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Dynamics of soil inorganic nitrogen and its response characteristic to
environmental factors in paddy fields under ridge tillage
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Abstract: To investigate the dynamics of soil inorganic nitrogen across rice (Oryza sativa) growth stages and the
responses to soil environmental factors, a two-year (2021—2022) field monitoring experiment was conducted under
ridge tillage (RT) and conventional tillage (CT). It was found that: 1) The ammonium nitrogen (NH4"-N) peaked
at the tillering jointing stage (RT:89.7 mg-kg '; CT:52.1 mg-kg '), whereas nitrate nitrogen (NO; -N) reached
its maximum at maturity (RT:42.7 mg-kg '; CT:58.4 mg-kg '). NH,"-N concentrations in the 0— 20 cm soil
layer were consistently higher under RT, while NO ;™ -N concentrations were higher under CT. 2) Whole-plant
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average nitrogen content and nitrogen use efficiency peaked at the tillering stage, and high nitrogen uptake during the
jointing stage—heading stage coincided with a marked reduction in soil ammonium nitrogen. 3) Soil temperature and
electrical conductivity showed overall increasing trends during the rice growth period, whereas soil moisture
fluctuated among growth stages reflecting irrigation and drainage practices. Under RT, NH . -N exhibited a
significant correlation with soil temperature at the jointing stage, while NO s -N showed significant correlations
during the heading and maturity stages. Under CT, NH."-N was significantly correlated with soil temperature during
the tillering and heading stages, whereas NO 35 -N was significantly correlated with soil moisture content at the
heading stage. 4) Simulation results based on nonlinear curve fitting indicated that NH, -N contents under both RT
and CT followed a pattern of initial increase followed by a decrease. NO3 -N content under RT exhibited a similar
trend, whereas NO 5 -N content under CT showed a nonlinear increasing pattern. Crop uptake dominated the
variations in both ammonium and nitrate nitrogen during the early growth stages (78.5% ), whereas environmental
factors became increasingly important during the later stages, contributing up to 61.1% of the explained variation.
Compared with nitrate nitrogen, ammonium nitrogen was more sensitive to environmental factors. In conclusion, the
most pronounced changes in soil inorganic nitrogen occurred during the tillering stage of paddy rice. Variations in soil
inorganic nitrogen during both the tillering and maturity stages were most sensitive to changes in soil temperature.
Ridge tillage increased NH , -N concentrations in paddy soil while reducing the accumulation of NO; -N. These
findings provide a scientific basis for optimizing nutrient management strategies in regional rice production systems.

Key words: paddy rice; ridge tillage; soil temperature; soil moisture content; soil electrical conductivity
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IR S 1 AR AR AR A% e it M AR M LA I A5 il K R A [ AR B BOW R R T S B R 1 S S W
R, H T ERNC BRI o AT 58 3% 2 K RS T, 2B A 3 5 ke A8 7K 23 o3 A F b 3 S AL O I 2k 1 T AL A
FET 7K 53 kB R 3 A= 5 B I A6 B2, DA T 52 W) - S TE ML R A i e A S BER o [T, TE AL 8h A8 A 5 A A
fird P - I T A e i 78 25 SR AR 0 S AR 4 DDA G, 3 2 5 R S SR i S A AR R Ak b 2 T B0 A U1 R
KRS 7 SRR R B R AL R S AR I A PR R R, WA 2R AR SR A R LR A S AR AL
R S G R E 119 56 &, 08 T4 v RIS A AR A K R A ™ s A PR 58 15 e BLA H B0 3L

e PR R 140 7K HE K B 58-S BOPE A K DT S0 K 2% 1 T PRAUER BT 0tk S i i AL A T, LI SR 5 T
B2, 8 sl S R BN AU (R ) LB 7R R W Wi A0 - S g B (o 2 ) 45 0o e 81 42 , 8 R A4 425 7 i K
SR 5 AR S i 28 A K 3 DR A A 4 G s 2 A R A A MR e R R e A B Sk A A b 3
M FET 00 /5 3009 T 45 b S o B SR IR0 o IS SR B A R e R 2 U R T R R T it
J5 BCR 2 — S Ak B g 0 I U0 DRI K R R R 1 A S I A R R 5 e R T S O K R o B A R Y
56 S WSO S B 1 0 A B oK i T D i A A R 4 A A 7 R B PR SR BRI ] 22 LA T il 25 R A 2R i)
AR R o A S W HE AR AL e 52 S A A A 0 o 2 S B0 A U A Lk S i 2 U TR B AL AR
MR W 1 e 5 ok R T M AR AR R TR R T e A A R T b Y S s R S KR AR Y R R S
PE , HEX AR A KR S M T R O A U O LR 7R A BED, KR R bR L) b M B S R O R AR R Y
A R B AR MY R TR A A AU AT KR A R 2 A, 1 TS Rt A S L Y
I I RIS LR (LA NHL, =N 32, A2 BE G4 7 40 1) R RE 3 4 32 43I, DA T A 28038 oo 7= b TR i g 0



