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Abstract

Besides the absolute values of mineral content in plant tissue, particularly is important their relative
relationship. Imbalance in nutrient uptake very often is result of extensive fertilization with one
nutrient, which is then in excess, so can prevent uptake of other nutrients what may cause
disturbances in metabolism. Therefore, the goal of present research was to determine the influence
of fertilization on mineral ratios in beetroot. A field trial (2003-2005) was set up in a hilly part of
Croatia according to the Latin square method with four types of fertilization (control, 50 t stable
manure ha-1, 500 and 1000 kg NPK 5-20-30 ha-1). Some investigated ratios ranged as follows: N+P+K
4.08-8.17, K+Ca+Mg 2.83-5.14, K/Ca 6.8-18.1, K/Mg 4.3-19.3, K/(Ca+Mg) 2.6-9.3, (N+P)/K 0.70-1.26,
Ca/P 0.7-2.0, Ca/Mg 0.65-1.07, K/Mn 297-789, N/Zn 501-786, P/Zn 41-92, Fe/Mn 1.6-2.8, Fe/Cu 11-
23, Fe/(Cu+Zn) 2.1-4.2, Zn/Cu 3.3-7.6, Mn/Zn 1.5-1.8, Mn/Fe 0.38-0.62. In order to achieve high
mineral content and its favorable ratio is necessary to combine the organic and mineral fertilizers
with foliar fertilization.
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Introduction

Both, macro and micronutrient plant content, should be within a range referred to as sufficient for a
productive plant production. Mineral and organic fertilization affects both, vegetative and
reproductive organs, but what is more important yield quantity and quality, which is nowdays very
important issue. If the plant mineral content is below the optimum range the plant might suffer from
excessive or deficient content of nutrients that reduce the yield quantity and quality. To avoid this
situation the optimal fertilization design should be applied according to plant needs as well as
nutrient soil status. In addition to the optimal content of minerals in soil and plant tissue, relative
ratio of minerals is particularly important (Bergmann, 1992). It is commonly known that between
ions two types of relations are dominated, antagonism and synergism. The imbalance in nutrient
uptake is very common where the abundant fertilization of one single nutrient was appliled which is
then in surplus and therefore block the uptake of another nutrient which can cause metabolic
disorders(Marschner, 1995). The nutrient soil application has to be adapted to the planned
production to ensure the annual need for normal growth and development of plants (KaraZija,
2013). However, special attention should be paid to the balance of nutrition, as increased doses of
mineral fertilizers can cause problems (Miljkovi¢ and Bisof, 1988, cited by Drenjancevi¢, 2011).
Initially, the ratio of minerals was attempted to evaluate on the basis of the plant tissue mineral
content and its limit values (Bergmann, 1992). Later, evaluation of N-P-K was performed, and then to
a number of other ratios among biogenic elements, which better indicated harmony in plant
nutrition. It was followed by the representation of certain elements in a triangular percentage, and
in particular for nitrogen, phosphorus, potassium, calcium and magnesium. Then the intensity of
nutrition was expressed as the sum of cations (K+Ca+Mg). Recent studies have shown that great
attention should be paid to cations, especially potassium, calcium and magnesium (Cosié i sur., 2010)
although the ratio both beetwen microelements, as well as macro and microelements becoming
more and more interesting (Ryser, 1982; Pitura and Michalojc, 2015; Murawska et al., 2013; Krzywy
and Krzywy, 2001; Tariq and Mott, 2006; Jarnuszewski and Meller, 2013).
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Therefore, the aim of this researach was to determine and evaluate the effect of organic and mineral
fertilization of red beet on mineral ratios.

Material and methods

Field work

A field fertilisation trial with beetroot (Beta vulgaris var. conditiva Alef.), cultivar ‘Bikor’, was carried
out in Brasljevica and Hrvatsko Polje (Croatia) from 2003 to 2005 (Brasljevica in 2003, B-2003;
Hrvatsko Polje in 2004, HP-2004 and Hrvatsko Polje in 2005, HP-2005) using the Latin square method
with four treatments (unfertilised control, 50 t stable manure ha™, 500 and 1000 kg NPK 5-20-30 ha’
!). Untreated beetroot seed was sown (22" May 2003, 21°' May 2004 and 29" June 2005) directly
into soil with a plant spacing of 0.07 m x 0.40 m and a main plot area of 12 m” Beetroot were
harvested (21° Aug 2003, 24™ Aug 2004 and 28" Sep 2005) after ~90 days.

