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A B S T R A C T   

This paper explores economic opportunities of Opuntia cultivation in Spain regarding fresh food production 
(comparing production structures of Mexico, Italy and Spain), cactus pear non-food uses (exploiting its bio- 
functional, medicinal, nutraceutical and cosmetic properties) and environmental issues related to climate 
change mitigation through soil carbon sequestration. Cactus pear production structures and costs are different in 
the three countries: Mexico (939.77 €), Italy (4.055.1 €) and Spain (9453.77 €). Spain does not present a real 
productive sector but only isolated farms. Opuntia is an interesting opportunity for non-food production due to 
the amount of its bioactive compounds. Main components (μg g� 1 dried weight) are: kaempferol (34), myrcetin 
(65), isorhamnetin and derivatives (590), luteolin (8.4), ferulic acid and derivatives (1,050), and catechin (50). 
Obtaining these compounds could be a way of increasing cactus pear production profitability and creating jobs 
and value in rural areas. Cactus pear cultivation is a successful tool to mitigate climate change in arid and 
semiarid regions considering adequate farm and cultivation practices and systems. This crop is often located in 
high rurality areas, cultivated by small and micro-farmers. Cactus pear cultivation can be an effective tool for 
rural development in European arid and semiarid areas regarding production, job creation and environmental 
issues.   

1. Introduction 

Opuntia is a genus of plants of dicotyledonous angiosperm Cactaceae 
family (which includes ~1500 species) and part of natural environment 
and agricultural systems in arid areas. They are native to America, 
where they grow wild from the south part of the USA to the Patagonia. 
Cactus pear is cultivated worldwide (America, Asia, Europe, Africa and 
Oceania) as it grows in arid and semi-arid pedoclimatic zones and is the 
most important economic cactus species (Inglese et al., 2002). 

Opuntia (O. ficus-indica or O. amyclaea) was one of the first species 
that came from the New World. It arrived into Europe through Spanish 
conquerors to make profit of unproductive soils in the south of the 
Iberian Peninsula (1548–1570). The idea was to cultivate it as food for 
carmine cochineal (Dactylopius coccus Costa) used to produce dyes. The 
plan failed but Opuntia ficus-indica soon found its place as a wild plant, 

natural fencing between land boundaries, cattle feed and human food. 
Although Opuntias have been used as an important subsistence crop 

in many communities worldwide, fruit consumption remains limited to 
local ethnic markets with little export. Only Mexico, Italy, Chile, South 
Africa and Argentina produce it commercially (Reyes-Agüero et al., 
2013) and cactus pear benefits from good marketing strategies in Italy, 
Mexico, the USA and South Africa (Inglese et al., 2002). 

Mexico is the world largest producer (45% of world production), 
followed by Italy (12.2%) and South Africa (3.7%) (ISTAT Data Bank, 
2013). In Mexico, the cactus pear sector creates employment and income 
in areas where few other crops can be produced (Timpanaro et al., 
2015); ~20,000 families live from its cultivation (Gallegos-Vazquez 
et al., 2013). The planted area covers 50,000–70,000 ha, and the gross 
annual production ranges 300,000–500,000 t; it is the 5th fruit crop in 
the country. 
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The 2nd world producer (and leading world exporter) is Italy, with 
7000–8300 ha producing 78,000–87,000 t yearly (Timpanaro et al., 
2015), while South Africa farms 1500 ha and produces 15,000 t. Chile 
(1100 ha and 8000 t), Argentina (800 ha and 7500 t), and USA (200 ha 
and 4000 t) also have significant figures, while countries such as Bolivia, 
Brazil, Jordan, Egypt, Pakistan, Israel, Tunisia, Algeria, Morocco and 
Spain also cultivate this plant (Inglese et al., 2017). However, limits of 
statistics collection hinder getting an accurate image of cactus pear 
production in these countries. Furthermore, fruit relatively low eco
nomic and social importance makes difficult that world organizations 
(EU, FAO, OECD, World Bank, etc.) supply consistent economic data 
about areas, production, employment, gross sales, export figures, etc. 

There has been a general improvement in orchard techniques over 
the last years but there is also a lot of work to be done to change pro
ducers’ perception and convince them that cactus pear can produce high 
yields and good quality if it receives right care and attention. It is critical 
to forget the wrong idea that cactus pear needs few inputs for good re
sults; this wrong believe has led to bad management of cactus pear 
plantations and poor fruit quality. Thus, current knowledge remains 
scarce and limited scientific information arrives to producers (Inglese 
et al., 2002). However, the Italian experience proves that rational or
chard management can give high returns and high quality fruit with 
relatively low management costs. To improve productivity and fruit 
quality, there must be greater awareness of environment and orchard 
management effects on fertility, fruit growth and ripening. It is also 
important to establish fruit quality standards and implement proper 
orchard design and management. 

