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Abstract: [Objective)] Effects of reduced potassium (K) on source-sink characteristics of different ear-
ly/late season rice (Oryza sativa L.) varieties with low nitrogen (N) and phosphate (P) fertilizer level
were analyzed to improve precise fertilization decrese and efficient utilization of nutrients. [Method) Three
K rates, conventional K (K,O 135.0 kg/hm?) ,reduced K by 22% (K,O 105. 3 kg/hm?) and without K,
were conducted in field experiment with low level of N and P fertilizers. The effects of different K treat-
ments on source-sink characteristics of rice varieties (“Yuejingsimiao 2”7, “Guixiangzhan”,“Huayou 8305”
and “Tianyou 998”) were explorded. [Result] Compared with conventional K, treatment with reduced K
benefited “Huayou 8305” and “Tianyou 998” in obtaining higher yield,and their yields increased by 7. 44 %
and 19. 39% , respectively. Treatment with reduced K reduced yield of “Guixiangzhan”, but the decrease

was not significant compared to conventional K. Treatment with reduced K improved sink capacity of “Yue-
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jingsimiao 2”,but reduced available plumpness of sink and leaf source (leaf area index in late growth stage,

chlorophyll content and leaf senescence index in early growth stage) sand ultimately led to a 14. 67 % reduc-

tion of yield. [Conclusion) Under lower N and P level,a proper reduction of K with coordination of source-

sink could obtain higher yield or maintain stable yield.

Key words: early/late season rice (Oryza sativa L.); K reduction; source and sink characteristics;

South China
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g/kg. &8 0. 917 g/kg, &8 32. 62 g/kg. Bl f# &
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Table 1 Effect of K reduction on sink capacity and yield of rice
) P A S - PO 2 . .
i i 58 e/ ooy SPEABCESCIL 0 R ILICR = om O g )
Cultivar Treatment Sink capacity vatable fITe Ratio of spikelets Harvested yield
h ratio of sink No. and leaf area ’
K2 981 a 75.56 a 0.98 b 7.36 a
B F 4y o 5L
B 2 K1 1016 a 61.68 b 1.20 a 6.28 b
Yuejingsimiao 2
KO 793 b 77.18 a 1.17 a 6.09 b
K2 833 b 69.99 a 0.72 a 5.82 a
(‘uiﬁiﬁshqn K1 1234 a 45.64 b 0.78 a 5.63 a
' Ko 905 b 68. 06 ab 0.90 a 5.94 a
K2 1142 a 71.23 b 1.81 a 8.06 a
AL [ E
H;&fg;gzm K1 951 b 91.11 ab 1.72 a 8. 66 a
Ko 756 ¢ 103.37 a 2.01 a 7.81 a
K2 1142 a 67.56 b 1.02 a 7.48 b
T§n1ZE0399898 K1 1103 a 81.91 ab 1.11 a 8.93 a
KO 908 a 93.01 a 1.09 a 8.44 ab

TE < [ — i R B4 7 90 B8 S AR A R/ 7 B 35 38R 22 SR B B 35 K P (P<C0. 05) . R,

Note; Different lowercase letters indicate significant difference between same varieties (P<Z0. 05). The same below.
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1 LAT 3570 5 2 52 0 s KO Ab 33 5 % F AR T “ 4 4k

83057 BE BE I AN “ KA 9987 F R 19 LAI (P <<
0.05), AJ UL, 38 BE g 8 (K1 4b 30 X 7 7, 4
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e, AT g 2 PR AR 22 4 2 SRR ) LA,
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FE SRR 14 121 d S0 Pr 520 R B30
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Table 2 Effect of K reduction on rice leaf area index (LAI)

