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Abstract

Aims Our objectives were to investigate differences in nutrient resorption between different plant organs (leaf
and branch), among plants with different life spans (one-year old, two-year old and senesced), and under different
duration of nitrogen (N) deposition treatments in a Chinese fir (Cunninghamia lanceolata) plantation.

Methods The long-term N deposition experiment was conducted in a 12-year-old fir plantation of subtropical
China. N deposition treatment was initiated in January 2004 until now, up-going 14 years. N deposition were de-
signed at 4 levels of 0, 60, 120, and 240 kg~hm_2~a_1, indicated as NO, N1, N2, and N3, respectively, with 3 repli-
cates for each treatment. The solution of CO(NH;), was sprayed on the forest floor each month. In the study, we
measured N and phosphorus (P) concentrations and analyzed the pattern of nutrient resorption of mature and se-
nescing leaves and branches. The different responses of needles N and P resorption after 7- and 14-year N deposi-
tion treatments were also compared.

Important findings After 14 years of N deposition, (1) during the senescing process, leaf and branch C, N, and
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P content gradually decreased with increasing treatment duration, with higher content in leaf than in branch. N
content decreased in the order of one-year old green leaf > two-year old green leaf > senescent leaf > one-year old
living branch > two-year old living branch > senescent branch, and N3 > N2 > N1 > NO, with C:N showing the
opposite trend. Senescent organs had higher C:N, N:P, and C:P than mature living organs. N deposition increased
N, N:P, and C:P of mature living organs (except for the two-year old green leaf), while decreased P and C:N. (2) N
resorption efficiency (REy) and P resorption efficiency (REp) of leaves and branches decreased gradually with
increasing life span. REp was typically higher in leaf and branch than REy. Leaf had lower REy (28.12%) than
branch (30.00%), but higher REp (45.82%) than branch (30.42%). A highly significant linear correlation existed
between N:P and REN:REp in leaves and branches. (3) REy decreased but REp increased with the treatment dura-
tion of N deposition. The longer experimental duration (14 years) reduced REy by 9.85%, 3.17%, 11.71% under
N1, N2, and N3 treatments, respectively, and increased REp by 71.98%, 42.25%, 9.60%, respectively, than the
shorter treatment duration (7 years). In summary, the responses of essential nutrients resorption efficiency for dif-
ferent plant organs and life span varied with the levels and duration of N deposition treatment. REN:REp in leaf
and branch were mostly driven by N:P of leaf and branch. The results highlight that nutrients resorption is signifi-
cantly influenced by long-term N deposition.

Key words nutrient resorption efficiency; ecological stoichiometry; Cunninghamia lanceolata plantation;
long-term nitrogen deposition

Shen FF, Li YY, Liu WF, Duan HL, Fan HB, Hu L, Meng QY (2018). Responses of nitrogen and phosphorus resorption from leaves
and branches to long-term nitrogen deposition in a Chinese fir plantation. Chinese Journal of Plant Ecology, 42, 926-937. DOI:
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F& 57 B (NR) (A 470 2H 23 1) 37 4 e R (R
(N T (P)) 72 Bl V8 74 ik N - 358 2 Wi ol =68
BYERL T IR LI AR 5 B 2 R (A A B
(Zhang et al., 2014), #&m 7 FRASFHBE, Wb T
TR, ISR T AP 70 3 Z AR AR S
RGE N M (Reed et al., 2012; FiE =%, 2018).
Reed %% (2012)K F meta 73 1 43 H 4= BRAE PN IR i
R (REN) AP H- IR R (REp) T 2 2 N 49%A150%, 5
Aerts (1996)7) 1113 H RENFIRE A50% FH152% #5230t
1M VergutzZ5(2012) B 7L X W, 2 ERIEYIRENHIRE, Y
¥I21H62.1%F164.9%, FRULHIN. PS5 RV
WrE. RREAAEL. WTRAEK. Berdrs
ESuplp

NRZ VI ATER . 285 FREAEHRE RN
oM KB ALR A, MYAFES T, Wit (Huang
etal., 2018). Fi(FFiEL, 2001). M (BRI, 2001;
Brant & Chen, 2015). #f JZ(Brant & Chen, 2015). 4i
f&(Brant & Chen, 2015; FRINEE, 2015882 KA1k
WD SR aEAE, oo A 9 5Tk Bk
(Drenovsky & Richards, 2006) . 7 4=kl P Al 72
8%, WHABED  AFRAEEIEYINRAE . U,
I PR R 2 IR A YR T IER A (TR
T4, 2017); BMHEY) ST Sk EA)(Brant & Chen,
2015; YL RS, 2017); H SR Y (1) REN HL 76 i
YUK, (AREpLLTE MY, AAEYIRENK THEAR,

