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Abstract

In a pot experiment conducted in a phytotron, the effecti-
veness of foliar nutrition of spinach (Spinacia oleracea L.) with
different magnesium salts with and without the addition of 0.5%
CO(NH,), was studied. Magnesium was applied 3 times in the
form of solutions of MgSO, x 7H,0, Mg(NO,), x 6H,0, MgCl,
x 6H,0, C,H,O,Mg x 4H,0, compared to water as the control
treatment. The obtained results showed that foliar feeding of spi-
nach with inorganic magnesium salts was an efficient method for
supplementing the Mg level in plants during the growing period.
But the application of a metalo-organic complex in the form of
magnesium acetate (C,H,O,Mg x 4H,0) at a concentration of
1.7%, in spite of a similar effect on leaf Mg content, induced
phytotoxic symptoms in the form of chlorotic and necrotic spots
on the leaves. The application of the solutions of inorganic mag-
nesium salts had a significant effect, resulting in more intensive
leaf gas exchange (stomatal conductance, transpiration and pho-
tosynthesis) and an increase in leaf yield. Magnesium sulphate
affected the abovementioned processes in the most effective way,
while magnesium acetate had a negative impact. Foliar feeding
of spinach with the magnesium salts resulted in an increased leaf
content of protein, chlorophyll, carotenoids, nitrates and proline,
but a decrease in vitamin C content. The addition of urea to the
applied magnesium salt solutions increased the plant gas exchan-
ge rates and the leaf content of protein, chlorophyll, carotenoids,
nitrates and proline, but it decreased the content of vitamin C,
potassium and magnesium.
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INTRODUCTION

Magnesium performs many diverse functions
in plant cell metabolism. It occurs in the centre of the
chlorophyll particle and is a cofactor of numerous en-
zymes involved in the processes of phosphorylation

and phloem loading in leaves. An insufficient level
of magnesium in plants reduces chlorophyll and caro-
tenoid content, leaf stomatal conductance and photo-
synthesisrate (Sun and Payn,1999; Houcheng
Liu etal. 2006; Ding et al., 2008; Cakmak and
Kirkby, 2008). Magnesium also affects protein con-
tent in plants, since it is a stabilizer of the ribosome
structure (Houcheng Liu etal. 2006).

Since soil magnesium availability to crop plants
changes under the influence of environmental con-
ditions, in particular pH, in the last 15-20 years foliar
feeding with this nutrient has been commonly applied
across Europe (Orlovius, 2001). According to
numerous studies, non-root Mg application increa-
ses plant productivity (Pinkerton and Person,
1974: Biesiada et al. 1998; Swierczewska
and Sztuder, 2001; Orlovius, 2001; Hafiz
and E1-Kholy,200l;Moustafa and Omran,
2006; Mostafa et al. 2007; Dordas, 2009). Un-
der these conditions, chlorophyll and magnesium con-
tent in plants also increases (Biesiada et al. 1998;
Escamillo Garcia et al. 2003; Moustafa
and Omran, 2006; Mostafa et al. 2007; Dor-
das, 2009).

In most studies on foliar nutrition with magne-
sium, Mg was applied to plants in the form of MgSO,
x 7H,O solution (Pinkerton and Person, 1974;
Swierczewska and Sztuder, 2001; Or-
lovius, 2001; Moustafa and Omran, 2006;
Mostafa etal 2007). But Fisher and Walker
(1995) as well as Curylo (1971) found that plants
absorbed magnesium much more easily from chloride
or nitrate solutions than from magnesium sulphate. In
the literature, there is no agreement whether it is ad-
visable to use chelated forms of this nutrient. A gene-
ral view is held that metalo-organic complexes do not
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increase the absorption of the applied nutrient com-
pared to inorganic forms (Abadia et al., 2002), but
Beavers et al. (1994) found a lower uptake of Ca**
by the apple fruit from Ca-EDTA than from CaCl,.
Michatojé¢ and Szewczuk (2003) report that
chelates are less phytotoxic and they facilitate the mo-
vement of the applied nutrients in the plant.