o 53 BE R AT Fr R S|
i Ak BR DI e s ,
B o~ Active tillering Elongation Full heading Mature
Cultivar Treatment
stage stage stage stage
K2 0.67 a 2.54 a 6.40 a 5.68 a
=) 11 =)
A2 1 25 K1 0.65 a 2.90 a 4.59 b 4.46 ab
Yuejingsimiao 2
KO 0.55 a 2.64 a 4.18 ¢ 3.86 b
K2 1.14 a 4.67 a 6.56 a 5.40 a
N ﬁ?r‘? K1 1.26 a 5.03 a 5.61 a 5.61 a
Guixiangzhan
Ko 1.41 a 4.74 a 6.07 a 5.83 a
K2 1.19 a 3.26 a 5.35a 4.25 a
4 8305
| ; S P
Huayou 8305 K1 1.11 a 3.49 a 5.49 a 4.26 a
Ko 0.86 b 3.56 a 5.06 a 3.49 a
K2 1.26 a 4.24 a 6.31 a 4.92 a
% 1, 998 , o L Do
Tianyou 998 K1 1.51 a 5.00 a 6.34 a 4. 80 a
Ko 1.38 a 4.31 a 4.99 b 4.73 a
F 3 BB HEXGER(PKNFMN
Table 3 Effect of K reduction on photosynthetic rate in rice flag leaves pmol/(m* )
FERS S 14 d 5 21 d
i ten Ful heat 1 e afe Y oyt
Cultivar Treatment uil heading ays d_tcr ays d.tLr
stage full heading full heading
K2 9.54 b 14.83 a 11.90 a
BE. FlL 4 4k o B
2L 2 K1 9.95 ab 12.83 a 11.20 a
Yuejingsimiao 2
KO 10.57 a 14.77 a 12.67 a
K2 8.44 a 10. 63 ab 9.10 a
. ﬁﬁﬁ K1 9.53 a 11.22 a 9.46 a
Guixiangzhan
KO 9.82 a 9.42 b 7.71 a
K2 9.85 a 9.37 a 10. 60 b
B4 8305
-+ n - n
Huayou 8305 K1 9.53 a 9.83 a 10.87 b
KO 8.71 a 9.55a 12.77 a
K2 10.16 b 10. 33 a 10.93 a
% if; 998 )
Tianyou 998 K1 10.97 a 9.75 a 10. 09 ab
Ko 8.66 ¢ 9.94 a 9.41 b
2.2.3 #lrtrt X &S (SPADME) £ 4 RW. Y5 R AEHRLE 2 57EFE M SPAD A

K2 Zh AR b, K1 AT KO 4b BRI T« 88 S 22 1 2
SRR DL LSS 7,14 f1 21 d Y
Gt SPAD fi , Horb“ B G 22 1 2 57 55 R0 Rk A
SRR 14 d 198 SPAD i T 425 5 B (P<
0.05), 5 K2 AbFEAH F, K1 b FE XF <448 83057 5%
T LA R 5585 7,14 F0 21 d @I SPAD {234
AL KO AR ERER TSRS 14 d 8t
SPAD {H(P<C0.05)., 5 K2 ZFAH H , K1 Fi1 Ko 4k
X R AR 9987 55 FE I &1 it SPAD {H JC & 2 5%
K1 4b¥ g 48 7555 7 d &)t SPAD {H (P<<
0.05), AJ U, 5 BE s 40 (K1 4b 3 X6 “ 484 83057 4
A JE WS SPAD {i JC T 52 0 X% R A7 R
T AEF 5 W eI SPAD {4 1 A 287 1k T 9% % W

AT 5

2.2.4 rthREfIHE FROSKW,H K2 A
B, K1 R KO b BEXTH 8 G 22 1 2 57 f KA 9987
FRE BT 7O 14 d R AR RO T B
M (P>>0.05), 5 K2 kbBEAH FL, K1 &b BE 5 25 B %
TEHEREFBIE 7 M 14 d B2 EE B, A
X K2 AbE LK1 Al KO 4b B X <4 83057 5% A 1)
DA FFRES 14 d mb 4048 B8 0 B 3 5 (P>
0.05); KO b3 g ZREAR T 5585 7 d 224k 48
B(P<0.05) 1 K1 AbFEEZ 0 A & 2, w] UL, 3
A (KL Ak 2D X« 88 5 22 2 570 “4EAR 83057 K
R 9987 F 5 AN B Ak R B T 6 T S 0
WA 220 REAL T R E AR E R Rt B 2T



