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Sustained effects of biochar application on physico-chemical properties, enzyme
activities and quality of soil with continuous planting of cucumber
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Abstract: [ Objectives ] This study investigated the sustained effects of biochar application on properties of root
zone soil continuously planted with cucumber, providing scientific evidences for biochar remediation of
continuous cucumber planting soil and widely use in agriculture. [ Methods ] A greenhouse experiment was
conducted at Rugao Institute of Agricultural Science, Jiangsu province. Biochar was applied only once at rates of
0, 5, 10, 20, 30, and 40 t/hm’, denoted as CK, C1, C2, C3, C4 and C5, respectively, and physical properties,

nutrient contents and enzyme activities of root zone soils continuously planted with cucumber were analyzed in
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two consecutive years. The soil quality index (SQI) was used to evaluate the impact of different rates of biochar
on quality of soil continuously planted with cucumber. [ Results ] The changes of soil physico-chemical
properties with different rates of biochar in the first season were consistent with that in the second season. Biochar
application reduced the soil bulk density, while increased the soil porosity, saturated water content, field moisture
capacity, saturated hydraulic conductivity, available phosphorus and organic matter content, compared with the
control without biochar application. The contents of total nitrogen, nitrate nitrogen and ammonium nitrogen were
greatest when biochar was applied at 30 t/hm*. Compared with the control, biochar application reduced the mass
content of < 0.25 mm soil aggregates, while increased the content of > 0.25 mm soil aggregates. The contents of
0.25-0.5 mm and 0.5—-1 mm soil aggregates were greatest when biochar was applied at 40 t/hm’. soil urease and
catalase activity was greatest at biochar rates of 30 t/hm’ and 20 t/hm’, respectively, and showed the same trend of
increasing at first and then decreased with increase rate of biochar in consecutive two cropping seasons. Cucumber
yield in first and second seasons was 3.24 x 10* kg/hm’ and 6.18 x 10* kg/hm?, respectively, and was highest when
biochar was applied at 30 t/hm’. The analysis of SQI indicated that soil quality change in the order of C4 >
C5>C3>(C2>Cl1 >CK. [ Conclusions ] The physico-chemical properties and enzymatic activities of the
continuous cucumber cropping soil were significantly affected by biochar application. The optimal application rate
of biochar was 40 t/hm’ and 30 t/hm’, respectively for soil physico-chemical properties and nutrient contents. The
SQI can be used to clearly evaluate the effect of biochar application on continuous cucumber cropping soil.
Biochar at 30 t/hm’ was optimal in improving the properties of continuous cucumber cropping soil.
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Table 1 Soil physical properties of continuous cropping cucumber after biochar application
g ShEL] A (glem’)  FLBRE (%) MRS K (%) K (%) HIFIT KA (% 1075 cm/s)
Period Treatment  Soil bulk density Porosity Saturated water content Field capacity ~ Saturated hydraulic conductivity
2 CK 1.13£0.02a 57.65+0.64b 25.04£0.13d 17.44+0.17d 3.17+0.40¢
I* season cl 1.12£001a 57.29+045b 32.04+0.74 ¢ 22.8040.38 ¢ 3234057
C2 1.07+0.05ab 59.77 £ 1.81 ab 34.76 £ 0.89 ¢ 24.34+0.71 be 521+£0.35d
C3 1.05+£0.05ab 60.29 +1.89 ab 35.69+045¢ 25.46 £0.47 be 6.19+0.82¢
C4 1.03+£0.04b 6095+1.39a 47.03+3.24b 27.04+0.51b 9.19+0.16 b
C5 1.01+£0.03b 61.99+1.08a 5490+ 1.77a 32.04+3.58a 10.29+0.30 a
i CK 1.13+0.05a 57.53+1.81b 43.69+4.00 b 36.99+1.77b 423+1.03d
2 season Cl 1.12£0.03a  57.83+1.03b 4588+ 1.95b 37.93+127b 548+ 1.10¢
C2 1.11+0.03a 5820+1.30b 47.18+3.36b 38.37+3.20b 588+1.11¢
C3 1.08£0.04 ab 59.08 +1.63 ab 50.78 £ 4.39 ab 42.00 £ 1.67 ab 8.48+£1.62b
C4 1.08£0.02ab 59.35+0.92 ab 52.5+2.43 ab 43.94 £5.44 ab 10.80 + 1.02 ab
C5 1.03+0.04b 61.01+1.43a 57.79+895a 48.67£6.65a 1246 +1.60 a

IE (Note) : [FFVEHRE A [F/NE - BERR AL B 22 53 8 3%

(P < 0.05) Values followed by different lowercase letters within the same

column are significantly different at P < 0.05 level.
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Table 2 Distribution of soil aggregates of different sizes in soils of continuous cropping cucumber after biochar application

