100

Kok TR R

Transactions of the Chinese Society of Agricultural Engineering

Vol.39 No.24
Dec. 2023

39k HE24a M
2023 & 12 A

AEIRBAEAXR ML PR ATS XK ERE AT

R

T Y wFEY FLFEY EET

(1. bl K2R IR 53R B Rl A 2B, ARE 071000; 2. i dba & HASHEE S S28E, f£5%E 071000)

OB AR RN S AR AT IR s b D R PR AR AR . AR RIS Y E R .
IR FEAS R B HEAE A IR VE ] £ P ) 34k A 22 57 M BARIR ER 4% (ammonium thiosulfate, ATS) VENZEAEAIEFINT IR Z &
AL, A ORA = N RIS (K-S BN RKER 60%, I 25 C) WGk, DURER. B,
AALER ATS TENGURAERE, PR 4 FhSUIRIEN A KM L5 s 22 57, 3R DL ATS /R RE RIS, DLsitR
FIENIR, WARKECIEAF A& ATS SR REFEm . 457K, 4 FbR a0 A 2w 1 i 54 i F2 B
BAR. JRELARMER LK RER R, MRt s, BRI S h T CUrmtbasifER,
FIERWBALHRLE 7~21 d BEMR T RENRERE (P<0.05); ATS i ATIEE, NH,-N #1k A NO, -N [ F i,
I NO, -N #4k 8 NO, N [ RA%, NH,-N £ H#Eh 7Rk, HMgHEz Fh—BRFRSN&E, U
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Frrp AR Bl A T i B A i B 4 1 RE D AL &
Yo, H AT LA ST ) A R B A R N-TT SRR
AW =R BRI 3, 4- PRI PR £
XUFE O S (B AFAE S A R RS ORI 85
SO T BORA T E S . B, fidiEE T
o R SR ARG R iR IF HO AT R
i 750 oy b B ATS S —Fh & BURBR (K146 &40,
B 7 AT AR BRI A, 3 B A ] SR Bl v 41 A
A R Zh R, R A 2 — R R BRI 4%
T 3 ATS IR KA IR ORI, ATS
BEN LIS IR A S A N E DU TR IR 2, 5 IR b 1Y -
SH WA BB AIATAEY), 38 5E R A A 0 ) P i
AR NH,-N 1540 LUK NH, N (i 72, i e
AR T AL NH, N 78 AR A T e U720, 0
ATS VERRIERTE BT 7T 2 b 4E B iee )\ L +84K,
HMMR LR E, ATS BRI E LR AEA R +
X AR B TR ORI AN o

Tk, AEFCRHEN DR FRRR T, e
AT JEACRAE e e E O A LI, DURER .
MR WAL ATS AR, Hr AR EEAL A +
ISR EACRE, JELLATS fE R R R IR, HWiTHS
PRERBCHEN BER AR MIZROR, BAEANS RE R
P BR8P SR R AR A

1 MREEE

1.1 Hilsrst

B g PR IR0 3R B 3 R R
F/BEKFAEH 0~20 cm HZ, SR E 1L 2 mm §F,
R EAEE TR FRER RGN &M . LA KN
W, FEARFEALMER AR 1. SHRAER R R (N 46%) .
WERE: (N 21.21%) FI&EME: (N 26.17%) ¥R 1T
iR, ATS (N 10.72%, S 24.45%) H17] AL XN 5%
AR A F AL, 857750 H R s N E OB A
145cm, JKEHER 104cm, &= 9cm, BRI AR FHIE
A, DRFERE IR RIS A ] 78 7 1 A A PR B

* 1 PR HIRE AR R

Table 1 Basic physical and chemical properties of tested soil
fei 14 HHLR £ + Lol - ol ERidT T pH &
Tested soil Organic matter/(g'kg ') Total N/(g-kg™") NH, -N/(mg kg ) NO, -N/(mg-kg ) Available P/(mgkg ") Available K/(mgkg ") pH value
BEAARDS Pl 135 9.37 0.61 4.90 10.20 13.10 117.80 8.13
R R gl g 8.22 0.58 3.35 8.05 9.37 132.14 8.27

