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Effects of reducing chemical fertilizer combined with Chinese milk vetch on soil carbon and nitrogen in paddy
fields
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and Rural Affairs, Changsha 410125, China; 4.Agricultural Resource and Agricultural Division Institute of Chinese Academy of Agricultur-
al Sciences, Beijing 100081, China)

Abstract: An eleven—year field experiment was conducted to investigate the effects of different incorporation rates of Chinese milk vetch on
grain yields, active organic carbon (DOC+MBC), and nitrogen (DON+MBN) under a chemical fertilizer application saving rate. Another

aim was to explore a suitable application rate and the effect of the substitution of chemical fertilizer by Chinese milk vetch. The field experi-
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ments included seven treatments : CK (no application of Chinese milk vetch and chemical fertilizer), GMxs(only Chinese milk vetch appli-
cation 22.5 t-hm™), 100%CF (conventional fertilizer), and Chinese milk vetch application of 15, 22.5, 30 t-hm™, and 37.5 t-hm™ under a

40% reduced chemical fertilizer(60%CF) application. Soil samples were collected after a harvest of late rice in 2018 to analyze soil micro-

bial biomass carbon(MBC), nitrogen(MBN), dissolved organic carbon(DOC), and dissolved organic nitrogen(DON). The following results
were obtained: The incorporation of Chinese milk vetch with a 40% reduction of chemical fertilizer either maintained or increased the grain
yields of early rice and double-rice compared with conventional fertilizer application. The grain yields of early rice and double-rice system
increased by increasing the amount of Chinese milk vetch incorporation. The grain yield of late rice increased by increasing the amount of
Chinese milk vetch incorporation when the amount was within 15~30 t+hm™. However, the incorporation of Chinese milk vetch over 30 t-
hm™ showed negative effects on crop production. Except for the Chinese milk vetch application of 15 t-hm™, there were no significant dif-
ferences in the grain yield of late rice between conventional fertilization and the treatments that were combined with Chinese milk vetch.
Compared to conventional fertilization, the incorporation of Chinese milk vetch with chemical fertilizer increased the concentrations of soil
MBC, MBN, DOC, and DON; these were increased with the increasing amount of Chinese milk vetch incorporation within 15~22.5 t-hm™.
However, they showed a decreasing trend when the incorporation amount was over 22.5 t-hm™. The ratio of MBC to SOC and MBN to TN in-
creased first and then decreased with the increased amount of Chinese milk vetch. The ratio of MBC to SOC and MBN to TN was highest un-
der 60%CF + GMyx;s and 60%CF +GM;, treatments, respectively. Both the ratios of DOC to SOC and DON to TN were highest under a
60%CF+GM;s treatment. The concentrations of MBC, MBN, DOC, DON, DOC+MBC, and DON+MBN, were positively correlated with SOC
and TN(P<0.01). The grain yields of early rice, late rice, and double—rice had significantly positive correlations with the active organic car-
bon and nitrogen concentrations ( P<0.01). In southern rice—producing areas with similar climate conditions, soil types, and planting sys-
tems with this experiment, the optimal application rate of Chinese milk vetch was 22.5~30 t-hm™ with a 40% reduced chemical fertilization
due to its beneficial effect in maintaining grain yield and soil fertility.

