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Abstract. Central Anatolia typifies the semiarid agroecological conditions of Türkiye given its low 

annual precipitation and winter temperatures. Wheat, barley, chickpea, lentil, vetch, apples and potatoes 

are largely grown in this zone but native perennials, including oaks, Turkish fir and poplar, are on the 

decline thereby limiting their contribution to ecosystem services. The disconnect between the value of 

trees and ecosystem services in Central Anatolia has not been studied previously. This study focused on 

the knowledge, importance, intercropping, ecosystem services, community values and planting of trees in 

Niğde, a representative province in Central Anatolia, Türkiye. A quantitative survey of 301 participants 

was conducted to understand their perception of selected trees grouped as nitrogen fixing and non-

nitrogen fixing. Indicators were tested for association (χ2) and responses were disaggregated into two 

participant groups, farmers and non-farmers. Generally, participants showed a widespread knowledge 

about the trees. The top five trees of perceived importance were fruit, poplar, hawthorn, black pine and 

oak which were mainly valued for environmental protection, health and income. High value tree 

agroforestry was a preference while perception of tree-based ecosystem services focused on cultural and 

provisioning services. Although there was considerable support for the concept of planting more trees, 

tree survival remains low and increased social engagement in further perennial studies is needed. 
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Introduction 

The semiarid agroecological zone of Türkiye is characterized by low precipitation 

and temperature (Erinç and Tunçdilek, 1952) with trees uniquely adapted to these 

conditions through rapid taproot development and drought tolerance (Çalışkan and 

Boydak, 2017). Central Anatolia accounts for over half of the semiarid agroecological 

zone of Türkiye which extends through to Southeastern Anatolia (Cayci et al., 2009; 

Aydın, 2022). The Central Anatolia Region of Türkiye includes the provinces of 

Aksaray, Ankara, Cankırı, Eskişehir, Karaman, Kayseri, Kırıkkale, Kırşehir, Konya, 

Nevşehir, Niğde, Sivas and Yozgat, and has great economic and cultural importance 

linked to Turkish history and civilization (TCKTB, 2023). The crops mainly grown in 

this region include cereals such as wheat (Triticum aestivum) and barley (Hordeum 

vulgare) as well as legumes such as chickpea (Circer arietinum), lentil (Lens 

culmunaris) and vetch (Vicia sativa) (Cayci et al., 2009). Niğde Province is particularly 
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well known for production of apples (Malus domestica) and potatoes (Solanum 

tuberosum) (Bozbuğa and Pırlak, 2012; Kart et al., 2017). 

With a declining population of native species such as oak (Quercus spp.), Turkish fir 

(Abies cilicica) and poplar (Populus nigra), Riley (2021) described the Central Anatolia 

as an anthropogenic steppe with urgent need for reforestation through agroforestry. In a 

study of root responses of actinorhizal plants in Türkiye, Riley et al. (2021) identified 

alder (Alnus glutinosa, Alnus orientalis), false hemp (Datisca cannabina), Russian olive 

(Elaeagnus angustifolia), sea buckthorn (Hippophae rhamnoides) as native species and 

river sheoak (Casuarina cunninghamiana) as the only exotic species. Actinorhizal 

plants are characteristic for nitrogen fixing and effective recolonizers of degraded soils 

hence exotic genera such as Allocasuarina and Casuarina will be useful consideration 

for agroforestry in Central Anatolia, Türkiye (Riley, 2021).  

The merit of agroforestry using actinorhizal (nitrogen fixing) plants is based on the 

assumption that functional value of trees may be sufficient driver for reforestation and 

derivation of ecosystem services from trees. However, functional values of trees leading 

to provisioning, regulating, supporting and cultural ecosystem services of trees may not 

be sufficient drivers for agroforestry (Asbjornsen et al., 2014) if ecosystem services 

derived from perennials are not connected to social values of the current communities 

residing the area (Asbjornsen et al., 2014; Dorji et al., 2019). 

