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Abstract

This paper presents the results of active (pH in H,0), exchangeable (pH in KCI), hydrolytic (Y1) and total
acidity (T-S) in humus—accumulative (An, An,) and subsurface (Eg By) horizons of Pseudogley Soils in
Kraljevo Basin for 14 soil profiles excavated in forests, 16 in meadows and 24 on arable land. The results
showed that acidification was weaker or more pronounced in all three most important tested horizons of
Pseudogley Soils, and that the differences in the value of different forms of acidity existed among forest,
meadow and arable land uses, as well as between the horizons of the same profile. The chemical reaction of
soil solution ranged from very weak to extremely acid. The highest active acidity was found in forest
profiles, especially in deeper horizons. Exchangeable acidity ranged from 3.7 to 4.9 pH units, with the forest
profiles as the most acid, while the differences between meadow and arable land were less pronounced. The
highest hydrolytic acidity was obtained in the forest profiles, while acidity in meadow and arable profiles
was significantly lower and the lowest, respectively. Total acidity of the Kraljevo pseudogleys ranged from
6.2 to 24.8 meq/100 g soil and similarly to hydrolytic acidity, the value of total acidity was affected by the
land use.

Keywords: different types of soil acidity, Pseudogley Soils, different land uses, Kraljevo basin

Introduction

The group of the most widespread soil types in the lower altitude zone of Serbia. Pseudogley Pseudogley
Soils are very common type of soils in Serbia, alongside Chernozems, Brown forest soils, Smonitza
(Vertisols) and a group of alluvial plain soils (Fluvisols, Humofluvisols, Humogleys and Marsh black soils),
and belongs to Soils in the Cagak-Kraljevo Basin are spread over approximately 32,000 ha and this basin is
one of the most famous regions of their distribution in Serbia (Zivkovié, 1970; Dugali¢, 1998). In the
Kraljevo Basin, Pseudogley Soils have been formed on the diluvial holocene terraces above the West
Morava River and is tributaries, at the altitude between 180-290 m above sea level, mainly by pseudo-
gleisation of leached soils, mostly on flat and gently sloping land (Zivkovi¢, 1970). The geological
substratum consists of multilayered, very clayey in deeper layers, compacted and very poorly water
permeable sediments (Dugali¢ and Gaji¢, 2012). Agrophysical properties of Pseudogley Soils of the Kraljevo
Basin can be characterised as unfavourable both in the surface A—horizon, and subsurface E4 and in the
deeper By—horizon (Dugali¢ i Gaji¢, 2002). Although quite uneven, the chemical properties of Pseudogley
Soils of this Basin are considerably unfavorable (Zivkovi¢ and Dugali¢, 2001; Dugali¢ and Gaji¢, 2012). A
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low content of hums, acid chemical reaction, increased content of mobile aluminum, and poor supply of
available phosphorus are the main properties of these soils (Krsti¢ et al., 2012).

Since soil acidity is considered to be the most important factor that limits the plant growth on acid
soils, the aim of this study was to compare different types of acidity of Pseudogley Soils under forest,
meadow and arable land use, in humus and subsurface horizons, in order to better and more rationally

propose chemical reclamation measures.

Materials and Methods
Study area

Soil samples for laboratory analysis were collected using the open pit method during 2001 (forest
Pseudogley) and during 2012 (meadow and arable Pseudogley Soils). This method was applied in 10
villages, namely Jar¢ujak, Ratarsko imanje, Mrsa¢, Kovanluk, Drak¢ici, Ratina, Samaila, Bapsko polje, and
Konarevo. Open test pits were selected so that a soil profile could be examined in its natural state, meaning
the open pits uniformly represented different land/relief and vegetation conditions of Pseudogley Soils of the
Kraljevo Basin. There were 54 open pits (14, 16 and 24 with forest, meadow and arable land, respectively)
that were dug to a depth of 100 cm. Disturbed soil samples for laboratory analyses were collected from the
depths of the humus or the ploughed horizons, while in subsurface horizons the samples were taken

successively every 15-20 cm along the entire thickness of the soil profile.

Soil analysis

The laboratory analyses encompassed the determination of active (pH in H,0) and exchangeable (pH in KCI)
soil acidity using the potentiometric method in a suspension with water and 1M KCI (1:2.5), while hydrolytic

and total acidities were determined by the Kappen method (Kappen, 1929).

Results and discussion

The acidity status of observed Pseudogley Soils of the Kraljevo Basin, in almost all analysed profiles , for all
three most important horizons (A, Eq and Byg), showed poorer or stronger acidification. The exceptions are
An, and Eg-horizons of the profile number 2 from Ratarsko imanje - the experimental field of the
Agricultural School, where calcification had been probably been used. Active acidity of the soils in the
humus horizon (Table 1-3), with the exception of the profile in the experimental field in Ratarsko imanje,
varied from 4.45-6.10, i.e. from the very weak to the extremely strong acid chemical reaction, most
frequently between 4.7-5.0. A significantly narrow range of variation (pH in H,O between 4.78— 5.98) was

observed in the humus horizon of Pseudogley Soils on meadows.
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Table 1. The value of different types of acidity in Pseudogley Soils of the Kraljevo basin under forests

Profile Depth pH Y T-S

(cm) H,O KCI (cm?®) (mEg/100 g)
number -
Forest profiles

0-20 4.78 3.72 33.91 11.91

20-40 4.82 3.82 18.45 8.69

1 40-60 5.22 3.96 16.25 7.49

60-80 5.62 4.24 12.42 6.08

80-100 5.95 4.62 9.10 4.46

0-15 4.60 3.98 36.46 18.96

15-35 4.80 3.86 20.71 9.75

2 35-60 5.10 3.96 15.97 7.36

60-80 5.38 4.10 12.68 6.21

80-100 5.70 4.42 9.30 4.56

0-4 4.80 4.00 40.78 24.87

3 5-20 4.53 3.61 31.44 14.00

20-35 4.46 3.46 24.64 11.19

40-60 5.00 3.56 24.84 12.23

0-10 4.45 3.67 47.90 21.68

4 10-30 4.78 3.63 30.09 13.12

30-50 4.84 3.64 23.58 10.43

50-70 5.34 3.64 20.25 8.42

0-20 4.82 3.64 31.44 14.14

20-35 4.93 3.61 25.73 11.43

5 35-60 5.24 3.58 29.58 13.69

60-80 5.35 3.60 26.03 11.93

80-100 5.38 3.74 20.39 10.19

0-15 4.68 3.82 32.26 14.22

6 15-35 4.80 3.64 28.73 1151

40-60 5.19 3.66 31.48 13.74

0-10 4.72 3.83 28.19 12.61

10-20 4.66 3.64 36.95 14.34

7 20-40 4.92 3.44 32.89 13.43

40-60 5.01 3.46 24.36 10.00

60-75 5.34 3.48 24.22 10.84

0-5 5.17 4.35 26.82 14.27

8 5-25 4.72 3.61 30.90 13.52

25-45 4.96 3.59 26.55 11.11

45-65 5.24 3.70 19.90 8.99

0-10 5.03 4.09 33.67 17.83

9 10-25 4.84 3.76 24.94 12.58

25-40 5.06 3.71 20.80 10.38

40-60 4.85 3.70 27.77 14.02

10 0-20 4.84 3.98 23.85 12.42

20-40 5.10 3.69 21.14 9.49

0-5 5.26 4.42 32.57 16.48

1 5-20 4.82 3.80 27.65 12.93

20-30 4.96 3.60 23.81 10.86

30-45 5.24 3.71 23.10 11.59

0-7 6.10 5.36 13.68 8.97

7-15 5.13 4.03 20.87 11.02

12 15-30 5.06 3.69 21.90 9.59

30-45 5.07 3.60 28.15 12.61

45-60 4.78 3.66 24.17 12.19

13 0-4 4.79 4.02 42.70 21.25

4-20 4.56 3.51 39.57 15.94

0-10 4.83 3.87 23.31 12.39

14 10-30 5.04 3.56 24.91 12.89

30-45 5.07 3.47 25.91 18.04
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Table 2. The value of different types of acidity in Pseudogley Soils of the Kraljevo basin under meadows

Profile Depth pH Y T-S
(cm) H,O KCI (cm?®) (mEg/100 g)
number -
Meadow profiles

0-15 5.40 4.38 18.32 10.08

15-30 5.24 4.22 16.73 8.43

1 30-50 5.34 4.16 15.25 7.68
50-70 5.42 3.96 19.10 8.80

70-100 5.62 4.24 13.97 6.44

0-15 5.98 5.38 11.00 6.05

15-30 5.70 5.22 8.20 4.13

2 30-50 5.30 4.12 18.23 8.97
50-70 5.38 4.08 13.76 6.77

70-100 5.56 4.42 10.78 5.28
0-15 5.03 4.01 22.23 12.04

15-30 4.95 3.77 17.52 9.31

3 30-45 5.15 3.76 18.61 9.67
45-60 5.27 3.73 21.21 11.27

60-80 5.46 3.90 16.18 8.41

80-100 5.90 - 10.60 5.84

4 0-15 5.23 4.31 17.35 9.93
15-35 5.30 4.04 15.72 8.42

0-15 5.70 4.77 14.64 8.77

15-30 5.44 2.25 14.64 8.39

5 30-45 5.44 3.97 1451 8.64
45-60 5.57 3.91 18.41 10.41

60-80 5.72 4.02 17.18 8.98

80-100 5.92 - 12.96 7.14
0-15 5.17 4.23 18.70 10.79

15-35 4.80 3.74 18.43 8.80
6 35-50 5.28 3.61 24.63 11.41
50-70 5.63 3.67 22.32 10.89

70-90 5.65 3.80 17.30 9.05
0-15 4.97 3.90 25.48 13.39
7 15-30 5.22 3.73 22.44 10.70
30-50 5.37 3.70 30.71 15.12
0-20 5.35 4.26 12.74 10.76

8 20-40 5.47 4.00 16.26 9.07
40-60 5.40 3.66 30.98 15.12
0-15 4.78 3.94 21.41 10.46
15-30 4.87 3.69 24.36 10.92
9 30-50 5.22 3.61 35.21 14.39
50-70 5.37 3.70 26.76 10.87

70-90 5.66 3.92 18.03 9.43

90-110 5.74 - 13.35 7.35
0-15 5.24 4.18 19.52 10.54

10 15-35 5.17 3.82 18.70 8.69
35-50 5.53 3.71 27.21 12.24

1 0-15 5.62 4.50 16.80 9.26
15-35 5.36 3.82 14,51 8.99
0-15 5.06 3.94 18.97 11.86
12 15-30 5.00 3.62 22.44 11.63
30-50 5.40 3.59 32.39 16.45
0-15 5.18 4.18 21.68 10.54
10-25 5.26 3.87 21.35 10.22
13 25-40 5.20 3.71 25.59 12.67
40-60 5.23 3.74 23.03 11.54

60-80 5.38 3.94 17.34 9.02

80-100 6.02 - 10.24 5.64
14 0-15 5.27 4.22 20.25 10.97
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. Depth pH Y, T-S
Profile (cm) H,0 KCl (cm’) (MEG/L00 g)
number -
Meadow profiles

15-30 5.20 3.78 20.80 10.43

30-40 5.26 3.73 24.39 11.68

40-60 5.27 3.72 25.59 12.16

60-80 5.40 3.95 20.59 10.36

80-100 5.65 4.34 15.64 8.60

0-10 5.07 4.28 19.24 11.30

10-30 5.04 3.97 18.89 10.40

15 35-50 5.17 3.70 26.48 12.72
50-65 5.34 3.73 26.27 13.39

65-80 5.50 3.94 22.01 11.00

80-100 5.55 4.23 19.16 9.56

0-15 4.95 3.91 24.94 13.04

15-35 4.96 3.74 22.99 11.30

16 40-60 5.37 3.77 22.18 11.20
60-80 5.68 4.05 14.90 8.78

80-100 6.30 - 9.95 5.47

Table 3. The value of different types of acidity in Pseudogley Soils of the Kraljevo basin under arable land use

Profile Depth pH Y T-S
(cm) H,O KCI (cm?®) (mEg/100 g)
number -
Arable profiles

0-15 4.95 3.91 24.94 13.04
1 15-35 4.96 3.74 22.99 11.30
40-60 5.37 3.77 22.18 11.20

60-80 5.68 4.05 14.90 8.78

0-20 6.84 6.10 1.25 0.81

20-40 6.21 5.90 1.75 1.14

2 40-60 5.68 4.50 10.36 5.02
60-80 5.52 4.40 10.94 5.47

80-100 5.94 4.82 7.62 3.73
0-15 4.55 3.74 30.36 15.10
3 15-30 4.63 3.77 30.63 15.81
30-45 4.68 3.58 22.77 8.78

4 0-20 5.44 4.41 17.62 9.82
20-35 5.34 3.64 16.70 8.97

0-15 5.49 4.58 13.28 8.67
5 15-30 5.13 3.80 19.43 10.70
30-50 5.18 3.68 24.00 12.60
6 0-20 4.88 4.12 24.91 13.49
20-40 5.07 3.90 17.58 9.57

0-20 5.05 4.16 18.43 9.82

20-40 5.24 3.92 15.87 8.21
7 40-60 5.65 3.76 22.98 11.57
60-80 5.73 3.81 20.17 10.31

80-100 6.14 4.00 14.54 7.99
0-20 5.50 4.52 17.89 10.92

8 20-40 5.67 4.33 13.14 8.21
40-55 5.60 4.16 15.49 9.98

0-20 5.36 4.34 17.08 9.69

9 20-35 5.40 4.12 14.78 8.97
35-55 5.63 4.17 12.83 8.40

0-20 5.42 4.42 14.36 9.47

10 20-35 5.51 4.20 12.59 8.42
35-55 5.57 4.04 15.49 10.23

60-75 5.78 4.13 12.39 6.82

11 0-23 5.49 4.37 13.82 9.18
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. Depth pH Y, T-S
Profile (cm) H,0 KCl cm?) (MEG/L00 g)
number -
Arable profiles

23-40 5.30 3.91 13.46 8.80
40-60 5.70 3.77 23.03 13.03
0-20 4.87 4.23 16.80 13.37

12 20-40 4.93 3.73 16.70 9.97
40-60 5.30 3.70 26.20 14.55
60-80 5.72 3.92 19.43 11.71

13 0-20 5.71 4.78 10.30 7.43
20-40 5.17 3.90 15.87 9.21

0-15 5.30 4.46 13.28 9.20
14 20-35 5.26 4.01 16.53 10.54
35-55 5.27 3.73 27.41 15.43
0-20 5.34 4.29 16.53 10.08
15 20-40 5.17 3.88 17.62 10.01
40-60 5.24 3.67 30.25 14.55
0-22 5.08 4.29 15.99 10.89
16 22-40 4.87 3.77 25.28 11.11
40-60 5.00 3.70 26.51 12.82
60-80 5.43 3.73 24.00 11.99
0-20 5.13 4.20 17.89 10.12

17 20-40 4,54 3.64 21.14 9.95
50-70 5.30 3.57 32.39 14.64

0-15 5.82 4.86 9.76 6.79

18 15-35 4.97 3.67 17.62 9.44
35-55 5.00 3.51 38.03 16.28

0-20 5.42 4.56 15.72 9.38

19 20-40 5.74 4.56 10.95 7.66
40-55 5.53 417 12.43 8.94

55-70 5.66 4.16 12.28 7.98
0-15 5.21 4.25 17.89 11.40

20 15-35 5.03 3.70 15.99 9.61
35-50 5.22 3.56 30.42 15.53
50-70 5.40 3.62 25.41 13.63
21 0-20 5.23 4.33 17.08 10.27
20-40 4.98 3.78 18.97 9.56

0-20 5.46 4.22 14.36 8.59

22 20-40 5.28 4.13 14.91 8.98
40-60 5.42 3.75 21.58 12.43
0-20 5.27 4.32 16.80 10.40

23 20-40 5.08 3.62 21.41 9.92
50-70 5.30 3.60 30.14 14.89
0-20 5.11 417 18.70 11.72
24 20-40 5.20 3.63 24.91 12.38
40-60 5.15 3.59 28.45 14.11

The first subsurface, Egq—horizon, showed rather high active acidity that varied from pH 4.46 to 5.74.
In this horizon, the highest acidity was recorded in forest profiles. On the other hand, meadow and arable
profiles were quite similar, which is understandable because these soils were largely used alternately for field
crops and meadows. Active acidity in observed Pseudogley Soils was, as a rule, high in the upper part of the
B—horizon, which usually started at a depth of 40-50 cm, less often at a much greater depth. According to
data presented in Tables 1-3, pH in H,O at the depths of 30—40 and 50-80 cm varied from 4.8 to 5.7 in 43
examined profiles. The highest active acidity in the By—horizon was recorded in forest profiles of

Pseudogley Soils. These data testifies that roots of forest trees, mainly oaks, significantly affect acidification
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of deeper parts of the soil profile, both by absorbing great amounts of base elements by plants, and by
excreting large amounts of CO, and various organic acids, especially tannins, which are mostly found in oak
forests (Blume et al., 2016). Oak forests prevail in the forest vegetation on Pseudogley Soils of the Kraljevo
Basin. There is no doubt that a significant part of tannic and other organic acids, among which fulvic acids
dominate, reach the surface part of the By—horizon of forest Pseudogley Soils by leaching from surface
horizons, and due to poor water permeability of the Bi—horizon increases active and especially potential
acidity in the soil. This is evidenced by strong increase in exchangeable acidity and the content of easy
mobile Al—ions in the stated horizon (Palovi¢ et al., 2012).

Increased exchangeable acidity is characteristic for soils in which acidification processes are very
pronounced. Therefore, the reaction of the soil solution became quite acidic, with the pH values < 5.0, which
is, as already stated, a distinctive property of Pseudogley Soils in the Kraljevo Basin, particularly in their Ay,
Ey and the upper part of the By—horizon, down to the depth of 60-80 cm, frequently even deeper. As
presented in Table 1-3, exchangeable acidity (pH in KCI) in the humus horizon varied from 3.7 to 4.9. In the
Eq—horizon, exchangeable acidity increased, except in the profile in the experimental field. The highest
exchangeable acidity in the Eg—horizon was recorded in the forest profile, while this acidity was the highest
in approximately 2/3 of observed profiles in the Biy—horizon, as previously determined by Dugali¢ et al.
(2019).

In addition to high active and exchangeable acidity, Pseudogley Soils of the Kraljevo Basin are also
characterised by high values of hydrolytic and total acidity not only in eluvial but also in illuvial horizons.
The highest hydrolytic acidity, both in the Ah horizon and the E4 and Bi—horizons, was recorded in the forest
profile of Pseudogleys, which is in agreement with studies carried out by Cakmak et al. (2009), who found
that about 71% of extremely acid soils were covered by forest and meadow vegetation. The meadow profiles
of Pseudogley Soils had lower hydrolytic acidity than forest profiles in A, and Eg-horizons, while the
difference in hydrolytic acidity between forest and meadow profiles in the By—horizons was insignificant.
Values of hydrolytic acidity in arable profiles in the A,—horizon were lower than in meadow, and especially
forest profiles. These data showed that the conversion of forest Pseudogley Soils into arable lands
significantly reduced hydrolytic acidity in the Ay, i.e. Ap,—horizon, but also in the Eg—horizon. Observed by
Y, values, meadow Pseudogley Soils ranked between forest and arable soils, although they were much closer
to arable soils, which can be explained by the fact that the majority of today's Pseudogley Soils had been
occasionally used as arable lands.

