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Abstract: [ Objectives ] Active carbon and nitrogen play important roles in soil carbon and nitrogen cycle. This
study aimed to determine the difference of active carbon and nitrogen contents in soils affected by fertilization and
other factors through the year in the subtropical double-rice region of China. [ Methods ] A long-term field
experiment on reddish paddy soil was conducted. The three treatments were CK (non-fertilizer), NPK (N, P, and
K fertilizer application), and NPKM (NPK fertilizer, milk vetch and rice straw application). The characteristics
and variation trends of inorganic nitrogen (NH,-N and NO, -N), dissoluble organic carbon and nitrogen (DOC and
DON) and microbial biomass carbon and nitrogen (MBC and MBN) in soils were investigated during the rice
growing and fallow periods. [ Results ] The NH, -N contents in paddy soils fluctuated in all treatments and
showed three general trends: decreased during the early rice stage, stable during late rice period, and increased
then decreased during the fallow period. NH,"-N, the main form of inorganic nitrogen in soils, was in range of
14.9-31.6 mg/kg, and no significant difference was found between the rice growing period and fallow period.
The contents of soil NO;-N, less than 3.0 mg/kg, were far lower than those of NH,"-N contents, and there was a
reciprocal relationship between them (P < 0.01). Both of soil DOC and DON had a similar annual variation with
a declining trend in the rice growing period and an increasing first and decreasing later trend in the fallow
period. The contents of MBC and MBN in soils were 463—701 mg/kg and 31.1-52.4 mg/kg during the non-rice
growing period, which were increased by 25.4%-36.9% and 62.8%—125.9%, compared to those in the rice-
growing period, respectively. Overall, the total contents of active carbon (DOC + MBC) and nitrogen (NH," -N+
NO, -N+ DON + MBN) in soils in the non-rice growing period were increased by 10.8%—19.6% and
10.3%-34.8%, respectively, compared with those in the rice-growing period. The total contents of active carbon
or nitrogen in soils in the NPKM treatment were significantly higher than those in the NPK and CK
treatments(P < 0.05). The active carbon and nitrogen contents in the NPKM treatment were increased by 53.8%
and 81.2% in the growth season, and by 43.5% and 63.2% in the fallow season, compared with those in the CK
treatment. No significant differences were found between the NPK and CK treatments during the two periods.
During the fallow period, soil NH,-N, DOC, and DON had significant and positive correlations with SOC and
TN; Soil NH,'-N and soil NO,-N were significantly correlated with soil temperature at 5 cm (P < 0.01 and P <
0.05); Soil DOC and DON were significantly correlated with soil water contents (P < 0.01 and P < 0.05).

[ Conclusions ] Combined application of milk vetch and rice straw and chemical fertilizers could significantly
increase the contents of active carbon and nitrogen in soils, which were positively correlated with soil organic
carbon and total nitrogen contents. Compared with the rice growing period, the contents of active carbon and
nitrogen in soils maintained high levels during the fallow period, which were affected by SOC and TN, and
environmental factors, i.e., soil NH,"-N and soil NO;-N were significantly correlated with soil temperature at 5
cm, and soil DOC and DON were significantly correlated with soil water contents.

Key words: red paddy; fallow period; inorganic nitrogen; dissolved organic carbon; dissolved organic nitrogen;
microbial biomass carbon; microbial biomass nitrogen
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Fig. 1 Dynamics of soil NH,"-N and NO,-N contents
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Table 1 Soil NH,-N and NO,-N contents during the rice cultivation and fallow periods

A3 Qb3 NH,*-N

cv

NO;-N crv

Period Treatment (mg/kg) (%) (mg/kg) (%) NH-NNO-N
HH W CK 149+1.7¢ 56.6 0.89+0.18 ab 40.0 17.4b
Growth period NPK 222408 be 65.9 0.94+0.11a 514 242b

NPKM 31.6+50a 94.6 1474027 a 453 24.8b
(NGEY] CK 163+ 1.8¢ 40.0 0.89 + 0.38 ab 70.5 284b
Fallow period NPK 16.6=0.4¢ 319 0.24+0.08 b 48.1 83.9a
NPKM 27.3+4.0 ab 39.8 0.28+0.05b 120.0 103.7 a

