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Abstract 
The creation of artificial stands that are structurally stable and resistant to biotic agents involves the 
production of seedlings in an intensive regime (grow tent), where their development conditions are 
optimized, while creating premises to produce infections with various pathogens. Thus, continuous 
monitoring of the crops is required to have healthy and vigorous seedlings. 
To control soil pathogens, a spruce crop was installed in the grow tent located at the Lechința Experimental 
Base (Bistrița-Năsăud County), in which both synthetic and biological fungicides were tested. 
If, in the past, crop monitoring was done through field observations, nowadays, technological progress 
allows the rapid detection of disruptive biotic or abiotic factors by using digitalization, placing a surveillance 
camera with infrared vision (IR) connected to a wireless router for remote monitoring in real time of the crop 
installed within the grow tent. 
Data logger sensors were also placed to determine soil temperature (at -6 cm), at soil level (0 cm), at 12 
cm and at 1.3 m height, respectively soil moisture and at 1.3 m height. 
Of the products tested, the synthetic fungicide based on fluopicolide 62.5 g/l + propamocarb hydrochloride 
625 g/l and the biological one based on Bacillus amyloliquefaciens strain FZB2 offered the most effective 
protection against the "seedling damping off" disease caused by Fusarium spp and Pythium spp. 
From the observations made during 2024, it results that an average temperature between 15oC and 25oC 
in the air, associated with the range of 16 oC and 20oC in the soil and a relative humidity in the air above 
75% respectively 30-35% in the soil, maintained between 4 and 6 consecutive days, led to the occurrence 
of the "seedling damping off " disease in spruce, which allows us to state that the onset of infections occurs 
within these climatic ranges. 
 
Keywords: grow tent, fungicides, sensors 
 

Introduction 
The creation of artificial stands of structurally stable coniferous trees resistant to biotic agents 

involves the production of seedlings in an intensive (grow tent) regime, in which their development 
conditions are optimized, while creating, at the same time, premises to produce infections with various 
pathogens. Thus, continuous monitoring of crops is required to have healthy and vigorous seedlings under 
current climate dynamics [2,12]. 

The effects of climate change are increasingly felt, influencing temperatures and precipitation both 
in the growing season and annual averages, their impact having a significant effect on the production of 
seedlings, as well as on the spatial incidence of diseases [11,24,19]. 

The negative effects of environmental factors are felt in Romanian forests, being like those in most 
European countries, with more areas being reported with a poor vegetation condition, especially that 
caused by diseases that have begun to become frequent [14-20]. The pathogens in growing tents, being in 
constant evolution, adapting to environmental conditions as well as to anthropogenic influences, require 
permanent monitoring for effective control. In parallel with the evolution of pathogens, various technical 
monitoring and control solutions are continuously developed, on the one hand based on new, non-polluting, 
and non-toxic synthetic products, and on the other hand by implementing new climate monitoring and image 
tracking technologies in various color spectra [9]. 

Complex research on the production of seedlings in relation to the incidence of diseases has been 
carried out over time to obtain vigorous seedlings and, implicitly, qualitative stands [7]. 
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The main factors that favor the activity of pathogenic organisms, such as microclimate conditions 
and the sensitivity of forest species, must be monitored carefully to limit the damage caused by diseases 
[5, 17]. 

With the tightening of environmental protection protocols, a wide range of products used in the 
control of the disease "dumping off" no longer correspond to the new trends in environmental protection, 
thus requiring studies on the adaptation of new fungicides to the needs of silviculture, in accordance with 
the evolution of pathogens. These involve combining laboratory studies with those on monitoring the 
behavior of pathogens in the field [13,16]. For this reason, it is necessary to test new products approved in 
the agricultural field for their use in the control of the "dumping off" disease, considered one of the greatest 
phytosanitary risk factors that can significantly decrease the production of coniferous seedlings suitable for 
planting [10, 15], and can progress rapidly, causing significant damage [21, 22]. This pathology is caused 
by a wide spectrum of pathogens from the genera Fusarium spp., Alternaria spp., Pythium spp., Rhizoctonia 
spp., Botrytis spp., etc. [1,6]. 

The present paper proposes the testing of cutting-edge antifungal products in the control of the 
"dumping off" disease in coniferous crops installed in grow tents. Also, modern technologies were 
implemented to monitor microclimatic factors through sensors and crop evolution using IR spectrum 
cameras. 

