¥10 0.5 gkg s WA 3 IRER, BIMER
10 4, 3£ 30 BRIGS s FbR I B 2 KPesK 100 mL,
122 #HeRELHLE  GELIEES 90 Kt
TT L RRAG I v B AR o BRI () SR 4, AR
T BE A S AIL R A 3 MRARKE 1, fif FH K B AN 5 1
BY JIVRZEILFRUIWOAE AR, 0 B IR FE AR R
FT 0 ~ 3 mm AR PRILST, e 5 g B AR B 3 o
BB AR FR 5% BT IRAEEE, 57 B R R 2GR TR,
Z A% 280 C BRI VKA A7, F I & 1
IR o AR T A R I T W] — &b B Y
3 BRI IR LR AT, $22 DU 40 E B 500 g HRARAE 5
BEN A BT S %

(DR RIEEFEbR: FIHAKE R TER 2%
T P B 25 AR o, PR R /K 4% 3 1 7K 43, A1
WinRHIZO (BTN 7 TR AR A3 BR 2 ], #7i) K]
TE AT AR B P AR ARG | ARARH AR
PR RIE A8 s, BAREREIT B AR AR
F A B A A 0 R Al K AR R A
AR AR 2R 58 S B, IR R o
k300 ppi, FHH HIAHL 43504 50, 30 cm,
52 B AP WinRHIZO BB A3 BT #4448 22
Y20 (et A



% 3 40 R R AT 45 : AN IRt 2 /KT e AR 1 AR 2R B AR s 350 BT R ) R 441

(2K BRRRIL T 70 °C IR 2 10 o 5 s
FEHLE AR, T30 St BIrrkhR
FREL 0.06 ~ 0.07 g A F H,SO,-H,0, 14 & i +AA3
TSNS o I e B AL B B 2, H,S0,-
H,0, TH &K ERE TR R S (R A B e,

() AR PRI A P RE S A B o bR A S A C
WRAEE T, PRI AR R AR & ik 1T
TRAE, ZBRIRRSL B i FLADAR AR 3R . Bk
K2R, 20 H 55 M (FL42 0.85 mm) it i b B, 9K 5
YRR G5, MR ELHEOE T, K
iz B EEA TR E RigAd T A TR

JBeAn A BR S w470 7, 38 3 Nllumina Mi Seq *F-
B AT AR SR B Y o

(4R A Y RE S AL B o E— 2 Ab B4R
B2 T R 2R AE S 36 % FH T A Rl e ) 25 AR R 2
HERREILTT, MR R S TR LE D, BIET
Tor PBS B %, 180 rrmin' {E¥E 20 min; FH L F S
TR AR RALL, MR R UCE T IO W B O
A TJCH PBS %W, 180 r-min™' ¥ 1% 20 min; B
AR LY, BEAR R FECE A TR 30 i AT
P PBS WU, B8 A IR 10 min (160 W, 30 s/30
s)o BF 3 WP E T IO &0, FH 12 000
g 250> 10 min, Y PIVETFE T80 C VKA IR LE,
W AR F A W BORE 5 AR 2 FH G B AR IR K 4
OB O SR AR UTTE FAR R TG B0
AR & EPJ‘#EA%#J(F%@L e T AR T
%IH;J’ M FRZA R AT, 3@ 4 Ilumina MiSeq -

A1 B IR BRI o

1.3 %ﬂ?}ﬁﬂﬂ % F Microsoft Excel 2021 /433
TG, i TR R v3.4.2 H “vagen” fiL1)
Bray-Curtis FEESAHAILG 1 OTU £tk 734k
T (PCoA) . BTl 2553 (PERMANOVA )
(P<0.001), #ff & A [l 2 /K - T AR 3R B AR Bs L3
B ZHENE, 8 7R AN R EKSE RIS ] D00 AR 1
VA TR 25 SRR R BE I B E . W H R P vagen”
AT Mantel ST A R UK B EREE S
R R A5 H6 b SRR RR L I 3% 00 1 G R, 1 X AR
F PR BB B IE AT B R bR o AR AR
R KRR B o ZFEETS b (B $8 505 )l 1t
SPSS v17.0 ' /| Duncan ¥ I 3 17 J7 22 2

