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Effects of in-situ returning of cucumber straw with different microbial in-

ocula on soil physicochemical properties, cucumber growth and yield

LU Yinghao, SUN Yanjie, SHI Qinghua, REN Zhonghai, CHEN Chunhua

(Shandong Collaborative Innovation Center for High-quality and Efficient Production of Fruits and Vegetables/Key Laboratory of Hor-
ticultural Crop Biology and Germplasm Innovation in Huang-Huai-Hai Area, Ministry of Agriculture and Rural Affairs/College of Horti-
cultural Science and Engineering, Shandong Agricultural University, Tai’ an 271018, Shandong, China)

Abstract: Field experiments were conducted to investigate the effects of not returning cucumber straw to the field, returning
straw without microbial inoculum (straw)and the use of two different fungal agents on the physicochemical properties of
cucumber soil, plant growth, and yield in a multi-span film greenhouse. Microbial inoculum 1 consisted of Bacillus subtilis,
Bacillus cereus, Aspergillus niger, and Trichoderma orientalis, while microbial inoculum 2 comprised Bacillus jelly, Pseu-
domonas swamp, Bacillus subtilis, Bacillus licheniformis, and pythium oligadrum composite water agent. The results
showed that compared to the control group (cucumber straw not returned to the field and no microbial inoculum added),
all treatments led to an increase in soil available nutrient content, soil enzyme activity, and cucumber yield. The yield
increased by 19.00% with microbial inoculum 2 treatment and by 18.66% with straw treatment. Although the yield with
microbial inoculum 1 treatment was slightly higher, there was no significant difference compared to the control. There-
fore, the improvement effect of cucumber straw returning followed the order: microbial inoculum 2 > Straw > microbial
inoculum 1 > Control (CK). In conclusion, the use of cucumber straw waste resources is feasible, which can enhance soil
organic matter and available nutrients content, improve soil enzyme activity, optimize the growth environment for cucum-
ber roots, ultimately leading to increased cucumber yield.
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Table 1 Effect of cucumber straw returning to field in situ on soil enzyme activity

A A RRE TR JOR B TR RE RS 1
Jb P Treatment . o . o o o
Catalase activity/(pmol-g"-d™") Urease activity/(pug-g'-d™" Sucrase activity/(pg-g"'-d™"
CK 37.26+£0.97 a 120.99+4.18 b 21.36+1.41 ¢
FEAT Straw 38.16+2.68 a 129.01=37.89 b 26.98+1.31b
B 77 1 Microbial inoculum 1 36.15£1.27 a 188.24+5.72 a 34.74+1.52 a
B 71 2 Microbial inoculum 2 41.48+11.82a 237.48+55.46 a 36.66+3.23 a

L ANFVNG TR RACEL A FE 0.05 K TAAEE R R . N .

Note: Different small letters indicate significant difference among different treatment at 0.05 level. The same below.
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Table 2 Effects of cucumber straw returning to field in situ on soil physicochemical properties
e EC i wTHLED wEARED wOH L) wOE D
TreaAtment pH Electrical conductivity Organic matter Alkaline N Rapid available Rapid available
value/(pS-cm™) content/(g-kg')  content/(mg-kg') P content/(mg-kg') K content/(mg-kg")
CK 7.44+0.069 a 868.00+£102.73 ¢ 12.56+0.62 ¢ 274.05+16.67¢c  26.55+291b 54.72+£2.35 ¢
FEHF Straw 6.73+£0.057 ¢ 974.80+103.51 bc  16.01+0.39 ab 330.58+8.84 b 33.66+1.62 b 61.86+3.00 b
B 1 7.13+0.032 b 1224.25+129.74ab  15.12+0.17 b 346.33£5.92 b 49.92+2.55a 73.92+2.20 a
Microbial inoculum 1
B 2 7.35+0.039 ab 1 357.40+70.13 a 17.81+0.20 a 445.20+13.56a  55.65+1.47 a 78.83+2.55 a

Microbial inoculum 2
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Table 3 Influence of cucumber straw returning to field in situ on cucumber growth index

b3 3 Eil e IH-ZRZ A0

Treatment Plant height/cm Stem diameter/mm  Number of leaves Chlorophyll relative content/SPAD
CK 127.10+10.37 a 10.76+0.78 a 16.50+0.97 a 24.66+£3.43 a

FEFT Straw 128.90+9.97 a 10.46+0.82 a 16.43+1.04 a 20.95+2.55 ¢

F77 1 Microbial inoculum 1 119.07+6.93 b 10.49+0.93 a 15.93+1.34 a 21.78+2.20 be

B 77 2 Microbial inoculum 2 107.48+6.81 ¢ 10.34+0.85 a 15.97+0.96 a 22.57+3.29b

x4 BINVEFRAE B UK R~ BN

Table 4 Effects of cucumber straw returning to field in situ on cucumber melon strips and yield

b3 HOREAR EIVINS L OYI\V)igi 20 d FpR

Treatment Cucumber diameter/cm Cucumber length/cm Single fruit mass/g Single plant yield at 20 d/g
CK 3.15+0.14 ¢ 33.53+1.68 b 228.91+30.34 b 1018.17b

