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HHRIFNCK), 50% KEIFEEHIEHEERINNC), 50% 4 EJEE VUL & E AR R B 2 ER(CM) ., 175 5 5(CS)
FAE BT (CL) 5 03, RAY BEFIF o A U ReE e, 2580 5 A BRIRUA: A IR LA ST HURRE(46.9%) A SAR
HATE45.1%) A ; CS F CL AP i 4R 5 AR A W iEy% Shannon ZAEVEFERL, $REIREE N 26.1% F 22.9%(P<0.05), IHAELN />
Mrigas, MEREAEAY S E559.1%~65.0%), LRI HANT EEHRE 3.9%~10.0%; SEIFRBJFA: LY AHXTERERRAL 7.2%~
42.2%, Hrpr CS AbPRFRIR .25 (P<0.05). HHEEAE A WA A S -+ SR M A G A AT R i fie/ > SR R AR AR R, 1R
G . AHUTXHCIRA AL A 478 B 2 FUsU (P<0.001); Rl & AU AL AL 7= IR AL, (HOR 2 Sl A A L Y iEE
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Effects of Catch Crops as Organic Fertilizer Substitutes on Protist Communities in Facility
Soil

ZHOU Yao', ZHU Jintong', LU Binbin', JIAO Xiaoyan'*, WANG Lige"*"

(1 College of Resources and Environment, Shanxi Agricultural University, Taiyuan 030031, China; 2 Soil Health Laboratory in
Shanxi Province, Taiyuan 030031, China)

Abstract: To investigate the effects of catch crops as the substitutes for organic fertilizers on soil protist communities in greenhouse
facilities, a randomized block field experiment was conducted with five treatments: conventional organic fertilizer application with
fallow (CK), 50% conventional organic fertilizer with fallow (NC), 50% conventional organic fertilizer with forage maize (CM), forage
sorghum (CS), and forage legumes (CL) during the fallow season. Amplicon sequencing was used to analyze changes in protist
communities. Results showed that protist communities in all treatments were dominated by Amoebozoa (46.9%) and SAR (45.1%)
supergroups. CS and CL significantly increased Shannon diversity index of protist communities by 26.1% and 22.9%, respectively
(P<0.05). Functional composition analysis revealed that predatory protists were predominant (59.1%-65.0%), and the catch cropping
treatments increased their relative abundance by 3.9%-10.0%; while the relative abundance of phototrophic protists decreased by
7.2%-42.2%, with a significant decrease under the CS treatment(P<0.05). The correlation analysis between soil protist species
composition and soil physicochemical properties, along with partial least squares path modeling, demonstrated that soil properties
(available potassium and organic matter) had a significant negative effect on phototrophic protists (P<0.001), and a positive but not
significant effect on predatory protists, with predatory protists contributing most to community diversity. In conclusion, catch crops can
regulate the functional group structure of soil protists and enhance soil protist diversity by improving soil physicochemical properties.
The study provided a scientific basis for sustainable management of greenhouse soils.

Key words: Catch crops; Greenhouse soil; Protists; Community composition; Functional groups
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A PR A= HARIN(CK), 50% 4RI 15A HLAE
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FRAbEE 3 AEE, /MK 31.2 m%,
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SEANEA AL BB 750 kg/hm®, 2023 45 9 A 27
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Table 1 Seeding rates, dry matter biomass, and nutrient uptake of catch crops under different treatments
i HF i TH TRy Pk (gke) F 4Pt (kg/hm?)
(kg/hm?) (t/hm’) N P K N P K

