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Abstract

In this study, a composite aquaponic system involving arbuscular mycorrhizal (AM) fungi was con-
structed. Through the nutrient exchange mechanism mediated by root interception and hyphae, the
synergistic optimization of Arachis hypogaea L. growth, Oreochromis niloticus and Cipangopaludina
cathayensis culture, and water purification was achieved. Indoor and outdoor combined experi-
ments showed that compared with the non-inoculated control group (NM, root interception without
Rhizophagus irregularis), the AM group (inoculation + root interception) exhibited higher values in
peanut growth indices, root colonization rate, and photosynthesis. In addition, the concentrations of
total nitrogen (TN), total phosphorus (TP), and chemical oxygen demand (COD) in the circulating water
of the AM group decreased more rapidly. Meanwhile, the fish biomass in the AM group was superior to
that in the control group (NM). In summary, AM fungi can synergistically improve crop growth and aq-
uaculture performance by enhancing nutrient transformation and transport and optimizing the water
environment, providing technical support for ecological circular agriculture.
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IRV 2 34 ) B IR AR T AR 5 e R, $ P o A AR SRR R [ 7). S — 5, AM HR
HE R S B 26, 205 sdnie, B HBREs, AR RIS . EREE
VI, Paulo SE[8)WFFURAEFN AM IR ol WAl TR RTE H S5k =&, JLHAAEKS T
BREEAF TP RO R PN [OITEMREE B, AM E ML & TR A, GEA 2t i
Wit tE K, SCEMRPR L. BAT, AM FE HE S H OB SRS MORSESU, E)2 LI, 4%
Fho7 A ggm, HAAAL R ERERR AL . AW 4 G EACR T AM BRI AE T B e E s
FRATHIREE, DAL A B SR RO SO RIE TR I 5 5256

137 34 (Aquaponics) A& —FoFs 7K 7= 772 5E (A quaculture) 5 7K 55 (Hydroponics) 45 & IR R A A2 A0k
ARG, CEI GRS BRI Y E TR, SEIL BRI S RPN B ) v R, AR R
R S . Il RGRE S IR EF R S AR E NI e, BRI T IR I KA g - B AR PR LA
A PAT, R T R in A ES BRI S 10]. KK pH J7TH, FR5E A IRIE A LW pH 6.5-
9.0 FIKAEIAEAEAK, (HFE pH 5.5~6.5 IMRERTEFR S b, UIAT DARE 6 FRAE K AR TR . 8555 0 2 DA MR R
(T DT 2%, AEHE PR AR A B v O R SOX Be7E FR T 3R [ 11 DRI, AR £ 2 1 AR KK B KA pH
BVESRANR], 15 P9 2 A S () S 3L A R S brag AT I T INm P H8  AR J rp I 03 32 BRI T 1Dk}
W 5, 25 AL 5 = AR AR ot 5 R B U A (NH-N) R e, KA s Uk
FEIL s, 2ont e AR R . S A A A 2 TR RN S R A A 1 2 AR R AR B AR R AR & T IR )
FRER[12] [AIE, 7Kl DS, SO 4E B 218l AP E - IAD) 774 NoO, R IR BEIE RS %
MAE GBI RGN FRE B RRTEY SAANITG R I FEFEREAR, FRFE8IT R AR
o M IGEEARBEERCEAC, BB 7T SAL([10], PEANRZ, BENEHREE TR ML
T3 AR B JCHLBE IR BE AR, A WL ME DU KA A B = 0o i, RIS 13]. ARG S
I Rt CAAMAEYIER N, BRI Z SR, MK A TR #h K%
RN, H 2K s, dE—2 WK T RAEFRSIEIRE, N7 KGR J[14]. AT
KYER) AM EEAR T 2B RENFH, AM B RSN 22 ] DUBR R ARBR X, R as 4 iy A
MRAL AR 12 em LAAh, Hop B 200 Dy RE it 18 5505 1 10 AR b 248 A1 A 7 SR P B R ) M - 338 v 3
HBAEKKELFERITHBERREE, AT AL 4518 AR 28 s E R E o & MRk 15]. miH, AM
T P 22 AR RN P AEUI, (EUAE LU D R AR IR R AE K AR R 2 HFE, AMD J TR BT 224000 7K A 4SO
TH AR A

T AM B EE FEYRUTE 7 R, 456 iR rh IRIE A LA IR o AR R AR,
AEFRIT K —M AM RE S 500G 6% R, U@L AM EEESRIIE B8R A g 77, 7T+
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PR SaG =, HAl 1ok B T EoK(Zea mays L)TE EP BRG], K BERRS 2 2.0 3R 18101 T4/
MR, A ML) 200 NI, MY AM 4, RERN NM 4.

