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ENHANCING FOREST PLANTATIONS SURVIVABILITY THROUGH
HYDROGEL, FERTILIZERS, AND GROWTH REGULATORS

Lebanonis facing several social and climatic stresses that are impacting its forest cover and reforesta-
tion. In spite of numerous initiatives undertaken by the government, there are indications of an increasing
drought like conditions due to climining yearly temperatures and lower precipitation over the past dec-
ades. There is an urgent need to take action in terms of not only policymaking but also making available
practical and actionable insights that can assist in reforestation efforts. This study aimed to explore the
scope of using hydrogel, fertilizers and growth regulators to enhance survivability of seedlings and to
ensure their high growth. The findings have provided insights about effectiveness of using a 1% concen-
tration of urea or ammonia for the most effective moisture retention in the hydrogel and showed the possi-
bility of their joint use. The study also found Cornevin to provide best results with 1% concentration. Epin
showed slightly worse results, but can also be used in conjunction with hydrogel. When creating forest
plantations, treatment of root systems with the growth regulator Epin together with a hydrogel increases the
survival rate of seedlings, their weight and height, which can be recommended for sandy soils, including
arid conditions. In addition, high survival rates and biometric indicators were shown by the use of contain-
erized seedlings, which can also be recommended for the creation of forest plantations in such conditions.
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M. Anawm, U. B. Boiitos, B. B. Hocaukos
benopycckuii rocyapcTBeHHbIA TEXHOJIOTUYECKUN YHUBEPCUTET

NOBBIINEHUE ITPUX)KUBAEMOCTH JIECHBIX KYJIbTYP C IOMOULIbIO
I'uAPOI'EJIA, YAOBPEHUU U PET'YJIATOPOB POCTA

JIuBaH cTaJKMBaeTCs € PAIOM COLMAIBHBIX M KIMMAaTHYECKUX CTPECCOB, KOTOPBIE BIUAIOT Ha JIECHON
IIOKPOB U JIECOBOCCTAHOBICHHUE. HeCMOTpss HAa MHOTOYUCIICHHBIE JEHCTBUS, NPEANPUHATHIE IPABUTEIb-
CTBOM, COXPaHSETCsl OIIACHOCTh BOSHUKHOBEHUS 3aCYXH BCIIEICTBUE MOBBILIECHHS F'OJOBBIX TEMIIEPATyp U
YMEHBIIEHNS KOJINYECTBA OCAKOB 3a HocienHue aecatunerus. CyliecTByeT HaCTOATENIbHAs He00X0qu-
MOCTB B pa3pa0OTKe NMPaKTHYECKUX U JEHCTBEHHBIX HEH, KOTOPBIE MOT'YT IIOMOYb B BOCCTAHOBIJICHHH JIe-
coB. Llenpio 1aHHOTO HCCIea0BaHMs ObIIO H3ydYeHHE BO3MOXKHOCTH HCIIOIb30BaHMs TUAporeseH, yaoope-
HUI U peryasTopoB pocTa Ul MOBBILEHHS IPHKUBAEMOCTU CESIHLEB U YCUIICHUSI UX POCTa U Pa3BUTHUSL.
[Nomyuennsle naHHBIC TOKa3aIH 3()(HEKTUBHOCTD MCIOJIB30BAaHMS PACTBOPA MOYCBHHBI MJIM aMMOHHIHOTO
ynoopenus 1%-Hoi KOHIIEHTpaLlK COBMECTHO € THApOresieM. PaccMOTpeHO MPUMEHEHHE BMECTE C THIPO-
TeJIeM TaKHX PEryJsiTOpoB pocTa, Kak KOpHEBHH, KOTOPBIH 00€CIIeunBaeT HAWIYUIINE PE3yIbTaThl IPH
KOHUEHTpauuu 1%, u DIHH, MOKa3aBIINi HECKOJIBKO XyAIINE Pe3ybTaThl. B TO e BpeMs IpH CO31aHuU
JIECHBIX KyJIBTYp 00paboTKa KOPHEBBIX CHCTEM PETYIISITOPOM POCTa DITMH COBMECTHO C THPOTENIEM ITOBbI-
IIaeT IPHKUBAEMOCTb CESHIIEB, UX MACCY M BBICOTY, YTO MOXKET ObITh PEKOMEH/IOBAHO /ISl IECYAHBIX MOYB,
B TOM YHCJIE U JUIS 3aCYIUIMBBIX yciaoBuid. KpoMe Toro, BEICOKHE 3HaAYEHHS TIPHKUBAEMOCTH U OHOMETPH-
YeCKUX ToKa3aTenei ObLIM MOMyUYeHbI IPU UCIIOIb30BAaHUHU CESHIIEB C 3aKPBITOI KOPHEBOI CUCTEMOI, KO-
TOPBIE TAKKE MOTYT OBITh PEKOMEHI0BAHBI TS CO3JJAHUS JIECHBIX KYJIBTYP B TAKUX YCIOBHUSIX.

