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Original scientific paper

RESPONSE OF MAIZE (ZEA MAYS L.) TO RATES OF NITROGEN AND ZINC
APPLICATION IN MINNA, SOUTHERN GUINEA SAVANNA OF NIGERIA

Saheed G. Afolabi”

Department of Soil Science and Land Management, School of Agriculture and
Agricultural Technology, Federal University of Technology, Minna, Nigeria

Abstract: A field experiment was conducted in 2014 and 2015 cropping
seasons at the Teaching and Research Farm of the Federal University of
Technology, Minna to evaluate the effects of different rates of nitrogen (N) and
zinc (Zn) on the growth and yield of maize. The treatments included four levels of
N: 0, 60, 90 and 120 kg ha™ and three levels of Zn: 0, 2.5 and 5 kg ha™. The
experimental design was a 4 x 3 factorial design fitted in a randomized complete
block design with three replications. The soil was relatively low in initial N content
and relatively high in soil extractable Zn of 2.30 mg kg™*. The main effect of N on
the plant height of maize was significant (p<0.05) only at 8 weeks after sowing
(WAS) in 2014 and 8 and 12 WAS in 2015. In 2014, the interaction effect of N and
Zn on the plant height of maize was only significant (p<0.05) at 8 WAS in both
seasons, and application of nitrogen rate of 90 kg N ha™* with 5 kg Zn ha™* produced
the highest plant height at 8 WAS. The treatments without N produced the lowest
grain and stover yields. There was a significant (p<0.05) response to N fertilization
on grain yield in both seasons. The main effects of Zn on both stover and grain
yields were only significant in 2015. The nitrogen rate of 60 kg N ha™ with 2.5 kg
Zn ha™ was optimum for maize production in Minna, Nigeria.

Key words: zinc, nitrogen, fertilization, yield.

Introduction

Maize production in Nigeria and in sub-Saharan Africa has been found to have
an increasing trend of between 2% and 3% annually (Boxall, 2000). It is one of the
important staple and consumed food crops in sub-Saharan Africa (Chukwuka et al.,
2014). Maize also known as corn is a crop that is cultivated widely throughout the
world in a range of agro-ecological environments (IITA, 2009). Nigeria is the
largest producer of maize in Africa. The north central region is the main producing
area in the country.
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Maize is a heavy feeder, especially in terms of nitrogen. The crop cannot
perform and grow optimally without the application of some inputs in form of
inorganic or organic fertilizers. There is, therefore, need for use of organic or
inorganic fertilizers to restore or sustain soil fertility under intensive cropping
systems in the savanna (Sanginga et al., 2003). It has been observed that nitrogen is
the most deficient nutrient in the soil and it most often limits maize yield (Casky
and Iwuafor, 1995). The relatively high N requirement of maize and the inherently
low plant-available N in the soils of the Guinea savanna of Nigeria make N be one
of the major constraints to maize production. Hence, external input of N is
inevitable for maize production.

Zinc is an essential human nutrient, a cofactor for over 300 enzymes, and is
found in all tissues. Zinc fertilizers increase both the yield and quality of several
crops, including wheat (Hu et al., 2003; Cakmak, 2008), and rice (Liu et al., 2003).
Marschner (1993) reported that using micronutrients, especially zinc, can increase
grain yield of maize. Generally judicious application of Zn fertilizer helps to not
only increase crop production, but also helps to enrich Zn in plant organs including
grains (Jiang et al., 2008). Soils of the savanna are the most likely to be deficient in
Zn due to their low soil organic matter resulting from sparse vegetation cover and
annual bush burning. Organic matter has been reported to be the main reservoir of
available Zn in savanna soils of Nigeria (Kparmwang et al., 1998; Mustapha and
Singh, 2003). The objective of this study is to determine the effect of rates of N and
Zn application and the interaction on the growth and yield of maize (Zea mays L.)
in Minna, Southern Guinea Savanna of Nigeria.

Materials and Methods

Study site

The study site was the Teaching and Research Farm, Federal University of
Technology, Minna, located at Latitude 9° 30’ 49.8” N; Longitude 6° 26’ 17.5" E,
207.8 m above sea level in the Southern Guinea Savanna of Nigeria. The climate of
Minna is sub-humid, and the rainfall pattern is monomodal with the rainy season
starting in March and ending in October. The monthly rainfall during the period of
the study is shown in Figure 1. The soil texture was sandy loam, and pH was
slightly acidic in the area.

Treatments and experimental design

The application rate included three levels of Zn 0, 2.5, 5 kg ha ™ and four
levels of N, 0, 60, 90, 120 kg N ha™. The experimental design was a 3 x 4 factorial
design fitted to a randomized complete block design with three replications. Each
plot size was 6 m x 4 m. The net plot was 12 m2.



Response of maize (Zea mays L.) to rates of nitrogen and zinc application 123

300

250

200
15
2014
I I m 2015

June July August September October
Months

Ramfall (inm)
g8 g

[¥a]
=

=]

Figure 1. The rainfall distribution during the period of the study.
Source: Department of Geography, Federal University of Technology, Minna.

Agronomic practices

The field was manually cleared and ridged at 75 cm apart. The maize variety,
Oba super 2 (quality protein maize), was sown (2 plants per stand) at 25 cm within
the ridge. Thinning was done to one plant per stand at 2 weeks after sowing
(WAS). All the plots received basal fertilizer application of 30 kg P ha™ as single
superphosphate, 30 kg K ha™ as muriate of potash at 2 WAS. The N was applied in
split application, one-third at 2 WAS while the remaining two-thirds were applied
at 5 WAS. The Zn was mixed thoroughly with fertilizers. The N fertilizer was
applied as urea and Zn as ZnSO, and were applied to required plots. Fertilizers
were applied by side banding at about 5 cm away from the seedlings and at about 5
cm deep along the ridge. All the plots were hoe-weeded at 2 and 5 WAS and
remoulding was done in place of the last weeding at 8 WAS.

Soil sampling and analysis

Surface soil (0-15 cm) samples were collected from ten points along four
diagonal transects. The samples were bulked together to form a composite sample
which was used to characterize the field before land preparation. The soil samples
collected were air-dried, crushed gently and passed through 2-mm sieve and taken
to the laboratory for physical and chemical analyses using the method described by
Agbenin (1995).
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Particle size distribution was determined by the Bouyoucos hydrometer
method (Anderson and Ingram, 1993). Soil reaction was determined
potentiometrically in 1:2.5 soil to water suspension with the glass electrode pH
meter (Thomas, 1982). Organic carbon was determined by the Walkley and Black
wet oxidation method (Nelson and Sommers, 1982). Exchangeable bases were
determined by extraction with 1 N NH,;OAC. Potassium in the extract was
determined with a flame photometer, while calcium and magnesium were
determined using an atomic absorption spectrophotometer as described by Udol et
al. (2009). Available phosphorous was extracted by the Bray P1 method and the P
concentration in the extract was determined colorimetrically using
spectrophotometer (Murphy and Riley, 1962). Total N was determined by the
Kjeldahl digestion method (Bremner, 1982). Zinc was extracted using the
diethylenetriamine penta-acetic acid (DTPA) extractant and Zn in solution was
determined by an atomic absorption spectrophotometer.

Plant height and yield components

Plant height was observed at 4, 8 and 12 WAS by measuring from the soil
level of maize plants to the tips of the tallest leaf using a meter rule. Twenty maize
stands from the middle row in each of the plots were selected and the mean
determined. The maize in the net plot was cut above ground level at physiological
maturity, dried and weighed using a weighing balance to determine the stover
yield. Maize grain yield was measured by harvesting maize ears in the net plot. The
ears were air-dried, shelled and weighed.

Statistical analysis

Analysis of variance (ANOVA) was used to evaluate the treatment effects on
data collected. Means separation was carried out on means of a significant
difference using Duncan’s multiple range test (DMRT) at the 5% level of
probability. All computation was carried out by the General Linear Model (GLM)
procedure of SAS (SAS, 2002).

Results and Discussion

The results of the physical and chemical properties of the soil prior to land
preparation in 2014 are shown in Table 1. The soil texture was sandy loam, pH was
slightly acidic, low in organic carbon, available P, total N and the extractable Zn
was relatively high (Esu, 1991) and above the critical range of 0.2 to 2.0 mg kg ™
for DTPA extractable Zn established by Sims and Johnson (1991). The value of Zn
obtained (2.30 mg kg™) was similar to the critical level of 2.20 mg kg™ established
for some savanna soils in the pot experiment by Yusuf et al. (2005).
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Table 1. Some physical and chemical properties of the soil prior to planting.

Parameters Values
Sand (g kg) 881
Silt (g kg™ 36
Clay (g kg™) 83
Textural class Sandy loam
pH in H,0 (1:2.5) 6.6

pH in CaCl, (1:2.5) 55
Organic carbon (g kg™) 5.08
Total nitrogen (g kg%) 0.06
Available P (mg kg'%) 9
Exchangeable bases (cmol kg™)

Ca** 2.80
Mg** 0.66
K* 0.18
DTPA extractable Zn (mg kg% 2.30

The main effect of N on the growth of maize was significant only at 8 WAS in
2014 and at 8 and 12 WAS in 2015. At 8 WAS in 2014, 90 kg N ha™ produced the
tallest plant (181.43 cm), which was only significantly different from that of 0 kg N
ha™. The application of N produced taller plants at 8 and 12 WAS in 2015 which
were significantly taller than plants without N fertilization (Table 2).

Table 2. Effects of application rates of nitrogen and zinc on the plant height of
maize in the 2014 and 2015 seasons.

Plant height (cm)

Year
Treatment 2014 2015
AWAS 8WAS 12WAS AWAS 8WAS 12WAS
Nitrogen (N) (kg N ha'®)
0 42.91a 167.08b 206.31a 57.10a 141.56b 184.00b
60 47.80a 177.59%a 217.96a 59.23a 178.97a 216.22a
90 43.00a 181.43a 190.31a 57.16a 198.69a 223.68a
120 44.56a 174.44ab 212.13a 60.34a 188.01a 225.28a
SE + 3.13 3.55 10.55 1.99 4.85
Zinc (Z) (kg Zh ha'l)
0 44.75a 173.63a 193.09a 53.39b 182.96a 214.13a
2.5 45.58a 177.38a 212.05a 62.58a 162.95b 208.26a
5 46.08a 174.40a 214.89a 62.84a 171.76ab 214.50a
SE + 2.71 3.07 9.14 1.72 4.20
Interaction
N*Z NS * NS NS NS

Means for the same column and factor followed by the same letter are not significantly different at the
5% level of probability. * Significant at the 5% level of probability. NS — Not significant.
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The main effect of Zn fertilization on the height of maize was only significant
at the early growth stage of maize in 2015. The application of Zn produced
significantly taller plants than those without Zn application at 4 WAS in 2015, but
at 8 WAS, plants without Zn produced the tallest plant with a height of 182.96 cm,
which differed significantly only from the treatment with 2.5 kg Zn ha™.

The interaction effect of N and Zn on the growth of maize plants was only
significant at 8 WAS in both seasons. The application of the 5kg Zn ha™ and 90kg
N ha™ fertilization produced the tallest maize plants at 8 WAS in 2014 (Table 3).
Plants with the shortest height of 159.3 cm were obtained with the application of 5
kg Zn ha™ and 120 kg N ha™ which was not significantly different from those of 0
kg Zn ha™ at 0 kg N ha™ and 60 kg N ha™. In 2015, the application of N produced
tall maize plants and Zn fertilization produced the shortest plant with a height of
128.67 cm at 8 WAS in 2015 (Table 4).

Table 3. The interaction effect of nitrogen and zinc on plant height at 8 weeks after
sowing in 2014.

Zinc (kg Zn ha?)

Treatment

0 2.5 5
Nitrogen (kg N ha™®)
0 159.5e 171.3d 180.6bcd
60 169.5de 185.5ahc 171.0d
90 172.4d 188.1ab 193.1a
120 176.0cd 175.6¢d 159.3e
SE + 3.07

Means in the column or row followed by the same letters are not significantly different at the 5%
level of probability.

Table 4. The interaction effect of nitrogen and zinc on plant height at 8 weeks after
sowing in 2015.

Zinc (kg Zn ha')

Treatment

0 2.5 5
Nitrogen (kg N ha™)
0 154.67cd 128.67¢ 141.33de
60 195.00ab 149.33de 192.57ab
90 194.77ab 17450ab 175.80abc
120 187.40ab 199.30a 177.33abc
SE + 8.40

Means in the column or row followed by the same letters are not significantly different at the 5%
level of probability.

Nitrogen application increased the growth of maize plants. This increase
might be due to the positive effect of N on plant growth (Hani et al., 2006). Several
reports had earlier attributed a significant increase in the development of vegetative
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plant parts and dry matter accumulation to N fertilizer application as N is an
important constituent of chlorophyll, amino acid and nucleic acid (Anjorin, 2013).
The improvement in plant growth also corroborated the findings of Cox et al.
(1993) and Sumi and Ketayama (2000), who have reported that N promotes higher
leaf area development and reduced rate of senescence. Similarly, Onasanya et al.
(2009) attributed an increase in the growth of the maize plant to N fertilizer
application.

The main effects of N and Zn on the yields of maize in 2014 and 2015 seasons
are shown in Table 5. The main effects of N and Zn on the stover yield of maize
were significant in both seasons. The treatment without N produced the lowest
yield which was significantly different from that of treatments with only 60 kg N
ha™ in 2014 and from those with N in 2015. There was a response to N with 0 kg N
ha™ recording significantly lower yield compared to others in both years.

The main effects of Zn on both stover and grain yields were only significant in
the 2015 season. There was a response to Zn fertilization by the grain and stover
yields with the 0 kg Zn ha™* treatment providing the least stover and grain yields of
4778 and 3479 kg ha™ respectively which were significantly different from 2.5 and
5kg Zn ha™. The interaction effects of both N and Zn on stover and grain yields
were not significant in both years.

Table 5. The effects of nitrogen and zinc on the yields of maize in the 2014 and
2015 seasons.

Year
Treatment - 2014 — - 2015 —
Stover yield Grain yield Stover yield Grain yield
(kg ha'h) (kg ha't) (kg ha'®) (kg ha'®)

Nitrogen (N) (kg N ha'®)
0 5274b 3052b 4256b 3089b
60 5919a 4366a 6317a 5644a
90 5800ab 4447a 6178a 5480a
120 5712ab 4587a 6372a 5945a
SE + 185 188 198 445
Zinc (Z) (kg Zh ha'l)
0 5602a 3937a 4778b 3479
2.5 5738a 4292a 5965a 5275a
5 5690a 4110a 6349a 6115a
SE+ 160 163 190 386
Interaction

N*Z NS NS NS NS

Means for the same column and factor followed by the same letter are not significantly different at the
5% level of probability. NS — Not significant.
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There was clear evidence that N nutrition was a major constraint to maize
production. Application of N fertilization produced the highest yield irrespective of
the rate. A similar response to inorganic N fertilizer had been reported in the same
area by Adeboye et al. (2009) who reported 90 kg N ha™ to be optimum for maize
in Minna. Lawal et al. (2015) reported an increased grain yield of maize with
nitrogen application. Sajedi et al. (2009) reported that N has been found as a key
input for achieving the highest yield of maize in the savanna agroecological zones.
There was no response to Zn by yields of maize in 2014. This might be a result of
relatively high extractable Zn in the soil.

The application of Zn fertilizer judiciously has been reported to increase crop
production as well as enrich the Zn content in plant organs including grains
(Sudhalakshini et al., 2007). Hossain et al. (2008) and Afolabi et al. (2016)
observed that the soil application of Zn resulted in an increase in the grain yields of
maize. Esmaeili et al. (2016) attributed the increased maize yield to the foliar
application of Zn. Abunyewa and Mercer-Quarshie (2004) also observed an
increase in the maize grain yield due to the application of 5 kg Zn ha™ to the soil.

Conclusion

The results of this study show that adequate N fertilization enhanced the
growth and yield of maize plants in both seasons. In addition, the nitrogen rate of
60 kg ha™ and the zinc rate of 2.5 kg ha™ were optimum for maize grain yield in
Minna, southern Guinea savanna of Nigeria.
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ODGOVOR KUKURUZA (ZEA MAYS L.) NA DOZE PRIMENE AZOTA |
CINKA U MINI, JUZNOGVINEJSKA SAVANA U NIGERUI

Saheed G. Afolabi”

Odsek za nauku o zemljistu i upravljanje zemljiStem, Fakultet za poljoprivredu i
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Rezime

Poljski ogled sproveden je tokom 2014. i 2015. godine na nastavno-
istrazivackom gazdinstvu Federalnog tehnoloSkog univerzitata u Mini kako bi se
procenili uticaji razli¢itih doza azota (N) i cinka (Zn) na rast i prinos kukuruza.
Tretmani su obuhvatali Getiri doze azota: 0, 60, 90 i 120 kg ha™ i tri doze cinka: 0,
2,51 5 kg ha'. Ogled je postavljen kao 4 x 3 faktorijalni dizajn po sluajnom
potpunom blok dizajnu u tri ponavljanja. PoCetni sadrzaj azota u zemljistu bio je
relativno nizak, dok je pristupa¢ni cink od 2,30 mg kg™ u zemljistu bio relativno
visok. Glavni uticaj azota na visinu biljke kukuruza bio je znac¢ajan (p<0,05) samo
8 nedelja posle setve (engl. WAS — weeks after sowing) u 2014. i 8 i 12 nedelja
posle setve u 2015. godini. Uticaj interakcije azota i cinka na visinu biljke
kukuruza bio je samo znacajan (p<0,05) tokom 2014. godine 8 nedelja posle setve
tokom obe godine, a primena doze azota od 90 kg N ha™ sa 5 kg Zn ha™ proizvela
je najvecu visinu biljke. Tretmani bez koriS¢enja azota proizveli su najnizi prinos
zrna i kukuruzovine. Znacajan (p<0,05) odgovor na dubrenje azotom zabeleZen je
kod prinosa zrna u obe godine. Glavni uticaji cinka, kako na prinos kukuruzovine
tako i na prinos zrna, bili su samo znacajni u 2015. godini. Doza azota od 60 kg N
ha™sa 2,5 kg Zn ha™ optimalna je za proizvodnju kukuruza u Mini u Nigeriji.

Klju¢ne reéi: cink, azot, dubrenje, prinos.

Primljeno: 20. novembra 2017.
Odobreno: 16. aprila 2019.
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Abstract: To determine the effects of seed priming, date and density of
planting on the silage yield of corn (Ks.cs4 cultivar) in summer delayed planting,
an experiment was carried out as a split-split plot in a randomized complete block
design with four replications in 2015 and 2016. Treatments were examined
including two planting dates (July 27 and August 13) as main plots, two planting
densities (7 and 9 plants per m?) as sub plots and four levels of seed priming
(without priming, distilled water, 0.5% KNO3 and 10% PEG @ggog)) as sub-sub plots.
The results showed maximum of the speed and percentage of seedling emergence
at the first year. The number of days decreased from planting date until 8- and 12-
leaf stages in seed priming by the distilled water method. The silage yield
decreased (26.69%) with the late planting (13 August), but the speed of seedling
emergence increased. The planting density (9 plants/m?) vyielded the highest
percentage of lignin, speed of seedling emergence, plant height and silage yield.
The highest ratio of the ear fresh weight to the total silage weight was obtained by
the late planting date (13 August) and seed priming with the PEG method. The
maximum value of the silage yield (45,566.41 kg/ha) was produced by the early
planting date (27 July) and higher planting density (9 plants/m?). Thus, to increase
seedling emergence speed and to obtain maximum silage yield, early planting date
(27 July), higher planting density (9 plants/m?) and seed priming by the distilled
water method are recommended.

Key words: plant density, seed priming, corn silage yield, sowing date.

“Corresponding author: e-mail: Morteza_siavoshi@yahoo.com


https://doi.org/10.2298/JAS1902133A

134 Farshid Alipour-Abookheili et al.

Introduction

Corn is the most important plant among cereal crops after wheat and rice.
Corn cultivation has been increased because of increasing animal husbandry
industry in the last several years in Iran (Fathi, 2005). Corn is one of the most
suitable crop plants to produce green manure and silage due to high starch in seed
and vyield of this plant (Khodabandeh, 2000). Corn silage herb will be provided
under general conditions easily until energy and herb sustainable quality are
obtained (Curran and Posch, 2000). Germination and seedling emergence speed is
one of the most important and effective factors to attain maximum yield for most
crop plants (Subedy and Ma, 2005). The seed priming treatment can increase the
ability and speed of seed germination (Farooq et al., 2006). The seed priming
treatment will lower the time between dates until seedling emergence. Because of
that, the seeds germinate equally, which will improve the quantity and quality of
the yield of the plant (Basra et al., 2004). Murungu et al. (2003) have found that
seed priming treatment increased seedling emergence percentage and seedling
growth of corn as compared with the witness treatment (without priming). The
most common methods for seed priming are hydro-priming and osmo-priming.
Regarding the osmo-priming method, seeds will be settled into solutions with low
osmotic potential, which include chemical materials such as poly-ethylene glycol
(PEG), menthol and chemical fertilizers like urea (Ashraf and Foolad, 2001). Seeds
will be also soaked into water and will be dried before completing seed
germination within the hydro-priming method. Determination of the suitable
planting date for crop plants is important to use the potential of the variety, soil and
climate of each region (Estakhr and Dehganpour, 2010). Sadeghi and Bahrani
(2002) have examined the effect of three planting dates (24 April, 4 and 14 May)
on silage corn and the maximum silage yield was obtained (13388 kg/ha) on 24
April. The maximum yield for every plant can be influenced by determining the
suitable plant density regarding the climate conditions and variety properties
(Nourmohammadi et al., 2001). Viddicombe and Thelen (2002) have reported that
high planting density (90,000 plants/ha) increased grain yield as compared with
low planting density (560,000 plants/ha). The most appropriate plant density to
achieve maximum vyield (79,040 plant/ha) was also suggested by Bean and Gerik
(2000). Therefore, this research was conducted to find out the effect of pre-sowing
seed treatment (seed priming), date and density of planting on the corn silage yield
of S.Cq4 variety in the summer delayed sowing.

Materials and methods

This experiment was carried out as a split-split plot design in a randomized
complete block design with four replications in the Agricultural Research Center of
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Qarakheyl - Qaemshahr, Mazandaran province during the two agronomic years
(2015 and 2016). The soil of the test site had a clay loamy texture with acidity of
7.1, organic matter of 1.8% and electrical conductivity of 0.26 dS/m.
Meteorological data for two years are shown in Table 1. Planting date has been
chosen as a main plot at two levels (27 July and 13 August) and planting density
has been selected as a sub-plot at two levels (7 and 9 plants per m®). Seed priming
has been also preferred as a sub-sub plot at four levels: control (without priming),
distilled water, 0.5% potassium nitrate (KNO3),- and 10% poly-ethylene glycol
(PEGgon0)- The experimental field was divided into 4 blocks equal to the number of
replications of each treatment combination. Each block was divided into 2 main
plots, which were divided further into 2 sub-plots. Each sub-plot was then divided
into 4 sub-sub plots. Thus, there were 16 sub-sub plots in each block, which was
repeated 4 times. The main plot, sub-plot and sub-sub plot treatments were
arranged completely randomly.

