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ABSTRACT 

 

Background/Objective. The objective was to evaluate incubation and post incubation 

temperatures, inoculum concentrations, and maleic acid effect to develop an efficient and 

reproducible method for U. viciae-fabae inoculation in broad bean genotypes. 

 

Materials and methods. The evaluated factors were inoculum concentration, incubation 

and post-incubation temperatures, maleic acid concentration, and the inoculation method 

validation. The variables evaluated were type of infection, number of pustules, percentage 

of severity, pustule size, and latency period. Analysis of variance and comparison of 

means were performed using the Tukey test (p ≤ 0.05). 

 

Results. Incubation temperatures of 7 and 18 °C showed no significant differences. A 

urediniospore concentration of 3 x 106 showed significant differences in the number of 

pustules and severity. No symptoms were observed in the uncontrolled environment, 

averaging 24 °C. U. viciae-fabae was able to develop at controlled temperatures of 18 

and 22 °C, and at uncontrolled temperatures averaging 20 °C. 

 

Conclusions. Efficient inoculation was achieved with a concentration of 3 × 106 

urediniospores per mL-1 at an incubation and post-incubation temperature of 18 °C. 

 

Keywords: Vicia faba, Optimal conditions, Sporulation, Infection type 

 

INTRODUCTION 

 

In the development of the disease, identifying optimum factors and conditions 

inoculation method, concentration of the inoculant, relative humidity, viability of the 

spores or propagules, light conditions, and others. These factors are important in 

biotrophic fungi (Lorrain et al., 2019), to carry out any study on the plant-pathogen 

interaction (Porras et al., 2023; Dixit et al., 2023; Lahlali et al., 2024). 
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The particular case of the plant pathogen Uromyces viciae-fabae, that causes broad 

bean rust is of worldwide importance. It characteristically forms urediniospores during 

plating and teliospores in the winter or during the senescence of the plant. In Mexico, no 

sexual structures of the plant have been reported. 

For the inoculation and replication of the disease, reported protocols have been 

adapted for other pathosystems such as wheat (Puccinia graminis), oat (Puccinia 

coronata f. sp. avenae) and barley (Puccinia hordei) rust (Ijaz et al., 2021). 

Unfortunately, the optimum development conditions of U. viciae-fabae are unknown, 

particularly incubation and post-incubation temperatures, inoculum concentration, 

inoculation methods, diluents and dispersants—highly valuable information for any study 

on the broad bean-U. viciae-fabae interaction. 

To reproduce broad bean rust, several researchers report different conditions. Joseph 

and Hering (1997) mention that the U. viciae-fabae urediniospores germinate in a range 

between 5 and 26 °C. In turn, Ijaz et al. (2021) indicate that the temperature for the disease 

development is 22 ± 2 °C. Emeran et al. (2005) showed that broad bean plants can be 

inoculated at a concentration of 0.5 mg of urediniospores. 

Maleic acid is used to inhibit the plant growth in several crops. In cereal programs, it 

is used to regulate the growth of the seedlings used to increase the inoculant and the 

development of single-pustules. In wheat, 0.8 g L-1 od maleic acid are used (Rodríguez-

García et al., 2010). This helps have many rust isolations in small chambers and avoid 

cross-contamination. 

 The aim of this study was to evaluate incubation and post-incubation temperatures, 

inoculant concentrations, the effect of maleic acid to obtain an efficient and reproducible 

method to inoculate broad bean genotypes with U. viciae-fabae.   

 

MATERIALS AND METHODS  

 

Biological material. ICAMEX broad bean line 5 was used, which is an F6 that 

characteristically belongs to the major subspecies, with indeterminate growth, and was 

developed by the Broad Bean Breeding program of the Agricultural, Aquaculture and 

