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Impacts of Biochar and Garden Waste Compost on Greenhouse Vegetables: 1. Soil Physicochemical Properties

and Vegetable Yields

CHEN Yan-hua'??, LIAO Shang—qiang"*?, LI Yan—-mei"*, ZHANG Qian*, GUO Ning’, ZHANG Lin"*?, YANG Jun-gang"?*?, SUN Yan—xin"*?
(1.Institute of Plant Nutrition and Resource, Beijing Academy of Agricultural and Forestry Sciences, Beijing 100097, China; 2.Key Laboratory
of Urban Agriculture (North ), Ministry of Agriculture, P. R. China, Beijing 100097, China; 3.Research Center of Beijing Municipal Slow
and Controlled Release Fertilizers Engineering Technology, Beijing 100097, China; 4.Supervision and Testing Center for Agricultural Product
Quality of Dezhou, Dezhou 253015, China; 5.Beijing Soil Fertilizer Extension Service Station, Beijing 100029, China )

Abstract: Many studies have been conducted on the effects of biochar(BIC) or garden waste compost(GWC) on the growth of greenhouse
vegetables. However, few reports have been focused on the combined effects of two types of materials. In this study, the combined effects of BIC
and GWC at different ratios on soil physical and chemical properties and Chinese cabbage yields were studied in a field experiment. Results
showed that: (1) Both BIC and GWC significantly reduced soil bulk density by 2.86%~10.71%, but increased CEC, exchangeable Ca*, and
soil nitrate content by 13.4%~19.6%, 30.2%~56.9%, and 155.0%~628.8%, respectively; (2) BIC applications significantly increased
moisture content and total water content of top soil by 7.2%~12.7% and 5.0%~13.4%, while decreased exchangeable Na*, ESP and SAR by
4.5%~12.5%, 18.2%~23.6%, and 18.9%~27.6%, respectively; (3) Applying GWC significantly increased exchangeable Mg** by 7.9%~
17.1%; (4) Applications of these two materials significantly increased Chinese cabbage yields, especially in the treatments of GWC 15 t-hm™
+BIC 15 t-hm™ and BIC10 t-hm™, which increased the yields by 23.1% and 19.8%, respectively. Meanwhile, these two treatments significantly
improved the soil physicochemical properties. Together, they could be recommended for application to greenhouse vegetable fields in Beijing
suburbs.

Keywords: biochar; garden waste compost; greenhouse vegetable; soil physicochemical properties; yield

75 HEF:2014-11-25

HEETE AL i RMEE GRS 05 88 1 8215 (KJICX201104004, KJCX201204002 ) 5 A6 5 T 2845 B TR B0 A2 15 (2111105055311092) 5 B 6
G SR IR 55 St A5 (d131100000813001) 5 b 5T T4 28351 H (12013_001108202_000019 ) 5 BLALA M 7l B AR A R A 5 Tl
2S5 28 1T T A4 751 (blvt—08 )

PEEE A BRIEAE(1980—) , 22, INZR @SN, B FRB S D1, 3288 A2 554 0 o 9 s A6 AR FH RN IS0t -3 20 R F5Y . E—mail : yhehen55@126.com

*BIEEE IV 425  E-mail : Sunyanxin@sohu.com



914

R S Y 4 EESH

UEAF AT Atk 55 G 8 , TR 35
B A BE AR A 228 Bt 4 T R AL R G BOR B
L, BERICHUAE SR EE BRI SRR E
X RWIR A FEY AR, 4T
it A 1 AT 44 2 DRI 1A it - 398 i 1 ke iz
B ST AR FT 0 ()32 S 3G I 25 A 2SI 3
JEU W O T R 4, T S H R BR Ak
TIESTIRTE Y, UL T B IR A BRI A
ST RIS R

BEl PR 3 4 S5 4 P LA At - 39 45y, 348 o £ 358
FLBRE , $2 5 - 0B B 1k, BRI 1338 pH (A1 &k
i, PR B R el R 350 ARk (Biochar ) — i
AR E BT ARAIEYE ) Y S 5P
B SR S AR A AR AR XL BE “FEAIR” (<700 °C)
b R S T A Bt 7 R e w1 = A2
Wy FLAT B R LB S A B 2 i AR s i pHLLBH
BT SS it (CEC) I C/NU AR A AR 77 4, , R
WE5E 22 B AR W e it F - AN (PR B T - 3 A e
I, T HAG R TR AR A FLB N L R AR,
IR T 5 3 pH (HF1 CEC™ $2 5 B LR
JEEve BEAR L8 K (Na* Ca® Mg i & ™ BRI 1
B RS B AR, i A
TREMOTER LM IR E  UE SR RE TR
FHFI4 H e A B AT R fn BB R AV ) A
b, A A - 3 Ry T P ) e,

