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Effects of Regulation of Zinc and Iron Uptake and Distribution in
Apple Trees Under Zinc and Iron Interaction
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Abstract:l Objective lIn order to explain the uptake and distribution mechanism of zinc and iron in apple trees for directing zinc
and iron fertilizer use properly, the distribution characteristic and interaction relation of zinc and iron in nutrition organs of apple
trees was studied. [Method] Zinc and iron concentrations of organs from the diseased trees (lack zinc) and the normal trees in
fruition stage were determined. Distribution characteristic of zinc and iron in organs of apple stock—Malus hupehensis Rehd under
zinc and iron interaction was analyzed, with solution culture and orthogonal design. [Result] Zinc concentration in nutrition organs
of the diseased trees was lower than the normal trees, while iron concentration was higher than the normal trees. At solution culture
research, the zinc and iron concentrations in the organs significantly increased upon increase at zinc and iron supply; The size order
of range for zinc and iron change was roots>stems>leaves. The effects of zinc and iron concentrations in roots, stems and leaves
reduced little by little in zinc and iron interaction. Organs transfer coefficients are all higher than 1.00 at zinc deficiency supply. At
moderation or deficiency zinc, zinc and iron concentrations were positive correlation in roots, the consistent result was determined in
field; at excess zinc, zinc and iron concentrations was negative correlation in roots. In leaves, zinc and iron concentrations were all
negative correlation. At excess zinc, zinc and iron concentrations were significantly positive correlation in roots. [ Conclusion] For
apple tree, the roots were zinc regulation storeroom, and regulated zinc and iron homeostasis at a certain extent; zinc advance iron
accumulation in roots. Excess iron may play a role to postpone zinc toxicity. In leaves, zinc and iron interactively restrained.
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Table 1 The experimental design of different zinc and iron
concentration treatments

b Zn ¥ C(umol-L™H Fe #J¥ (pmol-L™)
Treatment Zn concentration Fe concentration

1 0.5 5

2 0.5 25

3 0.5 125

4 5 5

5 5 25

6 5 125

7 25 5

8 25 25

9 25 125
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Table 2 Basic properties of the experimental soil

(FL[H PYE AR SP9-400 KD JsEdr. Bhik
&;[16]0

1.3.2  LIESRRRIE AP R A 0 R S R
PR RERGENE , HOCECR AR HO2 e, 4
W FHARBRPIEI E , AT B KB R THE NN E
AR W B BEGER DTPA VR #E, IR T
W e TEIE s 3% pH ME K - h=1 0 134,
BRI (R 2) .

+ B pH AHUT BRARE  HORE SRS SHGSES SR AR AR ARG

State of soil (H,0) OM NaOH-N Olsen-P  NH;OAC-K NH40AC-Ca NH,0AC-Mg DTPA-Zn DTPA-Cu DTPA-Fe DTPA-Mn
@G:H %) (mgke") (mgkgh) (gkg')  (gke?) (ke (mgke") (mgkg") (mgkg") (mgkg")

EH R 15 486 109 582 62.5 0.20 1.71 0.19 131 11.5 19.6 13.3

Normal tree soil

P 3 652 139 588 75.3 0.33 2.17 0.27 2.49 6.2 15.1 12.3

Disease tree soil

1.4 %itAE
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F BRI T IR AR, R
SIYPI kR L2 O LE R R 4, ARk
BT IR AR K BRI B 0 28 N B o L3R BE T A A
WRER AR T IE WM, BRIREE T IEH B, AR
BEL BRI BT IEH W .

Table 3 The concentrations of zinc and iron for tree organs of apple tree in field at the stage of physiological dropping of fruits and