Perception studies in agroforestry for semiarid are quite limited. Of the available 

studies, the focus had been on how tree forms were perceived by individuals 

(Müderrisoğlu et al., 2006), farmers’ perception on vegetation changes (Wezel and 

Hagis, 2000), adoption of agroforestry practices (Segnon et al., 2015), tree perception in 

urban areas (Gerstenberg and Hofmann, 2016), perceived potential for agroforestry to 

thrive in semiarid (Krishnamurthy et al., 2019), perception of ecosystem services and 

disservices (Teixeira et al., 2019; Blanco et al., 2020), tree shelterbelts (Ruppert et al., 

2020), and soil health improvement through intercropping with trees (Cyamweshi et al., 

2023). Also, these studies were conducted in Africa (Wezel and Hagis, 2000; 

Cyamweshi et al., 2023), Central Asia (Ruppert et al., 2020), Europe (Blanco et al., 

2020) and Latin America (Krishnamurthy et al., 2019) using qualitative or quantitative 

techniques or both. Studies of perceptions in agroforestry are pertinent to understanding 

the social values and norms (Fleming et al., 2019) that are behind the people’s choices 

for agroforestry, opportunities and obstacles. 

The systematic review of Başak et al. (2022) on ecosystem services studies in 

Türkiye provided useful insights such as most studies conducted in Türkiye focused on 

regulating services. However, there have been no studies on ecosystem services in 

Central Anatolia and despite having a high number of pragmatic studies, little 

consideration was given to social engagements and understanding of social values 

which are integral to perception of the trees. Additionally, studies have not reflected the 

linkages of ecosystem services to perennials differently from non-perennials. 

Consequently, this is a novel study that presents the case of trees in Niğde as a 

representative province in Central Anatolia, Türkiye from the perception of the 

community. The objectives of the study included knowledge assessment of the 

community for selected nitrogen and non-nitrogen fixing trees in their environment, 

perception of importance of these trees to respondents, preference for agroforestry as 

indicated by tree-based intercropping, perception of tree-based ecosystem services, 

community values and their willingness for tree planting. 
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Materials and methods 

A perception-based quantitative survey on trees and ecosystem services was conducted 

among 301 individuals in Niğde Province, Central Anatolia, Türkiye. The meteorological 

data of Niğde Province was obtained in this study similar to the studies of Dorji et al. 

(2019) and Wagner et al. (2019) among others. This was pertinent to providing the 

context of agroecological zone of Niğde Province being the focus of the quantitative 

survey. Niğde is a semiarid area with less than 400 mm annual precipitation, having 

characteristic dry and cold winters with some minimums of -10°C or below in most years 

(Figure 1). The population of Niğde Province is about 400,000 and it has six districts 

Altunhisar, Bor, Çamardı, Çiftlik, Merkez and Ulukışla. (TUİK, 2020). 

 

 

Figure 1. A representative (2021) annual meteorological conditions in Niğde province, Türkiye 

(TCNMM, 2022) 

 

 

A survey instrument was developed with six factors and 10 indicators (Table 1) 

adapted from Haines-Young and Potschin (2013) and Dorji et al. (2019). Survey was 

administered in Turkish language to respondents that were arbitrarily selected across the 

six districts of Niğde. Pictures of 12 trees that were identified as relatively common or 

known to occur in Niğde by the authors were provided to the respondents to match with 

their names to determine their knowledge of the trees. These trees were alder, apple, 

black pine (Pinus nigra), black willow (Salix nigra), chinaberry (Melia azedarach), 

hawthorn (Crategeus spp.), oak, poplar, Russian olive, sea buckthorn, Turkish fir and 

weeping willow (Salix babylonica). The actinorhizal (nitrogen fixing) plants in this 
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study (alder, Russian olive, sea buckthorn) were not tagged separately from the non-

nitrogen fixing plants for the respondents. This formed an additional layer of analysis to 

help understand if respondents' choices were linked to the functional value of the trees 

(their nitrogen fixing ability). 

