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4= 2018) . BREEA L NAF B ) IR Z DL E R R, R

PO AU 24 At 22719 T AR 40 A 7 Ay db oK
PRI o FE R FR 25 T IR PR, HoA Py %
M EE R FIRETE FRAIE ,, P T TR ARTRTARAE 1976
—2013 AR [E T 67% (XIHZT5, 20165 FEEAE
S, 2016) o LIPS TR A SR X BRI R
AEZEE X, BRI I mm F Y 3
BUEPEM AR RS MIE b, WA AR, b
T BRI TR R EAE (Xuetal., 20155 XA
4520165 EFRIREE, 2018) , X PH AR
ZENT AR - SR, XA R | SF R AR ik,
FRAE S R A9 i R AR B . A4S T,
A TR PG RURR 40 A X AT 295 R AR A SR I i
AR S HSE N -, B TE M ERR AL
P B P HE IR
1
1.1

PORR NI E Ja M B bt 2 s, 4R
FERIRE 1557 mm, 24ETRFESY, T (11 A
B4, UIEFERFENTE) FEW 264 mm,
BAERET Y 17%, M2 (5—10 A ) BEFY 1293 mm,
dTAERERN Y 83%, AEBIAHXEE 86%, AFHA B4R
S5 4902.4 MI'm™2, 4 H BRES AL 1787.8 he 4F34S,
I 21,5 °C, &R (5 1) ¥ 253 C, f&ZA
(1 A) B 155 'C, +HEARELrHE,

AN FEAEHO AL F PO AN B & A SRR X
(21°51'N 101°12'E) , ¥R 756 m, FEHuIEZ)
25°, FEMBAERE S 2%, IR £, BEE R 40 m
h, SEZE, BEMEHE, TRRZH S
AR 32 FEE 30 m Db, PR EER TR
#id~ ( Terminalia myriocarpa) . &R ( Pometia
tomentosa ) ; H)ZEELE 16—30 m Z[H], & WFP
B 38 ( Barringtonia macrostachya ) . K H
Bt ( Gironniera subaequalis ) 55; F)Z 16 m DA
T, FEMAIESW ( Garcinia cowa) . R+
( Knema erratica) . M (Ardisia tenera) . WY
16 ( Mezzettiopsis creaghii ) N3¢ i ( Dichapetalum
gelonioides ) 75 . BEARJZBR IR LI,
W IWAA YR (Saprosma ternatum ) . B Bk
( Morinda angustifolia ) . EWM-4: 46 ( Mussaenda )
F. HARZEEARZUETFRE—ZRK, AL, W
WAHHAE( Alocasia mocrorrhiza ) . XU HK( Pteris )

o AN ERYI AR, SR KRR B,
JEITY A ZE TR
1.2
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FIFLEEHCE R KT, TR T R R =R 4
SIS 1 i A1) 0 N PG R B . SR Bl
AR ELLAN COy 430 (IRGA) ¥, MIEUCHZE
[ Li-6400 fHEAEA SR RGEA Li-6400 1-3F0T:
WeaE, A HEREIR H AR RN E A R ARG 2 h JIE 1
W, FE 6:00—18:00 Z[a)HE, FEAN MM A 1 Yl
SE 2 ANEEBCEE . A8 A SRR 4 [,
FFRFRAF B FREREIE 0—10 cm AR+
SRR, RIS TDR 08 454> Wil 5 B 0—5
cm A1 5—10 cm JE RN A8 3R R [R] sk BRI 7Y
SR ZEN AR 0—10 cm IRA TRERIGY, Y
mISEGE, — M ARXT (15—20 d) EBRIERFI
WAME L 0.5 mm G, WE HHEFR SR H—
BT 4 CUkFETPIRAE, FT TSRS R E .

