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Abstract 

Controlled Environment Agriculture (CEA) is increasingly associated with automation, digital monitoring, 

and precise control of environmental parameters. However, practical experience in the commercial cultivation 

of mushrooms and fresh greens demonstrates that automated systems cannot fully replace professional 

technological expertise. Modern equipment can maintain predetermined temperature, humidity, ventilation, 

lighting, irrigation, and carbon dioxide parameters, but it cannot independently interpret the condition of 

living biological systems or respond adequately to all production variations. Compost characteristics, mycelial 

development, casing-layer moisture, seed quality, plant physiology, microclimate variations, disease risks, and 

marketable product quality require continuous professional assessment. This article examines the limitations 

of automated systems in mushroom and fresh-greens production and analyzes the role of technologist 

expertise in maintaining stable production processes. The study is based on the author’s extensive practical 

experience in commercial mushroom and fresh-greens production and the continuous supply of fresh produce 

to national retail chains in Ukraine. Practical production situations are considered in which professional 

observation and technological decision-making are essential for adapting cultivation parameters, identifying 

early deviations, maintaining product quality, and reducing potential yield losses. The findings support a 

production model in which automation functions as an important technological tool while an experienced 

technologist remains responsible for interpreting biological responses and adapting production processes to 

changing conditions. 
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1. Introduction 

Controlled Environment Agriculture (CEA) is a 

system of agricultural production in which environ-

mental conditions such as temperature, humidity, 

lighting, ventilation, irrigation, carbon dioxide 

concentration, and sanitary parameters are regulated 

to support crop development. This approach is 

widely used in the production of mushrooms, fresh 

greens, leafy vegetables, and other highly perishable 

agricultural products (Benke & Tomkins, 2017; Nifa 

et al., 2026). 
 

In recent years, automation has become one of the 

major directions in the development of modern 

agricultural production. Climate-control systems, 

automated irrigation, digital monitoring, sensors, 

and analytical technologies can improve resource 

management and increase production efficiency 

(Kozai et al., 2020).  
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Nevertheless, a controlled environment should not 

be understood as a fully autonomous production 

environment. Agricultural production involves 

living biological systems that remain variable and 

can respond differently even when environmental 

parameters appear to be stable. This limitation is 

particularly significant in mushroom production and 

the cultivation of fresh greens, where relatively 

small variations in microclimate, growing substrate, 

raw materials, or the physiological condition of the 

crop may substantially affect productivity and final 

product quality. Consequently, professional techno-

logical supervision remains important even in 

production facilities with advanced automation. The 

author has extensive practical experience in the 

commercial cultivation of mushrooms and fresh 

greens under controlled conditions. Over many 

years of production activity, various monitoring 

approaches and cultivation algorithms have been 

applied and refined to improve production stability, 

yield, and product quality. This practical experience 

in continuous commercial production provides a 

basis for evaluating automation not only as a 

technological concept but also as a component of an 

operating agricultural production system. The 

purpose of this article is to examine the role of 

technologist expertise alongside automated systems 

in modern mushroom and fresh-greens production 

and to identify production situations in which 

professional observation, interpretation, and 

decision-making remain essential for maintaining 

stable cultivation processes and marketable product 

quality. 
 

2. Materials and Methods 

This study is based on the author’s long-term 

practical observations of commercial mushroom and 

fresh-greens production processes conducted under 

controlled environmental conditions. The analysis 

considered the performance of automated systems 

used to regulate temperature, humidity, ventilation, 

irrigation, and lighting in relation to professional 

technological supervision. Particular attention was 

given to production situations in which predeter-

mined automated algorithms alone were insufficient 

to maintain process stability and required assess-

ment or intervention by an experienced technologist. 

 

 
 

Fig. 1: Yield assessment by sensors yield/assessment by an experienced technologist. 
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The methodological approach included production 

monitoring, comparative analysis, systematic 

evaluation of practical observations, and a review of 

scientific literature concerning agricultural auto-

mation, mushroom cultivation, and Controlled 

Environment Agriculture (Carrasco and Preston, 

2020; Kalantari et al., 2018; Shekmohammed et al., 

2023). The analysis focused on differences between 

sensor-based assessment and professional evaluation 

of biological responses, including crop develop-

ment, substrate condition, microclimate variability, 

and product quality. 

 

3. Results and Discussion 

Why Automation Does Not Replace the Techno-

logist Automated systems can continuously monitor 

and regulate temperature, humidity, carbon dioxide 

concentration, lighting, ventilation, and irrigation. 

