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Response of fine root stoichiometric traits to nitrogen addition in ectomycorrhizal

and arbuscular mycorrhizal tree species in an evergreen broad-leaved forest
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Abstract: In order to reveal the differences in the plastic responses of fine root stoichiometric traits to nitrogen addition
between different mycorrhizal tree species, two tree species, Castanopsis faberi ( ectomycorrhizal ) and Schima superba
(arbuscular mycorrhizal ) , were selected in an evergreen broad-leaved forest of Wanmulin Nature Reserve, Jianou City,
Fujian Province. Root bag method was used to carry out the nitrogen addition experiment. The stoichiometric traits (C, N,
P, C/N, N/P, and C/P) were measured after the fine roots have grown in the root bag for half a year. The results showed
that root order had a significant effect on the stoichiometric traits of fine roots. With the increase of root order, the C
concentration, C/N, and C/P of fine roots of C. faberi and S. superba increased significantly, while the concentrations of N
and P decreased significantly. Nitrogen addition had a very significant effect on the concentrations of fine root C and N, but

had no significant effect on the concentration of fine root P. As a result, the fine root C/N remained stable, but both N/P
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and C/P increased after nitrogen addition, indicating increased P limitation in fine roots. There was no difference in the
plastic responses of fine root stoichiometric traits to nitrogen addition among different root orders, and between
ectomycorrhizal ( C. faberi) and arbuscular mycorrhizal tree species (S. uperba) as well. It is concluded that the fine root
stoichiometric traits of arbuscular mycorrhizal and ectomycorrhizal tree species had similar responses to N addition in this

study.

Key Words: fine roots; stoichiometric traits; nitrogen addition; plastic response; evergreen broad-leaved forest;

mycorrhizal types

PEILAE3K , R T & SRR A R R RS T80 N ULRFEAE S BRAE B n' ), 20 20 K3 N UL
REsngy 4 £52 W3] 21 e R 2k N UIREE R  I0 2.5 £57 X 268 N AL A4 TR TR A B
o E S RGP AR E G FEX R R N UIRRFSE O FE R 1A 2RI BT (1 4
M Z—" BN DR N IR IR A

ANRRAE A R R ST 50 FIOK G (O EE B3 Y, AR AR P Rl BN B U 8 o7 PR E S R 58 € RIFR A6
Wl BEREMEAS AR 2 MR AE R IR B B2 (0 T B IR 22—, X 4R (4 1 L o0 ik . 1k
A AN SRR A i AR OSSR ARG AIAR T 50 O AR N TR — B (— <2 mm) (IR R
VE R BEARHATAI S . BRI R W, B R A0AR , Ak =0 R & &, B8 T Re | i 5% 4 0 A7 78 & B e ot
PEVON SRR TR R A B 4 SR R R R R AR AR R G A AR TIREN . I, RS
WFFEA R P AN it 22 R XA TRAE Y 3203 B A 0 B AA T, T Rk A S R B8 C SR IABR
HABEZEMNEX,

H T, & T AR A2 MR N iy i Ry B A — 9T, (H R 23 F AR g L4t ™
M 87 7 15 R 3 B A7 AR A R B s M s 0 SO A Y RN WS IR T A2 K ( Cunninghamia
lanceolata ) 4K C WeFE (HANME N ¥ & B 4440 5 117 Kochsiek 25" & B N BRI H 242 (Picea glauca) 40
CWRBETHR . Li 555 Meta 2001 & B0 N VR IR 5 T 40R N #e 8 XA C R & e m , [HIRA 5
TN BINIEA O AR N W KRBT & B N A X 4R P B S i S i 21520 (5T
SREENT gl N IR E AL T AR (C. lanceolata) 0—1 mm EAZRYAIMR P ¥REE . ML, BT TR RAA
HRAL 2 MR NS 2 A 7 520, e TARGAR R R 20 i 53 2L E % A TG B, S W57 43 R K 43 1)
FEEE Y RSN X 5% 43 ROk (4 157 T R LS AR TR W, AT S AR B A & B N AR
Hahn HAYE AN (Larix kaempferi) T3ERIZE 1 J N B T HARTF AR N KE 7P R4H C P kE T
R T B R G N IEXT B ISR (Alnus Sformosana ) FRAMR 2 C F WA L% (HREE
BT RS 1 BRI RE 1.2 FAR A N S8, WX 3—5 WA N S EP AL, Pregitzer
PV E MY 9 AR IT R i N ARAEE A 3 AR A 1—3 AR N R R 1 AP GO
TR AR N R A 825221

