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Effect of no-tillage and rice straw manuring on the combined forms of humus and

microbial activities in paddy soil

OU Huiping' , HE Mingju', HUANG Jing', ZHU Guiyu', GU Minghua'>* , LI Xiaofeng" >, SHEN Fangke'**
1 College of Agriculture, Guangxi University, Nanning 530005, China

2 Fertilizer Institute, Guangxi University, Nanning 530005, China

Abstract; Humus is important in increasing the biological stability of soil organic carbon, and agricultural management
practices may significantly influence soil humus and microbial activity. However, how soil humus and microbial activity
change with tillage practices is not well understood. Therefore, the effects of no-tillage without rice straw manuring (NT) ,
conventional tillage without rice straw manuring ( CT) , no-tillage with rice straw manuring (NTS) and conventional tillage
with rice straw manuring ( CTS) on the contents of total and different forms of humus and microbial activity at different soil
layers (0 —5,5—12, 12 —20 cm) at different growth stages of rice plant were studied in this study. Result indicated that
no-tillage (NT and NTS) not only increased the contents of total and different forms of soil humus but also increased the
proportion of loosely-combined humus to total humus at the 0 —5 cm soil layer, but it tends to reduce the contents of total
and different forms of humus at the 5 —12 cm and 12 —20 cm soil layers and soil microbial activities at the 0 —20 cm soil
layer. The contents of total humus, loosely-combined humus and tightly-combined humus at the 0 —5 cm soil layer in NT
treatment was not significantly higher at the tillering stage compared to those in the CT treatment. In contrast, the contents
of total and different forms of humus in both NT and NTS treatments were significant higher (P <0.05) than those in CT

and CTS treatments during the elongation to ripening stage. The microbial activity in response to the treatments varied
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during the growth stage of the rice plant. Compared to the conventional tillage treatments ( CT and CTS), the no-tillage
treatments significantly decreased the microbial activity at the 5 — 12 cm soil layer during the elongation to filling stage,
increased it at the 0 —5 cm soil layer at the ripening stage, and had no significant difference at the tillering stage. Rice
straw manuring treatments ( CTS and NTS) significantly increased the contents of total and different forms of soil humus,
especially loosely-combined humus, and such effect was much significant at the 0 —5 cm soil layer during the late growth
stage for NTS treatment and during the early growth stage for CTS treatment. In addition, rice straw manuring increased soil
respiration intensity significantly during the tillering to booting stage for CTS treatment and at the ripening stage for NTS
treatment, and it promoted soil cellulose decomposition intensity at the 0 —5 cm layer during the booting to ripening stage
for both NTS and CTS treatments. It was evidenced that soil microbial activity was promoted during the whole growth stage
of rice plant under CTS and during the late growth stage of rice plant under NTS. These results suggest that no-tillage
treatment can effectively protect soil organic carbon in different forms of soil humus, thus it increased the organic carbon
content substantially. Moreover, the no-tillage treatment reduced soil microbial mineralization, thus it significantly
mitigated CO, emission from agricultural soils. Therefore, the no-tillage can improve soil organic carbon sequestration in the
surface soil by elevating the contents of total and different forms of humus and modulate the microbial activity, while the no-

tillage combined with rice straw manuring can increase soil carbon accumulation.
Key Words: paddy soil; no-tillage; rice straw manuring; humus; microbial activity
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Table 1 Basic physicochemical properties of the test soil

T2 AR 2N BIRR R B pH
Soil depth Organic matter Total N Alkali-hydrolyzable N Available P Available K (H,0)
/em /(g/kg) /(g/'kg) /(mg/kg) /(mg/kg) /(mg/kg)
0—5 41.4 2.3 214.8 53.3 148.6 6.48
5—12 30.0 1.8 144.6 40.1 62.5 6.52
12—20 28.2 1.8 134.5 33.5 39.7 6.49
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Fig.1 Effect on loosely combined humus-C, fimly combined humus-C, tightly combined humus-C and total humus-C at different soil

depths under no-till and straw manuring

E1

Fl—tZF—4E FYARFRNE FRARMA IR R B2 (P <0.05)
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Table 2 Pair two-sample ¢ test for combined forms and content of humus