Since soils in Poland are generally magnesium-
poor Mikiciuk etal., 2008), and at the same time
leafy vegetables, including spinach, require inten-
sive fertilization with potassium (Ortowski and
Kotota, 1999), which may impede Mg uptake from
the soil (Uziak and Borowski, 1980/1981), it
is advisable to undertake research on the effect of non-
root nutrition with magnesium on the pattern of gas
exchange, productivity and quality of spinach leaves.
Due to the fact that earlier studies showed a beneficial
effect of CO(NH,), on potassium absorption by spi-
nach leaves (Borowski and Michatek, 2009),
the solutions of magnesium salts (three organic salts
and one inorganic salt) were applied with and without
the addition of urea.

MATERIALS AND METHODS

The experiments were conducted in a phytotron
of the University of Life Sciences in Lublin in 2009,
in the periods from 20 April to 12 June (1st replica-
te) and from 31 August to 27 October (2nd replicate).
Spinach (Spinacia oleracea L.) cv. ‘Matador’ plants
were grown in 1.5 dm?® pots filled with quartz sand,
without fines. The experiment was carried out using
fluorescent light with the far-field flux density of ca.
200 umol x m? x s!, day length of 14 hours and tempe-
rature of 18°/15°C (day/night).

Each experiment comprised 50 pots, with
3 plants growing in one pot. After emergence, the
plants were supplemented with 105 mg N-NO,, 118 mg
K, 16 mg P, 100 mg Ca, 32 mg S and 24 mg Mg in
the form of % concentration of Hoagland’s medium per
pot. The same medium concentrations were applied in
the 2nd, 3rd and 4th weeks of plant growth; however,
in the third and fourth weeks the applied medium did
not contain MgSO, x 7H,0. Each time, 1cm?® of 2% fer-
ric citrate solution and the micronutrient solution (A-Z)
were applied to the pots together with the medium.

During the growing period, the plants were
watered with distilled water to constant weight, mai-
ntaining substrate moisture content at a level of 70%
of field water capacity (FWC). In the fifth week of
growth, 10 experimental series were set up (5 pots in
each), differentiated in terms of the foliar applied mag-
nesium salts and the addition of urea, or not. The re-
spective experimental series were sprayed with aqueo-
us solutions of the following magnesium salts: 1) H,O

— control, 2) MgSO, x 7H,0, 3) Mg(NO,), x 6H,0, 4)
MgCl, x 6H,0, 5) C, HO,Mg x 4H,0, in pure form or
a mixture of the particular salts with 0.5% CO(NH,),
(experiment design — Table 1). The aqueous solutions
of the abovementioned magnesium salts contained 2.0
mg of pure magnesium in lecm?. Foliar fertilization of
the plants with the abovementioned magnesium salt
forms was repeated in the sixth and seventh weeks
of growth. The solutions were applied using a manu-
al sprayer at an air temperature of 18°C, just before
nightfall, each time until complete moisturization of
the accessible leaf surface was obtained.

After 4 days from the last spraying, measure-
ments were made of leaf stomatal conductance for
water vapour as well as of transpiration and photo-
synthesis rates. The measurements were made in 12
replications on fully-developed middle leaves of spi-
nach rosettes, using a leaf microclimate control system
LCA-4. During measurement recording, temperature
in the measurement chamber was approx. 22°C, whi-
le the far-field flux density approx. 200 umol x m™
x s!. Concurrently, leaf samples were collected to de-
termine the content of protein, nitrates, chlorophyll
“a+b”, carotenoids, vitamin C, and proline. The con-
tent of the abovementioned compounds was determi-
ned using the following methods: protein according to
Kjeldahl; nitrates according to Cataldo etal. (1975);
chlorophyll “a+b” according to Arnon (1949); ca-
rotenoids according to Britton (1985); vitamin C
according to Pijanowski etal. (1973), and proline
according to Bates et al. (1973). Subsequently, ave-
rage leaf fresh weight per plant was determined, and
after drying potassium content in leaf dry weight was
identified using the atomic absorption method and an
atomic absorption system (AAS), while magnesium
content was determined colourimetrically using titan
yellow. Prior to the analysis, fresh leaves were washed
in distilled water. This paper presents the mean results
obtained in two experiments. These data were subjec-
ted to statistical analysis using double cross-classifi-
cation, determining the significance of differences by
Tukey’s test at the level of significance a=0.05.

