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FE: AR R M Eucalyptus AT X3 vF Bk R0 2 T FHIER L H o RF, & F s A Tk 23K
BE, M 2016 F 3 A-2017 F 2 ARTE A 5 /AARE AR AR EZE 1A B i Pinus elliottii X caribaea #k £ 35 »F 98 ik
B, pHAAMAIRLIEFRERENGTEAALEYmBRgMXXE, EREAN: 6 Mhy bRk o X
WA, HEREHEER,; LEFRERELERZIRBEAFLGBUABY, 5FYRRERFEFE R E A
M (P<0.001), E3gEFR i FutR T2 23 BERARERKELFRAIRS, B, BENXEZTEYTMELIE TR
i % 44.8%~83.9%4 & F . i%%ﬁaﬁﬁéﬁl‘ﬂﬁ%i%%%%i%/&ﬁ rrEARAE . B EAELF LA
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Temporal and spatial dynamics of soil respiration and influencing factors

in Fucalyptus plantations

ZHU Wankuan, CHEN Shaoxiong, Roger ARNOLD, WANG Zhichao, XU Yuxing, DU Apeng
(China Eucalypt Research Centre, Zhanjiang 524022, Guangdong, China)

Abstract: To contribute to a further understanding of soil respiration dynamics and to help to provide an accu-
rate calculation of carbon emissions, the relationship between soil respiration dynamics and influencing factors
for six plantation types: Fucalyptus urophylla, E. pellita, E. torelliana, E. camaldulensis, E. urophylla x E.
grandis and Pinus elliottii x P. caribaea, along the Leizhou Peninsula was field continuously using the LI-
8100A (LI-COR, USA) for spatial and temporal variability in the soil respiration rate from March 2016 to
February 2017. With this data, analyses (including correlation analyses) of spatial and temporal variation and
analyses of the relative importance of key factors influencing these parameters were undertaken. Results showed
that soil respiration rates for the six plantations studied, in relation to soil temperature, all had a single peak in
their pattern with both index and quadratic models able to simulate relationships between soil respiration and
soil temperature or moisture (0—10 c¢m). Temporal variation of the soil respiration rate was driven by both soil
temperature and moisture with a two-factor equation (soil temperature and moisture at 10 ¢m) explaining
44.8% to 83.9% of the variation in soil respiration. Spatial variation of the soil respiration rate was mainly af-
fected by soil bulk density, leaf area index, total soil porosity, and non-capillary soil porosity, with correlations
between these parameters and soil respiration rates highly significant (P<<0.01). Soil surface carbon flux was
also correlated to soil organic carbon density (P<<0.05) except for soil bulk density, total soil porosity and

Wik H 1. 2017-05-02; & H . 2017-06-23

FGUH R E AR H (2016YFDO600505 ) 5 ' 7R 48 Moll B4 61 8 & 1 5% < T H (2013KJCX014-03;

2014KJCX021-04) ; #olk Bl 4% 615 & iz 47 #h 335 5 (2017-LYPT-DW-137)
YEE A . P07 98, MFHER N AR A 258 L I BFFE . E-mail: 2wk _2015@163.com . 8 5%« AL,
WrFEot, W, WFERMAELSEMGT. E-mail: dapzj@163.com




BISEH I AT SEAE S [w) AR A N TR B R A 25 8y 25 R LR i B R 413

non-capillary soil porosity. The annual average of soil respiration and soil surface carbon flux in both E. wro-
phylla and E. torelliana plantations were all significantly higher than E. pellita, E. camaldulensis, E. urophylla
x E. grandis plantations and P. elliottii X P. caribaea plantation (P<<0.05), and with no significant differences
between E. urophylla and E. torelliana plantations. In total, the spatial and temporal heterogeneity of soil respi-
ration was influenced by various factors, which is the most important consideration in estimating soil respiration
flux. [Ch, 5 fig. 4 tab. 49 ref.]