Forestry Research and Training Institute of the State of Mexico (ICAMEX). The fungal 

isolation was genotype CP21, gathered in 2021 in the Montecillo Experimental Field of 

the Colegio de Postgraduados, located at 19° 27' 38” LN and 98° 54' 11” LW at an altitude 

of 2250 masl. Purification was carried out in 2023 and obtained from three generations 

of single-pustule crops in ICAMEX line 5, stored in 5 mL test tubes at -20 °C. To 

reactivate the urediniospores, a heat shock was applied, and they were inoculated onto 

broad bean plants. Urediniospores collected from these plants were then inoculated onto 

broad bean plants. The experiments were conducted in 2023 at the National Laboratory 

for Rusts and Other Cereal Diseases (LANAREC) of the National Forestry, Agricultural 

and Livestock Research Institute (INIFAP), at the Mexican Valley Experimental Field 

(CEVAMEX), located at 19° 29’ 88” LN and 98° 54’ 22” LW and an altitude of 2260 

masl in 2023. Strain CP21 has been evaluated in earlier studies and it behaved with the 

highest virulence in comparison to other strains.   

 

Incubation temperatures. Forty seeds were planted in 295 mL styrofoam cups at 18 ± 2 

°C. The broad bean plants were irrigated with potable water throughout the experiment. 

The seedlings were fertilized starting in stage 10 (the first pair of leaves is visible) using 
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the Haifa® Poly-Feed fertilizer at a concentration of 10 g L-1. A total of 20 broad bean 

seedlings in development stage 13 (three open leaves) were inoculated by spraying 

(López-Rodríguez, 2014). The inoculant concentration was 1 × 106 urediniospores mL-1 

diluted in 5 mL of Sotrol® 170 mineral oil determined by counting with a Neubauer 

chamber. Inoculation was performed with a spray attached to a FELISA model 1500 

vacuum pump at a pressure of 98066.5 Pa. Once inoculated, 10 of the seedlings were 

transferred to a bioclimatic chamber with a temperature of 7 ± 2 °C, and the other 10 

plants, to a bioclimatic chamber with a temperature of 18 ± 2 °C. All the seedlings were 

continuously under continuous light and 100 % of relative humidity for 24 horas. After 

the time of incubation, all the seedlings were transferred to a greenhouse with a 

temperature of 18 ± 2 °C.  

 

Concentration of urediniospores. In this experiment, we used the same biological 

material of the host and the pathogen described earlier, as well as irrigation and 

fertilization. Twenty broad bean seedlings were inoculated by spraying for 10 days after 

germination with two spore suspensions diluted in Sotrol 170® mineral oil. One half of 

the plant was inoculated with a suspension of 1 × 106 urediniospores mL-1 and the other 

half, with a suspension of 3 × 106 urediniospores mL-1. The inoculation technique was 

carried out as described earlier in the incubation temperature experiment. Once 

inoculated, all the seedlings were placed in a bioclimatic chamber with a temperature of 

18 ± 2 °C, continuous light and 100 % of relative humidity for 24 h, which was determined 

earlier in the incubation temperature experiment. The seedlings were then transferred to 

a greenhouse with a temperature of 18 ± 2 °C.  

 

Post-incubation temperature. In this assay, the biological components of both the host 

and the fungus, as well as the management, were the same as those described earlier. 

Forty broad bean seedlings were inoculated 10 days after germination with a suspension 

of 3 × 106 urediniospores mL-1 diluted in 5 mL Sotrol 170® mineral oil.   

Once inoculated, the seedlings were transferred to a bioclimatic chamber with a 

temperature of 18 ± 2 °C, continuous light and a relative humidity of 100 % for 24 h. 

After the 24 h incubation period, the seedlings were divided into four groups of 10 

seedlings. Two groups were placed in two greenhouses with controlled temperatures, 

whereas another group was kept at 18 °C ± 2 °C, and the other group, at 22 °C ± 2 °C. 

The two remaining groups were kept in two greenhouses with uncontrolled temperatures; 

one was at an average temperature of 20 °C, a minimum of 10 °C and a maximum of 35 

ºC, whereas the other group was kept at an average temperature of 24 °C, with a minimum 

of 10 ºC and a maximum of 42 ºC.  

