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IMPROVING PINUS PINEA PLANTATION SUCCESS WITH HYDROGEL

This scientific article reports the results of an experiment conducted in Lebanon to investigate the ef-
fectiveness of hydrogel on the survivability of Pinus pinea seedlings during the plantation phase under high
temperatures and prolonged drought due to climate change. The experiment covered a representative geo-
graphical area in Lebanon with different micro-climatic zones across the country, and used seedlings be-
tween 1 to 2 years old. The experiment consisted of a control line and other lines treated with different
amounts of hydrogel, water, and fertilizer. The results showed that hydrogel significantly increased the sur-
vivability of Pinus pinea seedlings during the plantation phase, with the best results achieved when the
hydrogel was applied at a rate of 0.75 g per seedling mixed with same amount of fertilizer. The study also
showed that the use of hydrogel reduced the need for watering, making it a cost-effective and sustainable
solution for improving the survivability of seedlings under harsh environmental conditions. These findings
have important implications for the reforestation efforts in Lebanon, where climate change poses a signifi-
cant threat to the survival of seedlings during the plantation phase. The study provides a practical solution
that can be used to improve the survivability of seedlings, thus contributing to the sustainability of forest
ecosystems in the region. Further research is needed to explore the long-term effects of hydrogel on the
growth and development of Pinus Pinea seedlings.
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INOBBIINEHUE NPM’)KUBAEMOCTU JIECHBIX KYJIBTYP
COCHBI UTAJIBAHCKOMU (PINUS PINEA) C IOMOUIBIO 'NAPOI'EJIA

B mannOi#1 Hay4HO cTaThe COOOMIAIOTCS PE3yIbTAaTHl MPOBEACHHOTO B JIMBaHE SKCIIEPHMEHTA IO
H3Yy4EHUIO BIMSHUS TUAPOTeNIs Ha NPKUBAEMOCTb CESHIEB Pinus pinea Ha 3Tane MOCAJKU B YCIOBUSIX
BBICOKUX TEMIICPATyp U }IHI/ITeﬂbHOﬁ 3aCyXH, BBI3BAHHbIX U3MCHCHUCM KJIMMara. B OKCIICPUMEHTC 6]:1.1'1
OXBaueH peNpe3eHTATHBHBIN reorpaduyeckuii paiioH JInBaHa ¢ pa3IMYHBIMA MUKPOKIMMATHYECKAMHU
30HAMH T10 BCEH CTpaHe M UCTIONB30BAIHCEH CESTHIIBI B BO3pacTe OT 1 10 2 eT. DKCIepUMEHT COCTOST U3
KOHTPOJISL ¥ BapUAHTOB, 0OPa0OTaHHBIX Pa3IMUHBIM KOJIMYECTBOM T'HAPOTENs, BOABI U ynoOpeHus. Pe-
3yJbTaThl MOKA3alH, YTO THAPOTeSb 3HAYMTENbHO MOBBICHI BBDKHBAEMOCTh CeSHIEB Pinus pinea Ha
sTane nocaaku. Hammyumme mokazaTenu ObUTH TOCTUTHYTHI IPH UCHOIb30BaHuH 0,75 T Ha CestHell THA-
porelis, CMEIIaHHOTO C TAKUM K€ KOJMYECTBOM yaoOpeHus. B mporecce uccnenoBanus ObUIO YCTaHOB-
JICHO, YTO TUAPOTENb CHIDKAET NOTPEOHOCTH B TIOJIUBE, TOITOMY SIBJISIETCS SKOHOMUYECKH 3()(HEKTHBHBIM
nu yCTOI‘/IIlII/lBI)IM PEUICHUEM IJIs ITOBBIICHU A BBDKUBACMOCTHU pacCajibl B CYPOBBIX YCJIOBUAX oxpynca}omeﬁ
cpensl. DTH BBIBOJBI IMEIOT BaKHOE 3HAUEHHE JJIS JIECOBOCCTAHOBJICHHUS B JIMBaHe, rie 0COOCHHOCTH
KITUMaTa MPeCTaBISIOT CEPhe3HYI0 YTPO3y BBDKHBAHHUIO PACTEHUI Ha dTale MOCaIKd. JKCIEPUMEHT
npejyiaraeT IpakTUYECKOe PeLIeHre, KOTOPOE MOXKHO HCIIOJIb30BaTh Al MOBBIIEHNS NPHKUBAEMOCTH
CCAHLICB, TCM CaMbIM CHOCO6CTBy§I yCTOﬁ‘{HBOCTM JICCHBIX 3KOCUCTEM B PETHUOHE. O[lHaKO HGO6XOI[I/IM])I
JabHEHINe NCCIeTOBaHNS A1 H3YYEHHUS TOITOCPOYHOT0 BO3ICHCTBHS THAPOTEIIS Ha POCT U Pa3BUTHE
cesiHueB Pinus pinea.

