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ABSTRACT

Background & Aims: Protists are widely distributed in soil and throughout different habitats with high abundance and
diversity. They play important roles in nutrient cycling and the energy flow of ecosystems, as well as maintaining soil
and plant health. Compared with other microorganisms and fauna in soil, protists have received little attention until
recently, and the study on their classification and molecular detection are largely challenged due to their complex
taxonomy systems and ecological types.

Progresses. This review systematically summarized and sorted out previous research on soil protists. The research
progress on the taxonomic systems of protists, properties of different trophic functional groups, the distribution pattern,
and the influencing factors of soil protists were summarized. Then the ecological functions of protistan communities in
participating in soil nutrient cycling and maintaining soil health were further highlighted. The main factors that drive the
construction of protistan community was clarified, and the prospect and application prospect were further put forward.
Prospects: The future perspectives and research efforts towards taxonomic classification, biodiversity, ecological
function, and applications of soil protists need to be explored.

Key words: protists; taxonomic group; ecological functions; food web; soil health

JZE AW (protists) IR BRI . HEMZ SN LS HARFZ A L E AR R, 2007; Geisen
M R AL R, AN gty BhE T AMANE et al, 2018). JRAEAEVIR RS A R HE NN

WSk 1 41: 2022-06-28; 452 [134]: 2022-08-30
FEETH: 5 e R 25 AR5 52000 H (2019QZKK0306; 2019QZKK0308)
* J@I/E# Author for correspondence. E-mail: zhanglm@rcees.ac.cn

https://www .biodiversity-science.net



DRORISEE: TIRF A AN 2 REE S AR S Th e FUidt e

IR E BB, AR R BRI, 2007; Geisen
et al, 2018). 18304, fll [ A=) A% BL/R K- Bl
Hr KE - S 4l B B 85 — IR 8 “protozoa” (A I 1E
“proto”fRE“WIUHI, BN, “zoa”fRFK“BHW")K
Fa AR N 25 6 B (ciliates) 55 AEH, BONERVILIME)
PRI, 2007). 18664F, 1l & A=) % 5K s - 15
TR R IR AR R W) i 44 R “protista”, BN LA
JR AR RS AE N IR A A, K 5 Y5
FHENYDFEIEAT X 53 (R4, 2007) 0 IARAN D 53255
A F A F “protista” Fl“protozoa”iX P > 1] 45 1L iR
AR, % H protists 8 1%, 1 protozoa Il FH
THRAEAETY.

JRAE AR, B SRS A B 5T
FEERIEKIAS R, ITSEET S TAEYEEA
IS, IR AE A2 5 A fE B AR S & Bl AR
Birp, BRE T, oK) KT S5 (Geisen et al,
2018). HEAfiit, FAEAEWRIYFEEN146 x 10°
~1.66 x 10°Fh, {H H A C %0 140 %0 X L4 75 4 Fi
(Moon-van der Staay et al, 2001; AdI et al, 2005; Not
et al, 2009; Geisen et al, 2018), K&EM 54D G
RN FT X JE A AR 7124 © A 3002 411
S, BT VAN ) B S R 5 R T,
K J& BIOLOG V-4« 1% i I 107 B2 (phospholipid
fatty acid analysis, PLFA). JiZ040 A S A A
B ARSI &= 7 5 R (high-throughput sequencing,

HTS)Z5 (Zelles, 1999; Stefanowicz, 2006; Geisen et al,

2017; 5 aE, 2021), BORARRE 7 XTI R A AV o
By ZHEME. ARHIE R AR DIREAE AR . A
AT AR R LR E A A S R AT T
MW, EET ALY T RRRNKE,
WER T 2EW AR LE W IR 21 50 6 A A e T 2 R e T
WA, S8 T IRAEEMEETRATH
DIREAE FH S AR BE I IR 55, 0 AR SR B 55 77 1) F1
N 13T TR .

