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The impact of ammonium nitrogen fertilizer application rates on nitrogen leaching
and surface electrochemical properties of various purple soils
CHEN Xin-yu, DENG Zheng-xin, WANG Zi-fang, XIE Jun, DAI Wen-cai, GAO Ming

College of Resources and Environment, Southwest University, Chongqing 400715, China

Abstract: Nitrogen fertilizer application plays an important role in world food production and in ensuring food security
in China. To elucidate the effects of different ammonium nitrogen fertilizer application rates on nitrogen leaching and
surface electrochemical properties of various types of purple soil, a pot experiment was conducted. Three different
types of purple soil were selected, and four treatments were set up: no nitrogen fertilizer (CK) , low nitrogen (N,

0.1 g elemental nitrogen per kg soil) , medium nitrogen (N,, 0.2 g elemental nitrogen per kg soil) , and high
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nitrogen (N,, 0.4 g elemental nitrogen per kg soil). The results showed that with increasing nitrogen fertilizer
application rates, compared with the control group (CK), the pH values of red brown purple soil, gray brown purple
soil, and brown purple soil under the N, treatment decreased by 0.9, 1.2, and 0. 8, respectively. Meanwhile, the
cumulative leaching losses of ammonium nitrogen and nitrate nitrogen in these three types of soil increased
significantly (P<C0.05). The ammonium nitrogen leaching losses under the N, treatment increased by 7.1, 15.4,
and 12.5 times compared with those under the control (CK) treatment, respectively. There was almost no nitrate
nitrogen leaching loss in the CK treatment. The nitrate nitrogen leaching losses under the N3 treatment increased by
6.1, 4.9, and 1.8 times compared with those under the N, treatment, respectively (P<C0.05). The surface
potential (¢,), surface electric field strength (E,) , and surface charge density (g,) of the three types of purple soil
showed similar increasing trends, while the specific surface area (S) and surface charge number (SCN) decreased.
Under the same nitrogen fertilizer application rates, there were differences in nitrogen leaching and surface
electrochemical properties among the different types of purple soil. In the N, treatment, the cumulative leaching of
ammonium nitrogen in gray-brown purple soil was significantly higher than that in the other two types of purple soil.
Additionally, under all nitrogen fertilizer treatments, the cumulative total amount of nitrate nitrogen leached in gray-
brown purple soil was significantly higher than that in red-brown purple soil (P<C0.05). Under the N, treatment, ¢,
of gray-brown purple soil was higher, while under the N; treatment, ¢, of brown purple soil was significantly higher
than that of the other two soil types. Under all treatments, the E, of gray-brown purple soil was significantly higher
than that of the other two soil types (P<C0.05). Furthermore, under the N, and N, treatments, the o, of gray-brown
purple soil was also significantly higher than that of the other two soil types (P<C0.05). S under the N;, N,, and N,
treatments ranked: red-brown purple soil>brown purple soil>>gray-brown purple soil. Under the N; treatment,
SCN of red-brown purple soil was significantly higher than that of the other two soil types (P<C0.05). Therefore,
excessive application of ammonium nitrogen fertilizer can lead to soil acidification in purple soils, significantly altering
their surface electrochemical properties and reducing their ability to adsorb and retain nutrients.

Key words: ammonium nitrogen fertilizer; purple soil; nitrogen leaching; surface electrochemical properties of soil
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Table 1 Basic properties of the test soil

A pH AP - ARk AR HER AR FHES At RIRAS
Soil type Organic  Total N Available Available NO, -N NH, -N Cation exchange ~ CaCO,
matter  (g-kg ) P K (mg-kg ") (mg-kg ) capacity (g-kg ")
(g-kg ") (mg-kg ') (mg-kg ") (emol-kg ")
21k % + Red-brown purple soil 8.6 20.15 1.14 14. 22 55.51 3.46 11.62 25.74 62.95
JRFF 428 + Gray-brown purple soil 8.0 14.59 1.12 13.91 97. 64 6.82 13.40 23.18 19.10
#5422 + Brown-purple soil 8.4 15.21 0.89 7.48 88.18 6.69 14.93 15.47 37.85

F2 il TEMVMAR
Table 2 Mechanical composition of the test soil ( %)

T+ A FokL bip A fib ki Sand L& iR A
Soil type Clay St R Very AN R L Wppg Very coarse
(<0.002  (0.002~ fine sand (0. 05~ Fine sand (0. 10~ Medium sand Coarse sand sand (1~2
mm)  0.050mm) o 19 mm) 0.25mm)  (0.25~0.50mm) (0.5~0.1mm)  mm)
21 #5486 £ Red-brown purple soil 38.20 47.99 5.94 1.28 0.39 0.00 0.00
TR £ Gray-brown purple soil — 28. 90 46. 40 11.56 7.22 0.83 0.00 0.00
§5% Y8 + Brown-purple soil 22.06 27.29 11.30 20. 70 13.85 1.39 0. 00

