
188 

Th e eff ect of salinity and high boron on growth, 

photosynthetic activity and mineral contents 

of two ornamental shrubs

S. Bañón1,2, J. Miralles1, J. Ochoa1, M.J. Sánchez-Blanco2,3

1 Department of Plant Production, Technical University of Cartagena, Cartagena, Spain
2Sustainable Horticulture in Arid Zone Group, CEBAS-Technical University of Cartagena, 

Cartagena, Spain
3CEBAS-Spanish National Research Council (CSIC), Murcia, Spain

Abstract

Bañón S., Miralles J., Ochoa J., Sánchez-Blanco M.J., 2012. Th e eff ect of salinity and high boron on growth, 

photosynthetic activity and mineral contents of two ornamental shrubs. Hort. Sci. (Prague) 39: 188–194.

Simultaneous salinity and boron (B) excess often occur due to irrigation with water containing high levels of salts, includ-

ing B. Th e eff ects of excess of NaCl and B in the nutrient solution on some agronomical and physiological parameters 

of Viburnum tinus (laurustinus) and Metrosideros excelsa (metrosideros) were studied. Potted plants were grown in a 

factorial combination of B (1 and 6 mg/l) and NaCl (2 and 6 dS/m). B toxicity (6 mg/l) caused tip/edge burn in the lower 

leaves of laurustinus, while these symptoms were absent in metrosideros. Toxicity by B reduced dry biomass in the two 

species, particularly the aerial part in metrosideros and the roots in laurustinus. Metrosideros accumulated a similar 

content of B in all leaves, while the laurustinus tended to accumulate more B in the lower leaves. Th e leaf B content in 

laurustinus was reduced by salinity to a greater extent than in metrosideros; however, this was not suffi  cient to prevent 

injuries to the laurustinus photosynthetic system. 
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Th e use of marginal waters containing high salt 

and B concentrations is common in many areas of 

the world, especially in arid and semiarid environ-

ments (Yermiyahu et al. 2008). Although boron 

(B) is an essential element for plant growth, it can 

be toxic for plants when its concentration in the 

soil solution exceeds a given threshold value. Plant 

tolerance to B diff ers widely among species and cul-

tivars (Wu, Dodge 2005), and depends on the con-

centrations of B in the irrigation water applied to 

the root zone, which may cause growth reduction 

or leaf injury. Saline groundwater often has a high 

B content (1–6 mg/l) and, in recent years, B toxicity 

has become a problem due to the use of desalinated 

water, which often has high concentrations of B 

(1 mg/l). Th e addition of desalinated water to mu-

nicipal water in the Iberian Peninsula is gradually 

increasing the B content in reclaimed sewage. 

In gardening and landscaping in Mediterranean 

areas it is very common to use ornamental shrubs 

adapted to local climatic conditions. Among these, 

metrosideros from New Zealand and laurustinus 

Vol. 39, 2012, No. 4: 188–194 Hort. Sci. (Prague)



 189

from the Mediterranean are widely known. Th e lat-

ter has been classifi ed as a salt-sensitive while met-

rosideros as salt-resistant (Azza et al. 2007). Levels 

of B above to the optimum range cause signifi cant 

changes in the metabolism of higher plants. Th us, 

sensitivity to high B apparently involves reduced 

expansion in meristematic regions (causing loss 

of leaf area (LA)) and the development of necrotic 

regions in leaves (reducing the photosynthetic ca-

pacity and overall quality). Toxic levels of B have 

also been shown to cause root growth inhibition 

(Cervilla et al. 2009). Th e exact mechanism of B 

uptake by plant roots is controversial, since experi-

mental fi ndings suggested both active and passive 

uptake (Brown, Shelp 1997). While the boron tol-

erance mechanism of plants shows similarity to the 

salt tolerance mechanism, the combined eff ect of 

salt and B in plant tissues appears to be very com-

plex (Bastías et al. 2010). Also, although the ef-

fects of B toxicity on gas exchange, ion distribution 

and plant morphology were studied in several spe-

cies, less is known about the stress eff ect of excess 

B on the photosynthetic system. 

Th e objective of this work was to determine 

the eff ects of B excess under saline conditions in 

two ornamental species with diff erent degrees of 

salinity tolerance. Th e response in terms of plant 

growth, gas exchange, photosynthesis and ion ac-

cumulation were evaluated in order to elucidate 

whether salinity enhances or reduces the eff ects of 

B in these species.

