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TE . [ B K= R E KT AE R AR IR T A R , A 5T (8 78 S AT AS TR B8 AR 7K 7™ 3 8 /K TR R T 6 7 A e
T4 AW R ARG TG R, [ D5k ] LA SR K R A AR B AT AR IR, B B IR OK K IR R KRR L 101
(DY) JKF=FRFEE K (Y) 2 FIHEEEAL B, LAIRAK (D) TEE by Xof B, M) - 498 B0 L P 20 A 1 O T /K R A 4 B ™= &, A
SRR 55 R B A 38 R GRS M ELPPAS T SRR 7 R B8 5 /K HE R ER KRS i R = A A B A B e, [ SR ]
IK 7= FRBE IR K HE IR RE S REAR 43¢ pHL (H 48 =5 138 SR (EC) |, RIS /K ™= 3558 1K /K BB B3t - 3e ) FREAR , Rk R &,
P LB, e 3R ACIR B ; 7K 7= IR 7K E IR RE A A [R) R B 0 i + A P & e sk & u it e+
B J7 ;5 D BEBEAHLE , DY REAARCE It b /K FEpk s A AE Wy ik, 48 S T S K AR P, 3 7738 199% ;D #EE DY R Y W
3 FhAb R R G0 A A S B R AR A AR B/ M AL BRI YR DY WEIE (30 532.08 JG-hm ™) Y (20 980.63 JG-hm™) \D ik
(13 208.60 JG-hm ™), [ZE 1RSI = FRFH R KIRFREL 101 IR A HEMERE S P M B, 30 338 8 | 4R v 1
Yyt 3 HoT LA SRR A S L TR M, N e rTE AR 2K

GRS IR K VR TR R KA AR S A TRk RS
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Effects of irrigation of salt-tolerant rice with aquaculture
wastewater on soil and plant

ZHANG Wenle' ,LUO Zhaohui'* ,LU Luhao',JJANG Yumeng',ZHAO Haiyan', CHEN Dan’

(1.College of Resources and Environmental Sciences,Nanjing Agricultural University ,Nanjing 211100, China;

2.School of Earth Sciences and Engineering, Hohai University, Nanjing 210098, China )

Abstract ; [ Objectives ] Aquaculture wastewater can be used as an alternative water source for agricultural irrigation. The purpose of
this study was to analyze the effects of irrigation of saline-alkali tolerant rice with different concentrations of aquaculture wastewater
on soil ,plant and ecological economic benefits. [ Methods ] Salt-tolerant rice was used as the test plant for pot experiment. By setting
freshwater and aquaculture wastewater( V:V=1:1) (DY) and aquaculture wastewater (Y ) irrigation treatments, and freshwater (D)
irrigation was used as the control to monitor the changes of soil physical and chemical properties,the growth and yield of saline-alkali
tolerant rice. Based on this, the ecological economic benefits value generated by aquaculture wastewater irrigation of saline-alkali
tolerant rice was calculated combined with the evaluation method of paddy field ecosystem services. [ Results ] The irrigation of
aquaculture wastewater could reduce the soil pH value and increase the soil electrical conductivity ( EC) , while the aquaculture
wastewater could improve the physical properties of the soil,reduce the bulk density of the soil,,improve the porosity of the soil,and
improve the water holding status of the soil. Aquaculture wastewater irrigation could increase soil organic matter, total nitrogen, total
phosphorus and available phosphorus contents in different degrees,and improve soil fertility. Compared with D irrigation, DY could
effectively increase the height of saline-alkali tolerant rice, increase the biomass of saline-alkali tolerant rice,improve the yield of
saline-alkali tolerant rice,and increase the yield by 199%. The ecological economic benefits generated by the three treatments were
DY irrigation(30 532.08 yuan-hm™) Y irrigation(20 980.63 yuan-hm™) ,and D irrigation( 13 208.60 yuan+hm™)in the order of
size. [ Conclusions ] Freshwater and aquaculture wastewater(1:1) could improve the physical and chemical properties of the soil,
increase soil fertility,,and crop yield,and bring greater ecological economic benefits value,which was the best irrigation mode.

