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PLOUGHING DOWN HARVEST RESIDUES OF PRECEDING CROPS FOR
THE PURPOSE OF SOYBEAN YIELD IMPROVEMENT
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Maksima Gorkog 30, 21000 Novi Sad, Serbia
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Abstract: Soybean yield depends on the choice of cultivar, soil fertility,
cultivation practices, and weather conditions in different years. Ploughing down
crop residues increases the content of soil organic matter, and thereby positively
affects soil fertility. The use of crop residues as an energy source has been
promoted in recent years. It would be wrong to refer to this as a renewable energy
source as the removal of crop residues from agricultural fields reduces and
ultimately damages soil fertility, which in turn leads to reduced yield and a crop
residue decrease in the future. Due to the reduced application of manure and
organic fertilisers, it is necessary to return crop residues to the soil to preserve soil
structure and prevent soil fertility decline. The effect of ploughing down crop
residues of preceding crops on soybean yield has been the focus of studies for
eleven years. Ploughing down maize crop residues resulted in the soybean yield
increase by about 11.69%, i.e. the annual yield increase ranged from 2.89% to
15.94%.

Key words: crop residues, crop rotation, Glycine max L., yield.

Introduction

Soybean (Glycine max (L.) Merr.) is the most important source of edible oil
and high-quality plant protein for feeding both humans and animals worldwide
(Friedman and Brandon, 2001). Industrial development placed soybean among the
most important industrial plants, serving as a source for 20,000 different products
(MaBbigenko et al., 2004). Aside from its increased production in the 20™ century,

“Corresponding author: e-mail: vojin.djukic@ifvens.ns.ac.rs
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soybean is certainly the plant of the future, gaining its importance due to a world
population increase (Puki¢, 2009a).

Returning crop residues to the soil is widely recognised as a useful approach
to recycle nutrients, increase soil fertility, and prevent the impoverishment of
organic carbon in the soil (Rengel, 2007). Crop residues can be returned to the soil
for nutrient recycling, and they are an important source of organic matter to
improve soil physical, chemical and biological properties (Kumar and Goh, 2003).
Ploughing down crop residues contributes to the increase in soil biogenic elements,
with a positive effect on the succeeding crop, whereas the application of increased
nitrogen doses on preceding crops reduces the number of microorganisms in
soybean rhizosphere (Dozet, 2009). The decomposition of crop residues is
governed by both quantity and quality of the residue (Yu et al., 2015), climatic
conditions such as temperature and moisture (Allmaras et al., 1996), and soil
properties (Frouz et al., 2015).

Soybean is the most usually rotated crop with maize, and a yield benefit for
rotation has been widely reported, with results from 28 field trial studies on crop
rotation exhibiting, on average, a 7.8% increase in yield (Erickson, 2008). Much is
known about the principal mechanisms responsible for these benefits, including
effects on disease control, improved nitrogen nutrition and water supply, although
researchers continue to be challenged by inexplicable “rotation effects” that have
yet to be documented or fully understood (Kirkegaard et al., 2008). Maize
produces a large number of crop residues, which should be powdered and
incorporated into the soil through autumn primary tillage. Crop residues maintain
the physicochemical conditions of the soil and improve the overall ecological
balance of the crop production system (Tan et al., 2007). Incorporation of crop
residues into soil significantly prevents soil erosion and enhances the soil quality
(Wilhelm et al., 2007). Bhagat and Verma (1992) showed that the incorporation of
crop straws for five years significantly increased the crop yield and improved the
soil properties. Incorporation of crop rotation into the soil cannot cause a sudden
and rapid increase of the amount of humus, as that process is long and slow, but it
can improve soil structure, especially important in soils of heavy mechanical
composition. It provides better soil-water-air regime, helps absorb and retain soil
moisture, and enables the formation of favourable soil structure and biological
maturity, which in turn leads to easier and better tillage with reduced fuel
consumption (Ja¢imovic et al., 2009).

Material and Methods
In order to investigate the effect of ploughing down maize crop residues on

soybean yield, the trial was carried in the period 2005 to 2015 at the experimental
field of the Institute of Field and Vegetable Crops at Rimski Sancéevi (45°20" N
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19°51" E) near Novi Sad. The trial was organised as the three-crop rotation (maize-
soybean-winter wheat) with four replications, where maize was used as a preceding
crop to soybean. Trials were conducted using the two variants: ploughing down
maize crop residues and removing crop residues from plots. Sowing was conducted
mechanically on designated plots, while standard soybean cultivation practices
were applied throughout the whole course of the study — autumn primary tillage to
the depth of 25 cm, pre-sowing cultivation, inter-row cultivation, inter-row tillage
and weeding.

A total of 80 kg ha’ P,Os and K,O (superphosphate 18%, potassium salt
40%), as well as 100 kg ha™of nitrogen fertilizer KAN (27%) were incorporated
into the soil as a primary tillage operation, while 100 kg ha™of nitrogen fertilizer
KAN was incorporated in the spring as primary tillage before maize sowing.
Fertilisation was not applied during soybean cultivation, except for microbial
preparation NS Nitrogen used as a seed inoculant immediately before sowing.

The study included early maturing soybean cultivars from the 0 maturity
group, with the vegetation period of 120 days and genetic potential above 4500 kg
ha™. The cultivar Proteinka was sown in the period 2005-2009, whereas the
cultivar Valjevka was sown in the period 2010-2015. The recommended planting
density for this maturity group is 500,000 plants per hectare.

The basic plot was 5 m long, 3 m wide, i.e. 15 m?in size. Planting density was
50 x 3.5 cm, or 571,430 plants per hectare. Mechanical harvesting was conducted
with a harvester (Wintersteiger elite). After basic plot harvesting, grain weight and
moisture were measured, and yield was calculated (kg ha™) with the moisture level
of 14%.

Research results were statistically analysed by the two-way analysis of
variance (ANOVA), while the LSD test was used to check significant differences
(the statistical program “Statistica 10.0™).

Weather conditions in the period from 2005 to 2015

Temperature. The average temperature during vegetation in the period from
2005 to 2015 was 18.98°C. It is 0.90°C more than the multiyear average for the
period from 1964 to 2015 (18.08°C). If we observe the average monthly
temperatures in the vegetation period by years, it can be noticed that in 2005
average monthly temperatures were lower compared to the multiyear average
(17.70°C), while in the remaining years of the research, they were higher. The
highest value was recorded in 2012 (20.52°C), which was 2.44°C higher than the
annual average (Table 1).

Observed by some months, it can be seen that the average monthly
temperature in the eleven-year period was higher than the values for the multiyear
period. April and May were the warmest in 2009 (14.6°C and 18.6°C), while in
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2012 the highest values were recorded for the average monthly temperatures in
June (23.0°C), July (25.2°C) and August (24.6°C).

Table 1. Average monthly temperatures during the soybean vegetation period
2005-2015 (°C).

Mean monthly temperature (C)

Month v v VI Vil Vil IX Average
Year

2005 118 17.0 193 214 194 173 17.70
2006 127 165 197 236 196 179 18.33
2007 13.4 185 221 233 227 146 19.10
2008 13.0 18.4 218 217 227 152 18.80
2009 146 18.6 196 228 229 192 19.62
2010 123 16.9 202 231 219 161 18.42
2011 132 16.8 209 221 231 204 19.42
2012 13.0 175 230 252 246 198 2052
2013 13.4 17.4 205 223 229 157 18.70
2014 132 16.3 205 219 209 172 18.33
2015 12.0 18.0 207 249 245 187 19.80
Average

oo a1 1296 1745 2075 2294 2229  17.46 18.98
Average

oeh s 1170 1700 2000 2170 2120  16.90 18.08

Precipitation. Mean monthly rainfall during the vegetation period from 2005
to 2015 was 408.33 mm, which is 33.33 mm more than the multiyear average or
the period from 1964 to 2015 (375.00 mm). After the sum of precipitation in the
vegetation period, it can be seen that the years of 2008 (333.2 mm), 2009 (271.5
mm), 2011 (210.5 mm) and 2012 (226.8 mm) were with a pronounced precipitation
deficit. In addition to the amount of rainfall during the growing season, favourable
rainfall is important to obtain a high yield of soybean. A critical period in relation
to water for achieving high yield of soybean is the period of formation of pods and
grains, as well as the filling of soybean, respectively in July and August. Thus, it
can be noticed that in addition to the above mentioned years, there was a lack of
precipitation in the critical period for soybean in 2013 and 2015 (Table 2).

Evapotranspiration. For a more detailed analysis of meteorological conditions
in certain years on the soybean yields achieved, the values of potential and actual
evapotranspiration were calculated for the period from emergence to maturity of
soybean crops in certain years. These values were calculated on the basis of
hydrophytothermic soybean indices, mean daily air temperatures, daily values of
precipitation, and the measured soil moisture values at the time of soybean seeding
were taken as the baseline. The difference between real and potential
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evapotranspiration at the time of maturity defines the value of the deficit, i.e. more
precipitation as the date when potential evapotranspiration surpasses the value of
real evapotranspiration marks the beginning of the drought. All these parameters
also affect the length of the vegetation period. There was a decrease in yields in
2013, although no precipitation deficit was identified. The reason for this is the
soybean damage caused by hail on June 22 (Table 3).

Table 2. Average monthly rainfall during the soybean vegetation period

2005-2015 (mm).

Precipitation (mm)

Month v i VI VII VIl IX Total
Year

2005 330 381 1354 1225 1339 670 529.9
2006 660  70.1 104.3 309 1249 238 420.0
2007 0.0 98.6 711 3838 796 788 366.9
2008 219 462 115.9 416 140 936 3332
2009 36 504 1272 58.1 191 131 2715
2010 637 1137 171.8 99.0 1685  67.7 684.4
2011 22.8 62.4 36.9 615 15 254 2105
2012 828 522 275 477 35 131 226.8
2013 358 1181 125.7 341 267  107.8 4482
2014 512 2021 382 1411 787 997 611.0
2015 159 1917 26.7 26 997 526 389.2
Average

00n D015 3606 9487 8915 6163 6819 5842 408.33
Average

Looh 015 4690 6710 8650 6740  59.30  47.80 375.00

Table 3. Potential and actual evapotranspiration during soybean vegetation from

2005 to 2015 (mm).
Year SM PV PE AE PD DS LVP
2005 46.20 430.1 393 476 83 - 125
2006 41.60 326.7 404 370 -34 03.07. 120
2007 32.00 267.2 390 299 -91 02.07. 113
2008 49.20 207.8 412 256 -156 05.07. 114
2009 36.94 2425 402 279 -123 23.07. 117
2010 51.32 557.4 436 587 151 - 121
2011 48.66 163.6 381 211 -170 21.06. 114
2012 28.20 127.4 403 156 -247 07.06. 106
2013 37.05 298.6 413 336 77 04.08. 116
2014 35.32 498.2 416 533 117 - 126
2015 39.17 2311 381 263 -118 18.07. 105

SM - Soil moisture reserves during the sowing time; PV- Precipitation during the vegetation period;
PE — Potential evapotranspiration; AE — Evapotranspiration; PD —Precipitation deficit; DS — Drought

start, LVP — Length of the vegetation period.
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Results and Discussion

Water is the primary limiting factor controlling production. Loss of water
through evaporation (E) is large, especially in less intensive cropping systems
(Farahani et al., 1998). One way in which water may be conserved is through crop
residue management. It is generally believed that increasing crop residue levels
leads to water conservation (van Donk et al., 2012). Ploughing down crop residues
of maize preceding crops resulted in a vyield increase in all years of study,
compared to variants in which crop residues were removed from plots. Average
yield was increased by 11.69% over the course of eleven years. The highest
average yield (4635.50 kg ha™) was recorded in the 2014 season in which there was
no precipitation deficit resulting in an increase and development of soybean, and
the lowest was recorded in 2012 (2107.63 kg ha™) in which precipitation deficit
was 247mm during soybean vegetation (Table 4). Retention of a layer of crop
residues following harvesting can have considerable yield responses in low-rainfall
areas and few or negative responses in super-humid and low-temperature areas
(Kingston et al., 2005). During unfavourable seasons, the highest yield increase
was recorded on plots where ploughing down harvest residues was applied
(13.43% in 2012, 15.94% in 2015). Considering the average annual yields, no
significant difference was observed between 2006 and 2009 (3272.88 kg ha'and
3291.88 kg ha), but highly significant differences in yields were recorded in all
other years of study.

Table 4. Average soybean grain yield (kg ha™).

Factors Harvest residue (B) S 0
Year (A) With CR Withoui CR Average (A) Yield increase (%)
2005 4009.00 3721.75 3865.38 7.72
2006 3408.75 3137.00 3272.88 8.66
2007 3454.75 3357.75 3406.25 2.89
2008 3711.75 3304.25 3508.00 12.33
2009 3486.00 3097.75 3291.88 12.53
2010 4592.25 4147.25 4369.75 10.73
2011 3507.00 3214.75 3360.88 9.09
2012 2240.25 1975.00 2107.63 13.43
2013 3182.25 2831.25 3006.75 12.40
2014 4793.00 4478.00 4635.50 7.03
2015 3318.25 2862.00 3090.13 15.94
Average (B) 3609.39 3284.25 3446.82 11.69
Factor LSDg5 LSDg 1
A 3062 4123
B 1467 1971
AxB 4866 6538

BxA 4517 6004
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The average yield obtained in trials where maize crop residues were ploughed
down (3609.39 kg ha') had significant differences compared to trials which
included crop residue removal (3284.25 kgha). Ploughing down maize crop
residues has a positive effect on soybean yield (Meki et al., 2013). Soybean yield
was 24% lower when sorghum residues were removed than when the residue was
left on the soil surface. This yield reduction with residue removal is due to low
content of available soil water, high soil temperatures on the surface, and poor
canopy development (Doran et al., 1984). Yield increases by ploughing down crop
residues of preceding crops were evident in each year of research, while
oscillations in yield over the years of the study confirm that soybean yield was
highly affected by weather conditions during the vegetation period. Organic matter
increases microorganism activity in the arable layer which binds nitrogen, thereby
reducing the possibility of nutrient leaching into deeper soil layers (Buki¢ et al.,
2009b).

Considering the trials which included ploughing down crop residues across
different study years, no significant differences in soybean yields were recorded
between 2007 (3454.75 kg ha™) and 2009 (3486.00 kg ha™), or between 2009 and
2011 (3507.00 kg ha™). Maize residue remaining in the field may have reduced soil
water evaporation, increased soil water availability, and improved soybean
productivity during the drought year (Riedell et al., 2017).

The difference in yields was significant between 2006 (3408.75 kg ha™) and
2007, while highly significant differences in yields were recorded in all other years
of study. Observing the trials where ploughing down harvest residues was not used
across different years of study, soybean yields showed no significant difference
between 2006 (3137.00 kg ha™) and 2009 (3097.75 kg ha™), or between 2013
(2831.25 kg ha*) and 2015 (2862.00 kg ha*). The difference in soybean yields was
significant between 2007 (3357.75 kg ha™) and 2008 (3304.25 kg ha™), while the
differences between yields in other years of study were highly significant. Crop
residue is also a valuable resource in terms of soil quality (Wilhelm et al., 2007).
Research has shown that crop residue is directly related to characteristics beneficial
to soil quality and crop yields, including nutrient cycling, soil organic matter, and
soil organic carbon (Blanco-Canqui and Lal, 2009). Crop residue is directly related
to many soil physical and chemical properties that affect plant growth, and the
removal of crop residue may adversely affect these properties.

Conclusion

Ploughing down maize harvest residues had a positive effect on soybean yield.
Crop residue removal from plots reduced soybean yield and ultimately disturbed
soil structure and soil biogenic elements. Removal of crop residues from the plots
reduced the yield of soybean and disrupted soil structure and soil biogenes. In order
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to obtain high and stable yields, ploughing down harvest residues of preceding
crops should be applied as a mandatory soybean cultivation practice.
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Rezime

Prinos soje zavisi od izbora sorte, plodnosti zemljista, agrotehnickih mera, kao
i od vremenskih uslova u pojedinim godinama. Zaoravanjem Zetvenih ostataka
preduseva povecava se sadrzaj organske materije u zemljistu, $to ima pozitivan
uticaj na plodnost zemljiSta. U jedanaestogodi$njim istraZivanjima proucavan je
uticaj zaoravanja Zetvenih ostataka preduseva kukuruza na prinos soje. Poslednjih
nekoliko godina sve viSe se promovise koriS§¢enje zetvenih ostataka za dobijanje
energije. Pogresno je nazivati ovaj vid dobijene energije kao obnovljivu energiju,
posto se na duZi period odnoSenjem Zetvenih ostataka sa poljoprivrednih povrsina
pogorSava i trajno narusava plodnost zemljista, §to ¢e dovesti u buduénosti do
smanjenja prinosa gajenih biljaka, a samim tim i do smanjenja Zetvenih ostataka.
Zbog sve manje primene stajnjaka i organskih dubriva, neophodno je bar deo
zetvenih ostataka gajenih biljaka vratiti u zemljiste, kako bi se saCuvala struktura
zemljista i usporilo opadanje njegove plodnosti. Zaoravanje Zetvenih ostataka
preduseva kukuruza dovelo je do povecanja prinosa soje u proseku za 11,69%,
odnosno po pojedinim godinama povecéanje prinosa je bilo od 2,89% do 15,94%.
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Abstract: Durum wheat has a comparative adaptive advantage over bread
wheat under hot and dry conditions. Accordingly, it feeds millions of people in the
Middle East and North Africa. Under these conditions, the deficiency of nutrients,
including micronutrients, is a major concern for many reasons, including
calcareous soil under drought stress conditions. Therefore, growth, yield, iron (Fe)
and zinc (Zn) concentration in durum wheat cultivar grains were investigated. A
factorial experiment based on a randomized complete block design with three
replications was conducted in the Dryland Agricultural Research Institute (DARI)
— Moghan. The first factor comprised spraying at four levels, including the control
and foliar spraying with Fe, Zn, and Fe+Zn and the second factor consisted of
genotypes at four levels: Dehdasht (G1), Seymareh (G2), and two new genotypes
(G3 and G4). Solutions of Fe and Zn fertilizers were sprayed at the tillering, early
ear emergence, and milk stages, with a ratio of 2 and 1.5 g fertilizer/1000 ml
solution (W/V), respectively. The results showed that genotypes G1, G3 and G4
produced higher grain yield per square meter than G2. This increase was due to the
higher weight of 1000 grains in G3 and G4 genotypes and 1000-grain weight with
a higher grain number in G1. G1 and G2 had greater spike length, number of grains
per spike and spikelet than G3 and G4 genotypes. In all studied traits, except Fe
and Zn concentration, the combination of Fe+Zn showed the highest and control
had the lowest performance. Also, the application of Zn was superior to Fe. The
highest Fe concentration of G1, G2, G3, and G4 was observed at Fe+Zn, control,
Zn, and Fe levels, respectively. The highest Zn concentrations were observed in the
G3 genotype when only Zn was used or in combination with Fe. According to the
results, the Fe and Zn spray application increased durum wheat yield on Fe and Zn
deficient soil.

Key words: durum wheat, foliar spray, mineral concentration, yield.
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Introduction

Wheat is the most important crop grown in Iran and provides more than 45%
of protein and 55% of the calories needed by the people (Malakouti, 2007).
Compared to bread wheat, durum wheat (Triticum turgidum L.) tends to store more
Zn and Fe in grains (Conti et al., 2000). Durum wheat, as the hardiest wheat
species, is well adapted to semi-arid and dryland climates and it is superior to bread
wheat in hot and dry conditions (Elias and Manthey, 2005). The reasons for the low
availability of Fe and Zn are high pH, high calcium carbonate content, heavy
texture, low organic matter and low soil moisture (Cakmak et al., 1996). Most of
these factors are present in rain-fed conditions. It is estimated that 80 percent of the
Iran’s farms are potentially deficient in Zn (Malakouti, 2007). In another study,
37% of wheat fields had severe Fe deficiency and 40% of wheat fields had severe
Zn deficiency (Dorostkar et al., 2013). Recent researches support the hypothesis of
declining the concentration of micronutrients in new wheat cultivars over time (Fan
et al., 2008). In developing countries, the decline in micronutrient concentration is
more intense due to poor crop management and soil degradation. The average Zn
concentration of modern wheat is low compared to the early and wild wheat
(Cakmak, 2000). For instance, Nikolic et al. (2016) concluded that the levels of Zn
and Fe in the grain of two bread wheat cultivars grown in Serbia were rather low,
whereas only 13% of the soil samples were Zn deficient and none was Fe deficient.
However, the study of 57 durum wheat cultivars grown under field conditions in
Italy showed a low genetic variation in Zn (29 to 46 mg kg™*) and Fe (34-67 mg kg’
Y (Ficco et al., 2009). The amount of Zn in durum wheat grains was 8 to 12 mg kg
Y under lower Zn availability and 15 to 25 mg kg™ under higher Zn availability
conditions (Erdal et al., 2002). The concentration of Zn may also be reduced to 10
mg kg, which is not enough to meet human needs (Cakmak, 2008). Research over
the past two decades has proven that there is a close relationship between healthy
soil, healthy plants and healthy humans, and malnutrition is often associated with
illnesses in humans (Sanchez and Swaminathan, 2005). The use of micronutrients
to improve crop yield and human health is greatly increased (Alloway, 2008).

Fe deficiency disrupts the synthesis of chlorophyll, electron transfer chain,
photosynthesis (Ziaeian and Malakouti, 2006), and decreases leaf green pigments
(Kumar and Sool, 2000), and the aboveground growth (Mohamed and Ali, 2004).
These traits have a close relationship with the yield of crops. The application of Zn
increased leaf and stem growth (Brennan, 2007), the number of grains per spike
(Yilmaz et al., 1997) and 1000-grain weight of wheat (Malakoti and Hasanpor,
2003; Yilmaz et al.,, 1997). Seadh et al. (2009) reported that among the
micronutrient elements, Zn had a major role in plant height, spike length, number
of spikelets per spike, number of grains per spike, 1000-grain weight, grain yield,
straw yield, protein and carbohydrates. Ziaeian and Malakouti (2001) have
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described that the application of micronutrient elements increases grain yield, straw
yield, 1000-grain weight and protein content of the grains. The experiment
conducted on wheat crop in 25 locations of Iran included Zn, Fe, manganese (Mn)
and copper (Cu) showed that Zn application significantly increased grain yield
(about 15%), 1000-grain weight, grain number per spikelet, Zn concentration and
protein content (Ziaeian and Malakouti 2001). Hussain et al. (2005) have stated
that the use of a micronutrient spray at the tillering, boot and milk stages increases
wheat grain yields by increasing plant height, number of grains per spike and 1000-
grain weight. The soil and foliar application of Zn-containing fertilizers improved
Zn concentrations in bread and durum wheat (Cakmak, 2008). The application of
zinc sulphate in Zn-deficient soil increased Zn concentration and grain yield
(Yilmaz et al., 1997). An increase in Zn concentrations was reported by Graham et
al. (1992) and Shivay et al. (2008) under field conditions. Ming and Yin (1992)
have found that Zn application reduces Fe concentration. Cakmak et al. (1999)
concluded that lines with high Zn efficiency had higher Zn uptake by roots, but not
higher Zn concentration in grains because increased Zn uptake is used to increase
dry matter production. An increase in grain Fe concentration with a foliar spray of
FeSO4 was reported by Zhang et al. (2010) and Singh et al. (2004). On the other
hand, Gupta (1991) identified that foliar Fe fertilizers did not affect grain Fe
concentration. There are mostly antagonistic (Saha et al., 2015; Tiwari and Pathak,
1982) and seldom synergistic (Zeidan et al., 2010) relationships between Zn and Fe
concentrations in cereals. Monasterio and Graham (2000) and Grusak and Cakmak
(2005) believe that grain Fe and Zn concentrations are positively correlated in
cereals, biofortification is independent of environment, and raised grain Fe and Zn
concentrations can be combined with improved agronomic traits. Thus, breeding
for biofortification of Fe and Zn in cereals is feasible. Generally, tetraploid (ssp.
durum) varieties showed less genetic variability for Fe and Zn concentrations
(Monasterio and Graham, 2000; Grusak and Cakmak, 2005). An increase in
inorganic concentrations might be a consequence of slower growth, reduced yield,
low harvest index or smaller seeds (Monasterio and Graham, 2000). Yield increase
led to a decline in nutrient concentration named the yield dilution effect.

The purpose of this study was to investigate the effect of Zn and Fe foliar
application on the yield and quality of durum wheat grains.

