Reception: April 1, 2023 | Acceptance: July 7, 2023| Publication: October 1, 2023

Antifungal Effect Of Encapsulated
Metarhizium anisopliae Spores on
the Development of Bean Plants

(Phaseolus vulgaris L) Infected with
Fusarium moniliforme

Rosa Isela Cruz Rodriguez ¢ rosa.cr@tuxtla.tecnm.mx
ORCID: 0000-0002-4743-9112

Maria Laura Porraz Ruiz ¢ maria.pr@tuxtla.tecnm.mx
ORCID: 0000-0003-4884-7545

Salvador Herndndez Garduza e salvador.hr@tuxtla.tecnm.mx
ORCID: 0009-0009-9426-9628

Jorge Armando Gomez Salinas  jorge.gs@tuxtla.tecnm.mx
ORCID: 0000-0003-3611-5822

TECNOLOGICO NACIONAL DE MEXIcO, CAMPUS TUXTLA, TUXTLA
GUTIERREZ, CHIAPAS, MEXICO

...E ESPACIO 1+D, INNOVACION MAS DESARROLLO » VOL. XII, N.° 34, OCTOBER 2023 « ISSN: 2007-6703



ANTIFUNGAL EFFECT OF ENCAPSULATED METARHIZIUM ANISOPLIAE SPORES ON THE DEVELOPMENT OF BEAN PLANTS (PHASEOLUS VULGARIS L) INFECTED
WITH FUSARIUM MONILIFORME

To quote this article:

Cruz Rodriguez, R. I., Porraz Ruiz, M. L., Hernandez Garduza, S., & Gémez Salinas, J.
A. Efecto antifingico de esporas encapsuladas de Metarhizium anisopliae sobre el
desarrollo de plantas de frijol (Phaseolus vulgaris L) infectadas con Fusarium
moniliforme. Espacio I+D, Innovacion mds Desarrollo, 12(34). https://doi.org/10.31644/
IMASD.34.2023.a01

— Abstract—

The annual bean (Phaseolus vulgaris L.) crop production in Mexico is re-
duced mainly by diseases and pests. An alternative for biological control is
the use of Metarhizium anisopliae spores due to their ability to colonize the
rhizosphere, but their effectiveness decreases due to sensitivity to envi-
ronmental factors. Therefore, the objective of this study was to analyze the
biocontrol potential of an alginate formulation with spores of M. anisopliae
in the bean crop with Fusarium infected. A completely randomized experi-
mental design was proposed using healthy plants as control; plants were also
inoculated with a suspension of Fusarium oxysporum in the substrate, and
additionally to a part of these plants, 1 g of capsules of alginate with M. an-
isopliae spores per plant was deposited at the stem base, the morphometric
parameters were measured every eight days for eight weeks, as well as the
appearance of Fusarium wilt symptoms. After analyzing the data obtained, it
was shown that there were significant differences 64 days after inoculation
(ddi), with greater leaf and root dry weight, as well as root length in plants
where there were interactions between Fusarium and encapsulated spores
of Metarhizium, which suggests that the presence of the microorganisms
positively affected the treatment of the plants, surpassing the benefits of
the application of Metarhizium reported as a growth promoter. In addition,
the incidence of the root disease will occur during the first 32 days of cul-
tivation. It was concluded that the application of encapsulated spores of M.
anisopliae is a viable option as a biocontrol to reduce the effect of Fusarium
wilt in the bean crop.
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ue to their high protein content, beans are considered one of the

