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ABSTRACT

Two field experiments were carried out at the
experimental farm of Faculty of Agriculture (Saba-Basha),
Alexandria University, at Abees region, Alexandria, Egypt,
during two subsequent seasons of 2009 / 2010 and 2010 /
2011 to evaluate the treatment of arbuscular mycorrhizal
fungi (AMF) and rhizosphere bacterium in addition to two
current types of organic and mineral fertilizers on the
lignin content in stems treated corn plants and the
incidence of corn stem borers infestation.

The obtained results, showed lower mean values of
inspected stem borers larvae accompanied by higher value
of lignin content in the stems of inoculated corn plants with
the endomycorrhizal fungus Glomus intraradices (G3) plus
the rhizosphere bacterium Bacillus mycoides, in
comparison to the uninoculated control in both current
types of the adopted above mentioned fertilization.

The fact was ascertained by the deduced correlated
values of determined lignin content in stem of corn plant
for the detected levels of stem borers infestation however
they showed a strong negative relationship values (r=-0.82
+ 0.12 & r=- 0.80 + 0.12) between them in case of both
current normal tested types of the used fertilization.
Though this detected negative relationship elucidates that
when the lignin content in stem of corn plant increases, the
infestation of stem borers decreases.

INTRODUCTION

Maize (Zea mays, L.) is the most important cereal
crop, in Egypt, next to wheat. It is mainly used, by
Egyptian farmer, for animal feed as well as human food
consumption and in some industrial purpose for oil and
starch extraction. Corn plants are usually attacked by
three common injurious lepidopterous stem borers: the
pink stem borer, Sesamia cretica Led., the purple lined
borer, Chilo agamemnon Bles.- and the European corn
borer Ostrinia nubilalis Hb..

In recent years, many efforts have been made to
avoid the damage caused by corn stem borers by using
pesticides. However the extensive use of pesticides
causes many hazardous side effects, i.e. resistance of
insects to pesticides, reduction of natural enemies of
insect pests and environmental pollution.

Therefore the determination of the most effective
safe methods and practices for decreasing the level of
infestation with stem borers on corn plants - of great
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value to be used in integrated control programme, in
particular, bio-fertilizers, mineral fertilizers and foliar
nutrients. Besides, they increase the plant tolerance to
pest infestation and accompanied with high increase in
yield (Mesbah et al., 2005 and 2007).

One of the most important biological control agents
and bio-fertilizers are arbuscular-mycorrhizal fungi
(AMF), which enhance nutrient uptake, plant growth and
crop yield, particulary in case of phosphate and
potassium deficiency in calcareous soils (EL-Awamy

2004).
Plant growth- promoting rhizobacteria (PGPR) are
among the wvarious groups of plant associated

microorganisms that can elicit plant defenses. Bacillus
spp. elicit induced systemic resistance (ISR) and also
promote plant growth (Kloepper et al. 2004).

The objectives of this investigation are to study the
positive effect of arbuscular-mycorrhizal fungus (AMF),
Glomus intrardices, and rhizosphere bacterium, Bacillus
mycoides, in comparison with certain foliar treatments
on the incidence of corn stem borers, plant growth and
yield.

MATERIALS AND METHODS

Two field experiments were carried out, using split
plot design at the experimental farm of the Faculty of
Agriculture, Saba Basha, Alexandria University,
Alexandria, Egypt, during the growing seasons, 2009
and 2010. The treatments were done in three replicates,
each consisted of five rows, two meters long with 25cm
distance between each hill, the total area of each
replicate was 8.75 m? (2.5x3.5m). The experimental
area was divided in two subsets. The first subset was
supplied by the organic fertilizer (cattle manure) + NPK
at the rate of 1:1; the second was treated only with NPK
fertilizer.

