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Abstract  
 

In the Canary Islands, there is a hydrological imbalance between 

water consumption and renewable water availability. To provide 

more water resources, reverse osmosis (RO) from seawater is 

used. As boron (B) contents in irrigation water higher than 0.7 

mg/L may be dangerous for sensible plants, B concentration in 

RO water (ROW) may be one of the key factors of irrigation 

sustainability. Some orchards have been studied after they have 
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used drip irrigation using different water qualities for 30 years. B 

in water, soils, and banana leaves was determined to check the 

sustainability of ROW irrigation. When irrigating with ROW, in 

which B concentration varies between 1.0 and 1.4 mgB/L, B 

content in banana soils seems to be stabilized at 5–7 mg/kg, and 

no toxicity has been observed in banana leaves. The proper water 

and soil management used by the local farmers probably prevent 

the accumulation of higher B levels in soils. Considering water 

consumption of 9000 m3/ha∙year, 8−11 kgB/ha∙year is applied to 

the soil. The banana plant removes approximately 1 kgB/ha∙year; 

therefore, only 10% of the total B added gets exported. This 

raises the following question: is it better to use membranes that 

are able to reduce B in ROW, increase the leaching fraction, or 

blend water? 
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Introduction 
 

The current production of desalinated water from reverse 

osmosis (RO) now stands at 65.5 million m
3
day

−1
. It represents 

about 69% of the volume of desalinated water produced. There 

are 395 RO desalination plants for irrigation, producing 1.69 

million m
3
day

−1
, which represents a percentage of 1.8% of the 

total volume of desalinated water [1]. A sea water desalination 

plant (SWDP) was built in Gran Canaria for irrigation in 1999, 

which was able to produce 5.5 Mm
3
·year

−1
. 

 

Although water quality for agriculture has been clearly defined 

for a long time [2], if the RO water plants are not designed to 

produce suited agricultural water quality, in the long run this 

could cause farmers some problems. This raises the following 

question: who is responsible for the lack of quality, and therefore 

who will assume the economic cost of losing the fertility of the 

soil? Trying to avoid possible inconveniences, the insular water 

authority of Gran Canaria (Consejo Insular de Aguas, CIAGC) 

financed an ambitious study that analyzed desalinated water by 
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reverse osmosis, RO water (ROW), (alone and blended) quality 

effects on soils and banana production. Some of the results were 

published in Palacios et al, 2000 [3]. Additionally, after seven 

years of operation, there was a study taking into account 

sustainability aspects [4]. Nowadays, there is still a lack of 

specific water standards for desalinated water for the agricultural 

sector [5]. In this sense, the authors point out that sea water 

desalination plants (SWDPs) built today will be in place for 

decades, making post-treatment planning essential for long-term 

agricultural sustainability. They also remark that, when the ROW 

agricultural requirements are not considered at the SWDP, some 

minerals can be easily added by blending the ROW with other 

highly mineralized natural waters (with high alkalinity and 

hardness).  

 

The Canary Islands, located in the Atlantic Ocean at a latitude of 

28°N, are classified as a semiarid region. Their agriculture, 

which has the highest percentage of irrigated agriculture vs. 

cultivated land in Spain (58%), is a very effective water 

consumer in which localized vs. total irrigation represents the 

highest percentage in the country (73%) [6]. In Gran Canaria 

Island there is a typical hydrological imbalance between water 

consumption (160.5 hm
3
·year

−1
) and renewable resources 

availability (141 hm
3
·year

−1
). Thus, more groundwater resources 

are being extracted than recharged and flowing out to the sea. 

However, as more non-conventional resources have been used, 

this imbalance has been decreasing. Nowadays hydrological data 

provide a total groundwater recharge of 46.0 hm
3
·year

−1 
and a 

groundwater abstraction amounting to 65.5 hm
3
·year

−1
 (based on 

CIAGC data from 2016 [7]). If return flows of 15.5 hm
3
·year

−1
 

are considered, the groundwater reserve depletion will amount to 

only 4.0 hm
3
·year

−1
 (representing less than 9% of sustainable 

resources). 

 

Agricultural water in Gran Canaria represents 38% of total 

consumption [7], being the largest consumer of groundwater 

(68,3% [8]). RO production represents 44% of total water 

resources, while RO provides only 14.3% [8] of agricultural 

demand. The first RO plant installed in Gran Canaria for 

agricultural uses began its operation in 1991 [9]. ROW is 
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accessible only to coastal agricultural areas with an altitude 

below 300 meters above mean sea level, due to the high cost 

associated with pumping this resource to the fields located at a 

higher altitude. 