JRAEEI R ARG — BRI, E5T%
Y115y 254k % . Butschlife 55— @37 5 A 501
IR RGHEZEN 23, HAT18894E i K IR AE B4
I NANBA TN, BPREN. TN, HEENFL
BNCRFDE, 2007). BEFHE XA A PIB ML R

(P3G hn, 19854, [ BRI ALY a2 20 )5 A 5)
YL 53 64N T], BIPYEHEET] Sks 1] T,
LTS RARTIRLR R, FFiE— 50 2814,
BAL TN RS MR LB o AR R R,
2007). MbjE, BEEX EALEVICESS . 5 FEYE
AL RN AR, 5 AR AR W) 5 SR 4 S AN
FR30Z AT (G B A [ TR B8 HURE T ]) 702
Ao Hor, SANESFR: (DRSS, iR 2
(1. #EEA], )45 QAT
REBED] S SRPET]. WREETTSE; Q)RR A, g
BT BPEE T4, GFILFEWT, mefFEd]. T
ST, AALRITEE; )i RIS, iR, 5
I TEE (R, 2007; Geisen et al, 2018). FTIEEAR
W38 hn (I DNA 7 FI AL BB A M E B, A
FERM THRCEEE R RG, EUCKIEAEEY)
XI5y iz FEDEERE . AN B dURRE.
AFLHGEHE . Hacrobiai#f . JGHEBEMHRE. K
JHAERE . AT HBHE . Ptk HUB R AR dE AT
Lt RAERE. b, NSRBI H TSR
M EA25,000%, ZAEDERE . FEi GBS AL
QUBTES A 10,0004 7, 42T JUBRE(2,400 ). [
T HUHE T (2,300 4% ) R i 6 28 0 B A (300 AR )
XD (Caron et al, 2017). REIZDR ARG H LT
H B T RAEAYIN RGN R, HHTIRZH
T ] fe 5] I A0 5 AN TR 77 R AL AN [A) A2 3% 77 X
JRAR AR RRE, AT B R B IR A A
L WS, WA RIRA R AN . KFH R
(actinophryds)&&(Caron et al, 2017), 30 1 R 4E4E
Yoy KRG IR IR B AR AR 7 R R G Kl
THATAEA W R EAIE IEH

JEAE AT AR TR £ 0y, B RS T
AAE FRRMEH R E T, LM AR,
AT 1HG AR M ik L s 1 3[R Rp A IR A8 H 48— 1R 90
bRt 5 A AR R K /N AT DA ke S K 21,
MV 22 40 B /D B BOK 22 At - B (microsporidia)
BIECKGERBALR, 2T mBRH
(Geisen et al, 2017, 2018). HANM LR H B KN ZE 7,
WA T Bt (amoeba) A 75 5 A= T, 1T Ak R AT IS
(radiolaria) 55 A3 U A 1) 41 Mg BE (R Tl B, 2007;
Geisen et al, 2018). MR #FIZ 5 T7 AR, Xl 54
W NAB T H A BRIZ 30 ) 59 B ARG R A
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Jn] L H Iz 3 1 HEE B (flagellate) 55 (42 il %
2007; Geisen et al, 2018).

JRAEAEIRE T2, BFEEFRA, A
B LA RO, ANRVE SRR R A AR E
BV i s A E RS ThRE M £ (Geisen et
al, 2018). A, GeisenF5:(2018)%: T JRA LM E
FERBG RN 7 N mm B R AR ADLE B IR A
JRAEAY) . Ho, R R AR AR IR A A
HHXRS, W AE T AN E ST — R
5 7% 77 g Y Ji 4E 2 W) (heterotrophic  phagotrophic
protists) 777 27 2E A i £ A2 ¥ (heterotrophic parasitic
protists) Al 57 7% J& A= Y JH 2E A ¥ (heterotrophic
saprophytic protists) = (1), H, FFEAFmRA)H
AEYEEAHER. AERMBLH =K,
B U 44 B SR 4R 40 i A AR R Y — 2R R A
Y, HMEEAMZEsh e, 2 R 4E i
&, HE TR YRR 5| 5 2040 K i N EAT R,
HH N1AMNFEECKEZ N2 (Mitchell, 2007). £F
B HUR ME—HUE B A2 5 R JE AR 3 ) (Foissner,
1998), FJE T Hi d iRt 2 & d 4R ESE T
BAHMWMERMROMZE TR Do), Ha4ER
B MNIPER N, FIE vizshds, 8 A
A B HEHE 51 20 H AN 18 47 B B E (Foissner, 1998;
Dunthorn et al, 2015). 28T HU& B A F %40 TR
AW, 22 B b SE 20 B N TR A 5T IR B0 T R I P
E A (1) PR 2 K 7% Bl A 3% LB Y0 (Smirnov et al,
2011)0 IR A AR A A F T A TS
AR AR P 3, 0 B AR A6 R A R R . FlT
TR R IR A AR Y R AR A A R, anfa A
¥ H(Cryptomycota) i 27 4 T J5 A= AR e L AR T
SN, tHa] 5] ARG (Corsaro et al, 2014).
J 7R JE AR B SR AR AR RN g R I AE I B B
B IS, 2 OV AR RS, W AT
KT A B AR ThRe, X - 5A LR 2 i
HA B EAEH (Neuhauser et al, 2014), thAb, —4k
WRETOCEGMEHRT), BB KA R
(Figueroa-Martinez et al, 2015). YA BHFMFEAEAE
Vs E RAE R, midOGE1EH & A At
HAMIETR, WREEE. BEE. SR, ¥EEsA
TS (R 1) (Zancan et al, 2006). RENEHHFE
J AR A AN SR AR AR I — /N Ay, AR AR Al T

