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Abstract: The fig (Ficus carica L.) is one of the oldest fruit crops cultivated in arid and semi-arid
regions, valued for both its nutritional and economic importance. Thus, ensuring sustainable fig
production under climate change conditions is very important as water scarcity increasingly affects
fruit quality and production. This study assessed the physiological and biochemical parameters in
the leaves of four fig varieties (Fassi, Ghouddane, Nabout, and Ounq Hmam) grown in three different
locations (Chefchaouen, Taounate and Taza) in northern Morocco. The combined effects of location,
variety, and interactions were determined on chlorophyll fluorescence (Fv/Fm), SPAD index, total
chlorophyll Content (ChlT), canopy temperature depression (CTD), proline content, protein content,
total soluble sugar (TSS), Hydrogen peroxide (H202) and malondialdehyde (MDA). Significant
variation was observed among varieties and locations, with the variety effect being the main source
of variability. The results showed that Nabout variety exhibited the greatest photosynthetic efficiency
as indicated by its elevated SPAD index, ChlT, and Fv/Fn values, and showed lower sensitivity to
oxidative stress (low proline content, H2O2, and MDA levels). In contrast, Ghouddane had the highest
values of oxidative stress markers. Among locations, Chefchaouen showed the highest protein, TSS,
H,0,, and MDA levels, reflecting active metabolic adjustments and stress mitigation. These variations
were confirmed by principal component analysis, which revealed a clear separation between
photosynthetically efficient varieties (Nabout and Ounq Hmam) and stress-tolerant varieties
(Ghouddane and Fassi). In conclusion, local varietal selection is essential for optimizing fig
production in regions subject to climatic variability.

Keywords: Ficus carica; physiological traits; chlorophyll fluorescence; Northern Morocco

1. Introduction

The fig (Ficus carica L.) is one of the oldest cultivated fruit crops, known for its ecological
adaptability and its economic and nutritional importance [1,2]. Originally native from the
Mediterranean region, fig trees expanded to warm temperate zones [3] due to their adaptability to
diverse climates [4] and capacity to grow under various soil types [5,6]. Generally, warm-temperate
and arid Mediterranean regions seem to provide the greatest conditions for producing high-quality
fig fruit [7-10]. According to the latest FAOSTAT data, figs were cultivated in 302,347 hectares in the
world, producing about 1,318,974 tons in 2023 [11]. Following these statistics, Turkey is the top
producer (356,000 tons) followed by Egypt (193,057 tons), Morocco (119,166 tons), Algeria (116,183
tons) and Iran (73,483 tons). Indeed, Moroccan fig agriculture covers 69,737 hectares [11] and is
concentrated in the northern regions of the country, including Taounate, Taza, Chefchaouen, Al
Hoceima, Ouazzane, and Tetouane [12,13].

The fig tree represents a rich and varied phylogenetic heritage, reflected in its many varieties
that are well adapted to different eco-geographical conditions and have good agronomic and
ecological characteristics. As one of the world’s major fig producers, Morocco holds important fig
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genetic resources, including several international varieties [14-17]. A study conducted in the
provinces of Taounate, Chefchaouen, Ouezzane and El Jadida identified 43 local fig tree varieties [18].
Among these, the varieties recommended for fresh or dried autumn fig production include Nabout,
Messari, Fassi, Ghouddane, Lassoune, Masfah, Hamri, and Ounq Hmam. This genetic diversity
within Moroccan fig germplasm, in the context of the Mediterranean basin, is the result of long-term
domestication and adaptation to various environments, such as the mountainous regions of
Chefchaouen or the semi-arid plains of Taounate [14,19]. In these regions, economic and sociocultural
factors have contributed significantly to the preservation of traditional culture and the enhancement
of genetic diversity [15,20]. In fact, fig trees have a significant ecological role to sustain the naturel
balance of agroecosystems in semi-arid and arid climates, stabilizing soil structure and promoting
functional biodiversity. However, despite their essential ecological role, native fig varieties in the
Mediterranean area are currently exposed to serious genetic erosion, caused by multiple biotic and
abiotic stresses, including the expansion of monovarietal cropping systems and urban development.