Consequently, providing the latest technical and scientific informa
tion about crop cultivation and post-harvest management, productivity 
levels and especially fruit quality standards to farmers should allow 
cactus pear competing on an equal basis with other agricultural products 
on international markets. Furthermore, attracting new consumers to 
cactus pears and creating higher demand requires consistent high- 
quality fruit availability (Inglese et al., 2017). 

Increased fruit productivity is easier to achieve than improved fruit 
quality. Thus, special attention should be given to all horticultural 
practices potentially affecting fruit quality, at both pre- and post-harvest 
stages. In this sense, cactus pear fruit is usually consumed fresh, but 
increasing market demand for health-promoting food has prompted 
food technologists to develop techniques to increase its shelf life and to 
develop new and attractive products (Barba et al., 2017). 

Regarding sales and profits, there is potential for development 
through a wide range of applications, including forage complement 
(In�acio et al., 2020; Monteiro et al., 2018), human consumption 
(including cladodes) both fresh and processed food, bio-functional, 
medicinal, nutraceutical and cosmetic uses, dyes production and bio
energy (Inglese et al., 2017). Fruits could be important commercially as 
they are well appreciated by consumers and have excellent nutritional 
properties (Cefola et al., 2014). Fruits are consumed fresh and used for 
food product manufacture such as juices (Ennouri et al., 2006), alcoholic 
beverages, jams and natural liquid sweeteners (Saenz, 2000). Regarding 
its polyphenols, vitamins and other specific compounds composition, 
cactus pear is an excellent candidate for nutritional diet and therapeutic 
recommendations (El-Mostafa et al., 2014). So, benefits from its culti
vation are more than just fresh fruit production (Isaac, 2016). 

First, there is a vast potential for non-food uses, exploiting its bio- 
functional, medicinal, nutraceutical and cosmetic properties. Prickly 
pears chemical and nutritional components have been recently studied 
(Antunes-Ricardo et al., 2015; Andreu et al., 2017; Melgar et al., 2017; 
Andreu-Coll et al., 2019; Mena et al., 2018) and their extracts hold 
antiulcerogenic, anti-inflammatory, antidiabetic, antioxidant, anti
cancer, neuroprotective, hepatoprotective and antiproliferative activ
ities (Santos Di�az et al., 2017). Besides they are a good source for red and 
yellow food coloring agents (García-Cayuela et al., 2019). Another 
interesting possibility, it is production of bioethanol and biogas from 
cladodes. However, due to Spanish production structure, this potential 

has not been yet analyzed. 
Table 1 shows quantities of compounds with bio-functional, medic

inal, nutraceutical and cosmetic properties in several crops, with Opuntia 
playing a key role; however, no economic value analysis of cactus pear 
cultivation based on the production of these compounds has been done 
until now. 

Second, environmental issues related to agriculture must be 
considered. Among agriculture environmental implications, climate 
change mitigation through soil carbon sequestration (SCS) is a key 
question. SCS is an affordable and cost-effective way to mitigate agri
culture effect in climate change (Glenk and Colombo, 2011). Countries 
that signed the Kyoto Protocol of the United Nations Framework 
Convention on Climate Change agreed to lower CO2 emissions to the 
atmosphere or increase removal and storage rates. The interest in C 
sequestration and trading as mechanisms for both environmental pro
tection and poverty alleviation in developing countries has increased 
considerably in the last decades (Perez et al., 2007). Arid Mediterranean 
agriculture possesses a SCS potential. The case of olive tree cultivation is 
well documented; changing practices in favor of more sustainable 
agricultural procedures (Nieto et al., 2012) has been proved to be suc
cessful in increasing SCS (Rodríguez-Entrena & Arriaza, 2013). 
Furthermore, implementing these soil-management practices also im
proves soil structure (Castro et al., 2008), reduces water losses, prevents 
soil erosion (Nieto et al., 2012), and preserves biodiversity and land
scape amenity aspects (Glenk & Colombo, 2011). Overall, they increase 
agricultural land adaptive capacity against adverse climate change im
pacts (Frelih-Larsen et al., 2008). 

