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Effects of Different Types of Arbuscular Mycorrhizal Fungi Inoculation on
Nitrogen and Phosphorus Nutrient Uptake and Losses of Cunninghamia

lanceolata Seedlings
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Abstract: Arbuscular mycorrhizal fungi ( AMF) play an important role in enhancing plant nutrient uptake. However, it
remains unclear whether there are significant differences among various AMF species in promoting plant nitrogen (N) and
phosphorus (P) uptake and reducing nutrient losses. Therefore, this study focused on Cunninghamia lanceolata that can
form a symbiotic relationship with AMF, a major host plant of AMF. Different AMF species, including Glomus mosseae
(Gm) , Glomus intraradices ( Gi) , and Claroideoglomus etunicatum ( Ce) , were inoculated to investigate their effects on N
and P uptake and losses in Cunninghamia lanceolata at different time after inoculation. Results showed that AMF

significantly increased the height, root length, dry weight, root volume, root surface area, and root volume of the
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Cunninghamia lanceolata seedlings. Glomus mosseae was more effective than the other two AMF species in enhancing root
length, root surface area, and mycorrhizal colonization rate of Cunninghamia lanceolata seedlings. Inoculation of AMF
improved N and P uptake. Specifically, Glomus mosseae inoculation could promote plant N uptake most compared with other
two AMF inoculation. The promoting effect of different AMF species on plant P uptake mainly occurred at the early stage of
AMF inoculation. Moreover, Glomus intraradices was more beneficial for P uptake compared with the other two AMF
species. AMF inoculation reduced the losses of NO,-N and NH}-N in the soil, and this effect was most pronounced in plant
inoculated with Glomus intraradices. Additionally, AMF effectively decreased P losses from the soil. Compared with other
AMF species, Glomus mosseae significantly reduced the losses of total P, particulate P, organic P, and soluble P in the
early stage after AMF inoculation, while Claroideoglomus etunicatum significantly reduced inorganic P and soluble P losses
in the later stage of AMF inoculation. Overall, Glomus mosseae was more beneficial for enhancing N uptake of Cunninghamia
lanceolata, whereas Glomus intraradices was more effective in promoting P uptake. The effects of AMF inoculation on soil N

and P losses depended on both the AMF species and the timing of inoculation.
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3.2 A[FIFHSE AMF SR AZ AL 50 B 52 i

ABIE A, AMF HeFh i 4 i A2 AR Ay w9 R i (18] 3) , HLE PRk B a Ab 3 A2 AR R B e
AT B S Py P VY SR REL A AL T T AR A HAT B R A TR (R e 3 (181 1) DARRIC R T BURIAR (A (
2) , T FLK R b3 SR AR GO BUE IR R (R 1) o BRI R SRR TH R R A T R A AR AN AT 22
2, A I R A RO A A R, 8 I O AR AR S IS 2 BT AR 1 SRR A A, A T A
HEARMAES ™, TR WD AT BRI AN AMF AORITSE 4 B, JE VY BRBE R AT LL T LA AMF 30 25 81 55
1 F RS i, AR R P ERPEREAL T SRS AR IO R S I (18] 3) AR eSh, AMF 7T fE
3 3o T 24 5 I R A S B AR A O TR SR AT LIS A, DI I R 4 B 2 X R R 22
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ABITER I, AR AMF A m5 H P Eme (B 3) o 38552 b RIBEE R AMF J5 4 3L, AR T2
W T A AR B . Wahid 550 X R AMF 5 R B R S R R, AR
BEZERAHEL, X T W A, AMF FERfE 0 300 0 2548 o T A2 R Bl 35 4 (181 3) , JLrh AR AR 0 2 9 i R4
JERZE X ] BE-S MR AR AT A H T AR BTl R T 15 A1 0 5 A OG—AMF By 22 368 ik R A A T ik < s — ML TR
AW LA LB TEHLBEE AL ORI, HeRh 5 BB W 5 (151 3) , R W) AMF 5l () f2 i A
MEABE, X —G T B RN 22 D REREFR IR 25 1F 22 A i 2l 250 e LA 0% - 301 T 22 PRt )™ $2 i A
BRI, T I 391 S A5l R (1 A 2 SR e R L A PT R S5 PR Y (A R, AR B i 5
TIEIE AT WA R B O OC (R 1), dE— 2D IE S AMF i 30 2R 1 2 ML IS 58 ) b H
R 1200 AR A AR P B R S S TE LB A A ) (18] 6) QPR 1 JHL X B B 1 v A

