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Abstract: [Objective] Soluble organic nitrogen (SON) is one of the most active components of the soil nitrogen
pool in farmland and plays an important role in nitrogen transformation and ecological environment security. As
SON is highly mobile, it is prone to get lost with runoff or leaching, and thus, and hence affect water quality.

[ Method] To provide a theoretical basis for rational fertilization in paddy fields, prevention and control of
non-point source nitrogen pollution from paddy fields and improvement of the theory of nitrogen cycling, a field
experiment, designed to have the following treatments, all equivalent in nutrient content, i.e. CK (application of

chemical fertilizer only), CMV1 (application of chemical fertilizer plus incorporation of milk vetch at 15 000
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kg-hm™); CMV2 (application of chemical fertilizer plus incorporation of milk vetch at 30 000 kg-hm?); and
CMV3 (application of chemical fertilizer plus incorporation of milk vetch at 45 000 kg-hm™), was carried out to
explore dynamics, migration and loss of SON and dissolved organic nitrogen (DON) in grey-mud field soils. Soil
samples from the treatments were analyzed for SON, respectively, using the hot water extraction method. SON
concentrations were calculated by deducting TSN from the sum of SIN in the extracts. [Result] During the
growing period of rice, SON content in the 0-60 cm soil layer varied in the range from 2.09 to 22.32 mg-kg™,
showing a trend of "increasing - decreasing - increasing - decreasing to stable". In the treatments the SON
concentration was 140.95% and 364.44%, higher in the 0-20 cm soil layer, respectively, than in the 20-40 cm soil
layer and the 40-60 cm soil layer, and 92.75% higher in the 20-40 cm soil layer than in the 40-60 cm soil layer. It is
quite obvious that incorporation of Chinese milk vetch during the growth period of rice is beneficial to
accumulation of SON in the soil (0-60 cm). In SON concentration in the 0-60 cm soil layer during the rice growth
period, Treatment CMV1, CMV2 and CMV3 was 5.57%, 10.11% and 21.39%, respectively, higher than CK. Total
loss of DON from the grey-mud fields under different fertilization treatments ranged from 18.33-58.55 kg-hm™,
accounting for 46.52%-50.16% of the TSN. Of the total loss, 3.77-37.85 kg-hm'2 was attributed to runoff, while
14.5-18.02 kg-hm™ to leaching. Moreover, leaching of DON between soil layers was delayed to some extent.
Compared with CK, Treatment CMV1, CMV2 and CMV3 was 16.90, 31.09 and 37.52 kg~hm'2, respectively, lower
in DON loss. [ Conclusion] Incorporation of milk vetch can increase the accumulation of SON in the 0-60 cm soil
layer of the grey-mud field and promote the migration of SON. However, the effects decline with soil depth. DON
is one of the important forms of nitrogen loss in paddy fields. Incorporation of milk vetch can reduce DON loss
and then mitigate non-point source N pollutant from the paddy fields. The environmental impact of the loss of
DON from paddy fields is worthy of attention. If only the loss of inorganic nitrogen with leaching of paddy soil
solution is considered, the total nitrogen loss from paddy fields will be underestimated.
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20~40 cm -1 SON I B —E £ R, EESEMERS 10d X3IEEE, RIET
MR AR, TR 24 d J58d EJt, E8E)E 80 d BIEH, )5 TREIFE TiaE: 40~
60 cm L EAFEALALE SON S ELREZER. AL, W% SEAH T KJeH 0~20 cm
12 SON R, H SON &=kt ZEH IR MBS, (HEF TR

25
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TE: CKOAMLARALEE, CMVL ARER = JALHE, CMV2 A EE A AT, CMV3 hmEE R = kb,

TIA. Note: CK stands for treatment of application of chemical fertilizer, CMV1 stands for treatment of
incorporation of milk vetch at a low rate, CMV2 stands for treatment of incorporation of milk vetch at a moderate

rate, CMV3 stands for treatment of incorporation of milk vetch at a high rate. The same below.
1 i A FIALEE R ar A LS B 3h A

Fig. 1 Dynamic changes in soil soluble organic nitrogen(SON) content in the grey-mud fields relative to treatment
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KA P e FAS [t AE Ak 22 0~60 om k)2 SON % FE 2T - B AR - T v - PR PR AR
i (B 2) o %95 K0 H 4k SON RIS 10 d NIRE Eh 2 Ig(E, &
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T, ZEEE 38d FEERIC, FEEZW BT, 285 80d BRI AMEE, )5t
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http://pedologica.issas.ac.cn