Material and Methods

This study was carried out as a factorial experiment in a randomized complete
block design with three replications at the Dryland Agricultural Research Institute
(DAIR) — Moghan during the 2015-2016 cropping season. Soil characteristics of
the study farm are given in Table 1. The DTPA micronutrient extraction method
was used to estimate the potential soil availability of Zn and Fe. Critical levels of
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soil Fe and Zn were 8.5 and 0.55 mg/kg, respectively (Feiziasl, 2006). Therefore,
the level of the two elements was lower (Table 1). The first factor comprised foliar
spraying at four levels including control and spraying with Fe, Zn and Fe+Zn. The
second factor consisted of different genotypes of durum wheat at four levels
including Dehdasht (G1), Seimareh (G2) and two new genotypes (G3 and G4). The
genealogy and the code of the genotypes are shown in Table 2. Each experiment
plot consisted of 6 rows with 5-meter length and 20-cm inter-row space. The seeds
were disinfected with carboxin thiram then cultivated with an automatic planter
(Wintersteiger) at depths of 5 to 7 cm. Sowing time and harvest time were 6
November 2015 and 5 June 2016, respectively. Seed density within one square
meter was 300. Approximately 28.5 kg/ha N and 12 kg/ha P were utilized before
planting.

Table 1. Soil test results (depth of 0 to 30 cm).

Kava. Pava. Nt. oM EC pH Zn Fe Mn Cu
(ppm)  (ppm) (%) (%) (ds.m-1) (ppm)  (ppm)  (ppm)  (ppm)
307 236 00l 098 0.79 79 045 5.6 3.2 0.21

Table 2. The pedigree of genotypes cultivated for the experiment.

Genotype No. Genotypes

G1 Dehdasht

G2 Seymareh

G3 SILK_3/DIPPER_6/3/ACO89/DUKEM_4//5*ACO89/4/PLATA_7/ILBOR_1//SOM

AT_3/5/LLARETA
INIA/YEBAS_8/3/MINIMUS_6/PLATA_16//IMMER/4/D86135/ACO89//PORRON
_4/3/SNITANCDSS07Y00046S-099Y-099M-18Y-2M-04Y-0B

G4 BCRIS/BICUM//LLARETAINIA/3/DUKEM_12/2*RASCON_21/5/1A.1D5+1-
06/3*MOJO//RCOL/4/ARMENT//SRN_3/NIGRIS_4/3/CANELO_9.1CDSS07Y000
68S-099Y-099M-4Y-3M-04Y-0B

The Zn and Fe nano-chelate fertilizer of Khazra Company was sprayed with a
ratio of 1.5 and 2 g fertilizer/1000 ml solution (w/v), respectively, at the tillering,
early ear emergence and milk stages. Main stems from one square meter were
harvested and then plant height, peduncle length, spike length, number of spikelets
per spike, number of grains per spike, number of grains per spikelet, and 1000-
grain weight of main spikes were assessed. Grain yields comprised the weight of
grains of all plants harvested in a square meter. After cleaning the grain samples,
they were dried at 70°C for 2 h, then were milled into flour and passed through a
sieve of one millimeter. All samples of flour were digested by using the HNO;-
HCI mixture, and Fe and Zn concentrations were measured by an atomic
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absorption spectrometer (Shimdzu, AA-6300) at wavelengths of 248.3 and 233.9
nm, respectively.

SAS software was used for the analysis of variance (ANOVA). Duncan’s
multiple range test at p < 0.05 was used to determine differences between treatment
means.

Results and Discussion
Stem height

Stem height was affected by spraying and genotypes (Table 3). Mean
comparisons showed that Zn and Fe+Zn treatments gave significantly greater stem
height in comparison to control. The difference between Zn and Fe treatments was
insignificant. Genotype G2 had the lowest stem height, and G3 and G4 showed a
significant advantage over others (Table 4). EI-Magid et al. (2000) concluded that
the Fe and Zn foliar application increased the height of the wheat plants. Khan et
al. (2008) achieved a similar result by the zinc sulfate soil application for wheat.
Seadh et al. (2009) reported that the highest wheat plant height was related to Zn
treatment among micronutrient elements applied.

Table 3. The analysis of variance of the effect of spraying and genotype on stem
height, peduncle length, spike length, spikelet number/spike and grain
number/spike.

MS

Source of variation df Stem Peduncle Spike Spikelet Grain

height length length number/spike  number/spike
Replication 2 0.56 3.19 0.28 1.61 0.005
Spraying (A) 3 101.5** 56.3** 1.19** 11.98** 0.18**
Genotype (B) 3 195.5%* 37.8** 2.86™* 9.22** 1.105**
AxB 9 8.27™ 2.6™ 0.05™ 0.67™ 0.023™
Experimental error 30 6.48 1.25 0.05 0.49 0.027
C.V (%) 2.81 3.1 3.95 3.94 6.97

** and *are significant at 1% and 5% probability levels, respectively.
Peduncle length

The effect of spraying and genotypes on peduncle length was significant
(Table 3). The foliar application of Fe+Zn gave the largest peduncle length and Zn,
Fe and control treatments had lower values, respectively. Genotypes G1, G3 and
G4 had the greatest peduncle length and genotype G2, with the lowest stem length,
produced the minimum peduncle length (Table 4). Genotypes G3 and G4 also had
the greatest stem height.
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Table 4. Mean comparison of the effect of genotype and spraying on stem height,
peduncle length, spike length, spikelet number/spike and grain number/spike.

Stem Peduncle Spike Spikelet Grain
height (cm) length (cm) length (cm)  number/spike  number/spike

° G1 90.24b 37.69% 6.38a 18.69a 45.69a
% G2 84.58¢ 33.88b 6.00b 17.88b 43.72a
§ G3 93.30a 37.05a 5.47c 17.95b 40.94b
G4 92.97a 37.41a 5.36¢ 16.58¢c 38.08¢c

Control 87.61c 34.11d 5.52¢ 16.63d 36.91d

% Fe 88.76bc 35.63c 5.61¢ 17.41c 40.66¢
% Zn 90.43b 37.11b 5.97b 18.05b 43.14b
Fe+Zn 94.70a 39.19a 6.20a 19.00a 47.72a

Means with the same letter are not significantly different based on Duncan’s test (p<0.05).
Spike length

Plants from control plots produced the least spike length, and there were no
significant differences between control and Fe treatment (Table 4). Zn and Fe+Zn
foliar application meaningfully increased spike length compared to control, and the
greatest spike length was observed for Fe+Zn application. Genotypes G3 and G4
had the lowest spike length, and the highest length was related to the genotype G1.
Genotypes G3 and G4 produced the least length of the spike, although they had the
greatest stem and peduncle length. Hemantaranjan and Grey (1988) also observed
that soil Fe and Zn application increased spike length. Sultana et al. (2016)
reported that 0.02% and 0.006% Zn foliar application significantly increased spike
length in comparison to control.

Number of spikelets per spike

Comparison of the means (Table 4) showed that the control level produced the
lowest number of spikelets per spike. Fe, Zn and Fe+Zn foliar sprays significantly
increased the spikelet number per spike over the control. Combined Fe and Zn
foliar application caused the highest number of spikelets in each spike. The
genotype G4 formed the lowest number of spikelets per spike, and the highest
spikelets belonged to the genotype G1. The genotypes G2 and G3 were
intermediate. Seadh et al. (2009) found that Zn treatment produced the highest
number of spikelets per spike. Khan et al. (2008) also stated that zinc sulfate
application increased the number of spikelets per spike in wheat.
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Number of grains per spike

Control treatment had the least number of kernels per spike (Table 4). Foliar
application of Fe, Zn and Fe+Zn significantly increased the number of kernels per
spike over the control. Fe+Zn treatment, which had a significant difference with Fe
and Zn sprays, produced the greatest number of kernels per spike. The genotype
G4 produced the lowest number of kernels per spike, but genotypes G2 and G1
which had greater spike length and spikelet number per spike significantly
improved the number of kernels per spike. An increase in the number of kernels
per spike (Hemantaranjan and Grey, 1988; Yilmaz et al. 1997; Malakoti and
Hasanpor, 2003) as a result of Zn application has been reported. Seadh et al. (2009)
found that Zn application produced the highest number of kernels per spike in
wheat.

Number of grains per spikelet

The results of the analysis of variance (Table 5) and mean comparisons (Table
6) are presented. The results showed that the control had the least number of
kernels per spikelet and the application of Fe alone and especially in combination
with Zn significantly amplified the kernel number. Genotypes G1 and G2 had
significantly more kernels than genotypes G3 and G4. A significant increase in the
number of kernels per spikelet was reported by Ziaeian and Malakouti (2001).

Table 5. The analysis of variance of the effect of spraying and genotype on grain
yield attributes and grain Fe and Zn concentration.

MS
Source of variation Grain Grain  1000-grain Grain Zn Grain Fe
f number/ . 2 . concentration concentration

spikelet yield/m weight (mg kgt (mg kgt
Replication 2 0.005 3547.12 2.27 0.12 4.4
Spraying (A) 3 0.18** 59761.7%*  6.12"™ 9.52%* 30.3™
Genotype (B) 3 0.105* 13233.4**  248.4** 8.37** 0.86**
AxB 9 0.023™ 2731.1™ 3.6™ 18.61** 89.32**
Experimental error 30 0.027 2865.4 10.6 0.44 3.04
C.V (%) 6.97 9.69 8.63 2.61 1.96

** and * are significant at 1% and 5% probability levels, respectively.
The weight of 1000 grains

The results showed that the genotype G2 had the lowest 1000-grain weight
(32.6) and the other genotypes G1 (35.7), G3 (39.3) and G4 (43.1) significantly
enhanced 1000-grain weight (Table 6). The genotype G4 had fewer kernels per
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spikelet and spike than the rest of the genotypes (Table 4), and as a result, fewer
kernels absorbed more photosynthetic material and increased their weight. The
high yield of genotypes G3 and G4 was associated with higher kernel weight of
them. Hussain et al. (2005) have reported that a micronutrient spray increases the
weight of 1000 grains at the tillering, boot and milk stages. In the present study, as
the application of the micronutrients has increased the number of spikelets and the
number of kernels in both spikelets and spikes, more kernels as a sink have been
produced and photosynthetic materials have been allocated among more kernels
and thus there was no significant difference among spray treatments.

Table 6. The effect of genotype and foliar spraying on grain number/spike, grain
yield and 1000-grain weight.

Grain number/spikelet Grain yield/m? 1000-grain weight (g)

o Gl 2.44a 568.7a 35.7c

= G2 2.42a 502.9b 32.6d

S G3 2.27b 561.2a 39.3b

© G4 2.28b 575.2a 43.1a

o Control 2.21c 472.5¢ -

£ Fe 2.33bc 529.4b

s Zn 2.39ab 565.3b

@ Fe+Zn 251a 641/0a

Means with the same letter are not significantly different based on Duncan’s test (p<0.05).
Grain yield per square meter

Plants from control plots had the lowest grain yield. Spraying with Fe and Zn
significantly improved grain yield compared to control. The highest grain yield was
obtained from plants sprayed with Fe+Zn, which had a significant advantage over
Fe and Zn foliar spray. Genotypes G1, G3 and G4 had significantly higher grain
yield than the genotype G2 which had the lowest grain yield. Ziaeian and
Malakouti (2001) reported that wheat grain and straw yields were increased by the
foliar spray of Fe and Zn. Experiments on wheat in 25 locations in Iran with
treatments including Zn, Fe, Mn and Cu revealed that Zn application significantly
improved grain yield (about 15%). Seadh et al. (2009) found that among the
micronutrient elements, the Zn treatment produced the highest grain yield. Hussain
et al. (2005) reported that the micronutrient spray at tillering, boot and milk stages
enhanced wheat grain yield by increasing plant height, number of kernels per spike
and 1000-grain weight. Pahlavan-Rad and Pessarakli (2009) stated that the
application of 80 kg zinc sulfate per hectare increased the number of kernels per
spike and grain yield. Different varieties of wheat not only have different growth
potentials, but may also be different in terms of the response to fertilizers
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(Hemantaranjan and Gray, 1988). Khoshgoftarmanesh et al. (2005) have concluded
that wheat cultivars respond differently to the application of zinc sulfate. Rengel
and Graham (1995) also showed that Zn fertilizer increased wheat grain and straw
yield, and the wheat cultivars showed different responses.

Fe grain concentration

Grain Fe concentration was affected by the interaction of spraying x cultivars
(Table 5). The G1 and G2 genotypes accumulated more Fe in comparison with the
G3 and G4 genotypes when they were not sprayed with micronutrient fertilizers.
The application of Fe and Zn increased the Fe concentration in genotypes G3 and
G4 over control but decreased their concentration in genotype G2. A single spray
of Fe and Zn in comparison with control reduced the Fe content of grains in the G1
genotype, but Fe combined with Zn increased it. Therefore, in new genotypes,
contrary to cultivars, the spray of micronutrients increased the Fe concentration
(Figure 1). Findings of previous studies differ in Fe concentration. Abbas et al.
(2009) found that the application of 8 kg Zn/ha increased the amount of Fe
absorbed, while the higher levels had a decreasing effect. Khan et al. (2014)
reported the highest concentrations of Fe at Fe treatment and Yassen et al. (2010)
at the micronutrient combination treatment.
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Figure 1. Fe concentration variation under different treatments.
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Zn grain concentration

In the G1 genotype, the application of Fe alone and in combination with Zn
concentration significantly reduced grain Zn concentration compared to control.
Also, Zn concentrations for Zn treatment and control were similar. The Zn and Fe
application significantly reduced the Zn concentration of the genotype G2 in
comparison with control, but the combined application of Zn and Fe caused a slight
reduction in grain Zn concentration. Spraying of micronutrients, especially Zn
alone or in combination with Fe, significantly increased grain Zn concentration of
the genotype G3 in comparison to the control. Grain Zn concentration of the G4
genotype was the same among different levels of the foliar spray (Figure 2). Wang
et al. (2012) found that the Zn foliar application, not soil application, increased the
amount of Zn in wheat grains. Ravi et al. (2008) concluded that the combined
application of Zn and Fe increased grain Zn concentration. It has been stated that
micronutrient concentration in wheat grains mainly depends on environmental
factors and interactions between the genotypes and the environment (Morgounov et
al., 2007; Nan et al., 2002). Biofortification strategies include the application of
mineral nutrients and the development of genotypes that take up more Zn from the
soil and collect it in edible organs (White and Broadley, 2011). There are
genotypes with a higher concentration of nutrients (White and Broadley, 2005). In
our study, foliar spraying treatments clearly increased Zn concentration of G3 over
control. It is notable that G3 along with G1 and G4 had higher grain yield.
Therefore, there was no relation between grain nutrient concentration and grain
yield. A decrease in nutrient concentration at sprayed treatments might be due to
the dilution effect since grain yield has been increased by foliar treatments at the
tillering stage.

OCont OFe BZn BFet+Zn

30

25 A

Zn (mg kg')

genotypes

Figure 2. Grain Zn concentration in wheat under different treatments.



Effect of micronutrient foliar application on morphology and yield of durum wheat genotypes 235

Conclusion

New genotypes (G3 and G4) produced greater stem length, peduncle length,
number of kernels per spike and 1000-grain weight than cultivars (G1 and G2)
grown in the 2015-2016 cropping system. Grain yield of the genotypes G3 and G4
was equal to or higher than that of the genotypes G1 and G2. The foliar application
of Fe and Zn, especially the combined application of Fe+Zn, improved the number
of grains per spike and grain yields compared to control. Also, the treatment with
Zn achieved better results than the treatment with Fe. The foliar application of Fe
for the G4 genotype and Fe+Zn for the G3 genotype caused the highest
concentrations of Fe and Zn, respectively. Due to the high ratio of Fe to Zn (2.7 to
3/3), it seems necessary to increase the quality of wheat. Efforts should be made to
raise Zn concentration in grains, since this ratio should be less than 2.
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UTICAJ FOLIJARNE PRIMENE MIKROELEMENATA NA MORFOLOGIJU,
PRINOS | KONCENTRACIJU GVOZDVA ICINKA U
ZRNU GENOTIPOVA TVRDE PSENICE
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Rezime

Tvrda pSenica se prilagodava toplim i suSnim uslovima bolje nego hlebna
pSenica. Prema tome, sluZi za ishranu miliona ljudi na Srednjem istoku i u severnoj
Africi. U ovakvim uslovima, nedostatak hraniva, ukljucuju¢i mikroelemente, od
velikog je interesa iz mnogih razloga, ukljucujuéi karbonatna zemljista u uslovima
stresa izazvanog susom. Stoga su ispitivani rast, prinos, koncentracija gvozda (Fe) i
cinka (Zn) u zrnima sorti tvrde p3enice. Faktorijalni ekperiment zasnovan na
potpuno sluc¢ajnom blok sistemu sa tri ponavljanja sproveden je na Institutu za
poljoprivredna istraZivanja u uslovima suvog ratarenja (engl. Dryland Agricultural
Research Institute — DARI) u Moghanu. Prvi faktor je ukljucivao Cetiri tretmana, i
to kontrolu i folijarne tretmane gvozdem, cinkom, i kombinaciju Fe+Zn, a drugi
faktor je podrazumevao Cetiri genotipa: Dehdasht (G1), Seymareh (G2), i dva nova
genotipa (G3 i G4). Rastvori dubriva sa gvozdem i cinkom primenjivani su u
fazama bokorenja, ranog klasanja i mle¢ne zrelosti, u odnosu 2 g odnosno 1,5 g
dubriva/1000 ml rastvora (w/v). Rezultati su pokazali da su genotipovi G1, G3 i
G4 dali viSi prinos zrna po metru kvadratnom nego genotip G2. Ovo povecanje je
posledica ve¢e mase 1000 zrna kod genotipova G3 i G4 i vece mase 1000 zrna sa
veéim brojem zrna kod genotipa G1. Genotipovi G1 i G2 su imali veéu duzinu
klasa, broj zra po klasu i klasi¢u nego genotipovi G3 i G4. Kod svih ispitivanih
osobina, osim koncentracije gvozda i cinka u zrnu, kombinacija Fe+Zn pokazala je
najveci a kontrola najnizi uéinak. Takode, primena cinka je dala bolje rezultate u
odnosu na gvozde. Najvisa koncentracija gvozda kod genotipova G1, G2, G3, 1 G4
uocena je kod kombinacije Fe+Zn, kontrole, Zn, odnosno Fe. Najvise koncentracije
cinka su zabelezene kod genotipa G3 kada je kori§¢en samo Zn ili u kombinaciji sa
Fe. Prema rezultatima, folijarna primena gvozda i cinka povecala je prinos tvrde
pSenice na zemljistu deficitarnom u cinku i gvozdu.

Kljuéne reci: tvrda pSenica, folijarno prskanje, koncentracija minerala, prinos.
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CHANGES IN MICROBIAL BIOMASS AND GRAIN YIELD OF RICE
VARIETIES IN RESPONSE TO THE ALTERNATE WET AND DRY WATER
REGIME IN THE INLAND VALLEY OF DERIVED SAVANNA
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Abstract: This investigation tested the hypothesis that the alternate wet and
dry (AWD) water regime would increase soil microbial biomass carbon (MBC),
microbial biomass nitrogen (MBN) and microbial count. Variations in MBC, MBN
and grain yield could be due to varietal differences in a derived savanna.
Experiments (both pot and field ones) were conducted at the Federal University of
Agriculture, Abeokuta (Latitude 7° 12° to 7° 20" N and Longitude 3° 20’ to 3° 28’
E), Nigeria in 2015. In both trials, the treatments consisted of water regimes
(continuous flooding [control] and AWD imposed on lowland rice varieties
[NERICA® L-19] and Ofada [local check]) at the vegetative growth stage in three
cycles. The design in both trials was a completely randomised and randomised
complete block design for the pot and field experiments respectively, with three
replicates. In the screen house, MBC and MBN were significantly higher in AWD
than in continuously flooded soil, especially at the beginning of the AWD cycles.
This could have caused nutrient pulses to sustain the improved performance of
lowland rice under AWD. A converse pattern was observed in the field in the third
cycle. Ofada rice had a significantly higher microbial count and MBC (cycle 1)
than NERICA L-19, however, a converse pattern was observed in MBC (cycles 2
and 3) and MBN (cycle 1). Composition of their rhizodeposition and timing of
cycles could explain the observed varietal differences in MBC and MBN.

Key words: biomass, cycles, grain yield, lowland, soils.
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Introduction

It was estimated that over 75% of the world’s rice is produced under
continuously flooded conditions (Van der Hoek et al., 2001). Under such water
management practices, microbial activities are down-regulated with reduced soil
microbial biomass (SMB), mineralisation and nutrient release from the soil
complexes (Uphoff and Randriamiharisoa, 2002). In another study, it was observed
that irrigation had no effect on soil microbial biomass except on the seasonal
variation on the ratio of microbial C to N (Rangel-Vasconcelos et al., 2015). SMB
forms an integral living component of the soil organic matter through which soil
quality could be evaluated (Silva et al., 2010). SMB acts as a source or a sink of
mineral nutrients (Qu and Wang, 2008). SMB acting as a sink together with the soil
organic matter have been implicated in the formation of cation exchange capacity
of the soil (Loureiro et al., 2010). Microbial biomass is a source of mineral
nutrients in the soil (Dare et al., 2014). Therefore, it could be inferred that there is a
nexus between SMB and crop productivity.

Alternate technologies have been proposed to ameliorate the negative effect of
continuous flooding on SMB and lowland rice productivity. One of such is the
alternate wet and dry technology. Crops established under AWD were reported to
have higher water use efficiency, better root architecture and biology, and higher
harvest index than those grown under continuously flooded conditions (YYang and
Zhang, 2010). Nutrient pulses due to microbial activities (the Birch effect) had also
been reported (Jarvis et al., 2007). These nutrient pulses were reported to be
dependent on the frequency of AWD, the environmental conditions and the crop
species (Fierer and Schimel, 2002). New Rice for Africa (NERICA) is an
interspecific variety that combines the comparatively high yielding trait of O.
sativa and the hardiness of O. glaberrima (Jones, 1997). Together with Ofada rice
(the popular farmer’s variety), these varieties have been reported to be more
tolerant to adverse environmental conditions than the more popular Oryza sativa
varieties in Africa. The response of lowland NERICA and Ofada rice varieties to
AWD is not well documented in the literature to the best of our knowledge. The
use of AWD on rice has been limited to growth stages other than vegetative.
However, utilisation of this technology at the vegetative growth stage would
provide an understanding of their effect on the initiation of reproductive structures
in rice and SMB, especially in the derived savanna agroecology. Furthermore, it
has been reported that there is a significant varietal variation in the SMB through
rhizodeposition, especially C (Tian et al., 2013). The presence of the root exudates
could also alter the rhizosphere, subsequently affecting the soil microbial activities
in nutrient cycling. Hence, the experiments tested the hypothesis that lowland
NERICA rice established under the AWD water regime would have a higher
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microbial count, microbial biomass C and N and yield performance than those
under continuously flooded conditions in a derived savanna.

Material and Methods
Description of the experimental location

Two trials (pot and field experiments) were carried out in the year of 2015.
The pot trial was conducted in the Screen house, College of Plant Science and Crop
Production, Federal University of Agriculture, Abeokuta (FUNAAB), Nigeria. A
field trial was conducted in the inland valley of the Teaching and Research Farm of
FUNAAB, Nigeria. FUNAAB (Latitude 7° 12’ to 7° 20’ N and Longitude 3° 20’ to
3° 28’ E) is located in the derived savanna agroecology. The rainy season extends
from April/May to September/October.

Treatments and design

In the screen house, the treatment consisted of water regime (continuous
flooding and alternate wet and dry [AWD]) imposed on lowland rice varieties
(NERICA® L-19 and Ofada [local variety]) at the vegetative growth stage, which
was laid out in a completely randomised design, replicated three times. The AWD
water regime was achieved through intermittent flooding in three cycles at the
vegetative growth stage. A cycle had a duration of 10 days that commenced with
wetting to keep the soil in each pot saturated but not flooded. Thereafter, the pots
were left to dry until the tenth day, before the commencement of another cycle of
AWD. The field experiment had similar treatments that were arranged in a
completely randomised block design, replicated three times. On the field, AWD
was achieved under rainfed conditions. Due to the nature of this condition, water
was controlled in each plot through the construction of bunds and a valve around it.
Even distribution of water in each plot was ensured through levelling. The release
and entrapment of water in each plot were achieved through the opening and
closing of the valve placed by its side. AWD in the field had the same duration and
number of cycles as obtained in the pot experiment. Water in each plot was
maintained in a saturated condition at each cycle under wet conditions. If
downpour was observed, then the valve by the side of each plot was released to
avoid flooding. Under the same conditions and in the absence of precipitation, the
valve was left closed to keep each plot under saturated conditions in the wet phase
of AWD. At each AWD cycle, soil samples were collected from each plot. In case
downpour was observed, soil sampling was conducted prior to its commencement.
All the plots were flooded (through rainfall) after the vegetative growth stage.
Continuous flooding was maintained in each plot thereafter until 15 days before
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harvesting. All plots were fully drained at harvesting. In both experiments, poultry
manure was incorporated into the soil two weeks before transplanting at the
recommended rate of 80 kg N ha™for this agroecological system that translated into
16,326.5 kg ha™ of applied quantity. The gross plot size was 4 x 5 m (20 m?), while
the net plot was 4 x 3 m (12 m?). The field trial was established on the 10" of July,
2015. The seeding method for both trials was transplanting of the 21-day-old
seedlings that were earlier established in a nursery. The spacing for the field trial
was 20 cm x 20 cm. The plant density was 500 plants per plot. Weeding was done
manually as at when due.