MATERIAL AND METHODS

Plant material and growing conditions. Seed-

lings of one year old metrosideros (Metrosideros 

excelsa) and laurustinus (Viburnum tinus) were 

transplanted to black PVC pots of 2.8 l volume. 

Th e pots were fi lled with a mixture of coconut fi b-

er-bark and perlite (4:1 v/v), and were introduced 

into holes (16 cm × 16 cm) of a metal grid made 

up of corrugated iron Ø 10 mm, which was 80 cm 

off  the ground. Th e distance between pots was 

32 cm × 48 cm, resulting in 6.5 pots/m2 of metal 

grid bench. Transplantation of seedlings to culti-

vation pots was performed on 4 March 2009, and 

the experiment fi nished on 29 September 2009. Th e 

experiment took place in a greenhouse covered to-

tally with polycarbonate sheets and located at the 

Experimental Agro Food Station of the Polytechnic 

University of Cartagena, Spain. Th e plants were ir-

rigated using computer-controlled automated pro-

grammable equipment (Agrónic 4000; Progés, s.a., 

Bellpuig, Spain) to control four pumps connected 

to four 1,000 l tank. Each pot had one emitter 

(2 l/h) connected to two spaghetti tubes (one each 

side of the pot). During the irrigation the doses and 

frequency diff ered for each species. Th e irrigation 

volume was determined by noting when the leach-

ing fraction reached 15–20%, and the irrigation 

frequency by taking into account when pots lost 

between 70 and 90% of easily available water in the 

substrate, determined by weight.

Th e ion concentrations (mg/l) in the irrigation 

water were: Na+ (90.75), K+ (9.66), Ca2+ (95.89), Mg2+ 

(54.02), chloride (152.03), sulfate (305.55), carbonates 

(< 5), bicarbonate (78.26), nitrates (114.54), ammo-

nia (0.18), phosphate (4.26), boron (0.34), manganese 

(< 0.02), iron (0.042), zinc (0.072), copper (< 0.04). 

Nutrients were provided at constant concentrations 

in the irrigation water. Nutrient solution contained 

100 N, 30 P
2
O

5
, 120 K

2
O, 60 CaO (ppm). It was made 

by mixing KNO
3
, Ca(NO

3
)

2
, NH

4
(NO

3
), K(HPO

4
) 

and HNO
3
, the pH was adjusted to 6. Th e added fer-

tilizers increased the EC approximately by 0.7 dS/m. 

Before fertilization the irrigation water had the EC of 

1.3 dS/m and the pH of 7.3. Th e temperature and rel-

ative humidity were recorded continuously during 

the experiment by a datalogger (HOBO H08-004-02; 

MicroDAQ.com, Ltd., Contoocook, USA). Weather 

conditions were 10.3°C (min.), 24.7°C (average) and 

36.9°C (max.); min. relative humidity was 22.4%, and 

the max. 100%, with a mean of 65.5%.

Salinity and boron treatments. Four treatments 

started on 6 April 2009: (1) irrigation with saline 

water and low B (6 dS/m and 1 mg/l); (2) irrigation 

with non-saline water and excess B (2 dS/m and 

6 mg/l); (3) irrigation with saline water and B excess 

(6 dS/m and 6 mg/l); and (4) irrigation with non-

saline water and low B (control irrigation, 2 dS/m 

and 1 mg/l). Fifteen plants per treatment were cul-

tivated. In each treatment, one pot (or plant) was a 

replicate. Salinity and B were supplied as sodium 

chloride and boric acid, respectively, in the base 

nutrient solution of each 1,000 l tank.

Measurements of growth, leaf area and defo-

liation. At the end of the experiment, leaf area (LA) 

and the dry weight (DW) of roots and aerial part 

were determined. Th e substrate was gently washed 

from the roots (with pressurized water using a 

hose with fl at tip). To calculate the DW, the aerial 

part or roots were introduced in envelopes clearly 

identifi ed and placed in a natural convection bac-
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teriological stove (model 2002471; JP Selecta, S.A., 

Barcelona, Spain) at 60°C until constant weight was 

reached. Finally, the DW was determined by weigh-

ing with a GRAM ST balance (sensitivity of 10 mg 

and up to 1,200 g; Gram Precision S.L., Barcelona, 

Spain). Th e growth index determined was the shoot 

DW/root DW (shoot/root). Blade area was deter-

mined with a leaf area meter (LI-3100C; LI-COR 

Biosciences, Lincoln, USA). Leaf fall was collected 

during the growing season and the cumulative area 

of these leaves per plant was recorded and calcu-

lated as a percentage of the LA (blade surface of 

leaves non-drop and drop per plant).