Keywords : aquaculture wastewater ; irrigation ; salt-tolerant rice ;ecological economic benefits

%5 B H#A.2023-07-11
EE£WME . BERESWFEITHRI H (2020YFD0900703 )
BSMEE . B UINE | BIEEZ, 0F5E 16 KI5 44 iA | E-mail ; 1zhui@ njau.edu.cnw



F2M TRAGIR 55 K IR FRLRE /K RE TR R K R o - S FAE 4 19 52 ) 265

WEMFER B — FP B 5 A R R, SE A AUV EOR, A R 2 A SRS MY,
G Ko VB R Bl L A A R T S A ok Bk R A 2 — 1 AT, S R O 3 A 2 Fh A
J5 3K ¢ S 38 A PR T SR AR SR R DR TR AR ER Bt ; — 2 R K SR A, BE AR K SR AR A AN T
K, FRFH 7 2% 1) e 4 B AR A R e 8 SE PR A 7= rh R BE P 1) SR B K AR F R i N T PRk e ek o 8
FESEI KR A B 5 Y T e 7K 7 F5 58 5 /K HE I A R KRB rh it oK AR s B R A, i i T KR
Wk

KGR S e — B E RO R & R R BRI R T KRR R K T A S 1R K
TR, 33 S figp e A ol T K TR AN ) B LT A R AR L R K R A AT AL B A LR LA
DA« 1) BEOETEWE A /K TR, SR MK e UR A B0 5 2) SR AE I AR R BRI T IR A (ML N
P K %)M e AR (R MR A K AR KRR Bk b T AR AR BT 5 3) R s A M R A A
VIR A B L BE J1, E— 2T R T KPR IR K 5 ey . R ZE SRS T R AR T 3 R K T A
IRt IE R, 45 SR 2R WA RS B R G T A SO BR /K P FR A8 R 7K H NH,-N (NO3-N TN [ TP, 43k /b it AT J= A5 HH
FRAMER I FI I, 7K 7= FRAE IR K R B R 4 T DA KRB RS 75K . Jung 26T BFST T FRAE B K TE IE X UK
FEA: R A= R, 25 S I 5 E R AK IR E , R K T RN A R K R S S K R A R
Fpe g, HR /K AR LA 55 00 5 K R 7= i LA 3 B AR G . Wang 25152 F Meta J7 3540 M 3R 51 7K
TEBEXTAE Y ™ B 52, 5 R KV S VY -2 K T 19.7% o FRFE 7K AR K 52 J5R) A
WA E ML ZE A 7E—E , AU T 2508, i HEA BRI S48 5™

AR HRIK = R K AR W 55 RS T — 5 1 0 i (R /0 95 T A e Al K ™= SR 08 R K AR A 4 0%
LRSI, IR, AR ST SR AR 25 R GE M B A% 55 5 e Xt K 72 35 B 0 /K SR A T 1) 2R S R 35 305 EAT T3
M, LAIK = 3558 R K IR Tiid b /K R 0 A5/ A B, 0 F /K 7 37 B0 R K T TR it 8 A e 7= ) AR S 2 0
s B H, AR I A2 S R T AU s S AR ™ i A 7 KRR SR | A LR R B R A A
fe [ | UL 25 b THARK T SRR K dERe A Y 2t SRS 0 B A PP A AR R R
IR hm® ) SRIKTEIE GRZK 57K 7= F25H K (R EE R 12 1) VIR 7K™ 3R 58 2 K E Bk 3 i B g A
KA S GV AR 25 57, HIE S K SR P K AR P A 1 S e S 4

1 MR5F*

1.1 RIS XHER

RITF 2021 4F 7—11 HAEVLIRAE FE 5L T VLT DX R 221 K AT, 2 b DX R F S0 44y 28 RV fe
SRR 17.6 °C AR T-HIFETT I 1 106.5 mm  FHXFUEIE 76% . i 80k A VI35 i A X iR
ERpE A, 4 pHS. 17, F & & 0.3%, AL A 2B 28 % &= 53 58 6.25,0.58,0.72 F 21.22
g-ke ™!, USSR A AR & 15 3N 46.51 1 21.43 mg kg™,

I FH 7K Ry AT i A AR 0K 7= 35 4 g KT A CGHL,, O L CH,COONa - 3H,0 , NaHCO, , KH, PO, |
MgCl, - 6H,0. CaCl, - 2H,0. ( NH, ),S0,. NH,Fe ( SO, ), F #l, B #lJ5 197K pH6. 51, L 5 F (EC) A
1182 pS+em™ , TN TP NH-N & &8/53l K 22.68 .14.34 F129.14 mg-L™" 3L K 0.05%,