FEFT Straw 3.20+0.17 be 33.84+2.12 ab 247.45+31.13 ab 1208.06 a

B 77 1 Microbial inoculum 1 3.35+0.16 a 34.68+1.45 ab 260.52+39.41 a 1086.39b

B 77l 2 Microbial inoculum 2 3.30+0.14 ab 35474239 a 263.23+40.34 a 1211.66a

ZE 5 A A 2 B UK S CK % 5 B3, HAth
AOFR ) A TG 38 2 s PP AR BRIV 5 CK
ZR R, K ZRARE . 5 CK ML,
FFALBEIE = 18.65% , B 71| 2 AL BE 12 2538 7 19.00%
A 1 AR S CK Mt ZER AL E. ML EgGRE
B, 0] FH 3 B P A A 3R A T RS AR AT DASR A 4 ey
=& .

3 W4

Rl ATk B AT DA e BEA Ak i, T

pH {H , (R 1k + 38 pH {E T} &, Bl % 3% pH {H %
. ZBH T R, FEATALEL 1)+ 3 pH {H 5
25 CK A EE R 35 A, T AR v = S5 1F 7 45
R—5. MR 1 AFRANE ) 2 A FEK) 3% pH {H
[l 7+ 523 5 CK AT RIZKF, AT RE R B it
AN TS BB B BRI Y 3 pH (E Y S IR
2 2 SEVIIE U R L R R A S 25 8y 0
AL E R A S R, R S A EER
BB PEAEA  FTl F E FR TR, BRI
T 771 2 N E i Bl R TR 2T, 2B T T A R

- 119-



X ISR 5T

o L ST =3

37 %

AR FEFTIE B S e v 77 2 4 3984 ML
TEEY. BHEN IR, FEF 1A L
AHUR & 2T REF AR, T RE2 RAHE R 1 4 A
FEII 23 R RANGT

gk JERY ORI ST B L A BRI B R R e i 2 1
BB EC . EHMNHALRER, 5 CK ML,
T AR IR AR 3 5 138 EC A KR K, Fofa 34 Fn s
RO B A B A — B0, SR AS AT IS S
g e R Tl A ORI v, AT 3 L 4% EC {E
.

g IR EEA G S, e R E L
A S B SRR SR . L rp, R IR A M T RAE
AR B R I RE ST, S - S A g 2 s 18
PRV M A U & = B A G, BESRAE
JESTIRIET, 3 HIRF e 4E L, 5 CK ML, I
TIRA ) B 750 32 A7 8 AT 38 T i - 9 JOR Tt R 7 A 0
PR35 2 1R v, R B LB IR A B B 3 o .
AL S T A A R I b B, 20 I AR AL
Yl 2 B 1) 40% , HLF 45— Fh Ak &5 A %
YN N R A T ST LB ol TP = R Y
EHEREEER, X5 XI5 E2 MR R
— 3.

/N SR AL g R B OR , B T
iR m BN M S T K e br . AW gs R,
AN TR) B 7 A B R AT RS RO A EE, B 7R 2 A3
WA RS, L2 CK D T 14.62%, 2 57 10
2 B[R ER 7 AR B R AT 3 JTORS FT34 FH B X 3 25
ENU WSS DU e e AL (SRS R
FI CK AL A AN FEFREE N . nlRe 2R R E ik
e B, I L W A6 I 4 A SR, 1 AS [R] B 7 Ak
P A v NSO B 2 LU RS AT AL B AT 28 ) CK R 3~4 d,
FIT LA [) B 71) Ak 2E 0 AL AR A 0 AT R Fl T AR B A
K T & FRAE KR,

AR FLGE REK W, FHIAEE 52 [ CK ML, 3%
INEREY NG e ST E 5y [P (PN e 33 I
FF 348 G 38 I 72 2 1A 8 T A8 SR ke 1 - 4 b g K
SO, RGP g g SRR AN A R 1 0 B TR
WK, 3 R I B I YSCIR A, T B8 77 2 Ab B
FEAT AL HE 2 18] A 771 1 Ab 35 28 ) CK 2 R £ sk
ST T ] P B B 22 S AN K (AR [ B 7R A B 11
TSR 3 L RS AT AL B 25 7 CK K, BIEE 74 2 4k
R AT RS AT AR H R R B e T H A b
B 540, BEV LRI, A s RS R A7 34 H
ARERZH )T S 2 CK M BRI T AN R

<120

Tt 7, BT AR B 3 ICRS A1 S5 A7 58 FmT DAg 3 I =

SR, TR A 1 AR ER O 5 B AR TR AT A

HRFNBE 7 2 AbEE, BT B8 R A B 7R 1 PN 3 R K

=G, ME] T g R A R R TR

A EEAESHEE, kK TIRRAEYE,

TR, FE G WA 2 BT R T

FoAh AL IX — 25 B, v] DUIE B 3% I & A2 52 31 3R

FEFTF iR A 34 AN TR 77 3 (R FH I, 6 08 ) e R AN A

R A A R, e TR a3 I R
ZREPTIA , B TORS T A7 3 FH 70 e B 571 2 R

. BIFFT 4SS FAIE B T B VRS A A7 0k 5 1

AIAT P, R 3 R SR A A P 3 B8 R R FH AR R it %

HI AT RS A e it T S AR

Sk

[1] AR, BRoi, TR, 5 Bl 0 RS 1 ad FH DG Bl R e HL A
I B 7= 8% AR i N 0] R IR 3E, 2023, 36 (2) -
112-116.