 

Desalinated water in the Canary Islands represents 250 

hm
3
·year

−1
 [10], with RO being the most used technology. 

Therefore, and using the abovementioned world data, 0.9–1% of 

the total world production RO is produced in Canary Islands [11, 

12 and 13]. In this context, the use of desalinized water for 

irrigation, as an unconventional resource, will increase 

agricultural sustainability. Additionally, renewable energy 

consumption in RO must be promoted to assure environmental 

sustainability. 

 

Boron is prevelant in marine waters. Boron concentration in sea 

water is about 4.5 mg/L. Inverse osmosis membranes are less 

efficient at reducing B contents from the water than decreasing 

other ions. While RO membranes reduce salts by 99%, only 

about 70% of total Boron from the sea water is eliminated. Thus, 

it is frequent to find RO waters with contents between 1 and 2 

mg/L. It is known than boron water contents higher than 0.7 

mg/L may be dangerous for sensible plants, and that boron water 

demands careful water management practices [2]. More recent 

irrigation water guidelines have taken into account not only 

direct toxicity but also accumulation. In this sense, the USEPA 

[14] guidelines consider that B concentration in water should 

remain under 0.5–0.7 mg/L for long periods of irrigation and 

under 2.0 mg/L for short-term irrigation. Thus, B concentration 

in irrigation water may be the key factor in sustainable irrigation 

regarding this unconventional resource.  

 

Boron is a known phytotoxic nutrient, as B toxicity is an 

important disorder that can limit plant growth on soils of arid 

and semiarid environments throughout the world [15]. Soil 

characteristics and water management control boron availability 

to plants: factors affecting B availability in soils are solution pH, 

soil texture, soil moisture, temperature, and organic matter 

content [16]. Thus, water management will modify plant uptake. 

B adsorption depends on clay content and on the presence of 
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aluminium and iron amorphous oxides [17, 18 and 19] 

(characteristic materials of andosols, soils frequently presented 

in volcanic islands like Canary Islands). 

 

In Gran Canaria, one of most important crops being produced is 

bananas; in 2018, 77.253 Mkg was produced, which represented 

19% of total production on Canary Island [20]. In 2006, there 

were 2000 ha of banana orchards on Gran Canaria, with an 

average water consumption of 9,900 m
3
·ha

−1
year

−1
 [4]. 

Nowadays, there are 1860 ha of banana orchards on Gran 

Canaria [21], with an average water consumption of 8200–9000 

m
3
·ha

−1
year

−1
 [22], although a higher consumption of 24,946 

m
3
·ha

−1
year

−1
 is allowed [23]. 

 

Banana (Musa acuminata) is sensitive to salt, with a salinity 

threshold of about 1 dS/m [24], demanding high water quality 

for irrigation [25]. Threshold Boron leaf contents for banana are 

80 mg/kg (adequate content) and 300 mg/kg (phytotoxic level, 

[26]. Some sea water desalination plants for banana irrigation 

have been producing water using RO technology for 30 years in 

Gran Canaria Island. The aim of this study is to understand the 

long-term effects of ROW irrigation on B contents in banana 

orchards, which are also influenced by water and soil 

management. 

 

Materials and Methods  
 

The study was realized with water soil and leaves samples 

submitted by farmers from the banana region to the ―Laboratorio 

Agroalimentario y Fitopatológico del Cabildo de Gran Canaria‖ 

and samples studied by the Soil Science Department from 

Universidad de la Laguna, Tenerife (Canary Islands) in 2006. 

During 2018, samples of water, soil, and banana leaves from 

orchards from the same area submitted to the laboratory by the 

farmers were analyzed and studied. 

 

The studied region in Gran Canaria is situated near the NE coast, 

and is affected by the ―Alisio‖ wind. There, the total annual 

precipitation is 243 mm; the annual mean is 19.5 °C; and the 
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lowest and highest monthly means are 16.9 °C and 22.6 °C, 

respectively. 

