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CHAPTER 1

GENERAL INTRODUCTION

1.1. Allelopathy in crop plants

Allelopathy is a phenomenon of direct or indirect, beneficial or adverse effects of a
plant on the other through the release of chemicals in the environment. Rice (1974,
1979) also indicated that allelopathy might contribute to patterning densities and the
distribution of species which in specific instances could severely limit diversity of the
plant community. There are three basic features of allelopathy: firstly, the object of
interaction is the plants. Secondly, the material of interaction is the secondary
metabolites of plants, and must have the suitable way getting into the environment, but
not the secondary metabolites had changes within plants. Thirdly, allelochemicals are
used for influencing the growth and the development of its own or neighboring plants.
Allelochemicals can be found in different concentrations in several parts of plants
(leaves, stems, roots, rhizomes, seeds, flowers and even pollen) (Bertin et al., 2003;
Gatti et al., 2004; Kruse et al., 2000) and their pathway of release into the environment
varies among species. The following are known pathways: (1) Exudation and deposition
on the leaf surface with subsequent washing off by rainfall; (2) Exudation of volatile
compounds from living green parts of the plant; (3) Decay of plant residues (e.g., litter
fall or dead roots); and (4) Root exudation (Chon et al., 2006; Olofsdotter et al., 2002).
In the last few decades extensive research have done on different aspect of allelopathy
of crops. These include symptom and severity of adverse effects of living plants and
their residues upon the higher plants and crop vyield, interactions among the organism,

ecological significance of allelopathy in plants communities, replanting problems with



crop rotation, autotoxicity and the synthesis, isolation and identification in agro

ecosystem.

1.2. Autotoxicity in monoculture system

Allelopathy has two forms, interspecific: when the donor and the recipient belong to
different species; however, if the donor and the recipient belong to same species it
becomes intraspecific allelopathy and the term used is autotoxicity. Thus, autotoxicity
occurs when a plant releases toxic chemical substances into the environment that inhibit
germination and growth of same plant species (Miller, 1996). It has been reported to
occur in a number of crop plants in agro ecosystem causing serious problems such as
growth reduction, yield decline and replant failures (Singh et al., 1999; Pramanik et al.,
2000; Asao et al., 2003). The chemicals responsible for bringing about such effects are
known as allelochemicals or autochemicals or simply phytotoxins. The varieties of such
chemicals were found in plants and are either secondary metabolites or the waste
products of the primary metabolic processes (Swain, 1977). The chemical nature of
these compounds can be simply organic acids, straight chain alcohols, aldehydes or
ketones, unsaturated lactones, fatty acids, naphthaguinones, complex quinones, simple
phenols, phenolic acids, tannins, terpenoids (monoterpenes, sesquiterpene lactones, and
diterpene lactones), amino acids, polypeptides, alkaloids, glucosinates, purines, and
nucleotides, etc. (Gross and Parthier, 1994; Einhellig, 1995; Seigler, 1996). The release
of these chemicals from the plant is facilitated by many processes such as leachation
(Overland, 1966), volatilization (Petrova, 1977), root exudation (Tang and Young, 1982),
crop residue decomposition (Putnam, 1985), and pollen spreading in some plants

(Cruz-Ortega et al., 1988). The released chemical compounds create problems in



monoculture and/or closed hydroponic culture systems as they can accumulate and
inhibit the growth of the actual crop. Previously our research group has studied the
phenomenon of autotoxicity in several vegetables crops such as cucumber (Yu and
Matsui, 1994; Asao et al., 1998, 1999, 2000), taro (Asao et al., 2003) several leafy
vegetables (Asao et al., 2004a), some ornamentals (Asao et al., 2007) and strawberry
(Kitazawa et al., 2005) at the glasshouse and plant factory supported research facility of
Experimental Research Center for Biological Resources Science, Shimane University,

Japan using hydroponic culture.