10 ACTA PRATACULTURAE SINICA (2026) Vol. 35,No. 9
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2) FAECCT) , SLAT 7K FE A =2 58 1R i B K RS W K 2 TR BE N 5 em , AK R USR5 FRATL I 22, 26 2 41 b SR gk
Je FBERE K, MR KRS

K TDR315H 2+ HE i 18 £5 3 3k (CR300-TDR315H, b 50 K 75 360k B H A FR 28 7)) Al CR300 $54 o% 48 &%
(CR300-TDR315H, 4t 5t K i Fol BH B A FR 2 5] ) W 56 S R R B2 Y 598 15 7K 3% L BE R 5 R B0 e B 22 36
A ANE LB  AE KRG A B B AR RS R 201 1 h 1 2l R W 1 .

PR BEAE 5 2t AT B Al P ] 45 B8R it — 350, RO RE 3 it 1 R R )2 AR B e B2 SR B Ak e AR L 2 1.
it A 7 2, ¢ ok W R A e I A — Y P P 5 PR AR B L 2 I (R RE (5 R ARG 2/3, 20 BEE I 1/3) s AL R
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FI 1= 1R SEAE 38 N b 47 At 5 it AE 5 0 JR 3R 273 kg -hm *, b B4 2 45 500 kg-hm *, AL #T 150 kg-hm *o 5 H
AR AL ;3B IEF 5 H T AEAT .

2Bk
Furrow
35¢ - oL
m Contrast soil layer
— LRI — L eI Hh R 2
Soil temper. aﬂ:ire, P4 Soil temperature,
moisture an : i
28 Soil surface moisture and
Siﬂ’iﬁ?fﬁ . 6 salt sensor under CT salt sensor
under RT o SRR R 5
- Soil sampling Soil sampling points
ZBAf - IR BT points SEAE AR AR
Cross-section of soil profile under RT Cross-section of soil profile under CT

1 ZEFEERIEITLEHMRRESSS
Fig. 1 The distribution of soil profile and sampling points under ridge tillage (RT) and conventional tillage (CT) in paddy fields

F1 FEMEAXTHELENERBLIER

Table 1 Basic physical and chemical properties of soil under different tillage practices

fib pH AL Y TR A il e Ko A fLB
Treatment Organic ~ Available po-  Available Available ni-  Total potas-  Total phos-  Totalni- Bulk den-  Porosity
matter tassium phosphorus trogen sium phorus trogen sity (%)
(g-kg ") (mg-kg ") (mg-kg ) (mg-kg ") (g-kg ") (g-kg ") (gkg™  (grem™)
RT 7.5 28.2 65.5 20.2 149.5 19.7 0.84 1. 64 1.25 49.8
CT 7.2 29.1 68.0 31.3 154.5 18.9 1.01 1.64 1.32 47.6

H: RT.CT iR 24E P, TR,

Note: RT represent ridge tillage; CT represent conventional tillage, the same below.

