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Abstract

This study has been carried out through field trials with irrigation in the river valley of Southern
Morava, near Ni§, at the alluvium soil type, in the period 2008-2009. The experimental field
consisted of three treatments with irrigation (soil matrix potential of 20, 30 and 40 kPa), as well as
unirrigated, control. Irrigation schedule was determined by tensiometers on the basis of the observed
soil matrix potential values. The highest potato tuber yield (48.30 t ha™') was observed at the variant
where soil matrix potential of 30 kPa was kept. Potato tuber yield was the highest when water
consumption for evapotranspiration amounted from 491.3 to 498.6 mm, while at higher or lower
values of water consumption for ET tuber yield dropped. Water use efficiency of potato during the
studied period ranged from 81.23 to 98.21 kg ha®’ mm™. The data concerning tuber vyield,
evapotranspiration and WUE of potato point to the fact that, in order to reach high potato tuber yield
and quality, one ought to keep soil matrix potential at levels around 30 kPa for the conditions of
south Serbia.

Key words: potato, evapotranspiration, soil matrix potential, water use efficiency.

Introduction

The total world potato production amounts about 330 million tons on 18.3 million ha (FAOSTAT,
2010), or 18 t ha™ as average. In Serbia it is grown on 80.000 to 90.000 ha, reaching the average
tuber yield of 10 t ha™ (Stat. Year. Serb. 2008). Genetic potential for potato tuber yield can be up to
100 t ha™. Water deficiency in soil leads to a decrease of potato tuber yield and quality, caused by
the drop of photosynthetic activity per leaf square unit (Van Loon, 1981). Climatic conditions of
south Serbia in the last few years were characterized by long drought periods without precipitation,
and extremely high temperature during vegetation period. Optimal soil moisture for growing
agricultural crops can only be reached in the conditions of irrigation. Insight in values of potential
evapotranspiration (PET), or water demands by plants, is a necessary precondition for realizing an
efficient water regime. Excessive irrigation leads to deep percolation of nutrients, higher potential
for appearing plant diseases and pests, deterioration of soil structure and water losses, causing
increased production costs. Potato PET depends on climatic conditions, soil moisture and potato
cultivar. Potato evapotranspiration established by many researches amounted from 283-700 mm
(Doorenbos and Kassam, 1979; Tanner, 1981; Wright and Stark, 1990; Pereira et al., 1995;
Kiziloglu et al., 2006). Evapotranspiration and irrigation of potato in Serbia were studied only in the
conditions of Vojvodina Province (Bosnjak and Peji¢ 1994; Bosnjak and Peji¢, 1995; Bosnjak et al.,
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1996; Bosnjak, 2006; Mili¢ et al., 2009). Irrigation schedule is pretty important in order to avoid
negative irrigation effects. Numerous reports confirmed efficiency of potato irrigation based on
measuring soil matric potential (Phene and Sanders, 1976; Eldredge et al., 1992; Hegney and
Hoffman, 1997; Pereira and Villa Nova, 2002; etc). Water use efficiency (WUE) is defined by tuber
yield divided by water consumed for evapotranspiration (ET) of potato (Doorenbos and Pruitt,
1977). Having in mind the obtained results concerning potato irrigation, this investigation has been
aimed to determine soil matric potential, potato PET, tuber yield, and WUE in the conditions of
south Serbia.

Material and methods

Field trials with irrigation of potato have been set in the river valley of Southern Morava, near Ni§,
at the alluvium soil type, in the period 2008-2009. Local coordinates of the location were the
following: latitude 43° 19 ', longitude 21° 54, altitude 194 m. The trial was set in random complete
block design, and drip irrigation was applied. Elementary plot was 10.50 m? of area, and plots were
separated by 2.5 m of each other. Determining irrigation term was done by tensiometers. Soil matrix
potential (SMP) was measured at 8:30, daily. The experimental field consisted of three treatments
with irrigation (SMP of 20, 30 and 40 kPa), as well as unirrigated control.

Potato planting (distance 70 cm between rows and 30 cm in the row) was done in the first half of
April in both investigation years, with the cultivar Kennebec, original category, where tuber size
was from 35-55 mm. After soil chemical analyses soil was fertilized before cultivation, as well as
during vegetation by water soluble fertilizers through irrigation systems. The total amount of
nutrients deposited to soil was: N -200 kg ha™, P,Os - 120 kg ha™, K,0 - 300 kg ha™, CaO - 100 kg
ha™* and MgO - 60 kg ha™. During vegetation, the all modern agro technique measures were applied,
and tuber harvest was carried out in the third decade of August in both years of the study.
Calculation of water consumption for evapotranspiration in the conditions of irrigation was done for
each month and for vegetation period in whole, by balancing water from precipitation during
vegetation period, soil supplies, irrigation, and potentially percolated or flown out water after heavy
rains (Aksic et al., 2011).

The data of potato tuber yield were processed by analysis of variance, and significance of
differences in tuber yield was determined by comparing them with LSD values for P<0.05 and
P<0.01. The effect of soil matrix potential and evapotranspiration on potato tuber yield was
analyzed by regression analysis.

The obtained values of texture analysis (table 1) were expected, because fractional relations confirm
that this is a loamy alluvial soil.

Table 1. Mechanical properties of soil

Depth (cm) Total sand (%) | Powder (%) Clay (%)
>0.02 mm 0.02-0.002 mm | <0.002 mm
0-20 421 40.5 17.4
20-40 40.3 37.8 219
40-60 38.7 36.3 25.0
60-80 36.7 35.9 27.4
80-100 351 32.3 32.6
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Immediately before the study began, water-physical properties of soil in the experimental field were
determined (Table 2).

Table 2. Water-physical properties of soil

Depth FV\./C Spe.c ific BUI.k Total porosity | Capacity for water Capac.lty for
(cm) | (welont | weight 1 density | ) o) (vol. %) a

%) (gcm™) (gcm™) (vol. %)
0-20 27.32 2.65 1.35 49.05 36.88 12.17
20-40 25.94 2.58 1.34 48.06 34.76 13.30
40-60 24.44 2.56 1.34 47.65 32.75 14.90

Air temperature was observed at meteorological station Ni§ and precipitation was measured by a
rain gauge at the experimental field (Table 3). Vegetation 2008 was wormer by 1.8 °C than the
average, and the greatest difference from the mean value was observed in June, which was wormer
by 2.8 °C than the many-year mean. Precipitation regime in this period was basically characterized
by a great dispersion of precipitation, and existence of longer or shorter dry periods in May, June,
early July, and August, which had a negative effect on the observed potato tuber yield in the
conditions without irrigation.

Precipitation deficiency in April 2009 was flagrantly expressed in the first part of the month,
causing a decrease of water supplies in soil. High temperatures and precipitation deficiency in May
had a bad effect on plants growth and development. June 2009 was characterized by a relatively
warm weather with high amount of precipitation, especially near the end of month. The first half of
the July was droughty, which had a negative effect to potato crops, being then in full flowering
stage. August was deficient with precipitation having a bad influence to tuber growth.

Table 3. Mean monthly temperatures (°C) and monthly amount of precipitation (mm)

Month
Year v Vv |V vVIE [ vl | Iv-vill
Mean monthly temperatures
2008 13.1 17.9 22.3 22.6 235 19.9
2009 14.3 18.3 20.5 22.8 23.0 19.8
1961-1990 11.9 16.6 19.5 21.3 21.1 18.1
Amount of precipitation
2008 65.5 38.7 325 61.2 24.8 222.7
2009 28.4 27.0 91.5 46.0 38.3 231.2
1961-1990 51.3 66.7 69.7 43.6 43.3 274.6

Results and discussion

Concerning the all irrigated variants, tuber yield was high-significantly higher in regard to the
unirrigated control. The highest potato tuber yield (48.30 t ha™) was observed at the variant with soil
matrix potential of 30 kPa (Table 4). Statistically high-significantly important differences in tuber
yield were observed between the treatment with SMP of 30 kPa and the treatments with SMP of 20
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and 40 kPa. However, at the treatment with SMP of 20 kPa, tuber yield was significantly higher
regarding the treatment with SMP of 40kPa.

During the two-year investigation of potato irrigation the highest tuber yield was reached with SMP
of 30 kPa, which was in accordance with the results of Shock et al. (2002) and Shae et.al. (1999).
When potato tuber yield is concerned the optimal soil humidity before irrigation (SMP of 30 kPa)
observed in our study are in opposition with the following reports: Epstein and Grant (1973) — SMP
of 25 kPa; Eldredge et al. (1992, 1996) — SMP from 50 to 60 kPa; Hegney and Hoffman (1997) —
SMP of 20 kPa; Pereira and Villa Nova (2002) — SMP of 15 kPa; and Kang et al. (2004) — SMP of
25 kPa.

Decreased potato tuber yield caused by increased soil humidity (SMP of 20 kPa) is in accordance
with the results of Wang et al. (2006), Pereira and Shock (2006) and others. Bosnjak (2006), in the
conditions of Vojvodina Province (Serbia), also found that higher soil humidity (80% FWC)
decreased potato tuber yield. Differences in optimal values of SMP for the irrigation start are
primarily caused by irrigation method, soil type and studied environment.

Table 4. Tuber yield of potato (t ha™)

Soil matric potential (A)
Year(B) o kpa(A) [ 30kPa (A | 40KPa (Ay) | Control (A | \verage (B)
2008 (By) 4471 47.64 36.49 2452 38.34
2009 (B,) 4548 48.97 39.13 26.78 40.09
Average (A) | 45.00 4830 37.81 2565 3921
LSD A B AB
0.05 1.95 1.39 2.76
0.01 2.15 1.54 3.05

Tuber yield dependency on soil matrix potential was described as y=—2440.0+3747.2x—68.3x* based
on regression analysis (Figure 1), together with high, positive correlation (r=0.93**). The highest
potato tuber yield was observed at the treatment with SMP of 30 kPa, while lower (SMP of 40 kPa)
or higher (SMP of 20 kPa) soil humidity led to a decrease of tuber yield.

50000+

r=0,98*
4~ 45000+
‘©
=
£ 40000+
o
i °
> 350004
30000 . . . . .
0 10 20 30 40 50
SMP (kPa)

Figure 1. Effect of SMP on potato tuber yield
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Regression analysis defined tuber yield dependency on water consumption for ET as follows:
y=22543.9-37.8x+0.2x*> (Figure 2). Correlation between these two parameters was high and
positive (r=0.93**). The highest potato tuber yield was found when water consumption for
evapotranspiration was from 491.3 to 498.6 mm, while at higher or lower water consumption for ET
tuber yield decreased.
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Figure 2. Effect of ET on potato tuber yield

The established value of evapotranspiration in our experimental field ranged from 294.4 mm at the
variant without irrigation to 522.1 mm at the irrigated variant with SMP of 20 kPa (table 5).
According to many researches water demands of potato vary over a great range, depending above
all on studied environment. For high tuber yield vegetation demands of potato for water ranged
from 500 to 700 mm, depending on climatic conditions (Doorenbos and Kassam, 1979). During a
three-year investigation potato evapotranspiration in Wisconsin (USA) was between 293 and 405
mm (Tanner, 1981). Wright and Stark (1990), stated water consumption of potato for
evapotranspiration from 640 to 700 mm in irrigated areas of Oregon and Washington (USA).
Pereira et al. (1995), found potato evapotranspiration of 283 mm. Kiziloglu et al. (2006), stated that
in the conditions of Erzurum (Turkey) potato evapotranspiration ranged from 167 mm without
irrigation to 610 mm in the conditions of irrigation. According to Erdem et al. (2006), in Trakia
Region (Turkey) potato evapotranspiration was between 464 and 683 mm.

The highest and also stable tuber yield in the two-year period of study was reached when water
consumption for evapotranspiration was between 491.3 and 498.6 mm, so that value could be
considered as potential evapotranspiration (PET) of potato, i.e. its water demands in the conditions
of south Serbia. The measured value of potato PET in our study is greater in regard to the value of
potential evapotranspiration (460-480 mm) established by Bosnjak and Peji¢ (1994) for the
conditions of Vojvodina Province (north Serbia).

Water use efficiency during the studied period was between 81.23 and 98.21 kg ha* mm™ (table 5).
The best ratio between water consumption for ET and potato tuber yield (96.97-98.21 kg ha™* mm™)
was observed at the treatment with SMP of 30 kPa.
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Table 5. Evapotranspiration and WUE of potato

Year SMP Soil water supplies P | ET Yield WUE
(kPa) (mm) (mm) | (mm) | (mm) | (kgha?) | (kgha®mm?)

20 21.4 222.7 | 278 | 522.1 | 44710 85.63

2008 30 32.6 222.7 | 236 | 4913 | 47640 96.97
40 51.5 222.7 | 175 | 449.2 | 36490 81.23

Control 65.4 222.7 - 288.1 | 24520 85.11

20 27.8 231.2 | 256 | 515.0 | 45480 88.31

2009 30 48.4 231.2 | 219 | 498,6 | 48970 98.21
40 53.1 231.2 | 184 | 468,3 | 39130 83.56

Control 63.2 231.2 - 294.4 | 26780 90.96

Water use efficiency during the studied period was between 81.23 and 98.21 kg ha™ mm™ (table 5).
The best ratio between water consumption for ET and potato tuber yield (96.97-98.21 kg ha™ mm™)
was observed at the treatment with SMP of 30 kPa. In the conditions of irrigation the highest
average value of potato WUE of 97.59 kg ha™ mm™ was observed at the variant with SMP of 30
kPa. WUE values of potato obtained by this study (from 81.23 to 98.21 kg ha™* mm™) were similar
to the values reported by Wright and Stark (1990) and Beheral and Panda (2009). Our values of
potato WUE are not in accordance with the values stated by Wang et al. (2006) from 50.4 to 77.1 kg
ha® mm™ in season 2001 and 103.2-131.6 kg h™a mm™ in season 2002 in the conditions of North
China Plain. Values of WUE in our study were higher than the ones determined by Kiziloglu et al.
(2006), which were from 40.2 to 63.4 kg ha* mm™, as well as the ones of Rashidi and Gholami
(2008) who stated WUE ranging from 19.2 to 52.5 kg ha™* mm™.

Conclusions

High and stable potato tuber yield was reached when water consumption for evapotranspiration was
between 491.3 and 498.6 mm, so that value could be considered as potential evapotranspiration
(PET) of potato in the conditions of south Serbia. The highest water use efficiency of potato, which
was from 96.97 to 98.21 kg ha™ mm™, was observed at the variant with SMP of 30 kPa. Results of
tuber vyield, evapotranspiration and WUE of potato revealed the fact that, in order to reach high
potato tuber yield and quality, one ought to keep soil matrix potential at levels around 30 kPa, for
the conditions of South Serbia.
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E®EKTH HA TIOYBEHUOT MATPUKC NIOTEHIUJAJI BP3 IPUHOCOT N
EBAIIOTPAHCITMPAIIUJATA HA KOMIINP

Muposby6 Akcuk, He6ojma I'yuuk, He6ojima enernk, Cnauiua I'yyuk, CnaBuina CTojKOBUK,
Jacmuna KuexeBuk, Cama bapak

AncTpakr
OBa HcTpaxyBame € CIPOBEICHO MNPEKy TEPEHCKH HCINTYBamba, CO HABOAHYBAHE BO PEUYHATA
nonuHa Ha Jy:xHa Mopasa, Bo Onm3uHa Ha Huim, Ha axyBHjaieH THIT Ha 1MOo4YBa, BO epuonoT 2008 -
2009 ronuHa. EkCriepiMeHTaIHHOT OITUT € COCTOEIIE O TPH TPETMAHHU CO HaBOAHYBame (IIOYBEH
MaTpukc noteruyjan Ha 20, 30 u 40 kPa), kako u eeH HeHaBOJHYBaH, Kako KOHTpoia. Pacopenor
Ha HABOJHYBam€ € YTBPAEH CO TEH3MOMETPH BpP3 OCHOBA Ha HAOJbyIyBaHHWTE BPEIHOCTH Ha
IIOYBEHHOT MaTpHKC moTeHujan. Hajsucok mpumoc Ha xommmp (48,30 T xa-') e 3abenexaH Kaj
BapHjaHTaTa Kajie MOYBEHHOT MaTpHKC moreHijan m3uecyan 30 kPa. TIpuHOCOT Ha KOMIHp GHit
HAjBMCOK KOra IMOTPOIIyBaykara Ha BOJa 3a eBamoTpaHcmupaiuja wu3HecyBama 491,3-498,6
MUJIMMETPH, J0/eKa NpH IIOBHCOKHM WJIM MOHWCKHM BPEJHOCTH Ha MOTpolIyBauka Ha Boxaa 3a ET
npuHocoT mnangHan. Kopucremero Ha BojaHAaTta e(QHUKACHOCT HAa KOMIMPOT 32 BpeMe Ha
aHAJIM3UPAHUOT nepuos ce aeuxente 81,23 no 98,21 kr xa-! M-, [Toparonure xou ce oHECYBaatT
Ha TPUHOCOT Ha KIyOEHW, eBalloTpaHCIHpalyjaTa ¥ KOPUCTEHETO Ha BOJHATa ePHUKACHOCT Kaj
KOMITUPOT 3a yCJOBH BO jy:kHa CpOuja, ykaxyBaaT Ha (akTOT JeKa 3a Jja ce NMOCTHI'HE BHCOK
MIPUHOC ¥ KBAJUTET HA KOMITHP, IIOYBEHHUOT MAaTPUKC ITOTSHIHjall Tpeba /1a ce 3aApKH Ha HUBO O]
oxoxy 30 kPa.
Knyunu 300poBH: KOMIUp, €BAIIOTPAHCIIMPALN]ja, TIOYBEH MATPHUKC IMOTEHIN)all, KOPUCTEHETO Ha
BOoAHaTa €()UKACHOCT.
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Abstract

Production of tobacco in the Balkan in the past five years rapidly decline. In Greece, tobacco
production is drastically reduced as well, because as a member of the EU (European Union) in
recent years high subsidies for tobacco production were available for the reorientation of tobacco
producers to grow some other crops. In Bulgaria, tobacco production is also reduced because, as a
recent EU member, the country was urged to cut production areas with tobacco (the quota for
tobacco production dropped towards production before becoming an EU member). In Serbia, the
production of oriental tobacco is almost eliminated, produce only Virginia and Burley type of
tobacco (average of 5.000-6.000 tons). Albania, as a producer of oriental tobacco has a symbolic
participation of about 2.000 tons annually. Macedonia produce only oriental type of tobacco. The
production oscilate from 16.128 tons up to 26.314 tons for the past years. It has stable production
with high quality of tobacco well known to the biggest World tobacco companies.

Key words: oriental tobacco, type structure, production, purchase.

Introduction

The production of raw tobacco (1999-2004 year) in Balkan’s region is declining, both in absolute
amount and average per year (Arsov, at all., 2005). The largest producer was Turkey with 212.835
tons or 48,67 % share in total production, while the lowest was Albania with 5.716 tons or 1,31 %.
Macedonia occupied the fourth place with an average production of 22.372 t or 5,12 % of the
analyzed period. The share of Serbian oriental tobaccos significantly dropped after 2003, both as a
result of the transition period for tobacco industry in this country and because of the lack of interest
among the new oweners (Philip Moris, British American Tobacco-BAT etc.), Filipovski at all.
(2010). The trend of declining production is evident in all countries except Bulgaria, where it period
2001-2004 was increased and Macedonia where there is a stagnated at around 22.897 tones for the
same period (Stojanoska, S.and Stojanoski L., 2007). In the world production of tobacco Macedonia
participated with 0,32 %, which represented insignificant participation, while all other countries
together participated with 6,23 %. Oriental type of tobacco present special group of tobacco which
gives bouquet, through the process of blending of cigarettes. The main characteristics are: small
leaves and strong specific aroma. The production directly depend on specific soil and climate
conditions, mixed with good agricultural practice. Many of the early brands of cigarettes were made
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mostly or entirely of oriental tobacco. According to official data from the tobacco international
market, the demand for oriental type of tobacco is increasing in past few years (Universal Leaf
Tobacco Company, 2007/2008).

Purpose of the paper is to analyze the current situation in the Balkan, on the basis of the obtained
data and to get recommendations for overcoming the problems facing the tobacco economy.

Material and methods

Data used from Analyses of the Ministry of Agriculture, Forestry and Water Economy of Republic
Serbia, Ministry of Agriculture, Forestry and Water Economy of Republic Macedonia, Ministry of
Agriculture and Food of Republic Albania, Ministry of Agriculture and Food of Republic Bulgaria.
The link of ec.europa.eu/agricultural/markets was used as a source for investigation on the oriental
tobacco production in the Balkan’s countries (Greece and Bulgaria). The investigations were carried
out for the period 2005/2010. For easier data processing tobacco has been grouped, in eight groups
of tobacco varieties (types) described in the EU Common Market Organization (CMO) - regulation
2075/1992:

I - Flue-cured: tobacco dried in ovens with controlled air circulation, temperature and humidity;

Il - Light air-cured: tobacco dried in the air under cover, not left to ferment;

Il - Dark air-cured: tobacco dried in the air under cover, left to ferment naturally before being
marketed;

IV - Fire-cured: tobacco dried by fire;

V - Sun-cured: tobacco dried in the sun;

VI - Basmas (sun-cured, oriental);

VII - Katerini (sun-cured, oriental);

V111 - Kaba-Koulak (classic) and similar (sun-cured, semioriental);

Groups VI and VII are related to oriental tobacco and the group VIII applies to semi-oriental
tobacco. While the production of certain groups of tobacco (especially to the group VI1II) have been
drastically reduced during the analyzed period, due to easier data processing all tobacco from VI ™
to VIII ™ group have been grouped together in group V, as data in 2011 are already presented from:
ec.europa.eu / agricultural / markets.

Data on area and production are presented as crop, but not as a calendar year. The reason for is that
buying tobacco usually begins in November, in the same year when the production is, but ends in
March next year. The official statistics summarize data by calendar year, so the effect of harvest is
not visible because in one calendar year occurs mixing data from two harvests. For data processing,
table and figure presentations were used, thereat, mainly the comparative method has been used
(natural and financial parameters, searching the movement of official statistical data about
production, processing, purchase prices).

Data in these sources are usually represented as absolute indicators, but we calculated data in
relative ratio as a need of this work, according to the conception of the authors.

Agricultural Policy for Tobacco Production

Tobacco is one of the most economically important agricultural crop in the world. Tobacco
production provide a stable source of income. Also, the processing, manufacture, and distribution of
tobacco products provide employment for thousands of other people throughout the globe. EU
(European Union) tobacco production represents about 6 % of worldwide production. Only thirteen
EU member countries produce tobacco, a few regions in: Italy, Bulgaria, Poland, Spain and Greece
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being particularly active. From these, only Bulgaria and Greece produce oriental type of tobacco.
The arable land devoted to tobacco production in the EU is shrinking rapidly (currently some
100.000 hectares cultivated by approximately 80.000 producers). On average, each producer
cultivates 1,25 hectares of tobacco. Tobacco needs at EU level is about 600.000 annually tons. Its
own production is around 370.000 tons tobacco and over 50 % meet the needs of the tobacco
industry. Exports accounted for about 190.000 tons. The difference to the required quantity
(Utilization = Imports + Production - Exports + / - stocks) being met by imports. Tobacco
production in EU is strictly based on certain regulations arised from EU Common Agricultural
Policy (CAP). During the analyzed period, major changes have occurred in EU policy regarding the
production of tobacco. Some of the measures are presented in the Table 1.

The exception to this is Bulgaria', where as of 2009 crop subsidies were paid from the state
agricultural budget through the Ministry of Agriculture — Department Tobacco Fund. The amount of
subsidy was approved by the EU. The subsidy was the highest for oriental tobacco, about 1,6
Euros/kg and 1,0 Euros/kg, for semi-oriental tobacco, while the Virginia and Burley with about 0,73
Euros/kg. Since the end of 2010 Bulgaria's government decided that Tobacco Fund should be closed
and tobacco production is subsidized under the scheme of payment per unit area, as any other EU
countries. Through the State Fund Agriculture called as national payment, where tobacco is
excluded from the scheme subsidies per unit area where funds are obtain from EU funds (Ordinance
Ne 2 of February, 21.2011 — Special Requirements For Participation in National Schemes Approved
Payments and Specific Support).

In the analyzed period, Macedonia and Serbia (hon-member countries of EU) begin in applying
measures to encourage the production of tobacco. Thus, in some countries subsidize quantity
produced or obtained subsidy per kilo purchased tobacco regardless of its quality and surfaces.
While in other countries, subsidize only the quality of tobacco or higher classes. In both cases the
subsidy is paid directly at farmers’ account.

Macedonia has the first (linear) system all types and classes of tobacco are equally subsidized. The
policy of subsidizing the production of tobacco began in 2006 with 0,24 Euros/kg and then for each
subsequent crop is increasing. The subsidy for the last tree tobacco crops (2009-2011) amounted to
0,98 Euros/kg. There is no announced change in the value and way of subsidizing tobacco for the
crop 2012.

Serbia in 2005 made changes in the way of subsidizing tobacco. Appropriate regulations and
conditions on tobacco subsidies have been changed and directed towards improving the quality of
certain types of tobacco, so they are contracted and certain quantities of purchased tobacco per
kilogram, depending on the type of tobacco and, as request of primary producers and processing of
tobacco. However, in 2006 the subsidy for tobacco was returned per hectare and only for registered
farms that are eligible for a premium, in the amount of about 1.000 Euros/ha.

In 2007 the subsidy was made also per kilogram of purchase tobacco, the four-classes quality and
the reference yield of 1,3 tons per hectare for Virginia and Burley varieties and 0,7 tons per hectare
for the Oriental tobacco. In 2008, the subsidy was also per kilogram of tobacco in the four-class
quality, while the reference yield was 1,8 tons per hectare for Virginia, 1,3 tons per hectare for
Burley and 0,7 tons per hectare for the Oriental tobacco. In 2009 there were no direct subsidies for
tobacco. Producers of tobacco which are registered farmers, have eligible an additional subsidie

! Accession of Romania and Bulgaria into the European Union on January 1, 2007
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about 200 Euros/ha, and 120 Euros/ha for the reimbursement of raw materials intended for crop
production.

Table 1. EU Common Agricultural Policy for Tobacco Production

; Marke

Crop Changes  |Quotas Subsidy ¢ rules

10 No changes

S [compared to _

N

3 fthe current Same Same per kilo Same

o

N system

The total aid to

Farmers will receive of their subsidy at least 40 percent in the
form of a “decoupled” payment, without any obligation to
produce tobacco.

D
S  tobacco . . . .
I o rmers Individual countries can increase this decoupled percentage
S . up to 100 percent, if they wish, for specific varieties or
S  [remains .
N unchanaed producing areas.
g The remaining portion of the subsidy (60 percent or less)
will be distributed to farmers only if they produce tobacco.

N Farmers will receive 50% of their subsidy in decoupled form.
S 'The remaining 50 % will be paid into a Restructuring Fund,
S to be used to finance alternatives to tobacco farming and
& processing.

The entire E.U.

Common
m -
§ Agricultural

Policy will be

discussed

Source: Common Market Organization (CMO) consensus for tobacco, April 20-21, 2004,
Luxemburg, Universal Leaf obacco Company, Inc. Supply and Demand 2006, 2007, 2008.

Results and discussion

Production of tobacco by types and states will be analyzed by the tobacco planted area (ha),
purchased quantities (tons) and the average purchase price per kg.
Production of tobacco in the Balkan’s countries represented by area under tobacco production
(Table 2).
The data in Table 2 shows that the area under tobacco have large oscillations. After harvest in 2005
the areas under tobacco fall until harvest in 2007 (81,76 %), then there is a growth and an increase
in harvest in 2010 (9,17 %) above the areas under tobacco of the harvest in 2005. However, in other
tobacco producing countries the situation is different.
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Table 2. Areas covered by the contracts

Albania Bulgaria Greece Macedonia Serbia Total
CROP ha % ha % ha % ha % ha % ha %
2005 1700 | 100 {40200 (100.00 {48538 100.00{15808 100.00{5000 100.00] 111246 | 100
2006 1630 (95.88 (27369 | 66.97 {18953 (39.05 (15072 (95.34 |5100 [02.00| 68124 |84.45
2007 | 1590 |93.53 (27981 | 68.47 {14438 |29.75 16844 106.55/5100 [102.00| 65953 |81.76
2008 1530 [90.00 (31359 |76.73 {15477 (31.89 |16764 [06.05/5653 [113.06| 70783 |87.75
2009 1445 (85.00 (41865 (102.44 (15714 (32.37 |16212 [02.56|4605 (92.10 | 79841 |98.97
2010 1568 |92.24 149241 (120.48 |15571 |32.08 | 16140 102.10|5545 [10.90| 88065 [109.17
?S’ggafg 1577.2 36335.8 014485 161400  5167.2 80668.67 | 100

Bulgaria has the largest cultivated area under tobacco, averaging 36.335,8 ha, while Albania has the
lowest average cultivated area 1.577,2 ha for the analyzed period. Macedonia is on third place with
16.140,0 ha, right after Greece with 21.448,5 ha cultivated area under tobacco. Also the data is
noted that the cultivated area under tobacco in some of the analyzed countries has been reduced, and
in others increased. The decrease is particularly pronounced in Greece, where the cultivated area
under tobacco in 2010 amounted to 32,08 % of the cultivated area which has been in 2005.

Increases were recorded in Serbia, where the increase is 10,90 % and especially in Bulgaria 20,48 %
in terms of cultivated area since 2005. In Macedonia, the cultivated area under tobacco registered a
small increase of 2,10 %.

Production of tobacco in the Balkan’s countries is represented by the purchased quantity of tobacco
companies for purchasing and processing tobacco by first prosessor, Table 3.

The data in Table 3 shows that tobacco purchased quantities have large fluctuations and a
downward trend. After harvest in 2005 buyout in general decline in all analyzed countries to harvest
in 2008 (40,10 %) when it reaches the lowest level. Then there is a growth, so the purchased
quantities in harvest 2010 reach a level of 72,48 % compared with quantities of purchased tobacco
in 2005.

Table 3. Purchased quantity of tobacco / first processor (tons)

CROP Albania Bulgaria Greece Macedonia Serbia Total
tons % tons % tons % tons % tons % ha %
2005 2231 |100.00| 58300 | 100.00|107447| 100.00| 22806 | 100.00| 7500 | 100.00|198284|100.00
2006 2350 |105.33| 41956 | 71.97 | 22891 | 21.30 | 19681 | 86.3 | 7660 |102.13| 94538 | 47.68
2007 2241 |100.45| 30516 | 52.34 | 21994 | 20.47 | 16288 | 71.42 | 8480 |113.07| 79519 | 40.10
2008 2211 | 99.10 | 36272 | 62.22 | 20536 | 19.11 | 16128 | 70.72 | 8775 | 117.00| 83922 | 42.32
2009 2145 | 96.15 | 48609 | 83.38 | 22556 | 20.99 | 23163 | 101.57| 7362 | 98.16 [103835| 52.37
2010 2272 |101.84| 83615 | 143.42| 21344 | 19.86 | 26314 | 115.38| 10065 | 134.20|143610| 72.43
Aver
So0m 10 | 2242 49878 36128 20730 8307 117285

In other tobacco producing countries the situation is different. Bulgaria has the highest tobacco
production, averaging 49.878 tons, while the lowest production of tobacco has Albania with 2.242
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tons of analyzed period. It also notes that tobacco production in Albania is quite stable. Macedonia
is on third place with an average production of 20.730 tons with large fluctuations during the
analyzed period. It has been noted that in some of the analyzed countries, the production of tobacco
has trend of reduction and increasing in some of them. The decrease is particularly pronounced in
Greece, where production in 2010 amounted to only 19,86% of production in 2005. Increases were
recorded in Serbia, where the increase is 34,20% and especially in Bulgaria 43,42% compared to
production in 2005. In Macedonia tobacco production has increased for about 15% in the past five
years. Regarding the structure of the type of tobacco in analyzed countries some changes are also
evident (Table 4, Graph 1). Data presented in Table 4 show that, especially after the conversion the
way of subsidizing tobacco of 2006 crop in EU zone, notes a dramatic drop in production of all
types of tobacco and then gradually increase the purchased quantity of tobacco. Situation for
tobacco of 2010 crop was quite different: the group: Group | — 35,07 %, than Group Il — 73,24 %
and Group V — 93,02 %, compared to 2005 crop. The greatest reduction is observed in Group |
(Virginia) and Group Il (Burley) tobacco. For oriental and semi-oriental tobacco production has
gradually stabilized at the level of 2005 crop. Structure of tobacco production by type for the crops
2005-2010 is presented on Figure 1.

Figure 1 shows that participation of oriental and semi-oriental tobacco (Group V) in total quantity
produced in the analyzed period is increased from 59,26 % in 2005 crop to 76,07 % in 2010 crop,
while tobacco from Group 1 is reduced from 32,74 % in 2005 crop to 15,85 % in 2010 crop.
Tobacco production of Group 1l is stabilized at around 8 %.

Table 4. Structure of the type of tobacco (analyzed countries)

o Group | Group I, | Group Grlcl)up Group Gr\?up Ttotaésall Ttotaésall
P | % I ’ v | o Ve
% % tons %

2005 64922 | 100,00 15865 100,00 | 117497 | 100,00 | 198284 | 100,00

2006 10983 16,92 12496 78,76 71059 60,48 94538 47,68

2007 13981 21,54 5266 33,19 60272 51,30 79519 40,10

2008 15508 23,89 7597 47,89 60817 51,76 83922 42,32

2009 15338 23,63 8770 55,28 79785 67,90 103893 52,40

2010 22768 35,07 11620 73,24 109300 93,02 143688 72,47

Average

9005-10 23917 10269 83122 117307
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Figure 1. Structure of tobacco production by types from total tobacco production (crops 2005/2010)
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Figure 2. Participation of Groups VI, VII” and VIII in Group V
*Tobacco from Group VI is still grown in Greece and small area in Albania

Production of tobacco in the Balkan is represented by quantity of purchased tobacco from the Group
V (Table 5).

Production of oriental tobacco is on the same level for the last five years in Albania (average of
2.242 tons). It is quite stable as well in Serbia, also with average of 407 tons of oriental tobacco.
The highest fluctations are in Bulgaria in time when the country entered as a new member in EU
and the production failed from respective 39.000 tons on 26.468 tons in 2006 and continue to
decrease rapidly on 19.583 tons in 2007. In the year 2010-th, the production was almoust doubled
for the last five years with quantity of 61.833 tons. The country is still number one in production of
oriental tobacco in the Balkan’s region. Macedonia is right behing with stable average production of
20.730 tons in the last years (because of the bad the weather conditions, crop 2007 and 2008 give
low yield per unit area). From total average production for the analyzed period the largest share in
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the production of oriental and semi-oriental type of tobacco has Bulgaria 40.10 %, and lowest
Albania with 2.70%. Macedonia with 24.95% is in third place, right after Greece (31.76%).

Table 5. Quantity delivered, group V — oriental and semi-oriental tobacco

CROP Albania Bulgaria Greece Macedonia Serbia Total
tons % | tons % | tons % | tons % | tons % | tons | %

2005 2231 {100.00/ 39000{100.00/ 53085|100.00 22806{100.00 375 |100.001174971100.00
2006 2350 [105.33| 26468| 67.87|22177| 41.78|19681| 86.30| 383 [102.13 71059| 85.51
2007 2241 1100.45/ 19583| 50.21 | 21736| 40.95|16288| 70.42| 424 |113.0760272| 72.53
2008 2211 99.10(21515| 55.17| 20524| 38.66 | 16128| 70.72| 439 |117.00 60817| 73.19
2009 21451 96.15|31557| 80.92|22542| 42.46|23163|101.57| 320 | 85.33|79727| 95.94
2010 2272 1101.84 61833|158.55/ 18300| 34.47 | 26314(115.38 503 |134.20109222131.44]
Average

2005_%) 2242 33326 26394 20730 407 83099

0/232;‘;?' 2.70 40.10 31.76 24.95 0.49 100.00

The average purchase price of oriental tobacco (Group V) is different in the analyzed countries
(Table 6).

For example, two crops affected by drought (2007 and 2008) have reduced the purchased quantities
of tobacco and this has caused greater demand for tobacco in the next 2009 crop, and increase the
purchase price. So, in 2010 production has been increased (more agreements) and environmental
conditions were also favorable (raw tobacco are distinguished by good quality and higher yield), but
the purchasing companies have decided to keep the price lower. At the same time, this situation
caused major strikes of farmers in Macedonia and Bulgaria, but the purchase of tobacco was
realized as responding to major purchasing companies.

Table 6. Average price (paid by 1st processing enterprises) group V - oriental tobacco

CROP Macedonia Bulgaria Greece
Euro/kg % Euro/kg % Euro/kg %
2006 1.58 100,00 1.43 100,00 3.50 100,00
2007 2.43 153,80 2.14 149,65 4.10 117,14
2008 2.79 176,58 2.40 167,83 4.23 120,86
2009 3.26 206,33 2.98 208,39 4.20 120,00
2010 2.26 143,04 2.74 191,61 3.50 100,00
Average 2006-10 2.46 2.34 3.91

Conclusions

The international market for oriental tobacco is mainly consisted from the following countries, the
leading producers of oriental tobacco: Turkey, Bulgaria, Greece, and Macedonia. These countries
are the largest exporters of oriental tobacco as well.

The volume of tobacco production in every country, producer of tobacco, depend on available land,
interest in tobacco production, quality of purchased tobacco, etc. However, as the limiting factor
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appears supply and demand in the market. In some countries like Greece, a factor that determine the
interest subsidies for tobacco production, but in the negative sense. Bulgaria with subsidizing,
tobacco production has increased and in a smaller volume in Serbia. For Macedonia positive impact
of subsidies is observed only for vintage 2009 and 2010.

Since interest of quality oriental tobacco on the world market is large (due to quality and relatively
low export price EUR 4-5 kg*) and Macedonian oriental tobacco has been entered into the recipes
of many international brands of cigarettes, interest and orientation of the country in the future is to
take advantage of natural resources and to increase production of quality raw material, designed
primarily for foreign markets.

Since some of the factors which influence on production of tobacco are variable sizes, their
continuous monitoring and analysis are necessary in terms of economic and technological problems,
to find real solution in practice. Only thus is possible to develop an optimal strategy for further
development of tobacco production.

After the conversion the way of subsidizing of 2006 crop participation of oriental and semi-oriental
tobacco in Balkan’s countries (Group V) in total quantity produced in the analyzed period is
increased from 59,26 % in 2005 crop to 76,07 % in 2010 crop, while tobacco from Group I is
reduced from 32,74 % in 2005 crop to 15,85 % in 2010 crop. Tobacco production of Group Il is
stabilized at around 8 %. From all these mentioned above, the oriental tobacco production still
dominated in the region. As for Macedonia, there is a stable production of 25 % from total quantity
of oriental tobacco production in the Balkan.

Purchased prices for oriental tobacco are quite different in each of the analyzed countries, as
follows: highest purchased prices has Greece, averaging 3,91 Euros/kg, on the second place is
Macedonia with 2,46 Euros/kg, and Bulgaria is third with 2,34 Euros/kg. There are also the large
fluctuations in purchasing prices in Macedonia and Bulgaria, while more constant with growing
trend are purchasing prices. In Greece the situation is different. There is a higher standard of living.
Tobacco producers are stimulated to leave tobacco production and switch to other crops (mainly
cotton and olives) Keyser, J.C. (2007). So, cultivated area under tobacco in 2010 amounted to 32,08
% of the cultivated area which has been in 2005. The purchased quantity in 2010 amounted to only
19,86 % of production in 2005. Because of that, tobacco production is a steady decline during this
period and likely purchase prices are held to a higher level, again in order to increase production.
After all, it seems in future there will be small increasing of oriental tobacco production in Bulgaria
and Macedonia. It comes from the fact that the production and purchase of tobacco in Bulgaria is
liberalized during 2011 (amended Law on tobacco and tobacco products).

As one market (EU), the produced raw tobacco purchases in Bulgaria and then is being processed in
other states-EU members, mainly in Greece where there are facilities for processing and production
are reduced. For Macedonia, this means possibility of increasing production, especially because the
same companies (in neighboring countries), are present in purchasing and processing facilities in
Macedonia. In the last few years, two new and modern facilities for manipulation of soft-drying
system and processing of tobacco (SOCOTAB near Bitola, and ALLIANCE ONE in Kavadarci)
have been raised in Macedonia as well. This would mean that foreign companies are interested in a
presence in this region.
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AHAJIN3A HA TPOU3BOJACTBOTO U OTKYIIOT HA OPUEHTAJICKU TYTYH HA
BAJIKAHOT

Apcos 3narko, Kabpanosa Pomuna, /lumos 3opan, CriupkoBcka Mapujana

AncTpakr

[Ipou3BOACTBOTO HA TYTYH BO 3eMjuTe Ha bamkaHOT BO M3MHHATHUTE ITeT ToAWHH omara. Bo ['punja,
TIPOU3BOJICTBOTO HAa TYTYH € IPacTUYHO HamalieHo, Onuzaejku kako wieHka Ha EY (EBporncka YHmja),
BO IIOCIEIHMBE TOJMHM BHCOKHTE CYOBEHIMM 3a TPOW3BOJACTBO HAa TYTYH OHIEC IOCTalHH 3a
MIPEHACOYyBambe Ha NMPOM3BOANUTEINTE HA TYTYH CO NPOU3BOJCTBO HAa HEKOW JIPYTH KyiaTypu. Bo
Byrapuja, npou3BOACTBOTO Ha TYTYH € MCTO Taka HaMalleHO, OMIEjKH, Kako eJHa HeoJaMHEIIHa
uyienka Ha EY, o 3eMjaTta Gemre mobapaHo 1a ro HaMasld MPOM3BOACTBOTO Ha TyTyH (KBOTarta 3a
MPOM3BOJCTBO HA TYTYH TajHA KOH MPOU3BOACTBOTO Mpex Aa crane wicHka Ha EY). Bo Cpowuja,
MIPOM3BOJICTBOTO Ha OPHEHTAJIEH TYTYH € PEYHCH SJIMMHHHUPAHO, Ce MpOM3BeayBa camo Bupyunuja
u bepnej tun Ha TyryH (mpocex ox 5.000-6.000 Tonm). AnbaHuja, Kako IPOHM3BOAMTEN Ha
OpHEHTaJeH TYTYH HMa CHMOOJMYHO ydecTBO Ha okoxry 2.000 ToHm romumHO. MakemoHuja
MIPOM3BEAYyBa CAMO OPHEHTAJICH TUH Ha TyTyH. [IpOoM3BOACTBOTO BO M3MHHATUTE TOJWHH OCIMINPA
ox 16.128 tonu no 26.314 Tonn. Taa mmMa cTaOMITHO MPOWU3BOACTBO CO BHCOK KBAIHUTET HA TYTYH,
J00po TO3HAT Ha HAJTOJICMHUTE CBETCKH TyTYHCKH KOMITAHHH.