1.2 Rt
L.2.1 TR RICES RME L o A4 M i

IR FE: EARNE LIRS OKE, JRRT K
Iy S RN IAIFR KR 60%, [EERFFRME (25 °C) Wi
78 5d, VMKE B ST, iR R R, TR
5o DAAHEZE AL EAE N (CKD, WEIRER. B
W, SALEFD ATS 4 FREEAE R ARYR, %40 N &
0.15 g/kg i AERE, St 5 ANAbEE, FAGE 3 IRELR,

BRI I RERL 547 & 500 g AT A 4 VR A0 2 N
WElEH, JFFmEARAILNEGE T, R A&,
BEMLE T 25 C [HIREEFRA R AT H 7. B e 0
PRI PR B AR T R A K, (AR AE AR K
B 60%. 3Rl TEFRGIE 1. 20 34 4. 5. 7. 104
14, 17+ 21, 28 KRR S, WE 30 NH, -N.
NO, -N I NO, -N &%,
1.2.2  ATS 4 A fUe 45 7] 644530 R

FHR 120 iR LR R s, DUREAN
B, WEWM AR (K2, BMEHE3IRESR,
AiNFHEN 015 ghkg (W ATS AL, 4 N &
0.15 g/kg NIR RBP4 N B 5 ATS 244 N &2
AD o BEFRRG TG G 7 5 T AR E 58 1. 3. 5. 7.
10 14 21, 28 RREFIERES, W HI3E T 1 NH, -
N. NO, -N 1 NO, -N & &
1.3 MEFFZE

AR IR LRI 0.01 mol/L EALES AR IR,
NH,-N I 5 % FH BE oy #5 L - 6 vk, NO, -N Il 2

KRR 25 & — g B A7 66 VR, NOy -N
KIS (LS. UV-00PC &L, F=#h: Lifg
FIEMEHIRATD, A RN E L3k 820
IR 5 2 00 e - 49 P ) Rk B
2 Wt
Table 2 Experiment design

Kb Treatment /E"’\X
Meaning
CK AR, AiEEE
U HtipRFE
U+ATSI ATS FE#F S & 30 mg/kg NN
U+ATS2 ATS FIEHE S & 60 mg/kg N
U+ATS3 ATS HEH%% S & 90 mg/kg N

H: ATS, BifRBRRR#L .
Note: ATS, ammonium thiosulfate.
1.4 BBEALBRGIT O

| Microsoft Excel 2010 #4457 B 14 47 Ab HAN{E
Kl, RH SPSS 22.0 4T LK 2K J7 £ 7341, Duncan %3
T2 B (P<0.05).

1) HIEEMMAER= (B+C) / (4+B+C) x100%*
X 4 N+ NH, N EFE (mgkg), BN NO,-
N & (mgkg), CHEIHENO, -N ZH (mgkg).

2) HERLIER= (C,-Cy) / (1) P
X C MGy 8 X FEHH5E NH,-N #2468 NO, -N )
fil§ A B R, 4 ) ROR B IR AT 5 3 NO, -N & &=
(mg/kg) , TETHHE NO, -N # 4 h NO; -N 1) i fk 1 #
B, U4 )RR B 7R AT S 3 NO; -N & & (mg/kg) s
t BRI K
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3) ki ZE= (D-E) /Dx100%>*
Ao D NI INIR R AL B 3 NO, N & & (mg/kg);
E NIRRT ATS 2B+ NO, -N & & (mg/kg) .

