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(Sbiraea angustata)i A AR FEX 5, R FIAR R WA EFANEATIEETE, 0T T REHNACE O Ny = 0 gom2-a'; RNARHE
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6H>10H, HE2IH 5SS cm TIEEEAH SRS . QMENFK T 4 mHE 20 HE N AR AR BT AR KR B AR R
R R I ICH N E R, HAUN oA ER 5 50 HE (N b 3 [ A7 FE 2 2 2 5 (p < 0.05)o (3) NsHIN b H T, 78 i B 7 E A
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Abstract

Aims Understanding the responses of root exudative carbon (C) to increasing nitrogen deposition is important
for predicting carbon cycling in terrestrial ecosystems. However, fewer studies have investigated the dynamics of
root exudation in shrubbery ecosystems compared to forests and grassland ecosystems. This objective of this
study was to determine the effects of nitrogen fertilization on the rate and C flux of root exudates.

Methods Three levels of nitrogen addition treatments were applied to a Sbiraea angustata shrubbery ecosystem
situated at the eastern fringe of Qinghai-Xizang Plateau, including Ny (without nitrogen application), Ns (nitrogen
addition rate of 5 g~m72-a71), and Ny (nitrogen addition rate of 10 g-m72~a71), respectively, in 5 m x 5 m plots.
Root exudates were collected in June, August and October of 2015, using a modified culture-based cuvette sys-
tem. Root biomass in each plot was measured with root core method.

Important findings The rates of root exudates on biomass, length, and surface area basis all displayed apparent
seasonal variations during the experimental period, with the magnitude ranked in the order of: August > June >
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October, consistent with changes in soil temperature at 5 cm depth. With increases in the nitrogen addition rate,
the rate of root exudates on biomass, length, and area basis all trended lower. Compared with the control (Ny), the
N5 and Ny treatments significantly reduced fine root biomass in the Sbiraea angustata shrubbery, by 23.36% and
33.84%, respectively. The decreasing root exudation and fine root biomass in response to nitrogen addition sig-
nificantly decreased C flux of root exudates. Our results provide additional evidences toward a robust theoretical
foundation for better understanding soil C-nutrient cycling process mediated by root exudation inputs in Alpine
shrubbery ecosystems under various environmental changes.

Key words Sbiraea angustata shrubbery; nitrogen addition; root exudation; root biomass; root exudation flux
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AN MG AES REEMAE KN YE EE
FRILEK, HAMRZI SRR A S R A Y E K
RN 7, 3E TR A BR B (C) 76 74 A A
25t R (LeBauer & Treseder, 2008; Kopacek et al.,
2013). TSR, TR BREIIR e, SNALAET
KEMEHENLEM T, KPP ENWEDK
JEE SR B0, 5 AN W 1) Bl 3t R K AR A &S R GLDLRE,
M EAE T AS RARIC. NIEA (Galloway et al.,
2008). WFFLF B, AERIE I X Ik P KANGURE M
19614E]14.4 Tg-a  #INFI20004E1167.5 Tg-a™', i
H#120304E 445 5/105.3 Tg-a ' (Zheng et al., 2002).
HRT, KANTURE A 2 R G4 AT B 5
M L8 BN AR A EE A, (HHAMOH
WFoT, FEEFEM S, WEE. A
A B R AR A R 4y TR T NTC R P i N R e AL
(Fleischer et al., 2013; Talhelm €t al., 2013; Xia &
Wan 2013), %A= 25 R o 55 50 T 50 AH X 5k
Z . WA NERAES RS S5 T EE
Ay, HARRIESATN SR A ST AR E
BEERF IR RS, AR RS RGLEE A ThRERT 7T
A E IR R, B E LGRS Rg S 4
BRARCHE AT BRI 0 R (B 4 A2 56, 2004).

AR, BEEH N A S W LR, R
RAE VAR - BTN Re AN IR 40 FE PR I 78 o (1 B A IR
Wi AAT1SIEAA KN (Bjork et al., 2007; Volder et al.,
2007). HR R 5 W) RAE D TE A K 2 i AR R 4>
W) — R G, EER—EA TR, B
K. MRS RERE) N &S TEAR . FR
EVH WAL A (Dijkstra & Cheng, 2007), 8 H #A
N AR A BT — B TR (e & P4, i ik
B, B R R N B HL R (Kuzyakov &
Cheng, 2001), JfZ MR MAER RS HIEY)

RAR-AEY- L2 WP, fe RS B AR =
By, YRR RS WY RER N 5 T L
WAE BRI B S CH B, A R0 SR brig
A K R A T R 8 M R ) 5 LR o RN
Iy AL LR (Phillips et al., 2011; Yin et al., 2013a),
NI 5 B0HR 2R 43 WA 4% 3 C-77 0y e A ) T A0
W R R S A B A R A ) B AR AN D)
fE(Cheng et al., 2005). HEHAIHE R WP N e FH A
TR A YR b 2 e R OO H T AR S 2R AT
FCAF BT (Yin et al., 2014),

