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(TP) U (AP) FIEALER (AK) WY& B 4 5 ; @5 MO b FRAH He, S AR AL #2540 o T B AR A WA e M2 O B
FUUE T IR S5, Jer R TP pH AP TN SOM I AK S J5UA: A W v S5 A0 78 Al B o 20K 5 [ 7 ; R AR BE 2 5 4 i 17
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Impacts of manure application on interaction between protists community and

microorganisms in red soil

ZENG Zhaoyang'* ,LUAN Lu',XUE Jingrong' ,SUN Bo',JIANG Yuji" "
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2 University of Chinese Academy of Sciences, Betjing 100049, China

Abstract: The purpose of this study was to investigate the protist community and soil microbial carbon metabolism with pig
manure application in the dryland red soil of south China. The long-term field experiment was conducted in maize mono-
cropping system at the National Agro-Ecosystem Observation and Research Station in Yingtan, Jiangxi Province. Four
treatments included no manure (MO) , low manure (M1) , high manure (M2) , and high manure with lime addition (M3).
The high-throughput sequencing of 18S rRNA gene was used to explore the diversity and structure of soil protist community,
and to estimate the effect of protists-microorganisms interaction on microbial carbon metabolism and maize yield. Our results
showed that soil chemical properties significantly varied under the four fertilization treatments. Soil pH, soil organic matter
(SOM) , total nitrogen (TN) , total phosphorus (TP) , available phosphorus ( AP) , and available potassium ( AK) were
significantly increased under manure treatments. Compared with MO treatment, manure treatments (M1, M2, and M3)
significantly enhanced the biomass and diversity of protist, and remarkably modified the protist community structure. The
protist community composition was mainly affected by soil TP, pH, AP, TN, SOM, and AK. Manure application

significantly improved the bacterial and fungal biomasses, and consequently promoted microbial carbon metabolism indicated
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by the values of average well color development ( AWCD). Structural equation modelling indicated that soil pH and AP
could indirectly increase microbial carbon metabolism and maize yield through regulating the diversity and structure of
protist community. Taken together, we provide the scientific basis for promoting the microbial diversity in the dryland red

soil, and maintaining soil health and ecosystem service functioning.

Key Words: protist; diversity; community structure; microbial carbon metabolism; manure; maize yield

JEAE A YRR T A A S SN SR A SO AR ) AR S Iz A A O R R T R
g A E N AR TR RS R G I RE AT I A AR A D3R AU A AR AR A A Y R
R LA R G R R A A Y R SR AE A 10% e TR A R B3 L
BRI BRI AR [ A 2 R T AN R R BT 1 R T PR R ROE T A R
FLA R S50 S T Rg , JE 0 1A S RGN SR IR RE R 3h -, SRR Al e v 2 e £
S DL AL, B0 2 R B BRI R b7 AT (2 78 AR ok 8 25 90 4 i) A ISR
FR X RS P BURR A A R R RO (LRI R ¥ DG B A RAERAE A TEA S R
Girp AR 2R E EMVE (B0 AR AR AR D T A R SRR AR . R, A TS R TE
Mo SRR I AR AR XA A R AT AT TRR AR ST

A HUIE AR 2 BN | SEBUAO A BR A JR DR F L R R R 22 R A Ay
— R EKE ERF SR 272, T EEIEDE S A B SRR ERTR,
PR A DA UHEORE P T 52 et g R L 9 A4 9y T R P , S B BT U AR A0 B A T, JHG v 22 3 T e
TR HLAE it A HLAE AT LA 2508 20 fh B 1 bt o, A A PR o it I A HES T R 1) 2R 35675
Pt B it FEARAE AT EG A LA B R4 o - 30 7 | LT L AR A 0 (B N 2 R, O 2 s
A RS A D R REVE 2 ) A RS SR T R 3 T DA e b AR BEL A R R AL,
T 1A B M A RO i (2 T SRR ANV R R AR T RS A DL RIR S TR
el [T PE IS LR W b A i 2R A SR R E R R A S R G
IR AL AWE R 7 e 436 28 G T A P, B2 s e D A AR T R 0 vl SR AR AR AR 0 B ARG 1,
I ST S R BRI INVIER Y L BT, A AT R 2 R AR AR AL X E SRR M s 6
TR LW REVE AL, LR A -5 A 0 AT B A s A QOB A 0 7= 14 S R AL ) e A7 41