1.3 X%t
AT e b GAR 3 AN [ 28 B A 55 (8 e, OSSO B IR B, B 4 A B B, L4 - D ANl AU (CKD 5 2)
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AR (N, B kg £ 0.1 g4i%);3) TR BN, B kg + 0.2 gZi%A);4)E A B (N, B kg + 0.4 g4lim). 3+,
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e, MIEEHS IR A S, B KR4 RIS OK &= O F I FRRK 1 6000 o g0 L b AT 147 Fii 3 gz . Horp
5122 (20224F 3—6 7)) R B Capsicum annuum) , 55 2 2= (2022 45 6—9 7 ) FP A8 /N A 2% (Brassica campestris ssp.
chinensis var. communis) , %5 32 (2022 4F 10 H %= 2023 4F 1 A ) #A 55 55 (Lactuca sativa var. angustata) . 2 56 4
I — Y S it 220 AL AT R D) g B R FE — 38 A — 3B BB 43 3 Wit FH (50 % — 25 % — 25 %) , BB Ak Jm AR 30 d i A7 — Ik
B . AR A ] L 3
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251 B 2 5 HEAT A TR 0 R 1 4 kB T S Y Table 3  Fertilizer application rate per season for each
B 6 U, O R 4 d, 36l 12 treatment (2-pot)
W LR & 7F . L L L LT IL L T W R Ammoni - HEEES Calclum LR Potesst

. . N Treatment um sulfate superphosphate um chloride
T0 TT 3278 WA A0 4% 5 S i [ Be o & Ui A o — e o
A 2 TR KA Tk B A ADIR A 5 U A N o . -
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o fae RS A WS 2 O. . .
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+ 458 3R 11 #1398 B (soil surface electric field strength, E,) :

4
Eo:gao (3)

3 1 3 1 AR (soil specific surface area, S)

Nk e N Fok
S=—"—1p 2RT :7/RT (4)

mal, mar,

~+ 398 3 1 B, 1o $5 3 (soil surface charge number, SCN) :

So,

SCN=10° (5)
F
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Table 4 Effect of ammonium nitrogen fertilizer application on pH and nutrient content of different types of purple soil

d e fib B pH A BT o SR A A FH B T2 et
Soil type Treatment Organic matter Total N NH,"-N NO, -N Cation exchange ca-
(g-kg ") (g-kg H) (mg-kg ") (mg-kg ") pacity (cmol-kg ")
FAR 3¢t o CK 8.3%+0.04a 19.98+0. 31c 1.1740.008¢ 90.2+4.6d 3.77+0.16b 25.45+0. 26a
Red-brown N, 8.24+0.04a 22.73%+0.35b 1.1540.013¢ 103. 3£6. 6¢ 3.16%+0. 22¢ 22.84+1.27b
purple soil N, 7.8+0.06b 22.58+0.32b  1.24+0.019b 176. 14+ 11.8b 3.3140. l4c 19.410. 39¢
N, 7.44+0.05¢ 23.92+1.00a 1.3940.034a 225.3+21.8a 4.34+0. 26a 16.0040.97d
KRR+ CK 8.040.08a 15.96+0. 31b 0.99+0. 032¢ 57.2+4. 4c 5.28+0.17b 22.1440. 80a
Gray-brown N, 7.440.05b 19.244+1.60a 1.0940. 009b 65.0+2.6b 5.76+0. 10a 19.38=+0. 84b
purple soil N, 7.1£0.03c 16.24+0. 38b 1.16+0.043a 74.8+2.8a 3.524+0. 11c 16.85=+0. 96¢
N, 6.8=+0.02d 13.43=+0. 76¢ 1.17+0.015a 77.1+2.8a 3.82+0. l4c 10. 90=£0. 58d
PR+ CK 7.840.03a 16.49+0.49b 0.66+0.034d 56.9+2. 1d 4.0540. 30¢c 12.54=+0. 50a
Brown-purple N, 7.6+0.02a 19.194+0. 13a 0.75%+0. 020c¢ 89.4+2 4c¢ 5.8240.81a 11.16=+0. 36b
soil N, 7.340.02b 19.44+0. 30a 0.8640.012b 104.1£3.5b 3.8240. 18¢ 10. 87£0. 04dc
N, 7.0£0.07c 17.07+0.67b 1.050.022a 121.0+£8. 2a 4.914+0.15b 9.7340.40d

