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Abstract

Agricultural production as the primary economic activity depends on a number of
natural and social factors. One of the natural factors that significantly affects the
cultivation and production of crops is climate. This paper examines the agroclimatic
conditions of the Ni§ Valley, as an essential prerequisite for the selection of economically
viable crops. For the purpose of the analysis, the data on the precipitation and air
temperature from the meteorological station Ni§ from 1951 to 2010 were used. The data
were used to determine the detailed agroclimatic indicators and to define the vegetative
season for different temperature thresholds and thereby establish better conditions for
agricultural production of certain crops. The analysis in the paper is divided for two thirty-
year periods (1951-1980 and 1981-2010) in order to determine the trend of climatic
changes and thus contribute to the planning and improvement of agricultural production.

Key words: agricultural production, agroclimatic indicators, vegetative season,
crops, the Ni§ Valley.

MNOJ/bONIPUBPEJHA IMPOU3BOJIbA Y HUILIKOJ
KOTJIMHHU - ATPOKIMMATCKHU YCJI0OBHA

AncTpakT

TossompuBpeHa MPON3BOIHA KA0 MPUMapHa MPHUBPEAHA AENATHOCT 3aBHCH OJ
OpOjHMX TPUPOTHUX W JAPYIITBEHHX (akTopa. Jeman on mpupogHHX (hakTopa KOju
3HAYajHO yTHYC HA Tajerhe M MPOU3BOIBY OMJBHUX KYNTypa je KiuMa. Y paay cy
UCIIUTUBAHU arpoKIMMAaTCKu YyCJIOBM Hulke KOTIMHE, Kao OWTaH NpeaycioB 3a
01a0Mp EKOHOMCKH MCIUIATUBHX KYNTYpa. 32 OBaKBY aHAIN3y Cy KOpUITNEHH MOaIH
0 TmaJaBMHamMa M TeMIeparypu Basznyxa 3a nepuoj 1951-2010. ca mereopoiomike
crauurie Hum. Ilomamm cy mocmyXkmim ma ce JAeTajbHO YTBPAE arpOKIMMATCKH
MoKa3aTesby, Ae(UHHIIC BEreTallHOHN MEPUOA 32 Pa3iIMYHUTe TeMIIepaTypHe Mparose
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Y Ha Taj HAYWH YTBP/IC YCIIOBH 32 KBAJIMTETHH]Y MOJBOIPHBPEIHY IPOU3BOILY oapeheHnx
Kyntypa. Takohe je m3BpIIeHa M yIOpeHa aHAIM3a 1Ba TPUACCETOTOJUIIA IIepHOAa
1951-1980. u 1981-2010, xako O ce yTBpAMO TPEHI KIMMATCKUX MPOMEHA, M Ha Taj
HaYMH yTHLAIO HA IUIAHUPAE U ITOO0JBIIAE YCIIOBA ITOJOIPUBPE/IHE IPOU3BOIELE.

KibyuHe peun: INOJbONPHUBpPEIHA NPOU3BO/HA, ArPOKIMMATCKH IIOKA3aTeIbH,
BETETALMOHU NepHoJ, OMIbHE KyaType, Humika xotinnHa

INTRODUCTION

A thorough study of climatic and agroclimatic conditions of a territory
is a necessary condition for qualitative and quantitative agricultural
production. As climate is one of the natural factors that significantly affect
plants, it is necessary to examine in detail the prevalent climatic conditions in
a particular territory and thus determine the suitability for growing certain
crops. In addition to the latitude, altitude, exposure, humidity, and other
climatic factors and elements, special attention in agroclimatic studies is
given to the temperature and precipitation regime. The temperature
thresholds of 0, 5, 10, 15, and 20 °C are very important for the active life of
plants. At 0 °C the active life of plants starts or stops, above 5 °C active
vegetation of grasses and small grains in the temperate zone begins. Active
growing periods of plants from the subtropical zone begin above 10 °C and
of those from the tropics above 20 °C (Komljenovi¢, Todorovi¢, 1998).

Situated in the south of Serbia in the composite valley of the Juzna
Morava, the Ni§ Valley represents a large and shallow depression of
irregular oval shape. It is located between Seli¢evica and Mali Jastrebac
mountains and their branches in the south and west, as well as Svrljiska and
Suva Mountain in the east, i.e. on the borderline of fold mountains and
Rhodope mountains. Although largely confined by mountains, it is not
completely isolated. Gramada is connected to Svrljig valley with a pass,
along the Kutinska River to Zaplanje, and over the low SW rim to Dobri¢
and Toplica (Martinovié, 1976, p. 6). It extends to an area of about 620 km?
(RSumovic, 1967). The valley relief is divided into two areas. The lowest
part is the bottom of the valley, which is extensively used for agricultural
production of wheat and vegetables. The second area covers the rim of the
valley in the form of low hills, suitable for cultivation of fruit and grape
vines (Kosti¢, Gaji¢, 1965).

