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ABSTRACT 

Whole-range assessment is a simple method for analysing the effects of allelochemicals or a 

suspected allelopathic source, which, instead of using single comparison-to-control data, utilizes all 

information contained in a set of dose-response data and is expressed as inhibition area. The 

approach can be used to evaluate allelopathic-dose response data for easily ranking, grouping and 

comparing between different types of responses. However, application of this method is restrained 

as it requires the computation of the inhibition area, which can be tedious when there are a large 

number of data sets. WESIA (Whole-range evaluation of the strength of inhibition in allelopathic-

bioassay) is a user-friendly software that was specifically developed as a Windows based program to 

facilitate the application of the whole-range assessment approach. The mathematical computation 

of the inhibitory responses was integrated based on a highly-flexible nonlinear equation. Examples 

of the application using a number of published data sets are given. 
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INTRODUCTION 

Bioassays under controlled environment are widely used for evaluating biological activities 

of allelochemicals. Several doses or concentrations of allelochemicals are often applied in the 

bioassay to observe the responses of tested plants for determination of the allelopathic potential. 

Methodologies used for analysing dose response data ranged from Multiple Range Test (21), 

Student’s t Test to Least Significant Difference (4). These methods have one or other weakness, can 

be deficient or even be inappropriate for such analysis (5). The inferences of the results from the 

comparisons of individual data, for instance, can attract serious criticism because use of one 

dose/concentration or another can be arbitrary. Modelling and curve-fitting for analysing dose-

response data have advanced features over these single point comparison tests (3, 9, 10) as the 

parameters generated are based on all observed data. However, modelling approaches have their 

own limitations. For example, analyses can only be based on functions which are represented by a 

number of parameters; they are weak in comparing, ranking or grouping the large number of 

bioassay data sets. An et al. (1) recently proposed the concept of whole-range assessment for 

analysis of allelochemical-dose response data. The feature of this approach is that the analysis 

considers overall effect/response across the whole range of allelochemical rates, instead of 

assessing the effect of individual allelochemical concentrations on test species (1). 

The concept of whole-rang assessment is sound, but application of this approach is limited 

as it requires integration of the inhibitory area. Commercial softwares may be employed for such 

calculations, but in many cases, this feature is not built in the software or it is not user-friendly for 

such a task. For example, when there is a large number of data sets, use of such software to 

complete the tasks can be arduous. This paper introduces a Widows based program WESIA (Whole-

range Evaluation of the Strength of Inhibition in Allelopathic-bioassay) that facilitates a solution and 

the concept of whole-range assessment through application of WESIA is enforced using a number of 

published data. 



 

MATERIAL AND METHODS 

I. Whole-range assessment  

An et al. (1) proposed the concept for assessment of the effect of allelochemicals over the 

whole-range tested in bioassay. The approach requires the normalization of biological responses by 

taking the control as reference and then to calculate the inhibition area between the treatment 

responses and the whole range (100%). In WESIA, we express the concept as more general, i.e. 

removing the requirement of data-normalization. Let dose-concentrations tested be 0, D1, D2, ... Dn, 

and the corresponding responses be, respectively R(0), R(D1), R(D2), … R(Dn ). Thus, inhibition index 

(I) can be calculated as: 
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where Dc is the threshold dose at which response equals the value of control and above which the 

responses are inhibitory. f(D) represents the response function. As we are interested in evaluating 

the inhibition area, any function that can fit well to the data of inhibition ranges can be used. During 

the development of WESIA, several functions were tested. The criteria for selecting the equations 

are that the function must be monotonically decreased with increases of doses. It was found that 

these equations tested can provide good fit to some of data sets, but the equation proposed by Liu 

et al. (10) was the only model to fit all data sets, based on a number of test criteria used by Liu et al. 

(10). Thus, the equation of Liu et al. (10) was finally selected as f(D) in WESIA.  

It should be noticed that Eq. (1) is a general formula for calculation of I, by which the data 

are not normalised. However, if the data are normalized as proposed by An et al. (1), i.e. R(0) has the 



value of 100, WESIA will also calculate the inhibition index based on the normalized data and the 

results are the same as that using original data. 

