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Short-term effects of biochar application on the carbon sequestration
capacity of young Populus plantations
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innovation Center for Sustainable Forestry in Southern China, Nanjing Forestry University, Nanjing 210037, Jiangsu,

China)

Abstract: [Objective] This study aims to investigate the effects of biochar application on the carbon
sequestration capacity of Populus (poplar) plantation ecosystems and the main underlying regulatory
mechanisms, in order to provide theoretical and technical support for forest management practice of balancing
timber production and carbon sequestration capacity in artificial forests in China. [Method] From 2023 to
2025, a one-year old poplar artificial forest was selected as the research object in Malanghu Forest Farm, Sihong
County, Jiangsu Province. Three treatments were set up: a control without biochar application (ck), low biochar

application rate (B1, 30 t-hm™), and high biochar application rate (B2, 60 t-hm™?). The short-term effects of
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different biochar application rates on the carbon sequestration capacity of each carbon layer in the poplar
plantation were explored. [Result] (1) Compared with ck, B1 and B2 treatments significantly promoted the
growth of the diameter at breast height (DBH) and tree height of poplar trees for two consecutive years, among
which B2 treatment had the most significant promoting effect (P<<0.05). (2) One year after biochar application,
both B1 and B2 treatments significantly promoted the net increment of carbon storage in the arbor layer, herb
layer, litter layer, and soil layer compared with ck (P<<0.05). However, in the second year, there was no signi-
ficant difference in the net increment of carbon storage in each layer compared with ck, indicating that a single
application of biochar was not sufficient to maintain the long-term growth of poplar trees. Instead, biochar
exerted a continuous effect through more stable improvement of soil properties. (3) One year after biochar
application, all treatments significantly increased the soil carbon storage in the 0—40 cm soil layer (P<<0.05),
but had no significant effect on the 40—100 cm soil layer, indicating that the increase in soil carbon storage
mainly originated from the one-time application of biochar in the 0—40 cm soil layer. (4) Correlation analysis
showed that the carbon storage in each carbon layer was significantly or extremely significantly positively
correlated with soil total nitrogen (TN), total phosphorus (TP), available phosphorus (AP), ammonium nitrogen
(NH; -N), nitrate nitrogen (NO; -N), carbon-to-nitrogen ratio (C/N), and pH (P<<0.05 or P<<0.01). Redundancy
analysis (RDA) indicated that TN was the primary contributing factor affecting the carbon storage in each layer
of the ecosystem. [Conclusion] Biochar application can significantly promote the carbon sequestration
capacity of the arbor layer, herb layer, litter layer, and soil layer in young poplar plantations, and is conducive to
sustained and stable promotion of the rapid growth of DBH and tree height of poplar trees, thereby improving
comprehensive carbon sequestration and sink increment capacity of young poplar plantations. Among them, a
high biochar application dose of 60 t-hm™ (B2) can achieve short-term rapid and stable carbon sequestration,
exhibiting a better promoting effect. [Ch, 5 fig. 1 tab. 36 ref.]

Key words: biochar; Populus plantation; carbon storage; forest tree growth; plantation management
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Figure 2 Effects of biochar application on net increases in carbon stock in the arbor layer, herb layer, and litter layer
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Table 1 Repeated measures variance analysis of the carbon storage of poplar plantation ecosystem with biochar application

=3 Vg% 3 5 [l ¥o7 F P
poszi! 4.347 2.000 2.174 3.905 0.060
TeARE Hif ] 112.817 1.065 105.966 488.696 <0.001
Ab B < s 8] 2.175 2.129 1.021 4.710 0.036
Ak 0.003 2.000 0.002 29.893 <0.001
HARJR Hif ] 0.011 1.137 0.010 89.048 <0.001
AbF < [A] 0.002 2275 0.001 6.964 0.011
yosz| 0.014 2.000 0.007 25.467 <0.001
Yz fsf 8] 0.019 2.000 0.010 149.091 <0.001
ALk < s ] 0.007 4.000 0.002 29.105 <0.001
Abp 3096.186 2.000 1 548.093 345.875 <0.001
+4E) Hsf ] 2547916 1.175 2 168.353 5566.610 <0.001
AbF <[] 1591.213 2350 677.085 1738218 <0.001
0.8

=& —_

K "