Agricultural production in the Ni§ Valley could be significantly
improved by numerous measures, notably a detailed study of both natural
and social factors that affect it. Considerable attention should be given to
olericulture, pomiculture, and viticulture. The aim of this paper is to
analyze the agroclimatic parameters and conditions in the Nis valley, as
one of the natural factors of agricultural production.
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MATERIALS AND OPERATING METHODS

For the identification and evaluation of agroclimatic characteristics of
Nis valley, we reviewed the data from the meteorological station Ni§ for the
period between 1951 and 2010. We also performed a comparative analysis of
two thirty-year periods — 1951-1980 and 1981-2010.

The data on temperature and precipitation were studied in detail and
the specific agroclimatic indicators were calculated based on them. They are
the best way to define the climate of a territory and advantages for the
development of agricultural crops.

Based on the mean monthly data, we also obtained the mean annual
and mean perennial temperature value for the given period and the vegetation
period. Temperature fluctuations on a monthly basis in the monitored periods
were determined. The temperature trend for the 1951-2010 period was
established using the Mann-Kendall test. Temperature sum, standard
deviation, the coefficient of variation, and mean monthly minimum and
maximum temperatures by periods of time are given in tables. The sum of
active temperatures, the start and end date of the vegetative season, and
temperature sums for temperature thresholds of 5, 10, and 15 °C were also
determined. The graphics show the average monthly temperature for the
1951-2010 period with a trend line, and comparative temperature values in
the 1951-1980 and 1981-2010 periods.

We calculated the mean annual and mean perennial rainfall for a
given period and the vegetative period. We established the trend of rainfall
using the Mann-Kendall test for the 1951-2010 period. Rainfall sum,
standard deviation, and the coefficient of variation for periods of time are
given in tables. We used a graphic presentation to show the average annual
precipitation sum with the trend of 1951-2010, followed by a comparative
graph of monthly precipitation sum for the 1951-1980 and 1981-2010
periods.

Climate aridity of the Ni§ valley is determined by calculation of
Lang’s rain factor (KFg) on the annual level and Gracanin’s rain factor
(KFm) for each month of the year; we also used De Marton’s drought
index (Is) calculated on an annual and monthly basis as well as Lobova’s
index of aridity (Va) calculated for the vegetative season. All calculated
values are given in tables.

In order to determine the conditional balance of humidity, which
characterizes the humidity of a territory, we calculated the hydrothermal
coefficient (Ks) according to Seljaninov. To calculate this ratio, it is
necessary to determine the days of the beginning and end of the vegetative
season, as well as its duration and temperature sums by temperature
thresholds. These values are given in tables.

To graphically show the climate of a place, climate diagrams are
used, which best represent humidity and aridity by month. The paper uses
the climate diagram according to Walter and Lieth.
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TEMPERATURE AND PRECIPITATION REGIME
OF THE NIS VALLEY

For the planning of certain agro operations, such as tillage,
fertilization, irrigation, drainage, planting, etc., it is necessary to know the
climate and its fluctuations over a longer period of time. Heat is one of
the main environmental factors that influence growth and development of
plants throughout the vegetative season, from germination and growth to
the formation and maturation of the fruit. In addition to heat, precipitation
is necessary for life and productivity of plants (Otorepec, 1991, p. 21, 28).

For successful crop production it is first necessary to define the
climate of a territory on the basis of air temperature and precipitation.
Considering only mean annual air temperature, Gracanin performed climate
classification (Gracanin, Ilijani¢, 1977; Komljenovi¢, Kondi¢, 2011a, p.17),
according to which the Nis valley is classified as having a moderately warm
climate (8-12 °C), and for the 1951-2010 period, mean annual air temperature
has a value of 11.76 °C. The graph shows mean annual air temperature for
Ni§ in the monitored period (Graph 1). Additionally, annual rainfall was
independently analyzed and climatic classification was performed according
to Azzi (Azzi , 1952), on the basis of which it was determined that the Nis
valley (1951-2010) has a sub-humid (semi-humid, 500-1000 mm) climate,
because of the annual rainfall sum of 592.21 mm. However, none of these
classifications provide a true picture of the climatic conditions of a territory;
therefore, most commonly used classifications include precipitation and
temperature and their interdependence in their analyses.