(P<0.05)f g AL FRHCR . e R “ggplot2” 43
HEA TR nT AR

2 FHRE5HM

2.1 ARERKTIEFEEFSR SR REAR
RIEWREIEM NI K AR B *E%ﬁ; &
TRARSE AR (R 1), Hip CK AR K G, 35
823.30 cm, # HN AbBREA T 18.51%. w%%m\
TE CK AP K, 15 176.09 cm?, %8 HN &b 4R T}
26.36%. ARARFR B it G, AR FRRESE T
[, 7 CK Ab3R K (9.38 em®), Hiff LN, MN. HN
A PREE CK Ab B 4350 B 2 T B 28.15%. 34.89%.
40.91%, £ LTk, A [A)its ZOK F- 2 2 52 AR
W RIER, BE il ZUK 13K, R RIESTEn
PR s, Hoh i AU BT AR R AR K AR R
ZU AR o

F1 AEREERKTF TERRERAZERESER

Tab. 1 Effects of different nitrogen treatments on basic
morphological traits of the root system in

rubber budded seedlings
b K /em REEH/em?  HRAEF/cm’
Root Root surface Root
Treatments
length area volume

CK  (823.30+99.97)*(176.09+13.82)" (9.38+0.60)*
LN (819.97+103.21)%149.53+17.58)" (6.74+1.13)°
MN  (811.32+168.54)%(165.54+22.25)" (6.110.45)°
HN  (694.72+93.28)*(139.36+12.67)* (5.54+0.59)"

T [6)— 3 vh RN ] e AL B R] 22 57 . 2 (P<0.05),
NGE

Note: Different letters within the same column indicate
significant differences among treatments (P < 0.05), similarly
hereinafter.

2.2 AREMER KPR SR SR MR R
SEERIRM b 2 v, MR A A2 i
R ma 38 /0, BB ) 280 7 it B it 20K 7 19
HARIM B, 7F HN A ¥ K (1.12%), 439114 CK.
LN, MN Ab# g Z 301 51.35%. 45.46% Fl 12%.
RIS 100 ol 5 kB it 2K T 0 38 im 2 S BB T B
O AE CK Ab P (0.07%), CK % HN 5 Z 2 7+
40%. DRI, Bl it 60K T B3GR, B BRI
B R TR AT o

2.3 AEERKFEIEREEFEEERRS5REE
=g g sbA

231 FRZEEKF THRERRRGREALE
B VR F AR BRABRRERE 5 51T 2
J¥, HiR 28 FIAR B Y B BR AR b 35 1018 4~ OTUs.,
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Tab.2 NPK content in the coconut coir dust substrate in
rubber budded seedlings under different nitrogen application

levels
piseil R/ % B /% P R%
Treatments N content P content K content
CK (0.74+0.02)°  (0.07+0.01)*  (0.47+0.00)*
LN (0.77+£0.01)¢  (0.07+0.00)*  (0.43+0.01)"
MN (1.00+0.05)°>  (0.06+0.01)*  (0.46+0.00)*
HN (1.1240.01)*  (0.05+£0.00)°  (0.42+0.02)"

L 1-A AL & RAKCPAR IR R AT KPR
P FE: T 2R ] (Ascomycota, 82.34% ~
90.84% ) . A4 E R (unclassified-Fungi, 6.60% ~
9.88%) . $H1-H#il ] (Basidiomycota, 1.91% ~9.04%) .
Horr, PR DA THE I A R B A i KT BT 2
PRSI IS G N i, 72 HN AL R = B2 15 5]
e K (90.84%), HN AR FHAL LN ZbHE=F i [ 1K

10.32%(P<0.05) . HT T8 [ 1t % il A K F- 9 LTt
HoAt
Olpidiomycota
et
Glomeromycota
I CAI!
Basidiomycota

A 100+ 'l
Phylum
Others
I‘Jﬂﬁz%ﬁf?
75 - Bl
Mucoromycota
Iﬂé%% I
BIEHI
Rozellomycota
Chytridiomycota
LT
CK LN MN HN
B 1 AEERKETHRE

RIRBHEE]

AN /%
Relative abundance
i
[}

]

