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RERMA NS EEAEYRERANTSH
A0

FHAE KOk W OF TKE
VG e B R 2 s R A e e, DU AR 610041

 E ZCUI LSRN AN R, RAMARE SR T AFEEN)KTE TSRy RERRIfE. &
B ETTRA AR AL K 5 AL R A B R G5 REI]: NIRRT s A (AN) & &, BT -
HEpHIE, BN HIEA R (SOM)FM 2 E(TN) & BT EFH . /£0-10 cm T )2, PR RIERM BN 247 B LB EL
b, FAMRRIET EAENIORHE N R MK T206.1 gm?, HRAFFERENIOLI N EEFEILE T 17%; f£10-20 em T2, NE N
ALFE RSP R R DUAE AN RBUR R A B0 i B BEAIK 17 195.3H01142.3 g-m® (N10). 235.81212.1 g'm™ (N20). 198.071204.4
g'm? (N30), RRIRANT-BAMALRLEED N, Wi, BEMRAESE, T B RESANG BHSCHERK, P
RAIMAZE SSOM. ANFITNE AR K. 42 EFTR, NI s i 28 BA (5200 32 Bhl i o L3 nf FI NG &, s
Wa A R BN ASARAE 25 (] 4 A 4 = A0 B DL R e o LA AGE

KEER RIEEA; BRI EOR R, MRS

FHERR, BRAk, B9, EAKEE (2018). FUEIR I 76 Ik & FE R P BE R RS MR, FHYE A4, 42, 38-49. DOL: 10.17521/cjpe.2017.0255

Effects of nitrogen addition on root dynamics in an alpine meadow, Northwestern Sichuan

Z1 Hong-Biao, CHEN Yan, HU Lei, and WANG Chang-Ting"
Institute of Qinghai-Tibetan Plateau Research, Southwest Minzu University, Chengdu 610041, China

Abstract

Aims Our aim was to characterize the effects of nitrogen (N) addition on plant root standing crop, production,
mortality and turnover in an alpine meadow on the Northwestern plateau of Sichuan Province, China.

Methods A N addition experiment was conducted in an alpine meadow on the Northwestern plateau of Sichuan
Province since 2012. Urea was applied at four levels: 0, 10, 20 and 30 g-m_z'a_l, referred to as CK, N10, N20 and
N30. Root samples in surface (0—10 cm) and subsurface layers (10-20 cm) were observed using Minirhizotron
from May 10th to Sept. 27th in 2015. The root standing crop, production, mortality and turnover rate were esti-
mated using WinRHZIO Tron MF software. Repeated-measure ANOVA, one-way ANOVA and Pearson correla-
tion were performed to analyze the effect of N addition on soil and root characteristics.

Important findings N addition significantly increased soil available N content and decreased soil pH value, but
did not alter soil total N and SOM contents under all treatments. N addition did not exhibit any significant effects
on the mean root standing crop and cumulative root production in the 0—10 cm, but significantly reduced mean
root standing crop and cumulative root production in 10-20 c¢m soil layer by 195.3 and 142.3 g'm* (N10), 235.8
and 212.1 grm * (N20) and 198.0 and 204.4 g-m * (N30), respectively. The cumulative root mortality was signifi-
cantly decreased by 206.1 g'm in N10 treatment and root turnover rate was significantly increased with 17% for
N30 treatment at the 0—10 cm soil depth, but the cumulative root mortality and root turnover rate was not signifi-
cantly different at 10-20 cm soil depth. In addition, cumulative root production, mortality and turnover rate in 0—10
cm soil layer were significantly correlated with the soil available N content, whereas no significant associations were
observed in 10-20 cm soil. Taken together, these results demonstrate that N addition alters the soil N availability
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and thus induces the root dynamics and changes in root distribution as well as C allocation in alpine meadow.

