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Effects of long—term application of organic materials on the ecosystem services of paddy fields

QUAN Xiao—fei'?, YAN Xiao—yuan", WANG Shu-wei'?, ZHOU Wei'?

(1.State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;
2.University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract: There are many individual studies on the effects of long—term application of organic materials on ecosystem services of paddy
fields in terms of grain yield, greenhouse gas emissions, heavy metals, and nitrogen and phosphorus leaching, but few have comprehensively
monitored or assessed the effects with a comprehensive index. We examined greenhouse gas emissions, heavy metal accumulation in soil, ni—
trogen and phosphorus leaching, rice yield, and soil fertility data from a 20—year(1997—2016) experiment to explore the effects of three dif—
ferent treatments, namely chemical fertilizer application (F), pig manure plus chemical fertilizer application (FM) and straw plus chemical
fertilizer application(FS), on the ecosystem services of paddy fields. The net economic benefit(NEB ) was chosen as a key index for evaluat—
ing ecosystem services. Compared to I, FM significantly (P<0.05) increased the contents of soil organic carbon (SOC), total N, total P, and
available P. FS significantly (P<0.05) increased the contents of SOC and available K. In addition, FS and FM consistently increased rice

yield by 4%. FS and FM increased CH, emission and annual SOC sequestration rate and decreased N,O emission. Moreover, compared to F
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and FS, FM decreased the N load in percolating water and significantly increased the P concentration in surface water and P load in perco—

lating water at 20 cm depth, while water at 60 cm and 80 ecm was not affected. FM also significantly ( P<0.05) increased the contents of

zine, copper, and cadmium in soil, but all of the heavy metals did not exceed the Soil Environmental Quality Standard II. FM did not cause

the accumulation of heavy metals in brown rice, indicating that the contents of the heavy metals in brown rice were within safe limits. Com—

pared to F, FM increased the NEB by about 5.2% (1 056.8 yuan +hm™). Taken together, our results suggest that the positive effects of pig

manure on ecosystem services of paddy fields outnumbered its negative effects at a timescale of 20 years.

Keywords : organic materials; paddy field; ecosystem services; net economic benefit(NEB)
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Table 1 Contents of heavy metals and nutrients of pig manure

BHE 2ffi/meg ke 4ff/mg-kg' 2H/mg kg Hl/mg-ke? i/mg kg 24/mg kg &4E/mg kg 2% /g ke

Efflg-ke  Lk/g-kg!

hrEs 6.1 0.8 14.8 362.2 5.4

6.3 954.5 243 5.8 365.1

T SEFERE O 2016 4T, T M AR S i T S 2

Note: The pig manure were sampled in 2016. Contents of heavy metals and nutrient were based on oven—dry samples at 65 °C.
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Table 2 Effect of long—term application of organic materials on soil fertility

b3 FHLik/g ke A /g kg LWi/g- kg S/g kg B A /mg kg AR /mg-kg!  H /g kg

FM 18.2+1.2A 2.220.1aA 1.74+0.04A 15.8+0.8a 213.7+0.7a 115.4+9.4A 113.5£16.2ab
F 13.020.5C 1.620.1cB 0.59+0.05B 16.50.4a 174.335.8a 27.4+10.5B 109.4+3.6b
FS 15.420.1B 1.8+0.1bB 0.63+0.26B 17.420.7a 214.2£16.7a 20.4+4.4B 129.9+4.3a

TE - [R5 5 A [a] 5/NE RIS 5 SR AL BRIRI 22 57 1 5% 1% 25K T 1]
Note : Data in same column followed by different lowercase and capital letters mean significant difference at the 5% and 1% level ,respectively. The same

below.
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Figure 1 Effect of long—term application of organic materials on grain yield
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Figure 2 Effect of long—term application of organic materials on CH, and N,O fluxes
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Table 3 Effect of long—term application of organic materials on net global warming potential

nhgm CH, 2Rk NO-N B2 SRRy A LR/ AP EEAR ARG
kg-hm™ kg-hm™ kg COr-eq-hm™-a™ g-kg kg C-hm™-a™ kg COr-eq-hm™-a™
FM 163.4+18.2A 0.89+0.16a 4 503.4+£530.2aAB 18.2+1.2A 868.0£135.9A 1 320.7+£32.1b
F 102.6+9.3B 1.05+0.49a 3 056.8+369.6bB 13.0+0.5C 289.8+53.4C 1 994.2+53.4ab
FS 169.6+16.8A 0.92+0.16a 4 669.6+429.9aA 15.4+0.1B 557.2+11.3B 2 626.4+11.3a
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Different lowercase and capital letters indicate significant difference at the content of same heavy metal at the 5% and 1% level, respectively
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Figure 3 Effect of long—term application of organic materials on the contents of soil and brown rice heavy metals

such as Zn,Cu,Cd,Cr,As,Pb and Ni
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Table 4 Effect of long—term application of organic materials on nitrogen , phosphorus leaching

0 cm NP & /mg L

20 cm Mg /kg-hm™

60 cm M E/kg-hm™ 80 cm A #/kg - hm™

JOSE]
N P N N P N P
FM 7.56+11.5a 0.68+0.58A 3.97+0.39b 0.94+0.08A 2.85+0.53b 0.44+0.05a 1.95+0.11b 0.42+0.01a
F 10.5+14.7a 0.11+0.12B 5.72+0.40a 0.40+0.15B 4.40+0.47a 0.43+0.10a 3.55+0.32a 0.32+0.05a
FS 9.61+13.4a 0.12+0.13B 6.27+0.83a 0.35+0.06B 4.28+0.82a 0.39+0.05a 3.74+0.36a 0.37+0.08a

T TR N AP & 31 YORAETFIIME; AUk o N R P R R 153050 LS5 3CHR(16].

Note: The contents of N and P in surface water are the mean value of 31 times sampling; The calculation method of N and P loads in percolation water can

be found in 16" reference.

S5 KEEAANDRXEEFLEMRZMIMOC- hm™)

Table 5 Effect of long—term application of organic materials on net economic benefit(yuan+hm™)

b3 AR NERLSA RS e ERI RIS A BRI %S e
M 23 981.9+247.9 1789.8 560 198.1x4.8 9.0+0.1 21 422.5%252.9
F 23 029.7£602.1 23544 0 299.1£76.8 10.5£1.3 20 365.7+671.6
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PERI i3 R RO HE N AR S DI SG A HLC

HURCHERE o LSRN A, 1 L3RR R
e 5 HEALAEAR L , A HLICHL B RE 35 4 i £ %
A HUBR A BB IR 00 5 i, AT i VR il AR
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