 

Concentration of maleic acid. Sixty ICAMEX line 5 broad bean seedlings were planted 

in 295 mL styrofoam cups under greenhouse conditions. The substrate used was Promix® 

brand peat. One day after germination, in stage 06 (emergence, the sprout breaks through 

the soil surface) (López-Rodríguez, 2014), 50 mL of M0375 Sigma-Aldrich® maleic acid 

diluted in distilled water was applied to 20 seedlings at a concentration of 0.3 g L-1. 

Another 20 seedlings received the same amount of solution at a concentration of 0.9 g L-1. 

The remaining 20 seedlings served as the control group and were only sprayed with 

distilled water. In total, there were three treatments, including the control. The subsequent 

irrigations up to the evaluation stage were carried out with potable water. The seedlings 
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were inoculated and subjected to an incubation and post-incubation temperature of 18 °C, 

a temperature determined in the previous experiment. 

 

Variables evaluated. Fifteen days after inoculation, each experiment included an 

evaluation of the type of infection (TI) using the scale by Stakman et al. (1962) adapted 

for broad bean by Sillero et al. (2000), the number of pustules, the percentage of severity 

(Fragoso-Benhumea et al. 2022) and the size of pustules on three leaves from the middle 

part of the plant. The latency period (PL) was monitored starting ten days after inoculation 

and the PL1, PL50 and PL100 were monitored, referring to when the first pustule broke out, 

50 % of eruptive pustules and 100 % of eruptive pustules, respectively. PL 50 was 

estimated with the formula proposed by Niks et al. (2014). 

 

LP50 =a + (b/c) * d 

 

a = Time from inoculation up to the last count until 50 % of pustules mature. 

b = Time between counts before and after 50 % of pustules mature. 

c = Increase in the number of pustules during period b. 

d = Count of at least 50 % minus the number of pustules at the beginning of period b. 

 

Only for the maleic acid concentration experiment, plant height was additionally 

measured on days seven and 28 after applying. Each factor was evaluated independently 

under a completely randomized design with 10 repetitions, in which one seedling was the 

experimental unit. All experiments were held twice. An analysis of variance was carried 

out, along with Tukey's means comparison (p ≤0.05) using the SAS 9.4 statistical 

program.  

 

Inoculation of Uromyces viciae-fabae in the greenhouse. In order to determine a stable, 

trustworthy and replicable method, the best previously determined conditions were taken 

and proven when evaluating the level of resistance to U. viciae-fabae in 13 broad bean 

genotypes from the ICAMEX and Colegio de Postgraduados breeding programs. The 

method used was as follows: the seeds of each genotype were planted in 295 mL 

styrofoam cups. The substrate used was Promix® brand peat. The experiment was carried 

out under a completely randomized design with 10 repetitions. One plant was used as an 

experimental unit. The experiment was carried out twice without the use of maleic acid. 

Eight days after planting, they were inoculated with fresh urediniospores of the CP21 

isolate of U. viciae-fabae at a concentration of 3 × 106 urediniospores mL-1. Five mL of 

mineral oil were used (Sotrol® 170) as a diluting vehicle. Inoculation was carried out with 

a spray adapted to a FELISA® brand vacuum pump, model 1500. The inoculated plants 

were transferred to a bioclimatic chamber with a temperature of 18 ± 2 °C, continuous 

light and 100 % relative humidity for 24 h. After this time, the seedlings were transferred 

to a greenhouse with a temperature of 18 ± 2 °C. 

 Twenty days after inoculation, the variables evaluated were type of infection (TI) 

using the scale proposed by Stakman et al. (1962), adapted to broad bean by Sillero et al. 

(2000), (Table 1) number of pustules, percentage of severity (Fragoso-Benhumea et al., 

2022), size of pustules in three leaves in the central part of the plant. Pustule size was 

measured with a RexQualis brand caliper. The latency period (PL) was monitored starting 

10 days after inoculation, considering PL1, PL50 and PL100. The PL50 was estimated with 
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the formula described by Niks et al. (2014). An analysis of variance was carried out, along 

with a means comparison using Tukey's test (p ≤0.05), with the SAS 9.4 statistical 

software, using the PROC SORT procedure to generate a single output for the analysis of 

variance and the means comparison from both experiments. 

