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A/ 2R HSA/ 2R Wz 2R AUEHE , 73 BTt A KR L3P B A ZU2H & B I 28 0 A RRAE RS20, 25 R38R : 1) AM
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FERER TR R I FM>CE>RI, 2) AR BN AL BN 38R 5 & 1 S L i 2s B APAE 22 5 . BRAA ST TE 6 ARk,
Ho 3 FhAEH &AL 9 H BK AR AL ILT 4 E 4 433 B 12 A0/ MUY Y R ILA  RISFM >CE ; A [6] B fl b 21
TOKBRA S EEAS A &R WA 9 3 B WG LR MIE B 2RI . FM>CE>RI, 3) A% T X IR, AM ZL7A A0 21 i 2
TR R AR AR R AW IS AR R RS (A DU B AR R Y i) (BRLH A (kA RUEE) BRALr (2H
AR & HBAR T L% pH A, FM A BT SR HLBRE TH 38 (72.25% ) 5 K, RI AL BT A 380 942 138 (1.49% ) fe /DN
4) TUARAIHT R, I EA PR 5 EAR EY Rk 2R R A i R BRI 7 R A A 5 Ak Bk
YRR AL O 5 b LU AR T, P, AM BRI I AR R AR X ek o R AL TR A A
oy MR B GIBLIY N2 S5 A

SRR AM LR 5 FIAHT Ao s AR R A0 b A Ak

Effects of plant-soil changes on spatiotemporal distribution of nitrogen component
accumulation under the arbuscular mycorrhizal fungi inoculation in rocky

desertification areas
LAN Mengjie', WANG Shaojun'*, LI Rui', LUO Shuang', XIA Jiahui', YANG Shengqiu', GUO Xiaofei’,

XIE Lingling', XIAO Bo’, WANG Zhengjun', GUO Zhipeng'
1 College of Ecology and Environment, Southwest Forestry University, Kunming 650224, China

2 Soil and Water Conservation, Southwest Forestry University, Kunming 650224, China

B2 HE ARBERETH (32271722,32060281) ; 5 M 4 = iR AR 18 B 55 A A 45 5 S0 s
Y Fs B #A:2024-03-16; ) 2% H kit A #A :2024-09-23
# MIRFEH Corresponding author.E-mail ; shaojunwang2009@ 163.com

http ://www.ecologica.cn



14 AN A DR B RS T A AR - L R R AR BB SR I s A1 ) R 113

Abstract: This study aimed to expound the effects of the changes in plant and soil environments on spatiotemporal
distribution of nitrogen component accumulation under the arbuscular mycorrhizal fungi inoculation in rocky desertification
areas. The Fraxinus malacophylla was selected as the host plant and it was inoculated with Funneliformis mosseae (FM) ,
Claroideoglomus etunicatum ( CE ), and Rhizophagus intraradices ( R1), using no fungal inoculation as the control
treatment. The effects of changes in plant growth and soil physicochemical properties on the spatiotemporal variations in soil
nitrogen components (i.e., total nitrogen, hydrolyzabl nitrogen, ammonium nitrogen, nitrate nitrogen) and their proportion
(i.e., hydrolyzable nitrogen/total nitrogen, ammonium nitrogen/total nitrogen, nitrate nitrogen/total nitrogen ) were
identified under different AM inoculation. The results were as follows; 1) AM fungal inoculation significantly increased the
values of soil nitrogen components and their proportion ( P<0.05). Compared with the control, the concentrations of the four
nitrogen fractions increased from 12.09% to 156.88% in three fungal treatments, while the increasing rates of the proportion
of hydrolyzabl nitrogen, ammonium nitrogen, and nitrate nitrogen in total nitrogen ranged from 13.25% to 60.07%. The
increase in the vales of soil nitrogen components and their proportion ranked as FM>CE>RI. 2) The levels of soil nitrogen
components and their proportion had spatiotemporal variations in the three fungal inoculation treatments. The maximum
accumulation of the total nitrogen occurred in June, while that of the other nitrogen components occurred in September. They
all decreased along the soil layer and the order of reduction magnitude for the four nitrogen components was FM>CE>RI.
The maximum proportion rates of the hydrolyzable, ammonium, nitrate components were all in September. The proportion of
the three nitrogen components decreased along the soil layer and was ranked as FM>CE>RI. 3) The AM fungal treatments
significantly increased ground diameter, tree height, root biomass, soil carbon components (total organic carbon, readily
oxidizable carbon, and microbial carbon ), phosphorus components ( total and available phosphorus ), potassium
components ( total and available potassium), and water content compared with that of the control. In contrast, they
significantly decreased soil pH and bulk density. The total organic carbon was at its maximum (72.25%) under FM
treatment, while the available phosphorus was at its minimum (1.49%) under RI treatment. 4) Redundancy analysis
showed that total organic carbon, readily oxidizable carbon, microbial carbon, and total phosphorus were the main driving
factors affecting nitrogen component accumulation, while root biomass, readily oxidizable carbon, and microbial carbon
were the main controlling factors of nitrogen component proportion. Therefore, AM fungal inoculation promoted nitrogen
component accumulation and proportion through mediating the alterations in root biomass as well as soil carbon and