80% LA By bt Mu A W) 5 B W A H A= 5 &, Hodb A B AR (arbuscular mycorrhizas, AM) F14b A= B AR
(ectomycorrhizas, ECM) &M B EAYFEARIEA > PG RP IO BEAR 2SR LL AM 0 35| TR | FEA7 R Fh
ECM #27°  JVE anut , AS[RI2E R 0 BRARAR AP ] AR T[] — S RUZE S RGN T, AR Hiy X A
PR R SR TR AR, SRR RPN UE R AM B AR K S ECM AFP, DR N i inialie K 2 5
B —TRARAR T A AR X G 1A [ DR AR AR T A AR Dy Re IR 4 12 A AR Ak 2 H B A PR N3 I 28 4 g
Al S HEIATE L, ECM BES AM HRE AR 0 BoRHPY e A BT R, ECM Rl 1R
JEEAS S L AM RIRRIG/NT S S AN  AM BB B BIY R - BEARBL A AR B AR 7E
HLN FR4r B AM BRI 58, ASHE BRSO N A I I, 1M EL AT B8 [R]BOK 7 %k -8 P Al ; i
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ECM ELE P BE = A K A it 2T 24 22 | 2 7 5 i T A2l ML I o i) 7R LR 2 BEBR v o o 3492
HE ECM ELE 45 (B AETEHL N A5 R0 i35 4 BES s T e 2 B0, X AM AT ECM ECEE 4 EHL N
B A AS [ 0 17 o] BESZ A A0ARXT N P AR, I S B AR b s e IR i 22 5%

L, FATTT 2018 4F 1 A FEAR A4S EERE T AR AK A SRR X BE B ECM B Fh 2 P2 4% ( Castanopsis faberi) Fl
AM BRI ( Schima superba ) ABFFEXTSE R AR P HF 8 N IS5 , i 58 A IR AR P LA R AN () o AR AR o 41
HRAL AT 2R N S SR 10, T Z A SCRR A3 AT, A SO (1) N BSR4 AR N vk B2 5 2%
PEFEVER, XTAR C P RN 35 5 (2) AR AR ) A2 a2 R T B8 2 30 H AN [R] A 98 o [, B
A AR 1 S P I 07 58 T2 AR 5 (3) AM A RIS AR AL 27 T 2 PR N ES I S8 e 17 55 T ECM AR
T2 1%

1 #MR57FE

1.1 R HEA

TR I6RE L7 T 48 E 4 ERRLT A MR X (27°02'—27°03" N, 118°02'—118°09" E) . Ab T LI, #
I PEILT, M SR 2R h AR g AR 1L P, A 1 38 o0 2T AN B | R e 26280 vh W A G R bR, e
T g v I BT s XS, AR TR 18.8°C AR BRI i 1673 mm, 2P AE 4—6 A MIXHEE 80% , Tt 7 Y
277 d.,
1.2 kit

ARG R AR AS L AT DR AR08, JE 08 2 AR BE, 0B X R (CT) N IR IINALEE (N) |, ARANAb B 5 A
5. T 2018 4F 1 AT IR ICIRAS . ARARIVAR BT EE N AER 145 (C. faberi) AR (S. superba) FETEEHL 5 PR
KA B B AR (B IR RN 61.63 em , R F-HIMG1E N 46.68 cm) ; T 45832 )2 K 2 H bR F (1)
H(EARZS5 mm) , BYBRMIAR S HEH 29 20 em (AR B AR S H (FR4$°4 30 ecmx30 cm,60 HAYJE e M4E, 459
Y 3 ke) JFTEMRLE BAH—)2 60 HIE RMPERFRGEZE T IA TR a5 . R4 2 S HE (K i
F), T 2018 4F 3 H % 2018 4% 6 H I s H AT —WkJite N AbBE N AER FHAS IR & , U it ok 3985 ol ( H 3%
TCHL N) 4 4 4%, BB I B RN A A3 OB B 4 107.16 mg  188.28 mg, 1EICHI KA ITJE b M I B8 2 , T 2% )
1 N BB B AN N B AARLS b ) BEAR A MG 25 8 1Y) [ koK
1.3 ARFERICS FaAnil e

