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This study aimed to increase the production of lettuce through the application of biomaterial from shrimp shell (SS) and
semi-biomaterial from fermented chitinous material (FCM) both in a test plot and in a local farm. ‘Butterhead’ lettuce (Lactuca sativa L.
cv. ‘Butterhead’) and ‘Red Oak’ lettuce (Lactuca sativa L. cv. ‘Red Oak’) were cultivated during three crop seasons in a test plot and
two crop seasons in a local farm. In the test plot, SS and FCM were supplemented to the 10:1 soil/cow manure growing medium (T1) as
following: 0.5% SS (T2), 0.5% SS with chitinase-producing Bacillus licheniformis SK-1 (T3), 0.25% SS and 0.25% FCM (T4), 2% (T5) and
10 mL of SK-1 alone (T6). The supplementations of SS and/or FCM resulted in significant increases in yield of ‘Butterhead’ and ‘Red
Oak’ lettuces in all three crop seasons. When applied in a test plot during the first and third crop seasons, lettuces grown with the
presence of T5 showed the highest increase in yield as evaluated in terms of fresh weight, dry weight, leaf number, and leaf width and
length. Supplementation of T5 during the second crop season of ‘Butterhead’ lettuce also resulted in the highest increases in yield with
the exception of leaf numbers which was second to those treated with T3. During the second crop season of ‘Red Oak’, the cultivation
with the presence of T5 resulted in the highest increase in fresh weight and leaf numbers, while dry weight, leaf width was second to
those treated with T2. Weight losses after storage at 8°C and 60% relative humidity (RH) for 2 weeks were significantly reduced in all
treatments treated with SS or FCM in both ‘Butterhead’” and ‘Red Oak’ lettuces. During the first and third crops, T5 treatment of
‘Butterhead’ lettuce resulted in the lowest fresh weight loss except during the second crop season which was second to those treated
with T3. In ‘Red Oak’, the lowest of fresh weight loss was found in the T5 treatment in all three crop seasons. The best overall
appearance of ‘Butterhead’ lettuce was observed when T5 was applied during the first and third crop seasons, while during the second
crop, T2 and T5 treatments showed a significantly better overall quality than those treated with other treatments. The best overall
appearance of ‘Red Oak’ lettuce was observed when T5 was applied during all three crop seasons. In addition, during the first and

second crop season both T4 and T2 treatments showed significantly higher overall quality as in the T5 treatment.

FCM, the most outstanding treatment from the test plot experiment was used to test in a local farm. ‘Butterhead’ and
‘Red Oak’ lettuces were cultivated during two crop seasons. Twenty grams of the FCM per plant were supplemented to growing
medium one week before and after transplantation compared to untreated soil (control). The supplementation of FCM resulted in
significant increases in yield of ‘Butterhead’ lettuce as evaluated in terms of fresh weight in both crop seasons. During the first crop
season ‘Butterhead’ lettuce showed a significant increase in leaf numbers, diameter of the lettuce head and fresh and dry weights. FCM
treatment resulted in significant increases in yield of ‘Red Oak’ lettuce in terms of leaf numbers, leaf width, leaf length, and fresh and
dry weights in both crop seasons. During both crop seasons, weight losses after storage at 8°C and 60% RH for 2 weeks were significantly
reduced in FCM treatment in both ‘Butterhead’ and ‘Red Oak’ lettuces. ‘Butterhead’ lettuce treated with FCM showed significantly
better overall visual quality than the control treatment during the first crop season. The finest overall lettuce appearance was observed
in the FCM treated ‘Red Oak’ in both crop seasons. Our findings indicate that FCM with chitosan properties and high N content can
promote growth and yield of ‘Butterhead’” and ‘Red Oak’ lettuces by affecting mineral allocation. Photosynthesis, transpiration rate and
stomatal conductance of ‘Red oak’ lettuce in the FCM treatment were significantly higher than the control treatment during the second
crop season. There was no significant difference in photosynthesis, transpiration rate and stomatal conductance of ‘Butterhead’ lettuce
during both crop seasons. The results indicate that the application of 2% FCM is the best all-year-round supplement for ‘Butterhead’

and ‘Red Oak’ lettuce cultivation.
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CHAPTER |
INTRODUCTION

A concern for alternative food is now increasing which results in a high
demand for environmentally safe production of food crops focusing on salad
vegetable. Worldwide, lettuce (Lactuca sativa L.) is the most popular vegetable
among salad vegetable crops (FOSTAT 2011). The lettuce growing processes usually
typically apply high inputs of chemical substances to stimulate plant growth and
yield (Shibuya and Minami 2001); (Hernandez, Castillo et al. 2010) however, there
many alternative production practices, researchers use various biomaterial nutrient
sources to replace chemical fertilizers. Chitin, a natural polysaccharide which is
present in a variety of species including shells of crustaceans, cuticles of insects, and
cell wall of fungi and some algae (Nge, Nwe et al. 2006) can be used as organic
growth stimulator to obtain higher crop yield (Sharp 2013).

Over the last 20 years, a rapid expansion in the culture of seafood industry
has caused high amounts of waste materials rich in chitin. The byproducts of seafood
processing containing high percentage of chitin which are pre-treated by to reduce
size, deprotein and demineralize thus obtaining a chitin that can be used in several
processes (Aye, Karuppuswamy et al. 2006, He, Chen et al. 2006). Microbial chitinase
production have been using pre-treated chitins as a substrate (Wang and Chang
1997). Best of all, fermented chitinous materials are environmental safe,
biocompatible, and biodegradable with plant tissues and display unique properties
that are suitable for agriculture application (Shibuya and Minami 2001).

Fermented chitinous materials were shown to increase plant growth and
behaved as useful agents that elicit defense reactions in plants and reduce the
growth of pathogenic fungi and bacteria (Shibuya and Minami 2001). Plant cells can
perceive chitin fragments resulting in increased plant metabolism and defense
responses (Wan, Zhang et al. 2008). Ha et al. (2008) reported that supplementation
of soils with seafood-wasted powder and Bacillus subtilis strain PMB-034 were

effective in controlling Fusarium wilt of asparagus bean. Shoot dry weight also



increased from theses treatments. In addition, Bacillus licheniformis has been also
reported to used in the production of extracellular chitinolytic enzymes (Kudan and
Pichyangkura 2009) and can be an efficient plant stimulator (Brunetti, Farrag et al.
2012). It is implied that B. licheniformis is a good candidate for soil supplementation
together with fermented chitinous material.

However, there is a few reports on the effect of chitin and Bacillus spp.
amendment on plant growth and yield of vegetable. This research developed soil
supplements using chitin in order to increase lettuce production. Effects of shrimp
shell powder (SS), and fermented chitinous material (FCM), and Bacillus
licheniformis strain SK-1 (SK-1) on growth, yield and postharvest quality of lettuces
were investigated. The effect of these supplement on soil microbial populations and
on lettuce physiology were also examined. Preliminary studies carried out during 2
months period in 2009 showed that when different amounts of SS or FCM were
added to the growing medium twice on weeks 3 and 4, yield of the treated lettuces
were increased. The best treatments of each material (0.5% SS and 2% FCM) were

used as the basis of SS/FCM treatments in the present study

Objectives

1. To investigate the effects of biomaterial and semi-biomaterial on growth,
yield and postharvest quality of lettuces in a test plot during three
successive crop seasons.

2. To investigate the effects of biomaterial and semi-biomaterial on growth,
yield, postharvest quality and selected soil microbial populations of lettuces

in a local farm.

Expecting benefits

This study can be applied to assist farmers in increasing lettuce yield quality
while reducing production cost. The results will increase postharvest quality and the
nutritional value of lettuce. Finally, the integrated and organic product will promote

the health of farmers and consumers in the future.

Content of the thesis:

1. Literature review.



. Determination of effects of biomaterial and semi-biomaterial on growth,
yield and postharvest quality of lettuces in a test plot during three
successive crop seasons.

. Determination of effects of biomaterial and semi-biomaterial on growth,
yield, postharvest quality and selected soil microbial populations of lettuces
in a local farm.

. Results and discussion.

5. Conclusions.



CHAPTER Il
LITERATURE REVIEWS

2.1 Lettuce

Lettuce (Lactuca sativa L.) is a member of the family Asteraceae
(Compositae) (Still 2007). In Thailand, the total area under lettuce and chicory in
2010 was 3,637 hectare with a production of 8,613 Kg/hectare. The growing area was
3,750 in 2012 with a production of 8,533 Kg/hectare. It is mainly produced near big

cities such as Nonthaburi and Bangkok.

‘Butterhead’ lettuce

‘Butterhead’ lettuce (Figure 1) is the most popular type of lettuce grown in
Europe. The inside leaves, because of their lack of light, are cream or butter colored.
The outer leaves are darker green (Rindels. 1994) Butterhead varieties are very
tolerant to soil and weather conditions. Varieties are also not bitter in flavor, slow
bolting, and mature in 55 to 65 days (Miles 2003).

‘Red Oak’ lettuce
‘Red Oak’ lettuce (Figure 2) is the easiest lettuces to grow. Leaves hav
widevariety of shapes and colors. The leaves are tender, and not bitter, and plants

are slow bolting. Varieties tend to mature in 30-55 days (Miles 2003).



Figure 1 ‘Butterhead’ lettuce (Lactuca sativa L. cv. ‘Butterhead’)

Figure 2 ‘Red Oak’ lettuce (Lactuca sativa L. cv. ‘Red Oak’)



Cultural requirements

Lettuce is relatively tolerant to a wide range of climatic and soil conditions
It needs well-drained sandy loams, with a pH of 6.0-6.8. Many are tolerant to high
day temperatures, although the most suitable temperature is 15-20°C. High
temperatures will result in premature flowering, slow growth and bitter taste.

Seeds require a period of dry storage before sowing. The optimum
germination temperature is 25°C; above this temperature, germination percentage
falls rapidly due to an inhibition of gaseous diffusion and a consequent shortage of
oxygen (Tindall 1983).

Irrigation is required at frequent intervals, particularly at transplanting and
until the seedlings are established. Dry conditions are likely to induce premature
flowering (Tindall 1983). Lettuce prefers a sandy-loam soil high in organic matter for
growth and deverlopment (George Kuepper and Raeven Thomas 2002). Optimal
fertilizer management and efficient use of N, P and K are necessary to improve yield

and quality and to reduce production cost (Hoque, Ajwa et al. 2010).

Growth and development of lettuce

Most heading cultivars mature within 60-85 days from transplanting but the
loose leaf types may be ready for harvesting within 35-50 days from planting (Tindall
1983). Lettuce passes through six distinct development stages: from seed to heading
periods. The seedling stage occurs when the first true leaf develops a distinct circular
cluster of leaves known as a rosette. Head formation will occur until the crop is

ready for harvest (Kerns 1999).

Harvest and post-harvest

Harvesting lettuce during the early part of the day is preferable, particularly
in hot weather. Lettuce is cut near the soil surface with a long knife then trims
unwanted leaves usually leaving 4 to 5 wrapper leaves. After harvest, the lettuce is

transported to a cooling storage room (Kerns 1999).

Use and nutritional composition

Lettuce is normally used in the raw state in salads but also as a cooked
vegetable, particularly in South-East Asia. Loose-headed forms have higher vitamin A
content than heading cultivars (Tindall 1983). The nutritional value of lettuce is given
in Table 1.



Table 1 Nutritional value of ‘Butterhead’ lettuce, per 100 g.

Nutritional value per 100 g

Water 96 mL
Protein 1.0 ¢
Fat 04¢
Carbohydrate 20¢
Fiber 04¢
Calcium 18 mg
Phosphorus 22 mg
Iron 0.4 mg
B-carotene 885 ug
Thiamine 0.04 mg
Riboflavin 0.04 mg
Niacin 0.2 mg
Ascorbic acid 4.0 mg

(Tindall 1983).

2.2 Chitin and chitosan

Chitin is a natural polysaccharide composed of B(1—>4)-linked 2-acetamido-
2-deoxy-B-D-glucose (N-acetylglucosamine). It is structurally identical to cellulose,
but it has acetamide grops (-NHCOCH-) at the C-2 positions. The derivative of chitin,
chitosan is a linear polymer of a(1—4)- 2-amino-2-deoxy-B-D-glucopyranose and is
easily derived by N-deacetlylation. It can be characterized by the degree of
deacetylations (Dutta, Dutta et al. 2004). The structures of cellulose, chitin and

chitosan are shown in Figure 3.



n

Cellulose

Chitosan

Figure 3 Structures of cellulose, chitin and chitosan (Rajkumar, Lee b et al.
2008).

There are several industries that produce chitin-rich materials as waste, the
seafood industry being the most important source of chitin-rich materials in Thailand.
Purified chitin can be obtained by the demineralization and deproteinization of
crustacean shells and squid bones. These chitin-rich residues have unique properties
that can be used in agriculture production enhancement (Shibuya and Minami 2001,
Suresh and Anil Kumar 2012).

2.2.1 Shrimp shell

Shrimp shell (Figure 4), containing high chitin content, is usually pre-treated
by the process of size reduction, deproteination and demineralization thus acquiring
a chitin that can be of various uses (Aye, Karuppuswamy et al. 2006). The application
of chitin was found to reduce the growth of pathogen Streptomyces scabies, which
causes disease on potato tubers (Vruggink 1970). Previous studies have indicated that
the amendment of soil with chitin could increase the development of the microbial
population and microbial activity (Ha and Huang, 2007). Ha et al. (2008) reported that

the application of chitin and Bacillus subtilis strain PMB-034 could control Fusarium



and increased seedling uptake of nutrients and growth of seedling. The shoot dry

weight of theses seedlings were also found to be enhanced.

Figure 4 Shrimp shell (SS)

2.2.2 Fermented chitinous material

The fermented chitinousmaterial (FCM) (Figure 5) are derived from the
method of chitinase preparation using the Bacillus licheniformis strain SK-1 (Kudan
and Pichyangkura 2009) and shrimp shells as a chitin source. FCM was reported to
have chitosan production left-over materials and microbes. Preliminary test of FCM
adding to ornamental plant grown in pot led to a significant increase in plant growth
(Rath Pichyangkura, personal communication). This may also be used to develop a
useful semi-organic growing material having chitin and chitosan functions thus

providing a good source of nitrogen.
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Figure 5 Fermented chitinous material (FCM)

2.3. Chitin and chitosan on plant response

2.3.1 Effects of chitin and chitosan on plant growth and development

Plant growth improvements have been reported after the application of
chitin-based treatment to a range of crops, which are thought to be independent of
the effects on pest and disease control. For some horticultural and ornamental
commodities, chitosan increases harvest yield. Effects of chitosan on the growth of
soybean, mini-tomato, upland rice and lettuce seedlings were investigated by
incorporating it into soil before planting. The early stages of growth of these crops
were improved by the application and their dry matter weights were increased.
Maximum growth improvements were observed in 0.5% chitosan treated soybean
and upland rice and in 0.1% chitosan treated mini-tomato and lettuce (Chibu and
Shibayama, 1999). Significant improvements in growth have also been reported in
fruit and vegetable crops including daikon radishes (Raphanus sativus L.) (Tsugita et
al.1993), cabbage (Brassica oleracea) (Hirano, Kitaura et al. 1996), soybean sprouts
(Viena radiate L.) (Lee, Kim et al. 2005), sweet basil (Ocimum basilicum L.)XKim, Chen
et al. 2005), grapevine (Vitis vinifera) (Ait Barka et al.2004), as well as ornamental

crops, such as Gerbera (Wanichpongpan et al.2000) and Dendrobium orchids
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(Chandrkrachang, 2002). Chitosan’s effects on plant growth have also been shown in
Eustoma grandiflorum (Raf.) Shinn (Ohta, Taniguchi et al. 1999). Chitosan application
to the soil mix at sowing time remarkably enhanced plant growth and the treated
plants flowered 15 days earlier than the controls. Moreover, a greater number and
weight of flowers was produced by chitosan-treated plants. Chitosan application in
soil mixture also promoted seedling gsrowth of Torenia fournieri Linden ex E. Fourn.,
Exacumaffine Balf., Begonia hiemalis Fotsch, Sinningia speciosa (Lodd.), Lobelia
erinus L. and Mimulus hybridus hort.ex A. Siebert et Voss (Ohta, Morishita et al. 2004).
Chitosan O-80 at 1, 10, 50 and 100 ppm could induce early flowering and increase
the inflorescence number of orchid Dendrodium "EISKUL’ (Limpanavech, Chaiyasuta
et al. 2008).

Chitin and all its derivatives, have a high nitrogen content of 6.1%-8.3% (Yen

and Mau 2007). Chitin can quickly be utilized as both a nitrogen source and energy

source by plants and microbes when added to crops. Plants can access the nitrogen
in chitin via a microbial breakdown and the release of inorganic nitrogen, or directly
taking up monomers as organic nitrogen (Roberts and Jones 2012); (Spiegel, Kafkafi et
al. 1988). Spiegel et al. (1988) clearly demonstrated that Chinese cabbages treated
with chitin-based products grew faster than plants treated with a standard mineral
fertilizer.

Chitosan was also reported to be involved with stomatal response. The
stomatal aperture of tomato and Commelina communis was reduced when the
epidermis was treated with chitosan (Lee S 1999). The result showed that foliar
application of chitosan could decrease transpiration in pepper plants, resulting in a
reduction in water use by 26-43%, while their biomass production and yield still
remained unchanged (Marco Bittelli 2001), suggesting that chitosan could be an

effective soil supplement.

2.3.2 Effects of chitin and chitosan on postharvest response

Recently, the method of using chitin and chitosan to control postharvest
diseases of fruits was developed. Chitosan at low molecular weight (LMWC) has been
reported to control postharvest diseases of citrus fruit (Chien, Sheu et al. 2007). The
report discovered that pre-harvest chitosan sprays effectively inhibited the
postharvest decay of strawberry fruit caused by Botrytis cinerea during storage at 3
and 13°C (Bhaskara-Reddy M V and J 2000) and the decay decreased with increasing
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chitosan concentration (Chien, Sheu et al. 2007). Furthermore, fruits from chitosan
sprayed plants were firmer and ripened at a slower rate as indicated by anthocyanin
content and titratable acidity than berries from non-treated plants (Bhaskara-Reddy
MV and J 2000).

Preharvest chitosan spray and postharvest chitosan coating treatments also
changed the activities of polyphenol oxidase, peroxidase and phenylalamine
ammonia-lyase (Meng X 2008). Applications of chitosan and chitin oligomers increase
the activities of phenylalanine ammonia-lyase (PAL) and tyrosine ammonia-lyase
(TAL) resulting in the modification of phenylpropanoid pathways in which precursors
of secondary metabolites including lignin, flavonoid pigments, and phytoalexins are
produced. Such metabolites play an importance role in plant-pathogen interactions
(Morrison 1993). Chitosan treatment also increases polyphenol oxidase (PPO) activity
in disease resistant cultivars of pearl millet (Pennisetum ¢laucum) (Raj 2006).
Oxidation of phenolic compounds associated with enhanced resistance to pathogens
may involve PPO which could generate reactive oxygen species (Mayer 2006). Kim
(2005) reported that chitosan increased antioxidant activity assayed by the DPPH free
radical scavenging test at least 3.5-fold in sweet basil.

Due to the positive charge on the C2 of the glucosamine monomer below
pH 6, chitosan is more soluble and has a better antimicrobial activity than chitin
(Chen, Liau et al. 1998). The exact mechanism of the action of chitin, chitosan, and
their derivatives in promoting growth is still not clear, but different mechanisms have
been discussed (Rabea, Badawy et al. 2003).

In addition, previous studies have indicated that chitin and chitosan could
effectively inhibit postharvest diseases of fruits by direct inhibition on growth of
phytopathogens and indirect stimulus of defense-related enzyme activities. The
enzymes include peroxides (POD), polyphenoloxidase (PPO), phenylalanine
ammonia-lyase (PAL) and B-1, 3-glucanase (GLU). Nevertheless, it is significant to
reiterate that the mode of action for chitin and its derivatives on controlling diseases
of fruits is still limited and unclear (Zhang, Li et al. 2011).