 

Table 1. Infection type scale proposed by Stakman et al. (1962), adapted to broad bean by Sillero et al. 

(2000). 

 

Infection type Symptoms 

0 No symptoms 

; Necrotic specks 

1 Tiny pustules 

2 Pustules with necrotic halos 

3 Pustules with chlorotic halos 

4 Pustules without necrotic and/or necrosis  

 

 

RESULTS AND DISCUSSION 

 

Incubation temperatures. The comparison of the effect of two incubation temperatures 

helped understand the behavior in the infection in terms of type of infection (TI), number 

and type of pustules, percentage of severity and latency period (PL) (Zadoks and Schein, 

1979). 

The results were that none of these variables (TI, pustule number and size, percentage 

of severity and PL) were significantly affected by the two incubation temperatures (Figure 

1A). In this sense, Joseph and Hering (1997) mention that the U. viciae-fabae 

urediniospores germinate in a range of 5 to 26 °C, with 20 °C being the optimum 

germination temperature. This coincided with our results, since the isolation evaluated 

developed the disease at temperatures of 7 to 18 °C. In turn, Sillero and Rubiales (2002) 

also developed the disease  by  inoculating  plants  and  incubating  at 20 °C in complete  

 

 

 

  

 

  
Figure 1. ICAMEX line 5 broad bean leaves with Uromyces viciae-fabae sporulation isolate CP21 28 days 

after inoculation. A) Leaves inoculated at a concentration of 1 × 106 and exposed to two post-

inoculation temperatures, B) Leaves inoculated with two inoculant concentrations and exposed 

at 18 °C in post-incubation. 

7 °C 18 °C 

A 

1x106 3x106 

B 
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darkness and a relative humidity of 100 % for 24 h. The VF-176 broad bean genotype 

presented a type 4 infection, according to the scale by Stakman et al. (1962), adapted to 

broad bean by Sillero et al. (2000). Additionally, they detected variation in the level of 

resistance between genotypes, since the V-300 genotype displayed a type 2 infection. 

They also found that PL100 (latency period), defined as the time when all the pustules had 

sporulated, occurred 10 days after inoculation, noting that the latency periods were 

notably shorter than those obtained in this study. This may be due to a genetic interaction 

between the genotypes of both the pathogen and the host, which differ from those used in 

our study. The number of pustules obtained at 7 °C were 3.6, whereas at 18 °C, 3.8 were 

obtained.  

Given that in both incubation temperatures U. vicia-fabae develops, it is feasible to 

use a temperature of 18 °C, since achieving 7 °C temperatures requires cooling systems 

that increase costs.  

 

Concentration of urediniospores. The urediniospore concentration of 3 x 106 displayed 

significant differences (p <0.0001) in the variables of number and severity of pustules, 

compared to the 1 x 106 concentration, but it did not affect the latency periods: PL1 was 

12 días (d), PL50 was 13 d and PL100 was 13.6 d. Nor did it affect the type or size of 

infection (Figure 1B). Emeran et al. (2005) mentioned that broad bean plants of the 

Amcor and Baraca genotypes inoculated with a concentration of 0.5 mg of plant spores 

displayed a TI of 4 in both genotypes, with severities of 25 and 30 %, respectively. Ijaz 

et al. (2021) indicated that the concentration of inoculants does not affect the type of 

infection, but it can exert an influence on the number of pustules and hance on the 

percentage of severity. A similar result was obtained in this investigation and is shown in 

Figure 1B. 

 

Post-incubation temperature. Table 2 and Figure 2 show the effect of the post-

incubation temperature. For the non-controlled environment of 24 °C on average, no 

symptoms were displayed. This may be due to the maximum temperature reaching as 

high as 42 °C at certain times of the day, affecting the development of the pathogen. U. 

viciae-fabae was able to develop in controlled temperatures of 18, 22 °C, and in non-

controlled temperatures, in which the average temperature was 20 °C, with a minimum 

of 10 °C and a maximum of 35 ° C. It is noteworthy that, at 18 °C, PLs 1, 50 and 100 

prolong in regard to the other two temperatures evaluated, which had a similar behavior 

amongst them. A PL of 14 to 16 d was found from inoculation to sporulation in controlled 

temperatures of 18 and 22 °C, as well as in a non-controlled temperature of 20 °C, on 

average. 