F 2018 4 7 A FFARICHURAS  RARAS R B S22, MARSS B SE L AR, AR Pregitzer 25 4344
YARAEAR P AT 4390, K553 TP SR AIARBE RO 65°C BUAR Fhpt T 2 4e 5, FBR S (SO BT 5 ) A AR IS 1 | 4
ARESHL 8—10 mg MR I IE e E i, Z S5 REf TR 43 HT{ (vario EL 111 Element Analyzer, Germany)
ME1.2.3 Fl4 PR C N WREE  FREX 100 mg 247 BE R 5 A0ARAE & HCLO,-H, SO, 11 & Wikt 25 51 100
mL, #E 24 h B, IS0 3 AT (skalar san++, HOL) 72 4R P VR EE

%7 Valladares 25" (73  THE AT I8, BI N o] ¥EPER R (% ) = (N KbBE-XF B8 /% B x 100,
1.4 HHEBORE S48 4R00 e

FEAT AR AS AT 43 B R AR AR AS L 22 0—10 em -3, 2 - e85 S48 bR, T ve b 2 17 4% FoR fof 32)2 1
BB PE AN | FR, TEMOBURAS 5 KRR AS HLAGAR B | R BR ARG 8 IR A 2 A1 BURE , T 5 AR
S+t bR, HIRERALE BN AE Jr i pH SR AT HLALIR I AE , K 4 He oA 2.5 1857 5 N SR AN 4 49 2 i 43 1
SRH KCL R, M3 #2482, HCl0,-H, SO, 14 # 5 , F % 22 3t 8l 43 BT X (skalar san++, Skalar) U %, >R FH 7 [
ELEMENTAR Varietal 111 JCZE /0 +184 C fi4 N,
1.5 HdEmdr

KRR R T 22 Wik 56 N IS X AR A4S A S R4 5 (4 B2 0] 5 SR FTR A R B AU RG S04 R it N 0P 4%
X ANARAb 2T B IR 1 2w, I FHIR A ARG 56 W] — P 2% T ite N AR RO AR fh 2 T MR i 5 i 5 R
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F Bonferroni 646 MO [R]— 5 5 AN [RIA Fof 60 Ak PR 45 ] 14 22 57 5 SR T BALDR 3R 07 22 2 Mk 6 LU AR ] — PP A
(RIS R AR AL~ AR 2E S | [R]— R ol A ] P 20 ) A AR A~ 3B P PROer N A R 28 P i 7 25 S5 L R[] —
A R RS A AR A 27 T PR N B By BB e 13 22 5, A Excel 2003 1 SPSS 22.0 4% £ it
Fr8eit 34T, 8 P=0.05.P=0.01 109 21k B 25 PR ACFARUE , FIH Origin 9.0 APFHIFEARSC IR

R1 FHEHEMRETEERBUMER(CFYELbRER)

Table 1 Basic physical and chemical properties of topsoil in selected plots( means + SE)

A B B AT

Soil physical and chemical properties C. faberi S. superba

pH 4.93+0.02 5.29+0.02

4k Total C/(g/kg) 27.62+0.45 37.90+1.27

2% Total N/ (g/kg) 2.26+0.02 2.76+0.09

4T Total P/ (g/kg) 0.44+0.01 0.42+0.01
2 HRESH

2.1 N USHIREAS [) TR AR AR Al - S 1 S5 %) 52 il

FH 2 Al N IR & FRAK T DS R ARAS £ 3EAY pH(P<0.05) , W3 38N T AR A4S 58838 N Al
A N (P<0.05) 5 N s BiFp s AR A 834 P & s 38 J0 B E 5 (P>0.05) . Hiti N fifs, %
TEAEARAS IS N SR E T MRS

F2 RETWBUMRCFOMERER)
Table 2 Physical and chemical properties of root bag soil (means + SE)

