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Effects of Eucalyptus Branches Biochar Application on Soil Physicochemical
Properties of Acidified Soil in a Fucalyptus plantation in Northern Guangxi
DAUN Chun-yan"*?, SHEN Yu-yi*, XU Guang-ping”*" , TENG Qiu-mei’, ZHANG De-nan’, HE Cheng-xin*"*
ZHANG Zhong-feng”, ZHOU Long-wu’, SUN Ying-jie’

(1. Key Laboratory of Ecology of Rare and Endangered Species and Environmental Protection, Ministry of Education, Guangxi Normal

’

University, Guilin 541006, China; 2. Guangxi Key Laboratory of Plant Conservation and Restoration Ecology in Karst Terrain, Guangxi
Institute of Botany, Guangxi Zhuang Autonomous Region and Chinese Academy of Sciences, Guilin 541006, China; 3. College of Life
Sciences, Guangxi Normal University, Guilin 541006, China; 4. Guangxi Key Laboratory of Functional Phytochemicals Research and
Utilization, Guangxi Institute of Botany, Guangxi Zhuang Autonomous Region and Chinese Academy of Sciences, Guilin 541006,
China)

Abstract: This study aims to explore the effects of different biochar applications on soil physical and chemical properties in a
Eucalyptus plantation in Northern Guangxi, find the best biochar application amount, and provide scientific guidance for the efficient
utilization of forest residue and soil improvement. The soil of a four-year Eucalyptus plantation at the Huangmian forest farm in Northern
Guangxi was selected as the study area, and six treatments including 0 (CK), 0.5% (T1), 1.0% (T2), 2% (T3), 4% (T4),
and 6% (T5) were set through a field-positioning experiment to analyze the changes in soil physical and chemical properties under
different application rates. Compared with the 0-30 cm soil layer of the control treatment, biochar application decreased the mean soil
bulk by 3. 82% -33. 55%, while it increased the soil natural water content, capillary porosity, and total capillary porosity by 7. 67% -
31.75%, 8.95%-33.19%, and 9.28% -35.86%, respectively. The contents of exchangeable acid, exchangeable aluminum,

rim BEA: 2020-02-25; 1&1T HEJ: 2020-04-03
E£WA: EXRARBAELTH (31760162, 41361057) 5 | P4 HARFF= L 40 H (2018 GXNSFAA050069 ) ; | VU5 ) 1 ¢ T K RHE AH7 5
HFF OB PE Bh I H (KDL&Guangxi202004 ) 5 7 PURHE R L0 (R AA18118028 ) 5 MK AHE L #31RI3 H (2012BAC16B01) ;
VAR5 B A0l 55 95 350 5 (HEATIL 17012)
TEEB/I: BBFME(1992 ~) 2 B9 28, WS U7 1) 0 R M AE 452 | E-mail ; duancysx@ 163. com
* M(E1EE , E-mail ; :xugpgx@ 163. com
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exchangeable hydrogen, and exchangeable sodium in the soil decreased by 8.28% -70.03%, 5.55% -70.34%, 5. 10% -21. 78%, and
12.81% -49. 27% . Biochar application increased the cation exchange capacity, electrical conductivity, exchangeable magnesium, and
exchangeable calcium by 27. 08% -160. 39%, 117. 00% -546. 64%, 17. 10% -66. 14%, and 17.38% -71. 38%, respectively. Soil pH
increased by 0. 17-1. 29 after biochar addition. Similarly, the contents of soil organic carbon, total phosphorus, total potassium,
available nitrogen, available phosphorus, and available potassium increased by 10.94% -51.37%, 14.29%-59.45%, 6.48% -
59.57%, 6.28% -29.41%, 4. 79% -19. 81%, and 7.72% -75.87% .

chemical factors. The physical and chemical properties reached their maximum values in the T4 or T5 treatment (4% or 6% ). Biochar

There was a positive correlation among the main physical and

application provided considerable relief from soil acidification in the FEucalyptus plantation and had a positive effect on soil
physicochemical properties. The addition 4% -6% of ripe Eucalyptus biochar produced the optimum results. The results show that
biochar can improve the physical and chemical properties of soil, increase soil fertility, and enhance the soil’s ability to retain water and

fertilizer after twelve months. The findings of this study can be used as a reference in practical applications for soil improvement and

sustainable management of Eucalyptus plantations.

Key words: biochar; Eucalyptus plantations; soil physical properties; soil chemistry; soil improvement
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Table 1 ~ Changes in soil chemical characters of Eucalyptus plantation under biochar treatments ( mean + SE)

b7 +/= pusil
/cm CK Tl T2 T3 T4 T5
0~10 6.67 £0.25Ce 6.08 +0.12Cd 5.52+0.17Ce 5.09 +0.08Cc 3.68 £0.35Ch 2.50 £0.32Ba
SEARHERR/ cmol kg ™! 10 ~20 5.45+0.40Bcd  5.00 +0.15Bd 4.06 +0.07Bc 4.17+0.11Bc 3.02 £0. 10Bb 1.39 0. 12Aa

20 ~30 4.43 £0. 14Af 4.10 £0.10Ae 2.26 £0. 12Ac 3.10 £0. 04Ad 1.87 0. 16Ab 1.06 £0.05Aa

0~10 10.58 +0.55Ce 10.07 +0.31Ce 7.63 +0.37Cd 5.67 £0.20Bc 4.08 +£0.17Cb 2.76 +0.43Ba
SEHMER cmol kg ™! 10 ~20 6.22 +0.27Bd 6.34 +0.73Bd 4.87 £0.27Bc 3.48 +0.38Ab 2.88 +0.11Bb 1.86 +0.30Aa
20 ~30 3.98 +0. 18Ac 3.21 £0.04Abc 3.12+0.10Abc  2.06 £0.03Aa 2.15+0.03Aa 1.55 +0.31Aab

0~10 1.71 £0.01Be 1.66 +0.05Cde 1.62 £0.03Ced 1.57 0. 04Che 1.39 +0.03Ca 1.53 +0.03Cb
At S cmol - kg ™! 10 ~20 1.52 £0.07Ac 1.44 +0.06Bc 1.30 +0.03Bb 1.27 +0.08Bb 1.06 £0.05Aa 1.30 +0.04Bb
20 ~30 1.41 £0.06Ac 1.30 £0.03Ac 1.14 +0.04Aab 1.06 £0.06Aa 1.18 0. 04Bb 1.16 +0.05Aab

0~10 73.22 £2.67Cf 68.37 +1.53Ce 59.81+1.17Cd  53.03 £0.96Cc 42.03 +0.76Ca 47.60 £1.00Cb
SN/ g kg ! 10 ~20 49.05+£0.52Bd  42.08 =1.02Bc 35.6+2.31Bbed  31.83 +1.04Bb 13.57 1. 11Aa 29.62 £0.47Bb
20 ~30 30.76 +0.42Ad  22.97 £0.77Ac 20.34 +0.49Ab 18.97 £0.47Ab  22.04 £0.90Bc 16.53 +1.03Aa

0~10 2.21 £0.05Ca 2.76 +0.07Cb 2.97 +0. 13Bc 3.21 +0.05Cd 4.11 +0.10Cf 3.69 £0.07Ce
SRS/ g kg ™! 10 ~20 1.98 £0.03Ba 2.20 +0.05Bb 2.34+0.05Ab 2.57 £0.07Bc 2.98 £0.10Bd 2.91 +_0 15Bd
20 ~30 1.68 £0.02Aa 1.91 £0.06Ab 2.23 £0.07Ac 2.11 £0. 04Ae 2.66 £0. 13Ae 2. 49 zQ 04Ad

0~10  0.31%0.01Ca  0.360.01Ch  0.38£0.01Ch  0[42£0.02Cc | 0.50£0.01Ce 046 £0.02Cd
AR kg ! 10~20  0.20.01Bh  0.14=0,01Aa  0.280.01B 0,306,018 0.360.02B 0,33 +0.02B
20~30  0.12£0.01Aa  0.25%0.01Bd  0.17£0.014b  0.19.20.004Ab | 0.2520.014cd 0. 22;1‘5' 02Ac

0~10 9.90+0.38Ca  12/67+0.57Cb  17.34£0.68Cc  [19.45 £0.61Gd | 22491 +0. 16Cf 215 =0, 32(:e,
B ¥ 5t/ emol kg = 10 ~20 6.98+0.81Ba  8.61i1.26Bb~ 12.76+0.37Bc [ 15.92 +0. 62B¢% 18.65£0.42Be 1730 +O#§4Bde
— A W~300 3.9850/18Aa 5 5240/ 6OKT  7.20£0.91Ab | 0306 £0/B8AC ‘12 A7£1.08Ad 13.62x0.43Ad