Bf i B 5 R B 1 REN I REp A %2 57 (Yuan &
Chen, 2008). YuanZ5(2005)Hf 7515 i v [H 2 T 5 4
DX AN [ A2 35 AR AR A0 B REN K I VN B AR > JE A
PARS RA RS E B« AN [FIARES A 7% 53 TR
RWAE, LA E S REY, ZWHREA S
[IREp (TL KIE%, 2017) NREEZEFFHMIL 241t R b
S T AR B B, 1R REN:RER [ AR 16 R %
T2 ) ]RUBE 7 3 (G A R0 PR A AR DGR B AL T — AN
¥ (Reed et al., 2012; Yan et al., 2014).
KA AL A BRIE [l Bl A, A BRI
PENFE SR M35 Tgra' (18504F) 4 N%104 Tga'
(1997-2013 %), 7E oK K — Bt i ] ] fig 4k 2L 3%
(Galloway et al., 2008), #ii{210045i£%]114 Tg-a'
(Wang et al., 2017). 1980-20104F, [ X &I
BB IN0.41 kg-hm ™, BT 3 2% 51980
SERRIM P AL A T % = U (E — BU(Liu et al., 2013),
Hh AR AR IETE 28 7 ™ B R DTRE, i 25 204F 1
BUTRE I FH438 132 kg-hm 2 H9mF)21.1 kg-hm™>
(Liu et al., 2013), H-HAEARAFLE Figm T AES RS
[INFIPHEFF (Deng et al., 2017; Wu et al., 2017). Hf 7T
KW, FEUTHEFRAS T ZNBR A R HE Y
AN:P, #8507 REN:REp; {HIEIN T 32 PRI IES &R
gt b [ i NP, FE K T RENREr  (Zechmeister-
Boltenstern et al., 2015). BULFEEZMW T, AFRYIFH
RENA 3FHAUN: WA i3 521 (Huang et al., 2008;
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Wang et al., 2014; Chen et al., 2015; FHk%E, 2016).
4 hn(Yan et al., 2014). [#{KX(Huang et al., 2008; Li et
al., 2010; ¥4, 2010); REH A 3FRN: TN
(Wang et al., 2014; Yan et al., 2014; Chen et al., 2015;
FxkEE, 2016). H1(Wang et al., 2014). B&{E(Yan et
al., 2014). NREEMEM TR IRAFH ke 2O EH, R
W HOO PR AR A AN R ) B, i TR A, 2
KM 7T #5 (Brant & Chen, 2015).

¥ K (Cunninghamia lanceolata) /& it %4 {1 B 5
BRI RRR, DR HE AR AR BTG R R RFAIE AE Hh LI 4
X CEMAE 100024, HATAZAM A E AT
IR 18%, 4B N TAREA5% (Huang et al.,
2013) AT AR NBE TN R, FEREILEDTIE14
SEMEER BT AR — A A RTEL IC NS
PSR, REEEEN ., Z2HZEFIN,
PR 4> FERISCREAE, [ LU AS [R) 0T o A B ) (1)
(THEFI145) N PRI BRI 22 5, IR DIAS AR AN [
U 2 FIVRE R 73 43 P ORI K S L 0T P 1
Wi 87, AR NN RAEY) IR 5 PR WSS = o LA 2
X A ERARAL e B A AR 22 A -

1 HREXBURFAARFE

1.1 RIGHRER

I M, THEEG YD E T EA R TIX
(117.72° E, 26.51° N), #4200 m. J&H I #HZ=X
A, NEREEES, HRA L, £ AR
18.8-19.6 C, #FE[F/KE1606-1 650 mm, Jg#H Y]
271K HHEN el 358, IO,
AR, S N35.00k 4. FERBAT AR AR EG AR R
19924F HHH MG S8 —IE MK, BEMORZAR, Sk
[f#15.73 hm®. T20034E 12 H FEE AT 9N LA AR
AR AL E T SLH SRR AL 12520 m %

