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Effects of frog density on soil aggregate structure, soil nutrient and
rice yield in rice-frog integrated farming model

CHEN Sisi', WANG Keyu?, YING Liping', LU Yanjun', LIN Min', LING Qiang

(1. Hangzhou Lin’an District Agroforestry Technology Promotion Center, Hangzhou 311300, Zhejiang, China; 2. College
of Environment and Resources, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] The objective is to analyze the impact of the rice-frog integrated farming model on soil
aggregate structure, soil nutrients, and rice (Oryza sativa) yield, and provide a theoretical basis for constructing
rice-frog integrated farming model. [Method] Field experiments were conducted in Lin’an District, Hangzhou
City of Zhejiang Province from April to September in 2023 to analyze the differences in soil aggregate
structure, soil nutrients, and rice yield under different frog density treatments: low density (T1, 0.9x10*

individuals- hm ?); medium density (T2, 1.2x10" individuals- hm?); high density (T3, 1.8x10* individuals* hm?);
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and control treatment (ck), rice monoculture. [Result] Compared with ck, rice-frog integrated treatments
significantly (P<<0.05) reduced soil bulk density and increased the content of soil water-stable macroaggregates
which increased with frog density, but had no significant effect on total nitrogen content. Soil ammonium
nitrogen content decreased with increasing frog density, while soil nitrate nitrogen content significantly
increased. T1 treatment significantly reduced soil total phosphorus and available phosphorus contents, but with
the increase of frog density, both soil total phosphorus and available phosphorus contents increased. Medium
and high density treatments significantly decreased soil available potassium content. Rice-frog integrated
farming model significantly reduced soil organic matter content, especially in T2 and T3 treatments where the
decrease was greater. The number of effective panicles, seed setting rate, and rice yield were all significantly
lower than those of ck, and the yield decreased by 15.49% in T3 treatment. However, in terms of comprehensive
benefits, the comprehensive cultivation model of rice and frog was significantly higher than ck, and the
comprehensive benefits increased with increasing frog density. [Conclusion] The rice-frog integrated farming
model under high-density treatment has the most significant improvement in soil aggregate structure, and soil
nutrients can still maintain at a certain level. The decrease in rice yield is relatively small, and the
comprehensive benefits are the most significant. It is recommended as a suitable model for rice-frog integrated
cultivation. It is suggested to increase the application rates of nitrogen, potassium and organic fertilizers during
non-farming period to maintain nutrient balance, stabilize the number of rice panicles, and promote high yield.
[Ch, 4 fig. 1 tab. 37 ref.]

Key words: rice-frog integrated farming model; soil aggregate structure; soil nutrient; rice yield

M ZR S M SRR IR Oryza sativa SoKESY A SN BAN, @i BATIR, SCHURE R BORGE
EZRPEHFI AR, BABS AT AESME . g, W 2023 47, 2EMF LSRR
R AR E 5 299.33 U7 hm?, HELMUBAEARWT A JE . EABEERM . S BAR HZE G MR Rensde =
AKAEGEL, AR A OCR, AL L R BRI FIBR R T, A R AR ARl I = AR
o RIS Qe B0 [ At R TR ZR A, SE B AR A s AN 28 DAk AU 1 SRR
IELE A AR, AR YT SRR AN T IR AT W AL | e KA IR R
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THEERA R, PR AR AR R SO R, B R K AL i T, K RS A 503 e . R RSO 45 5
AU R, WATHEFERIT . R T IR ek e B ARORK RS AT 85000 BE RO 45 S 304, i UK R ™ i 1 20
X T SR B B AN G . ORI, AT BETCIE SE o AR S AR SO, R IR R G IR
sy R R ] RE S S S KRS Z 1A BT TE IR, DT R AR KR IE R A ORISR Ak g B
P, WFFERE 255 MR b Sh WA R BOB0R BE XA RSB RER AL, A B TR IR | P A2
a5 4T -