main foods of gastronomy in Mexico for both the rural and urban

populations, so it is vital to maintain sufficient production to meet
demand since various factors influence the quality of the grain, such as agro-
nomic management and cultivation and storage conditions, as well as being
threatened by pests and diseases during its development in the field. The
Fusarium species are the most aggressive, which limits the productivity of
the common bean, mainly Fusarium solani (Toghueo et al., 2016). The main
symptom of fusariosis is root rot, which begins with the reduction of the
root system in length and weight, thus decreasing the ability of the plant to
absorb nutrients and water, leading to its death. Another genus that affects
this crop is Rhizoctonia, which can cause serious damage in susceptible
varieties, up to 94% of the incidence of the disease and 39% in resistant
varieties (Ketta & Hewedy, 2021). The conventional management to control
these pathogens is the application of chemical fungicides, and the abuse of
these compounds has affected other components of the ecosystem, such as
the inhibition of pollinators and the reduction of beneficial microbial com-
munities in the soil, even causing the appearance of resistant pathogens. In
addition, the accumulation of these inorganic compounds affects the health
of the user and the environment. In recent decades, alternatives have been
sought to reduce these effects, the most promising being the use of broad-
spectrum antagonist biocontrol agents (bacteria and fungi) (Uzman et al.,
2019; Sinchez-Rodriguez et al., 2016).

It has been shown that non-pathogenic microorganisms associated with
the plant generally protect it through rapid colonization and, therefore,
use the available substrates, being limited for pathogenic organisms hindering
the growth of the latter (Mayerhofer et al., 2019). Entomopathogenic
fungal species such as Beauveria bassiana and some belonging to the genus
Metarhizium have been used to control insects in food-important crops,
they can colonize their roots (Ahmad et al., 2020; Razinger et al., 2020; Krell
et al., 2017), promote growth and even increase their resistance to viral and
fungal pathogens (Shaalan et al., 2021; Shaalan & Ibrahim, 2018) due to their
ability to produce bioactive molecules by their secondary metabolism such
as hormones and antibiotics, (Shah et al., 2022). The entomopathogen M.
anisopliae naturally attacks insects of various orders (Yousef et al., 2018)
by combining hydrolytic enzymes such as glucanases, lipases, amylases,
chitinases and toxic metabolites such as destruction and cytochalasins.
Unfortunately, its prevalence in the environment is limited because it
is sensitive to environmental factors such as temperature, humidity, and
radiation (Putnoky-Csicso et al., 2020), reducing its effectiveness in crops;
therefore, to prolong the benefits provided by the interaction of M.
anisopliae with its host plant, it requires coverage that allows it to increase
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its permanence and environmental resistance. In this regard, research has
been carried out that proposes the inclusion of spores of the microorganism
in a non-toxic polymeric matrix (Manzanarez-Jiménez et al., 2023) and is
biocompatible. Sodium alginate is a polymer that has been used for the
encapsulation of cells, which has allowed the release of cells under specific
conditions and has achieved 80 to 95% survival (Sarma et al., 2023; De
Oliveira Lopes et al., 2020), being a good alternative for the protection of
fungal biocontrol agents, including entomopathogens (Lei et al., 2022).
Therefore, the objective of this work was to analyze the biocontrol potential
of an alginate formulation with encapsulated M anisopliae spores in the
cultivation of beans (Phaseolus vulgaris L.). infected with Fusarium

2. MATERIALS AND METHODS
2.1 Microorganisms

Metarhizium anisopliae was obtained from the National Institute of
Agricultural and Livestock Forestry Research (INIFAP), and Fusarium mo-
niliforme was molecularly identified (n0.GU982311.1).

2.2 Encapsulation of Metarhizium anisopliae spores in sodium alginate

The alginate capsules were prepared by ionic gelation, as reported by
Meirelles et al., (2023) with some modifications. The 4% p/v sodium algi-
nate solution (Sigma-Aldrich-Merck brand) was prepared and sterilized at
15 Lb for 15 minutes. Subsequently, in a laminar flow hood, that solution
was mixed with a spore suspension (1x107 spores/mL.) of M. anisopliae,
which was prepared from a 7-day Czapek broth culture at 4% v/v. It was
kept under agitation until the mixture was uniform and deposited into a 20
mL needleless syringe, from which it was dropped dropwise onto a solu-
tion of 10% calcium chloride (CaCl,) (Meyer Brand) previously sterile and
at room temperature that was kept under continuous stirring, the mixture
(Na-spore alginate) upon contact with the CaCl2 solution instantly forms
the beads, encapsulating the spores. The beads or capsules were kept in the
CaCl, solution for 30 min, after which time they were washed with sterile
water and placed in a dry and sterile container, finally dried in an oven at
45 °C for 48 h.

