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Effect of application rate of Chinese milk vetch on soil active nitrogen dynamics and nitrogen availability
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and Rural Affairs, Changsha 410125, China; 4.Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural
Sciences, Beijing 100081, China)

Abstract: A located field experiment was conducted to investigate, dynamic change of the soil active nitrogen concentration, and nitrogen

availability under application of reduced chemical fertilizer combined with Chinese milk vetch. Another aim was to explore the optimal
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application rate of Chinese milk vetch fresh grass and nitrogen utilization efficiency, thus providing theoretical basis for the rational

application of nitrogen fertilizer in double cropping paddy soil. Soil samples were collected in the typical period of rice-rice—Chinese milk
vetch rotation, i.e., before the incorporation of Chinese milk vetch (S1), tillering stage of early rice (S2), mature stage of early rice (S3),
tillering stage of late rice (S4), and mature stage of late rice (S5). The samples were analyzed for the dynamic changes in soil microbial
biomass nitrogen (MBN), dissolved organic nitrogen(DON), and nitrogen availability. The concentrations of NH,;'~N and NO3—N in the soil
at the mature stage of late rice were also analyzed. The results showed that compared with CK treatment, each fertilization treatment led to
an increase in the concentration of soil total nitrogen (TN ), ammonia nitrogen (NH,=N), and nitrate nitrogen (NO3=N), with an increase of
10.4%~21.2%, 10.3%~44.1%, and 14.7%~52.9%, respectively. The concentrations increased with the amount of Chinese milk vetch
applied (15.0~22.5 t-hm™), but showed a decreasing trend when the applied amount was over 22.5 t-hm™. Compared with the conventional
fertilization, the application of reduced chemical fertilizer combined with Chinese milk vetch led to an increase in the contents of soil MBN,
DON, and active nitrogen, with an increase of 7.0%~28.7%, 8.5%~22.5%, and 5.8%~26.6%, respectively. The concentrations of MBN,
DON, and active nitrogen increased first and then decreased with the increase in the amount of Chinese milk vetch. The content of both
MBN and active nitrogen was highest at 22.5 t+hm™ of Chinese milk vetch, while that of DON was highest at 30.0 t- hm™ of Chinese milk
vetch. The ratio of MBN to TN was highest at 22.5 t-hm™ of Chinese milk vetch, whereas that of DON to TN was highest at 30.0 t+hm™ of
Chinese milk vetch. The concentrations of MBN and DON in soil and the ratios of MBN to TN and DON to TN fluctuated significantly
between different periods of the same treatment. In general, the soil MBN concentration and the ratio of MBN to TN decreased significantly
in the tillering stage of early rice, rebounded in the mature stage of early rice, and gradually decreased in the mature stage of late rice. The
soil DON concentration and the ratio of DON to TN decreased to the lowest level in the mature stage of early rice, and then increased again in
the mature stage of late rice stage. Comprehensively, the long—term cultivation of Chinese milk vetch under 40% reduced chemical
fertilization can not only increase the soil active nitrogen concentration, but also improve the soil nitrogen availability. Moreover, the optimal
application rate of Chinese milk vetch is recommended as 22.5~30.0 t-hm™.

Keywords : Chinese milk vetch; inorganic nitrogen; microbial biomass nitrogen; dissolved organic nitrogen; nitrogen availability
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Table 1 Trial design
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Table 2 The basic soil properties before the Chinese milk vetch application

Qb P AL et AR A AR TR
Treatment pH Organic matter/(g-kg™) TN/(g-kg™) AN/(mg-kg™) AP/(mg-kg™) AK/(mg-kg™)
CK 7.7 38.1 2.6 177.0 7.8 81.0
GMas 7.8 479 3.1 2223 10.3 83.0
100%CF 7.7 51.8 3.1 245.3 26.5 99.0
60%CF+GMis, 7.7 49.5 3.2 238.7 23.6 86.0
60%CF+GM.. 5 7.7 52.0 34 271.7 28.1 91.0
60%CF+GM;o.0 7.7 51.1 33 240.0 26.0 91.0
60%CF+GM3;5 7.7 50.1 3.2 249.7 25.2 89.0
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Different small letters indicate significant differences (P<0.05) among treatments ; Different capital letters indicate significant differences(P<0.05) among

stages. S1:before the incorporation of Chinese milk vetch ;S2 :tillering stage of early rice ; S3 : mature stage of early rice ;34 :tillering stage of late rice;