RESULTS AND DISCUSSION

The results presented in Table 1 show that
all the foliar applied inorganic magnesium salts had
a significantly beneficial effect on stomatal conduc-
tance of spinach leaves. Magnesium sulphate showed
the strongest effect, increasing stomatal conductance
more than 3.5 times relative to the control, while mag-
nesium chloride had relatively the weakest effect, as
this increase was only 1.5 times. But the applied mag-
nesium acetate had an adverse impact on stomatal con-
ductance, although it was within the statistical error.
The effect of the applied magnesium salts on stomatal
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conductance of spinach leaves determined the pattern
of transpiration and photosynthesis, which seems to be
fully understandable. The obtained results demonstrate
that under the experimental conditions the water va-
pour diffused most intensely from the leaves, whereas
CO, to the leaf mesophyll, in the plants fertilized with
MgSO, x 7H,0, significantly more poorly in those fo-
liar fed with Mg(NO,), x 6H,0, while the diffusion
was the poorest in the plants fertilized with MgCl,
x 6H,0. But the transpiration and photosynthesis ra-
tes in the leaves of the plants sprayed with C,H.O,Mg
x 4H,0 were significantly lower relative to the control
treatment. The beneficial effect of the inorganic mag-
nesium salts on the gas exchange processes in spinach

leaves undoubtedly results from increased magnesium
content in the leaves under these conditions. The re-
sults contained in Table 6 indicate that foliar applica-
tion of the salts increased magnesium content more
than 53% relative to the control. Magnesium content
in the spinach leaves treated with magnesium acetate
also increased at the same level, but in spite of this fact
the effect of this salt on the gas exchange parameters
in question was opposite (Table 6). This is probably re-
lated to the fact that this salt showed phytotoxic effect
in the plants, since it induced the appearance of yellow
spots already after the first application, which changed
into necrotic spots after the second and third sprayings

(Fig. 1).

CisHsO4Mg - 4H,0
+ CO(NH,),

Fig. 1. Apperance of Spinacia oleracea L. plants foliar nutrited with 1.7% magnezium octate with addition 0.5% urea

In the literature, there is a lack of data on the
effect of foliar feeding of plants with magnesium on
the gas exchange processes in them. However, the pa-
persbySun and Payn (1999),Houcheng Liu
et al. (2006), Ding et al. (2008), Cakmak and
Kirkby (2008) show that magnesium deficiency in
plants strongly reduces leaf stomatal conductance and
CO, assimilation. The addition of the inorganic mag-
nesium salts CO(NH,), to the solution significantly
increased leaf stomatal conductance, transpiration and
photosynthesis. But the addition of urea to the magne-
sium acetate solution had a converse effect, since in
this case the value of the parameters in question decre-
ased (Tables 1 and 2).

The results shown in Table 2 demonstrate that
all the applied magnesium salts had a significantly be-
neficial effect on fresh weight yield of spinach leaves.
The highest yield was produced by the plants foliar fed
with magnesium chloride and nitrate, while the lowest
yield was obtained from those fertilized with magne-
sium acetate, but these differences were insignificant.
Undoubtedly, spinach productivity should be linked to
the effect of feeding with the magnesium salts on plant
photosynthesis. The fact that the plants treated with
C,H,O Mg x 4H,0 produced higher yields than tho-
se treated with H,O may arouse certain doubts in the
situation where CO, assimilation in these plants was
significantly lower compared to the control treatment.
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The results given in Table 2 relate to the rate of photo-
synthesis per leaf area unit, whereas the total leaf area
of the plants fed with magnesium acetate was similar to
the leaf area of the plants fertilized with the other mag-
nesium salts. Hence, a significantly higher leaf yield
of the plants treated with C,H,0,Mg=x4H,0 compared

to the control, but lower than in those sprayed with the
other magnesium salts, results from the reduced rate of
photosynthesis and the exclusion of a part of the leaf
surface area ( roughly estimated about 10%) from acti-
ve photosynthesis as a result of necrotic changes.