2.3.3 Effects of chitin and chitosan on microbes

Chitin-containing microorganisms (both beneficial and pathogenic) use
chitinases to control their growth and development by controlling the synthesis and
degrade of cell walls and skeletons. Chitinases are usually produced in organisms

that do not produce chitin themselves (Ayes 1994). Chitin added to the soil can help
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beneficial antagonists by provoking the production of chitinases which can be used
to destroy pests and pathogens. It can also be used as a nitrogen-rich polysaccharide
source that increased the population. Then other control mechanisms are induced
to fisht plant pathogens. Chitosan supplemented to soil enhances plant-
microorganism symbiotic interactions beneficial to plants as in the case of
mycorrhizas. It also enhances the action of plague-controlling biological organisms
such as Trichoderma sp. and Bacillus sp. (Schisler 2004). As with other responses to
chitin-based treatments, chitin supplement together with a beneficial chitinolytic
microbial agent augment may amplify the positive effects on germination. In addition
to its role in protecting plants against pathogens, the chitinolytic bacterium B. subtilis
AF 1 was found to promote seed germination and subsequent plant growth in pigeon
peas even under pathogen pressure (Manjula and Podile 2001).

Various studies showing a significant capacity of chitosan in plant defense
against diseases (Kurzawinska 2007). Chitosan is an exogenous elicitor of response
mechanisms and has been shown to induce plant defences in tomato (Benhamou
1994) cucumber (Ben-Shalom 2003) and strawberry fruits (El Ghaouth 1992). Various
studies have reported the defenses mechanism in plant activated by chitin through
the production, release, and/or activation of phytoalexins (Kuchitsu, Kikuyama et al.
1993), phenolics (El Hassni and I. 2004) and reactive oxygen species (Kuchitsu, Kosaka
et al. 1995). Several studies have been shown that chitosan stimulates other systems
involved in resistance of plants to infection (Bohland 1997). Chitosan induces the
accumulation of phytoalexins resulting in antifungal responses and enhances
protection from further infections (Vasyukova, Zinov'eva et al. 2001).

Though chitin added to soil around cultivated crops may promote the
growth of antagonistic microbes, it can be extremely difficult to observe accurately.
As a consequence, the mainstream of trials have examined the effect of chitin on
isolated and growing antagonists applied to plants (Sharp 2013).

Bacillus subtilis secretes chitinases into the growing medium (Chen 2009).
Recently, it was found that the addition of chitin improved the reproduction of B.
subtilis, and bacteria’s fungicidal act. It also enhanced the control of Fusarium wilt in
pigeon peas caused by Aspergillus nige {Manjula and Podile 2001).

Among many factors deteriorating the lettuce growth and crops are fungal
diseases affected by soil fungi (Kurzawifska 2007). Chemical control are most
frequently used for plant defense against phytopathogens. There is a global
tendency to use chitosan as an option as its fungicidal effects leading to elicitation of

protection mechanisms (Obsuwan 2007). As a safe biodegradable compound as well
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as an elicitor, chitosan can be a prospective material as plant protectant helping
agriculture production (Bautista-Ban“osa 2006).

2.4, Nitrate in vegetable crop

Nitrate levels in vegetables are controlled by various factors including
variety and seasonal factors. Nitrate levels are monitored in relation to lettuce (see
Table 2). The European Commission has created an Acceptable Daily Intake (ADI) of 0
- 5 mg of nitrate per kg body weight (expressed as sodium nitrate) and a temporary
acceptable daily intake of 0 - 0.1 mg of nitrite per kg body weight (expressed as
sodium nitrite).

Mean levels of nitrate are shown in Table 2.

Table 2 Average concentrations of nitrate in vegetables

Vegetable Nitrate (NO5)
me/kg
Asparagus 13
Beans: green
broad 195-450
Beetroot 21
Broccoli 1,560-2,588
Cabbage: green 125-471
white 150-1,600
Carrot 93-530
Cauliflower 115-270
Chicory 37-715
Cucumber 9
Fennel 23-242
Lettuce: open leaf 2,000
iceberg 907-4,674
Mushroom 140-1,750
Onion 70
Peas 80-210
Pepper 15-57
Radish 10-78
Spinach 110-1,510
390-3,383

(Commission 1997)
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2.5. Antioxidant compounds

Lettuce is an essential salad vegetable that can eat fresh cooked (Liu, Ardo
et al. 2007). It relates to health benefits because of the presence of antioxidant
components (Nicolle, Cardinault et al. 2004). There are several important antioxidant
enzymes, superoxide dismutase (SOD), catalase (CAT), ascorbate peroxidase (APX),
monodehydroascorbate reductase (MDAR), dehydroascorbate reductase (DHAR) and
glutathione reductase (GR). Some ate involved in ascorbate glutathione cycle
(Halliwell-Asada cycle) (Mittova, Volokita et al. 2000, Michalak 2006). APX uses
ascorbic acid as a reductant in the first step of the ascorbate-glutathione cycle. This
is the most important peroxidase in H,O, detoxification operating both in cytosol and
chloroplasts (Mittova, Volokita et al. 2000, Smirnoff 2000).

Non-enzymatic scavengers are necessary in cellular components protection
from ROSs (Chaudiére and Ferrari-lliou 1999); Ferrari-lliou, 1999). The main
antioxidants are ascorbic acid, glutathione, a-tocopherol, and phenolic compounds
The pigments such as carotenoids also play an important roles (Babbar
2011);(Vijayakumar 2008); (Inzé and Montagu 1995, Rama Devi and Prasad 1998,
Jimenez, Creissen et al. 2002, Tausz, Wonisch et al. 2003).

Previous studies showed high levels of antioxidant contents in lettuce (Cao,
Sofic et al. 1996, Vinson, Hao et al. 1998, Caldwell 2003). The antioxidant in lettuce
had high oxygen radical absorbance capacity (ORAC) (Cao, Sofic et al. 1996, Caldwell
2003). It can inhibit the effects of ethylene formation induced and had high activity
against protein oxidation (Cao, Sofic et al. 1996).

Reports suggested that genotype and also growing conditions can have an
effect on the antioxidant contents in many crops. The day/night temperature also
showed an influence on the phenolic content and antioxidant activities (Wang and
Zheng 2001).

The DPPH-radical scavenging method is alos used to measure antioxidant
capacity in lettuce (Kang and Saltveit 2002). The technique used the 1,1-diphenyl-2-
picrylhydrazyl free radical (DPPH’), which shows a UV-vis spectrum with a maximum

of absorbance about 515 nm in methanol (Villano, Fernandez-Pachon et al. 2007).

2.6. Soil microbial populations

The diversity of microorganisms in soil seems to be critical to the
maintenance of soil health and quality. One of their important activities in the soil is

breaking down the organic matter to inorganic forms. A perfect example of this is the
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microbial release of NH4+, which is in turn xidized by Nitrosomonas bacterial to NO,
(nitrite). NO, whichis subsequently oxidized to NO5 (nitrate) by the Nitrobacter group
of bacteria. Similarly, other nutrients such as sulfur and phosphorus become
available to plants as a result of this microbial activity (Preece and Read 1993).

Plant bacterial interactions are long known and have three well-
differentiated manifestations. The first relation is between plants and pathogenic
bacteria (for instance, Agrobacterium spp., Erwinia spp., Ralstonia spp., etc.), which
causes a state of disease. Consequences for the plant are negative. A second
manifestation is a direct interaction between plants and non-pathogenic bacteria
leading to a beneficial association for both partners. This interaction is a mutualistic
symbiosis, yielding positive effects for the plant. These two types of interactions arise
as a consequence of a more findly tuned molecular signaling between the bacteria
and the plants. However, the ultimate boundaries between a mutualistic and a
pathogenic interaction can be unclear and the recognition and signal-transduction
processes can be similar for both interactions (Baron 1995); (Soto, Sanjuan et al.
2006). The third type of interaction that numerous bacterial genera (e.g. Alcaligenes
spp., Bacillus spp., Pseudomonas spp., Serratia spp., etc.) establish with plants in
principle could be considered as neutral for the plant (Mercado-Blanco and Bakker

2007). Some impotant microflora fungi and bacteria in agriculture describe below.

2.6.1 Bacillus spp.

Gram positive, rod-shaped, aerobic and endospore forming are the
characteristics of Bacillus spp. (Rao, Tanksale et al. 1998). All Bacillus spores share a
common architecture consisting in a set of concentric layers with a cortex and a coat
surrounding the inner core. An additional loose balloon-like envelope called
exosporium is observed around spores of B. cereus strains and of the closely-related
species forming the B. cereus group, e.s. B. thuringiensis, B. anthracis or B.
mycoides(Faille 2010)This structure has also been observed in other Bacillus species,
such as B. alvei, B. brevis, or B. sphaericus but it has not been observed in spores of
B. subtilis or B. licheniformis(Hachisuka, Kozuka et al. 1984).

Bacillus inoculants are especially interesting (at least theoretically) as
through the use of gram-positive spore forming PGPR. They can persist in fields for
long periods and can also be produced and stored for commercial purposes
(Probanza, Lucas Garcia et al. 2002). B. amyloliquefaciens, B. subtilis, B. pasteurii, B.

cereus, B. pumilus, B. mycoides and B. sphaericus strains elicit significant reductions
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in the incidence or severity of various diseases on a diversity of hosts (Choudhary and
Johri 2009). Protection resulting from induced systemic resistance (ISR) is elicited by
Bacillus spp. It has been reported against leaf-spotting fungal, bacterial pathogens,
systemic viruses, a crown-rotting fungal pathogen, root-knot nematodes, and a stem-
blisht fungal pathogen as well as damping-off, blue mold and late blight diseases
(Choudhary and Johri 2009).

B. subtilis strains are the most widely used as plant growth promoting
rhizobacteria (PGPR) due to their disease reducing and antibiotic producing
capabilities when applied as seed treatments (Kokalis-Burelle et al. 2006). Another
important strain is B. licheniformis, a Gram-positive, spore-forming soil bacterium,
classified as generally recognized as safe (GRAS), which shown to be an efficient PGPR
(Brunetti, Farrag et al. 2012). Previous studies have indicated that various strains of B.
licheniformis are also able to improve the growth and development of the host
plant in heavy metal contaminated soils by mitigating the toxic effects of the heavy
metals located on the plants (McLean, Beauchemin et al. 1990, McLean, Beauchemin
et al. 1992, Yakimov, Timmis et al. 1995, Ramos, Garcia et al. 2003).

2.6.2 Fluorescent Pseudomonas spp.

A diverse group, Fluorescent Pseudomonas spp. is a bacterium that can
generally be visually distinguished from other pseudomonads by their ability to
produce a water-soluble yellow-green pigment (fluorescent under ultraviolet
irradiation (A = 366 nm)). They are typically gram-negative with chemoheterotrophic
motile rods and polar flagella that are grouped in RNA homology | as defined by
Palleroni et al. (1973).

Known as PGPR (Mercado-Blanco and Bakker 2007), several Pseudomonas
strains have been used to control many fungal, bacterial, viral and insect pests
(Shanmugam, Senthil et al. 2002). Fluorescent pseudomonads have been extensively
used for plant growth promotion and disease control. Several mechanisms have
been suggested for disease control by fluorescent pseudomonads involving
production of siderophores, hydrogen cyanide (HCN), ammonia, antibiotics and
volatile compounds etc. or by competing with pathogens for nutrients or
colonization space (Thomashow and Weller 1996). Flourescent pseudomonads can
trigger a plant-mediated resistance mechanism called induced systemic resistance
(ISR) (Pieterse, Van Pelt et al. 2000) and are among the most effective rhizosphere

bacteria. In addition to disease control, they exert beneficial effect on plant growth
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promotion(Dubeikovsky  1993);(Raupach  and  Kloepper 1998).  Fluorescent
pseudomonads are also known to suppress soilborne fungal pathogens by producing
antifungal metabolites and by sequestering iron in the rhizosphere through the
release of iron-chelating siderophores, rendering it unavailable to other organisms
(Schippers, Bakker et al. 1987); (Loper 1988)(Paulitz 1991)(Dwivedi 2003).

Recent reports by Ryu et al. (2004) indicated the identification of several
volatile organic compounds produced by a variety of bacteria that promote plant
growth and induce systemic resistance in Arabidopsis (Arabidopsis thaliana). One of
the best studied examples is P. fluorescens WCS365. This strain controls tomato foot
and root rot caused by Fusarium oxysporum f. sp. Radicislycopersici(Dekkers, Mulders
et al. 2000). Howell and Stipanovic (1980) showed an inhibition by a fluorescent

pseudomonads on Pythium ultimum in cotton seedlings (Gaber 1979)Johnson 1978).

2.6.3 Fusarium spp.

Fusarium species may produce three types of spores, those being
macroconidia, microconidia and chlamydospores. Part of a widespread cosmopolitan
group of fungi Fusarium spp. will commonly colonize aerial and subterranean plant
parts, either as primary or secondary invaders (El-Kazzaz, El-Fadly et al. 2008). Some
Fusarium strains cause disease in many plants. Pathogens causing root and crown rot,
and wilt are the main yield-limiting factors in food production.

Fusarium oxysporum causes intense damage in many crops (Correll 1991).
The effects of Fusarium wilt are serious, which is caused by Fusarium oxysporum.
Zhao et al. (2014) reported that all Fusarium oxysporum isolates were found to

cause disease symptoms in the host plant.

2.6.4 Pythium spp.

The genus Pythium belongs to the family Pythiaceae, order Pythiales, class
Oomycetes, phylum Oomycota, and kingdom Chromista(Kirk PM 2008); (Uzuhashi,
Kakishima et al. 2010). The genus Pythium (van der Plaats-Niterink 1981) have hyphae
that are hyaline and coenocytic without cross septa. Two types of sporangia are
filamentous and globose. Zoospores develop in a vesicle and formed at the tip of a
discharge tube. Oospores are formed in smooth or ornamented oogonia after
fertilization with paragynous or hypogynous antheridia. The formation of zoospores

are unlike from morphologically similar genera (Uzuhashi, Kakishima et al. 2010).
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Pythium species are distributed from tropical to temperate sites. Many
species of the genus are common and important pathogens of important crops
where they may cause seed rot, seedling damping off and root rot (Agrios
2005)(Agrios 2005); (Le 2014). Pythium species are also important pathogens of

wheat, which is one of the world's major crops.

2.6.5 Trichoderma spp.

Trichoderma is a fungal genus found in many regions of the world (Chaverri,
Castlebury et al. 2003). These fungi appear in the form of colonies of mold, turning
white or yellowish over time. One of the most important functions of Trichoderma
involves the mold’s tendency to develop symbiotic relationships with plants
(Akladious 2014). The application of Trichoderma spp. as biological control agents
has been used against several soil-borne phytopathogenic fungi (Verma, Brar et al.
2007). Trichoderma spp. can be applied as spores which are very tolerant to adverse
environmental conditions field use (Amsellem 1999).

Trichoderma species have been widely praised for their capacity to enhance
plant growth, produce antibiotics, parasitize other fungi and compete with
deleterious plant microorganisms. This enables the species to be used as bio
fertilizers and biocontrols (Akladious 2014). In addition, certain strains induce
systemic and localized resistance to several plant pathogens. Certain strains may
improve plant growth and development (Ha 2010)..

Plants treated with T. harzianum resulted in large root area and cumulative
root length (Howell 2003). Harman (2000) has reported that highly rhizosphere
competent strains of Trichoderma increase root growth of a wide range of plants.
Recently, Trichoderma spp. Are reported to promote seedling establishment,
enhance plant growth and elicit plant defense reaction in many crops (Shanmugaiah,
Balasubramanian et al. 2009), vegetables (Celar 2005), beans (Hoyos-Carvajal, Orduz
et al. 2009) and corn (Windham, Windham et al. 1989). In addition, the increased
growth response induced by Trichoderma species has also been reported in many

types of crops (Lo, Lin et al. 2002).



CHAPTER IlI
MATERIALS AND METHODS

3.1 MATERIALS

3.1.1 Plant materials

‘Butterhead’ (Lactuca sativa L. cv. ‘Butterhead’) and ‘Red Oak’ (Lactuca
sativa L. cv. ‘Red Oak’) lettuce seeds (Super GreenTM) were purchased from ACK

Hydro Farm Company Limited, Bangkok, Thailand.

3. 1.2 Instruments

1.2.1 Equipment for plant growing
-Seed starter trays
- Plastic pots(13.0 x 17.5 x 14.5 cm)
- Prong
- Cultivator
- Shovels
- Racks
- Coconut husk
- Soil
- Cow manure
- Ground shrimp shell
- Fermented chitinous material
- Plastic buckets
- Plastic beakers

- Plastic sheet for row cover

1.2.2 Equipment for growth and yield analysis
-Measuring tape
- Knife
- Basket boxes (14 x 19 x 10 inch)
- Plastic bags (20 x 30 and 10 x 15 cm)
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- Balances
- Growth chambers
- Hot air oven (60°C)

1.2.3 Equipment for postharvest quality analysis
- Plastic bags (10 x 15 cm)
- Bag sealing machine
- Balances

- Growth chambers

1.2.4 Equipment for net photosynthesis, transpiration rateand stomatal
conductance analysis
-A portable photosynthesis (LI-6400XT Version 6; LI-COR Inc.,
Lincoln, NE, USA)

1.2.5 Equipment forNitrate analysis
- Knife and cutting board
- Liquid nitrogen
- Aluminium foil
- Deep freezer (-80°C)
- Mortars and pestles
- Spatula
- Flasks (50 and 125 mL)
- Cylinders
- Filter paper (Whatman No. 1)
-Vortex mixture

- Spectrophotometer (Agilent Technology, USA)

1.2.6 Equipment for antioxidants extraction analysis
- Knife and cutting board
- Liquid nitrogen
- Aluminium foil
- Deep freezer (-80°C)
- Mortars and pestles
- Spatula
- Eppendorf tubes (1.5 mL)



- Flasks (50 and 125 mL)

- Centrifuge tube (15 and 50 mL)

- Cylinder

-Vortex mixture

- Refrigerated centrifuge (Universal 32R, Hettich, Germany)
- Spectrophotometer (Agilent Technology, USA)

1.2.7 Equipment for soil microbial populations
- Erlenmeyer flasks(25, 50, 250, 500 and 1000 mL)
- Centrifuge tubes (15 and 50 mL)
- Eppendorf tubes (1.5 mL)
- Pipettes
- Cylinders
- Beakers
- Laboratory bottles
- Petri dishes
- Petri dish can
- Plastic bags
- Plastic bands
- Glass dropper bottle, Amber
- Racks
- Blades
- Slides
- Transfer or inoculating needles
- Loops
- Alcohol burners
- Fluorescence generator (BH2-RFL-T3, Olympus, Japan)
- Refrigerated centrifuge (Universal 32R, Hettich, Germany)
- Spectrophotometer (Agilent Technology, USA)
- Vortex mixture
- Digital water bath (Daihan Labtech Co., LTD)
- Thermometer
- Hotair oven (180°C) (Memmert, Germany)
- Shaker (Biosan, USA)
- Lamina Flow (Class I, Microflow, UK)
- Automatic Autoclave (TC-459, Taiwan)

22
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- Incubator(Memmert, Germany)

- Incubator shaker(Model IN-666, K Germmyco, Taiwan)

1.2.8 Equipment for soil chemical parameters

1.2.8.1 Equipment for pH analysis
- Beakers (50 mL)
- Stirring rods
-Cylinders

- Glass electrode pH meter (Eutech, Singapore)

1.2.8.2 Equipment for electrical conductivity (EC)analysis
- Erlenmeyer flasks (125 mL)
- Glass funnels
- Filter paper (Whatman No. 5)
- Laboratory bottles
- Filtering flasks (500 mL)
- Cylinders (50 mL)
-Thermometer
- Digital conductivity meter (NTST, USA)

1.2.8.3 Equipments for organic matter (OM), nitrogen (N), phosphorus
(P), potassium (K), calcium (Ca) and magnesium (Mg) in soil
analysis
- Erlenmeyer flask (50 and 250 mL)
- Pipettes
- Beaker Glass (25 and 50 mL)
- Burette (10 and 50 mL)
- Balances
- Micro-kjeldahl tubes (100 mL)
- Distillation apparatus
- Digestion system
- Test tubes
- Filter paper (Whatman No. 5)
- Auto dilutor
- Volumetric flasks (50 and 1,000 mL)
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- Dispenser (25 mL)