SERRIELE G IR BT IR, FoARB N e, E R T AN [ 4500 62 o8 A T - Sy B4
B RO MK R P R BTGB A R D . IR, AP R RS, $RTEAN RIHOR  :
SRR I A SRR RAAE | IR RFAE KRS = i A 2R, D R e £ Ak FRASE SR DI A 1 FH A T £
ZiR AR AIIE S

1 BRI 5 8% 7 %

1.1 TARXER
TR XA T WL AN 17 IR 22 X b LR AR B (30°09738"N, 119°07'01"E), %X J@ TV i 2 X<,
f, 2023 4EREKERH 1012.1 mm, EFHSIER 15.8 C., iR HL - IEELAPER . T3 pH Jy 5.40, AL
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ik 22.62 g kg, AN 1.42¢g-kg™", AR 25.81 mg-kg ', WA K 36.74 mg-kg .
1.2 it

F )RS0 R FHBEALIX 431 iREe TR T 2023 4F 4 A, & 4 Flhab #0530, # BURR 7K e b B
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Hehm?, T3), H, FEEEZEE MR T 5 H # i BBl Pelophylax nigromaculatus, - F
2023 4F 9 H 30 HATEHIMGR . SFbBEE 3 ANEEIE /N, Fra b B 1 /KRG 35 7 AH [ B ] oA A
Wkl FER AT AN 2545 BT TH, 6T BRAG B AE T =R ks R, [ e B AR R A L
y 18:8:18), Jifi &K 375 kg hm ™, FEIELE SR FRBEAUKFE 428 F A AL A A2, /K348 2]
M AT R R — 3
1.3 TESKkEHERRESIE

FERREHEKIRES , L Tl R IR S, REAFAHFRZE 0~20 om B4, A AEHE/N X 3 ]
SN IR G HORE, R 3 AEE . RELFAT RSB RGN, EBRHYRER, HTEst
9 TR 25 F4 R A RS54 R o

T IEA R SRR . OFEEE . RSN 100 cm® FRJ]HBRFE, 47 ISR %S 105 C 4t
TREEE, REFITE AT, QUK RARM: K 2 kg LR AR &, ISR
2 e R R A 5
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I H TR QFEMAR: RAKIMOOCED:, K ke B3R UT i8R e oL, MR YEkr
AEM LRI R 8. @ FHEEASA: RASEM I Lk, 2 mol- L™ S AL BR VA MR I 1 5 FF 5
e M R RN, 0 R B AR R AR o I R R R A O SR S A -4
BRBUIL A, R IR S A AL B R RO, 0 WO BRI AR v I G R T R . B4
AT E . R Olsen 5, F 0.5 mol- L™ AR S SRV W I - 96 RE IS, I WO B AR 4 s o il £
TR R4, © U SR B IR IR 38 - JOHEE T, A 1 mol« L B R B0 5 R B8 IO - 384
Jei s W S R AR AR v 2 L B QAL SR E KR A fb-sMmingk, ¥
TR S SR ORI A S, ARYEE AR TS L i o4k @ 4% pH: SR pH THELNE
B, W RHERE R SR 1.0:25 TREIWIR G, WRGHAERE, W pH, QKR & 546885 75K
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FEreit . [RIF, JOSRESIR . TRESEIE . 256 2GR Y RTRDR AR RE L b= 2 P s A T 51 ).
1.4 HiELE
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FARBFE ., T3 MRS AR, BFRT ck. T1, T2 43 (P<<0.05), A [FMHEF25 A 3 i 2 45
T S AU R 8 (P<<0.05), Hid, T3 ARFEAIMES A, M 12.82 mg kg, HWKE TI (11.55
mg-kg ") FI T2 43 (11.14 mg-kg™"), 3 MEBONCE B AP Z [H] 22 7 A B3
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Figure 1  Effects of different frog densities on soil bulk density and water stable macroaggregates
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Figure 2 Effects of different frog densities on soil total nitrogen, ammonium nitrogen, and nitrate nitrogen
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Figure 3 Effects of different frog densities on soil total phosphorus, available phosphorus, and available potassium
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Figure 4 Effects of different frog densities on soil organic matter and pH
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Table 1 Changes in rice yield and its components in different treatments
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