Table 1. Meteorological data for two years.

Variable Minimum temp.  Maximum temp. Evaporation Precipitation
(G (G (mm) (mm)

Year 2015 2016 2015 2016 2015 2016 2015 2016
May 14.6 14 218 24 82.0 75 253 32
June 20.1 19 28.5 30 159.8 110 15 28
July 22.6 22 311 34 1715 128 48.1 9.2
August 239 25 322 34 170.2 156 31.2 12.2
September 19.9 18 27.8 28 100.7 121 98.6 48
October 15.7 15 25.2 18 78.4 85 143.2 82
November 8.4 14 15.7 16 42.4 82 144.9 95

The plot size was 4.5*6 m” In the row, seven plants were cultivated at each
plot and the distance between each row was 75 cm. As for seed priming, the
selected seeds were combined with provided solution of earlier mentioned
materials, during 24 hours. After that, settled seeds were dried under natural
conditions and then were cultivated in plots. Regarding the soil test, the amount of
chemical fertilizers was added to the soil and other agronomic operations such as
care and harvesting operations were done. The measured traits within this research
included: phonological traits such as the number of days from the planting date
until 8 leaves and the number of days from the planting date until 12 leaves, speed
and percentage of seedling emergence and percentage of lignin, plant height, silage
yield, yield components such as plant fresh weight, silage yield per surface unit, the
ratio of the leaf fresh weight to total silage weight, the ratio of the stem fresh
weight to total silage weight and the ratio of the ear fresh weight to total silage
weight. To determine the speed of seedling emergence, the number of emerged
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coleoptiles from soil surface was counted daily per plot and measured for two
weeks. To determine the percentage of seedling emergence, all of emerged
coleoptiles were counted 14 days after germination. To determine the rest of
morphological characteristics like yield and yield components, 10 plants were
chosen per plot and then were measured with general methods. Data were analyzed
by using the analysis of variance technique (ANOVA) and Microsoft-MSTAT-C,
and the mean differences were calculated by Duncan’s test at the probability levels
of 5 and 1% (Gomez and Gomez, 1984).

Results and Discussion
Phonological traits

Results showed that the numbers of days from the planting date until 8- and
12-leaf stages were significantly influenced by planting date, year, and interaction
effects of experimental factors (Table 2). Table 3 shows that the minimum numbers
of days from the planting date until 8- and 12-leaf stages were obtained by early
planting (27 July) in the 1¥ year (2015). Decreasing the numbers of days from the
planting date until 8- and 12-leaf stages was caused by increasing the crop growth
rate (CGR) and decreasing the plant growth period (PGP) from planting until
harvesting stages. This result is not in agreement with earlier works (Khan et al.,
2002; Rafiee and Asgharpour, 2009) that have shown that late planting decreased
the number of days from the planting date until different stages of growth like 12-
leaf and maturing stages. Seed priming with distilled water decreased the number
of days from the planting date until 8- and 12-leaf stages (Table 3). Wahid et al.
(2008) also found that the seed priming treatment of sunflower decreased the
number of days from the planting date until 50% germination and increased the
speed of seedling emergence. Plant height was significantly affected by year,
planting date and density (Table 2). Table 3 shows that the maximum plant height
(241.48, 245.91 and 241.23 cm) for early planting date (27 July) and planting
density (9 plants/m?) were measured in the first year (2015). Rafiee and
Asgharpour (2009), Feyzbakhsh and et al. (2010), Atrashi (1998), Hassan (2000)
and Bazi et al. (2005) have found the same results.

Germination traits

The percentage of seedling emergence was significantly influenced by year
and seed priming and their interaction with planting density (Table 2). This result is
in agreement with the earlier study by Abotalebian et al. (2006). Table 3
statistically shows that the percentage of seedling emergence was higher in the 1%
year (88.92%) than in the 2™ year (83.22%). The maximum generation (87.80%)
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was obtained in control treatment (Table 3) and a higher interaction effect was
found between control treatment and planting density (90.97%) (Table 4).

Table 2. Square means of quantitative, qualitative and phonological characteristics
of the silage corn S.Cq4 in summer delayed planting.

Speed of Planting Planting

Source of variation df Seedling seedling  until the 8- until the 12- Pl_ant
emergence height
emergence leafstage leaf stage

Replication 3 187.36** 78.52** 44 52%* 66.08**  197.95™
Year 1 1040.42** 314.002**  153.13** 56.008* 2150.45**
Error (a) 3 28.18 20.39 29.94 24.78 166.82
Planting date 1 32.11™  425.23**  488.28**  249.40** 9311.86**
Year*Planting date 1 3.51™  046.89**  148.78** 425™  304.27™
Error (b) 6 36.50 10.96 3941 47.70 1186.32
Planting density 1 99.60"™ 1511.95** 4.50™ 14.67™ 1897.67**
Density*Year 1 2.37" 211.58™ 0.13"™ 556"  346.03"™
Density*Date 1 37.79™ 0.15™ 3.78™ 1.53™ 583.75™
Year*Density*Date 1 64.48™ 41.93* 0.03™ 9.39™ 0.11"™
Error (c) 12 61.60 18.89 27.55 26.47™  379.71"™
Seed priming 3 86.42* 29.56* 20.17"™ 22.78"™ 60.97™
Year*Priming 3 8.08™ 3.86™ 1.46™ 2.43™ 37.18™
Date*Priming 3 60.09™ 9.71"™ 0.36™ 8.94™ 48.11™
Year*Date*Priming 3 5.67" 0.36™ 6.20"™ 10.08™ 53.68"™
Density*Priming 3 88.62* 14.58™ 12.50™ 5.95™ 37.84™
Year*Density*Priming 3 16.35™ 12.75"™ 5.46"™ 474™  176.72™
Date*Density*Priming 3 1.23" 1.55™ 436™  14.008™ 47.83™
Year*Date*Density*Priming 3 7.26™ 4.58"™ 1.28™ 5.54™  133.33™
Error (abc) 72 29.68 7.53 7.92 9.72 233.34
CV% - 6.33 11.44 6.81 5.35 6.44

ns, * and **; Non-significant, significant and very signicifant at the levels of 5% and 1% respectively.

Seed priming with the PEG method increased the speed and percentage of
seedling emergence and the ratio of ear fresh weight to total silage weight and that
is why seed priming can be suggested for other crops under dry climate conditions
where the speed and percentage of seedling emergence are the most important
objectives of all researchers and farmers. As Table 2 shows, planting date and year
and their interaction effects influenced the speed of seedling emergence.
Feyzbakhsh et al. (2010) have also found that planting date affects the speed of
seedling emergence and the rest of plant phonological stages. Planting density and
seed priming also significantly affected the speed of seedling emergence. The seed
priming treatment of wheat increased the speed and percentage of seedling
emergence, tillering and earlier flowering (Harris et al., 2001). Moradi and Yonesi
(2009) have shown that seed hydro-priming increased the speed of seedling
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emergence. Table 3 shows that the speed of seedling emergence was higher in the
1% year (25.56 seeds/day) than in the 2" year (22.43 seeds/day). The maximum
speed of seedling emergence was also related to planting density of 9 plants/m?
(27.43 seeds/day). The maximum value of the speed of seedling emergence (30.85
seeds/day) was also attained by interaction effects between year (1% year), early
planting date (27 July) and planting density (9 plants/m?) (Table 4).

Table 3. Mean comparison of simple effects of experimental treatments on
quantitative, qualitative and phonological characteristics of the silage corn S.C704
in the summer delayed planting.

Seedling Seedling No. of days No. of days

Treatment emergence  emergence  from planting from planting hiliznhtt
percentage speed until the 8-leaf  until the 12- (cm)
(%) (per day) stage leaf stage
Year 2015 88.92 25.56 40.22 57.65 241.48
2016 83.22 22.43 4241 58.97 233.28
Planting 27 July 86.57 22.17 39.36 56.92 24591
date 13 August 85.57 25.82 43.27 59.71 228.85
Planting 7 plants/m? 85.19 20.56 41.50 58.65 233.53
density 9 plants/m? 86.96 27.43 41.13 57.97 241.23
Control 87.80 2461 41.00 57.99 236.74
Seed Distilled water 86.99 24.98 40.88 57.48 238.52
priming PEG 84.12 22.92 4250 59.47 235.74
KNO; 85.39 23.48 40.88 58.31 238.53

The given means per each column with the same letters do not show significant differences
statistically (p<0.05).

Table 4. Mean comparison of interaction effects of Year*Date, Density*Priming
and Year*Date*Density on some agronomic properties of the silage corn S.Cq4 in
the summer delayed planting.

= No. of days = . = Seedling
é from planting é eﬁqe:r(gj;ggge é emergence
®  until the 8-leaf © o w speed
3] 3] (%) 3]
= stage = = (per day)
7 plants/m**control 84.62b  _ 2010*27J*7 plants  22.07b
@ 7 plants/m**distilled water ~87.38ab § 2010*27J*9 plants  30.85a
£ 2015*27) 37190 £ 7 pIants/mZ*PEG 84.43b & 2010*13A*7 plants  21.36b
Q 2015*13A 43.25a g’i 7 plants/m*KNO4 84.34b  * 2010*13A*9plants 27.98a
g 2016*27) 4153a > 9 plants/m**control 90.97a g 2011*%27J*7 plants ~ 15.47c
> 2016*13A 43.28a § 9 plants/m**distilled water ~ 86.60b * 2011*27J*9 plants  20.31b
Q 9 plants/m?*PEG 83.81b § 2011*13A*7 plants ~ 23.34b
9 plants/m*KNO4 86.84b 2011*13A*9 plants  30.61a

The given means per each column with the same letters do not show significant differences
statistically (p<0.05).
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Silage corn yield

The fresh weight of plant was significantly influenced by year and planting
date (Table 5). Regarding Table 6, the maximum plant fresh weight was observed
in the 2™ year (546.79 g) in earlier sowing time (588.02 g). Year, planting date,
their interaction effect and planting density significantly increased the ratio of leaf
fresh weight and the part of stem fresh weight to total silage weight. Year, planting
date, their interaction effect and planting density also significantly increased the
ratio of ear fresh weight to total silage weight (Table 5).

Table 5. Square means of quantitative, qualitative and phenological characteristics
of the silage corn S.Cq4 in the summer delayed planting.

Ratio of  Ratio of  Ratio of

Plant leaf fresh stem fresh  ear fresh
Source of variation df fresh weightto weightto weight to
weight  total silage total silage total silage

weight weight weight

Silage

yield Lignin

Replication 3 4072.26™ 2.54** 3.25™ 8.04™ 8448561™  0.41™
Year 1 19128.21* 201.73** 280.73** 2.89™ 506100™  0.84™
Error (a) 3 6828.61 4.59 2.07 6.10 78188705 1.82
Planting date 1 635732.7** 331.24**  52.86** 119.85** 3815981661**  2.39™
Year*Planting date 1 946.37™ 281.74** 705.28**  95.81** 47974037™  1.15"™
Error (b) 6 8394.94 3.70 7.40 14.85 54823722 2.82
Planting density 1 4196.20™ 2.55*%*  28.03**  47.53**  920491333** 23.47**
Density*Year 1 2367.75™ 0.56"™ 0.93™ 2.94™ 35608540™  0.98™
Density*Date 1 10112.55™ 0.01"™ 2.29™ 1.81"™  492247906**  1.44™
Year*Density*Date 1 905.68"™ 0.22™ 15.48* 12.39"™ 64535891™  1.62™
Error (c) 12 8246.43™ 0.18"™ 3.84™ 3.80™ 24109684 ™ 2.43
Seed priming 736.08™ 0.18™  20.06** 19.18* 22845777™  4.19*

3
Year*Priming 3 401.85"™ 1.82%* 3.53™ 2.38™ 12430952"™  4.88*
Date*Priming 3 7295.72™ 0.51™ 11.42*  16.009* 19882147™  1.12"™
Year*Date*Priming 3 421.24™ 0.43™ 3.91™ 6.36™ 6565978™  0.91™
Density*Priming 3 6919.38™ 0.12"™ 151"™ 1.37™ 10876537™  2.82"™
Year*Density*Priming 3 1039.28™ 0.23™ 1.92"™ 2.85™ 5075946™  1.11™
Date*Density*Priming 3 6256.09™ 0.66* 454" 5.74™ 16733197™  1.95™
Year*Date*Density*Priming 3~ 7424.81™ 1.05™ 5.61™ 10.17"™ 15976794"™  2.51™
Error (abc) 72 3093.48 0.47 3.60 4.80 31269511 1.49
CV% 10.40 6.59 4.08 5.10 15.77 5.79

ns, * and **: Non-significant, significant and very significant at the levels of 5% and 1%, respectively.

The results showed that the maximum ratios of leaf fresh weight and stem
fresh weight to total silage weight were attained in the 1% year (0.12) and in the 2™
year (0.48) respectively. The maximum values of the ratio of leaf fresh weight to
total silage weight were attained by the early planting (0.12) and the maximum
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values of the ratio of stem fresh weight to total silage weight were also reached by
the late planting (0.47) (Table 6). The present studied variety (S.C 704) of the corn
plant includes the maximum leaf fresh weight because of its late maturity (Heydar-
Qolinezhad Kenari et al., 2003; Genter and Camper, 1973). Planting density
(9 plants/m?) increased the ratio of leaf fresh weight and stem fresh weight to total
silage weight at the maximum values of 0.11 and 0.47, respectively. The maximum
ratio of ear fresh weight to total silage weight was related to the late planting date
(0.44) and planting density of 7 plants/m® (0.44) (Table 6). Seed priming
significantly affected the ratio of stem fresh weight and ear fresh weight to total
silage weight. The interaction effect between seed priming and planting date also
affected these characteristics significantly (Table 5). Treatments of the interaction
effect between the late planting (13 August) and seed priming attained the
maximum ratio of stem fresh weight to total silage weight (0.49) with the KNOs.
This result was obtained on wheat and barley plants by Karaki (1998). The
maximum ratio of ear fresh weight to total silage weight (0.46) was achieved by
the interaction effect between the late planting date (13 August) and seed priming
with the PEG method (Table 8). The maximum ratio of ear fresh weight to total
silage weight (0.45) was also obtained by the interaction effect between the late
planting date (13 August) and year (1% year) (Table 7). Planting date, plant density
and their interaction effect increased silage yield significantly (Table 5).

Table 6. Mean comparison of simple effects of experimental treatments on
quantitative, qualitative and phonological characteristics of the silage corn S.C4 in
the summer delayed planting.

Plant fresh Ratio of leaf Ratio of stem  Ratio of ear Silage

Lignin fresh weight  fresh weight fresh weight to

Treatment (%) weight to total silage to total silage  total silage Ii/ '%d
(@n weight weight weight (kg/ha)

Year 2015 2120 522.34 0.12 0.45 0.43 35513.4
2016 21.04 546.79 0.09 0.48 0.43 35387.7

Planting 27 July 21.26 588.02 0.12 0.46 0.42 40910.6
date 13 August 20.99 48111 0.09 0.47 0.44 29990.5
Planting 7 plants/m? 20.69 528.84 0.10 0.46 0.44 32755.8
density 9 plants/m? 21.55 540.29 0.11 0.47 0.42 38145.3
Control 2094 537.06 0.11 0.47 0.43 35366

Seed Distilled water 21.05 534.22 0.10 0.47 0.43 35800
priming PEG 2165 527.99 0.11 0.46 0.44 34324
KNO, 20.85 538.98 0.10 0.47 0.42 36313

The given means per each column with the same letters do not show significant differences
statistically (p<0.05).

The results of the present study are in agreement with Darby and Laure
(2002), Mokhtarpour et al. (2008), Feyzbakhsh et al. (2010), Fallah and Tedin
(2009) and Dehganpour and Vahdat (1996). The maximum silage yield was related
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to the early planting date (40,910.6 kg/ha) and the planting density of 9 plants/m?
(38,145.3 kg/ha) (Table 6) and their interaction effects (45,566.41 kg/ha) (Table 7).
Fayazbakhsh et al. (2010) found that the highest silage yield (85,000 plants/ha) was
achieved with the planting density of 8.5 plants/m®. In addition, the maximum
silage yield was obtained with the planting density of 13 plants /m? (Zamaniyan
and Najafi, 2002). The results showed that the planting density affected the
percentage of lignin significantly at the level of 1%. Seed priming and its
interaction effect with year also affected the percentage of lignin at the level of 5%
(Table 5). As can be seen in Table 6, the maximum lignin percentage was definite
with the planting density of 9 plants/m? (21.55%) and seed priming with the PEG
method (21.65%). The highest lignin (21.70) was also found by the interaction
effect between year (2™ year) and the seed priming PEG method (Table 8).

Table 7. Mean comparison of interaction effects of Year*Date and Date*Density
on some agronomic properties of the silage corn S.Csy4 in the summer delayed
planting.

Ratio of leaf fresh  Ratio of ear fresh

Treatment weight to total weight to total Treatment Silage yield
. h ) h (kg/ha)
silage weight silage weight
2015*27) 0.12a 0.41b . 27J%7 plantsim”  36254.84b
L 8 2015*13A 0.12a 0.45a & § 27)*9plants/m*  45566.41a
$ A 2016*27] 0.12a 0.43b 8 g 13A*7 plants/m2 29256.79c¢
2016*13A 0.06b 0.43b 13A*9 plants/m2 30724.19c

The given means per each column with the same letters do not show significant differences
statistically (p<0.05).

Table 8. Mean comparison of interaction effects of Year*Priming and
Date*Priming and Density*Priming on some agronomic properties of the silage
corn S.Cqq4 in the summer delayed planting.

(5]
sE D E28 529
2% Lignin 28 ° 2%
Treatment 582 Treatment 58—-._ 582 _
c2EE ™ cEESZEE
= S = = A e~ I I —
e fESE eSS
2015*control 0.12a 20.61bc 27J.*control 0.46bc 0.42¢
2015*distilled water 0.12a 21.16abc 27J.*distilled water 0.46bc 0.42¢
2 2015*PEG 0.12a 2160a & 271*PEG 0.45¢ 0.43bc
£ 2015*KNO; 0.11b 21.45ab E 27J.*KNOj3 0.46bc 0.42c
& 2016*control 0.09d 21.27ab & 13A.*control 0.47b 0.44b
*  2016*distilled water 0.09d 20.95abc fb 13A.*distilled wate 0.47b 0.44b
g 2016*PEG 0.09d 21.70a g 13A.*PEG 0.46bc 0.46a
2016*KNO; 0.10c 20.25¢ 13A.*KNO, 0.49a 0.42c

The given means per each column with the same letters do not show significant differences
statistically (p<0.05).
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Conclusion

Regarding the obtained results of the present study, the maximum percentage of
lignin, seedling emergence, plant height, the ratio of leaf fresh weight to total silage
weight, the ratio of ear fresh weight to total silage weight and silage yield were
attained in the 1% year (2015) which raised crop growth rate (CGR). The maximum
values of the percentage of lignin and the percentage of seedling emergence, plant
height, plant fresh weight, the ratio of leaf fresh weight to total silage weight and
silage yield were achieved with the early planting date (17 July). The number of
days with earlier sowing time (17 July) from the planting date until the 8- and 12-
leaf stages decreased in the 1% year (2015). On the other hand, the crop plant rate
increased, but the plant growth period decreased from planting until harvesting. All
of the maximum phonological and morphological characteristics of the corn plant
were also attained with the planting density of 9 plants/m?, except for the ratio of ear
fresh weight to total silage weight. The results show that many treatments showed
high values in the 1% year (2015) and with the early planting date (17 July) and the
planting density of 9 plants/m®. Therefore, it can be concluded that the early
planting date (17 July) and the planting density of 9 plants/m? are the best treatment
to obtain the maximum silage yield of the corn S.Cq4 Vvariety in the summer delayed
sowing. Thus, this treatment can be recommended for farmers who work in
moderate climate conditions.
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UTICAJI POTAPANJA SEMENA, DATUMA SETVE | GUSTINE NA PRINOS
SILAZE KUKURUZA (ZEA MAYS L.) U LETNJOJ ODLOZENOJ SETVI

Farshid Alipour-Abookheili*, Hamid-Reza Mobasser?,
Morteza Siavoshi®” i Farshid Golmaei?

'0dsek za agronomiju, Ogranak za nauku i istraZivanje,
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Odsek za agronomiju, Ogranak u Kaemgahru,
Islamski slobodni univerzitet, KaemsSahr, Iran
0dsek za poljoprivredne nauke, Univerzitet Pajame Nur, Iran

Rezime

Kako bi se utvrdili uticaji potapanja semena, datuma i gustine setve na prinos
silaZe kukuruza (sorta Ks.c74) kod letnje odloZene setve, sproveden je eksperiment
potpodeljenih parcela u potpuno slu¢ajnom blok dizajnu sa Cetiri ponavljanja u
2015. i 2016. godini. Tretmani su ispitivani ukljucujuci dva datuma setve (27. jul i
13. avgust) kao glavne parcele, dve gustine setve (7 i 9 biljaka po m? kao
potparcele 1 Cetiri nivoa potapanja semena (bez potapanja, destilovana voda, 0,5%
KNO; i 10% PEGgoq). Rezultati su pokazali maksimalnu brzinu i procenat
nicanja klijanaca u prvoj godini. Broj dana se smanjivao od datuma setve do faza
sa 8 1 12 listova kod potapanja semena uz pomo¢ metode sa destilovanom vodom.
Prinos silaZze se smanjio (26,69%) u kasnoj setvi (13. avgust), ali se brzina nicanja
klijanaca povecala. Gustinom setve (9 biljaka/m®) postignut je najveéi procenat
lignina, brzina nicanja klijanaca, visina biljke 1 prinos silaze. Najveci odnos sveze
mase klipa i ukupne mase silaZe dobijen je pri kasnom datumu setve (13. avgust) i
potapanjem semena PEG metodom. Maksimalna vrednost prinosa silaZe
(45.566,41 kg/ha) dobijena je pri ranom datumu setve (27. jul) i vecoj gustini setve
(9 biljaka/m?). Kako bi se stoga povecala brzina nicanja klijanaca i postigao
maksimalni prinos silaze, preporucuju se rani datum setve (27. jul), veca gustina
setve (9 biljaka/m?) i potapanje semena metodom sa destilovanom vodom.

Kljuéne reéi: gustina biljaka, potapanje semena, prinos silaze kukuruza,
datum setve.

