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Effects of Raising Duck in Paddy Field on Soil Nutrients and Rice Pests and
Diseases Control

LAN Guojun, HU Xuefeng’, CHENG Chang, LUO Fan, LU Siwen, ZHAO Jinglong, ZHANG Weijie
(School of Environmental and Chemical Engineering, Shanghai University, Shanghai 200444, China)

Abstract: [ Objective ] A field experiment was conducted in paddy fields in the Dianshan Lake region of Shanghai to explore
effects of raising ducks in paddy fields on soil nutrients, field surface water, rice growth, and control of weeds, pests and diseases.

[ Method] The experiment was designed to have three treatments and one CK, i.e. duck-raising in paddy field (DR); No
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duck-raising in the fields irrigated with drainage from Treatment DR (ND); No duck-raising in the field irrigated with drainage
from Treatment DR, plus manual weeding (NDW); and rice cultivated as usual with irrigation of normal water (CK). No
pesticides and herbicides were applied during the whole experiment to prevent their disturbances to rice and duck growth, soil
nutrients and enzyme activities. [ Result ] Results show that all of the treatments, no matter whether it was directly affected by
duck raising (Treatment DR), or indirectly affected by irrigation (Treatments NDW and ND), increased the content of soil
nutrients. Treatment DR was the highest in the effect, being 11.0%, 17.6%, 11.5%, 13.3% and 13.6% higher in content of total
nitrogen, alkali-hydrolyzable nitrogen, available phosphorus, readily available potassium and organic matter in the soil,
respectively, than CK during the rice growth season, and Treatment NDW and ND was 9.8%, 8.4% and 10.9% higher, and 3.4%,
2.1%, and 7.1% higher than CK, respectively, in content of alkali-hydrolyzable nitrogen, available phosphorus, and readily
available potassium. Meanwhile, stirring of the flooding water by ducks in Treatment DR increased the content of dissolved
oxygen and hence microbial biomass and activities of soil enzymes, especially the activity of urease, catalase and sucrase, by
21.0%, 20.6% and 13.9%, respectively. Thanks to the activities and fecal excretion of ducks in Treatment DR, the flooding water
in Treatments DR, ND and NDW was significantly higher than that in CK (P<0.05) in nutrient content. Especially on September
26, the flooding water in Treatment DR peaked up to 1.18 mg'L™', 0.40 mg-L™" and 0.93 mg-L", respectively in contents of
ammonium nitrogen and available and total phosphorus, or was 137%, 177% and 316% higher than in CK. Pecking, trampling
and stirring of the ducks in the fields effectively inhibited weed growth, reducing the density of weeds by 91.6% on average in
Treatment DR. In contrast, the density of weeds was the highest in Treatment ND and then in Treatment NDW and in Treatment
DR, suggesting that the effects of regular manual weeding in the paddy fields on weed control were not so good as that of raising
ducks in paddy fields. All the treatments, DR, NDW and ND, stimulated tillering of the rice significantly or by 34.2%, 32.1% and
33.6%, respectively. The incidence of rice leaf rollers, sheath blight or rice planthoppers was significantly lower in Treatment DR
than in CK and the other treatments. Moreover, Treatment DR was also significant in yield increasing effect, with grain yield
reaching up to 8 507 kg-hm >, 1.42 times that of CK. [ Conclusions ] In general, raising ducks in paddy fields can improve soil
fertility, inhibit weeds and reduce incidence of rice pests and diseases effectively, which is beneficial to minimizing the utilization
of pesticides, herbicides and chemical fertilizers in paddy fields and controlling non-point source agricultural pollution. Moreover,
it helps produce high quality healthy food - rice and ducks.

Key words: Rice-duck symbiosis; Soil nutrients; Flooding water; Weed suppression; Insect prevention
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Fig. 1 Contents of nutrients in flooding water of the paddy soil relative to treatment
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Fig.2 Contents of nutrients and organic matter in the soil relative to treatment

http://pedologica.issas.ac.cn



1304 + b1

T 58 4

FEmg St FIEA LT O B E S, — e
B TS ZE 0 HE A RIS DR SR B 5 0 — D7, g
PREE 2B ALTE . R R IRk, AR T4
ML o i, (045 RHEA L R G 2 fi o7
P&ANTImgg', P3.6mgg’' M K55mgg’,
A EEMNHE TR, Wik, MHEY S+
BR . BERHADE FRY BN . B B
B, FIEY AR, X E > 1 e A
ISR ARG, WD T OK)Z TR (DO) 1Y
F&, MBI TKZ S DO SR W F R T
I T A8 KRR Z SR T,
Heh B R AL A e s T IR R
PR TR AR, I T & R
b, AR T KRR AR AR P B B
BB, P T IR BNFRAIEAE, WA AT+
B O R, B2, SEAREMIL, g+
HENE O G, A LA RN,
2.3 ESFEH AR TR FEEE AN