Fig production and development are greatly influenced by geographical origin and associated
factors, sach as altitude, pedoclimatic conditions, and agricultural practices including soil fertilization
and irrigation [21-23]. Prolonged droughts, rising temperatures, and soil salinization are among the
main effects of climate change, particularly in arid and semi-arid areas such as the Mediterranean.
These changes disrupt plant phenological and physiological processes, including stomatal function,
cell water status, and photosynthetic capacity. As a result, environmental stresses significantly
influence tree physiology of fig, reducing affecting growth and productivity. However, fig trees have
developed diverse adaptive mechanisms and physiological processes to manage water scarcity
[24,25]. Following to these authors, the decrease of stomatal conductance was the primary response
to water stress, which controlled transpiration and photosynthesis rates, as well as leaf temperature.
Indeed, recent studies have shown that genotype [24], leaf and fruit development stages [9,26],
growing region, and edaphoclimatic conditions [25] all influence gas exchange capacity. Moreover,
fig trees accumulate osmoprotectors (proline, soluble sugars and antioxidants) and improve their
antioxidant defenses to minimize oxidative stress produced by reactive oxygen species [27]. Under
drought conditions, figs also show reductions in chlorophyll fluorescence (Fv/Fm), chlorophyll index,
and leaf number [25]. In this regard, chlorophyll content and chlorophyll fluorescence have been
widely used to evaluate the adaptation of the photosynthetic machinery and plant performance
under stressed environments [28]. Furthermore, stress-related biochemical markers (proline, soluble
sugars and antioxidants) can provide a global comprehension of stress adaptation mechanisms in fig
trees [29].

The northern Moroccan regions, particularly Chefchaouen, Taounate, and Taza, present diverse
agroclimatic conditions, with considerable variations in temperature, rainfall, and soil characteristics.
These environmental differences influence the physiological performance of fig trees, including
photosynthesis and transpiration, and their ability to manage water stress. However, each fig variety
has a different capacity to adaption, which is essential for selecting the most resilient varieties.
Despite previous studies, there is still limited information on how local fig genotypes respond to
environmental variability under real field conditions. Understanding the physiological and
biochemical responses is crucial for selecting of resilient varieties suitable for cultivation in climate-
stressed areas. In this context, the present work focused on evaluating the combined effects of
location, variety, and their interactions on the physiological and biochemical parameters in four local
fig varieties (Fassi, Ghouddane, Nabout, and Ounq Hmam) grown across three contrasting locations
in northern Morocco.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202505.1585.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 May 2025

d0i:10.20944/preprints202505.1585.v1

3 of 14

2. Results

2.1. Analyses of Variance

Mean squares of the combined analyses of variance for the studied physiological and
biochemical traits of fig leaves are summarized in Table 1. The results showed that variety, location,
and their interaction affected significantly all the studies parameters. Variety effect was significant
and predominant, accounting for more than 63% of variability for SPAD value, ChlT, Fv/Fm, CTD,
proline content, H202 and MDA. In contrast, the location effect was mainly exhibited for protein
content and TSS, contributing to 44% and 75% of total variance, respectively. Location by variety
interaction had a lower effect and explained only 15% of the total variability.

Table 1. Analyses of variance for SPAD index, total chlorophyll content (ChlT), chlorophyll fluorescence (Fv/Fm),
canopy temperature depression (CTD), proline content, protein content, total soluble sugar (TSS), Hydrogen

peroxide (H202) and malondialdehyde (MDA) in leaves of four fig varieties grown at three locations in northern

Morocco.
Variation Df SPAD ChiT Fv/Fm CTD Proline Protein TSS H-0: MDA
Location 2 13.264%*%* 0.614%%* 0.00751%** 18.0123*** 70.926*** ] 4238*** 5 [37*** ] 203%*% () ()398***
Variety 3 47.284%*% (718*** (0.02358***2]1.0292%** 85 12%** (.4952%** ] 2]196%** [2.764%** 3200]***
Replicate 2 0.285 0.018 0.00005 0.0003 0.929 0.0011 0.004 0.005 0.0008
Location*Variet

y 6 22.850%** (.239%*** ().00366*** 8.1465%*** 19.706*** ].3355%** (. 469%** (.208*** (. 545%**

Residual 22 0.187 0.010 0.00022 0.0006 1.457 0.0009 0.004 0.004 0.0007

Total (corrected) 35
* Significant at 0.05 probability level; ** Significant at 0.01 probability level; *** Significant at 0.001

probability level.

