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Effects of one-off fertilization with common urea and controlled release urea
at a certain ratio on yield and nitrogen use efficiency of rice and wheat
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Abstract:  To provide a basis for the scientific application of fertilizers in the rice-wheat rotation system of the Lixiahe

area in Jiangsu province, a study was conducted on the effects of one-off fertilization with common urea and controlled-release

urea at a certain ratio on the yield and nitrogen use efficiency
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of rice and wheat. The study utilized the varieties Ningmai 13
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and Nanjing 9108 in a three-year field trial of rice-wheat rota-
tion in Gaoyou City, Jiangsu province. A conirol treatment
without nitrogen fertilizer (CK) was established, along with a
WO treatment ( 100% common urea, with 50% as the basal

dressing and 50% as the top dressing). Treatments with con-
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trolled-release urea substituting for common urea at different ratios in a single hasal application were set up (W3 treatment, 70%
common urea + 30% controlled-release urea; W5 treatment, 50% common urea + 50% controlled-release urea; W7 treatment,
30% common urea + 70% controlled-release urea; W10 treatment, 100% controlled-release urea). Additionally, a 20% nitrogen
reduction treatment (W]7) was set up based on the W7 treatment. The results indicated that the combined application of common
urea and controlled-release urea significantly enhanced both the yield and nitrogen use efficiency of rice and wheat. The highest
yields of rice and wheat were 8.26 t/hm” and 6.09 t/hm’, respectively, which were 18.3% and 34.4% higher than those of con-
ventional fertilization treatment (WO0). In addition, the average nitrogen use efficiency of wheat treated with W10 was the highest
in three years, which was 47.5%. The average nitrogen use efficiency of rice treated with W7 was the highest in three years,
which was 45.6%. Under the simplified co-application of common urea and controlled-release urea, reducing nitrogen by 20% did
not significantly affect the yield and nitrogen use efficiency of rice and wheat, but it did decrease the nitrogen accumulation in the
plants. The combined application of common urea and controlled-release urea increased the total nitrogen content and organic
matter content in the soil, and the total nitrogen content and organic matter content showed an overall increasing trend over the
three-year experimental period. Based on these findings, for the rice-wheat rotation system in the Lixiahe area of Jiangsu
province, a suitable ratio of controlled-release urea is suggested to be 70% for rice and between 70% and 100% for wheat.
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Fig.1 Effects of different fertilization treatments on the yield of wheat (A) and rice (B) from 2020 to 2022
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Table 1 Effects of different fertilization treatments on wheat yield components from 2020 to 2022

Efy TR CK WO kb B W3 gh W5 kB W7 AbFH W10 4bH WI7 4bH
2020 FEEC(x10°F8,1 hm?)  171.0£11.0d  306.0+17.0c  391.0+34.0a 363.0%35.0ab 354.0£8.0ab 381.0£41.0ab 349.0+7.0ab
FRLE (L) 22.3+1.2b 36.7+3.2a 39.3+0.6a  39.0+2.0a 37.3+2.1a  38.30.6a 38.0+1.0a
ThiE (g) 37.120.4¢ 39.8+0.2b 40.5£0.6a  39.7£0.4b 39.7¢0.1b  39.1£0.6b 39.5+0.1b
2021 FEEC(x10°%H,1 hm?)  211.0£37.0c  298.0£45.0b  399.0+25.0a 334.0+52.0ab 396.0%31.0a 354.0£40.0ab 370.0+11.0a
FRLEI (L) 21.7£1.5b 36.7+1.5a 36.7+0.6a  37.0+1.0a 35.3+0.6a  35.5%2.1a 37.02.0a
TRIE (g) 37.3+0.2b 40.8+0.5a 41.1x1.2a  40.2£0.9a 39.6+1.0a  40.5+0.9a 39.9+1.7a
2022 FEEC(x10°%H,1 hm?)  203.0£6.0c  258.0£26.0bc 287.0+37.0b 316.0+42.0b  373.0£21.0a 350.0£32.0b  384.0+45.0a
TERLEL (B ) 32.7+2.9d 49.0+0.5b 53.2+0.3ab  57.7+1.9a 57.5+2.8a 53.2+2.0ab 57.0+3.9a
THE(g) 37.6+0.7e 40.7+0.6d 41.8+0.1c  43.0£0.3b 44.1+0.6a  43.2£0.6b 44.1+0.3a
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Table 2 Effects of different fertilization treatments on rice yield components from 2020 to 2022