= )

q

<

TARE BEAE RAEmE +HEE
T fiti o4
* R EAIIR(P<0.05); **, fRE A S(P<0.01); ZLtRIRIEA]
%, Eéﬁ%ﬁ*a%7 %ﬁéﬂiﬁﬁ%*ﬁ%ﬂﬁ%o AXIS—] (7560%)
t AL 2 ik o5 i i - 5
F8F T Tl W

Figure 4 Correlation analysis of carbon storage in different layers of . . o
Figure 5 Redundancy analysis of carbon storage in different layers of

oplar plantations and soil physicochemical factors
poparp ! Py " poplar plantations and soil physicochemical factors

Jiti FH R B 42 25 T e ARJZ A BRI RE ) o X S 2E Wi WAL S R M B VARG o AR W T A 3 R IR 1 43
A, WRALBREE, dEmikgsR HERKAE ), AT W EIRITE XK R E R U A K DL
TR . SIS SR T BRI RIS, YIN 00 BUBFSCIESE, AW 0 2 FLAE M R skt
WRARKE BT, HEWERER T SHY /I YIE R ECA 8, SER IR BRI . XA RREA R T IA S
ZAERE KA ERK . 5 ck ML, B1 A B2 AP TR AR ZHRICIETF 23.26% H1 34.84%, ESZ T4
W 1 AE AR TR A2 B [ T DR AR 2 S RVE W 2R R AR A R G ) A PR A A1 5 e i I B0 2%
i, HERICRE IR FFFARISL AN, MRS TRARZE . LRI T R IE IR . A5 B,
B2 A FE A FEA BRI AL ck AL TR TE 10.08% 1 26.58%, V& IE BRIy SR TF 28.53% F1 53.67%., X
— G AN T ARk B3, RARY A KR A, w5 4Yr a5 s & etk
S5k, BRUSHUAH T IR W oA OCR0 . PRIE Y Z R AN, ARAZFEIN LR M R BRI
% R FE RO BB AR 43, i — 2D Ab e RIERR IR, TR AR A A KR 77 . KRR SE
AYm] Gl (e g AR K, SIS A Y B Ok R E A ML e T oA, (R R AR S R G ik



55 43 5 X ) T AEWBE X T 2R IE B I RE ) B R IR 7

fiti P,

AR SR . H AR AR e f IR S hwei el HE 5 B R BT RRE , DAE S i i () 48 T2
[ fkfie 1 B2 Z AV R 5o B, WE AT oE T IR Ty, 38 SN AE P v] LIS
AR, BT AR, Sk s, SRR T R RAE . AR BN AEYIRIEH 1 a5
Bl N T 4lbR b st it i 45 USR5, SR Wy 24 R A B sl , 0 - et A7 5o B R i A
o X —455H 5 CRISCUOLT 4514 A g A 4 75 it A 8 2850 Te] 398 5 i 300t 28 4R - S it i (O A R 4518
—3, WAL, LIRS R TR IR BRI RS, A W A A A R it AR e
S T - R P A T A AR Ry, L ERR RN 7E R[] 2 R SR I A SR . AR AL HE
0~40 cm + 2 AV IG & T2 TG E A W E e m, H Bl B2 ZAbFRAL ck 235|558 1 36.97% Fil
68.56% MBI 4T, X ELWT 24 H: — AR R A, YR HIEHIA R NGRS
VA o AR %) 5 A AL AR R 22 FLAR M T 0 - 48 L SR AT RR DY, SR T R RN R L A A A
N E AT, TR B SR AL, 3 A AL A BT Ao AR [RIRE, A=k
PEFFIEA 22)2 1558 pH $27F, oGE T LI LR MERY R, Rt T 3 Wnig vk, dE—20HR Tt
AWK . ASWEFE I A= 9 o6} 32 )2 45855 00 i i RO A ) R S R A R, XS TR0 AT 2 R
FAR 5, AR T AW et 22 IR ROV . WR)E IR T, WIS 25 TR A+
Herh 2T A Y AR R 4R0Y, RS RAE Y i, DO i R R AR E T, (R AE R XT
AR IR . AR AR RS AR, XTRARZ . BARZE . WY E M - 52 0 RRICRE 34
AT B E B IERLN . FESS 2 4F, Bl. B2 AABRRITRR)ZE . HARJE | P YA 1R i i ey
DR 1 ARRRELR T, (AR R 22 R 2, SXOFARUENTIHAR SRR T G, TR i AR Y e
Tl RN REE REE R . 280058 R 3. AR penti 5 R 1Y L e o3 s & 2 gy, B TAEY
W SCRIARYES , X Fh S B RS ) R R, ARASBRSEh o 2 AR R R E Bk, vTRESE T A R 2L
SER X IR RS W B R OC, TR A e, HAR 1 AR R ) - S B EE A © 8 B 3
Be, AMAEB AR RN DTG SR AL T RS IARR , 3X 5 GLASER S5 H Y K3 it FH A= 9 e o A 0 A KA
7R Y R W R o AR IR A W R, TR R AR ) ke AR TR A S — S ]
U, TRt A T4k A HLR R R B0 AIG, 60 t-hm 2 /= 7 AR R B B A A BRI T e
TR R SE b A o, AT e B I . SRR ) o R SOt B S T B A KA T A A K R
[ 2 .
32 BRAIYORESREHRBENTELMESE

