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K,O 75 kg/hm? (NPKM) ( I Ex/Em 220 ~ 250/330 ~
380 nm) ( III Ex/Em 220 ~ 250/
22 500 kg/hm? 380 ~ 480 nm) (
46.7 m* 3 Ex/Em 250 ~ 360/280 ~ 380 nm) (
( P,0s 125 g/kg) V  Ex/Em 250 ~420/380 ~ 520 nm)!'*2"
( N 460 g/kg) ( K,0600 g/kg)
[14]
1.2 QS 0.05 mol/L 10 pg/L
1.2.1 2015 6 Ex/Em=350/455 nm
(0~20cm) S QSU
1.4
(10 ) Microsoft Excel 2013
100 SPSS Statistic 22 Sigmaplot 12.0
1.2.2 5
( ) 5
2.1
500 ml 4 h
37°C 25 ml
NPKM>NPK>CK CK NPK
1.3
(Agilent 1100) 50.86% 68.06% NPKM
102.26%
o 123.02%  73.34%
[16]
1
Cambardella  Elliott""” [23-24]
5 1 120 min TOC CK NPK NPKM
(Elementar Vario EL III) [18] NPKM NPK
Chen ! (Varian Eclipse)
5 NPKM
( I Ex/Em 220 ~250/280 ~ 330 nm) NPK NPKM
F1 KRR KEEREY ERR AR R RS0
Table 1 Effects of long-term fertilization treatments on rice biomass and secreting rates of root organic acids
CK NPK NPKM
(g ) 34.08+1.92¢ 51.41£2.640b 68.93+£6.73a
19.84+1.11¢ 3333+1.71b 4424 +385a
1424+ 095D 18.08 + 0.99 ab 24.69+4.03 a
(ng/(gDW-h)) 71.32+5.82b 99.36 +£2.44 a 11039+ 8.34a
26.58£5.23b 38.63 +4.87 ab 45.17+3.27a
7.83+1.50b 1438+ 1.61a 9.64 £0.94 ab
1539+ 1.04b 2291 +2.88 ab 3247+526a
525+0.65a 333+0.29b 3.12£0.20b
16.12+0.74 a 19.88 +4.46 a 19.80 £ 5.06 a
0.14+£0.02 a 0.24+£0.02b 0.19+£0.02 ab

P<0.05
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POC/MOC
[25-26]
NPKM [34] (MBC)
[35]
[25] (DOC)
[8.36]
[27-28]
2 CK NPKM SOC POC
251 POC/MOC MBC  DOC
CK NPK NPKM 232% 59.9% 39.6% 75.2% 42.8% MOC
36.6%  40.6% [26] NPK
NPKM
SOC NPK
CK SOC
[29] POC [37-38] 7
2.2 B9
221
(POC) NPKM MBC
MBC
[17.30-31] (MOC) [15.35]
[17.32-33]
(POC/MOC) DOC [20.40]
F2 KHMAEXNTIEBNREAS G
Table 2 Effects of long-term fertilization treatments on soil organic carbon components
SOC(g/kg) POCg/kg) MOC(g/kg) POC/MOC MBC(mg/kg) DOC(mg/kg)
CK 20.33+0.54b 373+0.16 b 16.60+0.70 a 0.23 +£0.02 ab 673.71 £24.01 b 4292+421b
NPK 21.39+0.65b 3.62+048b 17.77+0.74 a 0.21+£0.03 b 732.63 £51.22b 48.27+2.18b
NPKM 25.06+1.07 a 597+044a 19.09+1.16 a 0.32+0.04a 1180.15+37.57 a 61.30+2.27a
SOC POC MOC MBC DOC
P<0.05
2.2.2 CK NPK
1) (A)
(EEM) (B) ©) (D)4
NPK
(41 QSU ( 3) C D
A B QSU
1 CK NPK NPKM
© NPK
(D)2 (D) A B C D QSU CK
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Fig. 1 EEM contours of soil DOC under different long-term fertilization treatments
*3 FHERLETIRAAMANBIRLLIESH
Table 3 Parameters of fluorescence spectra under different long-term fertilization treatments
A B C D
Ex/Em QSU Ex/Em QSU Ex/Em QSU Ex/Em QSU
CK 230/360 9.08 270/306 5.98 230/418 13.63 340/416 11.34 1.74
NPK 220/356 9.31 270/310 6.24 230/416 14.28 330/416 11.79 1.71
NPKM 240/370 9.06 290/370 6.95 230/436 29.92 340/421 25.37 2.39
( 370 nm
450 nm 500 nm ) ( 2) CK NPK
[43] 1.4 ()= ()=
« ) )
1.9 () NPKM
43 CK NPK 31%
1.74 1.71 44%
NPKM 3
2.39
[42,46]
(14 2 NPKM
[45]
NPKM CK NPKM
2)
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Fig. 2 Changes in FRI distributions of soil DOC under different
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Effects of Long-term Fertilization on Organic Acids in Root Exudates
and SOC Components of Red Paddy Soils

GUAN Qiangl, PU Yaoyaol, ZHANG Xin', WANG Yuanyuanl, LI Damingz,
LI Huixin', HU Feng', JIAO Jiaguo'", GUAN Xiaojin®*
(1 College of Resources and Environmental Sciences/Jiangsu Collaborative Innovation Center for Solid Organic Waste
Resource Utilization, Nanjing Agricultural University, Nanjing 210095, China; 2 Red Soil Institute of Jiangxi Province,
Nanchang 331717, China; 3 Institute Sciences, Ministry of Environmental Protecton, Nanjing 210042, China)

Abstract: Based on the long-term fertilization experiment conducted since 1981 in red paddy soil in the Red Soil Institute
of Jiangxi Province, China, the effects of different fertilization treatments, including no fertilizer (CK), chemical fertilizer only
(NPK), chemical fertilizer plus organic manures (NPKM) were studied on the secreting rates of organic acids in rice root exudates
and on SOC components. Results showed that NPK and NPKM treatments increased total organic acid contents in the root
exudates compared with CK treatment (P<0.05, the below is same). Compared with treatment of CK, NPK treatment significantly
increased the secreting rate of tartaric acid by 82.63%, NPKM treatment significantly increased oxalic acid and malic acid by
69.93% and 110.98%, respectively; however, NPK and NPKM treatments significantly decreased citric acid secreting rates by
36.57% and 40.57%, respectively. Compared with CK, NPKM treatment significantly increased the contents of soil organic
carbon (SOC), particulate organic carbon (POC), microbial biomass organic carbon (MBC) and dissolved organic carbon (DOC),
while NPK treatments influenced these components insignificantly. NPKM treatment also promoted the accumulation of humic
acid-like and fulvic acid-like materials, which constituted 31% and 44% of DOC, respectively; whereas NPK treatment changed
DOC components little. The organic matters of DOC were botanically and microbially derived in CK and NPK treatments, while
they were resulted from the processes such as extracellular release and microorganism excretion in NPKM treatment.

Key words: Long-term fertilization; Red paddy soil; Organic acid; Organic carbon fractions; Dissolved organic carbon
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