RL S ACBE ) T2 ZEAR AL AN 3B P A AR

20 miRIGAE . TAET ORI, FRHLAR SR
B, & LU A T (Miscanthus floridulus) . T
(Dicranopteris dichotoma). J#% (Pteridium aquilinum
var. latiusculum)Z5 N F, #5E7E3%5% 1. SFE
ALFERE Hb PR R i e 3 FA T SR L1
12 RHIRIRkEALE

BT FAR R R =TT E B M 71992
FEMHEMZARN THRAR IR, TEARIEER
UGG AEHL, 2004451 H AR AT b3, —
HIES:E S, RITERERIHE SR T P4 FZEAT
5% (Fenn et al., 1998; Gundersen €t al., 1998; Z={f7%:
& 2004; Hoegberg et al., 2006). 4HuN T o (3
JE AR 2000; BEd, 2005) LA KA AR SN AE 75 5K
B HNEF R AR, 4R g, BINO (0 kg
N-hm *-a”', %), NI (60 kg N-hm *-a™"), N2 (120
kg N'hm2a'), N3 (240 kg N-hm *-a™!), iR &
(CONNH))VENRIR - A b FE 8 5T 39K, 4 Ab 3L
T2 [ E REH, R ARET R Z1 86 000 m” . H5454>
BE 5 BRI T 5 W ) JR I AR AE20 LK, B H A
WILLTY 20U 55 B 7E AR N TR (RIS meiiG . f2 R Ak
HHKP IR, oo HEFE D7 (NO) B 78 AH [F) & R K, BA
ok /D DRI (4 7K T3 %o bR AE T BR A 24 18 FR 1
AL
1.3 HRRERLE
131 M. SR

20104F12 A /1201 74E12 B, 7E 124 k3 Py 43 531
R IREE . K3 R bRk, FBHBIR
re A BY SR ) oH T [+ 7 BE RS AR B 4 T, IR
S A . AR (IS AL, DUR AR
AR KRR A, FER BT BT /N B (K35 om), &
AN SRR 1015, o B 43t A /N AN () 8 4 (— 4
AR AR AR I T o KA SRR S RTIH HRE f

Tablel Background values of the stand and soil physicochemical properties in the nitrogen addition plots

posiiil MRAMEME Stand characteristics +I3EFEAPER Soil physicochemical properties
Treatment X - .
g R REliivkes PR pH AL o e
Forest age (a) Density Mean DBH  Mean tree height Organic carbon  Total N (g~kg’]) Total P (g~kg’l)
(No.'hm %) (cm) (m) (gkg)
NO 12 1717 16.1 11.8 4.59 19.23 0.86 0.22
N1 12 1633 16.0 12.2 4.76 17.31 0.68 0.13
N2 12 1683 16.3 12.2 4.65 18.88 0.80 0.17
N3 12 1625 16.0 12.1 4.71 18.14 0.81 0.14

NO. NI. N2. N3, W% 4540, 60, 120, 240 kg-hm>-a'.

NO, N1, N2, N3, nitrogen addition 0, 60, 120, 240 kg-hm >-a”', respectively. DBH, diameter at breast height.
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REFA B R G, K3 R0 R 2 2 AR
N O 5 B 48, RERZI200 g, 7 [ 505
%=, 270 C 48 him, ¥, d100H i EE T
TR ARAT
133 MHmMNEFE

AR C L NS &R FH T 2= 20 AT (240011,
PerkinElmer, Norwalk, USA)llzE; P& & K H idH&-
AR - B PT L 7k, Lambda25 48 b v] L4
H 6 1T (Lambda25 UV/VIS Spectrometer, Shelton,
USA)IIE .

14 FoEREITE

K2R W1 37 43 TR 2 (RE) T 8 2 2 (Huang
etal., 2018)41F:

RE (%) = (W, — W5)/W, x 100% (1)
A1, W BRI B T R R R A R (ke ), Wh
NI E R TR S Bgke )

- P 3545 TR A B (RP) LA BE 2 35 40 HE 42 J 1)
AR /K U B Sk 2 4E (Killingbeck, 1996), i, %
L IR IR PE RN, FRIORTE o PR R K

[FI, 385 HITHE TAZARAN ARG 2 RN (P)
FE BRI, HE AT HESE, 2016; KIS
2 2017)80 R

N (P)FHILZE (%) = (1 — C1/Cy) x 100% )
i C/CHNEZM/HEN P)EES —FAM/FN
PYEEME. ZEH/FN P& RS ZFAEM/H
N P)&EME. —FEE/EN P EES —F4
/BN (P) & & ELAA .