1.3. Autotoxicity in lisianthus [Eustoma grandiflorum (Raf.) Shinn.] in closed
hydroponics

Lisianthus [Eustoma grandiflorum (Raf.) Shinn.] is a seed propagated ornamental
flower native to the central and southern regions of the United States of America and
inhabits moist prairies ranging from Nebraska to Colorado and Texas (Halevy and
Kofranek, 1984; Ohkawa, 1987). This cut flower has emerged as one of the top ten cut
flower crops in international flower trade during the past few years due to its vast
charming colour shades, flower shapes, growing feasibility under varying agro climatic
conditions and good vase life. It is a prominent cut flower from Japan where it has been
in cultivation since 1960 (Ohkawa and Sasaki, 1997). The growth of lisianthus
seedlings is very slow, requiring 50 to 140 d from germination to transplanting
(Harbaugh, 1995; Matsuo and Shirasaki, 1990; Tsukada et al., 1991a, 1991b). Growth
inhibitors such as maleic and benzoic acid were detected in root exudates of lisianthus
when it was grown in closed hydroponic system (Asao et al., 2007). Benzoic acid is the

potential autotoxic chemical which is responsible for the growth and yield reduction in
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many crops (Kitazawa et al., 2005, Asao et al., 2003).

1.4 Autotoxicity in strawberry in closed hydroponics

In strawberry this phenomenon is typically characterized by the black rot diseases of
roots (Strong and strong, 1931). Black root rot is a worldwide disease that limits the
yield of strawberry has been studied extensively (Yuen et al., 1991; Wing et al., 1994,
Asad-Uz-Zaman et al., 2015). Root symptoms include the deterioration of the root
cortex of perennial roots and loss of feeder roots. Many organism including fungi
(Martin and Bull, 2002, Zhao et al., 2005, Zhu et al., 1994), nematode (LaMondia,
2004), or physical factors like soil compactness, soil texture, higher rates of herbicidal
application, age of the seedlings etc. are responsible for this complex disorder (Wing et
al.,, 1995). Exudate chemicals from strawberry plants also interference in the
rhizosphere soil is associated with this disease. Like lisianthus, strawberry plants roots
also release benzoic acid, when it grows in closed hydroponic culture (Kitazawa et al.,
2005). When root exudates accumulated in their growing medium, the growth and
metabolism of strawberry roots were inhibited, which resulted in an increase in the
percentages of electrolytes in cells, a decrease in the free radical scavenging activity of
roots, and an increased in root lipid peroxidation (Zhen et al., 2003). Damaged
strawberry roots hampers water and mineral nutrient uptake. As a result, the growth of
shoot and root, number of flowers and harvested fruit per plant, and fruit enlargement
greatly reduced. Reduction or removal of these inhibitory allelochemicals from the
culture solution would lead to normal growth and yield. Activated charcoal has been
used to adsorb the accumulated phytotoxic chemicals for the culture solution and

improve the growth and vyield in strawberry (Kitazawa et al., 2005). In several other

11



researches, such as supplementation of auxin in strawberry (Kitazawa et al., 2007) or
electro-degradation of phytotoxic chemicals in strawberry (Asao et al., 2008;
Asaduzzaman et al., 2012) were also found to be effective for recovering the autotoxic
effect in closed hydroponics. However, finding suitable method for controlling
autotoxicity in strawberry would be of great help for the commercial production of

strawberry in a recycled hydroponics.

1.5 Amino acids in plants

Amino acids are biologically important organic compounds composed of amine (-NH2)
and carboxylic acid (-COOH) functional groups, along with a side-chainspecific to each
amino acid. The key elements of an amino acid are carbon, hydrogen, oxygen,
and nitrogen, though other elements are found in the side-chains of certain amino acids.
These are the basic component of all living cells. In plants, amino acids are functioning
in different ways. From cell wall structure to cell functioning, in everywhere amino
acids are found. For example, Hydroxy-proline (Hyp) present in cell wall structural
named as Hyp rich glycoproteins (HRGPs) which ubiquitous components of the plant
extracellular matrix and comprise up to 10% (w/w) of cell wall in dicots (Cassab and
Verner, 1998). Cystine (Cys) participates in the synthesis of essential bio-molecules like
antioxidants, vitamins and co-factors (Noctor et al., 1998; Leustek et al., 2000; Droux,
2004; Saito, 2004). Like Cys, free as well as protein bound Methionine (Met) has
ubiquitous functions in plants. It plays a role in the initiation of mRNA translation and
is the precursor of essential bio-molecules trough S-adenosylmethionine (AdoMet)
(Ravanel et al., 1998; Leustek et al., 2000; Lu, 2000). In plants, cytokinins signals are