 

Banana orchards are usually drip irrigated; 3.5 L/h emitters 

spaced 60 cm apart along the line is an example of irrigation 

system set up. The amount of irrigation water applied depends 

on the age of the plant. The amount of water applied slowly 

increases for 6 months until it reaches 90 L per plant per week in 

the winter and 100 L per plant per week in the summer [4]. Soil 

from the site is difficult to standard classify (Arent soils) due to 

the fact that the soil is transported to the sites from different parts 

of the island and deposited close to the coast for banana 

production. Soils are medium- to fine-textured, and slightly 

alkaline, with cation exchange from 30 to 35% and up to 2% of 

organic matter (OM). 

 

Soluble B was determined from 56 water samples in 2006 and 30 

samples in 2018 by inductively coupled plasma optical emission 

spectroscopy (ICP-OES), after a previous 0.45 µm membrane 

filtration. Electric water conductivity (EC) at 20 °C was also 

measured by a conductivity meter. Four water origins were 

considered: Water from Wells (WW) and Dam Water (DaW) 

(conventional resource), Blend Water (BW, mixing different 

water qualities before being sold to farmers), and ROW 

produced by RO Plants.  

 

As B in soil solution is readily available for plant uptake, soluble 

B in saturated extract (BES) was determined from the soils of the 

selected orchards. There are different pools of B in soil fractions 

that are in equilibrium with B in soil solution. Hot water-

extractable B has been considered as a suitable index of plant-

available B [27]. Therefore, hot water extraction method [28] 

was used for analyzing the data distribution of B soils 

determined in hot water (HWSB). Both BES and HWSB were 

analyzed by ICP-OES. 

 

Andic soils from Tenerife were sampled in 2006 and determined 

by Soil Science Department (Proyecto BALTEN, 1994–2006). 

Boron in banana leaf (Giant and Dwarf Cavendish varieties) was 
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determined by ICP, after a previous nitric acid digestion in 

microwave. 

 

Statistical analysis was performed using the package SPSS 26.0 

for Windows (SPSS Inc.). Groups of B content in water (mg/L) 

from the four water qualities are depicting using box plot 

through their quartiles. Program Generalized Linear Models 

(GLM )was used to compare EC (dS/m) and B (mg/L) in water 

and B content in leaves (mg/kg) and in soil (mg/kg), among the 

four water qualities studied; differences between means were 

tested using least significant difference (LSD) post-hoc tests with 

a level of significance P < 0.05. Pearson correlations between (i) 

OM and B content in soil, (ii) B leave contents and B in water, 

and (iii) B leave contents and B in soil were determined. Scatter 

plots are drawn to show the results. 

 

Results and Discussion  
 

In 2006, farmers used water of only two origins. Twelve years 

later, farmers are improving their water management and are 

blending water from different origins (Table 1). However, many 

farmers denominate water origin as the mayor component of the 

total blend. Therefore, DaW shows B contents higher than 

expected with regard to rain water (unique origin to DaW in 

Canary Islands); it is difficult to discriminate DaW from BW 

(Figure 1a). 
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Table 1: Electrical conductivity (EC) (dS/m) and boron (B) in water (mg/L), 

soils (mg/kg), and banana leaves (mg/kg) of four water origins considering two 

periods: 2006 and 2018, with Dam Water: DaW (conventional resource), 

reverse osmosis water (ROW) (produced by reverse osmosis (RO) plants), well 

water (WW), and blend water (BW) (mixing different water qualities before 

being sold to farmers). 

 
Date Water 

Origin 

EC 

Water 

(dS/m) 

B Water 

(mg/L) 

B Soil 

(HWSB) 

(mg/kg) 

B Leaves 

(mg/kg) 

2006 DaW 0.60±0.24a 0.07±0.097a 2.7±2.2a 80–100 

ROW 0.63±0.14a 0.95±0.41b 6.3±2.9b 210–240 

2018 WW 0.31±0.15a 1.2±0.40bc 6.8±1.5b 64.00±11.94b 

DaW 0.55±0.05a 0.89±0.13b 5.27±0.5b 28.22±3.98a 

BW 0.57±0.05a 0.95±0.14bc 5.21±0.5b 38.12±4.22a 

ROW 0.57±0.05a 1.23±0.14c 4.85±0.5b 35.62±4.22a 
 

abc Different letters in superscript following values indicate statistical 

significance. 
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Figure 1: a (left) B concentration (mg/L) of the four water origins from 2018 

and b (right) B in soil, data distribution of B soils determined in hot water 

(HWSB) (mg/kg) related to organic matter (OM) content (in %). 

