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Abstract

The isolates TR-B 98 (2) and TR-B 98 (3) from the phosphate mines of Morocco and the
isolate Trichoderma asperellum were tested for their ability to survive in the soil and stimulate the
growth of wheat plants (soft wheat and durum wheat) and barley on a Mamora (SM) sand-based
growing medium modified with increasing concentrations of natural phosphate. Trichoderma
isolates have shown positive effects on the germination of wheat seeds (soft and hard) and barley,
on the growth and yield of plants growing on substrates containing 0%, 25% and 50% phosphate
natural. However, their effect was less on plants growing on substrates containing 75 and 100%
natural phosphate. They have also shown their ability to survive in different growing media with
differing colonization percentages of straw fragments and roots which increases with time.
However, the number of units forming Trichoderma colonies per gram of soil has decreased over
time.

Keywords — Barley — colonization — growing substrate — growth — rock phosphate — Trichoderma —
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Introduction

Cereal cultivation occupies a preponderant place in Moroccan agriculture; around 5,559,800
ha were sown during the 2016-2017 agricultural campaign more than 60% of the national useful
agricultural area, with a production of 97,776,700 Qx (HCP 2019). Wheat (hard and soft) and
barley are among the staple foods in Morocco. According to data from the Ministry of Agriculture,
Maritime Fisheries, of Rural Development and Water and Forests, the areas cultivated with durum
wheat, common wheat and barley in 2017 were 1,087,800 ha; 2,296,400 ha and 2,001,500 ha with a
production of 21,990,800 Qx; 48,917,400 Qx and 24,664,600 Qx respectively.

However, national production remains far below the real potential and fluctuates from year to
year. This weakness in cereal production is due to the vagaries of the weather, the agricultural
techniques used, which are often ill-suited, to the soils which have become increasingly degraded
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and prone to erosion due to the non-fertilization of the soil (Anonyme 2019) and biotic constraints,
cases of diseases and weeds (Lhaloui et al. 2005, Cromey et al. 2006, Zidane et al. 2010, EI-Y ousfi
2015).

Phosphorus is one of the major nutrients essential for plant growth and development (Arora
& Gaur 1978). However, a large part of the phosphorus present in the soil cannot be assimilated by
plants (Chang & Chu 1961, Gachon 1973, Fernandez et al. 2007). Phosphorus deficiencies pose
major agronomic problems despite the addition of phosphate fertilizers, which has become a
common practice in modern agriculture (Chabot et al. 1993, De Santiago et al. 2013). In this sense,
plants can only use a small proportion of applied phosphate fertilizers; the major fraction of
phosphate fertilizers are quickly converted into insoluble complexes in the soil (Rawat & Tewari
2011). Thus, soils have a large reserve of insoluble phosphate that should be dissolved. Certain
phosphate-solubilizing microorganisms (Fankem et al. 2006) are able to release phosphorus from
these reserves and thus contribute to improving plant growth and crop production (Rawat & Tewari
2011).

There are plants in the soil and rhizosphere, species of the genus Trichoderma capable of
dissolving the different forms of insoluble phosphates (Altomare et al. 1999). Certain strains of
Trichoderma have been shown to be able to naturally dissolve the insoluble pulverized mineral
phosphate (MP) in order to make it available for plant growth. Thus, several mechanisms are used
by Trichoderma to ensure the stability and productivity of agricultural and natural ecosystems
(Pozo et al. 2004) and to promote the development of plants: production of phytohormones,
induction of systemic resistance in the host plant, reduction of the toxicity of pollutants (organic or
heavy metals), regulation of the rhizospheric microflora and solubilization of sparingly soluble
minerals (Vinale et al. 2006, Adams et al. 2007, Altomar & Tringovska 2011, Huang et al. 2011,
Cai et al. 2013). The effect of Trichoderma is apparent when they have a good ability to
saprophytic competition in the soil vis-a-vis the microflora.

In Morocco, Trichoderma isolates originating from sites adjacent to phosphate mines have
shown a great capacity to solubilize rock phosphate (Kribel et al. 2019a) and tri-calcium phosphate
(Kribel et al. 2019b) and have shown in vitro a high antagonistic power against F. graminearum, F.
culmorum, F. roseum, Bipolaris sorokiniana and Curvularia spicifera, responsible agents for root
rot of wheat and barley (Kribel et al. 2019c¢).

In order to verify their aptitudes for saprophytic activity and to stimulate plant development,
the effect of two of these Trichoderma isolates has been studied on the growth and yield of wheat
and barley plants growing on substrates containing increasing concentrations of rock phosphate; as
well as their capacity to colonize the roots and growing substrates in comparison with a reference
strain Trichoderma asperellum.

Materials and methods
Trichoderma isolates

Three isolates of Trichoderma were tested in this study (Table 1): T1 (Trichoderma
asperellum) registered in the NCBI database and two isolates TR-B 98 (2) and TR-B 98 (3),
isolated from sites adjacent to phosphate mines.

Table 1 Origins and sources of isolation of Trichoderma isolates spp.

Trichoderma spp. isolates Isolation sources Localities (country)

T1 (Banklt1902509 SMis1 KU987252)
Trichoderma asperellum

TR-B 98 (2) Sludge roots 1998
TR-B 98 (3) Sludge roots 1998

Compost Missour/Morocco

Khouribga region /Morocco
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All the tested Trichoderma isolates were conserved on filter paper at -15°C. Young cultures
of these isolates were carried out on PSA medium (200 g of potato, 15 g of Agar-agar and 1000 ml
of distilled water) (Table 1) and incubated at 28°C and in the dark. After 7 days of incubation, the
surfaces of the cultures were scraped and the 20 g of mycelia and conidia collected served as an
inoculum which was incorporated and mixed with 2 kg of the substrate.

