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XN sk T, sk B, T OmE G, RROBRE?, SKEEEE, ARFMRT,
kR, BEEC, A, &= 80, wpK?
(1. WEERNPEGALY S TR SRR T, W AN 450002; 2. {FFHTTRIEARE,
W fHBH 4640005 3. ZEUAREERE HIRIERMER T, Z# A 230031;
4. HhELMRRE B TR S RO X RIAFFE T, dbat 100081 )

& OE: UK IILE 2 SRR T AT T S A B A R AR R s, DA 13 AR RITE AL N T 6, &
AN AT (CK) . Bt Ak IE (CF) . 22500 kg/hm® %8 = 92 +80% 4L It ( G+0.8CF ) . 22500 kg/hm” 45 = ¥ +60% 1k
I (G+0.6CF ) . 22500 kg/hm® %8 75 5 +40% AL IE ( G+0.4CF ) F£ 5 AL B, BFSE T A ) Jiti IO 4k BE X - 358 4 25 4
W B A W RO B SR, JF A BT T - SRR A W RRAE S0 R IR TR O R S5 UK, Langmuir 45 i
W 5 RE 458 4 b 4B A 4 B A5 I W BFF R AE (R 4 0.9969 ~ 0.9979, P<0.01). 5 CK A EL, %8 2 JE it fid i
HAL AL B 4 3 S R A e KR M i . e R At 0 BRI T 4.85% ~ 13.46%. 4.55% ~ 7.36%; 4%
2558010 S 247 i 0 £ A 02 %K G+0.8CF>G+0.6CF>G+0.4CF>CF>CK, 5 CK A Fb, 48 25 30 i it ook 42 10 I 40 30+
HEAs EOM AL A & 1 BN T 19.42% ~ 46.60%. 15.24% ~ 25.88%, AHICHE/THT &S Bon, MR 5+
Bar, HHERA R R EILME, 518 pH 28 AME; ORI RER, pH FERL RS & % 15
B W R R AR S8 2 R EB N R, R T 23R 510 56.7% F139.1% (P<0.05), £f LJrik, K
19158 2 0 TR i et T R AT - X S AN L I R, 30 1 X A A AR, ek T R AU R, R
o A A RO . 2 TR A A G A A R S SR i, AU 20% ~ 40% B L it 22500
ke/hm® 28 2 P RbFRAICR A4

KEER: B, IEECSS W FRESEL

REEYWERKREBE AT ERTEZ —, H Langmuir, Freundlich 5 Temkin 45 J5 2 45 4 1 42
AR EACE X EY R K 2o E R, SR, it 4, VL Langmuir 88 RN FHE R 12 R 3

A LSRR RIEI AR E e =M, o —
A T PRl S - B X U SR AL A B PEFR , RagE
o A8 SRR R i s i) - S8 A T TRAR 8] e A
TR, TR R S R T S B B %
T o ST 2 SR R A TR AR 1 T 5 4 T 20 1
28 30 4FAR BT AT E A U B R T
R APEA S 8 A R W R, EL IR B A T
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SR A e B I S ) S A R A I e
SR, STt FH AMIEAT MU XoT - 1 e 2 0 o e
I 5 0] (K 9F 8 405 S 9 AR —3. Fernando % " BF5E
KW, FEEMO S HIRE SR WIEE T, B
MEAEMCAE J7s A H R4 N BRgeds iy, KIKAERS
FFI AT T 2T B MK RS B A R I B i, 3840m
T RS A RN, SRR A —
WA AUIEIE, HaRa&a, Sids. #E
JE AT E A A T AL A MUACIR, i1 H Rioe T4k
JIEE 7 3 R X - 48 e SR ATk R A 7 A 1) 552 Wi ks i
DLRE

KRR ERRIE, ARG EYEEEN,
REWFFEFE L, S AR T AT k3
AR 25 R0 FiE & M, 8T 38 pH, 4 LA AL
FOREPEA LA & i, Ems e SR R R
HRFAL . I, P90 58 = el ik H S - 48 AT
FRSROIRE AR L, X T A RUIE i B A
FEE L, AL 13 AERIEN IR A,
A3 AT 55 25 D T it ok A A %o A 2 G o e
WCRFIE R SEIE , 5 7 I AN [ A T IS
R 22 5, DU R p R X5 PR A 4 AL 2
AR