 
Material and Method 
The works involved the placement of an experimental spruce culture in the grow tent at the Lechința 

Experimental Base, during 2024, within an experimental block structured in 4 repetitions and 8 variants, of 
which 7 treated variants, 6 with products in two concentrations/product, and one with a single concentration, 
as follows: 

V1 - Taegro (1x1013 UFC/kg Bacillus amyloliquefaciens - FZB24) 0,375 g/0,6 L water/1,6 sqm; 
V2 - Infinito (fluopicolid 62,5 g/l + propamocarb clorhidrat 625 g/l) 1,4 ml/0,6 L water /1,6 sqm; 
V3 - Carial Star (250g/l mandipropamid + 250g/l difenoconazol) 0,6 ml/0,6 L water /1,6 sqm; 
V4 - Fytosave (12.5g/l chito-oligozaharide-oligogalacturonane) 1,6 ml/0.6 L water /1,6 sqm; 
V5 - Taegro(1x1013 UFC/kg Bacillus amyloliquefaciens - FZB24)0,35 g/0,6 L water /1,6 sqm; 
V6 - Infinito (fluopicolid 62,5 g/l + propamocarb clorhidrat 625 g/l)1,3 ml/0,6 L water /1,6 sqm; 
V7 - Carial Star (250g/l mandipropamid + 250g/l difenoconazol) 0,5 ml/0,6 L water /1,6 sqm; 
V8 – Control untreated. 
Used doses: 
- Taegro (1x1013 UFC/kg Bacillus amyloliquefaciens FZB2): 0,0625% - 375 g/600 L water/ 1 ha, 

0,0583% - 350 g/600 L water/1ha; 
- Infinito (fluopicolid 62,5 g/l + propamocarb clorhidrat 625 g/l): 0,233 % - 1400 ml/ 600 L water / 1 

ha, 0,216% - 1300 ml/600 L water/1ha; 
- Carial Star (250 g/l mandipropamid+250 g/l difenoconazol): 0,1 % - 600 ml/600L water / 1 ha, 

0,0833% - 500 ml/600L water/1ha; 
- Fytosave (12.5g/l COS-OGA - chito-oligozaharide-oligogalacturonane): 0,266% - 2000 ml/750 L 

water/1ha. 
using an infrared (IR) vision surveillance camera, which was connected to a wireless router for 

remote monitoring in real time. To record climatic data, data logger devices were placed in the soil and air, 
which record temperature and humidity (fig. 1). These refer to soil temperatures (°C) at 6 cm depth, at the 
soil The monitoring of the crop was done surface (0 cm), at 12 cm, and at 1.3 m height, as well as humidity 
in the soil and at 1.3 m height 

The crops were monitored until the end of the vegetation period, following the general health status, 
and at the first symptoms observed, the affected seedlings were extracted. 



JOURNAL of Horticulture, Forestry and Biotechnology 
Volume 29(2), 2025, 99-106 
https://jhfb.ro/index.php/jhfb 

Print ISSN: 2066-1797 
Online ISSN: 3045-1876 

101 

 

 
Figure 1. Location of equipment within the solar system: 1. Surveillance camera; 2. Data logger at 

1.3 m; 3. Data logger in the ground 
 

Results and Discussion 
The surveillance camera, and particularly the infrared function, monitored the moment of 

emergence and the subsequent evolution of the seedlings. Thus, in the spruce crop, the first seedlings 
were observed on May 3, 2024, with a germination duration of 14 days (Fig. 2). 

 

 
Figure 2. Images of seedling emergence and “dumping off” 
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With the infrared (IR) function, due to the specificity of the spectrum used, healthy plants can be 
more easily differentiated from the soil (Fig. 3). 
 

 
Figure 3. IR image 

 
In addition to monitoring with the surveillance camera, data on environmental climatic factors were 

tracked through repeated readings of sensors placed both in the soil and in the air (fig. 4). 
 