# (Note) : [FFVEAEEAE/NG FHREFR R PERE] 22 57 B3 (P < 0.05) Data followed by different letters in a column are significantly

different among treatments at the 5% level.
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Fig. 2 Dynamics of soil dissoluble organic carbon and nitrogen contents
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Table 2 Soil dissoluble organic carbon and nitrogen contents during the rice cultivation and fallow periods

it Period AL PH Treatment DOC (mg/kg) CV (%) DON (mg/kg) CV (%)
AEW CK 165+12b 57.1 159+02¢ 74.0
Growth period NPK 190+ 17b 55.3 180+3.0¢ 59.7
NPKM 253+33a 79.4 324+44a 80.3
PRIFSY] CK 163+4b 14.4 17.7+12¢ 22.1
Fallow period NPK 169+ 11b 19.9 19.7+2.4 be 292
NPKM 199+7b 173 262+1.0ab 24.6

# (Note) : [FFVEUE R AE/NG FHREF R PER] 22 57 B3 (P < 0.05) Data followed by different letters in a column are significantly

different among treatments at the 5% level.
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3 ik B it FE P BB G A B 4 3905 il . R AR T
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Fei AR IR 39] £ 38 NH,-N & 5 SOC Fl TN £
WEIEME (P<0.01, £5), 55cm H3EHEE 2K

*®3 KELEFHNERARALRMEYERKR (MBC), & (MBN) 28
Table 3 Soil MBC and MBN contents during the rice growth and fallow periods

A A fb3 MBC cv MBN cv
Period Treatment (mg/kg) (%) (mg/kg) (%)
AEW CK 363+67b 32.1 173+52b 52.1
Growth period NPK 336+ 28 b 14.6 19.1+1.7b 15.2
NPKM 559 +51 ab 15.9 232£25b 18.8

NG CK 463 +58 b 21.8 31.2+4.1ab 229
Fallow period NPK 460+ 61b 22,9 31.146.9 ab 38.6
NPKM 701 + 143 a 354 524+158a 52.4

# (Note) : [FFVEUE R AE/NG FHREF R PER] 22 57 B3 (P < 0.05) Data followed by different letters in a column are significantly

different among treatments at the 5% level.
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Table 4 The contents and ratios of different active carbon and nitrogen during the rice cultivation and fallow periods

L] AbH DOC + MBC TDN DON/TDN TDN + MBN
Period Treatment (mg/kg) MBC/DOC (mg/kg) (%) (mg/kg) MBN/DON

AR CK 528479 ¢ 22b 30.6+2.24d 5252 48.0+6.7¢ 1.1b

Growth period NPK 526434 ¢ 1.8b 419+12¢ 0272 61.0+2.9 be 1.1 ab
NPKM 812+ 69 ab 23b 638+2.1a 50.8a 87.0£3.2ab 0.7b

PRINIH CK 627 + 63 be 2.8ab 335+24d 53.0a 64.7 + 6.6 be 1.7ab

Fallow period NPK 629 +70 be 2.7 ab 363+2.0cd 538a 67.3+8.5be 1.5ab
NPKM 900 + 142 a 35a 532+3.7b 49.7a 105.6+18.8a 20a

H (Note ) : FFEMEG ARI/NG FHERRAL L] 22 5 5 2% (P < 0.05) Data followed by different letters in a column are significantly

different among treatments at the 5% level.

x5 RMEKFAHIIREER. R5DRFSEMEERFHEXDT (n=144)
Table 5 Correlation between soil active organic carbon, nitrogen and SOC, TN contents and main affecting factors
during the fallow period (n = 144)

1547 Index NH,*-N NO,~N DOC DON
+HEFE LK SOC 0.672%* 0.259 0.477* 0.773%*
+ 484 Total N 0.667** 0.251 0.474* 0.769%*
357K B Soil moisture 0.139 -0.071 0.453%* 0.463%
5 cm HHERJ¥ Soil temperature at 5 cm —0.354%* 0.342% _0.024 0.029

# (Note) : *—P<0.05; **—P<0.01.

WEMMHKEER (P<0.01); HHENO, -NFEES
em Ab - 3ETR B B E IEAHSE R (P <0.05); IKIN
14 NH,-N #MINO, -N & &5+ fK o i %
M (P> 0.05), KIFIHLIE DOC &5 1 TN
FI SOC £ B FIEASE (P <0.05), 5HE&/KEEH
HBEFEIEFHEFRZR (P<0.01); DON & &5 SOC Al
TN 2 BEIEFHL (P<0.01), 5HESKEEE
FIFEAXLER (P<0.05); 1% DOC 1 DON &1 &
5 em &b R Y TC B E A OCHE (P> 0.05),
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Fig. 3 Effect of the long-term different fertilization on soil organic carbon and total nitrogen content
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