K HOBO U30 8 S 4 3l (b5 K Bl B B2 w)) IF i A0 T4E (2021—2022;5 H 8 H —8 A
15 H ), 5 5 W /K R 2B B B0 R AR B S K R s A . A I b ), ANEL A G s IR 1 h A shid sk A, HS R
JE 5 H ¥R K RO s 2 s
1.3 R#L\ARANZ

TEKFEAEBWI(5H 8 H —8H 15 H )& HIFA 10 d #EAT — R R A, IF 78 B UM AL 5 4 FERAE . TEAFIAEE
A HEAT KRS MR AR I AR 2 AR & A& i RS A S A S & AREA X (DI A,
AR AR (2) I3 A £ 20 B A+ HERE G R A B 5 em 19 44 5 vk BRI, N 50 B At 4 3
R R A% )R AT R IR A B R AR . R AR UK R Y 5 g B B RE 5 28 2 mol- L KCLE MR 4
(LW 1:10) , FER FHEHEAEEY L hG, 585 30 min, HE MBS iER I8, R KCLR 4 — B 82 sh 4y
Mrik (AA3 AutoAnalyzer, 4= [ 8h 3% 22 i 8 43 B AL, 8 ) )28 I 8 8 A (NO, -N) 58 &/ (NH, -N) & 7 ,
S T SRR T I P L SRR I Tk Xk KRR A A T O () 2 PN A R e A R i e
R

R A T R SRR A A A R A

N=DM X Cx (1)
B 1000
X NAAEW W E(g-m ), DM TP FiaE(g-m ), C o EEAEE(gkg ).

1.4 HELE
TEGE T 53 BT, X T A $E 47 1E 25 1 (Shapiro-Wilk #6560 ) #1757 22 55 7 (Levene) K 45 o 48088 A 2 1E 25
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T 55 1 Wi AT i 1] First fertilization times 1T+ 2 2 YK it AR IS 1] Second fertilization time. TS: 4> BEM Tillering stage; JS : 315 ] Jointing stage ; HS : fifi
] Heading stage ; MS : il #3] Maturation stage. I [i] The same below.
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K B AT 530 o i — 20 o BT B E AR S S A I I LA S i R, DARRPE L (PR KF ) R A &
W (AASTRF) Ay T PR, 6 A 398 e 25 RURRY 285 2805 B 40 SR A5 XU 3R 5 22 43 i (Two-way ANOVA) , U4 7
AN PR R RO B AR AR, He 3R AT 36 AN REA (N=36) , 24 3= R0 i 58 BAYON i 3 (P<<0. 05) B, >R LSD ik
R A A B S QAT N v 1 N 1 B o S 1 B R (= W BT 0 v QA B 1 B N IR (8 e = 4
Bl A R AN 25 AR A I A A 1 Sl S AR A, SR P AR R [l D7 ¥ % LA i AT & L e ] ik 2 0K
PRIEAE Sl 2 B R o MR B R L5 0 B (R®) 0 14k Joe D ASE 8L, Ol ok 6 A 0 8 PR AR 30 (ARG 6 ) 4 BT 400 5 A8 7R J2 15
BFER TR 2R FETCHLE S BB A3 Hr b, FREE P 7 X 4 38 TE AL & A8 A 1 Wi o ik 4l 2 =X (4) R A7 3
AL AEL RO 3 T AL RS A 1 W i B AR s A S (5) AT AR

B A1 e it 5 #r #4978 IBM SPSS Statistics 26. 0 1158 )i ; 5% F Microsoft Excel 2019 247 %4 B B 5 P 22 il 78
Origin 2025 F1 Microsoft PowerPoint 2019 5 5¢ 1% .

RNEFI AR (recovery efficiency of nitrogen, REN) F T PF A 4F 4 6F it FH ZUIE il We e B2, 3+ A X

Npiake-x — Nupiake-0

N

T 2 N e 1 A0 B B 1) R T (kg - hm ™) 3 N 17 AN T 60308 AR AR 28 ) R0 MRS B (kg -hm ), o O it FH
FAC A (kg-hm ), FERR RO ARG 2~ (1D 315
TR SRS AN SRS BRI SR SRR A R BT AT
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WA R 22 1 FR 2 A 5 56 A R, RBR22 3T O R I P/ B 2 ) A R P AR G 6 R 5
0~20 em ~F J2 TR 2 A4 1 25 R0 B 25 SR A0 R e iR P LR A S
DIA=hXpxXdx0.1 (4)
A D] A A B A A R (gom ) 34 R R R Com) 5 p RS AR B S R W BE (mg kg ) sd &
BT (goom ) ;0. 1R HAIHSE R AL
B A (NH,-N) 5 AS B (NO,-N) it
N:gXC
1000
A N OIS g AR AR B (gem *) L MR S AU (kg )

2 GERESH

(5)