Culture Substrate

The soil of the Mamora forest is very sandy, of the loose structure and slightly basic pH
(7.53). It has a low cationic exchange capacity (7 meg/100 g), very low salinity and an organic
matter content not exceeding 0.7% (Table 2). It is also deficient in total phosphorus (0.239%), total
potassium (0.15 meq/100 g) and nitrogen to (0.05%) (Mouria 2009). The required quantity for the
tests was sieved and then stored dry at room temperature in a closed polyethylene bag.

The Mamora soil was mixed with 400 g of cow manure and supplemented with different
doses of rock phosphate originating from the adjacent sites of the Moroccan phosphate mines
(100%: 0%; 75%: 25%; 50%: 50%; 25%: 75%; 0%: 100%) (Promwee et al. 2014) and added 20 g
of barley straw, cut with scissors into pieces of about 2 cm. The control consists only of the soil of
the Mamora.

The experimental protocol was designed in a random block with four repetitions per
treatment and each pot received four grains of wheat or barley. The pots were brought back to a
greenhouse and watering with tap water has been carried out according to the needs of the plants.

Table 2 Physico-chemical characteristics of the Mamora soil.

Physico-chemical parameters Soil
pH (water extract) 7.5
Organic material (%) 0.70
Humidity (%) -
C/N -
Total nitrogen 0.05
Total phosphorus P2Os (%6) 0.239
Total potassium 0.15 (meq/100 g)
Magnesium (Mg) 0.20 (meq/100 g)
Calcium (Ca) 6.30 (meq/100 g)

The used seeds

Soft wheat (Wafia), durum wheat (Amjad) and barley (Oussama) seeds were disinfected
superficially with sodium hypochlorite diluted to 1% for 10 min, rinsed thoroughly with sterile
distilled water. After drying the disinfected grains of wheat and barley were transplanted into
plastic pots filled with different growing media. Four replicates per treatment and 4 plants not
replicating were used in this study.

Measurement of agronomic parameters

Ten days after the installation of the cultures, the number of grains of wheat and barley
germinated was counted and expressed as a percentage. At the end of the tests and after eighty days
of cultivation, the pots were brought back from the greenhouse and the plants were cut at the collar.
The height of the plants was measured from the soil surface to the top of the plants using a tape
measure. The number of tillers between nodes leaves and grain per spike was also counted.

The roots of the plants, separated from the substrates, were washed under a stream of water to
remove adhering soil particles and left to dry on absorbent paper under ambient laboratory
conditions overnight. The vegetative biomass and, possibly the weight of the ears, was measured
using a balance the same day while the root biomass was measured after one night so that the
rinsing water does not distort the results. The dry weight of the roots and aerial parts was
determined after drying at 80°C for 24 hours.
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Colonization of roots and retention in the substrate

Colonization of substrates by Trichoderma was evaluated by the method of the saprophytic
colonization of straw. In general, the Trichoderma have a good ability to colonize the straw of
cereals, especially wheat. Cereal straw was used by Davet & Comporota (1986) to assess the
suitability of Trichoderma for saprophytic competition. This nutrient carrier with very low lignin
content did not need to be autoclaved and was widely available.

The straw fragments, incorporated into different culture substrates inoculated with
Trichoderma, were collected after 4, 20, 40, 60 and 80 days from cultivation) washed with tap
water for one minute, disinfected superficially sodium hypochlorite for two minutes, rinsed and cut
into 5 mm long fragments. One hundred straw fragments were cultured in Petri dishes on PSA
medium, for 7 days in the dark and at 28°C. The percentage of colonization of the fragments by
Trichoderma was estimated relative to the total number of fragments for each treatment.

%C Trichoderma = (Number of fragments colonized by Trichoderma/Total number of
fragments) x 100

Colonization of wheat and barley roots, developing on substrates containing different doses
of rock phosphate, by Trichoderma was evaluated 80 days after cultivation. The roots of the plants
were washed, superficially disinfected with 90 alcohol for 1 min, rinsed thoroughly with sterile
distilled water, dried, cut into small pieces and aseptically placed in Petri dishes containing the PSA
medium. The observations of the cuts were made every day for a week. The percentage of
colonization of the fragments by Trichoderma was estimated as previously.

The presence of Trichoderma in the rhizosphere of wheat and barley plants was also carried
out. The used technique to isolate Trichoderma was that of the modified Warcup (1950) soil-plates.
In Petri dishes containing PSA culture medium, a small amount of soil ranging from 5 to 15 mg is
deposited in the medium with 0.2 ml of sterile distilled water and then spread immediately.
Cultures were incubated and observations were made after one week. The number of units forming
colonies of the pathogen and/or Trichoderma was estimated per gram of soil.

Statistical analyzes
The data processing focused on the unidirectional variance analysis (ANOVA) and the LSD
test at the 5% threshold.

Results

Effect of Trichoderma on growth and yield parameters

The effect of isolates of Trichoderma spp. was tested on the growth of durum wheat (Amjad)
seedlings of common wheat (Wafia) and barley (Oussama) growing on different amended
substrates with different doses of rock phosphate (RP). The test was carried out in a greenhouse
between December 2018 and February 2019. The growth parameters of wheat and barley plants
treated with Trichoderma isolates and growing on amended rock phosphate substrates were
estimated eighty days after cultivation. In general, compared to the control plants, the plants
growing on substrates have received an inoculum based on Trichoderma showed a marked
improvement in the growth parameters (Fig. 2) whatever the dose of rock phosphate incorporated
into the substrate of culture.