The dose that results in 0% reduction in CARD (9, 10) was calculated based on the fitted 

value for the control. In order to make the evaluation at a solid standard, we proposed the value of 

actual measured control as the base. Thus, Dc can be calculated as 
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As we are dealing with the evaluation of the area that represents the inhibition, we can reasonably 

assume that the inhibition area cannot be lower than R(Dn). To prevent the fitting function 

extrapolating the area below f(Dn), we set the lowest responses as f(Dn). In addition, if the response 

at the highest dose tested shows evident, not erroneous stimulation, the effect of allelochemicals in 

the whole-range should be considered as such within a range of stimulation. This is consistent with 

Eq. (1), which shows if Dc is greater than Dn, the value of I becomes negative, i.e. stimulation. Thus, if 

f(Dn)>R(0), WESIA gives I=0. 

 

II. The software and data format 

WESIA is written in Visual Basic 6. Figure 1 shows the interface of WESIA, by which the user 

can view the graphics of each bioassay, the input files, calculated details, inhibition index table and 

output. The input and output data are text-format. Input files require: (i) each experiment has the 

first line starting with the sign “@”, followed by “The name of the dose or allelochemical material 

tested, D”, and then the sign “#”, followed by “Description of the response, R”; (ii) the next lines are 

two columns for D and R. The user can press the “Create Input File” button to enter input data and 

create input files (Fig. 2). The input files are named with an extension of “*.txt”, while the output 



files are named as “*.rlt”. The low left window in Figure 1 shows the table for the evaluating results, 

which are written in the output file. The inhibition index is sorted in a descending order for 

facilitating the analysis of susceptibility or strength of allelopathic potential. The value for relative 

contributions may be useful, but only valid if one analyses the contribution of a number of 

allelochemicals to the gross allelopathic potential. 

 

III. Application 

An et al. (1) tested the concept of whole-range assessment against various data sets. The 

inhibition areas were calculated by using the commercial software, MicroCal Origin. In order to 

validate the performance of WESIA, we compared the results of An et al. (1) with that of WESIA, 

using the same data sets (6; 7; 11, 17; 18). The purpose of the comparison was to ensure the curve-

fitting approach in WESIA can produce comparable results to that calculated by software, MicroCall 

Origin. The second part of the application was to evaluate various published data sets to enhance 

the features of WESIA. 

 

RESULTS AND DISCUSSION 

I. Comparison of inhibition index calculated by MicroCal Origin and WESIA  

Table 1 showed the comparison between inhibition index calculated by WESIA with that 

reported by An et al. (1) for assessment of biological activities of benzoxazinoids using the data of 

Friebe et al. (6) and Huang et al. (7). The values of I calculated by WESIA were close to that 

calculated by MicroCal Origin (1) for the biological activities of benzoxanoids on plasma membrane 

H+-ATPase, but values of I calculated for effects on ryegrass seedlings were quite different between 

the two models. The biggest difference of the inhibition index (the effect of DIBOA on ryegrass 



seedlings) calculated by WESIA is 16.5% higher than that calculated by MicroCal Origin. The 

difference is clearly due to the different methods used for mathematical integration function. The 

method employed in MicroCal Origin for calculation of the inhibition area is unknown, but it is 

certainly not a nonlinear regression for predicting responses. The response function in this software 

is likely represented by linear extrapolations between observed data. To test the hypothesis, we 

calculated the inhibition index for the DIBOA data set by using a linear extrapolation approach and 

obtained an I = 53.5%, exactly the same as that reported by An et al. (1). Thus, it is clear that 

MicroCal Origin has a linear extrapolation approach to integrate the inhibition area. 

The inhibition index calculated by WESIA for the biological activities of DIBOA and ferulic 

acid on eight plant species was close to that reported by An et al. (1) (Table 2). The sensitivity order 

was the same between the two models for DIBOA, but not for ferulic acid. However, the difference 

in inhibition index for ferulic acid between the two methods was less than 5%. Thus, the 

susceptibility of species should not be altered by the calculations from the two approaches. 

For the evaluation of species susceptibility to Parthenium allelopathy (Table 3) or 

assessment of allelopathic potential of five rice genotypes against arrowhead weed (Table 4), the 

inhibition indexes calculated by both softwares were nearly identical and the strength orders were 

the same. The comparison between the inhibition indexes calculated by the two methods covered a 

broad range of data sets and confirmed the validity of utilization of the nonlinear function (10) in 

WESIA. 