Chemical plant analysis

The edible parts of six plants from each plot at harvest were randomly selected for analyses.
Samples of plant material (dried at 105°C) were analysed in triplicate and the results presented as
mean values. After digestion of plant material with concentrated HNO; (MILESTONE 1200 Mega
Microwave Digester), phosphorus was determined spectrophotometrically, potassium by
phlamephotometer, calcium, magnesium, iron, manganese, copper and zinc were analysed by an
atomic absorption spectrophotometer (AAS) (AOAC, 1995).

Chemical soil analysis

Field investigations were carried out on silty loam soil with a soil reaction (pHy,0) of 6.1-6.6, with low
to moderate humus and nitrogen content, poor in phosphorus and low to rich in potassium (Table
1). Air-dried, ground and homogenized soil was analysed according to following methods: soil pH
was determined electrometrically using a combined electrode (pH-meter MA5730) for a soil:water
suspension (1:2.5, w/v) (active acidity) (Skori¢, 1982); humus by the Tjurin method (JDPZ, 1966);
potassium and phosphorus by the Egner-Riehm-Domingo method (Egner et al., 1960) and nitrogen
by Kjeldahl method (AOAC, 1995).

Table 1. Chemical properties of the soils collected

% % AL-mg100g”
Environment” PHh20 humus N P,0s5 K,O
B-2003 6.5 2.17 0.12 0.1 6.0
HP-2004 6.1 2.65 0.13 1.5 15.3
HP-2005 6.6 3.10 0.16 6.2 32.8

“B-2003 - Brasljevica, year 2003; HP-2004 — Hrvatsko Polje, year 2004; HP-2005 — Hrvatsko Polje, year 2005

Comparing climatological conditions in all three investigation years during the growing period, it is
evident that the most favourable conditions for normal growth and development of red beet
prevailed in year 2004. Precipitation in 2003 was 247 mm and was poorly distributed. Temperatures
were between 19°C and 23°C. In year 2004 was less precipitation (176 mm) during the red beet
growth, air temperatures ranged from 17°C to 21°C, so this year was favourable for red beet growing
because of favourable temperatures, and better distribution of precipitation. Air temperatures in
year 2005 (15-20°C) were also within the biological optimum for the growth and development of red
beet, but the precipitation was excessive (423 mm) so the weather conditions were unfavourable.

Results and discussion

As was discussed earlier, at the begining of thinking about mineral ratios, sum of some nutrients was
discussed first. So, regarding both sum of nutrients (N+P+K) and (K+Ca+Mg) fertilization treatments
did not affected, but environment did (Tables 2 and 3). Statisticaly the highest sum of nutrients was
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determined in humid environment HP-2005 (8.17 and 5.14, respectively) and was higher than Ryser
(1982) reported (3.92-4.54 and 4.23-4.91, respectively) and Neyroud et al. (2007) reported (4.27 and
3.47, respectively).

Ratio beetwen two antagonistic cations (Bergmann, 1992) is very important. Again, the lowest ratio
in dry season is determined because of lack of water which is important for Ca uptake (Table 4). All
fertilization treatments statisticaly incerased the ratio (11,3-13,1) compared to control treatment in
HP-2004 environment (with favourable climate conditions). However, statisticaly the highest K/Ca
ratio was determined in HP-2005 environment (18,1) compared to other two environments which
can be explained by leaching of Ca due to excess of rainfall (Petek, 2009). Our results are much
higher than literature reported (Pitura and Michalojc (2015) reported 2-4 as optimal K/Ca ratio)
which can be explained with relatively high soil potassium content, especially in HP-2004 and HP-
2005 environments (Table 1).

Table 5 shows K/Mg ratio in red beet root. Similar situation, as with K/Ca ratio, has been determined
with this ratio too. Again, all fertilization treatments had statistical effect on K/Mg ratio in season
with favourable climate condition (HP-2004) that ranged from 11,3 to 12,2. In other two
environments fertilization tratments had no effect due to lack or excess of water. There are different
literature dana regarding the optimal K/Mg ratio. Ryser (1982) reported optimal range from 6.8 to
7.9, and Pitura and Michalojc (2015) from 2 to 6 cited from other literature, but in their own results
reported mostly 10-20 in lettuce, curly kale and celery. Our findings showed high ratio in HP-2004
and especially in HP-2005 environments probably due to high potassium soil content (Table 1) which
suggest very low uptake of magnesium of very low magnesium soil level.

