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Evaluation of the service function value of rice field ecosystem with different planting patterns in Erhai Lake
basin

PU Yanshuang', CHEN Jianjun', ZU Yanqun', LIU Shuyan', ZHANG Keqiang®, LI Yuan'

(1.College of Resources and Environment, Yunnan Agricultural University, Yunnan Engineering Laboratory for Agricultural Environment
Pollution Control and Ecological Remediation, Kunming 650201, China; 2.Dali Scientific Observing and Experimental Station of Agro—
Environment, Ministry of Agriculture and Rural Affairs, Dali 671004, China)

Abstract: Field experiments were conducted to study the service function value of rice field ecosystems with different planting patterns.
Using Y-OL(70% chemical fertilizer+30% cow manure—rice—Lolium multiflorum Lamk.), Y=OV (70% chemical fertilizer + 30% cow
manure—rice—Vicia villosa Rothvar), and Y=ON (70% chemical fertilizer +30% cow manure-rice—winter fallow), three rotation treatments
were conducted, and conventional fertilization and tillage mode C—ON (100% chemical fertilizer-rice—winter fallow) were used as the
control. The functional value evaluation method and equivalent factor method were combined to estimate the service function value of the
rice field ecosystem. Results showed that the service function values of the rice field ecosystem services in the Y=OL and Y-OV treatments
were 169 669 yuan + hm™ and 168 405 yuan - hm™, respectively; the Y=ON and C—-ON treatments yielded 99 247 yuan + hm™ and 72 717
yuan - hm™, respectively. The processing value of the Y-OL and Y-OV functions was significantly higher than that of Y-ON and C-ON,
and the total value of the Y=ON processing service function was significantly higher than that of the C-ON processing (P<0.05). Among
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them, the economic values of agricultural products, gas regulation, waste absorption, water purification, soil organic matter accumulation,

nutrient recycling, biodiversity, and aesthetic landscapes of optimized fertilization and rotation were significantly higher than those of the

conventional fertilization method (P<0.05). In the optimized fertilization rotation, the water purification and nutrient cycle values of the

rice—Vicia villosa Rothvar rotation were significantly higher than those of the rice—Lolium multiflorum Lamk. rotation (P<0.05). In

summary, 70% chemical fertilizer + 30% cow manure-rice—Lolium multiflorum Lamk and 70% chemical fertilizer + 30% cow manure—

rice=Vicia villosa Rothvar could effectively improve the functional service value of the rice field ecosystem, with the 70% chemical fertilizer+

30% cow manure—rice—Vicia villosa Rothvar demonstrating a better effect.

Keywords : cow manure; chemical fertilizer; rice field rotation; ecosystem service function; value evaluation
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Table 1 Output of agricultural products and their economic value in different treatments
b3 T 7 i FEAFF W AR B E/ (OG- hm™)
Treatment Rice yield/(kg-hm™) Straw yield/(kg+hm™) Forage yield/(kg-hm™) Economic value of agricultural products/(yuan+hm™)
C-ON 9 900+860a 7 133+377b 53 067+4 321b
Y-OL 11 533+555a 7 467+309b 16 686+782a 111 4571 422a
Y-0OV 11 400+1 435a 8 467+330a 14 863+741b 105 823+8 702a
Y-ON 10 166+449a 7233+531b — 54 450+2 476b

[V )5 B R A I 22 53 0 P<0.05) . .

Note : Different letters in the column indicate significant differences among treatments (P<0.05). The same below.
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Table 2 Gases regulation value in different treatments

e BETH BIERE  EECO/OL-hm?)  BEOJ/GL-hm™) WA FESA/GE-hm?) ST A/ (ST hm™)
Treatment Total growth  Correction Fixed CO»/ Release O,/ Absorb harmful gas/ Total value of gas conditioning/
catme period/d coefficient (yuan+hm™) (yuan-hm™) (yuan-hm™) (yuan-hm™)
C-ON 128 1 4 538+258b 1 218+69b 53 5809+327h
Y-OL 329 2.57 9507+105a 2553+28a 135 12 194+133a
Y-OV 329 2.57 9 252+532a 2 484+142a 135 11 871+675a
Y-ON 128 1 4 635+251h 1245+67b 53 5933+318b
R3 FEIGEBEMEFWHNE R5 FELETEFIRRENME
Table 3 The value of waste disposal in different treatments Table 5 The accumulation value of soil organic matter
- - - in different treatments
WADEAENE A EEALINAR I INE
AbFR Fertilizer amount (Jt+kg™) (7C-hm™) fham HHAPUR S S A YURE RN E/ (OG- hm™)
Treatment per unit area/  Manure treatment Waste consumption Treatment Soil organic matter Soil organic matter accumulation
(kg-hm™) price/(yuan-kg") value/(yuan-hm™) reatmen content/(g-kg™") value/(yuan+hm™)
C-ON 0 0.48 0 C-ON 55.05+0.02¢ 7 060+2¢
Y-OL 47 535 0.48 22817 Y-OL 78.51+£7.25a 10 069+929a
Y-OV 47 535 0.48 22817 Y-OV 75.03+3.65a 9 622+468a
Y-ON 40 000 0.48 19 200 Y-ON 65.92+2.93h 8 454+375h
THANPEFTH P 8454 J0-hm™, B3 T C-ONALH,