Table 1

Effect of magnesium salts and addition of urea in foliar application on stomatal conductance

and intensity of transpiration of spinach leaves

Solution

Magnesium
salts with

urea

without
urea

Solution

Mean Mean

with
urea

without
urea

conductance (mol H,Oxm?xs™)

transpiration (mmol H .Ox m?xs™)

Control (H,0) 0.05 0.10 0.07 1.71 1.59 1.65
MgSO,x7H,0 0.22 0.28 0.25 2.62 2.83 2.72
Mg(NO,),x6H,0 0.18 0.20 0.19 2.28 2.66 2.47
MgCl,x6H,0 0.10 0.12 0.11 2.18 2.25 2.21
C,H,O Mgx4H,O 0.06 0.05 0.05 1.27 1.08 1.17
Mean 0.12 0.15 2.01 2.08
LSD, , for salts 0.02 0.04
LSD,  for urea 0.01 0.02
LSD,, for salts x urea 0.02 0,06
Table 2

Effect of magnesium salts and addition of urea in foliar application on intensity of photosynthesis

and on yield of fresh mass of spinach leaves

) Solution Solution

Magszisslum without with Mean without with Mean

urea urea urea urea

photosynthesis (umol CO,xm?xs™) fresh mass of leaves (g x plant™)

Control (H,0) 2.93 3.97 3.45 8.28 8.65 8.47
MgSO,x7H,0O 6.38 7.11 6.74 16.93 16.00 16.47
Mg(NO,),x6H,0 5.36 6.62 5.99 17.53 16.94 17.24
MgCl,x6H,0 4.69 5.20 4.94 17.68 17.58 17.63
C,H,0,Mgx4H,0 3.15 3.09 3.12 14.56 14.63 14.60

Mean 4.50 5.20 15.00 14.76

LSD,  for salts 0.25 4.55

LSD,, for urea 0.11 n.s
LSD,,  for salts x urea 0.41 7.52
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The addition of urea to the foliar applied mag-
nesium salts had no effect on fresh weight yield of
leaves (Table 2). The results of numerous studies on
different plant species in which foliar application of
magnesium was used, most frequently in the form of
MgSO,x7H,0, confirm the beneficial effect of this tre-
atment on the yield of the vegetative parts of plants
(Pinkerton and Person, 1974; Biesiada et
al. 1998; Swierczewska and Sztudar, 2001;
Orlovius,2001; Hafiz and E1-Kholy, 2001;
Moustafa and Omran, 2006; Mostafa etal.
2007; Dordas, 2009).

As shown in the data collected in Table 3, foliar
application of magnesium increased leaf protein content
by an average of 46.7% compared to the control. In this
respect, Mg(NO,),x6H,0O stand out among the other
salts used. This was undoubtedly attributable to the fact
that this salt was a source of not only Mg**ions, but also
of nitrogen used only partially for protein synthesis,
primarily as a source of nitrates in the leaves. It seems
that the similar effect of the addition of urea to the so-
lutions of the applied magnesium salts on the value of
the trait in question should also be explained by this
fact. The beneficial effect of foliar Mg application on
protein content probably results from the fact that mag-
nesium increased the production of carbon skeletons in
the leaves (Table 2), but it was also due to the fact that
magnesium stabilises the structure of ribosomes (H o -
ucheng Liu etal. 2006; Ding etal. 2008).

