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Abstract: [ Objectives] In order to determine effects of phosphorus (P) and potassium (K) fertilizer application

and transplanting density (D) on double-rice systems, field experiments were conducted to study yield, yield

components and phosphorus and potassium use efficiency of double-rice in Jiangxi province. [ Methods] Two split-

plot experimental designs were conducted with different phosphorus and potassium application amounts and

transplanting density to study grain yield and phosphorus and potassium use efficiency. There were four P rates
(P,0,0, 60, 90 and 120 kg/hm’ designated PO, P60, P90 and P120) and four transplanting densities (21 x 10*,
27 x 10*, 33 x 10*, 39 x 10* hole/hm” designated D21, D27, D33 and D39) for phosphorus experiment. In
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potassium experiment, there were four K rates (K,0 0, 90, 120, 150 kg/hm’ designated KO, K90, K120 and
K150) and four transplanting densities similar to phosphorus experiment. The grain yield and its components were
measured, and P and K uptake and use efficiency were analyzed at rice maturity. [ Results] In the P and plant
density experiment for the same P level, the early rice yield and P uptake kept increased with the increasing of
plant density until that the P application rate exceeded 60 kg/hm*. The P recovery efficiency (REP) , P agronomic
efficiency ( AEP) and P partial factor productivity ( PFPP) were decreased in similar trends like yield. The highest
yield and REP were in combination of P,0, 60 kg/hm” and 39 x 10* hole/hm’, in which the yield was 5303.9
kg/hm* and REP 24. 4% , and the AEP 29.4 kg/kg. The highest yield and REP were obtained in combination of
P,0, 60 kg/hm” and 33 x 10* hole/hm’ for late rice, in which the yield was 7246. 9 kg/hm®, REP was 42. 4% and
AEP 36. 2 kg/kg. In potassium experiment, transplanting density and K fertilizer application increase K uptake for
early rice, the highest grain yield and K recovery efficiency (REK) were in combination of K,0 120 kg/hm’ and
density of 39 x 10" hole/hm’, in which the yield was 6376.3 kg/hm’, REK was 67.2% and K agronomic
efficiency (AEK) 15. 6 kg/kg for early rice, the three highest indexes in late rice were obtained in combination of
K,0 90 kg/hm” and density of 33 x 10* hole/hm’, in which the yield was 7025. 6 kg/hm*, REK was 74. 0% and
AEK 21.7 kg/kg. [ Conclusions] Rational combination of phosphorus and potassium fertilizer and transplanting
density can indeed significantly increase the effective panicle number of per unit area and total nutrient uptake,
which is the main reason for yield increases and fertilizer use efficiency. High P and K fertilizer applications alone
do not contribute to yield increases. The results suggested the optimum combination is P,0, 60 kg/hm’, K,0 120
kg/hm’® plus density of 39 x 10* hole/hm” for early rice, and P,05 60 kg/hm*, K,0 90 kg/hm’ plus density of 33
% 10* hole/hm” for late rice under double-rice systems in the studied region.

Key words: rice; P fertilizer rate; K fertilizer rate; planting density; grain yield; nutrient use efficiency
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Fig.1 Rice yield under different phosphorus rate and transplanting density
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Table 1 The grain yield and its components of rice under different phosphorus fertilizer application
and transplanting density treatment combinations
FFg Early rice M Late rice
wmie EEC g e TR e s e
Effective Effective
Treatment . Panicle  Seed-setting rate  Yield . Panicle  Seed-setting rate  Yield
panicles No. ) 5 panicles No. ) )
(No./n) grain No. (%) (kg/hm™) (No./m®) grain No. (%) (kg/hm™)