the stage of starting growing of fall-branches

A EORAE A RIS R LSRR GRS ]
Organ characteristic Stage of physiological dropping of fruits Stage of starting growing of fall-branches
BB RVER Fe/Zn BB Bk Fe/Zn
Total Zn(mgkg')  Total Fe(mgkg™) Total Zn(mgkg") Total Fe(mgkg™)
R IE# M Normal tree 45.1+0.6 651.5+55.4 14.4£1.4 52.3+1.0 378.249.2 7.240.1
Root  Jjijff  Discase tree 39.7+1.1 560.3+20.3 14.10.9 23.9+1.1 134.2+6.6 5.6+0.2
53 IE## Normal tree 24.2+7.2 22.6+3.8 0.8+0.1 23.0+1.7 26.8+3.3 1.2+0.1
Branch 358 Normal branch of disease tree 14.7£1.2 28.8+4.5 2.0£0.5 8.840.1 13.3+4.6 1.50.5
JEMH  Discase tree 26.2+0.2 112.7+0.9 4.3+0.1 8.2+1.3 69.0+6.2 8.5+0.5
e 1E## Normal tree 23.6+1.8 98.9+5.6 42403 18.8+1.0 57.0+2.5 3.040.0
Leaf 354  Normal leaf of disease tree 12.6+0.4 115.543.0 9.1£0.2 21.0+0.4 68.8+1.2 3.340.1
JiEM  Disease tree 13.5£1.2 404.6£22.1 30.0£1.0 12.6+0.1 105.0+2.4 8.4+0.1




1472 ook N B

40 &

2.2 PHRREEW FEHER HEoEEm

MR 4 mI5m, BEXE SRS SR EEEIRE K
A5 E A2 RBGE A 1 2 e 3500k 20 10 2 7KF o fid
25 MR AT ERR Y S IR R R 2 IR A
K (SRR B 5 0.949, 0.960. 0.948) , FALd
R B S 28 B BRI fe o B B SRR

x4 7 RLESTEHFREEFIEMXR

JEd g, M AR B e R B N, LR
AL BRI S R KT 1,000 FEAL B L B b 3
TR BRI T 4~7 %, BRI 3 £, i
PEARPESEIN 2 £, RUISEEMRA T, MRS E RN
U AED

B IRUMRERIR PR L 25 P B IR JRE S mi 22 e p B 2

Table 4 Concentration and translocation coefficients of zinc in Malus hupehensis Rehd treated with zinc and iron

4bF Treatment (umol-L™)

FERE Zn concentration (mg-kg” DW)

BEFGIE 280 Zn translocation coefficient

Zn Fe R E - /AR VES /R
Root Stem Leaf Leaf/Root Leaf/Stem Stem/Root
0.5 5 5.1+2.2 8.2+1.7 9.8+1.1 2.10+0.60 1.2240.13 1.70+0.33
0.5 25 5.0£1.3 4.940.6 9.1£2.5 1.93+0.82 1.87+0.39 1.00+0.22
0.5 125 7.5+2.8 4.240.7 8.4+0.6 1.32+0.73 2.05+0.34 0.67+0.43
5 5 37.6+2.8 25.2+2.4 23.0+1.8 0.62+0.10 0.9240.15 0.67+0.03
5 25 43.1+2.1 23.3+6.3 20.3£2.1 0.47+0.03 0.90+0.18 0.54+0.13
5 125 40.143.1 15.7£1.0 17.9£1.0 0.45+0.02 1.14+0.02 0.39+0.01
25 5 277.5436.3 76.+13.3 42.3£7.0 0.15+0.02 0.55+0.06 0.28+0.05
25 25 206.2+19.0 67.6+4.1 40.1£13.3 0.19+0.05 0.59+0.19 0.33+0.04
25 125 151.4+14.6 50.0+9.5 31.8+1.1 0.21+0.03 0.65+0.11 0.33+0.07
ANOVA test
Zn (umol-L™)
0.5 5.80¢ 5.70c 9.10¢c 1.78a 1.71a 1.12a
5 40.3b 21.4b 20.4b 0.51b 0.99b 0.53b
25 211.7a 64.7a 38.1a 0.19b 0.60c 0.31b
Fe (umol-L™")
5 106.7a 36.6a 25.0a 0.96a 0.90b 0.88a
25 84.8b 31.9a 23.2a 0.86a 1.12a 0.62a
125 66.3 ¢ 23.3b 19.4a 0.66a 1.28a 0.46b
F test
7n *kk Hkk Hkk *kk *xk Hkk
Fe Kk T NS NS *% *%
ZnxFe HEE * NS NS * **

