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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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ПОВЫШЕНИЕ ПРИЖИВАЕМОСТИ ЛЕСНЫХ КУЛЬТУР С ПОМОЩЬЮ 
ГИДРОГЕЛЯ, УДОБРЕНИЙ И РЕГУЛЯТОРОВ РОСТА 

Ливан сталкивается с рядом социальных и климатических стрессов, которые влияют на лесной 
покров и лесовосстановление. Несмотря на многочисленные действия, предпринятые правитель-
ством, сохраняется опасность возникновения засухи вследствие повышения годовых температур и 
уменьшения количества осадков за последние десятилетия. Существует настоятельная необходи-
мость в разработке практических и действенных идей, которые могут помочь в восстановлении ле-
сов. Целью данного исследования было изучение возможности использования гидрогелей, удобре-
ний и регуляторов роста для повышения приживаемости сеянцев и усиления их роста и развития. 
Полученные данные показали эффективность использования раствора мочевины или аммонийного 
удобрения 1%-ной концентрации совместно с гидрогелем. Рассмотрено применение вместе с гидро-
гелем таких регуляторов роста, как Корневин, который обеспечивает наилучшие результаты при 
концентрации 1%, и Эпин, показавший несколько худшие результаты. В то же время при создании 
лесных культур обработка корневых систем регулятором роста Эпин совместно с гидрогелем повы-
шает приживаемость сеянцев, их массу и высоту, что может быть рекомендовано для песчаных почв, 
в том числе и для засушливых условий. Кроме того, высокие значения приживаемости и биометри-
ческих показателей были получены при использовании сеянцев с закрытой корневой системой, ко-
торые также могут быть рекомендованы для создания лесных культур в таких условиях. 

Ключевые слова: засушливые условия, сосна (Pinus sylvestris), лесные культуры, приживае-
мость, гидрогель, регуляторы роста, удобрения. 
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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]. 

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/l) 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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This experiment sheds light on the relationship be-
tween hydrogel absorption capacities and various ferti-
lizer concentrations. While urea and ammonia both opti-
mize at a 0.1% concentration, organic fertilizers require a 
thrice-fold increase to achieve peak absorption. The sub-
stantial increase in EC with rising concentrations of the 
fertilizers accentuates the ionic interactions at play, with 
organic fertilizers rendering highly augmented EC values. 

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; 
c) 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. 

 
Fig. 1. Effect different percentage of Urea, Ammonia and Organic Fertilizers on Hydrogel’s water retention  

capacity and the water’s electrical conductivity (EC) 
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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.  

Mašková 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  

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. 

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. 

References 
1. Haroutunian G., Chojnacky D. C., El Riachy R., Chojnacky C. C. Reducing reforestation costs in 

lebanon: Adaptive field trials. Forests, 2017, vol. 8 (5), pp. 1–18. DOI: 10.3390/f8050169. 
2.  Mikesell M. W. The Deforestation of Mount Lebanon. Geographical Review, 1969, vol. 59 (1),  

pp. 1–28. DOI: 10.2307/213080. 
3. Yasuda Y., Kitagawa H., Nakagawa T. The earliest record of major anthropogenic deforestation in the 

Ghab Valley, northwest Syria: a palynological study. Quaternary International, 2000, vol. 73, pp. 127–136. 
DOI: 10.1016/S1040-6182(00)00069-0. 

4. El-Hajj R., Varese P., Nemer N., Tatoni T., Khater C. Mediterranean ecosystems challenged by global 
changes and anthropogenic pressures: Vulnerability and adaptive capacity of forests in north Lebanon. Revue 
D Ecologie, 2015, no. 70, pp. 3–15.  

5. State and trends of the Lebanese environment. Available at: http://www.moe.gov.lb/Pages/SOER2010.aspx 
(accessed 18.08.2022). 

6. Zurayk R., El Moubayid L. Land Degradation and Mitigation in the Lebanese Mountains: The Breakdown of 
Traditional Systems. Available at: https://erc.undp.org/evaluation/documents/download/19920 (accessed 17.08.2022). 

7. Talhouk S. N., Zurayk R., Khuri S. Conservation of the coniferous forests of lebanon: Past, present 
and future prospects. Oryx, 2001, vol. 35 (3), pp. 206–215. DOI: 10.1046/j.13653008.2001.00180x. 

