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Abstract

ANTONKIEWICZ, J., LOSAK, T.: The effect of hard coal ashes on the amount and quality of maize
yield. Part 1. Heavy metals. Acta univ. agric. et silvic. Mendel. Brun., 2007, LV, No. 1, pp. 7-16

The studies aimed at identification of various ash doses effect on the amount of yield and concentrations
of Cr, Zn, Pb, Cu, Cd and Ni in maize. The studies were conducted as a pot experiment on mineral soil,
to which ash doses of between 13.33 and 800.0 g-pot™! were supplied in proportions corresponding to
quantities between 10 and 600 t-ha™!. The amount of maize yield was diversified and depending on the
treatment ranged between 35.59—121.64 g d.m.-pot . Ash dose of 13.33 g.pot! significantly affected an
increase in maize yield, while the dose over 26.67 g.pot™! and equivalent to over 20 t.ha™! applied to the
soil markedly declined maize yield. Element concentrations in maize was diversified, depending on the
treatment and plant part, and fluctuated from 0.32-3.48 mg Cr; 13.45-341.19 mg Zn; 0.50-5.02 mg Pb;
1.83-22.10 mg Cu; 0.02-1.71 mg Cd and 0.15-6.07 mg Nikg'd.m. It was found that with increasing
ash dose Cr and Cu content increased systematically, whereas Zn, Pb, Cd and Ni concentrations in mai-
ze decreased. The content of investigated heavy metals in maize aboveground parts fulfilled the norms
for good quality fodder. Under the influence of growing ash doses added to the soil a regularly declining
Cr, Zn, Pb, Cd and Ni uptake by maize aboveground parts was observed.

maize, yield, Cr, Zn, Pb, Cu, Cd, Ni, ash, mineral soil

Growing amounts of deposited furnace wastes pose
a serious hazard for chemical balance in some ecosys-
tems KABATA-PENDIAS et al. (1987). Furnace was-
tes, whose main quantitative components are fly ashes
may become a nuisance because of their high concen-
trations of heavy metals and migration in the environ-
ment QUANT (2000). One of suggested ways of par-
tial disposal of these wastes is their application for
treatment of mineral soils or reclamation of land-
fills ANTONKIEWICZ (2005a) SHIMAOKA and
HANASHIMA (1996). Furnace wastes generally have
a loose consistency, similar to silt deposits and can be
easily supplied in large doses to the arable soil layer
GIEDROJC and FATYGA (1985), STRACZYNSKA
and STRACZYNSKI (2004). The main disadvantage
of some ashes, as has been mentioned before, may be

their high concentrations of heavy metals QUANT
(2000). Therefore it is necessary to observe the proper
norms and doses when using ashes for land reclamation
of arable soils or fertilization of agronomic plants.

If not utilised, the deposited furnace wastes should
be subjected to biological reclamation. Fixation of
furnace ashes landfill surface by vegetation prevents
among others dusting and limits heavy metal migration
into the landfill profile. Many-year research BOGACZ
(1995), MELLER et al. (2001), WOJCIESZCZUK et
al. (1996) demonstrated that in typical conditions of
fly ashes deposition there is a possibility to leach c.a.
1/3 of total heavy metal contents from the ashes, at
the utmost. On the other hand, one should realise that
depositing ashes in the way enabling water filtration th-
rough the layer of this material considerably enhances
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potential component leaching exceeding even 80% of
total content of individual metals.

The research was conducted to learn the effect of
increasing furnace ash doses on the yield and concen-
trations of Cr, Zn, Pb, Cu, Cd and Ni in maize.

MATERIAL AND METHODS

The research on the effect of ashes on yield and heavy
metal uptake by maize was conducted in 2003-2005
as a pot experiment on a mineral soil with texture of
light loamy sand and furnace ash (Tab. I). It contained
71% sand, 6% coarse silt, 10% fine silt, 6% coarse silty
clay, 4% fine silty clay and 3% colloidal clay SYSTE-
MATYKA (1989). The soil revealed acid reaction. The
soil on which the experiment was set up had natural
contents of Cr, Pb and Cu but elevated concentrations
of Zn, Cd and Ni KABATA-PENDIAS et al. (1996).