P A T ) R R AR R ) SR T B LK SNy, A W e 6 N R R UE BH T D 2 o e
PR, At AT 2R A ocsE R oK L B R RS AMAEY, iRt ERKER . AR
PR HHEpH, 2K . &0, AW, &8 . MEAMRA L SHN A THRIEARZE ., AR
2. URIEY) N R R A B R ARG, X RE S A W R O AR IR BE B AN A K AR
Feay, B/ PR EEER, SRIEER A EYA R RN, AR IR IR, WL
MR IR AR B B RER Y, REEYIR R Hod AW 6 SR A R S TR A K
N, FEAES R IR0 e ) B IR G . IR MRS i - EAE T BT RN R b I i OGS R
TP ARG RE . BARZE . AEYEMEEZMRAE S pH BRI E EAC . X 5B g
—E, AIREEH AR R/ G AT ERER, 1T A s A N4 i 0 pH. BEAh, A
R TE A S pH 55, AR THm 14 pHY . Ok, A . 2. AW, S8 . HAAM
WA SRR R GRS B3 IEAHDE, SR RRSE TR AR Y it T B3R a wck:, b
THFAPK . CAO FFEPY SR AWt AR = T 135 pH M BTt /4, i el 7 1458k
Jii; PRAPAGDEE 5™ AR5 A B . BN 5% L) (A Wy vl (g 2 38 T 3 2wl i it o 8 B kg
ST . AW R S H AR R AL AR, SR T R Bk, A
YoM RR I BRAL R 5T, ZEAGAR 2l AR - it F AR ke T BB AR T 3Ry, R LT G,
FEMIE , FdE— 23 R A HRCR o it A= 0 e n) 3B A 1 o A el 3 B - A8 ) i AR



8 RN/ NI NI e 14 2026 4F X A 20 H

EHERF R R R AR A R B A nT BRI, SR, I A= ) e N T4 bk - e B A
MBS AL it — 5

4 Hip

Lr LIk, WA A R TR AR fe M ORI . B tigi A, HARESGEB AT
IR AR BT AR AR AR, WAL pH, 2REMM A THWEERGS)Z
Rl it ek ) SR B STHR A o e P AR D A B R SR IR, 4R T SR B SE BRI IACR xR
NTHMTIAR)Z . WARE . AEYIE R 2 A BRI AR IR ALY, . Ferf, 60 t-hm ™ (4 AR A% it
FHAE TR A S bR AR [ B, XAz N T4l bk B IS RE 0 RO BERCR B4 DAL, B A=W o vl 2%
I N TS RERERSEITTE T, PR Z MR e £ TSRS AE
TR ARk, R ATT R A ) 5 S5 AL X W N TR it i B BT, DA S AR A 7= P Y
Bz

5 5%k

[1] ZHANG Min, QIU Yan, LI Chunling, et al. A habitable earth and carbon neutrality: mission and challenges facing resources
and the environment in China: an overview [J]. International Journal of Environmental Research and Public Health, 2023,
20(2): 1045. DOI: 10.3390/ijerph20021045.

[2] YANG Wu, MIN Zhang, YANG Mingxing, et al. Exploration of the implementation of carbon neutralization in the field of
natural resources under the background of sustainable development: an overview [J]. International Journal of Environmental
Research and Public Health, 2022, 19(21): 14109. DOI: 10.3390/ijerph192114109.