Key words: forest soil science; Eucalypius; soil respiration; spatial and temporal variability; soil temperature

and moisture; soil bulk density; leaf area index
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BLE RS RGE, M T IRIF 2 B AE R RS AT BT AR R . TR RO I NS Y
S T 7 A AR S T K Eucalyprus 2 v E AR R 0 DT R A R R 2 —, B B OOR T2 R Cun-
ninghamia lanceolata F1 55 BN Pinus massoniana; 1 EFERS N T AR AR HAEEE 3 467, AR FE PG FIEDEENT,
e AR, &)z, UM ER 5 HAR ARG, Rt AN TARBRIC S B ., B AR ¢
WFFEARIRAE Sy HAT, XA bR S 0% A 57 2 B A i AE 2 B R UAN [R) it 1) + iR 22 =
ARUE 51 JES AR e A% 2 S 20 45 Dy T, XA ) R AR N b A 38 I R R G55 e S 3R A AT 9 o oK LR IE . AR
WG BT M2 5 5 ANAS R FR AR N CARFN 1 AR In#s Pinus elliottii x caribaea MR WFFERT 4,
AN () ARG B N T bR A S R 3 R Y 1) 28 B 25 A8 Al | - SRR ol R R W S R Y O AR RRALE S - S IR I
2R e BN R A, O HER Al SRR AR N TR R R A SOIR D0 BB S

1 B % 3 A0

WEFEHAL T T8 M2 B AU, FE 7 B RGO F i 7R 0 3 58 A (21°20'~21°30'N, 109°22'~111°38'E) .
HL XK Y 1504 m, JE TR SRR RO X RCE XL R BRI 203, TR )b 4E
BRI A 23.1 C, ST (T A)FEA0RN 288 C, HR A (1 )RR 15.6 C; XK TN
1567.0 mm, 5-7 W3, 2405w KW MG R ORBE N AR XHZE Y 80%, 4 H M BN
1 937.0 h, 2016 4 5-6 A X} B M#% E. urophylla(EU) , H)JZ#% E. pellita(EP), F&H. ¥4 E. torelliana(ET),
I K% E. camaldulensis (EC), JFEE# E. urophylla x grandis (EUG) FIiE in#x (PEC)6 4~k 4 FF Jie B /b i 25,
ARHLH -3, 7 AL, RS LR 1

&1 EHERHR

Table 1  Basic situation of sample plots

Moy Ml CFRMEm o R em O MOPEEE/BE-hm?)  BOE/(C) Bm i HY/m MR J2 2y ol

EU 15 25.38 + 0.71 26.56 + 0.81 524 0 T 119.6 1,2,3,5,9,10, 11
EP 10 16.80 + 0.69 17.25 + 0.71 970 0 -t 92.0 2,3,5,7,9

ET 10 18.00 + 0.53 19.60 + 0.56 810 0 - 85.8 1,2,3,4,6,7,8,12
EC 8 15.28 + 0.64 10.82 + 0.48 925 0 - 98.6 3,10, 11

EUG 8 23.15 + 0.76 18.43 + 0.24 690 12 ¥ 113.0 1,2,3,4,5,6,7
PEC 15 13.73 + 0.23 20.60 + 0.62 599 0 i 1047 1,2,3,4,5,6,7, 12

Yo H . Bl bR AE DR . WIF G S . 1. #2528 Schefflera octophylla, 2. WS4t Ixora chinensis, 3. $h kK Rhus chinen-
sis, 4. PR} Lantana camara, 5. (175 M Mallotus apelta, 6. ™ JF& ¥ Digitaria sanguinalis , 7. {146 % %1 % Herba biden-
tis, 8. JIEZL 8] Ageratum con-yzoides, 9. F.5 1 Miscanthus floridulus, 10. ¥ 7j 24§ Paeonia obovata, 11. 1 L4 Wedelia

chinensis, 12. )X & Arthraxon hispidus
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- 44 - S i R A A A R R 2% S5 (P<<0.001)
AN TR 23 4 S 0 W e AR £y 2 BT, 7E 2016
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H
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1 \57% /\i}“ D"lﬂ“;.i = :%_‘:m:'f‘b
A (2.14 + 0.15) wmol-m>:s™, EUG 4 (2.34 + 0.21) i AR LRPAR R A S X

Figure 1 Monthy variation of soil respiration rate in different stands
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pmol-m™+s™, PEC }(2.33 £ 0.17) pmol m™-s™; EU 1 ET Z[AIAFLE L HE R (P>0.05), HFELE
R T HAb A (P<0.05), EP, EC, EUG I PEC = [H] TG b 3 2 5 .

