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Summary. Copper and zinc are vitally important nutrient elements, but are
also potential soil polluters. More promising forms have to be found, in
which these microelements could be presented to the plants. The aim of this
investigation was to modify the method of water culturesin such away that
the concentration of copper and zinc hydroxosalts could be controlled in
order that their qualities as sources of microelements could be compared to
the simple salts of sulphur acid.

V egetation pot experiments were conducted with the synthesi zed hydroxyde
carbonates and hydroxyde sulphates of Cu and Zn in water cultures using
the lettuce cv. Zhulta Gyumyurdzhinska. The hydroxosalts of Cuand Zn are
eguivalent sources of microelements and as compared to simple salts stimu-
late the root’ s growth. Hydroxyde carbonates are better as a source of Zn
and hydroxyde sulphates — as a source of copper.

Key words: hydroxosalts, sources of microelements, copper, zinc, water cul-
tures

Introduction

Copper and zinc are vitally important nutrient elements, but are also potential soil
polluters. Therefore the question for finding more promising forms arises in which
these microelements must be presented to the plants.
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Applicability of Cu and Zn hydroxosalts as sources of microelements

Usually as sources of Cu and Zn for the plants are used their salts with H,SO, or
HCI (Stanchev et al., 1982). They are water soluble and are applied for presowing
treatment of the seeds and for extrarooted fertilizer application. Phosphorus mineral
fertilizers are a considerabl e source of Zn pollution in agriculture.There Zn content
varies from 50 to 1450 ppm, while the Cu content is found mainly in plant protect-
ing chemicals.

In the opinion of Mirchev (1971) the average Zn content in Bulgarian soilsis 75
ppm. Despite the presence of Cu and Zn at pH above 7 in the chemicals (prepara-
tions), they passinto insoluble hydroxides and become less accessible for plants.

If we use the analogy with phosphorus in investigating the interaction between
the form of phosphatesin the soil and their accessibility to plants (Mattingly, 1965;
Garbuchev, 1978) we should expect that the presence of difficult, moderately and eas-
ily soluble compoundsin the nutrient substratum could ensure a constant supplement
of soil solution with accessible to plants Cu and Zn. Therefore the problem arising
consists in a necessity to search for new compounds with intermediary solubility
between chlorides, sulphates and hydrooxides. Hydroxosalts are in agreement with
this condition. Some crystal chemical characteristics and there low solubility allow
us to expect that these compounds would be suitable sources of Zn and Cu micro-
elements. They are characterised with low toxicity and are acceptable for plants.

The aim of the present investigation was to modify the method of water cultures
in such away that the concentration of hydroxosalts of copper and zinc can be con-
trolled in view of comparing their qualities (characteristics) as sources of micro-
elements with the simple salts of sulphuric acid.

Material and Methods

Pure hydroxosalts (carbonates and sul phates) were produced after the method of con-
tinuous precipitation from sulphate solutions of copper and zinc with Na,CO and
NaOH. The solid phases precipitated were structural compounds of the salts:
Cu,(OH),CO;; Zn5(CO3),(OH)g; Cu,(OH)SO,; Cuy(OH),SO,; ZNn,(OH)SO,.5H,0.

V egetation experiments were conducted with the synthesi zed compounds using
the widely distributed lettuce cv. Zhultagyumyurdzhinska grown as awater culture.
Disinfected germinating seeds were sown in balkanine. They were sprayed until ger-
mination with temperate tap water, and after the cotyledons appeared —with 0.1 FNS.
The plants were transferred to the experimental solution at the phase appearance of
second true leaf. The nutrient solutions (FNS) used, intended especially for lettuce
(Georgievaand Nicolova, personal communication) had the following composition:
2.45mM Ca(CO;),.4H,0; 1.33mM KHPO,; 2.08mM KNO;; 3.5mM MgSO,.7H,0
and 0.7mM KCI. Microelements from A—Z (ME) were introduced after Hoagland.
Copper and zinc sulphates were excluded and added individually. Iron was supple-
mented as Fe-EDTA in a concentration of 0.089mM.
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The experiment was carried out after the following scheme:
FNS + CuSO, + ZnSO, + Fe-EDTA + ME

Zn-hydroxide carbonate + FNS + CuSO, + Fe-EDTA + ME
Zn-hydroxyde sulphate + FNS + CuSO, + Fe-EDTA + ME
Cu-hydroxyde sulphate + FNS + ZnSO, + Fe-EDTA + ME
Cu-hydroxyde carbonate + FNS + ZnSO, + Fe-EDTA + ME

