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Table 1 Changes in perioxidase activily in apple leaves at diferent Cu levels (mg g ! min= 1, 20°C)
T reatment
Time Cu0 Cus0 Cul00 Cu200 €300 Cud00 r
1998.10.19 56 9aA 59. %A 56.8aA 33. 4bA 25.3¢B 3.6B - 0.9779" "
199.05.19  37.3aA 30.8aAB 36.2aA 19. 8bBC 9.8¢cC 9.2¢C —0. 484" *
5% 1% ,
2

Table 2 Fffect of Ca and Fe on perioxidase adivity in apple leaves with high @pper treatment (mg g~ ' min~ !, 207C)

Treatment
Time Cu3Ca2 Cu3Ca4 CudCa2 Cu4Cad Cu3Fe2 Cu3Fed CudF e2 CudFed
27.0 36.6 20. 4 34.7 39.6 48.5 2.4 41.3
1998.10. 19
beB eD ¢BC beB aA dc bB
25.2 24.5 11.0 25.4 16.2 28.0 15.5 27.4
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Fig. 1 Effect of adding Ca or Fe on perioxidase Fig. 2 The correlation of the perioxidase
adivity in apple leaves at high copper level activity in oot with the extemal copper level
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Fig. 3 Effect of adding Ca or Fe on perioxidase Fig. 4 The correlation of the PPO activiy
adivity in apple roots at high copper level in leaves with the external copper level
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Fig.5 Effect of adding Ca or Fe on PPO activity in Fig. 6 The correhtion of the ascorbic acid oxidase adivity in
apple leaves with high copper treaments apple leaves with the external copper level
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Fig. 7 Effect of adding Ca or Fe on ascobic acid ox+ Fig. 8 The correhtion of the ot activiy
dase activity in apple leaves with high copper treatments with the extemal copper level
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3
Table 3 Effed of different copper levels on soi enzyme actwity

Treatment
Enzyme
Cu0 Cu50 Cul00 Cu200 Cu300 Cu400
(ml, 0.02mol L' KMnO, ¢! ) 1.75 1.80 1. 67 1.62 1.4 1.32
ml, 0. Imol L7 ! Na,S,0,¢™ ! ) 1.80 1.65 1.73 1. 12 0.78 0.57
222V3 &

(NH;- Nymgg™ ! ) 0.26 0.33 0. 07 - — —
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Table 4 Effed of adding Ca or Fe on perioxidase adivity in soil at high copper levels (ml, 0. 02mol L™ ' KMnO, g~ ! )
Treatment Ca2 Cad Fe2 Fed
Cu3 138 1.40 1.46 1.65
Cud .21 1.50 1.30 1.55
: Ca2 200mg ke !
2.2.2 R ,
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Table 5 Effect of adding Ca and Fe on sucrase activity in soil at high copper levels (ml, 0. Imol L™ ' NaS,03 ¢~ )
Treatment Ca2 Cad Fe2 Fed
Cu3 0.81 0.70 0.48 0.55
Cud 0.55 0.7 0. 61 0.90
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EFFECTS OF EXTERNAL COPPER ON ENZYME ACTIVITY
IN SOIL AND APPLE TREE SYSTEM

Liu Chur-sheng Chang Hong-yan Sun Barye Sun Ywhuan Ye You liang
( Resources and Environment College, Shandong Agriculturdl Unwersity, Tai’ an 271018)

Zhang Fusuo
( Resources and Enwironment College, ChinaAgricultural University , Bejing 100009)

Summary

Effect of external copper on erzyme activity in a soil and apple tree system was studied by us-
ing cinnamon soil and ¢ Fuji’ apple young tree. The results showed that perioxidase, PPO and
ascorbic acid oxidase activity in the leaves and perioxidase activity in the roots were reinforced at low
external copper levels and reduced at high. Adding Ca of Fe at high copper levels could mitigate
copper toxicity in some degree. A significant curuilinear correlation was observed between soil per+
oxidase activity and the external copper conceniration (y = x/( - 11. 26+ 0. 75x), r=
0.9955 ). Soil sucrase activity was logistically rrelated with the external copper level (y =
2.95/(1+ 0. 57exp(— 5. 02%x 10 Sx)) ,r= — 0.9820 ) . Urease was very sensitive to copper
and it lost activity at levels> Cul0O0.

Key words Excessive wpper, Soil, Apple trees, Erzyme activity



