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systematically studied, in order to provide scientific basis for rational K fertilizer application under straw return of
rice. [ Methods ] A located field experiment was conducted in Qianguo County of Jilin Province during
2015-2019. Six rates of K fertilizer (K,O) treatments were setup, including 0 kg/hm* (K0), 30 kg/hm* (K30), 60
kg/hm’ (K60), 90 kg/hm’* (K90), 120 kg/hm’ (K120) and 150 kg/hm’ (K150). After harvest each year, the grain
and biomass yield, K content in plant were measured, and the contents of soil readily available, slowly available
and total K in 0—20 cm and 20-40 cm depth were analyzed. The K accumulation, K utilization efficiency and
apparent K balance in soil were calculated. [ Results ] Compared with KO treatment, the grain and biomass
yields were averagely increased by 7.6%—14.5% and 6.3%—10.9%, with the highest yields in K60 and K90
treatments. The harvest indexes were not significantly different among the K treatments. K recovery efficiency,
agronomic efficiency and partial productivity declined with increasing of K application rate. The treatments of
K60, K90, K120 and K150 increased the contents of readily available K and slowly available K in 0—40 cm
soil, but did not in the total K contents, compared with KO and K30 treatment. There was no significant
difference in readily available K and slowly available K in 0—40 c¢m soil among the treatments of K90, K120
and K150. The apparent K balance of soil were in deficiency under KO and K30 treatments during the five-
years period, just in balance under the K60 treatment, and surplus under the K90, K120 and K150 treatments.
When surplus rate of K was 0, the simulated K application rate was 53.1 kg/hm’, the achieved grain yield would
be 10035 kg/hm’, readily available K contents in 0-20 ¢cm and 20-40 c¢m soil be 103.04 mg/kg and 91.56 mg/kg,
and the K recovery efficiency, agronomic efficiency and partial productivity be 40.4%, 21.2 kg/kg and 202.2
kg/kg, by simulating between K fertilizer rate, grain yield, soil readily available K content, K utilization
efficiency and surplus rate, respectively. [ Conclusions ] Under the tested condition, the soil K apparent balance
will be in deficit when annually K,O rates is less than 30 kg/hm’, just in balance when K,O 60 kg/hm®*is applied,
and in surplus when K,O rate is higher than 90 kg/hm’. The high rice yield will be achieved at K,O rate of 60—90
kg/hm?, and the soil readily available and slowly available K contents will not be further increased at K,O rate
higher than 90 kg/hm®. The simulated application rate with annual soil K surplus of zero is at the range of K,0
50-56 kg/hm’, in which the rice yield, the K fertilizer utilization efficiency and the capacity of soil K supply will
be the highest under this experimental condition.

Key words: straw return; potassium application rate; rice yield; potassium utilization efficiency;
soil potassium; potassium balance
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Table 1 Grain yield, biomass yield and harvest index under different K treatments

f b5 KPR (k/hm?) AP (kg/hm?) IR
Year Treatment Grain yield Biomass production Harvest index
2015 KO 9156 +261 ¢ 18500 +245 ¢ 0.49+0.01a
K30 9880 +396 b 19670 =399 b 0.50+0.01a

K60 10587 £479 a 20596 +302 a 0.51+0.02a

K90 10503 =377 ab 20578 £330 a 0.51+0.01a

K120 10257 + 495 ab 20213 +236 ab 0.51+0.01a

K150 10048 + 244 ab 19912 + 596 ab 0.50+0.01a

2016 KO 8786+ 262 ¢ 17798 £355 ¢ 0.49+0.01a
K30 9558 £436 b 18989 + 165 b 0.50+0.02 a

K60 10126 +374 a 19680 + 416 a 0.51+0.01a

K90 10053 £439 a 19662 +337 a 0.51+0.01a

K120 9777 +£275 ab 19138 £361 b 0.51+0.02a

K150 9698 + 135 ab 19126 £235b 0.51+0.01a

2017 KO 9291 +259 ¢ 18539 + 567 ¢ 0.50+0.01 a
K30 10087 £282 b 19945 + 655 b 0.51+0.01a

K60 10829 +235 a 21120+302 a 0.51+0.01a

K90 10715 +207 a 20878 271 a 0.51+0.01a

K120 10427 + 215 ab 20520 + 338 ab 0.51+0.01a

K150 10323 +249 ab 20318 +495 ab 0.51+0.01a

2018 KO 8875+280 ¢ 17591 £499 b 0.50+0.01a
K30 9359+ 122b 18725 +362 a 0.50+0.01a

K60 9933 + 106 a 19525 +452 a 0.51+0.02a

K90 9816 + 153 ab 19094 + 408 a 0.51+0.01a

K120 9660 + 155 ab 19061 + 536 a 0.51+0.02a

K150 9483 + 187 ab 19036 +381 a 0.50+0.01a

2019 KO 9103 +425¢ 19031 +250 b 0.48+0.01a
K30 9782 +278b 19905 +305 a 0.49+0.01a

K60 10288 +293 a 20551 +623 a 0.50+0.01a

K90 10207 + 186 ab 20480 +329 a 0.50+0.01a

K120 10098 + 431 ab 20423 £+ 678 a 0.49+0.02a

K150 9920 + 293 ab 20304 +344 a 0.49+0.01a

HJ{H Mean KO 9042 +168.9 ¢ 18292 +102d 0.49+0.01a
K30 9733 +194.8b 19447 £ 223 ¢ 0.50+0.02a

