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W E BHOERENREAGARTELEEM RELANE, BERRBR M LE
AT BN EmEAREEREARLEHYE KL TN ABAR, HRE B AL
ARAEAEEEN, RAMEEEEREHART T ARKEFR(Y0,Y16,Y34)) FHFH
AENDEMMRLESET L EMSE ST LERN BN R BME, 2 T B IKREER,
HNTHEHBEBEZREFT LML EEAT WX ES W, FRFKWA, HHEKERERZEEMAH
FTEFEPLAGBERE, FAREERIEMKSET L ESHEEAEINE TEES
HAE, MK ERELEEET L EEEN I, a7 LB UANERA N E, #4
hEEE5ETNEFEAMUGFT LN, AN EREEREFRE W ET LB A, K
TREWSEFTNERERRKTEEEZH A FHREETURKEET LERER, F
EptikA REER ZHY R MR EREERGEES NI EEAT LERT LE R (P
<0.001) , T =HAE R XF B EKFL(P>0.05), ZEMMKLZREAMLIEETT T 1A
MO BENHEFNTAH#AT M TEERZNEREA R EARIEAREEAE
EAER,
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Effects of restoration duration, understory vegetation and seasons on soil nitrogen trans-
formation in Pinus massoniana forests. HUANG Qiao-ming, HUANG Jun, LYU Mao-kui,
XIONG Xiao-ling, ZHANG Shi-liang, XIE Jin-sheng* ( Cultivation Base of State Key Laboratory
of Humid Subtropical Mountain Ecology, School of Geographical Sciences, Fujian Normal Univer-
sity, Fuzhou 350007, China).

Abstract; Vegetation restoration can effectively prevent soil erosion and improve ecological envi-
ronment in eroded red soil regions. Enhancement of soil nitrogen (N) mineralization capacity and
N availability is a key pathway to improve the growth and development of vegetation in barren
soil , which is of great significance to ecosystem restoration of eroded land. The amount and rate of
soil net N mineralization in Pinus massoniana forests under different recovery years (Y0, Y16,
and Y34) and different treatments of understory vegetation ( Dicranopteris dichotoma) were exam-
ined by in situ closed-top core incubation method. The interactive effects of vegetation restoration
years, understory vegetation cover, and seasonal changes on soil N mineralization were analyzed.
The results showed that vegetation restoration improved soil nutrients in the erosion-degraded
land. The highest value of net N mineralization appeared in summer and autumn, but negative
value was observed in spring. Vegetation restoration significantly increased the amount of soil net
N mineralization, with ammonification playing a dominant role in the process of net N mineraliza-
tion. The net ammonification rate and net mineralization rate showed similar seasonal pattern. The
nitrification rate decreased with increasing recovery years. The amount and rate of net N minerali-
zation in the forest gap without vegetation cover were lower than that in the forest covered with D.
dichotoma. The removal of D. dichotoma reduced the amount and rate of net N mineralization.
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Results of analysis of variance showed that recovery years, seasons, and their interaction signifi-
cantly affected the amount and rate of soil net N mineralization ( P<0.001) , but the manipulation
of D. dichotoma had no effects (P>0.05). Soil N transformation in P. massoniana forest changed
seasonally, and thus forest management should be carried out in accordance with seasonal
change. D. dichotoma coverage under the forest plays an important role in the soil N recovery of

P. massoniana forest.

Key words: eroded red soil; vegetation restoration; soil nitrogen mineralization; seasonal

dynamics; Dicranopteris dichotoma.

AR EREFNEL I TRZ —, A
RGN THFERMAE B R G Z5 R fig, 4k +r
HIRIMIEIR 2 S HE B ( Masek et al. 2015 ;#8X SCF 45
2017), TR L FRAEEH LA HER T 1 (Jas-
handeep et al.,2018) . 7E3E: Y A sh ¥ (¥4 A
T8 R R R 92% ~ 98% A HLA L A
LRSS AE K AT . ARV S SETTR
T AR EE SR (LEE R,
2004) . P BFE A M, XRS5 AR R R
SERIFE T, TR L SRR TR B AE ) A 7 1K
HA HE 5 X ( Yahdjian et al.,2011)