POD21 237 ed 107.5 ab 63.8 a 2213.4 h 226 ¢ 226.5 ab 90.0 a 3872.4 ¢
POD27 268 bed 104.3 ab 71.6 a 2577.6 h 246 abc 230.0 ab 89.4 a 4938.5 d
POD33 295 be 97.7 abe 72.3 a 2984.7 g 279 abe 190. 0 ab 93.0 a 5074.0 d
POD39 315 ab 94.1 be 71.9 a 3542.2de 295 a 186.3 b 87.8 a 4853.1d
P60D21 213 d 104.6 ab 65.6 a 3133.6 fg 238 abc 220.7 ab 89.1a 6125. 4 abc
P60D27 229 cd 108.2 ab 65.3 a 4149.8 b 255 abc 230.7 a 89.8 a 6970.3 a
P60D33 317 ab 96. 7 abc 77.6 a 4949.4 a 293 ab 219.3 ab 91.1 a 7246.9 a
P60D39 367 a 101. 6 abc 70.2 a 5303.9 a 290 ab 201.7 ab 91.3 a 6939.4 a
PoOD21 217 d 114.0 a 72.3 a 3504.9 def 252 abe 231.0 a 87.7 a 5668. 5 bed
POOD27 257 bed 105. 8 ab 66.1 a 3719.7 ¢d 288 ab 229.3 ab 91.3 a 6698.7 a
P90D33 295 be 99. 6 abe 63.3 a 4343.5 b 290 ab 218.5 ab 88.6 a 7103.1 a
P90D39 316 ab 94.4 be 72.4 a 5202.8 a 290 ab 203.3 ab 86.8 a 7060. 8 a
P120D21 200 d 104.2 ab 78.1 a 3255.3 effj 233 be 202.5 ab 84.3 a 5491.7 cd
P120D27 257 bed 101. 7 abe 69.9 a 3556.6 de 264 abe 205.5 ab 91.9 a 6427.2 abe
P120D33 264 bed 94.4 be 67.9 a 3968.3 be 268 abe 212.3 ab 90.7 a 6633. 1 ab
P120D39 309 ab 84.4 ¢ 69.0 a 5235.8 a 277 abe 210.3 ab 89.3 a 6985.2 a
D L ® % ns B ® % ns ns ® ok
P ns ns ns * ok ns ns ns # ok
DxP ns ns ns B ns ns ns ns

1 (Note) : P—BEIE P,0s5 rate; D—FHE %5 Planting density. UEJ5AS 6] FEEF /R AL FRIE] 22 5735 5% .3 7K - Values followed by different
letters are significantly different at 0. 05 level among treatments. ns— ik it & /K No significant; # * FRKF] 1% i Z /KFE Mean significant

difference at 1% level.
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Fig.2 Rice yield under different potassium application and transplanting density
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Table 2 Grain yield and their components under different potassium rate and transplanting density

Wi TR 2] 1 A 25 7S i Xk B R 1 235 S R U G B i
(%2) o fEF—HEHACH TR A SRR AR

FFg Farly rice

M Late rice

R 75%(?@4?& - SR - ﬁiﬂ%ﬁl — LIS o
Treatment Effective .1 Seed-setting Yield Effective Panicl Seed-setting Yield
panicles No. pa‘mlc ¢ rate 5 Panicles No. a}mlc ¢ rate )
(No./n) grain No. (%) (kg/hm™) (No./m®) grain No. (%) (kg/hm™)
KOD21 218 efg 98. 8 ab 83.8 ab 3259.6 ¢ 215 be 250.0 ab 87.2 a 3796.9 de
KOD27 244 cdefg 97.6 ab 80. 7 abc 3634.2 249 abc 212.7 ab 86.2 a 4435.6 de
KOD33 257 bedef 94.6 ab 73.8 be 4330.9 e 257 abc 216.0 ab 87.3 a 5074.3 cd
KOD39 286 abc 89.7b 75.0 be 4504.9 e 251 abc 205.0 b 85.8 a 4757. 5cde
K90D21 216 efg 104. 8 ab 87.1a 3538.4 g 201 ¢ 266.7 a 90.3 a 5667. 8 be
K90D27 263 bcede 100. 2 ab 81.3 abe 4520.4 ¢ 252 abc 220.7 ab 88.3 a 6517.7 ab
K90D33 284 abed 99. 6 ab 81. 8 abc 4906.7 d 297 a 197.0 b 87.7 a 7025.6 a
K90D39 307 ab 94.9 ab 82.4 abe 5649.5 ¢ 243 abc 218.7 ab 88.7 a 6603. 2 ab
K120D21 193 g 107.9 a 82.3 abe 3517.9 g 205 ¢ 229.0 ab 91.8 a 5632. 6 be
K120D27 200 fg 99.5 ab 80. 9 abc 4906.9 d 258 abce 211.0 ab 89.7 a 6246. 1 ab
K120D33 257 bedef 92.9 ab 79.5 abe 5783. 9be 279 ab 208.0 b 86.3 a 6195.8 ab
K120D39 325 a 90.8 b 82.2 abe 6376.3 a 247 abe 214.7 ab 88.6 a 6186. 8 ab
K150D21 225 defg 103.5 ab 84.0 ab 3700. 8 245 abc 217.7 ab 91.4 a 5526.9 be
K150D27 254 bedef 97.0 ab 80. 8 abc 4974.8 d 273 ab 207.7 b 89.0 a 6200. 8 ab
K150D33 295 abe 94.9 ab 71.1¢ 5653.3 ¢ 279 ab 206.3 b 87.2 a 6527.7 ab
K150D39 281 abed 96.7 ab 78.0 abc 6044.3 b 250 abc 216.0 ab 90.9 a 6347.7 ab
D * % * * * % * % % ns % %
K ns ns ns * % ns ns ns * %
D xK ns ns ns ® ok ns ns ns ns