Knyunu 300poBH: OpueHTANICH TYTYH, THIICKAa CTPYKTYpPa, IIPOU3BOJCTBOTO, OTKYI.
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Abstract

Corn yields are unstable and largely depends on climatic conditions, hybrids and breeding
technology. The aim of this paper is to analyze the variation of corn yield in the period from 2000 to
2009 from the viewpoint of rainfall and temperature regimes. Based on the information given by the
Republic Hidrometeorological institute and Agricultural expert and education service in Leskovac,
it is analyzed the influence of rainfall and medium temperature of air on the yields of corns in South
Serbia (Leskovac). The special emphasis places on precipitation during the three summer months
(June - August), because it is considered critical for the yield. Out of nine tested years, there were
separated two with unfavourable (2000 and 2008) and two with favourable climatic conditions for
the production of corn (2002 and 2005). So, the average corn yield in unfavourable years was 1.7 t
ha* relatively 1.4 t ha™ when the amount of rainfall in the critical months (June - August) was 89
mm relatively 137 mm and the average air temperature in the same period 21.7° C relatively 20.9
°C. The average yield of corn in favourable years was 4.1 t ha™ relatively 5.7 t ha™ when the
amount of rainfall (June-August) was 257 mm relatively 242 mm and the average temperature of
21,4 °C relatively 19,8 °C. For the yield of corn it is not important total quantity of rainfall during
the year or vegetation, but their arrangement in stages when corn has a great need for water. To
achieve genetic potential for yield, which is more than 10 t ha™ (early hybrids) or more than 15 t ha"
! (late hybrids), in addition to hybrids and crop management it is necessary benignity agro climatic
conditions of the region, especially enough rainfall and their regular schedule.

Key words: corn, yield, precipitation, air temperature.

Introduction

Corn for its economic importance is one of the most important field crops. The great importance of
corns derived from a variety of use, big yield and production volume. According to statistics, in the
Republic of Serbia, it is grown over 1200000 hectares. Corn yields are unstable and largely depend
on climatic conditions, hybrids and breeding technology. Since last year we have drier summers,
and that a very small percentage of the area (less than 2%) to be irrigated, production and yield of
maize are increasingly dependent on rainfall. To form yield of corn, it is not important total amount
of precipitation during the year or vegetation, but their arrangement in stages, when corn has a need
for water. Special importance is attached to rainfall in the summer months (June-July-August)
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because it is a period when corn has expressed need for water and the period when it is determining
the formation of yield. The impact of rainfall and temperature on the yield of corn are spoken and
earlier works some authors (Josipovié et al., 2005; Sostari¢ and Josipovié¢, 2006; Kovadevi¢ et al.,
2009; Maklenovi¢ et al. 2009, Paunovi¢ et al., 2010, Kovacevi¢ et al., 2010).

The aim of this study was to analyze the variation of corn yield in the period 2000 to 2009,
depending on rainfall and temperature regimes.

Material and methods

Based on the information given by the Republic Hidrometeorological institute and Agricultural
expert and education service in Leskovac, it is analyzed the influence of rainfall and medium
temperature of air on the yields of corns in South Serbia (Leskovac). Special emphasis is placed on
precipitation during the three summer months (June-July-August),because it is considered critical
for the yield. Of the ten analyzed years it is separated two (2000 and 2008) when the yields of corn
were lowest, and two (2002 and 2005) when yields were highest. For the analysis of variations in
the yield of corn per year (from 2000 to 2009.) from the standpoint of specific weather events are
given appropriate data (grain yield, rainfall and mean air temperature in June-July-August, and the
average monthly precipitation and temperature in the growing season from April to September).

Results and discussion

Corn yield

Grain yield is a difficult category on the basis that govern all manufactures and he depands on many
factors as well as the production of the region. In table 1 it is given the average yield of corn in the
period from 2000 to 2009 in Central Serbia, Vojvodina and Jablanica (Leskovac). Surely that the
conditions for corn production it these regions are different, as evidenced by average yields. It is
known that the soil in Vojvodina and Serbia better than in the southern part of Serbia, while the
southern part of Serbia is warmer.

The average yield of corn in the Jablanica district (Leskovac) during the study period was 3.3 t ha™,
in Vojvodina 5.1 t ha, in Central Serbia 3.8 t ha™, which means that the average corn yield in the
region of Leskovac was less to 35.3% than in VVojvodina, or 26.7% than in Central Serbia. Also, the
average corn yield in Vojvodina was 25.5% higher than in Central Serbia.These data indicate
favourable agro-ecological conditions of certain regions for corn production. During the analyzed
period we have selected two years when the average yield was the lowest and two years when the
average yields were highest. We note that this are not the same years in all regions, which once
again testifies to the diversity of agro-climatic conditions in some regions. Thus, in Central Serbia
lowest yields (1.9 and 2.3 t ha™) were in 2000 and 2007 year, and the highest (4.5 and 5.0 t ha™) in
2009 and 2005 year. The lowest yield in Vojvodina (2.9 and 3.4 t ha™) were in 2000 and 2003 year,
and the highest (5.9 and 6.5 t ha™) in 2009, 2004 and 2006, respectively in 2005 year. In the
municipality of Leskovac lowest yields (1.7 and 1.4 t ha™*) were 2000 and 2008 year, and the highest
(5.7 and 4.1 t ha") in 2005 and 2002 year. The difference between the lowest average yield (the
unfavourable years) and the highest average yield (favourable years) was 3.3 t ha™ in favour of
favourable years. These differences are largely the result of weather conditions. Kovacevic et al.
(2010) point out that the below-average rainfall and above-average air temperature in a certain
relation to below-average yields of corn.
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Table 1. Yields of maize

Grain yields of maize (t ha™)
Republic of Serbia and the regions
Year Serbia total* Centr.al Vojvodina Jablanica area Leskovac
Serbia
2000 2,4 1,9 2,9 1,6 1,7
2001 4,9 4,1 5,6 3,8 3,9
2002 4,7 4,3 5,0 3,7 4,1
2003 3,2 2,9 3,4 3,7 3,5
2004 5,5 5,0 5,9 2,3 2,3
2005 5,8 5,0 6,5 53 57
2006 51 4,3 5,9 4,2 3,5
2007 3,2 2,3 4,1 3,6 3,6
2008 4,8 4,0 5,5 1,3 1,4
2009 53 4,5 5,9 3,7 3,7
mean 4,5 3,8 51 3,3 3,3

*without Kosovo and Metohija

Climatic factors, especially temperature and precipitation, according to many researchers involved
in the formation yield of about 30%. Our country, in the course of the year, has sufficient rainfall.
However, their distribution is irregular, so that it has the highest when plants are not needed. For
many researchers it is very important distribution of rainfall during the vegetation, especially in the
months (June-July-August) when it is most needed to corn. According to Rosi¢ and Bajic (1989) the
ideal amount of rainfall for corn during the three summer months is 317 mm (127 mm in June, in
July 100 mm, and in August 90 mm). Because we are in Tab.2. analyzed the distribution of rainfall
and temperature during the growing season of maize (April-September), and the amount of rainfall
and average temperatures in critical months of the grain yield of maize (June-July-August). It is
analyzed period of 10 years (2000-2009) for the area of Leskovac.Ten-year average precipitation in
the growing maize (April-September) amounted 328.9 mm and the average temperature 18.1 °C.
The average amount of rainfall for the month of June-July-August was 164.6 mm, while the average
temperature was 21.2 °C. In the analyzed period, there were selected two years with at least of
rainfall in the June-July-August, and two years with at least with the highest rainfall in the same
period. Thus, the years with the highest rainfall (257 mm and 242 mm) were 2002 and 2005, when
the average temperature was 21.4 °C and 19.8 °C. In those years, the corn yield was the highest (4.1
and 5.7 t ha™), and total precipitation during the growing season were higher than 400 mm.Years
with at least rainfall in the June-July-August (78 mm and 89 mm) were 2007 and 2000, and then the
average temperature was 22.8° C and 21.7° C. However, the lowest yield (1.7 t ha™) was the year
2000, while the 2007 (although it had at least rainfall) yield was 3.6 t ha™. This is due to heavy
precipitation in May (115 mm) which had accumulated enough moisture so it is offset by the lack of
rainfall in the June-July-August. We note that the highest yields were achieved in the year with the
highest rainfall in June-July-August and favourable temperatures, while the lowest yields were not
always in the years when and amount of rainfall in month of June-July-August were the least.

Once again it is confirmed that the climatic conditions, especially in the June-July-August
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determine and total yield of corn. Our results are in agreement with results Kovacevic et al. (2010)
point out that the weather in the summer months (June - July - August) have a significant effect on
the yield of maize in Croatia and Serbia. If corn production takes place in conditions without
irrigation, which is most often the case, the consequences caused by adverse weather conditions can
be somewhat mitigated breeding hybrids resistant to drought and better agrotechnics (tillage,
fertilization, sowing dates).

Table 2. Weather data for Leskovac
Weather data - Leskovac
Precipitation (mm) and mean air-temp. (°C) in June, July and August and during

Year vegetation
June July August z X April-september
mm °C mm °C mm °C mm °C ¥ mm x°C

2000 47 | 18.9 38 224 4 23.9 89 21.7 234 18.0
2001 72 | 184 44 215 28 22.7 144 20.8 423 175
2002 57 | 20.5 53 23.3 147 20.6 257 214 406 18.7
2003 26 | 22.6 37 22.3 28 240 91 22.9 228 18.8
2004 74 | 195 76 21.7 36 19.3 186 20.1 319 175
2005 75 | 185 99 215 68 19.6 242 19.8 433 17.2
2006 80 | 19.3 33 215 118 20.6 231 20.4 365 17.8
2007 26 | 22.2 10 22.4 42 240 78 22.8 270 18.8
2008 48 | 18.7 43 21.6 46 22.6 137 20.9 282 17.6

2009 121 | 19.7 43 22.3 55 21.7 219 21.2 329 18.7
Average | 62.6 | 19.8 47.6 221 | 557 | 57.2 | 1674 | 21.2 328.9 18.1

Conclusions

Based on the analysis of the influence of climatic factors on the yield of maize in Leskovac
(Jablanica) we can conclude the following:

In the ten-year period (2000-2009) were separated by two years (2002 and 2005) when the yield
was the highest and the two years when yields were lowest (2000 and 2008).

In years when the average yield was the highest (4.1 and 5.7 t ha™) and climatic factors, particularly
rainfall, were favourable.

Years with the lowest average yields (1.7 and 1.4 t ha™) were characterized by poor climatic
conditions, especially precipitation distribution.

Average yields in favourable years were for 3.35 t ha™* higher than the average yield in unfavourable
years.

It is consulted influence of the amount of rainfall in June-July-August on yield of corn.

When the precipitation in these months were the greatest and yields were highest.

For the yield of corn is not important total precipitation during the year or vegetation, but their
arrangement in stages when corn has a great need for water.

The breeding of resistant maize to drought and better agrotechnics can mitigate the consequences
caused by unfavourable weather conditions.

23



SECTION 1: FIELD CROP PRODUCTION

References

Josipovic M., Kovacevic V., Petogi¢ D., Sostari¢ J. (2005). Wheat and maize yield variations in the
Brod-Posavina area. Cereal Res. Comm. 33 (1) : 229-233.

Kovacevic V. Paunovic, A., Knezevic D., Josipovi¢ M. (2010). The influence of weather on corn
yields in the period from 2000 to 2007. year. Proceedings of the XV Conference on Biotechnology
with international participation, Faculty of Agriculture, 26th and 27 March 2010, Cacak, Serbia.
Maklenovi¢ V., Vuckovic S., Kovacevic V., Prodanovic S., Zivanovic LJ. (2009). Precipitation and
temperature regimes impacts on maize yields In: Proceedings of the 44th Croatian and 4th
International Symposium on Agriculture, 16 th - 20 th Febraury 2009, Opatija, Faculty of
Agriculture, Osijek, p. 569-573.

Paunovic, A., V. Kovacevic, M. Madi¢, Jelic M., Iljki¢ D. (2010). The influence of weather on
wheat yields in the period from 2000 to 2007 year. Proceedings of the XV Conference on
Biotechnology with international participation, 26 and 27 March 2010, Cacak, Serbia.

Rosic K., Bajic N. (1989). Field, Faculty of Agriculture, Cacak, 149-210.

Sostarié J., Josipovic M. (2006). Weather and soil influences on maize yield in the eastern Croatia.
Universitatea the Stiente Agricole Veterinary Medicine lasi you, Lucrari Stiintifice - Volume 49,
seria Agronomie, p. 161-167.

24



SECTION 1: FIELD CROP PRODUCTION

INPUHOC HA ITYEHKA BO JYKHA CPBHAJA BO 3ABUCHOCT Ol TOAUIIIHUTE
K/IMMATCKH YCJIOBHU

Munan bubepnnk, 3opan JoBoBuk, Cama bapak, I'opan MakcumoBuKk, JeneHa CTojuibKOBUK

AncTpakr

[TpuHocHuTe O MUEHKa ce HEeCTaOMJIHM M BO TojieMa Mepa 3aBHCAT OJ KIMMATCKHUTE YCIJIOBH,
XUOpHUIUTE U TEXHOJIOTHjaTa Ha ofrieayBame. Llenra Ha 0BOj TpyZ € Jla ce aHaJIM3Upa BapHPABETO
Ha TpHHOCOT Ha mueHka, Bo mnepuomor 2000-2009 ox rnenHa TOYKA Ha BPHEXKHTE |
TEMIIEPaTYpHUOT peXuM. Bp3 ocHoBa Ha HH(pOpPMAaIMHTE KOW C€ JaJeHH O] CTpaHa Ha
Peny0au4KroT XuApOMETEOPOIONIKH HHCTHTYT, 3€MjOJICIICKHA EKCIIEpPTH U 00pa30BHUOT CEPBUC BO
JleckoBall, aHaJM3WPaHU CE BIHMjaHUETO Ha BPHEXXHUTE M CPEeJHATA TEMIIEpaTypaTa Ha BO3AYXOT Bp3
npuHOocHuTe Ha m4eHKa Bo JyxkHa Cpbuja (JleckoBam). I[ToceOen akIeHT ce cTaBa Ha BPHEXKHTE 3a
BpeMe Ha TPUTE JIETHH Mecenu (jyHH - aBIycT), 3aToa INTO C€ CMETa JieKa THE CE OJ KIY4HO
3Haueme 3a npuHocoT. O JeBeT TeCTHpaHu ToAnHH, Oea oxmeneHu aBe, co HermoBosHHU (2000 u
2008) u aBe CO MOBOJHU KIMMATCKH YCIIOBH 3a MpOM3BOACTBO Ha mueHka (2002 u 2005).
IIpoCeuHHOT MPUHOC HA MYCHKA BO HEMOBOJHHUTE rofuHu Ocmie 1,7 T xa'l, omHocuo 1,4 t xa! xora
W3HOCOT Ha BPHEXHU BO KPUTHUUHHTE Meceld (jyHH - aBryct) Oeme 89 mm, ogHocHo 137 mm, a
MpoceyHaTa TeMIlepaTypa Ha BO3AyX0T Bo uctuoT nepuon 21,7 °C, omrnocHo 20,9 °C. [Ipoceunuor
IPHHOC HA ITYEHKA BO TIOBOJIHHM FOAMHH H3HecyBame 4,1 T xa-', oxHocHO 5,7 T Xa-' KOra H3HOCOT Ha
BpHEXU (jyHH-aBryctT) Ocmie 257 MM, ogHOCHO 242 mm u mpoceuHa Temmeparypa ox 21,4 ° C,
oxHocHO 19,8 ° C. BKyITHOTO KOJIMYECTBO Ha BPHEXKM BO TEKOT Ha FOAMHATA WIIM BEreTalujara, He €
3HAYajHO 3a NPUHOCOT HAa ITYEHKAa, TyKy HMBHaTa pacrpeznenba Bo (as3u, Kora HueHKara HMa
notpeda 3a Boja. 3a /a ce IMOCTUTHE MPUHOC COOABETHO HA T€HETCKUOT MOTEHIHM]jall, IITO € IOBeKe
o 10 T xa™ (kaj paHu xubpuaM), WM ToBeke ox 15 T xa” (Kaj KACHW XHOPH/IH), BO MPHIOT HA
XHOpHUIUTE M MTPOU3BOAHOTO MEHAUHMPAme, HEOMXOIHH Ce OJIaronpujaTHU arpOKIMMATCKH yCIOBH
BO PETHOHOT, MIOCEOHO JJOBOJIHO BPHEXHU U CO TIPABHUJICH pacrope].

Kayunu 300poBu: mieHka, IPUHOC, BPHEKH, TEMIIEPATYpa Ha BO3IYX.
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Abstract

This paper gives a report on the influence of fertilization systems in acid soils, and the effect of
mineral fertilization on 1000 grain mass, hectoliter mass and grain yield of triticale and rye. The
trial was carried out in 2009-2010 in the Center of Agricultural and Technological Research -
Zajecar, involving three fertilization variants and two plant species (triticale and rye). The first
fertilization variant was characterized by NPK ratio of 120:80:53, in the second variant phosphorus
content was doubled, and in the third variant, besides NPK fertilizers, there were applied 5 t/ha of
lime fertilizer ,,Njival Ca‘* and 20 t/ha of manure. The trial was set in random complete block design
(RCBD) with three repetitions. This investigation results showed a significant effect of fertilization
on increase of 1000 grain mass, hectolitre mass and grain yield. The highest 1000 grain mass in
triticale and rye (52.0 and 36.0 g) was reached by the combination of mineral, lime and organic
fertilizers, while the highest hectolitre mass (77.9 and 74.5 kg) was obtained by the application of
mineral fertilizers with doubled phosphorus dose. The highest grain yield (4180 kg ha™) in triticale
was reached by combined application of NPK, lime and manure, while the highest grain yield in rye
(2913 kg ha™t) was obtained by NPK with doubled phosphorus dose. The difference between
triticale and rye regarding the average grain yield was 1267 kg ha™. Numerous reports from our
country and worldwide showed that proper application of lime fertilizers, combined with organic
and mineral ones, is the most efficient way to remediate low production properties of acid soils,
which could double crop grain yield.

Key words: triticale, rye, fertilization, absolute mass, hectoliter mass, yield.

Introduction

By opinion of many researchers triticale is plant species with a high genetic potential for yield and
favourable nutritive values, so it is considered as a perspective plant species (Borojevi¢, 1981,
Cvetkov, 1982, Poki¢, 1988). Rye, as an older grain sort, somewhat forgotten, takes the
distinguished place again, at the first place in the organic production system and healthcare food.

In Nozinic and associates researches (2009) rye sorts had proven as very resistible to extremely acid
reaction of soil in regard triticale. The same authors emphasize that both of those plant spicies
showed satisfactory yield in extremely dry seasons.

According to results Impiglia (1987) triticale has more modest requests in regard wheat and more
adaptability on acid soil, as more resistance to common diseases. Vertisols are soils of bad watery-
aero and fizicly-mechanicly characteristics. On this kind of soil plant production is unstable.
According to allegations of Aniolo and Madej (1996) the greatest tolerance to acid soil shows rye,
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than triticale and wheat, yet barley is most sensitive. Numerous researches here and abroad point up
that adequate usage of lime fertilizers combined with organic and mineral fertilizers represents the
most efficient way of rejection of unfavorable productive characteristics of acid soil and affect to
multiply yield increase (Jovanovic et al., 2006; Kovacevic et al., 2006; Jelic et al., 2006).

In selection of the kind and the quantity of fertilizer, it is necessary to consider fertility of the soil.
So less quantity of fertilizers is used on more fertile soil than on poor one, in order to achieve the
same yield (Jelic and associates, 2002).

The goal of our researches was to determine triticale yield and rye on acid soil in dependence of
quotes and used fertilizers sorts.

Material and methods

The trial was carried out in 2009-2010 in the Canter of Agricultural and Technological Research in
Zajecar, set up by block system in three repetition, involving control and three fertilization variants
— mineral, lime and organic and two plant species (triticale, Tango sort and rye, Rasha sort).
Amounts and schedule of nutrients in variants are given in a Table 1.

Table 1. Amounts of pure nutrients used in the experiment

Fertilization variants Amounts of nutrients (kg ha)
N P,Og K,0 CaCO; Manure
Control 0 0 0 0 0
NP K 120 80 53 0 0
NP, K 120 160 53 0 0
NP K+CaCO, + manure 120 80 53 5.000 20.000

The size of the basic trial parcel was 50m’. Total amounts of phosphorus and potassium fertilizers
with one third of nitrogen are dispersed handy, before the pre-planting soil preparation. In variant
with calcization usage lime fertilizer ,,Njival Ca“ was dispersed and there were applied manure and
mineral fertilizer. The remained quantity of nitrogen was used in a sole top dressing in a phase of
full tillering. From mineral fertilizers, complex NPK fertilizers (8:24:16), super phosphate (17%
P,Os) were used, while in the top dressing was used ammonium-nitrat (AN) with 34.4% N. Basic
processing and preparation of soil for planting are done on the classical way (to 25cm depth),
immediately after the corn harvest and corn stover removal. The rest of technology production used
in the trial was standard. The harvest was done in the phase of the dead ripe.

Soil and climate conditions

This is non-calcereous Vertisol soil and is distinguished by high level of acidity (pH in KCI 4,84 —
5,15). The content of nitrogen in profile to 20cm is 0,12% and decrease with depth. The content of
the available phosphorus in profile to 20 cm is 16,68 mg/100g, and in deeper layers 12,34mg. This
soil is heavy with available potassium (29,53 mg/100 g in the plough-field layer). Those soils have a
cubage change predispositions, swelling and hardening tendencies so very heavy for treat. Those
soils pertain to minute soils, which means that their optimal term for treat is very short.
Repairments are necessary, in order to yield should have been satisfactory.
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Table 2. Chemical properties of soil

pH Available ( mg/100 g)
Depth (cm N (%
PIEm ST ke (*) PO, K,0
0-20 5.23 4.84 0.12 16.68 29.53
20-40 5.54 5.15 0.11 12.34 27.22

October had a highly amount of precipitation, which had a good influence on harvest and grain
germination. During March and April conditions for growing process and development were very
favourable, especially for swelling, rooting and increasing of leaves mass of plants. Vegetative
development of plants during the spring time had favourable temperature conditions with
satisfactory amount of precipitation, witch increased plants development. In final phases of grow
and development, during June and July, temperatures were optimal, but heavy precipitations
delayed harvest and led to loss of the part of yield and his quality.

Table 3. Meteorological conditions during the experiments

Months Mean monthly | Monthly sum of precipitation (mm) Relative
X 12 104 75
Xl 9 94 74

Xl 1 124 79
| -2 53 81
| 1 100 74
1l 7 59 73
v 12 72 70
\Y 17 57 71
Vi 20 94 71
VII 23 88 67
Average-sum 10 845 73.5

Results and discussion

Yield and yield components of triticale grain

Absolute grain mass is the significant of its magnitude or grain dimension and its mostly dependable
of climate factors and plants density. Triticale has a large grain (40-65g) and surpasses wheat and
rye (Popovic and Milovanovic, 1986, Rehmetulin and ass., 1988, Przulj, 1989. etc.).

The highest absolute mass (59g) of triticale is accomplished in third variant, where was used the
combination of NPK fertilizers, lime fertilizers and manure, and the lowest was on control variant
(52.0) — those differences were statistically very significant. Fertilizers usage led to increase of the
absolute mass of grain, although there were no statistically significant differences between variants.
Characteristic of the hectolitre mass is that there were no statistically significant differences
between fertilizing and control variants, although the highest values were achieved in the second
variant (77.9kg). It is explained by the fact that on the control variant were significantly less number
of plants (because of higher presence of weed), which grain were bigger.
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Table 4. Components of grain yield of triticale depending on fertilization

S . Components of grain yield
Fertilization variants - —
Absolute mass (g) Hectoliter mass (kg) Grain yield
O. control 52.0 74.9 1927
I. NP1K 57.9 77.4 3550
I1: NPo2K 58.5 77.9 4020
I11. NP1K+CaCOgz+manure 59.0 76.8 4180
Average 57.9 76.7 4003
LSD- test
5% 3.2 4.6 360
1% 35 4.8 378

Fertilizing showed very significant influence to grain yield of triticale. So yield in all variants of
fertilizing was significantly higher in regard to control variant. The highest yield (4180 kg ha™) was
achieved on the third variant where was used NPK combination of lime and manure. Yield in the
second and third variant was approximately equal, but significantly higher in regard to the first
variant, where was used NPK fertilizers with lower dose of phosphorus. Variant with increased dose
of phosphorus (I1) showed good results in yield increase, so yield in this variant was significantly
higher than in variant I. Higher effect of NPK usage with increased dose of phosphorus is result of
high soil acidity and lower content of available phosphorus in this soil, also. Positive effect of
enlarged doses of phosphorus fertilizers on grain yield height, got also another authors earlier (Jelic
et al., 1998; Jovanovic et al., 2006; Kovacevic et al., 2006). Numerous earlier researches showed
that on soils of acid reaction, the complete usage of NPK, lime and manure have a significant effect
to grain yield (Ognjanovic et al., 1994; Jelic et al., 1995; Jelic et al., 2004), which is in accordance
with our results, too.

Yield and grain yield of rye components

Rye belongs to plant species which have a good resistance to soil acidity, significantly better than
other grains.

Table 5. Components of grain yield of rye depending on fertilization

I . Components of grain yield
Fertilization variants - —
Absolute mass (g) Hectoliter mass (kg) Grain yield
O. control 31.6 725 1077
. NP1K 33.6 73.5 2443
I1: NPoK 35.5 74.5 2913
[11. NP K+CaCOgz+manure 36.0 73.7 2727
Average 34.1 73.6 2290
LSD- test
5% 2.3 4.1 280
1% 2.9 5.0 294
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Absolute mass of rye grain with the fertilizer usage increased from I to 111 variant. The highest (369)
was in variant Il and it was significantly higher in regard to variant | but significantly higher in
regard to control variant. There were no significant differences between variants 1l and 11l and
between variants | and control variant.

Similar to triticale results, and rye results, there were no statistically significant differences in the
hectolitre mass, although it was the highest (74.8kg) in variant Il, where was used higher dose of
phosphorus.

If we compare triticale and rye yield on acid soils in regard to average, we could see it is lower
evasion at rye. In opposition with absolute and hectolitre mass, grain yield of rye is significantly
increased with fertilizers usage in regard to control. So the highest yield was achieved in variant 11,
where was used higher dose of phosphorus and it was significantly higher in regard to control and
variant 1. This confirms the fact of positive effect of phosphorus on acid soils. There were no
significant differences in yield between variants 1l and Ill, while yield on those variants was
significantly higher in regard to control variant and variant I. Differently from triticale, usage of
combination NPK, lime and manure, didn’t give the highest yield on rye. It could be explained with
a fact that rye stands better acid soils and the effect of enlarged doses of phosphorus is more
expressed.

Relatively favourable time conditions during the vegetation period, with enough amount of
precipitations which were present until the earliest phases of plant development to the maturation
phase, made the satisfactory grain yield was accomplished. Numerous researches show that
favourable usage of nutrients from fertilizers effects and favourable meteorological conditions, also
(Jelic, 1995; Zivanovic-Katic et al., 2000; Jelic et al., 2007).

Conclusions

On the bases of investigation of fertilizing influence on absolute mass, hectolitre mass and grain
yield of triticale and rye, we can conclude/abstract the following:

Fertilizers usage positively effected on increase of grain yield of triticale and rye.

The biggest absolute mass in triticale and rye also, is achieved by usage of NPK, lime and manure
fertilizers combination.

The highest hectolitre mass in triticale and rye also, is achieved by usage of NPK fertilizers with
increased dose of phosphorus.

The highest triticale yield is achieved by usage of NPK, lime and manure fertilizers combination.
The highest rye yield is achieved by usage of NPK fertilizers with increased dose of phosphorus.
Lower evasions in yield from the average, are notified in rye, considering it better stands acid
reaction of soil.

Differences in triticale yield and rye yield were 1267 kg ha™.

In order to raise the level of fertility of acid soils and increase of cultivated plants yield it is
necessary to use the combination of NPK, lime and manure fertilizers, and usage of NPK fertilizers
with increased dose of phosphorus.
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MPUHOC HA TPUTHKAJIE U °PK BO 3ABUCHOCT OJ] 'YBPEHETO HA KUCEJIA
IIo4YBH

Munan bubepuuk, Muonpar Jenuk, bpanucias Kuexepuk, Cnasuma CTojkoBHK, [parana
JlaneBuk

Ancrpakrt

Bo 0Boj Tpyn e mpeTcTaBeHO BIMjaHUETO HA CHCTEMH 3a I'yOpeme BO KHCEH MOYBH, H €(EKTOT 01l
MHHEPAJIHOTO ['yOperme Bp3 alicoyTHATa Maca, XeKTOJIUTapcKaTa Maca 1 IPUHOCOT Kaj TPUTHKAJEC U
'px. Onmrot Oemre cupoBeneH Bo nmepuonor 2009-2010 roamna, Bo LleHTapoT 3a 3eMjomencko U
TEXHOJIOIIKO MCTPaXKyBame - 3ajadyap, CO BKIYYECHH TPH BapujaHTH Ha I'yOpeme U JBa PaCTHTEIHU
BUIOBH (TpHuTHKaNe u 'pk). [IpBata Bapujanta ce kapakrepusupa co NPK = 120:80:53, Bo BTOpara
BapujaHTa coJp)kuHaTa Ha Gocdop e yaBoeHa, a Bo TpeTara BapujaHTa, nmokpaj NPK ryOpusa, Gea
npumenetd u "Njival Ca"-fybpuso co 5 1/xa u 20 1/xa apcko fybpe. OmuroT Gelre MocTaBeH BO
nenaocHo panmommsupan 6mok cuctem (RCBD), co Tpu moBTOpyBama. Pesynrature mokaxaa
3Ha4YaeH eeKT ol I'yOpemeTo, co 3rojieMyBamke Ha arncoayTHaTa Maca /1000 3pHa, XeKToJIuTapcKaTa
Maca ¥ npuHocoT. HajBucoka amconyTHa Maca Oelie NMOCTUTHAT CO KOMOMHAIMja Ha MHUHEPAITHO
ryOpe, BapoBHHUK M OpraHcku ryOpusa, kaj tputukane u 'px (52,0 u 36,0 g) noxeka HajBucoka
xekronmTapcka Maca (77,9 u 74,5 xr) e gobueHa co mpuMeHa Ha MUHEpaliHHu I'yOpHBa cO JBOjHATa
no3a ma docdop. Hajucok mpuHoc (4180 xr xa™’) Gemre NOCTHTHAT Kaj TPHTHKANETO, CO
komOuHupana npumena Ha NPK fyOpuBo, Bap u apcko ry0Ope, J0Aeka HajBHCOK NPUHOC OJ 'PiK
(2913 kr xa') e mobuen co NPK fy6pmBo, co aBojaa mo3a Ha ocdop. Pasmukara momery
TPUTHKAIETO ¥ 'pXKTa BO OJHOC HA MPOCEUHHOT mpuHOC Geme 1267 xr xa™'. Bpojuu m3BemTan ox
Hamara 3eMja M CBETOT, IOKakaa JeKa CO IMpaBWIIHA NPUMEHAa Ha BapOBHUYKHM [yOpHEba, BO
KOMOMHAIIMja CO OPraHCKM M MHHEpAIHH, Ce MOCTHIHyBa Haje(MKaceH HauyuWH Ja Ce CaHhpaaT
HHUCKHTE MPOU3BOIHH CBOjCTBA HAa KUCEIH [IOYBH, U J1a ce 1001e BOCH IPUHOC.

Knyunn 300poBu: TpuTHKAaNE, 'PK, OIUIOAYBahe, allCOJlyTHA Maca, XEKTOJIMTapcKa Maca, IIPUHOC.
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Abstract

The aim of this study was to monitor the effect of nitrogen application both as soil as well as foliar
fertilization on agromorphological traits of wheat and triticale. The experiment was conducted at the
production fields of Crveni Bregovi, Macedonia, during the growing season 2010/11. Two soft
wheat varieties and one ftriticale variety were exposed to seven fertilization treatments. All
treatments included soil application of 200kg/ha KAN (27% N) in tillering phase, and the first one
with no additional fertilization was used as a control. The other treatments consisted of various
doses and different application time of the fertilizers Magnisal 6 and ammonium nitrate NH;NO;
(17.5% N) applied by foliar spraying. Different treatment combinations significantly affected almost
all agronomic characteristics. Plant height in cultivar Podobrena Orovcanka (79.4 cm) and kernel
weight per spike in cultivar Olga (1.46 g) were not significantly changed by the use of foliar
fertilizers. In triticale variety, plant height, spike length, number of spikelets per spike and kernel
weight per spike didn’t show significant differences when treatment 1 and treatment 7 were applied.
Therefore, the results obtained by this research confirm that it is possible to obtain improvement of
agromorphological traits of wheat and triticale through soil and foliar application of nitrogen.
Furthermore, preliminary information on the influence of split doses of fertilizers at various growth
stages to get appreciable growth and agronomic characteristics of these cereal crops is given.

Key words: foliar fertilization, agromorphological traits, wheat, triticale.

Introduction

Cereals are major source of nutrition in the world, because they constitute the main protein and
energy supply in most countries (Bos et al., 2005). Wheat is the major cereal crop and is grown
around the world in diverse environmental conditions. Triticale is cultivated under a wide range of
environments because of its ability to tolerate adverse conditions such as drought, nutrient
deficiency, etc. (NRC, 1989). Much of the production (FAO, 2004) is as triticale grain, but triticale
is also grown as a forage crop and as a dual-purpose crop (both forage and grain) and is more cost-
effective than its competitors, as its high lysine content means less protein supplements are required
(Kinaci and Gulmezoglu, 2007).

Balanced nutrition plays a significant role in increasing crop production and its quality and presents
an essential component of nutrient management. Nutrients like N, P, K, S and Mg are essential for
the major processes of plant development and yield formation (Randhawa and Arora, 2000).
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Nitrogen rate, type and timing of its application are important factors to increase wheat yield and
improve its flour quality (Garrido-Lestache et al., 2005).

It has been observed that foliar fertilizer application methods ensure the availability of nutrients to
crops for obtaining higher yield (Alaru et al., 2003; Arif et al., 2006).

Foliar application of N at different growth stages of wheat and triticale enhances the seed quality,
boosts yield components and ensures high yield (Brar and Brar, 2004; Saeed et al., 2012). Efficient
remobilization of urea (N) to grain after foliar fertilization on wheat at optimum timings, i.e., at and
after anthesis stage, increases grain protein content and improves bread-making quality (Tea et al.,
2007). Foliar application of nutrients to triticale may be advantageous when there is a high risk that
the necessary nutrients will be unavailable to plant roots due to adverse soil and climatic conditions
(Alaru et al., 2003).

The present study was therefore designed to investigate the possibility to improve
agromorphological traits and to assess the response of wheat and triticale cultivars to soil and foliar
fertilization.

Material and methods

The experiment was conducted at the production fields of Crveni Bregovi, Macedonia, during the
growing season 2010/11. The experimental setup was randomized complete block (RCB) design
with three replications. Plot size was 5m? with a sowing density of 500 grains/m?. Two soft wheat
varieties (Olga and Podobrena Orovcanka) and one triticale variety (Agrounija), often used in the
large scale production, were used for the experiment. Standard agrotechnical measures were applied
with no autumn soil application of fertilizer.

All treatments included soil application of 200kg/ha KAN (27% N) in tillering phase, and the first
one with no additional fertilization was used as a control (Treatment 1). The other treatments (7 in
total) consisted of various combination of dose and application time of the fertilizers Magnisal 6
(NPK 31:0:0 + ME, released by Alkaloid AD Skopje in 2010, consisted of ammonium, nitrate and
amid form of N and helated form of Fe and Mg) and amonium nitrate NH;NO3 (17.5% N) applied
by foliar spraying. Details of the fertilizer treatments are as follows: Treatment 1: soil application of
200 kg/ha KAN at tillering phase; Treatment 2: soil application of 200 kg/ha KAN at tillering phase
+ 100 kg/ha KAN at booting stage; Treatment 3: soil application of 200 kg/ha KAN at tillering
phase + 41/10001/ha NH4NO3 at grain filling; Treatment 4: soil application of 200 kg/ha KAN at
tillering phase + 31/10001/ha Magnisal 6 at heading; Treatment 5: soil application of 200 kg/ha KAN
at tillering phase + 41/1000I/ha NH4NO3 at heading + 41/1000I/ha NH4NO3 at grain filling;
Treatment 6: soil application of 200 kg/ha KAN at tillering phase + 31/10001/ha Magnisal 6 at
heading + 31/10001/ha Magnisal 6 at grain filling; Treatment 7: soil application of 200 kg/ha KAN
at tillering phase + 31/10001/ha Magnisal 6 at heading + 41/10001/ha NH4NO; at grain filling.

After the harvest, the influence of these treatments was evaluated on six agromorphological traits:
three important characters: plant height, spike length, number of spikelets per spike, number of
kernels per spike, kernel weight per spike and 1000 kernel weight. The data for the three
replications were analyzed for variance using the statistical package R. The differences between
means were compared by Tukey’s hsd test. Statistical significance was considered at P<0.05.
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Results and discussion

The findings of the research showed that different fertilization treatments had significant effects on
all analyzed traits in wheat cultivar Podobrena Orovcanka (Table 1) and triticale cultivar Agrounija
(Table 3). In wheat cultivar Olga (Table 2), the applied fertilizers did not show significant effect on
number of kernels per spike. It is evident from the data that the application of N either as soil
applied or as foliar applied had a significant effect on plant height in Podobrena Orovcanka and
Agrounija. The treatment 4 had highest positive effect for number of spikelets per spike, number of
kernels per spike and 1000 kernel weight in Podobrena Orovcanka (Table 1). For the other analyzed
traits, values obtained after application of this treatment did not differ significantly from the highest
values. The lowest plant height (69.33 cm) and kernel weight per spike (1.43 g) were observed in
treatment 5.

Table 1. Effect of fertilization treatments on agromorphological traits in wheat cultivar Podobrena
Orovcanka

Fertilizati . Number of | Number of | Kernel 1000
Plant Spike . .

on height length splkelfets kerne_ls per welght ker_nel

treatment per spike spike per spike | weight
1 79,40e | 10,64bc 18,53ab 33,43b 1,53a 35,90a
2 77,90cde 10,28a 18,50ab 34,57c 1,56ab 47,43d
3 73,28b | 10,74cd 19,13b 36,40d 1,60ab 44,10c
4 78,30de | 10,72bcd 19,30bc 40,40e 1,89¢ 48,40e
5 69,33a 10,29a 18,25a 31,58a 1,48a 46,67d
6 76,57cd 10,95d 20,13c 36,50d 1,66b 44,47c
7 75,77d 10,47ab 17,77a 30,83a 1,52a 43,23b

In cultivar Olga (Table 2), the highest values for number of spikelets per spike (22.47), number of
kernels per spike (40.40) and 1000 kernel weight (44.10 g) were achieved under treatment 5. Plant
height did not differ significantly between treatments 3 (69.07 cm), 2 (70.03 cm), 1 (70.10 cm) and
5(70.17 cm).

Saeed et al. (2012) stated that the probable reason for increasing plant height could be the increased
vegetative growth at high doses of applied N, greater and more efficient absorption of N or the
genetic makeup of the concerned varieties. These results are in agreement with those reported by
Ling and Silberbush (2002), Matsi et al. (2003) and Bakht et al. (2010). A positive effect of the
foliar application of N over different agromorphological traits have been observed by Londero et al.
(2003), Seadh et al. (2009), Parvez et al. (2009), Yassen et al. (2010) and Njuguna et al. (2011). In
triticale cultivar Agrounija (Table 3), the treatment 7 caused lowest values for number of spikelets
per spike, number of kernels per spike and kernel weight per spike, and the highest value for 1000
kernel weight. Plant height had lowest, while spike length and number of spikelets per spike had
highest values under treatment 4.