1.2 REigit

BRI Wi 43 51 70.50.45 em (9 0 SBRMAE AT ARG B B A n i 0% S i KT £
100 kg, PR A4 700 40 ¢ S A NEVE R SENE . 42 OS] 0 HE IE /K B, 15018 8 3 AL AR B, 43 31) ik /K R
(D) JRIKFIAK = F2 5 B K (RFR R 1:1) BEBE (DY) K258 % K HEBE (Y) , T AL AL B 3 N E A, H 4
P R /K A 15 7, 47 2 Bk, /CEIEZY 10 emx 15 em,, £ o AR AR /K | 45 24 A A [ 21 2
PRI 2~3 em 7K)Z , LT ER KRS SRR $0A8 19 5 VLIRS IR A PR A wl R 1E
1.3 #HFmXE

e R /K R B, 45 A REAILR IR 10 7 SR KRS , U D A ARt ok BB (4550 TR
PR, JFREALRI S KIS BT R KRS, phyE S ERTE +  CE T 105 C AT 30 min J5 75 CHET 2 E
&R

KI5 R SR AR SR KRS 70 BRI R 0] AR A Ut B AR BBOREIR SN0~ 20 em, T AF:
FOTIRA G %A% il , Al B S s AT AL B R AT R ERAEAR &R A, B 1 mm BT
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I3 M HIERRAL R
1.4 fE54RUE

R Mot R /K REABLIR 73 RS AE OFFRLAIAR 3 80 0, SR T A R — i 2R 1 006 T A i 000 7 A AR L i L 0 5
i, K AA3 LS 81 BT I (SEAL AutoAnalyzer3 , Germany ) I 5 FE A% 280 A1 1% 5 10 5 2R FH KU 6 BE 1
(Agilent 710 ICP-OES HLSHE A 55 B IR R 1 & SHGas430) M R AR & i

RIMIRTTIEIE AT RALBRE , LB = (1-AH/ L) x100% ;2R H] 1:2.5 R LR,
pH THIUE + 58 pH {8 ; R L 2243000 5 HL 528 (EC) 5 R HE SRR B S #2158 DL (SOM) &
R AA3 SEZER S T G E SR (TN) (2B (TP) VA (NHL-N) MRS Z(NOS-N) i R ]
0.5 mol-L™'NaHCO, 1244466 1 (PE EnSight ZINAER N RS0 ) I A Rk & R 1 mol - L™
B IR B R AR — K DG IE 5k (Agilent 710 ICP-OES R JBGRE 45 B TR LT A L5 A3 ) I R 5

K H Microsoft Excel 2010 AT ER 042 5 R F SPSS 21.0 BRPAFAEATHET 5 22 70 B, R M e/ Je
HEFE(LSD) 7 B MR K6 (P<0.05) , >R A Origin 2021 #4214,
1.5 ATEFUERERE

SHIERRGE T BAERSEHARD WA RGP IR S5 (B A SCIR IR S (P 7 A AR S R 5
BT . WIS TR ALK IR SR LA DU R BRI AR 23 Rl K BT T
IR T HEF5 A=) 2R SOOI 55 E 2R ARIR IR OWMME, A SETRER AR T IE R 1,

R1 EREFUHEERREFTE
Table 1 Ecological economic benefits index calculation method

SRR STk FIAR R %L HRTE X

Accounting indices Accounting methods Objective function Meaning of each symbol

ViR ST A (OG- kg™!) The economic value of

agricultural products

R N e QAR L R4 (kg) Yield
Provide value for Market value V=L XT +LXT, T . RG22 T 37 th #% , BL 2. 84 JG - kg™' The market price
agricultural products method of paddy

L, A5FFF= 82 (kg) Straw production
T AEFF 4G, 8L 0.5 TG -kg™" The price of straw

v, KRR FENE (G- hm™? ) Water conservation value
S AEYI R AR (hm? ) Crop acreage

KRB FE 1T B A h: BFZJEFE (0.3 m) Thickness of cultivated layer
Water conservation Replacement V, =SXhxPXBxC P AR BEFLIBE (% ) Non-capillary porosity
values cost method B: /KA (kg-m™) Water bulk density

CKPEEARMA , B 1.36% 1073 G - kg '['7) The cost of

reservoir water storage

Vy: BHEA PR AL RN E (JC - hm™) Soil organic matter
accumulation value

S AR R I (hm? ) Crop acreage

A LT Z BLe A h: BFZJEFE (0.3 m) Thickness of cultivated layer

Soil organic matter Opportunity V3 =SxhxpxSOMXCspy  p: T3 T (kg-m™> ) Soil bulk density

accumulation values cost method SOM: + 4 ML & & (g - kg™ ) Soil organic matter
content

ngy:i%ﬁmﬁﬁﬁrﬁ}( fﬁ'kgfl ) ,HX 0.0513 fﬁ'kg’” 19]

