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Effect of formate and glucose organic carbon on N,O emission from two soils

MA Shu-tan"?, YAN Xiao—yuan'"

(1.State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, Chi-
na; 2.University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Incubation experiments were performed to preliminarily investigate the effects of some root exudates on soil N,O emissions by
adding different amounts of formate or glucose (0,0.5,1 wmol C-¢™) to vegetable field and paddy soils. In the absence of formate or glu-
cose, the N;O—N emissions (2.65~2.69 pg-kg"') from the vegetable field soil were significantly less than those of the paddy soil (6.19~11.79
pe-kg!) (P<0.01). In the presence of glucose, NJO—-N emissions (2.47~3.44 wg-kg') from the vegetable field soils were also significantly
less than those of the paddy soil (9.55~13.34 pg-kg™) (P<0.01). Whereas, in the presence of 1 wmol C+g™' formate, the N,O-N emissions
(54.86 g-kg™) from vegetable field soils were significantly larger than those of the paddy soil (42.40 g-kg™) (P<0.01). The amount of NO3
addition didn't significantly affect soil N,O emissions. Quantitative PCR and high—throughput sequencing were used to explore the underly-
ing microbial mechanism showing that microbial copy number of the paddy soil (including fungi, bacteria, denitrifying bacteria) was 3~8
times higher than that of the vegetable field soil. According to the results of high—throughput sequencing analysis, the relative abundance of
denitrifying fungi in vegetable field (53.8%) was much higher than that of the paddy soil (6.6%). It had been reported denitrifying fungi
could utilize formate as electronic donor in the process of denitrification. Our results also indicated that low—molecular-weight organic car-
bon with trace addition significantly stimulated soil N,O emission, and the effects depended on microbial community structure. Denitrifying
fungi probably dominated N,O emission when the vegetable field soil was amended with formate.
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N,O J&— R EE IR = A, KA N0 ki
Bl Tl A T Y ~270 ppby 341 %] ~320 ppby, HitH
hniE =2k BT AL Tl AR s Bl Hoge
FH = 48 v 008 it FH = A2 19 N0 249 5 R U Y 40%~
60%" . HEAF KA N0 A8 FasE |, HAE B i)
AT A A 120 a, H 3248 2 1) 78 AW 2 6 i
FESLA , X W13 N.O R T A2 W 2k IR
H AR A M B NLO 7= A i R TR AT R A
AR A i R Dl ot ) Al

TR W 1 SR A G RS2 NSO 1) i T SR YA, S i
TR AR 1) NLO 24 (5 RO 1Y 609%™ Tl AE P I
T A& 48 78 Bl A SR SRR T S AR I A W A R R
ol A R R A 1A 5k NLO AN, (R A, X S —
S IR FE A LI 53 i Hh O A2 BB NOSEL NO;
B 2 A R JER N o {H AR RO BIF 5T P R O
S R R R3Sk E R HOE A R
3 pH A RNE RIS EEC X LK AT, WF 5%
N DU AE LI TR U R & 0 A HLR O R R
T FE S BREF AN SR R REIAR R W B . AR
FROT UM — SE R S AL TSR DRIE < (5] an 2 B
Z G S A B AR BRSSO
o1, VKRG W B 1 T S 45 A 5 2 i R4 it
WA A 8 B — B2 (A BLAR 5 R /D (<1 wmol
C-g )" AW, AR AR R W] UL
2 s e 2] 3 NLO A HEC . Henry 55 ) 3 iR
TR E A 53 B A HLANE (150 pg C-g7') , 357
NLO VRN HRAL 1Y 8~11 %5, 1 3 B i =
B FUREVR 250 A R A BB i AR e, o 2
BB, AL U5 A A 2 e 25 52 ) - 48 NLO Y 34 it ik
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MR IR - 38 o TR RN B B R 14 R X 5 o S TE A DG T
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DL AR AR 6T AR 2R A A AT L Sk 2 b 52 i
+HENO HHEL . SR SEF 5T, B HLAR R 1
IRINRHR L H K (55 wmol C-g™ )M SZBR |t/
SRR R e ) R AR AR R

BLANG T8 AR E) 1 mol C g, S5 P = B (R
IANIEA HLASRE S e -3 p LS O . T340, 0
RIS IR AT AR IR 25 32 B 5 B T 0 2~6 1A
HLRR , 0 % WA A 35 S B LR | 3K 28 /N I3 22 AT
I AT A N B U P R N ) 2 AR TR ) =R PR UG 2R
(TCATRER) , I HAT AL HL T3 A R0 DRt e
ik — /Ny ik Z —E RAERIE . BRI A]
R A SR PR 5 (<1 wmol C- g™ ) WS INA HLER I
PEAT 2 N B R S B R AR ST A HL/ N 1% L NLO 1Y
W A HUBR SRR 1A A P R AR . A AR
DA S 56 v A — JBeRs 5L, T A R 2 B WA
PR 6 2 — Pl R R B B DAL, L RE RIS 2 B T3l A= W )
F, I BT LB S i 2 B v Al i A=

