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Abstract: [Objective] To evaluate the NO3™-N removal capacity of typical farmland profiles in southern China
and to explore the hot moments and hot spots of denitrification. [Method] Paddy fields (rice-wheat rotation),
vegetable fields, and orchards (vineyard) in the Taihu Lake region were selected for this study. Near in-situ
incubation of flooded and non-flooded layers of the soil profile (0~300 cm) of these fields was performed using the
Membrane Inlet Mass Spectrometer (MIMS) and Robotized continuous flow incubation system (RoFlow) over a
year. [Result] Our results showed that the soil denitrification rate exhibited distinct hot moments and hot spots
across the three planting patterns. Denitrification hot moments in paddy fields were primarily observed in October
during the rice season, with a rate of 17.6 nmol-g™!-h™!. The denitrification hot moments of vegetable fields and
orchards mainly occurred in March, with rates of 44.2 nmol-g !-h™! and 45.3 nmol-g"'-h™!, respectively. The hot
spots of denitrification in the paddy fields occurred in the topsoil (0~20 cm) with an average rate of 3.4 nmol-g'-h™!.
The denitrification hot spots of the vegetable fields and orchards mainly occurred at 20~100 cm, with average rates
of 11.7 nmol-g "-h™! and 9.4 nmol-g !-h™!, respectively. Also, the removal rate of NO3™-N in these denitrification
hot spots exceeded 90%, and almost all NO3™-N in the soil profile was removed under the three planting patterns.
Correlation analysis results indicated that the soil NO3™-N content was the primary limiting factor for denitrification.
[ Conclusion] Our study reveals that the farmland soil profiles under the three planting patterns in the Taihu Lake
area exhibit high denitrification rates with distinct denitrification hot moments and hot spots, effectively removing
NOs™-N from the soil profile.
Key words: Nitrate; Denitrification; Planting pattern; Soil profile; N2 © Ar
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BAEHRANRIL X, FIRERNEAE 400 ~ 500 kg-hm 2 47, (EFA XA MBS R B
FHIE FAAEN R 2SR, el IRk B e AR KBRS E R (453 ~ 2 155 kg-hm™)
(31, T AT 1 X A FH 38850 T A e B BAH A AR, 0 ~ 400 om HIFEHITH NOs-N P38
4 8.8 31.1 1 36.4 kg-hm 24, 35 % NOs™-N HITHA91E FH E ZHFMED N 2
SAEA I FETE K, SRR NOs N BI85 Na, (35 2@ Hh R /KA - 35 LB [l
HRAAE. s, EA0TENE-FOKRRERB 0~ 10 m B8E&IH T, NAEXZE (0~
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F, Pl HEEAPURD. WG, pHE., EASAIK S KA, o idid 5 SO A e i
T AR5 BE AR A R R i AU 428 S R A e 2R 010100 5 A i S AR R VE )
B TR Tt %) AN [t 2 T e G A 4 52 ) S A A 5 FEE 012130 R ) PR P A ALk ) ke = e PR o) 1 438
SAEAAE o R R B, fedb -1 IR R 2 38350 i i g A MLk (DOC) XA 10
mg-kg!, RZETLEEFH DOC A UM E W ik, SEORZE LR 0 O 1EH
2 B PR, iR 7 AR DCE R AR 2 15 52 2 E 3 DOC &2 MBRHIIATE 2, Hok
FEFZIE R R ATIIRA A

DAAE SR (1) 1338 S i AL T 98 07 1 A48 CBRAMfNER BN RIS #hnidiE s, SR,
TR LTy VEINAFAE — 8 SR BRAPEUS18Y, Tk e e - 3385 T 1 AN Jse il A T3 6 TR 25 21 T 4
77. RoFlow %%t (Robotized continuous flow incubation system) K H] Na B3 5 y2:019-200%F
SRR F AR T R R, Gl G I A Ny AR R, AT DLSRAE S A R A
HALI# . T Flow-through £5 7535 B U J2 K H No ¢ Ar FLII LR, K A R AR/ 7 KA
AL E S AR SR, dg g W R (R R N 78 K2R AT R AE, FIH MIMS (Membrane inlet
mass spectrometer) € A FRTEKH Ny, RAEE K TAE RO AEALIER . IXPFR T 1EA T2
WYy, R 2Rl 7 IR ACIRAS,  Hol A TR KR AR FE K S8 R IO AT 2 1)
XF T E AT AN [F7K 73 R AS B S AR A AT I, B8 5y BRI b S e 358 [ 7
AR ZR, W] DL RBI P e 5 AR B A5 ) T 1 S i A 2 5