NS, P=0.05; *, P<<0.05; **, P<<0.01; ***, P<<0.001

K] Duncan VAL, RESIEEARA AN RIS P REROR S% KK EER B . FIH

Different letters mean the significantly difference at 5% level by Duncan’s multiple-range test. The same as below
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Table 5 Concentrations and translocation coefficients of iron in Malus Hupehensis Rehd treated with zinc and iron

4bF Treatment (umol-L™")

B ¥ Fe concentration (mg‘kgl DW)

Y18 R B Fe translocation coefficient

o B (i ES It /AR /2% E Y.t

Zn Fe Root Stem Leaf Leaf/Root Leaf/Stem Stem/Root
0.5 5 85.0+12.5 26.7+9.0 80.0+2.9 0.96+0.16 3.18+0.86 0.33+0.16
0.5 25 260.5+48.5 31.446.4 89.7+0.6 0.35+0.07 2.95+0.67 0.13£0.05
0.5 125 708.0+182.6 57.6£19.0 130.9+9.0 0.19+0.06 2.45+0.78 0.09+0.06
5 5 91.3£16.5 15.3+4.3 69.5+3.5 0.77+0.13 4.78+1.34 0.17+0.02
5 25 301.0+23.0 31.543.8 96.8+10.6 0.32+0.05 3.07+0.07 0.11£0.02
5 125 1261.6+£119.5 57.1£17.5 109.5+9.4 0.09+0.01 2.04+0.57 0.05+0.02

25 5 98.8+13.9 15.2+8.4 58.845.6 0.60+0.08 5.04+3.38 0.15+0.07

25 25 351.3+126.7 27.5+6.8 89.4+6.8 0.27+0.07 3.43+1.05 0.08+0.03

25 125 1971.7£151.0 84.5+12.7 109.7+7.8 0.06+0.01 1.33+0.31 0.04+0.01

ANOVA test

Zn (pmol-L'l)

0.5 351.1¢ 38.6a 100.2a 0.50a 2.86a 0.18a

5 551.3b 34.6a 91.9a 0.40b 3.30a 0.11a

25 807.3a 42.4a 85.9b 0.31c 3.27a 0.09b

Fe (umol-L™")

5 91.7¢ 19.1¢ 69.4c 0.78a 4.34a 0.21a

25 304.2b 30.1b 91.9b 0.32b 3.15ab 0.10a
125 1313.7a 66.4a 116.7a 0.11c 1.94b 0.06b

F test

7n *k NS *% *k NS *

Fe sk sk Kok sk sk sk sk &% Kk sk

ZnxFe ok ek * NS NS NS

HIE WG o R BT, MRSk R
REFAR BRI 2~3 %, ML B AL BB AR
BEALBEI) 60%. B BRI 2R B SEma A 3%
VPR BESR s i) S PR AR ANt 8 1 3t b
iz, Wit/ ZEHE REGE WA S . RPBRIKE
ALY, RO ERAE ARG R, N
B RYA, BN BRI s P AN . s 2
EEEAS I, R A 1 L A
BRI L 5 PR BRI AT DG R -0.253, 1]
AE AL S92 B /N I 2R B A A SRR AT AR ) i
Hz—.

ALHARR SRR, BRI 25 BRIk

JRE (D52 M0 Sk 2 BRSO I BRI R R 1)
PERDR AR, R AR R B T ke ==,
LN
2.4 XBFRE[EHKRIEBEXMESN

M 6 WA, AEBERCOR IS ST RIR L SR A
PR PE S IEAR DG, L PR B 5 AR B S A0 25
IEAR: B s B BRI S RIS R A G . R W] B¥
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Table 6 Correlation between concentrations of zinc and iron in the roots, branches and leaves of tree in field at the stage of

physiological dropping of fruits

R-Zn B-Zn L-Zn R-Fe B-Fe L-Fe
R-Zn 1
B-Zn 0.532 1
L-Zn 0.768%* 0.783* 1
R-Fe 0.402 0.852%* 0.616 1
B-Fe 0.152 0.400 0.317 -0.118 1
L-Fe -0.633 -0.500 -0.517 -0.768%* 0.450 1