B R R RIRIG S OR PR, A
BRI AR AL BRI B[R 3 Bhas A UK AR (5K
E A, 2012). A 5L (Sbiraea angustata) & &
e R AR ke LU EE AR RER . BRI,
AT REFEEES YIS PR rE A
ARG, % K b R R O (R T
1998). HHl, X4 mHf LR RE I AL R R AR T
VENTEVS S AE (SR 77, 1998) MW AE W B (W B2 4%,
2005; EEESE, 2011; &HA4F, 2012). HIECEIA(ZE
AR, 2014b; FI55E, 2014) DL R AE S E T 2R
Aot SR, 2015)5 7 HIIBE AL, TS 1%HE M i 72
TR RCIEHIN S FIK B 1 L3 A= Py Hh BR AL
TEIA L FERE T EL A, BRI T BATH NS R
Gt T AESFI RN Fh, AL
L 1 5 AR 2 A I BLARVE MO AN &, RFFN L
JENVERAUNDTRE, fEAEKFEHIHO ) FHHEH)
FAIAL0 HYXHAR R o i it AT B AN R AT AR, 25
HAMRAEEEWE, BUAFRINREE£LM4 T
fief B ALV AR 2 0 WA P Clign N T 6 Fd = [ ZE 11 2)
A, R AT AR SR R 7 W C o
NI 5 F ANAH I Fe 25 AT T W10 B LR 4B,
AR A BRI 5 N S 98 WA TS RGR 290 1
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PICH N SIS R BN TS BB IR AR -
1 #MRFFE

11 fARXEER

RIS EEHAL P01 ba i B )1 ESFETE NS 2 5
M, HFEA7 B A103.52° E. 32.80° N, K3 300 m.
A X3 g L S, FREERE AR BN R, ¥
BeZ=r M, E PSR N4.8 Co HEREKE N693.2
mm, KB B FEESRES-10H, BKEFERE
Ko MEGR R, FERLEW. ZRBHEY.
B8 X6} G2 4 DA ik B AR R 35 0 ()T MRV S 3,
HERZ O, 4674 2 4 (Lonicera
rupicola var. syringantha) . T Ll 45 £k % (Spiraea
alpina) #1 4 #2 1 (Potentilla fruticosa), A< )2 4%
F2p(Festuca ovina). 254U NH(Gentiana striata).
1B 7 5 (Deyeuxia flavens). 4 7£ K & (Primula
sikkimensis) 5 (2245, 2014b).
12 WRFGE
121 HHHE

2012473 H 7EA Hhy P4 0 BURE V& 45 44 0 2H B
VA B3 A 6 35150 1 A8 i B AR E AR, AT E
9/N5 m x 5 mALBERFE Ty, HEAT3AN NG FE AL B,
TEF AL B3NS, AHATRE 7 12 5 2 8] (1 8] B oK T
10 mo SHEA XK SZPRNTTFE(0.87-1.38 g'm *-a ',
Lu & Tian, 2007), 73 HI3E: XN, 0 g'm >-a™).
fRNALFE(NS, 5 g'm *-a ') ENALFE(Ny,, 10 grm >a')
3K RIS . NS IIRES 201243 H FF 46,
TER Y ERKZE(5-10 )& H AL — Ik, R ¥EA
[NV IORR B, K BT 75 (R R (43 BT ZENHNO; =
99.0%)¥A 120 LAKIRAIIE], T K65 i 1 ms
55 25 350 5) M0 72 X BN IXHE AR, 0t HE X R
FHIFE IR [FINAEREMETTHE NS emAbJ8CE A4
i JE L SRAY, 1EsR A E S N EE30 mindllE 1
K, I B B AR A Tl kA0
122 RESDPE

AR50 K F AT 7 A B i (AR 2 4 Wb i
LR BIATR AR WY EA W, STz E Bk
FEVENEL. fE201 ARG T) . HFHA8
JOFARIALOH), 73 WA [R) N Ak B 7 - fi
BAIETEIR R A3 W) o WEE T VAT BN R :

FERFANFETT BENLIG B — bk A2 i G B I
RAREKT MRFRZHAIRR(EAE< 2 mm, K
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Bl WRS-WYIEESHREE. A, #HEATT. B,
W TG, C, HIEHIT. |, HIEH; 2, IRE,; 3, TRE;
4, HAER.

Fig. 1 Schematic drawing of root exudate collection device. A,
Sample injection unit. B, Collection unit. C, Suction filter unit.
1, suction flask; 2, silicone tube; 3, drying tube; 4, vacuum
pump.

1015 cm), I F 22 817K /N oyl HLR 8 4 Xof
YR IE A, SRIE KU AR FE 78 B2
PR AOAT 1 TP (AR 22 mol- L' HCIR 24 h, LA
B b e B ER A ZE R ). SRR NS,
WO BRI FENE A R [FIE, FEA10 mL
B IRMR(EZE S MgS0,4-7TH,0, CaCly-2H,0, K,S04,
NH4NO;, KHoPO4) LR FFAIR 242 K IR 5 197 70 75
B OB FRENGERUE 5 R S O e
TR TURE, B kA B N1, AR 60 2 6 1 (PR +F
EHATEE), &a LR, MBB24 hERHE
FENPE3 IR LAGRAIEAR 2R 20 WP e A AR - Sl i 45 R
PUG, FRRENT0 mLE FRREEATH IR, B IRHUE
ESEEIR.
1.2.3 RESDHICHENRZENE