ANFRAEBRGE AT S R AAE 0 25 57,
ERRAG T AL 2.41 mg N - kg™ - d7'FFH.
Bifi 5 243 R0 TR AR 1) 38 0 T S 35 R IR (Liu et al.
2017) . fEH E G A S R Ge v, A Ak i i 1
JEAR M (3.08+0.20 mg N - kg™ - d7') , k& FRAk
(2.35+0.42 mg N - kg™ - d7") , AL AY 01 (0.57
+£0.13 mg N - kg™' - d7") (Liu et al.,2016) , AN[A]HY
FELBE S TR D] Ay 8 7 ) A = S A W T A5 A AR ]
TR At B P A B 2E 25 5 (Quan et al.,
2014) , TIEAE A EA 25 8] 5 B, i HA
HAEZET 225 (Knoepp et al.,1998) . il 4N, &
5 (2019) fHF5E K B, 35 L rh 7 AR 5 S ] I AR
TR L R SR LR (4—10 H) B ZER
KRN XN S ASRAATE  E RS T A
R ARG &P A I Z AR AE Y R R 5
e, i, A= 45 3h BRUE S AR 301 ( Kansaku et
al.,2008 ; 5K 35 ,2016) | 5 B AN 75 7K A8 1k
(B WRAAE, 2015 ; i e 45,2019 ) Fl 43 pH B 48
fE(Yao et al.,2011; Hanan et al.,2016) Z&#0 0] LI
M) 5 33 A W 89 A A7 R385 ( Kuypers et al.,2018)
i1 L3R LA fh el AR ARk, SEBR L, X
SERRSC Y AR B R 2R FEE AR ) IR R TR 32 S 5
el FAAE R W 2 AR e 25 55 Rt ZE Y S
oI, SR R AR I 52 R = AL R T A

AR i 2 AR 2 AR e, HAT, AR
RN AR 58 B L P 7 FIRAS S A
BESH TR 20 88 XHE R 2 L (fo]
A 2018; ik A 2018) . A HEN L
TR ZEPTE R NG (205, 2019, 5K 55
HAE2019) A CEF AP AL - 58 m 0 b i 2215
AL TR D

B 7 £ X RO T8 4 R A AR — KR iR
X, TR ik ™ EH Y L IX 2 — IRAkLT
HERW ARE 1 R R A K 5 e e v s ) PR A P
Z—, BB KT KA R LB P TE
DFJLAS M, 2 C NP LC:NC:P N:P
LU BE AT B A 385 52 | T R A (5K BK S 45, 2016) 5
AN[) B AR RE B S LD R R et B &
HARE  HoA DL iR b 5 i e ( Z8 e 4%,
2009) 5 Ih B Fa AR AU S S AR S AR
E M N R T P SRR R (2
HOPAE,2015) AR K fE 0 2 R ) S [ R
AT IR AR (XM 55 55, 2019) AR T2 H T 35
A T#HESARAFRA SN & & (KHES,
2018) ; JF HAK T HE B A 75 ) Fh 20 TR R & i
BARER R, RN AR T W25 T3 2 (0
A ,2018) 4, HIEHP YRR A 5 AT L —Fb
SWMAIIRR, W LB T 50 ik
By AT =X, 3R RERE W R A ) 1 A ) o R O 5
(5KIEAE,2018) , #E1T 2 A 8 AU b B, (EOR
[R5, K2 ST i | 3R ol A0 I 1 oy
ML A B R, B 9 AS ) K A2 A B AN ] 1 3
AE IR B BT T AR X T B Ak M AR S 1)
T L SRR B T LU R A1 S5
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300~500 m, J& AP KU X, AR SRR
ZER B9 K 1700 F1 1403 mm, 4F F # SR
17.5~19.2 °C PRI 260 d, ZEE KT R
ORI A 4 4L, DU ] AR L g o e B4 rpif T
W T E A Ls 3 T Ry oRRLAE e
RERILLHE, nT VR R SRR b P e (O k
bR ) AR IR TR IS, A 2 )R 4 K i 2R A ™
HHLIX Z — IS A A T UL AL (Pi
nus massoniana ) N T M A 3=, bR HE 8% LA 15 ( Di-
cranopteris dichotoma )} F

L2 FRME

FIFH < s A 32 7R AR R I T T3l
FIRL S5 AR TR], HUE 2% AL RS F) 5 R A AR 4
AR 52 B I ] PP 510, 20531 DR < R ¥R B (YO) |
2002 4EWE (Y16) il 1984 4EFEAT T AL LMK I FE
Hi(Y34), Y16 F Y34 FE BRI T L5 A AR S5 1F
5 Y0 HA B W A B HIER KRR, B JE
B IR HLEEAE L .