8. Sattout E., Nemer N. Managing climate change effects on relic forest ecosystems: A program for 
lebanese cedar. Biodiversity, 2008, vol. 9, pp. 122–130. DOI: 10.1080/14888386.2008. 

9. Hansen A., Neilson R., Dale V., Flather C., Iverson L., Urrie D., Shafer S., Cook S., Bartlein P. Global 
change in forests: Responses of species, communities, and biomes. Bioscience, 2001, vol. 51 (9), pp. 765–
779. DOI: 10.1641/0006-3568. 

10. Stolte K. W. Forest health monitoring and forest inventory analysis programs monitor climate change 
effects in forest ecosystems. Hum. Ecol. Risk Assessment, 2001, vol. 7, pp. 1297–1316. 

11. Safeguarding and Restoring Lebanon’s Woodland Resources. Technical Report. Available at: 
https://www.undp.org/sites/g/files/zskgke326/files/migration/lb/SRLWR-Project-Final-Report-for-web-LR.pdf 
(accessed 20.09.2023). 

12. National forest and tree assessment and inventory: Final report. Available at: http://www.fao.org/for-
estry/15565-0f921641e230ef06f11d15b8856f2ff07.pdf (accessed 23.08.2022). 

13. Verner D. Adaptation to a Changing Climate in the Arab Countries: A Case for Adaptation Govern-
ance and Leadership in Building Climate Resilience. MENA development report. Available at: 
https://openknowledge.worldbank.org/handle/10986/12216 (accessed 18.08.2022). 

14. Bagale P., Pandey S., Regmi P., Bhusal S. Role of plant growth regulator “Gibberellins” in vegetable pro-
duction: an overview. International journal of horticultural science and technology, 2022, no. 9 (3), pp. 291–299. 

15. Mazri M. A., Belkoura I., Meziani R., Es-Saoudy H., Rachad F., Elmaataoui S. Impact of Osmotica 
and Plant Growth Regulators on Somatic Embryogenesis of Date Palm. Current Agriculture Research Jour-
nal, 2019, no. 7 (3), pp. 296–303. 

16. Mašková T., Herben T. Root: shoot ratio in developing seedlings: How seedlings change their allocation in 
response to seed mass and ambient nutrient supply. Ecology and evolution, 2018, no. 8 (14), pp. 7143–7150. 

17. Takoutsing B., Tchoundjeu Z., Degrande A., Asaah E., Gyau A., Nkeumoe F., Tsobeng A. Assessing 
the quality of seedlings in small-scale nurseries in the highlands of Cameroon: the use of growth character-
istics and quality thresholds as indicators. Small-scale Forestry, 2014, no. 13, pp. 65–77. 

Список литературы 
1. Reducing reforestation costs in lebanon: Adaptive field trials / G. Haroutunian [et al.] // Forests. 2017. 

Vol. 8 (5). P. 1–18. DOI: 10.3390/f8050169. 
2.  Mikesell M. W. The Deforestation of Mount Lebanon // Geographical Review. 1969. Vol. 59 (1).  

P. 1–28. DOI: 10.2307/213080. 



58  Enhancing forest plantations survivability through hydrogel, fertilizers, and growth regulators 

Òðóäû ÁÃÒÓ   Ñåðèÿ 1   № 1   2024 

3. Yasuda Y., Kitagawa H., Nakagawa T. The earliest record of major anthropogenic deforestation in the 
Ghab Valley, northwest Syria: a palynological study // Quaternary International. 2000. Vol. 73. P. 127–136. 
DOI: 10.1016/S1040-6182(00)00069-0. 

4. Mediterranean ecosystems challenged by global changes and anthropogenic pressures: Vulnerability and 
adaptive capacity of forests in north Lebanon / R. El-Hajj [et al.] // Revue D Ecologie. 2015. No. 70. P. 3–15.  

5. State and trends of the Lebanese environment // Republic of Lebanon, Ministry of Environment. Avail-
able at: http://www.moe.gov.lb/Pages/SOER2010.aspx (accessed 18.08.2022). 

6. Zurayk R., El Moubayid L. Land Degradation and Mitigation in the Lebanese Mountains: The Break-
down of Traditional Systems // Evaluation Resource Center. Available at: https://erc.undp.org/evalua-
tion/documents/download/19920 (accessed 17.08.2022). 