CM 37.5 8.3+0.6a 18.8 2.4 39.4 155.8+10.0a 19.74+0.8a 326.7+19.2a

CS 22,5 8.9+1.8a 15.8 2.1 36.0 139.2+16.2a 19.2+4.7a 315.2+26.5a

CL 30.0 1.3+0.5b 34.6 33 38.2 44.3+15.2b 4.0+0.8b 48.2+13.5b

T [RISVEE /NG R A R 375 AL BHLE) 22 5738 P<0.05 23K, Tl

1.3 REHE
131 FEACRESA 2024 4F 6 H 23 HEFIK
FIBLET) R AE R HERE S . 7R AL BN R B — 3K
()3 BRECTRIMR, TR IR 36 J&] 161 ) 36 )2 - 19 S
Jei . VIARSEE Ry vl FAREKAZ 20 om [B) 5 AR R H4E,
HRIX - PHE BRI KBS, 3 BRAR X TR AL
1 RS, I L RRAAAAAT M =N . B eRR
AR 2 mm B, BE S FRE 05 S PRS2k 2 0,
— TV TP, — @K T 5 T e
PR B
1.3.2 B T 2 - PR R E S
W8 3R AT ) PO 4 pH SR E A Rkl
FECK BT 2.5 ¢ 1); HEE SR (EC H) R A HL R
A E OK R 5 2 1) B (TN)R I AT
12 A AL ROE BB E ;. IR HLET(SOM)R H H
BRI AT E I E s A RE(AP)R ] 0.5 mol/L
TR S IR SR B PL L (205 5 SR (AK) R
1 mol/L iR #4152 4 — K K G BE 1 I
1.3.3 DNA ##ESy -y  fH EZNA®
soil DNA kit #EHHHEFEA L DNA. £ 1% ZiflaHE
HEHE LK 5 NanoDrop 2000 X 2 DNA #8472
R Bovie g . 2hBEVPAL S, SR FHA Barcode J¥ 4111751
¥ F-TAReuk454FWD1/R-TAReukREV3P%f EL 4% 4
Y V4 @A IXHEST PCR 714, i =y &alifk 55
i, RAFREER IR G, AT SO, IFRIE L
T AV ERHA PR A #E Tllumina MiSeq
(= by AL P58

JE R B S A QIIME2 4y e, i ad
DADA2 ffi i A7 it 5 LM b B, R4 & i (-
1T P 5 A8 IR (ASVs) . 3T PR2 U4 J%E (Protist
Ribosomal Reference Database, version 4.5)%] ASV
AT IR IR, k2B BB T X S, M
EYRBED IR ER . SR HY) . FHEAY X,
CLEETT R R S W SR IR AR AR S RE , AR U Ty
Frv s A ASV 428K, S BE A g2k

PR R R AR AR R T T BRI R P
AR IR AR IEIIRERE, ARG AERD)
[ZEZ =
14 HEEITE5HH
KB & 7 22531 (One-way ANOVA)IEAT4E

FHRI, 08 FHRBH (Duncan) 35 5 46 56122 4] WA [w] ik
P24 5 0 B E M, B KRN P<0.05, BEHT R
HH “vegan” A1 “picante” HLITHEF ALY o
ZREPMEFE % (Shannon $840); i i FT Bray-Curtis
BN F BRI HT(PCoA) T BETE 25/ 22 57, IFA
Bl “vegan” AL AU ARIE S T (ANOSIM)AS: 4 4H 8] 22
SR EEAKE . T RIGF T “tidyverse” X iR
Az AR W 1T KT B R AT R R 3R R R AR, Ol A

“ggplot2” FLIEIK . K Pearson AHIEr A 56 I A=
AW E SRS R A S I R (R A AR DG E |
i “GGally” A2zl A HT R FEE . SR FH i fe /s
TR BRARRIRY(PLS-PM)X] R IESALPE T . & TR A AR
WD RESSHEA R R A A RS o ZREEZ
RISCR AT, dd HZE( 000 YA Q)RR
12 ZBORPEE 2B R, FIFPLA DG B R Arxd
PRI () R PR T BE A T VA o B8l T Ak Ak BRI T
R(v4.0.3)5¢ 1, K4 1E Adobe Illustrator &4
LT

