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Abstract :A culture experiment was conducted to eval uate the growth and the nutrition of Zn ,Fe ,Cu ,Mn of wheat
plants a the ssedliing gage in chelater- buffered ol ution. Zn rates were gpplied at three levels of deficient (OW nol/L) |,
norma (M nol/L) ,excess (30U nol/L) and Pwas a9 desgned in three rates,namely ,0 (insuficiency) ,0.6 (ror-
md) ,3.0 (excess) mnol/L. The results showed that the growth of wheat was increased under norma P and Zn supply ,
but there would be depressed if excessor o P and Zn addition to culture lution ,and these efects were gronger to the
shoots than that of the roots; There was obvious antagoni am between Zn and Cu at wheat seedling gage ,but the trandocar
tionsfrom root to shoot of Zn and Cu were increased under the supply of Zn ,while that of Mn was decreased ;A large
mount of Zn was trandocated to the shoot under excess Zn supply ,and the tota trandocation of (Fe + Cu +Mn) was de-
creaed dradicaly at the same time. The uptake of Fe was inhibited by the P supply ,but the trandocation ratio of Zn ,Cu
and Mn increased under the P supply ;the dfect of Zn itself was nore remarkable than P on the uptake between Zn and
Fe ,Cu ,Mn the uptake of Zn was increased obvioudy under the Zn supply. To the shoot of wheat seedling ,the uptake of
Zn was eader than Fe under P supply ,but the uptake of Fe overmatched that of Zn without P supply ; For Zn and Cu the
uptake of Zn excelled that of Cu with no P supply ,but the uptake of Cu outbalanced zn dter P supply ,the same as the
uptake between Zn and Mn. In conclusgion ,the different combinations of Zn and Pwould change the synergism or antago-
nism between Zn and Fe ,Cu ,Mn nore or less.
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KNO; 1 500 nol/L ,Ca(NQs) 2+ 4H,O 1 000M nol/L ,
Mg0, - 7H,O 250 pmol/L , HBOs 12. 5 pmol/L ,

(6] CsHsO7Fe- 5H,0 304 mol/ L ,HgMo70,4 0. 14 nol /L ,Cur
30 ;- 5H,0 2. 8 nol/L ,MnD,- H,O 3K nol/L ,Nidg-
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(Zngo) Po.6Zns ( ) ,
; (Po) : :
(Ps) , P Zn :
(Pos) 22.95%; ; PsZng ;
2Ny , Ay 49.23 %, RZngy
, Znz ,Zngym 27.00 %; , 62. 30 %,
P P , Rs,P
Ps 50.64% 19. 87 %,; (5] Ps P Zn
: , P Zn .
P Zn , , P
Zn
1 P-Zn
Tab.1 The éfects of various combination o Pand Zn fertilization rates on dry weight of wheat seeding o
p Root Shoot Whole plant
/ (mmol/L) Zn / Umol/L) Znleves n / mol/L) Znleves Zn [ Umol/L) Znlevels
Plevels 0 3 0 Aeap 0 3 0 Aeae 0 3 20 Aveap
0 0.58ab 0.65a 0.59ab 0.61A  0.73cd 0. 90cd 0.69d 0.77C 1.32d 1.56¢d 1.28d 1.38C

0.6 0.5%b 0.65a 0.60ab 0.61A  1.50b 1.83a 1.35b  1.56A  2.0% 2.48a 1.95b 2.17A
3.0 0. 60ab 0.50b 0.33c  0.47B 1.41b 1,37b 0.9c 1.25B 2.01b 1.87hc 1.28d 1.78
Average  0.59A 0.59A 0.51A 1.21A 1.37A 1.008 1.80A 1.96A 1.508

: 5% , P Zn ( ) 1%
Note : The multiple conparions o different treatments were conducted under the levels of 5 % ,and the multiple compari sons anong various levels (average) of
zinc and phogphorus supply were conducted under the levels of 1 %. The same asfollows.

2.2 Zn Fe Cu Mn Fe Mn P
2 : Zn . Zn Cu Mn ,
Zn g Zng ; R P
no 2.45 512 P
Fe Cu Mn n ,Zn Zn  Cu ,
,  CQu Zn Mn ;P Zn Cu Mn :
, 2o , Fe Cu Mn Fe P 2n
Zns 3.62%, 14.91 % 2.3 Zn Fe Cu Mn
1.53%, Zng 8.9%, 44.21 % 3 : ,(Fe + Cu +Mn)
12.25% P Zn Fe Cu Mn Zn Zn ;
, Zn Cu Mn Pyo (Zn+ Fe+ Cu+Mn) Zno ,

N o = , , s Zng Zno 4.84%
Pos,Zn Cu Mn P, 4.04 %; (Fe+Cu+Mn) (Zn+Fe+Cu+
27.32%,30.64% 43.29%, P Mn) P , B
24.07% ,17.59% 23.65%; Fe p Po.s 23.43% 22.38%,Ps