Grains of common wheat, durum wheat and barley sown in substrates containing 0% RP,
25% RP and 50% RP of rock phosphate, inoculated with T1 isolates; TR-B 98 (2) and TR-B 98 (3)
showed the highest germination percentages (Table 3), with percentages of the order of 100%
compared to control plants whose percentage of germination varies from 87.5 to 93.75%. In grains
sown in substrates containing high doses of phosphate rock 75% and 100% PR, Trichoderma
improved germination percentage, but less significant, varying from 56.25 to 78% for soft wheat,
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from 62.25 to 75% for hard wheat and from 62.25 to 87.5% for barley compared to control plants
not exceeding 66.66% for soft and hard wheat and 70% for barley.

Plants growing on 0% PR, 25% PR and 50% PR substrates, inoculated with the TR-B 98 (3)
isolate showed the highest growth of aerial parts (Table 4), with sizes of 65 and 78 cm for the
common wheat and durum wheat plants and 82 cm for those of the barley plants. In addition, the
wheat (soft and hard) and barley plants growing on the 0% RP, 25% PR and 50% PR substrates,
inoculated with the tested Trichoderma isolates, presented a high number of tillers which varied
from 2 to 3 tillers / plants.

The internodes of wheat and barley plants growing on these substrates vary between 5 and 6.
The wheat and barley plants growing on these substrates inoculated with isolates T1 and TR-B 98
(2) have also shown an improvement in the growth of the aerial part which varies between and 52
and 67 cm for common wheat and hard and between 62 and 75 cm for barley plants and internodes
which always oscillate between 5 and 6.

The isolate TR-B 98 (3) also stimulated leaf formation (Table 4) in wheat (soft and hard) and
barley plants growing on substrates containing 0% RP, 25% RP and 50% PR, respectively vary
from 12 to 17 and from 14 to 19 leaves per plant. The number of leaves observed in plants growing
on substrates inoculated with isolates T1 and TR-B 98 (2) and amended by 0% PR, 25% RP and
50% PR of rock phosphate exceeds 8 leaves per wheat plant (soft and hard) and 11 leaves per
barley plant. In control plants growing on a substrate containing 0% PR, 25% PR and 50% PR of
rock phosphate, the number of leaves does not exceed 7 leaves per wheat plant (soft and hard) and
9 leaves per barley plant. In plants growing on substrates containing high doses of rock phosphate
75% PR and 100% PR, Trichoderma improved the formation of wheat and barley leaves but to a
lesser extent.

The number of spikes and the number of grains / spike observed in wheat and barley plants
growing on the substrates 0% RP, 25% RP and 50% RP (Table 5), inoculated by the three tested
isolates of Trichoderma are respectively around 2 spikes per plant and vary between 46 and 56
grains / spike for soft and hard wheat and between 48 and 60 grains /spike for barley plants. The
wheat and barley plants growing on the other substrates tested at 75% PR and 100% PR and
inoculated with the Trichoderma isolates showed a number of spikes not exceeding 1 and a number
of grain / spikes that varied between 22 and 32 for wheat and between 25 and 38 for barley. The
wheat and barley plants of the control substrates formed an average number of spikes that do not
exceed 1 and a number of grains / spikes that vary between 39 and 46 on the substrates containing
0% PR, 25% PR and 50% PR and between 18 and 28 on the others the substrates.

The results are shown in Tables 6 and 7 show that the increase in the rock phosphate
concentration in the substrate negatively affects the fresh and dry weights of the aerial (Table 6)
and root (Table 7) parts of the wheat and barley cultures. However, the inoculation of the substrates
with the Trichoderma isolates significantly improved the fresh and dry weights of the wheat (soft
and hard) and barley plants, which varied respectively between 44.5 g and 60.45 g and between
16.22 g and 27.5 g for the aerial part between 5.22 g and 8.75 g and between 2.05 g and 2.93 g on
0% PR, 25% PR and 50% PR substrates. The wheat and barley plants growing on control substrates
not inoculated by Trichoderma presented fresh and dry weights which oscillate respectively
between 36.45 g and 45.2 g and between 12.5 g and 18.3 g for the aerial part, and which vary
between 3.2 g and 4.5 g and between 1.62 g and 1.87 g for the root part.

The results illustrated in Fig. 1 show that the sizes of the roots of the plants growing on the
0% PR, 25% PR and 50% PR substrates and inoculated with the three tested Trichoderma isolates
far exceed 32 cm and can reach 38 cm while those of control plants do not exceed 17 cm. However,
the size of the roots of the plants of the 75% PR and 100% PR substrates inoculated by
Trichoderma did not exceed 28 cm.

From all these results, it appears that the tested Trichoderma, incorporated into culture
substrates, whether or not amended by increasing doses of rock phosphate, have positive effects on
the development of growth and yield parameters in wheat plants and barley.
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Colonization of roots and substrates by Trichoderma

The tested isolates of Trichoderma were able to colonize the roots of wheat (soft and hard)
and barley plants over time (Table 8). The highest colonization percentages were noted in the roots
of plants growing on substrates 0%, 25% and 50% RP, vary between 73.25% (roots of barley plants
on a substrate containing 25% RP) and 84% (roots of barley plants on the substrate 0% RP). The
colonization percentages of the roots of plants growing on 75% PR and 100% PR substrates vary
between 62.43% in the case of durum wheat roots on the 100% PR substrate and 78.25% PR on the
75% PR substrate.