[3] HONG Songbai, DING Jinzhi, KAN Fei, et al. Asymmetry of carbon sequestrations by plant and soil after forestation
regulated by soil nitrogen [J]. Nature Communications, 2023, 14: 3196. DOI: 10.1038/s41467-023-38911-w.

[4] LI Xu, RAMOS AGUILA L C, WU Donghai, et al. Carbon sequestration and storage capacity of Chinese fir at different
stand ages [J]. Science of the Total Environment, 2023, 904: 166962. DOI: 10.1016/j.scitotenv.2023.166962.

[5] GUL S, WHALEN J K, THOMAS B W, et al. Physico-chemical properties and microbial responses in biochar-amended
soils: mechanisms and future directions[J]. Agriculture, Ecosystems & Environment, 2015, 206: 46—59. DOI: 10.1016/
j.agee.2015.03.015.

[6] GLASER B, LEHMANN J, ZECH W. Ameliorating physical and chemical properties of highly weathered soils in the tropics
with charcoal: a review [J]. Biology and Fertility of Soils, 2002, 35(4): 219-230. DOIL: 10.1007/s00374-002-0466-4.

[7] YAO Qin, LIU Junjie, YU Zhenhua, et al. Three years of biochar amendment alters soil physiochemical properties and
fungal community composition in a black soil of northeast China[J]. Soil Biology and Biochemistry, 2017, 110: 56—67. DOL:
10.1016/j.s0i1bi0.2017.03.005.

[8] TAN Zhongxin, LIN C S K, JI Xiaoyan, et al. Returning biochar to fields: a review [J]. Applied Soil Ecology, 2017, 116:
1-11. DOI: 10.1016/j.aps0il.2017.03.017.

[9] CHEN Junhui, SUN Xuan, ZHENG Jufeng, et al. Biochar amendment changes temperature sensitivity of soil respiration and
composition of microbial communities 3 years after incorporation in an organic carbon-poor dry cropland soil[J]. Biology
and Fertility of Soils, 2018, 54(2): 175—188. DOI: 10.1007/s00374-017-1253-6.

[10] WERNER C, HAAS E, GROTE R, ef al. Biomass production potential from Populus short rotation systems in Romania[J].
GCB Bioenergy, 2012, 4(6): 642—653. DOI: 10.1111/j.1757-1707.2012.01180.x.

[11] DU Zhangliu, ZHAO Jiankun, WANG Yiding, et al. Biochar addition drives soil aggregation and carbon sequestration in
aggregate fractions from an intensive agricultural system[J]. Journal of Soils and Sediments, 2017, 17(3): 581-589. DOI:
10.1007/s11368-015-1349-2.

(12] 2530, ez, B, 2. LR it P 4 398 0% [0 o ik -HE AR S, S ML O] v [ BRBE A2, 2023, 43(11): 5913-5923. LI
Wenjie, ZUO Xiangzhi, WANG Jian, et al. Effect and mechanism of biochar application on soil carbon sequestration and
mitigation [J]. China Environmental Science, 2023, 43(11): 5913-5923. DOI: 10.3969/j.issn.1000-6923.2023.11.029.

(13] W& 2%tm, £, VPIOME, 55 ik 5 28 W ot I o) A L 38 e P2 X G2k W 5 ) (0. AR 252441, 2019, 3921):


