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ABSTRACT

One of the substrates used to reproduce a Trichmde&pp., is whole grain rice, which has relativeigh cost. In
order to find a cheap and easy substrate acquisitio Tetela de Ocampo region of Mexico Puebla, whéis

fungus has a good development and a high produaifoviable spores was established this researchedino

assess five agricultural substrates mass reprodancéind viability of spores of four strains of Thraerma native
and associate it with the nutritional compositiohtbe substrates used. Were evaluated grain ofsbid, rice,
lentils, corn and wheat, we used a completely ramided design, with five replicates per treatmerg. giantified
the number and percentage of spore viability andetated with the proximate analysis. The groundncsubstrate
was the best substrate; both in the production gexdnination of spores of strain TS1P1 with 117.%F#ml and

99.0% viability, respectively the substrate legtiin present the second best production 94.38 Bfixil and 98%
viability with the same strain. Based on the pra@eanalysis, the development of the mycelium,ugon and

spore viability, the native strains of Trichodermspp., have great fit those agricultural substrategh high

moisture, low in minerals, protein and fat.

Keywords: Massive reproduction, rice, native strains and jpnaxe chemical analysis.

INTRODUCTION

The northern sierra of Puebla-Mexico presents Bggmt problems in forest soil degradation, maingused by
deforestation, expansion of the agricultural frentands and steep slopes from poor soil managefhetjt Fungal
genera likeTrichodermand Aspergillusre taught to be cellulose producers. Amylasestlaemost important
enzymes and are of great significant in biotechgwland are commercially important in various stgsobcessing
industries [3]. In soil exist various microorgansmwith antagonistic capacity toward phytopathogenic
microorganisms the most studiedTischodermappdue to its easy and fast growth [4]. This istural habitant of
the soil that is characterized by its saprophyteakimr, property that provides antagonistic advgesa such as
antibiosis, nutrient competition,mycoparasitisnmotber fungi, etc., allowing its selection and use lfiocontrol in
certain agricultural crops [5-6-7ichodermappare most common fungal biological control agéms have been
comprehensively researched and deployed throughewvorld [8].

In the last 10 years there have been research wehksein it has been isolated, selected and eluaative
species offrichodermapp with the potential to establish a biologicahtcol against various phytopathogens, which
have proposed innovative mechanisms for the impheation of this fungus with satisfactory resultigHtighting
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mainly the inhibition percentagehizoctoniaPythium Phytophthoa andSclerotium among others, affecting many
commercially important crops such as maize, tombt&ans, wheat, etc., as well as plant growth sttan,
providing quality as the most important parametesed in certain production systems[9-10-11-12-13].

The need to reduce the use of fungicides in thegslyitary control is necessary to develop teclgietothat allow
an easy, economical and effective way to obtairdgets from microorganisms endogenous with qualitg a
sufficient quantity for mass application in cropas.The knowledge of nutritional requirements ésrttain need in
the cultivation of microorganisms using any cultueghnique. The carbohydrates, proteins, lipidg|eic acids are
made up of macro elements like carbon, hydrogempgen, sulphur, phosphorus and these are invoimed
mechanisms like host pathogen interaction anddeffnce mechanisms [14richodermapp is developed under
different environmental and nutrients conditions; fmass production in vitro has the capacity togbewn on
different inexpensive substrates [15]. However,citenmercial production has some drawbacks suclads df
knowledge of efficient alternative substrates, mimm necessary infrastructure and equipment, aschts limited
their development and use on a larger scale.Otteeahost used substrate is whole grain rice, whiha relatively
high cost, so it is intended to incorporate the usE regional substrates for reproduction [16-
17].Trichodermaxhibited maximal oxidation of lignin in substrgtéisey are: Eucalyptus, Rice straw, Sugar cane,
Maize leaves, Teak big leaves, Castor oil leaf,iiNey Champak, Jamun, Hongge, Mango leaves withenlit 3
weeks [18].

Based on the problematic presented, the purpotiesofesearch is to find a cheap and easy substcapgisition in
rural communities in the municipality of Tetela @eampo, Puebla-Mexico in whicfrichodermapp have a good
development and a high production of viable spoYés. established the following objectives: a) Toleate 5
agricultural substrates in mass reproduction ofativa strains ofTrichodermapp, b) Select the best substrate
which obtains the highest number of spores. c) Midag the viability of the spores in each of théswates and d)
Determining by a proximal chemical analysis, thé&ritianal composition of the substrates.