Cactus pear is one of the few agricultural options due to the edaphic 
and climatic conditions in many areas, presenting advantages over other 
agricultural activities because of practices that attenuate, avoid and 
even restore damage to the productive ecosystem (Nefzaoui et al., 
2014). 

Bautista-Cruz et al. (2018) compared C–CO2 emission patterns and 
total organic carbon (TOC) in a central Mexico highland. They compared 
different management systems including cactus without and with com
posted manure mulching and soil in oak-pine forest. Their results 
showed that cactus crop is presently contributing effectively to soil TOC. 

An important question is how to achieve that these agricultural 
sustainable practices, that mitigate climate change, become part of 
producers’ way of cultivating. From a policy perspective, Agri- 
Environment Climate Scheme (AECS) have been regarded as the most 
suitable instrument to increase agriculture environmental performance 
and could represent an interesting tool for SCS strategy development in 
agriculture (Colombo & Rocamora-Montiel, 2018). 

ROAECS (Results Orientated Agro-Environment Climate Scheme) is 
a type of agro-environmental scheme based on the idea of paying 
farmers, not for performing management actions, but for achieving 
specific environmental goals (Burton & Schwarz, 2013). ROAECS 
encourage farmers innovation, drawing on their experience and local 
knowledge to achieve improved and more cost-effective results 
(Colombo & Rocamora-Montiel, 2018). A key factor to ensure reliability 
in ROAECS development is the existence of measurable and objective 
indicators (Burton & Schwarz, 2013), which must be clearly measurable, 
attributable to specific management actions, not in conflict with agri
cultural goals and consistent with ecological purposes. 

In this sense, sequestration of carbon (SOC) can be measured and 
monitored through various laboratory and field methods by using 
appropriate sampling procedures (Colombo & Rocamora-Montiel, 
2018). In cactus pear orchards, SOC indicator totally fulfils the 
mentioned requirements opening opportunities to ensure sustained in
come and a moderate environment impact. Cactus pear plantations 
could be part of a strategy to lessen CO2 atmosphere accumulation in 
arid and semi-arid areas implementing ROAECS. They can function as a 
water reserve and as a carbon reservoir offering a cost-effective contri
bution to climate change mitigation from the agricultural sector 
reducing soil erosion and water pollution. 
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Third, the crop is often located in high rurality areas, cultivated by 
small and micro-farmers. This makes it attractive from a strategic 
viewpoint and it should be seriously considered in public policy devel
opment actions, especially in arid and semi – arid areas. 

Considering all previous considerations, this study had 3 aims: (i) 
economic evaluation of cactus pear production structure and costs in 
Mexico (main world producer), Italy (main world exporter) and Spain, 
special attention will be paid to establish the main economic and market 
features precluding Opuntia successful implementation in Spanish rural 
arid areas; (ii) economic analysis of cactus pear bio-functional, medici
nal, nutraceutical and cosmetic properties; and (iii) economic estimation 
of carbon soil sequestration schemes possibilities in cactus pear pro
duction considering environmental issues. 

2. Tools used for calculating the estimates 

2.1. Economic evaluation of cactus pear production structure 

First, production environment for Mexico, Italy and Spain was 
compared. Then, economic evaluation of cactus pear production struc
ture was done through cost accounting (Romero et al., 2006). All op
erations are considered self-financing to avoid introducing financial 
variables. Economic assessment does not include fixed costs because 
these costs can introduce bias that do not affect the production process. 

Data from other countries were obtained through published research 
(Basile et al., 2002; Losada et al., 2017). Average value of 1.0 € equal to 
1.129 US$ is considered during 2017 (European Central Bank, 2018) for 
comparisons with Losada et al. (2017) and 1.259 for comparisons with 
Timpanaro & Foti (2014). Information was updated using inflation in
formation from European Central Bank (2018). 

Spanish production information was obtained through in situ in
terviews in three steps: (i) open interviews with farmers; (ii) question
naires sent by post; and, (iii) audits and information validations with 
specific questions directed to interviewees. This data collection covered 
3 full seasons in Spain. 

The total variable production cost was established and was included 
in working assets costs. Opportunity costs were calculated as the next- 
best alternative use of working capital in risk-free financial assets; 
2.0% interest rate was assumed, depending on money current cost and 
inflation adjustment. 

Production variables obtained from secondary data and interviews 

(Table 2) were used to calculate costs and incomes. Differences in cat
egories are due to the different processes undertaken for getting infor
mation and to country cultivation techniques differences. Gross income 
and total variable costs can be calculated by using contribution margin 
(CM), which is the margin used before considering depreciation and 
fixed costs. CM is calculated by taking the difference between gross in
comes (GI) and incremental costs or variable costs (IC). 