 
Table 1. Factors and indicators for the study 

SN Factor Indicator 

A Knowledge Tree identification 

B Importance Connection to farm 

  Connection to environment 

C Intercropping Connection to crops 

D Ecosystem services Connection to ecosystem services 

E Community value Connection to people 

F Tree planting Everyone should be involved with planting 

  Planting beneficial tree should be the focus 

  
The willingness to plant beneficial trees in 

environment 

  
The willingness to plant beneficial trees on 

the farm 

 

 

The perception of importance of trees to farms and environment was determined as 

low to high and respondents were asked of their preference to intercrop, legumes and 

cereals or fruits with such trees. In addition, options for perceived ecosystem services 

were cultural, provisioning, regulating and supporting while community values included 

aesthetics, culture, environmental protection, health, income, recreation, religion and 

wildlife habitat. The first two indicators of tree planting were assessed using a five-

point Likert scale (1-5 being strongly disagree to strongly agree) and the last two as 

binary indicators (yes or no options). 

Sociodemographics of the respondents included their gender, district class 

(respondent residence - rural or urban), farm owner and farm settlement (farm location - 

rural or urban). In this study the farmers (farm owners) were considered to have 

informed views on agricultural systems based on actual practice on their farms 

compared to the other respondents without farms. At that, no further questions to test 

the actual experience of the farmers on the use of the trees for intercropping and 

ecosystem services were asked. Prior to completing the survey instrument, signed 

consent of each respondent was obtained and the respondents were advised that all data 

collected would be anonymized before aggregation. In addition, the survey indicators 

were subjected to test of association (χ2), 95% confidence interval and responses were 

disaggregated to determine the difference in perception of farmers and non-farmers 

using jamovi statistical software (The jamovi project, 2021). 

Results 

The results presented in this paper include the sociodemographic of the respondents, 

knowledge and importance of the trees in Niğde province, Central Anatolia. In addition, 

intercropping of legumes, cereals, and fruits, with trees, tree-based ecosystem services, 

community values as well as tree planting were detailed. 
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Sociodemographics 

The sociodemographics of the respondents included gender, district class (rural or 

urban), farm ownership and farm settlement (rural or urban). There were 56% of males 

and 43% females that participated in the survey. Most respondents resided in the urban 

districts (82%) compared to 18% in rural districts and were from a broad range of 

sectors. Only 16% of the respondents were farm owners (classified as farmers in this 

study) and the farm settlement (rural: urban) ratio was 46:54. 

Knowledge, importance and intercropping 

There was widespread knowledge of the trees among respondents of this study. 

Figure 2 showed that non-nitrogen fixing trees such as apples (B6), black pines (B1), 

hawthorn (B5), oak (B7) and poplar (B8) were the most well-known. Alder (A1) was 

the least known tree of the three nitrogen-fixing trees (consistent with limited local 

occurrence) while more than 60% of respondents could identify Russian olive and about 

50% the sea buckthorn. Both farmers and non-farmers were knowledgeable of the 

apple, black pines, hawthorn and poplar trees (Table 2). Of the nitrogen fixing trees, the 

farmers had more knowledge of sea buckthorn compared to the non-farmers. 

 

 
Figure 2. Knowledge of trees in a semiarid zone. The nitrogen fixing trees were alder, A1; 

Russian olive, A2; and sea buckthorn, A3. The non-nitrogen fixing trees were black pine, B1; 

black willow, B2; weeping willow, B3; chinaberry, B4; hawthorn, B5; fruit trees such as apple, 

B6; oak, B7; poplar, B8; and Turkish fir, B9. ns, not significant; * p ≤ 0.05; ** p ≤ 0.01; and 

*** p ≤ 0.001. Most participants had greater knowledge of the non-nitrogen fixing trees than 

the nitrogen fixing trees 

 

 

In descending order, fruit trees such as apple (B6), poplar (B8), hawthorn (B5), black 

pine (B1), oak (B7) were identified as of high importance (Figure 3) while other trees 

(nitrogen and non-nitrogen fixing) were either considered as having average or low 

importance. The nitrogen fixing trees (alder, Russian olive, and sea buckthorn) were not 
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considered of high priority neither on the farm nor in the wider environment (Table 2). 

With over 80% agreement, fruit trees had the highest priority of importance both for 

farm and environment among respondents while other trees, except chinaberry (B4), 

were prioritized for the environment. 