phosphorus concentrations.
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stony desertification
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PR KRR RIS R TR RIS R R AR RSB AR Y S AR S EUR A
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U AN AM R FH T SRR 1 TR £ X 265 1T A - SRS R R B BRI K A3 B L B ARG, DR 4R
AR 5, BHT, T AM FE R S P0G A B LA SRR B R A
75 T R REFEANKIRATHEIE . SRTT, A5 5C AM LA 5 AE A AR 7 B4k - 3 SRR R R 52w L A 0 Bk~
HI o . PRI R THER AM ECR R0 A AL R 20 43 & 1 AR 2 A A i s L X TR T
AR S R SR AR BAT A B S SR

AAFT UL AR R A AR B s rE R )T s Y8 S O B X, i B AR AT ( Fraxinus
malacophylla) A 7F £ FH ¥, 57 B £ F B8 V4 3 45 4 % ( Funneliformis mosseae, FM ) | )] £ i B Bk 4% %
( Claroideoglomus etunicatum ,CE) FIH P K2 761 2 55 ( Rhizophagus intraradices , R1) | J1- 152 B X & (AN US 0 o
CK) AbH 457" [A) AM H AT LR REA > (2R KA AR SR Lo b ORI R/ 2R S
R/ 2R TSR/ 2R WEhAZAL, FIHT AM B REEM T DI RS A & AR S b A I IR BE Al
WA Z IR DGR TRV AL TR R4 4 & AR R 5 o L s AR A i SC R R 1, 1B 6 A B 1 188
A BRI b R v M- T IBESRAL-TAE - BUA IR S8 EAE IR B OGRS 34

1 #RERE

L1 it

I AL [ SR Ry A AR TE B o e R A ) R e b A AR 28 1030177, AL Ef 24017, HA A
(o T RE L T A . IZ X AR SIRL 15°C  AFEPFERT & 1000 mm 2247, 45 H JEGK 2055 h, 24F oA 240 d, TR
G T BB 2 0], AL SERIRNE 1k E kR FAEHT ( Fraxinus malacophylla) FETEAE HWFFEFERL . #£
HIEAE LN T 3K 1700 m, RIZE S AT 0.5 em, EER YA ARF (F. malacophylla) HF T
( Dodonaea viscosa) 2257 % ( Eupatorium adenophora) 4<% M 1L BG4 ( Desmodium sequax ) \HHFL T ( Lespedeza
bicolor) MM ( Ficus tikoua) XA E ( Blumea balsamifera) %5 .