S5 :mature stage of late rice. The same below
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Figure 1 Dynamic of soil total nitrogen(TN) under different fertilizer treatments
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Figure 2 Dynamic of soil microbial biomass nitrogen(MBN) under different fertilizer treatments

http://'www.aed.org.cn

—451—



KA FREMEFH £ 385 - F 34

S4 B 1 60%CF+G Mo A 60%CF+GMsy s 2b FR 5L F TH#4
e, HoA A0 3 1 8 MBN 5 i 4 2 R B & S5
WIBR 100%CF 4b 3 Ak, o Ath £ 40 B 1- 3% MBN % 2 47
ZEREAR
23 EREAFNBEET T ETAEENRAEST
&cTna

&l 3 7R A [A]EE45 A 3+ HE DON & . A
BABTHIRE , 5 CK AN FLAR Eb , AN R B 48 25 545 i
JE i Ab HS 25 R T 3 DON 75 & (P<0.05) , 5
S1.,S2 1S5 B A58 22 Dbl i i Ab H |] 22 S AN (B 2
S3.S4 Jz S5 B 14 55 25 Bl e i A B+ 32 DON 5 i
55 100%CF A LA Fr #2155 , S3 B 1A 4 38 DON & £ Fifi
525 0 R R B B TR R0, LA 60%CF+G M5 &b By
B e 5S4, S5 Y] 43 DON & 1Bl 48 = e f I 1
SR T AR A e A (R e (AL BN ], S4 B Bt
PLBH 2 30.0 t-hm ™ f5e i L S5 BB DL B o 22.5 ¢
hm ™ A5 5 o

A BROSTR] i 4] + 3 DON & 104 B B % 30, B
60%CF+GMs00 F1 60%CF+G My s 20 3 12 26 AR IS TH

P 8 AT 1) 28 A B Ak | Al A% Ab 38LAS [m] if 45 - 3
DON % it ¥ S A RIS T i As fka . BIS1 %283
Ao A 45 A 38+ 18 DON & 35 52 N Rt 3, B 60%CF+
GMas s F1 60%CF+GMar s A0 FH 25 550K i 241, Hofh 4% it
JIE A 35 ) B 2 B AR 5 S3 2 S4 B HABR GMuos AL FRAL , H
4% kb BRI 3N T 13 DON & i, Hih & =35 54k
JE et 45 Ak P 22 53 B 2 5 & S5 A BR 60%CF+GMago
F160%CF +GMy.s Ab B 5 T [ A R S5 A, A 45 b 23
YA Frsin, Hoh CK LG Moo s A FE 25 55 i 35
24 TESFMEUERITEZEZEIES KM
26 3 A, 5 CK AR BRAH | 45 it JE A AN [R] 7
FE AR T A3 TN NH;-N FINOs-N & &, B0 4351
9 10.4%~21.2% . 10.3%~44.1% F1 14.7%~52.9% ., 5
100%CF # . , Wit 40% FEAE T 2558 2= T ) il 1 o
A PR HE G 4 TN NOS-N & i, HL Bl % = 3 Bl R
S0 S e hn 5 AR AR A A, 2 DL 60%CF+G Mo, s
AP AR . 5 1009%CF 2 FAH HE , 8 =9 540 AR T
Ji kb PR T 435 MBN . DON . TDN+MBN 75 &, 14 i
3 9K 7.0%~28.7%. 8.5%~22.5% F1 5.8%~26.6%.

OCK [OGMuxs 100%CF 60%CF+GM;s, B 60%CF+GM.s [ 60%CF+GMasoo £l 60%CF+GMss
25 A A
~ a
g a T A A
5 L A ABT Ak Ay AAB
eré-% 20 a A Aa | A AB . A bllL b ab A ab & abAB
= f a a —-l-_ a BC b — b = +ab
Tio 4l T . aBp BB a AB A B
= g“i“ % EE - %7 a g B B abab - c fos ¢
R — e Bpe DT it B B
EtE0f B = B - B be %: 4 d
"2 b = b = © =
E = = =
3 = = =
0 — — —]
S1 52 S3 S4 S5
CFER ] Sampling stage
B3 FRRARLE LIRAA MR A (DON) KT
Figure 3 Dynamic of soil dissolved organic nitrogen(DON) under different fertilizer treatments
R3 AEMELETEERSASE
Table 3 Soil nitrogen contents of various forms under different fertilizer treatments
JOBL A SR A MAEY A AETEA LA A
Treatments TN/(g-kg™) NH;-N/(mg-kg")  NO;-N/(mg-kg™) MBN/(mg-kg™) DON/(mg-kg')  TDN+MBN/(mg-kg™")
CK 2.79¢ 9.16b 0.34b 73.20d 7.75e 90.40e
GMas 3.11b 9.17b 0.35b 119.00¢ 13.10cd 142.00d
100%CF 3.08b 11.30ab 0.39ab 129.00be 12.90d 154.00cd
60%CF+GMs, 3.21ab 10.80ab 0.43ab 138.00b 14.00bed 163.00bc
60%CF+GM, 5 3.38a 13.20a 0.52a 166.00a 14.70abe 195.00a
60%CF+GM300 3.30ab 12.00ab 0.42ab 163.00a 15.80a 191.00a
60%CF+GM3; 5 3.28ab 10.10ab 0.46ab 156.00a 15.10ab 181.00ab

