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Effects of biochar—based organic fertilizer on the growth and soil properties of greenhouse tomatoes

LI Xia"?*, WANG Yuying”?, LU Haohao**, HE Lili**, LIU Yuxue®*, WANG Shengsen', YANG Shengmao'**'

(1. College of Environmental Science and Engineering, Yangzhou University, Yangzhou 225127, China; 2. Institute of Environmental
Resources and Soil Fertilizer, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China; 3. Zhejiang Biochar Engineering
Technology Research Center, Hangzhou 310021, China)

Abstract: Using a pot experiment, we studied the effects of biochar-based organic fertilizer on the physical and chemical properties of soil
and tomato growth and provided basis and technical support for fertilizer reduction and increased productivity at tomato—growing facilities.
The tomato variety tested was Zhefen 715, and the organic fertilizer used was composted rice straw and pig manure. The biochar-based
organic fertilizers were made by mixing organic fertilizer with attapulgite rice hull biochar composite, rice hull biochar, and sludge biochar.
Five treatments were set up: no base fertilizer (CK), conventional fertilizer (CF), mineral biochar—based organic fertilizer (CT1), rice
husk biochar-based organic fertilizer (CT2), and sludge biochar—based organic fertilizer (CT3). The effects of substituting 60% chemical

fertilizer—derived N with N derived from each of the three biochar-based organic fertilizers were assessed based on soil quality, tomato
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growth, and nutrient content. The biochar—based organic fertilizer significantly improved the physical and chemical properties of soil,

increased enzyme activity, promoted the development of chlorophyll content, and improved tomato yield and quality. Compared with the CF
treatment, the CT1 treatment significantly increased soil pH value, total nitrogen, available potassium content, and soil urease and catalase
activities, whereas the CT2 treatment significantly increased soil total nitrogen and organic matter contents and increased soil acid
phosphatase and sucrose enzyme activities. Compared with the CF treatment, the CT2 treatment was more conducive to the accumulation of
chlorophyll in tomato plants, thereby increasing the tomato yield by 14.9%. The amount of nitrogen absorption was also significantly
increased in plants under CT2 treatment. In tomato plants grown under the CT2 and CT3 treatments, the contents of VC, soluble sugar, and
nitrate increased by 16.5% and 19.5%, 14.7% and 12.1%, and 36.9% and 34.9% respectively, and the soluble solid content of tomatoes
grown under CT1 and CT2 treatments increased by 14.8% and 25.9% compared with that of the tomatoes grown under the CF treatment.

These results indicate that CT2 rice husk biochar—based organic fertilizer is optimal for improving the physical and chemical properties of

soil, developing the chlorophyll content of tomato plants, increasing tomato yield, and improving tomato quality.

Keywords : biochar—based organic fertilizer; soil; tomato; yield; nutrient absorption; quality
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Table 1 Elemental composition and physicochemical properties of three biochars

TCEU
LB Element composition/% H
. p
Biochar
C H S C/N H/C

Tl 0.46 17.80 0.91 0.26 38.70 0.05 9.19
T2 1.41 28.82 1.10  0.53 20.44 0.04 8.12
T3 1.27 9.01 1.59 041 7.09 0.18 7.77

Koy R TR AL Lz
Ash Specific Total pore Pore
content/%  surface area/(m*+g™") volume/(cm’+g™) diameter/nm
65.51 58.16 0.08 5.60
51.00 34.51 0.06 6.61
74.77 55.33 0.10 6.99

R2 REANRNAIREECRERE
Table 2 Nutrient and heavy metal content of biochar—based
organic fertilizer

Rt

Nutrients content/%

CIGAER
Heavy metals content/(mg-kg™)
P.0s KO Total  Cd Cr Hg Pb
CT1 132 2,00 191 523 078 554 0.06 1638
CT2 1.79 436 132 747 0.88 4.00 0.19 13.21
CT3 1.33 3.18 206 657 1.06 798 057 19.96
T A MU R h 4 R 5 B BR U, As<15 mg-kg', Hg<2 mg-kg ™', Ph<50
mg-kg" ,Cd<3 mg-kg™, Cr<150 mg-kg"(NY/T 525—2021).
Note: The content standard of heavy metals in organic fertilizers, As<I5
mg- kg™, Hg<2 mg- kg™, Ph<50 mg- kg™, Cd<3 mg-kg ™', Cr<150 mg- kg™
(NY/T 525—2021).
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Figure 1 Effects of biochar— based organic fertilizers on soil

physical and chemical properties
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Table 3 Effects of biochar—based organic fertilizers on soil enzyme activity