2.2. Economic analysis of cactus pears bio-functional, medicinal, 
nutraceutical and cosmetic properties 

Data about the contents of components with bio-functional, medic
inal, nutraceutical and cosmetic properties found in cactus pears has 
been reviewed and will be presented in tables together with economic 
data regarding their cost and estimated prices. Market prices of these 
compounds were obtained through a questionnaire among main 

Table 1 
Quantities of compounds with bio-functional, medicinal, nutraceutical and cosmetic properties in several crop (μg g� 1 dw).  

Compound Opuntia ficus-indica Opuntia joconostle (1) Ziziphus jujube (2) Stenocereus pruinosus (3) Stenocereus stellatus (3) Punica granatum (4) 

Kaempferol 34.1 139 39.17 nd 3.78 nd 
Myrcetin 65 nd nd nd nd nd 
Isorhamnetin and derivatives 590 nd nd 2.53 nd nd 
Luteolin 8.40 nd nd nd nd nd 
Ferulic acid and derivatives 1050 70 nd 8.8 36.8 nd 
Catechin and derivatives 50.0 346 29.9 nd nd nd 
Guaiacyl and derivatives 165 nd nd nd nd nd 
Syringic acid and derivatives 165 33.9 nd nd nd nd 
Sinapic acid and derivatives 1140 nd nd nd nd nd 
Quercetin and derivatives 91.1 225 148 3.53 7.14 nd 
Narigin and derivatives 75.0 nd nd nd 22.5 nd 
4-Hydroxy-benzoic acid 665 104 nd nd nd nd 
Eriodictyol derivative nd nd 2.67 nd 23.3 nd 
Phloretin-30,50-di-glucoside nd nd 1.62 nd nd nd 
Polymeric proanthocyanidins nd nd 1631 nd nd nd 
Caffeic acid and derivatives nd nd nd 34.3 29.4 135 
p-coumaric acid and derivatives nd nd nd 9.8 17.8 114 
Gallic acid nd 113 nd nd nd 175 
Vanillic acid nd 178 nd nd nd nd 
Elagic acid nd nd nd nd nd 231 
Rutin nd 53.6 nd nd nd nd 
Taxifolin acetylhexoside nd nd nd 5.25 14.6 nd 
Total polyphenols 3426 1175 2254 64.7 131 655 

(1) Cortez-García et al. (2015); (2) Wojdyło et al. (2016); (3) García-Cruz et al. (2017); (4) Elfalleh et al. (2011); nd ¼ not detected. 

Table 2 
Cactus pear production cost structure (€ ha� 1).  

Item Mexico (1) Italy (2) Spain 

(€ ha� 1) 

Tools 198.40   
Weeding 163.86  77.37 
Pruning 54.91  55.26 
Fertilization 55.80 383.4  
Fumigation (pests) 69.08 142.35 389.47 
Others  25.8  
Pruning, scozzolatura, fruit thinning  1330.65  
Other cultivation operations  393  
Harvest 326.83  442.11 
Transport 181.57   
Mechanized operations  394.5  
Brooms 4.42   
Straw 51.37   
Gloves 8.85   
Cost of crates 2.65   
Watering  309.45 344.24 
Thinning   221.05 
Insurances and taxes  383.25 260.52 
Wages and salaries  326.7 7663,42 
TOTAL 939.77 4055.1 9453.77 

(1) Adapted from Losada et al. (2017); (2) adapted from Basile et al. (2002) and 
Timpanaro & Foti (2014). 
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producers. Then, an estimation of the quantities that could be obtained 
from 1 ha of cactus pear in Spain was calculated considering production 
data obtained in questionnaires carried out to producers. 

2.3. Economic estimation of cactus pear production value considering 
environmental issues 

An estimate of cactus plant CO2 accumulation will be presented 
based on scientific literature together with the price to be paid for car
bon sequestration, which was calculated considering not only carbon 
sequestration but also the benefits on the environment generated by its 
cultivation. 

To estimate the exchange surface of each plant, 50 of them were 
measured in width, height and length. Then, number of cladodes per 
plant was counted and 20 of each were measured in height and length to 
estimate their surface area. Plant average area and average cladode 
surface were calculated to estimate exchange surface and CO2 daily net 
intake per m2 and day. Cactus plant weight was calculated counting 
cladodes per plant and weighting 25 of them; roots were not considered. 

