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Effects of biochar on the physicochemical property of irrigated silt soil

and the quality of Brassica campestris

LI Baiyun', LI Hui', XU Zehua', GUO Xinnian’, ZHOU Tao’, XING Rundong’, LI Yongxiang*

(1. Institute of Horticulture, Ningxia Academy of Agricultural and Forestry Sciences, Yinchuan 750002, Ningxia, China; 2. Institute of
Agricultural Resources and Environment, Ningxia Academy of Agricultural and Forestry Sciences, Yinchuan 750002, Ningxia, China;
3. Ningxia Academy of Agricultural and Forestry Sciences, Yinchuan 750002, Ningxia, China; 4. Qingtongxia City Superior Seed Breed-
ing Farm, Qingtongxia 751606, Ningxia, China)

Abstract: This study was conducted at a vegetable supply base for Hong kong in Qingtongxia city through filed plot ex-
periments to investigate the effects of different biochar application rates(CK, 0 t-hm™; T1, 7.5 t-hm™; T2, 15 t-hm?; T3,
22.5 t-hm™; T4, 30 t-hm™)on the physicochemical properties and enzyme activity of irrigated silt soil, as well as the yield
and quality of Brassica campestris. The aim was to provide a scientific basis for the promotion and application of biochar
in agricultural production. The results showed that soil fertility and soil enzyme activity generally exhibited a trend of first
increasing and then decreasing with the increase of biochar application rate. Two years after applying biochar, all applica-
tion rate treatments significantly increased soil organic matter, available potassium, available phosphorus, microbial bio-
mass carbon, and soil moisture content in the vegetable field. Compared to the control, soil available phosphorus, avail-
able potassium, and soil moisture content increased by 1.9%-6.9%, 2.3%-7.4%, and 6.9%-12.9%, respectively. The activi-
ty of soil urease, phosphatase, and sucrase increased by 73.5%-175.4%, 50.9%-136.1%, and 20.3%-55.5%, respectively.

Among the four treatments, the order of activity for urease and invertase enzymes was T2>T4>T3>T1>CK. Soil ammoni-
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um nitrogen and nitrate nitrogen content increased by 56.4%-126.9%, and 75.4%-166.9%, respectively, with the order for

ammonium nitrogen content being was T2>T4>T3>T1>CK, and for nitrate nitrogen content being T3>T4>T2>T1>CK.

Compared to the control, biochar application significantly increased the vitamin C and total nitrogen content of Brassica

campestris leaves, with increases ranging from 33.1%-146.2%, and 9.3%-103.2%, respectively. The vitamin C content

across treatments followed the order T3>T4>T2>T1>CK, while the total nitrogen content followed T2>T3>T4>T1>CK.

Regarding total phosphorus content in leaves, the T2 and T3 treatments significantly increased by 6.6% and 7.4%, respec-

tively. For the total potassium content, the T1 and T4 treatments significantly increased by 14.5% and 3.9%, respectively.

Principal component analysis results showed that treatment T2 had the highest score, followed by treatment T3. Consider-

ing all indicators comprehensively, the application of 15 t- hm? biochar (treatment T2) had the best overall effect on, im-

proving vegetable soil quality and enhancing the quality of Brassica campestris.

Key words: Soil physicochemical proprieties; Biochar; Brassica campestris; Quality
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Table 1 Physical and chemical properties of Biochar
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Table 2 Effects of different amounts of biochar returning on soil characteristic indicators in vegetable gardens

CH R GERED CE3K
B WCATHURD WD w ﬁ)&ﬁﬁ w }xﬁl‘? w( z@eikﬁj\
KPR pH & i R Available Available Soil moisture
Organic matter Total nitrogen .
Treatment  pH value . . phosphorus potassium content/
content/(g-kg") conten/(g-kg") . . B
content/(mg-kg™) content/(mg-kg™) (g-kg"

