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Abstract: Soil viruses are the most abundant biological entities on Earth. They play important roles in the
regulation of host dynamics and soil ecosystem, including microbial diversity, community composition, and
element cycling. However, due to the tremendous complexity of the soil ecosystem, the incredible functions of
soil viruses and the underlying functioning mechanisms remain largely unexplored and represent a hot topic
and frontier in soil biology, microbial ecology, and environmental science. The recent advances in molecular
biotechnology and the widespread application of ecological theories have significantly boosted the research on
soil viruses. To provide a comprehensive overview of the state-of-the-art knowledge of soil virology, we
conducted a literature review using bibliometric methods. This paper offers an overview of the current status
and hotspots in soil virus research, shedding light on the development in this field. Taking into account the
characteristics of soil environments, the study presents the future prospects for soil virus research, including
the diversity, biological characteristics, environmental factors, mechanisms, and applications of soil viruses.
With the interdisciplinary integration and advancements in research technologies, soil virus research is
experiencing rapid growth. The noteworthy achievements in nutrient cycling, ecosystem services, and
biological regulation through soil virus research can contribute to soil health and carbon neutrality initiatives.
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Figure 1 Microbial community distribution in soil aggregates.
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Figure 2 Changes in the number of published SCI articles in the research field of soil viruses from 1936 to 2021.
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Figure 3 The co-occurrence network (A) and cluster map (B) of high-frequency keywords about soil viruses from 1936 to 2022.
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Table 1 Typical virus in soils

Hosts Genome type Typical viruses References

U e R R T 24 2

Plasmaviridae, and Leviviridae
(linear and circular)

Archaea dsDNA/ssDNA Ampullaviridae, Bicaudaviridae, Spiraviridae, Fuselloviridae [40]

Totiviridae, Chrysoviridae, Partitiviridae, Megabirnaviridae,
dsRNA(linear)
Quadriviridae, Reoviridae, Alphaflexiviridae,
Fungi ssSRNA(+)/ ssRNA(-) (1]
Endornaviridae, Barnaviridae, Gammaflexiviridae,
ssDNA(circular)
Hypoviridae, Narnaviridae, Mycomononegaviridae

Flavivirus, Arboviruses, Togaviruses, Bunyaviruses,

Arthropods sSRNA(+) / ssRNA(-) Mesoniviruses, Reoviruses, Rhabdoviruses, Negiviruses, [42]
Birnviruses
Nematodes sSRNA Orsay virus infecting Caenorhabditis elegans (43

Trichomonas vaginalis virus,
Protozoa dsRNA [44]
Giardia lamblia viruses

ssDNA / dsRNA
Tobacco mosaic virus, tomato spotted wilt virus, tomato
Plants ssSRNA(+) / ssRNA(-) [4s]

yellow leaf curl begomovirus
sSRNA(RT) / dsDNA(RT)

+, plus-strand; -, minus-strand; RT, reverse transcription.
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18% 2 [A] LAFEAHH [ R F K0, (HJ2 TR B /K EAE 0.6%—1.2% 0 N, R RIERLERIN. AN
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#ORT LABEAT S, (RAE TR I A RNA BEA RO HEAT U, X3t W55 v g 5 T3 P ks 7 A= 14
ARG, ISEOR T KGO, Straub SO LR 1 7EANF) 38 &K & 5 1 T b3 LAk e v 1 Y
BT IR AR AT R T AR MS2 AR 9D T IR WE B K PRD-1 FOSRIE R, R I =i 25 R0 1k
Bl K R T G RIS, PR IR T RS SR HIJEWR A i R, 7 15 °C F#&K 7 d. 27 °C
TAKR 3 d WEE 40 °C TAK 2 d BBE5EAKIEIX 3 P #E. Williamson CUE 58 BN E T H
Frhrte i o P R AL, R HORI R T RS RS K R A R AR R kA
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ARG T A 2 ) R ELAE AL, RIREO R KO 0 28 (1 1 1 240 T MR B 2 ] ) s AT R, ARG 7 Wk A A 2001
QLA A A T ARG, 54, LKA SR m LR = oy #udiE, BRI AR
Vep= A 22 5, T SR G T s TR R b o G Stewart A Levinl™ VR B M7 90 6 AT AE i35 72 B, VIR
PR R LR AR VR B RS 5 A A7, HAEMBE SO O s, LA JuiOT 2k DR e A% S8R 2 1 38 A 22
SR, S MAEM A S M R BN, 55, K oA R A AL RES
SN IR E YRR B SRR AU, TS0 e N S o AT sh AT, SR, IR
5590575 AR LA AR X R DA RIRL AR 75 A 35 2 78500,