2.3 Plant material

The bean seeds were obtained from the greenhouse of the Tecnologico
Nacional de México, Tuxtla campus from preservation crops.
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2.4 Establishment of the experiment at the greenhouse level

From a previous culture in Petri dishes with potato dextrose agar (PDA) for
seven days at 28 + 2°C, the pathogen inoculum suspension was prepared at
a suspension concentration of 1x10° spores/mL F. moniliform, for which 10
mL of sterile distilled water and glass beads that were slowly stirred were
added to each plate to detach the spores from the mycelium. Each bean
seed was sown in 100 g of Peat moss substrate in black nursery bags at a 4
cm depth; 12 days after germination, the plants were transplanted into pots
containing 500 g of the same substrate, and four treatments were evaluated:
1) bean - neutral control -(Fr), 2) bean + F. moniliform (Fr + Fm), 3) beans +
capsules of M. anisopliae (Fr + CMa), 4) beans + capsules of M. anisopliae +
F. moniliform (Fr + CMa + Fm). At the time of transplanting for treatments
3 and 4, 1 g of M. anisopliae spore capsules were deposited at a distance of
no more than 5 cm from the base of the stem. 7 days after the bean plants
had contact with the M. anisopliae capsules, plants from treatments 2 and 4
were inoculated with 20 mL of a suspension of F. moniliform. The develop-
ment of symptoms of fusariosis was analyzed using six plants per treatment;
observations were made at 15-day intervals for two months. The variables
evaluated were fresh weight and leaf and root dry weight (g), root length
(cm), plant height (cm), chlorophyll (SPAD), stem diameter (mm), and
root incidence (%).

For each experimental unit, the variables stem diameter, height, and
root length were measured with a vernier and/or flexometer, to obtain the
fresh and dry weights, the plants were removed from the substrate, washed,
and dried with absorbent paper and separated into two sections: root and leaf,
then weighed on an analytical balance and deposited in paper bags and dried
in an oven at 45°C until constant dry weight values were obtained.

The percent disease incidence (IR) in roots was determined by the
following formula: IR (%) =n/N x 100. Where n is the number of plants
showing disease symptoms with at least one diseased root, and N is the total
number of samples used (Cruz-Rodriguez et al., 2020).

2.5. Experimental design and statistical analysis

A randomized complete block design was used, four blocks with six rep-
etitions monitored four times; with a total of 96 experimental units. For
statistical analyses, one-way ANOVA at a 5% significance level was used
using the Statgraphics program.

..E ESPACIO 1+D, INNOVACION MAS DESARROLLO « VOL. XII, N° 34, OCTOBER 2023 « ISSN: 2007-6703

12



ANTIFUNGAL EFFECT OF ENCAPSULATED METARHIZIUM ANISOPLIAE SPORES ON THE DEVELOPMENT OF BEAN PLANTS (PHASEOLUS VULGARIS L) INFECTED
WITH FUSARIUM MONILIFORME

3. RESULTS AND DISCUSSION
Effect of M. anisopliae encapsulates on the growth parameters of bean plants

The application of capsules with M. anisopliae spores had a positive effect
on leaf and root system development in bean plants at 64 days after inoculation
(ddi) (Table 1). The parameters focused on root growth such as fresh and
dry weight, in addition to length, are those that mainly show variations
between treatments 1 and 2, the latter being the one in which the lowest
values of the entire experiment are observed because it is the tissue where
the Fusarium infection process begins. In the case of treatment 4, which
was also inoculated with F. moniliform, this presents not only significant
differences in root growth with the rest of the treatments but also in leaf
development, such is the case of the number of leaves with this treatment (66
leaves), a 55% increase was observed concerning the plants of treatment 1,
that developed under normal conditions with an average value of 42.5 leaves.