R AEBRES LREBELRIR R MR 2 BERXAES

Table 1 Correlation Analysis of Nitrogen and Phosphorus Uptake in Cunninghamia lanceolata with Soil Nitrogen and Phosphorus Leaching and

Root Traits

RIWUCE N uptake/ (/1) WM IS P uptake/ (g/Fk)

S RIMIEEE TP leaching/ (mg/pot) -0.823"* -0.763 **
ATV PERMk i DTP leaching/ (mg/pot) -0.804 -0.771**
TCALBE R DIP leaching/ (mg/pot) -0.794 " -0.769 **
WOk A B PP leaching/ (mg/pot) -0.359 ** -0.237*"
AL I DOP leaching/ (mg/pot) -0.589 -0.550 **
LA TN leaching/ (mg/pot) -0.842** -0.796 "
B S AR NH -N leaching/ ( mg/pot) -0.795 ** -0.742*"
A AWK B NO3-N leaching/ ( mg/pot) —-0.748 ** -0.703 **
A HLEMWE T DON leaching/ (mg/pot) -0.800 ** -0.757**
Wi Seedling height/ (cm) 0.711** 0.937**
T Dry weight/(g) 0.704 ** 0.985 **
K Root length/ (em) 0.789** 0.361*

KX Root surface area/ (cm?) 0.646 ** 0.232"

HRAKFR Root volume/ (cm?) 0.631*" 0.552**
2 e # Colonization/ (% ) 0.806 " 0.465 *

wa % FsR P<0.01,.P<0.05 2257 B3

AMF #0208 T2 KRR C N P LIt b, A2AREERD AMF RUETI, H C:N C:P N:P B ETRF
(BEVHERBEFZALHE N AY NP BRAD) PR IR E AL B R A C:P NP FRERC A W, X B R B AR
AMF 4R BIREAEHEAZ AN N (P I (ESZARXT TAZ A N B WIS 5, A AR TR 25 30 A R T A2 A P
AN, X 5 AT A RIBFFE S5 SR AR, BIAN Zhao 55" X T KL RN AR U 55 5 8 IR DL N =P, 2R g R
XL AR AMF J5 & R C:N N <P (C:P, TEIEFAT, 5ARIERD AMF ZLBEAH 0, A2 ARFEFEE VY
BRAEFFIS I N P B X SR Y SRS A A, X T e R O BEVE Bk A LT P RE AT
PRt N RIS, FEFERNE I, BE VG Bk 2 MR NARAEE LI T AZ AR C N BB (HHE N P F1 C:P 5K
FERD AMF AH LTSI 22 53X U] AMF XAZAK C 2P RN :P {5200 A] GE R LSRRI
3.3 AFEIFRZE AMF SRR A B8R0 B % 1 R

ARWFFEGE IR I K ARTESEFD 3 T AMF J5 3 W25 RAR TS A S SRR . X AR T AMF i
IS FAR R PEIRAR A DA SRR PRS2 AR OC 1 458 AT R AR 8 1 S 5 b 0 T b 25 4 5 T AZ R NI Il ( AR 1
LA AR N a5 43 NOS-N NH; -N A1 DON [ & 2 BIA7AE i 3 B9 TAH 5C C R SR RMERAF
FEREMIEASEIER) Y A, BRTET AMF $EF008/0 148 N R 3R n] BE R R - HERUR 5 AMF 431
MIERPEEE R FELE LA S AMF T 2244 1 3B J00RE 1) 98 S50 22 NS T8 1 - KRRk R AT SR A4, 46 AT DA el 3 + 1 1Y
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SEFRME K TS AME AT DS i s ) Dl D b v T ) PR BROR ST B ARG N R i L ASTA] AMF %}
AR L4 N ZRE N ERAES A BAFAEZE R SRl AMF B T A NOS-N fil NH;-N(Zh &
AABRBERZBRAN) IR 1, (HHOG 38 W P DON A4 N kA 0 B35 25 S, B AR JEE W R4 8 o A
) N WA AE VEVE P B, (AR POAR F B AR T Hofth AMF AZbFR 5 2 BRI T NOS-N Fl NH;-N A9k, X nl g
JERNAR TR AMF 765200 138 N Zos i fFE e 22500 0 AN N Bmcast s /b 3 rf N Ak
RN Z —  AMF i8] feal i 9755 L3RR (ki) L3RS PR HHEAGE ~0RAE , R e 3% N &R
Uk BT BRI S ) AMF BE% T 13 NHZ-N 4 N ORI NOS-N koA i, FL b 8 Py sk e 27 B S A% T4 N ok
a  EE VTR BE A AR AR /R 2 0 0 3 RAIK NH -N ki i, X R B AMF X RRARAZ AR 384 N R it 2k 5%
M =5 B A A L FR S 30T . AMF B8R B AR S P A 9 oy = AR W B % 1) 35 0 B P R R, TR Sy ik e A
YRGB A= K AT A, W 3R B 22, T /b 1 /il Ak e g 3R 0 L ARBESE R, 3R NOS-N
PR BT NH,-N kA, X AT REJE o AMF AR ZM B 22 Wi [R) A6 NHG 19 AR Z2ARF NO; sl Aoy
AMF $tZ 4 NO,-N HR2IMPEE S A T e AR ANG 22 %6 NH;-N 59 ICRE 7185 T NOS-N,
XS A NOS-N (IR o | 25 5 & A AR T NH-N (RS sh it 055 25 5 I @ Wil 0

