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In this study, effects of both soil copper applications (SCuA) and
foliar copper application (FCuAF) on micronutrient contents (copper,
iron, manganese and zinc) of tomato plants were investigated. For this
purpose, Cu was applied as a factorial combination of rate (0 [S1],
1000 [S2] and 2000 mg kg’ [S3], soil) and frequencies (no
application[F1], biweekly [F2] and weekly [F3], foliar). Two separate
experiments were conducted to observe effects of different Cu contain-
ing chemicals. Two fungicides, Gunner and Tenn-Cop SE (containing
Cu oxychloride and copper salts of fatty and rosin acids, respectively),
were used for foliar copper applications. CuSO,-5H,O was used to pro-
vide to soil. Both in the experiment-I (Gunner, Cu oxychloride) and in
the experiment II (Tenn-Cop SE, copper salts of fatty and rosin acids),
Cu and Mn contents of plant samples increased with increasing of SCuA
and FCuAF. Fe contents of leaf and fruit samples were affected by
SCuA and decreased with increasing of SCuA. Root Fe content gener-
ally decreased with increasing of both SCuA and FCuAF. Leaf, fruit
and root Zn contents were affected by both SCuA and FCuAF and Zn
contents of plant samples decreased with increasing SCuA and FCuAF.
As aresult, both SCuA and FCuAF, especially aiming to control plant
diseases, showed different effects on Cu, Fe, Mn and Zn contents of
tomato plants. It was determined that, by taking into account the amount
and frequency of applications, the Cu doses applied either to soil or
leaf were too high. Thus, it would be useful to conduct more in detailed
studies to determine Cu toxicity limits on tomato plants at different soil
pH levels by gradually decreasing Cu doses.

Key Words: Cu application, Micronutrients (Cu, Fe, Mn and Zn),
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INTRODUCTION

Copper, lead, manganese, zinc, iron, efc. were chosen as representa-
tive trace metal ions whose levels in the environment represent a reliable
index of environment pollution'. According to Bowen?, trace metals such
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as Cu, Co, Cr (1V), Al, B, As (III), Be, Cd, Mo, Ni, Se (IV) and Ti, even in
low concentrations, can be harmful to plants and humans. Among trace
metals, copper is taken up by plants as Cu** and possibly as low molecule
organic complexes and also partly as inorganic complexes. Although Cu is
an essential metal for various metabolic processes, it is only required in
trace amounts and becomes toxic at high concentrations’. Copper is present
in unpolluted soils in the range of 2 to 40 mg kg™'. Polluted soils, however,
contain up to 100 mg kg™ copper®. For most crop species, the critical
toxicity level of copper in leaves is considered to be above 20-30 mg kg™
dry weight’.

Application of manure obtained from pigs fed with commercial cattle
feed increases copper content of soil results in Fe, Zn and Mo deficiencies
in plants®. Arduini et al.” reported that the Mn and Zn contents of roots
decreased in all species (Pinus pinea L., Pinus pinaster Ait. and Fraxinus
angustifolia Vahl) with increasing Cu supply. Hale et al.® observed that
increasing level of copper applications to tomato plants decreased plant
growth rate. Especially, root development was much affected. The same
workers also reported that plant organs (stem, leaf and root) showed differ-
ent reactions to copper. Lidon and Henriques’ observed that increasing
copper concentrations resulted in an increase in copper level in root and
shots. They also reported that Zn uptake decreased with increasing copper
concentrations, while N, P, K, Na, Ca, Mg, B, Mo and Al uptake and trans-
location did not seem to be correlated with Cu treatments.

Sonmez'® reported that the leaf, stem and biomass decreased with
increasing Cu supply to soil in tomato plants and that the N, Mn and Cu
contents of plant tissues increased with increasing Cu supply to soil, whereas
the P, K, Ca and Fe contents of plants tissues decreased. The same worker
also observed that the Mg content of stem decreased with increasing Cu
supply to soil while leaf and root Mg contents were not affected and that
the Zn contents of leaf and root decreased with increasing Cu supply to
soil but not in the stem.