 

 

Figure 3. Perception of trees importance in a semiarid zone. The nitrogen fixing trees were 

alder, A1; Russian olive, A2; and sea buckthorn, A3. The non-nitrogen fixing trees were black 

pine, B1; black willow, B2; weeping willow, B3; chinaberry, B4; hawthorn, B5; fruit trees such 

as apple, B6; oak, B7; poplar, B8; and Turkish fir, B9. *** p ≤ 0.001. The perception of 

importance was highest for the fruit trees 

 

 
Table 2. Knowledge and importance of trees among farmers and non-farmers in a semiarid 

zone (%)  

 
Nitrogen-fixing 

trees (%) 
Non-nitrogen-fixing trees (%)   

 A1 A2 A3 B1 B2 B3 B4 B5 B6 B7 B8 B9 Total p value 

Knowledge               

Farmers 15 55 58 86 53 79 83 86 100 84 91 49 73 < 0.001 

Non-farmers 42 62 48 85 58 77 72 87 100 83 93 59 70 < 0.001 

Importance               

Farm 15 15 23 32 21 31 18 38 82 32 47 15 32 < 0.001 

Environment 23 18 25 46 26 41 17 52 88 47 57 22 40 < 0.001 

The nitrogen fixing trees were alder, A1; Russian olive, A2; and sea buckthorn, A3. The non-nitrogen fixing trees 

were black pine, B1; black willow, B2; weeping willow, B3; chinaberry, B4; hawthorn, B5; trees such as apple, 

B6; oak, B7; poplar, B8; and Turkish fir, B9. Significance was set at p ≤ 0.05 

 

 

Intercropping with fruit trees was preferred among the respondents (Figure 4). This 

did not differ between nitrogen to non-nitrogen fixing trees. Similarly, perception of 
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farmers and non-farmers favored the concept of intercropping these trees with fruits 

much more than legumes and cereals (Table 3). 

 

 

Figure 4. Perception of tree-based intercropping in semiarid zone. The nitrogen fixing trees 

were alder, A1; Russian olive, A2; sea buckthorn, A3. The non-nitrogen fixing trees were black 

pine, B1; black willow, B2; weeping willow, B3; chinaberry, B4; hawthorn, B5; fruit trees such 

as apple, B6; oak, B7; poplar, B8; and Turkish fir-B9. ns, not significant; and *** p ≤ 0.001. 

Most participants preferred intercropping fruit trees compared to other trees 

 

 
Table 3. Intercropping and ecosystem services of trees among farmers and non-farmers in 

semiarid zone (%) 

   
Nitrogen-fixing 

trees (%) 
Non-nitrogen-fixing trees (%)   

   A1 A2 A3 B1 B2 B3 B4 B5 B6 B7 B8 B9 Total p value 

Intercropping 

Farmers 

L 24 27 32 32 31 39 21 30 15 30 37 33 29  

C 18 30 22 25 23 22 24 20 9 22 19 17 21 < 0.001 

F 59 42 45 43 46 39 55 50 76 48 44 50 50  

Non-

farmers 

L 20 16 18 26 27 29 22 23 18 26 31 27 23  

C 24 31 34 34 31 31 20 24 15 37 31 35 29 < 0.001 

F 55 53 46 41 33 40 58 53 67 37 38 38 47  

Ecosystem 

services 

Farmers 

C 26 28 34 31 33 38 12 15 14 27 29 33 26  

P 32 33 22 36 28 24 38 43 54 35 38 25 35 0.512 

R 21 26 27 17 19 16 26 24 16 17 19 25 21  

S 21 13 17 17 21 22 24 17 16 21 14 17 18  

Non-

farmers 

C 36 18 25 33 32 30 22 20 15 34 26 30 26  

P 21 34 30 26 17 15 38 41 47 24 29 18 29 < 0.001 

R 20 24 21 22 23 27 23 19 19 19 24 24 22  

S 23 24 24 19 28 28 17 20 19 23 22 28 23  

The nitrogen fixing trees were alder, A1; Russian olive, A2; and sea buckthorn, A3. The non-nitrogen 

fixing trees were black pine, B1; black willow, B2; weeping willow, B3; chinaberry, B4; hawthorn, B5; 

fruit trees such as apple, B6; oak-B7; poplar, B8; and Turkish fir, B9. The options for intercropping 

were legumes (L), cereals (C), and fruits (F) and ecosystem services were cultural and habitat (C), 

provisioning (P), regulating (R) and supporting (S). Significance was set at p ≤ 0.05 
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Ecosystem services and community value 

