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Influence of potassium fertilizer reduction on rice yield and potassium utilization efficiency under wheat straw
incorporation condition
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Abstract: Long—term crop straw incorporation experiments were conducted to understand the effects of wheat straw return and potassium
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fertilizer reduction on soil potassium content, potassium accumulation in rice, and potassium utilization efficiency, as well as rice yield,

under the rice—wheat rotation system along the Yangize River region. Five treatments, including wheat straw return plus formula fertilization
(Koo ), wheat straw return plus formula fertilization and potassium reduction by 10% (Ko ), heat straw return plus formula fertilization
and potassium reduction by 20% (Kse ), wheat straw return plus formula fertilization and potassium reduction by 30% (Kzos ), wheat straw
return plus formula fertilization without potash (Ko) were conducted in the field for 3 years. Compared with Kios, Ko increased soil total
and available potassium by 3.31% and 6.38%, and the total and net potassium accumulation in rice increased by 1.55% and 5.13%. Kso
and Ky decreased soil total and available potassium by 12.58%~15.31% and 4.26%~10.64%, respectively, and the total potassium
accumulation in rice declined by 7.49%~13.62%(P<0.05). Both Ky and Ko increased the net potassium accumulation by 0.48%~1.78%,
and Ksox increased rice yield by 2.32%, whereas Ks decreased rice yield by 6.43%. Compared with Kioos, Koos, Kson, and Ksoe significantly
improved agronomic efficiency (15.51%~24.53% ), partial productivity (17.96%~25.40% ), potassium absorption, and potassium utilization
efficiency (17.53%~55.36%) (P<0.05) of rice. However, reduction of potassium fertilizer over 20% decreased the economic profit. Under
the condition of wheat—straw incorporation, reduction of potassium by 10% had no influence on soil available potassium but improved
absorption and accumulation of potassium in rice. Nonetheless, reduction of potassium by 20%~30% decreased soil available potassium
and absorption accumulation of potassium in rice. The reduction of potassium fertilizer less than 20% did not have significant influences on
rice yield, but it increased the agronomic efficiency, partial productivity, absorption, and utilization of potassium fertilizer, as well as
economic profit after wheat straw incorporation into the soil.

Keywords: wheat straw incorporation; potassium fertilizer reduction; rice; yield; potassium utilization efficiency; soil potassium
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1.2 RIEH#

VAR A% X R A - 22 PR 2Tl , 2017—2019 4F 7K
FEFU/INE SRR 1. 2017 AEF-IE /KRR, T 2E /1N

R1 AEFEBKEFNE R

Table 1 The variety of rice and wheat in different years

TE) Crops 2017 4F 2018 4F 20194F
KA R 18 HIHE9108 BUmL 882
Rice Zhendao 18 Nanjing 9108 Huiliangyou 882
NGz TH13 TH13 TH13
Wheat Ningmai 13 Ningmai 13 Ningmai 13

TE ARG/ N ARG

Note: Years refer to the wheat harvest year.
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FEREHHRSTE . 2R 723 ¢-kg, &M 1.01 g- kg,
44119.82 g- kg 2018 LRI FENE Y N /INEE , /INZZ R T
Fnoa . 2R 704g-kg', 2112 g- kg, &M
2047 g-kg'o 2019 AE/NEFERF IR 40 & 2R .37
g kg, &M 1.04 g-kg', &1 22.59 g-kg ',

- Ry T A DU 20 3 AR B R KA
+, R A A . 2017 AR IS T 4R B Y L Atk
+ I BN AP 30.05 g- kg, R 117 g+
ke, B R 108.34 mg - kg™, A5 A% 15.84 mg kg, 4
Bl 23.76 g-kg™, BACEN 140.29 mg-kg ', 133 pH 5.43,
FH S T 254t (CEC) 14.21 emol -kg™'

HEAEARE B 5L F 43 318 PR 2 (N 46%) 555
(P05 12%) SFALH (Ko0 60% ) ; Ji& 2452 o [ e L B
24 e A M B 5 R X R 5 e 4 A BILA S
AR (BRRAD A 806 F AL S5X107 efu-g o
1.3 iRXEig it