ME5TE

1.1 TERERFSELERUE

AR H VLR H BT S R (N31°327 |, E120°
417) K4 S AT A i, REE O~15 em TR 14, R
Jo B EE Ak 2 mm 0, BT 4 CAE N RS, H
KRS R B W RV S R G E ANk UL A 5
il 1) 7 R - B8 il IE A B AE 300 kg N -hm 5 324+
HER B 24 M KB S i IE B 2 BE4F 1044 kg N -
hm ™, R S Hb P KRS FE A i ok, AR BREL A 6
A RATHBRERTELZ 2017452 A 17 5, RAERI)
A et FH AL PR PRI, 5 it S Ak TR A K . St
FivRe 2 0 9 HLRDRRISOR s

B SRS 2 B sE L E PR AL . b HE NHIA
NO; & I 4 A s ik 3 A (AMS, i 22) , U
FEBT, B 4 F 2 mol - L™ KC1iZ $2 , HIERIR IR 1 L
105, HHE4 C 4 N AN AE 6 ] Vario Bk & T
F ML (Elementar, {5 ) , 1] & #6527, & 175 K
T Pk 100 H i - kA 0 {5 O R B
(LS 13320, S8 ) 5 # b =2 i i 475 XU I 7
12 mm i 488 pH R 7E BRI ZE IR AR A W Rl
E, BOK R 1:2.5, U AL 2% 52 pH T (Sartorius, %
), FEMEER IR,

1

R 1 FMFnFEE L EMNEL SR

Table 1 The chemical properties of soils from the vegetable field and paddy soils

+4 pH 5% H/% NO;-N/mg-kg" NH;-N/mg-kg /% Hrhi/% Fibi /%
S 6.16b 0.28a 2.20a 23.9h 3.56a 13.6 53.2 33.2
i H 6.69a 0.27a 2.19a 65.9a 2.71b 22.6 423 35.1

T - [ — S Al PR R 22 5 .25 (P<0.01) ¢

Note: Different letters of the same column denote the significant(P<0.01).
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MR, 55 R AT 4~5 ¢ fif £+ F 80 CHY VKA H T
DNA 428, DU WOE 2 10) 3 s nAS [k B2 19 g
LRI RN BLBR IR, I I8 5 7K 3 2 75%WHC (5 K
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i PCR Al s 0y
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v U P 03 B A4 R L R R 2 A
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21 9L 42 A ¥ Fl (New England Biolabs) Y Phusion®
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(http: //greengenes.1bl.gov/cgi-bin/nph—index.cgi ) H X}
PAFEAAE OTU i 73275 B . A QUME #i fF
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291,
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. Origin 2015 FFS2GAE R .
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TE/NFAEIN(0.33 pg N-kg'+h™) . YHNEA HLERINFESE
BENLO HEBGE T4, 35 b B NLO 33 2 (0.02~0.03
pg Nekg ' -h ™ )W B /NI (0.04 pg N-kg'*h™) .

NoO P HEGHE % /g N kg +h

N0 SR /pg N-kg!

N0 Rk /g N-kg!

22 TENO BiHHEME
i & 2A 1 2B 7] LAA A 3E N0 /) B HEiL =

W FY R R v A i v T 8 0 5 A L T A L

2571 _ 04r
L o
N > E
2.0 N < 03f N
I \ - N
L \ a0 .
1.5 o S \
r NN M 0.2 N\
Lo N i ~
Y =
g A i
L N\ = 0.1
0.5 N =3y
N o — B
or = e — S or
0~24 24~48 48~72 72~96 0~24 24~48 48~72 72~96
HE IR ] /h Hi Rt ) /h
-B- 5E(1 pmol Cog™") —@- FFH(1 pmol C-g™) 1= 33(0 pmol Cog™") =0~ FFH (0 wmol C-g™)
it A 50 mg NOs—N kg™, B WL IR & 085 1 pumol C- ¢!
The dosage of nitrogen is 50 mg NO;—N kg™ and the dosage of organic carbon is 0 or 1 wmol C+g”
1 ARMBAEREL(A)FIREME(B) T8 N0 FHHERER
Figure 1 The average N,O emission rate from soils following the addition of formate (A) or glucose(B)
60 [ A 12_1 60 ' B
50 N ;m 50F a
L b o L
40 I ; 40 I b
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30 2 s0f
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20 a_ a = o20f
L B | a b
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FATiRER/pmol C-g”! R ER /wmol C-g™!
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L C T 14 D a 2
12 : e 12F T
r a vy I a
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i
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L a Eﬂfﬂ 8r
6 T 2 6l
4l b b ® 0 b
b : B o4r [ b
2 2 = l 1
L z 2r I
0
0
0 s 0.51 ] 1.0 . 0 n
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O e O

AT PR WD L3 N,O HEj 2 53 3%, P<0.01
The dosage of nitrogen is 50 mg NO;—N-kg'(A&C) and 250 mg NO;—N-kg'(B&D). Error bars represent the standard errors(n=3).