BEALICE 3 /1> 40 mx40 m B AL EAT I A]UHG , R 3b 2 R AHBE R T 200 m, 7E&E AL B
FAT (F. malacophylla) VE MR FAEY , X B8 b FARFFAERAR bR 43 il 4 BE 74 2 A e 5 (FM) (&
WIER¥EFE (CE) MRARERER (R , IATERN R XTI (CK) o 3880 3 Fl AM WA, F2H T B TR X
XIS A Fh, B S5O0 AR AR B R AT A 364 G2, AT b Al A A 1 2l R 1R 01 A ik 3
75t FH A5 B AR R AE )T R AR A AR A K ( Glycine max) BRRE 51025 ( Camellia oleifera) YFAE 1:1 (it kL)
RATIAYUIE, SRR AR SR 40 o/ ¥k, 0 T5L 144 A~/ g, Tt AU BT T RAREL 2= B A9 5 575 B IR A
FEHT IS TR AR LB A 5 BT (BGC) #2438t
1.2 FEACREE

T2020 4E 6 F1 9 H 12 H 2 2021 4F 3 A7E FRME A TRE iR AE . TERED TR L BRIFE I N4 0—5
5—10 em HIECRICEFE  SRITIUFEE 1 kg 2240 ISR G IR A& Y SO A g2, EAE I A &
AOAFITIEIRR A S PT REORFF T35 A 1 B2 O Sy [ S0 28, JFf JH KTV T T T ek sl 2, [+
I, 78 3 A E S RE S A BIAE 7 N 23 TR IR 4 AFE SR TNAR 6 em ARAL 23 2 )2 (0—5.5—10 em +)2) Bl
T A B BRI M AR 0] S5 % TR R AR Y E
1.3 fRbRIE

R P A AT AELRR IO 5 ( Tree height, TH) M4 ( Ground diameter, GD ;5 em AL B A% ) 73 7R FHAI R |
TEbn R RE . KR AR E T 100 H R - /K shPEIEERR R IF 8 A 65°C LA it T )5
AR R AW 3 (Root biomass, RB) . +3EE A% ( Ammonium nitrogen , AN) 5 il &5 % ( Nitrate nitrogen, NN )
KA 1 mol/LKCl % $&-F¢ By #5 b €4 3% I % , 4= & ( Total nitrogen, TN ) FH 2 ff i= ¥l IG5 ) s 1 , K i A
( Hydrolyzable nitrogen , HN ) R FIBS A9 L2 0 52 ), 228 ( Total phosphorus , TP) SR FHAHEAHT HL kI 5E , A5
# ( Available phosphorus, AP )& 0.5 mol/LNaHCO, 2, $AEAHT L (3L 22 , 28 ( Total potassium, TK) F1A
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AR ( Available potassium , AK) SR FH K0 6 B 12200 2 , 5 A3 HLK ( Total organic carbon, TOC) SR FH B %5 iz 47 4

5 8% ( Readily oxidizable carbon, ROC) >R FH 4 IR B A AL 1 7 | 7 7K % ( Water content, WC) >R FHE K
H%(105°C ,24 h) 3E , 255 (Bulk density, BD) SRR JIFRE M AE , T3 pH 2R R B A 325 ( Rk B T
H1:2.5)M5E
1.4 Bl

K H Execl 2019 GEii e Fr R R (FHBFR & e IR R 2R KR RS R AR
MR BER AT pH &%) 0 R RUREA S W OKR A 2/ SR/ 28 AR/ 2%) . F
FITBM SPSS 23.0 #PFRS R4 70 5 42 | of S BB R IR AR S R4 T SN 3R D7 225001 (one-way ANOVA) ,
6 50 A [ A 3L ] 4 1A £ 1Y) 26 S, AP BOE A ao=0.05 , B8 S BN B e bR, Bl o D i A T IEAS
M K5 257G . SR Pearson AHIEESMIT  Canoco 5.0 #X4-HITLAY T (RDA) 43 M ASIA] AM ECR HEFIACHE
T IEPRGE AR AF) A B AH o3 AR R L LU MR, JF AT Origin2021 AR 734

