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Mechanism of bio-organic fertilizer on improving soil productivity for
continuous cucumber in greenhouse

QU Cheng-chuang', CHEN Xiao-min"", ZHANG Zhi-long', LU Jing-yan', JIChen', ZHANG Jun’
(1 College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China;
2 Rugao Institute of Agricultural Sciences, Rugao, Jiangsu 226500, China )

Abstract: [ Objectives ] The objective of this study was to explore the effects and mechanisms of bio-organic
fertilizers on alleviating soil related problems in continuous cropping, balancing soil nutrients, and controlling soil
enzyme activities under cucumber continuous cropping conditions. The results will lay a foundation for bio-
organic fertilizers on improving soil fertility, improving continuous cropping obstacles, and promoting sustainable

agricultural development. [ Methods ] A three-season field trial was conducted at Rugao Agricultural Science
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Research Institute using high-intensity continuous planting of cucumber. Applications of bio-organic fertilizers of
0, 10 and 20 t/ha were the treatments. The bio-fertilizer was once applied at the first cucumber season and
cucumber was planted continuously for three seasons. Soil samples of 0—20 cm deep were collected at maturate
stages of each season, the soil physical and chemical properties, enzyme activities, microbial biomass carbon and
nitrogen content as well as cucumber yield were measured. [ Results ] The soil bulk density and electrical
conductivity increased with cucumber planting season, while soil fertility indexes, enzyme activity, microbial
biomass carbon and nitrogen content and cucumber yield decreased in CK treatment; the application of
biological organic fertilizer reduced soil bulk density and electrical conductivity, increased soil total porosity,
pH, organic matter, total nitrogen, nitrate nitrogen and available phosphorus content in the same cucumber
mature period. Over the continuous planting time, the contents of soil organic matter, available phosphorus and
nitrate nitrogen increased by 39.3%—-83.9%, 5.98%—14.2% and 10.0%-22.0% respectively, compared to CK,
while the soil electrical conductivity decreased by 8.57%—12.73%.At cucumber ripening stage, the activities of
soil urease, catalase, sucrose and phosphatase in different treatments followed the order: B20 > B10 > CK, and
the soil four enzymatic activities in B10 and B20 treatments after 3 seasons planting were higher than those in
CK in the first season; Over time, the soil microbial biomass carbon and nitrogen contents in the bio-organic
fertilizer treatment became significantly higher than that in CK, the content of soil microorganism biomass
carbon and nitrogen inB10 and B20 treatments increased by 4.26%-23.17% and 21.81%-56.23% respectively,
compared with CK. The cucumber yield in the first, second and third season of B10 treatment and B20
treatment increased by 3.93%, 9.73%, 10.65% and 12.92%, 18.83%, 20.21% respectively, compared to CK.
The correlation between cucumber yield and soil bulk density, organic matter, nitrate nitrogen, available
phosphorus and biological index was significant during the continuous cropping of cucumber, and soil pH and
electrical conductivity were significantly correlated with soil catalase activity, invertase activity, microbial
biomass nitrogen content and cucumber yield. [ Conclusions ] Bio-organic fertilizer can improve the soil
physical and chemical properties in the continuous cucumber cropping system, alleviate the secondary salinization
of cucumber continuous cropping, increase soil enzyme activity, microbial biomass carbon and nitrogen content as
well as cucumber yield, but without significant change in soil physical and chemical properties and biological
characteristics during continuous cropping, thereby alleviate soil related problems in continuous cucumber
cropping.

Key words: bio-organic fertilizer; cucumber; continuous cropping obstacle; soil physicochemical properties;
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Fig.1 Soil bulk density and total porosity response to bio-organic fertilizer addition in

cucumber continuous cropping seasons

# (Note )

o I EARRVNEG FRFRF —FR AR LB W25 8%, ARKREFREFEORFE —A AR RS Z [ 2 5 23 (P <0.05)

Different small letters above the bars indicate significant difference among the treatments during the same season, and different capital letters

indicate significant differences among the growing seasons for the same treatment at P < 0.05 level.
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Table 1 Soil chemical indexes response to bio-organic fertilizer addition in cucumber continuous cropping system

F8F1 Index AbFR Treatment %—7Z% 1st season %% 2% 2nd season % =78 3rd season

pH CK 6.99+0.01 aA 6.98+0.01 aA 6.86 + 0.05 bB
B10 7.02+0.07 aA 7.04+7.04 aA 7.02+0.10 aA

B20 7.03+£0.07 aA 7.03 +£7.03 aA 7.03 +£0.05 aA

H1-54 EC (ds/m) CK 1.03 +£0.07 aA 1.05+0.13 aA 1.10 £ 0.06 aA
B10 0.94+0.01 abA 0.96 £ 0.10 aA 1.00 £ 0.04 abA

B20 0.93 +0.01 bA 0.93 +£0.03 aA 0.96 + 0.05 bA

A LB OM (g/kg) CK 6.59 % 0.41 cA 6.40 + 0.22 bA 6.24 % 1.20 cA
B10 9.18+£0.12 bA 9.93 +0.76 aA 928+ 1.73 bA

B20 10.66 = 0.12 aA 11.77 £ 1.69 aA 11.01 £ 1.42 aA

2% Total N (g/kg) CK 1.67 +£0.02 aB 1.71 £0.03 bB 1.87 £0.07 aA
B10 1.77 £0.05 aA 1.80£0.02 aA 1.88+£0.21 aA

B20 1.78 £0.09 aA 1.84 £ 0.03 aA 1.96 £ 0.29 aA

A% NO, N (mg/kg) CK 176.20 + 1.10 bC 189.56 +3.72 bA 182.83 +3.25bB
B10 207.06 + 5.83 aAB 212.77 £2.68 aA 201.16 + 6.39 aB

