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Table 1  Shoot dry weight,yield and its components of rice of Gaungliangyou 35 and Nipponbare
at different growth stages under combined application of phosphorus and zinc
bR HL [T /g TR A 7 5 B B R
K/ 5K/ Shoot dry weight per plant Yield and its components of rice
Vij‘ieg <ki/?)m2 ) <kg/th2 ) - e A R ThiE/g S59%/% Eﬁ*ﬂ%f"’i’/g IEVBF‘"‘%
E £ 20s5 n . o . 1 000- Seed Yield (kg/hm?)
level level Seedling  Tillering  Heading Mature arain sctting per Theoretical
stage stage stage stage . N
weight rate plant yield
0 1.18=% 28.57+ 70,114 109.64 4 23.36+ 0.80+ 4412 6 353.86%
0.07¢ 1.34def 1.02d 6.50e 0.30abced 0.05¢ 4.47¢ 643.22¢
15 1.16+ 25.06+ 78.85+ 120.19+ 27.25+ 0.85+ 61.08+ 8 795.52+
0 7 0.05¢ 1.02gh 0.97¢ 4.98de 1.93ab 0.03a 1.07b 154.10b
30 0.99+ 27.66+ 68.65+ 117.13+ 26.29+ 0.80+ 58.94+ 8 487.75+
0.02¢ 2.75ef 2.05d 9.92e 0.09abcd 0.02ab 11.31b 1629.23b
0 1.23+ 27.93+ 76.34+ 161.49+ 23.934+ 0.79+ 55.574+ 8 001.41+
0.08bc 0.97ef 1.99¢ 9.64bc 0.33abced 0.04c 8.17bc 1 176.70bc
15 1.17% 32.44+ 89.514 123.77+ 27.45+ 0.874+ 59.36+ 8 547.32+
40 0.17¢ 0.79bc 2.49b 0.71de 1.04a 0.00a 14.45b 2 081.10b
30 1.08+ 23.64+ 68.01=+ 128.47=+ 24,72+ 0.74+ 55.87+£ 8 044.85+
0.09¢ 0.84h 0.35d 8.29d 0.18d 0.02bc 4.96bc 714.14bc
J PR 35 153+  30.16+  76.40+ 172,964+  27.21+  0.82+ 6551+ 9434+
Guangliangyou 35 0 0.26a 1.26cde 3.47¢ 5.49b 1.77abc  0.0la 7.02b  1010.91b
15 1.51+ 37.81+ 93.44+ 132.97+ 25.67+ 0.79+ 62.18+ 8 953.88+
80 0.21ab 0.32a 0.95b 0.98d 0.58bcd 0.06ab 2.50b 359.79b
30 1.46+ 31.09+ 103.50+ 195.25+ 26.42+ 0.83+ 81.88+ 11 790.4+
0.14ab 1.73bed 4.21a 10.71a 0.64abc 0.09ab 12.12a 1 745.90a
0 1.47+ 32.30+ 102.99+ 169.63+ 26.63+ 0.76 4+ 60.1+ 8 654.48+
0.11ab 1.62bc 1.16a 11.67bc 1.06cd 0.01a 2.09b 301.36b
15 1.16+ 27.31% 105.03+ 155.80+ 27.55+ 0.84+ 68.294 9 834.05+
120 0.15¢ 2.121g 3.05a 5.35¢ 1.00ab 0.04a 5.58b 803.52b
30 1.49+ 33.16 107.04+ 187.94+ 26,174+ 0.86+ 86.48+ 12 452,98+
0.28ab 0.95b 0.27a 3.81a 0.58ab 0.01ab 1.28a 183.60a
0 1.11+ 21.92+ 62.97+ 72.05+ 20.554+ 0.75+ 27.694+ 3 987.84+
0.10bc 0.93cde 0.90g 5.12f 0.84c 0.10a 1.12cd 161.41cd
15 0.86+ 22.10+ 78.26+ 89.20+ 21.45+ 0.71+ 34,454+ 4 960.8+
0 0.05d 0.55¢cd 1.26de 4.12cd 0.85bc 0.06ab 0.82ab 118.08ab
0.88+ 18.01+ 65.49+ 86.75+ 22.05+ 0.69+ 31.714 4 566.24+
30 _
0.07cd 0.44h 1.07g 5.00de 0.68abc 0.03ab 0.75abc  108.01abc
. 125+ 2148+ 7275+ 8581+  2L17+ 071+ 32734 4 713.12+
0.09ab 0.12de 0.93f 1.99de 0.85bc 0.06ab 0.53ab 76.32ab
15 1.17+ 25.59+ 73.86+ 79.05+ 20.75+ 0.58+ 31.83+£ 4 584.00+
40 0.23ab 0.66a 1.06ef 5.64ef 0.83¢ 0.11bc 2.02abc  290.16abc
30 1.10+ 20.83+ 70.59+ 87.46+ 21.56+ 0.59+ 25.47+ 3 667.68+
EENI 0.06bc 0.44ef 2.70f 0.97de 0.34bc 0.06bc 0.86d 123.84d
Nipponbare 0 1.094  18.64+ 76,94  111.58+ 2233  0.69=  36.014= 5 185.924
0.12bc 0.32h 1.99de 4.39b 0.57ab 0.09ab 1.96a 281.52a
15 1.06+ 19.89+ 88.21+ 87.06+ 20.64+ 0.71+ 31.17+ 4 488.00+
80 0.15abc 0.271g 0.80bc 1.58de 1.01c 0.05ab 4.83bc 695.83bc
30 1.02+ 18.93+ 91.96 & 96.59+ 23.12+ 0.65+ 34.19+ 4 922.88+
0.02abc 0.79gh 5.12b 0.71c¢ 0.21a 0.02abc 3.17ab 456.42ab
0 1.34+ 24.01+ 89.51+ 123.97+ 21.3+ 0.62+ 32.23+£ 4 640.64+
0.20a 0.14b 0.28bc 7.18a 1.59bc 0.07abc 1.10ab 157.68ab
15 1.09+ 19.09+ 100.17=+ 87.33+ 20.67+ 0.53%+ 26.31+F 3788.16+
120 0.10bc 1.01gh 2.23a 1.30de 0.38¢ 0.13¢ 1.78d 256.77d
30 1.13+ 22.90+ 86.87+ 105.66+ 21.81+ 0.68+ 35+ 5 040.48+
0.04ab 1.10¢ 3.74c¢ 11.24b 0.56abc 0.10abc 3.93ab 565.20ab