The tested Trichoderma isolates have also been able to maintain and multiply over time in the
various studied substrates. The different doses of rock phosphate incorporated into the wheat and
barley culture substrates did not significantly influence the colonization of the straw fragments,
with the exception of 100% PR substrate at which a delay in the colonization of the fragments of
straw has been accused (Tables 9, 10). At time T4 days, directly after the installation of the
cultures, the percentages of colonization of straw revealed vary between 0 and 8% (case of durum
wheat and soft wheat on the substrate 25% PR). Between twenty days and eighty days of culture,
the colonization of the fragments of straw by the Trichoderma gradually increased. In substrates
0% PR, 25% PR, the percentages of colonization of straw fragments by Trichoderma noted after 40
and 60 days of wheat and barley culture exceeded 70% and reached 90%. After 60 and 80 days of
culture on the substrates 50% PR, 75% PR and 100% PR, the highest colonization percentages
were noted in the substrates 50% PR, 75% PR and 100% PR, they have exceeded 60% and reached
81.25%, as the maximum colonization percentage.

The tested Trichoderma isolates also showed the ability to survive in the soil (Tables 11, 12)
around the roots of wheat and barley plants growing on different tested substrates. The high doses
of rock phosphate incorporated in the culture substrates did not prevent the installation and
handling of the tested isolates. Indeed, the number of Trichoderma units (CFU/g of soil) varied
between 46.3 10° to 54 10° CFU/g of soil directly after the installation of the crops, 4 days, and
fluctuated between 31.5 10° to 47.3 10° CFU/g of soil twenty days after. After forty, sixty and
eighty days of cultivation, the number of CFU/g of the soil varied respectively between 18.33 10°
and 29 10° CFU/qg of the soil, between 10.25 10° to 19.5 10° CFU/g of the soil and between 2.25
10° to 8.7 10° CFU/g of soil.

It appears from these results that the Trichoderma isolates inoculated into the various culture
substrates have significant abilities to colonize over time the roots of wheat and barley plants and
the fragments of straw incorporated into the culture substrates. These isolates were also able to
multiply in the rhizosphere of the plants, judging by the number of units forming the colonies of
Trichoderma (CFU/g of soil).

Discussion

The tested Trichoderma isolates improved all growth and yield parameters in wheat plants
(hard and soft) and barley compared to that observed in control plants. They significantly
stimulated tiller formation, growth in length, number of nodes, leaves, spike and number of
kernels/spike in plants growing on growing media containing different doses of rock phosphate.

Trichoderma isolates also stimulated aerial and root biomass of wheat and barley plants
compared to that of uninoculated control plants. This increase was noted for both fresh and dry
weights, which shows that it is a general increase in metabolism. Using Trichoderma species to
stimulate growth of plants has been reported by numerous research studies. Thus, Mouria et al.
(2008) reported the effect of six strains of Trichoderma on the growth and yield parameters of a
greenhouse tomato crop. The obtained results showed that strains of Trichoderma harzianum were
able to stimulate the growth of the tomato, in particular the vegetative and root biomass, whereas T.
viride did not show a significantly different effect compared to the control.

Yedidia et al. (2001) reported the effect of a strain of T. harzianum (T-203) which may have
increased the root surface, the cumulative length of the roots, dry weight, shoot length and
cucumber leaf area after 28 days of sowing in soil amended with T. harzianum. In this sense, the
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work of Baker et al. (1984) also showed that the dry weight of radish plants increased after
treatment with the T-95 strain of T. harzianum. Besides, Gravel et al. (2005) noted that the
inoculation of the tomato with a strain of T. atroviride made it possible to significantly increase the
root surface and the weight of the tomato plants in vitro as well as the marketable yield in the
greenhouse.

Likewise, the work of Yadav et al. (2011) showed that T. harzianum significantly increased
the length of the shoots, the length of the roots, the dry weight of the shoots and the dry weight of
the chickpea roots compared to those observed in the control plants. The work of Promwee et al.
(2014) reported that treatments of rubber plants with FR-NST-009 and CB-Pin-01 of Trichoderma
and rock phosphate (RP) increased the height of the plants, stem circumference, number of leaves
and fresh, dry weight of shoots and roots compared to those observed in uninoculated control
plants. Kleifeld & Chet (1992) reported that stimulation of plant growth by Trichoderma sp. would
be due to the increase in the transfer of nutrients from the soil to the roots thanks to the colonization
of these by Trichoderma. Similarly, the work of Saravanakumar et al. (2013) reported that the
TSKa8 strain of Trichoderma significantly increased the total biomass of mangrove seedlings when
supplemented with soluble superphosphate (KH2POg).

In addition, Harman (2000) reported that the T-22 strain of T. harzianum was as effective as a
commercial rooting hormone in inducing roots in tomato and potato plants. In addition, Windham
et al. (1986) and Baker (1988) reported that Trichoderma strains are capable of producing growth
regulators that improve the germination and growth of host plants. Even better, Hibar et al. (2005)
explained the stimulation of the development of a melon culture following the application of T.
harzianum (Yedidia et al. 1999) by an activation of the defense system of the plant, an increase in
activity chitinase and peroxidase and increased enzyme activity in the leaves inducing systemic
resistance in these plants.

The Trichoderma isolates tested during this study have shown a great capacity to survive in
the rhizospheric soil of wheat and barley plants growing on substrates containing different doses of
rock phosphate and to migrate from these substrates to the roots of plants to colonize them.
According to Nemec et al. (1996) one of the essential characteristics in a biological control agent is
its ability to survive in an environment different from its original environment and to colonize the
roots of plants to protect them from pathogens. Kleifeld & Chet (1992) reported that stimulation of
plant growth by Trichoderma sp. would be due to the increase in the transfer of nutrients from the
soil to the roots thanks to the colonization of these by Trichoderma.