A comparative analysis of average monthly and annual values of
air temperature for Ni§ over two thirty-year periods — 1951-1980 and 1981-
2010 — showed a rise in temperature in the latter period, both annual and
monthly (Table 1, Graph 2). All the months show higher values of air
temperature in the second thirty-year period of observation, with the
exception of November and December, which show lower values. In both
observed periods, the variation coefficient is the same and amounts to
0.06. The increase in mean annual temperature and the same coefficient
of variation imply that the dissipation of temperature around the mean
value (standard deviation) increased in the second period.

Thermal fluctuations during the year are very important for
agriculture, especially during the vegetative season, due to adverse effects of
extremely low and extremely high temperatures. Maximum and minimum
mean monthly temperatures for Ni§ are given in Table 2. Determining these
values is essential, as the biological minimum temperature is not the same for
different crops or for individual stages of development. Stepanov states that
wheat, barley, and oats sprout at 4-5 °C, flower at 10-12 °C, while the fruit
bearing stage is at 12-10 °C. Peas and horse bean sprout at 4-6 °C , flower at
8-10 °C, and bear fruit at 12-10 °C, while beans sprout at 12-13 °C , flower at
15-18 °C and bear fruit at 15-12 °C, etc. (Sugi¢, 2000, p. 29). In case of
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extreme temperatures in these stages of growing, one can expect poor yield.
The average monthly temperature fluctuation in the Ni§ valley in the
vegetative season, from April to October, has a value of 19.9 °C. The
lowest mean monthly air temperature is in April, 6.4 °C, and the highest in
August, 26.3 °C.

Table 1. Mean monthly and annual air temperature (), temperature sum,
standard deviation (o), coefficient of variation (CV), mean minimum and
maximum temperature in Nis by periods

Period Jj F M A M J J A S O N D M e
Ann. Sum
000 232 630 1168 1635 19.90 2147 2131 1728 1186 704 216 1156 4205.25
6 235 331 215 150 156 126 132 179 183 178 196 216 067 25174
Cv - 143 034 014 010 006 006 008 011 015 028 100 006 0.06
min 5.00 610 190 7.90 1370 17.70 19.20 1730 1330 860 240 -150 1040 -
max 370 7.60 980 1470 1970 22.10 2480 2630 2040 1640 9.80 640 1310 -
& 062 238 703 1218 17.13 20.38 2249 2232 1744 1233 639 208 1196 4362.85
6 219 260 233 186 151 147 142 164 157 148 260 210 072 262.85
Cv 354 113 033 015 009 007 006 007 009 012 041 101 006 0.6
min 370 370 180 640 1270 17.40 1940 1060 1450 880 -020 280 1080 -
max 540 7.30 1160 1500 20.20 23.60 2620 2560 2170 1470 1210 490 1350 -
& 031 235 667 1193 16.74 20.14 21.98 2182 17.36 1200 672 212 1176 4284.05
g5p. O 228 299 225 173 157 138 145 177 169 164 231 211 072 26044
Loh Cv 738 127 034 015 009 007 007 008 010 014 034 100 006 006
min 500 -610 180 640 1270 1740 1920 1730 1330 860 -020 -280 1040 -
max 540 7.60 1160 1500 2020 2360 26.20 2630 2170 1640 1210 640 1350 -
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Graph 1. Average annual air temperature with a trend line for Nis
in the 1951-2010 period
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Graph 2. Comparative values of mean monthly air temperatures for Ni§
during the 1951-1980 and 1981-2010 periods
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After the analysis of the sum of precipitation on a monthly and
annual basis for Ni$ in the 1951-2010 period (Graph 3) and the comparative
analysis of two thirty-year periods (1951-1980 and 1981-2010) (Table 2,
Graph 4), a significant reduction in the amount of annual rainfall by 23.84
mm was observed in the second period. The standard deviation of rainfall is
slightly lower in the second period, while the coefficient of variation
increased, as a result of a significant reduction in the amount of precipitation.
On the monthly level, precipitation in the vegetative season showed a slight
increase in April, August, September, and October, while in May, June, and
July there was a significant decrease in the amount of rainfall in the second
thirty-year period. May and June have the highest and July and August
have the lowest rainfall in the vegetative season. In these months, there is
considerable variation of precipitation in both periods.