Mineral ions determination. To determine the 

total contents of B, tissue samples (lower and upper 

leaves, shoots and roots) were prepared by ashing 

0.25 g of each sample in a furnace at 500°C for 5 h. 

Five ml of 1M HCl were added to the cooled ash, and 

the solution was fi ltered after 15 min and analysed. 

Th e B concentration was determined by inductively 

coupled plasma-mass spectrometry (Agilent 7500ce 

ICP-MS; Agilent Technologies, Santa Clara, USA). 

Dry matter samples of leaves were used to determine 

sodium (Na+) and chloride (Cl–) concentrations. 

Leaves were taken from all parts of the plant. Dry 

tissue samples were ground and three sub-samples 

of 0.2 g were analysed after extraction in 50 ml of 

distilled water by ion chromatography (model 861; 

Metrohm AG, Herisau, Switzerland). 

Gas exchange, leaf chlorophyll and chloro-

phyll fl uorescence. Stomatal conductance (g
s
) 

and net photosynthesis rate (P
n
) were measured at 

midday. P
n
 and g

s
 were measured using a CIRAS-2 

Portable Photosynthesis System (PP Systems, 

Amesbury, USA). Chlorophyll fl uorescence of the 

same leaves was measured using a Pulse Modulated 

Fluorimeter FMS-2 (Gomensoro Scientifi c Instru-

mentation, S.A., Madrid, Spain). Th e relative con-

tent of chlorophyll was measured with a SPAD-502 

chlorophyll meter (Konica Minolta Sensing, Inc., 

Osaka, Japan). A shot in the middle of the limbo 

leaf was made on six leaves (facing south and mid-

height) per plant, and for each plant the average of 

six shots was determined. 

Statistical analysis. Two factors (B and salin-

ity) and their interaction were analysed by two-

way analysis of variance using Statgraphics Plus 

for Windows (Manugistics Inc., Rockville, USA). 

Treatment means were separated by the LSD test 

(P < 0.05). Ratios and percentages were arcsine 

(x)1/2 transformed before statistical analysis to en-

sure homogeneity of variance.

RESULTS AND DISCUSSION

Boron toxicity leaf symptoms 

and plant growth

The growth and development of the plants of 

metrosideros and laurustinus irrigated with water 

of 6 mg/l was clearly affected (Table 1), although 

differently in each case. Visual leaf symptoms due 

to B toxicity in laurustinus were tip/edge burn of 

old leaves, while in metrosideros red and necrotic 

spots appeared in the middle and edge of blade. 

B excess reduced plant DW by 11% (laurustinus) 

and 24% in metrosideros (Table 2), which indi-

cates metrosideros growth was more affected 

by B toxicity. Salt stress decreased plant DW in 

laurustinus and metrosideros by 60 and 27%, re-

spectively (Table 2). Alpaslan and Gunes (2001) 

Table 1. Level of signifi cation from the two-way ANOVA 

conducted to determine the eff ects of boron (B), NaCl 

and interaction NaCl × B on the studied parameters 

Parameters

Metrosideros Laurustinus

NaCl B
NaCl 

× B
NaCl B

NaCl 

× B

Plant dry weight (g) ** *** ** *** *** ns

Leaf fall (%) *** *** *** *** ** ***

Shoot/root ** ** ns ** * ns

Leaf area (dm2) ** *** *** *** *** ns

Upper leaf B 

(mg/kg DW)
** ** ns ** ** ns

Lower leaf B 

(mg/kg DW)
*** *** *** ** *** ***

Shoot B (mg/kg DW) ** *** ns ** *** ns

Root B (mg/kg DW) * *** * * *** ***

Leaf Na+ (mg/g DW) *** ** *** *** ns ns

Leaf Cl– (mg/g DW) ns ns ns *** ns ns

g
s
 (mmol/m2s) ** * ns *** ** **

P
n
 (μmol/m2s) ** ** * ** ** **

SPAD readings ns ns ns ** * *

F
v
/F

m
ns ns ns ** ** ns

èPSII ns ns ns ** ** *

NPQ * ns ns * *** **

ns – non-significant, *P < 0.05, **P < 0.01,***P < 0.001;