2.1 RARAAFHHMLELAMNEASETH T

P AN [r) Ao 3 Y g 2 R e e R (B K 4 ) S S AE RS S0 R A3 B AT i A R e O A o BRE BT (B 3) L -
T A Y A2 AL AT RE 22 B T AR WIS B VR R KT T - R B P R ) W R e, AR B E R S A
1 AR A IS S S e B A, 2021 AF RIS A ARSI R S E ,RT A 89. 7 mg-kg ', L CT(52. 1
mg-kg ') F i 72.17% (P<<0.05) ;RT A CT My - HE 8 A5 A & & 7F 2022 4243 BE I 38 8 i K{H ,RT # 84. 7 mg-
kg ', H CT(50. 4 mg-kg ') M ik 3 &5 68. 126 (P<<0. 01) s 7E U], CT MY AN A& B Wi i, RT M A A & it
Jeraina B Wi /> , 28 H 15 H ,CT Y& & b RT & 3 5 36. 7% (2021 4, P<<0. 05) fl 23. 9% (2022 4 , P<<
0.05) ; ZER W WA A, CT a8 A & 3] &, RT WS A S 2T CT.

WA (SR SGWMAE) &R Z A FRI R F R, K00, B ER 80— R K5 F w7 32
LA X e A SRR A R S e R 3 () 3) . R B Ge It  B Esg AR (A RT 55 CT Ab 2 ) 2 25 &
RO A5 0 o 1 e KA 2 1 35 25 5
2.2 FRRAFAESD KRR G Z

RIT 4b A 7K Ff 42 ik 0% 1 2021 F1 2022 45 43 30| 76 73 BE S FNHT 100 0 25 & 7 CT Ab 3, H 79 o &b 28 ) 260 5
WA (R B2y o B AE A BEI (R 2) o HAKTT S L 2021 4F 73 BEM RT AL FE 9 0 & & #y 45.45 g-kg ', B & & T CT 4b #E
(38.64 g-kg '), 20224 ,RT 43 (42. 78 g-kg IR T CT AbHE(41. 48 g-kg ') s £ AE Wy i J7 1T, 9 1> A 3 2 76 %
PUPA B R, H RT AP 50 T CT, AR 0 20 4 B 402 A ) i SR AU R B BE L RT 5 C'T Ak 37 ik 19 )
B 16K R 5k 140. 86 % F1128.49% (2021 4F ), L K& 120. 45% #1131, 60% (2022 4F) . fEBAE KAEFE B RT
5 CT b3 2R FH 22 2 b6 A 75 F R 41 0 1 P B AIK L HL R'T Ak 3R Ak 5 60 2 R0 80 R FH 28 2021 #2022 4F 43 )l £
SRBEWIRIAR T W S T CT AR,

R F15 TR A g SO 0 504, 8 e 2 R 7B A 5 KR 4 ok R W WA e A TE R DG R, BRIDKORE 4 ik RS BOR
X N7 - 8 e 2 LR A8/ IV L K R 4 R G A A /N (NS I - M B S U B R (T 4) o KRS 4 ik 280 A A il
T ) o KA, 70 BT 30— 0 3 5 S ) P B A GRUOT R R R A AT ) — il R R R s . T AGA
SRy KRB AE AR W0 B 4 AR 0 P AR R R W s B R S R R R e P S RO A R KT A
BIR TR0 46 09 73 BE S, 1 S 28 507 389 9 B2 7K P A6 AN 8 T 00 R 1 43 BE I OF BLAFAE — 2 i 3l 28 1k o
2.3 FARAAFHHALERE LM T

IKAE AN 7] A B B 00 0 1 7 1 K R S R R B A R AN BT S TR o 2021 4R I A A E R AR L T
CT,RT W& /KFT & RT 6B 0~20 cm - 219 & KR EIE 50. 19% , m THMPECT I 43.62% . ™
FRBEME R 0 1 IR R AR B A= i S M B BB RT B9 HIR AR A F oS & T CT, [E,RT
() = HESF- i R AIK T CT. 202248 ,RT #E 0~20 cm + 2 [ & AR AR E S & T HMHHECT.CTHERNMET
B SR ILRT & .
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—a— Z5/F Ridge tillage (RT) —— “F{ Conventional tillage (CT)