fbam O Tt 1 e TR M T 2 R 14 B A o) UL R T
Treat " Urease activity/ Acid phosphatae activity/ Sucrose enzyme activity/ Catalase activity/
reatmen (pg-d'-g™") (nmol+h™"-g™) (mg-d'-g™") (pmol-h™+¢g™)
CK 232.58+1.59% 1389.94+2.76d 4.02+0.45d 223.47+13.32¢
CF 288.22+5.91d 1965.52+8.10c 4.99+0.19¢d 194.67+11.99d
CT1 535.45+6.96a 2 049.93+3.29h¢ 6.37+0.74b 291.05+3.29a
CT2 399.57+5.49h 2 892.53+3.04a 10.33+0.13a 266.31+2.96h
CT3 378.86+2.22¢ 2 118.06+7.23b 6.11+0.47he 277.95+2.43ab

T AN ) 37 b B A 22 5 . 35 (P<0.05) . &5

Note: Different letters in the same column meant significant differences among treatments at 0.05 level. The same as table 5.

R4 REFNENEMERSENRIT

Table 4 Effects of biochar—based organic fertilizers on chlorophyll content of tomato

ERIG REL 43 Treatment
Days after planting/d CK CF CT1 CT2 CT3
7 47.3+1.35b 47.5+1.69b 49.9+0.78a 51.8+0.58a 51.9+0.71a
14 47.6+1.62b 49.8+2.39h 49.8+1.84b 50.4+0.78b 53.2+0.54a
21 48.3+0.51d 51.2+2.50¢ 51.9+0.93bc 53.9+0.76ab 54.5+0.67a
28 60.7+0.92b 59.2+0.17¢ 60.8+0.90b 62.1+0.49a 61.7+0.44ab
35 59.8+0.10c 59.0+0.23d 60.7+0.60b 61.7+0.42a 61.4+0.30ab
42 59.6+0.57b 59.4+0.72b 60.0+0.78b 61.6+0.55a 60.4+0.41b
49 58.6+0.56hc 58.9+1.04b 57.9+0.58bc 61.0+0.60a 57.4+0.66¢
56 58.0+1.32h 60.5+0.85a 59.1+1.37ab 60.9+1.10a 57.0+1.07b
84 45.1+0.81c¢ 46.0+0.76bc 46.9+0.60ab 47.6+0.76a 47.2+0.45ab

T = [T AS ) R s b B ) 22 5 2 25 (P<0.05) ¢

Note: Different letters in the same row meant significant differences among treatments at 0.05 level.
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Figure 2 Effects of biochar—based organic fertilizers on tomato FARE T A B AR R (P<0.05) , Horp T AR B
T FE AR R . X R CT1 AR B AT DL g
AR T 5T T 2R (1R IR AL

Fenh A W B FEIK (P<0.05) o X F B CT2 4k 2.4 REBHBERTE AR & R
FRT LA 8 28 790 06 280 2R A W s R B IEATHLIE XS A SRR S an i 4 iR . 5
CT2.CT3 b T HFAFEH R ST ER E S T CFAbFRAEL , CT2 . CT3 AL FE R & A VC & &0 5l o 3%
CF.CT14bFE(P<0.05, 18 3b) , CTLALFE T FFAnfbAFiE 4275 16.5% F119.5% (&l 4a) , AT M4 & 520 ) . 3%

1% WHART]

yield and dry mass of straw



2R BEAT LI 805 7 A S LM 3 573

=4 @ . B 14.7% F012.1% (& 4a) Bl R 4L 5 5t 835 T F%
55! ab _]_ 36.9% H134.9% (& 4b, P<0.05) , CT 4b B &) o] 75 M bk
b e -
g 2 ] . M - R EMRES . CT2.CT3 A M A F T 52 5 &
27 b ) Al VC AT o Bt BEER R 7 it
= 16} AT WU X 26 i T 3 e (8 2 400 B3 i 2
@08_ 4b fit 7, CT1, CT2 &b 1R i vl 5 1k R 9 7 e i
f¥ ' =1, 5 CF AR FRAR LU 43 1) S 2 14 0 14.8% 1 25.9% (P<
M T 0.05) AT UL, CT1.CT2 4 HRH BEHE = 7 il m] ¥ 4 (51
Ab P Treatment W5
§ 057 ) N . 3 iFig
§0-4' ‘I‘ 3.1 REEVIEXFH L EEA RO
a a S S| -
5,5 @ @ . B HATHUIETT L e - S48, I35 149
o = e = T =] Sas e [= M= =
8 . be s FY3E L pH , 8 TSR0 5 i P A b R T R
[=F L — S N _
5 GRS SY R B AT B A0 3 53 W
i 0.1} AT F BT, 55 UG AE A B0 A LE 3 b S LR
b 0 AL F 5 pH A R AR R SRR 3 R
CwE oA S AT BRI pH (K 1), B th 5 B
£ I reatmen NN
e EE A5 A R T L pH ™ )
=30
E a a O VC:EJ'\E \i(\) content
§ 25F _I__‘i_ b b 600'(3) O vyt & Sohtl)ble sugar content T 6
= o a a a

