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Progress in the microbial mechanism for the promotion of
nitrogen loss reduction by hyperthermophilic composting
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3 Institute of Horticulture, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, Zhejiang, China
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Abstract: Nitrogen cycle within composting is largely dependent on microorganism-driven nitrogen
transformation. However, the maximum temperatures of conventional thermophilic composting systems
only reach 55-60 °C. Notably, rising the temperature can shorten the duration of processing and improve
the quality of end products. Hyperthermophilic composting as an innovative technology has been
developed in recent years, breaking through the limitations of low pile temperatures. The continuous
ultra-high temperature regulates the interactions between composting microbiome, composting
environment, and nitrogen, and thus significantly reduces nitrogen loss. This paper introduced the basic
process of nitrogen transformation and the superiority in nitrogen retention during hyperthermophilic
composting. Further, we summarized the recent research progress in dominant microbial groups
associated with nitrogen transformation, the factors influencing functional microbes, and the mechanism
for controlling nitrogen loss in hyperthermophilic composting. Finally, we analyzed the problems in the

current research about hyperthermophilic composting and discussed the possible solutions.

Keywords: nitrogen transformation; hyperthermophilic composting; dominant microbial groups;
influencing factors
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Figure 1

Schematic diagram of hyperthermophilic composting

BN 5 5 — T ThT 1 A o di M AR o R e EL A R
FRAF 9B 0 D 5 B R B R FER I 2, L
SR8 7= A [R) SRk F18) 76 v 0 A A X 40 gt 1) £
VERONE ,  [F] B 448 i e v M A %) P B A 0
BE L HENETRES G = & AL
R4 [ v R AT 1 R P T BE AR W B S
SR I R
1 EREIEFHAER

TR (7 2)LEAR TR | M e
YR sh i A R ALY B TR R ) R PR
T SEHE A — B, PR R 0 L £
AR, HEREA B TAASMER, R ERE
R HEA SRR WA, AHLER (R
U RIAE R A L) 5 TN (B A A
1A AiF 25 20 1Y) F AL FE A [R) 3 B By BE A AE i 3%
P 283138 e o T HE AR e P A TR B
S A1 K AT AL P P K A B 9 P
FRUJE B e 25 SRR PR A U e
B, MERL A TR B — /NS 0 S R R TR
= pH (EMFZm T Al & A N . AS5E 4l
MM PRI S 788 28 LR R R T
ST SO 262450, (L PR A B I 135

—> (Gas collection N,O, NH,

Compost 5 Huymus

v

Processing

Composting equipment

[13]

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2808

(DGX7ES ik

Microbiol. China

RTALGHENE . R BT HEIA R R i 5 fh i 2
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LT FE A0 W 1 R AR e B R R T AR LRI 1 5%
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Figure 2 Nitrogen cycle within compostingm].
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Table 1 The advantage of nitrogen retention in hyperthermophilic composting
HENE R LY T e Ml TRARN 2% 3k
Composting materials Inoculation method Maximum Nitrogen preserving effect References
temperature
(WS
AR AT i e I Ak 2 71.0 FA% SR HENE I /b 49.09% % 462Kk [31]
Pig manure+straw Hyperthermophilic Hyperthermophilic composting could
pretreatment mitigate nitrogen loss by 49.09%
compared to traditional composting
pUE S D HRh 4.3% = RMENL R 883 HALGEHENE AR T 52.4% A MR [25]
Chicken manure+rice [} J AT 40.9% R KR
husk Inoculating 4.3% of Hyperthermophilic composting could
end-products from the last mitigate NH; volatilization by 52.4%
hyperthermophilic and nitrogen loss by 40.9% compared
composting process to traditional composting
Ji K 5 e+ AR Hefh 50% M mRMEAL R 89.1 FeAR R HEAE R AR T 2 e THIR B A HE [35]
Dewatered sewage PSS T R Kb 86.84% A E Mk
sludge+sawduct Inoculating 50% of Hyperthermophilic composting could
end-products from the last decrease NH; emission rate in heating
hyperthermophilic stage and mitigate nitrogen loss by
composting process 86.84% compared to traditional
composting
A FE+ AT FERh 0.5% Mg R RR 82.6 HAL GEHENEFR AR T A S A AL A [24]
Chicken manure+rice Inoculating 0.5% of Y S0 T 90% 48 AL A HE T
husk hyperthermophilic inoculants Hyperthermophilic composting could
decrease NO; -N and NO, -N
concentration and mitigate N,O
emission by 90% compared to
traditional composting
JBi K 5 e+ A5 HRh 22.5% 8 = EME AL 93.4 AL G HE NI/ 15.48% R Z i R [20]