£ H I Growth period: ** A H I Growth period: *
BHERL Tillage practices: NS PHERS Tillage practices: NS
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o100 2021 o~ 2021
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g ©E
8 eo0f }f S
o= S~} -
e = E‘J 40
HE 4ol ik
=S HE |
8 & §E 20} .
48 20} SE
g O 1 1 1 1 1 1 1 ; 1 1 1 ] g 0 1 1 1 1 1 1 1 1 1 ]
8. 5.165.265.28 6.5 6.146.166.25 75 7.157.25 8.5 8.15 = 5.165.265.28 6:5 6.146.16i6.25 7i5 7.157.25 8.5 8.5
< 4y BEIA B AR A S 4y BE PR AR S
TS JS HS: MS TS : JS * HS - MS
A H I Growth period: * A H I I Growth period: *
HHERL Tillage practices: NS HHERR Tillage practices: NS
2~ 100 - EER X HHER Growth period X tillage practices: NS A B B X BHERLZC Growth period X tillage practices: NS
on
Eo 2022 x* T80~ 2022
=
=] R
by © IH g 60 *
E; S du &
IR g 60 K8
L2 4 5
= L2040
ISl= +H Q
o O i3 E E E
S E : SE 20}
25 20f : & A
= S
g 1 1 1 ; 1 1 1 1 1 g 1 1 1 1 1 1 1 1
S 5.165.26 5.28 65.5 6.25 715 7.157.25 8.5 8.5 g‘ 5.165.265.28 65 6.25 7i5 7.15 7.25 8.5 8.15
= SrEE BT A RS < 73 BEH] E QR A
TS YO MS TS LI MS
JS HS JS HS

KA H ] Sampling date (J.H Month.day)
B3 #ERXSEEHEMT0~20cm TERSENHESESEHNEM
Fig. 3 Effets of tillage mode and growth stage on the content of ammonium nitrogen and nitrate nitrogen in the 0-20 cm soil
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Table 2 The nitrogen content, biomass and nitrogen use efficiency of paddy rice under two tillage modes at different growth stages

EN=Hing ) posl & % & Nitrogen content (g-kg ) Wyt Biomass (g-m™ %) A M F % Nitrogen use efficiency (%)
Growth stage  Treatment 2021 2022 2021 2022 2021 2022
73 BE) RT 45.45 42.78 202.12 256.78 21. 86 20. 58
Tillering stage ¢ 38. 64 41.48 208. 88 198. 45 18.59 19.95

P P value 0.024 0.456 0.104 0.036 0.009 0.553
sl RT 42.88 42.33 404.53 492. 89 20. 63 20. 36
Jointing stage CT 38.59 39.12 392,41 423. 67 18.56 18.82
P{H P value 0.057 0.043 0.098 0.100 0. 204 0.040
EiiiEE ] RT 41.93 41.21 974. 36 1086. 56 20. 17 19.82
Heading stage ¢ 36.91 38.45 896. 60 981. 23 17.75 18.49
P1H P value 0.061 0.067 0.126 0.021 0.131 0.219
eS| RT 41.15 42.56 1497. 44 1659. 78 19.79 20. 47
Maturation stage ¢ 36.03 37.80 1334.52 1517.89 17.33 18.18
P{H P value 0. 459 0.491 0.031 0.044 0.191 0.201

—a— L R NH, -N —— [ #5 % NO, -N —a— I i & & Total nitrogen uptake

g 80 40 £ 80 40
E ~ F ~
= T g
8 60 130 5. 8 60} 130 &
ol o X8 Ft
®o HE A K O I <
= oe- P A = 0 S
& Qe Wa Y w 5,
= 2% a0t 120 2 2 a0t 120 2
o USSS = n e S
HE EHE E
o g0t {10 = = 20} {10 =
E s E ke
B . | ~ RT2021 | . 2 . ! - RT-2022 . .
- 80 40 - 80 40
=] =]
b s
2 - o
8 60f {30 £ 8 60f {30 £
~ o O —~ o
® 5w i EEw oz
=gy 40t 120~ 5= 2740t {202
Rz g x5 REE =y
Bo™ mo &2 =%
HEg TEHE T E
@ 20} {10 E = 20} {10 F
° CT-2021 2 CT-2022
0 1 1 1 1 0 0 1 Il 0
5 BRI T IH i 1 A 5 BESH %‘ﬁ?ﬁﬂ }Fhi%i;ﬁﬂ R
TS IS HS MS TS 1S HS MS