Cultural ecosystem services which focus on environmental conservation and wildlife 

habitat as well as provisioning ecosystem services which include the availability of 

food, fuel and fodders from trees were the major preferences of the respondents in this 

study. The perceived ecosystem services provided by each tree significantly differed 

except for sea buckthorn (nitrogen fixing) and poplar (non-nitrogen fixing) as shown in 

Figure 5. However, among farmers the perceived tree-based ecosystem services of trees 

did not significantly differ (Table 3) whereas non-farmers focused more on cultural and 

provisioning ecosystem services. 

 

 

Figure 5. Perception of tree-based ecosystem services in semiarid zone. The nitrogen fixing 

trees were alder, A1; Russian olive, A2; and sea buckthorn, A3. The non-nitrogen fixing trees 

were black pine, B1; black willow, B2; weeping willow, B3; chinaberry, B4; hawthorn, B5; fruit 

trees such as apple, B6; oak, B7; poplar, B8; and Turkish fir, B9. ns, not significant; * p ≤ 0.05; 

** p ≤ 0.01; and ***p ≤0.001. Ecosystem services varied with the type of tree 

 

 

Farmers and non-farmers had similar perception that environmental protection, 

health and income were key community values that influenced the choice of trees and 

their ecosystem services in Niğde Province. Aesthetics and wildlife habitat were also 

considered community values of the trees in this study whereas less consideration was 

given to culture, recreation, and religion. Black pine was particularly valued for 

environmental protection (Figure 6). Other trees valued for environmental protection 

include alder, black willow, weeping willow, oak and poplar. These trees, in addition to 

fruit trees, were valued for health, income, aesthetics and wildlife protection. 
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Figure 6. Perception of tree-based community values in a semiarid zone. The nitrogen fixing 

trees were alder, A1; Russian olive, A2; and sea buckthorn, A3. The non-nitrogen fixing trees 

were black pine, B1; black willow, B2; weeping willow, B3; chinaberry, B4; hawthorn, B5; fruit 

trees such as apple, B6; oak, B7; poplar, B8; and Turkish fir, B9 *** p ≤ 0.001. Environmental 

protection, health and income were the major community values driving the perceived 

ecosystem services of trees in the semiarid zone 

 

 

Tree planting 
 

Both farmers and non-farmers agreed mostly that individuals should be involved 

with tree planting activities but opinions significantly differed on the perception that 

planting trees with known benefits should be the focus (Table 4). Nonetheless, there 

was a high perception of willingness to plant trees on the farms and in the general 

environment. 

 
Table 4. Tree planting among farmers and non-farmers in semiarid zone (%) 

Tree planting indicators 

 A B C D 

Farmers 88 39 94 92 

Non-farmers 93 23 88 82 

Total 91 25 89 84 

p value 0.171 0.016 0.758 0.395 

The four indicators of tree planting were: A, everyone should be involved with planting; B, planting 

beneficial tree should be the focus; C, the willingness to plant beneficial trees in environment; and D, 

the willingness to plant beneficial trees on the farm 
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Discussion 

Knowledge and importance 

The widespread knowledge of apple, hawthorn, black pine, oak and poplar trees 

among farmers and non-farmers in this study agreed with the assertions of Ertuğ (2000) 

and Çalışkan and Boydak (2017) that they are highly adapted non-actinorhizal (non-

nitrogen fixing) plants in Central Anatolia, Türkiye. Apple production in Niğde 

Province accounts for major contribution to national-level apple production in Türkiye 

(Bozbuğa and Pırlak, 2012) while wild population of hawthorn popularly known as 

‘alıç’ (Çalışkan et al., 2016) is common in Niğde Province. The respondents’ 

knowledge of black pine agreed with the report of Ayan et al. (2021) that wild 

population of black pine are common in Central Anatolia. There is also a wide 

distribution of oak and poplar trees in Türkiye (Ugurlu et al., 2012; Eroğlu and Acar, 

2018).  