Cu-containing fertilizers, fungicides and bactericides has been used
extensively in the greenhouses in the Antalya, Turkey in recent decades
with the use of such materials tending to increase year by year. Kaplan'
found that the percentage of soils containing DTPA-extractable Cu greater
than the critical toxicity level (20 mg kg') was 8.1 in Antalya, Turkey and
that the Cu content of tomato leaf samples ranged between 2.4 and 1490
mg kg (mean 166.5 mg kg') and the concentration in leaf samples
was very high due to the intensive use of foliar applied copper-containing
chemicals.

Applications of Cu containing fertilizer, pesticides and fungicides to
leaf or soil have increased gradually over the years in Mediterranean
region and Cu accumulation has reached dangerous levels. Therefore, the
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effect of both soil Cu applications (SCuA) and foliar Cu application
frequencies (FCuAF) on micronutrient contents of tomato plants are
investigated.

EXPERIMENTAL

Pot experiments were conducted in a computer-controlled greenhouse
located in Antalya, Turkey. Pots were filled with a Xerorthent soil (Entisol)
with the following chemical and physical properties: clay textured (530.4
g kg clay, 367.2 g kg silt and 102.4 g kg™ sand); pH 6.5 (1:2.5 soil:water
ratio); 26.0 g kg organic matter; total carbonates equivalent to 44.0 g
kg™'; total N 0.18 %; extractable P 110.80 mg kg''; extractable K 241.8 mg
kg'; extractable Ca 2750.0 mg kg'; extractable Mg 541.2 mg kg'; DTPA-
extractable Fe 92.35 mg kg™'; DTPA- extractable Zn 14.80 mg kg™, DTPA-
extractable Mn 295.80 mg kg and DTPA-extractable Cu 15.30 mg kg™
The details of the experiments were reported by Sonmez et al.".

Two separate experiments were carried out, each using different
cupric fungicide: Cu oxychloride or copper salts of fatty and rosin acids.
The former contains 25 % Cu oxychloride and is sold as a powder. The
latter is a liquid fungicide containing 58 % copper salts of fatty and rosin
acids, equivalent to 51.4 mg/L metallic Cu. Copper was applied to soil as
CuSO0.-5H,0 with 24.5 % copper. CuSO4-5H,0 is blue, bright crystal and
soluble in water. Tomato [Lycopersicon esculentum (L.) mill cv. F144] was
selected for this study as a test plant. The seedlings of tomato were
obtained from the West Mediterranean Agricultural Research Institute,
Antalya, Turkey.

Experimental design: 20 kg of air-dried soil are passed through a 4
mm mesh sieve and mixed with 5 kg of a 75 % turf + 25 % perlite mixture
and distributed in 25 L pots, fertilized with mono ammonium phosphate
and potassium sulphate (36 kg N ha”', 80 kg P ha' and 112 kg K ha™).
Copper was applied to soil at three different rates [0 (S1), 1000 (S2) and
2000 mg kg (S3)] as CuSO,..5H,0. One seedling of tomato (Lycopersicon
esculentum (L.) Mill cv. F144) was planted per pot. Fungicides were
applied at three different frequencies [control, no application (F1), biweekly
(F2) and weekly (F3)]. The treatments were set up based on Kaplan''.
Trials were set up in a completely randomized factorial design with 9 treat-
ments; 3 levels of Cu application to soil and 3 frequencies of fungicide
application to leaves, in all possible combinations.

Processes during and at the end of the experiment period

Pots were incubated for 2 weeks without plants after addition of
copper sulphate to soil and before planting. Copper application to leaves
started at 4 weeks after planting. The seedlings were allowed to grow for a
period of 8 months. All pots were fertilized with the drip irrigation system
once a week with mono ammonium phosphate, potassium nitrate, ammo-
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nium nitrate and magnesium sulfate. Total amounts of nutrients provided
to each pot were: 195 kg N ha', 62 kg Pha', 177 kg K ha' and 16 kg Mg
ha™'. Pots also received 3.0 kg Fe ha”, 3.0 kg Mnha™, 1.13 kg Zn ha™, 0.38
kg B ha' and 0.08 kg Mo ha'. Fertilizers were applied based on local
recommendation.

Leaf samples were collected after 1 week with fungicide applications
to leaves were completed. At the end of the 8§ month experiment period,
plants were harvested. At harvest, plants were washed by distilled water
and separated into leaf, stem and root and dried in a forced-air oven at
65°C to constant weight. The leaf, stem and root samples were ground
separately in a stainless mill to pass through a 20 mesh screen and kept in
clean polyethylene bags for analysis.