2 RS9

2.1 AEIRAEE AR M L A AL IE
2.1.1 XEFEHERLS K

1) +3% NH,-N & &t

la KW, AHEEACKLAE (CK) 13 NH, N &
IR AR R AR AR K P, AN B 3R W) B AR R e T
0.2~12.0 mg/kg Z 0], FhAEALERf NH,-N & 2= 0B kE
TR K RIETHEREES, FFIO7EEE 3 RIAFIEE,

120 ¢ 16

Horh G b T NH, N I (111.7 mgkg) BEm T3
fEVRALEE (P<0.05) . ¥5FRJEMHT 7d W, LRI
AbFR )3 NH, N & fem, JREMBIRE 2R RE;
ATS ACFRTERSFRIGIAEE 1 RAEE 2 K NH, -N & &5
FARTIRE 9.7% A1 8.5% (P <0.05), &FHKT il
8.0% 1 8.1% ( P<0.05), 7E¥;FEMI 1~7d N EEMKT
FAbkE 5.7%~14.7% (P <0.05); 7 d LAJE I BL ATS 4b
HEM) NH,-N & &Efm, HRa 2t iR mmR
F; MREABRBREAERE R 1~5 RINLERER 17d
ZIEEBEERWAR, AERFRE 5~17 RIAGTEREAbH
NH," N SEEZFHE TR A 8.2%~298.2% (P <0.05).
BACFELERSFRES 24 KJ5 NH,-N & 8 FAF T,

250

2 100 2 E 2 200}
= E o} e i £
pat @S 10t s 150}
5 60} 5 s} %5
%8 il 6 ¥ E 100
a9 40 + = o r g ©
Tz Hzo o4t T,
= 20f S 2} [}
Z 0 W . — . 4 Z 0 1 1 1 1 - o .  c— ] Z 1 1 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 7 1014 17 21 24 28 1 2 3 4 5 7 1014 17 21 24 28 1 2 3 4 5 7 1014 17 21 24 28
I} [ Time/d fif 1] Time/d I} [ Time/d
a. NH,N b. NO,-N ¢.NO; N

—— CK  —— JR&KUrea —x— Hilix¥% Ammonium sulfate

—a— 50{k# Ammonium chloride

—e— XA EL E Ammonium thiosulfate(ATS)

B1 rRFEHERSBEK
Fig.1 Comparison of nitrogen content of different forms in soil

2) 3 NO, -N &&EHE

5 NH,-N (1 2 & A2 10 & S5 A0 L, BE 55 77 i [A] 4E
K&OHEEENO, NTEHEIH LT E KA

(B b)), EIEAR K /N R e B0 1] [R] S0 ot 2 AR [ T
ANAl. ATS 4bF 43 NO,-N & EAER F7 10 14d I E
Wy, 5 14 RIABE(E (144 mgkg) JiRE T
M, 24 d L5 CK AbBEIEARKE Y, {H7E 24 d 7y 1%
NO,NEERE®HTRE. MBEMEILE (P<
0.05) ;5 it F /R 2 FIAR R 44 11 138 NO,-N & &4 il T 58
5 RKAEE 4 RHIEE, 250 ~F%, 7d 513 NO,-
N & ®EEIET CK I RFFREARE . MRE L NO,-N
T EEE (82 mgke) WF S TIRE (6.8mgke)
17.2% ( P <0.05); S fb4 b B H) 13 NO,-N & &AL
A 3d 18 LT, 3d Bk REE, HIEESEKTIRE.
FREA ATS ( P<0.05). % 3~5 K NO,-N & =219
TR, S RIEFGRE T, 37 KL T CK K.
MAHE A ZEA BT, AR SdAN, Hahil
NO,-N KB R, 5d LEN—EFREE 0.5 mgkg /&
A AR K

3) +3 NO, -N S &

WE 1c fizs, 5 NH,-N Al NO, -N ()5 & 4% 1k
PORE, CKALFE I NO, -N & & — HIaE L 362~
39.6 mg/kg VU FBl A, 17 % it I Ak B 34 Bl 55 9% B[R] 1) 42
KEIURE FAHES, JE¥RRERE 210.0mg/kg 724 (B 10,
HER R BiFRE: . FALER ATS i B0 s 18] 3 51