; y . 9&% iétf§9Cb 144,12 £5.24Ce 190 90 1. 714} 236.97 11,4984 295.47 +7. 87ce'"
SR pSeem ! e | £10~20  32.76 +1. 88BE 7.0.‘49' ;a-'I‘z{z;Bb 108.21 +3.18Bc 450,43 £7.08Bdg 175,82 5. 18Ade 203, 67 +10: 64Be
” 20~30  15.91+1012Aa /4546 £0/94Ab . 65.40 £6.34Ab¢” 87‘(26 +5.804¢ 1 166174 £9.06Ac  115. 604, 47y
~ 0~10 5220028 | 5)59°+0.04Ch | 16.12+0.08Cc ' p96.39.40.12Bd 6.78 £0.16Ce 7.07 £0.07¢t
pH @ ;-" % 10~20 5.34+0.01Bal  $.44 £0.02Ba/ _5,75+0.088a  5.97+0.22Aab 6427 £0.05Bb 6.61 £0.13Bb
ol P 20530 5.33 0. 05Ba 538 +0-005A_aa-"' 5.49£0.04Aab  5.67+0.15Ab  5.92£0.10Ac 6.08 +0.09Ac

1)%%?#’&%7@%*@1& iR, R AL B [ — 260 5 S TN FEEER (P <0.05) | AR 24 7] — b B 1] 9 85, % P K7 FH K
YRR (P<0.05), FH

C o100 a6a1 29168 0

- # :

R2 FREWRAEZEMAIKRTERSSENTL

Table 2 Changes in soil nutrient contents of Eucalyptus plantation in different biochar treatments

- +2 AbF

R /c); CK T1 T2 T3 T4 T5
0~10  7.34£0.11Ca 7.89 £0.10Cb  8.38 £0.14Cc  8.97 +0. 18Cd 9.65 +0.30Ce 10.97 +0.33Cf

HOLBR/g-kg™" 10~20  6.00 £0.13Ba 5.89 +0.39Babd 6.33 £0.03Babc  6.66 0. 11Bbc 7. 83 0. 24Bce 8.01 0. 10Bde
20~30  3.24 +0.02Aa 4.61 £0.20Ab  4.97 £0.06Ab  5.12 0. 07Ab 5.33£0.18Abc  6.11 0. 16Ac
0~10  0.35£0.01Ca 0.39 £0.02Cb  0.41 £0.02Cb  0.47 20.01Cc 0.50 +0. 02Ce 0.42 +0.02Ch

AoWi/g kg ! 10~20  0.23 +0.01Bb 0.27 £0.01Bc  0.21 £0.01Aa  0.33 £0.005Bd  0.37 +0.01Be 0.31 £0.01Bd
20~30  0.15+0.005Aa  0.17 £0.005Ab  0.29 +0.01Bd  0.25 £0.005Ac  0.29 =0. 01Ad 0.24 £0.005Ac
0~10  6.56£0.14Ca 6.95+0.07Ca  8.89£0.26Cb  9.28 +0.12Cb  10.74 +0.24Cd 9.71 +0.24Ce

L4/ g kg ! 10~20  4.72+0.31Ba 5.17+0.08Bb  5.95+0.21Bc  6.27 +0.08Bc 7.10 +0. 12Bd 7.32 +0.26Bd
20~30  3.13 +0.10Aa 3.23 £0.24Aa  4.74 £0.12Abc  4.47 £0.20Ab 5.16 +0.22Ad 5.10 £0. 17Acd
0~10  1.44£0.04Ca 1.41 £0.05Ca  1.54+0.02Cb  1.64 +0.04Bc 1.83 £0.06Cd 1.92 0. 03Ce

WA /mg-kg ™' 10~20  1.26 +0.005Ba  1.23 +0.01Ba 1.33£0.02Bb  1.41 £0. 02Ac 1.56 +0.03Bd 1.62 +0. 02Be
20~30  1.17 £0.02Ab 1.03 £0.04Aa  1.25+0.04Ac  1.38 0. 01Ad 1.34 £0.02Ad 1.48 +0.03Ae

0~10 38.33 +1.32Ca 39.39 +£0.65Ca  39.88 +£0.10Ca  41.44 +0.43Cb  43.86 +0.65Cc 42.08 £0.41Cb
HRH /mg-kg=! 10 ~20 29.2 1. 13Babed 30.69 +0.33Ba 33.13 0. 12Bb  31.94 +0. 67Babed 36. 21 +0. 06Bd 34.10 £0. 15Bc
20 ~30 20.08 +0. 17Aa 21.79 £0.30Ab  22.58 £0.33Ac  23.43 £0.37Ad  24.96 £0.42Ae 23.77 0. 46Ad

0~10 69.91 +1.87Ca 74.10 £2.38Ba 89.57 £3.19Cb  96.94 +1.58Chb  112.64 £6.91Cc 128.37 +4. 12Cd
WA/ mg-kg™! 10 ~20 50.67 £0.77Ba 49.15 +0.68Aa  61.11 +3.62Bb  66. 68 +3. 54Bb 82.39 +4. 86Bc 90. 11 +1.89Bd
20 ~30 45.04 +1.61Aa 55.1 4. 11Abc  50.48 +0.52Ab  57.52 +1.87Acd  62.00 +3. 08 Ad 72.78 +1. 69 Ae




9 1

BOARHESE . MR BOAR LR 5im A RE LR A T AR IR AL S iV FHZ8CR:

4239

- EERBERR T AE T1 ALHL/NT CK Z 4, B A=
Yy A 3G i TR ,0 ~20 em HJ2E
O S B R /MEIR N T1 < CK < T2 < T3 < T4 <
T5, 20 ~30 em £ JZH AR & RN T1 <
CK <T2 <T4 <T3 <T5,347F TS5 Ab¥if . +IgEHa)
BT B AN [ ) B A (LS8 o 1 s *ﬁxﬁxd\
— ORI AE T4 A PR . AR A AR
AR ER TE0 ~10 em L2, K/ lbﬁr“jj CK <
T1 <T2<T3 <T4 <T5; £ 10 ~20 em )2, K/PhK
REMMMNTI <CK <T2 <T3 <T4 <TS; 7 20 ~30
em HJ2 FTH N CK<T2 <T1 <T3 <T4 < TS5, ¥I7E
TS AP fe .

5+ ey A s AR, R R 2,
AR A0 A RS | A P AR, B
TASHIANFEYE 20 ~30 em + 2 0SB AT 10 ~
20 em HJEZAN, Hop Ab FE BN B + 2 R
AT B, 2 RS A A W s AR AR
a7 R PR e é%ﬁ* %Eﬁlﬁf«“%iﬁl

PRI H R R &
AV RO A .
2.4 LIEYERVE TS A PR B R A AR DG

HH 3 3 AIH1, pH {E | BH B8 2 4 2 F1 L 32
PR ] TEAH G H A3 ) 5 5c MRS ekt | A AR &K
i BEILBE BB LB 2 (R R 2 A
K(P<0.01), pH {ELHIHE SR P 35 40 il 5 48 e 1
PR SCHPERR 25 2 B 5 2 o 8 3 60 A OGOk
Z(P<0.05,P <0.01). 32 M BR 158 P 45 P 4
TEAHDC L) 5 g etk ASHbE il S d 2 a3 A
W B IEAH M (P <0.01) . 32461 455 38 48 1k

i, T4 A1 TS Zb PR (4% F1 6% )

P TE] AR ¢ HL23 5 5 1 2R 5 K B B ALBR A
B LB BE 22 6] 2 A M B 2 IE ARG R (P <
0.01).