[l
Inoculating 22.5% of
end-products from the last

Dewatered sewage
sludge+trice husk

hyperthermophilic
composting process

Hyperthermophilic composting could
mitigate nitrogen loss by 15.48%
compared to traditional composting

FfEFe IR m BRI AR R b, A Ak
R AL GEHERE A 90%, T HHEAE A A AU
BRALN 0.62%. BEAl, Bi T HHE ZE THIHE
TR, AL A AT A P A I R IR
A AL A I e ok i v S JE 7 ) ) 4 2% 1 9 D
DEBFER S G, B m AT ARAE LR R
AHEVEIE, ARRNIAETAAFRIEIE T2,

3 BHEREREFRENMAEN
AR AR I TR

HENEH R RIE S WA E LR AR
(Proteobacteria) MR 1# | ] (Actinobacteria) 1
EYEIRE S SR ET R RE 2 EPY,
XS PRI LG 2 AL AT . AR . S A
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AN A A 5. HED TGS A
AR P P2 TR OS2 Al £ oA
& (Nitrosomonas ) FEAE AL SR TR & (Nitrosospira)
Sy LR AL AN B, Pusillimonas . 2R 0¥ 1 &
(Bacillus) . Jifi AR S0 (Pseudomonas stutzeri)
TR BT A A & (Luteimonas) . 257~ BlAT i (Alcaligenes
faecalis) . Wi ViR # & (Desulfitobacterium) . £1.
K & J@ (Rhodococcus) . R Wik 2 B IKH &
(Castellaniella) }¢ 1 N 7 J& (Bdellovibrio) h F %
B S AL AR, 1 R AU B & (Thermobifida)

YEAFIR & (Eubacterium) FIBIRGFH Lachnospiraceae)
R [ &P o IRAT 9 2 UE BH e R AR L

12 50 1) 1o Tk g AR M A B A O e 1 R T R R
REREAT s/ D A R MR, B F A A
RPUR AT IR T S5 AT IR AR

JER 1 Y SR NI AS (] B B A0 A T A A 22 S
F HAR BB B 22 (R 2). 7
FHE Y BEHE IR —Bh 50 °C LITPY, f77EKR
T 2 A P R IR S B (Pseudomonadaceae)
SERUERY S R AR S e ) W R 1 S
55 HENE vh 8 R AR Y R . TEZR I BRI T
BT BS , MER RS 80 °C #F A B
Br, XA AR P 2 SR A LB A R A R
FOHENE F= 90 (0 AR, — kil FE# iR

*2 BEREEIBRTMBERER. £ETFUERFWEER

Table 2 Diversity and ecological functions of the dominant microbial groups associated with influencing

factors during hyperthermophilic composting

DLH R HERE BT B A5 I RE MR R Z:7% SCHR
Dominant microbes Composting stage Ecological functions Influencing factors References
Pseudomonadaceae FHE B B AALTEME RIS 5 B R \ [22]
Heating stage Have a stronger ammonifying
activities and promote the
degradation of proteins
Thermus 78 e U Y B FAALTE AR BA S 5240 \ [25]
Hyperthermophilic =~ Low ammonifying activities and is
stage hardly involved in the ammonification
Firmicutes, Geobacillus R R B SR A T A TRE () [35]
Hyperthermophilic ~ Have a lower denitrification activities Temperature (+)
stage
Thermoactinomycetaceae BRI B IR 2 S5 A LA M1 TR () [20]

Thermophilic stage Have a high yield in urease and Temperature (+)

promote the mineralization of organic

nitrogen
Solibacillus, g B B HACEYER B2 SR g R AT EtA ek [31]
Unclassified_Planococcaceae Thermophilic stage 5% A4 % fi Dissolved organic

Low ammonifying activities and carbon (+)

posses a high degradation capacity on

lignocelluloses and mannitol
Aspergillus i A B SALTE VAR H 2 5 R B 0 BAM [31]

Maturation stage Low ammonifying activities and can  Total nitrogen (+)