T AR RVNG PR 0K 238 22 57 (P<C0. 05) ¢

Note: Different lowercase letters among groups indicate significant differences (P<<0.05).
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EPNEE(P<<0.05), Hoh S A A BN HHE pH A F IR o0 B35 B0 B 0 5 R g T 0.9.1. 2F10. 8, ZLAR%0E
d AR S U R SR U8 Y TN B o X B i 20 i Y 3G i & 3 4 T (P<<0. 05) , AR 56 U8 9 TN & & 15 Jin
i . RS T o B bt L 1 3 N S TR R B A B L PR LD AR R b B A R AE NN, NG A FE
AR BT 1. 15,1, 95 F1 2. 50 £ s IAR 58 U8 4= b, Ny NG AN Ab 3343 5 J2 6 B4 9 1. 14 (1. 31 A1 1. 354% 5
B U8 4 A A A B B AE N, N NG AR B R 43 B X B9 1. 57 (1. 83 M 2. 13 F% s 7EMIR A = A B R R 5 Ul H 4
St Ak 8 0 1) B 22 5 7 VP U N R R A B 20 SR U ek BRAL B N A £ o S R T TR — bt R
TR A - A R [A) 1Y 3R B, 2045 50 08 1 S A8 A & B A N AR ST 1 35 W HoAth b 3 (P<<0. 05) , A 55 U T AN
TREFEEE PR A b N AL A S 25 0 & B 0 3 T B A B (P<<0. 05) o A5 BT &5 76 A [) 25 750 -+ 198 v i 25 it 240 114
AR AL AT AN TR Y R B, 2T R 2R e A L A e NG AR B R Ik B0 i, B e T A (P<<0. 05) s KB I+
BLJE & B N, >N, > CK> N, N A B G 35 IR & 13, 43 g+ kg '(P<<T0. 05) 3 B U8 - B9 A7 LT 7 2 E N, Al
N4 H R 5 F CK AN AR HE(P<<0. 05) o ZEAS )t 60, 3 028 €5+ 1) BH 25 1 58 e fat (CEC) ¥y it ot 480+ 719 385 Jon
7 . 3 /> (P<<0. 05) , fE M ] il 8 & 1, 2068 2R + CEC e, Ok R R A R £ B 5 R + e ff . Bk &,
AHAL TR BZH NN, N A B 20 28 08 12 CEC 430l B AIR 10. 26 96 . 23. 73 %6 .37, 13 % 3 IR 58 U6 4= 43 51 B fi%
12.47% .23.89% .50. 77 % ; B2 U8 143 HIREAL 11. 00% . 13. 32% .22. 41% .
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IL A 19.97.30. 25 F136. 63 mg- L 3% 4 F 2 TL B BE Y 5. 54 .6. 11 f110. 19 mg- L' A48 1+ (& 1c) 250019 1%
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Fig. 1 Effect of ammonium nitrogen fertilizer application on NH,"-N and NO; -N concentration in the leachate of different types

of purple soil
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Fig. 2 Effect of applying ammonium sulfate on the total leaching amount of ammonium nitrogen and nitrate nitrogen in different
types of purple soil
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Fig.3 Effect of ammonium nitrogen fertilizer application on the surface electrochemical properties of different types of purple soils

WE 3d fr 7, FELLER 5506 & R 55 e A AAR S0 e v, b 3R T RR B A it R 0 i B 2R B (P<<0. 05),
T HJEAE N A HR R fefe b 3 o M T4 BE4L (CK) |, N AR BER Fe 26 1 AR 43 B sk 2> 7 47. 78 % .58. 40% FiI
35.87% o 7E N, N, FINALHL T, 3Fh A A A B0 Le R 1 BUAFAE i 25 57 RN 0B R R + >4 B R+ > ks
2298 1 (P<<0.05) .

HH & 3e AT AT, 2147 5008+ 7E AN R ACE 9 AU AL #ER A B CK L, SCN B i 2 BE AR (P<<0. 05) . 7E AR 5008 +
TR SR U8 4 v, Bt 5 U0 A BEZKOT- (4 85, SCN A 2 3B i R Rk 3, R BN CK>N, >N, >Ny X R £ 48
e 1 SCNAH 3 1 T 20 AR 2808 + KA 25 3 + (P<C0. 05) , M K kg 2598 19 SCNH B 2% 7 T 2047 28 + (P<
0.05)s FEN LI, SCNA K KAREE Ve - dc iy, UGB AR 5208 1 20 AR 52 e Ll M AE NLAR BT, K AR 25 1



534 B T Bl 2R 3] 2025 4 77

T SCNE® FTABELRLE, WHEHEES THE 4r 4
P+ (P<<0.05). 78 NALFER L0k R + /) SCNE
3 T A R R A (P<C0. 05) .

2.4 X EA@EEAFEHERSE NH, -N A NO, -N #
kBRI E A

NS85, 1 v e 2 R G LU 6 19 TT AR 43T S oh
SRR E (K 4) 758 A8 AJNE By il F 4 158 3% 1 e Ak g
VR A LR LA MR . TUR T A R R é : 5
). 2 A LR 2 5 84 46, af ;4 o UL
) ‘ ‘ . Red brown purple soil
Horhr o) E,Fl 0,5 TEHL AU e 22 10 A 8 35 1) TEAH OG 56 : O JKhxsie+
. Gray brown purple soil
Z (R4 54 0.397.0.477 F10. 521, P=0.001) , 11 S 8- A ket
‘ ) | : Brown-purple soil
HISCN 5 T ML AUV 2 147 1835 0 6 6 6 5 (R'= 4 : : :
0.295,P=0.004;R*=0.624,P=0.001). RDA1 (84.30%)
B4 ARESABERETERLIBLZFERENREKE
NN
3 i H 7T 4% 43 4
3.1 GAEAeR T Ee L pH Fa Zji“ SAEW Fig. 4 Redundancy analysis of inorganic nitrogen leaching by
%l electrochemical properties of purple soil under different
5 Ve

ammonium sulfate dosage

ABPTEERRI AP BE BERBASRIERHE i gy s s O B S B 6 B 2T 65036 4 B 2
P T 3MERAEA TN LAMESA S ., XEH HEF AL 2 PE BT, RDATHIRDA2 53 5 3675 45 1 A4 2 HE . The blue
ﬁ{% e E’J E*ﬁﬁ@ﬂg j»j j:i,%%?mﬁt T ﬁﬁ. i @i&EE = T+ arrows ‘represeAm the cumulfdtlve leaching losses of nitrate nitrogen anfl
RIS AR AR CREMIGSIARER 7 I e e
U REAT 0 BN, — O A 2 K EP cecond ordination axes. respectively.