I P e W B R RE T AT AR R R R R R Y, — R & IR 2 B 2 10 A A7 S AT B AR 30

Wik B A 22 MR PR B A s T (SR VI 1525 °C 5 1E R, AL NV JEMENE B K . Yeager ZE08IF 5T T
BREK T A 1 R B RROE R RIEE N AAERS 0], R IULE 37°C 445N, Wi HAeEfF 124, 1M 4°C
AT, 180 d VIARREME AN BAFIE T . X —WIF 045 SRR AN Rl B BT 76 I B A7 1% I 8] PR 52 1 A
—, BRI R SR AN S S R R 2 —, RV IR Y8 B8 K ™ i A5 SR A R A
W (A o Hurst S5BSILGA T LR . &K S T8 M AETE « DO BRIL B FL P . B RN ERVR R LA 2. pH
Xf LA SR A7 TR SO, fim Ay B R RO L R AR N R R . A, (R T e Rk R
AR S N, M BN 398 B S A T 1 AR YR AL A OB R I AN AR A T RE 1 B2 L A SE I AR AR TT

LB pH ALUREWS R WG £ 4K, B0 R AR VO PR R, AR AL BT
(Achromobacter xylosoxidans) WA phiAxp-3 fEH 1% pH N HUBGSE A =, E pH oA 4.0 F1 10 B35
T T 90.25%1 75.76%[54. Sykes 25K B MA[F pH 3% rh 7 IS B VR 4, SRR IR L3R 77 A
WERRVERERE R (Acidophilic streptomycetes), {BAE pH KT 6.0 )3 b Jf A7 A I B MR TR 44, 105640 A
PRI 2 BN B A RN BE S AE pH v 5.5 B RARWETREERE . Sykes I Williams!®oVk 7 2k B Wik b 4
(Actinophage) W B 7E Sl #1 b RIHE B 7E il A Z APPIMUIRAS N, Actinophage X1 3 [ L 71 43 il 72
pH 6.1 F1 4.9 Ik, XAJRER M T HYE S A R R R HI 5 1 WK RS ). pH s ion + 1%
VUL 2 T 0T 995 25 (R W B AT AR AT - DATE) 2 1) 7 QSR B AT BT 003 2 P B A [ 3 T — Ay
WG, N BHARFAE 5 - 3RO 2 THT PR 5 FUARR IR S B AR DG, T S90S 2 T 1) i LR PR KR B oy 058
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pH Fr 27, Bales 25685 T, 7E pH 5.0 I EE A MS-2 (W & EL pH 7.0 B, —RCAABEE pH (E 1
e, Wik DA ATE 30k L IR B A% . Bales S5BRIB FLRBIFEA Ca® f7 7E I W 14 14 MS-2 7E
FE - IR B R TERA Ca¥ fEAERT Y 10 f50A o Bk, 1438 pH 75 HI 5 1) F ZRm R 1.