2 HEREHWH

2.1 TEEEMR

22 ]|, 5 CKAHEL, CM. CS #il CL 4b3
-3¢ pH 4351 2 2 4R 5 0.5.0.3 A1 0.4 4~ H37(P<0.05);5
EC . #HE . 22 &EW0 8 EREIK 12.3%.
31.2%.32.4%,4.3% . 11.4% . 11.5% F1 10.8%.12.7%.
10.9% (P<0.05), CM Fl1 CS AbF 3 &4 H1 A H4s
CK 43 B Z 3 4.1% Fl1 12.0%(P<0.05), 1 CL 4b
PN 52 AR, FRIRN 6.7%(P<0.05). 5 CK AL,
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Table 2 Soil physicochemical properties

Qb3 pH EC(uS/cm) A (g/em’) AP (g/kg) 2% (g/ke) H R (mg/kg) B (mg/kg)
CK 7.6+0.02d 186.6+3.45a 1.5+£0.02a 33.8+2.33a 3.1+0.12a 260.7+31.31a 611.2+£8.27¢
NC 7.6+£0.01d 193.5+6.55a 1.4+0.02b 29.2+0.44b 2.9+0.18ab 242.0+23.52a 486.0+£13.62¢
CM 8.1+0.04a 163.7+4.15b 1.4+0.01b 30.8+1.03ab 2.8+0.16b 250.5+37.01a 636.1+11.17b
CS 7.9+0.04c¢ 128.3+0.10¢ 1.3+£0.01¢c 30.6+1.47ab 2.7+0.12b 221.0+24.89a 684.2+8.58a
CL 8.0+0.03b 126.2+3.40¢ 1.3+0.03¢c 30.7£1.89ab 2.8+0.18b 231.7+£22.26a 570.3+10.79d

22 [FAEEYEEEHMNSEN

XF 4% EHEREA UEATY TIN5 R HAAEY)
18S rRNA 1 1 884 492 5J751], LAy 7885 14"
BP9 AR R (ASVs), BIBRAEY) | J5 A 8 M L 45
HAEAZA N ASVs J, ALY 4 407 4
ASVs, HEREYE ASVs Y 55.9%. i “HIBE”
FRRGRNGY, AT BB (Amoebozoa) i AH X 4 B
K, AR A YBRER 46.9%; HKJE SAR H#E
A AR [ HUBB F¥ (Rhizaria) . 80 HUB B (Alveolata) Fll
AN S5 B A= W) 8 BE (Stramenopiles) , 5 E 4 0
20.7%. 14.6% F19.8% (& 1),

Amoebozoa
Rhizaria
Alveolata
Stramenopiles
Opisthokonta
Hacrobia
Excavata
Archaeplastida

unclassified

0 10 20 30 40 50 60
FAXT (%)
El1 TRIREHREEEYBHMENEE

Fig. 1 Proportional abundances of soil protistan supergroups

A [] b B - 8 Ji A= AR AR AT 28 R BOHA ) (&
2A), Hr, rf R (Lobosa) i FEISHE, Y
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IV [](Conosa), H.[>TEHL[J(Centroheliozoa). £FFH
I"J(Ciliophora) }2 431 ] (Chlorophyta) He il 45 7 , -
PIRXTEE R 4%~14% , FE[ml R a3 s AR A=
DL o XTI B A A YA F B HEA AT 20
ST HEAT G b, AR R HE R T
(Conosa) . £k ](Chlorophyta) I}z # ] (Cryptophyta)
b PR AAAE 25 52 (B 2B) . A HUIEHE T EEFEARS , 4
SRV ] (Conosa) X 3= B 8 (AR iy, Hiip NC A1 CS

AbBREE CK A3l 3 5 60.7% il 67.5%(P<0.05).
FEA MU &= R SEA5F T, 5 NC 4#AELE, CM
F1 CS Ab P& ] (Chlorophyta)AH X} 3 B 44 B2 A4
e, Hrp CS AP E AR T 41.0%(P<0.05). 5 NC
AEFEAR L, RARBE(CM ., CS. CL)¥JFEME T FasEl ]
(Cryptophyta) A %t S B, Jorf CM Ab 3 & 2% A%
34.5%(P<0.05).