 

Nowadays, as occurred in 2006, EC shows no significant 

differences among water origin (Table 1). B concentration is 

higher in all the water origins (Figure 1a), with ROW being 

significantly higher than DaW. WW and BW have the same B 

concentration as DaW. Therefore, all the water qualities fit into 

the risk interval defined by Ayers and Westcot [2]. As already 

mentioned, irrigation time period and soil retention capacity are 

considered in irrigation water quality standard for metals and 

metaloids [29,14]. The values in Table 1 show that B 

concentrations vary between the short- and long-range values of 

USEPA [14]. Irrigation water containing this level of B may not 

be immediately toxic to plants. Although the correlation is not 

significant, Figure 1b depicts the relation between OM and B 

content in soil (HWSB), taking into account soil texture. 

Additionally EC, pH, and clay content show no significant 

correlations with HWSB. 

 

Banana region has soils with medium to high clay contents, is 

slightly alkaline pH [3], and OM level higher than 2%, which 

contribute to B adsorption. Furthermore, the amount of B added 

by irrigation; other uncontrolled factors, such as calcium 

carbonate, Fe, and Mn oxides [30]; and soil moisture and 

temperature, are affecting the B content in studied soils. In 2006, 



Water: Ecology and Management 

11                                                                                www.videleaf.com 

B content in soils irrigated with DaW were significantly lower 

than those using ROW. After twelve years, soil B level irrigated 

by water from all origins (included DaM-irrigated soil) is the 

same as ROW soil in 2006. As previously mentioned by Nable et 

al. [15], after prolonged irrigation time with the abovementioned 

water qualities, B soluble levels in soil will increase. Figure 2 

represents available data (2006) distribution of B soils vs. B 

content in Saturation Extract (BSE) in Gran Canaria, depending 

on the water quality applied: DaW and ROW. Lower values in 

saturated extract are found when irrigating using DaW than 

when using ROW. A significant buffer capacity characterizes 

some of the samples analyzed, because the very high values 

determined in soil do not necessarily correspond to high soluble 

B contents in saturated extract. On the other hand, high values of 

BSE, which could reach toxicity levels for plants, are found with 

moderate levels of HWSB when irrigating using ROW. 

 

 
 

Figure 2: HWSB, in mg/kg, vs. B content in Saturation Extract (BSE, in 

mg/L) in Gran Canaria, depending on the water quality applied: DaW and 

ROW. 

 

As mentioned, soil characteristics and water management modify 

B availability to plants [16]. In semiarid regions, low rainfall 

prevents natural leaching, and high water cost promotes the use 

of efficient water irrigation techniques, using low leaching 

fractions when low EC water is applied. Therefore, B 

accumulation on soil surface is a natural consequence of water 
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management practices. Obviously, higher plant extraction levels 

will be associated with higher B contents in soil solution, until 

phytotoxic contents are reached due to the fact that B uptake is a 

passive process acting in response to mainly external boric 

concentration [31]. 

 

Table 1 shows the significantly lower B water concentration 

observed in 2006 for DaW, which significantly affected lower 

boron content determined in soil and in plant. These low levels 

are not found nowadays, as DaW has increased B concentration. 

It is noteworthy that plants irrigated with ROW in 2018 

presented lower B concentration (35.6 mg/kg) than twelve years 

before (210 mg/kg), probably due to the better soil and water 

managements practices used by the farmers. In this sense, some 

amelioration methods used to reduce B risk with the use of soil 

amendments, such as lime or gypsum [15], and organic matter 

addition, are frequently used by banana farmers. This fact 

explains the low B content measured in leaves. 

 

Only banana leaves irrigated using WW have significantly 

higher B contents (64.0 mg/kg) than plants irrigated by other 

water origins. This fact could be explained by WW tendency of 

having lower EC, probably associated with lower leaching 

fraction, and therefore higher B content in soils irrigated using 

this resource. In this sense, Pearson correlations between B leaf 

contents and B in water and B leaf contents and B in soil were 

significant (Figure 3a,b). 