g
s
 – stomatal conductance, P

n
 – net photosynthesis rate, 

SPAD – chlorophyll content, ETR – apparent electron 

transport rate, Fv/Fm – maximum photochemical efficiency 

of photosystem II, NPQ – nonphotochemical quenching, 

éPSII – quantum yield of PSII linear electron transport, 

DW – dry weight
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reported growth reduction in other species due to 

high levels of B. B toxicity affects different aspects 

of vascular plants, altering metabolism, reducing 

root cell division, lowering the leaf chlorophyll 

contents and photosynthetic rates, and decreased 

lignin and suberin levels, among others (Nable 

et al. 1997). Accordingly, reduced plant growth 

is typical of plants exposed to high B levels. Lau-

rustinus root growth was more sensitive to B tox-

icity than aerial part growth, while the contrary 

was true in metrosideros (Table 2). This was due 

to metrosideros dropped damaged leaves to elimi-

nate the B, so that fewer damaged leaves remained 

on the plant (Table 2). This avoidance mechanism 

did not occur in laurustinus as only the totally 

damaged leaves fell and many damaged leaves, in-

cluding those with almost the whole blade burnt, 

remained. This response resulted in a loss of orna-

mental quality and therefore of commercial value. 

Moreover, laurustinus plants irrigated with excess 

B probably decrease their capacity to absorb wa-

ter and nutrients, because a high shoot/root ratio 

means that the plant is more likely to suffer from 

water stress (Miralles et al. 2009). Yermiyahu 

et al. (2008) and Cervilla et al. (2009) found that 

excess B increased the shoot/root ratio in bell 

pepper and tomato plant, respectively. Salinity × B 

interaction was significant for leaf fall in both 

species (Table 1), meaning that salinity mitigated 

leaf fall in high B conditions; this effect was more 

marked in laurustinus, in which saline conditions 

suppressed leaf fall due to B toxicity (Table 2).

Concentrations of boron, sodium 

and chloride in the plants

Brown et al. (1998) demonstrated that patterns 

of B accumulation and B toxicity symptoms diff er 

dramatically between species commonly used in 

the ornamental industry. In the majority of species, 

B toxicity symptoms were observed in tissues with 

a B concentration ranging from 600 to 1,600 mg/kg 

DW after fi ve months of 25 mg/l B treatment. In 

species with no B toxicity symptoms, the B concen-

trations ranged from 100 to 400 mg/kg DW after 

fi ve months of 0.5 mg/l B treatment. Although dif-

ferent concentration of B was applied in this exper-

iment, the results of Brown et al. (1998) suggest 

that the leaves of metrosideros or laurustinus ex-

hibit of toxicity symptoms when the leaf B content 

exceeds a threshold value. According to the Table 3, 

the leaves of metrosideros exhibited toxicity symp-

toms when the leaf B contents exceeded 400 mg/kg 

DW (about 800 mg/kg DW caused leaf drop), while 

B contents of around 1,384 mg/kg would be nec-

essary to produce strong necrosis in the leaves of 

laurustinus.

Laurustinus plants accumulated less B in shoots 

and roots than metrosideros, which points to a 

Table 3. Eff ects of salinity and boron (B) on concentrations 

of (B) (mg/kg DW), sodium (Na+) (mg/g DW) and chloride 

(Cl–) (mg/g DW) in the plants

Parameters
Salinity

(dS/m)

Metrosideros

B (mg/l)

Laurustinus

B (mg/l)

1 6 1 6

Upper leaf B
2  57.78a 404.41b*   60.12a  214.23b*

6  66.27a 319.98b   54.46a  198.78b

Lower leaf B
2  63.79a 428.59b*   58.32a 1,384.23b*

6  72.89a 335.23b   71.36a  424.78b

Shoot B
2  75.32a  93.62b*   18.80a   61.96b

6  68.05a  84.01b   16.59a   51.75b

Root B
2  48.05a 352.58b*   19.27a  139.53b*

6  51.40a 126.39b   27.78a   88.75b

Leaf Na+
2   0.74a*   0.72a    0.92a*    0.73a*

6   5.29b   0.88a   19.84a   20.44a

Leaf Cl– 2   2.70a   2.75a    5.52a*    4.44a*

6   3.02a   2.80a   34.93a   35.21a

*significant differences as a result of salt; different letters 

indicate significant differences between boron (B) content, 

both according to the LSD test (P < 0.05); for abbreviations 

see Table 1

Table 2. Effects of salinity and boron (B) on growth para-

meters 

Parameters
Salinity

(dS/m)