MATERIALS AND METHODS

Four native strains ofrichodermapp were used, which belongs to the mycology lgboyastrain collection
atBUAP Center for Agroecology. Was continued at sna&production sterile substrates, using crushed gains,
lentils, rice, wheat grain and birdseed, preparibg of each one in jars with capacity of 190 tgrats pre cooking
were sterilized at 120 ° C in an autoclaving withagacity of 20 L for 30 minutes, the pH readingsuwaken at a
potentiometer Thermo Cientific ® brand of each oh¢éhe substrates mentioned above. It was inoalilasing for
it sterile straws, taking a portion of 5 mm of digter, with culture medium previously colonized Inams TS1P1,
TS1P2, PS3P1 and CS2P2, was placed on top of bistrate in a laminar flow hood to maintain stectmditions,
incubated at room temperature for 15 days, havuog hative strains ofrichoderma&pp., for each treatment with 3
replications, taking a total of 60 flask§aple-1). To obtain spores was initially added 100 ml wfite distilled
water to each bottle in order to separate the rmapoges, finally 300 ml was gauged for each treatrfie3]. The
concentration of spores in each suspension obtaiasdperformed with the help of a Neubauerchambemgcite,
Propper Manufacturing Co. Inc. Long Island, NY).eTbounting in the chamber was made four times &mhe
treatment and replication, once the spores werateduhe following formula was applied:

Spore number amount of spores x $0ml
8

Tablel. Design for the propagation of native straia of Trichodermaspp., in agricultural substrates in Tetela de Ocamp, Puebla-Mexico

TS1P1 TS1P2 CS2P2 PS3P1
Cl|{Bd1|W1|L1|R1|C2|Bd2|{W2|L2|R2|C3|Bd3|W3|L3|R3|(C4|Bd4|W4|L4|R4
C1|Bdl1|{W1|L1|R1|C2|Bd2|W2|L2|R2|C3|Bd3|W3|L3|R3|C4|Bd4|W4|L4|R4
Cl|{Bd1|W1|L1|R1|C2|Bd2|{W2|L2|R2|C3|Bd3|W3|L3|R3|(C4|Bd4|W4|L4|R4

C = Corn, Bd= Birdseed, W = Wheat, L = Lentil ang Rice

w|ro|n]Z

To determine the viability of spores, in Petri éistof 9.0 cm diameter with culture medium potatgtrdse agar
(PDA), 100 spores were seeded; from a suspensidnxaf(® was used 0.1 ml per dish. At 48 hours after sepdin
the number of colony forming units (cfu) germinate@re counted. The 5 treatments were distributedh in
completely randomized design with 4 replications.

For the determination of dry matter, moisture, asthereal extract, crude fiber and crude protdin, groximal
chemical analysis, we followed the official methadshemical analysis [20]. 5 substrates were gtowith the aid
of a mill using No. 20 mesh, and subsequently udintp 2 g depending upon the substrate and theysisal
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performed.The data obtained were processed usingtétistical package SPSS version 17 (Statisfiaakage for
Social Sciences) to perform the analysis of vagafENOVA) and then applied the multiple comparigest of
Tukey (p <0.05), for determining differences betwéeatments.

RESULTS AND DISCUSSION

In previously 100% colonized beads with native isgaf Trichodermapponce the incubation time elapsed (15
days at room temperature), was quantify the amolspores produced by the native strains. Was oédaihe total
number of spores between treatments which resiritetbre sporulation with the substrate (C) with Z17x 1¢ /
mL, followed by (L) with 136.57 x 10/ mL, (W) with 85.01 x 16/ mL, (Bd) with 74.69 x 10/ mL and last (R)
with 74.37 x 1¢/ mL (Table-2). On the individual evaluation the strains hachiigant difference in each of the
substrates tested, the substrate birdseed inrdiesTS1P1 and CS2P2 showed no mycelial growthtlaedfore
there was no production of spores, the strain T$B&ented 55.00 x 10 mL and the strain PS3P1 obtained 19.69
x 10" / mL on rice substrate, the strain TS1P1preseu@d x 13 / mL the strain TS1P2 obtained 11.25 X 1L

the strain CS2P2 presented 15.31 % AénL the strain PS3P1presented 38.75 % il for lentil substrate was
obtained 94.38 x 0 mL in the strain TS1P1, 6.25 x 10nL in the strain TS1P2, 2.81 x 10nL in the strain
CS2P2, 33.13 x £0mL, in PS3P1, in corn substrate, the strain T®bRiined 117.50 x f0mL 27.19 x 1¢/ mL,

the strain TS1P2, 26.88 x 10nL in the strain CS2P2 and 35.94 X/101L in PS3P1, finally, in the treatment of
substrate in wheat were obtained 22.81 ¥ il in TS1P1, 24.38 x 0mL, in the strain TS1P2, 19.69 x“1énL

in CS2P2 and the strain PS3P1 presented 18.1% xl(Figure 1,2,3 and 2.