Primljeno: 18. avgusta 2018.
Odobreno: 18. aprila 2019.
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EFFECTS OF ARBUSCULAR MYCORRHIZA FUNGI, ORGANIC
FERTILIZER AND DIFFERENT MOISTURE REGIMES ON SOIL
PROPERTIES AND YIELD OF AMARANTHUS CRUENTUS

Adebisi E. Adekanmbi and Moses B. Adewole”

Institute of Ecology and Environmental Studies,
Obafemi Awolowo University, lle-1fe, Nigeria

Abstract: A pot experiment was conducted to assess the influence of two
arbuscular mycorrhiza (AM) fungi and organic fertilizer (OF) on the growth and
yield of Amaranthus cruentus under varying soil moisture regimes. This was done
with a view to providing information on the crop adaptation to drought conditions
and to also sustaining soil nutrient balance for increased crop vyields. The
experiment consisted of 36 treatments (Glomus clarum, Glomus deserticola and no
AM), organic fertilizer made from market wastes at different rates (0, 5 and 10 t ha’
1) and varied water regimes (25, 50, 75 and 100% field capacity [FC]). Each of the
treatments was replicated thrice. The treatment combination, 10 t ha* OF and G.
clarum produced the highest fresh vegetative yield of 48.82 t ha™ which was not
significantly (p > 0.05) different from only 45.78 t ha™ fresh yield obtained with 5 t
ha™ OF and G. clarum when water levels were compared. The repeated experiment
with only water addition gave lower and comparable yields of A. cruentus. We
concluded that the addition of G. clarum in combination with 5 t ha™ of organic
fertilizer to soil optimally improved the growth and yield of A. cruentus in water
stress conditions.

Key words: arbuscular mycorrhiza fungi, organic fertilizer, water stress,
Amaranthus cruentus, market wastes.

Introduction

Crops and soil nutrition are intrinsically linked because the soil houses and
provides nutrients for crops, and as a result, soil nutrient decline could lead to low
quality and quantity in crop production (Murrell et al., 2015). In addition to this,
there are other abiotic stresses like drought and salinity that cause one third of
global agricultural losses (Vandenberghe et al., 2017). Some soil nutrient
deficiencies have indirectly enhanced human activities to impact negatively on the
soil ecosystem through variable cultural farm operations and agricultural
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intensification on crop lands; drought and other abiotic stresses are results of the
global climate change issues (Armada et al. 2016; Salehi et al. 2016). Despite the
intensified efforts to improve soil nutrient deficiency, drought is not only a
problem in itself, but it also inhibits such efforts because nutrient solubility plays a
significant role in their absorption by plants (Afshar et al., 2014). Although the
application of inorganic fertilizers to soil enhanced soil fertility, they could also
lead to loss of soil biodiversity, increased soil acidity and soil degradation, and
eventually fail to increase crop yield in the long run (Chemura, 2014; Joshi et al.
2014). Sustainable soil management approaches are, therefore, necessary for a food
secured population, and they also involve preserving the natural resources in the
air, soil and water environments (Murrell et al., 2015).

Organic inputs are known to be a soil management strategy which plays a
pertinent role in climate-smart agriculture. They are able to help soil retain
moisture better and thus help alleviate moisture stress (Chemura, 2014). Also,
noteworthy is their apparent role in improving soil fertility (Okonji et al., 2018),
while carbon sequestration in these inputs has favorable implications for climate
change (Aguilera et al., 2013; Lehtinen et al., 2014), and all these culminate in
improved agricultural yield. The use of organic inputs to soils is gaining popularity
because a lot of organic input sources are from degradable wastes and their use can
result in waste management (Aguilera et al., 2013). Another benefit of organic
fertilizers in soils is that they provide plants with a good ratio of micro minerals in
addition to macro minerals (Murrell et al., 2015).

In crop production, Borie et al. (2010) have suggested that arbuscular
mycorrhiza (AM) fungi incorporation into agri-business is an appropriate
biotechnology alternative for food security and forest ecosystem sustainability. The
AM fungi are symbiotic organisms that help plant nutrient mechanisms by
facilitating their nutrient uptake and improving their tolerance to drought and other
environmental issues (Eulenstein et al., 2017). The AM fungi are reported to
improve plant growth in water stress conditions (Armada et al., 2016), with
established controlled and field experiments conducted over a wide range of crops.
These AM fungi have also been termed biofertilizers because of their role in
facilitating the availability, uptake and absorption of nutrients in plants (Cyril et al.,
2014). It is a function of the available nutrients in the soil since the fungi do not
provide the nutrients (Medina and Azcon, 2010; Murrell et al. 2015) either to long-
duration or short-duration crops such as vegetables.

Vegetables are food crops which are a major repository of vitamins, minerals
and antioxidants (Ajiboye et al., 2014). Cultivation of vegetables has been
challenging in recent times, in terms of farm input and soil productivity, among
others (Agneessens et al., 2014; Widowati and De Neve, 2016), which has resulted
in the poor yield and quality of crops. Amaranthus is an annual vegetable with
several species which are often consumed as food, and as ornamental plants
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(Zhigila et al., 2014). In Nigeria, it is commonly called ‘tete’ among the Yorubas,
‘green’ among the Igbos, and ‘aleho’ among the Hausas (Mshelmbula et al., 2017,
Towolawi et al., 2017) and it is a good source of vitamins and dietary minerals
(Cyril et al., 2014). This study therefore assessed the influence of two arbuscular
mycorrhiza fungi (Glomus clarum, Glomus deserticola) and organic fertilizer (OF)
on the growth and yield of Amaranthus cruentus under varying soil moisture
regimes.

Materials and methods
Experimental location, design used and agronomic practices employed

The experiment was conducted in the greenhouse of the Institute of Ecology
and Environmental Studies, Obafemi Awolowo University, lle-Ife, Nigeria. Viable
spores of AM fungi, namely: Glomus clarum and Glomus deserticola, obtained
from the Department of Agronomy, University of Ibadan, Ibadan, Nigeria were
propagated using the Zea mays plant for a period of three months. During the
propagation period, maize plants were watered regularly and chopped leaves of
Gliricidia sepium were used to nourish the previously sterilized sandy soil used on
a weekly basis. At three months, water was withdrawn from maize plants to allow
for multiplication of fungi spores for two weeks. The organic fertilizer made from
market wastes was procured from a waste recycling firm in a local market in
Ibadan, Nigeria. Viable seeds of Amaranthus cruentus were obtained from the
National Horticultural Research Institute, Jericho, Ibadan, Nigeria.

Surface soil sample was collected from an infertile land, sieved and sterilized
and three kilograms of the sterilized soil were filled into each of the polythene pots.
The experiment consisted of 36 treatments, namely: ([10 g G. clarum, 10 g G.
deserticola and no AM fungi], organic fertilizer at different rates [0, 5 and 10 t ha’
Y, varied water regimes [25, 50, 75] and 100% field capacity [FC]). Each of the
treatments was replicated thrice and factorially arranged in a completely
randomized design to give a total of 108 pots. Treatments were applied at sowing
and plants in each pot were thinned to two stands at two weeks after sowing
(WAS). The pots were maintained weed-free throughout the experimental period
and they were watered appropriately.

Collection of data on growth performance commenced at 3 WAS and
continued weekly thereafter until 6 WAS. Growth parameters assessed included
plant height, number of leaves, stem girth and leaf area. Fresh biomass yield per
pot was determined immediately after harvest using a weighing balance. The plants
were then oven-dried at 70°C to constant weight using a binder FED 400 model to
determine the dry biomass yield. There was a repeated experiment immediately
after the harvest of the first set of the vegetable crop to test for residual effects of
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AM fungi and organic fertilizer, but with only different water regimes as treatment
addition.

Propagation of arbuscular mycorrhiza fungi

Soil inocula containing viable spores of AM fungi, namely G. clarum and G.
deserticola were obtained from the Department of Agronomy, University of
Ibadan, Ibadan, Nigeria. Fifty grams of each inoculum were weighed into 10 kg of
sterilized coarse sand, and two seeds of maize (Zea mays) sown into the pots. The
plants were regularly watered and chopped leaves of Gliricidia sepium were used
to nourish the soil weekly. Three months after sowing, water was withdrawn to
allow for multiplication of fungi spores. Two weeks after, maize shoots were cut
and soil air-dried.

Extraction and counting of arbuscular mycorrhiza fungi spores

Pre- and post-planting of extraction and counting of AM fungi spores were
determined using the wet sieving and decanting method of Habte and Osorio
(2001). One hundred grams of air-dried soil were taken from the sterilized bulk soil
sample and the AM treatment pots, and each was thoroughly mixed. Each was
soaked for 30 minutes with 250 ml of distilled water in a beaker. Each sample was
thereafter made with distilled water to 1000 ml suspension and agitated for 30
minutes to dislodge the fungal spores from the soil. The soil suspension was
decanted over a stack of sieves (250, 75 and 53 um) arranged in descending order
of their sizes. Thereafter, materials left in the last two sieves (75 and 53 um) were
collected, suspended in 40% sucrose solution and centrifuged at 3000 rpm for 5
minutes. The spores were later examined and counted under a dissecting
microscope.

Laboratory analyses

Pre-cropped soil and organic fertilizer (OF) samples were analysed for their
properties using standard methods of Page et al. (1982). Soil pH was determined in
1:1 soil/water using a pH meter; total N of the soil and OF were determined using
the macro-Kjedahl method, available P of the soil and OF were determined using
the Bray P1 method, and organic C of the soil and OF were determined using the
Walkley-Black wet oxidation method. Exchangeable bases (Ca?*, Mg**, K*, and
Na®) of the soil and OF were extracted using 1 M ammonium acetate and their
concentrations were read using the spectrophotometric method. The summation of
the exchangeable bases, Ca®* + Mg?* + K* + Na*, gave cation exchange capacity
(CEC) of the soil.
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Statistical analyses

Data on the yield of A. cruentus were subjected to analysis of variance and
their means were separated using the Duncan’s multiple range test using SAS 9.2
statistical software at p < 0.05. Data on the growth parameters were plotted using
GraphPad Prism 5.0 software at p < 0.05.

Results and Discussion
Mycorrhizal spore count

Total spore counts of AM fungi: Glomus clarum and Glomus deserticola were
114.17 + 35.12 and 58.44 + 17.44 per 100 g of soil, respectively. Okon and
Solomon (2014) earlier obtained AM fungi spore count range of 18-112 per 100 g
of soil from varieties of crops they worked on.

Soil properties

The physical and chemical properties of the soil and organic fertilizer used in
the experiment are presented in Table 1. The soil was of sandy loam texture with
sand, silt and clay proportions 692.00, 154.00 and 154.00 g kg™ respectively.

Table 1. Pre-cropped soil and organic fertilizer properties.

Parameter Value/Soil Organic fertilizer
pH (1:1 soil/water) 6.70 -
Organic carbon (g kg™) 0.77 76.70
N (g kg™ 0.07 3.01
C:N - 25.48
Available P (mg kg™ 17.11 12.53
Exchangeable acidity (cmol kg™ 0.10 -
Exchangeable basicity (cmol kg?)  12.16 140.92
Ca** 9.46 24.40
Mg** 0.91 3.51
K* 1.11 40.11
Na* 0.68 7291
Clay (g kg% 154.0 -

Silt (g kg™ 154.0

Sand (g kg% 692.0

Textural class Sandy loam

The soil was slightly acidic with soil pH of 6.70. Organic carbon and total N
in the soil were 0.77 and 0.07 g kg™ respectively. The organic fertilizer had organic
C content of 79.26 g kg™ and total N of 6.97 g kg™, giving a C:N ratio of 11:1; an
attribute that the organic fertilizer used has potential to decompose fast for
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enhanced soil fertility. The C:N ratio is a critical factor in the decomposition of
organic material. The lower the C:N ratio the faster will be its rate of
decomposition and nitrogen release in crop husbandry (Ge et al., 2013).

Soil water plays a significant role in organic matter decomposition,
mineralization and nutrient availability during crop production. From 75% FC
water regime, soil properties, particularly total N, organic C and CEC were
significantly increased compared to when soil moisture regimes were much lower
(Table 2). However, Rana et al. (2017) observed no significant influence of water
regimes on soil organic carbon, a contrary report from our own. Variations from
different studies could be attributed to differences in soil properties, chemistry of
water used for wetting and water use efficiency by different crop species.

Table 2. Effects of water regimes, organic fertilizer and AMF on properties of soil.

Organic carbon Total nitrogen Available phosphorus  Cation exchange

Treatment pHin H20 ™75 vq7) (g kg (mg kg capacity (cmol kg™)
FC (%)

25 7.03a 7.98¢c 0.77c 55.03a 12.22a
50 7.04a 7.22d 0.78c 55.00a 12.34a
75 6.90b 11.72b 1.80b 50.15b 11.32b
100 6.75¢c 17.63a 2.22a 49.73b 10.68¢c
LSD 0.05 0.48 0.27 1.25 0.25
OF (tha?)

0 6.68b 10.41b 1.02¢c 24.67¢c 8.72¢c
5 7.08a 9.03c 1.78a 59.32b 12.77b
10 7.03a 13.98a 1.39b 73.43a 13.44a
LSD 0.04 0.42 1.08 1.08 0.22
AMF

Zero 6.96a 10.90b 1.21b 47.46b 11.05¢
GC 6.94ab 12.41a 1.72a 55.30a 11.52b
GD 6.90b 10.11c 1.26b 54.67a 12.35a
LSD 0.04 0.42 0.23 1.08 0.22

Mean(s) with the same letter in each column is/are not significantly different at p < 0.05.
Legend: GC = Glomus clarum, GD = Glomus deserticola, FC = Field capacity, OF = Organic
fertilizer, AMF = Arbuscular mycorrhiza fungi.

These soil properties sustained the second A. cruentus cultivation without
further soil amendment additions, but with a reduction in the yield of the test crop.
Increased soil organic carbon and slightly acidic soil conditions were observed by
Tits et al. (2014), Babajide and Olla (2014), and Okonji et al. (2018) in AMF
treated soils.

The symbiotic association of AMF in plants that allows for more P as
observed by Cundiff (2012) and Bhardwaj et al. (2014) was equally observed in
this study (Table 2). Pots without AMF had significantly (p < 0.05) lower available
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P of 47.46 mg kg™ when compared with 54.67 and 55.30 mg kg™ of available P for
G. deserticula and G. clarum fungal additions, respectively.

Agronomic growth of Amaranthus cruentus

Growth parameters of A. cruentus improved with the use of organic fertilizer
and the AM fungi. Moyin-Jesu (2015) earlier observed significant improvement in
similar growth parameters with organic fertilizer treatments when compared to the
control. However, there were reduced growth parameters during the second
planting (Figures 1 to 4). Growth parameters increased with increasing rates of
water addition, but varied slightly during the repeated experiment, where plants
with 75% FC treatments had comparable growth with 100% FC treatment plants.
This could be the reasonable soil moisture that allows for availability of nutrients
to plants. This agreed with the findings of Khalil and Yousef (2014) where growth
parameters of the test plant were significantly lowered with decreasing rates of
water availability.

The highest mean plant height of 64.83 + 6.72 cm obtained with the treatment
containing 10 t ha™ OF and G. clarum was not significantly different from 61.83 +
4.91 cm obtained with the treatment containing 5 t ha™ OF and G. clarum at 100%
FC (Figure 1). Soil inoculation with G. clarum gave the best crop physiological
growth parameters by Zuccarini and Savé (2016). At 75% FC, the highest mean
plant height of 44.67 + 5.36 cm was obtained with the treatment containing 10 t ha”
! OF and G. deserticola. The highest mean stem girth of 3.50 + 0.00 cm was
obtained with 10 t ha OF and G. deserticola at 100% FC; while at 75% FC, the
highest mean stem girth of 2.63 + 0.07 cm was obtained with 10 t ha® OF (Figure
3). The highest mean leaf area of 98.51 + 7.61 cm? was also obtained with the
treatment containing 10 t ha™* OF and G. deserticola (Figure 4). Comparable results
were obtained during the second planting, though with reduced values. These
results agreed with Minaxi et al. (2013) and Cyril et al. (2014) whose work showed
the highest plant height of A. cruentus with the synergistic use of manure and AM
fungi when combined, which was significantly higher than when each of the
treatments was singly applied.

Yield of Amaranthus cruentus

The yield of A. cruentus plants as influenced by AM fungi and OF is shown in
Tables 3 and 4. The highest vegetative yield of 73.23 g 3 kg™ soil (48.82 t ha™) was
obtained with the treatment containing 10 t ha™ OF. This was significantly (F, 107
= 67.43; p < 0.05) different from 27.20 g 3 kg™ soil (18.13 t ha™) at 100% FC in
the control pots. The vegetative yield of A. cruentus with 10 t ha' OF, G.
deserticola and 75% FC water regime was significantly (p < 0.05) higher than the
control at 100% FC water regime. Other treatments at 75% FC water regime, apart
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from the control were not significantly different. This revealed that AM fungi and
OF aided adaptation of A. cruentus plants from 75% FC water regime.
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Figure 1. Mean plant height of A. cruentus with AMF and OF applications under
varying moisture regimes of (a) 25%, (b) 50%, (c) 75% and (d) 100% FC.
Vertical bars represent standard errors.

Legend: CT = Control; 5F =5t ha* OF, 10F = 10 t ha™* OF; GC = Glomus clarum; 5GC = Glomus

clarum + 5 t ha OF; 10GC = Glomus clarum + 10 t ha* OF; GD = Glomus deserticola;
5GD = Glomus deserticola + 5 t ha™ OF; 10GD = Glomus deserticola + 10 t ha™ OF.
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Figure 2. Mean number of leaves of A. cruentus with AMF and OF applications
under varying moisture regimes of (a) 25%, (b) 50%, (c) 75% and (d) 100% FC.
Vertical bars represent standard errors.

Legend: CT = Control; 5F =5t ha! OF, 10F = 10 t ha* OF; GC = Glomus clarum; 5GC = Glomus
clarum + 5t ha! OF; 10GC = Glomus clarum + 10 t ha™ OF; GD = Glomus deserticola;
5GD = Glomus deserticola + 5 t ha* OF; 10GD = Glomus deserticola + 10 t ha™* OF.
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Figure 3. Mean stem girth of A. cruentus with AMF and OF applications under
varying moisture regimes of (a) 25%, (b) 50%, (c) 75% and (d) 100% FC.
Vertical bars represent standard errors.

Legend: CT = Control; 5F =5 t ha™ OF, 10F = 10 t ha* OF; GC = Glomus clarum; 5GC = Glomus

clarum + 5 t ha OF; 10GC = Glomus clarum + 10 t ha* OF; GD = Glomus deserticola;
5GD = Glomus deserticola + 5 t ha™ OF; 10GD = Glomus deserticola + 10 t ha™ OF.
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Figure 4. Mean leaf area of A. cruentus with AMF and OF applications under
varying moisture regimes of (a) 25%, (b) 50%, (c) 75% and (d) 100% FC.
Vertical bars represent standard errors.

Legend: CT = Control; 5F =5t ha! OF, 10F = 10 t ha™* OF; GC = Glomus clarum; 5GC = Glomus
clarum + 5t ha! OF; 10GC = Glomus clarum + 10 t ha™ OF; GD = Glomus deserticola;
5GD = Glomus deserticola + 5 t ha* OF; 10GD = Glomus deserticola + 10 t ha™* OF.
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Table 3. Mean vegetative yield (g/3 kg soil) of A. cruentus at the first harvest.

Treatment arbuscular Organic fertilizer

Water regime mycorrhiza fungi rate (t ha')) Fresh weight Dry weight
A (25%) Control 0 0.73j 0.28u
5 2.37j 0.67stu
10 1.50j 0.53tu
Glomus clarum 0 1.87j 0.50tu
5 1.80j 0.48tu
10 2.17j 0.69stu
Glomus deserticola 0 1.40j 0.41tu
5 1.53j 0.40tu
10 1.30j 0.43tu
B (50%) Control 0 2.93j 0.85rstu
5 5.10j 1.390pqr
10 5.23j 1.400pqr
Glomus clarum 0 3.23j 0.95qrst
5 5.27j 1.51nopq
10 4.97j 1.43opqr
Glomus deserticola 0 5.80j 1.17qrs
5 5.03j 1.420pqr
10 4.37j 1.28pqr
C (75%) Control 0 17.00i 2.05Imn
5 27.47gh 2.80ijk
10 26.37gh 2.47jkl
Glomus clarum 0 16.23i 1.81mnop
5 27.67gh 2.97ij
10 31.43g 2.45jkl
Glomus deserticola 0 18.93hi 1.94Imno
5 29.57g 2.26klm
10 39.80f 3.76h
D (100%) Control 0 27.20gh 3.27hi
5 68.67ab 8.47b
10 57.60cd 4.86fg
Glomus clarum 0 43.53ef 5.20ef
5 58.67cd 7.21c
10 73.23a 8.99%
Glomus deserticola 0 50.43de 4.43¢g

Means followed by the same letter(s) within a column are not significantly different at p < 0.05
according to the Duncan’s multiple range test.
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Table 4. Mean vegetative yield (g/3 kg soil) of A. cruentus at the second harvest.

Treatment arbuscular

Organic fertilizer

Water regime mycorrhiza fungi rate (t ha')) Fresh weight Dry weight
A (25%) Control 0 0.85n0 0.15mno
5 2.54jklmno 0.59jklmno
10 1.83klmno 0.44klmno
Glomus clarum 0 0.78no 0.16mno
5 2.97ijklmno 0.65jklmno
10 3.60ijklmn 0.79jklmno
Glomus deserticola 0 0.84no 0.16mno
5 1.48mno 0.38Imno
10 4.72hijkl 0.97ijklm
B (50%) Control 0 0.350 0.080
5 4.69hijkl 1.01ijkl
10 5.83fghi 1.25ghijk
Glomus clarum 0 1.76lmno 0.39Imno
5 4.27ijKlm 0.79jklmno
10 5.52hij 0.94jklmn
Glomus deserticola 0 0.70no 0.13no
5 5.24hij 0.75jklmno
10 3.52ijklmn 0.88jklmno
C (75%) Control 0 3.13ijklmno 0.77jklmno
5 6.04fghi 1.37fghij
10 11.07bc 2.68abc
Glomus clarum 0 4.29ijklm 0.74jklmno
5 7.5%¢fgh 1.94cdefgh
10 11.24abcd 2.65abc
Glomus deserticola 0 5.69ghi 1.18hijkl
5 8.58defg 2.59abcd
10 13.96a 2.38hcde
D (100%) Control 0 4.88hijk 1.73efghi
5 11.44abcd 3.18a
10 12.53abc 2.69abc
Glomus clarum 0 7.49¢fgh 1.83defgh
5 9.71cde 2.00bcdefg
10 12.78ab 2.78ab
Glomus deserticola 0 8.70def 2.10bcdef
5 10.09bcde 2.13bcdef
10 12.90ab 2.79ab

Means followed by the same letter(s) within a column are not significantly different at p < 0.05

according to the Duncan’s multiple range test.

The findings of Khalil and Yousef (2014) supported the findings that higher
soil moisture could lead to higher yield of crops, and also Okonji et al. (2018)
observed the enhanced yield of rice when soil was inoculated with AMF.
The repeated experiment without further application of AM fungi and OF
treatments gave lower and comparable values. These results agreed with the



160 Adebisi E. Adekanmbi and Moses B. Adewole

findings of Cyril et al. (2014) where the application of manure in combination with
AM fungi showed a significantly higher vegetative yield of A. cruentus than the
control or the use of inorganic fertilizer. Salami and Osonubi (2003) similarly
recorded the improved cassava yield with AM fungi inoculation, and Bona et al.
(2016) equally showed that AM fungi were useful for sustainable agriculture.