.§2-0' £ d < [T o osoof ¢ b_bf_ b+_§_++ 15«
§ 15k d \\5' c _I_ —E— ] c‘\a
2" 2 400H ] 14 uilmﬂ g
5 2 o g
2 1.0} 2 B oo

(3] L 43 = =
HHT%H s S 300 ﬁ-‘é .
fﬁm : EE:[H 200} 1252

\ =
o CK CF CTl CT2 CT3 S 100} 11 &

At P Treatment
O A5 Straw O £ 52 Fruit 0 CK CF CTI CT2 CT3 0

Kb Treatment
B3 mEFENEMRFES =M

. . . e . S TR A EL N
Figure 3 Effects of biochar—based organic fertilizers on nutrient L b 77 B Nitrate content

(b) O AT 404 & Soluble solid content

content of tomato ;D‘D 1000, ab a 10
o —F _I_ b
& ER o
£ soof b T fs =
z —F— 2
%5 HEANBHERFESREHHIM o b = ol || cs £F
Table 5 Effects of biochar—based organic fertilizer on nutrient o %E
z =S
absorption of tomato(g-plant™) Z 400 14 = %
1 £
g TS W Wi e ‘iﬂ 200 + {273
Nitrigen Phosphorus Potassium ";‘E
Treatment . . . &
absorption absorption absorption i 0 0
CK 1.5740.07d 0.18£0.01d 1.31£0.04e cK ¢k cr CTz C13
Qb F Treatment
CF 2.48+0.06h 0.23+0.02¢ 1.68+0.03d
CT1 2.13+0.03¢ 0.27+0.02b 2.20+0.01a 4 REBVIEXER AR
CT2 2.69+0.14a 0.34+0.01a 2.11£0.03b Figure 4 Effects of biochar—based organic fertilizers on
CT3 1.97+0.01¢ 0.34+0.01a 1.99+0.01¢

tomato quality

WWW.Qes.019.CN




m@g 574

VRETR Rt Y FEFE3H

RS FEAT HUIE AL T 4398 pH I 2 8 T LAt I i 1 ik
AP, X w] BEZ PR D M1 i A ek 25 #4 kL pH
T AATE R FITG Ye oc (FR 1), i e BEAA HLIEXT 3% pH
FTRET AR o B W) B FEA HUIE RS 5E o A Bl
PEE e MU N AR B 25 B vy 1 A BT o, i ml
REJE [N 4 LR W) ol ok 55 A AL B A P i R )l Pl -
AW, AL A UL PR RO FRE , 34 A L
R 3R AT HLAC AL BT A P
BN AE5E I HEAT HUAE > 51 2 ¢ B AT HLAE > T5 e e Jk
AP, X AT RES 3 M AW ok i e % i AN [l 6 (3R
D)o HRARKERIS LA PERIL XA, T LA
THIE, ARG ES SRS EA —ENMHEX
PR, e AT HUAL T v] 3828 i LR A HL S
W) 4 1 B AT HUIE RIS 7 ¢ AT HILAE Ak PR 5 L it
HE A5 Y 5 B AT HILAE b FHAR bE 24 2 38 14 L3 ) 4
R, ATRE X AP LA AL AR BT A PR
TR A B B D o A R B RE L Rl
AEE R LR R N R — TR RAL R
N M AR A 5E 0 A R RIS 5E B¢ ) HYC AR/
TGV (K1), WM RE o s, nT WS 7 1 3 A
AYUEFPRRE, WD RK IR, AT 1 4
R, AL, RIEATHLACAL B R 3T HLITOR 4
A T E U IC AL P 1), 52T 7 3RS Ty Y
RS R AR R T o SR LA Ak
FRAH EG 3 Bk FEAT AL AL 38N 50 20k & it
R, A RO R R I R 7 s B A HUIE>T5 e
WFEATHLUESE ) B AT HUAE 3 n] BE -5 A8 58 i Jk
AYUEAL BRI BB A K 3 Fh B A HLIL b 2
R P JES 2 i o R AR i, L A
TR B R  W)B B HLAE > 15 Y i AT HLIE >R 5
BRI MU . Fige hedeA HUIL AL BT 81 B AR T
Rt LAk B A S e T R IR L X RT
Rl 2 R A 58 R AR B H/C(E AR (R 1), 35 B HE A
e, W R RE B, BEAS A AR A HILIE 81 SR i
KA VUERREE AMETR 00, TR i 1 - s A
R

g T B SRR ) AR R A S
Wyt 5 LRI B A AT OGS M AT LRI
Py L SHE S R WFFE W], SR AL S A
SRR 8 pH AR A R, L IR LR
PR 15 1 5 A Al A SR, o S il ) G
A Gyt E SR R E AR, S AL
JBt AR A O AR R AR A