R WIEE e R E, SCEPF0.22 umE
eI A S = B T 20 CAGRRTE; FIHEA
LR (TOC) A Z(TN) /3 HT4X (Multi N/C 2100, Ana-
lytik Jena AG, Jena, Germany)ill &R 5 7 ¥y
TOCH . [FIRTER R TERG, HiEE
P T AR R ISR AR R BT T 5 [l S50 =, O
5 1% — 74 FF K H WinRhizo 2 4 (Regents In-
struments, Québec, Canada);HTHR RILASSE(LIR
K EE AL FR S, BERIEGO CoR Hpt T 2 fH R &,
AR 456 RTHIE AR R I TOCE =,
FIFEBRB S AR, BIRK. BRmAER
RSHUE B RALE M B E N AR 350 I Clfn
N, BB AR A ) S AR R 4 W) C o N\ %
(ug~g_1-h_1)\ AL AR K AR R 4 W C o N\
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(ng-em h7h). FAAIIRER AR R WPICH N HE R
(ngrem>h ),
124 RESUWHCMNBEGHE
FEWCER R WP RN, LEREHRE 7 A BEHL
HESAFE £, KBRVAEYZ, FARA(EA3.5 cm)
BEELO-15 emiRM LR &, IRA TGN A HIEN,
iy B SEAG EARIRARAT . FETAME. B, PapESEgs
FEHkIE H 2 e BTV AN AR (B2 < 2 mm), Jeid)E
60 CHET R IHT R, R FMEERILENES R
g5 ST T AR PR AR (grm %) FEBLIERE |, R
FH 2 T B A E A A 2R 4 BT T AR P AR A i
(grm 2 FLEKREd) EKTENBAREDER
RO WYICH N RGP EIE, SHAEE ARG KT
AR R WICE NI R . BRI AR
RASWMICH N R (gm2al) = HKEN
BT AR AR AR R 2 WA C o N T R P
(mg'gfl-dfl) ALK RE() X?Hﬁﬁi%%(g'mﬁ)o
o, AHE 7 AP ERATT T EE 201 S4E T A i
W% 2 B o 78 W B AR MR A KRB T8
TR A B RS A b N A e PR AR 20154F5 H
NG H22E) U, 6 H T REALER, 2104
FARI(10 A 17 E TR, FATKS H22H-10A 17
H 1€ B IR TR A 7 -6 B HE AR 2R 23 TR0 4 K
WIEPEARKRED, Hit147K.
125 TEMRBHRESHF
FEWCEEAR R0 WP (RN, 6 A HURE T P4 A T
B SIBEHLIGEORE SR, RBRVEEDZ, A (A
4 cm)K0-15 em+ )2, BUSES HRERI SR A, BB

ZARA L), 12 mmN T B A T4 CUKFE I,

FIF I H SR WNO; -N). B Z(NH, -N) Al
IR A YR . BIENO; -NL NH, -NR 4 4k
I3 M6 BE TR By R b i e o HIEREAE
>R FH 9 i i R 7 15 52 (White: et al., 1996),
LB i g U 2 B (total PLFAs)E AL & 34
V.
1.3 SaIARRT I RERLE

9 13— oy By A 9T A i B TR RE AR
FROT UM CH N TR 2 5 1 AN e 45 B 22 S K
FERIFZm R 2, FRATEUR R 40 ) (root exudation)
A1 A3 (soil) v 3 ] FEAT R 2R, i# IS Web of Sci-
ence (ISI, 3% [E)F1H [ HA T 4 S 22 (CNKI, H
L) 34 BT 47 R A AR AR 3 20 W) C i NS 26 IR T

ek e 2R 5 7 B SRLAEHE AR R - BB NS 613

FLRSL, HRAN [F W FE R AR 2R P CHR N &
RES . SCHRERR R LR (1)GER A
HEYRAEDRE. RK. RERIAFERASHEER
FEF B SRR O BEAE T )R 2R 23 WA C o N\ T
Bl . Q) ZDH VIR R 5 W PICH N RIS A
RIE . 3)Un AL SR R 7 W) Clfn N 2 il i
B S B, A8 it GetDate 814 33k 47 $ 3
A A3 DB L SR AR 50 o Jd et A B ik, A 14
ARG SCRR AT & AT bR e, RS B LR L,
1.4 HEHH

FIHSPSS 22.03K AT Gt 534, KEASFEEN
KSR ] SRAE R A] ) - 3ENO; -N NH, -NFH -3
PLFAs & BT K 2 2 0. RAHE S IE )7
ZONTR RN SRFER[E] JNATRAFE RS (3] 52 B
E FH XS A5 I B A0 7E DA 3 AR 2R 23 WA ) C o N Tl 26
(RS2 X6F [R] — SRASE BT[] F 3R NS fin Ak 38 3 47 5.
RZ &7 Z 501 (p < 0.05), K FDuncaniZ | Wi £ 4k
HRIE) &M A W EZ R A B %F H SigmaPlot
12,5822 1] o

2 WMRER

21 AEHENGESTEMN iR EMR R DHIC
HINIRZE AR

TEANRIZETT, MaNG A% 6 506 E AR R 43 ilh
MICHI N E 23544 22 I HIE (B2, p < 0.05).
BARRIN: NN B AR AV AR R W) C
HINEZEECH . 8. 10740 %1413.45, 18.34F1
11.67 pgg "h', 5N A EL, 2 5 AR T
51.68%- 42.44%7F138.44% . NjoAbFEAfE M B ALAR
KRR WCHNEFLCH . 8H 10H 7375
N} HEFRAR T 47.81%- 43.78%144.52%. 5% HEAHEL,
N Kb 2R A5 JE M\ S AR 22 T AR 3% 43 WA ) C iy N T
FIE6H . 8H . 10H 737 F#1IK 1740.56%. 66.71%7FH
39.68%.