2 HREH

21 AM EEHFN T LHURA S o R 25 8
WFFE) NI AM SUB BRI F A 50 8 5 0230 T H P45 414 3 B OB (L 1 AT 2,P<0.05)

El3A 164 94 MM 12H

140 -
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Fig.1 Temporal dynamics of soil nitrogen components under AM fungal inoculation
CK. %t # Control ; FM ; B PG |- 45 % % Funneliformis mosseae; CE : 41753 WBR#E Claroideoglomus etunicatum; R1; #R N MR 1% 5 Rhizophagus
intraradices ; NF KRG K/NE FBE3 5 3R Al — A O3 A AL BE 7] — b B[R] £y Z ] 2 5 . 35 14 (P<0.05)
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AN AM B RPN A BT 3 AP 2H 73 (TN (HN AN NN) &5 8P X K/NIUT 4 : FM(3.68 g/kg 91.72 mg/kg
6.10 mg/kg . 10.55 mg/ke) >CE(3.02 ¢/kg .81.69 mg/kg.3.39 mg/kg .8.65 mg/keg) >RI(2.45 ¢/kg .69.73 mg/kg
2.82 mg/kg.7.46 mg/kg), 5 CK ML, #EFf FM ) TN HN AN NN 427} (109.40% .46.58% . 156.88% .
78.68% ) >CE (65.45% .30.10% 43.65% .39.47% ) >R1(23.29% .12.09% .19.99% 14.46%) , A[EIALFE T + 3
RASr I A —E 22 7 (B 1) Hf TN FE 6 H &k 3 H &/, 1 HN AN NN 769 H 5k 3 Hix
N ABS FEA BRI E(6 H 9 A) KRTTE(12 A 3 )L,

ANlA]AM BLE R T LR AL 5 B 2 3 i D BN R R AL E AR R AL BE R AR — i 25
(K 2,P<0.05), TERl—1JZ, AN AM E AT A4 5 &£ N FM>CE>RI>CK, HH 0—5
em T2 FM 2L PR A ZH 53 (TN HN AN NN) & &474J& CE #1 RI 19 0.30,0.22,0.15,0.31 £57#1 0.44 ,0.36
0.57.0.55 £i%,5—10 ecm )2 FM ACH R 4 5 & & CE 1 RI 11 0.21.,0.15.,0.15.0.19 £%5#10.26 .0.29 .0.91 ,
0.36 fi5, FM AL FE R, 5—10 em £ )2 TN HN AN NN & & £ 0—5 em + 2050108 T 15.45% . 12.21% .
23.89% 28.53% ;CE #bFHF ,5—10 ¢m +JZH 0—5 em )24 918/0 T 7.28% 5.9% 23.22% 17.12% ; RI kb
PR ,5—10 em )2 0—5 em + 20 300 T 22.4% .6.76% . 50.92% . 12.82% , I + JZ ¥ ¥ ) 1% RI
(23.23%) >FM(20.02% ) >CE(13.38%) .

LB/ em [10—5 3 5—10
120 -

4.0 - éli Aa
35l Ab 2 100 _I‘ Ab
~ 30L Ba \D%D ] EIa— Bab
) [ jABab Ca < 80 e Ca cab
=~ 5 ~a
%D 25¢ Cb = ?:,“ Da =
[} =
g@}éﬂ >0l Da %3 60 b Db
g 5 <
F Db S 40t
& 10} 5
0.5 = 20k
0 0
CK FM CE RI CK FM CE RI
8 -
7k Aa ’ éIa;
ED Ab ABa 5 7r
) 6 ) Ab
< 1 T El = 2
5 5T = < B C
a
B 2 ®E S R
] £ 4+ Da ¥ 2
&2 % ‘I p
E 3| | |cob b 5 .
£ s 37 Db
é 2 2 2+
<
1r 1F
0 0
CK FM CE RI CK FM CE RI
Kb P Treatment

E2 AMEREZEMTIERASSENEETK
Fig.2 Vertical changes of soil nitrogen components under AM fungal inoculation

AFRE Be /NG Sk 435 B R [ — 2 JZ AN R AL B[] — Ak BN [a] 1 2 19 =2 ) 2 5 . 24 (P<0.05)