2.2. Effect of Location and Variety

The mean values of SPAD index, ChlT, Fv/Fm and CTD are presented in Figure 1. Fig leaves from
Chefchaouen showed higher values for SPAD index (40.113) and ChIT (1.764 mg/g FW), and the
lowest ones for Fv/Fm (0.722) and CTD (1.596 °C). Taounate exhibited the best scores for SPAD index
and ChIT (38.213 and 1.356 mg/g FW, respectively). The highest value of Fv/Fn (0.77), was observed
in Taza. Among varieties, significant differences were observed with Nabout showing the highest
levels for most parameters (SPAD index=41.423, ChlT =1.9 mg/g FW, and Fv/F»=0.809) except for CTD
where Ounq Hmam presented higher values. (4.581 °C). Ghouddane was characterized by the lowest
value for Fv/Fm and CTD (0.685 and 1.187 °C, respectively), whereas the lowest value of SPAD (36.506)
index was observed in Fassi.
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Figure 1. Means values of SPAD index (a), total chlorophylls ChIT (b), chlorophyll fluorescence Fv/Fm (c) and
canopy temperature depression CTD (d) of four fig varieties (FAS: Fassi. GHO: Ghouddane. NBT: Nabout. OQH:
Ounq Hmam) grown at three different locations (Chefchaouen. Taounate and Taza).

For biochemical parameters, significant variation was observed for proline content, protein
content, TSS, H202 and MDA (Figure 2). In fact, Chefchaouen presented the highest ones for protein
content, TSS, H202 and MDA (3.705 mg/g FW, 46.18 umol/g FW, 4.851 mM/g FW and 5.805 mM/g
FW, respectively) except for proline content where Taounate recorded higher values (4.992 umol/g
FW). Among varieties, Ghouddane recorded the highest values for proline content, TSS, H20: and
MDA (15.246 umol/g FW, 42.015 mg/g FW, 5.837 mM/g FW and 6.443 mM/g FW, respectively),
followed by Fassi. However, Nabout leaves showed lowest concentration of proline content, TSS,
protein content, H2O2 and MDA (9.465 umol/g FW, 34.078 mg/g FW, 2.992 mg/g FW, 3.219 mM/g FW
and 5.078 mM/g FW, respectively).
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Figure 2. Means values of protein content (a), total soluble sugars TSS (b), proline (c), malondialdehyde MDA
(d) and hydrogen peroxide H202 (e) of four fig varieties (FAS: Fassi. GHO: Ghouddane. NBT: Nabout. OQH:
Ounq Hmam) grown at three different locations in northern Morocco (Chefchaouan. Taounate and Taza).

2.3. Relationships Between Parameters

Table 2 present the correlation matrix among the studied physiological and biochemical traits of
fig leaves. Positive correlations were found between Fv/Fm, SPAD and ChlT, while all these variables
were negatively correlated to H.02, MDA and proline content. In fact, the greatest and most
significant relationship (r= 0.834***) was observed between SPAD and ChIT. CTD was positively
associated with Fv/Fm (r= 0.652***) and negatively associated with H2O: (r = -0.633***) and MDA (r = -
0.509***). Protein was correlated positively and significantly with TSS (r=0.556***), H20: (r = 0.351%)
and MDA (r = 0.351%). Additionally, TSS showed a negative association with Fv/Fm (r =-0.499***), but
it was positively linked to H202 (r = 0.580***) and MDA (r = 0.488***). Moreover, positive correlations
were found between proline content and both H20: (r = 0.492**) and MDA (r = 0.683***). Finally,
H:02was positively linked to MDA (r = 0.930***).
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Table 2. Correlations between SPAD index, total chlorophyll content (ChIT), chlorophyll fluorescence (Fv/Fm),
canopy temperature depression (CTD), proline content, protein content, total soluble sugar (TSS), Hydrogen
peroxide (H202) and malondialdehyde (MDA) in leaves of four fig varieties grown at three locations in northern

Morocco.
SPAD ChiT Fu/Fm CTD Protein TSS Proline H>0O»> MDA
SPAD 0.834*** 0.299 0.216 0.186 -0.051 -0.433** -0.543***  -0.502*%**
ChIT 0.356* 0.153 0.188 -0.229 -0.552***  -0.556***  -0.570***
Fu/Fm 0.652*** -0.223 -0.499*** -0.456** -0.732***  -0.761***
CTD -0.160 -0.263 -0.295 -0.633***  -0.509***
Protein 0.556*** 0.080 0.351* 0.426*
TSS -0.113 0.580*** 0.488***
Proline 0.492*** 0.683***
HZOZ 0.930***
MDA

* Significant at 0.05 probability level; ** Significant at 0.01 probability level; *** Significant at 0.001
probability level.

