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Effects of Lathyrus sativus return to the field and nitrogen rate reduction on
paddy soil labile organic carbon and soil enzyme activities

QUAN Ziman, QI Yan, ZHOU Zehong, MO Kun, HAN Wenbin, LIANG Qin
(Nanchong Academy of Agricultural Sciences, Nanchong 637000, Sichuan, China)

Abstract: In this study, we aimed at exploring how returning Lathyrus sativus green manure to the field with nitrogen
fertilizer affects soil improvement as well as determining the appropriate proportion of green manure with nitrogen fertilizer,
2 x 4. We performed two-factor experiments, comprising two nitrogen application [60% (N;) and 80% (N,) of conventional]
and four green manure turnover [15 000 (M,), 22 500 (M,), 30 000 (M), and 37 500 (M) kg-haﬁl] rates, respectively. We
studied how the ratio of green manure and nitrogen fertilizer affects soil active organic carbon pool components, carbon pool
management index, and enzyme activity. Our results demonstrated that compared with conventional fertilization (CF), green

manure and a certain amount of nitrogen fertilizer could effectively improve the total organic, active organic, soluble organic,
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and microbial biomass carbon contents as well as the carbon pool management index of rice fields. Moreover, this
improvement effect differed fertilization proportion-dependently, with MyN; and MyN, treatments yielding the best
improvement effects. At the same nitrogen application level, the organic carbon component content, carbon pool
management index, and overall enzyme activity displayed an increasing trend with a turning over amount increase.
Compared with the CF treatment, turning green manure and applying nitrogen fertilizer did not significantly affect soil
catalase in the paddy fields, but significantly affected the cellulase and invertase B-Glucomannase activities. The overall
enzyme activity showed upon MyN, > MyN; > M;N; > M3N, > ML,N; > M,N, > M|N; > M|N, > CF > CK treatment. We
observed a significant or extremely significant positive correlation between organic carbon components, except for catalase,
sucrase B-Glucomannase, and cellulase were positively correlated with active organic carbon in the soil. We comprehensively
analyzed the grey correlation degree of the soil active organic carbon content and soil enzyme activity-influencing factors
and determined the best comprehensive evaluation effect when applying the 60% nitrogen fertilizer + 37 500 kg'ha_1 green

fertilizer model.

Keywords: paddy fields; Lathyrus sativus; green manure; nitrogen application scheme; soil active organic carbon; soil

enzyme activities; carbon management index
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CK 0 0
CF 150 (100%) 0
MiN; 15 000
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90 (60%)
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MiN; 37 500
MiN; 15 000
M;N, 22 500
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M;N, 30 000
MiN; 37 500
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Figure 1 Soil labile organic carbon fraction contents upon different treatments

AEH T R 1 A RVNG - BER R AL B ) 2 7 3 (P < 0.05).

Treatment codes for Table 1; Different lowercase letters indicate significant differences among the treatments at the 0.05 level.

M,N, < M,N, < M5N; < M;N, < MyN, < M,N;.

2.3 FABENEEC K RALKT LIREEIE M AVR MY
Y AN 7] it A Ak B o o o 4 2 i v I I 2 R
Hh (P> 0.05), X HeAx 3 Al s 1R A0S A i 1k 2 A
HRFRW (P <0.05) (K 4). 5 CK AL, FiF

®2 FREAETHREEREIRRBHE
Table 2 Different soil carbon component utilization ratios
upon different treatments

P AOCHZZE  DOCH R T
Treatment AOC efficiency DOC efficiency Microbial quotient

CK  1244+057ab 1.11£007c  1.79+0.05d ‘ ‘ - ‘
T it Ach B 1P) 1 o 2 I RE 0 . B A PE H . A
CF  12.01+£0.12b  132+0.04ab  2.11+0.02abc o o
VN GGty B FH i E . 5 CF AL, Frfa B
1173£032b  126+0.02bc  1.64=0.03d . o

o ¢ CRUE NG B S B, BB N 6.44%~11.03%. MyN,.

M,N . N
2Ny 12.00 £ 0.23b 1.28 £0.01ab 2.08 +£0.02bc M4N1\ M3N2 iFn M4N2 &I‘EE E@ﬁ*}% EZBC CF ﬁiﬂi’}j\'ﬂ
M;N, 12.57+0.17ab  1.28 +0.02ab 2.09 + 0.05abc %}:Elsa‘_l_, i‘?gﬂ@?ﬂ 15.16%~21.53%. M4N1\ M3N2 *H M4N2
M,N,  1347+0.60a 133+£0.03ab  220=0.05a Kb T [ B 5 H B B CF 4070 5 2 4R T, B N
MN,  1291+037ab 124+0.08bc  2.03+0.07c 6.91%~ 8.00%. B M;N, &b B (] & 44 B v 1 8¢ CF
M,N,  1231+0.86ab 1.29+0.09ab  2.12 +0.02abc REFTE 3 7 A, AR A EIE CF A 6 35 42
M;N,  13.02+040ab 1.35+0.0lab  2.18+0.03ab w1 2.97%~ 9.78%, X I N MyN, > MyN; > MyN; >
MN, 1349+021a 1410042  2.18+0.03ab M;N, > MpN; > M,N, > MN; > MN, > CF > CK. fE