AT T 53 0 3 BT 95 48 0 AT KRB -2 R AR AR B (R D) Wit (Sehh) i
il CRED EABFFIN S, i A 438 S5 A7 S A4 A AN [R5 i 3% (0 ~ 300 cm) 7E
AFRIZEATH AR R, FFRFUH R R, DOl 2R X R385 1 1) NOs™-N H 48 RE 77,
G 7 A X AR T Y5 G B 15 5 e Sk AR il O S

1 AR 5k

1.1 fFRXEEIR

WER XA FIL A H AT (31°32° N, 120°41° B, J& T MBI F) I R 2 XS ik, 15
WA 16°C, FFEKEHN 1055 mm, HiFKIKALAE 20 ~ 60 cm Y k5. i =P Y th
R AN AR 3, 2 BAKRE— N AR AR . R gk e . FE 5o AL
TFHEHEARN, FEHEELN 576 kg-hm2, BEMNFER 7 AFFHEME, 11 AWEE, 6
At AR, 7 AT 8 F R4y it > BEREFIREAL, M &4 A28 1204 90 A1 90
kg-hm?, FEFEFHEAEL) 300 kg'hm2, FFEMYFE 11 A NEFFEME, KE 6 H FIK
R, FEFEMEELN 276 kg'hm 2, 11 A FAFHZIEAN, WRE 1 AR 3 F 5 i kA e
Ao EEAE, AR S350 136+ 80 F160 kg-hm2; K4 it i =3 M 4 it L= 204 600 kg-hm 2,
FEAER TR 23528 10 AL 12 B 2 AfIS A, Sl E2) 150 kg-hm 2, FpMiE %, &
iR &L 500 kg-hm2, 3 Hi I, 4 AMAEIEE, 5 A 6 HIBAE, HEAEES N
240, 100 80 1 80 kg-hm2, RIGAF Hh 3845 R A JERE 5T A & 10 R A S Ml -
1.2 #HERE

T 2022410 H. 11 H A& 202342 H. 3 H. S H. 7 A9 H$%H 0~20. 20~100.
100 ~ 200 #1200 ~ 300 cm PUANZ AT B3R . R A RN TF- R s iR s J5R e Bort
EEBL (VDS1, SRR 20 HREUCREH . SEHURTRFE ) 0 ~ 300 cm T FUR 4. BEANF
FER S = APAT . SREEM LR — 300 TR 578, 5 — 8 T mlE . 1B
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REEFFUEHT 30 d 73 HIAERGH . SEHURI R IR 3 ML R ACREEIE, B 3 RIEEAT—JUKEER
£, BUKIELRE 40 d ity WL RIS /K FPERE KGR0 7K.
1.3 FEmIEFRIERNE

B . SR B FE 0 JFOIR 424 0 ~ 200 20 ~ 100+ 100 ~ 200 1 200 ~ 300 cm P4~
JEVRATRE TR, TR X R KA R T 50 em, BT LUK SR BEAISEHLE) 0 ~ 20 em H4F
WE NIRRT, HABE NEKE R AR IR AR A K B IR 4 38 R B 855 5%

U IR A AE ] RoFlow RGHATEE IR E RAHAGER . FEFRd #2 /=28 1) N2 A N2O
EHAT I R G s hrill o BEFR3E B WA 16 MR, REANGRERD) H DR IOEE 2 S AR B,
BN 1 kg R B E T AR E W, S 16 NREREE 3.5 hfRKIRSER— I, 5597 24 h
oA, BUS KSR HRHER N SR EE Tie), L 24 h REFRE R TR
No FIT NLO HIF2 AR TR

HAKIGEFRA N TIESE N, - Az, T FR S ZIRAIM %, KA Flow-through 55
FE BT BEZRIPIEE T HIFR 1 kg FEIAR R MG % B 8324+,
NREEUF WG R KB RIE TR 0 EAEK, TEFR 15 h, sk Fa il /KA Ak i) ik ok 9
BURE, BUM/KEESS, FFBAEINAN 200 uL 7 mol-L™!' ZnCl 5750, 72HI7E 0. 2. 4. 6
8 h HEATHURE, f#H MIMS (Bay Instruments, Easton, MD, 3E[E) 7€ KFEH AR No,
Bz RS IR MR PR, DARERAE R Ny PR A s %,
1.4 HiELIE