TERENRE T NBEDLZEE 3 4> PVC iE4£3R,
T SR 5 4 P W . AR Li-6400
S ZE 4 (Li-cor Inc. , Lincoln, NE, USA) Jill
FE IR EOR Mg TE] A 8:00—18:00, FEA
HsE 3 ¥, B Li-8100 [ 45 iy 35 3 Fi
FEAL A A FI5E 5 em EEE AY L 3R AR & K B A
A SRR o AU R s BEOAS TR A i, DA
W RGIRE
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THEIRAE (1) UK 5—10 cm HIESKE (W) 1Y
IERRWT (B, 2016) -
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+3E Co il (B, 2016) -

24
Rd=ZRi x3 600x10*x12x1076x107° (4)
1
24
&:Z& (5)

K, Ra Ry 435k 1 3 0F I H &
(tm2d") F4EERE (thm2a') . Ff SPSS 20.0
4T One-way ANOVA 434, %1 LSD ZH
IOTA R I b P E) Y 22 55 2
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TIEFE DRI E S IR H (2000) /Y (L3
RACGHT) « HIEENLR S & (gke!) RATEE
PR B4 AL AN e s A (gkg™) RATFLIR
EREME; 2 (gkg!') KA NaOH #a-4HE,
Prib@ing; 2 (gkeg') R KMGESOLE
FaE (2R, 2016)

T IEEEE PRI . IS R 4t
FEVFHEATHL I, e G RN AR 4R (1 g
A 30 min PIAMEF=AE 1 mg HEIBERTRT (OB ) |
HALEE (1 g 4F 24 h AR A2 1 mg TS
POl ) | DR (1 g 4F 24 h N4 1 mg &
AT AR ) (ZERE, 2016) .

1.4

iz [ Excel 2007 F1 SPSS 18.0 #4754 #r
KR E T 2508 (One-way ANOVA ) #5655
ZH R ] A 22 5 B 1 , Pearson A eME REUG 64
FEFRIEIAR G s RATEEOT FEXS L3I (Rs)
55 A SRR R R R (R0 A 5 R A8 s SR 40
B IO IF 5 X A 39 P W ke 32 5 0 A 1) 38 3R 5%
HF. HIFEGEEIEIIAERIMZI0R TR RES 0
RIS EHLA BESH R, FHHAE P<0.05 1 P<0.01
b S oL P A GO
2
2.1

B 1R, PERURRAN I 2575 AR 39 R A
TR RS, S RE VT AR L
#ath, AFRZET 0—5 cm HEEREH R E ST 5—
10 cm; 0—5 cm 4870 EE R A 25797 (AR AL 52 Se e m
JabERaS, EE R, HPARRFEZET 0—5
em HHEREZEFHEE (P<0.05) 5 5—10 cm +

B W 2T AR R e S PR, 75
FikFR K, AT/, HPHEFEMLE 5—10
cm HIEREERARE (P>0.05), —HBEKT
HZEMZE (P<0.05) . AFEZEY 0—5 cm HIER
EHREET 5—10cm HHERE; 0—5 cm HHEE
JFE R 2T AR e S B, EE RS
ok, A ZR/N, Hphk | EFZEE0—5 cm
THEREERARE (P>0.05) ; 5—10 cm 11
TR 20T AR e 5 PR a3, EE %
B K, AR/, HPEFREMLE 5—
10 cm HEREZERARE (P>0.05) , —HB#F
K FEZ (P<0.05)
2.2 R
R =3

FHIE 2 AT, PG SRR A AR 215 AR 1 3Tl
HA R B ZBEMEN A, W25k
E, AFEZEY 0—5 cm HIELAPEE (R) . HIFIF
W (Ra) MSFEPEIE (Ry) #ET 5—10cm +)2;
B HEREEER , 0—5 om TIERFREE (Ry)
BEE 2T AR S S S BRI 3, 7] 263
R, ELAZER/N, HhEEMREREE R TES
M&ZE (P<0.05) , 5—10 cm HIERFEIEE (Ry)
Bl 21 AL S e IR BRI S, BRMA T
EZRAERE (P>0.05) , —HBHEKTEFNME
(P<0.05) . 0—5cm +HEAFEFR (R,) FEEZTT
AR RSB E RS, R TR EIR R, 7
KT, HPEFMATERFARE (P>0.05),
“HEBERTHESMKZE (P<0.05), 5—10cm +
HHFETY (R.) KN HF MEMETER
ARE (P>005), —HRBERTES (P<0.05) .
0—5cm A1 5—10 cm H3ELIFE (Ry) BEHEZTTHY)