3. Discussion on economic estimates for the potential 
implementation of Opuntia ficus-indica in Spain 

3.1. Characterization of fruit productive environment 

3.1.1. Mexico 
Mexico has introduced significant changes in cactus pear production 

recently, including drip irrigation in semi-arid areas, cultivation in less 
arid areas (central highlands and some subtropical regions in central 
south and western parts of the country), use of mechanical fruit-cleaning 
technologies, improved packing materials and modern commercial 
presentations. According to Losada et al. (2017), Mexican orchard size 
ranges 1–20 ha, with predominant size being 1–3 ha (64% of producers), 
23% from 4 to 8 ha (23%), and 12–20 ha (9%). The main produced 
variety is pale green Alfayuca (Opuntia amyclaea). The distance between 
plants and rows goes from 4 to 6 m and orchard age from 20 to 70 years. 
They are pruned when they reach 1.5–2.0 m height (to facilitate fruit 
picking) (February–April). Fertilization is mainly done using triple 17 
(17 N - 17 P2O5 - 17 K2O) and urea (46 N), without a clear period for 
inorganic fertilizer use. Organic material is used, once or twice per year, 
mainly as manure because it is free and only transport cost applies, 
15–60 kg of dry manure per plant (500 t ha� 1) depending on availability 
and orchard age. Prickly pear is very prone to pests and diseases. Pro
ducers constantly try to avoid them especially during post-harvest 
(Inglese et al., 2017). The production cycle, in a commercial orchard, 
starts in March (after frosts), increases in April, rises significantly during 
June and falls in September, October and November. The yield per ha is 
10–15 t. 

3.1.2. Italy 
Italy represents an atypical example of Opuntia ficus-indica appreci

ation. Cactus pear has been exploited since the 18th century but with no 
commercial purposes, such as farm fencing and emergency fodder. 
Cactus pear is mainly cultivated in southern regions: Sicily, Sardinia, 
Calabria and Apulia. However, cultivation concentrates on Sicily (96%) 
with 4 important geographical areas: San Cono, Volcano Etna, Rocca
palumba and Santa Margherita Belice. The most cultivated cultivars are 
“Gialla”, “Rossa” and “Bianca”, with “yellow” varieties predominating 
(~75%), followed by “red” and “white” ones. Sicilian orchard average 
size is less than 3 ha (Basile et al., 2002), with a plantation density from 
300 to 900 plants per ha. Rainfall is 600 mm per year and under irri
gation, the yield can reach 25 t per ha. Traditional use of simple and 
complex (binary and ternary) mineral fertilizers is common and coun
tered by a generalized use of stable manure or other organic manures. 
Weeding with glyphosate for fighting the fruit fly and scabious rust with 
products based on dimethoate in conventional cultivation are also 

frequent. Mechanical weeding, use of traps (organic auxiliaries) and 
natural insecticides in organic cultivation are other techniques. Running 
a cactus pear plot requires a relatively high number of labor hours, 
although recent technical progress has made possible a partial reduction 
of tasks. However, due to their specific nature of some cultivation op
erations, such as pruning, scozzolatura and thinning, must be done 
manually. Apulia production is around 2650 t in 320 ha, mainly in 
Foggia province (North Apulia) with selected (spineless) cultivars. 
Initially, Sicilian cactus pear production was exported to the continent. 
This economic success was reinforced by scozzolatura technique. This 
ancient practice, developed by Italians at the beginning of the 18th 
century, consists of cutting off May first flowering production. The plant 
is forced into a second more abundant flowering during full summer 
period (July/August). It delays fructification, allowing autumn har
vesting, producing better quality fruits than in the regular August season 
(Inglese et al., 2017). Autumn harvest (August–November) represents 
90% of total production. 

