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TNAU PDB - Tamil Nadu Agricultural University
Proteome DataBase - Black Gram Proteome

Abstract: Tamil  Nadu  Agricultural  University  Proteome  DataBase  (TNAU

PDB) – Black  gram proteome is an open accessible database that focuses on

proteome of Black gram (Vigna mungo L.). Currently, the database  contains

reference maps  of  Two-Dimensional Polyacrylamide Gel Electrophoresis (2D-

PAGE) of proteins obtained from artificially aged black gram seeds of variety TNAU 

blackgram CО  6, which is  compared to that of fresh seeds. The database provides

information about experimentally identified properties, such as molecular weight, pl

value, of the differentially expressed  protein due to accelerated ageing  and  protein

sequences obtained using MALDl-TOF mass spectrometry. This database runs on

WAMP server with HTML as the front end and MySQL as the backend using PHP as

interface and it is hosted in TNAU genomics domain. The basic intention of this

database is to provide the detailed information about proteome of black gram. This 

will help us to understand adaptive and general protective mechanism related to 

seed aging and effect of ageing on germination.

Keywords: аccelerated ageing; black gram;  database; proteomics; proteome

database; TNAU PDB.

1. INTRODUCTION
Black gram (Vigna mungo L) is a protein rich food, containing about 26 percent

protein, which is almost three times that of cereals. It ranks fourth among the major 

pulses cultivated in India. Black gram supplies a major share of protein requirement

of vegetarian population of the country. It is consumed in the form of split pulse as

well as whole pulse, which is an essential supplement of cereal based diet. In India,

black gram occupies 12.7 percent of total area under pulses and contribute 8.4 per-

cent of total pulses production. However, area and production of black gram has

declined from 3.01 million ha and 1.30 million tonnes in 2000-01 to 2.97 million ha

and 1.23 million tonnes, respectively in 2009-10 [1]. In the current scenario of

flourishing omics segment that provides deep insight into the mechanism of crop

physiology and assist in further crop improvement, proteomics of blackgram is not yet

completely exploited as that of cereals like paddy [2]. Since analysis of the

proteome provides a direct link of genome sequence with biological activity, data on

proteomes are slowly mounting [3]. Currently, in our lab, proteome study on blackgram

crop were set in motion. Since seed is the prime source of crop production [4] and

storage is inevitable for carryover seeds [5], knowledge on molecular basis of seed

ageing is warranted for effective maintenance of seed quality during storage.

Accelerated ageing has been widely used to study the pattern of seed deterioration in

various crops [6-9]. As a initial phase of proteome study in blackgram, proteome of

seed ageing was analysed through comparative study of accelerated aged and fresh

seeds and differentially expressed proteins due to ageing were identified. This

growing data on proteome of blackgram and unavailability of no separate database

concentrating on proteomes of black gram had encouraged us to develope a database

to integrate the essential data derived in our lab which would help the researchers to

understand the biological process and thereby assists in further research. The main

objective of this database is to promote quantitative and qualitative proteome research

in black gram that helps in understanding the mechanism of various biotic and abiotic

stress related proteins which in turn helps in annotating their function. Currently

detailed proteome information about the blackgram variety TNAU blackgram CO 6

seeds are made available in the database.
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2. METHODOLOGIES
2.1 Database Content and Source
The black gram proteome database consists of proteome information about 

pods, leaves, stem and root. Currently, only proteome data of pods alone is made

available. Possible changes in proteins due to artificial ageing on dry seeds of

blackgram variety TNAU blackgram CO 6 were analyzed and the quantitative and

qualitative proteome changes were recorded. Artificial ageing was done for 6 days by 

packing seeds in perforated butter paper bags and placed in an ageing jar containing 

100 ml of distilled water to maintain 98 ± 2% relative humidity and incubated at a 

temperature of 40 ± 1°C [10]. In the first dimension, 150 µg of protein was loaded 

on a 17 cm IPG strip with a linear gradient of pH 4-7. In the second  dimension, 12% 

SOS-PAGE gels were used with molecular eight  standards. Proteins were visualized 

by silver staining as suggested by Blum et al. [11]. Their properties such as molecular

weight, pI values and their expression were calculated using image analyzer

software. Significant spots were cut, digested in trypsin and analysed in MALDI-TOF

for sequencing [12]. The generated data were uploaded in the database.

2.2 Languages and Software’s Used
The front end of the web application is  developed on HTML 5.0 (Hyper Text 

Markup Language) and the validations are done using javascript. The server side 

scripting was done on PHP 5.3.0 (Hypertext Pre Processor) and the application was 

connected to the database using MySQL 5.0.8. Web application was created by using

wamp server 2.2 and each spot in  the  gel  image was  linked to  the corresponding

protein information with  the  help  of Macromedia dreamweaver. 

2.3 Database Architecture
The application is built on a three tier architecture model consisting of

presentation layer, logic layer and the database layer. The presentation layer is the 

front end of the application created using HTML with which the user interacts. The

middle layer is the application server or logical layer created using PHP, which serves

the application with data and accepts the requests from the user. The data layer

contains the relational database which contains the data to be fetched by the 

application. 

 3. RESULTS AND DISCUSSION
3.1 Flow of Data
Proteome database of blackgram has been added as a sub link under TNAU 

genomics web page which has home page under the link http://www.

tnaugenomics.com. From the home page the blackgram database can be reached

through the drop down link named TNAU PDB under the tab databases. The flow of

data and the procedure to access the database were meticulously depicted in Fig. 1.

Similar flow of data can also be seen in a database developed for maize [13]. 

Fig. 1. Flow of data

3.2 Database Schema and Іts Features
The data is classified based on the tissue such as pods, leaf, stem, root, etc. 

from which it is identified. Proteomes obtained using the 20 PAGE and MALDl-TOF 

methods are displayed using image analyzer software. The description of each spot

is stored in the database and they are mapped to the corresponding spots. Based

upon the request from the user, the application queries the database and fetches the 

spot information.

Currently, database contains the proteome information obtained from pods of

black gram. The reference 20-PAGE gel shows the position of each identified protein 

in that crop. The entire list of protein can also be obtained by selecting the crop name 

displayed inside the table. By selecting the spot in the gel image the entire information

about  that  protein can be obtained.  The  results  are displayed  in  such  a  manner
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Fig. 2. Procedure to access differentially expressed proteins 
due to artificial ageing in blackgram seeds

that they are also compared with their control (Fig. 2). All the reference maps are also 

displayed under 20 gel section for a quick reference. The experiment protocols are 

listed under the protocol section. Some of the major proteomics tools like Mascot,

Compute pl/Mw tool in ExPASy and ExPASy Proteomics tools are displayed under

proteome tools section. Similar advanced proteome databases were developed for 

Arabidopsis and maize by Cornell university [14]  and Оyna Prot 20 for dynamic

online access to proteomes and two-dimensional electrophoresis gels [15].

3.3 Utility
The primary users of this database will be plant breeders, seed technologist,

students and other researchers concentrating on blackgram improvement. It shows the

proteome changes that could take place at the dry state of aged seeds. Deter-

mination of the expression patterns in response to stress, and an understanding of 

their functions in stress adaptation will provide the researchers with the basis for

effective genetic engineering strategies for improving the tolerance of crops to various

stresses. 

3.4 Future Developments
The database content will be updated routinely. In the near future proteome

data for whole plant parts such as root nodules, stem, leaves and expression of protein 

under different environmental stress conditions will be made available. With the

availability of ample proteome data, architecture of the web page might be modified

to suit to the excess flow of information.

4. CONCLUSION
Tamil Nadu Agricultural University Proteome DataBase (TNAU PDB) Black

gram proteome contains 2D reference map of black gram seeds developed through 

comparative proteome analysis of artificially-aged and fresh seeds and shows the 

identified differentially expressed proteins due to seed ageing. The database content

will be updated routinely. It will be useful for plant breeders, seed scientist and other

researchers working in black gram. 
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A Metrological Contribution to the Diagnosis 
of Bovine Tuberculosis

Abstract: The present paper aims to evaluate the actual relevance of the 
application of metrological criteria for the diagnosis of bovine tuberculosis using 
Comparative Cervical Tuberculin (CCT) inoculation tests. The present work involves 
the following steps: identification of the instruments used to measure skin thickness 
in tuberculin inoculation tests; calibration of  the  measurement instruments 
(callipers) using gauge  blocks; identification of  the variables that can affect the 
calibration results and the measurement results from inoculation tests; development 
of a methodology to evaluate the uncertainties associated with both the calliper 
calibration and with the measurements carried out during diagnosis; mathematical 
modelling of calliper calibration process and measurement process with the calliper; 
CCT tests performed in a total of 40 cattle comprising Nellore breed and mixed-breed  
dairy animals. To  determine the  effects  of  uncertainty on  the  test  diagnosis, 
callipers with resolutions of 0.1 mm and 0.01 mm were compared. The results 
obtained showed  that measurement uncertainty influences  the  final  diagnosis. 
Therefore, the application of metrological criteria can increase scientific rigor and 
quality of the results obtained with CCT tests, and consequently, the reliability of the 
final diagnosis.

Keywords: bovine tuberculosis; tuberculin inoculation; calibration; measu-
rement uncertainty. 

ABBREVIATIONS
CCT: Comparative Cervical Tuberculin, CF: Caudal Foldal Test, GUM: Guide

to the Expression of Uncertainty in Measurement, MAPA: Brazilian Ministry for

Agriculture and Livestock, PNCEBT: Brazilian National  Program for Control and 

Eradication of Animal Brucellosis and Tuberculosis, PPD: Purified Protein Derivative,

SCT: Single Cervical Tuberculin, TB: Tuberculosis, ∆B: Increase in skin fold

thickness, AO: Thickness of the skin fold measured before inoculation with avian,

A72:Thickness of the skin fold measured after inoculation with avian, BO: Thickness

before injection with bovine PPD tuberculin, B72: Skin thickness 72 hours after

inoculation, ci: Sensitivity coefficient of the input variable i, k: Coverage factor, L:

Calliper indication, L O i: Mean indicated value at the point i, M: Variation in the skin

fold thickness between the two inoculation tests, n: Number of readings, P: Probability

of the variable assuming a standard value higher than the calculated z-score, R:
Calliper resolution, RP: Reproducibility of the calliper, s(L): Variability of the value

indicated by the calliper at each point, u: Standard uncertainty, uc: Combined standard

uncertainty, U: Expanded uncertainty, UCGB: Uncertainty associated with the gauge

block calibration, UCC: Uncertainty associated with the calliper calibration, UCCi:

Uncertainty of the value obtained with the calliper at the point i during calibration, CV:
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1. INTRODUCTION
Bovine tuberculosis (TB) caused by Mycobacterium bovis was first described 

in 14 A.D, but only with the discovery of the tubercle bacillus in 1882 by Robert Koch 

it started to be properly researched [1]. 

Bovine tuberculosis still poses serious risks to human health, since cattle to 

man infection is possible via milk and unpasteurized dairy products and via the 

respiratory route [2]. 

Even though the impact on human health is a strong determinant for initiating 

programs for the control of bovine  tuberculosis, economic losses have also been 

recognized [3]. Bovine tuberculosis has significant consequences for farming 

economies throughout the world [4]. 

The economic costs of this zoonosis associated to farming include direct 

losses due to death, reduction in weight gain, reduction in milk production, premature 

slaughtering for control of  the  disease,  loss  of  cattle  with  high  zootechnical  value, 

condemnation  of carcasses during slaughtering, etc. [5]. 

When suitable control measures are not taken, the effects on economy and 

health evolve slowly and steadily, and sometimes the consequences can be dramatic 

[6]. They can include direct life losses, mainly due to miscarriages, low reproduction 

levels, increase of the interval between births, death of calves, and interruption of 

genetic lineages. The commercial value of infected rural properties and of their animals 

decreases. The regions and properties where the disease is endemic are in 

disadvantage when disputing new markets. Indirect losses include human conta-

mination. If it is not treated in due time, the chronic development of the disease in 

humans leads to economic losses resulting from diagnosis and treatment costs, 

besides the costs associated with the time away from work during treatment [5]. 

In  industrialized countries, programs for  control and eradication of  bovine 

tuberculosis, together with  pasteurizing techniques and  vaccination [7],  have 

drastically reduced the incidence of infection by Mycobacterium bovis both in cattle 

and in humans. North America, Europe [8,9], Australia and New Zealand [10] have 

been more successful in controlling and eradicating bovine tuberculosis than Latin 

American countries [3,11] and other developing countries [12,13]. However, bovine 

tuberculosis remains a problem for countries both with and without control programs 

[14-16]. 

The diagnosis of  bovine tuberculosis can be carried out using both direct

and indirect methods. The direct methods involve the detection and identification of

the infecting agent in biological samples [17,18], whereas the indirect methods

investigate immune responses of individuals to the infecting agent. An example of 

an indirect  method is the tuberculin inoculation test, which involves a cellular

immune response against Mycobacterium bovis manifested as a delayed

hypersensitisation reaction [2].

Diagnosis using tuberculin inoculation is fast, safe and relatively cheap [5]. The

tuberculin tests are the internationally accepted standard and the most robust tool

currently available for the diagnosis of infection by Mycobacterium bovis [19].

The use of tuberculin inoculation tests has drastically reduced bovine

tuberculosis [14]. However, the infection of feral animals in  preservation areas

around farms makes the eradication of this disease from cattle herds difficult

even in countries with successful tuberculosis control [20-22]. Cattle-to-cattle trans-

mission has also lead to a slight increase of bovine tuberculosis in some developed

countries [16, 23].

Diagnosis using results of inoculation tests involve measurements of skin

thickness before and after tuberculin inoculation using callipers. However, the majority 

of the documents with norms and specifications for using tuberculin inoculation tests 

in eradication programs do not mention either the technical characteristics of the

calliper or the qualification of the staff involved in the measurements. For example,

the national program for bovine tuberculosis eradication in Spain [24] only states that

the callipers must be in good condition, whereas the use of callipers which are specific

for tuberculin inoculation tests are the sole recommendation by the Brazilian national

program for bovine tuberculosis eradication [5].

In 2006, a report was a produced for the Defra (UK) and the Welsh Assembly 

Government reviewing risks involved in bovine TB tests [19]. The report emphasizes

the need for a methodical and well-defined test procedure in order to guarantee a

reliable result for each animal. In particular, this report revealed that equipment used

during TB screening tests, including callipers for skin thickness measurements, can

incur in deviations of the final results. This probably occurs because this equipment

has not been improved for decades. They suggest that some fresh ideas and

professional considerations should be given to help manufacturers improve the design
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Bovine tuberculosis (TB) caused by Mycobacterium bovis was first described 

in 14 A.D, but only with the discovery of the tubercle bacillus in 1882 by Robert Koch 

it started to be properly researched [1]. 

Bovine tuberculosis still poses serious risks to human health, since cattle to 

man infection is possible via milk and unpasteurized dairy products and via the 

respiratory route [2]. 

Even though the impact on human health is a strong determinant for initiating 

programs for the control of bovine  tuberculosis, economic losses have also been 

recognized [3]. Bovine tuberculosis has significant consequences for farming 

economies throughout the world [4]. 

The economic costs of this zoonosis associated to farming include direct 

losses due to death, reduction in weight gain, reduction in milk production, premature 

slaughtering for control of  the  disease,  loss  of  cattle  with  high  zootechnical  value, 

condemnation  of carcasses during slaughtering, etc. [5]. 

When suitable control measures are not taken, the effects on economy and 

health evolve slowly and steadily, and sometimes the consequences can be dramatic 

[6]. They can include direct life losses, mainly due to miscarriages, low reproduction 

levels, increase of the interval between births, death of calves, and interruption of 

genetic lineages. The commercial value of infected rural properties and of their animals 

decreases. The regions and properties where the disease is endemic are in 

disadvantage when disputing new markets. Indirect losses include human conta-

mination. If it is not treated in due time, the chronic development of the disease in 

humans leads to economic losses resulting from diagnosis and treatment costs, 

besides the costs associated with the time away from work during treatment [5]. 

In  industrialized countries, programs for  control and eradication of  bovine 

tuberculosis, together with  pasteurizing techniques and  vaccination [7],  have 

drastically reduced the incidence of infection by Mycobacterium bovis both in cattle 

and in humans. North America, Europe [8,9], Australia and New Zealand [10] have 

been more successful in controlling and eradicating bovine tuberculosis than Latin 

American countries [3,11] and other developing countries [12,13]. However, bovine 

tuberculosis remains a problem for countries both with and without control programs 

[14-16]. 

The diagnosis of  bovine tuberculosis can be carried out using both direct

and indirect methods. The direct methods involve the detection and identification of

the infecting agent in biological samples [17,18], whereas the indirect methods

investigate immune responses of individuals to the infecting agent. An example of 

an indirect  method is the tuberculin inoculation test, which involves a cellular

immune response against Mycobacterium bovis manifested as a delayed

hypersensitisation reaction [2].

Diagnosis using tuberculin inoculation is fast, safe and relatively cheap [5]. The

tuberculin tests are the internationally accepted standard and the most robust tool

currently available for the diagnosis of infection by Mycobacterium bovis [19].

The use of tuberculin inoculation tests has drastically reduced bovine

tuberculosis [14]. However, the infection of feral animals in  preservation areas

around farms makes the eradication of this disease from cattle herds difficult

even in countries with successful tuberculosis control [20-22]. Cattle-to-cattle trans-

mission has also lead to a slight increase of bovine tuberculosis in some developed

countries [16, 23].

Diagnosis using results of inoculation tests involve measurements of skin

thickness before and after tuberculin inoculation using callipers. However, the majority 

of the documents with norms and specifications for using tuberculin inoculation tests 

in eradication programs do not mention either the technical characteristics of the

calliper or the qualification of the staff involved in the measurements. For example,

the national program for bovine tuberculosis eradication in Spain [24] only states that

the callipers must be in good condition, whereas the use of callipers which are specific

for tuberculin inoculation tests are the sole recommendation by the Brazilian national

program for bovine tuberculosis eradication [5].

In 2006, a report was a produced for the Defra (UK) and the Welsh Assembly 

Government reviewing risks involved in bovine TB tests [19]. The report emphasizes

the need for a methodical and well-defined test procedure in order to guarantee a

reliable result for each animal. In particular, this report revealed that equipment used

during TB screening tests, including callipers for skin thickness measurements, can

incur in deviations of the final results. This probably occurs because this equipment

has not been improved for decades. They suggest that some fresh ideas and

professional considerations should be given to help manufacturers improve the design
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American countries [3,11] and other developing countries [12,13]. However, bovine

tuberculosis remains a problem for countries both with and without control programs

[14-16].

The diagnosis of  bovine tuberculosis can be carried out using both direct 

and indirect methods. The direct methods involve the detection and identification of 

the infecting agent in biological samples [17,18], whereas the indirect methods 

investigate immune responses of individuals  to  the  infecting agent.  An  example of 

an  indirect  method  is  the  tuberculin inoculation test, which involves a cellular 

immune response against Mycobacterium bovis manifested as a delayed 

hypersensitisation reaction [2]. 

Diagnosis using tuberculin inoculation is fast, safe and relatively cheap [5]. The 

tuberculin tests are the internationally accepted standard and the most robust tool 

currently available for the diagnosis of infection by Mycobacterium bovis [19]. 

The use of tuberculin inoculation tests has drastically reduced bovine 

tuberculosis [14]. However, the infection of  feral animals in  preservation areas 

around farms makes the eradication of  this  disease from  cattle herds  difficult 

even in countries with successful tuberculosis control [20-22]. Cattle-to-cattle trans-

mission has also lead to a slight increase of bovine tuberculosis in some developed 

countries [16, 23]. 

Diagnosis using results of inoculation tests involve measurements of skin 

thickness before and after tuberculin inoculation using callipers. However, the majority 

of the documents with norms and specifications for using tuberculin inoculation tests 

in eradication programs do not mention either the technical characteristics of the 

calliper or the qualification of the staff involved in the measurements. For example, 

the national program for bovine tuberculosis eradication in Spain [24] only states that 

the callipers must be in good condition, whereas the use of callipers which are specific 

for tuberculin inoculation tests are the sole recommendation by the Brazilian national 

program for bovine tuberculosis eradication [5]. 

In 2006, a report was a produced for the Defra (UK) and the Welsh Assembly 

Government reviewing risks involved in bovine TB tests [19]. The report emphasizes 

the need for a methodical and well-defined test procedure in order to guarantee a 

reliable result for each animal. In particular, this report revealed that equipment used 

during TB screening tests, including callipers for skin thickness measurements, can 

incur in deviations of the final results. This probably occurs because this equipment 

has not been improved for decades. They suggest that some fresh ideas and 

professional considerations should be given to help manufacturers improve the design 

of equipment used in TB tests, including skin measurement. Also, although manuals 

generally specify all the procedures to be followed during tuberculin inoculation tests, 

it is not uncommon that personnel involved in the tests do not  follow  strictly  all  the 

recommendations. This  behaviour  was  associated  to  various reasons: the use of 

difficult language in manuals, many cross-references and a general failure to consider 

the level of knowledge of the users when designing and writing the procedures may 

jeopardize the understanding of the procedures; rules are broken, because they are 

felt to be irrelevant or because people no longer appreciate the dangers, creating a 

culture that tolerates violations; lack of local resources; and insufficient procedural 

guidance or inexperienced staff. 

In order to obtain valid results from skin thickness measurements for 

tuberculosis diagnosis, the measurement instrument (calliper) must be adequate in 

terms of accuracy and precision and must be traceable in terms of the international 

length standard (metre). Traceability includes the declaration of the uncertainty at all 

levels of the traceability chain, including for the measurement results [25]. According 

to ISO TAG 4/WG 3 [26], popularly known as GUM (Guide to the Expression of 

Uncertainty in Measurement), any measurement result must declare the reliability 

associated with the measurement, denominated measurement uncertainty. 

Therefore, improvements in the design of the equipment and conformity with 

procedure regulations would not suffice to reduce deviations that occur in the results 

from tuberculin inoculation tests. Manuals must be improved to include recom-

mendations related to: the need for calibration of all the equipment involved, aiming 

the traceability of the results and the reduction of errors; the calculation of 

measurement uncertainty; the consideration of measurement uncertainty to  interpret 

the results; and the technical specification of  the metrological parameters of the 

equipment, such as accuracy, precision and resolution. 

The present paper aims to evaluate the actual relevance of the application of 

metrological criteria for the diagnosis of bovine tuberculosis using Comparative 

Cervical Tuberculin (CCT) inoculation tests. The criteria investigated in this study are: 

calibration of the calliper using gauge blocks; development of a methodology to 

evaluate the uncertainties associated with both  the  calliper  calibration  and  with  the 

measurements carried  out  during  diagnosis; discussion of the effects of uncertainty 

on the test diagnosis; and comparison of results obtained using callipers with

resolutions of 0.1 mm and 0.01 mm.

2. THEORETICAL BACKGROUND
A simple methodology to diagnose bovine tuberculosis involves the intradermal

injection of tuberculin and assessment of the test site. In most cattle infected with

Mycobacterium bovis, this will cause the immune system of the animal to react to the

tuberculin and cause a localised allergic reaction (swelling) of the skin a few days after

the injection. The presence of induration or swelling, or the measurement of these

reactions in millimetres, is carried out at 72 (±6) hours following the injection. A variety 

of test methods have been used over the years, but they are classically described as

a delayed-type hypersensitivity response, relying on the individual response in vivo of

the animal to the injection. Estimates of the sensitivity of tuberculin tests range from

68% to 95% while specificity is estimated to be between 96% to 99% [27].

Although tuberculin was first produced by Robert Koch in 1890, Purified Protein

Derivative (PPD) tuberculin was developed in 1934 by Seibert. PPD tuberculins, 

despite being commonly described as "pure", are complex mixtures of proteins, lipids,

sugars and nucleic acids including a great variety of antigens, many of which are

common to several mycobacterial   species  [27]. In  Brazil,  bovine PPD  tuberculin  

is produced from Mycobacterium bovis AN5, containing 1 mg of protein per ml (32.500

IU) and avian PPD tuberculin is produced from Mycobacterium avium D4, containing

0.5 mg of protein per ml (25.000 IU) [5].

The Brazilian National  Program for Control and Eradication of Animal 

Brucellosis and Tuberculosis (PNCEBT) presents three test methods that involve

tuberculin inoculation: i) the caudal fold test; ii) the single cervical test, and iii) the

comparative cervical test [5].

The Caudal Foldal (CF) Test is mainly used in North America, Australia and

New Zealand [27]. In this test, a 0.1 ml dose of bovine tuberculin PPD is injected

intradermally at the centre of the caudal fold approximately 6 cm to 10 cm distal to the

base of the tail.

Reading of the test is by palpation of the injection site at 72 hours post injection. 

Cattle are classified as negative when there is no detectable response at the 
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1. INTRODUCTION
Bovine tuberculosis (TB) caused by Mycobacterium bovis was first described

in 14 A.D, but only with the discovery of the tubercle bacillus in 1882 by Robert Koch

it started to be properly researched [1].

Bovine tuberculosis still poses serious risks to human health, since cattle to

man infection is possible via milk and unpasteurized dairy products and via the

respiratory route [2].

Even though the impact on human health is a strong determinant for initiating

programs for the control of bovine tuberculosis, economic losses have also been

recognized [3]. Bovine tuberculosis has significant consequences for farming

economies throughout the world [4].

The economic costs of this zoonosis associated to farming include direct

losses due to death, reduction in weight gain, reduction in milk production, premature

slaughtering for control of the disease, loss of cattle with high zootechnical value, 

condemnation  of carcasses during slaughtering, etc. [5].

When suitable control measures are not taken, the effects on economy and

health evolve slowly and steadily, and sometimes the consequences can be dramatic

[6]. They can include direct life losses, mainly due to miscarriages, low reproduction

levels, increase of the interval between births, death of calves, and interruption of

genetic lineages. The commercial value of infected rural properties and of their animals

decreases. The regions and properties where the disease is endemic are in

disadvantage when disputing new markets. Indirect losses include human conta-

mination. If it is not treated in due time, the chronic development of the disease in

humans leads to economic losses resulting from diagnosis and treatment costs, 

besides the costs associated with the time away from work during treatment [5].

In  industrialized countries, programs for  control and eradication of bovine

tuberculosis, together with  pasteurizing techniques and  vaccination [7], have

drastically reduced the incidence of infection by Mycobacterium bovis both in cattle

and in humans. North America, Europe [8,9], Australia and New Zealand [10] have

been more successful in controlling and eradicating bovine tuberculosis than Latin

American countries [3,11] and other developing countries [12,13]. However, bovine

tuberculosis remains a problem for countries both with and without control programs

[14-16].

The diagnosis of  bovine tuberculosis can be carried out using both direct 

and indirect methods. The direct methods involve the detection and identification of 

the infecting agent in biological samples [17,18], whereas the indirect methods 

investigate immune responses of individuals  to  the  infecting agent.  An  example of 

an  indirect  method  is  the  tuberculin inoculation test, which involves a cellular 

immune response against Mycobacterium bovis manifested as a delayed 

hypersensitisation reaction [2]. 

Diagnosis using tuberculin inoculation is fast, safe and relatively cheap [5]. The 

tuberculin tests are the internationally accepted standard and the most robust tool 

currently available for the diagnosis of infection by Mycobacterium bovis [19]. 

The use of tuberculin inoculation tests has drastically reduced bovine 

tuberculosis [14]. However, the infection of  feral animals in  preservation areas 

around farms makes the eradication of  this  disease from  cattle herds  difficult 

even in countries with successful tuberculosis control [20-22]. Cattle-to-cattle trans-

mission has also lead to a slight increase of bovine tuberculosis in some developed 

countries [16, 23]. 

Diagnosis using results of inoculation tests involve measurements of skin 

thickness before and after tuberculin inoculation using callipers. However, the majority 

of the documents with norms and specifications for using tuberculin inoculation tests 

in eradication programs do not mention either the technical characteristics of the 

calliper or the qualification of the staff involved in the measurements. For example, 

the national program for bovine tuberculosis eradication in Spain [24] only states that 

the callipers must be in good condition, whereas the use of callipers which are specific 

for tuberculin inoculation tests are the sole recommendation by the Brazilian national 

program for bovine tuberculosis eradication [5]. 

In 2006, a report was a produced for the Defra (UK) and the Welsh Assembly 

Government reviewing risks involved in bovine TB tests [19]. The report emphasizes 

the need for a methodical and well-defined test procedure in order to guarantee a 

reliable result for each animal. In particular, this report revealed that equipment used 

during TB screening tests, including callipers for skin thickness measurements, can 

incur in deviations of the final results. This probably occurs because this equipment 

has not been improved for decades. They suggest that some fresh ideas and 

professional considerations should be given to help manufacturers improve the design 

of equipment used in TB tests, including skin measurement. Also, although manuals 

generally specify all the procedures to be followed during tuberculin inoculation tests, 

it is not uncommon that personnel involved in the tests do not  follow  strictly  all  the 

recommendations. This  behaviour  was  associated  to  various reasons: the use of 

difficult language in manuals, many cross-references and a general failure to consider 

the level of knowledge of the users when designing and writing the procedures may 

jeopardize the understanding of the procedures; rules are broken, because they are 

felt to be irrelevant or because people no longer appreciate the dangers, creating a 

culture that tolerates violations; lack of local resources; and insufficient procedural 

guidance or inexperienced staff. 

In order to obtain valid results from skin thickness measurements for 

tuberculosis diagnosis, the measurement instrument (calliper) must be adequate in 

terms of accuracy and precision and must be traceable in terms of the international 

length standard (metre). Traceability includes the declaration of the uncertainty at all 

levels of the traceability chain, including for the measurement results [25]. According 

to ISO TAG 4/WG 3 [26], popularly known as GUM (Guide to the Expression of 

Uncertainty in Measurement), any measurement result must declare the reliability 

associated with the measurement, denominated measurement uncertainty. 

Therefore, improvements in the design of the equipment and conformity with 

procedure regulations would not suffice to reduce deviations that occur in the results 

from tuberculin inoculation tests. Manuals must be improved to include recom-

mendations related to: the need for calibration of all the equipment involved, aiming 

the traceability of the results and the reduction of errors; the calculation of 

measurement uncertainty; the consideration of measurement uncertainty to  interpret 

the results; and the technical specification of  the metrological parameters of the 

equipment, such as accuracy, precision and resolution. 

The present paper aims to evaluate the actual relevance of the application of 

metrological criteria for the diagnosis of bovine tuberculosis using Comparative 

Cervical Tuberculin (CCT) inoculation tests. The criteria investigated in this study are: 

calibration of the calliper using gauge blocks; development of a methodology to 

evaluate the uncertainties associated with both  the  calliper  calibration  and  with  the 

measurements carried  out  during  diagnosis; discussion of the effects of uncertainty 

on the test diagnosis; and comparison of results obtained using callipers with

resolutions of 0.1 mm and 0.01 mm.

2. THEORETICAL BACKGROUND
A simple methodology to diagnose bovine tuberculosis involves the intradermal

injection of tuberculin and assessment of the test site. In most cattle infected with

Mycobacterium bovis, this will cause the immune system of the animal to react to the

tuberculin and cause a localised allergic reaction (swelling) of the skin a few days after

the injection. The presence of induration or swelling, or the measurement of these

reactions in millimetres, is carried out at 72 (±6) hours following the injection. A variety 

of test methods have been used over the years, but they are classically described as

a delayed-type hypersensitivity response, relying on the individual response in vivo of

the animal to the injection. Estimates of the sensitivity of tuberculin tests range from

68% to 95% while specificity is estimated to be between 96% to 99% [27].

Although tuberculin was first produced by Robert Koch in 1890, Purified Protein

Derivative (PPD) tuberculin was developed in 1934 by Seibert. PPD tuberculins, 

despite being commonly described as "pure", are complex mixtures of proteins, lipids,

sugars and nucleic acids including a great variety of antigens, many of which are

common to several mycobacterial   species  [27]. In  Brazil,  bovine PPD  tuberculin  

is produced from Mycobacterium bovis AN5, containing 1 mg of protein per ml (32.500

IU) and avian PPD tuberculin is produced from Mycobacterium avium D4, containing

0.5 mg of protein per ml (25.000 IU) [5].

The Brazilian National  Program for Control and Eradication of Animal 

Brucellosis and Tuberculosis (PNCEBT) presents three test methods that involve

tuberculin inoculation: i) the caudal fold test; ii) the single cervical test, and iii) the

comparative cervical test [5].

The Caudal Foldal (CF) Test is mainly used in North America, Australia and

New Zealand [27]. In this test, a 0.1 ml dose of bovine tuberculin PPD is injected

intradermally at the centre of the caudal fold approximately 6 cm to 10 cm distal to the

base of the tail.

Reading of the test is by palpation of the injection site at 72 hours post injection. 

Cattle are classified as negative when there is no detectable response at the 
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of equipment used in TB tests, including skin measurement. Also, although manuals

generally specify all the procedures to be followed during tuberculin inoculation tests, 

it is not uncommon that personnel involved in the tests do not follow  strictly all the 

recommendations. This behaviour was associated  to various reasons: the use of

difficult language in manuals, many cross-references and a general failure to consider

the level of knowledge of the users when designing and writing the procedures may 

jeopardize the understanding of the procedures; rules are broken, because they are

felt to be irrelevant or because people no longer appreciate the dangers, creating a

culture that tolerates violations; lack of local resources; and insufficient procedural

guidance or inexperienced staff.

In order to obtain valid results from skin thickness measurements for

tuberculosis diagnosis, the measurement instrument (calliper) must be adequate in

terms of accuracy and precision and must be traceable in terms of the international 

length standard (metre). Traceability includes the declaration of the uncertainty at all

levels of the traceability chain, including for the measurement results [25]. According

to ISO TAG 4/WG 3 [26], popularly known as GUM (Guide to the Expression of

Uncertainty in Measurement), any measurement result must declare the reliability

associated with the measurement, denominated measurement uncertainty.

Therefore, improvements in the design of the equipment and conformity with

procedure regulations would not suffice to reduce deviations that occur in the results

from tuberculin inoculation tests. Manuals must be improved to include recom-

mendations related to: the need for calibration of all the equipment involved, aiming

the traceability of the results and the reduction of errors; the calculation of

measurement uncertainty; the consideration of measurement uncertainty to  interpret

the results; and the technical specification of the metrological parameters of the

equipment, such as accuracy, precision and resolution.

The present paper aims to evaluate the actual relevance of the application of

metrological criteria for the diagnosis of bovine tuberculosis using Comparative

Cervical Tuberculin (CCT) inoculation tests. The criteria investigated in this study are:

calibration of the calliper using gauge blocks; development of a methodology to

evaluate the uncertainties associated with both the calliper calibration  and with the 

measurements carried out during diagnosis; discussion of the effects of uncertainty 

on the test diagnosis; and comparison of results obtained using callipers with 

resolutions of 0.1 mm and 0.01 mm. 

2. THEORETICAL BACKGROUND
A simple methodology to diagnose bovine tuberculosis involves the intradermal 

injection of tuberculin and assessment of the test site. In most cattle infected with 

Mycobacterium bovis, this will cause the immune system of the animal to react to the 

tuberculin and cause a localised allergic reaction (swelling) of the skin a few days after 

the injection.  The presence of induration or swelling, or the measurement of these 

reactions in millimetres, is carried out at 72 (±6) hours following the injection. A variety 

of test methods have been used over the years, but they are classically described as 

a delayed-type hypersensitivity response, relying on the individual response in vivo of 

the animal to the injection. Estimates of the sensitivity of tuberculin tests range from 

68% to 95% while specificity is estimated to be between 96% to 99% [27]. 

Although tuberculin was first produced by Robert Koch in 1890, Purified Protein 

Derivative (PPD) tuberculin was developed in 1934 by Seibert. PPD tuberculins, 

despite being commonly described as "pure", are complex mixtures of proteins, lipids, 

sugars and nucleic acids including a great variety of antigens, many of which are 

common to several mycobacterial   species   [27].   In   Brazil,   bovine  PPD   tubercu-

lin is produced from Mycobacterium bovis AN5, containing 1 mg of protein per ml 

(32.500 IU) and avian PPD tuberculin is produced from Mycobacterium avium D4, 

containing 0.5 mg of protein per ml (25.000 IU) [5]. 

The  Brazilian National  Program  for  Control  and  Eradication of  Animal 

Brucellosis and Tuberculosis (PNCEBT) presents three test methods that involve 

tuberculin inoculation: i) the caudal fold test; ii) the single cervical test, and iii) the 

comparative cervical test [5]. 

The Caudal Foldal (CF) Test is mainly used in North America, Australia and 

New Zealand [27]. In this test, a 0.1 ml dose of bovine tuberculin PPD is injected 

intradermally at the centre of the caudal fold approximately 6 cm to 10 cm distal to the 

base of the tail. 

Reading of the test is by palpation of the injection site at 72 hours post injection. 

Cattle are classified as  negative when there is  no  detectable response at  the 

injection site.  Any increase in the thickness of the caudal fold at the injection site 

result in an animal being classified as either "suspect" or "reactor". 

The Single Cervical Tuberculin (SCT) test is carried out in the skin of the neck 

using bovine tuberculin. It is the main screening test used in most countries of the 

European Union [27] and is also largely used in Brazil [5]. 

During SCT tests, intradermal injection of 0.1 ml of approved bovine tuberculin 

is made at the junction of the anterior and middle thirds of the neck. The interpretation 

of reactions is based on clinical observations and records of the increase in skin fold 

thickness at the site of injection 72 hours later. 

(Table 1) summarizes reference values used to interpret clinical observations 

and thickness measurements and therefore to diagnose the animal [5]. 

Table 1. Reference values for the interpretation of results obtained with SCT 
tests, ∆B is the increase in skin fold thickness at the injection site [5] 

∆B (mm) Pain sensitivity Consistency Other 
interpretations 

Diagnosis 

0 to 1.9 – – – negative 
2.0 to 3.9 Some pain endured delimited inconclusive
2.0 to 3.9

4.0 

Intense pain

– 

soft

– 

exudation, necrosis

– 

positive

positive 

Therefore, the test involves two measurements of the skin fold thickness at the 

inoculation site. The thickness measured immediately before injection with bovine 

PPD tuberculin (BO) and a second measurement of the skin fold thickness, carried out 

72 hours after inoculation (B72). The increase in skin fold thickness at the injection site 

(∆B) is calculated using Eq. (1) as the difference in thickness due to PPD tuberculin 

inoculation. 

                       (1) 

Cattle are sometimes infected with other types of mycobacteria which may 

cause the animal to react to the test. In order to distinguish between animals infected 

with Mycobacterium bovis and those infected by other mycobacteria, another test 

called Comparative Cervical Tuberculin (CCT) also involves the injection with 

tuberculin produced from Mycobacterium avium, an organism that can cause  tuber-

culosis in  birds.  The  size  and  nature of  the reactions to both tuberculins (avian 

Table 1. Reference values for the interpretation of results obtained with SCT tests, ∆B
is the increase in skin fold thickness at the injection site [5]

∆B (mm) Pain sensitivity Consistency Other interpretations Diagnosis
0 to 1.9 – – – negative
2.0 to 3.9 Some pain endured delimited inconclusive
2.0 to 3.9
�4.0

Intense pain
–

soft
–

exudation, necrosis
–

positive
positive

Therefore, the test involves two measurements of the skin fold thickness at the inoculation 
site. The thickness measured immediately before injection with bovine PPD tuberculin (BO) 
and a second measurement of the skin fold thickness, carried out 72 hours after inoculation
(B72). The increase in skin fold thickness at the injection site (∆B) is calculated using Eq. (1)
as the difference in thickness due to PPD tuberculin inoculation.

