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Résumé :

Relation entre les variations thermo-hygrométriques et la maturité des dattes à Biskra
(Cas Deglet Nour)

La variation des conditions climatiques a un impact direct sur la croissance des plantes et sur le
rendement des cultures, tant en qualité qu'en quantité. Ces dernières années, de nombreuses
études ont prouvé l'hypothèse du réchauffement climatique. Dans ce contexte, l'étude du
comportement des plantes cultivées est devenue une nécessité, afin de garantir la sécurité
alimentaire des populations. Notre contribution porte sur l'influence de la température et de
l'humidité relative de l'air sur le cycle de développement des dattes Deglet Nour à Biskra. Pour
atteindre nos objectifs, nous avons suivi le cycle phénologique du palmier dattier, cultivar Deglet
Nour, pendant deux années (2018 et 2019). En même temps, des enregistreurs thermo-
hygrométriques ont été installés à l'intérieur des palmeraies de Lichana et d'El-Kantara. Enfin,
nous avons calculé l'accumulation thermique et le temps nécessaire à la maturation des dattes.
Les dattes Deglet Nour, dans la wilaya (province) de Biskra, ont besoin d'une accumulation
thermique d'environ 3450-4250 °C pour mûrir, ce qui équivaut à une durée de 30-44 semaines.
Les résultats montrent que la température et l'humidité de l'air ont tendance à augmenter, alors
que les dates d'apparition et d'ouverture des spathes et de la maturité des fruits sont devenues
plus précoces.

Mots-clés : thermo-hygromètre, dates, Deglet Nour, Algérie

Abstract :

Variations in climatic conditions have direct impacts on plant growth and crop yields, both in
quality and quantity. In recent years, many studies have proven the hypothesis of global
warming. In the context of climate change, the study of the behavior of cultivated plants has
become a necessity, in order to guarantee the food security of the populations. Our contribution
focuses on the influence of temperature and relative air humidity on the development cycle of
Deglet Nour dates in Biskra. To achieve our objectives, we followed the phenological cycle of the
date palm, cultivar Deglet Nour, for two years (2018 and 2019). At the same time, thermo-
hygrometric recorders were installed inside the palm groves of Lichana and El-Kantara. Finally,
we calculated the thermal accumulation and the time required for the dates to ripen. Deglet
Nour dates, in the wilaya (province) of Biskra, require a thermal accumulation of approximately
3450-4250°C to ripen, equivalent to 30-44 weeks. The results show that air temperatures and
humidity have been trending upwards. The dates of the appearance and opening of the spathes
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have become earlier and the same for the maturity of the fruits.

Keywords : thermo-hygrometer, dates, Deglet Nour, Algeria

Introduction
Due to the long history of date cultivation and the great distribution and exchange of dates, the exact
origin of the date palm is unknown, but probably comes from ancient Mesopotamia (southern Iraq)
or western India (22). From its centre of origin, date cultivation spread to the Arabian Peninsula,
North Africa and the Middle East. The spread of date culture later accompanied the expansion of
Islam and reached southern Spain and Pakistan. The Spaniards were the first to introduce date
palms to America (14).

The date palm (Phoenix dactylifera L.) has been cultivated in North Africa for at least 5000 years
(25). According to Zaid (2010) (23), favourable latitudes for date palm cultivation in Algeria, are
between 24°N and 34°N.

Although the date palm can grow in a wide geographical area, specific conditions are required for
flowering and good fruit development. Prolonged summer heat promotes fruit ripening, while rain
and high humidity cause cracking, blackening, fermenting and mould development (4).

Biotic processes promote phenological convergence, the strength of these processes can determine
the sharpness of the peak, while climatic factors can determine its timing. It is therefore essential
to consider the influences of climate on phenology (21).

These last years, many studies talk about global warming; while scientists and politicians discuss,
always, whether it is climate variability or climate change.