B
Acta Pedologica Sinica

bR fEAKREE BN I 5 =2 A SON 714K (0~60 cm) A 5B,

200

—e— CK
180 ¢ —o— CMVL
o —v— CMV2

160 —&— CMV3
o 140
E% 120

=
o
o

S [*2] (o]
o o o
Mt

Soil soluble organic nitrogen density/(kg

N
o

0 5 10 1 2 38 wm 0 101 12
i 18] Time/d
B 2 U8 FEAS R R B 4k mT 9 e LR B ) 3 A 281k
Fig. 2 Dynamic changes in soil soluble organic nitrogen density in the grey-mud fields relative to treatment
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#IEJ5 5~10d, #/KZ+ DON [k FERIE T, FRIE/G 10 d IAIE(E, #1%£)5 10d CK
AbFEHE K DON WK EH: CMV1. CMV2 Fil CMV3 4bHE 43 7 B E 5 5 7 82.99%. 410.4%7A1
1808%. #flHt /5 10~17 d, #&/KJZ DON WKFEPE %, #1517 d CK ZL2H#E/K)Z DON
WL CMV1, CMV2 fll CMV3 AbEE 73 il i & g 1 33.06%. 122.1%F1 144.1%. #E)G
17~24 d, A ARALEEAE /K 2 DON ¥R BE S /NI B FEAIK, A FITAEAL B BB 2 5. #
JEJ5 24~38 d, AR AL BRI E /N . B fE 38~59 d, AN[EEALALEE#E /K /= DON
W B ERRT, HARRMAEAE A IR 2 5. Al 0L, SRR P AS 5] I8 AL B2 K e H 8 7K 2
DON #RERAG—w R, #E/5 5 d F#IE/S 38~59 d DON &% Z 7RI A: CMV3 >
CMV2 > CMV1 > CK, 10~24 d DON ¥ % 7 LI H: CK > CMV1 > CMV2 > CMV3; 14+,
A i AEAL BE R 7K = DON YR FESS T-RIE )5 10 d IS IgAH .
2.4 BE 5= =R E5FSH DON HUMIAYFE

IRE AN FERFEHAAS [t A A0 32 DON SR A an il 3 Fiom o 45 R B[Rl —RAE AR —
FEAEALFEANF] L2508 DON WEERA — &£ R, Kxifis/s 5~24 d & LEInE
DON R iZ TP A%, #%J5 38 d 0~20 cm 72 3E# DON K =+ 0 cm, 1M#HE )5 59d 0~
20 cm F1 20~40 cm B ¥ DON K E S E T 0 cm. [R]— 4 J2 [F]— RFEHIAS [H] it AR AL 2 5
7% DON K A — @ ZER. 0~20cm +)ZBIE)G 17 d A1 38 d AR AEALEEIS JE Rk
g2 SRR M A CK>CMV1>CMV2>CMV3, #I/E)5 17 d #1 38 d It CK 4% 0~20 cm
BRI E B Em T CMVL. CMV2 Al CMV3 4B, i Hodth SRAE IS (7] fte A Ah B TR] 2 vk
WELREER, KK 20~40 cm A1 40~60 cm 2 A [ IR AL BEIS . DON K T
BEZER [F— L2 R — AR A BN [F R AE S U DON FIK B A — & % 7 .0~20 cm
T E )G 5~10 d 238K DON WK FETL &4k B 5 10~17 d P in, #k/s 17 d
AN[EFAE AL FE 128 DON W &/ & J5 10 d 3850 100.5%~582.3%; &5 17~24 d 153
7% DON K FEEIZHT s /5 24~38 d AN Al R AL P2 JEM DON WK FE 318, L /5
38 d I ¥5 7€ DON K i IR 5 10 d #0 75.19%~90.71%; #H/E )5 38~59 d A Al it I Ak
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FRIZUEM DON ¥R B 2 2% T B4 . 20~40 cm i1 40~60 cm /2 A [[]jifi A AL BV 7 DON W
YITEIESG 24 d IS BNEAE, 43 ) BCHARSRAT I ARG I 69.42%~223.1% 411 55.48%~94.11%.
AU, BEESREERS (R HERS, JKUEH T DON A W R EMiE s, AFEEE L2 DON ik
FEVEAE BRI TR L — 2 2R . BhAbh, A8 = JEREE I ZE DON [7) kiAo