Ratio of cations K/(Ca+Mg) is also important for optimal plant growth (Table 6). Again, the trend of
this ratio is the same as in previous mentioned ratios with potassium. There are different data
regarding the K/(Ca+Mg) ratio. According to different authors cited in Pitura and Michalojc (2015)
optimal ration is 1.62-2.2, although they reported up to 4.02, while Murawska et al. (2013) reported
very low ratios, from 0.62 to 0.77, as well as Ryser (1982) from 0.58 to 0.66. Our results showed
statisitcaly higher ratio of cations in HP-2004 and HP-2005 environtments. On the other side, the
situation is complitely oposite when the ratio is calculated by dividing by potassium — (N+P)/K (Table
7). Even thoug there is sum of different nutirents, the trend is the same. Statisticaly the highest ratio
is determined in dry season in B-2003 environment (1.26) and is lower than reported by Ryser (1982)
of 1.30-1.50. Obviously, potassium is prevailed cation in investigated soil and so in uptake by plant
too. Unfavourable climate conditions had greater effect on nutrient uptake than the fertilization
treatments, so in HP-2004 effect of fertilization was determined only.

Table 8 shows the Ca/P ratio in red beet root. Fertilization treatment statisticaly significant affected
Ca/P ratio in HP-2004 environment only, when climate conditions were optimal. In other two
environments (dry and humid) effect of fertilization was not statisticaly affected Ca/P ratio. The
statisticaly highest ratio was obtained in B-2003 environtment (2,0) in dry season when uptake of
phosphorus was at low level due to lack of water in rizosphere which is very important for
phosphorus soil mobility because phosphorus is transporte din soil mostly by difussion (Mengel and
Kirkby, 1987). Murawska et al. (2013) reported very low Ca/P ratio in maize grain (0.14-0.21).
Optimal ratio according to Pitura and Michalojc (2015) is 2.0. Our findings are similar to this value
just in dry season, which suggest that in season of favourable climate condition uptake of Ca was
low, probably due to low calcium soil content according to soil type. As we reported in our previous
paper (Petek et al., 2016), in humid environment (HP-2005) the highest red beet root phosphorus
content was determined (3,7 g P kg™') and the highest calcium content in dry environment (B-2003,
4,0 g Cakg™).

In Table 9 are shown results of Ca/Mg ratios that ranged from 0.60 to 1.16. In humid HP-2005
environment determined ratio was statisticaly significant the highest (1.07) and was much higher
than Murawska et al. (2013) reported (0.27-0.46).

Potassium had the same effect on uptake of micronutrient manganese. The average highest K/Mn
ratio (789) was determined in humid HP-2005 environment (Table 10) where is high soil potassium
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content. In all three environments the fertilization treatment increased the value of K/Mn ratio
compared to unfertilized treatment, in B-2003 and HP-2005 this increase was statisticaly significant.
Bergmann (1992) reported 225 as optimal K/Mn ratio, Ekholm et al. (2007) 870 and Lisiewska et al.
(2006) 789. In our research the ratios are determined in very wide range, from 297 up to 789. Low
ratio suggest low potassium uptake and high ratio suggest low manganese uptake. As manganese is
one of important microelement, both in plant and human metabolism, we suggest as optimal ratio
about 500, which realised in HP-2004 environment when favourable climate condition performed.
By consutling our previous work (Petek et al., 2016), these result of ratios with potassium are highly
expected, especially in HP-2005 environment because, not just that there was high soil potassium
content, but also there was high red beet root potassium content (47 mg K kg™).

The ratio of N/Zn is shown in Table 11. All values are a lot below recommended value of 1200,
reported by Bergmann (1992). Here can be determined similar situation as with K/Mn ratio
regarding the effect of fertilization treatments and effect of environments. Again in HP-2005
environment statisticaly the highest N/Zn ratio (786) was deterined. But, as in first two years of
investigation N/Zn ratio was quite low, better nitrogen fertilization is needed as Petek et al. (2016)
reported quite high zinc content, especially in B-2003 of 53 mg Zn kg™

Generaly, fertilization treatment had positive effect on P/Zn ratio (Table 12) compared to control
treatment, but environment had great effect on P/Zn ratio too. The highest ratio was determined in
humid season (HP-2005) probably due to relatively good phosphorus uptake in this season. This
assumption is backed up with our previous work (Petek et al., 2016) which reported 3,7 g P kg™ in
red beet root. However, all values are much lower than reported by most literature. Bergmann
(1992) reported P/Zn ratio of 110 as optimal, Ekholm et al. (2007) 113 and Kadar (2000) lower than
200. Only Lisiewska et al. (2006) reported 54 which is relatively similar as we determined in dry
season, so we think that, bue to lack of water, this value is not the optimal one.