Key words alpine meadow; nitrogen addition; plant roots; minirhizotron

Zi HB, Chen Y, Hu L, Wang CT (2018). Effects of nitrogen addition on root dynamics in an alpine meadow, Northwestern Sichuan.
Chinese Journal of Plant Ecology, 42, 38-49. DOI: 10.17521/cjpe.2017.0255

RN A KN RIEA TR, R
& HARBG A S R EZRH MR, EEYE
K. REMBHES RS A EEZEHMan ef al,
2005; FEIREIEE, 2014), LR, BEEATIEHGK
BRI AR R B, BT RAPNITER
TN GEIE J1(Galloway et al., 2004; Wang et al.,
2015), MR A, S8 T e+
WK () H [ /7 (Pregitzer et al., 2008; Reay et al.,
2008; Thomas et al., 2010). M FEYIHR R 7EFEHBCHE IR
HH G SRR AR 8, BT TN 35 HR R U K 4y
Ao F A A=, i s R RIFR AT S
I RHEAT CHEIR(LA et al., 2015). A 4h, NTGE AN
2@ iR R SWIR KM ER). EPEHIC
A8 T AH 5 1) Th BE (U AR 2 P TR ) SR 52 1l A 470 (1) AR R
(Nadelhoffer et al., 2000; Rasse, 2002). K, RN
VNIIPORIFE SR RN AR G AR/ AS N (S SN S i)
A2 RGLCHEIRFE I (1 7B LEH LA o

NI AIRHAE IR 2 0 500 3 B8 B AR
FR AU (R F AR - SN 250 R SE B (Galloway
et al., 2004). T TIENFIH UNEEEIR RS %F
IE Hh R BB FH (Vogt et al., 1995). CHFWF A £
B, NI BRI ES KRG MR EY &
(Nadelhoffer et al., 2000; Hendricks et al., 2006), %
¥ (Pregitzer et al., 1995)81EH (Vogt et al., 1986)1R
RApdn, BARIR R, AR R L & Majdi
& Andersson, 2005), 3 5@ ZUIK 5 FIFE 51 RE
71(Gaudinski et al., 2001). 4R1, HHAAR RS
A A5 B AR AL AT 72 (K SR B = (Bai
et al., 2008). Bai%%(2008)HF 7T K HN, NRINEBEAK
0-10 cmAM20-30 emtJZ IR R %44, (Hi210-20
cm T EIR 254 I A ZF 0., MartinflChambers
(2002)FfF 7 A I, NI 2. 32 19 ] o a0 ) () b AR
Y& RytterMlRytter (2012)HF 70 K I E TR L4552 R
I, M2 R T E R 3R, NV TR RS S
NTIRE, EXTR RALA R REA . SR
M, R s R AR R A7 T E s
ASRFIEXT TN ARSI o S AR SR AN T 4

T e A e R e A R X, 2 PR

B R B POl S, 2 A BRI AR L I AU X
WA Z AR SR X . BB S TILX,
FERANVUERFLEIG N =N, 3210 N iR
XA, RN B B A28 38 /N T N5 G 7% o g 3 (5
ZX BB A PEER (MacDonald e al., 2002), RSN 5T
NYTRET A 25 RG0S0 A F AR X 35k . — R BNV NSk
05 LR, NS IR HEAEY 4= K (Song et al., 2012),
HE IRV IV 4 7= J1(Ren et al., 2010; 5K
&, 2010; MBREELE, 2014)F1H NS & (ERE
S, 2014), BRI R S BRI 2 R
(Wang et al., 2010) . (EN# AT Flib A= 35 R Ge T
o OLHRRR) g 1D N T i &
o R TR Y VR AR RS ARk SR Al
C 4 T 45 E o NVAS I B8 o 82, AR BT R FH AR A7 vk
X AN [RINS s B2 e 58 L f) A M) B VAR R IAE
B AR T RAE R TR, BIEKIE:
(1) NI R A7 &, MR RET =, A
e mAR R A B 2 (2) NI n 1 388 %57 7>,
IS m TIRER R E &,