 

II. Evaluation susceptibility of weed and crop to Tamarindus indica L leaf water-soluble 

extracts  

Tamarindus indica L. is an evergreen tree legume grown in both tropical and subtropical 

countries (20). Leaves and fruits of the Tamarind tree contain a large amount of natural tartaric acid 



(8), but studies on allelopathic aspects of the leaves are few. One of few studies is Parvez et al. (13) 

who evaluated the effects of water-soluble extraction of the leaves on seven weed and seven crop 

species. Three concentrations of Tamarind leaf crude water-soluble extracts (1%, 5% and 10%) were 

used to test the effects on germination and growth of weed and crop species. The experimental 

results showed that the growth inhibition in both radical and hypocotyl of the weed species was 

higher than that of crop species. The reanalysed results of the data by using the inhibition index 

calculated by WESIA revealed not only the trend in terms of inhibition strength, but also the details 

of the grouping or ranking order, i.e. not all weeds were more sensitive to Tamarind leaf crude 

water-soluble extraction than crops (Table 5). There were four weeds in the higher sensitive group 

and three crop species in the more tolerant group, but the remainders were mixed. WESIA can give 

the simple and neat presentation of the results for an evaluation of the susceptibility of the multiple 

species to allelopathic potential such as this example, demonstrating the advanced features of the 

whole-range assessment and WESIA. 

 

III. Allelopathic potential of L-tryptophan on plant growth and plant-growth- promoting-

rhizobacteria 

Nakano et al. (12) showed that L-tryptophan was the major contributor to allelopathy in 

aqueous leachate of wheat straw. L-tryptophan is considered as the physiological precursor in higher 

plants and microbial production (14, 16) and is commonly found in soils as it can result from the 

releases of root exudates and from hydrolysis of proteins of dying cells (2). We selected three sets of 

published data for assessing the effects of L-tryptophan on plant growth and plant-growth-

promoting rhizobacteria (2, 14, 16). 

 



Effect of L-tryptophan on growth parameters of Early Sunglow corn. Sarwar and Frankenberger (14) 

conducted glasshouse experiments to evaluate the effects of three biologically active substances 

including L-tryptophan on the growth of Zea mays L. var. Early Sunglow. Eight concentrations ranged 

from 0 to 25 mg L-tryptophan per kg soil were used in their experiments. The effects of L-tryptophan 

on the growth parameters were measured. Sarwar and Frankenberger (14) reported that the 

concentration of 2.5  10-3 mg L-tryptophan kg-1 soil had a significant stimulation on shoot height, 

uppermost leaf collar base distance, internodal distance and fresh weight of shoot, while the highest 

concentration of 25 mg kg-1 soil inhibited the leaf width and shoot dry weight. The reanalysis using 

WESIA showed the highest inhibition index (13.8%) for shoot dry weight, while the inhibition index 

of 11.3% for leaf width was the fourth most sensitive growth parameters (Table 6). The shoot fresh 

weight and root fresh weight were, respectively, the second and third most sensitive to L-

tryptophan. Apart from the large tabular presentation in the original paper, the conventional 

analysis failed to show the sensitivity of these two parameters to this allelochemical. Further, whole-

range assessment can give a visual comparison between these parameters, while the conventional 

analysis cannot provide any context in this aspect as these growth parameters have different units. 

 

Effect of L-tryptophan on root growth of plants and plant-growth- promoting-rhizobacteria. Sarwar 

and Kremer (15) investigated the effects of L-tryptophan and growth–inhibitory bacteria on the 

growth of bindweed seedling. They evaluated the biological activities of L-tryptophan concentrations 

ranging from 0 to 10 mM, with and without bacterial inoculum on root growth of bindweed 

seedlings. Figure 3 showed the shaded part for the inhibition area that was integrated for the 

inhibition index by WESIA. The inhibition index of L-tryptophan on the root growth of bindweed 

seedlings with and without bacterial inoculum was 71.5% and 39.9%, respectively. The result 

demonstrated that WESIA gives a simple, but meaningful result for the evaluation of the allelopathic 

potential over other methods, such as Duncan’s Multiple Range Test (15). 