7. Talhouk S. N., Zurayk R., Khuri S. Conservation of the coniferous forests of lebanon: Past, present 
and future prospects // Oryx. 2001. Vol. 35 (3). P. 206–215. DOI: 10.1046/j.13653008.2001.00180x. 

8. Sattout E., Nemer N. Managing climate change effects on relic forest ecosystems: A program for 
lebanese cedar // Biodiversity. 2008. Vol. 9. P. 122–130. DOI: 10.1080/14888386.2008.9712917. 

9. Global change in forests: Responses of species, communities, and biomes / A. Hansen [et al.] // Bio-
science. 2001. Vol. 51 (9). P. 765–779. DOI: 10.1641/0006-3568. 

10. Stolte K. W. Forest health monitoring and forest inventory analysis programs monitor climate change 
effects in forest ecosystems // Hum. Ecol. Risk Assessment. 2001. Vol. 7. P. 1297–1316. 

11. Safeguarding and Restoring Lebanon’s Woodland Resources. Technical Report // UNDP. Available 
at: https://www.undp.org/sites/g/files/zskgke326/files/migration/lb/SRLWR-Project-Final-Report-for-web-
LR.pdf (accessed 20.09.2023). 

12. National forest and tree assessment and inventory: Final report // FAO. Available at: 
http://www.fao.org/forestry/15565-0f921641e230ef06f11d15b8856f2ff07.pdf (accessed 23.08.2022). 

13. Verner D. Adaptation to a Changing Climate in the Arab Countries: A Case for Adaptation Govern-
ance and Leadership in Building Climate Resilience. MENA development report // World Bank. Available 
at: https://openknowledge.worldbank.org/handle/10986/12216 (accessed 18.08.2022). 

14. Role of plant growth regulator “Gibberellins” in vegetable production: an overview / P. Bagale [et al.] // 
International journal of horticultural science and technology. 2022. No. 9 (3). P. 291–299.  

15. Impact of Osmotica and Plant Growth Regulators on Somatic Embryogenesis of Date Palm /  
M. A. Mazri [et al.] // Current Agriculture Research Journal. 2019. No. 7 (3). P. 296–303. 

16. Mašková T., Herben T. Root: shoot ratio in developing seedlings: How seedlings change their allo-
cation in response to seed mass and ambient nutrient supply // Ecology and evolution. 2018. No. 8 (14). 
P. 7143–7150. 

17. Assessing the quality of seedlings in small-scale nurseries in the highlands of Cameroon: the use of 
growth characteristics and quality thresholds as indicators / B. Takoutsing [et al.] // Small-scale Forestry. 
2014. No. 13. P. 65–77. 

Information about the authors 
Alam Michel – PhD student, the Department of Forest Plantations and Soil Science.  Belarusian State Techno-

logical University (13a, Sverdlova str., 220006, Minsk, Republic of Belarus).  E-mail: michelalalam@gmail.com 
Voitau Ihar Vitalievich – DSc (Engineering), Professor, Rector. Belarusian State Technological Uni-

versity (13а, Sverdlova str., 220006, Minsk, Republic of Belarus). E-mail: voitov@belstu.by 
Nosnikov Vadim Valer’evich − PhD (Agriculture), Associate Professor, Assistant Professor, Depart-

ment of Forest Plantations and Soil Science. Belarusian State Technological University (13a, Sverdlova str., 
220006, Minsk, Republic of Belarus). E-mail: nosnikov@belstu.by 

Информация об авторах 
Aлам Mишель – аспирант кафедры лесных культур и почвоведения.  Белорусский государствен-

ный технологический университет (220006, г. Минск, ул. Свердлова, 13а, Республика Беларусь).  
E-mail: michelalalam@gmail.com 

Войтов Игорь Витальевич – доктор технических наук, профессор, ректор. Белорусский госу-
дарственный технологический университет (220006, г. Минск, ул. Свердлова, 13а, Республика Бела-
русь). E-mail: voitov@belstu.by 

Носников Вадим Валерьевич − кандидат сельскохозяйственных наук, доцент, доцент кафедры 
лесных культур и почвоведения. Белорусский государственный технологический университет 
(220006, г. Минск, ул. Свердлова, 13а, Республика Беларусь). E-mail: nosnikov@belstu.by 

Received 15.10.2023 


