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Abstract

Effects of Trichoderma harzianum on yield and fruit characteristics of cucumber grown in an unheated glasshouse, were studied.
Seeds of three cultivars, i.e., Y-43-F1, Y-44-F1 and Y-135-F1 were sown in peat; seedlings were transplanted to vials and planted in
the glasshouse soil on April 29, May 5 and, May 15, 2003, respectively. T. harzianum, obtained as a commercially available product
(Trichoflow WP™, Agrimm Technologies Ltd., New Zealand; 108 cfu g1) was applied to the soil root zone at three dosages, i.e., 4,
10 and 24 g m2. The data regarding total yield (g plant™2), early yield (g plant™), fruit weight (g fruit’l), number of fruits per plant,
number of early fruits per plant; mean fruit length (cm) and mean fruit diameter (mm) were analyzed statistically. The main effect of
dosage was significant only for total yield for which the 4 g m™ resulted in the highest total yield per plant with 2162.44 followed by
the 24 g m2, 10 g m2 and control (1931.67, 1859.11 and 1499.67 g plant %, respectively). Early yield was also positively affected by
T. harzianum at a dosage of 10 g m™ producing an early yield of 1130.56 g plant™L. The cultivar main effect, except for the mean fruit
diameter, was significant. Interaction between dosages and cultivars was non-significant for all the characteristics studied. However,

the application of Trichoderma harzianum significantly increased total yield in cucumber.
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Introduction

Cucumber (Cucumis sativus) is produced in large areas both in
glasshouses and in the field in Turkey aswell asin the world.
Turkey, with an annual production of ca. 1,750,000 Mt, ranks
among the top producers (Anonymous, 2004). Cucumbers,
although not providing agreat food value, are appreciated both
for flavor and texture (Nonecke, 1989). In the Mediterranean
Region, comprising also southern Turkey, aswell asin coastal
areasin northern part of the country, glasshouse crop production
is realized without the help of extra heating. In unheated
glasshouse, in general, winter growing of lettuceisfollowed, in
early spring (in the middle of April), by cucumber and tomato
production lasting until early August (Altintas, 1999).

From early seedling stagetolater stages, cucumbersare at high
risk to pathogen attack and diseases (fungi) and therefore
pesticideswere used commonly and often. Infact, in theorganic/
ecological production such practices are not used and instead
various biological agents are employed (Rossman and Miller,
1996; Waage, 2000). Trichoderma harzianum, abiol ogical agent,
is used successfully, mainly due to its mycoparasitic effects
against various plant pathogenic fungi, i.e., Phytium,
Rhizoctonia, Fusarium, Botrytis, Sclerotinia and Perenospora
(Harman, 1996; Manninaet al., 1997; Harman, 2000; Lewisand
Lumsden, 2001; Poldmaet al., 2001; Howell, 2003).

Effects of Trichoderma harzianum, as a biological agent, have
been well documented and furthermore it was found to have
increasing effects on the devel opment of cucumber plants (Poldma
et al., 2000). Under hydroponic and axenic growth conditions,
cucumber plants attain increased seedling emergence, larger root

and leaf area, increased height, shoot length and dry weight
(Yedidiaet al., 2001). Such growth promoting effectswere also
demonstrated in cotton seedlings, where Trichoderma viride
application induced significantly growth of the seedlings
(Hanson, 2000). Also, cabbage and lettuce development was
significantly increased by Trichoderma longipile and
Trichoder ma tomentosum (Rabeendran et al., 2000).