3
R *k A
30 o a =
a B 207 * A ®
25 | e ke AB b
g c b * e 154 b By
B 201 %
g ¢ -
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Z 101 =
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Fig. 1 Daily dynamics of environmental factors in tropical seasonal rainforest in Xishuangbanna

n=18; RRIKEFEFER 0—5cm ZFEE (P<0.05) , A/NEFEHFR5—10cm 27 EE, TMH

n=18; Different capital letters indicate significant difference in 0—5 cm soil layer (P<0.05), and different lowercase letters indicate significant difference in

0-5 cm soil layer, the same below
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Fig. 2 Total soil respiration (R;), autotrophic respiration (R,) and heterotrophic respiration (R}) in tropical seasonal rainforest in Xishuangbanna

ARSI, EERRRIRA, X
ZE/ N
2.3

A% 1 AlAL, VEUR N 22710 I AR - 5857 0
RS M HA U B 00 2B B R, My
EHSHE, NFEZEY 0—5 ecm T2 FIBHE M
WET 5—10 ecm +/2; NEPHEMASKEE, T3
FEo RIS P Bl 2 AR A 5L S N 5 PRI Ea 3,
EEZRFR A, 0—5 cm HEEAWIR . 2R . &
BROLFYERTG . DREE . FEALRERN A A R 2
AL S ka3, ER kR, 15
KRN, HBPESMHELRALRE (P>0.05),
HEEMAZLERALEE (P>0.05) . 5—10 cm +3
AU, SR . S, Y4ERNE . IREE . LB

TENERGIA Bl 2207 B AR b S SR s BRIk 3, 7E
HZERFIEK, EAER/N, HhEFEMEZER
ANRE(P>0.05), FEMELELZF AR E(P>0.05),
0—5 cm A1 5—10 em BRI 2= 17 258385
MRS, Hp R HIREepE R AL E
(P>0.05) .
2.4

U OOURR 20 AT 2315 0 AR - 8 R 0 55 - 1
R E TR R (F2) , Hup BARELIAE,
HEMKEELIEITR 00 B &R TEENKSE, &
Z | JHZ& | KA IR RAERE) Qo 4390k
1.53, 1.86, 1.62, 1.70, A[FZEY L3 RFREN Y
TR R B REOCR, Kb E Rk 4
SEFRIPIREE R MR . BE . BEE . BEML

1
Table 1  Soil nutrient and enzyme activity in tropical seasonal rainforest in Xishuangbanna

R . ﬁﬂﬁbz %’EL g3 Exa _ FYERTG JoR Tt Ligtdics FREH

Soil depth Season Soil organic ~ Total nitrogen/ Total phosphorus/ Total potassium/  Cellulase/ Urease/ Invertase/ Sucrase/
carbon/(g-kg ") (gkg™ (gkg™ (gkg™ (mg'g'd") (mgtg'dh (mglg'd) (mg'g'dh
%2 Spring 16.52+2.15b 1.63+0.13b 0.75+0.06a 6.35+0.56b 1.68+0.35b  4.36+0.35b  3.56+0.63b  1.23+0.13b
0-5 cm HZ& Summer 19.36+1.69a 1.98+0.25a 0.81+0.05a 12.15+1.42a 2.89+0.46a  6.87£0.46a  7.13+0.52a  2.69+0.26a
#Z Autumn 18.72£2.41a 1.82+0.16a 0.77+0.08a 11.04+2.31a 2.61+0.32a  6.53+0.26a  6.85£0.34a  2.53+0.15a