 
Figure 4. Main daily climatic characteristicsfrom 1.05 to 5.07.2024 

 
 Temperatures fluctuated, with the minimum recorded on May 9 and the maximum on June 22. The 
average throughout the period was approximately 20 degrees Celsius, both in the soil and in the air. The 
average soil humidity was around 33%, recording a maximum on May 30 and June 18. Compared to the 
soil humidity, the air humidity underwent significant fluctuations, with a minimum recorded on May 21 and 
a maximum on July 3 and an average humidity of approximately 80%. 
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Figure 5. Spruce seedling emergence and survival (maintenance) 

 
The first emerged seedlings were observed on May 6th, with mass emergence being reached on 

May 14th, the highest percentage recorded in variant V1, which was treated with Taegro (1x1013 CFU/kg 
Bacillus amyloliquefaciens strain FZB2) at a concentration of 0.0625%. 

In the variants V2 and V6 treated with the fungicide Infinito (fluopicolide 62.5 g/l + propamocarb 
hydrochloride 625 g/l), in addition to protection against the "dumping off" disease, it had a secondary effect 
as a growth stimulant, with a maximum recorded on June 6 in variant V6. After this date, in Variant V6, the 
emergence trend was decreasing, compared to V2, which was increasing until the end of the emergence 
period. 

 
Figure 6. Dynamics of seedlings "dumping off" 

 
Seedling mortality was observed starting from May 6, simultaneously with the first emergence, with 

a maximum recorded in all treated variants on May 14 except V2, which recorded the maximum on May 
27.  

In the untreated control variant, seedling drop had an upward trend, from 2% (first inventory, on 
May 6) to a maximum of 7.6-7.8% affected seedlings (in the last records, from June-July). The treatments 
had a favorable effect, keeping losses constantly lower than in the untreated variant. 
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The disease had a faster evolution in the first weeks, especially in variant V6, treated with 
fluopicolide + propamocarb hydrochloride 0.216%, with 2.3% affected seedlings. 

Until July 3, when the last fallen seedlings were observed, in the variants treated with lower 
concentrations (V4 chito-oligosaccharides-oligogalacturonans 0.200% and V5 fluopicolide + propamocarb 
hydrochloride 0.216%), the disease caused slightly greater damage. The best protection was provided by 
the variants with higher concentrations: V2 treated with fluopicolide + propamocarb hydrochloride 0.233%, 
followed by V1, treated with B. amyloliquefaciens 0.0625%, with losses of fallen seedlings of 2.7% and 
5.9%, respectively. 

The highest mortality (recorded in the treated variants) was in the first weeks after germination, 
when the average temperature was 16-18°C in the soil and 16-24°C in the air, and the air humidity was 
between 75 and 85%. 

We note that seedlings are extremely sensitive to lodging during this period; as they develop, they 
become more tolerant to the disease, and after about two months, the root lignification process begins, 
which gives seedlings increased resistance to lodging/rot [3, 18]. 

 

  
Figure 7. Spruce seedlings on culture medium Figure 8. Fusarium spp. spores, microscopic view 

  

Figure 9. Alternatia spp. spores, microscopic view Figure 10. Pythium spp. microscopic view 

 
The disease remained active in the first two months, a period in which soil moisture was over 30% 

and average air temperatures were between 16°C and 25°C. The "dumping off" disease, in the treated 
variants, is kept under control by the action of fungicides, except for variant V6, treated with Infinito 0.216% 
- 1300 ml/600 L water/1 ha. In this case, the lower concentration does not seem to provide sufficient 
protection of the seedlings. The fungicides used in the study to combat the "damping off" disease had a 
good yield, with the biological fungicide based on Bacillus amyloliquefaciens strain FZB24 being noted, 
which had a better yield compared to the synthetic fungicides used. Abbas et al. [1] states that Bacillus spp. 
has a significant role in controlling the disease caused by Rhizoctonia solani. Xu et al. [23] reached the 
same conclusion regarding Bacillus amyloliquefaciens in controlling the pathogen Fusarium oxysporum. 