1 MRFAE

L1 B3 XEH R

BT FE XA T DY 1|4 BrT U5 T8 1k L vE M 2L SR B,
HhFEALFR32.83° N, 102.60° E, 443 494 m. %X &
TRt e v DR SR IR A R U, H R ZE K,
MR, WA NE, FFELD C, &
AHAR)TFHRENRN-103 C, s HTH) TR
#9109 C, P45 CLAFHMAMKILTMA . TR
FN ], K E650-800 mm, FEEAEHIES-9
Hy BREmHEA, KBASRSS SR, S H IR R2 417.9 h,
RSB ET 1% . B Y 32 BRI ) R A,
T B 75 B 80% LA b o oo WY I & BE (Kobresia
setchwanensis) 5 111 & ¥ (Kobresia pygmaea)& T %
TR ERMEY), =S (Elymus nutans)F18 B0
(Agrostis matsumurae) & X EWIRAFHEY), A=K
T R R HR S A (Anemone  trullifolia) « R JBK
(Potentilla anserina)~ %% 5 ¥ (Saussurea nigres-

cens) NN JENH (Gentiana formosa)Fl i 111 i FA BL
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(Thalictrum alpinum) 5. 123X 3RV 5
g+, HAZIREEE40 embl B, F£JZ(0-10 cm)
+IESOMEE110.92 g-kg ', INE#6.38 g'kg ™', AN
£ E343.00 mg-kg ', pHAE N5.74 (1), %X
hF G v R AR 2, A T A ) E R R A, O
A BIF FAE S5 8RS OK 0 43 B b 52 BN BR i (Yang
et al., 2011). FAE201H 2090V HA G 24 & 1E T 1
o S M DX T 46 e ARG, FRATT S5 A B AN BE T R B,
T AN100 kg-hm 2 JR 3 6 R A= 986 B 3
(MR EEEE, 2014), {HAHE 1200300 kg-hm I 7€
TR AR R E (TR EESE, 2013). Rk, FRAT
DL g S A 2R AT NAS I s FBE )R 8 T SR 7 e 2
T AR DT TR AR 2R S A REAE NS I o 8
1.2 Rt
1.2.1 RIEHHIEE
F20124E5 A N AR FTIX P4 3 38 34 FE 6

M, M AEAE), HAN100 m x 100 mifJARIEL

), BT IR, AE ARG 1 [ B
FEREH 3 6130 m x 20 miSEIRAELX, 4R
WEHEATFRIC, PEIXIAIFE N3 m. B REX N BB 43
m x 3 m/NEET, FEE24 (4 x 6)NINEETT, INEETTZ
E] TRV BE AN /N2 mAE R X o SR FHBEAILIX 256 1
0 (CK). 10 (N10). 20 (N20). 30 g'm > (N30) 4
AN K F BEATL 22 HETE /N XN o B it IR A R 25
(CO(NHa),, 46% N)o FHTHRESH FHIEHFEZ =1
PR, FTFRNAES S A/ NX N, SRR 1R .

F20134E5 A/ FIRRMRE T 22— iR E

T B R A RHOAR 4, TIOR8 100 om, IR
5 cm, AME6 cm. TS FRES I A TERE T AR EL
—/N 5T 3009 A, WEANT0-75 cm, HEN
7 e IARER, SRIGHEMARE BB — L 12 1
NFLH . i H T A ARORR A ) 2R i A (L 3,
ek NS MR R AE K, (RIS v 4 R R 4 4%,
TG SR R i T T A2 401, TV o B AN I B
T Al FEARNR A B A ) R EST, (EARE
5w, R R R R R+
BN, TEAHCEE i FH SRR 8 A 5 5 FH ety 4
S DU AR (1 H S
122 H@RRE
12201 TEBERRESWE T201548H 4],
fE3 m x 3 mEEA W, AWNES emf) 4540 )Z(0-10
emA10-20 em)f& S FEANEUSH, TRA NI LHERE

www.plant-ecology.com

i, BAMCEIE S 6, AR Id. FERRT
s F T 52 - 4EpH{E . SOM. TNFIANS &, H,
FH AR I g 3 pHAE, FE AR E SOM & &, Ul
FOE VAN E TN &, B AN & B R
=Bt e 5 LI FURT, 1983).

1222 MREVERE T201548HH A3 m x
3 mEEN, HNE 5 ecmf 45472 (0-10 cm Al
1020 cm)BUIR RAE 0, BFZBGER G NIRRT,
A6 E S o AR T B S50 % 0 i 2o b
e, JERNE K MRS EIR R AR S, JRIE AT SRR
RIKEE, NGEHBMANBFETESS CHET 2 1H 7
H(48 h), MR G IHEHREK.