& 3A AJ1, CS A1 CL AbFi4E CK AbBH i 2%
P 7B R AW Shannon 5 %%(P<0.05), 425 iR
JEO N 26.1% 1 22.9%, % BH 3 PR 4] o 7y 3 (CS
A B A 55 PR GL(CL AR B & TR AR o &
FetE . JEF Bray-Curtis 25 XA [ 4b P15 A A= 9
VR 45117 PCoA 7315 ANOSIM 4 [H] 2 5546
5, S5 RERH(E 3B), #5 4B 38 5 A A W R VR 4
TG 25 2 5, UL TGS 2 A7 MLIE Dok £ 340 2 7 I 2
Tt Aol S DR A 40 24 A o - 9 i A A g A R 9
P 7= A i 2 R
23 TEFEEAVETERAERTH

3 T IR A A YRR A T RE AL AR R
1ol TERTA LT, SRS 59.1%~
65.0%, WFRAIF AW 4.8%~8.3%, 2 ERIGA
AV 3.1%~4.4%., EFEAIEKMAET, MKT
NC 4bB, FAEIR/EYI(CM, CS. CL Zb#f)4E e
e A AR R YRR R E R (IR 3.9%~10.0%); P&
TROGTR LSRR A AR BE (B 7.2%~42.2%), Hihr,
CS Ab IR W%, R 42.2%(P<0.05),
24 TEFEEEYINGEERBES TIEBEAEREMN

E

- B A AR W T RS A RN - A T A A G
PR T (B 4A)RM, 2 B & 8 AR A=)
FEXT = B 2 [ A7 7 B 3 IEAH G K R (P<0.05); YRl
JE A= A= AR o B S OB | A LT 2 R
AR, Horp, 5O 2 ] A i 5 3 67 AR DG G
ZA(r=-0.597, P=0.000 55), 5IEAHLEZ H]A
FERMILR(=-0374, P=0.037)(l 4B).

http://soils.issas.ac.cn



54

JEI B . BURAE R A HUAC X 500t -3 s A= A= M R 114 5 )

843

(A) 100

75

ARRT (%)
L]
Ml

25

CM
b

CK NC

HE AL E ] Conosa
12.5

10.0
10.0 -
8.0

7.5

6.0

ARRT F-HE (%)

5.0 4.0

20 -

2.5

CS

CL

) £33 JChlorophyta

) o

ab

1

Il 2 T Lobosa
B #£ /2 i ]Cercozoa
[ 4t ]Conosa
.07 HL ] Centroheliozoa
£ W[ ]Ciliophora
[ Z¥E0 IChlorophyta
[ TiA T Apicomplexa
[ ##17Ochrophyta
I Amorphea
[ MZ5E ] Labyrinthulomycota
UKV A Discoba
S #iE W] Breviatea
| 45UHEE H TChoanoflagellata
[ 4:# 1Chrysophyta
I {1 Ichthyosporea
Il FUAERIE ] Aphelidea
B 14 ] Perkinsozoa
B Pl I Cryptophyta
[ 7:#0 IBacillariophyta
Bikosea
others

_ B0 Cryptophyta

a
°

0.10

0.05

¢, &

0.00

°
®
1

L&
sl

FES &
Ab3

o FES &>

s}

(A TR B LU E R E AU B U R REE AT T 0 AE X S A8l . 18] B /NG SRR [l 678 AR BETE] 22 535K P<0.05 3%
K5 R LSRN b 503 0 3R 5 — 1 R QD ANER = U4 (i (Q3), AR AR T k. T [Fl)