512 3 BRI S A5yl B X e R 6 HE T R A 1 R A A B4 ) 71

B fEThrert g
x4 HEXKFEE M SPAD EHF 0D
Table 4 Effect of K reduction on SPAD value in rice flag leaves
5 7 d i E 14 d HjE 21 d
il it Rl El B B
Cultivar Treatment Full heading stage ays atter 4 days alter ays alter
full heading full heading full heading
K2 43.13 a 39.77 a 34.70 a 30.57 a
B H Ly =
SR 25 K1 40.23 b 37.73 ab 33.93 a 30,20 a
Yuejingsimiao 2
Ko 36.37 ¢ 35.27 b 31.67 a 24,90 a
K2 39.67 a 40. 60 a 40. 60 a 37.50 a
. ﬁéﬁ K1 38.93 a 40.47 a 36.40 b 35.70 ab
Guixiangzhan
Ko 36.27 a 35.67 b 34.03 b 34.57 b
K2 42.57 ab 39. 80 a 38.63 a 30.77 ab
1) 8305 . 20 . -
Huayou 8305 K1 14.73 a 39.77 a 37.00 a 33.63 a
KO 36.97 b 38.57 a 33.73 b 28.87 b
K2 43.97 a 40.77 b 40.47 a 38.70 a
iﬁl: 998 K1 43.53 a 44,83 a 39. 80 a 34.33 ab
Tianyou 998
KO 42.70 a 42.87 ab 36.67 b 30.53 b

R 5 OHMSEX KM LB R ZME

Table 5 Effect of K reduction on rice leaf senescence index

o ’ S SRS 7 d FHG 14 d
i At Full headi 7 days af 14 days af
Cultivar Treatment uil fieading ays atter ays alter
stage full heading full heading
K2 92.62 a 92.83 ab 75.39 a
ML 2 5
ML 25 K1 87.90 a 82.07 b 74.95 a
Yuejingsimiao 2
Ko 90.11 a 97.40 a 79.09 a
K2 106.87 a 100.89 b 102.67 a
kR |
R K1 113.03 a 87.44 ¢ 88.31 b
Guixiangzhan
Ko 121.49 a 110. 24 a 94,08 ab
K2 112.82 a 93.58 a 73.95 a
841 8305 -
s : :
Huayou 8305 K1 110.68 a 96.58 a 72.92 a
Ko 120.57 a 84.40 b 78.81 a
o K2 106.73 a 106.87 a 83.80 a
| KA 998 K1 107.22 a 103.89 a 81.60 a
Tianyou 998
KO 107.90 a 98.70 a 86.53 a
2.3 BWEXKE LB TFYRRBEENZ T W3 6,

UL o AR 1 358 ) B R e R i 45 2R
F 6 HMXKEE LB THRRAREMHM

Table 6 Effect of K reduction on aboveground dry matter accumulation t/hm?
i i 4b 38 53 BRI W SR e8]
Cultivar Treatment Active tillering stage Elongation stage Full heading stage Mature stage
K2 0.55 a 1.97 a 8.96 a 14.13 a
oy i 2 B
MELH 25 K1 0.51 a 2.20 a 6.74 b 11. 67 ab
Yuejingsimiao 2
Ko 0.44 a 1.98 a 6.59 b 9.34 b
7 K2 0.73 a 2.35b 6.71 a 10.05 a
K1 0.78 a 3.22 a 7.50 a 10.59 a
Guixiangzhan
KO 0.87 a 3.11 a 6.87 a 12.49 a
4 8305 K2 0.80 a 2.25 a 6.92 a 12.94 a
" ’ K1 0.75 a 2.49 a 6.60 a 12.31 a
Huayou 8305
Ko 0.57 b 2.78 a 6.92 a 10.63 a
X K2 0.85 a 2.70 a 8.68 a 13.31 a
KAl 998 -
. K1 1.08 a 3.08 a 8.80 a 13.15 a
Tianyou 998
KO 0.95 a 2.78 a 7.31 a 12.28 a

