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Research progress on the effect of soil fumigation on soil nitrogen cycles and

functional microorganisms
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Abstract: Soil fumigation has been widely used with the advantages of high efficiency and broad
spectrum, moreover, the broad spectrum of fumigants can not only kill the harmful organisms in the
soil, but also affect the non-target microorganisms driving the circulation and transformation of various
elements in the soil. Soil nitrogen cycle is an important hub connecting the atmosphere, soil and water,
and the key processes related to the nitrogen cycle are mainly driven by microorganisms. Therefore, soil
fumigation is bound to affect the material transformation in the nitrogen cycle. Existing research shows
that the fumigant can significantly change the species and abundance of functional genes and

microorganisms related to nitrogen cycles. In the short term, fumigation can improve soil nitrogen
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mineralization rate and increase the amount of accumulated nitrogen mineralization in the soil, but the

nitrogen fixation, nitrification and denitrification process were suppressed, which could improve the

utilization rate of nitrogen. This review summarized that the key processes of nitrogen fixation,

mineralization, nitrification and denitrification in soil nitrogen cycle and the effects of functional

microorganisms after fumigating with several commonly used fumigants to provide a basis for studying

the environmental risks of soil fumigation.

Keywords: soil fumigation; soil-borne diseases; nitrogen cycle; functional microorganisms
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Fig.1 Soil nitrogen cycling and functional
microorganisms
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UAE A T BON AT AR SCRIE 7T, AR SOt 4
oK% T B AR RN SR PR R o A
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2
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AT AR BRI R R B MR R
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[ B AEY) (ISR E Rhizobium~ 36 2% 7 I
4P Frankiaceae. ¥ Nostocw U5 Tolypothrix
) BEA T B (BFEE EIR E Azospirillum .
BB ML Pseudomonas adaceae 55) F1 H A [
B (BLFE[E B E Azotobacter sp.~ WA K
Klebsiellas #57 MM W Bacillus. MR

Clostridium. 7= W}t Methanogenus J% i JJE %
Anabaena %) 3 K2, PR AP R RN, K

tean: FH 13- AR, B35 PRAIC T A AR
WBMERE, Mmigs TN EE IR HAREE
TEZK, T2 PR A A 18 A AR R R B R 2K A A A e
B RS B, SRR E AN
JE R T B B O s 2
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R ENAEK GED.
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R A (1 nifD A nifK B H gm0 FEE A (H
nifH B[R Gafid) iS22 WA H R0, R E A
FVER T 1 [R] B A A I [ R A A R A T VR
nifH B PR AT DL SRS I ] S0 e i, g S AR
MIWFFE R, Ay A 1,3- /AR &Ik,
PR R S SRR A A AT 2 I

*1 DREBEAMNTIRRESEEME RIS

Table 1 Effects of soil fumigation on functional microorganisms of nitrogen cycle

S RRCREPIBEER LS UL
TIRe A JE % dazomet allyl isothiocyanate ~ chloropicrin  dimethyl disulfide
Functional microorganism Genus name 1,3- & ke
1,3-dichloropropene  Hij J5 A W M AU Ja
Earlier Later Earlier Later  Earlier  Later
period period period period period  period
[i5] 26 [ IR B 8 Azospirillum
Nitrogen-fixing bacteria SRRIBJR Rhizobiales
TP MR B )8 Mesorhizobium - - +
[ %505 B & Azoarcus — +
KEFRUNT W8 Paenibacillus - _
AN T MEAH AL $ T J& Nitrosomonadale
Nitrobacteria LR B Nitrospira - -
PHEALIR T & Nitrosospira + -
SN B 8 Pseudomonas - - +
Denitrifying bacteria FIERE R, Paracoceu
B R Alcanivorax
SUFTR® Bacillale - +
FERE R R Streptomyces + + +
TP I Cupriavidus - -
B4 A B Sphingomonas -
TR TR Anoxybacillus + + +
WP & Flavobacterium + + _
BB Gemmatimonadales +
S J® Ensifer +
TN @ Achromobacter + +

Note: "+" means the promotion of fumigant on nitrogen-cycling microorganisms, and "—

microorganisms.

" means the inhibition of fumigant on nitrogen-cycling
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BEAR T I nifH (FERE, 100 A B AT B 2K
MIRTH, nifH £ 825w T X IR, T 1,3-
TR A AL BRI nifHOSF AR TR
A, IXATAEAR T BT A IR B AR SR A
SO T RIERRUE IR, ZRTA R,

N3 R e SR R AT e B R A R AR, B
I TN - S A I 14 [ Rl 0 R T A
[FI AT RE A L SR A Li S5 (AT TR T, B B
Xt nifH B REAT A AOIHI 1 (3R 2).

*2 IREAMNEREAINGEEERSM

Table 2 Effects of soil fumigation on functional genes of nitrogen cycle

SRR

- \ W 13 e U S mies  RAEY
FERM KA o e pRE dimethyl A metam-
. HH 1,3-dichloropropene dazomet chloropicrin : allyl .
Main Key . disulfide A sodium
: Functional isothiocyanate
reaction enzymes gene
Hif 41 JE I i Hi A Ja# (i JE
Earlier Later Earlier Later Earlier Later Earlier Later
period period period period period period period period
B R [El AR nifH - + + - - - -
Nitrogen Dinitrogenase
TR R HHARINER  AOA amod - - - - -
Nitrification Archaea ammonia
monooxygenase
MR AMER  AOB amod + - - _ ¥ _ n
Bacterial ammonia
monooxygenase
TERFR B A I nxrB - - - - + - +
Nitrite oxidase
SR SR THER A 1T S napA - - - -
Denitrification  Nitrate reductase
narG - - - -
WHRHEIREE  nirS + - - + - + -
Nitrite reductase ,
nirk - - + - +
—HWEEER  gnorB - + - - + - +
Nitric oxide orB N B B N B N
reductase cnor
—ENREEEE  nosZ _ _ _ B
Nitrous oxide
reductase
e RN BT EIRIR DR R BER, <~ R BTN BAERFA T RE M AR R HI e o
Note: "+" means the promotion of fumigant on nitrogen-cycling microorganisms, and "—" means the inhibition of fumigant on nitrogen-cycling
microorganisms.
BE = * /, = H = = > > s H_ il
2 HIEEARNT WIEREMm TN R & T B RS, HR A
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B BAR) MEE. 7AW BB
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FEVRMWAE, EEALHEFY, TP ENT 1
WEHBRAREES . BRalgSS fug, HRE
Ye ARG i ANE I (VIF ), m e RIS
FIRETL, K PH eV FE 0 B4R L AR A R

ik A, HZ e w A 1,3- /AR AT
o2 B 7 i R ) B A PR

L3 BRI A HLZ (soluble organic nitrogen,
SON) fit s Wt -3 A HLAH L HOHE 5 25, AT LA
RN e LB B L RE T B FE AR . B 5 50T
T s, FAG T AP S IR A A A RN
i SON B EAHEWMEERHKRKL R, HIES
FEZJ5 SON & KiE EJb, #hmsg s 7 APA
AL R R RE, A BT & ok
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LN T AR B, ST AN 1,3- SN M S g
BEMAAE R A d geom, 2/04EFF 28 d, i
FHBE B AN g A R AR 4R > 14 ds
Ibekwe® #21E, F] Cyanamid DD95 7 -5 5
21 d N, RIEMRSIERE S Z S . 5
Ab, Yan SEUBEFUR I, GG AEAS [ R 1Y+ 45
o, AR BT ()G R 2 R

EAAE 28— 0 RAEH E ALY (ammonia-
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