T [FISA Rl NE TR F R A PR 22 57 (8.2 (P<0.05) . Rl

Note : Different small letters indicate significant differences (P<0.05) among treatment. The same below.
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MBN 1 TDN+MBN & % L 60%CF+GM., s 40 B M 5 5
DON 2 7E 60%CF+GMao o A0 FHL R 55
25 TEREYERMAIBREENR SERMEF)

MEATNUES, LEHEYER S 2 A E
(MBN/TN) £ 4B B (9 A8 4k 55 1 58 MBN 25401, B S1
= S2 By BE A& b B MBN/TN 20 6 R B, & S3 B BE R
60%CF+GMxs (b FR AN , HoA £ 2b B Y5 A fir [8] 7, S4 By
BB R, 2 S5 By BEBR 100%CF .60%CF+GMs
S 60%CF+GMas b3, HAD A AL FRF 22 T R A
55 o MBN/TN 7£ 2.24%~8.00% 2 [8) 254k . M 4= 4E 4%
AEHIME R , 5 CK A Eb , 45t JIE Ak B0 4 25 2 v
MBN/TN (P<0.05) , 38 Jil 1.19~2.30 4~ H 43 &5 o B&
60%CF+GM 5o Ab P, JAth 55 75 9 i He it Zb 3 MBN/TN
¥ 8% 5 T 100%CF 19 4 472K F (4.20%) , LA
60% CF+GMaxs b B A 52 15 o

MRS TLE N, HHEEEA A S B SR
FL B (DON/TN) £~ HA 9 28 46 55 £ 3% DON 2548/, RS
S1 % S3 W BE 2 1%, S4 [ BRI GMa s b FRAN | Hifth
& 4b B AE BIE [ FE, Z S5 By BEBR 60%CF + GMago
60%CF+GMs; s Ab B4R A AL BRFGLE BT, A H
DON/TN 7£ 0.22%~0.56% Z [8] 4k . 4445 Ab i E
fHRE, 5 CKA L, 45 it AE b 2 5 2% $2 25 T DON/TN
(P<0.05) , 54911 7 0.15~0.19 P 43 . %8 25 3 4% B

JE & 4 F DON/TN 2555 T 100%CF 1 4> 4 - #4K
- (0.42%) , Hirh 60%CF+G Moo bl 2% 5535 i 27K F
(P<0.05) (H 28 =945 B R Ab PR ) 22 S i 2
26 KFEFE AEENES TEREERNEXE
%] 4 ¢ B 1 5 MBN F1 DON i %5 1+ 3 TN f 1%%
5L 2R S s B, P SR A R 5 TE A DG (P<0.01) .
MFE 6 T LI H, NHI-N FINO-N 5 3 TN 41 5%
(P<0.05) , MBN . DON . TDN+MBN . MBN/TN . DON/TN
Z A A% 5 35 TE ARG (P<0.01) o L R X 4R W 2
FE43 P 5 L HE TN \MBN ,DON . TDN+MBN 5 12 2 &
R RE W B E O (P<0.01) , WKL R BORE
118 TDN+MBN 5 7 5t A OCHE B A v, 0 - S8 Pk
A S m LR E =Y,

3 g

XA 36 I T R W, 5 Bt A IE A FE , Bt 5%
R CE RSB RS T L TN S, B
E AP RR I BANEZ R 158 TN A HOR
B . AWF IR IR B, it 40% R IE R 4% 55 = 9
JEfEAb P A 3 TN 5 534915 F 100%CF Ab B, Hjifi 4%
oA im0 TN AR B 418, H S = T 100%CF
ARFR, {H 5Lt 28 25 B A LA AR R A (101.9 kg
hm?) LK F 100%CF 4b B (300 kg-hm™) , tiF B T it