KaioueBbie ci10Ba: 3acynumBble ycioBus, cocHa (Pinus sylvestris), 1ecHble KyJIbTYpBbI, TIPIKHBae-
MOCTb, TUAPOTEIIb, PETYIISITOPBI POCTA, YA0OPEHHUS.
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Statement of the problem. Climate change has
precipitated a myriad of environmental challenges,
most notably droughts and elevated temperatures,
which have deleterious consequences on the vitality
and persistence of plant species. Regions undergo-
ing a transition towards increasingly arid climates,
such as the Mediterranean region, particularly Leb-
anon, have witnessed pronounced impacts from
these challenges, resulting in a discernible decline
in plant growth and survival rates. In response to
this pressing issue, an array of strategies has been
employed, including the utilization of containerized
seedlings, hydrogel application, fertilization, and
growth regulators. Nevertheless, a comprehensive
investigation into the collective efficacy of this
amalgamation in enhancing the survival rates of Pi-
nus seedlings, an ecologically significant tree spe-
cies in Lebanon, remains conspicuously absent.
Hence, the principal objective of this study is to as-
sess the effectiveness of employing a combination
of containerized seedlings, hydrogel, fertilizers, and
growth regulators on the survival rates of Pinus seed-
lings exposed to the harsh conditions of high temper-
atures and prolonged drought induced by climate
change. Additionally, this research endeavors to as-
certain the optimal dosages of this composite treat-
ment for the maximization of seedling survival rates.

Introduction. Historical records indicate that
Lebanon was once covered with extensive conifer-
ous forests, constituting over 70% of its land area [1].
However, these forests have endured centuries of
exploitation, dating back to 7700 BC, with various
civilizations like the Phoenicians, Romans, Otto-
mans, and others [1-3]. The pressures of urban de-
velopment, agriculture, railroad construction, fire-
wood collection, and grazing have led to land deg-
radation, reducing forest coverage [1, 4-7].

In recent times, Lebanese forests have faced fur-
ther challenges, including climate change, the civil
war, rampant bushfires, pathogens, and insect infes-
tations [1, 8—11]. Today, forest coverage has plum-
meted to a mere 13% [12].

To counter this decline, the Ministry of Environ-
ment (MoE) initiated a National Reforestation Plan
with the goal of increasing forest cover to 20%
within 30 years, garnering support from local and
international organizations [1, 11, 13].

Furthermore, a short-term capacity-building
project, the “Safeguarding and Restoring Leba-
non’s Woodland Resources Project” (SRLWRP),
was launched in collaboration with the United Na-
tions Development Programme (UNDP) and the
Global Environment Facility (GEF) [14].
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The current study aimed at increasing the sur-
vival rate of forest plantations through the combined
use of hydrogel, fertilizers and growth regulators,
also to test the effectiveness of using containerized
seedlings. The study was undertaken using both lab
methods and field methods. Two lab methods were
conducted, one assessing the comparative impact of
fertilizers Urea (N — 46%), Ammonium Sulfate (N —
21%), and Organic liquid humic fertilizer “Bio-
vermtechno” (N — 1.2%) on hydrogel’s water-ab-
sorption capacity, the second assessing the compar-
ative impact of Cornevin (indolylbutyric acid,
5 g/kg) and Epin (24-epibrassinolide, 0.025 g/1) on
water-absorption capacity. “GidroSorb”, which is a
spatially cross-linked polymer of acrylic acid based
on a potassium salt, was used as a hydrogel. Next,
the field study was conducted to assess the com-
bined impact of alternated combination of Urea,
growth regulators, and containerized seedlings on
both survivability and Root:Shoot growth rates.