Kinaci and Gulmezoglu (2007) and Gulmezoglu and Aytac (2010) revealed that foliar treatments
had significant positive effect on grain yield, spikelet number per spike, number of grain per spike,
1000 grain weight and harvest index of triticale. On the other hand, Londero et al. (2003) observed
that in hexaploid triticale the fertilizer effect was negative, except on harvest index.
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Table 2. Effect of fertilization treatments on agromorphological traits in wheat cultivar Olga

Fertilizatio . Number of | Number Kernel 1000
Plant Spike . .

n height lenght splkelfsts of kern.els Welght ker'nel

treatment per spike per spike | perspike | weight
1 70,10ab | 9,79ab 21,80bcd 33,27a 1,46a | 41,17cd
2 70,03ab | 10,38b 22,33de 38,10ab 1,61a | 43,93e
3 69,07a | 10,52b 22,10cde 32,43a 1,42a | 40,13c
4 73,57d | 9,94ab 21,53bc 36,07ab 1,51a | 38,07b
5 70,17ab | 10,15b 22,47e 40,28b 152a | 44,10e
6 72,10cd 9,32a 20,60a 33,40a 1,42a | 41,87d
7 71,60bc | 10,51b 21,37b 34,27ab 1,52a | 33,70a

Table 3. Effect of fertilization treatments on agromorphological traits in triticale cultivar Agrounija

Fertilizati . Number of Number Kernel 1000
Plant Spike . .

on height lenght splkel.ets of kerr?els welght ker-nel

treatment per spike per spike | per spike | weight
1 96,20b 9,90a 26,83a 41,18b 1,37ab | 35,87cd
2 99,55c | 10,46b 29,56bc 53,61f 2,19 | 35,70cd
3 103,87¢ | 10,88c 30,42cd 57,639 2,41e | 31,60a
4 86,47a | 11,38d 30,98d 47,65d 1,76d | 35,24bc
5 105,30f | 10,93c 29,50bc 49,73e 1,93d | 36,37d
6 102,87d | 11,19d 29,11b 45,63c 1,53bc | 34,40b
7 95,57b 9,97a 26,59 35,36a 1,29a | 37,70e

The overall positive effect of the foliar fertilization on analyzed traits in cereal cultivars included in
this study may be due to the multiple advantage of the foliar application method, such as rapid and
efficient response to plant needs, its relatively quick absorption, less product needed and
independence of soil conditions (Romheld and El-Fouly, 1999; Yildirim et al., 2007).

Conclusions

The current study revealed that foliar and soil application of nitrogen at various growth stages of
wheat and triticale improved the analyzed agromorphological traits. In Podobrena Orovcanka
treatment 4 had the highest positive effect on number of spikelets per spike, number of kernels per
spike and 1000 kernel weight. In cultivar Olga the highest values for most of the analyzed traits
were obtained under treatment 5. Treatments 1 and 7 had lowest effect on almost all traits in triticale
cultivar Agrounija, while the other treatments had variable influence. Further research is needed to
identify more precisely the effect of various foliar fertilization treatmens (different combinations of
application dose and time) in wheat and triticale.
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BJIMJAHUETO HA ®OJIMJAPHATA NCXPAHA BP3 ATPOMOP®OJIOIIKUTE
CBOJCTBA KAJ ITYEHUMIIA U TPUTUKAJIE

Bomres Jlane, BanoBcka Comba, JankynoBcka Mupjana, Jankynocku Jbynuo, Ky3amaHoBcka
buijana

AncTpakr

Llenta Ha oBa HCTpaxyBame Oelle Ja ce UcmuTa e(peKTOT Ha FyOpemeTo cO a30T, Kako IPeKy
noysara, Taka ¥ QonmjapHo, Bp3 arpoMopQoJOIIKUTE CBOjCTBA Ha IYCHHLATA U TPHTHKAJICTO.
ExcniepuMeHTOT Oellle IocTaBeH Ha NPOM3BONHOTO moje Ha LlpBerm BperoBn, MakemoHuja, 3a
Bpeme Ha BereTanuckuot nepruoa 2010/11. JIBe copTu Meka MUEHHIIA U €IHA COPTa TPUTHKAIEC Oea
MOJJIOKEHU Ha CEIyM pa3lIMuHM TpeTMaHu Ha ryOpeme. CuTe TpeTMaHU BKIIydyBaa IMOYBEHA
armrkarnija Ha 200kg/ha KAN (27% N) Bo (asara Oparerme, a IPBHOT Oelie 6€3 JIOMOIHUTETHO
ryOpeme, Kako KOHTpoja. [[pyrute TpeTMaHum 6ea cO pas3iaMyHH J03M M Pa3INYHO BpeMe Ha
¢donujapra arumukaiuja, co mpumena Ha Magnisal 6 u amonmym murpatr NHANO3 (17,5% N).
PasmyHuTe KOMOMHALMKM O]l TPETMaHH 3HAYajHO BIMjaea BpP3 PEUHCH CHTE arpOHOMCKH
KapaKTEepUCTHKA Ha pacrteHujata. Co KopucTeme Ha (oiMjapHa HcxpaHa He Oea 3HAYMTEIHO
MIPOMEHETH BHCOYMHATA Ha PACTCHHjaTa Kaj copTara nodobpena oposuanka (79,4 cM) U TeKUHATA
Ha 3pHAaTa 10 Kiac kaj coprara ozea (1.46 g). Kaj coptute TpuTHKale, BUCOYMHATA HA PacTeHHUjara,
JIOJDKMHATA Ha KJIAcoT, OpPOjoT Ha 3pHa O] KJac, ¥ Te)KMHATa Ha 3pHATa O] KJiac, He IMOKaXyBaaT
3HAYajHM pa3IMKU NpPU [PUMEHa Ha TpeTMaHoT | W Ha TpermaHoT 7. Pe3ynrarure on oBa
HCTpaXyBamke TMOTBPIMja J€Ka € MOXHO Ja ce J00ue momoOpyBamke Ha arpoMop(OJIOIIKUTE
CBOjCTBa Ha IYEHMIATA ¥ TPUTHKAJIETO MPEKY MouBeHa U (oJrjapHa npuxpaHa co a3oT. Jlanenu ce
MIpeTMMHAHAPHN HHGOPMAIIMH 3a BIMjaHUETO Ha COOABETHH J03U I'yOpHBa BO pa3snu4Hu GeHodasm,
3a 100MBabe 3Ha4YaeH MOPACT U BIIMjaHHE BP3 arPOHOMCKHTE KapaKTEPUCTUKU Ha OBUE KUTAPKH.
Kayunu 300poBu: Qosmjapaa ucxpana, arpoMop(oJIoIKi KapaKTepUCTHKH, TYEHHUIA, TPUTHKAJIE.
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Abstract

Five Bulgarian durum wheat cultivars were grown in the Certificated Field of the Field Crops
Institute — Chirpan, Bulgaria under organic farming conditions during two growing seasons with
aim to evaluate agronomic traits and identify the most suitable cultivars for this farming system.
Weather conditions were more favorable for durum wheat in 2012. Significant differences were
found among the genotypes for grain yield and yield related traits — productive tillering, spike
length, kernel number per spike, kernel weight per spike. The grain yield of durum wheat genotypes
varied from 500.8 kg/ha in cultivar Progres in 2010, to 2330.8 kg/ha in cultivar A-233 in 2012. The
modern cultivar Predel showed the best yield - 2070.8 kg/ha average for two years followed by old
cultivar A-233 with mean yield of 1995 kg/ha. The conducted analysis of variance determined that
the effects of Genotype. Years and Interaction on seed yield were significant. The observed
variation of yield under organic conditions is due to the genotype and the year in almost equal
extent — 30.5 and 31.3 % respectively from total variation and to the Interaction of both factors in a
much lesser extent — 10 %. The highest yielding cultivars were most stable one based on the coeffi-
cient of variation: Predel - CV - 14 % and A-233 - 24 %. Both genotypes were characterized by
high number of productive tillering, grains per spike, grains weight of spike and lower length of
spike.

Key words: durum wheat, organic farming, yield, yield related traits.

Introduction

In Europe there are growing demand for stable crop production characterized by reduced inputs of
pesticides and synthetic fertilizers and biodiversity increasing. This demand is reflected in the
efforts to integrate environmental aspects into the Common Agricultural Policy (CAP). Organic
farming is the strictest production system with low-input defined by Directive 2092/91 EU.

The production of organic food in EU countries is expected to grow steadily in the next 10 years
due to the trends in the CAP of EU to restrict the support to conventional agriculture at the expense
of broader support to organic production. Cereals are some of the important crops that are grown
organically and occupy 40% of the market for organic products in the world.

In Bulgaria area planted under organic farming increased approximately 10 times since 2008 and 25
648 hectares were farmed organically at the end of 2010, constituting only 0.47 percent from the
total cultivated area (Apostolov, 2012). The most preferred crops are cereals - mainly wheat, barley,
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rice, corn and rye. They occupied 5338 ha and represented the greatest percentage - 20.8 % of the
total area cultivated under organic way. The durum wheat with high protein content and gluten
strength is preferred as raw material for the production of pasta.

Bulgaria is a region with very favorable conditions for growing of high quality durum wheat grain.
It is expected the interest in organic cultivation of durum wheat to increase due to rise of scientific
evidence that the durum products are very important and desirable part of a healthy diet of the
modern mankind (Silano, 2007). At the present 10 % of the total Italian durum wheat area are
managed organically and represent more than 20 % of the national organically cultivated area
(Camerini et al., 2011).

Recently in Bulgaria despite the steady growth in the organic sector there has been comparatively
little research focused on the specific problems of organic cultivation (Stolce, 2005). The choice of
appropriate cultivars is one of the key factors for the success of anyone cultivation system. The
growing conditions between organic and conventional production system are distinguished to a
great extent. The productivity of organic compared to conventional farming strongly depends on
soil and climate conditions. Therefore the ideotype of varieties adapted to both farming systems is
different. The main traits associated with superior performance of cereal variety in organic system
are: efficiency of absorption and use of nutrients, competitiveness against weeds, tolerance to
climatic and environmental stresses, stability of the yield and the qualitative parameters (Lammerts
van Bueren et al., 2002).

For the time the problems concerning: the defining of ideotype; a choice of appropriate plant
breeding methods and funding of special plant breeding programs; production and certification of
organic seeds are time-consuming and difficult to resolve (Bozhanova and Dechev, 2010). As first
step, conventional varieties testing under organic management can provide useful information to
organic farmers in Bulgaria.

The objective of this study is to evaluate agronomic traits in old and modern durum wheat cultivars
under organic farming conditions with a view to identify the most appropriate — high yielding and
stable cultivars for this farming system in South Central Bulgaria.

Material and methods

Plant materials and experimental design

The experiment was performed at the Certified Organic Field of the Field Crops Institute — Chirpan,
Bulgaria (42°12'58" N, 25°17'00" E, 175 m altitude) during two growing seasons 2010 and 2012.
Five Bulgarian durum wheat cultivars: two old - A-233 (created in 60th years of the 20th century)
and Progres (created in 80th years) and three modern cultivars — Victoria, Predel and Elbrus
(created in recent years) were used. The cultivars were sown in a randomized, complete block
design with four replications after cotton as predecessor. The total plots were 20 (5 cultivars x 4
replications) at area of basic plot of 10 m® The seeds were sown at a density of 400 plants per m? at
end of October and were grown under organic farming conditions. No fertilizers, herbicides,
fungicides and insecticides were applied. The cultivars were harvested in beginning of July at
physiological maturity.

The soil and climatic characteristics

The soil type of the Certified Organic Field is Eutric Vertisols (by FAO), characterized by medium
organic matter (1.5-2.4 %), with slightly acid to neutral soil reaction, with low to middle mineral
nitrogen supply, low content of phosphates (0.5-3.2 mg/100 g soil) and well provided with available
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potassium (15-38 mg/100 g soil). The soil is clay, with high humidity capacity and small water-
permeability, defined by the sand-clay composition. The test field was with bulk weight of the
plough soil layer - 1.2 g/m?, and specific gravity - 2.45. The sorbcium capacity is 35-50 mequ/100 g
soil.

Growing season 2009/2010 was characterized with a higher than the usual mean temperatures and
rainfall unevenly distributed during the growing season and was favorable for durum wheat growth
and development. Growing season 2011/2012 was distinguished with severe drought in autumn and
severe winter weather with prolonged snow cover. In early April the temperature rises quickly,
leading to a rapid passage of growth stages from stem elongation to anthesis. Despite the
unfavorable combination of climatic factors until anthesis, the large amount of rainfall in May-June
during the next important growing stage (flowering and grain fill) led to near-normal grain yields.
Collected Date and Statistical analyses

Twenty plants were taken from each replication per cultivar before the harvest and were analysed
for the following traits: general and productive tillering, spike length, number of grains in spike,
grains weight of spike, TGW. The degree of brown and yellow rust resistance, powdery mildew
resistance and leaf spots were expressed by a score in accordance with symptoms of a disease on
plants (9 = resistance). Yield was recorded in kg per hectare (kg/ha) after combine harvesting.

The data were analyzed statistically using two-way analysis of variance (ANOVA), and the means
were compared by Duncan multiple range test at 0.05 probability level. Basic statistics for means,
coefficients of variation (CV) was calculated as the ratio of standard deviation and arithmetic mean,
expressed in percentages) and coefficients of correlation was applied, too. The above statistical
methods were completed using the statistical software STATISTICA (StatSoft, Inc. (2004).
STATISTICA (data analysis software system), version 7. www.statsoft.com).

Results and discussion

Significant differences were found in grain yield and yield related traits among durum wheat
cultivars included in our study under organic environment during two growing seasons.

All studied cultivars realized significant higher grain yield during the second growth season —
2011/2012. The average yield of all varieties in 2010 was 1440 kg/ha, while in 2012 the average one
was with 45 % higher - 2090,1 kg/ha (Table 1). The causes for this variation can be associated with
neither the differences in the applied agricultural technology, nor the disease attack. During the both
growing seasons all cultivars expressed resistance to brown and yellow rust except cultivar Victoria
— with moderate resistance. All cultivars were affected by powdery mildew and leaf spots an
approximately equal negligible extent (2-3 score). A combination of climatic factors in 2011/2012
and especially the large amount of rainfall during the important growing stages was contributed to
the realization of a higher yield at all varieties tested.

The modern cultivar Predel was highest yielding average from both growing seasons with 2070
kg/ha followed by old cultivar A-233 with mean yield of 1995 kg/ha, but A-233 realized the best
yield 2330.8 kg/ha among all studied cultivars in 2012 (Table 1.). Both cultivars were characterized
by high number of productive tillering, grains per spike, grains weight of spike and lower length of
spike. The lowest yielding cultivar average from both growing seasons was Progres — 1165.7 kg/ha
characterized by lower grains per spike, grains weight of spike and the higher length of spike. The
cultivars Victoria and Elbrus gave medium grain yield value (1860.6 kg/ha and 1715.6 kg/ha,
respectively).
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Table 1. Average yield and yield related traits at durum wheat cultivars grown under organic
conditions during two growing seasons

Cultivar Yield THllering Spike Nur?iairir?f W(eBirarI\?Sof TeW
kg/ha) 1 length (cm) | ¢ g )
2010
Progres | 500.8° | 5.9° 3.2% 6.3 33.0° 1.4° 42.9%
Elbrus | 1400.8"| 5.7 3.9° 6.1% 40.7° 1.6% 39.9°
Victoria | 1640.3“| 5.7° 35° 5.5° 38.9° 1.7% 42.0%®
A-233 | 1660.0%| 7.4° 5.7 5.1° 42.8° 1.8° 41.9®
Predel | 1980.8° | 6.6° 3.6™ 5.7%¢ 38.5%® 1.8° 46.7°
2012
Progres |1830.5° 3.0% 2.0° 6.0° 25.7 1.3® 47.0°
Elbrus [2030.3° 2.4° 1.9° 4.9 22.4° 1.0° 45 5
Victoria [ 2080.8° 3.1 2.2° 5.0° 28.2" 1.3% 47.13
A-233 [2330.8° 4.3° 3.3 4.6° 35.2% 1.6 45.32
Predel [2160.3° 3.5%® 2.7%® 5.9 33.1%® 1.4® 45.6°

“Mean values (in each column, separately for each year) followed by the same letters are not
significantly different at p<0.05 according to Duncan’s multiple range test.

The conducted analysis of variance for 5 genotypes over two years reveals that the effects of
genotype (G), years (E) and interaction of both on grain yield were significant (Table 2). The
significance of the interaction GXE complicates the choice of suitable cultivars for organic farming.
Percentages of total sums of squares accounted for genotype, year (environment), and GxE
interaction were used to indicate the variation attributed to each component. The observed variation
of yield under organic conditions is due to the genotype and the year in almost equal extent - 30,5 %
and 31,3 % respectively from the total variation and to the interaction of both factors in a lower
extent — 10 %.

Table 2. Analysis of variance of yield

Source of variation df MS SS n? (%)
Total 135461
Genotype (G) 4 10337%*** 41348 30.5
Environment (E) 1 42120*** 42120 31.3
Interactions 4 3664** 14656 10.8
Error 30 1245 37337 27.6

*** Significant at p< 0.001; ** Significant at p<0.01

The effects of the genotype and the year were significant for almost studied yield related traits
(productive tillering, spike length, number of grains per spike, grains weight per spike) in contrast to
the interaction between both factors (GXE) (Table 3).

The interaction was significant only for TGW, furthermore this interaction determined in the highest
degree detected variation for this trait. The observed variation of means for general and productive
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tillering and number of grains in spike is due to the highest degree of year of cultivation, while for
spike length — due to the genotype.

Table 3. Analysis of variance of yield related traits

Source of variation and % from total variation

Traits Genotype (G) |Environment/Year (E) | Interaction (GxE)

MS (v % MS ", %| MS |[n%

General tillering 3.77*%*| 11.8| 101.12*** | 79.1| 0.44™ | 14
Productive tillering 353* | 71| 161.60*** | 81.7| 138" | 28
Spike length 1.93***| 42.0 1.89** | 10.3| 0.50™ | 10.9
Number of grains in spike | 112.56*** | 20.2 975.16%** | 43.7| 51.30"° 9.2
Grains weight of spike 0.24* | 235 0.94** | 231| 0.05%| 51
TGW 1.97™ | 11.4| 147.46* 9.8| 132.64** | 354

*** Significant at p< 0.001; ** Significant at p<0.01; * Significant at p<0.05

Our results support the widely accepted opinion that the environment variability had a considerably
influence on a genotype’s response in organic and low input conditions (Wolfe et al., 2008). As the
environmental component in organic agriculture is more variable than in conventional one, the yield
stability is more important than yield alone (Lammerts van Bueren, 2002). Furthermore, the
information on yield stability is especially important in the presence of a significant genotype-
environment (GxE) interaction as in our trial. Taking into account the above fact we evaluated yield
stability per each cultivar separately based on the coefficient of variation averaged over replications
and years (Table 4). The coefficients of variation on yield of studied genotypes ranged from 14 % at
highest yielding cultivar Predel to 63.8 % at lowest yielding cultivar Progres. The other three
cultivars are characterized by approximately the same moderately high coefficients of variation
from 24 % at A-233 to 27, 4 % at Victoria. It is considered that the coefficient of variation can be
useful statistic parameter taking aim at identification of cultivars with high and stable yield (Ortiz et
al. 2001). Both high yielding cultivars in our experiment were distinguished by lowest CV - 14 %
for Predel and 24 % for A-233 and therefore they were most stable.

Table 4. Basic statistic parameters for yield at durum wheat cultivars averaged over replication and
years

Cultivars Means Min Max CV, %
Progres 117.1+ 26 .4 26 209 63.8
Predel 207.7£10.4 158 255 14.0
Viktoria 186.5+ 18.1 102 257 27.4
A-233 199.9+ 17.1 150 295 24.0
Elbrus 172.0+15.9 125 260 26.3

These cultivars are selected at different times and at different growing conditions — low and high
input. A-233 is an old cultivar, created in 60th years of the 20th century, while Predel is a modern
one, certified in 2008 and therefore they considerably differ in theirs morphological and
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agronomical traits. Our results not fully confirmed the assumption that old cultivars selected under
low input conditions are better suitable for organic farming than cultivars selected under
conventional high input conditions. Although the old cultivar was one of the best among all studied
cultivars and realized the highest yield in one of the growing seasons, yet the modern one showed
highest yield and yield stability average from both growing seasons. Thus it is confirming that
modern cultivars selected for conventional farming can be also suitable for cultivation under the
nutrient restricted conditions in organic farming (Guarda et al., 2004; Hildermann, 2010). Our
results do not diminish the importance of conduction of special plant breeding for organic farming
and selection for suitable genotypes under organic environments at least in later generations
(Loschenberger et al., 2008). Results of conducted correlation analysis between yield and yield
related traits separately for each growing season are presented in Table 5. The yield of durum wheat
cultivars, grown under organic farming conditions was positively associated with traits: number of
grains in spike, grains weight of spike during both years of cultivation. But only the correlation with
grains weight of spike was significant and only in the first cultivation year. High positive and
significant correlation was detected between yield and productive tillering only in a second
cultivation year. These results are in accordance with our previously study at durum wheat grown in
conventional conditions (Bozhanova and Dechev, 2009) and findings of other researchers (Koutis et
al., 2012, Marque et al., 2004). High negative but not significant correlation between yield and spike
length was found during both years of cultivation.

Table 5. Correlation coefficient between yield and yield-related traits in durum wheat under organic
growth conditions in different seasons

Correlation coefficient between yield and yield related traits
General Productive Spike Number of grains in | Grains weight of
T . . . TGW
tillering tillering length spike spike
2009/2010
041 | 036 [ -069 | 0.74 | 096 | 0.33
2011/2012
076 | 0.88*** | 061 | 0.79 \ 0.63 | -0.67

*** Significant at p< 0.001

There is contradicting information on the relationship between the spike length and yield and the
most researchers pointed that genotypes with longer spike length produce higher yields as compared
to those with shorter spike length under the conventional agriculture conditions (Wang et al., 2001,
Karimizadeh et al., 2012). In our evaluation the highest yielding genotypes under organic conditions
distinguished with shortest but most compact spikes with highest grain numbers. These yield
formation strategy is probably a consequence of the combination of specific climatic conditions in
our region and conditions of organic cultivation. It is considered that the density of spike in durum
wheat is more important for the yield in relatively cool and wet regions (Daaloul et al., 1998) as is
the region in which this study was conducted. In the view of achieved results it can be suggested
that the traits: productive tillering, number of grains in spike, grains weight of spike and short and
compact spike are favorable characteristics for the selection of suitable for organic farming
conditions durum wheat cultivars.
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Conclusions

Significant differences were found in grain yield and yield related traits among durum wheat
cultivars included in our study under organic environment during two growing seasons.

Modern durum wheat cultivar Predel and old cultivar A-233 were identified as high yielding and
stable cultivars therefore both cultivars had good capacity to adapt to organic cultivation in South
Central region of Bulgaria.

The effects of genotype, years and interaction of both factors on seed yield and almost studied yield
related traits were significant. The observed variation of yield under organic conditions is due to the
genotype and the year in almost equal extent. Therefore our results support the widely accepted
opinion that the environment variability had a considerable influence on a genotype’s response in
organic and low input conditions.

The identified in our experiment highest yielding and stable genotypes are characterized by high
number of productive tillering, grains per spike, grains weight of spike and lower length of spike.
These yield formation strategy is probably a consequence of the combination of specific climatic
conditions in our region and conditions of organic cultivation.

Some modern cultivars selected for conventional farming could be also suitable for cultivation
under the nutrient restricted conditions in organic farming. This fact does not diminish the
importance of special plant breeding conduction for organic farming and selection for suitable
genotypes under organic environments at least in later generations.
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ITPOIIEHKA HA COPTHU TBPJIA ITYEHUIIA BO YCJIOBH HA
OPI'AHCKO 3EMJOJEJICTBO

Buonera boxxanosa, ["anuja [TanajotoBa, Ciacumupa Henenkosa, Jleuko [lemdes

AncTpakr

ITer Gyrapcku copTu TBpAa MUYeHUNA Oea OArIe yBaHH Ha CEpTU(HUIMPAHOTO noie Ha MHCTHTYTOT
3a MOJNEAEICKN KynTypu - Yupmas, byrapuja Bo ycIoBH Ha OpPraHCKO 3€MjOJEICTBO, BO TEKOT Ha
JIBE BETETALMOHHM CE30HM, CO ILIeJI Ja CE OLECHAT arpoHOMCKHM LPTH M Ja C€ WACHTHU(HKyBaatr
HAjCOOJIBETHHUTE COPTHU 32 OBOj 3€MjOJEIICKH CHCTeM. BpeMeHCKHTe ycIIoBH Oea momoBoaH Bo 2012
roauHa. bea npoHajieHn 3HAYUTETHN Pa3IuKU Mely TeHOTHIIOBUTE 32 MPUHOCOT U MOBP3aHUTE CO
MIPUHOCOT CBOjCTBA — IMPOJYKTHBHO Opareme, TOJDKMHA Ha KJIAcoT, Opoj Ha 3pHa Ha Kjac, TeKUHA
Ha 3pHa o Kiac. [IpuHOCOT Ha TBpAara MYeHUNA MO reHoTHnoBu Bapupa ox 500,8 kr /xa kaj
coprata Progres Bo 2010 romuna, 3a nma 2330,8 kr/xa kaj coprata A-233 Bo 2012 ronuHa.
AtpaktuBHara copra Predel mokaxa najmoGap mpusoc - 2070,8 Kr /xa, mpocek 3a JBE TOJWHH,
cieneme crapata copta A-233 co cpemeH mpuHOC on 1995 kr/xa. M3BprmeHaTa aHanm3a Ha
BapujaHca To YTBPAH €(EeKTOT O TeHOTUIOT. ['OMHNTE W MHTEpaKIfjaTa Ha IPUHOCOT Ha ceMe ce
CTaTUCTUYKM 3HavajHH. HabOibynyBaHWTe Bapujannyd Ha NPUHOCOT BO YCJIOBH Ha OPraHCKO
MIPOU3BOJCTBO €€ JOJDKM Ha TE€HOTUIIOT W TOAMHATa, peducu Bo ucrta Mepka - 30,5 u 31,3%,
COOZIBETHO O] BKyIIHaTa BapHjandja, ¥ BO MHOTY IIOMajla MEpKa CO HMHTEpaKl{jaTa Ha JBara
¢daxropu (10%). HajBrcoko MpUHOCHUTE COPTH Oea M HajCTAOMIIHK BP3 OCHOBA Ha KOC(UIIUCHTOT
Ha Bapujanuja: Predel, CV-14% u A-233 CV -24%. JIBara reHOTHIIa CE KapaKTEPU3UPAT CO TOJEM
0poj Ha MPOAYKTUBHHM OpaTHMKH, 3pHa Ha KJIACOT, TeKHMHA Ha 3pHATa Ha KJIACOT M CO IOMala
JIOJDKMHA Ha KJiac.

Kayuynu 300poBu: TBpJa MueHMIa, OPraHCKOTO 3€M]jOEIICTBO, IPUHOC, KapaKTEPHCTHKH.
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RESULTS OF THE EXAMINATIONS OF THE BURLEY VARIETY
PELAGONEC CMS F1

Zarko M. Hristoski

JSC “Tobacco Kombinat” — Prilep, Republic of Macedonia
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Abstract

The aim of these researches is putting on hold the production of Burley type in the Republic of
Macedonia and exploring the possibilities for restarting it in order to avoid the total dependence of
the Macedonian cigarette industry from raw material of this type of tobacco. Guided by these
considerations we decided on prior examinations with some Burley varieties. Our attention was
directed at the Macedonian perspective variety Pelagonec CMS F1 which was used for certain
examinations during 2008. The results from the examinations (morphological, yield, quality,
physical properties and tasting of raw material) confirmed the high economic value of this variety.
Key words: tobacco, Burley, variety, yield, quality.

Introduction

In the Scientific Tobacco Institute — Prilep, in the last decade, as a result of intensive selection
efforts, particularly with the Burley type, are created a number of varieties and lines of both, fertile
and male-sterile form. From all of them, because of its properties (yield, quality, resistance to
diseases, etc.) the most attention got the male sterile hybrid variety Pelagonec. Taking into
consideration the fact that in Republic of Macedonia, the production of the Burley type and Virginia
type after 2002 was put on hold, Pelagonec variety can present a challenge for activating the
production of this type of tobacco in regions where real conditions and interest exist. Otherwise, the
Macedonian fabrication will continuesly depend on import of this type of tobacco. All previously
said was a challenge enough to conduct certain examinations with this type of tobacco and the
Pelagonec variety. The results obtained from these examinations can be a good basis for serious
thoughts on reorganizing the production of this type of tobacco in the Republic of Macedonia.

Material and methods

Included in the examinations was the male sterile hybrid Burley variety Pelagonec. The experiment
was set on the premises of the Scientific Institute in 2008, on a colluvial type of soil. The first
ploughing was carried out in the autumn of 2007, at a depth of around 40cm. In the spring of 2008
the surface was fertilized with 300 kg/ha artificial fertilizer NPK in the ratio of 8:22:20 and was
ploughed two more times. Before transplantation the soil was treated with herbicide and harrowed.
The healthy seedlings were manually transplanted, transplanting 163 stems with transplanting
density of 90 x 50 cm (73,35 m?). Before the first and second hoeing a manual fertilization was
performed with about 5 g/stem of KAN, 26%. Because during vegetation (V — IX month) the total
amount of rainfall was 183,3 mm, several additional irrigations were necessary. The morphological
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measurements were carried out on 30 plants from which the average values were established at the
end. The tobacco was hand picked, separately from each priming range (from lugs to tips — seven
pickings) in order to get a comprehensive picture of the variety in relation to the total yield. The
picked tobacco was manually strung and dried in special dryers for the Burley type (air curing). In
order to adjust the classification with the international classes which apply to the international
commerce with this type of tobacco, the classification of raw material was performed twice. The
first time the tobacco was classified according to the current Rules on standards for qualitative and
quantitative assessment of raw tobacco leaf (Official gazette of the Republic of Macedonia No
16/2007, No 144/2010 and No 20/2011 ). The second time according to the Official Standard
Grades For Burley tobacco-foreign type 93.

The yield per stalk was determined when the total quantity of dry tobacco with 15% humidity was
divided by the total number of stalk (g/stalk) and the yield by hectare was determined by
establishing the number of stalk per hectare (22222 stalk x yield per stalk).The physical properties
of the raw material were tested in the certified laboratory of the Scientific Tobacco Institute —
Prilep, and the tasting properties were examined by the tasting committee of the JSC “Tutunski
Kombinat” — Prilep. In these two examinations, a raw material from the middle priming range was
used.

Results and discussion

Morphological properties

The character of tobacco’s morphological properties is mostly influenced by genetic factors,
agricultural and environmental conditions and applied agricultural technology during vegetation.

In different varieties of tobacco from the Burley type, morphological properties (the number of
leaves and their dimensions, stem height, etc.) are different and that is why they are different from
each other.

Our examinations covered the dimensions of the 5", 10™ and 15" leaf, as well as the average
number of leaves and the stem height with flower. These data are shown in Table 1. From the data
presented in Table 1, can be concluded that dimensions of leaves in the lower priming range (the 5"
leaf) and middle priming range (the 10" and 15" leaf) are typical of the Burley type. Uzunoski
(1985) describing the American variety B-21 mentioned that the length of the largest leaf from this
variety ranged from 55-70 cm, and the width from 26 — 30 cm. Risteski (2006), performing three-
years examinations with six Burley types in the region of Prilep came to a conclusion that with the
largest length of the 5™ leaf distinguished was the variety Podravac, and with the largest length of
the 10™ leaf (61 cm) and the 15" leaf (62 cm) distinguished was the variety B-2/93. Dyolgerski
(2009), gave certain parameters and directions for creating good (ideal) varieties of the Burley type
where he recommended no limit in the size of the robust variety of tobacco, and for type Burley he
recommended length of leaves no lesser than 60-62 cm and width 30-32 cm.

Table 1. Results of morphological measuring — average values

. 5" leaf in cm 10" leaf in cm | 15th leaf in cm Stalk height
Variety Number of .
with flower,
Pelagonec L W L % L w leaves cm
CMSFL 46,80 | 31,00 | 68,10 | 38,90 | 65,00 | 31,60 33,60 177,60
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From data for the number of leaves per stalk it can be seen that the average number of leaves in the
Pelagonec variety in average was 32,6 leaves.

According to Beljo (1996), varieties with this number of leaves belong to the group of high-yield
tobacco, and according to the height of the stalk with flower (177,6 cm) the Pelagonec variety
belongs to the category of middle-height tobacco. Stoyanov and Apostolova (1999 and 2000), point
out that stalk heights of the newly created Bulgarian Burley varieties B-1317 and B-1351 are 158
cm and 165 — 170 cm accordingly. From data of the analyzed morphological properties and
available literary data it can be concluded that the Pelagonec variety has all the characteristics of a
typical Burley variety.

Yield and quality

Tobacco yield as a measurable category together with the quality represent an illustrative indicator
when assessing the economic value of a variety. These two indicators despite from being genetically
controlled are largely depend on agricultural and environmental conditions and the agricultural
technology applied during tobacco vegetation. Pelivanoska et.al. (2001), report that by
implementing different versions of fertilization and irrigation, yields of the Burley type B-2/93 in
the region of Ohrid and Struga could reach up to 6 000 kg/ha. Budin (1988), reports that yields of
the Burley type in Zimbabwe in the period of 1980 — 1985 ranged in average from 1 202 to 1 760
kg/ha. Risteski (2006), reports that three-year yield average of the six Burley varieties cultivated in
the Prilep production area from the variety picked — strung ranged in the borders of 2278 to 2910
kg/ha.

How the yield per stalk (g/stalk) and area (kg/ha) ranged in our researches, it can be seen from data
in Table 2.

Table 2. Yield per stalk (g/stem) and area (kg/ha)

Pelagonec Number of Total quantity of _ Yield per
variety nicked raw tgbacco from Yield per stem hectare kg/ha
CMS F1 stalk the picked stems g/stalk (196,39 x
ing 22222 stalk)
163,00 31960,00 196,30 4362,00

From data in Table 2 it can be concluded that yields given by the Pelagonec variety (196,3 g/stalk
and 4362 kg/ha) are quite acceptable so that this variety can be freely included in the group of high-
yielding varieties. These results are strongly influenced by dimensions and number of leaves per
stalk. In areas that are typical for production of the Burley type, higher yields of the Pelagonec
variety can also be expected.

The quality of produced tobacco raw material is also a measurable category. In the beginning, the
quality of raw material is assessed visually — organoleptically according to the Measures for

Purchase of Raw Leaf Tobacco where inertia, dimensions and color of the leaf, thickness and
delicacy of the leaf blade, content of the rib, etc. are taken into consideration. If more accurate
results are needed, physical and chemical analyses are made.

However as a final and definitive indicator of the tobacco quality, results from tasting of raw
material are taken. All these indicators of quality are largely dependent on agricultural and
environmental conditions, applied agricultural technology, proper harvesting, curing, etc. How the

50



SECTION 1: FIELD CROP PRODUCTION

quality of the produced raw material ranged assessed by the Measures for Quality Assessment of
Raw Leaf Tobacco for the Burley type, it can be seen from data in Table 3.

Table 3. Raw material quality

Total \% Participation
Pelagonec I class Il class Il class | IV class Icipat
. cured class I-111 class
variety tobacco
CMS F1 g ’ % % % % % Weight, g | %
31960 46 20 8 14 12 23660 74

From data in Table 3 it can be seen that out of the produced total of raw tobacco from 31960 g,
14774 g or 46% belong to class I, which is an evidence that leaves from the middle picking range
with larger dimensions (over 40 cm), full of content, delicate and with color characteristic of the
high-quality Burley type were dominant in the produced raw material. The second class is
represented with 6242 g or 20%, and 2644 g or 8% fall into the third class. The fourth class
participates with 4 564 g or 14%, and the fifth class where the lowest quality of tobacco from all
harvests is being classified participates with 3736 g or 12%. Much clearer picture of tobacco raw
material quality is presented by the percentage share of high classes (I, 11 and I11) in the total yield.
From results shown it can be seen that from the total quantity of dry tobacco 23660 g or 74% fall
into these three classes, which is an indicator that this variety gives high quality raw material.

Raw material quality

According to the classification (Official Standard Grades for Burley tobacco, Foreign type 93, U.S.
Department of Agriculture, Washington D.C. 1990) of dry leaves, in the Pelagonec CMS F1 variety,
a high percentage of classes with excellent use value were determined. In Table 4 presented are the
values of the qualitative assessment of dry leaves from the examined material.

The insertion C — cutters, accounted for 42,9% of the total examined material of 30 000g. Within
this insertion, the first class (C1F) accounted for 16,4% or 4920 g the second class (C2F) accounted
for 15,6% or 4680 g and the third class (C3F) accounted for 7,8% or 2340g. The total value of the
first, second and third class was 11940 g or 38,9%.

The insertion B — leaf, accounted for 31,2% or 9360 g. The percentage of participation of the first
class (B1F) added up to 10,9%, the second class (B2F) added up to 8,6% and the third class (B3F)
added up to 9,4% . The insertions C — cutters and B — leaf, cover the middle range of the plant
habitus, leaves are very similar to each other and have a high use value in fabrication. Because
of this, the total value of these 2 insertions, which added up to 74,1% or 22230 g of the total
examined material, was a clear indicator that this variety is characterized by a high use value.

Class composition of leaves from the first insertion X — flyings, included 19,5% from the total
examined material or 5850 g. The first class (X1L) added up to 2 340 g or 7,8%, the second class
(X2L) up to 1410 g or 4,7%, and the third class (X3L) added up to 1 170 g or 3,9%. The total
presented value of the three classes added up to 4920 g or 16,4% of the total examined material.
During classification of dry leaves from the T — tips insertion, it was determined that it was
characterized by a low percentage of participation in the examined material that added up to 6,4% or
1930 g. The first class (T1F) accounted for 1,6% or 480 g. The (T2F) class accounted for 1,8% or
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540 g and the third class (T3F) accounted for 1,6% or 480 g. The total values of the three classes
added up to 5% of the total examined material or 1500 g.

Table 4. Classification of materials by Official Standard Grades, Burley tobacco foreign type 93

. Total dry 1L oL 3L aL 5L Participation
Insertion | tobacco in 1-3 class
X g % % % % % g %
5850 7,8 47 3,9 3,1 / 4920 | 16,4
- Total dry 1F oF 3F AF 5F Participation
Insertion | tobacco in 1-3 class
C g % % % % % g %
12870 16,4 15,6 7.8 3,1 / 11940 | 39,8
. Total dry 1F oF 3F AF 5F Participation
Insertion | tobacco in 1-3 class
B g % % % % % g %
9360 10,9 8,6 9,4 2,3 / 8670 | 28,9
_ Total dry 1F oF 3F AF 5F Participation
Insertion | tobacco in 1-3 class
T g % % % % % g %
1920 1,6 1,8 1,6 1.4 / 1500 5,0

Physical properties of raw material

Physical properties as part of the properties of tobacco raw material represent an objective indicator
of its quality therefore they are implemented as a segment in the current classification systems,
according to which the tobacco assessment is made. These properties are in co dependence with
environmental conditions, the applied agricultural technology during vegetation, insertion, maturity
of leaves when picked, time spent in yellowing, water quantity in picked leaves, way of harvesting
and curing, etc. From physical properties, studied were the main rib content and leaf’s thickness and
materiality. According to Darkis (loc. cit. Uzunoski, 1985), the main rib content in the total leaf
weight in the Burley type amounted to approximately 30%. Perovi¢ and Prpi¢ (1983), examining
some physical properties of the Burley type in Jastrebarsko (Croatia) came to a conclusion that the
main rib content in middle harvests was 27,78%. Arangelovi¢ et al. (1973), examining the Burley
varieties in eight regions in Serbia came to a conclusion that the main rib content ranged up to
29,40% and mentioned that in the Burley raw material produced in the USA (N. Carolina) this
number was 35,48%. Smokvoski (1999), came to a conclusion that the leaf blade of the Burley type
cultivated in Prilep production area ranged from 57,25 to 62,63 pm. Risteski (2006) reported that
the average values of leaf thickness from three-year examinations in Prilep production area with
Burley varieties ranged from 61,00 to 71,83 um. In regards to materiality of the leaf, the same
author mentioned that in average it ranged from 37,40 g/m’ to 42,95 g/m?. Pelivanoska (1999),
came to a realization that the mutual influence of tobacco fertilization and irrigation during
vegetation lowered the materiality of dry leaves. Which physical properties characterized the raw
material in our examinations can be seen from data in Table 5.
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Table 5. Physical properties of raw material

Rib % Thickness of leaf tissue, pm Materiality g/m?

Pelagonec CMS F1

31,45 83,25 35,91

From data presented in Table 5, it can be concluded that the main rib content in the leaf composition
(31,46%) is within the boundaries typical for the Burley type, which is supported by the previously
cited data by many authors and is within the expectations. The leaf thickness (83,25 um ) is also
typical of the Burley type and corresponds with values from the cited literary data.

Regarding data of leaf materiality (35,91 g/m?) it can be stated that it is somewhat lower than usual
for the Burley type. But it is known that tobaccos with lower materiality produce a greater number
of cigarettes. Taking into account the fact that today the Burley type participates with around 30%
in cigarettes composition, lower materiality promises higher economic effects and vice versa.
Tasting properties of raw material

Unlike all other products that human consumes in solid or liquid state, tobacco is mostly consumed
in the form of smoke. All products that are released in the process of pyrolysis, as a rule should give
the consumer a pleasant feeling of taste, aroma, and relaxation that comes from the physiological
influence of the nicotine on the nervous system.