Total acidity of Pseudogley Soils in the Kraljevo Basin is quite high. It ranged from 6.2 to 24.8, 6.9
to 15.9 and from 6.2 to 18.0 mEqg/100 g soil in Ay, Eq4 and Bi—horizons, respectively (Table 1-3). Similarly
to hydrolytic acidity, effects of the methods of Pseudogley Soils utilization reflected upon the value of total

acidity.
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Conclusion

Acid conditions were more or less pronounced in the three most important horizons (A, Eg, Byg) in observed
Pseudogley soils in the Kraljevo Basin under forest, meadow and arable land use. The highest active and
exchangeable acidity was determined in forest profiles in all observed horizons. The difference between
meadow and arable land Pseudogley Soils in the values of their active and exchangeable acidity was less
pronounced. In addition to high active and exchangeable acidity, Pseudogley Soils of the Kraljevo Basin
were characterised by high values of hydrolytic and total acidity, not only in eluvial but also in illuvial
horizons. The highest hydrolytic acidity, both in the A,—horizon, and the E4 and Bi—horizons, was observed
in forest profiles of Pseudogley Soils. Meadow profiles have lower hydrolytic acidity compared with forest
profiles in the A, and Eg—horizons, while differences in values of hydrolytic acidity in the By—horizon
between forest and meadow profiles were insignificant. Total acidity of Pseudogley Soils of the Kraljevo
Basin was high and ranged from 6.2 to 24.8 meq/100 g soil, and similarly to hydrolytic acidity, the effect of
the land use reflected upon the value of total acidity.
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Vrednosti razli¢itih tipova kiselosti pseudogleja u Kraljevackoj kotlini pod Sumom, livadom i

oranicama

.....
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lzvod

U ovom radu su predstavljene vrednosti aktivne (pH u vodi), izmenljive (pH u KCl-u), hidroliticke (Yy) i
ukupne kiselosti (T-S) u humusnom horizontu (A, Ayp) 1 potpovrsinskim (Eg, Byg) horizontima pseudogleja,
na 14 lokacija u Sumi, 16 na livadama, i 24 na obradivim povrSinama u Kraljevackoj kotlini. Rezultati su
pokazali da je zakiSeljavanje slabije ili izrazenije u sva tri najvaznija ispitana horizonta pseudoglejnih
zemljista, te da postoje razlike u vrednostima razliitih oblika kiselosti u Sumama, livadama i njivama, kao i
medu razli¢itim horizontima pseudoglejnih zemljista. Hemijska reakcija zemljisnog rastvora se krece od vrlo
slabe do izrazito kisele. Najvecu aktivnu kiselost imaju Sumski profili, posebno oni u dubljim horizontima.
Izmenljiva kiselost se kretala u rasponu od 3,7 do 4,9 pH jedinica, pri ¢emu su Sumski profili bili najkiseliji,
dok su razlike izmedu livadskih i njivskih profila bile manje izrazene. Najveca hidroliticka kiselost
zabelezena je u Sumskim profilima, dok je Kiselost u livadskim i njivskim profilima znacajno niza, odnosno
najniza. Ukupna kiselost pseudogleja Kraljevacke kotline kretala se od 6,2 do 24,8 meq/100 g zemljista, a
sli¢no kao i hidroliticka kiselost, na vrednost ukupne kiselosti uticao je nacin koris¢enja zemljista.

Kljucne reci: razliciti tipovi kiselosti, pseudoglej, razli¢iti nacini koris¢enja, Kraljevacka kotlina
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Abstract

Transformations of the soddy-podzolic gleyic clay soil in a long-term agricultural use (> 200 years)
was studied in Leningrad region, northwest Russia. This feasibility study investigated the possibility
of re-cultivation of these soils after long term fallowing. Morphological structure, particle size
distribution, content and ratio of ferrous and oxide forms of iron in the profile of virgin (indigenous
forest) and arable drained soil were analysed. In addition, changes in the organogenic-profile were
traced in the course of long-term agrogenesis (> 200 years). In virgin forest soil, during its
pedogenesis the loss of fractions <0.01 mm from the eluvial layer was 877.4 kg m™, and the loss of
<0.0001mm was 287.5 kg m?, as compared with parent material not affected by the processes of
pedogenesis. However, long-term agrogenesis (>200 years) led to increased eluvial losses of fine
earth particles. The loss of fraction <0.01 mm from the arable horizons was 1244.8, and < 0.0001 mm
was 570 kg m™, respectively. This was due to multiple yearly tillage that increased the porosity of the
soil and thus intensified lessivage, which led to increased leaching and eluvial losses. The total loss of
colloids from the entire profile of virgin soil was 262.1 kg m?, and from the arable layer of drained
soil - 290.1 kg m™. The humus enrichment of the colloids of the plough (P) horizon of the arable soil
was two times lower than that of the surface (AY) horizon of the virgin soil. The relative share of the
participation of colloids in the fixation of humus by the soil was the same (11.6 and 10.9%,
respectively). In the subsurface horizons, the absolute content of humus in the colloids decreased, and
the share of participation in the fixation of humus increased. When soddy-podzolic gleyic clay soil is
brought to cultivation then the water-air regime is improved, content and composition of humus,
depth of arable horizon is increased and the soil acidity decreased. At the same time the leaching of
fine earth materials is accelerated. When this soil was withdrawn from crop production, the positive
changes achieved as a result of cultivation were gradually lost. For the first time we could
qualitatively calculate the losses of the fine earth fractions for the given soil from top soil. Taking into
account the high costs of re-cultivation of the former land and a high cost of re-installation and
maintenance of an optimal hydrological regime (drainage network) we concluded that repeated
ploughing and involvement of arable soddy-podzolic gleyic clay soil into cultivation is economically
unreasonable.

Keywords: soddy-podzolic clay soil, agrogenic evolution, fine-dispersed fraction, organogenic-
mineral profile, colloids
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Introduction

Soils formed on band clays are widespread in the west and north-west of Russia in the areas of lakes
Onega, Ladoga, limen, etc. In different years, the study of soil formation processes in these soils was
studied by Gagarina (1994), Ivanov and Yanko (2019), Matinian et al., (1983), Karavaeva, (1996),
Karavaeva (2000), Khantulev et al., (1977), Pestryakov (1977), Shoba et al., (1983), Sokolova et al
(1983), Zvereva et al., (1990), Zvereva and Lazareva (1989), Zaydelman (1985). To date, the
literature has accumulated a certain factual material devoted to the change in the conservative
properties of soils of this genesis under the influence of prolonged agrogenesis (total chemical,
particle size distribution and mineralogical compositions) (Litvinovich et al., 2021; Matinyan et al.,
1983; Nikolaev et al., 2021; Shein et al., 2009; Shein et al., 2021; Shevchenko et al., 2020).
Nevertheless, this information cannot be considered completely exhaustive. Thus, it is considered
established that in the process of soil formation in clay substrates there are processes of chemical
destruction and physical crushing of particles of fine earth (Gagarina 1994; Karavaeva 2000), which
can lead to replenishment of the silty fraction ("silt formation™), but mathematical models for
describing this process have not been developed. Nor can the data on the contribution of finely
dispersed fractions of turf-podzolic clay soils in the fixation of humus substances be considered
sufficiently complete.

The hydrothermal regime of sod-podzolic gleyy clay soils on band clays is characterized by
seasonal waterlogging and associated development of the gley process. In the formation of gley, the
main role is played by the processes of iron reduction during the decomposition of organic substances
in conditions of abundance of moisture and lack of oxygen in the air (Kaurichev and Nozdrunova
1964). When this soil is drained, the processes of iron reduction are attenuated. There are scarce
works devoted to the establishment of the content and ratio of ferrous and oxide forms of iron in
individual horizons of the profile of native soddy-podzolic gleyic clay soils and their transformation
during the laying of a closed drainage network and in a long-term agrogenesis.

During the cultivation of these soils, changes occur in different directions: its water-physical
and chemical properties are improved mainly due to the laying of a drainage system and the
introduction of appropriate fertilizers and liming. But at the same time, destruction of the colloidal
complex and its loss from the arable horizon can occur.

The deep systemic crisis since the early 1990s in Russia has led to the fact that the
overwhelming amount of previously drained clay soils of agricultural land has been withdrawn from
crop production and are at various ages of fallowing. The amount of fertilizers used on cultivated soils
has sharply decreased, liming has stopped.

The new agricultural strategy of Russia assumes re-involvement of 12 million hectares of
former croplands into economic circulation again in the period of 2021-2030. Great importance is

given to the development of soil reclamation with the mandatory reconstruction of the drainage
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system, the use of new materials in the construction of drainage, as well as modern technologies for
the removal and utilization of woody and shrubby vegetation. This requires a comprehensive
assessment of the transformation of soil properties during the period of active use in culture and the
economic feasibility of their re-cultivation. Therefore, the study tasks included:
- to establish the influence of long-term agricultural use of soddy-podzolic clay soil on the
morphological structure of the profile
- determine the content and ratio of ferrous and oxide forms of iron in individual horizons of
virgin and arable drained soil
- to identify changes in the content of fine particles in the process of natural and agrogenic soil
formation and develop empirical models describing the transformation of finely dispersed
fractions in the soil profile of a given genesis
- calculate the loss of fine soil from virgin and arable clay soils
- to study the change in the natural organoprofile in the process of long-term operation of
drained soddy-podzolic clay soil; to find out the contribution of colloidal and pre-colloid
fractions in the fixation of humus substances

- assess the feasibility of re-cultivation the soils of this genesis after their prolonged fallowing

Materials and methods

Site description

To identify changes in the composition and properties of soils in the process of natural soil formation
and long-term agrogenesis, a comparative geographical method of a conjugate study of virgin and
arable turf-podzolic clay clay dusty-silty soils formed in similar geomorphological conditions on the
territory of the Prinevskaya lowland (Leningrad region) was used.

The average annual rainfall is 600-650 mm. The amount of evaporation is not more than 400
mm. Excess precipitation over evaporation is one of the main reasons for the formation of soils of
temporary excessive moisture. Soil-forming rocks within the territory under consideration, formed by
the activity of the glacier, are represented by lake-glacial band clays. The latter are characterized by
high water absorption, low water retention and water permeability, which, along with a significant
excess of precipitation over evaporation and imbalance in natural drainage, causes waterlogging of
soils heavy in terms of particle size distribution and causes unfavorable conditions of water, air and
nutrient regimes.

Arable soddy-podzolic clay soil is located 34 km from St. Petersburg (former sovkhoz
Detskoselsky). It has been in culture for more than 200 years. It is not possible to reconstruct the
history of land use over the years. It is known that before the 1917 there was a rich village on the site
of the modern massif. The soil was used for grazing cattle and hayfields. Re-development of the soil
began after the Second World War. In 1959, a pottery drainage was laid with a distance between the

drains of 10-12 meters. The depth of the drainage system is 90-100 cm. A six-field crop rotation,
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where three of them were perennial grasses was used. The high level of agricultural technology,
characteristic of suburban farms of the Leningrad region, made it possible to obtain in 1976-1980 on
the massif: vegetables - 30.8 tons ha™, fodder root crops - 50.8 t ha™, hay of perennial grasses - 6.5 t
ha™. Soil profiles was laid out in 1983 on the perennial grass plots. In 1989, the drainage failed. Since
1990, the soil has been used for hayfields for a short time. Currently, the massif is a weakly planted
variegated grass meadow, gradually undergoing waterlogging.

The virgin soddy-podzolic clay soil is located in the immediate vicinity of arable soil and is
occupied by secondary forest. The vegetation cover is represented by alder (Alnus, L.), aspen
(Populus tremuloides, L.) and birch (Betula, L.). The grassy cover is continuous, with a predominance
of sedge (Cyperaceae, L.).

The particle size distribution of parent rocks indicate that the soils are formed on a material
similar in composition (Table 1).

Table 1. Particle size distribution of soddy-podzolic gleyey clay virgin and arable soil

Horizon Depth 1-0.25 0.25-0.05 0.05-0.01 0.01-0.005 0.005-0.001 <0.001 <0.01

cm mm

Virgin
AY 3-10 4.3 21.1 24.2 20.0 18.0 124 50.0
ELg 10-20 7.8 19.9 21.6 17.1 22.6 11.0 50.7
BTg 20-30 6.4 12.3 23.0 17.2 22.6 18.5 58.3
BTg 30-40 6.1 12.6 23.8 16.4 21.4 19.7 57.5
BTg 50-60 7.0 11.7 22.0 18.2 21.7 19.4 59.3
BTg 60-70 6.9 11.8 215 18.7 22.1 19.0 59.8
BTg 70-80 7.2 10.0 22.1 22.4 19.5 18.8 60.7
Cg 120-130 7.4 9.8 23.0 21.5 19.4 18.9 59.8

Arable
P 0-10 4.9 22.1 23.2 18.9 20.9 12.0 51.8
P 10-20 4.4 23.0 23.7 18.0 21.1 11.8 50.9
P 20-30 5.1 21.9 22.5 17.9 21.4 12.2 51.5
BELg 30-40 75 15.0 23.9 155 16.5 21.6 54.6
BELg 40-55 8.4 18.9 19.7 13.2 175 22.3 53.0
BTg 60-70 8.1 134 22.0 16.4 18.6 21.5 55.0
BTg 80-90 8.0 10.9 23.2 19.0 18.4 20.5 57.9
Cg 130-140 8.6 10.7 23.2 18.6 18.8 20.1 57.5

Methods

The method of cutting cylinders (100 cm®) was used to determine the bulk density. The particle size
distribution was determined following wet dispersion with the pipette method. The isolation of fine
fractions was determined as follows: the fraction <0.001 mm was divided into pre-colloidal and
colloidal (<0.0001 mm) phases using a C-100 flow-through centrifuge at 20 thousand rpm. The
suspension was coagulated with an HCI solution (Gorbunov 1971). The content of soil humus was
determined using the wet combustion method. Oxides of ferrous and trivalent iron were determined

by the complexometric method (Novitsky et al 2021).
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Results and discussion

Morphology

The structure of the profile of virgin forest soil is typical for soils of this genesis. The upper part is a
forest litter (O - 0-3 cm), well mixed with mineral mass. Below is a shallow grey-humus horizon (AY
- 3-10 cm), homogeneous dark gray color, densely intertwined with plant roots. At a depth of 10-20
cm, a podzolic horizon (ELg) is formed, whitish in color with small grayish layers and spots of
gleying. Below, at a depth of 20-80 cm, there is an illuvial-textured clay horizon (BTg). Soil-forming
rock (C) lies from 80 cm depth.

The development and structure of arable soil was formed under the influence of the agrogenic
process of soil formation. Soil cultivation, systematic fertilization, liming, crop rotation, engineering
land reclamation transform the upper part of the soil profile to the depth of plowing with the
formation of an arable layer and the involvement in its composition of the horizons AY, ELg and part
of the BTg horizon. The arable layer (P - 0-30 cm) is characterized by uniform dark gray coloring,
lumpy structure, densely permeated with the roots of herbaceous vegetation.

Under the influence of agrogenic soil formation in the profile of arable soil, the BELg eluvial
horizon (30-55 cm) is formed, which corresponds to the depth of the upper part of the BTg horizon
whose depth is 55-90 cm. The change in the hydrological regime due to drainage led to a weakening
of the signs of gleying to the depth of the drainage. A similar morphological structure of the middle
and lower part of the profile of virgin and arable soils indicates the development of the same

processes in cultivated soil as in virgin soil.

Content and ratio of ferrous and oxide forms of iron in the studied soils

Due to the prevailing water-air and oxidative conditions in clay soils, the transformation and
redistribution of various forms of iron occur (Table 2). Insoluble forms, represented by crystallized
and amorphous non-silicate iron, pass into more mobile compounds of hydroxide of ferrous oxide and
oxide and its simple salts (Gorbunov 1971). The studied soils are characterized by a significant
content of oxide forms of iron in the entire soil stratum, which gives a characteristic color to their
profile. The greatest amount of ferrous oxide is found in forest soil.

There are five groups of iron oxide compounds in soils distinguished. They give a
characteristic color to gleyed soils: water-soluble ionic or complex iron; active, represented by
precipitated insoluble forms and partly forms of firmly adsorbed by clay minerals; inactive iron,
firmly adsorbed by clays, as well as partially iron minerals and some of its insoluble forms; non-

extractable iron bound to and contained in clay minerals (Patrick and Turner 1968).

15



Agrogenic evolution of soddy-podzolic soil Litvinovich et al. ZEMULJISTE | BILJKA 71(2):11-26, 2022

Original paper 10.5937/ZemBilj2202086L

Table 2. Content and distribution of ferrous and oxide forms of iron in soddy podzolic gleyey clay soils

Horizon Depth, cm Fe,O4 FeO Fe,O;/ FeO

Virgin

AY 3-10 1.65 1.21 1.36

ELg 10-20 2.60 1.04 2.50

BTg 30-40 2.89 1.44 2.01

Cg 120-130 2.53 1.47 1.72
Arable

P 0-30 2.32 0.99 2.34

BELg 40-50 3.12 0.69 452

BTg 70-80 3.03 0.92 3.29

Cg 130-140 3.88 0.93 4.17

When waterlogged soils are drained, ferrous iron is oxidized. Drainage leads to a decrease in
the content of ferrous oxide and an increase in its oxide form. The ratio of oxidized and reduced forms
of iron in arable soil is expanded. Color signs of glaciation are weakened (Table 2).

However, the complete disappearance of ferrous oxide forms during drainage could not be
achieved. This is because not all forms of ferrous oxide are easily oxidized. Active and inactive iron
are stable forms and even in air these forms retain their specific color. For the complete disappearance
of color signs of glaciation, apparently, a significant period of time is needed.

In general, cultivation and drainage lead to an expansion of the ratio of oxidized and reduced
forms of iron in arable soil, which indicates an improvement in the water-air regime and the
predominance of oxidation processes in the profile. However, gleying during the drainage of soils of

this genesis is not completely eliminated.

Particle size distribution

Particle size distribution shows that the profile of the studied soils is quite clearly differentiated in the
content of clay and silty fraction (Table 1). The eluvial zone in virgin forest soil covers a layer of 3-20
cm (AY and ELg). Down the profile in the BTg horizon, the silt and physical clay content increases
substantially from 11.0 to 18.5% and 50.7% to 58.3%, respectively. Further, in the deeper layers, the
content of clay particles and silt fraction is leveled.

Long-term agrogenesis changed the horizontal structure of the profile of soddy-podzolic clay
soil. The eluvial horizon is the entire arable layer (0-30 cm), which is evenly depleted of silt and clay
fraction. The BELg transition horizon, located at a depth of 30-55 cm and formed at the site of the
illuvial horizon BTg of virgin soil, is also affected by eluvial processes. A decrease in the content of
the medium (0.01-0.005 mm) and fine (0.005-0.001 mm) dust in the process of agrogenic soil
formation was revealed. In the BELg horizon, the number of these particles is minimal compared to
all other soil layers.

The loss of fractions of fine and medium dust in agrogenic soil may well be caused by
downward migration through pores and cracks with leaking moisture. According to Motomura (1969),

increasing the downward flow of moisture due to drainage contributes to the increased migration of
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fine soil from the upper horizons of the profile. According to Seidelman (1985), the water
permeability of soddy-podzolic soils under the influence of drainage starting from the surface is 1.7-2
times greater than that of an undrained one.

On the other hand, according to Gagarina (1994), the main mechanism for the loss of dusty
fractions in soddy-podzolic clay soils is a physical distraction of clastogenic clay minerals, including
trioctahedral, kaolinite and hydromica.

Calculation of the correlation coefficient between the content of medium dust and silt
fraction, as well as fine dust and silt particles, did not reveal a significant relationship between them.
However, this does not mean that the processes of physical and chemical destruction of dusty
fractions in the profile of virgin forest soil are delayed at the stage: the medium-dust and fine dust
does not lead to replenishment of the content of silty particles. Probably, the ratio of silt intake as a
result of "silt formation" and its downward migration in solutions and suspensions is formed in virgin
forest soil in favor of the latter. Zvereva and Lazareva (1989) in studying the silt sub-fractions showed
the predominance of water-peptized silt (> 90 %).

The calculation of the balance of fractions <0.001 and <0.01 mm, performed for virgin forest
soil, showed that the total losses of clay particles from the eluvial layer amounted to 877 kg m™, silty
fraction - 287.5 kg m™. There wasn’t revealed illuvial accumulation of physical clay and silt (Tables 3
and 4).