[IRE, ABF9E d AMF /0 +3E P e il g2 i AMF 3R dEA 3T P B g 12 i, R 1 "l 40, 42
AP Wi 5 34 P TCHLP AHLP W P RIS S Z A M ARG OC R . R AMF 3 i fie i
FEPIRR 2R 1 2 R0 ) Wl e ds S DR ) i A 308 B  TAE AT PRI RE ), I RE N AT 85U B B A ) 1 45 A
RO XA T RESEAE Y BRI A S Tk R O, AME RT AR IR X R IR Y A A . TR AP BT
K, 40k AMF ZbEE 5 AOAE AR H AR TR A8 P ORTIAE P LUK S P S 2RI AR T X IR, AW as R
5Z AL, AMF ZbH T B2 AR S a4 P A HL P AT PO P RIEORI S P AR 2Tk
Pl AMF ZbBH 541 Martinez—Garcia 25 #F 58 & B, P45 25 il 25 T AR 2 B8 00 386 I g o 20 . axX 6 B AMF
TR/ 38 P R A —EBER . ARFFIA KB, AMF XF 38 rh P 22070 K 1 R AE A B oA s [a] il 22
SevE, FEREFI RG] EEVEEREFEXT 4 P AL P AIVAYE P ORIEURIZS PR w8 B REAER AR S A BH L AT AR AR
TEEXTTCHL P bk AR ARAE A S, P S 40 253 R B X vl i 1k P JGAL Ptk v a2 (0 R 1K Ttk
= BEVUBRPERE X IORAS P R S DR W2 . X REH AMF X R B P R m Al gEE P RIEA
Il AMF BRI fr2s st

4 Zig

ANEIFIZE AMF S50 248 8 TR ARG AR R R Y3 ARG MR SR TH AR 5 AR RR T L JEE VG 35k 3 73 X AR
FRAIZ YA MR MR AR AR R VR F 25 & F 5 Ah M AMF A0 3, AMF £z 2 2 F TAZ AR N
P AL, A B VY Bk FE T N WSO (2 A P SR, TR PN AR A0 25 e 2 b ) B 5 1 AR EAZ AR XS PRI
e, H AMF #ERE 2 AR N P RIS R S AR R R R R R RIS EA S, 1
Hh, AMF $E8D I BRI T NOS-N Fl NH -N Pkt iR AR FL 82 X NH -N I NOS-N IR B AR Ak R
AR, B R 3 FORFEIR AMF J5 A2 AR W28 T 138 P AR BE VY BRAE A 70 H2 b i ) i
KT 4 P BRI P AL P RIMTIEME PATAR , T4l 30T B BRAE R AE 0 Je 1 0 S5 B AIR T 6L P S50 P
AT o BRI S , AMF $ER0 8 o 3 A0AR JR A4 e 30 ARG AR 2 T AR LA SR A FR A5 22 R AL 2 i 12 i A2 R
XF NP A, AR08 T 218 N P ik .

5 % 3Lk ( References) :

[ 1] Smith SE, Smith F A. Roles of arbuscular mycorrhizas in plant nutrition and growth; new paradigms from cellular to ecosystem scales. Annual
Review of Plant Biology, 2011, 62 227-250.

[ 2] Van Der Heijden M G A. Mycorrhizal fungi reduce nutrient loss from model grassland ecosystems. Ecology, 2010, 91(4) . 1163-1171.

