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Abstract. Conservational agricultural practices need to be implemented for improving agricultural
productivity and protecting soils in a changing climate. Intercropping systems indicating multiple
cropping within the same space may be used as an alternative production system which involves various
plant species. This system reduces mineral N-fertilizer use and also improves soil physical and chemical
properties. Thus, this study was carried out to investigate the effects of four different intercrops
(i- barley+pea, ii- barley+vetch, iii- triticale+pea, and iv- triticale+vetch) in an olive orchard on biomass
yield, and some physical and chemical soil properties in a two-year field experiment in South-East
Turkey. The biomass yield, soil porosity, bulk density, penetration resistance, aggregate stability, and soil
organic matter content have been determined at the end of each harvest. The highest biomass yield was
recorded in triticale+pea, while the lowest yield was obtained under barley+vetch treatment. A significant
positive relationship was determined between aggregate stability and biomass yield, in contrast
significant negative relationship was obtained between penetration resistance and biomass yield. The
results of the study clearly showed that intercrops (specifically triticale+pea) can be used to produce
additional biomass for animal husbandry and improve soil quality in olive tree-plantations.
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Introduction

Land use change and inappropriate agricultural practices caused severe soil erosion
and land degradation in semi-arid regions of Turkey (Budak et al., 2018).
Approximately 85% of lands in the country are under the threat of erosion. Topographic
structure and climatic conditions are natural erosion causing factors, while the lack of
vegetation is a major anthropogenic factor of erosion. Therefore, establishment of
vegetation on soil surface is extremely important to reduce wind and water erosion.
Intercropping in orchards outside of the fruit season may contribute to alleviate the
erosion, improve soil quality and meet the forage demand of livestock husbandry.

In intermediate farming with cover crops, mixing the remaining part after harvest as
a green manure significantly increases soil organic matter content (Montagnini and
Nair, 2004). Whyte et al. (1955) stated that intercropping of leguminous forage crops
and the cereals enrich the soil organic matter. Tarman (1972) stated that the nine-year
alfalfa cultivation contributed an average of 37 ton ha™ of organic matter to soil. Soil
organic matter improves soil fertility by improving the physical and chemical properties
of soils. The effect of the intercropping on soil organic matter accumulation varies
depending on plant type, soil tillage and some other factors. Cultivation of forage crops
with abundant above- and underground components and reduced tillage significantly
increase organic matter content of soils. Cover crops in semiarid environments improve
soil quality compared to frequently tilled management, by increasing organic matter
content, improving the chemical and physical fertility of soils, and enhancing soil
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biological activity. Higher water extraction of cover crop plants could affect negatively
the orchard growth and/or productivity; however, early cover crop removal would
minimize possible yield losses. In contrast, cover crop treatments significantly increased
the apricot yield compared to the control (Ramos et al., 2010).

Forage crops in intercropping have an important potential to meet roughage demand
of livestock husbandry. Legumes and cereals are a source of protein and carbohydrates
in animal nutrition (Agtiirk, 2010). The water infiltration of surface layer in no-tillage
system is better than the that of compacted layer in the tilled lands. The plough pan
constrains infiltration of water into the soil, thus water run off on the surface causes
erosion. Therefore, compacted plough layer is recommended to break up every 3 to 4
years (Oztiirkmen and Ince, 1998).

The porous structure of soils is lost with the tight arrangement of coarse particles due
to the pressure exerted by tire or agricultural equipment and a compacted layer is
formed on soil surface. Penetration resistance is closely related to pore size distribution
of soils and a compacted layer contain few large pores, less total pore volume and,
consequently, a greater density (Korucu et al., 2009). In general, the penetration
resistance in 0-30 cm soil layer is lower than the subsurface layers (30-60 cm depth).
The subsurface layers contain fewer macro porous due to the pressure of upper layer
soil. Penetration resistance is closely related to air and water movement in soils (Seker,
1997). Wagner et al. (2000) indicated a positive relationship between aggregate
stability, organic matter and clay content of soils. Here, researchers stated that the
aggregation process is accelerated with the addition of organic matter. Soil aggregate
formation is closely related to the properties of surface soils. The speed of the
aggregation process in surface layer has a positive effect in minimizing the erosion
threat.