1% WHART]

HUAE A ALt A Ak PHLA% T i g b ST 1, 3 2 TR A
HE W) e FA B RO FLBR A5 A, D Gl A B 1 R 4 9 A
FEIREE, S vy LB A W TG A, T3 s AL T
fEEBHE MR IR . Horp 67 W) B ST HLIE AL BT
T SRR Pl A 1o AR A SR S M A, FL - pH AT R
Y R T A e B EEA HLAE TS e 5 B AT HLAE Ak 24
(L1, Bl R T 3P Jot , AT (8 K I o 4 AL S 1
WEVESG I . RS H AT AL AL BT L SR 1 W R 1
T PR R S P A , 5 A RO A B
i T A P A R B HLIE AL A O (B 1) .
32 mREFNEXNEMMHEZZSERTENHM

25 2R 55 1) 1 AR RE S AR ) 194 A AR B A
FrtageST, 9 RS AN AL P i
IR SPAD {EL 5 B 561 R /N AR A 3, 7 A
7~35 d A, 3 il e B AT ALIIE Ak B 44 g o e IES Ak
B A R e B HUIE 5w AL S AL B3R = 1 LAY
Fror i a (E D), O AR R B A R SR AEE SR, AR
Z RS\ M P W 22 BT TROC R, (e 2 il A
Ko, Mg s Bt e A 1Y fERE A 35~56 d N, F
FC IR A UL AL BRI 7 SPAD B R F I A 9 o i S
A HUAE Ak B8, 3 AT BE I D A A e e 8 B B A (5
1), BEAE S 42 1 37 2 O VR 2K, (5% 23 RE S W 2 7
e SR HE R TR

B¢ F AT HUAE AT LA 2 A8 PR A I, 38 A 1
R AR A B, 5 R AE AL BEAR LG, a AT AL
HEALBEA R o 1T A . ARV RA B HA
B B RV, AT LASE i S A 77 o0 B i (1R 1))
O LR FL B EE R AR SR A KR R
A REREE , NI R AR = 1™ R se A PLIE
Ab R 0 R, W] RS AE ST AR B HIC fEAR T M
PR bR i A MR RIS e (R 1), W B B
A, AT AP R IR 0 % IR N g 1 R Y
Feor i (B D) R SRR AR R A, A R 3 3
BXTSR TR RE Sy, P A B Tt H MEAL
b BB i BEAT LA BRANRS 5 € o SR A ML A 7
T EIFEMREAT TR R AR XS BRI
SRR

DR, 2 HEAT AL RT3 188 3 iy 39 0 - S84 BILJST
R LA B M2 38 35 40 (R B2 T, 0 T 532 0 8 i 400 )
Ko, TSP AR PR AT A B e A ZERL A 25 57, X
SELAE R P T
3.3 mEFYIEXE T2 WU A #200

VEW IR 53 W 5 A 33 NE T FIE A 77 23R 10 iR



2R BEAT LI 805 7 A S LM 3 575

BA K. EMVEY) S SRR E RN R R
Ko AR, 5 H MU IR AL BEAR L, R 5T e A AL
JE A PR 2 i A R WO R L RS ASE T,
AT BB R R 5 o S A ML B & 1T B R i 4
RO (R4 R T HFMOCEAER AL 2 X
R RIS, oAb, R oe i W B PR 07, RE A ik
REMWAR UGS T AR AENCRGL, AR
53 BB 7 750 W A, DA T 4t v 7 ki P R0 e,
s R A e SE AT HILAE A BT 20 R 2R MO IR T R
AL I, AR 4 73 r it FEE AR 42 d 5, M A -
Ao e e AT MLIE S U e S A ALIE b R 2 28 5
5 U AE AR 22 80N, B 2 AL, S T
B AEHT, AT BRI 1 38 % U 3R B Wi o5 o, M
B - RSk B A MR B TR B A 18 R S
1z A A S AW W Ty T AT B AR R A, V5 e ik HY
CAEB R (R 1), W AR5 22 , 70 et - 338 PR T AR
55 (1), 5200 1 2 i 20