∆B = B12 −B0 (1)

Cattle are sometimes infected with other types of mycobacteria which may cause the animal 
to react to the test. In order to distinguish between animals infected with Mycobacterium 
bovis and those infected by other mycobacteria, another test called Comparative Cervical 
Tuberculin (CCT) also involves the injection with tuberculin produced from Mycobacterium 
avium, an organism  that can  cause tuberculosis in birds. The  size and nature of the 
reactions to both tuberculins (avian and bovine) is compared to determine whether the test
result is considered positive, negative or inconclusive.

The CCT test is a confirmatory test to be used in animals that reacted in either CF tests or in 
SCT tests. The thickness of the skin fold is measured using callipers before (AO and BO) and 
after inoculation with avian (A72) and bovine PPD tuberculin (B72). The increase in skin fold
thickness due to avian (∆A) tuberculin inoculation is then calculated as:

∆A = A12 − A0 (2)

A comparison of the values obtained with Eq. (1) and Eq. (2) is then carried out with 
reference values Table 2, in order to obtain a final diagnosis.

Table 2. Reference data for tuberculosis diagnosis using comparative cervical tests,
∆B is the increase in skin fold thickness due to bovine inoculation and ∆Ais the 

increase in skin fold thickness due to avian inoculation [5]

∆B- ∆A (mm) Diagnosis
∆B<2.0 – Negative
∆B<∆A <0 Negative
∆B�∆A 0.0 to 1.9 Negative
∆B>∆A 2.0 to 3.9 Inconclusive
∆B>∆A �4.0 Positive

The results of diagnosis carried out using SCT  and CCT  tests depend on the values
obtained with the calliper. Therefore, the scientific rigor of the diagnosis depends on the
quality of the measurements. Some uncertainty will always exist in relation to how correctly 
the measurement result represents the value being measured, i.e., the measurement result

and bovine) is compared to determine whether the test result is considered positive,

negative or inconclusive.

The CCT test is a confirmatory test to be used in animals that reacted in either

CF tests or in SCT tests. The thickness of the skin fold is measured using callipers

before (AO and BO) and after inoculation with avian (A72) and bovine PPD tuberculin

(B72). The increase in skin fold thickness due to avian (∆A) tuberculin inoculation is 

then calculated as:

(2)

A comparison of the values obtained with Eq. (1) and Eq. (2) is then

carried out with reference values Table 2, in order to obtain a final diagnosis.

Table 2. Reference data for tuberculosis diagnosis using comparative cervical
tests, ∆B is the increase in skin fold thickness due to bovine inoculation
and ∆A is the increase in skin fold thickness due to avian inoculation [5]

∆B- ∆A (mm) Diagnosis
∆B<2.0 – Negative
∆B<∆A <0 Negative
∆B∆A 0.0 to 1.9 Negative
∆B>∆A 2.0 to 3.9 Inconclusive
∆B>∆A 4.0 Positive

The results of diagnosis carried out using SCT  and CCT  tests depend on

the values obtained with the calliper. Therefore, the scientific rigor of the diagnosis

depends on the quality of the measurements. Some uncertainty will always exist in

relation to how correctly the measurement result represents the value being

measured, i.e., the measurement result is only an approximation or estimative of

measure and value. Many factors can influence the measurement quality, so that when

measurement results are presented, some quantitative indication of the measurement 

quality must always be provided. This allows users of such results to evaluate their

reliability. Measurement results cannot be compared without some indication of the

measuement quality, either between themselves or with a reference value [26].

Measurement uncertainty is defined as a non-negative value that characterizes

the dispersion of the values that can be attributed to the measure and, based on the

used information. The methodology proposed by ISO TAG 4/ WG 3 [26] can be used

to evaluate measurement uncertainty. However, this methodology does not substitute

. 
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of equipment used in TB tests, including skin measurement. Also, although manuals

generally specify all the procedures to be followed during tuberculin inoculation tests, 

it is not uncommon that personnel involved in the tests do not follow  strictly all the 

recommendations. This behaviour was associated  to various reasons: the use of

difficult language in manuals, many cross-references and a general failure to consider

the level of knowledge of the users when designing and writing the procedures may 

jeopardize the understanding of the procedures; rules are broken, because they are

felt to be irrelevant or because people no longer appreciate the dangers, creating a

culture that tolerates violations; lack of local resources; and insufficient procedural

guidance or inexperienced staff.

In order to obtain valid results from skin thickness measurements for

tuberculosis diagnosis, the measurement instrument (calliper) must be adequate in

terms of accuracy and precision and must be traceable in terms of the international 

length standard (metre). Traceability includes the declaration of the uncertainty at all

levels of the traceability chain, including for the measurement results [25]. According

to ISO TAG 4/WG 3 [26], popularly known as GUM (Guide to the Expression of

Uncertainty in Measurement), any measurement result must declare the reliability

associated with the measurement, denominated measurement uncertainty.

Therefore, improvements in the design of the equipment and conformity with

procedure regulations would not suffice to reduce deviations that occur in the results

from tuberculin inoculation tests. Manuals must be improved to include recom-

mendations related to: the need for calibration of all the equipment involved, aiming

the traceability of the results and the reduction of errors; the calculation of

measurement uncertainty; the consideration of measurement uncertainty to  interpret

the results; and the technical specification of the metrological parameters of the

equipment, such as accuracy, precision and resolution.

The present paper aims to evaluate the actual relevance of the application of

metrological criteria for the diagnosis of bovine tuberculosis using Comparative

Cervical Tuberculin (CCT) inoculation tests. The criteria investigated in this study are:

calibration of the calliper using gauge blocks; development of a methodology to

evaluate the uncertainties associated with both the calliper calibration  and with the 

measurements carried out during diagnosis; discussion of the effects of uncertainty 

on the test diagnosis; and comparison of results obtained using callipers with 

resolutions of 0.1 mm and 0.01 mm. 

2. THEORETICAL BACKGROUND
A simple methodology to diagnose bovine tuberculosis involves the intradermal 

injection of tuberculin and assessment of the test site. In most cattle infected with 

Mycobacterium bovis, this will cause the immune system of the animal to react to the 

tuberculin and cause a localised allergic reaction (swelling) of the skin a few days after 

the injection.  The presence of induration or swelling, or the measurement of these 

reactions in millimetres, is carried out at 72 (±6) hours following the injection. A variety 

of test methods have been used over the years, but they are classically described as 

a delayed-type hypersensitivity response, relying on the individual response in vivo of 

the animal to the injection. Estimates of the sensitivity of tuberculin tests range from 

68% to 95% while specificity is estimated to be between 96% to 99% [27]. 

Although tuberculin was first produced by Robert Koch in 1890, Purified Protein 

Derivative (PPD) tuberculin was developed in 1934 by Seibert. PPD tuberculins, 

despite being commonly described as "pure", are complex mixtures of proteins, lipids, 

sugars and nucleic acids including a great variety of antigens, many of which are 

common to several mycobacterial   species   [27].   In   Brazil,   bovine  PPD   tubercu-

lin is produced from Mycobacterium bovis AN5, containing 1 mg of protein per ml 

(32.500 IU) and avian PPD tuberculin is produced from Mycobacterium avium D4, 

containing 0.5 mg of protein per ml (25.000 IU) [5]. 

The  Brazilian National  Program  for  Control  and  Eradication of  Animal 

Brucellosis and Tuberculosis (PNCEBT) presents three test methods that involve 

tuberculin inoculation: i) the caudal fold test; ii) the single cervical test, and iii) the 

comparative cervical test [5]. 

The Caudal Foldal (CF) Test is mainly used in North America, Australia and 

New Zealand [27]. In this test, a 0.1 ml dose of bovine tuberculin PPD is injected 

intradermally at the centre of the caudal fold approximately 6 cm to 10 cm distal to the 

base of the tail. 

Reading of the test is by palpation of the injection site at 72 hours post injection. 

Cattle are classified as  negative when there is  no  detectable response at  the 

injection site.  Any increase in the thickness of the caudal fold at the injection site 

result in an animal being classified as either "suspect" or "reactor". 

The Single Cervical Tuberculin (SCT) test is carried out in the skin of the neck 

using bovine tuberculin. It is the main screening test used in most countries of the 

European Union [27] and is also largely used in Brazil [5]. 

During SCT tests, intradermal injection of 0.1 ml of approved bovine tuberculin 

is made at the junction of the anterior and middle thirds of the neck. The interpretation 

of reactions is based on clinical observations and records of the increase in skin fold 

thickness at the site of injection 72 hours later. 

(Table 1) summarizes reference values used to interpret clinical observations 

and thickness measurements and therefore to diagnose the animal [5]. 

Table 1. Reference values for the interpretation of results obtained with SCT 
tests, ∆B is the increase in skin fold thickness at the injection site [5] 

∆B (mm) Pain sensitivity Consistency Other 
interpretations 

Diagnosis 

0 to 1.9 – – – negative 
2.0 to 3.9 Some pain endured delimited inconclusive
2.0 to 3.9

4.0 

Intense pain

– 

soft

– 

exudation, necrosis

– 

positive

positive 

Therefore, the test involves two measurements of the skin fold thickness at the 

inoculation site. The thickness measured immediately before injection with bovine 

PPD tuberculin (BO) and a second measurement of the skin fold thickness, carried out 

72 hours after inoculation (B72). The increase in skin fold thickness at the injection site 

(∆B) is calculated using Eq. (1) as the difference in thickness due to PPD tuberculin 

inoculation. 

                       (1) 

Cattle are sometimes infected with other types of mycobacteria which may 

cause the animal to react to the test. In order to distinguish between animals infected 

with Mycobacterium bovis and those infected by other mycobacteria, another test 

called Comparative Cervical Tuberculin (CCT) also involves the injection with 

tuberculin produced from Mycobacterium avium, an organism that can cause  tuber-

culosis in  birds.  The  size  and  nature of  the reactions to both tuberculins (avian 

Table 1. Reference values for the interpretation of results obtained with SCT tests, ∆B
is the increase in skin fold thickness at the injection site [5]

∆B (mm) Pain sensitivity Consistency Other interpretations Diagnosis
0 to 1.9 – – – negative
2.0 to 3.9 Some pain endured delimited inconclusive
2.0 to 3.9
�4.0

Intense pain
–

soft
–

exudation, necrosis
–

positive
positive

Therefore, the test involves two measurements of the skin fold thickness at the inoculation 
site. The thickness measured immediately before injection with bovine PPD tuberculin (BO) 
and a second measurement of the skin fold thickness, carried out 72 hours after inoculation
(B72). The increase in skin fold thickness at the injection site (∆B) is calculated using Eq. (1)
as the difference in thickness due to PPD tuberculin inoculation.

∆B = B12 −B0 (1)

Cattle are sometimes infected with other types of mycobacteria which may cause the animal 
to react to the test. In order to distinguish between animals infected with Mycobacterium 
bovis and those infected by other mycobacteria, another test called Comparative Cervical 
Tuberculin (CCT) also involves the injection with tuberculin produced from Mycobacterium 
avium, an organism  that can  cause tuberculosis in birds. The  size and nature of the 
reactions to both tuberculins (avian and bovine) is compared to determine whether the test
result is considered positive, negative or inconclusive.

The CCT test is a confirmatory test to be used in animals that reacted in either CF tests or in 
SCT tests. The thickness of the skin fold is measured using callipers before (AO and BO) and 
after inoculation with avian (A72) and bovine PPD tuberculin (B72). The increase in skin fold
thickness due to avian (∆A) tuberculin inoculation is then calculated as:

∆A = A12 − A0 (2)

A comparison of the values obtained with Eq. (1) and Eq. (2) is then carried out with 
reference values Table 2, in order to obtain a final diagnosis.

Table 2. Reference data for tuberculosis diagnosis using comparative cervical tests,
∆B is the increase in skin fold thickness due to bovine inoculation and ∆Ais the 

increase in skin fold thickness due to avian inoculation [5]

∆B- ∆A (mm) Diagnosis
∆B<2.0 – Negative
∆B<∆A <0 Negative
∆B�∆A 0.0 to 1.9 Negative
∆B>∆A 2.0 to 3.9 Inconclusive
∆B>∆A �4.0 Positive

The results of diagnosis carried out using SCT  and CCT  tests depend on the values
obtained with the calliper. Therefore, the scientific rigor of the diagnosis depends on the
quality of the measurements. Some uncertainty will always exist in relation to how correctly 
the measurement result represents the value being measured, i.e., the measurement result

and bovine) is compared to determine whether the test result is considered positive,

negative or inconclusive.

The CCT test is a confirmatory test to be used in animals that reacted in either

CF tests or in SCT tests. The thickness of the skin fold is measured using callipers

before (AO and BO) and after inoculation with avian (A72) and bovine PPD tuberculin

(B72). The increase in skin fold thickness due to avian (∆A) tuberculin inoculation is 

then calculated as:

(2)

A comparison of the values obtained with Eq. (1) and Eq. (2) is then

carried out with reference values Table 2, in order to obtain a final diagnosis.

Table 2. Reference data for tuberculosis diagnosis using comparative cervical
tests, ∆B is the increase in skin fold thickness due to bovine inoculation
and ∆A is the increase in skin fold thickness due to avian inoculation [5]

∆B- ∆A (mm) Diagnosis
∆B<2.0 – Negative
∆B<∆A <0 Negative
∆B∆A 0.0 to 1.9 Negative
∆B>∆A 2.0 to 3.9 Inconclusive
∆B>∆A 4.0 Positive

The results of diagnosis carried out using SCT  and CCT  tests depend on

the values obtained with the calliper. Therefore, the scientific rigor of the diagnosis

depends on the quality of the measurements. Some uncertainty will always exist in

relation to how correctly the measurement result represents the value being

measured, i.e., the measurement result is only an approximation or estimative of

measure and value. Many factors can influence the measurement quality, so that when

measurement results are presented, some quantitative indication of the measurement 

quality must always be provided. This allows users of such results to evaluate their

reliability. Measurement results cannot be compared without some indication of the

measuement quality, either between themselves or with a reference value [26].

Measurement uncertainty is defined as a non-negative value that characterizes

the dispersion of the values that can be attributed to the measure and, based on the

used information. The methodology proposed by ISO TAG 4/ WG 3 [26] can be used

to evaluate measurement uncertainty. However, this methodology does not substitute

. 
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injection site.  Any increase in the thickness of the caudal fold at the injection site

result in an animal being classified as either "suspect" or "reactor".

The Single Cervical Tuberculin (SCT) test is carried out in the skin of the neck

using bovine tuberculin. It is the main screening test used in most countries of the

European Union [27] and is also largely used in Brazil [5].

During SCT tests, intradermal injection of 0.1 ml of approved bovine tuberculin

is made at the junction of the anterior and middle thirds of the neck. The interpretation 

of reactions is based on clinical observations and records of the increase in skin fold

thickness at the site of injection 72 hours later.

(Table 1) summarizes reference values used to interpret clinical observations 

and thickness measurements and therefore to diagnose the animal [5].

Table 1. Reference values for the interpretation of results obtained with SCT
tests, ∆B is the increase in skin fold thickness at the injection site [5]

∆B (mm) Pain sensitivity Consistency Other
interpretations

Diagnosis

0 to 1.9 – – – negative
2.0 to 3.9 Some pain endured delimited inconclusive
2.0 to 3.9

4.0

Intense pain

–

soft

–

exudation, necrosis

–

positive

positive

Therefore, the test involves two measurements of the skin fold thickness at the

inoculation site. The thickness measured immediately before injection with bovine

PPD tuberculin (BO) and a second measurement of the skin fold thickness, carried out

72 hours after inoculation (B72). The increase in skin fold thickness at the injection site

(∆B) is calculated using Eq. (1) as the difference in thickness due to PPD tuberculin

inoculation.

(1)

Cattle are sometimes infected with other types of mycobacteria which may

cause the animal to react to the test. In order to distinguish between animals infected

with Mycobacterium bovis and those infected by other mycobacteria, another test

called Comparative Cervical Tuberculin (CCT) also involves the injection with

tuberculin produced from Mycobacterium avium, an organism that can cause tuber-

culosis in birds. The  size and nature of the reactions to both tuberculins (avian

and bovine) is compared to determine whether the test result is considered positive, 

negative or inconclusive. 

The CCT test is a confirmatory test to be used in animals that reacted in either 

CF tests or in SCT tests. The thickness of the skin fold is measured using callipers 

before (AO and BO) and after inoculation with avian (A72) and bovine PPD tuberculin 

(B72). The increase in skin fold thickness due to avian (∆A) tuberculin inoculation is 

then calculated as: 

                           (2) 

A comparison  of  the values  obtained  with  Eq. (1) and Eq. (2) is th en

carried out with reference values Table 2, in order to obtain a final diagnosis. 
 

Table 2. Reference data for tuberculosis diagnosis using comparative cervical 
tests, ∆B is the increase in skin fold thickness due to bovine inoculation  
and ∆A is the increase in skin fold thickness due to avian inoculation [5] 

∆B- ∆A (mm) Diagnosis 
∆B<2.0 – Negative 
∆B<∆A <0 Negative 
∆B∆A 0.0 to 1.9 Negative 
∆B>∆A 2.0 to 3.9 Inconclusive 
∆B>∆A 4.0 Positive 

The results of  diagnosis carried out using SCT  and CCT  tests depend on 

the values obtained with the calliper. Therefore, the scientific rigor of the diagnosis 

depends on the quality of the measurements. Some uncertainty will always exist in 

relation to how correctly the measurement result represents the value being 

measured, i.e., the measurement result is only an approximation or estimative of 

measure and value. Many factors can influence the measurement quality, so that when 

measurement results are presented, some quantitative indication of the measurement 

quality must always be provided. This allows users of such results to evaluate their 

reliability. Measurement results cannot be compared without some indication of the 

measuement quality, either between themselves or with a reference value [26]. 

Measurement uncertainty is defined as a non-negative value that characterizes 

the dispersion of the values that can be attributed to the measure and, based on the 

used information. The methodology proposed by ISO TAG 4/ WG 3 [26] can be used 

to evaluate measurement uncertainty. However, this methodology does not substitute 

Table 1. Reference values for the interpretation of results obtained with SCT tests, ∆B
is the increase in skin fold thickness at the injection site [5]

∆B (mm) Pain sensitivity Consistency Other interpretations Diagnosis
0 to 1.9 – – – negative
2.0 to 3.9 Some pain endured delimited inconclusive
2.0 to 3.9
�4.0

Intense pain
–

soft
–

exudation, necrosis
–

positive
positive

Therefore, the test involves two measurements of the skin fold thickness at the inoculation 
site. The thickness measured immediately before injection with bovine PPD tuberculin (BO) 
and a second measurement of the skin fold thickness, carried out 72 hours after inoculation
(B72). The increase in skin fold thickness at the injection site (∆B) is calculated using Eq. (1)
as the difference in thickness due to PPD tuberculin inoculation.

∆B = B12 −B0 (1)

Cattle are sometimes infected with other types of mycobacteria which may cause the animal 
to react to the test. In order to distinguish between animals infected with Mycobacterium 
bovis and those infected by other mycobacteria, another test called Comparative Cervical 
Tuberculin (CCT) also involves the injection with tuberculin produced from Mycobacterium 
avium, an organism  that can  cause tuberculosis in birds. The  size and nature of the 
reactions to both tuberculins (avian and bovine) is compared to determine whether the test
result is considered positive, negative or inconclusive.

The CCT test is a confirmatory test to be used in animals that reacted in either CF tests or in 
SCT tests. The thickness of the skin fold is measured using callipers before (AO and BO) and 
after inoculation with avian (A72) and bovine PPD tuberculin (B72). The increase in skin fold
thickness due to avian (∆A) tuberculin inoculation is then calculated as:

∆A = A 12 − A 0 (2)

A comparison of the values obtained with Eq. (1) and Eq. (2) is then carried out with 
reference values Table 2, in order to obtain a final diagnosis.

Table 2. Reference data for tuberculosis diagnosis using comparative cervical tests,
∆B is the increase in skin fold thickness due to bovine inoculation and ∆Ais the 

increase in skin fold thickness due to avian inoculation [5]

∆B- ∆A (mm) Diagnosis
∆B<2.0 – Negative
∆B<∆A <0 Negative
∆B�∆A 0.0 to 1.9 Negative
∆B>∆A 2.0 to 3.9 Inconclusive
∆B>∆A �4.0 Positive

The results of diagnosis carried out using SCT  and CCT  tests depend on the values
obtained with the calliper. Therefore, the scientific rigor of the diagnosis depends on the
quality of the measurements. Some uncertainty will always exist in relation to how correctly 
the measurement result represents the value being measured, i.e., the measurement result

. 

critical thinking, intellectual honesty and professional ability. The evaluation of 

measurement uncertainty is neither a routine task nor a purely mathematical task. It 

depends on a detailed knowledge about both the measure and nature and the 

measurement. The quality and usefulness of the uncertainty indicated for a result 

depend on knowledge, critical thinking and honesty of those involved in finding the 

uncertainty value. 

The evaluation of the measurement uncertainty is particularly useful for 

decision making [28]. When maximum or minimum tolerance limits exist for the 

measure and, dictated, for example, by some legislation, uncertainty becomes 

essential for a correct interpretation of the measurement result. Weckenmann et al. 

[29] have graphically represented how measurement uncertainty can affect the 

established limits, reducing the conformance zone. 

The authors show that all zones are affected by the expanded uncertainty value 

associated with the measurement. The expanded uncertainty is distributed around the 

limit values, generating ranges where no analysis can be obtained without risk. 

The probability of the measure and value being above the maximum value 
allowed by specification (legislation) can be evaluated taking into account the 
uncertainty measurement. For that, first the variable is transformed into a z-score: 

                               (3) 

 where X is the upper legislation limit, xi is the measurement result and uc(y) 

is the value of the combined standard uncertainty, which is equivalent to a dispersion 
measurement of a standard deviation, obtained by U/k, where U is the expanded 
uncertainty and k is the coverage factor. 

In sequence, the probability of the variable assuming a standard value higher 
than the calculated z-score is defined:  

                                (4) 

This type of information allows users to evaluate and define an acceptable risk 
during decision making. When a user of the measurement decides to approve a 
sample, he or she will know the risk of making the wrong decision, i.e., approving a 
sample that should be rejected. This concept of risk evaluation, which requires the 
knowledge of the measurement uncertainty, can  be  extended to  various  situations. 

is only an approximation or estimative of measure and value. Many factors can influence the 
measurement quality, so that when measurement results are presented, some quantitative 
indication of the measurement quality must always be provided. This allows users of such 
results to evaluate their reliability. Measurement results cannot be compared without some 
indication of the measurement quality, either between themselves or with a reference value 
[26].

Measurement uncertainty is defined as a non-negative value that characterizes the 
dispersion of the values that can be attributed to the measure and, based on the used 
information. The methodology proposed by ISO TAG 4/ WG 3 [26] can be used to evaluate 
measurement uncertainty. However, this methodology does not substitute critical thinking,
intellectual honesty and professional ability. The evaluation of measurement uncertainty is 
neither a routine task nor a purely mathematical task. It depends on a detailed knowledge
about both the measure and nature and the measurement. The quality and usefulness of the 
uncertainty indicated for a result depend on knowledge, critical thinking and honesty of those 
involved in finding the uncertainty value.

The evaluation of the measurement uncertainty is particularly useful for decision making
[28]. When maximum or minimum tolerance limits exist for the measure and, dictated, for
example, by some legislation, uncertainty becomes essential for a correct interpretation of 
the measurement result. Weckenmann et al. [29] have graphically represented how
measurement uncertainty can affect the established limits, reducing the conformance zone.

The authors show that all zones are affected by the expanded uncertainty value associated
with the measurement. The expanded uncertainty is distributed around the limit values,
generating ranges where no analysis can be obtained without risk.

The probability of the measure and value being above the maximum value allowed by 
specification (legislation) can be evaluated taking into account the uncertainty measurement.
For that, first the variable is transformed into a z-score:

(X - x )z =           i, 
uc (y) 

(3)

Where X is the upper legislation limit, xi is the measurement result and uc(y) is the value of
the combined standard uncertainty, which is equivalent to a dispersion measurement of a 
standard deviation, obtained by U/k, where U is the expanded uncertainty and k is the 
coverage factor.

In sequence, the probability of the variable assuming a standard value higher than the 
calculated z-score is defined:

P(X > z) = 1-P(X z). (4)

This type of information allows users to evaluate and define an acceptable risk during 
decision making. When a user of the measurement decides to approve a sample, he or she 
will know the risk of making the wrong decision, i.e., approving a sample that should be 
rejected. This concept of risk evaluation, which requires the knowledge of the measurement 
uncertainty, can be extended to various situations. Therefore, when uncertainty is not

is only an approximation or estimative of measure and value. Many factors can influence the 
measurement quality, so that when measurement results are presented, some quantitative 
indication of the measurement quality must always be provided. This allows users of such 
results to evaluate their reliability. Measurement results cannot be compared without some 
indication of the measurement quality, either between themselves or with a reference value 
[26].

Measurement uncertainty is defined as a non-negative value that characterizes the 
dispersion of the values that can be attributed to the measure and, based on the used 
information. The methodology proposed by ISO TAG 4/ WG 3 [26] can be used to evaluate 
measurement uncertainty. However, this methodology does not substitute critical thinking,
intellectual honesty and professional ability. The evaluation of measurement uncertainty is 
neither a routine task nor a purely mathematical task. It depends on a detailed knowledge
about both the measure and nature and the measurement. The quality and usefulness of the 
uncertainty indicated for a result depend on knowledge, critical thinking and honesty of those 
involved in finding the uncertainty value.

The evaluation of the measurement uncertainty is particularly useful for decision making
[28]. When maximum or minimum tolerance limits exist for the measure and, dictated, for
example, by some legislation, uncertainty becomes essential for a correct interpretation of 
the measurement result. Weckenmann et al. [29] have graphically represented how
measurement uncertainty can affect the established limits, reducing the conformance zone.

The authors show that all zones are affected by the expanded uncertainty value associated
with the measurement. The expanded uncertainty is distributed around the limit values,
generating ranges where no analysis can be obtained without risk.

The probability of the measure and value being above the maximum value allowed by 
specification (legislation) can be evaluated taking into account the uncertainty measurement.
For that, first the variable is transformed into a z-score:

(X-x )z =  i,
uc(y)

(3)

Where X is the upper legislation limit, xi is the measurement result and uc(y) is the value of
the combined standard uncertainty, which is equivalent to a dispersion measurement of a 
standard deviation, obtained by U/k, where U is the expanded uncertainty and k is the 
coverage factor.

In sequence, the probability of the variable assuming a standard value higher than the 
calculated z-score is defined: 

P(X > z) = 1- P(X z). (4)

This type of information allows users to evaluate and define an acceptable risk during 
decision making. When a user of the measurement decides to approve a sample, he or she 
will know the risk of making the wrong decision, i.e., approving a sample that should be 
rejected. This concept of risk evaluation, which requires the knowledge of the measurement 
uncertainty, can be extended to various situations. Therefore, when uncertainty is not

Therefore, when uncertainty is not evaluated and expressed properly, the inter-
pretation of the results can be jeopardized, leading to errors.

3. MATERIALS AND METHODS
Comparative Cervical Tuberculin (CCT) tests were carried out in a total of 40

cattle comprising Nellore breed and mixed-breed dairy animals. The tested animals
were from the Glory Experimental Farm of Federal University of Uberlandia, located
in Uberlandia, MG. All animals, male and female sex, with age equal or superior to six
week were tested. The tests were carried out in the morning, at environment 
temperature ranging from 22°C a 28°C. In this farm, the animals are kept in pasture
continuous stocking with approximately 1 hectare (ha) and the number of animals
ranges from 30 to 40 animals, according to the accessibility of the trough and size of

the animals. Therefore, it is estimated an area of 250 m2 for each animal. The nutrition
of the animals is performed by providing feed in the trough once a day approximately
1 kg for animal. During the dry season, silage is added in their food. The source
of water comes from artesian post in shaded and cooler near the trough.

First, hair was shaved around the two injection sites located on the same side
of the cervical area of each animal (Fig. 1a). A skin foldat both sites was measured
with callipers (Fig. 1b). Readings using the analogic calliper combine a fixed scale
and a moving scale. A trigger and combined with a spring system ensure the
application of a constant measuring force. The spring system is responsible for
returning the moving measuring surface, which makes manipulation by users easy
and comfortable. A screw in the upper region of the instrument support allows to fix
the moving measuring base in the correct position. A dial system facilitates readings
during the tests.

Small amounts (0.1 ml) of bovine PPD tuberculin and of avian PPD tuberculin
were injected at room temperature into the shaved skin using 22 G x 3 mm multi-dose 
syringes at two different sites separated by a distance between 15 mm and 20 mm.

.

Fig. 1. CCT test: (a) Inoculation of the bovine PPD tuberculin; (b) measurement of the 
skin fold with callipers, 72 hours after inoculation [5]

,
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injection site.  Any increase in the thickness of the caudal fold at the injection site

result in an animal being classified as either "suspect" or "reactor".

The Single Cervical Tuberculin (SCT) test is carried out in the skin of the neck

using bovine tuberculin. It is the main screening test used in most countries of the

European Union [27] and is also largely used in Brazil [5].

During SCT tests, intradermal injection of 0.1 ml of approved bovine tuberculin

is made at the junction of the anterior and middle thirds of the neck. The interpretation 

of reactions is based on clinical observations and records of the increase in skin fold

thickness at the site of injection 72 hours later.

(Table 1) summarizes reference values used to interpret clinical observations 

and thickness measurements and therefore to diagnose the animal [5].

Table 1. Reference values for the interpretation of results obtained with SCT
tests, ∆B is the increase in skin fold thickness at the injection site [5]

∆B (mm) Pain sensitivity Consistency Other
interpretations

Diagnosis

0 to 1.9 – – – negative
2.0 to 3.9 Some pain endured delimited inconclusive
2.0 to 3.9

4.0

Intense pain

–

soft

–

exudation, necrosis

–

positive

positive

Therefore, the test involves two measurements of the skin fold thickness at the

inoculation site. The thickness measured immediately before injection with bovine

PPD tuberculin (BO) and a second measurement of the skin fold thickness, carried out

72 hours after inoculation (B72). The increase in skin fold thickness at the injection site

(∆B) is calculated using Eq. (1) as the difference in thickness due to PPD tuberculin

inoculation.

(1)

Cattle are sometimes infected with other types of mycobacteria which may

cause the animal to react to the test. In order to distinguish between animals infected

with Mycobacterium bovis and those infected by other mycobacteria, another test

called Comparative Cervical Tuberculin (CCT) also involves the injection with

tuberculin produced from Mycobacterium avium, an organism that can cause tuber-

culosis in birds. The  size and nature of the reactions to both tuberculins (avian

and bovine) is compared to determine whether the test result is considered positive, 

negative or inconclusive. 

The CCT test is a confirmatory test to be used in animals that reacted in either 

CF tests or in SCT tests. The thickness of the skin fold is measured using callipers 

before (AO and BO) and after inoculation with avian (A72) and bovine PPD tuberculin 

(B72). The increase in skin fold thickness due to avian (∆A) tuberculin inoculation is 

then calculated as: 

                           (2) 

A comparison  of  the values  obtained  with  Eq. (1) and Eq. (2) is th en

carried out with reference values Table 2, in order to obtain a final diagnosis. 
 

Table 2. Reference data for tuberculosis diagnosis using comparative cervical 
tests, ∆B is the increase in skin fold thickness due to bovine inoculation  
and ∆A is the increase in skin fold thickness due to avian inoculation [5] 

∆B- ∆A (mm) Diagnosis 
∆B<2.0 – Negative 
∆B<∆A <0 Negative 
∆B∆A 0.0 to 1.9 Negative 
∆B>∆A 2.0 to 3.9 Inconclusive 
∆B>∆A 4.0 Positive 

The results of  diagnosis carried out using SCT  and CCT  tests depend on 

the values obtained with the calliper. Therefore, the scientific rigor of the diagnosis 

depends on the quality of the measurements. Some uncertainty will always exist in 

relation to how correctly the measurement result represents the value being 

measured, i.e., the measurement result is only an approximation or estimative of 

measure and value. Many factors can influence the measurement quality, so that when 

measurement results are presented, some quantitative indication of the measurement 

quality must always be provided. This allows users of such results to evaluate their 

reliability. Measurement results cannot be compared without some indication of the 

measuement quality, either between themselves or with a reference value [26]. 

Measurement uncertainty is defined as a non-negative value that characterizes 

the dispersion of the values that can be attributed to the measure and, based on the 

used information. The methodology proposed by ISO TAG 4/ WG 3 [26] can be used 

to evaluate measurement uncertainty. However, this methodology does not substitute 

Table 1. Reference values for the interpretation of results obtained with SCT tests, ∆B
is the increase in skin fold thickness at the injection site [5]

∆B (mm) Pain sensitivity Consistency Other interpretations Diagnosis
0 to 1.9 – – – negative
2.0 to 3.9 Some pain endured delimited inconclusive
2.0 to 3.9
�4.0

Intense pain
–

soft
–

exudation, necrosis
–

positive
positive

Therefore, the test involves two measurements of the skin fold thickness at the inoculation 
site. The thickness measured immediately before injection with bovine PPD tuberculin (BO) 
and a second measurement of the skin fold thickness, carried out 72 hours after inoculation
(B72). The increase in skin fold thickness at the injection site (∆B) is calculated using Eq. (1)
as the difference in thickness due to PPD tuberculin inoculation.

∆B = B12 −B0 (1)

Cattle are sometimes infected with other types of mycobacteria which may cause the animal 
to react to the test. In order to distinguish between animals infected with Mycobacterium 
bovis and those infected by other mycobacteria, another test called Comparative Cervical 
Tuberculin (CCT) also involves the injection with tuberculin produced from Mycobacterium 
avium, an organism  that can  cause tuberculosis in birds. The  size and nature of the 
reactions to both tuberculins (avian and bovine) is compared to determine whether the test
result is considered positive, negative or inconclusive.

The CCT test is a confirmatory test to be used in animals that reacted in either CF tests or in 
SCT tests. The thickness of the skin fold is measured using callipers before (AO and BO) and 
after inoculation with avian (A72) and bovine PPD tuberculin (B72). The increase in skin fold
thickness due to avian (∆A) tuberculin inoculation is then calculated as:

∆A = A 12 − A 0 (2)

A comparison of the values obtained with Eq. (1) and Eq. (2) is then carried out with 
reference values Table 2, in order to obtain a final diagnosis.

Table 2. Reference data for tuberculosis diagnosis using comparative cervical tests,
∆B is the increase in skin fold thickness due to bovine inoculation and ∆Ais the 

increase in skin fold thickness due to avian inoculation [5]

∆B- ∆A (mm) Diagnosis
∆B<2.0 – Negative
∆B<∆A <0 Negative
∆B�∆A 0.0 to 1.9 Negative
∆B>∆A 2.0 to 3.9 Inconclusive
∆B>∆A �4.0 Positive

The results of diagnosis carried out using SCT  and CCT  tests depend on the values
obtained with the calliper. Therefore, the scientific rigor of the diagnosis depends on the
quality of the measurements. Some uncertainty will always exist in relation to how correctly 
the measurement result represents the value being measured, i.e., the measurement result

. 

critical thinking, intellectual honesty and professional ability. The evaluation of 

measurement uncertainty is neither a routine task nor a purely mathematical task. It 

depends on a detailed knowledge about both the measure and nature and the 

measurement. The quality and usefulness of the uncertainty indicated for a result 

depend on knowledge, critical thinking and honesty of those involved in finding the 

uncertainty value. 

The evaluation of the measurement uncertainty is particularly useful for 

decision making [28]. When maximum or minimum tolerance limits exist for the 

measure and, dictated, for example, by some legislation, uncertainty becomes 

essential for a correct interpretation of the measurement result. Weckenmann et al. 

[29] have graphically represented how measurement uncertainty can affect the 

established limits, reducing the conformance zone. 

The authors show that all zones are affected by the expanded uncertainty value 

associated with the measurement. The expanded uncertainty is distributed around the 

limit values, generating ranges where no analysis can be obtained without risk. 

The probability of the measure and value being above the maximum value 
allowed by specification (legislation) can be evaluated taking into account the 
uncertainty measurement. For that, first the variable is transformed into a z-score: 

                               (3) 

 where X is the upper legislation limit, xi is the measurement result and uc(y) 

is the value of the combined standard uncertainty, which is equivalent to a dispersion 
measurement of a standard deviation, obtained by U/k, where U is the expanded 
uncertainty and k is the coverage factor. 

In sequence, the probability of the variable assuming a standard value higher 
than the calculated z-score is defined:  

                                (4) 

This type of information allows users to evaluate and define an acceptable risk 
during decision making. When a user of the measurement decides to approve a 
sample, he or she will know the risk of making the wrong decision, i.e., approving a 
sample that should be rejected. This concept of risk evaluation, which requires the 
knowledge of the measurement uncertainty, can  be  extended to  various  situations. 

is only an approximation or estimative of measure and value. Many factors can influence the 
measurement quality, so that when measurement results are presented, some quantitative 
indication of the measurement quality must always be provided. This allows users of such 
results to evaluate their reliability. Measurement results cannot be compared without some 
indication of the measurement quality, either between themselves or with a reference value 
[26].

Measurement uncertainty is defined as a non-negative value that characterizes the 
dispersion of the values that can be attributed to the measure and, based on the used 
information. The methodology proposed by ISO TAG 4/ WG 3 [26] can be used to evaluate 
measurement uncertainty. However, this methodology does not substitute critical thinking,
intellectual honesty and professional ability. The evaluation of measurement uncertainty is 
neither a routine task nor a purely mathematical task. It depends on a detailed knowledge
about both the measure and nature and the measurement. The quality and usefulness of the 
uncertainty indicated for a result depend on knowledge, critical thinking and honesty of those 
involved in finding the uncertainty value.

The evaluation of the measurement uncertainty is particularly useful for decision making
[28]. When maximum or minimum tolerance limits exist for the measure and, dictated, for
example, by some legislation, uncertainty becomes essential for a correct interpretation of 
the measurement result. Weckenmann et al. [29] have graphically represented how
measurement uncertainty can affect the established limits, reducing the conformance zone.

The authors show that all zones are affected by the expanded uncertainty value associated
with the measurement. The expanded uncertainty is distributed around the limit values,
generating ranges where no analysis can be obtained without risk.

The probability of the measure and value being above the maximum value allowed by 
specification (legislation) can be evaluated taking into account the uncertainty measurement.
For that, first the variable is transformed into a z-score:

(X - x )z =           i, 
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Where X is the upper legislation limit, xi is the measurement result and uc(y) is the value of
the combined standard uncertainty, which is equivalent to a dispersion measurement of a 
standard deviation, obtained by U/k, where U is the expanded uncertainty and k is the 
coverage factor.