Soil microorganisms decompose organic matter and turn the nutrients into plant
available forms. In legume planted soils, soil mineral N content may increase due to the
leakage form the nodules where microorganisms living symbiotically within nodules in
the root systems of leguminous forage crops. Therefore, soil fertility in intercropping
systems may be greater than that in monoculture cultivation (Anil et al., 1998).

Hay yield in Turkey varies between 3 and 10 tons per hectare depending on
ecological conditions. Vetch is an excellent legume forage plant that can be used as
cover crop, green manure, meadow, silage or hay. Vetch has a high dry matter content
and moderately resistant to cold, thus can also be sown in the winter. Polat et al. (1999)
carried out a research in Ceylanpinar district of Sanlurfa province to investigate the
effect of barley (Hordeum vulgare L.) + vetch (Vicia sativa L.) mixtures, grown as
intercropping under rainfed conditions in Pistachio (Pistacia vera L.) orchards, on yield
components. Five different forage crops sowing ratios (pure barley, 75% barley + 25%
vetch, 50% barley + 50% vetch, 25% barley + 75% vetch, pure vetch) were tested in the
study and the highest hay yield (1020 kg ha™) was obtained from 25% barley + 75%
vetch mixture.

The aim of this study was to investigate the effects of different cover crop treatments
tested as intercropping in an olive orchard on some soil quality parameters and biomass
yield. Soil organic matter, total nitrogen, electrical conductivity, basal soil respiration,
structural stability index, aggregate stability, saturated hydraulic conductivity, bulk
density, permanent wilting point, field capacity and available water content of soil
samples were determined as soil quality indicators.
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Materials and Methods

The study site is located in the Harran Plain, Sanliurfa, Turkey (37° 9.7' N Lat, 38°
58.7 E Long). The field site has a semi-arid climate with a mean annual temperature,
precipitation, and evaporation of 17.2 °C, 365.2 mm, and 1848 mm, respectively (from
2000 to 2015). Elevation of the study area ranges from 358 to 530 m. This two-year
study was carried out in an olive orchard consisted of 12 plots, where 15-16 year old
olive trees planted at 6 x 6 m distances in the Kisas village, representing the Harran
Plain of Sanliurfa, Turkey (Fig. 1). The field was tilled with a small garden plow and
leveled with a cultivator. A hand-held scythe was used for moving the weeds.

Disturbed and undisturbed soil samples were collected from 0-20 cm depth prior to
soil tillage, and soil properties of the olive orchard were given in Table 1.

Table 1. Soil properties of experimental field prior to tillage

Soil Properties Depth (0 — 20 cm)
Moisture content (%) 13.21
Bulk density (g cm) 1.31
Porosity (%) 50.45
Penetration resistance (MPa) 0.90
pH 7.98
Lime (%) 21.25
Electrical conductivity (dS m™) 0.275
Organic matter (%) 1.14

Four different mixtures, which were widely used in the region were tested as forage

crop mixtures.

1. Mixture: Common vetch + barley (10 kg common vetch +5 kg barley)

2. Mixture: Common vetch + Triticale (10 kg common vetch +5 kg Triticale)

3. Mixture: Forage pea + Barley (10 kg Forage pea + 5 kg Barley)

4. Mixture: Forage pea +Triticale (10 kg Forage pea + 5 kg Triticale)

Forage crops were planted in early November 2017 and 2018 and harvested in the
first week of May. Soil samples were collected following the harvest of each year at the
same time and biomass yield was also calculated for each year. The common vetch,
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barley, triticale and forage pea mixtures, which are widely preferred in the region, were
used in experiment. The experiment was laid out in randomized blocks with 3 blocks
and 4x6 m plots between the olive trees. Fertilizers usually is not applied for winter
forage crops (Carr et al., 2004), therefore we did not use any nitrogen and phosphorus
fertilizers in this study. Seeds were sown manually following two tillage operation with
a cultivator in November. The seeds were not planted at a distance of 1 m to the olive
trees. The plants were harvested manually at the beginning of May, when 1/3 of the
plants were flowering, dried in the field and removed.

Soil Sampling and Preparation to Laboratory Analysis

Three soil samples representing the experimental field were taken prior to the
planting. After the harvest in each year, soil samples were collected from 0-30 cm depth
of each plot (12 plots). Soil samples were air dried under room temperature, rocks and
roots were removed, grinded by a wood roller and sieved through 2 mm sieve for
laboratory analysis.