[ 3] Cordell D, Drangert J O, White S. The Story of Phosphorus: Global Food security and food for thought. Global Environ Change, 2009, 19(2) .

http ; //www.ecologica.cn



17 4] BG4 A R b2 DS BRTAR L T 6 A2 A 4y 7 SRR 73 WSO 2K 4 52 11

[4]

[5]

(6]

(9]

[10]
[11]

[12]
[13]

[14]
[15]

[16]

[17]

(18]
[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

292-305.
Schiiler A, Schwarzott D, Walker C. A new fungalphylum, the Glomeromycota: phylogeny andevolution. Mycological Research, 2001, 105(12) ;
1413-1421.
SETE, REITED, TR, AN, B TE . IR L (AME) X 5 it v 475 4 i A AR R AR LR, T 5 IXBIFST, 2023, 40(1) -
78-89.
Horsch C C A, Antunes P M, Fahey C, Grandy A S, Kallenbach C M. Trait-based assembly of arbuscular mycorrhizal fungal communities
determines soil carbon formation and retention. New Phytologist, 2023, 239(1) : 311-324.
TV, e, XEHE, BRN g, }Aﬁ[iﬁﬁrh%ﬁ%“ R R SR T YRR HE . A A BRI, 2018, 54(11) : 1645-1658.
JEE, g, TRAEE, WA, T, SRR, VK. OR[E BT AR BT 41 A R R X 2 e AR PR R PR EE Y R . v ] 5256 Ty ) A 2
&, 2020, 26(22) ; 96-109.
Li L, Zhou G Y, LiuJ A, Li H. The resource investigation and community structure characteristics of mycorrhizal fungi associated with chinese fir.
African Journal of Biotechnology, 2011, 10(30) ; 5719-5724.
Asghari H R, Cavagnaro T R. Arbuscular mycorrhizas reduce nitrogen loss via leaching. PLoS ONE, 2012, 7(1) ; €29825.
Bender S F, Van Der Heijden M G A. Mycorrhizal effects on nutrient cycling, nutrient leaching and N, O production in experimental grassland. Soil
Biology & Biochemistry, 2015, 80; 283-292.
TR, A Bl BRI I Y PO T A k. Al R, 1988, 14(3) ¢ 295-300.
Wk, BEE, BE, BES, SO0, ZR@, T 5K MR R T AMF R @A R R IUR IR S LI F IR, INRRFE3R
(HE2ERR) , 2024, 59(11) ; 40-50.
SR, ERE, BRP, BRIIE. 74 R R A A MM B RN B 5. Mol BL2= 85, 2000, 1. 11-17.
Liu H, Wu M, Chen J, Gao Y B, Ren A Z. Arbuscular mycorrhizal fungus identity modulates growth effects of endophyte-infected grasses on
neighboring plants. Mycorrhiza, 2020, 30(5) : 663-670.
RIOCHE, TR, HIER, VG, DT AR LB XA [ S 4 AR A M AR AR AR R AR R . A AR S AR, 2019, 43(1) .
37-45.
PR, XGAE, RIA, ZRE0AE, R, XIFHER, RAEE, BRIEH. R AR AR L R B B B4 v AR R IT. Al R 4l
(ERLE) |, 2021, 36(6) : 1022-1027.
Fargg, EL, sk, Ze0, Kok, 4R ETT. AR RS S A I E i R S ARk A=k, 2011, 26(2) ¢ 152-156.
Van Der Heijden M G A. Arbuscular mycorrhizal fungi as support systems for seedling establishment in grassland. Ecology Letters, 2004, 7(4)
293-303.
Jach-Smith L C, Jackson R D. N addition undermines N supplied by arbuscular mycorrhizal fungi to native perennial grasses. Soil Biology &
Biochemistry, 2018, 116; 148-157.
Tk, AT2EAE, 524K, BT, 3 AR B U4 T IR ao ;. HR Mk BHE | 2022, 47(2) . 28-32.
Hodge A, Fitter A H. Substantial nitrogen acquisition by arbuscular mycorrhizal fungi from organic material has implications for N cycling.
Proceedings of the National Academy of Sciences of the United States of America, 2010, 107(31) ; 13754-13759.
Tanaka Y, Yano K. Nitrogen delivery to maize via mycorrhizal hyphae depends on the form of N supplied. Plant, Cell&Environment, 2005, 28
(10) : 1247-1254.
Bago B, Vierheilig H, Piché Y, Azcén-Aguilar C. Nitrate depletion and pH changes induced by the extraradical mycelium of the arbuscular
mycorrhizal fungus Glomus intraradices grown in monoxenic culture. New Phytologist, 1996, 133(2) ; 273-280.
fif3E, 22)1[, Shah F, A, T4, T4, DotE, SOk, DEE, TH, 280 MBEFEARE L FHBL-HE 4 MR8 Fs . Hid
AR, 2023, 47(6) : 782-791.
Wahid F, Muhammad S, Shan F, Muhammad A, Ali K I, Emre A, Amjad A, Tariq S, Mukhtar A, Muhammad S, Hidayat U, Abdul B,
Muhammad N, And Khan N A. Arbuscular mycorrhizal fungi improve the growth and phosphorus uptake of mung bean plants fertilized with
composted rock phosphate fed dung in alkaline soil environment. Journal of Plant Nutrition, 2019, 42(15) ; 1760-1769.
George T S, Gregory P J, Hocking P, Richardson A E. Variation in root-associated phosphatase activities in wheat contributes to the utilization of
organic P substrates in vitro, but does not explain differences in the P-nutrition of plants when grown in soils. Environmental and Experimental
Botany, 2008, 64(3) ; 239-249.
Kuzyakov Y, Blagodatskaya E. Microbial hotspots and hot moments in soil; Concept & review. Soil Biology & Biochemistry, 2015, 83; 184-199.
BESC e, AR, F, EaE, XUHE, WO, BR, SCAENE. MR TR KB O HEAR ) SR L S AT PLRL. K IR ERAAR, 2019, 33
(6) : 10-20.
K, BAkT, BTE, TR, Hizd, WA, I, IR Ss. TR R b R R K/ R LIV LTS 2R AL U 5 e PR SR AT