AT MR Dissolved organic nitrogen concentration/(mg-L™)
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Fig. 3 Dynamic changes in dissolved organic nitrogen concentration in leachate from the grey-mud fields relative
to depth and treatment
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L3 DON (451 5 840 B8 CK AL I 2 F41IK 30.26%. 55.67%F1 67.18%, 123 7 Hl% CK
LD P 25 FAAIC 6.18%. 11.36%F1 13.71%. 5t DON 261 &, ASE L ALFE DON itk
Wk EZR LI N: CK>CMV1 > CMV2 > CMV3, CMV3 4t DON a2k &4 CK
Ab P ZEAIK 19.22%, HoAdAL2EE] DON kg4 2k f 0 i 35 22 ¢ o I bk ia fa 2 = (40L& it
SR HEAT SR SR 40, ANEHIEALFE (CK. CMV1. CMV2 Al CMV3) DON itk 2553 % 5 5l
4 0.32 kg-hm?.d*. 0.30 kg-hm?2d™. 0.28 kg-hm?.d™* #10.25 kg-hm?.d*. %k DON #2455
MaE, WHESIELE (CMVL. CMV2 fil CMV3) DON 2t sk &4 CK AT 2y 5l AR

42.08%. 75.73%#1 90.03%(P < 0.05). AJ I, DON f&fEH HER RN EEREL —, i
P8 =S RENE IR 22 (L 1URE I DON K112k, JUH AR IR AR T 2K o
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Kl 4 e B AN [F) b B Ak A WL SRR R 0 % B itk R g 32
Fig. 4 Potential loss and leaching rate of dissolved organic nitrogen in the grey-mud fields relative to treatment
2.6 BIEZ =R ETEMZIER DON 5K BS2 M E
K F B MM AH O 3 1T 55 2= 9 e J5 2k JJe B DON 4 2% 2 5 m Be 1 sl IR 1 [|] B SR R (R D),
F I = YR I J5 DON HI42 B2k 5 0 cm DON & 52 S 1) 55 3% 1EAH 9%, AH 5% R ¥4 0.995;
5K R IE R 2 2 B, MR AR5 77 0.495 A10.418. DON ki 5 2% 5 L
BEEE LMK, HXREOY 0416; 5FF/KEAM SON & 2R E AR, MK RZE070
9-0.745 £1-0.529. R UL, ftilg H DON AR HA 252 0 cm DON & Ff/K &R A
HEF RSN, T DON PRk Va1 2% 1 52 [ /K & . SON & B A A & (1 52 00
* 1 ZRATRELE SRR ANEBERKSZMETFREXRY
Table 1 Correlation analysis of dissolved organic nitrogen potential loss with impact factors in the grey-mud fields
relative to treatments

o e s .. Ocm 0~20cm  DON DON
WAR® LB® RS SONEH° DON DON  fifiBik® Whiatin®
Rk Y 1
+iE® -0.269 1
it 0410  -0.219 1
SON ZfEY  0.772** 0179  0.376 1
0cmDON  0.446* 0141 0371 0.304 1
0~20cmDON -0.629**  0.032 0014  -0.565**  -0.214 1
DON #i%® 0495 0064  0418* 0324  0.995%*  -0.256 1
DON #&® -0595%* 0182 0416 -0.633**  -0.342  0.123 -0.370 1

(DPrecipitation, @Soil temperature, @Fertilizer rate, @SON density, ®Runoff loss, ©®Leaching loss.

3t it

3.1 HEEEIESFEE T ESONTE R A EN

KA WA F L2 SON & B8 L BAF —E 22 5, #2148 SON & it T4 236 8E 5
0~10d ZEHh, ZFESS 10d A5 —MEE; BIEG 10~59 d MHIE T B2 R BEG
BRI, ERES 80 d k5 AN TRE, X 5T v lln kg S M
MR R R S T M L AR 21 S R 4 AN B IS5 — 3. A
BT AR 35 CIN {IE(14.11), BHFEJS REMUS AR 4 SON, T itE A HAL 2 AU (R %)
1R/ SONPY, AT B 4344 -0 SR AR (I I A 0, 0 391 P S5 25 4 et J2 1 3% SON
SR, BT RIMIN B S R RS R E RN TN (IR . A LR
LR TEML IR R, 78 - tech R A MR, M S RIS 10 d RIEI4LFE 0~20 em Fil
20~40 cm /2 SON & &35k R E (KB 1) . 20~40 cm )2 SON & THIE)G 24 d [&
ERMEEWH LT, SHELEAE — 2R (B D, XRHTEEEMIERS 25 d it 5
AR, WERAEE LB a5 M E Ak TR, SEEE 24 d 5 20~40
cm 1-JZ SON & BIZ#iT15, MiBH 2 L Rms vk 52 v T 2%, 0~20 om L2 MRl s 1k
290.96 mg-gt-d™ (BLNH, N i) , % 20~40 cm FlI 40~60 cm /2325 1 43.58%7F1 48.20%,
FREAE RN AT AU T L33 E e Most iy NH, 2, EL i kR RS, IR
WS T4 B AR, T SO P AT A RO S B o ph T AR S (R - T A A
ZhEE, i SON EEiTFe % 20~40cm + )=, 1M1 40~60cm /27 SON S E LT HE 7.
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4 e feng L i3k 3% SON [/ Fif#, CMV1. CMV2 Fl CMV3 43 20~40 cm 1 )2 SON
EEE CK ALFEHE & 3.51%. 3.69%F1 6.10% (P 1) , X W] REAE BT 45 2= 2 1 it P 3 25 18
B2 L3k SON &k, Mt T SON A ki .