SR AMBEY XSS H LIEAVLRS

i %ﬁmﬁfﬁ%uﬁ¢A%mﬁﬁﬁﬁmc%—ﬁﬁﬁﬂ%%%ﬁﬂaﬁmﬁmﬂé%%g%ﬁm%i
e, U HOR A A BT R e Rk #Ei%$%ﬁ%ﬁ%%#¢&*¥@iﬁaLﬁ%%%¢ﬁﬁ
LR 2 S B HE D B A S R S ML R A BT A5 R AE SR TE FUET  AakRgR M
PR TR MESA ST ®R P EEE S Y E . HIE AT f %rdﬁmuEmAﬁﬁﬁﬁ%ﬁi%M%ﬁ%
B A HE KRR AT R AR S AL 1 A, i A 8 Al s R B RO AL, DT R AR - R R OK R AR B T, AL R, K 4
MR Ty R e 5 — il , K B A& A e A + 585, NH,* ﬁi%wwéﬂ oF A A AE A B NO, -, i F
NO, 7 fHL i , A 5y B+ WL B, 2ol Wk vk J5 2 s R i 2 ™ A ML S 9 10 R A A, R A
IR W E R ARBR ST A R R 7E il AL E (NG R R AR SRR A P A KT A
AR F A58 A A LT B i AT NN A B 156 B o i 22 R IO B 55 e AR 52 e A AL
X5 SufE P ISR — B0, X AT BB B Ok it AR AT S5 s VR AR RE B BR R S E0R R A LT K AT
FEU L UK PRt AR IR 25 B AIC 4 pHL, B 3R 4 AT R AR S5 # , F I R AR A HL & Y S AR R B
- MR A TR R T I M AS I R AR A X A 1 HE R b ) 00 e K 56 v & B, K 0Dt RUAE 2 4 E T
IR HE R M - R AL .

3.2 EARMEEAFAEELNH, -NFNO, -Ni#kk 67w

ARG R R Y] T N IT | 3RS AL 58 68 1 A 2 25 U % TR B2 7 7 U 36 JIE 5 I o A s T RS0 338 s Ak 22
B TR S, Horp | Z0AR 5008 1 AR 58 U8 0 IR s W B A8 RO R Wk BEAE L~L B B /b i Bt X R
PRI Sy 33 R o 8 9 8 b o L XK T — Em TR FH 3 3501 RV 0 4 A0 T 1 S IR R 4 DA
NH, -N IR 5R B 7e £ b ™ suah, ARBF 5845 R, 3 MY S TR W YGE IS 1 NO, N ik 2% ¥k Ji2 B
%Mwmﬁm%mﬁWI%LﬂF?Wmtﬁuﬂﬁ BRSO 55 A S50 5 IR J5 18 B ME . X 045X U I

#

i;.q,
o



78 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 7

P R P LA AL AE T 5 AUMOA R AR B WIS b A L TE X 4 A (] AR S AR R 1 Bt n AR R NH,-N U L i
VWM NO, ™ -N Ve JiE 24 52 S8 38 0 J5 BR AR R 34 B NO, =N VR BE H 3006 F B[] R R /N4 AN MR ) AR AR e 25 R 5 1
—H, AR FEEANTAUG P 3FRAE 6O L /) LA . BRI A S R AR A T
0 28 R i A R A 2 — i I T, L ARV AR T 40, 3 R I L 5% 40 - iy B A 22 S T BOH R A R
PEAS IR, DA 582 ) 8 v A B A W 0 1

A B A Xl e TS T 20N ok 0 9 8 A 25 R 1 B R HE AT T T L 4 SRR WD A v A OIS R
T A A R TR e R 0K 192, 87 mg- Lt SR, ASBIE ST Hh A B R A RUIL A 2R AR L SRR EE B i
fiFg 25 SR K ok BE U R B 3 400 mg- T 7 AR X — B A JRUIR R A IS SR T A 3 i 58 € 100 4y pH O sl 1 = o
P T BIE T A B D IR A TR R B A A AR R o Bl A IR R, A AR T D R A
M AR B 20 NO, =N e 3Fh 5 6 - b, 205 58 U8 4 1 i 25 800 2% dek eIk o 3k — 5 1T 5 G 38 o b oA
I LURR SR UG A0 P L0 5 U e e LA A IR 55 (5, JR TR D R S K o i R, BE A B
1R AR o 5 HAU P b HEAH B, A 0 5 R 0 B T R Y T [ K R RS T RO W R Kk oy OF B B
Y 38 SRR G 28 R BE 0, PRI A A5 R R R iR B o X5 22 AR RO BT SE A R AL . S5 — T i, 20 AR R e
B AT AL B T A R R A LB B TR R SO P R, AR T SR A 1 AR L 98 NO, N
TIN5 RO R 2 5 Bk B vl T A A B i R R b, DT R AR R S Y R SRR T [ e R
R A I R FR TR BN 2 B S AR A 0 A BRI T oAb, RO SR 3 2 5 i 0 RU0R B 1 AL
3 o S R B S R A R R A 2 5 R Gl A 3 s R AU AT S i e k2 A AR T RE P — AP D Y
A RO R A AR R
3.3 BAEREAERESEELRBUNFRTNHE A