1 #REIZE

1.1 g XA

TR A T A A5 B T AR B2 B i g el X
(32°07 31" N, 114° 05 18" E), ZHLIX & W5
MR X, HEFER, 4534 1900 ~ 2100 h,
TR 220d £ 47, FHRE 151 ~ 153C, B
K, AEFEKE 900 ~ 1400 mm, 2330, AH
X MR BEAEYY 77% ., HTA]E AL 1R T 2008 4F, it
R BN EAUKRE L, EaT R A
PR ALAE R HLEK 12.96 ghkg. 42 1.30 gkg. Bl fi#
R 715 mgkg. HRWE 16.5 mekg, HAH 782 me/kg.
pH 6.67.,
1.2 it

IR BN B, ik 5 AN, 41k
R, SN (1) AR (CK); (2) 100%
fb BB (CF); (3) 22500 kg/hm® %8 = & +80% 1k
JE (G+0.8CF ) ; (4) 22500 kg/hm’ %8 = J& +60% 1k,
JE (G+0.6CF ) ; (5) 22500 kg/hm® %5 2= & +40%
FEHE (G+0.4CF ), %8 25 e J M Fp AR, (i b oy
G815, BT AL 4% 25 A0 3 0 s = 16 AT

B, 2R H/NX, 8RR BRI
Ao Horp it AL AE H &UIE R IR 2R, A A aod 9 1R
FE AR SR AL B, 100% £k R F8 24 Hb E B it e
& (N 165 kg/hm® . P,04112.5 kg/hm*, K,0 112.5 kg/
hm? ), 6 P @A . AP AR /R LR — R, &
JEFE AL . Ay BEAR . Z2FEAE4S Y 50% . 30% . 20%
SOt . N IX T R 6.67 m?, K 3.33m, i 2.0
m, /NXEJSUE, A R B 1k AR K R AR, X
HIE A 0.3 m S, T EAKRHEK ., KR
A A G 013, TR4E 5 AT R Ak, /hIX
FRAFEHE 16.7 em x 20 em, FFIX 2 BEREATE Bk
JEHEROKFTRGTR T, S BEIEAER RS 1 A,
Zi R E AR G P A2 K S it R, At T ) 45 3 5 R
—3.
1.3 HEACRES S

I T 2020 4FE K FESCIR 5 oK 45 IR, B
INXHE IR 5 SURFECREE 0 ~ 20 em B2 1K, K
T HTRESIE . R R (145
ARSI T ) T R D I
1.4 3R A W B

+ M B A RO R B BRI 1.50 ¢ i 0.5
mm i {9 R B4 8 4y, 4 Al A& 0. 25, 50,
100, 200, 400. 800, 1200 pe/mL £% 25 & ¥4 W 15
mL, 20°CAMFFiELMEENRY 1 h, 5000 r/min &
O 5 min, SEUE, ST GF HT AN E DR Y
AR, VISR 4 5 NH, B, DA
B 2 SR DN A b, Y- A8 B UR BE b R Al B 42 o W R
S

TS A NGRS A R )
P, ZT0K OBEMEZETE NN, J5, FHIA 0.01
mol/L 1) KCl ¥#¥§ 15 mL, 1 20°C 4 F e fa iR
PE7% 1 h, 5000 r/min Z5.0> 5 min, F3E, FahEd9f
A3 BTASCIN 2 E TR P B AS R B, T NHL R iR
Wi
1.5 it

(1) Langmuir T CIS=1/ (km X k,,) +Clk,,
Kb, C WM R ISR &5, mg/L;
S AW P 3 B AR RS B, mefkes k, M
T R RIS I KW, me/kg; b, R R
.