CK 8.21+0.02 a 20.8+0.22 ¢ 1.94+0.02 a 129.5£1.12 b 550.7+0.93 ¢ 194.7+1.66 ¢
Tl 8.09+0.01 a 23.1+0.15b 1.08+0.04 ¢ 138.4+1.63 a 591.3+4.12 a 208.2+1.63 b
T2 8.19+0.01 a 24.9+0.03 a 1.97+£0.01 a 131.9+£3.21 ab 563.2+4.67b 219.8+2.36 a
T3 8.24+0.01 a 24.3+0.06 a 1.99+0.03 a 133.1£1.47 a 570.9+0.52 b 210.8+1.45a
T4 8.14+0.01 a 24.0+0.04 a 1.53+£0.04 b 135.15+1.52 a 577.3+4.37b 214.0+2.84 a

L CRAE D ER5O (R . LU

i WOCRIIRERO A WA HLBRALER
QbR . Microbial Calcium . . .

Soil bulk . Soil salinity content/ Mechanical
Treatment dens/(g- om™ biomass carbon carbonate (oke) combosition

& content/(mg-kg™") content/(g-kg") gxe P

CK 1.47+0.02 a 146.30+0.43 d 140+£0.01 a 1.7840.02 a W CGib )3 Silty loam
Tl 1.49+0.01 a 188.60+0.64 b 140+0.02 a 1.8240.02 a W CGib )31 Silty loam
T2 1.48+0.02 a 218.80£0.91 a 144+0.01 a 1.77+0.02 a Hr () HE+ Silty loam
T3 1.38+£0.01 a 174.56+0.41 be 143+0.01 a 1.84+0.02 a K (P HE L Silty loam
T4 1.45+0.02 a 163.70+£0.77 ¢ 1424+0.02 a 1.79+0.02 a Hr () HE -+ Silty loam

T AT R AN A NS FRERIRAE 0.05 K P EREE . T,

Note: Different small letters in the same column indicate significant difference at 0.05 level. The same below.
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Fig.1 Effect of different amounts of biochar returning to the field on soil enzymes activity in vegetable gardens
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Fig. 2 Effect of different amounts of biochar returning to the field on nitrogen forms in vegetable garden soil
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Fig. 3 Effect of different biochar returning fields on photosynthesis of Chinese cabbage leaves
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Table 3 Effects of different biochar returning fields on
cabbage leaves

iu:' L=SPA
W, A

WA ANK , ZE R ARIE B 2K T3 AbFIE bk
e i W, 72 A B2 K, HE 0 27.2%

H% 4 FTLLEH, 5 CK AHEL, A FRIE A RIS

" BRI N T "
QbR AHXS = The maximum leaf f’f'ﬁl ERPZRES /s AR NN S T
Treatment Chlorophyll K T h a.m}tlt / r]]i)i'! j'\j 82% ~37.8% %’ b B i% b2 j’ﬂ
) eight/cm .
content/SPAD _ Length/em  Width/em T2>T4>T1>T3>CK. 2B W) % X 32 0 i b 57 &
CK 59.90+0.34 ¢  13.57+0.75b 7.14+0.02a 38.14+0.34 b .
U A 5T B AR 2 (T3 BR AR, 43 ) 1
Tl 76.60£0.32a  15.93+0.24a 7.1140.03a 36.93+0.71 b \ -
o/ 0 o/ 0 A
T2 75.70£2.67a  15.63+0.32a 6.61+0.04a 41.75+0.37 b K 9.6%~15.1% + 15.2% ~63.4% , % A& 32 3R I
! 69.48£1.03b  16.44=0.41a 7.410.03a 48.50:0.87 a T2>T4>T1>T3>CK. #b T+ B &/ 5 & % 4k
T4 70.15£2.02b  15.78+0.18a 6.86+0.02a 39.34+0.54 b HRILN T2>T1>T4>T3>CK.