- AAPSLL

TR
Ascomycota

Mortierellomycota

Calcarisporiellomycota

unclassified-Fungi

PSRN E A, HAE LN £ (9.04%),
LN 4b ¥4 MN, HN 4b #5351 $2 55 2.84 f5 | 3.73
f5(P<0.05) . BR#¥ER]](Glomeromycota, 0.003 3% ~
0.25%)7F CK 4h ¥ K (0.25%), LN, MN 5 HN
B CK Ab PG 35 5K 98.69%. 98.17%. 98.05%
(P<0.05),

1 HAET5 1 (] 1-B), £t B K AR AR 5
FEA Th L R B 42 45 . W EE I H (Hypocreales,
28.77% ~ 52.14%) . %55 H (Sordariales, 8.24% ~
56.76%) . R4y F (unclassified-Fungi, 6.60% ~
9.88%) . k&L H (Trechisporales, 0.40% ~ 8.01%) .,
B} B H (Saccharomycetales, 0.68% ~ 5.17%) . H
rh, PR JBE B R X = R B e R e A 2 T R
f)  #, CKAb PR 4 K (52.14%), H CK A B 5
LN, HN Zb A 3 22 5 (P<0.01) . 5 MN Ab3
I #5255 (P<0.05), CK AbFH 45 Ho A b B i 2545
T+ 29.00% ~ 81.20%. F&5¢ 1 HAHXF 3= B b K
RN BT, 7E HN 35 2] K (56.76%),
H HN 5 CK. LN, MN A i % 22 5%, HN # CK.,

100 - H

‘ ‘ Order

HAlh
Others
CK LN MN HN

M AL B H
Pleosporales

e A
Eurotiales
E A
Agaricales
e H

I Pisorisporiales
ZifT H
Atractosporales
MRy H
Saccharomycetales
FeA L H **
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I RIPFFH

unclassiﬁed-Fungi
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PR JE A
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Fig.1 Fungal community composition at the phylum (A) and order (B) level in the roots of rubber budded
seedlings under varied nitrogen treatments
T *, P<0.05; **, P<0.01; ***, P<0.001; A,
Note: *, P <0.05; **, P <0.01; ***, P <0.001; similarly hereinafter.
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LN. MN & # 1 K 589%. 57.93%. 38.79%(P<
0.01) . BEFFL HARXS 3 B2 it it 2K P iy 3 i 2
SN JE Wb e, FE LN HUAS 5 K (8.01%),
H LN &b 3 5 H At 4b 2 A 1% 1 2 22 7 (P<0.01),
LN Zb#A5 HA AL B K 1.36 ~ 19.00 5. 2% LAl
LA, AR UK (LN 4E 3P0 187 1] FAS 76 L
H A S A7, 1 = AL R (HN) i P 5 ] 5 255¢
W HBERS.

232 REESKF FTHREFRBEGRFLD
BEEL R, NIA i AKX AR PR L B RV
HRRBABIFEm (E 2), K 2-A Fis, &
IR B AR BRAEAS T AR A TR T T 44 4 +2E T
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AN
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HrErx
Basidiomycota
25 4 RITEETE*
unclassified-Fungi
CK LN MN HN
2

TR

Ascomycota

FAXT L%
Relative abundance

1E B (F 2-B), #ARBRE S B KL
P H ARG . 2652 8 H (Sordariales, 37.03% ~
52.50%) . PUREE H (Hypocreales, 14.32% ~35.82%) .
KAy EH (unclassified-Fungi, 3.72% ~ 18.54%)
M H (Atractosporales, 0.75% ~ 6.82%) . 4%
7 H (Annulatascales, 0.05% ~ 4.55%) ., H.th, i

B

Calcarisporiellomycota

(unclassified-Fungi, 3.72% ~ 18.54%). 1 F & ']
(Basidiomycota, 0.94% ~ 5.09%) , v, T2
- B B A it Uk B P hn 2 R S S B N )
PO AS AN PR TC B R Bl it R B A
I, ARAy B R L TR RRAIR R, 17E
LN 4b FH 55 5 £ K (18.54%), LN ¢ CK Ab 3 1 K
T 3.99 f%(P<0.05) . THFpE [ TFEREE ZKF
P S0 AN B O D Y A, 7 CK AL B A
(5.09%) H5 MN ZbFRAFAE i 3PE 25 5%, MN %8 CK
AP 81.46%(P<0.05) . BkFEHR [ T(Glomeromy-
cota, 0.001 7% ~ 0.14%)7E CK &b # 5z K (0.14%),
LN, MN 5 HN % CK 4b # i 2 [% ik 86.01%.
94.09%. 98.80%(P<0.05),