3.2 MR H PN E R X RIFE

321 RREMKHSEMEBE, BEVASHES T 6 DM TR A AL LI ON Bk L (F 2),
12 A~ 453 [81°F- 35 - 5638 B B il 8 35 25 5 (P<0.01) o WA, +3EM IR B AW T, #5135
WEETE 6 kBl KMH ., 2016 45 7 H 2845 2 H, L8RS EHFEAC, S0 2 EEASA 2 Hik
Fde/ME . LI P& ARG 3 1 IR BE 43 51 O EU R (27.11 = 0.37) °C, EP 4(27.33 £ 0.40) °C, ET
H7(26.54 = 0.38) °C, EC (27.10 = 0.43) °C, EUG }(26.61 + 0.40) °C, PEC J(26.46 + 0.42) C, #
T2 F (P>0.05), &byt 380 5 H A b R 80 kU i 26 i 2 (18 3) o W 30 S T = Ja B AIG 72
5-7T HRBIAME, Z/a B shEse . S0 i -2 4 5858 2 50 5 o EUSY 14.93% + 0.45%, EPJY
14.46% + 0.29% , ET J 13.22% + 0.31%, EC } 11.65% + 0.30%, EUG ¥y 15.13% + 0.43%, PEC W
12.80% + 0.50%, EU, EP #1 EUG =& [H] 2= 5 A B3, (A8 355 T HAb s (P<0.05); ET fi1 PEC 2
S E(P<0.01), H¥EZE&T EC(P<0.05).

387 - EU - EP 307 - EU -4 EP
34 - ET -« EC ’s - ET -« EC
—+— EUG -+ PEC -+ EUG -+ PEC
30 f .20
3 =
26 + =~ 15 F
22 10
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Figure 2 Monthy variation of soil temperature in different stands ~ Figure 3 Monthy variation of soil moisture in different stands

322 RAAMS LR T, LREAANER TSI EF o4 HE2 MM, HEEENAELRZEO~10
em) P22 5w, Horb EU 2% KT H A AR 4> (P<0.05); ET #1 PEC Tl 3% 22 5%, (H¥ R KT EP(P<
0.05); EP, EC f1 EUG Z[HICH & 25 . LA HE . BELREMESEREL N RZ LR
ARy ) 22 S R, TRJZ R4 22 8/ o A HLAR 0T 2 43 BB 10~20 em + )53 AP At 2 77 46 AN ) 72
25, BRI ET &K, EU fvh,

323 FREMS LIEAMEE EE S 6 DM MG E (B 4) Kk R EU 6.16 kg-m™?, EP
8.08 kg-m™, ET 9.65 kg-m™?, EC 7.38 kg-m?, EUG 7.37 kg-m™?, PEC 7.16 kg-m™; ET 5 EP Ll & %
S, R T HAL 4 AR (P<<0.05) . K2 HEAAHLIR S E ET Ao 83 & T HAb AR 4> (P<0.05) 5
10~20 cm + 2 A WL E 6 DRI B 3% 2 5 20~40 em + 2 ET 8% & T EU(P<0.05), HPFi#H
5 HABAR BT 8 % 22 55 40~60 em )2 ET 5 EP B W 3% 2 5%, (H ET &2 & T HAb 5 (P<0.05),
EP 5 EC, EUG L% %%, {H EP ¥ 5T EU 1 PEC(P<0.05),

324 FEMpTEARIEHAAFE DR EELE oA BIE S TH: 6 ARSI TE RS £k 0.95~
1.37, EU FI ET 2255 A3, (A3 5 3% & TH MM (P<0.05); EP 3% T PEC(P<<0.05), HAhz 5%
AN SRR PR E 75 WA HLRK 25 Bl 0.40~0.85 kg-m™?, PEC 2 0.43 kg-m?, EU, EP fil EUG =%
[ JC % 2% 5, A EE ST EC(P<0.05); EP B# & T ET M PEC(P<0.05), ET 5 PEC 25 A W%
325 RRAMSy EEFRE AL LIEBE | BEG AR Person MR FIH (3 3), 8L &
RGP A I R G AR 5 b R B O A TE A G (P<<0.01); 5 R N AIOC KR, bR EC h %
SN ARG B B o AR — BRI - T I R 5 R A DG R A R A G
P, U0 - S BT - SR R R R TR R R, R R S R R BRI ROCR . =
W 206 R B8 B B % K7 (P<<0.001) . H8Ei B . 188 WA FHLRL7E EU, EP, EC fl EUG 4y
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Table 2 Comparison of soil bulk density and soil organic carbon content in different stands
/(g em™) SALBUE %
0~10 10~20 20~40 40~60 0~10 10~20 20~40 40~60 c¢m