I % L EER 225 F (RV) #IRL T AR

T, X365 %X 24X M x107°

Re, + 1, X365 x 24X M x 106 + le X fe
KA, ro RS LE R FREAERRIAME, nmol-g *h™'; Re, R~ &1 JZ ] U
RS ERHEENIIE, mgkes MERNRIBERTEE, gmol'; le KRSMEA T
RIMRIBER, %; fe RSB NIEEE, kghm?2, Ho le S35 M5 CHRE TR BN
7%22, A 19.7%23, FFEA 20.5%0249, BT A ARSI, SRAE pR AR A ] Y
ANTFI AT g 5 85 SRR A 1 T RN BB AR 2 1R S P, BT ATE AR G 23 T TR Cook BE 2512
W7 o0 AT F S B R IR, SR Spearman A5 35 B Ak 4 5T R s R AR R AT 40 AT
F IBM SPSS Statistics 26 A #EATHdfE 704, A Origin 2023 B AT #EAT 1 1]

RV( %) = 100

2 HFRE®

2.1 TIEBUMRFATETAE

SRS T 3% pH 7E 6.2~ 8.1 JEHIN, SR LRI, RETIEEDGGRIE,
RE LR PSSR . FEZE A K AL FLAE ARG B I R S K EE (31.6% ~ 42.7%) B T3
(25.7% ~ 39.2%) FIHFE (30.1% ~ 49.9%). +3Erh DOC T4 8 NFEH 24.2 mg-kg .
FHh 215 mgkg ' R 229 mgkg !, EHIMRE ERICNRZE G ERG, BREZEIMHEIR
R ET BT (R 1), Lan SRIBFASE BEW, M TR M 118, kA
i e 3 R T SRS R A I, DOC [k = 2 R il 4398 S A1 P 0 D IR
20261, Hrp Qin IR, HINE & DOC Mk 2] 3 b vl LLE F IR m AR T R A
N RN K AR B U= A b 3 T A AP E L, TEMR =& J5, 200 cm b B A
MRERR R PR T 70%. BFFLERH, AbPRIRZE LIEMIEMZ 2] DOC R, FRE L
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DOC #] 40 ~300 mg-kg™!, VK25 FFE] 10 mg-kg™' PLRU4, TAEASZEGd, =R i
AN AR A DOC & &MY E R (10.0 ~ 86.2 mg-kg™), A LN A Y37
BEFE R M BRIR AN RE VR, B pH & AF RN R U A K 2t R T A fb, A3 T
NOs™-N IV AN E - FE (it T RAF %44

R 1 NEIFIEREIRBUM R
Table 1 Physical and chemical properties of soil along different profile depths

Plantine pattern Depth/ NO; -N/ NH,*-N/ DOC/ pH Moisture/
&P om (mgkg ") (mgkg ") (mgkg ") %
0~20 8.4+1.6a 2.4+1.0b 28.9+7.8a 6.2+2.4b 42.7+2.0a
20~ 100 1.2£0.5b 2.6+0.2b 15.0+2.8b 7.042.7a 31.643.0b
FeiH
~ + + +
Paddy field 100 ~ 200 0.5+0.1b 5.4+1.1ab 26.8+1.2a 7.242.8a 46.8+3.1a
200 ~ 300 0.6+0.2b 7.8+1.0a 25.9+2.3a 7.1+2.8a 38.5+6.1ab
1 Average 2.7+0.7B 4.6£0.4A 24.2+3.5A 6.9+2.6B 39.942.6A
0~20 92.0+14a 9.8+1.9a 46.1£13.7a 6.5+2.6¢ 25.7+0.5¢
20 ~ 100 8.120.3b 1.8+1.2a 11.0+1.30b 7.4+2.8b 33.3+2.9b
it 100 ~ 200 5.8+0.5b 2.7+1.0a 10.5+1.8b 7.9+3.0a 37.4+1.2ab
Vegetable field
200 ~ 300 0.5+0.1b 3.51.1a 18.3+4.3b 8.1£3.1a 39.240.5a
Y Average 26.6£6.9A 4.4+0.8A 21.5+6.7A 7.5£2.9A 33.9+1.3B
0~20 102.1+10.4a 6.0+0.6a 49.8+5.6a 6.8+2.6b 33.3+0.5¢
20~ 100 34.0+2.6b 1.6+0.6a 15.4+3.4b 7.7+2.9a 30.1+0.6d
Al 100 ~ 200 5.0+0.6b 1.8+0.8a 10.0£1.2b 8.0+3.1a 39.6+0.9b
Orchard
200 ~ 300 0.5+0.1b 3.8+1.2a 16.4+1.9b 8.0+0.4a 49.9+7.4a
YJ{H Average 35.4+4.7A 3.3:0.4A 22.942.6A 7.6£2.9A 38.2+3.6AB