42 Winter 15.04+1.87b 1.51+0.24b 0.73+0.04a 5.18+0.85b 1.53£0.42b  4.12+0.38b  3.02+0.48b  1.14+0.32b

%2 Spring 13.69+2.06b 1.54+0.26b 0.71£0.06a 5.03+0.54c 1.54+0.31b  3.68+0.42b  2.89+0.25b  0.98+0.24b

5-10 om K7 Summer 16.23£1.87a 1.83+0.32a 0.73+£0.03a 10.41£1.21a 2.65+0.29a  5.87+0.36a  6.03£0.26a  2.34+0.26a
#Z Autumn 15.48+1.54a 1.74+£0.27a 0.71£0.05a 8.06+0.98b 2.31+0.25a  5.81+0.28a  5.37+0.34a  2.17+0.34a

2Z¢ Winter 12.04+2.03b 1.41+0.31b 0.68+0.04a 4.12+0.54¢ 1.47+0.37b  3.24+0.27b  2.17£0.31b  0.85+0.19b

AR/NGFHFRER BE (P<0.05) , TIH

Different lowercase letters indicate significant difference (P<0.05), the same below
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2
Table 2 Exponential relationship between soil respiration

and soil temperature

TiH Z Z ¥ Parameter

F R?

Item Season a K Oio
%2 Spring  236.35 0.456 1.263  0.035 1.53

R HZ Summer 298.21 0.596 0.856  0.075 1.86
) #Z Autumn 19826  0.513 0.952  0.065 1.62
&7 Winter 203.14  0.496 1.026  0.041 1.70

#2 Spring  201.45 0.463 1.145  0.063 1.63

R, HZ Summer 286.27  0.538 0.856  0.072 1.72
7 Autumn 187.56  0.423 0.257  0.034 1.58

%4725 Winter  168.03 0.401 0.142  0.068 1.52

#2Z= Spring  206.58  0.432 0.398  0.029 1.62

R HZ Summer 275.04  0.587 1.041  0.017 1.83
¢ #Z Autumn  213.45 0.498 0.854  0.034 1.60
%75 Winter  188.03 0414  0.927 0.053 1.57

n=90. The same below

xR FRITI Q104370 1.63, 1.72. 1.58. 1.52,
AR ZETT 4 A R S R R R W R B
KR, BT [ IR0 B s

A AR AN E 21T - FIGER S 0
—5 cm M1 5—10 em + )2 HIEE/KEZ A AR
TR AR (F£3), HikERE R 450Hh
0.317—0.456 F1 0.289—0.401, HIRALT T HEIFIL
R R R RO AR R (H, X I 30T
HR Y B KR 2 A A SRR S , MRS
MR T HEEMA T (MHRRBLHME) .
25

4R E MDA LR EE R TR R 2
SR, TTUAE M —. 0 ERUMHEE S ST
ZEE TN 87.249%, BIRTHAS ERLXT 8 N5
FrBra a5 B 5 ST TS, o ss— 3L
SHEARIIE B RZ (BE] 64%LL F ), T Ems) 3
F1 4 %5 207 Z R DTERAR/N (9.189%7F11 3.562% ) , K
I, BEEGET 2 AN FAE N ER S £S5 BT EIREE
DRI 0 T S R BT 2k (B, Rt T o5
AR ARG R, BT E KA RIAT A & A
o HB—F RO R AS R AR T TR T 220
64.184%, ufur {EH5e = B9 LA 8 FR 2 5 AA HLAK |
SEMEEALEE (43900 0.857. 0.803 F1 0.812, 44
XHERT 0.8 B HE A EE R ) , 5B Fsr
AR SRR (4508 0.832, 0.801 FlI
0.803 ) , ULHHAMLAR . SRR PO SR ANH