Discussing about ratios beetwen microelements (Fe/Cu, Fe/(Cu+Zn), Zn/Cu, Mn/Zn and Mn/Fe)
(Tables 13-18) it can be observed the similar trend. Mostly, the fertilization treatments had no
statisticaly significant effect on micronutrients ratios. According to literature data of ratios with Fe
[recomended Fe/Cu ratio by Pitura and Michalojc, (2015) is 6-19 and 15.8-29.2 reported by Tariq and
Mott (2006)], it can be concluded that red beet had no problems with Fe uptake which very well
proved that red beet is rich in iron, as we already reported in our paper (96-270 mg Fe kg™) (Petek et
al., 2016). The ratios beetwen micronutrients in plants reporetd in literature: Zn/Cu 4.9-16.9, Mn/Zn
0.43-5.8, Min/Fe 0.21-2.5 (Pitura and Michalojc, 2015; Tariq and Mott, 2006). in the present research
mentioned ratios are as follows: 3.3-4.2, 1.5-1.8 and 0.38-0.62, respecitvely. Bergmann (1992)
reported that abundant fertilization with nitrogen can cause a lack of potassium in the plant and that
also magnesium, manganese, iron and zinc content must be balanced to favorably affect the
metabolic processes in the plant. So, it is not always important to achieve the highest mineral ratio,
because it menas that the second nutrient i sin low level in plant tissue. So, we always have to keep
in mind the optimum levels of all nutrients.

Table 2. N+P+K ratio in red beet root dry weight according to fertilizations and years of environments
N+P+K ratio, based on % in DW

Treatments B-2003" HP-2004 HP-2005 Average
Control 6.28 3.85 792 b 6.01
Stable manure, 50 t ha™ 6.60 427 8.36 ab 6.41

500 kg NPK ha™ 6.11 4.08 793 b 6.04

1000 kg NPK ha™ 6.19 4.13 8.49a 6.27
Average 6.30 B 4.08C 8.17 A

*Environments: B-2003 — Brasljevica in 2003; HP-2004 — Hrvatsko Polje in 2004; HP-2005 — Hrvatsko Polje in
2005

*Factor level means accompanied by different letters are significantly different, with error p<0.05 according
to Tukey's HSD test. Small letters refer to fertilization treatments. Capital letters refer to average values of
environments.
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Table 3. K+Ca+Mg ratio in red beet root dry weight according to fertilizations and years of environments
K+Ca+Mg ratio, based on % in DW

Treatments B-2003" HP-2004 HP-2005 Average
Control 3.94 2.72 4.96 3.87
Stable manure, 50 t ha™* 4.12 3.00 5.28 4.14
500 kg NPK ha™ 3.75 2.78 5.06 3.86
1000 kg NPK ha™ 3.75 2.80 5.28 3.94
Average 3.89 B 2.83C 5.14 A

*Environments: B-2003 — Brasljevica in 2003; HP-2004 — Hrvatsko Polje in 2004; HP-2005 — Hrvatsko Polje in
2005

*Factor level means accompanied by different letters are significantly different, with error p<0.05 according
to Tukey's HSD test. Small letters refer to fertilization treatments. Capital letters refer to average values of
environments.

Table 4. K/Ca ratio in red beet root dry weight according to fertilizations and years of environments
K/Ca ratio, based on mg kg™ in DW

Treatments B-2003" HP-2004 HP-2005 Average
Control 7.2 94 b 16.5 11.0
Stable manure, 50t ha™ 6.0 13.1a 19.2 12.8

500 kg NPK ha™ 6.8 13.1a 18.5 12.8

1000 kg NPK ha™ 7.1 11.3ab 18.3 12.2
Average 6.8C° 11.7B 18.1A

*Environments: B-2003 — Brasljevica in 2003; HP-2004 — Hrvatsko Polje in 2004; HP-2005 — Hrvatsko Polje in
2005

*Factor level means accompanied by different letters are significantly different, with error p<0.05 according
to Tukey's HSD test. Small letters refer to fertilization treatments. Capital letters refer to average values of
environments.