In addition to plant devel opment, the effect Trichodermaonyield
was studied. While onion yield was not positively affected by
the application of Trichoderma spp. (Poldma et al., 2001)
cucumber yid d wassgnificantly increased (Poldmaet al., 2002).
In the cucumber experiment, carried out for four subsequent
seasons, yield from the control plots were superior to those
treated with Trichoderma spp. in theinitial three seasonswhereas
inthefourth season yie d from thetreated plotswassignificantly
higher than the control. The present authors determined that
Trichoderma harzanumwas not effectivein total yield in tomato,
whereasearly yid d was postively affected (unpublished). Limited
number of previous reports on the effects of Trichoderma spp.
on yield therefore shows that the results are inconsistent.
Therefore, the present work was carried out to find out if
Trichoderma harzianum, besidesitsantagoni stic effects on plant
pathogenic fungi, is effective under our conditionsin increasing
the yield of cucumbers grown in soil in unheated glasshouse
conditions.

Materials and methods

The experiment was conducted in an unheated glasshouse at the
Department of Horticulture, Faculty of Agriculture, Trakya
Universgity, Tekirdag, Turkey, inthe spring-summer of 2003. The
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threecultivarsused wereY-43-F1, Y-44-Fland Y-135-F1 (Yuksd
Seed Co., Turkey). Trichoderma harzianum used was a
commercialy available product (TrichoFlow WP™, Agrimm
Technologies Ltd., New Zealand). Seeds were sown in peat
(Plantaflor, Type 3, Germany) on 29 April, 2003 and seedlings
were transplanted to vials of ca. 200 ml at the cotyledon |eaf
stage and planted in the glasshouse on 15 May, 2003. The
harvest period started from 20th June and ended on 31st July,
2003. Total harvest period was 42 days and yield from the first
half of the total period of harvest was considered as the early
yield. T. harzianumwas applied threetimes during the growing
period, i.e., a sowing, transplantingin thevialsand plantingin
thegreenhouse soil. T. harzianum, in theform of wettabl e powder
was suspended in water and drenched in the soil intheroot zone.
Thewater suspensions of T. harzianum prepared for the dosages
tested were divided equally among the plants in the plots and
then drenched in the root zone. Properties of soil in the
glasshouseup to 0-30 cm depth werepH, 7.5; P,O,, 26.3kg da™;
K,0O, 33.1 kg da* and organic matter 3.9%.

A factorial design in split plots was used where T. harzianum
application werethemain plots. The experiment waswith three
replicationsin which plotsfor dosagesand the control treatment
contained ten plants. Plants of each cultivar were divided into
four groups and T. harzianumwas applied to the three groups of
thefour, in three dosages (T. harzanumDaosage=TD) at4gm
2,10 g m? and 24 g m? where 10 g m? being the company
recommended dosage for theproduct. The T. harzianum product
contained 108 cfu per gram. Temperaturesduring theexperiment
varied, which are presented in the Table 1. The characteristics
studied were total yidd (g plant?), early yield (g plant?), fruit
weight (g fruit?), number of fruitsper plant, number of earlyfruits
per plant, mean fruit length (cm) and mean fruit diameter (mm).
Data obtained were analyzed statistically using MSTAT datigtical
software and least significant differences between the means
were calculated at P=0.05 (Nissen, 1982).

Table 1. Temperatures during the growing season (°C).

Months Average Average Minimum Maximum
minimum maximum  temperature temperature
temperature temperature
May 7 32 4 35
June 9 32 7 37
July 1 35 12 38

Results and disccussion

The study on the effect of T. harzianum on cucumber yield
revealedthat total yied, early yied, fruit weight, number of fruits
per plant, number of early fruits per plant, mean fruit length, mean
fruit diameter, theinteraction between Trichoderma dosages and
cultivarswere non significant. Themain effects, except for the
mean fruit diameter, the cultivar main effect was significant,
whereasthe dosage main effect was significant only for thetotal
yield.