- Shaker

-pH meter

- UV-Vis Spectrophotometer (PerkinElmer Lamda 35 UV/VIS, USA)
for P

- Flame Photometer (Corring 410)er (Coring 410) for K

- Atomic AAsorption Spectrophotometer GBC Model Sens AA for Ca
and Mg

3.1.3 Chemicals and reagents

3.1.3.1 Chemical for nitrate analysis
- Deionized water
- Activated charcoal
- Nitrate 5 nitrate reagent power pillow
- Standard nitrate

3.1.3.2 Chemical for chlorophyll a, chlorophyll b and carotenoids
content analysis

- 80% acetone

3.1.3.3 Chemicals for ascorbic acid content analysis
- 2% Dinitrophenylhydradzine (DNPH) in 4.5 M sulfuric acid
- 6% metaphosphoric acid in 2 M acetic acid
- 2% 2, 6-dichlorophenolindolphenol (DCIP)
- 2% thiourea in 5% metaphosphoric acid
- 90% sulfuric acid

- Standard ascorbic acid

3.1.3.4 Chemicals for phenolic compound analysis
- 80% Ethanol
- 4 N NaOH
-6 N HCl
- Ethyl acetate
- Distilled water
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- Folin-Ciocalteu’s phenol reagent (Fluka, Switzerland)

- Standard gallic acid

1.3.5 Chemicals for flavonoid content analysis
- 5% NaNO,
- 10% AlCl,
- 1 M NaOH

- (+)-catechin

1.3.6 Chemicals for total antioxidant activity analysis
- 0.2 mM of DPPH (1, 1-diphenyl-2-picrylhydrazyl) ethanolic solution
- 80% Ethanol

1.3.7 Chemicals for malondialdehyde (MDA) analysis
- 5% and 15% (w/v) trichloroacetic acid (TCA)
- 0.5% thiobarbituric acid (TBA)

1.3.8 Chemicals for soil microbial population analysis

1.3.8.1 Tryptic Soy agar (TSA) selective medium for Bacillus spp.
(Bashan et al. 1993)
- 40 g TSA
- 1,000 mLdistilled water
- 50 pg/mL nystatin
- 50 pg/mL cycloheximide

1.3.8.2 King agar B selective medium (1 Litre) for Fluorescent
Pseudomonads spp. (Sand and Rovira., 1970)
- 20 g peptone
- 1.5 ¢ dipotassium hydrogen phosphate
- 1.5 ¢ magnesium sulfate
- 10 g agar
- 10 mL glycerol
- 1,000 mLdistilled water
- 100 mg penicilin G

- 45 mg/mL novobiocin
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- 75 mg/mL cycloheximide
- 3 mL 95% ethanol

1.3.8.3 Malachite green agar 2.5 mg (MGA 2.5) a selective
medium (1 Litre) for Fusarium spp. (Castellad et al.
1997)
- 15 g peptone
- 1 g Potassium di-hydrogen phosphate (KH,PO,)
- 0.5 ¢ MgS0O4-7H,0
- 20 g agar
- 1,000 mL distilled water
- 2.5 mg malachite green
- 100 mg chloramphenicol

- 50 mg streptomycin

1.3.8.4 Potato dextrose agar (PDA) selective medium (1 Litre)
for Pythium spp. (Masago et al. 1977)
-39 g PDA
- 1,000 mLdistelled water
- 10 mg benomyl
- 25 mg nystatin
- 25 mg pentachloronitrobenzene
- 10 mg rifampicin

- 500 mg ampicillin

1.3.8.5 Trichoderma medium E (TME) selective medium (1
Litre) for Trichoderma spp. (Papavizas and Lumsden,
1982)

- 200 mL V-8 Juice

- 1 g glucose

- 20 agar

- 700 mLdistelled water

- 100 mg neomycin sulfate
- 100 mg bacitracin

- 100 mg penicilin G

- 100 mg folpet
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- 25 mg chlorotracycline hydrochloride
- 20 mg nystatin

- 500 mg sodium propionate

1.3.9 Chemicals for soil chemical parameter

1.3.9.1 Chemicals for organic matter (OM)analysis
(Walkley and Black, 1947)
- 1.0 NK,Cr,0O4
- H,SO4
-Distilled water
- O-phenanthroline
- 0.5 N FeSO,.7H,0

1.3.9.2 Chemicals for availability phosphorus (P) analysis
(Bray and Kurtz, 1945)
- 0.03 N NH4F
- 0.1 N HCl

1.3.9.3 Chemicals for availability potassium (K), calcium (Ca) and
magnesium (Mg) analysis
(Jackson, 1958)
- 1 N NHOAC

3.2. METHODS

3.2.1 Determination of the effects of biomaterial and semi-biomaterial on growth,
yield and postharvest quality of lettuces during three successive crop seasons grown

in a test plot

3.2.1.1 Chitin-rich materials

Two different sources of chitin were used: shrimp shell powder (SS)
and fermented chitinous material (FCM). FCM was derived from the process of

chitinase preparation using Bacillus licheniformis strain SK-1 (SK-1) (Kudan and
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Pichyangkura 2009) and shrimp shells as chitin source. The cultures were composed
of shrimp shells, SK1, 0.25% yeast extract, 0.5% (NH4),SO4, 0.03% MgSQO4, 1.0%
KH,SO4 and 0.2% K,HPO,. The cultures were incubated with shaking for 7 days at
37°C. Afterward, FCM residues (solid phase) were separated by centrifugation at 8,000
rom (9,820 x g) and air dried.

3.2.1.2 Plant cultivation practices

‘Butterhead’ (Lactuca sativa L. cv. Butterhead) and ‘Red Oak’ lettuce
cultivation was grown during three successive crop seasons (March-April 2010, July-
September 2010 and December 2010-February 2011) at Chulalongkorn University,
Bangkok, Thailand. During the second and third crop seasons, a transparent
polyethylene was used to cover the plants. Each crop season, a randomized
complete block design (RCBD) was conducted with eight plants per replicate and
four replicates per treatment. A light meter (LI-250A, Li-cor, Lincoln, USA) was used to
measure light intensity. Air temperature and air relative humidity at plant height were
recorded by a Thermo-Hygrograph (Isuzu Seisakusho Co., Ltd., Tokyo, Japan).
Cultivation, irrigation practices, and climatic conditions during the growing period are
summarized in Table 5.

Lettuce seeds were sown on top of a growing medium consisting of
2:1 ground coconut husk/soil that was packed in plastic trays and covered with a 10
mm layer of soil. Three weeks after sowing, the seedlings were move into pots and
filled with 1 kg of growing medium (10:1 soil/cow manure) supplemented with 0.5%
SS, 0.5% SS and 10 mL of SK-1 suspension (A600nm = 1.0) (0.5% SS +SK-1), 0.25%
SS and 0.25% FCM (0.25% SS+0.25% FCM), 2% FCM and SK-1 alone. SK-1 was
prepared according to Kudan and Pichyangkura (2009). The addition of bacterial
suspension was assumed to have no contribution to the supplement mass. Control
treatment was performed without any supplement.

FCM and SK-1 were applied to lettuce seedlings twice. The SS/FCM
treatment was applied at week 4. At Week 6, 50 ¢ of cow manure were added again.
The plants were cultured for 8 weeks. Watering was applied in the morning and in

the afternoon.

3.2.1.3 Plant growth and yield analysis

Lettuces were harvested and leaf number of each lettuce was

counted. The width and length of the biggest leaf of each lettuce were analyzed.
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The fresh weight of each lettuce was investigated and used for the weight loss

calculation. A drying chamber at 60°C was used to dry lettuce for 7 days

Statistical analysis

Four replicates per treatment were done for all measurements. Data
was analyzed using one-way analysis of variance (One-way ANOVA). Mean differences
were performed using Duncan’s multiple range test (DMRT). Differences with p<0.05

were considered significant.

3.2.1.4 Postharvestquality analysis

Lettuces were stored in a chamber at 8°C and 60% RH for 14 days.
Fresh weight loss and overall visual quality were investicated after removal from

storage. Fresh weight loss was calculated as follows:

Fresh weight loss (%) = Initial weight (g) - Final weight (g) * 100
Initial weight (g)

Overall visual quality of each lettuce was evaluated after storage by
using a quality index scale from 4 to 0, where 4 = excellent (essentially free from
defects), 3 = good (minor defects; not objectionable), 2 = fair (slight to moderate
objectionable defects; lower limit of sales appeal), 1 = poor (excessive defects;
limited salability), 0 = extremely poor (not useable). Visual quality evaluation scales

were modified from Rennie et al. (2001).

Statistical analysis
Statistical analyses for overall visual quality were performed with a
Kruskal-Wallis test (p<0.05). Data analyses were performed using SPSS 14.0 for

Windows Evaluation Version.

3.2.1.5 Determination of the effects of biomaterial or semi-biomaterial on selected

soil chemical parameters

Soil samples were collected for soil chemical and physical properties
analysis before planting and on harvesting day. Soil samples were collected from the

root zone and kept in bags and stored at 4°C for analysis.
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3.2.1.6 pH analysis

The soil pH analysis was investigated by using a 1:1 soil/water aqueous
extract. The mixture was left to stand and the pH was read with a pH meter using a
glass electrode (Peech, 1965).

3.2.1.7 Electrical conductivity (EC) of soil analysis

Soil EC was analyzed by using a 1:5 soil/water aqueous extract. EC of
the supernatant was read with a digital conductivity meter (Digital conductivity
meter, Fisher Scientific) (Lee, Park et al. 2004).

3.2.1.8 Soil organic matter (OM) analysis

Soil OM was analyzed by taking 1.0 ¢ soil into a 250 mL Erlenmeyer
flask. O-phenanthroline was used as an indicator. Contents were titrated against 0.5 N
FeSO,.7H,0 for green to red-brown end point (Walkley 1947).

3.2.1.9 Total nitrogen (N) in soil analysis

Total nitrogen (Kjeldahl method) was analyzed and bromocresol
green-methyl red were added as the indicator. The titration used 0.1 N standard
hydrochoric acid solutions for the green to red-brown end point. Blank was prepared

in the same manner without adding a soil sample (Bremner 1965).

Calculation:
mL H,50, used (soil sample — blank titratation) x N x 0.14 x 100 = % nitrogen

weight of soil sample (g)

3.2.1.10 Availability phosphorus (P) in soil analysis

Soil available P was analyzed (Bray 1945). The absorbance of the
filtrate was investigated by spectrophotometer at 882 nm (Lambda 35 UV/VIS

Spectrometer, PerkinElmer).
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Calculation:

Available P = B x df (sample) x R mg ke
A x df (standard)

A = Soil sample (g)

B = 0.03 N NH,F, 0.1 N HCL (mL)

R = standard set

df = dilution factor

3.2.1.11 Availability potassium (K) in soil analysis

Soil available K was analyzed (Jackson 1958). The absorbance of the
filtrate was examined by flame photometer at 383 nm (Corning 410).
Calculation:
Available K = D x df (sample) x R mg kg_1
A x df (standard)
A = Soil sample (g)

B = 1 N ammonium acetate solution of pH 7 (mL)
df = dilution factor

D = standard solution for KCl mg kgf1

3.2.1.12 Chemicals for availability of calcium (Ca) and magnesium (Mg) in soil analysis

Soil available Ca and Mg was analyzed (Jackson 1958). The absorbance

of the filtrate was examined by atomic absorption spectrophotometer at 422 nm and
285 nm (GBC, AA S/N 6360), respectively.

Calculation:
Available Ca = Dx df xB mg kg
A
A = Soil sample (g)
B = 1 N ammonium acetate solution of pH 7 (mL)
df = dilution factor

D = standard solution for Ca (mg mLfl)

Calculation:
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Available Mg = D x df x B mg kg’1
A
A = Soil sample (g)
B = 1 N ammonium acetate solution of pH 7 (mL)
df = dilution factor
D = standard solution for Mg (mg mL™)

Statistical analysis

Five replicates per treatment were used for all measurements. Data
was analyzed using one-way analysis of variance (One-way ANOVA) test. Mean
differences were performed using Duncan’s multiple range test (DMRT). Differences

with p<0.05 were considered significant.

3.2.2 Determination of the effects of biomaterial and semi-biomaterial on growth,
yield, postharvest quality and selected soil microbial populations of lettuces in a

local farm

3.2.2.1 Plant materials

Plant materials were the same as 1.1.

3.2.2.2 Treatments of biomaterial or semi-biomaterial and growing condition

The best treatment from the test plot was applied as a supplement to
the experimental plot. The experiments were carried out in 2 crop seasons: 14
January- 3 March and 23 May- 21 July 2012 in a local farm at Supan Buri province,
Thailand. Light intensity, photoperiod, minimum and maximum air temperatures, and
relative humidity were recorded for each season.

Each experimental plot consisted of 90 lettuces placed in three rows
(30 cm apart) of 30 plants (30 cm apart). The two outer rows and the first and last
lettuces of the middle row were kept as guard plants.

Germination, acclimatization and watering of the seedling were carried
out as described in 2.1.2.At the beginning of week 4, the experimental plots were
amended with 51 kg of cow manure/1 m” and SS or FCM as stated in 2.1.2. Three
weeks after sowing, the seedlings were transplanted to the experimental plots. At

the beginning of week 5, the same amount of SS or FCM was added along with cow
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manure to make up a total of 100 g supplement to each lettuce. At the beginning of
week 7, only 50 g of cow manure were added to each lettuce. The plants were

grown for a further 2 weeks and harvested in the morning at the beginning of week 9.

3.2.2.3 Growth, yield and postharvest quality of lettuces

3.2.2.3.1 Plant growth and yield analysis

Plant and growth yield were measured according to 2.1.3.

Statistical analysis

Twenty plants per treatment were used for all measurements.
The means were compared by the independent sample t-test at a significant level of
0.05 (P<0.05) using SPSS software version 14. The data were shown as means + SE

(standard error).

2.1.1.1 Postharvest quality analysis

Postharvest quality was measure according to 2.1.4.

2.1.1.2 Determination of net photosynthesis, transpiration rateand

stomatal conductance

Seven weeks after planting, net photosynthesis, transpiration
rate and leaf stomatal conductance were measured using a portable photosynthesis
measurement system (LI-6400XT Version 6; LI-COR Inc., Lincoln, NE, USA). Ten plants
were used for each treatment. The measurement was performed within the time
period from 8.00 am to 12.00 am and 13.00 pm to 16.00 pm maintaining the air
temperature, relative humidity, CO, concentration and approximate photosynthetic
photon flux density at 25°C, 80-90%, 400 umol mol" and 1000 pmol mfzsfl,
respectively. From each subplot, five plants were randomly selected and the
measurements were taken on the terminal leaflets of the three youngest fully
expanded leaves.

Statistical analysis

Ten replicates per treatment were done for all measurements.
The means were compared by the independent sample T-Testat a significant level of
0.05 (P<0.05) using SPSS software version 14. The data were shown as means + SE

(standard error).
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2.1.1.3 Determination of nitrate assimilation in lettuce leaves

Nitrate (NOs-N) was measured by the cadmium reduction
method (Do et al. 2010). Samples (2.5 g) were ground with liquid nitrogen to fine
powder, and then 100 mL of deionized water and activated charcoal were added.
The extracted was filtered through #1 Whatman filter paper. After that, 25 mL of
supernatant and NitraVer 5 Nitrate Reagent Powder Pillow (Hach Co. USA.) were
mixed. The homogenate were vortexed for 2 minutes and incubatedat room
temperature for 5 minutes. Then, the absorbance of the solution was determined by

spectrophotometer at 882 nm to afford NOs-N (in mg/L).

2.1.1.4 Determination of non-enzymatic antioxidants
In order to analyze the content of antioxidants, including
ascorbic acid (AA) (vitamin C), chlorophyll a, chlorophyll b,carotenocids, total
phenolics, flavonoids, malondialdehyde and total antioxidant activity, lettuce leaves

were collected on day’s 0 and 14 and then stored at -80°C until analysis.

2.1.1.4.1 Determination of chlorophyll a, chlorophyll b and
carotenoids content

Total pigments were extracted from leaves (0.5 g) with 30 mL

of 80% acetone. Then, the extract was centrifuged for 5 minutes at 4,000 ¢. the

absorbance of the supernatant was determined at 480, 645, 663 and 710 nm. The

chlorophyll a, chlorophyll b carotenoid concentrations were calculated from the

following equation:

Chlorophyll a = 12'7(A663 - A710) - 2.69(A645 - A710)*30*1119/FW
Chlorophyll b = 22~9(A645 - A710) - 4.68(A663 - A710)*3O*1119/FW
CarotenOidS = (A480+ 0114(A663 - A710) - 0638(A645 - A710))*30*1000)/1125*FW

The chlorophyll a, chlorophyll b and carotenoid contents were
expressed as pmol/g FW (Kirk 1965).

2.1.1.4.2 Determination of total ascorbic acid (AA) content
Total AA content was determined using the dinitrophenylhy-
dradzine (DNPH) method with some modifications (Shin 2007). Total AA was

quantified by measurement of the absorbance at 540 nm and compared to the
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standard curve. The concentration was expressed as ascorbic acid on a fresh weight

basis, Mg g .

2.1.1.4.3 Determination of total phenolics content
Phenolic contents in leaf lettuce were determined according
to the Folin-Ciocalteu colorimeter method with some modifications (Ju-Hee 2006).
The absorbance at 750 nm was measuredand compared to the standard curve.

Phenolic contents were expressed as mg gallic acid equivalents per 1 g of leaf.

2.1.1.4.4 Determination of flavonoid contents
Flavonoid contents in lettuceleaf were determined by a
colorimeter method with some modifications (Ju-Hee 2006). The absorbance at 510
nm was measuredand compared to the standard curve. The flavonoid contents were

expressed as mg (+)-catechin equivalents per 1 g of leaf.

2.1.1.4.5 Determination of DPPH radical scavenging activity
The scavenging activity of sample extracts was analyzed by
the determination of 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity
effect on DPPH radical according to the method of Ju-Hee et al. (2006) with some
modifications. The absorbance of the sample was recorded with spectrophotometer
at 520 nm against a blank of ethanol without DPPH. The DPPH radical scavenging

activity (%) was calculated by the following equation:

Radical scavenging activity (%) = (1- Aqmpie/Aconto) * 100

Where Agmple 1S the absorbance in the presence of sample extract and

Acontrol IS the absorbance in the absence of sample extract.

2.1.1.4.6 Malondialdehyde content determination
(Rios, Rosales et al. 2008)
After harvesting, lettuces were stored in a chamber at 8°C for
14 days. The samples were then stored at -80°C until used for the analysis of lipid
peroxidation. Lipid peroxidation was measured by estimating the concentration of
malondialdehyde (MDA), using thiobarbituric acid-reactive substances (TBARS) assay
according to Zhang et al. (2005) with some modifications. The supernatant was used

to measure the absorbance at 450, 532 and 600 nm.
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The MDA concentration (umol/g FW) was calculated
according to the equation: 6.45x (Ass, — Age) — 0.56xAs50 (Zhang et al. 2005).

2.1.1.5 Statistical analysis
Five replicates per treatment were done for 2.2.3.4-2.2.3.5.6
measurements. The means were compared by the independent sample T-Testat a
significant level of 0.05 (P<0.05) using SPSS software version 14. The data were

shown as means + SE (standard error).

3.2.3 Determination of the effects of biomaterial or semi-biomaterial on selected soil

microbial populations

2.3.1. Soil sampling
Soil samples were collected from each plot on the day of plantation
and the day of harvesting for analysis of microbial populations. Ten soil cores were
removed from the center row of each plot. Samples were removed from the root
zone around plants in the rows. Three samples per plot were collected and placed
in plastic bags then stored at 4°C for analysis within 3 months. Numbers of selected

bacteria and fungi were quantified using selective media.

2.3.2. Propagule densities of selected soil microorganisms

Soil samples were analyzed for selected soil microorganisms using
10-fold serial dilutions of soil and five different selective media. Numbers of Bacillus
spp., Fluorescent Pseudomonad spp., Fusarium spp., Pythium spp.and Trichoderma
spp. were quantified.

Each soil sample (10 g) was suspended with 90 mL of sterile distilled
water. Soil suspensions were shacked at 250 rpm for 15 minutes. Serial 10-fold
dilutions were made to 10~ (Table 3). Triplicate plates for each medium were used
for each sample, and several media required different soil dilutions for statistically
accurate propagule estimation (Table 3). Colonies were counted from plates
containing 1-200 colonies. Data are expressed as number of colony forming units
(CFUs)/g of dry soil.



