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Abstract

The paper presents results of two-year study of the possibilities of summer growing potatoes
in agro ecological conditions of Podgorica (Montenegro). Two potato varieties were tested:
Kennebec and Monaco. Research was carried out during 2011 and 2012, in the vicinity of
Podgorica, at an altitude of 40 m. Field trials were carried out using the standard
methodology in a completely randomized block design with four replications.

In two-year study both varieties had approximately the same number of formed tubers per
plant - Kennebec 5.2 and Monaco 4.9. Variety Kennebec had significantly higher tuber
weight - 140 g. The average weight of tubers in variety Monaco was - 126.5 g.

On the plots on which was cultivated variety Kennebec yield was 31.3 t.ha™, while the
variety Monaco yielded 26.6 t.ha™. The differences in the yield of tubers from the varieties
studied were highly significant.

Statistically very significant differences in the average yield of tubers were influenced by the
interaction variety x year. Variety Kennebec had a significant increase in yield in 2011
compared to the variety Monaco in 2012.

The results showed that the agro ecological conditions of wider region of Podgorica area
under irrigation conditions are ideal for summer planting of potatoes.
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I ntroduction

Potato is grown on 11000 ha in Montenegro (http://www.monstat.org). Although
there is a tendency of decreasing of arable land, the potato production in Montenegro is
constantly increasing. In the production structure of the arable land, potato accounts for more
than 20% and it is a leading agricultural plant in Montenegro (Jovovic et al., 2012a; 2013a).
Production intended for fresh consumption is about 16.8% of total production and is mainly
located in the Zeta-Bjelopavlici and the coast. Dominant form of potato production in
Montenegro is the production of potatoes for storage (83.2%) and is related to the central and
mountainous area. Yield of potatoes in Montenegro is still low (16.5 t.ha™), very unstable and
strongly influenced by weather conditions. Differences in yields of potatoes between
production regions are also highly expressed (Muminovic et al., 2014).

The main area of production of early potatoes in Montenegro is located in the wider
area of the municipality of Podgorica and the coast with the surrounding hilly areas up to 600
m of altitude. This area is represented in the Mediterranean and modified Mediterranean
climate with long, hot and dry summers and mild and rainy winters. The average annual
temperature in this climatic zone is 13-15 °C, in Podgorica from 16 to 17°C, with relatively
high annual sum of precipitation - from 1300 to 2500 mm. Due to the uneven distribution of
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rainfall during the year, this zone is characterized by a pronounced aridity, with long drought
periods (Jovovic et al., 2013Db).

The problem of food production in biggest part of the world is becoming more
important and requires urgent action. In conditions when the total area of arable land cannot
significantly increase the only option for increasing food production remains increase of
production on existing surfaces. This increase includes obtaining a higher yield per unit area
and establishing a system of two harvests a year, and in all that irrigation plays a crucial role.

Very favourable climate around Podgorica allows organization of a very intensive
plant production system with two or more harvests per year. As here is predominantly present
soil of medium production capacities it is necessary to ensure proper fertilization and
irrigation to obtain high and stable yields in summer season. Water is one of the most
important factors of successful potato production. Only in terms of well-organized irrigation,
which requires a sufficient amount of water during the entire growing period, it is possible to
obtain high yield and good quality potatoes (Kashyap and Panda, 2003; Yuan et al., 2003;
Onder et al., 2005).

As it is assumed that Podgorica is the area with the highest average monthly
temperatures during the summer and the highest average number of tropical days a goal was
set to test the possibility of summer planting of potatoes in given agro-ecological conditions
and to find genotypes which will in these conditions give a satisfactory and stable yields.

M aterials and methods

Studying the possibility of growing potatoes in two seasons was conducted in 2011 and
2012. We tested two varieties of potato early tuberisation: Kennebec (leading variety of
potatoes in Montenegro, early main crop, white flesh colour) and Monaco (early variety,
yellow flesh colour). Soil type on which experiments were conducted is Terra rossa and it is
located on 40 m of altitude. Experiments were carried out using field trials in a randomized
block design with 4 replications. The plot size was 28 m?. Planting density was 70x33 cm,
achieving 43300 plants per hectare. Planting was done in third decade of July (26™ July in
2011 and 20™ July 2012). Seed for spring planting was used, that was stored in refrigerator at
4°C until beginning of sprouting (use of seeds from spring planting is complicated and for
breaking of seed dormancy requires the use of chemicals - gibberellic acid). Germination on
the diffuse light started a month before planting at a temperature of 15°C. Tubers used for
planting were weighing approximately 60-70g.