Maize (Zea mays L.) variety Thw. 310 was
cultivated on April, the 11™ in the first growing season of
2009 and on April the 11™ and May the 11" in the
second growing season of 2010.Two mycorrizal strains
of Glomus intrardices were used in these experiments.
The first (G.3) was isolated at the Experimental Station
of Alexandria University, at Abees, (Aboul Nasr,
1993a), was used in both seasons. The second (G.4) was
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supplied by "Amykor company"”, Germany. The
inoculum consisted of expanded clay aggregates (2.4
mm in diameter, Leca), contains chlamydospores and
fungus mycelium, which had been produced on Tagetes
erecta. L. (Aboul Nasr, 2004). The inoculum was
applied before sowing at the rate of 7 g/ hill. The control
plants received the same amount of heat sterilized
expanded clay. Bacillus mycoides was obtained from the
German Collection of Microorganisms and Cell
Cultures, Germany. The bacterial inoculum was adjusted
at the concentration 1.6x10° bacterial cell / 1ml
sterilized water by using a hemocytometer slide. Maize
grains were dipped in the bacterial suspension for two
hours before sowing. After planting, each hill received
10 ml from the above mentioned bacterial suspension in
the case of bacterial treatment. The performed
treatments of evaluated mycorrhizal strains of G.
intraradices, the Rhizosphere bacterium B. mycoides,
the bio-fertilizers of Nitropin & Phosphorin and the
foliar insecticide - Runner®, Moulting Accelerating
Compounds (MAC), are included in Table, (2).
Moreover, each of the tested foliar (MAC), fertilizers
and their applied rates are presented in Table, (2).

1- The percentage of mycorrhizal root length
colonization

The percentage of mycorrhizal root length
colonization was estimated three times after sowing,
when plants were 70 day old and at harvest (110 day
old) by the examination of cleared and stained 1 cm root
segments using a research microscope for each
treatment.

The procedure was done according to Gianinazzi
(2004).

The percentage of AM root colonization was
estimated according to the following equation
(Giovannetti and Mosse, 1980).

AMF root colonization (%) =

Number of segements containing AM
Total number of examined segements
2 - Determination of lignin compound:

Total lignin compound was determined using the
method described by Ride (1975) when plants were 70
day old.

3- Sampling technique of the corn stem borers:

At the end of the season (post harvest time), random
samples, each of the ten corn stalks, were collected from
each treatment and examined; the infested stalks with
inspected borers species were identified, counted and
recorded.

x 100

RESULTS and DISCUSSION
1 — The percentage of root length colonization

Glomus intraradices isolate G3 was used during the
growing season, 2009. Whereas, isolates G3 and G4
were used in (2010 / 2011) seasons. The percentage of
AM colonization was examined when plants were 70
days old and at the end of experiment (110 day). Figures
1, 2, 3, 4, 5, 6 show that the percentage of mycorrhizal
root length colonization in inoculated corn plants with G.
intraradices (G3) was significantly increased either in
case of organic or mineral fertilizer compared to
uninoculated ones.

On the other hand, significant difference were
observed in the presence of dual inoculation with G.
intraradices and Bacillus mycoides compared to
inoculated plants with G. intraradices (G3) alone. The
highest percentage of AM root length colonization was
noticed at the end of the experiment (at harvest) in the
presence of organic fertilizer. The same trend was
observed during 2010 / 2011 either for the early or lately
growing seasons (Figs. 3, 4, 5, 6).

Gryndler et al. (1990) showed the balanced fertilizer
stimulated mycorrhizal colonization of corn while
fertilization with unusually high or low levels of N
decreased colonization.

Tablel. The applied treatments on corn plants during the two growing seasons of 2009 and

2010

Treatments in 2009

Treatments in 2010

Untreated control
Runner® (MAC)
Nitropin+Phosphorin
Bacillus mycoides
Glomus intraradices (G3)
G3 + B. mycoides

Untreated control
Runner® (MAC)
Nitropin+Phosphorin
Bacillus mycoides
Glomus intraradices (G3)
G3 + B. mycoides
G. intraradices (G4)
G4 + B. mycoides
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Table 2. The tested foliar material, fertilizers types and their application rates
Material Structure Application  Time of

Rate / feddan application

1-Insecticides Methoxyfenozide — O 150 ml 45-60
(Runner®SC 24%) an insect N\ / NH—N/C(CH3_)3 CHs DAS’
moulting accelerating hormone CH,O0 CHs \ for |
(MAC) @) controlling
CHz stem
Chemical Name:- JUPAC ) N-tert-butyl-N'- borers