Previously investigated [21], conducted a massdpeaduction offrichodermaharzianurmn substrates obtaining in
rice grain 3.13, birdseed grain 2.31 and cracked 6225 number of spores x “hdL -1. [22], conducted a mass
reproduction ofTrichodermaharzianumusing rice as substrate getting 1.80 X dffiores / g of substrate.[23],
obtained a count of 32 x 1@onidia / mL, in 3% rice broth preinoculum 14 X’ t6nidia / mL.[24], who produced
in oat broth at 6% preinoculum with average 1 Xcb@idia / mL and [25], who produced in pure ricenger
médiuma concentration of 1.9 x®6nidia / mL while in other studies [22], reporteshcentrations of 9.5 x 10
conidia / mL.

Wheat . Wheat .

Corn 1 Corn 1
g 2
£ Lentil 1 £ Lentil 1
- o~
= &
Rice l Rice l
Birdseed |l Birdseed 1
0 20 40 60 80O 100 120 140 Q 20 40 60 RO 100 120 140
Total number of spores x104/ml Total number of spores x10%/ml
Figure 1. TS1P1 strain in relationtotheamount of spres in each Figure 2. TS1P2 strain in relationtotheamount of spres in
of thetreatments each of thetreatments

The viability percentage ranges are very homogemenuong the native strains @fichodermapp., and the
behavior in substrates is very similar, since tlféeigtnce between the highest and the lowest w&%09the
substrate having an excellent germination is the with 99.0%, followed by the rice grain (97.5%)atice husk
(97.0%) while the garlic cataphylls is the substnatth the lowest percentage (87.8%) of viabilifalfle-2).
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Wheat . W heat .
i -t : T T -1 1
Corn i Corn 1
w | ] W |
A —
= =
< =
E Leniil | E Lentl 4
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Z | e |
=] ] g & B T -T 1 =
Birdseed | Birdseed ’
|I 1 1 1 1 1 J
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Total number of spores x10%/ml Total number of spores x10%/ml
Figure 3. CS2P2 strain in relationtotheamount of spres in each Figure 4. PS3P1 strain in relationtotheamount of spres in
of thetreatments each of thetreatments

Table-2. Macro and microscopic characteristics oftte Trichodermaspp strains, on different sterilizedsubstrates Agricultural

Macroscopic characteristics ofTrichodermaspp., strains colonies
Treatment Code | Initial pH | Texture | Density | Aerialmycelium Color PEX10Yml* | % Viability | final pH
* *%
TS1P1 5.9 X X X X 0 il e 0 6.8
5:;‘??8" TS1P2| 64 | Cottony| AbundantAbundant Light / green55,00| b| a 91 75
CS2P2] 6.7 X X X X 0 dc 0 7.2
PS3P1] 6.4 Woolly | Abundan{ Abundant Dark /green 19.6%| b 95 74
TS1P1 6.8 Cottony| Scarce Abundant Dark / green  9|06| cc 98 7.7
Rice TS1P2 6.9 Cottony| Scarce Abundant Light / grgehil.25|c| ¢ 94 7.3
grain CS2P2 6.5 Woolly | Regular | Regular Green 1534 b 91 7.5
PS3P1| 6.4 Woolly | Scarce Scarce Green 38|#5 a 90 7.6
TS1P1 5.9 Cottony| AbundantRegular Green 94.38a| a 99 6.5
Lentil TS1P2 6.6 Cottony| AbundantAbundant Dark / green 6.25 |dc 91 7.6
grain CS2P2| 5.6 Cottony| AbundantAbundant Light/green 2.81 | d| ¢ 89.2 6.7
PS3P1] 6.6 Velvety | Regular | Scarce Green 33118 b 94 7.2
TS1P1 5.8 Woolly | Abundant Abundant Green 1175a| a 99 6.8
Crushed | TS1P2 5.8 Cottony| AbundantRegular Green 27.1Pa| ¢ 92 6.7
corn CS2P2] 5.3 Velvety | Regular | Abundant Green 26)88| c 91 6.5
PS3P1] 6.2 Woolly | Abundan{ Abundant Dark/green 35.9b| b 96 7.3
TS1P1 5.2 Woolly | Scarce Abundant Dark / green  22.81] a 94 6.5
Wheat TS1P2 6.4 Cottony| Regular | Abundant Dark / green 24.38 a 97 7.3
grain CS2P2| 5.9 Cottony| Scarce Abundant Light / grget8.69| b | a 92 6.8
PS3P1] 6.8 Woolly | Regular | Regular Green 1818| b 91 7.7

* Differences between substrates by strain studied.
** Differences between strains in the same substrat
Different letters in columns mean statistical digfece between the native strains of Trichodermasggroded soils in the municipality of Tetela
de Ocampo, with Tukey test at 0.05.
X = no colonization in the substrates.