Table 5. K/Mg ratio in red beet root dry weight according to fertilizations and years of environments
K/Mg ratio, based on mg kg'1 in DW

Treatments B-2003" HP-2004 HP-2005 Average
Control 4.1 9.7 b 19.0 11.0
Stable manure, 50 t ha™ 4.0 12.1a 19.2 11.8

500 kg NPK ha™ 4.4 11.3 ab 19.3 11.7

1000 kg NPK ha™ 4.7 12.2a 19.5 12.1
Average 43¢’ 11.3B 19.3 A

"Environments: B-2003 — Brasljevica in 2003; HP-2004 — Hrvatsko Polje in 2004; HP-2005 — Hrvatsko Polje in
2005

“Factor level means accompanied by different letters are significantly different, with error p<0.05 according
to Tukey's HSD test. Small letters refer to fertilization treatments. Capital letters refer to average values of
environments.

Table 6. K/(Ca+Mg) ratio in red beet root dry weight according to fertilizations and years of environments
K/(Ca+Mg) ratio, based on mg kg™ in DW

Treatments B-2003" HP-2004 HP-2005 Average
Control 2.6 48 b 8.8 5.4

Stable manure, 50 t ha™ 2.4 6.3a 9.6 6.1

500 kg NPK ha™ 2.7 6.0a 9.4 6.1

1000 kg NPK ha™ 2.8 5.8a 9.4 6.0
Average 26C 578 93A

'Environments: B-2003 — Bragljevica in 2003; HP-2004 — Hrvatsko Polje in 2004; HP-2005 — Hrvatsko Polje in
2005

*Factor level means accompanied by different letters are significantly different, with error p<0.05 according
to Tukey's HSD test. Small letters refer to fertilization treatments. Capital letters refer to average values of
environments.
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Table 7. (N+P)/K ratio in red beet root dry weight according to fertilizations and years of environments
(N+P)/K ratio, based on % in DW

Treatments B-2003" HP-2004 HP-2005 Average
Control 1.22 0.72a 0.79 0.91
Stable manure, 50 t ha™ 1.27 0.65 b 0.75 0.89
500 kg NPK ha™ 1.24 0.70 ab 0.74 0.90
1000 kg NPK ha™ 1.29 0.73 a 0.79 0.94
Average 1.26 A 0.70B 0.77B

'Environments: B-2003 — Brasljevica in 2003; HP-2004 — Hrvatsko Polje in 2004; HP-2005 —
Hrvatsko Polje in 2005

®Factor level means accompanied by different letters are significantly different, with error
p<0.05 according to Tukey's HSD test. Small letters refer to fertilization treatments. Capital
letters refer to average values of environments.

Table 8. Ca/P ratio in red beet root dry weight according to fertilizations and years of environments
Ca/P ratio, based on mg kg'1 in DW

Treatments B-2003" HP-2004 HP-2005 Average
Control 2.1 16a 0.8 1.5

Stable manure, 50 t ha™ 1.8 10 b 0.6 1.2

500 kg NPK ha™ 2.0 1.0 b 0.7 1.3

1000 kg NPK ha™ 2.2 1.2 ab 0.7 1.4
Average 2.0A7 1.2B 0.7C

*Environments: B-2003 — Brailjevica in 2003; HP-2004 — Hrvatsko Polje in 2004; HP-2005 — Hrvatsko Polje in
2005

*Factor level means accompanied by different letters are significantly different, with error p<0.05 according
to Tukey's HSD test. Small letters refer to fertilization treatments. Capital letters refer to average values of
environments.

Table 9. Ca/Mg ratio in red beet root dry weight according to fertilizations and years of environments
Ca/Mg ratio, based on % in DW

Treatments B-2003" HP-2004 HP-2005 Average
Control 0.60 1.05 1.16 0.94
Stable manure, 50 t ha™ 0.67 0.92 1.00 0.86

500 kg NPK ha™ 0.66 0.87 1.05 0.86

1000 kg NPK ha™ 0.69 1.09 1.08 0.95
Average 0.65 C* 0.98B 1.07 A

*Environments: B-2003 — Brasljevica in 2003; HP-2004 — Hrvatsko Polje in 2004; HP-2005 — Hrvatsko Polje in
2005

*Factor level means accompanied by different letters are significantly different, with error p<0.05 according
to Tukey's HSD test. Small letters refer to fertilization treatments. Capital letters refer to average values of
environments.