2.4 KEHELME

FH % 4 AT AT, 25 Ah B (i) (1] B I AT 34 e B AN
], PRI 7K B AL EAS ] . 5 b B K 5t Ak (.7
5 808~11 906 JT - hm™ Z [] , 3 H A6 1k it AL Ak 2 7K J5x
AL (R XS T b AR AR B Y- OV Ab B K R i
A B AR . 9 11 906 JT -hm ™, L C-ON 4L BEZ 6 098
JG+hm™,
25 TEANRERNE

AW AN E AR S s . DAkt
b P S BLJTE it 2 R TR R I AR B AR A AL
PR S T IO R, o Y-OLARFEAT L3 % 1
3 HE C=ON. Y -0V .Y -ON Ab ¥ %5 42.62% .4.64% .
19.10%. TIEAHEAIHEH 7 060~10 069 JG-hm™,
HH Y-OL A Y-OV 4B 0] JC B 3% 22 5%, I 45 B
T Y-ON Kb FE, Y-ON 4bFf + 3545 WL AR 240 N

2.6 BEFMBRBEIRNE

C—ON 1 Y-ON 4b FH 5 5 S 4G 20 8 K A A
AT ER A, Y—OL 1 Y -0V 4b 38 0] 411 45 7K Fei 75 #T
FHCRE 5 SR T AE A A, FLART 45 R an 2k 6
Mo Y-OV &b BK R RS FT 8 35 1 G S0 (B R 765
JC-hm?, B & & T H A=A, Y-OLfl Y-0V
Ab B A SR A AN 4 B R 1537 JC - hm™?
F12 857 JC+hm™, (5 5 F= W) B G P A (E 1Y 69.86%
H78.88%, H —H ZMAAAE R & 2R . Y-OVALIEE
T2 G I S (B 5=, 3 622 J6-hm 2, J& C-ON
FIY-ONAbFEY 56500 F
2.7 £ ESHENE

MR H SO B 5 L K AR 25 R 48 R ) 2
BRGEY N E S T H 25100 0.21 Ff11.27,
(4 A 7 i BAS R 35 96 RHIC 4 2019) TR, 2018 4
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Table 4 Purification value of water quality in different treatments

s Bk FRF [ ] B AR - Y v 2 1BIEZREL AR A (GE ) K BRI E/ (TE - hm™)

’ Water seepage volume/ Time interval weighted average Correction Wastewater treatment cost/ Water purification value/
Treatment ; 5 . 4 .. -1 2
(m’+hm™) concentration/(mg-L™") coefficient (yuan-t™) (yuan+hm™)

C-ON 10 560 2.15+0.14a 1.00 0.55 5808

Y-OL 10 560 1.53+0.09b 1.41 0.55 8 189

Y-0V 10 560 1.05+0.10¢ 2.05 0.55 11 906

Y-ON 10 560 1.23+0.07¢ 1.75 0.55 10 164
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Fo6 AEMEEFYREAMET hm™)

Table 6 Nutrient cycle value of different treatments (yuan+hm™)

Jb 3 KFEREFTE TR AR ER (I BB TR B B TR S E
Treatment Rice straw nutrient recycling value Forage nutrient cycle value Total value of nutrient circulation
C-ON 587+52b — 587+52¢
Y-OL 663+44h 1537+121b 2200+82b
Y-OV 765+27a 2 857+152a 3 622+169a
Y-ON 660+68h — 660+68¢
R RS LR IR D 1287.75 0 - hm ™, KB 3 i