A LA, R A G 9 ] L A L3
5 pH BB FAc it S ekl ettt
0 S5 S B\ 1 9 K B B LI
BEEILRIE sﬁxwaﬁwﬁﬂ %xﬁlﬂzlﬂiﬁﬁw

,s

*x 3 :I:H%%EE'IK'EE%?EHZIETJE’J Pearson *E%'Eﬁ’fﬁ” o~
Table 3 Pearson LOI‘I'GldtIUH andlyS].S between the physical and Lh,eml(,dl propeftles of solls "'..
e’ X2 vy f x4 X5 v 366 Ve d X8 x9

X2 079071 1.000 o y o ! o “ =
X3 0. 959 ¥ 0.926* 7 1.000" ; ¥ 7

X4 Uo.460 7 -0.211 L. 4:14 # oo u o
X5 [/ +0.388™ -0.117 =0. 336 r 0."894 4 1. 000

%6 I | r0.05 0.081  -0.031 4 0l726" #0.796"  1.000

X7, g —0.058 0. 144 ~0:014 0: 877 0.892 0.933 ** 1. 000
X8 4 0.886™ 0.934* 0.910*  -0.186 -0.077 0. 160 0.203 1. 000
X9/ 0.757 0.873 " 0.789 0. 087 0. 162 0.350 ** 0.413 0. 889 ** 1. 000
X10 -0.502 * -0.253 ~0.467* 0.950 ** 0. 880 ** 0.675* 0.742*  -0.213 0.018
X11 0.781 ** 0.928 ** 0. 828 ** 0. 054 0.155 0.322°* 0. 399 ** 0.902 ** 0.913 ™
X12 0. 760 ** 0. 860 ** 0.781* 0. 003 0.135 0.345" 0. 405 ** 0. 888 ** 0. 899 **
X13 0.770 ** 0.887 " 0. 809 ** 0. 054 0.193 0. 402 ** 0.475 ™ 0. 906 ** 0.919 "
X14 0. 785 ** 0. 883 ** 0.813* 0. 063 0.193 0.414 ** 0.478 ** 0. 884 * 0.915 "
X15 0.651 ** 0.820* 0. 709 ** 0. 144 0. 260 0.361 ** 0. 464 ** 0. 863 ** 0. 846 ™
X16 0. 790 ** 0.907 ** 0.814 ™ 0.073 0. 183 0.390 ** 0. 456 ** 0.928 ** 0.916 "
X17 0.877 ** 0.916* 0.879*  -0.197 -0. 066 0.192 0.252 0.907 ** 0.829
X18 0.586 ** 0.783 * 0.635* 0. 360 ** 0.462 ™ 0.571* 0. 665 ** 0.785 * 0.884 *
X19 0. 888 ** 0.893 * 0.886*  -0.155 -0.053 0.275* 0.285 " 0.917 0. 899 **

X10 X11 X12 X13 X14 X15 X16 X17 X18

X10 1..000

X11 0.012 1. 000

X12 -0.030 0.853 ** 1..000

X13 0.012 0.912* 0.983 ** 1. 000

X14 0. 008 0. 945 ** 0.907 ** 0.957 ** 1. 000

X15 0. 105 0. 885" 0. 860 ** 0.897 ** 0.869 ** 1. 000

X16 0. 044 0.954 * 0.912* 0.953 ** 0.947 * 0.921 * 1. 000

X17 -0.252 0. 870 ** 0.877* 0.902 ** 0.902 ** 0. 806 ** 0.901 ** 1. 000

X18 0.308 * 0.924* 0.821* 0.892 ™ 0.925 ™ 0. 867 ** 0.921* 0.779 * 1. 000
X19 -0.219 0. 872" 0.919 " 0.930 ** 0.920 ** 0.797 ** 0.911 * 0.937 * 0.788 **

1)X1:pH; X2 FHE T2t ; X3 HLSP R X ACHMERR s X5 . 5cHibkdh s X6 SCHe sl s X7 . ScHdh il s X8 SSHe i ; X9 Sciiedk e s X10: 4%

;X1 B
“w VRN s PRI IRTE 0. 05 F10. 01 K Bk E K

JKEE s XI12. BATLBE; XI3. MBS TLBE, X14 . 60Uk, X15. 28, X16. 247, X17. #0500, X18. B, X19. B A;



4240 o

B 41 %
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REBAFAEIEA K C R M E W, KR Y], e
T 5 W o} el - S PR A R A R ISR A
T R A IE A AN — 5 A TR .

3 itig

3.1 AW AR N TR - 3 B S A 25R
— it FH A ) i 5 38 3 3 - e AL A
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TR o5 L HERUE D R S R AU, 2
A3k 4 SR 4 T B R R MG L e st A e K 5
550 ~30 em 2L, ﬁ@ﬁﬁﬁfmﬁ' AW
B AFR, MEALT R E Y
3. 82% 133, 55%s LI T5 AL B/, (1 14/g mxﬁ
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13.31%. T2:19.13%. T3.24.54%. T4.38.05% H
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MEBE LB E LA TS 407 i K (32.97% FiI
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~30 em 28R AL B A FL IR 4 e
1= (17.08% ~53. 78% ) , X Ut BHA ¥ 5% 20 ~ 30 cm
+ 2 A GEE A S . 0T L AR A SR A
A 00 A AR K AR B ) I
SO it FH e e LSO i HOAS [R] i A & 1)
AR EES X G HAMEE P B4 AR
FE— A =R AR N TR, I A B A
Yook, BEAR T + 2 &, B IE 43 0 A 12.50%,
19. 08% A1 19. 67% . BT A4 B¢ AR AR /N 5 b
BN , AR BE AT AN K, 8 0 1 e S )
AREmAEE SR — By R 2L E
BRI/ T LS F AR RRAE X AT BEXT 2

Eﬁﬁlf‘kfﬂmjﬂ_d

A — R BIFRRRRCR | R B m] R o 12 - 4
KRR, HIEEE R HGE AR T R
Fe FEPE R T R BN T ) 5 SOk 5 T AR ] Y
FRATER, NI RER e 5 A R, b5
A=) R it N R B8N, b B S K R i 10% ~
35% T AR A B HA ZAEIFE R KR H
T, BA — 280 K E R S M T
Fm ) EHE T KRR, IR Az 8 5 6 K 4y T
BE 7 AOARE T, DA A FE () K B 4 . N R AR
DKL X AN [ 55 b = 198 24 Bt A9 2 i) S AS TR) 79
FLBRAL K AE Y F T3+ A R 3 5K
PE, FLBE/ N A W e ANE T U0+ B R T e
TR PRAEDT.

LAY BRI IA N , A e — R RES A 5K
PG 3 A | PH B T s M BRI K B E BELL
Ve, TS T 3 v 25 3700 22 Ry s
AR, AU AT A b X ﬂzﬁyw&z 5]
ST, 5L s | MR, FLK - A B 8, 4
G R W R 2% A 5 0 T 352 180 £ R0 Bl
J3. PRt RN Tk JCHAE 4 ~ 5 a RERIEE )
&, ﬂ&%&‘ﬁ&mﬁ%ﬁﬂéﬁﬁe%ﬁﬁz_ﬂ%ﬂﬁmA
I Bt MR 4% A it P 30 X]Liiz%%
ﬁ@ﬁmﬂm{'mﬁﬁxﬁc% - T
AHRF TR AL FLE S, O RS T R
FLBREE FLE B A LB A TE T 4 S K R,
PRHET + A s IO A R T — AR A
PR 28 K i b AR RR 4 2 K
3.2 M N AR 32 P T A 0 i AR i

ARICWFFELE R R MW B R A R 1 a
J&i , 3 pH (| BHES T35 4 it 3 Bl 2E W) o i A i
)1 i S22 BB i ) R A AT T X0 ~ 30 em t
2, pH (E 8N T 0. 17 ~ 1.29 B fE T5 kb
FHE K (6.58) ,pH {HAE 0 ~ 10 em 2 At 18 g AR Xt
B (7.22% ~ 35.59% ). L5 R A4 SF 2 88 05 Ry
117. 00% ~ 546. 64%, £5 4= 9y e Ab 32X By 217
(T1).3.34(T2) . 4.51(T3) . 6.10(T4) F 6.47
(TS) %5 76 TS AbHE K (204. 94 wS-cm ™). PHE T
AP SRR R 27. 08% ~ 160. 39%, 451 4 5 ik
FEM AR IR 1. 27 (T1) | 1.79(T2) | 2. 18(T3) |
2.60(T4) F1 2.51 (T5) %, £ T4 4b ¥ fz K (18. 11
emol-kg™'), 50 ~20 em 2 AL, 20 ~30 cm +
JE45 100 e A PR B 5 - A8 H i T EL SR ) 1 MR 4 4
(31, 46% ~242. 01% H1 185. 77% ~ 627.28% ) . k%
TS tt%iiB’JiﬁAXTFjMWU\TM%‘Mti%ﬁ
TR R ek R, oGt T R fb i ol X 5 H e
FEAE AL



9 4 BOARHESE . MR BOAR LR 5im A RE LR A T AR IR AL S iV FHZ8CR:

4241

ARG | AERRYE £ By AP | T
DI 3 pH i, EL5 A2 0 5 0t 4k 252 1 A
K F 0T Rk MR B A AR R
SE FLEWITHA G BT S Bt %+ pH (H 9452 5
LB 5 A 5 T B R R 1 A5 R S S TR R SR 11
A F A UL O T TR A G TR
B BT BRI e T RURAL B R | i LAk
(R0 B e AR B 45 A U R R AT, 3 ok o - 4 o
H 722 W BR300 T 0 pH 127 eah,
OB RE T (O AE7E , 0 AT LUK I 398 4 e 7 24
B SR ES T Rc B A N B A A
A 07 0 PH 5 38 M, 350 AT LA 398 pHL (1
FhiEs B0 T 390 T A G e AR I A -
BB e i B4R 5 L SE LD R AR W 5%
FLBA T I e 2 BRI A A e
A7 F B I I R R S5 R A A X B S T
BRHAE PS40 AT 5 5 5 3R 01, e A A B R
FI1 a )5 480 TH SR, —Jrm, e 24
BRI —E R K, P A Mg 280 JROL &, 15

MK o R AR T (0BT i P

'E%REEI $%%%$;%~EE§%@ﬁ§
s s K, 3 R
RS TR I TS I

) AN,
RPN A R R 2 B M R

WIS, T - s et R AR S LRSS

5t BRI B e S A S B B bR
BR0 ~ 80 em IR U, M ek MR e b 65
(1) % W8 4 )k 8. 28% ~ 70. 03% Al 5. 55% ~
70. 34%, Y97 TS5 ZbFEH /N (1. 65 cmol -kg ™' Fll 2. 05
cmol -kg ™). HIEASHe M A A M AN B AT 8
FEME 435314 5. 10% ~21. 78 %, 12. 81% ~49. 27%, ¥4
TE T4 A FE /N (1. 21 emol -kg ™' F125.88 g-kg™').
- R o A R S 4 T B i 114 S B8 R A ) R
17.10% ~ 66. 14% H1 17. 38% ~71. 38%, ¥ 3 I M 7E
T4 ZhPEfE K (3.25 g-kg ' A1 0.37 g-kg™' ). 50 ~
20 em HJZ M, 20 ~30 em + )2 & W HE AL BRAE
PR B I R 5 (39. 83% ~ 114, 41% ) , 34t
PR Er 5 A R E 2 1) T B g A
AR N T ARRRAR X 439 L2353t 5 2T
ek 3, 2 O oY A 3R B A g R R Ak
PR TR B A Y S S, pH (Eh
9.52,3% | Z5REM, AW ucit L& T 458 pH
H BHESFAcHi | L 38 Sk 05 RN Se H PR B 1
it BT RIS LSS R | sSHe P R AL
Pkl e, onf 3SR i RE ) B SR TR 4 SR
FRIRRATR R A I B0, I LW T 0 G e ) bk 1 S R 1k

AT TEAORE. W R B A A e 1 a S, — )7 i
IR 2% W T BB 49 BT REFPR T - SRR
W, 5 — D5 T A LA R I B B T
H* AU* (AR & R & R Z "
Mg . K* Ml Na* SR 3B 7, 5 H* AP [ 1952
SfE N TTHE S T 400 pH (L, AR T £ 322
Hobk RIS e SR I B ARSI, T
W AT — 5 B BELPE T, A 2 LB £ AR
PR T 15 28 % - 840 75 7 T, 22 B0 A — 5 R T 3%
O YN g e AL 1 E R N
—COO—5AGHLE e, i H 5 3 H 1
WA AL RE O PR B T A
RIS (R TIF 5 A 3 W A 2 5 Ak B 1 - 48 5
e A A B A H s Touk B L [ - A
YESHPERR 5 T SCRESE S (R 5 9T, 103
ST 5L B 5 R 4 s Y, S e
LSS IIETEE W S L E SRV SR PN )
%, OISR K| CHAT Mg %, IE PR T
PR FRA E ) 1BL DUR R R B AR,
o A e B S M A B B B L P A
FIF R KRR s ), o REBHL L T £ 4R
PRI B JRL B RS T ok G T SR R T
MoK B iR ). TS b — T A
SR BRAL TR | B 0 2R 1 T Bl Y B
Al K A RGBS T M A S AR W T — S Y
B | ARG T e e 9 3 i 330 Yo U B A
TR AR K | TR ARG — i B BR A ]
AR, FEEMEER TR AR R RO Rxt 1
e o S g P B AT L T S L L (5
FEW, AW BRI E AR T, S b 55 1 1 44
A BE A i IS I AR K, S B 4 R S 1 TS
TR DL AR L5 AR — B R | T g S R
[F b X 3845 0 22 10 A da 3 T R I A e
32 A e T ELAS [ 34 0 R [ 4 2 2 S
UL P, X 583 B T PR AR S T 22 5.
3.3 e A TR R4S X A SR A B M
HFFEF I, L0 st Aot - 4 A R B AL
FRAT—E IECEAE F  AR HE T 5 HLA A
RN EEE A U X 7E 500°C £+ 1
T S R AR A 0 RO B T A R M B
i R E VAT UBRPE , R T L3 e AL |
AT 48 25 0 ST ) AR SC 8 ST, o e I e
Ty AR 4 AR 5, T DR 25 L33 MLBG
Al AN R R RO S5 R A i A
XTTXF O ~30em )2, A7 MLAR | 38 450838 AT 00 A
SRS B0 43 5 R 10.94% ~ 51.37%., 6.28%



4242 o

B 41 %

~29.41% F17.72% ~75. 87%, Y TN AE TS kb FE
& K (8.37 g-kg'. 1.67 mg-kg™' Hl 97.09
mg-kg ') ABE AP R AR B A YT 3 I )
I 14.29% ~59. 45% . 6. 48% ~59. 57% F1 4. 79%
~19.81%, ¥ F I N ALE T4 2P K (0.38 g-kg ™',
7.67 g-kg " F135.01 mg-kg™"). FH*¥F 0 ~20em +
JZ 7 20 ~30em )24 A A B A HLAK |
SR AL 55 1 1 1 R 5 1w (42. 28% ~ 88. 68 %,
18.18% ~ 65.91% F1 12.45% ~ 18.38% ). UL |- 5%
W AR RS AE Y i AR T SRRSO, $2 /e
T RHEF R X SRR e A S AR W ekt
SR AR e ) 2510 25 oL, AR Y it FH AT s
W S B8 e 1 2T ) AR R B RN R S R )
B AR RN SR S R S R, — O,
SERANEYIRA G SA N, P, K, Ca, Mg 1S %
W RUEFRICER AR ISR 55, nT ARG i +- 4%
BROUR AR, 57, AW s A F T A K
Feor IR R AR TR A ORI 2 2 E IR
FORIFSE A, FR TR B2 AT o 0 R T 8 T e A A T

A B A BT I T VR 03 R

iR T e 2 ﬁﬁﬁﬂﬁﬁ’ﬁ?ﬁ
5t D 5 PRy 2 DR A 2R R A e
o P i I A TR B e
TER MRS i A e A EHER L %

S T A B SR 0 3, T £ -

B, R T IR e =
At 5t PR T AR A R 3R+
Wt A5 )T T - 498 0 BT R R | J2— e
- 98T B3, 7 ST FE v e PR B0 A4 2
Ko Hof i A B AR CEE ") Van Zwieten %5 7F
+3E A 10 t-hm > A5 AT LA S AR v A
pH. ZE{E {5 257 (R 50 2 W1, B 5 SRR R 4%
(450°C BRAFAET) il 88 A= Wy e, N8 3555 25 Fek
ARG A I EBVE O S £ A 40
~60 t-hm ™ [EY R AE. AT fE
DL 4 e LR 1R P e 4 7 2 T
S W B TR 40 t-hm I RCR B B A A
A1) e R LM A TARIIBSE 9, th TR 1
ARSI, FeE A TR 3 (0 R U 7 W R B A
INNZTES ~4 a, 84 ~5 2 WA RIEEHT,
B bR - S AR A B A SO 4
S KR S 2 W) 5 BT K 1 e 3 T AR FAL
B RRR S M A 1 a S AR bR R A -
I ) T B 2 R AT W 1 A B P R PR
A R, O AR RN A DU, %
T SRR EAT — 2 OV 7, 3 7T AR 2B 1) £

S TR B A R T SR S AR A P H
X, TR MR A B | R T et
(A 250 , T G PR R 2% 0 A ) 1 - o
R 1 A T, S TR, 7 S B b e e R £
T 54010 462 A R4, DT R A R T Rk
S A T