Table 10. K/Mn ratio in red beet root dry weight according to fertilizations and years of environments
K/Mn ratio, based on mg kg'1 in DW

Treatments B-2003" HP-2004 HP-2005 Average
Control 268 b’ 491 726 b 495

Stable manure, 50 t ha™ 352a 636 840 a 609

500 kg NPK ha™ 274 ab 544 794 ab 537

1000 kg NPK ha™ 293 ab 588 796 ab 559
Average 297 C 565 B 789 A

*Environments: B-2003 — Brasljevica in 2003; HP-2004 — Hrvatsko Polje in 2004; HP-2005 — Hrvatsko Polje in
2005

*Factor level means accompanied by different letters are significantly different, with error p<0.05 according
to Tukey's HSD test. Small letters refer to fertilization treatments. Capital letters refer to average values of
environments.
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Table 11. N/Zn ratio in red beet root dry weight according to fertilizations and years of environments
N/Zn ratio, based on mg kg'1 in DW

Treatments B-2003" HP-2004 HP-2005 Average
Control 545 b’ 481 758 b 595
Stable manure, 50 t ha™ 698 a 501 788 ab 662

500 kg NPK ha™ 583 ab 474 738 b 598

1000 kg NPK ha™ 695 a 548 862 a 702
Average 630B 501C 786 A

*Environments: B-2003 — Brasljevica in 2003; HP-2004 — Hrvatsko Polje in 2004; HP-2005 — Hrvatsko Polje in
2005

*Factor level means accompanied by different letters are significantly different, with error p<0.05 according
to Tukey's HSD test. Small letters refer to fertilization treatments. Capital letters refer to average values of
environments.

Table 12. P/Zn ratio in red beet root dry weight according to fertilizations and years of environments
P/Zn ratio, based on mg kg‘1 in DW

Treatments B-2003" HP-2004 HP-2005 Average
Control 33 b’ 57 b 90 60

Stable manure, 50 t ha™ 55a 75a 99 76

500 kg NPK ha™ 37 ab 62 ab 84 61

1000 kg NPK ha™ 39 ab 69 ab 9 68
Average 41C 66 B 92A

*Environments: B-2003 — Brasljevica in 2003; HP-2004 — Hrvatsko Polje in 2004; HP-2005 — Hrvatsko Polje in
2005

*Factor level means accompanied by different letters are significantly different, with error p<0.05 according
to Tukey's HSD test. Small letters refer to fertilization treatments. Capital letters refer to average values of
environments.

Table 13. Fe/Mn ratio in red beet root dry weight according to fertilizations and years of environments
Fe/Mn ratio, based on mg kg™ in DW

Treatments B-2003" HP-2004 HP-2005 Average
Control 2.9 2.4 1.6 2.3

Stable manure, 50 t ha™ 3.3 2.5 1.7 2.5

500 kg NPK ha™ 2.7 2.2 1.6 2.2

1000 kg NPK ha™ 2.4 2.4 1.6 2.1
Average 2.8A° 2.48B 1.6C

"Environments: B-2003 — Brasljevica in 2003; HP-2004 — Hrvatsko Polje in 2004; HP-2005 — Hrvatsko Polje in
2005

“Factor level means accompanied by different letters are significantly different, with error p<0.05 according
to Tukey's HSD test. Small letters refer to fertilization treatments. Capital letters refer to average values of
environments.

Table 14. Fe/Cu ratio in red beet root dry weight according to fertilizations and years of environments
Fe/Cu ratio, based on mg kg'1 in DW

Treatments B-2003" HP-2004 HP-2005 Average
Control 26 12 18 19

Stable manure, 50 t ha™ 23 11 18 18

500 kg NPK ha™ 23 11 19 17

1000 kg NPK ha' 19 11 18 14
Average 23A° 11¢C 18 B

'Environments: B-2003 — Bragljevica in 2003; HP-2004 — Hrvatsko Polje in 2004; HP-2005 — Hrvatsko Polje in
2005

