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The Elicitor Response in Lettuce
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Abstract. In this study, it was investigated that the effect of treatments of Trichoderma harzianum (T.
harzianum), chitosan and methy jasmonate on total chlorophyll content, plant growth parameter and yield of
lettuce. T. harzianum, chitosan and methyl jasmonate was applied to the lettuce (Lactuca sativa. cv.
‘Arapsacı’) grown in greenhouse conditions. Changes in vegetative growth, total chlorophyll content, leaf
relative water content, plant weight, marketable yield, number of leaves per plant, and number of
deformation leaves per plant were determined after treatments. Values obtained from average plant height,
marketable yield and number of leaves per plant parameters in the plants subjected to Thichoderma treatment
was higher than methyl jasmonate and chitosan treatments. It was determined that the T. harzianum
treatments increased the marketable yield of lettuce 12.29%. Total chlorophyll content increased with T.
harzianum, whereas no difference was found between methyl jasmonate and chitosan treatments. Data
further suggest that T. harzianum has a promotional effect on plant growth mechanism of lettuce as well as
the effect of bio-pesticides.
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1. Introduction
The ability to provide adequate food and fibre is becoming increasingly strained and continued
improvement in sustainable plant disease management is required to help meet these demands [1]-[2]. Plant
diseases often substantially reduce quality and quantity of agricultural commodities [3]-[4]. The introduction
of more effective biologically based products with a broader spectrum of biological effects or better activity
against key target organisms has provided alternative management option. These biologically based products
used for different purposes in plants. Usually the user area increase resistance against plant diseases. In
addition to these areas, there are also effects on plant physiology.
Trichoderma harzianum is one of the biological control agents used successfully against Sclerotinia and
other pathogenic fungi in lettuce and other crops [5]-[7]. Positive effects of Trichoderma spp. are not limited
to the above, many species of Trichoderma promoted growth and development of seedlings of vegetable and
nonvegetable crops, namely cabbage, lettuce and cotton [8]-[10]. Chitosan, a deacetylated derivative of
chitin, has also been reported to enhance disease resistance in plants [11] and chitosan is a natural, low toxic
and inexpensive compound that is biodegradable and environmentally friendly with various applications in
agriculture; it is obtained by the deacetylation of chitin. In agriculture, chitosan has been used in seed, leaf,
fruit and vegetable coatings, as fertilizer and in controlled agrochemical release, to increase plant
productivity [12], to protect plants against microorganisms [13] and against oxidative stress and to stimulate
plant growth [13]-[14]. In the latter studies, a positive effect of chitosan was observed on the growth of roots,
shoots and leaves of various plant species. Similar results were determined within sweet pepper and radish
[14]-[15]. Methyl jasmonate is a well-known defense elicitor that is often used to mimic the effects of
wounding by herbivores [16]-[20]. Taking into account mainly growth and yield promoting effects of T.
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harzianum. chitosan and methyl jasmonate the present experiment was carried out to find out if these effects
are also available in the growing of lettuce.

2. Materials and Methods
2.1. Plant Materials
Lettuce (Lactuca sativa cv.Arapsacı) was grown in pots containing soil and sand mixture (soil:sand;
75:25 v/v). Seeds of lettuce were germinated in September 2012 and later transplanted to the greenhouse.
Growing conditions consisted of a day/night temperature regime of 22 ±2/18 ±2°C and 16-hour photoperiod.
Fertilizer with concentrations of 15-15-15 mg·L of N, P2O5 and K2O, respectively, was uniformly applied
within one month to the soil.

2.2. Treatments
Trichoderma harzianum used was a commercially available product (TrichoFlow WPTM, Agrimm
Technologies Ltd., New Zealand) and contained 108 cfu per gram. Water suspension of T. harzianum was
drenched in the root zone. Two week old lettuce plants were sprayed homogenously with methyl jasmonate
(Sigma-Aldrich, Germany)(above ground with deionized water containing 0.5 mM), chitosan (0.02%)
(Sigma-Aldrich, Germany). The control plants were either sprayed with deionized water. The variables, total
chlorophyll content in leaves and chlorophyll a/b ratio values were determined at harvest time. In all
treatments, plant diameter (from the widest of plant), root diameter (from the widest of root) and plant height
(from the root and end of leaf) of plants was determined. Leaves were separated, placed in bags and then in a
drying oven at 80°C for 2 days and weights determined. Content of relative water (RWC) at midday was
determined with the formula: RWC 100x[(FW-DW)/(TW-DW)] where FW = fresh weight, DW = dry
weight, and TW = turgid weight. RWC was calculated with TW determined after fully hydrating fresh leaves
in darkness at 4°C for 18 hours [21]. Total chlorophyll and chlorophyll a and b were determined from the
two youngest fully mature, symptomless leaves by extraction with 80% acetone and determining levels with
a spectrophotometer (Shimadzu UV-120-01, Tokyo, Japan) at 645 and 663 nm, reported as mg/100 g FW
[22]. Treatments were arranged in a completely randomized experimental design with 3 replicates, 5 plants
in each replicate. Factor analysis of variance (ANOVA) was performed to partition the variance into main
and interaction effects between variables. Means ±SE were calculated and differences tested for significance
with LSD at the 5% level of significance. If the interaction was significant it was used to explain results.