The furnace ash used for the experiment origi-
nated from hard coal burning. Heavy metal concen-
trations in ashes, as compared to the soil, were not
high enough to provide potential threats. The experi-
ment was conducted in four replications in polyethy-
lene pots, 4 kg in volume, filled up with mineral soil
and increasing doses of furnace ash in the amounts
of between 13.33 and 800.0 g-pot™'. As doses were
equivalent to between 10 and 600 t-ha'. The expe-
rimental design considered also the control object
with only mineral soil and object where only fur-
nace ash was used (Tab. II). All pots were receiving
annual, fixed NPK fertilization dosed: 0.3 g N, 0.08 g
Pand 0.2 g K'’kg ' d.m. of soil as NH,NO,, KH,PO,
and KCI. Mineral fertilizers were applied as solutions
every year two weeks prior to plant seeding and tho-
roughly mixed with the substratum. Vegetation period
for maize (Kosmo c.v.) in 2003-2005 was respecti-
vely: 91, 99 and 92 days. During vegetation period
the plants were watered with redistilled water and
soil moisture maintained at 60% of maximum water
capacity. Maize aboveground parts and roots were
harvested each year from each pot (replication) and
subsequently, after drying in a dryer at 75 °C, dry
matter yield was assessed in g d.m. per pot!. Sam-
ples of 5 g plant material dry matter were collected
for chemical analyses from each pot. After dry mine-
ralization Cr, Zn, Pb, Cu, Cd and Ni were assessed
in plant material from each replication by inductively
coupled plasma (ICP-AES) method. Statistical com-
putations were conducted using Microsoft Excel 7.0
calculation sheet. Significance of differences between
compared mean maize yields and element concentra-
tions were determined by Duncan test. The ANOVA
and Duncan test were conducted on significance level
o = 0.01 ULINSKA (1957). Variability coefficients
were computed pointing to the variability of studied
element contents in the plant yield. The paper pre-

sents weighed means of the above mentioned element
contents for three years of the experiment.

RESULTS

Yield. Summary maize yield for the experimen-
tal period (2003-2005) has been given. The amount
of maize aboveground part yield, depending on tre-
atment, fluctuated from 26.34 and 97.02 g d.m. and
roots between 9.25 and 24.62 g d.m.-pot’ (Fig. 1).
A supplement to the soil of 13.33g ash per pot influ-
enced significantly a raise of maize aboveground and
roots yield in comparison with the control. A double
ash dose (26.67 g-pot') did not apparently affect an
increase in maize aboveground part yield, however
a slight increase in comparison with the control was
registered. On the other hand the subsequent ash doses
of between 66.67 and 800 g-pot 'added to the soil
markedly affected a decline in maize aboveground
part and root yield in comparison with the control
object. A decrease in maize aboveground part mass at
the highest ash dose (object VIII, 600 t-ha ') reached
39.33% and in roots 34.19% in relation to the control.
Furnace ash applied alone (treatment IX) also signi-
ficantly affected a decrease in maize yield. The decli-
nes in maize aboveground part and roots yield on the
treatment where only ash was used were respectively:
70.56% and 53.35% in comparison with the control.
It was found that with increasing ash doses the value
of maize aboveground parts ratio to its roots was also
growing, which may point to a greater sensibility of
the roots system to toxic effect of the ash.

