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Effect of fire intensity on soil respiration in the early stage of afforestation in
mid-subtropic
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Abstract; Slash burning is an effective management to clean plant residue before seedling plant in tropical and subtropical
forests. Although many studies have been showed that slash burning stimulated carbon emission from soil, there still lack
understanding on how fire intensities on soil respiration in subtropics. In this study, clear cutting an evergreen broad-leaved
secondary forest dominated by Castanopsis carlesii and leaving the plant residue on the surface soil before slash burning are
used. The High fire intensity ( HF) and low fire intensity ( LF) treatments were set up after slash burning. Soil respiration
was measured by LI-8100 at the early stage of the tree plantation (from March to December, 2012) , and soil temperature,
soil water content and rainfall were surveyed simultaneously. The results show that; (1) slash burning stimulated soil
respiration but highly temporal variation with times. Compared with the control ( CT), soil respiration in HF and LF
increased by 76.3% and 55.3% in the first two months after slash burning ( P<0.05) , respectively. However, there were no

significant differences among treatments from 2nd—>5th months after slash burning ( P>0.05). Then, slash burning
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decreased soil respiration after the 5th month ( P<0.05), while HF and LF decreased by 40% and 32.6% to CT,
respectively. Thus, slash burning did not stimulated the sum of soil CO, emission during the observation period. (2) soil
respiration was significantly correlated with soil temperature in the HF treatment ( P<0.05) with low fitting determination.
However, no significant correlation between soil respiration and soil temperature was found in other treatments. (3) A single
precipitation event stimulated soil respiration rate in both HF and LF, but not in the CT. We also found that rainfall

promoted soil respiration in the early time and inhibited soil respiration in the late time during the continuous precipitation.
Key Words: mid-subtropic; fire intensity; tree plantation; soil respiration; precipitation
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CT 1.388 0.054 0.305 -0.108 5.543 0.091
* P<0.05, * * P<0.01
- 70
10 - O Bk
—m— EKRREE - 60
_ —e— fEK b
2 A X
= 8T =50
= g
£ £
s g
. % 1%
= ‘ &
= 'H ? _ o
= I 3
§ i " M | § ‘ 7 "\ lﬂ /i 730 Eé‘l
Z 4 s‘ k,/li‘ e 44l ¥ i MPs| <z
- 8 l , s % s &
& ! .|| ‘ =20
alf ‘|| " g \e [
B ', || ‘|l ""
H 2 i Il
il 410
1 H ITIH b |_| il 1 HI H |Hnr||_|m|_||_||_l.-.4. b H &L

H3Y Date (H-H)

E6 AEAERMEKTLEFRHETL

Fig.6 Changes of soil respiration under different treatments and precipitation

http ; //www.ecologica.cn

0
04-05 04-10 04-15 04-20 04-25 04-30 05-05 05-10 05-15 05-20 05-25 05-30



19 34 IPRE ST A5 KOBEam BET Hh S B N T M) 39 - S il ) 5 8101

3 e

31 KBRS N TS AR b S I )52 )

ABIFFE R BN [ JCRE iR B X N AR IE ) 31 1 S I i A B S i B B PR AE . e T AT e S 3O i
FEOY RIS  E UG shiR it T F & IRE R 59700 ARHE T RIS IR0 ) (A 3255 A B FE 2
IK AR, IR A FRE Xof IR A SR 22 S0/ N | B S IR AL B A SRR /N o BRAR B b R AR RS Y i
2 BERINT LSRR (& 4) b i KRR A g B A 33501 FExE BB 76.3% 1 55.3% ,3X 5 —SE A
FEEE AR 2R R R e L A B RS AP L - ST R AR ST I, ORISR 2 A A P kOBERE
HiL ) - BRI LU 35.2% , X AT RE S K Be R BUHYI AR IE T, LUK K OBe Ja A IR v 5 1 37 4, Rt
Yt shi it 17w Y RE R, HJCREAL BT AR M BT (R 9 ARBRAE ) BERS WO 22 1 R B AR S, 32 v - 33 i
BE (P 2)  IFIBF KR Ca™ Mg™ o KT AR FHBF, PR3 pH (LT sk BB ] 38 I ik 2k 0 76 36
P obeR B R R A 5 2 I IR AR IR A LA S AIAR I BE T B BRI 4 AR — B i ]
L g g JRE Ak L S IR A g AR A g i RE AR B TR KBRS 2 12 A H B KRR SR I3 (R 5
7, RIESET AR FR BT, A ] 58 i A 3L ) ) S I R o 4R 2 S i s b (P 4) o Kobea 2—5 H i kR
SR JBE A TS I KRR B A BTG W 3 2 e, TR TR JOREBR B R AR IR 43 TR KRR AR % [ I I v kR
SR JIE A0 T A ST IR AR, S ECL SRR A FITC W 25 5, kB 5 N H Z 5, i SRS s BE AL B 5 A% AR
SR J3E A0 B SRR, HLJC 35 25 5, 3t oh T e OB DR B AL B T KRR SR B A BB R A BTN, R BE I
TR AP TS AR I SR BRI, ELAT IR IR K, S BOP A A B ) B A RO B O LR
DRI, T - 3P I A5 LT 3 2 S