R-Fe. ARYKIKE; B-Fe. B E: L-Fe. WHAWKE: R-ZnARBKE: B-Zn. HHKE: L-Zn HEEKE. TR
R-Fe. Iron concentration of root; B-Fe. Iron concentration of branch; L-Fe. Iron concentration of leaf; R-Zn. Zinc concentration of root; B-Zn. Zinc
concentration of branch; L-Zn. Zinc concentration of leaf. The same as below

R DHEARERPAHE LTSI EFHEXM
Table 7 Correlation between concentrations of zinc andiron
starting growing of fall-branches

in the roots, branches and leaves of tree in field the at the stage of

R-Zn B-Zn L-Zn R-Fe B-Fe L-Fe
R-Zn 1
B-Zn 0.751* 1
L-Zn -0.084 0.067 1
R-Fe 0.863** 0.549 0.051 1
B-Fe 0.068 0.000 -0.933%** -0.034 1
L-Fe -0.700* -0.717* -0.417 -0.700* 0.483 1
2.5 KEBEFHTTEEMENEZREFKRMEXMES JE 5 % 48 BB E AE AR i R bl 3 R AT SR 4
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Table 8 Correlation between concentrations of zinc and iron in the roots, stems and leaves of Malus Hupehensis Rehd under
different zinc stress

sl TiH A1 R AL Corrlation coefficient
Treatment Item R-Zn S-Zn L-Zn R-Fe S-Fe L-Fe
(523 R-Zn 1
Lower zinc S-Zn -0.500 1
(0.5 pmol-L™") L-Zn -0.350 0.717* 1
R-Fe 0.467 -0.700* -0.217 1
S-Fe 0.317 -0.700* -0.417 0.617 1
L-Fe 0.600 -0.850%* -0.600 0.833%* 0.850%* 1
g R-Zn 1
Middle zinc S-Zn 0.400 1
(5 pmol-L™) L-Zn -0.100 0.700* 1
R-Fe 0.450 -0.533 -0.800%** 1
S-Fe 0.333 -0.500 -0.750* 0.933%k* 1
L-Fe 0.500 -0.233 -0.500 0.817%* 0.900%** 1
B R-Zn 1
High zinc S-Zn 0.850%* 1
(25 pumol-L™) L-Zn 0.733 * 0.600 1
R-Fe -0.867** -0.700* -0.533 1
S-Fe -0.817** -0.583 -0.667* 0.883%* 1
L-Fe -0.867** -0.783* -0.483 0,917 0.867** 1

R-Fe. MYBRIRJY; S-Fe. ZEHKRIE; L-Fe. MR/, R-Zn MEFRIY: S-Zn. ZEFHRY: L-Zn. MEERE. TR

R-Fe. Iron concentration of root; S-Fe. Iron concentration of stem; L-Fe. Iron concentration of leaf; R-Zn. Zinc concentration of root; S-Zn. Zinc concentration
of stem; L-Zn. Zinc concentration of leaf. The same as below

RO TREIHMBEEE T EREHFRRERXED N

Table 9 Correlation between concentrations of zinc and iron in the roots, stems and leaves of Malus Hupehensis Rehd under

different iron stress

JOSE] TiH I ZZL Corrlation coefficient
Treatment Item R-Zn S-Zn L-Zn R-Fe S-Fe L-Fe
73 R-Zn 1
Lower iron S-Zn 0.983*** 1
(5 umol-L™" L-Zn 0.917%%* 0.933%%** 1
R-Fe 0.583 0.567 0.333 1
S-Fe -0.400 -0.333 -0.433 0.117 1
L-Fe -0.883%* -0.867** -0.900%** -0.217 0.633 1
ERETN R-Zn 1
Middle iron S-Zn 0.883** 1
25 umol-L'l) L-Zn 0.933 %% 0.950%** 1
R-Fe 0.250 0.267 0.283 1
S-Fe -0.383 -0.233 -0.317 -0.033 1
L-Fe 0.333 0.117 0.300 -0.017 0.117 1
Tk R-Zn 1
High iron S-Zn 0.917%** 1
(125 um01~L'l) L-Zn 0.867** 0.917%** 1
R-Fe 0.883** 0.983*** 0.950%** 1
S-Fe 0.667* 0.483 0.533 0.433 1
L-Fe -0.683* -0.733* -0.617 -0.700* -0.167 1
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