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Phosphorus balance and eco—economic benefits in the integrated rice—crayfish system

LIU Shaojun', LI Wenbo', XIONG Qizhong', LI Hongying?, LI Junli', LIU Rong’, GAO Hongjian', YE Xinxin"

(1. Anhui Province Key Farmland Ecological Conservation and Pollution Prevention, School of Resources and Environment, Anhui
Agricultural University, Hefei 230036, China; 2. Institute of Soil and Fertilizer, Anhui Academy of Agricultural Sciences, Hefei 230001,
China;3.Anhui Liuguo Chemical Industry, Tongling 244021, China)

Abstract: Recently, the rice—crayfish system has developed rapidly in the middle and lower reaches of the Yangtze River in China. The
integrated rice—crayfish system is an emerging complex ecological system for planting and breeding in this region. The study of P balance
and P use efficiency in the integrated rice—crayfish system is of great significance to systematically guide P management, optimize the rice—
crayfish symbiosis system, and to assess the environmental and economic benefits. In this study, a field experiment was conducted and
included three treatments: rice monoculture system (RM), rice—crayfish with feed (RC feed 1), and rice—crayfish without feed (RC feed 0).
The rice yield, P balance, P use efficiency, and economic and ecological benefits of the integrated rice—crayfish system were then analyzed.

The results showed that there were no significant differences in rice yield across treatments, and the P balance of all three treatments in the
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farmland system were in surplus. The P surplus in the RC feed O treatment was lower than that in the RM and RC feed 1 treatments. The P

uptake efficiency and P accumulation in the stems and leaves of rice in the RC feed O treatment were significantly (P<0.05) higher than

those in the RM and RC feed 1 treatments. In the early stage (from June to August), the RC feed 0 treatment significantly reduced the total

P (TP) and dissolved P (DP) concentrations in the surface water, compared with the RM and RC feed 1 treatments. There were no

significant differences in TP and DP concentrations at the harvest stage. Compared with the RM treatment, RC feed 0 and RC feed 1

treatments increased net revenue by 54.22% and 51.11%, respectively. Considering rice yield, P surplus, and environmental effects, the

integrated rice—crayfish system without feed is a suitable alternative for rice crop systems in this area and could be a recommended model

for this region due to the high utilization efficiency of resources, low environmental risk, and good economic benefits.

Keywords: integrated rice—crayfish system ; phosphorus balance ; phosphorus cycle ; economic benefits
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Table 1 Maximum and minimum daily temperature of each month

and precipitation in Tongling during rice cultivation in 2019
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Figure 1 Layout diagrams of field experiments in integrated rice—

crayfish system and rice monoculture system
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Figure 2 Diagram of the integrated rice—crayfish system
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Figure 3 Schematic diagram of integrated rice—crayfish system farm—gate budget
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Table 2 Effects of different treatments on rice yield and component factors

ib P AREEL R ORI EIE S AR A P
Treatment Effective panicle number/(10°+hm™)  Grains per panicle Seed-setting rate/% 1 000-kernel weight/g Yield/(kg+hm™)

RM 4222.56+147.94a 115.12+11.64a 83.96+3.61a 24.42+0.54a 9432.27+982.82a
RC feed 1 4 852.24+271.98a 112.35+2.96a 82.20+0.19a 23.88+1.35a 10 285.65+370.80a
RC feed 0 4726.30+734.16a 109.32+18.21a 82.24+3.43a 23.71+0.58a 9610.06+560.37a

T« RS [N FRER R AL BR R 22 57 .35 (P<0.05) o R Il

Note: Different lowercase letters in a column indicate significant differences among treatments at P<0.05. The same below.

1% WHART]
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AR b B Z [R5 G i 2 22 57 (P>0.05) s RC feed 0 Zb3H
LA O 4 RM FI RC feed 1 AEFE4F 485 T
35.80% #120.71%, H.RC feed 0 Fl1 RM Ab 3§ 27 7] 24 57
ik IR F K (P<0.05) . RC feed 0 A B f 7K A8 350
W i 2 58 RM AT RC feed 1 2B 51138 A1 T 22.18% Al
16.68%, H 2= 51k 1 2 7K V- (P<0.05) ; 7K i 2558l ¢
Wit DA RC feed 020 B A, HAB (B R 55 30 AH A
AL UL, R AR AN B B A X RE B i 7K R 25 R0 I P 3
W, X A FIAR 3R A Bl I A ot T S 2 T
2.3 BB R FEIRR