Baker (1988) reported that such increases in plant growth and development can result from
either control of minor pathogens, increased nutrient uptake, or increased root growth which
promotes required nutrient availability. The work of Mouria et al. (2008) showed that the Tcomp
and TH2 strains of Trichoderma were able to colonize the roots of inoculated tomato plants. Ozbay
& Newman (2004) reported that Trichoderma isolates were able to maintain and multiply at high
levels 4 weeks after their incorporation into the soil. Similarly, Besnard & Davet (1993) found that
the populations of Trichoderma were maintained at the end of their experience in terms of growing
media. Kleifeld & Chet (1992) reported that the stimulation of plants by Trichoderma depends on
its ability to survive and maintain itself in the rhizosphere. For this, the estimate of the populations
of Trichoderma in the culture substrate at the end of the tests showed their capacity to maintain a
high level in the rhizosphere; however, this level varies from strain to strain. Ousley et al. (1994)
point out that T. harzianum improves the nutrient delivery from the growing substrates to the roots
like the effects of mycorrhizae. These results confirm the work of Kleifeld & Chet (1992) who
reported that the positive effect noted in plants inoculated by T. harzianum is due to the increased
transfer of nutrients from the soil to the roots thanks to the colonization of these by Trichoderma.

Conclusion

The present study noted that the inoculation of growing media, amended with different doses
of rock phosphate, has a significant effect on the growth and yield parameters of wheat and barley
plants. The tested Trichoderma were able to maintain themselves in all the substrates of the culture

406



and to develop in the cortex of the roots and the rhizosphere of wheat and barley plants. Thus, the
application of Trichoderma in agriculture is a promising approach which will make it possible to
reduce the use of growth regulators while minimizing the cost of production and the negative
impacts on the environment.

Table 3 Effect of Trichoderma on the germination of wheat and barley seeds on the substrates
amended with different doses of rock phosphate, after 10 days of culture (expressed in %).

0% PR 25% PR 50% PR 75% PR 100% PR
Control 100° 93.75 87.5° 66.66¢ 50°
Softwheat T1 100 100 100 75 56.25b
Wafia TR-B 98 (2) 100 100 100 720 56.25b
TR-B 98 (3) 100 100 100 782 68.75°
Durum Control 100 87.5 81.25b 66.66° 50°
wheat T1 100 100 100 75 68.752
Amiad TR-B 98 (2) 100 100 100 75 62.25b
TR-B 98 (3) 100 100 100 75 68.75°
Control 100 93.75° 87.5b 75¢ 56.25¢
Barley T1 100 100 100 83.3b 68.752
Oussama  TR-B 98 (2) 100 100 100 81.25¢ 62.25b
TR-B 98 (3) 100? 100? 100? 87.5° 68.75°

*Two values read in the same column, for each culture, followed by the same letter are not significantly at the 5%

threshold

Table 4 Effect of Trichoderma on the agronomic parameters of wheat plants (durum and soft) and
barley growing on substrates amended with different doses of rock phosphate, after 80 days of

culture.
0% PR 25% PR 50% PR 75% PR 100% PR
BT BD O BT BD O BT BD O BT BD O BT BD O
Control 487 479 509 469 497 520 429 429 450 289 289 307 220 250 26°
sireofthe TL 60" 67° 750 57 59 62¢ 54b 530 63¢ 38d 36b 36° 30° 31° 36
aerial gsR(zE; 62° 60° 74° 50b 64° 71b 52¢ 52¢ Gad 37° 34c 40P 35> 320 36P
part (cm) i
gsR(g 760 75t 822 722 742 T8 B5% 658 69° 43% 43% 498 370 342 38
Control 4° 45 5> 4b 4° 55 4 4 52 3 3P g2 3@ 3 30
Number | TL 5 5b g 52 g G 52 52 bR 42 42 42 3 3@ 3@
of gsR(zE; 5 5 6 5 5 6 5 5 5 4 £ £ P F 3
internodes
-9I-8R(-BB) 6a 6a 63 53 63 63 5a 53 Sa 4a 4a 4a 33 3a 3a
Control 1° 1¢ 2° 1v 1¢ ¢ 1p f¢ {c & qa 1b qa a  1a
T1 22 gb gb pa gb b pa b 9b fa 2 pa fa 12 qa
Number TR-B a b b a b b a b b a a a a a a
il sy 2 2 2 2 2 2 2 2 2 r or 2 o o1
35('5 22 3 3 g g 3 g2 g 3 12 12 1p {2 12 qa
Control 7¢ 7¢ o 74 74 g g5 7¢ 7c g5 7c 7 g b 7d
T1 100 9° 11¢ 12b 13b 15> gb 122 14° 66 7° 10 5> b o
’g'fulref‘at\’/‘zg gsR(ZE; o g 13b 10° 12 14° g 10b 15° b g 10° 5> 76 1P
gg{('g 158 142 16° 17° 168 19° 128 122 14b 108 10° 11° 8 9@ 112

*Two values read in the same column, for each culture, followed by the same letter are not significantly at the 5%

threshold
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Table 5 Effect of Trichoderma on the yield parameters of wheat plants (durum and soft) and barley
growing on substrates amended with different doses of rock phosphate, after 80 days of culture.

0% PR 25% PR 50% PR 75% PR 100% PR
BT BOD O BT BD O BT BD O BT BD O BT BD O
Control 17 1> 1° 1 1P 1P 1B 1P 1> 10 12 12 12 12 12
T1 2¢ 22 a2 28 a8 P& Da 2¢ 18 1@ 12 12 1@ 12

Number TR_B a a a a a a a a a a a a a a a
ofspike 98(2 2 ¥ ¥ r 2z 2 2 2 2 ¥ 1 1 1 11

TR-B a a
98 (3) 2 2 22 22 22 22 pa  7a 22 12 1@ 1@ 12 1@ 1@
Control 44° 42° 46° 43¢ 44° 45P 39° 41° 44° 22¢ 24b 28¢ 18¢ 18° 20°
T1 500 50 56° 51° 510 582 46° 48> 48> 28> 26° 340 220 230 25
Number TR-B
of grains/ 98 (2) 532 542 60 542 542 B2 502 50% 542 30% 322 3G 248 22b ogb
spike TRB
98 (3) 542 542 60* 56% 54* 60% 528 522 5G* 328 322 38 26% 282 28

*Two values read in the same column, for each culture, followed by the same letter are not significantly at the 5%
threshold

Table 6 Effects of Trichoderma on the growth of the aerial part, estimated by the fresh and dry
weight (in g) of wheat and barley plants growing on substrates amended with different doses of
rock phosphate, after 80 days of culture.