1.2.23 WMRBEFREMSH T201545-9 H X7
RUATIESIURE, e AR SN I R 84T
FE, FTHF T a6, AR AT R AR P K 28 <
T, G710 minfT, FERORE ] AMEFEAR RN, K
P 8 U RS AU R N, FHRTERARE FhRid
U 55— ARG S TN A B, TR 2R FH CI-600 4R £
HFH1X(CID Bio-Science, Camas, USA)IEAT %K
B o AR REW A RILIR, 7518020 cm Al
20-40 cm, R4 AR L5 Hi T 0 52 A R B 4 5 Rk
0-10 cmA110-20 cmE B+ 2R (D), BRI E L
WG, W i T (AR B 4% 5 — IR 7 VR B R I
R RAE— B, B0k B, BB ERD
12 2194 R K.

1 C1-6004 4 1) 4 415 [B] 2 56 = F WinRHZIO
Tron MF (CID Bio-Science, Camas, USA)#f3t4T
SNTACER, MR TREEHR IR AN ERS . KESE
TEAFHESR AR AR, FRil i BUE P AR R IR
X A TEARAIBEAR, oA (R (AR 2 SONTER,
AT R IR E OB . A TS R A SEAR AR &
(17 B FR B SRS #0201 56 BEARAT

RAMAGE: 1R REG IR RR AR
MK, R W A R SR AR AR AR K 2%
FE(RLD, m'm):

RLD, = L/(4 x DOF)

XA, L (m) BRI S AR IR K 4 (m*)
NI T R (BEER/IN); DOF (m) AR 21l +
BB, DOF—40.002-0.003 m (Taylor ef al.,
1970; Sanders & Brown, 1978). HT-AHF 77 H ) #
HREYE (AR P 1) B A2 M0.254 mm, 115+ DOFEL
0.002 m (=I5, 2010).
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Hk, 8 AR K (SRL, m-g ") RLDy AL A
AR AP E(RBD, g'm ™).

RBD = RLD,/SRL
U, SRLY BTG4 e iR (EL <1 mm) BV &
R (m-g ).

I JE, AR A W) & (RDB) e LR £
B TH IR B2 (D) RDB#: #e i S8 AL T AR AR R A=) &
(RLDA, g-cm™):

RLDA = RBD/D

AR s H ER A7, v A T
BUR R MR (RLD,), TERRARE BRI BEWS 1
NAARIAT B BN THE, B E IR AR B R
hnsk Al SR A ) B 77 B (Norby et al., 2004; Majdi &
Andersson, 2005):

T=P/Y
b, THIRAREER @), PAMREEY R &,
YIEAIR B R P IR R A EEE .

R R B AE N AFEAETTAE: + 1IN BT
BB AR B A, PN BT A R IEA R R
KA BERAL B AR RO T B2 0] BT T AR
WRAE: + TN FETNIE KA AR S, R R &
AR =T PR A P RGBT 1 22 7 K i B (Majdi & An-
dersson, 2005), H R4, JET-FIAF = AL 2 H
AL ARAR RAEY)E(RLDA)VHEAS H o
1.3 Hitoh

X FSPSS 19.0 5%+ 4 338 # 4k, 14 Jif (+ HEpHAH,
SOM. TNFIANE &), RAFEMRRBFE. &
PR TR B )T SRR TS ZE 0,
N FE R (LDS) AT AN [R) Ab B 2 T8] 1) S5 2 PR Ao
Bi(p <0.05). A[ELJZE(0-10 cmF110-20 cm)Z 8] H]

R EAS IR BEXT T8 H A L3 TR ) B B CP 2 EERRHE R 22, n = 6)

72 5 WK FAST R AR 56 o SR FH 38 520 5 22 7 v
G BT EURE IR 8] | T JE R 2 Ao 58 ELAE AR R ILAF
A B AT BB ASRHIE 2R, F Turkey HSDVE
HEAT B AERR B (A i 2 F LL . tbAb, K Pearsont
KM Hr0-10 emA110-20 cm+t 2 T 3EH AL M 5 Al
WHR BB BT E. DA ENERER(n=06)
AN (p = 0.05). FT A EIZRZ: |2 7EOrigin 8.5
AT .