Total yield: It wasdemonstrated that interaction between dosages
and cultivars was statistically non-significant whereas both the
main effectsweresgnificant (Fig. 1). Thehighest total yield was
obtained from 4 g m2 (2162.44 g plant?) and lowest from the
control (1499.67 g plant?) followed by the24 gm2and 10 g m?2
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Fig. 1. Effects of T. harzianum on early and total yield of cucumber
(Dosage main effect LSD 584.62, P=0.05)

dosageswith 1931.67 g plant and 1859.11 g plant?, respectively.
Thehighest total yield wasobtained from cv. Y-44-F1 (2440.25 g
plant and thelowest wasfrom Y-135-F1 with 1337.33 g plant™.
Theinteraction effect wasnon-significant and the highest yid ding
combinationswere24gm2TD x Y-44-F1(2560.33 g plant?), 4.0g
m2TD x Y-44-F1(2540.67 gplant*) and 10.0g N2 TD x Y-44-F1
(2515.00 g plant?). Whereas, thelowes totd yieldi.e., 928.33g
plant?, was obtai ned from the control of thecultivar Y-135-F1.

Early yield: Onlythecultivar main effect wassignificant and the
cvs, Y-44-F1 and Y -43-F1 produced thehighest early yield with
1209.75 g plant® and 1113.50 g plant?, respectivey (Fig. 2). The
cultivar Y-135-F1 on the other hand produced the lowest early
yied with 824.58 g plantt. The main effect of dosageswasnon-
significant and 10gm2TD resultedin highest early yidd (1130.56
g plant?) followed by the4 g 2 TD (108.89 g plant*) and contral
(1030.44 g plant®). The highest dosage, i.e., 24 gm?resultedin
thelowest early yield with 952.22 g plant™. Theinteraction between
the dosages and the cultivars showed the highest early yield in Y -
44-F1 without the Trichoderma application (1581.33 g plant?),
whereasthe second highest early yiddwasfrom10gm2TD x Y-
43-F1 (1284.00 g plant?). The lowest early yied was from the
control treatment of the cultivar Y-135-F1 (512.33 g plant?).

Fruit weight: Themain effect dosage and interaction effect were
non-s gnificant, cultivar main effect was s gnificant and thefruits
of Y-44-F1 wereheaviest (137.37 gfruit?) followed by Y-135-F1
and Y -43-F1(Table2). Thedosage main effect was non-significant
statistically and 4 g m2 TD resulted in the heaviest fruits with
125.26 g fruit?, followed by 10 g m2(123.02 g fruitt), 24 g m2
(122.34 g fruit?) and control (112.49 g fruit?). Theinteraction
effect, was non-significant and the heaviest fruits were obtained
fromthe combination of 24 gm2TD x Y -44-F1 (145.63 g fruit?)
whereasthelowest individual fruit weight wasfrom the control
of Y-43-F1(101.17 gfruit?).

Total number of fruitsper plant: Themain effect of Trichoderma
dosagesand interaction between the cultivars and dosages were
statistically non-g gnificant whereasthe cultivar main effect was
significant. Thenumber of fruitsin cultivarsY-44-F1, Y-43-F1
andY-135-F1was17.72, 16.03 and 11.68 fruitsplant™?, respectively
(Table3). The4 g m2 TD resulted in the highest number of fruits
(17.13) and lowest in contral (13.07). The highest number of fruits,
i.e., 19.03, wasrecorded in thecombination of 4gm2 TD x Y -44-
F1, whileit wasleast (8.77) in control of the cultivar Y-135-F1.
The cv. Y-135-F1 produced the lowest number of early fruits
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Table 2. Effects of Trichoderma harzianum on fruit weight (g fruit1)

Dosage Cultivars Mean
(@m?)  Y-43-F1 Y-44-F1 Y-135-F1

4.0 118.50 134.53 122.73 125.26
10.0 115.37 140.40 113.30 123.02
24.0 112.27 145.63 109.13 122.34
Control 101.17 128.90 107.40 112.49
Mean 111.83b 137.37a 113.14b —

Cultivar main effect LSD=9.40 (P=0.05)
Table 3. Effects of Trichoderma harzianum on number of fruits
plant1

Dosage Cultivars Mean
(@m?)  Y-43F1 Y-44-F1 Y-135-F1

4.0 18.73 19.03 13.63 17.13
10.0 15.77 17.73 10.93 14.81
24.0 15.73 17.57 13.40 15.57
Control 13.90 16.53 8.77 13.07
Mean 16.03a 17.72a 11.68b —

Cultivar main effect LSD=2.809 (P=0.05)
Table 4. Effects of Trichoderma harzianum on number of early
fruits plant!