PAE T 8955 55 100 14, 17 M1 24 K. (EkFIEE 2
B, JEAH LR KAL) 138 NOS-N S B, %
RIS AP, BilRE . SALEM ATS =3 1) NOy-N & &
ZERAKR, SdUERIEENEMEZ /T, NOT-N &Rl
FIMRAR VOB SR . &ALER . ATS. 1E55 10 KJRE NO;-
N & EILFIIEER, ATSHINO, NS REEMRTIRE
47.7% ( P<0.05), }EFE%E 21 d W, 10 5B EFKT R
. MRERE A SR 23.7%. 22.2% F123.4% ( P<0.05).
2.1.2  RE) RAEA 3244 NO, -N A= NO, -N 4 ik & bk

1) NO,-N i K L%

HHE 2 AT W, CK AP NO,-N A2 il Z8 7 B A 15
FRAE R 2 Fa EAE 0.7 mg/(kg-d) AR KFE, JRE. Wik
B 1 NO, -N A glid 3 230 o BT+ fE B¢
(e, (HRSAEARIEE TN TN, JRE. Tk, &
8 HTESE 3. 4 F1 3 Rk B IE{H 1.9, 3.2 81 1.9
mg/(kg-d), FFPIEE 7. 54 REFKH S CK FEAA
MK, HEAAE AT ) NO,-N A2 B RAERT 7d Y
BEMRTIRE. WEREM ATS ( P<0.05); ATS{EA
PRI A NO, -N TR ZEAE S 4 RIS R 2.8 mg/(kg-d),
HAER RGN 17 RAEET CKAKF. HIREMEMN
A EL S, ATS A3 NO,-N A 5o SR AR Y BT ]
WIRT 1d, HERF17dH, HAEBEST & (P
<0.05); 1M ATS SR AH L, — 3 fx Kl 2 H B
B[R E,  HLR R R AR TR 11.3% 45, HAhES[A]
1) NO,-N A S % 34 8 3 i T ( P <0.05).
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524 BA T OWigE: AEEIEE A KR L R A ATS X R R B R 3% 30N 103
W O e B W e b TR 1) L R RS AL R A R A AR R, B
2j5 | —x— Ziiﬁé?%Ammonium sulfat_e I)ﬁl?ﬂ;‘ﬁ 1~7 iéﬁ'r‘%iﬂ" % 7~10 %i@iﬂﬁﬁ%%%ﬁﬂﬂ
20} 7o AfLHkAmmonium chloride M, 5514 FIEE 100%. ATS AbFE [ 6 00 S 1 2 0 76 55

