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Abstract: [Objective] Soil microbial biomass carbon & nitrogen (N) (SMBC & SMBN) and water soluble organic carbon &

nitrogen (DOC & DON) are the active pools in soil, which are essential indexes for assessing soil carbon and nitrogen turnover and
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nutrient availability for providing scientific information and guidelines and nitrogen management under straw returning in rice-wheat
rotation system. The objective of the study was to investigate the effects of straw incorporation, nitrogen application rate and
basal/topdressing ratios of nitrogen fertilizers on the SMBC, SMBN, DOC, DON, ROC and AN at paddy field, so as to explicit the
optimal nitrogen rate and basal/topdressing ratios of nitrogen fertilizers under the straw incorporation condition. [Method] A 4-year
field experiment with straw incorporation matched with nitrogen fertilizer was conducted in rice cropping system from 2012 to 2015
in Jingmen city, Hubei Province. Three field experiments including different nitrogen application, straw incorporation combined with
nitrogen fertilization and different ratios of base N to dressing N. Field experiments included: (1) different nitrogen rates, including
No N fertilizer (NO), Optimal N fertilizer (165 kg N-hm™, N165), the farmer common N rate (195 kg N-hm, N195); (2) different
straw incorporation combined with nitrogen fertilization: straw removal (CK), straw incorporation (wheat straw incorporation before
rice transplanting, S), straw incorporation matched with farmer common N rate (SN), straw incorporation matched with optimal N
rate (SF), SF plus straw decomposing microbial inoculants (SM); (3) three basal/topdressing ratios of nitrogen fertilizers in the
shooting and heading stage: 7 : 3 : 0 (R1), 5:3 : 2 (R2); 10 : 0 : 0 (R3). [Result] The results showed that the SMBC content
significantly increased at rice jointing stage and the DOC content obviously decreased after the maturity under the SN treatment. The
DON content increased under the SF treatment at rice jointing stage. DON and ROC contents decreased under the SM treatments at
the maturity and jointing stage. The AN content increased in the SF treatment at rice heading and grain filling stage. Appropriate N
application rate (165 kg N-hm™) was favorable to increasing the DON and AN in soil. However, the DON and AN contents decreased
under high application rate of N fertilizer (195 kg N-hm). The higher proportion of topdressing fertilizer increased the SMBN and
ROC contents at rice jointing stage, but had no impacts on the SMBC and DOC contents. [Conclusion] Nitrogen rate and
basal/topdressing ratios were main factor for determining active soil carbon and nitrogen contents under straw incorporation in Paddy
field. Appropriate nitrogen fertilizer could increase SMBC, AN, and DON contents, and the higher topdressing fertilizer could also
increase active soil carbon and nitrogen contents during rice growth stage.

Key words: paddy field; straw incorporation; nitrogen application rate; basal/topdressing ratios of nitrogen fertilizers; soil