TEA RS h WL BIAE 45 i RK P R 2088 5008 b BB 58 908 b A 5 90 - 10 3R T v A7 %85 12 11 v 37 5 52 B e
U BTG N X 32 BRI AN IR (NH,) SO, BTl A 23 38 L 38 b i s i B B2 0 T aUR S AR R 5
0 R 2 49 2 1R ey SO 4 B BT 5 PP A B e % e iy R AR S R ) g 8, AR ST A SR S
—H RHERTE AT BRI WCE FROCR MO R B RE T LM B e A, A g 45 R
7 R 22 Uit RE RITHK 5, 3 7 21 70 5% 8 - 1) - 98 58 T A ey 200 Bt SR S T S R R . R W Y
UL I RE A R o - 198 28 TAT R £ 50, 070 R £ 99 S (A RS R 0 1 FRF Y L PR A9 B AR B 1, DT D 20 R B
SR B A AR SURE ) L > R TR H £ A5 A P 0 B 2 g O AR B R IR R ER
F14 b 3 T AR, SR b A R R S A S T S e ) T B BT, B e R AR R 8t R A ) B A R 1) 3R 23 UK 23 BE )
DIMASG o b SR AR Ay Lo 2 T BRME A, JHC S IS A 194 HL A 22, 4 70 IO e SR 0 v e, BT b 23 7 AR T 2 1 LR
JZ AT RE B o - S 1y W8 R 3 R B 1SS B g G REAE A SRR, XA I T AR e A W RS T S T S s BE 0, AT
NAVEW AR AR IR AR BE o FEAS TR IE P, RIS 22 9 v 0 vl e el el - R =2 18] A4 HE Je 7 o8 82 i + 3 1)
PE AT ALY 358 € - e it A G0 S5 M L 3 T AR RS B e A 0 B T R S . X AT AR T A FUIE
ZJ5 S BCA LB CA BB ) 92, 325 107 AR 1 - 48 L 3 i AR b 8 3 T i B0, 3 5 S AT R AE T i F o 4
— B, MeHh, e T Al e P R S O AR AR R . FEAIE ST £0 AR S U i Ll 2 AR IR T A
SRV T A 5 e b R 52 908 B0 SR T R A S TR L R AR T L R A B T AR R T
B PR E T S ORE (4 RN RIS A BT R e R M R PE SR T AR, 21 AR SR U8 b i B B A, R ORI /)N
JIF LB SR AR, i R A I R A R B — RRRLER 2 1 M EUA e Y I T L B AT XA L Y
B FLAT AR o A W B RE T, (E b MR T A A e P T 52 R pHE RS , b ST WP SR T B0 v B A R R N T
LEGEROASNIUE 608 A0k ) RS R N S DI o o LS i R o VANI B'ak 3 R e R R S D N o el el
BRI kS Lin SR W oT A5 RAR L

o~

4 i

3 5% €0 - T FL S A THT R 37 50 R R R T L A S TR R4 e A SR i P % T A A b A v AR



534 B T Fll2F 3 2025 4 79

% THT R A7 50 E U ot e 2 SR e Pk i e o o B S RUIE 2 R ECR 6 1 NO, -NRE R H
TR B2 Sl SR T A M B RS R o DRI o P B A IR AN U RE AR v 5 (0 R i 3R o i B S
SPEC SRR AL, iR S A 2 T R A 2 P BT I AER e S X R 40 6 R B RO A BE T3, DT R AR AT T

5 % 3Lk References:
[1] Qiao C L, Buren B Y. Effects of application of synthetic nitrogen fertilizers on soil nutrient supply and loss of reactive nitrogen in

[4]

[7]

(8]

[9]

[10]

[11]

tea (Camellia sinensis 1.. Kuntze) gardens in China. Acta Pedologica Sinica, 2018, 55(1): 174—181.

Tr i, AR L A T X 25 b - SR A (AT PR RS RS . AR, 2018, 55(1): 174—181.

Chen Y Z, Wang F, YouZ M, ez al. Effects of different nitrogen application levels on nitrogen leaching in tea garden soil. Fujian

Journal of Agricultural Sciences, 2015, 30(4): 394—399.

WREE, Fu, JUEU, A5 AN g0k X 28 bel AU R IR e . AR ARl 24, 2015, 30(4) : 394—399.

DaiJ, Wang C H, Li Q, ez al. Effect of nitrogen application rate on winter wheat and soil nitrate nitrogen during summer fallow

season on drylands. Acta Pedologica Sinica, 2013, 50(5): 956 —965.

Wifd, EWDE, AEo, AF L GUIE G S A /N A 7 RO R ) S S R AR R . e, 2013, 50(5) : 956—965.

Yan N, Wang J H, Cheng E B, ez al. Effect of long-term fertilization on surface charge properties of soil clay complex. Journal of

Jilin Agricultural University, 2017, 39(6): 703—708.

FIWE, E462r, BRI, AF L RO S ek - M R g 5T A R R IR A R R R A L T AR R R 2R, 2017, 39(6)

703—708.

Tian Q H, Liu D, Liao X Q, ez al. Effects of nitrogen fertilization on soil aggregate biological binding agents and stability in an

alpine grassland. Acta Prataculturae Sinica, 2024, 33(11): 46—57.