KaroueBsie ciioBa: Pinus pinea, THIPOTENb, TPHKIBAEMOCTh, OCOOCHHOCTH POCTA, aHAJIN3 TIOYBHI,
KITMMaTHYECKHE YCIOBUS, Pa3BUTHE CESHIIEB.
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Statement of the problem. Climate change has
brought about various environmental challenges,
such as droughts and high temperatures, which affect
the growth and survival of plants. The Mediterranean
region, including Lebanon, has been greatly im-
pacted by these challenges, leading to a decline in the
growth and survival rates of plants. To combat this
issue, various techniques have been implemented, in-
cluding the use of hydrogel, which is known to en-
hance soil water retention and thus increase plant
growth and survival rates. However, the effective-
ness of hydrogel in improving the survival rate of
Pinus pinea seedlings, a crucial tree species in Leb-
anon, has not been thoroughly studied. Therefore,
this study aimed to investigate the effectiveness of
hydrogel in increasing the survival rate of Pinus
pinea seedlings under conditions of high tempera-
tures and prolonged drought caused by climate
change. The study also aimed to identify the most ef-
fective hydrogel treatment to enhance the survival
rate of the seedlings.

Introduction. Climate change is a significant
global challenge that has been observed to affect
plant growth and survival [1]. The impact of climate
change on plant growth and survival is more signifi-
cant in arid and semi-arid regions, where high tem-
peratures and prolonged drought are common [1].
One of the ways to mitigate the effects of climate
change on plant growth and survival is by using hy-
drogels, which have been shown to increase water re-
tention and plant survival under drought conditions
[1]. Hydrogels are hydrophilic materials that can ab-
sorb and retain a significant amount of water, up to
several hundred times their weight. The use of hydro-
gels in agriculture and horticulture has been widely
studied in recent years due to its potential to improve
plant growth and survival under adverse climatic
conditions.

Pinus pinea, commonly known as the stone pine,
is a coniferous tree species that is native to the Med-
iterranean region, including Lebanon. Pinus pinea is
an important tree species in Lebanon due to its high
ecological, economic, and cultural value [2]. The
species has been observed to be sensitive to drought
and high temperatures, making it vulnerable to the ef-
fects of climate change [2]. To ensure the survival
and growth of Pinus pinea seedlings under changing
climatic conditions, there is a need to develop effec-
tive management practices that can increase their sur-
vival rate during the plantation phase.

The aim of this study was to investigate the effect
of hydrogel on the survival rate of Pinus pinea seed-
lings during the plantation phase in Lebanon. Specif-
ically, the study aimed to evaluate the effectiveness
of hydrogel in increasing the survival rate of Pinus
pinea seedlings under high temperature and pro-
longed drought conditions. The study also aimed to
determine the optimal concentration of hydrogel that

can enhance the survival rate of Pinus pinea seed-
lings during the plantation phase.