100 = H

Order
Hiply
Others
PRk H
~ Saccharomycetales
s e H
Togniniales
A
Pleosporales
T H

I Pisorisporiales
RIPFETHER
unclassilied-Ascomycota
PRBETR
Annulatascalcs
AR H *
Atractosporales
RIPFEFIE*
unclassified-Fungi
PR ]
Hypocreales

I o=
Sordariales

50—

CK LN MNHN

FEMERAKFE TR EE1(A) FBKF(B) REFEE %A
Fig.2 Fungal community composition at the phylum (A) and order (B) level in the rhizospheres of rubber budded
seedlings under varied nitrogen treatments

Tt BT B4 &, 255 H 325 Seis b e m, {3
ToREEZE . PREEE H 35 2 e 5w
#, HAE MN AbPRF 5 (35.82%) ., CK 5 LN, MN,

HN b BEA77F @ 3 1% 25 5% (P<0.05), Hovh MN 5
CK fETEM 225 5 (P<0.01), LN, MN, HN % CK
b B 43 ) 5 3 1 K 86.07%. 150.18% F1 83.21%.
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RO HTR B AUKF B3 hn 2 353
JE U/, 78 LN PR IR 3 5 K (18.54%), LN Ab 3
5 CK A B &2 5 (P<0.05), LN % CK kb Hi i
K 3.99 £ HHLEE B A EREE 2K
SR N, 75 HN AL 3R IR B 5 oKl
6.82%, HN 4b Bl 5 MN f7 76 I 3% 22 7%, HN &
MN AbFE K 8.13 1%, M4 H F B AUK 1Y
B BB SR fE s /b, 7 LN AR B AR
(4.55%), LN 5 MN &b A # 2 3% 22 5 (P<0.01),
MN % LN 40 F ) /> 91.09%. 2% AR, PR A
AE PR (LN-MN) AR HEARBRA S 2E HE 5 R R 3 H )
AEXT R B, R AU I ) S R
Mz

24 AEBRAFENHEEFERERRSRER
EREE SN

241 FRRERKF THHEZRBIRGRE SR
FFAE a MM ARG EAEXT BRI £

5WRrEW o ZHEAR KM, Hp &K
(Shannon ) 5 A1 2% (Simpson ) AU R A H £
RV, EUE R LR 2R R . AER AR RO
1T (] 3), A5 v AR 2R L TAT 1) 7 A 8 0 i 7 7t 220K
TR S IR ST N S RS, FE LN AbHR R
(3.22),LN %{ CK, MN, HN #bFi g E 3T} 18.82%.
12.13%. 14.82%(P<0.05, F[d]). MR PR EH
) AR i 5 Bt A it 27K R 15 o 2 B S 3 o s ik
DS 7 LN b3 e K (3.13), (B 45 4k 3 [\] TG
i EPEZS N 8 CK ARFHE K T 18.11%.

FESE AR HOT T (& 4), B AR R AR PR
LA P R R 5 i 2K T %) 1 i 2 R S 4
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Fig. 3 Shannon index of fungi in roots and rhizosphere
under different nitrogen treatments
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Chaol #8405 ACE f88v R W F & &, H
BUERR AR YA B . AR R E Y Chaol 48
B2 R ER AR A 5) . 1251 R EH M
Chaol 484U Fifi 2 it 07K ~F- A0 185 i 52 B0 56 189 0 i ik
DS 78 LN Zb 3K (385.97) . LN, MN, HN
Qb HAG i B AR 2 ELB Chaol 8500 5% CK Ab 3
BERKT 1.16, 1.01, 1.03 1%, BB R BREL B
i) Chaol 5 a2 i /K- A3 i S B4 m fs
WD B H, 7E MN Ab B 55 (393.65), LN, MN,
HN 2b #AR I 1 AR PR LTS Chaol #8448 CK Ab 3
WFERRT 72.01%. 85.70%. 76.15%.,