 

Considering 9900 m
3
·ha

−1
·year

−1 
of irrigation water used and 

0.95 mg B/L in ROW, 9.4 kg B·ha
−1

·year
−1 

was applied to the 

soil in the 2006. Assuming a total dry matter yield of 22,000 kg 

B·ha
−1

·year
−1

, and an averaged B content of 210 mg per kg of 

dry matter in plant, only 2.2 kg B/ha·year would be removed by 

banana plant, representing 49% of the total added. Nowadays, 

considering the reduction of the water dosage to 9000 

m
3
·ha

−1
·year

−1
 and from 0.9 to 1.2 mg B/L concentration 

presented in almost all water samples, 8 to 11 kg B·ha
−1

·year
−1 

are added to the soil. Assuming the same yield and an averaged 

B content of 33 mg per kg of dry matter in plant, less than 1 kg 

B·ha
−1

·year
−1 

would be removed by banana plant, approximately 
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representing 10% of the total added. Therefore, progressive 

accumulation should be expected in soil, although the HWSB 

seems to stabilize at the same values as the soils irrigated by 

ROW in 2006. Hence, HWSB apparently was not able to 

measure the mass of B that accumulated during this studied 

period, which will probably be in other soil pools than those 

extracted using this method. On the other hand, this content of B 

in soil is higher than the value of 2–4 mg/kg described by Gupta 

[32], although greater values are mentioned by Nable et al. [15]. 

In this sense, abovementioned soil amelioration methods to 

reduce B risk could explain the low B content measured in 

banana leaves of the studied orchards. 

 

 
 

 
 
Figure 3: a (left) Relationship between B leaf (mg/kg) contents and B in 

water (mg/L) and b (right) B leaf contents (mg/kg) and B in soil (HWSB, 

mg/kg) irrigated with the four water origins. 
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Table 2 presents the results obtained in Tenerife Island in 2006, 

in which Andic volcanic soils were irrigated for near ten years 

using similar water management to that applied in Gran Canaria. 

As observed, although higher levels of HWSB in soil were 

obtained in Tenerife than in Gran Canaria, banana leaf contents 

are much lower. As previously mentioned, B adsorption is high 

in Andic soils due to the presence of aluminum and iron 

amorphous oxides [19]. This fact explained its low availability 

for plants and, consequently, the lower values obtained in foliar 

concentrations. Once again, soil and water management are 

critical factors to predicting the negative effect of B in banana 

production. Consequently, critical values for water quality must 

be revised if Andic soils are to be irrigated. 
 

Table 2: B (mg/L) determined in Andic soils (mg/kg) and banana leaves 

(mg/kg). 

 
 B in Soil, HWSB 

(mg/kg) 

B in Banana 

Leaves (mg/kg) 

Andic soils (Tenerife) 6–12 30–60 

 

Although the HWSB content in soils seems to be stabilized after 

more than 30 years of ROW use (probably by the proper water 

soil and water management used by the local farmers), the 

calculated excess of B applied by ROW related to that absorbed 

by plants raises the following questions: (i) is the hot water 

method used to determine B in soils adequate to estimate B risk 

in these soils?, (ii) is the use of another method that is able to 

determine B excess to assure sustainability necessary?, (iii) how 

long would be the safe period for irrigation in such conditions?, 

and (iv) is the critical concentration proposed by irrigation water 

quality standards [29,14] useful for Canary Islands banana 

orchards?  

 

Another question arises related to the promotion of sustainable 

water management: what is the best option: to use membranes 

that are able to reduce B in ROW resources, to increase the 

leaching fraction, or to blend water of different origins?  

 

Similar boron increase (determined both by hot water and in soil-

water solution) was obtained by these authors irrigating with 
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reclaimed water in forage production in Gran Canaria [33]. Thus, 

unconventional resources must be carefully evaluated both from 

risk and sustainability points of view to provide optimal 

management practices to the farmers. 

 

Conclusions  
 

No phytotoxicity has been observed in banana orchards of Gran 

Canary Island after a period of 30 years irrigating using ROW 

with B contents above 1.0 mg/L. Although a progressive B 

accumulation in ROW irrigated soils should be expected, HWSB 

seems to have stabilized in the last twelve years. Therefore, the 

standard method of soil B measurement (HWSB) is not 

apparently able to measure the mass of B that has been 

accumulating during the last 30 years. Careful management 

practices used by local farmers are probably preventing B 

phytotoxicity in a semi-arid region where low water resources 

are assigned for leaching purposes due to the high cost of water. 

In this sense, a question arises related to the promotion of 

sustainable water management: what is the best option: to use 

membranes that are able to reduce B in ROW resources, to 

increase the leaching fraction, or to blend water of different 

origins? Further studies must be done to answer this question, 

based not only on agronomic considerations but also in 

economic ones. 
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