15 HIES

K HExcel 20164 4b FEAZ A N TAK i FIAL )
FEorara . AR PRI H R, SigmaPlot 13.0
BAFHEAT K, SPSS 19.04¢ tH 31T A I B AR 1
BNESFREERE . VR EZ0H . ARNG
FREFRORA AR KE T 25 2 E(p < 0.05).

2 RIS

21 FAMFIKEIC. N. PEERLFITE

FARMEIC. NFIPE & m TR (&), BEER
Qa2 (D, AR FC. NFPE &
BB Hi AR, N—FEAErE L0, C. NFIP &
B HIBEIK T 3.8%. 28.27%F146.98%; M—EA
BREEZH, C. NAPVE =755 K 17 7.10%.
37.64%7F136.51% . XK A A FIR AL Z i fE
C. NFIPEEARAES, HNAPE R IR
HFIVRL 2 1) 22 57 38 25 (p < 0.01)(3R2). BUTHEEIET,
T2 ARAS RIS Gk AR (R C &5 AR G it B3R IS 3
FrEzE (2, B, E2). —FEE, R —
AR FINE 25 2P HN3 > N2 > N1 > N0, N34t
T E R IING & (p < 0.05)(%2; K1, ER2A. 2C.
2D). FEE M AP A & K/IMKIZCANO > N3 > N2
> N1, AP EENN3 > N0 > N1 > N2, H
N1 EE PR EE 2 P& &, N2AGBE PRI AR AL
P& &, BUTHENT. N2AIN3 )AL 3B 35 R 2
B HIP & & (p < 0.05) (&1, E2F).

C:N. C:PHIN:PEIFEEZHLAA LN, H
C:NAIC:P AR, HNPAH>E(E1). 2RI
5, A [F) 20 SURIAS [A) 8 42 (1 C:N K/ 343 5N
TEEBMER, RIHFEEE> FER>—FER
SFEE > A >4, HIRIANO > N1
> N2 > N3, N3AFEM ZFAr, FEZHC:NEINO
R HIA BB Z KT (p < 0.05)(F1; #2); N2Ab#E
() 4 A2 Kl C:P bE oAt A 8 5y HLIA 31 5 25 1 /K F (p
< 0.05); N3ALHE ) —F4FNPEINO = Hik 2 8 2
PEIKF(p < 0.05) (Bl 1; #2). M4 SR ITRE. k4
7 SEUTE A HAEAC. NP4 & A
TR TR FE L (R2). BT R 5N F
Z ) (AT S50 0 L AR (BI2) Rl 0, R PR A R G i
A [ G RO DL R 3 2 AR NS B N:PAH
C:P (Br A4, (HIEK T PE EACN,

22 FAMIFEAMN. PERKERESHKEITE
RIXFR

AR A AN EE B R 8] AR A A R
WM 8] — R AR BRI AR AR /A 2 T 1)
REn- REILEIZ. HAMFIHHIREY. REFR I HFH
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Fig. 1 C, N, P content and stoichiometry of leaves and branches of Chinese fir under long-term nitrogen deposition (mean + SE).
Different lowercase letters indicate significant differences for the same life span leaf or branch under different nitrogen deposition

treatment levels (p < 0.05). NO, N1, N2, N3, nitrogen addition 0, 60, 120, 240 kg'hm’2~a’1, respectively.

w2 HETHHARTTZIMNERIAY . BUREACE R EAF RIS AZ A A A 222 11 ) B (FAE)

Table 2 Results (F values) of two-way ANOVA on the effects of components, nitrogen deposition treatment level and their interaction the ecological

stoichiometry in leaves and branches of Chinese fir

Senescent branch

“F Factor

F (p)f& F (p) value

C N P C:N C:P N:P

414> Leaf components 1.173 20.401 24.425 13.832 24.072 5.728
(0.336) (<0.001) (<0.001) (<0.001) (<0.001) (0.003)

ZUUP# N deposition 0.573 3.272 1.246 3.158 0.853 0.631
(0.637) (0.034) (0.309) (0.038) (0.475) (0.601)

H-2H 2y < B U5 Leaf components x N deposition 0.280 0.893 0.865 0.537 0.963 0.575
(0.976) (0.543) (0.565) (0.837) (0.487) (0.807)

1414y Branch components 1.191 9.407 19.685 6.534 6.010 8.176
(0.329) (<0.001) (<0.001) (0.001) (0.002) (<0.001)

SULH N deposition 0.165 1.782 2.130 1229 1.063 5.123
(0.919) (0.170) (0.116) (0315) (0378) (0.005)

Fi 27y <& L% Branch components x N deposition 0.398 0.608 0.365 0.429 0.371 0.442
(0.927) (0.781) (0.943) (0.910) (0.940) (0.902)

AR AL AR A R R AR AR R ZE5R, p<0.05.