Table 2. Mean monthly and annual sums (%), standard deviation (¢) and
variation coefficient (CV) of precipitation in Nis by periods

Period J F M A M J J A S [6) N D Annual
1951 ¥ 39.78 43.10 41.95 50.37 68.14 67.25 46.23 41.03 47.91 44.16 58.45 55.77 604.13
- o 20.15 2260 2553 22.81 37.53 35.31 29.03 31.11 38.04 31.19 30.70 28.37 98.35
1980 Cv 051 052 061 045 055 053 063 0.76 0.79 0.71 053 051 0.16
1981 X 38.77 36.77 42.48 56.65 58.02 57.31 43.96 46.66 47.95 45.50 54.75 51.46 580.29
- o 2448 20.82 22.39 25.09 24.79 33.73 35.66 30.72 40.93 34.63 38.75 28.19 9591
2010 Cv 063 057 053 044 043 059 081 066 085 076 071 055 0.17
1951 ¥ 39.27 39.94 42.21 5351 63.08 62.28 45.10 43.85 47.93 44.83 56.60 53.62 592.21
- o 2223 21.78 23.81 23.98 31.94 34.60 32.26 30.79 39.17 32.68 34.71 28.13 97.06
2010 Cv 057 055 056 045 051 056 072 070 082 0.73 061 052 0.16
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Graph 3. The sum of annual precipitation with a trend line for Ni§
in the 1951-2010 period
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Graph 4. Comparative values of monthly precipitation sum for Ni§
in the 1951-1980 and 1981-2010 periods
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Air temperature trends for the 1951-2010 period according to
Salmi, Maatta, Anttila, Ruoho/Airola, Amnell (2002) show a positive
trend at the level of significance of a = 0.05. In the first half of the 1951-
2010 period the trend is slightly negative, with the significance level o =
0.05, while in the second half of the 1951-2010 period the trend is very
positive with the level of significance of a = 0.001, i.e. it has a very high
level of reliability — 99.9%. Using the Mann-Kendall test, the
precipitation trend was established and it was determined that there is no
significant trend in the 1951-2010 period. In the first half of the observed
period there is no significant trend, while in the second half there is a
significant slightly positive trend with the reliability level of 95 %.

AGROCLIMATIC INDICATORS

Agroclimatic conditions determine the structure of production,
yield, fruit quality, and economic profitability of any crops. Therefore,
the analysis of agroclimatic conditions is the basis for the planning of
agricultural production (Susié, 2000b, p. 23).

The obtained value of Lang’s rain factor for Ni§ (1951-2010) is
50.4 at the annual level (Table 3). Thus, the Ni§ Valley according to
Lang's classification has humid climate and belongs to steppes and
savannas (Milosavljevi¢, 1990, p. 242). The Lang’s rain factor was
discussed over two thirty-year periods 1951-1980, 1981-2010. The
obtained values are 52.28 for the first period and 48.50 for the second
period. These values of the rain factor favor the given claims that the Nis
Valley has a humid climate, which, according to Lang's classification
belongs to the steppes and savannas with values between 40 and 60. A
negative trend of rain factor values is noted.

Table 3. Rain factor by Lang and Gracanin for Nis by periods

s Lang’s
Gracanin’s rain factor rain faCtOr

Period J F M A M ] J A S O N D Annual
1951-1980 - 18.55 6.66 4.31 4.17 3.38 2.15 1.93 277 3.72 830 25.78 52.28

1981-2010 62.53 1543 6.04 4.65 3.39 2.81 195 2.09 2.75 3.69 856 2474 48.50
1951-2010 127.37 16.97 6.33 4.48 3.77 3.09 2.05 201 2.76 3.71 842 2527 50.36

Rain factor on a monthly level is calculated using Gracanin’s
method (Table 3) (Duci¢, Andelkovi¢, 2004, p. 147). On the observation
period (1951-2010), perihumid climate is typical for the months of
January, February and December with the rain factors of 127.4; 17 and
25.3, respectively. Humid climate is characteristic for the month of
November with the rain factor of 8.4. Semihumid climate is typical for
the month of March with the rain factor of 6.3. Semi-arid climate is
during April, May and October with the rain factor of 4.5; 3.8; 3,7. Arid
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climate is during June, July, August and September with the rain factor of
3.1;2.1;2.0,28.

Gracanin’s rain factor is calculated over a thirty-year period. Based
on the above, it can be concluded that the Ni§ Valley has extremely dry
summer months, with prolonged periods of aridity in the month of
September. Extremely humid climate is characteristic for the winter
months, from December to February. Only in the transitional seasons are
there small variations in the rain factor on a monthly level, so the month
of March in the 1951-1980 period has a value of 6.66, which is the
transition between the humid and the semi-humid climate. By comparing
the value of the rain factor between these two periods, we see the decline
in the value of the rain factor in the second thirty-year period in all
months except April and August.