XPREANE KN S, MaN T 2 4 H] 7 2
e B Y HE AR R WM Clm N R (25 £2, p <
0.001), A1 255 7 it 5 N Ak B34 P 38 v o ), L
IERINA: SHTEAE LG, NsAIN oAb B AL EE M 2 A7 AR
AW AR 2R 3 WA C i N TH 673 T B AR T 12.52% A1
44.75%; Ns+ NjoAbEE T HE M BATARKAR R 9 4C
B NI Ry ) 0 BB 7.78%F145.37%; N5+ Ny
S T () BT AR SR T AR AR 2R 3 WA C o N\ T 2853 ) 3R
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F1 AR T FAAR R 5 WARR (C) i N LB S 43 i
Tablel Comparison of root exudative carbon (C) input rates among studies
[iERY/E SRt SCHR KR LEEY/L FAARAE YRR R FAREAR R AR TR &R
Plant type Reference source Plant species IrIAICH N TR R I UACHI NI 2 GrUAICHI N T 2
Root exudative C input  Root exudative C input Root exudative C input
rate per root biomass rate per root length rate per root surface area
(gg'hh (ngrem "hh (ng-em b
BEA Herbs  Personenietal., 2007 FK Zeamays — — 2.10
Li & Chen, 2011 % N# Cannaindica 175.42 - -
HKZEE Cyperus flabelliformis 220.00 - -
K%E Hymenocallislittoralis 16.79 - -
Cheng at al., 2016 /NZE Triticum aestivum 4.07-1.19 0.056-0.012
“F¥){E Mean 83.50 0.03 2.10
F¥AR Trees  Phillipsetal., 2009  KIEHA Pinustaeda 2.00-40.00 - -
Phillips etal., 2011 ‘k4ffa Pinustaeda 8.00-17.00 0.10-6.00 -
Meier et al., 2013 KAEFS Pinustaeda 32.00 - -
Yinetal., 2013a =A% Picea asperata - 0.70 9.30
%% Abies faxoniana - 0.50 4.90
Yinetal., 2013b Z 1% Picea asperata 663.91-414.94 0.67-0.39 7.99-5.53
Yinetal., 2014 JLEREHEM Liriodendron tulipifera 9.58 - -
PER Acer saccharum
Jb3EZKR Quercusrubra 17.50 — _
FMKE XA Fagus grandifolia
Zhang et al., 2016 =12 Picea asperata 396.76 - -
Liatal.,2014a IFLE AL N TR 441.86 3.20 2.75
9-year-old Picea asperata
RECSEEEY T NI N 284.88 3.66 1.01
13-year-old Picea asperata
VAR AT 315.89 3.56 1.52
31-year-old Picea asperata
Xiao, 2013 A4 Picea asperata seedlings  79.16 0.70 9.30
A4 Abiesfaxoniana seedlings  65.55 0.50 4.90
Qiao, 2015 z12 Picea asperata 570.93 0.50 4.44
%4 Abiesfaxoniana 579.71 0.51 5.52
Xiong et al., 2015 A Cunninghamia lanceolata 173.68-138.04 0.37-0.14 1.67-0.46
Kii# Castanopsis carlesi 92.72-56.16 0.34-0.06 1.27-0.24
P51 Mean 203.07 1.29 4.05
¥R Shrubs  AHF5T Thisstudy — AFMFHAIE Sbiraea angustata 26.22 0.02 0.29
]
-~ —_ [SE~n
39 57 gl
8 &54 8.5 0.03 ] BF05
N A 8 A R EE
£ Cés 2,06 R 5 5 04
M 55 K § £ 0.02 Mem T2
B2 g WoED EL8g03
Ea S E20 Ba8H Kets
sEe: 9Ees ES S g02
2832 =L E Ty 001 R 2es
RET 10 SEg 8 2EEE
& 83 % 53 s &8
# B g ) 0 2 2 0
S8 o 84 104 FHE 28 6f 88 108 WHE 85 0 64 84 104 P
June August October Mean June August October Mean ~ June August October Mean
H 4> Month A 4} Month A4} Month

B2 [ AN) b A P B HE AR R 3 i Bk (C) i N % 22 7 CR AR R ZE, n=3). A, BRI EIR RS
WICHI N, B, PAMRKIR A7 WACHNERE. C, BAMKRHAUR R WBHICHNE AR . AF/NG FRERIRE— KA
i A & AR #Ep < 0.057K T EZ R B E . Nov NsFIN o J93Mit U B (Ng: 0 gm2+a'; Ns: 5 grm >a™; Ny 10 grm >+a ™)