AL B2 1400065 ER R B B R LR ALY
(Falkowski, 2002; Geisen et al, 2020; =5 741%%, 2021).

SR A AR EAR R KA T Tz 010, Hoaqm
PREZABER ZR WK s « W pHAE LA - 455 525
(IRZMAAb, 57 - 398 A 47 IR 25 v T AR ) 1) 1) e 4
M- eELEEEY. FAE EERm,
ERYN 1
2.1 IMEETF
211 k4>

LK R g A A 2R B R
AR R R R SRR R R . AE RV I, H3)R
RV RVE S EER TR S ERE
(Oliverio et al, 2020), X 54 R FA0HE VK
B pHAE 2K 2 Fr A4S [F] (Delgado-Baquerizo et al,
2018)o IR AMELS S A LW AIE T B B AR AT
() R AR, T HLIE A2 R AR A 5 A K B AR
BV PRI SR . AR, R
JRAEAY) Z REEREE 3K & B (H AR E T
30%- 50%- 70%) 3G g hn, fERFEE Rt
ISR b 2 e 5% 1 (Geisen & Cornelia, 2014), 1B
LGS a0, U 20 B B ) B 2 R AR IR ZE A
TFIAZ BT B R (Cavender et al, 2016). HAH
AN IR A2 3% 7 2R B 1 Ji A A o R B K
S I 52 1 B R AN ], AR B OK (1448 T e i L AR Y
NI U 5 57 B T B 82 (Geisen & Cornelia,
2014). fEFEME T, 2HEAEEY ST VR
K ARFUZREAR /N ST ORGP IR T 5 TR B
P 320 I ek 55 1 7 A B WRAT A, AT A AR 1 G 4R
P A2 WE RSN L A K TR B0 A0 B A R R AL, 5
BT CE A R T e I I CR Tk, 2007,
Geisen et al, 2018). HOFEEA AR i s HY
YER, ATCUH BEEPTT 5 Wit 5 A0 vy b P 450
R 20 ™ B ERoK, I B K o FRIR TR R B, R AR
AP AT DATE R R BN N AT R R, K
ARG, DRI T B 2 1) TP RO S5 A A R0 B i 7K
PREEI — b B AR LR ORI, 2007).

Ak, SR MK S &S E LT HERSE,
MAESRE M, T i R AR ARG KR AR H
SE 41 T 125% (Fenchel & Finaly, 1990). AS[H] 54
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F1 TIEFEESEYINET R K HBHE (B Gesen, 2018)

Table 1 The main groups of soil protists and their characteristics (modified from Geisen et al, 2018)

g TR L HERAERAE
Classification Main groups Main groups characteristics
BRREMFAEAEY Heterotrophy protists
FIAT VR A A ) B KL R, Tk ABshds, Eh2iEs).

Heterotrophic phagotrophic protists Amoeba: Mostly unicellular; without permanent motile organelles, and rely on

pseudopodia for movement.

B B, RAW; SELTiEsiEs).

Ciliophora: Unicellular, dual-nucleated; moved by cilia.

HER L AN, MERRERISE AR, — k141, KE21.
Flagellate: Unicellular; flagella are both motor organs and sensing organs, generally 1-4,
mostly 2.

A R A

Heterotrophic parasitic protists

Rl AR T AR, O SRR SR ACE N .
Gregarine: Parasitic in the digestive tract of various invertebrates, including arthropods and
annelids.

iy B s AT MRS — MRS E S,
S Apicomplexa: Unicellular; don’t move; the apex of the spore contains a complex organelle
N complex.

raedv) PESN) SGar
FEIRIE R SREE: REARRIEE), LMWL, AL, Pr BT A rhAR gt T B
Heterotrophic saprophytic protists _,,j A
Oomycetes: Capable of limited movement, most of them are plant obligate saprophytes
5% with mycelium, which can reproduce both sexually and asexually.