B4 TREEFMHHAKBERKEESTIELINERENEK

Fig. 4 Changes in total nitrogen uptake of paddy rice and concentration of soil inorganic nitrogen during different growth stages

2.4 LRI AGHBRMAA L ELESAE SR TR
SR I R 22 I T A A 18 Xof 1+ 38 0 25 R0 A 25 R e B K R A% R R R R B AR A R AT 005 2 BT, 7E 2021
£ RTHCT SRS BRI MG TR G, H 2B VE A A 8 28 A& I 4 s T 4R #E A 2022



16 ACTA PRATACULTURAE SINICA (2026) Vol. 35,No. 9

FAECT ZE{ERT

— -2.13
7FTEH TS 252
- 1.15
PO IS
2021 085 LR L iﬁtﬁyj@ it%z.mf“ LS LR
I HS 1.41 Soil  Soil electrical Soil moisture ~ Soil  Soil electricalSoil moisture
= 1.02 temperature conductivity — content temperature conductivity content
L > 2.85 EZ £ %
EJZ#&F}@ MS 2.09 ‘ . 0.62%* ~,_0‘47*
-2.15 % o L
— E HS R HER %ﬁ*ﬁ THASE
T BE TS 2.37 0.90 AT Nitrate Ammonium Nitrate
IS 0.83 nitrogen nitrogen nitrogen nitrogen
2022 ) B
A :
S HS .90
L AU MS 2.34
20.0 22.5 25.0 27.5  30.0
Soil temperature (‘C) -
E iig{mﬂﬁ iﬁ%@? gk iiﬁtm)# st 125 it% KE
STBEH] TS 36,32 122.03 Soil  Soil electrical Soil moisture ~ Soil  Soil electricalSoil moisture
: temperature conductivity ~ content  temperature conductivity ~ content
?ﬁ:ﬁ,ﬁ\ﬂ JS -32 1 01 <22 T = s, o, =2
2021 32.43
*m%@/ﬁﬁ HS -291.30 e -
75.58 B B HER
M MS -19.83 Ammonium Ammonium Nitrate
e 509.34 nitrogen nitrogen nitrogen
-250.89
SYBE TS 67.18
-194.47
AT IS 0—762.32
2022 -105,
A HS -27.38
L 108.59
B MS 425.46
j:is‘g{mﬁ :tiﬁfﬂ%ﬁ iﬁ’aﬁkﬁ :l:i%%( FF iﬁs%@i IS KR
400 800 1200 1600 2000 Soil  Soil electrical Soil moisture  Soil  Soil electricalSoil moisture
;iR SR temperature conductmty content temperature conductivity  content
Soil conductivity (uS-cm') b
= 0.9: S, %) 83 -0.57
NBEH ] e :
IR TS 22.00 A R B A
P IS 4.26 Ammonium Nitrate Ammonium Nitrate
2021 N7 -0.70 nitrogen nitrogen nitrogen nitrogen
SR HS 4.36 BEl @ v v s
-0.58 - RT % M FECTY W
. %}k 5. £
B MS 4.8
0.32
IrBEI TS -0.03
\ 0.81 sesssseass Y il _
AT IS 2.33 =
&
2022 0.92 j:i%ﬁ i&%@ﬁ ii%'*m%: i‘é%z.mf‘* j:i%%%z iif% G
JhEUA 1S -1.99 ’ Soil  Soil electrical Soil moisture ~ Soil  Soil electricalSoil moisture
= : 1.41 temperature conductivity content temperature conductmty content
IR MS -0.76 S D SE i
35 40 45 50 55 i = = o
N A AR B tﬁ%&%
B 2P Ammonium Nitrate Ammonium Nitrate
Soil moisture content (%) nitrogen nitrogen nitrogen nitrogen

5
Fig. 5

AMRERA M EERPE T LEEE

EKE BEERERESTNASENEXRE

Soil temperature, moisture content and electrical conductivity characteristics and their relationships with inorganic
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Fig. 6 Changes simulated in soil NH,"-N and NO, -N content with days after transplanting of paddy rice
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Fig. 7 Contribution proportions of environmental factors and crop uptake to inorganic nitrogen variation
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