Results and discussion. The aim of the exper-
iment was to assess how the hydrogel absorption ca-
pacity using different percentages of fertilizers
Urea, Ammonia and organic fertilizer would be af-
fected. The experiment was conducted using tea
bags containing 0.5 g of hydrogel and submerging
them in different concentrations of urea, ammonia,
and organic fertilizer to see the effect of the hydro-
gel water retention capacity. The tea bag plus the
hydrogel weighed around 0.55-0.6 g, and the calcu-
lations were made inclusive of the weight of the tea
bag containing the hydrogel and the water absorbed.

Fig. 1 below shows that the level of water absorp-
tion was higher when using Urea, with maximum ab-
sorption occurring at a concentration of 1% of Urea.

Additionally, it needs to be noted that there was
no difference between urea and ammonia’s impact
on the EC; though there was an increase in the EC
with increased concentrations of both. The EC with
organic factor was not measurable due to high read-
ings. Also, the same can be inferred from the fol-
lowing Fig. 1 above which depicts the readings us-
ing testing of distilled water EC when adding differ-
ent percent of urea and ammonia.

The results derived from organic fertilizer were
considerably disparate. The organic fertilizer’s EC
reached values so high that they were beyond the
scope of measurable parameters. This could arise
from the diverse composition inherent to organic
fertilizers, which could be constituted of various so-
lutes in significant quantities [14]. Consequently,
when dissolved, these solutes might amplify the EC
values disproportionately.
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These insights not only underscore the versatil-
ity of hydrogels but also hint at the potential ave-
nues for enhancing their efficacy in tandem with
specific fertilizers in forestry applications.

The next lab experiment aimed to understand the po-
tential of using growth regulators along with 1.7% of
hydrogel on the water absorption capacity of hydrogel.
Growth regulators have been used in previous studies fo-
cused on determining their impact on diverse plants [15]
and vegetation growth [14]; however, most of the studies
have focused on actual plants’ growth or embryogene-
sis, rather than determining the impact on hydrogels’
capacity to absorb moisture and hence have a more po-
tent impact on the entire reforestation effort in a region.

The experiment was conducted using tea bags con-
taining 0.5 g of hydrogel and submerging them in differ-
ent concentrations of Epin and Cornevin to see the effect
of the hydrogel water retention capacity. The tea bag plus
the hydrogel weighed around 0.55-0.6 g, and the calcu-
lations were made inclusive of the weight of the tea bag
containing the hydrogel and the water absorbed.

A one-way ANOVA was conducted with resulted in
obtaining a DfB of 1 and DfW of 8, and an F-value of
5.727. The p-value was 0.043. The p-value (0.0255) is
less than 0.05, it can be said that there are statistically sig-
nificant differences between the groups being compared.

The differences in the impact of different percentages
of EPIN and Cornevin on the absorption of water with
0.5 g of the hydrogel are depicted in the following Fig. 2.

It can be inferred from the above figure that Corne-
vin gives better results than Epin consistently, however,
the best results are obtained with 1% of Cornevin.

Fig. 2. Water Absorption with 0.5 g Hydrogel
and Different percentage of Epin and Cornevin

Next, a field experiment was done Field Experiment
in Negoleroe Forest which is known for its sandy soil,
where both solid and solution Hydrogel been used with
Epin to see their effect of on Seedlings. In addition con-
tainerized seedling were compared to bare roots ones.

Root:shoot (R:S) experimentation has been used
to determine the plant’s sustainability during envi-
ronmental constraints [16]. The ratio has been found
to vary based on several factors like availability of
nutrients. Previous studies have used R:S biomass
measurement after treating the seedlings with diverse
nutrients to gauge the impact of those nutrients, with
the underlying aim of measuring the impact of R:S
mass on absorption and distribution of nutrients. The
current study used a similar experiment, but meas-
ured the growth and diameter rather than mass.