Table 4. De Marton’s drought index for Nis by periods

Lang’s
rain factor
Period J F M A M J J A S (6] N D  Annual
1951-1980 47.75 41.97 30.89 27.88 31.04 26.99 17.63 15.73 21.07 24.24 41.15 55.02 28.03
1981-2010 43.81 35.63 29.93 30.64 25.67 22.64 16.24 17.33 20.97 24.46 40.08 51.12 26.42
1951-2010 45.72 38.79 30.40 29.28 28.31 24.80 16.92 16.54 21.02 24.35 40.62 53.08 27.22

Gracanin’s rain factor

De Marton’s drought index (Penzar, 1989) was calculated for Nis
(1951-2010) on the annual and monthly level. On the annual level, it is
27.2, which puts the Ni§ Valley among the areas with exorheic drainage
(Table 4). On the monthly level (1951-2010), drought index has the
following values: January, November, and December are the months with
heavy drainage, 45.7, 40.6, and 53.1, respectively. Constant peripheral
drainage occurs in February and March, with the values of 38.8 and 30.4.
Exorheic drainage occurs in April, May, June, September, and October
with the values of 29.3, 28.3, 24.8, 21.0, and 24.3, respectively. Exorheic
or endorheic drainage occurs in July and August with the values of 16.9
and 16.5.

De Marton’s drought index is calculated over a thirty year period and
the values are given in Table 4. Average annual values of drought index for
the two thirty-year periods are 28.03 for the first period and 26.42 for the
second period, which confirms that, according to De Marton, the Ni§ Valley
is classified as an area with exorheic drainage. Through a comparative
analysis of these values, it can be stated that there is a reduction of the index
in the second thirty-year period, which indicates a negative trend of the
drought index in the Ni§ Valley.

Considering the obtained monthly values of the drought index for a
thirty year period, we can see minimal differences on a monthly level. We
also observed a reduction of monthly drought index values in the second
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thirty-year period. Drought index values lower than 10 are not recorded in
the observed periods, which excludes the existence of border desert
endorheic areas, as well as extremely desert areas in the Ni§ Valley.

Table 5. Aridity index by Lobova for Nis by periods

Period Lobova aridity index, Va
1951-1980 0.79
1981-2010 0.73
1951-2010 0.76

The index of aridity by Lobova (Buri¢, ivanovi¢, Mitrovi¢, 2007, p.
78) was calculated for the observed period (1951-2010), but only in the
vegetative season (April-October) (Table 5). Aridity index value of 0.76
indicates that the Ni§ Valley has an arid climate in the vegetative season.
This index is calculated over two thirty-year periods (1951-1980 and 1981-
2010), and the obtained values are 0.79 and 0.73, respectively. The aridity
index by Lobova shows a slight decline in the value in the second thirty-
year period, which confirms the previous statement about climate aridity.

The hydrothermal coefficient (Ks) according to Seljaninov (Otorepec
S, 1973; Komljenovig, et al., 2011b, page 20.) is an important indicator of the
humidity of a territory in the vegetative season, and its special importance
stems from the aspect of successful crop production. The Ks is the ratio
between the amount of rainfall in a given period and temperature sum for the
same period decreased 10 times. This decrease implies the assumption that
the use of water for evaporation during summer months is approximately
equal to the temperature sum decreased 10 times. According to the degree of
humidity, Seljaninov writes about five zones or areas.

Calculation of the hydrothermal coefficient requires prior
determination of the beginning and end of the vegetative season for the
temperature thresholds of 5 °C, 10 °C, and 15 °C, since not all plants have the
same need for warmth. Cryophile plants are adapted to low temperatures, as
they originate from temperate areas (small grains, peas, red clover, turnips,
onions, lettuce, many grasses, cabbage, spinach, pear, apple, etc.).
Thermophile plants are adapted to higher temperatures, as they are from
southern areas and do not tolerate frost (corn, cotton, sorghum, millet,
peanuts, tomatoes, peppers, beans, melons, watermelons, figs, etc.).
Mezophile plants adapted to subtropical regions have moderate demand
for heat (Komljenovi¢, 1998b).

The beginning, end, and duration of the vegetative period for
temperature thresholds of 5 °C, 10 °C, and 15 °C are given in Table 6. We
determined the length of the vegetative period and precipitation and
temperature sums of the mentioned thresholds, which are given in Table 6,
and then we calculated Seljaninov’s hydrothermal coefficient by periods.
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Table 6. Length of the vegetative season, temperature sum and
precipitation sum during the vegetative season for temperature thresholds
of 5 °C, 10 °C, and 15 °C in Nis by periods