These tobacco properties are very closely related to certain chemical components in the tobacco
(soluble sugars, essential oils and resins, nicotine, proteins, etc.) and their mutual ratio. Although
subjective, most authors consider the tasting method as the final and definitive indicator of tobacco
quality. Nikoli¢ et al. (1998), in 1994 and 1995 examined several lines of the Burley type in Serbia
and concluded that when smoking this type of tobacco one should not expect some distinctive
aroma, which will burn and irritate us, but to expect excellent flammability, white and compact ash.
Risteski (2006), stated that the raw material of all 6 Burley varieties examined in Prilep production
area in the period of 1999-2001, by the tasting committee was rated as very strong. The author
related this with the somewhat higher content of nicotine (over 2%). Which tasting properties
characterized the raw material produced in our researches can be seen from data in Table 6.

Table 6. Tasting properties of raw material

Tasting components Points
Irritation 17,80
Taste 17,70
Aroma 16,80
Intensity 13,00 (strong)
Flammability 4,00
Compactness 4,00
Total 73,30

The subject of assessment in Table 6 was a tobacco leaf mixture from the entire plant. According to
tasters’ opinion, the examined material was characterized by typical irritation with sugary taste with
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good quality and intensity. Aromatic characteristics were representative of the typical Burley aroma
with good quality. The physiological intensity was clearly defined and was consistent with the taste
and aroma complex. The flammability and compactness fully met the standards of the Burley type.
The opinion of the tasting committee at Cigarettes - LLC Prilep is presented in Table 6 and Table 7.

In the insertions, there was a clear definition of tasting properties. In the insertions C and B, the raw
material was characterized by the typical Burley features with a rather more specified aroma
(piquancy), sweetish and discreet refreshment. The physiological intensity was better expressed in
comparison to X and T insertions. The material in all examined insertions was characterized by a
good and solid compactness.

According to the values presented in Table 6. and Table 7. the highest points got the insertion C-
cutters with 73,31 points, the second place got the tobacco mixture from the entire stem with 73,00
points, and the third place was for the insertion B-leaf with 73,21 points. The fourth and the fifth
place were the insertions T - tips with 73,20 points and insertion X-flyings with 73,18 points.

Table 7. Tasting properties of tobacco row materials classified by Official Standard Grades, Burley
tobacco foreign type 93

Tasting components Insertions
X C B
Irritation 17,80 17,80 17,80 17,80
Taste 17,64 17,70 17,67 17,70
Aroma 16,74 16,81 16,80 16,70
Intensity 13,00 (strong) | 13,00(strong) | 13,00 (strong) | 13,00
Flammability 4,00 4,00 4,00 4,00
Compactness 4,00 4,00 4,00 4,00
Total 73,18 73,31 73,27 73,20
Conclusions

Based on the above we come to the following conclusions:

With regards to morphological characteristics of the Pelagonec CMS F1 variety (height of stalk,
number and dimensions of leaves) it can be stated that it is closely related to some eminent foreign
varieties. The average yield per hectare (4 362 kg) and the average of the upper classes I-111 (74%)
achieved in a region atypical for the Burley type (Prilep) guarantees enough that this is a variety
with high potential. Indicators of physical properties of raw material, rib participation (31,46%), leaf
thickness in micrometers (83,25) and leaf materiality (35,91 g/m?) are within the range for the
Burley type. Results from the tasting properties of raw material show that it is typically Burley and
it can be freely included in the mix of blended cigarettes. All these indicators tell us that in the
Scientific Tobacco Institute— Prilep, a Burley type (Pelagonec CMS F1) was created, which can be
used to restart the production of the Burley type in the Republic of Macedonia to a general
satisfaction of the primary producers and cigarette manufacturers.
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PE3YJITATH O] UICIUTYBAIATA OJI BEPJIEJCKATA COPTA
MEJATOHEI [IMC F1

XKapxo M. Xpucrtocku
Ancrpakrt
IlenTa Ha OBHE HCTpPa)KyBama € CTABAKBETO BO MUPYBAkE Ha IPOM3BOACTBOTO HA THIOT Oepiej Bo P.
MakeZioHHja ¥ UCIIUTYBambe Ha MOKHOCTUTE MCTOTO Jla CE pPecTapTHpa U Aa ce M30erHe IelocHaTa
3aBHCHOCT Ha MaKeJoHcKara (habpHKalmja co CypoBHHA OJ OBOj THII Ha TyTyH. BojeHU ox BakBH
pa3sMHCITyBama ce OJUTydHBME 3a IPETXOAHHU HCIUTYBamka CO HEKOH OepiiejcKu copTu. Banmanunero
Oeme HAacCOYEHO KOH MakeqoHCKaTa mepcrektuBHa coprta [lemaromen IIMC F1 co koja Gea
M3BpIIEHH OJpeJeHH HCIHUTyBama Bo TekoT Ha 2008 rox. Pesyarature on HCHUTyBamarta
(Mop®oJI0IIKH, TPUHOCH, KBAIUTET (U3MYKU CBOjCTBA U JETYCTAallMja Ha CYPOBHHATA) ja MOTBP/M]ja
BHCOKAaTa CTOIIAHCKA BPEIHOCT HA 0Baa COpTa.
Knyunu 300poBu: TyTyH, Oepiej, copTa, IPUHOC, KBAIUTET.
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Abstract

Azotobacter is a soil bacterium which, apart from fixing atmospheric nitrogen, produces growth
substances (e.g. indole acetic acid, 1AA). For that reason, it is used as a biofertilizer in plant
production. Due to the need to apply biofertilizers in acid soils, too, research has been focusing on
creating acid resistant strains of azotobacter. In this research, nine strains of azotobacter were
isolated from halomorphic soil (pH 9). The production of IAA in all strains was determined by
colorimetric method. Their survival rate in acid soil (pH 5) and their effect on the early growth of
wheat were investigated. The experiment was conducted in controlled conditions, in pots. The
strains of azotobacter were introduced into the soil. The control variants were not inoculated. The
number of azotobacter, the height and the dry mass of the plant were determined thirty days later.
IAA production ranged from 3.73 to 10.4ug ml™. The survival rate of the introduced azotobacter
was low. Its number decreased from 10°g™ to 10%g™, but it was still larger than in the non-inoculated
variant (10'g™). The applied azotobacter strains promoted the early growth of wheat. The length of
the part above ground in the inoculated variants was 3% to 35% greater than in the control, whereas
the dry mass was 0,6 to 58% greater. The increase in the length and dry mass was mostly in
correlation with the amount of I1AA.

Key words: azotobacter, acid soil, wheat.

Introduction

Many bacterial species are well known for their growth promotion effects on plants (Tilak et al.,
2005; Egamberdiyeva, 2005). PGPR promote plant growth by production of metabolites, i.e.,
phytohormones or enhanced availability of nutrients (nitrogen, phosphorous). For example, about
80% of the naturally occurring bacteria in soil are capable of producing auxin which is considered
as an important plant growth regulator (Patten and Glick, 1996). These bacteria utilize tryptophan
secreted by plants as root exudates to synthesize auxin. The positive role of PGPR in stimulating the
plant growth has also been confirmed by Barea et al. (1976), Dazzo et al. (2000), Djuric et al.
(2011). Enhanced availability of nitrogen are capable diazotrophic microorganisms. There are
known to provide fixed nitrogen in exchange of fixed carbon secreted by plant as root exudates
(Glick, 1995). One of these microorganisms is azotobacter. Azotobacter is a soil bacterium which,
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apart from fixing atmospheric nitrogen, produces growth substances (e.g. indole acetic acid, 1AA).
For that reason, it is used as a biofertilizer in plant production (Mrkovacki et al., 2006., Mrkovacki
and Bijelic (2011), Okon et al (1995), Jarak et al.(2011). Due to the need to apply biofertilizers in
acid soils, too, research has been focusing on creating acid resistant strains of azotobacter.

Material and methods

In this research, nine strains of azotobacter were isolated from halomorphic soil (pH 9). IAA was
assayd by colorimetric method. Development of pink color was assayed with spectrophotometer at
530 nm. Concentration of produced IAA was determined from a standard curve of IAA (1-50 pg ml’
1), Their survival rate in acid soil (pH 5) and their effect on the early growth of wheat were
investigated. The experiment was conducted in controlled conditions, in pots. Azotobacter was
grown on medium with manitol. 4x10° g™* of cells of each strain was introduced into the soil. The
control variants were not inoculated. Twenty sterilized wheat seeds were planted in the pots. The
number of azotobacter, the height and the dry mater mass of the plant were determined thirty days
later.

Results and discussion

The survival rate of the introduced azotobacter 30 days after inoculation was low. Its
numberdecreased from 4x10° g* to 5.2 - 6.6x10° g”, but it was still larger than in the non-
inoculated variant (2x10'g™) (Table 1). IAA production ranged from 3.73 to 10.4 ug ml™ (Table 1).

Table 1. The IAA production and survival of azotobacter in acid soil 30 days after inoculation

Strains of azotobacter | The number of azotobacter (CFUg™ soil) | IAA pg ml™
22 5.2x10° 6.23
23 5.2 x10° 3.73
24-1 6.1 x10° 8.28
24-2 6.6 x10° 10.4
25-1 5.5 x10° 5.56
25-2 5.5 x10° 5.20
26 5.4 x10° 4.54
27-1 6.2 x10° 9.32
27-2 5.3 x10° 6.35
Control 2.1x10* -

The starting number 4x10° -

The number of azotobacter is very low in acidic soil (Jarak at al., 2005), moreover some results
shown that there is no azotobacter in acid soil. Acid enwiromental have negatively influence on
azotobacters growth and that azotobacter never produce pigment in acid soil.

However, if azotobacter is introduced into the soil, one part of the introduced cells adapts to acid
environment and their number increases (Jarak et al., 2005; Colo and Jarak, 2006). Miligi¢ et al.
(2006) stated that the survival of Azotobacter in pH-5.4 soil was satisfactory after 20 days, whereas
after 40 days the number of Azotobacter decreased.
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Several studies have shown that Azotobacter as soil inoculant is not only effective in N fixation but
also has other properties such as production of growth hormones, like gibberellins, auxins and
cytokinins (Rajaee et al., 2007), and the property to solubilize phosphate (Narula et al., 2000). In
our investigations the applied azotobacter strains promoted the early growth of wheat. The length
of the part above ground in the inoculated variants was 3.6% to 35.5% greater than in the control,
whereas the dry mass was 0.6 % to 58% greater. The increase in the length and dry mass was mostly
in correlation with the amount of IAA.

Many field trials have demonstrated that under certain enviromental conditions, inoculation with
azotobacter has beneficial effects on plant yields (Emtiazi et al., 2004), due to the increase of fixed
nitrogen centent in soil (Pandey et al., 1989). Several authors have shown the beneficial effects of
Azotobacter on vegetative growth and yields of maize (Hajnal et al.2005, Jarak et al., 2012).
Inoculation with Azotobacter chroococcum has a positive effect on the increase in yield, seed
germination and early growth of maize plants, as well as on the length of the part above ground and
root ( Egamberdiyeva, 2007).

Table 2. The effect of azotobacter on the early growth of wheat plants

Strains of Hight of plant Increase to Dry mater mass of Increase to

azotobacter (cm) control (%) plant (g) control (%)
22 28.47 17.2 1,98** 23
23 25.17 3.6 2,54** 58
24-1 29.13* 19.8 1,45 0.6
24-2 32.90** 354 2,01** 25
25-1 27.27 12.2 2,38** 48
25-2 26.40 8.6 2,02%* 26
26 26.13 75 1,95%* 21
27-1 29.37* 20.8 1,88* 17
27-2 28.50 17.3 2,17%* 35
control 24.30 1,60

LSD 5% 4.66 0.245

1% 6.36 0.335

*Significant effect at P>5%; ** sinificant effect at P> 1%

The growth promotive effects of azotobacter on sugar been plants have been reported in results
Mrkovacki et al. (2006), as well on potato plants in results Azcon and Barea ( 1975) and
Najdenovska et al. (2005). Khalid et al.(2004) demonstrated increases in root elongation (up to
17.3%), root dry weight (up to 13.5%), shoot elongation (up to 37.7%) and shoot dry weight (up to
36.3%) of inoculated wheat seedlings with azotobacter. Jarak et al. (2006) and Kizikaya (2008)
recorded a positive effect of inoculation with azotobacter on wheat yield.

Conclusions
The survival rate of the introduced azotobacter was low, but it was still larger than in the non-
inoculated variant.

59



SECTION 1: FIELD CROP PRODUCTION

IAA production ranged from 3.73 to 10.4 ug ml™.

The length of the part above ground of wheat in the inoculated variants was 3.6% to
35.5% greater than in the control.

The dry mass of above ground of wheat was 0.6 % to 58% greater than in the control.
The increase in the length and dry mass was mostly in correlation with the amount of IAA.
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MMPOMOIINJA HA E®EKTOT HA IIOPACT HA PACTEHUJATA U U3/IPKJIMBOCT
HA ABOTOBAKTEPOT BO KHCEJIA IIOYBA

Mupjana Japak, Tatjana PanoanoBuk, Munusoj benuk, Cumonnna I'ypuk, Onra Hajnenoscka

AncTpakr

A30TOOaKTEpOT € TOoYBeHa OakTepHja Koja, IOKpaj (QHKcampja Ha a30TOT OX arMocdepara,
TPOM3BEyBa M CYIICTaHIM Ha TopacT (mp. wHmon orerHata kucennHa - MOK). Topamu Toa, ce
KOPHCTH Kao OHOI'yOpHBO BO pacTUTEITHOTO MpH3BOACTBO. [loTpedaTa ma ce kopucrtat OmMOryOpmBa
y KHCEJH TI0YBH, € BCYIIHOCT M MPHYMHATA 32 OBa UCTPAXyBame Ja ce (POKycHpa Ha CO3IaBaAmHETO
OTIIOPHM Ha KHCEIMHU COeBU a3zoTobakTep. Bo oBa ucTpaxkyBame ce NpeAMET AEBET COEBH
a30TobaKTep, MPETXOAHO H30IUpaHu U on xaromopdHa mousa (PH 9). IIpoussenyBameto Ha MOK
Kaj CUTE COEBH € OJIPEJICHO CO KOJOpUMEeTpUcKara Meroja. bea MCIUTYBaHM HMBHUOT CTENEH Ha
NpEeKUBYBamkbe BO Kucena mo4sa (PH 5) v HUBHOTO BiMjaHHe Bp3 PAHHOT MOPACT HA IMUYCHHIATA.
ExcriepuMeHTOT € M3BelyBaH BO KOHTPOJIMPAHH YCJIOBH, BO cakcuu. Bo mouBara Oea BHeceHH
COEBH 071 a30T00aKTep, a KOHTPOJIHUTE BapHjaHTH He Oeca mHOKynmpanu. [lo Tpuecer nena Oea
oxpeneHu: OpojoT Ha a30TOOaKTep, BUCHHATA HA pacTeHHjaTa M CyBaTa Maca Ha pacTCHHjara.
IIpousBoncteoto Ha MOK ce neumxeme on 3,73 no 10,4 mMukporpama mi-t. CTemeHoT Ha
MIPEeXMBYBake HA HHOKYJIMPAHHUOT a3oTobakTep Oemre HU30K. bpojor ce Hamamm ox 106 r-' 1o 103
r-', HO cemak Gemre MOTONEM OXOINTO Kaj HeMHOKysmpauute Bapujantn (101r-1). TIpumenernte
COEBHM a30TO0AKTEp MPOMOBHMpaa paH MopacT Ha myeHunara. JloypkuHata Ha HaJ3eMHHUOT /N Kaj
WHOKYJIMpaHuTe BapujantH Oeme ox 3% 1o 35% morojieM oJI0LITO Kaj KOHTPOJIATa, IoJieKa cyBara
Maca Gemre norosiema oz 0,6 no 58%. 3ronemMyBameTo Ha IOJDKMHATA M CyBaTa mMaca, IJIaBHO Oerlle
BO Kopenanyja co konudectsoro MOK.

Kiy4Hu 300poBu: a30T00aKTep, KUCEIa I0YBa, TUEHHUIIA.
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Abstract

In this study evaluated the response of four barley genotypes (Rekord, Jagodinac, Kristal and
Premijum) to three fertilization method (120 kg N ha™, 80 kg P,Osha™, 53 kg K,0O; 120 kg N ha™,
160 kg P,0sha™, 53 kg K,0; 120 kg N ha™, 80 kg P,0Osha™, 53 kg K,O + 5 t ha™"Njival Ca" ha™ +
20 t manure ha) on pseudogley soil. The results showed that the examined genotypes gave poor
yields at low soil pH, under low phosphorus and low humus cotent. The use of NPK fertilizer with a
higher content of phosphorus had a positive effect on the yield that was increased twice.The
combined ameliorative use of lime, manure and NPK fertilizers led to a significant increase in grain
yield, particularly in cv. Kristal. Barley productive traits were highly significantly and positively
correlated with soil pH and P,0s and CaO content, while correlations with Mn and Al soil content
were significant, but negative.

Key words: barley, fertilizer, genotype, liming, pseudogley soil.

Introduction

Soil acidity influences many chemical and biological reactions that control plant nutrient
availability and element toxicity (Sumner et al., 1991; Lavelle et al., 1995). Worldwide, soil
acidification affects an estimated 30% of the total topsoil (Sumner and Noble, 2003). Furthermore,
75% of acid topsoils are also affected by subsoil acidity, and failure to address topsoil acidity may
result in subsoil acidifi cation of even neutral to alkaline soils (Sumner and Noble, 2003).
Pseudogley and other types of acid soils are widespread in the Republic of Serbia, accounting for
over 60% of total arable land (Stevanovi¢ et al., 1995). The acidity of these soils, their high contents
of H" ions and low contents of essential plant nutrients, primarily P and Ca, are constraints to high
and stable wheat yields. Low calcium levels, phosphorus deficiency and aluminum toxicity affect
root growth, the absorption of water and nutrient uptake by plants, generally causing crop yield
reduction in acid soils (Pavan et al., 1982; Sumner, 2004). The effect of fertilization and liming on
crop yield has been observed in many studies; the trials, however, show differences in the intensity
of the effect. Crop yield is also significantly affected by soil conditions, climatic factors and weather
conditions in a given year (Eduardo et al., 2005, Ito et al. 2009, Chimdi et al., 2012). A large effect
on the grain yield of cereals has been reported at combined application of manure, lime and mineral
fertilizers (Manna et al. 2005). The objective of the present study was to evaulate the effect of
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different fertilization methods and fertilizer types on grain yield and yield components in four
winter barley genotypes (Rekord, Jagodinac, Kristal amd Premijum) on pseudogley soil.

Material and methods

The study was conducted at the experimental field of the Dr. Porde Radi¢ Secondary School of
Agriculture and Chemistry in Kraljevo, on pseudogley soil, over a period of three years (2008-
2010). The trial included an untreated control (B) and three different fertilization methods: B, (120
kgNha®, 80 kgP,Osha, 53 kgK,0 ha), B; (120 kgNha™, 160 kgP,Os ha™, 53 kgK,0 ha™) and B,
(120 kgNha™, 80 kgP,0sha™, 53 kgK,O ha™+5 t "Njival Ca" ha*+20 t manure ha™). Fertilization
treatments were set up in a randomized block design in three replications. Plot size was 50 m?. The
fertilizers used included complex NPK fertilizer (8:24:16), superphosphate (17% P,0s) and
ammonium nitrate (AN=17% N) used as a nitrogen fertilizer at the end of winter. Four different
winter barley cultivars (Rekord- A;, Jagodinac- A,, Kristal- A; and Premijum- A;) were grown at
the trial field. Sowing was performed at optimum dates, at a seeding rate of 500 viable seeds per
square meter, using a tractor-drawn seed drill. Conventional production technology was employed.
The crop was harvested at full maturity, using a Sampo harvester. Barley yield was weighed and
adjusted to 14% moisture. Harvest index was calculated as the ratio of grain yield to straw vyield.
Grain number per ear were determined. Soil sampling was carried out after the harvesting operation.
The soil was analyzed by the following standard chemical methods: soil pH was determined in a
1:2.5 soil - 1 M KCI suspension after a half-hour equilibration period; the humus content was
determined using the Kotzmann method, the content of available P,O5 and K,O was assessed by the
Al method of Egner-Riehm. A colorimetric method using the aluminon acetate buffer was employed
to analyze the content of mobile Al. The obtained data were evaluated using analysis of variance
and the significance between mean values was performed according to Mead (1996).

Results and discussion

The soil used in the trial was pseudogley, previously (Dugali¢, 1998) characterized as having poor
physical properties (a high level of compaction, a high proportion of powder and clay particles, low
water permeability) and being extremely acid (pH< 4.5). The soil was low in both humus and
readily available phosphorus (about 2.18% and 7.0-8.0 mg 100 g soil, respectively), and had a
moderate supplay of readily available potassium (13-18 mg 100 g™ soil) and a satisfactory amount
of total nitrogen (0.10-0.13%), but showed very low microbial activity (89.4-145.3x10°
ammonifiers, 0.0x10" azotobacter and 31.9-41.1x10° fungi).

The average air temperature during 2007-2010 growing season was considerably higher than the
long - termmean (LTM) (Table 1). Total rainfall during 2009/10 growing season was about 41%
above the LMT and 34% and 39% above the values reported for 2008/09 and 2007/08, respectively.
One part of the 2008 and 2009 growing seson (April and May) was characterized by decreased
rainfall and increased air temperatures relative to the LTM. Barley yields on pseudogley soil are low
and constrained by a range of agronomic and climate factors, with low soil fertility being one of
major limiting factors. Unfavorable chemical properties can be improved by soil ameliorative
operations (liming, phosphate fertilization and humification). In other words, the soil should be
adapted to specific plant i.e. genotype requirements. The results obtained show that the effect of
chemical soil amendment measures on barley grain yield on low-fertility soils was considerably
higher than that of genotype (Table 2). The test winter barley genotypes exhibited different
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responses to the stress induced by low soil pH. The data clearly show that cv. Premijum (A3) gave a
much higher yield as compared to the other cultivars, and produced the highest maximum grain
yield (4.78 t ha). Yield differences among genotypes were also observed in the untreated control,
with Premijum having the highest average grain yield (2.37 t ha™).

Table 1. Weather characteristics
Rainfall (R mm) and mean air temperatures (°C) for period 2007-2010 and long- term means-
LTM (1961-1990)
Period Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May | June | >x
2007/08 R mm | 117 116 39 33 22 72 63 40 73 576
2007/08 t°C 106 | 32 | 02 | 16 | 45 | 80 | 124 | 172 | 211 | 87
2008/09 R mm | 40 48 41 47 55 72 23 36 194 | 557
2008/09t°C 12.8 8.0 4.4 0.4 2.3 6.6 134 | 181 | 20.1 | 9.6
2009/10 R mm | 138 63 98 34 82 39 100 84 136 | 774
2009/10t°C 11.3 8.2 3.8 1.1 2.7 7.2 121 | 166 | 202 | 9.2
LTM R mm | 58 89 50 42 38 48 54 86 83 548
LTMt°C 111 4.2 1.2 -0.2 1.7 6.8 11.5 16.8 19.6 8.1

The average air temperature during 2007-2010 growing season was considerably higher than the
long - termmean (LTM) (Table 1). Total rainfall during 2009/10 growing season was about 41%
above the LMT and 34% and 39% above the values reported for 2008/09 and 2007/08, respectively.
One part of the 2008 and 2009 growing seson (April and May) was characterized by decreased
rainfall and increased air temperatures relative to the LTM. Barley yields on pseudogley soil are low
and constrained by a range of agronomic and climate factors, with low soil fertility being one of
major limiting factors. Unfavorable chemical properties can be improved by soil ameliorative
operations (liming, phosphate fertilization and humification). In other words, the soil should be
adapted to specific plant i.e. genotype requirements. The results obtained show that the effect of
chemical soil amendment measures on barley grain yield on low-fertility soils was considerably
higher than that of genotype (Table 2). The test winter barley genotypes exhibited different
responses to the stress induced by low soil pH. The data clearly show that cv. Premijum (As3) gave a
much higher yield as compared to the other cultivars, and produced the highest maximum grain
yield (4.78 t ha). Yield differences among genotypes were also observed in the untreated control,
with Premijum having the highest average grain yield (2.37 t ha™).

The combined use of lime, manure and NPK fertilizer had a significant effect on grain yield (Table
2). NPK fertilization (B,) induced a significant (90%) increase in grain yield as compared to the
control. Fertilization with NPK having high phosphorus levels (Bj) led to a significant yield
increase in the test genotypes as compared to the other treatments. Therefore, the use of integrated
nutrient management is very important and best approach to maintain and improve soil fertility
(Lander et al., 1998) thereby to increase crop productivity in an efficient and environmentally
benign manner, without sacrificing soil productivity of future generations. Grain yield of winter
barley exhibited significant variations across years, being highest in 2009/10 which was marked by
the highest amount of rainfall and the most favorable distribution during the growing period. The
results obtained are consistent with those reported in our previous studies (Jeli¢ et al., 2007; Jeli¢ et
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al., 2009). Furthermore, the pronounced effect of the treatment with NPK that had an increased
phosphorus level was the result of a low content of available phosphorus in the soil due to its low
pH value.

Table 2. Average values of grain yield of winter wheat cultivars (t ha™) (A- cultivar, B- fertilization
variant, C- years, AB-, AC-, BC-, ABC- interaction)

Fertilization variants (B;- control, B,- NP;K, Average Average
Cultivar Years Bs- NP,K, B4~ NP;K + CaCO; + manure for years for
B: B, B; B, cultivars
2007/08 1.38 3.26 3.59 4.28 3.13
Rekord 2008/09 1.09 2.73 2.80 2.58 2.30 3.09
2009/10 2.28 4.33 4.43 4.38 3.85
2007/08 1.20 3.18 3.47 4.29 3.03
Jagodinac | 2008/09 1.66 1.92 2.54 3.16 2.32 3.01
2009/10 2.34 4.01 4.23 4.20 3.69
2007/08 1.46 3.36 3.66 4.26 3.18
Kristal 2008/09 1.89 2.56 2.27 3.08 2.48 3.14
2009/10 1.95 4.09 4.30 4.68 3.75
2007/08 1.57 3.40 3.82 4,52 3.33
Premijum 2008/09 1.54 2.03 2.28 2.96 2.20 3.22
2009/10 2.37 4.63 4.78 475 413
Average 1.73 3.29 351 3.93 3.11
LSD A B AB C AC BC ABC
0.05 0.039 0.039 0.078 0.034 0.067 0.067 0.135
0.01 0.051 0.051 0.103 0.044 0.089 0.089 0.178

The positive effect of increased phosphorus application rates on grain yield in winter barley grown
on acid soils was also previously observed (Soon, 1992; Kulhanek et al., 2007). Coefficients of
correlation between soil chemical properties and wheat yield parameters were also calculated (Tab.
3). The average grain yield in fertilized treatments was significantly positively correlated with pH
value (r=0.96"), P,0s in the soil (r=1.00"") and CaO in the soil (r=0.91""). However, grain yield,
harvest index and grai mass per head were negatively correlated with Al and Mg soil content.
Correlation coefficients were lower (r=-0.91", r=-0.80" and r=-0.79") for Mg content and
measured parameters, but higher (r=-0.99"" i r=-0.94"") for Al content and measured parameters.
Ameliorative application of lime caused decreasing of soil content of mobile Al and content of
active Mg, because of antagonistic action of increased Ca content. Decreased Al mobility at soil
influenced efficiency of utilization of some biogenic elements, especially phosphorus, causing
increasing of yield of tested winter barley genotypes.

Additionally, available phosphorus in the soil had a significant effect on grain harvest indeks and
grain weight per ear (0.79" and 0.95™, respectively). A significant positive correlation was also
observed between soil pH and grain harvest index (r=0.82""), as well as between soil pH and grain
weight per ear (r=0.89").
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Table 3. Coefficients of correlation between different soil chemical characteristics and productivity
parameters of the barley for the fertilized treatments

. Productivity parameters
Soil - - -
characteristics Yield (t ha) Gral.n harvest Grain number/ear Grain weight/ear
index (9)
PHken 0.96" 0.82" ns 0.89"
Humus Ns ns -0.817 ns
P,Os 1.00” 0.79” ns 0.95"
K,O Ns ns -0.84" ns
CaO 0917 0.82" ns 0.82"
Mg -0.917 -0.80" ns -0.79"
Al -0.99” -0.99” ns -0.947

ns- there is no statistical significance; ~

“statistically significant on the probability level of 0.01;
“statistically significant on the probability level of 0.05

Table 4. Coefficients of correlation between soil chemical characteristics and grain yield of winter
barley genotypes for the fertilized treatments

Soil Genotypes

characteristics A A, Az A,
pH 0.88™ 0.92" 1.007" 095
Humus ns ns ns ns
P,Os 0.96" 0.98™" 0.99” 0.99”
K,0 ns ns ns ns
CaO 0.817 0.86" 0.98" 0.89"
Mg -0.84" -0.89" -0.90" -0.90"
Al -0.95" -0.98" -0.98" -0.99”

ns- there is no statistical significance; = statistically significant on the probability level of 0.01;
“statistically significant on the probability level of 0.05

No significant correlation was found between humus content and soil chemical properties, except
grain number per head, whose correlation was significant and negative (r=-0.81""). Obtained results
are in accordiance with earlier results (Bashirov, 2009; Brown et al., 2008). A high positive
correlation was observed (Tab. 4) between pH, P,Os and CaO content in the soil with grain yield all
genotype (r=0.84"" to r=1.00"). Takode, svi testirani genotipovi pokazali su jaku negativnu
korelaciju sa sadrzajem Mn i Al u zemljistu (r=-0.84"" to r=-0.99""). Expressed interrelationships of
grain yield of tested barley and some soil traits are results of improvement of soil fertility caused by
application of NPK and liming. So, plant growth and grain yield of studied barley genotypes were
improved, in conditions of decreased soil acidity and content of mobile Al, as well as increased
P,Os and CaO content (Haynes and Mokolobode, 2001; Wildey, 2003; Bashirov, 2009). The
response of barley genotypes to the other soil chemical properties analyzed was not observed.
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Conclusions

The increased soil acidity and the low content of available phosphorus and humus in pseudogley
soil are constraints to grain yield and productivity parameters in winter barley. As compared to the
control, application of NPK fertilizer with increased phosphorus content, like as ameliorative
application of lime and manure with NPK fertilizer, induced a significant increase in grain yield
(2.27-fold increase), as well as grain number per spike and grain weight per spike in the genotypes
studied, particulary in 2009/10. year. The obtained correlation coefficients suggest that the highest
yield response in barley genotypes, was produced by low pH, P,Os CaO and Al content in the soil.
Among the soil properties analyzed, the increase in P,Os and CaO, and decrease of Al content in
the soil led to a significant increase in grain yield in all genotypes tested.
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PEAKIIAJA HA TEHOTHUIIOBATE JAYMEH HA BAPOBHUK U I'YBPEIHE KAJ
IICEBJOI'VIEJHA TIOYBA

Mruogpar Jenuk, Munan bu6epyuk, Onusepa Huxonuk, I'opan [lyranuk,
He6ojura I'yyuk

AncTpakr

Bo oBaa cTymmja ¢ mpHKakaHa peakndjata Ha deTwpu reHotunoBu jaumen (Rekord, Jagodinac,
Kristal # Premijum) co Tpu Mertoau Ha fybpemse (120 kg N ha™, 80 kg P,0s ha™, 53 kg K,0; 120 kg
N ha®, 160 kg P,Osha™, 53 kg K,0O; 120 kg N ha, 80 kg P,Osha™, 53 kg K,0 + 5 t ha™Njival Ca"
ha' + 20 t fy6puBo xa') Ha mceymoriejHa mouBa. PesynTaTHTe NOKakaa eKa HCIIMTAHUTE
TCHOTUIIOBU Jajoa CHUpOMAIIHW MPUHOCHU IHPU HHUCKA pH BpPCAHOCT Ha TMo4YBaTa MU IIPU HHCKaA
conpkuHa Ha pocdop u xymyc. Ynorpedara Ha NPK ryOpuBo co moBucoka coapxuna Ha hochop
uMalle NO3UTHBEH e(eKT Bp3 INPHHOCOT Koj Oeme 1BOjHO 3rosemeH. KomOunanmja of
MeJMOpaTHBHHU yroTpeda Ha Bap, ryopuso u NPK fyOpuBa moBeae 10 3HAYUTEITHO 3r0JIEMYBamkE Ha
HPUHOCOT, ocobeHo coptata Kristal. [IpogyKTHBHUTE KapaKTepPUCTUKH Ha jadyMEHOT Oca 3HauyajHU
u Bo mosutuBHa Kopenanuja co pH m P,Os Ha mouBara m conpxkunata Ha CaO, noxmeka
KOpeJaluuTe BO OHOC Ha conpkuHaTa Ha Mn u Al Bo mouBara Gea 3Ha4YajHH, HO HETaTHBHH.
Kayunu 360poBu: jaumeH, I'yOpruBO, TEHOTHII, IyOpemke cO BAPOBHHUK, IICEYIOTIICjHA TIOYBA.

70



SECTION 1: FIELD CROP PRODUCTION

UDC:633.1-155.9(497.7)2009/2010”
Original scientific paper

DYNAMICS OF GRAIN DRY MATTER CONTENT IN SOME TRITICALE VARIETIES
Kabranova Romina®’, Ivanoski Milisav?, Spirkovska Marijana®

Faculty of Agriculultural Sciences and Food — Skopje, Ss. Cyril and Methodius University in
Skopje, Republic of Macedonia
2PS| Institute of Agriculture — Skopje
“e-mail: rkabranova@yahoo.co.uk

Abstract

The dynamics of dry matter content in the grain was followed in 8 triticale varieties (Malesh,
Triglav, Agrounija, Odisej, Novisadsko triticale, Triumph and KG - 20) during 2009 and 2010.
During the test period the varieties showed a difference in grain dry matter content increasement.
Earlier triticale cultivars (Malesh, Odisej) show faster rate of accumulation of dry matter in the
grain, while the later varieties (Agrounija, Triglav, Triumph and the KG-20) show slower rate of
accumulation of dry matter. The average increase rate of early varieties was 87.6% (Malesh) and
91.2% (Odisej). For the later varieties the average increase rate was 84.7% (Agrounija) and 85.7%
(Triglav). The obtained results gave the information on the dinamics of dry matter increasment in
triticale grain, the effect of environmental factors on this trait and the variability of grain yield in
triticale. The data will be used in selection of varieties for production and future breeding of
triticale.

Key words: dry matter content, grain filling, Triticosecale sp.

Introduction

The dynamics of dry matter content in triticale grain during grain formation and filling as a
physiological process depends on the genetic characteristics of varieties and growing conditions.
This growth stage, in the climatic and soil conditions in Macedonia, occures during the second
decade of May, June, and the first decade of July. Because of the genetic constitution of triticale
(inherited traits from wheat and rye), it has longer reproductive period in comparison with wheat
and other grain crops. In heksaploid triticale (2n = 6k = 42), amfidiploid between durum and rye,
the period of grain formation starts 10-16 days after flowering stage (Milovanovic et al., 1998).
According to the same author, the development of the endosperm starts from 14 to 27 days after
flowering stage. The first 7-10 days after flowering, wheat grain is formed with all its dimensions
(width and length) (Jevtic, 1981). The same period for triticale occures 10 to 16 days after
flowering. At the beginning of its development, the triticale grain has low intensity of increasment
of the dry matter. The intensity increases until the end of milk ripening, and then declines over the
mealy ripening. At the end of this phase the grain filling ends and the full maturity stage begins. The
aim of this work was to study the dinamics of dry matter increasment in triticale grain, and based on
environmental factors in the grain filling and ripening period (May, June, July), to examine the
variability of grain yield in triticale.
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Material and methods

Dry matter content was followed in the grains from the main triticale spike in different growth
stages, from heading to ripening, during 2009 and 2010 years. From the main spike of 8 triticale
varieties, every seventh day the average samples were taken. Spikes were dried at room temperature
(22-26°C) and then, the grains were separeted from the spike with labolatory trasher. For each
testing period, the weight of 1000 grains was calculated. Based on average weight increasment of
1000 grains for each period, the percentage increase rates of dry matter in the grain were calculated.
Climatic conditions

Climatic factors (temperature and precipitation) during formation, filling and rippening of the grain
are critical for optimal accumulation of dry matter content in the grain.

Table 1. Weather data for the region of Skopje
1.1. Average decade temperature (°C) for May, June and July
May June July
2009 | 2010 | 1967/90 | 2009 | 2010 | 1967/90 | 2009 | 2010 | 1967/90
| 16,5 8,3 16,6 21,6 20,0 19,0 23,2 24,4 21,8
1 189 | 16,1 17,0 29,8 16,1 21,0 23,9 25,6 24,2
1] 195 | 19,0 18,0 18,7 18,7 22,2 25,2 23,5 23,0
Average | 18,3 | 17,8 17,2 21,0 21,9 20,6 24,0 24,1 23,0

Decade

1.2. Average decade precipitation (mm) for May, June and July
May June July
Decade | 2009 | 2010 | 1967/90 | 2009 2010 | 1967/90 | 2009 | 2010 | 1967/90
I 10,5 3,2 18,5 9,8 23,9 17,0 6,6 15,2 10,2
I 15,0 27,2 25,3 1,0 9,7 15,5 3,6 8,8 15,0
i 32,5 8,7 17,0 93,5 23,9 16,0 0,3 23,4 10,0
Total 57,5 39,0 60,8 104,3 | 57,4 48,5 10,2 47,0 35,2

The presented data (Table 1) show that the precipitation in June 2009 is almost two times higher
than in 2010. In our climatic and soil conditions in different regions and years the reported
temperatures above 30°C, followed by low soil moisture and low relative humidity, which stop rate
of dry matter in the grain, and so-called "thermal shock™ at the plants occurs. When such
environmental factors forced grain ripens, it becomes wrinkled grain, which result with low overall
yield per unit area.

Results and discussion

The dynamics of dry matter increasement in triticale goes through several stages. According to
Jevtic et al. (1984), there are significant morphological, biological and other changes in the phase of
formation and grain filling. In the conditions of Skopje, on average, the triticale grains are formed
and filled during the second decade of May, June, and the first decade of July.

The weight of 1000 grains has been analyzed each year during the testing period, and obtained
results are presented in Table 2.
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Table 2. The dynamics of increase in 1000 grain weight (g)

2009
Variety / period 22.V 29.V 6.VI 12.Vi 26.VI 9.vil
Malesh 4,2 18,0 36,0 41,0 47,0 56,0
Triglav 4,5 13,5 34,0 38,5 49,0 58,0
Agrounija 4,1 13,1 21,5 33,2 43,3 53,0
Bt-04-002 7,7 21,0 30,0 42,5 46,0 52,5
Odisej 9,1 22,6 34,0 41,0 45,5 52,0
Novosadsko triticale 4,0 12,5 20,0 31,0 42,0 47,5
Triumph 4,4 9,9 24,0 33,5 40,0 49,5
KG-20 5,7 15,1 29,0 30,0 41,0 48,5
Average 55 15,7 28,6 36,3 44,2 52,1
2010
Variety / period 20.V 271V 4.VI 11.VI 24.VI1 8.Vii
Malesh 3,3 10,5 27,6 41,6 47,6 52,0
Triglav 1,7 4,3 14,9 36,1 46,8 53,0
Agrounija 1,2 34 12,5 30,1 42,7 48,0
Bt-04-002 3,3 12,6 24,0 38,1 46,0 51,0
Odisej 53 10,2 24,3 40,0 47,5 50,0
Novosadsko triticale 1,0 2,4 10,9 29,7 40,0 45,5
Triumph 1,3 4,5 16,0 30,7 42,0 47,0
KG-20 3,9 9,7 20,0 33,4 40,2 46,5
Average 2,6 7,2 18,8 35,0 44,1 49,1

From the presented data, in all analyzed varieties the values of dry matter are continuously
increasing. The average weight of 1000 triticale grains (6.VI and 4.V1) was higher in 2009 (28.6 g)
in comparison to 2010 (18.8 g) (Table 2).

After grain forming, the increase of dry matter in triticale grain has been intensified till the end of
milky ripening stage, and then gradually decreases and is terminated in early mealy ripening stage
(Table 3). Milovanovic et al. (1998) observed that due to a genetic trait inherited from parents, the
triticale has longer reproductive development (from 7 to 10 days) than the wheat, and is later
maturing (10-15 days) compared with soft wheat.