DAAE RIS TR e B — R S i R 1T, 6 T
AN RSP 256 H A A B AT 9 452 o AR SC
6 FH A 00 T e PR 7 A T8 0 T b A X 3 it i 2
() L HEEA TR, 0B R T S R AR I,
X BRI A B AT 2R A VAN, 0 Fe e i, DU
R HUE P ENE AR R HE R

| RS

1.1 X5 A iE] |t

AT ASS F 2013 4F 10 & 12 JfEdbat K%IX
KFEH UM RS T, 200 = CAMERSE 12 48,
AETEI G, L IEIEREBAL PR R PR 1.21%,
4% 0.103% .pH {H 7.32, A% 12.33 mg-kg™, AL
% 50.72 mg kg™, HAAE 130.21 mg-kg™,

R G RS . 10 F1 8 HAEFR, 12 J1 30
H sk
1.2 iR5a4 4

bl AR 5 HE FE 4 o Bl AR S ) 8ol by e A o

(MWK ) o pH {H 7.74,EC{H 1022 pS-em™, 2%
1.62% , 4= 0.43% , 450 1.20%.,

AW BB OKRFEFE ARFF 2R i R, 7E i
400 CIRESM MM T8 40 B 55 T)r il (i
W3k ), pH {E 10.84,EC {& 4325 pS-em™,CEC 13.0
cmol -kg™, & 1.25% , ML AL B 238 mg kg™, 2 A5 B
1625 mg kg™,

1.3 iREiEE

RIBE 6 NALFE : TCISAN (CKO) 5 8 T el MR 73
JEY) 5 t-hm(G5); WA 5% 10 t-hm>(B10) ; B3N
BEl AR S S 5 t-hm FIAE ) 4 5 t-hm™(G5BS);
WM BE AR FEHE ) 5 t-hm ™ A % 10 t-hm™
(G5B10); i eI S HE ISP 5 t-hm FIA P o 15
t-hm?(G5B15), J& 54 it FH 7 =38 R it b 2 I
WEBEE 0~30 cm 2+, FAFEH/NX K 8 mx3
m, FENLHEA , BRATIE N 15 emx15 em, IR % FH EEE o
Jiti A Ay ARt A , it IS 45 AL 3HUAH W], BERE A 120 m?-
hm2 N, 750 kg-hm™? &2 4B (15-15-15) , B i )R
= 1R, HEH 450 kg hm?,

L4 MEIBIRENE 7%

B AL N 3 AN 10 7k, 53 PR E 8
JEARGEMIAREOT I C i. THERE S ERSBOR S
KA 20 em RIIHGRZ + A 3 A ER . +
BAENITCR AR RE=F /MR R3]
P - 3 o AR AR - % 0 2 SR P L FER
P LU A LB B =1 -
P33 485 S KR LTS 2 R HEIK
AR WK S =% xR E TR K
IR, R8T hm? [ 20 em )2 P
A7 B 7K 43 o i 5 - A A U e e,
PEAFE AR AT 002 o 3RS A A F 5241
SR, CEC Wy Ak B L R B i 1
FEASHANE RN S B AR IE NY/T 1615—2008 il 5 ;
EABRAL E (ESP)THIAAR 2], Sy e ot 8 o5 s 4tk
BH B8 S 14 71 20450 B B EE (SARDTHEAR 21, Ry
VTR PN TR S A RV B 2 A AR A AL
L5 gEitathr

K Excel 2007 SE R RHREE B8 it 4 3 HE0 A
YRR, @ ad SPSS17.0 Geit B fdtt4 1 R 2 2253 Mt
(One—way ANONA ), Z 3 4% Duncan's i &2
ZVEITE R B, BEMHKTERN 0.05, 25
TELL S EARELR " FoR . 13 SPSS17.0 ei 4
1) 2x2 XL 2T 25 3 it A 78 DR 404



BRAEYE 465 A 5 R BRE ZEME S A BB - | S I 915

2 ERESH

2.1 ERINFEFEF YT YR IR BN
2.1.1 &

AR e A Y A A AE 2.6~2.8 grem™ 2
[, 17 ELAR PR A) TG i 25 1 25 5 (3% 1), BT R A e 15
SRR ZETE (3R 2), UEBTASIE 5 b AR 5 B
FAEW H - 5885 B S AN K
2.1.2 +HEgHE

USINIE FE) A0 PR B8 75 B IR T 0 R . -3
IR, A AT s £ 3EAqH BEk S e
AIEE, & 1 v WL, G5 .G5B5 FI G5B15 Ab i) 1- 5
ZEA T BEAL T 5.71% 4.29% 10.71%, A
BT HTR Y, BEUMRE 7 4 I 0 vt P o) A1 e 7
A FEAEA, M 10 t-hm™ {4 9 e FH 18 6 a2 + 9
REMFEAE/INE 2),
2.1.3 T-EEfLE