M6 LA .5 K2 AbBAH L. KT Ab B B ok F Al A= & ik 38 00 8 25 52 e s KO 4b B R 2%
FREAR TE AR 220 2 57 SRR AT SR BRI TR 220 2 S SR RN A A i bR T
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o RS A T 6 Gl AR R G S e (P <<
0.05), AHXF T K2 ZbFE, K1 F1 KO b F % “H: 75 5 7
3 BE BT 5T R R B B M b T A A R
L N (E A =P /a1 < R 7/ DT A
H(P<0.05), MIXF K2 4b¥E, KO &b # 5 2 A%
T AR 830574 BERS I M I T 4 B R R L 6
b 2B B R B3 K A B 45 AR R T |
WrYRMBREm AR E, 5 K2 4B,
K1 1 KO &b B KA 998”4 i 31 b | 35+ 47 i A
BRI B 0 (P>>0. 05), W] UL, 3% B 8 A (K1
AbH) X AR 83057 KA 9987 4% A= B B A M I3
T4 A SR JC B S, LA R T R AR 9987
A B e T A T AR R R 5 DB A it AR
TSRS R M LT R R R, A
Jita S AT R T R A AR R T A TR R A
P DB S RIS T 2 2 S SR A A B
TY AR R,

3T

PEAR R B 45 08 T B A B0 it AE s & 28 %6
W 22 % Ot o B 6 4% 351. 0 kg/hm® . 4li & 135. 0
kg/hm®) , AH X 1 5 B B0 A B U 22 00 Ak
ERRAR T B 228 2 57 R R T
A el VR X 55 A 3 A KR i A A0 A R
R0 o ARG T I 5 it 40 b 3L W 22 00 Ak B X
SRR RS AN T KR R TR 22 06 Ab B X
HLAT méint Pn ¥R 2 5m, BB ERE Tk
AR R R R . X R ORI T
HER M IR ECE AL T RS . X T IR
Jita 4 A B B 2200 Ak R BE B AR AL 83057
St T X G I U5 B R T R R S R P Y T R
FEAEAL I RS 2 AN AR (Y AT $2 TR 3 > AR AR A 25 i 4
TIERARLE . A 58RI KE fif 32 Y 5l 4
RO AR TEAR BN S R A T A R R e,
A5, 5 IRt A Ak BRA H L kR 22 %0 Ab B RE
PR R 9987 LRI RAR 9987 )8 TR
B R 27 70 A R Rl R K R A 2
FH R SRR 28 00 7= 28 550 8 35 AR AR R A
MIFZER G0k F) . 2R FE 8 KAk 9987
Xof SR 8 75 SR A R AL 7 S A P R 52 B 0 S ) K
ZIN o RO R R A0 7 AR A2 B R e /)N AT B
SR 9987 FE VAR A5 F B e HG 7 B AR Y i
Z—o BRURM 9987 FE A S5 A T Y VR PR R PR R B
15 IR 2200 AbBRAR TR 9987 S5 FE A G it

Pn %t LAT I 528 Ak 48 $000 1 35 52w , DA 4 2
fl I A5 2 U N 5 FR L O A ARCR B s U 2204 Ab
FRAERL I LGRS E AN AR Y AT AR R S YRR AR T R AR
998 FiE 75 M 4t vey 1 LR 45 R AR S S R 5 L DB
22% AbFRAT FER S KA 9987 A ERT WM I Ty
JRAR B, PRI 3 R R AR A 4 R A s R R
P 998 Iy R I 1

(5% k]

[1] Ashley M K,Grant M,Grabov A. Plant responses to potassium
deficiencies: A role for potassium transport proteins [J]. Jour-
nal of Experimental Botany,2006,57(2) :425-436.