s R AHER N AR R T 5 LR 0 F A bR 22 . P R TUSUE A D 5 B A R A R R
KA R RS R ESEANEREE (P <005): FRKSFRERFAMERL FHHNERLE (P
<0.05). Note: The data in the table are the average + standard error of each soil layer under different planting patterns throughout
the year. Different lowercase letters within the data in the same column indicate the differences among different soil layers are
significant at 0.05 level; Different uppercase letters with the data indicate the differences among different planting patterns are
significant at 0.05 level.

NO;™-N 1 NH4"-N 35 30 H B 5 (0 iF 25 S ot 1tk o AR ) RUBE B, R (9.7 ~ 66.0
mg-kg™) AZEHL (7.7 ~55.8 mg-kg!) NO;-N LK, 1MAEH (0.3 ~92mgkg!) ik
FHXTE /N Bk, AO10 HBIRAE 9 H, RIER NOs™-N EILe T = F &S, 3 H
U HERE N G e, % E NOs N &84 2252 mg-kg's SEHLA NOs-N 2HLE LMLEKE
P, SEREmHIESH, RENOs-NEEN 191.8mgkeg ' R 7 AR LS =M
BARIE 20 ~ 100 cm A& EEE, Xm0 a2 0O EE KB TR, SEKE
NO;™-N £ A R Y0 ISCRN S R AL AR FE 25 B4 1) R bk i B2 AR . Huang ZFRTIRIF 7T 45 SR 3%
B, 4 K K2 T80 NOs-N 7EHITH FI RFUZE T, SxtIRAmIt, #K 48 h )5
ERUZH 20 cm #45H 100 cm. FEH I NOs-N 7€ 3 At/ BEiE 5 & i, RESEN
34.8 mg'kg ' EfR L, TEEFHALE, THEREMN NOs-N FETE, XU RIEHA
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Rl P BB, FERITH R b, =AU NOs-NER ER & B K TRE, A
REEE N NOs™-N & B IZHi A%, 7€ 100 ~ 200 cm ALI(ET 10.0 mg-kg™, 300 cm Ak )L F%
ANO; NI (B Do XE5RMRXEHT TR W, S8I-FER S R, £
FIFE s AR CRT 500 kg'hm2) AL T, M7 RXRZEHERE T 2
mg-kg ) K THEILFE (12 ~60 mg-kg™) 14,

2023-03  2023-05  2023-07  2023-09

2022-10 2022-11 2(023-02
f)
3w o o
= '.'flh bl - W A B ;
i P [
‘! 1 .
TF -H
l
HE - i
= [ '
o 1 1
2 L]
n < h 1
! 8} h
T 3 4
=
=
4 —B— 71 Paddy field
= R B B —{O— 3 Vegelable field
. L o L L L o |- A Orchard
0 200 0 200 0 200 0 200 © 200 0 200 0 200

AR NO-N/ (mgkg™)

BT AR R S R A BT (0 ~ 300 em) FIZETPEAR (U AFAE

Fig. 1 Seasonal characteristics of nitrate across soil profile (0 ~ 300 cm) among different planting patterns

FERS IR RUEE 1, SRR D () NH. N & 2R BOR, AR /N WA ZERIEERK

Z=, MR EERE AR, RN SEHRURTE NH, N R S5 E AL
PFEKTR. EATRAR R, i 10 A8 8mem, £EEE 48.6 mgkg!, Rid 3 H
TERA, REEERN248mgke!. BHELSERSKAEMLTH (4Tmgkeg) A 11 H
(4.7 mg-kg "), 7P ANFEZ N2 T AR AT 4E P AL A 1] 7225 IR RUBE L, SR P A i
REGEWE (KT 6.0 mgkg), FZLUTHIREIEINIZH R (1.6 ~ 3.8 mgkg™), 5
U AR 2 2R 21X B (2.4 ~ 7.8 mgkg ). CHMARY, Hillm X E 1