*Factor level means accompanied by different letters are significantly different, with error p<0.05 according
to Tukey's HSD test. Small letters refer to fertilization treatments. Capital letters refer to average values of
environments.
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Table 15. Fe/(Cu+Zn) ratio in red beet root dry weight according to fertilizations and years of environments
Fe/(Cu+Zn) ratio, based on mg kg'1 in DW

Treatments B-2003" HP-2004 HP-2005 Average
Control 4.4 2.8 2.1 3.1

Stable manure, 50 t ha™ 4.6 2.6 2.1 3.1

500 kg NPK ha™ 4.1 2.5 2.0 2.9

1000 kg NPK ha™ 3.8 2.6 2.2 2.9
Average 42N 2.6B 2.1B

*Environments: B-2003 — Brasljevica in 2003; HP-2004 — Hrvatsko Polje in 2004; HP-2005 — Hrvatsko Polje in
2005

*Factor level means accompanied by different letters are significantly different, with error p<0.05 according
to Tukey's HSD test. Small letters refer to fertilization treatments. Capital letters refer to average values of
environments.

Table 16. Zn/Cu ratio in red beet root dry weight according to fertilizations and years of environments
Zn/Cu ratio, based on mg kg'1 in DW

Treatments B-2003" HP-2004 HP-2005 Average
Control 5.0a° 3.4 75 b 5.3

Stable manure, 50t ha™ 43ab 3.1 75 b 5.0

500 kg NPK ha™ 4.7 ab 3.6 8.la 5.5

1000 kg NPK ha™ 39 b 3.0 74 b 4.8
Average 458B 33C 7.6A

*Environments: B-2003 — Brasljevica in 2003; HP-2004 — Hrvatsko Polje in 2004; HP-2005 — Hrvatsko Polje in
2005

*Factor level means accompanied by different letters are significantly different, with error p<0.05 according
to Tukey's HSD test. Small letters refer to fertilization treatments. Capital letters refer to average values of
environments.

Table 17. Mn/Zn ratio in red beet root dry weight according to fertilizations and years of environments
Mn/Zn ratio, based on mg kg'1 in DW

Treatments B-2003" HP-2004 HP-2005 Average
Control 1.8 1.6 1.5ab 1.6

Stable manure, 50 t ha™ 1.7 1.5 1.4 bc 1.5

500 kg NPK ha™ 1.9 1.4 14 ¢ 1.6

1000 kg NPK ha™ 2.0 1.5 15a 1.7
Average 1.8A° 158B 158B

"Environments: B-2003 — Brasljevica in 2003; HP-2004 — Hrvatsko Polje in 2004; HP-2005 — Hrvatsko Polje in
2005

“Factor level means accompanied by different letters are significantly different, with error p<0.05 according
to Tukey's HSD test. Small letters refer to fertilization treatments. Capital letters refer to average values of
environments.

Table 18. Mn/Fe ratio in red beet root dry weight according to fertilizations and years of environments
Mn/Fe ratio, based on mg kg'1 in DW

Treatments B-2003" HP-2004 HP-2005 Average
Control 0.35 0.43 0.64 0.47
Stable manure, 50 t ha™ 0.32 0.43 0.60 0.45

500 kg NPK ha™ 0.40 0.45 0.62 0.49

1000 kg NPK ha' 0.44 0.42 0.62 0.49
Average 0.38 B 0.43B 0.62 A

'Environments: B-2003 — Bragljevica in 2003; HP-2004 — Hrvatsko Polje in 2004; HP-2005 — Hrvatsko Polje in
2005

*Factor level means accompanied by different letters are significantly different, with error p<0.05 according
to Tukey's HSD test. Small letters refer to fertilization treatments. Capital letters refer to average values of
environments.
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Conclusions

Organic and mineral fertilization affected mineral ratios, especially in season with favourable climate
conditions. Agroecologial conditions affecte too on mineral ratios during 3-year field trial. Although,
it can be concluded that potassium dominates in treatments fertilized with NPK, especially with 1000
kg NPK ha-1, results showed antagonistic effect on other nutrients just in humid season. Based on
obtained results it can be concluded that during the dry season deficiency of P, Mg and Zn can be
expected, and during the humid season surplus of potassium can be obtained. So producers should
be prepared, besides basic soil fertilization, to perform foliar fertilization with mentioned nutrients
on time, to aviod deficiencies caused by low nutrient uptake in dry season, or to avoid antagonism
with potassium in humid seasons.
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