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Abstract: [ Objective ] Continuous cropping frequently occurs in the protected cultivation system , which
results in continuous cropping obstacle phenomenon. Continuous cropping obstacles will cause decline of soil
quality , productivity, crop yield and quality , which restricts the development of facility vegetables.At the same
time, China is a big producer of vinegar and edible fungi.And a large amount of vinegar, mushroom residues
and other organic wastes are produced every year.This study aims at using organic wastes effectively, such as
vinegar and mushroom residues and solving the continuous soil cropping obstacles of greenhouse vegetables.
[ Method ] the study set up controls (CK)and four treatments of commercial soil amendment (C) , single biochar
(B), biological substrate (VM) , and biochar + biological substrate (VMB, 1:1).Pot test was carried out to study
the effects of biochar, vinegar residue and mushroom residue on soil physico—chemical properties, soil enzyme
activity, yield and quality of continuous cropping cucumber under protected cultivation.And sustainable effects
of the amendments on the continuous cropping soil under cultivated cucumber were evaluated.| Result | The re-
sults showed that after two consecutive crops, different treatments could increase soil pH, and alleviate soil acid-
ification. Meanwhile, substrate amendment increased the soil nutrient content and significantly increased soil
available nutrients. Available nitrogen content increased by 46.97%,18.18%,21.21%,71.21% compared to CK.
Available phosphorus content increased by 70.26%,36.30%,35.16%,38.10% compared to CK.Available potas-
sium content increased by 76.80%,3.08%, 84.31%, 82.13%, respectively.Biochar + biological substrate treat-
ment also significantly increased the activities of soil invertase, urease, phosphatase, catalase, proteinase, and
polyphenol oxidase, which increased by 81.06%, 133.33%, 27.73%, 42.11%, 12.5%, 58.92%, respectively,
compared with CK.Compared with the control, the total dry weight, root activity and fruit yield of cucumber
plants treated with biochar + biological substrate increased by 41.38%,170.90% and 28.56% , respectively.Fur-
thermore, the principal component analysis showed that both soil nutrients and soil enzyme activity had positive
effects on yield. [ Conclusion ] Therefore , the soil amendments of biological substrate of fermented vinegar resi-
due and mushroom residue mixed at a volume ratio of 3: 1, and biological substrate and rice straw biochar
mixed at a volume ratio of 1:1 had better soil improvement effect when used at a volume ratio of 10: 1 of obsta-
cle soil and soil amendments, and the improvement effect was sustainable.
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Tab.1 Physico—chemical properties of soil amending materials

L HL 5/ 2/ X AL/ RA B B
Bkt maE e ! H / /
. (mS+em™)  (grem™) . (g-kg™) (g-kg") (g-kg') (g-kg")
Material pH ~ Total porosity )
EC Bulk density Organic carbon ~ Total N Total P Total K
TR ity SR R
Commercial soil 7.75 3.75 0.72 45.37 69.53 7.52 1.90 3.57
amendments
A=Wy h
10.39 2.41 0.31 69.57 563.36 0.73 1.00 5.09
Bio—charcoal
il Jo
6.78 5.18 0.11 89.64 422.18 38.07 1.48 2.38
Vinegar substrate
i L

7.48 3.30 0.30 48.06 287.03 23.18 7.16 4.64

Mushroom substrate
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Tab.2 Effects of soil amendments on physico—chemical properties of soil

BERHER g FERCLHCRURE Rt kppgmm  EPPCLIARTERE
The material - Treatment with Treatment Treatment with . reatmer.lt WIF
CK biochar+biological
properties commercial conditioner  with biochar  biological substrate substrate
pH 5.82+0.02° 7.25+0.03" 6.15+0.03" 6.41+0.01° 6.85+0.02"
EC/(mS-cm™) 1.48+0.06° 1.69+0.03" 1.56+0.02" 1.57+0.05" 1.62+0.04"
GRS 0
2.54+0.06° 3.28+0.33" 3.31£0.27" 3.80+0.52" 4.33+0.08"

Soil water content

HHLKR/ (g-kg™)

) 8.89+0.28" 11.81+0.17° 9.77+0.34" 9.35+0.11" 11.01+0.44"
Organic carbon
BARETE/(g-ke) 1 ] ‘ ]
1.59+0.01° 2.09+0" 1.63+0.01° 1.84+0.01° 2.01+0.02"
Total N content
A/ (gokeg") . | | 1
1.33+0.02° 1.54+0.01* 1.41+0.01" 1.41+0.03" 1.42+0.02"
Total P content
SR/ (goke™)
13.24+0.15° 13.88+0.41° 13.30+0.20° 14.48+0.71° 14.14+0.20°
Total K content
AL A S/ (mg-kg™) { ‘
7.70+0.20° 11.32+0.12" 9.10+0° 9.33+0.12¢ 13.18+0.31°
Available N content
R B/ (mg - kg ™) _ | | 1
83.20+0.83¢ 141.65+1.78" 113.40+6.91" 112.45+4.35" 114.90+4.34"

Available N content
TR S 5/ (mg - kg ™)
Available K content

e/ (g-kg™)

822.20+18.65" 1453.67+£22.23" 847.50+27.60" 1 515.40+21.36" 1 497.43+£39.85"

5.15+0.21" 11.21+1.08* 4.86+0.20" 5.11+0.36" 4.69+0.10"

Ca content
e (gokg™) ) ) )
0.88+0.16" 0.92+0.14" 0.86+0.14" 0.84+0.12° 0.90+0.09*

Mg content

A E/ING FRERIRAE P<0.05 KPR AR B2 8] B9 1 35 22 5, T 3Rl .