The price of soil organic matter

V, B IR RGN L (JG - hm™?) Cycle value of nutrients
LTt 35 /K R 45 2L 2L 4 ) B (kg - hm™? ) Biomass of each

ERY R RN TN tissue of salt-tolerant rice
Nutrient accumulation Shadow price Vy=Lx(Cy+Cp ) xP Cy :N [ HLH] Percentage of nitrogen
values method C, :P LB Percentage of phosphorus

P ALAE -4 4%, BL4.155 JC-kg™! The average price of

chemical fertilizer
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ZE3R 1 Table 1 continued

(PR

Accounting indices

BRIk

Accounting methods

FIbR R %L

Objective function

“ETEY

Meaning of each symbol

BRIEE A 1)
Carbon fixed

values

SRR {12
Oxygen provides
values

L)
Air purification
values

THAK ™ FRIA K
it
Consumption of
aquaculture wastewater
values

HE R Y

Biodiversity values

S

Landscape values

AW E
Market value
method

Vs=LxX1.63xC X
0.272 8

IR L /IR (ER7S
Market value
method

Ve =L><1.2><C02

Correction coefficient
method

Vi= 2 Qi xF;xI

IRFRTR
Governance
fee method

Vy = VOLXP

i M EE
Market value
method

Vy=eXxC

AW AEE
Market value
method

Vip=eXxC

Vs B [ 5E M {8 (OG- hm ™) Carbon fixed value
L. it 3 K F& £ ¥ i (kg - hm™ ) Biomass of salt-
tolerant rice

C(:()Z SRR, B 953.1 JG -« 1712 The unit value

of carbon

Ve S SARMMNE (JC - hm ™) Oxygen provision value
LTt £ K 7% 4= 9 & (kg - hm™ ) Biomass of salt-
tolerant rice

Co,:ff\ﬁgﬂfﬁfﬁﬁ, Bt 400 T - t™'12") The unit value

of oxygen

Vo 28 SN (I8 - hm™2) Air purification value

Q, + W7 T AR IR AR Y £ (kg - hm™ ) Amount of
gas absorbed per unit area of farmland

Foo fb 3R 75 Y S K B A The cost of dealing with
polluting gases

1B IE %L Correction coefficients

Ve THAI K 7= 32 586 2 K A B (JC + hm™®) Value of
aquaculture wastewater consumption

VOL 36 v 3 1 7K 72 357 48 % K B (m® ) Amount of
wastewater from irrigated aquaculture in the test

P A FROK P2 SR8 K 25 4, B 1.67 TG -m ™% The cost

of treating aquaculture wastewater

Vo EZHREPENE (JC - hm ™) Biodiversity value

& AERFLE Y 2R 04 B0 T AU (B (T - hm ™) Value
per unit area of maintaining biodiversity

C Ve FhHE T L (hm? ) Crop planting area

Vi : e ME (T - hm™2) Landscape values
& AR ZREE: E‘Ji{ﬁﬁ%ﬂﬁﬁ( JG -hm™2 ) Value

per unit area of maintaining biodiversity

C AEWFIFE 1 FR (hm? ) Crop acreage

2 FHRESWH

2.1 JK7FEFRE B K E R X 4 1T Ak M BT R 3 4 B B2
2.1.1 JKFEFBEEKERN HIEREMILEES RN L 2 0,3 B FIFE B KL BN H A
FERARK, WA R B EKTF-(P>0.05) . D HEBEAY FEREXT 4 598 8 FLER B i <AL B BE A K FL B EE 1Y
SRR T 2R (P<0.05) 5 D FEBRAN L, Y FEIE S AL S FL B RE RO K L B 0 1
FEWANT 10.7% 29.4% 1 9.8% , 1 DY #EME 5 D HEBE2E 5 8.3 (P>0.05) .
F2 OKFEHFEEAEEN HESEMILE NN

Table 2 Effects of aquaculture wastewater irrigation on soil bulk density and porosity

b3 I/ (grem™) RELBREE % WAALIEE /% FEK LR BEE /%
Treatment Bulk density Total porosity Aeration porosity Holding porosity
D 1.30+0.04* 43.63+1.94" 2.01+0.24" 41.62+1.70"
DY 1.33£0.06* 44.55+0.37% 2.01+0.17" 42.54+0.20"
Y 1.29+0.02° 48.29+1.00° 2.60+0.02° 45.69+1.03°

TE:D DY .Y 735l 3R oK K5 FRABK (B 1:1) ARG FRBEBEK . AR/NG PR — R R MR B3 (P<0.05) .