Some of the processes that result from the interaction of the cells of
the entomopathogenic fungus with the plant cell tissue, initiate through
the production of hydrolytic enzymes by the fungus, which allow the
degradation of the components of the plant cell wall and, this way, the
hyphae can penetrate the surface of the cells thus colonizing the roots,
facilitating the uptake of nutrients and water (Liao et al., 2013). Another of
the reported mechanisms of the genus Metarhizium is its ability to activate
defense signaling pathways in the plant cell that results in the production of
molecules such as phytohormones that accelerate growth. This was observed
in Arabidopsis thaliana plants, due to the presence of Metarhizium robertsii,
through an increase in the production of Indole Acetic Acid (IAA), which
promoted the development of root hair (Liao et al., 2017). Finally, the cells
of the entomopathogenic fungus can act as an elicitor, to accelerate the
production of phytochemicals that protect the cell from F. moniliform attack,
and reduce symptoms in plants due to the presence of the pathogen.

The presence of F. moniliform significantly affected chlorophyll production
in treatments 2 and 4 with values of 29.84 + 4.72 and 31.7 + 0.12 respec-
tively, however, it did not present significant differences with treatment 1,
while the interaction of the entomopathogen with the plant in treatment 3,
showed the highest relative index of chlorophyll with 40.41 + 4.24, this index
is expressed in SPAD units and has been positively correlated with the state
or nitrogen absorption capacity of the plants, Casierra et al., (2012) point
out that the content of photosynthetic pigments can increase or decrease
due to stress factors (light, temperature, humidity, nutrients, etc.), to the
physiological age or photosynthetic capacity of the plant, in this case, the
variation is due to biotic stress.
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Analysis of the incidence of disease caused by Fusarium moniliform

Fusarium species are known as causative agents of root and stem wilt and
rot, one of the first symptoms is browning of the root tissue due to the infection
mechanism of these pathogens and at an advanced level chlorosis, vascular
discoloration and decay are observed, for this reason the monitoring of
the incidence in the root (IR) was carried out during the 64 days that the
experiment lasted, as seen in Figure 1, the percentage of IR was presented
in both treatments where the pathogen was inoculated, at the 8 days after
inoculation (16 ddi), the percentage of incidence increased as the crop cycle
progressed, with the incidence being higher in all samples of treatment 3,
reaching an IR of 25.8 + 0.56 % and after 48 days a decrease in the presence
of Fusarium necrosis was observed up to 14.6 + 4.6 %. In the case of treat-
ment 4 plants, which were pre-treated with M anisopliae capsules showed
slight resistance in the first days of infection, 3.2 + 0.4 % at 16 days and
reaching a maximum incidence of 8.6 % at 64 days of the entomopathogen,
which is not statistically different from the IR of treatment 3 at 16 ddi. This
shows that the presence of M anisopliae markedly decreased the normal
development of the disease; making the entomopathogenic plant-fungus
symbiosis effective against Fusarium. It is suggested that growth inhibition
mechanisms against F. moniliform include the combination of the activity of
hydrolytic enzymes produced by the entomopathogen, which act on the cell
wall of Fusarium together with the induction of phytoalexins by bean plants
(Garcia-Enciso et al., 2018).

CONCLUSION

The formulation of alginate to encapsulate the spores of Metarhizium
anisopliae spores allowed their release into the soil, being indirectly evident
by the growth-promoting effect on bean plants, it was also shown that the
interaction of the spores of the entomopathogen with the plant tissue
reduces the incidence of F moniliform in the root. Therefore, the addition
as a pretreatment of capsules with spores of Metarhizium anisopliae is an
option to control fusariosis in bean cultivation, and thereby reduce in the
future the application of chemical substances in the field for the control of
diseases in crops caused by fungi.