 

Effect of L-tryptophan and plant-growth-promoting rhizobacteria on root elongation of lettuce 

seedlings (Lactuca sativa). The data of Barazani and Friedman (2) who assessed the effect of L-

tryptophan on root elongation of lettuce seedlings and allelochemical activities of plant-growth-

promoting rhizobacteria were reanalysed by WESIA. Table 7 summarized that inhibition index of L-

tryptophan and L-tryptophan plus three rhizobacteria on root elongation of lettuce. Inhibition index 

for L-tryptophan alone was 22.2%. Adding Agrobacterium sp. or Alcaligenes piechaudii respectively 

produced an inhibition index of 72.9% or 48.0%, while adding Comamonas acidovorans 26 showed a 

decrease in inhibition index to 11.7%. Table 7 has clearly showed the promoting effect of C. 

acidovorans 26 and the inhibitory effects of the other two rhizobacteria as the L-tryptophan alone 

listed at the third position from strong to week allelopathic potential. The root growth promoting 

effect of C. acidovorans 26 was suggested to be a potentially plant-growth-promoting agent in 

agriculture (2). WESIA is a handy tool and can be easily used for evaluating the allelopathic potential, 

ranking the level of phytotoxicity of a range of allelochemicals or ranking the sensitivity of tested 

species to a suspected allelopathic source.  

 

IV. Availability of WESIA 

WESIA on CD ROM is available from the “WESIA request, NSW DPI, Wagga Wagga 

Agricultural Institute, PMB, Wagga Wagga, NSW 2650, Australia” at the cost of AU$20 for material, 

postage and handing. Alternatively it can be requested through email to the corresponding author 

for a free electric copy. 

 

CONCLUSSION 



WESIA is a user-friendly computer software. It is easy to use for evaluating the strength of 

allelopathic potential from bioassay experiments. It facilitates comparing or ranking various aspects 

in allelopathic-bioassay data sets, such as allelopathic potential, relative contribution, susceptibility 

of multiple species to a single allelochemical or single allelopathic species to multiple tested species. 

The advanced feature of whole-range assessment is that the presentation of results is in a neat 

format and the analytical results are based on all data sets, instead of an individual data point. The 

method can give a comparison or a rank of the responses which have different units (e.g. Table 6). 

WESIA can produce an evaluation of a large number of allelopathic-bioassay datasets 

instantaneously. 
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Table 1. Comparison between the inhibition index for biological activities of benzoxazinoids calculated by MicroCal Origin 

(1) and WESIA  

 

 

 

Chemical 

name 

H
+
-ATPase activity (6)  

 

 

 

Chemical 

Name 

Ryegrass seedlings (7) 

An et al. (1) WESIA  An et al. (1) WESIA 

I ap
§ 

I ap  I ap I ap 

DIMBOA 33.3 1 33.5 1  DIMBOA 53.5 1 58.4 2 

DIBOA 16.5 2 17.1 2  DIBOA 51.3 2 67.8 1 

BOA 6.7 3 5.9 3  HMBOA 10.9 3 2.6 4 

MBOA 3.9 4 2.9 4  HBOA 9.6 4 10.5 3 

§
 ap is allelopathic potential in an order of 1 to 4 for strong to weak. 

 

 

 

 

 

Table 2. Comparison between the inhibition index for biological activities of DIBOA and ferulic acid calculated by MicroCal 

Origin (1) and WESIA, based on the data of Schulz et al. (17). 

 

 

 

Species name 

DIBOA  Ferulic acid 

An et al. (1) WESIA An et al. (1) WESIA 

I S I S  I S I sensitive
§
 

Secale cereale 32.8 1 31.6 1 6.6 1 7.4 1 

Triticum aestivum 32.0 2 33.8 2 8.8 2 8.7 3 

Hordeum vulgare 41.7 3 44.7 3 11.2 3 7.9 2 

Lolium perenne 47.9 4 50.1 4 37.4 6 34.8 5 

Poa annua 57.1 5 61.9 5 16.9 4 12.4 4 

Lepidium sativum 58.3 6 67.2 6 36.5 5 38.9 6 

Amaeanthus 66.8 7 73.2 8 38.6 7 40.9 7 



retroflexus 

Brassica napus 69.1 8 71.3 7 39.7 8 42.2 8 

§ 
sensitive of the order of 1 to 8 for tolerant to sensitive. 