TR, D,DY,Y represent freshwater, freshwater+aquaculture wastewater( V:V=1:1) ,aquaculture wastewater. Values by the different small

letter are significantly different at the level of 5% in the same growth period. The same below.
2.1.2 JKFFRIEEKERI 1% pH EF0 EC B92Mm A& 1 Al 41, EAE Y AR A Ko B b, D BT
-4 pH ERIRENAAN 3 T DY #EBET L4 pH (EAEA/EY AN E R R B8N S, Y ERE T
pH {EAEAEY A A KM LR D S PR/ N . TEAE AR AR R, D BEBERT 3 EC AYS2M A,
1M DY HEBEF L5 EC AR A KM LB W RS, Y BEBE T 38 BC fEVRY R AR R R I 3h
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PERE R AR FEMEY BRI, 5 D AR EL , DY A Y BEE 38 EC BN T 74.7% M1 58.1% , 43K
F| 5 MK (P<0.05) .

9.0 3000
L a L
8.8 = 2500 aa
a
2 86r 3, arh aa b a 22000 ‘I‘
< a b g
> a b b S b
T 84r b 2 1500
g S
= 82F = 1000
8.0 500
1 1 0 |
YRR B ZRREN RhERI el SYEE km PR AR Al
Tillering Jointing Booting Heading Maturation Tillering Jointing Booting Heading Maturation
stage stage stage stage stage stage stage stage stage stage
3] Stage i3] Stage

ED; ODY; OY
1 KF=FRIEKRKERI T pH EF EC #9501
Fig. 1 Effects of aquaculture wastewater irrigation on soil pH value and EC
2.1.3 KFEFRBEEKERN TEFRSWEIE I 2 WA R A E T, SOKEMAE L, K SR
SRR K U AN () e i v E AT ML TN TP 8l 25 ik, 3 AN [R] 98 0 FH K EIBE T L33 TN 5 i /e AR

0.70 - 0.88 -
0.86 -
= 065F 5 0845
~ 2 ~ E
28 E ; 0.821
2 8 & 5
= & 0.60 = 0.80 -
= 0.60 =
A N ©
& 055F S 076
0.74 -
0.50 1 1 1 1 1 0_72 1 1 1 1 1
YRR W ARRE AhER il YRR BOW Rl W el
Tillering Jointing Booting Heading Maturation Tillering Jointing Booting Heading Maturation
stage stage stage stage stage stage stage stage stage stage
10.0 - 70 -
951
9.0 = Or
2 85 ~ 2
8 T 5 60
2= 80 o
o P’
L5 15r E g 55F
W E 7ot =y
a & « £ sop
e 65r w S
E 5 60 =8 45
= ) S 5+
O 55 ® 3
z
5.0F 40 -
45¢F
4.0 1 1 1 1 1 35 1 1 1 1 1
SYBEW] RN AR ahEEM N SYEEMN RWH ZPREN RWREN
Tillering Jointing Booting Heading Maturation Tillering Jointing Booting Heading Maturation
stage stage stage stage stage stage stage stage stage stage
A Stage I3 Stage

B D; e DY; aY
B2 kFEsREEKER TERS M

Fig. 2 Effects of aquaculture wastewater irrigation on soil nutrients
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YA A S 5B N 5 B AR P3G I AR AR A a3, FEAED oy BEIN R AR, 5 D BEEARLL, Y R
14 TN S0 00 0 0 7.0% F1 8.4% (P<0.05) , (HFEAEY) BLY] 3 AN ] 78 W FH 7K 8 R % + 1% TN
TR AT AR B R (P>0.05) . FEAEWEAERK SRS, DY BT 1 TP 5 &5 AN B
D EBEAY VEWE N 13 TP S R ISR AR A S FEVEY A, 5 D A L, Y VEIE T
TP Fi RN T 2.7%(P<0.05) . EAEWREAARKSRE D, DY T AR S &2 s
FEARA RS, D VEWE N H3EA LTS i 2 U sl AR R 3 i Y ETE T A BT B i S sl G K
Hykas . EEY RN, 5 D FEEAR LG, DY BEBEA Y FEE R R HUR S RIS T 10.5%H124.2% ,
Horb Y BEWEAE B EEKF (P<0.05) . D HEWE AT DY %X - 498 5 R A B I B AN K, TEAE ) 43 BE
9 P TR I, S D AR L, Y R S S I T 16.4% .23.9% .28.5% 1
17.7% ., AR FM K= 3750 K G , H A DL A ) T $27F, B 0 Wl il 25 5 i
it