https://doi.org/10.3390/ijerph20021045
https://doi.org/10.3390/ijerph20021045
https://doi.org/10.3390/ijerph192114109
https://doi.org/10.3390/ijerph192114109
https://doi.org/10.3390/ijerph192114109
https://doi.org/10.1038/s41467-023-38911-w
https://doi.org/10.1038/s41467-023-38911-w
https://doi.org/10.1038/s41467-023-38911-w
https://doi.org/10.1038/s41467-023-38911-w
https://doi.org/10.1038/s41467-023-38911-w
https://doi.org/10.1038/s41467-023-38911-w
https://doi.org/10.1038/s41467-023-38911-w
https://doi.org/10.1038/s41467-023-38911-w
https://doi.org/10.1016/j.scitotenv.2023.166962
https://doi.org/10.1016/j.scitotenv.2023.166962
https://doi.org/10.1016/j.agee.2015.03.015
https://doi.org/10.1016/j.agee.2015.03.015
https://doi.org/10.1007/s00374-002-0466-4
https://doi.org/10.1007/s00374-002-0466-4
https://doi.org/10.1007/s00374-002-0466-4
https://doi.org/10.1007/s00374-002-0466-4
https://doi.org/10.1007/s00374-002-0466-4
https://doi.org/10.1007/s00374-002-0466-4
https://doi.org/10.1007/s00374-002-0466-4
https://doi.org/10.1007/s00374-002-0466-4
https://doi.org/10.1016/j.soilbio.2017.03.005
https://doi.org/10.1016/j.soilbio.2017.03.005
https://doi.org/10.1016/j.apsoil.2017.03.017
https://doi.org/10.1016/j.apsoil.2017.03.017
https://doi.org/10.1007/s00374-017-1253-6
https://doi.org/10.1007/s00374-017-1253-6
https://doi.org/10.1007/s00374-017-1253-6
https://doi.org/10.1007/s00374-017-1253-6
https://doi.org/10.1007/s00374-017-1253-6
https://doi.org/10.1007/s00374-017-1253-6
https://doi.org/10.1007/s00374-017-1253-6
https://doi.org/10.1007/s00374-017-1253-6
https://doi.org/10.1007/s00374-017-1253-6
https://doi.org/10.1111/j.1757-1707.2012.01180.x
https://doi.org/10.1111/j.1757-1707.2012.01180.x
https://doi.org/10.1111/j.1757-1707.2012.01180.x
https://doi.org/10.1111/j.1757-1707.2012.01180.x
https://doi.org/10.1007/s11368-015-1349-2
https://doi.org/10.1007/s11368-015-1349-2
https://doi.org/10.1007/s11368-015-1349-2
https://doi.org/10.1007/s11368-015-1349-2
https://doi.org/10.1007/s11368-015-1349-2
https://doi.org/10.1007/s11368-015-1349-2
https://doi.org/10.1007/s11368-015-1349-2
https://doi.org/10.1007/s11368-015-1349-2
https://doi.org/10.3969/j.issn.1000-6923.2023.11.029
https://doi.org/10.3969/j.issn.1000-6923.2023.11.029
https://doi.org/10.3969/j.issn.1000-6923.2023.11.029
https://doi.org/10.3969/j.issn.1000-6923.2023.11.029
https://doi.org/10.3969/j.issn.1000-6923.2023.11.029
https://doi.org/10.5846/stxb201806211362

55 43 5 X ) T AEWBE X T 2R IE B I RE ) B R IR 9

7968-7976. LAN Xingfu, WANG Xiaotong, XU Xuping, et al. Subsequent effects of slag and biochar application on soil
carbon pools and soil microoganisms in paddy fields[J]. Acta Ecologica Sinica, 2019, 39(21): 7968—7976. DOI: 10.5846/
stxb201806211362.

[14] BRRAE. AR ZERB RN TARE S R4 Y it 5ok fi & 9 AT 5E [D]. #at: B UMl K7, 2008. CHEN Lebei.
Study on Biomass and Carbon Storage of Different Poplar Agroforestry Patterns[D]. Nanjing: Nanjing Forestry University,
2008.

[15] EZHOl FZE R, RS R G miE i B8 LY/T 2988—2018[S]. dtat: rh EARMAE HiRFE, 2019. State Forestry
and Grassland Administration. Guideline on Carbon Stock Accounting in Forest Ecosystem: LY/T 2988—2018[S]. Beijing:
Standards Press of China, 2019

[16] JRER, bFHER, B 2R, 5. AR A T ARa il BT L. 4225 F127, 2014, 33(1): 154-160. XING Wei, BU
Danrong, GE Zhiwei, et al. Study on carbon storage of poplar plantation at different stand ages[J]. Ecological Science,
2014, 33(1): 154-160. DOI: 10.3969/j.issn.1008-8873.2014.01.024.

(17] Wmie, £ 2R, SCHER, 85, N 4 PR AE S R i R . 2L o A R Ak D). A2 252241, 2015, 35(15):
5215-5227. YANG Lili, WANG Yanhui, WEN Shizhi, et al. Carbon and nitrogen storage and distribution in four forest
ecosystems in Liupan Mountains, northwestern China[J]. Acta Ecologica Sinica, 2015, 35(15): 5215-5227. DOI: 10.5846/
stxb201401200151.