B20 214.94+1.93 aA 216.26 + 6.87 aA 208.73 +3.60 aA

H R Available P (mg/kg) CK 85.35+3.03 bA 85.15+4.38 aA 78.93 £ 0.94 bB
B10 90.45 + 4.13 abA 91.65+3.98 aA 88.70 + 3.45 abA

B20 94.55+2.13 aA 92.49 £ 4.15 aA 90.14 + 5.43 aA

i (Note) : [RIFIEAEIA A /NG TR R [ —

FARFSIIEITE 5% K¥ EZERRE, FTARKRS FRRR R — A B[R] e 2= 6]

T 5% /K I 22 57 i 3 Different lowercase letters in a column indicate significantly different among the treatments for the same season at the 5%

level, different capital letters in a row indicate significantly different among the growing seasons for the same treatment at the 5% level.
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PR A SRR | 2k ST U | R R R I
HIR B NS R B B20 > B10 > CK. WAL
JIE AT B S 5 o — 2 B T SR i AT S

REVEEG IR BTG, Hrh 5 CK AFRA I, 5—
Z 5 A B10 A B20 Ab B + 3 IR . 484k
SR LR R B R R R R A R T 47.0% .
14.4% . 9.1% . 4.6% H1 62.1%. 23.7%. 16.6%.
34.6%.
24 E£ANEMRENEELEMEYERTS
1=

T A Y . RS R BEAE YA B
RGN (B 2). AR YA PR AL B 44
MEEY R . AR ST CK. HEEF 3 2
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5 CK A EL3 G 3500 43.0%~23.2% il 21.8%~
56.2% 25— B0 R BN 45 b 1 e A
Vgt . R s anas, R385 R
JNBA A A B U Y ek . A BRI
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51 s, 45 APrAHUILE

1 Bt S 7 U T A B A A AL

819

*2 FeREMBTAEX RIEFETIE T LIRS0

Table 2 Soil enzymatic activities response to bio-organic fertilizer addition in cucumber continuous cropping system

fiE 75 % Enzymatic activity AbFE Treatment

Z% |st season

e

% 7% 2nd season

7% 3rd season

=

kA Urease [NH,-N pg/(g-d)] CK
B10
B20

i3 fb S Catalase [mL/(g-20 min)] CK
B10
B20
HERERES Sucrose [mg/(g-d)] CK
B10
B20
WAL Phosphatase [umol/(g-d)] CK
B10

B20

5230+ 0.95cA
76.89 £ 2.82 bA

84.77+1.42 aA
2.36+0.10 cA
2.70 + 0.03 bA
2.92+0.07 aA
183.81 £2.82 cA
200.54 +5.05 bAB
214.25+3.23 aA

13.58 £ 0.84 bAB

14.21 £ 1.92 abAB

18.28 £ 1.77 aA

52.26 +2.01 cA
76.62 £2.15bA

83.57+1.03 aA
2.35+0.17 bA
2.74+0.03 aA
2.93+0.05 aA
186.50 £2.40 cA
208.73 = 1.80 bA
226.39 +1.53 aA
1431+ 1.11 bA
16.73 £ 0.48 bA

23.81+1.28 aA

50.47 £ 3.02 bB
63.80+2.37 aB

68.77+2.11 aB
2.33+£0.17 bA
2.71 £ 0.06 abA
2.89+0.18 aA
180.43+£11.21 bB
192.07 +3.18 abB
202.79 £ 13.83 aA
12.39+ 1.88 bB
13.74 £ 1.29 abB

18.54 £2.15 aA

IE (Note) = [RIZVEHE S AR/NG FRERR R —

level, different capital letters in a row indicate significantly different among the growing seasons for the same treatment at the 5% level.
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Fig. 2 Soil microbial biomass carbon and nitrogen response to bio-organic fertilizer addition in
cucumber continuous cropping seasons
I (Note) : it EARVNE PRFIRE—FRA R Z W25 2%, ARRE PR E— S BEA R RS2 [ 25 5 23 (P <0.05)

Different small letters above the bars indicate significant difference among the treatments during the same season, and different capital letters
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[T A )RS 7 B[R] — A B [R] ol 2 ]

T 5% K I 2% 5 5 F Different lowercase letters in a column indicate significantly different among the treatments for the same season at the 5%

indicate significant differences among the growing seasons for the same treatment at P < 0.05 level.
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Fig.3 Cucumber yield response to bio-organic fertilizer
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Table 3 Correlation coefficients between soil physical and chemical properties and biological characteristics

FEF5 Index WREE Urease AL S Catalase  BEWERAR Sucrase  BEARASF Phosphatase MBC MBN =& Yield
Z5 5 Bulk density -0.85™ —0.98" —0.83" -0.71* -0.78°  —-0.89"  -0.81"
SALBEE Total porosity 0.85" 0.98* 0.82" 0.69 0.77" 0.88™ 0.81
pH 0.75° 0.74 0.68" 0.55 0.63 0.69" 0.80
A% EC -0.62 -0.79" -0.73" -0.56 -0.71" 078" -0.92
AL OM 0.86™ 0.99" 0.92" 0.83" 0.85™ 0.93" 0.83"
2% Total N 0.87" 0.93* 0.90" 0.76 090"  0.95™ 0.60
fisA % NO; N 0.85" 0.94" 0.91* 0.74 0.89™ 0.94™ 0.78"
B Available P 0.93" 0.89" 0.87" 0.70" 0.86™ 0.90" 0.92"

F (Note ) : MBC—f#4: )= Microbial biomass carbon; MBN—{#4k 45 % Microbial biomass nitrogen. *—P < 0.05; **—P<0.01;
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