RIGFEHL(YO) A7 T H ORI BT, + 3R 1k
FEREIRF 9 BEG] , HRT R &, SL L AR 22
TeAR FE LM/ S B hA o 32 W R 401 &
A RRPEE R T ERAMRAAR R EREE

WA 16 T RAMK (Y16) « 3 707 FH B Ay BE
T, DA 2002 AT G X 32 b DX S 7 R A b A PR
S, AR T D AN Z [0, IR N R A 2R
FUHTECRE R SE M B, Z R AR B AR AR, BT
TR A3

PRI 34 4F Eh R ANAK (Y34) o A5 T 1] [HAH K 2R
Ti , DN 1984 A7 FF Uy Wb 12 DXl S5 it A9 0k A2 4 i, =
TR R TR ISR M Mo SRR | 2 5 i 5 B AR A L
W N TS Rl BRI O BRI
PRULIRGE R R TIABE TS, HETA B AR AT A
BUALEH A D EFEAR,

2014 4% 8 J 78 3 DA IZAERR A T AN A
TAR(YO,Y16,Y34) hEEHL & 3 bt i, B
HuFEHLAT I 20 mx20 m ARAERE DT JFTE A S
F1 HHERER

Table 1 Basic information of the sample plots

PAMRHE I 2 Fh b 3. fR B 12 AL Wi (NRD) | &
BReUFA b (RD) |, I LA 3R B 15 AR T 4R
MG BN (CK) B AbH 3 AN B (REE IS
A BR T G ARE S AL 10 mx 10 m, AR #E
b T RIS R LA B el 52 o R 28 155 D0 A, {HL 1
AT 10 m?, 18 2 9 50 A 1 i g 25 B o
HAPEC A 34, SCERREHIEARE LR 1,

1.3 W5k

L0 N ol WA R R R 1 o = Syl S I
PVC BT 55 HAS 1 (B4R MEAE ,2011) IR 467 0 7 + 318
MBS A (NH, -N) & i S A (N0, -N) & K
THRG R e Al R R il AL e, LR
WP . 4 2% (2017 4F 12 7 2018 4 1 ) , &%
(2018 4F 3.4 H) H ZE (2018 4F 6.7 J1) . Bk &
(2018 49,10 H ) ,RAEETE A A A A&, K 3= H bR
B A 30 K, SRAERT, 15 Bk B3R Z AR5 B
W HPVC (MRS em 5 10 em) IT A+ 2, BN
Hor— 308 - e RE S 2 A A B8 RIS = AT
T — MR BT R R, EE T AR H
S i wt = 5 VY £ S w10 Ay i o e
wmr.

ISR (W) RSB EM T, RHEANL
A (SOC ., TN) ; >R Fi ik & 76 2 43 B4 ( Elementar
Vario MAX , Germany ) , Ml & = 3EFE i 19 A HILAK A1 4=
R, LIHERAE(AP) 20 (TP) . 73R H] M3
AR L NG IR - SR T AR AR U | I 80 o b
1 (Skala San++, a7 %) Wl % . T IHEOTEEA HLIK A
(DOC . DON) ; fifi Fij & HLAK 7 #7414 ( TOCVCPH,
Shimadzu , H 7% )l 5 7] %5 A4 LK ( DOC) |, ¥ 81 43
B (Skala San + +, fif 2% ) W & W] 3 P A HL A
(DON)

1.4 B 55t

RETIMIT AKX T,

+HERT b = SRR E L+ - BRSfL E

THES R LR = (R 3R G Heg feE —8
FEH A RS ) /IR R

PRIAFEIR e FH IR T2 Mtz AN IR e
Recovery Dominant species Average tree Average Density Coverage Slope
period height (m) DBH (cm) (plants « hm™2) (%) (°)
Y0 I AR+ 123 (P, massoniana+ 2.1 3.1 1741 15 19
Y16 D. dichotoma) 7.0 7.4 3341 90 8
Y34 13.7 14.0 1433 85 11
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T E AR = (BE 95 NH, -N & & -5 5%
A NH,"-N &) /5558 KA

T A = (F5 R NO, -N & & -5
HI NO, ™ -N i) /3552 K

iz 1] Excel 2013 1 SPSS 22.0 #4434 B4 47
ABRSR AT, PR R 5 22 53 AT (one-way ANOVA) Al
LSD Z 5 LU TE XA [RIEicHE (] A7 22 S Pk LB (P<
0.05) , F|FH Pearson ¥E4T4HC 4T, Origin 9.0 X {2
W, =PRIy 22 08T FL RS [R) R 19 S 8500 ] 58
HAEH,