Samples of biological material were collected from the culture, representing affected seedlings, for 
laboratory analysis to determine the spectrum of pathogens that led to the disease "dumping off”. Following 
the analyses carried out by subculture procedures on CGA (potato-glucose-agar) culture medium, 
respectively by digital microscope, pathogens of the genus Fusarium, Pythium, and Alternaria were 
identified (fig. 7-10). 
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Conclusions 
The study focused on the application of experimental treatments with new substances, used in 

agriculture, to control the disease "dumping off", caused by the spectrum of pathogens of the genera 
Fusarium, Pythium, and Alternaria, which affects spruce crops in forest grow tents. 4 fungicides were used, 
of which two were biological, the best results being obtained with the synthetic fungicide Infinito (fluopicolide 
62.5 g/l + propamocarb hydrochloride 625 g/l) in a concentration of 0.233% and the biological fungicide 
Taegro (1x1013 CFU/kg Bacillus amyloliquefaciens strain FZB2) in a concentration of 0.0625%. 

Also, by using the camera with the infrared (IR) function, it was possible to identify the moment of 
emergence of the first seedlings and the fall of the affected ones, and from the analysis of the data obtained 
through climate sensors, it was noted that an average temperature between 15°C and 25°C in the air and 
16°C and 20°C in the soil, associated with a relative humidity in the air above 75% and 30-35% in the soil, 
maintained for 4-6 consecutive days, led to the appearance of the "dumping off" disease within the installed 
crop. 
 

Acknowledgements 
Publishing of this journal is supported by the Institute for Plant Biotechnology of the University of 

Life Sciences “King Mihai I” from Timisoara. 
This research was funded by “Marin Drăcea” National Institute for Research and Development in 

Forestry, grant PN 23090102. 
 

References 
[1] Abbas, A., Khan, S.U., Khan, W.U., Saleh, T.A., Khan, M.H.U., Ullah, S., Ullah, S., Ali, A., Ikram, M. 
(2019), Antagonist effects of strains of Bacillus spp. against Rhizoctonia solani for their protection against 
several plant diseases: Alternatives to chemical pesticides. ComptesRendusBiologies, 342(5-6), 124-135. 
[2] Albrectsen, B., Witzell, J. (2012), Disentangling functions of fungal endophytes in forest trees. In Fungi: 
Types, Environmental Impact and Role in Disease; ed. Adolfo, P.S.; María S.N.; Publisher: Science 
Publishers Incorporated: New York, USA. 
[3] Bate A.M., Jones G., Kleczkowski A., MacLeod A., Naylor R., Timmis J., ... & White P.C. (2016), 
Modelling the impact and control of an infectious disease in a plant nursery with infected plant material 
inputs. Ecological Modelling, 334, 27-43. 
[4] Calvo, P.; Nelson, L.; Kloepper, J.W. (2014), Agricultural uses of plant biostimulants, Plant Soil, 383:3-
4 
[5] Chira, F., Mantale, C., Enoiu, I., & Chira, D. (2019), Tratamente complexe la puieții forestieri de 
rășinoase din pepiniere [Complex treatments of softwood forest saplings in nurseries.]. Revista de 
Silvicultura si Cinegetica, 24(45). 
[6] Dar, G.H., Beig, M.A., Ahanger, F.A., Ganai, N.A., Ahangar, M.A. (2011), Management of root rot caused 
by Rhizoctonia solani and Fusarium oxysporum in blue pine (Pinus wallichiana) through use of fungal 
antagonists, Asian Journal of Plant Pathology, 5(2): 62-67. 
[7] Desprez-Loustau, M.-L., Aguayo, J., Dutech, C., Hayden, K.J., Husson, C., Jakushkin, B., Marcais, B., 
Piou, D., Robin, C., Vacher, C. (2016), An evolutionary ecology perspective to address forest pathology 
challenges of today and tomorrow. Ann. Forest Sci., 73, 45–67. 
[8] Dobbs J.T., Kim M.S., Reynolds, G.J., Wilhelmi, N., Dumroese, R. K., Klopfenstein, N. B., ... & Stewart, 
J. E. (2023), Fusarioid community diversity associated with conifer seedlings in forest nurseries across the 
contiguous USA. Frontiers in Plant Science, 14, 1104675. 
[9] El-Sayed, A., Kamel, M. (2020), Climatic changes and their role in emergence and re-emergence of 
diseases, Environmental Science and Pollution Research, 27, 22336-22352. 
[10] García Díaz, S.E., Cibrián Tovar, D. (2011), Root rot caused by Fusarium oxysporumSchltdl in conifers. 
In Memoria del XV Simposio Nacional de Parasitología Forestal; 2011; Oaxaca, México. México: Colegio 
de Postgraduados, p. 204-207. 
[11] Ghini, R., Hamada, E., Pedro Junior, M.J., Marengo, J.A., Gonçalves, R.R. (2008), Risk analysis of 
climate change on coffee nematodes and leaf miner in Brazil, Pesquisa Agropecuária Brasileira. (43): 187-
194. 
[12] Haase, D. L., Pike, C., Enebak, S., Mackey, L., Ma, Z.; Silva, C., Warren, J. (2021), Forest nursery 
seedling production in the United States—Fiscal year 2020, Tree Planters’ Notes, 64(2), 64-2. 
[13] Hessenauer, P., Feau, N., Gill, U., Schwessinger, B., Brar, G.S., Hamelin, R.C. (2021), Evolution and 
adaptation of forest and crop pathogens in the Anthropocene, Phytopathology®, 111(1), 49-67. 
[14] Keca, N., Koufakis. I., Dietershagen, J., Nowakowska, J.A., Oszako, T. (2016), European oak decline 
phenomenon in relation to climatic changes, Folia Forestalia Polonica 58(3):170-177. 