Dosage Cultivars Mean
(9 m'z) Y-43-F1 Y-44-F1 Y-135-F1

4.0 9.63 7.83 8.73 8.73
10.0 8.60 7.53 8.43 8.19
24.0 9.30 8.57 6.90 8.26
Control 8.43 8.33 5.47 741
Mean 8.99a 8.07ab 7.38b —

Cultivar main effect LSD = 0.969(P=0.05)

(7.38) fdlowed by Y -44-F1(8.07) and Y -43-F1(8.99) (Table4). Main
effect of dosage recorded the highest number of early fruitsfrom
4gm2TD (8.73) followed by thedosagesof 24 gm?2, 10gm?
and control with the early fruit yield of 8.26, 8.19 and 7.41,
respectively. It has been observed that in all the dosages tested
the control treatments performed inferior to the Trichoderma
treatments.

Average fruit length: Statistical analysis showed that dosage
main effect and interaction effectswerenon-significant for fruit
length, while cultivar main effect was significant. Thelongest
fruitswereobtained from Y-44-F1(18.80 cm) fol lwoed by Y -43-F1
and Y -135-F1. Thefruit length decreased with increasing dosages,
andthesmallest fruit length wasfrom the control (16.11 cm).

Averagefruit diameter: Neither the main effect of dosagesand
cultivars nor theinteraction effectsweresignificant inrelation to
fruitdiameter. Inall varieties, control resultedin thelowest fruit
diameter.

We have demonstrated that T. harzianum affects significantly
theyield of cucumber wherethe lowest dosage ( 4 g m) resulted
in the highest total yield. Early yield wasal so positively affected
and the application of 10 g m2 resulted in highest early yield
compared to the other dosages and the control. The increase
obtained in cucumber yield clearly showed the effectiveness of
thebiological agent besidesitsmain functionality. Theseresults
are in line with those of Poldma et al. (2002) who found that
Trichoderma viride applied plots produced significantly higher
yield in comparison to that of control plot both for total and the

early yield. Contrary to the findings presented here, in tomato,
following the same Trichoderma regime. T. harzianumwas not
found effectiveintheenhancement of total yield. The early tomato
yield was positively affected but the effect was statistically non-
sgnificant (unpublished). In outdoor grown onion, Trichoderma
effect was non-significant in the enhancement of yield
(unpublished). Similarly, Poldma et al. (2001) found that
differences between the onion yields of Trichoderma viride
treated and untreated (control) plotswere non-significant.

Themain effect of T. harzianum dosageswas significant only in
thetotal yield and in amost all other characteristics studied, T.
harzianumapplied plotsresultedin superior datain comparison
tothecontrol. TheT. harzianumwasfound significantly effective
for total yield but not for early yield, which may have been dueto
incompl ete establishment of the T. harzianum population in the
root zonein theearly growing period. Probably the establishment
of the population takes moretime and are more pronounced un
control conditions. In other words, the effects of T. harzianum
can only beoptimal or available after passing of a particular time
period for establishment of the population in the rhizosphere and
thetimeperiod. Contrary tothisspeculation, in cabbageT. viride
was significantly effective in increasing the shoot and root dry
weight after 28 days, whereastheeffect was non-significant after
42 days, i.e. at the end of the cultivation period (Rabeendran et
al., 2000). Unavail ahility of the significant effect by Trichoderma
on yield after 42 days may have been due to adverse conditions
experienced by the T. viride employed at the root zone resulting
in the ineffectiveness of the population at the end of the
cultivation period. It seemsthat the Trichoder ma effect may vary
as per vegetable species. It may be plausiblethat in order to get
maximum retuns from Trichoder ma application time and dosage
must be carefully adjusted as per the requirements of the crops.