A 5% R R /N R 5, /N XK 12,5 m, 8 4
m, TEA/NX AL 50 m?. AR 4G 2017 4F + 569 ST
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i 5 A4 BR L 2 B8 - (1) FF 8 B +fc it AR
(Kiooe) H (2) ;F?l: i B+ B jf it AE %EFI AE yﬁ 5 10%
(Koose ) 5 (3) F FF34 FH + 5 77 it JE 280 TS 0 £ 20% (Kisor) 5
(4) FbHFF 3 FH + 150 777t A 0 JES i i 309% (Kiowe) 5 (5)
AR H +BC 5 i AEAS it I (Ko) o FE 7 it I 22U it
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2%, it FH R A % T8 ) s TR T R, s T K R it
3~4 do BEAE6 A FAJHEK IS FEEATES 2 Uk B 9
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AP, BAE 11 ] _EAJISR . AR A (1 bR IR )
925 emx14 em , F I % L 28.6 17 -hm™, B¢ 3 ¥k
YT o USRS A, 25 /0N DX g H 3 A R ] R H

1.4 MWEMBSA*

FEKAE S BEWI (BR4E 7 H BA)) BT B (B34E 8 A
FAD) AR (REAE 9 T B A AR (B4R 10 T R
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PR EAMG FHZE K w0, 25 0 B B 5 R AR
AAEHAE 105 °CF &7 30 min, RJG7E 75 C T2
H B FERRAR SR, B 5 R HaS04~H,0,
T, KAEOCRETHEI E o 7ERIN , STtk R A
Y@ G TR G B A R TRl = ) S e R T <
LR 7 it (kg - hm™) =A 08 (X 10* - hm™) x B A7 5L
(kL) x TRLHE (g)x0.85x107,

TRAF A AR AN [ A2 B0 R SRR B 2 R A%
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SRR+ R R
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R RS Rz A ) R 23R = i 8 S XK R R 2R B R R
T — AN it B DX KR B R R R )/ IE A x
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KRG = ) it B0 A X K R 7= B x 100% o

F IR JE 4L 2 mm i B F pH WA, 3 1 mm 5
FH T 08 2R AT 80 L RCE B R L 5 0.15 mm i
TR i 2 0INE . pH R B3 ARk,
P 2R R R AR 7 AT 00 2, A 30 R FH Olsen 3253001
FE L, HLAR A R IR A 2500 5, CEC R & R 8% 5
PN R, A Wl R P RO Rl N, R R
NH.OAc 28— KA G RE TR

B0 48 b B AE B SR F Microsoft Excel 2013 1
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Figure 1 Effects of wheat straw incorporation and potassium reduction on the total and available potassium accumulation

of soil at different growth stages
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(P<0.05) o 5 Koo F . , Koo A B 1Y 4 32 3 500 5 5
3AESEHIHEE 0.65% , Koo A Koo AL FH ) - 398 58505 40 15
T 3R HI AL 8.50% 112.98% .
22 $HEREX K BEKNEESEMNEN
TEAF A B, KA A [ A7 #4025 % 1 B A I it
FHE BOU TBE F R, HLA 25> SRRA I (K 2) .
FEAS Rt S I Ak 38 v A 2 Lt P 20 M s 7Kk e
PR 2 5 38 T OB AL R A AR AR Kow A0 FRAY
IKFEBR R T i i o FEATBE, Koow AL TR /K FEFAAC Y
B 3R S N 27.27 g- kg, FUB B IR 10%~
30% AL PR  H2E SRR . ERTTI KRB S
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A, KoAh #H A /K R 25 (9 B0 28 3 1 S 2 (0 T ol o
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B KFEZEA R S8 L K I, 3 F & B
H31.05 g- kg™, 23 B EE Koo« Kson Koo F1 Ko - 24 755
9.21%.2.23% .3.82% F117.76%(P<0.05) . {ER{ Y,
2017 A F1 2019 A K FE 25 WP A 285 1 52 B0 K 00> Koo
Ksore> Ko > Ko F R AL 5 Kroor AL HH 14 7K AT 40 2 A1 3 4F
Sd A i (13,77 g-kg ™), 43500 BE A 40 A A B0 g
12.53% . 14.47% .18.51% 1 19.43% (P<0.05) , 2018 4F-
12019 A FEEBAN 2R 5 1 LA Koo AL IR 157 o

23 SR ENABERNEERRENT MW

KRB R BRI B K R AR 0 00 HE R 1T 34 47 3
T CHE 2) 78 LA 8 B s (8L, 3 4871410 253.42~
343.16 kg-hm™, KAFH R B R R AE D BE EH Y
SUTRNAR T 4 2 b R ok 7 A e R A A
BETNART A% o TERARIN 2 1, B0 R BRI L) Koo
ARFRA e , LA Ko A P S5 I, L i 0 L i 2 1)
BETT 6 I . TESNBE , Koo L0 R K A 40 25 2 A
W 1 T B0 B U B 109%0~30% A AEFE . ZE3R T, Koo «
Koos,  Ksoer + Koo 58 KOALI‘EEE/JZ'(*I‘?@%%*R% 3 ﬁzl}zﬁj
P2 55 47.72% . 45.38% .33.15% F122.86%. 1EHhiEN,
Koo 48 Koo A0 PRI K FE B 28 BRI 3AE -394 R T
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(R, HE AN IE AL BT 30.05% , 1k B 3 22 5K
FE Kioor + Ksose « Koo 20 BRI K AF B R B A P &,
HESARE . 5 Koot H, Koo A FRHE 4 R B
i 1.55%, 1M Koo A1 Koo 2 B 43 551 B AL 4 R B AL
7.49% 1 13.62% .