2.4. Principal Component Analysis

PCA was conducted on the correlation matrix using mean values to determine relationships
between the studied factors and various parameters. Results showed that the first two PC axes
explained about 72% of the total variance, with PC1 accounting for 51% and PC2 for 21% (Figure 3,
4). PC1 clearly separated protein content, TSS, H20:, MDA, and proline content in the positive
direction from SPAD, ChIT, Fv/Fm and CTD in the opposite direction. The second axis (PC2) allowed
discrimination between Chlt, SPAD, protein content, and TSS towards the upper side and both Fv/Fm,
CTD and Proline content downwards. Regarding varieties (Figure 3), a clear distinction among the
four varieties was shown along PC1. Ghouddane and Fassi were marked by higher values of proline
content, H202 and MDA on the right side, while Nabout and Ounq Hmam were related to SPAD,
ChlT, Fv/Fm and CTD on the opposite side. A separation among locations was detected along PC2
(Figure 4). In fact, Chefchaouen was positioned towards the positive side, with higher values of ChlT,
SPAD, protein content and TSS, while Taounate in the opposite direction interacted with proline
content, Fv/Fm and CTD. Points related to Taza location overlapped between Chefchaouen and

Taounate.
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Figure 3. PCA projections on axes 1 and 2 accounting for 72% of total variance. Eigenvalues of the correlation
matrix are symbolized as vectors representing traits that most influence each axis. The 12 points representing
traits means for each variety (FAS: Fassi, GHO: Ghouddane, NBT: Nabout, OQH: Ounq hmam) are plotted on
the plane determined by axes 1 and 2. Fv/Fm: chlorophyll fluorescence, ChlT: total chlorophyll content, TSS: total
soluble sugars, CTD: canopy temperature depression, MDA: malondialdehyde, H2Oz: hydrogen peroxide.
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Figure 4. PCA projections on axes 1 and 2 accounting for 72% of total variance. Eigenvalues of the correlation
matrix are symbolized as vectors representing traits that most influence each axis. The 12 points representing
traits means for each location (Chefchaouan, Taounate and Taza) are plotted on the plane determined by axes 1
and 2. Fv/Fm: chlorophyll fluorescence, ChIT: total chlorophyll content, TSS: total soluble sugars, CTD: canopy
temperature depression, MDA: malondialdehyde, H202: hydrogen peroxide.

3. Discussion

For a sustainable increase in fig production under climate change conditions, it is necessary to
select new fig plants while considering productivity, drought tolerance, and cultural requirements.
Local fig varieties are the fruit of a lengthy adaptation to climate and soil conditions in Morocco [14].
However, there are no previous studies about the physiological and biochemical behavior of local
varieties according to the combined effects of location and variety and their interactions. Hence, this
work focused on the study of four local fig varieties grown at three different locations in northern
Morocco.

Fig plant is characterised by larger and thicker leaves, which enable enhanced chlorophyll
production and facilitate efficient gas exchange, thereby conferring a robust adaptation to the arid
Mediterranean climate [32]. Indeed, climatic factors such as higher temperature, low rainfall and low
light affect negatively leaf chlorophyll content and photosynthetic parameters, including net
photosynthetic assimilation, stomatal conductance, and transpiration rate in fig trees [24,33].

In this study, we examined the physiological and biochemical traits of four fig varieties growing
in three different locations of northern Morocco. Statistical analysis revealed a significant variability
among locations for all studied parameters in agreement with other research works[34]. These
differences could be explained by pedoclimatic conditions varying from one environment to another.