AR 433 i Aggregate content (%)

ing:A] Ab
Period Treatment MWD GMD
>2 mm 1~2 mm 0.5~1 mm 0.25~0.5 mm <0.25 mm
7 CK 0.72+£0.10d  1.75+0.09c 8.14+035bc 10.77+0.86¢c 78.62+0.83b 0.34+0.004c 0.30%0.002 de
1 season Cl 1.00£0.09d 1.60+0.10c  672+023c  9.60+0.79d 81.08+0.97a 0.33+0.003c 0.29+0.002 ¢
C2 286+0.17bc 1.67+0.13¢  7.03+0.46bc 9.84+1.05d 78.60+1.78b 0.37+0.008b 0.31+0.005c
C3 0.75+021d 6.01+0.55a 3.10+£038d 1093+1.12¢ 79.22+201b 037+0.012b 0.31+0.006 cd
C4 1.61£042¢  336+0.09b 890+042b 13.17+1.13b 73.17+1.00c 0.38+0.008b 0.32+0.003 b
C5 484+0.18a 571+0.54a 1127+023a 17.01+0.69a 61.17+041d 0.48+0.008a 0.37+0.003 a
W CcK 1.00+£0.18d  2.77+023cd 1232+092d 1638+1.0le 67.53+1.74a 0.38=0.010¢ 0.33+0.006d
2% season Cl 1.94+£028¢c 236+0.14d 1437+1.10c 2030+18bc 61.03+1.85¢c 0.41=0.012d 0.35+0.007 ¢
C2 329+0.06ab 4.01+0.10b 11.25+1.18¢ 17.07+1.06de 6439+1.69b 0.44+0.008c 0.35+0.005c
C3 203+£021c  298+0.12¢ 1593+1.07b 18.70+022d 60.36+1.38¢c 0.43+0.007¢ 0.35+0.005c
C4 297+026b 4.72+0.19a 16.03+0.66ab 22.29+1.93ab 54.00+1.84d 0.47+0.001b 0.38+0.002b
C5 3.77+022a 4.66+0.10a 1652+1.00a 24.00+140a 51.06+1.74e 049+0.009a 0.39+0.006a

£ (Note ) : [FFEHRE A [Rl/NG bR AL B A] 22 5 1 2%

column are significantly different at P < 0.05 level.
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Table 3 Soil nutrient content of continuous cropping cucumber after biochar application

A b3 24 (g/ke) AR (mg/ke) A (mg/kg) AR (mg/kg) AL (g/ke)
Period Treatment Total nitrogen Nitrate nitrogen Ammonium nitrogen Available phosphorus Organic matter
H—% CK 0.93+0.01 ¢ 257.69+7.95d 6.89+123d 165.19 +10.37 d 14.24+037 ¢
1¥ season 1 0.99 + 0.03 be 263.66+0.35 d 2325+0.50 ¢ 16839 +3.33d 1572+ 0.44 b
c2 1.00 + 0.01 be 312.65+281 ¢ 2521+0.02¢ 174.03 £ 1.54d 15.99 +0.06 b
C3 1.08 +0.01 ab 331.24 + 1.99 be 32.67+0.16b 20131+ 141¢ 16.07+0.01 b
C4 1.14+0.01 a 37498 £19.53 a 35.08+0.01 a 232.81+4.74b 22.00+0.29 a
C5 1.02 +0.02 be 354.86 + 5.03 ab 3495+035a 293.65+3.33a 22014043 a
W CK 1.77+0.01 ¢ 130.07 +0.83 d 5.73+0.05d 184.12+7.07d 16.16+1.07 ¢
2" season Cl 1.87+0.01b 146,97+ 0.71 ¢ 6.04+0.17 cd 188.27 + 1.17 cd 16.45+0.18 ¢
c2 1.92+0.01b 16033+ 1.06 b 6.80+0.10b 197.16 + 0.58 bed 2079+ 1.04 ¢
C3 1.93+0.02b 159.39+0.35b 739+0.13a 199.42 +5.02 be 23.96+0.55b
C4 2.17+0.01a 188.11 £ 0.95a 6.33+0.0lbc 204.37+0.22b 2426+129a
C5 1.39+0.06 d 186.45+2.36a 6.22+0.25cd 256.68 +3.28 a 25.01+021a

# (Note ) : [FFVEIE G AR/NG FHEF /R PRA] 2253 B3 (P < 0.05) Values followed by different lowercase letters within the same

column are significantly different at P < 0.05 level.
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Fig. 1 Activity of soil urease in continuous cropping
cucumber soil after biochar application
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Fig. 3 Yield of continuous cropping cucumber after
biochar application
[ (Note) : A1 FAS[E T BEFRR AL B[R] 22 73R 5 2K (P <
0.05) Different letters above the bars mean significant difference

among treatments at P < 0.05 level.]
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TR Al ] R R 4R L SQI kKR, I
JHE R0 SQI S AR U 45415 s ) SR Jo8 B2 (L R R R
%, WRINERMEERRE, AR