FR 4 Langmuir 25 U@ W B 7 B2, + 88 E A
MBC (mglkg) =k, xk,; BSEMWE (DR, %) =
TS B (mg/ke ) / SRS R W
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(mg/kg) x 100,
1.6 BdEsrHr

K F Excel 2010 F1 SPSS 18.0 Xt #i4fs ik 47 48 1
53881, 2K H Duncan 3 #E 47 J5 22 70 B fl 2 L LR
( «=0.05), F|H Origin 2021 #E474E K, Canoco 5
HATITCAR T

2 HBRE5HH

2.1 KI5 2 e il D e S T A 4 S R A
FEIE A5

W 1T, R A e 25 S IR o o i
AR IRz 8 A kas, NG EE
T IS F AR LA — 3, DL CK Ak
PR JE T b7, HIKOh CF AbBE, 58 < 9
o A IE A BRI 2 s TR O, Kb E S AR
B B 4 CK (1502.83 mgkg ) >CF (1416.79 mg/kg ) >
G+04CF (1409.74 mg/kg ) >G+0.6CF (1400.74 mg/kg ) >
G+0.8CF (1391.50 mg/kg ) , “YEEAEMREE AL i
THREERS, TS AR AR B A

5000

4000

3000 -

—=— CK

2000
—o—CF

—A— G+0.8CF
--%-- G+0.6CF
--o-- G+0.4CF

BRASGAITE (mg/kg)

1000

1 1 1 1 1
400 600 800 1000 1200
AR IRE (mg/L)

B 1 ANEHEPEALIE 1 15 5% 25 T IR Bt il 2
e * FORTE 0.05 K TR BE (P<0.05),

O a 1
0 200

2.2 KL 25 T it T I X e A R o
D5 R 1) 5 M)

TR [R5 R T LA R A S B S A
WG BFHRFTE RN RE 7, X9 B 25 e R85 v A RS A
AL EA EEAE L, AR A Langmuir £ 7Y
F 5% 85 A5 AU B ek B, fh 28 1 AT, Langmuir T
R ASE T8 B A - e i R A 98 e 25 G170 45 1R R RS AR AR
(P<0.01), HERER 709969 ~ 0.9979, k, %
NS e £2 0 ANV BLIV e U i O AN T
AR MW AL, 5 CK A CF M EL, B ad
Bty e A AE AL BE K, 43 HIFEAE T 4.85% ~ 13.46% .
4.84% ~ 13.45%, LLG+08CF At ik, % 1K; Kk,
7R W BfE M BE A K/, 5 CKAH L, G+0.8CF Fi
G+0.6CF &b ¥ k, 73 1| 3% Jn T 8.73% . 8.81%; MBC
k, 5k, M, Fon BRI R KE N
i, 5 CKAHL, 582 0w i i sk 4t fb A b 3 MBC
FEAR T 4.55% ~ 7.36%, Vil )58 2= e bt sl 2
FRREREAG T e 2 A A WG B RE
2.3 KI5 2 0 P il D e A S T e S R
FEAE AR

39 S ) A I S IR S R AR A AR
PER VI G, W 2 s, 800 2 25 0 e
it P A AR I T R R, YRk
BAMIERE J 0 ~ 400 me/L I, 48 % 8 25 A
B i WG R SRR A pR, 24 A5 AR BE Dl 400 ~ 1200
me/L B, A M X B A R AR R AR g,
98 e 25 R 1) - B8 i W i BT Y i R B R IR
G+0.8CF>G+0.6CF>G+0.4CF>CF>CK, it B & if
8 2 0 T it el S T B v e A U i g
J1o WE 3 R, MESAKERNO ~ 400 mg/L,
fife g e 28 S B W B, MESAWE N
400 ~ 1200 mg/L I}, fifmg A8 2k 5 T e,
VIS = Do it s A IR A PR Tl 2k 1, Enik

&1 AEMEELET L HEERSERMEHESH

- . k, MBC
x 10" (mg/kg) (x10™) (mg/kg)
CK 0.9973" 10.083 +0.135a 6.220 +0.141ab 6.271+0.151a
CF 0.9977" 10.082 +0.223a 5.747 +0.139h 5.787 = 0.080b
G+0.8CF 0.9979" 8.887 + 0.442b 6.763 0.347a 5.964 + 0.020ab
G+0.6CF 0.9972" 8.898 +0.297b 6.768 +0.291a 5.998 + 0.104ab
G+0.4CF 0.9969" 9.617 +0.272ab 6.100 = 0.316ab 5.841+0.151b