AEFRALERZ WAL RPN R/NG R RN A B ] 22 7 B 3E (P <
0.05); R,
Treatment for Table 1; Different lowercase letters indicate significant

differences among the treatments at the 0.05 level. This is applicable for

the following tables as well.

U A R LA T, L SRS R 2, A

AR Tl 1 2 2 3 R

24 TIRBNRESTIREEMEANMERME SN
TR A VLB WA LB AT R BLRR S
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Table 3 Different treatment effects on the soil carbon management index

Ak 7 A A AL WP T2 T PV JEE B P PE AR A T P 5 R 4
Treatment NOAC/(g'kg ) CPI A Al CMPI

CK 12.93 +£0.56¢ 0.89 + 0.04¢ 0.14+0.01ab 0.89 + 0.05ab 79.34 £3.20f

CF 15.13+0.07d 1.04 £0.01d 0.14 £+ 0.00b 0.85+0.01b 88.96 + 1.56¢f
M;N; 15.80 £ 0.15¢cd 1.08 £0.01cd 0.13 £ 0.00b 0.83 +0.03b 90.14 +2.79ef
M,N; 16.13 £ 0.12bc 1.11£0.01c 0.14 + 0.00b 0.85+0.02b 94.70 + 2.73de
M;N; 16.47 £ 0.03bc 1.14 + 0.00bc 0.14 £+ 0.00ab 0.90+0.01ab 102.54 £ 1.64bcd
MyN; 17.60 + 0.56a 1.23+£0.03a 0.16+0.01a 0.97 £ 0.05a 119.70 £ 3.64a
M|N, 15.10 £ 0.55d 1.05+0.03d 0.15 +0.00ab 0.93 +0.03ab 97.14 + 1.48cde
M,N, 16.13 £ 0.13bc 1.12+0.01c 0.14+0.01ab 0.88 +0.07ab 98.08 + 8.64cde
M;N, 16.27 £ 0.15bc 1.13+0.01bc 0.15+0.01ab 0.94 + 0.03ab 105.99 + 3.37bc
M,N, 16.90 + 0.26ab 1.18 £ 0.02ab 0.16 +0.00a 0.97 +0.02a 115.30 + 1.63ab

NAOC: no active organic carbon; CPI: carbon pool index; A: activity; Al: activity index; CPMI: carbon pool management index.

R4 TELEHLIREEE Y

Table 4 Soil enzyme activities upon different treatments

X YR B RIS - % il H Tl SR BT T
Sb2 Cellulase/ Urease/ Catalase/ lucosidase/ Total
Treatment ellulase/ rease/ ata ase/, B-glucosi ase ota enzyme
[mg-(d-g) ] [mg-(d-g) ] [mg-(d-g) ] [mg-(d-g) ] activity
CK 35.62+0.78b 23.40 + 1.04f 70.98 + 0.85a 26.55 = 0.34d 3.52+0.02f
CF 36.00 + 0.41b 29.03 + 0.39de 71.37 £0.29a 30.37 £ 0.27¢ 3.84 +0.03¢
M/N, 38.48 + 0.44a 29.20 £ 0.41de 71.01 £ 0.37a 31.90 + 1.00abe 3.95+0.06d
M,N, 38.43 +0.43a 30.73 +£0.13cd 71.90 £ 0.10a 31.37 +0.53abe 4.00 £ 0.02cd
M;N, 38.54+0.21a 33.72+£0.27ab 71.13£0.07a 31.58 + 0.64abc 4.09 £ 0.03bc
MN, 38.32+0.68a 35.28+0.33a 71.04 £ 0.28a 32.76 £ 0.49a 4.17 £0.02ab
M;N, 38.42+0.34a 2833 + 1.24¢ 70.98 + 0.56a 30.80 = 0.26bc 3.89 + 0.04de
M,N, 38.68 + 0.54a 29.55 + 0.79de 71.57 £0.14a 31.39 + 0.56abc 3.96 +0.03d
M;N, 38.58 +0.10a 32.43 £ 0.43bc 71.68 £ 0.20a 32.47 + 0.84ab 4.09 £ 0.02bc
M,N, 39.97 +0.92a 35.13 £ 0.58a 71.28 £0.10a 32.80 £ 0.32a 4.22+0.03a