L ARRNG FREFR R T A 35 5 H A B 7EAS R 8 BEAL R 3R 2 B E 25 55 (P<C0.05), R, Note: Different letters indicate the sig-

nificant difference of Guangliangyou 35 or Nipponbare under different P-Zn treatments (P<C0.05).The same as below.
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Table 2 P content in different tissues of rice at mature stage under combined application of phosphorus and zinc
- K-/ K-/ Wi/ (mg/g) P content
Vasicti (kg/hm?) (kg/hm?) it ot % I 4 i
arieties
P, 05 level Zn level New leaves Old leaves Stem Sheath Spikelet

0 0.58+0.02cd  0.7240.04abc  0.94=+0.00a 0.764+0.16a  2.4540.18abc

0 15 0.7040.14be  0.55+0.01bed  0.5040.11cde  0.650.19ab  2.47+0.17abe

30 0.78+0.15bc  0.58+0.18bed  0.4640.07de  0.4940.09bc  2.5640.04abc

0 0.7740.12bec  0.89+0.12a  0.58+0.08de  0.66+0.07ab  2.40+0.06bc

40 15 0.90+0.08ab  0.5640.06bed  0.6140.05bc  0.63+0.09abe  2.3440.30c

TR 35 30 0.91+0.12ab  0.59+0.16bed  0.52+0.04cde  0.5740.02abc  2.5040.34abc

Guanglia 35

Hanglangyou 5o 0 0.3240.15¢  0.284-0.07¢  0.46--0.04de  0.40+0.09¢  2.1740.12¢
80 15 0.2940.04e 0.3140.09e 0.41£0.04de  0.4740.15bc  2.380.12bc