2.2 AM EREEEM T BHEEA &8 s AR E

AM ECTEAERD RS IR A SR (- 3,P<0.05) , AN [FEFEF AL H HN/TN ,AN/TN \NN/TN %
K FM(3.90% .1.83% .0.39% ) >CE (3.41% .1.53% ,0.34%) >RI1(2.98% .1.40% .0.30%) ., 5 CK AH I, £ 5h
FM B4 T1%(46.48% 60.07% .57.96% ) >CE ( 28.81% .26.20% .37.32% ) >RI( 13.25% .13.48% 20.61%) .,
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HERAH A& i o Lo Ba R E] 254k i 2 (& 3) ,HN/TN AN/TN NN/TN 7£ 9 H (4.48% .1.86% .0.57% ) fx K ,3 H
(1.70% .0.77% .0.19%) ¢/, CK AbFR 9 HE 3 H#ETH T 136.31% . 174.55% . 214.29% ; FM AL #LHE T} T
194.45% 90.59% .200% ; CE Ab PR T+ T 167.82% ,147.37% . 215% ; RI At P4 T+ T 153.61% . 203.39% .
173.68%., P, HN/TN AN/TN NN/TN 7E[a]— H B 2 8L FM>CE>RI>CK, 2= (6 A 9 A) Ao & &
b FHE2 H 3 H) Mg,

3 PR FPALFE T A 414 & & 5 H (HN/TN L AN/TN ONN/TN ) 29 36 30 9 4 J2 0 1 1 sk 20 19 2% Ak 4 1iF
(I 3,P<0.05), [fil—+)2 FAEASE L LHFEIR T FM>CESRI>CK, K 0—5 em +J2 FM (A4 &5

CJed [C195 1MW 127 HME3A +REEE/em 1 0—5 [ 510
°
S 6r Sr
% Aa Aa
o
- St Ab ]?If 4 b
. o Bb Ca Ab Ba
Sy =
22 4r Da Ac = c
& g Be O 3T o Bb G2 pey,
o
J_E.g 3 Db De Cc
Ko 2
Eg i
% % 2+ Dd Ad Bd Cd
ES 1
= 1+
Gt
o
2
g 0 0
CK FM CE RI CK FM CE RI
X _
E >3 Aa
& 025 fli
2 20t AP A Ba Ab
8 Ba Ba 020 - Ba
=5 Bb =ch - Ew ™ ]ABab
I_‘ég 15FCaS ™ Be Da = o
2 I (e A o5 | 1] E3
= C Db
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SHa
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®E
g Cc cd
g 051 0.05 |-
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« Cc 0.05 -
2 01}
5
a4
0 0
CcK FM CE RI CK FM CE RI
Ab# Treatment

3 AMEEEMTLERASSESL
Fig.3 Soil nitrogen component proportion under AM fungal inoculation
AFRKE B/ NEFBE 351 F R [l — A O3 A R AL B[R] — b SR [R) T £ 2 6] 22 57 @ 3544 (P<0.05) s AR K E B/ 843 5 3R 7] — 1 )2
AT [ — Ak AN ] 4 )2 2 18] 28 5 2. 35 7 (P<0.05)
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[t/Z CE.RI 19 0.28 ,0.21.,0.15 f% 1 0.51,0.38.,0.20 £{%;5—10 cm 1 )2 FM 5450 7 &t i L& CE (RI %)
0.16.0.09.0.05 f%#1 0.21.,0.24 .0.15 f5, FM 4B F ,5—10 cm +)2 HN AN NN & HAHE T 0—5 em +)25
WD T 31.82% .20.85% .9.95% ; CE bR ,5—10 em T EMK T 0—5 em + 24510/ T 19.75% . 8.
82% .2.25% ;R1 AbFE T ,5—10 em +J2HHE T 0—5 em )2 T 5.68% .8.60% .5.87% ., HIL, Wi+ )21
IR FM(20.87% ) >CE(10.27% ) >RI(6.72%) .
2.3 AM E PRI A M A S B AR A X AU o i A B S e

N[RI AL B AR - T PR A AR BB 25 5 (6 1,P<0.05) . $:Rh AM ELH BBt m Yz Rm AR
AWy i | T BERRAL S (TOC . ROC \MBC) B2 73 (TP (AP) 443 (TK (AK) \WC, HoV- 334 IETE 3.45%—54.55% ,
{HREAR T 145 pH A1 BD, #2F FM X 13 TOC 48R (72.25% ), HeFh RLXT AP $2F4-% 5/ (1.49%) .