Chemical and statistical analysis

The soil used in the experiments was chemically analyzed after they
had been air-dried and passed through a 2 mm sieve. Total carbonates were
determined according to the calcimeter method of Nelson'. Soil texture
was determined by hydrometer method'* and organic matter by the Walkley-
Black”. Extractable P content was extracted”” by NaHCO; and determined
by a molybdate colorimetric method'®, extractable K, Ca and Mg were
extracted with CH;COONH, and determined by atomic absorption
spectrophotometry (AAS)". Soil Cu, Fe, Mn and Zn were extracted with
diethylene tetraamine pentaacetic acid (DTPA)" and then determined in
the obtained extract by AAS.

Dried plant samples (leaf, stem and root) of 0.5 g each were digested
with 10 mL HNOs/HCIOy (4:1) acid mixture on a hot plate. The samples
were then heated until a clear solution was obtained. The same procedure
was repeated several times. The samples were filtered and diluted to 100
mL using distilled water. Concentrations of Cu, Fe, Mn and Zn in the
digestates were determined by using AAS".

Statistical analysis was carried out using the MSTAT-C software. Means
were compared by analysis of variance (Anova) and the LSD test at p <
0.05. A factorial analysis was used to determine interaction effects of Cu
application to soil and leaves on micronutrient contents of tomato plants.

RESULTS AND DISCUSSION

Experiment I (Gunner, Cu oxychloride)

Leaf Cu content was only significantly affected by FCuAF, increasing
of FCuAF caused an increase in leaf Cu content and highest Cu level was
obtained with treatment F3 (Table-1). SCuA and FCuAF independently
affected Cu content of fruit samples and there was no significant interac-
tive effect between these applications. Fruit Cu content increased with
increasing of both SCuA and FCuAF and the highest Cu contents were
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obtained with treatment F3, application S2 and S3 (Table-1). Root Cu
content was significantly affected by SCuA, FCuAF and interactive effects
between these applications. In all foliar treatments (F1, F2 and F3),
increasing of SCuA resulted in an higher Cu content in root samples. The
highest Cu contents were obtained with application S3 (Table-1). How-
ever, increasing of FCuAF did not resulted in significant differences in
root Cu content in application S1. In application S2 and S3, root copper
contents increased with increasing of FCuAF and the lowest copper
contents were obtained with treatment F1 (Table-1). In general, increasing
of SCuA and FCuAF caused an increase in Cu contents of plant samples.
Quarilli e al.* reported that Cu accumulation increased with increasing
Cu concentration in 17-day-old tomato seedlings grown in nutrient solu-
tions containing Cu at 0, 5 or 50 uM. Sonmez' and Rhoads et al.”' pointed
out that tissue Cu content increased (particularly in the roots) with increas-
ing Cu rate. Ivanova® found that the prolonged use of copper-based agro-
chemicals resulted in high copper accumulations which depend on length
and dosage of fungicide application. Similarly, Tagliavini et al.”> observed
that root Cu concentration increased linearly with soil Cu content. The
present results are in agreement with literatures.

Iron contents of leaf and fruit samples were affected by SCuA and the
highest Fe contents were observed with application S1 (Table-1). Iron
contents of leaf and fruit samples were decreased by increasing level of
SCuA. On the other hand, increasing of FCuAF did not have an effect on
Fe contents of leaf and fruit samples. Root Fe content was significantly
affected by SCuA, FCuAF and interactive effects between these applica-
tions. In treatment F1, F2 and F3, increasing of SCuA resulted in an lower
Fe content in root samples. The highest Fe contents were obtained with
application S1. Increasing of FCuAF resulted in a decrease in root Fe
content in application S1 and lowest Fe content was obtained with treat-
ment F3. In application S2 and S3; increasing of FCuAF did not result in
significant differences in root Fe content (Table-1). The decrease in Fe
content of root samples may relate with the decrease in root growth as a
result of high level Cu application. Heavy metals, in particular Cu, are
known to be displace Fe from chelate complexes forming corresponding
heavy metal chelates. This may be important in limiting Fe uptake and
utilization, either by reducing Fe chelate translocation to roots or within
the plant itself by the effect of the heavy metal on centres of physioloical
activity for Fe*. Lidon and Henriques® reported that shoot and root Fe
concentrations decreased at copper toxicity in rice. Shoot Fe concentration
decreased at >0.05 mg Cu L', while in the root Fe concentration decreased
above this level of Cu. Similarly, Alva and Chen’ found that increase in
concentrations of external Cu decreased the uptake Fe and Zn by the citrus
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seedlings. Sonmez'’ reported that the Fe content of plant tissues decreased
with increasing Cu supply to soil in tomato plants. Ouzounidou® reported
that high Cu contents in plant tissues negatively influenced uptake and
translocation of Fe in roots and above-ground parts.