T SRRV NG FHRFOREE 005 KFERRE, = FOR P01, R, k,. k. MBC O IFURICE R, SRR . MR, Bk aE. T,
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800
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& P
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1] L 7
é 400 K
& —e—CF
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¥ 200 L % - G+0.6CF
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O 1 1 1 1 1 1
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HANAAR)E (mg/L)

B2 ANEHEIEANE iR R AR Hh
s * FORTE 005 K FERBE (P<005), NSFoRERARE, N,

25 *

S
=
& j —®=—CK
gﬁ 10K —e—CF
gl —4— G+0.8CF
% - G+0.6CF
sk --0-- G+0.4CF
0 1 1 1 1 1 1
0 200 400 600 800 1000 1200

HSRIRIE (mg/L)

B 3 ARMEIEALIE - IEER AR ERE

it ok A A Ak B B S G B AR, IR A
WEn, ARG, ARUCRANT T R, B
58 2 it v A AT A ST - 3 AU DR R 1 1)
RERA —E R T

2.4 KL 2 Lt g A RO X A 3 R AL AR 1)
Al

M2 A, 5 CKAE, %2 Pt jf o 1k
B+ A HLE & BN T 4.40% ~ 10.65%, fHZ
FIFARRE . 5o Sl s L e A A A4 =
AR AR, WIE N 1942% ~ 46.60%, %57l
Jit ok i A A A A it I it vy I AL S i, B
H15.24% ~ 25.88%, HUii A AL EE ANt A 1 38 A%
AN 21.93%, 5 CK M, MiitfEdm +
AT RO i, 55 s e U i Ak IR AN A
A W S RN 20.42% ~ 65.00%, it Ak HE
BEAN i A - A RO B B N 77.50% . 5 CK AH
Eb, BRGACAE RGN T 4 R A, (A2 FOF
AN, 5 BRI IE AN Tt A A 3 A%
B B AR, BEIE N 5.37% ~ 11.39%, 5 CK
ARG, it A FAARG - 00 pHL, 8 2 0 1 i vl A A Ab
P A4 38 pH A B BRI 6.09% ~ 10.40%, i
TR HE &b BE A 48 pH A it JE A% 3.51%. 5 CK Al
CF A H, 0958 2 S el ok £ T A Ak B - 498 1 25
TR WA AR T 091% ~ 6.02%. 1.77% ~
6.92%.
2.5 LB RO B AR R R S5 g R A
R FR

PR AR s (£3), DR 52/, #
MAZERFIEME, 5pH BB EAML, TR
Bres R Eas (E4), 3P IebE o Re i e 1 185k
2 U B 7 I R AIE S 80 4 B A 7 1Y 98.90%, B —
JUARMF (RDAL) REfFRE 59.46%, 0K
(RDA2) REf#RE 39.44% . M4 28 B =X 1m) A i £ 07
P AR, pH R EUSCRUR 1 R B R 2
BESWEZERER, ilfdRE T 22 F1 56.7%
39.1% (P<0.05) , HK A BH ¥ 58 4 i A Bl
B, Al T AR 2.7% ., 1.4%, BERIFA
& (P>0.05),

*2 AEHEAEALET TEEL R

s AL g PR AR B - FH B A 4t
(g/ke) (g/ke) (mg/kg ) (mgrkg ) (mgrkg) ( emol/kg )

CK 22.25+0.37a 1.03 + 0.05b 157.43 +5.76b 4.80 +£0.13¢ 91.17 £ 0.53a 6.79 + 0.09a 18.85 £ 0.30a

CF 22.31 +£0.34a 1.17 £ 0.19ab 191.96 +3.71a 8.52 +0.30a 94.29 + 1.37a 6.56 +0.14ab 19.01 £ 0.12a
G+0.8CF 23.23+1.29a 1.51 £ 0.08a 198.17 + 11.75a 7.92 +0.24a 84.80 + 1.81bc  6.15 +0.04¢c 18.65 £ 0.12a
G+0.6CF 24.62 +0.79a 1.23 £ 0.12ab 181.42 + 5.68ab 5.78 £ 0.58bc 86.52 + 1.94b 6.35 +0.13be 17.78 + 0.42b
G+0.4CF 23.35+0.75a 1.25 £ 0.07ab 190.98 + 16.84a 6.47 £0.51b 81.85 £ 0.57¢ 6.40 + 0.09be 18.68 + 0.12a
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®3 TEBESERMBRSHS D HEEAEIKEEXE

