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Effects of plow tillage and different water and fertilizer management methods on the soil properties and rice
yields of paddy under wheat straw returning
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Abstract: Toxic substances derived from returning wheat straw to paddy fields can adversely affect the growth of subsequent rice crops.

Therefore, it is important to develop tillage methods and water and fertilizer management methods that mitigate the negative impacts of straw
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returning. Accordingly, the aim of the present study was to compare the effects of plow tillage and different water and fertilizer management
methods on the physicochemical properties and rice yield of paddy fields. Field experiments involved eight treatments (control, fertilizer,
straw, fertilizer+straw, plow tillage, water replacement, prolonged immersion, and prolonged immersion+postponed fertilizer). The phenolic
acid content of the field surface water was effectively reduced by prolonged immersion. The nitrogen and phosphorus content of the field sur-
face water was also significantly lower in the fields treated with straw returning and different water and fertilizer management methods than
in the fertilizer—treated fields. The reasonable application of straw, especially under the plow tillage and water replacement treatments, could
promote the growth of rice; as compared to the yields of rice grown under fertilizer and straw treatment alone, the addition of plow tillage and
water replacement increased the number of effective spikes by 19.9% and 15.2%, respectively. In conclusion, the negative effects of wheat
straw returning on rice growth could be effectively mitigated by a variety of methods, including plow tillage, water replacement, and pro-

longed immersion, which could further promote plant nutrient uptake and increase crop yield. Considering the comprehensive effects of envi-

ronmental risk, plow tillage and prolonged immersion are better suited for situations in which wheat straw is returned to the paddy field.

Keywords: straw returning; plow tillage; water and fertilizer management; surface water; phenolic acid; yield
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Table 1 Experimental design
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Figure 1 Effects of plow tillage and different water and fertilizer

managements on the total phenolic acids content in surface water

of paddy field
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Figure 2 Effects of plow tillage and different water and fertilizer

managements on the total nitrogen content in surface water of

paddy field
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Figure 3 Effects of plow tillage and different water and fertilizer

managements on the total phosphorus content in surface water of

paddy field
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Table 2 Effects of plow tillage and different water and fertilizer managements on the soil fertility in paddy field

b3 AL BR A3 A
Treatments pH Organic matter/g-kg' Total nitrogen/g-kg' Available phosphorus/mg-kg' Available potassium/mg kg™

CK 5.33+0.11a 26.80+1.59a 1.61+0.01a 16.45+1.20ab 188.50+4.95abc

F 5.40£0.17a 25.63+2.51a 1.56+0.01a 14.95+0.35ab 163.50+7.78d
5.40£0.14a 25.65+5.44a 1.53+0.02a 14.40+5.37ab 170.00+12.7¢d

FS 5.63+0.25a 26.90+2.20a 1.59+0.01a 19.60+5.51a 184.50+9.19bc

FS+PT 5.43+0.15a 28.97+3.80a 1.78+0.02a 16.30+2.68ab 204.33+4.94a
FS+WR 5.43+0.15a 27.73£0.97a 1.65+0.01a 9.25+1.34b 189.33+5.65ab
FS+IP 5.47+0.25a 29.23+2.80a 1.81£0.20a 11.15+6.58b 182.50+7.78be
FS+IP+FP 5.60+0.02a 24.73+2.31b 1.54£0.01a 16.30+0.84ab 171.67+6.50bed

TE : (A S )N R R AL B A 22 57 .25 (P<0.05) 0 R 1] o

Note: The different lowercase letters in a column indicate significant differences among treatments at P<0.05 level. The same below.
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43 s 18] AR AR I it A ) VR i
2.5 BIMAARIKIEEEE B KBTEREMM
FSER:EA )

A REROR KT A B R W E A bR . B
F AT H FEFF IS AL PR A SRR 2 A i
FS+PT>FS+WR>FS+IP+FP>FS+IP>FS, 13d B B #k i 4%
BRI T A NE 4 5 360 AL FS+WR SR fe i, o

R3 BMHAARE KB E BB KBEKRT SR ERN 0
Table 3 Effects of plow tillage and different water and fertilizer

managements on the nutrient uptake by rice plants

fhgm 2R s el

Treatments Total nitrﬂgen/ Total [)h()S{)I}‘l()ruS/ Total p()laisium/
g kg g kg g-kg
CK 8.60+2.18bc 1.69+0.17be 22.45+2.03bc
F 10.00+1.61abc 1.82+0.14ab 20.95+3.14¢
7.05+0.23¢ 1.74+0.14bc 21.83+1.82bc
FS 9.32+1.02abc 1.6120.10¢ 20.71+4.15¢
FS+PT 9.76+1.16ab 1.2120.23d 26.77+2.41a
FS+WR 8.05+1.76bc 1.85+2.76ab 26.49+2.76a
FS+IP 11.51£2.39a 1.9424.07a 22.85+4.07abc
FS+IP+FP 10.05+1.65ab 1.69+0.32bc 25.25+2.51ab

R4 BHNARKBEEEEIKBIEEREMEERNZMN
Table 4 Effects of plow tillage and different water and fertilizer

managements on the rice yield and its components

AR EERERIER THRE B
Jb 3 . . . . .
Treatment Effective panicle  Spikelets per  1000—grain Grain yield/
FeAImENE - umber/10*- hm™ panicle weight/g  kg-hm™
CK 364.45ab 83.64a 2641a  8055.71a
F 396.30ab 87.42a 26.22a  9736.18a
366.82ab 101.66a 24.78a 8 600.69a
FS 347.80b 103.14a 26.15a 9 551.06a
FS+PT 417.17a 103.43a 25.57a  10937.58a
FS+WR 400.52ab 102.99a 26.04a  10871.41a
FS+IP 387.58ab 93.67a 26.57a 9732.57a
FS+IP+FP 389.42ab 93.06a 26.36a 10 048.25a
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