The tested triticale varieties extremly differ in terms of the dynamics of increase of dry matter in
grain. The longest period of formation and grain filling has Agrounija variety, while Odisej variety
has the shortest period (Table 4). This period duration is determined by genetic characteristics of the
variety and environmental conditions. In our study, the average weight of 1000 grains at the end of
June was found to be lower by 12.7% from the same average in the stage of full ripeness. In this
period, minimum average weight of 1000 grains was found in Agrounija variety (84.7 %), and the
highest was in Odisej variety (91.2%) of the total weight of 1000 grains at full maturity stage.
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Table 3. Average dynamics of 1000 grain weight (g) for 2009/2010

Variety / period 20-22V | 27-29V 3-6 VI 10-12 VI | 24-26 VI | 8-9VII
Malesh 3,7 14,2 31,8 41,3 47,3 54,0
Triglav 3,1 8,9 24,4 37,3 47,6 55,5
Agrounija 2,6 8,2 17,0 31,6 42,6 50,5
Bt-04-002 55 16,8 27,0 40,3 46,0 51,7
Odisej 7,2 16,3 29,2 40,5 46,5 51,0
Novosadsko triticale 2,5 7,5 15,5 30,3 41,0 46,5
Triumph 2,8 7,2 20,0 32,1 41,0 48,2
KG-20 4,0 12,6 24,5 31,7 40,6 475
Average 3,9 11,5 23,7 35,6 441 50,6

Table 4. Average of increase rates of dry matter in grain (%)

Variety / period 20-22V 27-29V 3-6VI 10-12VI 24-26VI 8-9VII
Malesh 6,8 26,1 58,3 75,8 87,6 100
Triglav 5,4 15,7 43,2 66,0 85,7 100
Agrounija 5,3 16,7 34,7 64,5 84,7 100
Bt-04-002 10,3 31,5 50,7 75,7 90,0 100
Odisej 13,9 31,6 56,7 78,6 91,2 100
Novosadsko triticale 5,0 14,9 30,8 60,3 88,2 100
Triumph 5,8 14,3 41,5 66,6 85,1 100
KG-20 9,9 26,1 50,8 65,7 85,5 100
Average 7,8 22,1 45,8 69,2 87,3 100

In terms of Skopje, grain filling phase occurs in June and early July. If in this period the
environmental conditions are favorable, it seems that more assimilates translocate from vegetative
parts to the grain. During this period, the amount of yield per unit area could be determined. In our
climatic and soil conditions in different regions and years the reported temperatures above 30°C,
followed by low soil moisture and low relative humidity, which stop rate of dry matter in the grain,
and so-called "thermal shock™ at the plants occurs. When such environmental factors force grain
ripening, it becomes wrinkled grain, which results with low overall yield per unit area.

Based on the obtained results (Table 3 and Table 4), when an unfavorable climatic conditions for
grain filling occurs at the same phase, the later varieties (Agrounija, Triglav) will have less grain
accumulation or lower weight on 1000 grains which contributes to lower yield per unit area.

From the results shown in Table 5 and Table 6, it is found that the highest average yield was
obtained in 2009 (5.69 t/ha), while in 2010 the yield was 4.88 t/ha. The highest average yield gave
Agrounija (5.5t/ha), followed by Malesh (5.9 t/ha) and Bt-04-002 variety (5.8 t/ha), which were
significantly higher than the standard variety Triglav (4.80 t/ha).
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Table 5. Grain yield by variety and year (t / ha)

Variety/ year 2009 2010 Average

Malesh 6,3 55 5,9**
Triglav 4,6 5,0 4,8
Agrounija 6,0 5,0 5,56*
Bt-04-002 5,6 5,0 5,8**
Odisej 6,0 4,8 54
Novosadsko triticale 5,8 4,6 5,2
Triumph 5,8 4,5 51
KG-20 54 4,6 5,0
Average 5,69 4,88 5,34

0,05* 0,63 0,75 0,69

LSD 0,01** 0,85 1,03 0,94

The favorable weather conditions during the examination period contributed to higher average grain
yield in 2009 (5.69 t/ha) compared with 2010 (4.88 t/ha) (Table 5).
Data in Table 6, show an average values of weight of the grains in different growing periods.

Table 6. Average grain weight per growing period (kg/ha)

Variety / period 20-22V | 27-29V 3-6 VI 10-12 VI | 24-26 VI | 8-9 VII
Malesh 401 1540 3440 4472 5168 5900
Triglav 290 753 2073 3168 4113 4800
Agrounija 297 863 2376 3630 4713 5500
Bt-04-002 597 1827 2941 4391 5220 5800
Odisej 751 1706 3062 4244 4925 5400
Novosadsko triticale 260 775 1602 3135 4586 5200
Triumph 296 729 2116 3397 4340 5100
KG-20 495 1305 2540 3285 4275 5000

Average 421 1187 2518 3715 4667 5960
Conclusions

Based on the results obtained in this study, the following conclusions can be drawn:

The dynamics of increase rate of the dry matter content in the grain differs between the examined
triticale varieties.

In terms of the Skopje region, grain formation takes place during the second decade of May, while
grain filling occures during the third decade of May, June and the first decade of July. The duration
of this period depends on environmental conditions in the area of cultivation.

The accumulation of the dry matter content in the grain starts with less intensity at the begining,
gradual intensification, and then decreasing in the mealy ripening stage (end of June) and at the end
(the first decade of July) it completely finishes when grain is fully mature.

Earlier triticale cultivars (Malesh, Odisej) show faster rate of accumulation of dry matter in the
grain, while the later varieties (Agrounija, Triglav, Triumph and the KG-20) show slower rate of
accumulation of dry matter, but it lasts longer compared to earlier varieties.
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In average, maximum difference in dynamic of dry matter increase in grain (%) is observed at the
end of the third decade of June. The average increase rate of early varieties was 87.6% (Malesh) and
91.2% (Odisej).

For the later varieties the average increase rate was 84.7% (Agrounija) and 85.7% (Triglav). That is
why the earlier varieties (Malesh and Odisej) are biologicaly more adaptable to different
environmental conditions, and at the same time with more stable average grain yield per unit area.
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JUHAMUKA HA TIPUPACTOT HA CYBATA MACA BO 3PHOTO KAJ HEKOU COPTH
TPUTUKAJIE

Kab6panosa Pomuna, MiBanocku Musucas, CrimpkoBcka Mapujana

AncTpakr

JwHamMuKaTa Ha COIp)KMHATA Ha CyBa MaTepHja ce cliefelle Kaj 8§ copTH Ha TpUTHKale (Mmaneut,
mpueias, azpoyuuja, ooucej, Hosocadcko mpumuxane, mpuymg u KI-20) Bo Tekot Ha 2009 1 2010
roauHa. VicnuTyBaHUTE COPTH TPUTHKAJIE MOKaXaa pa3jivKa BO IPUPACTOT HA CyBa Maca BO 3pHOTO
BO TEKOT HAa WCIHMTYBAaHHOT Mephoi. Pe3ynTaTute mMokakaa JeKa IOPaHUTE COPTHTE (Mmareu,
ooucej) TOKaxyBaaT MOOp3a aKkyMmyjaldja Ha CyBa MaTepuja BO 3PHOTO, a MOJOLHUTE COPTH
(acpoynuja, mpuenas, mpuym¢hp u KI'-20) mokakyBaar moGaBHa akyMmyJjalldja Ha CyBa MaTepHja.
IIpoceunnoT mopact Ha cyBa Maca m3HecyBa 87,6% (manew) u 91,2% (oducej). 3a mokacHHUTE
COPTH, MPOCEYHHOT MOpPAcT HacyBa Maca usHecyBaine 84,7% (azpoynuja) u 85,7% (mpuenas).
JloOuennte pesynraTu jAagoa uMHGOpMalWja 3a JUHAMHMKAaTa Ha NpUpAcT HA CyBa Marepuja BO
3pHOTO Ha TPUTHKAJe, eEKTOT OF BIUjaHHETO HA EKOJOMIKHTE (aKTOpH BpP3 OBaa OCOOMHA U
BapujabUITHOCTa HA IPUHOCOT Ha TpUTHKaie. JJOOMeHUTE MOJATOLHN Ke Ce KOPHCTAT BO M300pOT Ha
COPTH 3a MPOU3BOJICTBO U MIOHATAMOIIIHA CEJIEKI[Hja Ha TPUTHKAJIE.

Kayunu 300poBu: TpHpacT Ha CyBa Maca, HalleBamke Ha 3pHOTO, Triticosecale sp.
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Abstract

Tobacco is industrial culture grown for its leaf mass. Dry tobacco yield is one of the most important
quantitative properties, because in normal conditions of growing and suitable agro techniques it
reflects the biological potential of each tobacco variety. Investigations of this character were carried
out in 2009 and 2010 on the Experimental field of Tobacco Institute-Prilep with six oriental tobacco
varieties of the type Prilep: P-23 (@) P12-2/1, NS-72, P-79-94, P-66-9/7 and Prilep Basma 82.
Determination was made on dry tobacco yields per stalk (in grams) and per unit area (kg/ha).
According to the results of the two-year investigations, the highest yield was achieved in P-66-9/7
(21,88 g/stalk, i.e. 3297,45 kg/ha), and the lowest in P-12-2/1 (14,35 g/stalk i.e. 2164,90 kg/ha). The
yield of the standard variety P-23 was 18,07 g/stalk i.e. 2717,75 kg/ha. Statistical processing of the
results has shown significant differences in yields, which denotes that each of the investigated
varieties has a different biological potential, which is undoubtedly governed by its own genotype.
Key words: dry tobacco yield, type Prilep, varieties, genotype.

Introduction

Republic of Macedonia is a well-known producer of high quality oriental aromatic tobaccos which
are constituent part of the best quality cigarette brands. Tobacco takes an important place in the
economy of the country and it is one of its main export products on world market. In recent years,
the dry tobacco production in the country has ranged between 20 and 25 million kilograms, with a
tendency to increase. The most represented types are Prilep, Yaka, Jebel and Basmak, but
predominant type is Prilep, with about 70% share in the total production. When creating new
varieties, geneticists and breeders pay great attention not only to tobacco quality but also to yield - a
major quantitative trait which affects the effectiveness of work and farmer’s gains. This trait was a
subject of investigation to many authors in different tobacco varieties (Gornik, 1973; Uzunoski,
1985; Karajankov, 1995; Korubin - Aleksoska and Mitreski, 2005; Dimitrieski and Miceska, 2011).
The aim of our research was to estimate the dry yield of Prilep tobacco cultivated under the same
conditions in the Experimental field of Tobacco Institute-Prilep, expressed in g/stalk and kg/ha,
which will reveal the biological potential of the investigated varieties.

Material and methods
Six Prilep tobacco varieties were used as material for the investigation: Prilep P-23 - @ (control);
Prilep, P 12-2/1; Prilep, NS-72; Prilep, P-66-9/7; Prilep P-79-94 and Prilep Basma-82.

78


mailto:anakorubin@yahoo.com

SECTION 1: FIELD CROP PRODUCTION

These varieties have marked certain period in the past and present and dictated the structure of
production of Prilep type tobacco in Macedonia. They also show the direction in which selection of
this type has moved in the last two decades, aiming to meet the requirements of tobacco industry.
These varieties present an important genetic basis for creation of new genotypes with improved
yield and quality.

- Prilep P-23 - created through hybridization and selection in Tobacco Institute - Prilep by Nikoloski
Kostadin and Mitreski Milan; recognized (approved) by the Ministry of Agriculture, Forestry and
Water Management of the Republic of Macedonia in 1995. Characterized by elliptical — conical
habitus, with 50-55 leaves densely arranged on stem.

- Prilep P 12-2/1 - created in Tobacco Institute - Prilep, in the 30ies of the 20th century by Gornik
Rudolf, the founder of tobacco science in Macedonia and former Yugoslavia; obtained by individual
selection from local variety Jumai-Bale from Bulgaria. Characterized by cup-like habitus, with
small number of leaves (30 to 35), with characteristic lanceolate form. Of all tobacco varieties in the
trial, it is the shortest in size and achieves the lowest yield.

- Prilep NS-72 - created through hybridization and selection by Boceski Dushko and Karayankov
Simeon; recognized in 1984 in former Yugoslavia, as the first variety of the type Prilep obtained by
crossing. Cylindrical-elliptical habitus with approximately 50 sessile leaves, elliptical in shape.

- Prilep P-66-9/7 - created through hybridization and selection in Tobacco Institute - Prilep, by
Dimitrieski Miroslav and Miceska Gordana; recognized by the Ministry of Agriculture, Forestry and
Water Management of R. Macedonia in 2004. Elliptical-conical habitus, with 54 - 60 ovate leaves,
sessile and evenly distributed on the stem. The most represented tobacco variety in our country in
recent years.

- Prilep P-79-94 - created in Tobacco Institute - Prilep through crossbreeding and selection by
Bogdanceski Milan; recognized by the Ministry of Agriculture, Forestry and Water Management of
R. Macedonia in 2001. Cylindrical-elliptical habitus with 56 — 60 sessile leaves densely distributed,
especially in the upper part of stem.

- Prilep Basma-82 - created through hybridization and selection in Tobacco Institute - Prilep, by
Boceski Dushko; recognized by the Ministry of Agriculture, Forestry and Water Management of R.
Macedonia in 2010. Cylindrical habitus with a slight narrowing in the upper part. This is the highest
variety, with the highest leaf number (80 - 90) among all investigated Prilep tobacco varieties.
Leaves are sessile, elliptical in shape.

Field trials were set up in Tobacco Institute - Prilep in 2009 and 2010 on diluvial-colluvial soil,
arranged in randomized block system with four replications.

Data on climatic conditions during the investigation were obtained by the Meteorological station
located in the Experimental field of Tobacco Institute-Prilep.

One deep autumn plowing (35 cm depth) and three spring plowings were applied on the trial
surface. Fertilization was made prior to the second spring plowing, with 300 kg/ha complex
fertilizer NPK 10:30:20, in compliance with agrochemical properties of soil and the requirements of
tobacco plants.

Tobacco seedlings were produced in the field of Tobacco Institute, in seedbeds covered with
polyethylene. The period for seedling production lasted 50 days in 2009 and 52 days in 2010.
Transplanting was performed manually, on 3 June 2009 and 11 June 2010, with 40 cm spacing
between rows and 12 cm between stalks, on a soil previously treated with herbicide Treflan EC (a.s.
Trifluralin 48 %) agains weeds. The area of each plot was 12 m?, with six rows of tobacco and 42
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stalks in the row. The first digging was done in June (fifteen days after transplanting), and the
second followed ten days after, in order to obtain normal growth and development of plants. During
this period, preventive protection of tobacco was made with the fungicide Ridomil MZ 72 (a.s.
Metalaksil+Makonzeb) and insecticide Confidor SL-200 (a.s. Imidachorpirid).

During the growing season, sprinkler irrigations were applied three times in 2009 and twice in 2010,
with irrigation norm of 250 m® water per hectare. Each irrigation was followed by harrowing of the
soil in order to improve its water-air regime. In both years of investigation, fertilization of tobacco
was made after the third priming, with nitrogen fertilizer (calcium ammonium nitrate, CAN), with
60 kg N/ ha (27% N).

Tobacco harvesting was performed by insertions, in the technical maturity of leaves from each
variety. Four rows were picked from each plot, while the other two rows served for monitoring and
protection. Tobacco leaves were strung manually and sun-cured in traditional way, on scaffolds
covered with polyethylene.

On the basis of measurements and grading, dry tobacco yield was calculated in grams per stalk
(g/stalk) and kilograms per hectare (kg/ha), using standard forms and formulas for corrected yield.
The data obtained in the investigation were processed by Method of analysis of variance and LSD-
test (Najcevska, 2002).

Climate characteristics

Tobacco belongs to the group of plants which are highly affected by climatic factors, giving
maximum yield and highest quality at optimal temperatures, precipitations and relative air humidity.
With regard to the temperature in the period of investigation (2009 and 2010), it can be concluded
that it meets the requirements for obtaining a good quality raw material (Table 1).

The amount of precipitations from May to September ranged 196 1/ m? in 2009 and up to 298 1/ m?
in 2010, but in both years their distribution was uneven and unfavorable for tobacco growth,
especially in July and August. For this reason, additional irrigations were applied - three in 2009
and two in 2010. With regard to mean monthly relative humidity of the air, in both years it ranged
within the optimum, except for July 2009 (42%).

Tablel. Mean monthly air temperatures in 2009 and 2010

Months

Meteorological f _
eteorological factor vear | vV | vi | v [vin|oix X

2009 | 158 | 185|219 | 21,4 | 17,1 18,9
2010 | 153 | 18,8 | 21,3 | 23,1 | 15,9 18,9
2009 | 55,0 | 75,0 | 8,0 | 43,0 | 150 | X196,0
2010 | 64,0 | 87,0 | 55,0 | 45,0 | 47,0 298,0
2009 | 58,0 | 57,0 | 42,0 | 50,0 | 54,0 52,2
2010 | 57,0 | 59,0 | 53,0 | 50,0 | 61,0 56.0

Mean monthly air temperatures, °C

Precipitations, mm

Mean monthly relative air humidity, %

Results and discussion

Tobacco is an industrial crop grown for its dry leaf mass. The amount of yield is a type and variety
characteristic which largely depends on agri-environmental conditions and applied cultural practices
during the growing season. The selected varieties were cultivated under the same conditions in order
to investigate their genetic potential.
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In our investigations measurements were made on dry tobacco yield per stalk in grams and
estimations of yield in kilograms per hectare.

The results in 2009 showed the highest yield per stalk in P-66-9/7 (21,55 g), the check variety P-23
gave 16,07 g/stalk and the lowest yield of 13,36 g/stalk was obtained in P 12-2/1 (Table 2).

Table 2. Dry tobacco yield, g/stalk (2009)

No. Variety I I;{Iepllcatlo?lsl v; Average Index
1. | Prilep P-23 (@) 15,60 17,88 15,17 15,64 16,07 100,00
2. | Prilep P 12-2/1 13,69 12,32 13,81 13,63 13,36 83,14
3. | Prilep NS -72 16,38 14,77 13,79 18,54 15,87 98,76
4. | Prilep P-66-9/7 21,12 22,80 17,91 24,38 21,55%** 134,10
5. | Prilep P-79-94 14,74 16,51 15,20 14,93 15,35 95,562
6. | Prilep Basma-82 19,93 21,42 18,96 20,94 20,31*** 126,38

Average 16,91 17,62 15,81 18,01 17,08 106,28

LSD 0,05 = 2,15 g; LSD 0,01 = 2,97 g; LSD 0,001 = 4,11 g

Statistical processing of the data for 2009 showed highly significant differences resulting from the
genetic potentials of the varieties (leaf number, leaf size, substantiality, etc.).

All investigated varieties in 2010 show higher average yields per stalk due to the favorable climatic
conditions, but differences among the varieties are identical to those in 2009.

The highest average yield of dry tobacco was recorded in Prilep Basma-82 (23,09 g/stalk), P 66-9/7
(22,22 g/stalk) and in the check variety P-23 (20,07 g/stalk), while the lowest yield (15,34 g/stalk)
was observed in P 12-2/1 (Table 3).

Table 3. Dry tobacco yield, g/stalk (2010)

No. Variety Replications Average Index
I I 1l v
1. Prilep P-23 (9) 16,58 23,27 18,51 21,92 20,07 100,00
2. Prilep P 12-2/1 16,32 15,33 12,98 16,73 15,34 76,43
3. Prilep NS -72 17,57 19,53 15,47 19,93 18,13 90,33
4. Prilep P-66-9/7 20,74 23,80 20,87 23,45 22,22* 110,71
5. Prilep P-79-94 18,31 20,81 15,60 19,39 18,53 92,33
6. Prilep Basma-82 21,60 25,31 20,60 24,83 23,09** 115,05
Average 18,52 21,34 17,34 21,04 19,56 97,46

LSD 0,05=1,78 ¢; LSD 0,01 =2,46 g; LSD 0,001 =3,40 ¢

Data presented in this Table also reveal significant differences between the varieties investigated,
which is confirmation of heritability of this trait.

The highest average values for dry tobacco yield during the two-year investigations were obtained
in variety P-66-9/7 (21,88 g/stalk), and the lowest values were reported in P 12-2/1 (14,35 g/stalk).
The yield of the check variety P-23 was 18,07 g/stalk (Table 4).
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Table 4. Average yield of dry tobacco, g/stalk

No. Variety 2009 vear 2010 Average Index
1. Prilep P-23 (©) 16,07 20,07 18,07 100,00
2. Prilep P 12-2/1 13,36 15,34 14,35 79,41
3. Prilep NS -72 15,87 18,13 17,00 94,08
4. Prilep P-66-9/7 21,55 22,22 21,88 121,08
5. Prilep P-79-94 15,35 18,53 16,94 93,75
6. Prilep Basma-82 20,31 23,09 21,70 120,09
Average 17,08 19,56 18,32 101,38

The yield of dry tobacco per stalk has been a subject of investigation by many research workers and
tobacco professionals. Dimitrieski (1995), based on his three-year investigations, reported an
average yield of 14,25 g/stalk in the variety P 12-2/1. Karajankov (1995), obtained relatively high
yields in the variety NS-72, ranging from 14 - 15 g/stalk on hilly and mountainous terrains to over
30 g/stalk in plains and fertile soils. Dimitrieski et al. (2001), in investigation of several Prilep
tobacco varieties in conditions of irrigation, reported the following results for this trait: P 12-2/1 -
14,12 g/stalk, P-23 - 16,18 g/stalk and NS 72 - 14,70 g/stalk. Korubin-Aleksoska (2004-a), in a
dialel of four oriental and two semi-oriental varieties, reported a yield of 26,4 g/stalk in P-23.
Mitreski (2005), studying the inheritance of some morpho-bilogical traits in tobacco, reported a
yield of 19,98 g/stalk in the variety P-23.

The dry tobacco yield per unit area (ha), in the first year of investigation (2009) ranged from 2020,2
kg/ha in P 12-2/1 to 3266,2 kg/ha in P-66-9/7. Lower yields, compared to the check P-23 (2426,6
kg/ha), were observed in P 12-2/1, NS-72 and P-79-94, while higher yield was obtained in Prilep
Basma-82 and P-66-9/7 (Table 5).

Table 5. Dry tobacco yield, kg/ha (2009)

. Replications

No. Variety I T m v Average Index
1. | Prilep P-23 (9) 2340,0 2690,6 2297,7 2378,0 2426,6 100,00
2. | Prilep P 12-2/1 2060,4 1874,0 2082,0 2064,4 2020,2 83,25
3. | Prilep NS -72 2490,0 2230,0 2082,0 2800,0 2400,5 98,92
4. | Prilep P-66-9/7 3210,0 3454,2 2694,7 3706,0 3266,2 *** | 134,60
5. | Prilep P-79-94 2240,0 2501,8 2295,0 2262,4 23248 95,80
6. | Prilep Basma-82 3018,9 3201,7 28325 3151,2 3051,1 ** 125,74

Average 2559,9 2658,7 2380,6 2727,0 2581,6 106,39

LSD 0,05 = 328,8 kg/ha; LSD 0,01 = 454,7 kg/ha; LSD 0,001 = 628,4 kg/ha

Statistical analysis of the data (Table 5) for determination of comparative differences between
varieties confirms that they are highly significant.

The results of the trials carried out in 2010 revealed again the existence of differences among the
investigated tobacco varieties which result from their genetic structure. The average yield in the
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control variety P-23 was 3008,9 kg/ha. The lowest yield was recorded in P 12-2/1 (2309,6 kg/ha)
and the highest in P-66-9/7 (3328,7 kg/ha) and Prilep Basma-82 (3452,5 kg / ha) (Table 6).

Table 6. Dry tobacco yield, kg/ha (2010)

. Replications

No. Variety I T i v; Average Index
1. | Prilep P-23 (@) 2470,0 3488,4 2767,4 3310,0 3008,9 100,00
2. | Prilep P 12-2/1 2420,5 2323,0 1960,0 2535,1 2309,6 76,76
3. | Prilep NS -72 2670,0 2959,3 2343,2 2979,5 2738,0 91,00
4. | Prilep P-66-9/7 3090,0 3615,8 31411 3468,0 3328,7* 110,63
5. | Prilep P-79-94 2737,1 3110,8 2340,0 2898,7 27716 92,11
6. | Prilep Basma-82 3203,3 3794,4 3100,7 3711,7 3452,5** | 114,74

Average 2765,1 3215,3 2608,7 3150,5 29349 97,54

LSD 0,05 = 259,10 kg/ha; LSD 0,01 = 358,31 kg/ha; LSD 0,001 = 495,22 kg/ha

Here again, the statistical processing of the results showed that the existing differences among the
investigated tobacco varieties are statistically significant. The average two-year results (Table 7)
show that the highest dry tobacco yield was obtained in P-66-9/7 (3297,45 kg/ha) and the lowest in
P 12-2/1 (2164,90 kg/ha). The check P-23 is on the third place with 2717,75 kg/ha.

The yield of dry tobacco per unit area is of great interest both to farmers and buyers — manufacturers
and therefore it has been a subject of investigation by many research workers and tobacco
professionals. Korubin-Aleksoska (2004-b) reported that dry yield mass in P 12-2/1 approximated
1500 kg/ha, and in P-23 it ranged from 2000 to 2500 kg/ha.

Table 7. Average dry tobacco yield, kg/ha

. Year q

No. Variety 5009 5010 Average Index
1. Prilep P-23 (@) 2426,6 3008,9 2717,75 100,00
2. Prilep P 12-2/1 2020,2 2309,6 2164,90 79,66
3. Prilep NS -72 2400,5 2738,0 2569,25 94,53
4, Prilep P-66-9/7 3266,2 3328,7 3297,45 121,33
5. Prilep P-79-94 23248 2771,6 2548,20 93,76
6. Prilep Basma-82 3051,1 34525 3251,80 119,65

Average 2581,6 29349 2758,25 101,49

In P-79-94 variety the yield was somewhat higher, ranging from 500 to 3000 kg/ha. Pelivanoska
(2009), in her investigation on the impact of fertilization and irrigation found that the highest yield
of 3988 kg/ha was achieved in the variety P-66-9/7, with NPK variant 40-80-100 and soil moisture
content remaining at 55% of field capacity. According to Dimitrieski and Miceska (2011), dry
tobacco yield in P-66-9/7 ranged from 2000 to 3600 kg/ha, depending on the conditions of growing
and cultural practices applied. The results of our research are in correlation with the data reported by
the above authors.
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Conclusions

Comparative investigations were made during 2009 and 2010 on dry yield in different varieties of
the oriental tobacco Prilep ( P-23 (@), P 12-2/1, Prilep NS-72, P-66-9/7, P-79-94 and Prilep Basma-
82) grown under same conditions. The following conclusions can be drawn:

The highest yield of 21,88 g/stalk was recorded in P-66-9/7 and the lowest - 14,35 g/stalk in P 12-
2/1. The yield obtained in the check variety P-23 was 18,07 g/stalk.

The highest yield per unit area was recorded in P-66-9/7 (3297,45 kg/ha) and the lowest again in P
12-2/1 (2164,90 kg/ha). The values obtained for the other varieties are as follows: Prilep Basma 82 -
3251,80 kg/ha, the check variety P-23 - 2717,75 kg/ha, NS-72 - 2569,25 kg/ha and P-79-94 -
2548,20 kg/ha.

Statistical procession of the results showed significant differences in the yield, which indicates that
each of the investigated varieties has different biological potential, undoubtedly governed by its
own genotype.

According to the results obtained in the study, the investigated tobacco varieties are a huge source
for breeders in creation of new more productive and high quality tobacco genotypes which will find
their place in mass production.
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IMPUHOC HA CYB TYTYH KAJ HEKOHU COPTH O/ TUITIOT NPUJIETT

Amna Kopyoun-Anekcocka, Banentina [lenmuBanocka, Munan Mutpeckw,
Jopman Tpajkocku, Pooun MaBpocku

AncrpakTt

TyTyHOT € MHIYCTpHCKa KyATypa Koja ce OJINIeAyBa 3apaJy HerosaTa JIMCHA Maca. [IpuHOCOT Ha
CYB TYTYH € €/IHO O]l HajB&XXKHUTE KBAHTHUTATHBHH CBOjCTBA, KO€ BO HOPMAJIHHU YCJIOBH U aJIeKBaTHA
arpoTexXHUKa ro peduieKTHpa OHMOJIOMIKMOT MOTEHIMjal Ha cekoja copra. McmuryBamara Oea
m3BpuieHu Bo 2009 u 2010 roguna Ha OnutHOTO NoJsie npu HaydHHOT MHCTUTYT 3a TyTyH - [lpunen,
CO MIECT OPUCHTAICKH TYTYHCKH cOpTH on tumot npuen: [1-23(0), [112-2/1, HC-72, 11-79-94, T1-
66-9/7 u Ipunen bacma 82. Berre oxpeneH mMpUHOCOT Ha CyBa Maca IO CTPaK (g) W MO eIWHUIA
mospimHa (kg/ha). Ciopen pesynraTute o IBETOAUIITHUTE UCTPaKyBama, HajBUCOK MPHHOC Oerre
peructpupan kaj I1-66-9/7 (21,88 g/ctpak, T.e. 3297,45 kg/ha), a Hajuusok kaj I1-12-2/1 (14,35
g/ctpak, T.e. 2164,9 kg/ha), IlpunocoT kaj cranmapaHata copra [1-23 6eme 18,07 g/ctpak, T.e.
2717,75 kg/ha. Craructuukara oOpaboTka Ha pe3yiTaTuTe NOKaka CUTHU(GHMKAHTHU Pa3iIMKH BO
MPUHOCOT, INTO yKaXK<yBa Ha (HaKkTOT JieKa NPOydyBaHHTE COPTH MMaaT pasindyeH OHMOJIOMIKH
MOTEHIM]aJl KAKO PE3yJITaT Ha HUBHUOT ['CHOTHII.

Kayunu 300poBu: IpHHOC HA CYB TYyTYH, THII NPWJIEH, COPTH, TEHOTHII.
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Abstract

Bulgaria and Macedonia are situated in the northern part of the favorable for cotton growing
climatic belt. Cotton has been introduced into Bulgarian-Macedonian territories still in Roman
Empire; it was cultivated during medieval centuries and during the Ottoman rule on the Balkans.
The American varieties G. hirsutum L. type were spread over in 19" century. A historical review of
the last 50 years of the cotton production, harvested area, export, yield and domestic consumption in
Bulgaria and Macedonia, as registered by the US Department of Agriculture, is presented. An
interruption of cotton production Macedonia is observed from 2006 to 2012. Bulgarian growing
varieties are of the type Gossypium hirsutum L. and cross lines of Gossypium hirsutum L.x
Gossypium barbadense L., while Macedonian ones are only of Gossypium hirsutum L. type. The
advantage of the varieties, grown in our countries is their early maturing. Cotton breeding in
Bulgaria is done in Field Crops Institute near the town of Chirpan. Presently One variety is in the
EU Catalogue — Rumi, and six varieties more are pretending to be also in - Beli lzvor, Ogosta,
Chirpan 539, Chirpan 603, Avangard 264, and Perla 267. A brown-fiber variety “Isabell” has been
recently recognized. For Bulgarian moderate-continental and continental-Mediterranean climate
conditions, the needed irrigation application number in dry and medium dry years is 2-3 with an
application depth of 400-600 m*/ha. Cotton response to irrigation is by yield increase of around 40-
60%. Specific water saving irrigation scheduling is recommended - just one application before
flowering. Thus, by saving 57% irrigational water, a 30% vyield reduction is tolerated. For
Macedonian transitional-Mediterranean climate conditions, the number of irrigation applications in
a medium dry year varies from 5 to 6, with total irrigation amount for the vegetation period - from
3000 to 3500 m*/ha, while in a medium year only 2-3 applications of 600 m*/ha per application are
enough for proper crop production. Manure fertilization with 10000 kg/ha has proved to be
efficient. New cultivation practices with a yield increase of 15% are being developed - 80-cm inter-
row spacing instead of the traditional 60-cm and a plant density of 180000 plants per hectare.
Common Agricultural Policy, starting from 2014, will fix for Bulgaria a quota of sawn area - 3340
ha and a subsidy of 2690000 EUR yearly.

Key words: cotton, harvested area, yield, subsidies, agricultural practices.
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SECTION 1: FIELD CROP PRODUCTION

Introduction

Cotton is one of the most valuable agricultural crops. Cotton area in the world takes around 3% of
the arable lands and is classified of 6™ rank after wheat, rice, maize, barley and sorghum. Net
income is one of the highest. The main world producers are China (24%), USA (20%) and India
(14%). In EU, the maximum cultivated area is 45060 ha (2%), but cotton has regional significance
for the member-states, in which it is cultivated - mainly Greece and Spain. Portugal no longer
produces cotton.

Around 76% of the total production in EU comes from Greece. Bulgaria has a small share in the
European cotton production — from 10327 in 2007 (Regulation (EC), 2007) base area decreased to
3342 ha after 2009 (Regulation (EC), 2009). Only 400-700 ha have been sawn recently
(Agrostatistics, MZH).

Cotton is a warm-climate and photophilic crop. Therefore it is often called “Sun child”. Bulgaria
and Macedonia are situated in the northern part of the favorable for cotton growing climatic belt.
The conditions of both countries — minimum 3600°C temperature totals and 2000 h sunshine
duration — ensure a vegetation period of 120 days). Cotton is sown at the end of April, when the
mean air temperature is favorable for emergence - minimum 16°C, optimum 25-30°C. The
necessary seasonal water for cotton growing in our territories is 300-350 mm, but it is not ensured
by the atmospheric rainfalls (Nikolov et al., 2001; Stoilova, 2012a). High and steady yields are
obtained only by irrigation.

Bulgarian soils, on which cotton is grown are deep and fertile - chenozems, smalnitsa, alluvial and
cinnamonic soils (Nikolov et al., 2001; Saldzhiev et al., 2007). The best soils for growing cotton in
Macedonia, according to its thermal regime, are deep clayey—sandy or light sandy—loamy alluvial
sediments, which do not suffer from high groundwater’s and have medium water capacity.

e o T

W

Figure 1. Situation of Uzundzhovo village and a photo of the caravan-saray gate, built with the
donation of Sinan Pasha

Uzundzh

Beginnings of cotton cultivation in Bulgaria and Macedonia

Cotton was introduced into the Balkan territories during the time of Roman Empire. Later on,
historical documents show that in has been grown in Bulgaria in 9" century in the period of First
Bulgarian Kingdom. It was imported as a processed or semi-processed material, or as seeds from
Asia Minor, Egypt or Cyprus. Cotton has been grown actively over Bulgarian-Macedonian
territories during the Ottoman rule on the Balkans. In 18" century the famous Uzundzhovo Trade
Fair played a key role in distribution of cotton seeds (Cotton in Bulgaria, 1983). The Fair was
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founded by Sinan Pasha in 1593 who donated 30000 Turkish Grosz for a caravan-saray, a mosque, a
hospice and a bath to be built in the village of Uzundzhovo and ordered a 40-day market fair to take
place yearly. The village of Uzundzhovo is situated near the Bulgarian-Turkish border (haskovo-
online.com) (Fig. 1). Later on, in 19" century the Anatolian variety G. herbaceum was replaced by
the American one — Upland type G hirsutum, introduced from Istanbul. In 1836 the new American
varieties were sawn on an area of 800 ha and cotton production started slowly developing. It
prospered from the beginning of 20™ century.
During World War 11 (1941-1945) around 23000 ha were sawn and 2180
kg fiber yield was obtained yearly. The greatest progress of cotton
production in Bulgaria occurred in the *50-ies of 20™ century, when
143000 ha were sawn and 66700 t unginned cotton was obtained per
year (Fig. 2). Since then cotton areas in North Bulgaria were liquidated
and till 1980 gradually reduced to 16000 ha and 5370 t fiber yield
(Cotton in Bulgaria, 1983). After 1980, cotton import expanded - mostly
from Central Asia. Since 1990, cotton manufacturing in Bulgaria
NRBYLGARI strongly fell off and the sawn area was reduced. A 55% drop of cotton
\ &2 acreage was reported since 2005 (Sekliziotis, 2009). In 2008 only 700 ha
were sawn and the raw cotton obtained was around 750 t. In 2011 952 ha
were sawn, but 414 ha was harvested in Southern Bulgaria. The
technology is mainly rain-fed. The average yield of raw cotton is 990
kg/ha (Agrostatistics, 2012).
Cotton was intensively grown in Macedonia in the period of World War
I and a long time after. An area of 16419 ha was sawn in 1948, which is
3 times more compared to 1939, with production of 6200 t raw cotton. In the late *60-ies and early
>70-ies of 20™ century, the area under cotton occupied almost 10000 ha from which the raw cotton
production was 7700 t. Average yield has increased from 380 to 1000 kg/ha of raw cotton i.e. from
75 to 237 kg/ha pure fiber. In the region of Strumica and Gevgelija (south part of the country) a
yield of 260 kg/ha has been registered. In 1959 in Agricultural cooperative in Bogdanci applying
measure of planting of cotton plants, 460 kg/ha raw cotton has been achieved (Gjorgevski, 1964).
From period after *70-ies areas under cotton rapidly start to decrease. This industrial crop was last
recorded in a public register in 1997, when only 6 ha were planted. After a break of 15 years, the
crop was planted again this year (2012) on area of 15 ha in the region of Stip, with a tendency of
around 50 ha to be sawn in 2013.
The history of cotton production - harvested area, export, yield, and domestic consumption of cotton
in Bulgaria and Macedonia has been reviewed by the US Department of Agriculture. All the indices
have decreasing tendencies through the years — from 1962 to 2012 for Bulgaria and from 1992 to
2012 for Macedonia. The flourishing period of Bulgarian cotton production is 1982-1994, when the
indices’ values are at the maximum. Later on, the total area under cotton decreases due to low farm-
gate prices and highly competitive imports of long-fiber cotton. The average yield fluctuates widely
through the years as irrigation for the biggest part of the sawn area is missing (Index Mundi) (Figs 3
and 4).
According to the ‘Agro-statistics’ of Bulgarian Ministry of Agriculture and Forestry, the area under
cotton in 2001 is 14700 ha; in 2002 - 6300 ha, and in 2003 - 2000 ha only. The yields of unginned

Figure 2. A Bulgarian
post stamp with an
image of a cotton
plant
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cotton are low - 740 kg/ha in 2000 and 690 kg/ha in 2001. The total output in 2000 is 7000 t, in
2002 - 10000 t but in 2003 - 2000 t only (Agrostatistics, MZH).

The environmental potential for cotton production in Bulgaria includes 60000 ha favorable areas,
30000 ha of them have exclusively favorable soils and climatic conditions for cotton growing.
These areas are situated mainly in South and South-Eastern Bulgaria (Thracian Valley and Burgas
Lowland) and less in Central North Bulgaria. Most suitable soil and climatic conditions for cotton
growing can be found in Haskovo, Stara Zagora, Blagoevgrad and par of Plovdiv regions (Fig. 5).
There are suitable conditions also in Burgas, Yambol, Sliven and regions and some parts of Vratsa,
Pleven, Veliko Tarnovo, Ruse and Silistra regions (Cotton in Bulgaria, 1983; Nikolov et al., 2001,
Saldzhiev et al., 2007). They are equipped with irrigation networks for surface and pressurized
irrigation (CONF BG 43/01). The variety Beli Izvor which has great adaptability and high fiber
quality has been grown from 1980 to 1999. It was substituted by Chirpan 603 and Chirpan 539. At
present, mainly the following Bulgarian varieties are grown: Chirpan 539, Chirpan 603, Avangard
264, Perla 267, Beli Lom, Beli Iskar, and Vega. Chirpan 539 is a standard for early ripening and
Avangard 264 — for fiber quality. Avangard 264 has 3 mm longer fiber than Beli Izvor (Stoilova,
2012a).

The strongest aspects of the fiber crop production and processing in the country has been that the
textile industry was well developed in the past. Unfortunately, Bulgarian potential cotton production
was enough to supply only 50% of the capacity of Bulgarian cotton industry. Because of a strongly
developed textile industry and comparatively low actual production of cotton fiber in the country,
Bulgaria imported about 90% of cotton fiber. In Bulgaria there were 5 enterprises for primary
manufacturing of raw cotton which had the potential to early processing of 100000 t. The main ones
were “Trakia Cotton” Ltd. - Stara Zagora, and “Textile fibres” Ltd — Haskovo, still functioning. The
sector provided yearly permanent employment for 10000 workers and temporary seasonal
employment for 3000 workers. An Association of the Cotton Growers and Users for defending the
rights of the cotton producers and users has been founded in Bulgaria.
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The potential districts, where cotton can be grown in Macedonia, are along the Valley of Vardar
River, south-west of the city of Strumica, and around in Stip and Kochani region, where the textile
industry is pretty developed. The regions where cotton was cultivated in the past were Strumica,
Stip, Bogdanci, Valandovo and Veles and in smaller scale Kumanovo and Skopje (Egumenovski et

al., 1998) (Figure 6).
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Figure 5. Cotton growing regions in Bulgaria

Benefits of cotton growing in Bulgaria

Figure 6. Cotton growing regions in Macedonia

For many economic reasons, EU subsidies for the agricultural production in Bulgaria are low (Fig.

7).

The initial regime of subsidizing cotton manufacturing by EU was based on a "deficiency payment"
to cotton processors who paid a minimum price to the farmers that supplied them with unginned

cotton. This regime stimulated cotton sector in EU.

EU Agricultural Subsidies

Average direct payments in selected countries, in euros per hectare (2008)

0ld EU member states
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Figure 7. EU Agricultural Subsidies in 2008
(Source: EC)

Common Agricultural Policy of EU (CAP)
from 2009 on fixes a quota for Bulgarian
sawn area of 3342 ha, basic yield - 120 kg/ha
and a subsidy of 671.33 EUR/ton (=804.91
EUR/ha; =2690978 EUR/year) (Regulation
(EC) Ne 73/2009). The tendency of
subsidizing cotton production in 2016 is 660
EUR/ha. The state aid in 2012 is a subsidy
“deminimis”, which completes 290 EUR/ha
but maximum 7500 EUR for the period 2010-
2012 per producer (Instructions..., 2012). The
national subsidy in 2014 will be maximum
556523 EUR, and in 2015 — 295687 EUR
(Novinar, 2011).
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Cotton breeding and the investigations on agro-technologies for cotton production in Bulgaria are
done at the Field Crops Institute (former Cotton and Durum Wheat Research Institute), situated in
Central South Bulgaria near the town of Chirpan (Fig. 8). The Institute has long traditions, since it
has been founded in 1925. Breeding is oriented to early maturing, high productivity and high fiber
quality. Individual traditional selection methods are being practiced - intraspecific and interspecific
hybridization; experimental mutagenesis; in vitro techniques; study of resistant to biotic and abiotic
stress factors; genotype-environment interaction and phenotype stability; creation of ecological
cotton forms with naturally colored fiber; early leaf-fall and naked seeds; and keeping, evaluation
and use of cotton genetic resources.