2 HFHR

2.1 TIEBMERTE

£0-10 cm+ 2, +IEpHEENTIN G &3 %
%, ANFIE RAENTOALFE 25 FEK, {EN20FIN304L
H T, SOMAITN Ay & X NS I 2 3 i 7
(). 7£10-20 cmTZ, THEpHETEN20FIN30LE
PR B2 RS, AN 242 Si(p < 0.05); SOMAITN
B EANAINTE B E WK ). th4h, LI3EpHIE
TEN10ALEE0-10 cm+ 2 2 2 /N F10-20 cm, HAhAb
YT ARk SOMLANAITN S & U E + 2R
(P3G I B (R 1)
22 REDMELL

HEWETTZ5 R, £0-10 cm 10—
20 emt )2, HURERS TR RNV A FE 340 5. 38 5 AR
WAFE(p < 0.05), (HEATAE HAEHX R RBAF =
TRZEL(p > 0.05; £2). FE0-10 cmt /2, N10AI
N20ALHANAE A KATHA(S H 43) 2 3 FEARAR R IAT &,
{HEN3OAL BEAE B K1) B 2 BRRAR R =
(p<0.05; 1A). 1020 cm+ 2, N Inx A KH)
WIGH MR R R EL (P > 0.05), HZ6
H#9 AR R BA7F =N R I H CKE 2 KT NI

Table 1 Effect of nitrogen addition on soil nutrients of alpine meadow (mean + SD, n = 6)

+J2 Soil layer (cm) AL Treatment pH{H pH value

HHLFR SOM (g-kg™)

HAA AN (mgkg™) 4%, TN (g'kg™)

0-10 cm CK 5.74+0.10%
NI10 5.42+0.145°
N20 5.50 £ 0.25"°
N30 5.44 +0.08"°
10-20 cm CK 5.73 +0.08"°
N10 5.69 +0.27%
N20 5.62+0.19"°
N30 548 +0.16"°

110.92 + 10.48™ 343.00 + 9.40" 6.38 +0.84"
119.61 + 19.214 323.40 + 9.96™ 7.01 +0.81%
121.68 + 25.26™ 392.00 + 2.46"° 6.95 +0.70
124.58 + 11.78° 418.95+9.15% 7.27+0.974
94.60 = 11.23A° 290.33 + 7.995° 5.34+0.93%
88.10 + 24.435 276.85 + 8.20%° 5.20+0.71%
91.91+17.75% 328.30 + 6.12% 5.40 +0.83%
95.30 + 16.64% 316.05 + 4.85™ 5.64 + 0.85™

CK. NI10. N20. N30, JRERMESH80. 102 200 30 gm? o ANFE/NEG FRERRA A AL BE ] 2 57 B2 (p < 0.05); AFAKEFRERRA R £ 20 2%

BBE(p<0.05).

CK, N10, N20, N30, urea addition 0, 10, 20, 30 m~g’2, respectively. AN, available nitrogen; SOM, soil organic matter; TN, total nitrogen. Different lowercase
letters indicate significant differences in different treatment (p < 0.05). Different capital letters indicate significant different in different soil layers (p < 0.05).
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WF(p < 0.05; E1B). Lok, RAIMAER TZEIR
F5E B4 in i 2 AR ()

2R A B A2 B HURE I 18] DL R BRI ] 5
NS I B2 28 LA FH 1 32 25 B2, (ENVR o s i of
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Fig. 1 Seasonal patterns of root for different nitrogen addition gradients (mean + SD, n = 6). Different lowercase letters indicate
significant differences in different treatment (p < 0.05). CK, N10, N20, N30, see Table 1.
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PN FE R E R TR RAEE @ < 0.05 K
1D).

RAFET-EAE0-10 cmt 2 52 B HURE R ] FIN
ISIORRFE e —F A2 HAER 20, H/210-20 emt:
J2 2 B HURE IS [ Ao — 2558 HAE FH I (22) -
7E0-10 em 2, NI 2 AR A KW H 401
WARIT &, EKFH6HVETHIK) N30k &
FIRERART E, EKEHEHYRIOAK) NI10
A ERE ZE PRRAR RAET-E(p < 0.05, EI1E). 710~
20 em b2, KV H M) N20AHE B2 48 i
RACTE, ARKFEARIAOHIK) N30ALHE 2 PR
RIET E(p < 0.05), HAMEHIRINGTR RACT- 2T
ESAL(SIE
23 RMRREFENRCTE. FHUEFEEMELE
BT