IR A A R B 3R 3 481 343 SRR LAl A
B®Z, b B 37.929%~47.55% ; FLR 24k,
17 27.23%~31.08% (&1 2) . FE53 BEHA , ASTa] 4b B 7K
FETAR PR 2 ¥ R AR IR 3 41458 9.48~10.02 g+ hm ™,

F2 KFEEKHRSELT M (g kg

Table 2 Potassium content in different parts of rice(g-kg™)

GRFRAEMy 4NEEM 75 1 Shooting stage I Heading stage SR Maturity stage
Treatments Year Tillering stage 2% Stem i Leaf T Spike i Leaf 2% Stem T Spike M Leaf 2% Stem
Kiow 2017 28.67+0.55a 26.74+0.67a 16.18x1.15a 6.72+0.66ab 15.66£0.28ab 20.96+2.41b  3.96+0.25a  10.0120.56a 23.8120.21a
Koo 24.09+0.35¢  23.8+0.53b  14.97+0.34a 6.37%0.15bc  16.28+0.34a  24.62+0.34a  3.620.12abc  9.15£0.93ab 18.1720.95h
Ko 23.3120.80c 24.87+2.04ab 16.29+1.64a  5.97+0.28¢c  16.3620.68a 25.64x0.53a  3.29+0.21c  8.92+0.31b  17.4420.46h
Koo 26.84+0.90b 23.95+0.75b 15.48+0.43a 7.09+0.37ab  14.85:0.60b 24.82+1.00a 3.50+0.20bc  8.80+0.55b  17.24=x1.11b
K, 26.17£0.47b 24.28+133b 15.97+0.81a 7.37+0.63a  13.73:0.25¢  21.49+0.60b 3.75+0.04ab  8.65+0.17b  17.63%0.72b
Ko 2018 23.69+0.35b 23.75+3.58a 19.63+1.29a 12.55x1.04a 23.10£1.36a  33.78+1.83a 4.12+0.11abc 12.19+0.43a 26.10+0.61a
Koo 22.0042.49a 24.44+3.03a 21.08+4.58a 11.39+0.74b 21.21x0.14bc 34.88+1.58a 4.21+0.68ab 11.38+1.31a 25.30+2.24a
Ko 223122.77a 24.61£5.06a 19.10£0.95a 13.27+0.91a 22.25+0.97ab 34.98+1.13a  4.35:0.44a  11.49+2.55a 26.77+2.30a
Koos 21.96+2.94a 22.08+0.76a 18.82+1.49a 11.32+0.72b 20.14£0.90cd 32.36+2.87ab 3.76+0.51bc  10.85+1.60a 25.35+1.48a
K, 19.64+2.68a 15.38+6.97a 18.49+1.57a 12.69+0.68a 19.34+1.56d 31.10£1.05b  3.58+0.22c  10.54+0.48a 27.40%1.11a
Koo 2019 29.4620.61a 13.55+0.01a 11.94+1.40a 12.22+0.67a 25.88+0.98a 32.00+2.36a  4.54+0.33a  19.10+0.98a 29.12+1.35a
Koo 29.1540.53a 13.35+1.53a 11.84+0.48a 10.58+2.36ab 25.87+0.55a 31.84+1.0la  4.62+0.26a  16.17+0.67b 28.70+2.03a
Ksor 28.98+2.36a 13.08+0.63ab 11.69+0.49a 10.98+0.53ab 25.48+0.47a 32.54+1.11a  4.232027a  15.67+0.66b 25.85+1.75a
Koos 28.57+1.29a 12.93+0.44ab 11.51£0.44a 10.76+1.44ab 24.87+0.65a 32.52+1.96a  4.08+0.31a  15.20+1.31b 25.25+2.32a
Ko 27.47+1.37a 12.50+1.26b 10.73%0.14a  9.55+1.09b  24.78+0.96a 26.85+1.45b  3.76x0.24b  15.39+2.90b 22.70+0.55h