KN , 25 R IR 15.2%21.1%, A% 5 ATEE I &5 CKARLE, AP SGE B AT
SN FE R I T3STISTAST2>CK. AW mestit pr HRESOH A 4EER C MEr S8, i miEE
R4 TREEVIRIE BN FOE KBRS
Table 4 Effects of different biochar returning fields on the growth indicators of cabbage
e P b T Ho bR Hi T H TR BN i 05 o S

Treatment S l;i)tjs\j;dss y Aboveground Aboveground Underground Underground Underground dry mass/
I
& fresh mass/g dry mass/g fresh mass/g dry mass/g Aboveground dry mass
CK 1.94+0.03 ¢ 30.96+0.32 b 3.80+£0.03 b 1.64+0.02 b 0.30+0.02 ¢ 0.079+0.002 d
Tl 2.26+0.19 b 35.00+£0.75 a 4.20+0.03 a 2.63+0.03 a 0.54+0.03 a 0.129+0.001 b
T2 2.70+0.02 a 35.64+0.20 a 4.02+0.04 a 2.73+0.02 a 0.57+0.02 a 0.141£0.002 a
T3 2.124+0.02 b 33.94+0.87 b 3.50+£0.02 b 1.89+0.04 b 0.30+£0.03 ¢ 0.085+0.004 d
T4 2.4840.03 a 35.32+0.45a 4.11+£0.03 a 2.68+0.03 a 0.45+0.04 ab 0.111+0.003 ¢
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Table 5 Effects of different biochar returning fields on nutritional indicators of cabbage
e w‘(éﬁ’;'.lii (0)) w(A ) w44 ' w(é?f.k)
Treatment Vitamin C/ Total phosphorus Total potassium Total nitrogen
(mg-100 g™ content/(mg-100 g content/(mg-100 g") content/(mg-100 g™

CK 3.90+0.11 ¢ 6 814.24+0.02 b 51592.26+13.32b 9290.70+10.05 d
T1 5.19+0.23 ¢ 6522.43+0.02 ¢ 59 061.76+17.81 a 10 153.56+11.24 d
T2 7.38+0.21 b 7 266.99+0.02 a 50216.76+15.53 b 22 150.65+11.13 a
T3 9.60+0.26 a 7319.26+0.02 a 46 490.19+11.22 ¢ 18 881.34+20.21 b
T4 7.49+0.32 b 6 867.89+0.02 b 53 623.59+13.23 a 13 864.97+12.82 ¢

N 33.1%~146.2%.9.3%~103.2%, 4 £ & C &%
REEER I T3>T4>T2>TI>CK, 2 A & & S H %R
Lo T2>T3>T4>T1>CK. AW AL B 320 i
S BATRW, T2 A1 T3 A S5 2 R B,
I3 AN 6.6%H 7.4% . AR AR BRSO B A
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S R SO0 M B IR A O, MR A BN
0.99; 3.0 rp A5 B 5 A5 2 B B35 UG, A

WA EA W, T1 A T4 LB 5 xR 2 5 B2, /)
PN 14.5%F1 3.9%.

1.0

pH | 1t 017 0014 096 083 077 015 -074 017 046 -0035 052 093 068 065 039 080 -096 046
5% EC 1 017 045 053 056 033 046 -037 -047 092 -0.0010 0.18 -0.83 -0.67 020 -034 020 -0.43 038

A HLF &= OM content 10050 033 040 097 020 073 085 020 079 035 024 059 091 058 -026 084
4% & & TN content 1 090 -0.86 -0.024 -0.53 0.040 056 -030 046 -090 086 079 042 083 -0.93 055 0.6

£ %5 B AP content 099 034 025 025 022 054 070 0.63 -0.80 -0.56 -0.017 -0.52 070 -021
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%(q_ Lf@ﬁﬁ/g% MBC content 062 -0.17 -085 -0.068 022 049 058 034 0020 070
TR 245 2 & Calcium carbonate content 0.088 -042 073 069 092 096 090 -0.67 0.99 — 0.0

%111 ﬁj\é\ﬁ Salinity content 1 -020 -0.086 -0.64 -037 020 -0.017 -0.037 -0.064
¥k Plant height 1021 022 012 -0.51 .05 031 -0.47 —-0.2

%*ﬁ Stem diameter -0.69 -080 -0.70 095 099 -0.72
ﬁibﬁ% Fresh mass 091 047 076 -0.72 0.66 04

q:ﬁ% Dry mass 079 092 -078 091
.. . . -0.6
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