S ML S B 1 R T Y SR S I A AR AL g SR PO AL M D REIR AL A B R, 2 T
FHERR AU P REA AR TE 2 o ST 1A 2R B 8 b it FIE 5 At 190 o 17, A 90 A1 T B A it P AT HLAIES 75 5%
IR A AR AN BEAIR DL o AR, e I B AN I S8 R D A A Bl R S S, DT T AR
BRGENRAE A ZREERBER SR TR 2L AR FEE %) 3 16 g 07 S0 R 21 3 ARAT T [E R
e T8 A 25 S B il B AT ML A IO o o s, 3 5 e il P R TRAIE Y : (DR [ A A BT 385
PR W) ZREVE R E TS L MU AIE 5 I AR A WA A P X 2 e A QO TG PR S e BIL R IF 4 2R A fd e 41
HES R GEIIRERE N, IR BB L AR (It T B2 KT

1 #RERHE

1.1 5 XA

P [ 300 5 3R 35 TV VG 48 JEE Tl vp [ R e £ 3 A S 5236 38 (116°55 'E,28°13 'N) , iZik e X & T
PRI B 2 XU, AR 17.8°C |, AR K i 1795 mm, TFEI 262 d, 8 HIE M ML A+ R B
R & 2kt EeRER e, A VLTS AL, AR SR 20 . KRR LI (0—20 em) AL R - pH
4.9, A ML 6.0 g/kg, 22K 0.29 g/kg, B 20 mg/ kg, HALHH 48.45 mg/kg,
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1.2 Rt

B 2T A WL DK IR B T 2002 4F 48 12 MR /NX (2 m x 2 m) 430 4 DAL B, DA
HE(MO) ; QALK FE(M1,150 kg Nhm™ a™') ; @R (M2,600 kg Nhm ™ a™') ; @R 3+ K (M3,600
kg Nhm™ a™' +£7JK 3000 kg hm™>(3a) "), /NXPIFHIEAZE K, SR 75 24, FAd 2 B R 50000 #&/hm’,
FEFEAEREF R — IR PEE A, 53R ZE L —E B A, IR IAER . pH 7.7, 20k 306.6 ¢/kg, 4>
20.2 ¢/kg, A 32.7 g/kg, &4 14.1 g/kg,
1.3 FEACREES RS T

£ 2020 4F 7 H ERWGRHET, B4/ DX F IR S BURFELRAE 10 4> L8519 R)Z L 58(0—20 em) IR SR K
SSORAEST ZIHE M SEB0 % A BR300y, 1 0y FLAR KT B i - 3 SEAR BAR 4 55 1 A PR A7 7 -80°C
UKAE , T BRI 3 BE K 20 DNA | 1 A3 PRAFAE 4°C vKA , F 700 5E WA B 7 2 ( Phospholipid fatty acids, PLFAs)
FEA: P A s P, — R N e

AR A O 5 S B RO AR A BT i) 20, L pH SR TR AL TR E , 13 HLST(SOM)
K FH B TR A -2 VA DU A, 2 0 (TN SR LG 00 5, 4l (‘TP ) SR B TR A 0 3ok ) 2, 4
(TK) >R A AL AN Al DU 2, A3 800 (AP ) SR FHBR R S IR S2— A BA BT L (0 2 | KR (AK) SR 2R
B2 — JIEOGEETEIE . FORFPRL T TR BB R BFFRL T 105°C AT, 65CHE T 5 TR A/ NX Y

FK
1.4 L3RR A W) ol Y
FREL 0.5 ¢ +3ERES:, K Fast DNA®  SPIN Kit for Soil 7] £ ( MP Biomedicals, 35 [H ) 2 B £ 15 A 5