Table 3. Balance of the fraction <0.001 mm in the profile of soddy-podzolic clay soil

. fraction < 0.001 mm *output- Sum of output-
. Bulk density, . !
Horizon Depth, cm g om? % g om? accumulation, accumulation,
gcm?® kg m*
Virgin
AY 7 1.02 12.4 12.6 -195 -136.5
ELg 10 1.55 11.0 17.0 -15.1 -151.0
BTg 38 1.68 19.1 32.1 0 0
Cg - 1.70 18.9 32.1 - -
Arable
P 30 1.29 12.0 155 -19.0 -570.0
BELg 25 1.64 21.9 35.9 +14 +35.0
BTg 45 1.71 20.7 35.4 +0.9 +40.5
Cg — 1.72 20.1 345 — —

* The calculation was carried out for equal in depth layers compared to the parent rock
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Table 4. Balance of the fraction <0.01 mm in the profile of soddy-podzolic clay soil

. fraction < 0.01 mm * output- Sum of output-
. Bulk density, . !
Horizon Depth, cm om? % o accumulation, accumulation,
9 0 g gcm® kg m?
Virgin
AY 7 1.02 50.4 51.4 —-50.26 -351.8
ELg 10 1.55 50.7 78.6 -23.00 -230.0
BTg 38 1.68 59.1 99.3 -2.37 -90.0
Cg - 1.70 59.8 101.6 - -
Arable
P 30 1.29 51.4 66.3 —32.60 —-978.0
BELg 25 1.64 53.8 88.2 —-10.67 —266.8
BTg 45 1.71 56.4 96.4 —2.46 -110.7
Cg — 1.72 57.5 98.9 — —

* The calculation was carried out for equal in depth layers compared to the parent rock

The process of physical and chemical destruction of dusty fractions in arable soil was most
active. This is evidenced by a sharp decrease in the content of fractions of medium and fine dust
starting from a depth of 30-40 cm. At the same time, an increase in the content of the silt fraction was
established at this depth (Table 1).

Probably, the silt content in arable drained soil is strongly related to the content of fine dust
and to a lesser extent to the content of medium dust. Probably, as a result of the destruction of
medium dust particles in the profile of arable soil, there was a replenishment of mainly fine dust
particles, which, in turn, collapsing, replenish the supply of silty fraction. So, the transformation of
dusty particles to the size of a silt fraction has a cascade pattern.

The process of physical and chemical destruction (dispersion) of dusty fractions takes place in
both soils. However, the intensity of these processes in the profile of drained soil of long-term
agricultural use is higher. Eluvial losses of physical clay and silt with prolonged agrogenesis and
drainage were enhanced. This is evidenced by the shift of the illuvial maxima of silt (deepening of the
illuvial layer) down from the border of ploughing (Table 1). The loss of clay particles from the
horizons P and BELg was 1244.8 kg m™ (Table 4). Losses of silt fraction were 570 kg m™ (Table 3).

Thus, in arable drained soil, the processes of destruction of clay and silty fractions in the
illuvial stratum are not only not weakened, but, on the contrary, enhanced. This is all the more
obvious if we bear in mind that the arable layer in the process of its creation was enriched with fine
earth from the upper part of the illuvial layer of virgin soil and experienced a regular introduction of
fertilizers and lime. As a result, a decrease in the content of particles of medium and fine dust with
simultaneous enrichment of the illuvial stratum with the silty fraction occurred.

lluvial accumulation of silt in the horizons BELg and BTg was 35 and 40.5 kg m?,
respectively (Table 3). It is likely that in this part of the profile, the processes of silt inflow as a result
of migration from the upper layers and the "silt formation” as a result of physical crushing and
chemical destruction of dusty fractions compensate for its removal in solutions and suspensions,

which leads to an increase in the silty fraction content in the illuvial layers.
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The constant replenishment of the already heavy mass of the sub-arable layer with silt is a
negative phenomenon, since it leads to colmatation (silting) of these horizons. The redistribution of
moisture to the deep horizons of the profile is disturbed. The network of cracks created during
loosening is reduced. The role of the illuvial stratum as a water table is enhanced. All this leads to the
need for regular deep reclamation loosening of drained clay soils, the positive effect of which is
exhausted after 1 year Motomura (1969).

The content and distribution of the colloidal fraction in the profile of the studied soils is given
in Table. 5.

Table 5. Content of colloidal fraction in soddy-podzolic gleyey soils

. Including Ratio
Horizon Depth, cm Total, % Mineral, % Organic, % organic/mineral

Virgin

AY 3-10 2.0 1.44 0.56 0.38

ELg 10-20 15 1.10 0.40 0.36

BTg 30-40 4.1 3.79 0.31 0.08

Cg 120-130 6.0 5.92 0.08 0.01
Arable

P 0-30 25 2.15 0.35 0.16

BELg 40-50 7.6 7.32 0.28 0.03

BTg 70-80 7.6 7.42 0.18 0.02

Cg 130-140 7.5 7.43 0.07 0.01

The nature of the distribution of the colloidal fraction in the soil profile was determined by the
course and development of the soil-forming process and is identical to the distribution of the silt
fraction. The upper part of the profile of virgin forest soil is largely depleted of colloidal particles that
is typical for the podzolic horizon. The composition of colloids throughout the profile is dominated by
the mineral fraction. Organic colloids in the AY horizon account for 28% of colloidal particles. Down
the profile, their absolute content gradually decreases. The distribution of mineral colloids in the
profile of virgin soil has eluvial-illuvial nature.

The profile of arable drained soil is richer than its virgin analogue in terms of the total content
of colloids (Table 5). The total amount of colloidal particles in the arable layer is 2.5%. Organic
colloids account for 14% of the total content. This is 2 times less than their content in the AY horizon
of virgin soil. Thus, the processes of removal of the organic part of colloidal particles when the soil is
cultivated and drained are quite intense. According to Milyauskas (1963), in some periods of drainage
runoff, the concentration of organic substances in it can reach 1.4 g I'.

At a depth of 40-50 cm, the total content of colloidal particles increased to 7.6% and changed
little with depth. The composition of colloids is dominated by the mineral fraction. Just as in virgin
soil, in arable soil the content of organic colloids decreases with depth. The destruction of the
colloidal complex is developed in both soils, what is well confirmed by the removal-accumulation of

colloidal particles in the profile of the compared soils (Table 6). This indicates that the prolonged
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cultivation led to an increase in the destruction and removal of colloidal particles. So, the total loss of
colloids from the entire profile of virgin soil was 262.1 kg m?, while from the arable layer of drained

soil, the losses amounted to 290.1 kg m?2.

Table 6. Balance of the fraction < 0.0002 mm in soddy-podzolic soil

fraction < 0,0002 mm Sum of
. Removal-
. Bulk density, . removal-
Horizon Depth, cm 3 3 accumulation, .
gcm % gcm 3 accumulation,
gcm -2
kgm
Virgin
AY 7 1.02 2.0 2.04 -8.16 -57.1
ELg 10 1.55 15 2.32 -7.88 -78.8
BTg 38 1.68 4.1 6.88 -3.32 -126.2
Cg - 1.70 6.0 10.20 — —
Arable
P 30 1.29 2.5 3.23 —-9.67 -290.1
BELg 25 1.64 7.6 12.50 —0.40 -10.0
BTg 45 1.71 7.6 12.90 0 0
Cg - 1.72 7.5 12.90 — —

These data are confirmed by the reserves of colloidal fraction in 0-30 and 0-50 cm soil layers
(Table 7).

Table 7. Reserves of colloids in virgin and arable soddy-podzolic soils, t ha™

removal (=), accumulation (+) compared to an equal layer of the

Land 0-30 cm 0-50 cm parent rock
0-30 cm % 0-50 cm %
Virgin 107.6 245.9 —203.8 65.4 —274.0 52.8
Arable 96.7 345.9 —290.3 75.0 —299.1 46.3

The absolute loss of colloidal particles from the 0-30 cm in virgin soil amounted to 203.8 t ha”
! and increased to 290.3 t ha™ in arable dried soil. Losses from the 0-50 cm amounted to 274.0 and
299.1 t ha, respectively. Consequently, prolonged agricultural use of clay glayey drained soil leads to
increased destruction and removal of not only the silty fraction, but also colloidal particles outside the
arable horizon.

That begs the question. What is the intensity of the process of removal of silty and colloidal
fractions during cultivation and drainage? In all likelihood, these processes proceed quite vigorously.
According to Motomura (1969), the removal of silt in the soils of this genesis during the laying of a
closed drainage network proceeds “explosively”. Already in the third year, the backfilling of the
drains is silted. In addition, part of the silt settles in the drainage pipes, which reduces the lifetime of
the drainage system. Obviously, the intensive destruction and removal of finely dispersed fractions
from the eluvial stratum in solutions and suspensions during cultivation and drainage are irreversible

consequences of agrogenesis.
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Organoprofile

A characteristic feature of the humus profile of virgin soddy-podzolic glayey clay soil is the
confinement of the maximum content of organic matter to the upper organogenic horizon and its sharp
drop directly at the border of the transition of the grey-humus (AY) horizon to the eluvial (EL). In the
AY horizon of virgin soil, the humus content is high - 4.9%. During the transition from the AY
horizon to the EL horizon, the humus content decreases sharply to 0.9%. Down the profile, there is a

further gradual decrease in the humus content (Table 8).

Table 8. Humus content in pre-colloidal and colloidal fractions of soddy-podzolic glayey soil, %

Horizon  Depth, cm Content of Particle size. mm Content, From the weight of From humus
’ humus, % ! % Fraction Initial soil content
Virgin

AY 3-10 4.90 0.001-0.0002 10.4 6.1 0.63 12.8
<0.0002 2.00 28.5 0.56 11.6

ELg 10-20 0.90 0.001-0.0002 9.5 1.2 0.10 12.1
<0.0002 1.50 11.3 0.16 18.4

BTg 30-40 0.40 0.001-0.0002 15.0 0.9 0.13 33.3
<0.0002 4.10 5.8 0.23 59.3

Cg 120-130 0.25 0.001-0.0002 12.9 0.9 0.11 447
<0.0002 6.00 1.1 0.06 28.7

Arable

P 0-30 3.36 0.001-0.0002 9.5 6.3 0.60 17.8
<0.0002 2.5 14.7 0.36 10.9

BELg 40-50 0.60 0.001-0.0002 14.3 15 0.21 36.3
<0.0002 7.6 1.9 0.15 24.6

BTg 70-80 0.24 0.001-0.0002 13.1 1.0 0.14 48.5
<0.0002 7.6 1.2 0.14 33.7

Cg 130-140 0.22 0.001-0.0002 12.6 1.0 0.13 57.3
<0.0002 78.5 1.1 0.08 37.4

The content of humus in the arable layer of cultivated soil is inferior to its content in the AY
horizon of virgin soil. In the arable layer (layers 0-10; 10-20 and 20-30 cm), the distribution of humus
is uniform. Fluctuations range from 3.31 to 3.4%. At a depth of 30-40 cm, at transition to the BEL
horizon, the humus content decreases sharply to 0.6%. Consequently, in agrogenic soil, the general
nature of the distribution of humus is preserved, but in the arable layer its content is much less than in
virgin forest soil. The cultivation effect is manifested in the fact that in the process of operation a
deep-humified agrohumic horizon (P) is created, which significantly exceeds in thickness the grey-
humic horizon (AY) of virgin soil.

Thus, the agrogenic transformation of the organoprofile is manifested in an increase in the
thickness of the humic layer and an increase in humus reserves in equally thick layers. In arable soil in
0-30 cm humus reserves were 130 t ha, in 0-50 cm -149. 8 t ha™. In virgin soil in 0-30 cm - 56.4 t ha’
1 in0-50 cm - 71.5 t ha', respectively.

The content of humus in the pre-colloid fraction (Table 8) of the grey-humic horizon was

6.1% of the mass of the fraction, which is 12.8% of the total humus content in the soil. In the lower

21



Agrogenic evolution of soddy-podzolic soil Litvinovich et al. ZEMULJISTE | BILJKA 71(2):11-26, 2022

Original paper 10.5937/ZemBilj2202086L

horizons of the profile the content of humus fixed by pre-colloids decreases and ranges from 1.2 to
0.9%. Humus, fixed by pre-colloid particles, accounts for 12.1% of the total soil content in the ELg
horizon and 33.3% of the total soil content in the BTg horizon.

The absolute amount of humus bound to the colloidal fraction exceeds the content fixed by
the pre-colloids. The revealed pattern is characteristic of all horizons of the virgin forest soil. The
proportion of humus bound to colloidal particles from its total content in these horizons is 11.6% in
the AY horizon, 18.4% in the EL horizon and 59.3% in the BTg horizon. Thus, with a decrease in
particle size, their role in fixing organic matter in the sub-arable part of the profile increases.

The total contribution of finely dispersed particles (colloids and pre-colloids) in the binding of
humus of virgin soil was: in the horizon AY - 24.4%, in the horizon ELg — 30.5 % and in the horizon
BTg — 92.6 %. Therefore, the role of fine particles in the fixation of humus in virgin forest soil
increases with depth (Table 8).

Long-term cultivation and drainage did not affect the absolute content of humus fixed on the
surface of pre-colloid particles of arable soil. In the cultivated layer, its content was 6.3%, in the BEL
horizon - 1.9% and in the BT horizon - 1.2% of the mass fraction, differing little from the content in
corresponding horizons of virgin soil. However, the relative amount of humus recorded on the surface
of pre-colloids, from its total content in agrogenic soil, increased and amounted to 17.8% in the arable
layer and 36.3% in the BELg horizon, in comparison with virgin soil, i.e. increased by 1.4 and 3.0
times, respectively. The exception was the BTg horizon, where its content was lower than in the
corresponding horizon of virgin soil. Thus, the relative contribution of pre-colloid particles in the
fixation of humus during the cultivation of clay soil increases.

With a slightly higher content of colloidal fraction in the arable layer of cultivated soil,
compared with the horizon AY of virgin soil (2.5 and 2.0%, respectively), the humus enrichment of
colloids of arable soil was 2 times lower than in virgin soil (Table 8). However, the relative proportion
of the participation of colloids of virgin and arable soil in the fixation of humus was the same (11.6
and 10.9%, respectively.

In the lower horizons of the profile, the absolute content of humus in the composition of
colloids of arable soil decreases, and the share of participation in fixing the total humus of the soil
increases. The total contribution of colloidal and pre-colloidal fractions in fixing humus in individual
horizons of the profile was: P — 28.7, BELg — 60.9, BTg 82.2 %.

Thus, the total contribution of finely dispersed fractions (colloidal and pre-colloidal) in the
fixation of humus in the arable layer was higher than in the grey-humic horizon of virgin soil.

Soddy-podzolic soils on band clays are one of the most difficult objects for land reclamation
and agricultural use in the non-chernozem zone of Russia. In the 60-80 years, the soils of this genesis
were a frequent object of drainage Motomura (1969). The necessity and economic feasibility of

reclamation measures in connection with the high labor intensity and costs of cultivating and
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exploiting the soils of this genesis, their use for arable land has previously been repeatedly questioned
(Karavaeva 1996; Motomura 1969; Pestryakov et al., 1979; Dyushofur 1970).

Drainage of soils on band clays certainly has some positive effect on the moisture regime and
topping of these soils. However, the hydrological moisture regime of drained soils on strip clays is
very unstable for agricultural production (Motomura 1969). In drained soils on band clays, the
necessary hydrological effect can be achieved only if a special, rather complex and regularly carried
out set of measures is performed, ensuring the organization and acceleration of surface runoff, and the
discharge of intra-soil moisture by drainage lines. The positive impact on the water regime of these
soils is achieved only as a result of simultaneous hydraulic engineering, agromeliorative and
agronomic measures. Among them are regular, deep reclamation loosening (at least once in two
years), carried out to a depth of 60-90 cm, surface agrotechnical loosening with light tools to a depth
of 40-50 cm, cultivation measures. The higher the level of farming, the more profound changes the
drained soils will undergo and the more favorable conditions are created for drainage operation.

Long-term land cultivation although it leads to a deep transformation of ecosystems, does not
eliminate the possibility of their elimination after the cessation or weakening of the anthropogenic
load (Tomasson 1972; Litvinovich 2009). Almost all the beneficial properties created by agrogenic
exposure are reversible. The achieved level of fertility is a consequence of the level of anthropogenic
impact (Litvinovich and Pavlova 2010). Given the high costs of re-cultivation and the duration of this
process as well as the impossibility of full regulation of the water-air regime of the soils of this
genesis without the re-draining, the economic feasibility of re-involvement into cultivation of these
soils is not high.

According to Karavaeva (1996), with the directed cultivation of heavy clay soils on the band
clays of the southern taiga of the North-West of Russia for a period of 20-25 years, it is possible to
create only “semi-cultivated” arable soils. In the arable layer, despite the homogeneity and positive
changes in a number of properties, unfavorable physical and water-physical properties are preserved
or enhanced. In the sub-arable part (even during drainage), glayed horizons are preserved, which
limits water movement. It is most expedient to use these soils for meadow and hay fields. It also

seems appropriate to leave these habitats for the formation of forests on them.
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lzvod

U Lenjingradskoj oblasti, severozapadna Rusija, prou¢avana je transformacija humusno-podzolastog
glinovitog zemljista u dugogodi$njoj poljoprivrednoj upotrebi (>200 god.). Ovom studijom
izvodljivosti, ispitana je moguénost rekultivacije ovih zemljiSta nakon dugotrajnog nekoriS¢enja.
Analizirana je morfoloska struktura, granulometrijski sastav, sadrzaj i odnos fero i oksidnih oblika
gvozda u profilu devi¢anskog (autohtone Sume) i obradivog dreniranog zemljista. Pored toga, u toku
dugotrajne agrogeneze (> 200 god.) pracene su promene u organogenom profilu. U devicanskom
zemljiStu, tokom njegove pedogeneze, gubitak frakcija <0,01 mm iz eluvijalnog sloja bio je 877,4 kg
m, a gubitak frakcija <0,0001 mm bio je 287,5 kg m u poredenju sa matié¢nim supstratom koji nije
zahvacen procesima pedogeneze. Medutim, dugotrajna agrogeneza (>200 god.) dovela je do
povecanog eluvijalnog gubitka sitnih Cestica zemlje. Gubitak frakcije <0,01 mm iz obradivih
horizonata iznosio je 1244,8, a frakcije <0,0001 mm iznosio je 570 kg m?. Ovo je posledica
viSegodisnje obrade zemljista koja je povecala poroznost zemljiSta i time intenzivirala ispiranje
Cestica gline, §to je dovelo do povecanog ispiranja i eluvijalnih gubitaka. Ukupan gubitak koloida iz
celog profila devi¢anskog zemljita iznosio je 262,1 kg m™, a iz obradivog sloja dreniranog zemljista -
290,1 kg m™. Humusno oboga¢ivanje koloida oranog (P) horizonta oranica bilo je dva puta nize od
onog povrsinskog (Al) horizonta devi¢anskog zemljiSta. Relativni udeo uceséa koloida u fiksaciji
humusa zemljistem je bio isti (11,6 i 10,9%,). U podpovrsinskim horizontima, apsolutni sadrzaj
humusa u koloidima je smanjen, a udeo uéeS¢a u fiksaciji humusa poveéan. Kada se humusno-
podzolasto glinovito zemljiSte obraduje, poboljsava se vodno-vazdu$ni rezim, sadrzaj i sastav
humusa, povecava se dubina obradivog horizonta i smanjuje kiselost zemljiSta. Istovremeno se
ubrzava ispiranje finih zemljiSnih materijala. Kada je ovo zemljiste povuéeno iz ratarske proizvodnje,
pozitivne promene postignute kao rezultat obrade postepeno su se gubile. Po prvi put smo mogli da
izraCunamo gubitke finih frakcija zemljista iz gornjeg sloja. Uzimajuéi u obzir visoke troSkove
rekultivacije ovog zemljista i visoke troSkove ponovnog postavljanja i odrzavanja optimalnog
hidroloskog rezima (drenazne mreze) zakljucili smo da je ponovljeno oranje i ukljucivanje humusno-
podzolastog glinovitog zemljista u obradu ekonomski neopravdano.

Kljucne reci: humusno-podzolasto glinovito zemljiste, agrogena evolucija, fino disperzovana frakcija,

organogeno-mineralni profil, koloidi
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Abstract

Cichorium intybus is a valuable crop due to its high nutritional and pharmaceutical value. In this
work, the study of the effect of harvesting time on the biometric and biochemical properties of
Cichorium intybus L. var. foliosum (chicory salad witloof) was carried out on five varieties. The
period of vegetation affects rosette diameter, number of leaves and root weight. A strong correlation
between the weight of roots before laying for forcing and the weight of forcing heads (r = 0.79) was
revealed. The roots of variety Conus, managed to accumulate a sufficient amount of nutrients for the
formation of heads in a 98 days. The accumulation of sugars in forcing heads depended on their
initial content in roots with a 75% reliability (r = 0.75). The results showed that in the northern
latitudes the forcing can be carried out in winter in any room without light at a temperature of 10 to
17°C. In addition, subsurface heating of the substrate or maintaining water in the containers with roots
provided a larger yield of heads obtained in a shorter time.