(3-methoxy-o-toluoyl)-3,5-xylohydrazide

2- Bio-fertilizers

A. Nitropin® Produced by the Egyptian Ministry of 10009/ fed. ST

B. Phosphorin® Agriculture 600g / fed.

3 Mineral fertilizers

A. Nitrogen fertilizer NH;No; (33.5 %N) 175 Kg 21 DAS
Ammonium nitrate 175 kg 36 DAS

B. Phosphorous fertilizers Containing 15.5 % P,0s 100 kg SP

Mono Calcium Phosphate

C. Potassium fertilizer K,So, containing 48 % K,0 25 kg 21 DAS

Potassium Sulfate

4 — Organic fertilizer Cattle manure (pH= 7.2, OM%= 35.5, OC%= 10-20 m? SP

22.6,

Total N% = 2.05, Total P% 1.20, Total K% =
1.50 and C/ N ratio is 11.5:1)
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Figurel. Effect of inoculated corn plants with Glomus intraradices (G3) and Bacillus
mycoides on the percentage of root length colonization at 70 days during the early growing
season 2009/2010
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Figure 2. Effect of inoculated corn plants with G. intraradices (G3) and B. mycoides on the
percentage of root length colonization at the end of experiment (110 days) during the early
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Figure 3. Effect of inoculated corn plants with G. intraradices (G3&G4) and B. mycoides on

the percentage of root length colonization at 70 days during the early growing season

2010/2011
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Figure 4. Effect of inoculated corn plants with G. intraradices (G3&G4) and B. mycoides on
the percentage of root length colonization at the end of experiment (110 days) during the
early growing season 2010/2011
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Figure 5. Effect of inoculated corn plants with G. intraradices (G3&G4)) and B. mycoides on
the percentage of root length colonization at 70 days during the lately growing season
2010/2011
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Figure 6. Effect of inoculated corn plants with G. intraradices (G3&G4) and B. mycoides on
the percentage of root length colonization at the end of experiment (110 days) during the
lately growing season 2010/2011

Aboul-Nasr (1996) studied the effect of the
rhizobacterium, Bacillus mycoides, on the development
of mycorrhizal root length colonization in flax plants
(Linum usitatissimum). B. mycoides significantly
increased the mycorrhizal root length colonization for
both Glomus intraradices and G. etunicatum. The
presence of mycorrhizal fungi enhanced the root
exudation which influence the population of
rhizobacterium and Glomus intraradices was able to
stimulate the introduction of beneficial bacteria in
rhizosphere soil

Aboul-Nasr and EL-Fayoumy (2003) found that the
arbuscular mycorrhizal fungi (AMF) isolate Glomus
etunicatum was eximaned in a combination with
different levels of phosphorous fertilizer on the growth
and yield of maize (Zea mays L.) plants under field
conditions. Inoculated plants with low and medium
levels of P,Os had led to increase the percentage of
infected roots significantly (61.67 — 65.0 %) compared
to uninoculated plants.

2 -The integrated effect of different evaluated bio-
fertilizers and the used fertilization types on the
incidence of stem borers infestation during the
early growing season of 2009:-

Results in Table (3) show the revealed effects of
each of tested bio-fertilizers alone and / or in
combination with each of the evaluated organic and / or
mineral fertilization type on the incidence of infestation
with stem borers species at early growing season of
2009. In this respect, both of the adopted organic and

mineral fertilization types to a more or a less extent,

decreased the rate of inspected stem borers infestation

2.6 - 12.16 & 3.06 - 11.33 / 30 plants in comparison to

the untreated control 1253 & 155 / 30 plant,

respectively. Indicating the obviously detected positive
effect of organic type during the early growing summer
season 2009. Herein, the higher estimated mean number
of infested plants were 12.16 & 11.33 / 30 plants in case
of the tested (MAC) Runner® under the conditions of
both of the organic and the mineral types, respectively.

While, the revealed beneficial bio-performance of tested

Glomus intraradices (G3) and/or (G3 + B. mycoides

was represented by a rather decreased rate of the

infested corn plants, which was more pronounced for the
organically fertilized corn plants than the mineraly

fertilized ones (2.6 & 2.66 / 30 plants) and (3.53 & 3.06

/ 30 plants) (Table 3).