Leaf and branch components included data of leaf and branch in different life spans. Values in bold are statistically significant at p < 0.05.
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Fig. 2 Mean percentage changes of measured parameters (C, N, P, C:N, C:P, N:P) of Chinese fir leaf and branch after N deposition
treatment for 14 years relative to these values under control (NO) (NO/NO = 100%). A, One-year old leaf. B, Two-year old leaf. C,
Senesced leaf. D, One-year old branch. E, Two-year old branch. F, Senesced branch. NO, N1, N2, N3, nitrogen addition 0, 60, 120,
240 kg-hm2-a™!, respectively.
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Fig. 3 Effects of long-term nitrogen deposition on N and P resorption efficiency in leaves and branches of Chinese fir (mean + SE).
The black column indicates the ratio of the nutrient resorption efficiency between one-year old leaves/branches and senescent
leaves/branches; light gray column indicates the ratio of the nutrient resorption efficiency between two-year old leaves/branches and
senescent leaves/branches; white column indicates the ratio of the nutrient resorption efficiency between one-year old leaves/branches
and two-year-old leaves. NO, N1, N2, N3, nitrogen addition 0, 60, 120, 240 kg~hm’2-a’1, respectively. Different lowercase letters in-
dicate significant differences under different nitrogen addition treatment levels (p < 0.05).

28.12%- 16.39%F18.25%, REx"F-31H 43 711 N46.43% . e AIZE A 2 0] — A A AR Z A FIREN
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433 N35.79%. 25.03%F19.50%.

BT B AL AR FIF;REN REp, H.IAHH
YIS EANETASE » N1 BRK— A fig
Z [ IREx (p < 0.05); N2AIN3 5 3 FAI% A2 A Al
FTHM 2 [AIREN (p < 0.05); N1 21 hn— 44 Al
AR Z T FREN (p < 0.05); MIN2WAH . &IT
I 53 25 A A2 KRR FIREN (p < 0.05)0 N3 &R —
FEAR IR RE 2 I 2 [8) Jg — A AR IR0 AR AR I 2 [R] 1)
REp (p < 0.05), TMIN2&Z 8 hn— 4B — 4
Z A FREp, N335 1N — H AR B F 3 R 2 [8] 1)
REp (p < 0.05).

L M A2 AR AR FIREN . REp 2 (8] S H 5
N:PAL A T B 2 ] 50 B (BI4) AT J, A2 AR I FIRL 1Y
REx 5 REpZ [8] « i B4 R N:P 5 REN:REp 2 |6 K147
TER R E LR M IEAE K R (p < 0.001).

23 RUNBELIB7TEFLAEFZ KRN, PFRS BRI
FFE

AN, P& EMREN. REp£xHl %14 Ak

[y TR FIAZ A AR KB BT A BT AN TR

it Léaf

& 20} y = 0.6846x + 26.826
ok R*=0.288 4, p < 0.001
oo #% Branch
ol o y=0.5417x + 10.662
R*=0.410 1, p <0.001
0 10 20 30 40 50 60
REx (%)
1.8 ¢
1.6}
14}
L12F
&0l y=0.0339x — 0.1477

R*=0.495 0, p <0.001

y=0.0771x — 0.3839
° R=06857,p<0.001
8 10 12 14 16 18 20 22 24 26 28
N:P
e I Leaf © & Branch

B4 KIERIIREFAM T2 AN M REYS RE, NP5
REN:RERIIZETER R

Fig. 4 Linear relationship between N resorption efficiency
(REy) and P resorption efficiency (REp), N:P and N resorption
efficiency to P resorption efficiency ratio (REy:REp) of leaf and
branch under long-term nitrogen deposition treatments. Data
included treatments for 14 years.
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2010%F (ZUTFE b 317 45 ) B A Sk I R0 5 22 1)
N. PEEIES. MAZH PN, PEES &G TEE
o A ERER I FIREE R NS I R IBANS > N2
> N1 > NO, N3CHLEZE N T BASEH NS & (p <
0.05). SN&FEAM&, N3HLEE R T Rt
AFEZ M HIPE E(p < 0.05).

