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AbstractTogether with light and soil, air and water quality control are 

fundamental to theproductivity and quality of greenhouse grown products. 

But control implies monitoring, i.e. measuring the physical, chemical and 

biology parameters used to access quality.  

The chapter presents solutions for air and water quality monitoring that can 

be used in greenhouses.  
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1 Introduction 

One of the most basic and thus critical and priority problems of human-

kind is food. Water and food shortage affect a huge percentage of the 7 bil-

lion people that inhabit Earth in 2011. According to FAO [1], over 1 bil-

lion people are undernourished (2/3 living in Asia) and about 30 000 die 

daily of hunger, while also about 1 billion people does not have access to 

drinking water. The undernourished people has been increasing at an aver-

age rate of 10 million per year, which means that the target of 420 million 



undernourished people by 2015 established in the 1996 World Food Sum-

mit is probably unreachable. The desertification of Earth, increasing at a 

rate of about 1200 hectares/hour, does not help in the reduction of food 

problems. In what concerns water, things look a bit better and the target set 

by the Millennium Development Goal (MDG) relatively to drinking-water 

and sanitation (MDG 7, Target 7c) of reducing in 50% by 2015 the propor-

tion of people without sustainable access to safe drinking-water and basic 

sanitation seems viable. 

While some look for non-traditional forms of nourishing people (e.g. 

through pills), the mainstream of research is still about increasing food 

production using fewer resources and at a faster pace. But food and water 

quantity are not the only problem to overcome. The stress to increase 

productivity may lead to food quality problems and to a negative environ-

mental impact of agricultural activity. Fertilizers and pesticides are funda-

mental in nowadays agriculture, but they contain products that are poten-

tially dangerous to humans, animals and the environment. Tests conducted 

in soils used for horticulture near Lisbon, Portugal, show high concentra-

tion of chromium, nickel, lead and cadmium. Chemical tests conducted by 

researchers from the Instituto Superior de Engenharia de Lisboa (ISEL) on 

samples of Galician cabbages reveal levels of lead concentration of up to 

2.1 mg/kg of dry material, i.e. 1025% over the authorized value while the 

same grown organically still reaches values around 0.3 mg/kg of dry mate-

rial, i.e. 150% over the authorized value. This shows that organic produc-

tion assures the absence of pesticides but not of atmosphere-transported 

pollutants or the uptake by the plants of the pollutants in the soil (e.g. 

heavy metals). The chemicals and heavy metals in the soil also may con-

taminate water resources that are used for irrigation or human consump-

tion. 

One possible way to increase the production of fruits and vegetables is 

by protected cultivation using greenhouses. 

Greenhouses are structures covered with transparent glass or plastic 

films specially designed to grow plants inside. Greenhouses can modify 

crop micro climate according to plant needs and therefore contribute to in-

crease crop productivity and produce quality. 

The degree of environmental control provided by a greenhouse varies 

with its characteristics and the technological sophistication of the equip-

ment. The basic type is the cheap mild-winter greenhouse [2] with a simple 

structure covered with plastic film and with no heating. These greenhouses 

are well fitted to regions with favorable climate where it is possible to 

grow out-of-season products providing incipient environmental control. 

In the case of less favorable climates greenhouses have to be more 

weather proof and to be able to change the micro-climate according to crop 



requirements. A high-tech greenhouse can have full control of air tempera-

ture and humidity combining heating with cooling systems; atmospheric 

CO2; and light intensity combining shading and artificial illumination. The 

choice of the most adequate level of greenhouse technology to be used in a 

certain situation is usually the result of a cost-benefit analysis. For instance 

the commercial production of top-quality tomatoes during the winter sea-

son in The Netherlands is the paradigm of high investments on cutting-

edge greenhouse technology and fine-tuned environmental control.   

Greenhouses can be used for many and diverse purposes such as: grow-

ing crops in regions with an inadequate climate; extending crop growing 

season or producing completely out-of-season; increasing crop yield; pro-

tecting crops from weather accidents such as rain or frost; and improving 

product quality relatively to open-field cultivation. Each of those situations 

may require specific type of equipment for environmental control but they 

all have in common the need of an accurate monitoring of the various pa-

rameters of greenhouse micro-climate. 