RS, X, BUNEE, S %00 i 28 Bt 1 M PR 3R 21 0 M 45 ) o B R B R S . B ~A 4T, 2024, 33(11): 46—57.

Wang P, Xu D, Lakshmanan P, ez a/. Mitigation strategies for soil acidification based on optimal nitrogen management.

Frontiers of Agricultural Science and Engineering, 2024, 11(2): 229—242.

Yu L, Gao M, Huang L. L, et al. Effects of nitrogen fertilization on leaching characteristics of NO, -N and base cations in

latosol. Journal of Plant Nutrition and Fertilizers, 2013, 19(3): 698—704.

WU, B, BAIFY, ARt T IS X i 20 S A A UM R R B R RR AR S M L AW IR SRR A4, 2013, 19(3) -

698—704.

Jiang X, Ma Y, Yuan J, er al. Soil particle surface electrochemical property effects on abundance of ammonia-oxidizing bacteria

and ammonia-oxidizing archaea, NH,  activity, and net nitrification in an acid soil. Soil Biology &. Biochemistry, 2011, 43(11):

2215—2221.

YuZ H, Liu X M, Li H. On surface charge properties of red, yellow and calcareous purplish soils. Journal of Southwest China

Normal University (Natural Science Edition), 2013, 38(3): 62—66.

ARAEHE, XUHTEL, A 0 R 2R b SR T PR TR RIS . P R TR R AR AR (B AARLARRD L 2013, 38(3): 62— 66.
Zhao C, Sheng M Y, Li Y X, ez al. Characteristics of soil electrochemical properties and soil environmental impact factors in
Karst ecosystem in South West China. Acta Pedologica Sinica, 2022, 59(3): 756—766.

B, S, B, L R AR S RS RIS R IE L S R R T A, 2022, 59(3) : 756—766.

Yang Y N, LiuJ Y, Wang P P, e al. Effects of typical vegetation communities on soil surface electrochemical properties and
their spatial difference on the Loess Plateau. Journal of Soil and Water Conservation, 2022, 36(3): 345—351.

AR, XU BE, EAR, A5 . B e s R A B R 0 o R T WAL S M B AY RE  B S ] 2 S L K R R RRAA R, 2022,
36(3): 345—351.

Zhang W. Effects of soil particle surface electric field on nitrification in acidic soil. Chongqing: Southwest University, 2010.
TR SRR R T 37 00 B M SR AR R RS e . JE P TR R OR A, 2010.

Ding W Q, Li H, Song Z R, e al. Surface charge properties of neutral purplish soil and latosol. Chinese Journal of Soil
Science, 2007, 38(6): 1086—1091.

TRUR, M, RN, AR PSR (O AN £ AR T A A A BRI ST . Az, 2007, 38(6): 1086 —1091.

Walsch J, Dultz S. Effects of pH, Ca®" and SO,* concentration on surface charge and colloidal stability of goethite and hematite-
consequences for the adsorption of anionic organic substances. Clay Minerals, 2010, 45(1): 1—13.

Zhu M X, Jiang X, Ji G L. Kinetics of interaction of H™ with constant and variable charge soils. Environmental Science,



80

ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 7

[16]

[17]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

2001, 22(3): 49—53.

RPENE, T, 2 ST . AR A SR R S SRS R RO B 15 BREERRE, 2001, 22(3): 49— 53.

Li C P, Li X, Wang X, e al. Effects of acidification environment on exchangeable cations and acid buffering capacity of
weathering products of purple parent rock. Acta Pedologica Sinica, 2024, 61(1): 258—271.

PRYE, B, . TRACIREE X 5 R XUAL ) S M AR B MO IR v A S R . AR, 2024, 61(1):
258—271.

Luo D Q, Wei C F, Xie D T. Physicochemical characterization of purple soil surface//The 10th national congress of China
geosynthetics society and the 5th cross-strait soil fertilizer symposium. Shenyang: Soil Science Society of China, 2004: 96.

GOk wr, BT, WPOEAR . 0 R SR AL A RRAE AT 5T/ / vh E M 2 5 A [ 2 SRR I 2 T A e g e T 3R
JERE 2 AR A 25 . PP 2R 2y, 2004 96.

Yang JH, Wang C L., Dai H L. Soil agrochemical analysis and environmental monitoring. Beijing: China Land Press, 2008.
eI, LRk, AUshk . RIERAL AT SEREE MR . bt A M AL, 2008.

Li H, Qing C L, Wei S Q, er al. An approach to the method for determination of surface potential on solid/liquid interface :
theory. Journal of Colloid and Interface Science, 2004, 275(1): 172—176.

Yu L. Effect of nitrogen application on the coupling leaching of nitrate nitrogen and base cations in variably charged soils.
Chongqing: Southwest University, 2012.

AU . X P AR g B i R AR B T AL B R TR AT R A . K. PR R, 2012.

Song Z 7Z, Li X H, LiJ, et al. Long-term effects of mineral versus organic fertilizers on soil labile nitrogen fractions and soil
enzyme activities in agricultural soil. Journal of Plant Nutrition and Fertilizers, 2014, 20(3): 525—533.

KRR, ZEAE, L S5 A LIS A T A I H X - 8 AL U o S M S L A E SR ST R, 2014,
20(3): 525—533.