3 - Effect of sowing date and different evaluated bio-
fertilizers and the used fertilization types on the
incidence of stem borers infestation during the
growing season 2010 of corn plants:-

A- The early growing season of 2010:-

The initiated experiments throughout the growing
season of early sown corn plants, on April 11", 2010,
proved the beneficial effect of all evaluated bio-
fertilizers in reducing the infestation levels of corn stem
borers species, in comparison to the untreated control
and / or the performed treatment of the tested (MAC)
Runner® (Table 4).
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Table 3. The integral effect of the adopted treatments with both tested current fertilization
types on the incidence of stem borers infestation in the early sowing date, April, 11", 2009

Fertilization types

Treatments Organic Mineral
Mean * + Op *** Mean * + O ***

Untreated control 12.53 @ ** 1550 % **

Runner® (MAC) 12.16° -2.95 11.33° -26.90
Nitropin+Phosphorin 7.93° -36.95 7.83°¢ -49.48
Bacillus mycoides 7" -44.13 7.65°¢ -50.64
Glomus intraradices (G3) 2.60 ¢ -79.24 3.53¢ -77.22
G3 + B. mycoides 2.66° -78.77 3.06° -80.25
LSDx, 1.451 1.356

* Mean / 30 plants / treatment

** Means followed by the same letter (s) are not significantly different

*** + 0% Increase or decrease compared with uninoculated plants

Table 4. The combined effect of tested treatments with both tested current fertilization types
on the incidence of stem borers infestation in the early sowing date, April, 11", 2010

Fertilization types

Treatments Organic Mineral
Mean * + 0 *** Mean * + O ***

Untreated control 12.36 & ** 15.20 % **
Runner®™ (MAC) 11.46 2 -7.28 11.7° -23.02
Nitropin+Phosphorin 7.03° -43.12 78°¢ -48.68
Bacillus mycoides 6.46° -47.73 7.56 ¢ -50.26
Glomus intraradices (G3) 3.16 ¢ -74.43 3.80 ¢ -75
G. intraradices (G4) 3.66 ¢ -70.38 3.70 ¢ -75.65
G3 + B. mycoides 2.7° -78.15 3.10¢ 79.60
G4 + B. mycoides 3.13°¢ -74.67 3.88 ¢ -74.80
LSDs 1.25 1.025

* Mean / 30 plants / treatment

** Means followed by the same letter (s) are not significantly different

*** + 05 Increase or decrease compared with uninoculated plant

These results ascertained the obvious increase of
detected positive  bio-performance of  organic
fertilization type on the measured reduction of
infestation during the early growing summer season of
2010. In this concept, the higher estimated mean number
of infested plants amounted to 11.46 & 11.7 / 30 plants
in case of the tested (MAC)- Runner® under the
condition of both of the organic and the mineral
fertilization types, respectively. While, the high
beneficial effect of Glomus intraradices (G3) and
Glomus intraradices (G4) plus Bacillus mycoides
treatments was confirmed by the decreased infestation
rate up to a range between 3.16 & 3.13 / 30 plants in
case of the organically fertilized plants and 3.8 & 3.83 /
30 plants in the mineraly fertilized ones (Table 4).
B - The lately growing season 2010

The exhibited results in Table 5 show the detected
effects of each of the evaluated bio-fertilizers and the
(MAC)-Runner® on the incidence of stem borers
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infestation. The important role of sowing date on the
incidence of stem borers infestation was clearly
ascertained by the comparatively varied levels of
determined borers infestation in the early cultivated corn
plants on April, 11", 2010, which was somewhat, more
or less, lowered than or increased that estimated values
for the lately sown plants on May, 11", and ranged in all
the conducted treatments from 2.43 to 13.20 and from
3.20 to 13.46 / 30 plants regardly (Table 5).

Identically, the efficiency of different tested bio-
fertilizers on various species of economic pests are
mentioned in the work of many investigators, i.e.
Mesbah et al. (2002a) who explained the profitable
effective sustainable strategy for the controlling
injurious insect pests of corn plants. In this concern,
they investigated the sowing date, planting space, foliar
fertilizers (macro and micro nutrients) and mineral or
bio-fertilization to evaluate their role as tools in the so-
called Integrated Pest Management (IPM) program of
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corn pests. It was concluded that planting spaces of 60
and 70 cm apart between furrows insignificantly
affected the level of stem borers infestation; the bio-
fertilized corn plants were more tolerant to the
infestation by the stem borers than the mineraly
fertilized ones; the dressing of corn grains with the bio-
fertilizers-Phosphorin & Rhizobacterin before sowing to
some extent lowered the levels of infestation by Chilo
agamemnon and Ostrinia nubilalis.The use of foliar
nutrients & fertilizer types in both sowing dates gave
positive interaction effects in decreasing levels of stem
borers infestation and greatly improved the yield and its
characteristics of corn plants; and all of such followed
agricultural practices enabled corn plants to tackle the
going on infestation; thus crop loss due to the attack of
stem borers could be compensated.