..E ESPACIO 1+D, INNOVACION MAS DESARROLLO « VOL. XII, N° 34, OCTOBER 2023 « ISSN: 2007-6703

14



ANTIFUNGAL EFFECT OF ENCAPSULATED METARHIZIUM ANISOPLIAE SPORES ON THE DEVELOPMENT OF BEAN PLANTS (PHASEOLUS VULGARIS L) INFECTED
WITH FUSARIUM MONILIFORME

REFERENCES

Ahmad, I., Jiménez-Gasco, M. D. M., Luthe, D. S., Shakeel, S. N., &
Barbercheck, M. E. (2020). Endophytic Metarhizium robertsii promotes
maize growth, suppresses insect growth, and alters plant defense gene
expression. Biological Control, 144, [104167]. https://doi.org/10.1016/j.
biocontrol.2019.104167

Casierra-Posada, F., Avila-Leon, O., & Riascos-Ortiz, D. (2012). Cambios
diarios del contenido de pigmentos fotosintéticos en hojas de caléndula bajo
sol y sombra. Temas Agrarios, 17(1), 2012. https://doi.org/10.21897/
rta.v17i1.697

Cruz-Rodriguez, R.I., Cruz-Salomén, A., Ruiz-Lau, N., Pérez-Villatoro, J.L.,
Esquinca-Avilés, H.A., Meza-Gordillo, R. (2020). Potential Application
of Crotalaria longirostrata Branch Extract to Reduce the Severity
of Disease Caused by Fusarium. Agronomy, 10, 524. https://doi.
org/10.3390/agronomy10040524

De Oliveira Lopes, A.R., Locatelli, G.O., de Melo Barbosa, R., Junior, M.L.,
Mascarin, G.M., Finkler, C.L.L. (2020). Preparation, characterisation
and cell viability of encapsulated Trichoderma asperellum in alginate
beads. Journal of Microencapsulation. https://doi.org/10.1080/02652048
.2020.1729884

Garcia Enciso, E. L., Robledo Olivo, A., Benavides Mendoza, A., Solis Gaona,
S., & Gonzilez Morales, S. (2018). Efecto de elicitores de origen natural
sobre plantas de tomate sometidas a estrés biotico. Revista Mexicana de
Ciencias Agricolas, (20). https://doi.org/10.29312/remexca.v0i20.991

Ketta, H.A., Hewedy, O.A.R. (2021). Biological control of Phaseolus vulgaris
and Pisum sativum root rot disease using Trichoderma species. Eqgypt ]
Biol Pest Control 31, 96. https://doi.org/10.1186/$41938-021-00441-2

Krell, V., Jakobs-Schoenwandt, D., Vidal, S., Patel, AV. (2017).
Encapsulation of Metarhizium brunneum enhances endophytism in
tomato plants. Biological Control, 116, 62—73. https://doi.org/10.1016/].
biocontrol.2017.05.004

Lei, C.J., Halim, N. A., Asib, N., Zakaria, A., & Azmi, W. A. (2022). Conidial
Emulsion Formulation and Thermal Storability of Metarhizium ani-
sopliae against Red Palm Weevil, Rhynchophorusferrugineus Olivier
(Coleoptera: Dryophthoridae). Microorganisms, 10(7), 1460. https://doi.
org/10.3390/microorganisms10071460

Liao, X., Fang, W., Lin, L., Lu, H. L., & St Leger, R. J. (2013). Metarhizium
robertsii produces an extracellular invertase (MrINV) that plays a pivotal
role in rhizospheric interactions and root colonization. PloS one, 8(10),
e78118. https://doi.org /10.1371/journal.pone.0078118 (10), 78118

..E ESPACIO 1+D, INNOVACION MAS DESARROLLO « VOL. XII, N° 34, OCTOBER 2023 « ISSN: 2007-6703

15



ANTIFUNGAL EFFECT OF ENCAPSULATED METARHIZIUM ANISOPLIAE SPORES ON THE DEVELOPMENT OF BEAN PLANTS (PHASEOLUS VULGARIS L) INFECTED
WITH FUSARIUM MONILIFORME