QL= fixwi

e n FORITA SRR i T owi 7350 20R 5 i F
SR PRI R R B (E AL

SRE BEAE f(x) BT RR IR L B SRR ok K05
W, MFRORER BN, MR r s K SR
PIERBIE L, AR T m TaX M E I, f8hrE
XA A B IR AR N o A IS AR ) i
JE P EOTCGE £ P 2 - S i 4 s A 45 - S AL
B, A AR R AR (AR > 0.25 mm),
PRI K AR P ) K A o HE SR pR R i B X

0.1 (x <al)
0.9 (x —al)
= _ .1 1<x<a2
f ) —— 1 t0l (al<x<a2)
1.0 (x > a2)
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IR ICHR A4

R B R /N B T D 48 A A - 18 o at S K7
RSR YN i) e RS ER S N B U Iy = RS O (= 790 e wb= I
WA DT E . A BRI, ek
AFERR B I RIEE A TTRECR , SR IE TR AN Y
BATHRE, IR A TSR AT T 25, M
KANER LI AT SRS 0 ek, i n] LAAS
H A T AR AL EE

3 5038 A SR S pREIOR 3 R4 4 BT AR A VT AR 4
Frb) S S FE (A (% 4 13k 5).

- 398 S O B T A Y 3 R R KO A
TLEA R T IR, R T IR RS
R o3 e . MRPER 4 SRR EE(E R 5 BGE REOT
A R B TG A 9 2 S5 AN () A 0 T e KT T - 48 o

TR 4, W& 4 RS AR 9 R K F T 385
EFEBURI N C4>C5>C3>C2>Cl >CK, MK
TR RS RY MM 0.774 . 0.740., 0.728. 0.650.,
0.635. 0.583, H#f it Vi AR - 1 o i A5 9 ) o
PR, K IR AR (SQI < 0.4), ik (0.4—
0.5). " (0.5—0.6). % (0.6—0.8) VU454, [HtitE
FHAEYBOR J5 8GEAE T4 CK 2 1T —1M4%
%, YAW R AR 30 tvhm? AR THECR N IH 2

3 g

3.1 EREYIBURN EIGEETIRIR IR AR

ABFTELREW, AW Fonit F nT LA Rt 4R
Th e BR800 3 h oA LRI RO o 1Y

x4 BN ETRERYENHRERREREE

Table 4 The knee point and membership value of each evaluation index

RS RR 34518 Knee point SR )& B2 {H Memberships value
Evaluation index al ) CK cl () c3 Cc4 cs

A HLBT Organic matter 6.00 30.00 0.481 0.492 0.655 0.774 0.785 0.813
42 Total nitrogen 0.50 1.75 1.000 1.000 1.000 1.000 1.000 0.741
A% Available phosphorus 4.00 30.00 1.000 1.000 1.000 1.000 1.000 1.000
Sk {5 1 Aggregate content 25.00 60.00 0.292 0.459 0.373 0.476 0.640 0.716
SRR

Saturated hydraulic conductivity 1.00 9.00 0.463 0.604 0.649 0.942 1.000 1.000
HH (]33 7K f Field capacity 15.00 40.00 0.892 0.925 0.941 1.000 1.000 1.000
JIk i Urease 0.14 0.30 0.407 0.531 0.517 0.579 0.861 0.675
it AL A Catalase 0.08 0.22 0.348 0.350 0.364 0.391 0.387 0.371

x5 BTMEREIRS DTEREENERY

Table 5 The main component analysis result and weight coefficient of each evaluation index

Fi TR , Pt VR TTIR AR WE R
iy Tiib HHE( s R NS U
Principal Evaluation . Contribution Accumulating . Weight
. Eigenvalue o Communality ]
component index rate contribution rate coefficient
1 A HLBT Organic matter 5.536 69.198 68.198 0.831 0.108
2 44 Total nitrogen 1.591 19.884 89.082 0.976 0.126
AW Available
3 0.589 7.362 96.444 0.984 0.128
phosphorus
IR 7 Aggregate
4 0.259 2.232 98.676 0.938 0.122
content
ORI &
5 Saturated hydraulic 0.026 0.324 100.000 0.981 0.127
conductivity
6 [l 7K & Field capacity 0.000 0.000 100.000 0.983 0.127
7 R Urease 0.000 0.000 100.000 0.523 0.068
8 i LA Catalase 0.000 0.000 100.000 0.911 0.118
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Fig. 4 Soil quality index under different biochar
treatments
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