R ELAA Ty i A0 BR 2 S L DR 20 DNA L I 119 Sa¢ I A 68 e Fbs Dk Az D00 it 2 1) B2 AT 2H DNA, T 514
TAReuk454FWD1(5'-CCAGCASCYGCGGTAATTCC -3") #1 TAReukREV3 (5'-ACTTTCGTTCTTGATYRA -3') %}
JFE ) 188 TRNA (9 VA IXEATY 57 i3 Hlumina -6 2547 @58 005 I 75006 © 4258 & NCBI %04
JFH (PRINA623238) .

X ARAS B9 UG P B R4 T B R i % |, 32 F QIIME2 ( Quantitative Insights into Microbial Ecology Version 2) Jiif2
A4 S i Usearch P 51 HR 97 % AR LU X 17 51 1047 SR 28I L Bt A 1A 1 2K R & Rl 43 S R
6] /1) 43 25 $8 /PR T ( operational taxonomic units, OTUs ) , AR 95 JFU A= A= 9 4% MK = 25 K045 %2 ( Protist Ribosomal
Reference database , PR2, https://app.pr2-primers. org/ ) Xf J5 4= A= ¥ i v] #2443 25 B0 ( Operational taxonomic
units, OTUs ) AT H)Fh 432573 ¢, 7€ phylum ([7]) \class(2X) Lorder( H) family (F}) . genus (J& ) F1 species ( #')
K- EGETH A FEA R AL, 75 BN FAE AR Y OTUs J3 28 K- Eidi 2%, A AR A vy 3 15 D -~ F- 41T 82 2 40009
57, Hb R A R ) 10692 455 81, AR AR Xiong 45" B J5 U5 5 £1 % ] ( Rhodophyta ) , % JE H 4
(Streptophyta) , 5 2E Z¥) (Metazoa) | ELTH ( Fungi ) FIBSHIZSIE 2 MRGIER IS | #4454 FE 5 7 91 SR BGHEA TR0 J5
WHISAEAY) alpha ZFEME 4 BT RBAE + 45 AE A W R 43 S AR W B Sl 3R A0 2 A BRI A A R ¥
AR LA AR ) S RE A ARDOE F BE DLIZZERE Y e 9 B0 T AR AR 1 S 51U HE DR
1.5 TIERAY AP

+3 PLFA (i€ 3% Frostegard 25 {074k . FRER 2 g(FH 2440 ) ff L RES  FHBRRRED 005 A1 P BE g
PR PRI, TERE IO By B WRAR . RE S 2 B TP s o0 A, B A OB T R PP I I ARG TR 19:0 S AR, 28
Je il S AH 235 12 ( Hewlett-Packard , Wilmington, DE ) #E47 %€, F MIDI Sherlock 4= 9% 5 2 5t ( Version
4.5)%F PLFA #EF72%5E . FIF PLFA ARicik ot di i B b A AL g i A i
1.6 LIEfA: My

HH Biolog-ECO #& ( 3% [E Biolog 2\ vl ) W 2& Y %% L B €4 °F- ¥4 2% fk % ( Average well color development,
AWCD) , DA R R G Wy vE w B — B IR A A T RE 0, BVRAE W A RE T o U5 g B fif 098 (T8 2 5 ) iR
JnE] 45 mL JCE 1 0.85% (w/v) AEBRER K H, LL 90 rpm [ E E % 30 min, §E 2 h, ¥ 1 mL _LiHHRHLE
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VAR A 20 mL, B 200 WL IRAETFFIANA Biolog-ECO Mg AENFLAT, H52E SHUME A 25°C R 7 d,
TV 1] FH 2% F D el 2% A A0 Gt (%) 340 D SR i , Bl 35 i 2 0 X IS 0 R R AR A L A TE B 28 22 65, 5
24 hili il sE 590 nm 4b G E OD,, K35 AWCD f, e KX FE R 3555 96 h ) AWCD B HEAT 70 07,
AWCD WA
AWCD = Y (C, - R)/31