LPost-incubation temperature plays an important part in disease development. In 

broad bean, U. viciae fabae development temperatures have been reported to be 22 ± 2 

°C (Ijaz et al., 2021) and 20 °C (Ijaz et al., 2020) denoting that the latency periods varied, 

depending on the isolation of the pathogen and the host used. On the other hand, Ijaz et 

al. (2020) inoculated two isolations called 4 and 8, from Australia on the susceptible 

cultivar Fiord and on the resistant cultivar Ac1655. In the former, both isolations 

displayed a TI 3+, whereas the latter, which has the major Uvf-3 gene of incomplete 

resistance, had a TI of 12C according to the scale by Ijaz et al. (2018), which ranges from 

0 to 4, meaning a lower compatibility between genotypes of the pathogen and the host, 

displaying the effect of the major gene for incomplete resistance. The data from this study 
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20 °C 24 °C 22 °C 18 °C 

show that, at 18 °C, the number and severity of pustules are high, but when temperature 

rises, the number and severity of pustules tend to drop up to zero (Figure 2). This behavior 

indicates that severity is influenced by temperature, since severity can only be calculated 

based on the number of pustules. The temperatures of 20 and 22 °C have a similar 

behavior, but with differences with those obtained for 18 °C in most variables. 

 

 

Table 2. Means of seven variables of the monocycle of the infection and values of p obtained from ICAMEX line 5 broad 

bean seedlings inoculated with 3 × 106 urediniospores mL-1 of Uromyces viciae-fabae and placed under four post-

incubation temperatures of two experiments.  

 

Variables  Post-incubation Temperatures   

 

18 ± 2 °C 

Min = 10 ºC 

Prom= 20 ºC 

Max = 35 ºC  

22 ± 2 °C 

Min = 10 ºC 

Prom = 24 ºC 

Max = 42 ºC 

DMS Pr > F 

Results of the first repetition of the experiment 

Infection type z 3 3 3 SE   

Number of pustules y 9.4 7.5 7.4 SE 1.94 0.1509 

Severity (%) 11.5a 6.9b 6.1b SE 2.38 0.0011 

Pustule size x 1.1 1.1 1.0 SE 0.04 0.1340 

PL1w 11.7a 11.2b 11.b SE 0.42 0.0116 

PL50 w 12.9a 12.2b 12.1b SE 0.36 0.0008 

PL100 w 15.7a 14.3b 14.3b SE 0.57 < 0.0001 

Results of the second repetition of the experiment 

Infection type z 3 3 3 SE   

Number of pustules y 9.03 7.3 7.1 SE 2.0 0.2479 

Severity (%) 11.5a 6.7 b 5.8b SE 2.7 0.0003 

Pustule size x 1.16a 1.15a 1.10b SE 0.03 0.0109 

PL1w 12.0a 11.1b 11.0b SE 0.16 < 0.0001 

PL50 w 13.0a 12.0b 12.0b SE 0.42 < 0.0001 

PL100 w  16.0a 14b 14b SE 0.60 < 0.0001 

 

SE: Without sporulation. The conditions of incubation were temperature 18 ± 2 °C, continuous light and 100 % of relative 

humidity for 12 h. z Qualitative scale by Stakman et al. (1962) adapted to broad bean by Sillero et al. (2000), y Average of three 

leaves of the central part of the plant, x Diameter in millimeters, w Latency period; PL1, PL50 and PL100. Values with the same 

letter within rows are significantly equal (Tukey, p ≤ 0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Broad bean leaves from ICAMEX line 5 showing the beginning of sporulation 13 days after being 

inoculated with 3 × 106 urediniospores mL-1 of the CP21 isolate of de Uromyces viciae-fabae and 

kept in a greenhouse under four post-incubation temperatures.   
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Concentration of maleic acid. Both maleic acid concentrations affected the broad bean 

plant growth. The concentration of 0.3 g L-1 affected the average height on days 7 and 28, 

in comparison with the control at 3 and 40 cm, respectively. The effect was greater in the 

concentration of 0.9 g L-1, since the growth obtained on days 7 and 28 was 7 and 48 cm 

less, respectively, in comparison with the control (Figure 3 and Table 3). 
1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Differences in the growth of broad bean plants from ICAMEX line 5 treated with two maleic acid 
concentrations. 

