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Carob tree (Ceratonia siliqua L.), native to the Mediterranean region, is
recognized as a resilient crop due to its ability to thrive in nutrient-poor soils,
withstand drought and harsh climates [1]. Its adaptability to marginal lands
and tolerance to adverse environments make it a promising candidate for
sustainable agriculture in the context of climate change [2].

This study evaluated the response of ten carob cultivars under uniform deficit
irrigation conditions.

The results of this preliminary evaluation highlight ‘D’en Pau’, ‘8P’ and ‘Des Mestre’ as promising
cultivars for sustainable agriculture under water-limited environments.

‘D’en Pau’ and ‘8P’ showed relatively high Ψ and moderate–low gs, indicating efficient water
conservation. SPAD values indicate sustained photosynthetic pigments under limited water. ‘Des
Mestre’ maintained high gs and SPAD despite lower Ψ, reflecting efficient water use and sustained
photosynthetic activity. Adequate irrigation is required to prevent cavitation or dehydration.

These insights support crop adaptation strategies to climate change.

Figure 4. Midday SPAD values measured in cultivars from June to September. Different letters
indicate significant differences among cultivars for each month.

DEFICIT IRRIGATION 
CONDITIONS

All cultivars were grown under uniform
Mediterranean conditions.
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LEAF BAGGING 

Midday stem water potential Ψ (MPa) was
determined using a Scholander pressure
chamber.

STEM WATER 
POTENTIAL (Ψ)2

Midday stomatal conductance gs
(mmol m-2 s-1) was assessed with a
leaf porometer (model SC-1).

STOMATAL 
CONDUCTANCE (gs) 

3

LEAF CHLOROPHYLL 
CONCENTRATION  

Midday leaf chlorophyll
was measured with a
SPAD-502 Plus meter.
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SAMPLING 
PREPARATION 

Significant differences in Ψ were detected in August and September
(p<0.01). The highest water stress was recorded in August, when several
cultivars approached the turgor loss point (Ψ ~ -2.5 MPa), as suggested by
previous studies [3]. By September, plants exhibited clear recovery, reflected
by improvements in Ψ values (Figure 2), likely associated with late August
rainfall. During peak evaporative demand (DOY 218, August), ‘D’en Pau’
maintained the highest Ψ (-1.15 MPa), followed by ‘8P’ (-1.45 MPa) and
‘E13P’ (-1.59 MPa). In contrast, ‘Turis’ (-2.47 MPa), ‘Rojal’ (-2.59 MPa), and
‘Bugadera’ (-2.65 MPa) showed lower values (Figure 2).

Figure 2. Midday Ψ (MPa) measured in cultivars from June to September. Different letters indicate
significant differences among cultivars for each month.

Figure 1. Weekly climograph displaying mean, maximum, and minimum air temperatures (ºC) and
accumulated rainfall average values (mm), based on hourly records.
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Significant differences in gs were detected in June and August (p<0.01). In
August gs reached its minimum, consistent with the period of highest water
stress, as indicated by Ψ. The increase in gs observed in September,
following the rainfall onset, suggests physiological recovery and effective
stomatal reopening across all cultivars, consistent with previous studies
under similar Ψ conditions [6].
In August, cultivars with the lowest Ψ (‘Bugadera’, ‘Rojal’, and ‘Turis’) also
exhibited the lowest gs. This supports stomatal closure as a primary
physiological drought response [4], although complete closure does not
entirely prevent water loss [5]. Among cultivars, ‘Duraió’ showed the highest
gs (604.7 mmol m-2 s-1), suggesting greater gas exchange capacity, while
‘Bugadera’ displayed the lowest (167.9 mmol m-2 s-1) (Figure 3).

Climatic conditions during the four-month study are summarized in Figure 1.
Mean air temperatures ranged between 19.5 ºC and 26.7 ºC, with maximum
values exceeding 40 ºC. Rainfall was limited during the initial weeks;
however, significant precipitation events were recorded between DOY 231
and 237, amounting to 75.6 mm, followed by additional rainfall in
subsequent periods.

A correlation analysis was performed for each water stress parameter across
temperature ranges of 4-25 ºC, 25-30 ºC, 30-36 ºC, and >36 ºC. Significant
correlations (p<0.001) were observed for the 25-36 ºC range.

Results

Significant differences in SPAD were detected in June, July and August
(p<0.01). In September, a modest overall recovery in chlorophyll content
was observed.
During the season of higher water stress (August), minimum SPAD values in
August indicated reduced physiological activity. ‘Des Mestre’ (60.09), ‘D’en
Pau’ (58.32), and ‘Rojal’ (57.82) retained the highest SPAD levels (Figure 4).

Figure 3. Midday gs (mmol m-2 s-1) measured in cultivars from June to September. Different letters
indicate significant differences among cultivars for each month.

Conclusions 

The trial was conducted in an experimental orchard in Sa Granja (Mallorca,
Spain), established in 2021. All cultivars received an irrigation supply of 500 m³
ha-1 year-1.

The trial included local cultivars (‘Duraió’, ‘D’en Pau’, ‘Bugadera’, ‘Des
Mestre’, and ‘Roja d’Eivissa’), commercial cultivars (‘Rojal’, ‘Turis’, and ‘8P’),
and IRFAP-developed open-pollinated selections (‘E13P’ and ‘Granja’).

Key water stress parameters, including stem water potential (Ψ), stomatal
conductance (gs) and leaf chlorophyll concentration (SPAD), were measured
monthly from June to September.

Monthly values of Ψ, gs, and SPAD were analyzed using ANOVA, followed by
Duncan’s multiple range test when significant differences occurred.
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