Table 3 Media, dilution factors, organisms, and incubation conditions for

microorganisms isolated from soils in experiment plots.

Medium Dilution | Organisms Temperature | Incubation Light Reference
Factor cultured (OC) (days) conditions
TSA 10%10° | Bacillus spp. 28 1-2 Dark | Bashan et al. 1993
Sand and Rovira,
King’s 10%10° | Fluorescent 25 12 Dark 1970
medium B Pseudomonad spp. Castella et al.
MGA 2.5 10,10 | Fusarium spp. 28 5 Dark 1997
Masago et al.
PDA 10°10° | Pythium spp. 28 3 Dark | 1977
Papavizas and
TME 10%10° | Trichodermaspp. 25 5 Light | Lumsden, 1982

*Dilution factor number is the 1:10 serial dilution from each sample which was

plated in triplicate.

means were compared by the independent sample T-Testat a significant level of

0.05 (P<0.05) using SPSS software version 14. The data were shown as means + SE

2.3.3 Statistical analysis

Nine replicates per treatment were done for all measurements. The

(standard error).

3.2.4 Determination of the effects of biomaterial or semi-biomaterial on selected soil

chemical parameters

means were compared by the independent sample T-Testat a significant level of

0.05 (P<0.05) using SPSS software version 14. The data were shown as means + SE

2.1.2 Soil sample analysis

Soil samples were measure according to 2.2.

2.1.3 Statistical analysis

Five replicates per treatment were done for all measurements. The

(standard error).




CHAPTER IV
RESULTS AND DISCUSSION

4.1 Effects of biomaterial and semi-biomaterial on growth, yield and postharvest

quality of lettuces grown in a test plot

4.1.1 Effects of biomaterial and semi-biomaterial on growth and yield

1.1.1. Leaf number

‘Butterhead’ lettuce

The most significant and highest leaf number was observed in T5 (2%
FCM) during the first crop season. In the second crop season, there were no
significant differences between T3 (0.5% SS+SK-1), T4 (0.25% SS+0.25% FCM) and
T5. AU treatments with SS/FCM (T2, T3, T4 and T5), showed significantly higher leaf
numbers than T1 (control) and T6 (SK-1) treatments during all three crop seasons.
Leaf numbers of T6 treatment were slightly lower than T1 treatment during the first
crop season. No significant differences in leaf numbers were observed between T1

and T6 treatments during the second and third crop seasons (Figure 10).

‘Red Oak’ lettuce

The most significant and highest leaf number was observed in T5
during first and second crop seasons. However, lettuces in T4 and T5 treatments
showed no significant difference of leaf numbers during the first crop season. All
treatments with SS/FCM (T2, T3, T4 and T5) showed significantly higher leaf numbers
than T1 and Té treatments during all three crop seasons. No significant differences in
leaf numbers were observed between T1 and Té6 treatments during all three crop

seasons (Figure 11).
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Figure 10 Effects of biomaterial and semi-biomaterial on leaf numbers of ‘Butterhead’ lettuce in
a test plot after 8 weeks of cultivation. Data with the different letters are significantly different at

p=0.05level of significance. The vertical bars represent the standard error (SE) of the means.
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Figure 11 Effects of biomaterial and semi-biomaterial on leaf numbers of ‘Red Oak’ lettuce in a
test plot after 8 weeks of cultivation. Data with the different letters are significantly different at
p=0.05level of significance. The vertical bars represent the standard error (SE) of the means.
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1.1.2. Leaf width

‘Butterhead’ lettuce

The width and length of the largest leaf in each lettuce plant were
measured, as indicators of plant growth. Lettuces in T5 treatment resulted in the
largest and most significant increases in the leaf width of lettuce planted during the
first and third crop seasons. There were no significant difference in leaf width among
T2, T3, T4 and T5 during the second crop season. Leaf width in T2, T3, T4 and T5
treatments were also significantly larger than that in T1 and T6 treatments, whereas
the largest leaf width was observed in T5 treatments during all three crop seasons. In
the third crop, in T2, T3, T4 and T5 treatments were also significantly larger than that
in T1 and Té6. The most significant and largest leaf width was observed in T5, where

the lowest leaf width was observed in T6 treatment (Figure 12).

‘Red Oak’ lettuce

During the first crop season, T5 treatment resulted in the largest and
most significant increase in leaf width of the lettuces. During the second and third
crop seasons, all treatments with SS/FCM (T2, T3, T4 and T5) showed significantly
higher leaf width than T1 and T6 treatments. There were no significant differences in
leaf width among T2, T3, T4 and T5 treatments during the second and third crop
seasons. No significant differences in leaf width were observed between T1 and T6

treatments in all three crop seasons (Figure 13).
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Figure 12 Effects of biomaterial and semi-biomaterial on leaf width of ‘Butterhead’ lettuce in a
test plot after 8 weeks of cultivation. Data with the different letters are significantly different at

p=0.05level of significance. The vertical bars represent the standard error (SE) of the means.
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Figure 13 Effects of biomaterial and semi-biomaterial on leaf width of ‘Red Oak’ lettuce in a test
plot after 8 weeks of cultivation. Data with the different letters are significantly different at
p=0.05level of significance. The vertical bars represent the standard error (SE) of the means.
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1.1.3. Leaf length

‘Butterhead’ lettuce

The most significant and highest leaf length was observed in T5
treatment during all three crop seasons. There were no significant differences in leaf
length among T2, T3 and T4 treatments during all three crop seasons. No significant
differences in leaf length were observed between T1 and T6 treatments during the
first and second crop seasons. Leaf length in the T6 treatment was slightly lower

than T1 treatment during the third crop season (Figure 14).

‘Red Oak’ lettuce

Lettuces in the T5 treatment showed the highest leaf length during
the first and third crop seasons, whereas T4 treatment showed the highest leaf
length during the second crop season. All treatments with SS/FCM (T2, T3, T4 and
T5) showed significantly higher leaf length than T1 and T6 treatments during all three
crop seasons. No significant differences in leaf length were observed between T1 and

T6 treatments during all three crop seasons (Figure 15).
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Figure 14 Effects of biomaterial and semi-biomaterial on leaf length of ‘Butterhead’ lettuce in a
test plot after 8 weeks of cultivation. Data with the different letters are significantly different at

p=0.05level of significance. The vertical bars represent the standard error (SE) of the means.
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Figure 15 Effects of biomaterial and semi-biomaterial on leaf length of ‘Red Oak’ lettuce in a test
plot after 8 weeks of cultivation. Data with the different letters are significantly different at
p=0.05level of significance. The vertical bars represent the standard error (SE) of the means.
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1.1.4. Fresh weight

‘Butterhead’ lettuce

Lettuces in T5 treatment resulted in the highest and most significant
increase in the fresh weight of lettuce during the first and third crop seasons. Such
increase was remarkable during the first crop season when fresh weight of lettuces
grown with the presence of T5 treatment was approximately doubled when
compared with other SS/FCM (T2, T3 and T4) treatments. There were no significant
differences in fresh weight among T2, T3, T4 and T5 treatments during the second
crop season. All treatments with SS/FCM (T2, T3, T4 and T5) showed significantly
higher fresh weight than T1 and T6 treatments during all three crop seasons. No
significant differences in fresh weight were observed between T1 and Té treatments

in all three crop seasons (Figure 16).

‘Red Oak’ lettuce

The most significant and highest fresh weight was observed in T5
treatment during all three crop seasons. All treatments with SS/FCM (T2, T3, T4 and
T5) showed significantly higher fresh weight than T1 and T6 treatments during the
first and third crop seasons, whereas T2, T3 and T5 treatments showed significantly
higher fresh weight than T1 and T6 treatments during the second crop season. There
were no significant differences in fresh weight among T2, T3 and T5 treatments in the
second crop season. No significant differences in fresh weight were observed

between T1 and T6 treatments during the first and third crop seasons (Figure 17).
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Figure 16 Effects of biomaterial and semi-biomaterial on fresh weight of ‘Butterhead’ lettuce in a
test plot after 8 weeks of cultivation. Data with the different letters are significantly different at

p=0.05level of significance. The vertical bars represent the standard error (SE) of the means.
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Figure 17 Effects of biomaterial and semi-biomaterial on fresh weight of ‘Red Oak’ lettuce in a
test plot after 8 weeks of cultivation. Data with the different letters are significantly different at
p=0.05level of significance. The vertical bars represent the standard error (SE) of the means.
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1.1.5. Dry weight

‘Butterhead’ lettuce

The most significant and highest dry weight was observed in T5
treatment during the first and second crop seasons. All treatments with SS/FCM (T2,
T3, Td and T5) showed significantly higher dry weight than T1 and T6 treatments
during the first and second crop seasons. There were no significant differences in dry
weight among T2, T3, T4 and T5 treatments during the third crop season. No
significant differences in dry weight were observed between T1 and T6 treatments

during all three crop seasons (Figure 18).

‘Red Oak’ lettuce

Lettuces in T5 treatment resulted in the highest and most significant
increase in the dry weight of the lettuce during the first and third crop seasons,
whereas T2 treatment resulted in the highest and most significant increase in dry
weight of lettuce during the second crop seasons. There were no significant
differences in dry weight among T2 and T5 treatments during the second crop
season. All treatments with SS/FCM (T2, T3, T4 and T5) showed significantly higher
dry weight than T1 and T6 treatments during the first and third crop seasons. No
significant differences in dry weight were observed between T1 and T6 treatments

during all three crop seasons (Figure 19).
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Figure 18 Effects of biomaterial and semi-biomaterial on dry weight of ‘Butterhead’ lettuce in a
test plot after 8 weeks of cultivation. Data with the different letters are significantly different at

p=0.05level of significance. The vertical bars represent the standard error (SE) of the means.
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Figure 19 Effects of biomaterial and semi-biomaterial on dry weight of ‘Red Oak’ lettuce in a test
plot after 8 weeks of cultivation. Data with the different letters are significantly different at
p=0.05level of significance. The vertical bars represent the standard error (SE) of the means.
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Figure 20 Effects of biomaterial and semi-biomaterial on growth of ‘Butterhead’ lettuce in the
first (A) second (B) and third (C) crops after 8 weeks of cultivation in a test plot.

Figure 21 Effects of biomaterial and semi-biomaterial on growth of ‘Red Oak’ lettuce in the first
(A) second (B) and third (C) crops after 8 weeks of cultivation in a test plot.
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4.1.2 Effects of biomaterial and semi-biomaterial on postharvest quality

1.1.6. Percentage of fresh weight loss

‘Butterhead’ lettuce

After harvesting, 32 plants per treatment were packed in sealed plastic
bags and stored in a chamber at 8°C for 14 days. Weight losses of lettuces after
storage at 8°C and 60% RH for 2 weeks were significantly reduced in control (T1)
treatments during all three crop seasons. During the first and third crop seasons, the
application of SS/FCM treatmentsresulted in the lowest fresh weight loss. During the
second crop season, T3 treatment resulted in the lowest fresh weight loss. However,
there were no significant differences in fresh weight loss among T3, T4 and T5
treatments during the second crop season. All treatments with SS/FCM (T2, T3, T4
and T5) showed significantly lower fresh weight loss than T1 and T6 treatments

during all three crops (Figure 22).

‘Red Oak’ lettuce

The weight losses of the lettuces in T5 treatment resulted in the
lowest fresh weight loss during all three crop seasons. During the first crop season,
there were significant differences in fresh weight loss among T5 and, T1, T4 and T6
treatments. All treatments with SS/FCM (T2, T3, T4 and T5) showed significantly
lower fresh weight loss than T1 and T6 treatments during the second crop season.
There were no significant differences in fresh weight loss among T2, T3, T4 and T5
treatments during the second crop season. During the third crop season, T4
treatment resulted in the lowest fresh weight loss. There were no significant
differences in fresh weight loss among T2, Td and T5 treatments during the third crop

season (Figure 23).
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Figure 22 Effect of biomaterial and semi-biomaterial on fresh weight loss of ‘Butterhead’ lettuce
following storage at 8°C and 60% RH for 14 days. Data with the different letters are significantly
different at p=0.05level of significance. The vertical bars represent the standard error (SE) of the

means.
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Figure 23 Effect of biomaterial and semi-biomaterial on fresh weight loss of ‘Red Oak’ lettuce
following storage at 8°C and 60% RH for 14 days. Data are means of 32 heads. Data with the
different letters are significantly different at p=0.05level of significance. The vertical bars

represent the standard error (SE) of the means.
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1.1.7. Overall visual quality score

‘Butterhead’ lettuce

After storage at 8°C and 60% RH for 2 weeks, better overall visual
quality was observed among the SS/FCM-treated lettuces in all three crop seasons.
Lettuces in T5 treatment showed the best overall visual quality during the first and
third crop seasons, while lettuces of the other SS/FCM treatments showed
insignificant differences in overall visual quality in the first and second crop seasons.
In the second crop season, lettuces in the T2 and T5 treatments showed significantly
better in overall visual quality than other treatments. All treatments with SS/FCM
(T2, T3, T4 and T5) showed significantly better in overall visual quality than T1 and

T6 treatments in the third crop seasons (Figure 24).

‘Red Oak’ lettuce

Lettuces in T4 and T5 treatments showed significantly better in overall
visual quality than T1, T2, T3 and Té6 treatments in the first crop season. In the
second crop season, the T2 and T5 treatments showed significantly better in overall
visual quality than T1, T3, T4 and T6 treatments. All treatments with SS/FCM (T2, T3,
T4 and T5) showed significantly better in overall visual quality than T1 and T6
treatments in the third crop seasons. There were no significant differences in overall

visual quality between T1 and T6 treatments in the third crop season (Figure 25).



52

—~ 5 -

[<B)

S T1=Control

3 4 - T2=0.5% SS

> = T3=0.5% SS+SK-1
'(.—_5 3 - H T4=0.25% SS+0.25% FCM
g_ u T5=2% FCM

= 2 B T6=SK-1

>

2

>

= 1

o

1o

> 0 -

@)

Firstcrop  Secondcrop  Third crop

Figure 24 Effect of biomaterial and semi-biomaterial on overall visual quality of ‘Butterhead’
lettuce following storage at 8°C and 60% RH for 14 days. Data are means of 32 heads. A quality
index scale from 4 to 0, where 4 = excellent (Essentially free from defects), 3 = good (Minor
defects; not objectionable), 2 = fair (Slightly to moderately objectionable defects; lower limit of

sales appeal), 1 = poor (Excessive defects; limited salability), 0 = extremely poor (Not useable).
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Figure 25 Effect of biomaterial and semi-biomaterial on overall visual quality of ‘Red Oak’ lettuce
following storage at 8°C and 60% RH for 14 days. Data are means of 32 heads. A quality index
scale from 4 to 0, where 4 = excellent (Essentially free from defects), 3 = good (Minor defects;
not objectionable), 2 = fair (Slightly to moderately objectionable defects; lower limit of sales
appeal), 1 = poor (Excessive defects; limited salability), 0 = extremely poor (Not useable).
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4.1.3 Effects of biomaterial and semi-biomaterial on selected soil chemical and

physical parameters of lettuces grown in a test plot

Soil chemical properties

The chemical characteristics of the growing media before seedling
transplantation did not significantly vary in pH, EC and OM among different
treatments (Table 3). The T5 treatment showed the highest increase in total N and P
availability in soil. Soil K and Ca availability showed the highest increase in the T4
treatment. Soil Mg availability showed the highest increase in the T2 treatment. All
treatments supplemented with SS and/or FCM (T2, T3, T4 and T5) showed higher
increases in the Mg availability in the soil than the control treatment. Following the
cultivation of lettuces after all three crop seasons, the total N, soil P and K
availability remained high with the application of SS/FCM. During all three crop
seasons, the pH and EC in soil level ranged from 6.9-7.2 and 0.94-1.65 dS m'

respectively.
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Table 3 Chemical characteristics of the growing media before planting in the first

crop season and after harvesting in three successive crop seasons in a test plot

Treat.  pH EC oM Total N P K Ca Mg
(dS/m) (%) (%) (mg/ke) (mg/kg) (mg/keg) (mg/ke)
Before T1 7.5 1.56 5.24 0.25 156 3232 5521 157
planting T2 7.5 1.88 4.46 0.21 252 2525 6137 663
T3 7.1 1.88 4.19 0.18 147 2525 6846 539
T4 73 2.34 a7 0.25 256 3838 7001 488
T5 7.0 2.34 4.41 0.30 520 3434 5367 500
T6 73 2.03 4.90 0.18 161 2727 5306 511
First T1 7.0 0.94 3.40 0.17 115 1000 6380 419
crop T2 7.2 1.49 6.10 0.28 327 1100 3180 339
after T3 7.2 1.20 3.92 0.22 280 1100 3100 299
harvesting T4 7.2 1.27 5.62 0.31 390 1200 3420 329
T5 7.0 1.65 5.62 0.35 533 1500 2900 299
T6 7.0 1.07 4.64 0.19 163 1000 3180 229
Second T1 7.0 1.41 5.94 0.35 404 2727 4876 408
crop T2 7.0 1.09 6.57 0.35 428 2222 6287 490
after T3 7.0 1.25 591 0.21 347 2323 5917 531
harvesting T4 7.1 1.09 5.38 0.21 408 2929 5331 507
T5 6.9 1.25 (sl 0.39 696 2424 6436 933
T6 7.0 1.41 A5 0.45 452 2525 6392 1118
Third T1 7.1 1.41 5.62 0.31 302 2626 5453 748
crop T2 7.1 1.56 613 0.35 367 2525 8955 1405
after T3 7.1 1.56 4.70 0.28 352 2626 8044 1429
harvesting T4 7.2 1.09 4.82 0.31 398 2525 7405 1124
T5 7.0 1.09 6.72 0.34 549 2222 6526 1389
T6 7.0 1.09 574 0.35 315 1919 6506 1089
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Table 4 Cultivation, irrigation practices and climatic conditions during the three crop

seasons in a test plot

First crop

season

Second crop

season

Thirdcrop

season

Lettuce transplanting
Date of harvesting
Crop duration (days)
Inigation water (1 plant ) total
Minimum light intensity
2 -1
(molm”™s )
Maximum light intensity
2 -1
(molm”™s )
Minimum air temperature (°C)
Maximum air temperature (°C)
Minimum airRH (%)

Maximum air RH (%)

March 1, 2010
April 26, 2010
56

62

817

1,155

25
45
32
47

July 25, 2010
September 19, 2010
56

31

76

1,225

28
41
39
96

December 4, 2010
February 4, 2011
63

86

136

1,700

29
39
30
53

4.2 Effects of the FCM on growth, yield, postharvest quality and selected soil

microbial populations of lettuces in a local farm

In period studies on the effects of biomaterial and semi-biomaterial on

growth, yield and postharvest quality of lettuces grown in a test plot, the results

clearly showed that T5 (2% FCM) was the finest supplement as it increased lettuces

yield and postharvest quality. The number one treatment from the period study was

used in a local farm.
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4.2.1 Effects of FCM on growth and yield

1.1.8. Leaf number

‘Butterhead’ lettuce
Lettuce treated with 2% FCM showed significantly higher leaf numbers than in
the control treatment during the first crop season. There were no significant
differences between control and FCM treatments during the second crop season
(Figure 26).

‘Red Oak’ lettuce
During both crop seasons, the FCM treatment showed significantly

higher leaf numbers than the control treatment (Figure 26).
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Figure 26 Effects of 2% FCM on leaf number of ‘Butterhead’ and ‘Red Oak’ lettuces in a local
farm after 8 weeks of cultivation. * indicates the significant difference between control and FCM
treatments. Mean differences were performed using T-Test. Differences with p<0.05 were

considered significant.
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1.1.9. Leaf width

‘Butterhead’ lettuce
There were no significant differences in the leaf width of ‘Butterhead’

lettuce between the control and FCM treatments during both crop seasons (Figure
27).

‘Red Oak’ lettuce

Lettuce in the FCM treatment showed significantly larger leaf width

than in the control treatment during both crop seasons (Figure 27).
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Figure 27 Effects of 2% FCM on leaf width of ‘Butterhead’” and ‘Red Oak’ lettuces in a local farm
after 8 weeks of cultivation. * indicates the significant difference between control and FCM
treatments.Mean differences were performed using T-Test. Differences with p<0.05 were

considered significant.
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1.1.10. Leaf length

‘Butterhead’ lettuce
There were no significant differences in leaf length between the

control and FCM treatments during both crop seasons (Figure 28).