(A AL

AEA FEEEH CK WO 4bH W3 b W5 4bHE W7 b W10 4bH W7 ib 3
2020 FHEEC(x10*F#H 1 hm?)  231.0£29.0b 283.0+26.0ab 330.0£11.0a 286.0+57.0ab 336.0£20.0a 297.0+8.0ab  326.0+37.0a
FRLE (L) 94.7+1.4a  96.3%3.1a 96.5+3.4a  98.7+3.3a 99.7+4.5a 97.3+2.1a 93.5+2.8a
LESIR (%) 91.1#5.4b  94.1x1.7ab  96.7+2.3a  96.0x1.4a 95.8+1.0a 96.1+2.5a 96.1+1.3a
THIH (g) 23.7¢1.4b  26.7%1.5a 24.9+0.2ab  25.0+0.7ab  25.9%1.4a 26.4+0.6a 26.4+1.4a
2021 FEEC(x10*#H 1 hm?)  178.0£36.0b 203.0+35.0ab 211.0£32.0ab 222.0+25.0ab 260.0£53.0a 254.0+46.0a 247.0+34.0a
TERLEL (L) 94.2+10.9h 142.4%13.8a  140.2+6.3a  143.7217.5a  144.7+17.6a 143.1x8.2a  141.327.4a
L5 (%) 95.6+0.4a  94.9+0.4a 95.6+1.4a  94.9+0.5a 95.9+1.0a 95.6+0.5a 95.4+0.6a
THE(g) 26.4£0.2a 26.9+1.5a 27.1+0.4a  27.0:0.7a 27.5+0.7a 27.3+1.1a 28.1%1.5a
2022 FEEL(x10*H#H,1 hm?)  224.0+11.0c  260.0£12.0bc  288.0+14.0abc 274.0+13.0bc  356.0+17.0a  311.0£15.0ab 311.0+30.0ab
TR B (Chr) 84.1£16.9b 112.4+11.4a  114.8£11.0a 127.9£6.7a  126.7+13.5a 135.0¢14.4a  121.0£5.3a
S5 (%) 92.2+0.2¢  94.2£0.3bc  96.2+0.3ab  96.0£0.1ab  98.5+0.1a 98.0+0.1a 96.7+0.7ab
THIE(g) 25.1x1.1a  25.7%0.3a 25.9+1.0a  25.90.5a 26.5+0.5a 26.4%0.4a 28.1+0.2a
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Fig.2 Effects of different fertilization treatments on nitrogen accumulation in wheat (A) and rice (B) from 2020 to 2022
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Fig.3 Effects of different fertilization treatments on nitrogen use efficiency of wheat (A) and rice (B) from 2020 to 2022
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Table 3 Effects of different simplified combined application treatments on soil fertility of wheat and rice from 2020 to 2022

2020 INAE CK 13.95+0.43b 0.74£0.08c 0.65+0.14b 61.85+1.87d 61.37£6.02¢
WO 13.09+1.15b 1.01+0.08ab 0.78+0.06a 88.54+5.66b 72.01+5.17b
w3 13.94+0.73b 1.02+0.08ab 0.82+0.04a 94.79+4.30a 86.27+9.56a
W5 12.55+1.78b 1.06+0.08a 0.84+0.10a 89.02+6.82b 85.56+4.14a
w7 14.08+1.02b 1.02+0.01ab 0.79£0.05a 87.44+4.98b 80.14+4.22a
W10 16.87+2.12a 0.95+0.02b 0.78+0.10a 77.52+4.12¢ 71.47+7.72b
w7 12.75+0.80b 0.97+0.07b 0.86+0.10a 81.72+4.41c 79.97+4.28a