AR BRESSAE TR BESSIR

S:('):IEZ;E t Loosely-combined ~ Fimly-combined  Tightly-combined To;?l}fﬁﬁ- C to.05 to.01
humus-C humus-C humus-C
0—5 t(nt-CT) 2.4218 2.7272 2.5442 2.6701 2.3534 4.5407
t(NTS-CTS) 4.9859 1.8186 1.6756 3.8744 2.1319 3.7470
¥ (NTS-NT) 4.1018 1.5814 2.3012 3.9528 2.1319 3.7470
tecrscr) 2.9015 1.9421 1.2016 2.9435 2.1319 3.7470
5—20 t(nT-CT) 3.5392 5.9187 3.5506 4.2507 1.8331 2.8214
t(NTS-CTS) 3.9127 0.4670 2.7642 4.0906 1.8331 2.8214
¥ (NTS-NT) 1.7076 2.0810 2.9445 2.3162 1.8331 2.8214
t(crs.cT) 1.6301 1.0228 2.3688 2.6760 1.8331 2.8214

0—5 em +2: t(yren ' n =4 (AUFEERW) , HEn=5;5—20cm +/Z: n=10

2.2 T M SR RIRE B FH X A R 25 EL B

N 3 AR 4 B, A B SR AR B AN B vAZE S AR O 3, O AR R S R, RS S
WEIRED . SR HEA L, A AR E 0—5 em L ZHFR M EEA B EL B (o5 B R R i L)) | kg
R TR SR BLESH LA, MR, 76 5—12 em L2, S AE 2 B 2 BRI B AN 5 S T IR M BR ZS S A Ae
L5, 12—20 em HJRAEMAEMEF 5—12 em 2RI, NTS AbHE B EARF 0—S om LJRUFEIMR
LS HIREARAS RAE S L], T CTS AEEENS 0—5 em L/RATESE R LA MA L E, 78 5—12 cm F
12—20 em REEE H A0 A58 IR LU RO R i A B2

*3 BERESHEEERNBESIE%
Table 3 The proportion of combined forms to total humus
0—5 e¢m 5—12 e¢m 12—20 cm

i H Item
NI CI NIS CIS NI CT NIS CIS NI CT NIS CTS
W BIAAGE A/ I FE T AYBEM T 53.8 53.6 57.4 52.6 48.7 53.7 48.7 53.8 48.1 47.5 46.9 50.1
Loosely combined humus-C/ WA E 51.1 48.5 58.2 49.7 51.2 51.8 48.0 53.2 45.6 45.9 46.9 48.8
total humus ZHRE B 53.9 51.4 58.6 49.9 50.1 49.8 46.0 50.9 46.4 49.8 45.0 49.8
W E 48.3 49.0 59.0 51.9 46.2 54.6 49.3 45.8 46.4 51.2 48.6 47.2
BB R 58.6 50.6 58.6 51.8 51.6 48.9 50.9 52.4 46.9 46.7 48.2 48.9
WEGEAS/ T IR SYEERRT 8.8 7.8 7.4 9.5 11.2 9.1 10.5 9.4 13.0 11.1 12.6 11.4
Fimly combined humus-C/ KRHWE 1.4 12.1 7.8 11.0 10.7 9.9 12.9 8.8 12.5 13.2 12.3 12.9
total humus ZFE B 10.6 10.5 9.9 11.0 12.5 12.2 13.0 10.3 12.9 8.8 12.8 11.6
WERIE 9.2 11.3 10.9 10.1 11.5 7.9 12.3 9.9 10.1 8.0 9.0 9.7
B R 9.1 7.4 9.9 11.4 8.5 11.7 9.4 9.9 10.4 12.6 12.4 8.0
BRI/ T R SYEERRT 37.4 38.6 35.1 38.0 40.0 37.2 40.7 36.8 38.9 41.4 40.5 38.5
Tlghtlycombmed humus-C/ WA E 37.5 39.4 34.0 39.3 38.2 38.3 39.1 38.0 42.0 40.9 40.8 38.3
total humus ZFE B 35.5 38.1 31.6 39.2 37.4 37.9 41.0 38.9 40.6 41.4 42.2 38.6
W E 42.5 39.6 30.1 38.0 42.3 37.5 38.4 44.2 43.6 40.8 42.4 43.1
B R 32.4 42.0 31.5 36.8 40.0 39.4 39.7 37.7 42.6 40.7 39.4 43.1