He R L, Jiang Y J, Zhang Y Z, et al. Characteristics and sources of atmospheric inorganic nitrogen and sulfur deposition in the
suburbs of Chongqing. Acta Ecologica Sinica, 2019, 39(16): 6173—6185.

il B 5%, K952, SO, A . DT IE AR R TCHLAL VB UL RFAE S HOR IR0 AT . AR 2527 4f, 2019, 39(16): 6173—6185.
De Vries W, Liu X, Yuan L. Highlights of the special issue “Progress on nitrogen research from soil to plant and to the
environment”. Frontiers of Agricultural Science and Engineering, 2022, 9(3): 313—315.

Wahyudi I, Handayanto E. The potential of legume tree prunings as organic matters for improving phosphorus availability in an
acid soil. Journal of Degraded and Mining LLands Management, 2015, 2(2): 259— 266.

Song H X, Li S X. Effects of root uptake function and soil water on NO; -N and NH, -N distribution. Scientia Agricultura
Sinica, 2005, 38(1): 96—101.

RUER, BAF . R R RNCAE T B 23K 4 3 i 28 A B S B AR i sz . Al A2, 2005, 38(1): 96— 101.

Chuan I. M, Zhao T K, AnZ Z, et al. Research advancement in nitrate leaching and nitrogen use in soils. Chinese Agricultural
Science Bulletin, 2010, 26(11): 200—205.

R, R ERE, 28, AL LA R LR RS . b AR AR, 2010, 26(11) : 200— 205.

Sinatra M, Giannetta B, Plaza C, et a/. Anaerobic digestate influences the carbon distribution in soil organic matter pools after
six months from its application. Soil & Tillage Research, 2024, 239(1): 106049.

LiY, XuM, Xie Y H, ezal. Effects of different modifiers on aggregates and organic carbon in acidic purple soil. Environmental
Science, 2024, 45(2): 974—982.

i, BR S WKL, S SRR X e 5 6 R RA BLBR A9 2 . BRETRL, 2024, 45(2) - 974— 982,

SuY Z, Wang F, Suo D R, ez al. Long-term effect of fertilizer and manure application on soil-carbon sequestration and soil
fertility under the wheat-wheat-maize cropping system in northwest China. Nutrient Cycling in Agroecosystems, 2006, 75(1/2/
3): 285—295.

LiX A, Tong C L, Jiang P, et al. Effects of long-term fertilization on soil organic matter and total nitrogen in paddy soil. Soils,
2006(3): 298—303.

R, BT, HOF, S RIS R S X R R R ALB A A AR R . T, 2006(3) : 298—303.

Nie J, Zheng S X, Yang Z P, et al. Effects of long-term application of chemical fertilizers, pig manure and rice straw on physical
properties of a reddish paddy soil. Scientia Agricultura Sinica, 2010, 43(7): 1404—1413.

L RS, BN OT, & KW AR T R 3 AR O LR AR - B B s L b B AR RESE 2010, 43(7)
1404—1413.



534 B T Fll2F 3 2025 4 81

[32]

[33]

[35]

[36]

[37]

[39]

[40]

[41]

[43]

[44]

[47]

[48]