To achieve the study objectives, a field experi-
ment was conducted on a representative geographical
area in Lebanon covering different micro-climatical
zones across the country. The experiment involved
the use of Pinus pinea seedlings aged between 1 and
2 years old, divided into two groups based on age,
with each group containing seven lines, and each line
consisting of ten seedlings. The experiment consisted
of a total of 140 seedlings that were equally divided
into the two groups. The first group contained
70 seedlings of 1 year old, and the second group con-
tained seedlings of 2 years old. The seedlings were
treated in different ways in each line, with the first
line being used as the control line, and the other lines
treated with varying amounts of hydrogel, water, and
fertilizer. The hydrogel was prepared according to
the manufacturer’s recommendations.

The experiment aimed to eliminate any weather
or soil condition that may affect the study, and the
chosen plot was fenced to eliminate any animal or
human interaction with the seedlings. The soil was
cleared from any weeds or small shrubs that may af-
fect the seedlings, and holes with 40 cubic centime-
ters homogenic dimensions were excavated, creating
a separation of 1 meter interlines, and 1 meter inter
seedlings. During Plantation, the seedlings were
planted same day going line by line in both 1st and
2nd age group, starting from the first line TO finish-
ing by the seventh line T6 to avoid any errors and
confusion.

The findings of this study have significant impli-
cations for the management of Pinus pinea seedlings
during the plantation phase under changing climatic
conditions. The study provides valuable information
on the effectiveness of hydrogel in increasing the sur-
vival rate of Pinus pinea seedlings, which can be
used to develop effective management practices for
the species. Additionally, the study contributes to the
body of knowledge on the use of hydrogel in agricul-
ture and horticulture in arid and semi-arid regions.

The ANOV A statistical method was used to eval-
uate which treatments (T2, T3, T4, TS5 and T6) have
a significant effect on the seedlings.

Results and discussion. The survival rate and
growth performance of the Pinus pinea seedlings
were evaluated in both the control and experi-
mental groups. After three months, the survival
rates of the 1-year-old seedlings were 20% in the
control group T0, 80% in T1, and 88% in the ex-
perimental group, while the survival rates of the 2-
year-old seedlings were 10% in the control group
T0, 40% in T1, and 72% in the experimental
groups. These results indicate that the use of hy-
drogel in the experimental group significantly in-
creased the survival rates of the seedlings, particu-
larly in the 1-year-old group.
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The height and basal diameter of the seedlings
were also measured. The results showed that the use
of hydrogel significantly improved the growth per-
formance of the seedlings in both age groups. In the
1-year-old group the height of the seedlings didn’t
show any significant increase in control group, es-
pecially due to the short duration of survivability. In
the experimental group, a track of 2.8% on average
increase in height growth, with a significant average
growth of 5.42% com in T6. The average basal di-
ameter of the seedlings was measured with no trace
of diameter size increasing for control group and an
average of 14% increase in the experimental group,
yet another measurement will be taking place in
June 2023.

In the 2-year-old group, the average height of
the seedlings in the control group same as the 1-
year-old group, no significant changes due to same
reason related to high percentage of mortality and
non-availability of water; While the experimental
group, indicating a 1.5% increase on average in
height growth, with a significant average growth of
1.9% cm in T6. The average basal diameter of the
seedlings was measured with no trace of diameter
size increasing for control group and an average of
16.6% increase in the experimental group, yet an-
other measurement will be taking place in June
2023. These results suggest that the use of hydrogel
not only increased the survival rates of the seed-
lings, but also improved their growth performance,
particularly in the 1-year-old group.

Overall, the results of this study indicate that the
use of hydrogel during the plantation phase of Pinus
pinea seedlings can significantly increase their sur-
vival rates and growth performance, particularly in
the 1-year-old group. The improved root develop-
ment observed in the experimental group may also
have important implications for the long-term
growth and survival of the trees, especially in areas
where water availability is limited.