‘Red Oak’ lettuce
The FCM treatment showed significantly higher leaf length than in

the control treatment during both crop seasons (Figure 28).
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Figure 28 Effects of 2% FCM on leaf length of ‘Butterhead” and ‘Red Oak’ lettuces in a local farm
after 8 weeks of cultivation. * indicates the significant difference between control and FCM
treatments.Mean differences were performed using T-Test. Differences with p<0.05 were

considered significant.
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1.1.11. Diameter of lettuce head

‘Butterhead’ lettuce

Lettuce treated with FCM showed significantly larger diameter of
lettuce head than in the control treatment during the first crop season. There were
no significant differences in diameter of the lettuce head between the control and

FCM treatments during the second crop season (Figure 29).

‘Red Oak’ lettuce

The FCM treatment showed significantly higher diameter of lettuce
head than in the control treatment during the first crop season. There were no
significant differences in diameter of the lettuce head between the control and FCM

treatments during the second crop season (Figure 29).
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Figure 29 Effects of 2% FCM on diameter of lettuce head of ‘Butterhead’” and ‘Red Oak’ lettuces
in a local farm after 8 weeks of cultivation. * indicates the significant difference between control
and FCM treatments. Mean differences were performed using T-Test. Differences with p<0.05

were considered significant.
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1.1.12. Fresh weight
‘Butterhead’ lettuce
Lettuce treated with FCM showed significantly higher fresh weight
than in the control treatment during both crop seasons. During the first crop season,
the fresh weight of the ‘Butterhead’ lettuce was 53 ¢ plan’c_1 in the FCM treatment
compared to the control treatment, which was approximately 2.4 times higher than

in the control treatment (Figure 30).

‘Red Oak’ lettuce

The FCM treatment showed significantly higher fresh weight than in
the control treatment in both crop seasons. In the first crop season, the fresh weight
of ‘Red Oak’ lettuce was 42 ¢ planf1 in the FCM treatment compared to the control
treatment, which was approximately 14 times higher than in the control treatment. In
the second crop season, the fresh weight of lettuce was 30 ¢ plant_1 in the FCM
treatment compared to the control treatment, which was approximately 2.3 times

higher than in the control treatment (Figure 30).

£ BH-Control
®BH-FCM
60 - *
= RO-Control
— 50 - ®RO-FCM
RS
e 40 -
=
(6] *
; 30 i
e
[72]
L
LL 20 T
10 - \
Sk N\
Butterhead Red Oak Butterhead Red Oak

First crop Second crop

Figure 30 Effects of 2% FCM on fresh weight of ‘Butterhead’ and ‘Red Oak’ lettuces in a local
farm after 8 weeks of cultivation. * indicates the significant difference between control and FCM
treatments. Mean differences were performed using T-Test. Differences with p<0.05 were

considered significant.
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1.1.13. Dry weight
‘Butterhead’ lettuce
The FCM treatment showed significantly higher dry weight than in the
control treatment during the first crop season. There were no significant differences
in dry weight between the control and FCM treatments during the second crop
season. During the first crop season, the dry weight of ‘Butterhead’ lettuce was 1.38
g plan’{1 in the FCM treatment compared to the control treatment, which was

approximately 8.6 times higher than in the control treatment (Figure 31).

‘Red Oak’ lettuce
Lettuce in the FCM treatment showed significantly higher dry weight
than in the control treatment during both crop seasons. In the first crop season, the
dry weight of ‘Red Oak’ lettuce was 1.38 ¢ plan‘{1 in the FCM treatment compared to
the control treatment, which was approximately 8 times higher than the control
treatment. During the second crop season, the dry weight of lettuce was 1.22 g plant
"in the FCM treatment compared to the control treatment, which was approximately

4.5 times higher than in the control treatment (Figure 31).
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Figure 31 Effects of 2% FCM on dry weight of ‘Butterhead’ and ‘Red Oak’ lettuces in a local farm
after 8 weeks of cultivation. * indicates the significant difference between control and FCM
treatments. Mean differences were performed using T-Test. Differences with p<0.05 were

considered significant.
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Figure 32 Effects of 2% FCM on growth yield of ‘Butterhead’ lettuces during the first crop in a
ent. (B) The FCM treatment.
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Figure 33 Effects of 2% FCM on growth yield of ‘Butterhead’ lettuces during the second crop in a

local farm after 8 weeks of cultivation. (A) The control treatment. (B) The FCM treatmen
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Figure 34 Effects of 2% FCM on growth yield of ‘Red Oak’ lettuces during the first crop in a local
farm after 8 weeks of cultivation. (A) The control treatment. (B) The FCM treatment.

Control treatment FCMtreatment
Figure 35 Effects of 2% FCM on growth yield of ‘Red Oak’ lettuces during the first second crop in

a local farm after 8 weeks of cultivation. (A) The control treatment. (B) The FCM treatment.
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4.2.2 Effects of FCM on postharvest quality

1.1.14. Fresh weight loss

‘Butterhead’ lettuce

After harvest, 20 plants per treatment were packed in sealed plastic
bags and stored in a chamber at 8°C for 14 days. Weight losses of lettuces after
storage at 8°C and 60% RH for 2 weeks were significantly reduced in the FCM
treatment during the first crop season. During the second crop season, the control
treatment showed significantly lower fresh weight loss than the FCM treatment
(Figure 36).

‘Red Oak’ lettuce
Lettuces treated with FCM showed significantly lower fresh weight loss

than the control treatment during both crop seasons (Figure 36).
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Ficure 36 Effects of 2% FCM on fresh weight loss of ‘Butterhead’ and ‘Red Oak’ lettuces
following storage at 8°C and 60% RH for 14 days. Data are means of 16 heads. Data with the
different letters are significantly different at p=0.05 level of significance. The vertical bars
represent the standard error (SE) of the means. * indicates the significant difference between
control and FCM treatments. Mean differences were performed using T-Test. Differences with

p<0.05 were considered significant.



66

1.1.15. Overall visual quality score

‘Butterhead’ lettuce

After storage at 8°C and 60% RH for 14 days, better overall visual
quality was observed in the FCM treatment during the first crop season. While
lettuces of the control and the FCM treatments showed insignificant differences in

overall visual quality during the second crop season (Figure 37).

‘Red Oak’ lettuce
Lettuces treated with FCM showed significantly better in overall visual

quality than in the control treatment during both crop seasons (Figure 37).
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Figure 37 Effects of 2% FCM on overall visual quality of ‘Butterhead’ and ‘Red Oak’ lettuces
following storage at 8°C and 60% RH for 14 days. Data are means of 16 heads. A quality index
scale from 4 to 0, where 4 = excellent (Essentially free from defects), 3 = good (Minor defects;
not objectionable), 2 = fair (Slightly to moderately objectionable defects; lower limit of sales

appeal), 1 = poor (Excessive defects; limited salability), 0 = extremely poor (Not useable).
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4.2.3 Effects of FCM on net photosynthesis, transpiration rate and stomatal

conductance of lettuce leaf

1.1.16. Net photosynthesis

‘Butterhead’ lettuce
There were no significant differences in the net photosynthesis rate

between the control and FCM treatments during both crop seasons (Figure 38).

‘Red Oak’ lettuce
Lettuces treated with FCM showed significantly higher net

photosynthesis rate than in the control treatment during both crop seasons (Figure
38).
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Figure 38 Effects of 2% FCM on the net photosynthesis rate of ‘Butterhead’ and ‘Red Oak’
lettuces in a local farm after 7 weeks of cultivation. * indicates the significant difference between
control and FCM treatments. Mean differences were performed using T-Test. Differences with

p<0.05 were considered significant.
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1.1.17. Transpiration rate

‘Butterhead’ lettuce
There were no significant differences in the transpiration rate between

the control and FCM treatments during both crop seasons (Figure 39).

‘Red Oak’ lettuce

There were no significant differences in the transpiration rate were
observed between the control and FCM treatments during the first crop season. The
FCM treatment showed a significantly higher transpiration rate than in the control

treatment during the second crop season (Figure 39).
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Figure 39 Effects of 2% FCM on transpiration rate of ‘Butterhead’ and ‘Red Oak’ lettuces in a
local farm after 7 weeks of cultivation. * indicates the significant difference between control and
FCM treatments. Mean differences were performed using T-Test. Differences with p<0.05 were

considered significant.
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1.1.18. Stomatal conductance of lettuce leaf

‘Butterhead’ lettuce
There were no significant differences in stomatal conductancebetween

the control and FCM treatments during both crop seasons (Figure 40).

‘Red Oak’ lettuce
Lettuces treated with FCM showed a significantly higher stomatal

conductancethan in the control treatments during both crop seasons (Figure 40).

= BH-Control
& BH-FCM
07 - # RO-Control
' ®RO-FCM
g 06 - % =
C
g —~~ 05 N
S 04 -
SEC
=S 0.3 -
02 -
S
n 0.1 -
0.0
Butterhead Red Oak Butterhead Red Oak
First crop Second crop

Figure 40 Effects of 2% FCM on leaf stomatal conductance of ‘Butterhead’ and ‘Red Oak’
lettuces in a local farm after 7 weeks of cultivation.* indicates the significant difference between
control and FCM treatments. Mean differences were performed using T-Test. Differences with
p<0.05 were considered significant.
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4.2.4 Effects of FCM on nitrate contents

‘Butterhead’ lettuce

The FCM treatment tended to have higher nitrate contents than the control
treatment during the first crop season. However, there were no significant differences
in the nitrate contentsbetween the control and FCM treatments during both crop

seasons (Figure 41).

‘Red Oak’ lettuce

The FCM treatment during the first crop season showed significantly higher
nitrate contentsthan in the control treatment on day 14 after storage. While during
the second crop season, the control treatment showed significantly higher nitrate

contentsthan in the FCM treatment on day 0 of low temperature storage (Figure 42).
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Figure 41 Effects of 2% FCM on nitrate contentsof ‘Butterhead’ lettuce grown in a local farm
following storage at 8°C and 60% RH for 14 days. Mean differences were performed using T-Test.

Differences with p<0.05 were considered significant.
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Figure 42 Effects of 2% FCM on nitrate contentsof ‘Red Oak’ lettuce grown in a local farm
following storage at 8°C and 60% RH for 14 days.* indicates the significant difference between
control and FCM treatments. Mean differences were performed using T-Test. Differences with

p<0.05 were considered significant.
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4.2.5 Effects of FCM on chlorophyll a, chlorophyll b and carotenoid contents

1.1.19. Chlorophyll a contents

‘Butterhead’ lettuce

During both crop seasons, there were no significant differences in the
chlorophyll a contents in both control and FCM treatments before and after storage
at 8°C and 60% RH for 14 days (Figure 43).

‘Red Oak’ lettuce

The FCM treatment during the first crop season showed significantly
higher chlorophyll a contents than in the control treatment on day 14 after storage.
While during the second crop season, the control treatment showed significantly
higher chlorophyll a contentsthan in the FCM treatment on day 0 of low

temperature storage (Figure 44).
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Figure 43 Effects of 2% FCM on chlorophyll a contents of ‘Butterhead’ lettuce grown in a local
farm following storage at 8°C and 60% RH for 14 days. Mean differences were performed using T-

Test. Differences with p<0.05 were considered significant.
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Figure 44 Effects of 2% FCM on chlorophyll a contents of ‘Red Oak’ lettuce grown in a local farm
following storage at 8°C and 60% RH for 14 days. Mean differences were performed using T-Test.

Differences with p<0.05 were considered significant.
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1.1.20. Chlorophyll b contents

‘Butterhead’ lettuce

During the first season, the highest level of chlorophyll b contents was
found on day 0 of the storage. There were no significant differences in chlorophyll b
contents between the control and FCM treatments before and after storage at 8°C

and 60% RH for 14 days during crop seasons (Figure 45).

‘Red Oak’ lettuce

The FCM treatment during the first crop season showed significantly
higher chlorophyll b contents than in the control treatment on day 14 after storage.
While during the second crop season, the control treatment showed significantly
higher chlorophyll b6 contentsthan in the FCM treatment on day 0 of low

temperature storage (Figure 46).
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Figure 45 Effects of 2% FCM on chlorophyll b contents of ‘Butterhead’ lettuce grown in a local
farm following storage at 8°C and 60% RH for 14 days. Mean differences were performed using T-

Test. Differences with p<0.05 were considered significant.
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Figure 46 Effects of 2% FCM on chlorophyll b contents of ‘Red Oak’ lettuce grown in a local farm
following storage at 8°C and 60% RH for 14 days. Mean differences were performed using T-Test.

Differences with p<0.05 were considered significant.
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1.1.21. Carotenoid contents

‘Butterhead’ lettuce
There were no significant differences in the carotenoid contents
between the control and FCM treatments before and after storage at 8°C and 60%

RH for 14 days during both crop seasons (Figure 47).

‘Red Oak’ lettuce

During the first crop season, lettuces treated with FCM showed
significantly higher carotenoid contents than the control treatment on day 14 of the
storage. During the second crop season, the control treatment showed significantly
higher carotenoid contents than the FCM treatment on day 14 (Figure 31). During
both crop seasons, there were no significant differences in carotenoid contents

between the control and FCM treatments on day 0 of the storage (Figure 48).
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Figure 47 Effects of 2% FCM on carotenoid contents of ‘Butterhead’ lettuce grown in a local farm
following storage at 8°C and 60% RH for 14 days. Mean differences were performed using T-Test.

Differences with p<0.05 were considered significant.
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Figure 48 Effects of 2% FCM on carotenoid contents of ‘Red Oak’ lettuce grown in a local farm
following storage at 8°C and 60% RH for 14 days.* indicates the significant difference between

control and FCM treatments. Mean differences were performed using T-Test. Differences with

p<0.05 were considered significant.
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4.2.6 Effects of FCM on antioxidant contents

1.1.22. Ascorbic acid contents

‘Butterhead’ lettuce

There were no significant differences in the ascorbic acid contents
between the control and FCM treatments during both crop seasons. During the first
crop season, the control and the FCM treatments showed the highest ascorbic acid

content on day 14 after storage (Figure 49).

‘Red Oak’ lettuce

During the first crop season, the control treatment tended to have a
higher ascorbic acidcontents than the FCM treatment. During the second crop
season, the ascorbic acidwas low on day 0. However, there were no significant
differences in the ascorbic acidcontents between the control and FCM treatments

during both crop seasons (Figure 50).
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Figure 49 Effects of 2% FCM on ascorbic acid contents of ‘Butterhead’ lettuce grown in a local
farm following storage at 8°C and 60% RH for 14 days. Mean differences were performed using T-

Test. Differences with p<0.05 were considered significant.
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Figure 50 Effects of 2% FCM on ascorbic acidcontents of ‘Red Oak’ grown in a local farm
following storage at 8°C and 60% RH for 14 days. Mean differences were performed using T-Test.

Differences with p<0.05 were considered significant.

1.1.23. Total phenolic contents
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‘Butterhead’ lettuce

There were no significant differences in the total phenolic contents
between the control and FCM treatments during both crop seasons. The control and
the FCM treatments during the second crop season showed the lowest of total

phenolic content on day 0 of the storage (Figure 51).

‘Red Oak’ lettuce

The control treatment was observed to have higher total phenolic
contents than in the FCM treatment on days 0 and 14 during the first crop season.
Both treatments during the second crop season had the lowest of total phenolic
content on day 0 of the storage. However, there were no significant differences in
the total phenolic contents between the control and FCM treatments in both crop

seasons (Figure 52).
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Figure 51 Effects of 2% FCM on total phenolic contents of ‘Butterhead’ lettuce grown in a local
farm following storage at 8°C and 60% RH for 14 days. Mean differences were performed using T-

Test. Differences with p<0.05 were considered significant.
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Figure 52 Effects of 2% FCM on total phenolic contents of ‘Red Oak’ lettuce grown in a local
farm following storage at 8°C and 60% RH for 14 days. Mean differences were performed using T-

Test. Differences with p<0.05 were considered significant.
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1.1.24. Flavonoid contents

‘Butterhead’ lettuce

There were no significant differences observed in flavonoid contents
between the control and FCM treatments during the first crop season. Lettuces
treated with FCM during the second crop season showed a significantly higher

flavonoid contents than in the control treatment on day 14 after storage (Figure 53).

‘Red Oak’ lettuce
No significant differences in flavonoid contents were observed
between the control and FCM treatments during both crop seasons on day 0 and

day 14 after storage (Figure 54).
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Figure 53 Effects of 2% FCM on flavonoid contents of ‘Butterhead’ lettuce grown in a local farm
following storage at 8°C and 60% RH for 14 days.* indicates the significant difference between
control and FCM treatments. Mean differences were performed using T-Test. Differences with

p<0.05 were considered significant.
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Figure 54 Effects of 2% FCM on flavonoid contents of ‘Red Oak’ lettuce grown in a local farm
following storage at 8°C and 60% RH for 14 days. Mean differences were performed using T-Test.

Differences with p<0.05 were considered significant.
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1.1.25. DPPH radical scavenging activities

‘Butterhead’ lettuce

There were no significant differences in DPPH radical scavenging
activities between the control and FCM treatments during the first crop season. The
control treatment showed significantly higher DPPH radical scavenging activity than in
the FCM treatment during the second crop season on day 14 after storage (Figure
55).

‘Red Oak’ lettuce
During both crop seasons, no significant differences in DPPH radical
scavenging activities were observed between the control and the FCM treatments on

day 0 and day 14 after storage (Figure 56).
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Figure 55 Effects of 2% FCM on DPPH radical scavenging activities of ‘Butterhead’ lettuce grown
in a local farm following storage at 8°C and 60% RH for 14 days.* indicates the significant
difference between control and FCM treatments. Mean differences were performed using T-Test.

Differences with p<0.05 were considered significant.
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Figure 56 Effects of 2% FCM on DPPH radical scavenging activities of ‘Red Oak’ lettuce grown in a
local farm following storage at 8°C and 60% RH for 14 days. Mean differences were performed

using T-Test. Differences with p<0.05 were considered significant.
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1.1.26. MDA contents

‘Butterhead’ lettuce

During the first crop season, the FCM treatment showed higher MDA
contents than the control treatment on day 0 of the storage. During the second crop
season, the FCM treatment tended to have higher MDA contents on day 14 (Figure
57).

‘Red Oak’ lettuce

During the first crop season, the control treatment showed significantly
hisher MDA contents than in the FCM treatment on day 0 of the storage. No
significant differences in MDA contents were observed between the control and the

FCM treatments during the second crop seasons (Figure 58).
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Figure 57 Effects of 2% FCM on MDA contents of ‘Butterhead’ grown in a local farm following
storage at 8°C and 60% RH for 14 days. Mean differences were performed using T-Test.

Differences with p<0.05 were considered significant.
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Figure 58 Effects of 2% FCM on MDA contents of ‘Red Oak’ lettuce grown in a local farm
following storage at 8°C and 60% RH for 14 days. * indicates the significant difference between

control and FCM treatments. Mean differences were performed using T-Test. Differences with

p<0.05 were considered significant.
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4.2.7 Effects of FCM on selected soil microbial populations of lettuces grown in a

local farm

1.1.27. ‘Butterhead’ lettuce
Prior to planting, Butterhead lettuce in both the control and FCM treatments

had significantly higher microbial populations than after planting for Fluorescent Pseudomonas
spp., Fusarium spp. and Trichoderma spp. in the FCM treatments.After planting for 5 weeks, there
were significantly higher numbers of Bacillus spp. in both the control and FCM treatments as well
as Pythium spp. in the FCM treatment. There was no significant differences in Pythium spp. and
Trichoderma spp. populations in the control treatment obvered before and after planting (Table

5).

1.1.28. ‘Red Oak’ lettuce

Fluorescent Pseudomonas spp. and Fusarium spp. populations in both control
and FCM treatments before planting had significantly higher numbers than after planting.
Trichoderma spp. population in the control treatment before planting also had significantly

higher numbers than after planting.

After planting for 5 weeks, there was an increase in microbial populations of
Bacillus spp. in both the control and FCM treatments and the increase was also observed on
Pythium spp. in the control treatment compared to before planting. However, these evated

number of populations were not significant differences (Table 6).
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Table 5 Effect of FCM on selected soil microbial populations of ‘Butterhead’ lettuce

before and after planting in a local farm.