T4 FNEMPELETIEMEYER SERAIEEEI (MBN/TN, %)

Table 4 Seasonal variation of the ratio of soil microbial biomass nitrogen to total nitrogen under different treatments (MBN/TN , % )

AbFH Treatments S1 S2 S3 S4 S5 ARSI Average
CK 2.99¢ 2.46d 3.13¢ 2.35h 2.24¢ 2.64d
GMas 5.35h 3.06cd 4.43ab 3.25ab 3.06h 3.83c
100%CF 6.39ab 3.17bed 4.65ab 3.09ab 3.69a 4.20bc
60%CF+GMs, 5.31b 4.36a 4.75ab 3.43ab 3.75a 4.32b
60%CF+GM,. 5 7.20ab 4.25ab 5.11a 4.24a 3.89a 4.94a
609%CF+G Mz 7.75a 3.95abc 4.54abh 4.28a 4.12a 4.93a
60%CF+GMs.s 8.00a 4.59a 3.76hc 3.75a 3.76a 477a

£S5 TEMBAZLETEVAEEINR SERAIEEF (DON/TN, %)

Table 5 Seasonal variation of the ratio of soil dissolved organic nitrogen to total nitrogen under different treatments (DON/TN, % )

AL Treatments S1 S2 S3 S4 S5 AR Average
CK 0.26b 0.25¢ 0.22d 0.26d 0.39¢ 0.28¢
GMass 0.53a 0.56a 0.28cd 0.24d 0.53a 0.43ab
100%CF 0.47a 0.52ab 0.30bed 0.34c 0.48ab 0.42b
60%CF+GMis, 0.46a 0.48ab 0.31bc 0.41be 0.52a 0.44ab
60%CF+GMas s 0.45a 0.41b 0.37ab 0.45b 0.47ab 0.43ab
60%CF+GMs, 0.55a 0.43b 0.36abc 0.53a 0.50ab 0.47a
60%CF+GMs;5 0.49a 0.47ab 0.42a 0.48ab 0.44bc 0.46ab
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Figure 4 Relationships between soil microbial biomass nitrogen (MBN), dissolved organic nitrogen(DON) and total nitrogen(TN)

Ro KEFE EFRARMR TEEHSENBEXE
Table 6 Correlation between rice yield, nitrogen availability and soil nitrogen of various forms
FEH5 Index TN NHi-N NO;-N MBN DON TDN+MBN MBN/TN DON/TN
TN 1
NHi-N 0.496%* 1
NO;-N 0.544%* 0.636%* 1
MBN 0.879%* 0.477* 0.576%* 1
DON 0.841%%* 0.412 0.556%* 0.914%%* 1
TDN+MBN 0.720%* 0.428 0.497* 0.872%%* 0.819%* 1
MBN/TN 0.761%+* 0.398 0.527* 0.976%* 0.889%* 0.875%* 1
DON/TN 0.667** 0.289 0.476%* 0.815%* 0.960%* 0.772%* 0.840%* 1
LA 0.676%* 0.400 0.496* 0.857%* 0.809%* 0.993** 0.874%* 0.779%*
WA i 0.745%* 0.445 0.487%* 0.866%* 0.810%* 0.993** 0.857%* 0.749%*
AR 0.716%* 0.426 0.495%* 0.868%* 0.815%* 1.000%* 0.872%* 0.769%*

FH 2 2 DA AU A R TG+ 498 TN 5 X — 45
o BTAWFIE R, 5 MR AR AR L, 30 A I8 i i
AL R w3 MBN I DON & #1519, 1
S-S 5 2 B I A Tl 4 B BE A ACHE R 4 MBN
T AWFRIREM, 5 100%CF 2 FEA HE , Jd 1k
JE 28 = P 45 Bt A PR A S T 13 MBN Al DON %
i, X — 7 1 AT RE R T R0 ORI , S
PRI AR TR BUAR R, BB A 2s Sh [ A R, Bl 8 H
JE SN T A R A i, EAH G 43 B e B 4
MBN FIDON & 5 FHE TN £ B E EME KRR 5
— 7T, SR e S AR FC R e T - SRR P [ T
HLARRE 1, INITTAE U T TOHL &% 1L 4 MBN A0 H A
A LA,