Mn contents of leaf was significantly affected by SCuA, FCuAF and
interactive effects between these applications. In all foliar treatments (F1,
F2 and F3), increasing of SCuA resulted in an higher Mn content in leaf
samples. The highest Mn contents were obtained with application S3 (Table-
1). However; increasing of FCuAF did not resulted in significant differ-
ences in Mn contents of leaf in application S1 and S2. In application of S3,
Mn contents of leaf increased with increasing of FCuAF and lowest Mn
content was obtained with treatment F1 (Table-1). While Mn contents of
fruit was affected by SCuA and the lowest Mn content was obtained with
application S1, increasing of FCuAF did not affect on fruit Mn content
(Table-1). Mn contents of root was significantly affected by SCuA, FCuAF
and interactive effects between these applications. In all foliar treatments
(F1, F2 and F3), increasing of SCuA resulted in an higher Mn content in
root samples. The highest Mn contents were obtained with application S3
(Table-1). However, the increase of FCuAF did not resulted in significant
differences in root Mn content in application S1. In application of S2 and
S3, root Mn content increased with increasing of FCuAF and highest Mn
contents were obtained with treatment F3 (Table-1). In general,
increasing of SCuA and FCuAF caused an increase in Mn contents of plant
samples. In present study with the translocation of copper and other micro-
nutrients in tomato plants, Pich and Scholz”” observed that high Cu supply
increased the concentration of Mn in all of the plant organs. Similarly,
Sonmez" reported that the Mn contents of plant tissues increased with
increasing Cu supply to soil in tomato plants. Data obtained in this experi-
ment support finding reported by Pich and Scholz*” and Sonmez'".

SCuA and FCuAF independently affected Zn contents of leaf, fruit
and root samples and there was no significant interactive effect between
these applications. The Zn contents of leaf, fruit and root decreased with
increasing level of both SCuA and FCuAF. The highest Zn contents were
obtained with application S1 and treatment F1 (Table-1). Because of the
antagonism effect between Zn and Cu***, Zn contents of plants decreased
with increasing level of Cu applications. Morishita et al.*® determined that
levels of Cu, Mn and Zn in the roots of rice and tomato increased with
increasing rates of Cu, Mn and Zn, respectively, but in tomato they reached
a maximum and then fell. Lidon and Henriques’ reported that Zn uptake
decreased with increasing Cu concentrations. Sonmez'® found that the Zn
contents of leaf and root decreased with increasing Cu supply to soil in
tomato plants but not in the stem.
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Copper application to soil (SCuA) affected total yield, fruit number,
dry root weight and plant height (p < 0.01). The results of growth and yield
of the experiment were previously reported by Sonmez ef al.'*. The highest
total yield, fruit number, plant height and dry root weight were obtained
when no copper was applied to soil (S1), performance traits decreased
from S1 to S3. The increasing of FCuAF affected dry root weight and plant
height after the 5th week and resulted in a decrease in dry root weight and
plant height. The smallest dry root weight and plant heights were observed'
in treatment F3.

Experiment II (Tenn-Cop SE, copper salts of fatty and rosin acids)