Sampling and data collection

Soil samples were collected randomly from the experimental site before
planting at a depth of 0-0.2 m, air-dried and passed through a 2-mm sieve for the
evaluation of their physical and chemical properties. In both trials, soil samples
were randomly collected at intervals of 10 days and analysed to evaluate microbial
biomass carbon (MBC), microbial biomass nitrogen (MBN) and soil microbial
population.

Microbial biomass carbon and nitrogen

MBC and MBN were determined by the chloroform fumigation-incubation
technique (Jenkinson and Ladd, 1981). Two sub-samples of 10g of soil were
poured into 50-ml beakers and a third sub-sample of the same weight into a 125-ml
watertight bottle (sg). One of the sample beakers was placed in a vacuum
desiccator containing 30 ml alcohol-free chloroform in a shallow dish. The lid of
the desiccator was closed, and the vacuum was applied until the chloroform
evaporated. The desiccator (with the tap closed) was kept in the dark for 24 hours
at 25°C after which it was transferred to a watertight 125-ml extraction bottle (s;),
50 ml of 0.5 K,SO, was added to the bottles (s¢ and sq) with the stopper tightly in
place. Extraction bottles with soil samples were shaken for 30 minutes, the extract
was filtered through No. 42 Whatman filter paper and the filtrate was analysed for
dissolved organic C and total N.

From the dissolved organic C, MBC can be calculated using the formula:
Microbial biomass C = (Extracted Csf — Extracted Cso) * 2.64
(Vance et al., 1987).

From total N, MBN can be calculated using the formula:
Microbial biomass N = (Extracted Nsf — Extracted Nso) = 1.46
(Brookes et al., 1985).
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Total microbial count/population

One gram of soil was serially diluted from10™ to 10°° dilutions, and the diluted
soil samples were spread on sterile plate count agar. The plates were incubated at
37°C for 24 hours. Colonies were counted and expressed in colony-forming
unit/gram (CFUg™). The CFU was calculated using the formula:

number of colonies

Colony forming unit =
vf g number of dilution X amount plated

Grain yield

Rice grain yield was determined at 90% harvest maturity when 90% of the
panicles turned golden yellow. In the screen house, grain yield per pot was
evaluated, while in the field, grain yield was determined from the net plot and
converted to grain yield per hectare.

Statistical analysis

The data collected were subjected to the analysis of variance (ANOVA) fixed
model that consisted of water regime and variety in the treatment structure and
replicates in the block structure at the 5% probability level. All variables were
examined for the violation of ANOVA assumption through the graphical analysis
of the residuals prior to analysis. Discrete data were log-transformed before
analysis. Significant means were separated using the least significant difference
(LSD). The statistical package used was GENSTAT 12" edition (Payne et al.,
2009).

Results and Discussion
Physical and chemical properties of the experimental soil

The textural class of the experimental site was loamy sand (Table 1). The soil
pH was moderately acidic (5.35). The macronutrient content of the soil was 1.5 g
kg', 7.79 mg kg'and 0.01cmol kg® for nitrogen, phosphorus and potassium
respectively. The organic carbon content of the soil was 17.0 g kg™ with 10.17
cmol kg™ of ECEC.

Chemical properties of poultry manure

Poultry manure added to the soil as an amendment was also analysed for its
chemical properties (Table 2). The pH of the manure was neutral (7.05).
Exchangeable calcium was 16.90% while magnesium, sodium and potassium were
1.71%, 0.18% and 0.16% respectively.
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Table 1. Pre-planting physical and chemical properties of the soil used for the

experiment.

Variable Value Method

Sand (%) 84.4 (Bouyoucos, 1962)

Silt (%) 9.8

Clay (%) 5.80

Textural class Loamysand  USDA textural triangle

pH in H,0 (1:1) 5.35 (McLean, 1982)

Available phosphorus (mg kg™%) 7.79 (Bray and Kurtz, 1945), (Murphy and Riley, 1962)

Total nitrogen (g kg™) 15

(Jackson,1962)

Organic carbon (g kg™) 17.0 Walkley-Black, modified by Allison (1965)
Exchangeable cation (cmolkg™)

Ca 8.83 Atomic absorption spectrophotometer

Mg 1.02 Atomic absorption spectrophotometer

K 0.11 Flame photometry

Na 0.16 Flame photometry

Exchangeable acidity (cmolkg™)

APT+ H* 0.05

ECEC 10.17 Summation of exchangeable bases and total acidity

Table 2. Chemical properties of the poultry manure used for the experiment.

Variables Value
pHin H,0 7.05
Available phosphorus (%) 1.76
Total nitrogen (g kg 4.9
Organic carbon (g kg™ 88.0
Manganese (%) 0.08
Iron (%) 0.71
Copper (%) 0.01
Zinc (%) 0.11
Exchangeable cations (%)

Ca 16.90
Mg 1.71
K 0.16
Na 0.18

Microbial biomass carbon in the screen house

Moisture regime had a significant (P< 0.05) effect on the MBC (Table 3).
Lowland rice cultivated in plots with intermittent flooding had significantly higher
MBC than those established with continuous flooding at all irrigation cycles except
at the third cycle, where water regimes had no significant effect on the MBC.
Significant varietal differences (P< 0.05) were observed in the MBC throughout
the cycles of water regime. NERICA L-19 had significantly higher MBC than
Ofada at all cycles of AWD except at the first cycle. At the first cycle of AWD,
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Ofada rice had significantly higher MBC (309.39ugg™) than NERICA L-19
(301.22ugg™). There was a significant (P< 0.05) effect of the interaction of water
regime x variety on the MBC in the first cycle of AWD in lowland rice varieties
(Figure 1). Lowland rice varieties sown in the plot under AWD had significantly
higher MBC in the first cycle than those established under continuous irrigation.
The lowland rice variety Ofada had significantly higher MBC than NERICA L-19
under AWD (Figure 1).

400 -

350 A

N

w
Q
(=]

(o=}
w
o

i NERICA

MBC 1 (ug/g)
[
=]
=]

=
w
o

N Ofada

=
Q
(=]

u
o

WD flooding
Moistureregime

o

Figure 1. The effect of the interaction of water regime x variety on microbial
biomass carbon, cycle 1 in the screen house. MBC 1 — microbial biomass carbon in
the first cycle. Vertical bars indicate the standard errors of the mean.

Microbial biomass nitrogen in the screen house

Microbial biomass nitrogen followed a similar response pattern as observed in
the MBC in water regimes. In the third cycle of AWD, no significant differences
were observed between AWD and continuous flooding on MBN. Significant (P<
0.05) varietal differences were observed in MBN at all cycles except the third cycle
of intermittent irrigation. The order of an increase in MBN was NERICA L-19 >
Ofada rice in both cycles. There was no significant effect of the interaction of
water regime xvariety on the MBN at all cycles except at the first cycle of AWD.
All the varieties had significantly higher MBN under AWD than under continuous
flooding conditions in the first cycle. NERICA L-19 rice variety established under
AWD had significantly higher MBN than Ofada rice established in continuously
flooded conditions (Figure 2).
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Figure 2. The effect of the interaction of water regime x variety on microbial
biomass nitrogen (cycle 1) in the screen house. MBN1 — microbial biomass
nitrogen in cycle 1. Vertical bars indicate the standard errors of the mean.

Microbial count in the screen house

There were no significant effects of the irrigation regimes on microbial count
(Table 3). Soil microbial count was significantly higher in plots sown with Ofada
than with NERICA L-19 rice.

Table 3. The effect of water regime on microbial biomass carbon, nitrogen and
microbial count of the soil sown with lowland rice varieties (The screen house
experiment).

MBCI MBC2 MBC3 MBN1 MBN2 MBN3 Microbial count
(uggh) (ugg") (uggh) (ugg"h) (ugg") (ugg’) (CFU/MmI x 10%
Moisture regime (MR)

Treatments

AWD 324.84 3133 255.3 286.38 2715 237.3 40.39
Flooded 285.77  280.5 254.6 269.25 255.3 237.9 38.44
LSD 3.39*%*  459** NS 3.62**  5.30** NS NS
Variety (V)

NERICA® L-19  301.22 299.2 257.8 283.23 266.5 233.5 37.64
Ofada 309.39 294.6 252.1 272.40 260.3 239.7 41.19
LSD interactions  3.39**  4.59** 4.86* 3.62** 5.30%* NS 2.65*
MR x V wx NS NS wx NS NS NS

**Significant at P<0.01. *Significant at p<0.05. NS — no significant difference. LSD — least
significant difference. MBC — microbial biomass carbon, MBN — microbial biomass nitrogen. 1 —
cycle one, 2 — cycle two, 3 — cycle three of intermittent irrigation regimes, cfu — colony-forming unit.
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Grain yield in the screen house

Water regime had a significant effect on the grain yield. Significantly higher
grain yield per plant (6.86 g plant®) was obtained in plots of lowland rice
established with AWD than those under continuous flooding (4.07g plant™). There
was no varietal variation in the grain yield per plant in the screen house (Table 4).

Table 4. The effect of water regime on grain yield of lowland rice varieties in the
screen house experiment.

Treatments Grain yield (g plant™)
Moisture regime (MR)

AWD 6.86

Flooded 4.07

LSD 1.86**

Variety (V)

NERICA® L-19 6.09

Ofada 4.84

LSD interactions NS

MR x V NS

**Significant at p<0.01. *Significant at p<0.05. NS — no significant difference. LSD - least
significant difference.

Microbial biomass carbon and nitrogen in the field

Water regime had no significant (P > 0.05) effect on MBC and MBN in all the
irrigation cycles except at the third cycle (Table 5).

Table 5. The effects of moisture regime and variety on microbial biomass carbon,
nitrogen and microbial population under field conditions.

MBC1 MBC2 MBC3 MBN1 MBN2 MBN3 Microbial count

Treatments (h9g") (og") (u9g™) (Mggh) (g’ (ugg?)  (CFum?)

Moisture regime (MR)

AWD 450 453 441.7 208 209 208.5 938
Flooded 520 512 515.7 218 219 219.8 87
LSD (5%) NS NS  16.27** NS NS 6.90* NS
Variety (v)

NERICA® L-19 486 481 474 215 210 208.3 325
Ofada 483 484 483.4 211 218 214.3 700
LSD (5%) Interaction NS NS NS NS NS NS NS
MR x VV NS NS * NS NS NS NS

**Significant at p < 0.01. *Significant at p < 0.05. NS — no significant difference. LSD — least
significant difference. MBC — microbial biomass carbon, MBN — microbial biomass nitrogen. 1 —
cycle one, 2 — cycle two, 3 — cycle three.
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Lowland rice established in plots under continuous flooding (515.7ug g™) had
significantly higher MBC than in those plots under AWD (441.7ug g*) water
regime in the third cycle. A similar pattern was observed in MBN in the third
irrigation cycle. Soil microbial population was not significantly affected by both
irrigation regimes and varietal differences in the field (Table 5).

Grain yield per hectare in the field

Neither of the treatments had any significant effects on the performance of
lowland rice in the field. However, the response pattern of the performance of
lowland rice to the treatments observed in the screen house was repeated in the
field.

Table 6. The effect of moisture regime on the grain yield of lowland rice varieties
under field conditions.

Treatments Grain yield (t ha™®)
Moisture regime (MR)

AWD 6.41
Flooded 4.83
LSD (5%) NS
Variety (V)

NERICA 6.78
Ofada 4.47
LSD (5%) NS
Interaction

MR x VV NS

**Significant at P<0.01. *Significant at P<0.05. NS — no significant difference. LSD — least
significant difference.

Nutrient release from AWD water regime is dependent on the initial nutrient
status in the soil (Chepkwony et al., 2001; Gordon et al., 2008). Nutrient
availability below a threshold that would support both the microbial activities and
plant growth could result in the competition for nutrients. This justified the
application of organic nutrient sources to plots where lowland rice was established.
The soil used for both trials indicated that it had adequate nutrients to support the
activities of the microbes to release nutrients as indicated in the significant increase
in MBC and MBN especially at the earlier stages of AWD than those grown under
continuous flooding. Soil microbial biomass has been reported to aid availability of
carbon, nitrogen, phosphorus (Turner and Haygarth, 2001) and sulphur (nutrient
source). The underlying mechanism responsible for nutrient pulses under this
regime was described by Jarvis et al. ( 2007) and Fierer and Schimel (2002). The
observed pulses in nutrients, especially N and C at the early cycles of the
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imposition of AWD, have suggested that the process of mineralisation is dependent
on the frequency of the imposition of AWD. Fierer and Schimel (2002) posited that
the reduced nutrient pulses with the increase in the AWD cycles could be linked
with the preponderance of microbes with tolerance to osmotic shock and reduced
microbial lysis. Roberson and Firestone (1992) proposed that the reduction in C
and N mineralisation with increasing frequency of AWD could be a result of the
development of a protective layer by microbes. Taken together it could be
suggested that the performance of lowland rice cultivars under AWD could be
linked with nutrient availability. The pattern of MBN and MBC observed in the
screen house was not replicated in the field which could have affected the
performance of lowland rice in the field. Belder et al. (2004) suggested that the
field variation in the yield under AWD could be attributed to soil hydrological
conditions and the timing of its application. However, this position could not be
validated in our experiment and requires further studies.

The presence of varietal differences in the microbial population could have an
effect on the MBC and MBN. Other studies have reported the influence of crop
cultivars and their ages on microbial community structure and activities (Grayston
et al., 1998; Hartmann et al., 2009; Knox et al., 2014). This observation was
reported to be mediated by the root exudation profile of the crop type (Grayston et
al., 1998). It could be inferred that the root exudates from Ofada rice could have
favoured an increase in the microbial population in the screen house through the
stimulation of their growth and increased activities. However, the metabolic profile
of these compounds released by Ofada rice could not be ascertained in this
experiment. The increased microbial population in soil established under Ofada
rice could have been associated with an increase in MBC at the first cycle of AWD.
The MBC could have acted as an energy source to facilitate the activities of the soil
microbes. The pattern of MBC observed at the second and third cycles of AWD in
NERICA L-19 could have suggested a higher microbial activity in soils due to high
concentration of soil C. The presence of high MBN at the first and second cycles of
AWD where NERICA L-19 was established could have suggested that the
microbial activities leading to the release of N were dependent on the frequency of
its imposition for this lowland rice cultivar. A similar varietal variation in MBN
was reported by Xu et al. (2015) where wheat was grown as a companion crop with
watermelon. Xu et al. (2015) attributed this observed variation in MBN under
wheat/watermelon intercropping conditions to the activities of soil enzymes,
suppression of soil-borne diseases and changes in the community structure of
microbes.

In the screen house, under continuous flooding, both lowland rice cultivars
had similar MBC, which could suggest the negative effect of anaerobic conditions
on activities of the soil microbes. Tian et al. (2013) posited that in the paddy,
anaerobic conditions negatively affect the root morphology and the microbial
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community structure. Conversely, under aerobic conditions, Mishra and Salokhe
(2011) observed an increase in a finer and branched root system. The presence of
oxygen could have increased the root activities and the exudation of C. Under
anaerobic conditions, this will be suppressed resulting in reduced MBC irrespective
of the rice cultivar involved. Lowland Ofada rice could have released root exudates
that ensured increased MBC than NERICA L-19 under AWD in its the first cycle.
A similar explanation could be adduced to the increased MBN in NERICA L-19
under both water regimes, probably with differential responses of soil microbes to
the metabolic profiles of the root exudates.

Conclusion

The improved performance of lowland rice cultivars under AWD in the screen
house could be related to significantly higher MBC and MBN, especially at the
first two cycles. This could have resulted in increased microbial activities that
could have facilitated nutrient pulses for improved lowland rice performance. In
the screen house, a significantly higher microbial population in the soil where
Ofada rice was established than in the soil where NERICA L-19 was sown could
be related to increasing MBC, especially at the first AWD cycle. There is the need
to investigate further the metabolic profiles of the rhizodeposition rice cultivars
used under this water regime and the timing of their imposition in the future.
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Rezime

U ovom istraZivanju testirana je hipoteza da bi naizmeni¢ni vlazni i suvi (engl.
alternate wet and dry — AWD) vodni rezim mogao povecati ugljenik u mikrobnoj
biomasi (engl. soil microbial biomass carbon — MBC), azot u mikrobnoj biomasi
(engl. microbial biomass nitrogen — MBN) i ukupan broj mikroorganizama u
zemljistu. Varijacije u vrednostima MBC, MBN i prinosu zrna mogu biti posledica
razlika u varijantama u prelaznom pojasu savane. Ogledi (u sudovima i na polju)
sprovedeni su na Poljoprivrednom federalnom univerzitetu, u Abeokuti
(geografska Sirina 7° 12’ do 7° 20° N i geografska duzina 3° 20’ do 3° 28’ E), u
Nigeriji u 2015. godini. Kod oba ogleda, tretmani su se sastojali od vodnih rezima
(neprekidno plavljenje [kontrola] i rezim AWD uveden kod varijeteta pirinca
plavljenih podrugja [NERICA® L-19] i varijeteta Ofada [lokalni kontrolni
varijetet]) u fazi vegetativnog rasta u toku tri ciklusa. Dizajn kod oba ogleda
podrazumevao je potpuno randomizirani odnosno randomiziran potpuni blok dizajn
za ogled u sudovima i poljski ogled, u tri ponavljanja. U ogledu u sudovima,
vrednosti MBC i MBN bile su znacajno vise kod rezima AWD nego kod
neprekidno plavljenog zemljista, narocito na pocetku ciklusa rezima AWD. Ovo je
mozda bilo uzrok da hranljive materije odrze poboljSani ucinak pirinca plavljenih
podrucja pri rezimu AWD. Suprotan obrazac je uocen na polju u tre¢em ciklusu.
Varijetet pirinca Ofada imao je znacajno visi broj mikroorganizama i MBC (1.
ciklus) nego NERICA L-19. Ipak, suprotan obrazac je uocen kod MBC (2. i 3.
ciklus) i MBN (1. ciklus). Sastav rizodepozicije i vreme ciklusa bi mogli objasniti
uocene razlike medu varijetetima u pogledu vrednosti MBC i MBN.

Kljuéne reéi: biomasa, ciklusi, prinos zrna, ravnica, zemiljista.
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PROTEIN DEGRADABILITY OF GRASSLAND FORAGE UNDER
SIMULATED ROTATIONAL SPRING GRAZING
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Abstract: A cutting experiment was conducted to analyze the changes in the
crude protein (CP) fraction content and in the estimated ruminal protein
degradability of forage, obtained in conditions of simulated rotational spring
grazing on permanent grassland. The field trial was conducted on permanent
pasture during 2015 and included three cuttings as a simulated rotational spring
grazing. For determination of protein degradability of pasture forage, the
fractionation of the CP according to Cornell Net Carbohydrate and Protein System
(CNCPS v6.5) and the Streptomyces griseus protease assay were used. Relative to
CP, no significant differences were found among cuts for ammonia N content (Al
fraction) and for protein fraction C which is completely unavailable to the animals.
Values for soluble true protein (A2 fraction) and cell wall-associated protein,
which is acid detergent soluble (B2), were significantly increased (p<0.05) while a
significant reduction (p<0.05) of the moderately degradable protein (B1) content
was determined during the growing season. The lower rumen degradable protein
(RDP) content of grassland herbage was obtained in the second cut which was
significant (p<0.05) according to the CNCPS procedure. Obtained high solubility
and degradability of CP in pasture require adequate content of readily available
carbohydrates in rations for grazing ruminants to provide efficient utilization of
consumed protein.

Key words: ruminants, pasture, protein, fractions, in vitro degradability.

Introduction

Currently, models used to balance rations for ruminants emphasize the need to
consider ruminal protein degradability. The pasture, which is the main ingredient
of ruminant rations, may supply a significant portion of the total crude protein (CP)
content of the diet. Hence, there has been an interest in protein degradability of
pasture. Excessive protein degradation in the rumen may be the most limiting
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factor of pasture usage (Stojanovié¢ et al., 2014). As a consequence of the high
rumen degradability of grassland forage protein, a great part of the N may be lost
by excretion in the urine (Merchen and Bourquin, 1994). There is interest in
identifying factors that influence the rate and extent of ruminal degradation of
forage proteins (Broderick, 1995).

The pasture is characterized by a very high content of rumen degradable
protein (RDP). Increased rumen undegradable protein (RUP) concentration is
highly ranked for improving the nutritive value of forage (Tremblay et al., 2002).
An optimal ratio of rumen degradable protein to RUP is ranked as the second
criteria to improve the nutritive value of forages for dairy cattle (Smith et al.,
1997). Protein degradation of grassland forages is highly variable and depends on
botanical composition, plant maturity and growing period (Rayburn, 1991).

The determination of protein degradability of grassland forages and the
changes which may occur during the growing season are important for defining the
grazing strategies, to increase the protein use efficiency, and to decrease the N
losses (Stojanovic et al., 2016).

The fractionation of feed protein and estimation of protein degradability
according to the Cornell Net Carbohydrate and Protein System (Sniffen et al.,
1992) are well accepted for the characterization of protein quality in ruminant
nutrition. One of the generally accepted in vitro methods for protein degradability
analysis is the Streptomyces griseus protease assay (48 h of incubation)
(Krishnamoorthy et al., 1983). However, additional work is needed to characterize
the grassland herbage crude protein.

The objective of this study was to determine the extent of variation in the CP
fraction content and the protein degradability of forage from the simulated
rotational spring grazing on permanent grassland.

Material and Methods

The trial was conducted on the natural pasture during the spring of 2015 and
included three cuttings as simulated rotational grazing. The study site was located
in the western region of Serbia, near Sabac (44°40' N, 19°39’ E). The experimental
design, grassland management and sampling method were described elsewhere
(Stojanovi¢ et al., 2018). The field trial was established on the pasture which had
been exploited permanently for dairy cattle grazing, by the method of an RCB
design of plots (5 x 2 m) in 5 replications. There were three cuts (1 May, 24 May
and 19 June) in the part of the vegetation season, before the summer drought
period. In the 1%, 2" and 3" cuts, the botanical composition was as described in
Stojanovic¢ et al. (2018).

Herbage samples were analyzed in the Laboratory for the Animal Nutrition at
the Faculty of Agriculture, University of Belgrade. Chemical analysis was
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performed according to the procedure of AOAC (2002). Separating of CP into five
fractions (Al, A2, B1, B2 and C) based on characteristics of degradability was
conducted according to the Cornell Net Carbohydrate and Protein System —
CNCPS v6.5 (Higgs et al., 2015) using standardizations of Licitra et al. (1996).
Within determined fractions, Al represented ammonia (as CP equivalents), A2 —
soluble true protein (soluble protein minus Al), B1 was buffer insoluble protein
minus neutral detergent insoluble protein (NDIP), B2 — NDIP minus acid detergent
insoluble protein (ADIP), and ADIP — the C fraction. Calculated rumen degradable
protein was estimated from fractions Al, A2, B1 and B2, using digestion rate
constants of 200%/h, 27.3%/h, 15%/h and 5%/h (Van Amburgh et al., 2015), with
an assumed passage rate (Kp) of 5%/h (Sniffen et al., 1992).

An in vitro enzymatic procedure for simulated rumen protein degradation was
conducted using Streptomyces griseus protease (type XIV, Sigma Chemical Co.,
Catalog No. P5147) and contained 4.0 U/mg, according to the protocol described
by Coblentz et al. (1999). Triplicate forage samples containing 15 mg of nitrogen
were incubated for 48 h in a borate-phosphate buffer solution with added protease
(a final enzyme concentration of 0.066 U of activity/ml and a ratio of 0.22 U/mg
N). The fixed ratio of units of enzyme/N was reached by considering the content of
CP in analyzed forages. To calculate enzyme protein degradability (EPD), the
equation EPD (%) = (1.0 - (N in residue (mg)/N in sample (mg))) x 100 was used.