B2 TEREEVRFEVKTEDMERRME THEMFEEETN
Fig. 2 Phylum-level taxonomic composition and variations in relative abundance of dominant phyla within soil protist communities
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Fig. 3 Alpha and beta diversities of soil protists communities under different treatments
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Table 3 Relative abundances of different functional groups in soil protist communities
JFAEA YT RE CK NC CM cs CL
Fadacei 3.1£1.1a 3.9+1.5a 3.4+1.1a 4.4+2.1a 3.4+0.8a
IR 5.3+1.7ab 8.3+1.3a 5.5+2.1ab 4.842.3b 7.7+2.0ab
HWER 63.5+9.5a 59.1+8.4a 61.4+3.3a 65.0+7.7a 63.4+7.5a
W BE DSE I 2 AR EZE RN (n=3); FATEIR /NG AN W 3 Ab B ) 25 573k P<0.05 7K,
(A) Phototrophs Phagotrophs Parasites pH EC SOM BD AP AK TN
15 = ol
“5’ j- -0.013 0.261 —0.091 0.114 -0.374° -0.109 -0.132 -0.597"" 0.110 g
o "
08- @ o
) ® . g
o _,g”‘ ° A 0365 0.078 -0.210 -0.030 -0.099 -0.230 0.207 -0.104 %
0.5 o e %
0.07 =
0.06 = o
0.05 = — —| — — — §
o a‘ &eo :9‘“ ‘ 0.074 0.158 0.312 0.315 0.247 0.059 0.079 :
0.02
81 @ . 3
xu .
.'& " L) n —0.681"" 0273 —0.642"" -0.230 0.450° —0.664" &
7a- -..~ ek @® o0 Pen @
- 0'04' "l‘ . l .o' > & . .
100 @ Q » 0.163 0.807 0.517 -0.531 0.635 =
:;:i;-.n-o. oo- o.cooo [
36 = .
;’k '. i 1{ , ? L 0493" 0458’ 0352 0529 8
"N&. . fhs-% UMY 2L
L J L J
15- ... @ .. & - o
e ..r ’ ” 3 e & % 0.599 -0.300 0.741 g
Hladt £ - et e e
270 e . ; L [ ) - ; [ ]
40 @ ° t 0. ] P %
oy ’cﬁ? “; ' {6 - ! o % M f. 0126 0.675
"’“& ® g0 @ - [ X ° @9
650
- a‘ oo 'ho. ? o G -‘5'.0'“ oo 2q P ‘ 0268 %
w- . oOemm @ .o‘ o % & l. ®Sae
32- X J [ ]
30- ﬁo o§ % °‘& o s O [ ‘ =)
e v.v M} 7 ..d’. - Lii

0.04 \)\)( \)\)x 0. m 05 0.6 (77 nx\)uzummm 00%()0(007 7{ 77 78 7)50&1 120 140 160 180 200 30 32 34

' ' '
1( 13 14 15 16 210 240 270

(B) I [ L ]
#=—0.597, P=0.00055 r=—0374, P=0.037
J&( 010 [ e ﬁ( o M . .
i 0091 . .
= s .
Z 008 =
Z Z
< <=
g 006} g00er
g0 £
2 2
= 0.04 = o03 |

600 650
AK(mg/kg)

500 550

<0(7 550 600 650 700 26 28 3.0 32

30 32

SOM(g/kg)

34 36

(B A N R A Y h REE LS B E B AY AR SEPEAR M I 5 =71 B Pearson MG ZR B, * %% I ¢+ S35 R A 6L P<0.05
P<0.01 F1 P<0.001 .35 /KF5 T = N4 Xt RS B X280 #7408 1 1A% % B8 43 A B (SR B 7 X)L e s AR U,

YRR

A A Y FE B B R A A W (Phagotrophs) . J6FR A Az ) (Phototrophs ) Fl 27 A= 4 JF A A W) (Parasites), 1

FRALPE RS pH. B S R(EC), HHEAHLT(SOM), ZFH(BD), AXMBE(AP)., HAUM(AK)., £F(TN). & B Atseilsid 445 + 1
BRALPE B A RIE T 8 B KRR 95% EIE IX[A])
B4 TIEFEEEMIGELRES TIEBAMERBIEXY

Fig. 4 Correlations between soil protist functional groups and soil physicochemical properties
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