The following elements of cotton growing technologies are being improved: crop rotation;
fertilization; sowing density; irrigation; development of pest, weed and disease control; growth
regulators; low-input technologies; and economic efficiency of production. The Institute offers
certificated sawing material of cotton, as well as stock production of cotton (http://www.iptp-
chirpan.org/).

.4 A -'I S TN C_
Figure 8. The building (left) and Logo (right) of
Field Crops Institute, 6200 Chirpan, Bulgaria,
http://www.iptp-chirpan.org/

The specific soil and climatic conditions in Bulgaria are good for growing varieties of Gossypium
hirsutum L. type and, to some extent, of Gossypium barbadense L. type. The cotton fibers are 29-33
mm long; have moderate fineness, good strength and good fiber uniformity. The advantage of
Bulgarian varieties is their early maturing. The selection is being done in two directions — 1) of
early maturing varieties with great genetic potential for yield and 2) of varieties with improved fiber
quality. The following breeding methods for early maturing with high genetic potential varieties are
used: intraspecific hybridization within hirsutum variety and experimental mutagenesis, i.e. local
and foreign varieties are crossed (Stoilova, 2012b). Best of them in the country are: Beli Izvor,
Garant, Ogosta, also — Chirpan 539 (standard), Chirpan 603, Beli Iskar and Beli Lom. A basic
breeding method for the second direction is interspecific hybridization between the chromosome
varieties G. hirsutum L. and G. barbadense L., as well as G. hirsutum and bred lines of G. hirsutum
L. x G. barbadense L. origin. On the basis of this method the following varieties have been
obtained: Avangard 264 (standard), Perla 267, Vega (Stoilova, 2012ab). In 2007 and 2008 the
varieties Kolorit, Darmi, Natalia and Dorina were certificated. Trakia, Helius, allied to the first
breeding direction, were lately certificated too. Kolorit and Darmi are good for mechanized
harvesting, and Natalia’s fiber is of very high quality. Darmi and Natalia have the best combination
of productivity and fiber quality (Stoilova, 2011; Stoilova 2012a). The newest varieties are Rumi
and Plovdiv, recognized in 2011 (Stoilova, 2012b). Currently variety Rumi is included (EU
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Catalogue..., 2011) Six varieties more, given in Table 1, are pretending to be in the EU Catalogue
(CONF BG 43/01).

Table 1. Bulgarian cotton varieties presently pretending to be in the EU Catalogue (Nikolov et al.
2001; Saldzhiev et al., 2007; Stoilova, 2012a)

Vegetation Ball Fiber | Yield (pure Lint
. . 1000-seed . .
Variety Period, Weight, g Weight, | length, fiber), percentage,
days ’ g mm kg/ha %
Beli Izvor 115-120 110-112 5,7 29-31 330 35-36
Ogosta 110-117 110-116 | 5,1-5/4 | 28-30 NA 36-37
Chirpan 539 109-116 105-112 | 5,2-5,8 | 29-31 170-250 37
Chirpan 603 110-117 110-115 | 5,3-5,8 | 29-32 NA 37-38
Avangard 264 115-122 105-112 | 5,0-5,7 | 31-34 170-240 34
Perla-267 115-120 NA NA 31-34 170 35-37

A new variety “Isabell” with light brown fibers has been recognized in 2010. Its quality is equal to
the foreign ones of USA, Turkey and Brazil. “Isabell” has high productivity, early ripening, and
suitability for mechanized harvesting. Its fiber is short, moderately fine, with good elasticity and
strength, but as a whole is of lower quality compared to the commercial varieties (Fig. 9). Bulgarian
breeders have also obtained varieties of dark brown and green color (Stoilova 2012ab).

P Strong dependence of yield and fiber length on July-August rainfall
totals (mostly from 11" July to 10™/20™ August) and on July-August
air temperature (especially 21% Jul to 10" August) has been
established hence one of the goals of cotton breeding in Bulgaria is
genesis of drought resistant and high temperature tolerable varieties
(Stoilova 2012a).

The most popular varieties of Gossypium hirsitum grown during the
intensively cotton growing period in Macedonia were: No 3279, No
996, No 4521, Makedonija and Strumica 105. The first three
varieties are Bulgarian (Cotton in Bulgaria, 1983), while the last two
are domestic varieties, created by the former Cotton Institute in
Strumica (Gjorgevski, 1964; Spasova, Dimov, 2003).

Despite of the objection of the public, GMO Act/1.06.2005 in
Bulgaria allowed cotton GMO varieties to be grown in the country
with a buffer zone of 400 m. GMO cotton is still not grown in Bulgaria, because there is no
approbation from EU (GMO Act, 2005).

Figure 9. Yarn from
Bulgarian colored cotton

Irrigation and fertilization of cotton

The practice of irrigation is definitely necessary in Bulgarian and Macedonian conditions. Potential
evapotranspiration (ETP) of cotton in Bulgaria, estimated in lysimeters is 550 mm, while the
maximum one (ETM) in water unlimited field conditions varies from 380 to 430 mm, dependent on
the occurrence of the meteorological factors (Nikolov, 1980; Nikolov et al., 2001). A small part of it
- 5% is established in the initial stage, 11% - in the vegetative stage, 24% - in the podding-flowering

93



SECTION 1: FIELD CROP PRODUCTION

stage and the rest 60% - in flowering-maturing stage. Daily evapotranspiration varies from 1.1-1.6
mm/d at the initial stage to 3.7-4.8 mm/d at flowering. For a short time, maximum daily
evapotranspiration can reach 6.0 -6.5 mm/d (Nikolov et al., 2001) (Fig. 10). Autumn-winter soil
moisture usually shares 41-42% of ETM, rainfalls — 34-35%, but irrigation — 23-25%. Cotton
consumes irrigational water mainly during flowering (40-42% of the total ETM). Irrigational water
is mainly needed in the period from podding to ball formation. Generally, irrigation must be
cancelled on 5™ August (Bozhinov et al., 1988; Bozhinov et al., 1995; Nikolov et al., 2001). ETM is
best managed at a refill point of 70% of field capacity (FC) in the to 50 cm soil layer. Thus, in a
medium dry year, 3 irrigation applications are given.

Water saving irrigation scheduling can be managed

by one application before flowering. The e ETPoOf
application depth depends on the maximum cotton in
allowed water depletion in soil and is 40, 60 or 80 57 lysimeters

Open water
evaporation

mm. Thus 57% irrigational water is saved; the yield
increase vs. rain-fed yield is 42-44%; the relative
yield is 69-72% of the maximum vyield at full
irrigation; and water use efficiency (WUE) is 1
kg/m?. This irrigation scheduling ensures on-time al.
ripening. When optimal irrigation scheduling is |
applied, the yield obtained is 220-300 kg/ha raw
cotton vs. 120-130 kg/ha under rain-fed conditions
(Bozhinov et al., 1995).

Cotton in Bulgaria can be irrigated by sprinkling or
gravitationally, or by drip irrigation. If surface
irrigation is applied, it is recommended the every-
other-furrow technique (Nikolov et al., 2001). Figure 10. Daily evapotranspiration of
Sprinkling vs. surface irrigation ensures 11-22%  ,0n (Nikolov, G., 1980)

higher yields (September yield). Reel rain traveler

and side-roll wheel line can be used. For small areas medium and low pressure sprinklers are
recommended. Surface irrigation is not quite recommended, because the soils, on which cotton is
grown, make cracks at the moisture level of 85% of FC. Further, long furrows are risky for over-
moisturizing. It is difficult to dosage the water and often the irrigational water is 1.5-2.0 times
greater than crop needs. WUE at surface irrigation is very low. For uniform distribution of water it
is good to use flexible plastic pipes, equipped with irrigation siphons and irrigation narrow pipes.
Drip irrigation contributes for 9-13% yield increase and 9-20% increase in WUE (Technology for
cotton production, 1997; Nikolov et al., 2001).

Depending on soil nutrient supply, fertilization of cotton under rain-fed conditions is recommended
as 100-120 kg N/ha, 80-100 kg P,Os/ha and 60-70 kg K,O/ha. When irrigated, the fertilizer
efficiency is higher hence the quantities are smaller — 140-160 kg N/ha, partially given before
sowing and during the stage of flowering-ball formation. Manure fertilization with around 10000
kg/ha has proved to be efficient (Technology for cotton production, 1997).

New cultivation practices are being developed. Wide inter-row spacing 80 cm instead of the
traditional 60 cm is being introduced. When combining 80-cm inter-row spacing with plant density
of 180000 plants/ha, the yield is 15% higher. Cotton crop rotation, soil tillage systems, physical and

: ETM of cotton
= at 0.7ETP full
irrigation
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chemical properties of soil are in the focus of cotton-growing science, as well as the fertilizing
practices and their impact on soil fertility. Science pays attention to overcoming weeds, cotton
diseases and pests (Stoilova, 2012).

According to the Macedonian literature (lljovski, Cukaliev, 1994), the total water consumption
during the vegetation is as follows: from initial to podding stage 8-10%; from podding to flowering
stage 18-20%; from flowering to beginning of the ripening stage 50-60%; and in the ripening stage
14-20%. The total irrigational amount for the vegetation period and the number of applications
depend on the meteorological peculiarities of the year. In a medium dry year, the irrigation
application number vary from 5 to 6, with a total irrigation amount for the vegetation period - from
3000 to 3500 m*ha. In a medium year, only 2-3 applications with 600 m*/ha per application are
enough for proper crop production. The yield of raw cotton can be 250-300 kg/ha when optimal
irrigation scheduling is applied. The most applied techniques for irrigation in cotton crop production
are furrow and sprinkler irrigation. In last two decades, the drip irrigation technique is usually used
in cotton crop production in the world. According to the results for better efficient use of water and
fertilizers, as well as quality and higher yield production (Janat et al., 2002); the drip fertigation is
recommended in further cotton production in both countries.

Lastly, cotton has an age-old tradition over Balkan lands. It follows the cultural traditions of the
people inhabiting these lands. It has always been important for the livelihood of the population.
Nowadays cotton breeding and agrotechnologies note original achievements and useful practical
results. The most important of them is creating early maturing varieties, also varieties with longer
and of highest quality fiber and ecological varieties with natural coloration. The scientific
collaboration between Bulgaria and Macedonia in study of cotton is a good basis for further
developing of its production in the region, for meeting the people needs in cotton textiles, for
reviving and prosperity of the textile industry of the two countries, for taking the rightful place in
cotton production in Europe and in the world.
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IMPOU3BOJACTBOTO HA TAMYK BO BYT'APUJA U MAKEJJOHUJA HU3 TOAUHUTE
Mmunena Motesa, 3opan JIlumos, Bjekociap TanackoBuk

Ancrpakrt

Byrapmja m MakeqoHrja ce HaoraaT BO CEBEPHHOT JeN Ha IOBOJHHOT KIMMATCKH TIOjac 3a
oarnenyBame Ha mamyk. [lamykor Oeme BoBenmeH Bo byrapmjc m Makenonuja ymre 3a BpeMe Ha
pHMCKaTa UMIIepHja, Oerre OArIeayBaH U BO TEKOT Ha CPEJHUOT BEK M 32 BPEME Ha OCMAHIINCKOTO
BIlaneeme Ha bankanotr. AMepukaHckaTa copTa maMyk, Tan Gossypium hirsutum L., 3anognyBa ga
ce mmpH BO TekoT Ha 19 Bek. O cTpaHa Ha aMEepUKAHCKOTO MHHHCTEPCTBO 3a 3E€MjOJIEIICTBO €
NPETCTaBeH MCTOPUCKH Tperies 3a nocieanute 50 TOIUHM O MPOU3BOJCTBOTO HA IaMyK, M ce
PErucTpupaHu OXHCAHUTEC MOBPIIMHU, HW3BO30T, IMPUHOCOT MW JOMallHAaTa MOTpOIIyBadka BO
Byrapuja u Maxkenonuja. [IpeknH Ha NMpoOM3BOACTBOTO Ha MaMyK Bo MakenoHHja € 3a0erexaHo
2006-2012. ByrapckoTro MpoW3BOACTBO pacte co copTu ox TumoT Gossypium hirsutum L. u
kpcrockute Ha Gossypium hirsutum L. x Gossypium barbadense L, nonexa MakeaoHCKHUTE ce camo
ox tunor Gossypium hirsutum L.. IlpenHocTa Ha OBHE COPTH € HHMBHOTO PaHO 3pecHe.
OnrnenyBamero mamyk Bo byrapuwja e on crpana Ha MHCTHTYTOT 3a IMOJENENCKH KYyJITypH BO
Oomu3uHa Ha rpagoT Yupman. Bo MomeHTOB emHa copra e peructpupana Bo Karanoror Ha EVY -
Rumi, a miect BapujaHTH TpeTeHAMpaaT MCTO Taka Aa Oumar Ha nucrara: Beli lzvor, Ogosta,
Chirpan 539, Chirpan 603, Avangard 264, u Perla 267. Coptara "ISABELL" , co xajeaBo BiIakHO €
npu3HaTta HeojaMmHa. 3a OyrapcKMTe YCIOBH Ha OJIJIe[yBambe€ BO yMEPEHO-KOHTHHEHTAHA |
KOHTUHCHTAJIHO-MEAUTCPAHCKA KIINMa, HOTpe6HO € HaBOJHYBAKC BO CYBU U CPEAHO CYITHU T'OANHU
co ammkanuja ox 400-600 m*ha. IlaMykoT ro 3rojeMyBa HPHHOCOT KAaKO OATOBOP Ha
HaBOJHYBameTo 3a okoiy 40-60%. Ce mpemnopauyBa crnenuduueH pacropes 3a HaBOAHYBame 3a
3alTesia Ha BoJia - CaMo €/IHa aruIMKalyja pejl HBeTame. 3a IMPaBUiIHO MPOM3BOACTBO HA MAMYK BO
MaKeJIOHCKH yCJIOBH Ha OJIJeyBame BO MPeoaHa-MeANTepaHCcKa KIMMa, OpOjoT Ha HaBOJHYBambha
BO CpPE/IHO CyBa TOJMHA Bapupa ox 5 10 6, co BKYINEH M3HOC HAa HABOJHYBamEe 3a NEPHONOT Ha
Bereraja 3000-3500 ms/ha, JIOJICKa BO CPEIHO CYIIHA TOJUHA JOBOJHH C€ CaMO 2-3 aruTHKaIuu
o1 o 600 m*/ha. Kako edrkacHo ce nokaka ybpemero co apcko Fyope Bo kommdectso ox 10 T/xa.
Ce pa3BuBaaT HOBU IIPAKTUKHU HA OATIIEAYBaE, CO 3TOJEMYBamke Ha MPUHOCOT oA 15% - mpu 80 M
BHATPEPEOBO pacTojaHue, HamecTo TpaaunuoHanuure 60 cM. u ckion ox 180.000 pacreHuja no
xekTap. 3aeqauukara seMjojencka nonutuka (CAP), mounyBajku ox 2014 ronuna, 3a byrapuja ke
OBO3MOJKH KBOTa 3a TloceaHa nospimrHa o1 3340 xa u cyoBennuu of 2.690.000 eBpa roaumi=Ho.
KayuHu 300poBH: mamMyK, O’KHEaHa TOBPIINHA, IPUHOC, CyOBEHINH, 3€MjOISIICKH TIPAKTHKH.
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Abstract

The purpose of this investigation was to establish the efficiency of the bioproducts Biohumax and
Humustim on the development, yield and quality on the Bulgarian durum wheat cultivar Progress,
grown organically at the certificated field of the Field Crops Institute, Chirpan, Bulgaria on soil type
of Eutric Vertisols in the period 2008-2010. The influence of bioproducts in dozes of 1 and 1.5 l.ha™
was tested as spring foliar application. The grain yield, test weight (kg), 1000 kernel weight (g),
glassiness (%), crude protein and gluten (%) and grain N, P, K concentrations were determined on
harvested grain. The results showed that the bioproducts affected the durum wheat growth,
productivity and grain quality. The grain yield surpassed the unfertilized with 8.6-14.1 % and
reached 3.43 t.ha™ at double spring foliar feeding in rate 1.5 .ha™. No significant differences in the
efficiency of the two products were seen and their action was one-sided. The grain yield was mostly
influenced to the highest extent by the yearly conditions and by the applied rates, while the fertilizer
type made an insignificant influence. The plant height increased with 11.5 to 18.5 %, content of
protein — with 2.4-4.7 %, wet gluten — to 1.2 %. The experiment demonstrated that organic farming
can produce high quality grain of durum wheat.

Keywords: organic farming, durum wheat, biofertilizers.

Introduction

Obtaining ecologically clean plant products intended for food for people and preserving the
environment are connected to using organic based products. Limiting the negative influence of
chemical fertilizers and eliminating their consequences is important for modern agriculture.

Organic agriculture is an integrated system of management and production of food and other
products, which includes a combination of good agricultural practices, high level of biodiversity,
preservation of natural resources and use of natural substances (Diver, 2001; Manojlovic et al.,
2010). The organic production insists on an exclusive use of organic and microbial fertilizers, while
taking special care of mutual interactions between soil, plants, animals and humans (Manojlovic et
al., 2010; Oxouzi and Papanagiotou, 2010).

The initiation and development of biological farming in Bulgaria is part of the European strategy for
ecological integration and sustainable development within the frame of the Common Agricultural
Policy whose reforms encourage the market orientation in the production of biological products.
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The organic farming is an optimal choice for the future development of the farming sector as it
preserves the natural resources and the environment, meets the needs of the increasing number of
consumers and uses safe methods of production. The organic products market is sustainable,
constantly increasing, efficient and has good prospects. The expansion of the EU creates a large
home market in regard to the purchasing power, which opens broad range of opportunities before
the organic farming.

The conventional farming varieties are not always suitable for organic growing, because they are
bred for high yield and quality at growing on high soil fertility, with high doses of synthetic
fertilizers and pesticides. Maintaining the biodiversity is an important principle in organic farming,
and in this regard steps should be taken for the farmers who are to be provided with a number of
varieties, including in local companies adapted for growing at organic farms.

The farmers occupied with organic farming don’t have the necessary qualification in the area of
seed production and at this stage they are not capable of managing by themselves the growing of
biological seeds, and even less with a targeted breeding.

So far there is no research related to selection of varieties suitable for biological growing and
development of production technologies for organic seeds from field crops. The production of
organic seeds is more difficult as compared to conventional farming seed production. The problems
depend on the specific plant, but they can be summed up to the following: growing healthy vital
seed; reaching the seed quality standards, defined for the conventional seed production — disease,
pest and weed control with no use of pesticides and a special attention should be paid to the seed-
transmitted diseases; big production expenses. At this stage of conventional farming cereal crops are
the main crop rotation unit, produced by the Bulgarian farmers. Its growing in organic farming,
especially in rural areas with available work hands would contribute to stimulating the production
for gaining additional income for the population. where the durum wheat is the main crop and the
grain is used to make flour and pasta as food for the people.

The conventional and low-input farming practices (effect of organic and mineral fertilizers, manure
and crop rotation) were studied at the Field Crops Institute - Chirpan to document changes in soil
fertility properties, nutrient storage and productivity of durum wheat. Two farming systems which
differed in crop rotation and the use of external inputs were established on land that had been
previously conventionally managed.

The low-input system was managed using a long-term manure and cover crops. The application of
30 t.ha™ manure lead to better results toward fertilization with NgoP.s and was equal to Nyy. Inputs
of C, P, K, Ca, and Mg were higher in the organic and low-input systems as a result of manure
applications and crop incorporations. After 4 yr of production, soils in the organic and low-input
systems had higher soil organic C, soluble P, exchangeable K. Organic and low-input farming
systems indicated small but important increases in soil organic C and larger pools of stored nutrients
which are critical for long-term fertility maintenance. The reduction of the negative effect of
chemical fertilizers on the soil properties or eliminating their consequences is an issue of pressing
interest for the modern agriculture; it is related to protecting the environment by obtaining
ecologically clean plant products.

Some consumers purchase organic food because they perceive the products to have superior quality
attributes over conventional foods (Yiridoe et all., 2005). Despite perceived benefits of consuming
organic foods, organic certification is based on the process used to produce the good, not on the
product itself. This suggests that organic products may not be superior to conventional ones (Brandt
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and Molgaard, 2007). Research into nutritional differences of organic and conventional products has
not yielded consistent results (Bourn and Prescott, 2002). Soil, climate, crop type and cultivar,
management practices and post-harvest factors can all affect the nutritional quality of crops.

In the last years the biological and ecological production of plant products has been one of the
fastest developing branches in Europe. According to data of the International federation of organic
agriculture the annual increase in a large number of European countries has been 20-25 %.

Recently further attention has been paid to the foliar corrective nutrition. The use of foliar fertilizers
creates an opportunity to increase the effect of fertilization, to reduce the environment pollution by
reducing the fertilizer type and norms and their use to the best advantage. It provides better
efficiency of the applied products as the nutrient and biologically active substances are fully
absorbed by the plants without the soil mediation where secondary processes of nutrient
immobilization might occur or it might be washed out of the root development soil layer. The foliar
fertilizers may help overcome quicker the plants’ functional diseases when a certain nutrient is
missing. Foliar fertilizer treatment was applied during the cultures’ vegetation, doses were applied
in accordance with the plant needs in the particular stage.

Subject of research for different cultures are the humat formulations created in the last years such as
extracts of organic sludge, coal, peat, kinds of manure, as well as products from red Californian
worm. The results published in the last years show that they have a stimulating effect on the
development and productivity of a number of cultures (Delfine et al., 2005, Gramatikov, 2005;
Gramatikov and Koteva, 2004; Nankova et al., 2004; Nenov et al., 2004; Sengalevich et al., 2004).
Our objectives were to determine the efficiency of the bioproducts Humustim and Biohumax on the
development, yield and quality of the Bulgarian durum wheat (Triticum durum Desf.) cultivar
Progress, grown organically on Eutric Vertisols at the certificated field of the Field Crops Institute,
Chirpan, Bulgaria.

Material and methods

The investigation was carried out in the period 2008-2010 on the certificated bio-field of the Field
Crops Institute, Chirpan, situated in a major durum wheat-growing region of Bulgaria. The durum
wheat cultivar Progress was grown under non-irrigated conditions after cotton. Randomized block
design with four replications was used. The net plot size of individual trial plots was 10 m?.

The bio-fertilizers were applied two times as foliar feeding at the beginning of the spring vegetation
(tillering) and at early boot stage in dozes 1 and 1.5 I/ha with 300 | water/ha. The results were
compared with untreated (water control).

The bioproducts “Biohumax” and “Humustim” (potassium humate), according to information by the
producers, is ecologically clean, highly concentrated humic natural product, which contains a
number of humic acids and fulvoacids, vitamins, phytohormones, microelements, enzymes and
others, which are quickly and directly included in the metabolism and stimulates the cultures’
growth, development and productivity as well as the micro organisms’ development.

The durum wheat was cultivated after a technology approved for the region of Central South
Bulgaria. (YYanev et al., 2005), but without application of synthetic fertilizers and pesticides. The
seeds were sown on October 25-30. The sowing rate was about 500 germinated seeds per m? The
harvest with plot combine was carried out in the period July10-15.

The grain yield (kg/ha), test weight (kg/hl), 1000 kernel weight (g), virtuousness (%), crude protein
and gluten (%) were determined on the harvested grain. The test weight was determined by
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hectoliter, 1000 kernel weight — by weighing two samples of 500 kernels, total virtuousness — by
cutting with pharinotom of Heinsdorf, the content of crude protein - by Kjeldahl standard method
and derived according to: Protein, % = N (% DM).5.83. N, P, K concentration (%) in plants was
analyzed in phases of development.

The data was statistically analysed according to the method of variance analysis (ANOVA) and
LSD test for evaluation of significant differences.

Agrochemical characteristic of the Eutric Vertisols at Biofield was made by conventional methods
for determination of mineral nitrogen (by Kjeldahl), available P,Os and K,O (acetate-lactate
method).

Table 1. Meteorological conditions during vegetation period of durum wheat 2008-2010

Period Temperature sum, °C Rainfall, mm/m?
X-11 11-VI X-VI X-11 1H1-VI X-VI
2008 734 1744 2478 322 210 532
2009 1011 1783 2794 137 95 232
2010 879 1734 2613 311 206 517
1928-2008 705 1670 2375 238 203 442

In regard with the meteorological conditions the studied years were characterized by higher
temperatures in the autumn-winter period, unevenly distributed precipitation and they were not
particularly favorable to the optimal growth, development and productivity of the durum wheat
(Table 1). Temperature sums total for the vegetation period of durum wheat (X-VI) in 2008, 2009
and 2010 exceeded the average amount (2375°C) with 103, 419 and 238°C, respectively. With
respect to rainfall for the vegetation period in 2008 and 2010 the amount of rainfall was respectively
90 and 75 mm/m? more, and in 2009 with 210 mm/m? less than average (442 mm/m?).

Results and discussion

The soil in the field of organic farming was Eutric Vertisols (FAQ). It was clay, with high humidity
capacity and small water-permeability, defined by the sand-clay composition. The test field was
with bulk weight of the plough soil layer - 1.2 g/m® and specific gravity - 2.45. The sorbcium
capacity was 35-50 mequ/100 g soil.

As the focus is on organic soil, it is very important to maintain and increase soil fertility. The
analysis results before the experiments in the 0-60 cm soil layer indicated slightly acid to neutral
soil reaction (Table 2). The values of pHciy were within the favourable scope for growing cereal
crops. In the 0-20 cm layer the soil had slightly acid reaction, and in the deeper soil layers (20-60
cm) the acidity decreased and the values ranged within 5.8-6.5. Acorging to the total humus content
(1.54-2.40 %) the soil had from low to middle supply of organic matter. The content of mineral
nitrogen as a sum of NH;-N + NOs-N varied significantly, it changed dynamically under the
influence of the meteorological conditions and the grown crops had low values, reaching a
maximum of 25 mg/kg soil. As for the available phosphates supply, it was established that in the 0-
60 cm soil layer the phosphates supply was low - 0.3-3.2 mg/100 g soil. The phosphates regime was
unfavourable for the durum wheat development. The leached smolnitzha in the field was well
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provided with available potassium. Its content ranged within 15-38.0 mg/100 g soil with its highest
values being for the plough layer.

The combination of temperature and rainfall was the main regulatory factor for the phonological
development of durum wheat plants (Table 3). During the period of research an insignificant delay
was observed in the culture development — the tillering occurred in February, the stem elongation —
at the beginning of April. Temperatures below -14°C in February 2010 caused partial freezing of the
crops and lower grain yield.

The highest temperatures and draught in May 2010 hindered the obtaining of record yield.

The abundant rainfall in June 2008 led to lodging of the durum wheat and deteriorated the grain
appearance. Year 2010 was favorable for the durum wheat development and obtaining a good yield,
but it was very unfavorable to the grain quality due to the July rainfalls (114.4 mm/m?). Overall
durum wheat riping was reported in the period July 5-13.

There were no pathogens and pests above the threshold of harm during the durum wheat vegetation
period in the three years of cultivation.

Table 2. Agrochemical properties of the Eutric Vertisols, 0-60 cm

Depth Mineral N Available forms, mg/100 g
' PH e Humus, % (NH4+NO),
cm . P,05 K,0
mg/kg soil
0-10 55-5.8 | 2.05-2.20 15-18 0.3-0.5 32-38
10-20 55-5.8 | 2.10-240 20-25 05-14 25-35
20-40 58-6.5 | 1.95-225 23-25 25-3.0 19-28
40-60 6.0-65 | 1.54-1.70 20-22 2.0-3.2 15-26
Average | 55-6.5 | 1.54-2.40 15-25 05-3.2 15-38

Table 3. Phenological stages in durum wheat development, 2008-2010

Stage 2008 2009 2010
Emergence 10. X1 15. XII 25. X
Tillering 25. XII 25. 11 10. 11
Stem elongation 01. 1V 03. IV 22. IV
Ear emergence 15.V 18.V 12.V
Flowering 22.V 28.V 24.V
Maturity 10. VI 05. Vil 13. VIl

Acording to the results the bioproducts Humustim and Biohumax affected the durum wheat growth
and productivity. Foliar treatment with Humustim at doses 1 u 1.5 L.ha™ increased the productiviy
by 9.1 and 13.7 % respectively, and at the same doses of Biohumax - by 8.6 and 14.1 % (Table 4).
The grain yield reached 3.43 t.ha™ at twofold spring feeding with Biohumax in rate 1.5 I.ha™.

The net profit increased to a higher degree at 1.5 l.ha™ biofertilizer — 82.0-85.2 Iv/ha. Twofold
spring foliar feeding in rate 1.5 l.ha™ was an effective activity. No significant differences in the
efficiency of the two products were seen and their action was one-sided. The data showed that the
grain yield was influenced to the highest extent by the yearly conditions and by the applied rates
(LSD = 0.001), while the fertilizer type had an insignificant influence.
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Table 4. Grain yield of durum wheat cultivar Progress and effect of bio-fertilizers, 2008-2010,
kg.ha

Grain yield

. Net profit,
Variant Average
2 2 201 Iv/ha
008 | 2009 | 2010 kg.ha’ %
Water check 2870 | 3452 | 2698 | 3007 | 100.0 -

Humustim - 1 LLha® | 3098 | 3696 | 3046 | 3280 | 109.1 54.2
Humustim - 1.5 Lha™™ | 3187 | 3942 | 3127 | 3419 | 113.7 82.0
Biohumax - 1 Lha 3126 | 3689 | 2985 | 3266 | 108.6 50.8
Biohumax - 1.5 LLha™ | 3223 | 3870 | 3202 | 3432 | 114.1 85.2

LSD 0.05 285 | 347 | 296 324 7.75
LSD 0.01 312 | 397 | 362 340 | 13.07
LSD 0.001 348 | 468 | 509 358 | 19.06

Delchev (2000) also reported that the foliar feeding increased yield and it was the highest at
complex foliar fertilizers treatment during stem elongation stage. The foliar treatments during ear
emergence and milk development stages had a weak effect on the yield, but increased grain quality
(Delchev, 2000).

The results showed that decisive influence for increasing the grain yield had higher levels of
structural elements. The spike length, number of spikelets in spike, number of kernels, formed in a
spike and the weight of kernel in spike increased to a greater extent at a higher doze biofertilizers
(Table 5). A tendency was seen for Biohumax to be more effective than Humustim. The structural
analysis of the yield showed that the foliar feeding additionally stimulated the formation and growth
of the durum wheat grain.

The application of foliar fertilizers stimulated the durum wheat growth processes. The height of the
plants at the end of vegetation increased by 11.5 to 18.5 % over the water control (78.2 cm) and
reached higher values (90.4-92.7 cm) under tested doses 1.5 lLha™. In 2010 the plants was
characterized by better height in maturity — average 90.3 cm, while in 2008 the average height was
82.5 cm. (Figure 1).

Table 5. Structural elements of durum wheat yield, average for 2008-2010

Variant Length of the Number of Number of kernel |Weight of kernel
spike, cm | spikelets in spike in a spike in spike, g
Check 55 16.1 25.6 14
Humustim - 1 L.ha™ 5.6 16.8 28.4 15
Humustim - 1.5 L.ha™ 5.8 18.1 29.0 1.6
Biohumax - 1 L.ha™ 5.7 17.1 28.9 1.5
Biohumax - 1.5 L.ha™ 5.8 18.9 29.5 15

The test weight is an indirect classification parameter, normally in direct correlation with flour
output, criterion for the health state of durum wheat. It is desirable that the test weight is over 78
kg.hl™. In western Canada, grain samples of top grade (No. 1) Canada Western Amber Durum
wheat must contain at least 80 % hard vitreous kernels and have a test weight of 80 kg.hl* or higher
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(May et al., 2008). From the physical properties in organic conditions the test weight meant that the
3-year period was good — from 78.2 to 80.3 kg.hl™ (Table 6). The test weight values were lower in
2008 and 2010 (78.2-79.1 kg). They were characterized by high moisture supply, while in 2009
under the influence of the favourable combination of temperature and precipitation the values were
higher — 79.4-80.3 kg. There were no significant differences established in regards with test weight
of grain under foliar application.

B Control O Humustim 1 @ Humustim 1.5 B Biohumax 1 O Biohumax 1.5

Figure 1. Influence of bio-fertilizers on the height of durum wheat plants in maturity, 2008-2010

Table 6. Influence of bio-fertilizers on the test weight of durum wheat grain, 2008-2010, kg.hl™

Year Average

Treatment 2008 2009 2010 kgl %
Water check 79.1 79.8 78.2 79.0 100.0
Humustim -1 1.ha™ 79.0 80.2 78.6 79.3 100.3
Humustim-1.5 L.ha™ 79.1 80.3 79.1 79.5 100.6
Biohumax -1 L.ha™ 79.1 79.7 78.5 79.1 100.1
Biohumax-1.5 l.ha™* 79.2 79.4 78.3 79.0 100.0
Average 79.1 79.9 78.5 79.2 -
LSD 0.05 0.84 0.97 1.07 0.92

Average for the period, the 1000 kernel weight value was high - 51 to 63 g (Table 7). The values
were highest in 2009 — 61 to 63.4 g. The meteorological conditions strongly influenced the 1000
kernel weight. Without fertilization the grain was formed in average weight of 56.2 g. The double
foliar fertilization with Humustim in dose 1.5 I/h increased the 1000 kernel weight the most. The
total vitreousness in organic production meant that the period was low - 53.7%, varying from 44.2
to 58.6%. An exceptionally low vitreousness was formed in 2010 — average of 48.5 % (44.2-54.0
%), when during the maturity stage the weather conditions were mainly dry, with temperatures
higher than average. Positive changes were found in all the years in the period, regardless whether
they are wet or dry. The bio-fertilization with 1.0 and 1.5 L.ha® increased the vitreousness
respectively with 5.1-6.2 and 11.1-13.4% compared to the unfertilized. The protein and gluten
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content are important indexes for the grain quality intended for pasta products. The genetic potential
of the Progress varieties is good, enough for the Bulgarian and international standarts. Average for
the period the protein content, wet and dry gluten for the grain of check were respectively 12.6 %,
25.4% and 9.6 % (Table 8). There has been a trend towards lower protein content in cereal grains
produced organically. The fertilization with liquid bio-fertilizers was an additional factor for
stabilizing the technological properties of durum wheat grain. The content of crude protein
increased with 7.7-11.2% at biofertilization, the wet gluten — to 5.9 %, and dry gluten — from 6.2 to
9.4 % over the check.

Table 7. Influence of bio-fertilizers on the 1000 kernel weight and vitreousness of durum wheat
grain, 2008-2010

1000 kernel weight, g Vitreousness, %
Vari Average Average
ariant 2008 | 2009 | 2010 % 1 2008 | 2009 | 2010 g
g % % to C

Water check - C 56 61 51 | 56.2 |100.0 | 53.2 | 53.0 | 44.2 | 50.1 | 100.0
Humustim -1 I/ha | 57 62 52 | 57.1|1015| 56.2 | 55.6 | 46.2 | 52.7 | 105.1
Humustim-1.51/h | 57 63 54 | 57.8 1028 | 574 | 57.2 | 524 | 55.7 | 1111
Biohumax -1 I/ha | 56 61 53 | 56.7 | 100.9 | 57,5 | 56.6 | 455 | 53.2 | 106.2
Biohumax-1.51/h | 57 61 54 | 57.3 1020 | 57.8 | 58.6 | 54.0 | 56.8 | 113.4
Average 57 62 53 | 57.0 - 56.4 | 56.2 | 48,5 | 53.7 -
LSD 0.05;0.01;0.001 =1.12; 1.48; 1.90 LSD 0.05; 0.01; 0.001 =7.1;9.7; 12.7

Table 8. Technological properties of durum wheat grain, average for 2008-2010

Treatment Crude protein Gluten

% % to check Wet, % Dry, %
Water check — C 12.62 100.0 25.4 9.6
Humustim -1 I/ha 13.64 108.1 26.4 10.3
Humustim-1.5 I/h 13.97 110.7 26.9 10.5
Biohumax -1 I/ha 13.59 107.7 26.2 10.2
Biohumax-1.5 I/h 14.04 111.2 26.8 10.5
Average 13.57 - 26.34 10.22
LSD 0.05 1.12 8.87 4.07 1.26
LSD 0.01 154 12.20 5.37 151
LSD 0.001 2.14 16.96 6.90 1.99

The increase of protein in the grain follows the application of increasing dozes of fertilizers. The
application of 1.5 l.ha™ had a better positive effect on the protein and gluten content. As for the
extensibility of gluten no differences were established under the influence of year conditions, type
of fertilizer and level of fertilization.

The study confirms that fertilization is a factor that is crucial to the nitrogen content of the wheat
plants. The average N concentration in the tillering stage was 2.63 %, in the stage of stem
elongation — 2.34 %, while in flowering was reduced to 1.56 %, i.e. with the advance of vegetation,
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the percentage of N was reduced (Table 9). All levels of the nitrogen content in plants grew at
increasing the fertilization.

Table 9. N, P,Os and K,O concentration in durum wheat plants, 2010

Dose /Stage NoPoKo 1.0 Lha® 1.5Lha’ | Average %
N, %

Tillering 2.46 2.64 2.80 2.63

Stem elongation 2.16 2.35 2.52 2.34

Flowering 1.49 1.55 1.64 1.56
P,0s, %

Tillering 0.38 0.40 0.39 0.39

Stem elongation 0.40 0.36 0.38 0.38

Flowering 0.40 0.38 0.36 0.38
K,0 %

Tillering 4.35 4.78 5.14 4.76

Stem elongation 341 4.21 4.24 3.95

Flowering 2.01 2.26 2.29 2.19

The influence of fertilization was manifested most in the tillering stage. The phosphorus
concentration in wheat plants was lower than that of N and K. The P,0s content insignificantly
decreased with the development advancing - an average of 0.39 % during the tillering to 0.38% in
stem elongation and flowering. Potassium concentration decreased with increasing vegetation — 4.76
% to 2.19 % at tillering to flowering. By increasing the nutrition rate, the K,O content increased.

Conclusions

The results showed that the bioproducts affected the durum wheat growth, productivity and grain
quality. The grain yield surpassed the unfertilized with 8.6-14.1 % and reached 3.43 t.ha™ at twofold
spring foliar feeding in rate 1.5 L.ha™. No significant differences in the efficiency of the two
products were seen and their action was one-sided. The grain yield was mostly influenced to the
highest extent by the yearly conditions and by the applied rates, while the fertilizer type made an
insignificant influence. The plant height increased with 11.5 to 18.5 %, content of protein — with
2.4-4.7 %, wet gluten — to 1.2 %. The experiment demonstrated that organic farming can produce
high quality grain of durum wheat. From ecological point of view outcast the synthetic fertilizers,
may be successfully applied feeding with organic fertilizers during vegetation of the durum wheat,
whereat the productivity increases and the production economical indexes do not get worse.
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E®EKT HA BUONIPOJAYKTH KAJ TBPJA MUEHULIA (TRITICUM DURUM DESF.) BO
YCJIOBH HA OPTAHCKO MPOU3BO/ICTBO BO JY’KHA BYTAPHJA

I'anuja [1anajoroBa, Buonera boxanosa, CBetiia Kocragnnosa, Henu Bankosa

Ancrpakr

Ilenra Ha OBa MCTpaxyBame Oelle Ja ce yTBPAM epHUKacHOCTa Ha Guompomyktute Biohumax u
Humustim Bp3 pa3BojoT, MPUHOCOT W KBAIMTETOT Ha Oyrapckara copra TBpja IdeHuIa Progress,
OpraHCKHM OJIIJeAyBaHa Ha CepTHOUUMPAHOTO moye, npu VHCTHTYTOT 3a HOJICNENCKH KyITYpH,
Uwupnan, byrapuja, Ha mouBeH THII TpoMHEHa cMojiHHIA, Bo mepuomor 2008-2010 romumna.
Bimjanneto Ha GuonpoxykTuTe Bo 4031 o1 1 u 1,5 L.ha-' Gewe tectupano co nponerHa domujapHa
armvkanja. [Ipu Toa, 6ea ompexaenenu: mpuHocot (KQ), ancomytHata maca (g), cTrakiaBocTa Ha
3proto (%), cypoBute mpotenHu u riyTeHOT (%) u koHuenrpanuure Ha N, P, K kaj oxHeaHOTO
xHTO. Pesyntarure mokaxkaa Jieka OHMONPOAYKTHUTE BiMjaelie Ha IIOPAcTOT, MPOAYKTHBHOCTA U
KBJIUTETOT HA JXUTOTO Kaj TBpAaTa MueHua. [IpMHOCOT Ha XMTO HM3HEHaaW Kaj HeryOpeHaTa
BapujanTa 3a 8,6-14,1% u nocrursa 3,43 t.ha-' nmpu mBojHOTO MpOIETHO BomujapHO FyGpeme co 1,5
l.ha-*. Hema 3Hauajuu pasiuku BO eMKaCHOCTA HA OBHE 1BA MPOM3BOMM, H HHBHOTO BJIMjaHHE €
enHoctpaHo. [IpuHOCOT Ha XUTO Oelle YCIOBEeH INIaBHO O BIHMjaHHETO Ha KIMMATCKHTE YCIOBH U
NPUMEHETHTE aIlTMKAlMK, JOAeKa TUIOT Ha IyOpHBO HeMallle 3Ha4yajHO BiWjaHue. BucounHaTa Ha
pactenmjara ce 3ronemu ox 11,5% Ha 18,5%, compxuna Ha mpotennu co 2,4%-4,7%, BIaXHAOT
riayteH a0 1,2%. ExcriepuMeHTOT Mmoka)a Jieka OpraHCKOTO 3€MjOJICJICTBO MOXKE Jia JiaJie BUCOKO
KBaJIMTCTHU 3pHA TBpJia MYCHULIA.