In developed countries most greenhouse crops are grown in soilless cul-

tivation using organic or inert substrates with no contact with the soil.  

This system allows a much better control of crop water and nutrient supply 

relatively to traditional soil cultivation, it is independent of soil character-

istics and it can use irrigation water of much lower quality in comparison 

with soil cultivation. When soilless cultivation uses a closed system it is 

possible to recirculate drainage water with fertilizers, which are not re-

leased outside the system [3].Water use efficiency of these systems reaches 

a maximum among agricultural activities. 

The tendency is for growers to use greenhouses with increasing capacity 

for environmental control with the objective of achieving higher yields of 

better quality products delivered at the right time of the year and according 

to market demand. The development of crop growing models provides in-

formation about set-points for a high number of variables related to air, 

substrate, water and plants that have to be accurately measured. This re-

quires the measurement of diversified physical and chemical parameters 

and the processing of gathered data. If one aims at a fully automated op-

eration, software for data processing, for data fusion and to control the 

hardware that based on the fused data acts to keep the relevant parameters 

within the desired values is required. In the paragraphs that follow, the au-

thors will discuss in more or less detail all the problems and solutions to 

achieve that goal. We will start by detailing the parameters that should be 

measured and controlled and their range of values. Next, we will look into 

measuring solutions, namely into those that are compatible with on-site, 

real time operation. The chapter ends with a conclusion.  
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Fig. 15. Schematic diagram of the electrical circuit (MC-measuring cell, DAQu- 

data acquisition unit, ADC- analog to digital converter, DAC- digital to analog 

converter, OA- operational amplifier, AS- analog switch) 

 

 Basically, after a pre-concentration phase, a positive potential, with lin-

ear variation, is applied to the counter electrode of the MC and the current 

peaks, associated with the redox potential of each metal dissolved in the 

solution, are generated and detected by the current to voltage converter 

that is connected to the working electrode of the MC. It is important to un-

derline that before measurement the oxygen must be removed from the so-

lution in order to avoid large measurement errors.  

4 Conclusion 

Food demand increases as the world population continuously grows. Such 

raising demand requires higher productivity levels of quality products. 

One way by which agriculture is answering the challenge is by increas-

ing the production of products for human consumption in controlled envi-

ronments, i.e., in greenhouses. Nowadays, and in developed countries, 

most greenhouse crops are grown in soilless cultivation using organic or 

inert substrates with no contact with the soil. The tendency is for growers 



to use greenhouses with increasing capacity for environmental control. The 

development of crop growing models provides information about set-

points for a high number of variables related to air, substrate, water and 

plants that have to be accurately measured.In this chapter the authors paid 

particular attention to the critical variables of air and water. 

Two issues deserve a comment here: (1) plant growing depends not on 

the air temperature but on leaf temperature. Usually the difference is not 

large, but 1ºC is already meaningful. Thermocouples can be coupled to 

leaves to measure their temperature [17] but other solutions are available 

[18]; (2) It must be underlined that no considerations were made about 

sensors calibration; to maintain adequate accuracy of the measured quanti-

ties and particularly because some of the sensors and electronics are oper-

ating in field conditions, it is of paramount importance to periodically ver-

ify and calibrate the transducers, i.e., the sensors and associated 

electronics. If one wants to calibrate them automatically on-site without 

uninstalling them, careful designed hardware and software is required. The 

authors have been developing solutions for in-situ calibration of water 

quality monitoring systems and the reader may have a perception of its 

complexity by consulting [19][20]. 

5 References 

1. Worldometers – Real Time World Statistics, http://www.worldometers.info/ 

2. C.A.M. Portas, A.A. Monteiro, “Mild winter concept and cropping systems in 

solanacea protected cultivation”, Acta Horticulturae 263, 21-32, 1986, at 

http://www.actahort.org/books/191/191_1.htm 

3. William Darlington, “Managing Salinity, Nutrients and Pathogens in Recy-

cling and High Efficiency Irrigation Sys-

tems”, http://www.soilandplantlaboratory.com/pdf/articles/NurseryWaterNutr

ient.pdf 

4. Pieter J. C. Kuiper, “Temperature Dependence of Photosynthesis of Bean 

Plants as Affected by Decenylsuccinic Acid”, Plant Physiol. 1965 40, pp. 