3.1.3. Spain 
In Spain cactus pear is cultivated only in few family plantations in 

Andalusia, Murcia, Almeria and the Balearic Islands, with Lanzarote 
(Canary Islands) having a small production of red dye (Inglese et al., 
2017). O. ficus-indica regular crops cover around 185 ha with an esti
mation of ~131,360 disseminated plants. Orchard average size is 15 ha, 
with a plantation framework of 2 m � 7 m (between plants and rows, 
respectively) and 714 plants per ha. As a cultivated plant, prickly pear 
life is approximately 20 years. Orchards are irrigated 4 times a week 
(2–3 h per ha) during May and June through drip irrigation in dry years, 
using municipal-treated wastewater. Pruning, weeding, thinning and 
harvesting are done manually. Pruning is only for renewal purpose 
(daily, for 15–30 min per ha) and weeding is only made in the streets 
(once a year); these labors do not require many working hours. But, 
thinning requires more work, being done during a full month for 5–6 h 
per ha daily. Harvesting requires more time, because it is a very delicate 
labor due to fruit spines or prickles. To facilitate this labor, long-arm 
tongs are used and it is usually done early in the morning, preventing 
prickles from getting rigid and inserting into the farmer body. Prickles 
removal and packaging (13–14 kg boxes) are also done manually; a 
person can pack 30–75 kg of fruit per h, considering removal, accom
modation and fruit weighing. In general, no fertilizers nor organic 
matter are used. About phytosanitary products, main active substances 
are dimethoate (1.5%) and chlorpyrifos (2%) for preventing Mediter
ranean fruit fly (Ceratitis capitata) and cochineal (Dactylopius coccus), 
respectively. Chlorpyrifos treatment is done approximately once a 
month but not during the harvest period (August and September). In 
contrast, dimethoate treatment is carried out every two weeks from the 
second half of July to the end of September. Official Spanish production 
is around 720 t per year (MAPA, 2018), but real production is difficult to 
quantify. 

3.2. Cost analysis 

Table 2 shows cactus pear production cost analysis for Mexico, Italy 
and Spain, and shows clear differences among countries. With the main 
costs being harvest, pruning/scozzolatura/thinning and wages/salaries 
in Mexico, Italy and Spain, respectively. 

3.3. Analysis of the gross economic profit margin 

Mexican average production per ha is approximately 12.8 t ha� 1 (400 
crates), with a selling price of 3.2 € per crate (Losada et al., 2017); this 
gives a total of 1280 € per ha planted and a profit of ~340 € per ha. 

Italian average production per ha is approximately 15.1 t ha� 1 (Basile 
et al., 2002). Timpanaro & Foti (2014) calculate farm incomes consid
ering fruit market value in 2013 at different producing areas. By 
combining average yields and prices, average farm incomes vary from 
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4756 € ha� 1 for “Belice Valley” to 6672 € ha� 1 for “San Cono Hills” (þ40% 
of the minimum). Thus, the average income is 5714 € per ha, leading to 
an average profit of 1659 € per ha. 

Spanish average production per ha is 234 t ha� 1 (range 195–273). 
Prices ranges between 1.05 and 1.8 € per kg. Average income is 555,255 
€ per ha leading to an average profit of 545,801 € per ha. 

3.4. Economic analysis of cactus pears production regarding bio- 
functional, medicinal, nutraceutical and cosmetic properties 

Table 3 shows average content of bio-functional, medicinal, nutra
ceutical and cosmetic components in cactus pears according to pub
lished research. Table 4 summarizes average commercial quantities and 
prices, average quantity for the main bio-functional, medicinal, nutra
ceutical and cosmetic components and value (€) of 1 g of cactus (dry 
weight, dw) according to its composition. 

The next step in the analysis is looking at the cost of obtaining these 
compounds in prickly pear. These processes and their costs depend on 
the type of plant material and compound to be extracted. There are no 
studies on these and in-depth cost analysis should be done considering 
the estimated value shown in Table 4. This will give an estimate of the 
viability of cultivating Opuntia for these purposes. 

3.5. Economic estimation of cactus pear production value considering 
environmental issues 

Most plants open stomata at dawn, taking CO2 from the atmosphere, 
which is incorporated into various products of photosynthesis. Diurnal 
opening of stomata leads to an inevitable loss of water from leaves and 
meristematic stems. CO2 intake and water loss occur mainly at night in 
Opuntias, when temperature is lower and humidity is higher, reducing 
water loss. CO2 intake and Opuntia biomass accumulation depend on 

environmental conditions, mainly soil water content, air temperature, 
light and various soil elements. Allegra et al. (2015) and Pimienta-
Barrios et al. (2005) quantified this CO2 intake (Table 5); their data 
considered close-to-optimal temperatures, wet soil and indicated 
photosynthetic photon flow (PPF), and showed that O. ficus-indica takes 
550 mol CO2 m2 daily. 

Considering data from 3 Spanish orchards, as an average, a 5-years- 
old O. ficus-indica plant has 75 cladodes with an average cladode area of 
0.09 m2 (0.45 m � 0.21 m). This leads to a plant average area of 7.8 m2. 
The average plant density is 714 plants per ha. Thus 1 ha will contain 
5060.47 m2 of cladodes, implying that 1 ha of O. ficus-indica can take 
2,783,261 mol CO2 per d (63.25 kg d� 1). An O. ficus-indica plant is fully 
productive when it is 5 years old and can reach 20 years of full pro
duction. Consequently, 1 ha of O. ficus-indica can take ~462 t of CO2 
during its complete productive life. 