An ANOVA procedure using the STATISTICA v.6 (StatSoft, 2003) was
conducted to assess the effects of different cuttings on the CP fraction content and
the ruminal protein degradability of herbage from permanent grassland during the
spring growth. Differences among treatment means were tested for significance
using the LSD test. The statistical significance was determined at p<0.05. The
linear regression was applied to compare RDP estimates of the protease assay, with
the values based on CP fractionation as the dependent variable, and described
relationships using the coefficient of determination (R).

Results and Discussion

Fresh forages contained a high proportion of soluble CP (A1+Az2 fractions,
from 40.15 to 50.85%) and a relatively low proportion of moderately degradable
protein (B1 fraction) for all harvests across the spring growth. Relative to CP, no
significant differences were found between cuts during the analyzed spring grazing
period for ammonia N content (Al fraction) and for protein C fraction which is
completely unavailable to the animals, whereas the values of A2, B1 and B2
fractions significantly differed (Table 1).

Considering the previously determined changes in the share of grasses (35, 22
and 15%), legumes (39, 43 and 37%) and forbs (26, 35 and 48%) across the
cuttings (the 1%, 2™ and 3" cuts, respectively) (Stojanovi¢ et al., 2018), obtained
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results are in accordance with the findings of Elizalde et al. (1999), where the non-
protein N content of forages was not affected by forage species (grass and
legumes) and sampling dates.

Table 1. The crude protein fractions of forage (%) according to the Cornell Net
Carbohydrate and Protein System.

Fractions
Cuts CP, % DM
Al A2 B1 B2 c
1. 15.30+1.20  3.29+0.47 36.86+1.70° 41.48+2.32% 11.26+0.33%  7.12+1.42
2. 13.72+1.66  3.25+0.73  41.34+1.68° 33.15+0.67° 13.71+0.51°  8.55+0.32
3. 14.55+1.38  3.63+0.55  47.22+0.66° 29.22+0.62° 12.17+0.22°  7.76+0.64

+ standard deviation; ®®° means in the same column with different superscripts differ (p<0.05)
significantly; CP — crude protein; Al, A2, B1, B2, C - crude protein fractions according to the
Cornell Net Carbohydrate and Protein System.

Values for soluble true protein (A2 fraction) and for cell wall-associated
protein (B2) that is soluble in acid detergent were significantly increased (p<0.05)
while a significant reduction (p<0.05) of a moderately degradable protein (B1)
content was determined with advancing of the vegetation season. The A2 protein
fraction was higher by 12.2 and 28.1% and the B2 fraction by 21.8 and 8.1% in the
herbage obtained from the second and third harvests relative to the first one,
whereas the B1 fraction content was reduced by 20.1 and 29.6%. A displayed trend
may be explained by a noted significant increase of neutral detergent fiber — NDF
(39.09, 48.61 and 43.61% DM) and acid detergent fiber — ADF (25.54, 31.22 and
28.61% DM) content in analyzed forage during the spring grazing period
(Stojanovi¢ et al., 2018). The CP fraction content was also influenced by a marked
increase of the percentage of forbs that was noted together with the reduced share
of grass species, while the percentages of legume species were similar or slightly
increased during the spring grazing period (Stojanovi¢ et al., 2018). Rayburn
(1991) has reported that protein solubility is greater in mixed mostly legume and
legume forage than in grass and mixed mostly grass forage, whereby solubility
decreases by 0.25 units/unit NDF. According to Solati et al. (2017), insoluble CP
soluble in neutral detergent (fraction B1) was the largest fraction in legume and
grass herbage, whereas a significant decline in this fraction was observed in white
clover and alfalfa across the spring growth. Obtained values for the B1 fraction are
more approximate to those of Sniffen et al. (1992) for grass pasture, and are lower
relative to Elizalde et al. (1999) for legume and grass herbage, where this fraction
was the largest CP fraction.

The determined B2 fraction (including N in the NDF but soluble in acid
detergent) content corresponded with the earlier reported values by Abdalla et al.
(1988) for grazed mixed pastures (13.0% CP) and by Sniffen et al. (1992) for grass
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pastures during the spring (10.0% CP). Unavailable or bound proteins, which are
insoluble in acid detergent (C fraction), are slightly above the upper values for
legume and grass (4.6 and 6.6% of CP) forage according to Cherney et al. (1997),
probably due to a high share of forbs in the pasture.

Table 2. The herbage crude protein degradability (%).

s Cuts
Method of estimation
1. 2. 3.
CNCPS procedure 71.10+0.98° 69.83+0.45° 71.45+0.49°
S. griseus procedure 65.78+3.32 62.83+2.14 64.60+2.85

+ standard deviation; *P°¢

significantly.

means in the same row with different superscripts differ (p<0.05)

Observed results indicate the high ruminal degradability of the CP in fresh
forage. Ruminal degradable protein (RDP) values for the examined forages
obtained in conditions of simulated rotational spring grazing on permanent
grassland are shown in Table 2. According to the CNCPS procedure, the
determined protein degradability was significantly influenced (p<0.05) by the
growing period with the lowest RDP content in the herbage obtained from the
second cut. The concentration of rumen degradable protein (% CP) was lower by
1.79 and 2.27% for the herbage from the second harvest relative to the first and the
third ones. A lower protein degradability value is likely a result of the increased
concentration of B2 and C protein fractions due to higher fiber content (NDF and
ADF) in the second cut. Observed results are in accordance with the research of
Rayburn (1991), where it was found that the protein degradability decreased by
0.088 units/unit NDF. With the advancing of the spring season, there were no
especially large differences in herbage RDP content between cuts, despite the
displayed trend of a significant increase of the soluble true protein concentration
(% CP) and decreasing the B1 fraction that is more slowly degraded in the rumen.
This is likely due to increasing the cell wall-associated protein fractions (B2+C)
that are characterized by limited ruminal degradability or are completely
undegradable (Higgs et al., 2015). Our findings are in the range reported by Cone
et al. (2004) for rumen undegradable protein in different grass samples after 3
weeks of the regrowth period (23.1-37.4 or 34.9% CP) and by Grabber (2009) for
RUP in herbage of different legume species (25.6-33.2% CP).

Estimated RDP values of herbage of different cuts using the S. griseus
procedure did not differ significantly (probably due to a higher variation between
individual replications), but a reduced level of ruminally degraded protein (% CP)
was found also in forage obtained from the second harvest (4.48 and 2.74%,
compared to the first and third harvests, respectively).
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Values for RDP from the protease assay compared to CP fractionation were
lower by 7.5-9.0% for different harvests. The relationships between the rumen
degradable protein obtained with a Streptomyces griseus protease incubation and
with the Cornell protein fractionation procedure are shown in Table 3.

Table 3. A linear regression of rumen degradable protein (% CP) estimated by
enzymatic degradation (x) and by crude protein fractionation (y).

Equation a b R? SE
Parameters 54.07 0.26 0.60 0.64
a, b — linear regression parameters; R*— coefficient of determination; SE — standard error.

The determined values for the ruminal protein degradation of grassland forage
obtained from different cuttings according to the CNCPS fractionation and S.
griseus protease procedure were highly related. The lower estimates of RDP by the
in vitro enzyme assay (S. griseus) relative to values from CNCPS fractionation are
supported by the results of Grabber (2009a) for red clover forages, where estimates
were also highly related. Coblentz et al. (1999) obtained somewhat lower values
for RDP based on protease treatment, compared to those determined by the in situ
procedure, for alfalfa and grass hay.

Conclusion

The estimations of ruminal protein degradability and protein escape are
necessary for an adequate diet formulation. The protein degradability of the
analyzed forage from the simulated rotational spring grazing on permanent
grassland was generally high, with lower values for the herbage obtained from the
second cut. A dominant protein fraction in the herbage of the first harvest was the
moderately degradable protein (B1), whereas in the second and third harvests that
was the soluble true protein (A2). Estimates of RDP by the in vitro enzyme assay
were somewhat lower relative to the CNCPS protein fractionation procedure. The
determined high solubility and degradability of CP in the pasture indicate that
rations for grazing ruminants should have an optimal content of readily
fermentable carbohydrates to provide efficient utilization of consumed N.
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RAZGRADIVOST PROTEINA ZELENE MASE SA TRAVNJAKA U
USLOVIMA PROLECNE PREGONSKE ISPASE
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Rezime

Istrazivanje je obavljeno u cilju utvrdivanja promena u sadrzaju frakcija
sirovog proteina (SP) i ruminalne razgradivosti proteina zelene mase dobijene
koSenjem prirodnog travnjaka u uslovima koji su odgovarali rotacijskoj pregonskoj
ispasi tokom proleéne sezone. Poljski ogled je izveden na permanentnom pa$njaku
tokom proleéa 2015. godine i ukljuéivao je tri otkosa koji su odgovarali ciklusima
ispaSe. Za determinisanje razgradivosti proteina zelene mase, frakcionisanje
sirovog proteina je obavljeno prema proceduri Cornell Net Carbohydrate and
Protein System (CNCPS v6.5), kao i primenom in vitro metode koris¢enjem
Streptomyces griseus proteaze. U odnosu na SP, nisu utvrdene znaCajne razlike
izmedu otkosa — ciklusa ispaSe u pogledu sadrzaja amonijaénog N (frakcija Al),
kao i u pogledu sadrZaja proteinske frakcije C, koja je potpuno nedostupna
Zivotinjama. SadrZaj rastvorljivog pravog proteina (frakcija A2) i proteina vezanog
za celijski zid, koji je rastvorljiv u kiselom deterdzentu (frakcija B2) se znacajno
povecavao (p<0,05), dok se sadrzaj umereno razgradive frakcije proteina (B1)
znacajno smanjivao (p<0,05) tokom prolec¢ne sezone vegetacije. Najmanja vrednost
za ruminalnu razgradivost i u¢e$¢e RDP (protein razgradiv u rumenu) u SP zelene
mase sa paSnjaka utvrdena je u drugom otkosu, a ova razlika je bila znacajna
(p<0,05) kada je ruminalna razgradivost proteina determinisana koriS¢enjem
procedure CNCPS. Utvrdeno visoko uces¢e rastvorljive frakcije SP i visoka
ruminalna razgradivost SP zelene mase sa paSnjaka ukazuju na potrebu
podrobnijeg balansiranja obroka za preZivare na paSi u pogledu sadrZzaja lako
razgradivih ugljenih hidrata, a u cilju obezbedenja efikasnog iskoriS¢avanja
konzumiranog proteina.

Kljué¢ne reci: pasa, protein, frakcije, in vitro ruminalna razgradivost.
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Abstract: The high cost of cultivation and weed management are major
limiting factors to increasing soybean productivity and net returns. Field
experiments were conducted in 2016 and 2017 at the Teaching and Research Farm
of the Federal University of Agriculture, Abeokuta to evaluate the economic
performance of different row spacings and integrated weed management system in
soybean. Three row spacings (50, 75 and 100 cm) as the main plots and six weed
control methods and a weedy check as sub-plot treatments were accommodated in
a split-plot arrangement of a randomized complete block design with three
replications. There was a significant reduction in weed biomass with a reduction in
row spacing from 100 cm to 75 cm and 50 cm. Furthermore, the cost of production,
grain yield and gross profit increased with a reduction in row spacing from 100 to
75 and 50. When soybean was sown at 50-cm row spacing, the application of
Probaben 400EC (metolachlor 20% w/v + prometryn 20% w/v) or Butachlor 60EC
(butachlor) at 2.0 kg a.i/ha each followed by supplementary hoe-weeding at 6
weeks after sowing (WAS) resulted in the highest yield of 2301-2484 kg/ha and
total revenue of 2129-1972 $/ha. Conversely, three hoe-weedings resulted in the
highest yield of 2155-2081 kg/ha and total revenue of 1848-1783 $/ha for crops
grown at 75- and 100-cm row spacings. Despite the higher yield and revenue
obtained with three hoe-weedings for crops grown at 75- and 100-cm row spacings,
the gross profit and benefit-cost ratios obtained were lower than those obtained
with herbicide treatments applied alone or followed by supplementary hoe-
weeding. In terms of profitability, soybean planted at 50-cm row spacing and
treated with Probaben 400EC at 2.0 kg a.i/ha followed by supplementary hoe-
weeding gave the highest gross profit of 1479 $/ha. Two or three hoe-weedings in
soybean planted at narrow-row (50 cm) spacing did not guarantee the highest yield,
but rather increased the cost of weed control. This study suggests that narrow-row
spacing (50 cm) and pre-emergence herbicides will help to reduce the number of
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hoe-weedings and consequently the high cost of production required for optimum
yield and increase profitability in soybean production.

Key words: economics, row spacing, soybean, integrated weed management,
gross profit.

Introduction

The production of soybean is increasing in Sub-Saharan Africa (SSA) due to
its growing demand as a cheap source of protein (40%) and oil (20%) for human
diet and animal feed and raw material for industry (Joubert and Jooste, 2013). In
addition, it improves soil fertility by fixing atmospheric nitrogen for its own use
and the benefit of intercropped cereals and subsequent crops in rotation (Ronner et
al., 2016). Hence, soybean cultivation promotes economic, social and ecological
development in Africa.

Nigeria is the second largest producer of soybean in SSA after South Africa
with an average production of 680,000 tones (Khojely et al., 2018). Soybean
production presents a great potential to meet the food and protein need and
improve the livelihood of millions of smallholder farmers in Nigeria and other
parts of SSA. However, weeds are considered a major constraint to soybean
production in Nigeria and other soybean producing countries (Sodangi et al., 2006;
Vivian et al., 2013). A survey of crop pests in SSA has earlier revealed that weeds
are the most deleterious pest in all zones studied (Oerke and Dehne, 2004). About
37% of attainable soybean production is endangered by weed competition
worldwide compared to 22% by pathogens, viruses and animal pests (Oerke and
Dehne, 2004). Between 77% and 90% reduction in the potential yield of soybean
was reported due to weed infestation in different zones in Nigeria (Sodangi et al.,
2006; Imoloame, 2014). Ultimately, weed infestation limits economic benefit and
reduces farmers’ income from soybean production in SSA. Even with advanced
technologies and improved varieties, farmers record high losses as a result of weed
interference. Economic losses due to weed infestation in soybean vary with the cost
of hoe-weeding, chemical or cultural methods of control that must be used
(Sodangi et al., 2006). In the United States, for instance, weeds are reported to
cause losses of several millions of US dollars yearly (Vivian et al., 2013), while
soybean growers in the tropics lose about 1.8 million dollars annually due to weed
infestation (Jannink et al., 2000).

Hoe-weeding is the predominant weed control method used in Nigeria.
However, this method is very cumbersome and generally expensive because of the
high price of labor which takes about 40 to 60% of the total cost of production
(Adigun and Lagoke, 2013). In addition to high cost, labor availability is uncertain
during the critical period of weed control which results in delayed weeding in a
large portion of the planted crops after they have suffered irrevocable damage from
weeds (Adigun, 2005). Herbicide use, on the other hand, although efficient, does
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not provide full-season weed control when used alone, and a single herbicide
application may not control the entire weed spectrum (Chauhan et al., 2013). In
addition, uncontrolled use of herbicides for weed control results in the increased
number of herbicide-resistant weeds, shift in weed spectrum, environmental
contamination and impacts on human health (Labrada, 2002). Therefore, farmers
are becoming increasingly interested in more comprehensive weed management
that would decrease their dependence on herbicides and multiple hoe-weedings as
well as reduce the cost of weed control. There has been increased interest recently
in the application of cultural approaches in integrated weed management systems
(Chauhan and Johnson, 2010; Adigun et al., 2017). Among cultural practices, row
spacing and/or seed rate is of immense significance, because it influences crop-
weed interactions and crop competitiveness with weeds and therefore will affect
weed management and cost of weed control (Knezevic et al., 2013). Soybean
grown in narrow rows has been reported to have high competitive ability and
quicker canopy cover with subsequence smothering and suppression of weed
growth (Cox and Cherney, 2011). Hence, combining these weed control
components with the reduced number of hoe-weedings and/or herbicide
applications within the context of integrated weed management could help to
improve weed control efficiency, reduce the high cost associated with multiple
hoe-weeding or herbicide applications and increase soybean yield. Although some
studies (Sodangi et al., 2006; Imoloame, 2014; Adigun et al., 2017) have earlier
reported increased weed control efficiency and higher yields with integrated weed
management, economic consideration, particularly profit is more important to
farmers in driving the adoption of agricultural innovation (Pannell et al., 2006). It
has also been reported that practices with the best yield may not necessarily
translate to the best economic benefit to farmers (Sepat et al., 2017). Hence, this
study was conducted to evaluate the economic performance of weed management
methods using hoe-weeding, herbicides or their combination in soybean planted at
50-cm, 75-cm and 100-cm row spacings.

Material and Methods

The study was conducted at the Teaching and Research Farm of the Federal
University of Agriculture, Abeokuta, Nigeria (7° 15' N, 3° 23' E 159 m above sea
level) during the cropping seasons of 2016 and 2017 in the forest-savanna
transition zone of South-West Nigeria. In both years, the experimental site was
disc-plowed and harrowed at the two-week interval, pulverized and leveled
manually. The site received an average rainfall of 607.1 mm with a mean
temperature of 26.1 to 28.3 throughout the period of crop growth in both years of
experimentation. The soils of the fields in both years had a sandy loam texture, pH
of 7.7 and 7.5; organic matter of 2.5 and 2.1% and nitrogen of 0.25 and 0.21% in
2016 and 2017, respectively.
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Gross and net plot sizes were 4.5x3.0 m? and 3.0 x 3.0 m?, respectively. A late
maturing (120-day duration) semi-determinate and high yielding soybean cultivar —
TGX 1448-2E recommended for South-West Nigeria was planted on July 14" and
12™ in 2016 and 2017, respectively. The treatments comprised three inter-row
spacings of 50 cm, 75 cm and 100 cm equivalent to 100, 80 and 60 kg/ha seeding
rates, respectively, which were the main plot treatments within the split-plot design
with three replications. The sub-plot treatments comprised seven weed control
methods: pre-emergence application of Probaben 400EC at 2 kg a.i/ha, pre-
emergence application of Probaben at 2 kg a.i/ha followed by supplementary hoe-
weeding at 6 weeks after sowing (WAS); pre-emergence application of butachlor
60EC at 2.0 kg a.i/ha; pre-emergence application of butachlor 60EC at 2.0 kg a.i/ha
followed by supplementary hoe-weeding at 6 WAS; two hoe-weedings at 3 and 6
WAS; three hoe-weedings at 3, 6 and 9 WAS and the weedy check. Herbicides
were applied pre-emergence, one day after sowing of soybean with a knapsack
sprayer (CP 15, Hozelock-Exel, Cedex, France) in a spraying volume of about 250
I/ha using a deflector nozzle at a pressure of 2.1 kg/cm?®. Weed samples from each
treatment were collected from two 0.5 m* quadrates per plot and were dried in an
oven at 70°C for 72 h to determine the cumulative weed dry matter production at
harvest. Soybean grain yield was obtained from the net plot after threshing the
plants. The resulting grain weight in kg at 12.5% moisture content was expressed
in kg/ha. Data collected were subjected to the analysis of variance (ANOVA) using
the procedures of Genstat. Treatment means were compared using the least
significant difference test (LSD) at 5% probability level.

Economic analysis of row spacing and weed management methods used was
carried out based on gross profit analysis using partial budgeting. Economics of
various row spacing, hoe-weeding and chemical weed control methods was
calculated by working out expenditure on different aspects of cultivation and gross
income under different treatments. The net return and cost-benefit ratio were also
calculated to ascertain the viability of the treatments. The prevailing farm gate
price for various cultivation operations, the input used and labor engaged due to
treatments were used. Data averaged over two years of the study were used to
estimate the profitability of row spacing and different weed control methods. The
cost of cultivation was calculated based on the cost of land preparation, seeds,
planting and weed control and harvesting. The revenue produced from each
treatment was obtained by multiplying the yield by the market price.

TR = Quantity x Price (Osipitan et al., 2018).

TR is total revenue per hectare ($/ha), Quantity is total soybean grain yield
harvested in kilograms per hectare (kg/ha), Price is the market price of soybean
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($/kg). Gross profit for each weed management method and row spacing was
calculated by deducting the total cost of cultivation from the return.

GP =TR - TVC (Osipitan et al., 2018).

GP is the gross profit per hectare ($/ha), TVC is the total variable cost of
cultivation ($/ha). The benefit-cost ratio for each treatment was calculated by
dividing gross profit by the total cost of cultivation:

Benefit-cost ratio = GP/TVC.
GP and TVC were as defined above (Osipitan et al., 2018).
Results and Discussion

The results of this study (data averaged over two years) showed a substantial
increase in the cost of production (from $461.2 to $637.7 ha™), grain yield (from
1512 to 1937 kg ha™*) and gross profit ($835 to $1023 ha™) with a reduction in row
spacing from 100 cm to 75 cm and 50 cm. However, weed biomass was reduced
significantly with a reduction in row spacing (Table 1). The labor costs for land
preparation was the same for the three row spacings in both years, thus differences
in the cost of production were largely due to variations in the cost of seed, labor
required for planting, as well as the cost of hoe-weeding and harvesting which
varied between the three row spacings. Planting soybean at 50-cm row spacing
required 20 to 40 kg more seed at a cost of $18 to $36/ha than at 75-cm and 100-
cm row spacings. Similarly, 75-cm row spacing required 20 kg more seed at $18/ha
than 100-cm row spacing. The cost of planting at 50-cm row spacing was $43 to
$65/ha higher than at 75-cm and 100-cm row spacings. Similarly, the cost of
planting at 75-cm row spacing was $22/ha higher than at 100-cm row spacing. The
higher cost of planting at 50-cm row spacing was associated with the higher seed
rate and the number of rows required for 50-cm row spacing, which is relatively
more labor demanding. The same reason could also be adduced for the higher labor
cost required for harvesting soybean planted at 50-cm row spacing. In addition, 50-
cm row spacing required more labor for weeding at a cost of $11ha” than 75-cm
and 100-cm row spacings (Table 1). This is associated with a lodging which
occurred at 50-cm row spacing, making manual weeding relatively more labor
demanding. The increased cost of cultivation associated with reduced row spacing
in this study is similar to the observation of Osipitan et al. (2018) in cowpea.

On the other hand, however, a reduction in row spacing from 100 cm to 75
and 50 cm resulted in an increased population of soybean plants per hectare with a
subsequent increase in grain yield, total revenue and gross benefit. An increase in
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grain yield with a reduction in row spacing could also be attributed to better weed
suppression and reduced weed competition for resources, occasioned by early
canopy closure at narrow compared to wide-row spacing. These results are in
agreement with that of Bhagirath et al. (2016) where mungbean spaced at 25 and
50 cm suppressed weed growth and had higher grain yield than those spaced at 75-
cm wide-row spacing. In maize, similar results of more effective weed suppression
by reduced row spacing were obtained by Simi¢ et al. (2012). Furthermore, the
revenue from narrow-row spacing was higher than from wide-row spacing. The
market price used for the budget estimation for the three row spacings was the
same, thus, differences in revenue were largely due to variations in yield levels of
each row spacing. The high yield level of crops planted at 50-cm row spacing was
a major factor that accounts for their relatively high harvesting labor compared to
crops planted at 75-cm and 100-cm row spacings.

Table 1. The economic analysis of row spacing and weed management methods for
soybean cultivation (data averaged for two trials).
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Row spacing
50 cm 914 771 1286 2119 1286 6377 20619 19374 16602 10230 1.7
75cm 731 771 857 2006 857 5223 33197 17186 14723 9503 1.9
100 cm 549 771 643 2006 643 4612 42223 15123 1296 8353 1.9
Lsd (5%) 1295 565
Weed control methods
Egof?ﬁ]ea” A20 731 771 929 464 929 3824 32752 17281 14811 10992 2.9
Probaben at 2.0

: 731 771 929 2200 929 556.0 22184 2098.4 1798.0 12423 22
kg a.i/ha fb shw

Butachlor at 2.0
kg a.i/ha
Butachlor at 2.0
kg a.i/ha fb shw
2 hoe-weedings
at 6 and 9 WAS
3 hoe-weedings
at3,6and9 731 771 929 5271 929 863.1 26153 2061.3 17666 903.0 1.0
WAS

Weedy check 731 771 929 0.0 92.9 336.0 5820.2 589.0 505.1 169.2 0.5

Lsd (5%) 197.7 1206

731 771 929 557 929 3917 3106.6 1756.3 1505.1 11133 238

731 771 929 2300 929 566.0 22395 20435 17511 11854 2.1

731 771 929 3514 929 6874 31263 1780.5 1526.0 839.6 1.2

a.i — active ingredient, shw — supplementary hoe-weeding, WAS — weeks after sowing.