TR W A s b 38 TA B B 35 P (P < 0.05) B B 3
(P<0.01) £ 7K, £ 855 YLK EH 55 2 (847
HEHEVI AR R (F5). FEEAENBRAS 5L
98 g 35 AT RH DG Ar A R I, BRI Ak A LA
TIHEHE PR S5 H A 3 FhEERE S 2 IEM R (P<0.05).
25 AEMEEBERTHEELIEKRE. BEZN
ESES AR

R 4 2K €8, 9 B 43 A, 30k B D6 M 23 A o K 48 A
(A= A= P e s AT 1 HLB S 8 PR LA
ANLER FEVEN . 2F 4k 2% B o S0 S B - A b

H ) BEAT 5 5 20, T 5 AR BUR B 5 N Bk Bk
B, Wk 6 Fir 51, S AL S I L AT I A 5% 3K B 1) 2
— 2, TN MUN; > MyN, > M3N, > MN; > MpN, >
M,N, > M,N, > CF > M,N, > CK.

3 wig

T P R i R 2 R G b K e Y, R
[F) 4% FH S B i S 5 A - 9 A ML AR ] A7 1 B A
T, TR 9 3 B 43 A0 80 0 M R R R R i T E
LR & BIAE R T A RB R, 51
M A Ab B A L, 1L R T i EUIE Rl B
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Table 5 Pearson’s correlation analysis of the soil organic carbon pool and enzyme activities

$6HF Index X X, Xs X, Xs Xq X, Xg
X, 1.000
X, 0.838" 1.000
Xs 0.877 0.815" 1.000
X, 0.848" 0.840" 0.819" 1.000
Xs 0.622" 0.573" 0.653" 0.522" 1.000
X, 0.901° 0.858" 0914 0.864 0.624"~ 1.000
X, 0.252 0.056 0.101 0.219 -0.022 0.164 1.000
Xg 0.798" 0.712" 0.743" 0.721" 0.660" 0.751" 0.154 1,000

Xp: BAHE Xo: WEHEAHER: X FEEEHEG X, BUEMAEMER: Xs: T4ERME: X MR X dHEMEBE: X p-HEHE

T, * RREFMREP<0.05), ** FRoRPEFZEHRKEP <0.01).

X,: soil total organic carbon; X,: soil active organic carbon; Xj: dissolved organic carbon; X,: microbial biomass carbon; Xj: cellulase; Xg.

invertase; X;: peroxidase; Xg: B-glucosidase. * indicated significant correlation at the 0.05 level, ** indicated extremely significant correlation at the 0.01

level.

x6 FREIMEAERAHNEGEE ST
Table 6 Comprehensive analysis of the different
fertilization modes

b SERORIEIE (FEFF) IBURHEE (FE )
Treatment Equal relational grade =~ Weighted relational grade
analysis (Rank) analysis (Rank)
CK 0.5228 (10) 0.5307 (10)
CF 0.6040 (8) 0.6142 (8)
MN; 0.6012 (9) 0.6046 (9)
M,N; 0.6382 (6) 0.6523 (6)
M;N; 0.6660 (4) 0.6784 (4)
M;N; 0.7607 (1) 0.7749 (1)
M|N, 0.6093 (7) 0.6217 (7)
M;,N, 0.6460 (5) 0.6619 (5)
M;N, 0.6838 (3) 0.6977 (3)
M;N, 0.7486 (2) 0.7606 (2)

BEVE TR HURR R B, LI 45 e A T M L 481 £ A
A, o I LB & A AR E R, XS
o s i 0V BT g g R — 5, T
23 J 60 BB TRC MG L 491 56 2% FE - 49 4 LB B 47 £ B i
FETE 2 5 X B T 40 R U AR R E e LL 9 VR &
B4 ) C/N AEAE 22 5%, 1 AN BL T C/N 42
S0 FL A% A ik e TR LB e 0.
AT b BE AR LE, A2 BT A B P 43 T O T B ek R
() 4k BT 35 B A B0 HEVE TE A HLBR AR B, X 1T A 2

H T 2 45 B0 I B b i, LR AN R A L R
Sy FR IR TR A HUBR S RS 52 4 B AR e 1) I8 BT
AL (S PR LR, DRk, G R ARk B el e
() 200 SR, T 3 — 40 L O T R B S
20 B A T L o 7 b 2 R IR R 4 1 R, R H
S EE PR LB VAR LB R i R B
SRR L TR R s, X T
I3 A HURK SRR T AN HL T S A
it L TR R, B T AN BT
B, NI T R A& & . mHS 0
B 5 00 0 N £ B B v B 5 4 S, B i
A BEE R M, T R T R s T
Fy L B 45 B A R P LB 24