T I 0F EE 201047 (T R AL 22 748 ) F1201 748 (A
DURR AL HR 1455) B2 AR BN PR ISR (B 6) mT %0,
REp > REN. Fifi T B Ab A 8] FRI388 m, RENPEAK T,
MRETFE 7, N1, N2AIN3 4 ) REN 408 2 51 A
9.85%- 3.17%F111.71%, HANTEZEMLTNO (p <
0.05); N1. N2FIN3AbH i REpHE 1 43 71 4 71.98%
42.25%#19.60% .

A 23T 5N, 42 A 1 REN: REp Fifi B0 4 Ak BEI
] (3G AN T A%, HREN:RE < 1; AR HIREN:RE
L REN:REp ;. —4EAE I 5 38 1 REN:REp LL—
AN IR IR, N1, N2, N3 7 —4E4
K5 3 2 M REN:REp; N1ACFRIIN T 4R S
A IREN:REp.

3 1t
31 AREIRRIZAMFIR TS BRERE

A7, EARFINEG E. PEE. N:P. REY)

25¢ ab a

ab

A& N content (gkg™)
—_ —_ )
(9] (=] W [=]
-

(=]

0.6} b

Wi & P content (g'kg™)

NO N1 N2 N3
G Mature leaf T3 FEE M Senescent leaf

E5 20104 AR AIZEZHHIN, PERCFEMEHRHER
7)o N1, N2, N3, Jiti% &4 5180 60+ 120, 240 kg-hm >a ™.
Fig. 5 N and P content of mature living and senescent leaves
in 2010 (mean + SE). NO, N1, N2, N3, nitrogen addition 0, 60,
120, 240 kg-hm™-a™', respectively.
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2017 (mean + SE). NO, N1, N2, N3, nitrogen addition 0, 60,
120, 240 kg-hm™>a”', respectively.

3 201071201 74F [ AR NFE R 5 PRI ORI L B
Table 3 The ratio of N resorption efficiency to P resorption efficiency
(REx:REp) of leaves and branches in 2010 and 2017

AL PR 2010 2017

Treat- — . . . e e

ment PREA-EEM M oM 3ER R
Mature- One-senesce Two-senesce One-senesce Two-senesce
senescent leaf d leaf d leaf d branch d branch

NO 0.89 0.69 0.37 0.69 0.75

N1 0.82 0.43 0.40 1.40 1.59

N2 0.87 0.63 0.34 1.06 0.67

N3 0.88 0.70 0.35 0.95 0.76

TR R A S M B A TR R R RR
TELE R S 32 R 2 1] R R 43 PR R

One-senescent indicates the difference in nutrient resorption efficiency
between one-year old leaves/branches and senescent leaves/branches.
Two-senescent indicates the difference in nutrient resorption efficiency
between two-year old leaves/branches and senescent leaves/branches.

RINH>H . NE BRI —FA >4
>3 2 > — R AR B> AR A R >R, HN3 >
N2 > N1 >No, MC:NUENA . iR A
HAHEEPNG &, AHER, H—, MR FEE
HESE, SEAHL, mE A BORHS S &
(Wright & Westoby, 2003; Chen et al., 2012), [AHT,
AN 257 30 1 D PRSI 22 S 32 B2 GX e 2 )
2 8] 4= W) & 43 K 19 5% W (Drenovsky & Richards,
2006); F5, MR IRISOR — A s B AR S AE S I

5 K EDTRES AN AR BB R PRI RE R 933

2, FEARIEFR D ZRES RAY, ERVHHED
P> IR R IR SL IR 53 A7 PE(Sohrt et al., 2018);
=, MEHEYN &R T NIRRT, DI
TRk K (F i, 2001; Brant & Chen, 2015; A5
FEE, 2017). BEE M RIR I3RS, TR0 AR
bek A T 2B F2918) 13RI, 7757 BEREY)
B B AR T AL, m R Far KR,
WERTROR, BEMT RSB IN, 7R E RS AT
A N B#(Reich et al., 2009), FHTEHIF]H &R E
T H [A) PR B2 7 )i (Chen et al., 2015). It
R BB EAL, T2 WO, T2 B A A8 28 )
BT 2500 BRI FLBE (Chen et al., 2015). A HFFT
FB, X PR AN BE AZ AR S ) 3 0 T 258 (bR
AR, 2017)0 FSARTEZI K 2% B IC:N. C:PHIN:P
LB AR 2 B (B, X FE B Rk
A P FR RS S R, EEH
TR L 5 A IR R B IEAR R (2 RBR N
51%—84%)(Kobe et al., 2005), #7A4=H-F& 40k %) 3
B IR FERSCR B B3 . BRI POk, 375
TG 8 B 4w 2> 32 YR 77 4 R WSOR) I R0,
DAL DR it 224 38 2 BRI AR W 1) 3% 2 R 3R
(Escudero & Mediavilla, 2003). Chen%§(2015)#f 71%
W12 BN N e A R 43 Bh s, (HANFE W AN [F] bR 8
AR TR 7% 70 PR %