, R 28.98% 28.96 %
Pe P, P Ps P Fe +ZNep (Fe
28.40% 46.35% +Cu+Mn) : Zno  Zng
5 , 2n o 19.50% 19.51 %; (Zn + Fe + Cu + Mn)
Mn ; n ; 2y
7n ' 7n ' no 7 19.11%  3.47 %;
, P ,Zn Cu Mn (Fe+Cu+Mn) (Zn+ Fe+Cu+Mn)

Fe P N R = , Poe ,
, Zn Cu , P 23.85% 26.12% ,R;
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17.48% 18.33% , 2Zn Fe Cu Mn Zno
, ,Zn P , 2N (Fe+Cu+Mn)
(Fe+Cu+Mn) (Zn+ Fe+ Cu+Mn) , (Zn+ Fe+ Cu + Mn)
, P , , ; n Fe
Fe Cu Mn, , Zn Cu Mn
2 P-Zn Zn Fe Cu Mn
Tab.2 The dfects of various combination of P and Zn fertilization rates on the content o Zn,Fe,Cu,Mn o wheat seedling
T I %
P Whole plant contert Trandocation ratio
F (i L) zn [ Qnol/L) 7Znlevds Zn [ Qmo/L) Znlevds
0] 3 30 Average 0 3 30 Average

Zn
0 49.19% 71.81e 325.08a 148. 69B 49, 30f 59.92e 74.57c 61.26C
0.6 62. 69 211.48c 339.54a 204.57A 63.58e 79.65b 76.07hc 73.10B
3.0 66.51e 152. 29d 247.58b 155. 34B 69. 12d 84.78a 78.00bc 77.30A

Aver. 59.34C 145.19B 304.07A 60.67B 74.78A 76.21A
Fe
0 1357. 89ab 1546. 64a 1234.54bc  1379.69A 20.77b 20.67b 2.83b 20.76B
0.6 1038. 49de 931. 22de 992. 71de 987.81B 21.03b 29.17a 21.20b 23.80A
3.0 1058. 11cd 852.71e 917. 37de 942.73B 22.93b 23.27b 15.40c 20.53B

Aver. 1151. 83A 1110. 19A 1048. 21A 21.58B 24. 37A 19.14B
Cu
0 87.37hc 70.51cd 42.01e 66. 638 21. 60e 25.90de 29.93cd 25.82B
0.6 102. 54ab 111.53a 74.10c 96. 06A 30.03c 43.70ab 45.43ab  40.72A
3.0 111. 30a 74.26c 51.92de 79.16B 33.60c 40. 60b 48.13a 40. 78A

Aver. 100. 40A 85.43B 56.01C 29.41C 36.73B 41.17A
Mn
0 235.59d 267.02cd 230. 44d 244, 35C 48.43d 40.67e 35. 2% 41.44C
0.6 424, 35ab 455.11a 413.11ab 430. 86A 59. 83hc 60. 80abc 58.50c 59.71B
3.0 392.57b 314. 26c 280. 04cd 328. 968 65. 63a 64.77ab 62.03abc  64.14A

Aver. 350. 83A 345. 47A 307. 86A 57.97A 55.41AB 51.92B

l\bt;a:TranSocaion ratio indicated the percentage of the nutrient content of shoot to the whole plant.
3 PZn (Zn + Fe+ Cu+ Mn)
Tab.3 The dfects o various combination of P and Zn fertilization rates
on the total content o (Zn + Fe+ Cu+ Mn) o wheat seedling

Ibg ) I %
P Whole plart contert Trandocation ratio
/ (mmol/L)
Plevds n Zn levds Zn Zn levds
0 3 30 Average 0 3 30 Average
Fe+Cu+Mn
0 1265. 69ab 1442. 34a 1158. 06bc 1288. 66A 415. 26de 441 . 84cd 348. 93 402.01B
0.6 1059. 54cd 906. 85de 993. 93cde 986. 78B 506. 84hc 591. 02a 485.99bcd 527.95A
3.0 1025. 71cd 809. 5% 910. 26de 915. 18B 536. 27ab 431. 65d 339. 0A 435. 66B
Aver. 1116. 95A 1052. 93A 1020. 75A 486. 12A 486. 17A 391.33B
n+Fe+Qu+Mn
0 1290. 58ab 1471. 14a 1241. 04bc 1334. 26A 439. 45d 484, 85cd 591.03b 505.11B
0.6 1082. 22cd 950. 13de 1074. 58cd 1035. 65B 546. 84hc 759. 23a 744.88a 683. 65A
3.0 1046. 22cd 832. 36e 964. 98de 947.85B 581.92b 561. 16bc 531.94bcd 558.34B
Aver. 1139. 68A 1084. 54A 1093.53A 522.73B 601. 75A 622. 62A
2.4 Zn  Fe Cu Mn (Fe+ | Zs 33.33 %, 84.38 %,
Cu + Mn) 31.25%  50.00 %), Zng 166. 67 %,
4 , Zn : 621.87 % ,225.00%  250. 00 %, ,Zns
Zn  Fe Cu Mn (Fe+Cu+ 220. 00 % ,173.39 % ,205.56 %  228.57 % , Zno