The higher survival rate observed in the hydro-
gel-treated group suggests that the hydrogel was ef-
fective in maintaining moisture levels around the
roots of the seedlings, thereby reducing the stress
caused by drought conditions. This finding is con-
sistent with previous studies that have reported the
effectiveness of hydrogel in improving plant sur-
vival under drought stress [3—5]. The hydrogel may
have also helped to improve the uptake of nutrients
by the seedlings, resulting in the observed increase
in height and diameter growth.

The slow improved growth performance ob-
served in the 1-year-old group may be due to their
larger size and more developed root systems, which
would have taken more time to establish allowing
them to take advantage of the increased water and
nutrient availability provided by the hydrogel. The
fact that the 1-year-old group did show a significant
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improvement in growth performance despite their
smaller size and less developed root systems, which
may have limited their ability to take advantage of
the increased water and nutrient availability pro-
vided by the hydrogel, yet managed to show signif-
icant survivability rates.

The observation of more fibrous roots in the hy-
drogel-treated group is consistent with the known
effects of hydrogel on root development. Hydrogel
has been shown to promote the development of fi-
brous roots by maintaining a more consistent and
optimal moisture level around the root zone [4, 5].
This effect may have contributed to the observed in-
crease in growth performance and survival rate in
the hydrogel-treated group.

It is important to note that the benefits observed
in this study may be specific to the particular envi-
ronmental conditions and soil type of the study site.
Further studies are needed to determine the effec-
tiveness of hydrogel in other environments and soil
types. Additionally, future studies may explore the
potential of combining hydrogel with other soil
amendments, such as fertilizers or mulch, to further
improve seedling survival and growth performance.

Generally, the results of this study suggest that
the use of hydrogel during the plantation phase of
Pinus pinea seedlings can significantly improve
their survival rates and growth performance, partic-
ularly in older seedlings with more developed root
systems. The observed increase in fibrous root de-
velopment may have important implications for the
long-term growth and survival of the trees, espe-
cially in areas where water availability is limited.
These findings may have important implications for
reforestation efforts in regions affected by climate
change and drought conditions.

The climate data recorded during the study pe-
riod is an essential aspect of understanding the re-
sults of this experiment. The study was conducted
in Lebanon, a country located in the Mediterranean
region, with a semi-arid climate characterized by
hot summers and mild winters. The experimental
plot covered different micro-climatical zones across
the country, representing a variety of soil and cli-
matic conditions, which is important for under-
standing how hydrogel treatment may perform un-
der different circumstances.

During the four-month study period, the average
temperature was 25.3°C, which is higher than the
optimal temperature range for Pinus pinea seedling
growth. The average humidity of 52.1% was within
the range considered suitable for seedling growth.
The highest temperature recorded during the study
was 32.5°C, while the lowest temperature was
18.6°C. The temperature variation within this range
could be detrimental to seedling survival and
growth as it may cause physiological stress, affect-
ing water uptake and photosynthesis. However, the
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hydrogel treatment provided a positive impact on
seedling survival and growth despite the unfavora-
ble climatic conditions.

Rainfall is an essential factor that affects seed-
ling growth and survival. During the study period,
the average rainfall was null during dry season, with
an average of 37 and 60 mm respectively in Novem-
ber and December, which is below the average an-
nual rainfall in Lebanon. The lower-than-average
rainfall during the study period may have contrib-
uted to the reduced survival rates of the control
group. However, the hydrogel treatment signifi-
cantly improved the survival rates and growth of the
seedlings, indicating that the hydrogel’s water-hold-
ing capacity contributed to better seedling perfor-
mance under low rainfall conditions.

The data collected during the study period high-
lights the potential of hydrogel treatment in improv-
ing seedling survival and growth under unfavorable
climatic conditions. The hydrogel’s capacity to ab-
sorb and retain water is essential in mitigating the
effects of water stress on seedling growth, particu-
larly in arid and semi-arid regions. The results of
this study suggest that hydrogel treatment can be an
effective strategy for enhancing seedling perfor-
mance, especially under low rainfall and high-tem-
perature conditions, which are prevalent in many re-
gions worldwide.