The ANOVA analysis performed for each componenttla proximal chemical analysis detected significant
differences in all cases. Reference will be madé¢hefsubstrate that obtained a higher spore primdueind its
correlation with the nutritional content of eachteral used as substrate.

The ranges of dry matter and humidity are veryrogieneousTable-3), the range between the highest and lowest
humidity percentage is 3.42%. The substrate wighl¢last amount of dry matter and higher humiditg wee grain
(86.94 and 12.06%); in the crushed corn substrate abtained significantly higher spore productiod presented
10.67% of humidity and 88.35% dry matter. Thereasitive correlation between the percentage ofiNigbtotal
number of esporesand dry matter for TS1P1 and CSBRhs ofTrichodermapp and negatively with humidity
(Table-4), so that an excess of humidity in the substragednegative impact on germination spores.
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TABLE 3. Proximal chemical analysis of the substrags evaluated expressed as a percentage

Treatment | DryMatter | Humidity | Ashes | P.Crudel Fat |F. Crude
Rice grain 86.94 c| 12.06a | 11.01b| 3.16 | €/0.32|d]| 3.00| ¢
Wheatgrain | 88.33 b 10.68b | 5.26| d 9.57 | d{1.88|c| 1.10]| e
Birdseed 90.3§ a4 8.64 [ 12.b8|27.42|a|450|b| 6.61| b
Crushedcorn 88.35| b| 10.67 b | 2.67| e[ 13.23|c|2.15|c| 213 | d
Lentil 89.10| ab|] 9.92 ap7.68| c|18.95|/b|8.12|a| 86 | a

*Means in columns followed by the same letter apgadaccording to the Tukey testr.5.

TABLE 4. Correlation analysis of the number and vidility of spores of Trichodermaspp., with the nutritional content of the substrate

evaluated
- Crude _ TS1P1 | TS1P2 | CS2P2| PS3P1 | TS1P1 | TS1P2 | CS2P2 | PS3P1
Treatments | Drymatter | Humidity | Ashes ) Fat Crudefiber No. No. No. No. V. V. V. V.
protein
Spores | Spores | Spores | Spores | Spores | Spores | Spores | Spores
Drymatter 1 747 ,317¢ ,943" 728" ,393 436 ,295% | 068" ,208"¢ 715" ,230% | 7097 [ -247°
,000 ,065 ,000 ,000 ,026 ,015 ,000 ,378 ,159 ,000 134 ,000 117
Humidity 1 -236° | -897° -,486 -,199" -564 | -677 | -024° | -307 | -68T | -027° | - 662 | ,086"
,128 ,000 ,007 ,170 ,002 ,000 ,455 ,068 ,000 449 ,000 ,342
Ashes 1 ,340 ,159° ,129° -197° | 048" | -890 -,428 -389 | -,304° | -401 061
,048 224 269 173 410 ,000 016 027 070 023 387
Crudeprotein 1 710" 40T 5647 | 64T ,044" ,149¢ ,685" 139 [ 675" [ -,083°
,000 024 ,002 015 418 239 ,000 254 ,000 346
Fat 1 917" ,063° | -424 | 281 [ -348 529" 737" ,569" 44T
,000 ,382 ,017 ,087 ,044 ,003 ,000 ,002 ,014
Crudefiber 1 -207° | -058° | 244° | -653 217 | 816 273 | - 324¢
,160 ,391 ,120 ,000 ,149 ,000 ,093 ,017
TS1P1 1 -,394 354 497 535 -,371 499" 594
No. Spores 026 ,041 ,006 ,003 034 ,006 ,001
TS1P2 1 -234° | -648 | -893 | -214° | -876° | ,454
No. Spores 1130 ,000 ,000 152 ,000 011
CS2P2 1 ,289" 629" 534" 653" [ -123¢
No. Spores ,080 ,000 ,003 ,000 ,280
PS3P1 1 ,590 -308° | 544 | -014°
No. Spores ,001 ,068 ,002 473
TS1P1 1 404 998" | -356
V. Spores ,023 ,000 ,041
TS1P2 1 464" | 755
V. Spores ,010 ,000
CS2P2 1 -,39T
V. Spores ,027
PS3P1 1
V. Spores

ns. No significant.
**_The correlation is significant at the 0.01 ldve
*. Correlation is significant at the 0.05 level.