2 ERENH

2.1 R[AMRSEAFE R EANAR R A v B

Bt PR S A FR AR 3G = iR Ak b, -+ 38 5% 40 2%
3 —ERME (R 2), b, 5 YO #HLL, Y16
5 Y34 ) SOC .DON TP (AP & E i (P<0.05)
SRREEH (CK) AHE, P2 H A 3 B F W T SoC
DOC .DON %1 (P<0.05) , TR HE —EfRE L

RRAR T 38500 i, (B TR A2 4 RIS 25 2 A AR g
AT, BAR S ABR TS H B EREALT Yo, Y16
) SOC i B F AKX T Y0, Y34 ) DOC .DON %
BB ERRALT Y34 19 TP 4 & (P<0.05) , fi%t TN
Ko AP AT B350 (P>0.05)
2.2 ANFEZEFLIESET bR

A 3 RIHT, AN [ R AR PR R A AR 1 35
AR RIA ,FERRNE, SR TR T % 25
(P>0.05), HZ& BEMEARENIEME, fEEFH
FRZE AW ik Bl A P A2 A PR n 22 3 S 384 Jn 5
TR B T AR A Z A AH R

TE YO P A ] b 33 o 6 B 22 - A0 b
PR RN (P>0.05) , BRI B E R TR
R A, TR B o 3 AR A R I 2 I A 1k
H(P<0.05), 7E Y16, KERTUH T AL 7R
AW LHE (P<0.05) , A RN 5 YO L), 7F
Y34 LR BRI T E S AR 1
AR RS AT L ERIA Y68 S

F2 TEBEUER

Table 2 Soil physicochemical properties of the sample plots

PRI AT R Qb T HeA Bl BA AT A LR AT LA puyr L

Recovery Treatment SoC TN DOC DON TP AP

period (g-kg™") (g-kg™) (mg - kg™") (mg - kg™") (g-kg™") (mg - kg™)

YO NRD 6.82+1.42 Ba 0.70£0.11 Aa 13.27+£2.25 Ba 1.67+0.33 Ba 0.05+0.01 Ba 0.87+0.12 Ba
RD 4.01+£0.40 Bb 0.60+0.11 Aa 8.21+2.20 Bb 0.94+0.25 Bb 0.06+£0.01 Aa 0.77+0.03 Ba
CK 1.45+0.07 Be 0.36+0.02 Bb 2.61+1.02 Ce 0.72+0.47 Bb 0.04+0.04 Ch 0.80+£0.06 Aa

Y16 NRD 11.32+£0.74 Aa 0.66+£0.06 Aa 17.26+£4.51 Aa 3.15+0.85 Aa 0.08+0.02 ABa 2.33+0.93 Aa
RD 9.04+0.71 Ab 0.59+0.05 Aa 13.76+£4.72 Aa 2.70+£0.42 Aa 0.07+0.01 Aa 1.47+£0.07 Aa
CK 7.21+£1.16 Ac 0.67+0.03 Aa 8.04+0.12 Ab 2.13+£0.39 Aa 0.10+0.01 Aa 1.33+0.33 Aa

Y34 NRD 12.75+£0.39 Aa 0.78+0.13 Aa 11.22+1.36 Ba 4.06+£0.47 Aa 0.11+£0.03 Aa 1.97+0.23 Aa
RD 10.44+2.28 Aa 0.53+0.15 Aa 6.66+0.61 Bb 2.69+0.54 Ab 0.06+0.01 Ab 1.57+0.12 Aab
CK 6.23+0.16 Ab 0.47+0.09 Ba 6.28+0.77 Bb 2.00+£0.77 Ab 0.07+0.01 Bb 1.10+£0.15 Ab

T SFIME PRI s AN RIRS T RER R AN R R AR R [R] — RE BEIW) 28 S 35, A T) /NS 5 R 3R A (IR 52 4 AN ) Ak B i) 22 5 {8 3%, P<0.05,

T,

Note; Mean value + standard deviation; different capital letters indicate significant differences in different recovery years and different lowercase letters in-

dicate significant differences in different recovery years and different treatments, P<0.05, the same below.