oy

EU 084 +0.03c 098+0.02a 099 +0.06a 1.08+0.06a 6238+ 1.74a 5742+ 129 a57.34 +1.82a 56.50 + 21.63 ab
EP 1.07+003a 1.00+0.07a 1.04+004a 101 £0.02a 5529 +1.62c¢ 5821 +3.39 a 5503 + 1.63 a 5491 + 0.96 ab
ET 089 +0.02bc 099 £0.07a 1.05+002a 101 £0.02a 6024 = 1.10 ab 56.04 £ 1.94 a 57.12 + 0.82 a 59.07 + 1.15 a
EC 097+001b 099+0.02a 1.04+003a 1.07+0.01a 5994 +093 ab 57.98 +3.08 a 55.45 + 0.32 a 57.56 + 1.27 ab
EUG 092 +0.04 be 1.02+0.04a 1.07+0.03a 1.03+0.08a 5896 + 1.47 abc 55.53 £ 0.30 a 55.56 + 0.78 a 56.62 + 1.78 ab
PEC 095 +0.03b 1.07+0.04a 1.04+001la 094 +0.02a 5739 +0.73 bc 55.69 = 1.01 a 54.44 + 0.36 a 5430 + 1.07 b
TE LB/ % IE B LB/ %

0~10 10~20 20~40 40~60 0~10 10~20 20~40 40~60 cm
EU 5028 + 0.68 bc 50.33 + 1.42 a 49.01 + 1.14 a 5220 + 099 a 501 £+099¢ 7.88+258a 602+145a 272+0.15a
EP 5230 + 0.87 ab 48.65 + 1.09 a 49.86 + 1.06 a 51.50 + 1.79 a 10.08 + 1.01 ab 8.77 + 1.51 a 748 +254a 5.02 +2.60 a
ET 50.69 £0.73b 4893 + 1.35 a2 49.54 + 1.35a 5054 + 1.30a 6.70 + 0.37 bc¢ 6.76 + 1.04 a 490+ 1.37a 375+ 140 a
EC 4952 £ 1.52 bc 47.98 + 1.39 a 52.12 + 1.10 a 53.31 + 3.76 a 1041 + 1.74 ab 9.99 + 251 a 334 +0.78 a 426 +249 a
EUG 47.68 +0.16 ¢ 47.45 £ 0.80 a 49.14 + 1.25 a 53.56 + 3.05a 1128 + 1.50 a  8.08 + 0.81 a 6.42 + 1.39a 3.07+223 a
PEC 5344 +0.49 a 49.89 = 0.87 a 50.11 £ 0.78 a 52.76 + 1.86 a 6.80 = 1.22 bc 6.14 +220a 7.01 +0.69a 631 +0.77 a

oy

o w el (gkg™)
0~10 10~20 20~40 40~60 cm
EU 22.34 + 1.08 ¢ 1822 + 1.10 a 1136 + 121 ¢ 7.82 +0.76 ¢
EP 28.49 + 1.79 be 22.10 £ 3.00 a 18.06 + 3.19 ab 1534 +£3.35 ab
ET 3743 +3.01 a 20.86 + 1.28 a 2031 £ 0.78 a 1723 +2.04 a
EC 27.70 + 0.87 be 22.52 + 0.56 a 15.21 + 1.92 abe 11.06 + 1.14 abe
EUG 33.09 + 3.77 ab 18.37 + 1.76 a 13.72 + 1.33 be 10.22 + 1.97 be
PEC 26.68 + 2.02 he 20.77 = 1.85 a 14.56 + 2.15 abe 9.70 + 2.03 be
VLWL s BT P b . AU /NS 5 B o A ) AR 23 i 22 57 B % (P<<0.05)
ISp } 25 ¢ 115
~ | B4060em §20~40em O v E RS MABED A s | ©
g 12f O010~20cm M 0~10cm 2.0 t {12 E
o = a a o
— hvuig L i ~
= EISE 20h ab 0.9 =
= = pe Do be c =
= g U c bel0.6 =
i = e
B 0.5t 103 &
i e
0 B
EU EP ET EC EUC PEC EU EP ET EC EUC PEC
Ff 3l P
A4 FRAMS EEA B EE L BS FREKS T @RI R AR E DRSS

Figure 4  Comparison of soil organic carbon in different Figure 5 Comparison of leaf area index (LAI) and litter organic

stands carbon storage in different stands

LA AR — R, UL NP IR R A B IR WL AE . T R R KSR B
RUF LA AR B Mg, 43 00T DA I A T 52 i R 1~ X6 - SN R AR S AR . R 4 T R EER
JIE fift RS ) b A2 A8 AR A3 4 39 I I 5ok 3R 43.7%~75.8% 78 5, BR T PEC(79.8%) . + HEiR J¥ fift B AS [ b
R B A3 1 30T % 3 % 18.3%~50.9% 125 5, 1fii PEC g 41.2% , 38 B . 1 B8 XA F %) be d bk 4 + 33
I W A S5 1) it B BE 1 0 44.8%0~83.9% , X & PEC by 78.7% KA AR 43 - 338 W W 1) 3k J3 B0 Qoo 1M
1.42~1.99, PEC ¥y 1.60,