DOI: 10.12677/wijf.2026.153070 582 MRl 7


https://doi.org/10.12677/wjf.2026.153070

HEPEME, WIS

Pk B AEf(Oreochromis niloticus) i1, 5~7 cm, WSETAE St filidy; HARE HIS(Cipangopal-
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Figure 1. Design diagram and application effect of aquaponic system integrated with AM fungi
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2.5. EHEKIER REZNNESEHRHE

WA A P53 O A% Li-6400X T (Li-Cor-6400, Inc., Lincoln, NE, USA) T B IR 4 9:00~11:00
ML E bS8 16], BAMCFESRE 4 BRAEE, BMRIEAIE 3 7 et ol g o A (Pn)
] CO W E(Cl) AL FE(Gs) FHZ& M5 2 (Tr) 5548 Ar

WCIRAE i B FH 1 SRR e R AR BOAR AN, WK ARIR T REAR R K 43 J5 . FI HF RSP ORE 2 0.001 g)
SrIFREU 3R> St R R . S Phillips 5[ 17126030 /5 (10 & W i Qe (it A 2B R R AT et TR
A R,

2.6. EHRIELMYE RN E

KA BB R —— LR 8 BUEIME 2 E(TN): £ HClO4-HaSO, Y BV MR )G, KA b (i
EAWE(TP) [18],
2.7. FRFEB K, WRKAECIRIRRNIE

Sy ITE SR AR AN aE R BAR],  SAK R I P BENLPkIE 5 KB e A 3 AN ARE I, RoKAR
W R K 5, R BRSPS E] 0.001 g)7 BIFREYIUE 5 & (WO) I 25 F(Wt).
2.8. TEEA/KATELL 4 RAOMIE

KA pH. VA BB 5 pH HHANA AR ESGNE « SRR KIAKREG, B BRI AR, 2
e RKFIRE K WS4 M7 77 k) B4R TR 610 (HT 828-2017) [ 191l 5E /K HEAL 2 75 A B (COD), HHIR B/ 6ot
1£(GB/T 11893-1989) [20]ll % 7K A AL (TP, B S B B EH Vi M 5 /043 e 6 BEV2(HD 636-2012) [21 Tl 5E 7K
FEEZ(TN).
29. HIWBLEBS 5

£ Microsoft Excel 2016 H 3 E s, 7EiE1T 7 250 HT(ANOVA)Z 7, FATiEAT T Shapiro-Wilk’s il
Levene’s f56, VARG AT S04 (0 IE A A 77 20055 . T SR i 2 IE SR 2255 A% . SR A Sta-
tistical Product and Service Solutions 27.0 (SPSS Inc, Chicago, IL, USA)X ¥4f #E47 8. [K & 7 25 73 H1(One-way

ANOVA)VA A B R AEAE R AR, 7K P /K5 B A P 5 22 57 2 38 P AL 36 (HS D Teest, Turkey Test, P <
0.05). X TA K48 A GraphPad Prism 9.0 1] &l(GraphPad, USA).
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AFBE T AM HiF 25 U E S SR R XEA A RKIEAR RIS 40 ) 2 Jrs o A T3 IR (NM),
AFERET AM SMHREAEERG . b SN AEMESA TGN, ARRET AM A2 5 K7L
AfERRE . b R AEMES AM2 AT REER

32. FEEET AM AES5HNE&RHE S SR AN EERARZRNI R

AFERET AM K2 55U E S Sk R R R M| 3 Pros. HHTxHEANM),
AFRBLET AM BRI R 22 8RR WRAER . ARHRGR, BT R R ERF(P < 0.05);
AFRBE T AM SR Z MR GER WALR IR MURGR ., TR B LR EER.
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Figure 2. Effects of composite systems under different treatments on peanut growth
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Figure 3. Effects of composite systems under different treatments on AM fungal colonization rate in peanut roots
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Figure 4. Effects of composite systems under different treatments on photosynthesis of peanut
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Figure 5. Effects of composite systems under different treatments on nitrogen and phosphorus concentrations in peanut plants
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Figure 6. Effects of composite systems under different treatments on the biomass of cultured
fish and snails
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Figure 7. Effects of composite systems under different treatments on physicochemical properties of recirculating water
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0~Day 50), —ZH/Kifebr RIEEHRZER. (1) SHBEHADO)NKELEFE 6~8 mg/L WA FE X H .
Hrp, AM-1 4176 525 4 (Day 20~Day 30)i %5 (DO) FF&: (2) &4 pH ([E#F I N & %, AM Bfh
Y AE 2N I W(Day SO)4EFELE 7.0 245, Tt FRZALINM) U 4ERFE =1 7.2 245 (3) AHEL T X IRZL(NM),
AM BN )8 U(TN) IR B 5525 R B, 0% FRAH (M) RS (TN IR B 2 2 T AM R0 2 3 7F Day 30 ik
FIEAE; (4) ML TXTHRALINM), AM M2 S (TP RE 538 R B, 1 XS R ZHL(NM) RS B (TP) A< FE 2
FIEINIEAE Day 50 ISR, (5) AHELTXHHRZLINM), AM #EFZd i) AM-1 H4ERFERR K, 7
Day 30 A B HARAE; Xt FALINM)F) COD &34 BN F£7F Day 40 15 EAH