it FH 4 25 DEX RE FE AR 22 SON 45 B [ BB IR FE RN TR SS (J1 1), Fe ks —
T SN S SRR R R E AR T 0~20 em LEH X, SRS ZHA S SH
KE A5 (193.4 g-kg ™) MR A2 3E152(82.35 mg-kg ™), it T~ 13 5 - 5 S E R 2 3%
i, BRI, A 0~20 cm LR MUEES IR B SR AR, AT ER R LA
FALR Pl s, SRR A R TR AR, (R R s, T O
WA F 40 W02 -8 SON [ d syl —(2), 59— 5787 b5 139t SON [l b1
Fit . HF5cPlen], SON 78T (R a1 52 IR Bt AR (0B, ASHF 50 A1kt
JEHBEET (B L), K SON Sk L3RBT, FIBRE AR, RS LA e
FF 20em Ab, AKS FB A —EOBBIER, K #40 SON TR % 7z,
3.2 EnEFIEXFEHEDONKE HIF2

/K2 DON 32 ZERUE T M AL IR HLEL . AR S RE D AR = e 53 s
FHUR s st AR e n, AR E AL EUAS F K2 DON o BB I i) BT —
5, BRIERIEE 5 d f138~59 d FEH#E/K)E DON IKEHRDIN: CMV3 > CMV2 >
CMV1>CK, #/E )5 10~24d [f) DON iR EHH A: CK>CMV1>CMV2>CMV3 (K 3),
SSCHT B2 Fh T [ AL FE (O RN . B Lt B I TR R R T, R CIN b8 25 0
FE 5 D oA, TP T S 54 5 DON & i PY, i CK A BN i R b AL A, S8 =
B EALPE 5 d IE/K)Z DON S &m T CK AR, $%)5 9 d IR H i F e, JREAEN
I FERERY, i S5 CK A ## /K 2 DON ZudFHa, BUEBIE)G 10~24 d CK &b
H K2 DON K B2 i T4 Z oM R AL 3. IR, MR E ORI, T
B TANTERF 8257 fR A K 2B DON, #0EI % 38 d 5% = 9l I E AL FEA K )2 DON &
BT CK ANFE. AR 2 0aRs M DON Wi ma =0, S il 5 k2 DON KB
ZBTFeE, FETREE 10 d B (B3) . EETERIE 10 d gt THFIEX H IS
Bk (7 RpBEKMEE N 77 mm) SEOK R DON Bt R A AR M, BUEEIE)S 17 d
A 5] it I b B 4 7K 2 DON WG B 85088 5 10 d B&IK 2.56~125.2 mg-L™*. FFlit, /K= DON
SR, WK AT AR R R RS AR SR O R B 2 (B D . WIS 7 d 2R A
FUR R T, R DTG B HEK, AT A R R B T AR K