In addition to high leaf protein content, the spi-
nach plants foliar fed with magnesium also had high
nitrate content (Table 3). This applied to all the series,
except for the control, in particular in the plants fed
with Mg(NO,),x6H,0 and C,H,0,Mgx4H,0 in which
NO-,; content was (respectively) 6.3 and 7.1 times
higher compared to the control treatment. Such high
leaf nitrate content resulted from the application of a
double concentration of Hoagland’s medium as the
primary source of nitrogen only in the form of NO,
at an amount of 1245.2 mg NO,xdm™, but as it seems,
also from the stimulating effect of the supplied Mg
ions on nitrate transport from the roots to the leaves.
However, the accumulated NO, ions were not suffi-
ciently reduced in the leaves, probably due to low light
intensity and a short growing period of spinach. Given
the above, the very high content of NO, in the case of
foliar treatment of the plants with Mg(NO,),x6H,0 is
certainly understandable, but it is difficult to expla-
in the even higher content of these compounds in the
plants foliar fed with C,H,O,Mgx4H,O than in the
case of fertilization with magnesium nitrate. The ad-
dition of urea to the application solution induced an
average threefold increase in NO, content in the lea-
ves, which indicates that the direct supply of reduced
nitrogen forms to these organs slightly increased pro-
tein synthesis and clearly inhibited nitrate reduction
(Table 3).

Table 3

Effect of magnesium salts and addition of urea in foliar application on content of crude protein and nitrates

in fresh mass of spinach leaves

Solution Solution
Magnesium . . Mean . .

salts without with without with

urea urea urea urea
protein (mgxg'f.m.) nitrates (ugNO,xg'f.m.)

Control (H,0) 19.01 23.62 21.31 241.8 270.2
MgSO,x7H,O 28.69 33.12 30.90 402.2 1024.7
Mg(NO,),x6H,0 32.04 33.08 32.56 655.6 2550.8
MgCl,x6H,0 29.00 32.33 30.66 435.2 1564.6
C,H,O Mgx4H,O 30.25 31.60 30.92 920.1 2704.9
Mean 27.80 30.75 531.0 1623,0
LSD,  for salts - 317.1

LSD,  for urea - 139.8

LSD,, for salts x urea - 531.1
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Supplementary feeding of the plants with the
magnesium salts applied exerted a beneficial effect on
chlorophyll “a+b” and carotenoid content in spinach
leaves (Table 4). Magnesium sulphate and nitrate had
the most beneficial effect on the traits in question, mag-
nesium chloride had a less beneficial effect, since its
impact on carotenoid content proved to be statistical-
ly insignificant, while magnesium acetate had the le-
ast beneficial effect, as it did not increase significan-
tly the content of any of the photosynthetic pigments
concerned. It seems that the least effect of C,H,O,Mgx
4H,0 on chlorophyll and carotenoid content should be
attributable to the occurrence of chlorotic and necrotic
spots on the leaves (Fig. 1). The beneficial effect of su-

pplementary feeding of the plants with magnesium on
leaf chlorophyll content undoubtedly results from the
proportion of ions of this metal in the particle struc-
ture of this compound. The correlations found in the
present experiments also find confirmation in the stu-
dies of Biesiada etal. (1988), Hafiz and El-
Kholy (2001), Moustafa and Omran (2006),
Mostafa etal (2007) and Dordas (2009). The
addition of urea to the magnesium salt solutions signi-
ficantly increased the content of the photosynthetic pig-
ments in question, which should be attributable to the
beneficial effect of CO(NH,), on leaf protein content,
since chlorophyll and carotenoids are found in the green
organs of plants in the form of complexes with protein.

Table 4
Effect of magnesium salts and addition of urea in foliar application on content of chlorophyll ,,a+b”

and carotenoids in leaves of spinach

Solution Solution
Magnesium
salts without with Mean without with Mean
urea urea urea urea
chlorophyll (mgx g'f.m.) carotenoids (mgx g'f.m.)
Controlx(H,0) 1,01 1,36 1,19 0,17 0,20 0,19
MgSO,x7H,0 1,79 2,43 2,11 0,26 0,32 0,29
Mg(NO,),x6H,0 1,87 2,23 2,05 0,24 0,29 0,27
MgCl,x6H,0 1,40 1,67 1,53 0,19 0,22 0,21
C,H,O Mgx4H. O 1,51 1,28 1,40 0,20 0,18 0,19
Mean 1,52 1,79 0,21 0,24
LSD,, for salts 0.32 0.04
LSD,  for urea 0.14 0.02
LSD,, for salts x urea 0.53 n.s.