3

4

Table 4 Analysis table of total variance of observation indexes

HHIE{E M 5THk*R  Eigenvalues and contribution rates

— - JiE BB
. Contribution Accumulative

component Eigenvalues o
rates/% contribution/%

1 64.184 64.184 64.184

2 23.065 87.249 87.249

3 9.189 96.438 96.438

4 3.562 100 100

5

Table 5 Principal component load matrix

F 4 Principal component

TiH Item

1 2
H MLk Soil organic carbon 0.857 0.042
4% Total nitrogen 0.803 0.832
4T Total phosphorus 0.201 0.017
4l Total potassium 0.357 0.803
YR Cellulase 0.204 0.614
kA Urease 0.345 0.432
AL Invertase 0.812 0.803
WEREES Sucrase 0.074 0.507

A 25 RRIAR - ST 14 T2 2R MR [
3

ARG, PSRN AT 2775 RRPR A 10 A A
TR A B T A, RE v
BIARp AT, ANFZET 0—5 om IR AN
BERT 5—10 cm; 3R NG R RS 7515 AR
LR EREIES, EEEREIR R, ELZE
/e RN (HILAE, 2017; XITH#R5, 2016 ) ,
PR, B Y0 S5 (1) - SR I 3o 46 2 B L0 7Y
AL, ASEST AU RGN T 2R T AR SRR H
AV R R B B A g 2R, 2R 1 ARG H B
R, s/MENIAEL T, JEMREE R,
MR, REETE AR L, SORE T LT, 4R
W LR N, B e B AR M) AR 2R IR HE
B FECO HEGREERI R, - 18P Ik 2 e =
WA YE R, e, BEE IR,
- SEOTR ) S R RRAG . ST R T B R
MR G A I AL RV E R Rk gy, sl N 1Bl
B RGBS LRI R AN [F] ( Carey et al.,
2016) o KREMFFRY], PERURIAFAT T FIAR L
ST = A IR AR A s, HAT B B R 2=y

Table 3 Exponential relationship between soil respiration and soil moisture content

E=av] 0-5 cm +3EF /KR Soil moisture content () 5-10 cm +3EF /K Soil moisture content (77)
Season K F i Equation R? F X F i#E Equation R? F
%7 Spring R=—0.043W2+0.276 W—1.126 0.325 231.46 R=—0.169W2-0.545W+1.576 0.314 201.48
HZ Summer R=0.057W2—0.732W+0.249 0.456 264.89 R=—0.324W2+0.124W-2.024 0.401 252.34
#Z& Autumn R=—0.054W +0.456W—0.042 0.402 198.46 R=0.875W24+0.014W—0.535 0.356 175.24
475 Winter R=0.071W2—0.004W+0.545 0.317 176.23 R=0.132W+0.354W—0.147 0.289 165.32
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A, HHEREAE—E R b A A R R )
SRR A, R R A BRI R AT e a1
R R URPERRAR ( BB, 2017; XIEFH
&, 2016) o PG, RHEEEE . WEERIFES S EAH
HAE R 25 PH SR 15 TR AR - 8. 55
G, IR ELAT B R (T RRAE , R R H B
B2 &Zh5N, X 5H A4 5RE—50 (Bae et
al., 2015; Barba et al., 2016) . WFIEIX EH Z=[4
AR, R, RIER/KRSEEA R TR A
KER, MY R RIS, HARK
2 = A R 2 0 B 43 I 0 T A R B AR s
M=k} ( Avila et al., 2016; Fang et al., 2015; Taylor
etal., 2015) ; H— FHTEEIRERAM T HEY
OYFEINER, 1 EARERR IR L, fEUET 3L
YRV s TR, AR AL TORIRE, TR
IR WS M AR (B TTFASE, 2016;
B 20165 FPEAEE, 2016) o HIL, HHEE
W% it 2 1 S S I BRI 25