degrade lignin

He (D) ZIBREHE SR E R IEAEE; \: RXZ B RS AR A e 2= R

Note: (+): The dominant microbes had positive associations with environmental factors; \: The influencing factors of dominant
microbial community in this stage were not studied.
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W B 1 0 S AR ) TR R R 22 00 A TR T
(Thermi) 1 J& BE I8 [] (Firmicutes) B 1§ 4% % J&
(Thermus)FZE AT 1R J& (Bacillus) . AR ZERFT
W J& (Sinibacillus) M AT 17 J& (Geobacillus) .
i, Thermus HATBARMZA TGN, HASY
MR R R AR > 05 AR R B
& UM S Bacillus | Sinibacillus F1 Geobacillus
OB AR Y S i A Tl % M, BB 6% B RN
T B SR Al BE BT DRI, 3k S AR A ) A
T A= W T A R e R B B D R R R B A
ARXEEMMEN . Kl HmiRprE, 7K
g A B Y D0 T R DR 22 0 A T R R A
Bl (Thermoactinomycetaceae)® . + 15 2 #1
J& (Solibacillus) Fl 5 Bk & £} (unclassified
Planococcaceae)™ , E A1 5 & HEIRA ML) R Y
KA, Hp, Thermoactinomycetaceae 1] i
1L DR T 1 e A WL RO, ik a1k
1EPERY Solibacillus 11 unclassified Planococcaceae
5 5 T b OR Bt 41 4 R ORN T R I A 7 2 U0 A
KPU e g By, HERR L T P 5 R R AL
Y EFRYTIA L, W AGICE PR AT 1
VS, HEURIRBE M TR, UEAE BB B
— PR, L NE R Y B L A A
FPRE A W8 P EL TR 1 55 8 (Aspergillus), X
s F B AE R REA 2 S5 HEIR I 2 AL
FOE, ARG H 2 5 R MRS, IF BB
HERHA MBS RN RS E A ARBILIR A,
PRI, R v kA N 0 R 2R 0 R 1 32 B PR
— 7 T HAR T AR R A, S —
7 TH 3% SRR HLAT B AR Y 2 A 1 1

4 BREBEEEEHAFRANEA
AL

S JES 2o o v T AR AR 1 T A 1) i

SRR IIRERE T E AR EYFAL, JFH
R B RAE I 20 T4 v 2 A it B A g 2
4 R R B DG R PR P2 AR
AP EARFEI G Ay 45 B
R, v i PR B R S5 4 5 FEAR R (structural
equation models, SEMs)Flff /)y — T ik B 12
#l (partial least squares path modeling, PLS-PM)
Bz R T HEAE AR SE . AU R T A
AT S IS kA v ol A e s 2L 5 TR M Y
PRI T LV M B TR SRR O
A= R v A OC B Jon 2H LS 22 on s i 2 (R Y
TEE R R HAEHLHIPA0 8% X Se b5y F
B, Sy fige B v T M A S 25 02D R R LK 1
PEBL AR P2 LR SR A T (A

3RS T R I HEAC e R A R A AL
RIHE R AR OCHL I S HZ g R R o X T4 2
SRR, R TR N 32 S A PR AR A
it R T A R 2 A R AR P 1
(Pseudomonas). *HIAT & J& (Bacillus). F T
%% I J& (Acremonium) . ‘BE ¥ 1 18 J& (Alternaria)
7 % 18 & (Penicillum)] -2 i & A 78 ot
S5 5 1) B A B, DT 2R AP R T 2o 752 rp b
J N 1R S 25 A g P e A e T M A
o 1 ) 22 o AR B A I T N 22D B R TR SR
RN R B HE . TEREGE AL |,
TN B 3w T 5 SO AL AT B A R
) Firmicutes A%t 3= B 3F B IR B 2 VS & 1]
(Chloroflexia) FNER ¥ 1 || (Acidobacteria) ;= 4= 1)
TS TR I i s e L IV TR 3 i ol 1 1 B FL BT 4
SR ORI A R AR AE SRR AL
P b, AT I T HENE R amod JE
PRS0 A S R A i R, e i T A ALY
PACHECT, Ak, R IR A S A AR S5 (O R
JEURHELRE . IRLEE . pH fEL. C/N Rk ) | AR
LGN ZR A FF R B AR . R AR A

~
R

5O M
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A PR #3855 ) e Al A WO A v 4 ) 35 o M JIES 1o R v
AR MR IRARFIRELL P A 2 5 020323531
e L AR B AR R A8 1 SR L SR Bk
A= Py A e i Bl L L S IS P05 K A= 2
PR B i 242530 s b el B AR AR ) LR
B o SR T 4 e AR o A e UK
SHERC R R (R 3). BRI
W1, 2078 R R R Y i E S R S AL,
L g i 3 A A A P A T R Y A Ak 2
TSR . B T A SN, IR A
W A Wy i S 2D A v A A L o R e R TR
FUMHER Y, T pH BT E AR T AUE AL
(g HE I,

*3 BRREERVEREREBINE

5 BEEREEIBTAREALNDY
GRS

AR EFREEH 7 (pH. C/N FF541)il i 5
M A A A A AR A B8 T ) 3 2 i 3 A 2
BBV, DRI, BITAf PRISE DR X R g U 3 FE 3
HRRELALRIRZ I, 5 31 2 ) W] B 4 PR 30 A
[7] [ B AL 35 Gl A W i e A 4 9 52 T A R D 2
AR o HEPRIR A5 70 R O e v T S
1 i HAT AR S RE A DL Sl A M R e 4G
T A RN N 3R (3R 2). e iR A 3] T
YN I S5 F ) 5 ik A A5 BT A0 DR 0 i T 7 £