Conclusion

The synergistic use of AM fungi and organic fertilizer improved the
availability of total N, organic C and CEC of the soil. The growth and yield of A.
cruentus cultivated under different soil moisture regimes when AM fungi and
organic fertilizer were applied also varied. The addition of G. clarum fungi with 5 t
ha™ of organic fertilizer to soil optimally improved the growth and yield of A.
cruentus in water stress conditions.
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UTICAJI ARBUSKULARNIH MIKORIZNIH GLJIVA, ORGANSKOG
DUBRIVA I RAZLICITIH REZIMA VLAGE NA OSOBINE ZEMLIJISTA 1
PRINOS BILJKE AMARANTHUS CRUENTUS

Adebisi E. Adekanmbi i Moses B. Adewole”

Institut za studije ekologije i zaStite Zivotne sredine,
Univerzitet Obafemi Awolowo, lle-Ife, Nigerija

Rezime

Ogled je sproveden u sudovima kako bi se procenio uticaj dve arbuskularne
mikorizne (AM) gljive i organskog dubriva (engl. organic fertilizer — OF) na rast i
prinos biljke Amaranthus cruentus pri razli¢itim reZimima vlage zemljista. Ovo je
uradeno u cilju pruzanja informacija o adaptaciji useva na uslove suse i kako bi se
odrZala ravnoteza hranljivih materija u zemljiStu u cilju povecanja prinosa useva.
Ogled se sastojao od 36 tretmana (Glomus clarum, Glomus deserticola i bez AM),
organskog dubriva proizvedenog od pija¢nog otpada u razli¢itim koli¢inama (0, 5 i
10 t ha™) i razli¢itih vodnih rezima (25, 50, 75 i 100% poljskog kapaciteta [eng].
field capacity — FC]). Svaki tretman ogleda je postavljen u tri ponavljanja.
Kombinacijom tretmana, 10 t ha® OF i G. clarum dobijen je najveéi svezi
vegetativni prinos — 48,82 t ha™, koji nije statisticki znacajno (p>0,05) odstupao
samo od tretmana sa 5 t ha’ OF i G. clarum (45,78 t ha™) pri poredenju vodnih
rezZima. Ponovljenim ogledom samo sa dodavanjem vode, dobijeni su niZi i
uporedivi prinosi biljke A. cruentus. Moze se zakljuciti da je dodavanje G. clarum
zemljistu u kombinaciji sa 5 t ha” organskog dubriva optimalno poboljsalo rast i
prinos biljke A. cruentus u uslovima vodnog stresa.

Kljuéne redi: arbuskularne mikorizne gljive, organsko dubrivo, vodni stres,
Amaranthus cruentus, pijacni otpad.

Primljeno: 22. oktobra 2018.
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UTICAJ PODLOGA NA RAST, RODNOST I KVALITET PLODA
SORTE SLIIVE CACANSKA RANA
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SaZetak: U radu je ispitivan uticaj tri vegetativne podloge (Pixy, Fereley i St.
Julien A) i sejanaca dZanarike (kontrola) na rast, rodnost i kvalitet ploda sorte Sljive
Cacanska rana. IstraZivanje je obavljeno na podru¢ju beogradskog Podunavlja u
periodu od Sest godina (2013-2018). U odnosu na kontrolu, sve tri vegetativne
podloge su ispoljile znacajan uticaj na smanjenje bujnosti izrazene preko povrsine
popre¢nog preseka debla. Najmanja bujnost je bila kod stabala na podlozi Pixy,
zatim Fereley i St. Julien A. Na podlogama Fereley i St. Julien A dobijeno je
znacajno vece zametanje plodova, kao i prinos po stablu u odnosu na kontrolu. Na
vegetativnim podlogama prinos po hektaru bio je veéi za 72% do 93% u odnosu na
dzanariku. Najveci koeficijent rodnosti imala su stabla na podlozi Fereley, a za
njom slede Pixy i St. Julien A. Znacajno veca masa ploda u odnosu na kontrolu
dobijena je kod stabala na podlozi Fereley. Podloge nisu ispoljile znacajan uticaj na
sadrZaj rastvorljive suve materije i ukupnih kiselina u plodu. Na osnovu dobijenih
rezultata, moze se zakljuciti da su sve tri vegetativne podloge dale bolje rezultate u
odnosu na dZanariku i mogu se preporuciti za podizanje intenzivnih zasada $ljive sa
vecom gustinom sadnje. Najbolji rezultati u pogledu rodnosti i kvaliteta ploda
dobijeni su kod podloge Fereley.

Kljuéne re¢i: Prunus domestica, vegetativne podloge, bujnost, prinos, kvalitet
ploda.

Uvod

Evropska Sljiva (Prunus domestica L.) je po proizvodnji na prvom mestu
medu vockama u Srbiji. Iako je ukupna godis$nja proizvodnja velika (prose¢no
437.008 t za period 2013-2017. godine), prosecan prinos po jedinici povrSine je
relativno mali — 5,86 t/ha (Republicki zavod za statistiku Srbije, 2018). Osnovni
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razlog za to je u velikoj meri ekstenzivna proizvodnja, sa velikim razmacima
sadnje i nedovoljnom primenom agrotehnickih i pomotehnic¢kih mera.

Najveéi deo proizvedenih plodova $ljive u Srbiji se preradi u rakiju (vise od
70%). Znatno manje koli¢ine se koriste za susSenje i druge vidove prerade.
Potrodnja plodova u sveZzem stanju je vrlo mala. Jedna od najvie gajenih stonih
sorti §ljive je Caanska rana. Ova sorta ima vrlo krupne plodove, sazreva rano,
poc¢etkom jula, a plodovi postizu visoku cenu na trziStu. Medutim, problemi kod
ove sorte su velika bujnost i slabija rodnost (Sosna, 2002; Milatovi¢ et al., 2018).

Glavna podloga za Sljivu u Srbiji su sejanci dZanarike (Prunus cerasifera
Ehrh). Oni su zastupljeni sa vise od 95% u proizvodnji sadnica Sljive. Sejanci
dZanarike se odlikuju velikom bujnos¢u i dosta su neujednaceni (heterogeni). Sorte
Sljive kalemljene na dzanarici su bujne i kasno stupaju u period rodnosti.

Koris¢enjem vegetativnih podloga slabije bujnosti moze se poveéati gustina
sadnje, kao 1 prinos po jedinici povrSine, te omoguéiti lakSa primena
pomotehnickih mera kao S§to su rezidba i berba. U poslednjih dvadeset godina
objavljeni su brojni rezultati istraZivanja uticaja vegetativnih podloga na smanjenje
bujnosti 1 povecanje prinosa sorti §ljive po jedinici povrSine (Botu et al., 2002;
Kosina, 2004; Sitarek et al., 2004; Meland, 2010; Blazek i Pist€kova, 2012;
Mészaros et al., 2015). Nove vegetativne podloge u kombinaciji sa uzgojnim
oblikom mogu posluZiti kao osnova za podizanje savremenih zasada Sljive sa
ve¢om gustinom sklopa (Magyar i Hrotko, 2006).

Cilj ovog rada je ispitivanje bujnosti, rodnosti i kvaliteta ploda sorte Sljive
Cacanska rana okalemljene na tri vegetativne podloge u poredenju sa sejancima
dzanarike. Takode, ovaj ogled treba da oceni pogodnost razli¢itih podloga za
gajenje Sljive u sistemu guste sadnje.

Materijal i metode

IstraZivanja su obavljena na Oglednom dobru ,,Radmilovac” Poljoprivrednog
fakulteta Univerziteta u Beogradu. Predmet istrazivanja je bila sorta Sljive
Cacanska rana, koja je okalemljena na Getiri razli¢ite podloge. Od toga, tri su
vegetativne podloge: Fereley (Jaspi), Pixy i St. Julien A (Saint Julien A), dok je
Cetvrta podloga bila generativna — sejanci dzanarike (Prunus cerasifera Ehrh), koji
su koris¢eni kao kontrola.

Ogledni zasad je posaden u prolece 2010. godine. Razmak sadnje je bio 4 m
izmedu redova, dok su u redu primenjena razliCita rastojanja u zavisnosti od
bujnosti podloge: 2,3 m za sejance dzanarike, 2 m za podloge Fereley i St. Julien A
i 1,7 m za podlogu Pixy. Svaka varijanta ogleda (podloga) bila je zastupljena sa po
Sest stabala (dva ponavljanja sa po tri stabla). Uzgojni oblik je vitko vreteno. U
zasadu su primenjivane standardne agrotehnicke i pomotehnicke mere, ukljucujuci
navodnjavanje kapanjem i letnju rezidbu. IstraZivanja su obavljena u periodu od
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Sest godina (2013-2018). Starost stabala u periodu ispitivanja je bila od &etiri do
devet godina. Pored sorte Ca¢anska rana, u eksperimentalnom zasadu su posadene i
sorte Cacanska lepotica i Cadanska najbolja.

Bujnost je odredivana na osnovu povrSine popre¢nog preseka debla. Ona je
izraCunata na osnovu merenja obima debla koje je izvedeno na visini od 20 cm
iznad spojnog mesta podloge i plemke. Zametanje plodova je odredivano na
osnovu slobodnog opraSivanja na Sest odabranih grana (dva ponavljanja sa po tri
grane) na svakoj od podloga. Svaka odabrana grana je imala najmanje 100 cvetova.
Zametnuti plodovi su prebrojavani oko 10 dana pre berbe. Zametanje je izraCunato
kao odnos broja zametnutih plodova i broja cvetova i izraZzeno je u %. Koeficijent
rodnosti je izraCunat kao odnos kumulativnog prinosa po stablu za Sest godina
(2013-2018) i povrsine popre¢nog preseka debla u poslednjoj, Sestoj godini
istraZivanja (2018) i izrazen je u kg/cm?. Osobine ploda (masa ploda i kostice,
dimenzije ploda i duZina peteljke) odredivane su merenjem pojedina¢nih plodova
na uzorku od 60 plodova od svake varijante (10 plodova po stablu). Indeks oblika
ploda je izratunat kori§¢enjem formule: 10 = D%(S x Db), gde su: D — duZina, S -
Sirina i Db — debljina ploda. Rastvorljive suve materije su odredivane pomocu
refraktometra (Pocket PAL-1, Atago, Japan). Ukupne kiseline su odredene
titracijom sa NaOH i izraZene su kao jabu¢na kiselina.

Statisticka obrada podataka obavljena je metodom analize varijanse.
Znacajnost razlika izmedu srednjih vrednosti odredena je uz pomo¢ Dankanovog
testa viSestrukih intervala za nivo znacCajnosti P<0,05. StatistiCka analiza je
obavljena koris¢enjem programa IBM SPSS Statistics 20 (SPSS Inc, Chicago, IL,
USA).

Rezultati i diskusija

Kao pokazatelj bujnosti vocaka najCeS¢e se koristi povrSina popre¢nog
preseka debla (PPPD). Medu ispitivanim podlogama utvrdene su statisticki
znacajne razlike u pogledu PPPD (slika 1).

U devetoj godini nakon sadnje, najveéa PPPD (122,7 cm®) je ustanovljena kod
stabala na podlozi dZanarika, dok je najmanja vrednost (74,9 cm?) utvrdena kod
stabala na podlozi Pixy. Sve tri vegetativne podloge su imale statisticki znacajno
manje vrednosti PPPD u odnosu na kontrolu (dZanarika). Smanjenje PPPD u
odnosu na kontrolnu varijantu (dZanarika) je iznosilo 39% kod podloge Pixy, 29%
kod podloge Fereley i 19% kod podloge St. Julien A.

Dobijeni rezultati slabe bujnosti stabala $ljive na podlozi Pixy u skladu su sa
prethodno objavljenim rezultatima (Sosna, 2002; Kosina, 2004; Sitarek et al.,
2004). Prema ispitivanjima u Rumuniji, Pixy spada u polupatuljaste podloge, a
prose¢na PPPD za devet okalemljenih sorti bila je 35% manja u odnosu na sejanac
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dzanarike (Botu et al., 2002). U istom istraZivanju, podloga St. Julien A je uticala
na smanjenje PPPD sorti za prose¢no 29%.

cm?
S ——
100 be
80 —&
60 |
40

20

Fereley Pixy Dzanarika

Slika 1. Povrina popreénog preseka debla sorte §ljive Ca¢anska rana na
razli¢itim podlogama u 2018. godini.
Figure 1. The trunk cross-sectional area of the plum cultivar Cacanska rana on
different rootstocks in 2018.

Razli¢ita slova iznad stubi¢a oznacavaju statisticki znacajne razlike na osnovu Dankanovog testa (P<0,05).
Different letters above the bars indicate statistically significant differences according to Duncan’s test (P<0.05).

Zametanje plodova je jedan od najznacajnijih pokazatelja rodnosti vocaka
(Glisi¢ et al.,, 2012; Nikoli¢ et al.,, 2012). Rezultati zametanja plodova pri
slobodnom opraSivanju kod sorte §ljive Cacanska rana kalemljene na razli¢itim
podlogama prikazani su u tabeli 1.

Tabela 1. Zametanje plodova sorte §ljive Cadanska rana na razli¢itim podlogama (%).
Table 1. The fruit set of the plum cultivar Cacanska rana on different rootstocks (%).

Podloge Godine/Years Prosek
Rootstocks 2013. 2014. 2015. 2016.  2017. 2018. Average
Fereley 12,3 11,8 10,5 11,6 10,1 10,7 112a
Pixy 6,1 8,9 13,1 9,5 6,1 12,2 9,3ab
St. Julien A 59 111 14,1 10,8 8,4 15,2 109a
Dzanarika (kontrola) 7,0 6,7 13,5 3,7 34 6,5 6,8b

Srednje vrednosti oznagene istim slovom ne razlikuju se zna¢ajno prema Dankanovom testu (P<0,05).
Mean values followed by the same letter are not significantly different according to Duncan’s test
(P<0.05).

Zametanje plodova kod sorte Caganska rana variralo je u rasponu od 3,4% na
podlozi dZanarika u 2017. godini do 15,2% na podlozi St. Julien A u 2018. godini.
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Izmedu podloga su utvrdene statisti¢ki znaCajne razlike kada je u pitanju zametanje
plodova. U odnosu na kontrolu (sejanci dzanarike) statisticki znacajno vece
prose¢no zametanje plodova utvrdeno je kod stabala na podlogama Fereley i St.
Julien A.

Dobijeni rezultati o zametanju plodova Sljive pri slobodnom opraSivanju su u
granicama koje navode drugi autori. Kod 21 sorte Sljive Suranyi (2006) je dobio
prose¢no zametanje plodova u rasponu od 10,9% do 44,4%. Ispitivanjem Sest
hibrida Sljive GIisi¢ et al. (2012) su utvrdili zametanje plodova u granicama 7,6—
30,6%. Kod 10 sorti Sljive Ja¢imovi¢ et al. (2012) su ustanovili zametanje plodova
od 10,5% do 20,3%, a medu ispitivanim sortama bila je i Ca¢anska rana kod koje je
ono iznosilo 15,5%.

Za sorte evropske Sljive Neumiiller (2011) daje slede¢u klasifikaciju na
oshovu stepena zametanja plodova: nisko (ispod 10%), srednje (10-20%), visoko
(20-40%) i vrlo visoko (iznad 40%). Na osnovu ove podele, prema dobijenim
rezultatima u ovom radu, Ca¢anska rana bi bila u grupi sorti sa niskim do srednjim
zametanjem plodova. Jedan od najznacajnijih faktora koji uti¢e na zametanje
plodova Sljive je samooplodnost sorti. Nizi stepen zametanja plodova sorte
Catanska rana moZe se objasniti time da je ona samobesplodna
(autoinkompatibilna) sorta (Nikoli¢ i Milatovi¢, 2010).

Ispitivane podloge ispoljile su znaéajne razlike u pogledu uticaja na prinos po
stablu (tabela 2). Najvisi prose¢an prinos po stablu dobijen je na podlozi Fereley
(14,5 kg), dok je najnizi prinos bio na dzanarici (8,7 kg). U odnosu na kontrolu
(sejance dzanarike), statisticki znacajno visi prinos dobijen je kod stabala na
podlogama Fereley i St. Julien A. Prinos na ove dve podloge je bio viSi za 67%,
odnosno 49%.

Tabela 2. Prinos sorte §ljive Ca¢anska rana na razli¢itim podlogama.
Table 2. The yield of the plum cultivar Cacanska rana on different rootstocks.

Prinos (kg po stablu) Prosecan prinos

Eggltg?oecks vied (ko pertree) Prosek Average yield
2013. 2014. 2015. 2016. 2017. 2018. Avera (t/ha)
ge
Fereley 18,1 239 141 84 9,7 12,8 145a 18,1
Pixy 11,7 189 45 87 8,0 14,4 11,0 ab 16,2
St. Julien A 11,8 18,8 8,8 13,6 6,4 18,7 130a 16,3
DZanarika (kontrola) 6,5 13,6 96 8,0 46 9,7 8,7b 9,4

Srednje vrednosti oznagene istim slovom ne razlikuju se zna¢ajno prema Dankanovom testu (P<0,05).
Mean values followed by the same letter are not significantly different according to Duncan’s test
(P<0.05).

Ukoliko se prinos izrazi po jedinici povrsine (t/ha), razlike izmedu podloga jos
viSe dolaze do izraZzaja. Kod stabala na vegetativhim podlogama dobijen je prinos
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od 16,2 do 18,1 t/ha. U odnosu na dZanariku, prinos po hektaru je bio veci za 72%
do 93%.

Visi prinos na vegetativnim podlogama moze se delimi¢no objasniti uticajem
podloga na veCe zametanje plodova. S druge strane, utvrdeno je da su ispitivane
vegetativne podloge uticale i na povecanje broja cvetnih pupoljaka na rodnim
grancicama, §to je narocito bilo izrazeno kod podloge Fereley (Radovi¢ et al.,
2016). Nasi rezultati potvrduju prethodne navode o pozitivnom uticaju podloge
Fereley na povecanje prinosa okalemljenih sorti $ljive (Grzyb i Sitarek, 2006;
Ogasanovic¢ et al., 2011).

Medu ispitivanim podlogama utvrdene su i znacajne razlike u pogledu uticaja
na kumulativni koeficijent rodnosti (KKR) za period od 3est godina (slika 2). Kod
sve tri vegetativne podloge KKR je bio statistiCki znacajno visi u odnosu na
sejance dZanarike.

kglcm?
1.00
0.80
0.60
0.40

0.20

0.00 i i
Fereley Pixy St. Julien A Dzanarika

Slika 2. Kumulativni koeficijent rodnosti sorte §ljive Cadanska rana na
razli¢itim podlogama.
Figure 2. The cumulative yield efficiency of the plum cultivar Cacanska rana on
different rootstocks.

Razli¢ita slova iznad stubi¢a oznacavaju statisticki znacajne razlike na osnovu Dankanovog testa (P<0,05).
Different letters above the bars indicate statistically significant differences according to Duncan’s test (P<0.05).

Dobijeni rezultati za koeficijent rodnosti kod sorte Cacanska rana su u skladu
sa prethodnim istrazivanjima kod ove sorte (Sosna, 2002; Glisi¢ et al., 2016).

Masa ploda sorte Ca¢anska rana imala je proseéne vrednosti u rasponu od 57,3
g na dZanarici do 61,3 g na podlozi Fereley (tabela 3). U odnosu na kontrolu,
statisti¢ki zna¢ajno ve¢u masu ploda imali su plodovi sa stabala na podlozi Fereley.
Masa kostice je bila znacajno veca kod plodova sa stabala na podlozi St. Julien A.
Od ostalih osobina ploda, uocen je statisticki znacajan uticaj podloge Fereley na
povecanje indeksa oblika ploda, tj. na izduZeniji oblik ploda u odnosu na kontrolu.
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Tabela 3. Osobine ploda sorte §ljive Cadanska rana na razliitim podlogama
(prose¢ne vrednosti za period 2013-2018. godine).

Table 3. Fruit characteristics of the plum cultivar Cacanska rana on different
rootstocks (average values for the 2013-2018 period).

Masa Masa Randman Indeks DuZina R.suva  Ukupne

Podloge plod'a kostice mesa oblika pete_ljke materija  kiseline
RoOtStocks Fr_mt Stc_me Flegh Fruit Pedicel Solu_ble To_tal
weight weight ratio shape length solids acids
(%) (9) (%) index (cm) (%) (%)
Fereley 61,3a 2,93b 95,2 1,73 a 1,92 13,1 1,11
Pixy 57,9 ab 3,05 ab 94,7 1,64 ab 2,00 12,8 1,11
St. Julien A 61,0 ab 3,16a 94,8 1,64 ab 1,96 11,9 1,06
DZanarika 57,3b 291b 94,9 161b 1,93 13,0 1,06

Srednje vrednosti oznadene istim slovom u okviru jedne kolone ne razlikuju se znacajno prema
Dankanovom testu viSestrukih intervala (P<0,05).

Mean values followed by the same letter within a column are not significantly different according to
Duncan’s multiple range test (P<0.05).

U literaturi se srecu razli€iti podaci o uticaju podloge na krupnocu ploda sorti
Sljive. U nekim istrazivanjima dobijene su znacajne razlike izmedu podloga (Grzyb
i Sitarek, 2006; Rato et al., 2008), dok u drugim te razlike nisu bile znacajne
(Hrotko et al., 2002; Sosna, 2002; Kosina, 2004; Meland, 2010; Reig et al., 2018).
Nasa proucavanja su pokazala da je samo podloga Fereley ispoljila statisticki
znacajan uticaj na povecanje krupnoée ploda u odnosu na dzanariku, §to potvrduje
rezultate koje su dobili Grzyb i Sitarek (2006).

U nasem istrazivanju nisu utvrdene znacajne razlike u pogledu uticaja podloga
na sadrzaj rastvorljive suve materije i ukupnih kiselina. To je u saglasnosti sa
prethodnim istraZivanjima kod $ljive (Meland, 2010; MiloSevi¢ i MiloSevi¢, 2012;
Reig et al., 2018).