Moreover, Meshah et al. (2002b) performed field
practices on the early sown (May 1%) or lately sown
(June 2") corn plants with Phosphorin & Rhizobacterin
as bio-fertilizers and sprays of six selected foliar
nutrients in mono-, bi- and / or tri-sequence applications
to determine their beneficial effects in checking the
incidence of the stem borers and hence increasing the
corn yield. Results assured the profitable effects of using
foliar nutrients as well as the bio-fertilizers for attaining
healthy corn plants, which would be capable of
tolerating the injury inflicted by the stem borers and
compensating for the harmful effects of insect
infestation. So high grain yields could be obtained than
those of the untreated and / or the insecticides treated
plants. Hol and Cook, (2005) found that the interest in
AMF-nematode interactions lies in the possibility of
enhanced resistance or tolerance of AMF-infected plants
to nematodes, and the potential value of this for the
control of crop pests.
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4- The Effect of different tested bio-fertilizers &
fertilization types on the determined lignin
content in the stems of inspected maize plants
during the lately growing season of 2010
Results in Table (6) elucidate the revealed effects of

each tested bio-fertilizer on the determined lignin

content in stems of maize plants under the conditions of
each evaluated organic and / or mineral fertilization
types.

In this respect, each of performed bio-fertilizer
treatment in presence of the adopted organic fertilization
type, to a more or a less extent, increased the measured
lignin content in maize stem from 1.34 to 1.96 in
comparison to the minerals fertilized plants (1.09 - 1.65)
and the untreated control (1.01 & 1.21) (Table 6).

A high beneficial bio-performance of Glomus
intraradices (G3) and Glomus intraradices (G4)+
Bacillus mycoides treatments was proved by the
estimated increased value of lignin content up to 1.75
and 1.62 in the organically fertilized plants and 1.49 and
1.53 in the minerally fertilized ones compared to the
untreated plants. While, the utmost efficient bio-
performance was recorded for the treated plants with
Glomus intraradices (G3) + Bacillus mycoides in case
of both used fertilization types, indicating an increased
value of lignin content in the stem of corn plants reached
1.96 and 1.65, in comparison to the other performed
treatments and the untreated control (Table, 6).

In addition, the calculated values of determined
lignin content in inspected stems of maize plants
correlated with the detected levels of stem borers
infestation Table (7). Herein, the results in Table (7)
show the negative strong relationship between the lignin
content in stems of maize plants and the measured levels
of occurred stem borers infestation in the presence of
both types of used normal fertilization.

Table 5. The integrated effect of performed treatments and the used normal current
fertilization types on the incidence of stem borers infestation in lately sowing date, May, 11™,

2010
Fertilization types
Treatments Organic Mineral
Mean * + % *** Mean * + %o ***

Untreated control 16.6 & ** 17.20 % **

Runner™ (MAC) 13.2° -20.48 13.46° -21.74
Nitropin+Phosphorin 7.66° -53.85 13.26° -22.90
Bacillus mycoides 6.20 ° -62.65 7.7° -55.23
Glomus intraradices (G3) 2.83° -82.95 3.66° -78.72
G. intraradices (G4) 3.73° -77.53 3.23° -81.22
G3 + B. mycoides 2.43° -85.36 3.20° -81.39
G4 + B. mycoides 37° -77.71 3.23° -81.22
LSDs, 1.406 0.989

* Mean / 30 plants / treatment

** Means followed by the same letter (s) are not significantly different

*** + 05 Increase or decrease compared with uninoculated plants
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Table 6. Effect of tested treatments on lignin content in stem of treated maize plants and the

both normal current fertilization types

Lignin content (O.D*, 360 nm)