Fig. 2 Differences in root exudative carbon (C) input rates in Sbiraea angustata shrubbery among different nitrogen fertilization
treatments (mean = SD, n=3). A, Root exudative C input rate per root biomass. B, Root exudative C input rate per root length. C,
Root exudative C input rate per root surface area. Different lowercase letters indicate significant differences (p < 0.05) among
treatments on a given sampling date. Three nitrogen addition levels: No (0 grm2-a™"), N5 (5 grm2-a™"), Ny (10 grm2-a™").
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F2 it AL THE MR R 43 UAIBR (C )i N 22500 it S0 (N )RR ARE I 30110 S 5200 8 22 3 Hrpfi
Table2 Summary of repeated measures ANOVA showing the p values for responses of root exudative carbon (C) input rates of Sbiraea angustata shrubbery

to nitrogen (N) fertilization and sampling date

N PREAER ] PREIEECEY N

N fertilization ~Sampling date Sampling date x N fertilization
AT ARAEP AR R AT UAPICHT NJE 2 Root exudative C input rates per root biomass <0.001 <0.001 0.255
BAARKAR R WYICHI N2 Root exudative C input rates per root length <0.001 0.019 0.844
AT AR R FAR 2R P CH N TE . Root exudative C input rates per root surface area  <(.001 <0.001 <0.001

ot B A 14.69%4152.59%
22 FEMERILEMRRDIDIICHMNRETTT)
ST

AE I LA TE AR AE . ARG RERTH
BUAR R Wi N F 3 B A B E M2
(K2, 322,p<0.05). BRI S, FlR3FHR 5507
Chi N Z s HB HIESH, 6 H ik, mARMEH
BAEI0H (B12). AHRMEZ TR B, Nov Nsv Njpkb 3
7R A BTV A BT AR AR ) B AR R I CHIT N
HER G5 emHIEE A 2 (6] 15 2 52 i IEAR PR3,
P <0.05), FKHLH IR A — Bk 1k
A, N5 ZE A8 FAE YOG A5 I B AR A BT
PRF AR 2R 2 WP C i N A W 5 25 R i) (3R 2,

p<0.001).
23 TEIRENKLIE A 6 82 7852 A IR £ 1 8
T

TEAFZETS, NS 2 B AR 1 48 i 6 B TR
0-15 e JZ AR AP (K4, p< 0.05). B ARRI
N EXFHRAREL, NSA B HE AR AE ) 6 H L 8
H 10 A 53 BIBEAR T 14.16%- 31.96%F118.49%; N
AFR R VE AR AE M EAE6H . 8 10H 55T HEAH
EE 3 59 FEAG T 28.57% 38.33%A1137.15%. M IEANAE
KFTRE, NsFIN B AL EE T HE AR AE )
M ]129.65F1111.93 grm >, SXFHEAHEL, 45 F%
i 723.36%7F133.84%, AN IIHIH] TR &
AR, FEHBEAENE IR T &, A
H(p<0.05).

24 AEFENGIE TEMEE R EMRR D HYIC
MANBET

NsFIN oAb B 55 25 FRAIC 1 4% i B A6 DA B 7
WAV ER RS WYCHINER, 5XTIRAHEL, 5
SIS 7 0.11710.32 mg g '-d "5 NsFIN o b 38 R #E M
AR A B4y ) EL IR 1 39.52H157.24 gom ™ (K
3)o FH A5 I 6 BL AR JE MR AR A P AR R 2 WA C
NG R AAIAR A P BEAEN A R 1 8 35 PR,

FINKLBE D 25 FEAR 1 HE MR 70 W) Clian NG 5,
BEARAE P B FENKCTSR R In Rl (p < 0.05). e,
N b FE T 7 i B A AR 22 70 WP Clin N il 208
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-

N
S

[ ®N, y=1404x+11.978 R*>=0.87
L oNs y=1.095x+12.066 R*=0.907 s
vNy, y=0.741x+7.341 R?*=0.881

w
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BANTAR A B AR R AP IR (C) i AR
Root exudative carbon (C) input rate

W
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(=]

6 8
5 con 38R A
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E3 A AR HE A AR ARV AR R AW B (C) i N
55 em SR ERHIHE T Nov NsHIN, o 3T 2R
JE(Np: 0 grm>a';Ns: 5 gm>a; Njp: 10 gm2al).

Fig. 3 Correlation analysis between root exudative carbon (C)
input rate per root biomass and soil temperature at 5 cm depth.
Three nitrogen addition levels: No(0 g'm>-a™), N5 (5 g'm>a™),
Nio(10 grm >a™).

aN
a 5
250 BN,

MRAY R
Fine root biomass (g-m2)

6H 8J 10/ PHE
June August October Mean
A 43 Month

B4 A[EENL T A w6 0T AR AR W) & A A (T
BHEARHERZ, n=3). NR/NGFERERIR R — AL 7] %
AEFRAIZED < 0.057KF EZE R . Now NyFIN 3R i
BB (Np: 0 grm >a s Ng: 5 gm>a™'; Njg: 10 grm >a™)

Fig. 4 Changes in fine root biomass in Shiraea angustata
shrubbery under different nitrogen fertilization treatments
(mean + 8D, n = 3). Different lowercase letters indicate sig-
nificant differences among treatments on a given sampling
date (p < 0.05). Three nitrogen addition levels: No (0 grm2-a™"),
N5 (5 g~m’2'a’1), Ny (10 g~m’2~a’1).
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9.58 g'm >va ', HUXTHEIR/D T 43.28%; TN bR
RS WPICH N BERENNS81 gm >a, HSXR
AHELIR D T65.60%
25 A REIENLETHIEBYNMEPLFASE &
S

it N 25 RN T AR e B AR HE N IR N
(NO; -NFINH, -N) & & . fEAFZET, 405
HE HHENO; -NFINH, N2 8 1 B it N /K 7 32
B BT, EAUN g &L 3R £ ENOs -N AN
NH, N7 & 55 B R 77 152 2% 7 (3R 4).