 

 

 

 

Table 3. Comparison between the inhibition index for assessment of species susceptibility to Parthenium allelopathy 

calculated by MicroCal Origin (1) and WESIA, based on the data of Mersie and Singh (11). 

 

 

Species name 

Inhibition index  

Susceptibility An et al. (1) WESIA 

Ryegrass (Lolium multiflorum Lam.) 12.9 12.6 Tolerant 

Corn (Zea mays L.) 29.0 30.2  

Wheat (Triticum aestivum L.) 31.3 31.7 

Velvetleaf (Abutilon theophrasti Medik.) 38.4 38.8 Sensitive 

 

 

 

 

 

Table 4. Comparison between the inhibition index for allelopathic potential of rice against arrowhead weed growth 

calculated by MicroCal Origin (1) and WESIA, based on the data Seal et al. (18). 

 

 

Rice variety name 

Inhibition index Allelopathic potential 

against arrowhead 
An et al. (1) WESIA 

Takanenishiki 80.4 80.3 Strong 

IET 1444 79.2 75.8  

Kingmen TCM 70.7 70.6 Medium 

TN-1 65.7 65.5  

Pelde 61.4 59.4 Weak 

 



 

 

 

 

Table 5. Weed and crop species susceptibility to tamarind leaf crude water-soluble extract as assessed by inhibition index 

using the WESIA, data from Parvez et al. (13).  

 

Scientific name Common name 

Inhibition index of 

tamarind leaf extracts for 

Susceptibility Radicle Hypocotyl 

Echinochloa crus-galli Mill. Barnyard grass (weed) 57.7 60.6 Sensitive 

Trifoloiun repens L. White clover (weed) 53.6 55.9  

Phleum pratense L. Timothy grass (weed) 49.4 52.2  

Lolium perenne L. Perennial ryegrass (weed) 45.8 48.2  

Astragalus sinicus L. Chinese milk vetch (weed) 41.1 45.4  

Lactuca sativa L. Lettuce (crop) 39.6 44.8  

Raphanus sativus L. Radish (crop) 37.3 42.3  

Asarum sieboldii Wild ginger (weed) 36.8 41.8  

Lycopersicum esculentum L. Tomato (crop) 35.3 39.3  

Sesamum indicum L. Sesame (crop) 32.7 37.1  

Phacelia spp. Phacelia (weed) 30.6 38.0  

Asparagus officinalis L. Asparagus (crop) 29.3 35.2  

Cucumis sativus L. Cucumber (crop) 27.6 33.3  

Allum fistulosum L. Welsh onion (crop) 26.3 30.9 Tolerant 

 

 

 

 

Table 6. Evaluation of the strength of inhibition on growth parameters by L-tryptophan applied to soil, based on the data of 

Sarwar and Frankenberger (14). 

 

Growth parameters I Susceptibility  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7. Allelopathic potential of L-tryptophan and root-growth-promoting rhizobacteria on root elongation of lettuce as 

assessed by WESIA, based on the data of Barazani and Friedman (2). 

 

 

Chemical name and rhizobacteria I Allelopathic potential 

L-tryptophan + Agrobacterium sp. 72.9 Strong 

L-tryptophan +  Alcaligenes piechaudii 48.8  

L-tryptophan 22.2  

L-tryptophan + Comamonas acidovorans 26 11.7 Weak 

 

 

Shoot dry weight 13.8 Sensitive 

Shoot fresh wt 13.0  

Root fresh wt 12.2  

Leaf width 11.3 Moderat 

Stem diameter 9.2  

Root dry weight 7.6 Weak  

Plant height 6.9  

Uppermost leaf collar base distance 0.0  

Internodal distance 0.0 No effect 



 

Captions for figures 

 

Figure 1. WESIA interface displaying the inhibition area in shaded area for the data of Selander et al. (19). The 

input data are shown in the upper right window and the results are shown low left window. 

 

 

Figure 2. WESIA interface for creating a new input file. Data from the Table 2 of Sarwar and Kremer (15) were 

entered, as example, and converted to input file for WESIA. 

 

 

Figure 3. Effect of L-tryptophan alone and in combination with inoculum on root growth of bindweed seedlings 

as assessed by WESIA for inhibition index. The shaded parts are inhibition areas, based on the data of 

Sarwar and Kremer (15). 
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Liu et al. Figure 3 

 

 

 

 

 



 

 