Heavy metals. The results of studies were presented
as weighed mean content of heavy metals in the abo-
veground parts and roots, and in the whole plant for the
experimental period (2003—2005). The element con-
centrations in maize were diversified, depending on
the treatment and plant part. Cadmium content was the
most diversified in the aboveground parts (V =93.38%)
and chromium the least (V = 11.39%), whereas in roots
the highest diversification was registered for zinc (V =
89.57%) and the lowest for chromium and lead (V =
22.10; 22.81%). Chromium. Mean weighed chromium
content in maize ranged, depending on the object and
plant part, between 0.32-3.48 mg'kg ' d.m. (Tab. II).
It was found that furnace ashes applied in the amount
of more than 200 t-ha ' caused a significant increase in
chromium concentrations in maize aboveground parts
as compared with the control, whereas in maize roots
an apparent raise in this element content was noted
already above 100 t/ha! of ash. A growth in chromium
content in maize aboveground parts and roots, at the
highest ash supplement to the soil (600 t-ha') was
respectively: 33.88% and 55.73% in comparison with
the control. Ash applied alone (treatment IX) also mar-
kedly affected the increase in chromium concentrati-
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ons in maize aboveground parts and roots. A growth
in chromium content in maize aboveground parts and
roots on the treatment where only ash was used reached
respectively: 36.68% and 98.65% in relation to the con-
trol. Zinc. Mean weighed zinc content fluctuated from
13.45 to 341.19 mgkg'd.m. (Tab. II). Furnace ash
applied in the amount of even 10 t -ha! led to a marked
decline in zinc concentration in maize aboveground
parts and roots. Subsequent ash doses added to the soil
caused further significant decrease in zinc content in
the tested plant. A fall of zinc content in maize abo-
veground parts and roots at the highest ash supplement
to the soil (600 t-ha™") reached respectively: 68.95% and
89.37% in comparison with the control. Furnace ash
used alone most influenced a decline in zinc concent-
rations in maize. The decrease in zinc was 79.27% in
the aboveground parts and 93.96% in roots in compari-
son with the control. Lead. Mean weighed lead content
ranged between 0.50 and 5.02 mg-kg™' d.m. depending
on the treatment and plant part (Tab. II). Like in case
of zinc furnace ashes added to the soil markedly af-
fected a decrease in lead content in maize aboveground
parts and roots. The decrease in lead concentrations at
the highest ash dose in soil in the aboveground parts
and roots exceeded 40% in comparison with the con-
trol. Also ash used in the experiment alone influenced
a decline in this element content in maize. The decline
in lead content under the influence of solely ash excee-
ded 50% in comparison with the control. In the con-
ducted research greater amounts of lead were found
in maize roots than its aboveground parts. Copper.
Mean weighed content of copper fluctuated from 1.83
to0 22.10 mg-kg ! d.m. (Tab. III) in different plant parts
and objects. An increase in copper content in maize was
registered in effect of growing ash supplement to the
soil. A significant increase in this microelement con-
tent in maize aboveground parts was noted at the dose
exceeding 13.33 g ash/pot equivalent to 10t ash per ha.
On the other hand a marked increase in copper concen-
trations in roots occurred above 50t ash per ha. Copper
content in maize aboveground parts and roots grew at
the highest ash supplement to the soil respectively by
51.07% and 175.74% in relation to the control. On the
other hand on solely ash treatment the growth in copper
concentrations in maize was greater reaching 69.75%
for the aboveground parts and 368.02% for roots as
compared with the control. Cadmium. Mean weighed
cadmium content, depending on the treatment and
plant part, ranged between 0.02 and 1.71 mg-kg'd.m.
(Tab. III). Ash dose of 10 t-ha™! caused an apparent dec-
line in cadmium concentrations in maize aboveground
parts. The decrease, compared with the control, was
observed in roots from the dose of 20 t.ha™!. A decline
in cadmium content at the highest ash dose in soil was
91.33% for aboveground maize parts and 62.82% for
its roots in comparison with the control. Ash applied

alone also visibly decreased this metal concentration
in the tested plant. The decrease in cadmium content in
maize aboveground parts was 96.37%,whereas in roots
88.49% in relation to the control treatment. Nickel.
Mean weighed nickel content ranged between 0.15 and
6.07 mg-kg™' d.m. (Tab. III) depending on the treatment
and plant part. Ashes applied to the soil significantly af-
fected a decline in nickel concentrations in maize abo-
veground parts and roots as compared with the control.
Presented experiment demonstrated that even a small
ash supplement to the soil (10 t-ha™') markedly influen-
ced a lowering of nickel content in maize aboveground
parts and roots. The decrease in nickel content at the
highest ash dose added to the soil (600 t-ha™') excee-
ded 50% for the aboveground parts and 73% for roots
in comparison with control. Furnace ash applied alone
decreased nickel concentrations even more: by 58.25%
in the aboveground parts and by 80.99% in roots in
relation to the control.