py —o— M AUHRER E Ammonium thiosulfate
1.5
1.0

M.ﬂ‘\‘;*
2 3 4 5 7 10 14 17 21 24 28
i) 18] Time/d
B2 KRR NO, -N A R®EF

Fig.2 Generation rate of NO, -N under different treatments

2) NO; -N 4= s Rt

WE 3 s, AREEIE (CK) 143 NOy-N 4 i
WRIGAFEELE 1.9 mg/(kg-d) LA T RIBARKF. JRE.
B PR e AN &AL 4% 3 R BUIE B IS 18] ZE K NO,™-N A s 1
AR ASEAAL,  BIFEAERIE N 35 14 d
T 2R, F—REMERE. R M5 0
HEET 553 K (22.6mg/(kg-d)). 4 K (18.4mg/(kg-d))
G 4 K (23.6mg/(kg-d)), >E8  UUGEAE ¥4 H ILAE 28
10 K, WEAH 2y 5N 26.1. 23.7 1 15.3 mg/(kg-d). F& T
5 3~4 RIRFEMETE ) NO,-N A= B 245 5] bb it ik 4z Al
SR B TRIK 13.0% A1 32.2% 4 (P<<0.05), 7EAREL
N 3SR 10 d W, HERIUN IR R AR NOy-N
AR BOE R T B A A Y TR R, B IR B AL B 1) NO; -
N A SGE R m T a . mIER NS ERT 10 d
NO;-N A B A X548, Bk, 25 14 K NO;y-N 15k
FEETIRE 64 S5 ARERE: 75.8% (P <0.05). 17d
=3 NO;-N Al A FAM Y, T 17dEHHEL
PLIL T CK/KF. ATS jifi N -3 )5 i NO,™-N AE il i 5 )
Al =R RIERIMERAE, B 1~2 KEINO, -
NARGERIEZ S TIRER . MREAMEILE, % 2~3
REZETHRREMEE (P <005, HItFEHEZ
BFRME 1T R, SRE. MREMEILEMLL, ATS
FEAFFE LUK NOy-N A BGE R, 45 10 K H UK
B, ZJEXIFiG R B ER m s, T g
JEIEE 24 RIBFNE 2 MERK #HRIEE (16.2 mg/(kg-d)),
2 JE G BEG, 28 d B AR T CK KT

—— CK
—— JKkZ Urea
b —x— B2 ¥ Ammonium sulfate
A —e— 50{L% Ammonium chloride
—o— AR FR ¥ Ammonium thiosulfate

WA A A UEZENO,-N
generation rate/(mg-kg™'-d™")

30

A RGHEENO,-N

A
generation rate/(mg-kg™'-d™")
Iy

i

I 7] Time/d

B3 KR4 LE NO, N ARk F
Fig.3 Generation rate of NO; -N under different treatments
2.1.3 BRI E G £ F 547
IRV AR R RO E ISR . A 4
AU, BT 10d A CK AR B 3 RN AL AR W] 2 i T
A RNEH AL FE,  HLBE R IR 0 () A G ik 23 _ETHE
P, 10d JEis B, HAEIL 100%. KE. RN

17 KET¥RIAZ ST @i, 17 d R OMe RS
EE] 70%, 1E17d RS R RSP m, £ 24 K
AT T 100%.

100 -
90 |
801 5
70|

60}
500
40|
30| £
20

® a— CK
—— JR# Urea

—x— i R4 Ammonium sulfate

—a— L4 Ammonium chloride

—o— AT Ammonium thiosulfate

TR AR
Soil apparent nitrification rate/%

1 2 3 45 710141721 24 28
I 5] Time/d
B4 REAIE LI 6 R VLA R AL
Fig.4 Variation trend of apparent nitrification rate under
different treatments

2.2 ATS MPREFERFZUAIBIEHR
2.2.1 ATS Edxsf LIEEH SRS Hh

1) X3 NH,-N & & 150

H&l 5a AT &N, CK AbF 138 NH,-N — B {4575
8.2 mg/kg LA T MIBRAKAK ST, 1 it A 4% Ak 34 1 - 4% NH,,"-
N & 87 0~28 d WEARFR I 9 5e g hnf5 AR B, U,
U+ATS1. U+ATS2 4b# NH,-N & BB FE L5 5 3 K
IEFNEAE, {2 U+ATS1 Al U+ATS2 A3 51 S E KT U
AbFE (WA 102.5 mg/kg) 28.3% 1 30.5%, 1fii U+ATS2
PR Z KT U+ATSI 407 3.1% ( P <0.05), 5 10 K
J& 3 4bFE L4 NH,-N & =B T 1 UHATS3 43
1) NH,-N & 2 1E 8 3 K45 & FKT U, U+ATSI,
U+ATS2 37.8%-. 13.3% A1 10.5% ( P<0.05), 5 Kik
F| WM 64.0 mg/kg, fERFFREN 21 A B F & T U,
U+ATS1 fl U+ATS2, 21d i} 3 4~ ATS A [A] FH & AR
T8 NH, N & EEARFF, HEESTRELH
1.3~19f% ( P<0.05), 28 d i fEAb ) 1-3% NH, -
N & ®EAEAEIET CK KF.