FE: ReTissh, WE 2 &EAE R ERE), B3k &7 AR IE AL,
Eumycetozoa: It has limited movement, flows along multinucleated protoplasm, and feeds
in a similar way to amoeba.

B2 F 444 Photoautotrophy protist

Jod B IR AR A
Photoautotrophy protists

Tl AN RRA R AR SN, S HakERaliic.

Diatom: Unicellular; characteristic silica double-layered shell, contains chlorophyll a and c.

M 4, SH4kzRaflc.

Trebouxiophyceae: Multicellular; containing chlorophyll a and c.

S PR A A SRatib.

Green algae: Unicellular or multicellular; containing chlorophyll a and b.

A PIRFENT AR T 2 AN, SRR R AR, OLfURK, filan, K5+ & di(Allotricha curds) £ 75
H AT DL Iy N RS2 8 I s, B, RIS VRN, AT SZARA A, (HAF AR R E AR
(Coleps). i Hi(Monas). % #%% JE i (Pelomyxa) #l D) Ay P PR S8 A2 ¥ (Foissner, 1998). 73— /5, &
W\ B (Sentor) 5 7T IERRIE A= M BRI ALE,  FIKSIEE S EghCco & &3 m, A AL
{EHARSHE R EhtfE 14 F M (Schwarz & Frenzel,  ¥iBHRAMXFE 5CO, 5B ERBENIEMHRX KR,
2003). A DEREAED AN ZHREAFAIHNT MR RECO, & EEAMIICKR(HETE, 2012),
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212 BE

IR B A R b A rp R AR AR RV 2R
FMFEFERRBEE T2 —. — T, KEHREE
V) BEAE 0-40°C 1 Y [l o AR v, A i iR T — IRAE
15-25°C (HfEE, 2012). EAS[R] A iR A AR P v 6t
398 B e AN ], A1 Opperman®5(1989) A A 36
B, 7E5°CI LI IR B s L, M AE23°C
AT By A . R ZHUR ARG, R
FERIE40°C 2 BT, MKRGEHEA K. Hl
AL A A )RR AE UK RUAE N, ) IR e LA
J& (anAmphidinium.  Gymnodinium/A1Glenodininum).
2F & H (i Antarcticus) DA f — 6 4> 5 7] DLTEO°C 58X
—2°C e BT AR AT, TR K FH 2L (Actinophrys
sol) . fh 2% & i (Oxytricha fallax) . # & @t
(Chilodonella sp.) 14} H A1 1) Trimyema minutum
0] LAFE35-50°C W i PR 58 AR A7, A BRI
AR K BT R (R, 2007).

IR G o 5 W) 5 AR AR W A VR DR RUBE 43 A1 1) R E
PRI 2R (Oliverio et al, 2020), &5 ) AT @ 745 +
K 4y £ w2 e 5 AR AR ) B B T 4H R (Geisen
etal, 2018). FEABRRE I, LR A #y 1 5
X 2 2 DA AR R (BB K B (Acanthamoeba
sp ) FIIE & F 77 B (0 iR AR A i) R AR AR o &
(Stefan et al, 2014; Oliverio et al, 2020). 1M 7E 35 & &
B AR A A R X s b, RS A AR
Bl AT AR BSR4 = (Stefan et
al, 2014; Seppey et al, 2017). HAb, FETFHRBRS
g AR B I FL R B, SRR IR SR (1) - 438 7K 7 b
S R AE AR =E B PR 7.5% (W et al, 2022), X
BeRf F R B, ARRAEALRE & FEUR AV 2
LR — A FEIRFN I7 . ARRAEAL R I35 A
ARV R S B L 5| RS 1R 35 AR B X 4 R
ATy BE A IR A AAE AT R TE
213 *iEpHE

3B pHAE Ay 358 vh S A W) A i i B 1 E
bR, 23 i A AR M AE e A e i B T
IR A W EEATA] A M (Kemmitt et al,
2006), Fdt—SmE AN EE . 2R W)
P 2H B DL SRV 43 A 25 (Dupont et al, 2016; Lara et
al, 2016). fE—E VL A, ZHUR ALY R8T
2> Bl S pHAR I FEAR T T B3 (7 S 2 AL B 55,