In sequence, the probability of the variable assuming a standard value higher than the 
calculated z-score is defined:

P(X > z) = 1-P(X z). (4)

This type of information allows users to evaluate and define an acceptable risk during 
decision making. When a user of the measurement decides to approve a sample, he or she 
will know the risk of making the wrong decision, i.e., approving a sample that should be 
rejected. This concept of risk evaluation, which requires the knowledge of the measurement 
uncertainty, can be extended to various situations. Therefore, when uncertainty is not
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Where X is the upper legislation limit, xi is the measurement result and uc(y) is the value of
the combined standard uncertainty, which is equivalent to a dispersion measurement of a 
standard deviation, obtained by U/k, where U is the expanded uncertainty and k is the 
coverage factor.

In sequence, the probability of the variable assuming a standard value higher than the 
calculated z-score is defined: 

P(X > z) = 1- P(X z). (4)

This type of information allows users to evaluate and define an acceptable risk during 
decision making. When a user of the measurement decides to approve a sample, he or she 
will know the risk of making the wrong decision, i.e., approving a sample that should be 
rejected. This concept of risk evaluation, which requires the knowledge of the measurement 
uncertainty, can be extended to various situations. Therefore, when uncertainty is not

Therefore, when uncertainty is not evaluated and expressed properly, the inter-
pretation of the results can be jeopardized, leading to errors.

3. MATERIALS AND METHODS
Comparative Cervical Tuberculin (CCT) tests were carried out in a total of 40

cattle comprising Nellore breed and mixed-breed dairy animals. The tested animals
were from the Glory Experimental Farm of Federal University of Uberlandia, located
in Uberlandia, MG. All animals, male and female sex, with age equal or superior to six
week were tested. The tests were carried out in the morning, at environment 
temperature ranging from 22°C a 28°C. In this farm, the animals are kept in pasture
continuous stocking with approximately 1 hectare (ha) and the number of animals
ranges from 30 to 40 animals, according to the accessibility of the trough and size of

the animals. Therefore, it is estimated an area of 250 m2 for each animal. The nutrition
of the animals is performed by providing feed in the trough once a day approximately
1 kg for animal. During the dry season, silage is added in their food. The source
of water comes from artesian post in shaded and cooler near the trough.

First, hair was shaved around the two injection sites located on the same side
of the cervical area of each animal (Fig. 1a). A skin foldat both sites was measured
with callipers (Fig. 1b). Readings using the analogic calliper combine a fixed scale
and a moving scale. A trigger and combined with a spring system ensure the
application of a constant measuring force. The spring system is responsible for
returning the moving measuring surface, which makes manipulation by users easy
and comfortable. A screw in the upper region of the instrument support allows to fix
the moving measuring base in the correct position. A dial system facilitates readings
during the tests.

Small amounts (0.1 ml) of bovine PPD tuberculin and of avian PPD tuberculin
were injected at room temperature into the shaved skin using 22 G x 3 mm multi-dose 
syringes at two different sites separated by a distance between 15 mm and 20 mm.

.

Fig. 1. CCT test: (a) Inoculation of the bovine PPD tuberculin; (b) measurement of the 
skin fold with callipers, 72 hours after inoculation [5]

,
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sample that should be rejected. This concept of risk evaluation, which requires the
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returning the moving measuring surface, which makes manipulation by users easy 
and comfortable. A screw in the upper region of the instrument support allows to fix 
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during the tests. 
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were injected at room temperature into the shaved skin using 22 G x 3 mm multi-dose 
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Fig. 1. CCT test: (a) Inoculation of the bovine PPD tuberculin; (b) measurement of the 
skin fold with callipers, 72 hours after inoculation [5] 

The PPD tuberculins were used according to the regulations by the Brazilian 

Ministry for Agriculture and Livestock (MAPA). They were stored at temperatures 

between 2°C and 8°C, protected from direct sunlight and, after opening, bottles were 

completely used within 24 hours. 

After 72 hours, the animal identity was checked, the skin folds at both sites 

were measured with the same calliper and the thickness of the skin fold was recorded. 

For the measurements, an analog calliper (Fig. 2), manufacturer SUPRIVET, 

located in Divinopolis, MG, Brazil (http://www.suprivet.com.br), with a resolution of 

0.1 and a nominal range of 40 mm, was used.  

3.1 Calibration of the Calliper 
Initially, the calliper was calibrated using a box of steel gauge blocks (Fig. 2), 

model Starrett, with calibration certificate n.1505/11  issued  in  July  2011  by  LAROY 

S. STARRETT Metrology Laboratory (LAROYLAB), located in Itu, SP, Brazil, 

(http://www.inmetro.gov.br/laboratorios/rbc/detalhe_laboratorio.asp?num_certificado-

B7&are a-DIMENSIONAL). 

Fig. 2. Analog calliper during the calibration process 

Calibration was carried out in a metrology laboratory at a controlled temperature 

of (20±1)°C, according to recommendations by NM-ISO 1 (Standard  Reference 

Temperature for Industrial Length Measurements) [30]. During calibration, tem-

perature was monitored using a digital thermo-hygrometer with a resolution of 

0.1°C  and a  nominal  range of -20 to 60°C. Calibration in  discrete  points within the 

measurement range used gauge blo ks with the following lengths: 5.1 mm, 15.0 mm,

22.B mm, 25.0 mm, and 35.3 mm. The zero point was also calibrated. Five

measurement cycles allowed the estimation of the arithmetic mean and of the standard

deviation for each point, in order to obtain the error curve for the calliper.

3.2 Evaluation of the Uncertainty Associated with the Calibration of
the Calliper using Gauge Blocks

The  uncertainty was evaluated according to recommendations from ISO

TAG 4 WG/3 (Guide to the Expression of Uncertainty in Measurement) [26]. Initially,

the variables that could affect the calibration result were identified: i) variability of the

value indicated by the calliper at each point s(L)i; ii) calliper resolution (R); iii)

uncertainty associated with the gauge block calibration (UCGB); iv) difference

between the measurement temperature and the reference temperature of 20°C (LT); 

and v) temperature variation during the measurements ( OT ).

A mathematical model was proposed to assess the uncertainty associated with

each evaluated point, which results from the algebraic sum of the corrections 

associated with the identified variables:
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where:
Cc – Value obtained with the calliper at the point i during calibration;

ss(L)I - сorrection associated with the variability of the value indicated by 

the calliper at the point i;

sR - сorrection associated with the calliper resolution;

sUCGBi - сorrection associated with the gauge block calibration;

sT - Difference between the calibration temperature and the reference tempe-

rature of 20°C;

OT -Temperature variation during calibration;

LO I - Mean indicated value at the point i;

∆α - Differential expansion between the materials of the calliper and of the

gauge blocks.
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completely used within 24 hours. 
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were measured with the same calliper and the thickness of the skin fold was recorded. 

For the measurements, an analog calliper (Fig. 2), manufacturer SUPRIVET, 

located in Divinopolis, MG, Brazil (http://www.suprivet.com.br), with a resolution of 
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Calibration was carried out in a metrology laboratory at a controlled temperature 

of (20±1)°C, according to recommendations by NM-ISO 1 (Standard  Reference 

Temperature for Industrial Length Measurements) [30]. During calibration, tem-

perature was monitored using a digital thermo-hygrometer with a resolution of 

0.1°C  and a  nominal  range of -20 to 60°C. Calibration in  discrete  points within the 

measurement range used gauge blo ks with the following lengths: 5.1 mm, 15.0 mm,

22.B mm, 25.0 mm, and 35.3 mm. The zero point was also calibrated. Five

measurement cycles allowed the estimation of the arithmetic mean and of the standard

deviation for each point, in order to obtain the error curve for the calliper.

3.2 Evaluation of the Uncertainty Associated with the Calibration of
the Calliper using Gauge Blocks

The  uncertainty was evaluated according to recommendations from ISO

TAG 4 WG/3 (Guide to the Expression of Uncertainty in Measurement) [26]. Initially,

the variables that could affect the calibration result were identified: i) variability of the

value indicated by the calliper at each point s(L)i; ii) calliper resolution (R); iii)

uncertainty associated with the gauge block calibration (UCGB); iv) difference
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each evaluated point, which results from the algebraic sum of the corrections 
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where:
Cc – Value obtained with the calliper at the point i during calibration;

ss(L)I - сorrection associated with the variability of the value indicated by 
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sR - сorrection associated with the calliper resolution;
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22.B mm, 25.0 mm, and 35.3 mm. The zero point was also calibrated. Five

measurement cycles allowed the estimation of the arithmetic mean and of the standard 

deviation for each point, in order to obtain the error curve for the calliper. 
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A mathematical model was proposed to assess the uncertainty associated with each 
evaluated point, which results from the algebraic sum of the corrections associated with the 
identified variables: 

CC  = ∆s(L)i + ∆R + ∆UCGBi + L0i∆α∆T + L0i∆αOT, (5)

Where:

C
i

- Value obtained with the calliper at the point i during calibration;
ss(L)i Correction associated with the variability of the value indicated by the

calliper at the point i;
sR    - Correction associated with the calliper resolution;
sUCGBi - Correction associated with the gauge block calibration;
sT- Difference  between  the  calibration  temperature  and  the  reference

temperature of 20°C;
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- Temperature variation during calibration;
- Mean indicated value at the point i;

∆α - Differential expansion between the materials of the calliper and of the gauge
blocks.

3.3 Evaluation Associated With the Measurement of the Skin Fold

The mathematical model for the estimation of the uncertainty associated with the 
measurement of the skin fold is given by:

M = ∆B-∆A, (6)

Where M represents the variation in the skin fold thickness between the two inoculation 
tests; sA is the thickness variation before and after inoculation with avian PPD tuberculin; 
and sB is the thickness variation before and after inoculation with bovine PPD tuberculin.

The variation of the measurement of the skin fold thickness due to bovine PPD inoculation is 
given by Eq. (1), as the difference between the measurement of the skin fold thickness 72 
hours after inoculation (B72) and the measurement of the skin fold thickness before 
inoculation (BO). Similarly, the variation of the measurement of the skin fold thickness due to 
avian PPD inoculation is given by Eq. (2) as the difference between the measurement of the
skin fold thickness 72 hours after inoculation (A72) and the measurement of the skin fold 
thickness before inoculation (AO).

In this case, the uncertainty associated with the variation of the skin fold thickness between
the tests with bovine and avian inoculation depends on the uncertainties associated with the
measurements of AO, A72, BO and B72. Since those variables were obtained using the same 
measurement system, they can be considered correlated variables. Therefore, the 
mathematical model to evaluate uncertainty is given by Eq. (7).

M = ∆B - ∆A = (B72 -B0 ) - (A72 - A0 ), (7)
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The PPD tuberculins were used according to the regulations by the Brazilian

Ministry for Agriculture and Livestock (MAPA). They were stored at temperatures

between 2°C and 8°C, protected from direct sunlight and, after opening, bottles were

completely used within 24 hours.

After 72 hours, the animal identity was checked, the skin folds at both sites

were measured with the same calliper and the thickness of the skin fold was recorded.

For the measurements, an analog calliper (Fig. 2), manufacturer SUPRIVET,

located in Divinopolis, MG, Brazil (http://www.suprivet.com.br), with a resolution of

0.1 and a nominal range of 40 mm, was used.

3.1 Calibration of the Calliper
Initially, the calliper was calibrated using a box of steel gauge blocks (Fig. 2), 

model Starrett, with calibration certificate n.1505/11 issued in July 2011 by LAROY 

S. STARRETT Metrology Laboratory (LAROYLAB), located in Itu, SP, Brazil, 

(http://www.inmetro.gov.br/laboratorios/rbc/detalhe_laboratorio.asp?num_certificado-

B7&are a-DIMENSIONAL).

Fig. 2. Analog calliper during the calibration process

Calibration was carried out in a metrology laboratory at a controlled temperature

of (20±1)°C, according to recommendations by NM-ISO 1 (Standard Reference 

Tempe-rature for Industrial Length Measurements) [30]. During calibration,

temperature was monitored using a digital thermo-hygrometer with a resolution of

0.1°C and a nominal range of -20 to 60°C. Calibration in discrete points within the

measurement range used gauge blo ks with the following lengths: 5.1 mm, 15.0 mm, 

22.B mm, 25.0 mm, and 35.3 mm. The zero point was also calibrated. Five

measurement cycles allowed the estimation of the arithmetic mean and of the standard 

deviation for each point, in order to obtain the error curve for the calliper. 
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A mathematical model was proposed to assess the uncertainty associated with 

each evaluated point, which results from the algebraic sum of the corrections 

associated with the identified variables: 
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sR represents the correction due to the calliper resolution, and sUCC is the

correction due to the uncertainty associated with the calliper calibration.
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The mathematical model presented in Eq. (8) can also be used to evaluate the

uncertainty associated with the measurement of A72, BO and B72. It must be pointed

out that for the determination of the numerical value of measurement uncertainty, the

factors that influence the measurements are the same.

Most measurement processes involve various readings of the same measure

and under similar conditions in order to allow statistical treatment of the data,

detection of possible gross errors, and evaluation of the uncertainty measurement. 

However, in the case of the tuberculin inoculation tests, repetition of the readings is

almost impossible, since the inoculated site generally becomes sore.

In this case, to calculate the standard uncertainty associated with the variability 

of the readings, 30 measurements were carried out under reproducibility  conditions. 

So, uncertainty can be evaluated with a Type A evaluation using a normal distribution

and n-1 degrees of freedom, as shown in Eq. (9).

(9)

where n is the number of readings.

In relation to the calliper resolution, a Type B evaluation can be applied using

a rectangular distribution and an infinite number of degrees of freedom, Eq. (10).

(10)

The standard uncertainty associated with the calliper calibration (u(sIC)) can

be obtained by dividing the extended uncertainty (U) declared in the calibration

certificate by the coverage factor (k), Eq. (11).

(11)

In this case, a Type B evaluation is applied using a normal probability 

distribution. The number of degrees of freedom can be determined using a t-student



 International Journal of Plant Sciences974
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,

distribution table for the coverage factor (k) and the coverage probability, declared in 

the calibration certificate. 

After the calculation of all standard uncertainties, the combined standard 

uncertainty (uc) can be estimated. For that, the law of propagation of uncertainty is 

applied to the initial mathematical model, as  shown in  Eq.  (12). In  this  equation, 

all  the  partial  derivatives (sensitivity coefficients) assume unitary values. 
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Equation (12) also allows the evaluation of the combined standard uncertainty 

associated with the measurements of A72, B0 and B72. 

To calculate the expanded uncertainty U, the combined standard uncertainty 

was multiplied by a coverage factor k, obtained from the t-student table according to 
the measureme etnt effective degree of freedom v , in order to increase the coverage 

probability to 95%, as  shown in Eq. (13). The measurement effective degree of 

freedom vet is obtained from the Welch-Satterwaite expression, Eq. (14), where ci  

is the sensitivity coefficient of the input variable i. 

                                           
  (13) 

 

                                                                                                                    
(14) 

 

4. RESULTS AND DISCUSSION 

4.1 Calibration of the Calliper 
(Table 3) shows the values obtained during calibration of the calliper, where CV 

represents the length of the gauge block; L1 to LS represent the readings and s is the 
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the length of the gauge block; L1 to LS represent the readings and s is the experimental
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The bias values are positive within the whole calliper nominal range, reaching 0.2 mm for the
points 5.1 mm and 15.0 mm. Therefore, the measurement instrument tends to provide 
values higher than the measure and.

The uncertainty associated  with the calliper calibration was then evaluated. From the 
calibration certificate for the gauge blocks, the expanded uncertainty associated with their 
calibration is 0.09 µm for k = 2.00 and a coverage probability of  95%. The values of
expanded uncertainty for each point evaluated during calibration are shown in (Table 4),
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CV L 1 L 2 L 3 L 4 L S Mean s Bia
0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0
5.100 5.3 5.3 5.3 5.3 5.3 5.3 0.02 0.2
15.000 15.2 15.2 15.2 15.2 15.3 15.2 0.02 0.2
22.800 22.9 22.9 23.0 23.0 23.0 22.9 0.03 0.1
35.300 35.5 35.4 35.4 35.4 35.4 35.4 0.02 0.1

of  95%. The values of expanded uncertainty for each point evaluated during

calibration are shown in (Table 4), which evidences identical values of 0.2 mm for k

= 2.00 and a coverage probability of 95%, for all the points evaluated during

calibration.

Table 3. Results of the calliper calibration (mm)

s

Table 4. Combined standard uncertainty (UC) and expanded uncertainty (U)
for the points evaluated during calibration

0 mm 5.1 mm 15.0 mm 22.8 mm 25.0 mm 35.3 mm
uc(mm) 0.1 0.1 0.1 0.1 0.1 0.1
vef 125 124 125 125 125 124
k 2 2 2 2 2 2
U(mm) 0.2 0.2 0.2 0.2 0.2 0.2

4.2 Skin Fold Thickness Measurements
The measurement results of the skin fold thickness after inoculation tests are

summarized in (Table 5), where: AO is the skin fold thickness before inoculation with

avian PPD; A72 is the skin fold thickness 72 hours after inoculation with avian PPD;

sA is the thickness difference before and after inoculation with avian PPD; BO is the

skin fold thickness before inoculation with bovine PPD; B72 is the skin fold thickness

72 hours after inoculation with bovine PPD; and sB is the thickness difference before

and after inoculation with bovine PPD. In the last column, the difference between the

results with each inoculation is presented.

Comparing the values in (Table 5), which do not consider measurement

uncertainty, with the reference values shown in (Table 2), the CCT tests carried out

for the 40 cattle identified 39 animals with skin fold thickness variation (sB-sA)

below 2 mm, indicating negative diagnosis. One animal (animal 33) showed positive

diagnosis, which requires measurements to be taken according to regulations [5].

.



975International Journal of Plant Sciences

3.3 Evaluation Associated With the Measurement of the Skin Fold
The mathematical model for the estimation of the uncertainty associated 

with the measurement of the skin fold is given by:

(6)

where M represents the variation in the skin fold thickness between the two

inoculation tests; sA is the thickness variation before and after inoculation with avian

PPD tuberculin; and sB is the thickness variation before and after inoculation with

bovine PPD tuberculin.

The variation of the measurement of the skin fold thickness due to bovine PPD

inoculation is given by Eq. (1), as the difference between the measurement of the skin

fold thickness 72 hours after inoculation (B72) and the measurement of the skin fold

thickness before inoculation (BO). Similarly, the variation of the measurement of the

skin fold thickness due to avian PPD inoculation is given by Eq. (2) as the difference

between the measurement of the skin fold thickness 72 hours after inoculation (A72)

and the measurement of the skin fold thickness before inoculation (AO).

In this case, the uncertainty associated with the variation of the skin fold

thickness between the tests with bovine and avian inoculation depends on the

uncertainties associated with the measurements of AO, A72, BO and B72. Since those

variables were obtained using the same measurement system, they can be

considered correlated variables. Therefore, the mathematical model to evaluate

uncertainty is given by Eq. (7).
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resolution of the calliper (R), and (iii) uncertainty associated with the calliper

calibration (UCC). In this study reproducibility condition of measurement is a set of

conditions that includes different locations, operators and replicate measurements on

the same objects.

The variables that contribute to the uncertainty to determine AO are shown in

Eq. (8), where sRp is the correction associated with the calliper reproducibility,  

sR  represents  the correction due to the calliper resolution, and sUCC  is the 

correction due to the uncertainty associated with the calliper calibration. 
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distribution table for the coverage factor (k) and the coverage probability, declared in 

the calibration certificate. 

After the calculation of all standard uncertainties, the combined standard 

uncertainty (uc) can be estimated. For that, the law of propagation of uncertainty is 

applied to the initial mathematical model, as  shown in  Eq.  (12). In  this  equation, 

all  the  partial  derivatives (sensitivity coefficients) assume unitary values. 
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4. RESULTS AND DISCUSSION

4.1 Calibration of the Calliper

(Table 3) shows the values obtained during calibration of the calliper, where CV represents
the length of the gauge block; L1 to LS represent the readings and s is the experimental
standard deviation. The table also presents arithmetic mean and bias (error).

The bias values are positive within the whole calliper nominal range, reaching 0.2 mm for the
points 5.1 mm and 15.0 mm. Therefore, the measurement instrument tends to provide 
values higher than the measure and.

The uncertainty associated  with the calliper calibration was then evaluated. From the 
calibration certificate for the gauge blocks, the expanded uncertainty associated with their 
calibration is 0.09 µm for k = 2.00 and a coverage probability of  95%. The values of
expanded uncertainty for each point evaluated during calibration are shown in (Table 4),
which evidences identical values of 0.2 mm for k = 2.00 and a coverage probability of 95%,
for all the points evaluated during calibration.

CV L 1 L 2 L 3 L 4 L S Mean s Bia
0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0
5.100 5.3 5.3 5.3 5.3 5.3 5.3 0.02 0.2
15.000 15.2 15.2 15.2 15.2 15.3 15.2 0.02 0.2
22.800 22.9 22.9 23.0 23.0 23.0 22.9 0.03 0.1
35.300 35.5 35.4 35.4 35.4 35.4 35.4 0.02 0.1

of  95%. The values of expanded uncertainty for each point evaluated during

calibration are shown in (Table 4), which evidences identical values of 0.2 mm for k

= 2.00 and a coverage probability of 95%, for all the points evaluated during

calibration.

Table 3. Results of the calliper calibration (mm)

s

Table 4. Combined standard uncertainty (UC) and expanded uncertainty (U)
for the points evaluated during calibration

0 mm 5.1 mm 15.0 mm 22.8 mm 25.0 mm 35.3 mm
uc(mm) 0.1 0.1 0.1 0.1 0.1 0.1
vef 125 124 125 125 125 124
k 2 2 2 2 2 2
U(mm) 0.2 0.2 0.2 0.2 0.2 0.2

4.2 Skin Fold Thickness Measurements
The measurement results of the skin fold thickness after inoculation tests are

summarized in (Table 5), where: AO is the skin fold thickness before inoculation with

avian PPD; A72 is the skin fold thickness 72 hours after inoculation with avian PPD;

sA is the thickness difference before and after inoculation with avian PPD; BO is the

skin fold thickness before inoculation with bovine PPD; B72 is the skin fold thickness

72 hours after inoculation with bovine PPD; and sB is the thickness difference before

and after inoculation with bovine PPD. In the last column, the difference between the

results with each inoculation is presented.

Comparing the values in (Table 5), which do not consider measurement

uncertainty, with the reference values shown in (Table 2), the CCT tests carried out

for the 40 cattle identified 39 animals with skin fold thickness variation (sB-sA)

below 2 mm, indicating negative diagnosis. One animal (animal 33) showed positive

diagnosis, which requires measurements to be taken according to regulations [5].

.



 International Journal of Plant Sciences976

distribution table for the coverage factor (k) and the coverage probability, declared in

the calibration certificate.

After the calculation of all standard uncertainties, the combined standard

uncertainty (uc) can be estimated. For that, the law of propagation of uncertainty is

applied to the initial mathematical model, as shown in Eq.  (12). In this equation,

all  the partial derivatives (sensitivity coefficients) assume unitary values.

(12)

Equation (12) also allows the evaluation of the combined standard uncertainty 

associated with the measurements of A72, B0 and B72.

To calculate the expanded uncertainty U, the combined standard uncertainty

was multiplied by a coverage factor k, obtained from the t-student table according to

the measurement effective degree of freedomvet, in order to increase the coverage

probability to 95%, as shown in Eq. (13). The measurement effective degree of

freedom vet is obtained from the Welch-Satterwaite expression, Eq. (14), where ci

is the sensitivity coefficient of the input variable i.

(13)

(14)

4. RESULTS AND DISCUSSION
4.1 Calibration of the Calliper
(Table 3) shows the values obtained during calibration of the calliper, where CV

represents the length of the gauge block; L1 to LS represent the readings and s is the

experimental standard deviation. The table also presents arithmetic mean and bias

(error).

The bias values are positive within the whole calliper nominal range, reaching

0.2 mm for the points 5.1 mm and 15.0 mm. Therefore, the measurement instru-

ment tends to provide values higher than the measure and.

The uncertainty associated  with the calliper calibration was then evaluated. 

From the calibration certificate for the gauge blocks, the expanded uncertainty 

associated with their calibration is 0.09 µm for k = 2.00 and a coverage probability

CV L 1 L 2 L 3 L 4 L S Mean s Bia 
0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0 
5.100 5.3 5.3 5.3 5.3 5.3 5.3 0.02 0.2
15.000 15.2 15.2 15.2 15.2 15.3 15.2 0.02 0.2
22.800 22.9 22.9 23.0 23.0 23.0 22.9 0.03 0.1
35.300 35.5 35.4 35.4 35.4 35.4 35.4 0.02 0.1

of  95%. The values of expanded uncertainty for each point evaluated during 

calibration are shown in (Table 4), which evidences identical values of 0.2 mm for k 

= 2.00 and a coverage probability of 95%, for all the points evaluated during 

calibration. 

Table 3. Results of the calliper calibration (mm) 

s 

Table 4. Combined standard uncertainty (UC) and expanded uncertainty (U) 
for the points evaluated during calibration 

0 mm 5.1 mm 15.0 mm 22.8 mm 25.0 mm 35.3 mm 
uc(mm) 0.1 0.1 0.1 0.1 0.1 0.1 
vef 125 124 125 125 125 124
k 2 2 2 2 2 2 
U(mm) 0.2 0.2 0.2 0.2 0.2 0.2 

4.2 Skin Fold Thickness Measurements 

The measurement results of the skin fold thickness after inoculation tests are 

summarized in (Table 5), where: AO is the skin fold thickness before inoculation with 

avian PPD; A72 is the skin fold thickness 72 hours after inoculation with avian PPD; 

sA is the thickness difference before and after inoculation with avian PPD; BO is the 

skin fold thickness before inoculation with bovine PPD; B72 is the skin fold thickness 

72 hours after inoculation with bovine PPD; and sB is the thickness difference before 

and after inoculation with bovine PPD. In the last column, the difference between the 

results with each inoculation is presented. 

Comparing the values in (Table 5), which do not consider measurement 

uncertainty, with the reference values shown in (Table 2), the CCT tests carried out 

for the 40 cattle identified 39 animals  with  skin  fold  thickness  variation  (sB-sA) 

below  2  mm,  indicating  negative diagnosis. One animal (animal 33) showed positive 

diagnosis, which requires measurements to be taken according to regulations [5]. 

4.3 Measurement Uncertainty 

(Table 6) exemplifies the calculation of measurement uncertainty (coverage 
probability = 95%) associated with AO for Animal 1. Similar procedures can be 

extended for the calculation of measurement uncertainties associated with A72, BO 

and B72. 

(Table 6) shows that for this animal, the expanded uncertainty for k = 2 and 

coverage probability of 95% associated with AO was 0.2 mm. This uncertainty value 

can be extended to the values of AO, A72, BO and B72 for all the animals, since the 

variables that influence each value are the same and assume the same values. If a 

larger value of coverage probability is desired, for example, 99%, the coverage factor 

is 3.36 and therefore the extended uncertainty becomes 0.3 mm. 

Table 5. Results of the measurements of the skin fold thickness (mm) for 
inoculation tests using bovine (∆B) and avian PPD tuberculin (∆A) 

  Animal     AO               A72           A72-AO=∆A          BO                B72               B72-BO=∆B      ∆B-∆A 

1 6.1 9.9 3.8 4.6 8.5 3.9 0.1 
2 7.6 11.5 3.9 8.9 11.6 2.7 -1.2
3 6.4 7.0 0.6 8.2 8.6 0.4 -0.2
4 6.5 8.0 1.5 8.0 8.7 0.7 -0.8
5 5.3 6.6 1.3 5.3 5.9 0.6 -0.7
6 6.2 6.4 0.2 6.2 6.4 0.2 0.0
7 9.5 9.1 -0.4 9.9 10.0 0.1 0.5
8 6.4 6.5 0.1 6.5 6.8 0.3 0.2
9 5.0 5.5 0.5 5.2 5.7 0.5 0.0
10 7.6 7.6 0.0 8.7 9.8 1.1 1.1
11 6.7 7.2 0.5 7.7 9.7 2.0 1.5
12 7.4 7.5 0.1 8.3 8.3 0.0 -0.1
13 6.3 6.4 0.1 8.9 9.0 0.1 0.0
14 10.0 10.0 0.0 9.0 9.5 0.5 0.5
15 6.4 10.2 3.8 7.8 10.0 2.2 -1.6
16 7.6 9.0 1.4 6.8 7.8 1.0 -0.4
17 8.0 10.6 2.6 7.3 8.6 1.3 -1.3
18 8.5 10.1 1.6 8.7 9.5 0.8 -0.8
19 8.7 9.0 0.3 8.3 10.5 2.2 1.9
20 8.2 12.3 4.1 8.2 9.9 1.7 -2.4
21 7.3 8.5 1.2 7.1 8.0 0.9 -0.3
22 7.6 10.6 3.0 6.1 7.5 1.4 -1.6
23 8.1 9.5 1.4 6.4 7.5 1.1 -0.3
24 7.6 8.2 0.6 7.6 8.0 0.4 -0.2
25 7.4 7.5 0.1 7.0 7.4 0.4 0.3
26 8.6 9.5 0.9 7.3 9.4 2.1 1.2
27 7.6 7.6 0.0 7.3 7.7 0.4 0.4
28 7.6 7.8 0.2 7.1 8.2 1.1 0.9
29 6.0 8.5 2.5 6.5 8.5 2.0 -0.5
30 7.3 7.6 0.3 7.0 8.0 1.0 0.7
31 7.1 10.0 2.9 7.1 8.5 1.4 -1.5
32 7.0 7.5 0.5 7.9 8.7 0.8 0.3
33 7.1 7.9 0.8 6.7 15.5 8.8 8.0

34 8.5 9.6 1.1 7.8 10.6 2.8 1.7
35 9.7 9.4 -0.3 7.3 8.7 1.4 1.7
36 7.2 7.6 0.4 7.6 8.1 0.5 0.1
37 7.0 7.2 0.2 6.5 7.4 0.9 0.7
38 8.1 8.8 0.7 8.5 10.2 1.7 1.0
39 8.0 8.5 0.5 8.2 10.0 1.8 1.3
40 7.6 8.2 0.6 6.3 7.4 1.1 0.5

The uncertainty associated with the calliper calibration is the variable with

the strongest influence on the combined standard uncertainty and therefore on the

expanded uncertainty. (Tables 7 and 8) present as exemplified, for Animal 1, the

uncertainties associated with the variation in the skin foldthickness due to both avian

PPD inoculation sA and to bovine PPD inoculation sB were calculated.

Table 6. Parameters for the calculation of measurement uncertainty associated with
the variation in the skin fold thickness due to avian PPD inoculation for

a coverage probability of 95%

Rp 0.058 mm      Normal 1 29 0.0106 mm
R 0.1 mm       Rectangular 1 ∞ 0.0577 mm
IC 0.19 mm        Normal 1 100 0.0850 mm
Combined standard uncertainty (uc), in
mm

0.1033
Effective degree of freedom (vef)
Coverage factor (95%)

218

k = 2.00
Expanded uncertainty (U), in mm 0.2

Table 7. Uncertainty associated with the variation in the skin fold thickness
due to avian PPD inoculation for a coverage probability of 95%

A0 9.6 mm   Normal 1 218 0.1033 mm
A72     12.2 mm Normal

Combined standard uncertainty (uc), in
mm

1 218 0.1033 mm

0.1461

Effective degree of freedom (vef)
Coverage factor (95%)

436

k = 2.00
Expanded uncertainty (U), in mm 0.3
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distribution table for the coverage factor (k) and the coverage probability, declared in

the calibration certificate.

After the calculation of all standard uncertainties, the combined standard

uncertainty (uc) can be estimated. For that, the law of propagation of uncertainty is

applied to the initial mathematical model, as shown in Eq.  (12). In this equation,

all  the partial derivatives (sensitivity coefficients) assume unitary values.

(12)

Equation (12) also allows the evaluation of the combined standard uncertainty 

associated with the measurements of A72, B0 and B72.

To calculate the expanded uncertainty U, the combined standard uncertainty

was multiplied by a coverage factor k, obtained from the t-student table according to

the measurement effective degree of freedomvet, in order to increase the coverage

probability to 95%, as shown in Eq. (13). The measurement effective degree of

freedom vet is obtained from the Welch-Satterwaite expression, Eq. (14), where ci

is the sensitivity coefficient of the input variable i.

(13)

(14)

4. RESULTS AND DISCUSSION
4.1 Calibration of the Calliper
(Table 3) shows the values obtained during calibration of the calliper, where CV

represents the length of the gauge block; L1 to LS represent the readings and s is the

experimental standard deviation. The table also presents arithmetic mean and bias

(error).

The bias values are positive within the whole calliper nominal range, reaching

0.2 mm for the points 5.1 mm and 15.0 mm. Therefore, the measurement instru-

ment tends to provide values higher than the measure and.

The uncertainty associated  with the calliper calibration was then evaluated. 

From the calibration certificate for the gauge blocks, the expanded uncertainty 

associated with their calibration is 0.09 µm for k = 2.00 and a coverage probability

CV L 1 L 2 L 3 L 4 L S Mean s Bia 
0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0 
5.100 5.3 5.3 5.3 5.3 5.3 5.3 0.02 0.2
15.000 15.2 15.2 15.2 15.2 15.3 15.2 0.02 0.2
22.800 22.9 22.9 23.0 23.0 23.0 22.9 0.03 0.1
35.300 35.5 35.4 35.4 35.4 35.4 35.4 0.02 0.1

of  95%. The values of expanded uncertainty for each point evaluated during 

calibration are shown in (Table 4), which evidences identical values of 0.2 mm for k 

= 2.00 and a coverage probability of 95%, for all the points evaluated during 

calibration. 

Table 3. Results of the calliper calibration (mm) 

s 

Table 4. Combined standard uncertainty (UC) and expanded uncertainty (U) 
for the points evaluated during calibration 

0 mm 5.1 mm 15.0 mm 22.8 mm 25.0 mm 35.3 mm 
uc(mm) 0.1 0.1 0.1 0.1 0.1 0.1 
vef 125 124 125 125 125 124
k 2 2 2 2 2 2 
U(mm) 0.2 0.2 0.2 0.2 0.2 0.2 

4.2 Skin Fold Thickness Measurements 

The measurement results of the skin fold thickness after inoculation tests are 

summarized in (Table 5), where: AO is the skin fold thickness before inoculation with 

avian PPD; A72 is the skin fold thickness 72 hours after inoculation with avian PPD; 

sA is the thickness difference before and after inoculation with avian PPD; BO is the 

skin fold thickness before inoculation with bovine PPD; B72 is the skin fold thickness 

72 hours after inoculation with bovine PPD; and sB is the thickness difference before 

and after inoculation with bovine PPD. In the last column, the difference between the 

results with each inoculation is presented. 

Comparing the values in (Table 5), which do not consider measurement 

uncertainty, with the reference values shown in (Table 2), the CCT tests carried out 

for the 40 cattle identified 39 animals  with  skin  fold  thickness  variation  (sB-sA) 

below  2  mm,  indicating  negative diagnosis. One animal (animal 33) showed positive 

diagnosis, which requires measurements to be taken according to regulations [5]. 

4.3 Measurement Uncertainty 

(Table 6) exemplifies the calculation of measurement uncertainty (coverage 
probability = 95%) associated with AO for Animal 1. Similar procedures can be 

extended for the calculation of measurement uncertainties associated with A72, BO 

and B72. 

(Table 6) shows that for this animal, the expanded uncertainty for k = 2 and 

coverage probability of 95% associated with AO was 0.2 mm. This uncertainty value 

can be extended to the values of AO, A72, BO and B72 for all the animals, since the 

variables that influence each value are the same and assume the same values. If a 

larger value of coverage probability is desired, for example, 99%, the coverage factor 

is 3.36 and therefore the extended uncertainty becomes 0.3 mm. 

Table 5. Results of the measurements of the skin fold thickness (mm) for 
inoculation tests using bovine (∆B) and avian PPD tuberculin (∆A) 

  Animal     AO               A72           A72-AO=∆A          BO                B72               B72-BO=∆B      ∆B-∆A 

1 6.1 9.9 3.8 4.6 8.5 3.9 0.1 
2 7.6 11.5 3.9 8.9 11.6 2.7 -1.2
3 6.4 7.0 0.6 8.2 8.6 0.4 -0.2
4 6.5 8.0 1.5 8.0 8.7 0.7 -0.8
5 5.3 6.6 1.3 5.3 5.9 0.6 -0.7
6 6.2 6.4 0.2 6.2 6.4 0.2 0.0
7 9.5 9.1 -0.4 9.9 10.0 0.1 0.5
8 6.4 6.5 0.1 6.5 6.8 0.3 0.2
9 5.0 5.5 0.5 5.2 5.7 0.5 0.0
10 7.6 7.6 0.0 8.7 9.8 1.1 1.1
11 6.7 7.2 0.5 7.7 9.7 2.0 1.5
12 7.4 7.5 0.1 8.3 8.3 0.0 -0.1
13 6.3 6.4 0.1 8.9 9.0 0.1 0.0
14 10.0 10.0 0.0 9.0 9.5 0.5 0.5
15 6.4 10.2 3.8 7.8 10.0 2.2 -1.6
16 7.6 9.0 1.4 6.8 7.8 1.0 -0.4
17 8.0 10.6 2.6 7.3 8.6 1.3 -1.3
18 8.5 10.1 1.6 8.7 9.5 0.8 -0.8
19 8.7 9.0 0.3 8.3 10.5 2.2 1.9
20 8.2 12.3 4.1 8.2 9.9 1.7 -2.4
21 7.3 8.5 1.2 7.1 8.0 0.9 -0.3
22 7.6 10.6 3.0 6.1 7.5 1.4 -1.6
23 8.1 9.5 1.4 6.4 7.5 1.1 -0.3
24 7.6 8.2 0.6 7.6 8.0 0.4 -0.2
25 7.4 7.5 0.1 7.0 7.4 0.4 0.3
26 8.6 9.5 0.9 7.3 9.4 2.1 1.2
27 7.6 7.6 0.0 7.3 7.7 0.4 0.4
28 7.6 7.8 0.2 7.1 8.2 1.1 0.9
29 6.0 8.5 2.5 6.5 8.5 2.0 -0.5
30 7.3 7.6 0.3 7.0 8.0 1.0 0.7
31 7.1 10.0 2.9 7.1 8.5 1.4 -1.5
32 7.0 7.5 0.5 7.9 8.7 0.8 0.3
33 7.1 7.9 0.8 6.7 15.5 8.8 8.0

34 8.5 9.6 1.1 7.8 10.6 2.8 1.7
35 9.7 9.4 -0.3 7.3 8.7 1.4 1.7
36 7.2 7.6 0.4 7.6 8.1 0.5 0.1
37 7.0 7.2 0.2 6.5 7.4 0.9 0.7
38 8.1 8.8 0.7 8.5 10.2 1.7 1.0
39 8.0 8.5 0.5 8.2 10.0 1.8 1.3
40 7.6 8.2 0.6 6.3 7.4 1.1 0.5

The uncertainty associated with the calliper calibration is the variable with

the strongest influence on the combined standard uncertainty and therefore on the

expanded uncertainty. (Tables 7 and 8) present as exemplified, for Animal 1, the

uncertainties associated with the variation in the skin foldthickness due to both avian

PPD inoculation sA and to bovine PPD inoculation sB were calculated.