However, these systems operate within predeter-

mined parameters and algorithms and cannot 

independently interpret the complex responses of 

living biological systems (Kalantari et al., 2018; 

Kozai et al., 2020). In commercial mushroom 

cultivation, situations may occur in which measured 

environmental parameters remain within the 

established ranges while crop development becomes 

unstable. An automated system can identify 

numerical deviations but cannot independently 

determine why mycelial development has slowed, 

why the casing layer retains moisture unevenly, or 

why one batch of compost behaves differently from 

a previous production cycle. Variations in compost 

structure, moisture content, mycelial activity, and air 

circulation may influence yield, mushroom density, 

uniformity, and marketable quality (Carrasco & 

Preston, 2020; Fletcher & Gaze, 2007). A similar 

limitation exists in the production of fresh greens 

and microgreens. Automated equipment can main-

tain predetermined lighting, irrigation, temperature, 

and humidity settings, but these parameters alone do 

not provide a complete assessment of plant physio-

logical condition. The same cultivation program 

may produce different results depending on seed 

quality, seasonal conditions, growth intensity, crop 

characteristics, and other biological variables. Under 

such conditions, an experienced technologist eva-

luates not only sensor readings but also leaf 

structure, growth uniformity, color, plant turgor, and 

the rate of biomass formation (Benke & Tomkins, 

2017; Kozai et al., 2020).  
 

This professional assessment is particularly impor-

tant for products intended for retail distribution. 

Insufficient density of fresh greens, excessive stem 

elongation, excessive moisture, loss of plant 

elasticity, or changes in mushroom appearance can 

reduce the commercial value of a production batch 

even when no critical deviations are detected by 

automated monitoring systems (Chang & Miles, 

2004).  

 

 
Fig. 2: Technologist's decision-making process. 
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For this reason, the technologist remains responsible 

for key production decisions that require practical 

observation, interpretation of crop behavior, and an 

understanding of biological processes. Professional 

assessment enables cultivation parameters to be 

adjusted in response to specific production condi-

tions and allows emerging deviations to be 

identified before they result in substantial losses of 

product quality or yield (Fletcher & Gaze, 2007; 

Royse et al., 2017). 

 

The Influence of Technologist Expertise on 

Mushroom Production as a Sensitive Biological 

System 

Mushroom production particularly clearly demons-

trates the limitations of relying exclusively on 

automated control. Compost, even when obtained 

from the same supplier, may vary in structure, 

moisture content, fermentation activity, and the 

behavior of the developing mycelium. Similarly, the 

casing layer may retain and release moisture 

differently depending on its composition, prepara-

tion, and storage conditions. These biological and 

material variations can influence crop development 

even when the environmental parameters recorded 

by automated systems remain within predetermined 

ranges (Carrasco & Preston, 2020; Fletcher & Gaze, 

2007). 
 

In addition, localized microclimatic zones may 

develop within mushroom-growing chambers and 

may not be adequately represented by average 

sensor readings. Differences in airflow, temperature, 

humidity, and evaporation within individual areas of 

a chamber can affect mycelial development and the 

formation of fruiting bodies. Under such conditions, 

an experienced technologist evaluates not only 

numerical data from monitoring systems but also the 

visual and physiological condition of the crop, the 

intensity and uniformity of mycelial development, 

moisture behavior in the casing layer, and the 

uniformity of fruiting-body formation. Practical 

production experience demonstrates that early 

identification and professional interpretation of such 

deviations are important for preventing disease 

development, minimizing potential yield losses, and 

maintaining the marketable quality of mushrooms 

(Fletcher & Gaze, 2007). Automation therefore 

provides essential monitoring and environmental 

control, while the technologist interprets biological 

responses and determines when cultivation para-

meters require adjustment. 
  

Short Production Cycle of Fresh Greens: The 

Role of the Technologist 

In the production of fresh greens and microgreens, 

cultivation errors can become visible particularly 

quickly because of the relatively short growing 

cycle. 
 

 
Fig. 3: Controlled environment for growing mushrooms and greens. 
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Insufficient or excessive lighting, excessive mois-

ture, inappropriate seeding density, inadequate 

ventilation, or delayed harvesting can substantially 

affect the appearance and commercial quality of the 

product within a short period of time (Benke & 

Tomkins, 2017; Kozai et al., 2020).  

 

This is especially important for products intended 

for retail distribution, where visual freshness is a 

major component of marketability. Even relatively 

minor yellowing, excessive stem elongation, uneven 

growth, or loss of plant turgor can reduce the 

commercial value of a batch and potentially make it 

unsuitable for retail sale. For this reason, the 

technologist performs not only a monitoring 

function but also an adaptive and strategic role in 

production. Cultivation parameters may need to be 

adjusted according to the characteristics of a 

particular seed batch, seasonal changes, crop growth 

intensity, physiological responses, and the quality 

requirements of the final product. Professional 

supervision allows these factors to be considered 

together rather than relying exclusively on 

predetermined automated settings. 
 

4. Conclusion 

The practice of modern mushroom and fresh-greens 

production confirms that automation is an essential 

component of an efficient controlled-environment 

agricultural system, but it cannot fully replace 

professional technological expertise. Automated 

systems can continuously monitor and maintain 

predetermined environmental parameters; however, 

they cannot independently interpret the condition of 

a living crop, predict variations in biological raw 

materials, or adequately respond to all non-standard 

changes that may occur during the production cycle. 

