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Effect of phosphorus and zinc application on growth and nutrients
uptake and distribution of wheat and rye
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Abstract; [Objective]) In order to offer some theory to improve Zn concentration and its bioavailability
of wheat grain through agronomy approach, the effects of Zn and P fertilization on the relationship of P and
7Zn of wheat and rye and on the concentration of phytic acid of wheat grain were investigated. [Method) A
culture experiment was conducted in chelater-buffered solution which was added 0.1,0.6,3.0,6.0 mmol/L
P and 0,3. 0 pmol/L Zn;wheat and rye were harvested after 72 and 45 d,respectively;the dry weight and P
and Zn concentration of roots and shoots of wheat and ray were investigated,and also the concentration of

phytic acid of wheat grain was determined, the effects of P and Zn on the growth and nutrients uptake and
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distribution of wheat and rye were studied. [Result] When supplying with Zn, the Zn concentration and
content of wheat grain were 2. 74 and 3. 64 times to that of no Zn supplying,respectively. The concentration
of phytic acid and the molar ratio of phytic acid to Zn of wheat grain decreased by 9. 64% and 68.19% un-
der Zn supply compared with no Zn supplying.respectively;In addition, the dry weight of wheat grain in-
creased under Zn supplying,so did the concentration of P. The translocation of P and Zn to wheat grain also
increased with Zn supplying; There were no significant effects of Zn supplying on the growth of wheat and
the shoot of rye,but the roots of rye were affected by Zn application; There was obvious P-Zn antagonism
in roots of wheat and rye,but the capacity of uptake to Zn of rye was much stronger than wheat in the same
condition ; The uptake of Zn to wheat and rye was depressed under excessive P supplying,and the transloca-
tion of Zn to wheat grain was inhibited too. Moreover,the apportionment ratio of P decreased with the ele-
vation of P supply. The growth of wheat and ray were restrained obviously by excessive P supplying,and
these phenomemons were observed mainly on the root of ray seedling and the shoot of mature wheat,espe-
cially on the wheat grain. [Conclusion] The dry weight and the concentration of P and Zn of wheat grain
increased under Zn supplying.but the phytic acid concentration decreased,so the Zn bioavailability was im-
proved. The P-Zn antagonism occurred mainly in the root of wheat and ray;and ray had stronger capacity to

uptake compared with wheat;the Zn uptake of wheat and rye decreased under the condition of excessive P

application,so did the concentration of Zn and P.
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Table 1 Effects of supplying P and Zn on the accumulation of dry matter of wheat and rye g/
[H % /NZE Wheat ME Rye
Factor R Root M I3 Shoot ¥k Grain #R Root Hb -3 Shoot
P1 2.32 b 23.49 a 7.53 a 2.97 a 12.63 b
P2 2.50 ab 20.90 b 4.50 b 2.93 a 13.92 a
P3 2.41 ab 16.25 ¢ 2.29 ¢ 2.23b 13.73 ab
P4 2.83 a 12.45 d 0.82d 1.79 ¢ 9.98 ¢
Znl 2.65 a 17.69 a 3.35b 2.95 a 12.98 a
Zn2 2.38 a 18.85 a 4.22 a 2.01b 12.15 a
P 2.53 4.19 138.73% " 29.96* % 18.38**
Zn 3. 66 0.23 12.13** 82.34" " 3.90
PXZn 5.93"* 11.63"* 1.51 3.23 3.59"

T 2 H W RS 4 A BEKCF B2 A 8K [ 34T . [F 80 Bl )5 bn oA [/ 78 3 R0OR 2 53 3 (P<<0. 05)

SOx TR % % ”%%/T\‘%

St EAKT AR SR 120, RS 34T AIFOR PuZo LK P Y Zn SR HAEMIM F (. TR,

Note: The multiple comparisons were conducted among different levels of zinc and phosphorus supply within the same column, respectively the differ-

ent letters within each column indicate significantly difference at 5 % level. “ »

“and “ * % ” indicate the significance of 5% and 1% , respective-

ly; The last 3 rows in the table indicated F value of P and Zn and interaction of P and Zn. The same as following tables.
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Table 2 Effects of supplying P and Zn on the concentration and content of P of wheat and rye

P &4 /(mg» g 1) Concentration

P i/ (mg « 41 Content

(5 /NE Wheat HoE Rye /NF Wheat HoE Rye
Factor & W R 1 i 1 5 i IR 2 i o 1 5
Root Shoot Grain Root Shoot Root Shoot Grain Root Shoot

P1 0.62d 0.79 d 1.30b 1.02d 0.81d 1.42d 18.17 d 9.67 a 2.96 b 10.16 ¢
P2 3.50 ¢ 1.44 ¢ 1.42 b 2.51 ¢ 1.86 ¢ 8.58 ¢ 29.79 ¢ 6.43 b 7.28 a 25.72 b
P3 4,82 b 2.24 b 1.45 b 3.73 b 3.06 b 11.70 b 36.25 b 3.37 ¢ 8.44 a 42.07 a
P4 5.24 a 3.56 a 1.88 a 4.26 a 4.04 a 14.81 a 45.25 a 1.53d 8.22 a 40.59 a
Znl 3.88 b 2.22 a 1.45 b 3.06 a 2.48 a 9.13 a 36.58 a 4.47 b 8.47 a 31.61 a
Zn2 3.21 a 1.80 a 1.57 a 2.70 b 2.40 a 6.95 b 28.15 b 6.03 a 4.98 b 27.66 a
P 248.08* *  216.06" " 20.80** 214.57** 148.91** 89.89* " 2.78 217.25* 38.83" " 61.17~
Zn 25.40" 26,73 4.96" 14.03* 0.41 0. 00 1.52 41,747 72.36" " 4.28

