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A Cu K, B . Cu 0.50.100,200.300.400mg/ kg, 43 B! F &b ¥ CugCu; ~Cuy«CuzCuy Cus TR o FEH
Cu 300mg/kg Fl 400mg/kg(CuyCus) B 2L 3, & I HE Ca 200.400mg/ kg 1 HE Fe 200.400mg/kg % 2 14t
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Table 1 Changes of total growth of young branches under different copper treatments

&
Treatments Cug ‘ Cuy Cuy Cus Cuy Cus
#E Cu B (mg/ke) 0 50 100 200 300 400
R EK SR (cm) 26.33A 21.7A 20.17A 11.63B 3.37C 2.5C

EAHEAERRRRERE 1% BFEKFE, The different letter means significant at 1% level.
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Table 2 Relative chlorophyll contents in leaves of apple under
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Total growth of young branches
BRI R & (em)

different copper treatments

i

Leaf position Cup Cuy Cuy Cus Cuy Cus
ot 12.63A 14.13A 14.13A 12.30A 4.40B 4.33B
EA 38.17a 42.30a 40.57a 36.67a 34.17a 22.37b

EARAKRNEFRIBHIRR 1% 5% BEERKT

Note: The different capital and small letters means significant at 1% and 5% levels, respectively.
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B, XRER Cu EMHREERAERESY, MHEGEAMREaREREEN, 312
EARFEP EEREEN, BFl, G880 Co FHTFHERENERERE, B3 T4
FBRE, MMHREEREE, FESEERBEH TR,

T Ca Ml Fe BB Cu MG EMFE., ER Cu/KF T, BLHE Ca fl Fe ¥IREHR
MER(BFEZHMFHHERENEE, WHRKKEN Co RSB EERM A&
R, MEKRER Cu(=300mg/kg) SXTERMTH MR ETEFTE, EESHRKNEL L, Fe
HIFR R T Ca(B 2 .3),

2.3 ARLEXMFERHF P E4EEHETENRER

SEM B MEE—, MERARADENEAR. K& CuSREBS T5K

YWeEa, (FERIEER I T E 2 Cu bR, Cu £ E AR, BHEERK, A RE, &



454 MY EHS RN %R 6 %

14 40
- 12 F — —— ]
= . c
S UH S i 30
© 410 | - ° 4
sk gt 5K
=8 = £ 20
5% 6 &
o
L o I
. = >
oy 4 & 10
2 <
O e s s: s a0 "I oses zazs:g
o 5 8 @ Q 5 o y
32 3¢ SLe s8cge 3§88 g
- 03 3 3 03 5 3 =5 5 ::35 5 5 35 =
O O O O . O S OO S © O O S 33 O

2 FEHFALIZP DI Ca F0 Fe MR RFH 3 ERFLIZPHEI Ca F Fe HFEREH P

H R AR & AR HERBX SRR
Fig.2 Effect of Cu with Ca and Fe application Fig.3 Effect of Cu with Ca and Fe application

on relative contents of chlorophyll on relative contents of chlorophyll

in young leaves of apple in old leaves of apple

SMECuli N < 100mg/ kg B, i AL SR 7B HERE Cu MDD BRI B TR BB S, HEA
BE;Culi A BT 100mg/ kg B, T EAL SEEHEEER BE THE(E 4),

EE Cu/KFETF, BLHE Ca Fl Fe RERUR X T E AL S B F %, FIEHERE Ca M1 Fe HE AN
By (& s), B S5 ERE, Big R Cu if R Cus KT, Cay AHEXT R E T EHALH
B 1) YE R 1T F Fey L0383 22, 7E Cay Fe, AL FR/KFBT, U Fe, fF Cayo XFIRERH THL
BRik B R T AR X B R R B AR R, BT R A AR — € B, A&
i L S EE A EE BN, R, R A S S Y REFRILE R

__.g(,&[mlo]o

30
< 40 S
. : = 25 __'_T
hotl ) N i r
2y w30 By -0
- il (0]
3%520 gL 15
e H 8 W =
S | oW L o & ‘8 10
— = 10 7] .
SH < W
38 < < 7 g 5
= 9 N L . g S
0 100 200 300 400 SO P a——
S 38 & & 3¢ 8 &8
HiCui(mg/ke) S 3 = 3 z B 22
Cu rate SSE&3 S 8383
B4 KA Cu ABMERTHZTELE B 5 HECulll CaFe HERHAFTELE
EgiE MR R IM By ST AY R )
Fig.4 Effect of catalase activity in apple Fig.5 Effect of Cu with Ca and Fe application
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Effect of excessive copper on growth and
metabolism of apple trees

LIU Chun-sheng', SHI Yan-xi', MA Li!, YE You-liang', YANG Ji-hua!, ZHANG Fu-suo®
(1. Shandong Agricultural University, Taian 271018; 2. Chinese Agricultural University, Beijing 100094)

Abstract: Excessive copper in the soil will hinder the extension of young apple branches, de-
crease the content of active iron and Chlorophyll significantly in the leaves, and decline the ac-
tivity of catalase in young apple leaves. While the content of copper in the soil is less than a cer-
tain degree, the copper content in the leaves increases together with that in the soil, but while
more than the degree the content of copper in the leaves hardly rise any longer. Adding Ca and

Fe to the soil can decrease copper content in apple leaves, then excessive copper will do less
damage to apple trees.

Key words: apple tree; copper toxicity; Ca; Fe; catalase