Table 6. Parameters for the calculation of measurement uncertainty associated with
the variation in the skin fold thickness due to avian PPD inoculation for

a coverage probability of 95%

Rp 0.058 mm      Normal 1 29 0.0106 mm
R 0.1 mm       Rectangular 1 ∞ 0.0577 mm
IC 0.19 mm        Normal 1 100 0.0850 mm
Combined standard uncertainty (uc), in
mm

0.1033
Effective degree of freedom (vef)
Coverage factor (95%)

218

k = 2.00
Expanded uncertainty (U), in mm 0.2

Table 7. Uncertainty associated with the variation in the skin fold thickness
due to avian PPD inoculation for a coverage probability of 95%

A0 9.6 mm   Normal 1 218 0.1033 mm
A72     12.2 mm Normal

Combined standard uncertainty (uc), in
mm

1 218 0.1033 mm

0.1461

Effective degree of freedom (vef)
Coverage factor (95%)

436

k = 2.00
Expanded uncertainty (U), in mm 0.3
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4.3 Measurement Uncertainty
(Table 6) exemplifies the calculation of measurement uncertainty (coverage

probability = 95%) associated with AO for Animal 1. Similar procedures can be

extended for the calculation of measurement uncertainties associated with A72, BO and

B72.

(Table 6) shows that for this animal, the expanded uncertainty for k = 2 and

coverage probability of 95% associated with AO was 0.2 mm. This uncertainty value

can be extended to the values of AO, A72, BO and B72 for all the animals, since the

variables that influence each value are the same and assume the same values. If a

larger value of coverage probability is desired, for example, 99%, the coverage factor

is 3.36 and therefore the extended uncertainty becomes 0.3 mm.

Table 5. Results of the measurements of the skin fold thickness (mm) for
inoculation tests using bovine (∆B) and avian PPD tuberculin (∆A)

Animal AO A72 A72-AO=∆A BO B72 B72-BO=∆B ∆B-∆A

1 6.1 9.9 3.8 4.6 8.5 3.9 0.1
2 7.6 11.5 3.9 8.9 11.6 2.7 -1.2
3 6.4 7.0 0.6 8.2 8.6 0.4 -0.2
4 6.5 8.0 1.5 8.0 8.7 0.7 -0.8
5 5.3 6.6 1.3 5.3 5.9 0.6 -0.7
6 6.2 6.4 0.2 6.2 6.4 0.2 0.0
7 9.5 9.1 -0.4 9.9 10.0 0.1 0.5
8 6.4 6.5 0.1 6.5 6.8 0.3 0.2
9 5.0 5.5 0.5 5.2 5.7 0.5 0.0
10 7.6 7.6 0.0 8.7 9.8 1.1 1.1
11 6.7 7.2 0.5 7.7 9.7 2.0 1.5
12 7.4 7.5 0.1 8.3 8.3 0.0 -0.1
13 6.3 6.4 0.1 8.9 9.0 0.1 0.0
14 10.0 10.0 0.0 9.0 9.5 0.5 0.5
15 6.4 10.2 3.8 7.8 10.0 2.2 -1.6
16 7.6 9.0 1.4 6.8 7.8 1.0 -0.4
17 8.0 10.6 2.6 7.3 8.6 1.3 -1.3
18 8.5 10.1 1.6 8.7 9.5 0.8 -0.8
19 8.7 9.0 0.3 8.3 10.5 2.2 1.9
20 8.2 12.3 4.1 8.2 9.9 1.7 -2.4
21 7.3 8.5 1.2 7.1 8.0 0.9 -0.3
22 7.6 10.6 3.0 6.1 7.5 1.4 -1.6
23 8.1 9.5 1.4 6.4 7.5 1.1 -0.3
24 7.6 8.2 0.6 7.6 8.0 0.4 -0.2
25 7.4 7.5 0.1 7.0 7.4 0.4 0.3
26 8.6 9.5 0.9 7.3 9.4 2.1 1.2
27 7.6 7.6 0.0 7.3 7.7 0.4 0.4
28 7.6 7.8 0.2 7.1 8.2 1.1 0.9
29 6.0 8.5 2.5 6.5 8.5 2.0 -0.5
30 7.3 7.6 0.3 7.0 8.0 1.0 0.7
31 7.1 10.0 2.9 7.1 8.5 1.4 -1.5
32 7.0 7.5 0.5 7.9 8.7 0.8 0.3
33 7.1 7.9 0.8 6.7 15.5 8.8 8.0

34 8.5 9.6 1.1 7.8 10.6 2.8 1.7 
35 9.7 9.4 -0.3 7.3 8.7 1.4 1.7 
36 7.2 7.6 0.4 7.6 8.1 0.5 0.1 
37 7.0 7.2 0.2 6.5 7.4 0.9 0.7 
38 8.1 8.8 0.7 8.5 10.2 1.7 1.0 
39 8.0 8.5 0.5 8.2 10.0 1.8 1.3
40 7.6 8.2 0.6 6.3 7.4 1.1 0.5

The uncertainty associated with the calliper calibration is the variable with 

the strongest influence on the combined standard uncertainty and therefore on the 

expanded uncertainty. (Tables 7 and 8) present as exemplified, for Animal 1, the

uncertainties associated with the variation in the skin foldthickness due to both avian 

PPD inoculation sA and to bovine PPD inoculation sB were calculated. 

Table 6. Parameters for the calculation of measurement uncertainty associated with 
the variation in the skin fold thickness due to avian PPD inoculation for  

a coverage probability of 95% 

Rp  58 mm                     0.0           Normal 1 29 0.0106 mm 
R  

                0.1 mm           Rectangular 1 ∞ 

0.0577 mm

m 

IC                 0.19 mm 1 100 0.0850 mm 
Combined standard uncertainty (uc), in 
mm 

  0.1033 
Effective degree of freedom (vef) 
Coverage factor (95%) 

  218 
k = 2.00 

Expanded uncertainty (U), in mm   0.2 

Table 7. Uncertainty associated with the variation in the skin fold thickness 
due to avian PPD inoculation for a coverage probability of 95% 

A0      9.6 mm   Normal 1 218 0.1033 mm 
A72                                12.2 mm      Normal 
Combined standard uncertainty (uc), in mm

 

1 218 0.1033 mm

0.1461 

Effective degree of freedom (vef)
Coverage factor (95%) 

436

k = 2.00 
Expanded uncertainty (U), in mm   0.3 

 
 
 

Table 6. Parameters for the calculation of measurement uncertainty associated with
the variation in the skin fold thickness due to avian PPD inoculation for a coverage 

probability of 95%
Measur and Estimation Probability Sensitivity Degrees of Standard
(Xi) (Xi) distribution coefficient freedom uncertainty 
�Rp 0.058 mm Normal 1 29 0.0106 mm
�R 0.1 mm Rectangular 1 ∞ 0.0577 mm
�IC 0.19 mm Normal 1 100 0.0850 mm
Combined standard uncertainty (uc), in mm 0.1033
Effective degree of freedom (vef)
Coverage factor (95%)

218
k = 2.00

Expanded uncertainty (U), in mm 0.2

Table 7. Uncertainty associated with the variation in the skin fold thickness due to 
avian PPD inoculation for a coverage probability of 95%

Measur and Estimation Probability Sensitivity Degrees of Standard
(Xi) (xi) distribution coefficient freedom uncertainty 
A0 9.6 mm Normal 1 218 0.1033 mm
A72  12.2 mm Normal
Combined standard uncertainty (uc), in mm

1 218 0.1033 mm
0.1461

Effective degree of freedom (vef)
Coverage factor (95%)

436
k = 2.00

Expanded uncertainty (U), in mm 0.3

Table 8. Uncertainty associated with the variation in the skin fold thickness due to 
bovine PPD inoculation for a coverage probability of 95% 

Measur and Estimation Probability Sensitivity Degrees of Standard
  ( (Xi) distribution     coefficient       freedom  uncertainty 
B0 8.6
Xi)                                       

       Normal 1 218 0.1033 mm 
B72  10.1 mm Normal
Combined standard uncertainty (uc), in mm

1 218 0.1033 mm
0.1461

Effective degree of freedom (vef)
Coverage factor (95%)

436
k = 2.00

Expanded uncertainty (U), in mm 0.3

Finally, the uncertainty associated with the difference in skin fold thickness variation between 
the two inoculations (sB-sA) was calculated for a coverage probability of 95%, which is
exemplified in (Table 9) for animal 1.

For sA and sB the expanded uncertainty was 0.3 mm, whereas the difference (sB-sA) 
presented an uncertainty of 0.4 mm, for k = 2.00 and coverage probability of 95%. These 
values can be extended to all tested animals.

Table 6. Parameters for the calculation of measurement uncertainty associated with
the variation in the skin fold thickness due to avian PPD inoculation for a coverage 

probability of 95%
Measur and Estimation Probability Sensitivity Degrees of Standard
(Xi) (Xi) distribution coefficient freedom uncertainty 
�Rp 0.058 mm Normal 1 29 0.0106 mm
�R 0.1 mm Rectangular 1 ∞ 0.0577 mm
�IC 0.19 mm Normal 1 100 0.0850 mm
Combined standard uncertainty (uc), in mm 0.1033
Effective degree of freedom (vef)
Coverage factor (95%)

218
k = 2.00

Expanded uncertainty (U), in mm 0.2

Table 7. Uncertainty associated with the variation in the skin fold thickness due to 
avian PPD inoculation for a coverage probability of 95%

Measur and Estimation Probability Sensitivity Degrees of Standard
(Xi) (xi) distribution coefficient freedom uncertainty 
A0 9.6 mm Normal 1 218 0.1033 mm
A72  12.2 mm Normal
Combined standard uncertainty (uc), in mm

1 218 0.1033 mm
0.1461

Effective degree of freedom (vef)
Coverage factor (95%)

436
k = 2.00

Expanded uncertainty (U), in mm 0.3

Table 8. Uncertainty associated with the variation in the skin fold thickness due to 
bovine PPD inoculation for a coverage probability of 95% 

Measur and Estimation Probability Sensitivity Degrees of Standard
(Xi)  (Xi)                              

  
         

 
distribution      coefficient       freedom  uncertainty 

B0 8.6 mm Normal 1 218 0.1033 mm 
B72  10.1 mm Normal
Combined standard uncertainty (uc), in mm

1 218 0.1033 mm
0.1461

Effective degree of freedom (vef)
Coverage factor (95%)

436
k = 2.00

Expanded uncertainty (U), in mm 0.3

Finally, the uncertainty associated with the difference in skin fold thickness variation between 
the two inoculations (sB-sA) was calculated for a coverage probability of 95%, which is
exemplified in (Table 9) for animal 1.

For sA and sB the expanded uncertainty was 0.3 mm, whereas the difference (sB-sA) 
presented an uncertainty of 0.4 mm, for k = 2.00 and coverage probability of 95%. These 
values can be extended to all tested animals.
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For sA and sB the expanded uncertainty was 0.3 mm, whereas the difference 
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The values from (Table 5) can be compared again with the reference values in 

(Table 2), but now taking into account measurement uncertainty. Animals 34 and 35 

presented values of (sB - sA) = 1.7 mm and for animal 19 this value was 1.9 mm. 

Without taking measurement uncertainty into account, these animals had been 

diagnosed as negatives. Considering the expanded uncertainty of 0.4 for k = 2.00 

and coverage probability of 95%, they fall into the uncertainty zone. Using Eq. (3), it 

is possible to calculate that deciding for a negative diagnosis for animals 34 and 35 

implies in a risk of 7% of taking the wrong decision, when in fact the result is 

inconclusive. For animal 19, the chance of surpassing the maximum limit allowed for 

a negative diagnosis is significantly higher, around 31%. 
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Finally, the uncertainty associated with the difference in skin fold thickness variation between 
the two inoculations (sB-sA) was calculated for a coverage probability of 95%, which is
exemplified in (Table 9) for animal 1.

For sA and sB the expanded uncertainty was 0.3 mm, whereas the difference (sB-sA) 
presented an uncertainty of 0.4 mm, for k = 2.00 and coverage probability of 95%. These 
values can be extended to all tested animals.

A value of expanded uncertainty associated with (sB - sA) of 0.4 mm can be

considered excessively high, since it reduces the maximum limit allowed for a

negative diagnosis in around 20%. Therefore, it is recommended the use of a calliper

with a better resolution in order to reduce the uncertainty associated with the

measurements.

As a comparative example, uncertainty values were obtained for a digital

calliper with a resolution of 0.01 mm and a nominal range of 30 mm, manufacturer

Agrozootec (Brazil), with calibration certificate n.1300/11 issued in February 2011 by

QUALIMETRO metrology laboratory. The manufacturer is located in Itu, SP, Brazil

(http://www.agrozootec.com.br/contatti.asp). The uncertainty associated with the

calibration of the digital calliper was evaluated using the mathematical model given by

Eq. (5). The only difference is that for the evaluation of the uncertainty associated with

calibration and/or measurement using digital instruments or measuring systems, the

resolution must be divided by two, since this is the maximum error expected during

readings.

(Table 10) compares the results obtained using the methodology proposed in

Eqs. (8-14), where Calliper A is the analog calliper, model SUPRIVET, with a

resolution of 0.1 mm and Calliper B is the digital calliper, model Agrozootec, with a

resolution of 0.01 mm.

The use of a calliper with better resolution reduced the expanded uncertainty

associated with the result from 0.41 mm (Calliper A) to 0.32 mm (Calliper B), which

represents a reduction of 22%. The standard uncertainty associated with the

resolution reduced from 0.0577 mm (Calliper A) to 0.0190 mm (Calliper B). Rep-

roducibility varied from 0.0106 mm (Calliper A) to 0.0015 mm (Calliper B). (Fig. 3)

summarizes the effect of expanded uncertainty on the values established for the

final diagnosis for both callipers.

(Fig. 3) evidences that  a calliper with better resolution (0.01 mm) must

have a  better precision and therefore the uncertainty zone for diagnosis is reduced.

Despite the availability in the market of callipers of a variety of models and resolutions

generally varying from 0.1 mm to 0.01 mm, this work recommends the use of

calibrated and traceable callipers with a resolution of 0.01 mm for tuberculin

inoculation tests.
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4.3 Measurement Uncertainty
(Table 6) exemplifies the calculation of measurement uncertainty (coverage

probability = 95%) associated with AO for Animal 1. Similar procedures can be

extended for the calculation of measurement uncertainties associated with A72, BO and

B72.

(Table 6) shows that for this animal, the expanded uncertainty for k = 2 and

coverage probability of 95% associated with AO was 0.2 mm. This uncertainty value

can be extended to the values of AO, A72, BO and B72 for all the animals, since the

variables that influence each value are the same and assume the same values. If a

larger value of coverage probability is desired, for example, 99%, the coverage factor

is 3.36 and therefore the extended uncertainty becomes 0.3 mm.

Table 5. Results of the measurements of the skin fold thickness (mm) for
inoculation tests using bovine (∆B) and avian PPD tuberculin (∆A)

Animal AO A72 A72-AO=∆A BO B72 B72-BO=∆B ∆B-∆A

1 6.1 9.9 3.8 4.6 8.5 3.9 0.1
2 7.6 11.5 3.9 8.9 11.6 2.7 -1.2
3 6.4 7.0 0.6 8.2 8.6 0.4 -0.2
4 6.5 8.0 1.5 8.0 8.7 0.7 -0.8
5 5.3 6.6 1.3 5.3 5.9 0.6 -0.7
6 6.2 6.4 0.2 6.2 6.4 0.2 0.0
7 9.5 9.1 -0.4 9.9 10.0 0.1 0.5
8 6.4 6.5 0.1 6.5 6.8 0.3 0.2
9 5.0 5.5 0.5 5.2 5.7 0.5 0.0
10 7.6 7.6 0.0 8.7 9.8 1.1 1.1
11 6.7 7.2 0.5 7.7 9.7 2.0 1.5
12 7.4 7.5 0.1 8.3 8.3 0.0 -0.1
13 6.3 6.4 0.1 8.9 9.0 0.1 0.0
14 10.0 10.0 0.0 9.0 9.5 0.5 0.5
15 6.4 10.2 3.8 7.8 10.0 2.2 -1.6
16 7.6 9.0 1.4 6.8 7.8 1.0 -0.4
17 8.0 10.6 2.6 7.3 8.6 1.3 -1.3
18 8.5 10.1 1.6 8.7 9.5 0.8 -0.8
19 8.7 9.0 0.3 8.3 10.5 2.2 1.9
20 8.2 12.3 4.1 8.2 9.9 1.7 -2.4
21 7.3 8.5 1.2 7.1 8.0 0.9 -0.3
22 7.6 10.6 3.0 6.1 7.5 1.4 -1.6
23 8.1 9.5 1.4 6.4 7.5 1.1 -0.3
24 7.6 8.2 0.6 7.6 8.0 0.4 -0.2
25 7.4 7.5 0.1 7.0 7.4 0.4 0.3
26 8.6 9.5 0.9 7.3 9.4 2.1 1.2
27 7.6 7.6 0.0 7.3 7.7 0.4 0.4
28 7.6 7.8 0.2 7.1 8.2 1.1 0.9
29 6.0 8.5 2.5 6.5 8.5 2.0 -0.5
30 7.3 7.6 0.3 7.0 8.0 1.0 0.7
31 7.1 10.0 2.9 7.1 8.5 1.4 -1.5
32 7.0 7.5 0.5 7.9 8.7 0.8 0.3
33 7.1 7.9 0.8 6.7 15.5 8.8 8.0

34 8.5 9.6 1.1 7.8 10.6 2.8 1.7 
35 9.7 9.4 -0.3 7.3 8.7 1.4 1.7 
36 7.2 7.6 0.4 7.6 8.1 0.5 0.1 
37 7.0 7.2 0.2 6.5 7.4 0.9 0.7 
38 8.1 8.8 0.7 8.5 10.2 1.7 1.0 
39 8.0 8.5 0.5 8.2 10.0 1.8 1.3
40 7.6 8.2 0.6 6.3 7.4 1.1 0.5

The uncertainty associated with the calliper calibration is the variable with 

the strongest influence on the combined standard uncertainty and therefore on the 

expanded uncertainty. (Tables 7 and 8) present as exemplified, for Animal 1, the

uncertainties associated with the variation in the skin foldthickness due to both avian 

PPD inoculation sA and to bovine PPD inoculation sB were calculated. 

Table 6. Parameters for the calculation of measurement uncertainty associated with 
the variation in the skin fold thickness due to avian PPD inoculation for  

a coverage probability of 95% 

Rp  58 mm                     0.0           Normal 1 29 0.0106 mm 
R  

                0.1 mm           Rectangular 1 ∞ 

0.0577 mm

m 

IC                 0.19 mm 1 100 0.0850 mm 
Combined standard uncertainty (uc), in 
mm 

  0.1033 
Effective degree of freedom (vef) 
Coverage factor (95%) 

  218 
k = 2.00 

Expanded uncertainty (U), in mm   0.2 
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Finally, the uncertainty associated with the difference in skin fold thickness variation between 
the two inoculations (sB-sA) was calculated for a coverage probability of 95%, which is
exemplified in (Table 9) for animal 1.

For sA and sB the expanded uncertainty was 0.3 mm, whereas the difference (sB-sA) 
presented an uncertainty of 0.4 mm, for k = 2.00 and coverage probability of 95%. These 
values can be extended to all tested animals.
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Finally, the uncertainty associated with the difference in skin fold thickness variation between 
the two inoculations (sB-sA) was calculated for a coverage probability of 95%, which is
exemplified in (Table 9) for animal 1.

For sA and sB the expanded uncertainty was 0.3 mm, whereas the difference (sB-sA) 
presented an uncertainty of 0.4 mm, for k = 2.00 and coverage probability of 95%. These 
values can be extended to all tested animals.
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Finally, the uncertainty associated with the difference in skin fold thickness 

variation between the two inoculations (sB-sA) was calculated for a coverage 

probability of 95%, which is exemplified in (Table 9) for animal 1. 

For sA and sB the expanded uncertainty was 0.3 mm, whereas the difference 

(sB-sA) presented an uncertainty of 0.4 mm, for k = 2.00 and coverage probability 

of 95%. These values can be extended to all tested animals. 

Table 9. Uncertainty associated with the difference (∆B - ∆A) 

A  Normal 1 436 0.1461 mm 
B    1.5 mm           Normal 1 436 0.1461 mm
Combined standard uncertainty (uc), in 
mm 

0.2066
Effective degree of freedom (vef)
Coverage factor (95%) 

436
k = 2.00 

Expanded uncertainty (U), in mm 0.4

The values from (Table 5) can be compared again with the reference values in 

(Table 2), but now taking into account measurement uncertainty. Animals 34 and 35 

presented values of (sB - sA) = 1.7 mm and for animal 19 this value was 1.9 mm. 

Without taking measurement uncertainty into account, these animals had been 

diagnosed as negatives. Considering the expanded uncertainty of 0.4 for k = 2.00 

and coverage probability of 95%, they fall into the uncertainty zone. Using Eq. (3), it 

is possible to calculate that deciding for a negative diagnosis for animals 34 and 35 

implies in a risk of 7% of taking the wrong decision, when in fact the result is 

inconclusive. For animal 19, the chance of surpassing the maximum limit allowed for 

a negative diagnosis is significantly higher, around 31%. 
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Finally, the uncertainty associated with the difference in skin fold thickness variation between 
the two inoculations (sB-sA) was calculated for a coverage probability of 95%, which is
exemplified in (Table 9) for animal 1.

For sA and sB the expanded uncertainty was 0.3 mm, whereas the difference (sB-sA) 
presented an uncertainty of 0.4 mm, for k = 2.00 and coverage probability of 95%. These 
values can be extended to all tested animals.
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Finally, the uncertainty associated with the difference in skin fold thickness variation between 
the two inoculations (sB-sA) was calculated for a coverage probability of 95%, which is
exemplified in (Table 9) for animal 1.

For sA and sB the expanded uncertainty was 0.3 mm, whereas the difference (sB-sA) 
presented an uncertainty of 0.4 mm, for k = 2.00 and coverage probability of 95%. These 
values can be extended to all tested animals.

A value of expanded uncertainty associated with (sB - sA) of 0.4 mm can be

considered excessively high, since it reduces the maximum limit allowed for a

negative diagnosis in around 20%. Therefore, it is recommended the use of a calliper

with a better resolution in order to reduce the uncertainty associated with the

measurements.

As a comparative example, uncertainty values were obtained for a digital

calliper with a resolution of 0.01 mm and a nominal range of 30 mm, manufacturer

Agrozootec (Brazil), with calibration certificate n.1300/11 issued in February 2011 by

QUALIMETRO metrology laboratory. The manufacturer is located in Itu, SP, Brazil

(http://www.agrozootec.com.br/contatti.asp). The uncertainty associated with the

calibration of the digital calliper was evaluated using the mathematical model given by

Eq. (5). The only difference is that for the evaluation of the uncertainty associated with

calibration and/or measurement using digital instruments or measuring systems, the

resolution must be divided by two, since this is the maximum error expected during

readings.

(Table 10) compares the results obtained using the methodology proposed in

Eqs. (8-14), where Calliper A is the analog calliper, model SUPRIVET, with a

resolution of 0.1 mm and Calliper B is the digital calliper, model Agrozootec, with a

resolution of 0.01 mm.

The use of a calliper with better resolution reduced the expanded uncertainty

associated with the result from 0.41 mm (Calliper A) to 0.32 mm (Calliper B), which

represents a reduction of 22%. The standard uncertainty associated with the

resolution reduced from 0.0577 mm (Calliper A) to 0.0190 mm (Calliper B). Rep-

roducibility varied from 0.0106 mm (Calliper A) to 0.0015 mm (Calliper B). (Fig. 3)

summarizes the effect of expanded uncertainty on the values established for the

final diagnosis for both callipers.

(Fig. 3) evidences that  a calliper with better resolution (0.01 mm) must

have a  better precision and therefore the uncertainty zone for diagnosis is reduced.

Despite the availability in the market of callipers of a variety of models and resolutions

generally varying from 0.1 mm to 0.01 mm, this work recommends the use of

calibrated and traceable callipers with a resolution of 0.01 mm for tuberculin

inoculation tests.
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Table 8. Uncertainty associated with the variation in the skin fold thickness due to 
bovine PPD inoculation for a coverage probability of 95%

B0 8.6 mm        Normal 1 218 0.1033 mm
B72     10.1 mm Normal

Combined standard uncertainty (uc), in
mm

1 218 0.1033 mm

0.1461

Effective degree of freedom (vef)
Coverage factor (95%)

436

k = 2.00
Expanded uncertainty (U), in mm 0.3

Finally, the uncertainty associated with the difference in skin fold thickness

variation between the two inoculations (sB-sA) was calculated for a coverage

probability of 95%, which is exemplified in (Table 9) for animal 1.

For sA and sB the expanded uncertainty was 0.3 mm, whereas the difference

(sB-sA) presented an uncertainty of 0.4 mm, for k = 2.00 and coverage probability

of 95%. These values can be extended to all tested animals. 

Table 9. Uncertainty associated with the difference (∆B - ∆A)

A 2.6 mm     Normal 1 436 0.1461 mm
B 1.5 mm     Normal 1 436 0.1461 mm
Combined standard uncertainty (uc), in
mm

0.2066
Effective degree of freedom (vef)
Coverage factor (95%)

436

k = 2.00
Expanded uncertainty (U), in mm 0.4

The values from (Table 5) can be compared again with the reference values in 

(Table 2), but now taking into account measurement uncertainty. Animals 34 and 35

presented values of (sB - sA) = 1.7 mm and for animal 19 this value was 1.9 mm.

Without taking measurement uncertainty into account, these animals had been

diagnosed as negatives. Considering the expanded uncertainty of 0.4 for k = 2.00

and coverage probability of 95%, they fall into the uncertainty zone. Using Eq. (3), it

is possible to calculate that deciding for a negative diagnosis for animals 34 and 35

implies in a risk of 7% of taking the wrong decision, when in fact the result is

inconclusive. For animal 19, the chance of surpassing the maximum limit allowed for

a negative diagnosis is significantly higher, around 31%.

A value of expanded uncertainty associated with (sB - sA) of 0.4 mm can be 

considered excessively high, since it reduces the maximum limit allowed for a 

negative diagnosis in around 20%. Therefore, it is recommended the use of a calliper 

with a better resolution in order to reduce the uncertainty associated with the 

measurements. 

As a comparative example, uncertainty values were obtained for a digital 

calliper with a resolution of 0.01 mm and a nominal range of 30 mm, manufacturer 

Agrozootec (Brazil), with calibration certificate n.1300/11 issued in February 2011 by 

QUALIMETRO metrology laboratory. The manufacturer is located in Itu, SP, Brazil 

(http://www.agrozootec.com.br/contatti.asp). The uncertainty associated with the 

calibration of the digital calliper was evaluated using the mathematical model given by 

Eq. (5). The only difference is that for the evaluation of the uncertainty associated with 

calibration and/or measurement using digital instruments or measuring systems, the 

resolution must be divided by two, since this is the maximum error expected during 

readings. 

(Table 10) compares the results obtained using the methodology proposed in 

Eqs. (8-14), where Calliper A is the analog calliper, model SUPRIVET, with a 

resolution of 0.1 mm and Calliper B is the digital calliper, model Agrozootec, with a 

resolution of 0.01 mm. 

The use of a calliper with better resolution reduced the expanded uncertainty 

associated with the result from 0.41 mm (Calliper A) to 0.32 mm (Calliper B), which 

represents a reduction of 22%. The standard uncertainty associated with the 

resolution reduced from 0.0577 mm (Calliper A) to 0.0190 mm (Calliper B). Rep-

roducibility varied from 0.0106 mm (Calliper A) to 0.0015 mm (Calliper B). (Fig. 3) 

summarizes the effect of expanded uncertainty on the values established for the 

final diagnosis for both callipers. 

(Fig. 3) evidences that  a  calliper with better resolution (0.01 mm) must 

have a  better precision and therefore the uncertainty zone for diagnosis is reduced. 

Despite the availability in the market of callipers of a variety of models and resolutions 

generally varying from 0.1 mm to 0.01 mm, this work recommends the use of 

calibrated and traceable callipers with a resolution of 0.01 mm for tuberculin 

inoculation tests. 
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5. CONCLUSION

This work investigated metrological aspects associated with the diagnosis of bovine 
tuberculosis using tuberculin inoculation tests.

A methodology was applied to evaluate uncertainty of the measurements carried out during
diagnosis in order  to increase scientific rigor and reliability of the measurements, and 
therefore the quality of diagnosis obtained from tuberculin inoculation tests.

The expanded uncertainty associated with the final result was 0.4 mm for an
analog calliper with a resolution of 0.1 mm, but it was reduced to 0.32 mm (22%) when 
a digital calliper with a resolution of 0.01 mm was used.

ACKNOWLEDGEMENTS
The authors are grateful to the program PIAIC/UFU and to FAPEMIG and

CAPES for financial support.

COMPETING INTERESTS
Authors have declared that no competing interests exist.

REFERENCES:
1. Wood P, Mogaghan M, Rothel J. Preface. Veterinary microbiology. 1994;40:7.

DOI: 10.1016/0378-1135(94)90040-x.

2. Grange JM, Yates MD. Zoonotic aspects of Mycobacterium bovis infection.

Veterinary Microbiology. 1994;40:137-151. DOI: 10.1016/0378-1135(94)90052-3.

3. De Kantor IN, Ritacco V. Bovine tuberculosis in Latin America and the Carib-

bean: current status, control and eridication programs. Veterinary Microbiology.

1994;40:5-14. DOI: 10.1016/0378-1135(94)90042-6.

4. Neill SD, Pollock JM, Bryson DB, Hanna J. Pathogenesis of Mycobacterium

bovis infection in cattle. Veterinary Microbiology. 1994;40:41-52. DOI: 10.1016/

0378-1135(94)90045-0.

5. Lage AP, Roxo E,  Muller EE. Programa Nacional de Controle e Erradicacao

da Brucelose e da Tuberculose Animal (PNCEBT). Brasflia. 2006;188.

Portuguese.

6. Roberts T. A retrospective assessment of  human health protection benefits

from removal of tuberculous beef. J Food Protect. 1986;49:293-298.

7. Thom ML, McAulay M, Vordermeier HM, Clifford D, Hewinson RG, Villarreal-

Ramos B, Hope JC. Duration of Immunity against Mycobacterium bovis following

neonatal vaccination with Bacillus Calmette-Guerin Danish: Significant protection

against infection at 12, but Not 24, Months. Clinical and Vaccine Immunology.

2012;19:1254- 1260. DOI: 10.1128/cvi.00301-12.

8. Caffrey JP. Status of bovine tuberculosis eradication programmes in Europe. 

Veterinary Microbiology. 1994;40:1-4. DOI: 10.1016/0378-1135 (94) 90041-8.
 

Fig. 3. Effect of the uncertainty on limit values for diagnosis: 
 (a) Calliper A; (b) Calliper B 

5. CONCLUSION 

This work investigated metrological aspects associated with the diagnosis of 

bovine tuberculosis using tuberculin inoculation tests. 

A methodology was applied to evaluate uncertainty of the measurements 
carried out during diagnosis in  order  to  increase scientific rigor  and  reliability of 
the  measurements, and therefore the quality of diagnosis obtained from tuberculin 
inoculation tests. 

It was observed that when measurement uncertainty is used to interpret the 
results, the final diagnosis can change, so that animals that could be diagnosed as 
negatives should in fact have an inconclusive diagnosis. 



981International Journal of Plant Sciences

Table 8. Uncertainty associated with the variation in the skin fold thickness due to 
bovine PPD inoculation for a coverage probability of 95%

B0 8.6 mm        Normal 1 218 0.1033 mm
B72     10.1 mm Normal

Combined standard uncertainty (uc), in
mm

1 218 0.1033 mm

0.1461

Effective degree of freedom (vef)
Coverage factor (95%)

436

k = 2.00
Expanded uncertainty (U), in mm 0.3

Finally, the uncertainty associated with the difference in skin fold thickness

variation between the two inoculations (sB-sA) was calculated for a coverage

probability of 95%, which is exemplified in (Table 9) for animal 1.

For sA and sB the expanded uncertainty was 0.3 mm, whereas the difference

(sB-sA) presented an uncertainty of 0.4 mm, for k = 2.00 and coverage probability

of 95%. These values can be extended to all tested animals. 

Table 9. Uncertainty associated with the difference (∆B - ∆A)

A 2.6 mm     Normal 1 436 0.1461 mm
B 1.5 mm     Normal 1 436 0.1461 mm
Combined standard uncertainty (uc), in
mm

0.2066
Effective degree of freedom (vef)
Coverage factor (95%)

436

k = 2.00
Expanded uncertainty (U), in mm 0.4
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(Table 2), but now taking into account measurement uncertainty. Animals 34 and 35

presented values of (sB - sA) = 1.7 mm and for animal 19 this value was 1.9 mm.

Without taking measurement uncertainty into account, these animals had been

diagnosed as negatives. Considering the expanded uncertainty of 0.4 for k = 2.00

and coverage probability of 95%, they fall into the uncertainty zone. Using Eq. (3), it

is possible to calculate that deciding for a negative diagnosis for animals 34 and 35

implies in a risk of 7% of taking the wrong decision, when in fact the result is

inconclusive. For animal 19, the chance of surpassing the maximum limit allowed for

a negative diagnosis is significantly higher, around 31%.

A value of expanded uncertainty associated with (sB - sA) of 0.4 mm can be 

considered excessively high, since it reduces the maximum limit allowed for a 

negative diagnosis in around 20%. Therefore, it is recommended the use of a calliper 

with a better resolution in order to reduce the uncertainty associated with the 

measurements. 
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calliper with a resolution of 0.01 mm and a nominal range of 30 mm, manufacturer 

Agrozootec (Brazil), with calibration certificate n.1300/11 issued in February 2011 by 

QUALIMETRO metrology laboratory. The manufacturer is located in Itu, SP, Brazil 

(http://www.agrozootec.com.br/contatti.asp). The uncertainty associated with the 

calibration of the digital calliper was evaluated using the mathematical model given by 

Eq. (5). The only difference is that for the evaluation of the uncertainty associated with 

calibration and/or measurement using digital instruments or measuring systems, the 

resolution must be divided by two, since this is the maximum error expected during 

readings. 

(Table 10) compares the results obtained using the methodology proposed in 

Eqs. (8-14), where Calliper A is the analog calliper, model SUPRIVET, with a 

resolution of 0.1 mm and Calliper B is the digital calliper, model Agrozootec, with a 

resolution of 0.01 mm. 

The use of a calliper with better resolution reduced the expanded uncertainty 

associated with the result from 0.41 mm (Calliper A) to 0.32 mm (Calliper B), which 

represents a reduction of 22%. The standard uncertainty associated with the 

resolution reduced from 0.0577 mm (Calliper A) to 0.0190 mm (Calliper B). Rep-

roducibility varied from 0.0106 mm (Calliper A) to 0.0015 mm (Calliper B). (Fig. 3) 
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have a  better precision and therefore the uncertainty zone for diagnosis is reduced. 

Despite the availability in the market of callipers of a variety of models and resolutions 

generally varying from 0.1 mm to 0.01 mm, this work recommends the use of 

calibrated and traceable callipers with a resolution of 0.01 mm for tuberculin 
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5. CONCLUSION

This work investigated metrological aspects associated with the diagnosis of bovine 
tuberculosis using tuberculin inoculation tests.

A methodology was applied to evaluate uncertainty of the measurements carried out during
diagnosis in order  to increase scientific rigor and reliability of the measurements, and 
therefore the quality of diagnosis obtained from tuberculin inoculation tests.

The expanded uncertainty associated with the final result was 0.4 mm for an
analog calliper with a resolution of 0.1 mm, but it was reduced to 0.32 mm (22%) when 
a digital calliper with a resolution of 0.01 mm was used.
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A methodology was applied to evaluate uncertainty of the measurements 
carried out during diagnosis in order  to increase scientific rigor and reliability of 
the measurements, and therefore the quality of diagnosis obtained from tuberculin
inoculation tests.

It was observed that when measurement uncertainty is used to interpret the
results, the final diagnosis can change, so that animals that could be diagnosed as
negatives should in fact have an inconclusive diagnosis.

The expanded uncertainty associated with the final result was 0.4 mm for an 
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ABSTRACT
Aims: The present work aims to stimulate some physiological changes in the

plants using organic fertilizer and compost by enhancing some compounds such as

total amino acids and phytohormones in two cultivars of bean.

Study Design: The pots of the (Phaseolus vulgaris) L. cv. bronco were divided

into 7 sub-groups they will be prepared as in the seven treatments  via 1 - control,

Nile compost, compost and rice straw, compost and maize stalks, rice straw and 

maize stalks, rice straw, maize stalks and  were replicate times for Phaseolus

vulgaris L. cv. paulista from T8-T14. After 45 days (vegetative stage), 90 days for

(flowering stage) and 130 days for (fruiting stage) the plants were harvested.

Place and Duration of Study: Department of Biological and Geological

Science, Faculty of Education, Ain Shams University, Cairo-Egypt June 2012.

Methodology: Growth, yield, free amino acids and phytohormones of two 

cultivars of Phaseolus vulgaris L. cv. paulista and cv. bronco was investigated.

Results: The results showed that the significant differences in growth in all the

stages and percent  of  free  amino acids  and  phytohormones in  shoot  in  vegetative 

stage in  two cultivars of bean were obtained with mixture of compost or maize stalk 

and maize stalk decompost.

Conclusion: Generally, the addition of organic fertilizer with compost led to 

improve the yield of two cultivars as compared to control. Hence, it could be suggested 

that the treated plants, with these organic residues and Nile compost increased the

growth, yield and the above chemical compositions. 
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1. INTRODUCTION
Fertilizer is any material, organic or inorganic, natural or synthetic, that supplies

plants with the necessary nutrients for plant growth and optimum yield. Organic 

fertilizers are natural materials of either plant or animal origin, including livestock

manure, green manures, crop residues, household waste, compost, and woodland

litter. Organic manure plays direct role in plant growth as a source of all necessary

macro and micronutrients in available forms during mineralization and improving

physical and chemical properties of soils [1]. It plays an important role in increasing

growth, yield and yield components of many crops. [2] reported that organic manures

significantly affected tomato plant height, leaf area and fruit number plant. 

Compost  has  been  recognized  as  a  low  cost and environmentally sound 

process  for treatment of many organic wastes [3]. It is a plant residue, animal

residue or a mixture of both that has been decomposed and recycled as a fertilizer

and soil amendment. The application of compost has been shown to positively affect 

the structure, porosity, water holding capacity, compression strength, nutrient content

and organic matter content of the soil all of these improve plant growth, crop yield and

crop quality [4]. Organic fertilizer effect on amino acid on plant, that it increased the

latter by treating the soil with different organic fertilizer. [5] showed that organic 

fertilizer leads to new amino acids compared with the amino  acid  in  the  control

treatment  in  wheat  grain and  dry  shoots.  [6]  showed  that application of compost 

significantly increased the level of total free amino acid in the leaves of mustard when

compared to control. 