915-918 

5. Jessica J. Prenger, Peter P. Ling, “Greenhouse Condensation Control: Under-

standing and Using Vapor Pressure Deficit (VPD)”, at 

http://ohioline.osu.edu/aex-fact/0804.html 

6. C.C. Black, “Effects of CO2 concentration on photosynthesis and respiration 

of C4 and CAM plants”.  In Carbon Dioxide Enrichment of Greenhouse 

Crops.  H.S. Enoch and B.A. Kimball, eds.  CRC Press, Boca Raton, FL, 

USA, 1986 

7. Irrigation Water Quality For BC Greenhouses, at 

http://www.agf.gov.bc.ca/ornamentals/floriculture/irrwater.pdf 



8. J. M. Dias Pereira, P. M. B. Silva Girão and Octavian Postolache, “Fitting 

Transducer Characteristics to Measured Data”, IEEE Instrumentation & 

Measurement Magazine, pp. 26-39, December 2001 

9. J. Dias Pereira, O. Postolache, P. M. Silva Girão, “A Temperature Compen-

sated System for Magnetic Field Measurement Based on Artificial Neural 

Networks”, IEEE Transactions on Instrumentation and Measurement, vol. 47, 

n. 2, pp. 494-498, April 1998 

10. O. Postolache, P. Girão, M. Pereira, M. Cretu, C. Fosalau, “Air Contaminants 

Measurement Based on Neural Processing and PIC16F877 Hardware Sup-

port”, 10th International Metrology Congress, pp. , Saint-Louis, France, Oc-

tober 2001 

11. Figaro, “Gas sensors catalog”, on line at: 

http://www.figaro.co.jp/en/make_html/item_1.html 

12. O. Postolache, P.S. Girão, J.M. Dias Pereira, “Distributed Smart Sensing Sys-

tems for Indoor Monitoring of Respiratory Distress Triggering Factors”, Se-

ries: “Advances in Measurement Systems”, Society for Instrumentation, Sys-

tems, and Automation Society (ISA/In-Tech), 2011 

13. Belá G. Lipták (editor), Instrument Engineers’ Handbook – Process Meas-

urement and Analysis, 4th edition, CRC Press/ISA, 2003. 

14. Thermo Orion, Conductivity Theory, The Technical Edge, 2001. 

15. R. Pallás-Areny and J.G. Webster, Sensors and Signal Conditioning, John 

Wiley and Sons, 1991. 

16. M. D. Pereira, O. Postolache, P. S. Girão, “Improving Celerity of Heavy Met-

als Measurements”, International Instrumentation & Measurement Technolo-

gy Conference 2010 (I2MTC’2010), pp. 1073-1077, Austin, May 2010. 

17. J. Lomas, E. Schlesinger and A. Israeli, “Leaf temperature measurement tech-

niques”, at 

http://www.springerlink.com/content/w2t35173846p7650/fulltext.pdf 

18. B. Acock, “Methods of Measuring Leaf Temperature”, Acta Hort. (ISHS) 

7:74-80, at http://www.actahort.org/books/7/7_8.htm 

19. Octavian Postolache, Pedro Silva Girão, Miguel Dias Pereira, Helena Ramos, 

“Water Quality Sensors Calibration System Based on Reconfigurable FPGA 

Technology”, Proceedings XVIII IMEKO World Congress, “Metrology for a 

Sustainable Development”, pp. , Rio de Janeiro, Brazil, September 2006 

20. Octavian Postolache, Pedro Girão, Miguel Dias Pereira, “Auto Calibration of 

Stand-alone Field Operating Sensors for Distributed Water Quality Monitor-

ing Systems”, Proceedings IMEKO TC-4 14th Symposium on New Technol-

ogies in Measurement and Instrumentation and 10th Workshop on ADC 

Modelling and Testing, Vol. I, pp. 75-80, Gdynia, Poland, September 2005 

 

 

 