Presented research revealed higher concentrati-
ons of chromium, nickel, lead, copper, cadmium and
nickel in maize roots than in its aboveground parts.
At the highest ash supplement to the soil (treatment
VII, 600 t-ha') the greatest decline in concentrations
in maize aboveground parts, as compared with the
control, was registered for cadmium — 91.33%, then
for zinc — 68.95% and nickel — 51.215%, while the
smallest for lead 46.60%.

The permissible contents of heavy metals in plant
material destined for fodder are as follows: Cd <0.5mg;
Zn < 100.0mg; Pb < 10mg; Cu < 30mg; Ni < 50mg;
Cr < 20mg/kg d.m. GORLACH (1991), KABATA-
PENDIAS et al. (1993). The assessment of maize abo-
veground parts according to this criterion showed that
it met the requirements considering the content of Cr,
Zn, Pb, Cu, Cd and Ni posed for good quality fodders.
It should be emphasized that only Cd concentrations in
the aboveground parts of maize grown in the control
excluded it from use for fodder. The presented studies
demonstrated that applied furnace ashes visibly limited
Zn, Pb, Cd and Ni uptake by maize and therefore did
not affect the exceeding of permissible heavy metal
content in the harvested yield. Moreover, it should
be emphasized that the obtained yield of maize abo-
veground parts from the treatments where solely ash
was the substratum was characterised by heavy metal
concentrations below the threshold values.

Metal mobility in plants was determined using trans-
location coefficient (TC) which expresses the ratio of
metal concentrations in plant aboveground parts to
its content in roots. The translocation coefficient of
heavy metals in the tested maize did not exceed one
(Tab. 11, III). On the object where only ash was used
(treatment 1X) the value of heavy metal transloca-
tion coefficient in plants was formed by the following
order from the lowest to the highest value: Cr —0.12,
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Cd - 0.12, Ni — 0.13, Cu — 0.14, Pb — 0.21 and Zn
0.65. The analysis of heavy metal translocation coe-
fficient in maize cultivated in the ash reveals that the
tested plant roots absorbed the greatest amounts of
chromium and cadmium as compared with the abo-
veground parts. The value of translocation coefficient
for the analysed heavy metals points to a specific role
of maize root system, which to a considerable degree
diminished heavy metal translocation to the abo-
veground parts. The obtained TC values were corro-
borated by studies of GRZEBISZ et al. (1998), which
revealed that flax roots inhibited heavy metal trans-
location to the aboveground organs.

Uptake ofheavy metals. The quantity ofheavy metals
taken up by maize depended on the treatment, the crop
yield and individual element contents. The uptake of
heavy metals per pot ranged, depending on the tre-
atment and plant part, between 0.011 and 0.047 mg
Cr; 0.191-6.767 mg Zn; 0.013-0.115 mg Pb; 0.082—
0.204 mg Cu; 0.001-0.060 mg Cd; 0.004-0.134 mg
Ni-pot! (Tab. II, III). Increasing ash doses added to
the soil caused a systematic decrease in the uptake of
Cr, Zn, Pb, Cd and Ni by maize aboveground parts
and roots. Decreased heavy metal uptake was mainly
connected with a decline in maize yield. The largest
uptake of Cr, Zn, Pb and Ni by maize aboveground
parts was noted at the dose of 10 t-ha™!, while Cd in
the control where no ash was applied. A decrease in
the uptake of analysed metals by maize aboveground
parts, at the largest ash dose applied to the soil (object
VII) was 15.75% chromium; 81.15% zinc; 67.63%
lead; 94.76% cadmium and 70.45% nickel in relation
to the control. Increase in ash supplement to the soil
had no significant effect on either decrease or incre-
ase copper uptake by maize aboveground parts. The
studies demonstrated that maize roots removed Cr, Pb
and Ni in larger amounts than its aboveground parts.
On the other hand, larger amounts of zinc and copper
were absorbed by maize aboveground parts. Furnace
ash used without any admixtures (treatment IX) mar-
kedly lowered the uptake of Cr, Zn, Pb, Cd, and Ni
by maize aboveground parts and roots. On the other
hand in the case of copper, ash used separately appa-
rently influenced this microelement uptake by roots
but decreased absorption by maize aboveground parts
in comparison with the control.