Furthermore, organic matter increased plant hormone-like activity [7,8]. The

alteration in different aspect of cellular metabolisms including the content of

phytohormones could be arising from the different compounds present in the organic 

fertilizer. 

Phaseolus vulgaris L. is one of the most important members of leguminous 

crops in Egypt grown for either local consumption or exportation, it is known as green

bean or snap bean it is an important source of protein and energy for many developing 

countries. It's Rich in protein, dietary fibers, minerals (Ca, P, Fe, K, Mg & Mn) and

vitamins (A, 81, 82 & C) with high amino acids [9]. 

The present work aims to stimulate some physiological changes in the plants 

using organic fertilizer  and  compost by  enhancing some  compounds such  as  total

amino  acids  and phytohormones in two cultivars of bean.

2. MATERIALS AND METHODS
Seeds of (Phaseolus vulgaris) L. cv. bronco and Phaseolus vulgaris L. cv. 

paulista were obtained from Agriculture Research Center, Ministry of Agriculture, Giza,
Egypt. 

Seeds of Snap bean were surface sterilized for 1 min in 70% (v/v) ethanol, 
20 min in 5% (v/v) sodium hypochlorite and rinsed five times with sterile bidistilled
water. A pot experiment was conducted in the greenhouse of Faculty of Education; 
Cairo, Egypt with a sandy soil collected from Arab Guhaina, Qalyubia, Egypt has pH
7.3, EC 2.56 MHz/cm, organic matter 0.2%, CaCO3 2.3%. All pots will contain equal
amounts of sandy soil and kept inside an open-air wire house during plant growth and 
development. 140 pots (about 30 cm) were divided into two groups consisting 70 pots 
for each cultivar of Phaseolus vulgaris.

The pots of the first group were divided into 7 sub-groups they will be prepared
as in the following scheme:

Seven treatments via: 
1- control T1.

2- Nile compost T2. (Composition of Nile compost) Soft lime Super phosphate

contains 15 % phosphate 2 or 5 soluble in water. 
3- compost and rice straw T3. 
4- compost and maize stalks T4. 
5- rice straw and maize stalks T5. 
6- rice straw T6. (Composition of rice straw) the chemical composition of rice 

straw varies between varieties and growing seasons, with higher nitrogen and  
cellulose contents in early-season rice compared to others. The composition of 50 rice 
varieties was measured for a number of factors. Ash and fiber content ranged from
13.4 percent to 20.4 percent and 56.3 percent to 68.9 percent respectively. Lignin. 
ranged from 3 percent to 4.4 percent and silica ranged from 8.8 percent to 13.3 
percent. Nitrogen ranged from 0.19 percent to 0.86 percent; fat ranged from 0.80 
percent to 1.13 percent. 

7- maize stalks T7. (Composition of maize stalks) the chemical compositions of
corn (maize) stalk. The nutrients composition % of corn stalk on DM basis were DM; 
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90, OM; 93, CP; 5, CF; 35, EE; 1.3, Ash; 7 while the fiber fraction were CF; 35, NDF; 
44, ADF; 70. and for the corn fodder on DM basis were DM; 37, OM; 93, CP; 9, EE; 
2.4, Ash; 7 while the fiber fraction were CF; 25, NDF; 29, ADF; 48.

And were replicated times for Phaseolus vulgaris L. cv. paulista from T8-T14. 
The pots were watered for the germination of seeds. After 45 days (vegetative 

stage) 90 days for (flowering stage) and 130 days for (fruiting stage) the plants were 
harvested and washed with distilled water. The morphology fresh weights of shoots 
and roots and shoot length were determined in 10 plants. The samples were oven
dried at 70°C for 72 h. and the dry  weights  of  shoot  and  root  were determined.  
The obtained  data  were  analyzing statistically by using t test at 5% and 1%. 

2.1 Determination of Phytohormones
Extraction and estimation of phytohormones were carried out as according to

the method of [10]. Indol 3-acetic acid (IAA), Gibberellic acid (GA), Abscisic acid (ABA) 

was analyzed. Five gram fresh weight samples were placed in 100 ml methanol: 

chloroform: 2 N ammonium hydroxide (12:5:3 v/v/v) and homogenized using a 

Kinematic Polytron Homogenizer. After addition 1 µg/100 ml Butylated Hydroxy-

toluene (BHT), the samples were frozen at -80°C for one week, for further analysis.

Then the extracts were transferred into 250 ml conical flasks and added 22.4 ml bi-

distilled water. To obtain a homogeneous mixture, the conical flasks were shaken 3 

or 4 times. Thus, with the exception of plant growth substances, the other organics in  

methanol were allowed to  pass into the chloroform phase. The extraction, 

purification and quantitative determination of total IAA, GA3 and ABA were done 

according to literature methods of [10]. 

2.2 Quantitative Determination of Total Amino Acids
Total amino acid composition of Snap bean seeds was determined by amino

acid analyzer apparatus model "Eppendorf LC3000" using the method of [11]. 

2.2.1 Acid hydrolysis
0.3 g of Snap bean seeds powder was defeated with soaking in diethylether 

overnight to be sure that the sample does not contain any fats and remove pigments 

and impurities in the samples to be clear. A known weight (0.3 g) of defeat plant

material received 10 ml 6 N hydrochloric acid in a sealed tube, and then placed in an

oven at 110°C. For 24 hours. 

Hydrolyzates were transferred quantitatively into a porcelain dish and the

hydrochloric acid was then evaporated to dryness at 50-60°C on a water bath.

Distilled water (5 ml) was added to the hydrolyzate and then evaporated to dryness

to remove the excess of hydrochloric acid and finally the residue was dissolved in

10 ml distilled water and filtrate through a 0.45 mm filter. The filtrate was dried under

vacuum with a rotary evaporator, then 10 ml of distilled water was added and the 

samples dried a second time. One ml of 0.2 N sodium citrate buffers at pH 2.2 was

added and the samples stored frozen in a sealed vial until separation of amino acids

by the amino acid analyzer.

Separation of amino acids by amino acid analyzer: Samples of amino acids

were injected in amino acid analyzer (Eppendorf LC 3000). Each amino acid is

separated at specific pH, and then colored by  reagent  named Ninhydrin.  Ninhydrin

(triketohydrindene hydrate) is  an oxidating agent which leads to the oxidative deami-

nation of alpha-amino groups. It is very important for the detection and the qualitative

analysis of amino acids. Ninhydrin also reacts with primary amines however the 

formation of carbon dioxide is quite diagnostic for amino acids. Alpha amino acids

yield a purple substance that absorbs maximally at 570 NM. Amino acids (Proline) yield

a yellow product (absorption maximum 440 NM). 

2.2.2 Statistically analyzed
Data were statistically analyzed using F-test and LSD at 5 and 1% levels

of probability according to [12].

3. RESULTS AND DISCUSSION
3.1 Effect of Organic Fertilizer on Growth Parameters
The data in (Table 1, 2) revealed that there are significant differences between

the studied cultivars in the vegetative stage length of stems, length of roots, number

of leaves and leaflets, fresh weight of stems and roots. 

These results indicate that significant increases occurred in all growth 

parameters  in  two cultivars at groups T4, T7, T11 and T14 in compared to control,

at the same time the two cultivars were shown no significant differences  in the
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separated at specific pH, and then colored by  reagent  named Ninhydrin.  Ninhydrin

(triketohydrindene hydrate) is  an oxidating agent which leads to the oxidative deami-

nation of alpha-amino groups. It is very important for the detection and the qualitative

analysis of amino acids. Ninhydrin also reacts with primary amines however the 

formation of carbon dioxide is quite diagnostic for amino acids. Alpha amino acids

yield a purple substance that absorbs maximally at 570 NM. Amino acids (Proline) yield

a yellow product (absorption maximum 440 NM). 

2.2.2 Statistically analyzed
Data were statistically analyzed using F-test and LSD at 5 and 1% levels

of probability according to [12].

3. RESULTS AND DISCUSSION
3.1 Effect of Organic Fertilizer on Growth Parameters
The data in (Table 1, 2) revealed that there are significant differences between

the studied cultivars in the vegetative stage length of stems, length of roots, number

of leaves and leaflets, fresh weight of stems and roots. 

These results indicate that significant increases occurred in all growth 

parameters  in  two cultivars at groups T4, T7, T11 and T14 in compared to control,

at the same time the two cultivars were shown no significant differences  in the
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These results indicate  that significant increases occurred   in all growth 

parameters  in  two cultivars at groups T4, T7, T11 and T14 in compared to control, 

at the same time the two cultivars were shown no significant differences  in the 
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number of leaflets at T2, T3, T5, T6, T9, T10, T12  and T13  treatment  in  both the 

cultivars. On the other hand no significant difference in the number of leaves for all 

treatments in both the cultivars. 

At the second stage all tested organic fertilizers in combination with Nile 

compost caused a highly significant increase in the growth parameters (length of

stems and roots, number of leaves and leaflets, fresh weights of stems and roots and

the number of flowers in Bronco cv. (Table 3). On the other hand there were no 

significant differences in the number of leaves except the treatment at  a mixture of

compost and maize  T14. Similary in case of Paulista cv., (Table 4). The number of

leaflets increased significant except in the treatment of T12 and T13 as compared to

control. 

The fresh weight of roots showed no significant difference due to adding straw 

rice only T13. Furthermore, the data revealed that no. of leaves in Paulista cv. Showed  

no significant differences in all treatments, except in T9, T11 and T14. 

In fruiting stage, growth parameters of bronco cv. cultivar exhibited highly 

significant difference at L.S.D. 0.05% and 0.01%, in all treatments, except in 

leaves and leaflets number of T2 and in root fresh weight of T5. The increases were

highly significant in length of stem, number, of legume, number of seed legume, weight

of pods, fresh weight of stem, and root (Table 5). 

The number of leaves showed no significant difference in all treatments
except, decompоsted maize stalk only T14 which showed highly significant difference

at 0.05% and 0.01% levels. 

The number of leaflets was exhibited (Table 6) no significant difference as a 

result of organic fertilizer application alone or combined with Nile compost in all 

groups except T11 and T14 where a highly significant increase was observed as

compared to control. Organic fertilizer plays a direct role in plant growth [13]. 

[14] observed that similar results were obtained in wheat treated with the

application of organic manure and compost. The effects of organic manure on the 

vegetative growth parameters  could be related to the role of released nitrogen,

phosphorus and potassium from organic manure. In addition they play a vital role in 

photosynthesis, carbohydrate transport, protein synthesis, control of ionic balance,

regulation of plant stomata functions, water use and activation of plant enzymes and 

other processes [15,16,17].

[18] observed that carbon compounds like cellulose and hemicellulose

contained in plant residues are easily broken down and then can exert a considerable

depressing effect on the nitrifying of the low-N materials. This could cause temporary

immobilization of N in the soil, which would thus interfere with plant growth. However,

the effects of organic fertilizers on plant growth seem to vary, and some studies

showed decreased plant growth or yields when using organic fertilizers compared with

conventional fertilizers [19].

The increase in growth and development during the following data could be

due to the presence of  phytohormones in  organic fertilizers that stimulate plant

growth [20]. Data presented in this investigation show varietal differences between

both cv. bronco and cv. paulista in some growth characters at 30, 60 and 120 days

after sowing. These differences between bean cultivars may be due to genetical 

differences between genotypes concerning partition of  dry  matter. In  this regard,

[21]  found that  the  addition of  organic manure combined with chemical fertilizers

improved vegetative growth of sweet pepper plants. 

[22] showed that in the early growth stage, there is a obviously lower in the
stem length, the stem diameter and the dry weight of the organic manure cultivation
in compared to another two stages; the mainly limit factors is the nutrient deficiency in
the soil caused by the organic manure has not been fully decomposition. However,
the findings of this investigation results of the composted maize stalks and mixed
between rice straw and maize stalks treatment were found best than other mixed
treatments. The maximum overall growth and yield record from the compost treatment
and admixed with FYM were found consistent with the findings of [23]. The maximum
biomass obtained may be due to high composition of Nitrogen in organic fertilizers, 
which supplement to the plant's vegetative phase. The experiment results revealed
that the highest productivity by composted maize stalks and mixed between rice straw
and maize stalks treatments may be due to the improvement of physico-chemical 
properties of the soil and can be used as a resource for maximum crop productivity
with more financial output in comparison to those chemical fertilizers. 

It is clear  also from results that application of  organic fertilizer  increase
most growth characters. The highest increases in the characters mentioned before
were obtained by rice straw and mixed between rice straw and maize stalks and the
least values were observed with compost and rice straw only. This trend could be
explained on a basis that maintaining sufficient available nutrients during the growth
period could be achieved through organic materials application rather than through 

number of leaflets at T2 , T3, T5, T6 , T9, T10, T12  and T13  treatment in both   the

cultivars. On the other hand no significant difference in the number of leaves for all 

treatments in both the cultivars. 
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compost caused a highly significant increase in the growth parameters (length of

stems and roots, number of leaves and leaflets, fresh weights of stems and roots and

the number of flowers in Bronco cv. (Table 3). On the other hand there were no 

significant differences in the number of leaves except the treatment at  a mixture of

compost and maize  T14. Similary in case of Paulista cv., (Table 4). The number of

leaflets increased significant except in the treatment of T12 and T13 as compared to
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The fresh weight of roots showed no significant difference due to adding straw 

rice only T13. Furthermore, the data revealed that no. of leaves in Paulista cv. Showed  

no significant differences in all treatments , except in T9, T11 and T14. 

In fruiting stage, growth parameters of bronco cv. cultivar exhibited highly 

significant difference at L.S.D. 0.05% and 0.01%, in all treatments, except in 

leaves and leaflets number of T2 and in root fresh weight of T5. The increases were

highly significant in length of stem, number, of legume, number of seed legume, weight

of pods, fresh weight of stem, and root (Table 5). 

The number of leaves showed no significant difference in all treatments
except, decompоsted maize stalk only T14 which showed highly significant difference

at 0.05% and 0.01% levels. 

The number of leaflets was exhibited (Table 6) no significant difference as a 

result of organic fertilizer application alone or combined with Nile compost in all 

groups except T11 and T14 where a highly significant increase was observed as

compared to control. Organic fertilizer plays a direct role in plant growth [13]. 

[14] observed that similar results were obtained in wheat treated with the

application of organic manure and compost. The effects of organic manure on the 

vegetative growth parameters  could be related to the role of released nitrogen,

phosphorus and potassium from organic manure. In addition they play a vital role in 

photosynthesis, carbohydrate transport, protein synthesis, control of ionic balance,

regulation of plant stomata functions, water use and activation of plant enzymes and 

other processes [15,16,17].

[18] observed that carbon compounds like cellulose and hemicellulose

contained in plant residues are easily broken down and then can exert a considerable 

depressing effect on the nitrifying of the low-N materials. This could cause temporary 

immobilization of N in the soil, which would thus interfere with plant growth. However,

the effects of organic fertilizers on plant growth seem to vary, and some studies

showed decreased plant growth or yields when using organic fertilizers compared with

conventional fertilizers [19]. 

The increase in growth and development during the following data could be

due to the presence of  phytohormones in  organic fertilizers that stimulate plant

growth [20].  Data presented in this investigation show varietal differences between

both cv. bronco and cv. paulista in some growth characters at 30, 60 and 120 days 

after sowing. These differences between bean cultivars may be due to genetical 

differences between genotypes concerning partition  of  dry  matter.  In  this  regard, 

[21]  found  that  the  addition  of  organic  manure combined with chemical fertilizers 

improved vegetative growth of sweet pepper plants. 

[22] showed that in the early growth stage, there is a obviously lower in the 
stem length, the stem diameter and the dry weight of the organic manure cultivation 
in compared to another two stages; the mainly limit factors is the nutrient deficiency in 
the soil caused by the organic manure has not been fully decomposition. However, 
the findings of this investigation results of the composted maize stalks and mixed
between rice straw and maize stalks treatment were found best than other mixed
treatments. The maximum overall growth and yield record from the compost treatment 
and admixed with FYM were found consistent with the findings of [23]. The maximum 
biomass obtained may be due to high composition of Nitrogen in organic fertilizers, 
which supplement to the plant's vegetative phase. The experiment results revealed 
that the highest productivity by composted maize stalks and mixed between rice straw
and maize stalks treatments may be due to the improvement of physico-chemical 
properties of the soil and can be used as a resource for maximum crop productivity 
with more financial output in comparison to those chemical fertilizers. 

It  is  clear  also  from  results  that  application of  organic  fertilizer  increase  
most  growth characters. The highest increases in the characters mentioned before 
were obtained by rice straw and mixed between rice straw and maize stalks and the 
least values were observed with compost and rice straw only. This trend could be
explained on a basis that maintaining sufficient available nutrients during the growth 
period could be achieved through organic materials application rather than through 
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number of leaflets at T2, T3, T5, T6, T9, T10, T12  and T13  treatment  in  both the 

cultivars. On the other hand no significant difference in the number of leaves for all 

treatments in both the cultivars. 

At the second stage all tested organic fertilizers in combination with Nile 

compost caused a highly significant increase in the growth parameters (length of

stems and roots, number of leaves and leaflets, fresh weights of stems and roots and

the number of flowers in Bronco cv. (Table 3). On the other hand there were no 

significant differences in the number of leaves except the treatment at  a mixture of

compost and maize  T14. Similary in case of Paulista cv., (Table 4). The number of

leaflets increased significant except in the treatment of T12 and T13 as compared to

control. 

The fresh weight of roots showed no significant difference due to adding straw 

rice only T13. Furthermore, the data revealed that no. of leaves in Paulista cv. Showed  

no significant differences in all treatments, except in T9, T11 and T14. 

In fruiting stage, growth parameters of bronco cv. cultivar exhibited highly 

significant difference at L.S.D. 0.05% and 0.01%, in all treatments, except in 

leaves and leaflets number of T2 and in root fresh weight of T5. The increases were

highly significant in length of stem, number, of legume, number of seed legume, weight

of pods, fresh weight of stem, and root (Table 5). 

The number of leaves showed no significant difference in all treatments
except, decompоsted maize stalk only T14 which showed highly significant difference

at 0.05% and 0.01% levels. 

The number of leaflets was exhibited (Table 6) no significant difference as a 

result of organic fertilizer application alone or combined with Nile compost in all 

groups except T11 and T14 where a highly significant increase was observed as

compared to control. Organic fertilizer plays a direct role in plant growth [13]. 

[14] observed that similar results were obtained in wheat treated with the

application of organic manure and compost. The effects of organic manure on the 

vegetative growth parameters  could be related to the role of released nitrogen,

phosphorus and potassium from organic manure. In addition they play a vital role in 

photosynthesis, carbohydrate transport, protein synthesis, control of ionic balance,

regulation of plant stomata functions, water use and activation of plant enzymes and 

other processes [15,16,17].

[18] observed that carbon compounds like cellulose and hemicellulose

contained in plant residues are easily broken down and then can exert a considerable

depressing effect on the nitrifying of the low-N materials. This could cause temporary

immobilization of N in the soil, which would thus interfere with plant growth. However,

the effects of organic fertilizers on plant growth seem to vary, and some studies

showed decreased plant growth or yields when using organic fertilizers compared with

conventional fertilizers [19].

The increase in growth and development during the following data could be

due to the presence of  phytohormones in  organic fertilizers that stimulate plant

growth [20]. Data presented in this investigation show varietal differences between

both cv. bronco and cv. paulista in some growth characters at 30, 60 and 120 days

after sowing. These differences between bean cultivars may be due to genetical 

differences between genotypes concerning partition of  dry  matter. In  this regard,

[21]  found that  the  addition of  organic manure combined with chemical fertilizers

improved vegetative growth of sweet pepper plants. 

[22] showed that in the early growth stage, there is a obviously lower in the
stem length, the stem diameter and the dry weight of the organic manure cultivation
in compared to another two stages; the mainly limit factors is the nutrient deficiency in
the soil caused by the organic manure has not been fully decomposition. However,
the findings of this investigation results of the composted maize stalks and mixed
between rice straw and maize stalks treatment were found best than other mixed
treatments. The maximum overall growth and yield record from the compost treatment
and admixed with FYM were found consistent with the findings of [23]. The maximum
biomass obtained may be due to high composition of Nitrogen in organic fertilizers, 
which supplement to the plant's vegetative phase. The experiment results revealed
that the highest productivity by composted maize stalks and mixed between rice straw
and maize stalks treatments may be due to the improvement of physico-chemical 
properties of the soil and can be used as a resource for maximum crop productivity
with more financial output in comparison to those chemical fertilizers. 

It is clear  also from results that application of  organic fertilizer  increase
most growth characters. The highest increases in the characters mentioned before
were obtained by rice straw and mixed between rice straw and maize stalks and the
least values were observed with compost and rice straw only. This trend could be
explained on a basis that maintaining sufficient available nutrients during the growth
period could be achieved through organic materials application rather than through 

number of leaflets at T2 , T3, T5, T6 , T9, T10, T12  and T13  treatment in both   the

cultivars. On the other hand no significant difference in the number of leaves for all 

treatments in both the cultivars. 

At the second stage all tested organic fertilizers in combination with Nile 

compost caused a highly significant increase in the growth parameters (length of

stems and roots, number of leaves and leaflets, fresh weights of stems and roots and

the number of flowers in Bronco cv. (Table 3). On the other hand there were no 

significant differences in the number of leaves except the treatment at  a mixture of

compost and maize  T14. Similary in case of Paulista cv., (Table 4). The number of

leaflets increased significant except in the treatment of T12 and T13 as compared to

control. 

The fresh weight of roots showed no significant difference due to adding straw 

rice only T13. Furthermore, the data revealed that no. of leaves in Paulista cv. Showed  

no significant differences in all treatments , except in T9, T11 and T14. 

In fruiting stage, growth parameters of bronco cv. cultivar exhibited highly 

significant difference at L.S.D. 0.05% and 0.01%, in all treatments, except in 

leaves and leaflets number of T2 and in root fresh weight of T5. The increases were

highly significant in length of stem, number, of legume, number of seed legume, weight

of pods, fresh weight of stem, and root (Table 5). 

The number of leaves showed no significant difference in all treatments
except, decompоsted maize stalk only T14 which showed highly significant difference

at 0.05% and 0.01% levels. 

The number of leaflets was exhibited (Table 6) no significant difference as a 

result of organic fertilizer application alone or combined with Nile compost in all 

groups except T11 and T14 where a highly significant increase was observed as

compared to control. Organic fertilizer plays a direct role in plant growth [13]. 

[14] observed that similar results were obtained in wheat treated with the

application of organic manure and compost. The effects of organic manure on the 

vegetative growth parameters  could be related to the role of released nitrogen,

phosphorus and potassium from organic manure. In addition they play a vital role in 

photosynthesis, carbohydrate transport, protein synthesis, control of ionic balance,

regulation of plant stomata functions, water use and activation of plant enzymes and 

other processes [15,16,17].

[18] observed that carbon compounds like cellulose and hemicellulose

contained in plant residues are easily broken down and then can exert a considerable 

depressing effect on the nitrifying of the low-N materials. This could cause temporary 

immobilization of N in the soil, which would thus interfere with plant growth. However,

the effects of organic fertilizers on plant growth seem to vary, and some studies

showed decreased plant growth or yields when using organic fertilizers compared with

conventional fertilizers [19]. 

The increase in growth and development during the following data could be

due to the presence of  phytohormones in  organic fertilizers that stimulate plant

growth [20].  Data presented in this investigation show varietal differences between

both cv. bronco and cv. paulista in some growth characters at 30, 60 and 120 days 

after sowing. These differences between bean cultivars may be due to genetical 

differences between genotypes concerning partition  of  dry  matter.  In  this  regard, 

[21]  found  that  the  addition  of  organic  manure combined with chemical fertilizers 

improved vegetative growth of sweet pepper plants. 

[22] showed that in the early growth stage, there is a obviously lower in the 
stem length, the stem diameter and the dry weight of the organic manure cultivation 
in compared to another two stages; the mainly limit factors is the nutrient deficiency in 
the soil caused by the organic manure has not been fully decomposition. However, 
the findings of this investigation results of the composted maize stalks and mixed
between rice straw and maize stalks treatment were found best than other mixed
treatments. The maximum overall growth and yield record from the compost treatment 
and admixed with FYM were found consistent with the findings of [23]. The maximum 
biomass obtained may be due to high composition of Nitrogen in organic fertilizers, 
which supplement to the plant's vegetative phase. The experiment results revealed 
that the highest productivity by composted maize stalks and mixed between rice straw
and maize stalks treatments may be due to the improvement of physico-chemical 
properties of the soil and can be used as a resource for maximum crop productivity 
with more financial output in comparison to those chemical fertilizers. 

It  is  clear  also  from  results  that  application of  organic  fertilizer  increase  
most  growth characters. The highest increases in the characters mentioned before 
were obtained by rice straw and mixed between rice straw and maize stalks and the 
least values were observed with compost and rice straw only. This trend could be
explained on a basis that maintaining sufficient available nutrients during the growth 
period could be achieved through organic materials application rather than through 
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the mineral fertilization. These results are also in agreement with those obtained by 
[24]  who showed that organic manure plus mineral fertilizer increase vegetative 
growth of broccoli plants. 

All organic manures treatments increase the dry matter accumulation in the
different plant organs,  i.e.  roots, shoots  and  consequently the  completely peanut
plants. This  finding indicates the vital role of organic fertilization in more release of
available nutrient elements to be absorbed by plant roots and this in turn increase dry 
matter content in the different peanut plant organs [25]. On the other hand, the ability
of organic compost to produce such effects varies greatly with the type of organic 
waste used. Application of composted rice straw exhibited higher values in dry weight
of different peanut organs as compared to the other organic wastes, while composted 
water hyacinth along recorded the highest R/S ratio [26]. 

The fresh weight and number of nodules were increased because of organic 
wastes application as compared to chemical fertilizer treatment [27]. The favorable 
influence of Nile compost on growth might be attributed to its effect on supplying the 
trees with their requirements from  various  nutrients,  reducing  soil  pH,  encouraging
of  microorganism's activity and producing natural auxins. The compost could serve 
as a naturally produced, slow release source of plant nutrients and their amendment 
has been shown to increase plant dry weight [28]. Application of compost in 
combination with chemical fertilizer resulted in larger leaf area index [29]. A higher
leaf area index, plants become photosynthetically more active, which would cont-
ribute to improvement in yield, attributes [30]. 

3.2 Effect of Organic Fertilizer on Yield
All tested organic wastes, caused increases in the yield components compared

to control i.e. number and yield of pods, and seed yield. [31] stated that organic 
manure alone or in combination with synthetic fertilizers significantly increased grain 
and biological yield against control. 

No significant differences in  yield of  pods  and  seeds  were obtained between
different organic wastes alone and NPK treatment. [1] reported that incorporating rice 
straw into soil has increased grain yield 15-18%. Direct seeded rice (DSR) may also 
show the effects on grain yield of  incorporation  of  rice  straw  for  a  couple  of  years
in  the  same  way  as transplanted rice.

Regarding the characteristic of bean as related with the quality of yield, data 
indicate that, significant differences calculated in number of pods and seeds per
100 g, number of seeds per pod, weight of 100 g pods and seed index between

 

different composted organic wastes. These results may be due to the higher levels of 
organic matter and nutrients in composts [32] as well as the positive effect of 
composting on reduction of the germination capacity of weeds and soil-borne 
pathogens. The positive action of different N sources on growth and nutritional status 
could result in enhancing the yield. In coincidence with the present results those 
obtained by [33]. 

The addition of rice straw and mix it in the soil led to the improvement of soil 
properties in the form of soil penetration resistance as well as access to good specifics 
yield. Thus increasing the  productivity of  wheat  and  rice,  which  were  grown  with  
successive seasons during throughout the experiment compared to cultivated crop in 
the treatment without rice straw. 

There was a consistent trend for similar or higher yield with rice straw, with 
some significant differences. Higher or similar wheat yield under rice straw mulch was 
also reported in other studies in the same environment [34]. The higher yields with 
maize stalks in our experiments were probably due to increased soil water availability 
compared with the control. 

 
3.3 Effect of Organic Fertilizer on Phytohormones 
Data in Table 7 revealed that the effect of organic fertilizers stimulated the 

synthesis of phytohormone in two cultivars. The phytohormone IAA increased in all 
treatments in two cultivars except by adding straw rice, there was reduced in IAA 
synthesis in comparison to control. However, using compost, mixture of compost and 
maize stalk, mixture of maize stalk and straw rice and decompost maize  stalk only, 
increased GA when compared to control in cv. bronco. On the other hand, there 
were increases in GA synthesis in cv. Paulista due to organic fertilization. ABA differd 
values in most of tested samples. However there was reduced in ABA when treated 
with a mixture of compost and maize stalk and decompost maize stalk only. The better 
efficiency of organic manures might be due to the fact that the organic manures would 
have provided the micronutrients such as Zn, Cu, Fe, Mn, and Mg in an optimum 
level. Zinc is involved in the biochemical synthesis of the most important 
phytohormone, IAA through the pathway of conversion of tryptophan to IAA [35].
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wastes application as compared to chemical fertilizer treatment [27]. The favorable 
influence of Nile compost on growth might be attributed to its effect on supplying the 
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of  microorganism's activity and producing natural auxins. The compost could serve 
as a naturally produced, slow release source of plant nutrients and their amendment 
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and biological yield against control. 
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the mineral fertilization. These results are also in agreement with those obtained by 
[24]  who showed that organic manure plus mineral fertilizer increase vegetative 
growth of broccoli plants. 

All organic manures treatments increase the dry matter accumulation in the
different plant organs,  i.e.  roots, shoots  and  consequently the  completely peanut
plants. This  finding indicates the vital role of organic fertilization in more release of
available nutrient elements to be absorbed by plant roots and this in turn increase dry 
matter content in the different peanut plant organs [25]. On the other hand, the ability
of organic compost to produce such effects varies greatly with the type of organic 
waste used. Application of composted rice straw exhibited higher values in dry weight
of different peanut organs as compared to the other organic wastes, while composted 
water hyacinth along recorded the highest R/S ratio [26]. 

The fresh weight and number of nodules were increased because of organic 
wastes application as compared to chemical fertilizer treatment [27]. The favorable 
influence of Nile compost on growth might be attributed to its effect on supplying the 
trees with their requirements from  various  nutrients,  reducing  soil  pH,  encouraging
of  microorganism's activity and producing natural auxins. The compost could serve 
as a naturally produced, slow release source of plant nutrients and their amendment 
has been shown to increase plant dry weight [28]. Application of compost in 
combination with chemical fertilizer resulted in larger leaf area index [29]. A higher
leaf area index, plants become photosynthetically more active, which would cont-
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 Table 7. Effect of compost and organic fertilizers on Phytohormones of two 
cultivars of Phaseolus vulgaris (vegetative stage)

No. Phytohormone
s

mg/1OOg
GA3 IAA ABA

1 16.332 7.233 14.463
2 21.033 8.934 23.721
3 11.968 9.776 20.130
4 55.012 10.291 8.902
5 43.562 10.221 3.492
6 2.888 7.028 10.451
7 64.918 24.714 4.542
8 2.546 8.054 12.611
9 5.993 9.368 16.017
10 4.131 11.122 7.232
11 21.237 16.334 7.249
12 13.344 12.921 11.648
13 4.131 1.111 11.159
14 46.202 22.185 6.967

lndol 3-acetic acid (lAA), Gibberellic acid (GA), Abscisic acid (ABA) Phaseolus vulgaris (cv. bronco) 
(T1, Control; T2, composts; T3, compost + rice straw; T4, compost + maize stalk;  

T5, rice straw + maize stalk; T6, rice straw; T7, maize stalk).
Phaseolus vulgaris (cv. paulista ) (T8, Control; T9, composts; T10, compost + rice straw; T11, compost +

maize stalk; T12, rice straw + maize stalk; T13, rice straw; T14, maize stalk).

[36] reported that organic manures activate many species of living organisms 
which release phytohormones and may stimulate the plant growth and absorption of 
nutrients. 

This data was directly related to leaf nitrogen content due to the action of this 
nutrient on the process of cell multiplication and plant organ development. 
Furthermore, nitrogen is a factor and considered as the characteristic constituent of 
functional plasma, an integral part of chlorophyll molecules, proteins, amino acids, 
nucleic acids, nucleotides, alkaloids, enzymes, coenzymes, hormones and vitamins
[37]. It alteration in different aspect of cellular metabolisms including the content of
phytohormones could be arising from the different compounds present in the used
vermicompost [38]. 

The gibberellic acid (GA) is involved in many aspect development throughout
the life-cycle of higher plants. They also mediate certain environmental effects on plant 
development and are signaling molecules that regulate and integrate developmental 
processes during the entire life-cycle of higher plants, including shoot elongation and 
root development [39]. Gibberellin GA signaling may enable integration of aerial and 
root development [40]. Result concerning the  effect of organic  fertilizers on  fruit
endogenous hormones during  the  experimental season. This result may be due to
the use of plant growth regulators (GA3) which could lead to an increase in fruit set of
deciduous trees. In addition, [41] decided the same results on citrus. Treatment maize 
stalks and rice straw in cv. Paulista recorded the highest yield and hormones value 
and maize stalks in cv. Bronco. These results are owing to the use of GA3 in plant

and micronutrients, which led to an increase in fruit set, and, GA3 played a major
role in enlarging fruit size. In general, these results are in line with those obtained by 
[42].

3.4 Effect of Organic Fertilizer on Free Amino Acid
The amino acid content in leaves exhibited difference in values in treating

samples as response to organic fertilizers (Table 8). Fifteen of amino acid 
compositions were estimated in the shoot in vegetative stage. However, the appli-
cation mixture of compost and maize or decomposed maize  stalk only increased
most of  amino  acids  in  two  cultivars when compared to control. 

The results showed that compost, the mixture of  compost and maize and
maize stalk decomposing only, shown the highest number of amino acids compared
with the amino acid in the rest treatments. 

The results agreed with [43] who showed that the increased percentage of
crude protein, free amino acids and nitrate in tubers of potato increased with
increasing the rate of the fertilizers [5] reported that organic fertilizer lead to new 
amino acids compared with the control in wheat Also [6] reported that  application of
compost significantly increased the level of total free amino acid in leaves of mustard 
when compared to control.

The results in this investigation are in accordance with the conclusions of other
researchers who found that the quantity of albumins-globulins is scarcely influenced 
by N nutrition. As noted previously, protein composition of the wheat grain is
influenced by genotype, as well as by cultivation system and environmental conditions
[44]. In other words, although increased nitrogen supply correlated significantly to an 
increase in all protein components, its effect on grain protein also depends on the
cultivar sown, due to different uses of available soil N, especially during stem
elongation. It seems that organic matter can improve the physical properties of the soil
and would have caused increased root development that acted positively in more 
uptakes of water and nutrients [45]. In addition, our results was harmony with [46] that
there were an increase of formation of amino acid and consequently protein formation.

[45] stated that the soluble proteins are increased with better N supply and 
favorable growth condition by treatment with organic manure.

Our results confirmed an increase of glutamine level in maize stalks and rice
straw application. The supply of ammonium increased considerably the concen-
trations of the primary amino acids, and asparagine was the most predominant acid,
followed by glutamine.

Table 7. Effect of compost and organic fertilizers on Phytohormones of two cultivars
of Phaseolus vulgaris (vegetative stage)

No. Phytohormones mg/1OOg
GA3 IAA ABA

1 16.332 7.233 14.463
2 21.033 8.934 23.721
3 11.968 9.776 20.130
4 55.012 10.291 8.902
5 43.562 10.221 3.492
6 2.888 7.028 10.451
7 64.918 24.714 4.542
8 2.546 8.054 12.611
9 5.993 9.368 16.017
10 4.131 11.122 7.232
11 21.237 16.334 7.249
12 13.344 12.921 11.648
13 4.131 1.111 11.159
14 46.202 22.185 6.967

lndol 3-acetic acid (lAA), Gibberellic acid (GA), Abscisic acid (ABA) Phaseolus vulgaris (cv. bronco. )
(T1, Control; T2, composts; T3, compost + rice straw; T4, compost + maize stalk;

T5, rice straw + maize stalk; T6, rice straw; T7, maize stalk).
Phaseolus vulgaris (cv. paulista ) (T8,Control; T 9, composts; T10, compost + rice straw; T11, compost +

maize stalk; T12, rice straw + maize stalk; T13, rice straw; T14, maize stalk).

[36] reported that organic manures activate many species of living organisms which release
phytohormones and may stimulate the plant growth and absorption of nutrients. 

This data was directly related to leaf nitrogen content due to the action of this nutrient on the
process of cell multiplication and plant organ development. Furthermore, nitrogen is a factor
and considered as the characteristic constituent of functional plasma, an integral part of
chlorophyll molecules, proteins, amino acids, nucleic acids, nucleotides, alkaloids, enzymes,
coenzymes, hormones and vitamins [37]. It alteration in different aspect of cellular
metabolisms including the content of phytohormones could be arising from the different
compounds present in the used vermicompost [38].

The gibberellic acid (GA) is involved in many aspect development throughout the life-cycle of
higher plants. They also mediate certain environmental effects on plant development and are
signaling molecules that regulate and integrate developmental processes during the entire
life-cycle of higher plants, including shoot elongation and root development [39]. Gibberellin
GA signaling may enable integration of aerial and root development [40]. Result concerning
the  effect  of organic fertilizers on  fruit  endogenous hormones during the  experimental
season. This result may be due to the use of plant growth regulators (GA3) which could lead
to an increase in fruit set of deciduous trees. In addition, [41] decided the same results on
citrus. Treatment maize stalks and rice straw in cv. Paulista recorded the highest yield and
hormones value and maize stalks in cv. Bronco. These results are owing to the use of GA3
in plant and micronutrients, which led to an increase in fruit set, and, GA3 played a major
role in enlarging fruit size. In general, these results are in line with those obtained by [42].
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nucleic acids, nucleotides, alkaloids, enzymes, coenzymes, hormones and vitamins
[37]. It alteration in different aspect of cellular metabolisms including the content of
phytohormones could be arising from the different compounds present in the used
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The gibberellic acid (GA) is involved in many aspect development throughout
the life-cycle of higher plants. They also mediate certain environmental effects on plant 
development and are signaling molecules that regulate and integrate developmental 
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root development [39]. Gibberellin GA signaling may enable integration of aerial and 
root development [40]. Result concerning the  effect of organic  fertilizers on  fruit
endogenous hormones during  the  experimental season. This result may be due to
the use of plant growth regulators (GA3) which could lead to an increase in fruit set of
deciduous trees. In addition, [41] decided the same results on citrus. Treatment maize 
stalks and rice straw in cv. Paulista recorded the highest yield and hormones value 
and maize stalks in cv. Bronco. These results are owing to the use of GA3 in plant

 and micronutrients, which led to an increase in fruit set, and, GA3 played a major
role in enlarging fruit size. In general, these results are in line with those obtained by 
[42]. 