FEANTRZETS, MENY R 3 BRAR 7 28 i e B AL
NI A YIPLFAs 5 B (815, p < 0.05). FARSRI
N SxFRRAR L, NsAbH A+ 55 AR Y PLFAs & =
fE6H . 8 HAI0H 73 M FEAK 1 22.54% . 15.55% 41
29.31%; Njohb3 T LIEMAEYIPLFAsS S EE6H . 8
H 10 F 50 REAH EE 73 701l BRAIG 142.78% - 34.20%FH
41.96%. MEEANERKFETRE, BN LBEMAY)
PLFAs.& =4 BLE HIHITEH @ < 0.05), SRR
DINVAS AR Bk vy, LA A BB 2.
26 REDDICHMNERLLES 5

NT B M AR TR R I CR N 2R
5t ANt 4RI E 5 LIEEREmE R, 347
WG USEE T 3T 4E KK T REYIR R - WP C i N il %
W T IIAR TR (R 1) BT EL R B, AN [ RE 4 1]
R R I CH N TR 2 22 R BN L, SRR I
WTR R (DT AR FIAR RIS AR =, 5

FARAEYIE . R IR R I YICHI N
SESE 53 59)9203.07 pgrg h's 129 pgrem h'y
4.05 pg-em >h' BN R - IICHNE R
%, FIR3FHHE R 73 WA Clifn N P 4 53 il N
83.50 pgrg *h™'y 0.03 pgrem h'y 2.10 pgrem >h s
Hrh, ZH4ERAMEY)(E N (Cannaindica). A4
Hi (Cyperus flabelliformis) . 7K % # (Hymenocallis
littoralis)) AR F 7 WA CH NI Z 0z 1y T — AR L
KMMONE), ZFHZ AR EN B ZE R AR
FEHA E ARIR LT O IR ) A8 I 6 BRLAEVRE AR 22 09
WPICEINIEZ K T/NEE K RRESE AR, T/
T B WA . (2)[F— AR R 75w
CH N R AEA [ A K Hr B AR BOR 2 7 (I 4,
2014a), K I AL B R 75 WY Chi N E
BAR(HEH, 2013), T AR 2R 70 Chi Nl 52 1
AR (Yin et al., 2013a, 2013b; FFBA%E, 2015).
3 g
31 AEEMIIRAR D HICHENRER LR
RO E R B, HER RN 2 2 P A
YIRAEAE YR s, F R LI M
VIR RME BB B W BUE 77 Ot S5 LA AR PR
T AR W 2H RN 2 55 (Hodge et al., 1996; Uselman
et al., 1999). i LB Hr KL, AR Y EIHR £
GrUAPC o N 22 5 0 RO R 2 (R D), XU
WA B SRR R - NG &

3 AN E(N) AL BT A G BT KR R 43 WD BR (C) il i (P AR HE W 22, n=3)
Table3 Root exudative carbon (C) flux in Shiraea angustata shrubbery under different nitrogen (N) fertilization treatments (mean + SD, n= 3)

Aib ARV ER R WHICHR AN HE MR EE RS- WYICili s

Treatment Root exudative C input rate per root biomass (mg-g '-d™")  Fine root biomass (g-m ?) C flux of root exudates (g-m *-a')
No 0.68 +0.02° 169.17 + 47.83° 16.89 +£0.31°

N; 0.57+0.04" 129.65 £ 81.71° 9.58+0.24"

Nyo 0.36 +0.02° 111.93 +58.49° 5.81+0.12°

Nov NsHIN oy 3Rl S0 18 (No: 0 grm >-a ™' Ns: 5 gom >+a '3 Nig: 10 grm >-a")o AFV/ING FRER R & MiNALBE 7] 22 7 5.3 (p < 0.05).
Three nitrogen addition levels: No (0 grm2-a™"), N5 (5 g'm 2-a™'), Njo (10 grm>-a”™"). Different lowercase letters indicate significant differences among nitrogen

fertilization treatments (p < 0.05).