5 At A A B B, R 5 e A ML A5 e
SEAT ML A P75 at e 2R R A o 8 2 L T R S A
AT G, 5 50 80 & A — 3 R HUk AT
AL FEAR EE , 3 Fhpe A HLAE AL BRI HE T e ik X4 2
PR MR, 36 2 R A 3 e AT HILAE AL BT 4 S8 119 3 A%
BRE R IIE I (B 1) $g T IR AN RE T
AT 2 2 730 X B0 2 A IR A o e 7 o AT HTLLIES Ak 2R
FE AR ZE W R T R, R AR TR
NE L 33X AT g A2 DX R A LAl 22 IR A 5 e HAT B0 1)
W2 B E | BB AS ek /D 35 43 L 2R, AR 32 3 0 78 A nti 2B B
B AR P AN A B R R, 5 AR
HIZE R —2,
3.4 mEBYIEXTEmERIEIREI Y

IR SEAT BILAE AT 48 1 2 i 0 i S, A
Jiti Ak A HLIE S, /e ih VO AT PR RS o] v 1k [
Py Fr i H R Ak B AT T AR o L S R R T R
o X ATRER B Ry e A ALIE A R AR e TR+
SLRETC R s, A R T 30 0 SR A P R 5 2
AT el JH i ST B Y, A 0 e EL AT A ) W B
AT AR o3 B W A, B v R SR S (1) L
T AR ZR 5% 55 43 1 R PR SO DT 2 1 2 5 11 i
it M4 F B 5c i A LI X 2 Al it JoT 2l R
A B VR R, 3 mT B8 2 R R it AR 7' e LA L
NESE N T AR O i AR A T e R S s
X5 RABESFEPIE S AL, I Ah R 7S i FE A L
JER RS T HENAEIRM A S & (B D, hEF

AR AR PR AR A A BRI, BT 5 2 i 5
4 £

(1) BHAT HUAE 25 18 I 1 MRt PR W R I L 3
e A S A S B T R pH A PR A
R AN R G T A

(2) JRFEA FLIE A Tl 20 3 AR R L 3
F AN . SIEA HLIESE N A0 0 VC T R
FURTIEE MR & i, R T AR ER 5 i

() WFFEEERFZ D], Fi7e i He A HUIE TR B Ak
Ak B - S B A A iR 28 i P 2B A SR R e
TEACHE DB 25, S ) BR AR o 28 R LA 38 it i Jo
PETHT5 T HAT T Rl (4 0L R

(4) AT HLAE N 8 1 A RE it T o, ELR
AR IR A A R T RS R AL RETT
st IR, HA BT 4 BT A S PR R AL
IO 5 B LG AE AR LE , Tt A e AT HILIE B3 A AT
o T AL RE A FH AR , ASTER W5 1Y) 3 PR A
PLAERL R R 5e pe AT HLIE T B de /b RIOR R AT, A
AR (B Ml A -5 4 T 7 TRATS e Al B 13 i
AR S AN R T 3K, SRR IR WU A R

Sk

[N WIS E, B L0, Fh T, 85 B IR IR BE 2 i 8 I A KT T o
BRI W[, PEIEARARBE I 4l (B ARFE A,
2017,45(4):119-126, 133. LIUM Y, CAO H X, DU Z Q, et al. Ef-
fect of nutrient concentration on dry matter accumulation and nutrients
absorption of tomato[J]. Journal of Northwest A&F University (Natural
Science Edition), 2017, 45(4) :119-126, 133.

21 BB, RINEZ, Xz, 45 R BB IE FEXS H Gl 2 380 7 4k 0 BT Y
M), ARdb AR 4z, 2018, 33(J4 4] 1):191-194.  YANG Y, SONG
BY, LIU Y, et al. Effect of N, P and K ratio on yield and quality of to-
mato in solar greenhouselJ]. Acta Agriculturae Boreali-Sinica, 2018, 33
(Suppl1) : 191-194.

[3] Jr kS, m s, AR, 5 BUIE S HUILECHE R 5t 118 1
RshA bz, LR, 2021, 52(5) :1173-1181. FANG
SZ,GAO J R, WANG H Q, et al. Effects of combined application of ni-
trogen fertilizer and manure on the dynamics of net mineralized nitro-
gen in greenhouse soil[J]|. Chinese Journal of Soil Science, 2021, 52(5) :
1173-1181.

[4] EFLL, MM, B SCIH, 5 . SRR B0t L N8 Ty Al i S
JEHISZ AL, R RS2, 2015, 43(16) :390-392. WANG Y H,
XIAO H, CHENG W J, et al. Effects of biochar fertilizer on soil fertili-
ty, tomato yield and quality in greenhouse[J]. Journal of Anhui Agricul-
tural Sciences, 2015, 43(16) :390-392.