DISCUSSION

Furnace ash applied in the experiment dosed
13.33 grpot ! and equivalent to 10 tha' significantly
influenced an increase in maize yield, whereas the dou-
ble dose had no effect on a decline in yield. Literature
GORA (1987), TERELAK and ZORAWSKA (1979)
reveals that too large ash mass supplied to soil may
disturb the balance of heavy metal ions in the soil and

negatively affect crop yielding. This is true especially
for light soils with poor buffer properties. The results of
Authors’ own research show that more than 20 t ash per
1 ha lowered maize yielding. Positive effect of small
ash doses on crop yielding was also proved by results
of other investigations ANTONKIEWICZ (2005b),
CIECKO and NOWAK (1984), KABATA-PENDIAS
et al. (1987), TERELAK and ZORAWSKA (1979).
However, there are also some controversial reports in
literature GORA (1987), MACIAK et al. (1976) on ash
toxicity, which prove that further research on ash-soil-
plant system is necessary ANTONKIEWICZ (2005a),
QUANT (2000). Monitoring of heavy metal content in
ashes and their potential accumulation in the soil and
crops will be also inevitable.

Presented research demonstrated an apparent depen-
dence between the level of ash fertilization and heavy
metal concentrations in maize. The results reveal that
furnace ashes applied to the soil influenced a decrease
in Zn, Pb, Cd and Ni contents but increased Cr and Cu
quantities in maize. Toxic elements present in ashes
are mostly bound in poorly soluble compounds such
as aluminosilicates CZURDA and HAUS (2002),
MELLER (2001). Generally heavy metals do not en-
ter the trophic chain because of their poor solubility or
metabolic barriers characteristic for plants ANTON-
KIEWICZ and RAPACZ (2006), GORA (1987). Stu-
dies of GORA (1987) showed that under the influ-
ence of increasing ash supplements to the soil, in the
amount of between 400 and 800 t-ha™',Cr, Zn and Cd
concentrations in maize revealed a decreasing ten-
dency. On the other hand Pb, and Cu content in maize
was growing, whereas nickel content remained on the
same level. However, these results were not clearly
regular. Studies of KABATA-PENDIAS et al. (1987)
revealed that in light soils fertilized with ash a decline
in Zn concentration is perceptible, but a an increase
in the quantities of Cu, Pb and Cd. The above menti-
oned author found that in many cases better solubility
of trace elements in soil occurs under the influence
of ash application. Studies conducted by CURYLO
and JASIEWICZ (1998) revealed that reculter — fer-
tilizer containing among other furnace ash decreased
heavy metal uptake by crops. Author’s own research
demonstrated that limited heavy metal uptake by
plants resulted from deteriorating metal solubility
due to application of ash with high pH,,, = 10.06
(Tab. I). Furnace ash applied to the soil in the amount
of 600 tha™! most limited cadmium uptake (over 90%)
and least lead uptake (46.60%). As demonstrated by
HERMS and BRUMMER (1980), with growing pH
value, heavy metal availability in soils diminishes in
the following order Cd > Zn > Ni > Cu > Pb. Obtained
results show that heavy metal uptake by maize was
most limited by neutralisation of soil acidity.
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Despite a negative effect of high ash doses on a dec-
line in yields and increase in Cr and Cu concentrati-
ons in maize, one cannot exclude this waste poten-
tial utilisation for reclamation of soils degraded by
chemicals. The results presented in this paper allow
for a conclusion that maize cultivated on increasing
doses of furnace ash may be used for fodder, land rec-
lamation, energy production or for industrial proces-
sing because it does not take up heavy metals in the
amounts exceeding the norms for fodder.