microbial biomass carbon/nitrogen (SMBC/SMBN); water soluble organic carbon/nitrogen (DOC/DON)
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Table 1 Treatments and fertilizer application rate in field experiment
X% sl H:JE Basal fertilizers (kghm™) B
Experiment Treatment N P0s KO AT A1 Top.t—dressed
Straw Microbial rll(l rﬁge;l
inoculants (kghm™)
T Gt A0 INEFEFTRS S Wheat straw removal (CK) 195 60 90 0 0 0
Straw incorporation combined NEFEFF AT IR I Wheat straw incorporation (S) 0 60 90 4500 0 0
with nitrogen fertilization
SAERGAT+ > B A 1365 60 90 4500 0 58.5
Straw incorporation matched with farmer common N rate (SN)
SRR A 1155 60 90 4500 0 49.5
Straw incorporation matched with optimal N rate (SF)
RS AT -+ I G AR+ I A 5 1155 60 90 4500 30 49.5
SF plus straw decomposing microbial inoculants (SM)
R RNti% AL No nitrogen fertilizer (NO) 0 60 90 4500 0 0
Nitrogen rate FEEY 165 kgthm™ Optimal nitrogen fertilizer (N165) 1155 60 90 4500 0 495
MU A 195 kg'hm? Farmer common nitrogen rate (N195)  136.5 60 90 4500 0 58.5
FALEE L ANERGATAE H, S BT AR EUILIEII LS 1155 60 90 4500 0 49.5
Basal/topdressing ratio of #7:3:0
nitrogen fertilizer Basal/topdressing ratios of nitrogen fertilizers in the shooting
and heading stage: 7 : 3 : 0 (R1)
ANFERERT ARG, M. ST ARSI LLE] 825 60 90 4500 0 82.5
Hh5:3:2R2
Basal/topdressing ratios of nitrogen fertilizers in the shooting
and heading stage: 5 : 3 : 2 (R2)
ANEREAT AR H, St BT AL LES] 165 60 90 4500 0 0
410:0:0R3
Basal/topdressing ratios of nitrogen fertilizers in the shooting
and heading stage: 10 : 0 : 0 (R3)
#2 AEBHEREAELENTIEHEMEHRAIE
Table 2 SMBC and SMBN contents under straw incorporation matched with nitrogen fertilizer (mg-kg™)
e KHER ] Growth stage FIME
HH Treatment B KA Sy BN i WA e Average
Index Regreening Shooting Tillering Heading Grain-filling Maturity
SMBC CK 1314.1+479.0a 203.2+83.2b 1833.9+763.1a  3186.3£510.3a  1840.8+1185.5a  2349.8+1082.2a 1788.0a
S 1871.7+332.6a 674.34492.9ab  997.1+577.4a  2252.5+1539.7a 3290.9+1248.4a  815.2+771.7a  1650.3a
SN 1170.0+667.2a  1217.6+900.8a  1310.6+492.0a  1245.4+551.5a  2905.6+1590.9a 1580.6£1686.9a 1571.6a
SF 1414.0£505.7a 965.84518.9ab  1926.6+1885.6a  1585.5£1690.7a  1833.5£1017.4a 2278.2+2227.5a 1667.3a
SM 1947.4+526.4a 604.84588.6ab  1213.7+782.2a  1602.3+£530.0a  2384.8£749.0a  1455.0+934.2a  1534.7a
SFIM Average  1543.4B 733.1C 1456.4BC 1974.4AB 2451.1A 1695.8AB
SMBN  CK 35.0+3.1a 14.1£6.1a 22.5+3.7a 36.4+30.6a 23.0+1.6a 29.2+19.6a 26.7a
S 25.5+2.8a 37.0+33.7a 20.6+11.3a 39.9+6.0a 17.2+8.1a 13.148.1a 25.6a
SN 26.949.5a 12.4+3.3a 12.545.8a 16.5+10.9a 20.7+12.1a 16.8+7.4a 17.6a
SF 37.2+19.9a 44.6+22.7a 16.2+10.3a 23.3+22.6a 22.1+6.9a 18.0+9.5a 26.9a
SM 35.0+£3.1a 28.2+14.1a 30.9+25.1a 30.2+16.8a 25.8+15.9a 22.0£16.0a 28.7a
SFHIME Average 31.9A 27.2A 20.5A 29.3A 21.8A 19.8A

RPNV IEAREZE (n=4); /NG FREROR R — 397 70 Fabn A RURS T CE 208 Ak 2 ) LA
FoRzEREF (P<0.05). FF
The data in the table indicates as means+SD; The small letters show comparison between different cultivation models, nitrogen fertilizer rate or fertilization
treatments, capital letters show comparison between different growth stages, different letters mean significance at 5% level. The same as below

R A RPN IR R, A
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#3 AREBEHRERBLELEKAEENKRESE