FAEFLBUE R 6 TG K R AR
B SR AR U E D A 1 B SRR IS IR % 3540 1)
Ab PR X REAR FE 3G i T R FLBR B, (HACE
G5B15 A FEIAR T B PE2E 5 iRk 3] 12.58% (%
1) B ZE b 0, G5 F1 B10 A0 FE X 2 7 -3 LB

FEERAEE(F2),
2,14 R KE

- 58 T K R R G IR P A T W K R R K
REROUREL . M6 | Al UL, PRSI 3 i 1T 4y
KR, B G5 A3 5 %) B 22 R W 3 A it A= ) e Ak
X X AR, Hod G5B1S Ab P - 358 5K i
i, FEXT RS 12.68%, 3R 2 AT 0L, el MR 5 HEJ 4
5 t-hm™ (RS HEESOK BN B, AP
XoF A KR RS ke AR
2.1.5 3 KE

F )2 KRR G5 A1 GSB10 Ab P 5 % B8
WBEME2ZES, HAeAb P 3 & 1 X EE,B10.G5B5
F1 G5B15 AbFH () = 32 7K 8 43531 He X iRy 10.06%
9.11%H1 13.39% . WiHZR 531301, Fe A% 5 HE 5 4
5 t-hm? (X HIHEEK BRI EE, YK
Xof - 35 A R B ke S B
2.2 ERINFFNE FY T T F R R RN
221 PHESFacH

CEC 2y H 5 R0 . AL PEREFNZE nhBe T 1Y
FEIRPR . PR AL R 5 % AR EE | 35 4 5 4
BT AR CEC {H(55 3). G5.G5B5.G5B10.G5B15
F1 B10 4b B4 CEC {H 43 %) b X B8 38 i 16.99% |

&1 EFYX LRI RA R0

Table 1 Effect of wastes on soil physical properties

) /e e LB K% LK b
Treatment Density Bulk density Porosity Soil water content Total water content
CK 2.663+0.009a 1.40+£0.01a 47.37+0.28b 15.38+0.13¢ 819.88+8.49¢
G5 2.657+0.009a 1.32+0.03b 50.40+1.15ab 15.67£0.20¢ 833.01+13.38¢
B10 2.660+0.015a 1.36+0.01ab 49.69+0.73ab 16.74+0.06h 902.40+10.50ah
G5B5 2.713+0.009a 1.34+0.02b 50.78+0.62ab 16.48+0.04b 894.58+0.57ab
G5B10 2.670+0.010a 1.36+0.02ab 48.96+0.69b 16.53+0.13b 861.11+26.19b¢

G5B15 2.680+0.020a 1.25£0.02¢ 53.33:091a 17.33£0.18a 929.66+16.29a

VBRSNS 5B A I 2 5% 8 (P<0.05). I,

Note: Different small letters within a column mean significant difference between different treatments(P<0.05 ). The same below.

2 EFYX LR EBRERF AT E 2

Table 2 Factorial analysis of waste effects on soil physical properties

I #FEKAE Statistical significance

R Factor WiElgom™ A /g o FLBE/ S RRSOKE% WK o
Density Bulk density Porosity Soil water content Total water content
FEl MR FEHE YY) Garden waste compost ns * ns ns ns
H:=¥y 1% Biochar ns ns ns ok ok
[l bR 3 S x4 % Garden waste compostxBiochar ns * * ns ns

T 25 5 R+ JR P<0.001, % FR P<0.01,* IR P<0.05,ns FR P>0.05, KA,

Note:*, ** and ***mean significant difference from control at 0.05, 0.01 and 0.001 probability levels, respectively. ns:not significant at P>0.05. The

same below.



916

R S Y 4 EESH

13.40% .19.62% . 19.14%F1 14.12% , {b H 6] 22 5 R 5
o P MIR R T 200 R (R 4), %
FrHETE AN AW e e —F A HAE X CEC 150
Y138 B 0 25 /KT, 150 BH T RloRE L 9T i I S 4 R
HECEC,
222 HIEHEER

12 3 0TI, PRIk G 222 AN A A &
IR U IR0 340 () A B S e TR G5
A, 1A% 238.45 mg-kg™!, R AIAL B G5B5 .G5B10 Al
G5B15 233 G5 ik 38.6% .57.8%F 53.4% ., B10 &
R 83.42 mg-keg, 5 G5B10 F1 G5B15 Jo i &2
Sto X NOs & ST IR 207 22 A i B, el bR sz
FrHE S PRI A W) e Ko HLA TR G e e U2 A
BREMWGEWA BEER(E4),
2.2.3 ekl 5 Bk