Wang %2 % 425K 139 A0 BRI G 1 HFENFIREAT Meta 43HT I . KPR RA I+ BERFIR I/ 13.5%
HA B K G 0800 14.9% FE 6 KD 7.5% , FEEH T JOpe R 2T 138 ¢ N AT SR AR s 3, (B
JE B AR A BRI T 3 C AR, ARBESE T ERTE LI 9 b - S I A A TR R
EDULIN A7 30 K 58 T IR 5k s T R CIRT 4) , BRLIOUEIN 0 + 358 223t CO, HECE % 22 5% (181 5) ,iX 55 Bai
ST KB IR D 26.8% 45 FAS— B, {H T2 py T 20 B S ORI B ) b 2 S T B
FIFRIF 5 5 35 20 B, — B 10 Y AR PR AR AE 25 3R G0 rh A WP o H 3 1) 509 T K B A
A N TTARE AR i T2 i BN MR R AR AR A h e P 3 2 o S R P A ELX A 3 v g
WICA =PI R B AL A O A W 1 SR R 1T be Ak B e - SRR A (G B TR 3=
Bk H T R HEE IR A/, PRI AR OB fE N T Ay i) 58 SRR O, HEROE 3% 22 5, (H i T - 1t
A R IR 22 S B A LRI — 2D
3.2 PREEPR N IR Y R e

ARS8 5 A H A SRR ) = SO | AT 48 B S AU B T I A ML R A5 K S S I AT - SR
M FZ T, 515 EHHERE SRR R IRAAAEE R Y X5 Janssens A5 BT & B HER
JEEAN IR A ST 1 B PR — 2, AR IR S R A B TR O R (A 2R T R
SHEYOCE BA B [F) 0, T 55 1 A A2 7 e, SR o B8 427 ) (GPP) 1Y 55%
Hogberg % YR HI 256 th 2 AP & 3K 5 40P . Bond—Lamberty 45 38 i3 2558 4Bk 54 A FRAR 1 4
IS K500 30 - 1 5 3 P 0 55 9L 3 W A Wb 3 G R T S A VA 0 L AR DA A e R DG, RIS Sheng %1
Xof S AT - SRR (4 AT U, 3 WA [ - b SIS A5 ] - S 087 5 - SRt B A i A L BN [] - s 2 7
1] - SE P 0 A3 5 AR A P A B R P S &R o X AT e 1l T 231 U b R B S ) A
7RI B [F DA R R ZE T AR A T AR A D0 AR Ak (RIS LA X TR K S
i, FEAANAZ L HEE KR BRG], S AITSE L EF IR ANAZ S K B iS5 R — 2,

