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Effects of Trichoderma straw degradation solution on soil ecological struc-

ture of watermelon continuous cropping
JIA Yunhe', WANG Xiging', YAN Wen', FU Yongkai', YOU Haibo', WANG Lidong', LIU Xiaofef’,
LIU Chao'

(1. Horticulture Branch, Heilongjiang Academy of Agricultural Sciences, Harbin 150069, Heilongjiang, China; 2. Harbin Commercial
University, Harbin 150028, Heilongjiang, China)

Abstract: To explore the soil improvement methods for continuous watermelon cropping, the soil for continuous water-
melon cropping was treated with actinomycetes straw degradation solution. Four treatments, namely CK, straw (J), acti-
nomycetes (F), and straw-+actinomycetes (JF), were set up. The effects of different treatments on soil chemical proper-
ties, enzyme activities, microbial content, and the growth and development of watermelon seedlings were determined and
analyzed. High-throughput sequencing was conducted on different treated soils to study the changes in their microbial
community structure. The results showed that compared with CK, the pH, organic matter content, REDOX enzyme (ure-
ase, invertase, catalase) activity and bacterial count of the soil treated with JF were significantly increased, while the fun-
gal count was significantly decreased. Compared with CK, treatments J, F and JF significantly enhanced the richness of
soil microbial communities, and the differentiation of fungal and bacterial communities in the four treatments was relatively
obvious. Compared with the CK, J and F treatments, the JF treatment significantly increased the strong seedling index of
watermelon seedlings. It is speculated that Cladosporium, Trichoderma, Bacillus and actinomycetes work together to
improve the soil ecological structure of watermelon continuous cropping. The research results provide theoretical basis
and practical support for soil improvement in continuous watermelon cropping and the healthy and sustainable develop-
ment of the watermelon industry.
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1.1 #H

P N PR VT AR Ol R 2 B T 243 B i
20 a 175 I 74 1398, 2024 42 9 H, SR L5 L
FEVEM 333.5 m* )RR LR BT JE IR E R 5~
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A TR B A R TR IR 2SR A 1 T A R R
BRI Bk T P AR A1 4 R I AN S S I , 40 4 DPA-3-18.
GS-30 &L A 101,
1.2 R

LA e 2 AN, N BE 3 IRE
2o ¥ 200 mL iEKBEINEA 2 kg BT,
TRFEIIET A K IR (CKO 5 JE RS AT ) AL BKE
200 mL i 4% B R AT S AR (A S mL B2k T A
5 g MG EAR 0.5 om K TRFADEINEA 2 kg
TIERE R RS SR . K6 A
WHETRE T, 1A R R

re i B PR W 4 AR, BN LB 3 IRE
5 CK A IF Ah3 R R0 300 s JCREFTO Ab BUR
5 ¢ MR EAT 0.5 om KB TAEFT-S5/KBCH R 200 mL
WIRBINESA 2 kg TIBMAER IR RS 5], FOR
LD M ERE 5 mL JER BV T /K B B 200 mL
WRBINEA 2 kg LML RS K
RANMERZBETERT, LA BENFE. FbR11E
T a8 NG il .
1.3 #NE

H LR AT B R AR U AR IR 55 R A F
K. pH FIA HL & &K H NY/T 1121.2—2006
J7VE AN, B S R LY/T 1251 —1999 J7 k4
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1.4 DNAREAISBENF

f# Fl E.ZN.A. Soil DNA Kit (Omega Bio-tek,
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W B Y 5" A 5 2545 N 8 bp ] barcode /741, PLIX
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USA) B4, Fp ITS BRI ITST X383 Hj
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GAAGTAA-3', MiE 5| ¥F %14 2043R: 5-GCTGC-
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AZ P 5 min; 95 °C 45 5,55 °C 45 5,72 °C 45 min, J&
28 MG ;72 °CHEAH 10 min, 4 °C L5 H S Mo Xt
PCR S 7 7= 4335 A7 K60 0  [=T0ACRD 44k , A6 0 -2 4% 1)
FE ik 2 ARl AR IR 2 7] K A Tllumina
Miseq/Nextseq2000/Novaseq 6000 (Illumina, Inc.,
USA)F- &7, Iy 5 #& 4 PE250/PE300.
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MK EGEHEMQ M 1 0OR, BN E B RENLIEER
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2 ERE5H