A Natig Sz e T e Ab 72 B2 1) — M8 A5,
FIBE 25 K 435 BRI K T i AR B4,
PEMEMVEYI AR A o N3k 3 Wik, G5 Ml G5B1S
Ab 3R ) A2 e Mk Nat % it 5 % B 25 R A8 1 35, G5B5 |
G5B10 F1 B10 &b #1437 Ho XF B8 B A 7.40% \7.34%F1
12.48% . WIRI R J5 2253 Wr s R AE W) 4 Na 3 it
S e K (P<0.01), 17 el PR 55 HE T8 % Na* % it 1Y)
SN S, H 3 A S8 A FG Nat 5 iR i kR
BE(EL),

A Ca> Fl Mg B8 fiff 1 10 I AR A 55 1) K
2577, AT BH 1 E A AR R 48, AR A R A A
R TK CFARBENZ, WK 3 PR, ALY

IAE & T A8 Wtk Ca /) & & ,G5.G5B5.G5B10,
G5B15 F1 B10 &b ) Ca** 7 12 43 %Il bb X B 3
30.40% .30.71% 48.20% .57.23%%1 50.29% , %} Ca> %
TP By 22500 R (3R 4) AR 5740
TAHEMEHAERXT Ca Erm i A B ER .
PR FE9 3 s ek M55 1 A 52 IR A FiF 22 5%, G5BS
A1 B10 Ab FE Ay Mg?* & 5 5 % B 22 PR R B 3
G5B15.G5 1 G5B10 4b #4351 Fb X B3 17.06% .
13.55%F1 7.94% . %} Mg* & b A T 0 R R Jr 2508
S % Mg i g R T2 A FH 1) 2 e AR 53
JEH, 10 1™ AR DR X M2 B R
EENTEAC N
224 - SRENTEAL R FEN I R L

ESP & 8 F R AE A £ 4 28 KAk + 3 ol )
FI 48 AR AU o ESP Sk 5%~10% 52 ik 1
1, 10%~15% 1 H FEBd Ak 1358, 15%~20% A3 itk 1
B A A A R A SRR AL B I T 5% , A AL
K B R R A TRAL . [ G5 Ab T 5 0 R TG M 2%
SeAb, HA b HI) B R T ESP,B10,G5B5 .G5B10
1 G5B15 4b B i) ESP 43 J1] Hb X} HE AR 23.53%
18.24% 22.35%#1 20.00%( 3 3)., 7% 4 IR E F
ZE AT AT L, % ESP e R BAE iR AE Wk, EARE
Fr-HE S G 5 25 R

SAR [z e - 38 A5 5 5 1 I A7 AR R SSH5PH 4M
TFIBRALVE P Hr AR T, o mT DU 48 5 3
Wk SAR {E 15 AT LAVE R85 -+ Ak ah o 1 30 4345
PR 0 T A T A F ) I 2 AR T R

3 RFIMLEEFE R0

Table 3 Effects of wastes on soil chemical properties

AbFE Treatment  CEC/cmol -kg™ NO3/mg-kg™ Na*/g-kg™ Ca*/g-kg™! Mg*/g kg™ ESP/% SAR
CK 13.93+0.12b 32.72+3.29d 54.50+1.61ab 2.25+0.10¢ 0.428+0.003d 1.70+0.06a 12.59+0.24a
G5 16.30£0.15a 238.45+9.85a 57.67+1.22a 2.93+0.07b 0.486+0.010ab 1.54+0.08ab 11.60+0.19b
B10 15.90+0.06a 83.42+1.27¢ 47.70+1.19d 3.38+0.09a 0.453+0.003cd 1.30+0.05¢ 9.12+0.14d
G5B5 15.80+0.38a 146.44+8.21b 50.47+0.55¢d 2.94+0.10b 0.452+0.011cd 1.39+0.06bc 10.22+0.04¢
G5B10 16.67+0.32a 100.53+£12.27¢ 50.50+0.86¢d 3.33+0.06a 0.462+0.002bc 1.32+0.06¢ 9.70+0.10cd
G5B15 16.60+0.35a 111.10+4.85¢ 52.03+0.75be 3.53+0.09a 0.501£0.012a 1.36+0.07be 9.69+0.16cd

&4 EFUX LEU SRR IR E 4T

Table 4 Factorial analysis of waste effects on soil chemical properties

% Factor

I3 FPEIKOF- Statistical significance

CEC NO; Na* Ca* Mg ESP SAR
el R S HE ) Garden waste compost wkok ok ns ok ook ns s
W% Biochar sokok sk ] sk ns seokk sk
[l bR 77 e S i< 4= 49 . Garden waste compostxBiochar ok ok ns sk . * .
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Figure 1 Effects of different wastes on vegetable yields
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