Zakljucak

Sve tri ispitivane vegetativne podloge (Fereley, Pixy i St. Julien A) ispoljile su
pozitivan uticaj na smanjenje bujnosti i poveéanje prinosa sorte §ljive Cacanska
rana. Najmanja bujnost ustanovljena je kod stabala na podlozi Pixy, a za njom
slede podloge Fereley i St. Julien A. S druge strane, najve¢i prinos je dobijen kod
podloge Fereley, a za njom slede St. Julien A i Pixy. Medu ispitivanim podlogama,
najbolje rezultate u pogledu rodnosti i kvaliteta ploda dala je podloga Fereley, tako
da se ona moZe preporuciti za podizanje intenzivnih zasada Sljive sa vecom
gustinom sadnje.
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Zahvalnica

IstraZivanja u ovom radu su deo projekta TR31063 koji finansira Ministarstvo
prosvete, nauke i tehnoloskog razvoja Republike Srbije.
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THE INFLUENCE OF ROOTSTOCKS ON THE GROWTH, YIELD AND
FRUIT QUALITY OF THE PLUM CULTIVAR CACANSKA RANA
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Abstract

The paper examines the influence of three clonal rootstocks (‘Pixy’, ‘Fereley’
and ‘St. Julien A’) along with seedlings of Myrobalan (control) on the growth,
yield and fruit quality of the plum cultivar ‘Cacanska Rana’. Research was
conducted in the area of the Belgrade Danube basin for the six-year period (2013—
2018). In comparison to control, all three clonal rootstocks have shown a
significant effect on the decrease of vigor expressed as a trunk cross-sectional area.
The lowest vigor was found in trees on the ‘Pixy’ rootstock, then on ‘Fereley’ and
“St. Julien A’ rootstocks. Regarding the rootstocks ‘Fereley’ and ‘St. Julien A’,
significantly higher fruit set and yields were achieved in comparison to control.
Clonal rootstocks induced an increase in the yield per hectare ranging from 72% to
93% compared to Myrobalan. The highest yield efficiency was found in the trees
on the ‘Fereley’ rootstock, followed by the yields observed in the trees on the
‘Pixy’ and ‘St. Julien A’ rootstocks. Significantly higher fruit weight compared to
control was obtained in the trees on the ‘Fereley’ rootstock. Rootstocks did not
show any significant effect on the soluble solids and total acid contents of the fruit.
Based on the results obtained, it can be concluded that all three clonal rootstocks
showed better results than Myrobalan, and can be recommended for establishing
intensive plum plantations with higher planting density. The best results in terms of
yield and fruit quality were obtained with the ‘Fereley’ rootstock.
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VITAMIN AND PROVITAMIN PROFILES OF SELECTED
VEGETABLES AS AFFECTED BY STORAGE AND
DIFFERENT DRYING METHODS

Aderonke O. Mosuro and Olugbenga A. Ogunwole”
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Abstract: Effects of drying methods on the vitamin and provitamin
compositions of selected vegetables during storage were assessed in this study.
Telfaria occidentalis, Celosia argentea (green), Vernonia amygdalina, Moringa
oleifera, Launaea taraxacifolia, Curcubita maxima and Celosia argentea (red)
were subjected to air drying (AD), oven drying (OD) and freeze drying (FD). The
experiment was a 3x7 factorial arrangement in a completely randomized design.
Dried leaves were milled and assayed for vitamins (pyridoxine, riboflavin, ascorbic
acid and tocopherol) and provitamins (total carotene and ergocalciferol). Samples
were stored in opaque airtight containers after drying and assayed periodically at
weeks 0, 3, 6, 9, 12, 15 and 18 of storage. Air-dried samples had significantly
higher (P<0.05) total carotene (1177.49 ug/100g), pyridoxine (0.59 mg/100g),
riboflavin (0.46 mg/100g), ascorbic acid (39.11 mg/100g), ergocalciferol (46.55
Mg/100g) and tocopherol (57.52 ug/100g) compared with samples dried by other
methods. Moringa oleifera leaf type had significantly higher (P<0.05) total
carotene (1079.48 pg/100g), riboflavin (0.41 mg/100g), ergocalciferol (46.40
Mg/100g) and o-tocopherol (58.45 pg/100g) while Cucurbita maxima had
significantly higher (P<0.05) pyridoxine (0.73 mg/100g). Effects of the interaction
of drying methods and leaf type were significant (P<0.05) on the vitamin and
provitamin compositions of samples. The effect of the interaction of the oven
drying method and leaf type was highly significant (P<0.05) on inherent vitamin
and provitamin of samples. Vitamin and provitamin compositions of samples were
stable until week six. Air-dried samples contained more vitamins and provitamins
which were also more retained in storage.

Key words: dried leaves, phytonutrient profile, vitamin/provitamin assays,
drying methods, storage duration.
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Introduction

Green vegetables are a rich source of nutrients for animals (Rickman et al.,
2007). In an environment where there is the increasing challenge of getting
alternative feedstuffs, there is a need to explore ways of preserving green
vegetables which are ubiquitous and often available all year round (Voster Ineke et
al., 2007). Drying is a method that provides a simple manageable way of
preserving leafy vegetables. Freeze drying was initially proposed as the best
method of preserving local green vegetables, but Lee and Labuza (1975) reported
that this method heavily reduced the levels of ascorbic acid in the vegetables. There
are several communities in the developing world where freezers are not available,
so the drying method that will be adopted should be the one that offers good
potential by ensuring that nutrients can be preserved as much as possible.

Leafy vegetables contain vitamins and minerals which could contribute
greatly to dietary provision for normal growth and protection against diseases
(Achikanu et al., 2013). Phytonutrient-rich leafy vegetables and plants are available
in the tropics (Akoroda, 1990; Oluwole et al., 2003; Achikanu et al., 2013) with
viable potentials as dietary sources of vitamins and minerals. One of the main
limitations to the use of green leaves as alternative nutritional additive for livestock
and poultry is the innate moisture content and the challenges of its removal without
damaging the valuable phytochemicals.

Most green vegetables are seasonal, and drying methods help in their
preservation by reducing the high moisture contents (Naikwade et al., 2012). The
consideration of the effects of drying methods are, therefore, very crucial because
of their critical implications on phytonutrients and the residual phytochemicals of
dried leaves, as well as the stability of the nutrients.

There is scanty information on the retention of vitamins by plants and green
leafy vegetables when subjected to different drying methods and also how long the
retained vitamins and provitamins would remain stable in storage. This research
was therefore aimed at evaluating the effects of three different drying methods on
vitamin and provitamin profiles of seven different vegetable leaves, as well as the
stability of their inherent nutrients during storage.

Materials and Methods

The experiment was carried out at the Central Laboratory, Department of
Animal Science, University of Ibadan, Ibadan, Nigeria. Seven vegetables assessed
were: fluted pumpkin (Telfairia occidentalis); African wild lettuce (Launaea
taraxacifolia); African spinach — green (Celosia argentea); gourd melon pumpkin
(Curcubita maxima); African spinach — red (Celosia argentea); moringa leaves
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(Moringa oleifera) and bitter leaf (Vernonia amygdalina). Freeze drying, air drying
and oven drying at 55 °C were the methods of drying.

Freeze drying: Fresh leaves were plucked at six weeks of plant growth or
regrowth in the case of moringa. The leaves were separated from the stems of plant
samples, washed with de-ionised water and drained before storing in a freezer at
20°C before transfer to a freeze dryer. Freeze-dried samples were ground to fine
powder for immediate analyses. The portion of the freeze-dried sample was stored
in an opaque airtight container and analysed at weeks 3, 6, 9, 12, 15 and 18,
respectively. All analyses were done in triplicate.

Oven drying: Fresh leaves were plucked at six weeks of plant growth or
regrowth in the case of moringa. Leaf samples were cleaned with de-ionised water,
drained, weighed and placed in the Gallenkamp BS 300 electric oven with the fan
automatically regulated and the temprature set at 55°C. Samples were turned at
eight-hour intervals until dried to a constant weight which was achieved at 18
hours of drying. The leaves were then put in a desiccator and reweighed after
cooling before grinding to fine powder for immediate analyses. The sample was
thereafter stored in an opaque airtight container and analysed at weeks 3, 6, 9, 12,
15 and 18, respectively. All analyses were done in triplicate.

Air drying: Fresh leaves were plucked at six weeks of plant growth or
regrowth in the case of moringa. Leaf samples were cleaned with de-ionised water,
drained, blotted dry with absorbent paper and spread inside perforated plastic trays
placed indoors on tables to dry at room temperature to a constant weight while
turning the samples regularly at six-hour intervals for a total period of 72 hours.
The leaves were then weighed and milled to powder for analyses at once. The
sample was thereafter stored in an opaque airtight container and analysed at weeks
3, 6,9, 12, 15 and 18, respectively. All analyses were done in triplicate.

The phytochemical assay for total carotene pyridoxine, riboflavin, ascorbic
acid, tocopherol and ergocalciferol in the samples was conducted according to
AOAC (2000).

Data analyses

Data were subjected to analysis of variance (SAS 2000) and means were
separated at o, o5 Using the Duncan’s option of the same software.

Results and Discussion

The main effects of drying methods on vitamin and provitamin indices are
shown in Table 1. There were significant variations (P<0.05) in vitamin and
provitamin profiles of the vegetables due to different drying methods. The air
drying method had the least effect on residual phytochemicals with significantly
higher (P<0.05) levels of 1177.49 ug/100g total carotene, 0.59 mg/100g
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pyridoxine, 0.46 mg/100g riboflavin, 39.11 mg/100g ascorbic acid, 46.55 ug/100g
ergocalciferol and 57.52 pug/100g a-tocopherol. The highest impact on vitamin and
provitamin parameters was observed in oven-dried samples with significantly
lower (P<0.05) compositions of 936.97 ug/100g total carotene, 0.39 mg/100g
pyridoxine, 0.22 mg/100g riboflavin, 23.06 mg/100g ascorbic acid, 35.42 pug/100g
and 44.07 ng/100g a-tocopherol. This observation was in agreement with reports
that the air drying method preserved higher amounts of vitamins in green leafy
vegetables (Lakshi and Vimala, 2000; Krokida and Maroulis, 2007; Saga and
Suresh, 2010; Naikwade, 2014), but was contrary to the report of Negi and Roy
(2000) that oven drying at low temperature had the least effect on the innate
nutrient composition of vegetables. The report from this study is also in agreement
with the findings of Kiremire et al. (2010) that oven drying caused higher nutrient
losses.

The freeze drying method was earlier reported (Krokida and Maroulis, 2007)
to cause higher porosity in freeze-dried plant materials than air drying which may
be the reason for its higher impact on inherent nutrients compared with air drying.
The loss of crispness of vegetables and their nutrients when freeze-dried was
documented (Onayemi and Badifu, 1987). This was attributed to freeze-thaw
damage syndrome which has the largest impact on the loss of inherent nutrients.
Findings in this study were also at variance with those of Oladele and Aborisade
(2009) that air drying resulted in the greatest loss of ascorbic acid in vegetables.
The levels of 40.097mg/100g ascorbic acid in Telfaria occidentalis in this study
was higher than 35.97 mg/100g documented by Ukegbu and Okereke (2013) in
Vernonia amygdalina. The observations for other phytochemicals conformed to the
findings of Nangula et al. (2010) although the riboflavin content obtained in this
study was higher.

Table 1. The main effect of drying methods on the vitamin composition of dried
vegetable leaves.

Drying  Total carotene Pyridoxine Riboflavin  Ascorbic acid Ergocalciferol  Tocopherol
method (1g/100g) (mg/100g) (mg/100g) (mg/1009) (1g/100g) (ng/100g)
Air

i 1177.49° 0.59% 0.46% 39.11° 46.55° 57.52

rying

Oven 936.97° 0.39° 0.22° 23.06° 35.42¢ 44.07°

drying

(I;re_eze 971.37° 0.56° 0.39" 34.18 44.79° 53.38"
rying

SEM 3.50 0.01 0.004 0.24 0.26 0.24

Means with different superscripts in the same columns are significantly different (P<0.05); SEM —
Standard error of the means.
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Findings in this study showed that air drying was the least invasive method
out of the three methods of drying. Although the freeze drying method was
conducted also at a very low temperature, the effect of freezing and moisture
extraction would cause leaves to break and become porous, resulting in higher
losses of the inherent nutrients. Vitamins in naturally sourced materials such as
green leafy vegetables are highly labile and heat sensitive (Sablani, 2006). The
subjection of vegetable leaves to heat at a temperature as low as 55°C will still
affect the inherent vitamins, leading to significant losses as observed in this study.
Sablani (2006) earlier reported that drying of vegetables nowadays was not only
based on prolonging shelf life, but also on the retention of the nutritive value and
flavour.

The main effect of leaf type on vitamin and provitamin parameters is shown in
Table 2. Cucurbita maxima had the highest (P<0.05) level of pyridoxine with 0.73
mg/100g and the least was 0.38 mg/100g in Celosia argentea (green), which was
significantly lower than 0.52 mg/100g in red Celosia argentea. Moringa oleifera
(0.42 mg/100g pyridoxine, 0.41 mg/100g riboflavin, 39.61 mg/100g ascorbic acid,
58.45 nug/100g a-tocopherol, 1079.48 ug/100mg total carotene and 46.40 ug/100g
ergocalciferol) and Vernonia amygdalina (0.46 mg/100g pyridoxine, 0.40 mg/100g
riboflavin, 38.68 mg/100g ascorbic acid, 47.33 ug/100g a-tocopherol, 1072.70
1g/100mg total carotene and 47.02 ug/100g ergocalciferol) had the overall highest
(P<0.05) retention of vitamin and provitamin contents among leaf types.

Table 2. The main effect of leaf type on the vitamin composition of dried vegetable
leaves.

Vitamin T0 CA VA MO LT CM CA  sEm
parameters (green) (red)
Pyridoxine 0.54° 0.38" 0.46° 042° 055" 073 052° 0.01
(mg/100g)

Riboflavin 0.36° 0.38" 0.40° 0.41° 0.26° 029  026° 001
(mg/100g)

Ascorbic acid 40.10° 32.35° 38.68" 39.61° 23.81° 26.10° 24.18° 0.36
(mg/100g)

a-Tocopherol - goog¢ 5263 4733 5845° 5508 4817° 49967 0.37
(Hg/100g)

Total carotene 1559 450 1056.41° 1072.70° 1079.48° 982.44° 958.14° 991.96° 5.34
(1/1009)

Ergocalciferol 40.66° 39.93¢ 47.02° 46.40° 41.70° 3825 41.82° 040
(W/1009)

Means with different superscripts along the same row are significantly different (P<0.05). SEM -
Standard error of the means; TO — Telfaria occidentalis; CA(g) — Celosia argentea green variety, VA
— Vernonia amygdalina, MO — Moringa oleifera, CM — Cucurbita maxima, CA (red) — Celosia
argentea red.
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The green Celosia argentea had significantly higher (P<0.05) total carotene,
riboflavin, ascorbic acid and tocopherol compared with the red variety which
contained higher (P<0.05) pyridoxine and ergocalciferol only. The total carotene of
958.14 pg/100g in Cucurbita maxima was lower than 13520 ug/100g as reported
by Sahabi et al. (2012). The 32.35 mg/100g ascorbic acid in Celosia argentea
(green) was lower than 42.1 mg/100g as reported by Mensah et al. (2008).

Leaf type as well as the drying method affected vitamin and provitamin
compositions of vegetable leaves. This is in agreement with the findings of Oduro
et al. (2008) that the nutrient composition of Moringa oleifera leaves differed
significantly from that of Ipomoea batatas. The differences observed in this study
may be due to differences in the species of the selected vegetables. The differences
in variety where the leaves were of similar species were also implicated in the
differences observed in this study. This observation is particularly true for the two
varieties of Celosia argentea which had significant differences (P<0.05) in their
inherent vitamin and provitamin compositions. Oduro et al. (2008) also reported
differences in the nutrient composition of seven different varieties of Ipomoea
batatas leaves. The findings in this study strongly indicate that different varieties
of the same species of vegetable would not connote the same nutrient content.

Effects of the interaction of drying methods and leaf type on vitamin and
provitamin compositions of the selected vegetable leaves are shown in Table 3.
The inherent vitamin and provitamin profiles significantly varied (P<0.05) with the
method of drying. Cucurbita maxima contained 0.91 mg/100g, 0.84 mg/100g and
0.43 mg/100g pyridoxine in freeze-, air- and oven-dried samples, respectively.
Most of the samples followed this trend with significant differences in their vitamin
and provitamin compositions as a result of the different drying methods. However,
a-tocopherol compositions in air- and freeze-dried Telfaria occidentalis were
similar (P>0.05) to 55.28 and 54.75 ng/100g, respectively. Effects of the
interaction of drying methods and leaf type also resulted in similar (P>0.05)
composition of ergocalciferol in air-dried T. occidentalis (44.48 pug/100mg), and
green C. argentea (44.98 pug/100mg) freeze-dried T. occidentalis (43.94 mg/100g)
and air-dried Cucurbita maxima (45.81 mg/100g) significantly differed (P<0.05)
from each other, but both were also similar (P>0.05) to air-dried T. occidentalis
and green C. argentea. Riboflavin concentration was higher (P<0.05) in air-dried
Telfaria occidentalis (0.56 mg/100g) compared with other treatments. The
observation differed in Launea taraxacifolia where higher riboflavin concentration
(P<0.05) was 0.43 mg/100g in freeze-dried samples and lower (P<0.05) 0.20 and
0.17 mg/100g were found in air- and freeze-dried L. taraxacifolia, respectively.
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Table 3. Effects of interaction of drying methods and leaf types on vitamin and
provitamin indices of selected leafy vegetables.

DM LT Pyridoxine  Riboflavin Ascorbic a-tocopherol Total carotene Ergocalciferol
(mg/100g)  (mg/100g) acid (mg/100g)  (ug/100g) (1g/100g) (ng/100g)

1 0.79° 0.56° 45.09° 55.28¢ 1238.78° 44.48%

2 0.41™ 0.52° 42 56° 58.54° 1219.07° 44.98°

AR 3 0.55¢ 0.50° 44.62° 55.49¢ 1264.78° 51.82°
bRYING 4 0429 0.51° 4543 62.01° 1239.42" 51.07°
5 0.51" 0.20' 20.14) 60.54° 928.86" 47.58¢

6 0.84° 0.44° 37.37 59.36" 1129.54¢ 4581°

7 0.61" 0.45° 38.58%f 51.43f 1122.04% 40.14"

1 0.47" 0.32¢ 34.13° 40.15' 994.69° 33.56F

2 035 0.31° 15.82' 44.23" 1007.97° 32.53¢

OVEN 3 0.38™ 0.321 33.95¢ 36.64! 1008.96° 41.03"
DRYING 4 0.34" 0.34" 34.449 53.09° 999.96° 38.57'
5 0459 0.17 17.09' 49.52° 886.56' 35.08'

6 043¢ 0.03' 14.69' 44.74" 831.00 35.33

7 0.29¢ 0.07% 11.30™ 40.15' 829.65/ 31.82'

1 0.37™ 0.21' 41.07° 54.75° 944,917 43.94

2 036" 0.319 38.66% 55.11° 941.301 42.29°

FREEZE 3 0.46' 0.38° 34.48° 49.87° 944.35' 48.23%
DRYING 4 0.49" 0.38° 41.06¢ 60.24° 999.07° 49.55°
5 0.70° 0.43% 34.19° 55.03¢ 1131.92¢ 4243

6 0.91% 0.41° 26.25" 40.41' 913.87" 33.61"

7 0.66° 0.25" 22.67' 58.29° 924.20%" 53.50°

SEM 0.02 0.01 0.63 0.64 9.26 0.70

Means with different superscripts along the same column are significantly different (P<0.05); SEM -
Standard error of the means, 1 — Telfaria occidentalis, 2 — Celosia argentea (green), 3 — Vernonia
amygdalina, 4 — Moringa oleifera, 5 — Launea taraxacifolia, 6 — Curcubita maxima, 7 — Celosia
argentea (red); DM — Drying methods, LT — Leaf type.

Observations so far from this study support the earlier reports (Kiremire et al.,
2010; Ukegbu and Okereke, 2013) that oven drying results in more significant loss
of inherent vitamin and provitamin contents compared with air or freeze drying. It
also corroborates the assertion that the air drying method had the least destructive
effect on inherent nutrients in most of the vegetable leaves.

The effect of the relationship between drying methods and duration of storage
on the pyridoxine composition of samples is shown in Figure 1. The regression
curve indicated that the optimum levels of 0.59 and 0.39 mg/100g pyridoxine were
in air-dried and oven-dried samples at week six, respectively. Prolonged storage
resulted in significant reductions in the pyridoxine content of samples from week
nine. In Figure 1, freeze-dried samples with 0.57 mg/100g pyridoxine at week 6
declined to 0.24 mg/100g at week 18 of storage. The effect of the drying methods
during storage on pyridoxine compositions resulted in the expressed quadratic
equations 1, 2 and 3 below with the highly significant and positive R? values of
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0.9969, 0.9785 and 0.9898, respectively. It was surmised that the levels of
pyridoxine composition were strongly dependent on the duration of storage
irrespective of the drying method used.

Y =-0.0123x*+ 0.0469x + 0.5517 (R? =0.9969) (air-dried samples) .............. (1)
Y =-0.0094x’ + 0.0234x + 0.5574 (R*= 0.9785) (freeze-dried samples) .......... (2)
Y =-0.0081x° + 0.021x + 0.3768 (R*= 0.9898) (oven-dried samples) .............. (3)

E’ 0.4 v =-0.01L223x% + 0.0469x + 0.5517

= 0.3 R? = 0.9969

é o.2 v = —0.0094;:: Sggggx + D0.5574

o 0.1 Y = -O.ODB;):’=+;:)O-é082913x + 0.2768

Duration of Storage (Weeks)

Alr drying
Owven drying
Freeze drying

Figure 1. The effects of the relationship between drying methods and storage
duration on the pyridoxine composition (mg/100g) of selected leaves.

The effect of the relationship between storage duration and drying methods on
the riboflavin composition of vegetable is shown in Figure 2. The regression curves
show that optimum concentrations of 0.47, 0.35 and 0.24 mg/100g riboflavin were
attained at week six from air-, freeze- and oven-dried samples, respectively. Longer
duration beyond week six of storage significantly reduced (P<0.05) the riboflavin
concentration of dried samples. The determination factors (R? are shown in
Equations 4, 5 and 6 below:

Y =-0.0082x*+ 0.0271x + 0.4386 (R*= 0.9711) (air-dried samples) .............. (4)
Y =-0.0049x* + 0.0091x + 0.3407 (R*= 0.9785) (freeze-dried samples) .......... (5)
Y =-0.0034x>+ 0.004x + 0.2263 (R? = 0.9729) (oven-dried samples) ............. (6)
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0.5
_ 0.45 7 - - .
=3 0.4
= 0.35 s
= 0.3 R
E o35 y = -0.0082x7 + 0.0271x + 0.4386
= . . R¥=0.9711
= 0.2 : V.5 -0.0049x%2 + 0.0091x + 0.3407
g 015 R? = 0.9785
g =0.
0.1 y = -0.0034%%+ 0.004x + 0.2263
0.05 R?=0.9729
o} ; . . . i :
o E] 6 =l 12 15 18
+ Air drying
Oven drying
Duration of Storage (Weeks) Freeze drying

Figure 2. The effects of the relationship between storage duration and drying
methods on the riboflavin composition of leaves (mg/100g).

The ascorbic acid compositions of selected vegetable leaves as affected by the
drying methods in the duration of storage are shown in Figure 3. An optimum
concentration of 36 mg/100g ascorbic acid was observed in freeze-dried leaves.

