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Effects of combined application of biochar and organic fertilizer on the
physicochemical properties of greenhouse soil and different vegetables

growth
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Abstract: In order to understand the effects of different agricultural waste applications on soil and different vegetable
growth, a greenhouse plot experiment was conducted with no fertilizer as the control. Organic fertilizers from cow ma-
nure, sheep manure, and swine manure were mixed with different proportions of biochar(10%, 25% and 50%). The study
aimed to explore the impact of these treatments on the physicochemical properties of greenhouse soils, as well as the
growth, quality, and nutrient accumulation of Chinese cabbage and pepper. The results showed that compared to CK, the
applicaiton of biochar combined with different organic fertilizers significantly increased soil pH and organic matter con-
tent, and the EC value and total nitrogen content of some treatments were significantly increased. Compared with CK, the
yield of Chinese cabbage and pepper increased by 1.13%-45.49% and 5.17%-23.15%, respectively. The 10% biochar+
90% swine manure treatment(Z10) significantly increased the yield of both Chinese cabbage and pepper. Compared with
CK, except for the Y50 treatment of Chinese cabbage, which had a higher nitrate content than CK, the nitrate content in
Chinese cabbage and pepper in the other treatments decreased by 0.13%-35.08% and 2.96%-38.76%, respectively, with
some treatments showing significant differences. The nitrogen, phosphorus and potassium accumulation in Chinese cab-
bage under 25% biochar+75% swine manure(Z25)and in pepper under 10% biochar+90% cow manure(N10) were signif-

icantly higher than those of their respective controls. Considering the increase of vegetable yield and quality improve-
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ment, it is recommended to choose Z10 treatment for Chinese cabbage and N10 treatment for pepper fertilization under

the conditions of this experiment.

Key words: Vegetable; Biochar; Animal manure; Physicochemical property; Growth; Quality
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Table 1 Fertilizer treatments and basic properties of materials

HHLIE wCE LI wCEm g PRHEEANER Basic properties of materials
ﬁftment Org'a%‘lic Organic fertilizer ~ Biochar oH w(CEHLE) w(3£43) Nutrient content/%

fertilizer content/% content/% Organic matter content/% N P,Os KO
CK
N10 3 90 10 7.34 55.33 1.23 0.54 0.75
N25 Cow manure 75 25 7.50 45.15 1.23 0.73 1.18
N50 50 50 7.55 39.45 1.27 1.12 1.55
Y10 F 90 10 8.35 38.38 2.48 242 2.66
Y25 Sheep manure 75 25 8.33 38.50 2.17 221 1.71
Y50 50 50 8.32 35.60 1.90 1.74 1.78
Z10 e 90 10 6.81 44.98 1.79 0.57 0.55
725 Swine manure 75 25 6.88 38.91 1.73 0.75 1.06
750 50 50 7.08 34.77 1.56 1.11 1.48
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Note: Different lowercase letters indicate significant difference at 0.05 level between different treatments. The same below.
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Fig. 1 Effect of different treatments on soil physicochemical properties
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Fig. 2 Yield of pak choi (A) and pepper (B) under different treatments

B

B B
Yield of pepper/ (t-hm2)

90
80
70
60
50
40
30
20
10

0

T
o

ab
Ea

CK NI10 N25 N50 Y10 Y25 Y50 Z10 Z25 Z50
AbFH Treatment

<197 -



X & HF 5T

hOE R

38 %

CK 38007 1.13%~45.49%, Hrf Y50 F1 Z10 4L PR T
PR E T CKe YIRS A4 FEE HUIE R b
32 7 1 Bl A AR A 7 L R PR 35 i 36 T 5 8 3
A LT B, E 2 = B il & A2 1)k L B B 3 hn
FEAK. HIEl 2-B WIAN, &AL BEBRRL™ B8 CK 30
T 5.17%~23.15%, HHF N10.Y25.Y50 F1 Z10 &b
FeE L CK AHLIAIA 2 835 2 KP4k Bl i
A Bl FEA HLIEIS , B & 5 A VDo (IS N kb
1] 2 A AH O, T AR 4k TG it = 26 A WLAE B, BARU™