CONCLUSIONS

Ash dose equivalent to 10t/ha supplied to the soil
affected a significant increase in maize yield. Ash

supplement exceeding 20t/ha caused a marked decline
in maize yield. Significantly lowering Zn, Pb, Cd and
Ni concentrations and increasing Cr and Cu content
in maize in comparison with the control were registe-
red in maize as effect of increasing ash doses. Heavy
metal concentrations in maize aboveground parts met
the requirements for good quality fodder. Systemati-
cally decreasing uptake of Cr, Zn, Pb, Cd and Ni by
maize aboveground parts was registered in effect of
increasing ash supplements to the soil. Furnace ash
applied alone significantly diminished uptake of Cr,
Zn, Pb, Cd and Ni by maize aboveground parts and
roots. Monitoring studies on heavy metal concentrati-
ons in ashes and control on their potential accumula-
tion in soil and crops are also necessary.

Objects

Aboveground parts

Bl Roots

1: Yield of maize
Legend:

I — control, IT — 13,33 g/pot (10 t/ha), II1 — 26,67 g/pot (20 t/ha), IV — 66,67 g/pot (50 t/ha), V — 133,33 g/pot
(100 t/ha), VI — 266,67 g/pot (200 t/ha), VII — 533,33 g/pot (400 t/ha), VIII — 800 g/pot (600 t/ha), IX — Only

Ash

I: Physico-chemical characteristics of soil and ash used for the experiment

Parameter Unit Soil Scale [IUNG™ Permissible Ash
PH pH 4.66 - 9.85
PH, 00, pH 5.67 - 10.06
Texture lls* ssls**

Cr 17.95 0 150 33.85
Zn 65.25 I 300 93.75
Pb mgkg! 25.25 0 100 18.65
Cu d.m. 4.35 0 150 74.50
Cd 0.43 I 4 0.28
Ni 11.43 1 100 39.98

*1ls — light loamy sand, **ssls — sandy silty loam silt,

sokeok

0 — Natural content, I — elevated content
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1I: Content and uptake of Cr, Zn, Pb by maize