Climate variability refers to variations in mean state and other climate statistics (standard deviations,
occurrences of extremes ...) at all scales, temporal and spatial. It can result from natural internal
processes within the climate system (internal variability) or variations of natural or anthropogenic
external forces (external variability). In contrast, climate change refers to any change in the climate
over time, whether due to natural variability or anthropogenic forces (18).

Any modification of the annual climate cycle has repercussions on the vegetative development of
plants. The impacts differ according to the species and the geo-pedo-climatic characteristics of
each region. Nevertheless, water deficit causes deterioration of yields and quality of agricultural
products, especially in the Sahara (3).

Monitoring the phenological cycle of date palm, the main axis of the oasian ecosystem and
agriculture in the Sahara, becomes a necessity to see if this change (or variation) climate has an
influence on dates. Our research fits into this framework, which aims to, essentially, to know the
impact of certain metrological parameters (air temperature and humidity) on the maturity of dates
« Deglet Nour » in Biskra; potentially phœnicicultural region in Algeria, in quantity and quality, in
particular by the famous variety « Deglet Nour ».
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Materials and methods

Study region

The wilaya (province) of Biskra is located in the South-East of Algeria, South of the Aurès mountains,
it appears as a real buffer space between the North and the South (Figure 1), its surface area is

21671.2 km2 (2, 5).

Figure 1: Location of the wilaya of Biskra on the map of Algeria.

With a total agricultural area of 1652751 ha, including 185473 ha represents the useful agricultural
area, Biskra is a leading agricultural wilaya with thousands of hectares dedicated to vegetable
crops, fruit and date palm cultivation. The heritage of date palm in the wilaya of Biskra is rich,
more than 4.6 million palm trees, including more than 2.6 million from the famous Deglet Nour
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(i.e. more than 56% of total palm trees in the wilaya). The cultivation of date palm has continued
to evolve over the last two decades, its area has increased from 23700 ha at the beginning of this
millennium (in 2000) to 43617 ha in 2018. Also, production is increased, from 0.93 to 4.6 million
quintals, during the same period (2, 5).

For our study, we chose two palm groves (Figure 2).

Figure 2: Study areas.

- El-Kantara, located in the South of the Aurès foothills, about 50 km North of the capital of the
wilaya. It is an area with a low phœnicicultural heritage, the area occupied by date palms does not
exceed 232 ha (5).
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- Lichana, located in the plains, 30 km South-West of Biskra and at 5 km, only, of Tolga. This
municipality contains 1411 ha cultivated by the date palm. The palm groves of Lichana are
interfering with the palm groves of the municipality of Tolga; potential phoenicultural region from
a quality (5).

Plant material

The date palm (Phoenix dactylifera L.) is a species of arid and semi-arid regions, it is a thermophilic
species. Its temperature requirements, especially during the fruiting period, are very high. The
vegetative activity of the date palm starts at a temperature between 7°C and 10°C, depending on
the individual, cultivars and local climatic conditions. This activity reaches its maximum between
30°C and 38°C. A good production of dates, quantitatively and qualitatively, can only be obtained
if the date palm benefits from a well-defined sum of temperatures (13, 15, 20). The thermal
requirements of the different varieties, during the fructification, vary according to date categories.
In general, dry and late varieties have requirements in excess of 3500°C, semi-dry and seasonal
varieties have thermal requirements ranging from 2500°C to 3500°C. Thermal requirements of soft
varieties vary from 2000°C to 2500°C (1).

The plant material observed during our study is the cultivar 'Deglet Nour', considered a late
maturing variety (taking longer to ripen). This variety represents more than 45% of the date
palm production in Algeria, of which more than 27% of Deglet Nour’s palm trees are cultivated
in the territory of Biskra wilaya (5, 16). Deglet Nour, characterized by its tenderness and golden
appearance of the pulp, is among the rare varieties that can be marketed on a large scale in Algeria
and exported all over the world (8).