mediated by multi-component phosphorylation system composed of a Histidine
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(His)-Protein kinase (Kakimoto, 2003). In Arabidopsis thaliana, intercellular signaling
by cytokinin is referred to as His-to-Aspartate phosphorelay system (Oka et al., 2002).
Tryptophan (Trp) is a pivotal precursor of secondary metabolites in plants, including
indole glucosinolates and indole phytoalexins in brassicaceous species (Hull et al.,
2000; Mikkelsen et al., 2000; Glawischnig et al., 2004), GABA, as a signal molecule
and provides further insights into the role of the GABA metabolic pathway in response
to stress and C/N metabolism. (Bouche and Fromm, 2004). Arginine (Arg) is a basic
amino acid can represent a significant part of the stored nitrogen in protein, as free
amino acid in seeds, bulbs, or other parts of plants (Micallef and Shelp, 1989). Besides
these, lots of research articles are available which revealed the importance of amino

acids in plants.

1.6 Foliar application of amino acids during stresses

One of the most common stress responses in plants is over production of amino acids,
(de Souza et al., 2013). Generally, amino acids protect plants from stresses through
different courses, including contribution to cellular osmotic adjustment, detoxification
of reactive oxygen species, protection of membrane integrity, and stabilization of
enzymes/proteins (Yancey et al., 1982; Bohnert and Jensen, 1996). Proline
accumulation has been reported during conditions of drought (Choudhary, et al., 2005),
high salinity (Yoshiba, et al., 1995), high light and UV irradiation (Saradhi, et al., 1995),
heavy metals (Schat, et al., 1997) and in response to biotic stresses (Fabro, et al.,
2004; Haudecoeur et al., 2009). As plants recover their growth during stresses by over

production of amino acids, many researchers suggested applying amino acids
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exogenously for improving the growth and yield of crop plants in stress condition
(Maini et al., 1999; Heuer, 2003; SH Sadak et al., 2015). Recent researches revealed
that, amino acids can be absorbed by leaf exogenously (Furuya and Umemiya, 2002;
Stiegler et al., 2013). In addition, exogenously foliar applied amino acids have positive
effects on the growth, yield and quality of marigold (Sorwong and Sakhonwasee, 2015),
Urtica pilulifera (Wahba et al., 2015), alfalfa (Pooryousef and Alizadah 2014),
Codiaeum variegatum (Mazher et al., 2011), grape (Garde-Cerdan et al., 2015; Portu et
al., 2015). In this regards, amino acids might have the potentialities to recover the

autotoxic effects in lisianthus and strawberry.

1.7 Objectives of the study

Autotoxic effects of root exudates of lisianthus and strawberry plants on their growth
and development is to be caused by impairment of nutrient and water absorption by
injured roots. Supply of nutrients alternatively other than root uptake can sustain plant
growth during this allelochemical stress. The availability and uptake of nitrogen is
considered as the major factor affecting growth (Lea and Azevedo, 2006). Amino acids
are rich in nitrogen which forms the basic component of all living cells. In addition,
amino acids are low molecular weight organic compounds, highly soluble and nontoxic
at high cellular concentrations. Recently amino acids have been used exogenously as
bio-stimulants in plants under abiotic and biotic stresses (Maini et al., 1999; Heuer,
2003; SH Sadak et al., 2015). Moreover, those are also used as foliar spray to improve
the growth, yield and quality of crops (Mazher et al., 2011; Takeuchi et al., 2008). In
this regard, amino acid has a great potentiality of using under managed culture

techniques. As the accumulated allelochemicals in closed culture become stressful to
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plant, spraying of amino acid to lisianthus and strawberry plants would be positive.

Therefore the aims of the present study were:

To evaluate the performance of amino acids on the growth and flowering of
lisianthus under autotoxic condition in closed hydroponic culture.
To evaluate the performance of amino acids on the recovery of growth and yield of

strawberry plants under autotoxicity in closed hydroponic culture.
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CHAPTER 2

Effects of amino acids on the growth and flowering of lisianthus [Eustoma
grandiflorum (Raf.) Shinn.] under autotoxicity in closed hydroponic culture