ARG R AR A4 7K R R B I - B ) B R 3 (R IR K 23 BB R e SRR (1 AR

http ; //www.ecologica.cn



8102 A E = 2%

AT g TR K BRI IE A 3 BRI R AR E T - S ; FEK AR T BRGNS L B
CO,HY W 6) , 42 K2 £ 58 CO, HEB a5 44 H 8 H FE/K 5 B KBE + BErF e 3 m 1
116.6% , I K BEsm FESE TN T 44.9% , %f B8+ HERPIR4 I T 17.2% , [A]BHIF5T % B0 2 v Bk o 25 48 0F £ ey
W, &3 A A A S R 6 (R 7 S B S PR VE L 35X 45 Zhu 25001 X6 R 7K S 6F - S0P 5% i 7F 5 1)
ZEIR B, MR K T B3 K R B R R B R R A ) SRR TR ASHIESY ke K BE A BT A S
W% S B85 e 0 RRAL 3L 4 4 H 23 H—4 H 26 H & KCREsm B AR AR i B DG B AR AL IR B 23 518 62.9% |
51.1%F132.8% ,3X " RS2 T APeab B 3 R R T K A 850k 5 3% 4, BR8N T A a5tk 5 5%
aNIOE TN 118 i w4 €A L 7/ LN QT D O B UL L RN R A NToAHOF R (I I NV NS R TE N VT A 0 o S oA
55 Hb AN VR P 0 R ) - A9 A B PTG  T RN T CRERE H, 5g—J THT, BRGH A b X
Sl g AR AL R AT - BILAR 5 Z AR, S B S B RIS, 3 M LU
UEH A B R IPERR R BRI UR ) K B0 AN IR BRI A B0 5 T e AR L S SO HE A HE R TN
W % 5 AR AR T

4 it

R IR LI ] 6] K BE Ak BEBEA G2 1 CO, BRI BRI, (H KCBexs I iy Zr bR e i BA T 4.
AR ) B B RS A < 75 KCBE ) A 2 A H ISR A, KCBE e B - e IR o 3 (H S Ao i A1 T Bt 5 P i) 18 s Dk 583,
KB 2—5 A H N =Fib BRI BA #2257 B2 )5, KOpRAb BE - eyl (i A% T XTI ke B JE 5 i £
SRR F)— N BN ER, R bR i B A B SRR AR 5 — S N R TR ACbe i B AL B X IR AR B 3 it
XoF e ST DR A e ROV I B - Sl 5 M5 K R AN SR i SRR Sl A A PR T TR Y
5 B2 5 A0 AR e B ST g PR e sl ) EE BN

5% 30k ( References) ;

[ 1] XUHEZR, P, R PR T ARG E KR S0 B SRR 7 B 3 — AR E e 0 2 1 A S R G55 B Mk s 9 2 FL AR
2. EHAR, 2018, 38(1) : 1-10.

[2] BEME, RN KPFEMESREEFRICRMEICBIEI. FRABT K, 1992, (3): 12-14.

[ 3] van Wees D, van der Werf G R, Randerson J T, Andela N, Chen Y, Morton D C. The role of fire in global forest loss dynamics. Global Change
Biology, 2021, 27(11) . 2377-2391.

[ 4] Sheng H, Yang Y S, YangZ J, Chen G S, XieJ S, Guo J F, Zou S Q. The dynamic response of soil respiration to land-use changes in subtropical
China. Global Change Biology, 2010, 16(3): 1107-1121.

[5] GuoJF, Chen G S, Xie J S, Yang Z J. Clear-cutting and slash burning effects on soil CO, efflux partitioning in Chinese fir and evergreen
broadleaved forests in subtropical China. Soil Use and Management, 2016, 32(2) : 220-229.

[ 6 ] Schlesinger W H, Andrews J A. Soil respiration and the global carbon cycle. Biogeochemistry, 2000, 48(1) . 7-20.

[ 7] Lal R. Soil carbon sequestration impacts on global climate change and food security. Science, 2004, 304(5677) ; 1623-1627.

[ 8] Carter M C, Foster C D. Prescribed burning and productivity in southern pine forests: a review. Forest Ecology and Management, 2004, 191(1/
3): 93-109.

[ 9] XUgAM, BAME, B AR TP B U AR L B BT R 7K R4l , 2019, 33(5) : 132-138.

[10] BT, XUEAk, BT, %, BV, KT By 1R 2R sk e PR B s . AR 252441, 2020, 40(1) + 233-246.

[11] BEEE, 2R, bk 5 R, tRMAATS, 1993, (3): 35-42.

[12] Robichaud P R. Fire effects on infiltration rates after prescribed fire in Northern Rocky Mountain forests, USA. Journal of Hydrology, 2000, 231-
232 220-229.

[13] Knicker H. How does fire affect the nature and stability of soil organic nitrogen and carbon? A review. Biogeochemistry, 2007, 85(1): 91-118.