In mushroom and fresh-greens production, stable 

results depend not only on equipment and environ-

mental control but also on the technologist’s ability 

to evaluate mycelial development, casing-layer 

condition, plant growth, microclimatic variations, 

and the characteristics of individual batches of 

biological materials. Professional interpretation is 

particularly important in commercial production for 

retail distribution, where relatively minor changes in 

appearance, freshness, uniformity, or other quality 

characteristics may affect the marketability of the 

final product. Practical experience in commercial 

production with continuous supplies of fresh agri-

cultural products to national retail chains in Ukraine 

demonstrates that an effective production model 

combines modern automated systems with 

continuous professional technological supervision. 

Automation provides precision, consistency, and 

continuous monitoring, while the technologist 

contributes biological interpretation, adaptive 

decision-making, and the ability to respond to 

production conditions that cannot always be anti-

cipated by predetermined algorithms. Therefore, 

automation and professional expertise should not be 

viewed as competing approaches. The most effective 

model of Controlled Environment Agriculture is 

based on their integration. The ability of an 

experienced technologist to interpret biological 

responses, adapt cultivation parameters to specific 

conditions, identify emerging deviations, and make 

timely production decisions remains an important 

factor in maintaining stable yield, product quality, 

and commercial competitiveness. 
 

5. Acknowledgment 

The author acknowledges the practical experience 

gained through many years of professional activity 

in commercial mushroom and fresh-greens pro-

duction, which provided the observational basis for 

the analysis presented in this article. 
 

6. Conflicts of Interest 

The author declares no conflict of interest. 
 

7. References 

Al-Kodmany, K. (2018). The vertical farm: A 

review of developments and implications for 

the vertical city. Buildings, 8(2), 24. 

Benke, K., & Tomkins, B. (2017). Future food-

production systems: Vertical farming and 

controlled-environment agriculture. Sustain-

ability: Science, Practice and Policy, 13(1), 

13–26. 

Carrasco, J., & Preston, G. M. (2020). Growing 

edible mushrooms: A conversation between 

bacteria and fungi. Environmental Micro-

biology, 22(3), 858–872. 

Chang, S. T., & Miles, P. G. (2004). Mushrooms: 

Cultivation, nutritional value, medicinal 

effect, and environmental impact (2nd ed.). 

CRC Press. 

Fletcher, J. T., & Gaze, R. H. (2007). Mushroom 

pest and disease control. CRC Press. 

http://www.universepg.com/


Lyalin Y / International Journal of Agriculture and Veterinary Sciences, 8(4), 344-349, 2026 

UniversePG I www.universepg.com                                                                                                                                   349 

Graamans, L., Baeza, E., van den Dobbelsteen, A., 

Tsafaras, I., & Stanghellini, C. (2018). Plant 

factories versus greenhouses: Comparison 

of resource use efficiency. Agricultural 

Systems, 160, 31–43. 

Kalantari, F., Mohd Tahir, O., Joni, R. A., & Fatemi, 

E. (2018). Opportunities and challenges in 

sustainability of vertical farming: A review. 

J. of Landscape Ecology, 11(1), 35–60. 

Kozai, T., Niu, G., & Takagaki, M. (Eds.). (2020). 

Plant factory: An indoor vertical farming 

system for efficient quality food production 

(2nd ed.). Academic Press. 

Nifa MSA, Abdullah M, Islam M, Khatun S, 

Bhuiyan AA, Shanta MA, Islam MA, 

Sheikh MR, Uddin ME, Matin MN, (2026). 

Phytochemical characterization, pharmaco-

logical activities, and in silico analysis of 

the methanolic extract of reishi mushroom 

(Ganoderma lucidum), Journal of Ethno-

pharmacology, 373, 2027, 122298.  

           https://doi.org/10.1016/j.jep.2026.122298   

Royse, D. J., Baars, J., & Tan, Q. (2017). Current 

overview of mushroom production in the 

world. In D. C. Zied & A. Pardo-Giménez 

(Eds.), Edible and medicinal mushrooms: 

Technology and applications (pp. 5–13). 

Wiley-Blackwell. 

Shekmohammed S, Hany U, and Lemma S. (2023). 

Review of farmers field school approach for 

facilitation of climate smart agriculture. Int. 

J. Agric. Vet. Sci., 5(1), 9-17.  

https://doi.org/10.34104/ijavs.023.09017 

 

Citation: Lyalin Y. (2026). The role of technologist expertise in controlled environment agriculture for fresh 

greens and mushrooms. Int. J. Agric. Vet. Sci., 8(4), 344-349. https://doi.org/10.34104/ijavs.026.03440349 
 

Copyright: © The Author(s), 2026. Published by UniversePG. This is an Open Access article, distributed under the terms 

of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which permits un-

restricted use, distribution and reproduction in any medium, and provided the original work is properly cited. 

http://www.universepg.com/
https://doi.org/10.1016/j.jep.2026.122298
https://doi.org/10.34104/ijavs.023.09017
https://doi.org/10.34104/ijavs.026.03440349
http://creativecommons.org/licenses/by/4.0/

	Received Date: 17 July 2026          Accepted Date: 17 August 2026           Published Date: 23 August 2026