3.4 Effect of Organic Fertilizer on Free Amino Acid
The amino acid content in leaves exhibited difference in values in treating 

samples as response to organic fertilizers (Table 8). Fifteen of amino acid 
compositions were estimated in the shoot in vegetative stage. However, the appli-
cation mixture of compost and maize or decomposed maize  stalk  only  increased 
most  of  amino  acids  in  two  cultivars  when compared to control. 

The results showed that compost, the mixture of  compost and maize and
maize stalk decomposing only, shown the highest number of amino acids compared
with the amino acid in the rest treatments. 

The results agreed with [43] who showed that the increased percentage of 
crude protein, free amino acids and nitrate in tubers of potato increased with 
increasing the rate of the fertilizers [5] reported that organic fertilizer lead to new 
amino acids compared with the control in wheat Also [6] reported that  application of 
compost significantly increased the level of total free amino acid in leaves of mustard 
when compared to control. 

The results in this investigation are in accordance with the conclusions of other 
researchers who found that the quantity of albumins-globulins is scarcely influenced 
by N nutrition. As noted previously, protein composition of the wheat grain is
influenced by genotype, as well as by cultivation system and environmental conditions
[44]. In other words, although increased nitrogen supply correlated significantly to an 
increase in all protein components, its effect on grain protein also depends on the
cultivar sown, due to different uses of available soil N, especially during stem 
elongation. It seems that organic matter can improve the physical properties of the soil 
and would have caused increased root development that acted positively in more 
uptakes of water and nutrients [45]. In addition, our results was harmony with [46] that
there were an increase of formation of amino acid and consequently protein formation. 

[45] stated that the soluble proteins are increased with better N supply and 
favorable growth condition by treatment with organic manure.

Our results confirmed an increase of glutamine level in maize stalks and rice 
straw application. The supply of ammonium increased considerably the concen-
trations of the primary amino acids, and asparagine was the most predominant acid,
followed by glutamine.
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most of  amino  acids  in  two  cultivars when compared to control. 

The results showed that compost, the mixture of  compost and maize and
maize stalk decomposing only, shown the highest number of amino acids compared
with the amino acid in the rest treatments. 

The results agreed with [43] who showed that the increased percentage of
crude protein, free amino acids and nitrate in tubers of potato increased with
increasing the rate of the fertilizers [5] reported that organic fertilizer lead to new 
amino acids compared with the control in wheat Also [6] reported that  application of
compost significantly increased the level of total free amino acid in leaves of mustard 
when compared to control.

The results in this investigation are in accordance with the conclusions of other
researchers who found that the quantity of albumins-globulins is scarcely influenced 
by N nutrition. As noted previously, protein composition of the wheat grain is
influenced by genotype, as well as by cultivation system and environmental conditions
[44]. In other words, although increased nitrogen supply correlated significantly to an 
increase in all protein components, its effect on grain protein also depends on the
cultivar sown, due to different uses of available soil N, especially during stem
elongation. It seems that organic matter can improve the physical properties of the soil
and would have caused increased root development that acted positively in more 
uptakes of water and nutrients [45]. In addition, our results was harmony with [46] that
there were an increase of formation of amino acid and consequently protein formation.

[45] stated that the soluble proteins are increased with better N supply and 
favorable growth condition by treatment with organic manure.

Our results confirmed an increase of glutamine level in maize stalks and rice
straw application. The supply of ammonium increased considerably the concen-
trations of the primary amino acids, and asparagine was the most predominant acid,
followed by glutamine.
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[36] reported that organic manures activate many species of living organisms which release
phytohormones and may stimulate the plant growth and absorption of nutrients. 

This data was directly related to leaf nitrogen content due to the action of this nutrient on the
process of cell multiplication and plant organ development. Furthermore, nitrogen is a factor
and considered as the characteristic constituent of functional plasma, an integral part of
chlorophyll molecules, proteins, amino acids, nucleic acids, nucleotides, alkaloids, enzymes,
coenzymes, hormones and vitamins [37]. It alteration in different aspect of cellular
metabolisms including the content of phytohormones could be arising from the different
compounds present in the used vermicompost [38].

The gibberellic acid (GA) is involved in many aspect development throughout the life-cycle of
higher plants. They also mediate certain environmental effects on plant development and are
signaling molecules that regulate and integrate developmental processes during the entire
life-cycle of higher plants, including shoot elongation and root development [39]. Gibberellin
GA signaling may enable integration of aerial and root development [40]. Result concerning
the  effect  of organic fertilizers on  fruit  endogenous hormones during the  experimental
season. This result may be due to the use of plant growth regulators (GA3) which could lead
to an increase in fruit set of deciduous trees. In addition, [41] decided the same results on
citrus. Treatment maize stalks and rice straw in cv. Paulista recorded the highest yield and
hormones value and maize stalks in cv. Bronco. These results are owing to the use of GA3
in plant and micronutrients, which led to an increase in fruit set, and, GA3 played a major
role in enlarging fruit size. In general, these results are in line with those obtained by [42].
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[36] reported that organic manures activate many species of living organisms 
which release phytohormones and may stimulate the plant growth and absorption of 
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This data was directly related to leaf nitrogen content due to the action of this 
nutrient on the process of cell multiplication and plant organ development. 
Furthermore, nitrogen is a factor and considered as the characteristic constituent of 
functional plasma, an integral part of chlorophyll molecules, proteins, amino acids, 
nucleic acids, nucleotides, alkaloids, enzymes, coenzymes, hormones and vitamins
[37]. It alteration in different aspect of cellular metabolisms including the content of
phytohormones could be arising from the different compounds present in the used
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The gibberellic acid (GA) is involved in many aspect development throughout
the life-cycle of higher plants. They also mediate certain environmental effects on plant 
development and are signaling molecules that regulate and integrate developmental 
processes during the entire life-cycle of higher plants, including shoot elongation and 
root development [39]. Gibberellin GA signaling may enable integration of aerial and 
root development [40]. Result concerning the  effect of organic  fertilizers on  fruit
endogenous hormones during  the  experimental season. This result may be due to
the use of plant growth regulators (GA3) which could lead to an increase in fruit set of
deciduous trees. In addition, [41] decided the same results on citrus. Treatment maize 
stalks and rice straw in cv. Paulista recorded the highest yield and hormones value 
and maize stalks in cv. Bronco. These results are owing to the use of GA3 in plant

 and micronutrients, which led to an increase in fruit set, and, GA3 played a major
role in enlarging fruit size. In general, these results are in line with those obtained by 
[42]. 

3.4 Effect of Organic Fertilizer on Free Amino Acid
The amino acid content in leaves exhibited difference in values in treating 

samples as response to organic fertilizers (Table 8). Fifteen of amino acid 
compositions were estimated in the shoot in vegetative stage. However, the appli-
cation mixture of compost and maize or decomposed maize  stalk  only  increased 
most  of  amino  acids  in  two  cultivars  when compared to control. 

The results showed that compost, the mixture of  compost and maize and
maize stalk decomposing only, shown the highest number of amino acids compared
with the amino acid in the rest treatments. 

The results agreed with [43] who showed that the increased percentage of 
crude protein, free amino acids and nitrate in tubers of potato increased with 
increasing the rate of the fertilizers [5] reported that organic fertilizer lead to new 
amino acids compared with the control in wheat Also [6] reported that  application of 
compost significantly increased the level of total free amino acid in leaves of mustard 
when compared to control. 

The results in this investigation are in accordance with the conclusions of other 
researchers who found that the quantity of albumins-globulins is scarcely influenced 
by N nutrition. As noted previously, protein composition of the wheat grain is
influenced by genotype, as well as by cultivation system and environmental conditions
[44]. In other words, although increased nitrogen supply correlated significantly to an 
increase in all protein components, its effect on grain protein also depends on the
cultivar sown, due to different uses of available soil N, especially during stem 
elongation. It seems that organic matter can improve the physical properties of the soil 
and would have caused increased root development that acted positively in more 
uptakes of water and nutrients [45]. In addition, our results was harmony with [46] that
there were an increase of formation of amino acid and consequently protein formation. 

[45] stated that the soluble proteins are increased with better N supply and 
favorable growth condition by treatment with organic manure.

Our results confirmed an increase of glutamine level in maize stalks and rice 
straw application. The supply of ammonium increased considerably the concen-
trations of the primary amino acids, and asparagine was the most predominant acid,
followed by glutamine.
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4. CONCLUSION
Application of (mixture of compost and maize stalk and decomposed maize 

stalk only)  were found as the most effective ones to increase of that contents of 

amino acid and phytohormone of two cultivars. Therefore, it could be suggested that

the treated plants,  with these organic residues and  Nile  compost increased the 

growth,  yield and  the  above chemical compositions. 
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4. CONCLUSION
Application of (mixture of compost and maize stalk and decomposed maize 

stalk only)  were found as the most effective ones to increase of that contents of 

amino acid and phytohormone of two cultivars. Therefore, it could be suggested that

the treated plants,  with these organic residues and  Nile  compost increased the 

growth,  yield and  the  above chemical compositions. 
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4. CONCLUSION
Application of (mixture of compost and maize stalk and decomposed maize 

stalk only)  were found as the most effective ones to increase of that contents of 

amino acid and phytohormone of two cultivars. Therefore, it could be suggested that

the treated plants,  with these organic residues and  Nile  compost increased the 

growth,  yield and  the  above chemical compositions. 
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4. CONCLUSION
Application of (mixture of compost and maize stalk and decomposed maize 

stalk only)  were found as the most effective ones to increase of that contents of 

amino acid and phytohormone of two cultivars. Therefore, it could be suggested that

the treated plants,  with these organic residues and  Nile  compost increased the 

growth,  yield and  the  above chemical compositions. 
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Yield Selection Within Coffeе Arabica сv. Ruiru 11

ABSTRACT
Aims: This study was aimed at identifying high yielding Ruiru 11 sibs in varying 

growing conditions. The study also intended to measure the extent to which cherry 

yields of Ruiru 11 are affected by the environment. 

Study Design: Randomized Complete Block Design with three replications. 

Place and Duration of Study: The study was conducted in three different agro-

ecological zones in Kenya namely Mariene in Meru County, Kisii near Kisii town in 

Kisii county and Koru in Kericho County between November 2008 and September

2011. 

Methodology: Thirty four (34) Ruiru 11 sibs, all of which are resistant to 

Coffee  Berry Disease and Coffee Leaf Rust, were evaluated in this study alongside

two entries of SL28, a cultivar susceptible to the two diseases. One entry of SL28 was

sprayed with copper fungicides to control, while the other SL28 entry was not sprayed

with any fungicides. Planted at a spacing of 2 m by 2 m, each entry had 12 trees per

plot per rep, giving a total of 1296 plants per experiment per site. Cherry yield

recording was done during the peak harvesting period of May to July at Mariene and

July to September at Koru and Kisii. The data was subjected to Analysis of Variance

(ANOVA) using XLSTAT version 2012 statistical software and effects declared

significant at 5% level.

Results: Significant (P = .05) yield differences among Ruiru 11 sibs were 

obtained in all years of evaluation at Koru but only in 2011 at Kisii and Mariene.

There was a greater discrimination between sibs at Koru, followed by Kisii and then

Mariene. Year effect was highly significant (P < .001) and equally distinguished in all

sites but year x sib interactions were significant (P = .05) only at Kisii. Combined 

analysis for all environmental combinations showed highly significant (P < .001)

differences between sibs, environments and their interaction. Environments made a

greater contribution (42.6%) to the variation compared to sibs (7%). The interaction

term also made a significant contribution (18.7%). The best sibs per site and those 

adapted to contrasting environments were identified.  

Conclusion: The expression of high yield variation among Ruiru 11 sibs is a 

sign of high potential of intra-selection within the cultivar for yield improvement. 

Identified sibs can be recommended  to  farmers  and  also  exploited  in  future

breeding  programmes  for improvement of  Ruiru 11  productivity and  agronomic 

adaptability. The  occurrence of significant  sib  by  environment (G  x  E)  interactions

was  an  indication that  the  best improvement strategy should be a multi-site selection.

Keywords: coffee; Ruiru 11; cherry yields; Kenya.

1. INTRODUCTION
Behind oil, coffee is the second most traded commodity in the world. Its

cultivation is mainly by smallholder farmers who hardly break even mainly due to low 

yields, high production cost and low world market prices. Increasing productivity, while 

reducing the cost of production is a main breeding objective of most producing 

countries [1]. New arabica cultivars with higher yield potential and resistance to Сoffee

Leaf Rust (СLR) and/or Сoffee Berry Disease (СBD) have started to replace

traditional varieties on a large scale in several countries [2]. The cultivar Ruiru 11

is a composite of about 60 F1 hybrid sibs each derived from a cross between a

specific female and male population [3]. The cultivar was developed at the Сoffee

Research Station, Ruiru, Kenya, and released to growers in 1985. It combines

resistance to СBD and СLR with high yield, fine quality and compact growth

amenable to high density planting [3].

The economic value of Arabica coffee Coffea arabica L. is determined both by 

the yield potential and the bean quality [4]. Yields of 5 tons ha-1 and higher have 

been obtained in some close-spaced and unshaded Arabica coffee blocks e.g. in 

Brazil, Сolombia and Kenya [5]. However, most smallholder Arabica coffee farms with

no access to external inputs often produce less than 300 kg ha-1 year-1 green coffee

beans,  while intensively managed plantations at conventional spacing may yield an

average of 2 tons ha-1 annually [6]. Data from field trials at Сoffee Research

Foundation, in Kenya shows that Ruiru 11 cultivar planted at a density 3300 trees/ha

produces between 2.5 and 3.0 tons ha-1 year-1 [6]. Depending on conditions, coffee

yields fluctuate from year to year and from location to location [7;8].
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resistance to СBD and СLR with high yield, fine quality and compact growth

amenable to high density planting [3].

The economic value of Arabica coffee Coffea arabica L. is determined both by 

the yield potential and the bean quality [4]. Yields of 5 tons ha-1 and higher have 

been obtained in some close-spaced and unshaded Arabica coffee blocks e.g. in 

Brazil, Сolombia and Kenya [5]. However, most smallholder Arabica coffee farms with

no access to external inputs often produce less than 300 kg ha-1 year-1 green coffee

beans,  while intensively managed plantations at conventional spacing may yield an

average of 2 tons ha-1 annually [6]. Data from field trials at Сoffee Research

Foundation, in Kenya shows that Ruiru 11 cultivar planted at a density 3300 trees/ha

produces between 2.5 and 3.0 tons ha-1 year-1 [6]. Depending on conditions, coffee

yields fluctuate from year to year and from location to location [7;8].
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Success of a new variety depends to a great extent on its adaptability to a wide 

range of climatic and soil conditions [8]. Coffee can be cultivated on a wide range of

soil types, provided these are at least 2 m deep, free-draining loams with a good water-

holding capacity and a pH of 5-6, fertile and contain at least 2% organic matter. High-

quality, acidic Arabica coffees are mostly produced on soils of volcanic origin [6]. 

Arabica coffee is grown in altitude ranges between 1400 and 1800 m above sea level 

[9]. The optimum mean annual temperature range for Arabica coffee is 18-21°C [10]. 

Rainfall requirements depend on the retention properties of the soil, atmospheric

humidity and cloud cover, as well as cultivation practices. The optimum annual rainfall

range is 1200-1800 mm for Arabica coffee [10] with a maximum of 2500 mm [6]. Coffee

plants grow and yield better if exposed to alternate cycles of wet and dry seasons [6].

Abundant rainfall throughout the year often results in scattered harvest and low yields

[10]. The distribution of sunshine also has a strong influence on flowering, bean

expansion and ripening. Shade decreases coffee tree productivity by about 20%, but

reduces the alternate bearing pattern [11].

Knowledge of the effects of environment and genotype by environment (G x E) 

interaction is important to breeders  in  making  decisions  regarding  the  development, 

evaluation and release of new cultivars [7,8]. Identifying high yielding coffee

genotypes  is often  time consuming and difficult to achieve due to the perennial nature 

of the crop, biennial bearing, and  the  large environmental component of  variance 

for yield [1]. This  study aimed at identifying high yielding Ruiru 11 sibs in varying 

growing conditions. The study also intended to measure the extent to which cherry 

yields of Ruiru 11 are affected by the environment. 

2. MATERIALS AND METHODS
2.1 Description of Study Sites
The study was conducted in three different agro-ecological zones in Kenya 

namely Mariene in Meru County, Kisii near Kisii town in Kisii county and Koru in 

Kericho County. Mariene is located at 0
0
N, 37° 35'E, at an elevation of 1524 m 

above sea level. The soils are ando-humic acrisols, friable clays, strongly acidic, 

very low in bases and moderate in  organic matter. Koru is located at 0° 07'S, 35°

16'E and has an elevation of 1554 m above sea level.

The soils are eutric nitosols, friable clays, and weakly acidic to neutral, rich in 

bases, available phosphorous and moderate inorganic matter. Kisii is located at

0° 41'S, 34°47'E at 1700 m above sea level. The soils are molic nitosols, friable clays

with acidic pH, low to moderate bases and are high in organic matter. The

experimental plots in Koru and Kisii were established in April 1990 while Meru plot

was established in April 1991. All the plots have undergone change of cycle twice and

were therefore almost of the same status. Other agronomic practices were carried out

as recommended. All the sites were laid out in a Randomized Complete Block Design

(RCBD) with three replications.

2.2 Plant Materials and Field Layout
Thirty four (34) Ruiru 11 sibs (Table 1) were evaluated in this study alongside

two entries of SL28 used as checks. One entry of SL28 was sprayed with copper

fungicides to control CBD and CLR, while the other SL28 entry was not sprayed with

any fungicides. All the sites were laid out in a Randomized Complete Block Design (R

CBD) with three replications. Planted at a spacing of 2 m by 2 m, each entry had 12 

trees per plot per rep, giving a total of 1296 plants per experiment per site. Cherry yield 

recording was done during the peak harvesting period of May to July at Mariene and 

July to September at Koru and Kisii. Rainfall was recorded in all the three sites for

the three production seasons (years) at various berry development stages 

(Table 2). 

2.3 Data Analysis
The data was subjected to Analysis of Variance (ANOVA) using XLSTAT 

version 2012 statistical software and effects  declared significant at 5% level.  Separate 

as  well  as combined analysis of variance was performed on data from all locations

over the three production years. Least Significance Difference (LSD) was used to 

separate the means. 
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Koru 0.0387* 0.0181* 0.0062** 0.0001*** 0.0001*** 0.9392ns

Mariene 0.1554ns 0.5341ns    0.0149* 0.0001*** 0.0003*** 0.8501ns

3. RESULTS
Cherry yield data was obtained from two locations (Koru and Mariene) over

three years and two years at Kisii making a total of 8 environmental combinations. 

The Kisii site was omitted in 2009 as it recorded very low yields as the trees were 

recovering from hailstorm damage. Analysis of variance (ANOVA) obtained significant

(P = .05) yield differences among Ruiru 11 sibs in all the years at Koru but only in

2011 at Kisii and Mariene. This was an indication of some genetic variation between

the sibs which are considered to be closely related. Examination of the F values at

each location showed that there was a greater discrimination between sibs at  Koru,

followed by Kisii and then Mariene. The year effect was highly significant (P <

.001) and equally distinguished in all sites but year x sib interactions were significant

(P = .05) only at Kisii (Table 3).

Table 3. Sib variations for cherry yield at the three sites over three years
Sib variations Combined variations

2009     2010   2011   Year     Sibs  Year x Sib
Kisii  -    0.0941ns    0.0038** 0.0001***     0.0027** 0.0358*

Analysis of variance of the individual years with the locations combined revealed 

that the site effect was significant (P = .05) in all the years. All the sites recorded their 

best yields in 2010. Mariene trial consistently recorded the lowest yields in all the 

years that were evaluated while Koru trial recorded moderate yields. Kisii and Koru 

recorded similar yields in 2010 but the former yielded highest in 2011 (Table 4). 

Table 4. Site variations in average (Av.) cherry yields 
 (in grams) over the three years

Kisii

2009 2010 2011
Av. yield Variation Av. yield Variation Av. yield Variation
- - 11825.29 A 10018.58 A

Koru 8785.29 A 11091.30 A 7515.34 B
Mariene 4419.74 B 5033.40 B 4188.93 C
LSD 713.97 790.22 851.07

NB: Means sharing the same letter along the column are not significantly different (P = .05)
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Multi-site analysis for the 8 environmental combinations recorded significant 

differences between sibs, environments and their interaction (Table 5). Further 

scrutiny of their contribution to total sum of squares indicated that environments made 

a greater contribution (42.6%) to the variation compared to sibs (7%). The interaction

term also made a significant contribution (18.7%).

Table 5. Multi-site analysis of variance for cherry

Source DF SS MS F p
Blocks 2 25401139.7 12700570 1.40733 0.2456 ns
Environment 7 7030918459 1.00E+09 111.298 0.0000 ***
Sib 35 1152790161 32936862 3.64967 0.0000 ***
Environment x Sib 245 3077380387 12560736 1.39183 0.0008 ***
Error 574 5180123925 9024606.1<-
Total       863 1.65E+10 

Key: df = degrees of freedom, SS = Sum of Squares, MS = Mean Squares, F = Fishers value, P = level of
significance

Overall, Kisii and Koru in 2010 produced the highest yields. They were followed 

by Koru in 2011, Koru in 2009, Kisii in 2011 and Mariene 2010 in that order, all of

which recorded cherry yields that were significantly (P = .05) different from each

other. The lowest yields were recorded at Mariene in 2011 and 2009 (Table 6).

Table 6. Environmental effect on cherry yield of Ruiru 11 sibs
Rank Environment Yields (g) Variation
1 Kisii 2010 11825.287 A
2 Koru 2010 11091.305 A
3 Koru 2011 10018.583 B
4 Koru 2009 8785.288 c
5 Kisii 2011 7515.341 D
6 Mariene 2010 5033.398 E
7 Mariene 2009 4419.741 EF
8 Mariene 2011 4188.927 F

LSD 802.938

NB: Means sharing the same letter along the column are not significantly different (P = .05)

Significant yield differences were observed among the sibs in all the locations. 
Evaluated sibs were found to produce average yields between 3 - 16 kgs (Table 7). 
The high yielding but susceptible SL28 cultivar was used as a check. In all the three 
sites, SL28 sprayed with fungicide recorded slightly higher yields than the unsprayed
SL28 in absolute terms but statistically similar. Therefore, spraying SL28 against 
fungal diseases had no significant effect on yield. At Kisii site, the yields of SL28
(both sprayed and unsprayed) were highly comparable to those of most Ruiru 11 sibs. 
The yields of sprayed SL28 were not significantly different from those of the first 30

Ruiru 11 sibs (except 143, 107, 106 and 112) while the yields of unsprayed SL28 were 
statistically similar to those of all Ruiru 11 sibs except R11-112. At Koru, all Ruiru 11 
sibs produced better yield than SL28 in absolute terms with 17 sibs recording
significantly (P = .05) higher yields than SL28.   At Mariene, 8 Ruiru 11 sibs recorded
significantly (P = .05) higher yields than SL28 (Table 7). 

The best performing sibs per location are shown in Table 8. The most suited sibs
for Kisii site which recorded high yields in both seasons were found to be R11-131,
R11-52, R11-7, R11-117, R11-6, R11-142, R11-1 and R11-41. The Koru site was found 
to be favourable for most of the sibs but best performing were R11-107, R11-91, R11-
80, R11-117, R11-142, R11-52, R11-137, R11-11, R11-100 and R11-135.

The above mentioned sibs for both Kisii and Koru sites consistently recorded
high yields in varying environmental conditions. For Mariene, the best performing
sibs were R11-1, R11-135, R11-11 and R11-52. The four were the only ones that
yielded consistently better under all conditions and were regarded to be highly stable 
in terms of yields. The sibs were best discriminated at Mariene and the site was 
considered the best for yield selection followed by Kisii. 

The most widely adapted sibs which performed better in varying climatic
conditions are shown in Table 8. R11-52 and R11-117 were the best sibs overall, 
consistently recording high yields in all the environments. Other sibs that consistently 
recorded high yields in varying environments are R11-131, R11-11, R11-105, R11-
142, R11-7, R11-100 and R11-121. In addition, R11-80, R11-135, R11-22, R11-72,
R11-137, R11-115, R11-6 and R11-91 consistently recorded high yields in more than 
one environment (Table 9).

4. DISCUSSION
Although some studies have been carried out to assess variation of Ruiru 11 

sibs in quality [4;12;13;14] and disease resistance [3], there is little information about 
their variation in yield. Ruiru 11 sibs evaluated were found to differ significantly in 
yields. This was an indication of high genetic variation between Ruiru 11 sibs. Similar
results were obtained by Wamatu et al. [8] when evaluating related coffee clones some 
of which have been utilized as Ruiru 11 male parents. In Brazil, carvalho et al. [15] 
observed large variability in cherry yields among F1 generation plants obtained by 
crossing selected coffee trees and among bourbon coffee progenies that have been
harvested for 12 to 15 consecutive years. When assessing cup quality of Ruiru 11,
Ojijo [12], Agwanda et al. [4], Omondi [13], Kathurima et al. [14], also reported 
significant variability within the cultivar. 
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SL28 in absolute terms but statistically similar. Therefore, spraying SL28 against 
fungal diseases had no significant effect on yield. At Kisii site, the yields of SL28
(both sprayed and unsprayed) were highly comparable to those of most Ruiru 11 sibs. 
The yields of sprayed SL28 were not significantly different from those of the first 30

Ruiru 11 sibs (except 143, 107, 106 and 112) while the yields of unsprayed SL28 were 
statistically similar to those of all Ruiru 11 sibs except R11-112. At Koru, all Ruiru 11 
sibs produced better yield than SL28 in absolute terms with 17 sibs recording
significantly (P = .05) higher yields than SL28.   At Mariene, 8 Ruiru 11 sibs recorded
significantly (P = .05) higher yields than SL28 (Table 7). 

The best performing sibs per location are shown in Table 8. The most suited sibs
for Kisii site which recorded high yields in both seasons were found to be R11-131,
R11-52, R11-7, R11-117, R11-6, R11-142, R11-1 and R11-41. The Koru site was found 
to be favourable for most of the sibs but best performing were R11-107, R11-91, R11-
80, R11-117, R11-142, R11-52, R11-137, R11-11, R11-100 and R11-135.

The above mentioned sibs for both Kisii and Koru sites consistently recorded
high yields in varying environmental conditions. For Mariene, the best performing
sibs were R11-1, R11-135, R11-11 and R11-52. The four were the only ones that
yielded consistently better under all conditions and were regarded to be highly stable 
in terms of yields. The sibs were best discriminated at Mariene and the site was 
considered the best for yield selection followed by Kisii. 

The most widely adapted sibs which performed better in varying climatic
conditions are shown in Table 8. R11-52 and R11-117 were the best sibs overall, 
consistently recording high yields in all the environments. Other sibs that consistently 
recorded high yields in varying environments are R11-131, R11-11, R11-105, R11-
142, R11-7, R11-100 and R11-121. In addition, R11-80, R11-135, R11-22, R11-72,
R11-137, R11-115, R11-6 and R11-91 consistently recorded high yields in more than 
one environment (Table 9).

4. DISCUSSION
Although some studies have been carried out to assess variation of Ruiru 11 

sibs in quality [4;12;13;14] and disease resistance [3], there is little information about 
their variation in yield. Ruiru 11 sibs evaluated were found to differ significantly in 
yields. This was an indication of high genetic variation between Ruiru 11 sibs. Similar
results were obtained by Wamatu et al. [8] when evaluating related coffee clones some 
of which have been utilized as Ruiru 11 male parents. In Brazil, carvalho et al. [15] 
observed large variability in cherry yields among F1 generation plants obtained by 
crossing selected coffee trees and among bourbon coffee progenies that have been
harvested for 12 to 15 consecutive years. When assessing cup quality of Ruiru 11,
Ojijo [12], Agwanda et al. [4], Omondi [13], Kathurima et al. [14], also reported 
significant variability within the cultivar. 
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The observed site differences indicated that the environment has a strong

effect on the expression of yield potential. We attribute differences in yield to the 

particular edaphic and climatic conditions of each site. Wamatu et al. [8] and Anim-

Kwapong and Adomako [1] also reported large environmental component of variance 

for yield in coffee. The three sites partly fulfilled the conditions of good selection and 

testing environment which include high genetic variances, high mean performance 

and high heritability [4]. On the basis of average performance, Koru could be the best 

selection site followed by Kisii as they consistently recorded the highest means which 

better portrayed the potential of the sibs. There was also greater discrimination

between sibs at Koru, followed by Kisii and then Mariene. However, Mariene could 

also be a good selection site to discriminate the sibs under less favourable conditions

while Koru could be the best selection site based on high genetic variances. 

In our study, rainfall was taken as the first most important limiting factor and 

thus used to explain the observed site differences. A similar approach was also applied

by Agwanda et al. [4] when selecting for cup quality. The observed seasonal (year) 

effects can be partly explained by varying quantity and distribution of rainfall and partly

by the biennial bearing nature of coffee. All the sites recorded their best yields in 2010. 

This was because the sites received adequate rainfall which was well distributed in 

2009/2010 production year thus resulting in high yields. In 2008/2009 production year, 

the Koru trial experienced reduced rainfall especially in the early stages of berry

development which resulted in reduced yields. A  similar  effect  was  observed  in

2008/2009  production  year  at  Mariene  and  also  in 2010/2011 production year at 

both Mariene and Kisii. Seasonal (year) x sib interactions were not significant except

at Kisii and this effect was attributed to biennial bearing.

Genotype by Environment (G x E) interactions is a measure of stability and

adaptability of genotypes in varying environments. In this study, significant G x E 

interactions was observed indicating that different Ruiru 11 sibs responded differently 

to different environments. When evaluating related coffee clones some of which have 

been utilized as Ruiru 11 male parents, Wamatu et al. [8] also observed significant G 

x E interactions. Apart from yields, significant G x E interactions has also been reported 

on other desirable traits in Ruiru 11 and other types of Arabica coffee. For example,

on coffee quality of Ruiru 11, Agwanda et al. [4], Omondi [13] and Kathurima et al. [14] 

reported G x E interactions of significant magnitude. Mawardi and Hulip [16] and

Agwanda et al. [4] observed highly significant G x E interactions in bean
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characteristics of Arabica coffee. High G x E interactions for desirable traits have been 

reported as a major setback in achieving faster progress in selection [4]. These 

significant interactions might be to a large extent attributable to the low precision in 

balancing the growing conditions in the multi-site trials and may also be partly 

explained by trial characteristics. 

The study further identified several sibs that are best suited for each of the 

three locations. These sibs should be recommended to farmers in these agronomic 

locations for production of high quality Ruiru 11 coffee. Besides, the study identified 

the most widely adapted Ruiru 11 sibs with a high yielding potential in varying climatic 

conditions. These included R11-52, R11-117, R11-131, R11-11, R11-105, R11-142, 

R11-7, R11-100 and R11-121. These consistently recorded high yields in highly 

varying environments. Others that consistently recorded high yields in more than one 

environment include R11-80, R11-135, R11-22, R11-72, R11-137, R11-115, R11-6 and 

R11-91. Some of these sibs including R11-52, R11-117, R11-131, R11-107, R11-121, 

R11-11, R11-137 and R11-22 have also been found to have high bean and cup quality 

with good climatic stability [17]. Kathurima et al. [14] also recorded high cup quality 

from R11-41, R11-11, R11-91 and R11-131 in a multi-site study involving ten Ruiru 11 

sibs. Such sibs can be recommended to farmers and also be exploited in future 

breeding programmes for improvement of Ruiru 11 yield agronomic adaptability. 

 

5. CONCLUSION 

The study demonstrated the existence of a high yield variation among Ruiru 11 

sibs. There is therefore high potential of intra-selection within the cultivar for yield 

improvement. The most widely adapted Ruiru 11 sibs as well as the best sibs for the 

studied coffee growing areas on the basis of cherry yield were identified. These will be 

recommended to farmers and also be exploited in  future breeding programmes for  

improvement of  Ruiru 11  yield agronomic adaptability. The growing environment 

was found to have a strong effect on the expression of yield potential as portrayed 

by high site variations. The occurrence of significant G x E interactions was an 

indication that the best improvement strategy should be a multi-site selection. Future 

studies should therefore include many locations with more variable climatic conditions 

ranging from marginal to suitable coffee growing areas. Rainfall intensity and 

distribution especially during the early stages of berry development was also found to 

be critical as the highest yields were where rainfall was adequate and well distributed. 
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1. Introduction 

The enormous growth of Earth’s population requires to provide adequate food 

resources and to find out alternative strategies for a sufficient crop production. One of 

the crop production’s crucial factors is the achievement of effective plant protection. 

However the plant protection agents can often expose to danger the environment 

and human health by food chain’s pollution with different chemical compounds. The 

nowadays problem is limited areas of productive agricultural land and an increasing 

occurrence of plant diseases and pests within the crop production also. It is also 

necessary to look for other approaches and strategies (Neumann 2012; Hogenhout 

et al. 2009). The use of pesticides is a traditional method but it causes negative side 

impacts on the environment by progressive resistance of the pathogens to active 
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substance. This proccess incites a futher research to find out more alternative 

strategies that would eliminate pathogens. Recently, there has been an effort made 

towards development of harmless products that are based on microorganisms and 

their influences (bacteria, fungi) and active natural substances (extracts from soil, 

compost or seaweeds, microbial residues, plant extracts). The proposal and design 

of new strategies requires better public discourse about the consequences of the 

farming impacts on the environment resulting in a better understanding of the soil-

plant relationship. It is expected that the development of new strategies will have a 

significant economical and environmental impact, particularly for future generations 

(Roy 2017; Withers et al. 2014).  

2. Microorganisms in plant protection 
This chapter lists a selection of microorganisms that are used in the plant 

protection and crop production. In current time the methods of biological control with 

the use of microorganisms attract attention of research as a promising alternative to 

chemical control. Biological protection with the use of antagonistic microorganisms 

has proved to be a viable alternative. Development of the Biocontrol agents (BA) 

increases due to the potential use of these substances in organic farming (El-Gremi 

et al. 2017). The current focus on a plant disease management has been shifted from 

chemical pesticides to more ecofriendly biopesticides in order to reduce an 

environmental pollution and to minimize the risk of development of pesticide-resistant 

strains of plant pathogens. Many bacteria have the potential to reduce crop losses 

through biocontrol mechanism (Vallabhaneni 2016). BAs are divided into two main 

groups, according to which type of microorganism contain:  fungal strains 

(Trichoderma, Penicillium and Sebacinales) and bacterial strains (Bacillus and 

Pseudomonas) (Neumann 2012). BA are highlighted here with more evidences 

through field or pot experiments and greenhouse studies. The experiments and 

studies include a broad spectrum of crops such as corn, rice, soybeans, tomatoes, 

cotton, energy cane, oil palms, millets, oilseeds, banana, coconut, lime, coffee, tea, 

rubber, flower, spices, herbs, lawns, ornaments, trees, biofuel and forage grass 

(Janarthanam 2013), sugar beet, tobacco, cucumber, watermelon, muskmelon, 

cucumber, tropical crops (Choudhary & Johri 2009).  

 

 

2.1. Fungal BioControl 
As mentioned before BA can be divided into two main groups - fungal and 

bacterial. Several fungal representatives have been selected and described further in 

this section. At the end of this section (2.1.) in Table 1. There are selected bacteria 

and their impact on plant protection. 

2.1.1. Trichoderma ssp. 
Strains of the genus Trichoderma spp. are wild filamentous fungi occurring in 

the most of soils and different habitats. Trichoderma is a fungal genus that includes 

species that are currently being used as BA or as biofertilizer (Dominguez et al. 2016; 

Hermosa et al. 2012). Trichoderma is known for producing several enzymes and 

antibiotics. The varietes of physiological, antifungal and insecticidal effects are 

attributed to this species. It operates against a broad spectrum of plant pathogens. 

These fungi increase the growth of plants’ above ground biomass as well as the 

development of the root system (El-Gremi et al. 2017; Galletti et al. 2015; Ferrigo et 

al. 2014; Do Vale et al. 2012; Raja 2007). It has also been observed that selected 

Trichoderma strains can improve plant nutrient uptake (Yedidia et al. 2001) which 

has indirect influence on the plant health as well. The above mentioned increase of 

growth occurs due to its strong anti-pathogenic activity, biosynthesis of hormones, 

improving nutrient uptake from the soil, root development, or increasing the rate of 

carbohydrates metabolism and photosynthesis as well (El-Gremi et al. 2017). The 

main hydrolytic enzymes secreted by the Trichoderma strains are proteases, 

chitinases and endochitinases. The glycoside hydrolase family, including chitinases, 

and other enzymes are representing 51% of the total secretome (totality of secreted 

organic molecules and inorganic elements by biological cells, tissues, organs, and 

organisms). Few representatives are classified in the protease family (8.9%), others 

(17.6%) are mostly intracellular proteins. The endochitinases are proteins involved in 

chitin degradation. The mechanism of chitinases action can be divided into two major 

groups: endochitinases and exochitinases. In general, endochitinases belongs into 

chitinases that cleave chitin randomly inside the chain. Exochitinases are 

subclassified into chitobiosidases and chitobiases. All of these enzymes act in a 

mutual, synergistic on chitin and on cell wall degradation (Do Vale et al. 2012; Duo-

Chuan 2006). Chitinases are produced e.g. by bacteria, algae, fungi, plants, insects, 

nematodes, molluscides, vertebrates, including human and also certain viruses 

(Gooday 1999). Trichoderma is also the main component in several commercially 
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produced biofungicides. The biofungicide is intended to apply in a foliar application, 

seed protection and into a soil. The soil application is used for the treatment and 

suppression of various diseases caused by pathogens such as Botrytis, Fusarium, 

and Penicillium spp. This group of fungicides is used against pests also. It improves a 

plants’ health and environmental monitoring (Gomes et al. 2015; Samuels et al. 

2014). This filamentous fungus increases the resistance of plants against biotic and 

abiotic stresses and therefore indirectly increases e.g. nitrogen use efficiency. The 

plants’ deep and developed roots allow to withstand drought that was confirmed at 

e.g. for maize and ornamentals. The above mentioned characteristics are applied as 

a seed treatment against various pathogens and mycotoxins (Galletti et al. 2015; 

Ferrigo et al. 2014; Raja 2007).  

2.1.2. Trichoderma harzianum 
Trichoderma harzianum is wild filamentous fungus; it occurs in soil. 

Trichoderma belongs to the fungi that includes species which are currently used as 

biological control agents (Dominguez et al. 2016; Hermosa et al. 2012). 