K60 10353 +107.2 a 20294 +240 a 0.51+0.01a

K90 10259+ 117.0a 20138 +91 a 0.51+0.01a

K120 10044 +73.9 ab 19871 +105 b 0.51+0.01a

K150 9895+ 116.9b 19739+ 153 b 0.50+0.01a

Ji2E5MHT ANOVA
Ay Year (Y) * * ns

JEHH AL K treatment (K)

Y xK

ok

*

ok

*

ns

ns

# (Note) : [FFNEUEIG AR/ NG FREFR R —4F 0 - A0 B 22 57 .35 Values followed by different small letters in the same column mean

significant difference among treatments (P < 0.05) in the same year; ns—P > 0.05; *—P <0.05; **—P <0.01.
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Table 2 Apparent K balance of soil under different K treatments

1 s BEABE Input (kg/hm) (PR (ghmd) LT (ghm)) 24 (%)
Year Treatment FERF4 Straw K R0 Chemical K Crop removal Apparent balance Surplus rate
2015 KO 90 0 1255+1.5¢ —355+£39f —28.0+24f
K30 90 30 139.1+3.7b -19.1£18e -13.6£0.6¢
K60 90 60 148.6+1.2a 14+02d 1.1£0.1d
K90 90 90 147.7+18a 323+0.8¢ 21.9+06¢
K120 90 120 147.6+23a 624+25b 426+25b
K150 90 150 142.6+25a 97.4+53a 68.5+49a
2016 KO 90 0 119.6+1.8¢ —29.6+£24f —246+38f
K30 90 30 1348+4.8b -148+1.7¢ -109+1.5¢e
K60 90 60 1424+54a 7.6+15d 54+1.1d
K90 90 90 141.2+4.0a 388+2.1¢c 296+1.6¢
K120 90 120 139.7+39a 703+£3.2b 520+£2.7b
K150 90 150 138.4+4.5 ab 101.6+45a 73.5+43a
2017 KO 90 0 1246+19c¢ —34.6+£23f —277+12f
K30 90 30 143.7+3.6b —237+3.6e -165+t2.1¢e
K60 90 60 1549+32a -49+0.7d -3.1£2.0d
K90 90 90 152.9+2.9ab 27.1+25¢ 179+18¢
K120 90 120 1492+48b 60.8+1.8b 40.8+2.6b
K150 90 150 147.9+32b 92.1+32a 625+43a
2018 KO 90 0 1147+15d —247+15f —21.5+£3.1f
K30 90 30 1285+ 0.4 ¢ —85+04¢ —-6.6+03¢
K60 90 60 1458+4.4a 42+09d 3.0£09d
K90 90 90 141.5+2.0 ab 385+2.0¢c 272+18¢
K120 90 120 138.8+4.4b 71.2+£43b 51.8+3.1b
K150 90 150 1355+3.5b 1045+42a 77.4+4.0a
2019 KO 90 0 127.6 £4.7d -37.6+13f —294+£26f
K30 90 30 143.5+3.6¢ —235+29e -162+19¢
K60 90 60 1542+32a -42+0.6d -2.6£1.0d
K90 90 90 152.24+2.7 ab 278+2.1c¢ 184+29c¢
K120 90 120 1509 +3.5 ab 59.1+3.5b 392+3.2b
K150 90 150 146.8 3.7 be 93.2+3.0a 63.7+3.7a
V44 Average KO 90 0 122.4+4.44d —324+£15f —264+27f
K30 90 30 137.9+42c¢ -179+1.6e -129+1.0e
K60 90 60 1492+27a 08+02d 1.2£0.1d
K90 90 90 147.1+18a 329+1.8¢ 224+15¢
K120 90 120 1452 +3.7 ab 64.8+2.7b 44.8+34b
K150 90 150 1422 +3.1 be 97.8+45a 688+45a

H (Note) : [RIFVEE G AR/NG FBERR A — 407 4 AL B[R] 22 5+ 5.3 (P < 0.05) Values followed by different small letters in the same
column mean significant difference among treatments in the same year (P < 0.05).
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