JOURNAL of Horticulture, Forestry and Biotechnology 
Volume 29(2), 2025, 99-106 
https://jhfb.ro/index.php/jhfb 

Print ISSN: 2066-1797 
Online ISSN: 3045-1876 

106 

 

[15] López-López, N., Segarra, G.; Vergara, O.; López-Fabal, A.; Trillas, M.I. (2016), Compost from forest 
cleaning green waste and Trichoderma asperellum strain T34 reduced incidence of Fusarium circinatum in 
Pinus radiata seedlings, Biological Control, 95: 31-39. 
[16] Lurwanu, Y., Wang, Y.P., Abdul, W., Zhan, J., Yang, L.N. (2020), Temperature-mediated plasticity 
regulates the adaptation of Phytophthora infestans to azoxystrobin fungicide, Sustainability, 12(3), 1188. 
[17] Olenici, N. (2021), Identificarea factorilor dăunători care afectează culturile forestiere–principii generale 
și un studiu de caz [Identification of pests affecting forest crops–general principles and a case study], 
Bucovina Forestieră, 21(2), 165-181. 
[18] Poveda, J., Martín-García, J., Zamora-Brauweiler, P., Pastor, M., &Díez, J. J. (2024), Biological control 
of damping-off by Fusarium oxysporum and F. verticillioides on pine and oak seedlings using edible 
ectomycorrhizal fungi. Pedobiologia, 150973. 
[19] Rosenzweig, C., Tubiello, F.N. (2007), Adaptation and mitigation strategies in agriculture: an analysis 
of potential synergies. Mitig. Adapt. Strat. Glob. Change. 12: 855-873. 
[20] Şimonca, V., Oroian, I., Chira, D., Tăut, I. (2017), Methods for Quantification of the Decline 
Phenomenon and Determination of the Vulnerability Degree for the Oak Stands in Northwestern 
Transylvania, Romania, Not Bot Horti Agrobo, 2017, 45(2):623-631 
[21] Tăut, I., Moldovan, M., Șimonca, V., Varga, M. I., Rob, M., Chira, F., & Chira, D. (2024), Control of 
Pathogen Erysiphe alphitoides Present in Forest Crops in Current Climatic Conditions. Microbiology 
Research, 15(3), 1441-1458. 
 [22] Waszczuk, U., Zapora, E., Berezovska, D., Stocki, M., Wołkowycki, M., Malewski, T., Hsiang, T., 
Oszako, T., Borowik, P. (2022), Use of Secondary Metabolites of Wood-Decaying Fungi to Reduce 
Damping off Disease, Forests, 13(8), 1208. 
[23] Xu, X., Wang, Y., Lei, T., Sohail, M.A., Wang, J., Wang, H. (2022), Synergistic effects of Bacillus 
amyloliquefaciens SDTB009 and difenoconazole on Fusarium wilt of tomato, Plant Disease, 106(8), 2165-
2171 
[24] Yáñez-López, R., Torres-Pacheco, I., Guevara-González, R.G., Hernández-Zul, M.I., Quijano-
Carranza, J.A., Rico-García, E. (2012), The effect of climate change on plant diseases. African Journal of 
Biotechnology, 11(10), 2417-2428. 

 
 
 
 
 