FREZSEL AHL % HRA

ARk A pH PR s et

k,, -0.835 -0.762 -0.448

k, 0.716 0.550 0.059

MBC -0.138 -0.419 -0.872

DR 0.467 0911* 0.951*

-0.073 0.642 0.872 0.751

-0.250 -0.526 -0.622 -0.736

-0.791 0.154 0.482 -0.091
-0.944%

0.728 -0.475 -0.242

T * R P<0.05, ** FIR P<0.01, DR MWER, R,

1.0

DR

RDA2 (39.44% )

MBC
-1.0 RDA1 (59.46% ) 1.0

T
B4 TIRESERMERSHS TEEUERB TR

3 it

31 IS 2 Bt ok Tk P X 8 e A R
R R B 5 )

AHFFE T, AR FIE A 2 25 9 5 o b 8 72 1 1
KRB, 40 75 0 A W B o P v JEE 1)
AN A, Langmuir 2515 0% 5 FERE
BF bR T S R SRR, X 5 R H
HBI BT R—E 1 AT S
fit i AL AR AE CK A CF ZRBRRRAR T RS A K,
PEE T S R e SR, U] 5%
P e T AT AR T X e A A A B, 1
I SRR R, B RWEAEY T RASTRY
H N 3.0%, W 20% ~ 40% ALK IS 22500 keg/hm®
e n A PR AE N 1665 ~ 199.5 ke/hm®,
FHEALARALHE (N 165 kg/hm? ), WiBFFEHEH 17,
FER I E 0 1 4 IS MR R R v - ke
BAEMLIFEE ST, I 5 = PRtk A e P A 1
0 75 SR O % D PR T BB 8 s B B R 5 |

HRAR PR | 7 E S 1 ek T A, (H
0 JEL A 5 PR LB L 1150 7 B — 2B IR A
Wi
3.2 K47 B AL e T A R 5
A 2 R A R AR AT ) 5 2R

ARFFEh, dHEpH, HHEAA. AR S -
98 e 25 R I O A e S B EL AT S AR O TR
Wrah ok, L4 pH A 3 sk AU R R T 4
TR AR S 1Y 56.7% F139.1%, ik 3 % 7 B E K
(P<0.05 ), Uil 435 pH AR RS 1 AN ) A 3+
e AR MWL S R R DigeRm >
L8 pH T RN S B A AU, AR
HEE S AL, ATISCR AR AR RIS, AT
T AR MR I, LI pH 5 bk S AR
WA 5L AR OE, ULMIRAE 13 pH B9 TS, +
HEh 1T, 5 NH SR TR AR, T
BTN T S A AR, AR T R S
M. ABFTET, DS AR S AR
FIHAUR S B IEAE, B 3 AU RE A
BRI T S AR, R 4
S T ARG 2 1 SR Ak AN
S URIE NN AR/ b M N U (9aE I T e Lo
BRI

ST B A i T 0 e 2 R R A
W SR BIRTSY, MRS BIFA B, A5
Fe b, b B T A etk 15 e 25 B W
EREEARE O g AR S
WL HW A PR RN, RSP HE T
23 55 NH," 5 40 W B 5000, 400 76 1 498 2 25 R 1 I
BF 22, X AT RE S B TR R O ARG
9 B B T A B e S R AR R A
SHIA G AR B2 (P>0.05), BB 13RI B
TR et AN SR 5 0 AR B 5 - 8 e 2 R R A %
ERWMEBHRE., AU S PP, LA HUR
WS AWM EERE, HEEas

S
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R B £ B A LT S B G NI AT, AR
Wb LA ML S B S A k, B RAHCCR
(r=-0.835, P>0.05), U] H3EA LTS &I m
SRR RIS AR &, (D22 R I RA R B
Ko AMRGR BN, HH SR 5 1
SRS AW R R S BT ARG, HIURSM T
S5 3 b T A AU RSO T AS R A TR il 1 S B
AR S A 22 S SRR, 1A BH 3 A5 A sl
BT T IR S AW B MR E RS2 N SR OG
T e A A MR 2 R R AR %, (HARBFFEAL
X IEPA M B S N R AT T b, KT IR
Fikh Rk, Byki, AbkD) o YR AR RA
FHER, BAFEE—PHIR