ACE 5%t jite /K F B4R AR 1R I 2 (1 6),
P P AR R LT 1Y ACE 35 KU 5 it 07K SF- 1) 44
TN BRI i R, FE LN Ab A S
(391.43), LN, MN, HN 4t H# AR 2 EL I ACE $5 %4
A CK ACH M L B 1K 1,27, 1,14, 113 £, K
B AR PR EL TR Y ACE 48 5B 25 it 20K F 1938 Jn 2
PRAERE TIN5 v A EEH, E MIN ARHE K (379.90),
LN, MN, HN £ PR PR EE ACE $540%8 CK Zb#i
I3 B K 68.61%. 78.02%. 77.49%.

ZE Bk, B AR R S5 AR PR ELE 1 Chaol

10! & CK
: BN
B MN
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Effects of different nitrogen treatments on the fungal
community in the root system and rhizosphere of the
budded seedlings of rubber tree

Qiu Lingxuan"*, Tao Jun', Lin Qinghuo*’, Zhang Jingmin?,

Jin Donggqi’, Luo Wei*', Zhang Peisong*

(1. College of Tropical Agriculture and Forestry, Hainan University, Danzhou, Hainan 571737, China; 2. Haikou Key Laboratory
of Soil Health and Nutrient Utilization/Key Laboratory of Biology and Genetic Resources of Rubber Tree, Ministry of Agriculture
and Rural Affairs, Rubber Research Institute, Chinese Academy of Tropical Agricultural Sciences, Haikou, Hainan 571101,
China; 3. Danzhou Soil Environment of Rubber Plantation, Hainan Observation and
Research Station, Danzhou, Hainan 571737, China)

Abstract: The effects of different nitrogen treatments on root growth and fungal community structures in both the roots and
rhizosphere of budded seedling of rubber tree (Hevea brasiliensis) were investigated to determine optimal nitrogen application
rate for robust growth of the budded seedlings. Mini-seedling buddings of Clone Reyan 7-33-97 of rubber tree at the age of 3
months old were selected as budded seedlings for experiment and applied with nitrogen fertilizer at different rates. An outdoor pot
experiment was conducted with four treatments, control (CK, no nitrogen), low nitrogen (LN, 0.32 g-kg™"), medium nitrogen (MN,
0.64 g-kg™"), and high nitrogen (HN, 1.28 g-kg™"), and root morphological parameters and compositional and diversity shifts in
fungal communities in the roots and rhizosphere were determined and analyzed. Results revealed significant effect of different
nitrogen treatments on species composition in the roots and rhyzosphere of the mini-seedling buddings. For root fungi, the LN
treatment maintained dominance of Basidiomycota and Thelephorales, whereas the HN treatment substantially increased
Ascomycota and Sordariales; in the rhizosphere, the LN and MN treatments elevated unclassified fungi and Hypocreales, while
HN significantly suppressed Basidiomycota and Annulatascales. The LN treatment (0.32 g-kg™") maximized alpha diversity, with
root fungal Shannon (3.22) and Simpson (0.904) indices increasing by 15.84% and 12.26% respectively as against the CK, while
rhizosphere Shannon (3.13) and Simpson (0.914) indices rose by 18.11% and 16.46%, respectively. Root Chaol (385.97) and
ACE (391.43) indices peaked in the LN treatment, 1.16-fold and 1.27-fold higher than that of CK; rhizosphere Chaol and ACE
indices in the LN treatment still elevated significantly, 72.01% and 68.61% higher than those of CK. Beta diversity exhibited
highly significant differences in the roots and rhyzosphere among nitrogen treatments and application location, with higher
difference in the rhizosphere than in the roots among the nitrogen treatments. Principal Co-ordinates Analysis demonstrated
convergent clustering among nitrogen treatments (LN-HN), which was distinctly separated from CK, and higher nitrogen
sensitivity in rhizosphere fungi than in the root fungi (R* difference: 6.07%). The LN treatment (0.32 g-kg™') was hence
recommended as it helps enhance the diversity and richness of the fungal community in both the root system and the rhizosphere,
thereby optimizing the fungal community structure in the rhizosphere of mini-seedling buddings.

Keywords: nitrogen application level; rubber plant; root and rhizosphere fungi; species composition; community diversity
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