T PR — AR 00 R — S B3 I A M () R 3R AR B 22 S AN 225 (P>0.05) . T IS

Note: Identical letters within same column in same year indicate insignificant differences at 0.05 level (P>0.05). The same below.
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Figure 2 Effects of wheat straw incorporation and potassium reduction on the total and net potassium accumulation

of rice at different growth stages

EARFRIE] (Koo~ Ko) EA B35 255 o TEHRTT I A1l 7k
91, K R AR AR A PN B0 2% e B2 o i M Dl o L £ ) 24
Jin i 22 i B A, FE B IE e i 10%~30% B, PR T
Koo FERCERI | KRR HE IR 9 B0 254 R R 22 L Kooow
> Kso> K> Koo > Ko IR 5 5 Kroore B HE Koo« Kisose Fll
Koo A0 R A 7K AT B 22 1 B AR 70 Il $2 155 5.13% . 1.78%
#10.78%.
24 SHERENKBFEREMRBEZHZM

2017 4= 7K A 77 2 Bt 4 A vk 2> 52 B0 SG FR AR T 5
e, 2018 4 F1 2019 48 7K Fif ™ i B AL D /> 2 B
SeHEME AR R (K 3) . 2018 4 F12019 4, AN [H]

Jit B R Ak B A 7K AR 7 5 B Koo > K> K o> Koo >Ko
YR , 1T 2017 45 7K A5 7 4 D0 DL Koo 20 38 1) 5 155 o
IR P b I 3R, AN [R) it B AT A 3L ] 7K A
A RSB SC TES D  LA) F E n 2 SE BE I R AR Y
B H 22 58 B3 (P>0.05) 52017 412019 48, K
FERE A LA Koo A0 BRI 152155, 15 Kloow FH Kisor A L 22
SRR E 5 KoM O B E RS T 17.45%. AN
Jit B AL BRI KRR O S5 SR M TR E I 22 5% . 3
LR BN, 5 Kioow A0 FRAH EE , Koo F1 Ko AL BEF- 4
P KRR R 2.19% F12.32% (P>0.05) , {H J2 Koow A0
PRREAR T /KRG 7™ & 6.43%(P<0.05) .



2602

RAIRER}

2.5 $HRERE XK TSR IER A RFNE F R HA T
INZERERT I W, BRIE DA 109%~30% 14 b 35 i

ESL T KRG AR IE AR R (K 4) . B E 10%~

30% [ A BE (Koo  Kson F1 Koor ) (5 KRG A 24505 i 2E

FR

F39EF 11H

PR IR IR R 3R 2 BT AR, TTEkR YRR
TE14.72%~32.81%. B NEIL 109 4B 1A 22 800%
P A 7= 3 F0ER IR R 23 AR 2 EE Kooow A0 B 5
17.80% .18.36% Fl117.17% , Y93k 5|25 5 1 2 X yi %S

3 NETEFTE B IRE E X K FE R A A ST

Table 3 Effects of different potassium fertilizer reduced applications on yield components of rice