45
40 - -
£ 3s . y =-0.7267x? + 2.4561x +
T p” 37.553
g 30 R? = 0.9839
8 25 >
=
(=} 20 *
% 15 y =-0.4812x? + 0.5993x +
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y = -0.4656x% + 1.0551x +
5 22.824
. . . . . RZ = 0.988
o 2 (=) 9 12 15 18

Duration of Storage (Weeks)

+ Air drying
Oven drying
Freeze drying

Figure 3. The effects of the relationship between drying methods and storage
duration on the ascorbic acid composition (mg/100g) of selected leaves.
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The regression equations for the different drying methods indicated strong and
positive relationships between the ascorbic acid composition and the storage
duration. The longer the duration of storage, the more rapid the decline. The
determination factors (R?) for ascorbic acid are shown in Equations 7, 8 and 9
below:

Y = -0.7267x° + 2.4561x + 37.553 (R® = 0.9839) (air-dried samples) ............... (7)
Y =-0.4812x° + 0.5993x + 34.783 (R? = 0.9774) (freeze-dried samples) ........... (8)
Y =-0.4656x° + 1.0551x + 22.824 (R® = 0.9880) (oven-dried samples) ............ (9)

The effects of the relationships between drying methods and duration of
storage on the a-tocopherol composition of selected vegetables are shown in Figure
4. The optimal a-tocopherol compositions of 52.50, 59.00 and 0.46 pg/100mg were
obtained at week six of storage in freeze-, air- and oven-dried samples,
respectively. The regression equations were highly significant (P<0.05) and the
relationships were quadratic for all dried samples during storage. The relationships
are as shown in Equations 10, 11 and 12 below:

Y =-1.0156x° + 3.7906x =54.736 (R? = 0.9809) (air-dried) ...........ccccoeeru...... (10)
Y =-0.7134x* + 0.7635x + 54.514 (R? = 0.9731) (freeze-dried) .................... (11)
Y =-0.805x* + 1.5972x + 44.084 (R* = 0.9791) (oven-dried) .........cccco......... (12)

g * - V= -0.30:1:2 —01‘:;'-']2x + 44084

g 20

8

EI 10

o + Airdrying

o 3 ] 9 12 15 20
= Oven drying

Duration of Storage (Weeks) 4 Freeze drying

Figure 4. The effects of the relationship between storage duration and drying
methods on the a-tocopherol composition (1g/100g) of selected vegetable samples.

The effects of the relationships between drying methods and duration of
storage on the total carotene composition of selected vegetables are shown in
Figure 5. The regression curves showed optimum concentrations of 960, 1000 and
1200 pg/100g, respectively were obtained in oven-, freeze- and air-dried samples
in zero to week six of storage. A significant decline (P<0.05) in the total carotene
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concentration was observed as storage duration increased. Highly significant
determination factors were recorded for air-dried (0.93), oven-dried (0.98) and
freeze-dried (0.98) samples as shown in Equations 13, 14 and 15 below.

Y =-13.694x’ + 25.945x + 1211.8 (R? = 0.9282) (air-dried samples) ............ (13)
Y =-16.015x° + 37.997x + 963.28 (R® = 0.9763) (air-dried samples) ............. (14)
Y =-17.925x° + 40.598x + 928.07 (R* = 0.9847) (air-dried samples) ............. (15)
1400 -

%" 1222 "__‘_Hh!-m“t'"“'“ 12.547x? + 30.066

Bo 3 . . Y=-13. x? + 30. X+

E L - "‘{\_\_\ 1176.1

z 8007 L ¢ TR2-0.9513

S 600 - y =~16.01x2 + 37.99x + 963.2

= M- _R2=0.976

< 400 o . y =-17.925x2 + 40.599x +

E 200 - 928.07

e o R? = 0.9847

] 3 <] =] 12 15 18
* Air drying

Duration of Storage (Weeks) m Oven drying

Freeze drying

Figure 5. The effects of the relationship between drying methods and storage
duration on the total carotene compositions (j1g/100g) in selected
vegetable samples.

The ergocalciferol compositions of selected vegetables as influenced by
drying methods and duration of storage are shown in Figure 6. Longer duration of
storage resulted in a significant decline of ergocalciferol from week six of storage
irrespective of the drying methods. The optimal ergocalciferol concentrations of
36.03, 44.00 and 47.82 pg/100g were obtained at week six for oven-, freeze- and
air-dried vegetable samples, respectively. The regression was highly significant
(P<0.05) and the quadratic relationships as shown in Equations 16, 17 and 18
below indicated that ergocalciferol compositions of the stored samples diminished
rapidly after week six of storage.

Y =-0.7273x* + 2.5965x + 44.768 (R? =0.9827) (air-dried samples) ............. (16)
Y =-0.6824x%+ 1.3118x + 44.929 (R*= 0.9791) (air-dried samples) ............. (17)
Y =-0.6625x° + 1.4476x + 35.204 (R*= 0.9812) (air-dried samples) ............. (18)
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Figure 5. The effects of the relationship between storage duration and drying
methods on total carotene (ug/100g).

The regression analysis showed a high level of stability for a period that is
comparable with industry standards recommended for efficacy of vitamins in
commercial proprietary vitamin and mineral premixes. There were significant
differences (P<0.05) across the board on the basis of storage. All values observed
were stable for up to 9 weeks, and a decline was observed in all drying methods
from week 9 at which point the samples began to lose their inherent nutrient
stability. The equations highlighted for the air-, oven- and freeze-dried samples
gave R? values which indicated strong and positive relationships, showing that
vitamin and provitamin concentrations were strongly dependent on the storage
period irrespective of the drying method.

Conclusion

Air, oven and freeze drying methods preserved the vitamins and provitamins
of selected green vegetables. However, air drying had the least effect on the innate
vitamin and provitamin of dried vegetables followed by freeze drying and the least
effective method of drying for vitamin retention was oven drying. Even in storage,
air drying proved the most effective in retaining the vitamins of all the selected
vegetables.
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VITAMINSKI I PROVITAMINSKI PROFILT ODABRANOG POVI}C'A
USLOVLIJENI SKLADISTENJEM I RAZLICITIM METODAMA SUSENJA

Aderonke O. Mosuro i Olugbenga A. Ogunwole”

Jedinica za poljoprivrednu biohemiju i ishranu, Odsek za stocarstvo,
Univerzitet u Ibadanu, Ibadan, Nigerija

Rezime

U ovom istraZivanju procenjeni su uticaji metoda suSenja na vitaminski i
provitaminski sastav odabranog povrca tokom skladiStenja. Telfaria occidentalis,
Celosia argentea (zelena), Vernonia amygdalina, Moringa oleifera, Launaea
taraxacifolia, Curcubita maxima i Celosia argentea (crvena) bile su podvrgnute
sudenju na vazduhu (engl. air drying — AD), susenju u peci (engl. oven drying —
OD) i susenju smrzavanjem (engl. freeze drying — FD). Ogled je bio trofaktorijalni
(3x7), postavljen u potpuno sluc¢ajnom planu. Osudeni listovi su samleveni i
analizirani radi utvrdivanja sastava vitamina (piridoksin, riboflavin, askorbinska
kiselina i tokoferol) i provitamina (ukupni karoten i ergokalciferol). Nakon su3enja
uzorci su Cuvani u u neprovidnim posudama koje obezbeduju hermeti¢nost i
ispitivani periodi¢nou 0, 3, 6, 9, 12, 15. i 18. nedelji skladistenja. Uzorci suSeni na
vazduhu imali su znacajno visi (P<0,05) ukupni karoten (1177,49 pg/100g),
piridoksin (0,59 mg/100g), riboflavin (0.46 mg/100g), askorbinsku kiselinu (39,11
mg/100g), ergokalciferol (46,55 pg/100g) i tokoferol (57,52 pg/100g) u poredenju
sa uzorcima koji su suSeni drugim metodama. Tip lista biljke Moringa oleifera
imao je znacajno visi (P<0,05) ukupni karoten (1079,48 ng/100g), riboflavin (0,41
mg/100g), ergokalciferol (46,40 ng/100g) i a-tokoferol (58,45 ug/100g), dok je
biljka Cucurbita maxima imala znac¢ajno visi (P<0,05) piridoksin (0,73 mg/100g).
Interakcija metoda suSenja i tipa listova znacajno je imala uticaj (P<0,05) na
vitaminski i provitaminski sastav uzoraka. Interakcija metoda susenja u peéi i tipa
listova veoma znacajno (P<0,05) je uticala na inherentne vitamine i provitamine u
uzorcima. Vitaminski i provitaminski sastav uzoraka bili su stabilni do Seste
nedelje. Uzorci suSeni na vazduhu sadrzali su viSe vitamina i provitamina, koji su
se takode zadrzali i tokom skladiStenja.

Kljuéne re¢i: osuSeni  listovi, profil  fitonutrijenata, analiza
vitamina/provitamina, metode suenja, vreme skladiStenja.

Primljeno: 18. oktobra 2018.
Odobreno: 28. maja 2019.
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FACTORS AFFECTING THE INTEGRATION OF LOCAL TRADITIONAL
PRODUCTS INTO QUALITY ASSURANCE SCHEMES
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Abstract: This paper investigates the factors that affect the decisions of the
Prespes Beans’ (Fassolia ‘Prespon’) producers to certify their product as a product
of protected geographical indication (PGI). The study was based on primary data
collected by means of a questionnaire completed by both PGI certified and non-
certified producers. The logit model was used for the indication of factors that
affect the producers’ decision to certify or not to certify their product as PGI.
Descriptive statistics were also used for the study of leaders’ social features. The
research results showed that the producers’ decision of adopting the protected
geographical indication (PGI) certification was significantly linked to membership
producer organizations (cooperatives or other groups), the years of agricultural
experience, the size of the cultivated land as well as the motives for joining quality
assurance schemes.

Key words: Logit model, local products, beans of Prespes, protected
geographical indication, factors.

Introduction

The rising demand for traditional products, which have been lately linked to
the healthy diet, has led to the creation of a consumer movement that seeks high-
quality products (Panagou et al., 2013). This movement leads to the development
of quality assurance schemes to ensure that certain quality standards of different
food qualities are met (Hajdukiewicz, 2014). In order to better regulate the origin
and the certification of agricultural products, the European Union decided to
develop a reputation for high-quality European products, introducing a specific rule
system regarding product indications and designations: the protected designation of
origin (PDO) label, the protected geographical indication (PGI) label and the
traditional specialty guaranteed (TSG) label (Hajdukiewicz, 2014).

Consumers tend to be more interested in identifying products from specific
regions of better quality than their competitors (Parrott et al., 2002). Producers’
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interest in this type of products increases as well (Teuber, 2011) as linking products
to specific landscapes, cultural traditions and historical monuments allows for
higher prices. Famous local products may also serve as an advertisement for their
place of origin since people tend to create positive links between the famous
product and its origin. Consequently, tourism flourishes and the area’s general
development is promoted (Parrott et al., 2002). Thus, increased production and
consumption of certified products have become one of the most significant trends
of the contemporary market (Parrott et al., 2002).

In Greece, a traditional product that reflects cultural inheritance is the
common bean (Trichopoulou et al., 2007). Bean cultivation is very popular in
many parts of West Macedonia, especially in the area of Prespes Lakes, where
bean is traditionally cultivated (Hellenic Statistical Authority, 2016). Under the
pressure of saving and reviving this traditional cultivation (Fassolia Prespon), it
was decided by the local Agricultural Cooperative “Pelekanos” to apply for the
product registration as a protected geographical indication (PGI) product. The
product is nowadays officially registered in the European Union database
(European Commission, 2016).

Detailed knowledge about the factors towards this certification scheme is
particularly limited for producers. The present paper seeks to fill the research gap
by presenting empirical results for the producers of Prespes beans. The cultivation
of beans has become one of the most important cultivations of the region both at an
economic level and at a social level. It plays a significant role in the local cuisine
and can contribute significantly to the improvement of the quality of life and
economic well-being of people living in the area. Therefore, the analysis of the
factors concerning the adoption of quality assurance schemes is of special interest.

The principle goal of this paper is to identify factors that affect the decisions
of the Prespes bean producers to certify their product as a product of protected
geographical indication (PGI). The specific objectives of the research reported here
are to examine the producers’ personal features and attitudes and explore whether
the implementation of quality assurance schemes depends on the producers’
motives. Therefore, analyzing and studying the producers’ personal features,
attitudes and motives may encourage further adoption of quality assurance schemes
by producers and enhance the socio-economic development of the region.

The European Union by creating the systems known as PDO (Protected
Designation of Origin), PGl (Protected Geographical Indication) and TSG
(Traditional Specialty Guaranteed) gave positive assistance to producers to help
them maximize the advantage they have in quality terms and support their efforts
to win the competition (Hajdukiewicz, 2014). Famous ‘local/regional products’
may create positive links between the place and the product, which consequently
may have positive effects on the producers’ income and generally on the whole
development of the region (Marchini et al., 2014). The integration of local
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traditional products into quality assurance schemes seems to be an appropriate tool
that allows producers to ask for a higher price over the same category products
(Hajdukiewicz, 2014). Danezis et al. (2016) discovered that producers by adopting
the designation of origin for their products may have positive economic effects, as
they lead to a higher retail price and bring in higher financial benefits. The
profitability of French Comté cheese can be very well compared with that of its
competitors after the adoption of the PDO certification (Sparf, 2010). On the other
hand, an empirical study based on the French Brie cheese producers has shown that
the adoption of PDO certification is not so attractive as the costs of raw materials
get higher, but certified producers benefit from a price premium on their product
which offsets their higher production costs (Bouamra-Mechemache & Chaaban,
2010). Although Southern ltaly has recently experienced a severe economic crisis,
the certified citrus fruits play a significant role because they have become an
important and strategic sector of the national economy after the adoption of product
designations (Scuderi and Pecorino, 2015). Empirical studies made by Tregear et
al. (2007) and Borowska (2010) have shown that local products may be considered
as top-quality products and a type of cultural capital, as they provide the
opportunity for more social and economic benefits to local rural regions. Similarly,
local products may potentially serve as a profitable resource of local development
and at the same time they may promote many local particularities through special
or geomorphological features that are strongly connected with the area (Tregear et
al., 2007; Belletti et al., 2017; Hajdukiewicz, 2014).

As a result, the quality assurance systems were created to promote and protect
valuable food names and at the same time enable producers to adapt production to
meet consumer demands and expectations, and promote social and economic
objectives (e.g., health outcomes and growth in desirable sectors) (Karipidis et al.,
2009).

To conclude, all studies published so far prove that certified local traditional
products represent a dynamic developing sector where agricultural production is
differentiated in terms of quality, by promoting the agricultural local tradition and
the socio-economic rural development.

Materials and Methods

This research was carried out in Florina Prefecture (Greece) and more
specifically in the broader area of the Prespes municipality by means of
questionnaires completed by producers during personal interviews. The sample
studied in this research comprised all forty local producers that joined the PGI
certification, according to the data of the Agricultural Cooperative “Pelekanos” and
of the Union of Agricultural Cooperatives of Florina Prefecture and an equal
number of non-certified bean producers. To make this research easier and more
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effective, two different questionnaires were created for each of the bean producer
groups (certified and non-certified farmers) with the same or similar questions. The
questionnaire was divided into three basic units: the first included questions on the
personal features of the farm leaders, their networking as well as their training
during their active years in agriculture; the second unit dealt with general features
of the farms, and the third unit comprised attitudes, motives and sources of
information that led bean producers to adopt the certification. Therefore, all factors
that affected the producer decision to adopt or not to adopt this certification system
were successfully recorded.

Primary data were analyzed using SPSS 17.0 Statistics, where descriptive
statistics measures were used for the study of the leaders’ personal data. The logit
model was used for the indication of factors that affect the producers’ decision to
certify or not to certify their product as PGl and Stata 9 was used for the estimation
of the logit model.

The choice of adopting new technologies or innovations (in our case the
choice of certifying or not certifying a product as PGI) can be described by the
following probability function (cumulative probability distribution function) which
gives the adoption probability (Cramer, 2004; Gujarati, 2003; Greene, 2000):

Adoption probability = P(Y; =1) =1/ + g~ Vot Auatf ) )

According to Equation (1), if P is the probability of adopting a new
technology - innovation, then 1 — P is the probability of not adopting the
technology — innovation as shown in the following Equation (2):

1-P =1/1+¢" @)

Consequently, according to Equations (1) and (2), we could write the
following:

P(Yi =1)/Q1- P(Yi =1) =1+ e [1+e 7% = hthnt P )

where odds ratio P(Y; =1)/(1-P(Y, =1)) is the adoption probability to the

non-adoption probability, the ratio being modified in every modification of the X;
independent variables.
According to Cramer (2004) and Guijarati (2003), the logit modification of the

adoption probability P(Yi = 1) can be denoted as (Cramer, 2004; Gujarati, 2003):
L, = Log[P(Y, =1) /(- P(Y, =1))] = Z @

where LOg[P(Y; =1)/(1-P(Y, =1))] is the logarithm of the odds ratio. In this

way, the logarithm becomes a linear function of the X; independent variables and
our model changes from classic linear (as to the parameters) to regression model.
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The model is estimated in terms of econometrics in order to get the B; coefficients.
Moreover, the Hosmer and Lemeshow C test was used for the goodness of fit
estimation. The statistical C is considered to be distributed according to Pearson’s
x? distribution. The y* value corresponding to the significance level of o > 0.05
proves that the logistic regression model fits the data well.

Finally, an additional measure for the goodness of fit test of the logit model is
the correct classification of observations between the different groups (certified and
non-certified Prespes beans producers). This measure includes the number of
observations made correctly and erroneously based on the probability of an
incidence (e.g. certification and non-certification). If the estimating probability is
higher than 0.5, then the producer has adopted the certification; on the other hand,
if the probability is lower than 0.5, the producer has not adopted the certification
(Siardos, 2000).

The logit model for the case of “Local Traditional Product Certification as
Protected Geographical Indication Products” is the following:

Log [P(y=1) / (1 = P(y = 1))] = Bo + P:SEX + B,AGE + BsTIME +
BsINFORMATION + PBsNETWORKING + PB¢TRADING + B;PRICES +
BsQUALITY + BoSIZE (5)

Four categories of variables were used for safer conclusions: a) variables
describing personal characteristics of the producer (e.g., age, sex), b) variables
expressing attitudes or motives of the producers (e.g., product trading, prices,
quality assurance considered as entry motives), ¢) variables representing structural
features of the cultivation (e.g., size of the cultivated land) and d) variables
expressing possibility, means and strength of information (e.g., networking,
information, etc.) (Oxouzi, 2008; Oxouzi and Papanagiotou, 2006; Pantzios et al.,
2002; Neil et al., 1999).

The variables used in the logit model in order to define factors that affect the
producers’ decision to certify their local traditional products as PGI products are
described in Table 1.
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Table 1. Variables used in the logit model.

Dependent variable Category Description
Certification of local traditional Binar 1=YES
products as PGI products y 0=NO
Independent variables
AGE Continuous Age in years
. 1=men
SEX Binary 0 = women
TIME Continuous Years of agricultural experience
INFORMATION Binary 1= fiequer!t mform_atlon by agrlcultgrlsts
0 = rare information by agriculturists
1111=a member of an agricultural cooperative
NETWORKING Binary or a producer group

0 0=non-member of an agricultural
cooperative or a producer group
1 = an important motive for the certification of
products as PGI
0 = a non-important motive for the certification
of products as PGl
1 = an important motive for the certification of
products as PGI
0 = a non-important motive for the certification
of products as PGl
1 = an important motive for the certification of
products as PGI
0 = a non-important motive for the certification
of products as PGl
SIZE Continuous Cultivated land (hectares)

TRADING OF THE PRODUCT Binary

PRICES Binary

QUALITY Binary

Results and Discussion

According to the research results (Table 2), the certified PGI producers were
men in the majority (70.0%), farmers by profession (100.0%), 20-50 years old
(average age: 43.4 years) and completed 9.5 years of education on average.
Furthermore, 95.0% of the certified bean producers were members of an
agricultural cooperative or a producer group, 60.0% attended agricultural seminars
in the past and family tradition was the most important motive for becoming a
farmer (47.5%).

The total size of the cultivated land of the PGI bean producers varied from 2.5
to 28 hectares, more specifically 10 hectares being the average size of the land. It is
worth mentioning that the majority of the PGI bean producers (82.5%) had less
than 25 years of agricultural experience, 17.5% of them had 25-35 years of
experience and none of the certified producers worked in the agricultural sector for
more than 35 years.
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As to the personal features of the non-certified bean producers, most of them
were men (77.5%), farmers by profession (92.5%); they were up to 50 years old
(average age: 46.3 years) and completed 8.7 years of education on average. Here,
we should underline the fact that 82.5% of the non-certified bean producers were
not members of an agricultural union or a producer group and they never attended
an agricultural seminar (82.5%), and they completed 8.7 years of education on
average. The most important motive for the non-certified producers (55.0%) to
become farmers by profession was family tradition.

The total size of the cultivated land of the non-certified bean producers varied
from 1 to 14 hectares, more specifically 5 hectares being the average size of the
area. As to the agricultural experience of the non-certified bean producers, the
research has shown that 42.5% of them had up to 15 years of experience, 20.0% of
them had 15-25 years of experience and 37.5% of them worked in the agricultural
sector for more than 25 years (Table 2).

Consequently, the profile of the PGI certified and non-certified bean
producers could be presented as in Table 2.

Table 2. The profile of the PGI certified and non-certified bean producers.

PGI producer

Non-certified PGI producer

Average age: 43.4 years old
Education: 9.5 years on average

Average age: 46.3 years old
Education: 8.7 years on average

Family tradition in agriculture

Average size of bean cultivations: 10 hectares

Average size of bean cultivations: 5 hectares

Average agricultural experience: 19.32 years
Member of an agricultural cooperative or a
producer group

Average agricultural experience: 20.10 years
Non-member of an agricultural cooperative or a
producer group

He/she attended seminars on agriculture

He/she has not attended seminars on agriculture

Main profession: Farmer

Source: Research data.

Tables 3 and 4 show separately the percentages, means and standard
deviations of the independent variables incorporated in the logit model for PGI
certified and non-certified bean producers.

Table 3. Descriptive statistics for continuous variables.

Non-certified as PGI (40)

Certified as PGI (40)

Variable Mean SD Mean SD
TIME (years) 20.10 10.04 19.32 7.21
SIZE (hectares) 4.97 3.23 9.99 5.63

SD, Standard deviation.
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Table 4. Descriptive statistics for the nominal variables.

Variable Non-certified as PGI (40) Certified as PGI (40)
% SD % SD
SEX (0,1) 0.77 0.42 0.70 0.46
INFORMATION (0,1) 0.17 0.38 0.60 0.49
NETWORKING (0,1) 0.32 0.47 0.95 0.22
TRADING OF THE
PRODUCT (0,1) 0.62 0.49 0.87 0.33
PRICES (0,1) 0.85 0.36 0.95 0.22
QUALITY (0,1) 0.48 0.50 0.78 0.42

Estimation and results of the logit model

Table 5 shows that the following variables were statistically significant
(P<0.05) in the integration of local traditional products in quality assurance
schemes. These are producer farming experience, participation in a cooperative or
a producer group, easier trading of the product, higher market prices, quality
assurance of the product and total size of the cultivated land.

More specifically, the variables ‘PRICES’, ‘“TRADING OF THE PRODUCT”’
and ‘QUALITY’, that operate as motives for joining quality assurance schemes,
were the most significant variables as concerned the probability of certifying the
Prespes beans as a PGI product. Producers who considered higher market prices as
an important motive for the product’s certification as PGI were 45.3% more likely
to join quality assurance schemes than those with different motives. In addition, the
probability to adopt organic practices was 38.0% for producers who considered the
easier trading of their products an important entry motive. Moreover, the research
showed a positive correlation between the adoption probability of quality assurance
schemes and product quality. Consequently, the Fassolia Prespon producers
considering quality assurance of beans an important motive for their product
certification as a protected geographical indication (PGI) product were more likely
(29.73 times) to enter quality assurance schemes and to certify their product as PGI
than those with different motives.