Soil Analysis

Soil reaction (pH) (Richards, 1954), calcium carbonate content (%) (Allison and
Moodie, 1965), electrical conductivity (EC, dS m™) (Jackson, 1962), organic matter
content (%) (Kacar, 2009), bulk density (Blake and Hartge, 1986), water content at field
capacity, permanent wilting point and available water content (Klute, 1986), aggregate
stability (Kemper and Rosenau, 1986) of soil samples were determined. Penetration
resistance was measured using a penetrometer (Say and Isik, 1996). Plant available
phosphorus content was determined in spectrophotometer (Olsen et al., 1954).
Extractable magnesium, potassium and calcium contents (Warncke and Brown, 2011),
and DTPA extractable zinc, iron, manganese and cupper contents (Lindsay and Norvell,
1978) were determined in an atomic absorption spectrophotometer (Olsen et al., 1954).

Statistical Analysis

The effects of cover crop treatments on biomass yield and some of physical and
chemical properties of soils were evaluated using a one-way analysis of variance
(ANOVA). Post-Hoc LSD test was carried out where ANOVA indicated a statistically
significant differences. All statistical analyses were carried out using SPSS 21 (SPSS
Inc., Chicago, IL, USA) statistical software.

Result
Biomass Yield

Mean biomass yield in intercropping treatments during 2018 and 2019 seasons were
presented in Fig. 2. The biomass yield of respective treatments varied between 1940 to
2610 kg fresh dry matter ha™*. The highest biomass yield in both years was obtained in
triticale + pea treatment. The forage pea mixtures in the intercropping caused a higher
yield compared to the common vetch mixtures. The lowest yield in both years was
recorded in barley + vetch treatments. Biomass yield in 2019 was slightly higher than
that in 2018, however, relative differences among treatments were similar.
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Figure 2. Biomass yield of various intercrop treatments in 2018 and 2019. Data presented as
the mean value of 4 replicates (n=3). Error bars represent the standard error of 3 replicates.
Small or capital letters represent the statistical differences among treatments within each year

Aggregate Stability

Aggregate stability measured at the end of each season was presented in Table 2.
There was a clear differences among treatments in both years with similar trends. The
aggregate stability was higher in pea mixed intercropping as compared to the vetch
mixture. The highest aggregate stability was measured barley+pea treatment, while the
lowest was measured in triticale+vetch treatment. The statistical analysis showed no
differences in aggregate stability between the years. The aggregate stability of the
respective treatments followed the trend, barley+pea > triticale+pea > barley+vetch >
triticale+vetch.

Table 2. Effect of cover crops on some soil physical and chemical properties determined in
2018 and 2019 growing seasons

Aggregate Porosit Bulk Field Wilting | Available |Penetration| Organic
Year (;"'Op stability Y| Density | Capacity Point Water | Resistance | Matter
e
P % |Cm*emd)| gom?) | (%) (%) (%) Mpa (%)

2018 Bf;ézy 24.7+0.01a | 0.62+0.01b [1.14+0.02%[37.09+0.88%(27.16:0.35%| 9.9320.56b | 0.82+0.02* |1.25+0.01*

2018 E\‘j‘gt'g% 19.9+0.38¢ [0.59£0.02ab| 1.18+.0.01| 37.69+0.41 | 24.46:0.36 |13.23+0.18a| 0.87+0.02 | 1.210.01
Triticale

2018|" | % €113.85+0.15d0.5820.01ab| 1.19£0.01 | 37.220.18 | 28.1820.22 | 9.04+0.28b | 0.85:0.03 [ 129001
Triticale

2018, 02 [23.2340.36b| 057+0.02a | 1.20+0.04 | 36.52+1.02 | 27.21£0.63| 9.3220.71b | 0.85£0.03 | 1.2120.01

2019 Bfgégy 26.66:0.37a 0.64+0.01%* |1.18£0.01*[37.30£0.23%(27.33+0.51%| 9.98+0.41b | 0.720.02% |1.55::0.05*

2019 fjgt'sﬁ]’ 21.24+0.50c| 0.61£0.02 | 1.2140.01 | 37.70+0.14 | 25.88+0.28 |11.82+0.42a| 0.77+0.02 | 1.54+0.01
Triticale

2019|" [ € ¥115.8220.23d] 0.7260.11 | 1.2120.01 | 37.1920.29 | 27.6820.45 | 9.50<0.42b | 0.75£0.03 | 166001
Triticale