[2]  ZEuiME, BRETR, d K, 45 BRSEAS AR A AT H G IR = %
AR B R R AE KRN B R I] . b R AR R,
2021,53(11):88-93.

[3]  BEAE:, BRT, RIS, & SRR A S S Wit +
HEH AR KL #E3E,2023(7):57-59.

[4] BT, e, dk A R, A TROKARE A bt S S04 4/
2N B RS T] . R RN,2023,51(6) :25-27.

[51  WRUE, B0, ook, S5 RSFT I 2GR B RTF 03k Ji 2 R e a4 ).
WAL RN ,2021(2) :108-110.

[6] B, TEIR, XIS HE , 45 . T KRS FE 6 S0 FE o 88 e 75 06 7= Bt
R AR R s )] . 07 [ 2, 2023(3) : 43-50.

(7] EAE, T8, s, 55 RS FRE B AR e A
Prrsema ] BRI AR ,2023(5): 166-168.

[8]  FIEGIE , BASROR, A& A, 45 K58 A i AT Xt + el % P 5
W) S R 2 ST T A [0 R0 77 S5 4%, 2003, 9
(4):406-410.

[91  FE#HFF, T, KT K, S TR AT RS O - e A
PE AR A B e S R R [T] . AE ) 2 &, 2017
(1):107-112.

[10]  ARAERE, 2201, 5 2, 55 RS AT B 7 200 15 it 3 AR K 52
Mg [J]. AR S5 EAR,2019(23) :74-77.

[11]  ezgds . ASATIE 7 3% 1t 35 A= K J FAr 26 R 3 R 11
S [D]. P ANGERR : Y S RO K2, 2020.

[12] - B 3R AT IM]. 3 fR. BT Th E O AR, 2000

[13] U &, SR, 2548, &5 R SRS AT S I X 4 it 1
HELR A R R IR ] Ol TR 4%, 2023,39(18) : 111-122.

[14] ABHrgs, 255, ikt S AR A A X 358 1 3 i s ma tf
T G EORHY,2022,24(12) : 121-124.

[15] BE4E%, T8, My dete, 5 EREHvs il A i o L3 77 56l
V2R AR L[] DU RO RS, 2022, 51(4) :26-33.

[16] 2, & EHE A, S T KRS FRE M 5 A 5 s 2y A 3
PRI RN IT R 524 ,2022(9):165-167.

[17] F AT, F 4k . A B RS FF 8 BT A 24 P i i 52



5591

FEOESE S s B TRE AT IR L FE it P AN () B 700 - SR 1 5 38 VAR S B 52

X ISR 5T

(18]

[19]

[20]

[21]

[22]

(23]

M [J/OL]. 75 MRAR ML K 2 2 4H « 1-8[2023-07-06] . https://doi.org/
10.13327/j.jjlau.2023.20146.

P, B R, SRR BRI R 2 R4 LR
Iy ARAL AL B FZ WA [J]. A AR 5 RO R B 240, 2023,39(3) ¢
386-393.

ik JEUR B 2R AR AR A B 7R ) 4% S5 R B0 A AT (D). BT K
R s AT\ — A K ,2023.

FRRER, 507, B9, 45 A HUIE B A QAR X - AR 7 0 oK
], b E R SRR, 2021(3) 0 148-154.

B, T MR R S RS AR AN IR U KT L B R A
PRI PR RIS [T A LR 2408 32, 2021,37(24) : 79-83.

ST G, 4, 25 IR ALE It  RERE REAE H [0] . L BOR
£ ,2021,27(10) : 134-138.

KI5, T, T, 25 L R KRS R A A0 A 1 44 T I
A WU & 2 B Eh A7 A K 52 m (7] P bl 244, 2012,

[24]

(23]

[26]

[27]

(28]

[29]

21(4):149-153.

W /INEy AR, FE I, 45 R T iR IR A e SR 18 BT
B A AE X RN A K 5 L A A R i 0] AR bR 2R
2020,35(4):153-160.

TR RSP, B G 5, 55 . H G = 3R KR B LAY T].
A 252447, 2019, 30€10) : 3491-3500.

AEE, R R EYE TR A K S A A K IRIE I R EATT].
Hp ) 25504, 2012,28(2) :36-37.

TRER, M RS A, S R AR KRS AT 0 1A it L A
BT B MY R 1050 (0], 80 AR 3 4R, 2023, 34 (5)
1290-1296.

SRR I AR R AN TR R R 7 S 0] LV R, 2017
(7):35-36.

W% Ht, 5, EFF, 5 R AR FEAS [ 77 200) 3 IR g I
A AR KRR . A6 1E 2, 2023(23) :53-59.

<121 -