All the weed management methods incurred higher costs of cultivation than
the weedy check as a result of the cost of weed control (Table 1). Of all the weed
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control methods, three hoe-weeding treatments incurred the highest total cost
($863) as a result of the accumulated cost of hoe-weeding which is usually
expensive (Table 1). On the other hand, weedy plots where weeds were not
controlled throughout the crop life cycle had the lowest total variable cost
(Table 1). This was consistent across the three row spacings of 50 cm, 75 cm and
100 cm used in this study (Table 2). This finding has confirmed other reports that
the cost of weed control takes the bulk of total production cost in many field crops
(Adigun and Lagoke; Chikoye, 2007).

Irrespective of the row spacing used, pre-emergence application of Probaben
400EC or butachlor 60EC each alone at 2.0 kg a.i ha * or followed by
supplementary hoe-weeding at 6 WAS resulted in a lower cost of cultivation than
two and three hoe-weedings (Table 2). The relatively lower cost incurred by
herbicide treatments compared to hoe-weeding may be attributed to a reduction in
labor requirement for herbicide application compared with the labor required for
hoe-weeding. Comparisons of the economics of different weed control
technologies have earlier indicated that the overall reduction in production costs
associated with herbicides is caused by a massive reduction in the labor required
for weeding from 39.2 to 1.3 person-days per hectare (Overfield et al., 2001). The
use of herbicides to remove weeds required only 2 hours of labor per hectare,
whereas the optimal amount of hand-weeding required per hectare is estimated to
be 400 hours (Gouse et al., 2006). The result of this study has corroborated the
findings of Patil et al. (2014) that manual weeding is very expensive, strenuous and
causes a lot of drudgery.

All the weed control methods resulted in higher soybean grain yield than the
weedy check across the 50-, 75- and 100-cm row spaced plots (Table 2). This result
is in agreement with the earlier report of Sodangi et al. (2006) that allowing weeds
to compete with soybean substantially reduced yield. The results are also akin to
those reported by Patil et al. (2014) and many others who reported an increased
yield of soybean due to various weed control treatments owing to the increased
availability of nutrient, light and space. When the crops were planted at 50-cm row
spacing, pre-emergence application of herbicides (Probaben 400EC or butachlor
60EC) at 2.0 kg a.i/ha each followed by supplementary hoe-weeding at 6 WAS
resulted in the highest yield (2301 to 2484 kg/ ha) and total revenue ($1972 to
$2129/ha). However, when the crops were planted at 75- and 100-cm row spacings,
three hoe-weeding treatments resulted in the highest yield (2081 to 2155 kg/ha) and
total revenue ($1783 to $2081/ha). This showed that application of these herbicides
followed by single hoe-weeding was only adequate to give optimum yield and
revenue in narrow- (50 cm) but not in intermediate- (75 cm) and wide-row
(100 cm) soybean, probably because soybean planted in wide-row spacing had
higher late-season weed infestation as a result of poor canopy closure and more
space available for weed growth, and hence required a longer period of weed
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control than soybean planted in narrow rows. These results have corroborated the
report of Culpepper (2006) that wide-row spacing requires multiple hoe-weedings
to achieve a reasonable level of weed control and good yield. On the other hand,
however, for the narrow-row spacing of 50 cm, increasing the number of hoe-
weedings to two or three times did not guarantee the highest yield, total revenue or
cost-benefit ratio, but rather increased the cost of weed control (Table 2). Higher
grain yield obtained with pre-emergence herbicide followed by supplementary hoe-
weeding at 50-cm row spacing could be attributed to early weed control by the pre-
emergence herbicide, early canopy closure and removal of late-emerging weeds by
the supplementary hoe-weeding, all of which helped to sustain a weed-free
condition throughout the crop life cycle. These results are similar to the findings of
Peer et al. (2013) where pendimethalin integrated with hoe-weeding recorded a
superior yield of soybean than hoe-weeding treatments. Also, a number of
researches like Veeramani et al. (2001) and Osipitan et al. (2013) held similar
views and reported higher yield with integrated weed management.

Despite the higher yield and revenue obtained with three hoe-weedings than
herbicide treatments applied alone or supplemented by hoe-weeding in plots
planted at 75- and 100-cm row spacings, the gross profit and benefit-cost ratio
obtained were lower than those obtained with herbicide treatments applied alone or
supplemented by hoe-weeding. This shows that the gain in yield and revenue from
three hoe-weeded plots was nullified by the higher total cost of production as a
result of accumulated labor which is usually expensive. Hence, the reduced benefit-
cost ratio was obtained with three hoe-weedings. In all the three row spacings, pre-
emergence application of herbicides (Probaben 400EC or butachlor 60EC each at
2.0 kg a.i’/ha) consistently resulted in the highest cost-benefit ratio, and when
supplemented by hoe-weeding at 6 WAS, the highest yield and gross profit were
consistently obtained (Table 2). This study has shown that pre-emergence
herbicides followed by supplementary hoe-weeding produced greater yield at less
cost than the typical practice of hoe-weeding. Our findings of the cost-effectiveness
of herbicides for weed management in soybean are in line with previous studies, in
which researchers found that weed control with appropriate herbicides provided
higher net benefits than manual hoe weeding (Khalig et al., 2002; Suria et al.,
2011). When the crops were planted at 50-cm or 75-cm row spacings, two hoe-
weedings resulted in higher cost-benefit ratio than three hoe-weedings, however,
with 100-cm row spacing, three hoe-weedings gave higher cost-benefit ratio than
two hoe-weedings (Table 2). This further confirms that the benefit of the reduced
number of hoe-weedings increases with a reduction in row spacing as a result of
complementary weed control provided by the shading effect of crop canopy on
weed at narrow- compared to wide-row spacing (Bhagirath et al., 2016).
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Table 2. The breakdown of the economic analysis of weed management methods
for soybean cultivation as affected by row spacing (data averaged for two trials).
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:ri‘;ﬁ:be” A20K9 914 771 1286 464 1286 4721 19220 16474 11756 2.5
Probabenat20Kkg g1 4 771 1286 2243 1286 6500 24842 21291 14793 2.3
a.i’ha fb shw
E;fic;;]';’r 20 914 771 1286 557 1286 4814 19813 16980 12175 25
¢ kga
G Butachlor at 2.0
S Kgaihafosny 914 771 1286 2357 1286 6614 23013 19723 13116 20
2 hoe-weedings at
6 o 9 WAS 914 771 1286 3686 1286 7943 19434 16654 8710 11
3 hoe-weedings at
36amdo WAs  OL4 771 1286 5529 1286 9786 19478 16689 6900 07
Weedy check 914 771 1286 00 1286 4257 9800 8400 4143 10
Zri‘/’r?:be” a20Ky 759 771 @57 464 857 3681 17492 14991 11313 3.1
Probabenat2.0kg 757 771 g57 2179 857 5306 19993 17134 11744 22
a.i/ha fb shw
E;ff;;}';’r 20 734 771 857 557 857 3774 17924 15360 11594 3.1
c koa
S Butachlorat20 400 274 g5 2071 857 5489 20132 17254 11775 21
~ kg a.i/ha fb shw
2 hoe-weedings at
§ and 9 WAS 731 771 857 3429 857 6646 18161 15566 8920 13
3 hoe-weedings at
3.6adoWas 731 711 857 5143 857 8360 21554 18471 10111 12
Weedy check 731 771 87 00 857 3217 5000 4286 1070 0.3
:ri‘;ﬁ:be” aA20k9 509 771 643 464 643 3070 15133 12969 9900 3.2
Probabenat20kg 509 771 643 2179 643 4784 18104 15514 10730 22
a.i/ha fb shw
E;fic;;]';’r 20 549 771 643 557 643 3163 14952 12814 9653 3.1
£ Butachlor at 2.0
S kgaiha foshw 549 771 643 2271 643 4877 18155 15557 10684 2.2
— 2 hoe-weedings at

549 771 643 3429 643 6034 15824 135.0 7535 1.2

6 and 9 WAS

3 hoe-weedings at

3,6and 9 WAS 549 771 643 5143 643 7749 20814 17837 1009.0 13
Weedy check 549 771 643 0.0 643 2606 288.6 246.9 -140 -0.1
Lsd (5%) 149.0

a.i — active ingredient, shw — supplementary hoe-weeding, WAS — weeks after sowing.
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In terms of overall profitability, soybean planted at 50-cm row spacing and
treated with the pre-emergence application of Probaben 400EC at 2.0 kg a.i ha™
followed by supplementary hoe-weeding at 6 WAS gave the highest gross profit of
$1479/ha. This was followed closely by soybean planted at 50-cm row spacing and
treated with the pre-emergence application of butachlor 60EC at 2.0 kg a.i ha™
followed by supplementary hoe-weeding at 6 WAS with a gross profit of $1311/ha.
Due to severe weed pressure, planting soybean at 100-cm row spacing was not
profitable without weeding. The economic analysis revealed that, when weeds were
not controlled at 100-cm row spacing, a loss of $14/ha was incurred and the cost-
benefit ratio was negative (- 0.1). On the other hand, however, no loss was incurred
with the use of 50-cm and 75-cm row spacings, even in weedy plots, although it
was more profitable to control weeds than allowing weeds on plots at these row
spacings. Controlling weed resulted in 66-257 and 733-1000% higher profit than
when the crops were left weedy in 50-cm and 75-cm rows, respectively. These
results have corroborated earlier reports of Osipitan et al. (2018) that narrow-row
spacing reduced economic losses caused by weed infestation and had the potential
to increase per capita income as a result of increased yield.

Conclusion

The total variable cost of soybean cultivation was substantially influenced by
row spacing and cost of weed control. Narrow-row spacing (50 cm) reduced weed
biomass and increased the cost of production and grain yield with subsequent
higher gross profit than intermediate- (75 cm) and wide-row (100 cm) spacing.
Irrespective of the row spacing, two and three hoe-weedings resulted in higher cost
of weed control than pre-emergence herbicide treatments applied alone or
supplemented by hoe-weeding. Three hoe-weedings gave the highest yield and
gross profit when the crops were planted at 100-cm row spacing. However, an
increase in the number of hoe-weedings to two or three times at 50-cm and 75-cm
row spaced plots did not guarantee maximum yield and gross profit, but rather
increased the cost of weed control, particularly under narrow-row spacing (50 cm).
When the crops were planted in narrow rows (50 cm), the highest net benefit could
be achieved by using pre-emergence Probaben 400EC or butachlor 60EC each
applied alone at 2.0 kg a.i ha™, and when supplemented by hoe-weeding at 6 WAS,
the highest yield and gross profit were consistently obtained. Our study suggests
that the use of pre-emergence herbicides supplemented by one hoe-weeding for
weed management could help to reduce dependence on multiple hoe-weedings,
reduce weed growth, and optimize yield as well as increase profitability and
benefit-cost ratio especially under narrow-row spacing in soybean cultivation.
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EKONOMSKI EFEKTI MEDUREDNOG RASTOJANJA I INTEGRALNOG
SISTEMA SUZBIJANJA KOROVA U SOJI (GLYCINE MAX L.)

Olumide S. Daramola®, Olusegun R. Adeyemi*,
Joseph A. Adigun® i Christopher O. Adejuyigbe?

'0dsek za fiziologiju biljaka i proizvodnju useva,
Poljoprivredni federalni univerzitet, Abeokuta
20Odsek za nauku o zemljistu, Poljoprivredni federalni univerzitet, Abeokuta

Rezime

Visoki troSkovi uzgajanja i suzbijanja korova predstavljaju glavne
ograni¢avajuce faktore za poveéanje produktivnosti soje i neto prihoda. Poljski
ogledi su sprovedeni 2016. i 2017. godine na Nastavno-istrazivatkom dobru
Poljoprivrednog federalnog univerziteta u Abeokuti da bi se ispitali ekonomski
efekti razli¢itih medurednih rastojanja i integralnog sistema suzbijanja korova u
proizvodnji soje. Eksperiment je postavljen po potpuno slu¢ajnom blok sistemu u
tri ponavljanja, sa tri glavna tretmana koji predstavljaju razli¢ita meduredna
rastojanja (50, 75 and 100 cm). Ovi tretmani su podeljeni na 7 podtretmana koji
ukljuéuju Sest metoda suzbijanja korova i zakorovljenu kontrolu. Smanjenje
medurednog rastojanja sa 100 cm na 75 cm, odnosno 50 cm dovelo je do znacajnog
smanjenja biomase korova. Osim toga, troSkovi proizvodnje, prinos zrna i bruto
dobit su povecani sa smanjenjem medurednog rastojanja sa 100 cm na 75 cm,
odnosno 50 cm. Kada je soja posejana na meduredno rastojanje od 50 cm, primena
2 kg a.s./ha herbicida Probaben 400EC (metolahlor 20% w/v + prometrin 20% w/v)
ili Butahlor 60 EC (butahlor) uz okopavanje 6 nedelja posle setve obezbedila je
najveci prinos od 2301-2484 kg/ha i ukupni prihod od 2129-1972 $/ha. Suprotno
tome, tri okopavanja su obezbedila najvisi prinos od 2155-2081 kg/ha i ukupni
prihod od 1848-1783 $/ha za useve gajene na medurednim rastojanjima od 75 i
100 cm. Uprkos ve¢em prinosu i prihodu dobijenim sa tri okopavanja za tretmane
sa medurednim rastojanjima od 75 i 100 cm, bruto dobit i odnos prihoda i troskova
bili su niZi nego za tretmane u kojima je primenjen samo herbicid ili je primena
herbicida kombinovana sa okopavanjem. Kada je profitabilnost u pitanju, najveca
bruto dobit od 1479 $/ha je postignuta kada je soja zasejana na medurednom
rastojanju od 50 cm i tretirana sa 2 kg a.s./ha herbicida Probaben 400EC u
kombinaciji sa okopavanjem. Dva ili tri okopavanja soje posejane na uskom (50
cm) medurednom rastojanju nisu garantovala najveéi prinos, ali su prilicno
povecala troskove suzbijanja korova. Ovim istrazivanjem se sugeriSe da ce se
uskim medurednim rastojanjem (50 cm) i primenom herbicida pre nicanja smanjiti

*Autor za kontakt: e-mail: olumidedara0l@gmail.com
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broj okopavanja, pa time i visoki troSkovi proizvodnje koji su neophodni za
optimalni prinos, kao i da ¢e se povecati profitabilnost proizvodnje soje.

Kljuéne redi: ekonomika, meduredno rastojanje, Soja, integralni sistem
suzbijanja korova, bruto dobit.

Primljeno: 28. marta 2019.
Odobreno: 23. jula 2019.
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AND LAYER ENTERPRISES IN OSUN STATE, NIGERIA
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Abstract: The study investigated the investment patterns, costs and return
structures of the layer and broiler production in Osun State, Nigeria. It also
compared their net present value in the study area to determine their investment
returns. A multistage sampling technique was employed in selecting respondents
for the study. Primary data were collected from 180 broiler and layer farms,
comprising 90 broiler farms and 90 layer farms from six local governments in
Osun State using a structured questionnaire. The data were analysed using
descriptive statistics, budgetary techniques and investment tools. The investment
pattern indicated that a larger amount of money was invested in capital assets for
small-scale layers (¥651,274.5) compared to broilers (3N448,068.6). Personal
saving was the major source of funding among the small-scale layer enterprises
compared to that of broiler enterprises. In addition, the survival of re-investment in
small-scale layers depends largely on funds from family members while the small-
scale broiler enterprise depends on retained earnings. The budgetary analysis
showed that the gross margin of the farmers was 3¥166,321.8 and N1,150,470.8 for
broiler and layer enterprises, respectively. Investment analysis revealed that the
layer enterprise had a higher positive net present value (NPV) and the internal rate
of return (IRR) value of ¥1,523,692.6 and 64.9 per cent, respectively. In contrast,
the broiler enterprise had lower positive NPV and IRR values of 3¥961,173.3 and
63.0 per cent, respectively. The study concluded that the small-scale layer
enterprise was found to be more economically profitable compared to the small-
scale broiler enterprise with higher NPV and IRR values and a shorter discounted
payback period in Osun State.

Key words: broilers, layers, NPV, IRR, discounted payback period.
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Introduction

In developing nations, most poultry farmers embark on small-scale poultry
enterprises due to difficulty in obtaining sufficient inputs. Thus, they are found in
the rural area where production inputs are difficult to obtain and the marketing
outlet is not well organised (Adeyemo and Onikoyi, 2012). Therefore, these are
farms with fewer than 1,000 birds. Medium-scale poultry enterprises have between
1,000 and 5,000 birds. Farms that produce more than 5,000 birds are large-scale
(Busari and Okanlawon, 2015). Mostly, small-scale farmers engage in the
production of broilers and layers with the primary aim of generating income
(Okonkwo, 2016). Moreover, the production costs per unit of broiler production are
relatively lower compared to other types of poultry (layers) and returns on
investment are high. Therefore, a small amount of start-up capital is needed by
farmers for a broiler poultry farm. It has a short production cycle (payback period).
As such, capital cannot be held down over a long period (Van Veenhuizen and
Danso, 2007). Poultry production of broilers assures fast returns within weeks,
whereas it is months in the case of layers (Anang et al., 2013). Furthermore, small-
scale broiler production can produce meat within eight weeks while small-scale
layer farms play an important role in the supply of eggs in addition to poultry meat,
thereby contributing to national protein supply (Kabir and Haque, 2010).

According to Okonkwo (2016), most small-scale broilers reach slaughter
weight at between 5 and 7 weeks of age, although some layers reach slaughter
weight at approximately 14 weeks of age while layers start dropping eggs between
22 and 24 weeks. However, they are constrained by the rising cost of inputs,
particularly of feed and medication (Ahmad and Kiresur, 2016). Broiler production
has the advantage of the fast growth rate, cheaper, higher feed conversion
efficiency when compared to other livestock enterprises such as layer production.

Furthermore, an investment for income, risk and resale value should be
evaluated with the ultimate goal of measuring how the given investment is a good
fit for a portfolio (James, 2013). Cost and benefit analysis is the essence of
investment analysis of the production of layers and broilers. This becomes the basis
of the whole decision-making process under resource constraints, which are put
into alternative uses (Mwansa, 2013). Having the limited reversibility of
investment projects, it is significant to consider many business opportunities and all
associated risks before making a final investment decision (Mwansa, 2013).
Investment appraisal is the starting point to determine the worthiness of a
prospective project. The economic profitability of each enterprise determines the
attractiveness of the enterprise. The more economically profitable a project is, the
more attractive it is for investment and vice versa (Mwansa, 2013).

Despite the nutritional value of poultry meat and egg, the production in the
country is very insufficient, as reflected by the wide interval between supply and
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demand of the products (Ohajinya et al., 2013). Local demand for poultry products
in Nigeria is about 1.5 million tonnes. The supply capacity is between 700,000 and
1 million tonnes, but the poultry production capacity of farms must increase rapidly
to meet the increasing demand. To achieve this, the current production level must
be improved. In developing countries, most poultry farmers start small-scale
poultry enterprises due to the difficulty of obtaining sufficient input.

Many studies (Adepoju, 2008; Olasunkanmi 2008; Taru et al., 2010; Ike and
Ugwumba, 2011; Mahama et al., 2013; Olufemi and Adeolu; 2013; Ohajianya et
al., 2013; Anang et al., 2013; Tanko and Aji, 2014) were done separately on layer
and broiler production enterprises with a greater focus on egg production.
However, all these studies failed to compare the investment pattern and net worth
of these two categories of poultry production. Thus, the aim of this study is to
provide answers to the following research questions: What are the investment
patterns of small-scale broiler and layer production? What is the cost and benefit
structure of the small-scale layer and broiler production? Is investment in small-
scale broiler or layer production economically viable? How comparable is their
economic profitability? The specific objectives are to investigate the investment
pattern of small-scale broiler and layer production, estimate costs and returns
structures of layer and broiler production, and compare the net value of small-scale
broiler and layer production.

Material and Methods

The study was conducted in Osun State. Osun State is located in the
geopolitical zone of southwestern Nigeria. The state is bordered by Ogun State to
the south, Oyo State to the west, Kwara State to the north and Ondo State to the
east. It lies between longitude 040 00'E and 050 05'E and latitude 050 58'N and 080
07'N (Omodele and Okere, 2014). There are two separate climate seasons. The
rainy season is between March and October, and the dry season between November
and early March. The state is a typical rainforest with an average annual rainfall
ranging from 880 mm to 2,600 mm and the temperature varies between 25 and
27.5°C, and it is also characterised by forest vegetation (BBC Weather Center,
2008). The majority of the population in the state is agricultural farmers. The
production of livestock such as goats, sheep, pigs, rabbits and poultry (chicken) is
popular in the area (Adepoju, 2008). The state covers an area of 14,875 square
kilometres; of which 9,251 square kilometres are bounded by other territories such
as Kwara, Ondo, Oyo, Ogun and EKkiti States. It has 30 local government areas. The
state of Osun is large and its population is estimated at approximately 3,423,535
people (Deji, 2012). It has six cities. These include Ede, Ife, llesha, Ikirun, Iwo and
Oshogbo.
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The target population was small-scale broiler and layer producers in Osun
State. A multistage sampling technique was employed in selecting respondents for
the study. The first stage involved random selection of two agricultural zones
(Osogho and Ife-ljesha zones) out of the three agricultural zones (Osogbo, Iwo and
Ife-ljesha zones) in Osun State in order to obtain a good geographical spread of the
areas. In the second stage, three local government areas were randomly selected
from each of the two agricultural zones (Ife-Central, Ife-North, llesa-West,
Osogbo, Odo-Otin and Obokun LGAs). The third stage involved purposive
selection of three communities from each LGA (giving a total of 18 communities)
based on a high concentration of poultry producers through the registered poultry
farmers’ association in the zones. The fourth stage involved the selection of ten
poultry farmers from each community using a simple random sampling technique
(giving a total of 180 respondents). Respondents were stratified into 90 broiler
producers and 90 layer producers. The primary data were collected using a pre-
tested and validated questionnaire. The variables observed were: the farm capital
outlays of the respondents, and quantities and prices of inputs and outputs in the
area during the 2017/2018 production season. The descriptive statistics, budgetary
technique, and investment tools were used to analyse data collected.

The budgetary technique was used to estimate the costs and returns on the
small-scale broiler and layer production. The different types of inputs used and
their cost implications were analysed using the enterprise budget analysis. The cost
was divided into variable costs and fixed costs. The variable costs included the cost
of labour, day-old chicks, medication, transport, feeding, utility and general
management of birds. Fixed costs included depreciation on fixed assets (e.g.
building, battery cages, water trough, etc.); this was charged using the straight-line
method. The enterprise budget equations are as follows:

Gross margin (GM),

GM = Xp:ig; — XZriX;, (1)
where

P: = the average price of eggs per crates, broilers and layers sold (N),

4: = the average quantity of sold eggs in a tray, broilers and layers sold per
production cycle,

T': = the average price of variable inputs (N),

X; = the average quantity of variable inputs used (kg).

Subsequently, the net return was obtained from gross margin:

NR = GM-TFC, (2)

where NR = Net returns; TFC = Total fixed cost.

In accordance with Ekunwe and Soniregun (2007), the following economic
comparisons were used to measure the economic performance of the farms: the rate
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of return on investment (ROI); operating expense ratio (OER); profit margin (PM);
and benefit-cost ratio (BCR).
The rate of return on investment (ROI) shows the amount gained on every

naira (N) invested. It is measured as:
NFI

RoOl=7¢ <100 @3)
where:
NFI is net farm income, and
TC is the total cost.
Totalvariablecost
Operating expense ratio = Groszrevenus 4)
_ o M® 100
Profit margin = Totalrevenus (#) (5)

__ Total revenus

Benefit-cost ratio (BCR)  Totalcast (6)

The following assumptions were made for the layer enterprise:

1) The foundation stocks were day-old chicks.

2) The mortality rate was 10 per cent.

3) The production period was 12 months and the production cycle was 18
months.

4) Layers started to lay eggs at 6-month-old and continued to lay eggs until
18 months. The total laying period was 12 months.

The layer enterprise had two sources of revenue: namely, eggs laid and culled
hens for meat.

The following assumptions were made for the broiler enterprise:

1) The foundation stocks were day-old chicks.

2) The mortality rate was 10 per cent.

3) The production period was 6 months and the production cycle was 18
months.

Adopting the analytical technique of Mwansa (2013), investment tools such as
net present value (NPV) and internal rate of return (IRR) and discounted payback
period were used to analyse and compare the net present value of the small-scale
broiler and layer production.