The experiment was conducted over a period of
6 months, where the seedlings were treated in dif-
ferent ways:

a) with dry hydrogel;

b) with Hydrogel Solution;

¢) with EPIN and Hydrogel;

d) without any input (control group);

e) bare seedlings;

f) containerized seedlings.

Dry hydrogel in an amount of 0.25-0.30 g was
placed into the landing slot. The root systems of
seedlings were dipped in a hydrogel solution.
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Fig. 4. Ratio R:S and Growth in Negoreloe Forest

The initial height was measured at the inset of the
experiment. The measurements were again taken at
the end of 6 months, and their growth was noted along
with the diameter. Further, measurements included
shoot (dry and wet respectively), root (dry and wet re-
spectively). Next, calculations were based on Ratio of
Dry root on Dry shoot and percentage of water in root
and percentage of water in shoot. The following Fig. 3
shows the findings from the experiment graphically.

Masgkova T., Herben T. had found that the R:S
ratio was inversely related with nutrient absorption,
and this relationship was more marked for large
sized seedlings [16]. A similar interpretation can be
made for the current findings, where the R:S shows
an inverse relationship with the growth.

Additionally, a comparison is made of the growth
characteristics and quality indicators of seedlings and
are presented below (see Fig. 4 below). Other studies
have conducted similar experi ments, but by varying
the management of seedlings in different nurseries
[17] or different soil types or seed types [16]. The cur-
rent study provides a better comparative analysis as
the only variations made were in terms of the additives
that were given to the seedlings during the measure-
ment, all other factors being common to them.

The Fig. 4 shows that higher the ratio R:S the lower
the growth and diameter (hence nutrient absorption
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effectiveness). Fig. 3 also shows that EPIN + H yields
the maximum growth as well as diameter for the seed-
lings under the field conditions in Negoreloe Forest.
Further, the following Fig. 5 shows that the mortality
rate, too, is the lowest for EPIN + H and for the con-
tainerized seedling where the difference is signifi-
cantly relevant compared with the bear root seedlings.

50
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N WA
S O O

Mortality Rate, %
=

0

BDry H in Soil
#BEPIN + H
B Bare Root Seedlings

Solution of H
Control
B Containerized Seedlings

Fig. 5. Seedling Mortality Rate in Negoreloe Forest

Conclusion. In conclusion, the findings have
elaborated on the effectiveness of using a 1% con-
centration of urea or ammonia for the most effective
hydrogel moisture retention, and least impact on
water absorption with urea and ammonia concentra
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tion increase and can be applied in soil, especially
sandy soil and arid conditions. The study also found
that Cornevin gives better results than EPIN consist-
ently, however, the best results are obtained with 1%
of Cornevin. However, both growth regulators can be
used in the creation of forest plantations. It can also
be concluded that treatment of root systems with the
growth regulator Epin together with a hydrogel in-
creases the survivability rate of the seedlings, and
containerized seedlings reflected a low non signifi-
cant mortality rate compared to the high mortality

rate of bear roots seedlings, and such approaches can
be recommended for conditions similar to Negoreloe
Forest, e. g. for sandy soils in arid conditions.
Preserving the water supply in the root layer and
providing the necessary supply of nutrients can be a
key factor for increasing the survival rate of forest
plantations created in difficult environmental condi-
tions. The use of growth regulators can also improve
survival rate by increasing resistance to adverse weather
conditions and stimulating the development of under-
ground and above-ground parts of planted plants.
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E-mail: michelalalam@gmail.com

BoiiToB Urops ButaabeBu4 — IOKTOp TEXHUYECKUX HayK, mpodeccop, pekrop. bemopycckmii rocy-
JapCTBEHHBIN TeXHONOrHUecKni yauBepeutet (220006, r. Munck, yi. Csepanosa, 13a, Pecnyonuka bena-
pycb). E-mail: voitov@belstu.by

Hocuukor Bagum BanepbeBUY — KaHIUIAT CEIBCKOXO3SMCTBEHHBIX HAYK, JOLEHT, TOIEHT Kadeapbl
JIECHBIX KYJBTYpP M TOYBOBeJeHMs. bermopycckuii rocyaapcTBEHHBIM TEXHOIOIMUYECKUI YHHUBEPCHUTET
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