Keywords: Cichorium intybus, witloof, forcing, head, root, chlorophyll, sugars, carotenoids

Introduction

The ancient Egyptians cultivated and used chicory (genus Cichorium L.) as a medicinal plant, coffee
substitute, vegetable crop and as a livestock forage (Aisa et al., 2020). In spite this plant have been
used since ancient times it is not well studied yet, in terms of its morphology, genesis, biochemistry,
climatic preferences (Street et al 2013; Lavrishcheva and Osipova 2020a,b). The genus Cichorium
includes six species that generally distributed in Europe and Asia (Bais and Ravishankar (2001). On

the http://www.theplantlist.org/tpl1.1/search?g=cichorium, 32 plant name records match the search

criteria Cichorium intybus and 13 plant name records match the search criteria Cichorium
endivia. While Shevchenko (2000) reported 10-12 species, which are divided into two groups
depending on the parts of the plant used: the first group is plants with thick fleshy roots such as C.
intybus var. foliosum (Lavrishcheva and Osipova 2020a) and the second group includes plants with

above-ground storage organ (Lavrishcheva et al 2020).
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Chicory is known as a frost-resistant plant that can withstand extreme temperatures in all
stages of growth (Bais and Ravishankar 2001), but some species showed to be sensitive to duration of
sun-light and amount of precipitation (Lavrishcheva et al 2020). Cichorium intybus L., is an erect,
fairly woody perennial plant, about 1 m in height with a fleshy taproot up to 75 c¢cm in length and large
basal leaves (van Wyk 1997; Bais and Ravishankar 2001). C. intybus L., possesses a number of
valuable properties of both aboveground and belowground parts, such as nutrients, including
carbohydrates, proteins, vitamins, minerals, soluble fiber, trace elements and bioactive phenolic
compounds, which are responsible for the various nutritional, preventive, and medicinal properties of
chicory (Nwafor et al., 2017). According to its cultivation purposes, Cadalen et al. (2010) categorized
this chicory four groups: (1) root chicory is cultivated for its taproot as a coffee substitute or for inulin
extraction; (2) witloof chicory is cultivated as industrial chicory for etiolated buds (heads) by forcing;
(3) leaf chicory is used as fresh or cooked vegetables; and (4) forage chicory, is used to intensify
herbage obtainability in pastures. In the second half the the 20™ century, it was discovered that the
root of C. intybus contained up to 40% inulin, which has a negligible impact on blood sugar and thus
is suitable for diabetics (JudZentiené and Biudiené, 2008).

Cichorium intybus var. foliosum was obtained in the end of XIX century in Brussel as a result
of breeding from the Magdeburg root chicory. It was widely used in some European countries as a
delicious vegetable crop. Later, the head form of forcing chicory was called witloof, that is, a white
leaf (Shevchenko et al., 2016). Witloof is a valuable agricultural crop due to its high nutritional and
pharmaceutical value (Shevchenko et al., 2016; Golubkina et al., 2019). It has been revealed that
chicory acid isolated from witloof inhibits the aggregation and fibrillation of human hIAPP, which
contributes to the treatment of diabetes mellitus (Luo et al, 2020). The seeds of C. intybus germinate
more tightly than the seeds of the C. endivia (Lavrishcheva, 2019a, b), although in the cotyledon
phase these plants are indistinguishable. In the first year of vegetation, chicory lettuce plants form a
root weighing from 60 -80 g (Gulyaev, 1991) to 100-400 g (Vyutnova et al., 2008), 10 to 45 cm long
and 2 to 8 cm and more in diameter, which is used for forcing and processing. As a biennial plant,
chicory lettuce produces seeds in its second year of life. The height of the flowering shoot reaches
110-190 cm, significantly exceeding C. endivia in this parameter (Lavrishcheva and Osipova 2018).
The number of stems on the testes varies from 1 to 10 or more, depending on the variety (Vyutnova et
al., 2008).

Currently, the literature has accumulated a certain theoretical material about the peculiarities
of growing chicory salad witloof. Methods for obtaining witloof chicory using the heat from
fermentation of cow dung in the cold season have been developed (Kumano et al., 2017a). The effect
of potassium regime on the growth and development of witloof has been studied (Kumano et al.,
2017b, 2017c). Effective methods of chemical and biological protection of chicory plants from pests
have been developed (Bengini et al., 2016). Studies have been carried out on the effect of illumination

on the accumulation of bitter sesquiterpene lactones and photosynthetic pigments by witloof in leaves

28



Morphometric and biochemical properties of witloof Lavrishcheva et al. ZEMUIJISTE | BILJKA 71(2):27-44, 2022

Original paper 10.5937/ZemBilj2202102L

(Wulfkuehler et al., 2014), as well as ways to reduce their content (Wulfkuehler et al., 2013). Van
Arkel et al (2012) found that the degree of polimerization of inulin in C. intybus highly dependent on
the field conditions and harvest time.

Witloof varieties are difficult to distinguish by morphological characteristics, therefore
they are distinguished by the timing of the formation of a marketable root and the period of
their use for forcing purposes (Shevchenko et al., 2016). Attempts to link the degree of ripeness of
roots with the level of any substances have been carried out earlier, but have not yet yielded the
desired results (Krug, 2000). Most of the studies are devoted to the study of the features of growing
chicory salad in the regions with a warm climate in the open field. However, currently, there is not
enough data accumulated on phytochemistry (Street et al 2013) and morphometric characteristics of
C. intybus grown in northern latitudes. Until now, in Russia, the northernmost latitude where this crop
was cultivated in the open field was the Moscow region (Virchenko, 1984; Shevchenko. 2000).
Cultivation of C. intybus in a greenhouse in the North-West of Russia is of a particular importance to
establish the optimal harvesting time for roots, which will later be used for forcing.

The aim of the research was to study the dynamics of changes in biometric and
biochemical parameters of various varieties of chicory lettuce (C. intybus var.
foliosum), depending on the duration of cultivation in a protected soil (greenhouse). The tasks
included:

— to study the dynamics of changes in the rosette diameter, number of leaves and root weight
of plants of various varieties of witloof, depending on the duration of cultivation;

— to study the influence of timing of harvesting the salad chicory on the formation of storage
organs: he size and weight of roots, content of sugar, formation of the pigment system in the leaves

and forcing heads.

Materials and methods
Experimental design

The plants of chicory lettuce were grown in a film greenhouse on the territory of the Educational and
Experimental Garden of the St. Petersburg State Agrarian University (SPbSAU) on the 2x2 m? plots
in three random replications in 2014, 2015 and 2016. Sowing scheme was as follows: row spacing -
33 cm, distance between plants - 10 cm. The sowing of witloof was carried out in the greenhouse
annually on 23 May. Mass seedlings in all years of research appeared on the eleventh day after
sowing. The harvesting of plants was carried out in 2014, on September 28, in 2015 - on September
17, in 2016 - on September 9. Thus, the total duration of the growing season of witloof plants (from
the moment of mass germination to harvesting) was: in 2014 - 117 days, in 2015 - 106 days, in 2016 -
98 days.
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Studied varieties

Five varieties of witloof were used as objects in the research experiment: Conus, Raketa, Hative,
Veneta, Viproda. Two varieties (Conus and Raketa) are included in the State Register of Breeding
Achievements of the Russian Federation (2022). Three varieties (Hative, Veneta, Viproda) were
obtained from the collection of All-Russian Institute of Plant Genetic Resources named after N.I.
Vavilov (VIR) (St. Petersburg, Russia).

Variety Conus (originator is the Federal Scientific Center of Vegetable Growing; selection of
the SeDek company) belongs to the group of mid-season varieties. It is a medium early in terms of
forcing. The period from mass shoots to technical ripeness is 98-114 days. The period of forcing
(from planting roots to mass ripeness of heads) is 17-30 days (State Register 2022). According to the
timing of the formation of a commercial root, the Conus variety belongs to the mid-season plant
(Shevchenko et al., 2016)

Variety Raketa (selection of the LLC Agrofirmy Poisk) is included in the State Register of the
Russian Federation. The period from mass germination to technical ripeness of roots is 130-155 days.
The period of forcing (from planting of roots to the economic fitness of heads) is 30 days. (State
Register 2022).

Variety Hative is a collection of VIR. The sample number is 48, the introduction number is
351300. The date of inclusion is 1976. The country of origin is France. Biological status is improved
variety (Database of Plant and Genetic Resources).

The Veneta variety is a collection of VIR. The sample number is 68, the introduction number
is 468051. The date of inclusion is 1984. The country of origin is Netherlands. Biological status is
improved variety (Database of Plant and Genetic Resources).

The Viproda variety is a collection of VIR. The sample number is 71, the introduction number
is 468053. The date of inclusion is 1984. The country of origin is Netherlands. Biological status is

improved variety (Database of Plant and Genetic Resources).

Parameters analyzed

During harvesting, the following biometric indicators were determined: height and diameter of the
rosette, number of leaves, weight of the plant, and weight of the root. For these parameters, for each
plot, an average value was calculated for one plant per replication. The mass of the above-ground part
of the plants was calculated from the difference between the average values of the mass of the plants
and the mass of the root for each variant.

At harvest, the plants tops were cut at 2-3 cm from the neck of the root. Roots were stored for
1.5 months in a dark place at a temperature 2°C and a humidity of 90%. For forcing, the roots were
placed in peat soil without covering with a soil substrate. Forcing was carried out in a dark room at t =
12-14°C for 30 days.
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Analytical methods

The assimilation surface area was calculated by the punching method. The dry matter was determined
after drying to constant weight at a temperature of 105°C (GOST 31640-2012).

The amount of sugars was determined quantitatively by the Bertrand method (Ermakov,
1987). The method is based on the ability of reducing sugars possessing a free carbonyl group to
reduce copper oxide to ferrous one in an alkaline solution. The amount of the formed copper oxide
precipitate strictly corresponds to the amount of sugar in the solution. The resulting ferrous oxide was
determined permanganatometrically. The amount of permanganate spent on titration was used to
calculate the amount of copper oxide and then the sugar content in the solution.

Quantitatively obtained amount of chlorophyll a, b and carotenoid, and their ratios in varieties
of C. intybus var. foliosum are important indicators sensitive to changes in ambient conditions
(Sonabe et al., 2020). The content of pigments (chlorophylls a, b and carotenoids) was determined
spectrophotometrically (Kachnovich, 2003).

The pigments were extracted from fresh leaves with acetone. The features of the absorption
spectra of chlorophylls a and b allow us to determine their amount in the extract without prior
separation. When determining the content of chlorophyll a and b, the following wavelengths are used:
662 and 644 nm. For solutions of pigments in undiluted acetone, the following equations are used:

Chla = 9,784 -Egs, — 0,990-Egus;

Chlb = 21,426-Eeg4s — 4,650-Eggy,
where Chla — content of chlorophyll a, (mg/L); Chlb — content of chlorophyll b, (mg/L); Ees, 1 Egas —
optical density of the solution.

Statistical processing of the data was carried out using analysis of variance (Dospekhov,
1985).

Results and discussion

The research results showed that almost all C. intybus plants formed a root in the first year of
vegetation. The exception was plants of the Raketa variety. They had a premature formation of a
flowering shoot. The share of such plants was not large and amounted to the years of research: 2014 -
2.2; 2015 - 2.8 and in 2016 - 2.5% of the total number of plants of this variety. Such an anomalous
way of development of biennial plants was observed about five decennia ago by Kuperman (1968). In
nature, this phenomenon is a biological adaptation of plants to the preservation of species in adverse
conditions. Under unfavorable conditions, plants tend to accelerate in development, as a manifestation
of the general phylogenetic trend towards a reduction in the period of vegetative development and a
faster transition of plant organisms into the generative phases of development.

Wiebe (1989) showed that the effect of low temperature (5-10°C) on the mother plant during

the formation of chicory seeds enhanced the subsequent stemming compared to the effect of higher
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temperature (15°C). The development of seeds at lower temperatures enhanced the subsequent
stemming even at high temperatures of seed germination. This indicates that the seeds were vernalized
on the mother plant before they were harvested. In unfavorable years, the number of root shoots in the
first year of vegetation can reach 90% (Ludilov et al. 2010). The biometric indicators of studied

varieties of chicory salad witloof by the years of research are summarized in Table 1.

Table 1. Dynamics of the morphometric indicators of studied varieties of Cichorium intybus by years of
research

Duration  Variety Height, Rosette  Number of  Aboveground Weight of Avrea of
of cm diameter, leaves, pcs biomass, g plant, g assimilation
vegetation cm surface, m?
2014
115days Conus 53.6b 78.0b 28.0b 241.8 396.6 b 1.10
Raketa 52.4b 745a 235a 231.0 355.6a 0.98
Hative 51.0a 70.4 a 28.6b 232.0 416.8 ¢ 1.14
Veneta 53.2b 776b 22.8a 341.8 631.2d 1.61
Viproda 51.2a 87.0c 246a 387.4 639.4d 1.69
LSDgs 1.0 6.1 2.1 - 15.8 -
2015
104 days  Conus 60.7 b 48.0 a 20.2¢ 306.3 409.0d 1.32
Raketa 55.0 a 46.0 a 159b 252.4 367.0¢c 1.07
Hative 58.4 b 57.3c 176¢c 231.3 340.1a 0.88
Veneta 54.0 a 50.8 b 133 a 256.8 367.6 ¢ 0.91
Viproda 58.9b 57.4c 14.8b 241.9 348.0b 1.37
LSDgs 2.2 3.6 1.3 - 6.2 -
2016
98 days  Conus 55.8b 321c 15.7d 201.2 2414 d 1.31
Raketa 574D 25.7b 109b 107.1 131.0b 0.75
Hative 51.2a 21.2a 6.8a 47.7 68.8 a 0.33
Veneta 50.5a 37.0d 18.0e 272.7 356.5¢€ 1.21
Viproda 58.6 b 574 ¢ 148¢ 180.6 2139¢c 0.93
LSDgs 4.8 4.3 15 — 2.3 —

il c})ifézrent letter denote statistically significant differences between varieties within a column for each year at
p<0.

The data shows that the plant height was predominantly evenly distributed varying within the
range from 50.5 to 60.7 cm. Within this deviation the highest plant height was observed in the Conus
and Veneta varieties in 2014 and the Conus, Hative and Viproda varieties in 2015, and Raketa and
Viproda in 2016, 57.4 and 58.6 cm, respectively.

The formation of a rosette of leaves depended on the duration of the plant vegetation. The
smallest rosette diameter in most varieties was recorded in 2016 that varied within 21.2-37.0 cm. The
exception was Viproda with 57.4 cm of the rosette diameter, which formed the largest rosette of
leaves in all years of study (Table 1).

For all studied varieties, the largest number of leaves over the studied period was formed in
2014. The maximum number of leaves in 2014 and 2015 was found in plants of varieties Conus (28
and 20.2 pieces, respectively) and Hative (28.6 and 17.6 pieces, respectively). In 2016, the largest

number of leaves was observed in plants of the Dutch variety Veneta (18 pcs.).
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The maximum plant weight in 2014 was found in the Viproda and Veneta varieties (639.4 and
631.2 g, respectively) that significantly exceeded the mass of plants of other studied varieties. In
2015, the differences between varieties in terms of plant weight were less significant, where the
highest plant weight showed the varieties Conus (409 g), Raketa (367.0 g) and Veneta (367.6 g). In
2016, the maximum plant weight was recorded for the Veneta variety (356.5 g) that significantly
exceeded other studied varieties, which was between 68.8-241.4 g (Table 1). The same patterns were
revealed when comparing the weight of the above-ground plants biomass.

The area of the assimilation surface of leaves from a plant strongly correlated with the the
above-ground plant biomass (R = 0.89). The maximum leaf area in 2014 and 2015 was found in the
Viproda vatiety, which averaged 1.69 and 1.37 m? per plant, respectively. In 2016, the largest area of
the assimilation surface of leaves was found in plants of the Conus variety (1.31 m?).

The data on the sizes of roots shows that the average values of the length of roots in most
cases do not have significant differences between varieties (Table 2). There were also no clear
dependences on the year of research. The largest diameter of the root in 2014 and 2016 was found in
the Veneta (5.2 and 3.5 cm, respectively), and the smallest in the Raketa (3.2 and 2.3 cm,
respectively). In 2015, the maximum diameter of root was found in the Hative variety (3.8 cm), and

the smallest in the Conus variety (2.9 cm).

Table 2. Sizes of the roots of varieties of Cichorium intybus by years of research

Variety Lenth of the root, cm Diameter of the root, cm The form index, psc.
2014 2015 2016 2014 2015 2016 2014 2015 2016
Conus 16.4a 134a 16.6 ¢ 3.4 29a 2.7a 4.82 4.62 6.15
Raketa 158a 142 a 152D 3.2 3.0a 23a 4.94 4.73 6.61
Hative 15.7a 159b 138a 35 3.8b 24 a 4.49 4.18 5.45
Veneta 17.0b 15.7b 171 ¢ 5.2 35D 35b 3.27 4.49 4.89
Viproda 16.3b 14.8b 16.4c 4.7 34a 25a 3.47 4.35 6.56
LSDgs 1.0 1.1 0.9 1.0 0.5 0.5 — — —

T different letter denote statistically significant differences between varieties within a column for each year at
p<0.05

According to the classification given by Polyanina (2016), roots in shape and size can be
divided into three groups: Group 1 - short conical roots, shape index (SI) -the ratio of the length of the
root to its diameter is <5.0; Group 2 - long cylindrical and semi-long roots, Sl is from 5.0 to 7.0; and
Group 3 - spindle-shaped elongated roots with SI> 7.0. In our studies (Table 2), in 2014 and 2015, all
studied varieties in terms of the shape index belonged to the first group. In 2016, due to the shortened
growing period, the plants did not have time to sufficiently form the thickened shape of the storage
organ. With the same length (compared to 2014 and 2015), roots had a small root diameter, which
was reflected in their shape index. So, in 2016 varieties Conus, Raketa, Hative and Viproda shifted to
the second group. Only the Veneta variety, which formed the largest root, remained in the first group
by the morphometric properties of root.

The dynamics of changes in the weight of root of studied varieties of witloof by years of
research are shown in Fig. 1. The duration of the growing season had a strong influence on the
formation of roots. The largest weight of roots was formed by plants in 2014 (the duration of the
growing season was 117 days), with maximum weight found in the varieties Veneta (298.4 g) and
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Viproda (252.0 g). In 2015 (the vegetation period was 106 days), the largest weight of root was
formed by the Raketa variety (114.6 g). However, it should be emphasized that the lag of other
varieties in this indicator in this year was insignificant and fluctuated within 102.7-111.8 g. Reducing
the growing season to 98 days had a strong effect on the accumulation of root mass. The weight of the
storage organ in 2016 ranged from 21.1-83.8 g, with the highest value recorded in the Veneta variety.
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Figure 1. Dynamics of changes in the weight of roots by studied years, g

Table 3 shows the data of the root weight before and after forcing. Before being put into
forcing containers, the roots were pruned; therefore, the values of the root weight before forcing were
inferior to the values shown in Fig. 1. After forcing, due to the loss of moisture and nutrients, the
weight of roots decreased (Table 3). The decrease in the weight of roots in the entire data range

ranged from 2 to 17%.