Organisms cultured Treatment Colony forming units (CFU) per g of soil
Before planting After planting
1.Bacillus spp. BH-Control  1.0x 10°+9.3x 10" 42x10 +32x10™"

BH-FCM 17x10° +35x 10" 46x10°+ 1.7x 10
2.Fluorescent BH-Control 2.0 x 10"+ 2.6 x 10°" 1.9x10" + 1.4x 10™
Pseudomonas spp.  BH-FCM  32x10°+ 1.9 x 10™° 1.7x10"+ 1.9x 10"
3.Fusarium spp. BH-Control 4.1 x 10°+ 6.4x 10" 14x10" + 1.6 x 10
BH-FCM 11x10°+28x10°" 70x 10" =20 x 10"
4.Pythuim spp. BH-Control  9.6x10°+22x 10"  13x10 =50x 10"

4NSb 3NSa

BH-FCM 9.2 x 1041 2.4 x 10 3.3 x 105 +43x10

5.Trichoderma spp. ~ BH-Control 9.0 x 10°+ 1.4 x 10 7.0x 10” + 2.4 x 10
BH-FCM  1.8x10°+37x10™" 32x10° + 5.1 x 10

Mean followed by different letters in each row are significantly different by T-Test at P<0.05. Data

3Bns 3NSns

2NSb

are mean values + SE.Capital letter compared between the control and FCM treatments. Small

letter compared between before and affer planting.

Table 6 Effect of FCM on selected soil microbial populations of ‘Red Oak’ lettuce

before and after planting in a local farm.
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Organisms cultured Treatment Colony forming units (CFU) per g of soil
Before planting After planting

1.Bacillus spp. BH-Control  2.0x 10" + 6.4x10™"  54x10°+26x10" "
BH-FCM  1.2x10°+13x10" "  24x10°+99x10""
2.Fluorescent BH-Control  3.2x 10° + 1.8 x 10" 20x10°£13x 10"
Pseudomonas spp. BH-FCM  2.1x10°+22x10™" 21x10° +1.0x 10"
3.Fusarium spp. BH-Control  6.3x 10" + 1.4 x 107" 80x10 +17x10""™
BH-FCM 13x 10"+ 24 x 107" 79x 10"+ 2.1 x 10"
4.Pythuim spp. BH-Control  6.9x 10 +1.0x 10" 73x10 +1.7x10""
BH-FCM  66x10 +15x10™"  43x10°x4.0x10""
5. Trichoderma spp. BH-Control  8.7x 10" + 1.0x 10”"" 31x10°+69x10° "
BH-FCM  98x10 +67x 10"  88x10°+35x10" "

Mean followed by different letters in each row are significantly different by T-Test at £P<0.05. Data

are mean values + SE. Capital letter compared between the control and FCM treatments. Small

letter compared between before and affer planting.
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4.2.8 Effects of FCM on selected soil chemical parameters of lettuces grown in a

local farm

Soil chemical properties

‘Butterhead’ lettuce

There were no significant differences in pH, EC, OM, the total N and Mg
availability in the soils between control and FCM treatments before and after
planting. Soil P, K and Ca availability showed higher increases in the FCM treatment
than in the control treatment before planting. The FCM treatment showed higher
increases in the P and K availability in the soil than the control treatment before and
after planting. Soil Ca availability showed higher increases in the FCM treatment than
in the control treatment before planting. During all two crop seasons, the pH and EC
in soil level ranged from 5.80-6.67 and 0.43-1.18 dS m' respectively (Table 7).

‘Red Oak’ lettuce

No significant differences in pH, EC, OM, the total N and Ca availability in
soils between the control and FCM treatments before and after planting.

During the second crop season, the FCM treatment showed higher increases
in soil P availability than the control treatment after planting. Soil K availability
showed higher increases in the FCM treatment than in the control treatment before
and after planting. Soil Mg availability showed higher increases in the FCM treatment
than in the control treatment before and after planting during second season. During
all two crop seasons, the pH and EC in soil level ranged from 5.60-6.85 and 0.36-1.17
dsm’ respectively (Table 7).
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Table 7 Chemical characteristics of the growing media before and after lettuce

cultivation in a local farm

EC oM TotalN P K Ca Mg
Crop season Soil Treatment  pH
(ds/m) (%) (%) (mg/ke) (mg/ke) (me/kg) (me/ke)
Manure 8.26 6.716 - 1.39 28 279 134 46
Shrimp shell 7.49 4.29 - 8.15 153 40 884 40
FCM 6.12 809 - 5.69 147 309 3 5
Original soil  BH-Control 5.60 0.16 1.34  0.10 109 193 1696 220
BH-FCM 550 0.13 1.25 0.10 103 180 1486 222
RO-Control 5.65 0.12  1.04  0.09 107 138 132 162
RO-FCM 560 0.09 0.83 0.07 113 100 932 152
After Before planting BH-Control  5.90 0.43 271 0.14 154 776 1592 270
supplement BH-FCM 580 072 326 0.14 307 1089 1708 294
RO-Control 575 036 214 0.12 155 721 1558 133
RO-FCM 575 0.63 281 0.22 114 1056 1554 176
First crop After harvest  BH-Control 6.50 0.06 1.63  0.09 144 539 1947 263
BH-FCM 6.45 0.07 176 0.14 227 688 2017 266
RO-Control  6.30 0.10 1.06  0.07 140 490 1173 222
RO-FCM 560 0.17 128 0.03 194 395 1020 196
Second crop  After harvest BH-Control 6.50 1.03 280 0.23 263 2406 1915 331
BH-FCM 6.67 118 428 022 433 2934 1597 366
RO-Control  6.85 1.09 219 0.19 200 2678 1433 259
RO-FCM 6.78 1.05 296 0.12 456 2737 1138 274




Table 8 Cultivation and climatic conditions during the two crop seasons in a local

farm
First crop season Second crop season

Lettuce transplanting January 14, 2012 May 23, 2012

Date of harvesting March 3, 2012 July 21, 2012

Crop duration (days) 50 60

Minimum air temperature (°C) 19.2 24.6

Maximum air temperature (°C) 35.7 35.4

Minimum air RH (%) a0 51

Maximum air RH (%) 81 76




DISCUSSION

1. Effects of biomaterial and semi-biomaterial on growth, yield and

postharvest quality of lettuces grown in a test plot

1.1.  Effects of biomaterial and semi-biomaterial on growth and yield of

lettuces

The applications of chitin-rich residues can increase growth and yield of
‘Butterhead’” and ‘Red Oak’ lettuces during all crop seasons. In addition, application
of SS and FCM resulted in an improved soil structure and plant nutrient contribution.
The degradation of chitin in SS and FCM could supply helpful nutrient elements and
plant growth stimulators. Chitosan has been shown to support the growth of prairie
gentian Eustoma grandiflorum (Raf.) Shinn (Ohta, Taniguchi et al. 1999). Adding 0.1%
chitosan into soil help increase growth of lettuce (Chibu 1999). Chitosan released
from chitin-rich residues may lead to many positive effects which were observed in
lettuce production during this study.

Increased lettuce growth may cause by the accessibility of amino compounds
that releasing from chitin after the decomposition in the soil. Besides, high nutrient
contents of the supplement can enhance growth of lettuces in terms of higher leaf
numbers and increments in leaf width and leaf length. Increased number of lettuce
leaves and leaf expansion resulted in high photosynthetic production thus increasing
higher fresh and dry weight of lettuces. Considerably elevated leaf growth could be
bcause of the amino component in chitin and capacity of lettuces which absorb
nitrogen from the soil when chitin was degraded. The results obtained with FCM
treatment showed the achievability of applying a local substance in enhancing
agriculture production.

Although 2% FCM treatment cause increases in production during all crop
seasons, its effects on lettuces growth is season-specific. Growth data proposes that
increased yield of lettuces during the second and third crop seasons was mainly due

to an increase in leaf size. Therefore, addition of SS/FCM to the growing medium can
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lead to the increase in yield. Moreover, irrigated water during the second crop season
could decrease soil moisture and lettuce growth. In the third crop season, maximum
air temperature was the lowest. Under these conditions, nutrient elements,
temperature and available light are the most significant factors scheming growth of
the cropping round (Glenn 1984). On the other hand, control treatments that added
only cow manure appeared to show considerably low fresh weight due to limited
supply of nutrient.

Previous studies have demonstrated that various microbial strains of Bacillus
(B. licheniformis CECT 5106 and B. pumilus CECT 5105) promote the growth of Pinus
pinea L. seedlings, but this biological effect was not found with both strains in
combination. This implies a possible competitive effect (Probanza, Lucas Garcia et al.
2002). Nevertheless, rhizosphere bacteria can have negative, neutral or positive
effects on plant growth. The present results indicate that application of SK1 alone

did not promote growth of lettuce in any crop season.

Effects of biomaterial and semi-biomaterial on postharvest quality

There are limited references related to the effect of chitin-rich residues
application on increased postharvest quality at harvest. Pre-harvest chitosan sprays
showed a beneficial effect on flesh firmness and titratable acidity in strawberries
stored at low temperature (Reddy 2006). This could be due to the formation of a
chitosan film on fruit which can act as a barrier for O, uptake thereby reducing the
metabolic activity. Also, chitosan was reported to reduce pepper plant transpiration
resulting in a reduction in water use while maintaining biomass production and yield
(Bittelli 2001). The positive effects of SS/FCM treatments could be the effect

influenced from the growth period through to postharvest storage of lettuces.

Effects of the FCM on growth, yield, postharvest quality and selected soil

microbial populations of lettuces in a local farm
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Effects of FCM on growth and yield

The applications of FCM enhanced the growth and yield of ‘Butterhead’ and
‘Red Oak’ lettuces during all crop seasons. The effects of FCM on growth and yield
of lettuce such as leaf number per plant, leaf width and length, fresh weight and dry
weight were significantly increased during both crop seasons. These results indicated
that application of FCM had tremendous effects on growth and yield in lettuce. Our
results showed that growth and yield of lettuce were greater in a local farm than in a
test plot.The supplementations of FCM to the growing medium resulted in a
significant, season-specific increase in yield. In addition, irrigation water was limited
during the second crop season which reduced soil moisture and lettuce growth.
Between the two crop seasons, the maximum air temperature was lower in the
second crop season as well as the variation in air temperatures (Table 9). Under
these conditions, nutrient elements and temperature are the most important factors
controlling growth and length of the cropping cycle (Glenn 1984). However, control
treatments which received only cow manure as fertilizer appeared to have
significantly lower fresh weight than FCM treatment due to limited supply of nutrient.

During the microbial breakdown of chitin, several substances are liberated.
Characterization of these products had revealed the presence of N-acetyl
glucosamine, glucosamine, glucosamine, acetic acid and ammonia (Muzzarelli 1997).
Accordingly, a mechanism for the degradation can be postulated. The polymer is
probably hydrolyzed to yield N-acetylglucosamine, which is then converted to acetic
acid and glucosamine, and the ammonia is liberated from the latter compound or
one of its subsequent derivatives (Muzzarelli 1997). The amendment with chitin
alone (without antagonists) moderately increased the plant growth (Rajkumar, Lee b
et al. 2008). There are very few studies on the effect of chitosan on plant growth,
development and productivity, which is mainly attributed to stimulation of plants
immunity against microorganisms(ChunYan L 2003); (Sereih, Neven et al. 2007);(No,
Meyers et al. 2007); (Gornik 2008). Recently, some researchers reported that chitosan
enhanced plant growth and development (Khan 2002);(Chibu H 2003); (Gornik 2008).
Application of chitosan affected key enzymes activities of nitrogen metabolism

(nitrate reductase, glutamine synthetase and protease) and enhanced plant growth
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and development in rice. Study on rice and soybean, the results also showed that
application of chitosan at early growth stages increased plant growth and
development; as a result increased seed yield (Chibu 2002). Moreover, chitosan can
promoted the growth of various crops such as cabbage (Brassica oleracea L. var
Capitata) (Hirano 1996), sweet basil (Kim, Chen et al. 2005) and soya bean sprouts
(Lee, Kim et al. 2005).

Effects of FCM on postharvest quality

Loss of fresh weight in vegetables during storage is caused by water exchange
between the internal and external atmospheres, the transpiration rate being
accelerated by cellular breakdown (Woods 1990). Many indicators of lettuce quality,
including color, texture and flavor may be influenced by abiotic and biotic factors
(Kleinhenz 2003). An added positive effect of FCM treatment could maintain
postharvest quality of lettuces during low temperature storage which clearly shown
in ‘Red Oak’ lettuce.In addition, it was found that ‘Red Oak’ lettuce had higher
chlorophyll pigments and antioxidant contents than in ‘Butterhead’ lettuce during
both crop seasons. It is possible that increased chlorophyll pisments and antioxidant
contents in ‘Red Oak’ lettuce could play a critically protective role in maintaining
postharvest quality during low temperature storage of lettuces. The superior overall
postharvest quality was found in the FCM treatment in ‘Red Oak’ lettuce during both
crop seasons compared to those in the control treatment. The same results were
shown from both test plot and local farm. As mentioned above, chitosan can reduce
pepper plant transpiration resulting in a reduction in water use while maintaining
biomass production and yield (Bittelli 2001). The beneficial effects of FCM treatments
could be extended from the growth period in a local farm through the low

temperature storage of lettuces after harvest.
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Effects of FCM on net photosynthesis, transpiration rate and stomatal conductance

of lettuce leaf

Net photosynthesis, transpiration rates and stomatal conductance of lettuces
grown with FCM were significantly higher than the control treatment in ‘Red Oak’
lettuce in all crop seasons. As a result, ‘Red Oak’ lettuce in the FCM treatment had a
higher growth and yield than the control treatment in both crop seasons. Increased
number of lettuce leaves and leaf expansion provided greater photosynthetic
production which resulted in a higher fresh and dry weight of the lettuce plants.
Khan et al. (2002) reported that application of chitosan increased photosynthesis in
leaves of maize and soybean. In Dendrobium orchid, chloroplasts in the young
leaves of the plants treated with chitosan O-80 treatment was found to be
significantly larger than those of the non-chitosan-treated ones (Limpanavech,
Chaiyasuta et al. 2008). However, according to Mondal et al. (2012), they reported
that the effects of different concentrations of chitosan application on photosynthesis
were significant but no significant influence on chlorophyll content of leaves was
observed in okra. No significant differences in net photosynthesis, transpiration rate
and stomatal conductance of ‘Butterhead’ lettuce between the FCM and control
treatments during both crop seasons may also be dependent on cultivar types which
have different pigment compositions such as ‘Butterhead” and ‘Red Oak’ lettuces.

Light conditions also have an important effect on the quality and
yield of vegetables. Light intensity needed for the maximum rate of photosynthesis is
quite distinct, depending on vegetable cultivars and ambient condition (Yang et al.
2012).Higher light maximum intensity was observed during the first crop season. The
optimum of light intently cloud provides greater photosynthetic production which
resulted in higher growth and vyield of the lettuce plants. This correlated with
increases in stomatal conductance and transpiration rate (Bittelli 2001).Stomatal
conductance increased once with increasing transpiration rate. Acatrinei. (2010)
observed that in protected spaces a relation between transpiration rate and stomatal
conductance, which implied a humidity factor. Mechanism of opening-closure
stomata played a very central role in carbon assimilation and water elimination. A

decreasing of substomatic CO, with increasing photosynthesis rate as well as
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increasing the stomatal conductance and transpiration rate is observed in this study
in lettuce treated with FCM.

Misra et al. (2000) also suggested that chitosan might be an effective
antitranspirant to preserve water resources use in agriculture. In their investigation,
they examined the potential of foliar applications of chitosan on pepper plants
transpiration in the growth room and in the field. Irit et al. (2009) unveiled some of
the aspects through which chitosan was able to reduce transpiration in bean plants
after being used as a foliar spray. However, FCM did not induce stomatal closure as

chitosan did.

Effects of FCM on nitrate contents

Since several studies have been directed toward the effects of nitrate intake
on human health especially nitrate from lettuce leaves. In many countries, the
maximum level of nitrates allowed for the consumption of lettuce is 4000 ppm,
although it can be restricted to 3500 ppm in some countries (e.g., Germany and
Switzerland) (Marouane 2011). In our study, the lower levels of nitrate content were
shown in both cultivars of lettuce. In ‘Butterhead’ lettuce showed no significant
differences in nitrate content between the FCM and control treatments in both crop
seasons whereas ‘Red Oak’ lettuce the FCM treatment showed significantly higher
nitrate contents than the control treatment on day 14 during the first crop season.
Ozgen et al. (2014) reported that green and red varieties of lettuce responded
differently to the fertilizer sources. Their results indicated that organic and inorganic
fertilizers showed the different effects on chlorophylls and nitrate concentration. The
cultivar that had the highest anthocyanin content accumulated higher nitrate
concentration than the others. FCM which considered being similar to organic
fertilizer also showed the higher accumulated content of nitrate in ‘Red Oak’ lettuce
which is a red variety. However, the control treatment of ‘Red Oak’ showed
significantly higher nitrate contents than in the FCM treatment on day 0 in the
second crop season.

Mondal et al. (2012) found that the effects of different concentrations of

chitosan application on nitrate reductase activity in leaves were significant. As a
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result, sources and dose of nitrogen given to soil can affect the nitrate accumulation
of soil-grown crops. The content of nitrate and sugar had the opposite trend, that is,
increase of blue lisht enhanced the accumulation of sugar and simultaneously
degraded the nitrate content (Chen et al. 2014). It may be because sugar can elicit an
increase in nitrate reductase messenger RNA accumulation (Lillo, 1994). The high light
intensity normally promotes the growth of lettuce and decreases nitrate
concentration in lettuce(Blom-Zandstra 1988); (Gaudreau 1995). Moreover, beyond
the light intensity and nitrogen source, genetic effects also play an important role in
nitrate accumulation(Behr 1988);(Escobar-Gutiérrez 2002); (Dzida, Jarosz et al. 2012).
For instance, many wild types have been shown to accumulate very large amounts
of nitrate, whereas genotypes with quite low concentrations were found among
cultivated lettuces, particularly ‘Butterhead’ varieties(Behr 1988);(Drews 1996);
(Escobar-Gutiérrez 2002).

Effects of FCM on chlorophyll a, chlorophyll b and carotenoid contents

Chlorophylls and carotenoids are crucial plant pigments for photosynthesis
and their abundances results in greater assimilation of solar radiations into
consumable sugars (Ladhari 2014). Carotenoids are pivotal accessory pigments
playing major roles in photosynthesis (Demmig-Adams 1990)by collecting light and
transferring the excitation energy to the chlorophyll (Siefermenn-Harms 1987)and by
stabilizing proteins of the light-harvesting complex (Plumley 1987). In addition, these
pigments are responsible for quenching of singlet oxygen (Knox 1985). Carotenoids
play an antioxidant molecules role, capable of scavenging the harmful singlet
oxygen(Mikkelsen 1995); (Telfer 1994)and of de-exciting chlorophyll a (Senser 1990).
A decrease in chlorophylls and carotenoids can increase lipid peroxidation as much
as the higher level of MDA in Valladolid leaves under the non-filtered air with
additional ozone (O;) treatment (Barreno 2004). Application of chitosan could
improve chlorophyll a, chlorophyll b, total chlorophyll and carotenoid contents in
wheat grass (Agropyron repens) (Nasibeh Tourian 2013). In our study, during the first

crop season, ‘Red oak’ lettuces treated with FCM showed significantly higher
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carotenoid contents than the control treatment on day 14 of the storage. In contrast,
‘Butterhead’ lettuce showed no significant differences in the chlorophyll a,
chlorophyll b and carotenoid contents between the control and FCM treatments
during both crop seasons.lt is possible that FCM could help maintaining the
carotenoid content of red color leave cultivar of lettuces while chlorophyll started
to degrade during low temperature storage.