F1 TFEAMEHAETEYERE TEEBHEREN

Table 1 Changes of plant growth and soil physicochemical properties under different AM fungi treatments

eIy KEFH Treatment

Index CK FM CE RI

pH 7.67£0.01a 7.38+0.01b 7.36+0.02bc 7.27£0.02¢

S MUK Total organic carbon/ ( g/kg) 4.18+0.45h 7.20+0.56a 6.69+0.55ab 5.49+0.35bc
5Bk Readily oxidizable carbon/(g/kg) 3.49+0.21¢ 5.81+0.29a 4.48+0.33b 4.49+0.08b

file = MRk Microbial biomass carbon/ ( g/kg) 1.03£0.01¢ 1.43£0.05a 1.21+0.04b 1.24+0.08b

45T Total phosphorus/ ( g/kg) 0.99+0.03b 1.29+0.13a 1.23+0.06ab 1.22+0.02ab
%W Available phosphorus/ ( mg/kg) 7.34+0.75a 8.34+1.26a 8.68+2.83a 7.45+0.52a

441 Total potassium/ ( g/kg) 0.1920.01a 0.23+0.01a 0.22+0.01a 0.21+0.01a

AN Available potassium/ ( mg/kg) 14.67+0.09¢ 15.01£0.03b 15.12+0.04b 15.40+0.14a

7K Water content/% 5.54+0.08b 6.16+0.01a 6.13+0.01a 6.38+0.25a

%8 Bulk density/ (g/cm®) 1.84+0.01a 1.54£0.03b 1.47+0.01¢ 1.43+0.01¢

142 Ground diameter/mm ) 6.33+0.11b 6.75+0.19a 6.57+0.21ab 6.42£0.12b

W Tree height/cm) 71.21£2.01b 78.85£0.29a 77.5+1.44a 74.25+1.43ab
RAAYHE Root biomass/ (g/kg) 0.75+0.01¢ 1.26+0.08a 1.03+0.07b 0.95+0.07bc

CK: X} Control ; FM . FEVG S|4 g 5 Funneliformis mosseae ; CE ; TR RS Claroideoglomus etunicatum ; R1; N A Rhizophagus
intraradices ; [F)— 1705 T /NG “EREFRR R TR A #A) 1) 22 57 8 2P (P<0.05)

FIFH B IR AMAA DA S Afr o e B FE 5 | AR HT A K 5 /A o 5 SOH L Z [ DG R AT IR SR (3% 2
MK 3) . Hrr, +3% MBC 5 3R 2H 3 (TN (HN AN \NN) 7E7ERRAHOCHE (P<0.01 41 C £ %1:0.895—0.907) ,
A5 R4 55 5 B (HN/TN  AN/TN NN/TN ) AE7E H1 A5 AH G M (P<0.01, AH G R %1:0.760—0.802) , + A 4 53
i K IS TOC ROC FAEAEH ARG (P<0.01, #HOC 2 41:0.735—0.872) , 5 TP AK . pH F#7E 55 &k (P<
0.05,#HC #%k.0.51—0.61,-0.513—=0.614) , ifi +:4% BD H 5 TN HN NN HN/TN NN/TN 1% 7E 55 AH &P
(P<0.05, X 5 %0-0.526—-0.571) , TIEEA &5 L5 S RB GD \TH f77E 48 AH &% (P<0.05 B P<
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d7 FE(HN/TN AN/TN NN/TN) f7254k . Hodb | +38 TP ' TOC 5 HN & ffifx /)N, MBC 5 TN 32 ffif/N, ROC 5
HTAN NN e fyfie/)y, 25 m 3R 40 & e AU E 20K 5 K, iff TH . RB ,TK ¥K Z ; RB . ROC .MBC 433l
5 AN/TN HN/TN 5/, TOC 5 NN/TN Jff /]y, 52 3840 o o5 by E48 18+, TP TK IRZ.,
I, AM E R T TS A S (TOC . ROC MBC) Wi (TP) M AR R A8 K/NBUE T = A Ak +
AR Sy S R R I LR R
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