FHEHER Soil property

?fi %ﬁ oH ) B A ) A jifi‘wé
NH-N/(mg/kg) NO3-N/(mg/kg) PO}/ (mg/kg)
B VERG C. faberi puyiid 4.93+0.02a 19.47+1.49h 8.77+0.27h 1.05£0.12a
Jit 4.72 £0.02b 28.57+2.26a 11.45+0.99a 1.05£0.11a
KA S.superba puyiid 5.29+0.02a 15.47+1.17b 10.41+0.20b 0.76+0.02a
Jiie= 4.93 +0.02b 22.57+0.70a 12.14£0.52a 0.76+0.02a

[)— R Fh AT AN ] /NG b R A B ) 22 53 W (P<0.05)

2.2 N IRHIAEAS [ TR AR AR A0 AR Al MR A 5 i)

e 3 AT il N ARJPXTANAR C ¥ HA B i 3 A5 ( P<0.01) , T R SAR)F S8 BEAE R DL I =%
(FFD it N AR ) 128 BHAE AT AIAR C Y HAT B 252 (P<0.05) , Jifa N AR Rl 028 B A X 3 17 940
MR C MR EEA 52 (P<0.05) (B 1) {HEE— 25 3047 B0 LA R 30, AR [R5 A BRZL A (A1 1) 22 AN B 3
MR 3 FFA, it N AR FR 838 BAE XA [RIAR 3 4R C ¥ BE 2 A I8 35 5 (HE N X AAR 2 JP AR C ¥k
FH B (P<0.01) , % 1.4 FFRA BEEN (P<0.05),1.2.4 JFHAM C WD NIEINT 14.8%
11.5% ,10.8% ; FFPXT 1 T AR C MR BEAT 1 255200 ( P<0.05) , Rfar Lb B IF 4% 55 17.1%

FH 3 AT it N FIAR P X A0AR N e B HLA W 35 152 0 (P<0.01) it N E40AR N B4R T 15.1%
(B 1) o AR BIRFIAR T 058 AR X AIAR Py B HA R 25 A 5200 ( P<0.01) |, B 7% 5K far A 4HAR P vk
JETE | P HRAFAE B EEZE R (P<0.05)  TEHA PR 2= R AR (P>0.05) (B 1), T LA FATR 77 19
T HAEFXTAIR C/N BA W B & (P<0.01) , BIFE S KM C/N1E | FRAFEN B FEER(P<
0.01) , 7EHANFH 22 FHEA R E (P>0.05) (B 1), jifi N LLKARFE XM N/P HA 3 520 (P<0.01)
fiti N LA N/P #2551 16.7% (K 1)

HRF BFRFIAR T 19 28 BAE X AR C/P EAT B I A 520 (P<0.01) , 1T =3 (R il N AT ) 128
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HAEFIXHHR C/P JREA BEEI(P<0.05) , Mijti N XFT4IAR C/P Y520 28 ik 3 11 4 B K F (P =0.055)
(F3), i N R R AT AR 1 YA C/P A B E I (P<0.05) ; 5T IRAH L, BIF#%0E N 4L 1
FFRAMR C/P WESER ., M N R K HAZ B AR 3 R4 C/P IRA & 500 (EE— 0 g1 7 79 9 L 35
BRI ANFER R S A BRSNS R E 3 (E 1),

F3 BT E N MIRFE R EZEERMARLFETEERKZ M

Table 3 Effects of different tree species, nitrogen addition, order level and their interaction on fine root stoichiometric traits

vk g vk g kg

ALK IR C co(r:lc(iijjation N cicﬁ:ation P coz;ji’fation N NP er

Source of variation P P P » P » P » P P P »
S 2.65 0.141 0.53 0.489 0.11 0.748 1.80 0.216 0.19 0.665 1.26 0.278
T 11.17 0.009 32.49 <0.001 0.27 0.608 0.79 0.399 16.71 0.001 4.27 0.055
0 11.34  <0.001 195.7 <0.001 88.83 <0.001 136.8 <0.001 5.48 0.003  72.53 <0.001
SXT 3.35 0.102 0.22 0.653 1.27 0.276 1.35 0.278 2.00 0.176 2.81 0.113
Sx0 2.89 0.048 1.07 0.373 4.44 0.008 4.20 0.012 2.42 0.079 5.85 0.002
<O 0.75 0.527 0.20 0.898 0.89 0.452 0.33 0.805 1.04 0.385 0.95 0.425
SXTx0O 3.12 0.037 0.43 0.732 0.69 0.564 2.05 0.123 0.49 0.692 3.84 0.016