Mn) ' , 2o 686. 67 %, 850.81 %, 866.67 %
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757.14 % 47.11 %
P , Zn Fe , Zn Fe
Po.s , R B 75%;Zn Cu Cu Mn , Zn Fe Cu Mn
Po , Po.s Pz 24.75 % (Fe+ Cu+Mn) Zn P
32.63%;Zn (Fe+ Cu+Mn) P , ; , P P Zn
Pos P 25%; Zn Mn Fe ;Zn Cu P
; ,Zn Fe P , Zn ;o Zn Mn
Po , Pos Ps 74.36 % P Zn  Fe
89.74 % ,Zn (Fe + Cu + Mn) : P Zn , P Fe
Zn Cu  Zn Mn Po , , Zn CQu Zn Mn '
: Po, Pos Zn : Cu Mn
47.52%  48.76 %, B 43. 44 %
4 P-zZn Zn  Fe Cu Mn (Fe+ Cu+ Mn)

Tab.4 The dfects o various combination of P and Zn fertilization rates on the
ratio o content o Zn to Fe,Cu,Mn and the total content of Fe,Cu,Mn o wheat seedling

TR I %
) (P mn Whole plant content Trandocation ratio
D lovels Zn  /Unol/L) Znlevds Zn__ /Qmo/L) Znlevds
0 3 30 Average 0 3 30 Average
n Fe
0 0.02e 0.02de 0.08b 0.04B 0. 0o 0. 144 0.95c 0.39C
0.6 0.03de 0.07c 0.10a 0.07A 0.18e 0.63d 1.24b 0.68B
3.0 0.03de 0.03d 0.07c 0.04B 0.19% 0.65d 1.36a 0. 74A
Aver. 0.03C 0.04B 0.08A 0.15C 0.48B 1.18A
Zn:Cu
0 0.36d 0. 55cd 2.88a 1. 26A 1.2% 2.37e 19.91a 7.85A
0.6 0.33d 0.69c 2.02b 1.01B 1.18 3.48d 7.68b 4.12B
3.0 0.28d 0.53cd 2.03b 0.95B 1.25 4.31c 7.77b 4.44B
Aver. 0.32C 0.59B 2.31A 1.24C 3.39B 11.79A
Zn Mn
0 0. 2lcd 0. 18de 0.55a 0.31A 0.21e 0.40d 3.02a 1.21A
0.6 0.1 0.24c 0.48b 0.29A 0.16e 0.61c 1.08b 0.62B
3.0 0. 15¢ 0. 21cd 0.24c 0.29A 0.18e 0.64c 1.11b 0.64B
Aver. 0.16C 0.21B 0.52A 0.18C 0.55B 1. 74A
Zn (Fe+ Cu+Mn)
0 0.02e 0.02e 0.07b 0.04B 0. o6 0.10e 0.70a 0.29B
0.6 0.02e 0.05c 0.08a 0.05A 0. 08d 0.29d 0.53c 0.30AB
3.0 0.02e 0.03d 0.06c 0.04B 0. 08d 0.30d 0.57b 0.32A
Aver. 0.02C 0.03B 0.07A 0.07C 0.23B 0. 60A
3 A
, P
) , P Zn
P zn , P zn
P Zn : P Zn [18] , ,
, P , P P-Zn 7
, n P-Zn , PZn
(7l P P
7n Zplie- 211 .

P Zn .o : S :
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’ P (Fe + Cu+Mn) '
' : Zn ,(Zn + Fe + Cu + Mn)
Zng , Zn Zn
o ’ o ’ Zn (Fe + Cu+
P ' P n Mn) , 7n
P, P (Zn + Fe + Cu +Mn) :
, P 7 , - | o
) Zn[24] , 7n [291;
P Zn ' 2 n
ao ’ (Fe + Cu +Mn)
; Zn .Cu
Fe Mn ’ ,Zn Fe Cu Mn
o P Zn ) Zn Fe Cu Mn
[25], 7n | | o
Cu [26]; Zn ’ n Fe CuMn (Fe+Cu
) Fe Mn n +MI"I) ; 7n Fo
’ ; ,Zn  Fe Zn Cu , mn P
; Fe, P cu,
2 Fe ' P Fe; Zn Mn
, Zn  Mn p : b
[27] ' ) ,Fe | ’Zn |
’ ( Zn  Cu Mn P .7n
) ' ,Cu Mn P ’
A : Cu Zn Mn
NTA > HEDTA > BEDTA > ODTA ; ,
n [28]’ , , 0]
P : P
Zn Cu Mn, P
, P p 4
Fe. Fe P : , P Zn ,
P Zn Zn Fe Cu Mn 1 b 71
, Zn  Cu ,
' /n ke Mn P
Alexei  [*] 66 Zn Cu Mn ,
' ' o Fe . Fe P
, Zn Mn
P-Zn . o
) Mn , 7n ,
" 2n (Fe + Cu +Mn)
: Zn Fe Cu P Zn Cu Mn . P
Mn
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