[5] X B2, Xk, SRABRE, % LR Y BUR BB AT o 15 BREE AT,
IO FH A 252 4, 2000, 20(4) :977-982. LIU Y X, LIU W, WU W X,

WWW.Qes.019.CN




NEG>"™

VRETR Rt Y FEFE3H

et al. Environmental behavior and effect of biomass—derived black car-
bon in soil: A review[]J]. Chinese Journal of Applied Ecology, 2009, 20
(4):977-982.

[6] B84, R 4%, AR, 55 . Wl AL IC A o SR HLAE XS Beita I 4E ] 2%
Az K B A HEEAR B 5 (7], R 5 Alk 27 i, 2021, 52(8) 12202~
2210. ZENG M, PAN Y R, PENG Y, et al. Effects of reduced fertiliz-
er combined with carbon—based organic fertilizer on growth of cut rose
and soil properties in greenhouse[]]. Journal of Southern Agriculture,
2021, 52(8):2202-2210.

(7] LM, X537, VPEE, 45 . AR W BT Y0t Sl R CE A 1nl (0], 3%,
2011, 43(6) : 857-861. XIE Z B, LIU Q, XU Y P, et al. Advances
and perspectives of biochar research[J]. Soils, 2011, 43(6) : 857-861.

(8] WRdh, TiGeing, 23, 45 . AE Wk Do e NE X L S i TR 45 A Y
S AR, 2018, 51(10):1920-1930. CHEN K, XU X
N, PENG J, et al. Effects of biochar and carbon based fertilizer on soil
microbial community structure[J]. Chinese Journal of Agricultural Sci-
ences, 2018, 51(10) : 1920-1930.

(91 2%, 4 al, AR . AT o SEA ML X 25 el L 38 il 16 41 R fo A )
REFE M. AILAOl A, 2022, 47(2):64-68. JIX, JINA W,
ZHU Q G. Effects of bamboo charcoal organic fertilizer on soil enzyme
activity and microbial community in tea garden[]]. Journal of Northeast
Agricultural Sciences, 2022, 47(2) :64-68.

[10] B2 B, B2 AL, XUFFot, 45 . AR IS A HLAL XS VY1 A1k

AR IRE TR RRCE IR )], 4727l 2022, 12(1) :39-
44. ZHAO Y M, LIANG Y H, LIU Q G, et al. Effects of biochar—
based organic fertilizers on biological characters, soil nutrients and
microbial communities of Cucurbita pepol]]. Journal of Agriculture,
2022, 12(1) :39-44.

(L] HE T, 210, A0, A5 p BT UM TR e T B A I Y00 5 e
X A SRR 25 B E R WA B M )], TR AL B2, 2019, 48(1)
57-65. CHANG JN,LID Y, WANG X J, et al. Effects of biochar—
based organic fertilizer combined with bacterial chaff wood vinegar on
Cr forms and corn absorption in sewage irrigation district[J]. Journal
of Henan Agricultural Sciences, 2019, 48(1) : 57-65.

[12] #5555 . ERIUB I8 T 5 A HUIE XIS A 4 B AR B - 3R
SEURD]. W R AR R, 2019:34-38. YANG F F. Effects
of biochar—based organic fertilizer on sugar beet growth and rhizo-
sphere soil property under saline alkali stress|D]. Harbin: Northeast
Agricultural University, 2019:34-38.

[13] JEVER, VF BB, X2, 55 AW me- M R A2 A Rheh K S 1
B 1 Bl A B SR 43 RS TR 52 e IR 0], AR 23R, 2021,
35(7):1717-1723.  YOU L C, WANG Y Y, LIU Y X, et al. Effects
of biochar—attapulgite composite on zinc and cadmium passivation of
paddy soil and soil nutrients and enzyme activities[J]. Journal of Nu-
clear Agricultural Sciences, 2021, 35(7):1717-1723.

[14] o [E Lol (2l 22 B 2 . el A 25 WL BT 7 12
[M]. Jb 5 BR2 iR, 1983:338-343.
Committee of Chinese Soil Society. Conventional analytical methods
of soil agrochemistry[M]. Beijing: Science Press, 1983:338-343.

[15] 228 . AE A AR AR AL 00 D PR B R M. dbat: & 55 80 iR
1, 2006:202-204.  WANG X K. Principle and technology of plant

1% WHART]

Agricultural Chemistry

physiological and biochemical experiment[M]. Beijing: High Educa-
tion Press, 2006:202-204.

[16] EATAT. B E L ARE T, & AHUE SR E T & BERSFFR N AR
Py HR Tl A AR B R, o RS AR, 2022(2) 1 134
142. CAO X X, YANG G K, QI R X, et al. Effects of straw block
with biochar addition and fruit quality of tomato under the irrigation of
organic nutrient solution[J]. Soil and Fertilizer Sciences in China, 2022
(2):134-142.