K AE CK 16.74£0.71e 1.07+0.12b 0.59+0.05bc 81.56+5.01c 73.72+1.05d
WO 18.04x1.33de 1.16+0.12ab 0.73£0.03a 129.12+12.61b 104.25£2.13¢
w3 18.20+0.50de 1.16+0.12ab 0.64+0.07bc 132.42+9.73b 119.21+1.84a
W5 19.04+0.95¢d 1.20£0.16ab 0.67+0.05ab 133.56+18.20b 117.90+4.16ab
w7 21.08+0.89b 1.23£0.05a 0.67+0.05ab 135.60+13.78ab 104.42+2.23¢
W10 21.82+1.49a 1.22+0.08ab 0.66+0.07ab 149.28+4.09a 112.37+10.45b
w7 20.28+2.04abc 1.24+0.15a 0.66+0.04ab 134.60+12.82b 102.45+50.00c

2021 N CK 14.28+1.25¢ 0.90+0.07b 0.64+0.07b 82.81+11.36b 60.17£2.05d
WO 14.49+1.14bc 0.95+0.04ab 0.82+0.07a 88.21£9.47b 75.67+2.35¢
w3 14.66+1.09bc 1.05+0.12a 0.72+0.07ab 96.52+15.91ab 81.87£9.01bc
W5 14.82+1.72bc 1.01+0.09ab 0.75+0.09ab 108.72+13.14a 93.86+9.26a
w7 15.96+1.12ab 1.03+0.18ab 0.77+0.12ab 108.26+5.31a 88.98+8.87ab
W10 17.12+0.98a 1.07£0.06a 0.76+0.08ab 105.70£0.72a 77.05£7.36¢
wJ7 15.25+0.68bc 1.07£0.14a 0.74+0.18ab 96.89+19.04ab 87.66+9.45ab
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IKFE CK 15.83+1.12¢ 0.78+0.09b 0.53+£0.04b 78.26+7.20d 81.23+3.17d
wo 17.30+0.43b 1.10£0.05a 0.81+0.03a 99.90+4.59¢ 105.12+3.41¢
w3 17.71+£0.25b 1.12+£0.01a 0.82+0.04a 110.19+12.53be 118.53+3.47a
w5 18.19+1.83b 1.15+0.15a 0.84+0.10a 120.76+9.61ab 117.23+6.29a
w7 18.53+0.62b 1.15+£0.04a 0.86+0.06a 120.86+17.09ab 104.42+1.65¢
W10 20.74+0.76a 1.19+£0.06a 0.90+0.10a 130.40+7.14a 113.05+9.57ab
wJ7 18.02+0.82h 1.14+£0.02a 0.86+0.10a 101.39+15.55¢ 108.55+2.64bc
2022 INEZ CK 14.59+0.65¢ 0.85+0.07d 0.65+0.01a 86.74+9.81d 56.05+4.90b
wo 15.91+0.69bc 1.15+0.01¢ 0.71+0.05a 97.14+4.91cd 74.77+22.99ah
w3 17.51+£1.32ab 1.22+0.01¢ 0.70+0.15a 106.69+6.13bc 83.51+12.74a
w5 18.08+1.15ab 1.33+0.02b 0.76+0.01a 124.90+12.27abc 78.43+4.47a
w7 18.59+2.14a 1.36+0ab 0.74+0.08a 131.84+3.47a 89.27+10.04a
W10 18.34+0.53ab 1.23+£0.04¢ 0.79+0.07a 128.37+4.91abc 72.94+4.11ab
wJ7 18.30+1.52ab 1.41+£0.01a 0.72+0.09a 129.53+16.02ab 88.17+8.11a
IKFE CK 15.82+0.24¢ 1.05+0.07d 0.61+0.05b 71.74+1.64d 67.03+£2.40d
wo 18.85+0.50bc 1.14+0.04c 0.71+0.06a 91.72+2.13¢ 99.52+3.06bc
w3 21.72+1.14ab 1.26+0.01b 0.74+0.07a 105.95+10.13b 96.90+3.07¢
w5 22.17+4.76ab 1.36+£0.02a 0.73+0.03a 109.04+4.65b 103.75+1.55b
w7 23.08+1.25a 1.37+£0.05a 0.71+£0.07a 123.06+6.79a 99.34+0.88bc
w10 22.60+7.91ab 1.33+£0.07ab 0.68+0.05ab 122.67+2.07a 109.67+6.08a
wJ7 23.03+8.31a 1.34+£0.05ab 0.71+£0.07a 115.01+5.72ab 111.79+6.83a
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Fig4 Correlation analysis between nitrogen use efficiency (NUE) and yield, nitrogen accumulation and soil fertility index of rice and wheat
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