BEAh, KRG EAT VIRENS DRI TR AR AN 32 I SO SR IR R TR 20, B 18 A0 B, R ek
FARERIAAIECO N, Straub MR IE T ANF) L3S A0 LB FEE VR RN, 45 R W TR e
LETERD - P A28 SR ). Kapuscinski 25 E7HIE B9 2 5 5 A FIRSORL A 3 1) 45 45 48K T #7235 IS 1] . Lipson Al
Stotzky®?VR I U A7 5 T REY R, A1 SE Pt ) 1 R A AR T B R A B R, R TR AR R
Ko HORG LB WIAT AR R s G 52 5K AN IR S BTSRRI, S 4h, ARAES RGEA b L 7
FEMAEEEES, WAKES RGP R EFEELN 1.31x10°—4.17x10° VLPs/g, KHAELRGH Y
N 0.87x10°-1.10x10° VLPs/g, TMyPEARRGHLIN 10°-10° VLPs/gB o), 25 b, TIEL MR R 2,
Hoo LR R A AE RO B IR, (R BARSEmaALE] B AT ANE 2, At — it .
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81, AR S AR M B AR AR TS SRR (B 4D, KW T AR AN > R RN B AR (lytic phage) T S I B
o TZIS (1 sogemcphage) (95961, ﬁﬂ@iﬁﬁr i}iﬁﬁ}ﬂﬁ’]i/ﬁﬁifﬁ% T EAIEREIEI Jﬁﬁf)ﬁﬂ
(TG e R RO

I T A B e T E AN B ) %ﬁﬁﬁﬁk RAIE T BRI 5 7 Ao R v (K] 4
HAREET KD o ZAR S B0 W ] DAE B AN T) P 5 SRR G IR AT SE I B Sy 3G, 1T ¥ i 0 B U2 7
B B E R )G, SRANEEIRE, B B 5 2R R A R4 B 1E 2 2 R4 T R AT B & (prophage) JF:
BtifE £ BHEAT RS, A R R AR S R AT R ACIRES, BERE RS s CnrHESE) B
T7 AR N AR E R T AR, A I P B B s R L o081, by T T AR AR AEAS [F AR S SR, Rk
Wk B 445 5 7 2 A B T TR 1 B AR AR N A, B R A 27 A s T e A 25 B0,

- SBEAEA Jo  W B AA - E EAE B — e IR, WirE EA I R A . RIS A
FTE E AN IE T BREE ) FL B /K I R 5% L % - 338 oA % T W B <571, SRR R AN 05 1 k-1 E KB St
A7, [R] I s T A O i A 975 DR AT A X — 2B 6 SR SR 0700, V8 S B I B S, R e AT R SR R A BT
FIERNA A, TR T, B 1S 34080 f A A4 24 47 1) 25 A2 11000, iR ST 2 S aE R A (K
4 WP EFETRD o (X i T P A AR TR AR I 2 B AR N AR R TR A, VR E R . X AT
SRS BEAE [0 L IRIR BT E S, 5 SRBENE CRIF RN AL A7 B8 98 1000 BF 5 R BH,  ELA I i 11 s B
TE SRR ZAFAEE, 40%H0 R gl 3 Fh R 275 155 5 A 1 T P s g A L 2000 ARy, 3 D ke e 1 A PO AR
DAE T IEAE BV

= 398 r s TR N T A T RE AR IR BT S KA e TR, AR S AN D T 2 4 10N SR R W B A Ak A
FESM AT, ROUERE T E S E L . MR, VR BRI IA 7 AR A 12




TR Z . i AR AE . BOE BRI, ORI B0 AR A B AR G ) i 2 A0 AT
—HRCITE,  ANRE AL RN R R DO S KB RGN R DAL B AR A SR SR AR 3 7 Qe R
1, DLRIE RIS E HA7IE T oK. Maslov F1 Sneppenl®I s I 2R 10 IR AY,  HE 515 40 B 7E IR B2 e
AT, W A A T REN G ORES s RS AR TBOVE BRI T, IF BRI AR BN 2 R
A, I A A o e PR R AR I LA . Liang SFMIRI A 22285 3K C (Mitomycin C) X /i B 4 i3
AT PRI TER T ANIRIER BE LS AR WU EVE (1 5 2H 7> (Losogenic fractions, LF) 4347, RIN-LIEA 5
BRI T ) = B X B - SR P RO Y DT A, 0 LF ADRE T3 PR B B3 i g b, X T Re AR &
BRI TR 7 KT AN E A0 25T 158 2 0 A R LA TR 10 7 A IRAE T Rl

B 1R ANE SRR, AT T B SR A R A TR o a1 2RI T % 14 58 PR AL 30 A
W Ja A A BEAT G5, O TR A, (E AR AR RSO 2 R AE A0, 1o A2 A Y
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Figure 4 Infection mechanisms of phages.
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