The net present value:

vy~ CF. CF,  CF. . CF, -C

(+i) (+i) (1+0) (1+)" (7)
where,

CF, — Cash flow at period n (from n number of sales of broilers, eggs and
culled hens)
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Co — Initial cost of investment (costs of land, building, battery cages, drinkers,
and feeders)

i — Discount rate.

Internal Rate of return

Discount rate offered for investing by creditors to farmers was used. The IRR
will make NPV equals zero.

py- CF., CF.  CF. CF. . _,
(A+i)) A+ A+ 1+ ®

Results and Discussion
Investment patterns of small-scale broiler and layer enterprises

The investment patterns in small-scale broiler and layer enterprises are shown
in Tables 1, 2 and 3. These indicate the various commitments of funds to these
enterprises at present and in anticipation of some positive rates of return in the
future. The investment patterns encompassed: capital inputs, the distribution of
initial sources of funds and sources of finance for subsequent investment. A larger
amount of money was invested for capital assets in small-scale enterprises for
layers compared to broiler enterprises. This shows that personal savings were
predominantly used to fund the small-scale layer enterprise compared to that of
broilers (Table 2). To infer, the survival of re-investment in small-scale layers
depended largely on funds from family members while small-scale broilers
depended largely on retained earnings (Table 3). The small-scale broiler and layer
enterprises were reflections of submission by Pawariya and Jheeba (2015) who
showed that layer farms needed higher investment and the profitability was greater
compared to broiler farms.

Percentage distribution of enterprises by investment patterns

Table 1. Enterprises by costs of capital assets.

Assets Layer costs (¥) Percentage Broiler costs (3¥) Percentage
Land 204,182.07 31.35 200,000.00 44.64
Housing 319,738.50 49.09 232,501.70 51.89
Battery cages 101,718.70 15.62 - -
Crates 9,817.31 1.51 - -
Feeders 8,887.67 1.36 8,887.77 1.98
Drinkers 6,930.26 1.06 6,829.22 1.52
Total 651,274.51 100.00 448,068.69 100.00

Source: Field survey, 2018.
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Table 2. Enterprises by the source of initial capital.

. Layers Broilers
The initial source of funds
Frequency Percentage Frequency Percentage

Own resources 34.00 40.00 15.00 18.75
Family loan 28.00 32.95 46.00 57.50
Community loan 6.00 7.05 7.00 8.75
Money lender 6.00 7.05 5.00 6.25
Commercial banks 11.00 12.95 7.00 8.75
Total 85.00 100.00 80.00 100.00

Table 3. Enterprises by the source of reinvestment.

. Layers Broilers
Source of reinvestment
Frequency Percentage Frequency Percentage
Retained earnings 29.00 34.12 45.00 57.69
Debt 7.00 8.24 3.00 3.85
Family 49.00 57.64 30.00 38.46
Total 85.00 100.00 80.00 100.00

Source: Field survey, 2018.
Relative costs and returns () to broiler and layer enterprises

The results of costs, returns and profitability of broiler and layer enterprises
are presented in Table 4. It was found that an average poultry farmer invested
about ¥332,699.3 and ¥1,082,060.7 as total costs of production for broiler and
layer enterprises respectively. These included stocking, feeding, labour,
medication, transport and utility and other costs. The stocking cost for small-scale
broilers was 12.8 per cent while the cost for layers was 4.1 per cent as the
percentage of the total costs. The feeding costs for the two categories of enterprises
constituted the largest share of the total costs for broiler farms (46.3%) and layer
farms (60.3%). These results support the findings of Oladeebo and Ojo (2012) and
Busari and Okanlawon (2015) that feed cost is the major important cost item
associated with broiler and layer production probably due to an increase in the cost
of maize, groundnut cake, soybean meal and the scarcity of wheat offal (Busari and
Okanlawon, 2015). This was followed by the cost of labour for broilers (15.1%)
and layers (11.3%). Costs of medication for broiler farms (1.5%) and layer farms
accounted for (1.7%) as percentages of the total costs. Costs of transportation for
broiler and layer enterprises were 1.5% and 2.1%, respectively. The utility and
other costs as percentages of total costs were 2.7% and 3.8% for broiler and layer
enterprises, respectively.
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Table 4. Costs and returns (I¥) to broiler and layer enterprises (for one production
cycle).

sin Items Layer Cost as Broile_r Cost as
enterprise % of TC enterprise % of TC
1 Foundation stock size 337 day-old chicks 304 day-old chicks
a Total revenue 2,050,997.00 432,000.00
2 Variable cost
i Stocking 43,820.00 4.05 42,518.00 12.78
i Feeding 652,114.09 60.27 153,982.02 46.28
iii  Labour 121,954.80 11.27 50,138.92 15.07
iv Medication 18,800.20 1.74 5,002.13 1.50
Y Transport 23,094.17 2.13 5,003.03 1.50
Vi Utility and other costs 40,742.93 3.77 9,034.05 2.72
b Total variable cost 900,526.19 83.22 265,678.15 79.86
c Gross margin 1,150,470.81 166,321.85
3 Fixed costs
i Depreciation on cages 43,717.38 4.04 - -
it Depreciation on 91,733.60 8.48 51,045.60 15.34
building
iii Depreciation on
feeders/ 40,164.40 3.71 10,056.40 3.02
drinkers
v Depreciation on other 5,919.10 0.55 5,919.10 1.78
fixed inputs
d Total fixed costs 181,534.48 16.78 67,021.10 6.19
e Total costs 1,082,060.67 332,699.25
f Net farm income 968,936.33 99,300.75
g Rate of return on
investment (N)= f/e 0.90 0.30
h Operating expense ratio
(%) = bla 44.00 61.00
i Benefit-cost ratio = a/e 1.90 1.30
i Profit margin % = f/a 47.24 22.99

Source: Field survey, 2018.

Table 4 indicates that the total revenues of ¥432,000 and 32,050,997 were
earned by average small-scale broiler and layer farmers, respectively. The analysis
further showed that the net farm incomes received by average small-scale broiler
and layer farmers were ¥99,300.75 and ¥968,936.33, respectively. All the
profitability ratios confirmed that the small-scale layer enterprise was more
profitable compared to the broiler enterprise (Table 4). The profit margin
percentage of the layer enterprise was higher (47.2%) compared to 22.9 per cent of
the broiler enterprise. This is in agreement with Bamiro (2008) who asserted that
the egg production enterprise recorded a higher gross margin while the broiler
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production enterprise recorded a lower gross margin. Similarly, based on the
submission by Memon et al. (2015), it was asserted that higher profit was observed
in poultry egg farming in Quetta with a higher benefit-cost ratio compared to the
broiler enterprise. The reason for the discrepancy in foundation stock sizes of the
two enterprises is that layer farmers purchase more day-old chicks than broiler
farmers in the study area.

Relative investment analysis for small-scale broiler and layer enterprises

Tables 5 and 6 present the results for the layer enterprise with a positive NPV
of ¥1,523,692.6 and IRR of 64.9 per cent while the broiler enterprise showed a
positive NPV of ®961,173.3 with IRR of 63.0 per cent. The positive NPVs are
indications that both enterprises were economically profitable for investment, but
the layer enterprise was more economically viable with a higher NPV value and
positive IRR compared to the broiler enterprise, hence, more attractive for
investment. Similarly, the discounted payback period was estimated to reveal the
number of years it took the small-scale poultry producers to pay back their initial
investments. The result of the discounted payback period showed that the layer
enterprise paid back its initial investment in one year, three months and one week
while the broiler enterprise was able to pay back after two years and two weeks
(Table 7). The layer enterprise was more attractive for investment than the broiler
enterprise as it provided more naira in return on each naira that was invested
(Tables 5 and 6). The broiler enterprise had the quickest income generation period
and provided income at a specific short time interval, unlike the layer enterprise.
Broilers took eight weeks to complete one production cycle and required just two
weeks for cleaning and sanitation between successive cycles.

Table 5. The net present value and internal rate of return for the small-scale layer
enterprise (with one production cycle).

0 1 4 5

Year 2 3 6 7
) ) @) ) ) ™) ) )

Cash

inflows 892,498.50  1,158,498.50 098,498.50  1,162,698.50  967,538.82 1,168,426.30  1,062,432.15

Cash

outflows 600,350.79  550,321.54 606,566.89  538,992.13 600,300.42  520,121.53 500,190.42
Net cash

inflows 292,147.71  608,176.96 391,931.61 623,706.37 367,238.40 648,304.77 562,241.73
Initial

investtment (651,274.51)

Discounted

net cash flows (651,274.51)  259,686.85  480,534.88 275,266.09 389,376.82 203,791.22 319,789.41 246,521.85
NPV 1,523,692.62

IRR 64.96%

Discount rate: 12.5%. Source: Field survey, 2018.
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Table 6. The net present value and internal rate of return for the small-scale broiler
enterprise (two production cycles).

Vear 0 1 2 3 4 5 6 7

(6] (6] (6] (6] (6] (6] (6] (6]
i(r;ffllsgws 864,000.00 870,000.00 895,036.00 885,456.00 899,342.00 909,000.00 936,000.00
Oc:tSfTOWS 601,356.30 608,870.46 541,587.14 542,937.52 560,429.86 577,291.74 580,915.12
miltot\:;zh 262,643.70 261,129.54 353,448.86 342,518.48 338,912.14 331,708.26 355,084.88
Initial
investment (448,068.69)
Discounted
net cash flows (448,068.69) 233,461.07 206,324.57 248,238.43 213,832.61 188,072.16 163,621.79 155,691.36
NPV 961,173.30
IRR 63.03%

Discount rate: 12.5%. Source: Field survey, 2018.

Table 7. The relative discounted payback period for small-scale broiler and layer
enterprises.

Discounted cash flows Discounted payback period Post p_ayback
cash inflow
Enterprises 0 ! 2 3 4
® ® ® ® ® ®
1 year,
Layers (651,274.51) 259,686.85  480,534.88 - 3 months, 88,947.22
1 week
. 2 years, 2
Broilers (448,068.69) 233,461.07  206,324.57 248,238.43 weeks 239,955.38

Discount rate: 12.5%. Source: Field survey, 2018.

In contrast, layers took a minimum of 24 weeks before stable income began
and the layer enterprise provided steady and continuous cash inflows that lasted for
34 to 70 weeks in one production cycle. Cash inflows were obtained from two
production cycles of broiler production (Table 6). On the other hand, layer
enterprise provided cash inflows from two streams: eggs and sales of spent hens. It
was evident that layer production commanded high cash inflow in the second year
compared to the first year. This could be attributed to the fact that the layer
enterprise generated the revenue from egg production in the first period, while the
revenue in the second period comprised eggs and culled hen sales (Table 5). Since
the layer enterprise is more attractive in terms of economic profitability than the
broiler enterprise in Osun State, this could be seen as a possible explanation as to
why small-scale producers prefer investing in layers than in broilers. Farmers only
engage in small-scale broiler enterprises because of the quick cash inflow, lower
initial investment, cash outlay and lower feed cost per production cycle. However,
a daily income is preferred from layer to broiler enterprise when the hens are due
for laying eggs. These findings contradict Mwansa (2013) who claimed that the
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small-scale broiler enterprise was found to be more attractive for investment than
the small-scale layer enterprise as indicated by the results of the NPVs and IRRs.
This was the scenario in Zambia, which contradicted the results obtained from
Nigeria. However, both countries were built on different economic frameworks
such as interest rate, inflation rate, openness, marketing of poultry products and
exchange rate.

Conclusion

In general terms, the study has indicated that there are greater potentials for
improvement in small-scale broiler and layer enterprises in the study area. It was
concluded that small-scale layer enterprises require higher start-up capital
investment as well as running capital compared to the small-scale broiler
enterprises. Moreover, in terms of returns, layer enterprises promise high
percentages of returns with a reasonable return on investment compared to broiler
enterprises. However, the production of broilers at the small-scale level tends to
exhibit higher short-run return compared to layer production. Furthermore, net
present worth for small-scale broiler enterprises was lesser than for small-scale
layer enterprises. The total cost involved in layer production was relatively higher
compared to broiler production, although in the long run layers yield higher returns
than broilers. The cost of feeding was the major component of variable costs for
both broilers and layers. The cost of feeding constituted more than the average of
total production cost for the layer enterprise and about the average for the broiler
enterprise. Given all these, the small-scale layer enterprise is more economically
profitable compared to the small-scale broiler enterprise in terms of NPV, IRR and
discounted payback period.
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UPOREDNA INVESTICIONA ANALIZA ZA MALE PROIZVOPACE
BROJLERA 1 JAJA U DRZAVI OSUN, NIGERIJA

Isiaka O. Baruwa i Ololade A. Fabode®

Odsek za agroekonomiju, Univerzitet Obafemi Awolowo,
lle-Ife, Nigerija

Rezime

Ovom studijom se istrazuju struktura ulaganja, trodkovi i struktura primanja
kod proizvodnje jaja i brojlera u Drzavi Osun u Nigeriji. Uporeduje se takode
njihova neto sadaSnja vrednost u ispitivanoj oblasti, kako bi se utvrdili efekti
investiranja. Za odabir ispitanika za istrazivanje koris¢ena je tehnika visefaznog
uzorkovanja. Primarni podaci su prikupljeni sa 180 farmi za proizvodnju brojlera i
jaja, obuhvatalu¢i 90 farmi brojlera i 90 farmi za proizvodnju jaja iz Sest lokalnih
samouprava u Drzavi Osun koriS¢enjem strukturiranog upitnika. Podaci su
analizirani koriS¢enjem deskriptivne statistike, metoda kalkulacija i metoda za
ocenu investicija. Obracun ulaganja je pokazao da je veca koli¢ina novca ulozena u
osnovna sredstva kod malih proizvodaca jaja (3¥651.274,5) nego kod proizvodaca
brojlera (}¥448.068,6). Licna Stednja je bila glavni izvor finansiranja kod malih
proizvodaca jaja u poredenju sa proizvodaCima brojlera. Pored toga, moguénost
reinvestiranja kod proizvodaca jaja uglavnom zavisi od sredstava ¢lanova porodice,
dok kod proizvodnje brojlera zavisi od akumulacije. Kalkulacije po varijabilnim
troSkovima su pokazale da je bruto marza poljoprivrednika ¥166.321,8 odnosno
N1.150.470,8 za proizvodnju brojlera odnosno jaja. Investiciona analiza je
pokazala da proizvodnja jaja ima viSu pozitivnu neto sadasnju vrednost (engl. net
present value — NPV) i vrednost interne stope rentabilnosti (engl. internal rate of
return — IRR) od ¥N1.523.692,6 odnosno 64,9%. Nasuprot tome, proizvodnja
brojlera imala je niZe pozitivne vrednosti NPV i IRR od N961.173,3 odnosno
63,0%. Istrazivanjem se zakljuCuje da je proizvodnja jaja kod malih proizvodaca
ekonomski isplativija u poredenju sa proizvodnjom brojlera sa viSim vrednostima
NPV i IRR i kra¢im dinamickim rokom povracaja u Drzavi Osun.

Kljuéne reéi: brojleri, nosilje, NPV, IRR, dinamicki rok povracaja.
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Odobreno: 29. jula 2019.
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UTICAJ VELICINE PREDUZECA NA PROFITABILNOST
POLJOPRIVREDNIH PREDUZECA U REPUBLICI SRBIJI
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Visoka poslovna kola strukovnih studija,
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SaZetak: Veli¢ina preduzeca je jedna od najbitnih determinanti profitabilnosti
preduzeca. Pojedini domaci i brojni inostrani autori su pokusali da ukazu na uticaj
koji veli¢ina preduzeca ima na profitabilnost. Rezultati tih istrazivanja su bili
kontradiktorni, naime, neka istrazivanja su pokazala da su veca preduzeca
profitabilnija, neka da su manja preduzeca profitabilnija, a postoje i ona
istraZivanja koja su ukazala da veli¢ina preduze¢a nema uticaja na profitabilnost.
Upravo ovi oprecni zakljucci naveli su autore ovog rada da istraze uticaj veli¢ine
preduzeca na profitabilnost. U ovom istraZivanju koriS¢eni su podaci iz redovnih
finansijskih izveStaja za 121 poljoprivredno preduzece za period od 2014. do 2017.
godine. Kao mera profitabilnosti poljoprivrednih preduzeca koriS¢ena je stopa
prinosa na imovinu (engl. return on assets — ROA), dok je podatak o veli¢ini
svakog pojedinacnog preduzeca preuzet iz zvani¢nih izveStaja ovih preduzeca
shodno klasifikaciji prema Aktu o razvrstavanju preduzeca. Rezultati istrazivanja
su pokazali da su veca preduzeca profitabilnija u poredenju sa malim i srednjim
preduze¢ima, ali da ta razlika u uspeSnosti nije statistiCki znacajna. Opsti je
zakljucak da veli¢ina preduzeca nema statisticki znacajan uticaj na profitabilnost
uzorkovanih poljoprivrednih preduzeca.

Kljuéne re€i: poljoprivredna preduzeca, profitabilnost, stopa prinosa na
imovinu, veli¢ina preduzeca, Kruskal-Volisov test.

Uvod

Poljoprivredna preduze¢a imaju veliki razvojni potencijal u domenu
poljoprivredne proizvodnje zahvaljuju¢i brojnim prirodnim pogodnostima.
Poljoprivreda se moze okvalifikovati kao specifican sektor koji predstavlja vaznu
kariku u ostvarivanju strateSke vizije razvoja privrede Srbije (Petrovi¢-Randelovié i
Marjanovi¢, 2010). Zajedno sa prehrambenom industrijom, poljoprivredni sektor, u
strategiji privrednog razvoja Republike Srbije predstavlja stateSki potencijal srpske
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privrede (Sto$i¢ i Domazet, 2014). Prema podacima Republickog zavoda za
statistiku poljoprivreda je uéestvovala u bruto domac¢em proizvodu u 2017. godini sa
7,3%.

S druge strane, primarnu poljoprivrednu proizvodnju i poslovanje
poljoprivrednih preduze¢a u Republici Srbiji odlikuju brojne specifi¢nosti koje se
ogledaju u sezonskim aktivnostima, visokim proizvodnim troSkovima, sporom
obrtu kapitala i vezivanju sredstava na duzi vremenski rok (Vukovi¢ et al., 2018).
Takode, finansiranje proizvodnje sopstvenim kapitalom oteZava proces proizvodnje
posto se roba nece odmah realizovati po zavrSetku procesa proizvodnje, ¢ime se
produZava vreme vezivanja finansijskih sredstava (JakSi¢ et al., 2011). Navedene
specifi¢cnosti poljoprivrede i problemi sa kojima se suocavaju poljoprivredna
preduze¢a mogu da imaju znacajan uticaj na njihove poslovne performanse.

Utvrdivanje profitabilnosti kao opSte mere uspe3nosti poslovanja preduzeca
predstavlja jedan od najvaznijih zadataka kako vlasnika malih preduzeca, tako i
menadZera velikih preduzeca. Profitabilnost predstavlja osnovni pokazatelj
performansi koji meri uspesnost poslovanja preduzec¢a i doprinosi njegovoj boljoj
reputaciji. Takode, profitabilnost kao pokazatelj se koristi u cilju uporedivanja
preduzeca iste ili sli¢ne delatnosti, ali i konkurentnosti celokupne privrede jedne
zemlje, kao i u cilju preduzimanja odredenih akcija radi poboljsanja poslovnih
rezultata.

Da bi se pravilno procenila profitabilnost poslovanja nekog preduzeca, od
posebne je vaznosti izabrati adekvatne pokazatelje profitabilnosti. Najvec¢i broj
radova domacih i inostranih autora se bazira na racunovodstvenim pokazateljima
profitabilnosti (stopa prinosa na imovinu — engl. return on assets — ROA i stopa
prinosa na kapital — engl. return on equity — ROE), $to je autore ovog rada
podstaklo da primene upravo ove pokazatelje.

Takode, mnogi istrazivaci su pokusali da identifikuju razloge zbog kojih su
neka preduzeca profitabilnija u odnosu na neka druga. U tom pogledu treba imati u
vidu kako faktore internog karaktera (mikroekonomske) tako i faktore eksternog
karaktera (makroekonomske), ali i faktore koji su specifi¢ni za odredenu privrednu
granu. U ovom radu posebna paznja ¢e biti posvecena veli¢ini preduzeca kao
faktoru profitabilnosti posmatranih preduzeca, $to ujedno predstavlja i predmet
ovog istrazivanja.

Vlasnici kapitala i menadzeri o¢ekuju da njihovo preduzece raste i postaje sve
veée 1 znacajnije u grani u kojoj posluje. Smatra se da veca preduzeca ostvaruju
brojne prednosti u odnosu na mala preduzeca. Neke od tih prednosti se odnose na
ekonomiju obima i vecu pregovaracku moc¢. Na osnovu ove pretpostavke, moze se
zakljuciti da su veca preduzeca profitabilnija u odnosu na manja (Knezevi¢, 2015).

Pregledom dosadasnjih rezultata istraZzivanja mozemo zakljuciti da postoje
razli¢iti rezultati istrazivanja u pogledu veze izmedu veli¢ine preduzeca i
profitabilnosti. Neka od tih istraZivanja pokazuju negativan uticaj, neka otkrivaju
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pozitivan uticaj, dok su neke studije istraZzivanja pokazale da uopSte ne postoji veza
izmedu veli¢ine preduzeca i profitabilnosti.

Pozitivna i statisticki znaCajna razlika izmedu preduzeca prema veli¢ini
ukazuje da veca preduzeéa ostvaruju vec¢i profit, odnosno da su profitabilnija u
poredenju sa manjim preduze¢ima. Denci¢-Mihajlov je pokuSala da istraZi kako
srednja i velika preduzeca koja se nalaze na Beogradskoj berzi upravljaju svojom
profitabilno$¢u u periodu krize, odnosno od 2008. do 2011. godine. Zakljucak do
kog je dosla je da veca i likvidnija preduzeca ostvaruju vecu profitabilnost (Dencic-
Mihajlov, 2014). Ozgulbas et al. su istraZivali efekat koji veli¢ina preduzeca ima na
poslovne rezultate preduzeca. U svom istrazivanju su obuhvatili 697 malih i
srednjih preduzeca sa Istambulske berze u periodu od 2000. do 2005. godine i
zakljucili da veca preduzeca ostvaruju bolje poslovne rezultate od manjih
preduzeca (Ozgulbas et al., 2006). Sli¢no istrazivanje sproveli su Isik i saradnici na
primeru 112 proizvodnih preduzeéa, koja su se kotirala na Istambulskoj berzi
tokom perioda od 2005. do 2013. godine. Autori su zakljucili da postoji statisticki
Znacajna pozitivna veza izmedu velic¢ine 1 profitabilnosti posmatranih preduzeca,
odnosno da velika preduzeca imaju znacajne prednosti u ovom pogledu u odnosu
na manja preduzeca (Isik et al., 2017).

Goddard i saradnici su u svom radu pokuSali da odrede determinante
profitabilnosti proizvodnih i usluznih preduzeéa iz Belgije, Francuske, Italije i
Velike Britanije za period od 1993. do 2001. godine. Ovi autori su utvrdili
postojanje negativne i statisticki znacajne veze izmedu profitabilnosti i veliCine
preduzeca. Zaklju¢ak do kojeg su dosli odnosi se na ¢injenicu da preduzeéa koja
rastu, uglavnom imaju manju profitabilnost, ali da povecanje trziSnog udela utice
na vecu profitabilnost preduze¢a (Goddard, 2005). U istrazivanju koje je sproveo
Banchuenvijit analizirani su faktori koji uti¢u na uspesnost poslovanja preduzeca
koja posluju u Vijetnamu. Rezultati ovog istrazivanja ukazali su na negativnu vezu
izmedu veliCine preduzeéa merene ukupnom imovinom i profitabilnosti
(Banchuenvijit, 2012).

Pored navedenih postoje i brojna istraZivanja kojima se potvrdilo da ne postoji
veza izmedu veli¢ine preduzeca i profitabilnosti odnosno da ta veza nije statisticki
znacajna. Jonsson je analizirao odnos izmedu veli¢ine preduzeca i profitabilnosti
na osnovu uzorka od 250 preduzeca na Islandu u periodu od 5 godina. Istrazivanje
je pokazalo da ne postoji statisti¢ki zna¢ajna veza izmedu veli¢ine i profitabilnosti
preduzeca, bez obzira na pokazatelje kojima se mere profitabilnost ili veli¢ina
preduzeca (Jonsson, 2007). Takode, istraZivanje koje su sproveli Niresh i Velnampi
na primeru 15 proizvodnih preduzeca koja su se kotirala na Kolombskoj berzi,
ukazuje da veliCina preduzeé¢a merena logaritmom ukupne imovine i logaritmom
ukupne prodaje nema znacajan uticaj na profitabilnosti navedenih preduze¢a u Sri
Lanki (Niresh i Velnampy, 2014).
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Materijal i metode

Prema saznanjima autora, u Republici Srbiji nisu radena istrazivanja vezana za
uticaj veli¢ine preduzeca na profitabilnost poljoprivrednih preduzeéa odnosno
utvrdivanje postojanja razlika izmedu malih, srednjih i velikih poljoprivrednih
preduzeca u pogledu profitabilnosti. Upravo zbog toga, ovaj rad ima za cilj da
prikaze metodologiju utvrdivanja profitabilnosti putem stope prinosa na imovinu
(ROA), te da se na osnovu ovog pokazatelja izvrsi izracunavanje profitabilnosti.
Dalje, autori teze da na bazi dobijenih rezultata utvrde da 1li postoje znacajne
razlike u profitabilnosti izmedu malih, srednjih i velikih poljoprivrednih preduzeca
i da li su te razlike statisticki znac¢ajne.