However, the variety effect was the main variability source, indicating that physiological and
biochemicals parameters are genetically dependent. Previous works have reported significant effects
of genotype on various physiological parameters in fig trees[7,24,26].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Our results revealed that Chefchaouen leaves had the highest SPAD index and ChIT values,
suggesting optimal environmental conditions for chlorophyll synthesis. This confirmed by the high
positive correlation between Chlt and SPAD index. Taounate also showed strong scores for these two
parameters reinforcing its suitability for maintaining robust photosynthetic activity. In fact, the SPAD
index and ChIT are crucial indicators of photosynthetic capacity and overall plant health [35-37].
These results align with research emphasizing the importance of environmental adaptation in
photosynthetic performance [38,39]. Among varieties, Nabout displayed the highest SPAD index and
ChlT, reflecting its genetic predisposition for superior chlorophyll production. These findings
coincide with those of Maatallah et al [7], which reported that Mlouki and Assal cultivars grown
under warm climate conditions of Tunisia had the greatest amounts of chlorophyll and net
photosynthetic assimilation.

The maximum photochemical efficiency (Fv/Fm) is a reliable indicator of photosynthetic
apparatus functionality and light-dependent reactions including water splitting, electron transport,
establishment of the pH gradient across the thylakoid membrane and ATP synthesis [40,41]. Our
results showed that Fv/Fn ratio varied between 0.69 and 0.81 in all varieties in accordance with data
from Mardinata et al [36]. Maximum Fv/Fm ratio was recorded in Nabout (0.81), indicating its ability
to maintain efficient photochemistry under variable environmental conditions. This was confirmed
by the high positive correlation between Fv/Fm and SPAD index. Regarding locations, Chefchaouen
showed the lowest Fv/Fm ratio (0.722), reflecting the stress-induced photodamage on PSII that can be
observed under natural conditions such as drought or high temperatures [25,30,32].

Plants produce and accumulate osmolytes under abiotic stresses, like amino acids (proline),
soluble sugars, and proteins, for maintaining cell turgor [42]. Furthermore, accumulation of such
compounds would produce higher negative water potential in plants, a condition required for
absorbing and holding water in plant cells [43]. Our results proved that Chefchaouen recorded the
highest protein and TSS levels, suggesting that the plants in this location are more actively involved
in stress mitigation through metabolic adjustments. Valluru and Van den Ende [44] showed the
important role of soluble sugars in osmotic adjustment and cell protection by inducing direct
detoxification processes of reactive oxygen species or by stimulating indirectly the antioxidative
defense system. Additionally, accumulation of organic solutes such as soluble carbohydrates and
proline to maintain cell turgor was observed in drought-stressed olive and wheat leaves [30,45].
Regarding varieties, Ghouddane recorded the highest proline content, indicating a strong stress
response mechanism. in fact, proline accumulation is known to be a key response to osmotic stress,
acting as an osmoprotectant to stabilize cellular structures [27,46]. On the other hand, Nabout
exhibited the lowest concentrations of proline content, TSS, and protein content, indicating that it
may be less equipped to handle abiotic stress. However, its superior SPAD index and Fv/Fm values
suggest that it performs well under favorable conditions.

H,0, and MDA are well-known plant stress indicators [47]. In fact, MDA is the product of the
peroxidation of polyunsaturated fatty acids, and its release under drought conditions indicates
increased reactive oxygen species (ROS) and leads to lipid peroxidation [48,49]. Indeed, H:02
concentration mostly indicates the degree of environmental stress on the plants since it is the main
reactive oxygen species (ROS) produced in different organelles [50,51]. Furthermore, Chefchaouen
recorded the highest levels of both H202 and MDA, indicating higher oxidative stress in this location.
This is confirmed by the strong negative correlation between Fv/Fm and both H,O, and MDA,
suggesting that environmental stress affects photosystem functionality [52]. Our results indicate that
Ghouddane showed the highest H,O, and MDA levels, further indicating susceptibility to oxidative
stress. High levels of reactive oxygen species (ROS) like H,O, are commonly observed in plants under
abiotic stress, triggering both protective and damaging response [53]. Nabout with its lower H,O;
and MDA levels, demonstrated reduced oxidative damage, suggesting enhanced ROS control and
successful stress mitigation.

PCA plot revealed a clear separation among the four fig varieties. Ghouddane and Fassi
clustered on the right side of PC1, associated with higher levels of proline content, H,O,, and MDA.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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This clustering suggests that these varieties exhibit stronger stress responses, which may be beneficial
for their survival under harsher environments. These findings align with research by Choudhury et
al [52], who noted that elevated levels of reactive ROS and proline content are common indicators of
plants coping with oxidative stress. In contrast, Nabout and Ounq Hmam clustered on the left side
of PC1, associated with higher photosynthetic efficiency indicators, such as SPAD index, ChlT, and
Fv/Fm. These varieties appear to be more suited to optimal growing conditions, where photosynthesis
can be prioritized over stress responses. Study focusing on different fig genotypes under water deficit
conditions found that certain genotypes maintained higher photosynthetic rates and water use
efficiency [38].