K CORE i AL 590 nm T IMEAE s R i Xf AL IO
1.7 Hdlasb e

FIH SPSS 23.0 AT HARIE 7 24387 (one-way ANOVA) |, 7 /R £ ( Pearson ) A 5ME70#1, Fl &2 & L&k H
LSD ¥ (MK HR P=0.05) . FIFH R KA1 (version 3.6.2) A A 4442 ( vegan , stats Fil randomForest )
HEAT HL R AH 5& 73 BT ( canonical correlation analysis, CCA ) FIF L #8 AR AT, 315 5 A= A W) BE 75 3 & 48 4K
(Chaol \ACE) %ﬂ%ﬁgﬁé‘ﬁ?gﬁ( Shannon-Wienner #ll Simpson) ’ %*ﬁigﬁﬁiﬁi%ﬁggﬂﬁi s ﬁﬁﬁi% %;J_\'
K55 (Mantel test) , 38 33 Fifi AL AR PRSI 5 12 {2552 M) AWCD {ELRY 3 R FAE P R, 78 AMOS 24.0 B4
2548 J7 AR (structural equation modelling, SEM) |, 7341 13584k 274 S50 F0 5 A= A= 0 9 X st A= Py e A
PR, A Origin 9.0 3K {F2 K,

2 HREHSH

2.1 N[ it A Ak BT A A2 1 o R K 7 R S )

it A AILIE 235 52 e 1 S 2D A P B T oK™ /(R 1) o 5 MO ZLFRAH G, M1 AbFE T 35 pH FHi5
% 4.69,M2 Fl M3 ZbFEF 5% pH 20 9 T = 6.08 1 6.56, 5 MO A0 AH H 5 AE A AE A FE (M1, M2 Al
M3) 34k 3 T 4 SOM TN Al TP £ 12 ( P<0.05) , ifif =y ARAL BE (M2 A1 M3) i 38 i 1+ 48 AP Fl AK 75
1 (P<0.05) , Hirf M2 4bFEF SOM 2t b MO Fil M1 2050 B TF T 2.74 4% H11.58 4%, M2 LB TN F1 TP %
FEOM1 MO 23Ry 2.95 {51 7.15 45,0 M1 ARFRAY 1.76 f5H1 2.28 £, M3 ALFEF TN F1 TP & 4351k MO
AEBRAY 2.75 £5H01 6.82 1%, M1 ALEEfR) 1.64 F5F0 2.20 5, it FHA FUIE &3 #2175 oK™=, Hidp M2 # M3
Ab P K RGNl 3

®1 TEBRELEFHETHORLFERMERTE

Table 1 Soil chemical properties and maize yield under different fertilization treatments

e AL 2R g el HA HAH FE
Treatments pH SOM/ TN/ TP/ TK/ AP/ AK/ Yield
(g/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (kg/hm?)
MO 4.45£0.02d  8.97+0.77¢  0.55+0.08c 0.29+0.02¢c  12.11+0.27a  4.3+0.87c 87.3+9.47b  406.1x27.54c
M1 4.69£0.07¢c  15.56=1.01b  0.92=0.11b  0.90+0.13b  11.95x0.44a  90.9+4.63b 93.1x3.79b  4316.0+353.9b
M2 6.08+0.06b  24.61x2.99a 1.62£0.12a  2.05£0.03a  11.74x0.47a  467.3£20.93a  140.7+0.47a  8734.7+532.6a
M3 6.56+0.03a  23.74£3.40a 1.51£0.14a 1.98£0.14a  11.63£0.14a  486.5£14.00a  142.4+8.5a  8342.8+175.9a

MO A JE M1 ARG 2, M2, %%@ﬁ,M3%§%§+ER,pHi$M@ﬁEF soil acidity;SOM:j:%ﬁmE& soil organic matter; TN ; 2% soil
nitrogen ; TP ; 2= total phosphorus; TK ; =8 total potassium; AP ; HEZL#E available phosphorus; AK ; S AT available potassium ; [i]— %1 H A [a] /NG 5
BERRANRIAL B 2 0] 22 5 b 3 (P<0.05) , R AU o I E £ bR ifiziR