S BFf Trees; T Jifi &\ Nitrogen addition;O ;2% Root order

[JL-CT COOL-N E M-CT Il M-N
% 900 - T:* T: ** T: ns T: * = 30
o S: * S: ns S: ns S: ns 0
E 70 TxSins | TXS:ns  TXS:* TXS: ns £ 25¢
~ ~
glg 600 3a, %g 20 +
T 450 | a s 15}
= & &
S 300 § 10
=
8 150 | 8 5 | ’/T._
@) 4
0 0
20, 120
2
%n 16 | 100 |
2 2 L A A
sz 12 2B A A 25 % AT T
2 = T AA . EZ gl A=
g £ 08 | - %% A A A
: S wi B S
% 04 b 20 |
Q
A~ 0 0
30 1 1500 . % T: * T: ns T:P=0.098
25 | 1200 | S: ** S: ns S: ns S: ns
TXS: * TXS:ns | TXS:* TXS: ns
2g 07 §'§ 900
< aa
£ 5t & 2
%g Ee g | aa :
Z 10} © b2
| - (il [T
0 0
1 2 3 4 1 2 3 4
¥ Root order

B 1 FEEREMMARL T RIER P E AR R )
Fig.1 Fine root stoichiometric traits of different mycorrhizal species ( mean+SE)
T:Jifi % Nitrogen addition ;S 8l Trees; TxS ;i & FIB Tl 952 T AFFH Interaction between nitrogen addition and tree species ; L-CT ; % TEA% A i &
C. faberi non-nitrogen addition ; L-N; %' FEF4 % C. faberi nitrogen addition; M-CT ; K ff A% S. superba non-nitrogen addition ; M-N ; A jfi % ; S.
Superba nitrogen addition ; R[] /NG 48K R [l — ¥ R AR R A i 5 40 BEZE & 10 22 7 B35 (P<0.05) s RS FR 2 R B (+ + P<0.01,
* P<0.05) , ns FRARE ;AR KE FEERIR [F]— 5 FOR R Fi ) 22 5 182 (P<0.05)
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H I 1R ATLUE Y B AR P G 38 n , Bl SRfr AR C kB (C/N C/P BN N VR EE S P W
W R, AR () N/P BEA -G8
2.3 IR GRS Pl AR Al 2 PR T N T 38 P iy

AR A 2R R 25 R n 11 (26 3) , X F4IAR C ¥R EER C/P WA it N FIAR P =3 S BAE A &5
M, PRI AR C VR EE DL ARAR. C/P S FRRIAR T 43 Sl TS5 S e R L, 485 SR 3R B 25 7 6% DL SR g () T AR
C VR LA SANAR C/P LT N BRI AT SR 0 07 7 45 17 9 8 25 AN B35 (P>0.05) , ELAS ] B AR AR ], 4HAR
C WEELL AR C/P L R TE 3 FPYAEAE b E V2 5+ (P<0.05)

WA 3 AT KT AIAR N HREERN N/P, A N A 2800 83, i HAY &t N A58 BRI AR B3, Bk
SO N8 S50 5 8 e 07, 25 R B, AR N VR BERD N/P LT NS i w95 v 87 AL 53]
14.21%H1 14.79% (% 4) .

MAFE 3 AT XA P VRN C/N, &7t N 52 ma 340 2, OG) 35 TS B AN 1153 T 98 i 1 (L,

R4 FIERMARARLIZITEZIERIT N NG RN BL CEEEhRER)

Table 4 Plastic response to nitrogen addition of fine root stoichiometric traits of C. faberi and S. superba (means + SE)