ABFFELE TR L S BT | B
S TR TR IR 1 - 898 1 BB A R i 4 S5
JIKF AT A R B 4 T, 7ERERE A T AR O ~ 30
em 12t FH 4% ~ 6% (40 ~ 60 t-hm™*) (% A &
B, 55 - B 2 R A B I, % e b - ek
BT — 2 R PR (L. B FE I 35 400 % A e i
2 A A R M -, — PR R A
2 e P 1 T 102y TR R R ]
F A 58 P S 12T RS ] X Sk g Al -3
HE SR A 1 2 T 220 AR ) B 10 PR3 LS g 2
YRR P e T 258 g S e, ) A6 2 1B T
AW SR SO B 52 A R T
MR HE S, St 3, 0 St Rt
e, BOE T L AR S T 2 6 A A T i
HRORE T3 . g 550 4 05T 2 01, 2 90 9% 1t P Be
JF et AR EAT 5 35 G . R A R AT
MRS B ACE R I A SR et ROk
Wy SRS L5 L S SRR S T R I
T I S5 57 I s — 2 SR W

4 Hig

(1) Bedb A A N T M A A= W e (R A 2%
S500CIRER )1 a o, ¥ LR EA B
oM, FEREAR T R E e T R K
T HIEBELBRE BB LR, M T
08 IR (=N S R = ol (5= v 1/ S G X5 | Bovales/ R
B BEAR T RIEASCHERR SRR | A i S NS
Pk, A BT A /R RIOCR 5 A ) et A i
[i] 2 TEAH .

(2) AP A0 2 R R A
SRR 87 Bt AR A 2% A 200 o i A ) 1 o T 22 3
KIS, 4 R4y AL I F 2 18] 2 8 35 10 1IE A
SN MR A5 A 0 o T AR figt R i N T bR - e i
f i s xR fb 1 1A U ) 1E 500 F— 5 114 2
AR, AR T E R AT, 286 % 08, FE R
ANTHO ~30em + 2, A=W el A3 = 31 4% ~
6% (40 ~60 t-hm ~>) B, X 398 Y 55 RO AR F AR B
U ASHIFGE 45 S AT Ry R AR N T AR IR 3590 s 25 19 9 U5
FEFIF A= 9 05 ) 4 S b I AR A N TR -4 Ml
A 28 IS R DA SR N T AR T R 2878 55 7 T



9 1

B MEAT . MR IR A e AR T AR A 1 S A 1 AR

4243

AR S LS.

O XA | T R S AR IR

A T IT IR AL A Bl )
S k.

(1]

[4]

A, M, 525, . s/ KRG VER H A HEne g s %
R XSRS AT S AE Y SR I RRE[T]. BREERFAE, 2017, 38
(7): 2988-2999.

Tian D, Gao M, Huang R,

and heterotrophic respiration to returning of straw and biochar in

et al. Response of soil respiration
rape-maize rotation systems[ J]. Environmental Science, 2017,
38(7): 2988-2999.

Far, B, fV, S YR s b 4 Jm AR
MPARSPELT]. PREERH, 2017, 38(9) : 3944-3952.

Wang H, Xia W, Lu P,
biochar on heavy metals (Pb and Zn) in soil[ J].
Science, 2017, 38(9) : 3944-3952.

WIERIE, 1% E, B, &5, KRER A Y50 Bt 3
BLER B CO, BERASEMALY]. 3RBERIEE, 2014, 35(1) ; 93-
99.

KeYJ, Hu XY, YiQ, et al. Impacts of rice straw biochar on

et al. Adsorption characteristics of

Environmental

organic carbon and CO,release in arable soil[ J]. Env1r0nmentdl

Science, 2014, 35(1) ; 93-99.

ki, THOAR, #i %, . EYk "‘ﬂ%ﬂﬁdaﬁﬁﬁﬁﬁi
i&?ﬁﬂﬁﬁﬁﬂ:ﬂﬁ%ﬂﬁm. HEE R ‘“2016, 37(6.): 2298-
2303. | & ’

Zhang T, deg X D Pang M W, et al Imp&cts of bwd!'dr .a'hd

straw applicdtlon on' soil organic carbon -t'rdnéfb thDF' J 1.

“, Environméntal S(,lf:nut 2016, 37(6)22985303. W/ =

[5]

[6]

[7]

[8]

[9]

[10]

(1]

[12]

[13]

| ok, R, tﬁfﬁﬂ
A BRI [T].

&, i%ﬁ?ﬁﬁ%liﬁ%ﬁl%‘éﬁi%?ﬁ
BiRE 2016, 37(1): 293400

An Y Ji Q) Zhao S X, et al. Effect of bm(‘har apphoallon on J
i soill aggréﬁa&;q distribution” and moisture retemlon in .Q.qchard_ sdjl/.r'
i ] ..-anﬁ‘onmental Science, 2016, 37(1)% 293-300. e

Buﬂell L D, Zehetner F, Rampazzo N, et al. Long-term effects
2016,

& biochar on soil physical properties [ J ]. Geoderma,
282 96-102.

Devereux R C, Sturrock C J, Mooney S J. The effects of biochar
Earth
and Environmental Science Transactions of the Royal Society of
Edinburgh, 2012, 103(1) . 13-18.

Novak J M, Busscher W J, Laird D L, et al. Impact of biochar
amendment on fertility of a southeastern coastal plain soil [ J].
Soil Science, 2009, 174(2) ; 105-112.
Gul S, Whalen J K, Thomas B W,

properties and microbial responses in biochar-amended soils:

on soil physical properties and winter wheat growth[ J].

et al. Physico-chemical
mechanisms and future directions [ J].
& Environment, 2015, 206 46-59.
T FlE g W R i B 3 K HC R
A PEBEABEIFRAERE, 2012.
Chintala R, Schumacher T E, McDonald L. M, et al. Phosphorus
sorption and availability from biochars and soil/biochar mixtures
[J]. Clean-Soil, Air, Water, 2014, 42(5) ; 626-634.
JAREE, SEAR, XA, AW B 5 M BT K Xt 138 4L
FEor FB BB AN [ 1], R FRE R 2R, 2011,
30(10) : 2075-2080.

Zhou G Y, Dou S, Liu S J.

biochar and its effects on soil available nutrients and humus

Agriculture, Ecosystems

LRI [D].

The structural characteristics of

composition[ J]. Journal of Agro-Environment Science, 2011, 30
(10) : 2075-2080.
KEEZ, W, X, S AR KR FR Ik

[17]

[18]

[22]

[23]

[24]

PER =i IN A IR
2713-2717.

Zhang H Z, Huang Y, Liu G, et al.
growth, nutrient uptake and soil chemical properties in seeding
stage[ J ]. 2010, 19 (11). 2713-
2717.

Wan Q, Yuan J H, Xu R K,
influences ameliorating effects of biochars on acidic soil [ J].
Environmental Science and Pollution Research, 2014, 21(4) .
2486-2495.

Basso A S, Miguez F E, Laird D A, et al. Assessing potential of

oA, 2010, 19(11) .
Effects of biochar on corn
Ecology and Environment,

et al. Pyrolysis temperature

biochar for increasing water-holding capacity of sandy soils[ J].
GCB Bioenergy, 2013, 5(2) . 132-143.
EHE, A RGN, SF. AR BRT SEEA HIR R
REACHR BT J]. L3, 2019, 51(5) : 835-842.
Wang Z, Li Y K, Xu Z G, et al. Research progresses in effects
of biochar on soil physiochemical properties and nitrogen
transformation[ J]. Soils, 2019, 51(5) ; 835-842.
A, Hﬂ(ﬁﬂiL TR, S YR L R A K
I A R A R ﬂrj - WERE, 201637 ( 9) 3634-
364. : =/ |
Wang Y L, Geng Z C, Wang Q,
greenhous¢ ghses emissions| and physico- chemlr_af propérties of
loess soil [ I annonm!mtal Science, 20167, 37.1-"9) 3634—
o4l | o 4
Tl K[ﬂﬁi%ﬁ% *—ﬁﬂ%]%ﬂ*ﬁi%?ﬁ#@iﬂ%?’ RHAIE
?ﬁﬂﬂ[DJ bt . Elﬁ‘%"l&:j(% 2017. '
Wei S Y Influence fof 'blOmdbS feed stocks and pyrol‘y’smj
temperg.t'.ur?s on physical and'chemical propertles of blochar[ DI
Beijirg: _Ull‘;versity of*Chinese Academy of Sciences,.2017.
Li B} Fan C Hj Zhang H,

fertilization and biochar on the net global warming potential,

et al. Influénce gf biochar on

et al. Combined effects of rffffogen

greenhouse gas intensity and net ecosystem economic budget in
intensive vegetable agriculture in southeastern China [ J].
Atmospheric Environment, 2015, 100 10-19.