[17) A 5, w2, ARy I, 45 . AT 0 A UL oA B 7 i 77
S SRR R AL AR 2SOl 2741, 2011, 19(3) :602-606.
LIJY, GAO JJ, XU S G, et al. Effect of chemical fertilizer dose on
nutrient absorption and utilization of tomato cultured in organic sub-
strate[J]. Chinese Journal of Eco—-Agriculture, 2011, 19(3) :602-606.

[18] ZHANG P F, YANG F F, ZHANG H, et al. Beneficial effects of bio-
char—based organic fertilizer on nitrogen assimilation, antioxidant ca-
pacities, and photosynthesis of sugar beet (Beta vulgaris 1..) under sa-
line—alkaline stress[J]. Agronomy, 2020, 10(10) : 1562—1562.

[19] CHEN J T, WANG X R, LIU X Y, et al. Beneficial effects of biochar—
based organic fertilizers on nitrogen assimilation, photosynthesis, and
sucrose synthesis of sugar beet (Beta vulgaris L.)[J]. International
Journal of Plant Production, 2022, 16(4) : 755-768.

[20] ZEOCHR, WX 502, AT, 45 . KA HUIERT T 9 A MR K
FRFEERGEEM]]. K RFFIEL, 2017, 24(3): 113-118. LIANG
Y Z,ZHAO J K, WU D L, et al. Effects of application of organic fertil-
izer in autumn on the soil biological, physical and chemical properties
and maize yield[J]. Research of Soil and Water Conservation, 2017, 24
(3):113-118.

[21] ZEESHAN M, AHMAD W, HUSSAIN F, et al. Phytostabalization of
the heavy metals in the soil with biochar applications, the impact on
chlorophyll, carotene, soil fertility and tomato crop yield[]]. Journal of
Cleaner Production, 2020, 255:120318.

[22] AR, BREA, i, 55 OKRERFT A9 50 faTs Yo i eh 7
7 Sk L BTS2 R AL )], ROl FREERR =2 4R, 2022, 41(3) -
492-503. WU W J, CHEN Y J, LI G Y, et al. Effects of rice straw
biochar on tomato yield and quality in farmland affected by Cd con-
tamination[J]. Jouwrnal of Agro— Environment Science, 2022, 41 (3):
492-503.

[23] AR, E B4, 2R 4, 55 JHCHLI L3 HLTOR 4 45 0] 22 S
WL, v A R 237, 2014(5) :66-72. TANG J, WANG C Q, LI
Q Q. et al. Study on spatial variability of organic matter and total nitro-
gen in tobacco planting soil in north Sichuan[J]. Chinese Journal of To-
bacco, 2014(5) :66-72.

[24] BRI 3, 22/N3E, 224 0, 45 T 5 S AT HLIE G it xof 398 S g B 5%
TR AR MR )], W AR AR #2424k, 2021, 38(4) :774-783.
CHEN L M, LI X Y, LI J L, et al. Effects of combined application of
bamboo charcoal and organic fertilizer on soil fertility and growth of
Brassica oleracea var. Capitata f. rubral]]. Journal of Zhejiang A&F
University, 2021, 38(4) : 774-783.

[25] AL, AR, WA, S5 AN [ RN S A S T 14 5 )

I ARdbge B2, 2016, 41 (1) :50-53. HAN Z M, YANG S

HAN M, et al. Effects of different microbial agents on enzymes activi-



L JEAT DU B0 28 A 4 B e R i R 577

ty of soil in Panax ginseng continuous cultivating field[J]. Journal of
Northeast Agricultural Sciences, 2016, 41(1) : 50-53.

[26] R, BURAYE, XUHTIN, 55 . 5 S L SR 3o 0k SR i 1k
LIRS R ] TR A ST, 2011, 29(3) 1 165-168,
179. TANG H B, LIAO C Y, LIU L L, et al. Relationship between
soil urease, catalase activities and soil nutrient in vegetable green-
house[J]. Agricultural Research in the Arid Areas, 2011, 29(3) : 165-
168, 179.

[27] FE4EHE, AN, v, 45 R[] 3R O =R b3t AL A
PG T 5 R AL P Y G R WP —— LA MR 2 ). P
ARk 2748, 2013, 26(6) : 2412-2416.  HUANG H Q, WANG J Y,

LING D J, et al. Study on relationship between soil catalase activity

and soil chemical properties under different land use patterns : Take
Leizhou Peninsula for example[J]. Southwest China Journal of Agricul-
tural Sciences, 2013, 26(6) :2412-2416.