Period Threshold Beginning of End of Duration of ~ Temperature Precipitation

in°C vegetative  vegetative  vegetative sum in sum in
season season season in vegetative vegetative

days season in °C  season in mm
5 3 March 27 November 270 4039.16 456.93
1951-1980 10 4 April 25 October 205 3560.19 351,51
15 2 May 27 September 149 2880.14 263.57
5 5March 25 November 266 4151.69 438.67
1981-2010 10 1 April 28 October 211 3777.16 351.65
15 1May 28 September 151 3019.46 250.70
5 4 March 26 November 268 4095.47 447.75
1951-2010 10 2 April 26 October 208 3673.71 353.34
15 1May 28 September 151 2966.61 259.04

Table 7. Hydrothermal coefficient by Seljaninov for the temperature
threshold of 10 °C in Nis by periods

Period A M J J A S (0] Annual
1951-1980 144 1.34 1.13 0.69 0.62 0.92 1.20 0.99
1981-2010 1.55 1.09 0.94 0.63 0.67 0.92 1.19 0.93
1951-2010  1.49 1.22 1.03 0.66 0.65 0.92 1.20 0.96

The obtained values of the hydrothermal coefficient according to
Seljaninov on the annual level and by observed period are given in Table
7 and are 0.9, 0.93, and 0.96, respectively. This conditional balance of
humidity of a territory suggests that the Ni§ Valley ranks in the third zone
(0.7-1) according to Seljaninov, with a clear lack of humidity, where
irrigation is justified only for primary crops during the vegetative season.
Considering annual values of the Ks in parallel thirty-year periods, it can
be concluded that there is a downward trend in the value of the Ks, which
implies that humidity is decreasing in the Ni§ Valley, which may lead to
changes in the structure of agricultural crops in the future.

Seljaninov’s coefficient is considered for the mentioned periods
and by month during the vegetative season for the temperature threshold
of 10 °C because most crops in the Ni§ Valley are biologically active
during this season. The obtained values of the hydrothermal coefficient
classify months into the following zones according to Seljaninov: the
month of April, when the vegetative season starts, has the Ks values of 1.4,
1.55, and 1.49 respectively, and belongs to the area of excessive humidity,
i.e. the first zone. The month of May, with the values of 1.34, 1.09, and
1.22, is characterized by sufficient humidity and is classified in the second
zone. The month of June, with the Ks values of 1.13, 0.94, and 1.03, has
the features of both the second and the third zone, which has a clearly
visible lack of humidity. The month of July, with the values of 0.69, 0.63,
and 0.66, belongs to the fourth zone according to Seljaninov, which is
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characterized as an area of dry land farming and low unreliable yields.
Irrigation is required for primary cultures. The month of August, with the
Ks values of 0.62, 0.67, and 0.65 also belongs to this zone, while
September is classified in the aforementioned third zone with the value of
0.92, which occurred in all three periods of observation. The month of
October, after the vegetative season ends, has the Ks value of 1.20, 1.19,
and 1.20, which places it in the zone with sufficient humidity, the same as
the month of May. Therefore, it can be concluded that the values of the
Ks in comparative thirty-year periods also show a decrease in this
coefficient in the vegetative season, except in April and August.

Humidity or aridity of a place’s climate can be best illustrated through
climate diagrams. For this graphical method we used the climate diagram by
Walter and Lieth (Komljenovi¢, 2011v, p. 23). For dry (arid) areas, such as
the Nis Valley, the ratio of air temperature and precipitation is 1:2. This ratio
implies that 10 °C corresponds to 20 mm of rainfall. Based on the values of
mean monthly air temperature and monthly precipitation sum, two curves are
drawn on the climate diagram (Figure 5). The area above the temperature
curve and below the curve of precipitation is the wet part of the year, and the
area under the temperature curve and above the precipitation curve represents
the dry part of the year. Based on the climate diagrams of Ni$ in the 1951-
2010 period, we observe that the curves touch in July and August, which
suggests that these months are on the verge of aridity and that the irrigation of
primary cultures is necessary. The previously calculated rain factor, drought
index, and hydrothermal coefficient support this claim.
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Graph 5. Climate diagram for Nis in the 1951-2010 period
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CONCLUSION

The mean annual air temperature for Ni§ in the observed period is
11.76 °C. This value places the Ni§ Valley among the areas of warm
temperate climates according to Gracanin’s classification. A comparative
analysis of average annual and monthly temperatures of the thirty-year
periods showed a tendency of increase both on the annual and the monthly
basis. The lowest mean monthly air temperature in the vegetative period is in
April, 6.4 °C, and the highest in August, 26.3 °C. Temperature fluctuation of
average monthly temperatures is 19.9 °C. The Mann- Kendell test showed
that there is a positive trend at the level of significance of .= -0.05.