Mycoparasitic fungi, such as T. harzianum, produce an arsenal of chitin-degrading 

enzymes to hydrolyze the host cell wall and can also generate high contents of 

cellulases under appropriate culture conditions (Do Vale et al. 2012). Strain T22 was 

also reported as one enabling to improve the efficiency of photosynthesis and growth 

of tomatoes (El-Gremi et al. 2017). As a notable BA, Trichoderma harzianum can 

antagonize a diverse array of phytopathogenic fungi, including Botrytis cinerea, 

Rhizoctonia solani and Fusarium oxysporum. Elucidating the biocontrol mechanism 

of T. harzianum in response to the pathogens enables to be exploited in the control 

of plant diseases (Yang et al. 2009). Vitti et al. (2016) researched the influence of T. 

harzianum (strain T-22) application under laboratory conditions on the occurrence of 

Cucumber mosaic virus in tomato. And the results prove that early inoculation of this 

strain is able to induce a defense response. The reduction of mosaic occurrence 

affects enzyme (dismutase and catalase) and phytohormones (ethylene, abscisic 

acid, salicylic acid, and jasmonic acid) production. As well Kerroum et al. (2015) 

carried out a study with tomatoes. This study involved pot experiments and confirmed 

the antagonistic effect of T. harzianum against F. oxysporum f. sp. radicis-lycopersici 

that causes root crown rot of tomatoes. Altinok & Erdogan (2015) conducted 

laboratory and pot trials with T. harzianum, strains T16 and T23. These strains 

significantly inhibited growth of the pathogenic fungus Fusarium oxysporum. Ahmad 

et al. (2015) realized a pot trial with Brassica juncea testing the influence of soil 

salinity on brassica after application of T. harzianum. Soil salinity stress caused that 

the plants were smaller with slower growth, changes of plants’ physical and 

biochemical properties and decrease in the biomass yield was found out. Results 

showed that the seedling plants treated with T. harzianum were significantly more 

resistant to stress conditions caused by salinity in comparison with untreated plants. 

2.1.3. Pythium oligandrum 
The biocontrol agent Pythium oligandrum, a soil-inhabiting oomycete, 

colonizes the rhizosphere of many crop species and it is responsible for the reduction 

of diseases caused by a number of soil-borne fungal pathogens (Al-Rawahi & 

Hancock, 1997). P. oligandrum promotes plant growth, as a result of interactions’ 

complex, which includes an indirect effect through control of pathogens in the 

rhizosphere and/or a direct one mediated by plant-induced resistence. The increased 

plant growth is caused by the interaction between P. oligandrum and roots. It is 

proved that during this interaction the fungus produces auxin compound - tryptamine 

(Le Floch et al. 2003). This fungus produces an elicitor that activates plant defence 

reactions (Takenaka et al. 2003). Therefore, it is postulated that P. oligandrum is able 

to reduce disease through a plant-mediated resistance mechanism i.e. referred as 

induced resistance. Hase et al. (2008) proved that treatment of tomato roots 

(Solanum lycopersicum) with P. oligandrum induces an increased amount of 

ethylene, reducing the severity of bacterial disease caused by Ralstonia 

solanacearum. Hase et al. (2008), Glazebrook (2005) next published that plant 

growth regulators play important role in the plant defence responses to pathogens 

i.e. jasmonic acid and salicylic acid. Therefore Hase et al. (2008) conducted study 

and laboratory experiment with the involvement of jasmonic acid and salicylic acid. 

These acids are dependent on signal transduction pathways in resistance to R. 

solanacearum. The experiments were carried out with tomato roots treated with P. 

oligandrum at two tomato cultivars. The first used tomato cultivar was Micro-Tom, i.e. 

wild-type and the second one was Moneymaker, the type that does not accumulate a 

salicylic acid. The occurrence of R. solanacearum was suppressed in the both 

tomatoes cultivars after application of P. oligandrum. The enhanced resistance was 

induced at 5 days after treatment. It seems be proved that P. oligandrum generally 

induces resistance to R. solanacearum in tomatoes. Takenaka et al. (2003) published 
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conclusions that the application of P. oligandrum enhances resistance to root-rot-

causing agents Aphanomyces cochlioides and Rhizoctonia solani in sugar beet. 

Holmes et al. (1998) conducted study and pot experiments, where sugar beet seeds 

were treated with P. oligandrum against damping-off of sugar beet. The results 

indicated that used of P. oligandrum significantly reduced a disease caused by P. 

ultimum but at pH values between 7.0 and 7.5 only. 

 

Table 1. Plant protection promoting fungi as BA against various plant diseases. 

Fungi 
Experimental 

conditions 
Disease References 

Trichoderma 

ssp. 

Laboratory Diseases caused by 

pathogens such as 

Botrytis, Fusarium or 

Penicillium spp 

Samuels et al. 

(2014) 

Trichoderma 

harzianum 

Laboratory 

 

Laboratory and pot 

experiments 

Laboratory 

 

Cucumber mosaic virus 

in tomato 

Fusarium oxysporum 

 

Botrytis cinerea, 

Rhizoctonia solani, 

Fusarium oxysporum 

Vitti et al. (2016) 

 

Altinok & Erdogan 

(2015) 

Yang et al. (2009) 

 

Pythium 

oligandrum 

Laboratory 

 

Laboratory 

 

 

 

 

Laboratory 

Ralstonia solanacearum 

in tomato 

Root-rot caused by 

Rhizoctonia solani and 

Aphanomyces 

cochlioides in sugar 

beet 

Damping-off caused by  

P. ultimum in sugar beet 

Hase et al. (2008) 

 

Takenaka et al. 

(2003) 

 

 

 

Holmes et al. 

(1998) 

 

 

 

2.2. Bacterial BioControl 
Several promising bacterial representatives have been selected and described 

further in this section. And also at the end of this section (2.2.) in Table 2. There are 

selected fungi and their impact on plant protection. 

 

2.2.1. Pseudomonas spp.    
Pseudomonas sp. is ubiquitous microorganism in agricultural soils, well 

adapted to grow in the rhizosphere. Pseudomonas is well suited as biocontrol and 

growth-promoting agents (Vallabhaneni 2016). They are often used as BA because 

they display a broad range of mechanisms to control diseases (Arseneault et al. 

2016). The inoculation of seeds or roots with fluorescent Pseudomonas has been a 

widely used in practice to increase plant vigor and productivity in tobacco. The 

Pseudomonas has a beneficial effect against a wide range of root phytopathogens, 

e.g. Rhizoctonia solani, Pythium aphanidermatum and Fusarium oxysporum belong 

to them. The mechanisms suggested to achieve such inhibition include: production of 

antibiotics, iron-chelating compounds, hydrolytic enzymes and biosurfactants, 

competition for favourable nutritional sites or as mycorrhiza helping bacteria 

(Vallabhaneni 2016). Proteins produced by certain species of Pseudomonas increase 

resistance to Xanthomonas oryzae var. oryzae in rice and to Tobacco Mosaic Virus. 

These proteins cause hypersensitivity reactions, higher expression levels of genes 

related to defense against pathogens and promoting of growth. Therefore they have 

a potential for development as protein-type BA. When they are applied to tobacco or 

rice plants then proteins derived from harpin are able to induce resistance to Tobacco 

Mosaic Virus and to leaf blight disease in rice with varying degrees. The functional 

peptide fragments, which were identified there, may result in the effective control of 

diseases as well as increase a productivity of crops. The condition is that they are 

developed into a form of microbial pesticides for agricultural applications. This could 

be an environmentally friendly alternative to some of the chemical pesticides 

currently in use (Wu et al. 2017). The appearence of fluorescent Pseudomonas in the 

rhizosphere microflora depends on characteristics such as soil texture, rhizosphere 

pH, soil matrix potential, soil water flow, temperature, plant species (Vallabhaneni 

2016). Mikicinski et al. (2016) used the isolate of Pseudomonas graminis (strain 49M) 

under laboratory and greenhouse conditions but in an orchard also. The aim was to 

protect apple blossoms and apple terminal shoots. This study identified 
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(Vallabhaneni 2016). Proteins produced by certain species of Pseudomonas increase 
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These proteins cause hypersensitivity reactions, higher expression levels of genes 

related to defense against pathogens and promoting of growth. Therefore they have 

a potential for development as protein-type BA. When they are applied to tobacco or 

rice plants then proteins derived from harpin are able to induce resistance to Tobacco 

Mosaic Virus and to leaf blight disease in rice with varying degrees. The functional 

peptide fragments, which were identified there, may result in the effective control of 

diseases as well as increase a productivity of crops. The condition is that they are 

developed into a form of microbial pesticides for agricultural applications. This could 

be an environmentally friendly alternative to some of the chemical pesticides 

currently in use (Wu et al. 2017). The appearence of fluorescent Pseudomonas in the 

rhizosphere microflora depends on characteristics such as soil texture, rhizosphere 

pH, soil matrix potential, soil water flow, temperature, plant species (Vallabhaneni 

2016). Mikicinski et al. (2016) used the isolate of Pseudomonas graminis (strain 49M) 

under laboratory and greenhouse conditions but in an orchard also. The aim was to 

protect apple blossoms and apple terminal shoots. This study identified 
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Pseudomonas graminis, strain 49M’s ability to suppress the fire blight in an immature 

pear and apple flower and its fitness on flowers in an orchard. The strain 49M is 

highly protective against fire blight on different plant tissues (up to 73.3% on flowers 

and 86.2% on terminal shoots, compared to the controls) during the entire bloom 

period in an orchard. This is the first report showing that Pseudomonas graminis

strain 49M is a prospective candidate for a future development as the biopesticide 

that will be used against the fire blight. Vallabhaneni (2016) conducted a study and 

his results suggest that the Pseudomonas fluorescens utilization to control 

Rhizoctonia solani is the promising strategy of disease management. This statement 

is supported by the fact that all tested P. fluorescens isolates reduced the disease 

severity in tobacco seed beds. Such reduction was evident due to the decrease of 

affected seedlings number, decrease in the number of sclerotium formation and 

symptoms’ disappearance of severe disease on seed beds. Nine isolates of P. 

fluorescens were selected and evaluated in terms of their antagonistic activity against 

R. solani under vitro conditions. Knot et al. (2013) reported that the Pseudomonas 

increases germination of Poa pratensis seeds under laboratory conditions, especially 

of 2-4 years old seeds. Yusran et al. (2009) reported the application of Pseudomonas 

and Bacillus amyloliquefaciens (individually or in a combination) into soil caused that 

the state of tomato roots improved in a pot trial. They were healthier and significantly 

higher colonized by arbuscular mycorrhizal fungi.

2.2.2. Bacillus amyloliquefaciens 
Bacillus amyloliquefaciens is gram-positive, aerobic and endospore-forming 

bacteria. They are often used as is commercial chemicals in industry (Zhang et al.

2016; Chowdhury et al. 2015; Kröber et al. 2014). They are one of the beneficial

agents used for the plant growth promotion and the suppression of soil-borne 

diseases in agriculture as well. B. amyloliquefaciens produces many metabolites 

such as are e.g. enzymes (chitinase, peroxidases and proteases), casein, elastin, 

gelatin, starch, nitrites, esculin and arbutin, phosphatases, adenine, cellulose, 

guanine, hypoxanthine, pectin, testosterone, tyrosine, many types of antibiotics (e.g. 

bacillomycins, fengycin, difficidin) and other substances (El-Gremi et al. 2017; 

Chowdhury et al. 2015; Lagerlöf et al. 2015; He et al. 2013; Priest et al. 1987). 

Production of antibiotic that inhibite a growth of antifungal pathogens El-Gremi et al.

(2017), as well as antibacterial and antinematocidal effects for plants and also the 

ability to produce a wide variety of secondary metabolites, which aims to suppress 

competing bacteria, fungi, viruses or nematodes in the rhizosphere of plants. Lagerlöf 

et al. (2015), Kröber et al. (2014), He et al. (2013), Chen et al. (2009) and Koumoutsi 

et al. (2004) declare that the bacteria reduce the influence of plant abiotic stress 

conditions such as drought, salinity or lack of nutrients. Proteins secreted by Bacillus 

amyloliquefaciens FZB42 protect plants against disease by eliciting innate immunity 

(Kierul et al. 2015). He et al. (2013) reported that Bacillus amyloliquefaciens belongs 

to beneficial soil microorganisms, which colonize the plant roots and stimulate the 

growth of its host. The use of these bacteria offers great potential to increase the 

yield and reduce the plant disease caused by numerous microorganisms. Kim et al.

(2015) reported that these bacteria attract attention by their increasing importance in 

the last time, particularly by their fungicidal effect. PT14 strain proved its property to 

be a broad spectrum of antifungal activity against Fusarium solani and Fusarium 

oxysporum. Nevertheless this strain was not active against bacterial strains. 

Furthermore Lagerlöf et al. (2015), Talboys et al. (2014), Fan et al. (2012), Burkett-

Cadena et al. (2008) reported that B. amyloliquefaciens promotes a plant growth that 

is based primarily on the production of secondary metabolites suppressing competing 

microbial pathogens and diseases occurring in the rhizosphere of plants. It 

encourages a root development and improves seed germination as well. Some 

plants, e.g. maize (Baudoin et al. 2003), soybean (Yang et al. 2012), lupin (Egle et al.

2003), rice (Aulakh et al. 2001) produce a lactic acid in root exudates. This acid with 

the other root exudates becomes a energy source for B. amyloliquefaciens.

Chowdhury et al. (2015) carried out experiments which demonstrated that FZB42 

strain is able to reduce the disease severity of bottom root caused by soil-borne 

pathogen Rhizoctonia solani on lettuce. Kröber et al. (2014) reported results of their 

pot and field experiments which demonstrated that the strain FZB42 is able to 

effectively colonize the rhizosphere of lettuce (Lactuca sativa) and promotes a 

significant suppression of bottom rot disease caused by Rhizoctonia solani.

2.2.3. Bacillus subtilis
Bacillus subtilis is a ubiquitous gram-positive bacteria commonly found in 

water, soil, air and decomposition of plant residues. However, the primary presence 

of these bacteria was found in soil (Tam et al. 2006; Kunst et al. 1997). The bacteria 

produce endospores that allow it to endure and overcome some extreme 

temperatures and dry periods. B. subtilis produce a series of proteases and other 

enzymes. This bacterium is considered a benign organism, as it has not properties 
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Pseudomonas graminis, strain 49M’s ability to suppress the fire blight in an immature 

pear and apple flower and its fitness on flowers in an orchard. The strain 49M is 

highly protective against fire blight on different plant tissues (up to 73.3% on flowers 

and 86.2% on terminal shoots, compared to the controls) during the entire bloom 

period in an orchard. This is the first report showing that Pseudomonas graminis

strain 49M is a prospective candidate for a future development as the biopesticide 

that will be used against the fire blight. Vallabhaneni (2016) conducted a study and 

his results suggest that the Pseudomonas fluorescens utilization to control 

Rhizoctonia solani is the promising strategy of disease management. This statement 

is supported by the fact that all tested P. fluorescens isolates reduced the disease 

severity in tobacco seed beds. Such reduction was evident due to the decrease of 

affected seedlings number, decrease in the number of sclerotium formation and 

symptoms’ disappearance of severe disease on seed beds. Nine isolates of P. 

fluorescens were selected and evaluated in terms of their antagonistic activity against 

R. solani under vitro conditions. Knot et al. (2013) reported that the Pseudomonas 

increases germination of Poa pratensis seeds under laboratory conditions, especially 

of 2-4 years old seeds. Yusran et al. (2009) reported the application of Pseudomonas 

and Bacillus amyloliquefaciens (individually or in a combination) into soil caused that 

the state of tomato roots improved in a pot trial. They were healthier and significantly 

higher colonized by arbuscular mycorrhizal fungi.

2.2.2. Bacillus amyloliquefaciens 
Bacillus amyloliquefaciens is gram-positive, aerobic and endospore-forming 

bacteria. They are often used as is commercial chemicals in industry (Zhang et al.

2016; Chowdhury et al. 2015; Kröber et al. 2014). They are one of the beneficial

agents used for the plant growth promotion and the suppression of soil-borne 

diseases in agriculture as well. B. amyloliquefaciens produces many metabolites 

such as are e.g. enzymes (chitinase, peroxidases and proteases), casein, elastin, 

gelatin, starch, nitrites, esculin and arbutin, phosphatases, adenine, cellulose, 

guanine, hypoxanthine, pectin, testosterone, tyrosine, many types of antibiotics (e.g. 

bacillomycins, fengycin, difficidin) and other substances (El-Gremi et al. 2017; 

Chowdhury et al. 2015; Lagerlöf et al. 2015; He et al. 2013; Priest et al. 1987). 

Production of antibiotic that inhibite a growth of antifungal pathogens El-Gremi et al.

(2017), as well as antibacterial and antinematocidal effects for plants and also the 

ability to produce a wide variety of secondary metabolites, which aims to suppress 

competing bacteria, fungi, viruses or nematodes in the rhizosphere of plants. Lagerlöf 

et al. (2015), Kröber et al. (2014), He et al. (2013), Chen et al. (2009) and Koumoutsi 

et al. (2004) declare that the bacteria reduce the influence of plant abiotic stress 

conditions such as drought, salinity or lack of nutrients. Proteins secreted by Bacillus 

amyloliquefaciens FZB42 protect plants against disease by eliciting innate immunity 

(Kierul et al. 2015). He et al. (2013) reported that Bacillus amyloliquefaciens belongs 

to beneficial soil microorganisms, which colonize the plant roots and stimulate the 

growth of its host. The use of these bacteria offers great potential to increase the 

yield and reduce the plant disease caused by numerous microorganisms. Kim et al.

(2015) reported that these bacteria attract attention by their increasing importance in 

the last time, particularly by their fungicidal effect. PT14 strain proved its property to 

be a broad spectrum of antifungal activity against Fusarium solani and Fusarium 

oxysporum. Nevertheless this strain was not active against bacterial strains. 

Furthermore Lagerlöf et al. (2015), Talboys et al. (2014), Fan et al. (2012), Burkett-

Cadena et al. (2008) reported that B. amyloliquefaciens promotes a plant growth that 

is based primarily on the production of secondary metabolites suppressing competing 

microbial pathogens and diseases occurring in the rhizosphere of plants. It 

encourages a root development and improves seed germination as well. Some 

plants, e.g. maize (Baudoin et al. 2003), soybean (Yang et al. 2012), lupin (Egle et al.

2003), rice (Aulakh et al. 2001) produce a lactic acid in root exudates. This acid with 

the other root exudates becomes a energy source for B. amyloliquefaciens.

Chowdhury et al. (2015) carried out experiments which demonstrated that FZB42 

strain is able to reduce the disease severity of bottom root caused by soil-borne 

pathogen Rhizoctonia solani on lettuce. Kröber et al. (2014) reported results of their 

pot and field experiments which demonstrated that the strain FZB42 is able to 

effectively colonize the rhizosphere of lettuce (Lactuca sativa) and promotes a 

significant suppression of bottom rot disease caused by Rhizoctonia solani.

2.2.3. Bacillus subtilis
Bacillus subtilis is a ubiquitous gram-positive bacteria commonly found in 

water, soil, air and decomposition of plant residues. However, the primary presence 

of these bacteria was found in soil (Tam et al. 2006; Kunst et al. 1997). The bacteria 

produce endospores that allow it to endure and overcome some extreme 

temperatures and dry periods. B. subtilis produce a series of proteases and other 

enzymes. This bacterium is considered a benign organism, as it has not properties 
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that cause disease and is not pathogenic or toxic for humans, animals or plants 

(Kunst et al. 1997). Many years ago Korzybski et al. (1978) and Katz and Demain 

(1977), published that the B. subtilis produces a wide spectrum of antibacterial and 

antifungal compounds and furthermore also antibiotics such as difficidin and 

oxydifficidin that are effective against the broad range of aerobic and anaerobic 

bacteria.  

These bacteria are widely used in agriculture to promote plant growth. They 

may be taken into account as a promising approach how to protect plants against 

diseases (Ma et al. 2015). Orio et al. (2016) reported that the application of B. subtilis

had a strong effect against fungal pathogen that causes pink disease of roots 

(Setophoma terrestris) at onions. 

Table 2. Plant protection promoting bacteria as BA against various plant 
diseases. 

Bacteria Experimental sites Disease References

Pseudomonas

spp.

Laboratory condition

Greenhouse condition, 

pot experiment

Laboratory condition

Laboratory condition, 

pot experiment

Xanthomonas oryzae in 

rice and Tobacco Mo-

saic Virus in tobacco

Fire blight of pear and 

apple

Diseases caused by 

Rhizoctonia solani in 

tobacco

Meloidogyne javanica in 

tomato

Wu et al. (2017)

Mikicinski et al.

(2016)

Vallabhaneni

(2016)

Siddiqui & 

Shaukat (2004)

Bacillus 

amyloliquefaciens

Laboratory condition

Greenhouse and field 

conditions

Laboratory condition

Field condition

Disease of bottom root 

caused by Rhizoctonia 

solani on lettuce

Rot disease caused by 

Rhizoctonia solani on

lettuce

Erwinia carotovora in 

Arabidopsis

Tomato mottle virus

Chowdhury et al.

(2015)

Kröber et al.

(2014)

Ryu et al. (2004)

Murphy et al. 

(2000)

Bacillus subtilis

Laboratory condition

Laboratory condition

Greenhouse and field 

conditions

Pink disease of roots at 

onions

Erwinia carotovora in 

Arabidopsis

Downy mildew in pearl 

millet

Orio et al. (2016)

Ryu et al. (2004)

Raj et al. (2003)

3. Conclusions
The current research is focused on the partial replacement of chemicals used 

in agriculture to protect plants against pests and diseases. Within this context it is 

examined an usage of BAs, where e.g. the interactions between organisms leads to 

damage to other plant pathogen organism. 

Many studies reported positive influence of fungal as well as bacterial BAs on 

plant health and growth, respectively. These studies were mostly realized in 

laboratory conditions, where many negative factors can be excluded. Therefore, 

before transferring these technologies in agronomic practice, pot and especially field 

trials are strongly needed to confirm the laboratory results in field conditions. 

Nowadays, there are only several studies that confirmed the positive influence of BAs 

in the pots or fields. Generally, BAs presents the promising way in plant protection, 

which required further testing. 
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Abstract: Application of bioeffectors should improve the mobilisation of 

nutrients (especially phosphorus) from less available forms in soil, improve plant 

growth and contribute to mycorrhiza development. Bioeffectors should also increase 

resistance to diseases and pathogens. Consequently, bioeffectors should lead to a 

higher yields. The aim of this research is to estimate the influence of bioeffector 

application on plant growth and nutrient uptake of maize (Zea mays, L. var. Colisee). 

Three bioeffectors in combination with two phosphorus fertilisers were tested in a pot 

experiment with cambisol Humpolec. The bioeffectors used were: Trianum (Tricho-

derma harzianum), Proradix (Pseudomonas sp.) and RhizoVital (Bacillus 

amyloliquefaciens) in combination with triple superphosphate and rock phosphate. 

The use of bioeffectors did not positively influence nutrient uptake, dry matter or plant 

growth. Results of the pot experiments did not show significant positive effects of 

bioeffector application on plant growth, dry mass or availability of nutrients from less 

soluble forms in the soil. 
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Phosphorus in soil is an irreplaceable macro-element necessary for plant 

growth and development. Despite its necessity in plant metabolism is its content in 

the soil is relatively low (Mengel 1991; Blume et al. 2010). In the majority of soil types 

a higher phosphorus content is found in the close-to-surface layers due to increased 

biological activity, which results in the accumulation of organic material. Application 

of organic and mineral fertilisers can often influence soil phosphorus amount. The 

content of phosphorus in soil can vary depending on the nature of parent material, 
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method of soil cultivation) (Ivanič et al. 1984; Sharpley 1995). Phosphorus in soil can 

be divided in two basic groups: inorganic phosphorus and organic phosphorus 

(Sharpley et al. 1987). The amount of phosphorus bound in the soil fractions 

depends mainly on the timing of fertilizers application, including the impact of earlier 

interventions (McGehan and Lewis 2002). The degree of availability for plants 

depends on chemical, physical-chemical and physical properties of the particular soil 

type, seasonal dynamics of water, air and temperature regimes, biological activity of 

soil, the plant species, etc. (Sharpley 1995; Nash et al. 2014). Today's society relies 

on inorganic phosphorus compounds (fertilisers, feed or food additives) to exploit the 

limited natural resources of phosphates. For these reasons, there is an overall need 

to develop more sustainable mechanisms to maintain phosphorus availability for 

crops and livestock but using a smaller amount of supplied mineral phosphorus, 

which will lead to improvement of soil functions. Creation of a new strategy requires 

better public awareness about the consequences of farming approaches on the 

environment, a better understanding of phosphorus dynamics in the soil-plant 

relationship, the creation of new innovative technologies to reduce the dependance 

of the population on mined phosphate and increase the efficiency of phosphorus 

fertilisation. The development of new strategies is expected to have a significant 

economical and environmental impact, particularly for future generations (Withers et 

al. 2014). Due to a growing world population it is expected that demand for food and 

feed will increase. Limited availability of productive agricultural land and increasing 

dependance on mineral fertilisers make it necessary to develop alternative strategies 

for plant nutrition (Hogenhout et al. 2009; Neumann 2012). In 2012 a project was 

introduced that includes the use of so-called bioeffectors in crop production. This 

project should contribute to the reduction of mineral fertilisers used in agriculture and 

to proper and efficient land use and involves testing under real conditions at different 

geographic locations (Smalla et al. 2012). It is an integrated project focused on the 

development of new approaches based on activity of live microorganisms and active 

natural substances (Hogenhout et al. 2009). Bioeffectors can contribute, depending 

on soil and climate conditions, to overcome limitations in the availability of nutrients. 

These compounds contain microorganisms (bacteria, fungi) and active natural 

substances, such as extracts from soil or compost, microbial residues, plant extracts 

or products of biological processes. These products are developed for a wide variety 

of crops (e.g. maize, wheat, tomatoes, rape, spinach, grass, ornamentals). Their 

effective use should cause the mobilisation of nutrients from less bioavailable forms 

in soil (Neumann 2012; Smalla et al. 2012) and further support root growth (Ferrigo 

et al. 2014; Galletti et al. 2015) and mycorrhiza development (Yusran et al. 2009). 

The aim of this study is to evaluate the effect of bioeffectors on maize plant growth 

and selected nutrient uptake by the above ground mass of a plant, particularly 

focusing on phosphorus management. 

Materials and methods
Pot experiments were established in a vegetation hall on the 30th of April 2014. 

Five maize seeds (Zea mays, variety Colisée) were sown into the pots (volume 5 L). 

On the 28th of May 2014, plants were selected on the final count of three per pot.  

The tested soil was obtained from experimental stations of the Crop Research 

Institute (Humpolec site). Further site characteristics are mentioned in Table 1.

Table 1. Characteristics of experimental fields.

Site Humpolec

Latitude 49°33'15" N

Longitude 15°21'02" E

Altitude (m above sea 

level) 525

Mean yearly 

temperature (°C) 7.0

Mean yearly rainfall 

(mm) 665

Soil type cambisol

Soil sort sandy loam

pH1) 5.1

P (mg/kg)2) 77 (± 10) B3)

1) Estimated in air-dried soil, 0.01 mol/l CaCl2, 1:10 w/v
2) Average basic data estimated using Mehlich 3 method
3) Category B = low content

The substrate was composed of soil and quartz sand at a 2:1 ratio. In this 

experiment three bioeffectors in combination with two fertilisers were tested with the 

same dose of nitrogen and potassium (Table 2).  
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Table 2. Scheme of pot experiments. 

Treatment No. Treatment Treatment No. Treatment
1 BE0 + NK 7 BE2 + RP + NK
2 BE1 + NK 8 BE3 + RP + NK
3 BE2 + NK 9 BE0 + TSP + NK
4 BE3 + NK 10 BE1 + TSP + NK
5 BE0 + RP + NK 11 BE2 + TSP + NK
6 BE1 + RP + NK 12 BE3 + TSP + NK

Nitrogen was supplied in the form of calcium nitrate (0.50 g N pot-1) and 
potassium in the form of K-fertilizer Patentkali (0.85 g K pot-1). The effectiveness of 
bioeffectors was tested using rock phosphate (RP) and triple superphosphate (TSP), 
which were applied at the same dose of phosphorus (0.26 g P pot-1). All treatments 
were compared with a control to which was applied only an inactive bioeffector 
(demineralized water). The experimental plants were harvested on the 13th of August 
2014. 

Bioeffectors used in the pot experiment, together with the active substance 
(in parentheses) were: (i) BE 0: Control (water only); (ii) BE 1: Trianum (Trichoderma 
harzianum, strain T-22, 109 spores g-1, Koppert Biological Systems), 0.1175 g pot-1;
(iii) BE 2: Proradix (Pseudomonas sp., strain DSMZ 13134, 6.6x1010 colony forming 
units (cfu g-1, Sourcon Padena GmbH & Co.KG), 0.1375 g pot-1; (iv) BE 3: RhizoVital 
(Bacillus amyloliquefaciens, strain FZB42, 2.5x1010 cfu g-1, ABiTEP GmbH), 0.35 ml 
pot-1. All bioeffectors were applied locally to the seeds in the form stock solution at a 
dosage of 25 ml per pot (5 ml of stock solution to each seed). 

Plant height was measured four times during the experiment (5th of June 2014,
18th of June 2014, 3rd of July 2014, 13th of August 2014). After harvesting the pot 
experiments, the above ground biomass weight, % of dry mass, the content of 
macro- and selected micro-nutrients in above ground biomass and their uptake, were 
measured. For the estimation of nutrients, fine milled above ground dry biomass was 
analysed via dry decomposition at 500°C. Thereafter, samples were transferred to a 
solution of 1.5% nitric acid (provided by Mader et al. 1998). The extracts were 
measured by inductively coupled plasma optical emission spectrometry (ICP-OES) 
(Varian VistaPro, Australia). All results were statistically analysed (tests for the 
normality of distribution, One way ANOVA, Scheffes test at significance level 0.05) 
using the statistical software application STATISTICA (StatSoft 2016).

Results 
The pot experiment was based on the hypothesis that the application of 

bioeffectors would increase the amount of available phosphorus and other important 

nutrients for plants. This would result in better phosphorus and other nutrient uptake, 

greater plant growth and higher yields (Table 3). Table 3 shows plant height 

measured during the experiment. It is obvious that in the initial growth stages 

(recorded on 5th and 18th of June), plant height was influenced mainly by TSP use. 

On the 18th of June a significant positive effect of rock phosphate application on plant 

height was recorded as well. In later stages, nonsignificant differences between the 

studied variants occured. This was probably due to competition among the plants in 

the pots. In terms of plant height variant BE0 showed the smallest plant heights on 

the 5th and 18th of June and the 3rd of July; however, the impact of the application of 

various bioeffectors was not statistically verified.

Table 3. Height of maize plants (cm) on specific dates (three plants). 

Treatment Height 5th June Height 18th June Height 3rd July Height 13th August

1 24.2a 47.8a 88.8a 157a

2 27.2a 56.1a 91.6a 147a

3 26.9a 57.1a 94.6a 152a

4 28.1a 56.5a 95.9a 149a

5 29.3a 65.3b 103a 136a

6 31.3a 66.1b 99.5a 140a

7 32.3a 70.5b 103a 137a

8 31.7a 67.4b 98.0a 134a

9 45.7b 82.1c 102a 135a

10 43.1b 84.4c 105a 126b

11 51.4b 82.4c 102a 128a

12 46.4b 78.3c 99.5a 132a

F-test 42.5 38.3 3.57 4.71

p ≤ * 0.01 0.01 n.s. 0.05

* p = significance level
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Figure 1 indicates the average above ground dry biomass yield for each 

variant (Fig. 1). The highest dry mass weight was recorded for treatment BE1 + TSP. 

This was probably caused by application of TSP. The lowest weight of dry matter 

was recorded for treatment 4 (BE3 + NK) and treatment 7 (BE2 + RP + NK). From 

Figure 1 it is obvious that the application of selected bioeffectors had no statistically 

significant effect on the dry matter yield.  

Figure 1. Dry matter weight of the above ground biomass of maize 
 (g per three plants). 

Table 4 lists the nutrients content in the above ground biomass of maize

(Table 4). Significant differences between treatments were obtained only for nitrogen 

and calcium, whereby the nitrogen content under treatment 3 was higher in 

comparison to treatments 6, 9, 10 and 11. Under treatment 3 the bioeffector BE2 + 

NK was applied. On the other hand under treatment 6 (BE1 + RP + NK) was applied, 

under treatment 9 (BE2 + RP + NK) was applied, under treatment 10 (BE1 + TSP + 

NK) was applied and under treatment 11 (BE2 + TSP + NK) was applied. Calcium 

content under treatment 1 was significantly higher in comparison to that under 

treatments 7 and 10. Under treatment 1 (BE0 + NK) was applied, while under 

treatments 7 and 10, BE2 + RP + NK and BE1 + TSP + NK were applied, 

respectively. The rest of the results were not statistically significant but the highest 

contents of analysed elements were found in the following treatments: phosphorus = 
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manganese = var. 5. The lowest contents of analysed elements were found in the

following variants: phosphorus = var. 6; potassium = var. 9; magnesium = 6; sulphur 

= 6 and 10; iron = var. 2; copper = var. 9 and zinc and manganese = var. 10.  

Table 4. Average content of nutrients in plants (mg/kg). 

Var. N P K Ca Mg S Fe Cu Zn Mn

1 5296ab 1031a 12729a 2219b 1259a 529a 57.38a 1.44a 23.49a 29.17a

2 5164ab 1033a 12339a 1446ab 1043a 470a 21.42a 1.22a 11.16a 24.85a

3 6678b 1260a 12127a 1676ab 1215a 497a 32.74a 1.37a 12.49a 32.32a

4 5115ab 1038a 13815a 1438ab 1032a 458a 54.52a 1.24a 11.66a 29.33a

5 4894ab 1033a 11485a 1840ab 1197a 457a 50.76a 1.32a 10.27a 32.78a

6 4010a 1011a 11344a 1406ab 930a 405a 30.56a 0.95a 9.24a 24.66a

7 5404ab 1257a 11862a 1201a 944a 424a 39.83a 0.96a 10.58a 26.46a

8 4836ab 1072a 10781a 1534ab 1052a 469a 54.85a 1.18a 10.05a 26.78a

9 3583a 1277a 10258a 1293ab 913a 444a 39.48a 0.84a 8.74a 28.79a

10 4388a 1270a 10811a 1062a 822a 405a 21.71a 0.92a 7.93a 23.76a

11 4418a 1293a 10478a 1331ab 951a 471a 26.16a 0.97a 8.96a 29.38a

12 4808ab 1247a 12536a 1392ab 988a 413a 32.55a 1.01a 9.23a 32.08a

F-test 6.81 1.73 2.73 4.81 3.28 2.16 1.26 3.68 1.70 1.41

p ≤ * 0.01 n.s. n.s. 0.01 n.s. n.s. n.s. n.s. n.s. n.s.

* p = significance level

Table 5 shows the average amount of element uptake by plants for each 

treatment. This research focused especially on phosphorus because phosphorus 

sources are limited and bioeffectors are developed specifically to increase 

phosphorus availability (Table 5). Significant differences between treatments (p ≤ 

0.01) were obtained only for nitrogen, calcium and sulphur, whereby the nitrogen 

uptake under treatment 3 was higher in comparison to treatment 9. Under treatments 

3 and 9, BE2 + NK and BE0 + TSP + NK were applied, respectively. Statistically 

verified differences in calcium uptake were identified under treatment 1 and 

treatments 2, 4, 7, 9, 10 and 11. Under treatment 1 the highest uptake of calcium 

was recorded and BE0 + NK was applied. Under treatments 2, 4, 7, 9, 10 and 11 

(BE1 + NK, BE3 + NK, BE2 + RP + NK, BE0 + TSP + NK, BE1 + TSP + NK and BE2 

+ TSP + NK) were applied, respectively. The final statistically verified difference was 
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Figure 1 indicates the average above ground dry biomass yield for each 

variant (Fig. 1). The highest dry mass weight was recorded for treatment BE1 + TSP. 

This was probably caused by application of TSP. The lowest weight of dry matter 

was recorded for treatment 4 (BE3 + NK) and treatment 7 (BE2 + RP + NK). From 

Figure 1 it is obvious that the application of selected bioeffectors had no statistically 

significant effect on the dry matter yield.  

Figure 1. Dry matter weight of the above ground biomass of maize 
 (g per three plants). 

Table 4 lists the nutrients content in the above ground biomass of maize

(Table 4). Significant differences between treatments were obtained only for nitrogen 

and calcium, whereby the nitrogen content under treatment 3 was higher in 

comparison to treatments 6, 9, 10 and 11. Under treatment 3 the bioeffector BE2 + 

NK was applied. On the other hand under treatment 6 (BE1 + RP + NK) was applied, 

under treatment 9 (BE2 + RP + NK) was applied, under treatment 10 (BE1 + TSP + 

NK) was applied and under treatment 11 (BE2 + TSP + NK) was applied. Calcium 

content under treatment 1 was significantly higher in comparison to that under 

treatments 7 and 10. Under treatment 1 (BE0 + NK) was applied, while under 

treatments 7 and 10, BE2 + RP + NK and BE1 + TSP + NK were applied, 

respectively. The rest of the results were not statistically significant but the highest 

contents of analysed elements were found in the following treatments: phosphorus = 

var. 11; potassium = var. 4; magnesium, sulphur, iron, copper and zinc = var. 1 and 
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manganese = var. 5. The lowest contents of analysed elements were found in the

following variants: phosphorus = var. 6; potassium = var. 9; magnesium = 6; sulphur 

= 6 and 10; iron = var. 2; copper = var. 9 and zinc and manganese = var. 10.  

Table 4. Average content of nutrients in plants (mg/kg). 

Var. N P K Ca Mg S Fe Cu Zn Mn

1 5296ab 1031a 12729a 2219b 1259a 529a 57.38a 1.44a 23.49a 29.17a

2 5164ab 1033a 12339a 1446ab 1043a 470a 21.42a 1.22a 11.16a 24.85a

3 6678b 1260a 12127a 1676ab 1215a 497a 32.74a 1.37a 12.49a 32.32a

4 5115ab 1038a 13815a 1438ab 1032a 458a 54.52a 1.24a 11.66a 29.33a

5 4894ab 1033a 11485a 1840ab 1197a 457a 50.76a 1.32a 10.27a 32.78a

6 4010a 1011a 11344a 1406ab 930a 405a 30.56a 0.95a 9.24a 24.66a

7 5404ab 1257a 11862a 1201a 944a 424a 39.83a 0.96a 10.58a 26.46a

8 4836ab 1072a 10781a 1534ab 1052a 469a 54.85a 1.18a 10.05a 26.78a

9 3583a 1277a 10258a 1293ab 913a 444a 39.48a 0.84a 8.74a 28.79a

10 4388a 1270a 10811a 1062a 822a 405a 21.71a 0.92a 7.93a 23.76a

11 4418a 1293a 10478a 1331ab 951a 471a 26.16a 0.97a 8.96a 29.38a

12 4808ab 1247a 12536a 1392ab 988a 413a 32.55a 1.01a 9.23a 32.08a

F-test 6.81 1.73 2.73 4.81 3.28 2.16 1.26 3.68 1.70 1.41

p ≤ * 0.01 n.s. n.s. 0.01 n.s. n.s. n.s. n.s. n.s. n.s.