Subedi R,

emissions and soil properties following amendment with manure-

Taupe N, Pelissetti S, et al. Greenhouse gas
derived biochars: influence of pyrolysis temperature and feedstock
type[ J ]. 2016, 166
73-83.

B, B, B, A5, AR50 RO 4 SR 5T
JELI]. A ALBTS, 2016, 29(6) : 23-28.

YinD Y, Luo J] W, Qiu Y X,
biochar in soil improvement [ J ].
2016, 29(6) : 23-28.

TRESG, AR, IR, 5. T PH AR AR IR D R AR AR £
B bR R [ 1], Jbathol K244, 2009, 31(6) -
145-148.

Wen Y G, Zheng X, Li M C,
plantation replacing Masson pine forest on soil physiochemical
properties in Guangxi, southern Chinal[J].
Forestry University, 2009, 31(6) : 145-148.
Lynch H B, Epps K'Y, Fukami T, et al. Introduced canopy tree

Journal of Environmental Management,

et al. Research advance on

World Forestry Research,

et al. Effects of Eucalypt

Journal of Beijing

species effect on the soil microbial community in a montane
tropical forest[ J]. Pacific Science, 2012, 66(2) ; 141-150.
AR, PN DX A - SR S SR SN [T ]
PP RN, 2008, 37(2) : 88-91.

Qin Y N.
forest land soil along the coastal area of Guangxi[ J[ .
Forestry Science, 2008, 37(2) . 88-91.

B, UURT, 1), S5 HEIUAR MR A AR L

The present situation and evaluation of the Eucalyptus

Guangxi



4244 7S i) g % 41 %
HEE iy M W= [ 7). PO EY 244, 2019, 40(6) . biochar carbon sequestration technology [ J ]. Environmental
1213-1222. Science, 2013, 34(8) . 3327-3333.

Duan CY, He C X, Xu G P, et al. Soil nutrients and biological [39] Laird D, Fleming P, Wang B Q, et al. Biochar impact on
characteristics in Eucalyptus plantations of different planting ages nutrient leaching from a Midwestern agricultural soil [ J].
at North Guangxi[ J]. Chinese Journal of Tropical Crops, 2019, Geoderma, 2010, 158(3-4) . 436-442.
40(6) : 1213-1222. [40] ste, 7. AV BB TR YE LI R AR A D582 e
[26] FB¥ass, LT, FBLH, % AW RE LT 24X 1 [J]. 15, 2012, 44(4) ;. 541-547.
HORE SIRHE A [ T]. PR, 2015, 36(9) : 3393- Yuan J H, Xu R K. Research progress of amelioration effects of
3400. biochars on acid soils[ J]. Soils, 2012, 44(4) . 541-547.
Guo Y L, Wang D D, Zheng J Y, et al. Effect of biochar on soil (417  Z=HpA, 280, HPIE, 45, i HaRm A Py B e i il 4 2R AF 2L
greenhouse gas emissions in semi-arid region| J]. Environmental TR RET]. BRBERISE, 2013, 34(1) : 328-335.
Science, 2015, 36(9) : 3393-3400. LiKQ, LiY, Zheng Z, et al. Preparation, characterization and
[27] Y, i%iﬁﬂkﬂﬂ%ﬁ'*ﬁﬁ(ﬁ[ M]. dbxt. [ A b Bl adsorption performance of high surface area biomass-based
H AL, 2000. activated carbons[ J]. Environmental Science, 2013, 34(1):
(28] Hharlee, #is¥s, fioCfE, 45, Mehlich 3 %5 4250 £ 5% el £ 3 328-335.
F TR [ 1], EHEEH, 2007, 38(4) . 745-748. [42] Yuan JH, Xu R K, Zhang H. The forms of alkalis in the biochar
Ma L F, Yang Y Y, Shi Y Z, e al. Applications of an universal produced from crop residues at different temperatures [ J .
soil extractant of Mehlich 3 to nutrient analysis of tea garden soil Bioresource Technology, 2011, 102(3) . 3488-3497.
[J]. Chinese Journal of Soil Science, 2007, 38(4) . 745-748. [43] WuHP, Lai C, Zeng G M, et al. The interactions of (,omposting
[29] AR, ZIE, £BE, 5 RIS K VR A A A W R and biochar and thﬂr implications for soﬂ amendment _and
LT HETR BE Y ok R AR M R X[ 1], B8R, 2012, pollution remediation: 'a review [ J ]. Crlnca'j_.-‘f‘{évmws in
33(10) ; 3585-3591. Biotechnology, 2017, 37(6) : 754-764. e
LuZL, Li]Y, Jiang J, et al. Amelioration effects of wf__siéwater [44] Glaser B, Lehmann J,0, Zech W. Amehoratmg p}:}'_sl@al and
sludge biochars on red soil acidity and their environmental risk chemical "propertles of hlv'hly weathered soils if th(}ﬂroplcs with
[J] Environmental Science, 2012, 33( 1“0) 3585"5591 charcodl—a rev1ew[ J71* Biology and Fertility of Sods, _;(302?_;5‘5
[30]  EZFEHE. it I AZWIR A2 R N TR S %éﬁﬂﬁgfﬂijﬁaff*ah : (4): 219230 F
-ED] A f}%i{?ﬂ%\j{% 2014. | i 7 i ‘-r = [45] Qian L B" Chen B L, Hu D F.. Effective alleviation of a].umlnum )
f Meng L Q. Fffeqt of biochar application pn Ghm‘ e planf;tlon phytotoxl(/lty by mante- de‘nved biochar [ J ] Env1r0,nme1ﬁdl
= ecosystem L'D J Fuzhou, Fujian kéu(‘u}turf- and ]*;oresly Science/& Technology, 2013}, 47(6) : 2737 2745 &
.Umversny, 2014} 4 y [46] Van Zwietén L, Kimbet 1S, Morris S, et al. Effects of bigthar

311 / Herath H M S K, Camps-Arbestain M, H.edley M jﬂffect of

[32]

[33]

[34]

[35]

[36]

[37]

[38]

bm(‘har on soil [pHysical properties in two (‘ontraslmg soﬂ% an

l" AlflbOl and 4 Andlsol{]] Ceoderma 2013 209}10 188-”/,/“

/ 107 g8 r -

Bu.l_'reﬂ LD, ZMetner F, Rampazzo N,
of biochar on soil physical properties [ J].
282: 96-102.

Lei O Y, Zhang R D. Effects of biochars derived from different

feedstocks and pyrolysis temperatures on soil physical and

et al. Long-term effects

Geoderma, 2016,

hydraulic properties[ J]. Journal of Soils and Sediments, 2013,
13(9) : 1561-1572.

Oguntunde P G, Abiodun B J, Ajayi A E, Effects of
charcoal production on soil physical properties in Ghana [ J].
Journal of Plant Nutrition and Soil Science, 2008, 171(4) : 591-
596.

Tian D, Qu Z Y, Gou M M,
different

et al.

et al. Experimental study of

influence of biochar on texture soil hydraulic
characteristic parameters and moisture holding properties [ J ].
Polish Journal of Environmental Studies, 2015, 24 (3) . 1435-
1442.

Rajapaksha A U, Chen S S, Tsang D C W, et al. Engineered/
designer biochar for contaminant removal/immobilization from soil
and water; potential and implication of biochar modification[ J].
Chemosphere, 2016, 148 . 276-291.

IR, AW R S B S
WK, 2014

Zhang Z R. A preliminary study on the effect of biochar on soil

HIBILHEIE[ D] B

physical properties| D]. Hangzhou: Zhejiang University, 2014.
ZREM, W, FER, S YR TR R
[J]. BREERL, 2013, 34(8) : 3327-3333.

Jiang Z X, Zheng H, Li F M,

et al. Research progress on

[48]

[49]

[51]

i . . . ol
from ;slow: pyrolysis of papermill waste on agronomic performance

and soil fenililgf-[ J]. Plant and Soil, 2010, 327 (1-2): 235-

246.
5&% REANE, AT, S AW 5 R 21 e B A
WA R R 22 5[], R B S IR AR,

2015, 32(6) : 590-595.