Phenological cycle

The annual cycle of the plants is punctuated by the alternation of dry and wet seasons. It therefore
corresponds to the sequence of phenological states through which the plant passes before returning
to an initial state. Thus, in temperate zones, it is the state of winter rest that signals the end of the
phenological cycle of plants, which is broadly defined on the vegetative dimension of development.

The phenological cycles of temperate species will thus be called annual (9, 11).

In general, the date passes through five stages (12, 16):

- Knotted fruit stage (Loulou), it begins after one to two weeks of fertilization, the colour of the
carpel turns green, pear-shaped. It lasts between 4 and 5 weeks.

- Green date stage (Khalal), The duration of this stage is about seven weeks, it is dependent on
climatic conditions. The ovary slowly increases in size, until it reaches the size of a pea.

- Rotating date stage (Bser), 3 to 5 weeks, during this stage the date takes on its spherical shape.

- Early ripening stage (Routab), 2 to 4 weeks, when the date begins to ripen.

- Mature date stage (Tmar), the fruit becomes concentrated in sugar.

This contribution presents the observations recorded over two years (2018-2019), concerning the
development of Deglet Nour dates in the study area, and the effects of extreme weather events;
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exceptionally the temperature and humidity of the air on these different stages of the fruit of this
cultivar and also the appearance of diseases.

Air temperature and relative humidity data

We installed two temperature and relative humidity sensors in two palm groves (El-Kantara and
Lichana). By using an instrument for measuring and registering the trademark EXTECH (RHT10).
Check-in was provided 24 hours a day, during the two years of observation.

On the other hand, we used climatic data from the Biskra station of the National Meteorological
Office (ONM), for the period 1988-2017, to compare thermo-hygrometric variation.

Calculation of thermal cumulation

For the calculation of the thermal cumulation required for date maturity, we calculated the
accumulation of degree-days, according to the following formula (10):

Degree-day = [(T max + T min) / 2] - T base

T max : maximum daily temperature.

T min : minimum daily temperature.

T base : temperature at which the plant resumes its vegetative activity.

In general, the temperatures necessary for the resumption of vegetative activity of the plants vary
from 7 to 10°C (10). In this contribution we conceded that the base temperature is 10°C.

Statistical analysis

The effects of climatic parameters on the evolution of Deglet Nour dates were analysed by
Multivariate Analysis of Variance. MANOVA is a statistical test that aims to determine whether
qualitative factors have significant effects on several quantitative dependent variables taken
together. At the same time, MANOVA is therefore a generalization of analysis of variance (ANOVA),
which is univariate, that is to say which relates to only one dependent variable. MANOVA is also
used to identify interactions between dependent variables and between independent variables.
Calculations and statistical modelling were carried out using SPSS Statistics software 20.

Results and discussion

Average air temperature in study areas

The average air temperature, in this study, is the average of the monthly sum of daily maximum
temperatures and daily minimum temperatures (Figure 3).

In the study areas, January and December are the coldest months of the year (minus 12°C), while
July and August are the hottest months of the year (more than 34°C).
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Figure 3: Comparison between the average air temperature (in °C) inside the palm groves
of El-Kantara and Lichana and the average recorded in Biskra (1988-2017).

Source : Our recordings + (17).

It emerges, in general, that the air temperature inside the palm grove of El-Kantara is lower than
the average recorded during the reference period (1988-2017); the data for this reference period
are those recorded at the meteorological station of the ONM, in Biskra (17). On the other hand,
the temperatures in the Lichana palm grove are higher compared to the same period of the same
reference. They exceed 37°C in July.

Relative air humidity in study areas

After obtaining the recorded relative air humidity data, we calculated the daily average (the
average of 24 measurements recorded each day). Then we calculated the monthly average in each
palm grove.

In general, the humidity level inside the two palm groves is higher than the reference average (17).
It reaches its maximum during the cold period and its minimum in summer. The highest and lowest
rates are recorded in El-Kantara, 65,84% and 25,73% respectively (Figure 4).

Figure 4: Comparison between the average relative humidity of the air (in%) inside the
palm groves of El-Kantara and Lichana and the average recorded in Biskra (1988-2017).