Table 3. Biometric indicators of roots and forcing heads

Variety Root weight  Root weight after Heads Heads height, Heads Number of
before forcing, ¢ weight, g cm diameter,cm  head leaves,
forcing, ¢ pcs
2014
Conus 135.82 b 130,30 b 13.06 ¢ 1144 ¢ 4.04 a 10.20b
Raketa 108.42 a 98.72a 9.74 Db 7.89a 434 a 8.72a
Hative 159.83 ¢ 149.04 ¢ 791a 10.96 ¢ 415a 1243 ¢
Veneta 263.33¢ 258.08 e 22.65d 9.67b 5.04a 15.17d
Viproda 186.44d 172.90d 28.17¢ 19.21d 5.69a 14.43 e
LSDgs 9.32 6.91 1.77 1.19 2.22 1.08
2015
Konus 76.46 a 67.46 a 12.39e 11.58b 437c 15.58d
Raketa 84.96 b 76.66 b 38la 8.10a 2.53a 10.53b
Hative 93.31c 89.82¢ 6.45b 8.93a 2.85a 9.57 a
Veneta 97.58d 94.98d 9.72¢ 8.00a 3.88b 1149 ¢
Viproda 94.11c¢ 90.28 ¢ 10.56 d 11.04b 4,07 c 11.78 ¢
LSDgs 2.25 1.23 1.00 1.03 0.32 0.43
2016
Conus 40.09 d 33.17d 10.35¢ 7.93b 3.56¢ 9.90 b
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Variety Root weight ~ Root weight after Heads Heads height, Heads Number of
before forcing, g weight, g cm diameter,cm  head leaves,
forcing, g pcs
Raketa 22.70b 20.68 b 340 a 7.30a 2.10a 6.61la
Hative 20.86 a 19.49 a 3.18a 8.42d 2.00a 6.58 a
Veneta 7450 e 72.33 e 3.63a 8.13¢c 2.85b 11.00c
Viproda 31.28 ¢ 30.56 ¢ 3.68b 8.75 e 2.82b 10.75¢
LSDgs 0.78 0.66 0.49 0.26 0.20 0.36

1 different letter denote statistically significant differences between varieties within a column for each year at
p<0.05

A strong correlation was found between the weight of root before laying for forcing
and the weight of forcing heads (r = 0.79). In 2014, the maximum weight of heads was found
in the varieties Veneta and Viproda, amounting 22.65 and 28.17 g, respectively. The weight
of heads in other varieties this year ranged from 7.91-13.06 g. In 2015, the largest weight of
heads was observed in the Conus variety (12.39 g), and the smallest in the Raketa variety
(3.81 g). The weight of heads in other varieties ranged between 6.45-10.56 g.

In 2016, the smallest root was used for forcing, which affected the formation of heads.
In most varieties, their weight varied within 3.18-3.68 g. The exception was the Conus
variety with a head weight of 10.35 g. It should be noted that the mass of forcing heads
obtained from the root of mid-season Konus variety was stable over the research years and
depended little on the duration of growing season. The roots of this variety, apparently, even
during the minimum growing period (98 days), managed to accumulate a sufficient amount of
nutrients to form full-fledged heads. This is confirmed by the characteristics of the variety
given in the state register of breeding achievements, where the period for the formation of a
commercial root is indicated from 98 days (Krug, 2000).

In addition to the differences in weight, the heads also differed in shape (Table 3). The
highest heights in 2014 and 2015 were distinguished by the varieties Conus and Viproda
(11.44 and 19.21 cm in 2014; 11.58 and 11.04 cm in 2015, respectively). In 2016, the highest
height was found in the varieties Hative and Viproda (8.42 and 8.75 cm, respectively). The
diameter of the heads, depending on the year of research, varied within 4.04-5.69 (in 2014),
2.53-4.37 (in 2015) and 2-3.56 cm (in 2016). The obtained parameters of heads are consistent
with the data of other researchers. So, in the work (Fesenko et al., 1984), the authors obtained
heads with a height of 15.3-21.2 cm and a diameter of 4.71-5.56 cm. Our results showed that
the initial weight of the root (before laying for forcing) influenced the formation of the height
and diameter of the heads. The correlation coefficients were r = 0.52 and r = 0.80,
respectively.

Analysis the biochemical composition of plants revealed a clear relationship between
the duration of growing the chicory salad and the accumulation of sugars in leaves and roots.
The longer the growing season lasted, the more the plants accumulated sugars. This pattern
was observed in all treatments when comparing the sugar content as % of the crude
substance. The only exception was the early ripening variety Conus and variety Viproda. The
sugar content in the leaves of these varieties in 2014 was lower than in 2015 (Fig. 2). This is
probably due to the outflow of sugars from leaves into roots at this stage of plant
development. This is indirectly confirmed by the fact that the sugar content in the root of the
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Conus and Viproda in 2014 was the highest in comparison with the other varieties over the
entire observation period (Fig. 3a).
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The accumulation of sugars in heads depended on their initial content in roots. The higher the
initial sugar content in the roots was, the more they accumulated in the heads (Fig. 3b), what is
confirmed by strong correlation coefficient (r = 0.75). Thus, the sugar content in the heads decreased
as the experiment proceeded. In 2014, this indicator ranged from 4.14 to 5.79; in 2015 from 3.1 t0 4.3;
in 2016 - from 2.25 to 3.76% of dry matter.

The pigment system of plants is the basis for the photosynthetic conversion of solar energy
into the energy of chemical bonds (Liu et al., 2020; Sharma et al., 2020). It is represented by
chlorophylls and carotenoids (Hermanns et al., 2020). Chlorophylls perform the main photosynthetic
function (Agathokleous et al., 2020; Janik-Zabrotowicz et al., 2020). Carotenoids transfer additional
energy to chlorophylls, performing a light-harvesting function, and also remove excess energy from
chlorophylls, performing a light-protecting function. The efficiency of the pigment system depends on
the compliance of its structure and function with climatic and environmental conditions, primarily
lighting conditions (lIvanov et al., 2013). Shade-loving plants usually have higher chlorophyll content
than light-loving plants, and a higher proportion of chlorophyll b, which increases the light-harvesting
ability of the leaf in the far red region. Under conditions of high insolation, carotenoids perform the
function of protection against photoinhibition (Ivanov et al., 2013; Tselniker, 1978), and therefore,
under these conditions, their proportion is often increased. Results of the pigment content in leaves are

given in Table 4.

Table 4. Content of pigments in the leaves of Cichorium intybus var. foliosum after harvest (1) and in the heads
after forcing (2).

Variety Total Chlorophyll Chlorophyll Carotenoids Chlorophyll a Total
chlorophyll a b /Chlorophyll b chlorophyll/
mg/100 g Carotenoids
1* 2 1 2 1 2 1 2 1 2 1 2
2014

Conus 2106 99 1338 6.5 768 3.4 19.6 21 1.7 1.9 10.7 4.7
Raketa 200.0 119 1214 7.7 786 4.2 18.3 2.3 1.5 1.8 10.9 5.2
Hative 249.0 133 1625 8.0 86.5 53 26.6 7.4 1.9 15 9.4 1.8
Veneta 208.0 176 1370 109 710 6.7 13.7 1.9 1.9 1.6 15.2 9.3
Viproda 4136 154 2649 91 1487 6.3 27.9 7.6 1.8 1.4 14.8 2.0

2015
Conus 178.3 1241 1106 6.5 67.7 59 16.7 6.2 1.6 11 10.7 2.0
Raketa 2047 52 1180 3.3 86.7 1.9 21.0 1.7 1.4 1.7 9.7 3.1
Hative 2512 238 1569 156 943 8.2 36.3 2.2 1.7 1.9 6.9 10.8
Veneta 1988 196 1213 128 775 6.8 19.7 1.9 1.6 1.9 10.1 103
Viproda 2634 29 1570 2.0 1064 0.9 29.4 0.7 1.5 2.2 9.0 4.1

2016
Conus 1201 26 89.2 1.7 309 09 32.9 1.4 2.9 1.9 3.7 1.9
Raketa 1123 29 83.9 19 284 10 31.3 15 3.0 1.9 3.6 1.9
Hative 1499 104 1072 69 427 35 41.8 15 2.5 2.0 3.6 6.9
Veneta 84.8 2.3 64.0 16 208 07 255 11 3.1 2.3 3.3 2.1
Viproda 852 4.1 614 30 238 1.1 24.8 1.7 2.6 2.7 3.4 2.1

“1- content of the pigments in the leafs at harvest time in September; 2- content of the pigments in forcing heads.

In our studies, the highest content of total chlorophyll in chicory lettuce leaves was observed

in 2014 in the Viproda variety (413.6 mg/100 g). In other varieties grown this year, it ranged from 200
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to 249 mg/100 g. In 2015, the content of total chlorophyll in the leaves varied in the range of 178.3-
263.4 mg/100 g. Moreover, the maximum value of this indicator was also found in the Viproda
variety. In 2016, the content of chlorophylls in leaves was the lowest over the entire observation
period. Depending on the variety, it ranged from 84.8 to 149.9 mg/100 g

One of the informative indicators characterizing the work of the photosynthetic system is the
ratio of chlorophyll a to chlorophyll b (chl a, chl b). This ratio is associated with the activity of the
“main” chl a; the larger it is, the more intense the photosynthesis (Titova et al., 2015; Son et al.,
2020). Our results showed that the chl a predominated in the composition of chlorophyll over the
entire range of presented data. The greatest excess of chlorophyll a content over chl b was observed in
2016. So, in 2014 and 2015 the chl a/chl b ratio varied within 1.4-1.9, while in 2016 is was within
2.5-3.1.

The ratio of the chlorophyll to carotenoids (car) (chl a + chl b/car) plays an equally
important role in characterizing the functioning of the photosynthetic system. Normally, this
ratio is stable and very sensitive to the changes in the environmental factors (Titova and
Rozlomy 2015). In our study, a decrease in the ratio (chl a + chl b/car) was observed in 2016,
indicating a decrease in the light-harvesting function of the pigment complex, due to the shortest
growing period (98 days). This is in line with some previous findings reporting that because chl a and
chl b is directly related to the primary production via absorption and conversion of sunlight and water
and CO,, they are sensitive to changes in light intensity (Chen et al 2010). Son et al (2020) confirmed
the sensitivity of photophysics of a plant to ambient environmental conditions. This ability may help
plant to keep optimal balance between light harvesting and dissipation (Son et al 2020). In our study,
forcing the witloof in a dark room influenced the content of the pigment in the heads (Table 4), since
lack of light interfered with chlorophyll production. The fact is that cultivation of witloof in the dark
was carried out to obtain a white leaf that does not have a bitter taste compared to endive that has a

bitter taste.

Conclusion

A clear relationship was revealed between the duration of growing C. intybus var. foliosum and the
biometric parameters (diameter of the rosette and the number of leaves and weight and formation of
roots). There was a strong correlation (r = 0.79) between the weight of roots before laying for forcing
and the weight of forcing heads. The weight of forcing heads obtained from the root of the mid-season
Conus variety was stable in all the years studied and did not depend much on the duration of
cultivation. Roots of this variety, apparently, even during the minimum growing period (98 days),
managed to accumulate a sufficient amount of nutrients for the formation of heads.

The studied biochemical parameters (content of sugars, chlorophyll a and b, carotenoids and

their ratios) were also influenced by the length of growing period. The longer the growing season
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lasted, the more the plants accumulated sugars. The higher the initial sugar content was in the roots,
the more they accumulated in the heads (r = 0.75). The highest content of total chlorophyll in chicory
lettuce leaves was observed during the longest growing season. Forcing the witloof in a dark room
influenced the pigment content in the heads.

The study allowed to reveal that both the biometric and biochemical parameters of C. intybus
var. foliosum showed a clear relationship with the duration of growing period. The longer the growing
season lasted, the more sugar accumulated in the plants. The studied C. intybus varieties showed to be
promising at 60°C latitude when cultivating in a foil greenhouse with solar heating, which allows
extending the growing season. The study results suggest that in the Northwest of Russia the forcing
can be carried out in winter in any room without light at a temperature of 10 to 17°C. Moreover, the
results imply that with subsurface heating of the substrate or maintaining water in the containers with
roots, a larger yield of heads in weight can be obtained in a shorter time.
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Izvod

Cichorium intybus je vredna kultura zbog svojih visokih hranljivih i farmaceutskih vrednosti. U ovom
radu je proucavan uticaj vremena berbe na biometriske i biohemijske osobine 5 sorti Cichorium
intybus L. var. foliosum. Period vegetacije uti¢e na pre¢nik rozete, broj listova i masu korena.
Utvrdena je jaka korelacija izmedu mase korena pre polaganja za forsiranje i mase forsiranih glava
(r=0.79). Korenje sorte Conus uspelo je da akumulira dovoljnu koli¢inu hranljivih materija za
formiranje glavica za 98 dana. Akumulacija Secera u forsiranim glavicama zavisila je od pocetnog
sadrzaja u korenu sa pouzdano$¢u od 75% (r = 0.75). Rezultati su pokazali da se u severnim
geografskim Sirinama forsiranje moze vrsiti zimi u bilo kojoj prostoriji bez svetlosti na temperaturi od
10 do 17°C. Pored toga, podzemno zagrevanje supstrata ili odrzavanje vode u posudama sa korenjem
obezbedilo je vedi prinos glavica dobijenih za kra¢e vreme.

Keywords: Cichorium intybus, radi¢, forsiranje, glavica, koren, hlorofil, Seceri, karotenoidi

Received 25.10.2022
Revised 6.12.2022
Accepted 6.12.2022

44


mailto:soils.saljnikov@gmail.com

Changes in plant water supply obtained by NDVI Mohlala et al. ZEMLJISTE | BILJKA 71(2):45-64, 2022

Original paper 10.5937/ZemBilj2202120B

IIpocTopHe 1 BpeMeHCKe MPOMEHe Y CHA0IeBeHOCT Ousbaka BoaoM npumenom NDVI y ciuBoBuma
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H3BoA
Abstract

HopmanuzoBana pasnuka Bererannonor maaekca (NDVI) je mnaumkatop 3apaBiba Bereranuje, alid U
IPOMEHE 3eMJBHMIIHOI TOKpHBada Ha OCHOBY peduiekchje onpeheHnx ormcera y eneKTpOMarHeTHOM
cnektpy. HaunH kopumihema 3eMJbHUINTA, TOIUIIKHA 1002 ¥ KIMMATCKE IMPOMEHE YTHYY Ha MPOCTOPHE
npomerne NDVI Bpennoctu. OBa crynuja ce pokycupa Ha cnuBoBe peka Tuma n Koznuia, xoje ce Hamaze
Ha WCTOYHHM JIeJIOBHMA TUIAaHHHE MaJbeH M KOjU ce KapaKTepHuIly JOMHHAHTHHM IIPHCYTBOM TpaBHATE
Bereranuje. [IpocTopHe W BpEeMEHCKE NPOMEHE Y CHAOJEeBEHOCT Ouibaka BOJOM Cy mpaheme
kopumhemeM 10-merapcknx CeHTHHEN-2 CHUMaKa, U gajbe oopahenux y QGIS-y 3a 2020-2021. roauny,
o Mecenuma. 3a akme npaheme npomeHe NDVI BpeqHOCTH CITMBOBH OBE JIBE PEKE Cy pa3rpaHUveHH Ha
ykymHO 305 moxciuBOBa, Ha KOjuUMa je BpleHa qasba aHanmmus3a. Ceu nmpoctopar NDVI moganm y Toky o6e
roguHe ce kpehy om < 0,1 — > 0,6. PesynraTu yka3yjy Ja mocToje BUAJbHBE MPOMEHE Y BPEIHOCTHMA
NDVI TokoM pa3iuuuTHX FOAUIIBUX 1004, MITO je Y CKIaAy ca MopacToOM M CMameHheM BOJIHOT CTpeca
TOKOM MpPOYYaBaHOT BPEMEHCKOr IIepHOJa, OJHOCHO ca IpOMEHaMa KIMMATCKUX YHHHOIA TOKOM
Bereraiuje. Y JeTHUM MecelmMa Hajsehe BpemHocTH mnpemanryjy BpeaHoct ox 0,6, a y Hekum
cnyuajeBuma u 0,8. Bpeanoctu NDVI y okToOpy M HOBeMOpYy ce cmamyjy Ha 0,3 m 0,5, mok cy y
sumcknM Meceruma NDVI Bpemnoctu <0,1. Bpemnoctn NDVI cy Bumie, u mame NpoMeHIbUBE, Y
MOJICJIMBOBHMA Ca 3aCTYIUBCHOM JPBEHACTOM BereranujoMm, mehy kojum mMma u dyerunHapa. OBa crynauja
nonpuHOCH ToBehamky 3Hama O IMOTEHIHMjalHO] NMPUMEHH JaJjbUHCKe aerekuuje, kao u CeHTHHEN-2
CHHMaka BHCOKe pe3odylje 3a mpaheme crama cHabaeBeHocTH Omibaka BojioM. [ IC anatu omoryhagajy
pasrpaHnYe-e MOJCIUBOBA, IITO moMaxke OosbeM mnpahemy mnpocropHux Bapujanuja NDVI ymyrap
NPUPOTHO M3/BOjEHNX EHTUTETA. [IpHIMKOM NpoLieHe YTHIaja CyIle Ha OMJbHY MPOM3BOAY Tpeba y3eTn
y 003up TPEHYTHU BOJHHU PeKUM OMibaka. 300r Jyiakohe m3pauyHaBama NDVI u npyrux uHzaekca, u
BUCOKE pe3oiylyje monxaraka, CeHTHHeN-2 MOXKe MIpaTh BakKHy ynory y Oyayhum cucremuma paHOT
yIo30paBama Ha CyIlly, 1 YTBphUBama cTama BereTalMoHOT IIOKprBaya.

Kwyune peuu: NDVI, Massen, pasrpannuaBame ciinBoBa, CeHTUHEN-2, cHa0AeBeHOCT Oujbaka BOJIOM

YBoa
Introduction

Boanu pexxum Bereranuje urpa KJby4dHy yJiory y GyHKIMOHUCaWky OMJbaka M pasMEHH BOJE M €HEpruje

ca atMocdepom, mocedbno TokoM cymnux nepuona (Pefiuelas et al., 1993). Xunponosn u ekohH3N0I031
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Cy KOPHUCTHWIN HEeKe OWTHE ocoOMHe 3eMJbHMHE MOBPIIMHE Kao IITO Cy HAUYMH KOpHIIhema 3eMJbUINTA U
MOKPOBHOCT, T¢ (pakmuja arncopboBaHor (HOTOCHHTETHYKH akTHBHOT 3padema (fPAR) om 400-700 nm
Koje ancopOyje ombHa kportima (Feagin, 2020) 3a kapakrepu3saiujy BoaHor pexuma. OBU mapaMeTpu Cy
KJbYYHU 32 ONHMCUBAE CBOjCTaBa BETETAIMje M arpOKIMMATOJIOTHje, Ka0 W MOJeNa MPOAYKTHBHOCTH
Beretanuje. Bomau pexnm Ouipaka je Takohe mMpolemeH y MHOTUM CTyAdjaMa ca pPasInduTuM
OyjHOCTHMA JTHCHE Mace M obnuIMa Kpoise (Zarco-Tejada et al., 2003; Chai et al., 2021; Ceccato et
al., 2001; Zhang i Zhou, 2019; Anderson et al., 2004).

Wunexc Hopmanu3oBane pasnuke Bererauuje (Normalized difference vegetation index — NDVI)
ce u3Mel)y ocraor KOpHCTH 3a MPOLEHY Jerpajalije 3eMJBUIITA U MPOMEHA 3eMJBUIITHOT MOKPHBaYa Ha
PasIMYUTHM pasMepama 3a pasiinunTe MpUMeEHe, YKIbydyjyhu oTmopHOCT arpoekocuctema (Bartlett et al.,
1990). To je mHaMKATOp 3apaB/ba BEreTalMje 3aCHOBAH Ha TOME Kako OWJbKe ojpakaBajy oapeheme
oIcere CJICKTPOMArHeTHOr CIIEKTpa IITO je (DyHJIaMEHTAJIHO 3a pa3yMeBame 31paBjba Ousbaka. OH
JNETCKTYje M KBaHTH(UKYje NPHCYCTBO aKTHUBHE 3elICHE Bereraije kopucrehu OBy peduieKTOBaHY
CBETJIOCT Y BWIJbMBOM U OnuckoMm uH(ppaupBenom omncery. Ha NDVI yrtuuy cmekrpanHa cBojcTBa
semsbuiita (Tuelle i Oleson 1989, Baret i Guyot 1991), noce6Ho y obiacTuma ca PeTKHM BETETAIMjOM
IZIe cy ImocMaTpama Mo jakKuM YTUIIajeM CUTHAJIA U3 M03aWHE 3eMJBHIIHOT IIPOCTOpa Kao MITO Cy CTEHE,
3eMJBHINTE ¥ MaTepHjalli oOpraHcke mpoctupke. WHbopMaiyje 0 MOTEHNHjaTHOM 3€MJBHITHOM
MMOKpHBady 3HAYajHO Cy 03HaueHe ()eHOJOTHjOM BereTanuje Koja y Benrukoj Mepu 3apucu og NDVI na 6u
ce 3HaJO Jia JIM MMaMo 37[paBe OWIbKe, OMJbKE 1MOJ a0MOTHYKUM WIIM OMOTHYKUM CTPECOM WIIM TOJIe
MIOBPIIHHE.