The number of cladodes were counted in 50 plants to estimate a 
cactus plant weight. Three cladodes per plant were weighted. A young 
plant (6–8 years old) presents 150 cladodes with an average weight of 
2.5 kg each. An adult plant (20 years old) reaches, as average, 250 
cladodes, leading to ~625 kg per adult plant. According to El-Mostafa 
et al. (2014), García-Cayuela et al. (2019), Mena et al. (2018) average 
water quantity of cactus pear is 80%. Thus, an adult cactus pear plant 
has 125 kg of dry mass. 

Gomez-Casanovas et al. (2007) indicate that C content in a cladode is 
36.2%. Thus, an adult plant has 45.25 kg of C (~166 kg of CO2). As a 
result, an adult cactus pear plant fixes 8.29 kg of CO2 per year through its 

Table 3 
Average quantity of bio-functional, medicinal, nutraceutical and cosmetic 
components in cactus pears (μg g� 1 dried weight, dw).  

Compound Average 
content (μg 
g� 1 dw) 

References 

Kaempferol 34.04 El-Mostafa et al. (2014),  
García-Cayuela et al. (2019), Mena 
et al. (2018) 

Myrcetin 65 Mena et al. (2018) 
Isorhamnetin (and 

derivatives) 
590 El-Mostafa et al. (2014),  

García-Cayuela et al. (2019), Mena 
et al. (2018), Yeddes et al. (2013) 

Luteolin 8.4 El-Mostafa et al. (2014) 
Ferulic acid (and 

derivatives) 
1050 Mena et al. (2018) 

Catechin 50 Mena et al. (2018) 
Guaiacyl(t8-O-4) 

guaiacyl-hexoside 
105 Mena et al. (2018) 

Guaiacyl(8-O-4) 
syrinigyl(8–8) 
guaiacyl-hexoside 

60 Mena et al. (2018) 

Syrinigyl(t8-O-4) 
guaiacyl 

60 Mena et al. (2018) 

Sinapic acid (and 
derivatives) 

1140 Mena et al. (2018) 

Quercetin (and 
derivatives) 

91.1 El-Mostafa et al. (2014),  
García-Cayuela et al. (2019), Mena 
et al. (2018), Yeddes et al. (2013) 

Narigin (and 
derivatives) 

75 Mena et al. (2018) 

Syringaresinol 105 Mena et al. (2018) 
4-Hydroxy-benzoic acid 665 García-Cayuela et al. (2019) 
Piscidic acid 18865 García-Cayuela et al. (2019) 
Betaxantins 196 Cano et al. (2017); García-Cayuela 

et al. (2019) 
Betacyanins 328 Albano et al. (2015); Cano et al. 

(2017), García-Cayuela et al. (2019)  

Table 4 
Average commercial quantities and prices, average quantity (in micrograms in a 
gram of cactus pear dry weight) for the main bio-functional, medicinal, nutra
ceutical and cosmetic components and value of each g of cactus (dry weight) 
according to its composition.  

Compound Weight Average 
price (€) 

Average 
price (€ 
μg� 1) 

Average 
content 
(μg) in 1 g 
dw of 
cactus pear 

Value 
(€) of 1 g 
dw of 
cactus 
pear 

Kaempferol 
(520-18-3) 

20 mg 213.68 0.010684 34.04 0.36 

Myricetin 
(529-44-2) 

20 mg 238.11 0.011906 65 0.77 

Rhamnetin 
(90-19-7) 

10 mg 198.42 0.019842   

Fisetin (528- 
48-3) 

10 mg 195.37 0.019537   

Isorhamnetin 
(480-19-3) 

10 mg 204.53 0.020453 589.87 12.06 

Myrcene (123- 
35-3) 

100 
mg 

134.32 0.0013432   

Galangin (548- 
83-4) 

20 mg 225.89 0.0112945   

Kaempferide 
(491-54-3) 

10 mg 177.05 0.017705   

Luteolin (491- 
70-3) 

10 mg 189.26 0.018926 8.4 0.16 

Ferulic acid 
(537-98-4) 

1 g 134.32 0.134320 1050 141.04 

Gossypetin 
(489-35-0) 

10 mg 265.58 0.026558   

4-Coumaric 
acid (501- 
98-4) 

1 g 134.32 0.00013432   

3-Coumaric 
acid (14755- 
02-3) 

1 g 134.32 0.00013432   

2-Coumaric 
acid (614- 
60-8) 

1 g 134.32 0.00013432   

(þ)- Catechin 
(154-23-4) 

10 mg 186.21 0.018621 50 0.93 

Morin (480- 
16-0) 

20 mg 195.37 0.0097685    
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cladodes. This value should be revised and checked with in-depth 
studies, but it allows estimating the value of 1 ha considering environ
mental issues. 