The magnesium salts applied had a different
effect on vitamin C content than on pigment content
(Table 5). The leaves of the control plants contained the
largest amount of vitamin C, while foliar application of
the magnesium salts significantly decreased the content
of this substance. The addition of urea to the applied
solutions had a similar effect. It is difficult to explain
the found correlation; in particular given the fact that
Houcheng Liu etal. (2006) found that high Mg
content in Chinese cabbage promoted the synthesis of
vitamin C. It seems that this may be associated with the
“thinning effect”, since fresh weight yield of the spi-
nach leaves fed with Mg was nearly twice higher than
in the control plants.

The results presented in Table 5 show that fo-
liar nutrition of spinach with magnesium increased the
leaf content of non-protein amino acids, in this case
proline; however, a significant increase occurred only
in the case when magnesium acetate was applied. The

addition of CO(NH,), to the applied salt solutions also
significantly increased the leaf content of this amino
acid. These data indicate that magnesium acetate itself,
and even more so with the addition of urea, induced
stress, which is fully confirmed by the intensified oc-
currence of chlorotic and necrotic spots on the leaves
(Fig. 1).

Foliar application of the magnesium salt solu-
tions significantly increased leaf Mg content, in spite
of a sufficient content, as it seems, of this metal in the
leaves of the control plants (Hailes etal. 1997). But
the uptake of magnesium by the leaves from the applied
inorganic Mg salts and magnesium acetate was on a si-
milar level. These data do not confirm the thesis that the
penetration of this nutrient applied to plants in chelate
form reduces its absorption (Beavers et al. 1994),
but rather that the absorption of this nutrient from so-
lutions of inorganic and metalo-organic salts is similar
(Abadia etal. 2002).
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Table 5

Effect of magnesium salts and addition of urea in foliar application on content of vitamin C
and proline in leaves of spinach

) Solution Solution

Maizletsslum without with Mean without with Mean

urea urea urea urea

vitamin C (mgx100g'f.m.) proline (ugxg'f.m.)

Control (H,0) 61.19 66.21 63.70 32.55 37.05 34.80
MgSO,x7H,0 55.49 40.95 48.22 40.92 50.99 45.95
Mg(NO,),x6H,0 48.10 4472 46.41 38.75 51.46 45.10
MgCl x6H,0 47.46 41.28 44.37 35.96 50.38 43.17
C,H,O Mgx4H.O 49.91 41.64 45.78 50.53 100.44 75.48

Mean 52.43 46.96 39.74 58.06

LSD, , for salts 5.10 10.97

LSD,  for urea 2.27 4.82

LSD,, for salts x urea 8.41 18.38

Increased magnesium content in the spinach case of C,H.O,Mgx4H,0O it was significantly higher
leaves foliar fertilized with this nutrient did not have than in the control, while it did not differ in the plants
a clear effect on potassium accumulation in them. fed with MgSO,x7H,0 and MgCl,x6H,0. The ad-
K* content in the leaves of the plants fertilized with  dition of urea to the salt solutions reduced the percen-
Mg(NO,),x6H,0 was significantly lower, but in the tage content of K and Mg in leaves (Table 6).