[18] LIAN Fei, XING Baoshan. Black carbon (biochar) in water/soil environments: molecular structure, sorption, stability, and
potential risk [J]. Environmental Science & Technology, 2017, 51(23): 13517-13532. DOIL: 10.1021/acs.est.7b02528.

[19] YIN Yanan, YANG Chao, LI Mengtong, et al. Research progress and prospects for using biochar to mitigate greenhouse gas
emissions during composting: a review [J]. Science of the Total Environment, 2021, 798: 149294. DOI: 10.1016/j.scitotenv.
2021.149294.

[20] FERNANDEZ-UGALDE O, GARTZIA-BENGOETXEA N, AROSTEGI J, et al. Storage and stability of biochar-derived
carbon and total organic carbon in relation to minerals in an acid forest soil of the Spanish Atlantic arealJ]. Science of the
Total Environment, 2017, 587: 204—213. DOI: 10.1016/j.scitotenv.2017.02.121.

[21] BIEDERMAN L A, HARPOLE W S. Biochar and its effects on plant productivity and nutrient cycling: a meta-analysis[J].
GCB Bioenergy, 2013, 5(2): 202—214. DOI: 10.1111/gcbb.12037.

[22] W%, A%, B, 55, VIV R B LA AR N TMAE S RGEIC I RERIT ST L. rh g Mol B R 222741z, 2013, 33(10):
120—125. PAN Yongjun, WANG Bing, CHEN Bufeng, et al. Study on carbon sink of Chinese fir plantation ecosystem in
Dagangshan mountain, Jiangxi Province[J]. Journal of Central South University of Forestry & Technology, 2013, 33(10):
120—125. DOT: 10.14067/j.cnki.1673-923x.2013.10.033.

[23] CRISCUOLI I, VENTURA M, WIEDNER K, et al. Stability of woodchips biochar and impact on soil carbon stocks: results
from a two-year field experiment[J]. Forests, 2021, 12(10): 1350. DOI: 10.3390/f12101350.

[24] Ze/Nee, BUOIH, 260, 55, T R0 DOR RIS B R N T ARBRA B K o3 BCRFAE [V, rh g Aol B 72241, 2025,
45(6): 147-156. ZUO Xiaofeng, WEI Yajuan, ZUO Hejun, et al. Carbon storage and distribution characteristics of
Haloxylon ammodendron plantations at different stand ages in arid desert areas[J]. Journal of Central South University of
Forestry & Technology, 2025, 45(6): 147—156. DOIL: 10.14067/j.cnki.1673-923x.2025.06.015.

[25] &0, WXSZR, d iU, 55 AR o B | AL BT N HORE ST R B (). R E R SRRz, 2016, 22(5):
1402—-1417. YUAN Shuai, ZHAO Lixin, MENG Haibo, et al. The main types of biochar and their properties and
expectative researches [J]. Journal of Plant Nutrition and Fertilizers, 2016, 22(5): 1402—1417. DOI: 10.11674/zwyf.14539.

[26] 223555, 2530, B 54F, 5. “TUAEMIIREE” VEITR 1Y 33 HLBR AR 8 P M R AR PRI ST R T (7). b BREE R 277
2 , 2022, 41(6): 1155-1163. LI Fangfang, LI Zhongwen, LI Yuxuan, et al. Stability of soil organic carbon in the

“microbial carbon pump” process and its adsorption characteristics: a review [J]. Journal of Agro-Environment Science,
2022, 41(6): 1155-1163. DOI: 10.11654/jaes.2021-0860.

(271 AR, LW I . 4t A TR XA AR bR - S A 1) 2 R RO AR K Y20 (D] 5772 )7 P4 k7%, 2020. REN Han. The
Study of Bichar and Rhizobacteria Affact Soil Microbial Diversity and Plant Growth in A Eucalyptus Seedling
Plantation[D]. Nanning: Guangxi University, 2020.