2.2 RI[AIEAE AL BEXT - 45 A A W S E A i | DA SBRAR I A 5 )

JENEAL BT 355G A0 T A R LR PLFA 5 8 (P<0.05, 18] 1) AR A E R PLFA & 81478 M2 403
TR, A3 25.7 nmol/g A 11.8 nmol/g, Hid M2 A1 M3 AbBE R 4B A9 PLFA 25 540 31k MO Zb B 7.17
50 6.22 %, M1 LB 1.64 £5701 1.43 £i5, M2 F1 M3 ZbF R BB PLFA 2805148 MO ZbFRAY 5.13 £5 71
4.79 £, M1 Ab3EAY 1.84 F5H1 1.72 £, MENEALFE T, R R A A Y PLFA & i 3 TR R M3 ~
M2>M1>MO, Hirt M1 M2 M3 ZbFR R A A0 PLEA i 45910k MO AbBE T 1 3.8 15 .6.6 f%H1 7.3 £, M2
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1 M3 AR JE A W) PLFA & 40500 M1 AEFR R AY 1.7 £5F0 1.9 £%, 5 MO AbPRAH LL, JE A BT
AWCD {55 238, = M2 Zb38 AWCD B 4350 MO, M1 Fil M3 ZbFRf% 7.18 4% ,1.55 %51 1.48 1%
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E1 AREEELETHRAE AEREEYEMEN AWCD &
Fig.1 The PLFAs from the bacterial, fungi and protist communities and AWCD values under different fertilization treatments
MO ANTAE . M1 AR5 2 M2 i i 28 M3 SR8 35+ 40 K ; AWCD ; B L (6 F- Y928 1 K average well color development ; [f]—ZH B ] B A
[l INE SRR AN R Ak B i 22 57 4 3 ( P<0.05) IR 22 R AR LR

2.3 NI it AE Ak BT 8 AR A ) 2 A RV 5 A P 5 )

it A AL BRI S B T R AR Y alpha 28R (P<0.05, 8 2) , M1 M2 AT M3 AbHE R JE A AW
Chaol Fll ACE #5%0 % 3 5T MO AbBH( P<0.05) , Jiti Al 2 3 v 17 3 5 A A= 7 Y Shannon F5%( P<0.05) ,
Horp M1 AT M2 AZbFRF Shannon $8000. 3% & F M3 A0 #E (P<0.05) , 7£ M2 AL R JF A= A= ) Simpson 8 0%
F e (P<0.05) ,

DA A W 0 P $5TT Sk e JE 1] ( Conosa ) | IF A2 B JE HLU T ( Lobosa ) I 22 & HL ( Cercozoa ) 4% 3 ']
( Chlorophyta) , &I TAYARR = B Y5 Bl 43 1) 02 21.7%—27.3% 12.0%—32.6% 13.1%—22.8% H 4.4%—27.0%
(B 3) . AFEAEBEA 705 5 A A= 1 (R AR = B B 5 (68.6%—90.3% ) , HoRk O F #5784 (5.6%—30.5% ) , AF
HEAL(0.3%—1.1%) F1JE A (0.6%—3.0%) , Jits AE AL FE T, J5 A A= W) v 22 & ML ((Cercozoa ) Fll % 3 ]
( Chlorophyta ) FYAHXT=F B i 2 P 1N ( P<0.05) , Z2JE U Lobosa [ JAHXT 3= B i 25 F+ 55 (P<0.05) . PO RIIREZE
FEvh B MR A AR e M2 T M3 ARBTG5 (P<0.05) , M1 M2 il M3 b B35 g FRAIK 5%
T T AR A W AR =E B (P<0.05) .
2.4 BIEFAEY ZREERBEE S5 H S BT R T IR R