The high SPAD, ChlIT, protein, and TSS values indicate strong photosynthetic and metabolic
productivity in Chefchaouan. However, elevated H,O, and MDA levels suggest periodic stress
episodes, necessitating targeted management strategies such as irrigation and balanced fertilization
[54]. Associated with high proline content, Fv/Fm, and CTD, Taounate reflects a strong stress
adaptation profile, suitable for resilient varity like Ghouddane.

4. Materials and Methods
4.1. Plant Samples

Four Moroccan fig varieties (Fassi: FAS, Ghouddane: GHO, Nabout: NBT , and Ounq Hmam:
OQH) were chosen from the most cultivated Moroccan figs. Each variety were marked in triplicate
at three different locations in northern Morocco: Chefchaouen (Beni ahmed, 34°50723.7"N
5°04'42.9"W), Taounate (Khlalfa, 34°39'56.4"N 4°37'01.6"W) and Taza (Brarha, 34°28'08.8"N
4°20'42.4"W) (Figure 5). These locations were chosen for their extensive fig cultivation and
commercial production.

The study area displays a typical Mediterranean climate which is humid in winter and semi-arid
in summer. Taza and Taounate are under Mediterranean to semi-continental influence and receive
around 432.9 mm and 477.3 mm of annual precipitations, withaverage temperatures of 19.48 °C and
19.58 °C, respectively. In contrast, Chefchaouen, under coastal influence, receives an annual
precipitation of 624.4 mm with 20.2 °C as an average temperature.

The fig leaves were collected in the last week of August during the 2023 growing season. Four
leaves from each variety were randomly sampled, stored in an ice box, and transported to the
laboratory of Natural Resources and Environment, Polydisciplinary Faculty of Taza, where they were
stored at -20°C up to analysis.

_Am| .
LI . Mediterranean Sea

Tetouan
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Figure 5. Geographical localization of the three locations.
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4.2. Physiological Traits Determination
4.2.1. Chlorophyll Fluorescence (Fv/Fm)

Chlorophyll fluorescence was recorded at 12:00 - 13:00 using a portable fluorometer (OS-30p,
Opti-Science Inc., Hudson, NH, USA) following the procedure reported by [30]. Intact fig leaves were
dark-adapted for 20 minutes to determine the minimum fluorescence (Fo). Then the maximum
fluorescence in light (Fm) was determined after applying a saturating actinic light pulse (3.000pumol
m<?s7). Foand Fm were used to determine the maximum quantum efficiency of photosystem II (PSII),
given by Fv/Fm = (Fm-Fo)/Fm.

4.2.2. SPAD Index

SPAD index was determined using a handheld SPAD meter (SPAD 502 plus, Konica Minolta),
which measures the difference between the transmittance of a red (650 nm) and an infrared (940 nm)
light through the leaf, generating a three-digit SPAD value [55]. SPAD measurement was done on at
least three developed leaves per variety.

4.2.3. Total Chlorophyll Content (ChIT)

For estimating total chlorophyll content, 20 mg of finely chopped leaf sample of fig was added
in 4 ml of DMSO (dimethyl sulfoxide) in a test tube and was incubated at 60 °C for 1h. Absorbance
was recorded at 663 nm and 645 nm using UV-VIS spectrophotometer (Jenway Model 6100,
Dunmow, Essex, UK) and total chlorophyll content were estimated [56].

4.2.4. Canopy Temperature Depression (CTD)

The CTD was calculated as the difference between air temperature and leaf temperature, with
positive values when leaves were cooler than the air. Leaf temperature was recorded using a
handheld infrared thermometer (320-EN-00, BENETECH) by targeting the leaves at a 45° angle to the
horizontal. Readings were taken on bright, sunny, and non-windy days between 11.00 and 12.00 hrs.
Air temperature was measured at the same time as the leaf temperature [45].