[28] STEINER C, TEIXEIRA W G, LEHMANN J, et al. Long term effects of manure, charcoal and mineral fertilization on crop


https://doi.org/10.5846/stxb201806211362
https://doi.org/10.5846/stxb201806211362
https://doi.org/10.5846/stxb201806211362
https://doi.org/10.3969/j.issn.1008-8873.2014.01.024
https://doi.org/10.3969/j.issn.1008-8873.2014.01.024
https://doi.org/10.3969/j.issn.1008-8873.2014.01.024
https://doi.org/10.3969/j.issn.1008-8873.2014.01.024
https://doi.org/10.3969/j.issn.1008-8873.2014.01.024
https://doi.org/10.5846/stxb201401200151
https://doi.org/10.5846/stxb201401200151
https://doi.org/10.5846/stxb201401200151
https://doi.org/10.5846/stxb201401200151
https://doi.org/10.1021/acs.est.7b02528
https://doi.org/10.1021/acs.est.7b02528
https://doi.org/10.1016/j.scitotenv.2021.149294
https://doi.org/10.1016/j.scitotenv.2021.149294
https://doi.org/10.1016/j.scitotenv.2021.149294
https://doi.org/10.1016/j.scitotenv.2017.02.121
https://doi.org/10.1016/j.scitotenv.2017.02.121
https://doi.org/10.1016/j.scitotenv.2017.02.121
https://doi.org/10.1111/gcbb.12037
https://doi.org/10.1111/gcbb.12037
https://doi.org/10.14067/j.cnki.1673-923x.2013.10.033
https://doi.org/10.14067/j.cnki.1673-923x.2013.10.033
https://doi.org/10.14067/j.cnki.1673-923x.2013.10.033
https://doi.org/10.14067/j.cnki.1673-923x.2013.10.033
https://doi.org/10.14067/j.cnki.1673-923x.2013.10.033
https://doi.org/10.3390/f12101350
https://doi.org/10.3390/f12101350
https://doi.org/10.14067/j.cnki.1673-923x.2025.06.015
https://doi.org/10.14067/j.cnki.1673-923x.2025.06.015
https://doi.org/10.14067/j.cnki.1673-923x.2025.06.015
https://doi.org/10.14067/j.cnki.1673-923x.2025.06.015
https://doi.org/10.14067/j.cnki.1673-923x.2025.06.015
https://doi.org/10.14067/j.cnki.1673-923x.2025.06.015
https://doi.org/10.11674/zwyf.14539
https://doi.org/10.11674/zwyf.14539
https://doi.org/10.11674/zwyf.14539
https://doi.org/10.11654/jaes.2021-0860
https://doi.org/10.11654/jaes.2021-0860
https://doi.org/10.11654/jaes.2021-0860
https://doi.org/10.11654/jaes.2021-0860
https://doi.org/10.11654/jaes.2021-0860
https://doi.org/10.11654/jaes.2021-0860
https://doi.org/10.11654/jaes.2021-0860
https://doi.org/10.11654/jaes.2021-0860

10 WroIL R R K A R 2026 4E X H 20 H

production and fertility on a highly weathered Central Amazonian upland soil[J]. Plant and Soil, 2007, 291(1): 275-290.
DOI: 10.1007/s11104-007-9193-9.

[29] YIN Dawei, LI Hongyu, WANG Haize, et al. Impact of different biochars on microbial community structure in the
rhizospheric soil of rice grown in albic soil [J]. Molecules, 2021, 26(16): 4783. DOI: 10.3390/molecules26164783.

[30] MUKHERJEE A, ZIMMERMAN A R, HARRIS W. Surface chemistry variations among a series of laboratory-produced
biochars [J]. Geoderma, 2011, 163(3/4): 247-255. DOI: 10.1016/j.geoderma.2011.04.021.

[31] van ZWIETEN L, KIMBER S, MORRIS S, et al. Effects of biochar from slow pyrolysis of papermill waste on agronomic
performance and soil fertility [J]. Plant and Soil, 2010, 327(1): 235-246. DOIL: 10.1007/s11104-009-0050-x.

[32] JIN Zewen, CHEN Can, CHEN Xiaomin, et al. The crucial factors of soil fertility and rapeseed yield: a five year field trial
with biochar addition in upland red soil, China[J]. Science of the Total Environment, 2019, 649: 1467-1480. DOI: 10.1016/
j.scitotenv.2018.08.412.

(33] Bk, 53, e KR, 45, RIBURE AR 5T 3™ fak e SR - SR B SR [0 BREERLAF, 2024, 45(6): 3543-3552.
FAN Hong, XIE Shan, LONG Tianyu, et al. Effects of Rosa roxburghii pomace biochar on yield and quality of Chinese
cabbage and soil properties [J]. Environmental Science, 2024, 45(6): 3543—3552. DOIL: 10.13227/j.hjkx.202306237.