There was limited knowledge of nitrogen fixing trees such as Russian olive and sea 

buckthorn among respondents probably because there is decreasing value for 

horticultural use and food source (Riley et al., 2021). Kenar et al. (2020) reported the 

low organic matter and limited phosphorus in the slightly alkaline sandy-clay-loam soil 

supporting the steppe vegetation of Central Anatolia; the average soil nitrogen content 

is moderately sufficient and the knowledge of nitrogen fixing trees towards boosting 

agricultural productivity may not be priority even among the farmers.    

The perception of high importance linked to apple, poplar, hawthorn, black pine and 

oak trees by the respondents likely came from the various local household to 

agroforestry uses in Central Anatolia and other parts of Türkiye. For instance, apple is 

an economically important plant in Türkiye with more than 600 local cultivars (Ercisli, 

2004) used for fruit production and food additives both domestically and for export 

(Bayav and Karlı, 2021). Hawthorn seeds are widely dispersed in Türkiye by birds and 

humans as they feed on the small yellowish to red fleshy fruit containing high citric acid 

and fructose which makes it important for human nutrition (Gundogdu et al., 2014). It is 

also used in amenity plantings. Black pine and oak are particularly important indigenous 

agroforestry species in Central Anatolia (Çalışkan and Boydak, 2017) but are under 

stress imposed by pest, diseases, increased water deficiency as well as reduced genetic 

introgression (Riley, 2021). 

Respondents’ low to average perception of importance for the nitrogen fixing trees 

(alder, Russian olive and sea buckthorn) in this study both on the farm and in the wider 

environment reflected how the potential positive soil health contributions were either 

not known; known but not perceived as important for use; or the perceived importance 

of these trees were linked to limitation for use in Central Anatolia, Türkiye. The latter 

seemed the case as alder was reported as important for wood production with wide 

distribution in Northeastern Anatolia and Eastern Black Sea regions of Türkiye (Hızal 

and Erdin, 2016) but not particularly common in Central Anatolia. Yıldız et al. (2022) 

asserted that Russian olives were vital for afforestation to provide supporting ecosystem 

service in Central Anatolia even though about 60% of it may be lost over a 25-year 

period of establishment. Sea buckthorn is commonly found in central, eastern and 

northern Anatolia. This species has wide environmental tolerance, abundant fruit 

production and potential for soil improvement (Ilhan et al., 2021). However, water 

limitations of sea buckthorn propagation make it likely to grow better in northeastern 

Türkiye (Sezen et al., 2015) compared to Central Anatolia Türkiye. 
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Intercropping of trees in semiarid zone 

The respondents’ perception for intercropping was similar for nitrogen and non-

nitrogen fixing trees supporting the opinion of Mitchell et al. (1991) that sustained 

production over a long period is the goal of intercropping not immediate nor merely the 

different soil health benefits of nitrogen and non-nitrogen fixing plants. In addition, the 

predominant perception among respondents to intercrop fruit trees primarily with other 

crops in an agricultural system supports the emerging concept of high value tree 

agroforestry (HVTAF) system. The intercropping of fruit trees such as apples, berries, 

olives with other crops is known as a high value tree agroforestry system that thrives on 

the mutual benefits of ecosystem services (Pantera et al., 2018; Kumar, 2020), improved 

land use, cost compensation on cultivation (Abourayya et al., 2022), improved 

agricultural productivity and increased farmers’ profitability (Bakshi et al., 2019) 

through the tree-crop-soil interaction.   

The priority on intercropping system studies in Türkiye have been on grains, 

legumes, or vegetables and their effect on soil nutrient, income level and agricultural 

productivity of intercropping such as in strawberry (Fragaria x ananassa) and radish 

(Raphanus sativus)/onion (Allium cepa)/lettuce (Lactuca sativa) (Karlidağ and 

Yildirim, 2009) as well as cereal and legumes for improved yield and forage quality 

(Yolcu et al., 2009). Given the water limitations in Central Anatolia, Kayan et al. (2018) 

reported the common practice of crop rotation such as wheat and chickpea for sustained 

production but there appeared to be no published studies on HVTAF in Central 

Anatolia, Türkiye.   