2 )5 AR W A I B A8 2 TE A OGS
2.3 EYRECHEA VAL AMBERE KT
HH 2 2 AT, AN [ AR FE S (9 S AR K e 2
RILAEH A . ARGET, A28 B3 A
Y CK ¥ 7 19.94%~81.37%, Horp it b #E4E
Vi BN 725 AbER, LR Z10 Ab3E. AR
ic it A ATLAE Ak B R =y AT P S CK AR EE 22 7 AN
WL Z25 PR A ER 2 B CK gD T
23.45%, 15 ) 2 35 = 7K

F2 AELENEFEKBEIE
Table 2 Effects of different treatments on pak choi growth

Ab 3 o E AR B TR LA
Treatment Aboveground biomass/(g-plant') Plant height/cm Width of seedling/cm Leaf number
CK 164.67+10.00 f 16.61£0.26 ab 28.38+1.66 a 14.67+£0.88 b
N10 206.17+4.48 def 19.61+£1.55 ab 28.59+0.48 a 14.78+0.69 b
N25 252.55+7.17 be 15.89+2.80 b 28.89+2.18 a 15.224£0.69 b
N50 236.25+6.01 cde 19.5140.83 ab 30.49+1.83 a 15.33+1.85 ab
Y10 259.9249.31 abe 18.67+1.45 ab 31.00+1.69 a 15.11+1.17 b
Y25 245.50+19.09 bed 18.43+0.58 ab 31.82+0.67 a 15.11+0.84 b
Y50 236.61£17.77 cde 16.95+2.60 ab 27.39+1.92 a 15.33+0.88 ab
Z10 281.83+16.98 ab 18.55+0.86 ab 29.11+1.11 a 15.33+0.34 ab
725 298.67+1.18 a 20.42+1.22 a 29.57+2.85a 18.11%1.17 a
750 197.50£12.97 ef 18.11£1.14 ab 29.82+1.28 a 15.78+0.39 ab

B EARNG FRERR AL HEALE 0.05 KT 257 8% . N
Note: Different lowercase letters in the same column indicate significant differences at 0.05 level between different treatments. The same below.
2 3 AR, ANFEALER ARG LAY ES X 210 A PRE 2 ST CK. SR AR BEIBRR )k v A
CK AH LK IR A -1.04%~53.15%, b EHEAE 8 SPAD H S CK AHLL, ZRIGAEZE . M4 R E
KT 3 MBI 210,225 A1 Z50 AbBE,H 7,250 KRR 2SR AR, e CK i 21.90% , IE 51\

F3 TREAENERHE KB
Table 3 Effects of different treatments on pepper growth

b3 Mo bR PR E-Viil SPAD &
Treatment Aboveground biomass/(g-plant') Plant height/cm Stem diameter/cm SPAD value
CK 723.0+38.8 b 86.00+1.73 a 1.3740.06 b 49.57+0.74 a
N10 850.3+129.7 ab 88.00+6.56 a 1.65+0.05 ab 53.07+0.59 a
N25 716.5+18.3 b 83.60+5.54 a 1.53+0.06 ab 52.73£3.55a
N50 715.5+10.6 b 84.17+2.75 a 1.63+0.06 ab 50.93+4.36 a
Y10 970.5+37.4 ab 88.00+3.00 a 1.50+0.17 ab 52.20+£2.44 a
Y25 830.25£102.1 ab 82.50+4.44 a 1.57+0.15 ab 53.30+£2.12 a
Y50 848.5+128.9 ab 83.33+2.08 a 1.63+0.06 ab 53.50+3.80 a
Z10 1107.2+61.8 a 92.77£0.75 a 1.48+0.03 ab 52.07+£5.65 a
725 1 008.5+65.0 ab 81.67+3.51 a 1.63+0.06 ab 51.90£1.20 a
750 974.5+£122.3 ab 86.00+£5.41 a 1.67+0.15a 53.23+1.50 a
HERIKF 35.08%, FH1 N25.Y25.210 F 225 4b 3 1A R &6