[14]  BESCHR, Wi, W@, XURR, SREOHT, TKEL AR IGIERE. AR50, 2017, 36(11) : 3257-3265.

[15] Bird M I, Wynn J G, Saiz G, Wurster C M, McBeath A. The pyrogenic carbon cycle. Annual Review of Earth and Planetary Sciences, 2015, 43
273-298.

[16] Neary D G, Klopatek C C, DeBano L F, Ffolliott P F. Fire effects on belowground sustainability; a review and synthesis. Forest Ecology and

http ; //www.ecologica.cn



19 IPRE ST A5 KOBEam BET Hh S B N T M) 39 - S il ) 5 8103

[17]

[18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]
[37]

[38]

[39]

Management, 1999, 122(1/2) . 51-71.

Banning N C, Murphy D V. Effect of heat-induced disturbance on microbial biomass and activity in forest soil and the relationship between
disturbance effects and microbial community structure. Applied Soil Ecology, 2008, 40( 1) : 109-119.

Hutchinson T. J. E. Keeley, W. J. Bond, R. A. Bradstock, J. G. Pausas, P. W. Rundel: fire in Mediterranean ecosystems. Ecology, evolution and
management: Cambridge University Press, New York, USA, 2012, 515 pp. illlus, maps, 25 cm, Hardback, ISBN 978-0- 521- 82491-0.
Landscape Ecology, 2013, 28(3) . 571-572.

Zhang Y J, Qin D H, Yuan W P, Jia B R. Historical trends of forest fires and carbon emissions in China from 1988 to 2012. Journal of Geophysical
Research: Biogeosciences, 2016, 121(9) ; 2506-2517.

Wang Q K, Zhong M C, Wang S L. A meta-analysis on the response of microbial biomass, dissolved organic matter, respiration, and N
mineralization in mineral soil to fire in forest ecosystems. Forest Ecology and Management, 2012, 271 91-97.

FAO. Global Forest Resources Assessment 2010; Main Report. Rome: FAO, 2010.

Yang Z J, Chen S D, Liu X F, Xiong D C, Xu C, Arthur M A, McCulley R L, Shi S H, Yang Y S. Loss of soil organic carbon following natural
forest conversion to Chinese fir plantation. Forest Ecology and Management, 2019, 449. 117476.

Yao C Y, Huang Q, Zhu B, Liu F. The 10-30-day oscillation of winter zonal wind in the entrance region of the East Asian subtropical jet and its
relationship with precipitation in southern China. Dynamics of Atmospheres and Oceans, 2018, 82. 76-88.

Xu C, Yang Z J, Qian W, Chen S D, Liu X F, Lin W S, Xiong D C, Jiang M H, Chang C T, Huang J C, Yang Y S. Runoff and soil erosion
responses to rainfall and vegetation cover under various afforestation management regimes in subtropical montane forest. Land Degradation &
Development, 2019, 30(14) . 1711-1724.

Yang Y S, Wang L X, YangZ J, Xu C, XieJ S, Chen G S, Lin CF, GuoJ F, Liu X F, Xiong D C, Lin WS, Chen SD, He ZM, Lin KM,
Jiang M H, Lin T C. Large ecosystem service benefits of assisted natural regeneration. Journal of Geophysical Research: Biogeosciences, 2018, 123
(2): 676-687.

Ouyang W, Lai X H, Li X, Liu HY, Lin C Y, Hao F H. Soil respiration and carbon loss relationship with temperature and land use conversion in
freeze-thaw agricultural area. Science of the Total Environment, 2015, 533 215-222.

Miller A E, Schimel J P, Meixner T, Sickman J O, Melack J M. Episodic rewetting enhances carbon and nitrogen release from chaparral soils. Soil
Biology and Biochemistry, 2005, 37(12) : 2195-2204.

Zhou H M, Zhang D X, Wang P, Liu X Y, Cheng K, Li L Q, Zheng J W, Zhang X H, Zheng ] F, Crowley D, van Zwieten L., Pan G X.
Changes in microbial biomass and the metabolic quotient with biochar addition to agricultural soils: a Meta-analysis. Agriculture, Ecosystems &
Environment, 2017, 239. 80-89.

Hursh A, Ballantyne A, Cooper L, Maneta M, Kimball J, Watts J. The sensitivity of soil respiration to soil temperature, moisture, and carbon
supply at the global scale. Global Change Biology, 2017, 23(5) : 2090-2103.