¥ (Note) : K—#HE K fertilizer; D—Ffi# 2% B Planting density ; Z{{E )5 A~ 6] 7 BE 2 78 b B [A] 22 23k 5% 2 3 /K Values followed by different
letters for different treatments are significantly different at 0. 05 probability level ; ns—3/R A ik . Z /K F Indicates no significant; * Fl = * 43H|FIR
K F 5% F1 1% 5.3 7K F Mean significant at 5% and 1% level, respectively.
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Table 3 Phosphorus use efficiency for rice under different treatments

FLFg Early rice

MifE Late rice

WA g e
Treatment P uptake AEP REP PFPP P uptake AEP REP PFPP
(kb (kg/kg) (%) (kg/kg) (ke/hm?) (kg/kg) (%) (kg/kg)

P60D21 17. 3 def 15.3 ¢ 16. 0 abed 52.2 e 22.5b 37.6 a 34.9 abe 102.1b
P60D27 21.3 abed 26.2 b 23.0 abc 69.2 ¢ 27.4 ab 33.9 ab 33.7 abc 116.2 a
P60D33 22.6 abc 32.7 a 23.3 ab 82.5b 29.3 a 36.2 a 42.4 a 120.8 a
P60D39 25.2 a 29.4 ab 24.4 a 88.4 a 27.6 ab 34.8 ab 38.1 ab 115.7 a
Po0D21 16.5 ef 14.3 cd 8.7 cd 38.9 ¢ 22.1b 20.0 be 22.4 abe 63.0d
PO0D27 18. 8 cdef 12.7 cde 8.8 cd 41.3 ¢ 24.1 ab 19. 6 be 14.2 be 63.1d
Po0D33 20. 0 bedef 15.1¢ 8.9 cd 48.3 ef 24.5 ab 22.5 abe 16.2 be 78.9 ¢
P90D39 24.0 ab 18.5 ¢ 13. 0 abed 57.8 d 25.7 ab 24.5 abe 20. 6 abe 78.5 ¢
P120D21 16.0 f 8.7 de 5.6d 27.11 21.8 b 13.5 ¢ 16.2 bc 45.8 e
P120D27 19. 4 bedef 8.2 e 7.9 d 29. 6 hi 25.4 ab 12.4 ¢ 13.1 be 53.6 de
P120D33 20. 8 abcde 8.2e 8.1d 33.1h 24.3 ab 13.0 ¢ 11.7 ¢ 55.3 de
P120D39 23.9 ab 14.1 cd 9.6 bed 43.6 fg 27.1 ab 17.8 ¢ 18. 1 abe 58.2 de
D % ok * ok ns % ok % ok ns ns % %
P ns * ok # ok ® ok ns %k * ok # ok
DxP ns * % ns * % ns ns ns ns

1 (Note) : P—H#§ I P,05 rate; D—Fh#H %% &

* Planting density; AEP—I 28 f¢ 24 508 P agronomic efficiency; REP—I 28 W U F) F % P

fertilizer use efficiency; PFPP—i il 4= 7= /) P partial factor productivity. $U{H 5 AN [A) 75 Fn AL PR E] 22 53K 5% 23 /K F Values followed by

different letters are significantly different among treatments at 0. 05 level. ns—3/~ H ik g /K Not significant;

significant difference at 1% level.