Source : Our recordings + (17).
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Deglet Nour phenological cycle in the study areas

During the two years (2018-2019), we recorded the dates of the beginning of the main phenological
stages of Deglet Nour (Tables 1 and 2), through a weekly monitoring of three palm trees in each
palm grove (El-Kantara and Lichana). Palm trees have the same morphological characteristics (size
and vigour).

Every year, the palms of the same palm grove are pollinated during the same day.

The start of the various stages followed, namely: the appearance and opening of inflorescences,
pollination, fruit set, maturity and even the date of harvest, always ahead in the Lichana palm
grove. In 2018, we recorded in El-Kantara a two-month delay in the appearance of inflorescences,
compared to the first palm grove. The appearance of inflorescences in Lichana begins in the last
week of January, in contrast, it is at the end of February in El-Kantara.

Table 1: Dates of the beginning of the phenological stages from Deglet Nour to El-Kantara.

Years Stages

Appearance of
inflorescences

Opening of
inflorescences

Pollination Fruit
set

Early
maturity

End of
maturity

Harvest

2018 March 29 April 08 April 15 Jul 02 Sep 25 Oct 20 Nov 15

2019 Feb 28 March 27 April 06 Jul 05 Oct 10 Oct 25 Nov 09

Table 2: Dates of the beginning of the phenological stages from Deglet Nour to Lichana.

Years Stages

Appearance of
inflorescences

Opening of
inflorescences

Pollination Fruit
set

Early
maturity

End of
maturity

Harvest

2018 Jan 27 March 05 March 10 Jun 10 Sep 10 Oct 10 Nov 10

2019 Feb 01 March 08 March 12 Jun 15 Sep 12 Oct 15 Nov 06

Duration and thermal requirements of the maturity of Deglet Nour
dates in the study areas

The results obtained show that the time required for the development of Deglet Nour dates, until
total maturity, in the Lichana palm grove does not exceed 33 weeks (Figure 5). On the other hand,
in El-Kantara the date of the same cultivar needs up to 44 weeks to reach full maturity (Figure 6).

During its development cycle, the Deglet Nour date in Lichana, receives between 4149°C and
4234°C as cumulative air temperatures; while the sum of this meteorological indicator does not
exceed 3574°C, for Deglet Nour palms, in the palm grove of El-Kantara.
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Figure 5: Duration and thermal requirements of dates maturity from Deglet Nour to
Lichana.

Figure 6: Duration and thermal requirements of dates maturity from Deglet Nour to El-
Kantara.

Statistical analysis results

Statistical analysis of the results showed that thermal cumulation has an influence on the start
dates of the phenological stages from Deglet Nour to Biskra. In fact:

1- There is a significant effect of the interaction between Years and Palm Groves (p=0.027), but no
significant effect for years or palm groves alone on all variables studied.

2- The interaction (Years x Palm Groves) affected only the thermal requirements of the Pollination-
Fruit set (p=0.027) and Fruit set-Early maturity (p=0.010). The effect (Palm Groves) affected the
periods of Fruit set-Early maturity (p= 0.015) and Early maturity-End of maturity (p=0.038).

For the start dates of the phenological stages, there is a significant effect of the interaction (Years
x Palm Groves) on the Fruit set (p=0.033) and on the Early maturity (p=0.036).

On the other hand, we recorded no significant effect for the duration of the phenological stages.

Discussion
Air temperature on a farm, varies from one area to another. This variation depends on several
factors, such as: geographical location, altitude, sun exposure, and also planting density. In our
study, planting and sun exposure characteristics are similar in the two palm groves, where we did
our follow-up. However, the geographical coordinates are different; the two zones are, in the East,
on the longitudinal line 5° 25' for Lichana and 5° 42' for El-Kantara. The two farms are located in
the northern hemisphere of the globe, Lichana with a latitude of 34° 43' and El-Kantara at 35° 12'.
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But, with an altitude of about 500 metres above sea level, the palm grove of El-Kantara is higher
than that of Lichana (+ 156 m).