2.3 FEHGABHRIRE AL X R A YT PR

St Xt LA WE R B2 (B 2) o 0—5 em 5—I12 em I 12—20 em )= + SR IFF IR 35 BEFIET4E
ROMESREE R B R T H BB, ¢ IR ES R (3R 5) R, Suph AL TS5 5B b 1 (8] P I 53 5 22 53 ik 2 (B
FZKF, T NT 4325 CT RLPREF 4R ool B ) A B 22 5, X S5 R UEHH , e 07 s T A 3 B
T R
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Table 4 Pair two-sample ¢ test for proportion of combined forms to total humus

N Y RESSEMIT
et M i
+JZ/cm - . BT R - .
. t Loosely-combined . ) Tightly-combined to.05 to.01
Soil depth Fimly-combined humus-C
humus-C to total humus-C to total
humus-C to total humus-C humus-C

0—5 (NT-CT) 2.0103 1. 0030 1. 9655 2.3534 4.5407

L(NTS-CTS) 10.2217 2.1570 6.3740 2.1319 3.7470

I (NTS-NT) 2.9248 0. 6964 2.2785 2.1319 3.7470

t(crs-cry 0.6953 0. 8056 1.1939 2.1319 3.7470
5—20 t(nT-CT) 1.7445 1.1718 1.4992 1.8331 2.8214

£ (NTS-CTS) 2.3652 2.6069 0.6963 1.8331 2.8214

I (NTS-NT) 0.3696 1.1192 0.1925 1.8331 2.8214

t(crs-cry 0.0836 0.3738 0.1772 1.8331 2.8214

0—5 cm +2: t(yrenyn =4 (AMEFEHERW) , HEn=5;5-20cm +)2: n=10
oSy O JGAFHEE Sk NT
m EREEE R CT
041 B FHRE H Bk NTS
& AR H 3 #E CTS

03 f

W08 5 S5

Respiration intensity/(g-kg'-d ")

02 F

0.1Ff

50.0 ¢

40.0

30.0

20.0 -

10.0

FYEHR RIS
Cellulose decomposition intensity/%

H:E WA 1 )2 Growth stage and soil depth

B2 BHAHIBECHNKBARETHENAEALELENEREE JEXSBEENZNE
Fig.2 Effect on respiration intensity and cellulose decomposition intensity at different soil depths in different rice growth stage under no-

tilliage and straw manurning

Fl—tZF—4E FYARFRNE FRARMA IR R B2 (P <0.05)

SR A R RS A B3 SR A S R AN R (181 2) o ZE/K B BE , Se bk AL B X + 3R A i
MR R o IR, FEKRESCIT ], A B B 2 AR 5—12 em A1 12—20 em /= T3P IR IR I 727K 78
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ZOTE — FEIIY , S AL B AR R 55 B R T 4 R SR B A s TE AR B , et b B B R T 0—
5 em BFE T IEIPIR AL 4E R MRORIEE . X SEEE UL, AN HIRMAE YIS R R B AEK AR YR
H, B PR ARK R A K (R T -FESK ) 5—20 om + )2 MO AE B I6 1k, T 3 3 4R W /K RS A 0l + ik

A B R A IR TR (B 2 3R S) o & )= T IRIP IR 5 B AN AT 4E R S0 S L AR o
i FH A P 15 T B 2 TR A B AE FH AR B, X B B0 R T RSB R iE i o

AR T 2F Rl KR A R A B SR A Y s e A R (B 2) o 5 CT A BEAREE, CTS
AP 2 B R KR 23 BE -2 BRI 0—20 em )2 T IRIPIRGR L, SRMIER T 78 M 0—S5 em +)Z NTS 23
Z T NT L350, HAt KRS A T AR L= L3P 55 B2 NTS 4bBE 5 NT K32 50 8 28 5 70 22 R0 - Lot
B, P EE H B E R 0—S5 om LR TR AERMMIEEE . X UL B S & R 58 I B2 M T KR A K
(PRI ) 0—5 em R IIPRAE DI 4, T HOPF 4 & R Ok 7K R AR B B A R & 1R

RS WEMEEMI U ¢ TR
Table 5 Pair two-sample ¢ test for microbial activites

WP 58 B YR IMFRIRIE

t R . S . to.05 to.01
Respiration intensity Cellulose decomposition intensity

e 2.0469 2.6747 1.7959 2.7181
tatscrs) 3.8685 0.8580
T (NTS-NT) 4.6398 3.0590 1.7613 2.6245
t(crs-cT) 3.0016 1.9463

0—5 em +2: t(yp_cny ' n=4 CRMIFEHERS) , HE n=5;5—20 cm £/2: n=10.