No Ash doses Cr
Treatment | g/pot t/ha Content [mg - kg™ d.m.] T Uptake [mg - pot™']
Ap’ R Wa™ Ap’ R* Sum
I 0.00 0 0.32 1.75 0.58 0.18 0.028 0.035 0.063
11 13.33 10 0.33 1.92 0.65 0.17 0.032 0.047 0.079
11T 26.67 20 0.35 2.04 0.68 0.17 0.032 0.045 0.077
v 66.67 50 0.36 2.14 0.68 0.17 0.027 0.036 0.063
\Y% 133.33 100 0.37 2.23 0.71 0.17 0.027 0.036 0.064
VI 266.67 200 0.37 243 0.74 0.15 0.026 0.037 0.063
VII 533.33 400 0.41 2.60 0.79 0.16 0.027 0.036 0.063
VIIL 800.00 600 0.44 2.73 0.88 0.16 0.024 0.036 0.059
IX 4000.00 Ash 0.43 3.48 1.23 0.12 0.011 0.032 0.044
LSD, 01, 007 | 057 | o012 - 0.006 | 0.008 | 0.007
V%™ 11.39 22.10 24.93 10.15 23.60 12.99 16.09
No Ash doses Zn
Treatment |  g/pot t/ha Content [mg - kg d.m.] T Uptake [mg - pot!]
Ap’ R Wa Ap’ R Sum
I 0.00 0 64.89 |341.19 | 115.06 0.19 5.801 6.767 | 12.568
I 13.33 10 60.22 [241.12 96.82 0.25 5.844 5934 | 11.778
111 26.67 20 48.63 | 194.62 76.81 0.25 4.480 4.287 8.767
v 66.67 50 33.12 107.42 46.45 0.31 2.535 1.798 4.333
\% 133.33 100 28.12 81.19 37.81 0.35 2.058 1.325 3.383
VI 266.67 200 23.17 54.79 28.89 0.42 1.604 0.838 2.442
VII 533.33 400 20.87 38.02 2391 0.55 1.364 0.534 1.898
VIII 800.00 600 20.15 36.27 23.27 0.56 1.093 0.473 1.566
X 4000.00 Ash 13.45 20.61 15.31 0.65 0.357 0.191 0.548
LSD__oon 5.46 19.40 6.76 - 0.484 0.406 0.674
V%™ 53.77 89.57 69.64 4143 73.92 [102.72 87.14
No Ash doses Pb
treatment | g/pot t/ha Content [mg - kg d.m.] T Uptake [mg - pot!]
Ap’ R Wa™ Ap’ R Sum
I 0.00 0 1.02 5.02 1.75 0.20 0.092 0.099 0.191
I 13.33 10 0.78 4.66 1.56 0.17 0.075 0.115 0.190
111 26.67 20 0.73 4.03 1.36 0.18 0.067 0.089 0.156
v 66.67 50 0.73 3.76 1.27 0.19 0.056 0.063 0.118
\Y% 133.33 100 0.63 3.54 1.16 0.18 0.046 0.058 0.104
VI 266.67 200 0.59 3.39 1.09 0.17 0.041 0.052 0.092
VII 533.33 400 0.56 3.08 1.00 0.18 0.036 0.043 0.080
VIII 800.00 600 0.55 2.94 1.01 0.19 0.030 0.038 0.068
IX 4000.00 Ash 0.50 2.40 1.00 0.21 0.013 0.022 0.035
LSD__oon 0.10 0.97 0.20 - 0.012 0.021 0.023
V%™ 23.78 22.81 21.52 7.54 48.07 47.54 47.18
* Aboveground parts; “"Roots; ““Weighed average; ***(TI) — Translocation index; ~***Variability coefficient
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I11: Content and uptake of Cu, Cd, Ni by maize