4. &g

AR AN AM KR Z 506330V ERE R, BIER RS L) FHE IR, 5K
PR MIRIIRIA S K B RO . RTEARIERE AN AM Ak . s b/ R A
WE¥AEE, HOEERAEGF IR ER: AM HIEFR KA S E(TN) SEE(TP) AL 7 A=
(COD)HIEI s AR TR, KB AR S8 T B 25 1 5k

5. (RS RE

IR AR O EAE T LA 8 TR n R I AR IR S5 3 as P, AR AR worh bR e T LIRS
PEIR KR, PRBE T A KT TR /KRR R e P, SIS AM 31 1 TR 22 X 2 4 3R 7K A o e DL
Y EZERWANLE . BN 5 TR R AR ER £h(NO; ) B NH AN RT I 14 T A L%
[RE(H,PO, . HPO; . PO, YEEA, milikiz BILEMAR22].

AM R R R B s T NA K S AR, AM BRES5ARIE X R TIRAR KM
FROTMULRE ST GEREIR, AM BRI ERE . B RO R AR E TR IRAINM). AM H 1 # 2
T SEBAR RIS R, K97 o B X I AR Bs 2B G IR KA, NTE AR T 78 R 45 . B4R
FRE 25 SRR, AM ERHEOE A E R (Pn). AL FIE(Gs) BETRTT, AM-1 47515 H 5 (Tr)th 2 & 1
o, Ui AM BB E I RV R RSCRI TR R A 3 A OO S AR DGR S, ek IR
SALEEXDEEER R FI[23]. RYRMMLE R ER, AM BMARREREE T NM 4, iFseEf
AM ELB RTINS AR AR AT AR, TR R AU EE ARG LR AZ G, RO R AR AR R JE R E R OK A
FR4y, BN T 5 AM BE R A SRR [24]. — T TH, X AT BEAE RUNE A AR R AT B KR 1 4
T, BRI TR R A AR, (HER R BRI KR T 2550 1 bR, PR T
AM-2 HAERRIAEK, H—J5T, AM-1 20 A 2R 5 0 BEE e Rt AR 18 AE 2R KR, BRI G T AR R K I
FefiloK 43 T RE BB F5 70 R AT DL A K 43 S AR 37 4 Te) AR S (0 el j1[25], N0 R¥E T AM
T T 52 VIR B R 12 R A AR B, SEBEAE L b/ R A E I AR, R EIHHA AM
AR RS LR EES . AFEENS, SHLEMKREA. BRELEZEZER, HIER
WAk RN TR G TR, SRR RSOSSN, WREESET 2 AR R 46[26]. 1678 2570 1%
R, AR e TR F T A E AR =ik IR B, 5 AM BB — [RIEdE TR ER R,
RIS BRI AR BT RE, SARINFE IR TR 2 R (27]. [, AM FH B 20]
G A R 2R, b 1A 1E FAEH BRI IE, B — 0 PRARAE AR IR 70 IR BE (R B T FE [ 28]

AM E )2 500 2R R R K7 258 SR K AR i BB B3R ER . 45 B/, AM |
W25 1) SR A S A R R S B B3, MR R AR K2 ik R . AM H AL T K
RERACIRSE, J/b TR A WASER SRS A E R R, FR T SRR, IR T KRR Ay
BRI LA, [AIEIG N 1 f SR A PEDRER F 0%
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AP 5T P i S 3 A5 AR ILE K R BV R 4% B, AM R I 2 5 5CRE AL T IR ER K A4 1)
FROPRILE KT AR AR, ELEERR L5 % IR ONM) 20 IE 3 4 R 25 57, 1% 2 AM BB -5 /KA Bl A= 4 i ) LA
TR W LR G 45 R . LERIRE(DO) T 1, SHBYEREIE BV, BAARR RIEERSE I R i,
Fo R WA A BRTE B 5 2R AR IR A T ORMR, 540 T RAEFALAE T, B T NLO V5 B 5 MR Hhii
J[22]. pHAE T, Frfa Ab3idsy 2 FREESA, H AM R4 5 HEEE KT 5 A NM), 4R 7.0 £44,
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