30 0.7740.03bc  0.4040.10de  0.4740.07de  0.51£0.06bc  2.454-0.31abc

0 0.714£0.07bec  0.544-0.15bc  0.7140.05b  0.5740.10abc  2.8540.35ab

120 15 0.4440.20de  0.53£0.05cd  0.7240.12b  0.52+0.02bc  2.83£0.29ab

30 1.0240.09a  0.76+0.04ab  0.6140.03bc  0.7040.19ab  2.89+0.35a

0 1.1340.03ab  1.14%0.16ab  0.70£0.08b  0.91£0.24bed  2.9340.40a
0 15 0.794£0.21c  0.944+0.19ab  0.8340.26b  0.87£0.11cd  2.3840.55abc

30 0.924+0.0labe  1.07+0.22ab  0.61+0.02b  0.674+0.12d  2.34=+0.45bc

0 0.91£0.20abc  0.934+0.16ab ~ 0.6440.11b  0.8540.12cd 2.15+0.16¢
40 15 1.084+0.16abc  0.934+0.39ab  0.55+0.08b  0.81+0.16cd  2.40+0.05abc

H A i 30 1.0940.02abec  0.9340.19ab  0.6240.05b  0.79=+0.06d 2.11+0.18¢
tpponbare 0 0.8840.13bc  0.87£0.02ab  0.5940.07b  0.864-0.23cd  2.28--0.26bc
80 15 1.1540.22ab  1.18%+0.20a 0.68+0.19b  0.62+0.16d  2.35+0.03abc

30 1.214+0.13a  1.02+0.22ab  0.9140.14b  0.7940.07d  2.44=0.1abc

0 0.98+0.15abe  0.7240.23b 2.14+0.41a 1.2240.18d  2.82+0.18ab

120 15 0.9740.11abc  0.9840.12ab  0.83+0.16b  1.1240.17abc  2.3340.14bc
30 1.1140.26ab  0.8840.03ab  0.792£0.32b  1.1740.16ab  2.61£0.39abc

B 0 43 BC L 95 AE P W (80 kg/hm?®) IS B (120
kg/hm™) ZKF T L d = 17 7 WG 35 BB Y 43
fic L (B 1B) .
2.3 B I e X Ak B R U 4 B O R T
TEASFENE KT L B AR At PR =5 17 P4 35
AL BE S B AR 40 kg/hm® BEAEHT , £ FBAL
B R B B s (EBEBE NE G FH 3 2 B & i R %
#F, 7 A 80 kg/hm? 5 AE A it £% A | i A 40
kg/hm® BAE 5 15 kg/hm?® £F A . A jiti 85 A0 it JH 30
kg/hm® PEALAET, H A< 0 2 F0 07 10 FF & it 8 3 = T 3L
flAb BE(ZR 3)

BEAE K REAEL R A9 R B W v SRR (R e
RE A% e o 76 Al bk P 9 AR (I8 2A) . A TR Bk
SR BE R 23 C LG A P KR R P A A B 2
TE WAL 35 Ff, BB Wi IE i 1 2 1) 38 m  # AE BE R
1905 TV R 1 R 1 T R 2y RS e L B
T Uk Wt e 2 4 ) PG 35 TR I 1) Bl b
IE 5 1T A H AS B A, 6 35 W A e P e A 50, B A B
A T8 TR L BN {ELR AR T | i A 2R R
F14 73 T L 19126 AR, 15 U0t e 2 02 2 A g o B DA
J I [ - ARE R RS (I 2B) .