Few available HVTAF studies in other semiarid zones of Türkiye were field 

experiments and not perception studies. These includes pistachio (Pistacia vera) 

intercropped with barley and vetch for improved yields in Şalıurfa, South-east Türkiye 

(Polat et al., 1999); pistachio intercropped with barley and vetch to improve mineral 

content of the pistachio in Gaziantep, Southeastern Anatolia (Surucu and Demirkiran, 

2013); olive (Olea europaea) intercropped with barley, vetch and triticale 

(×Triticosecale sp) for improved soil health in Şalıurfa (Özturkmen et al., 2020); 

lettuce/radish intercropped with almond (Prunus dulcis), apple, apricot (Prunus 

armeniaca), cherry (Prunus avium) and pear (Pyrus communis) to determine the 

efficiency of land use and profitability (Karlidağ et al., 2022) in Malatya, Eastern 

Anatolia, Türkiye. 

 Other HVTAF studies had been conducted in China and even though they are field 

experimental studies, they provide further insight into the gains and challenges of tree-

based intercropping and may be useful stimulant for increased community perceptions 

studies in semiarid agroecological zones. In a comparative study of apple intercropped 

with ryegrass (Lolium perenne) in arid area of northwest China, Zhang et al. (2022) 

reported reduced soil salinity and higher soil moisture. Similarly, Cheng et al. (2022) 

studied the economic and ecosystem service benefits of intercropped mango (Mangifera 

indica) with macadamia (Macadamia integrifolia) in a desertification control area in 

southwest China with the results indicating improved profits and reduced emergy inputs 

in the mango-macadamia fields compared to the maize (Zea mays) fields. There is a 

concern that not all fruit trees may be suitable for intercropping in the high value tree 

agroforestry system. Qiao et al. (2019) observed that intercropping apricot and walnut 

(Juglans regia) negatively affected wheat yield and quality compared to jujube 

(Ziziphus jujube) in the northwest China region. Also, a HVTAF system may impose 



Olowu et al.: Trees in semiarid zones – case of Niğde Province, Central Anatolia, Türkiye 

- 732 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(1):721-738. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2201_721738 

© 2024, ALÖKI Kft., Budapest, Hungary 

fruit tree-crop resource competition (Gao et al., 2013) besides the inherent risk of 

increased or altered pest populations (Li et al., 2018). 

Ecosystem services and community value of trees in semiarid zone 

The perception of most respondents that trees provide cultural and provisioning 

ecosystem services reflected how environmental conservation, wildlife habitat, 

availability of food, fuel and fodders from trees were the major ecosystem service 

preferences. Since the systematic review of Başak et al. (2022) on ecosystem services 

studies in Türkiye had shown the limited information on perceptions of tree-based 

ecosystem services in Türkiye, this study presents preliminary evidence for further 

perception studies in Central Anatolia, Türkiye. In recent perception studies conducted 

in Zagreb, Croatia (Kicic et al., 2022) and in New South Wales, Australia (Drew-

Smythe et al., 2023), cultural and provisioning ecosystem services ranked high for 

communities given the benefits of aesthetics, recreation, habitat for wildlife, food and 

fodder. 

Depending on either the social or functional value of a tree (Dorji et al., 2019), 

ecosystem services of trees may differ between environmental contexts (Shah et al., 

2022). In arid zones such as Loess Plateau, China and Kashmir, India that are similar to 

Central Anatolia, apple trees have provisioning ecosystem services (Gao et al., 2013; 

Bhat et al., 2018). Black pine in Afyonkarahisar (Arı et al., 2014) and oak in the eastern 

Himalayas (Dorji et al., 2019) being less arid zones were also linked to cultural 

ecosystem services. Alder was reported to provide supporting services in the forest-

watersheds of the eastern Himalayas (Sharma et al., 2008), Alaskan temperate rain 

forests (Deal et al., 2017) and central Peru (Visscher et al., 2020). Meanwhile, 

invasiveness of Russian olive in riparian ecosystems of North America have made it 

less likely to be studied for its supporting ecosystem services despite potential soil 

health benefits as an actinorhizal tree (Collette and Pither, 2015a,b; Nagler et al., 2011; 

Reynolds and Cooper, 2010). 