No Ash doses Cu
Treatment | g/pot t/ha Content [mg - kg ' d.m.] T Uptake [mg - pot']
Ap' R* Wa™ Ap’ R™ Sum
I 0.00 0 1.83 4.72 2.36 0.39 0.164 0.094 0.258
11 13.33 10 1.92 4.98 2.54 0.39 0.187 0.123 0.309
111 26.67 20 2.01 5.26 2.64 0.38 0.185 0.116 0.301
v 66.67 50 2.23 6.73 3.04 0.33 0.171 0.112 0.283
v 133.33 100 2.35 7.75 3.33 0.30 0.172 0.126 0.298
VI 266.67 200 2.53 9.22 3.74 0.27 0.175 0.141 0.316
VII 533.33 400 2.68 10.66 4.09 0.25 0.176 0.149 0.325
VIIL 800.00 600 2.77 13.02 4.76 0.21 0.150 0.170 0.321
IX 4000.00 Ash 3.11 22.10 8.05 0.14 0.082 0.204 0.286
LSD-NRI' . 0.18 2.29 0.46 - 0.022 0.033 0.035
V%™ 17.97 58.92 45.90 28.93 19.75 24.56 7.10
No Ash doses Cd
Treatment | g/pot t/ha Content [mg - kg™ d.m.] T Uptake [mg - pot™]
Ap' R* Wa™ Ap’ R™ Sum
I 0.00 0 0.67 1.71 0.85 0.39 0.060 0.034 0.093
11 13.33 10 0.54 1.64 0.76 0.33 0.052 0.041 0.093
I 26.67 20 0.37 1.39 0.57 0.27 0.034 0.031 0.065
v 66.67 50 0.24 1.32 0.43 0.18 0.018 0.022 0.040
v 133.33 100 0.15 1.03 0.31 0.14 0.011 0.017 0.027
VI 266.67 200 0.11 0.90 0.25 0.12 0.007 0.014 0.021
VII 533.33 400 0.07 0.80 0.20 0.09 0.005 0.011 0.016
VIII 800.00 600 0.06 0.63 0.17 0.09 0.003 0.008 0.011
X 4000.00 Ash 0.02 0.20 0.07 0.12 0.001 0.002 0.002
LSD-NRI' 0.07 0.22 0.07 - 0.007 0.005 0.009
V% 93.38 46.28 68.45 57.53 104.95 64.75 84.33
No Ash doses Ni
Treatment | g/pot t/ha Content [mg - kg™' d.m.] T Uptake [mg - pot™]
Ap’ R Wa™ Ap’ R Sum
1 0.00 0 0.36 6.07 1.40 0.06 0.032 0.120 0.153
11 13.33 10 0.27 5.44 1.31 0.05 0.026 0.134 0.160
11 26.67 20 0.26 3.45 0.87 0.07 0.024 0.076 0.100
v 66.67 50 0.22 2.42 0.61 0.09 0.017 0.040 0.057
A% 133.33 100 0.21 1.92 0.52 0.11 0.015 0.031 0.047
VI 266.67 200 0.20 1.90 0.50 0.10 0.013 0.029 0.042
VII 533.33 400 0.19 1.67 0.45 0.11 0.013 0.023 0.036
VIII 800.00 600 0.18 1.59 0.45 0.11 0.009 0.021 0.030
IX 4000.00 Ash 0.15 1.15 0.41 0.13 0.004 0.011 0.015
NRI . 0.04 | 042 | 0.10 - 0.003 | 0.008 | 0.009
LSD-V% 27.77 62.41 52.63 29.05 51.47 84.13 75.50

“Notes see table I
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SOUHRN

Vliv uhelnych popelii na tiroveii vynosu a kvalitu kukutice. Cést 1. Tézké kovy.

V piispévku je posuzovan vliv riznych davek popela na trovei vynosu a obsah Cr, Zn, Pb, Cu, Cd a Ni
v rostlinach kukutice. V nadobovém pokusu se zeminou byly aplikovany davky popela mezi 13,33 az
800 g na nadobu, coz odpovida mnozstvi 10 az 600 t.ha™'. VySe vynosu kukufice kolisala v zavislosti na
variant¢ mezi 35,59-121,64 g suSiny na nadobu. Davka popela 13,33 g na nadobu signifikantné zvysi-
la vynos kukufice, zatimco davka pies 26,67 g na nadobu a tedy ekvivalentné pies 20 t.ha™! aplikovana
do ptdy znacné redukovala vynos kukutice. Obsah prvkil v kukufici kolisal a to v zavislosti na varianté
a casti rostliny, pfi¢emz se pohyboval v nésledujicim rozpéti: 0,32-3,48 mg Cr; 13,45-341,19 mg Zn;
0,50-5,02 mg Pb; 1,83-22,10 mg Cu; 0,02-1,71 mg Cd a 0,15-6,07 mg Ni-kg'susiny. Bylo zji$téno,
ze s narustajici davkou popela se linearné zvysoval obsah Cr a Cu v rostlinach, zatimco obsahy Zn, Pb,
Cd a Ni klesaly. Obsah sledovanych tézkych kovli v nadzemnich ¢astech kukufice splitoval normy pro
dobrou kvalitu pice. Se vzristajicimi ddvkami popela dodanymi do pldy pravidelné klesal odbér Cr, Zn,
Pb, Cd a Ni v nadzemnich c¢astech rostlin kukufice.

kukuftice, vynos, Cr, Zn, Pb, Cu, Cd, Ni, popel, zemina
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