160 B ko L K ¥ IR 4 10 %

ONL oOL mSP mSH

ST mFL

ONL oOL mSP mSH mST mFL 100,
400k N
@8 § = 7
= 3 300 =2
s B
AKE i ] M B nE 50
E 3 200 iz
g: = ch
100 w25
=

, , 0
%ﬂ@F/(kg/hml;) FEKF/(kg/hm?)

Zn level . Znlevel
B 7K P/ (kg/hm?) W5 7KF/(kg/hm®) 120
Plevel P Pifk3s CEST Plevel I Fithss FES S
Guangliangyou 35 Nipponbare Guangliangyou 35 Nipponbare

NL:#; OL: & M; SP. f#; SH: M #4; ST.2%; FL:jEM, T, NL: New leaves; OL: Old leaves; SP: Spikelets; SH: Sheath;
ST:Stem; FL:Flag leaves. The same as below.
1 BEERETHRASH AR MEBEAENBERE (A)MBEESBALNSEL S (B)

Fig.1 P accumulation (A) and distribution (B) of Guangliangyou 35 and Nipponbare at

mature stage under combined application of phosphorus and zinc
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Table 3 Zn concentration in different tissues of rice at mature stage under combined application of phosphorus and zinc

BEFH/(pg/g) Zn content

o FEKF/ WK/
2[5
Varieties  (<8/bm® - (kg/hm®) wot & £ it H
Zn level P level New leaves Old leaves Stem Sheath Spikelet

0 12.5343.16e 17.3640.50ab 16.5740.55¢ 16.1140.06¢f 8.2140.41c

0 40 19.4541.38abc  18.08£2.89ab  25.054+0.07ab  18.27£1.00def  20.69+0.92a

80 18.5945.25abed  20.2640.41ab  24.67£0.26ab  21.3440.07cdefl  15.491.42b

120 16.8242.78bcde  14.19+2.87b  18.4640.74bede  13.41+1.47¢ 16.6020.84b
0 21.9740.40a  25.46414.40ab 21.1443.19abed 23.26£10.57bcde  18.2940.20ab

i 35 15 40 19.4240.50abc  30.44415.91a 25.74+1.57a 40.06£0.56a 16.09+3.73b
. . - 80 18.634-0.29abcd  19.74+0.60ab  24.16--4.90abc  28.160.15bc 16.40+1.34b

Guangliangyou 35

120 20.5440.29ab  18.4940.59ab  20.5348.90abede  15.7240.26¢f 16.9440.29b

0 14.5440.31de  28.2842.90ab  17.8944.12cde  27.0240.66bed ~ 18.7+2.48ab

20 40 16.4440.13bede  19.7540.22ab  23.88+2.26abed  32.20+£4.21ab 17.054:2.56b

80 15.281.51cde  21.5743.78ab  17.5640.87de  23.63+£0.08bede  15.970.64b

120 16.1040.23bcde  16.84%1.78ab 16.68+1.62¢  20.05+0.57cdef  21.37+2.44a

0 11.584+2.15bcde 9.634+1.15cd 26.77+7.37abc 10.3742.45¢ 20.17+1.12a
0 40 9.0340.61cdef 11.8845.23¢ 18.090.00bed 14.2846.73c 10.954-4.95bc
80 16.88=5.19bc 12.5542.31c  23.63+0.45abed  16.04+8.85¢ 15.7947.20abc
120 6.9241.201ef 5.0040.20d 28.04=+7.53abc 15.8148.48¢ 15.784-0.64abc
0 7.31240.24def 12.8045.81cd 32.9440.70a 24.9620.43ab  18.4822.18ab

H A i 15 40 4.3340.13f 18.8841.55b 36.31410.82a 17.68+0.04bc 22.04+4.00a
Nipponbare 80 7.5640.20def 11.3040.0lcd  31.2846.95ab 10.6940.51c 10.88+5.93bc
120 5.2940.27f 12.2047.34c  27.5746.51abc 13.4445.85¢ 23.20+4.32a
0 22.2040.10a 6.5542.11cd 35.71+10.58a 13.4243.85¢ 19.2443.47ab