In the aforesaid discussion , the effect of T. harzianum on
increased total yield of cucumber was compared with the early
yield of tomato which was affected non-significantly by the
treatment (unpublished). Thetimeperiodsfor early yiddintomato
andtotal yield in cucumber, calculated from planting seedlingsin
the glasshouse soil, werealmost the same, i.e., ca. 90 daysand an
additional 30 dayswasto passfor datatobeobtained asthetotal
yiddinthetomato experiment. In both the experiments, averages
for the dosage main effects showed that, even though statistically
non-significant, early tomato yield wasincreased about 1.40 times
by the application of thelowest dosage, i.e., 4 g N2, however, the
significant increasein total cucumber yield in the present study
was, a thehigheg, i.e., 1.44 timesin comparison tothe control at
the same lowest dosage. Subsequently it can be argued that T.
harzianum was effective for about 90 daysto bring out increase
inyield for both the crops, however the non-significant effect in
early yield of tomato may be due to diminishing effect of
Trichoderma after the 90 day period. It may therefore be suggested
that additional applications of T. harzianum may be helpful to a
probabl e significant increasein thetomato. Timeand frequency
of application therefore may be a determining factor for the
effectivennes of the treatment and can be asceartined seperately.

The effect of Trichoderma on the enhancement of growth and
development aswell ason yield is not dependant on the species
of the Trichoderma employed. In cabbage, Trichodermalongipile
and Trichoderma tomentosum (Rabeendran et al., 2000), in
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cucumber Trichoderma viride (Poldma et al., 2002) and T.
harzianum in the present study, and in cotton, Trichoderma
virens (Hanson, 2000) were effective in the promotion of the
mentioned characteristics. Alternatively, it may be specul ated
that morefavorableresults can beobtained from the Trichoderma
speciesisolated locally compared to the use of the commercial
Trichoderma products.

The enhancement of plant growth as well asincreasein yield
may be attributed partly due to enlarged total root surface area
(ca. 95% increase) which help the root system explore larger
volumes of sail for nutrients (Yedidia et al., 2001), which is
important in good maintenance of plants especially in nutrient
poor soils. T. harzianum also help roots make insoluble
phaosphates and micronutrients available to plants both in vitro
(Altomare et al., 2001) and in hydroponic growth conditions
(Yedidiaet al., 2001). Thiswas confirmed by significantly high
levelsof Feand Pin leaves and shootswhich indicated increased
transport mechanisms of these elementsfrom rootsto shoots. In
the present study microelement levels of plant organs and the
variation in the root volumewere not studied but such data may
havebeen helpful in the better eval uation of Trichoderma effect.

In conclusion, Trichoderma harzianum, applied to the soil root
zoneat thedose of 4 g m?2, significantly increased thetotal yield
in cucumber. Almost in al the characteristics studied application
of T. harzianum, although statistically non-significant, resulted
in higher yield and better fruit characteristicsin comparison to
the control.

References

Anonymous, 2004. Food and Agriculture Organization (FAO), FAOSTAT.
Statistics Database (Agriculture Data) 2003. On the internet, http:/
/apps.fao.org.

Altintas, S. 1999. Soguk serada ortam sicakligini artirmaya yonelik
uygulamalarin perlitte yetistirilen marul ve domateste gelisme ve
verim Uzerine etkisi. Ph.D. Thesis. Trakya University, Turkey,
pp.203.

Altomare, C., W.A. Norvell, T. Bjokman and G.E. Harman, 1999.
Soluhilization of phosphates and micronutrients by the plant-growth-
promoting and biocontrol fungus Trichoderma harzianum Rifai
1295-22. Appl. Environ. Microb., 65: 2926-2933.