£3 FRAEFUAELETHE(pg-g")

Table 3 Net nitrogen mineralization of red soil in different seasons (pg + g™')

MRIZAEIR fbE = H% e &7 AR LA
Recovery period Treatment Spring Summer Autumn Winter Annual total mineralization
YO NRD -4.51+0.93 Ab 4.21+1.63 Aa 3.17+1.37 Bb 3.57+0.43 Ba 6.44+1.75 Ba
RD -5.94+0.25 Aab 2.35+0.34 Ba 6.04+1.02 Aa 2.25+1.02 Ab 5.52+3.11 ABa
CK -6.88+1.27 Aa 1.92+0.39 Ba 3.59+1.23 Bb 0.60+0.77 Ac 0.41+0.42 Bb
Y16 NRD -2.78+0.74 Aa 5.78+2.44 Aa 7.99£0.61 Aa 3.43+0.01 Ba 13.81+£3.35 Aa
RD -2.96+0.39 Ba 4.71+0.71 Aa 4.91+0.44 Ab 1.60+0.55 Ab 7.99+3.06 Aa
CK -3.00+1.80 Ba 3.92+0.20 Aa 6.57+1.08 Aa 0.94+0.33 Ab 9.98+2.61 Aa
Y34 NRD -3.02+0.98 Aa 3.14+0.85 Aa 4.12+2.61 Ba 4.14+0.10 Aa 5.43+0.50 Ba
RD -2.45+0.79 Ba 0.32+0.12 Cb 1.32+0.64 Bb 2.20+0.80 Ab 2.76+0.13 Bb
CK -1.64+0.95 Ba 0.45+0.33 Cb 1.50+1.51 Bb 1.67+0.97 Ab 3.15+£1.05 Bb
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T YO Fl1 Y34(P<0.05) . EBRT-FHFRK 7&K
PR RS i, 2 Y34 BA W% 2% (P<0.05),
3 MK AR BRAR R HL (CK) A R b /N T2 3E
HE AL (NRD)
2.3 LSRR LEURI 2 B AR L

AN TR S AT BR B EE A AR+ 8 A b R 4 Bl
BRI e 0 S BEAR A A, HI TR
R EAE, TEE KRR BNEE (B 1), A1k
HRFEELS RN E &R 582 b2
AR RIS, A A R A T BB

Bl PR A AF BR BN , 4 2= 1 i /A s R 2
BRSNS AR, Ho Y16 TERK R d s, i
$#0.267 pg - g7 - d7',IFEFERTF YO I Y34 (P<
0.05) ., SR AFRR L HRTEA BB RTC
S IR 2 FRK 5, 52 B S 38 in s R AR 1
P, BRI AR VA R B A R A PR A 3
i 2 i sl i Ak R T 22

TEARIR ZETTT AR AR B A B A

03 0.3

BB RO, S L BREE L (CK) A0
e R MR/ N T HE H W (NRD) , KFRTE
F(RD) BE—& T2 FEREAR B EAMAK I A b %
MEHE R, HEAF R AAGA28, LR
(RD) fif YO ¥ fb i 48 i (A RAN) o EBRTE
HEBERILT YO HRMHILHE R (P<0.05) , 1 X}
YO HABZEST K Y16 5 Y34 JC R 500,

2.4 SRV HT R EAE- S

T2 iR (R 4)  IREEAERR  Z= 7281k e

B AR 3 RN I Ll PN IAL Y IE =
L (P<0.001 ) , 1 v FE A0 B AR 35 3] . 7K (P
>0.05) , 7EHAFH b B AFBR 5 215 RE 38 B
UTEARE 8 o RN T aE (X = A E X (LR S S I AT
B AR HE AR (P<0.001) , IEHFERY
TEFEANH Y B2 AR AL S AR (P<
0.05) , P AR I 5 27 Rk A AR R |14 3 A 3 R
PRFEIR TN B E K (P>0.05) . 3% & WK E AR
A TRV L AT LR 5T, 221 AR Sk
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Fig.1 Seasonal dynamics of net nitrogen mineralization rate in red soil
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Table 4 Multi-factor interaction analysis of net nitrogen mineralization in red soil
HREE b HE R i AR e (b e Ao A
Net N Net Net nitrification Net N Net ammonification Net nitrification
mineralization ammonification mineralization rate rate rate
F P F P F P F P F P F P
IREAF IR 11.88  0.00 16.20  0.00 150  0.23 11.91  0.00 16.16  0.00 151 023
Recovery period
N 88.75 0.00 80.74 0.00 9.30 0.00 87.73 0.00 80.57 0.00 9.32 0.00
Season
WK AE PR x P 3 A 3 1.18 0.32 2.67 0.04 0.90 0.47 1.25 0.30 2.67 0.04 0.90 0.47
Recovery periodXTreatment
IR AR IR X2 789 0.00 847 0.00 7.07 0.0 7.84  0.00 847  0.00 7.06  0.00