Bouman O T, Curtin D, Campbell C A, ez al. Soil acidification from long-term use of anhydrous ammonia and urea. Soil
Science Society of America Journal, 1995, 59(5): 1488—1494.
Zhou J, Xia F, Liu X, et al. Effects of nitrogen fertilizer on the acidification of two typical acid soils in South China. Journal of
Soils and Sediments, 2014, 14(2) . 415—422.
LiT, Yul, Wan G H, ez al. Spatio-temporal variation of farmland soil pH and associated affecting factors in the past 30 years
of Shandong Province, China. Acta Pedologica Sinica, 2021, 58(1): 180— 190.
W, TH, AT 4, & 304 LA Bk 1 1 pH I A3 AR AR R AE S R K 2. SRR, 2021, 58(1): 180—190.
LiJ, Zhang L. C, Zhang M Q, ez al. Characterization and prediction of topsoil acidification of latosolic red soil caused by long-
term urea application. Journal of Plant Nutrition and Fertilizers, 2022, 28(12): 2161—2171.
ZEAR, ARSL A, B, AR KT R 2R AR AR £ LB R pH R ARAE S B . R E IR S IR A4, 2022, 28(12)
2161—2171.
Luo F X, LuH T, Lin C W, ez al. Effects of nitrogen fertilizer forms on soil nitrogen loss dynamics of sloping land in rainy
season. Soil and Fertilizer Sciences in China, 2015(3): 12— 20.
A, X, MOBSC, 45 RRTE S A MEES AW 2 2 AR W AR S SR E . hE 5, 2015(3): 12— 20.
Zhao X, Cai SY, Xing G X, et al. Nitrification and nitrogen leaching in tropical and subtropical acid soils. Soils, 2020, 52(1) :
1—09.
RO, R, TROERE, & Bl R R S A0V S AN R AE . 3%, 2020, 52(1): 1—9.
Liu L. Acidity characteristics and acid buffering performance of typical purple soils in the Sichuan Basin. Chongqing: Southwest
University, 2022.
XU DU 1 2 R 5 €0 f) R AR AT AR 22 ol PR . EE K. TR, 2022,
Chen Z C, Zhang M Q, Chen F, er al. Effect of N fertilizer on nitrate-nitrogen loss from garden soils. Ecology and
Environment, 2008(3): 1230—1234.
MR, SEOAE, BB, 45 . FUIEX 3 0l b AN 25 O i 2k B2 . AR ZSERE L 2008(3) : 1230—1234.
Cheng Y, Zhang J B, Cai Z C. Key role of matching of crop-specific N preference, soil N transformation and climate conditions
in soil N nutrient management. Acta Pedologica Sinica, 2019, 56(3): 507 —515.
REIE, SRE I, AR U — T — MR Z M RUR ARG R UL B RO SCHEME . R HESAI, 2019, 56(3) : 507—515.
Meng Y, Wang Z H, Luo H'Y, ez al. Mechanisms research on how pH affects nitrification in purple soils of Southwest China.
Acta Prataculturae Sinica, 2017, 26(4): 73—79.
WFE, TR, W, A Ui X pH S 0 e VLR BFSE . Bk 2E R, 2017, 26(4) . 73—79.
Lan X, Wang T, Yang C L, er al. Effects of different phosphorus application rates on nitrate nitrogen leaching in vegetable
fields. Journal of Plant Nutrition and Fertilizers, 2016, 22(4): 958—964.
ZH, ERE, MR, AF L S IR B R S A RO K IR L AL 5R S IR R AR, 2016, 22(4) @ 958—964.
Van Den Bergh S G, Chardon I, Leite M F A, ez al. Soil aggregate stability governs field greenhouse gas fluxes in agricultural
soils. Soil Biology &. Biochemistry, 2024, 191(1): 109354.
Wang W Y, Shen P F, Zhang H P, er al/. Study on the relationship between total nitrogen and nitrogen functional
microorganisms in soil aggregates under long-term conservation tillage. Acta Pedologica Sinica, 2024, 61(6): 1653—1667.
ERUE, MR, R, L R IERHMET LR R A 2RSS AR Y KRN L3R, 2024, 61(6) :
1653—1667.
GuoW Z, HuF N, Tan T T, et al. Effects of soil surface electric field on aggregates breakdown and water erosion in black soil
region of Northeast China. Chinese Journal of Applied Ecology, 2020, 31(8): 2644—2652.
AR, HIER, BRI, 5. ISR 7 X 2R b PR IR AR B R G A S . N A AR 2R, 2020, 31(8): 2644 —2652.
Xie H B, Guan S Y, Chen Y M, et al/. Characteristics of soil nitrogen leaching in facility vegetable fields and the control
measures: A review. Chinese Agricultural Science Bulletin, 2022, 38(23): 82—87.
PR, SCTRTE, BR— R, 55 B I e USRI R B B RS G RO BT ST HE R . o A 2B AR, 2022, 38(23): 82—87.
Jiang Z X, Cui S, Zhang X, etz al. Influence of biochar application on soil nitrate leaching and phosphate retention: A synthetic
Meta— analysis. Environmental Science, 2022, 43(10): 4658 —4668.

SR, AR, kEE, . LT Meta—analysis (942 9 o 6 £ R IS GO IR BE IR £h B FE R . IR RRAE, 2022, 43(10) ¢
4658 —4668.

Liu X, Tan N, Zhou G, er al. Plant diversity and species turnover co-regulate soil nitrogen and phosphorus availability in



82

ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 7

[49]

[50]

[53]
[54]

Dinghushan forests, southern China. Plant and Soil, 2021, 464(1/2): 257—272.

Gao L M, Tian Q, SuJ, et al. Effects of nitrogen application on dry matter yield and nitrogen fertilizer use efficiency in sweet
sorghum (Sorghum bicolor). Acta Prataculturae Sinica, 2020, 29(4): 192—198.

R, A, IRAh, A5 B UK R e 3 T B e R A AR R . Bk A, 2020, 29(4): 192—198.

Ma S K, Huo K, Zhang D X, ez al. Effects of maize straw return combined with nitrogen on soil enzyme activity and nitrogen
fertilizer use efficiency in western dryland wheat fields of Henan Province. Acta Prataculturae Sinica, 2023, 32(6): 120—133.
LA, e, SRACET, B ROKRAEFE I F it 08 X B PG 5 /N 2 b e R EUIE R RCR 152 e . Bl AR, 2023,
32(6): 120—133.

Wang Q, WenJ, Wen Y, er al. Alteration of soil-surface electrochemical properties by organic fertilization to reduce dissolved
inorganic nitrogen leaching in paddy fields. Soil & Tillage Research, 2021, 209(1): 104956.

MaR T, HuF N, LiuJ F, ez al. Evolution of soil surface electrochemical characteristics with vegetation restoration on Loess
Plateau in Ziwuling area. Acta Pedologica Sinica, 2020, 57(2): 392—402.

AL, WIAE R, XUE 5, AF . BT ey JRUAE 0K AT Gk B b o M SR A b A M BT AR ARAE . R HEAE AR, 2020, 57(2)
392—402.

Rengasamy P, Olsson K. Sodicity and soil structure. Soil Research, 1991, 29(6): 935—952.

LiulJY, Yang Y A, Zheng Q W, et al. Effects of soil surface electrochemical properties on soil detachment regulated by soil
types and plants. Science of the Total Environment, 2022, 834(1): 154991.