Treatments 0% PR 25% PR 50% PR 75% PR 100% PR
PF PS PF PS PF PS PF PS PF PS
Soft Control 425 18.2° 40.5° 16.3° 36.45¢ 12.5°¢ 32.25° 9.5° 18.5¢ 6.6
wheat T1 57.25% 2557 545 2252 51250 19.13* 415% 16.35%° 27.5® 10.82
Wafia TR-B98(2) 527> 235° 50.25° 21.25% 48.8° 16.34* 38.8° 14.45° 26.45° 9.022
TR-B98 (3) 56.820 253* 545 225 515 18.76* 425* 16.25* 28.22% 10.5%
Durum Témoin 40.5¢ 17.2° 38.5° 16.5° 36.45¢ 125° 26,59 8.41°> 17.75¢ 5.38°
Wheat T1 55.5 2357 52252 21.25% 48452 18.22* 36.25° 12.64* 26.4°> 10.25
Amiad TR-B98(2) 50.2> 21.6° 4845 19.25° 445> 16.22" 34.8° 1258 24.25° 10.25%
! TR-B98 (3) 54.28 23.5% 5222% 225 495 19.75% 38.820 12.86% 28.5* 10.25%
Témoin 4529 18.3¢ 42.25° 18° 40.5¢ 145°¢ 325° 8.75° 1959 6.87°
Barley T1 59.2° 252b 555% 2258  505° 20422 425% 16.45% 30° 11.98%

Oussama TR-B98(2) 56.5¢ 23.5° 54.6° 20.5°  48.25° 16.5° 385" 14.45° 26.25¢ 10.22°
TR-B98 (3) 60.45% 27.5% 56.25% 22.73* 52.25% 20.45* 425° 175* 325* 125°

*Two values read in the same column, for each culture, followed by the same letter are not significantly at the 5%
threshold

Table 7 Effects of Trichoderma on the growth of root mass, estimated by the fresh and dry weight
(in g) of the roots of wheat and barley plants growing on substrates amended with different doses of
rock phosphate, after 80 days of culture.

0% PR 25% PR 50% PR 75% PR 100% PR
PF PS PF PS PF PS PF PS PF PS
Control 45 187° 43¢ 1.83¢ 32¢ 1.8 2.6° 12> 22> 0.92¢
Softwheat T1 6.24> 2.6 656 2.3° 54°  2.6° 3.72 192 268 120
Wafia TR-B 98 (2) 7.622 2.9° 6.83° 24P 58> 2.6° 3.3 1.8 25 162
TR-B 98 (3) 7.02¢2 2.9 8.69* 2.9° 6.4 2.82 3.72 1.8 26* 162
Durum Control 42¢ 172* 453¢ 184° 3.63°¢ 1.98° 3.01° 15¢ 215° 0.8
Wheat T1 6.85° 2.68 6.38° 2.5P 522 2,05 325> 1.64° 2.6® 0.98°
Amijad TR-B 98 (2) 7422 2.62% 7.64> 2878 573 213> 352 1822 256> 1.06°
TR-B 98 (3) 7.678 251 8258 264> 574* 233* 3.79° 1.84* 2.86° 1.722
Barley Control 4319 1.85° 4.12¢ 1.78° 3.6° 1.62¢ 218 1.12°¢ 24° 092
Oussama T1 7.52¢ 287" 7870 2.78% 573° 223 423> 129" 278> 1.09%
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Table 7 Continued.

0% PR 25% PR 50% PR 75% PR 100% PR

PF_PS PF_PS PF__PS PF__PS _PF__PS

TR-B 98 (2) 8.41* 296* 8.64* 263" 6.228 212 435> 132> 292 17122
TR-B 98 (3) 8.75° 293 8428 275 653* 2.09° 5.67° 179 3.12% 118

*Two values read in the same column, for each culture, followed by the same letter are not significantly at the 5%
threshold
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*Two values, for each treatment, followed by the same letter are not significantly different at 5%

Fig. 1 — Effect of Trichoderma on the length growth of the roots of wheat and barley plants
growing on fine substrates with different doses of rock phosphate, after 80 days of culture.
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Table 8 Colonization of the roots of wheat and barley plants growing on substrates amended with
different doses of rock phosphate by Trichoderma (expressed in %).

Treatments with

% of root colonization by Trichoderma

Cultures Trichoderma 100SM__ 75SM/25P  50SM/50P  25SMI/75P  OSM/100P
Control ob 0 0 Qb oc
Soft wheat  T1 8358 74.12° 78.15% 7058 62.8°
Wafia TR-B 98 (2) 82.12¢  80.15° 76.85 72,68 68.3
TR-B 98 (3) 86.4° 83.25¢ 80.75¢ 735 74.25
Durum Control o¢ 0c 0c oc oc
et T1 735 76.5 66.5° 64.25 62.43"
Amjad TR-B 98 (2) 77500  82.258 68.3° 67.5 67.5
TR-B 98 (3) 83.25¢ 80,128 86.12° 78.25¢ 72.15¢
Control oc Ob Oc Oc Qb
Barley T1 76.75°  80.25° 79,252 7658 72.258
Oussama  TR-B 98 (2) 80.75¢  83.75° 73.25 73.25¢ 76.02¢
TR-B 98 (3) 84258 82,258 83.25 77508 7458

*Two values read in the same column, for each culture, followed by the same letter are not significantly at the 5%

threshold

Table 9 Colonization of the straw fragments by the Trichoderma (expressed in %) brought to the
amended substrates with different doses of rock phosphate.