326 PR ELIEER. AEBATERIEHG KR XS5 DR AR LR R S 4 s
. P PR RS SO R R L IR A E T R, R R 5 R R R A



BISEH I AT SEAE S [w) AR A N TR B R A 25 8y 25 R LR i B R 417

®3 ITEMREXSLREE. BEMNXR

Table 3 Relationship between soil respiration rate and soil temperature and moisture

o F(R)=ae" S(R)=ah +bh+c S(R)=ae"h Ou
a b R? r a b ¢ R? r a b ¢ R?

EU 0487 0.0609 0.437 0.628*%* -0.030 1.019 -4.251 0443 0.507*% 0421 0.042 0358 0.448 1.99

EP 0488 0.053 0.630 0.817*%* -0.010 0.375 -1.069 0.378 0.568** 0.294 0.044 0.288  0.751 1.70

ET 1442  0.035 0.638 0.781** -0.022 0.678 -1.009 0.387 0.432*%* 1269 0.029 0.114 0.614 1.42

EC 0.635 0.044 0.758 0.851** -0.018 0491 -0.923 0.183 0.173* 0407 0.042 0.201 0.761 1.55

EUG 0381 0066 0754 0.893% -0.014 0480 -1.441 0509 0.531** 0270 0054 0256 0839 193

PEC 0631 0047 0798 0.884** -0013 0418 -0.769 0412 0315 0569 0045 0067 0787  1.60
YWl RP 9T R E IRIE, RBRE R B r o R e 5 b G B2 | 2 28 Pearson A S VRN M BT RFAR G B 8 * o P<

0.05; ** F 5 P<001

LB AR B LU AR AR OG (P<<0.01), 5 A A S IR o 4R 5 3 % A R BV o O AR o

DY, 5 geA HLa TR R PR T DURR IR o RO TG R R AR S, g T RR R R AR R R IR ARG

(P<<0.01), H.BEM i fR 5 Rt L e ke e, AL UL B2 IA 31 R?=0.468, 5 eI | I A Sk 2y

AR,

®4 TEFREZRSHENER. AEYRMEREHOEXME

Table 4  Correlation between soil respiration rate and soil properties, litter organic carbon storage and leaf area index (LAI)

T2/ LEES R
Z/cm
B AE O OBALBUE BEARE EBEARE ABERE MEWAREE s R RERR R
0~10 -0.752%*  0.622%* 0.024 0.611%%* 0.434
10~20 -0.149 0.165 0.434 -0.105 0.327
-0.109 0.681%%* -0.054 0.211
20~40  0.161  -0.360 -0.161 -0.149 0.174
40~60  0.164  -0.453 -0.071 -0.304 0.133

B . ¥ /R P<0.01, * £/R P<0.05

327 AREMgyEEEABHREREET ALY AR E S LR ARABGE S EU (1 33342
8.19) g-m?-a”', EP #(804.18 + 3.82) g-m?-a”', ET (1 408.94 + 523) g-m?-a”!, EC }(804.98 + 4.55)
g-m?a?, EUG H(893.31 +5.97) g-m™-a™ Fl PEC #(891.15 + 4.95) g-m?-a”', Jih EU f1 ET Jg i 2%
S, B8 T HAMS (P<0.05) . MMM R 65 7 A RER R HEGE 53R 2 1%
BHEAFEMN B E TAHC KR (P<0.01), 5RJZE S ALK AR B FL B A a3 IEAHC R R
(P<<0.01), 53RJZ A PR S B 5 3 EAH R (P<0.05), MEFRE 51 0.743, 0.693, 0.644
f10.484,

4 Gtk it

41 AEERPHRY L EFRE B ERERHER

3 AR AR T2 R IR T U Y 3 R HLBT R AR AR, R RE 2w S R 0
FFIREL 0 P W% I 305 P, 0 100 2 ) S e R 4 2520 iy e SR A ) AR AR AR ) A i i B 2 B o
E AR PR ER, PR e S K A ST AR e L R FEE A o AT 6 bR Y S e
A2, YR PIEM AR, 50T AR SR B MIRBOC R, 5 R RE KR
HAEACAF S35 1 IR Z AR (P<0.001) o 6 ARG T HEMF IR S KR H BEAE 57 F, H A 4%
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