3. Result and Discussion
The marketable yield and number of deformation leaves per plant are the most important indicators of
lettuce. High marketable yield and low deformation leaves per plant in plants can be attributed to high
productivity in lettuce. T. harzianum significantly increased yield both in leafy vegetable crops and fruit
bearing vegetables such as cucumbers [23]-[24], [10]. In our study, an increase in marketable yield of
lettuces treated with T. harzianum was observed. Average plant weight was similar among methyl jasmonate
and chitosan treatments and visibly better than the control. Rabeendran et al. [10] also concluded that there
were significant differences between plants subjected to T. harzianum and control plants with respect to
marketable yield in lettuce. Foliar application of chitosan, improved average plant weight measures
compared to untreated control plants but ANOVA results indicate that the effects of chitosan treatments were
not significant (Table 1). This is contrary to the findings of Ghoname et al. [15] who found that mean weight
of fruit and number of fruit of pepper grown in soil was increased significantly. Fresh weight of lettuce
plants was increased significantly by the application of T. harzianum (Table 2). This result is similar in
cucumber and cabbages [25]-[26]. The significant effect we observed on the leaf relative water content.
Compared to the experimental controls, T.harzianum increased (P < 0.05) plant height and root diameter.
There was no statistically significant difference between treated and control lettuces in plant diameter (Table
3). T. harzianum treatments caused an increase in root diameter. Similar results were also obtained by
Björkman et al. [27]. Researchers investigated root development during growing in soil in greenhouse and
determined an increase in sweet corn. In our experiments, response of plants to T. harzianum application
varied in that while the increased plant height and root diameter at significant levels was recorded for some
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organs of plants such an effect was not significant in others. Chlorophyll content was determined as high in
T.harzianum treated plants, and low in methyl jasmonate and chitosan plants (Table 4). Farouk and Amany
[28] carried out a study about chitosan in cowpea. The researchers determined increases in chlorophyll in
water stress. Degradation of chlorophyll is a prominent phenomenon of senescence [29]. Reductions in the
chlorophyll contents of plants became more severe with leaf aging and leaf yellowing. As can be seen in
Table 4, significant differences were determined among the treatments with respect to the total leaf
chlorophyll contents measured in the samples taken from harvested plant.
Table 1. Effects of biofunguside on yield in lettuce cv. Arapsacı
Treatments

Average plant weight
(g plant-1)

Control

345,01  4.26 b

331,20  1,26 b

75,00  2,00 ab

Number of
deformation leaves
per plant
3.00  1,00 b

Trichoderma

384,09  3,53 a

371,93  1,95 a

79,00  3,00 a

2,50  0,50 b

Methy Jasmonate

353,26  1,59 b

327,75  1,80 b

69,65  1,50 b

5,00  0,01 a

Chitosan

355,15  3,45 b

338,78  1,16 b

70, 65  2,00 b

3,33  0,57 b

LSD

18,33

Marketable yield
(g plant-1)

Number of leaves per
plant

18.64

7,50

1,18

Table 2. Effects of elicitor on plant leaf parameter in lettuce cv. Arapsacı
Treatments

Leaf fresh weight (g)

Control

15,37  0,40 b

0,88  0,028 a

Leaf Relative Water
Content (%)
83,66  1,12 bc

T. harzianum

23,74  1,98 a

0,98  0,036 a

80,03  1,55 c

Methy Jasmonate

16,18  1,03 b

0,97  0,130 a

90,43  1,45 a

Chitosan

16,53  1,25 b

0,93  0,080 a

88,66  2,43 ab

LSD

2,52

Leaf dry weight (g)

0,14

6,52

Table 3. Effects of elicitor on plant growth in lettuce cv. Arapsacı
Control

Treatments

Plant diameter (cm)
21,50  2,50 a

Plant height (cm)
19,75  2,50 b

Root diameter (cm)
1,45  0,45 b

T. harzianum

25,00  1,00 a

23,50  2,00 a

2,00  0,10 a

Methy Jasmonate

22,33  1,80 a

21,00  1,70 ab

1,50  0,20 b

Chitosan

20,33  1,85 a

18,33  1,15 b

1,46  0,50 b

LSD

7,34

3,65

0,43

Table 4. Effects of elicitor on total leaf chlorophyll, chlorophyll a and chlorophyll b in lettuce cv. Arapsacı
Treatments

Chlorophyll a (mg/g
FW)
0,15  0,01 b

Chlorophyll b (mg/g
FW)
0,92  0,05 a

Chlorophyll a/b ratio

Control

Total leaf chlorophyll
content (mg 100g-1FW)a
1,10  0,11 ab

T. harzianum

1,55  0,54 a

1,05  0,38 a

0,51  0,16 b

2,058

Methy Jasmonate

0,55  0,06 c

0,36  0,03 b

0,21  0,02 c

1,714

Chitosan

0,60  0,13 bc

0,39  0,09 b

0,22  0,03 c

1,772

LSD

0,37

0,16

0,54

0,163

Lettuce (Lactuca sativa L.) is grown widely around the World and a cool season leafy vegetable crop
grown from September to April in the Mediterranean and mainly under plastic covered tunnels to the north
west of Turkey. T. harzianum is biological control agents used a lot of pathogenic fungi. The results
obtained confirmed earlier suggestions that using Trichoderma as a biocontrol agent is an ideal solution for
an integrated control programme combining biological and chemical methods [30]-[31]. The results of this
study showed that Trichoderma for biocontrol of plant not only affects the quality of the positive, can be
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used to improve the efficiency and quality. The results of this study obtained that the effect of Trichoderma
harzianum on growth and quality lettuce plant characteristics, and yield were statistically significant.
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