Treatments Organic Fertilization Mineral Fertilization
0.D O ***+ 0.D % +

Untreated control 1.2197 1.01°¢7

Runner™ (MAC) 1.34¢ +10.74 1.09 © +7.92
Nitropin+Phosphorin 1.50 +23.96 1.42° +40.59
Bacillus mycoides 1.56 ¢ +28.92 1.41° +39.60
Glomus intraradices (G3) 1.75° +44.62 1.49° +47.52
G. intraradices (G4) 152°¢ +25.61 1.44° +42.57
G3 + B. mycoides 1.96° +61.98 1.65° +63.36
G4 + B. mycoides 1.62 ™ +33.88 1.53° +51.48

LSD.os

0.161

0.111

* 0.D : Optical density
*** + 05 Increase or decrease compared with uninoculated plants

** Means followed by the same letter (s) are not significantly different

Table 7. Effect of performed treatments measured correlated(r) between borers infestation
& lignin content in the stems of lately sown maize plants on May, 11", 2010 and both used

current fertilization types

Treatments Fertilization types
Organic Mineral
Infestation Lignin content Infestation Lignin content
(0.D., 360 nm) (0.D., 360 nm)

Untreated control 16.6° " 1.21%7 17207 1.01°7
Runner™ (MAC) 13.2° 1.34° 13.46° 1.09°
Nitropin+Phosphorin 7.66° 1.50 ¢ 13.26° 1.42°
Bacillus mycoides 6.20 ¢ 1.56 ¢ 77° 1.41°
Glomus intraradices (G3) 2.83° 1.75° 3.66 ¢ 1.49°
G. intraradices (G4) 3.73° 1.52°¢ 3.23°¢ 1.44°
G3 + B. mycoides 2.43° 1.96° 3.20° 1.65°
G4 + B. mycoides 37° 1.62™ 3.23° 1.53°
LSD.gs 1.406 0.161 0.989 0.111
Correlation -0.82+0.12 -0.80£0.12
Significant faleid Fkx
Correlation -0.79 £0.09
Significant il

* Means followed by the same letter (s) are not significantly different

When lignin content in stems of maize plants increase,
the infestation of stem borers decrease. The interaction
of each of the tested fertilization types with the proved
efficient bio-performance of each of the evaluated bio-
fertilizers treatments was reflected on the estimated
lignin content in stems of treated maize plants and the
incidence of stem borers infestation; in comparison to
the untreated control (Table, 7).

Our above cited results are in accordance with
mentioned by many workers. In this concept, Aboul
Nasr, et al. (1993b) found that inoculating cucumber
(Cucumis sativus L.) seeds with vesicular-arbuscular
mycorrhizal fungi (Glomus etunicatus) and N-fixing
rhizobacteria (HALEX 2), significantly decreased
Fusarium oxysporum and F. niveum. Mycorrhizal
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inoculation raised the lignin content by 11.5 % relative
to the uninfested plants. There is a localized specific
influence of VA mycorrhizal fungi on various
alteractions in the host plants. Hause et al. (2002) found
that the root of mycorrhizal plants are associated with
higher levels of jasmonic acid (JA) and salicylic acid
(SA) as compared to non-mycorrhizal ones. These
elevated levels of basal JA and SA production could be
related to the increased resistance of mycorrhizal plants
to pathogens and insect.

Moreover, Pozo et al. (2008) showed that root
colonization by arbuscular fungi (AMF) can improve
plant resistance / tolerance to biotic stresses and increase
defense mechanism.
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Gibson et al. (2009) determined that corn stalk has
an effect on southwestern corn borer (Diatraea
grandiosella Dyar) survival during different growth
stages. It was believed that as the stalks accumulated
more lignins and fibers, the stalk would become harder
and causing decrease of survival of corn borers. Bi et al.
(2010) found that the major component of cell wall, is
lignin which plays an important role in plant
development and defense response to pathogens. Barros-
Rios J et al. (2011) found that European and
Mediterranean corn borers are two of the most
economically important insect pests of maize. Besides,
the thickness of cell wall could be the initial barrier
against corn borer larvae attack.

Many plant pathogens and insect can be controlled
only with expensive physical or chemical treatments.
Mycorrhizae offer an alternative approach on what we
should pursue their potential as biological control agents
despite the obstacles.

A combined application of both AMF and Bacillus
mycoides in the field becomes feasible. The first will
improve plant health in general and resistance against
soil — borne pathogens, nematodes and corn stem borers
in particular. The second could be enhancing the
potential for successful mycorrhizal formation,
stimulatory bacteria could be selected and co-inoculated
with mycorrhizal fungi.
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