The hydroxosalts investigated were applied once at the time of planting in the
vegetation pots. Hydroxosalts concentration was cal cul ated on the basis of the nec-
essary quantity of zinc for the entire growth period. The plants were grown after a
modified method of supplementation (Ingestao, 1970, 1971). lon concentration in the
nutrient medium was followed conductometrically and was corrected by applying sup-
plements of FNS, ME and Fe-EDTA. The nutrient medium was aerated. The con-
centration of copper, zinc and iron cations in the nutrient medium was determined
twice during the growth period (on the 3rd day and at the end of the experiment), on
an atomic absorption spectrophotometer. The concentration of hydrogen cationsin
the solutions was measured at the time they were prepared and 12 days after the ex-
periment began. Plants were harvested at the phase of technical maturity and their
measurements were taken. From fresh leaf material were determined: in extract with
2% oxalic acid vitamin C —titrametrically with dichlorophenolindophenol; caroteno-
idesin 80% acetone extract — spectrophotometrically after the method of Arnon. Free
nitrate content was determined from dry material with 5% salicylic acid, after the
method of Cataldo (1975). Total nitrogen and phosphorus content was determined
after wet burning with concentrated H,SO, and H,0O,. Nitrogen was determined as
asmerald green on the Kontiflo apparatus, phosphorus— colorimetrically after Kozhu-
harov (1960) as molybdenum blue with a double reducer hydrazine sulphate and
stanochloride. Ca, Mg, Cu, Zn and Fe were determined after dry ashing and solving
with 20% HCI on an atomic absorption spectrophotometer (Stanchev et al., 1982).

asrcwDbdhpRE

Results and Discussion

Data presented in Table 1 show that on the third day after copper hydroxosalts are
35—-37% dissociated, while the zinc ones are characterized by a higher degree disso-
ciation —48-58 %. Thisdifferencein their reactionsis conserved until the end of the
growth period and for each salt respectively the dissociation increases approximately
20%. According to the analysis 40-46% copper salts and 24-30% of the zinc salts
are preserved in an undissolved state.

Analysis of nutrient solutions during the growth period leads to the conclusion
that in the NOj source of nitrogen used and the effect of the plants with time the so-
lutions are alkalized. From a starting pH of the solution 5.6 the equilibrity for both



Applicability of Cu and Zn hydroxosalts as sources of microelements 25

Table 1. Characterization of the nutrient medium (mg/l)

Treatments Concentration Duration (days)
at the beginning H
3 17 3 17 3 17 P
Cu Zn Cu Zn Fe
Control 0.014 0.022 0.020 0.230 0.022 0.440 2.340 2.070 6.79
Zn hydroxyde 320 0140 3080 3740 1.910 6.86
carbonate .014 5. traces .14 . .74 1.91 - .

Zn hydroxyde
sulphate
Cu hydroxide
sulphate

0.014 5320 traces 0.180 2530 4.070 2430 0.790 6.70

3560 0.022 1310 2140 0.190 0.320 - 0.890 6.94

Cu hydroxide
3560 0.022 1250 1940 0.380 0520 2180 1.190 6.50

carbonate
Dissociation of Cu and Zn in the nutrient solution
after 3 days after 17 days
Cu hydroxide sulphate 37% 60%
Cu hydroxide carbonate 35% 54%
Zn hydroxide sulphate 58% 76%
Zn hydroxide carbonate 48% 70%

Table 2. Biomass accumulated in lettuce at the phase of harvesting, expressed in g/1 plant and bio-
metrics indices

Whole Length(cm) Leaves

Treatment Biomass Leaves Stems Roots plant L eaves RootsNumber

Control FW* 32.255+2.888 1.977+0.253 9.372+1.037 43.604+2.222 148 8.2 15.0
DW* 3.505 0.358 0.664 4,527

Zn hydroxide FW 37.416+3.366 2.222+0.315 9.950+0.893 49.588+2.732 15.3 7.8 19.5

carbonate DW 2.925 0.401 0.771 4.092

Zn hydroxide FW 36.127+4.068 2.362+0.308 9.278+1.563 47.767+3.396 15.3 8.7 17.3

sulphate DW 3.015 0.455 1.158 4.655

Cu hydroxide FW 37.115+2.244 1.883+0.180 10.835+1.044 49.833+1.904 17.2 10.2 15.8

sulphate DW 5.805 0.395 1.126 7.385

Cu hydroxide FW 31.064+4.253 1.940+0.452 9.776+1.341 42.780+2.989 164 7.6 154

carbonate DW 4,929 0.420 0.935 6.284

FW* — fresh weight; DW* — dry weight

kinds of salts establishesitself at 6.5-6.86 or these val ues correspond to a pH of neu-
tral soil from pH 6.5-7.5 (Ganev,1990).
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Table 2 presents the data about biometrics measurements of plants at the phase
of technical maturity. A trend is observed toward better plant development in case
zincisavailable as basal carbonate, while Cu as basal sulphate. In case hydroxosalts
are used as sources of copper and zinc, there existsatrend towardsincreasing the share
of theroots. Thisresult isimportant because lettuceis a crop with small seeds, short
growth period and slow growth of the roots in the first 14 days (Costigan, 1987).

Some authors (Costigan, 1987; Tyksinski, 1992) state that crops with small seeds
are with very high requirements for the nutrient regime in the first 14 days and also
have greater requirements toward the concentration of nutrient elementsin the zone
around the roots.

There are no statistically significant differencesin fresh biomass between vari-
ants. Therefore a conclusion can be drawn that hydroxosalts are not inferior to salts
as sources of microelements. Taking into account that a part of the salts are stored
in anot disturbed state, thiswould guard the soil solution and the surface waters from
pollution. They have an advantage as compared to simple salts the viewpoint of pre-
serving the environment.