2019| " 02 [24.3550.400] 0652009 | 1215001 | 37424044 27.73+0.42| 9.70:0.18b | 0.77:0.02 | 1.54£0.01

Data presented as the mean value of 4 replicates (n=3). * indicates no significant differences
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Porosity

The effect of various intercropping treatments on porosity measured at the end of
each growing season was presented in Table 2. Soil porosity varied significantly among
the treatments in both years with similar trends. Similar to the aggregate stability,
porosity in 2018 was higher in pea mixed barley treatment as compared to the others.
The porosity of barley included treatments was generally higher in 2018, however no
differences was found in 2019. The porosity in 2019 was slightly higher in all
treatments as compared to that in 2018.

Available Water

Plant available water content measured in various cover crop treatments was given in
Table 2. Plant available water content measured in barley+pea mixture was significantly
higher as compared to the other treatments in both years. The available water content in
all other treatments remained similar without any significant differences. The highest
mean available water content (13.2+0.18%) in 2018 was recorded in barley+pea
treatment, which was ranged from 9.0 to 9.9% in other treatments. The mean available
water content in 2019 was obtained in barley+pea treatment (11.8+0.18%) and varied
between 9.5 to 10.0 in other treatments.

Other Soil Parameters

Bulk density, field capacity and wilting point water contents, penetration resistance
and organic matter content of soil samples were presented in Table 2. The values of
these parameters were slightly different among the treatments, however the differences
were not statistically significant among the treatments. Soil organic matter content in
2019 was slightly higher as compared to that in 2018. The difference in soil organic
matter content between the years can be attributed the biomass incorporation of cover
crop treatments. The above ground biomass were not removed from the field, in contrast
incorporated to the soil, which likely caused such temporary increase in organic matter
content.

Discussion

Most cropping systems in the world are dominated by a low number of crop species
and genotypes. For example, 60% of arable land is devoted to a set of three cash crops
(maize, winter wheat and oilseed rape). In addition, the grasslands are under high
pressure of livestock grazing and the number of relevant species are decreasing by time.
Many forests and other woody stands such as short rotation forests are still managed as
monocultures, although during the last three decades many mature pure stands have
been converted to mixed stands. In our approach we suggest, based on proven expertise,
that mixed or multi species stands could be considered as an element to facilitate both
agrobiodiversity and productivity. Diverse crop stands is expected to improve resilience
and increase overall yield compared to the corresponding monoculture. Unfortunately,
general valid explanation and verification across land-use systems have not been
provided yet; thus the biodiversity and productivity relationship has not been explained
clearly. Moreover, in those cases where mixed cropping systems were established,
breeding and especially official testing have been intended to improve the performances
in pure stand (single crop stands, mono culture).
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Intercropping is a rather prominent farming system in conservational agriculture, due
to the significant advantages in yield and its beneficiary effects on soil properties. The
main advantages of the intercropping system are the increase in yield potential without
additional input (such as mineral fertilizer) and the increase in buffering against stress
and other negative circumstances. Intercropping receives growing interest in temperate
climate zones (Lauk and Lauk, 2008). The review on intercropping revealed that the
mixtures had a favorable mixing effect in 60% of 344 cases (Li et al., 2006). Intercrop
components do not compete with the identical ecological niches. Two important
mechanisms were reported between legume and non-legume intercrops. The first
mechanism is the rhizo-deposition of nitrogen in legumes and subsequent nitrogen
transfer can promote yield of the non-legume crops. Similar transfer mechanism have
been reported for phosphorous (Li et al., 2006). Hauggaard-Nielsen et al. (2001)
observed faster and deeper growing barley roots in intercrop stands with pea compared
to single barley cultivation. Thus, a greater soil volume was available for the mixed
intercrop compared to the single crops. Similarly, soil porosity and other soil physical
parameters were positively affected by the mixed crop stands. The barley + cereal
mixture caused a significant increase in porosity and aggregate stability which likely
increased the available soil water content. In addition, positive relationship was
obtained between biomass yield of mixed stands and aggregate stability (Fig. 3A).
Penetration resistance is an important indicator of root growth and storage of soil water.
Significant correlation was recorded between yield and penetration resistance of soil.
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Figure 3. Relationship between aggregate stability (A), penetration resistance (B) and biomass
yield of various intercrops (data pooled for 2018 and 2019)
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Microorganisms in soils use organic matter as food and excess nutrients are released
while decomposition of organic matter by microorganisms. Fixation of atmospheric
nitrogen by microorganisms, especially through symbiosis with legume forage crops,
enhances the nitrogen content of soils. Healthy growth of forage crops increases
phosphorus and potassium uptake of roots and improves the availability of nutrients in
soils (Barber, 1989). Therefore, intercropping is more productive than monoculture
(Anil et al., 1998). Forage crops produced in intercropping have an important potential
in meeting the forage demand of livestock husbandry. Legume and cereals are important
sources of protein and carbohydrates in animal nutrition (Agtiirk, 2010). In this study,
approximately 2-3 tons per hectare forage obtained from legume + cereal mixture
grown between olive trees shows that intercropping may be a good opportunity to
develop animal husbandry in the region. In addition, high nitrogen content (due to the
legume mixture) of forage increases the feed quality in animal nutrition. Hay yield in
Turkey varies between 3 to 10 tons per hectare depending on the ecological
characteristics of the region (Hatipoglu et al., 2009). Vetch is an excellent legume
forage plant that can be used as cover crop, green manure, meadow, silage and hay. The
vetch, which has a high dry matter content, fixes nitrogen similar to the other legumes,
is grown in the winter, and is moderately resistant to cold. The vetch can be grown by
mixing with other forage crops or can be grown alone in the field, or the vetch can be
cultivated by mixing or alone as intercropping in vineyards and orchards. Polat et al.
(1999) carried out a research in Ceylanpinar district of Sanliurfa province to investigate
the effect of barley (Hordeum vulgare L.) + vetch (Vicia sativa L.) mixtures, grown as
intercropping under rainfed conditions in Pistachio (Pistacia vera L.) orchards, on yield
components. Five different forage crops sowing ratios (pure barley, 75% barley + 25%
vetch, 50% barley + 50% vetch, 25% barley + 75% vetch, pure vetch) were tested in the
study and the highest hay yield (1020 kg ha™) was obtained from 25% barley + 75%
vetch mixture. The highest yield in this study was obtained in triticale + pea mixture.