1. Introduction

Lisianthus [Eustoma grandiflorum (Raf.) Shinn.] is a seed propagated herbaceous
annual ornamental plant which native to the central and southern regions of the United
States of America, and was introduced into Japan more than 70 years ago (Ohkawa et
al., 1991). In Japan, the production of cut lisianthus flowers increased by about 3-fold
from 1986 to 2007, and it has become an important cut flower in Japan, ranking fifth in
the production value of cut flowers in 2004. Still commercial producer are facing
different aspects of production problem of lisianthus. One of them is the slow growth at
seedling stage (Harbaugh, 1995; Matsuo and Shirasaki, 1990) which ultimately hampers
the cut flower production. Growth inhibitors such as maleic and benzoic acid were
detected in root exudates of lisianthus when it was grown in closed hydroponic system
(Asao et al., 2007). Benzoic acid is the potential allelochemical which is responsible for
the growth and yield reduction in many crops such as strawberry (Kitazawa et al., 2005),
taro (Asao et al., 2003), leafy vegetables (Asao et al., 2004a). Allelochemicals play a
multitude of ecological and physiological roles as they alter mineral uptake
(Baziramakenga et al., 1994), disrupt membrane permeability (Baziramakenga et al.,
1995), cause stomatal closure and induce water stress (Barkosky and Einhellig, 1993).
These allelochemicals also influence respiration (Penuelas et al., 1996), affect
photosynthesis and protein synthesis (Mersie and Singh, 1993; Rohn et al., 2002),

impair hormonal balance (Holappa and Blum, 1991) and alter enzyme activities (Rohn
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et al.,, 2002; Doblinski et al., 2003). During autotoxicity, ion uptake and hydraulic
conductivity (i.e., water uptake) were worse affected processes since root was the first
organ to come into contact with autotoxins in the rhizosphere (Blum et al., 1999).
Autotoxic compounds might induce a secondary oxidative stress manifested as enlarged
production of reactive oxygen species (ROS) (Weir et al., 2004). Toxic ROS can affect
membrane permeability, cause damage to DNA and protein, induce lipid peroxidation,
and ultimately lead to programmed cell death. Therefore, autotoxic effects of root
exudates in lisianthus on its growth and development is likely to be caused by

impairment of nutrient and water absorption by injured roots.

Foliar application of nutrients has been recognized by many researchers, as a very
efficient method of plant nutrition (Roosta and Hamidpur, 2011, Stiegler et al., 2013).
Supply of mineral nutrient alternative to roots uptake can sustain lisianthus growth even
during this allelochemical stress. In plants, nitrogen is the main mineral nutrient that is
required in the largest quantities and represents up to 2% of plant dry matter. As a result
of its important role in metabolism, the availability of nitrogen (N) is one of the key
factors that limit crop productivity (Masclaux-Daubresse et al., 2010, Lea and Azevedo,
2006, Warner et al., 2004). Therefore, it can be sprayed on the leaves as a source of
nutrient during autotoxicity. Foliar spray of urea is very common (Bowman and Paul,
1992) where it increased the leaf photosynthetic rates and leaf urease enzyme activities
(Peltonen, 1993). Recent research focuses on developing foliar spray programs of amino
acids. Amino acids are the nitrogenous compound that forms the basic component of all
living cells. It can be absorbed by leaf exogenously (Furuya and Umemiya, 2002;

Stiegler et al., 2013). Amino acids are the building block of proteins and serve in a
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variety of important pathways. They can also act as parts of co-enzymes or as
precursors for biosynthesis such as Glutamine and Ornithine which are precursors for
nucleotides and polyamines respectively (Alcazar et al., 2010). Foliar application of
amino acids has positive effects on the growth, yield and quality of Urtica pilulifera
(Wahba et al., 2015), alfalfa (Pooryousef and Alizadah 2014), chinese cabbage (Cao et
al., 2010); leafy radish (Liu et al., 2008); Codiaeum variegatum (Mazher et al., 2011)
and Japanese pear (Takeuchi et al., 2008), grape (Garde-Cerdan et al., 2015; Portu et al.,
2015). Apart from this, the role of amino acids to act as bio-stimulants in plants under
abiotic and biotic stress conditions has been demonstrated (Maini et al., 1999; Heuer,
2003, SH Sadak et al., 2015). As the accumulated allelochemicals in closed culture
become stressful to plants, spraying of amino acids to lisianthus plants would be
positive in closed hydroponic culture. In our previous study, we found the positive
effect of Glutamic acid and Hydroxy-proline on the autotoxicity experienced strawberry
plants in the closed hydroponic (Mondal et al., 2013). Therefore the purpose of the
present study was to evaluate the performance of amino acids on the growth of

lisianthus under autotoxic condition in closed hydroponic culture.