JIucToBM Cy CyHmITHHCKAa KOMIIOHEHTa CTPYKType OMJbHE KpoIlke, a Boja y juirhy nma ny0ox
yTuIaj Ha (OTOCHHTE3y, TpaHCIupanujy Hu apyre ¢usmonomke mpornece. CKIaauIITeHe BOAE Yy
crabspuim 06e30elhyje Tammnon u3mel)y y3umama Boje U3 KOpeHa u TpaHcmupanuje gucrosa (Deng et al.,
2017). TIpema TOMe, campkaj Bojae y OWJBLIM je KJ/bydHa TNPOMEHIWBA 3a YTBpHHUBame CTama
cHabieBeHOCTH OMJbaka BOJOM M OTKpHBama ajanraiuje Ou/baka Ha M3MemeHy cpeauny (Rodriguez-
Pérez et al., 2018; Wang et al., 2021). Kao riaBHu aOMOTHYKH CTPEC, CyIlla MMa JUPEKTAaH YTHUIIAj Ha
¢duznononike nu bnoxemujcke mpoiece 1 Mopdosomky rpal)y Ousbaka, ITO Ha Kpajy JONPHUHOCH TyOUTKY
MpHHOCA WM JIoIIeM KBamuTeTy yceBa/mpuHoca (Peng et al., 2020; Zhang et al., 2018). Crora je
nperm3Ho mpahieme caapkaja BOJAE y 3€MJBHIINTY Yy PEaJHOM BPEMEHY KOPHUCHO 3a IM00OJbIIame
CITOCOOHOCTH yTpaBjbarhba BoJaMa y MOJHOMPUBPENN, KA0 U 3a MOOOJbIIake ehUKACHOCTH KOpHIThema
pecypca (Zarco-Tejada et al., 2003; Gao, 1996).

[[wb oBOr paia je ma ce yTBPAM MPOCTOPHA W BPEMEHCKa CHAaOIEBEHOCT OWJbaka BOJOM Y
cimBoBuMa peka Tumwa um Kosmuma, y ¢uHOj mpocTtopHOj pesonyuuju, mpeko npomeHa NDVI,

kopumhemeM catenuTckux cHumaka u [ MC texHuka.
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Marepujaj u MeToje paaa
Materials and Methods

Hcmpasicusano noopyuje
Researched field
HctpakuBano noapydje (mentap moapydja Ha 440 04' 37" CTUI u 20° 05' 12" UT']) npeacrasibajy aBa
Mana ciuBa, peke Tuma n Kosnuna, koje ce Hanma3ze Ha UCTOYHUM JesioBHMa IuaHnHe MaibeH, Cpouja
(Cnuka 1). CnuB pexe Tume uma ykynHy mospinuay ox 2470,50 ha, ok je cimus Kosnuile moBpIivHe 01
951,93 ha. Knuma moapydja je TIaHHHCKA, Ca CHEKHUM 3UMama M TOTUTUM JIeTHMA. THIIOBH 3eMJBHUIIITA
3aCTYIUbCHU Ha HCTPAKUBAHOM TMOJIPYY]y CYy PAHKEPH M JTUTOCOJU HA CEPIICHTUHUTHMA.
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Camnka 1. Jlokanuja nnannHe MasseH Ha kapTi Cpbuje u peunn cnuBoBu Tume n Koznmie
Figure 1. Location of Mountain Maljen on the map of Serbia, watersheds of Tinja and Kozlica Rivers

Camka 2. Bennka MOPOCTPAHCTBA IPUPOJAHUX U AHTPOIIOTCHUX MalllkbaKa, CpO3UOHU ITPOLUECHU 1 l'IOj aB€ KaMCHHUTOCTHU
y ciuBoBuMa Tume u Koznuie
Figure 2. The great area of natural and anthropogenized grasslands, processes of soil erosion, and stoniness on
topsoil in the watersheds of Tinja and Kozlica
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Ilpukynmsenu nooayu u 0d6padoa cameaumcKux CHUMAKA

Collected data and processing of satellite images

[Ipumapuu n3Bop mogaraka 3a obpaay cy Ownn carenuTcKd cHUMIU. CaTelnTCKH CHUMLM Cy Mpey3eTh
ca moprana USGS (Www.Usgs.0OV) u 3a HBHXOBO mpey3uMame Hu aHanusy kopuimhen je QGIS,
KopumhemeM MoayayToOMaTcKor aojaaTka 3a kiacubpukanujy (Semi-automatic classification plugin,
Congedo, 2016). CarenuTcku CHUMIHM CYy PUKYIUbeHH ca CEeHTHHEN-2 MUCH]E 32 BPEMEHCKH MEPUOJT O]
mouetka 2020. mo kpaja 2021. rommue (Tabema 1). Carenut je ompeMIbe€H ONTO-EIIEKTPOHCKHM
MYJITHUCTIEKTPATHAM CEH30pPOM 3a CHUMame y pesonyruju o 10 mo 60 m, xoju 06e36elyje nerekroBame
pasnuKa y BereTaluoHoM cTamy. CeHTHHEN-2 ceH3op noceayje BuaibuBe, omncke nHappamnpsere (NIR) u
kpatkotanacue uHppapsene orncere (SWIR). I'maBuu orcer uHTepecoBama 3a oapehusame NDVI cy

ounn orncer 4 (upBenn) kao u orcer 8 (NIR).

Tabeaa 1. Kapakrepucruke carenurckux cHumaka 3a 2020. u 2021. roguny
Table 1. Characteristics of satellite images for the year 2020 and 2021

Pesonyuuja/ O6mnaunoct/Cloud cover Harym HabaBke/
Resolution (%) Acquisition date Aarym HpeymMz_lH’a/

(m) 2020 2021 2020 2021 Date of extraction
10 7,84602 33,5846 7-Jan 6-Jan
10 2,9253 0,235387 1-Feb 25-Feb
10 0 14,3738 17-Mar 5-Mar
10 0,85783 13,2513 16-Apr 24-Apr
10 1,61758 0,892227 9-Maj 11-Maj
10 1,69675 0,049316 30-Jun 30-Jun 29-Jun-22
10 0,629872 0,51326 30-Jul 25-Jul
10 0,043427 0,414537 29-Avg 9-Avg
10 0,035381 0,1598 6-Sep 13-Sep
10 0,711185 3,9516 26-Okt 3-Okt
10 3,52885 3,2321 25-Nov 20-Nov
10 57,0925 30,3417 5-Dec 22-Dec

Kopumhmwmem SCP Tynbap-a (toolbar) y oxBupy QGIS amnmkanuje u3BpleHa je aHauu3a
OPUTMHAJHUX KaHaJla CHHMAaKa, Kao M HUXOBHX METaloAaTaka, HAKOH 4era je KpeupaH BUPTYEIHU

pactep y 60ju yHOCOM oricera 2, 3 u 4 (maBa, TeJeHa U LPBEHA).
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H3pauynasamwe nopmanuszosane pasiuke eezemauuonoz unoexca (NDVI)
Calculation of the normalized difference of the vegetation index (NDVI)

3a TpaHchopManujy HeoOpal)leHMX caTeNMTCKUX ToJaTaka y WHJIEKCE BEreTaluje KOPUCTH Ce
MaremMatuuka (popmysa npukasana y jeanaunau 1 (Weier and Herring, 2000). NDVI ce nakie nobuja
kopuhemeM MateMaTHike Gopmyrie, kKao ogHOC pasnuke u3mely Onucke uappanpsene ceerioctu (NIR)
u upsene (RED), u muxosor 36upa (NIR + RED). Oncesu 3a onpehuBame NDVI1 y Centrnen-2 cy omcer
4 (upBenm) xao u omcer 8 (Ommucku wH(pparnpeenn). NDVI ciuke cy moOujeHe xopumrhemeMm pacrtep

KaJKyJaTopa

(NIR-RED)
(NIR+RED) @

NDVI =

CnuBOBH, TOJICIMBOBYA U HHUXOBAa MpeEXa BOJOTOKA Cy pasrpaHUYCHH KOPHUIINCHEM I0JaTakKa
JUTHUTATHOT Mojiena HaaMopceke Bucuae (DEM-a). DEM je kpenpan momohy H30XHIICH ca KapTe pasmepe
1:25.000. TIpeko ommwmje ITonyau JTEM (fill DEM) y SAGA (System for Automated Geoscientific
Analyses) ce kpeupa Crpaxnepos pen (Strahler order; Strahler, 1957) xoju omoryhasa na ce yrBpau rie
ce Haja3e BOJOTOIIH, a MPeKo mHuX oapeae u Bogoaeanuie. Ommuja Kanan (Channel uz Terrain analysis)
CTBapa MpEXY BOJOTOKA, Kao M CJIHMBOBe. I31Bajarbe CIIMBOBA ce BPIIM Ha OCHOBY KopHIIhema
Tomorpad)cke KapTe ca M30XHMICaM, Y KOMOMHAITH]jH ca MPOLIEHOM caTeluTcKux cHuMmaka (Sameh et al.,
2011). OBaj mocTymak ce cnpoBoau ja 6u ce nparuie npometne NDVI Ha MamuM eHTHTETHMA.

30HaNHA CTaTHCTHKA je KopuiheHa 3a noOujame MOACKYIOBa I0JaTaka Ha IIMPEM IMPOCTOpY.
30HaHA CTATHCTHKA KOPHCTH IPYIHCame 1a OM ce M3padyHald OCHOBHH CTATHCTHYKH IOKa3aTeJbH 3a
HaBeJIeHEe 30HE/TTOPyYja O/ MHTEepeca, y OBOM CIIydajy MOJICIIMBOBE Y OKBUPY ciinBoBa Kozmwuie u THibe.
Ona omoryhaBa J1a ce u3pavyHa cpe/iba BPeIHOCT, MeIHjaHa, 30Mp, MUHUMYM, MaKCUMYM, CTaHIapiHa

JIEBUjallija WK OTICeT BPEIHOCTH Y CBAKO]j 30HHU.

Pe3syaraTu u quckycuja
Results and Discussion

H30eajame ciusosa u noocnueosa
Separation of basins and sub-basins

CnuB je mojapydje 3eMJBUIIHOT MPOCTOpPa KOje OJBOAU BOJY, CEIMMEHTE U PACTBOPEHE MarepHjajie y
3ajeHMYKH UCIYCT Y HEKOM TPEHYTKY Iy’ BomoToka (Dunne and Leopold, 1978). Hheros o6mmk Beoma
Bapupa M 3aBHCH O] MHOTO (hakTopa, YKIbydyjyhu KIMMATCKH PEKUM, T€OJIONIKE M TeOMOPQOIIOIIKE
KapaKTEePUCTHKE, 3eMJbMINTE W Bererarujy. CnnBoBu peka Tuma n Koziawma u mUX0Ba Mpeka Mamux
BOJIOTOKA Cy reHepucanu u3 DEM momaraka. Horton (1945) je pa3suo pemocies BOJOTOKA KOjU TOMaKe
y kinacudukanuju u ypehewmy Xujepapxuje NPUPOAHMX KaHaja yHyTap BojoaeinHuie. Jlamom

moaudukamnujom Crpaxiep je yBpcTro CTpaxiiepoB peil KOju je cajia HajIoyJIapHUji HauuH W3/1Bajamba
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BojoTOKA. [Torony Ha HajBehoj HAAMOPCKOj BUCHHH y JPEHAXKHO] MPEXHU Cy 03HAYEHH KaO TOKOBH IIPBOT
pena, a u3 \BUX ce popMuUpa BOJOTOK APYTOr pena, ucmoj yimrha /1Ba moToKa/KaHajla IPBOT pea, M TaKo
nasee.

Cnmka 3 wirycTpyje U3IBOjeHE BOJOTOKE pedHEe MpPEXe, OJTHOCHO cirBoBa Tume u Kozmuie, mox
cimmka 4 mpukasyje ykymHo 305 M3IBOjeHHX TOJCIMBOBA, O KOjux je 60 Beoma Maie MOBpIIMHE 300T
Tpelike y ayromMaru3anuju moctynka. Jlakie, mama mma 246 Behmx mMoAciIMBOBa yKyNMHE MOBPIIUHE

3599,99 ha, u 6,36 ha moacmuBoBa, ca moBpuIHHaMa Mamum ox 0,3 ha.

/WJR ol
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Cuauka 3. Ilpuka3 peune mpeske u oopric CTpaxyiepoBor peia
Figure 3. River network in the Kozlica and Tinja watersheds obtained by using Strahler order principles
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Cauka 4. Mana noacimBoBa y OKBUpY ciuBoBa Tume u Kozmume
Figure 4. Map of all the used sub-catchments from the Tinja and Kozlica watersheds

Ilpocmopne npomene speonocmu NDVI
Spatial NDVI value changes
Pesynraru ykasyjy na NDVI Bapupa npocTopHo TOkOM 00€ TOAMHE, IPU Y€MYy CBaKd Mecel] MMa
jemuacTBeHy NDVI mpoctopny auctpubynmjy. Ceu mpoctopuu NDVI pesynratu cy mnpeacraB/beHU
npeko kimaca NDVI Bpemnoctu ox < 0,1 — > 0,6. OBe BpEeIHOCTH C€ PA3JIMKY]y Y 3aBHCHOCTH O]l
TFOJUIIBUX 700a; Kajla YIOpPeAUMO 3MMCKE MEepHojae Kao u JieTke nepuone 3a 2020. u 2021. romuny.
3umcku Meceny, janyap (Ciuka 5, 8) u neriembap (Cnuka 7, 10) umajy HajHmwke BpeaHoctd NDVI koje
Cy mnocienuna OONaYHOCTH, BereTallMOHE HEaKTHBHOCTH, Ka0 M CHEXXHE NOKpHBeHocTH. HajBuime
npeosiahyjyhe BpeaHoctu cy ucnon 0,1, mocebno y aeremopy 2020. I[IpubnmkHe HyJITE W HEraTUBHE
NDVI BpeaHocTH ykasyjy Ha Kjace KoOje MPETEKHO HHCY BEreTalMja, JOK IMMO3UTHBHE BPEIHOCTH
npencTaBibajy pasnuunte TUroBe kiaca Beretarmje (Yacouba et al., 2009). Agone u Bhamare (2012)
nose3yjy Bpeanoctu NDVI ox 0,00 - 0,20 ca orojseHUM moapy4juMa.

VY nerwmuM Mecennma uMamo Hajeehe BpemHoctn NDVI koje cy Behe on 0,6, a y Hekum
ciryuyajesuma on 0,8. IIpomene NDVI y oktobpy u HOBeMOpy (cimka 7 u 10) ykasyje Ha mpenasHe

BpenHoct NDVI oz 0,3-0,6, koje cy yoOuuajeHe Kao U ce30HCKe poMeHe. Mctu npenasu ce npumehyjy
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ToKOoM (hebpyapa, MapTta u anpuia (ciauka 8). OB mpejia3u Cy MOC/IeANIIa IPOMEHE KIMMATCKUX yCI0Ba
Koju ce Kpehy ol 3uMe Ka TOIUIMjUM MecelHnMa, KOji YTHYy Ha OXHBJhaBam€ BETETallHje, IITO OH/a
yrrue Ha noBehame BpegHocT NDVI. V oBum mecermma momuampajy Bpennoctd NDVI y pacmony on
0,2-0,4. ToxoM TomIUjUX Mecenu BUIJBMBO je aa ce moBehaBa BpenHoctm NDVI mro moxe Outn
MOCTIeINIIa Pa3BHjeHHjer 1 3[IpaBHjer BEreTallmoHorT mokprBada. OBO ce MOXKe MPAMETHUTH Ha CITUKama 6,
7,9 u 10.

Singh et al., (2015) cy ypamunu couuny cryaujy kopuctehu Jlanmcat NDVI u muxosu
pe3ynTaTH Cy OTKPHIHU Aa Cy moapydja koja moka3yjy NDVI Bpennoctu mame ox 0,0396 moBesana ca
BojeHuM moBpmuHama. Bpemnoctu NDVI usmely 0,0396 u 0,2813 mnpencraBibajy roiry 3eMiby.
[Moxpyyja ca cmabom BereTanujoM okapaktepucana cy Bpeanoctuma NDVI on 0,2813 no 0,4424, nok cy
Bpennoctt NDVI on 0,4424 no 0,6036 m NDVI Bpemnoctu Behe ox 0,6036 xopumihene 3a
Kmacu(UKaIHjy YMEpEeHo U TycTo obpacimx 3oHa. Ilpema Singh et al. (2015) momto je 10 cBe Behie
npoctopHe npomere y NDVI 300r pacrta Bereraiyje ¥ CMambeHkha OrOJbEHUX MOBPIIMHA TOKOM JIETHHX
MecelH y Topelerby ca 3MMCKHM MepuouMa.

VYTuIaj TpeHyTHOT BOJHOT CTpeca MOXKE C€ OIJIe[aTH y CMambely caapikaja BOJE y JHMCTOBHMA,
IITO yTHYe Ha aKTHBHOCT CTOMa W pa3MeHy racosa m3mel)y Ousbaka u ambujeHtantne atmochepe (Ma et
al., 2018; Farooq et al., 2009). Mehyrtum, IyroTpajHd BOJHH CTPEC MOYXKE 3HAYAjHO YTHUIATH Ha
CTPYKTYpHE KapaKTEpPHUCTHKE yceBa Kao IITO Cy MHJEKC JICHE MOBPIINHE, Ha/l3¢MHA OMoMaca M IIPHHOC
3pra (Blum, 2011; Zhou et al., 2020). Ako ce TpeHYTHH BOJHU CTPEC HE OTKPHje Ha 0roBapajyhu HauuH
U BUME Ce He YIpaBiba, OH CTBapa OCHOBY 3a JIYrOTPajHU CTPEC KOjHU JONPUHOCH BEIMKOM T'YOUTKY
npuroca (Ma et al., 2018). IIperxoaHe cTymuje Cy Mokas3aje Ja CleKTpaiHu Beretarujcku uugekcu (SVI)
3aCHOBAaHU Ha TOJAllMMa JaJbMHCKOT MCTPaXKMBama NPHKYILUBEHHUX y onpeleHoj ¢asm pacta mory na
npejBUIe cajapkaj Boae y OwsbliM Ha HuBOy JsmcroBa u kpoinme (Clevers et al., 2010; Perry and
Davenport, 2007).

Ynpkoc HamopHoM mokymajy na ce NDVI oxpenu camo 3a mojpydja IMoJ BEreTalujoM,
CIIEKTPATHO MEIIame rojie 3eMJ/be M 3EMJBMINTA Ca TEK M3HUKINM OMJbKaMa M300J1M4aBajy BPEIHOCTH
NDVI. Jlakie, TOCTOjU MUHIMAJIHHU TIpar BETeTalMoHOT TOKprBava n3Ha kojer ce npexko NDVI e moxe
pPa3yMHO 3aKJbyUUTH O CTamby BEreTaldje HUTH O BJIAXKHOCTH Y 3€MJBHUINTY 300r TOra INTO CYy JCJIOBH
Bererainuje huHMjK o1 HajBehe pocTOpHE pe3onymMje JOCTyIHe 3a aath cersop (3a Sentinel-2 MSI, oso

je 10 m).
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Cauxa 5. IIpocropne nmpomene y NDVI 3a janyap, ¢pebpyap, mapt u anpui 2020. roause
(Contains modified Copernicus Sentinel data, 2020)
Figure 5. Spatial changes in NDVI for January, February, March and April 2020
(Contains modified Copernicus Sentinel data, 2020)

Camxka 6. [Ipocropue npomene y NDVI 3a maj, jyH, jyn u aBryct 2020. roauHe
(Contains modified Copernicus Sentinel data, 2020)
Figure 6. Spatial changes in NDVI for May, June, July and August 2020
(Contains modified Copernicus Sentinel data, 2020)
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Camuxka 7. IIpocropne npomere y NDVI 3a centembap, okto6ap, HoBemMOap n nenembap 2020. ronune
(Contains modified Copernicus Sentinel data, 2020)
Figure 7. Spatial changes in NDVI for September, October, November, and December 2020
(Contains modified Copernicus Sentinel data, 2020)
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Camnka 8. [Ipocropue npomene y NDVI 3a janyap, pebpyap, mapt u anpun 2021. roxune
(Contains modified Copernicus Sentinel data, 2021)
Figure 8. Spatial changes in NDVI for January, February, March and April 2021
(Contains modified Copernicus Sentinel data, 2021)
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Camuka 9. IIpocropue npomerne y NDVI 3a maj, jyH, jyn u aBryct 2021. roguHe
(Contains modified Copernicus Sentinel data, 2021)
Figure 9. Spatial changes in NDVI for May, June, July and August 2021
(Contains modified Copernicus Sentinel data, 2021)
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Camnka 10. [Tpocropre nmpomene y NDVI 3a centem6ap, okro6ap, HoBemOap u aerembap 2021. rogune
(Contains modified Copernicus Sentinel data, 2021)
Figure 10. Spatial changes in NDVI for September, October, November and December 2021
(Contains modified Copernicus Sentinel data, 2021)
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Bpemencke npomene y NDVI epeonocmuma
Temporal changes in NDVI values

OcHoBa 3a U300p MOJCIMBOBA je MpeICTaBJbajla 3aCTYIJBEHOCT Mallbaka, ApBeha u xOyma y muMa.
CBojcTBa onmaOpaHuX CNHMBOBa IpHWKa3aHa Cy y Tabenu 2 W OHa YIJIAaBHOM OLPTaBajy BEIHYHHY

MOBPILINHE, HaFI/I6, HaaAMOPCKY BUCHHY, Ka0 1 HAYHNH KopmnheH)a 3€MJbHMIITA.