TN I B A R P AT XU R 3R 43 W B,
it A B 2 s AR R T ', LEIRE R
m RBUR R AR, TR ADAFEME R,
{H2& = 22 FAE FHA AR SR ARAE TG 2 35 52 IR (3R 3) -
7E0-10 em )2, RBURR A== MR R
BN NI TG R 2 B AR RIE TS B AEN104L HE
B BRAG; R AR ERINN30 (1.48) > N20
(1.38) > CK (1.26) > N10 (1.17), i HAEN104b 3 &
EREK, N30AHE B 18 S (E2). 7£10-20 em )2,
NI B T R R A AP R RIAE

R2 ANFINGIEL R R BN HE R I ETT 250 H1(n = 6)

&, (X R R IR E R, AR R R AL
K HARIIAN20 (1.77) > N10 (1.44) > N30 (1.24) >
CK (1.21), {H#AH A 3% % 7 (F2). thah,
R AL B IAAFESRIN0-10 cm
FHT10-20 em 1 )Z; RRMR R T EANIOLHE
AN E TG R E RN, KRR N0
10 emtZEZEET10-20 cmL)Z; R R B XK
N10#b#E10-20 em+ 2 B 3E & T°0-10 em 24k, H
A ALFR T 2 2 R (E2).
2.4 TIEIBUER SR RFFE R AIHE KM

7E0-10 cmt )2, TIEpHEFISOME & SR &
AR, JET R AEP= B e R T B 3 A o 1k,
HEANEGESRAETERERZEIMERLRR, 5
W EMERFEREREEMICR, INGESRA
DI AR R R EHXRR, SRR E
R R ZEMINE. 1020 em+ )2, BRIRA
AT 2 5 SOMAIANT & 2 W3 AL R, 5TN
FERFIEMARKRIN, HRIE RS T
JR 3T 3 AH 1 (3R 4) -

3 W

3.1 ARINFMEEET LIEBCERITE

9 i S e FE R AR S RGN R I N £k
JET EARNTTEA OONIEN (523545, 2008), HERIE,
T DXNFR H1 A 5 AR £345.17 < 10° km?, (5%

Table 2 Repeated-measure variance analysis on the dynamic of plant roots of the different N addition fertilizer gradients (n = 6)

T R &b AR ] NP1k BRI TN TR A
Soil layer Root index Sampling time N addition gradient Sampling time x N addition gradient
F F p F p

0-10 cm R ZIAF# Root standing crop 81.262 <0.001 7.468 0.010 1.579 0.239
A4 =& Root production 63.809 <0.001 1.078 0.412 9.53 <0.001
HRARIET-H Root mortality 131.752 <0.001 4.477 0.04 9.693 0.001

10-20 cm AV R Root standing crop 104.472 <0.001 7.793 0.009 3918 0.250
RALEF & Root production 60.200 <0.001 3.460 0.071 12.932 <0.001
HRARFET-E Root mortality 138.540 <0.001 0.482 0.704 14.224 <0.001

R3 ANFEING IR BEAN 2R FEX AR R FHE R TT ZZ 20 BT (n = 6)

Table 3 ANOVA of on the dynamic of plant roots of the different N addition gradients (n = 6)

¥ Factor

AbEE Treatment

RE Depth W FEXIRE Treatment x Depth

F P F P F P
FAMR R4 =& Cumulative root production 1.328 0.300 47.14 <0.001 2.661 0.083
SRR RIUATE Mean root standing crop 1.770 0.190 29.93 <0.001 1.237 0.329
WA Root turnovers 1.655 0.220 0.689 0.420 1.573 0.235
RBURRFET E Cumulative root mortality 3.280 0.050 38.11 <0.001 2.538 0.093
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Fig. 2 Cumulative length production, cumulative length mortality, mean root standing crop and Annual root turnovers over the grow-
ing season different nitrogen addition gradients (mean + SD, n = 6). Different lowercase letters indicate significant differences in dif-
ferent treatment (p < 0.05). Different capital letters indicate significant different in different soil layers (p < 0.05). CK, N10, N20, N30,
see Table 1.