Metrosideros

B (mg/l)

Laurustinus

B (mg/l)

1 6 1 6

Leaf fall (%)
2   1.80a*  29.88b*   0.65a*  11.86b*

6   8.04a  12.01b  23.43a  24.44a

Plant dry 

weight (g)

2 169.52b* 128.97a 242.02b* 216.19a*

6 123.41a 123.22a  99.41b  78.76a

Shoot/root
2   3.56b*   3.02a*   2.77a*   3.08b*

6   2.78b   2.33a   3.33a   3.54b

Leaf area 

(dm2)

2  51.67b*  27.99a  73.22b*  64.95a*

6  39.80b  33.31a  39.92b  31.28a

*indicates significant differences as a result of salt; different 

letters indicate significant differences between boron (B) 

content, both according to the LSD test (P < 0.05)
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greater restriction of B uptake in the latter species. 

We suggest that metrosideros developed two eff ec-

tive mechanisms against B toxicity: (1) removing ex-

cess B by dropping leaves and (2) preventing B from 

entering the plant by retaining it in the roots. Th ese 

mechanisms enabling it to maintain a suitable com-

mercial aspect, avoiding leaf necrosis. Nable et al. 

(1997) indicated that the leaves of species suscep-

tible to B toxicity generally have higher B concen-

trations than tolerant species, so that metrosideros 

could be considered a species resistant to B toxicity, 

while laurustinus is sensitive. Metrosideros was also 

more salt-resistant than laurustinus (Table 2), which 

could be related with the diff erent degrees of resist-

ance of both species to B toxicity, since their salin-

ity resistance mechanisms also control the excessive 

uptake of B (Alpaslan, Gunes 2001).

B toxicity symptoms in laurustinus may be at-

tributed to the low mobility of B in the plant 

(Brown, Shelp 1997). After being loaded into the 

xylem, B is transported through the vascular system 

to the shoots by the transpiration stream (Brown 

et al. 1998), resulting in a high accumulation of B in 

the mature leaves which had the highest transpira-

tion levels. However, the mobility of B is drastically 

divergent in diff erent plant species (Takano et al. 

2008). In this experiment, the lower leaves of lau-

rustinus accumulated much more B than those of 

metrosideros, the highest levels being observed in 

the non-salinated plants exposed to excess B (Ta-

ble 3). Brown and Shelp (1997) suggested that B 

can also be transported via phloem, improving its 

mobility and provoking other symptoms such as 

die back in young shoots. Th is behaviour was not 

observed in metrosideros plants, in which the main 

B toxicity symptom was leaves falling, especially 

mature leaves from any part of the plant. Possibly, 

the growth characteristics of this species (globose 

shaped plant with many lateral shoots) could im-

prove B mobility through the plants; consequently 

the leaves of all parts of the plant would present 

similar B concentrations (Table 3).

An antagonistic interaction for the B content 

in the tissues studied was found, being stronger in 

salt-sensitive laurustinus than in salt-resistant met-

rosideros (Tables 1 and 3), which led to leaf B being 

reduced in saline conditions, especially in laurusti-

nus. Grattan et al. (2005) and Edelstein et al. 

(2005) also observed this interactive eff ect in broc-

coli and tomato, respectively. In this sense, Alpa-

slan and Gunes (2001) suggested that tolerance 

to B toxicity in saline conditions may involve dif-

ferential B uptake and transport within the plants. 

Decreasing B uptake in saline conditions could 

have had three main causes: (1) salinity reduces 

B uptake because this stress decreases growth; (2) a 

decrease in transpiration, perhaps as a result of os-

motic eff ect of salinity; (3) the higher content of sa-

line ions in water leads to physiological damage to 

the plant, which consequently diminishes B uptake. 

As regards the third point, in saline conditions, 

laurustinus tended to accumulate more Cl1– and 

Na1+ in leaves than metrosideros (Table 3), which 

is consistent with their diff erent degree of sensitiv-

ity to salinity. Decreasing Na+ uptake in the face of 

increased B would indicate a competition between 

Na+ and B for absorption in metrosideros plants, 

which possibly contributed to decreasing leaf fall 

in salinity and excess B conditions. Controlling 

the uptake and distribution of Na+ is a major trait 

in resistance to salinity. Th us, the combination of 

salinity and excess B reduced the negative eff ects 

of salt through competition between B and Na+ in 

metrosideros, which did not occur in laurustinus 

(Table 3).