The annual amount of precipitation in the observed period is
592.21 mm. This value indicates that the Ni§ Valley has sub-humid (semi-
humid) climate according to the classification of climate by Azzi. Through
the comparative analysis of two thirty-year periods, we observed a decrease
in annual precipitation by 23.84 mm of rainfall in the first observed period,
while in the second period, there is a slight upward trend. Months with the
highest rainfall in the vegetative season are May and June, and with the
lowest July and August, which implies considerable variation of precipitation
in both periods.

Through a complete analysis of air temperature and precipitation, it
is concluded that there is a tendency of increase in air temperature in the
second thirty-year period, while there is a decrease in precipitation in the
same period. It should be noted that July and August are months with the
lowest rainfall and the highest air temperatures.

The obtained annual value of Lang’s rain factor is 50.4. Hence, we
can conclude that, according to Lang's classification, the Ni§ Valley has a
humid climate and belongs to the group of steppes and savannas. There
was a negative trend in the values of the rain factor.

Gracanin’s rain factor was calculated on a monthly basis and a
comparative analysis of the two thirty-year periods was performed. Based
on all of the above, it can be concluded that the Ni§ Valley has extremely
dry summers, with prolonged periods of aridity over the month of September.
Extremely humid climate is present during the winter months from
December to February. Only during transitional seasons are there small
variations in the rain factor on a monthly basis. There is a noticeable decline
in the values of the rain factor in the second thirty-year period in all the
months except April and August.

The drought index according to De Marton was calculated on the
annual and monthly basis. On the annual basis it is 27.2, which places the Nis$
Valley among the areas with exorheic drainage. Considering the obtained
monthly values of drought index for the thirty-year periods, we noticed
minimal differences on a monthly basis. We also observed a reduction of
monthly drought index values in the second thirty-year period.



287

The aridity index according to Lobova was calculated for the
observed period, but only in the vegetative period (April-October). The
value of the aridity index by Lobova of 0.76 indicates that the Ni$ Valley
has arid climate in the vegetative period. We also observed a slight
decrease in the value of the index in the second thirty-year period.

The hydrothermal coefficient by Seljaninov was calculated on the
annual level for temperature thresholds of 5 °C, 10 °C, and 15 °C. This
conditional balance of humidity of a territory suggests that the Ni§ Valley
ranks in the third zone (0.7-1) according to Seljaninov, with a clear lack of
humidity, where irrigation is justified only for primary crops during the
vegetative period. Considering the annual values of the Ks in parallel thirty-
year periods, it can be concluded that there is a downward trend in the value
of the Ks, which indicates that humidity in the Ni§ Valley is decreasing,
which may lead to changes in the structure of agricultural crops in the future.

Climate diagrams showed that July and August are on the verge of
aridity and that the irrigation of primary cultures is necessary.

Finally, we conclude that if such climatic trends continue, it will be
necessary to introduce certain agricultural measures in order to maintain and
improve agricultural production. We can also conclude that it would be
desirable for producers to focus on cultures which are more tolerant of high
temperatures and lack of humidity in the vegetative season, especially in July
and August.
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HOJbONMPUBPE/IHA TPOU3BOAIbA Y HUILIKOJ
KOTJIMHU — ATPOKIIMMATCKH YCJIOBH

Harama Maptuh Bypcah', Pagomup ABanosuh’, Musiena Huxomuh'
'Vuusep3uter y Humry, IIpupoaso-MaTeMaTHuki hakyiTer,
Jenaptman 3a reorpadujy, Hum
ZYHI/IBCPSI/ITGT y [Ipumtuan ca mpuBpeMeHnM ceaumreM y KocoBckoj MuTpoBuim,
Jenaptman 3a reorpadujy, KocoBcka Mutposuna

Caxerak

3a KBaINTATHBHY OIEHY arpOKJIMMAaTCKHX ycioBa Humike KOTIMHE aHAMM3UpaHU
Cy mojauy o TeMIepaTypH Ba3lyxa W nagaBuHama 3a Hum y nepuoxy 1951-2010.
ronuHe. Ha ocHOBY BHX yTBpheHH Cy peleBaHTHHU MapaMeTpH KOju Ha HajOooJbH Ha-
YMH Je)UHUINY arpOKIMMATCKe YCJIOBE M IOTOJHOCTH 3a IOJHOIIPUBPEIHY MPOU3-
Boamwy. Takohe je W3BpIIEHa yrnopeqHa aHauM3a JBa TPUAECETOTOIHIIbA MepHosa
1951-1980. 1 1981-2010. roaune.