A2 2 bR A B N WYL R N plastic response of each orderroot/%
Stoichiometric traits Trees 1 2 3 4 SEH{E Average
C B 19.25£6.40Aa 11.17£2.82Aa 20.21+8.61Aa 12.66£6.30Aa
A 7.530+4.20Aa 10.62+4.26Aa -6.62+4.44Ab 8.90+3.58Aa
C/P B 22.34+6.51Aa 15.13£3.66Aa 21.45+5.67Aa 19.11£10.93Aa
A -1.60+8.29Aa 4.62+7.88Aa -9.09+9.91Ab 15.63+14.51Aa
N B 14.61£2.41 12.213.15 14.26+4.69 16.34+5.83 14.21
KA 14.38+3.46 17.71£6.31 11.29+4.51 12.89+3.00
N/P BN 18.50+3.50 16.62+3.85 17.99+3.19 22.08+7.66 14.79
pN] 4.89+5.91 10.89+5.08 7.30+3.42 20.08+15.70

Al —AT A RS T B3R [ — R R AR A2 TR MR AR AR P 9025 57 1038 (P<0.05) , A i) /NG 2 BRI ] — A 27 T PR 7 ] — AR P A 1)
AT i) 22 57 4.3 ( P<0.05)

3 Wit

3.1 AARAE AT R AR BEAR P AR A R

AR AL 2= AR E B AR 0 28 (0 R S 28 A 09 384% R R DR |, RETEAS [RIAR b AN [im] A 26 8 v 3R A B
F AR, 140, Pregitzer 454 BFFEALIE 9 N F &I, 1 F 70 SR 2R AR Uiy (IR GAR LA ELAR 40 N VR B2
1 C R AR A, M R PRI B . [FIRE, VPR 45 ) Sl X R 5 4 A 3y R R S AR i 92 &
PLAARZH S N e BE Fifi 5 A e ) v TR, 2020 C VR B2 AR L Bt A P ) v TS0, 17 C/ N B 5 AR 1) 7
RGN, ARG, B IR RUR (X B N AR EE A AIAR NP R B R Y 38 i B R AR, C VR
C/N F1 C/P B P TR misEhn (/& 1), X S ARS8 3R —807 7, IR A ML A1 FHRAEN
ARG e, B8 ) A L ZUR R, b # v R B A AR B 2SR B2 2 A, Bl FR e (R 358 m , 1z )2 AR 1)
LA/ AR R I, BB, 5 SR R Z AN %, F kA L U A, SRR ARG, (LR 3 i s> L
wRE Bt ER SR EFHER AR C, HILE PR C AR, PR Rt
HRE B AT (CAnnT A ARAREE) H N P WG 1 R RAE IR AR AR b A HE Bl AR B AR 4, AR R
A S 240 ZH LN EFT RNA BT % N P 7GR B [a] I g o7 T A 3 00 B e i, 5 B 422 Al T AR
R, RIAE F2 5K VR, TRIE NP M SR %, ARBIFFE H N/P BEAR P AR fR AR E , 13X 5 40AR
NP ¥R e 80— B a3 %
3.2 N EIXTAIAR C N P ¥R 500

AW R BN il N XFAIRR C N WA R E 520 (P<0.01) , XTAIAR Pk BE 2 A 2.3 (P>0.05,
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F3) W0y AR — , ABFITEE R N S AR C W I (1 1) %45 a5 g R AT BTk B
BN IIIG BB RE T AIR C R BRI AR RS T N SN e IS (C. platyacantha)2 4 TS FG%
AR C el A I AR RO ZE SRR DL, LR A RE S i N B pH BRI A K (F2), IR EP N R
e R B L3RR AL, 2 3 R Sz J2 40 P K B B 2R IR TOBE , s Sh 2 40 M B A TR fk sk AR S8k
MR C R IETH . (A I R IURE B 4E R AT r B4 2 098 K PG N JEXT H ASTE M (L. kaempferi)
B F LR B T B, A5 S i X B ISR (A formosana ) AR AOBIFSE KB, e N 5 AR 4%
FEAR C e B B — 5 R E AR, LR I AR S 35 i S DU 251 9 R Wit N A2 K (€. lanceolata ) 4R C
WP B E R, XCRP 22 55— 1T T B -5 AS [RIAR Rl A A 4 R DL BCOR RIS R ATAR B9 C 43T SR A 5%, 75—
17 7] -5 AN I IR A s b 8% pH B RIFR A O 9 e 22 S A O

ARWFFE N S TR N WK JE (P<0.01,% 3, & 1) %45 R 50 AW as FAp ) ek
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