Ta6ena 2. [Tomanm o n3abpaHuM MOJCITNBOBHMA
Table 2. Data about chosen sub-catchments

Pennu 6poj IToBpuinHa Hanmopcka Bucuna Haru6/ Cnus/ JloMHHaHTaH HaYKH
nozcnusa/ /Area /Elevation Slope  Watershed  kopumihema 3emsbumita/
No of subcatchment (ha) (ma.s.l) (%) Dominant land use
10 26,9 892-931 16,8 Tuma TTammwamnu
21 15,7 809-880 23,7 Tuma TTammwamnu
31 24.8 825-910 26,5 Tuma TTammwamnu
71 13,6 738-768 17,6 Tuma TMammanu
73 33,7 722-768 18,4 Tuma TMammanu
94 17,4 739-766 15,0 Tuma TMammanu
49 19,4 841-899 9,3 Kozmuma TMammanu
64 20,6 807-840 13,6 Kozmuma TMammanu
67 20,0 823-859 13,9 Kozmuma TMammanu
128 9,2 760-795 15,7 Kosnuma TTammwamnu
133 9,6 755-776 16,4 Kosnuma TTammwamnu
274 53,7 631-709 27,2 Ko3znumna TTammanu
185 16,0 700-724 16,3 Tuma 75% npsehe
201 10,8 616-683 27,0 Tuma 35% npsehe
227 9,2 683-706 16,5 Koznmuma 75% npsehe
240 8,5 670-694 15,7 Kozmuma 95% npsehe

VY 2020. rogunu y ciuBy peke Tume (cnuka 11) moxcmusosm 10, 21, 31, 71, 73 u 94 umajy
paszmmunte NDVI Bpeanoctu. [Toacnue 10 uma najehy Bpeanoct NDVI oko aBrycra u cenrembpa ca
Bpeanoiihy Behom ox 0,6, mok moaciauB 94 mma HajHuxke BpeaHocTH, HemTo Behe ox 0,5. Takohe je
BUJJBMBO Ha ciuBy peke Koznume (cimka 12) aa noacnue 64 uma wajsuim NDVI y pacriony ox >0,67
TOKOM aBI'ycTa U cenrteMOpa, 1ok noaciuB 128 nma Hajamke BpeqHoctu NDVI. Ha cnuny 13 npukazanu
Cy TMOJICTMBOBH Ca 3acTyIJbEHHjOM JpBeHacToM Bereranujom. Hajumry Bpeanoct NDVI je y noacnuBy
185 xoju mma oko 75% npeenacte Beretanmje, Beha ox 0,8, mox cy HajHke BpemHoctu NDVI y
noaciauBy 201, ca BpenHoctuma Hemto Behum oz 0,6, a y KojeM JApBeHacTa Bereraiyja mokpusa oko 35%
noyiciimBa. Hajuwxke Bpennoctn NDVI cy mpumerne y moncimBoBuMa 94 w 128, mok cy Hajsehe
BpeaHocTH y noaciauBoBuMa 10 u 64 'y 2020. u y 2021. roguan. [lakie, ciudHe BpeMEHCKe IPOMEHE Y
NDVI cy yoOuuajene u 3a 2021. romuny y cnuBoBuMa peke Tume m Kosznmie, kao um ciamBoBUMA
npBeHacTe Beretanuje (cnuka 14-16). YV o6a ciusa Bpeanoctu NDVI Bapupajy ToOkoM rouna, jep TOKOM
3UMCKOT Itepruosia nMaMo Hajamxke BpeaHoctu NDVI, a TokoMm netmwer nepuosa Hajeehe. M3mehy maja u

centemOpa 2020. u 2021. romune, Bpennoct NDVI u Bereranuja mammaka MMajy TEHISHIHM]Y Ja ce
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nmoBehajy 300r MOBOJBHHUX TEPMHUKHX YCJIOBAa TOKOM MpoJjicha M jeTa, INTO yTHYe Ha IOjayaHd pact
Omwmpaka. Mmak, oBaj TpeHI MOpajy na mpare M TOBOJAHHU XUAPWUYKH YCIOBH, KOJH MOTY YCIOBUTH
cmameme BpenHoctd NDVI tokom nermux meceru. OBako Bucoke BpenHoctu NDVI ykazyjy Ha no6py
CcHaOJIEeBEHOCT BEreTallfje BOJOM y 00€ roinHe UCTPaXKHUBamka, MTO MMOTKPEIJbY]jy MOJAIM O KOJTHIrHAMA

MaJjaBUHA TOKOM BereTanuoHor nepuona (354 mm u 453 mm 3a 2020. u 2021. roguny, peaom).
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Cauxa 11. IN'ogumsse npomene Bpeanoctu NDVI y onabpannm noacnmBoBuma pexe Tume y 2020. ronuHu
Figure 11. Annual changes in NDVI values in selected Tinja River sub-catchments in 2020
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Canka 12. lNogumime npomene BpenHoctu NDVI 'y onabpanum noxcimBoBuma pexe Koznune y 2020.
TOAMHH
Figure 12. Annual changes in NDVI values in selected Kozlica River sub-catchments in 2020
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Cauxa 13. I'ogumsse npomene Bpeanoctu NDVI y noacnuBoBuMma ca gpBeHacTUM pactumeM y 2020.
TOAUHU
Figure 13. Annual changes in NDVI values in sub-catchments with woody vegetation 2020

[IpumerHo je ma cy tpenmoBu BpemHoctn NDVI TokoM jera roToBO HIEHTHYHH, IMOCEOHO Y
MOJCIMBOBAMA TJE IOCTOje Mammmkanyd. Ha mpumep, mMaMo TpH BpINHA TEpUOAA Y jyHY, aBTYCTY U
okToOpy (cmuke 11, u 14). Y Majy, jyny u centeMOpy BpeIHOCTH Cy HEITo Hike. To ce Moxke oOjacHUTH
KOIIekheM TMammmaka win ucnamom. Hmxe BpemHoctu NDVI y Hekum moacnmBoBmma (Hmp. 0.4 y
nopehewy ca 0,6) MOry yKa3WBaTH Ha HWXKY IUIOJHOCT, 300r HejpocTaTka hyOpema maiimaka, Wil Ha
Mame MOBOJbHA (H3MYKAa WM XEMHjCKa CBOjCTBA 3€MJBHMINTA, WM MOTy OWTH yciexa nosehane
KaMEHHTOCTH 3eMJBUIITHE TOBPIIMHE jep je Ha HWCIUTHBAHOM TNOJAPYYjy NPHUCYTaH M JIATOCON Ha
ceprientuHuTMa. Bai u Dent (2006) cy ycmemHo mpuMEHWIH TaJbUHCKY JETEKIH]y /a KBaHTUPUKY]Y
3eJeHy OMOMacy M HeTO mpuMapHy mpom3Boamy. IIpema Bozkurt et al. (2011), TexHUKe Ia/BHHCKOT
OTKpHBama Mpyxajy Behy (rueKkcHOWIHOCT M Ta4HOCT 3a MPOIEHY CTama TpaBmkhaKa, a WHTErpaiyja
M3BpIIEHA Y OBOj CTYIHjH TPYXKHIIA je J0kase y oBoM mpasiy. Dwyer (2011) je u3BpImMo mpoCTOPHY
npoleHy OmibHe OuomMace KopucTeh JaJbMHCKO UCTIUTHBAKE Y jYKHOAPPUYKHM CaBaHaMa ca BEJIMKHM
JeTajbuMa B ycrexoM. Y oBoM pany, Bpeanoctr NDVI cy mokaszane mpBo ouuriielaH THHAMAYKHA TPEH]T
nosehama, a 3aTUM omaznama, MTO je y BE3H ca AOCTYMHOIIhy BOJeE 3a pacT M pa3Boj Omibaka, ajiu U ca
HA4YWHOM YIIpaBJbaHba IMOBPLIMHAMA O CTpaHe 4YoBeKa. [IpuimkoM mporeHe ytuiaja cyme Ha OMJbHY
MPOU3BOY Tpeba y3eTH y 0031p BOIHU PEKUM OMIbaKa.

Heduuut Brare y 3eMJBHINTY je Hajiiupe npuxBaheH MHIUKATOP 3a MPOLEHY MOJHONPHUBPEIHE
cymre. [lakiie, Mmanupame Biare je epukacaH Ha4MH 3a IPENo3HaBambe MOTCHLUjallHe CylIe KoJ yceBa. Y
nopehemy ca BIaroM y 3eMJBMINTY, BOJHHM DPEXUM OHJbaKa je BHUILE IMOBe3aH ca (PU3UOIOIIKUM
¢dynxumjama (Quemada et al., 2021; Bowman, 1989). Canpixaj Boae u KapakTepucTuke Onomace, Kao U

MaIaBUHe UIpajy BaKHY MHIMPEKTHY YJIOry y npuiarohasamy BogHor pexxuMa Ousbaka. NDVI ogpaxkasa
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peakimjy BereTaldje Ha MPOMEHY I'pajJMjeHTa Blare Ha OBHM Jokanujama. OBO MOXe Jia CyrepHiie Jia
BereTalyja HeMa IMPUCTYN BJA3d jep HMMa JOBOJBHO BIIare WIM MakCHMajHa AyOHHA YKOpEHCHba

BeTreTaluje Hije TOBOJbHO Ay0oKa /1a OW mpUCTyNriIa Bia3u, IMOCEOHO TOKOM 3UMCKHUX NepHo/a.
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Canka 14. lNoguuime npomene BpenHoctu NDVI y onabpanum noxcimBoBuma pexe Tumbe y 2021. rogunu
Figure 14. Annual changes in NDVI values in Tinja river sub-catchments in 2021
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Camnka 15. lNogumme npomere BpenHoctr NDVI y onabpanum noxcimBoBuma peke Kozmume y 2021.
TOAVHH
Figure 15. Annual changes in NDVI values in Kozlica river sub-catchments in 2021
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Cauxa 16. N'ogumme npomene Bpeaaoctu NDVI y mogcnuBoBuMa ca apBeHacTUM pactumeM y 2021. roguHu
Figure 16. Annual changes in NDVI values in sub-catchments with woody vegetation in 2021

3ak/byuak
Conclusions

Y oBOM pajy je mpukazaHa npocropHa ¥ BpeMeHcka ananusa NDVI Bpennoctu y 2020. u 2021. ronunu y
cimBoBuMa peka Tuma u Kosnuma. CnMBoBU OBE Jie peKe Cy JOMHHAHTHO MPEKPUBEHU MPUPOJHUM U
AQHTPOTIOTEHUM TallkhalliMa H JuBajgama. Pe3ynTatm ykasyjy JZa TOCTOje BHJIJbHUBE INPOMEHE Y
BpeanocTuMa NDVI TokoM paziuuuTuxX roguiImbKuX jJ100a, MTO je y CKIaAy ca IMOopacTOM U CMambCHeM
BOJIHOT CTpeca TOKOM MPOYyYaBaHOT BPEMEHCKOT TePHo/ia, OJJHOCHO ca IMpOMEeHaMa KIIMMAaTCKUX YHMHUOIIA
TokoM Bereranuje. OBa cTyauja JonpuHOCH NoBehaky 3Hama O MOTEHIIMjAIHOj MPUMEHH JIaJbUHCKE
nerexnuje, ka0 u CeHTnHen-2 cHuMaka Bucoke pesonyrmje (10 m) mpahemme crama CHaOIEBEHOCTH
ousbaka BojoM kopuihemem NDVI. TUC anatu omoryhaBajy pasrpaHuuemne MoJICIMBOBA, IITO IOMaKe
6ospeM npahemy npocropuux Bapujanuja NDVI yHyTap ciMuHUjUX TPUPOTHUX EHTUTETA.

NDVI Bpennoctu ce kpehy ox < 0,1 — > 0,6. 3a netwe Meceue, y3umajyhu y o03up jyH u jyi,
MMaMo HajBHIIIE JOMHUHAHTHE BpeaHocTH Behe ox 0,6, a y HekuM cirydajeBuma u Behe ox 0,8. Bpexnoctn
NDVI y oktobpy 1 HoBeMOpy omanajy m3mehy 0,3 u 0,5, nok cy y 3umckum mecertuma NDVI BpegrocT
<0,1. Bpegaoctu NDVI cy Bume, 1 Mambe NpOMEHJBHBE Y MOACIMBOBIUMA Ca 3aCTYIJbEHOM JIPBEHACTOM
BereTamujom, Mel)y KojuM UMa U yeThHapa.

[Ipunukom nporeHe yTuiaja cyiie Ha OMJbHY NIPOU3BOABKY Tpeda y3eTH y 003Uup TPEHYTHH BOIHU
pexxuMm Omibaka. 30or jakohe m3pauyHaBaa NDVI u Bucoke peszonynuje nmomataka, CeHTHHEN-2 MOXKe
UrpaTd BaxHy yJiory y Oynyhum cucremuma paHOT yrno3opaBama Ha cymry, omoryhasajyhu mpaheme
BETreTaI[MOHUX YCIIOBA MPEKO BHUCOKE PE30IIylHje, ITO MOXKE OUTH KOPHUCHO y OTKPUBAWKY IMOYETKA U

pa3Boja MOJLONPUBPEIHUX CYIlla M YyTBpHHBamba CTarkha BereTalliOHOr TOKpUBaYa.
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Spatial and temporal changes in plant water supply obtained by NDVI in Tinja and Kozlica

watersheds
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Abstract

Normalized Difference Vegetation Index (NDVI) is an indicator of vegetation health and land cover
changes, based on the reflectance of certain ranges in the electromagnetic spectrum. Land use, seasons
and climate changes affect spatial variations in NDVI values. This study focuses on the basins of the
rivers Tinja and Kozlica, located on the eastern parts of the Maljen Mountain, and characterized by the
dominant presence of grassy vegetation. Spatial and temporal changes in plant water supply are
monitored using 10—meter Sentinel-2 imagery, and further processed on a monthly basis in QGIS for
2020-2021. For better elaboration of NDVI values basins of these two rivers were delineated into 305
sub-basins, on which further analysis was performed. NDVI data during both years range from < 0.1 — >
0.6. NDVI values change during different seasons, which is consistent with the increase and decrease of
water stress during the studied period, which refers to changes in weather conditions during the growing
season. In the summer months, the highest values exceed 0.6, and in some cases even 0.8. NDVI values in
October and November decrease to 0.3 and 0.5, while in winter months NDVI values are <0.1. NDVI
values are higher, and less variable, in sub-basins with woody, partially coniferous vegetation. This study
contributes to increasing knowledge about the potential application of remote sensing as well as high-
resolution Sentinel-2 imagery for monitoring plant water supply because the assessment of drought
impact on plant production requires the current monitoring of plant water regime. GIS tools enable the
delineation of sub-catchments, which helps to better monitor the spatial variation of NDVI within natural
landscape entities. NDVI and other indices are easy to calculate, and therefore, Sentinel-2 can play an
important role in future drought early warning systemsand in determining conditions of the vegetation
cover.
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Uticaj ozimih meduuseva na prinos i komponente prinosa kukuruza u naknadnom roku setve

Bojan Vojnov'’, Srdan Seremesi¢', Marjana Vasiljevi¢?, Porde Krsti¢!, Svetlana Vuji¢*, Borivoj Pejic¢,

Branko Cupina®

'Univerzitet u Novom Sadu, Poljoprivredni fakultet, Novi Sad, Srbija
%Institut za ratarstvo i povrtarstvo Novi Sad, Srbija

*Corresponding author: B. VVojnov, bojan.vojnov@polj.uns.ac.rs

lzvod
Abstract

Istrazivanje je imalo za cilj da utvrdi koji od odabranih tipova meduuseva ispoljavaju najveéi pozitivan
efekat na prinos i komponente prinosa kukuruza gajenog u naknadnom roku setve, kao i da li prihrana
azotnim mineralnim dubrivom u pecetnim fazama rasta kukuruza u kombinaciji sa zaoranim
meduusevima utice na prinos zrna. Ogled sa ozimim meduusevima sastojao se iz zdruzenog useva ozimog
sto¢nog graSka (Pisum sativum ssp. arvense L.) i tritikalea (xTriticosecale Wittm. ex A. Camus) (T+G),
Cistog useva ozimog sto¢nog graska (G) i kontrole bez meduuseva (K). Zaoravanje meduuseva na dubini
od 27 cm obavljeno je u poslednjoj dekadi maja, a setva kukuruza pocetkom juna. Pubrenje azotom
izvreno je u vidu prihrane sa 50 kg N ha™. Setva ozimih meduuseva obavljena je u jesen u prvoj dekadi
novembra, a njihovo malCiranje i zaoravanje izvrSeno je poslednje nedelje maja. Nakon oranja i pripreme
zemljista, kukuruz (NS4051) je zasejan u prvoj dekadi juna, a Zetva je obavljena u oktobru. Statisticka
znac¢ajnost (p<0,05) utvrdena je izmedu razli¢itih varijanti u pogledu upotrebe meduuseva. Najveci prinos
je ostvaren u smesi (grasak + tririkale bez dubrenja azotom) T+GN, 8,54 t ha™. Korig¢enjem meduuseva
kao zeleni$nog dubriva ostvaruje se pozitivan uticaj na produktivne osobine kukuruza uz smanjenje inputa
uz moguce nize troskove proizvodnje.

Kljucne reci: meduusevi, zdruzena setva, zeleni$no dubrivo, kukuruz

Uvod
Introduction

Zbog nedovoljno razvijene stocarske proizvodnje u Republici Srbiji i smanjene koli¢ine raspolozivog
organskog dubriva, pre svega stajnjaka, u poljoprivrednoj praksi se javlja sve vec¢a potreba za uvodenjem
alternativnih resenja koja ¢e biti od koristi i sa ekonomskog, ali i sa ekoloskog aspekta (Vojnov et al.,
2019). Seremesi¢ et al. (2017) smatraju da ée se buduéi pravci razvoja poljoprivrede zasnivati na
usaglasenoj primeni ekoloskih principa i na ekolosko prihvatljivim tehnolosko-tehni¢kim resenjima. Usled
povecanih troSkova proizvodnje, poskupljenja inputa neophodnih za proizvodnju, pra¢eno zahtevima za
Sto jeftinijim izvorima proteina biljnog porekla, gajenje leguminoza sve viSe privlaci paznju istrazivaca, a

sve u cilju reSavanja izazova sa kojima se poljoprivredni proizvodaci suocavaju (Vojnov i sar., 2021).
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Yang et. al. (2016) isti¢u da su meduusevi nasli zna¢ajnu primenu za zeleni$no dubrenje i imaju znacajnu
ulogu u odrzivoj poljoprivredi. Leguminoze imaju viSestruk znac¢aj jer su osnovni izvor proteina biljnog
porekla i doprinose ostvarenju mnogobrojnih agroekoloskih ciljeva zbog ¢ega njihova primena kao
meduuseva postepeno pronalazi primenu u agrarnoj praksi i u nasoj zemlji. Njihovim uvodenjem u
strukturu setve, kroz pazljivo definisanu rotaciju useva, Cuvaju se prirodni resursi, pre svega zemljiste, uz
istovremeno ostvarivanje profita i niza drugih pozitivnih efekata (Cupina i sar., 2004; Vojnov i sar., 2020).
Prema Vasi¢ i sar. (2013) sve vise se javlja potreba za intenzivnijim plodoredom uz prisustvo useva na
parceli tokom cele godine, gajenjem zdruZenih i pokrovnih useva, uspostavljanjem zastitnih pojaseva i
gajenjem biljaka potrebnih za ishranu stoke. Uvodenje meduuseva u poljoprivrednu proizvodnju daje
pozitivan efekat na zastitu Zivotne sredine i podsticanje odrzivog kori§¢enja prirodnih resursa (Dabney et
al., 2001). Cupina et al. (2017) smatraju da meduusevi mogu poveéati prinose glavnih useva i
istovremeno, mogu smanjiti troskove proizvodnje, povecati profit, pa ¢ak i stvoriti nove izvore prihoda.
Prema navodima Vuji¢ et al. (2021) neizvesnost prinosa krmnog bilja moZe biti smanjena uvodenjem
ozimih pokrovnih useva koji omogucavaju smanjenu zavisnost od proizvodnje glavne krmne Kulture,
prevashodno u regionima gde se periodi¢no pojavljuje suSa. Pri zasnivanju meduuseva mora se voditi
rauna o nacinu setve, vremenskim uslovima proizvodnog podrucja, temperaturi i vlaznosti zemljista,
tolerantnosti prema ekstremnim uslovima spoljasnje sredine, ali i 0 ekonomskoj isplativosti njihovog
uvodenja (Bekavac, 2012).