Gas exchange, photochemical efficiency 

and SPAD

In saline conditions, the addition of excess B 

increased g
s
 in laurustinus, which did not prevent 

a fall in P
n
 (Table 4). Decreases in P

n
 may be re-

lated to stomatal factors or non-stomatal factors. 

In our experiment, this decrease could be related to 

non-stomata factors, such as damage in thylakoids 

(Pereira et al. 2000), which can aff ect the trans-

port of photosynthetic electrons. Furthermore, 

alterations in some metabolites as consequence of 

salinity and excess B in laurustinus plants could be 

involved, because these plants presented similar 

relative content of chlorophyll (SPAD) values to 

those submitted only to saline stress (Table 4) de-

spite P
n
 under salinity and B excess was lower than 

just under salinity. Study of the photochemical effi  -

ciency of laurustinus showed that nonphotochemi-

cal quenching (NPQ) increased as a result of salin-

ity or B toxicity (Table 4), which means an increase 

of radiant energy dissipated as heat in order to 

protect leaves from photooxidative damage (Max-

well, Johnson 2000). However, when plants were 

subjected simultaneously to both stresses P
n
 but 

not éPSII (quantum yield of PSII (photosystem II) 

linear electron transport) fell sharply, which sug-

Vol. 39, 2012, No. 4: 188–194 Hort. Sci. (Prague)



 193

gests a disorder in electron transport and photores-

piration (Fryer et al. 1998), resulting in a decrease 

of the maximum photochemical effi  ciency of PSII 

(F
v
/F

m
 ratio) from 0.84 to 0.76 (Table 4). Th ese fi nd-

ings support the conclusion that the combination 

of salinity and B toxicity harmed the photosynthet-

ic system of laurustinus. 

In metrosideros, B toxicity slightly decreased g
s
, 

which was followed by proportional decreases in 

P
n
 (Table 4) confi rming that any decrease in P

n
 can 

be mainly assigned to stomatal factors. Contrary to 

what occurred in laurustinus, salinity and B toxic-

ity did not aff ect èPSII or F
v
/F

m
 (Table 4), which 

indicates that the proportion of light absorbed by 

chlorophyll associated with photosystem II (PSII) 

used in photochemistry was maintained under 

stressful conditions. No change in èPSII indicates 

the absence of photoinhibition and no chloro-

phyll loss (Flowers et al. 2007), which was also 

observed to consider leaf chlorophyll levels (Ta-

ble 4). Th e metrosideros plants exposed to salinity 

prevented photosynthetic damage increasing NPQ 

(nonphotochemical quenching), due to the èPSII 

was maintained and the P
n
 was reduced under such 

stressful conditions. Under salinity, excess B did 

not produce any eff ect; however, under non-saline 

conditions, both èPSII and NPQ did not change 

while P
n
 decreased (Table 4). Th is supports the 

conclusion that these plants exposed to salinity did 

not present changes in the rate of photorespiration 

or electron transport, while under excess B there 

was photochemical dissipation. So, salt and excess 

B stressed metrosideros plants were photochemi-

cally healthy and the drop in P
n 

was a result of the 

reduction in g
s
.

R e f e r e n c e s

Alpaslan M., Gunes A., 2001. Interactive eff ects of boron 

salinity stress on the growth membrane permeability and 

mineral composition of tomato and cucumber plants. Plant 

Soil, 236: 123–128.

Azza A., Fatma E., Favahat M., 2007. Responses of or-

namental plants woody trees to salinity world. Journal of 

Agricultural Science, 3: 386–395.

Bastías E., Alcaraz-López C., Bonilla I., Martínez-

Ballesta M.C., Bolaños L., Carvajal M., 2010. Interac-

tions between salinity and boron toxicity in tomato plants 

involve apoplastic calcium. Journal of Plant Physiology, 

167: 54–60.

Brown P.H., Shelp B.J., 1997. Boron mobility in plants. Plant 

Soil, 193: 85–101.

Brown P.H., Hu H., Roberts W.G., 1998. Redefi ning boron 

toxicity symptoms in some ornamentals. Available at http://

slosson.ucdavis.edu/newsletters/Brown_199829071.pdf 

Cervilla L.M., Rosales M.A. Rubio-Wilhelmi M.M., 

Sanchez-Rodriguez E., Blasco B., Rios J.J., Romero 

L., Ruiz J.M., 2009. Involvement of lignifi cation and mem-

brane permeability in the tomato root response to boron 

toxicity. Plant Science, 176: 545–552.