% of colonization of straw fragments by Trichoderma

4days 20days 40 days 60 days 80 days
Control 0c* e op e e
Soft wheat T1 78 32.52 87.42 82.42 72.122
(Wafia) TR-B98(2) O° 2655  88.8° 71.3b 66.272
TR-BO8(3) 3 35.5 90.6 83.4° 74.36°
0% PR Control oc oc op op e
Durumwheat T1 oc 28.5% 83.752 79.142 76.35b
(Amijad) TR-BO8(2) 3 26.25°  86.25 82.50°  79.12°
TR-B 98 (3) 6° 30.62 84.752 84.252 72.292
Control (0 oc op o° o°
Soft wheat T1 op 40.52 79.32 712.25% 62.25
(Wafia) TR-B 98 (2) ob 32.20 85.25b 83.25b 68.752
TR-BO8(3) & 39.25¢  89.42 86.45 7255
25% PR Control 0° 0d 0d 0c 0°
Durumwheat T1 5P 30.5¢ 73.5¢ 66.75° 62.55P
(Amijad) TR-BO8(2) 0° 34.75°  76.6b 72.28 65.25"
TR-B 98 (3) 82 36.252 84.252 73.33% 67.72
Control oc od e e oc
Soft wheat T1 50 32.5¢ 61.14b 68.6° 66.5°
(Wafia) TR-B98(2) O° 36.50 68.35° 67.30 66.5
TR-B 98 (3 62 32.52 63.12b 86.62 82.252
50% PR Control ©) 0 0 0d 0° 0°
Durumwheat T1 20 24.15% 55.25¢ 79.032b 66.3°
(Amjad) TR-B 98 (2) o¢ 21.55b 61.052 76.5° 68.5°
TR-BO8(3) 4 28.5 58.12° 81258 7275
Control oc e e oc od
Soft wheat T1 4b 22.50 53.75b 66.3¢ 61.14¢
(Wafia) TR-B 98 (2) 62 21.55b 53.75b 75.75b 66.3°
o TR-B 98 (3) oc 28.252 55.142 75.62 68.75%
5% PR Control (0 oc oc od od
Durumwheat T1 o 29.5° 61.14b 68.5°¢ 62.5°¢
(Amijad) TR-B98(2) O 28.25"  62.5° 73.12> 7.7
TR-B 98 (3) 42 30.52 62.252 78.52 64.15b
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Table 9 Continued.

% of colonization of straw fragments by Trichoderma

4days 20days 40 days 60 days 80 days
Control 0° 0° 0° oc oc
Soft wheat T1 3 20.25° 34.25° 62.5° 72.75P
(Wafia) TR-B98(2) 2° 21.5° 32.2° 66.75° 72.75P
100% PR TR-B98(3) O0° 26.55? 34.752 62.5° 76.6%
Control b 0d 0° 0d 0°
Durumwheat T1 28 20.25°¢ 32.5° 64.5¢ 73.12°
(Amjad) TR-B98(2) O 22.5P 32.5° 66.3° 75.752
TR-B98(3) 22 28.5% 36.25° 68.6° 75.752

*Two values read in the same column, for each culture, followed by the same letter are not significantly at the 5%

threshold

Table 10 Colonization of the straw fragments by the Trichoderma (expressed in %) provided to the
amended substrates of different doses of rock phosphate in barley (Oussama).

% of colonization of straw fragments by Trichoderma

4days 20days 40 days 60 days 80 days
Control ob* oc op oP oc
0% PR T1 ba 32.52 83.52 82.252 72.252
TR-B 98 (2) 0P 28.25P 83.752 80.252 74.50P
TR-B98(3) O 29.3° 85.5 86.122  76.15?
Control op (0 oc oP oc
o T1 op 40.52 75.6° 712.32 59.52
25% PR TR-B 98 (2) ba 41.252 78.5° 71.152 64.15P
TR-B 98 (3) 0P 36.25° 82.252 72.552 66.52
Control o o o (08 0
T1 4b 29.5° 53.75b 75.75b 69.55P
50% PR TR-B 98 (2) 6° 34,252 62.52 79.252 76.252
TR-B 98 (3) o 36.552 64.252 73.12b 72.15%
Control Qe Qe od od oc
T1 2b 28 .25 57.02¢ 12.75° 72.75P
75% PR TR-B 98 (2) oc 32.42 59.50 79.25b 73.12b
TR-B 98 (3) 6° 32.252 64.122 82.252 76.52
Control Qe 0d od od od
T1 oc 21.5¢ 36.55P 61.14¢ 76.6°
100% PR TR-B 98 (2) 3p 24.8° 34.75°¢ 67.3° 72.55°¢
TR-B 98 (3) 42 26.42 39.252 68.352 79.32

*Two values read in the same column, for each culture, followed by the same letter are not significantly at the 5%

threshold

Table 11 Re-isolation of Trichoderma from the soil (rhizosphere) of wheat plants growing on
substrates amended with different doses of rock phosphate, after 80 days of culture.