Takagi et al. (1990) observed that the most abundant carotenoid present in
green leaves of lettuce was (-carotene in summer and lutein in other seasons.
Similarly, lutein was main carotenoid in several varieties and cultivars of lettuces
(two butter lettuces, two Batavia lettuces, one oak leaf lettuce and one pigmented
oak leaf variety) harvested in winter or spring (Nicolle, Cardinault et al. 2004). In our
study, ‘Red Oak’ lettuce showed significant differences in carotenoid contents
between the FCM and the control treatment in the both crop seasons on day 0.
There were no significant differences in carotenoid contents observed in ‘Butterhead’
lettuce between the FCM and the control treatments in both crop seasons. Organic
and inorganic fertilizer also had effects on pigments, phytochemicals and nitrate
concentrations of red and green lettuce (Ozgen, Sekerci et al. 2014). The biotic
factors such as growth stage and disease and abiotic factors such as temperature,
lisht and nutrient which affect lettuce growth also influence pigment concentration
(Shaked-Sachray, Weiss et al. 2002)whereas genotype could act alone or together
with temperature and light in shifting lettuce pigment levels (Crozier, Lean et al.

1997).

Effects of FCM on antioxidant contents

The health benefits of lettuce have been attributed to the presence of
antioxidant compound, including phenolics and high-fiber and vitamin C contents
(Ozgen, Sekerci et al. 2014). Recently, some researchers reported that a regular intake
of antioxidant compounds from lettuce is useful to improve the lipid status and to
prevent lipid peroxidation in tissues (Nicolle, Cardinault et al. 2004).Increased

antioxidant content, especially in ‘Red Oak’ lettuces are desirable because of their
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health enhancing properties.Significant differences in antioxidant contents were
observed in ‘Red Oak’ lettuce grown in the FCM treatments on day 0 after harvest
during the first crop season.

Some authors have demonstrated that chitosan could act as an exogenous
elicitor in plant tissue inducing different responses such as the de novo biosynthesis
of phenolic compounds (Benhamou N 1998)and (Benhamou 1994). A high content of
some phenolic compounds for example anthocyanins and flavonoids, particularly in
red-leafed cultivars, in agreement with previous studies(Nicolle, Cardinault et al.
2004); (Llorach 2008). These phenolic compounds, including ascorbic acid play a key
role in plant resistance and adaptation to environmental stress in lettuce (Oh 2009).
Oh. (2009) observed that activation of secondary metabolism and antioxidants
protected lettuce plants when transferred from a protected environment to normal
growing conditions.

However, there were no significant differences in ascorbic acid, total phenolic
contents and DPPH radical scavenging activity in ‘Butterhead’ lettuce between the
control and the FCM treatments in both crop seasons.Liu Ardo et al. (2007) reported
that cultivar, type, and color may influence the change of total phenolic content and
antioxidant activities of lettuce. The red lettuce cultivars generally contained greater
phenolic compounds and had stronger antioxidant activities than the green lettuce
within the same type under the same growing conditions (Liu, Ardo et al. 2007).
Caldwell (2003) also reported that red leaf lettuce generally contains larger amounts
of phenolics than romaine or butterhead lettuce.In our study, ‘Red Oak’ lettuce had
higher antioxidant compounds than in ‘Butterhead’ lettuce.

Anthocyanins were reported to be one of the primary phenols in red lettuce
leaf tissue (DuPont, Mondin et al. 2000, Caldwell 2003). The higher phenolic content
of red lettuce observed in this study might be attributed to higher anthocyanin
content and the high antioxidant capacity of red lettuce could be due to the strong
antioxidant capacity anthocyanins. Literature data show that many plant phenolic
compounds are characterized by a bitter taste (Lesschaeve 2005). Phenolic
compound have been reported to be highly correlated with antioxidant activity in

lettuce (Kim 2007). Liu et al. (2007) found that the level of total phenolic content in
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red lettuce was 2.4-fold that of green lettuce, whereas the DPPH scavenging activity
was 1.2-fold. This discrepancy may be attributed to color interference of anthocyanin
with DPPH'(Amao 2000). The significantly different total phenolic content and DPPH'
scavenging activity between red and green lettuce observed in this study suggests
that red lettuce would be a good choice for consumers interested in beneficial foods
for health (Liu, Ardo et al. 2007). Liu et al. (2007) found that lettuce harvested in
July, which was grown at higher temperatures and greater light intensity, possessed
significantly higher antioxidant capacity than lettuce harvested in September,
however, the total phenolic content of each harvest was not significantly different.
These data also suggest that it is important for the lettuce producer to consider
environmental factors when selecting lettuce cultivars for enhanced antioxidant
capacity (Liu, Ardo et al. 2007).Moreover, besides phenolic compound, there are
various other compounds with significant antioxidant activity in plant, including
carotenoids, terpenoids and some vitamins. Numerous studies have reported that
vitamin C and carotenoids participate in the creation of antioxidant properties of a
plant (Sun 2012).

Significant differences of MDA were observed in ‘Red Oak’ lettuce grown in
the control and FCM treatments on day 0 during the first crop season. However,there
were no significant differences in the levels of MDA between the control and the
FCM treatments of ‘Butterhead’ lettuce. As a product of membrane lipid
peroxidation, MDA is used to assess the extent of oxidative stress in plants, and its
level is increased under stress conditions (Liu 2009.). Reactive oxygen species such as
0, and endogenous H,0, can be overproduced in plants under stress conditions
and will thereby increase MDA content(Alscher et al. 2002).The stimulation of MDA
level by Chrysanthemum morifolium aqueous extract in Chrysanthemum morifolium
leaves was recorded by Zhou et al. (2009), which disturbed the balance between the
activity of anti-oxidative enzymes and peroxidation of membrane lipids and
accordingly affected the structure and functions of membranes, the main
mechanisms of allelopathy (Singh et al. 1999). The initiation phase of lipid
peroxidation is the abstraction of hydrogen atoms from lipid molecules. Several free

radicals are responsible for this, one being hydroxyl radical (Gutteride (1988).


http://www.sciencedirect.com/science/article/pii/S0254629914000891#bb0410
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Peroxidation of lipids is particularly damaging because the products of this process
lead to the spread of further free radical reactions (Catala 2006). Dependence
between enzymatic activity and lipid peroxidation was also observed in soybeans
subjected to allelopathic stress by treatment with phenolic extract from Brassica

napuse(Haddadchi 2009).

Effects of FCM on selected soil microbial populations of lettuces grown in a local

farm

Soil microorganisms are very important in the biogeochemical cycles of both
inorganic and organic nutrients in the soil and in the maintenance of soil health and
quality (Jeffries 2003). Soil microorganisms also show interaction to plant in several
directions. In this particular study, Bacillus spp. and flourescent Pseudomonas spp.
were representative of PGPR which may produce some antimicrobial substances and
Trichoderma spp. represented a parasitic fungus of plant fungal pathogens. Fusarium
spp. and Pytium spp. are common and important pathogen of fruit, vegetable and
ornamental crops where they can cause seed rot, seedling damping off and rot

(Weller, Raaijmakers et al. 2002);(Agrios 2005); (Le 2014).

The result of this study showed that soil amended with FCM may not have
significant effects on microbial populations in the soil. Although, increasing of Bacillus
spp. populations 5 weeks after planting ‘Butterhead’ and ‘Red Oak’ lettuces was
observed but the increase occurred in both control and FCM treatments which may
not be only the effect of FCM. However, higher numbers of Bacillus spp. after
planting in FCM treatment may derive from multiplication of left-over B. licheniformis
SK-1 in FCM. FCM treatment did not affect populations of other beneficial microbes,
flourescent Pseudomonas spp. and Trichoderma spp. in this study. The tendency of
these two microbial populations was decrease after planting. There were no previous
reports about the effect of FCM on microbial populations. However, its related
material, chitin and chitosan, could improve multiplication of B. subtilis and

bacteria’s fungicidal action (Manjula and Podile 2001).
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Decrease in Fusarium spp. population was observed after planting
‘Butterhead’” and ‘Red Oak’ lettuces in both control and FCM treatments. Increasing
of Bacillus spp. population in this study might be a factor that affected Fusarium
spp. population by their antimicrobial activity (Hariprasad 2011). In addition to FCM
related materials, chitin and chitosan, their effects showed an efficiency to reduce
disease and populations of Fusarium oxysporum in field (Ashley 1998). Chitin
amendment to soil could also suppress plant parasitic nematodes and resulted in
changes in the bacterial communities of soil, rhizosphere and endorhiza (Hallmann,
Rodriguez-Kabana et al. 1999). It has been reported that chitin might stimulate the
growth of antagonists and/or the plants which might also facilitate plant protection
(Rajkumar, Lee b et al. 2008). Therefore, the application of chitin and its derivatives in
agriculture was to modify plant-microbial interactions and improve crop yields (Sharp
2013). However, in this study increase of Pythium spp. populations in the FCM
treatment had no effect to limit growth in both ‘Butterhead” and ‘Red Oak lettuces.

It’s possible that these species of Pythium may not be a pathogen of lettuces.



CHAPTER V
CONCLUSION

Effects of biomaterial and semi-biomaterial on growth, yield and postharvest

quality of lettuces grown in a test plot

1.1. Effects of biomaterial and semi-biomaterial on growth and yield

The incorporations of SS/FCM as the chitin-rich residues to a growing medium
promoted growth and yield of ‘Butterhead” and ‘Red Oak’ lettuces during all three
crop seasons. This study clearly suggests that 2% FCM (T5) was the best supplement

since it increased lettuces’ fresh weight, leaf width and leaf length.

1.2. Effects of biomaterial and semi-biomaterial on postharvest quality

The best overall appearance in all three crops was observed in both
‘Butterhead’ and ‘Red Oak’ lettuces treated with 2% FCM. In ‘Butterhead’ lettuce,
weight losses after storage at 8°C and 60% RH for 14 days were significantly reduced
with the treatments of SS and FCM in all three crop seasons. In ‘Red Oak’, weight
losses were significantly reduced with the treatments of SS and FCM during all three
crop seasons, and using 2% FCM resulted in the lowest fresh weight loss compared

to other treatments during the second crop season.

Effects of the FCM on growth, yield, postharvest quality and selected soil

microbial populations of lettuces in a local farm

1.3. Effects of FCM on growth and yield
The results clearly show that, application of 2% FCM to the soil gave better

results for cultivating lettuce. It showed that 2% FCM can increase the growth and
yield in the two crop seasons in a local farm. The effect of FCM on growth and yield
of ‘Butterhead’ and ‘Red Oak’ lettuces indicated that 2% FCM significantly enhanced

the growing factors and improved the average values of fresh weight.
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1.4. Effects of FCM on postharvest quality

Weight losses of ‘Butterhead’ lettuce were significantly reduced with the
treatment of FCM only during the first crop season, and using of FCM resulted in the
lowest fresh weight loss compared to the control treatment. Better overall
appearance was observed in ‘Red Oak’ lettuces treated with 2% FCM in both crop
seasons. Moreover, in ‘Red Oak’ lettuces, weight losses were significantly reduced in

the FCM treatment in both crop seasons.

1.5. Effects of FCM on net photosynthesis, transpiration rate and stomatal
conductance of lettuce leaf

For ‘Butterhead’ lettuce, there were no significantly differences in the net
photosynthesis, transpiration rate and stomatal conductance between the control
and FCM treatments during both crop seasons. ‘Red Oak’ lettuce treated with FCM
had higher net photosynthesis, transpiration rate and stomatal conductance than the

control treatment during the second crop season.

1.6. Effects of FCM on nitrate contents

The content of nitrates in ‘Butterhead’ lettuce leaves of the FCM treatment
was not significant different from the control treatment during both crop seasons.
During the first crop season, in ‘Red Oak’ lettuce, the FCM treatment had higher
nitrate contents than in the control treatment on day 14 after storage. While during
the second crop season, the control treatment had higher nitrate contentsthan in
the FCM treatment on day 0. The accumulation of nitrates in the lettuce leaves were
below the maximum limits set by the European Commission Regulation for lettuce

fresh product.

1.7. Effects of FCM on chlorophyll a, chlorophyll b and carotenoid contents

Chlorophyll a, b and carotenoid contents data were not statistically
significant in ‘Butterhead’ lettuce during both crop seasons. In ‘Red Oak’ lettuces,
there were significantly higher in chlorophyll a, 6 and contents in FCM treatment

after storage at 8°C and 60% RH for 14 days during the first crop season.
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1.8. Effects of FCM on antioxidant contents

Regarding antioxidant compounds, FCM treatment had no significant effect
on ascorbic acid and phenolic contents in ‘Butterhead’ lettuce. The increase in
flavonoid contents in the FCM treatment was higher than those of control after
storage at 8°C and 60% RH for 14 days during the second crop season. While, DPPH
radical scavenging activity, which indicates antioxidant capacity, in the control
treatment was higher than the FCM treatment on day 14 after storage during the
second crop. Adding FCM to ‘Red Oak’ lettuce planting soil had no effect on
ascorbic acids, phenolics, flavonoids and DPPH radical scavenging activity during both
crop seasons. Regarding MDA contents, which reflect the level of lipid peroxidation, it
was found that the control treatment had higher MDA contents than the FCM

treatments on day 0 during the first crop season.

1.9. Effects of FCM on selected soil microbial populations of lettuces grown
in a local farm
This study indicated that FCM treatment had no effect on microbial

populations in soil. However, theoretical microbial populations exhitbited an

influence on increasing in beneficial pathogenic Fusarium spp.
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APPENDIX A

1. Culture media and growth conditions

1.1 Tryptic Soy agar (TSA) selective medium for Bacillus spp.

Culture media

Dissolved 40 g of TSA in 1,000 mL distilled water and added 10 mL
glycerol. Sterilized by autoclaving at 121°C for 15 minutes. The antibiotics: 50 mg
nystatin and 50 mg cycloheximide were added to the medium after autoclaved.

Procedure for media

Bacillus spp. are selected by heat-treating dilutions at 100°C for 15
minutes (Bashan et al. 1993). Each soil sample (10 ¢) was suspended with 90 mL of
sterile distilled water. Soil suspensions were shacked at 250 rpm for 15 minutes.
Serial 10-fold dilutions were made to 10", Soil suspensions were performed at 100°C
for 15 minutes. After heat treatment, heat-treated soil suspensions were incubated at
room temperature for 20 minutes and serially diluted prior to plating on TSA agar for
isolation of single colonies. Plates were incubated for 1-2 days at 28°C under dark
lisht. Number of colonies of Bacillus spp. were counted and the results were
expressed as CFU per gram of soil (Chan et al. 2007).

1.2 King agar B selective medium for Fluoresent Pseudomonads spp.

Culture media

Dissolved 20 g peptone, 1.5 g dipotassium hydrogen phosphate, 1.5 ¢
magnesium sulfate and 10 ¢ agar in 990 mL distilled water and added 10 mL
glycerol. Shake until the solutes have dissolved. Sterilized by autoclaving at 121°C
for 15 minutes. The antibiotics: 100 mg/mL penicilin G, 45 mg/mL novobiocin,75
me/mL cycloheximide and 3 mL 95% ethanol were added to the medium after
autoclaved.

Procedure for media

Fach soil sample (10 ¢) was suspended with 90 mL of sterile distilled
water. Soil suspensions were shacked at 250 rpm for 15 minutes. Serial 10-fold
dilutions were made to 10~ and serially diluted prior to plating on King agar Bfor
isolation of single colonies.Plates were incubated for 1-2 days at 25°C under dark
light. Colonies were counted of the fluorescing bacteria under the UV lamp. The

results were expressed as CFU per gram of soil (Sand and Rovira., 1970).
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1.3 Malachite green agar 2.5 ppm (MGA 2.5) a selective medium for

Fusarium spp.

Culture media

Dissolved 15 ¢ peptone, 1 g KH,PO,4, 0.5 ¢ MgSO4°7H,0O and 20 ¢ agar in
1,000 mL distilled water. Shake until the solutes have dissolved. Sterilized by
autoclaving at 121°C for 15 minutes. The antibiotics: 2.5 ppm malachite green, 100
mg chloramphenicol and 50 mg streptomycinwere added to the medium after
autoclaved.

Procedure for media

Each soil sample (10 ¢) was suspended with 90 mL of sterile distilled
water. Soil suspensions were shacked at 250 rpm for 15 minutes. Serial 10-fold
dilutions were made to 10~ and serially diluted prior to plating on MGA 2.5 agar for
isolation of single colonies. Plates were incubated for 5-7 days at 28°C under dark
lisht. Number of colonies of Fusarinm spp. were counted and the results were

expressed as CFU per gram of soil(Castella et al. 1997).

1.4 Potato dextrose agar (PDA) selective medium for Pythium spp.

Culture media

Dissolved 39 g of PDA in distilled water. Shake until the solutes have
dissolved and adjust the pH to 5.6. Adjust the volume of the medium to 1 litre with
distilled water. Sterilized by autoclaving at 121°C for 15 minutes. The antibiotics: 10
mg benomyl, 25 mg nystatin, 25 mg pentachloronitrobenzene, 10 mg rifampicin and
500 mg ampicillin were added to the medium after autoclaved.

Procedure for media

Each soil sample (10 ¢) was suspended with 90 mL of sterile distilled
water. Soil suspensions were shacked at 250 rpm for 15 minutes. Serial 10-fold
dilutions were made to 10~ and serially diluted prior to plating on PDA agar for
isolation of single colonies. Plates were incubated for 3-5 days at 28°C under dark
lisht. Number of colonies of Pythium spp. werecounted and the results were
expressed as CFU per gram of soil(Masago et al. 1977).
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1.5. Trichoderma medium E (TME) selective medium for Trichoderma

spp.

Culture media

Selective medium for isolation Trichoderma spp. from soil. The medium
were contains (per liter of liquid): 200 mL V-8 Juice, 1 ¢ glucose, and 20 g agar. The
agar was autoclaved separately in 500 mL of water and mixed with the diluted V-8
Juiceafter autoclaving. The antibiotics were added to the medium after autoclaved.
This medium contained (per liter of V-8 Juice agar): 100 mg each of neomycin sulfate,
bacitracin, penicilin G, andfolpet; 25 mg chlorotracycline hydrochloride; 20 mg;
nystatin and 500 mg sodium propionate.

Procedure for media

Fach soil sample (10 ¢) was suspended with 90 mL of sterile distilled
water. Soil suspensions were shacked at 250 rpm for 15 minutes. Serial 10-fold
dilutions were made to 10~ and serially diluted prior to plating on TME agar for
isolation of single colonies. Plates were incubated for 5-7 days at 25°C under
continuous fluorescent light. Number of colonies of Trichoderma spp. were counted

and the results were expressed as CFU per gram of soil(Papavizas and Lumsden,
1982).



APPENDIX B

Table B.1 Nitrate concentration measurement.

Nitrate concentrations (mM)

Absorbance (500 nm)

0

22.15

44.30

66.45

88.60

0

0.114

0.209

0.312

0.385

0.45
€ 0.40
c
035
0.30
5 0.25
€ 0.20
38 0.15
$ 0.10
2005

0.00

(50

y = 0.0044x + 0.0104

R? = 0.9951

T
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Nitrate (mM)
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Figure B.1 Standard curve of standard nitrate.
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Table B.2 Ascorbic acid concentration measurement.

Ascorbic acid concentrations (mM) Absorbance (540 nm)

0 0

5 0.084
10 0.212
15 0.317
20 0.398
25 0.505
30 0.591
35 0.704
40 0.849

Absorbance (540 nm)

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

y = 0.0207x - 0.0068
R? = 0.9967

0 5 10 15 20 25 30 35 40

Ascorbic acid (mM)

Figure B.2 Standard curve of standard ascorbic acid.
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Table B.3 Phenolic concentration measurement.

Phenolic concentrations (ug/mL) Absorbance (750 nm)
0 -0.03524
50 0.21765
100 0.38674
150 0.64963
200 0.91342
250 0.92078
1.0 o
— i L 4
18
cv y = 0.0041x - 0.0005
Q 0.7 - .
=06 - R2 = 0.9698
§ 0.5 -
_8 04 T
§ 0.3 -
202 -
< 0.1 -
OO | | | | | 1
0 50 100 150 200 250 300

Gallic acid (ug/mL)

Figure B.3 Standard curve of standard phenolic.
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Table B.4 Flavonoid concentration measurement.

Flavonoid concentrations (ug/mL) Absorbance (510 nm)
0 -0.23349
50 -0.10066
100 0.10066
150 -0.44793

200 0.00194
250 0.12158
300 0.27546
350 0.43755
400 0.43954
450 0.40619
500 0.38826
550 0.7823

600 0.6626




Absorbance (510 nm)

0.7
0.6
0.5
0.4
0.3
0.2
0.1

135

L 4

y = 0.0013x - 0.163
2 Rz = 0.9032

- L 4

——— T T T .
0 100 200 300 400 500 600 700
(+)-Catechin (ug/mL)

Figure B.4 Standard curve of standard flavonoid.