Baza podataka na osnovu koje je izvrSeno izraCunavanje profitabilnosti
odnosno stope prinosa na imovinu (ROA) ¢ini 121 poljoprivredno preduzecée iz
Republike Srbije (Sektor A: Poljoprivredna, Sumarstvo i ribarstvo; Oblast 01 —
Poljoprivredna proizvodnja), od kojih su 75 preduzeca organizovana kao drustva sa
ograni¢enom odgovornoscu, 33 kao akcionarska drustva i 13 preduzeca pripadaju
zemljoradnickim zadrugama. Pri tome, od ukupnog broja pomenutih preduzeéa 35
preduze¢a pripada grupi malih preduzeca, 77 preduzeéa pripada grupi srednjih
preduzeca, a 9 pripada grupi velikih preduzeca.

Podaci koris¢eni u ovom radu obezbedeni su elektronskim prikupljanjem
podataka o poslovanju poljoprivrednih preduzec¢a u Republici Srbiji. U procesu
prikupljanja podataka autori su koristili redovne finansijske izvestaje preduzeca
koje publikuje Agencija za privredne registre. U istrazivanju su kori$¢eni godi$nji
Bilansi stanja i Bilansi uspeha za 121 poljoprivredno preduzece za 2017, 2016. i
2015. godinu. Zahvaljujuéi zvaniénim $emama Bilansa stanja i Bilansa uspeha koje
sadrze podatke i za tekucu i za prethodnu godinu, podaci o poslovanju preduzeca u
2014. godini preuzeti su iz finansijskih izveStaja za 2015. godinu.

Prilikom utvrdivanja profitabilnosti preduzeca koriS¢ena je stopa prinosa na
imovinu kao jedan od najznacajnijih 1 najceS¢e koriS¢enih pokazatelja.
Profitabilnost imovine govori koliko je profita preduzece sposobno da stvori na
jedan dinar uloZene imovine (Palepu et al., 2007) odnosno meri sposobnost
preduzeca da koristi svoju imovinu za stvaranje profita (Gibson, 2011). Drugim
reCima, ovaj racio pokazuje koliko profita preduzece ostvaruje na svaki dinar
angazovanih poslovnih sredstava. Stopa prinosa na imovinu (ROA) se izracunava
na slede¢i nacin:

Neto dobitakili neto gubitak
Poslovna imovina

ROA = (1)

Podatak o veli¢ini svakog pojedina¢nog preduzeca preuzet je sa sajta Agencije
za privredne registre, koja klasifikaciju preduzeca prema veli¢ini vrsi shodno Aktu
o razvrstavanju preduzeéa. Razvrstavanje preduzeca prema veli¢ini vr$i se u skladu
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sa kriterijumima i grani¢nim vrednostima iz ¢lana 6. Zakona o ra¢unovodstvu.
Privredna drustva, zadruge, ustanove koje obavljaju delatnost radi sticanja dobiti,
druga pravna lica i ogranci stranih pravnih lica se razvrstavaju na mikro, mala,
srednja i velika preduzeca, u zavisnosti od prose¢nog broja zaposlenih, poslovnog
prihoda i prosecne vrednosti poslovne imovine.

U radu je primenjena neparametarska tehnika, odnosno Kruskal-Volisov test,
kako bi se utvrdilo ne/postojanje statisticki znac¢ajne razlike izmedu profitabilnosti
malih, srednjih i velikih poljoprivrednih preduzeca. Ova tehnika je primenjena jer
dobijeni rezultati stope prinosa na imovinu ne zadovoljavaju pretpostavke na
kojima se baziraju parametarske tehnike (npr. jednofaktorska analiza varijanse). Pri
tom, deskriptivna statisticka analiza i pomenuti test sprovedeni su primenom
statistiCkog softvera SPSS 19.0.

Rezultati i diskusija

Specifi¢nosti primarne poljoprivredne proizvodnje i problemi navedeni u
uvodnom delu rada sa kojima se suocavaju poljoprivredna preduzeca, kao i
neadekvatne mere agrarne politike i nepovoljni i ograni¢eni kreditni uslovi za
finansiranje poljoprivrede, mogu u znacajnoj meri da utiCu na uspeSnost tj.
profitabilnost koju ¢e ostvariti posmatrana preduzeéa.

Rezultati deskriptivne statistike (tabela 1) pokazuju da najveéu stopu prinosa
na imovinu imaju velika poljoprivredna preduzeca u poredenju sa malim i srednjim
poljoprivrednim preduzecima. Naime, prosecna stopa prinosa na imovinu je kod
velikih preduzeca u posmatranom periodu iznosila 3,706%, Sto je neznatno visa
stopa od stope prinosa na imovinu koju su ostvarila mala preduzeca (3,518%) i
srednja preduzeca (3,482%).

Pored uocenih razlika u kretanju stope prinosa na imovinu izmedu
poljoprivrednih preduzeca u posmatranom periodu, izuzetno je bitno ukazati na to
da se zapaZa variranje tj. odstupanje pojedina¢nih vrednosti stope prinosa na
imovinu od prosene vrednosti ove stope (mereno standardnom devijacijom).
Prema ovoj apsolutnoj meri varijacije, najveée odstupanje pojedina¢nih vrednosti
posmatranih poljoprivrednih preduzeca od prosecne vrednosti stope prinosa na
imovinu javlja se kod velikih preduzec¢a (SD=6,249) u poredenju sa malim
(SD=5,315) i srednjim preduzec¢ima (SD=4,696).

lako su ekstremne vrednosti stope prinosa na imovinu iskljucene pre
sprovodenja statistickih analiza, namece se potreba da se prilikom poredenja
prosec¢ne stope prinosa na imovinu (ROA) protumace i vrednosti 5% tzv. ,,o€iS¢ene
aritmeticke sredine” (engl. trimmed mean). Na ovaj nacin se zanemaruje 5% donjih
1 gornjih slucajeva odnosno uticaj koji najnize i najvise vrednosti mogu da imaju na
vrednosti proseéne stope prinosa na imovinu kod pojedinih poljoprivrednih
preduzeca.
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Ukoliko se pogledaju vrednosti ,,0¢iS¢ene aritmeti¢ke sredine” moZe se
zakljuciti da postoje razlike u odnosu na prethodno tumacenje. Naime, prema ovom
pokazatelju najveéu prosenu stopu prinosa na imovinu imaju mala preduzeca
(3,653%) u poredenju sa velikim (3,479%) 1 srednjim poljoprivrednim
preduzec¢ima (3,465%).

Tabela 1. Deskriptivna statistika.
Table 1. Descriptive statistics.

Veli¢ina preduzeca/ Statistika/ Standardna reSka/
Enterprise size Statistics Standard error
Aritmetic¢ka sredina 3,5618209 ,4508606
,,OCi8¢ena aritmeticka sredina” 3,653867
Medijana 2,617000
Varijansa 28,255
1malo  Standardna devijacija 5,3155682
Minimalna vrednost -14,3468
Maksimalna vrednost 16,5100
" Simetri¢nost -,315 ,206
2 Spljostenost 1,561 408
i Aritmetitka sredina 3,482641 2711330
g ,,OCi8¢ena aritmeticka sredina” 3,465017
g, Medijana 2,985350
E Varijansa 22,054
3  2srednje Standardna devijacija 4,6961610
% Minimalna vrednost -13,5997
; Maksimalna vrednost 20,2706
= Simetri¢nost ,095 141
= Spljostenost 2,405 281
?/8)- Aritmetic¢ka sredina 3,706208 1,0415693
,,OCi8¢ena aritmeticka sredina” 3,479356
Medijana 2,883450
Varijansa 39,055
3veliko  Standardna devijacija 6,2494159
Minimalna vrednost -8,0453
Maksimalna vrednost 21,8391
Simetri¢nost ,636 ,393
Spljostenost 1,193 ,768

Izvor: Prikaz autora na osnovu SPSS.
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Dakle, na osnovu tabele 1 moze se uociti da postoje mala odstupanja u
prosecnoj stopi prinosa na imovinu izmedu poljoprivrednih preduzeca prema
njihovoj veli¢ini. Postavlja se pitanje da li je razlika koja postoji izmedu prose¢nih
stopa prinosa na imovinu malih, srednjih i velikih preduzeca statisti¢ki znacajna.

Tabela 2. Test normalnosti raspodele.
Table 2. Tests of normality.

Kolmogorov-Smirnov? Shapiro-Wilk

E E g
8 g Velitina/ 3 £8 = £3
£ sie 23 55  §£§ 2 £3  f8
< c 25 %3 == 25 %3 =
© O =S =0 c c == Foxie) (S
- 8 g 5 25 < © 25 29
5 n n mn % n v n n a0 7} n n
S& 1malo 167 139 ,000 939 139 ,000
o
2 2 srednje 133 300 ,000 ,948 300 ,000

3 veliko ,108 36 200 963 36 259

Izvor: Prikaz autora na osnovu SPSS.

S obzirom na to da je test normalnosti raspodele prosecne stope prinosa na
imovinu poljoprivrednih preduzeca pokazao da se hipoteza o normalnosti raspodele
kod malih i srednjih preduzec¢a ne moze prihvatiti (tabela 2, Kolmogorov-Smirnov,
Sig<0,05), za sagledavanje postojanja statisticki znacajne razlike u nivou stope
prinosa na imovinu izmedu malih, srednjih i velikih poljoprivrednih preduzeca
koris¢en je Kruskal-Volisov test.

Tabela 3. Kruskal-Volis test.
Table 3. The Kruskal-Wallis test.

Stopa prinosa na imovinu/Return on assets

Chi-Square ,136
Df 2
Asymp. Sig. ,934

Izvor: Prikaz autora na osnovu SPSS.

Rezultat Kruskal-Volisovog testa (tabela 3) pokazuje da razlika koja postoji
izmedu srednjih vrednosti stope prinosa na imovinu malih, srednjih i velikih
poljoprivrednih preduzeéa u posmatranom periodu nije statisticki znacajna
(%°=0,136, Sig=0,934). Dakle, mozemo zakljuéiti da su razlike u stopi prinosa na
imovinu slucajne i da su medijane sve tri grupe preduze¢a u posmatranom periodu

jednake.
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Zakljucak

Posto poljoprivreda u Srbiji, zahvaljuju¢i brojnim pogodnostima kao $to su
geografski poloZaj, prirodna bogatstva i povoljni klimatski uslovi, ima veliki
razvojni potencijal i mogucnost da postane osnova razvoja ekonomije nase zemlje,
ocekivalo bi se da preduzeca koja pripadaju ovoj grani privrede ostvaruju visoke
stope profitabilnosti. Medutim, ostvarivanje visokih stopa profitabilnosti treba da
bude cilj svakog preduzeca, bez obzira na njegovu veli¢inu, granu kojoj pripada,
vlasnistvo, zaduzenost i ostale faktore koji uti¢u direktno ili indirektno na
ostvarenje ovog cilja.

Upravo zbog navedenog znacaja profitabilnosti, u ovom radu je izvrSeno
utvrdivanje profitabilnosti za 121 preduzece koje pripada poljoprivrednom sektoru
za period od 2014. do 2017. godine i uticaj koji veli¢ina preduze¢a moze da ima na
profitabilnost ovih preduzeca. Pri tome, neophodni podaci o veli¢ini preduzeca su
preuzeti na bazi utvrdene metodologije definisane Zakonom o racunovodstvu i
reviziji o nacinu razvrstavanja preduze¢a u Republici Srbiji. S druge strane, za
utvrdivanje profitabilnosti upotrebljen je najces¢e koriS¢en pokazatelj odnosno
stopa prinosa na imovinu (ROA).

Istrazivanjem se doslo do opsteg zakljucka da postoji razlika u profitabilnosti
izmedu pojedinih poljoprivrednih preduzeca shodno njihovoj veli¢ini. Najvecu
prose¢nu stopu prinosa na imovinu (ROA) imala su velika preduzeéa u poredenju
sa malim i srednjim preduze¢ima. Takode, istrazivanje je pokazalo da i pored
razlike koja postoji u profitabilnosti, ta razlika nije statisticki znacajna, te da su
razlike u stopi prinosa na imovinu sluc¢ajne. Drugim re¢ima, veli¢ina preduzeca
nema statisticki znacajan uticaj na profitabilnost uzorkovanih preduzeca, Sto je u
skladu sa istraZivanjem koje je Jonsson sproveo 2007. godine na primeru islandskih
preduzec¢a, i Niresh i Thirunavukkaras 2014. godine na primeru proizvodnih
preduzeéa iz Sri Lanke.

Navedeni zakljucci se odnose samo na ovu delatnost i ne mogu se uzeti kao
osnov za izvodenje istih zakljuCaka kada su u pitanju ostale delatnosti. Na ovom
pociva i teznja da autori ovog rada u buduéem periodu urade sli¢no istrazivanje
kada su u pitanju i ostale delatnosti u Republici Srbiji, na osnovu ¢ega ¢e se moci
izvesti zakljuCak o polozaju poljoprivrede u poredenju sa ostalim delatnostima.
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Abstract

The size of the enterprise is one of the most important determinants of the
profitability of the enterprise. Some domestic and numerous foreign authors have
tried to point out the impact that the size of the enterprise has on profitability. The
results of these surveys have been contradictory, namely, some surveys have
shown that larger enterprises are more profitable, some that smaller enterprises are
more profitable, and some studies have indicated that the size of the enterprise has
no impact on profitability. These contradictory conclusions led the authors of this
paper to investigate the impact of enterprise size on profitability. This survey used
data from regular financial statements for 121 agricultural enterprises for the period
from 2014 to 2017. The rate of return on assets (ROA) was used as a measure of
the profitability of agricultural enterprises, while the size of each enterprise was
taken from the official statements of these enterprises according to the Company
Classification Act. The results of the research have shown that larger enterprises
were more profitable compared to small and medium-sized enterprises, but that this
difference in performance was not statistically significant. It is a general conclusion
that the size of the enterprise does not have a statistically significant impact on the
profitability of the sampled agricultural enterprises.

Key words: agricultural enterprises, profitability, return on assets (ROA),
enterprise size, the Kruskal-Wallis test.
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WHAT IMPACT DOES THE ADOPTION OF DROUGHT-TOLERANT MAIZE
FOR AFRICA HAVE ON THE YIELD AND POVERTY STATUS OF
FARMERS IN THE ARID REGION OF NIGERIA?
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'Department of Agricultural Economics, University of Ibadan, Ibadan
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Abstract: Maize production in Nigeria has not been able to meet the needs of
people owing to drought, low productivity and lack of access to improved varieties
by the farmers. Increased agricultural yield is a potential means for increasing
household income, which tends to lower the poverty status of small-holder farmers.
This study assessed the impact of Drought-Tolerant Maize for Africa (DTMA) on
the yield and poverty status of farmers in the northwestern region of Nigeria. The
study used the dataset from Adoption of DTMA Survey by the International
Institute of Tropical Agriculture (IITA), Ibadan, with 293 respondents from
northwestern Nigeria (90 adopters and 203 non-adopters of DTMA). Data were
analysed using descriptive statistics, binary regression and propensity score
matching methods. Results showed that small-holder farmers were more likely to
adopt DTMA than bigger farms. Adopters had an increase in DTMA vyield of
9,262.77kg/ha while the counterfactual non-adopters had an increase of
3,807.74kg/ha. The adoption of DTMA reduced the probability of being poor by 60
percent for the treatment group while poverty incidence was reduced by 35%
among the non-adopters. The general conclusion is that DTMA adoption program
improved maize yield and reduced poverty incidence among rural households.

Key words: DTMA, poverty, Sudan savannah, propensity score matching,
northwestern Nigeria.

Introduction

Maize is the major staple food and feed in sub-Saharan Africa (Elbehri et al.,
2013; Macauley, 2015). However, drought is a major challenge to maize
production in northern Nigeria given the increasing evidence of climate change
(Ogunlade et al., 2010). Despite the great potential of Nigeria in cereal production,
the frequent occurrence of drought (more moisture loss from soil surface and fewer
precipitation water supplies to soil) occasioned by erratic rainfall distribution
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and/or cessation of rain during the growing season is the greatest hindrance to
increased production and productivity (Khand et al., 2017). Drought reduces crop
yield (Ray et al.,, 2018), which discourages farmers. Until recently, low
productivity of maize could be attributed to the continuous use of traditional
varieties which are characterized by low yield and a long maturing period hence
easily susceptible to diseases and drought (Awotide et al., 2012). However,
increased agricultural productivity has been identified as a potential means for
improving the availability of food for household members as well as increasing
income and consequently lowering the poverty status among small-holder farmers
(Gordon, 2000; Manda et al., 2015).

The average Yyield of maize in Nigeria declined from < 1.7metric tonnes/ha in
2016 to 1.5metric tonnes/ha in 2017 below Africa (2.17metric tonnes/ha) and the
global averages (5.7 metric tonnes/ha) in 2017 (FAOSTAT). This may be
attributed to the fact that maize production is largely rain-fed in Nigeria,
characterized by irregular rainfall that tends to result in drought. Furthermore,
maize production has not been able to fill the demand and supply gap owing to the
level of adoption of improved varieties by the farmers despite the introduction of
improved varieties (Elbehri et al., 2013). However, improved maize seeds that will
only improve yield without drought resistance may not yield an expected outcome
under rain-fed agricultural production, especially in the arid regions. Thus, owing
to the increasing demand as a result of population increase, there is a need to
increase the production of maize to meet the soaring demand of the growing
population through the introduction of improved maize varieties. Hence, the
introduction of high-yielding varieties which mature quickly and are less
susceptible to diseases will increase maize yield. The Drought Tolerant Maize for
Africa (DTMA) which was developed with a unique feature of being drought
resistant was funded by the Bill and Melinda Gates Foundation to tackle the
menace of low productivity and reduce the poverty level amidst small-holder
farmers (Awotide et al., 2016). However, the aim of introducing or convincing the
farmers to adopt agricultural technology has not been achieved due to their
continuous use of traditional varieties. Adoption of DTMA by farmers is
determined by several socioeconomic and demographic factors.

The majority of the poor in Nigeria are living in rural areas and they are
mainly farmers (Obayelu and Awoyemi, 2010; NBS, 2015). Increasing technology
adoption such as new agricultural practices and high-yielding varieties has the
potential to contribute to economic growth and poverty reduction among the poor
(Kelsey, 2011). A major way to achieve the objectives of the Sustainable
Development Goals of eradicating extreme poverty and hunger is by increasing
agricultural productivity through yield-increasing technologies in order to sustain
food self-sufficiency (Melesse, 2015). In addition, studies have shown that a high
measure of improvement can be attained if farmers are properly informed and
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aware of improved technologies that are available (lbrahim et al., 2012). These
improvements have attractive attributes such as higher yield, shorter maturing
period and low susceptibility to diseases, with increased productivity and
enhancement of quality of harvested crops. Increased productivity will over time
increase farmers’ income from the sales of produce, thereby reducing the level of
vulnerability to poverty. It can, therefore, be concluded that the uses of improved
varieties are keys in the realization of increased agricultural productivity and in
raising the standard of living of the farming population (Adenuga et al., 2014).

This study aims to contribute to the existing literature by providing a new
perspective on the impact of drought-tolerant maize varieties on productivity and
poverty status of farmers in the northwestern region of Nigeria. The specific
objectives were to identify the factors influencing the adoption of DTMA and
estimate the impact of adoption on the yield of maize and poverty incidence of
farmers in arid northwestern Nigeria.

Material and Methods

The survey of Drought-Tolerant Maize for Africa was conducted in Nigeria
from November 2014 to February 2015 by the International Institute of Tropical
Agriculture (IITA), Ibadan, Nigeria. For the purpose of this study, data for
northwestern Nigeria (NW) was extracted from the whole data set. Zamfara and
Kaduna states were the selected states, which represented the northwestern region
of the country in the survey. The vegetation cover for the study area is the Sudan
savannah, characterized by scattered short trees, shrubs and grasses. The climate is
tropical with an annual temperature of 25.2°C and about 1211mm of precipitation
annually. Both states are involved in agriculture as the mainstay of the economy
and produce similar crops which include cotton, groundnut, tobacco, maize, beans,
guinea corn, millet, rice. These states were purposively selected due to the
implementation of the DTMA project there. The data set for northwestern Nigeria
comprises 293 respondents (90 adopters and 203 non-adopters of DTMA varieties).
The structure of the data collection instrument suggests that key variables for the
proposed study were adequately covered.

The logit regression was used to identify factors influencing the adoption of
DTMA while the propensity score matching was used to assess the impact of the
adoption of DTMA on the poverty status of the households. The main steps
involved in the application of statistical matching to impact evaluation were:
estimating the propensity score, matching the unit using the propensity score,
assessing the quality of the match and estimating the impact and its standard error.
The core characteristic of the matching procedure is the establishment of the
conditions of a randomised experiment, in order to evaluate a causal effect as in a
controlled experiment. To achieve this, we need the conditional independence
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assumption, which states that technology selection is random and uncorrelated with
outcomes (yield and poverty incidence) (Mendola, 2007). To examine the impact
of DTMA adoption on the yield and poverty status of the farmers in the study area,
kernel propensity score matching was used to check whether there was a statistical
difference between the means of the matched variables and the average treatment
effect. The propensity score is a probability which is the interval (0, 1) (Table 1).
Therefore, the independent variables had an average effect of 32% on the
probability of farmers adopting the DTMA indicating that the population had 32%
chance of adopting DTMA with respect to the outcome variable (yield and
poverty).

Table 1. Summary statistics of the propensity score matching.

Variable Observation Mean Star_mdz_ard Minimum Maximum
deviation

Propensity 293 0.3159 0.2378 0.0047 0.9765
score

Source: Author’s computation (2017)

Furthermore, the common support graph gives a clearer picture of the
similarities in characteristics between the treatment and control groups (adopters
and non-adopters). The common support graph finds the matches from the
comparison group so that the measured cofounders can be equally distributed
between treatment and control groups. The graph further helps to improve the
precision of estimates of treatment effects. The importance of the common support
graph is to improve the quality of the match by ensuring that matches are formed
only when the distribution of the density of the propensity scores overlaps adopter
and non-adopter observations (Heckman et al., 1999). This test further ensures
effectiveness as it gives a visual presentation of the density distribution of the
treated and control cases indicating the existence of substantial overlap in the
density distribution of the estimated propensity scores of the adopters and non-
adopters, thereby satisfying the common support condition. Figure 1 shows the
distribution of the propensity scores and the region of common support between the
adopters (upper portion) and the non-adopters (lower portion). It revealed the bias
in the distribution of the propensity scores between the adopters and non-adopters,
and clearly suggested the significance of proper matching and the imposition of the
common support condition to avoid bad matches. In addition, it is evident from this
graph that there was a good match as there were no variables lying outside the 0-1
region. This implies that the respondents (adopters and non-adopters) in this study
had unique characteristics making the match overlap without exceeding the range
of values.
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Figure 1. A common support graph for propensity score estimation.
The propensity scores of adopters and non-adopters (treated and untreated)
further showed that 96% of the respondents’ profiles were matched while 4% of
the profiles were dropped (Table 2) suggesting the fitness of the model.

Table 2. The propensity score matching outcome.

Treatment assignment Off support On support Total
Treated 3 87 90

Untreated 10 193 203
Total 13 280 293

Source: Author’s computation (2017).