2.2 KRFEFBEREKERNHEBABERRFENTMN

2.2.1 KFEFREEKEMII T ERBAKREEAEER W& 3 a5, DY HEEA T i Eh K R bk o FsFF AU
AR =T D ALY VEWE(P<0.05) , FEAEYI RN, DY WEWE T i /K R ik e 2 s T A 2
;5 D AR, DY BT LK Rk 5 AN T 17.4% (P<0.05) ;5 Y HEAR L, DY ML £5 /K A5
PR AT 13.4% (P<0.05) . 5 D FEBEAI L, DY HEME B A5 FF AR Rk A= 4843 5138 0 T 80.6%
87.7% .203% ,Y VEWE FFEFF MRS BN T 40.6% .233% , FERi A= M58/ T 22.9%, DY HEM T
FEAFAE Dy o3 2 D HERE Y BEBERY 1.80,1.28 1% AFRi A=Wt 73 il D HEME. Y #E RNy 3.03.3.93 1%,

130 - 300 -
120 -
110 a 250
100 -
a
. 9F Laa b=z D o 200
£ 80F % 2
22 70r a s g 150 a a
B2 eor aTa S
ﬁ S 50 m
ay ;‘.0 | a a g 100 b
30
20+ 50 ¢ b b
10+
0 1 | 0
SYUEW] RN 2RI ahEEM N Tt i FrhL
Tillering Jointing Booting Heading Maturation Straw Root Grain
stage stage stage stage stage 47 Tissue

it Stage
ED; ODY; OY
B3 KFEFREEKEBRI KBRS EMER RN
Fig. 3 Effects of aquaculture wastewater irrigation on plant height and biomass of sea rice

2.2.2 KFEFRBEEKEBXMEKEE BMESE®m  HE 4 75,5 D EMAH L, DY FEBFSFT
R HEIRT 30.8% (P<0.05) ,Y MRS AT A& BRI T 14.9% (HBA KB RFKF; 5 D BB
F, DY VRS AP & B E IR T 42.1% (P<0.05) , Y WEBERS FF6 & & W BN T 36.2% (P<0.05) ;5
D HEBEAE, Y MR S B B RIK T 31.8% (P<0.05) ;5 D BEMEAH 1L, DY WEMEAR B & Bt @ 5 00 1
29.9% (P<0.05) ,Y FEBARME & f WA T 54.9% (P<0.05) , B K FRFE K BC LG, i #h K R kr
KL W B B SRR S H A S, 5 D BEBEA L, DY HEBERPR AU S B R F R T 40.4% (P<0.05)
5 D HEREAH L, DY #EMERS AT & 8 BE G T 32.9% (P<0.05) 1M DY FEBEFN Y JE WX TR £ K AR FF
R R AN K

2.2.3 KFEFRBEERKETXNME KB mERMBERNRM WK 3 00,3 FA R KA BT it
KA R RIS NS S D RERER Y FEREA L, DY FEBE ER KR AN T 199%
294% ;Y FEMES D FEMAHLLREMR T 24.1% , X FZIAR T DY #EBEREAT S5 w5 T £h /K RS A R0  ORE %8
FER AN TR
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_ 25¢ 55 = 20
= a L O
2 : 2 £
S 20F : 4+ B S
= a 2 b a g
O o =
s H 2 a Z
£ 15 b g 3r c g
- £ | =
T 10 o T T
2 a @ o & a a
) . ) a a
= b & = a
= 5 18
s Ko &
.Lﬁ(i ] %g 0 ] 5‘5 0 L |
iEtan R FEHL Fo&#TF il FEHL F&FT Ziss FPRL
Straw Root Grain Straw Root Grain Straw Root Grain
2[4 Tissue 24 Tissue 202 Tissue
ED; ODY; OY
4 JKFEFRIEE K X T Bk R m AR S 2 R0
Fig. 4 Effects of aquaculture wastewater irrigation on nitrogen and phosphorus contents of salt-tolerant rice
F3 KFEFEEKERNWHKE~ERMEERNZIG
Table 3 Effects of aquaculture wastewater irrigation on the yield and components of salt-tolerant rice
X B R 9 ZESIR Wi H/
st 7t/ (kg-km™?) A0/ (10 - km™2) PR K/ em HIR/ % THRE/
. " N . Number of rice Seed setting  Thousand kernel
Treatment Yield Effective spike . Ear length .
grains per plant rate weight
D 135 934.87+265.39" 10 689.66+12.17" 128.35+7.34" 20.74+0.32"  63.25:4.66"  16.93+1.56"
DY 406 463.46+234.67° 21 214.39+19.12° 180.95+8.43% 22.02+0.22¢ 74.95+3.26% 23.08+1.75%
Y 103 159.10+398.56" 14 407.80+21.29" 114.45+7.32" 19.31+0.32¢ 52.30%5.73" 16.90+1.16"