 

 

The results show that, the higher the concentration of maleic acid, the lower the plant 

height will be. One effect was that maleic acid not only affects plant height, but also 

affected the development of the disease, since only 50 % of the seedlings treated with a 

concentration of 0.9 g L-1 presented sporulation. In addition, it allowed for a lower pustule 

number and size in comparison with the control and with the plants treated with a 

concentration of 0.3 g L-1. The concentration of 0.9 g L-1 of maleic acid affected the 

latency periods 1, 50 and 100, extending pustule sporulation by up to 4 days, in 

comparison with the control and the concentration of 0.3 g L-1. This observation can be 

useful if late sporulation is required. 

Despite a lack of studies on how maleic acid acts on plant cells and tissues, a possible 

explanation of above results is that maleic acid acts as an inhibitor of auxin (Zhu et al., 

2021). Zhu et al. (2021) applied maleic acid on Spirodela polyrhiza and found that it has 

a negative effect on the expression of 14 genes related to auxin, which is in charge of 

promoting the vegetative growth of plants.  

Maleic acid has been studied for the control of fungi. Fei et al. (2023) evaluated it as 

a control agent in vitro and in detached Brassica napus leaves, they found a reduction in 

the severity of Sclerotinia sclerotiorum. This was due to the fact that the secretion of 

oxalic acid (associated with fungal colonization), is reduced by the effect of maleic acid, 

leading to low expression of genes related to the virulence of the fungus (SS-Bil y SS-

Ggt1). 

0.9 g L-1 0.3 g L-1 Testigo 
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Table 3. Effect of applying maleic acid on the height of broad bean plants from ICAMEX line 5 and six variables of the 

monocycle of the infection of Uromyces viciae-fabae on two experiments. 

 

Variables Maleic acid concentration   

 Control 0.3 g L-1 0.9 g L-1 DMS Pr > F 

 Results of the first repetition of the experiment 

Plant height 1z 15.6a 12.7b 9.6c 2.1 < 0.0001 

Plant height 2 z 58.9a 18.7b 11.3c 4.2 < 0.0001 

Infection type y 3 3 3   

Number of pustules x 8.0a 7.6b 4.0c 2.3  0.0136 

Pustules size w 1.3 1.3 1.1 0.19 0.3806 

PL1 v 11.0b 11.0b 14.8a 1.01 < 0.0001 

PL50 v 12.0b 11.8b 16.8a 0.7 < 0.0001 

PL100 v 13.0b 12.6b 17.a 0.7 < 0.0001 

Results of the second repetition of the experiment 

Plant height 1z 16.85a 13.35b 8.5c 2.06 < 0.0001 

Plant heigh 2z 58.95a 16.9b 10.3c 2.05 < 0.0001 

Infection Type y 3 3 3   

Number of pustules x  11.9a 8.1b 4.3c 2.80 < 0.0001 

Pustules size w 1.56a 1.41a 0.9b 0.15 < 0.0001 

PL1 v 11 b 11.2b 15.16a 0.88 < 0.0001 

PL50 v 11.9b 12.3b 16.8a 0.86 < 0.0001 

PL100 v 12.8b 12.88b 17.66a 1.28 < 0.0001 
 

z Readings in centimeters on days 7 and 28 after applying maleic acid, y Qualitative scale by Stakman, et al. (1962) adapted to 

broad bean by Sillero et al. (2000), x average of the three leaves of the central part of the plant, w diameter in millimeters, v 

Latency period, PL1, PL50 and PL100. Values with the same letter withing rows are significantly equal (Tukey, p ≤ 0.05). 

 

 

This may also be happening in the concentration of 0.9 g L-1 of maleic acid applied on 

broad bean plants, but studies are required that help understand the ways in which maleic 

acid functions. 