[34] CAO Dianyun, LAN Yu, CHEN Wenfu, et al. Successive applications of fertilizers blended with biochar in the soil improve
the availability of phosphorus and productivity of maize (Zea mays L. )[J]. European Journal of Agronomy, 2021, 130:
126344. DOI: 10.1016/j.¢ja.2021.126344.

[35] PRAPAGDEE S, TAWINTEUNG N. Effects of biochar on enhanced nutrient use efficiency of green bean, Vigna radiata
L.[J]. Environmental Science and Pollution Research, 2017, 24(10): 9460—9467. DOIL: 10.1007/s11356-017-8633-1.

(36] Fibg, sid ¥, W, 5. AWy pont L IERIGER AR R AT Sk e (1], 2R 752741, 2016, 36(19): 5998-6011. WANG
Hongyuan, GAI Xiapu, ZHAI Limei, et al. Effect of biochar on soil nitrogen cycling: a review [J]. Acta Ecologica Sinica,
2016, 36(19): 5998—6011. DOI: 10.5846/stxb201412052414.


https://doi.org/10.1007/s11104-007-9193-9
https://doi.org/10.1007/s11104-007-9193-9
https://doi.org/10.1007/s11104-007-9193-9
https://doi.org/10.1007/s11104-007-9193-9
https://doi.org/10.1007/s11104-007-9193-9
https://doi.org/10.1007/s11104-007-9193-9
https://doi.org/10.1007/s11104-007-9193-9
https://doi.org/10.1007/s11104-007-9193-9
https://doi.org/10.3390/molecules26164783
https://doi.org/10.3390/molecules26164783
https://doi.org/10.1016/j.geoderma.2011.04.021
https://doi.org/10.1016/j.geoderma.2011.04.021
https://doi.org/10.1007/s11104-009-0050-x
https://doi.org/10.1007/s11104-009-0050-x
https://doi.org/10.1007/s11104-009-0050-x
https://doi.org/10.1007/s11104-009-0050-x
https://doi.org/10.1007/s11104-009-0050-x
https://doi.org/10.1007/s11104-009-0050-x
https://doi.org/10.1007/s11104-009-0050-x
https://doi.org/10.1007/s11104-009-0050-x
https://doi.org/10.1016/j.scitotenv.2018.08.412
https://doi.org/10.1016/j.scitotenv.2018.08.412
https://doi.org/10.1016/j.scitotenv.2018.08.412
https://doi.org/10.13227/j.hjkx.202306237
https://doi.org/10.13227/j.hjkx.202306237
https://doi.org/10.13227/j.hjkx.202306237
https://doi.org/10.1016/j.eja.2021.126344
https://doi.org/10.1016/j.eja.2021.126344
https://doi.org/10.1007/s11356-017-8633-1
https://doi.org/10.1007/s11356-017-8633-1
https://doi.org/10.1007/s11356-017-8633-1
https://doi.org/10.1007/s11356-017-8633-1
https://doi.org/10.1007/s11356-017-8633-1
https://doi.org/10.1007/s11356-017-8633-1
https://doi.org/10.1007/s11356-017-8633-1
https://doi.org/10.1007/s11356-017-8633-1
https://doi.org/10.5846/stxb201412052414
https://doi.org/10.5846/stxb201412052414
https://doi.org/10.5846/stxb201412052414

	1 材料与方法
	1.1 试验区概况
	1.2 试验设置
	1.3 取样与测定
	1.3.1 植被层生物量及碳储量、碳增量估算
	1.3.2 土壤碳储量、碳增量和理化性质测定

	1.4 数据处理

	2 结果与分析
	2.1 生物炭施用对杨树胸径、树高生长的影响
	2.2 生物炭施用对杨树人工幼林植被层碳储量净增量的影响
	2.3 生物炭施用对杨树人工幼林土壤层碳储量净增量的影响
	2.4 影响杨树人工幼林生态系统碳储量的主要因素

	3 讨论
	3.1 生物炭施用对杨树人工幼林乔木层、草本层、凋落物层和土壤层固碳增汇能力的影响
	3.2 杨树人工幼林生态系统碳储量的主要影响因素

	4 结论
	参考文献