M B VEY) KRS, T LUK B A P 4 i i A1
VW% Fl SRR 100% 115, 15 E. R 1 287.75 G-
hm™, C-ON Fl Y-ON &b T4 15, 4= ) ZREPE (8
AL HR K HAE S R GE, Y-OLHI Y-0V AbHil A ¥ 2 k%
PENEAFE K H A S R G M B AR RGN E
Hodr, C-ON Fil Y-ON kb B A= ) Z2 FE (B 35 R 270
JG+hm™, Y-OL fl Y-OV 4b B A= 4 Z K PE A (E 2 R
1906 JG-hm™, 25 h JCFEVEAL BRI 745
2.8 EE=NME

A B 3 S AT T, K AR 2 AR G A ) AR
ARG FOWAMN Y 5 T 43 518 0.09 F10.56,
C—ON Fl1 Y-ON 4b P 50026 #3116 JG-hm™,
Y-OLF1 Y-OV &b ¥ 3¢ 2= 5 A (E 39 4 837 6 -hm™,
LR TR R 718
29 AEMEEKXRSIIEESME

H12¢ 7 Al 11, Y-OLF1 Y-OV A4t BEAY Al 55 D E B
{43 514 169 669 JC + hm™F1 168 405 JC - hm?, Y-ON
AR FR B IR 55 D RE BN E A 99 247 JG-hm2, FeAEALER
R 55 D Re S (525 = T o VR AL B (R AR Ve Ak
AT E 25 JCRe s Y-ON 2L Rk 55 2
REEMEEE ST C-ONLI, 5C-ONAZFEM L,
Y —ON Ak B 0] $2 &5 4 FH A= 25 2R 450 Ik 55 D) Be Bt
36.48%. 5 C—ON AL FHAH HL , 3 m 4 R R VR 1Y)
Y-OLH Y-OV Zb ¥ ] 48 & 4k A S R G55 D et
8 131.59%~133.33%. 5 Y-ON ZbBRAH EL , B A4 2
WA AR Y-OL A Y-OV b BE a2 i K A B R 45
AR 55 THREAN M 69.68%~70.96% .,

A5 A o B A S0 IR L it KRR R A R
HH AIE = A 0 AR 25 R G R 55 T RE AN MHL L K 12 b R ASE X
(A S T A AR T R TH AN 5T
/I RS X N b Z SIS IRV AN =17 D B N
AW ZREPE PR SE 2R FOW 8 Bl o A o 4 A DA AR
TR 5% 32 PR AR 2 B0 A7 (1 hm?) A3 3 10 FR 5 5 A0 A
ML A B 25 5, e 2T iz i X it
PSS

AT LSRRI, A AR F b K RO VR &R
B g N BRI RE M 29 R 17 J7 6, He 2 24k I8 1 it 7k
FRAE R G M 27 oG, i MR R = 29 10 7
TG XNAIAEAEE 25 M T A AR 28 R e I 55 (8
W45 S AN B 290 7 5 06 - hm ™, Fh TR AR
XoF AN [v) A2 A R HH A= 5 R 45 D RE A (LA P 3, &5
RRWE R G REH A SMEL 17 T ~19 0
hm 2, A 5T 45 55 A58 45 SR AR —F
3.0 MEARMBERRXEREMRBESRESR
ZIEENE

A H AR R NE FEY M S HNE )y X B AR
X AT A B FH 309% 1 2F 2R AARAE , A
TESIE A R, T E T & & 2 A
BAS , NI T A4 AR ZS R GEH 9K SR .

e A RGN 55 D Re (B, AR 7™ S & 5
B SARTE E B TR G SN E SR - i
YIMIE . AP 45 R L Y-OL A1 Y-0V &b FEAR 7= i
LB E R T Y-ON H1 C-ON ZbFH | M AE 4 7=

RT AEMEESRERSIHEZMEGT -hm”)

Table 7 Total value of service functions of different planting ecosystems (yuan+hm™)

GO

M55 DyiE B E Total value of

Treatment " V2 Vs Va Ve Vi Ve service functions(E)
C-ON 530674 321b 5 809+327b 0 5808 7 060+2¢ 587+52¢ 270 116 72 717+4 648c
Y-OL 111457+1422a 12 194+133a 22 817 8189  10069+929a 2 200+82b 1906 837 169 669+732a
Y-OV  105823+8 702a 11 871x675a 22817 11906  9622+468a 3 622+169a 1906 837 168 405+9 890a
Y-ON 54 450+2476b 5933+318b 19 200 10 164  8454£375h  660+68c 270 116 99 247+2 729b
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32 REARMBERR BB MKBESRESR
SINEEME
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BH 7K 83 ol AL RIS 2 5 B 6T R 7K R 5 A0 b 1) S HEK
4350 A 0.69 F10.74 , Ak AR 4 3o 12 it FH L 4% 2F 2648 A R
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