The different lowercase letters in a column indicate significant differences among treatments at P<0.05 levels, the same below.
®3 TEHRFIXTIEEFEERSZN

Tab.3 Effects of soil amendments on soil enzyme activity

e e/ IR g/ BB/ 1 A =1 Z IR
(mg glucose-g™ d™')  (mg NH;-N-g'd") (mg phenol-g”'d™") (mgH,0,-¢g"h™") (mgNH,-N-g'd™") (mg purple gallin*(100g)™"'-h™")
Treatments i
Invertase Urease Phosphatase Catalase Proteinase Polyphenol oxidase
Xf i CK 47.46+5.20" 0.12+0.02" 1.19+0.02" 0.38+0.01¢ 0.24+0.006¢ 4.43+0.31°
T ity L SR R R AL
reatment with 53.85:2.81" 0.2620.03* 13120.05% 0.6520.01° 0.28:0.003° 7.0420.51¢
commercial
conditioner
R AL
Treatment 77.97+1.06* 0.24+0.03* 1.38+0.12% 0.48+0.01¢ 0.26+0.003" 6.70+0.24
with biochar
Ak A
Treatment with 82.92+2.60° 0.30+0.01¢ 1.47+0.11° 0.40+0.02* 0.24+0.007< 6.84+0.23"
biological substrate
ER7/p SR Y/E Y
Treatment with
85.93+2.03* 0.28+0.01* 1.52+0.05* 0.54+0.01" 0.27+0.003* 7.04+0.23*

biochar+biological

substrate
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CK : without amendments (control ) ; C: treatment with commercial conditioner; B: treatment with biochar; VM : treatment with
biological matrices; VMB : treatment with biochar+biological matrices.The different lowercase letters indicate significant differenc-
es among treatments at P<0.05 levels.
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Fig.1 Effects of soil amendments on plant growth of cucumber
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Tab.4 Effects of soil amendments on chlorophyll content and root activity of cucumber

MHERE a it/ 45 b i/ LR ESEl
e ( T FW) ( T FW) TR alb (TTF “h)
mge- mge- o
Treatments 88 88 Chl a/b Hete
Chl a content Chl b content Root activity
XF R CK 0.76+0.10° 0.44+0.04" 1.71+0.33" 26.64+4.06"
T A R ) A ‘ _
0.78+0.09° 0.52+0.07* 1.48+0.38° 53.91+4.81°
Treatment with commercial conditioner
B A B b |
0.87+0.02" 0.39+0.02" 2.21+0.08" 79.21+1.26°
Treatment with biochar
G Y/E- Yy , . e
1.18+0.12° 0.54+0.01* 2.18+0.19° 62.02+1.18"
Treatment with biological substrate
B Y AR |
1.07+0.02" 0.46+0" 2.34+0.04 72.17+£5.16"

Treatment with biochar+biological substrate

2.5 TEUEREFEERS W

K HIPCA 737, bt - e PR AL o | A SR 577 ) 8 B P 181 (18 2) o A SR A i 5 7
Y PCA AT Al AR Y, 7 i 2 52 R e K A R A R R BB I 52 I S A BE R
G E R o DA SRR 5 R B PCA 20 il LAFE Hh 25 Rh 16 24 1E [l B2 R 7= 4 . 25345 20 PCA 73
GICIP SIS 52 1= e o= 4SRN SN R A1 P o A O N I S i 1110 5 E T BB O /51 e w41 31
Jina - HEFR I 0 235 R, 1 T A E 7 RO T
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Tab.5 Effects of soil amendments on quality and yield of cucumber

Ab2H % THEEMA/(ng-g!) HEAER C/(mg-g!) R/ (geplant™)
Treatments Soluble sugar Soluble protein Vitamin C Yield
Xt CK 2.50+0.31" 7.97+0.85" 8.16+0.30" 402.26+19.78"
T - R B AT | ] | |
2.67+0.28" 8.47+0.98" 7.47+0.43" 417.78+30.60"
Treatment with commercial conditioner
AWy Ak B , !
2.69+0.08" 14.05+0.63" 7.99+0.88" 463.42+37.40"
Treatment with biochar
AP AL } 1
3.74+0.03" 10.97+0.08" 8.50+0.24" 457.89+18.56"
Treatment with biological substrate
A AT | i | |
3.72+0.04" 10.55+0.52" 8.71+0.36" 517.16+30.40°
Treatment with biochar+biological substrate
(A) -0.4 0.0 0.4 (B) -0.4 0.0 0.4
20F o & ' ' Catalase
- xR " Proteinase
€ N 12} 1 0.5
of * 0N
— ¢ w —
§ VMB § Polyphenol
R )
§ § 0 Urease 0.0
7 ™Yield
8 —10} 8 aPhosphatase
Invertase
-lzr 1-0s
-20
-20 -10 0 10 20 20 0 20 40
PC1(59.1%) PC1(59.9%)

AN : O AP AL s AK : SBURCHH s TN : S0 TP Skl s TR BV s SWC: % /K it s Ca 5 s Mg B
AN :available nitrogen ; AP: available phosphorus ; AK: available potassium; TN : total nitrogen ; TP : total phosphorus; TK : total
potassium ; SWC : soil water content; Ca: calcium; Mg: magnesium.
P2 PR A o 5 ™ i (B Y 2 8003 20 A (A R SRS A5 77 i 18] Y 32 18003 2304 (B)
Fig.2 The principal component analysis between soil physico—chemical properties and yield (A)

and the principal component analysis between soil enzyme activity and yield (B)
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R A2 B A g ) e SRR A RAR R TG 7, DRI Y P A L A I 5 BT (1) 5 A 2 A o T, FRp 8 4 L P
I e UEAR IR I

Bt - 1 iy T 2 R OKIR G , iR 2 A RS HIARAE B T e i e Sy, S B L pH
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