SEEFEMT CK; & A H BRI AR 5 B CK
FRAK T 2.96%~38.76% , Ho /1 N25.Y25 1 Z50 Ab ¥
RIS EE 2h &8 LT CK. AS[EIALFE (1) (S B

2.4 HHRECHES HBEXT A FhER K R AT 220G
3 4 750, 5 CK AHEL, B3 Y50 AbF A, HoAth
MR AWM S CK HEL MK T 0.13%~
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Table 4 Effects of different treatments on vegetable quality

BRAANE 43 wliSEREL) wCATVEIERE) wCATEIEE D
Vegetable Treatment Nitrate content/(ug- g") Soluble sugar content/% Soluble protein content/(mg - g™)
EP3 CK 160.8248.31 ab 7.21+0.16 abe 1.73+0.18 de
Pak choi N10 160.46+2.51 ab 10.61£0.33 a 1.97+0.16 cde
N25 119.46+12.3 cd 9.03+0.10 abc 1.95+0.08 cde
N50 160.62+3.71 ab 9.42+1.41 ab 2.43+0.09 b
Y10 145.41£15.30 abe 5.13+1.24 be 1.59+0.09 ¢
Y25 104.41+9.00 d 3.76+1.11 ¢ 2.08+0.18 bed
Y50 171.48+4.70 a 10.37+2.60 ab 2.85+0.10 a
Z10 113.5842.57 d 6.37£1.15 abe 2.08+0.16 bed
725 117.82412.30 cd 8.29+1.57 abc 2.05+0.14 bed
750 132.67+8.80 bed 8.40+0.29 abc 2.23+0.10 be
B CK 106.4248.19 a 16.60+1.77 abe 1.03+0.04 ab
Pepper N10 83.00+2.57 abed 14.41+1.76 be 1.03+0.02 ab
N25 65.17+1.03 d 16.25+1.43 abe 1.10+0.04 ab
N50 84.58+9.05 abed 13.94+0.79 ¢ 0.88+0.15 b
Y10 95.99+2.56 abc 13.48+0.25 ¢ 1.09+0.09 ab
Y25 72.81+1.54 cd 14.88+0.64 be 1.27+0.12 a
Y50 101.32+10.50 a 16.11£1.35 abe 0.97+0.11 ab
710 99.75+10.80 ab 20.04+0.63 a 0.96+0.10 ab
725 103.2747.99 a 18.24+1.31 ab 0.85+0.11 b
Z50 77.30+5.56 bed 17.59+1.39 abc 1.13+0.07 ab
WHITTEEE S RS CK Z M ERHARE, Hh RERRNFRSTE. 5 CK A, ARAEBHHR

AR I e 2 3 A ATUAE Ak B T 1 ] A PR
BCK HINT 25.24%~47.16% , 4= 40 3 L i 1% 254
FLRE DU 38 7 R0 AT s MR 5 B, B KBS R
5.96%~20.72%. 5 CK ML, bR Y10 AL BE 4N, HoAh
AR R B 2 3% 2R SRS S A MRS N T 3%
APEYE R AR, AR AR R IS IR 50%(1 3 A4S
AR EE (N50. Y50 F1 Z50) 1) g i R H & =235
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e
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A E (E 3-A~B) . 154K L it A LR A
[FHC LG R 2 AR PR R NN 25% ), 1 SR8 A 1
B B N25.Y25 F1 725 A BRI ASE iR B B
43 I CK & 70.04%  46.04% A1 112.78% , L o
Z10 f1 725 ¥R 5 CK ZR B # (K 3-C) . K
3-D~F 7R (P2 AN [F) A3 1 R S, b 3 S A AN

B REWK T 12.70%~45.28%, HH N10.Y50 A
Z10 HE P EM R E R E &S T CK(E 3-D). Bl
B R E R KRN 210, 5 CK A LA B & IA
PR35 72 F KPR AR EE N N10.Y25.Y50 AT Z10 4b
F(E 3-E). ARIACFEBA RN RE CK KT
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+ CK(HE 3-F),

3 WitE4hR
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AHUIEA & BABoE 1) pH A BB S &, i 5
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Fig. 3 Nitrogen (A), phosphorus (B) and potassium (C) accumulation of pak choi and nitrogen (D), phosphorus (E)
and potassium (F) accumulation of pepper under different treatments
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