F4 HIEBACYE ISR ARRFALFIAR R E(n = 6)

Table 4 Pearson correlation analysis between soil physicochemical properties and root characteristics (n = 6)

+J2 Soil layer Ti H 45K Ttem pHfH pHvalue  AHLFE SOM (gkg") A AN (mgkg') 2% TN (mgkg')
0-10 cm MR IAEE Root standing crop —0.27 —0.414 0.487 0.622%

MR &4 7 Root production 0.280 —0.421 —0.843%* -0.167

R ARFET-& Root mortality 0.315 -0.044 0.716%* 0.021

R AR % Root turnover -0.459 -0.225 0.673* 0.691*
10-20 cm R ZBIAFH Root standing crop -0.075 —0.590% —0.684* 0.624*

R AL H Root production 0.371 0.005 -0.413 0.095

R ASET-H Root mortality -0.095 -0.038 -0.404 0.300

MR JA 2 Root turnover -0.193 -0.476 0.287 0.293

* p<0.05; ** p<0.01. AN, available nitrogen; SOM, soil organic matter; TN, total nitrogen.

X EHE SRR 1)34% (Yang er al., 2008), T HAX ~ FFf#(Cammeraat & Risch, 2008); 73— /71, HT =+
B R BN, HR RN S R AL SRR A A P AN AT, AT N T+
(Chen & Bai, 2013; Wei ef al., 2014), AHF 5745 B[] 2% ¥ (Birkhofer et al., 2008; Luo et al., 2015). It4h,
FEUESEIX — WLt RIFEN20FIN3OALIE T L BepHME Tl i s S B b g o X, AR 33 rh iy
BEREK. —J7H, NG gt AR, BT A KESOM, H2& 3R k&M S 8Ly fh s
RKEAYVRL, BN T RZSOMBIEEGRL, A B, s 8 SOt 1 s 3w 7 1)
PR K2 B AR, SECEEpHER  REIELWASE, 2016), 115 1B 2477 (ERUN)
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SR T FEIREGIN20MIN3O (£1)). HIETNS &
AR A NAR TS D 35 008, BTN 2 AR AR T,
HEEBNRE-AKYIPLS), 56 e it AE 113
)AL LB S TN B AR
3.2 AEINFIEHE TIRAMSHETN

MAZHEMMELRE, BREATEERD
i~ BEARYIE SRRy ATTEYEKKRE. X
YIRS IEAR T RESN, XY AE 77 1 T A
A RGINRENEC . FRA IR 3 il 5 (1 1F
R EFE A BB S  (Bessler et al., 2009), 1X %
Thee e g R AE F EHR TR R 10 70 A b S FH AT
T (Kurz et al., 2006). AR 2 [ 73 i A% 5 A IRAT7 B X
235 B AN TR BT IR 3R (IR« 4 TR RINT FA450) A B2 T
(Majdi & Ohrvik, 2004; Wan ef al., 2004; Bai et al.,
2010). AHFFLRIN, NI ZEBFARRE R RIAE
B X 45 R S HERTIEE(2008) T 9T 25 SRR S, B
NS INBEARAR R IAF 5 o I3 2 RN In$E =
NA G, mEENKA SRR &, S
AR (B () FEXT G5 R B, AT BRARAR RAE &=
(Nadelhoffer et al., 2000; Hendricks ef al., 2006). #H
TN BT 5 AR FRIFEIESE, AR R = SNIA R
PER AR R(FK3). b, NI IN2 0 Bk 15
pHAE (R 1), MBS0 A8 77 A Joit 2% o A T ) 350 1 20
58, 5 BUH CHEVE M PR, MR R A K (R FIESE,
2014).

R 2R 10 3 748 28 A AU AR B TE AT == 1K AR 4L I,
i HARBUAER R A B BT AR i R 7T .
S HTIRIE FEU N ARRR I A2 7= RIBE T2 24 7 A BREE 1A
HA = 1130% (Jackson et al., 1997), & Fi A=
B RGICHFE PG AT] D FE bR (Woodward &
Osborne, 2000). NSNS R JZAR R4 77 80 W3 57
M, (HERERRERERRE R, X415
MajdiFOhrvik (2004) 7L 45 AL AN N
TERE T LIETEMGE S EE, BT mIER
TP FE o BR &, fERE T B 4K, Y
W EE 2t LAY E ST, NI N iR
FAK(Bai er al., 2008; MRS, 2014). F4bh, &
I RIRFEE A, AR FR 2 A 2 A AH X L (RE
WS, 2011), M FEURER R A= EEFERKT
CK. RRIET-EAVAENTOALFE ()R 2 35 FEAK, JL
fBALEEIS T B E AR . XA T HIE TR RS &
BEFIE, RIS & =S Y8 PR