* p = significance level

Table 5 shows the average amount of element uptake by plants for each 

treatment. This research focused especially on phosphorus because phosphorus 

sources are limited and bioeffectors are developed specifically to increase 

phosphorus availability (Table 5). Significant differences between treatments (p ≤ 

0.01) were obtained only for nitrogen, calcium and sulphur, whereby the nitrogen 

uptake under treatment 3 was higher in comparison to treatment 9. Under treatments 

3 and 9, BE2 + NK and BE0 + TSP + NK were applied, respectively. Statistically 

verified differences in calcium uptake were identified under treatment 1 and 

treatments 2, 4, 7, 9, 10 and 11. Under treatment 1 the highest uptake of calcium 

was recorded and BE0 + NK was applied. Under treatments 2, 4, 7, 9, 10 and 11 

(BE1 + NK, BE3 + NK, BE2 + RP + NK, BE0 + TSP + NK, BE1 + TSP + NK and BE2 

+ TSP + NK) were applied, respectively. The final statistically verified difference was 
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of sulphur uptake, whereby the sulfur content under treatment 1 was higher in 

comparison to treatment 7. Under treatment 1 (BE0 + NK) was applied and under 

treatment 7 (BE2 + RP + NK) was applied. The rest of results were not statistically 

significant but the highest uptakes of analysed elements were under the following 

treatments: phosphorus = var. 10; potassium, magnesium, iron, copper and zinc = 

var. 1 and manganese = var. 5. The lowest uptakes of analysed elements were under 

following variants: phosphorus = var. 4; potassium, magnesium, copper and 

manganese = var. 7; iron - var. 2 and zinc = var. 10.  

Table 5. Average uptake of nutrients by plants (mg per three plants). 

Var. N P K Ca Mg S Fe Cu Zn Mn

1 5853ab 1139a 14114a 2458a 1393a 585b 64.79a 1.61a 26.68a 32.59a

2 5023ab 1005a 12013a 1407b 1015a 458ab 20.83a 1.19a 10.87a 24.20a

3 6167a 1146a 11116a 1539ab 1113a 455ab 29.85a 1.25a 11.42a 29.77a

4 4546ab 922a 12310a 1285b 921a 408ab 48.80a 1.11a 10.36a 26.19a

5 5323ab 1124a 12508a 1998ab 1301a 497ab 55.00a 1.44a 11.16a 35.54a

6 4211ab 1062a 12030a 1494ab 982a 428ab 32.58a 1.00a 9.67a 25.98a

7 4837ab 1139a 10657a 1083b 858a 384a 35.93a 0.86a 9.54a 23.22a

8 4942ab 1093a 10977a 1557ab 1070a 477ab 54.95a 1.20a 10.24a 27.20a

9 3829b 1357a 10922a 1380b 973a 472ab 42.25a 0.89a 9.30a 30.88a

10 5115ab 1489a 12739a 1244b 960a 473ab 25.59a 1.07a 9.21a 27.60a

11 4676ab 1375a 11087a 1417b 1011a 500ab 27.88a 1.04a 9.53a 31.25a

12 5130ab 1326a 13345a 1487ab 1054a 440ab 34.88a 1.07a 9.88a 34.70a

F-test 4.16 2.78 2.00 5.89 3.57 3.31 1.31 3.44 1.675 1.87

p ≤ * 0.01 n.s. n.s. 0.01 n.s. 0.01 n.s. n.s. n.s. n.s.

* p = significance level

Discussion 
To date several studies have evaluated the different effects of bioeffectors on 

plants and included various different parameters. For example, Yusran et al. (2009) 

reported that after Proradix and RhizoVital application (individually or in combination) 

to soil in a pot experiment, a significant improvement in the state of tomato plant 

roots occurred. The roots were healthier and showed significantly higher colonisation 

by arbuscular mycorrhizal fungi. In our experiments these parameters are not rated 

but the health of the plants should improve plant growth and yield. However, we did 

not confirm a significant positive effect of bioeffector application on maize yield. 

Kumar et al. (2015) conducted pot experiments to support Pigeon Pea (Cajanus 

cajan L.) plant growth after inoculation with bacteria Pseudomonas fluorescens. For 

the study 75 fluorescent Pseudomonas strains from different agro-ecosystems in 

India were isolated. The isolated strain P17 showed considerable support for growth 

in terms of root length, dry matter, chlorophyll, carbohydrates, nitrogen, calcium, iron 

and manganese. Pseudomonas sp. strain P17 was identified as a potential 

rhizobacteria to support plant growth and increase nutrient uptake. In our 

experiments we tested Pseudomonas sp., strain DSMZ 13137 and found that it did 

not have a positive influence on plant growth or nutrient uptake. Further, Chiarini et 

al. (1998) conducted a pot experiment in greenhouse conditions with Sorghum 

bicolor and inoculation with microorganisms Burkholderia cepacia, Pseudomonas 

fluorescens and Enterobacter sp. The results showed that all three microorganisms 

have the ability to colonise the root system of Sorghum, but only the B. cepacia and 

P. fluorescens supported plant growth via inoculation with one microorganism only. 

Dual inoculation had no further effect on plant growth. Our results did not show a 

positive influence of Pseudomonas sp. strain DSMZ 113134 on increasing plant 

growth or uptake of nutrients. Dual inoculation was not evaluated in our experiments.  

In this research was not influence of bioeffectors was confirmed on plant 

height nor on yield or dry matter weight. Higher values were probably caused by the 

addition of TSP. Similar plant heights in the later stages could be caused by the 

correlative stimulating effects of the roots and subsequent growth of the above 

ground plant parts, or the production of fytohormones (gibberellins, cytokinins, 

auxins) (Šebánek et al. 1991). Statistically significant differences between treatments 

on nutrients content in the above ground were obtained only for nitrogen and 

calcium. And statistically significant differences on uptake of nutrients by plants were 

obtained only for nitrogen, calcium and sulfur. 

Conclusions 
Although some positive results in other studies, bioeffectors did not positively 

influenced maize yields, as well as the macro- and selected microelements content in 

above ground biomass of plants in our experiments.  Results from the pot 

experiments showed only that the TSP application increased the plant height during 

the initial growth stages as well as P uptake with above ground biomass of harvested 
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of sulphur uptake, whereby the sulfur content under treatment 1 was higher in 

comparison to treatment 7. Under treatment 1 (BE0 + NK) was applied and under 

treatment 7 (BE2 + RP + NK) was applied. The rest of results were not statistically 

significant but the highest uptakes of analysed elements were under the following 

treatments: phosphorus = var. 10; potassium, magnesium, iron, copper and zinc = 

var. 1 and manganese = var. 5. The lowest uptakes of analysed elements were under 

following variants: phosphorus = var. 4; potassium, magnesium, copper and 

manganese = var. 7; iron - var. 2 and zinc = var. 10.  

Table 5. Average uptake of nutrients by plants (mg per three plants). 

Var. N P K Ca Mg S Fe Cu Zn Mn

1 5853ab 1139a 14114a 2458a 1393a 585b 64.79a 1.61a 26.68a 32.59a

2 5023ab 1005a 12013a 1407b 1015a 458ab 20.83a 1.19a 10.87a 24.20a

3 6167a 1146a 11116a 1539ab 1113a 455ab 29.85a 1.25a 11.42a 29.77a

4 4546ab 922a 12310a 1285b 921a 408ab 48.80a 1.11a 10.36a 26.19a

5 5323ab 1124a 12508a 1998ab 1301a 497ab 55.00a 1.44a 11.16a 35.54a

6 4211ab 1062a 12030a 1494ab 982a 428ab 32.58a 1.00a 9.67a 25.98a

7 4837ab 1139a 10657a 1083b 858a 384a 35.93a 0.86a 9.54a 23.22a

8 4942ab 1093a 10977a 1557ab 1070a 477ab 54.95a 1.20a 10.24a 27.20a

9 3829b 1357a 10922a 1380b 973a 472ab 42.25a 0.89a 9.30a 30.88a

10 5115ab 1489a 12739a 1244b 960a 473ab 25.59a 1.07a 9.21a 27.60a

11 4676ab 1375a 11087a 1417b 1011a 500ab 27.88a 1.04a 9.53a 31.25a

12 5130ab 1326a 13345a 1487ab 1054a 440ab 34.88a 1.07a 9.88a 34.70a

F-test 4.16 2.78 2.00 5.89 3.57 3.31 1.31 3.44 1.675 1.87

p ≤ * 0.01 n.s. n.s. 0.01 n.s. 0.01 n.s. n.s. n.s. n.s.

* p = significance level

Discussion 
To date several studies have evaluated the different effects of bioeffectors on 

plants and included various different parameters. For example, Yusran et al. (2009) 

reported that after Proradix and RhizoVital application (individually or in combination) 

to soil in a pot experiment, a significant improvement in the state of tomato plant 

roots occurred. The roots were healthier and showed significantly higher colonisation 

by arbuscular mycorrhizal fungi. In our experiments these parameters are not rated 

but the health of the plants should improve plant growth and yield. However, we did 

not confirm a significant positive effect of bioeffector application on maize yield. 

Kumar et al. (2015) conducted pot experiments to support Pigeon Pea (Cajanus 

cajan L.) plant growth after inoculation with bacteria Pseudomonas fluorescens. For 

the study 75 fluorescent Pseudomonas strains from different agro-ecosystems in 

India were isolated. The isolated strain P17 showed considerable support for growth 

in terms of root length, dry matter, chlorophyll, carbohydrates, nitrogen, calcium, iron 

and manganese. Pseudomonas sp. strain P17 was identified as a potential 

rhizobacteria to support plant growth and increase nutrient uptake. In our 

experiments we tested Pseudomonas sp., strain DSMZ 13137 and found that it did 

not have a positive influence on plant growth or nutrient uptake. Further, Chiarini et 

al. (1998) conducted a pot experiment in greenhouse conditions with Sorghum 

bicolor and inoculation with microorganisms Burkholderia cepacia, Pseudomonas 

fluorescens and Enterobacter sp. The results showed that all three microorganisms 

have the ability to colonise the root system of Sorghum, but only the B. cepacia and 

P. fluorescens supported plant growth via inoculation with one microorganism only. 

Dual inoculation had no further effect on plant growth. Our results did not show a 

positive influence of Pseudomonas sp. strain DSMZ 113134 on increasing plant 

growth or uptake of nutrients. Dual inoculation was not evaluated in our experiments.  

In this research was not influence of bioeffectors was confirmed on plant 

height nor on yield or dry matter weight. Higher values were probably caused by the 

addition of TSP. Similar plant heights in the later stages could be caused by the 

correlative stimulating effects of the roots and subsequent growth of the above 

ground plant parts, or the production of fytohormones (gibberellins, cytokinins, 

auxins) (Šebánek et al. 1991). Statistically significant differences between treatments 

on nutrients content in the above ground were obtained only for nitrogen and 

calcium. And statistically significant differences on uptake of nutrients by plants were 

obtained only for nitrogen, calcium and sulfur. 

Conclusions 
Although some positive results in other studies, bioeffectors did not positively 

influenced maize yields, as well as the macro- and selected microelements content in 

above ground biomass of plants in our experiments.  Results from the pot 

experiments showed only that the TSP application increased the plant height during 

the initial growth stages as well as P uptake with above ground biomass of harvested 
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plants. Therefore it is clear that bioeffectors works only in specific conditions and 

should be further tested. 
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Abstract: The seed pelleting is one of the most perspective way of the 

presowing processing of seeds. It covers seeds with a shell of organomineral materi-

als, polymer binders and target additives and helps to smooth their surface, provide 

seedlings in the early phases of development with the necessary elements of mineral 

nutrition, protecting them from pests and diseases. At present, this technique is used 

in agriculture for seeding small seeds. The studies presented in this article are aimed 

at optimizing the technological process of seed pelleting of coniferous tree species, 

namely, Scots pine (Pinus silvestris L.) and Korean pine cedar (Pinus koraiensis 

Siebold et Zucc.). Experimental studies were performed using an electromechanical 

seed drazhirator. The organomineral mixture was used in a ratio of 0.48 kg per 1 kg 

of seeds. At the end of the process, the bonding strength of the filler to the seeds 

was determined. The dynamics of formation of the layer thickness was determined 

on the cross sections of the treated seeds using an optical microscope. As a result, 

the dependence of the thickness of the layer on the time and repetition of the seed 

pelleting was established. The article presents diagrams of experimental information 

with its subsequent equalization by a theoretical law having a high agreement on a 

given time interval. The thickness of the first layer formed around the seeds of Scotch 
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pine was 0,3 mm - 0,4 mm and Korean pine cedar - 0,5 - 0,7 mm. The seeder does 

not destroy this shell. When increasing the coating layer for 1 stage, the optimum 

thickness is reached within 7-8 minutes. When it is planned to increase the thickness 

of the layer, the draining process is expediently divided into 2 stages. The time of pel-

leting at stage 1 is 2 minutes, on the second - 6 minutes. When the thickness of the 

limiting layer is reached and the pelleting is continued, it is possible to reduce time. 

Keywords: seed pelleting, covering (pelleting) layer, seeds, Scotch pine, Kore-

an pine cedar. 

 
Introduction. In recent decades, in the forestry of Russia and abroad, experi-

mental work has been activated to grow planting material using growth stimulators 

(regulators) during reforestation. Preseeding seed treatment is of great positive im-

portance. Seed pelleting is one of the persperctive methods of such processing. It is 

a coating of seeds in a shell of organomineral materials, polymer binders and target-

ed additives, which leads to the smoothing of their surface, providing sprouts in the 

early phases of development with the necessary elements of mineral nutrition, pro-

tecting them from pests and diseases [1-7, 9,10]. 

As a result of the seed pelleting, granules (pellets) are formed in diameter, de-

pending on the size of the seeds, suitable for storage, transportation and spot-

sowing. At the time of germination of the seed in the soil, the layer of the granule dis-

solves (decomposes), providing the sprout with nutrients and protecting it from ag-

gressive soil flora [6,7]. 

Processing seeds of forest species and crops have obtained the most wide-

spread technology of pelleting[4-7, 11-20]. At present, this effective method of 

presowing seed preparation is used on an industrial scale in Russia's agriculture in 

the sowing of small-seed crops (vegetable, sugar beet, cotton) [6,7]. 

In the forestry of Russia, the employees of LenNIILKh (St. Petersburg) [6] start-

ed the first experiments on the pelting and sowing of small seeds of coniferous tree 

species (Pinus sylvestris, Ayaan spruce) in the 1980s. In the Far East, the efficiency 

of seed pelleting is studied by foresters of the Primorskaya State Academy of Agricul-

ture and the “GTS” – a branch of Federal Scientific Center of the East Asia Terrestrial 

Biodiversity. Possibilities of mechanized coating of seeds of Korean cider pine (Pinus 

koraiensis Siebold et Zucc.), Scots pine (Pinus silvestris L.) and Amur larch (Larix 

amurensis) are studied. In addition, the components of the coating mixture have 

been developed [1,2]. Adhesive has a huge role. It is the filler and the main compo-

nent and provides the formation of a dragee and nutrient layer on the seeds. Now, 

the possibility of improving the technological process of seed pelleting is being stu-

died.    

The purpose of the research is to analyze the conditions for the formation of a 

seed layer from a coating mixture when treating seeds of Scotch pine (Pinus sil-

vestris L.) and Korean pine cedar (Pinus koraiensis Siebold et Zucc.). It is necessary 

to solve the following tasks to achieve the goal: 
1. To carry out the pelleting of seeds of Scotch pine and Korean pine cedar 

with the help of a mechanical device; 

2. To determine the dependence of the layer thickness on the time and repeti-

tion of the pelleting. 

Materials and methods. Seed pelleting was carried out at the Forestry De-

partment and in the laboratory of the Primorskaya State Academy of Agriculture us-

ing an electromechanical drazhirator (Figure 1). 

 

 

 

 

 

 

 

                                                                                             

 

 

 

 
1 - a drum; 
2 - drive motor-reducer; 
3 - mechanism for changing the angle of inclination of the drum axis; 
4 - frame; 
5 - the electric control system; 
6 - the regulator of frequency of the drum rotation; 
7 - the switch of direction of the drum rotation. 

Figure 1 - Scheme and photo of the experimental drazhirator 



1055International Journal of Plant Sciences

pine was 0,3 mm - 0,4 mm and Korean pine cedar - 0,5 - 0,7 mm. The seeder does 

not destroy this shell. When increasing the coating layer for 1 stage, the optimum 

thickness is reached within 7-8 minutes. When it is planned to increase the thickness 

of the layer, the draining process is expediently divided into 2 stages. The time of pel-

leting at stage 1 is 2 minutes, on the second - 6 minutes. When the thickness of the 

limiting layer is reached and the pelleting is continued, it is possible to reduce time. 

Keywords: seed pelleting, covering (pelleting) layer, seeds, Scotch pine, Kore-

an pine cedar. 

 
Introduction. In recent decades, in the forestry of Russia and abroad, experi-

mental work has been activated to grow planting material using growth stimulators 

(regulators) during reforestation. Preseeding seed treatment is of great positive im-

portance. Seed pelleting is one of the persperctive methods of such processing. It is 

a coating of seeds in a shell of organomineral materials, polymer binders and target-

ed additives, which leads to the smoothing of their surface, providing sprouts in the 

early phases of development with the necessary elements of mineral nutrition, pro-

tecting them from pests and diseases [1-7, 9,10]. 

As a result of the seed pelleting, granules (pellets) are formed in diameter, de-

pending on the size of the seeds, suitable for storage, transportation and spot-

sowing. At the time of germination of the seed in the soil, the layer of the granule dis-

solves (decomposes), providing the sprout with nutrients and protecting it from ag-

gressive soil flora [6,7]. 

Processing seeds of forest species and crops have obtained the most wide-

spread technology of pelleting[4-7, 11-20]. At present, this effective method of 

presowing seed preparation is used on an industrial scale in Russia's agriculture in 

the sowing of small-seed crops (vegetable, sugar beet, cotton) [6,7]. 

In the forestry of Russia, the employees of LenNIILKh (St. Petersburg) [6] start-

ed the first experiments on the pelting and sowing of small seeds of coniferous tree 

species (Pinus sylvestris, Ayaan spruce) in the 1980s. In the Far East, the efficiency 

of seed pelleting is studied by foresters of the Primorskaya State Academy of Agricul-

ture and the “GTS” – a branch of Federal Scientific Center of the East Asia Terrestrial 

Biodiversity. Possibilities of mechanized coating of seeds of Korean cider pine (Pinus 

koraiensis Siebold et Zucc.), Scots pine (Pinus silvestris L.) and Amur larch (Larix 

amurensis) are studied. In addition, the components of the coating mixture have 

been developed [1,2]. Adhesive has a huge role. It is the filler and the main compo-

nent and provides the formation of a dragee and nutrient layer on the seeds. Now, 

the possibility of improving the technological process of seed pelleting is being stu-

died.    

The purpose of the research is to analyze the conditions for the formation of a 

seed layer from a coating mixture when treating seeds of Scotch pine (Pinus sil-

vestris L.) and Korean pine cedar (Pinus koraiensis Siebold et Zucc.). It is necessary 

to solve the following tasks to achieve the goal: 
1. To carry out the pelleting of seeds of Scotch pine and Korean pine cedar 

with the help of a mechanical device; 

2. To determine the dependence of the layer thickness on the time and repeti-

tion of the pelleting. 

Materials and methods. Seed pelleting was carried out at the Forestry De-

partment and in the laboratory of the Primorskaya State Academy of Agriculture us-

ing an electromechanical drazhirator (Figure 1). 

 

 

 

 

 

 

 

                                                                                             

 

 

 

 
1 - a drum; 
2 - drive motor-reducer; 
3 - mechanism for changing the angle of inclination of the drum axis; 
4 - frame; 
5 - the electric control system; 
6 - the regulator of frequency of the drum rotation; 
7 - the switch of direction of the drum rotation. 

Figure 1 - Scheme and photo of the experimental drazhirator 



 International Journal of Plant Sciences1056

The experienced drazhirator is made based on the motor-reducer MU-100 AGU 

with the power of 120 W, with the speed of its rotation - 150-300 rpm. The angle of 

inclination of the tank axis is 40˚ ± 5 °, the volume of the drazhirator tank is 8 l. 

The seeds for 40-60 minutes were treated with KMnO4 solution before pelleting. 

Then seeds were placed in a solution of the growth stimulator Epin-Extra with a con-

centration of 0.5 ml / 2 l of water for 30 minutes. 

The technological process of seed pelleting includes six methods: weighing and 

filling seeds in a drazhirator; addition to the seeds of the binder (PVA glue); mixing 

seeds with glue; addition of filler (wood ash); grinding of the lumps of the coating mix-

ture; completion of the pelleting process - extraction of granules from the working ca-

pacity of the drazhirator. The most laborious and responsible, in terms of the quality 

of the work performed, is the mixing of seeds with glue. The execution of this method 

determines the level of execution of the entire technological operation [2,9,10]. Identi-

fication of the amount of adhesive for the production process was produced by the 

search way. Seeds were mixed with the coating mixture at the rate of 250 g of seeds, 

60 g of adhesive (PVA adhesive) and 60 g of wood ash, the production of which in 

the conditions of high forest cover of the Far Eastern region is not connected with dif-

ficulties [1, 2 ,10]. 

The seed pelleting was carried out by the method of layering the covering mix-

ture with periodic moistening of the seeds. The production rate for the eight-hour shift 

was 11.4 kg of pelleted seeds. pelleted seeds were dried for 4-6 hours at room tem-

perature (Figure 2). 

At the end of drying, the strength of the adherence of the filler to the seeds 

was determined. Putting the pelleted seeds in water, the time of the beginning of de-

composition of the coating layer was revealed. 

                              a)                                                               b) 

 

 

 

 

 

 
 

Figure 2 -  Pelleted seeds: a) Scots pine, b) Korean cedar pine 

The dynamics of formation of the thickness of the layer was determined on the 

cross sections of the treated seeds. The thickness of the coating weight was meas-

ured using an optical microscope with a digital eyepiece and a binocular magnifier. In 

this case, the plane of the seed cut from the conditional center was divided into eight 

equiangular sectors, and thickness values X1 X2 ... X8 along the lines coinciding with 

the sides of the corners of the mentioned sectors were determined (Figure 3). 

 

 

 

       

 

      

 

 

 

 

 
Figure 3 - Scheme for determining the average thickness of the layer 
 

Subsequently, the average thickness of the layer of each seed was determined 

as the arithmetic mean of the measured values by the formula:  
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The pelleted seeds were sown on garden bed. Non-pelleted seeds were used 

for control. Seeds were sown in four replicates; 100 units were sown in each replica-

tion. The soil germination was determined. 

Results. At the end of the pelleting, the maximum thickness of the first layer 

(shell) formed around the seeds of Scots pine was observed with a pelletizing time of 

7-8 minutes and amounted to 0,3 mm - 0,4 mm (Figure 4). The thickness of the first 

layer of Korean cedar pine was 0.5 - 0.7 mm (Figure 5). The seeding machine does 

not destroy this shell. The average diameter of the pelleted seeds was: for Scots pine 

- 3,2-3,8 mm, for Korean cedar pine - 12-14 mm. 
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Figure 4 - Thickness of the layer of Scots pine seed (Pinus silvestris L.)  

at the first stage of pelletizing (time - 7 minutes). 
 

 
Figure 5 - Thickness of the layer of Korean cedar pine (Pinus koraiensis 

Siebold  et  Zucc.) at the first stage of pelletizing (time - 8 minutes). 
 

At the second stage of seed pelleting, a higher thickness of the layer of Scots 

pine seeds was 0.6 mm (Figures 6, 8). It was observed with the duration of pelletizing 

for 2 + 6 - 8 + 6 minutes. Higher thickness of the layer of Korean cedar pine seeds 

was 1.1-1.3 mm with a seed pelletizing time of 2+6-8+4 minutes (Figures 7, 9).  

 
Figure 6 - Thickness of the layer of Scots pine seed (Pinus silvestris L.) 

 at the second stage of pelletizing (time - 2 + 6 min.) 
 

             
Figure 7 - Thickness of the layer of Korean cedar pine seed (Pinus koraiensis 

Siebold  et  Zucc.) at the second stage of pelletizing (time - 2 + 6 min.) 
 

The pelleeted seeds placed in water were characterized by a high degree of 

strength on first day of the experiment. In the following days, the seeds swelled and a 

decrease in the strength of the attachment of the layer to the seed was noted.
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Figure 8 – The dynamics of layer building on seeds of Scots pine 
(a – an experimental information; b – leveling by the theoretical law) 
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Figure 9 – The dynamics of layer building on seeds of Korean pine 
(a – an experimental information; b – leveling by the theoretical law) 
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Figure 9 – The dynamics of layer building on seeds of Korean pine 
(a – an experimental information; b – leveling by the theoretical law) 
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Conclusions. The developed electromechanical drazhirator allows to carry out 

seed pelleting of coniferous seed of small (pine - Pinus L., larch - Larix Mill.) and 

large (Korean cedar pine - (Pinus koraiensis Siebold et Zucc.) sizes. 

The pelleting mixture is tightly attached to the seeds, providing seedlings with 

nutrients. Further studies on the effectiveness of growing planting material from 

drained seeds are necessary. Optimal layer on seeds of Scots pine and Korean pine 

is achieved in 1 stage, with the build-up time of 7-8 minutes. If it is intended to build 

up a larger layer, it would be more appropriate to break up the coating process into 2 

stages. So, the pelleted seeds must be unloaded, dried and begin to pellet again. 

The time for pelleting at 1 stage is 2 minutes, on the second stage is 6 minutes. It 

should be noted that when the thickness of the limiting layer is reached, it is possible 

to reduce the layer with further pelleting. 
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Abstract: The study was performed in vicinity of two sites of underground 

nuclear explosion (UNE) that had been conducted in the West Yakutia in 1974 and 

1978 and were followed by unplanned radioactivity releases. In contaminated sites γ-

background level varied between 15 and 190 R/h; the main contaminants being Cs-

137 and Co-60. For the control we used a site 2 km from the UNE Crystall with γ-

background of 4-6 R/h. 

For environmental quality assessment we used the level of fluctuating 

asymmetry (FA), which is small nondirectional deviations from the ideal symmetrical 

state that are caused by random errors in the course of ontogeny. The objects of 

research were the dwarf birch (Betula exilis) and red vole (Clethrionomys rutilus). 

Asymmetry level in the dwarf birch laminae was assessed by four venation features. 

In the red vole we used 10 phenes concerning cranial foramina. A total of 1044 

leaves and 34 skulls have been examined. 

FA level in the control site was 0.040. In vicinity of UNE Kraton-3 within 

different distances from the explosion site FA levels in all examined sites were higher 

than in the control biotope and varied within 0.041-0.050. The most significant 

increase in FA (to 0.050) was registered on patches with γ-background level within 

160-190 R/h, difference with the control being statistically significant (p < 0.05 by 

Student's t-test). In vicinity of UNE Crystall the background radiation generally did not 
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exceed 5-15 R/h, with separate patches reaching 50. FA level there was 0.037-

0.042, but an increase in phenodeviant occurrence (deviations in lamina venation 

and uneven basal edge of lamina) was registered. Occurrence of FA manifestations 

in the red vole in vicinity of both UNEs was 0.42-0.43, while in the site located 250 m 

from the edge of the “dead forest” it was 0.37 and at a distance of 1-2 km it was 0.36. 

An increase in FA level in plants and animals in vicinity of UNEs Kraton-3 and 

Crystall indicates that occurrence of developmental stability disturbances in the area 

is increased, which reflects deterioration of habitats. On the whole, positive 

dependence of FA level on background radiation was registered, with the effect being 

most pronounced when the background is higher than 150 R/h. 

Keywords: permanently increased background radiation, bioindication, 

developmental stability, fluctuating asymmetry, dwarf birch, red vole. 

 

INTRODUCTION 
One of the most tangible forms of technogenic influence is global and local 

radionuclide contamination of environment. Negative impact of ionizing radiation on 

organisms is widely known. Given the capacity of radionuclides for bioaccumulation, 

even low levels of radiation pollution are dangerous with repeated exposure. 

Permanently increased background radiation (PIBR) was registered on the territory of 

many regions of the Russian Federation. It can originate from natural sources as well 

as from technogenic disasters and accidents, but generally it is mainly caused by the 

anthropogenic factor. 

In applied environmental studies one of the most expedient bioindicational 

approaches is the method of estimating the environmental quality by the magnitude 

of deviations from organism developmental stability. The method is based on the 

assessment of intraindividual variability in morphological structures, such as the level 

of fluctuating asymmetry (Zakharov, 1987). Fluctuating asymmetry (FA) is small 

nondirectional deviations from ideal symmetrical state that have no adaptive value of 

their own and are caused by random errors in the course of ontogeny; primarily, 

prenatal ontogeny (Zakharov, 1987; Leary, Allendorf, 1989). In normal conditions 

such deviations are at their minimum but their level rises under any stressful 

influence, which leads to increasing asymmetry (Zakharov, 1987; Parsons, 1990, 

1992; Palmer, Strobeck, 1992). Because resulting phenotypic differences are not true 

abnormalities and do not noticeably affect the individual’s viability, this destabilization 

of development turns out to be a highly sensitive indicator that enables a researcher 

to detect even slightest ontogenetic variations in response to small changes in 

environment. These changes in environment cannot affect developing structures 

directly and are mediated by the mother organism, which evidences that the 

asymmetry results not from different influence on the left and right sides of organs 

but expresses overall disturbance in the homeostasis of ontogeny (Zakharov, 1987; 

Palmer, Strobeck, 1992). Owing to that, FA level can be used to estimate the 

negative impact on the organism by the environment, e.g. social stress in animals or 

influence of pests, diseases, or climatic factors on plants (Zakharov, 1987; Moller, 

1995; Martel et al., 1999; Zakharov et al., 2001; Shadrina & Vol’pert, 2014). Lately 

FA level has been widely used for assessment of environmental quality in cities and 

on territories affected by chemical and radiation pollution (Posledstviya …, 1996; 

Kryazheva et al., 1996; Zakharov et al., 2000 a; Shadrina et al., 2003, 2008, 2009, 

2012 a, b; Soldatova & Shadrina, 2007). 

 
METHOD 
Objects of our study were shrubs and small mammals. We collected 10 

laminae from each bush of the dwarf birch in similar illuminance conditions. FA level 

was estimated by four lamina structure and venation features (Shadrina et al., 2008; 

Fig. 1); integral FA value was calculated as the absolute value of the mean relative 

difference per trait (Fig. 1). 1044 birch leaves have been examined. 

 

 
Figure 1 - Leaf measurements used for assessment of FA value 
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Figure 1 - Leaf measurements used for assessment of FA value 
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1, width of ½ of the leaf at its middle; 2, length of the first (counting from the 

leaf base) second-order vein; 3, width of 1/2 of the leaf at its bottom third; 4, angle 

between the mid-vein and the first from the leaf base second-order vein. 
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where: FA, fluctuating asymmetry value; ABS, absolute value; L and R, 

measurements of the left and right halves of the leaf. 

In the red vole we counted the amount of cranial foramina and their 

arrangement; 10 phenes were chosen for the analysis; FA level, occurrence of 

fluctuating asymmetry manifestations (OFAM) was calculated as the proportion of 

asymmetrical traits to the total number of accounted traits (Zakharov et al., 2000 b). 

34 red vole skulls have been examined. 

The statistical treatment of the results was performed using standard methods, 

correlation analysis was carried out using Spearman's r, statistical significance of 

differences between samples was assessed using Student's t-test (Zaitsev, 1991). 

 

DESCRIPTION OF THE STUDIED REGION 
Two areas characterized by PIBR were selected for the research: territories of 

the West Yakutia in vicinity of underground nuclear explosions that were carried out 

in the second half of the 20th century and were followed by unplanned radioactivity 

releases. 

From 1974 to 1987 on the territory of Yakutia 12 non-military underground 

nuclear explosions (UNE) took place; in two cases they caused the contamination of 

the environment by fission products. 

In 1974, 2.5 km north of the Udachny city, underground nuclear explosion 

Crystall was conducted, it was 1.7 kiloton. The total of 8 such explosions was 

scheduled in order to create a dam for a tailings pond for the local ore-processing 

enterprise, but due to the unplanned release of the fission products the plan was 

abandoned. Eighteen years later the pit was filled up and covered with a 

sarcophagus (mound) up to 20 meters high (fig. 2).  

 
Figure 2 – The UNE Crystall sarcophagus 

 

In 1978 in the same region another nuclear explosion (Kraton-3) was 

conducted, it took place in the valley of the Markha River (a tributary of the Vilyui 

River), 577 meters underground. The explosion was 19 kiloton powerful and the 

objective was to study the Earth core by seismic sounding. Due to the errors 

committed when organizing the explosion, a release of fission products occurred. 

The cloud drifting downwind covered the drilling site, remote operating center, and 

the camp with 80 staff members. Radioactivity level during the passing of the cloud 

was more than 200 R/h, near-field hazardous zone (0.5 R) stretched to 

approximately 30 km. The area was severely contaminated; larch forest perished on 

the territory of more than 100 ha. 

Both studied sites are situated in the subzone of larch sparse taiga (fig. 3). 

Stretches of “dead forest” created by the unplanned releases are clearly visible in 

vicinity of both shafts even today. At the present time, in vicinity of the UNE Crystall 

γ-background level is 5-15 R/h, only on certain patches it reaches as high as 50 

R/h. The main contaminants are Cs-137 and Co-60. In vicinity of Kraton-3 γ-

background level varied between 40 and 120 R/h within the radius of approximately 

500 m from the shaft, there were small patches with the background of 160-190 
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1, width of ½ of the leaf at its middle; 2, length of the first (counting from the 

leaf base) second-order vein; 3, width of 1/2 of the leaf at its bottom third; 4, angle 

between the mid-vein and the first from the leaf base second-order vein. 
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where: FA, fluctuating asymmetry value; ABS, absolute value; L and R, 

measurements of the left and right halves of the leaf. 
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R/h, increased content of radionuclides was registered not only in soil but in plants 

and bottom sediments as well. 

 
Figure 3 – The studied region 

 
RESULTS AND DISCUSSION 
For assessment of deviations in developmental stability we chose species 

widely distributed in the region: the dwarf birch (Betula exilis) and red vole 

(Clethrionomys rutilus). For the control we used a site 2 km from the UNE Crystall 

with γ-background of 4-6 R/h. 

In vicinity of UNE Kraton-3 samples were collected at different distances from 

the shaft. FA values of the dwarf birch in all sites were higher than in the control and 

varied within 0.041-0.050 (Table, Fig. 4). It is worth noting that almost no difference 

in FA level was found between the plants from the sites with γ-background from 20 to 

120 R/h. The background of 160-190 R/h was recorded on small patches within 

the zone with general background of 80-130 R/h. On these patches FA Value was 

0.050, difference with the control being statistically significant (p < 0.05 by Student's 

t-test). The differences between the sites with the background of 20-120 R/h were 

also noticeable but did not reach statistically significant levels. Correlation analysis 

showed pretty high level of correlation between developmental stability and radiation 

pollution; correlation coefficient for FA value was ρ=0.86 and for phenodeviant 

occurrence it was ρ=0.75, the main contributor to this dependence being the 

increased occurrence of anomalies in lamina venation (phenodeviant 1). 

In vicinity of the UNE Crystall γ-background level was generally not higher 

than 5-15 R/h, on certain patches reaching 50 R/h. The level of deviations in 

developmental stability of the dwarf birch here was lower than in vicinity of the UNE 

Kraton-3 and varied within 0.037-0.042. 

 

Table. FA values of the dwarf birch in vicinity of the UNEs followed by 
unplanned releases in the Western Yakutia 

No. Sample collection sites 
FA value phenodeviants, % 

n M m Ph1 Ph2 

Control 

1 Larch forest, 2 km from UNE Crystall 99 0.040 0.002 4.0 5.1 

Kraton-3 

2 Larch forest, 500 m from the shaft, 20 R/h 100 0.043 0.002 9.0 4.0 

3 Dead forest, 450 m from the shaft 101 0.041 0.002 11.9 8.9 

4 Dead forest, 250 m from the shaft 100 0.041 0.002 10.0 8.0 

5 Dead forest, 150 m from the shaft 298 0.043 0.001 6.4 13.1 

Crystall 

7 
Left bank of the Bysyttakh stream, 260-270 

m from the sarcophagus 
96 0.038 0.002 7.3 5.2 

8 
Right bank of the Bysyttakh stream, 250 m 

from the sarcophagus 
102 0.037 0.002 6.9 9.8 

9 Dead forest, 5 m from the sarcophagus 148 0.042 0.002 12.2 15.5 

Note: n, the amount of lamina; M, arithmetic mean; m, error; Ph1, occurrence of venation deviations; 

Ph2, occurrence of uneven basal edge of lamina. 
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Note that at the distance of 250-270 m from the sarcophagus FA value already 

is 0.037-0.038, which is even lower than in the control. In the plants that grow almost 

under the sarcophagus the value of this parameter is somewhat higher (0.042) but 

the difference with the control is not statistically significant. At the same time, 

phenodeviant occurrence at the distance of 250-270 m from the sarcophagus was 

somewhat higher than in the control but comparable, while in the plants growing near 

the sarcophagus phenodeviants were found significantly more often (Table). 

 

 
Figure 4 - Dependence of FA value in the dwarf birch on γ-background level 
 

In the site 9 we collected leaves of 15 plants that grew along the perimeter of 

the sarcophagus. The analysis of variability of FA level within the sample showed 

significant spread of values: from 0.024 to 0.060. We found that somewhat higher 

values were exhibited by the plants situated close to the road leading to the 

sarcophagus (for those two plants average FA value was 0.046) and two plants on 

the northwestern side of the sarcophagus (0.058 and 0.060). On the whole, even 

among plants growing close to each other, the spread was very high. It is worth 

noting that in this area we had already recorded previously a similarly high spread of 

FA values in another species (Salix viminalis) (Shadrina, Shadrin, 2004). This can 

serve as a circumstantial evidence of unfavorable conditions for the population, 

which would cause individual differences in resistance to be displayed more sharply. 

Occurrence of fluctuating asymmetry manifestations (OFAM) in the red vole 

within the taiga zone normally is 0.25-0.35, but in the subzone of sparse taiga this 

parameter is higher, which appears to be connected with the pressure of unfavorable 

abiotic factors (Shadrina, Vol’pert, 2014). In vicinity of the studied UNEs, FA value in 

the red vole was 0.42-0.43, while at the site located 250 m from the edge of the 

“dead forest” zone it was 0.37, and at the distance of 1-2 km it was 0.36 (Fig. 5). 

However, it is worth noting that the differences between the control and contaminated 

territories did not reach statistically significant levels. It is probably explained by the 

small size of the sample due to the low abundance of small mammals on the studied 

territory (for contaminated territories n=14, for undisturbed ones n=20). 

 
Figure 5 - Occurrence of fluctuating asymmetry manifestations in the red vole 

in the area of the UNEs followed by unplanned releases 
 

On the whole, our results correspond to the data obtained by other authors. 

Deviations in developmental stability and rise in occurrence of fluctuating asymmetry 

manifestations and phenodeviants were registered on the territory of the Bryansk 

oblast in the area affected by the Chernobyl disaster (Posledstviya …, 1996). 

Thus, increase in FA value in plants and animals indicates that developmental 

stability in conditions of PIBR is subject to disturbances even when the radiation level 

is low. On the whole, positive dependence of FA value on γ-background level was 

noted, most significant rise in it being observed when the γ-level is higher than 

150 R/h. 
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