Zhu P, Ying J G, Peng S A, et al. Effects of biochar and Lime
on soil physicochemical properties and tobacco seedling growth in
red soil[ J].
2015, 32(6) : 590-595.

Journal of Agricultural Resources and Environment,

TRE, TR, U, L AR B R M 2 R
(B RACERSE[ 1], P EA&E R, 2018, 34(12) ; 108-
111.

Wang Y X, Xin S J, Ye J, et al. Improvement effect of biochar
on soil acidity in strong acidity tea garden [ J ]. Chinese
Agricultural Science Bulletin, 2018, 34(12) . 108-111.
BRI, 2N, Mo, S5 AR W R T T b B A
T ERYEHC R RGN J]. KRR, 2019,
33(2): 196-200.

Zhao TM, Li Y B, Chen W F,

physicochemical properties

Effect of biochar on the
the

Journal of

et al.

of coastal saline soil and
antioxidation system activity in maize seedlings[J].
Soil and Water Conservation, 2019, 33(2) : 196-200.
RS, AR BT A BT 0 00 A A R R e PR
AR D]. dest. PERIBEE, 2016.

Guan E N. Effect of biochar on soil physwuchemical properties,
tobacco growth and tobacco black shank [ D]. Beijing: Chinese
Academy of Agricultural Sciences, 2016.

LT, £, A/NE, & LRGSR A
B VR UE S, BHBLRI ). SRBEREY:, 2015, 36(7) « 2655-

2661.



9 BOE G MM E W i i A RS U R N TR IR Ak - 3 (9 4 FHAICR 4245
Hou Y H, Wang L., Fu X H, et al. Response of straw and straw IR K FE R E B s [ ] [J]. iﬁﬂ"\_‘f', 2018, 39(1): 355-
biochar returning to soil carbon budget and its mechanism|[ J]. 362.

Environmental Science, 2015 36(7) 2655-2661. Xu G X, Wang Z I, Gao M, et al. Effects of straw and biochar

[52] BXHHRI, F/NES, 2B, S5 ORTEIR & 0 A 9 e b return in soil on soil aggregate and carbon sequestration [ J ].

[53]

[54]

[55]

- 226.
56} fRFZE, f}%

I BB KL 43 e lj"‘”Iﬂ]: X - ST By B A B B Y
L], PR, 2017, 38(2) : 769-782.

Zhao S X, Yu X L, Li Z H, et al. Effects of biochae pyeolyzed
at vaeying tempeeatuees on soil oeganic caebon and its
components ; influence on the composition and peopeeties of humic
substances| J |. Environmental Science, 2017, 38 (2): 769-
782.

SRAE, M, SEAAG, AR AW pur TR E R Oy L0 B
HARME R s [ )], E A AR A, 2013, 21(8) .
979-984.

Zhang X, Wang D, Jiang C C,

physicochemical properties of red and yellow brown soils in the

et al. Effect of biochar on

south China region [ J ]. Chinese Journal of Eco-Agriculture,
2013, 21(8) : 979-984.
TR, XIE%, BEEEE, %
P KSR MR SR [T ]
21(4) . 1049-1055.

Wang Y F, Liu Y X, Li H H, et al. Effect of washingbiochar
and chemical fertilizers on rice yield and nutrient upl_g}_gﬂ'E J].
2015, 21(4): 1049-
1035. F §

KB W) A Bt A HE 3 7K A
TP R SRR AR, 2015,

Journal of Plant Nutrition and Fertilizer,

Angst T E, thl S™P. Establishing releaie" dynamlm Hor _pl?mt P

~nutrients from blocha]:[]] GCB Bloenergy, 2013 '5(25

u}y‘:

Euq Z3 Fﬂ'ﬁ#%ﬁ%’"f 'm‘ii‘gl?_ﬂ%%

¥ |

-~

[57]

[60]

Environmental Science, 2018, 39(1) ; 355-362.

A, VERI, BRER, S5 EY s+ A A R
RikgEm[J]. BRI, 2019, 40(7) : 3388-3396.
LiQQ, XuCY, Geng Z C,
bulk density and aggregates of Lou soil [ ]J].
Science, 2019, 40(7) : 3388-3396.

B, JE S, A, AR AR s KNSR R R
SEMARKZWR[T]. RVIRER R, 2014, 33
(11) . 2187-2193.

LiCJ,QuZY, Gou M M, et al. Effects of biochar amendment
on soil water and nutrient utilization efficiencies and tomato
erowth [ J]. 2014, 33
(11) . 2187-2193.

SRIHEH, WX, AR0H, 45 AR B AN AR AL X A
Hb 7 S R K - NI S [T H%ﬂ? 2017, 38
(4):1622-1632.  _ -

Zhang Y YHu X Y| Zou J, et al. hffects of blog]ﬁd'f jon/ sulface
albedo and! 5011 Iebpll‘dtlon in suburban dgncuftur,zﬂ soil [ 1].
Env1r0nmenlal Science, 2017, 38(4): 1622- 163‘12.l

i, A, THAE, . s e muiﬁ
ﬁ%éﬁfzﬁm%m‘m. FREERRE, 2018, 39(5) : 24122419,
Yan H"h T, Yin Q X, Ding S S, Effect |of blm‘har
amendmeht on @ysmochemﬁca} properties and fungal commumty

et al. Tmpact of biochar on soil

Environmental

Journal of Agro-Environment Science,

et al.

structures / of cinnamon! 8oil FJ ].

39(5) £/2412-2419.

Environmental .Science , 2018’



HUANJING KEXUE Vol.41  No.9

Environmental Science (monthly) Sep. 15, 2020

CONTENTS

Characterization of Two Heavy Pollution Episodes in Tianjin in 2020 «+sxssessessessssssmsessnisstntnsnisntisisinsnisns s XIAO Zhi-mei, XU Hong, CAI Zi-ying, et al. (3879)
Analysis of Characteristics of Water-soluble Ions in PM, s in Chengdu Based on the MARGA YIN Han-mei, CHEN Jun-hui, FENG Xiao-qiong, et al. (3889)
Seasonal Characteristics and Source Analysis of Water-soluble Inorganic lons in PM, s in Sugian Cit MA Hong-lu, ZHAO Xin, LU Jian-gang, et al. (3899)
Characterization and Size Distribution of Carbonaceous Aerosols at Mountain Dinghu LI An-na, WEN Tian-xue, HUA Wei, et al. (3908)
Characteristics and Source Apportionment of Carbon Components in Road Dust in Anshan ««-«+«+ssssessessesesmensinnsninnnnn e LIN Zi, JI Ya-qin, LIN Yu, et al. (3918)
Spectral Characteristics and Source Analysis of WSOC of PM, 5 in Winter of Xi’an +reseeeeeeresesssssimnsiniinnsne YANG Yi, ZHANG Ya-nan, LIU Huan-wu, et al. (3924)
Observation of Aerosol Optical Properties and New Particle Formation in the Yanglze River Delta  ++eeveerereeevssesenenienninencnienns DU Ying-ying, CHEN Jun, ZHANG Jia-luo, et al. (3932)
Component Characteristics and Source Appointment of Volatile Organic Compounds in Lianyungang City =~ ««+eeseereesserensenmsencnennenes CUI Jin-meng, WANG Ti-jian, LI Qiu-tong, et al. (3941)
Seasonal Pollution Characteristics and Analysis of the Sources of Atmospheric VOCs in Chengdu Urhan Area «eoeesvereesesesenenssenen WANG Cheng-hui, CHEN Jun-hui, HAN Li, et al. (3951)
Ozone Sensitivity Analysis and Emission Controls in Dezhou in Summer «+:«+essessesesessensesentnenennsinints YAN Ru-sha (3961 )
Inventory and Distribution Characteristics of China’s Thermal Power Emissions Under Ultra-Low Reconstruction - QU Jia-hao, WANG Peng, BO Xin, et al. (3969)
Establishment and Spatial Distribution of Anthropogenic Ammonia Emission Inventory in Zhejiang Province ZHAO Rui-dong, YU Xing-na, HOU Xin-hong, et al. (3976)
Evaluation and Screening of Dioxin Control Technology in Waste Incineration Flue Gas — +we-veeseeeresrersssmemensssininssiiissenn ZHAO Si-lan, XI Peng-fei, GUO Feng-yan, et al. (3985)
Characteristics of Stable Isotopes and Moisture Sources of Two Typical Precipitation Events in Lanzhou City +++++eseeeeseeeeeeeees HAN Ting-ting, ZHANG Ming-jun, WANG Sheng-jie, et al. (3993)
Hydrochemical Characteristics and Possible Controls of the Surface Water in Ranwu Lake Basin - veeeereeseesesenienennininenenes ZHANG Tao, WANG Ming-guo, ZHANG Zhi-yin, et al. (4003)
Chemical Evolution and Formation Mechanism of Groundwater in Hetao Irrigation Area —+:«+s«ssesseseessserensenmnenensinininissinene CUI Jia-qi, LI Xian-yue, SHI Hai-bin, et al. (4011)
Chemical Characteristics of Groundwater and Material Sources Analysis in Shigi River Basin «+«esveseeesesrerserssienenennininiiiie LI Xiao, YU Shi, LI Liang, et al. (4021)
Spatial-temporal Variations and Driving of Nitrogen and Phosphorus Ratios in Lakes in the Middle and Lower Reaches of Yangtze River ~+++-++s+:e+: JI Peng-fei, XU Hai, ZHAN Xu, et al. (4030)
Spatiotemporal Variations in Nutrient Loads in River-lake System of Changdang Lake Catchment in 2016-2017 ++ LI Xin-yan, LI Heng-peng, JIANG San-yuan, et al. (4042)
Influence of Potamogeton crispus on Lake Water Environment and Phytoplankton Community Structure KANG Li-juan, XU Hai, ZOU Wei, et al. (4053)
Phylogenetic Processes and Key Driving Factors of Bacterial Communities in Jinze Reservoir +«+«ssssseeeseesersnesienenenninienienennenne LIU Ming-kun, TONG Jun, ZHU Huifeng, et al. (4062 )
Distribution Characteristics of Per-/polyflouralkyl Substances in River Sediments Around Typical Fluorine Industrial Parks —+:esseoveeeesesneneees SUN Lin-ting, ZHAO Zhen, TANG Jian-hui (4069 )
Microplastics-Induced Shifts of Diversity and Abundance of Antibiotic Resistance Genes in River Water ««+-+-sseseresersenseeseneneeees ZHOU Xin-yuan, WANG Yan-zi, SU Jian-qiang, et al. (4076)
Pollution Characteristics and Risk Assessment of Antibiotics in Lianhua Reservoir —+veseersersernemiemneneniennieniinns LIAO Jie, WEI Xiao-qin, XIAO Yan-qin, et al. (4081)
Intraspecific Variation in Growth and Alkaline Phosphatase Activity of Cylindrospermopsis raciborskii Strains in Response to Different Phosphorus Concentrations and Sources =«++++xessesseseeeees
"""" YE Jin-mei, ZHAO Li, LUO Xu, et al. (4088