Copper contents of leaf was only significantly affected by FCuAF.
Increasing of FCuAF caused an increase in leaf Cu content. The highest
Cu content was obtained with treatment F3 (Table-2). SCuA and FCuAF
independently affected Cu content of fruit samples and there was no
significant interactive effect between these applications. Copper contents
of fruit increased with increasing of both SCuA and FCuAF and the high-
est Cu contents were obtained with treatment F3 and application S2 and S3
(Table-2). Root Cu content was significantly affected by SCuA, FCuAF
and interactive effects between these applications. In all foliar treatments
(F1, F2 and F3), increasing of SCuA resulted in a higher Cu content in root
samples. The highest Cu contents were obtained with application S3 (Table-
2). However, the increasing of FCuAF did not resulted in significant
differences in root Cu content in application S1. In application of S2 and
S3, copper contents of root increased with increasing of FCuAF and the
highest Cu contents was obtained with treatment F3 (Table-2). Increasing
of both SCuA and FCuAF caused in an increase in Cu contents of plant
samples. Liu et al* reported that the Cu content in roots of Z. mays
increased with increasing solution concentration of Cu®*. Lin et al.’!
observed that the copper content in roots, hypocotyls, cotyledons and leaves
increased with increasing Cu concentration. Similarly, Sonmez'’ and Alva
et al.” observed that the Cu concentration in leaves and roots increased
substantially with an increase in the Cu rate. The present results are consis-
tent with literatures.

Iron contents of leaf and fruit samples was affected by SCuA and
FCuAF and the lowest Fe contents were observed with application S3 and
treatment F3 (Table-2). Iron content of leaf samples was decreased by
increasing level of both SCuA and FCuAF. Iron contents of root was
significantly affected by SCuA, FCuAF and interactive effects between
these applications. In all foliar treatments (F1, F2 and F3), increasing of
SCuA resulted in an lower Fe content in root samples. The highest Fe
contents were obtained with application of S1 (Table-2). However;
the increasing of FCuAF did not change Fe content of root samples in
application of S1.



TABLE-1

EFFECTS OF SOIL COPPER APPLICATIONS (SCuA) AND FOLIAR Cu APPLICATION FREQUENCIES (FCuAF) ON
MICRONUTRIENTS CONTENTS OF LEAF, FRUIT AND ROOT SAMPLES IN THE EXPERIMENT I (GUNNER, Cu OXYCHLORIDE)

Foliar Cu application frequencies

Variable S‘/igp(lj.u Leaf Fruit Root
F1 F2 F3 Mean F1 F2 F3 Mean F1 F2 F3 Mean
S1 24.9 694.5  1409.1  709.5 6.4 2.6 7.0 53b | 24.1c,LA 27.2c,A  30.5c¢LA* 272
Cu S2 434 700.6 14306  724.9 9.3 11.0 13.9 11.4a | 495.2bB 602.7b,AB 729.8b,A  609.3
(mg/kg) 83 44 4 7109  1313.0  689.4 5.1 6.9 18.6 10.2a | 766.9aB 1086.1a,A 1138.9a,A 997.3
Means 37.6C  702.0B 1384.3A2 - 6.9B 6.8B  13.1A? - 428.8 572.0 633.1 -
S1 95.3 105.9 104.1  115.3a' | 404 32.2 254 40.1a' [11402.0a,A 8157.0a,B 5613.0a',C* 8390.7
Fe S2 102.4 108.1 1353 101.8ab| 455 38.4 36.4  32.7ab |5381.0b, A 4555.0b,A 4478.0ab, A 4804.7
(mg/kg) 83 100.7 84.6 94.0 93.1b | 284 225 28.5 26.5b [4399.0b, A 3775.0b,A 3339.0b,A 3837.7
Means  111.1 99.5 99.5 - 38.1 31.0 30.1 - 7060.6  5495.7 4476.7 -
SI  111.0c, A 150.7b,A 185.0b',A> 148.9 154 10.4 6.8 10.8b' | 95.0b,A 131.9b,A 88.0c,A> 105.0
Mn S2 228.2b, 284.0a,A 261.4b,A  257.8 16.0 20.5 26.2 20.9a |258.2abB 304.1b,B 516.0b,A  359.4
A
(mg/ke) S3  343.3aB 356.4a,A 520.2a,A 406.6 | 21.2 22.3 25.3 22.9a | 386.1a,B 509.6a,B 1158.3a,A 684.7
Means  227.5  263.7 3222 - 17.5 17.7 19.4 - 246.4 315.2 587.4 -
S1 30.0 243 23.5 25.9a' | 235 19.7 184  20.5a' 264.4 74.8 41.1 126.8a'
Zn S2 25.4 19.5 17.1 20.7b | 214 14.7 143  16.8ab 169.7 46.8 36.3 84.3b
(mg/kg) S3 21.0 18.1 16.2 18.4b 15.7 14.8 12.4 14.3b 151.9 30.1 27.3 69.8b
Means 25.5A  20.6B  18.9B? - 202A 16.4AB 15.0B? - 195.3A 50.6B 34.9B?