[l A FIE C 119t 0 54 50 mg NOs—N kg™, & B A1 D (19 0 i 4 250 mg NOs—N kg™ 5 iR 22 H K S AR bl 22 K/ (n=3) 5

Columns with different letters denote significant differences (P<0.01) between two soils

B2 RmAE R E R A AR IR N0 RitH i E

Figure 2 The cumulative emissions of N,O from soils amended with different dosage of formate or glucose
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- 3 N0 1S K BE B, 2 R R R ok R Gk E) 1
wmol C- g™ i}, 31 + 34 N,O Bt HE &g 175
FH 48 i 4 28 6 NSO HE R A 38 % A St e /N
2 ER (181 2C F12D) , 7E M A RE AU IN T, 258 Hh - 8
B NLO B HE Al B K RS -4,

FH 1 2A 51 2B XF o] D& BE, i &L SO mg
NO,-N-kg ' #1151 250 mg NO,-—N-kg ™', 13+ N,O 1y
St HECE I A DL RRm, E RTE R ER R 1
pmol C - g™ B, il 280 it (W38 0 5 380 1 48 vh NLO A HE
e 2L, H A S - 3 Y 54.86 pg N - kg B0
44.66 wg N - ke, 7 H L 58 1 42.4 pg N- kg F&E R
33.61pg N-kg'o U APHAR B4 1 umol C- ¢!
i it S0 A0 3 -t A S 3 - 48 NLO Y HE T (A
2CHIE 2D)

23 TIERAEMHEHE

F2 R B PCRINEE R, W LB, 36+
S TR 5 DL ECRR S 2 AT A 3 (P<0.01) .
Fief H A 3 vp B 2 B H DL KR (16S rRNA) J2: 357 b + 4
Y 4.8 45 , Horh RS AL A0 T8 nirK 1 nirS DR 23 4 1
SR 6.6 155 AN 8.2 4% o AT T 40 T Y 5 DL B, A
(18S rRNA) 7E P A 1 18 rp B8 i 22 S A R b R H
T LB DUBUE S Y 345 A5

F®2 TEEME (165 rRNA) EE (185 rRNA) A
RAEUHAE (nirk & nirS) ¥ EL
Table 2 The copies of bacteria(16S rRNA genes) , fungi(18S
rRNA genes) and denitrifying bacteria(nirK & nirS genes) in soils

16S rRNA 18S rRNA nirS & H nirk % [H
43 JEFE(x10"H HEE (100801 (x10°45 11 (x10°#% U1

%) g B eg)
b 2.23b 6.61b 2.64b 6.69b
G H 10.76a 20.0a 21.7a 44 3a

s [ —FR R PR 2R 22 57 i # (P<0.01) .
Note: Different letters of the same column denote the significant (P<

0.01).

24 TEREUAHEBEMRELEER

H A 7E #1458 v & B S S AL A R 50 20 i
I I A R RO AR T RS A
208 (F3) o SMARL , S - 3 b i S il Ak 20 78 i
AR = B B 2 v A R (P<0.01) . L3P
G AR 0 T Jas 9 AR 2 B REASHRAE 1% LR o #7 LU
FEOOF 2 B 7 0.5% B BT S D3I, St - 4 vh i 40
)@ S 2 HAT B )8 (Bacillus , 1.031%) #1555 14 J&
(Streptomyces ,0.896% ) , i H -1 v (1) {0 #4 J & Ja AR