Thus enumerated, geographic coordinates and site altitude determine air temperature variation.
As a result, the average air temperatures recorded inside the Lichana palm grove are higher (more
than 2°C), throughout the year, compared to what was recorded in El-Kantara.

The air temperature has a significant impact on the date palm's vegetative activity. In Lichana,
where we recorded temperatures higher than the reference average (up to 5°C), during the period
1988-2017, the date of appearance of the first inflorescences (males and females) is 4 to 9 weeks
earlier than that recorded at El-Kantara. This directly affects the early stages of development of
dates from Deglet Nour to Lichana, from fruit set to full fruit maturity.

The ideal temperature for the growth of the date palm (all cultivars combined), during the period
from pollination to fruit ripening, frequently varies between 21°C to 27°C on average (24). During
the same period of the phenological cycle of the cultivar Deglet Nour, the records we obtained
indicate that the average temperature at El-Kantara varies between 25.25°C and 25.86°C, while it
is between 28.66°C and 28.71°C, respectively in 2019 and 2018.

On the other hand, thermal cumulation (degree-days) affects the duration of fruit maturity. Indeed,
high temperatures during the winter period (January-February) cause the early and opening of
the inflorescences of the date palm, while summer temperatures (June-July-August) determine the
maturity period of Deglet Nour dates. It should be noted that from the late 1980s onwards, air
temperatures, whether minimum or maximum, experienced an upward trend during the warm
season (6, 7).

The thermal sum recorded at Lichana (4149°C to 4234°C), effect on the duration of the development
stages of the dates, it allows the dates of this palm grove to begin the maturity stage before the
dates of the El-Kantara palm grove (between 3457°C and 3574°C). In addition to this, Deglet Nour
requires between 30 and 33 weeks to reach full maturity in Lichana gardens, while she needs 38 to
44 weeks in El-Kantara. Néanmoins, this duration is longer compared to studies carried out in the
early 1970s. It was around 200 days (13).

On the other hand, the date palm requires optimal humidity. If it’s strong during flowering, it causes
the decay of the inflorescences and hinders the pollination process. On the other hand, during
ripening, dates become soft when ripening in a humid atmosphere, while they become dry when
humidity is low (19).

In our study, the relative humidity of the air is generally high during the cold season (December-
January). It is between 42% to 65% in El-Kantara and between 50% to 60% in Lichana. Low humidity
levels are recorded during the summer (June-July-August), period of fruit growth and maturity, they
vary between 25% to 47% in El-Kantara and from 31% to 46% in the Lichana palm grove.

The annual average humidity recorded inside the Lichana palm grove was 50.54% and 47.80%,
respectively in 2018 and 2019. While, during the same period, we recorded 47.65% and 47.99% in
El-Kantara. These rates are higher than the average recorded in Biskra in the early 1970s of the
last century, which was around 43.5% (19).
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Conclusion
The humidity inside the palm groves is higher than outside; hence the feeling of freshness,
especially during the warm season. Monthly average relative air humidity, in the palm groves of the
study area (El-Kantara and Lichana), varies between 25.73% and 65.84%. It reaches its maximum
during the cold season, while the minima are recorded during the hot season.

Recorded air temperatures are higher throughout the year in Lichana, compared to El-Kantara
data, this is probably due to the high altitude of the last palm grove. This temperature deference
allows the early appearance and opening of inflorescences from Deglet Nour to Lichana. Precocity
can happen up to two months.

The thermal accumulation (degree-days), during the period from pollination until maturity of Deglet
Nour dates, varies between 3457°C and 4234°C. It’s superior in the palm grove of Lichana. This
factor explains the lengthening of fruit formation and date maturity in the El-Kantara palm grove.
In general, Deglet Nour cultivar dates, in Biskra, need 30 to 44 weeks to reach full fruit maturity.
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