NH4*-N &85 1.76 mg-kg 1131, I Tt mgE X A H 338 v i) NH*-N 29 10 mg-kg ' 28],
VRAEE SR SR WY, i PR 3R AT RN 0 ~ 40 cm 3 NH,*-N B & &, KEHL
J5 30d N, FRELIEDH NHS-N S 2SR AN T 10 £, X 5L TR

KAk
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200~300

—— 72U raddy fleld
—CO— RMb Vegetable ficld
-« RE Orchard

(I) 3I0 6IO (I) IIO (IJ lIO (I) 1I5 3I0 (I) 1I0 (.) IIO (I) lIS
AR NIL,'-N/ (mgkg")
P 2 AN[R] A A X s b B S ST (0 ~ 300 em) ANZE5 PR ARALRHIE
Fig. 2 Seasonal characteristics of ammonium across soil profile (0~300 cm) among different planting patterns
22 HERBURRANZTHNE

i S RE SRR B 5 A L A Bt A ] A 2 [ 28 0ok - S ) BRAL %R 5 7 A 5
SAAACE R 2 B H AU R R JBFEA NOs™-N iR 2 [A]H B FH A AKEH00,
B A AL I [A) OB AN (8] RUBE L35 P BEAFAE A SO AL AR TR “ At ” A0 X7 B, Bk
EEAMEREAR, e ZE (4.3 nmol-g -h™) K F R (3.9 nmol-g'-h™!) FIFG
H (2.1 nmol-g "*h ™),

FEHIAE 10 H B 7 B A Bt “ 37, IidfiE2R35#] 17.6 nmol-g-h™!, 1X—Mf
WAL TR RERI 3R ZREAE R AT, H3RAE T CIRES A KRB RANENOs - NHA, R
07 A 7K S A R i R BE S AR SR A AT IR AL AR T o S s A SR Bl ek 1) b 2 3% (20 ~
100 em) fE 3 HEFHEL 7 i “ 37, Rl (453 nmol-g "h™') B¢ T 38 (44.2
nmol-g™-h™1), X AL T A AR S5 A, AR RE i K& i AT AT K BEAT AT . L ATt BT
FAHT, B AE FEA b AT S5 P A A5 T AR I A 4 S0 AT AU PR R 390 s i e i o e v
ARFFEAE D B RAHATEEAR 2T BARZT AL 60% ~ 77%B32). M3 B IS
FKEIE NN A B 2 B PR EAAL i, BETTHNBUS AL 75 P, Zhang SEBIRIWFFLR ], ¢
M A AR v S AL T B P NoO H IR 3 B 5 | 10 it S A e St ) B o A 7 8
NoO HECE 5 %kt R 2 [BAFAE 25 IEAG R R (P<0.01),

FE SO “3 X7 fEFK £ (0 ~20 cm), “FSAELEZF N 3.4 nmol-gh™!, 3Zith
IR () AL “ X7 7E 20 ~ 100 em &b, P35 B4 IE 2R 435008 11.7 nmol-g'-h ™' F1 9.4
nmol-g '*h™! (J& 3). ZHX (LT KAKALH FELE 20 ~ 60 cm YO NS, fEFAEH R
SEHIMIR P ) 20 ~ 100 em 335 0 P AFAESR KA TS B AR, 155 (0 R 2 18 T
PR 53 UL PR 1) =F E 4w A IR R0 SR B s MY, HAE IR A B 41 T S (et A= i
M-SR A S PEAR w0, AT T S f “ X7 A