Kukuruz je jedna od najzastupljenijih ratarskih kultura u Republici Srbiji (Zivanovi¢ i sar., 2017) i
prema statistiCkim podacima Ministarstva poljoprivrede, Sumarstva i vodoprivrede u 2021. godini gajen je
na povrini od 1.020.337 ha sa ostvarenom proizvodnjom od 6.027.131 t (MPVS, 2021). U agroekologkim
uslovima Vojvodine gajenje kukuruza u naknadnim i postrnim rokovima setve bez sistema za
navodnjavanje slabo se praktikuje, pre svega zbog izazova koji se ogleda u neujedna¢enom rasporedu
padavina, naro¢ito tokom letnjih meseci (jul i avgust). Razli¢iti autori isticu da efekat meduuseva na
prinos i komponente prinosa zavisi od tipa, odnosno vrste meduuseva (Pantoja et al., 2015; Kaspar and
Bakker, 2015; Marcillo and Miguez, 2017; Radanovi¢, 2018). Istrazivanje je imalo za cilj da utvrdi koji od
odabranih tipova meduuseva ispoljavaju najve¢i pozitivan efekat na prinos i komponente prinosa
kukuruza gajenog u naknadnom roku setve, kao i da li prihrana azotnim mineralnim dubrivom u pocetnim

fazama rasta kukuruza u kombinaciji sa zaoranim meduusevima uti¢e na prinos zrna.

Materijali i metode rada
Materials and Methods

IstraZivanje je sprovedeno na oglednom polju Rimski Sanéevi Instituta za ratarstvo i povrtarstvo u Novom

Sadu (45°19°N 19°50°E). Ogled sa ozimim meduusevima sastojao se iz zdruZenog useva ozimog sto¢nog
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graSka (Pisum sativum ssp. arvense L.) i tritikalea (x Triticosecale Wittm. ex A. Camus) (T+G), éistog
useva ozimog stocnog graSka (G) i kontrole bez meduuseva (&). Zaoravanje meduuseva i kontrolne
parcele obavljeno je u poslednjoj dekadi maja 2020. godine. Zaoravanje meduuseva u vidu zeleni$nog
dubriva obavljeno je plugom na dubini od 27 cm. Poéetkom juna obavljena je setva hibrida kukuruza
NS4051. Pubrenje azotom (UREA 46%) izvrieno je u vidu prihrane sa 50 kg N ha™. IstraZivanje je
obavljeno na zemljistu koje pripada tipu ¢ernozema obrazovanog na lesu. Laboratorijske analize radene su
u Laboratoriji za Agroekologiju i zemljiste na Poljoprivrednom fakultetu u Novom Sadu. Agrohemijska
analiza zemljista prikazana je u Tabeli 1.

Po reakciji zemljiSnog rastvora, zemljiste je bilo slabo alkalno, pri ¢emu je pH vrednost u KCI
iznosila 7,61, dok je pH u H,O iznosila 8,14. Sadrzaj humusa u orani¢nom sloju je iznosio 2,51%, a
ukupnog azota 0,192%. U pogledu sadrzaja fosfora i kalijuma, zemljiSte je optimalno obezbedeno
lakopristupa¢nim fosforom (13,5 mg 100 g* zemljista P,Os) i kalijumom (21,4 mg 100 g* zemljista
K,0), Tabela 1.

Tabela 1. Osnovna agrohemijska svojstva zemljista pre postavljanja ogleda
Table 1. Basic agrochemical soil properties before experimental set up

Dubina pH y pH y CaCOs Humus N mg 100 g™ zemljista
KCI H,O % % %
(cm) 2 (%) (%) (%) 5.0- K.0
0-30 7,61 8,14 11,0 2,51 0,192 13,5 21,4

Temperaturne vrednosti kao i padavine su u toku izvodenja ogleda bile iznad prose¢nih vrednosti.
Setva je obavljena pocetkom novembra u kojem je bilo 53,7 mm padavina, sa proseénom temperaturom
od 11,6°C. Ove vrednosti su omogucile povoljne uslove za rast i razvoj meduuseva i pripremu za zimski

period (Slika 1)
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Slika 1. Meteoroloski pokazatelji u vegetacionom periodu za lokalitet Rimski Sanéevi za 2019/20. godinu
Figure 1. Meteorological conditions during vegetative period at Rimski San¢evi experimental field in 2019/20 years
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Po zavrSetku vegetacije analizirane su slede¢e morfoloSke karakteristike: visina biljaka (cm), broj
biljaka, masa 1000 zrna (g), hektolitarska masa (kg hl™) i prinos zrna po jedinici povrsine (t ha™). Uzorci
su uzimani sa jednog metra kvadratnog za svaki tretman u tri ponavljanja. Osnovna morfoloska svojstva
na uzorcima od po deset biljaka, po svakom ponavljanju utvrdena su ru¢no, brojanjem i merenjem svake
biljke pojedinacno, a zatim daljom obradom podataka u programima Microsoft Office Excel i

STATISTICA 13.0.

Rezultati i diskusija
Results and Discussions

U naSem istrazivanju analizom pojedinih parametara, utvrdeno je da su visoku statisticku znacajnost
ispoljili meduusevi na broj biljaka (Tabela 3), dok su meduusevi ispoljili statisticku znac¢ajnost (p<0,05)
na prinos zrna kukuruza (Tabela 4). Analizom ostalih parametara nije utvrden efekat ozimih meduuseva.
Na slici 2. zapaZe se da je najveca visina biljaka ostvarena na varijanti GN, (235,6 cm) dok je najmanja
visina kukuruza ostvarena na T+GN, (217,9 cm). Broj, odnosno gustina biljaka kukuruza zavise od cilja
proizvodnje, primenjene agrotehnike i povoljnih uslova za prethodno klijanje i nicanje posejane kulture.
Sklop biljaka kukuruza po jedinici povrSine predstavlja znacajan Cinilac u njegovoj proizvodnji, jer
optimalna gustina setve nije uvek stalna vrednost, ve¢ se menja u zavisnosti od godine, cilja i uslova
proizvodnje (Palovi¢ et al., 2021). U nasem istraZivanju je utvrdeno je da je na kontrolnoj parceli Ngbroj
biljaka kukuruza bio najmaniji (48,620 biljaka ha™), dok je najveéi sklop biljaka ha™ utvrden na varijanti
T+GNy (54340) (Slika 3). Tako je kod ovog parametra utvrdena statisti¢ka zna¢ajnost u interakciji faktora
A (meduuseva) i B (dubrenja) (Tabela 3), na nivou p<0,05 u momentu zaoravanja meduuseva, tj.
uno$enja zelenisnog dubriva u zemljiSte mogla se vizuelno zapaziti razlika u strukturi zemljista, §to je
uticalo na samu pripremu zemljita za setvu, kao i sam kvalitet setve, a time i broj poniklih biljaka i
formiranje sklopa. Na osnovu slike 4, zapaza se da je najveci prinos ostvaren na varijanti T+GNj (8,54 t
ha™), sto je pratilo i vrednosti broja biljaka po jedinici povrsine (Slika 3). Na dubrenoj varijanti GNso
ostvaren je prinos zrna kukuruza od 6,93 t ha™, §to je ujedno i najmanji ostvareni prinos u ogledu, dok su
se prinosi na kontroli kretali izmedu 7,15 No do 7,70 t ha™ Ns,. Ostvarene vrednosti prinosa su pratile i
sam sklop biljaka, Sto ukazuje da se pored mogucénosti gajenja kukuruza u uslovima bez navodnjavanja u
naknadnom roku retve, posebna paznja mora posvetiti prilikom obrade i pripreme zemljista i odabiru
najpovoljnijeg meduuseva. Sa aspekta vremenskih uslova, zabeleZzene vrednosti padavina u aprilu su bile
ispod viSegodisnjeg proseka za 71%, dok je u tokom maja ostvarena veca koli¢ina (48 mm), ali takode
ispod proseka (72,1 mm), $to je svakako imalo uticaja na razvoj meduuseva, ali i njihovu potrosnju
pristupacne vode u zemljistu (Krsti¢ et al, 2018, Vuji¢ et al, 2021). Srednje mesecene temperature u toku

vegetacionog perioda su bile iznad proseka za podrucje na kojem je ogled postavljen. S obzirom na to da
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je setva kukuruza obavljena poéetkom juna kada je prose¢na srednja mese¢na temperatura bila 20,7°C uz
znatno vecéu koli¢inu padavina (163 mm) u odnosu na visegodisnji prosek od 85,9 mm (Slika 1). Srednja
mesecna temperatura u avgustu je bila 24,1°C, odnosno za 2,1°C iznad viSegodisnjeg proseka, §to je imalo
uticaja na oplodnju i formiranje zrna. Bekavac i sar. (2010) navode da meteoroloski uslovi tokom
poslednjih decenija sve viSe imaju uticaj na forminje prinosa zrna kukuuza, zbog neujednaéenog rasporeda
padavina, visokih temperatura tokom kriti¢nih faza rasta i razvoja ove biljne vrste. lako se 2020. godina
pokazala kao izuzetno povoljna za gajenje kukuruza u naknadnom roku setve, zbog padavina tokom
kriticnog perioda vegetacije kukuruza koje su bile iznad viSegodiSnjeg proseka, brojni autori isticu da u
semiaridnim uslovima prinos kukuruza zavisi od prethodno gajenog ozimog meduuseva, tj. koli¢ine
utrodene vode od strane meduuseva (Cupina et al., 2017; Radanovi¢, 2018; Meyer et al., 2022). Sa druge
strane, analizom razli¢itih studija mnogi autori isticu da, u povoljnim uslovima godine, sa ve¢om
koli¢inom padavina u odnosu na proseéne agroekoloske uslove Vojvodine meduusevi imaju pozitivan
efekat na prinos zrna kukuruza (Miguez and Bollero, 2005; Chen et al., 2011; Kramberger et al., 2014;
Marcillo and Miguez, 2017). Prethodno gajeni i zaorani meduusevi nisu ispoljili statistiCku zna¢ajnost na
masu 1000 zrna, pri ¢emu su se vrednosti kretale od 271,9 g T+GN5, do 287,7 g na kontrolnoj varijanti sa
dubrenjem od 50 kg N ha™, §to je bila i najveéa izmerena vrednost (Slika 5). Pandurovié i sar. (2009) u
istrazivanju navode da sa povecanom gustinom biljaka dolazi do smanjena mase 1000 zrna, kao i da je
povecana koli¢ina azota blago uticala na povecanje mase 1000 zrna. U pogledu hektolitarske mase,
najveca vrednost utvrdena je na varijanti T+GNs (67,5 kg hl™), a najmanja na tretmanu T+GN, (60,6 kg
hl™), dok je varijanta sa ozimim graskom (G) kao meduusevom uz prihranu azotom imala hektolitarsku
masu od 64,0 kg hl™, koja je veoma sli¢na istoj varijati bez dubrenja odnosno, 63.4 kg hl™. Gajenje useva
u naknadnom roku setve u agroekolo$kim uslovima Vojvodine zastupljeno je u malom procentu i to
uglavnom na poljoprivrednim gazdinstvima koja se bave sto¢arskom proizvodnjom, a u cilju dobijanja
sveze 1 kvalitetnije krme od 0zimih meduuseva. Stoga se smatra da koncept proizvodnje koji kombinuje
ozime meduuseve i glavne useva nije u velikoj meri zastupljen i moZe se smatrati kao alternativa u slucaju
nemogucnosti obavljanja proleéne setve u optimalnim rokovima, $to se najceS¢e deSava kao posledica

nepovoljnih vremenskih prilika.
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Tabela 3. Analiza varijanse visine biljaka kukuruza
Table 3. ANOVA maize plant height

Izvori varijabilnosti Stepeni Suma kvadrata % Sredina kvadrata F Verovatnoca
slobode p

Efekat A 2 179,8958 18,0 89,9479 2,880 0,0824
Efekat B 1 55,7292 5,6 55,7292 1,785 0,1968

Interakcija A*B 2 311,4375 311 155,7188 4,986* 0,0022
Blokovi 2 140,8958 14,1 70,4479 2,256 0,1339
Greska 10 312,2917 31,2 31,2292
Ukupno 17 1000,2500

A — uticaj meduuseva, B — uticaj dubrenja, ** visoko znacajan uticaj (P<0,01) * znacajan uticaj (P<0,05)

Tabela 3. Analiza varijanse broja biljaka kukuruza
Table 3. ANOVA number of plants

Izvori varijabilnosti jgeg’ggé Suma kvadrata %  Sredina kvadrata F Verov;tnoca
Efekat A 2 3639978,7500 1,4  1819989,3750 0,260 0,7768
Efekat B 1 1817713,7500 0,7  1817713,7500 0,260 0,6219

Interakcija A*B 2 69064928,0000 26,6 34532464,000 4,934* 0,0200
Blokovi 2 115422552,000 44,4 57711276,000  8,246** 0,0034
Greska 10 69982888,0000 26,9 6998289,0000
Ukupno 17 259928064,000

A — uticaj meduuseva, B — uticaj dubrenja, ** visoko znaé¢ajan uticaj (P<0,01) * znaCajan uticaj (P<0,05)

Tabela 4. Analiza varijanse prinosa zrna kukuruza (t ha)
Table 4. ANOVA maize grain yield (t ha™)

Izvori varijabilnosti Stepeni Suma % Sredina = Verovatnoca
slobode kvadrata kvadrata p
Efekat A 2 1,2131 7,3 0,6065 1,042* 0,3758
Efekat B 1 1,2797 7,7 1,2797 2,198 0,1535
Interakcija A*B 2 2,5603 15,4 1,2802 2,198 0,1402
Blokovi 2 5,7631 34,6 2,8816 4,948* 0,0199
Greska 10 5,8236 35,0 0,5824
Ukupno 17 16,6399

A — uticaj meduuseva, B — uticaj dubrenja, ** visoko znac¢ajan uticaj (P<0,01) * znacajan uticaj (P<0,05)

Tabela 5. Analiza varijanse mase 1000 zrna kukuruza (g)
Table 5. ANOVA 1.000 grain mass of maize

S . Stepeni Suma Sredina Verovatnoca
Izvori varijabilnosti slobode kvadrata % kvadrata F p

Efekat A 2 295,5000 4,4 147,7500 0,443 0,6543

Efekat B 1 100,6667 15 100,6667 0,302 0,5956
Interakcija A*B 2 269,3333 4,1 134,6667 0,404 0,6787

Blokovi 2 2645,0000 39,8 1322,5000 3,965 0,0377

Greska 10 3335,1250 50,2 333,5125

Ukupno 17 6645,6250

A — uticaj meduuseva, B — uticaj dubrenja, ** visoko znacajan uticaj (P<0,01) * zna¢ajan uticaj (P<0,05)
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Tabela 6. Analiza varijanse hektolitarske mase kukuruza (kg hl)
Table 6. ANOVA hectolitre mass of maize grain

10.5937/ZemBilj2202140V

Izvori varijabilnosti Stepeni Suma % Sredina F Verovatnoca
slobode kvadrata kvadrata p
Efekat A 2 3,3620 2,0 1,6810 0,207 0,8165
Efekat B 1 31,9887 19,0 31,9887 3,931 0,0611
Interakcija A*B 2 40,3550 24,0 20,1775 2,479 0,1122
Blokovi 2 11,1589 6,6 5,5794 0,686 0,5210
Greska 10 81,3854 48,4 8,1385

A — uticaj meduuseva, B — uticaj dubrenja, ** visoko znacajan uticaj (P<0,01) * znacajan uticaj (P<0,05)
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Slika 2. Visina biljaka kukuruza
Figure 2. Height of maize plants
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Slika 4. Prinos zrna kukuruza t ha™
Figure 4. Maize grain yield t ha™
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Slika 3. Broj biljaka kukuruza ha™
Figure 3. Number of plants ha™
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Slika 5. Masa 1000 zrna
Figure 5. Thousand grain mass
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Slika 6. Hektolitar mass of grain
Figure 6. Hektolitar mass of grain

Zakljuéak

Conclusions

Na osnovu sprovedenog istrazivanja uticaja meduuseva na prinos i komponente prinosa kukuruza u naknadnom roku
setve, utvrdena je visoka statisticka znacajnost na broj biljaka. Ozimi meduusevi koga su Cinile varijante: zdruzena
sme$a tritikala i graska (T+G) i Cist usev graska (G), takode su ispoljili statisticku znacajnost na prinos zrna
kukuruza. Najveéi sklop biljaka kukuruza zabeleZen je na varijanti bez dubrenja azotom (No) od 54,340 biljaka ha™,
na kojoj je i postignut najveéi prinos zrna od 8,54 t ha™. Kao alternativa sve ve¢im izazovima oko nabavke inputa u
poljoprivrednoj proizvodnji, uvodenje meduuseva u strukturu setve ¢e u buducnosti imati sve ucestaliju primenu u
praksi. Smatra se da koncept proizvodnje koji kombinuje ozime meduuseve i glavne useva nije u velikoj meri
zastupljen i moze se smatrati kao alternativa u sluaju nemogucnosti obavljanja proleéne setve u optimalnim
rokovima, §to se naj¢e$ée desava kao posledica nepovoljnih vremenskih prilika. Istrazivanje bi dalje trebalo usmeriti
na odabir odgovarajuc¢ih biljnih vrsta i njihovih kombinacija (smesa) za meduuseve koje ¢e pozitivno uticati na
ocuvanje plodnosti zemljista, povoljno uticati na njegovu obradu, a time i na moguénost proizvodnje kukuruza u

uslovima suvog ratarenja.
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The influence of winter intercrops on the yield and yield components of maize in the subsequent
sowing time
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Abstract

The aim of this study was to determine the effect of cover crops and interactions on yield and yield
components of maize in the semi arid conditions. Research was carried out in the production years 2020 at
the Rimski San¢evi experimental station of the Institute of Field and Vegetable Crops in Novi Sad. The
winter cover crops consisted of the combined intercrops: winter pea (Pisum sativum ssp. arvense L.) +
triticale (Triticosecale) (PT) and single-species cover crops winter pea (P) and control without cover crops
(C), all with nitrogen fertilization 50 kg ha™ (N50) and without the use of fertilizer (NO). The sowing of
winter cover crops was carried out in autumn in the first decade of November, and their mulching and
plowing was done in the last week of May. After plowing and soil preparation, maize (NS4051) was sown
in the first decade of Jun and harvested in October. The statistical significance (p<0.05) was found
between different variants regarding the use of cover crops. The highest yield was achieved in a mixture
of PT (NO) 8.54 t ha™. The use of cover crops as green manure has a positive impact on the productive
properties of maize with a reduction in inputs and possible lower production costs.

Key words: cover crops, mixture cover crops, green manure, maize
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