(2] # B4 R, Ehnde . S 7R 6 KRS & ROt 80 3 7= 250 0 Kt

FAT7 AR 5E 1] RO BHA 58,2011, 32(2) 1 42-46.
Yang G C,Yang G C,Wang J L,et al. A study on the effect of
potassium fertilizer and application methodson yield promotion
of different rice varieties [ J]. Journal of Agricultural Sciences,
2011,32(2) :42-46. (in Chinese)

[3] FEikz B4, W LB, KR e s e (1] hE

A 2FE i, 2009,25(6)  77-83.
Wang R C,Cheng S H,Cao L Y. Advancements in phosphorus
deficiency tolerance study in rice (Oryza sativa 1.) [J]. Chi-
nese Agricultural Science Bulletin,2009,25(6) :77-83. (in Chi-
nese)

L4 VAAE b H ik, 52 RO S8 AR 38 X 7K R ik e Dl 4 S e
R SR A 22 5 [T ] AR #) 4 4. 2001, 27(6) : 1000-1006.
Liu J X,Yang X E.Wu L H,et al. The effects of low potassium
stress on the photosynthetic function of rice leaves and their
genotypic difference [J]. Acta Agronomica Sinica.2001,27(6) .
1000-1006. (in Chinese)

(5] #1 Wh. B akar ., 55, M RVR AR W30 25 240 /KRS 6 41 09

W AR 2% [T, v K Rk 4 . 2004, 18(7) £ 526-532.
Hu H,Wang G H,Zhang Q C,et al. Potassium uptake and use
efficiency of rice under low-potassium stress field conditions
[J7]. Chinese Journal of Rice Science,2004,18(7):526-532. (in
Chinese)

(6] TIZW, 1M ik, £ A AR EEEIKT TR R R N5
PR R A 22 S [T ], K L ARFEE R 2006,20(2) :64-67,72.
Jia Y B,Yang X E,Wang W M. Genotypic variation in yield,K
uptake and utilization of rice at different K supply [J]. Journal
of Soil and Water Conservation, 2006, 20 (2) . 64-67, 72, (in
Chinese)

[7] RALW A TEOR, 2 e dll , & W VI VL R Hb XK RS B L 20 WA 1

S B rTT (1], ZReRE AR, 2012, 40(3) : 1519-1520,
1570.
Wu C Z,Zhu K B, Yuan H J,et al. Study on K, N absorption
characteristics of rice and potassium application effects in jiang-
nan region along river [ J]. Journal of Anhui Agricultural Sci-
ences,2012,40(3):1519-1520,1570. (in Chinese)

[8] ZEXR.4akid XM 4, 5. 5/ 22 A B M L7 ik R T
BORZ MR [ ). AW 97 5 M0 2 4l 2005, 11(4) £ 449-455.



%12 1)

BRI S A5yl B X e R 6 HE T R A 1 R A A B4 ) 73

9]

(10]

[11]

(12]

[13]

[14]

LiY Y.,Jin] Y,Liu S Q,et al. Effects of potassium on physio-
logical characteristics. yield and quality of spring wheat []J].
Plant Nutrition and Fertilizing Science, 2005, 11(4) ;449-455,
(in Chinese)
o B % (N N i R B SR (R SN il =
FRUAE B E AR [T A 5 SRR 4R, 2008, 14(3)
456-462.
Tan ] F,Hong ] P,Zhao H J,et al. Effects of different potassi-
um application rates on yield, quality and physiological charac-
teristics of dry land winter wheat [ J]. Plant Nutrition and Fer-
tilizing Science,2008,14(3) :456-462. (in Chinese)
U HT D HE L ARELET L 55 B e XK R8O & et BOL &
B AL i 52w [T, K RS RE 4%, 2006,20(6) :621-625.
Peng H H,Weng X Y,Xu H X, et al. Effect s of potassium
deficiency on photosynthesis and photo-protection mecha-
nisms in rice plants [J]. Chinese Journal Rice Science, 2006,
20(6):621-625. (in Chinese)
PN HT e e, 4% U, AL LR X KRS R TR) L O & R R
FEHCR e [J]. A E 3R 5 AR . 2007, 13(4) :577-584.
Sun ] W,Weng X Y,Li Q,et al. Effects of potassium-deficien-
cy on photosynthesis and energy dissipation in different rice
cultivars [ J]. Plant Nutrition and Fertilizing Science,2007,13
(4):577-584. (in Chinese)
PECE v B, sk T, AR AR a8 X K RS BB SR )
W R i R F R e [T, M8 R 5 AL R 4. 2009 .
15(1) :69-75.
Ku W Z,Peng K Q.Zhang X Q,et al. Effects of low potassium
stress on mineral nutrient absorption and phytohormone con-
tents of rice seedling [J]. Plant Nutrition and Fertilizing Sci-
ence,2009,15(1):69-75. (in Chinese)
ERAR A LA A A AR A X A BT RE AN R K
T 0 ol 35 23 WSO 43 BE f s e L 0. o K RS RE 2, 2003, 17
(1) :53-57.
Wang W M, Yang X E,Li H,et al. Effect of low potassium
stress on the nutrient uptake and distribution of two rice vari-
eties with different potassium sensitivity [ J]. Chinese Journal
Rice Science.2003,17(1):53-57. (in Chinese)
TRAE W] SRR, AR ET AL SF IS T oS e - PR AR
ZR Mz m (1] % 8RB %, 2012, 40 (31) ¢ 15207-
15209.
Zhang X M,Guo X S, Li X H,et al. Effects of potassium man-