Another category of variables that affected the probability of adopting organic
agriculture was the producer networking in cooperatives or other groups
(‘NETWORKING’) and the years of agricultural experience (‘TIME’). More
specifically, the Fassolia Prespon producers that were members of a cooperative or
other producer groups were 38.0% more likely to certify their product as PGI than
the non-members of cooperatives or other groups.

On the contrary, the years of agricultural experience had a negative effect on
the probability of adopting quality assurance schemes. The results showed that
when time of agricultural experience increased by 1 unit (1 year), probability of
joining quality assurance schemes decreased by 11.0%. Therefore, producers with
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longer agricultural experience were less likely to certify their product as a product
of protected geographical indication compared to others.

Table 5. Results of the logit model concerning the probability of certifying Prespes
beans as a PGI product.

Odds ratio Robust std. error z P>z
SEX 0.25 0.35 -0.97 0.330
AGE 0.92 0.06 -1.10 0.270
TIME 0.89 0.89 -2.24 0.025
INFORMATION 1.54 2.02 0.33 0.742
NETWORKING 38.01 36.16 3.07 0.002
TRADING 38.05 39.37 2.57 0.010
PRICES 45.28 13.97 2.73 0.006
QUALITY 29.73 45.89 2.20 0.028
SIZE 1.08 0.02 3.26 0.001
N 80 Wald chi’ (9) 17.95
Prob> chi? 0.035 Pseudo R? 0.716

According to the results of this research, the total size of the cultivated land
(‘SIZE’) had a positive effect on the probability of adopting quality assurance
schemes. More specifically, when the size of the cultivated land increased by 1 unit
(1 hectare), the probability of certifying the product as PGI increased 1.08 times.
Consequently, Prespes bean producers that cultivated more hectares were,
compared to others, more likely to enter quality assurance schemes.

The wvariables called ‘SEX’, ‘INFORMATION’ and ‘AGE’ were not
statistically significant (P<0.05) to affect the producers’ decision to certify their
product as PGI.

As mentioned before, a measure for the goodness of fit test of the logit model
was the correct classification of observations between certified and non-certified
bean producers (Table 6).

Table 6. Classification of observations.

Predicted

Observed Non-certified as PGI Certified as PGl Correct prediction (%)
Non-certified as PGI 34 6 85.0
Certified as PGI 3 37 925
Total rate 88.8

According to Table 4, 85.0% of the producers that have not certified their
product as PGI have been correctly predicted by the logit model that they have not
joined quality assurance schemes. Similarly, 37 producers (92.5%) that certified
their ‘Fassolia Prespon’ as a PGI product have been predicted correctly by the
model. Only 9 producers were classified erroneously, and this result leads to the
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conclusion that the logit model was very well fitted to the data, as it predicted
correctly 88.8% of the producers. The aforementioned conclusion is also verified
by the Hosmer and Lemeshow test, where value x> = 4.552 corresponded to the
level of significance a=0.804, which means that the model was well fitted to the
data.

Similarly to several other studies (Sparf, 2010; Teuber, 2011; Marchini et al.,
2014; Danezis et al., 2016), the present study worked out that the higher price was
the most important determinant in affecting the producer decision to certify his/her
product as PGI in a positive way. The study revealed that one significant factor in
determining the success of a geographical indication was that the certification
added value to the product; specific characteristics or farming attributes of high
quality food products distinguish them from similar offerings in the marketplace
(Tregear et al., 2007; Hajdukiewicz, 2014; Belletti et al., 2017). According to
Hajdukiewicz (2014), one factor with an important role in affecting the
implementation was the producer membership in cooperative organizations. This
result is also confirmed by the present study. Moreover, the present study findings
indicate that product trading affected the adoption of the designation of origin.
Many studies have shown that geographical indications play an increasingly
important role in trade facilitation (Karipidis et al., 2009; Sparf, 2010;
Hajdukiewicz, 2014). This study has identified more specific factors which
affected the adoption. There was a strong link between the total size of the
cultivated land and the positive probability of adoption. This study also revealed a
statistically significant negative effect of the years of agricultural experience on the
probability of adopting quality assurance schemes.

All the above results show that producer motives for adopting a new
innovation were mostly economic. According to the results of the study, the type of
the economic motive was the factor that had the most important role in affecting
the producer decision to certify his/her product as PGI in a positive or negative
way.

Therefore, taking measures that reinforce the market organization and create
trading channels for the certified local traditional products may become more
effective and may encourage more producers to adopt quality assurance schemes.

Conclusion

The purpose of this study is to indicate and analyze factors that affect the
decisions of the Prespes bean (“Fassolia Prespon™) producers to certify or not to
certify their product as a product of protected geographical indication (PGI).
Personal features of the producers, their attitudes and motives were also studied so
that an accurate picture of the questions can be formed. Many factors can affect the
adoption of quality assurance schemes by Prespes bean producers. Higher market
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prices, easier trading of the product, producers’ participation in cooperatives or
groups and quality assurance of the product had a positive effect on the probability
of certifying the bean cultivation as PGI cultivation. Moreover, there was a positive
correlation between the probability of adopting quality assurance schemes and the
total size of cultivated land under beans. Producers of “Fassolia Prespon” with
larger cultivated land were more likely to participate in quality assurance schemes
compared to others. On the contrary, total length of agricultural experience had a
negative effect on the probability of adopting quality assurance schemes and this
means that producers with longer experience in agriculture, compared to others,
were less likely to certify their product as PGI. It is worth mentioning that the most
important determinants which were proved to be statistically significant belong to
the category of certification motives (prices, trading and quality). This shows the
great importance of these motives, not only for the adoption of quality assurance
schemes by the producers, but for the continuation of implementation of these
schemes as well. Therefore, the positive correlation between the aforementioned
motives and the adoption of quality assurance schemes must encourage the
introduction of measures that will not only provide a better price for the producer
nor ascertain the trading of the product, but they will assure the quality of the local
traditional product as well. In this way, the general development of the area will
also be promoted. Measures that may serve the above purpose are the following:

a) the creation of cooperatives trading PGI products that will enhance the
negotiating power of the producers and will, eventually, lead to better prices and
easier trading of their products;

b) an advertising campaign that will inform the consumers at the national and
international levels about the PGI products; this campaign will eventually enhance
the negotiating power of the producers and achieve higher prices and easier trading
of these products;

c) the creation of an agency specialized in the consumer information about
products with protected geographical indication.
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FAKTORI KOJI UTICU NA INTEGRACIJU LOKALNIH TRADICIONALNIH
PROIZVODA U SHEME KVALITETA POLJOPRIVREDNIH |
PREHRAMBENIH PROIZVODA

Polyxeni Karagkiozi', Eleni Oxouzi i Evangelos Papanagiotou
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Rezime

Ovim radom se istrazuju faktori koji uticu na odluke proizvodaca pasulja
(Fassolia ’Prespon’) iz Prespe da sertifikuju svoj proizvod kao proizvod sa
zaSticenom geografskom oznakom (engl. protected geographical indication —
PGI). IstraZivanje je zasnovano na primarnim podacima sakupljenim pomocu
upitnika, koji su popunjavali kako sertifikovani proizvodaci proizvoda sa
zaSticenom geografskom oznakom tako i nesertifikovani proizvodaci. Za
ukazivanje na faktore koji uticu na odluke proizvodaca da sertifikuju ili ne
sertifikuju svoj proizvod, kao proizvod sa zaSticenom geografskom oznakom,
koris¢en je logit model. Deskriptivna statistika je koris¢ena za proucavanje
socijalnih karakteristika lidera. Rezultati istraZivanja su pokazali da je odluka
proizvodaca da se opredele za zaStitu geografskih oznaka znacajno povezana sa
¢lanstvom u proizvodackim organizacijama (zadrugama ili drugim grupama),
godinama iskustva u bavljenju poljoprivredom, veli¢inom obradenog zemljista kao
i motivima za usvajanje shema kvaliteta.

Kljuéne reéi: logisticki model, lokalni proizvodi, pasulj iz Prespe, zaSticena
geografska oznaka, faktori.
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Abstract: Nigeria is among countries of the world confronted with the food
insecurity problem. The agricultural production systems that produce food for the
teeming population are not sustainable. Consequently, the use of Sustainable Land
Management (SLM) technologies becomes a viable option. This study assessed the
effect of SLM technologies on farming households’ food security in Kwara State,
Nigeria. A random sampling technique was used to pick 200 farming households
for this study. The analytical tools included descriptive statistics, Shriar index,
Likert scale, food security index and logistic regression analysis. The results
indicated that the average age of the respondents was 51.8 years. The food security
index showed that the proportions of food secure and insecure households were
35% and 65% respectively. The binary logistic regression revealed that SLM
technologies were one of the critical determinants of food security. An increase in
the usage of SLM technologies by 0.106% raised food security by 1%. Other
important factors that were estimated included farm income, family size, gender
and age of the household head. To reduce the effects of food insecurity, the
effective coping strategies adopted by the respondents were reduction in quantity
and quality of food consumed, engaging in off-farm jobs to increase household
income and using of money proposed for other purposes to buy foods.
Governments at all levels should encourage the adoption and use of SLM
technologies through both print and electronic media. Policies and strategies
towards reducing the household size should be vigorously pursued to reduce food
insecurity.

Key words: agricultural practices, coping strategies, farming households,
food security, SLM technologies and logistic regression.

“Corresponding author: e-mail: talk2salaushehu@yahoo.com


https://doi.org/10.2298/JAS1902203S
mailto:talk2salaushehu@yahoo.com
mailto:talk2salaushehu@yahoo.com

204 Shehu A. Salau et al.

Introduction

Food is the key to life. It represents a large part of typical Nigerian household
expenses. Thus, food security is critical to any country of the world. Food security
occurs when all people, at all times, have physical, civic and financial means to
provide adequate, safe and nourishing food that satisfies their dietary requirements
and food choices for an energetic and beneficial life (FAO, 2005). Food insecure
and secure households are those whose food intake falls below and above their
minimum calorie requirements respectively.

In spite of the available resources and the efforts made by governments at
different times, food insecurity remained one of the most significant challenges to
Nigeria’s economic development (Ifeoma and Agwu, 2014). The cost of food
insecurity is substantially high. The poor performance of the agricultural sector
deepens the food security problem of the country. Thus, it becomes more pertinent
to increase the productivity of the sector. The agricultural sector is expected to
create foods for the people. The agricultural production technologies and practices
adopted to a greater extent determine whether a farmer will be food secure or not.
Knowing the best technologies and practices to achieve this goal is significant
(Branca et al., 2013). The disadvantages of the dominant model of agricultural
intensification include the increased use of capital inputs and problems of
economic feasibility (IAASTD, 2009). Consequently, concern is given to the
alternative method of intensification such as the use of SLM technologies. SLM
technologies refer to practices and technologies that relate to the management of
land, water, biodiversity, and other resources to meet human needs without
endangering the ecosystems. The adoption of SLM technologies can lead to
improved soil texture and structure as well as it can raise the activity of soil flora
and fauna (World Bank, 2006; Pretty, 2011). It can also make farmers less
vulnerable to climatic risks. Many studies (Ahmed et al., 2016; Amaza et al., 2008;
Omonona et al., 2007; Babatunde et al., 2007) have been carried out to investigate
factors influencing food security of households. However, none of these studies
have assessed the effect of SLM technologies on household food security. Thus,
this study measured food security status, assessed the effect of SLM technologies
on food security and described the reliable coping strategies used by the
respondents to reduce the effect of food insecurity.

Materials and Methods
Avrea of study

The study area was Kwara state. The latitude and longitude of the state are: 8°
and 10° north and 3° and 6° east respectively. The state has an area of 35,705 sq
kilometers with a population of 193,392,500 people (NPC, 2016). To the west,
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Kwara state shares the international boundary with the Republic of Benin and to the
north, the interstate boundaries with Niger state. It also shares boundaries with Oyo,
Osun and Kogi states to the southwest, southeast and east respectively (Figure 1).

The climate consists of both wet and dry seasons each lasting for nearly six
months. The raining season starts in April and ends in October while the dry season
commences in November and stops in March. Temperatures range from 33°C to
34°C, with the total annual rainfall of about 1,318mm. The main occupation of the
people is agriculture. The common crops grown are cassava, millet, maize, okra,
sorghum, beniseed, cowpea, yam, sweet potatoes, and palm tree. The state has
about 1,258 rural communities and the rural dwellers are the majority. Based on
ecological characteristics, cultural practices and project administrative
convenience, the state is categorized into four zones by Kwara state Agricultural
Development Project (KWADP). These are: Zone A: Baruteen and Kaima Local
Government Areas (LGAS); Zone B: Edu and Patigi LGAs; Zone C: Asa, llorin
East, llorin South, llorin West and Moro LGAs and Zone D: EKkiti, Ifelodun,
Irepodun, Offa, Oyun, Isin and Oke-Ero LGAs (KWADPs, 2010).

Miger State
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Figure 1. Map of Kwara state, Nigeria.
Source: Adapted from Ibiremo et al. (2010).

Results and Discussion
Method of data collection and sampling

Primary data were gathered using a structured interview schedule. A three-
stage random sampling procedure was adopted for this study. Two out of the four



206 Shehu A. Salau et al.

ADP zones were randomly selected in the first stage. This was followed by a
proportionate selection of 20 villages from the two selected zones. Lastly, ten
farming households each were picked randomly from the chosen villages to make a
total of 200 farming households as shown in Table 1. The state has about 185,000
farm families (KWADPs, 2010).

Table 1. Village distribution in the zones.

Zones Village distribution Sampled villages Sampled households
Zone B 237 7 70
Zone C 483 13 130
Total 720 20 200

Analytical framework

The tool of analysis comprised: descriptive statistics, Likert scale, food
security index and logistic regression. The socio-economic features as well as the
effective critical strategies adopted by respondents were explained using
descriptive statistics. The respondents were further grouped into food secure and
food insecure households using food security index. The index is stated as follows:

Fi = Per capita food expenditure for the i household divided by 2/3 mean per
capita food expenditure (MPCFE) of all households;

where Fi = Food security index,

when Fi > 1 = Household is food secure, and

Fi <1 = Household is food insecure.

A situation where the per capita monthly food expenditure (PCMFE) of a
household is larger or equal to two-thirds of MPCFE the household is food secure.
On the other hand, a food insecure household is a situation where the PCMFE is
smaller than two-thirds of MPCFE (Omonona et al., 2007). The proportion of food
secure/insecure households was estimated using the headcount ratio (H) as follows:

M
H== } 1)
Headcount ratio (H) = 3

where M = Proportion of food secure/insecure households, N = Proportion of
households in the sample.

To ascertain the effect of SLM technologies on household food security, a
binary logistic regression model was employed.

The model is stated as:
Z=my+mX;+myXy,+ ...+ mX, + U,
)

where Z = Explained variable,
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mo = Constant,

my, m,,...,m, = Coefficients,

X = Explanatory variables,

K = Number of explanatory factors,

P = Probability,

u = Error term.

The explanatory factors are:

X; = SLM technologies which were measured using Shriar index (2005),
X, = Estimated farm income (N),

X3 = Number of years of schooling (years),

X4 = Household size (adult equivalent),

Xs = Co-operative membership; (COOP) (Yes=1; No=0 for COOP),
X = Sex of household head (D=1 for male; D=0 for female),

X7 = Age of the respondents (years).

Estimation of Shriar index

Table 2 shows the different SLM technologies, the scale ranges and their
associated weights.

Table 2. SLM technologies employed.

SLM technologies Scale range Weight Max. points
Agronomy

Cover crops 0-3 35 10.5
Intercropping 0-3 3.0 9
Organic fertilizer

Compost 0-1 3.0 3
Animal and green manure 0-1 3.0 3
Min. soil disturbance

Minimum tillage 0-3 2.5 7.5
Mulching 0-1 3.0 3
Water management

Terraces 0-1 3.0 3
Water harvesting 0-1 3.0 3
Agroforestry

Trees on crop land 0-1 2.0 2
Fallowing 0-1 2.0 2
Total 46

Adapted from Salau et al. (2011).

Table 2 shows that not all the farming activities could justify 0-3 scaling.
From all the activities, the maximum attainable point was 46. The SLM index is
given as:
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SLM= X2, S;W, T FOUUT 3)

where:

SLM = Sustainable Land Management technology index for the i household,

S = Scale range for the activities employed by the i household, and

W = Weight of the activities used by the i™ household.

If a household is engaged in any activity, it gets point 1 and O otherwise. The
scale range of 0-3 suggests that if the household is engaged in the activity and if
S0, it does so at low (1 point), medium (2 points), or high (3 points) scale. This
classification was based on the percentage of the total area cultivated on which the
strategy was employed. Production practices like the use of legumes are more
endurable and so attracted the highest weighting of 3.5 (Salau et al., 2011).
Intercropping with other crops besides legumes takes the value of 0, for no, and 1
(low), 2 (medium) and 3 (high) levels of activity respectively. The scale range of
organic fertilizer application, water management, agroforestry and mulching starts
from 0 to 1 — zero for no activity, and 1 if used. The scale of minimum tillage takes
the value of 0 for no activity, and 1, 2 and 3 for the use of tractor, animal traction
and hoes/cutlass respectively.

To identify the effective coping strategies, a three-point Likert scale was
employed. The response options and values assigned were as follows: very
effective = 3; effective = 2; and not effective = 1. These values were added and
divided by 3 to obtain the mean (2.0). Strategies with mean scores greater and
lower than 2.0 will be regarded as effective and not effective respectively.

Socioeconomic characteristics of respondents

The majority (94.5%) of the respondents were males. Based on the culture and
tradition of the people, the male respondents usually had more access to farmland
when compared with the female respondents. The mean age of the respondents was
51.8 years. This implies that most of the respondents were aged. Age is a critical
variable which can affect the ability and agility with which the head meets the food
needs of the household. An old household head is more likely to have a larger
family size and may lack the energy required to work for the upkeep and
sustenance of the family (Table 3).

About 35% of the household heads had access to credit facilities from
cooperative societies. Access to credit facilities may affect the type of food eaten
and expenses of households. A large (62.5%) proportion of the household heads
were literate. Hence, the respondents are supposed to be able to take good
decisions which will likely enhance their food security status (Babatunde et al.,
2007). The respondents operated at a subsistence level with a mean farm size of 1.5
hectares. The size of farmland cultivated may affect production and food security
of the respondents (Akinsanmi and Doppler, 2005). Furthermore, the study
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revealed that most (62.5%) respondents received between N50, 000 and N100, 000
monthly from agricultural and non-agricultural related jobs respectively.

Table 3. Socioeconomic characteristics of the respondents.

Variable Frequency Percentage Mean
Age

1-30 27 13.5

31-60 104 52.0

61-90 69 34.5 51.8
Gender

Male 189 94.5

Female 11 55

Level of education

No formal education 75 375

Primary 55 275

Secondary 50 25.0

Tertiary 18 9.0

Postgraduate 2 1.0

Marital status

Single 25 125

Married 174 87.0

Divorced 1 0.5

Household size

1-5 71 355

6-10 79 39.5 6.84
11-15 43 215

16-20 7 35

Primary source of income

Agriculture 119 59.5

Salary 61 30.5

Trading 20 10.0

Cooperative participation

Yes 69 345

No 131 65.5

Estimated monthly income

50,000-100,000 125 62.5
101,000-150,000 49 245
151,000-200,000 21 10.5 64,000
201,000-250,000 5 25

Farm size (hectares)

1-5 113 56.5

6-10 68 34.0 1.59
11-15 11 55

16-20 6 3.0

21-25 2 1.0

Source: Field survey, 2018.
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Food security status of farming households

The calculated MPCFE was ¥N4219.787. Households whose per capita food
expenditure fell below and above N4219.787 were designated food insecure and
food secure households respectively. Hence, 35% and 65% of the farming
households were food secure and food insecure respectively (Table 4).

Table 4. Household food security status.

Mean

Variables -
Food secure Food insecure All

2/3 mean per capita food expenditure was }¥4219.787

Proportion of households 35.0 65.0 100
Number of households 70 130 200
Head count ratio (H) 0.35 0.65

Source: Field survey, 2018.
Factors influencing food security of households

The result indicated an R? value of 48.1%. This suggests that about 50% of the
total variation in the explained variable was accounted for by the explanatory
variables. Factors influencing food security were the adoption of SLM
technologies, estimated farm income, family size, gender and age of the household
head (Table 5).

Table 5. Effects of SLM technologies on food security.

Food security Coefficient Std. Error Sig.
SLM technologies .106 .018 .000***
Estimated farm income .000 .000 .003***
Level of education -.001 .031 .982
Household size -.310 .092 .001***
Cooperative participation -.007 466 .987
Gender -.961 523 .066*
Age -.048 .023 .032**
Constant -2.877 1.330 .030**

Source: Field survey, 2018; *, **, *** significant at the 1%, 5% and 10% levels respectively.

The coefficient of SLM technologies used was positive and critical at the 1%
level. This suggests that the adoption of SLM technologies was an important factor
influencing food security in the study area. An increase in the usage of SLM
technologies by 0.106% raised food security by 1%. The higher the percentage of
SLM technologies adopted, the larger the chance of being food secure. Estimated
income is also significant at the 1% level. This implies that the higher the income
of the households, the more secure the household is. These findings agree with
those of Amaza et al. (2008) and Ifeoma and Agwu (2014). Household size was
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negative and it was also important at the 1% level of probability. This suggests that
larger households may be food insecure. This finding agrees with those of Tilksew
and Beyene (2012) and Ifeoma and Agwu (2014). Age of respondents was
important at the 5% level, but it had a negative relationship with food security. This
indicates that the young respondents were more food secure when compared with
the aged ones. An old household head was more likely to have larger household
size and may lack the energy required to work for the upkeep and sustenance of the
households. Sex of the household head was also negative and important at the 5%
level of probability. This suggests that female-headed households may be more
food secure than their male counterparts. Surprisingly, education and cooperative
participation were not the factors that influenced food security in the area.

Coping strategies employed by households

The most effective coping strategies adopted by respondents to reduce food
insecurity included: reduction in quality of food eaten (M=2.06), consuming less
preferred foods (M=2.09), using money budgeted for other uses to purchase foods
(M= 2.14), doing off-farm jobs to raise income (M=2.12) (Table 6).

Table 6. Coping strategies adopted by the respondents.