AR TR ) L IIRE > REN. X &K 3R %
N5 3 H KA AR 58 R L IR EAE )
PPN ()42 BRI 18] SRE I AL 7= 0 2 TR P A K R
PIAH5%(Brant & Chen, 2015). tbin, S5, T2k
YERE AL, HHEFR T RN R, Ak, &
B R 4> PRI 7 R . A H RENHERER
B R iE(Mayor et al., 2014), REpFE A% A 481k (Brant
& Chen, 2015; Chen et al., 2015), 44ENALF AL T
I FA T FIRENFIREp, RENZALIE B KT REp (AT
&, 2010)0 AW TEHRORAZ AET I BB TS H AL
i, XEKAPELIEE TS EFEE, HAYEP
W =, 3 E R FE PR o b E A, HE DA
B HE A B FE SR FH o AR R T A 3 X ) 43—
5 52 PR 1l (Zechmeister-Boltenstern €t al., 2015). A<
WE T A2 AR H(REN 28.12%+ REp 45.82%) Al K7 (REN
30.00%- REp 30.42%) HIAf 745 R A2 fnth, (HIK
T4 FRREN (62.1%). REp (64.9%)(Vergutz et al.,
2012).
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175 PR OSP4k NIEE M5 2]
TR, M EE L a5 52 2B (Brant
& Chen, 2015). ABFAHTNEE. PEE. N:PAl
REN:REp IR I NS /AL L /R o BEBHAZ AR,
JeENL P/ R EE RS B G/, AN &M
TIERIAN . Po ATREJE A2, M3 IRIEN. P
FHEC W/ i B 22 VE AR TE 2 X RE & (Chen et al.,
2015). BEAk, F55 FROSCER BRI 57 2 P S oA
BE IR MFR R, IR L PRI K /NAT 5] i
FYIFE 55 1 7% (Vergutz et al., 2012). RIEY)H 20)
Fr73 P e SR T AR A IO 08 VI T8 23 (1 184 m A T 57
FEVIT MBI EERE BIHIT o 377 FEIRUS R B e T 1
R AR 7 88 R R P e B AN [ A A T 1R (Al
A KA LRGSO SR E, TYR-E O R AT LLRS
e 470 7 3838 i, AR 075 43 1E A 18 ok ) R 3 1 3
SR SLHL (5K e = A5k KNG, 2003; Yan et al., 2014).
T ) %oF 5% 43 (R W S0 52 A 00 A K B B R s e, L,
HiHR I DX R SRVE TR R, NRIE SR AETE6A H I,
Ml e RS B AN L, 24F J5 M rR G 7 H
SR G TR I 22 FHHJR 38 2 B W& iR i % 0y, B
JE HT =AY B S FR Y R R R B A, o
e Sz HE B B A K (Fife et al., 2008). ff 773 B Bt Ak
WA RGN, REN. REp I —E M, R AR
MRENTR 1, & RES AR LLREp i i (Reed et al.,
2012; VLR, 2017). ABFFLEE R 52 K, Fab
HTEFITAERS, AZAR 735 18R ES FI25PK S, LIS
ARG T R BRI 2R N B B, A B SR VE R
W4 RIS AZ K i I REN B 5, 177 36T ZAAR B AZ R I 1
REp 5 15 -