The climate data recorded during the study pe-
riod provides critical information on the environ-
mental conditions that influenced the seedling sur-
vival and growth. The hydrogel treatment was
found to improve the performance of the seedlings,
even under unfavorable climatic conditions. The
results of this study highlight the potential of hy-
drogel treatment as a cost-effective and sustainable
solution to improve seedling performance and pro-
mote reforestation efforts in arid and semi-arid re-
gions. However, further studies are required to in-
vestigate the optimal application rates of hydrogel
under different soil and climatic conditions to max-
imize its potential in enhancing seedling growth
and survival.

Soil analysis is an important aspect of evaluat-
ing the growth and survival of plants in a particular
area. In this study, the soil in the experimental area
was analyzed to determine its suitability for the
growth and survival of Pinus pinea seedlings. The
pH of the soil was found to be slightly acidic, which
is within the acceptable range for this species. The
organic matter content of the soil was 2.3%, which
is considered adequate for plant growth. Organic
matter is essential for soil structure, nutrient availa-
bility, and water-holding capacity. The total nitro-
gen content was 0.23%, which is also considered
suitable for Pinus pinea seedlings. Nitrogen is an es-
sential element for plant growth, as it is a major
component of chlorophyll and amino acids.

The use of hydrogel during the plantation phase
of Pinus pinea seedlings can have a significant im-
pact on the soil. Hydrogel has been shown to im-
prove soil structure, nutrient availability, and water-
holding capacity [6-8]. The hydrogel used in this
study is a type of superabsorbent polymer that can
absorb and hold large amounts of water. This can
help to reduce water stress in plants, particularly
during dry periods.

The hydrogel treatment in this study may have
had a positive effect on the soil properties. The hy-
drogel may have improved soil structure by reduc-
ing compaction and increasing porosity. This, in
turn, can increase the availability of air and water to
the roots of the seedlings. The hydrogel may have
also improved nutrient availability by reducing
leaching and increasing retention. This can help to
ensure that the seedlings have access to the nutrients
they need for growth and survival.

The use of hydrogel in this study may have also
had a positive effect on soil microorganisms. Soil
microorganisms play a vital role in nutrient cycling
and organic matter decomposition [9]. The hydrogel
may have provided a favorable environment for mi-
croorganisms by increasing soil moisture and reduc-
ing water stress. This, in turn, can increase micro-
bial activity and nutrient availability.

Generally, the soil analysis results indicate that
the soil in the experimental area was suitable for the
growth and survival of Pinus pinea seedlings. The
use of hydrogel during the plantation phase may
have further improved the soil properties, which
may have contributed to the improved growth and
survival of the seedlings. Future research could ex-
plore the long-term effects of hydrogel on soil prop-
erties and microorganisms in different environ-
ments.

The results of this study demonstrate that the use
of hydrogel can significantly improve the growth
and survival of Pinus pinea seedlings during the
planting phase, especially in the face of unfavorable
climatic conditions. The hydrogel treatment im-
proved the survival rate and growth of the seedlings
by maintaining the moisture content of the soil and
providing a favorable environment for the seedlings
to grow.

The results of the study are consistent with pre-
vious studies that have shown the effectiveness of
hydrogel in promoting plant growth and survival.
The hydrogel acts as a water reservoir and slowly
releases water to the plants, which reduces the fre-
quency of irrigation and increases the availability of
water for the plant [10]. The hydrogel also improves
the soil structure by increasing its water-holding ca-
pacity, which provides a favorable environment for
the seedlings to grow.

The climate data recorded during the study pe-
riod shows that the hydrogel treatment was effective

Tpyabt BITY Cepus 1 Ne 2 2023



64

Improving Pinus pinea plantation success with hydrogel

in improving the survival and growth of the seed-
lings despite the unfavorable climatic conditions.
The average temperature during the study period
was 25.3°C, which is higher than the optimum tem-
perature range for Pinus pinea growth (15-25°C).
The hydrogel treatment maintained the soil mois-
ture content and reduced water stress on the seed-
lings, which is essential for their survival and
growth in high-temperature conditions.