2. Materials and Methods

2.1. Seedling growth bioassay

2.1.1 Expt. I. Effects of amino acids on the lisianthus seedlings grown in the
renewed nutrient solution

Lisianthus [Eustoma grandiflorum (Raf.) Shinn cv. Ichiban-boshi] seeds (Sakata Co.
Ltd. Yokohama, Japan) were sown on May 28, 2010 in cell trays (3 cm x 3 cm x 4 cm,
28 cell/tray) containing moisten horticultural soil substrate (Takii, Kyoto, Japan)

covering with vermiculites. Cell trays were kept at 10 °C for 4 weeks cold treatment and
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then transferred to growth chamber at 20/15 °C (day/night) under fluorescent light with
intensity of 74-81 pmol m2stand a 12 hour photoperiod. Germination was started on
July 2, 2010. 25% Enshi nutrient solution (pH 7.25 and EC 0.8 dS m™) was used as
fertilizer during the growth of seedlings in the cell tray. The full strength Enshi nutrient
solution contains the following amount of salts per 1000 L of tap water: 950 g Ca
(NO3)2-4H,0; 810 g of KNO3; 500 g of MgSO4-7H20; 155 g of NHsH2PO4; 3 g of
H3BOs; 2 g of ZnSO4-7H.0; 2 g of MnSO4-4H,0; 0.05 g of CuSO4-5H.0; 0.0 2g of
Na>MoOs; 25 g of NaFe-EDTA (Hori, 1966). After four weeks on July 30, 2010 similar
vigor seedlings were selected and transplanted to plastic containers (17 cm x 29 cm X
9.5 cm) after slightly shaking the cubic substrates enclosed roots in the tap water into a
bucket to easily separate the substrate from the roots and kept in the growth chamber at
25/20 °C (day/night) under fluorescent light with the intensity of 74-81 umol m?s™and
a 12-h photoperiod. Each container was filled with 3 L of 25% Enshi solution. The
solution in the container was renewed every two weeks. Ten seedlings were planted in
each container in such a way that the roots were inserted into the nutrient solution inside
the container keeping shoot outside. Three containers (10 seedlings x3 = 30 seedlings)
were used for one treatment. In this experiment total 30 seedlings x 25 treatments = 750
seedlings were used simultaneously. Urethane foam blocks (23 mm x 23 mm x 27 mm)
were used for holding the plant tight with a floating board on the nutrient solution. No
aeration system was used in this experiment. One day after transplanting, 23 water
soluble amino acids viz., Alanine (Ala), Arginine (Arg), Asparagine (Asn), Aspartic
acid (Asp), Cysteine (Cys), Glutamatic acid (Glu), Glutamine (GIn), Glycine (Gly),
Hydroxy-proline (Hyp), Lysine (Lys), Ornithine (Orn), Proline (Pro), Serine (Ser),

Threonine (Thr), Tryptophan (Trp), Methionine (Met), Leucine (Leu), Isoleucine (lle),
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Citrulline  (Cit), Histidine (His), Phenylalanine (Phe), Valine (Val),
Gamma-aminobutyric acid (GABA) (Special Grade chemical, Nacalai Tesque, INC.
Kyoto, Japan); urea (Otsuka agrio Co, Ltd, Tokyo, japan) and distilled water as control
were applied as droplets by a micro-pipette (Gilson S. A. S, France) applied on the
leaves and stem of lisianthus seedlings at 0.5 ml per plant two times in a week. The
surfactant Approach Bl (Kao, Osaka, Japan) was added to the amino acid and urea
solutions in the proportion of 0.02% (v/v). The concentrations of urea and amino acids
were adjusted to nitrogen content of Pro at 200 mg L to maintain the same
concentration level. After ten weeks of amino acids application on October 2, 2010, the
number of leaves, maximum leaf width and length and maximum root length of
lisianthus seedlings were measured. Then the lisianthus seedlings were dried in a
constant temperature oven (DKN 812, Yamato Scientific Co., Ltd. Japan) at 80 °C for

72 h. Dry weight was measured when the dry matter reaches at constant weight.