2.1 FEEEFEFTRERRIRT A TOEE LIRS R
FEE M R MEY S =R

2.1.1 AR EAEAT IR ARt 0 N EAF LS
ez R 1AL, 5 CKGE KB AL, JF
(REFF+ AR 2R 0D Ab 38 P8 TUE A L8810 pH B &2
2.91%, AL & E R ER T 3.36%, 3R 0%
i 12.31%, TR & B2 5 4.94% , 3 80 & & T

x1 TRAEBHRUFERER

Table 1 Differences of soil chemical properties under different treatments

B e G )
s wCHHLTD GRS wCHAR D wOE A Kali—d);&%jvailable
pH Organic matter EC/ Alkali-hydrolyzed nitrogen  Rapidly available phosphorus P .y
Treatment 0 r . r potassium content/
content/(g-kg')  (mS-em™) content/(mg-kg™) content/(mg-kg™) B
(mg-kg"
JF 5.66+0.41a  40.0+2.38 a 5.740.98 b 233.6+13.56 a 845.4+19.72 b 1043+25.03 a
CK 5.50+0.32b  38.7+3.54 b 6.5£1.25a 222.6+15.87 a 952.4+21.23 a 1074+38.94 a

RS RS FRERIRTE 0.05 KPR 3. R,

Note: Different lowercase letters in the same column indicate significant difference at 0.05 level. The same below.

F PR 10.29% , R & & K 2.89%.
2.1.2 A AR AT SRR AT G N EAE LR B E M
% HE 2 A[H, 5 CK AHEL, JF Ak 3 g IE

A 398 1 IR A 6 M 00 5 3 v 127.27%, T PE B PR I
WM AL 16.41% , B EEE M T B RS
7.02%, LA A MHE R E S 20.33%.

x2 AREABLIRMEEMES

Table 2 Differences of soil enzyme activities under different treatments (mg-g'-d")
AbERE R Bt T A PR Tl 11 B A S T AL AR T
Treatment Urease activity Alkaline phosphatase activity Invertase activity Catalase activity
JF 2.5+0.03 a 10.742.11 b 38.1£3.27 a 0.793+0.01 a
CK 1.1£0.02 b 12.843.43 a 35.6+£5.76 b 0.659+0.03 b
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Table 3 Differences of soil microbial communities under different treatments

ST S LA S o JRERTA & i IAUHRTI T A

sl _ i FLE L : .

Treatment Total bacterial Total fungal count/ Bacteria/funal Actinomycetes content/ Fusarium oxysporum content/
count/(CFU-g") (CFU-g" & (CFU-g" (CFU-g"

JF 12.0x10*1.59 a 5.8x10*£2.61 b 2.07+0.04 a 3.6x10°+1.32 a 20+4.60 b

CK 10.5%10*£2.65 b 7.7x10*+3.51 a 1.36£0.11 b 1.9x10°+2.21 b 100+£6.52 a

22 MEEFRBTERENAMNEEDEREDR
e paliob A

22.1 OTU % &# T WA 1-A fix, CK.J Ak
FEF AbFEA JF ALFE )R A 4 H OTU # & 700

426.448.255.359 >, DU LG HEN 2717 4>,
4 NAEFE OTU S8 15.87% . HIE 1-B A 41,
CK.J b3 F Ab3AT JF Ab 3 FFA B OTU HE
I35 75.68.49.60 4,4 MAEFI LA B OTU %1

TE:AHHE B HA
Note: A. Bacteria; B. Fungi.
1 TRAEHTIEMAE OTU FIEE OTU KERFEE

Fig. 1 Venn diagram of OTU level of soil bacterial and fungal under different treatments

BN 281 N, 5 OTU S HU1 14.60%.