http ; //www.ecologica.cn



12

JAE = 45 %

[31]

[32]

[33]
[34]

[35]
[36]

[37]
[38]

[39]

[40]

[41]

[42]

[43]

TE. mRARN KA (ARRLE) | 2015, 30(06) : 909-915.

Zhao R X, Guo W, Bi N, Guo J Y, Wang L. X, Zhao J, Zhang J. Arbuscular Mycorrhizal Fungi Affect the Growth, Nutrient Uptake and Water
Status of Maize (Zea mays L.) Grown in Two Types of Coal Mine Spoils under Drought Stress. Applied Soil Ecology, 2015, 27. 883-895.
AR, W, ZOCT, B, Ihehil, FREE T 5B T A AR B XL T ARSI SO L S AR AR & C N P bt
FHIERRZ IR, A2, 2022, 33(4) @ 963-971.

F R, e, ORI, MEIRREE. AT AR AR B X SR A AR AR AR . P E AR, 2022, 44(3) : 113-118.

sk, BTE, JIBE, KIIE, XISy, TR, Bk TR R A AR X U SR AL B R TR B R REERLE RS, 2015, 28(5)
760-766.

TR, B AR R 1A 25 R G AR HI DI RERTFE [ D], ISR . R/RIE LR, 2014,

Jackson L E, Burger M, Cavagnaro T R. Roots, Nitrogen Transformations, and Ecosystem Services. Annual Review of Plant Biology, 2008, 59
(1):341-363.

FAHF, HERE, Td, i AOEREES 5T Y- LR RS IIR 0 20 BT A 52740, 2016, 36(14) ; 4233-4243.

Li J, Zhou L, Chen G, Yao M, LiuZ, Li X, Yang X, Yang Y, Cai D, Tuerxum Z, Li B, Nie T, Chen X. Arbuscular mycorrhizal fungi enhance
drought resistance and alter microbial communities in maize rhizosphere soil. Environmental Technology & Innovation, 2025, 37 103947.
Tanaka Y, Yano K. Nitrogen delivery to maize via mycorrhizal hyphae depends on the form of N supplied. Plant, Cell & Environment, 2005, 28
(10) : 1247-1254.

Hawkins H J, George E. Reduced '>N-nitrogen transport through arbuscular mycorrhizal hyphae to Triticum aestivum L. supplied with ammonium
vs. nitrate nutrition. Ann Bot, 2001, 87(3) : 303-311.

Jin HR, Zhang P H, Jiang D H. Study on mechanism of arbuscular mycorrhizal fungi absorbing and transporting nitrogen from different sources to
the host plant with isotopic tracin. Acta Pedol Sin, 2011, 48(4) . 888-892.

Martinez-Garcia L. B, De Deyn G B, Pugnaire F I, Kothamasi D, Van Der Heijden M G A. Symbiotic soil fungi enhance ecosystem resilience to
climate change. Global Change Biology, 2017, 23(12) . 5228-5236.

Verbruggen E, Kiers E T, Bakelaar P N C, Roling W F M, van der Heijden M G A. Provision of contrasting ecosystem services by soil communities

from different agricultural fields. Plant and Soil, 2012, 350( 1) ; 43-55.

http ; //www.ecologica.cn