Liao, X., Lovett, B., Fang, W., & St Leger, R. J. (2017). Metarhizium robertsii pro-
duces indole-3-acetic acid, which promotes root growth in Arabidopsis
and enhances virulence to insects. Microbiology (Reading, England),
163(77), 980—991. https://doi.org/10.1099 /mic.0.000494

Manzanarez-Jiménez, L. A., Garcia-Gutiérrez, C., Rosas-Garcia, N. M.,
Luna-Gonzilez, A., & Ortega-Avilés, M. (2023). Formulaciones
Micro Encapsuladas de Metarhizium anisopliae1r Contra el Gusano
Tabacalero. Southwestern Entomologist, 47(4), 895-902. https://doi.
0rg/10.3958/059.047.0413

Mayerhofer, J., Rauch, H., Hartmann, M., Widmer, F., Gschwend, F.,
Strasser, H., Leuchtmann, A., Enkerli, J. (2019). Response of soil
microbial communities to the application of a formulated Metarhizium
brunneum biocontrol strain. Biocontrol Sci. Technol. 29, 547—-564.
https://doi.org/10.1080/09583157.2019.1566953

Meirelles, L.N., Mesquita, E., Almeida-Corréa, T., Barbosa-Bitencourt R.O.,
Oliveira, J.L., Leonardo Fernandes-Fraceto, L., Guedes-Camargo, M.,
Pinheiro-Bittencourt, V.R.E. (2023). Encapsulation of entomo-
pathogenic fungal conidia: evaluation of stability and control potential of
Rhipicephalus microplus. Ticks and Tick-borne Diseases. 14 (4), 102184.
https://doi.org/10.1016 /j.ttbdis.2023.102184

Putnoky-Csicso, B., Tonk, S., Szabo, A., Marton, Z., T6thné Bogdanyi, F.,
Toth, F., Abod, E., Balint, J., & Balog, A. (2020). Effectiveness of the
Entomopathogenic Fungal Species Metarhizium anisopliae Strain NCAIM
362 Treatments against Soil Inhabiting Melolontha melolontha Larvae in
Sweet Potato (Ipomoea batatas L.). Journal of fungi (Basel, Switzerland),
6(3), 116. https://doi.org/10.3390/jof6030116

Razinger, J., Praprotnik, E., & Schroers, H. J. (2020). Bioaugmentation of
Entomopathogenic Fungi for Sustainable Agriotes Larvae (Wireworms)
Management in Maize. Frontiers in plant science, 11, 535005. https://doi.
org/10.3389/fpls.2020.535005

Sarma, B.D., Puzari, K.C., Dutta, P., Pandey A.K. (2023). An alginate-based
encapsulation enhances shelf life and bioactivity of the entomopathogenic
fungus, Metarhizium anisopliae. Egypt J Biol Pest Control 33, 69. https://
doi.org/10.1186/$41938-023-00714-y

Shaalan, R. S., Gerges, E., Habib, W., Ibrahim, L. (2021). Endophytic colo-
nization by Beauveria bassiana and Metarhizium anisopliae induces
growth promotion effect and increases the resistance of cucumber
plants against Aphis gossypii. Journal of Plant Protection Research, 61(4),
358-370. https://doi.org/10.24425/jppr.2021.139244

Shaalan, R., Ibrahim, L. (2018). Entomopathogenic fungal endophytes:
Can they colonize cucumber plants? In Book of Proceedings of the IX

..E ESPACIO 1+D, INNOVACION MAS DESARROLLO « VOL. XII, N° 34, OCTOBER 2023 « ISSN: 2007-6703

16



ANTIFUNGAL EFFECT OF ENCAPSULATED METARHIZIUM ANISOPLIAE SPORES ON THE DEVELOPMENT OF BEAN PLANTS (PHASEOLUS VULGARIS L) INFECTED
WITH FUSARIUM MONILIFORME

International Scientific Agriculture Symposium AGROSYM; AGROSYM:
Jahorina, Bosnia and Herzegovina, pp. 853—860.