23 EDEFHHEMNEZE

MG 1.5 W I ERLTREE AT M AL 4, D YEBE DY JEBE, Y W#EWE AL S 2T 80885
H124 13 208.60,30 532.08 F120 980.63 JG-hm >, AN [V LA BE A 25 28 W A5 25 B =5 BIMIC A9 Ak BAK
YO DY WHEWE.Y HEWE.D HERE, 5 D EREAHLL, DY HEMEAYAE S LB e D BRI T 131%, 1 Y ¥
WEHETINT 58.8% , D VEMACTE R R = S AE L 34 HUTR SN E B R M BRI T o5
RCRREK 45 B BIMRAR YA - AR 7= i E (42% ) (RAIRINME (23% ) R EE N E (20%) 3R
BUETRR RN E(9%) . DY BEMEALPET , P2k 7™ S (8 i [ 2 (8L L SRS ER E (TR 4R 7K ™= SR B8 I 7K
PO ELRT B K, e D v BRI Ry - 3 kA 7 S AN (47 %) BB AR (20% ) | ik 15 5 A0 (i
(18%) AR FEIHIE KM (6% ) , Y VEWEALHE T | $2 Ao 7= b M A L Ak 161 8 A 1 S0 R IE A 31
YK SR K BT AR R, He MR USRS ™= T (26% ) RUARBEMMIE (24% ) |

RE M E (21%) THK = IR IR K ME (18%)
R4 EBBFUFERNE

Table 4 Ecological economic benefits index value JG-hm™
ZELR IR E AbFE Treatment
Accounting indices value D DY Y
AL = S (E Provide agricultural value 5514.10 14 407.20 5 459.67
JKIRWFR M {H Water conservation value 82.01 91.39 106.08
TP BH{H Soil organic matter accumulation value 1164.41 1316.14 1 435.38
Y FAEFE Nutrient recycling value 68.21 124.28 108.83
W& 22 { Carbon fixed value 2 641.99 5 467.97 4 351.63
ASARMEME Oxygen provides value 3 010.75 6 231.17 4 959.02
2 E 5B M A Air purification value 90.13 372.19 153.59
THAIK =27 K KB Consume the value of aquaculture wastewater 0.00 1 884.71 3769.43
AR5 B W) Z AN (. Maintain biodiversity values 628.20 628.20 628.20
FWAE Landscape value 8.80 8.80 8.80
Al Total 13 208.60 30 532.08 20 980.63

3 @iSitie

AWFTELERFI Y], 58 HR KB L , 7K 7™ IR P 7K T 2 W A1 298 pHL (L, L0 AL ARF 15 38 2
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S AT BRI K 2 IR K Y NHG -N & 8 ey, il A - 58 v ke A il Ak B g, BB K 4 JoT - B AR
T I pH (B, WK 5K FREEIE K (ARFR LG 1 :1) HE TR /K 7™ 33 58 52 K R 40 mT LS hn g vy o) HL
BE 7K 7= F7 58 PR K F B 38, SR S I, X AT R SR = SRR K R A KRR A 5, 5 R IR K
TEAH L, 7K 7= FR 5 PR K BER A T 40825 0 W 1T - SR /K L B A <AL B, 7T BB oK = 9748
JR KA P A MU AT I, 45 - 3t 4R A 70 2 A JRORE RN RE VR, TR L RERS st LI FLIR D . 5
B FIRAKVEWEAR LU, 7K 7= SR8 /K I ] A R i - 3EA ML TN TP SO S5 97 43 2 &, 2= it FH K ™
FEIHE K AE— e R LT IARERAE R, it e ),