Maleic acid has been used as a plant growth regulator and as a herbicide. In several 

species, it has been used as a growth inhibitor, such as in potato (Solanum tuberosum). In 

others, it has been proven to suppress growth, such as in calendula (Calendula officinalis), 

wheat (Triticum aestivum), onion (Allium cepa), garlic (Allium sativum), forest and 

ornamental trees, as well as to inhibit the germination of holoparasitic plants and weeds 

(Karki et al., 2021; Venezian et al., 2017).  

Based on our results, applying a concentration of 0.3 g L-1 can be recommended to 

produce seedlings approximately 20 cm tall. This facilitates the increase of inoculum and 

the production of single-pustule cultures, and help prevent cross-contamination between 

rust isolates. This helps obtain pure inoculum for various studies, such as the evaluation 

of genetic resistance, pathogen diversity, aggressiveness or virulence, assessment of the 

biological effectiveness of fungicides, and studies on the pathogenesis process.  

Maleic acid is used in wheat, barley and oat to increase the inoculant of the different 

rusts that impact these crops. For the case of yellow rust (Puccinia striiformis f. sp. tritici) 

in wheat in Mexico, a dose of 0.8 g L-1 of maleic acid is applied to regulate its growth 

(Rodríguez-García et al., 2010). Maleic acid suppresses plant growth and the primary leaf 

is developed to the fullest (Samborski et al., 1960), making spore production very 

abundant (Knott, 1989), which coincides with the observation for the 0.3 g L-1 dose, where 

the plants were smaller than those obtained in the control, without affecting the size of 
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the pustule. However, the application of maleic acid is not recommendable in experiments 

to evaluate resistance.  

The evidence found strengthens the purpose of genetic breeding programs for 

resistance to rust, and allows for efficiency and effectiveness in the results due to the 

genetic uniformity of the single-pustule lines (McIntosh et al.,1995). 

 

Inoculation of Uromyces viciae-fabae in the greenhouse. The intention was to know 

the level of resistance to U. viciae-fabae under controlled conditions by validating the 

inoculation method that consists of an inoculum concentration of 3 × 106 urediniospores 

per mL-1 in Soltrol® oil, an incubation temperature of 18 °C, a relative humidity of 100 % 

for 24 h and a post-incubation temperature of 18 °C (Table 4). These conditions helped 

efficiently evaluate the main components of the monocycle such as latency period, 

pustule number and size and percentage of severity. It also helped estimate the type of 

infection that indicates the degree of compatibility between the host and pathogen, the 

maximum sign of the type of resistance being manifested (Ijaz et al., 2021).  

The results suggest that the method is stable and reproducible, making it a useful tool 

to evaluate seedlings to understand the different interactions that take place in this 

pathosystem, as well as to detect sources of resistance, pathogen and host diversity, 

pathogenic variability, and the determination of differentials to identify physiological 

races, among other studies, since the phenotypic expression of the interaction between 

the host and the pathogen will be highly reliable. 

 

Table 4. Means of seven variables of the monocycle of the infection obtained in seedlings of 13 broad bean genotypes 

inoculated with Uromyces viciae-fabae urediniospores to know their level of resistance. 

 