Treatments CFU/qg of soil
\%'It?h oderma 0 day 20 days 40 days 60 days 80 days
Control od* od od od od
Soft Wheat T1 48.5 10% 34.510% 23.510%  12510°% 7.510%
Wafia TR-B98(2) 49.510% 36.510%  22.510% 13.510% 5.2 10%¢
0% PR TR-B98(3) 53.210% 41.210%  26.2 10% 18.25 1032 8.7 103
Durum Control 0od 0od od oc od
Wheat T1 46.2 10% 31.510% 21.5 10% 14.510% 6.5 103
Amjad TR-B98(2) 482510% 39.510% 245100 14.510%® 3.5 10%¢
TR-B98(3) 52.610% 44810%  2510% 17.25 103 5.9 10%
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Table 11 Continued.

Treatments CFU/qg of solil
\.II.VrIIt?h oderma 0 day 20 days 40 days 60 days 80 days
Control 0od od oc 0d od
Softwheat  T1 47310%  38.7510% 22510%  14.510% 6.7 10%
Wafia TR-B98(2) 50.2510% 42510% 26.210%  13.510% 5.3 10%
2506 PR TR-BO8(3) 51.0310% 452510% 26.210% 17.2510% 8.7 10%
Durum Control 0od N od . 0d . 0d . o° .
wheat T1 49.0510% 39.2510% 18.3310% 15510% 6.25 10%
Amiad TR-BO8(2) 48510%  42510%  2510% 17.2510%  5.7510%
TR-B98(3) 53.3310% 45510% 28510%  18510% 6.34 10%
Control e od 0d 0d e
Softwheat  T1 48510%  42510% 23510%  12.510% 3.25 10%
Wafia TR-B98(2) 51.0310% 44510% 26.2510%® 13510%  4.5510%
50% PR TR-BO8(3) 48510%  38.7510% 2910% 16.66 10%  4.12 10%
Control od od 0d 0d Oc
Duruwheat T1 452510% 34510%  18.3310% 155 10% 3.98 10%
Amjad TR-B98(2) 47.310% 36510%® 21.510%  16.510% 5.75 10%
TR-BO8(3) 51.0310% 44810% 22510% 18.2510%  5.2510%
Control od od oc 0d oc
Softwheat  T1 47310%  36510% 22510%  11.2510%  6.73 10%
Wafia TR-B98(2) 49510%  42510%® 24510% 137510%  5.1710%
7506 PR '(ER-B 9|8 ©) 83.2 10% 61d5.25 10% gd4.5 10% éd4'5 10% 8(.178 10%
ontro
Durum T1 51.510%  38.7510% 18.3310% 10.5510%  4.12 10%
wheat TR-BO8(2) 49510%  44810%® 21.510® 12510%  6.2510%
Amjad TR-BO8(3) 54 10% 452510% 28510% 13510% 533 10%
Control od od 0d 0d oc
Softwheat  T1 47310%  36510% 21510%  10.5510%  2.2510%
Wafia TR-B98(2) 51.0310% 42510%®  26.2510% 12.510% 2.75 10%
TR-B98(3) 5410% 447510% 28510%  14.510% 3.92 10%
100% PR Durum Control od od 0d 0d oc
wheat T1 48510%  38510% 19.510%  10.2510%  3.50 10%
Amijad TR-B98(2) 52610%  44810%® 22510% 12.510% 2.50 10%
TR-B98(3) 53.210% 452510% 23510% 13.4510%  2.7510%

*Two values read in the same column, for each culture, followed by the same letter are not significantly at the 5%

threshold

Table 12 Re-isolation of Trichoderma from the soil (rhizosphere) of barley plants growing on
substrates amended with different doses of rock phosphate, after 80 days of culture.

Treatments with CFU/qg of soil
Trichoderma 0 Day 20 days 40 days 60 days 80 days
Control 0d 0d 0d 0d 0°

0% PR T1 46.310%  34.510% 21510  13510% 6.310%
TR-B 98 (2) 45810%  37.2510% 22510% 15510%®  5.410%
TR-B 98 (3) 49.310%  42510% 23510%  19510%®  6.2510%
Control 0d 0d 0d 0d 0°

2506 PR T1 48.510%  43.510% 22510%  14510%  5.2310%
TR-B 98 (2) 50.2510%  45.25 10% 21510%  15510%  55510%
TR-B 98 (3) 53.210%  48.2510% 26.210%  17.710%® 6.510%
Control 0d 0d 0d 0d 0°

509% PR T1 49.510%  36.510% 23.510%  13.7510% 4.1510%
TR-B 98 (2) 47.310%  38.7510% 24510%  14.2510% 4.510%
TR-B 98 (3) 52.6 10%  42510% 26.410%  17.4510% 5.7510%
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Table 12 Continued.

Treatments with CFU/qg of soil
Trichoderma 0 Day 20 days 40 days 60 days 80 days
Control 0d 0d 0d 0d 0d

7506 PR T1 48.7510%  36.5 10% 23510% 12510% 4510%
TR-B 98 (2) 51.0310% 42510% 26.2510% 13.4510% 5.16 10%
TR-B 98 (3) 52.6 10%  47.310% 28510%  15510%®  6.3410%
Control 0d 0d 0d 0d 0°

100% PR T1 49.510%  36.510% 21.2510% 11.2510% 3.2510%
TR-B 98 (2) 47.310%  38510% 23510%  14510%  3.7510%
TR-B 98 (3) 54 10% 47.3 10% 26.210%  13.210%  4.2510%

*Two values read in the same column, for each culture, followed by the same letter are not significantly at the 5%
threshold

Fig. 2 — Effect of the Trichoderma isolate TR-B 98 (3) on the growth of Durum wheat (BD), soft
wheat (BT) and barley (Or) plants, growing on different substrates amended with increasing doses
of rock phosphate, after 40 days of culture. (a: control; b: 0% PR; c¢: 25% PR; d: 50% PR; e: 75%
PR and f: 100% PR).
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