4.3. Biochemical Traits Determination
4.3.1. Proline Content

Proline content was quantified by a colorimetric method adapted from Bates et al [57]. Leaf fresh
tissue (200 mg) was mixed with 4 mL of 3% sulfosalicylic acid and centrifuged at 1000 rpm for 10
min. Then, the ninhydrin buffer (2.5% ninhydrin, 60% acetic acid in 2.5 M phosphoric acid) and 100%
acetic acid were added to 2 mL of supernatant (1:1:1, v/v/v) and heated at 100°C for 60 min. After
cooling, 3 mL of toluene was added, and the optical density of the upper organic phase was read at
520 nm. Proline content was determined by comparison with L-proline as a standard curve.

4.3.2. Total Soluble Sugars (TSS)

Total soluble sugars (reported as mg. g-1 FW) was estimated according to the technique of
Dubois et al [58]. Leaf sections (250 mg) were ground in 5 mL of 80% methanol (v/v) and boiled at
90°C for 30 min. Once cooled, 1 mL of the extract was combined with 1 mL of phenol (5%) and 5 mL
of concentrated sulfuric acid. After agitation and cooling of the reagent mixture, the absorbance at
490nm was read using methanol as a blank. Total soluble sugars concentration was estimated
referring to a glucose solution as a standard curve.

4.3.3. Hydrogen Peroxide (H202)

Hydrogen peroxide content was measured using the protocol described by Sarker and Oba [59].
250 mg of leaf sample was homogenized with 5 mL of trichloroacetic acid (0.1%) and centrifuged at
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10.000g for 5 min. Then, the supernatant (0.2 mL) was mixed with 1 mL of KI (1 M) and 0.8 mL
phosphate buffer (pH 7), and he absorbance of this mixture was read at 390 nm (Spectrophotometer
JENWAY 6100, Dunmow, Essex, UK), and the hydrogen peroxide content was measured using a
standard curve of H20s.

4.3.4. Malondialdehyde (MDA)

MDA content was measured to evaluate lipid peroxidation. It was estimated using the method
described by Sarker and Oba [59]. Frozen samples (250 mg) were mixed with 5 mL of trichloroacetic
acid (0.1%) in an ice bath, and the solution was centrifuged at 10,000 g for 10 min. Then, 1 mL of the
obtained supernatant was added to 4 mL of the prepared mixture of trichloroacetic acid ((TCA) 20%)
and thiobarbituric acid ((TBA) 0.5%), subsequently was heated at 95 °C for 10 min. After
centrifugation (10 000 rpm/5 min), the absorbance was measured at 532 nm (Spectrophotometer
JENWAY 6100, Dunmow, Essex, UK) in order to determine the MDA content (mmol/g FW).

4.3.5. Protein Content

Protein content was determined following the method described by Sarker et al [60]. For protein
extraction, 200 mg of leaf fresh tissue was homogenized in ice bath with 2 mL of phosphate sodium
buffer (100 mM, pH 7.5) and the homogenate was centrifuged at 8000 rpm for 15 min. Then, 0.5 mL
of the supernatant was added to 5 mL of the prepared reagent (50 mg of CuSO4.5H20 was added to
10 mL of 2% sodium tartarate; 1 mL of this solution was added to 50 mL of 2% sodium carbonate
prepared in 0.1N NaOH), thoroughly mixed, and 0.5 mL of Folin-Ciocalteau reagent was added.
After incubating, protein content was determined photometrically (Spectrophotometer JENWAY
6100, Dunmow, Essex, UK) using a standard curve of Bovine Serum Albumine (BSA).

4.4. Statistical Analysis

Combined analyses of variance (ANOVA) were performed to compare mean values for the
different factors analyzed at significance level of p < 0,05. Principal component analysis (PCA) was
conducted to identify the relationships between Physiological and biochemical parameters. All
analysis was performed using Statgraphics Centurion 19 (StatPoint Technologies Inc., Virginia, USA).

5. Conclusions

Great variability was observed among fig varieties and geographic locations for the
physiological and biochemical leaf traits, with the variety effect being the main source of variation.
The high photosynthetic capacity and reduced stress indicators observed in Nabout suggest its
suitability for cultivation under optimal conditions with minimal abiotic challenges. Conversely,
Ghouddane variety exhibited high levels of proline and ROS, indicating a higher stress tolerance and
suitability for harsh environments. These findings highlight the importance of integrating
physiological and biochemical screening for selecting resilient fig genotypes. Long-term trials and
stress-specific experiments are essential to better understand the adaptive capacity of each variety
under varying environmental pressures.
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