Coping strategy Mean Std. deviation
Eating less preferred foods 2.09* 0.602
Lowering the quality of food intake 2.06* 0.696
Lowering the quantity of food intake 1.76 0.752
Borrowing food from friends and relatives 1.76 1.049
Borrowing money to purchase food 1.81 0.748
Mothers lowering their food intake for their children to eat enough  1.65 0.591
Avoiding one or two meals per day 1.60 0.666
Avoiding consuming food for one day 1.45 0.640
Engaging in prostitution and theft 151 0.626
Leaving children to cater for themselves 1.59 0.595
Lowering the number of people consuming food in the household 1.40 0.576
Consuming wild food 1.46 0.625
Income diversification 1.67 0.585
Asking for food on streets 1.58 0.613
Disposing assets 151 0.610
Distress migration 1.40 0.625
Consuming less expensive foods out of home 1.74 0.636
Doing off-farm jobs to raise income 2.12* 0.689
Purchasing meals on credit 1.72 0.778
Using funds budgeted for other uses to purchase food 2.14* 0.735
Depletion of stores 1.55 0.632

Source: Field survey, 2018; * effective coping strategies.
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This finding agrees with the results of Haile et al. (2005), who have opined
that engaging in off-farm and non-farm jobs is necessary for diversification of
household income. Other strategies are borrowing food from friends and relatives
(M=1.76), borrowing money to purchase food (M=1.81), purchasing food on credit
(M=1.72), and lowering the number of people eating in the household (M=1.40).
According to Ifeoma and Agwu (2014), household assets could be disposed to
purchase food in times of adversity, crop failure and other eventualities.

Conclusion

This study assessed the influence of SLM technologies on household food
security in Kwara state, Nigeria. The study indicated that 35% and 65% of the
respondents were food secure and food insecure respectively, with an average age
of 51.8 years. Furthermore, the adoption of SLM technologies was found to be
significant in explaining food security of households in the state. An increase in the
usage of SLM technologies by 0.106% increased food security by 1%. Other
important determinants estimated were farm income, household size, gender and
age of the household head. Moreover, reduction in quality of food consumed,
engaging in off-farm jobs to raise income and diversion of funds budgeted for other
uses to purchase foods were some of the effective coping strategies used by the
respondents in reducing the effects of food insecurity. Consequently, it is
recommended that the adoption and use of SLM technologies should be
encouraged at local, state and federal levels by sensitizing farmers on the
significance of SLM technologies through print and electronic media. Policies and
strategies aimed at reducing household size should be formulated and implemented
to reduce food insecurity.
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UTICAJ TEHNOLOGIJA ZA ODRZIVO UPRAVLJANJE ZEMLJISTEM
NA PREHRAMBENU SIGURNOST POLJOPRIVREDNIH
DOMACINSTAVA U DRZAVI KVARA, NIGERIJA

Shehu A. Salau”, Robiu O. Aliu i Nofiu B. Nofiu

Odsek za agroekonomiju i savetodavne usluge, Poljoprivredni koledz,
DrZavni univerzitet u Kvari, Malete, Nigerija

Rezime

Nigerija je medu zemljama koje se suocavaju sa problemom prehrambene
nesigurnosti. Sistemi poljoprivredne proizvodnje koji proizvode hranu za rastucu
populaciju nisu odrZivi. Shodno tome, upotreba tehnologija za odrZivo upravljanje
zemljiStem (engl. Sustainable Land Management — SLM) postaje odrZiva opcija.
Ovim istraZivanjem se procenjuje uticaj tehnologija za odrZivo upravljanje
zemljiStem na prehrambenu sigurnost poljoprivrednih domaéinstava u drzavi Kvara
u Nigeriji. Za ovo istrazivanje kori$¢ena je tehnika slu¢ajnog uzorkovanja za odabir
200 poljoprivrednih domacinstava. Analiticki alati ukljucivali su deskriptivou
statistiku, Sriarov indeks, Likertovu skalu, indeks prehrambene sigurnosti i
logisticku regresionu analizu. Rezultati su pokazali da je prosecna starost ispitanika
bila 51,8 godina. Indeks prehrambene sigurnosti pokazao je da su proporcije
prehrambeno sigurnih i nesigurnih domacinstava bile 35% odnosno 65%. Binarna
logisti¢ka regresija pokazala je da SLM tehnologije predstavljaju jednu od vaznih
determinanti za prehrambenu sigurnost. Povecanje upotrebe ovih tehnologija za
0,106% povecalo je prehrambenu sigurnost za 1%. Ostali vazni faktori koji su
procenjivani ukljucivali su prihod domacdinstva, veli¢inu porodice, pol i starost
nosioca domacinstva. Da bi se smanjili uticaji prehrambene nesigurnosti, efikasne
strategije suoCavanja koje su ispitanici usvojili obuhvatale su smanjenje kvantiteta i
kvaliteta hrane koja se konzumira, angaZzovanje na poslovima van gazdinstva kako
bi se povecao prihod domacinstva i kori§¢enje novca namenjenog za druge svrhe za
kupovinu hrane. Vlade na svim nivoima bi trebalo da ohrabre usvajanje i upotrebu
tehnologija za odrzivo upravljanje zemljisStem kako putem Stampanih tako i putem
elektronskih medija. Politike i strategije u pravcu smanjenja veli¢ine domacinstva
trebalo bi odlu¢no slediti kako bi se smanjila prehrambena nesigurnost.

Kljuéne redi: poljoprivredne prakse, strategije suocavanja, poljoprivredna
domacinstva, prehrambena sigurnost, SLM tehnologije i logisti¢ka regresija.
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for the sake of visibility. Subscripts and superscripts should be clear. Greek letters
and other non-Latin symbols should be explained when they are first used. The
meaning of all symbols should be given immediately after the equation where these
symbols are first used. Equations should be numbered by Arabic numerals, serially
in brackets, at the right-hand side. Each equation must be mentioned in the text as
Eqg. (1), Eq. (2), etc.

The corresponding author will be sent a free copy of the journal after it has been
published.

All future associates are asked to prepare the paper according to the given
instructions in order to facilitate the work of the Editorial Board. Unless the paper
is prepared according to the given instructions it will not be accepted for the
prospective publishing.

Editorial Board of the Journal
Journal of Agricultural Sciences



UPUTSTVO AUTORIMA

SLANJE RUKOPISA

Prilikim podno3enja rukopisa autori garantuju da rukopis predstavlja njihov
originalan doprinos, da nije ve¢ objavljen, da se ne razmatra za objavljivanje kod
drugog izdavaca ili u okviru neke druge publikacije, da je objavljivanje odobreno
od strane svih koautora, ukoliko ih ima, kao i, pre¢utno ili eksplicitno, od strane
nadleznih tela u ustanovi u kojoj je izvrseno istrazivanje.

Autori snose svu odgovornost za sadrZaj ponesenih rukopisa, kao i validnost
eksperimentalnih rezultata, i moraju da pribave dozvolu za objavljivanje podataka
od svih strana ukljucenih u istrazivanje.

Autori koji Zele da u rad ukljuce slike ili delove teksta koji su ve¢ negde objavljeni
duzni su da za to pribave saglasnost nosilaca autorskih prava i da prilikom
podno3enja rada dostave dokaze da je takva saglasnost data. Materijal za koji takvi
dokazi nisu dostavljeni smatrace se originalnim delom autora.

Autori garantuju, da su kao autori navedena samo ona lica koja su znacajno
doprinela sadrzaju rukopisa, odnosno da su sva lica koja su znaéajno doprinela
sadrZzaju rukopisa navedena kao autori. Registracija autora i prijava radova se vrsi
preko linka: http://aseestant.ceon.rs/index.php/jas/user

Pri prijavi rada autori treba da navedu podatke za kontakt (ime i prezime, ustanovu
i E-mail adresu) najmanje tri potencijalna recenzenta. Oni treba da budu eksperti iz
date oblasti istraZivanja koji ¢e obezbediti objektivnu procenu rada. PredloZeni
recenzenti ne bi trebalo da budu iz iste institucije iz koje su i autori rada.

Nakon prijema, rukopisi prolaze kroz preliminarnu proveru u redakciji kako bi se
proverilo da li ispunjavaju osnovne kriterijume i standarde. Pored toga, proverava
se da li su rad ili njegovi delovi plagirani.

Autori ¢e o prijemu rukopisa biti obavesteni elektronskom poStom. Samo oni
rukopisi koji su u skladu sa datim uputstvima bi¢e poslati na recenziju. U
suprotnom, rukopis ¢e, sa primedbama i komentarima, biti vra¢en autorima.

UPUTSTVO ZA PRIPREMU RUKOPISA

Autori su duzni da se pridrzavaju uputstva za pripremu radova. Rukopisi u kojima
ova uputstva nisu postovana bic¢e odbijeni bez recenzije.

Za obradu teksta treba Kkoristiti program MS-Word. Rukopise treba slati u jednom
od slede¢ih formata .doc, .docx, koristiti font Times New Roman, veli¢ina 12,
jednostruki prored, margine 2,5 cm. Strane ne treba numerisati.

Originalan nau¢ni rad — Rad koji sadrZi prethodno neobjavljivane rezultate
sopstvenih istraZivanja. Obim ovog rada treba da iznosi od 6 do 12 strana.
Pregledni rad — Rad koji sadrZi originalan, detaljan i kriti¢ki prikaz istrazivackog
problema ili podru¢ja u kome je autor ostvario odredeni doprinos, vidljiv na
oshovu autocitata (najmanje 10). Obim ovog rada treba da iznosi od 15 do 20
strana.


http://aseestant.ceon.rs/index.php/jas/user

Prethodno saopstenje — Originalan nau¢ni rad punog formata, ali manjeg obima
ili preliminarnog karaktera (od 2 do 6 strana).

Obavezna poglavlja svakog originalnog nau¢nog rada i prethodnog saopstenja su
slede¢a: naslov rada, imena autora, naziv ustanove autora, saZetak, klju¢ne reci,
uvod, materijal i metode, rezultati i diskusija, zakljuc¢ak, zahvalnica, literatura i
rezime na srpskom jeziku (ako je rad na engleskom i obrnuto). Pregledni rad mora
da sadrzi: naslov rada, imena autora, naziv ustanove autora, saZetak, klju¢ne reci,
uvod, analizu-diskusiju odredene teme, zakljucak, literaturu i rezime na srpskom
jeziku (ako je rad na engleskom i obrnuto). Ako su radovi na engleskom jeziku,
prednost se daje britanskoj varijanti ovog jezika.

Naslov rada

Naslov rada treba Sto vernije da opiSe sadrzaj rada i da ima $to manje reci. U
interesu je autora da se u naslovu koriste re¢i prikladne za indeksiranje i
pretraZzivanje. Naslov se piSe velikim slovima i centrirano. Ako je rad prethodno
bio izlozen na nekom skupu u vidu usmenog saopstenja, pod istim ili slicnim
naslovom, podatak o tome treba navesti pri dnu prve stranice, posle podataka
autora za kontakt.

Imena autora

Navodi se puno ime, srednje slovo i prezime svih autora, u originalnom obliku.
Imena se piSu ispod naslova, malim slovima, centrirano i boldovano. Ukoliko su
autori iz razli¢itih institucija brojéanom oznakom u superskriptu, iza prezimena,
oznaciti ustanovu u kojoj radi svaki autor. Autor za kontakt oznacava se zvezdicom
u superskriptu, iza prezimena, komandom ,,insert footnote*, a njegova e-mail
adresa navodi se ispod crte pri dnu prve stranice ¢lanka.

Naziv ustanove autora

Navodi se pun naziv i adresa ustanove u Kkojoj je autor zaposlen. Ispisuje se
neposredno nakon imena autora, centrirano. Ukoliko su autori iz razli¢itih
institucija broj¢anom oznakom u superskriptu ispred institucije oznafava se
ustanova u kojoj je zaposlen svaki od navedenih autora.

SaZetak

SaZetak je kratak informativni prikaz sadrZaja ¢lanka Kkoji ¢itaocu omogucava da
brzo i ta¢no odredi njegovu relevantnost. U interesu je autora da saZetak sadrZi
termine koji se koriste za indeksiranje i pretraZivanje. SaZetak ne sme da sadrZi
reference. Sastavni delovi saZetka su cilj istraZivanja, metode, rezultati i zakljucak.
SaZetak treba da ima od 200 do 250 reéi. Re¢ ,,SaZetak™ piSe se boldovano i uvlaci
jednim tabulatorom, nakon ¢ega slede dve tacke, a zatim tekst saZetka.

Kljucne reci

Klju¢ne reéi su termini ili fraze koje najbolje opisuju sadrZaj ¢lanka za potrebe
indeksiranja i pretraZivanja. Broj klju¢nih re¢i moze biti od 3 do 10. Navode se
ispod saZetka. Naslov ,Kljuéne re¢i“ piSe se boldovano i uvla¢i jednim
tabulatorom. Nakon toga slede dve tacke, a zatim nabrajanje klju¢nih re¢i malim
slovima, sa tackom na kraju. Treba izbegavati koris¢enje klju¢nih reci koje se
nalaze u naslovu rada. Klju¢ne reci se dostavljaju na srpskom i engleskom jeziku
posle saZetaka na oba jezika.



Uvod

Uvod treba da sadrZi informacije o dosadadnjim istraZzivanjima po navedenom
pitanju i Sta se datim istraZivanjem Zeli posti¢i. Prilikom osvrta na literaturu,
navesti autora i godinu, a autora citirati u spisku literature. Naslov ,,Uvod* piSe se
sa prvim velikim slovom, centrirano i boldovano, nakon ¢ega sa jednim razmakom
ispod naslova sledi tekst uvoda poravnat po levoj i desnoj margini. Svaki novi
pasus uvlaci se jednim tabulatorom. Ova pravila vaZe i za sva ostala poglavlja.

Materijal i metode

Materijal i metode treba izloZiti jasno uz objasnjenje svih primenjenih postupaka u
radu. OpSte poznate metode izloZiti kratko, a detaljnije ih objasniti ukoliko se
odstupa od ranije objavljenih postupaka. Za radove eksperimentalnog karaktera
obavezno navesti nacin statisticke obrade podataka. U ovom poglavlju, kao i u
poglavlju ,,Rezultati i diskusija“, po potrebi se mogu dati i odredena podpoglavlja.

Rezultati i diskusija

U poglavlju ,,Rezultati i diskusija“ interpretiraju se podaci dobijeni na osnovu
zapaZanja i izvrSenih eksperimenata. U komentaru rezultata treba se pozivati na
literaturu koja se navodi na kraju rada, ¢ime se obezbeduje poredenje dobijenih
rezultata sa dosada3njim saznanjima u toj oblasti.

Zakljucak

U zakljuéku treba ukratko navesti najznacéajnije rezultate dobijene u radu.
Izbegavati nabrajanje svih rezultata istraZivanja sa ponavljanjem brojéanih
vrednosti koje su prethodno ve¢ navedene u poglavlju ,,Rezultati i diskusija“.
Zaklju¢ak ne sme da sadrZi reference.

Zahvalnica
Zahvalnica treba da sadrzi naziv i broj projekta, odnosno naziv programa u okviru
koga je rad nastao, kao i naziv institucije koja je finansirala projekat ili program.

Literatura

Poglavlje , Literatura“ treba da sadrzi samo radove citirane u glavnom tekstu. Rad
citiran u tekstu treba da sadrZi prezime autora i godinu. Ako citat obuhvata jednog
autora on se navodi kao Jalikop (2010) ili (Jalikop, 2010). Kada citat obuhvata dva
autora on se navodi kao Sadras i Soar (2009) ili (Sadras i Soar, 2009). Ako se u
tekstu citiraju vise od dva autora posle prezimena prvog autora navodi se
skracenica et al.“, a zatim godina. Ovakav citat navodi se kao Lehrer et al. (2008)
ili (Lehrer et al., 2008). Ako se za odredeni problem istovremeno citira viSe radova
onda se oni hronolodki nabrajaju. Odvajanje veceg broja citiranih radova van
zagrade vrsi se zarezom (,) a u zagradi tackom i zarezom (;). Ako se citiraju dva ili
viSe rada istog autora oni moraju biti poredani prema hronoloSkom redu (1997,
2002, 2006, itd.). Ukoliko se odredeni autor pojavljuje nekoliko puta u istoj godini,
dodaju se slova (2005a, b, c, itd.). Citate licnih komunikacija i neobjavljenih
podataka treba izbegavati, osim ako je to apsolutno neophodno. Takvi citati bi
trebali da se pojave samo u tekstu (npr. Brown, li¢na komunikacija), ali ne i u
spisku referenci.



Literatura koja je citirana u tekstu navodi se u spisku referenci u originalnom
obliku, po abecednom redu, bez numeracije. Ako se citira vec¢i broj radova istog
autora najpre se navode radovi kada je autor sam, a zatim kada su prisutna dva i
viSe autora. Ako se u nekoj od ovih kategorija javlja ve¢i broj radova, treba ih
hronolo3ki srediti po godinama (1997, 2002, 2006, itd.), a ako se u istoj godini
javlja ve¢i broj radova dodaju se slova (2005a, 2005b, 2005c, itd.). Literaturni
podatak treba da sadrzi: prezime autora, pocetno slovo imena, godinu izdanja u
zagradi, naslov rada, naziv casopisa, volumen i broj stranica (prva-poslednja).
Prilikom citiranja knjiga navodi se izdava¢ i mesto izdavanja. Redovi svake
reference posle prvog reda moraju biti uvuéeni. U casopisu se Koristi APA -
Publication Manual of the American Psychological Association citatni stil.

Primeri navodenja referenci su sledeéi:

Periodic¢an casopis

Gvozdenovi¢, S., Safti¢ Pankovi¢, D., Joci¢, S., & Radi¢, V. (2009). Correlation
between heterosis and genetic distance based on SSR markers in sunflower
(Helianthus annuus L.). Journal of Agricultural Sciences, 54, 1-10.

Knjiga
Steel, R.G.D., & Torrie, J.H. (1980). Principles and procedures of statistics. New
York: McGraw-Hill Book Company.

Poglavlje u knjizi

Bell, R.L., Quamme, H.A., Layne, R.E.C., & Skirvin, R.M. (1996). Pears. In J.
Janick & J.N. Moore (Eds.), Fruit breeding, Volume I: Tree and tropical fruits.
(pp. 441-514). New York: John Wiley and Sons, Inc.

Zbornik

Behera, T.K., Staub, J.E., Behera, S., Rao, A.R., & Mason, S. (2008). One cycle of
phenotypic selection combined with marker assisted selection for improving yield
and quality in cucumber. In M. Pitrat (Ed.), Proceedings of the IXth EUCARPIA
meeting on genetics and breeding of Cucurbitaceae (pp. 115-121). Avignon.

Teza
Singh, N.K. (1985). The structure and genetic control of endosperm proteins in
wheat and rye. University of Adelaide.

Izvestaj
Ballard, J. (1998). Some significant apple breeding stations around the world.
Selah, Washington.

Veb sajt

Platnick, N.I. (2010). The world spider catalog, version 10.5. American Museum of
Natural History. Retrieved February 12, 2016, from
http://research.amnh.org/entomology/spiders/catalog/index.html


http://research.amnh.org/entomology/spiders/catalog/index.html

Rezime

Rezime na srpskom jeziku (za radove napisane na engleskom jeziku) ili na
engleskom jeziku (za radove napisane na srpskom jeziku) navodi se na kraju rada i
treba da ima od 200 do 250 reci. Ispred osnovnog teksta rezimea, navodi se naslov
rada, puno ime, srednje slovo i prezime svih autora i naziv i adresa ustanove
autora. Naslov ,,Rezime* piSe se razmaknuto i centrirano. Nakon naslova sledi
jedan razmak, a zatim tekst rezimea, uvucen jednim tabulatorom. Neposredno
nakon teksta rezimea, navode se kljucne reéi, sa tackom na kraju. E-mail adresa
autora za kontakt navodi se ispod crte, pri dnu stranice.

Tabele

Tabele obeleZene arapskim brojevima (1, 2, itd.) pracene naslovom treba da se
nalaze na odgovaraju¢em mestu u tekstu, u fontu 9. Maksimalna Sirina tabela treba
da bude 13 cm. One treba da budu jasne, §to jednostavnije i pregledne. Treba
izbegavati vertikalne crte, a broj kolona ograniéiti tako da tabela ne bi bila
preSiroka. Takode, treba izbegavati nepotrebnu upotrebu horizontalnih crta. Naslov
tabele, poravnat po levoj i desnoj margini, sa tactkom na kraju, navodi se sa jednim
razmakom iznad tabele. Ispod tabele treba dati detaljno objadnjenje skracenica,
simbola i znakova koris¢enih u samoj tabeli. Svaka tabela mora biti pomenuta u
tekstu.

lustracije

Svi grafikoni, dijagrami i fotografije treba da se nazovu ,,Slika“ (1, 2, itd.). Prilazu
se na odgovaraju¢em mestu u tekstu. Grafikone i dijagrame treba uraditi fontom 9,
u crno-beloj tehnici i sa maksimalnom Sirinom od 13 cm. Voditi ra¢una da oni
budu ¢itki i jasni i nakon redukcije veli¢ine. Za svaki grafikon i dijagram treba
obezbediti detaljnu legendu bez skracenica. Fotografije moraju biti visokog
kvaliteta da bi se tehni¢ki mogle dobro reprodukovati. Prilazu se u ,, TIF“ ili ,,JPG*
formatu, u crno-beloj tehnici. Naslov ilustracije, poravnat po levoj i desnoj
margini, sa takom na kraju, navodi se sa jednim razmakom ispod ilustracije.
Svaka ilustracija mora biti pomenuta u tekstu.

Skraéenice i jedinice

U radu treba Koristiti samo standardne skrac¢enice. Merne jedinice treba izraZavati u
internacionalnom sistemu jedinica (SI). Kod navodenja jedinica posle broja treba
da stoji razmak (osim za % i °C). Skracenice se mogu Koristiti i za druge izraze pod
uslovom da se ti izrazi navedu u punom obliku prilikom prvog pominjanja, sa
skrac¢enim oblikom u zagradi. Vrednosti od 1 do 9 mogu se izrazavati slovima, a
ostali brojevi isklju¢ivo numericki.

Nomenklatura

Celokupna nomenklatura (hemijska i biohemijska, taksonomska, geneti¢ka itd.)
mora biti uskladena sa medunarodnim kodeksima i komisijama, kao S$to su
International Union of Pure and Applied Chemistry, IUPAC-IUB Combined
Commission on Biochemical Nomenclature, Enzyme Nomenclature, International
Code of Botanical Nomenclature, International Code of Nomenclature of Bacteria
itd.



Formule

Sve formule i jedna¢ine u radu moraju biti uradene pomocu programa ,,Word
Equation“. Pri pisanju formula, radi preglednosti, ostaviti dovoljno praznog
prostora oko same formule. Subskripti i superskripti treba da budu jasni. Prilikom
pisanja jednacina treba dati smisao svih simbola odmah posle jednacine u kojoj se
simbol prvi put koristi. Jednacine treba da budu numerisane arapskim brojevima,
serijski u zagradama, na desnoj strani linije. Svaka jednacina mora biti pomenuta u
tekstu kao Eq. (1), Eq. (2), itd.

Nakon objavljivanja rada, autoru za kontakt ¢e biti poslat jedan primerak ¢asopisa.
Mole se svi budu¢i saradnici da rad pripreme prema datom uputstvu, kako bi
olaksali rad redakcije ¢asopisa. Ukoliko se rad ne pripremi po navedenom uputstvu
nece biti prihvacen za objavljivanje.

Redakcioni odbor ¢asopisa
JOURNAL OF AGRICULTURAL SCIENCES
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