Genotypes z Variables evaluated 

 TI y PL1 x PL50 x PL100 x No. of 

pustules w 

Severity w 

% 

Pustule 

Size (mm) w 

Huahuaxtla 1     T  2 12a 16.0a 18.0a 5.8ed 3.5f 0.8d 

Guarrama          T 2.9 11b 14.1b 16.4b 5.8ed 8.2ef 1.1abc 

Apizaco 4          T 3 11b 13.8bc 15.9c 4.8e 7.9def 1.2ab 

Apizaco 3          T 3 11b 13.7bc 16.3bc 6.8ced 11.5bcd 1.3 a 

Apizaco 1          T 3 11b 13.8bc 15.9c 6.3ced 10.1cde 1.1abc 

Apizaco 5          T 2.4 11b 14.0bc 16.3bc 7.5ced 12.0bced 1.2ab 

Apizaco 2          T 2.6 11b 13.9bc 16.1bc 6.7ced 9.4cde 1.0 

Negra CP         M 3 11b 13.8bc 16.3bc 6.9ced 10.4bcde 1.2ab 

Texcoco 1        M 2.9 11b 13.9bc 16.9bc 9.3bc 13.1bc 1.0bc 

Nativitas 1        T 3 11b 14.0bc 16.0bc 8.4bcd 15.1b 1.2 a 

Zacatelco 1       T 3 11b 13.8bc 16.4b 20.4 a 29.8 a 1.0bc 

Oaxaca 1          O 2.5 11b 14.0bc 16.3bc 11.5b 11.5bcde 1.0cd 

5 ICAMEX      M 3 11b 13.5c 16.0bc 8.2bcd 10.3cde 1.2 a 

  0.8 0.5 0.43 3.35 4.71 0.17 

Pr > F  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

 

z Obtained from ICAMEX and CP, y Qualitative scale by Stakman, et al. (1962) adapted to broad bean by Sillero et al. (2000), 
x Latency period, PL1, PL50 and PL100, w Average of the three leaves of the central part of the plant, T: Tlaxcala, M: Mexico, O: 

Oaxaca. Values with the same letter withing rows are significantly equal (Tukey, p ≤ 0.05). 
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In the most widely studied pathosystems involving rust, such as different cereals and 

legumes, two types of resistance have mainly been characterized. Hypersensitive 

resistance, given by a few genes and indicates little or no compatibility between the 

pathogen and the host. Low infection types are considered a resistant phenotype, 

depending on the scale used; in broad bean there is a similar behavior (Ijaz et al., 2018; 

Rubiales y Khazaei, 2022; Adhikari et al., 2025). High infection types indicate a higher 

compatibility between host and pathogen that is considered a susceptible phenotype. This 

variable is the most important regarding the evaluation of the resistance, since it indicates 

the type of material is found in the breeding program and the path to be followed in the 

process (Ijaz et al., 2021). The other type of resistance is horizontal or polygenic 

resistance. Although it is less studied than the aforementioned type, it has been reported 

by various authors (Sillero et al., 2000; Rubiales y Khazaei, 2022).   

In this study, the previously described inoculation, incubation and post-incubation 

conditions (Table 3 and Figure 4) helped efficiently carry out the evaluation of the 

resistance of the 13 genotypes used, since the TIs were clear and consistent, indicating 

that the germplasm evaluated tends to be susceptible, since the values of TI 3 indicate a 

greater compatibility between the pathogen and the host.  

 

 

 

 

 

 

 

  

  

 

 

 

 

 

 

 

 

 

 

Figure 4. Dendrogram of the resistance and susceptibility of 13 broad bean genotypes to U. viciae-fabae 

under controlled conditions, created from the multivariate analysis of all the variables 

evaluated. 
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CONCLUSIONS 

 

Due to the fact that there was no clear method to evaluate the resistance to U. vicia-

fabae in Mexico, 5 ICAMEX line 5 was used, which has been reported as susceptible, 

only this time with conclusive data and the multivariate analysis. The use of genotype 

Zacatelco 1 can be recommended, since it is more susceptible than 5 ICAMEX. 

Huahuaxtla 1, according to the multivariate analysis, is the one with the highest level of 

resistance. More detailed studies and sufficient replications will be required to more 

accurately characterize these genotypes and ensure their proper use in breeding programs, 

as well as to carry out studies on the inheritance of resistance. 

The method of inoculation to efficiently reproduce U. viciae-fabae under controlled 

conditions consists in spraying a spore concentration of 3 × 106 urediniospores mL-1 of 

Soltrol oil. Incubation must be carried out at 18 °C and a relative humidity of 100%. The 

post-incubation temperature must be 18 °C. Evaluating the resistance of the broad bean 

genotypes helped validate the inoculation method as reliable, stable and reproducible. A 

maleic acid concentration of 0.3 g L-1 helps have small seedlings to generate single-

pustule crops. The inoculation method can be used for studies of both the pathogen and 

the host, as well as genetic resistance to U. viciae-fabae. 
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