Vi iR, S IRACHE T Firmicutes. Geobacillus

Table 3 The mechanisms of reducing nitrogen loss by hyperthermophilic composting

PR AR PUR M T R R R AL

TR HE R R 225 S0k

R Mechanisms for controlling nitrogen loss The influencing factors of References
Main ways for controlling nitrogenous gas emission

nitrogen loss reduction

2 TR BB PRI AR B S 1 | RS 1 . SRR IR A R (o) [25]

Ammonia emission

S B TR A R A A AT IR A 3¢

Bacterial abundance (—)

Significantly decreased protease and urease enzyme

activities and ammonifier relative abundance, meanwhile

enhanced the formation of nitrogenous humic substances

and reduced the ammonification rate

S AR A T 2 1 RS A DRSBTS [31]

T AR 22 P S 0 1 3 3 A 32

Significantly decreased protease and urease enzyme

activities and ammonifier relative abundance, meanwhile

reduced the ammonification rate and intensity

AR R

Oxynitride emission

3 TR AT R 0 i P % P T A PR i RS M FTEHEE P pHL (+) [35]
i 391 8 2 S i e i DR 8 TR A1 S i e 2

Significantly decreased nitrite reductase and nitrate reductase

enzyme activities, and had lower relative abundance of

denitrification functional genes in the middle and late stage of

composting, meanwhile reduced the denitrification intensity

SR R HE L

Nitrous oxide emission N2 E AN AS &S &) & &

B FHEAMENC L R D amod SN norB JEIH AIAHXS B I () FIBUEW AW [24]

)

Significantly decreased the relative abundance of amo4 and Temperature (—) and

norB and reduced the NO; -N and NO, -N concentration

microbial biomass (—)

T (9 ZHREREHES ZURHEL (-): iz Z Ml R T HR \: ARX S RUR SRR IR0 D R TT R 5T
Note: (+): The factors promoted nitrogenous gas emission; (—): The factors controlled nitrogenous gas emission; \: The
influencing factors of nitrogenous gas emission reduction were not studied.
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Hl Thermoactinomycetaceae R EHE01 ) A
TR, HERFR 7 i U2 2 5 ma O 3 A=
YIERER . TEVE AR B, nlvA P HLAR Y 1
Jnk Solibacillus F1 unclassified Planococcaceae
R A R AR T I A RERD. SRIMTE S 2B
B, MR B RN T I it Aspergillus BYHGHE AL
KPY, mERE, R, Ba AR
1 T RE B I AT AR W T Vi Al AR TE AN ] HENE B B
PR PN 25 A B 22 S5, AT e M AT A 1a] 9 5 AH
U7 PR A 35 DR R R A1 2 T R ) = B RN
ATl A SRR B R

bR T iAW Ts , PRBE IR il it e e
JE B () 22020 8 256 DR ) A X = B EL A I 2 R R 4
TERAPY, T m e R G D, REY S nirk |
narG . nosZ I nirS % Y RE LD (4 A% 3= B 22 1]
PR R EMIEM R, RPREN TS
FTHZ AW AR Ny SR, B
REIRR pH 5 amod F norB J& K AR X =F B
ZIAETE B W IE AR DE O ROV R R
pH {H7A AT HIIE norB LAY F B, i
5% (electrical conductivity, EC)FIfAEY) W)
H A Y amoAd Fl norB FH BIARXT = & 2 [0 A7
B E R ARSI R peah, B R e
R ER B A It (A TR s i it R ST i 122 3 i i
VX2 5 R A R R B A T RE L DR A AR X =
L HA AR DY D, e I R A
B PR AL A T B I 2 5 AR AL )
RETAE MIREVR . A O8RS AR = A

6 FALSEE

B X SR EIE R BT RT, HAEHOR
SPNA . PR AL A R R A
7 T AR AR I A R DR
BT GEHEIE , o s TR NE £ PR BT 3 B 40
IR SEA AR T RS . BUEYEREIE AR

B AR T B FAE Y, gk i e R
TEA A Y B B B A DI RE DL G A Y i 1)
ShAAE AN M 25 I 5, X g AT E HLA
Mo E A 28 P PE | 48 m e ™
i I AU 2R T R 2 S D HE NS R AR OB R 5=
SAHEE A REE S . BEiREIERE AR
TR A A AL ) 3 S L S AR TR IR
BB L e I B B S B B R A I R VR A5 A
TX G I BT B FLHE AT 1) By e 5 R 7 R0 B
TR AL A T S8 P (| 3)fafimi =
Z, e R m FEREN Thermus |
Solibacillus F Aspergillus SFIL AW FEH S H
i AR Ak, DR T A AR 110 A TS M R B R
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