=/
il

2.2.2 BB BEXKREER R A ARCR B X
TR 5, B % & X AEK REK #1 PFPK 1) 5
&L T B /K (£ 4) . AEK fil REK 5jif#

T EPIL AR, L KI20D39 4E B4 & 2, o

=

= B 1Ay, JJ
W 15. 6 ke/ke F167. 2% , Hovk 2 KOOD39 4bFiif

s % FniA T 1% B & 7K Mean

B8R 12,7 kg/ke il 62. 6% o Bl 40 135
hn, B PFPK 225 T [, LA K9OD39 4bFH4H 4 1Y
=, o 62.8 kg/kg, ¥k S K120D39, 3k 53.1
ke/kg, XF T Mo A8 1M & , AEK, REK #I PFPK #f )
K90D33 4b B 41 & i) 5 &5, 47 BN 21.7 kg/kg.
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74.0% F1 78. 1 kg/kg. i % i 40 5 (9389 1, AEK
REK F1 PFPK % F &%, K90 5 K120 1 K150
., AEK 435105 8.6 Fi1 10. 6 ke/ke, ifii REK 4351 &5
18.8 Fl 34.5 N H 43 sio TEAH [] 2 2 A, B A 1Y)

*4

AEK 2L T 5L, X PO A 7 i T
REK I 2 i #5575 90 keg/hm® IR g -7 , fEL
Wit 5t P 114 g B ) K R A B T A
SRR REK 5 TR

TR SRR T ARE

Table 4 Potassium use efficiency for rice under different treatments

FLFG Early rice

e fg Late rice

REHALT ARl BRSO
Treatment K uptake AEK REK PFPK K uptake AEK REK PFPK
(kb (kg/kg) (%) (kg/kg) (ke/hm?) (kg/kg) (%) (kg/kg)

K90D21 98.9 ef 3.1d 35.4 ab 39.3 de 112.8 ab 20. 8 abc 56.5 ab 63.0 b
K90D27 110. 0 def 9.8 be 40.4 ab 50.2 ¢ 125.3 ab 23.1 a 60.5 ab 72.4 a
K90D33 123. 6 bede 6.4 cd 58.0 a 54.5 b 145.9 a 21.7 ab 74.0 a 78.1 a
K90D39 128.7 abed 12.7 ab 62.6 a 62.8 a 123.7 ab 20. 5 abe 53.8 ab 73.4 a
K120D21 96.0 2.24d 23.6b 29.3 g 126. 1 ab 15. 3 abed 55.7 ab 46.9 cd
K120D27 121. 6 bedef  10.6 be 42.0 ab 40.9 d 117.8 ab 15. 1 abed 37.8 ab 52.1¢
K120D33 139.2 abe 12.1 ab 59.2 a 48.2 ¢ 131.7 ab 9.3d 41.2 ab 51.6 ¢
K120D39 148.9 ab 15.6 a 67.2 a 53.1b 118.4 ab 11.9 bed 35.0 ab 51.6 ¢
K150D21 115. 1 cdef 2.9d 34.2 ab 24.7 h 108.2 b 11.5 bed 30.2 ab 36.8 e
K150D27 126. 7 abed 8.9 be 37.6 ab 33.2f 117.9 ab 11. 8 bed 30.4 ab 41.3 de
K150D33 147.7 ab 8.8 be 54.2 ab 37.7 e 124.0 ab 9.7d 26.8 b 43.5 cde
K150D39 152.2 a 10. 3 be 56.4 ab 40.3 d 107.7 b 10. 6 cd 19.4 b 42.3 cde
D * ok EES ® ok * ok ns ns ns *
K * ns ns * % ns * ok B %k
D xK ns ns ns ® % ns ns ns ns

1 (Note) : K—HJIE K fertilizer; D—Fh## %5 & Planting density; AEK—4J1 & 4 %40 % K agronomic efficiency; REK—#] Z I i Fi| F§ R K
fertilizer use efficiency; PFPK—#HE A 7= 71 K partial factor productivity. U{E J& A [F) 75 32 7 4 $ [7] 22 53K 5% 3% 7K F Values followed by
different letters are significantly different among treatments at 0. 05 level. ns—Z/RAIA i #FH /K Not significant; = Fll = = /3 HIFRIEF] 5% F1 1%

12 /K Mean significant difference at 5% and 1% levels, respectively.
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