LI Ya-juan, DU Yan-liang, BI Er-ping, et al. (4095
ZHANG Jia-wei, LI Tian, ZHANG Ting-xiu (4105

Simulation of Water Quality Response of Guishui River Wetland Plants and Water Diversion

Performance Assessment of Field-scale Dry Grass Swale with Shallow Substrate Layer

)
)
)
Transition of Particulate Pollutant in the Parcel-based Catchment of Sponge City — «+s+esssssessessesseremsnmnsninssinnts LI Jia, XIE Wen-xia, JIANG Zhi-hui, et al. (4113)
Adsorption of Sh( V') in Water by Natural Pyrite: Performance and Mechanigm ++sssseserereesesmsensnsmissimsnsiissises SHI Song, WU Qian-yuan, LI Xin-zheng, et al. (4124)
Treatment of Wastewater Containing Naphthalene Sulfonic Acid by Persulfate Oxidation «+«+esesseereereserenenenenieniennnnns ZHANG Jin-men, LU Jun, LIU Xiao-chen, et al. (4133)
Effect of Temperature on Performance and Microbial Community Structure of Anaerobic Biofilter-Treated Domestic Wastewater — «++++xeee-e+ LIU Zhi-bin, LIU Xiu-hong, ZHOU Tong, et al. (4141)
Start-up and Optimization of Denitrifying Phosphorus Removal in ABR-MBR Coupling Process +:«+eseereereeesesenenmsimnienenieinenne MIAO Xin-nian, WANG Qian, GUO Kai-cheng, et al. (4150)
Adaptability of Completely Autotrophic Nitrogen Removal over Granular Sludge to Low-Strength at Low Temperature - + LIU Yu-xin, WANG Jian-fang, QIAN Fei-yue, et al. (4161)
Discussion on Key Issues of Geochemical Monitoring of Soil Heavy Metal in Xiong'an New District «++eeeseseereereeresienenensinnienennns GUO Zhi-juan, ZHOU Ya-long, YANG Zheng, et al. (4169)
Quantitative Assessment of Human Health Risks Based on Soil Heavy Metals and PAHs Sources; Take a Polluted Industrial Site of Beijing As an Example —«+eoeereereereesemenensenencnennnnen
............................................................................................................................................................ WU Zhi-yuan, ZHANG Li-na, XIA Tian-xiang, et al. (4180)
Ecological Risk Assessment of Heavy Metals at Township Scale in the High Background of Heavy Metals, Southwestern, China ~ ++-++-- ZHANG Fu-gui, PENG Min, WANG Hui-yan, et al. (4197)
Potential of Accumulation and Application of Dominant Plants in Lanping Lead-zinc Mine, Yunnan Province «+«eseeeeeseerereesesiesenennes ZHANG Long, ZHANG Yun-xia, SONG Bo, et al. (4210)
Key Growth Stage of Ph Accumulation in Rice Through a Hydroponic Experiment with Ph Stregs «+«+reeseesereersersenesienienenninicnnninens HU Yu-dan, ZHOU Hang, GU Jiao-feng, et al. (4218)
Effect of Nutrient Regulation and Control on Cd Accumulation Efficiency of Hylotelephium spectabile Under Field Conditions ~ ++«++++++++++: GUO Jun-mei, YANG Jun-xing, YANG Jun, et al. (4226)
Effects of Eucalyptus Branches Biochar Application on Soil Physicochemical Properties of Acidified Soil in a Eucalyptus plantation in Northem Guangxi
......................................................................................................................................................... DAUN Chun-yan, SHEN Yu-yi, XU Guang-ping, et al. (4234)
Dynamic Effects of Direct Returning of Straw and Corresponding Biochar on Acidity, Nutrients, and Exchangeable Properties of Red Soil +««+eersesesessesenenenenienenisiininensininnnnn
.......................................................................................................................................................................................... YANG Cai-di, LU Sheng-gao (4246)
Different Responses of Soil Microbial Community Structure to Irrigation with Treated Wastewater from Domestic and Industrial Sources —+eseseereesseesiemenenminenin
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" WANG Yan, CHENG Dong-hui, TAN Wen-bing, et al. (4253 )
Effects of Manure and Organic Fertilizer Application on Soil Microbial Community Diversity in Paddy Fields «e-eeeeeerereeresenenensennen LI Peng, WU Jian-qiang, SHA Chen-yan, et al. (4262)
Effects of Land Use Changes on Soil Bacterial Community Diversity in the Riparian Wetland Along the Downstream of Songhua River —«+++++ ZHANG Tuo, XU Fei, HUAT Bao-dong, et al. (4273)
Response of Soil Bacterial Community Structure to Precipitation Change in Grassland of Loess Plateau LI Na, WANG Bao-rong, AN Shao-shan, et al. (4284)
Effect of Land-use on Soil Fungal Community Structure and Associated Functional Group in Huixian Karst Wetland CHENG Yue-yang, JIN Zhen-jiang, WANG Xiao-tong, et al. (4294 )
Interactions of Fungi Community and Relationship with the Carbon Structure in Arable Mollisols with Gradient Organic Matter Content —+-«+x+sseseesseresssereresimenenniinininsie
......................................................................................................................................................... SHANG Qiu-tong, HUANG Rui-lin, NI Hao-wei, et al. (4305)
Diversity of Soil Eukaryotic Microbes in Different Succession Stages in Maolan Karst Forest of Guizhou =~ ++++eeseeesereresesiemienensinieneneennes WANG Xian, LONG Jian, LI Juan, et al. (4314)
Adsorption of Cadmium and Arsenic by Corn Stalk Biochar Solidified Microorganism —+«+s«sssssesseesesesenssimnsnensinineneisnenee LIU Yu-ling, ZHU Hu-cheng, PENG Ou, et al. (4322)
Mechanism of Inorganic Nitrogen Transformation and Identification of Nitrogen Sources in Water and Soil = «+s+sseeseereesrsenensessnenneees LIANG Xing, SUN Li-qun, ZHANG Xin, et al. (4333)



	组合
	封面
	中文目录