Shah, S., Ash, G.J.,, Wilson, B.A. (2022). Resporulation on Metarhizium
anisopliae granules on soil and mortality of Tenebrio molitor:
Implications for wireworm management in sweetpotato. Ann. Appl.
Biol.,1—12. https://doi.org/10.1111/aab.12797

Uzman, D., Pliester, J., Leyer, 1., Entling, M.H., Reineke, A. (2019). Drivers
of entomopathogenic fungi presence in organic and conventional
vineyard soils. Appl. Soil Ecol. 133, 89—97. https://doi.org/10.1016/].
apsoil.2018.09.004

Vemmer, M., Patel, A.V. (2013) Review of encapsulation methods suitable for
microbial biological control agents. Biol. Control, 677, 380—389. https://
doi.org/10.1016/j.biocontrol.2013.09.003

Yousef, M., Alba-Ramirez, C., Garrido Jurado, I., Mateu, J., Raya Diaz, S.,
Valverde-Garcia, P., & Quesada-Moraga, E. (2018). Metarhizium brunneum
(Ascomycota; Hypocreales) Treatments Targeting Olive Fly in the Soil
for Sustainable Crop Production. Frontiers in plant science, 9, 1. https://
doi.org/10.3389/fpls.2018.00001

..E ESPACIO 1+D, INNOVACION MAS DESARROLLO « VOL. XII, N° 34, OCTOBER 2023 « ISSN: 2007-6703

17



ANTIFUNGAL EFFECT OF ENCAPSULATED METARHIZIUM ANISOPLIAE SPORES ON THE DEVELOPMENT OF BEAN PLANTS (PHASEOLUS VULGARIS L) INFECTED
WITH FUSARIUM MONILIFORME

30
e T3(Fm)
25 @ T4 (CMa+Fm) ®
<20 -
A
ot
C
. ¢
(@)
<
e
o
[e]
£ 10 - {
] [ &
5 i {
s ]
0 T T T T T T
16 24 32 40 48 64

Figure 1. Percentage incidence of fusarium root blight in Phaseolus vulgaris L.

Table 1

Days after the transplant

anisopliae spore capsules

Fm: F. moniliforme. CMa: M.

Morphometric variables of bean (Phaseolus vulgaris L). plants infected with
Fusarium 64 days after inoculation

Variables
Freshleaf ~ Dryleaf  Freshroot Dryroot Root Plant Relative Chlo-
Treat- . . . . Number .
No. ment weight weight weight weight length of leaves height rophyll Index
(@ (9 (9 (9) (cm) (cm) (SPAD units)
1297 + 2.48 £ 2.47 = 0.54 271+ 42.5 + 60.4 +
! fr 4.63c 0.50c 0.21c 0.02c 0.22c¢ 0.71b 0.71ab 3494+ 118D
16.35 % 3.11 =+ 2.08 = 0.48 26.4 + 45.0 + 45.0 +
2 FreFmo 475¢  o063c  012d  003d 00d  849b 849  2OBATAT2bC
25.81+ 4.68 = 3.38+ 0.66 + 29.04 + 48.5 + 75.75 +
3 FretMa 00 093b  042b  005b  107b  931b 1704b ‘O04L*4242
4 Fr + CMa 48.05 + 9.46 + 6.49 + 113+ 34.29 + 66.0 + 110..0 + 3174012 ¢
+Fm 0.0a 0.0a 0.0a 0.0a 0.77 a 121a 25a

Mean values of three replicates followed by at least one letter, which are not significantly different at P < 0.05

(Tukey's test). Fr: bean; CMa: M. anisopliae spore capsules; Fm: F. moniliforme.
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