XuY Y, MaXC, Wang Y X, Ali S, Cai T, Jia Z K. Effects of ridge-furrow mulching system with supplementary irrigation on soil respiration in
winter wheat fields under different rainfall conditions. Agricultural Water Management, 2020, 239. 106237.

Unger S, Maguas C, Pereira J S, David T S, Werner C. The influence of precipitation pulses on soil respiration - Assessing the “Birch effect” by
stable carbon isotopes. Soil Biology and Biochemistry, 2010, 42(10) . 1800-1810.

Moonis M, Lee J K, Jin H, Kim D G, Park J H. Effects of warming, wetting and nitrogen addition on substrate-induced respiration and temperature
sensitivity of heterotrophic respiration in a temperate forest soil. Pedosphere, 2021, 31(2) : 363-372.

HRTRF, 2R, JCEFR KR, DR R, MR A%, 4 T % 8 AR KO8 X I A R (R T BE 3 CO2 3l o Y52 . A= 25244, 2017, 37(4):
1221-1231.

R, AR, R, R, SRR, JUIRE, XN, SRR, MRIER. ARG LT AT CO, 8 X IR A R 1. PR
Blz2i 4], 2017, 37(1) . 288-297.

Guo J F, Yang Y S, Chen G S, Xie J S, Gao R, Qian W. Effects of clear-cutting and slash burning on soil respiration in Chinese fir and evergreen
broadleaved forests in mid-subtropical China. Plant and Soil, 2010, 333(1/2) . 249-261.

5. B ASHRILIXTAZ AR T3P IR A SENR [ D] AR . AR AR, 2005.

Wiithrich C, Schaub D, Weber M, Marxer P, Conedera M. Soil respiration and soil microbial biomass after fire in a sweet chestnut forest in
southern Switzerland. CATENA, 2002, 48(3) : 201-215.

Lytle D E, Cronan C S. Comparative soil CO, evolution, litter decay, and root dynamics in clearcut and uncut spruce-fir forest. Forest Ecology and
Management, 1998, 103(2/3) . 121-128.

Kranz C, Whitman T. Short communication: surface charring from prescribed burning has minimal effects on soil bacterial community composition

two weeks post-fire in jack pine barrens. Applied Soil Ecology, 2019, 144. 134-138.

http ; //www.ecologica.cn



8104 A E = 2%

[45]

[46]

[47]

[48]

[49]
[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

N, BSTUR, BIRIR. K622 G A RIPRS I 3 A W A e B a8 . AR ASAEAAE, 2017, 36(11) : 3094-3101.

FIZrT, MRz, fiokit, $O000, . KOCEI KB K Z 00 LML MIRER AR L. L343, 2012, 32(15) ; 4762-4771.
Ballard T M. Impacts of forest management on northern forest soils. Forest Ecology and Management, 2000, 133(1/2) . 37-42.

Kelly J, Ibafiez T S, Santin C, Doerr S H, Nilsson M C, Holst T, Lindroth A, Kljun N. Boreal forest soil carbon fluxes one year after a wildfire:
effects of burn severity and management. Global Change Biology, 2021, 27(17) ; 4181-4195.

Bai S B, Qiu W T, Zhang H, Wang Y X, Berninger F. Soil respiration following Chinese fir plantation clear-cut: comparison of two forest
regeneration approaches. Science of the Total Environment, 2020, 709: 135980.

Hogberg P, Nordgren A, Buchmann N, Taylor A F' S, Ekblad A, Hogberg M N, Nyberg G, Ottosson-Lofvenius M, Read D J. Large-scale forest
girdling shows that current photosynthesis drives soil respiration. Nature, 2001, 411(6839) : 789-792.

Gaumont-Guay D, Black T A, Barr A G, Jassal R'S, Nesic Z. Biophysical controls on rhizospheric and heterotrophic components of soil respiration
in a boreal black spruce stand. Tree Physiology, 2008, 28(2) . 161-171.

Baah-Acheamfour M, Carlyle C N, Bork E W, Chang S X. Forest and perennial herbland cover reduce microbial respiration but increase root
respiration in agroforestry systems. Agricultural and Forest Meteorology, 2020, 280: 107790.