The soil analysis results show that the soil in the
experimental area was suitable for Pinus pinea
growth, and the hydrogel treatment further im-
proved the growth and survival of the seedlings. The
slightly acidic soil with a pH of 6.4 is suitable for
the growth of Pinus pinea as it prefers slightly
acidic soils [10—12]. The organic matter content and
total nitrogen content in the soil were also within the
suitable range for the growth of Pinus pinea. The
hydrogel treatment maintained the soil moisture
content, which is crucial for the growth and survival
of seedlings in dry soils. Moreover, according to
Sarvas and colleagues (2008) and [13] the hydrogel
improves the soil structure by increasing its water-
holding capacity, which provides a favorable envi-
ronment for the root development of seedlings.

The results of this study suggest that the use of
hydrogel can be an effective strategy for promoting
the growth and survival of Pinus pinea seedlings
during the planting phase. The hydrogel treatment is
a simple, cost-effective, and environmentally
friendly approach that can be easily applied to large-
scale plantation projects [14]. Additionally, accord-
ing to Tomaskova and colleagues (2020), the use of
hydrogel can also reduce the frequency of irrigation,
thereby reducing water usage and conserving water
resources.

However, it is worth noting that the optimal dos-
age and application frequency of hydrogel may vary
depending on the soil type, climatic conditions, and
plant species [14]. Therefore, further research is
needed to determine the appropriate hydrogel appli-
cation rate and frequency for different soil types and
climatic conditions. Additionally, long-term studies
are needed to evaluate the impact of hydrogel on the
growth and survival of Pinus pinea seedlings in the
later stages of their growth.

Overall, this study demonstrates that the use of
hydrogel can significantly improve the growth and

survival of Pinus pinea seedlings during the plant-
ing phase, particularly in unfavorable climatic con-
ditions. The hydrogel treatment maintained the
moisture content of the soil, which is essential for
the growth and survival of seedlings, and improved
the soil structure, which provides a favorable envi-
ronment for the root development of seedlings.
Therefore, the use of hydrogel can be a cost-effec-
tive and environmentally friendly approach for pro-
moting the growth and survival of Pinus pinea seed-
lings in large-scale plantation projects.

Conclusion. In conclusion, the use of hydrogel
during the plantation phase of Pinus pinea seedlings
can significantly improve their growth and survival
rates, especially in unfavorable climatic conditions.
The results of the study indicate that hydrogel can
be an effective method to enhance the survival and
growth of seedlings during the critical phase of
planting. The hydrogel treatment improved root de-
velopment, shoot growth, and survival rates in both
the 1-year-old and 2-year-old seedlings.

The study confirms the effectiveness of hydro-
gel in promoting plant growth and survival, con-
sistent with previous studies. The hydrogel acts as a
water reservoir, maintaining the moisture content of
the soil and providing a favorable environment for
the seedlings to grow. The hydrogel also improves
the soil structure, increasing its water-holding ca-
pacity, and reducing water stress on the seedlings.

The results of the study have important implica-
tions for the reforestation efforts in areas with unfa-
vorable climatic conditions. The use of hydrogel can
enhance the survival and growth of seedlings, im-
proving the success of reforestation efforts. Further-
more, the study provides valuable insights into the
mechanisms by which hydrogel promotes plant
growth and survival, which can be applied in future
research to improve the effectiveness of hydrogel in
reforestation efforts.

In conclusion, the use of hydrogel during the
plantation phase of Pinus pinea seedlings can sig-
nificantly improve their growth and survival rates,
and the results of the study provide valuable insights
into the mechanisms by which hydrogel promotes
plant growth and survival. The study highlights the
potential of hydrogel as an effective method to en-
hance the success of reforestation efforts, particu-
larly in areas with unfavorable climatic conditions.
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