o e e R 1 KT MR B RN R KR, BT DON 48 T80/, sk
3, G Rk P BERA, RRE A ERANEIE R — P, A RE
B, B IR (O HE RS R R AL RS ) DON 357 1) R R kvA %, HLR R 2RI B — g
FEIRME (B 3) o 32 1 T4 SON 1 DON 2 JAI 7722 B - T 512, B 70 8 - 498 55
AR, BRIa R (519.80-kgh) , BAGRKMILFEG B SR, ART LR
B2 I8 R ¥ DON, JRZ2 e i) Fobhaas (o e, g0, st NH, "N (W b e
BV, A HAE 1At B AT W B0 AEIR AN . DON () BA Sk 2 — A 3h A P
AR, IR FR IR S . SBT3 42 5 DON (40, 190 DON ik
R (£ 1) o ARZEEIEHBE. B MBI R 25 5%, % DON sk 5
B MR RFFIGEREY, i & J A MR B DON WA % 5 2% T4 A R 1)
CK AL, 56 1t FF 45 2 9 i 0% B4 G RS 1 DON B 115k . 78 245 DR 5 SON F4L 4 J |- 4
(I B R S ) 22 5 6. WR9E U3, /NS Tk M SON AR 53 i 3Bl I, W i /5 2
WIRaEME S, 5 IR B B B K M SON BRI I OIS, T A4 T /K M SON 25 5 s
B I R AR R AR AN TRk EE SON, T L3S 5 T LHes i, ot
LEE KOV Tk s T M FH 45 25085 47 X/ 43 T3k M SON LB AR, %
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HOARSFEikYE SON, fHBEMHLLAMGIE T2 R A, MESFEAELEZEN CMVL,
CMV2 fll CMV3 4bFE +3% SON LT 46 vh 75 AL & i i (1 572~1 620 cm™) F
IR XS 50 5375l 8.68..8.87 A1 9.50, %5t CK Ab# (8.48) 73 I /N 2.35%. 4.60%F1 12.03%,
XK A3 (1 05 2 A 0 5 0t 280 IR P A 0. FE R B o T 5, DTG FAAEG T e DO itk 2K
3.3 X =EEE/SFEE DON Bk SIME N

DON FUf vt f SR v, 7l AR A8 L Rk i sk 28, Acm e
T, AFEMIEAEFEH DON (fafik & T 18.33~58.55 kg-hm?, Al vATE A &
46.52%~50.16% (K 4) , EfEH THEEARPANEZELESZ —, & H113% DON ik £ %
HW%IEE, — & DON [ B IEMIA I B 7 171 17) Rk 8k, KRR AR RAEY, 20~
60 cm - JZ 37 43 M AR K REHR RIUSCRI T, 50RF 20~60 em (55 2040 R AT 9k 2 XU 5 43
BEATA S, 45 BRI AHR KU A R A AL B AR R R M B h A 14.5~18.02 kg-hm™? LA
DON HITEAGTRE 5%, i BH e FH i 8008 K2 5.32%~6.58%:f i DON B IEMIAE K. H—
#1472 13 DON B bR A2 30 A H (A1 HEKGE H A FH T 43 2K o AR AR BV /K2 ) A HE K R
FEHEAT A5 5, AR YR FH AR [F] A b K 2045 3.77~37.85 kg-hm™ LL DON {7% i H )
HeK M2, 20 U 1.38%~13.82%i8 i3 A FHHEK it ok . A 70t L0 5, 15
ETELIEN, WU R e A IR 3 BB B R . SRR R, AR ER S
YiAGZ KRG AT /D 37.52 kg-hm™® LL DON TR IR 2k, BB S R B R R 5, i &
ZYLRERSFEAK DON #15 Fr= 28 R BE RS . R, EMG SR S ARG R EIURR, #H1Y
BRI ERIR, ek H RS AR E .

3 B AR 7 T R E D &, R BRI, Y IRk, RIS E AT ek 4k
RGP AERIRE X . KFEAE B AT K2 DON KRR R, Ny = M A KB B, Jsb
A FHEZK, B B A U HE o 7R 52 R A 77 A o 495/ b /KRG AR 6 A A AR At FH &2
KH “TIEER” , AR R, RS EERICHMEAL T, k> 50%0 & e,
REME 42 133 DON itk . PR FH 20250 /KRS THT T e 1 XU o

4 45 #

it 5 = B R T KR FH 0~60 cm L ERTAPEAHLA (SOND (R, {2t SON [\
HWLEER, HESTERESTAE L2 SON & R0 BE R B I mss . i HLa
(DON) G H HEREHURMEE LA —, DON fEAFZRIE TS BE —E TR
PE oAt St 2 U B rh A4 it (19 UK 4 5.32% ~6.58% 1k DON 12 k%451 2% , 1.38% ~
13.82%ii i DON & HHKIM k. Bt SR ER RS, MH% = R0 Pk DON 17
RFTFE A RS AR . FEHT DON FRI45 2 X B BE M SEma B 19 0CE, #5105 FEAE H 3l b
PITCHLERR, WAl FE IS Ak &= .
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