PXZn 10. 72~ 3.90" 0.84* 22.17%* 1.24 15.34** 18.33** 3.25 22,79~ 2.32

2.3 PZnHEMNESEEZ In EFRRHZN
33 RW AR/ AR (72 D) B AR 45
d J5 . 51E® #t PC0. 6 mmol/L) AH Lk . 7F P4 4b B af
TR Zn FEAT B R T A9, 28 % 29. 23%,
1 H s % Zn fra g s n. S50t Zn ML,
it Zn J5 . /NFZ BB MR L M 1 B KRR Zn B

BT 113.62%,186. 33% Fl 174. 06% , 2
FAbHR A5 d JEARER . B E Zn SRR T
119.05% M1 71.93% , o] WL it Zn B2 T /N2
FBEMARA Zn & &, o | A B B T /N E
R Zn & i,

3K TE /N AT R K 45 d DU
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Table 3 Effects of supplying P and Zn on the concentration content of Zn of wheat and rye

Zn & it (mg « kg™ ') Concentration Zn W (pg « #51) Content

S /NFE Wheat ¥ Rye /NFZ Wheat M Rye
Factor i 1o HRL i Mo L i Ho FHL i Ho
Root Shoot Grain Root Shoot Root Shoot Grain Root Shoot
P1 36.06 a 33.18 b 38.06 ¢ 53.66 ab 54.81 b 83.76 a 808. 04 a 296.75 a 154.08 a 697. 88 ab
P2 34.01 a 33.65b 42.57 bc  61.37 a 55.72 b 83.13 a 714.36 b 199.87 b 165.51 a  759.84 a
P3 23.70 b 34.78 b 46.33 b 42.16 ¢ 54.45 b 59.11 b 581.30 ¢ 118.17 ¢ 88.28 b 731.88 a
P4 17.25 ¢ 48.74 a 58.81 a 43.43 be 62.85 a 46.69 b 541.50 ¢ 49.20 d 65.28 ¢ 616.91b
Znl 17.70 b 19.46 b 24.83 b 31.44 b 41.89 b 45.77 b 341.53 b 71.51 b 95.36 b 536.71b
Zn2 37.81 a 55.72 a 68.05 a 68.87 a 72.02 a 90.58 a 981.07 a 260.48 a 141.21 a  866.55 a
P 35.03* " 27.69% 19. 15~ 7.03** 4. 77" 16.06* * 24.36% " 371.10% % 53.17* % 4,18~
Zn 180.91** 652.97**  450.00** 119.47"* 275.52™" " 95. 74"~ 662.82** 1163.39" " 46,44 118.71*~
PXZn 13.10** 14,27~ 7.26"" 0.83 4.33" 15.41*~ 17.60** 106.29** 4.61" 2.39
2.4 PZn M NEMBZPE In &8 2tk XEF NN Zo 0 P 04N B2, AT DL ok 5 52
(P/Zn) B % W INFE REFERR Zn FI P R i S Wl g, B )

M AT LI L B O PR AR, N S R
0 P/Zn BRI AL Zn W25 BEAR T 3 P/ Zn,

& REANF S E R P/Zo WHEEH P Zn BN HE /Y
AR AL .

F4 PInREINNE . BEREREP/Zn EN
Table 4 Effects of supplying P and Zn on the P/Zn ratio of wheat and rye at different growth stage
kS /NF Wheat HBE Rye
Factor # Root H#i | 3#E Shoot ¥kBL Grain R Root i 5 Shoot
P1 18.79 ¢ 27.52 ¢ 40. 82 bc 20.06 ¢ 14.94 ¢
P2 106.99 b 63.16 b 49.75 a 47.12 b 35.58 b
P3 375.94 a 98.52 a 45,84 ab 109.29 a 65.65 a
P4 324.60 a 101.78 a 35.32 ¢ 132.94 a 69.73 a
Znl 288.60 a 114.91 a 62.64 a 112.42 a 60.45 a
Zn2 124.57 b 30.58 b 23.23b 42.29 b 32.50 b
P 100,91~ 604,31~ 420,727 65. 60" * 112.91*~
Zn 92. 77"~ 103.24* * 10,59 * 36.93" " 97.44* >
PXZn 41.82"* 47.33** 15,42 " 13.91** 18. 67" *

MF 4 kT LUE Lt PR EE 4351k 3.0,6. 0
mmol/L B}, /NFZ BRI & 48 B N KRR A1) 1)
P/Zn LB %25 Ui W] 44k P & # it 3. 0 mmol/L
B, P XN 5B P/Zn (AN T, M P/Zn

288. 60132, 50~112. 42, H oz KAH 5 H I Fe /MA 1)
12, 4245 F0 4. 45 4%, WAL P A Zn X /N4 P/Zn
PR 52 M) 22 LY R 22 I s P XT3 P/ Zn AR A L 5%
Wi B2 LY Zn B G UL A TGS R /N IR R R A L P X

(AL I B E AR L P KB R o /NE BB P/Zn Zn BYS2IAEL Zn XF P 52 0 B & L i H/NZ X PLZn

SRk 18, 79~375. 94 Fl 14. 94 ~132. 94 A [l fit
In K ¥, /NEZH BRI P/In 535 0 23. 23 ~

RO A S 0 A R A R AL
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Fig. 1 Effects of supplying P and Zn on the apportionment ratio of P(a) and Zn(a) to wheat grain
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Fig. 2 Effects of supplying P and Zn on the concentration

of phytic acid of wheat grain
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