CCA 43HT FH K 56 38 P 7 X JRUAE A W BEVE 25 A RS2, S5 SR 3RH , EABAR 1(CCAL) MIZEARFR 2( CCA2)
SRS T AR 1Y 55.7%H 16.7% , ARt AEAL 3R 2 [] 1 358 [ AF A= Wi I S5 A A 7E 0 35 25 55 (KT 4, P<0.05)
43 TP(R=0.79,P<0.001) .pH(R=0.64,P<0.001) AP (R=0.63,P<0.001) .TN(R=0.64,P<0.001) .SOM (R =
0.59,P<0.001) F1 AK(R=0.57,P<0.001) ¥%} s A=A YA 45 A B (&1 4) .
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Fig.2 Alpha diversity indexes of the protist community under different fertilization treatments
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Fig.3 Relative abundance of the protist dominant phyla and four functional groups
Breviatea; fif 1] ; Conosa ; #E /£ W.[ ] ; Lobosa ; " 2 A8 JE H4 [T ; Chlorophyta : £% 3 | ] ; Cercozoa: 22 /& HU[] ; Ochrophyta : £ [ ] ; Stramenopiles_X : AN
S5 M2 Phagotrophs : & BEAL AL £ ) ; Phototrophs : F FRA G £ 4 s Parasites . 2725 7 A 42 ) 5 Saprotrophs - J8 A5 A1 A 74 49

FOORFRAIKNE AT R WKL S) AR AR Z AR AR R & FE 4885 SOM (r=0.63—0.71, P<0.05) TN
(r=0.59—0.68, P<0.05) F1 TP (r=0.57—0.65, P<0.05) ] . Z IEAIK, 3% AP & #{U5 Simpson f55 5 &
EAX(r=0.60, P<0.05) .
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Fig.4 Canonical correlation analysis ( CCA) and mantel test of the protist community and soil chemical properties
SOM : +3EA HLIR soil organic matter; TN : 424 soil nitrogen ; TP ; 4> total phosphorus; TK : 4=#]' total potassium; AP ; # % available phosphorus;
AK B4 available potassium; * # * 7R P<0.001

2.5 IR JREAEEWIRE R Y AR Y A A PR OC R

AN M B | 398 A= 4= ) Shannon F8ECRIRE VS 25 H 54078 (r=0.82, P<0.01 F1r=0.98, P<0.001)
MEFE YR (r=0.74, P<0.01 F1r=0.97, P<0.001) & F A, FF MR | JE A= A0 27 A R0 A A= ) i A T
JEE 5 200 R R A A B IR A DG (P<0.01) |, 6 SR TR I A AR 0 1 A X = B -5 200 1 R L R A ) A S S A
FHE(P<0.001) (E5) . FEHLARMRAST BT ZE R FIA 52 m AWCD {6 /) 3228 384 & AP (9.56%,P<0.01),
pH(9.53% ,P<0.05) Fil TP (5.33% ,P<0.05) ; EEAY R F A E Y i (13.94% ,P<0.01) , Ji A AE Y A it
(12.95% ,P<0.01) FIHEE L8 (7.94% , P<0.01) , LU Ko A g 8 Ji A= £ 9 (10.69% , P<0.01) (K1 6) . 5200 £ oK
Fei i 3R F A pH(10.63% ,P<0.01) ,AP(9.15% ,P<0.01) ,AK(8.29% ,P<0.05) ,TP (6.16% ,P<0.05) Fl
TN(2.97% ,P<0.05) ; A= T A E A=Y (14.77% ,P < 0.01)  J5 2B A9 R i (12.15% ,P < 0.01) £k
P (6.74% ,P<0.05) FIFEIE 454 (6.01% ,P < 0.05) , LA R FFWE R A A0 (11.31% , P<0.01) X K F= Al =
AW (E 6)  S5H T BRI BT I 25 R, 358 pH A1 AP XA i AT (AWCD (B ) 2B B
BN (r=0.15,P<0.001 F1 r=0.52,P < 0.001) , JEA A=Y A5y ik R s T8 Ji A A AR ke 3 8 30 e 35 i 24 1 2
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