4 Z5ig

T 5 2 DL C Tt s et P HE FE e M1 X B 25
MR, SN X S R A, R+
HEREAS A K, AT MBC. B FEEAR S A 330 B9 i R o A
MR BRI Lo AHSCHE TR, MRty e 4
A EAGARRFIEASS, 54 pH 5 3 1
Ko TURIIHTRM], 3 pH FH AL RIS ) 11
BEAS RN AR B R

S 3k -
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Effects of long—term Chinese milk vetch application coupled with reduced chemical fertilizer usage on soil
ammonium nitrogen adsorption and desorption characteristics

LIU Chun-zeng', ZHANG Cheng-lan'", ZHANG Lin’, DING Li*, DU Guang-hui’, ZHANG Xiang-ning', ZHENG Chun-
fengl , ZHANG Ji-shi', LV Yu-hu®, LI Ben—yin] , LI Min®, CAO Wei—dong4 (1. Institute of Plant Nutrition, Agriculture
Resources and Environment Sciences, Henan Academy of Agricultural Sciences, Zhengzhou Henan 450002; 2. Xinyang
Academy of Agricultural Sciences, Xinyang Henan 464000; 3. Soil and fertilizer Research Institute, Anhui Academy
of Agricultural Sciences, Hefei Anhiu 230031; 4. Institute of Agriculture Resources and Regional Planning, Chinese
Academy of Agricultural Sciences, Beijing 100081 )

Abstract: This study aimed to clarify the effects of the long-term application of reduced chemical fertilizers combined with
Chinese milk vetch on the adsorption and desorption characteristics of ammonium nitrogen in soil. A 13-year long-term
positioning test was conducted using five treatments: no fertilizer (CK ), fertilizer only (CF ), 22500 kg/hm® Chinese
milk vetch + 80% fertilizer ( G+0.8CF ), 22500 kg/hm2 Chinese milk vetch + 60% fertilizer ( G+0.6CF ), and 22500 kg/
hm’ Chinese milk vetch + 40% fertilizer ( G+0.4CF ) . The ammonium nitrogen adsorption and desorption characteristics
of soil subjected to different fertilization treatments were examined, and the relationship between soil ammonium nitrogen
adsorption and desorption characteristic parameters and soil physicochemical properties was analyzed. The results showed that
Langmuir’s isotherm adsorption equation demonstrated a good fit with the adsorption characteristics of soil ammonium nitrogen
( R’=0.9969-0.9979, P<0.01) . Compared with those in CK soil, the maximum adsorption amount and maximum buffering
capacities of ammonium nitrogen in soil subjected to Chinese milk vetch + reduced fertilizer treatment decreased by 4.85%—
13.46% and 4.55%7.36%, respectively. The average desorption amount and desorption rate of soil ammonium nitrogen
were in the following order: G+0.8CF > G+0.6CF > G+0.4CF > CF > CK. Compared with those of CK soil, the total nitrogen
and available nitrogen concentrations of soil treated with Chinese milk vetch combined with reduced fertilizer increased by
19.429%-46.60% and 15.249%-25.88%, respectively. Correlation analyses revealed that the desorption rate had significantly
positive correlations with soil total nitrogen and available nitrogen and a significantly negative correlation with soil pH.
Redundancy analysis demonstrated that pH and available nitrogen were the main factors causing the differences in adsorption
and desorption characteristic parameters of soil ammonium nitrogen, accounting for 56.7% and 39.1% of all variations,
respectively ( P<0.05) . In summary, long-term Chinese milk vetch application coupled with reduced chemical fertilizer
usage reduced soil adsorption of ammonium nitrogen, increased soil desorption of ammonium nitrogen, reduced soil nitrogen
fixation, and improved nitrogen availability. Considering the adsorption and desorption characteristics of soil ammonium
nitrogen and soil nutrient content, treatments involving a chemical fertilizer reduction of 209%—-40% combined with 22500
kg/hm’ of Chinese milk vetch were potentially suitable for the southern Henan rice area.
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