W A WU 5 WURR ) B AR Sk SR AT 3%
B HURR 035 1, LR, R0 A ML 5
B i AP AR B, 5 U A L, B
JE 1L B 59 i o IR X 3 DOC A BRI
ER R EEW, X 5 sl g i1
B, B2 R B R BB R — o B S
Pt i B A T A o 0t B g % 5 35 489 in -+ 3% DOC
R, TR RS TE 3 S, R R T 9 4
ST B 5 . L2 D) K DA B i 4%
AR 5. IR A PR 4 B0 T ok R+ A L
B 20 3 1A A8 A 0 LA B A S B e o 35 AL
B B S O AT T R B, A R e 4% R
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FAFTR, R R PR B L S SRR R E
B 3 N, 5 A FL R 3L A o (1 7 AL
— 5, Blair 2P 15 39 B E P 45 g ok +
G HURR (175 BRFE B, A 7T R B, 5 Rt AR 4b
THAR EE, 7E Yk it 20%~40% BE & R RIS L E S
2 e ik B 37 500 kg-hm B, 358 % 2 O R 48 5
BT (P <0.05). HULA W, BIE— 2SI
S T it sk £ 280 A A5 0t L R AT AL T L A B
B R RE B o L w4 AR R A R Y
B R e E R e I e AR, AR A R,
b5 300 AR Ah EEAH B, B () B 4% AR I D e IR
Ak TR PR 9 R PR S K. R A B AR R n T
1.01%~ 18.49% A1 1.30%~ 34.52%; Wi A\ W 50 th &
WU, T 5 25 4 3 I A R0 0 2 At .
R w0 g e O B R A B AR A 2R AT AL,
A B 2 A8 e i R U0 il D & 5 3 TR B, RE BB
B9t AR B, a8 0 B e R e AR
RO 7 3

TIEEGIE N ARV AT, e R i g8 ) AR
(I S T FBE, o0k AR FH A 3 1 it b e U Y AR
FAERF, 5458 ALFRAR LG, B E 4% A8 5 i it
LR RO = AE R AT 4k R R . -
2 08 H B T, X T AR BT U7 T B A BE
5 YR B 5 R R AT o 2 1 1 e, SRR
NG0B R, M B B 4 b H B S A 4
BRI B — 5 R IR S L E AL
B A BB R ILR S B MM AY R E % VA
H B G E A N AR TE T O A R, 1Y
T RCAE Y B BCE K R AE Sy, R OR T B S
Mo A 7T 45 Bk RPN, S AR R A it 250 A X i 4R
AW & E e, (A2 s i Rk, g
A B T, it A %o HR R A 2850 {1 g ek A A S il O 1 3
XA RE S TR R A 2 AR IR R B S e - S
W R AR e 22 R, T e LR SR

2% Y #k References:

S AF LUK B TR) A 4 4 i S A AR LR IS i . 5 0
MLt AL AL EEAH B, AT 3 23 2 A SIS P ot Ak 2
BB v AT 4 K M L RPN L B AR H e E .
BERT UL, A ARSI BRI 06t U LR T A S g
(1 H B, PR AR 23T 5 5008 e Tt L 451 XF - 398 g 7%
P52 0 2 o e B . AT TR R I, AE I 4
BRMEFM T L@ RN 2, SRR
PRGNS, XA ae e b1 ek B 0 1 A
A KL B, S0 T R R, R s T
TIPS, R T ME I B, i T
T IR

TR, AR LS LA HUR ALK &
BEAT TOREMT T, X LEHE TR, St LR 5 IR
VBRI B L AR T, R A Bt R A,
Vil B4 M H e 2 4E R e S A LS 4100
0 IR O, i S A A L AL o T
REFW . IX VT BE A T AR 4R e B AN e
e Tk 2T 4 22 0 9t D 10 % W S TR I R (i B TR R K
] e A ROBE, 3X 3 RhER A RE HAE S 5 A WL R
Bk e Al ey ot R, T o A U T R R R R
b i SACE I B FEAE T, AR E LS I YL R
B A S R, TR A LM ) S /DN

4 4

Bl — g B 1) 1L B S 2 e T i ek = S IE R e
S it AR Y H R, I B 3 - 458 s VA LBk 41
oS, PE R R I, MG LI E A
— B R . AT L A B AR R
L 60% &I + 37 500 kg-hm ~ 48 BE AL 20 (4 22 & VE AR
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Tk e 5 38 4 200 S i A g 3 1 35 2 B B oL B T A
REFH s £ 1) 34 0 T 3 R A A LK 2R 4 4y
Z BTN A 6 R, LA LR 5 5 15 b
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