Keywords : Chinese milk vetch; double cropping rice; yield; active organic carbon; active organic nitrogen
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YL BRI HE N 22.5 t-hm™) 5 (3) 100%CF (F¢ -
=2 PR, B FL AT , AN it 28 = 9% ) 5 (4) 60%CF+GMs
(FE-FE-8 0, B R o 15 t-hm ™2, & H IR
B 40%) 5 (5)60%CF+G Mo s (BT - =~ , ¥~
BEIA Bk 22.5 t-hm?, &8 IR 2408 5 40%) 5 (6)
60%CF+GMy (FF-Fi— 48 n 08 , SR A el i R 30 t-
hm™, & H0 I8 25 98 & 40% ) 5 (7) 60%CF +GMa,s (5§ -
-5 A0, B A9 H R 37.5 t-hm ™, AL B IEYY
W 40% ) o 100%CF $5 24 1o (1) 5 B A i, - e A
128 N 150 kg - hm?, P,0s 75 kg - hm™, K,0 120 kg -
hm™ it FF A9 &0 Bl A IE B9 ol 28 0 1) R R 26 (N5 1
46%) 3L BEER E5 (P05 5 it 12%) &AL (K0 7 &
60%). HTEREHE MERFE HEERD,
ARG 28 2 5 A S i Ach R 1 9l P ot ) 5 B
Jiti A — %, A AR 40% o - WA AS ] Ah B 4y
BT WA 2. B AR AR AR 34 76 B AR Hi 1 LT it A 5
RUE 50% 1E RNt A , 50% 8 07 3 BE R it A ; 5t
BT MR RE AR AT 1 d A A S S RIS A
5emiE)Z 9, /ANXEFL 20 m*(4 mx5 m) , 3K E

2L BEHLIX A HES . /NIX 2 A F YR BE R T, U8 38 5E 30
em . 15 20 em, /N PU R AT YR B R SRR R T
FEHE T 20 em T, B 1E/NX ] ER K AR, X4 2 [A]35
30 em GEHEK I, B/ NK AEHRE A — s EHEK T

FHRAE MR , 1 R 45 2 DA R ) 45/ 1N
X% 22.5 kg - hm > #8548 2= 1 (L Rl oA 9451
57, EAERRBARET 10 d(4 A Pa)) B N X
R T ER W L AR AT i B AN X 1R ) A
JEAEIA B /N ERELBE LS 3R HEK 1, &/ X
BARHHEIK o R EE s i R K R 88.9% , B A
THFE G 8HAN37.5g-kg" P 3.5g-kg" K 37.2g-
k™!, 58 2 B g S K RN T IR IR A w2 AR
YIME . LRGSR AE R 455 A S RO B AR
1.3 H@mRERMNER X

SE ARG A5 /N X F R R R BT
W9, A3 SRR T ™= . AR F 2018 4B R A 3R
i MBS /INX F“S"TE BT s /NVRE (0~20 em) , ZH A8 —
AMRAFE, DB A BRI AR, 53 1% 2 403, — 1y 37 B
BEABRLAS Al ] S250 % R A T 4 COKAR , Tl e

F1 il L EREAREALMER

Table 1 Basic physical and chemical properties of the tested soil

A B 2R 2 R AR AL
P Organic matter/g-kg"  Total Nig-kg?  Total P/g-kg”  Total K/g-kg"  Available N/mg-kg"  Available Pimg-kg" Available K/mg-kg!
7.7 47.4 33 1.3 251.0 15.6 98.0
®2 ARMERBGRER B HHESBNE (kg-hm?)
Table 2 Nutrient input rates of N, P and K for different treatments (kg+hm™)
b E AEAE Chemical fertilizer £ 239 Chinese milk vetch A1t Total
Treatments N P K N P K N P K
FLF Early rice
CK — — — — — — — — —
GMas — — — 101.9 9.5 101.1 101.9 9.5 101.1
100%CF 150.0 32.7 99.6 — — — 150.0 32.7 99.6
60%CF+GM;s 90.0 327 59.8 67.9 6.3 67.4 157.9 39.1 127.2
60%CF+GMas 90.0 327 59.8 101.9 9.5 101.1 191.9 422 160.8
60%CF+GMso 90.0 327 59.8 135.9 12.7 134.8 2259 45.4 194.5
60%CF+GMs75 90.0 327 59.8 169.8 15.8 168.5 259.8 48.6 228.2
W Late rice
CK — — — — — — — — —
GMa s - — — — — - — - —
100%CF 150.0 32.7 99.6 — — — 150.0 32.7 99.6
60%CF+GM,s 90.0 32.7 59.8 — — — 90.0 32.7 59.8
60%CF+GMas 90.0 32.7 59.8 — — — 90.0 32.7 59.8
60%CF+GMs;, 90.0 32.7 59.8 — — — 90.0 32.7 59.8
60%CF+GMas 90.0 32.7 59.8 — — — 90.0 32.7 59.8
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FH VR B 1R 3 7 - L G Rk )
1.4 iR