'Means in the same column followed by the same letter are not significantly different at 5 % probability level by LSD test.
*Means in the same row followed by the capital and bold same letter are not significantly different at 5 % probability level by LSD test.
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Table-2
EFFECTS OF SOIL COPPER APPLICATIONS (SCuA) AND FOLIAR Cu APPLICATION FREQUENCIES (FCuAF) ON
MICRONUTRIENTS CONTENTS OF LEAF, FRUIT AND ROOT SAMPLES IN THE EXPERIMENT II (TENN-COP 5E, COPPER SALTS
OF FATTY AND ROSIN ACIDS)

Foliar Cu application frequencies

Soil Cu

(L00T) S "ON ‘61 TOA

Variable Appl. Leaf Fruit Root
F1 F2 F3 Mean F1 F2 F3 Mean F1 F2 F3 Mean
S1 25.3 140.2 398.3 187.9 3.6 6.0 10.3 6.6b' 36.2b,A 19.9¢,A 33.8¢',A*> 300
Cu S2 64.2 169.5 360.6 198.1 11.9 16.1 18.1 15.4a | 462.3a,B  456.2b,B 568.3b,A  495.6
(mg/kg) S3 73.5 174.7 354.0 200.7 12.2 14.0 18.4 14.8a | 579.5a,B  776.2a,B 985.3a,A  780.3
Means 54.3C  161.5B  370.9A 92C 120B 156A? 494.6 4174 393.9
S1 113.6 106.9 79.7 100.1a' | 65.5 38.1 33.8 45.8a' | 6249.5a,A 5738.0a,A 5245.0a',A%> 57442
Fe S2 99.7 87.9 78.9 88.8a 44.9 34.8 30.0 36.6ab [5605.5ab,A 4229.5ab,AB 3593.0b,B 4476.0
(mg/kg) S3 86.7 63.2 61.9 70.6b 29.3 29.0 22.8 27.0b |[4289.5b,A 3736.5b,B  3589.5b,B 3871.8
Means 100.0A 86.0AB 73.5B° 46.6A 34.0AB 28.9B’ 5381.5 4568.0 4142.5
S1 121.6 113.1 168.3  134.3¢' [ 14.7a,A 11.6b,A 14.1b'A*> 13.5 134.0 68.0 131.5 111.2¢!
Mn S2 175.4 212.4 2647  217.5b | 18.3a,B 27.3a,A 21.1ab,AB 22.2 165.5 285.5 288.5 245.8b
(mg/kg) S3 246.9 326.7 3389 304.2a | 16.3a,B 28.8a,A 23.2a,AB 22.7 503.8 674.0 432.0 536.6a
Means 181.3B 217.4AB 257.3A° 16.4 22.6 19.5 267.8 341.8 284.0
S1 42.8 28.5 23.8 31.7a' 22.2 22.3 18.3 20.9a' |289.3a',A> 262.0a,A 36.6a',B> 196.0
Zn S2 31.5 24.8 20.3 25.5ab 19.7 19.0 18.0 18.9a | 206.2b,A 40.6b,B 35.8a,B 94.2
(mg/kg) S3 30.4 15.4 149 20.2b 16.7 14.6 11.9 14.4b | 185.4b,A 39.3b,B 32.9a,B 85.9
Means 34.9A% 229B 19.7B2 19.5A 18.6AB  16.1B> 227.0 114.0 35.1

'Means in the same column followed by the same letter are not significantly different at 5 % probability level by LSD test.
*Means in the same row followed by the capital and bold same letter are not significantly different at 5 % probability level by LSD test.
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In application of S2 and S3, Fe contents of root decreased with increasing
of FCuAF and lowest Fe content was obtained with treatment of F2 and F3
(Table-2). Similar to the experiment I, the decrease in Fe content of root
samples may relate with the decrease in root growth as a result of high
level Cu application. The iron contents of plants decreased with increasing
level of Cu applications. A similar response was reported in citrus seed-
lings, rice, miniature rose plant, tomato and cowpea by Alva and Chen’,
Lidon and Henriques®, Zheng et al.*, Sonmez'" and Kopittke and Menzies™.