K3 THRARRHUAREENFEE

Table 3 The relative abundance ratios of denitrifying bacteria

genus in soils

S A A 1A T - HXTR R -
St A
Bacillus 1.031+0.077a 0.197+0.009b
Paenibacillus 0.166+0.049a 0.053+0.007b
Streptomyces 0.896+0.012a 0.568+0.052b
Flavobacterium 0.291+0.083a 0.132+0.006b
Azospirillum 0.002+0.01 NO
Bradyrhizobium 0.466+0.05b 0.803+0.01a
Hyphomicrobium 0.108+0.017a 0.140+0.018a
Mesorhizobium 0.050+0.013a 0.044+0.013a
Rhodobacter NO 0.065+0.005
Rhodopseudomonas 0.112+0.032a 0.032+0.015h
Achromobacter 0.025+0.009a 0.002+0.001b
Azoarcus 0.009+0.003a 0.01+0.001a
Comamonas 0.020+0.001b 0.047+0.009a
Cupriavidus 0.016+0.005a 0.012+0.007a
Dechloromonas 0.001+0.001b 0.003+0.000a
Denitratisoma NO 0.001+0.001
Nitrosomonas 0.010+0.003a 0.007+0.003a
Pseudomonas 0.069+0.027a 0.071+0.019a
Pseudoxanthomonas 0.001+0.001b 0.026+0.015a
Stenotrophomonas 0.003+0.003b 0.081+0.004a
eyl 3.276+0.153a 2.296+0.091b

T [ AT AN ) 5 B R 22 53 B35 (P<0.01)
Note: Different letters of the same row denote the significant(P<0.01).

I8 1 J& (Bradyrhizobium ,0.803% ) Fl% 25 % J& (Strepto-
myces,0.568% ) .

H A 7E BT b 2 B S i Ak LA 60 J& , 7EAS
PR i RIEFRATR BT 29)8 (3R 4) . SMACkRUL, 3¢
b - S8 1Y S A A L TRORH O T B A 2 v TR (P
<0.01) , JEHJE Sl 4 4 vh 1 2k 58 J& (Monographella,
35.4% ) M9 J) J& (Fusarium,9.5%) , 73 %) J&: F5 H + 35
AR 8 1AW AT 13 4%, 3ok T AR 0t 2 L RO AR P B30 T
A LAIARNS S22 5 0.5% W T 8 4 o Js |, g L e b
A ZER 58 (Cladosporium ) BYAIXS 3B (1.316% ) K
T 3%

3 iTig
3.1 BAHLEYT 18 N0 HE BRI e B
T A oA B B A 3 AR 2 PR b R 35 A LI

AL AR A NOS (kI A, BRI ML ) S A ad A
PRA YL TR NOS SE LA o AN A R AL AR
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Table 4 The relative abundance ratios of denitrifying fungi genus

in soils
AR AN ) _~ MR .

SEHL iELE
Acremonium 0.02+0.007a 0.132+0.041a
Alternaria 0.391+0.081a 0.381+0.035a
Aspergillus 0.042+0.013b 0.094+0.027a
Botrytis 0.039+0.013a 0.003+0.004b
Candida 0.008+0.001b 0.089+0.007a
Chaetomium 3.306+0.793a 0.282+0.154b
Cladosporium 0.182+0.023b 1.316£0.616a
Clonostachys 0.009+0.002b 0.047+0.009a
Fusarium 9.546+1.686a 0.733+0.118b
Gibberella 2.975+0.634a 2.425+0.653a

Humicola 0.047+0.015 NO
Hypocrea 0.001+0.001a 0.006+0.004a
Metarhizium 0.031+0.004a 0.004+0.004b
Monographella 35.375+0.056a 0.432+0.014b
Mortierella 1.404+0.357a 0.047+0.006b
Mucor 0.02+0.019a 0.04+0.013a

Oidiodendron 0.018+0.016 NO
Penicillium 0.311+0.022a 0.03+0.005b
Phoma 0.005+0.005a 0.01+0.006a
Pichia 0.026+0.014a 0.003+0.002b
Pseudallescheria 0.001+0.001a 0.138+0.160a
Rhodosporidium NO 0.018+0.005
Rhodotorula NO 0.016+0.005
Talaromyces 0.032+0.007h 0.241+0.021a
Trichoderma 0.045+0.09a 0.068+0.01a
syl 53.833+5.487a 6.556+1.041b

AT Rl R R 2257 B35 (P<0.01)
Note : Different letters of the same row denote the significant(P<0.01).

Y126 AN [A) ) A5 s A 3R B[] — ol S A
A 2 TR R A AL IR AN [R] , HE 230 o AN R 1)
AR DRI A DL A A AT LA S 2 b ofl 38 - 8
NLO AR , AR B A, 23 R A A BILAS ) R 2 AN [R] T
AFEE 1, E2).

AW T FRATT ] AN T D A A N
HRER . 5 A WHAR L, H R ER X NLO B SRR
AR 1.7~3.38 0% , X — I =2 5 IR g RS A
TR A G, MR — R0 i i AT LA
WA R BT 3RS O Y
FI R RESS , oA S 552 A P2 5 SO AR )
e A PR IE . T IR R BB R TR Y A
FH P AL I A BT . e S e R B

AWFFE B AD L AR AE SRS AL TR (3R 3) .

A W 5% 45 5 3R BT R A AL T L NOS I 5 il
(narG) 55 H R 1 I AU (UQFdh ) H-A () HL 1% 3 1A
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