Recovery periodxSeason

T IREAERRN YO, Y16 B Y34 ;123403 NRD \RD \CK; F 1N HR BT KFERATE P<0.05 RR2ERMERE, KA FRON K38 HE

Note: The years of recovery are YO, Y16, and Y34; the awn treatment is NRD, RD, and CK; the seasons are spring, summer, autumn, and winter; P

<0.05 indicates a significant difference. Results without main effects and interactions are omitted.

LR ARV A R LD A M R, HL
e L BRI LR f o

3 i

3.1 R X S R AR R R

FEE PR 52 2 49 ol DX A 259 B A o e it
{2 i AE YK 52 0T T - 398 ML S AT T (i
BRTHAF,2008) KRB AES RGFRE T H A EEE
S, ARWFIE R AR 1k iR A b AR B VK =B 3R 0y
FURREGE (£ 2), 5 Y0 ML, Y16 5 Y34 (1
SOC .DON,TP AP & EHEHN(P<0.05),/H Y16 5
Y34 WA R EER ., XRIEEIKEFED, 557
AyBamAsE . a4 (2018) BFSE A, B EN LA
FH B0 Ay WAl Ak A a0 R i 2 v, R O A ) -
RN R T, X AR AR -, &
4 25 S WA B PR R A PR 21 38 v R b i 4k
R ROV B (P<0.001) , AR5 X ARl
CIEERE WK S J5 Ak & 35 ] 0.3778 mg N -
kg - d7 WEEMR T & EHRMRES LK (Lin et
al.,2016) , HIRRHAE K I a3 I, + 1845 AH 0
fhit 4 (3R 3) (HIKE 34 AW kit 5871k
MR LIRS 16 A FrfEt, AR, LA L
FUERE A EZ N FE (Wang et al.,2014) , 1] L)
AR SOM A% £ 1 FN BT £ K 52 M) 148 N Zh 28
(Cheng et al.,2013) , KL, ZEKE W1, 215 A
WA R AR &, R 2 - A HL T B e
2Tt T AWy T A P45 35 B A
KA b E s (R 3) . HEI TR, B TR
Gy — VR, A LB N geg AR AE Y R A K 32
Bl —E BRI, J kP XELARE T 2= TR,

I, MR OB A 4R TR 7E A HLBTR R S 4R
FI7 T, 7% SE U B AN N AR —hRSARI, fiE
LR A SRy I AR I AR AR R S 48 in - 33 5% 40
Ay S R 2R (RBAESE, 2004) , 2
kI A AT
3.2 HHESRERT LN ET AL

SR 25NN A IS (U SR SRR SRS
T, AWK B R 6—9 H IR R,
Wi 5 A A iR A AR B AR P 1 B
KME, MEEER R L, TIRE 2, FBUREM
A= W R0 SRS AL A TR R A A R 43 TE LA LA SR TE
FUHR ( Zand-Parsa et al.,2005) , H1 S EACAE 512
(AR AT B P BOS AN AR Y F 2
W, i =HREE I Z0ai R AR (EK4),FE
RO S Z= T GRS AR BRI A HAE T e T
LR LB S R Li 45 (2018) 7EIB %
HLRAEEAE RO T LB, R e e R/
Zedpeimn , A AR, I IA A 2 R R B I 8 N H
SRR EAE HI T /Y, PRI AR PR K
J2EJ2E DX 2 AR b R AR DA B o R A R e, 4 2R
HAEAR(Li et al.,2014) . ARICHSE (2018) BFFER
] R KT 5 AN R AR BR AR K = e A
ORI B W= s Ak, 855 (2015)
X L S AR - S AR T I ST R
T LR S ] R A S AL, R
HORBNER L 52—, U EpRE
BT b R R R 1) 2 1 AR A v U T B i
VERT . 338 B R0 4 9 5 KR B 35 52 e R Ak i
T, HAE— N H A L K R (Knoepp et al.,
2002 ; FRIEMRAE,2009) o TR EE 3 B E2 MR fUUAE P
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R 1 B M A i ) P 803, DT 23 X AU Akt
772 —5F B 52 ( Kemmitt et al.,2008) . FEYI1E
25 FHAARR A KR, A K SRR K
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