1998). WHB T ABDL A B R MR A EMZ RS
b % pHAE (7 =110 T F#(Antonelli et al, 2017). QIZF
B ORI 7t B 2 B8 2 pHAE I T & T T, T
AN S5 () 3 B U] 2 B A pHUAEL 1 T v T B A
(Oliverio et al, 2020), A 5¢ P AL HEpHE AR I &
Jég o - 48 b LA B S = B (Dupont et al, 2016)
BEAN, AT 1) 48 Ji A A= W %) pHAB 1T I 52 3
Bl A BT AN, 22 8500 AR AR W o] DUTE AH N 45258 1)
pHAE G l(4.0-9.0) WAEAE, TAEI IR (pH < 4.0)El0d
Bk(pH > 9.0 EE, HAEdwid 3l 2 52 2™ B A i
TR MELAAENE, thanfgiE s I Hi(Colpoda cucullus)
AN 32 pHAE 423.3, #iE R N3.5, IR HER
3.9 (HHE, 2012) ARMIAEEERRUE £, H8REA
VDRE VR I 3 BE R 22 B 1t 52 1 438 pHARE 1 52 1 /1
(Bates et al, 2013; Oliverio et al, 2020), S540E#%
=+ % 5 pH{H 5 " A |7 (Delgado-Baquerizo et al,
2018), X W] HE5 2 BUE A AW BAT B K pHE 1&
JREFE A G
214 TIEFRY

TIEEAEMFEENM LS AL
BRI R S I AR G . AR R TR
FLBR MY VE A HLR AR LR 225508 £
el AR ARt T E E A R T TR B
FIAEAF 5 0 75 B4 BE (Geisen et al, 2018). %~
Tl A2 SR AR AR W A AR s B T L TR B R TR
(Acosta-Mercado & Lynn, 2004; Antonelli et al,
2017)o fE—EEREIN, TIEAHLE . B AR A
bk, BRA R 2R RS (TN
AL ZF, 1998; Acosta-Mercado & Lynn, 2004;
Bernasconi et al, 2011). BH AR, HIEHHLK
TR LR A A Y Y Re 2 0 AR AE W B I A
KKRFR, ISR S T 4E R R AR AP D fe
ZREME 2 56 B (Yang et al, 2000). 4% FAREFTIE
AL I e A LB B R R I R AR AR 2
FEME(EHTR 4, 2022). {HJZ, AZT8 B 2 FF 1 A B2
W2 B RN B () PRSI FRAIS, XM RAE TR
IR M5 E R 9 Z A B 5 R (Mitchell, 2004;
Krashevska et al, 2014).

IR R AR I BN B k. B
KWAER, BIWHHERN 2N S F s
3 R VRCE & 3G N T 3 0 (Acosta-Mercado &

20224F |30%: | 124 22353 | 5570
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Lynn, 2004; Bernasconi et al, 2011). Singh (1949)4
U SETE it P T8 JIE 140 A EE mp - 38 AR R 1) 3 P S
e Tt FHAC AR A FH, FEAS it AR 1) - 38 vp de /b, 3R
B L SRR AR R AR AR . SR, TR AR
AR L R A, DA 358 1) 5 1) 5 PR A AS R
IR R RO, SR AR AR ISR A AR
i )37 A] GE AU E F R A — B0 . WE AR
R, AR, AN FEZSEY R AR g i AR AR
Yiffialpha 2 FEVE R 2 PRACIE O T VR 4k, &
A o A A Akt it A P v 97 L 401 T RN B AR
(Zhao et al, 2019). HE5(2022) KA A JEAE A
TN SN it FE A B2 (100300 kg/ha) Wi i AN 7], 4k
SRR 22 J2 HUTT YRR 3 B 2 B o e 2 ) 3
T RGN, T SR T PRI AR G = B 2 B A it 2 ) 3
Iyl HLEUE G BRAS T A& H -3 i 5 AR 2R )
H HE AR 22 FEIE . T Stapleton5(2005) 78 & J5 3 A &
ANSEIe R B, RITIRIN30 g/m?)H A B s + 4
JiR A AR R