TR H A AR AR R A B A5 i B P AR
HLULFE 4. RM AL FE APy A 2R AR KRR
W SR K L S AR 41.54 kg hm 2, oA (LR
e 5 B A 94.61% ., RM AL FH iy 32 2 2 /K R
FERE, HoW b 8 33.89 kg hm™; R A TEH B #E
SR K AR A BERUK AR AR R, e = 51k
30.48 kg hm2, 5 S5 A1 73.38%. RC feed 1 4bF
T A RM AR S3E N T o [ S B MRy R A ), 40
W50 24 200 kg » hm ™, 35 R AT 5o [ 2L R
i 2.21 g-kg !, THEEAF LN IR F A BB 0.44
kg hm; SR AN 525 kg hm 2, 1E % AR AR
TSR N 10.86 g kg, 15 A5 W R A B BE N
5.70 kg - hm™; fL B (5 S04 A9 81.74% , Tl BH%
11.86%. RC feed 14bFR#4Hi i 37.24 kg-hm ™, Horp
IKABRFRLTE 5 97.96% 5 AT 7 0y 344 kg - hm™, B &
O 221 g- ke, TS BCER B A 85 0.76 kg
hm™, (7 BV H 9 2.04% 5 32 G006 0 10 B 8 K R A FF
W K A AR R B AR Fe i, LR IR A B 5 1 33.91

F4 BNHERXIKBREEXREBHERS
FEER R (kg hm™)
Table 4 P cycle and balance of integrated rice—crayfish system
and rice monoculture system (kg*hm™)

T H Item RM  RCfeed 1 RC feed 0

Py A FBHE Chemical fertilizer  39.30  39.30 39.30

Input S\ R Rice seedling  0.02  0.02 0.02
Tkl Feed — 5.70 —

F4F Rainfall 0.22 0.22 0.22

ZIUF Juvenile crayfish — 0.44 0.44

HEMEIK Trrigation water  2.00 2.40 2.40

&1 Total 4154 48.08 42.38

Pt IKFERT KL Rice seed  33.89  36.48 35.78
Output JRAF Adult crayfish — 0.76 0.61

A1 Total 33.89  37.4 36.39

PG & IKFEHLZR Root 1.69 1.82 1.74

Return KREREAT Rice straws 2879 3171 38.80

WR5E Crayfish shell — 0.38 0.30

A1t Total 3048  33.91 40.84

P F-f4 Balance 7.65 10.84 5.99

kg - hm™, 5 B A &1 70.53%. RC feed 0 4b B 45
RC feed 1 40U/ 1 kb A, ACIEBE 5 S A
(9 92.73% ; Wi i i 4 36.39 kg - hm™, A K A Af ok i
17 98.32% , AR~ HE N 274 kg hm ™ B & EoN 2.21 g-
kg™, THEEAS LR S AR 0.61 kg - hm™, (B 4
1) 1.68% ; 72 e A I 1 Tl SRy K S s P K RS AR R
FIRSERE , HBE G R A 110 40.84 kg -hm2, (5 B4
A1 96.37% ., M4 A< H - #5 19 1155, RM.RC
feed 1 F1 RC feed 0 4b 4 H # - 7 43 %1~ 7.65 .

&3 AN IER AN K RS SRR S ok R AR R B A IR MK

Table 3 P uptake of rice plant of integrated rice—crayfish system and rice monoculture system

wE b E At EXT sy WL
Organ Treatment Biomass/(kg-hm™) Total P content/(g-kg™) P uptake/(kg-hm™)
KPR RM 11 867.25+1 235.28a 2.84+0.13a 33.89+1.64a
Grain RC feed 1 12 998.44+639.20a 2.76+0.09a 36.78+2.41a
RC feed 0 12 052.44+653.96a 2.89+0.03a 34.78+1.98a
E RM 8 326.22+288.59a 1.76+0.22h 14.58+1.51b
Stem RC feed 1 8 516.05+403.98a 1.98+0.24ab 16.83+1.62b
RC feed 0 8 962.38+313.14a 2.39+0.18a 21.45+2.10a
nf RM 6 735.54+89.76a 2.11+0.14a 14.20+0.80b
Leal RC feed 1 6 940.93+317.77a 2.14+0.06a 14.87+0.89h
RC feed 0 7259.10+524.67a 2.28+0.08a 17.35+1.46a
LitE RM 2391.04+217.98a 0.71+0.03a 1.69+0.08a
Root RC feed 1 2 640.41+93.34a 0.69+0.02a 1.82+0.12a
RC feed 0 2405.57+115.23a 0.72+0.01a 1.7420.10a

WWW.QEs.0r9.CN
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Figure 4 Distribution of P and P use efficiency in rice field system
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Figure 5 Dynamic change of TP and DP concentration in surface water of paddy fields
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