222 a ZHMH T WY ACE 5 2. Chaol 14
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e SR TR AN B B RV T
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£ 104 -

AN B REVE 0 A AE S 3 BBR , CK ) - 38 40 1 B
PN EEAGAES 1.2 RIR,p RN HE
Stress=0.065,7=0.392, p=0.027, 1t B 4 4> &b B #) 40
B RETR X 40 B N A S, 4 A A B R) 41 B 1 AT AT
REER.

X T B BT R UL, 2 FE S J A Stress=
0. 029,;~0 567 9, p=0.003, i B 4 ™ 4b 11 BB

CEMITFAEW R ZEES . LIRS R, IF AP Xt
iﬁ%%@%lﬁﬁ’]iﬁ:ﬁ%ﬁﬂiﬁﬁﬁﬁﬁiﬁﬁfﬁm
224 SHmBHFERF 0 4 ADAEE RS
A R T ARG = FE R = TR 10 /N B AR R (1 3D,
Hor Bacillus EFAIATBE  ABX F 2R ST, PN
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X ISR 5T

EiRg ] A, 55« A TRRS AT AR BOnT T8 JICE AR 358 A 38 5 40 1) 5 i
R4 TREEBIIRMEY o ZHMEIEH
Table 4 Soil microbial « diversity index under different treatments

iH JOpi] ACE f1%t Chaol 5% Shannon 5% Simpson 54X
Item Treatment ACE index Chaol index Shannon index Simpson index
i) J 3 625.50+36.75 a 3522.60+39.70 a 6.57+0.05 a 0.004 2+£0.000 2 a
Bacteria F 3524.30+144.96 b 3478.10+131.57b 6.63+0.09 a 0.003 8+0.000 6 a

JF 3654.50£77.91 a 3578.90+£53.01 a 6.68+0.05 a 0.003 7+£0.000 3 a

CK 3526.00£16.67 b 3457.60+65.53 b 6.60+0.13 a 0.004 2+0.001 2 a
HHE J 358.43£15.08 a 352.18+9.99 a 3.23+0.29 a 0.11+0.04 a
Fungi F 343.76+£3.80 b 343.15+3.47b 3.69+0.19 a 0.06+0.01 a

JF 380.59+41.87 a 375.93+46.52 a 3.75+0.74 a 0.05+0.01 a

CK 376.17+23.82 ¢ 370.92+22.72 b 3.74+0.09 a 0.05+0.01 a

T FFIA /NG R ROR F — BUH AN A B AE 0.05 /KT 2R R E.

Note: Different small letters in the same column indicate significant differences among different treatments of the same item at the 0.05 level.
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Fig. 2 NMDS analysis of soil bacterial communities and fungal communities
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Fig. 3 Bacteria community composition at genus level under different treatments
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(Norank f Vicinamibacteraceae) + &5 A1 $7 it £ # J&
(Marmoricola) 1 3 K N K K H
(Norank_o_Gaiellales) . 5 CK #H L, J F.JF AL 2
(%) Bacillus J&FWE&FE % H K 73 K F} (Norank_f Vie-
inamibacteraceae) [ AH %} = B i 3 14 i1 (p<0.05) ,
& 43 5l N 46.15%  22.78% « 35.90% F1 38.21%
58.54%28.46% ; ty A1 U T J& (Marmoricola)
WEEFK HERAEE. HILTW,J.F.JJF &
T D0 - S A B A VA ) RGeS ol KT ) S 2