BRUA BRI AL, b R 24 F 4 5 ek
J AR AR D RE VR B A RORN A A A B 2 e, e
HAEEL BN CuflZnis G i) 1 358 d s DL A A7
(Campbell et al, 1997), T3 E & EAIPb. Zn. Cu,
Cd%5 H & J& 20 438 J5U A A = A oK 1 fa
{13 5 A A =E B B (I AR AL 25, 2004) o X 384
FE W 4% 1 (Dictyostelium  discoideum) () 4% 245 i &£
DA 27 B T 4 AR SR, AR 2
BRI R T, JRAEEIET RIS i
(Diaz et al, 2006; Amaroli, 2015). Pl J5 A= A= # A 1
N AR 2 RV E & R 5 e AR R AR M (M) TR AR
2010).
22 E£¥ATF
221 tEW

I AR AR AR K S B AR R KAR S R
T RS G S RN B, A 2 BRI RN
AT DA SRR JR) St DX /NS (Can AR OS2 357K 43 11
Fi VA S - g b SR 05 BE (¥ 52, e o R VR A RO
ROy IR IR TR )R 4. pHAE L KAY
£ A B AR ¥ %5 (Acosta-Mercado & Lynn, 2004). R
IR 10 S A A TR S AN B & 22 el oK.
Bamforth (1980)fHF 78K, 7E5A M E 5 5%
BT, JE AR, A R R AR

TE A R 10040 /g, T AR AR 38 v (AR T
AR d B AT A 2)10°-100 /i £, P B ik
5,000 /gl -ty Fodh g (4B AR 2 AR
/b, T [ DX IR 48 1R 3 B A A PR 406 e ) 2 30
MR Z o T TR IE AN [ )R R B 2 A Ve Kk
i YRR B RIS € 5 AR PRI AR T VR A A A
RG], HASTY ) = FE B G T AR D e 2 R
FAIHG BN Ty 84 1 (Ledeganck, 2003; Scherber et al, 2010;
Jassey et al, 2014). Pk 2555 (2003) A 78 0 & ILAE
FARARBR IR S g, ARt %5 H(Bodo)
A1 3% HL (Cercomonas) i 3% i T AR AR b - 48 . ix 4t
AFF 5 2 BH AR e o) 5 28 A2 0 (1) 4 R R AR G 3 B L
HEFZM .
222 TEEWY

PrEEwsh, L AR AY), BfEME. B
B AR A YA RIS R . TR
Tl B3 - Wl A £ ) % R AR e 48 g A AR R
WA EZERT(E1). mFRAEDFRE L,
AR ARE SIPERE R E REBOR, ELIEEY)
W P AN A A S VR, A
Vit o bl g () A = SR S B, T2 B E
b1 T (top-down) I EE M o 41— & 28 /N 1) 74 R
Y ESE TR R ALY, SRR TR
(Geisen et al, 2018). [FIH, —&/NF#EE AT 2
iR NN S EA RS B R O )
2007). VENF&HE, JEAAYINIBEE AR 2R
Z AR A an e . B A S E i
(bottom-up) FIFZIA . 4N W FLR B, 75 VR4 A
FREARIS, JE AR AR W0 A KR B AR S, B
AR BB T v, AR AR A ) S B S A I
P, (N AR AR — e AR E, H KA
ANHEBEN(Beaver & Crisman, 1989). 7E H E H S5
) /N2 A bl R g e, I I ) A R R
i E T K KK 1 3 (Chakraborty & Waecup,
1984, T R AEAE DS A B BB R o TR A5 AR )
e RAEREER, L3 NERFE A
(Arthrobacter globiformis) 1 75 = 4 2f i AT
(Bacillus thuringiensis) A~ 2 14 in -+ 38 J5i A= A= )44
B, RA AR T (B. mycoides)ffl 11K
J¥ #F 1 (Escherichia coli)j&, +IERAEYEE A
BRI AR, 2000). HEREE, BT &M
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— B4 ] Direct effect
- = [AJEYEH Indirect effect

0
~E

ZH 7 Bacteria A B Archaea
J
2 1A 2 \
Rt £I7%
Energy & = @Q\%
B I I = (,%0.%
o, eyl ’ozg,\

8] ®
om oo
o I ] G q
B T \N%

R é B FEY R Nutrient ‘ u/
‘O %
e Bk | Release %
ity WS, RSN, SRR =
Aot Litter, root exudates, plant and animal residues Hi%) Plants

JRA )

Wﬁ?&i% Parasitic pM

Protists

Wi % Disease

Ell RESYHEETRRVNNEERDTHEEERERE

Fig. 1 Protists community plays an important role in soil food webs and energy flow

H LR aeE, EAEYIEFESE A R W
AT N, Wn—MhaAEE WA AL BT DL i
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