Data about microelements contents of Cu, Zn and Fein the organs of lettuce could
be discussed from several aspects (Table 3). No significant deviationsin the contents
of macroelements N, Ca and Mg were observed in the three sources of copper and
zinc. The trend toward increasing P content parallel to the risen Zn concentration in
the nutrient medium should be noticed. Similar results concerning the relation phos-
phorus-zinc have been observed in maize (Stoyanova, 1988), wheat (Jianqun et al.,
1992) etc. Cooper and zinc content in general linesfollowstheir concentration in the
nutrient medium, there content in the leaves ranging in smaller limits, while the sur-
plus amounts are blocked first in the roots followed by the stems.

Iron content in the organs of lettuce depends on the sources of copper and zinc.
In case hydroxosalts are used, the content of iron in the leavesisreduced, but increases
in roots and stems. This process is more obvious in case carbonates are used. As
known, zinc phytotoxicity is blocked by application of calcium carbonate, but up to
adefinite concentration of the polluter (Lyszcz, 1991) and for the three elementstheir
elementsin theleaves are within the norm (Bergmann at al ., 1976; Bergmann, 1988).
Datain Table 4 concerning the biochemical characterization of lettuce leaves in
market ripeness indicate that the quantity of free nitratesislow and between simple
salts and hydroxosalts no significant differences are observed. The same could be
said for vitamin C and carotenoids. Data concerning the content of copper and zinc
expressed as mg/1000 g of fresh leaf weight do not surpass the limits indicated by
the Bulgarian State Standard. Arrambarri et al. (1987) used hydroxide chlorides cop-
per, zinc and cobalt and composed them in a sand culture with simple chlorides and
their hydroxides. They reached the conclusion, just as we did, that if the concentra-
tions are properly chosen, the basal salts are of equal value with the simple ones as
sources of the respective microelements.
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Table 3. Chemical composition of lettuce in the phase of harvest maturity
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Treatment Organ

% of dry weight

mg/1000g dry weight

N P Ca Mg Cu Zn Fe
Control  leaves 188 071 044 028 6.88  80.00 213.12
stems 087 036 031 0.10 1250 200.00 288.75
roots 111 108 054 022 2562 30750 857.50
wholeplant 1.68 0.80 040 0.26 10.07 122.08 313.66
Zn leaves 192 118 051 028 13.75 160.00 82.50
hydroxide stems 090 080 028 0.10 21.25 180.00 563.75
carbonate roots 145 100 061 041 7750 155.50 1993.80
wholeplant 173 104 050 0.29 2650 349.50 489.77
Zn leaves 168 124 049 028 11.35 12250 123.75
hydroxide stems 0.80 080 038 0.16 1750 195.00 605.00
sulphate  roots 120 092 031 040 6250 866.25 2282.50
wholeplant 147 111 043 0.40 2497 31890 770.32
Cu leaves 186 088 057 032 11.88 100.00 68.75
hydroxide stems 086 082 066 0.10 1250 105.00 783.75
sulphate  roots 125 1.03 050 0.42 30250 440.00 1416.25
wholeplant  1.69 0.89 056 0.32 5612 151.31 311.89
Cu leaves 157 076 030 024 0.38 14750 137.50
hydroxide stems 0.87 048 063 0.10 2500 125.00 825.00
carbonate  roots 158 106 058 0.56 32500 591.25 2344.38
wholeplant 151 081 036 0.27 57.38 21201 511.79
Table 4. Biochemical characteristics of lettuce leaves at harvest maturity
Free NO3 Vit. C Carotenoids Zn Cu
Treatment mg/1000g mg% mg/g mg/dm2  mg/1000g mg/10009g
FW FW FW FW FW
Control 53.75 5.22 0.1986  0.5951 8.72 0.75
Zn hydroxide o, 5 5.18 0.1851  0.5283 12.48 1.07
carbonate
Zn hydroxide 4 o5 4.04 0.2292  0.7228 10.29 0.95
sulphate
Cuhydroxide 5 o 479 02062 0.6116 1560 185
sulphate
Cu hydroxide 5, 17 6.48 0.1894  0.5406 23.45 1.49

carbonate
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Use of the supplement method provides possibilities for a successful compari-
son of the two sources copper and zinc.

Results from the present investigation |ead to the decisive conclusion that hydr-
oxyde sul phates and hydroxide carbonates are equal in value sources of the microele-
ments copper and zinc. I n some respects they surpass them: the lower degree of these
salts makes them feasible, because the | osses are smaller and the pollution of the soil
solution and surface waters with free Cu?* and Zn?* ions is decreased.

To the additional advantage of proper endurance and low toxicity is added the
stimulating effect of copper and zinc on the growth of the roots.

Conclusions

Hydroxide carbonates and hydroxyde sulphates of copper and zinc, compared to their
simple salts, are equal in value as sources of microelements for lettuce. Compared
to simple salts hydroxosalts stimulate the growth of the root system.

Hydroxide carbonates are better as a source of zinc, while hydroxyde sulphates
as source of copper.
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