Bautista-Cruz et al. (2018) showed how cactus crop can contribute 
effectively to soil accumulation of organic carbon. Thus, cactus pear 
cultivation can be a successful way to mitigate climate change in arid 
and semiarid regions. Obviously, the amount of CO2 remaining in the 
soil will depend on the agricultural practices applied by the farmers. A 
major concern is how to implement and achieve that sustainable prac
tices helping to mitigate climate change become part of farmers’ way of 
cultivating. As presented, ROAECS are agro-environmental schemes 
based on the idea of paying landowners for achieving specific environ
mental outcomes. ROAECS could be designed to adapt cactus pear 
production and management practices defining measurable and objec
tive indicators consistent with ecological goals. SOC in cactus pear farms 
can be an effective indicator as it totally fulfils the stated requirements. 
Cactus pear plantations can function, not only as a water reserve, but as 
a carbon reservoir in arid and semi-arid regions offering a cost-effective 
agricultural contribution to climate change mitigation. Furthermore, it 
will reduce soil erosion and water pollution. 

Carbon price is an issue to be analyzed. According to Point Carbon 
(Reuters, 2014), carbon price estimates would remain below 10 € during 
2015 and 2016, dropping below 5 € in 2020, but rising steeply up to 
around 50 € by 2030. Carbon was marketed in recent years within the 
EU Carbon Trading Scheme, starting from a value close to 30 € per t of 
CO2 in 2008 (Carbon Market Watch, 2014), since 2012 price has 
persistently been under 10 € t per t of CO2 until March , 2018 and being 
over 20 € per t since December , 2018. Given carbon price ranges and the 
uncertainty over prices might apply, various scenarios should be 
considered. 2020 current average value, according to European bourse 
for Unit Allowances and Carbon Credits (SENDECO2, 2020), is around 
25 € per t of CO2. A 20 € value could, therefore, represent an average 
estimate during 2020–2030, but as previously stated, there can be no 
guarantee for future carbon prices (UK-Department of Energy and 
Climate Change, 2013). 

4. Conclusions 

This study had 3 aims and conclusions will be summarized for each 
one of them:  

1 Economic evaluation of cactus pear production structure and costs in 
Mexico, Italy and Spain. Production structure is different in each 
producing country, with Spain not being a real productive sector but 
consisting of isolated farms. The high price that the product reaches 
(and the profitability) is because the demand is much higher than the 
production. On the other hand, Italy presents a developed cactus 
pear producing sector. Spanish producers should look at Italy before 
growing to avoid problems derived of increasing production without 
real and effective distribution channels and mature demand.  

2 Economic analysis of cactus pear bio-functional, medicinal, nutraceutical 
and cosmetic properties. Quantities of compounds with bio-functional, 
medicinal, nutraceutical and cosmetic properties in several crops 
have been analyzed; Opuntia holds the highest contents of several of 
these compounds. Average quantities and average prices of these 
highly demanded components compared with average quantity (in 
μg) of these components in 1 g of dried cactus pear have been pre
sented. Further research should look at the cost of obtaining these 
compounds. Obtaining these compounds could increase profitability 
of cactus pear production and, thus, promote a comprehensive 
development of the rural areas in which the production takes place.  

3 Economic estimation of applying carbon soil sequestration schemes in 
cactus pear production considering environmental issues. Cactus pear 
cultivation is a successful tool to mitigate climate change in arid and 
semiarid regions. Farm and cultivation practices and systems are key 
aspects of how cactus crop can contribute effectively to improve soil 
carbon sequestration. To better develop this issue, measurable and 
objective indicators consistent with ecological goals are required. 
Such indicators should also be used to establish sustainable pro
duction and management practices. Under a policy perspective, 
these indicators should be embraced in a ROAECS to boost their 
adoption among farmers. 

As a general conclusion, cactus pear cultivation can be an effective 
tool for rural development in European arid and semiarid areas 
regarding production, job creation and environmental issues. 
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