Perception for community value such as environmental protection, health and 

income were major drivers for the perceived ecosystem services of trees among 

respondents. This supports the opinion of Shah et al. (2022) that a single tree may be 

valued for multiple reasons. For example, black pine is commonly used for afforestation 

purposes in semiarid zones of Türkiye and valued for aesthetics (Çalişkan and Boydak, 

2017). Ari et al. (2014) reported the use of black pine for health support as traditional 

medicines in western Türkiye and its hardwood is highly priced for its quality (Gülsoy 

and Çinar 2019). Similarly, given the high income-earning potential of poplar, it 

provides an important capital resource for farmers in northwestern India (Sirohi et al., 

2022). As expected, the economic value placed on apple in Niğde is no different from 

on the Loess Plateau, China, both semiarid zones (Gao et al., 2013) having intrinsic 

factor as fruit tree for human consumption. Meanwhile, community value of other trees 

in the semiarid zone may be influenced by extrinsic factors to the trees such as 

individual disposition to the tree, cultural and spiritual connection which may differ 

from one agroclimatic zone to another (Dorji et al., 2019). 

Tree planting in semiarid zone 

The agreement of farmers and non-farmers in this study for individuals to be 

involved with tree planting activities affirms the national efforts to prevent 

desertification and increase tree planting in Türkiye, given its vast semiarid areas 
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(Çalışkan and Boydak, 2017; Riley, 2021). Also, there was a high perception of 

willingness to plant trees on the farms and in the general environment by farmers and 

non-farmers. However, the survival rate of trees planted in semiarid and arid 

environments remains a major limiting factor (Jo and Park, 2017). Aridity coupled with 

anthropogenic activities (such as traditional grazing practices) have been suggested as 

major contributors to low long-term survival rates of trees and opined the use of 

adaptable exotic species in place of the rapidly declining native tree species (Çalışkan 

and Boydak, 2017; Riley, 2021). Jo and Park (2017) suggested that pit planting 

technique may enhance tree survival rate. Mauki and Kilonzo (2022) further showed 

that increased pit size with mulching and social commitment of communities to the 

protection of the trees enhanced survival in arid and semiarid areas of Tanzania. The 

perception for agroforestry was generally low among respondents, being the goal of 

planting beneficial trees. Farmers are major actors in driving agroforestry systems but in 

the study of perceptions among farmers on agroforestry in Tanzania, Hillburg (2014) 

identified limiting factors behind their perceptions. This includes poor knowledge of 

beneficial trees, inability to adequately predict outcomes of tree planting as well as 

inability to determine the risks involved. Fleming et al. (2019) also asserted that failed 

outcomes of previous agroforestry efforts, perception of high market uncertainties and 

associated high risks in addition to limited access to funds as factors that underlay the 

perception of farmers for agroforestry. 

Conclusions 

Knowledge and perception of importance of trees in Niğde Province, as 

representative of Central Anatolia, is driven by both functional and social valuation. 

Trees are important in this agroecological zone for afforestation, landscaping, 

ethnobotanical uses as well as wood and fruit production linked to economic purposes. 

Despite the high perception for agroforestry-based systems among farmers and non-

farmers in the present study, empirical to social research remains limited for high value 

tree agroforestry in Türkiye and in particular tree-based ecosystem services in Central 

Anatolia. From this case study in Niğde Province, the ecosystem services of trees in 

semiarid agroecological zone did not appear to necessarily differ from other contexts, 

although, individual to community perceptions differed for particular tree species. In 

addition, intrinsic factors such as fruiting and wood quality may have influenced the 

social value given by the study participants, and similarly for extrinsic factors such as 

culture and spiritual connection. Nevertheless, there is a willingness at community level 

for tree planting, but this does not necessarily address the most important issues of tree 

establishment which is growth and long-term survival in semiarid agroecological zone. 

This finding presents a novel opportunity for researchers to further examine the 

perception of ecosystem services of other tree species among communities in other 

agroecological, high value tree agroforestry in Türkiye and higher social engagement to 

missing elements of theoretical and empirical studies of trees in agroecosystems. 
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