B b 3 K 583143 B % B Microsoft Excel 2010
FISPSS 19.0 A B R AL FE R 5E .
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M LA LUE H i SE 11 a AS[R]Ab 35 i A I
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Figure 1 Dynamic change of early rice yield, late rice yield and

annual rice yield under different treatments
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Table 3 The average rice yields and yield increment of different fertilizer treatments in 11 years

s LA Early rice Wi Late rice WiZ& Total
Treatments = Yield/kg-hm™ KR Increment/% =4 Yield/kg-hm? Wi K F Increment/% 74 Yield/kg-hm?  H4 K% Increment/%
CK 2996+248¢ — 4 829+53d — 7 825+272¢ —

GMas 3 737+356b 24.7 5325+180¢ 10.3 9 062536 15.8
100%CF 5345+293a 78.4 6917+164a 432 12262+371a 56.7
60%CF+GM5 5 089+265a 69.9 6 583188 36.3 11 673438a 49.2
60%CF+GMazs 52214220a 74.2 6 771=159ab 40.2 11 992+345a 533
60%CF+GMa 5369+224a 79.2 6 873+170a 42.3 12 242+378a 56.4
60%CF+GMas 5541£155a 84.9 6 794+57ab 40.7 12335+172a 57.6

T RSB 5 A R PR AR 0.05 K 2R . TR

Note: Values followed by different letters in the same column are significantly different among treatments at the 0.05 level. The same below.

Bk 60%CF+GMis b BRAL , At 5 2= 9 15 A4 JE e it Ak 342
XL MRS I AR R A P A TE B R i R
Tl F ARG S PR A R, [ AS IR 56
RIS a KIE AT, 8 = S IE M KIHEL G
Jit PR R il 2 K AR A7 43 R ORI, KRR T
SRR B BRI ML SR A S 18 B AN, BB
KA KRG T 5%
22 EREAFFEEST LR HBIH I

2 4 AT, 1009%CF Ab 38 F1 46 B )it 40% F 4%
L 75 LA [ B TR A AL B8 SOC VTN B i & A3 %50k M
PR S B B3 5 T CK(P<0.05) , Ho & T GMasib
B 5 CKAEL, Moy s Ab B2 339 /1l SOC TN A7 5K
& & (P<0.05) , H. 43 TN & £ 5 100%CF 4b 3 3t
AFEV. AR T 45 2 308 H AR BE SOC & &3
& T 100%CF Zb 3, 4 60%CF+GM,s kb B 4k, Hifth 34
AR PR 100%CF A1 22 5 8.3 (P<0.05) , Hp LI =
E R B 30 t- hm? d o 5 100%CF # B, BR
60%CF+GM s b FRAN , HoAfth 45 75 S A H #3538 fin ik
il ZOR TN B, Hoh 5 DU = S8 ol 22,5 ¢
hm 2B d5 i o A B a2t 5 R R 48 = B A B 4 3 3L
W& BB E W T 100%CF 4b B, 59 05 N 16.3%~
39.1%, [AFE LR = Bl 22.5 t-hm > H R o 60%CF+
G Mo b B - HEAT 00 7 it A LAt 58 = 0 FH it i
A . 28 2= 9 R 37.5 t - hm 2 INF - 398 SORICRR 5 2 it
o, B 15 t-hm 228 =0+ AU 5 = 5 100%CF
A 22 5 8 2 1 B0 22.5 t-hm 2 F1 30 t-hm 2 & =
M, 3RS R 5 1009%CF A8 H B R (P<
0.05)
23 EREARNPEE LIEFEBEVER RN