2.1.2. Expt. Il. Effects of amino acids on the lisianthus seedlings grown in the
non-renewed nutrient solution

In this experiment, the materials and methods from sowing to transplanting were similar
to those described above for Expt. | with the difference in cell tray size (4 cm x4 cm x 4
cm, 72 cell/tray) (Fig. 1). Sowing and germination were occurred on September 5 and
October 8, respectively. On December 28, 2012, seedlings were transplanted into 3 L
plastic container (Fig. 2). Three containers (5 seedlings x 3 = 15 seedlings) were used
for one treatment and total 15 seedlings x 26 treatments = 390 seedlings were used
simultaneously. Nutrient solutions were either renewed or non-renewed entirely, and

amino acids and urea were applied in later case. Renewed culture solutions were
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changed with new nutrient solutions whereas non-renewed nutrient solutions were
analyzed for major nutrients and adjusted as close as possible to initial concentrations at
every two weeks on the basis of chemical analyses with Compact NOs™ meter (B-343,
Horiba, Ltd. Kyoto, Japan) for NOs~, Spectrophotometer (U-2900, Hitachi, Tokyo,
Japan) for PO4* and Polarized Zeeman Atomic Absorption Spectrophotometer (Z-2310,
Hitachi, Tokyo, Japan) for K*, Ca?*, Mg?* and Fe®**. From January 5, 2013, twenty three
water soluble amino acids viz., Ala, Arg, Asn, Asp, Cys, Glu, GIn, Gly, Hyp, Lys, Orn,
Pro, Ser, Thr, Trp, Met, Leu, lle, Cit, His, Phe, Val and GABA,; urea and distilled water
as control were applied by the same methods as mentioned in Expt. | three times a week.
After 4 weeks of amino acids application, on February 2, 2013, growth parameters and
the chlorophyll content of leaf by SPAD (Konica Minolta, Tokyo, Japan) were measured.
Dry weight of Lisianthus seedlings were measured after oven drying the seedling as

described for Expt. .

Fig. 1. Lisianthus seedlings grown in the cell tray with horticultural soil inside the
growth chamber.
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Fig. 2. Lisianthus seedlings into the hydroponic system inside the growth chamber.

2.2.1. Expt. 111 (a) Effects of seven amino acids on the lisianthus seedlings grown in
the horticultural soil

In this experiment, sowing and germination conditions of lisianthus were similar to
those described above for Expt. Il with the difference in light condition. Hybrid
Electrode Fluorescent Light (HEFL) was used as a light source in the controlled growth
chambers (Fig. 3). Sowing and germination were occurred on June 5 and July 10, 2013,
respectively. On August 7, 2013, thirty seedlings (10 plants x 3 replications) of similar
vigor and good growth were selected from each cell tray for each treatment. In this
experiment total 30 seedlings x 9 treatments = 270 seedlings were used simultaneously.
In this experiment, six amino acids (GIn, Gly, Pro, Met, Leu and His), selected for their
better performance in seedlings growth bioassay in Expt. 1l and Betaine (Bet) (Special
Grade chemical, Nacalai Tesque, INC. Kyoto, Japan) as a new amino acid, urea and

distilled water as control were applied on lisianthus seedlings by the similar methods
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mentioned for Expt. 1I. Amino acids were applied for four weeks from the August 12,
2013 to September 9, 2013. After 4 weeks of amino acids application on September 9,
2013 growth parameters such as number of leaves, plant height, leaf length, leaf width,
root length, fresh weight of shoot and the chlorophyll content of leaf by SPAD were
measured. In this experiment substrates along with the roots were separated according

to the methods mentioned in Expt. I.
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Fig. 3. Lisianthus seedlings grown in the horticultural soil under Hybrid Electrode
Fluorescent Light (HEFL) inside the growth chamber.