WHAET, THRE S RPN, M+
R R AR, - AgE R 5 B o 3K 4 R B T
o, i KA RN 2 5 8 e E A 2
(BIF445F, 20165 BR15VESE, 2017) o O E4EHY
HE 22 PN - S GAE Wdh A A P b 55,
() 130 B S5 R 38R O (98, DU 13 4b
THEACIRES, FEPIR R A Y B TE sh 2 24
il , A AR ) 23 R FRAIG, 3R A1 CO,
WL, Frdss Y R B LS,
WA T RS (R FBEHSE, 2017; FTRIGE,
2017) o AWFFEH, PO XURGNHGHT 27 MR - 10
W AR 52 - S8R R A o B i, SN
5 HERE R AR KR, A BB+
SRR Y SRR R B . SRR, HHERET
, MRRIPR A s vk, A Y
CO %, +HER R 3T CO, 1a KM%k
W, CO, M RAAHEIGE R, HtHRE S +
BRI S AEA G A —OrE, IR R
b AR T A R g R SR R AR R (R
&, 2016) o EISAHMESIHTATED, NI PERUR
YR AT 73T T AR R G 1 b A 18 5 Ay R - S
TP —E RS, 1T 32 R0 A 45 2R /R P BRI
PG S PR . SRR REERE R
WP f 2 B IR R

ARG R, I N IR S 0—5
cm Fl 5—10 om FRAL 38 2 M 3977 70 B 5 3
BOEMIEE R, FHE 50 78 SR N AT 27
AR P R ) 2 S R, X 5 [ N A2 5t
FREER—3 ( FHB%, 2018; XA, 2016 ) .

X ] B A T R A AR T XA AR ZR R A
IR DARIENE sh A T R, DT (A £ 3T
W AR, fE—EYa BN, MERENTE, -
R YTE R, IR IHCR A S R R
S B SR | IR S R T RISE AN,
Ha o8 2% (REARSE, 2015; AR, 2017;
FeRE, 2016) . EHNIMNFEZMREN, HFhL
SIS IR A RAFROA S E . e . R
RN IE IR A R 35 & B0 A 0T 0 5 Hb 2R L
JEZ LA BB RO R (OREAE, 2017) .
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Seasonal Variation of Soil Respiration and Its Impact Factors in Tropical
Seasonal Rainforest in Xishuangbanna, Yunnan

CAI Ziliang', QIU Shiping'
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2. Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Kunming 650223, China

Abstract: This study was conducted in tropical seasonal rainforest in Xishuangbanna, Yunnan aiming at measuring soil respiration
and its impact factors. The results showed that (1) Soil temperature and soil moisture had the obvious seasonal dynamics and there
was a lower soil temperature and soil moisture in winter and higher in summer, and the soil temperature and soil moisture in 0-5 cm
was higher than 5-10 cm. (2) Total soil respiration (Rs), soil autotrophic respiration (Ra) and soil heterotrophic respiration (Rn) had
the obvious seasonal dynamics which showed increased and then decreased with seasonal variation, and Rs, Ra, Rh in 0—5 cm was
higher than 5-10 cm. (3) There was a significantly exponential relationship between total soil respiration and soil temperature, and a
significantly quadratic curve between total soil respiration and soil water content in 0-5 and 5-10 cm with R? 0f0.317-0.456,
0.289-0.401, which was higher than the correlation coefficient between total soil respiration and soil temperature, indicating that the
effect of soil water content on soil respiration was weak than soil temperature. And (4) principal component analysis showed that the
interpretation of the first principal components of original variables accounted for 64.184% of the total variance, respectively. Soil
organic carbon, total nitrogen and invertase had the highest load value, and the second principal components were soil total nitrogen,
total potassium and invertase, which illustrated that soil organic carbon, total nitrogen and sucrase were the main influencing factors
to soil respiration in tropical seasonal rain forest in Xishuangbanna.

Key words: Xishuangbanna; tropical seasonal rainforest; soil respiration; seasonal variation