F=4  ABEFENAKFE T HIENO; -N. NH -NE&BCEEARER 2, n=3)

Table4 Changes in nitrate nitrogen and ammonium nitrogen under different nitrogen fertilization treatments (mean + SD, n = 3)

b T 2015-06 2015-08 2015-10

Treatment NO; -N (mg-kg™) NH,"-N (mg-kg™) NO; -N (mg'kg)  NH,-N (mg'kg™) NO; -N (mg'kg)  NH, N (mgkg')
No 20.88 + 0.91° 7.44 +0.16° 23.92 +0.23° 8.66 + 0.54° 25.88 + 0.83° 7.63 +0.28°

N; 22.19+0.71* 12.57 + 0.64° 24.51+031° 13.21+0.27° 26.21 +0.24* 12.42 +0.59"

Nio 30.38+0.71° 14.29 +0.85" 28.98 + 0.65° 16.18 + 0.56" 2938 +0.17° 13.94+0.71°

No+ NsFIN oA 3F i FBS BE(No: 0 g'm 2+ Ns: 5 grm >+a™'; Ny 10 grm>a ") ANA/NG FRER R & ENAL B H] 22 53 52 2 (p < 0.05)
Three nitrogen addition levels: No (0 g'm *+a™"), N5 (5 grm *+a™'), Njo (10 g-m-a ). Different lowercase letters indicate significant differences among nitrogen

fertilization treatments (p < 0.05).

www.plant-ecology.com

©0 00000 Chinese Journal of Plant Ecology



% RREENT

.No
a oON;

BEIRIR IR R
Total PLFAs (nmol-g ™)

6H 8H 10 FEyfE
June August October Mean
A4y Month

E5 AFEHENACHE N 5L Y iR e 7R (PLFAs) & 848
WCPFBELFHEIRZ, n=3). AN T BRI [F]— R AL )
FALFR A TEP < 0.057KF EZEFEZE . Nov NsHIN, o Jy3 R
BEIENp: 0 grm2a'; Ng: 5 g'm 2-a'; Njp: 10 g'm *-a™)).

Fig. 5 Changes in total soil microbial phospholipid fatty
acid (PLFAs) under different nitrogen fertilization treatments
(mean = SD, n = 3). Different lowercase letters indicate sig-
nificant differences (p < 0.05) among treatments on a given
sampling date. Three nitrogen addition levels: No(0 g'm>-a™),
Ns(5 gm2-a'), Njo (10 gm>-a™l).

PesE ERIRS I (B AKTESE, 2012). BRTT S, HARR
LT 7 - SR HE AR R 20 I Cl N R A T3
FEYFTEARZ 0], XA ge SREAMEY B S S
WE, WARS. EHRHE. £ FChH
BeHs mA K. AN, [F—RFE L) B B 5 7
VICH N RART bk, X 0T 68589 i db A= KBy
BUAS R A BRAS LS S5 A 0%, B A AL
WIANE R, AR IR T T

UEAh, HEI PTG 6 BURE DT (R AL AR
I Y REFRUCER ) EDURE B[] R EDURE 4318 55 41, ]
FOA [FIHE T AR 250 I Cli N A AERCR
ZES(RHHARAE, 2010; ZHAELINEE, 2013). K]
I, CHFEIRN B RSO AR R i CR N I
HA I ED IR I AR AL, AR Z I 7
AR 5 B3 — 20 Ok AR T AR &R o W W R T T,
MR N AR RAEKK R R E,
1 H B AT it HE SR A AR ) 5 R AR A R 2 A
S5 R AE R
32 NEEBEMNEMERIWEMMRRSDHICHA
RFERF M

NFREEYERKBENY SR ITER, RZIH
S A BT R R A KR E - AWFFEERM,
AL = DA N & S A 7 A% i BTG HE
R AR 7P C N (K2), R 51T AL
WFFtgE . B, JacquelineZ:(2005)F 7t & BL: N

S R R 4 A I SR TEME MR R M IR N s 617
AbFE(100 mg- L") S 3 44 42 (Picea asperata) i
RO UICHIN L3 P . AR, Phillips®5(2011)i8
It K AEFA(Pinus taeda)4/) i HE47 34 482 5 4 JitiN Ab 2
JE R I, AR FR S AN C i NI R Bl COL IR FE 1
o 38 i B A AR AE RN T, AR = NAL
PR COL MR BE & AR AR 22 23 WA ) Cfn N 1) T RURE Y
S, kRS T RS R R NV I A AR
R IPICHIN o

NZ & 0] 48 i BLAEE AR R 7 WP Com N
R PR P AT an S AL R AR (1) S8
i B HE AR R 2 WA Cofn N 2R PR ) — AN
BRI AT RE S NE 2 TR R A& KMHIE K. o
FRHY, EWR R WA SRR A
PEZE YA e (R T HESE, 2005) . — R, NITRFAE 5 I
I H R B AR R, A
Py N AR R A4 K (Fenn et al., 2005; Phillips &
Fahey, 2007), M3 ECA0AR A= 4 & FHh T~ C o e b#
fK(Magill et al., 2004). AHF7THHNZ &£ T 74 M-
BAAEE AR AR 2 PR X — 25 R (B gk — 28
PEIE T IR HEN . (2) N'E SEFT T 801 4% - L AR
MK Z A T4 B A P 75 SR AR A AT e 2 TR &
SHAPICH N IR Z ER B R A . R R WY~
DRI AR B 25 P A O 2H ORI VE I B B2 TR 7, 7RO
¥ IR R A A AR B B AR S R
(Drake et al., 2013). AHFFLH, A5 M-E AL Z
AR IR, LGN RENE, R,
JETHANRKRZRO LT RALMCETE,
2013). FEAEMEALSCAT R, T 52 LN 250 i B
ill, TIERLCEYPRAR R I N RICYE N REDR, LA
SRR A HLB 0 RN ER R Ak, AT 2 i
IR A K BT 7R 2 () 5% 53 (Jones et al., 2004; Phil-
lips et al., 2011). A%, FPELm s FINER & E1E
—EFEFE BN T AR A SR HE M INKE,
3 ) B T 5 Tt SR U 75 1) 95 4%, AN 2 A0 T
TR RN T2 IAED IR 7K« ELLIE LT,
T W) K BT RN 2 - C 80N 19 7% 43 3K 3R s
(Phillips et al., 2011; Yin et al., 2014), B F&E Y04 110 %
N &A@ H A H IR K TR R Wc
BN ABFPNERE S A i R A AN
R (F4) 5 Y PLFAs BB (B 5) Bk gk — 5
PEUE 7 AT HEN .