2.2.2. Expt. 111 (b) Effects of seven amino acids on the lisianthus plants grown in
closed hydroponics in the greenhouse

After growth measurement, lisianthus seedlings from the seedlings growth bioassay
were transplanted to plastic container (54 cm x 35 cm x 20 cm) with 30 L of 25% Enshi
nutrient solution under greenhouse condition. Five seedlings from the each amino acid

treatment were planted in each container supported by four urethane blocks (Fig. 4 and 5)
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with three replications and 18 treatments (5x3x 18=270 seedlings). Nutrient solutions
were either renewed or non-renewed and circulated for 24 hours by pumps (KP-101,
Koshin, Kyoto, Japan) for 5 min at 10 min intervals using an automatic timer (KS-1500,
luchi, Osaka, Japan). In greenhouse setting, amino acids treated seedlings were
continued with either amino acid {GIn (A), Gly (A), Pro (A), Met (A), Leu (A), His (A),
and Bet (A)} or not {GIn (B), Gly (B), Pro (B), Met (B), Leu (B), His (B), Bet (B)} in
non-renewed nutrient solution. Non-renewed nutrient solutions were analyzed for major
nutrients and adjusted as close as possible to initial concentrations at every two weeks
on the basis of chemical analyses. One day after transplanting, water, urea and selected
seven amino acids used in Expt. 111 (a) were applied by the same methods as mentioned
in Expt. 1. The dates of anthesis were recorded for each plant to check whether there any
influence of amino acids on flowering of lisianthus. At the first anthesis, plants were
harvested. Leaf number, leaf length and width, root length, fresh weight of shoot,
numbers of flower buds were measured. After measuring, lisianthus shoots with flowers
were kept in a bucket with 4 liter of water at the control room condition with 20 °C
temperature and 70% relative humidity to check the effects of amino acids on the vase
life of lisianthus flowers (Fig. 6). Water was changed in each 3 days. Data of vase life
was taken until the first petal of each flower was wilted. Shoots and roots dry weight

were measured following the similar methods for Expt. |.
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Fig. 5. Lisianthus plants supported by urethane blocks in closed hydroponic container.
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Fig. 6. Lisianthus cut flowers kept into the bucket with water at their first anthesis.

2.3. Statistical analysis

A randomized complete block design with three replicates was used for culture of
lisianthus in container based hydroponics in the greenhouse whereas, complete block
design was performed in culture of lisianthus seedlings in the control room condition.
Analysis of variance was performed to test for statistical differences among the
treatments, and means were statistically analyzed using Tukey’s Honestly Significant
Difference (HSD) test at P < 0.05 level of significance by IBM SPSS Statistic v22.0
(IBM SPSS, 2014. Chicago IL, USA) and Tukey’s test by Statcel 2 statistical software
(OMS publication, Tokorozawa, Saitama, Japan). Number of plants per treatment (n)

were 30, 15, 30 and 15 in Expt. I. in Expt. II. Expt. I1l (a) and Expt. 111 (b), respectively.
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3. Results
3.1. Expt. I. Effects of amino acids on the lisianthus seedlings grown in the renewed

nutrient solution

In the first seedlings growth bioassay 23 water soluble amino acids and urea were
applied on the leaves and stem of lisianthus seedlings grown in renewed hydroponic
solution. Amino acids application showed a significant effect on the lisianthus seedlings
growth. Compared to the control, longer root was evidenced in Cys treated seedlings
(Table 1). Ala, Glu, Hyp, and Lys treated plants reduced their leaf numbers against
control plants. The application of His and GABA significantly increased the dry matter
of lisianthus seedlings compared to control plants (Fig. 7). However, Ala, and Ser

showed negative effects on the dry matter production in lisianthus seedlings.

3.2. Expt. Il. Effects of amino acids on the lisianthus seedlings grown in the

non-renewed nutrient solution

Compared to the control (NRW) seedlings, amino acids treated seedlings did not show
any significant difference on the seedling growth (Table 2). However, among the amino
acids Pro, GIn; and Ala treated seedlings produced higher and lower dry matter,
respectively (Fig. 8, Fig. 9). Compared to the control higher numbers of leaves were
found in Cys treated seedlings. Among the amino acids treated seedlings, highest plant
height was measured in GIn and Gly treated seedlings. The Chlorophyll content of leaf
measured by SPAD, leaf length and root length did not show any significant difference

among the treatments.
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Table 1

Effects of twenty three amino acids on the growth of lisianthus seedlings grown by the
renewed nutrient solution in closed hydroponic system.