Southeastern Anatolia Region of Turkey has 6 million ha land planted by pistachio,
olive, peach, apple and apricot. The results of this study indicated that the orchard fields
can be used to grow forage crops as intercropping. The lack of vegetative cover on soil
surface causes severe soil erosion and land degradation; and prevents the production of
forage crops, which is one of the most important inputs of livestock husbandry. Soil
water content ranged from 7.1 to 34.5% during the intercropping growth season. The
porosity of soils was between 48 and 57% which indicates that the water saturation of
soils is at most between 61 and 72%. The results reveals that especially the sub-surface
layers are mostly not saturated. Soil water content of surface soils in barley treatments
varied between 11.3 and 19.4%, and the lowest soil water content was recorded in
single barley treatment, followed by vetch and mixture of vetch + barley. The results of
the first year revealed no serious competition for water use between the forage crops
and olive trees until the end of the growth season. However, reliable evaluation for
perennial plants can be made only by taking the results of long-term studies into
account. The results of current study indicate that cultivation of barley + pea or triticale
+ vetch mixture as intercropping can contribute to agricultural production, soil quality
and sustainable agriculture in the semi-arid regions.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(6):7783-7793.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1806_77837793
© 2020, ALOKI Kft., Budapest, Hungary



Ozturkmen et al.: Effect of intercropping on soil physical and chemical properties in an olive orchard
- 7791 -

Conclusion

Overall, the present study clearly demonstrates that the cultivation of barley + pea or
triticale + vetch mixture as intercropping may significantly improve soil quality in the
semi-arid regions. Cereal-legume mixed-intercropping caused a significant change in
porosity and aggregate stability which likely affect the available soil water content. A
significant positive relationship was determined between aggregate stability and
biomass yield, in contrast significant negative relationship was obtained between
penetration resistance and biomass yield. The results of the study clearly showed that
intercrops (specifically triticale+pea) can be used to produce additional biomass for
animal husbandry and improve soil quality in olive tree planted lands plantations.
Further research is needed to understand the mechanisms on how soil rhizosphere
processes controls soil chemical and physical parameters in mixed cropping systems.
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