Edelstein M., Ben-Hur M., Cohen R., Burger Y., Ravina 

I., 2005. Boron salinity eff ects on grafted and non-grafted 

melon plants. Plant Soil, 269: 273–284. 

Flowers M.D., Fiscus E.L., Burkey K.O., Booker F.L., 

Dubois J.J., 2007. Photosynthesis chlorophyll fl uorescence 

and yield of snap bean Phasolus vulgaris L. genotypes dif-

fering in sensitivity to ozone. Environmental and Experi-

mental Botany, 61: 190–198.

Frey M.J., Andrews J.R., Oxborough K., Blowers D.A., 

Baker N.R., 1998. Relationship between CO
2 
assimilation, 

photosynthetic electron transport, and active O
2 

metabo-

lism in leaves of maize in the fi eld during periods of low 

temperature. Plant Physiology, 116: 571–580.

Grattan S.R., Grieve C.M., Poss J.A., Smith T.E., Suarez 

D.L., 2005. Does salinity reduce boron’s toxic eff ect in broc-

coli? HortScience, 40: 1075.

Maxwell K., Johnson G.N., 2000. Chlorophyll fl uores-

cence – a practical guide. Journal of Experimental Botany, 

51: 659–668.

Table 4. Eff  ects of salinity and boron (B) on gas exchange, 

chlorophyll fl uorescence and leaf SPAD

Parameters
Salinity

(dS/m)

Metrosideros

B (mg/l)

Laurustinus

B (mg/l)

1 6 1 6

g
s
 

(mmol/m2s)

2 46.63a* 43.31b* 32.08a* 33.02a*

6 44.25a 41.19b 16.70a 24.63b

P
n

 

(μmol/m2s)

2  6.78a*  6.05b  5.34a*  5.28a*

6  6.01a  5.74a  4.02b  2.82a

SPAD read-

ings

2 53.90a 51.22a 56.92b* 46.67a*

6 53.05a 52.69a 41.37a 42.96a

F
v
/F

m

2  0.84 a  0.82a  0.84b*  0.81a*

6  0.83a  0.83a  0.81b  0.76a

èPSII
2  0.39a  0.38a  0.22b*  0.19a

6  0.40a  0.42a  0.19a  0.20a

NPQ
2  2.34a*  2.31a*  2.62a*  3.25b*

6  2.68  2.71a  2.85a  2.86a

*indicate significant differences as a result of salt, and dif-

ferent letters indicate significant differences between boron 

(B) content, both according to the LSD test (P < 0.05); for 

abbreviations see Table 1

Hort. Sci. (Prague) Vol. 39, 2012, No. 4: 188–194



194 

Miralles J., Nortes P., Sánchez-Blanco M.J., Martínez-

Sánchez J.J., Bañón S., 2009. Above ground and pot-in-

pot production systems in Myrtus communis. Transactions 

of the ASABE, 52: 93–101.

Nable R.O., Banuelos G.S., Paull J.G., 1997. Boron toxicity. 

Plant Soil, 198: 181–198.

Pereira W.E., De Siqueira D.L., Martínez C.A., Puiatti 

M., 2000. Gas exchange chlorophyll fl uorescence in four 

citrus rootstocks under aluminum stress. Journal of Plant 

Physiology, 157: 513–520.

Takano J., Miwa K., Fujiwara T., 2008. Boron transport 

mechanisms: collaboration of channels and transporters. 

Trends in Plant Science, 13: 451–445.

Wu L., Dodge L., 2005. Landscape Salt Tolerance Selection 

Guide for Recycled Water Irrigation. Davis, University of 

California, Department of Plant Sciences.

Yermiyahu U., Ben-Gal A., Keren R., Reid R.J., 2008. 

Combined eff ect of salinity excess boron on plant growth 

yield. Plant Soil, 304: 73–87.

Received for publication August 5, 2011

Accepted after corrections February 29, 2012

Corresponding author:

Prof. Sebastián Bañón, Technical University of Cartagena, Department of Plant Production, 

Paseo Alfonso XIII 48, 302 03 Cartagena, Spain

phone: + 34 968 325 537, e-mail: sebastian.arias@upct.es

Vol. 39, 2012, No. 4: 188–194 Hort. Sci. (Prague)