THMAY R HIEEE NS, 25 HIEASR
GEh Y AR FIRE LA . TEKRTAE R, ND.
NDW . DR Kb SRR . FOR . i B 2y

T CK, fEKFEAK G 22 5 ik 8] B 2K F
(P<0.05) (% 2), MiH, DR ZbPH 434N | sk
BT E B A3 85 T ND, NDW 4B, A RAE]
K (P<0.05), /KFEAKEH (9 A 18 H ), DR
AhERANTE . ECR AL R AR Y & Bl T CK
130.9%. 50.6%F1 114.2%. FEPSILA 30T +Heys
fif E AT, NIRRT RIS,
T - s e i . BT AP
AU o 5 S RefE dE KRR 2R 40 Wy n 4k A=
RO AW AR R S R A 5 Y B
W, X SRR Wy A At T e A BN AR AE A
B i

- SR R R S B AR . PTG B
X ND, NDW, DR #b# + g . o Ak S
REWEBGG PEZ 5 T CK., DR &b B - 32t % 1 1 1 fin
s (B 3), KR4 K, ND, NDW. DR
b B A 0 S TR SRS MY CK15.4% .
8.6% . 20.6%. it I A G e A X6 A 3K 43 il 1) 3% P
HA—2 e E A . mrget R B, R RS fE
T E I KA, H MRS S R
HFHA AR L eiREs . BEREE . 1

®2 FRELETHEHIBRMENHE

Table 2 Microbial numbers in the paddy soil relative to treatment / (x10° g”' (Dry soil))

H Qb MAEHFIZE Microbial species
Date ( mm-dd ) Treatment 417 Bacteria K& Fungus JiXZE B Actinomycetes
08-04 CK 4.40+0.60a 84.41+16.83a 20.87+0.86a
ND 4.49+0.43a 84.88+3.97a 24.62+3.44a
NDW 5.11+0.58a 93.46+7.45a 23.94+2.87a
DR 4.23+0.32a 81.03+4.53a 23.04+1.99a
08-18 CK 17.74+2.74a 97.14+3.17a 40.82+11.16a
ND 26.03+2.05a 116.3+£22.04a 41.36+6.24a
NDW 22.04+3.11a 120.2+£20.82a 39.87+6.09a
DR 27.37+3.06a 123.7+£26.17a 45.30+4.23a
09-18 CK 10.11+1.33b 69.55+6.29b 51.194+4.58¢
ND 23.09+2.83a 97.00+11.93ab 87.71+10.82ab
NDW 13.01+1.12b 97.38+10.78ab 80.33+6.63b
DR 23.34+3.06a 104.7+791a 109.6+2.61a

T R PEUEAFRIR 4 WA P I (bR E 22 5 7] — F AN [ ab B2 18] LE 4, O ) 5 ) 267 22 53 1 i 35 ( P<0.05 ). Note: The values

in the table represent the Mean+SD ( n=4 ) . Different letters indicate significant difference between treatments on the same date at the P<0.05

level.
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Fig.3 Activities of soil enzymes relative to treatment
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Fig. 4 Plant height of the seedlings and number of tillers of the rice plants relative to treatment
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Fig. 5 Biochemical properties of the rice plants relative to treatment
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Fig. 6 Density of weeds in the field relative to treatment
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Fig. 7 Incidences of rice pests and diseases and number of spiders in the field relative to treatment
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Table 3 Rice grain yield relative to treatment

s AL FE IR AL ThiE ZEYR LTSy SR
B
Effective number Number of grains  Thousand-grain Seed setting Theoretical yield Actual yield
Treatment
of spikes/m™ per panicle weight/g rate / (kg:hm?) / (kg-hm?)
CK 218.4+11.85¢ 123.5+2.44a 27.24+0.41a 0.84+0.02a 6 140+£31.6d 5977+199.4¢
ND 266.4+10.22b 132.6+10.81a 27.07+0.57a 0.75+0.02b 7 090+£339.3¢ 7 667+192.5b
NDW 304.9+£17.30ab 132.0+3.55a 26.35+0.65a 0.79+0.02ab 8 333+277.3b 8 241+182.4ab
DR 313.0+10.30a 128.6+4.25a 27.28+0.25a 0.84+0.01a 9 109£168.9a 8 507+302.5a

HE « R BA [F) A e 7m AS [R] Ak PR ] 22 57 i 2% ( P<0.05 ). Note: Different letters in the same column mean significant difference between

different treatments ( P<0.05) .
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