Janssens I A, Lankreijer H, Matteucci G, Kowalski A S, Buchmann N, Epron D, Pilegaard K, Kutsch W, Longdoz B, Griinwald T, Montagnani
L, Dore S, Rebmann C, Moors E J, Grelle A, Rannik U, Morgenstern K, Olichev S, Clement R, Gudmundsson J, Minerbi S, Berbigier P,
Ibrom A, Moncrieff J, Aubinet M, Bernhofer C, Jensen N O, Vesala T, Granier A, Schulze E D, Lindroth A, Dolman A J, Jarvis P G,
Ceulemans R, Valentini R. Productivity overshadows temperature in determining soil and ecosystem respiration across European forests. Global
Change Biology, 2001, 7(3) : 269-278.

Bond-Lamberty B, Thomson A. Temperature-associated increases in the global soil respiration record. Nature, 2010, 464(7288) : 579-582.
Bond-Lamberty B, Wang C K, Gower S T. A global relationship between the heterotrophic and autotrophic components of soil respiration? Global
Change Biology, 2004, 10(10) : 1756-1766.

Chen G S, Yang Y S, Robinson D. Allometric constraints on, and trade-offs in, belowground carbon allocation and their control of soil respiration
across global forest ecosystems. Global Change Biology, 2014, 20(5) : 1674-1684.

Liu X F, Lin T C, Yang Z J, Vadeboncoeur M A, Lin C F, Xiong D C, Lin W S, Chen G S, Xie J S, Li Y Q, Yang Y S. Increased litter in
subtropical forests boosts soil respiration in natural forests but not plantations of Castanopsis carlesii. Plant and Soil, 2017, 418(1/2) : 141-151.
Raich J W, Schlesinger W H. The global carbon dioxide flux in soil respiration and its relationship to vegetation and climate. Tellus B: Chemical
and Physical Meteorology, 1992, 44(2) . 81-99.

Deng Q, Zhang D Q, Han X, Chu G W, Zhang Q F, Hui D F. Changing rainfall frequency rather than drought rapidly alters annual soil respiration
in a tropical forest. Soil Biology and Biochemistry, 2018, 121 8-15.

Sun Q Q, Meyer W S, Koerber G R, Marschner P. Prior rainfall pattern determines response of net ecosystem carbon exchange to a large rainfall
event in a semi-arid woodland. Agriculture, Ecosystems & Environment, 2017, 247, 112-119.

Liu L L, Wang X, Lajeunesse M J, Miao G F, Piao SL, Wan S Q, Wu Y X, Wang Z H, Yang S, Li P, Deng M F. A cross-biome synthesis of
soil respiration and its determinants under simulated precipitation changes. Global Change Biology, 2016, 22(4) : 1394-1405.

Zheng P F, Wang D D, Yu X X, Jia G D, LiuZ Q, Wang Y S, Zhang Y G. Effects of drought and rainfall events on soil autotrophic respiration
and heterotrophic respiration. Agriculture, Ecosystems & Environment, 2021, 308 107267.

Joffre R, Ourcival ] M, Rambal S, Rocheteau A. The key-role of topsoil moisture on CO, efflux from a Mediterranean Quercus ilex forest. Annals of
Forest Science, 2003, 60(6) : 519-526.

Liu Y C, Zhao C C, Shang Q, Su L, Wang L. Responses of soil respiration to spring drought and precipitation pulse in a temperate oak forest.
Agricultural and Forest Meteorology, 2019, 268 . 289-298.

Huxman T E, Snyder K A, Tissue D, Leffler A J, Ogle K, Pockman W T, Sandquist D R, Potts D L, Schwinning S. Precipitation pulses and
carbon fluxes in semiarid and arid ecosystems. Oecologia, 2004, 141(2) : 254-268.

Zhu M X, De Boeck HJ, Xu H, Chen Z SN, Lv J, Zhang Z Q. Seasonal variations in the response of soil respiration to rainfall events in a riparian
poplar plantation. Science of the Total Environment, 2020, 747 141222.

WA, FBMHE, R, XN, RBTES, ARrisk, S8, BE, R /N2 R ST I B FRbk 1 0 S SR MR IRRRAE. A= 25
274, 2018, 38(14) ; 5078-5086.

http ; //www.ecologica.cn