Bulluck, L.R. I1l; M. Brosius, G.K. Evanylo and J.B. Ristaino, 2002.
Organic and synthetic amendmentsinfluence soil microbial, physical
and chemical properties on organic and conventional farms. Appl.
Soil Ecol., 19: 147-160.

Hanson, L.E. 2000. Reduction of Verticillium wilt symptoms in cotton
following seed treatment with Trichoderma virens. J. of Cotton
i, 4: 224-231.

Harman, G.E. 1996. Trichoderma for biocontrol of pant pathogens:
From basic research to commercidized products. Cornell community
conference on biological control April, 11-13, 1996, http://
www.nysaes.cornell.edu/ent/bcconf/talks/ harman.html

Harman, G.E. 2000. Myths and dogmas of biocontrol changes in
perception derived from research on Trichoderma harzianum T-22.
Plant Dis., 84: 377-393.

Howell, C.R. 2003. Mechanisms employed by Trichoderma species in
the biological control of plant diseases: The history and evolution
of current concepts. Plant Dis., 87: 4-10.

Kloepper, JW., R. Lifshitz and R.M. Zablotowicz, 1989. Free-living
bacterial inocula for enhancing productivity. Trends Biotechnol., 7:
39-43.

Lewis, JA. and R.D. Lumsden, 2001. Biocontrol of damping off of
greenhouse grown crops caused by Rhizoctonia solani with a
formulation of Trichoderma spp. Crop Prot., 20: 49-56.

Mannina, L., A.L. Segre, A. Ritieni, V. Fogliano, F. Vinae, G. Randazzo,
L. Maddau and A. Bottalico, 1997. A new fungal growth inhibitor
from Trichoderma viride. Tetrahedron. 53: 3135-3144.

Nissen, O. 1982. MSTAT. Version 3.00/EM, Michigan State University.

Nonecke, 1.L. 1989. Vegetable production. Avi, Van Nostrand Reinold:
NewYork.

Poldma, P, K. Jaakson, A. Merivee and A. Albrecht, 2000. Trichoderma
viride promotes growth of cucumber plants. In ‘ Proc. Int. Conf. on
Development of Environmentally Friendly Protection in the Baltic
Region’ Transactions of Estonian Agricultural University 209 Tartu,
Estonia, Sept 28-29, 2000.

Poldma, P, A. Merivee, P. Johansson, J. Ascard and B. Alsanius, 2001.
Influence of biological control of fungal diseases with Trichoderma
spp. on yield and quality of onion. In ‘New Sights in Vegetable
Production’. Nordic Association of Agricultural Scientists, NJF
Seminarium nr. 329. Segadi, Estonia, 05-08.09.2001, ISSN 0333-
1350.

Poldma, P, A. Albrecht and A. Merivee, 2002. Influence of fungus
Trichoderma viride on the yield of cucumber in greenhouse
conditions. In ‘ Proceedings of the Conference on Scientific Aspects
of Organic Farming'. Jelgava, Latvia 21-22 March 2002.

Rabeendran, N., D.J. Moot, E.E. Jonesand A. Stewart, 2000. Inconsistent
growth promotion of cabbage and lettuce from Trichoderma isolates.
New Zealand Plant Prot., 53: 143-146.

Rossman, A.Y. and D. R. Miller, 1996. Systematics Solves Problems in
Agriculture and Forestry. Annals of Missouri Botanical Garden,
83:17-28.

Yedidia, 1., A.K. Srivastva, Y. Kapulnik and |. Chet, 2001. Effects of
Trichoderma harzianum on microelement concentrations and
increased growth of cucumber plants. Plant and Soil, 235: 235-242.

Waage, J. 2000. Biologica contral - the struggle for sustainable options.
Pesticides News, 45: 9.


http://www.nysaes.cornell.edu/ent/bcconf/talks/