TR RBOCT R A7 H P TR E S 7R i (van der Krift
& Berendse 2002), {H$¢ 5 18R 0 %, HYE =
SYBCEE 2 CAEHL BBy, FRARAR RCH) RN 46
M R v (Bai et al., 2008). AW FATEIINLO
AR PR FRAK HIEANS &, MIN20FIN30ALFE 2 5 1 &
ANEEGR]D), MHARRETES5ANTERREIE
HRKRF2). K, AT E R ERE.
33 AENHFINEEE TRAERERENTH

IR R A AR S RGUE T8 T4 AC &=
(1) FE B s 4y, TR 2 2 REAE M ) A 77 3 1)
Y (Gill & Jackson, 2000). HE4E C A fHRIE, b
LI RTR NG IE N, AR R R R R IR
o BB AR (FR R LA, 2007) « FRATTHIF 71 3R B,
BENR N, R AR ERYEMNEY, X5L%
(2015)iE i Meta 7y 115 2 1 45 R AH— 3. FEHLIE
A& 1) NASIEIINGA 2k, S E0R R AU
JA(Gill & Jackson, 2000). FEIEIIMR(Li et al., 2015),
MM 48 B2 T A8 W) B 78 # & 75 i (Eissenstat et al.,
2000; Bai et al., 2008), iR 2 7% iy v 2 4NAR & 1,
AR FF AR, A (Schoettle & Fahey, 1994;
Pregitzer et al., 1995); 2) AR GBS ALK AR R 5, [
AR RIFET 3N JE % % (Tierney & Fahey, 2001),
{HRNG I AR B AR B R G4 (Li et al., 2015), M
TR T B AR R A SR B . IS x40 AR 5 1)
fit 77(Linderman, 1994; Eissenstat et al., 2000), S£(
IR RFFATPEAK, PR R FE . FI, fERGHIAES R
G0 H IR A JB 5 2R 3 B 7E0.019-2.644, ~FI414E A
% N0.56 (Jackson et al., 1997; Gill & Jackson,
2000). AHFFE A GHARAE A A 245 1.0-1.8, NS AR
R R B R, XA X AR AR ) A 2 i
NS A i3k e S8 B A A A i 8, A e AT TAT DA
AW A T IR AR AR TH (0 4R SRR S K o F
FEVNIT, B INAR 255 7K 4 RUE F7 49 5 R 25505 (B%
AN, 2014). AR, ARG SERRAE
FEHFEMICHI N, MR T HHRCE . Sk, 4R
(1) JE % AT LUK K8 FR ) RN 9% oy adk L3, (iR ik
R A AYNESD, o 13 0 BRI o (3 SRk
2011). (R, iR A 8 3 T e d il 3R A Ak
() — AN BB AR
3.4 NiRINAS EF0 L 2R E 3R R FHE RS20

VP2 WHCIE R, S TE A B NS 1 3G, Hb
AR BN S PRI A R AR ET SR, 2010),
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(Miller et al., 2000). AT 7Bl NG AN &
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XATRE S T s NI B R 0, S B0 R
P2 BIBRA, 10 NAE 75 5k e B ] T PR3 T 2B
&, PO T34 0t N ARV B (IR, 2014).
BE, ASFEINAEES EE AR SRRFAE G B35 72 7 . IEAh, &
FERLM IR RAFAEIL 2 B 2R E R, FE -2
WRIZSEINAR R AR B R 2 K. IR EE 2R
JERE N, IR EOKE. AR ST
B, RPN TG A A PR AR AR F b
R B () AR A7 SR (% IR, 2001)0 [RIR, 2R 3
ISR R A5 (T KB, 2007), + 2R R
BNl cm, Vitis labruscana @i AR [ 38 T 5 K 2R PG
0.3%-0.7% (Anderson et al., 2003).
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