TR G K= FRFEIE A (1:1) HEWR RE A R0 i 2 /K A Ak v A /K RS A= 2, Eb 5 BIR KV T8 43 )
BEHNT 17.4% 106% , W FEFE PR /KBRS0 BIEIN T 13.4% 25.7% , ;X Vi W JH— 2 e b A 7K 7™ 35 5 % K HE 1%
AT N E K R bR =, B K A A it . 58 IROKERAR L IRK 5K FR B K (1 :1) ik
iR A RE PRI T 199% , iK™ FR5E /K HEWE AR T 24.1% , 33 156 B V8 TR 35 0 Ik B3 1) 7K ™ 5 3 I 7K
A DA S 6 K Rt Ve B ok v S T 23 B AIG 7 e, IRK S K™ SR B 7K (1< 1) B Tt 6 7K s 9 it
BN TRE T L BRI K IR 2 B N T 40.9% 36.3% , i 35 i T HA 2 A4 FE (P<0.05) , AT fig 2
RAHEWE IS 38350 AL, 5 840 SR /KRR AR ORI AR, E 1 B ALK 7 T 6 /K RS B Aok B5ORD TR, K™= 55
B 7K VE TR [R) R B0 R K ARG R AN, T REE R o 30 4, F= AR e T B4, BRARK T ik A e (1)
RSO TR, BRI E YV BIESE T 3258 75 7K 18] FH G AR P K 3R 7 i s | 45 SR 3 B K R = LA op
WL TS KB ACAL B 5, R 10 714 kg-hm ™, HUXT HRAD B4 P~ T 3.49% , 6 W — 52 1k B A1 75 /K T IR T 45 3 A
AR RGP, FRAE TS KR E — e R R3] T AR /R, i LR AR SR b 2 42
W FHASEAMANUR S8 AHFST LA ER KRS R0 0 G 04T 2R 56, 405 5% 26 W P I3 vk B2 K 7= 37
15 7K T R i R /KRS — B b BB A ok A I, B AT g B i R KRR Y o, O HL AT RAAY
KR AERLTALLS . AWFFER R AT, XI5 1 mT e AN K BRI AR 7 22 5 , Aokl ga Aok
IKERIZ S A K X, PR AR 9 7 — AR B b ELA R PR

WA A BT s A TR i b, SR A 7 S (e o [ A {8 SR (B IR DL AR R
IR IR AT 5 LR, e rp R ™ AN (E Bk [ (SRR SR - i B
B, ARRFFREE R K 5K FR08 K (1:1) HE R Eh /K R 72 A= 9 A 2R 2 TR0 25 29 30 532.08
JG-hm ™, O FLIRKFERE S 17 323.48 JG-hm ™, /K= FR 58 I /K IE 5 9 551.45 J6-hm ™, XA 7E 3
TohAS ) TR FH 7K A B IR K 557K = R R K (12 1) FEWE A e A I i AR =, 32 B PR A IR K 57K 7 SR 4
PRAK (1:1) VEBE AL PRV = A T3t 2 4, SHAEARAE S HRT T SR A0 42k DA T MR T X R A )
TGP 1 52 ) LA S i oy A 78 114 335 1 Ay A1) AR A R 2 v A ) o B v 1 A 7 g 4t
PSR . AT 45 SRR 0 e 5 A S AT RS B B IE A R, U A AR W KN BR A=
AT N R Z — ) AR IBAATE—CBIARR , BEB LTG0 o A 9 2R (A S
(B = BLRARYE BT AMEFE 0 P SHGEA TN JEBA SC bR 85 R — AT e, T — 2Rl &
X I A B HEA T TR A |, s 3 P IRAR AR ) 2 REE I (B R SO (B 19 25 57, R e B2 AR AR 2R 0K
# PR B BT KA

H AT, ] oh2 B PR T AR S 2 58 R ZBURREEG TR 7O, T8 D e 8oy B mlidk 1y
VAL, TASHIF G B 7K™ 95 58 5 /K A R T R /K Al 1 e T AR S R e rh i AR B B Al e o 11k, BiF 5K
77 FRBA I A GEIEACR A A 0 AR A, AT 7K™ % 2 7K HE W ) B 4 (A S R S0 O i &
U S G A RER ARG S 24520, oA 5 FR 045 & AR S LRGP AR AR M % 25
RRI  ARHIEGE A A A AR B AT A A A B RR R S VEAG T AT B, T LA K R R K G IR AL AR
FlE kg s |
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