KiyyHu 300poBH: OpraHcko 3eMjO/IeJICTBO, TBP/Ia MMYCHHIIA, OHOTyOpHBa.
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Abstract

Optimal quantities of mineral nutrients and using balanced macro and micro nutrient to growing
crops plays important to improve yields and quality. Potassium and zinc involved in key many
metabolic processes and enzyme activities in plants. The efficiency of such type of elements is
improved when it is used in combination with other macro and micro elements. In this study was
conducted to determine the effects of different potassium and zinc application to fiber yield and
quality of Berke cotton varieties in experimental area of Dicle University Faculty of Agriculture in
2010. Photosynthesis rate, number of sympodial branches fiber properties of fiber length, fiber
fineness and fiber strength were investigated. According to the results, for all traits studied doses of
potassium X zinc application and interaction were significant. Effects of potassium and zinc
applications were determined significant to properties of photosynthesis rate, number of sympodial
branches, boll number, fiber length, fiber fineness, fiber strength.

Key words: cotton, potassium, zinc, yield, quality.

Introduction

Cotton maintains its place and importance in spite of synthetic fiber as a, raw materials used by the
textile industry. Currently, 60% of the raw material used in the weaving technology was provided
by cotton. As an industrial crop, cotton has been used by textile industry for its fibers; oil industry
feed industry for its seeds. Cotton is also used by a wide range of industry for chemical, oil and
artificial textile (Usta, 2003; Lukonge et al., 2005; Zengin 2010).

To increase crop production, together with other measures, balanced and adequate amounts of
nutrients are very important.

Supplying optimal quantities of mineral nutrients and using balanced macro- and micronutrient
doses to growing crop plants is one way to improve crop yields (Zubillaga et al. 2002).

Potassium has a vital role in the plants in terms of plant metabolic, physiological and biochemical
functions. Quantity and quality of the product increase as a result of the effect of these functions in
plants. Potassium has also important role in terms of plant water relations and turgor pressure which
is required for cell expansion, growth of new tissues, photosynthesis, water balance, carbohydrate
and sugars needed quantity of transport, and plant metabolic enzymes (Rogalski, 1994; Narang et
al., 1997; Sangakkara et al. 2000; Coker et. al., 2003).
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Among the macro-nutrients, potassium nutrition program is known to be a key element in terms of
high-efficiency and high-quality cotton production (Kagar, 2004).

Potassium is involved in providing the turgor pressure for the fiber cells. During active fiber growth,
deficiency of potash (K) resulted in reduction in the turgor pressure of the fiber resulting in less cell
elongation and shorter fibers at maturity (Oosterhuis, 1994).

Between trace elements, zinc has an important role in terms of auxin content (growth hormone) that
contains the functional parts of enzymes, carbohydrate metabolism, protein synthesis, and stem
growth too (Oosterhuis et al. 1991; Rajput et al., 1995; Kaya et al., 2005; Marschner, 1995).

Zinc is sufficient, although at very low doses, deficiency of this element can lead to significant
problems. (Rajput et al., 1995; Cakmak, 1994; Kaya et al., 2005).

Zinc deficiency appears especially in dry and hot conditions, high level of pH, lime and clay content
and lower organic matter and in case of excessive phosphorus application (Cakmak, 1994;
Marschner, 1995). Zinc deficiency symptoms include, i.e. small leaves, shortened internodes giving
the plant a stunted appearance, reduced boll set and small boll size (Oosterhuis et al. 1991). The
most obvious view of zinc deficiency in plants is dwarf growth (Oren and Basal, 2006).

This study was carried out to determine the effects of different amount of potassium and zinc
applications to the rate of photosynthesis, yield and fiber quality of the cotton plant cultivated in
large areas in our country and aimed to help this kind of studies in the future.

Material and methods
The research was carried out at research areas of Faculty of Agriculture at Dicle University in 2010.

The experiment was conducted as a randomized complete block design with factorial treatment
structure with three replications. Berke cotton variety was used as material. Parcels were composed
of rows in 12 m length. Row spacing was 70 x15 cm. Plots were consisted of 4 rows and during
harvesting; two out of four rows in the middle were sampled. Fertilizer was applied as 7 kg pure N
and 7 kg pure P, and 7 kg pure N with the first irrigation for per decare. Due to its clay content (49-
67%), soil enlarges and swells in the winter, and shrinks in the summer with deep cracks. Soil pH
was between 7.73-7.86. Hoeing was accomplished 3 times by tractor, 2 times by hand. During the
research, irrigations were done 8 times, and the bolls were harvested in two different dates with
hand. Soil samples were taken from different points of the field at 0 cm-30 cm depth before planting
and analyzed in the Soil Analysis Laboratory of GAP Soil and Water Resources and Agricultural
Research Institute. Results of soil sample analysis were presented Table 1.

Table 1. Some physical and chemical properties of the soil taken from the of experimental area
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The province of Diyarbakir has Southeastern Anatolian steppe climate. The average annual rainfall
is 490 mm falling 18% in autumn, 44% in winter, 37% in spring and 1% in summer months. Most
of the rainfall obtained in the winter and the spring. The annual average temperature is 15.8 °C, the
driest and hottest months are July and August. The meteorological data of the experimental site
during the study period is presented in Figures 1, 2 and 3.

2010 MONTHLY AVERAGE TEMPERATURE (°C)

—&— AVERAGE TEMPERATURE

Figure 1. The monthly average temperature (°C) in the province of Diyarbakir in 2010

As seen Figure 1. in 2010, monthly average air temperature in the province of Diyarbakir 5.4°C -
32.3°C throughout the growing period ranged from 11.1° C to 32.3° C. According to the mean
values of the year 2010, the average monthly rainfall in the province of Diyarbakir was 0 mm-55.6
mm. Rainfalls during the experimental period, ranged from 0 mm-21.6 mm (Figure 2). Monthly
average moisture ranged from 17.5% - 80.9% in the province of Diyarbakir in 2010 but during the
cotton growing period, monthly average moisture varied between 41.1% and 49.3% (Figure 3).
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Figure 2. The monthly average rainfall (mm) in the province of Diyarbakir in 2010
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2010 MONTHLY AVERAGE MOISTURE (%)
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Figure 3. The monthly average amount of moisture (% )in the province of Diyarbakir in 2010

Applications of potassium doses were performed 2 times in the stages of blooming and top of
flowering as 0 (without application); 300 g.da™; 500 g.da™; 700 g.da™. Zinc applications were also
done 2 times, blooming and top of flowering as 0 (without application); 100 cc da*; 200 cc da;
300 cc da™. Zinc and potash were applied to the plants as foliar spray in the form of EDTA chelated
ZnS0, 7H,0 and K,SO, respectively.

Parameters observed were photosynthesis rate (mg CO, cm? h™®), number of sympodial branches
(number plant™), number of bolls (number plant™) fiber length (mm), fiber fineness (mic.) and fiber
strength (g tex™). Fiber properties were determined with the HVI 900 (High Volume Instrument)
device. Data obtained from research were evaluated with JMP 7.0 (Copyright © 2007, SAS Institute
Inc.), statistical software package, averages (%) grouped according to LSD significance test.

Results and discussion

Interaction between potash and zinc was found significant in terms of all the investigated
parameters. Applied doses of potassium and zinc, mean values of plant height, number of siypodial
branches and number of bolls LSD groupings given in Table 2.

Photosynthesis rate varied between 37.00 (mgCO, cm™ h") and 48.33 (mg CO, cm? h™) by effect
of applications and average photosynthesis rate was 42.24 (mgCO, cm™? h™). The highest
photosynthesis rate (48.33 mg CO, cm? h™) was obtained from K500(g.da™)+Zn200(cc.da™) dose
while the lowest photosynthesis rate (37 mg Co, cm? h™) was obtained from K0Zn0(control plot)
and Zn.100(cc. da®) dose (Table 2). Findings in terms of photosynthesis rate similar those of
Narang et al., (1997); Sangakkara et al. (2000); Kacar, (2004) who reported that photosynthesis rate
is affected potash and zinc application methods. Sympodial branches varied between 9.66 number.
plant™ and 15.00 by effect of applications and average number of sympodial branches was 11.71
number. plant®. The highest number of sympodial branches was obtained from K.500 (g. da
)+2Zn.300(cc. da™) dose while the lowest sympodial branches was obtained from Zn.200 (cc. da™)
dose (Table 2). Findings are conformity with those of Oosterhuis et al. (1991); who reported zinc
deficiency symptoms include, i.e. small leaves, shortened internodes, reduced boll set and small boll
size.
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Table 2. Average values of potassium and zinc applications of cotton plant and LSD groupings
belong to photosynthesis rate, number of sympodial branches and number of bolls

. Sympodial Boll Number

Aplications Photosynthesis Rate Aplications Branches Aplications | (number plant’
(mg CO, cm?h?) (number plant’ b
1
)

K500 Zn 48.33 |A K500 Zn300 | 15.00| A K500 17.66 | A
K300 Zn 47.00 |AB K500 Zn200 | 13.00| B Zn 300 16.26 | AB
K500 4433 |ABC K500 Zn 100| 13.00|B K500 15.66 | ABC
K700 44.33 |ABC K300 12.00 | BC K300 Zn 15.06 | ABC
K500 43.66 BC K700 12.00| BC Zn200 15.00 | ABCD
K700 43.66 BC K3002Zn200| 12.00| BC |K700 15.00 | ABCD
K500 43.33 BCD K700Zn300| 12.00|BC K700 15.00 | ABCD
K700 43.00 BCD K500 12.00| BC K500 14.83| BCD
K300 42.66 BCD K700 Zn200 | 11.13| CD |Znl100 1456| BCD
K 700 42.00 CD K3002Zn300| 11.00/ CD |K500 14.12
K300 40.18 CDE |K7002Zn100 | 11.00] CD |K300 14.00
K300 40.00 CDE |K3002Zn100| 11.00f CD |K700 13.83
Zn200 40.00 CDE |Zn100 11.00| CD |K700 13.33
Zn300 39.00 DE KO0 Zn0 10.88| CD | K300 12.30
KO0 Zn0 37.33 E Zn300 10.66| CD |KO0ZzZn0 11.66
Zn 100 37.00 E |Zn200 9.66 D | K300 11.66
Ortalama 42.24 1.71 14.37
EGF g5 4.36 1.62 2.72

Number of bolls varied between 11.66 and 17.66 number. plant™ by effect of applications and
average number of bolls were 14.37 number. plant™. The highest number of bolls were obtained
from K.500(g. da®) +Zn.300(cc. da™) dose while the lowest number was obtained from K.300 (g.
da™) and KO Zn0 dose (Table 2). These results are in the conformity with those of Knowles et al.
(1999) who reported that zinc practices that increase the fruit of cotton similarly Haliloglu et al.
(2006), also reported that foliar spray of macro and micro nutrient increased the number of cotton
bolls.

Dose applications of potassium and zinc, mean values of fiber length, fiber strength and fiber
fineness and according to the test groups of EGF given in Table 3.

Fiber length varied between 25.03 mm and 27.98 mm by effect of applications and average fiber
length was 26.86 mm. The highest fiber length was obtained from K500(g, da™)+Zn300(cc da™)
dose while the lowest fiber length was obtained from Zn100(cc da™) dose (Table 3). These findings
are in the conformity with those of Oosterhuis 1994; Anac, 2010 who reported that zinc and
potassium deficiency have reduced the quality of fiber. Fiber fineness varied between 3.69 mic and
5.54 mic. by effect of applications and average fiber fineness was 4.49 mic. The highest fiber
fineness was obtained from K500(g, da™*)+Zn300(cc da™*) dose while the lowest fiber fineness was
obtained from K700(g da™)+Zn,200(cc da™) dose (Table 3). Findings are similar with those of
Sawan (2008)who reported that cotton productivity and quality due to the application of potash and
zinc. Fiber strength varied between 26.03 g tex * and 31.30 g tex * by effect of applications and
average fiber strength was 28.94 g, tex ! The highest fiber strength was obtained from K700(g da’
+Zn200(cc da™) dose while the lowest fiber fineness was obtained from K700(g da™)+Zn100(cc
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da™) doses (Table 3). Results are conformity with those of Sawan (2008) who reported that potash
and zinc applications play important role on cotton productivity and quality.

Table 3. Potassium and Zinc Applications of Cotton Plant Average Values and groups belong to
fiber length, fiber strength and fiber fineness

Aplications Flbe(rnl;;r;gth Aplications Flb?; tS(et)r(?lr;gth Aplications Fiber (E:?Ce)ness
K500 27.98| A K700 Zn200 | 31.30 | A KO0 Zn0 554 A
K300Zn300 | 27.78 | AB K300 zZn300 | 31.19 | AB Zn100 5.42| AB
K300 27.65| ABC K700 zZn300 | 30.76 | ABC K300 5.06 | ABC
K500 27.46 | ABCD K500 Zn200 | 30.23 | ABCD Zn200 4.88 | ABCD
K700 27.14| BCD K500 Zn300 | 29.90 | BCDE K500 4.73| BCDE
K700 27.09| BCD K700 Zn100 | 29.66 | CDEF |Zn300 4.60 CDE
K700 27.03 CDE | K3002zn200|29.60| CDEF |K700 4.43 CDEF
K500 27.01 CDE | K500 Zn100 | 29.24 DEFG | K300 443 CDEF
K300 26.88 K700 28.80 EFG | K500 4.42

K700 26.82 K500 28.43 K300Zn100 | 4.42

K500 26.81 Zn300 28.40 K700 4.27

K300 26.38 K300 Zn100 | 27.96 K300 4.18

Zn300 26.28 Zn200 27.36 K500Zn100 | 4.14

Zn200 26.13 KO0 Zn0 27.23 K700 3.88

KO0 Zn0 26.13 K300 26.93 K700 3.74

Zn100 25.13 Zn100 26.03 K500 3.69

Ortalama 26,86 28,94 4,49

EGF o5 0,70 1,39 0,70
Conclusions

This study was carried out to determine the effect of different amount of potassium and zinc
applications the increased K and Zn doses led to more photosynthetic capacity and more yield and
quality per plant. K500g da™ Zn300cc da™ dose was higer than the other aplications in terms of
photosynthesis rate, sympodial branches, number of bolls, fiber length, fiber fineness. Applicatin of
Zn and K together gave better results in terms of yield and quality properties.
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E®EKTHU O IPUMEHATA HA KAJINYM U IIUHK BP3 CTEIIEHOT HA
®OTOCHHTE3A BP3 KBAJIUTETOT HA BJIAKHOTO U ITPUHOCOT HA TAMYK

Illema bamb6ar, baxap Texun, Pem3n Exunyy, Jykcen bonek, Mycrada Jamap

AncrpakTt

OnTUManHOTO KOJIMYECTBO Ha MHMHEPATHH MaTepHH M M30allaHCHPAHO KOPHUCTEHEC HAa XPAHIUBH
Makpo W MHKPO €JIEMEHTH 3a OJIVIEAyBamE Ha KyATypaTa, WTpa BaKHA 3a MOJ00OpyBame Ha
MIPUHOCOT U KBAIUTOT. KammyMoT M IMHKOT ydecTBYBaaT BO MHOTY Ba)KHH META0OJIMUKH TIPOLIECH H
€H3MMAaTCKH aKTUBHOCTH BO pacTeHHujata. EdumkacHOCTa Ha TaKOB THWI Ha €IEMEHTH € Iomo0peHa
KOra ce KOpHCTH BO KOMOHMHAIMja cO APYTM Makpo W MHUKpo eneMeHTH. OBa HCTpaxyBame Oere
CIPOBE/ICHO 3a Ja Cce YTBpAAT e(eKTUTE OJ alUIMKalMja Ha pa3iiMyHM 103 KalMyM M IMHK Bp3
MPUHOCOT M KBAJTUTETOT Ha BIAKHOTO Kaj Berke - coptu Ha mamyk BO €KCIIEPHUMEHTAIHOTO TI0JIC Ha
Jukie yHuBep3uTeToT Ha 3emjozenckuor dakynret, Bo 2010 roguHa. bea ucnuranu creneHoT Ha
(dotocuHTE3a, OPOjOT HA CUMOIIO/IHMjaTHA IPAHKU M CBOjCTBATA HA BJIAKHATA MO JOJDKHHA, GUHOCT U
jauMHa Ha BJaKHOTO. Pe3ynraTurte ol MCHHMTYBaHMTE JO3W Ha alUIMKalWja Ha KaIUyM X LHUHK H
MHTEpaKIMja, TMOKaXkaa 3HAYajHM PAa3lIMKH BO OJHOC Ha CHTE KapakTepuCTHUKH. bea yTBpaeHH
3Ha4YajHH e(DeKTH O] aIUIMKAaIlfjaTa Ha KalMyM W [OWHK 3a: CTENEHOT Ha (hOTOCHHTE3a, OpPOjoT Ha
CHUMOIIOTUjalTH TpaHKH, OpOjoT Ha YYIIKH, CBOjCTBO Ha BIIAKHATA MO JOJDKUHA, GUHOCT W jayWHA
Ha BJIAKHOTO.

Kayuynu 300poBu: namyk, KaluyM, IUHK, IPHHOC, KBAJIUTET.
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Abstract

Common wheat (Triticum aestivum L.) is one of the most important cereal food crops. Breeding for
high yielding what varieties is curtail role but no less is importance of breeding high quality wheat
varieties that is essential for bread making industry. Wheat quality is assessed on the basis of
physical, chemical, rheological and baking tests. For this reason at cereals industry has been a long
history of using descriptive empirical measurements of rheological properties to predict bread-
making quality. In this paper, grain yield and technological quality of five wheat varieties (Radika,
Milenka, Bistra, Treska and Altana) from the breeding program at Institute of Agriculture-Skopje,
Macedonia, were examined in two years (2007/2008 and 2008/2009). Bistra has shown significantly
the highest yield among wheat varieties over two years of study carried out. Altana has shown the
highest protein content, sedimentation value, dough energy, extensograph extensibility and ratio
(resistance/extensibility).According to technological quality among varieties, Altana has shown the
best quality and belongs to A1-A2 quality class, following Treska and Milenka (A2-B1) and Radika
and Bistra (B1).

Key words: wheat, variety, yield, technological quality.

Introduction

Wheat (Triticum aestivum L.) is an important cereal crop used as staple food in Macedonia. Wheat
is grown in almost every part of the country. In the period 2006-2011, the average sown area with
wheat was 49,4% out of the average sown area with cereals (176666 ha). The average wheat
production in the same period was 262246 t, or in average 3048,7 kg/ha (Statistical yearbook of the
Republic of Macedonia, 2012). It is a principal source of carbohydrates for human beings while its
straw can be used as an integral part of livestock feed. Compared with other cereals, it provides food
for human with more calories and proteins in the daily diet. In many common wheat varieties grain
contains carbohydrates 60-80%, protein 8-15 %, fat 1.5-2.0%, inorganic ions 1.5-2.0% and vitamins
such as B complex and E (Schellenberger, 1996). Despite to higher yield potential, average yield, of
different varieties, in Macedonia is much less than the most countries of the world. To meet the
increasing demand of food grains, it is desired to have higher yield per unit area. A number of
factors including, time of sowing, land preparation, seed bed preparation, fertilizer application,
weed management, and irrigation scheduling are responsible for the variation in yield of wheat, but
all these factors are agronomic and greatly influenced by temperature, rainfall and humidity. The
vital factor for harvesting suitable environment into grain yield is the genetic potential of the wheat
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variety. Its suitability and superiority in breadmaking with viscoelastic dough properties has been
well known and documented (Branlard et al., 2011). The developments of high grain yield potential
with good breadmaking quality and tolerance to biotic and/or abiotic stress factors and which
respond to improved agricultural practices are the main achievements for bread wheat breeding
programmes. It is known that the baking quality of wheat is under genetic as well as environmental
control. It is genetically controlled but may vary widely depending upon the variety, climatic
conditions, location, soil fertility, etc and the complex interactions between these factors. In general,
high protein flours give rise to better results since they have a high loaf volume potential with
higher water absorption. Genotype-by-environment (G x E) interactions and the negative correlation
between grain yield and grain protein content of wheat had been established in different studies
(Feil, 1997, Qury and Godin, 2007). If a genotype has a high stability and shows low interactions
with the environment is desirable in plant breeding. Generally, wheat quality is defined by: physical
properties (hectoliter weight, thousand kernels weight, grain hardness), protein-linked properties
(total protein and gluten contents, gluten index, sedimentation volume, protein and amino-acid
composition), rheological properties (farinograph test, alveograph value, extensograph test),
enzymatic properties (hagberg falling number, amilograph test) and other properties (test backing,
micotoxin content, residues of pesticides and insecticides). Nutrition value and bread-making
quality in winter wheat depends on: starch from the endosperm, fats from the embryo and aleuronic
layer, mineral substances in pericarp, vitamins in tegument and pericarp, and protein content (Bunta
and Bucurean, 2011). The rheological properties of wheat-flour dough, among other parameters,
include the extensibility and resistance to extension, which influence the processing behaviour very
strongly, and are thus important factors of the wheat varieties’ bread-making quality (Ma et al.,
2005). The present study was, therefore, designed to determine the yield potential and quality of
some Macedonian varieties namely, Radika, Milenka, Bistra, Treska and Altana.

Material and methods

Five Macedonian wheat varieties (Radika, Milenka, Bistra, Treska and Altana) were used to study
yield and technological quality. The field experiment was carried out in Skopje in 2007/2008 and
2008/2009. The experiment was designed as a completely randomized block with three replicates.
The plots consisted of 5 m? spaced at a distance of 12,5 cm. The harvested grain from three
replicates was subjected to yield and quality analyses. Determination of hectolitre weight was
determined by standard methods. Grain protein content was determined by Kjeldahl method (ICC
standard method No0.105, 2001). The preparation of test flour from wheat samples for sedimentation
test was performed according to ICC standard method No.118 (ICC, 2001) and determination of
Zeleny sedimentation value according to standard methods described in ICC (ICC standard method
No.116, 2001). Determination of water absorption of flours, dough stability and quality number was
performed by Brabender farinograph according to ICC standard method No.115 (ICC, 2001).
Determination of rheological properties of wheat flour dough (energy, resistance and extensibility)
was done by Brabender extensograph according to ICC standard method No.115 (ICC, 2001).
Wheat yield and quality parameters are agronomic and greatly influenced by temperature, rainfall
and humidity. The average temperature and total rainfall prevailing in Skopje region is given in
Table 1.

SPSS software was used for statistical analysis. Mean values were tested by ANOVA, whereas
differences among individual mean values were determined by Tukey test at significance level of
0,05.
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Table 1. Weather data for Skopje region

Climatic Months
Years
parameters X Xl | Xl | I Il v V Vi
Average | 2007/08 | 12,7 | 43 | 10 | 1,4 | 56 | 96 | 13,7 | 18,0 | 224
temperature | 2008/09 | 14,2 | 85 | 50 | 1,0 | 3,3 | 7,1 | 13,4 | 18,0 | 21,0

°O) 195190 | 124 | 59 | 13 | 00 | 31 | 75 | 122|172 | 20,6

Sum
Total 2007/08 | 140,0 | 69,4 | 146 | 7,7 | 0,5 | 29,8 | 18,7 | 40,7 | 46,9 | 368,3
rainfall 2008/09 | 27,3 |375|683|728]| 122|686 | 653 | 70,2 | 104,3 | 526,5
(mm) 1951-90 | 41,0| 51,0 | 50,0 | 36,0 | 36,0 | 37,0 | 40,0 | 61,0 | 48,0 | 400,0

Results and discussion

Wheat grain yield is influenced by genotype, environment, planting date, crop rotation, seeding rate,
fertilization, biotic-abiotic stresses, etc and their interactions. Year-to year variations in climate gave
rise to considerable variations in grain yield in the study. The distribution of rainfall over wheat
growing seasons is of great importance. And also daily high temperatures and water stress in spring
time shorten the grain filling period, resulting in earlier maturity of the grain, which result in lower
grain yield with higher protein content. Grain yield is a polygenic trait and is a product of
expressions of many genes (number of tillers/plant, 1000-grain weight, spike length, numbers of
grains per spike and spikelet etc.). Several research studies have been carried out on relationship of
various yield component and also climatic factors with grain yield and its related traits (Knezevic et
al., 2008, Yousaf et al., 2008). There is large gap between yield potential of our modern wheat
varieties and yield production which indicated that crop yield can be improved through better crop
husbandry.

From the results in this study over two years the average grain yield was 6,11 t/ha (Table 2). The
average grain yield in 2009 (6,40 t/ha) was 10% higher compared to 2008 (5,82 t/ha) due to the total
rainfall and distribution of rainfall (Table 1). In 2008 variety Bistra had significantly higher yield
(6,30 t/ha) among varieties used in this study, except to variety Treska (6,10 t/ha) where significant
differences were not found. In 2009, also Bistra (7,20 t/ha) has shown the highest grain yield
significantly higher compared to other varieties. In both sessions the highest average grain yield was
obtained from Bistra (6,75 t/ha).

Table 2. Grain yield of the varieties investigated over two years

Year Varieties Average
Radika Milenka Bistra Treska Altana
Grain 2008 540a 5,70 abc 6,30 c 6,10 bc 5,58 ab 5,82
yield 2009 6,40 b 6,50 b 7,20 c 5,70 a 6,20 ab 6,40
(t/ha) Average 5,90 a 6,10 a 6,75 b 590a 589 a 6,11

Note:Values with the same letter in one row are not significantly different from each other

Hectolitre mass or test weight, usually expressed as kilograms per hectolitre (kg hl™), is a measure
of volume grain per unit and it is an important wheat grading factor (Donelson et al., 2002). Well-
filled, plump kernels result in higher hectolitre mass, because they pack more uniformly compared
to small, longer kernels which exhibit lower hectolitre mass because they pack more randomly.
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Although some cultivars might have the ability to always have higher hectolitre mass than others
grown under similar conditions, hectolitre mass is affected by growing conditions as well as genetic
factors (Bordes et al., 2008). A hectolitre mass of 74.00 kg hl™ is required for bread making
purposes (Nel et al., 1998), but Koekemoer (2003) reported a hectolitre mass of 76.00 kg hl™* and
higher to be preferable. Posner and Hibbs (1997) stated that hectolitre mass can be an indication of
expected flour yield to millers.

The hectoliter mass was in the range of 73,0 kg hl™ to 80,3 kg hl™ in wheat varieties over two years
of experiment. In average, the hectoliter mass had higher value among wheat varieties in 2009 (78,9
kg hl™) compared to 2008 (75,7 kg hl™). Altana had shown significantly the highest hectoliter mass
among varieties used in this study in 2008 (79,3 kg hI™). Although Altana (80,3 kg hl™*) had a
highest hectoliter mass in 2009, the differences were not significant to Milenka (79.4 kg hl™) and
Treska (80,1 kg hI™), except for Radika (76,5 kg hl™) and Bistra (78,4 kg hl™).

Protein content (quantity) as well as protein quality (composition) determines wheat flour quality.
Stable flour composition and quality are desired traits in wheat quality despite the environmental
influence (DuPont et al., 2007). According to their solubility, four protein-types, namely albumins,
globulins, prolamins and glutelins were originally classified by Osborne (1907). Gluten, the storage
protein in wheat, mainly located in the endosperm and known for having an influence on functional
properties of wheat as determined on a mixograph, farinograph, alveograph, SDS-sedimentation
volumes and loaf volumes (Finney et al., 1987, Branlard et al., 2001; Rakszegi et al., 2005) can
vary within and between genotypes regarding their proportions, structures and properties. Protein
content is strongly affected by environment and less affected by genotype. Depending on
environmental conditions, wheat grain protein content can vary between 6% and 25% as affected by
nitrogen availability. Total protein content as well as the amount of each different protein is mainly
determined by genotype.

Flour protein content between wheat varieties was between 12,7% to 15,5% over two sessions of
study. The average protein content among varieties in 2008 and 2009 was 14,1%.

The flour protein content was significantly higher in Altana in both sessions (15,1 % and 15,5%,
respectively). While in 2008 no significant differences were found among Radika, Milenka Bistra
and Treska, in 2009 there were significant differences among these varieties. The lowest protein
content was obtained in Radika (12,7%) in 2009.

The obtained results for grain yield and protein content confirm the negative correlation with grain
yield and protein content. The high yielding variety Bistra was among lowest wheat varieties
containing 13,9% protein content in 2008 and had a moderate protein content (13,5%) among
varieties in 2009.

Sedimentation test is a good indicator of end-use quality, especially where wheat contains a low to
medium protein content. SDS-sedimentation volume is effective in differentiating between different
wheat quality-types. In addition, the sedimentation volume is independent of whether whole meal or
white flour is used, but a disadvantage is the ineffectiveness of this test to distinguish between
medium to strong quality flour samples when protein content is higher than 13% (Carter et al.,
1999). Higher SDS-sedimentation volumes usually indicate stronger gluten and better quality
(Eckert et al., 1993, Carter et al., 1999). Fowler and De la Roche reported (1975) that SDS-
sedimentation volume reflects protein quantity and dough development time, both being important
basic quality characteristics. Wheat breeding programmes utilise this test to get an indication of
differences in protein content as well as gluten quality, where both these characteristics are of great
importance regarding end-use quality.
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Table 3. Quality characteristics of the varieties investigated over two years

Quality Year Varieties
parameters Radika Milenka Bistra Treska | Altana | Average
1 2008 | 73,0a 743 a 75,8 b 76,3b 793¢ 75,7
HLM (kg hl*5) 2009 | 76,5a 79,4 bc 78,4 b 80,1¢ 80,3¢ 78,9
FPC (%) 2008 | 14,0a 138a 139a 139a 151D 14,1
2009 | 12,7a 144c 135b 14,4 ¢ 15,5d 14,1
s (mL) 2008 | 32,0a 42,0c 32,0a 370b 53,0d 39,2
2009 | 34,0a 46,0 C 380D 46,0 ¢ 64,0d 45,6
FARINOGRAPH
2008 | 57,0c 58,0d 56,0 b 53,0a 58,0d 56,4
FABS (%) 2009 | 62,0b 62,0b 63,0c 63,0c 61,0a 62,2
DS (min) 2008 10a 3,0d 15b 25¢ 40¢e 2,4
2009 25a 6,5d 35b 50c 6,5d 4,8
ON 2008 | 552a 67,8 ¢ 55,6 a 66,7 b 83,5d 65,8
2009 | 710a 75,6 ¢ 745hb 76,5d 885e 77,2
Quality level Bl A2/B1 Bl A2/B1 | Al/A2
EXTENSIOGRAPH
2 2008 | 37,0a 77,0c 40,0 b 78,0d | 850¢e 63,4
En (cm) 2009 | 44,00 860d | 430a | 820c | 1020e| 714
R (BU) 2008 | 230,0a 310,0e 270,0b | 290,0d | 280,0c | 276,0
2009 | 260,0c 290,0d 240,0a | 250,0b | 340,0e | 276,0
Ex (mm) 2008 | 150,0b 157,0d 125,0a | 155,0c | 157,0d | 1488
2009 | 150,0a 160,0 ¢ 155,0b | 170,0d | 180,0e | 163,0
. 2008 1,73 ¢c 1,81d 155b 147a | 190e 1,7
Ratio (RIEX) 5000 | 1538 | 1974 216e | 187c | L,78b| 10

HLM=Hectolitre mass, FPC=flour protein content, S=Sedimentation value, FABS=Farinograph
water absorption,

DS=Dough stability, QN=Quality number, En=Energy, R=Resistance (BU=Brabender Units),
Ex=Extensibility

* Values with the same letter in one row are not significantly different from each other.

Results obtained from the sedimentation test had significant differences among varieties in both
sessions. The sedimenatation value of the varieties had a range of 32,0 mL to 64,0 mL. The
sedimentation value was highest in Altana and significant to other varieties used in this study in
both years (53,0 mL and 64 mL, respectively). The lowest sedimentation value was Obtained in
Radika in both sessions (32,0 mL and 34,0 mL, respectively).

Farinograph dough stability time is important index for classifying wheat, and it often indicates the
most appropriate end use for the wheat cultivars (Tian et al., 2007). Water-absorption gives an
indication of the potential of the protein molecules to absorb the added water, and therefore is an
indicator of baking quality (MacRitchie, 1984). Van Lill and Smith (1997) reported that grain with
higher protein content tended to be harder and give higher ash-content flour, which then results in
higher water-absorption.
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Stability is an indication of the flour tolerance to mixing and stronger flour tends to be more stable
(Miralbés, 2004). Miralbés (2004) also reported a linear relationship between stability and protein
content. There is positive correlation between the globulin protein fraction and dough development
time. Gliadin and glutenin are significantly correlated with flour protein content, dough
development time, stability, and water-absorption as well as loaf volume. There exist several
rheological tests to evaluate dough characteristics during mixing and fermentation processes.
Among them, water absorption capacity of the flour is important to obtain acceptable dough
consistency during the mixing time. In general, waterabsorption increases as protein content
increases, although water-absorption is a function of protein quantity and protein quality (Finney et
al., 1987). Zounis and Quail (1997) reported significant correlations between farinograph water-
absorption (FABS) and mixogram peak height as well as between FABS and maximum mixograph
bandwidth.

Comparison of some rheological parameters of examined wheat varieties is presented in Table 3.
According to the presented values, farinograph water absorption was significant among varieties in
both years of study. In 2008, Milenka (58,0%) and Altana (58,0%) were with slightly significant
differences in comparison with Radika (57,0%), Bistra (56,0%) and Treska (53,0%). In 2009, Bistra
(63,0%) and Treska (63,0%) have the the highest water absorption capacity. Dough stability time
was highest in Altana in both years (4,0 min and 6,5 min, respectively). Treska has shown the same
dough development time with Altana in 2009. From the values presented in Table 3, it is remarkable
that the average value for dough stability in 2009 (4,8 min) was two times higher in comparison to
2008 (2,4 min). According to farinograf results the highest quality class has Altana (A1/A2),
following Treska and Milenka (A2/B1) and Radika and Bistra (B1). The extensograph determines
the resistance and extensibility of a dough by measuring the force required to stretch the dough with
a hook until it breaks. Extensograph results include resistance to extension, extensibility, and area
under the curve. Resistance to extension is a measure of dough strength. A higher resistance to
extension requires more force to stretch the dough. Extensibility indicates the amount of elasticity in
the dough and its ability to stretch without breaking. Extensograph is employed to predict the dough
characteristics during the fermentation process. Flours with high protein contents and high gluten
strength result in doughs with a nearly perfect gluten matrix. The breads made of such doughs could
benefit from near to perfect texture and bread volume (Bloksma and Bushuk, 1988). Therefore,
accurate prediction of dough rheology could provide many benefits to the baking industry for
satisfying consumer demands.

The results from extensograph evaluation showed that the high protein content variety Altana (85
cm?® and 102 cm?) possessed highest dough energy, significant among varieties in both years (Table
3). The extensogrph resistance and extensibility were significantly different among varieties in both
years. Treska (290,0) owned significantly higher dough resistance in 2008, but not in the 2009
(250,0), having with Bistra (240,0) the lowest dough resistance. Dough extensibility was
significantly higher in Altana (157,0 mm and 180,0 mm) in two years of study, except to Milenka
(157,0 mm) in 2008 where no significant difference was found.

Conclusions

Presented two-year trial showed that differential results were obtained for grain yield and quality of
the bread wheat varieties evaluated. It can be concluded that wheat variety Bistra performed
significant high grain yield over two years of study carried out. Obtained results for grain yield
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demonstrate strong influence from the environment and climate conditions showing increased grain
yield of 10% in 2009 due to the total rainfall and distribution of rainfall.

Since there are, generally, negative correlations between yield and protein content in wheat, the
typical negative correlations between grain yield and protein content was found in this experiment
in high yielding variety Bistra. Beside high yield obtained, variety Bistra is ranked among varieties
with lowest to moderate protein content.

Sedimentation values of flour above 36 mL are characterized as very good and also there is positive
correlation between sedimentation value and baking. The sedimentation values of the varieties had a
range of 32,0 — 64,0 mL which was included in very good category, except variety Radika (32,0 mL
and 34,0 mL) owning low sedimentation value in both sessions. Wheat variety Bistra (32,0 mL)
although has sedimentation value under the range in 2008, but not in 2009 (38,0 mL) which is
influenced from the climatic conditions.

The high flour protein content variety Altana, also possessed high hectoliter mass, sedimentation
value, water absorption capacity, dough stability time, dough energy, dough resistance and dough
extensibility, that in general are positively correlated parameters with high protein content and
mainly with protein structure. Most rheological properties obtained from farinograph curves in
accordance to extensograph dough properties were also affected by climatic conditions. In
accordance to farinograph and extensograph parameters Altana is wheat variety with good
technological properties having quality level A1/A2 depending of the year of study. It can be
concluded that wheat grain yield and technological quality are strongly influenced by the
environment and climatic condition. It may be concluded that wheat variety Bistra is high yielding
variety and Altana is variety whit good quality (A1/A2 quality level) preferable for bread-making
industry.
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IMPUHOC U TEXHOJIOIIKHU KBAJIUTET KAJ HEKOU MAKEJIOHCKH COPTH
MEKA ITYEHUITA

Mapujana Crimpkoscka, Jbymuo Jankynoscku, Musucas MBanocku, JJanuena JIumMoBcka

AncTpakr

IMuennnara (Triticum aestivum L.) npercraByBa HajBaKHOTO JeOHO xuTO. OCBEH OJINIEyBamkhe HA
BHCOKOIIPOIYKTUBHU COPTH, MHOTY € 3HA4ajHO M OXATJICAYBamETO Ha BHCOKO KBAJUTETHH COPTH
ITYEHHIa, OCOOEHO 3a MOTpeOMTE Ha IeKapckaTa WHIYCTPHja W MPOU3BOJACTBOTO Ha Jel.
KBamuTeToT Ha mNUEHMIATA Ce OLEHYBa Bp3 OCHOBAa Ha (U3MUYKH, XEMHUCKH M TECTOBH 3a
TEXHOJIOIIKUOT KBajuTeT. lIpeKy eMIIMpUCKM HCIUTYBama OJi BaKkOB BHJ, C€ OBO3MOXYBa
MIpeIBUIyBaE HAa KBAJIUTETOT HA JeOOT. 3a Ja ce ciequ CTaOMIHOCTa Ha KBAJUTETOT Ha HEKOU
COPTH IMYCHHMIIA, UCITUTYBAH € TEXHOJIONIKAOT KBAJMTET Ha MueHHUIUTe o npousBoguute 2007/08 u
2008/09 rox. kaj coprute Munenxa, Paouxa, Bucmpa, Tpecka u Arnmana, cenekuuu Ha 3eMjoIeIICKU
uHcrutyT, Cromje.Coprata hucmpa mokaxka CTAaTUCTUYKU HAjBHCOK IPHHOC HA CEMe BO OJJHOC Ha
OCTaHaTHTE COPTH, TEKOT Ha JBETOJHMIIHOTO HCcTpaxyBame.Coprata Anmana ce OAIMKYBa CO
HajBHCOKA COAP)KMHA Ha MPOTEHHH, CEANMEHTAIMOHAa BPEJHOCT, €HEpruja Ha TECTOTO, OTIIOPHOCT
Ha PacTEriMBOCT M pacTermuBocT. Cropea TEeXHOJOIIKHOT KBAIWTET, coprara Aamana TOKaxka
HAjBUCOK KBaJNUTET W mpumara Ha Al-A2 kjmaca Ha KBaJHTET, [OTOA CIeNaT COPTUTE Ipecka u
Munenxa (A2-B1) u copture Paduka u bucmpa (B1).

Kiay4Hu 300poBM: ITICHUIIA, COPTA, TPUHOC, TEXHOJIOUIKHOT KBAIHUTET.
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Abstract

Examinations were held at stationary field experiment with fertilizing during period of three years
(2004/2005, 2005/2006 and 2006/2007) the property of Center for small grains in Kragujevac.The
experimental examinations, beside control, included six fertilizing variants: 1) Ny Py Ko; 2) Ngo, 120
Po Ko; 3) Neo, 120 Peo Keo; 4) Nego, 120 P1oo Keo; 5) Nao, 120 Peo Ko; 6) Ngo, 120 P1oo Ko; 7) Neo, 120 Po Keo.
During experiment individual fertilizings were implemented as follows: KAN (as nitrogen
fertilizing), superphosphate (as phosphate fertilizing) and 60% of potassium salts (as potassium
fertilizing). In the experiment were included seven cultivars of winter wheat: Takovcanka, Ana
Morava, KG 100, Lazarica, KG 56S, KG 4 and KG 5. The aim of this work was to examine the
effect of various dosages and relation of mineral fertilizers on grain harvest index of different of
winter wheat cultivars. The usage of fertilization increased grain harvest index. The highest value of
harvest index was reached by applying nitrogene phosphorus and only nitrogene (ferilizers).
Depending on cultivars, the highest grain harvest index was obtained at cultivar Lazarica (46%),
and the lowest at cultivar KG 4 (41%). The highest grain harvest index of winter wheat in period of
triennial examination, obtained cultivar Lazarica (48%) at NP, variant of fertilizing, at higher
nitrogene dosage.