[28] BRAT . hFY B AIERLRLIT K 5 0 D). 7% « PEAL R B %

2021:11-12, 31-32.
to biochar—based fertilizer[D]. Yangling: Northwest A&F University,
2021:11-12,31-32.
X F, 2R, 2R, AF LTI DX T SR A A AL R
5 GRS R T R CROL L, 2011, 29(5) - 182~
185. LIURF,LIX P, LIS J, et al. Reseach on relationship between
soil invertase, catalase and soil nutrient in the area of Shangluo[J]. Ag-
ricultural Research in the Arid Areas, 2011, 29(5) : 182-185.

[30] 2=, BRAE, A0, 55 . KRN i SPAD {8 43 A1 A K HE-5 i 2R ek
5 R B R 2AR, 2017, 48(1) :38-45.  LLJ, FENG Y H,
WANG X, et al. Distribution characteristics of SPAD value in rice

WEI C. Development and application of pota-

leaf and its relationship with nitrogen application rate[]]. Journal of
Southern Agriculture, 2017, 48(1) :38-45.

[31] M2, BRI, I‘IEI"\ & AEATHUIERS 28 - e XRLATAE
A P S SRS BB W) A SR S SR, 2013, 19
(2):370-378. YE S L, XU F L, WANG W L, et al. Effects of the
different organic fertilizers on growth, photosynthetic characteristics
and quality of pear—jujube of in the Loess Plateau[]J]. Journal of Plant
Nutrition and Fertilizers, 2013, 19(2) :370-378.

[32] FifHfe, REACEE, EWIR, 55 . SRAEA HUIE XS KR = ik S L e 5R 4y

52 [J]. VLR 4O B4, 2016, 44(7) :104-107.  WANG H H,

LU CY, SHEN M X, et al. Effects of biochar—based organic fertilizer
on rice yield and soil nutrients|J]. Jiangsu Agricultural Sciences,
2016, 44(7) : 104-107.

[33] B 2hiée, VTAE, whibe H, 55 . 4 St o SENE XS A6 £E - Bk o A
R[] P 4 SRR, 2015 (3):68-73. YANG J F, JI-
ANG T, HAN X R, et al. Effects of continuous application of biochar—
based fertilizers on soil properties and yield under peanuts continuous
cropping[J]. Soil and Fertilizer Sciences in China, 2015 (3):68-73.

[34] KAMAR A A, KANARAH S, KAMAR A M S. Effect of rice straw bio-
char on soil quality and the early growth and biomass yield of two rice
varieties[]]. Agricultural Sciences, 2015, 6 (8) :798-806.

[35] ZAiFT, FIFiz, ilE [H, &5 . i 1A= WA AU XS 7 il SR 52 i i
A YRR RS R ()], AL AR SR, 2020, 35(6) < 141-147.
JIANG L L, WANG K Y, WU Y G, et al. Effect of application of bioor-
ganic fertilizer on tomatoes fruit quality and soil biological character-
istics[J]. Acta Agriculturae Boreali-Sinica, 2020, 35(6) : 141-147.

[36] 2= #E, AR T, ARAR R, 55 . A MU RO A0 I X 3 A 7= f5t Rk BT 174
S [)]. LA, 2009, 40(6) : 1330-1332. LIJJ, ZOU G Y,
SONG D T, et al. Effects of organic fertilizer and chemical fertilizer
on tomato yield and quality[J]. Chinese Journal of Soil Science, 2009,
40(6):1330-1332.

[37] ZE G, AL . A UL FH 45t R S sl ST 0T 3 8 7 5k K ik BT 11
S]] Al A=A, 2021, 52(4) 1 10401049, WANG G M,
HU B H. Effects of organic fertilizer application rate and intermittent
drought period on yield and quality of tomato[J]. Journal of Southern
Agriculture, 2021, 52(4) : 1040-1049.

[38] - Full, X KB, DLk, 45 . A HUIE S R AR ™ fh i i R F R
[J]. H A 2438 4], 2011, 27(9) :51-56.  WANG Y P, LIU Y H,
RUAN R S, et al. Study on the effect of organic manure on improving
the quality of farm products|J]. Chinese Agricultural Science Bulletin,
2011, 27(9):51-56.

[39] ALY, BEEEE, TEKBE, 5 R A4 5oe A A REL)]. Al
FRES Rl 2 2F 4, 2018, 37(6) : 1193-1202. SUO G F, LU H H,
WANG Y Y, et al. Study on the adsorption properties of nitrogen by
different biochars[J]. Journal of Agro—Environment Science, 2018, 37
(6):1193-1202.

(TEAT G - )

WWW.Qes.019.CN