225 St AHEBARGH R 4N LREPR
PREH B MEAME(E 4, HhERER RS R
J& (Unclassified f Chaetomiaceae, 14.86% ) 1 & 7¢
B £} Stolonocarpus J& (12.77%) A% 3 FE 5 &, b
FFHNI 27.63% s 8 J5 Wl 4 A B )& (Chrysospori-
um) ) R T J& (Uncinocarpus) « H 5% B J& (Aspergil-
lus) i1 2% J& (Acremonium) %% #1 %5 J& (Mortierel-
la) K51 0 18 )8 (Trichocladium) « K 22 6 B K 7€ J&
(Pyronemataceae_gen Incertae sedis ) « £ 1 15 J&
(Cladosporium) %5 . 5 CK ALt ,J.F JF b3 i 2%
B hn 7 B 7 B B R 4 958 (Unclassified f Chaeto-
miaceae) - 1l 1l 5 J& (Acremonium) F1 ¥ 78 1 J&
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(Cladosporium) W)X B, Hrp B2 R 73 36
J& R 5 K, 70 BN 587.83%67.55% 145.64% ; i
=5 PR T SR 8 (Uncinocarpus) WA XS = B, %
W& 23 5 N 97.01%+90.36% « 88.31% . HI It 7] LAFH
Hi, JVFLJF A0 FE 2 X0 - 438 0 B A 7% 20 Ak i Rl R
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23 WMEREFEFERIRLCIEEFETIENTERSE
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H2 5 K 5 Al 5 CK AL, JF Ab 2 445
XV SRSy T 0 AR ARG b CHE B AR AR B R
TEEVE . JF A3 585 3 1 0 R 4h 1 i R
EmT CKJ A F A HE T EE W RS T F
AbEE (H 22 AN T ALFRAD F AR H T R
BT CKo JF ALFRAF AL B 38055 35 (1 75 R4 P AR
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TR T F A HES AR E T AEMF 4
RS EE & T CK.

3 WikE4R

W FER B RS AT A2 S S HE i 2 25 4 v 1A &
SR LT S B RS AT AR R R A 2 R AR
B BES NG I 3 pHL, 3R v A HLTUAN U AT
B, ARG A R T, A P T R A AT A A
U TOEF + 3, At 25 38 = 3% pH KA P&



%5 8 1

B HY, 5« AR ARG AT BB 7 TG 8 A A S5 M IO R i

X ISR 5T

1.0

0.8

0.6

FH %= FF Relative abundance

Aspergillus

Mortierella

MUnclassified f Chaetomiaceae
W Stolonocarpus
W Chrysosporium
B Uncinocarpus

M Acremonium

W Trichocladium
B Pyronemataceae gen Incertae sedis
Cladosporium

B Pseudombrophila
Apinisia

B Wardoryces

Subramaniula
M Unclassified k__Fungi
W Pseudaleuria
Unclassified f Hypocreales fam Incertae sedis

[ Others

W Cheilymenia
0.4 W Sarocladium
M Unclassified_o__Pezizales
WArachniotus
M Unclassified_f Mortierellaceae
02 MUnclassified o Sordariales
W Microascus
W Alternaria
0.0 W Onychocola
. CK J F JF W Lophotrichus
Kb 3 Treatment W Stachybotrys
4 TELERTRERERKFRZER
Fig. 4 Fungal community composition at genus level under different treatments
x5 TRAEHENAMGEE KL EHFM
Table 5 Effects of different treatments on seedling growth and development of watermelon
R ES Eviil =T R & Mo BT R . NINE G
Ib 3 . . e L .
Emergence Stem diameter/  Plant height/ Root mass/ Aboveground . Seedling strength
Treatment Root-shoot ratio .
rate/% cm cm g dry mass/g index
J 90.73£1.82 b 0.30£0.07 b 6.6+1.24 a 0.12+0.02 a 0.16+0.03 a 0.750 0+0.07 b 0.012 72+0.002 b
F 87.1242.63 b 0.32+0.08 b 6.8+1.51a 0.12+0.02 a 0.14+0.03 a 0.857 1+0.07 a 0.012 23+0.002 b
JF 95.25+0.46 a 0.38+0.11 a 7.1x1.79 a 0.13£0.02 a 0.15+0.03 a 0.866 7+0.08 a 0.014 99+0.002 a
CK 67.89+£3.42 ¢ 0.28+0.04 b 6.2+1.02 b 0.08+0.01 b 0.11£0.02 b 0.727 340.06 ¢ 0.008 58+0.001 ¢

5 TEAELRENANGEERLER

I

Fig. 5 Effects of different soil treatments on growth and development of watermelon seedlings
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