In both years, two days before planting was done soil drench. The crop of potatoes was
regularly treated with products against late blight and one against Colorado potato beetle (due
to the high temperature possibility for the emergence of Colorado potato beetles is much
lower than in the spring planting). During the hilling potato plants (plant height 20-25 cm)
fertilization with nitrogen was done. Irrigation of potatoes was done when the technical
minimum was reached at humidity of soil of 75-80% of FWC. Irrigation was done using
Microjet irrigation system and irrigation norm was 15 mm.m.

Table 1 - Chemical characteristics soil on experimental field (Terra rossa)

Depth Locality pH CaCOg3 Humus Soluble mg/100
(cm) % % g
H,O nKClI P,0s5 K,0
30 | Podgorica 6.0 | 4.97 1.43 4.56 43 |15.0

Few days before harvesting of potatoes, sampling was done by taking 10 potato plants
per replication to determine the number and weight of tubers. Potato harvesting was done
manually after full maturation of canopy (1% December in 2011 and 20™ November in 2012).
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The potato yield in the experiment was determined by measuring the tubers at each
elementary plot and then the yield per hectare was calculated.

The analysis of variance was calculated according to randomize complete block
design with two factors: variety (A) and year (B). The significant differences among the
means were evaluated according to least significant difference (Isd) test (Maletic, 2005).

Table 2 - Meteorological conditions during the experiments

Ye Month Avera Aver
ar July Augu Septe Octo Nove ge age
st mber ber mber vegetation annu
period al
Air temperature (°C)
2011 27.2 29.3 26.3 16.3 9.9 21.8 17
2012 30.4 29.7 23.9 18.2 13.3 23.1 17
Amount of rainfall (mm)
2011 31.4 2.1 43.3 75.6 37.1 189.5 896.9
2012 11.3 0.5 86.6 296.3 285.8 680.5 1763.6

The soil on which experiments were performed is type terra rossa (tab. 1). It is
characterized by low carbonate content and low soil acid reaction (pH). Phosphorus content is
low and moderately supplied by potassium. It contains a high percentage of humus.
Meteorological conditions during performance of the experiment are shown in table 2.

Results and discussion

The possibility of growing crops in two or more seasons is a gift of nature that allows
more extensive and therefore cheaper production at the same field during the same year. In
the agro ecological conditions of Podgorica water is a limiting factor for summer planting of
potatoes and irrigation occurs as the only option to eliminate the negative effects of the
summer heat and deficit of rainfall.

Table 3 - Results of the investigation

Parame | Average tuber number Average tuber Tuber yield (t.ha™)
ter weight (g)
Year (B) 2011 | 2012 | Average | 2011 | 2012 | Average | 2011 | 2012 | Average
Variety (A)
Kennebec 4.9 5.4 52a 149 131 140a | 318 | 30.7 | 31.3a
Monaco 4.5 5.2 49a | 138 115 | 1265b | 27.1 | 26.0 | 26.6b
Average 4.7 5.3 51 1435 | 123 | 1333 | 295 | 284 29
A B A*B
LSD LSDO0.01 LSD0.05 LSD LSDO0.05 LSD
0.05 0.01 0.01
Average tuber number  0.563 0.789 0.563 0.789 0.796 1.116
Average tuber weight
@ 12151 17.036 5, 17036 17185 o,

Tuber yield (tha®)  3.916 5490 3916 5490 5538  7.764

Number of potato tubers is influenced by the number of potato shoots formed by a
single plant. If the number of the primary shoots is bigger, the number of tubers formed is
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bigger, but their mass is less and vice versa (Bugar€i¢, 2000b; Butorac i Bolf, 2000; Jovovic,
2002). Results in Table 3 show that in the two-year research both varieties had approximately
the same number of formed tubers per plant - Kennebec 5.2 and Monaco 4.9. Kennebec and
Monaco are varieties that are characterized by a medium level of tuberisation. A smaller
number of tubers recorded in the experiments are a consequence of high temperatures during
August when plants of potatoes are in tuberisation phase (23.9 in 2011 and 29.7 °C in 2012).
Optimal soil temperature in the phase of formation of tubers according to Muminovic et al.
(2014) is between 15 and 18°C, and air temperature between 18 and 22°C. As the air
temperature in Podgorica during this period was higher these results were expected.