The impact of treatment for a farmer j, denoted ¢, is defined as the difference
between the potential outcome in case of the treatment and the potential outcome in
the absence of the treatment:

0] =Y1j =Yoj 1)

In general, an evaluation seeks to estimate the mean impact of adoption which
is obtained by averaging the impact across all the individuals in the population.
This parameter is known as an Average Treatment Effect (ATE):

ATE =E (8) =E (Y1 —Yo) 2
where E(.) represents the average (or the expected value).
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To further measure the impact of adoption on individuals who participated, the
Average Treatment Effect on the Treated (ATT) was employed:
ATT=E (Y; Yo |D=1) 3)
Finally, the Average Treatment Effect on the Untreated (ATU) measures the
impact the adoption program would have had on those who did not participate:
ATU=E(Y:—Yo|D=0) 4)
The ATT which is used to determine the impact on the adopters was employed
since we aimed to determine the impact of DTMA adoption on the productivity and
poverty status of the farmers and this can be written as:
ATT=E(Y,|D=1)—E(Yo|D=1) (5)
where E (Yo | D =1) is the average outcome that the treated individuals
(adopters) would have obtained in the absence of treatment (adoption) and E(Y, | D
= 0) i.e. the value of the Y, for the non-adopters. From this, we can, therefore,
calculate A as:
A=E(Y1|D=1)-E(Yo|D=0) (6)
The difference between A and the ATT is such that the term E (YO | D =1) is
added and subtracted:

A=E(Y1|D=1)—E(Yo|D=1)+E(Yo|D=1)-E(Yo|D=0) (7)
A=ATT+E (Yo |D=1)—E (Yo | D = 0) )
A=ATT +SB 9)

The term SB is the selection bias which is the difference between the
counterfactual for adopters and the observed outcome for the non-adopters.

The simulation-based sensitivity analysis was done to determine whether an
unobserved confounding binary variable could cause the ATT estimate to be zero
or not under the assumption that this variable simultaneously affects a treatment
assignment and the outcome variable (Nannicini, 2007). However, the sensitivity
of the estimated results with respect to a hidden bias would indicate that the results
are not robust (Caliendo and Kopeinig, 2008).

The Rosenbaum method of sensitivity analysis relies on the sensitivity
parameter gamma (I') that measures the degree of departure from the random
assignment of the treatment. Two subjects with the same observed characteristics
may differ in the odds of receiving the treatment by at most a factor of I'. In a
randomized experiment, the randomization of the treatment ensures that I' = 1. In
an observational study, if I' = 2, and two subjects are identical on the matched
covariates, then one might be twice as likely as the other to receive the treatment
because they differ in terms of an unobserved covariate (Rosenbaum, 2005).

Changes in the poverty level of DTMA adopters and non-adopters were
measured using the Foster, Greer and Thorbecke (1984) classes of the poverty
index (FGT) which include the Headcount Index (Po), Poverty Gap Index (P;) and
Severe Poverty Index (P,). These three indices can be compressed into one general
formula and distinguish themselves with the different weights attributed to the
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distance between the expenditure of the poor and the poverty line. The Py attributes
equal weight to all expenditure of the poor, while (P,;) and (P,) attribute
increasingly more weight to the distance of the expenditure of the poor from the
poverty line. They are widely used because they are consistent and additively
decomposable (Verme, 2003).

FGT, — — E E 2,
M . - z
i=

where:

M = the total number of individuals in reference population;

r = the number of individuals below the poverty line;

z = the poverty line obtained as 2/3 mean per capita annual expenditure;

yi = the annual per capita expenditure of the household i, and

o = degree of aversion (0, 1, 2).

In this study, we estimated the poverty incidence among adopters and non-
adopters of DTMA in the study area (that is, o. = 0).

(10)

Results and Discussion

There was a significant difference between the household sizes of adopters
and non-adopters. This implied that the adopters had more household members
than the non-adopters (Table 3). The means of the age and farm size of adopters
were not significantly higher than those of non-adopters, while the means of the
years of farming experience, years of education and distance to a seed source of
non-adopters were not significantly higher than those of adopters.

Table 3. The difference in the means between continuous socio-economic
characteristics of adopters and non-adopters.

. Adopters Non-adopters t-value
Variables Mean S.D. Mean S.D.
Age 44.7 1.264 46.09 0.790 0.059
Household size 9.167 0.563 6.801 0.252  -4.446***
Years of farming experience 25.528 0.1.386  25.877 0.871 0.218
Years of education 8.122 0.644 8.710 0.487 0.680
Field size 5.593 0.460 5.210 0.361  -0.133

Distance (nearness) to a seed source 42.944 4.031 44.859 2.889 0.380
Source: Author’s computation (2017). *** represents one percent level of significance.

Determinants of adoption of DTMA

The result of the logit model had a log-likelihood of -140.2772 and a Chi-
square value of 71.60, which was significant (p<0.01) suggesting that the model
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has a strong explanatory power capable of jointly influencing the adoption of
DTMA (Table 4). Nine variables were found to significantly influence the adoption
of the DTMA in the study area. The age is expected to signify experience and
sound judgment. A year increase in the age of the farmer increased the probability
of adopting DTMA by 0.0319 unit. Thus, older farmers were more likely to adopt
DTMA than younger ones and this is consistent with the finding of Etoundi and
Dia (2008) and Ademiluyi (2014) on the adoption of improved maize varieties in
Cameroon and Nigeria, respectively. Education was positively related to the
adoption of DTMA. This suggests that a literate household head recognized the
benefits of adoption to influence their productivity level. This is consistent with
findings of Ersado et al. (2004) and Sewando et al. (2013), who have reported that
educated household heads are more likely to adopt new and improved technologies
as compared to the uneducated heads.

Proximity to the source of the DTMA seed increases the log-likelihood of a
farmer adopting DTMA. The positive relationship further explains that an
additional kilometer to the seed source will increase the probability of adoption by
0.0061 unit. It can be concluded that farmers whose homesteads were closer to the
seed source were more likely to adopt DTMA than those whose households were
farther away, which is an advantage to those closer to the seed source. This
buttressed the findings of Idrisa et al. (2012) that distance to the technology source
was positively related to the log-likelihood of adoption and the extent of adoption
of improved soybean in Borno State, Nigeria.

Table 4. Determinants of DTMA adoption.

Variables Coefficient  Standard error Marginal effect  Standard error
Constant -4.6443** 0.9188

Gender -0.5746 0.4122 -0.2098 0.1616
Age 0.0319*** 0.0104 0.0104 0.0034
Education 0.0359*** 0.0143 0.0117 0.0047
Marital status 0.1729 0.4145 0.0532 0.1205
Distance to a seed source 0.0189** 0.0084 0.0061 0.0028
Household size -0.0389* 0.2225 -0.0126 0.0073
Farming experience -0.0009 0.0098 -0.0003 0.0032
Farm size -0.0365* 0.0201 -0.0118 0.0065
Access to credit 0.5501* 0.2945 0.1976 0.1136
Land ownership 1.0085*** 0.5663 0.2252 0.0701
Member of a farmers’ group 0.7410*** 0.1892 0.2496 0.0651

Training on improved 0.4380 0.6051 0.1578 0.2349
production practices

Awareness and access to seed 1.4680** 0.6549 0.5063 0.2109
Chi%=71.60; Log-likelihood = -140.27717; Chi°= 71.60

Source: Author’s computation (2017). *, ** and *** represent 10%, 5% and 1% levels of
significance, respectively.
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Large household sizes may ensure an adequate supply of family labour for
crop production and the adoption of improved agricultural technologies (Melesse,
2015). However, this study found that larger households may not adopt DTMA.
Larger households had low per capita expenditure, were poor and could be cash-
constrained to purchase improved seed. An additional member in the household
decreased the log-likelihood of the adoption of DTMA by 0.0126 unit, which is in
line with the finding of Audu et al. (2014) that household size was negatively
related to the adoption of improved maize variety in Benue State, Nigeria.
However, this is in contrast with the findings of Bamire et al. (2002) that household
size was positively related to the adoption of improved technology. A unit increase
in the farm size decreased the probability of adopting DTMA by 0.0118 unit. It,
therefore, suggested that the majority of the small-holder farmers were more likely
to adopt DTMA than bigger farms with irrigation technology. This finding is
consistent with Adekoya et al. (2014) and Baruwa et al. (2015).

Access to credit was positively related to the decision of the farmer to adopt
DTMA. This is because access to credit is a motivation for the farmer to produce
more and corroborates the finding of Baruwa et al. (2015) that access to credit will
increase the likelihood of adopting improved maize variety in Osun State, Nigeria.
However, it is in contrast with the findings of Beke (2011) that access to credit had
a negative significant effect on the adoption and use intensity of improved varieties
in lvory Coast. It can, therefore, be concluded that credit constraint will more likely
reduce the likelihood of adoption of improved varieties because the farmers may
not have sufficient income to encourage adoption.

Ownership of land increases the probability of a farmer adopting DTMA
suggesting that ownership of land gives the farmer a high level of security on the
land. Hence, farmers would want to acquire the land to increase maize productivity
through adoption of DTMA. This corroborated the findings of Haliu et al. (2005)
that land ownership significantly influenced the adoption of agricultural
technologies in northern Ethiopia. Similarly, the interaction of the farmer between
the time of awareness and access to seed positively influenced the adoption of
DTMA. Thus, quick awareness and easy access to seed hastened the decision to
adopt DTMA, which is consistent with the finding of Afolami et al. (2015) that a
unit increase in access to improved cassava cutting within southwestern villages
had a likelihood of increasing farmers’ adoption of improved cassava varieties.
Furthermore, being a member of a farmers’ group positively influenced the
decision of a farmer to adopt the DTMA variety. This further emphasized that a
farmer in an association had a higher opportunity of adopting DTMA than those
who were not members. In addition, membership of a group can provide easy
access to farm inputs for the farmers, which is consistent with the findings of
Onumadu and Osahon (2014) that membership of a group influenced the adoption
of improved rice technologies in south-southern Nigeria.
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The observed difference in the household expenditure and yield of adopters
and non-adopters

The observed mean difference between adopters and non-adopters is presented
in this section. The mean yield of maize and mean per capita household
expenditure of adopters were significantly different from and higher than values for
non-adopters (Table 5). However, there was no significant difference between the
per capita food expenditure of both adopters and non-adopters.

Table 5. The difference in means between adopters and non-adopters.

Variables Adopters  Non-adopters Pooled Difference t-value
Percapitahousehold 57769 44 2305871 2450354 -470373  -5.10%
expenditure
Total household 5582075 1560861 2796046  -4021214  -2.05%*
expenditure

Yield of maize 13195.81 9530.24 10656.18 -3665.58 -1.81*
Per capita food 4601.99 2687.32 328153 -191468  -1.23
expenditure

Per capita non-food
expenditure
Source: Author’s computation (2017). *, ** and *** represent 10%, 5% and 1% levels of significance
respectively.

414474 1964.08 2640.83 -2180.67 -5.84***

The impact of the adoption of DTMA on the productivity and poverty status
of maize farmers

To examine the impact of DTMA adoption on the yield and poverty status of
the farmers in the study area, kernel propensity score matching was used to check
whether there was the statistical difference between the means of the matched
variables and the average treatment effect. The propensity score was a probability
which is an interval (0, 1) (Table 6). The independent variables had an average
effect of 32% on the probability of farmers adopting the DTMA, indicating the
population had 32% chance of adopting DTMA with respect to the outcome
variable (yield and poverty).

The adoption of DTMA had a significant treatment effect on the treated (t-
statistic = 2.18), suggesting that there was a significant difference between the
matched and the unmatched respondents. Thus, the adoption of DTMA increased
the productivity of the adopters. The ATT measured the impact of the program on
DTMA adopters and revealed an increase of 9,262.77kg/ha in productivity of
adopters. The counterfactual outcome, ATU, measured the impact of adoption on
those who did not adopt DTMA and indicated an increase of 3,807.74kg/ha. This
implied that non-adopters would have had an increase of 3,807.7kg/ha in their
productivity if they had adopted DTMA. The ATE on the entire population in the
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study area (i.e. picking any farmer at random) which measures the average impact
across all respondents was 4,903.66kg/ha (Table 6).

Table 6. The impact of DTMA adoption on yield and poverty.

Variable Sample Treated Control Difference t-test

Yield Unmatched 13070.51 9036.19 4034.32 1.35
ATT 13070.51 3807.74 9262.77 2.18**
ATU 9036.19 12109.02 3072.83
ATE 4903.66

Poverty incidence Unmatched 0.3444 0.4778 -0.1334 -2.13**
ATT 0.3444 0.9444 -6.0 -2.12%*
ATU 0.4778 0.1182 -0.3596
ATE -0.4334

Source: Author’s computation (2017). *, ** and *** represent 10%, 5% and 1% levels of
significance, respectively.

Furthermore, the adoption of DTMA reduced the probability of being poor by
60 percent for the treatment group (ATT) while the ATE implied that if DTMA
was adopted, the poverty level of the farmer would reduce by 43 percent. The ATU
indicated that the poverty level of the farmers was reduced by 35% among the non-
adopters, corroborating the findings of Manale et al. (2010) that the adoption of
improved groundnut varieties had a positive impact on the rural household poverty
status in Uganda. In addition, there was a 12-fold increase in the difference
between the unmatched and the treated (Table 6). These findings gave an evident
positive impact of the adoption of DTMA on the poverty status of the farmers.

Table 7. Rosenbaum sensitivity analysis results.

Gamma (I') sig+ sig- t-hat+ t-hat- Cl+ Cl-

1 0.373389 0.373389 494.4 494.4 -2352.7 3006.56
12 0.60218 0.182082 -344.5 1195.2 -3540 3962.5
14 0.774111 0.79655 -1115 17385 -4604.1 4768.44
1.6 0.881679 0.032365 -1603.5 2382.8 -5117.5 5827.78
1.8 0.941545 0.012489 -2281.8 2850.3 -6095.8 -

2 0.97234 0.004643 -2587.1 3414.2 -7338.3 7770.33
2.2 0.987329 0.00168 -3281.8 3716.4 -8314.1 9327.78
2.4 0.994337 0.000595 -3640 4053.6 -8867.9 14916
2.6 0.997518 0.000208 -4140.4 4500 -9666.7 17530.5
2.8 0.998929 0.000071 -4644.4 4802 -10048 18940

3 0.999543 0.000024 -4870.8 5290.3 -10891.8 19845

Source: Author’s computation (2017). *Gamma = log odds of the differential assignment due to unobserved
factors: sig+ = the upper bound significance level, sig- = the lower bound significance level, t-hat+ = the upper
bound Hodges-Lehmann point estimate, t-hat- = the lower bound Hodges-Lehmann point estimate, Cl+ = the
upper bound confidence interval (a= 0.95), and Cl- = the lower bound confidence interval (a= 0.95).
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Results showed that for I' = 1, the odds ratio of the treatment was the same for
any two units matched on the same number of covariates (Table 7). The estimate
was highly robust as Hodges-Lehmann point estimates encompassed zero at
gamma=1.2. Thus, the DTMA adoption program had a positive treatment effect
and estimates were almost free from unobserved covariates, thereby concluding
that the overall results were remarkably robust and the analysis supported the
robustness of the matching estimates.

Conclusion

The impact of the adoption of DTMA on the yield and poverty status of
farmers in the northwestern region of Nigeria was assessed in the study. The
adoption of DTMA was positively influenced by age of the farmer, years of
education, land ownership, distance (nearness) to a seed source, awareness and
access to seed, access to credit and membership of a farmers’ group while it was
negatively influenced by the farm size and household size. Thus, education and
farming experience were found to determine the farmers’ decision to adopt the
DTMA. Hence, this emphasizes the importance of human capital development by
ameliorating the farmers’ access to agricultural knowledge, improved skills and
gain more experience. Facilitating access to DTMA varieties by farmers would
ensure higher maize yield for farmers and consequently reduce the incidence of
poverty among them. For sustainable increased maize productivity and poverty
reduction among farmers, the Nigerian government should review land-use decree
and facilitate agricultural credit scheme to farmers in order to increase the level of
land ownership by farmers and investment in large-scale DTMA production that
will address the challenges facing agriculture’s contribution to food security.
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KAKAV UTICAJ KORISCENJE KUKURUZA TOLERANTNOG NA SUSU ZA
AFRIKU IMA NA PRINOS | STATUS SIROMASTVA POLJOPRIVREDNIKA
U SUSNOM PODRUCJU NIGERIJE?

Oluwakemi A. Obayelu®*, Oluwatomi M. Fakolujo® i Bola A. Awotide?

10dsek za agroekonomiju, Univerzitet u Ibadanu, Ibadan
*Medunarodni institut za tropsku poljoprivredu, Ibadan

Rezime

Proizvodnja kukuruza u Nigeriji nije uspela sa zadovolji potrebe ljudi usled
sue, niske produktivnosti i nedostatka pristupa poljoprivrednika poboljSanim
varijetetima. Povecani poljoprivredni prinos je moguce sredstvo za povecanje
prihoda domacinstva, s ciljem da se smanji siromaStvo nosilaca malih
poljoprivrednih gazdinstava. Ovim istraZivanjem se procenjuje uticaj kukuruza
tolerantnog na susu za Afriku (engl. Drought-Tolerant Maize for Africa — DTMA)
na prinos i na status siromasStva poljoprivrednika u severozapadnom podrucju
Nigerije. U istrazivanju su koriS¢eni podaci iz Ankete u vezi sa kori§¢enjem
kukuruza tolerantnog na sudu za Afriku, koju je sproveo Medunarodni institut za
tropsku poljoprivredu u Ibadanu, sa 293 ispitanika iz severoisto¢ne Nigerije (90
onih koji su koristili i 203 onih koji nisu koristili DTMA). Podaci su analizirani
koris¢enjem deskriptivne statistike, binarne regresije i metode uparivanja prema
srodnosti. Rezultati su pokazali da je verovatnije da ¢e nosioci malih gazdinstava
pre usvojiti DTMA nego veéa gazdinstva. Korisnici su imali povecanje prinosa
DTMA od 9.262,77 kg/ha dok su oni koji nisu koristili DTMA imali povecanje od
3.807,74 kg/ha. Koris¢enje DTMA smanjilo je verovatnocu siromastva za 60% za
posmatranu grupu, dok je uc¢estalost siromastva smanjena za 35% medu onima koji
nisu bili korisnici. Opsti je zakljucak da je program koris¢enja DTMA poboljsao
prinos kukuruza i smanjio ucestalost siromastva medu poljoprivrednim
gazdinstvima.

Kljuéne re¢i: DTMA, siromastvo, Sudanska savana, metoda uparivanja prema
srodnosti, severozapadna Nigerija.
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be provided. It should be centred and written immediately after the author's name.
If authors belong to different institutions, the numerals should be placed as the
superscript before the name of institution to provide information on the institution
where each of the stated authors is employed.

Abstract

The abstract is a short informative review of the content of the paper, which should
enable the reader to estimate its relevance easily and accurately. It is in the interests
of the author that the abstract contains terms used for indexing and browsing
purposes. The references should not be given in the abstract. The abstract should
include the aim of research, the methods, the results and the conclusion. It should
contain between 200 and 250 words and be placed between the name of the
authors' affiliations and key words. The title of the abstract should be bolded and
indented pressing the tab key. The colon should be used after the title of the
abstract, and then the text of the abstract should follow without any indentation.



Key words

Key words are terms or phrases which describe best the content of the article for
the needs of indexing and browsing purposes. The number of key words should be
3 to 10. They should appear below the abstract. The title of key words should be
bolded and indented by pressing the tab key. The colon should be used after the
title, and then the list of key words in lower-case letters should be given with the
full stop at the end. Key words should be provided in Serbian and English after
abstract on both languages.

Introduction

The introduction should contain all the relevant information on past researches
according to the stated problem and what can be achieved by further research.
Reviewing the references, the author and the year should be provided, and the
mentioned author should be cited in References. The title of the introduction
should be centred and bolded, written in lower-case letters, below which using one
line spacing, the text of the introduction should follow, justified. Each new
paragraph should be indented pressing the tab key. These rules should be applied to
all parts of the paper.

Material and Methods

The material and methods should be clearly outlined explaining all applied
procedures in the paper. Generally known methods should be presented briefly, and
a detailed explanation should be given if there is a deviation from previously
published procedures. Papers, which have an experimental character, should
provide the way of statistical data processing. This part, as well as the part Results
and Discussion, if needed, may comprise certain subparts, too.

Results and Discussion

In the part Results and Discussion data obtained on the basis of observation and
conducted experiments should be interpreted. In the comment of the results,
references should be quoted at the end of the paper, providing the comparison
between the obtained results and previous knowledge of the certain area.

Conclusion
All relevant items achieved in the researched area should be mentioned in the
conclusion. Listing of all results with repetition of numbers previously specified in
Results and Discussion should be avoided. Conclusion should not contain
references.

Acknowledgements

Acknowledgements should contain the title and the number of the project that is
the title of the program within which the paper was written, as well as the name of
the institution which financed the project or program. It should be placed between
the conclusion and references.



References

The References section should contain only papers cited in the main text. The
paper cited in the text should contain the last (family) name and the year. If the
citation is comprised of one author, it is stated as Jalikop (2010) or (Jalikop, 2010).
When the citation is comprised of the two authors it is stated as Sadras and Soar
(2009) or (Sadras and Soar, 2009). If more than two authors are cited, after the last
(family) name of the first author, the abbreviation "et al." is given, and then the
year. This citation is stated as Lehrer et al. (2008) or (Lehrer et al., 2008). If more
than one paper are cited simultaneously for a certain problem, they should be listed
chronologically. A large number of cited papers out of brackets should be
separated by comma (,) and if in brackets, by semicolon (;). If two or more papers
of the same author are cited, they must be listed chronologically (1997, 2002, 2006,
etc.). If a certain author appears several times for the same year, the letters are
added (200543, b, c, etc.). The citations of personal communication and unpublished
papers should be avoided, except that it is an absolute necessity. Such citations
should appear in the text only as (Brown, personal communication), and not in the
list of References.

The references, cited in the text should be stated in the list of references in the
original form, alphabetically, without numbering. If a greater number of
publications of the same author is cited, then the papers where the author is the
single author should first be cited and then the publications of the same author with
one and then with more co-authors. If a considerable number of publications
appear in any of the above mentioned categories, they should be listed
chronologically (1997, 2002, 2006, etc.), and if a great number of publications is of
the same year then the letters are added (2005a, 2005b, 2005c, etc.). References
entry should contain: the last (family) name of the author, the first letter of the
author's name, the year of publishing in the brackets, the title of the paper, the title
of the journal, the volume and the number of pages (the first-the last). When the
book is cited, the publisher and place of publishing should be given. The lines of
each reference entry should be indented after the first line. APA - Publication
Manual of the American Psychological Association citation style is used in this
journal.

The examples of listing references are the following:

Periodicals

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.

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

Book chapter

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.



Proceedings

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,
France.

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

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

Web site

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

Summary

The summary in Serbian is given at the end of the paper and should comprise 200
to 250 words. Before the main text of the summary, as well as in English, the title
of the paper, first name, middle initial(s) and last (family) name of all authors and
the names and addresses of affiliations should be given. The title of the summary is
centred and written separately. Below the title, the text of the summary should
follow, without any indentation, and immediately after the text of the summary, the
key words are given with the full stop at the end. The e-mail address of the
corresponding author should be given at the bottom of the page.

Tables

Tables numbered with Arabic numerals (1, 2, etc.), followed by the title should be
placed in the text using 9 font size and a maximum width of 13 cm. They should be
clear, simple and unambiguous. The vertical sections should be avoided, and the
number of columns should be limited so that the table is not too wide. Also, an
unnecessary usage of horizontal sections should be avoided. The title of the table,
single spaced above the table, justified, and with the full stop at the end should be
given. The detailed explanation of abbreviations, symbols and signs used in the
table should be provided below the table. Each table must be mentioned in the text.

Ilustrations

All graphs, diagrams and photographs should be titled "Figure" (1, 2, etc.). They
should be placed in the text. Graphs and diagrams should be computer drawn,
using 9 font size and a maximum width of 13 cm, so that they can be legible and
distinct after the size reduction. The overuse of colours and hues should be avoided
for aesthetic reasons. The detailed legend without abbreviations for each graph and
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diagram should be given. The photographs must be of high quality so that they can
technically be well reproduced. They should be submitted in "TIF" or "JPG"
format, and they will be printed in black and white. The title of the illustration
should be justified, with a full stop at the end, single spaced from the illustration
and given below it. Each illustration should be mentioned in the text.

Abbreviations and units

Only standardised abbreviations should be used in the paper. Measure units should
be expressed using International System of Units (SI). The abbreviations can be
used for other expressions provided these expressions are stated in the full form
when appear for the first time with the abbreviated form in the brackets. Values
from 1 to 9 can be written in letters, but others numerically.

Nomenclature

The complete nomenclature (chemical and biochemical, taxonomical, genetic etc.)
must be adjusted to international codes and commissions, such as 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 etc.

Formulae

All formulae and equations in the paper should be worked out by means of the
programme "WORD Equation”. An ample space should be left around the formulae
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.
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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
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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.
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