PSR T RO K TR FE L 100% AR
Treatments  Year  Valid panicle/(x10*~hm™)  Grains per spike  Filled grain rate/% 1 000—grain weight/g  Yield/(kg+hm™) 7 21%
Koo 2017 356.83+19.46a 106.59+2.05a 0.81+0.04a 23.43+0.04a 7 190.64+496.13a —
Koose 362.22+17.57a 114.87+9.44a 0.80+0.09ab 21.01+1.19ab 7 022.42+866.99ab -2.34
Ksos 397.78+15.43a 106.39+3.25a 0.80+0.01ab 21.71+0.83ab 7 398.60+802.92a 2.89
Koz 370.63+18.10a 105.02+6.75a 0.81+0.01a 20.44+0.65ab 6 450.37+667.86b -10.29
Ko 350.48+15.77a 104.15+7.94a 0.77+0.02b 19.83+0.45b 5903.22+831.26b -17.90
Koo 2018 353.33+41.83ab 114.37£19.03a 80.07+1.31a 21.41£1.70a 7 766.98+408.58ab —
Kooz 378.10+31.60ab 107.19+20.81a 81.17+0.74a 21.70+1.02a 8 125.99+585.11a 4.42
Koz 383.81+37.72a 101.84+18.66a 80.49+0.94a 22.00+1.94a 7 864.40+352.51a 1.25
Koz 350.48+23.79ab 106.62+13.42a 79.23+3.23a 21.58+2.01a 7 351.58+489.76b -5.35
Ko 331.43+30.10b 102.46+18.16a 76.68+0.79h 22.22+2.18a 6759.94+673.31b -12.97
Kioos 2019 338.81+26.73a 111.63+5.50ab 83.80+0.06a 30.54+3.37a 8 830.45+446.79ab —
Kooz 340.30+12.24a 125.26+4.43a 83.13+0.09a 28.32+4.18a 9 226.74+268.72a 4.49
Ksos 346.27+14.94a 112.13+4.09ab 83.83+0.04a 30.92+2.27a 9079.71+577.31ab 2.82
Koz 343.28+16.23a 102.08+14.91b 85.77+0.01a 31.34+1.67a 8 506.82+375.82ab -3.66
Ko 316.60+25.47h 100.53+2.82b 89.57+0.04a 32.31+1.38a 7 987.24+473.24h -10.17
R4 INETEFIEHRILREXKFERIEF AR R Z 50w B 200
Table 4 Effects of different potassium fertilizer reduced applications on utilization rate of potassium and economy
b O Bj“fﬁ)\’? Z??@'l’? Wﬁifzﬁ ‘fﬁaﬂﬂﬂ)ﬂ’?@ JJ@/E‘?% N H[ﬂﬂ?’&/\ LT
Treatments  Year Contribution Agronomic Partial factor Applied Potassium fertilizer/ Fertilizer input/ Output/
rate/% efficiency/(kg-kg™) productivity/(kg-kg™)  efficiency/% (kg-hm™) (yuan-hm™)  (yuan-hm™)
Kiooe 2017 32.14+7.17a 25.42+3.77a 79.89x1.51¢ 38.61+3.28¢ 90 1 943.99 16 535.96a
Koos 29.43+5.19a 26.16+4.43a 86.69+3.70b 45.53+1.44b 81 1 899.75 16 147.87ab
Ksos 32.81+5.79a 34.66+9.11a 102.76+1.15a 45.33+1.38b 72 1 857.38 17 157.02a
Koz 23.13+7.17a 24.56+9.05a 102.39+2.60a 50.84+0.31a 63 1814.79 14 762.66b
Ko — — — — 0 1 508.86 13 662.42b
Kiooe 2018 26.33+2.14a 24.69+2.30b 123.46+3.65b 28.33+1.86¢ 90 1970.31 18 146.16ab
Kooz 22.33+4.47h 29.13+3.98a 132.39+6.24ab 35.33+3.42b 81 1925.15 19 121.17a
Ksos 22.00+1.59b 26.30+6.73ab 148.11+2.62a 35.33+6.13ab 72 1881.89 18 486.91a
Ko 27.00+7.33a 22.59+5.72b 139.21+3.88ab 48.00+4.62a 63 1838.43 17 202.17b
Ko — — — — 0 1526.12 15982.12b
Kioos 2019  18.62+0.57bc 17.15+£0.43¢ 109.23+0.71d 33.57+0.17b 90 2107.63 20 674.93ab
Koos 23.40+1.45a 23.94+2.38a 150.90+2.15a 36.91+0.28ab 81 2 061.99 21 743.00a
Ksos 21.63+2.88b 24.90+1.55a 139.40+2.29b 38.49+0.10ab 72 2017.75 21 407.90ab
Koe 14.72+2.10¢ 19.36+1.94b 126.26+2.68¢ 55.38+0.30a 63 1973.97 19 973.62ab
Ko — — — — 0 1 656.03 18 951.05b

T AU WRIE B AN S5 L AR 2017 420 5145 1.97.,0.73.2.81 T - kg ' M1 2.70 J6 - kg, FATHE 2.57 TC - kg ' 1152018 4E 705314 2.00 ,0.74.,2.86
JG kg ' F2.74 JG kg FEAME 2.70 JG kg ' 1152019 4E43 31144 2.17 .0.80 .3.08 JC kg F12.97 I kg™ s R4 2.58 TG kg '+ 5 AT A T A& HAB A

Note:In 2017, the cost of nitrogen, phosphorus, potassium and compound fertilizer was 1.97,0.73,2.81, and 2.70 yuan - kg™, respectively. In 2018, the
cost of each was 2.00,0.74,2.86, and 2.74 yuan-kg™, respectively. In 2019, the cost of each was 2.17,0.80,3.08,and 2.97 yuan-kg™, respectively. The cost
of grain in three years was 2.57,2.70,and 2.58 yuan-kg™', respectively. Workforce and other prices were out of consideration.
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Table 5 Effects of potassium reduction on N/K ratio of straw ( stem
and leaf) in mature stage of rice under wheat straw

returning to soil condition

G Year  Kioon Koo Ko Koo Ko
2017 0.48 0.57 0.51 0.46 0.42
2018 0.30 0.41 0.42 0.38 0.37
2019 0.28 0.36 0.35 0.32 0.33
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