Humka xotimHa ce cBpcraBa, mo ['padaHWHOBO] KiIAacH(pUKAIMjH, Y MOApYydja
YMEpeHO TOIUIe KJIMME, jep Cpeiba TOAWIIba TeMIIepaTypa Ba3lyXa y OICepBali-
oHOM Tiepuoay u3Hocu 11,76°C. YnopenHa aHanmu3a CpeIlbUX MECEYHUX U TOAUIIEHUX
TeMIlepaTypa Ba3Jyxa y JBa TPHUAECETOrOIUIIbA MepHoia MMoKazyje TeHACHIHN]Y pa-
cra. Men KenzenoBum tectoM je yTBpl)eHO Aa MOCTOjU MO3UTHBAH TPEHI Ha HUBOY
3Hadajuoctu o = 0.05.

lomuima cyMa majgaBuHa y OCMATPaHOM MEPHOAY H3HOCH 592.21 mm, mo Kojoj
Humika xotnrHa nmMa cyOXyMuaHy (TIOJTyBIaKHY) KIMMY Ha OCHOBY KIIacH(HKAIHje
KInMe 1o A3njy. YIOPEAHOM aHaIM30M J[Ba TPUJIECETOTOMINNHA IEPHO/Ia, YOUEHO je
CMameHhe KOJIMIMHA TTaJlaBHHA Ha TOAUIIHEM HUBOY Y IPYTOM OCMATPAHOM IIEPUOTY
3a 23,84 mm.

Humika kotnuHa npeMa JIaHroBoM KUITHOM (JaKTOpy UMa XyMHAHY KIMMY U PH-
Maja IPynu cTena U caBaHa. | padyaHMHOB KUIIHM (akTop mokasyje aa Humika kotiu-
Ha UMa M3pa3uTO CYIIHA JieTa ca MPOIY)KEHUM MEepHOIOM apHUAHOCTH Ha centemoOap
Mecell.
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Wupexc cyme Jle MapToHa Ha roguiimseM HUBOY M3HocH 27,2, mro Humky ko-
TIMHY CBpPCTaBa y O0JacTH ca €r3opeHYHUM OJBOJbaBameM. BpenHocT nHIexca
apunHoct Jlobose ox 0,76 mokasyje nma Humka xoTiMHa ¥Ma apuaHy KINMY Y Be-
TeTalluoOHOM HEPHOY.

KommieTHOM aHanmm3oM TemrepaTypa Ba3Ayxa M IaJaBUHA, 3aKJbydyje ce Ja
MOCTOjU TEHJEHIMja pacTa TeMIepaType Ba3lyXxa y APYroM TPHIECETOTOUIIBHEM T1e-
pHOIy, a UCTOBPEMEHO OMaJame KOIUYUHE MaJaBHHA y UCTOM nepuofdy. Tpeba Ha-
TJIACHUTH JIa Cy jyJI U aBTyCT MECEIM Ca HajMame NaJlaBHHA U Ca HajBUIIUM TeMIIepaTy-
pama Ba3zmyxa.

W3pauyHaBameM arpoKIMMAaTCKHX IIOKa3aTesba, yTBpheH je Onarm majx BpeqHO-
CTH, KaKO KHIIHOT (paKTopa, Tako M MHJAEKca CyIIe Yy APYTOM TPUIECETOrOIHIIBHEM
Hepuosny.

XugporepmMudku kKoeduiujeHT mo CeJpaHWHOBY je padyHaT 3a TeMIepaTypHe
nparose o1 5°C, 10°C u 15°C. Humka xotiuHa ce cBpcraBa y Tpehy 30ny (0,7-1) mo
CeJpaHMHOBY, Ca jJaCHO U3PAXCHUM HEJOCTATKOM BIIAre, IIe je HABOAHKABAE ONPAaB-
JaHO caMO 3a OCHOBHE KYNType TOKOM BEreTalioHOT neprona. [loctoju Tpena maaa
BpenHocTn Ks y Ipyrom TpuaeceTOroIuuImeM IMepHoay, IITO HaM TOBOPH Ja ce
CMambyje BIQXHOCT Ha noapy4jy Humke koTiauHe.

Knumanujarpamom je yTBpheHO za ce jyn M aBrycT Mecell Hajla3e Ha IpaHHLH
CYIIHOCTH U JIa je HaBO/H-aBamhe OCHOBHUX KYJTYpa HEOIIXOIHO.

3akJpydyjeMO 7a, aKO c€ OBaKaB KIMMATCKUA TPEHI HacTaBW, Owhe HEOIXOIHO
yBoheme oapel)eHnX arpoTeXHHYKUX Mepa Yy LHJbY OApKama W MOOOJbIIAmka M0JbO-
HpUBpETHE IPOU3BOIHE HAa TepuTOopHju Humke kotnure.