Key words: wheat, fertilizing variants, grain harvest index, cultivars.

Introduction

From the aspect of achieving of high grain yield of desired technological quality, the most efficient,
but at the same time the most expensive agrotechnical measure in production of small grains is
fertilizing (Djoki¢ et al., 1998). In the last decades of 20 th century, their excessive utilization in
planting system of small grains became economic unjustified. Because of this, genotypes of small
grains which are characterized by better absorbtion of nutrition, above all nitrogen from ground
resources and applied fertilizers and their efficient exploitation in the plant for producing assimilats
for pouring of grain and formation of yield and protein synthesis, the aim of modern selection and
improvement of small grains.

Such a strategy demands implementation of new methods and parameters in sense of criteria, that is,
active inclusing accomplishments from other sciences in the process of improvement of wheat, as
the most important cultivar of small grains (Fisher, 1981; Baker et al., 2004; Flawers et. al., 2004).
Since the indexes of effectivness of wheat plant are in positive correlation to level and quality of
grain yield, it is supossed that those physiological parameterscould be significant in obtaining
desired results in wheat improvement (Djokic¢, 1996).
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Harvest index of grain represents agronomucal part of biological yield, that is, it represents relation
between agronomical (wheat grain yield and biological (grain yield and straw yield). Many authors
recommend grain harvest index as the criteria in selection and improvement of wheat, for higher
wheat yield (Sharma et al., 1987), because most investigations confirmed positive correlation
between it's value and grain yield level.

Latest investigations demonstrate that the range of this parameter is 36-58%. Borojevi¢ (1983)
states two methods for increasing grain yield by increasing grain harvest index above 50% with
keeping biomass at the same level or with keeping value of grain harvest index at 50% with
increasing biomass.

The aim of this word was to examine the effect various dosages and relation of mineral fertilizers on
grain harvest index of different cultivars of winter wheat.

Material and methods

Examinations were performed at stationary field experiment with fertilizing that has been applied
for many years (over 30), at the property of Center for small grains in Kragujevac. The experiments
were performed in three years period (2004-2007). The experiment on which examinations have
been performed includes also six variants of fertilizing: 1) No Po Ko; 2) Ngo, 120 Po Ko; 3) Nago, 120 Pso
Kso; 4) Nao, 120 P10o Keo; 5) Nago, 120 Peo Ko; 6) Nago, 120 P1oo Ko; 7) Nago, 120 Po Keo. Individual fertilizers
were used: KAN as the nitrogen fertilizer, superphosphate as the phosphate fertilizer, and as the
potassium fertilizer it was used 60% potassium salt. Besides mentioned variants of mineral
nutrition, in experiment it was included also seven different cultivars of winter wheat from the
region of Kragujevac:,Takov¢anka, Ana Morava, KG 100, Lazarica, KG 56 S, KG 4 and KG 5. The
area of the basic experimental parcels is 100 m? for fertilizing with phosphor and potassium, and for
fertilizing with two dosages of nitrogen of 80 and 120 kg ha™, basic parcel was divided in two parts
of 50 m? each.

The experiment was set up at random block system in 5 repetitions. It was used standard
agrotechnics. Plant samples for for analysis were taken in the phase of full maturity. After drying to
the stage of dry mass, it was depined the mass of overground part of the plant (g). Besides it was
separately defined grain mass (g) and straw mass (g). Grain harvest index was determined as the
relation of grain yield to total biomass.

About average monthly temperatures and quantity of precipitations during our examinations, we can
conclude that the weather conditions differed in each experimental year, table 1. The most favorable
weather condition were in the first vegetation period, 2004/2005, when the highest total quantity of
precipitations was registered, with the most favorable disposition through months. Also the
temperatures were optimal for planting the wheat, especially during the most important phases of its
growth.Vegetation period in the years 2006/2007 was also favorable for winter wheat growing,
while the most unfavorable weather conditions for growth of winter wheat were in second year of
experiment.
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Table 1. Temperature and water in the course of the vegetation (2004-2007)

Temperature t° C Water Im*
Month Year Average Year Average
2004/ | 2005/ | 2006/ | perennial | 2004/ | 2005/ | 2006/ | perennial
2005 | 2006 | 2007 | 1961/99 | 2005 | 2006 | 2007 | 1961/99
September 16,2 17,4 17,7 16,7 31,0 57,4 | 1156 50,5
Oktober 14,7 11,5 13,3 11,3 50,1 16,7 49,0 42,8
November 6,8 5,6 7,6 6,5 90,7 13,7 54,8 46,4
December 3,0 3,3 3,5 11 170,0 51,9 47,1 46,8
January 15 |-17 6,1 -1,8 36,6 45,3 27,9 38,3
February -15 1,5 6,3 3,0 66,9 32,1 38,1 35,7
March 4,5 5,6 91 6,5 178,7 62,9 | 116,1 40,4
April 11,6 12,7 12,1 11,3 72,3 3,6 29,6 53,1
May 16,4 16,4 18,2 16,3 70,2 | 1184 | 86,3 66,7
Jun 19,2 19,7 22,8 19,0 39,1 25,3 84,8 80,3
Juli 21,6 23,0 24,8 21,1 86,2 10,1 22,4 70,6
(IX- Vi) 10,6 | 10,6 12,9 10,4 891,8 | 437,4 | 6717 571,6

Results and discussion

Wheat requires more or less fertile ground of optimum physical characteristics.The experimental
field is of type vertisol in the process of degradation. It has A-Bt-C type of profile. Upper part of A
horizon is of grey color, and due to ongoing rinse process it is significantly impoverished of alkalis
and humus. Reaction of the upper part of A horizon is in range of very high acidity to normal
acidity with the level of saturation with alkalis less than 70%. In deeper levels of this terrain Bt
horizon has been formed, and it is very rich with clay and more watertight. During periods in the
year with more humidity, under it surface water collects and that causes forming of rusty deposits of
Fe-hydroxide as well as small granules of orstajn.

Besides heavy mechanical composition and rough and unstable structure, this terrain has not
favorable condition of porosity, what additionally worsens unfavorable physical characteristics of
this parcel. With the purpose of determining fertility of the parcel, before the beginning of
experiment, analysis of basics fertility parameters of samples were made, according to fertilizing
variants table 2.

The ground of the experimental parcel has very strong acid reaction (pH in KCI < 4.5). The highest
acidity exchanging potency of the terrain is with NP and NK variants of fertilizing, while the
content of humus is average. Fertilized variants had average higher percentage of humus comparing
control. The highest content of humus was found with NP;K and NP fertilizing variants.

The total content of nitrogen was average (according to Wohtmann’s classification), there with
fertilizing variants had higher content of total nitrogen comparing control. The content of easily
accessible nitrogen is low (2,20-9,83 mg/100g of sample of ground), while the content of easily
accessible kailium is in the range of average to high (17,40-27,47 mg/100g of sample). Grain
harvest index is genetic characteristic and it mostly changes depending to cultivar as well as under
the influence of applied mineral nutrition.
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Table 2. Facts of ground fertility at experimental field

pH N P,O K,0
Fertilizing | Profound | Humus overall mg/100g
variant (cm) (%) | H,0 | KCl| (%) ground
O 213 |585]437| 0.12 2.60 18.67
N 210 | 583|426 | 0.14 2.20 17.60
NP, K 20 239 |558|4.27| 0.15 8.17 27.47
NP,K 225 | 572428 | 0.14 9.83 24.00
NP 234 |563|415| 0.15 9.00 17.40
NK 224 | 573|422 | 0.16 2.83 23.53
9.02.83 | 23.53

Table 3. Grain harvest index % of examined wheat cultivars

Variant Dosage Cultivars
fertilizing N 1.2 |3 |4 |5 | 6. |7 | Average
0 41 (42 |43 |45 4141 |43 | 42| 42
N N; 42 | 46 | 43 | 45|42 | 38 | 43 | 43 | 44
N, 43 | 45 | 44 | 47 | 44 | 42 | 44 | 44
NP;K N; 42 | 40 | 45| 45 | 41 | 40 | 41| 42| 42
N, |42|45|44 434241 42] 42
NP,K N 42 | 44 | 43 |43 |41 |40 |40 | 42 | 43
N, |44 45|46 [47[43 42|41 44
NP, N; 43 | 46 | 44 | 46 | 44 | 39 | 42 | 43 | 44
N, 43 | 45 | 45| 46 | 43 | 46 | 43 | 44
NP, N, |43[43|44|45[41|39|45] 43| 44
N, |47 |44|46[48[43|41]42] 44
NK N, |44]44|44|46]42 39|38/ 42 43
N, 44 | 45 | 45 | 46 | 44 | 40 | 43 | 44
Average N; 42 | 43 | 44 | 45 | 42 | 39 | 42 | 42
N, 43 | 44 | 45| 46 | 43 | 42 | 43 | 44 | 43
Average Ni/N, | 43 |44 | 45 | 46 | 43 | 41 | 43 | 43

LSD A B AB C AC BC ABC

0.05 1.188 1.188 3.143 0.635 1.680 1.680 4.445

0.01 1.567 1.567 4.146 0.837 2.216 2.216 5.863
1. Takov¢anka, 2. Ana Morava, 3. KG - 100, 4. Lazarica, 5. KG - 56S, 6. KG -4, 7. KG - 5
A-variant fertilizing, B-cultivar, C-nitrogen fertilizer dosage, AB, AC, BC, ABC - interaction

Grain harvest index is indicator of efficiency of exploitation of dry matter of plant for grain pouring
and syntesis of proteins. During triannual period, the lowest grain harvest index was found at
control 42%, while fertilizing brought to increasing of grain harvest index table 3. The most
important statistical increase of grain harvest index was accomplished with appling nitrogen-
phosphorus and only nitrogen fertilizers (Savi¢ Nadica, 2009). Between these fertilizing variants
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with NP and N there wasn't statisticaly significant differences. Earlier investigations have already
shoued that in conditions of poor content of nutrition in ground, plants of small grain show better
efficiency in absorbing them and exploting them for pouring of grain and protein synthesis (Djoki¢
and Lomovi¢, 1990). Complete plant nutrition in sense of adding all of three necessary elements (N,
P and K) to crops, haven't influenced increase of grain harvest index. Applyng higher dose of
nitrogene fertilizer brought to higher grain harvest index at all the fertilized variants, with exception
of NP,K. In triannual average grain harvest index showed significant verying depending on cultivar.
The highest grain harvest index was achieved with cultivar Lazarica 46%, and the lowest with
cultivar KG 4 41%. The highest grain harvest index in average obtained cultivar Lazarica 48% with
NP, fertilizing variant, using higher nitrogen dosage

Conclusions

Based on results of examination, it can be concluded that the nutrition of wheat plant in form of
adding certain fertilizers, has influence on value of grain harvest index, that is better exploitation of
dry matter and nitrogen for grain pouring and protein sinthesis.

The most important statistical increase of grain harvest index was accomplished with appling
nitrogen-phosphorus and only nitrogen fertilizers. Applyng higher dose of nitrogene fertilizer
brought to higher grain harvest index at all the fertilized variants, with exception of NP;K. In
triannual average, grain harvest index showed significant varying depending on cultivar. The
highest grain harvest index was achieved with cultivar Lazarica 46%, and the lowest with cultivar
KG 4 41%. The highest grain harvest index in average obtained cultivar Lazarica 48% with NP,
fertilizing variant, using higher nitrogen dosage.
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BJINJAHUE HA MUHEPAJIHATA HCXPAHA HA )KETBEHUOT MHJEKC KAJ
SUMCKATA MYEHUIIA

Hanmuna Tmymmk, Karepuna Hukonuk, Muonpar Jennk, Cnasuma CTOjKOBHK

AncrpakTt

HcnntyBamata O6ea W3BEICHM Ha EKCIHEPHMEHTAIHOTO IIOJIE BO CONCTBEHOCT Ha LleHTapor 3a
CHUTHO3pHECTH KynTypu Bo Kparyesaii, co ryOpeme Bo TeKOT Ha eproA ox Tpu roguau (2004/2005,
2005/2006 u 2006/2007). Bo ekcriepuMeHTATHATE HCIUTYBaka, IOKPaj KOHTPOJa, Oea omndaTeHn U
mecT BapI/IjaHTI/I Ha fy6pPIH:a 1) Ng Py Ko; 2) Nsgo, 120 Po Ko; 3) Nso, 120 Pso Kso; 4) Ngo, 120 P1go Kso;
5) Ngo, 120 Pso Ko; 6) Nso, 120 P1oo Ko; 7) Ngo, 120 Po Keo. Bo Texor Ha ekcnepumenror, Gea
HMIUIEMCHTUPAHN WHAWBUAyaTHH [yOpumba, kako mrTo cieayBa: KAH (kako a3zotHo fyoOpe),
cynepdocdar (kako dochatao rydope) u 60 % Ha KaIMyMOBH COJIH (Kako KaaumymoBO Fybpe). Bo
EKCIIEPUMEHTOT Oulie BKIYYEHH CeIyM COPTH Ha 3MMCKara mueHula: TakoBuaHka, AHa Mopaga,
KG 100, Jlazapuna, KG 56S, KG 4 nu KG 5. LenTa 6enre aa ce ucnurta epeKTOT Ha pa3iInuHUTE
JI034 U OJHOCOT Ha MHHEpaHM [yOpHBa Bp3 JXETBEHHOT HMHJEKC Ha Pa3IMYHU COPTH 3UMCKa
mueHna. Koprcremero Ha ryOpuma, TO 3rojieMyBa >KeTBEHHOT MHAEKC. HajBrncokaTa BpetHOCT Ha
KETBEHUOT MHJICKC Oelle IOCTUTHaTa cO MpUMEHa Ha a30THO (ochOpHU M caMO a30THH yOpHma.
Bo 3aBucHOCT o copraTa, HajBUCOK JKETBEH MHJICKC € NoOWeH kaj coprara Jlasapuma (46%), a
HajHM30K Kaj coptata KG 4 (41%). Bo nepuonor ox Tpu TOIMHM, HajBUCOK >KETBEH MHICKC Ha
3UMCKaTa ITYeHuna ¢ JobmeH kaj coptara Jlasapuma (48%) Bo Bapmjantata Ha ryope NPy, co
MOBUCOKA J103a Ha a30T.

Kayuynu 300poBu: mueHu1a, BapyjaHTH Ha I'yOpe, )KETBEH MHAEKC, COPTH.
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Abstract

Chickpea (Cicer arietinim L.) is very important legumes in Turkey, and can be grown in rotation
with wheat in semi-arid land under the Mediterranean climate conditions. It is traditionally sown in
spring in this region and about 800-900 kg ha™ seed yield can be obtained in this season, yet winter
chickpea production has recently been spread in coastal regions of Turkey, and according to some
research results, seed vyield is about 2000-3000 kg ha® in fall sowing season under the
Mediterranean conditions. But, one of the major problems is Ascochyta blight damage which
occurs in winter crop production in this environment. Therefore, the varieties with resistance to
blight disease should be used by farmers. There are some varieties resistance to related disease in
this region. Late autumn or early winter sowing (Mid-November to Mid December) should be done
for avoid from disease in the Mediterranean climate conditions of Turkey. Chickpea should be
sown in 30-40 plant m? in these environmental conditions.

Key words: Winter Chickpea, Growing, Yield, Ascochyta blight, Mediterranean condition.

Introduction

Chickpea is the second most important pulse crop after dry bean for production in the world (FAO,
2010). Also, it is the most important food—legume crop in Turkey and Chickpea is used in cooking
and as nuts. In recent years, although chickpea sowing area has been decreasing in Turkey due to
increase in exports of Australia and Mexico, it is still 446.000 ha and average yield of chickpea is
1090kg ha™ in Turkey (Anonymous, 2011). The Mediterranean region of Turkey is in the first rank
in terms of chickpea sowing areas. In this region Chickpea is traditionally sown in spring.
Therefore, seed yield is low because of drought climate during growth and ripening period and
average seed yield of spring sown chickpea is 800-900 kg ha™. On the other hand the Mediterranean
environment has a important potential for winter chickpea production. Because of the increasing the
yield, instead of spring sowing, winter sowing of the chickpea enable to well results in the
Mediterranean region. In recent years, winter chickpea area has been increasing in Mediterranean
environment, but heavy soil is not favourable for winter chickpea production especially because of
Ascochyta blight and overly vegetative growth. Permeable soil is more suitable than heavy soil for
chickpea production. Chickpea can be grown in rotation with wheat in the Mediterranean climate
conditions.

Techniques of Winter Chickpea Production

Selection of Cultivar
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Selection of cultivar is very important for winter chickpea. Ascochyta blight is major problem in
winter chickpea production because of rainy seasons. Ascochyta blight, caused by the fungus
Ascochyta rabiei is the most serious disease of chickpea in Mediterranean region. The fungus can
infect all above ground parts of the plant and it is highly prevalent in areas where cool, cloudy and
humid weather occurs during the crop season. Unlike some insect control strategies, there is no
economic threshold for ascochyta. Management strategies are aimed at preventing the occurrence of
disease and limiting its spread. Ascochyta blight is managed through crop rotation, hygiene, seed
treatment, prophylactic fungicide application and growing varieties with improved resistance. As
seen figure 1, Mediterranean region has warm and humidity condition during the chickpea growing
season in winter season. For this reason, the cultivars with resistance to Ascochyta blight such as
Seckin, Inci, Hasan bey, Izmir, Menemen-92, Aydin-92 originated in Turkey should be grown in the
Mediterranean environment (Mart et al.,2011; Karakdy, 2011; Karakoy et al.,2011). Above
mentioned cultivars have high potential for seed yield in winter chickpea production. Also as shown
in the some research results, seed yield of chickpea is 2000-3000 kg ha-l in winter sowing

(Engin,1989; Singh and Saxena,1996; Anlarsal et al.,1999; Mart and Anlarsal, 2001;Yticel and
Anlarsal, 2006).
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Figure 1. Long term avarage of precipitation and temperature of Adana (mediterranean region) in
Turkey

In Mediterranean environmental conditions (Adana) in Turkey 100-seed yield and seed yield of
some winter chickpea cultivars is given in Table 1.

Sowing Methods and Date

Date of sowing affects the growth and yield of chickpea. In the Mediterranean conditions early
sowing (October) can increase the growth and seed yield. However, the plant can lodge because of
overgrowth, which leads to a difficult harvest.

Also, the risk of Ascochyta blight increases in the seedling stage especially in rainy and warm of
year. Chickpea sowing can be done during early winter, but very late sowing delays time to
flowering and ripening of crop thus seed yield drastically decreases. Therefore, as seen Table 2,
previously research carried out in Mediterranean condition indicated that the most suitable sowing
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time can be from Mid-November to Mid-December to obtain higher seed yield and avoid the
disease risk.

Table 1. The seed yield (kg/da) and 100- seed weight on the some chickpea genotypes*

Genotypes 100-Seed Weight (g) | Seed Yield(kg/ha™)
1.Inci 36.2 3223
2.Eser-99 46.5 2676
3.Gokge 45.9 2683
4 1zmir-92 43.9 2393
5.Menemen-92 43.9 2606
6.Cevdet Bey 52.2 280.6
7.Damla 454 2844
8.Diyar-95 49.1 2743
9.FLIP 94-88C 36.4 3406
10.FLIP-91-222C 37.7 3311
11.FLIP 98-22C 45.8 3168
12.FLIP 98-106C 41.5 3644
13.FLIP 98-63C (Segkin) 44.0 3089
14.FLIP98-56C 45.3 2939
15.FLIP 98 100C 41.8 3037
16.FLIP 98-101C 44.7 2540
17.FLIP 97-2111C 44.1 2799
18.FLIP 98-55C (Hasanbey) 46.9 2937
19.FLIP 92-164C 38.7 2868
Mean 43.7 2904

* Karakoy et al., (2010)

A high plant population shows a good response to soil moisture. For this reason, in rainy conditions,
high plant density increases the seed yield of winter chickpea (Saxena and Sing,1987; Ozveren and
Anlarsal 2001). It is sown with a row spacing of 45-60 cm and the recommended seed rate is 100-
160 kg ha™ by using machines depending on the seed size of cultivars. Compact and upright types
give better response to high plant density than spreading types. Chickpea should be sown in 30-40
plants m? (Yiicel and Anlarsal, 2006; Ozdemir et al.,1996), but generally, in Turkey, sowing is
done by broadcast methods.So, plant population gives a poor stand.

Seeding depth is an important factor affecting the germination. Chickpea is sown at 5-10 cm depth
if there is enough soil moisture for germination. But, the seeding should be done in depth of 15 cm
if soil moisture is deficient for germination (Singh and Saxena, 1999; Ozveren,1998).
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Table 2. The effect of different sowing dates of chickpea cultivars on the seed yield and 100- grain
weight *

Cultivars Seed Yield(kg/da-1) 100-Seed Weight (g)
Akgin-91 174.6 39.5
FLIP 84-19C 177.1 36.0
FLIP 85-46C 102.6 39.4
FLIP 90-4C 192.5 42.2
Sowing Dates
OCT, 2 145.1 39.7
OCT, 17 180.4 38.6
NOV, 2 191.9 38.9
NOV, 17 148.7 37.2
DEC, 2 1425 42.2

*Miihiir and Anlarsal (1996)

Table 3. The effect of different sowing depth on the seed yield (kg ha™)*

Sowing Depth (cm)
Cultivars 4 8 12 16 Mean
FLIP 92-164C 3781 3924 3912 4017 3908
FLIP 91-149C 3100 2686 2897 3107 2948
FLIP 91-61C 4204 4012 363.9 4154 4002
Mean 3695 3541 3483 3759 3619

*QOzveren ( 1998)

Fertiliser

Soils of the Mediterranean region are generally rich in Rhizobium bacteria. The good nodulation
occurs under these conditions. Therefore inoculation of Rhizobium bacteria is not necessary in this
region generally. For that reason, 30-40 kg ha™ nitrogen as starter doses and application of 50-60 kg
P,Os kg ha® is favourable for before seeding. Although, some environmental conditions (pH
precipitation and dry climate) affect nitrogen fixation negatively. In this case, inoculation of bacteria
can increase N,-fixation. Soils of Turkey have adequate amounts of potassium. So, the potassium
(K) fertilizer is not required for chickpea. Iron-deficiency is common in many high pH calcareous
soils in the Mediterranean region of Turkey.

Table 4. The effect of rhizobium bacteria strains on seed yield (kg/ha™) of some chickpea cultivars”

. Rhizobium Strains
Cultivars :
CP-31 CP-36 CP-39 Control (No Inoculation)
Aydin-92 2289 2263 2712 3267
Menemen-92 2803 2576 2226 2434
[zmir-92 2844 3338 3010 2399
*Erdogan (2002)
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Conclusions

There is a good potential for winter chickpea production in the Mediterranean climate conditions of
Turkey. But Asoschyta bligt damage can occurs in rainy and warm conditions. Therefore it is
necessary to use cultivars with resistant to Asoschyta blight, if suitable growing techniques of
chickpea can be applied sowing areas and production will highly increase in comparison with
today’s in Mediterranean climate conditions.
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MOJKHOCTH 3A TPOU3BOJACTBO HA 3UMCKU HAYT (CICER ARIETINIM L.) BO
YCJIOBH HA MEJJUTEPAHCKA KJIMMA BO TYPIIUJA

Ton Ajburan, Jynen lepuja, Aanacnap Emun

AncrpakTt

Hayrot (Cicer arietinim L.) e MHOTY BakHa MelIyHKacTa Kyitypa Bo Typiija, U MOXe 1a ce
oJrjeayBa BO pOTalldja CO MUEHHIA BO IOJYIyCTHHCKH NPEJIENH, BO MEJAUTEPAHCKH KIMMATCKU
ycioBH. TpaauIMOHAIHO, BO OBOj PETHOH CE cee BO MPOJIET, a MOXe Jia ce Jo0ue MPUHOC Ha ceMe
oxony 800-900 kr xa’. HeomamHa, NpOM3BOACTBOTO HA 3MMCKH HAyT CE€ DAIIAPH M BO
KpajOpeskHuTe peruonHn Ha Typiuja u crmopen MOOMEHHTE PE3yNTaTH OJf HEKOWM HCTPaKyBamba,
porot e okoixry 2000-3000 kr xat TIpH €CeHCKa cen0a BO YCIOBH Ha MeAWTepaHcKa kiuMa. Exen o
rIIaBHUTE MpoOJeMu ce mretuTe npenusBukanu on Ascochyta blight, koja Bo oBaa cpeauna ce
jaByBa MpH 3WMCKOTO MPOW3BOJCTBO. 3aToa O/ CTpaHA HA 3eMjojeNIUTe Tpeba Ja ce KOpUCTAT
COPTH KOU Ce OTIOpHH Ha OonectH. [locTojaT HEKOM COPTH KOM MOKa)KyBaaT OTIIOPHOCT HAa OBaa
0osiecT BO 0BOj peruoH. 3a ja ce u3berHe oBaa 0OJECT BO YCJIOBM HAa MEIUTEPAHCKA KIMMa BO
Typuuja, ce npenopauypa JOlHa €CEHCKa WIN paHa 3uMcKa cenda (01l cpearHaTa Ha HOEMBPH JI0
cpeanHaTta Ha JekeMBpH). Bo BakBM €KOJIOIIKK YCJIOBH, HAyTOT Tpeba aa ce cee Bo ckiom o 30-40
pactenmja/m>.

Kayunu 300poBu: 3MMCKH HayT, iopact, npuHoc, Ascochyta blight, menurepancku ycnosu.
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Abstract

This study was carried out to aim to determine the performance of some promising chickpea
genotypes. The research was conducted during winter season of 2009/2010 and 2011/2012 in
Mediterranean climate conditions in Turkey. The experiment was arranged randomized blocks with
three replications with four promising lines and two registered varieties. In this research, according
to combined years chickpea genotypes were statistically different from each other for all of the
characteristics. Plant height, main branch number, pod number per plant, seed number per plant,
100-seed weight, seed yield changed from 67.2 to 75.1cm, from 5.9 to 8.4 number, from 33.2 to
58.9 number, from 35.4 to 60.1 number, from 35.3 to 38.2 g, from 1876.3 to 2770.2 kg ha™
respectively. As a result FLIP 00-39 and FLIP 01-54 lines should be suggested for winter chickpea
grown in Mediterranean environmental conditions.

Keywords: chickpea, varieties, grain yield, yield component.

Introduction

Chickpea (Cicer arietinum L.) with low production cost, wide climate adaptation, use in crop
rotation and atmospheric nitrogen fixation ability is one of the most important legume plants in
sustainable agriculture system. The importance of the crop in human food stem from the fact that
protein content of its seeds is about % 23, and this rate is rather low in comparison with other
pulses, however, chickpea seeds are rich source of minerals and vitamins (Singh and Saxena,
1999). Also, it is being used increasingly as a substitute for animal protein in the diet of poor
peoples.

Chickpeas are produced in over 45 different countries. World chickpea production is 9.685.967 ton
and India is the world leader in chickpea production in 2007. Turkey is the third most important
chickpea production followed by India and Pakistan, accounting for about five percent of total
world production in 2007 (Anonymous, 2007). Chickpea is Turkey’s most important pulses.
Chickpea sowing area is 446.000 ha and average yield 1090 kg ha' (Anonymous,2011).Chickpea is
sown at spring in Middle Anatolia and parade regions, but because of the increasing the vyield,
instead of spring sowing, winter sowing of the chickpea enable to well results in Aegean and
Southeast regions with warmer climate in winter. However, cultivars which can be grown at wintry
weather and have tolerant to ascochyta blight and cold should be used in sowing. With developed
new cultivars, it was reported that about 1437 to 2213 kg ha™ seed yield can be obtained from
winter sowing of chickpea in Mediterranean environments (Yucel and Anlarsal, 2008).0n the other
hand Mart. et al.(2011) found that seed yield of winter chickpea changed 1985.2-3680.5kg ha™
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The objectives of this study were:

- to determine the most suitable chickpea genotype which can be grown under rain fed condition of
the Mediterranean,

- to investigate association between yield and other agronomical characters of different chickpea
genotypes in the Mediterranean-type conditions of Turkey.

Material and methods

Experiments were carried out at the Research Area of Department of Field Crops of Cukurova
University in Adana (35° 18’ E, 37° 01’ N; 23 m above sea level) during the winter seasons of
2009/2010 and 2011/2012 . The four cultivars named FLIP 00-39 C, FLIP 01-1 C, FLIP 01-34 C
and FLIP 01-54 C, received from ICARDA along with 2 cultivars (as check, AYDIN and INCI)
originated in Turkey were used as material. A randomised complete block design (RCBD) with four
replicates was used to conduct treatments. Each plot consisted of four rows of 5 m length that were
45 cm apart. Prior to sowing, plants were fertilised with equivalent to 40 kg ha™ N, and 40 kg ha™
P,Os in both growing seasons. Sowings were done on November 24 2009, and November 28 2011.
Sowing of 2010 could not be done because of extreme rain. Emergence, flowering and podding
dates were recorded when 50% of plants had emerged (January 2 2010, and January 2 2012),
flowered (April 1-8 2010, and April 1-12 1 2012) and podded (May 7 2010, and April 29-May 1
2012) in each sub-plot. All plants were harvested at the end of June during both growing seasons. In
the experiment, agronomical traits were measured considering the methods used in international
pulses experiments of ICARDA. Five plats were chosen at random from the central row of each plot
for data recording on plant height (PH: cm), branch number (BN: number per plant), pod number
(PN: number per plant), and seed number (SN: number per plant). After harvest, 100-SW (100-SW:
g) was determined by mixing the whole sample, and then 100 seeds were randomly counted and
weighted. For seed yields (SY: kg ha™), all rows were harvested, threshed, cleaned, weighed and
converted into kg ha™.

The research region has a Mediterranean climate with wet winters and hot dry summers. According
to the long-term average from four decades of records, there is early total precipitation of 625 mm
and mean temperature 18.7 °C. Mean temperature and total precipitation of the growing seasons
during 2009-2010 and 2011-2012 are shown in Figure 1 and Figure 2.
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Figure 1. Mean temperature (°C) and total rainfall (mm) in 2009-2010 growing seasons
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Figure 2. Mean temperature (°C) and total rainfall (mm) in 2011-2012 growing season

The soil of the research area is clay that has a pH of 6.7, 1.2% organic matter, 23.6% CaCO; and
0.09% salt content. All data for each trait were statistically analysed separately the experimental
years, and comparisons between means were made using least significant differences (LSD) at 0.05
probability level. All statistical analyses were performed using the SAS program (SAS Institute,
1999).

Results and discussion

Mean values and groups of 2009-10, 2011-12 and combined year about plant height, branch number
and pod number obtained from chickpea genotypes were given in Table 1.

According to Table 1, the first growing season resulted in taller plant heights than the second
growing season, in which average plant heights were 86.0 cm and 57.5 cm, respectively. Vegetative
development of the plants continues until the initiation of the flowering. The longer time between
emergences to flowering of chickpea resulted taller plant in the first growing season. Similar results
are in agreement with those obtained by Yucel and Anlarsal (2008). There were significantly
differences among the genotypes in both year and combined year. Plant height values were ranged
between 89.5-78.5 cm, 61.2-51.5 cm and 75.1-67.2 cm, in 2009-10, 2011-12 and combined year
respectively. FLIP 00-39, FLIP 01-34 and FLIP 01-54 genotypes recorded the highest value with
significant differences in comparison to other cultivars at both growing seasons.

Branch number (number per plant) was higher in the second growing season compared with the first
growing season (average 9.1 and 4.9 numbers per plant, respectively). This reduction in branch
number could be attributed to the negative and significant correlation between plant height and
branch number (Table 3). On the other hand, Ozveren Yucel and Anlarsal (2010), Farshadfar and
Farshadfar (2008) and Malik et al. (2010) reported that branch number positively correlated with
plant height. Branch number was affected by genotypes in 2011-12 and combined year. However,
differences among the genotypes were not found significant in 2009-10. In terms of branch number,
INCI cultivars produced significantly higher branch numbers compared with the other cultivars
(Table 1).
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Table 1. Mean values and groups of plant height (cm), branch number (number per plant) and,
pod number (number per plant) of chickpea (Cicer arietinum L.) genotypes

. Main Branch Number (number Pod Number
Plant Height (cm)
per plant) (number per plant)
Cultivars | 2000-10 | 2011-12 | %™ | 2009-10 | 2011-12 | ©°™ | 2009-10 | 2011-12 |COM®
Year Year Year

FLIP 00-39 [89.5a 59.9a 74.7 a 4.7 10.7ab |7.7ab 80.1a 37.7 58.9a
FLIP01-34 [89.1ab [61.2a 749 a 4.7 7.1cd 7.1abc (35.3d 34.1 33.2¢c
FLIP 01-54 [89.1ab |60.7a 75.1a 5.6 9.5abc |[6.4bc 61.2c 39.9 476D
FLIP 01-1C |88.3ab |51.5b 69.9b 52 6.7d 59c¢ 659bc |31.3 48.6 b
AYDIN- 81.8bc |559ab |[68.8b 4.5 8.9bcd 6.7 bc 62.4 C 334 479b
INCI- 785¢c 559ab [67.2b 5.1 117 a 8.4a 79.2ab |36.2 57.7a
MEAN 86.0 A 575B 4.9 B 9.1A 64.0 A 34.0B
LSD (5%) 1.63 1.31 1.12 NS 0.58 0.35 3.01 NS 2.02

Pod number (number per plant) was higher in the first growing season compared with the second
growing season (average 64.0, and 34.0 numbers per plant, respectively). This may be attributed to
many factors such as water and temperature stress. As seen in Figure 1, during the podding and after
the podding stage, total rainfall was higher but mean temperature was lower in 2011-12 comparison
with 2009-2010. These results indicate that pod number is greatly influenced by temperature and
precipitation. The effect of these factors during critical stages such as flowering and podding has
previously been described in different crops (Al-Rifaee et al. 2004; Bakry et al. 2011; Anlarsal et al
2001, Bilgili et al 2010). Pod number values were ranged between 80.1-35.3, 39.9-31.3 number per
plant in 2009-10 and 2011-12 growing seasons; combined values of two years were also changed
between 57.7 and 33.2 number per plant. There were significant differences among genotypes in
2009-10 and combined year, and the highest value was recorded on FLIP 00-39 and INCI cultivars.
Mean values and groups of 2009-10, 2011-12 and combined year about seed number, 100 seed
weight and seed yield obtained from chickpea genotypes were given in Table 2.

Seed number (number per plant) was higher in the first growing season compared with the second
growing season (average 69.4, and 32.3 numbers per plant, respectively). The podding stage is a
highly critical stage for production of chickpea and is affected by environmental factors. Any
climatic fluctuation in this critical stage may cause serious losses in production. As seen Table 3,
seed number was significantly and positively correlated with pod number. Differences between the
two years in terms of seed number may be due to the higher pod number in the first growing season.
Seed number values were ranged between 86.1-38.0, 34.8-29.9 and 60.1-35.4 number per plant in
2009-10, 2011-12 and combined years. There were significant differences among genotypes, and
the lowest value was recorded on FLIP 01-34 in 2009-10 and combined year. According to Table 2,
values of 100 SW were ranged between 38.28-35.9, 38.3-32.75g in 2009-10 and 2011-12 growing
seasons; combined values of two years were also changed between 38.2-35.3g.

Seed yield (kg ha™) was influenced by growing season (Table 2). It was higher in the first growing
season compared with the second growing season (average 2598.6, and 2269.9kg ha™, respectively).
With regard to seed yield, there were significantly differences among genotypes and ranged
between 2913.9-2280.6 and 2632.8-1472.0 kg ha™, between in 2009-10 and 2011-12 growing
seasons; combined values of two years were also changed between 2770.2-1876.3 kg ha™.
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Table 2. Mean Values and Groups of Seed Number (number per plant), 100-Seed Weight (g) and,
Seed yields (kg ha™) of Chickpea (Cicer arietinum L.) Genotypes

Seed Number (number

per plant)

Cultivars  [2009-1012011-12°°™ Y| 2000-10 | 2011-12| €°™ | 2009-10 | 2011-12 | O™
ear Year Year
FLIP 00-39 [86.1a [34.1 60.1a [36.9ab [38.3a [37.6ab [2472.2bc P356.4a [2414.3ab
FLIP 01-34 [38.0b [29.9 354b (38.28a [32.75b [38.2a [2508.3bc [1472.0b [2295.0b
FLIP01-1C [72.2a 3285 [pl.la [36.68b 37.43a [353c [280.6c [2081.7ab [1876.3¢C

FLIP01-54 [72.75a 30.95 pl.9a PB65b (36.88a [B36.7b [2788.9ab P450.1a P619.5ab

100-SW (g) Seed Yield (kg ha®)

AYDIN 72.3a PB093 plba [36.65b [38.13a [37.4ab [2627.8ab [2632.8a [2630.3 ab
INCI 75.0a (348 (B49a [B59b PB730a B6.6bc [2913.9a P626.6a R770.2a
MEAN 69.4A 323B 36.8 37.1 2598.6 A [2269.9 B

LSD (5%) 4.24 NS 2.67 [0.32 0.65 0.31 7.12 15.07 10.17

The rainy conditions and lower of temperature during growth, flowering, podding and filling of
pods stages adversely affected vegetative growth in 2011-12, therefore these situation resulted in
the reduce of several agronomical characters contributing to seed yield such as plant height, pod
number, seed number, and 100-seed weight. These results are in agreement with those obtained by
Kayan and Adak (2012), who reported that rainfall affected grain yield, plant height, pod number
per plant. Furthermore, in terms of seed yield, data given in Table 3 showed that positive and
significant correlation between seed yield and plant height, pod number, seed number and 100 seed
weight functioned as major contributors to seed yield of chickpea. These results represented that
selection based on pod number, seed number and 100 seed weight increase seed yield.

Table 3. Correlations among characters in chickpea (Cicer arietinum L.) Genotypes (n=48)

Variable'|by Variable | Correlation| Signif Prob|Plot Corr

BN PH -0.6826 0.0000 | T I
PN PH 0.6619 0.0000]|( T ———
PN BN -0.4662 0.0008 | T ]
SN PH 0.7237 0.0000|L T
SN BN -0.5155 010700224  S—i 1111 I
SN PN 0.9440 0.0000|I A
100 SW (PH -0.0722 0.6255]1 T ]
100 SW (BN 0.3214 0.0259]1 1]
100 SW (PN -0.2139 0.1443|l T I
100 SW |SN -0.1670 0.2566 | T ]
SY PH 0.1992 0.1748|l T ]
SY BN 0.0853 0.5645]I T I
SY PN 0.3594 0.0121 ] T
SY SN 0.3213 0.0260|L 1]
SY 100 SW 0.3390 0.0184]l 111111

L BN: branch number (number per plant), PH: plant height (cm), PN: pod number (number per
plant), SN: seed number (number per plant), SY: seed yield (kg ha™)

142



SECTION 1: FIELD CROP PRODUCTION

Conclusions

From the above results and discussion, the used cultivars have different seed’s characters which can
significantly affect their performance and the FLIP 00-39 and FLIP 01-54 genotypes were
determined to be adaptable to Mediterranean-type conditions. These genotypes may be suggested
for wintry weather chickpea grown.
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OJPEAYBAILE HA TIPUHOCOT 1 KOMIIOHEHTHUTE HA ITIPUHOC KAJ HEKOH
IF'EHOTHUIIOBHU 3UMCKH HAYT BO YCJIOBA HA MEJJUTEPAHCKA K/INMA

Jyuen [depuja, Ton Ajouran, Aunacnap Emun

Ancrpakrt

Crynujata Oemre crpoBeleHa CO Ie YTBPAyBame Ha e(PHKACHOCTA HA HEKOM MOTCHIIMjaTHH
TeHOTUIIOBH 3MMCKH HayT. VcTpakyBameTo Oellle CIIPOBEACHO BO TEKOT Ha 3UMCKHOT IEPUOX
2009/2010 u 2011/2012 Bo ycnmoBu Ha MemuTepaHcka KimMa Bo Typrwmja. ExcriepumenTtor Oemre
MIOCTaBEH BO paHIOMU3MpPaH OJIOK CHCTEM, BO TP NOBTOPYBaba CO YSTUPHUTE MOTCHIIMjaTHU JINHUH
U JIBE PETUCTpUpPaHU copTU. Bo oBa HcTpaxkyBame, criope]] KOMOMHUPAHUTE TOJAUHU, TCHOTHIIOBHUTE
HayT Oea MeryceOHO CTaTUCTUYKU pa3iMYHHM BO OJHOC HAa CHUTE KapakTepucTHKU. McruryBaHute
KapakTepUCTUKH Oea NMPOMEHJIMBU M TOa 3a: BUCHHATa Ha pacTeHdjara ox 67,2 cm mo 75,1 cm,
OpOjOT Ha TJIaBHU IpaHKu o1 5,9 mo 8,4 rpanku, 6pPOjOT HA MEIIYHKH 110 pacTeHue o 33,2 no 58,9
MEIIYHKH, OpOjoT Ha ceMKH 1o pacteHue of 35,4 no 60,1 cemku, Texxuna Ha 100 cemku of 35,3 1o
38,2 g, u mpuHOCOT Ha ceme ox 1876,3 10 2770,2 xr xa™. Ox nobuenute pesynrary, tuaunte FLIP
00-39 u FLIP 01-54 moxxe ma Oumat mpenjioKeHU 3a OATIICAYBAaKk-C HA 3UMCKH HAyT BO YCJIOBH Ha
MeIUTEPaHCKa KITHMa.

Kay4ynu 300poBH: HayT, COPTH, IPUHOC, KOMIIOHEHTH HA IPUHOC.
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