The percentages obtained of humidity for birdseed wheat grain are higher than those indicated, [#6lo
reported 7.7, 8.7%. The birdseed grain has theestgamount of ashes with 12.98% and crushed certother
with 2.67%. The crushed corn substrate had theesighumber of spores with strain TS1Pland the lba&s or
mineral content, it becomes clear that this staong with the others, are not demanding in theitritional
requirements, since a minimum of nutrients develog form spores satisfactorily. This trend is conéid by the
negative correlation in the spores production, egreith what is stated [11], in the sense fhathodermapp
grows well on many substrates and do not requineymatrients.

The values obtained in this study are high comparitid the ash contents reported [26], who menti66.6% in
birdseed, also[5], reported 6.83% of ashes forcth stover. The differences can be explained imgeof the
differences of each genotype used and the methpthofing [27].

The birdseed has the highest crude protein corf@&h#i2%), while the grain of rice the lowest val{316%).
Considering that the crushed corn was the bestiratdsor the production of spores and intermediaterude
protein content, the crude protein content thabrsg26],are similar to the results obtained iis iesearch. There is
positive correlation between the percentage ofiNigjtotal number spores and crude protein foRk€3 and TS1P1
strains ofTrichodermapp in this sense, [27] compared four creole whkitgghum progenies high in green matter
yield, dry matter and crude protein planted in thigtancesbetween rows (0.60 and 0.80 m). The sasported no
significant variation from 11.16 to 12.08%, so thia genotype used as the planting density,amomegy dactors
influence the percentage variation. The positiveadation in the number and viability of spores fions this trend
showing the importance of the substrate contaiaihggh content of crude protein.
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With regard to the percentage of fat content, tieeas range from 8.12% in lentil to 0.32% and gecain. Crushed
corn presents intermediate values of fat (2.15%%se8 on the percentages indicated [26], the faeotsobtained
are high for birdseed (4.50%) equal to the crustwd (2.15%), while for wheat is low (1.88%). Thergentages
for the substrates according to these authoraand 2.8% respectively. The negative corrafatidicates that a
higher fat content is lower the amount of spore$3dP2 and PS3P1 strains, and positive for the TS1hin, the
positive correlation of spore viability confirmsightrend showing the importance of the substratetaioing
between 2 and 4% of fat content.

The lentil substrate presents the highest cruds fibntent (8.6%), while the wheat grain the lowadtie (1.10%)
the crushed corn substrate presented (2.13%) Itwe v@mpared to those obtained [26],it was 24%. diushed
corn was the best substrate for the spores praduatid has a low percentage of fiber, besidese tisea negative
correlation with PS3P1 strain and the number ofepand a tendency to a positive correlation ofespa@bility of
the strain TS1P2, this confirms the trend showimgitportance of the substrate containing 2 to 8% uale fiber.

CONCLUSION

1.In general, the results obtained confirm that thressnproduction ofrichodermaspp. in vitro presents ease of
being cultivated on different agricultural low cestbstrates from rural regions.

2.The substrate suitable for TS1P1,TS1P2, CS2P2P&3&#P1 strains is corn;it showed higher colonizaitioall
samples used, plus a percentage of sporulationeleet17.50 x 0 mL and 26.88 x 1D mL.

3.Colonization in rice substrate was from regulantdl and achieved a greater amount of sporulatiothé strain
PS3P1 with 38.75 x f0mL and less in strain TS1P1 with 9.06 X/1L. Colonization in wheat had no significant
difference according to Tukey test 0.05 in relatiothe spores, as to the viability capacity turnatto be excellent
with 98% germination.

4.For the reproduction of TS1P1 and CS2P2 straifsrdseed substrate results favorable since in thieams was
obtained a sporulation percentage between 55.00*4mL and 19.69 x 10 mL beating the first to the rice
substrate which obtained 11. 5'A6L and equatingtowheat in thesecondstrain.

5.Based on the proximal chemical analysis, the myoelilevelopment, the sporulation and spore viabilftpative
strains ofThrichodermapp is optimal with agricultural substrates witlhwamidity percentage not exceeding 8%,
low mineral content (2.67), protein (3.16) and(faB2), and an intermediate percentage of fibe)(8.
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