2) X3 NO, -N & & 15

Wk sb A, CK 4bHE 13 NO, -N & a5
Fi WA HA AR FRAE 0~0.5 mg/kg HIKF o & P Ab B
13 NO, -N & & NTE 0~28 d A LI L8 N5
FEARa A . U AP 14 NO, -N S E1EH 3 Rk FIg(y
7.6mglkg, ZJEHUHE FE, 555 KESLT CK /K5 U+ATSI
W FRE) NO, -N & 8 1F 25 3~5 KF+ % 8.1~9.1 mg/kg,
2B, 7d fERELT CK /KF; U+ATS2 Al U+ATS3
AR I NO,-N 2 5 U 7E 55 7% J5 111 10 d P 33 Bl 855 5% B[]
RIS T =, 5 10 R HIAFINEE 24.5 M131.2 mg/kg,
Z 5 BIHRGE PEACE S, IR0 T B A 21 R
28 KL T CK. 13 NO,-N S &R T HE ATS 1
EIGINAE IR R A, AR B,
HH IS A 1) e () . 2 B S A S TRIREAE
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—— CK  ——U —o— UtATS] —=— U+ATS2 —— U+ATS3
120 - 35 160 -
T 100} o 0t o 140p
P . W 25k 2 120t
i E 80F wE i E 100]
i = 20F 41 S
=} ® g =
® e 60r o 2 &2 80r
g BE st ¥ E
ﬁ S 20| = o s o 60
Z M2 oop T 7 ol
% 20 % 5t % 20 | D—_V/H_e___.,_o———o—‘“
O n I I I 0 0 I I I I I I I I
1 3 5 7 10 14 21 28 1 3 5 7 10 14 21 28 1 3 5 7 10 14 21 28
I} 1] Time/d i} 1] Time/d i 1] Time/d
a. NH,-N b. NO, -N ¢.NO,-N

BS5 LETEHEASZILK
Fig.5 Comparison of nitrogen content of different forms in soil

3) X3 NO, -N & &I

B Sc W RUE H, At ALK CK A 115 NO; -
N & S AR B 75 WA AR AR AN K, T 5% e AEE Ak 34
+HENO, N & IR R “S” A b, AR
FEWIE] U 5 U+ATS1 2FE NO, -N SEIBA LB EER,
{H U+ATS2 Ml U+ATS3 [f) NO, -N SR HLEEHKT U
AT U+ATS1 4F (P <0.05), U+ATS3 AbFE R4 5%
KT U+ATS2 4031 (P <0.05), B595% 28 Kitf U+ATS2.
U+ATS3 231 NO; -N & &5 144.6 F1 138.4 mg/kg,
{5 FRT U AP 2.1% F1 6.3% (P<0.05),
2.2.2  EIEREACIATHRI R G EF AT

WE 6 i, BEE ATS HENGIN, 430 508 2
FHOR., EREANR RN, U+ATS1 AL B RS AL 30 =R
— EARFFERARACE, 1 U+ATS2 1 U+ATS3 AL B35
BEET U+ATS] A 0.3~51.3 {51 2.0~2253 1% (P
<0.05), U+ATS3 ME#EET U+ATS2 4 0.7~3.3 fif (P<
0.05), 2B 28 RIFFRLA R HALANHIZ AL 5.9%.