o H AL ZE (1.1 ~ 3.4 nmol g I*h™') FEH I b 52 30 BEVR B2 39 iz [ (K
S (0.6 ~ 11.7 nmol-g *h™1) AR (1.0 ~9.4 nmol-g '-h™!) 52 BBV s T
FEARAESS . Yuan SEUZERRALP IR OB FE S5 R B, RIHEREL (0 ~40 cm) HR%
AR, JFREAE LIRS AR N T AR, SFE AR Y 600 kg-hm 24BN, R RAHL T
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fEN 23 pgg'-d!, 0~400 cm AHLAE 0.5 ~ 3.5 pg-g -d VBRI AR X [T 7 45
SR, AE 0~ 400 cm FIHF, SAHLIERFITEELE 0.2 ~ 1.0 pg-g'-d!,  HEE R A5
I PR, 4B, ARSCHIA 7 45 R 5 AR SRR A ZR AR T, T ORI AR X At
FEER BT Yuan SF049G AR B 0 9200 45 S BRARR I 3, 1A 7E— EfRE S,
P 7 A% DX T H SI2 B 1 s i A 2 ] e s T ARG T i . IR IX AT F 5 SRR R (] R 5
H, ATE AR R AR A B 1, H S8 AT el 4R KBS 7%, S EUREML “#RX”
#AaEL L.

K2 TR NH N [ RIS, (HEN RO I 7T 45 SRR B NH N 78 I
MBEEARDN, AL AR 0.008% ~ 0.074%, Fr DAHEM VR 2 1438 Fh ] BEAF7EAH R 35 AL ik
Jiit 2 (Dissimilatory nitrate reduction to ammonium, DNRA). WFFRA, -tk (AJF]
Mt 52 RIH ) 2 AL FT DNRA Z [8] NO3™-N I8 JF 7 Fei — MEZER K, MBT
ZRERE, @ C/NOs-N LLZEEHF|T DNRA dRERIKAERT. AR5, RETHELE
BARKINOs =N, BEMEm AR, HA T IRERS, AFT DNRA SRR KA, Fik
TEVR JZ L3385 1 7 ] e A7 /£ DNRA JEAEM B “ X 7,

KZ I NOs-N &K S, "ReSIH] NoO FIEJEBS, PR AR AL 2R + I Ak Re
I, NoO P AR ARZA B AT 1A F [ ) 0~ 20 em /2 5 NoO HIHFEOH
H, Wi HUCREERIRE ARG KB, NoO 7EkHL 0 ~ 20 cm HEH B FIHEBOE R Z) 0.27
nmol-g "*h™!, ZJh NoO Fl No B HEE ) 26.8%; TER[E 0 ~ 20 cm )2 - FHHERGE R
#50.62 nmol-g *h™!, £ NoO M1 N B A 29.0%. FRT 74 RN, S AR b 0 ~
20 cm HEH NoO B AW A RN LB BA — 2 vtk 7RI, 7R HHHEK
MBS NoO FUHFEG AR 2E B AT et NoO 772 A, ASHIE 78 AR Aar MU 7K 4 1) N O 7
ATEAR, XA R T B K A B SO A ZE A A — e Al

SA b, A RN 5 RO IR R BE S S — B B R ) RO AT PR
58, O] DAFERCRLIN 18] N EBR R BN SMER, FRAG 7 ks KU . BEARR J2 33 v 1) S
IR AR AR, EXRIAHSEN ERER T 2T BEEIE R “#HX 7, TgEh
156 0.97 ~4.38 nmol-g "h! FI AR ZE, BEBEFRELTH 9 T I AR B 1) NOs-N.

2022-10 2022-11  2023-02 2023-03 2023-05 2023-07 2023-09

fo)
oL L L L L s
Tra . e g . P
1 ) 1 \\ : ¢
) :J i C || /
=) 1 [l 1 L]
sl L& ki [ |
g &0 ! / ]
3 \ ! / §
o J / {
8 2 1 v [
2 4 4 4 4
5 § f
[}
1
S
it l EL —— JAH Paddy ficld
8 - - o o - 4 —O— il Vegeluble leld
L] = o=« Y Orchard

0 15 0 15 0 15 0 35 0 15 ¢ 15 0 15
Bl hiEZE Denitrification rate/ (N nmol g' ')

E: KEERRBZAGERMEWAER “HAB”, Note: The grey background represents the hot
moments of denitrification.

B 3 AN Al bR A o 9 S A AL TR BT (0 ~ 300 em) YZE T3 PEAR (AL

http://pedologica.issas.ac.cn



+ 5 5 ik
Acta Pedologica Sinica

Fig. 3 Seasonal characteristics of denitrification rates across soil profile (0~300 cm) among different planting
patterns
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