TEARMFGEH A TERI M 15.0 t-hm 23N &
22.5 t-hm A i 2 HE T HE MBN & i (H B R
1 22.5 t-hm? B} MBN 75 24 FEAR 0 3, 5 v] gE
S TR 0 %) TR VR % 35 40 A T sR B 3 T,
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M5 L ERMUEM AR5y . TTKEEHR LI,
B3 70% AL NEBC it 7.5 t-hm 228 = 941, o 28 = 9 Bl
JE b B 3 MBN 5 o 2 80 25 = T St fR AT Ak 2
LB 2 Do R e B 4R v o ASAHF ST A SR S A
NWFFEEE R0 25 5 0] B 5 AU A 1F R 3ESERRIE ) &
B R SE AR . B EE 2 et S 35 4 i - 18
DON %, LB 25 T 1009%CF 4B, 33— 5 T4 T
5 A e EUAT [ AU A A ) T W PR 2 1= e v
5B A BHEAE S P REOK 52 19 DON, Al 48 =
BE C/NBAIL, 3 H G 300 “ WO 0N WA R F 4 =
43 DON &2 5 55— Jy i °] fE S B TN HLY R
IS I N T 3o A 48 T s,
PEUEVED A 30 T AR ZE RN & 9, AT 42 25 DON

A~ EL(17
[=] E;[ ]o

FRMLEFOEFE T 5 2 e il 5 K R AN [F] A 7 40
T HEMBN AL, 45 R EW], L HEMBN &6 A
R R AR, 8 A h Al Ik R fE, 8 H rh ) = 9 A
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2 T /D, RS A (10 H R ) ST B % i
e AHIESE 443 MBN 5 AR fL Fa 3k RS 4 B %
PSR PR R T A T (] T | e R B0 S i R
I, 3% 5RO T 25 A 22 5%, v B S - e |
5 A B AR it FH R R RUORE R SR TR A G .
A 22 IR Y 3R I 8 25 0 5 A0 A B it Ak 2 1 458 DON
SRMOKFEAETIM (4 )R T A BERIK,THE
8 H i It bl Jm B ik . 5 Rk fFor g 1"
H L, 7EAHIFFT 1 38 DON &5 748 Ak A4 4 g FLAE Al
B (7 H ) B B 43 BE RS AT T 1R T | e R
B S 3% T REALR

AHBIFEH 3 MBN 55 i A58 22 0 e i 28 LA
ST BERI I RN, FEE T B R KA RE
Frite SR AR BT HA , NI AR A 5 ) T K AR I i R
RABE R KA AR TR, T N Pl 2 1
R, T 13 MBN B HE )G 350 R B it A5 T
T35 ] B2 T Bl 58 25 0 0 A o R A BRI,
AT R R B U AR R /L S B ] R
AR e LR A A B [l T, SR T RRE AR
PG, R AR R B AT, KR AR R 4 1 A B
PRSI0 T A 3R ] ) P A R LU A
WrHE R, T RS oy BE BRI K RS S A M 2R SR Ay
FEHMBN & 5 K. 1H 60%CF +GMso Fl 60%CF +
GM,s Ab P 3% MBN &5 5 A045 TR, X — J 1 1 G
S TR YRR, R I ) B AE BB g
SHE AL T BT A DR AN U T T A T
P 5 55— 5 1 AT B2 T 3% o 1 AN [R) 3 K A=
A WIS A 22 5, S IR 4 T R WA A, A IR
RHRKTE E T HEIE 30.0~37.5 t-hm i, 4L
RAL A RB AL R K FEXT AR TR . 2 MR sl
B T Y)E BB RS2 SR R0 T s v
BAIK , DN B0 MBN 11 7 i FR 22BN . R = B
1630 2 FURE 4> BE S 0] 1 5 DON & B B B AIG , =7
Tt I FR 22 P, 3 15 MBN 728 Ak 4 34 BT A T,
AIREE T DON & 5 - 5 /KA &, H MBN
FIDON Z [ FE7E—E FIIE K Sh A& K R, 2 AT AL
BHA BT T, 2 R USOIR 5 AR 1) 28 4
fE 3G T DON B 1, i B 0 Fh i o R AT 1 - 490t
DON 14 W Bf

TEASHFFE U AR A0 48 2 B 4% B o A P
MBN/TN . DON/TN 4 - (B 34 1= T 100%CF &b 33,
X 5 X A 1 SOV 5T A5 B 1 58 2 9 Ak IE i it B
A AT AR TR AN -8 i
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