18
16

—o— U+ATSI

©
o
= e U+ATS?2
g i —e— U+ATS3
-2 12}
£2 o
=E gl
s X
sr O 6 T
=g I 1
< 4l
1:-:) T T
E 2+ T j(.
s L " 1
~ I 3 5 7 10 14 21 28

i [ Time/d

B 6 RRIAET L A6 RA Y
Fig.6 Variation trend of nitrification inhibition rate of soil under
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Transformation characteristics of different nitrogen fertilizers and the
regulatory effect of ATS on urea-N transformation in
calcareous-fluvo-aquic soil

WANG Shuo™?, SUN Mengyu'?, LI Changqing™?, SUN Zhimei'*

(1. College of Resources and Environmental Science, Hebei Agricultural University , Baoding 071000, China;
2. Key Laboratory of Farmland Ecology and Environment of Hebei Province, Baoding 071000, China)

Abstract: High-efficient regulation and management of nitrogen fertilizers based on their transformation characteristics in soil
is one of the most important measures to enhance fertilizer utilization efficiency for less pollution. In this study, two incubation
experiments (with soil moisture content at 60% of field water holding capacity and temperature at 25 °C) were conducted to
explore the transformation of different nitrogen fertilizers in the calcareous-fluvo-aquic soil and the effects of ammonium
thiosulfate (ATS) as a regulator on urea-N transformation. Four types of nitrogen fertilizers (namely urea, ammonium sulfate,
ammonium chloride, and ammonium thiosulfate (ATS)) were used as nitrogen sources. Soil samples were collected at regular
intervals to determine the contents of soil NH,-N, NO,-N and NO,-N. At the same time, five treatments were set to
investigate the regulatory effect of ATS on urea-N transformation: 1) CK (no nitrogen fertilizer applied); 2) U (urea only); 3)
U+ATSI1 (ATS added at 30 mg/kg sulfur content): 4) U+ATS2 (ATS added at 60 mg/kg sulfur content); 5) U+ATS3 (ATS
added at 90 mg/kg sulfur content). Finally, an analysis was performed on the dynamic changes of NH,"-N, NO,-N and NO,-N.
The results showed that there were significant differences in the transformation process among different types of nitrogen
fertilizers in calcareous-fluvo-aquic soil . Among them, urea performed the highest hydrolysis rate and nitrification intensity,
followed by ammonium sulfate. The soil treated with ammonium chloride shared a lower apparent nitrification rate than that of
urea and ammonium sulfate ( P <0.05) from 7 to 21 days, due to the inhibitory effect of Cl” on soil nitrification. However, the
ATS treatment showed the lowest NH, -N content within the first 7 days of incubation, which should be beneficial to reduce
ammonia volatilization in the initial period of fertilizer application. While the opposite result was found after 7 days of
incubation. Soil NH,"-N content in the treatment with ATS was higher by 7.4 to 21.8 times than that of urea, 4.7 to 13.5 times
than that of ammonium sulfate, and 0.9 to 10.9 times than that of ammonium chloride during 10 to 21 days, which was
equivalent to CK value until to 24 days of incubation. The peak time of NO;-N content was delayed by 14, 10, and 7 days,
compared with the urea, ammonium sulfate, and ammonium chloride, respectively. Soil NO;-N content and the apparent
nitrification intensity were reduced by 21.5% to 47.7% and 7.5% to 36.0%, respectively, during the 24 days of incubation,
compared with the urea. When ATS was used in combination with urea as a nitrogen regulator at a dosage above 60 mg/kg
(calculated using sulfur content), there were inhibitory effects on urea hydrolysis and nitrification, which increased with the
ATS amount increasing. There were positive implications to reduce the nitrogen loss for the high fertilizer utilization
efficiency. However, nitrite accumulation occurred after all four nitrogen fertilizers were applied into soil. The ATS treatments
demonstrated a significantly higher accumulation and longer duration than urea, ammonium sulfate, and ammonium chloride.
Similar trends were observed when ATS was used as a nitrogen regulator. The increasing ATS dosages resulted in the longer
nitrite retention time, higher content and peak values in soil, as well as the delayed peak occurrence. The field application
effects of ATS and scientific application methods, as well as its environmental effects are need to further study.

Keywords: soils; nitrogen fertilizer; nitrogen transformation; urease inhibitor; nitrification inhibitor; ammonium
thiosulfate(ATS)
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