APPENDIX C

Table C.1 Leaf number, leaf width and leaf length of ‘Butterhead’ lettuce using SS
and FCM at different combination during the three successive crop seasons: March-
April, 2010 (first), July-September, 2010 (second), and December 2010-February 2011
(third) in a test plot. *

Crop Treatment Leaf number/ Leaf width Leaf length

First T1 9.33 + 0.42 ° 326 +0.11° 3.83+0.16 °
T2 16.88 + 0.61 " 6.13 + 0.26 652 +024"

T3 16.08 + 0.49 " 597+ 023" 607+ 017"

T4 15.64 + 0.62 " 6.06 + 029" 6.10 + 027"

T5 20.85 + 0.64 ° 8.43 +0.19 ° 9.48 +0.28 °

T6 717 + 041 ° 247 +007° 313+ 011 °

Second T1 6.28 + 0.16 132 +023"° 1.76 £ 0.12 ©
T2 13.19 + 042 ° 489 +020° 730+ 028"

T3 14.63 + 0.51° 527 +024° 748+ 023"

Ta 13.42 + 052 ™ 517+ 023" 736 + 025"

T5 13.88 + 0.58 553+ 0.26° 8.46 + 0.27 °

T6 6.72 +0.15 © 136 + 0.09 " 230+ 0.14°

Third T1 9.69 + 034" 363 +0.14 ° 513+ 0.16°
T2 18.09 + 0.39 ° 750+ 0.11 ¢ 9.00 + 0.19 °

T3 18.22 + 0.43° 751+0.14° 8.89 +0.18

Ta 18.72 + 053 ° 818+ 019" 942+ 016"

T5 19.00 + 0.67 ° 9.72 +0.27° 11.80 + 0.26 °

T6 8.44 + 026" 3.03 + 008 ° 438 +0.14°

*Values are means = S.E. Means followed by different letters within each season/ parameter
combination differ significantly according to Duncan’s multiple range test (p = 0.05). T1=Control,

T2=0.5% SS, T3=0.5% SS+SK-1, T4=0.25% S5+0.25% FCM, T5=T2% FCM and T6=5K-1.
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Table C.2 Fresh and dry weight, percentage of fresh weight loss and overall visual
quality of ‘Butterhead’ lettuce using SS and FCM at different combination during the
three successive crop seasons: March-April, 2010 (first), July-September, 2010
(second), and December 2010-February 2011 (third) in a test plot. *

Crop Treatment Fresh weight Dry weight Fresh weight Overall visual
reatmen
season () (9) loss (%) quality (score)
First T1 335+025° 022+002° 2055+268" 1.62 +0.16
T 2023 +269°  102+008° 1062+1.08°  319+015"
T3 2010+201°  087+006° 1246+176°  3.04+013"
Ta 2057+209°  084+007° 11.70+160°  293+017"
T5 4790 +305° 180+012° 688+071° 3.63+0.09°
T6 128 +0.09°  0.10+002° 34.65+394° 1.29 +0.18
Second T1 0206+003° 009+001" 3861+299°  263+015"°
T2 720+088°  085+008° 1566+ 1.48"° 3.65+0.12°
T3 8.66+0.89°  0.84+007" 9.23 +0.74 ° 3.73+0.12°
Ta 795+096° 107+009° 1332+175" 375+011°
T5 946 +1.68° 134+010° 1211+082% 4.00+009°
T6 030+003°  008+001° 2728+038°  294+0.09"
Third T1 356+ 031"  002+000° 1963+387°  1.89+0.14°
T2 2594+ 1.14°  0.17 +0.04° 6.90 + 0.77 ° 271+013°
T3 2725+ 177 023 +005° 8.00 + 0.65 ° 3134019 "
T4 3195+201°  018+003°  459+050°  338+015"
T5 4296 +3.89°  0.16 + 0.02° 337+079° 423+017°
T6 203+018°  005+003° 1524+170° 206 +0.19°

*Values are means + S.E. Means followed by different letters within each season/ parameter

combination differ significantly according to Duncan’s multiple range test (p = 0.05). Ti=Control,

T2=0.5% SS, T3=0.5% SS+SK-1, T4=0.25% SS+0.25% FCM, T5=T2% FCM and T6=SK-1.
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Table C.3 Leaf number, leaf width and leaf length of ‘Red Oak’ lettuce using SS and
FCM at different combination during the three successive crop seasons: March-April,
2010 (first), July-September, 2010 (second), and December 2010-February 2011 (third)

in a test plot. *

Crop Treat ; Leaf number/ Leaf width Leaf length
reatmen
season plant (cm) (cm)
First T1 588+0.16°  208+0.14° 329 +0.16 °
T2 941+040° 447+022°  578+034 "
T3 852+027° 388+017°C 551 +021°
Ta 1068 +041° 512+029° 655+ 025"
T5 1163 +0.74°  6.09+052° 7.59 + 0.54 °
T6 625+022° 258+024° 365+ 022"
Second T1 547+019° 237+0.16" 359+ 024"
T2 966+ 067"  7.69+045" 833+ 0.40°
T3 974+062° 647+058° 6.93 +0.42°
T4 750+028° 594+107° 955+ 221°
T5 11.00 +054° 723 +056° 8.24 + 0.46°
T6 528+027° 240+0.19" 351+ 027"
Third T1 619+0.18°  440+021"° 6.40 + 0.25 °
T2 1281 +034° 1048 +023° 1191 + 022 ™
T3 13.09 + 035"  13.36 + 3.40 " 11.74 + 0.23
T4 1372+ 033° 11.08+030° 1250+ 021"
T5 1513 + 0.44° 1329 + 0.42° 13.52 + 0.42 °
T6 560+021° 593+150" 6.49 + 022 °

*Values are means + S.E. Means followed by different letters within each season/ parameter
combination differ significantly according to Duncan’s multiple range test (p = 0.05). T1=Control,

T2=0.5% SS, T3=0.5% SS+SK-1, T4=0.25% S5+0.25% FCM, T5=T2% FCM and T6=5K-1.
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Table C.4 Fresh and dry weight, percentage of fresh weight loss and overall visual
quality of ‘Red Oak’ lettuce using SS and FCM at different combination during the
three successive crop seasons: March-April, 2010 (first), July-September, 2010
(second), and December 2010-February 2011 (third) in a test plot. *

Crop Treatment Fresh weight Dry weight Fresh weight Overall visual
reatmen

season (9) (9) loss (%) quality (score)

First T1 0.42 + 0.06 ° 0.04 + 0.08 3306+ 233  133+0.18"
T2 274 + 040 € 024+003°  2740+446" 250+0.18°
T3 217+024° 0.14 + 0.02" 2351+ 118"  236+0.16°
Ta 473+ 057" 030 +0.03 " 3176 +564°  265+014°
T5 6.58 + 1.16 ° 0.40 + 0.07 ° 1786 +154° 267 +0.18°
T6 054 +0.11° 0.04 + 0.01 € 3151+371°  1.46+0.17"

Second T1 0.54 + 0.07 0.09 + 0.01 ° 4155+348°  238+027"
T2 6.37 + 0.80 ° 0.82 + 0.06 2063 +174°  347+019°
T3 378+ 058" 0.84 + 0.07 © 21.65+210°  340+024°
T4 203+ 026" 1.03 + 007 ° 1953 +573° 312+021°
T5 887 +218° 141 +0.10° 17.93+223° 367 +025°
T6 058 +0.10 0.12 + 0.04 ° 3098 +210°  3.06+0.19°

Third T1 1.99 + 017 ° 0.02 + 0.00 © 2271+186°  256+0.13°
T2 16.71+091°  021+005° 835+ 101°  307+0.13"
T3 1829+ 1.09°  009+001°°  1207+1.44> 340+0.13"
T4 2003+ 089" 007 +001 " 872+162% 331+020"
T5 3017 +191° 017 +004% 632+ 103° 393+007°
T6 183+018°  0.02+000° 1938+ 1.26° 246 +0.14

*Values are means = S.E. Means followed by different letters within each season/ parameter

combination differ significantly according to Duncan’s multiple range test (p = 0.05). Ti1=Control,

T2=0.5% SS, T3=0.5% SS+SK-1, Td=0.25% SS+0.25% FCM, T5=T2% FCM and T6=SK-1.
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Table C.5 Leaf number, leaf width and leaf length, diameter of lettuce head of

‘Butterhead” and ‘Red Oak’ lettuces using FCM during the two crop seasons:

January-March, 2012 (first) and May-July 2012 (second) in a local farm. *

Crop Treatment

season

Leaf number/ Leaf width

plant (cm)

Leaf length Diameter of

lettuce head
(cm)

(cm)

First BH-Control

BH-FCM

Second BH-Control

BH-FCM

First RO-Control

RO-FCM

Second RO-Control

RO-FCM

1702+ 037°  848+0.12"
1957 £ 0.67 ° 874 +023"
2133+ 057"  753+013"
2190+087"  809+028"

781+034°  782+032°
13.10 + 0.30 °

13.89 = 0.42

9.51 +0.30 ° .
10.28 + 0.38

14.39 = 0.29 ° :
13.61 + 0.35

1148+ 015" 1934 +0.22°
1237+017"™ 2062 +044°
11.85+0.16 " 1549+ 0.26
1248 +022™ 1741 +041"
b b
10.81 + 0.33 15.80 + 0.64
1452 +0.21° 25.88 + 0.33 °
1208 +025° 2264 +342"™

1448 +0.18° 2454 + 034"

*Values are means = S.E. Means followed by different letters within each season/ parameter

combination differ significantly according to T-Test (p<0.05). BH = ‘Butterhead’ and RO = ‘Red

QOak’ lettuce.
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Table C.6 Fresh and dry weight, percentage of fresh weight loss and overall visual
quality ‘Butterhead’ and ‘Red Oak’ lettuces using FCM during the two crop seasons:
January-March, 2012 (first) and May-July 2012 (second) in a local farm. *

Crop Treatment Fresh weight Dry weight Fresh weight Overall visual
loss (%) quality (score)

season () (9

First BH-Control 2241+ 1.32°  090+006°  11.86+081° 260017 "

BH-FCM 5311 +4.01° 156 +0.08" 830+ 128" 350+0.12°
Second  BH-Control 3028+1.62° 077+003" 882 +096° 275+0.10"
BH-FCM 40.09 = 2.49°  087+006" 11.62+111°  300+012"
First RO-Control  321+031° 016+002° 21.07+220°  288=037"
RO-FCM 4206 £312° 138+068° 1069+1.19°  353+0.18°
Second  RO-Control 1332+071° 027+002° 1544+155°  235+0.15"

RO-FCM 3034 +0.92°  1.22+0.05° 788+087°  330+0.09°

*Values are means = S.E. Means followed by different letters within each season/ parameter
combination differ significantly according to T-Test (p<0.05). BH ‘Butterhead’ and RO = ‘Red Oak’

lettuce.
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Table C.7 Net photosynthesis, transpiration rate and stomatal conductance of

‘Butterhead” and ‘Red Oak’ lettuces using FCM during the two crop seasons:

January-March, 2012 (first) and May-July 2012 (second) in a local farm. *

Crop Treatment  Net photosynthesis Transpiration rate  Stomatal

0o P conductance
season (ul COymin g ) (molm”™s)

2 -1
(molm~s)
First BH-Control 1197 +0.24 © 6.81 +0.16 052 +0.02 "
BH-FCM 11.99 + 0.33 ™ 6.84 +0.15 " 051 +002"
Second BH-Control 1220+ 0.44 ™ 7.40 + 0.16 " 0.49 + 0.02 ™
BH-FCM 13.10 + 0.47 "™ 763+012" 050 + 0.01 "
First RO-Control 7.03+0.34° 6.54 + 027" 0.45+ 0.03 "
RO-FCM 9.64 + 042" 736 +037" 0.55 + 0.04 ™
Second RO-Control 8.35 + 0.35 ° 6.91+0.27° 0.44 + 0.03°
RO-FCM 1039 +0.29 ° 797+018"° 057 +0.03 "

*Values are means = S.E. Means followed by different letters within each season/ parameter

combination differ significantly according to T-Test (p<0.05). BH ‘Butterhead’ and RO = ‘Red Oak’

lettuce.
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Table C.8 Nitrate contents of ‘Butterhead’ and ‘Red Oak’ lettuces using FCM during

the two crop seasons: January-March, 2012 (first) and May-July 2012 (second) in a

local farm. *

Crop season Treatment Nitrate contents (g/Kg FW)
Storage time (Days)
0 Day 14 Days
First BH-Control 23.40 + 2.44 " 1630+ 169"
BH-FCM 28.07 +3.87 " 21.44 + 204"
Second BH-Control 1414 + 145" 1695+ 101"
BH-FCM 1479 +1.33 " 1501 +1.54 "
First RO-Control 2632+ 754" 12.08 + 0.35
RO-FCM 2045 + 722" 21.82 +0.89°
Second RO-Control 1582+ 0.76 ° 18.09 + 0.62"
RO-FCM 12.99 + 0.44 ° 1569 +1.35 "

*Values are means = S.E. Means followed by different letters within each season/ parameter

combination differ significantly according to T-Test (p<0.05). BH ‘Butterhead’ and RO = ‘Red Oak’

lettuce.
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Table C.9 Chlorophyll a, b and carotenoid contents of ‘Butterhead’ lettuce using
FCM during the two crop seasons: January-March, 2012 (first) and May-July 2012

(second) in a local farm. *

Crop Storage Treatment  Chlorophyll a Chlorophyll b Carotenoid
time (Days)
season (umol/g FW) (umol/g FW) (umol/g FW)
First 0 BH-Control 4271 +3.95" 23180 +2296"  24.10+225"
BH-FCM 4294 +590 " 26537 +3430" 2665+ 3.36
14 BH-Control 2299 + 1.65" 12351 +8.49 " 1284 +0.86"
BH-FCM 32705347 17682 +2862"  17.80+3.10"
Second 0 BH-Control 3290 + 655"  178.01 +34.92" 1854 +3.69 "
BH-FCM 3143 +470" 17310+ 2658 17.84 +2.67"
14 BH-Control 3585+ 365  8250+843" 20.02 +2.00 ™
BH-FCM 3569+ 186  7379+447" 20.08 + 1.07 "

*Values are means = S.E. Means followed by different letters within each season/ parameter

combination differ significantly according to T-Test (p<0.05). BH = ‘Butterhead’ lettuce.
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Table C.10 Chlorophyll a, b and carotenoid contents of ‘Red Oak’ lettuce using FCM

during the two crop seasons: January-March, 2012 (first) and May-July 2012 (second)

in a local farm. *

Crop Storage Treatment  Chlorophyll a Chlorophyll b Carotenoid
time (Days)
season (umol/g FW) (umol/g FW) (umol/g FW)
First 0 RO-Control  55.86 + 5.13 " 284.86 + 24.85" 3116 + 281"
RO-FCM 4002+ 717" 21131 +37.75" 2247 +4.03"
14 RO-Control  47.90 +323° 24810+ 1604° 2676+ 1.80 "
RO-FCM 61.80 + 3.17 " 32762+ 17.97°  34.69 + 1.80 °

Second 0 RO-Control 4093 + 652" 200.03 + 35.25 "
RO-FCM 36.83+3.77 " 18512 +23.30 "
14 RO-Control ~ 64.80 + 7.06°  137.68 + 11.38"

RO-FCM 3654 +332° 8831 +459"

2260 +371"
2048 +2.19 "
36.14 + 4.02 °

19.98 + 1.93 "

*Values are means = S.E. Means followed by different letters within each season/ parameter

combination differ significantly according to T-Test (p<0.05). RO = ‘Red Oak’ lettuce.
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Table C.11 Ascorbic acid, total phenolic and flavonoid contents of ‘Butterhead’

lettuce using FCM during the two crop seasons: January-March, 2012 (first) and May-

July 2012 (second) in a local farm. *

Crop Storage Treatment Ascorbic acid Total phenolic Flavonoid
time (Days) contents contens
season contents
(mg/g FW) (mg/g FW)
(mg/g FW)
First 0 BH-Control  17.13 + 10.29 ™ 101 +0.16 " 225+0.30 "
BH-FCM 0.95+027" 163+021" 3.29 +0.38 ™
14 BH-Control ~ 27.73+7.72" 1.02+0.10" 1.84 +0.46 "
BH-FCM 32264 +815" 111 +016 " 2234020
Second 0 BH-Control ¥R D 31 0.26 +0.13 " 0.05 +0.02 ™
BH-FCM 595+ 4.96 0.14 +0.11 " 0.04 +0.01 "
14 BH-Control  11.84 + 651 097 +0.19 ™ 0.47 +0.39°
BH-FCM 0.57 + 0.56 1.38 +0.04 " 1.99 +0.13 °

*Values are means = S.E. Means followed by different letters within each season/ parameter

combination differ significantly according to T-Test (p<0.05). BH = ‘Butterhead’ lettuce.
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Table C.12 Ascorbic acid, total phenolic and flavonoid contents of ‘Red Oak’ lettuce

using FCM during the two crop seasons: January-March, 2012 (first) and May-July 2012

(second) in a local farm. *

Crop Storage Treatment Ascorbic acid Total phenolic Flavonoid
time (Days) contents contens
season contents
(mg/g FW) (mg/g FW)
(mg/g FW)
First 0 RO-Control ~ 93.39 + 1542 " 325+ 0.66 " 728+ 145"
RO-FCM 68.44 + 10.50 261+041" 6.52 + 1.02 "
14 RO-Control ~ 57.73 + 13 .81 " 299 +0.62 " 6.10 + 0.96 ™
RO-FCM 27.83+7.09 " 210+0.18" 3.85+ 046"
Second 0 RO-Control 135+021" 117 +0.18 " 234+ 057"
RO-FCM 738+ 595" 0.90+0.10 ™ 131 +048"
14 RO-Control  51.69 + 10.07 " 264 +027" 4.41+085"
RO-FCM 58.09 + 17.78 294+ 038" 6.00 + 0.75 "

*Values are means = S.E. Means followed by different letters within each season/ parameter

combination differ significantly according to T-Test (p<0.05). RO = ‘Red Oak’ lettuce.
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Table C.13 DPPH radical svarvenging activity and contents of ‘Butterhead’ lettuce
using FCM during the two crop seasons: January-March, 2012 (first) and May-July 2012

(second) in a local farm. *

Crop Storage time  Treatment DPPH radical MDA
(Days) svarvenging activity (%)

season (umol/g FW)
First 0 BH-Control 67.96 + 7.56 0.41 +0.04 "™
BH-FCM 61.37 + 6.41 " 071 +041"
14 BH-Control 7148 + 6.33 0.10 +0.19 ™
BH-FCM 83.80 + 9.01 " 0.11+0.15"
Second 0 BH-Control 99.18 + 4.56 0.19 + 0.02 ™
BH-FCM 99.82 + 1.83 " 0.19 + 0.02 "
14 BH-Control 84.75 + 3.94 ° 0.01 +020"
BH-FCM 7244 + 291" 034+ 030"

*Values are means = S.E. Means followed by different letters within each season/ parameter

combination differ significantly according to T-Test (p<0.05). BH = ‘Butterhead’ lettuce.
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Table C.14 DPPH radical svarvenging activity and contents of ‘Red Oak’ lettuce using
FCM during the two crop seasons: January-March, 2012 (first) and May-July 2012

(second) in a local farm. *

Crop Storage time (Days) Treatment DPPH radical svarvenging MDA

activity (%)

season (umol/g FW)
First 0 BH-Control 53.14 + 7.93 " 8.5823 + 1.16 °
BH-FCM 5110+ 7.77 " 38285 + 1.60
14 BH-Control 49.08 +9.92 " 6.3957 + 1.16
BH-FCM 5355+ 7.72 " 47231 + 1.47"
Second 0 BH-Control 86.14 + 3.87 " 0.8676 + 0.32"
BH-FCM 90.40 + 3.55 " 1.2409 + 0.46 "
14 BH-Control 5157 + 422" 3.2432 + 047 "
BH-FCM 41.05+3.15 " 3.3548 + 0.47 "

*Values are means = S.E. Means followed by different letters within each season/ parameter

combination differ significantly according to T-Test (p<0.05). RO = ‘Red Oak’ lettuce.
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