SCuA and FCuAF independently affected Mn contents of leaf samples
and there was no significant interactive effect between these applications.
Leaf Mn content increased with increasing level of SCuA and the highest
Mn content was obtained with application S3. Similarly, the increasing of
FCuAF caused an increase and the highest Mn content was obtained with
treatment F3 (Table-2). Increasing of both SCuA and FCuAF caused an
increase in leaf Mn content. Fruit Mn content was significantly affected by
SCuA, FCuAF and interactive effects between these applications. In treat-
ment of FI; increasing of SCuA did not change in fruit Mn content. In
treatment of F2 and F3, increasing of SCuA resulted in an higher Mn
content in fruit samples. The lowest Mn contents were obtained with
application S1 (Table-2). However; increasing of FCuAF did not caused
significant differences in fruit Mn content in application S1. In application
of S2 and S3, fruit Mn content initially increased and later decreased with
increasing of FCuAF and highest Mn content was obtained with treatment
F2 (Table-2). Mn contents of root was only affected by SCuA. Mn
contents of root increased with increasing level of SCuA and the highest
Mn content was obtained with application of S3. On the other hand, FCuAF
did not change in root Mn content. The present results are in confirmity
with the results of Pich and Scholz”’ and Sonmez"’.

SCuA and FCuAF independently affected Zn contents of leaf and fruit
samples and there was no significant interactive effect between these
applications. Zn contents of leaf and fruit decreased with increasing level
of both SCuA and FCuAF and the lowest Zn content was obtained with
application of S3. The increasing of FCuAF caused a decrease and highest
Zn contents was obtained with treatment F1 (Table-2). Zn contents of root
was significantly affected by SCuA, FCuAF and interactive effects
between these applications. In treatment of F1 and F2, increasing of SCuA
resulted in an lower Zn content in root samples. The highest Zn contents
were obtained with application of S1. In treatment of F3, increasing of
SCuA did not change in Zn contents of root (Table-2). Increasing of FCuAF
resulted in a decrease in Zn contents of root in all soil applications (S1, S2
and S3) and highest Zn content was obtained with treatment of F1 (Table-
2). Similar to experiment I, Zn contents of plant tissues decreased with
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increasing level of Cu applications. Data obtained in the present study
support findings reported by Morishita et al.”, Lidon and Henriques®’ and
Sonmez'.

The results of growth and yield of the experiment were previously
reported by Sonmez et al."*. Total yield, fruit number, dry root weight and
plant height were affected by the level of Cu application to soil (p < 0.01)
and the greatest total yield, fruit number, plant height and dry root weight
were obtained when copper was not applied. Also the Cu application to
leaves resulted in a decrease in dry root and copper application to soil and
leaves led to a sharper decrease in dry root weight than when copper was
only applied to soil'%.

Conclusion

Both in the experiment-I in which fungicide Gunner (containing cop-
per oxychloride) and in the experiment-1I in which fungicide Tenn-Cop S5E
(containing copper salts of fatty and rosin acids) were used as copper source,
combined applications of Cu to soil and leaves could be more deleterious
to plants than when Cu is applied only to soil or leaves'?. Cu contents were
affected from FCuAF in leaf samples, from independently both SCuA and
FCuAF in fruit samples and from both SCuA and FCuAF in root samples.Cu
contents of plant samples increased with increasing of SCuA and FCuAF.
Fe contents of leaf and fruit samples were affected from only SCuA in the
experiment I and from both SCuA and FCuAF in the experiment II, Fe
contents of these samples decreased with increasing level of both SCuA
and FCuAF. Fe content of root samples was generally affected in negative
way showing an decrease with increasing of both SCuA and FCuAF in
experiment I and II. Mn contents of leaf, fruit and root were affected by
both SCuA and FCuAF. Generally, Mn contents of all plant samples were
increased with increasing of SCuA and FCuAF in both experiment I and
experiment II. Zn contents of leaf, fruit and root were affected by both
SCuA and FCuAF and Zn contents of plant samples decreased with
increasing level of SCuA and FCuAF.

As aresult, both SCuA and FCuAF, especially aiming to control plant
diseases, showed different effects on Cu, Fe, Mn and Zn contents of
tomato plants. It was determined that, by taking into account the amount
and frequency of applications, the Cu doses applied either to soil or leaf
were too high.
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