3 itig
3.1 BB & B YITE X S i e

PHERZ I TIRE IR & B EERIAEEZ — . AFRGEREY, et BERE 0—5 cm -2 EFHR
A&, Slepetiene fll Slepetys''® RIBFFT LK B, %% N KRG ,0—10 em A1 10—20 em +)Z K/
RSB, AFRAER, B ZHRE 0—5 om + Z WSS 5 F 5SS R0 6, X 5
Ding' " & L RAIML . SBHE 0—5 om +E HIEIABIRN /S T T4, )2 1S SR TS R
XEsE R L MBI 0—5 om R R R A B RS

WA TR FERBE TR A HLR . Rt BEXT A PR B OUR T HERE (<5 em) ¥, Ak
T KRR R R SRS B0 FE SR M8 308 B0 4% P RV AR 0 TG o RS B AT 78 40 TS M, TS et 18 1
XA RE R R FEER S 0—Sem +RIEE R & ERE . WSS SR LAl B R S h T ae 5 5%
pH. B TR EH UMK, RER I EN, EnESEER Bk BREANT REAK. EES
AHHUREK TEH , pH R, Fe’ " AP W B R S , KA FEAEF TR =MNETEEY, Bt R
pH I F B H Ve N KA BtRE .

AR A ,0—Sem +J= T ITIFI R BEFILF4E R 20 08 B A BRI B A S S B S in TR %, 1T
BRAZ P ANZERFER T HERERNZERIEN . Yoo ™ M N SEAMERBRY LR T 5
2 HIREA I BER, TIZESR Y AU BT R I AR ) C/N R S SR I B B i EE B A
Y C/N S IRFRGE RS . ERBHER S RLL C/N HBAR M40 B b R A BRI 4540 , T
BEAME T2 ST LA C/N B8 B 20REC T (5 LS i RS 4540 | S AR 51 R b 3k 4 /N
B0 [F S - SR T P B 22 0 R A K S — 3R o SR B A A SR AR T IR ), s - S
HIPFRLD BRI D R . T, RIRAAE Y TE T B E I R 2 Z R R LR AW, A RBHHEZ M
AW T R AR — B RR B s S T St IR A B TR A Wy % SR 2 . SR T TE B S
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BEALTE BN 0—S em 2 T IEAIMEEIE M X T A 5 Sl T EA RIF IS K EERER .
3.2 JERRIES & B S YIS xRS B H

T H RS B MR AR BB R TR R . SaP R E IR AR SRS B2 B EIEM
*o EARRRH, TSR e A T EREHANT , ML B BIREKEAREFTHAR L2 5%
BAEATSIERR & RIS, XATRRRE I TP R ZE0RE YR TA VS R, FEELA H 35
HE AR T B TR R I BE SRR SRR, I T B A R AR, AR A E R T . X S RFEE DY Bk
VRIS — B FEATE H O SRS S R R BSHHE h TR S IR TR A SRR T
AR BET TR o DRI AT BBk /K RS 40 BES-Z2 R CTS 4b 33 B 338 n 0—20 em + 2 + 3P % 3
B, T NTS ZbBERT 1 S0 AL WIIE MR M R KB o DA 0 5% B B 4 4 B IR 4R B B S R T 1A
PEBIRS B HUS T8 5 K T4k , i3 7 B MG PR RS B R VR rp 4 R 25 1 S 50 F— A 25 e
3.3 BRERESSESHEVBREENER

TR RITE SRR & B B E TR A E & . Paustian 225 F0E M 35 B R 5 L3 W i)
L2256 A HUBREE B IR YR I B BN . Sebh RS B0 ] R 25 & S T R A B AR 5 B
f 53 2 8 i P S AR B S TR S D R 5 4 o - SRR F R R M, 4R 7 9 LB
17 JRERS, CO, MBI NA B EEMIEF . Huang™ 1 Lu 5 g5 R iE B TiX — Ko FEFFEH %
Bk B SRS FFIE FRE 20a i E Ak T2 IR N0 BB R A ™ . X sesk BB Gt Rg SR T
TR EE SRS S RA EMM X R,
Bk o S E W AT BT R R R K S U B T R B SRR S
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