Weight of tubers is an important parameter of productivity and quality and it
significantly affect the viability of the plant and also affects the final yield (Rykbost and
Locke, 1999). The importance of the size of the tubers is expressed through the number of
sprouts and their biological potency, and is closely associated with the physiological age of
the tubers (Posti¢, 2006). Table 3 shows that the higher average weight of tubers was
measured in crop variety Kennebec — 140 g (149 g in 2011 and 131 g in 2012). Average
weight of tubers in variety Monaco was — 126, 5 g (138 g in 2011 and 115 g in 2012).
Differences in the average weight of tubers from the varieties of potato were statistically
significant. The optimal temperature of the air at the period of intensive tuber growth is 21-
25°C (Muminovi¢ et al., 2014). Table 2 shows that the potato plants at this stage had very
favourable thermal conditions that along with good supply of plants with water caused the
formation of relatively large tubers.

Results presented in Table 3 show that the highest yield of tubers in the experiments
was measured in crop variety Kennebec in 2011 — 31.8 t.ha™, while the lowest yield had the
variety Monaco in 2012 — 26.0 tha™. In two years average variety Kennebec had yield of
31.3 t.ha™, and Monaco 26.6 t.ha™. In comparison with the variety Monaco, variety Kennebec
gave a significantly higher yield of tubers.

In the two years studies slightly higher average yields of potatoes were measured in
2011 - 29, 5 t.ha™’. Average yield of potato in 2012 was 28.4 t.ha™. Between the years studied
there were no statistically significant differences with respect to this parameter.

Statistically very significant differences in the average yield of tubers were formed
and influenced by the interaction variety x year. Variety Kennebec in 2011 exhibited a
significant increase in yield compared with the yield of variety Monaco in 2012. Such an
expressed influence of meteorological conditions on the yield of potatoes is in accordance
with the results of previous research (Jovovi¢ at al, 2012b; Hassanpanah, 2011).

Bearing in mind that this was a summer production of potatoes and potato cultivation
in the second season, yields was more than satisfactory. Yields were at the level of spring
planting yields and those obtained by growing potatoes in the continental part of Montenegro.
Jovovic at al., (2012c) trough studying the productivity of a large number of varieties of
potatoes in a number of localities in the mountainous regions of Montenegro established
average yield of variety Monaco of 27.2 t.ha™, meaning that this yield was at the level of
yields obtained in previous studies. The yield of variety Kennebec obtained in this study
(31.3 t.ha™) was higher than yields obtained in continental area — 28.3 t.ha™ (Jovovi¢ at al.,
2013c). Summer planting of potatoes allows production of 50 or more tons of potatoes per
hectare in one year in the southern area of Montenegro which is significantly higher than
average Yyields that have the most developed countries in the world.

Conclusions

Based on two years of studying the possibility of summer planting of potatoes in agro
ecological conditions of Podgorica area can be concluded:
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1. The agro ecological conditions of Podgorica are very favourable conditions for
summer planting of potatoes. To obtain high and stable yields in summer production it
IS necessary to provide irrigation. In such conditions, the success of this production is
guaranteed.

2. Both varieties studied had approximately the same number of formed tubers per plant
- Kennebec 5.2 and Monaco 4.9. No statistically significant difference between the
varieties was determined in terms of these properties.

3. Variety Kennebec (140 g) in comparison with the variety Monaco (126.5 g) had a
significantly higher average weight of tubers.

4. Highest tuber yield in the experiments was measured in crop varieties Kennebec -
31.3 t.ha-1, while the lowest yield was in variety Monaco - 26.6 t.ha -1. The
differences in the yield were statistically highly significant.

5. Summer planting potatoes in Podgorica in irrigation allows very satisfactory yields.
For these reasons, growing potatoes in this method should be paid more attention in
the future.
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