3.2 KEARUTFEXF2 KM FE 75 9 M IEIRB9 2200

23 14 B R DTS, AR A N
TR PE R, X5EBIQ-3F) BV
Wi Ea S — B (B (R4, 2007; XI3C K 4%, 2008; Chen
etal., 2015). KM4F)VRIFEFAT, HHNEE
CF¥IM13.83 gkg MK TR MIGHE)BEITENE ECT
BIN15.4 gkg "), Ui BHBE A G RR L FRE AR 389 n,
F2AREF NS BN AR R 2 IR M AR X 5EA
AR AR BN 7 R 5 AR R, S5EDL
A EAIII(1-34E) PR RCTEINLLT gkg YR
fREE, 2007)FH EL, 2T B4 AL B 74 A 1445 I 42 R i
P& &4 57105092 g kg ' 0.70 g-kg !, HIA BT R %,
X HIAZ A (1 PE5 5 2 Bl 5000 e Ak BRI [A] ) S K
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M BEAR, UESE T BT 2 mEIP R BR . 58 3 R A,
RN R A, I AP TAINHG v Y
b, $0 TR PRIR . EEHN, P EME
P E RN BRI RIm RS, A2 AKN, P
53 PR B o R 5 /S R 75 43 R FH AR A BURR
N IISE 0 T AE Y FINFIP IR PRI BE /0, (HA ™
A I 50 (Chen et al., 2015). 145E BT AL F 1Y
I Y AN [F)8 28 - Mk (B — 4 AE 41 NS N:P. C:P,
{HFEAR T PAIC:N X 5 i Fr 3232 J 8], NS I B T
N:PHIHF 5L 45 R —F(Wang et al., 2014).
S5RUIBETEM L, RO 144ER 12 AR M (1)
RENEAK, MREE H. X5 EYINE E1ERI%
A B (6] () S B AT AR B B ik B, JF HOE
Tk V& IR [B] 2] - NAT BRI N A %, TP A
S (van Heerwaarden et al., 2003). #FFE, 135FE%
DUBER N T A (R T 75 55, 2018), X Rk
LN R LS o g n, S
o Fr RENFH 3855 43 108 80 B N PR AR . K3
(34 BRI & A AL By R AR ] A i e N2
&, HIEK T REx(Mayor et al., 2014). ESRGK
W 2 0 OB 2 PR AR RPN T ER 26, el T
+ 3 Z PR il Matson et al., 2002; Wang et al.,
2014). WFFRE M, FE4IM0AKCT F, PP iRiE
figy LA S I PAE A N % % TR & A PE AR P AR B
(1) S B P 2= v R B B A (5 T8 TRORT B R R
2009). 7TEIXFHEDL T, HYIMRE, = T REy, 43U
W TR & B X IR S 11X — s (Zechmeister-
Boltenstern et al., 2015). Bl 2070 K b 2 FT s 1) 38,
AR REN:REIZHT T 5 (K3). IXFEEZE AN, P
TR 52 B i B B BT Ok Bl AR B AR
REvE T A2 7€, (HREpSZ AR PR ES (1 38 0 7 5 22 1
I, X S BURFR T REN: REp PSR BG4
SN, AR FIR NP5 REN:REp 2 [A] 77 7E AR
H MR R R(E4), WA FE S BRI S TR R
BZ AR E R R, X5 VergutzZ(2012) 1 7T
SERMML, fE— e IR L, REGRERINPHFED
BHAE (77 43 IR A1 o TC VR R A0 1) 2% B B8 20 T,
TEAMIRFE R T, R RO K 7% 20 K
FEAE T A A H PR (Wright et al., 2006). #5777
R E IR = I e 2 R E MR,
TEXFPEREE A, A 338 i B 57 73 22 75 B0 S I g
= (Wang et al., 2014), 75 #iy UG AR AR,
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HEGIEN . 2 PIRITR Sy, TIAZM
+ 3 3EE(Chen et al., 2015).

4 ZEig

PEERSS R/ 7 S0 B AN i UR= e A N B s
TR ENRS, ARG RS FEE W B T R 7 3
AT FEWSCRFAE, R I AN [ 25 43 (RS ) X 46
UM N A, >k, A FIREN . REpHE
WG N 232 2 A S IR, HREp > REn. &
UUREAL TR, R AR IR RENSE 1, 10 &R A
4%, REH . BERUTRRALBERIN [R5 I, A2
- REN:REpIZHT T B, HAZ A MNP 5 REN:REp
IR YIN R R TR BRI N — At iE
TR A ARG O T A5 (0 WA, 1A A 57
73 PR SO IR LEAB 9 A A A SR AR AL 2% A T R
RIFR IR T — L g2

gt Ragtiad =Wy B R B A AR 0 B
FaiL B HFH ST AR B (GIT161118) % B).
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