[15]

[16]

[17]

(18]

[19]

[20]

agement on Indica rice yield and accumulation and utilization
of potassium []J]. Journal of Anhui Agricultural Sciences,
2012,40(31) :15207-15209. (in Chinese)

PR, RS ARG FE A A AR A X RS TR R RK RO A
R R L) ] bl B4, 2012,51(22) :5001-5004.

Ku W Z,Zhao Y L, Dong M, et al. Effect of low potassium
stress on the photosynthetic characteristics of different rice
genotypes [ J ]. Hubei Agricultural Sciences. 2012, 51 (22):
5001-5004. (in Chinese)

VFEF R, W AR L 45, TR R A X K i )
AR A R R i g 2w [T ). P K RS AL, 2005, 19
(5):475-478.

Tang M L,Cheng W D, Yao H G, et al. Effect of direct-seeded
dry cultivation with plastic film mulching on physiological
characteristics of root and leaf at grain-filling stage and grain
yield in early-season Indica rice [ J]. Chinese Journal of Rice
Science,2005,19(5) :475-478. (in Chinese)

X T BT XS =L A5 8 4 SR MO A R O
(I, 4l B4 . 2005 .38(2) : 258-264.

Liu J F,Yuan L P,Deng Q Y.et al. A study on characteristics
of photosynthesis in super high-yielding hybrid rice [J]. Sci-
entia Agricultura Sinica,2005,38(2) :258-264. (in Chinese)
Bl PR AELE , ST I, A5 B R AN R KRS S (A 4 o AR
FERDEAAE RN [T, Wi Aol K2 2% 4. 1999, 25(3)
267-270.

Lu Q.,Jiang D A,Weng X Y,et al. The effect of potassium nu-
trition on dry matter production and photosynthesis of differ-
ent genotype in rice [ J]. Journal of Zhejiang Agricultural Uni-
versity,1999,25(3):267-270. (in Chinese)

KAz AR IEBE BRI AR . 55 FH I8 0 5 X A [) 7k 28 7K R 0 119 %
WORIAR I RCR B 2 [T, A R4, 2006,21(6) :89-94.
Song G Y,Xu Z J,Chen W F,et al. Influences of low potash
on K absorption and use efficiency of different panicle rice va-
riety [J]. Acta Agriculturae Boreali Sinica,2006,21(6):89-
94. (in Chinese)

ST AN AR A SRS S KA 9987 IR A
AL AR AT 5T [T, Hh AR 2 m 4l , 2011, 27(5)  223-227.
Peng Z P, Huang J C.,Li X L, et al. Study on the nutrition
characteristics and the fertilizer effect of hybrid rice ¢ Tian-you
998” [J]. Chinese Agricultural Science Bulletin, 2011,27(5) ;
223-227. (in Chinese)