10 40 15.5740.77b 12.04+1.57¢ 11.8240.32a 11.6843.31c 22.46+5.89a

80 12.9747.36bed  8.6941.30cd 15.4547.49¢d 8.1141.90¢ 9.28+1.12¢
120 11.3840.87bede  35.2143.20b  29.52+2.88abc  27.23+0.22a 15.2943.64abc
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Fig.2 Zn accumulation (A) and distribution (B) of Guangliangyou 35 and Nipponbare at mature

stage under combined application of phosphorus and zinc
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Table 4 N and K concentrations in different tissues of rice at mature stage under combined application of phosphorus and zinc

. WK/ AEE/(mg/g) B/ (mg/g)
i A (kg/hm?) N content K content
Varieties Tissues

P level Zn 0 kg/hm? Zn 30 kg/hm? Zn 0 kg/hm?* Zn 30 kg/hm?

40 18.06+2.40b 15.16+2.11b 18.17+0.88b 22.1241.90a

B New leaves 80 15.1442.73b 16.284+0.91b 21.66+1.17a 23.97+0.77a

120 24.05+1.71a 16.98+1.31b 22.0142.93a 24.19+1.13a
40 13.28+2.68ab 13.59740.52ab 25.39740.62b 27.67+1.30ab
£ Old leaves 80 11.6543.29b 9.7241.62b 27.5540.59ab 27.3543.09ab

120 17.28+3.16a 13.114+0.70ab 26.05+1.75b 29.88+1.53a

40 12.924+0.82¢ 15.2740.07a 3.034-0.38¢c 4.034-0.78b

# Spikelet 80 13.36+0.54bc 14.284+0.51ab 3.7040.14bc 4.004-0.41b

IR 35 120 14.184-0.39ab 15.264-0.76a 5.304-0.05a 4.0240.12b
GuangliangYou 35 40 7.66+0.90bc 7.46+1.18bc 30.41+1.68ab 27.69+0.48bc
M- #5 Sheath 80 8.26+0.50b 6.2640.23c 27.05+1.40c¢ 29.2840.07bc

120 10.27+0.93a 7.6340.35bc 32.76+2.78a 32.67+0.57a

40 6.5340.99ab 5.2741.46ab 32.1640.48b 39.0040.52b

Z£ Stem 80 6.51+1.62ab 4.89740.40b 53.26+4.25a 52.29+2.69a

120 6.89+1.10ab 7.26+0.43a 59.07+11.74a 62.74+4.37a

40 17.45+0.70b 18.54+2.37b 13.46+0.46b 16.01+1.04a

# i Flag leaves 80 17.2942.01b 15.4340.70b 14.64+0.54ab 16.43+0.65a

120 28.3740.76a 16.530.57b 15.56 £0.54a 16.52+1.54a
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o . WK/ A ®/(mg/g) B i/ (mg/g)
unﬂ" %’KﬁL
L . (kg/hm?) N content K content

Varieties Tissues - -
P level 7Zn 0 kg/hm? Zn 30 kg/hm? Zn 0 kg/hm? Zn 30 kg/hm?
40 24.6140.70a 22.18+1.21b 16.27+0.24c 20.0041.76ab

B New leaves 80 22.1740.20b 25.4440.34a 18.7940.43b 21.3940.26a
120 21.65+1.02b 24,46+ 1.66a 18.82+0.64b 20.7240.03ab

40 22.1040.75a 19.47+1.23ab 15.39+2.44c¢ 20.3140.93a
Z I Old leaves 80 17.964+0.54b 20.9141.53ab 17.14+1.33bc 19.53+0.64ab