Table 6

Effect of magnesium salts and addition of urea in foliar application on content of potassium and magnesium
in dry mass of spinach leaves

) Solution Solution

Maigisslum without with Mean without with Mean

urea urea urea urea

potassium (%) magnesium (%)

Control (H,0) 5.93 5.14 5.53 0.33 0.31 0.32
MgSO,x7H,0 5.69 5.17 543 0.49 0.49 0.49
Mg(NO,),x6H,0 5.39 473 5.06 0.51 0.47 0.49
MgCl,x6H,0 5.99 5.06 5.52 0.50 0.47 0.48
C,H,O Mgx4H. O 6.25 593 6.09 0.50 0.47 0.48

Mean 5.85 5.21 0.47 0.44

LSD, , for salt 0.13 0.03

LSD,  for urea 0.06 0.01

LSD,  for salt x urea 0.21 n.s.
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CONCLUSIONS

1. Foliar nutrition of spinach with inorganic magne-
sium salts (MgSO, x 7H,0, Mg(NO,), x 6H,0 and
MgCl, x 6H,0) is an efficient method for supple-
menting the Mg level during the growing period.
The application of a metalo-organic complex in the
form of magnesium acetate (C,H.O,Mg x 4H,0) at
a concentration of 1.7%, in spite of a similar effect
on leaf Mg content, induced phytotoxic symptoms
in the form of chlorotic and necrotic spots on the
leaves.

2. The application of the solutions of inorganic magne-
sium salts had a significant effect, resulting in more
intensive leaf gas exchange processes — stomatal
conductance, transpiration and photosynthesis, as
well as in an increase in leaf yield. Magnesium sul-
phate affected the abovementioned processes in the
most effective way, while magnesium acetate had a
negative impact.

3. Foliar feeding of spinach with the magnesium salts
resulted in an increased leaf content of protein, chlo-
rophyll, carotenoids, nitrates and proline as well as
in a decrease in vitamin C content in leaves.

4. The addition of urea to the applied magnesium salt
solutions increased the plant gas exchange rates and
the leaf content of protein, chlorophyll, carotenoids,
nitrates and proline, but it decreased the content of
vitamin C, potassium and magnesium.
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Wplyw dolistnego nawozenia szpinaku
solami magnezu i mocznikiem
na wymiane gazowa, plon i jakos¢ lisci

Streszczenie

W doswiadczeniu wazonowym prowadzonym
w fitotronie badano efektywnos¢ odzywiania dolist-
nego szpinaku (Spinacia oleracea L.) r6znymi solami
magnezu bez i z dodatkiem 0,5% CO(NH,),. Magnez
zastosowano 3-krotnie w formie roztworu MgSO, x
7H,0, Mg(NO,), x 6H,0, MgClL, x 6H,0, C4H604Mg
x 4H,0 wobec wody jako kontroli. Uzyskane wyniki
wykazaly, ze dolistne odzywianie szpinaku nieorga-
nicznymi solami magnezu jest skuteczng droga uzu-
petniania poziomu Mg w roslinach w trakcie wegetacji.
Zastosowanie natomiast kompleksu metalo-organicz-
nego w postaci octanu magnezu (C,H.O,Mg x 4H,0)
w stezeniu 1,7% mimo podobnego wplywu na zawar-
tos¢ Mg w lisciach wywotalo objawy fitotoksyczno-
Sci w postaci chlorotycznych i nekrotycznych plam na
lisciach. Aplikacja roztworéw nieorganicznych soli
magnezu wplyneta w istotnym stopniu na intensyw-
niejszy przebieg wymiany gazowej lisci (przewodnos¢
szparkowa, transpiracj¢, fotosynteza) i wzrostu plonu
lisci. Najbardziej efektywnie na wymienione procesy
oddziatywal siarczan magnezu, natomiast negatywnie
octan magnezu. Dolistne odzywianie szpinaku solami
magnezu wplyneto na wzrost zawartosci biatka, chlo-
rofilu, karotenoidéw, azotanéw i proliny, a spadek
zawartosci witaminy C w lisciach. Dodatek mocznika
do aplikowanych roztworéw soli magnezu zwigkszat
przebieg proceséw wymiany gazowej roslin i zawar-
tos¢ w lisciach biatka, chlorofilu, karotenoidéw, azota-
néw i proliny, zmniejszal natomiast zawartos¢ witami-
ny C, potasu i magnezu.
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