&3 2, &40 3+ 3 MBC . MBN .DOC .DON %
0 91 M 662~1187 ,68~143 . 76~115,11.8~17.5 mg -

kg™t 45 it I Ab 3 A AN ] R BE b 4R R T 1 HE MBC
MBN.,DOC.DON % & . 100%CF &b B A1 4k 8 ek ji
40% T 45 55 2= B[R] B R 2 Ak B 4 8 MBC ,MBN |
DOC .DON % 44 CK $2& 5 R 5371 4y 48.3%~79.3% .
73.9%~111.8% . 30.0%~51.5% . 29.6%~47.9%. 5 CK
AH L, Gy s A0 B I 238 i T £33 MBC \MBN 7 & (P<
0.05) , 38K I B 23 531 9 37.0% . 44.8% ., GMans AbFE +
HEDOC . DON 7 3 CK g 34 i, 398 F 100%CF
AbER TR 40% FEAE T 558 25 S AN [R] B0 1 e b 2
+ 4 MBC . MBN.,DOC . DON 75 & ¥ 5 F 100%CF 4t
B

-3 MBC .MBN 5 DOC .DON % JI# 56 , HAF#E
—EHKIEXR ., A5 LI DOC+MBC,DON+
MBN {1 Ay 4 536 A AL RS A 21T o0 A . -3
MBC \MBN ¢ 383 4 LA . 004 e il X, 4 3l
iK% 90.6% .87.7%, i 1.1 DOC . DON 5 + B iG PG
BLAs L LA AR, AR 9.4% . 12.3% ., 130 B 1 18
MBC . MBN J& - BEiG M Lk A F L8, 5+
eI A LR VR B Y

A Pl 4 FAT, LR D8 40% AL AR T 4548 2 SR [m) B
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Table 4 Soil nutrient content in different treatments after later rice harvesting in 2018
Qb3 Treatments AL SOC/g kg™ 2% Total N/g-kg™  Hff# % Avail N/mg-kg™" AR Avail P/mg kg™ B Avail K/mg- kg™
CK 25.3+0.15f 3.02+0.04e 225+6.7d 5.6+0.3g 87.3x1.7d
GMa s 27.4+0.17e 3.20+0.02d 232+8.6¢cd 8.7+0.6f 87.8+1.4d
100%CF 28.1+0.09d 3.19+0.07d 241+7.8bc 21.5+0.5e 98.6+2.0ab
60%CF+GM,s 28.3+0.12d 3.22+0.06d 230+5.0cd 28.0+0.4h 95.9+1.8be
60%CF+GMas 30.9+0.19b 3.68+0.03a 261+5.9a 29.9+0.3a 93.0+1.1¢c
60%CF+GMs;, 31.5+0.18a 3.37+0.07¢ 254+6.1a 25.0+0.8d 93.2+1.9¢

60%CF+GM;s 30.4+0.22¢ 3.59+0.06b 250+4.9ab 26.2+0.3¢ 100.2+2.2a
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Figure 4 Relationship between incorporation of Chinese milk vetch with different active organic carbon and nitrogen
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Figure 5 Effect of different incorporation rates of Chinese milk vetch on soil C and N
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Table 5 Correlation between different forms C, N and rice yield
T4 Indexs SOC TN DOC DON MBC MBN DOC+MBC DON+MBN
SoC 1
TN 0.84% 1
DOC 0.72% 0.62% 1
DON 0.64% 0.56% 0.90% 1
MBC 0.86% 0.75% 0.85% 0.72% 1
MBN 0.92% 0.81% 0.76% 0.63% 0.94% 1
DOC+MBC 0.86% 0.75% 0.877 0.74% 0.99%+* 0.93%* 1
DON+MBN 0.92% 0.81% 0.80% 0.677 0.95% 0.99% 0.94% 1
YRR 0.80%* 0.66%* 0.65%%* 0.627%%* 0.78%* 0.85%% 0.78%% 0.86%
A 0.80%* 0.63%** 0.64%% 0.58%%* 0.827%* 0.867%% 0.827% 0.86%
SR 0.807 0.65% 0.65%% 0.60%* 0.81%%* 0.867% 0.80% 0.86%

TR 0.01 1Y 35K

Note: **indicate significant difference at the 0.01 level.
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