120 18.93+3.04b 19.2540.71ab 18.6440.51ab 21.22+1.88a

40 13.18+1.08a 13.32+1.26a 2.91+0.55¢ 3.76+0.29a

T Spikelet 80 13.29+0.06a 12.2440.59a 3.38+0.43ab 3.54+0.19ab

£
FI A g 120 12.83+0.32a 12.18+0.16a 3.99+0.27a 3.36+0.05ab
Nipponbare

40 10.08+0.37a 9.65+0.22ab 15.40+1.37d 24.7+0.30a
M-§5 Sheath 80 9.24+0.49ab 9.9940.67a 16.78+0.57cd 18.58+0.02bc

120 8.55+0.38b 9.55+0.87ab 17.31+1.10cd 19.84+1.82b
40 8.53+0.24a 8.25+0.25a 22.24+1.52b 23.5240.57ab

2% Stem 80 7.7940.99a 8.99+0.92a 21.9542.45b 26.0140.03a
120 7.0740.94a 6.4442.70a 24.57+0.86ab 24.3140.29ab
40 24.5840.50a 24.3840.78a 11.36+0.74e 15.354+1.12ab

@ Flag leaves 80 22.94+1.21a 24.734+0.05a 13.4940.54cd 16.8441.13a
120 19.74+0.77a 22.2140.43a 12.74+0.39de 14.77+1.09bc

AN R NG A R R (R — K R A 78 A [R) Bl 43 A BT AR HE 3k 3] 8 3% /K SF- (P <C0.05) . Note: The different letters indicated the signifi-

cant difference (P<C0.05) of one rice tissue under different P-Zn treatments.
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Fig.3 N,K accumulation (A,C) and distribution (B,D) of Guangliangyou 35 and Nipponbare at mature

stage under combined application of phosphorus and zinc
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Effects of combined application of phosphorus and zinc fertilizer

on growth,yield,nutrient absorption and distribution of rice

LIU Lu,YANG Xinxin,ZHANG Limei, YAN Yupeng, YE Xiangsheng,XU Fangsen,CAI Hongmei

Microelement Research Center/College of Resources and Environment ,

Huazhong Agricultural University sWuhan 430070,China

Abstract Phosphorus (P) and zinc (Zn) are both essential elements for plant growth and develop-
ment. There are strong relationships between different nutrients that changing one or more nutrients in
the growth medium affects the concentrations of many other nutrients in plants. Phosphorus in the form
of Pi can affect the mobility and bioavailability of many metal elements including iron, manganese, cop-
per,and Zn. Early studies performed in various crop species indicate that there is a negative relationship
between Pi and Zn accumulation in plants. In this study,Guangliangyou 35(an indica hybrid rice culti-
var) and Nipponbare (a conventional japonica rice cultivar) were treated with combined application of
three Zn levels and four P levels in field trials. The effects of combinations of P and Zn on the growth,
yield,and the nutrient utilization of rice were investigated. We analyzed the shoot dry weight at different
growth stages,the yield and its components at mature stage,the concentration,accumulations and distri-
butions of P,Zn,N and K in different organs and tissues. Results showed that the combined application
of P and Zn fertilizers had synergistic effect or antagonistic effect on the rice biomass,yield, the nutrient
absorption and distribution. Under the middle and low P levels, the proper application of Zn increased the
biomass and yield of rice. Under the high P level, the application of Zn decreased the biomass. For differ-
ent cultivars,the proper application of Zn increased the rice yield under different P levels. The significant
increase of 1 000-grain weight and fertility determined the increase of yield under the combined applica-
tion of P and Zn fertilizers. The properly combined application of P and Zn fertilizers increased the con-
centrations of P and Zn in rice plant and promoted the distribution of P and Zn to the productive organ.
In addition, the properly combined application of P and Zn fertilizers increased the concentrations of ni-
trogen (N) and potassium (K) in rice plant,and promoted the distribution of N to the productive organ,
which is one of the main physiological mechanisms of increasing rice yield under the combined applica-
tion of P and Zn fertilizers.

Keywords rice; combined application of phosphorus and zinc fertilizer; phosphorus-zinc interac-

tion; nutrient absorption; distribution; yield; utilization rate of fertilizer; synergistic interaction
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