SR, —EEHF R R IR R, BINKE
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LR T HEHYR R WP Flan, wie
(2015)iH I BF 7T R I, NUTRE & 35 42 i 5 1 BR(Que-
rcus mongolica) A7 K AR R/ ICHI N R . 1X
AR AU TN A A RS NIy
3 AL BRI TR AT 45 R 31 A (AR E 4%, 2003), {H
BAKRJFERA R T —BIRAB A
33 FEMERLEMRARSIDIICMNRENFT
TUERNE

FEARRE T, AFEINALEL T 45 -6 5170 8 AR
RO CH TR R ) 2P AR =T s 54 b
B, fEAE KA AR BIRR, R4 K ZER I
(10 ) E BAK(E2), LI 18 A —
A (E3). YRR W 2 B R
ZET AR, FRF AT R S TEAN R 295 R
FICHEN-NIR S Fe s A 5%(Yin et al., 2014). 7E4EK
WA A, PRSI R AR R, A A K R,
X IR TR R RO (REAE S, 2015), HRARETH
AR (R 2 KDGA T 5 TR B ARBR,
HETT PR A PING A I AR DASR B ) AR K P
TEM T, EA KT IEIHRE Y R I T = C
FEN-m TR W o SRl T AE AR KRR, IR RIR
B, HPX IR 1R I, AR R
FRAr WA AE ) IR BN e SRR TS, FE A E it A B Y
K TR RS WICHIN - BLAL, FEBEE IR AR,
A PRI DR 7 (17K 43 ) R 2= 715 A 38 380 ] R oo R 47 4
R AR B AR KRR 2R 43 WA i N AR LA B B ) R 454
F(Joslin et al., 2001; Wells et al., 2005). Fit, Fk
190 T8 BLIRANIR TR R 53 WA 2815 Bh A A I
HBER A7 FE, AR R RE
AR R I ZE T AR, AR o] Bt
BUIIRR 2 WA BURE IR, DA SRR At i AR S
RGUKT AR R WY B
34 HENXEMEERILENRRDDYICREN
A

TR R 5 I Clin N & KN SZ BT AR AR )
H RS WA Cli N 2 ANGH AR A P 3L A 2
AW, HANAE AT i BLAEE NO-15 em T2 1)
AR A B T 2 PG . 1X 5 Majdi%s (200 )X e =
#Z (Norway spruce), Inagaki % (2009) %} 5 5 41 &
(Acacia mangium)Ziif A= 9 &I FE 45 R — 3. X
Al RE S T HENTR /1 I MONUK T (R 4), 1Rt
THEYH EE S AR, b T ORE Y R R
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RIS AC, AT S B4R A4 ) & % ik (Nadelhoffer,
2000).

H T NZR & S0 R R 7 WA W C o N 3 6 A4
A B IR AHIAE L, 84548 i AR RE AR R
IR ONIE B R 2 FRIRGR3) . IR WL
YR IR G EE R s FH MUK B> (Pat-
erson et al., 2007), NULFFE 5t N ENES RS
R CHI N B PEAR B 20 1% X 38 -3 C. NTEFR I
Ry~ A BB, JERE— P I it T s S
MEZRGGEWRTIRE . B, AR FTN 05E 5
TEHE MR R CH N E 22 LI AR Y b Bk 16
SRR S HLEIRE T, DU SR AR 7R = 284

75 R G I AR S [R5 A8 A i e AL o) %

A RN .

4 g
FELERIR: (1)7%8 L TEE AR 2R 50 W4

CHINE R R H B BTN BUEES, BAREM

NERFFHSERFYISE KRN, QNS
EIN T HE M I BINGKSE, TR T A i
RACHENIT LBV IR 75K, BEMIFEAR 7R
RTWPICHIN . B)HTNER B HXRE R 70 WA Ch
N R AR A 0 8 (A £ Y, N SR AR B
3 AR T A I SRR MR R W Cla A\ i
ot Z UL AE, AR BATE ROE TNRE
X IR R WY CHm N B A2 25 57 B8, T 8k Z NI
BT 5N MR R I IC N S A
PR RLAR RIS S HLRIR A TE, 208 23K
AT B0 90 CAE R I E A

EemB TEAFRATLAFELHARLAA
(QYZDB-SSW-SMC023). ¥ E #5324 44 #r12 it
AAT A (20132420). B K B AFHF A 4(31670449)
Favq 1| 4 F A A (20161Q0037).
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A 2FSP U o RAF TAE 25T 09 H B
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