Table 3 DOC and DON contents under straw incorporation matched with nitrogen fertilizer (mg-kg™)

e PGB KAER ] Growth stage SERIE

JiH Treatment BT HCH I TEH] Ejiige-22] HESR Y JAS] Average

Index Regreening Shooting Tillering Heading Grain-filling Maturity

DOC CK 592.0+141.6a 788.1+£164.8a 956.3+£116.6a 1156.6+355.6a 831.3+357.1a 843.8+268.0a 861.4a
S 621.1+46.3a 567.7+98.1a 1628.0+274.3a 1035.4+741.5a 755.7+146.1a 541.6+324.9ab 858.2a
SN 488.3195.4a 702.8+109.8a 1183.7+264.6a 1193.7+489.7a 882.6+154.5a 541.1£352.6ab 832.0a
SF 617.6+134.0a 766.7+233.2a 1055.6+255.5a 1086.9+381.9a 695.4+245.2a 690.7+235.2ab 818.8a
SM 805.9+224.1a 518.9+484.2a 1081.8+163.4a 1367.1£265.4a 908.6+333.9a 308.4+48.7b 831.8a
FHIMH Average  625.0B 668.8B 1181.1A 1168.0A 814.7B 585.1B

DON CK 8.8+2.7a 9.744.3b 13.247.5a 13.0£1.0a 15.443.3a 12.9+2.3ab 12.1a
S 10.5+4.7a 10.3£3.0ab 17.3£5.2a 14.8+3.8a 13.942.5a 10.5+2.4b 12.9a
SN 11.3+4.9a 13.7+6.4ab 17.1£2.2a 16.2+1.8a 15.542.2a 10.1£3.5ab 14.0a
SF 16.0£12.3a 16.1£2.0a 14.24£2.2a 12.6£3.7a 13.6+2.5a 8.7+2.3b 13.5a
SM 17.5+1.7a 11.8+1.8ab 13.24£2.9a 14.3£1.9a 18.8+2.8a 7.7£1.5a 13.9a
SEHIME Average  12.9AB 12.3AB 15.0A 14.2A 15.4A 10.0B

4 FREBHERERELETIEGEUENHRNELRRE

Table 4 ROC and AN contents under straw incorporation matched with nitrogen fertilizer (mg-kg™")

e i H Ab 3 KAE ] Growth stage SESMY

Index Treatment BT oA SR HlrEEY] W PRI Average

Regreening Shooting Tillering Heading Grain-filling Maturity

ROC CK 5.2+0.4a 4.6+0.1a 4.5+0.3a 5.0+0.3a 4.5+0.4a 4.0+0.2a 4.6a
S 5.1+0.5a 4.5+0.4a 4.8+0.4a 5.1+0.6a 4.1+0.2a 4.1+0.2a 4.6a
SN 5.0+0.3a 4.940.2a 4.7+0.2a 5.0+0.4a 4.4+0.4a 4.2+0.4a 4.7a
SF 5.2+0.1a 4.6+0.2a 5.0+0.2a 5.5+0.4a 4.6+0.4a 4.3+0.3a 4.9a
SM 5.5+0.4a 4.1+£0.4b 5.0+0.4a 5.0+0.3a 4.5+0.3a 4.4+0.3a 4.7a
FASMH Average  5.2A 4.6BC 4.8B 5.1A 4.4CD 42D

AN CK 8.2+2.9a 18.844.5a 11.3+3.5a 10.2+0.2¢ 5.0£2.3b 22.6+11.0a 12.7a
S 20.0+11.8a 26.9+12.2a 10.4£2.1a 11.2+0.9bc 10.9+5.9ab 10.9£12.5a 15.0a
SN 16.9+4.0a 29.9+19.2a 11.9+3.9a 14.3+£2.4a 13.4+6.1ab 18.1+26.4a 17.4a
SF 18.1£19.8a 32.6+17.2a 11.7+0.2a 12.8+2.0ab 15.1£3.1a 5.1£1.0a 15.9a
SM 28.5+18.9a 27.2+14.4a 13.8+3.9a 11.7+0.9bc 13.4+7.1ab 31.1+30.5a 20.9a
FIMH Average  18.3B 27.0A 11.8B 12.0B 11.6B 17.6B

B ROC & MG T 2.2% 6.5%H1 2.2%; S\
SN. SF fll SM 4B AN &858 T 18.1%.
37.1%- 25.2%F1 64.6%. BE/KFEMAK, ROC 7
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(L TIRTFND , AN S8 AE 31 Ik 2 85 KA,
¥4 27.0 mgkg s
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BN, N195 4P SMBN P14 NO 4L F
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