Amino acids? No. of leaves¥

Leaf width (mm)

Leaf length (mm)

Root length (mm)

Control
Urea
Ala
Arg
Asn
Asp
Cys
Glu
GIn
Gly
Hyp
Lys
Orn
Pro
Ser
Thr
Trp
Met
Leu
lle
Cit
His
Phe
Val
GABA

16.2 ab*

20.0 a

15.7 ¢

16.2 ab
16.3 ab
17.1ab
15.8 bc
145¢c

174 ab
15.5bc
147 c

143¢c

16.8 ab
16.7 ab
15.2 bc
15.2 bc
18.2 ab
175ab
16.1 bc
16.6 ab
17.0ab
19.7 a

18.3ab
17.1ab
19.2a

*

25.0ab
23.0ab
16.4c
25.3ab
25.0ab
21.9ab
20.1 bc
20.4 bc
25.2ab
24.3 ab
21.5bc
234 ab
26.0 ab
24.8 ab
19.7 bc
24.0ab
249 ab
23.8ab
23.3ab
249 ab
23.6ab
304 a
27.7a
274 a
294 a

*

45.8 ab
42.1ab
23.7¢c
39.5ab
40.5ab
33.8hc
29.7 bc
34.1bc
43.6 ab
44.6 ab
36.3 abc
44.5 ab
42.1 ab
39.5ab
33.0bc
41.9 ab
37.4 ab
43.1ab
39.8ab
44.2 ab
40.9 ab
52.1a
39.8ab
45.6 ab
522 a

*

183.2¢
225.0 bc
167.0d
256.3b
214.7 bc
236.0 bc
286.6 a
178.0 cd
250.7 bc
199.2 be
215.2 bc
190.8 ¢
218.4 bc
233.9hc
202.4 bc
216.4 bc
236.3 bc
232.0 bc
206.5 bc
216.2 bc
211.2 bc
272.3b
264.3 b
227.9 bc
220.0 bc

*

Z Lisianthus seedlings grown in renewed nutrient solution with amino acids and urea

supplementation.

Y Parameters were measured on per plant basis.

* Mean values within the column followed by different letters varied significantly according to the

Tukey's test (n = 30).

“Significant at P < 0.05.
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Fig. 7. Effects of twenty three amino acids and urea on the dry matter production of lisianthus seedlings grown in the renewed nutrient
solution in closed hydroponics. Control (water supply), amino acids are presented as their three letter abbreviation. Mean=SD within
the column followed by different letters varied significantly according to the Tukey's test at P < 0.05 (n = 30).
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Table 2. Effects of twenty three amino acids on the growth of lisianthus seedlings grown
by the non-renewed nutrient solution in closed hydroponic system.

Amino No. of SPAD Plant height  Leaflength  Leafwidth  Root length
acids? leaves (mm) (mm) (mm) (mm)
NRW 13.2 b~ 50.7 69.9 ab 47.7 25.1ab 186.4
RW 143 ab 51.0 78.1ab 52.2 23.8ab 166.2
Urea 149 ab 51.0 79.8 ab 51.4 25.0ab 180.0
Ala 14.7 ab 47.0 60.4 ab 44.8 20.1b 169.4
Arg 15.6 ab 50.9 77.8ab 48.3 23.1ab 190.5
Asn 15.8 ab 49.8 75.4 ab 50.4 23.8ab 168.4
Asp 16.2 ab 50.9 77.8 ab 47.0 24.6 ab 170.7
Cys 16.5a 47.8 61.1b 44.8 22.0ab 209.8
Glu 15.1ab 49.0 71.1ab 47.5 20.2Db 160.7
GlIn 15.8 ab 49.9 89.5a 54.3 26.2a 177.8
Gly 15.0 ab 52.8 88.6a 51.9 243 ab 159.7
Hyp 14.4 ab 51.2 79.8 ab 50.5 23.1ab 162.6
Lys 15.1ab 50.0 82.4 ab 49.2 22.3ab 174.0
Orn 14.8 ab 50.4 80.8 ab 51.3 25.2ab 183.2
Pro 15.6 ab 51.8 85.3ab 48.1 25.8a 180.5
Ser 16.3 ab 45.9 73.5ab 49.1 25.3ab 180.0
Thr 14.7 ab 48.2 74.4 ab 47.7 22.2 ab 150.6
Trp 15.1ab 46.0 77.5 ab 49.0 21.3ab 168.8
Met 14.8 ab 48.9 76.1 ab 49.6 23.2ab 154.1
Leu 14.9 ab 48.9 85.3ab 54.2 24.6 ab 164.9
lle 15.7 ab 46.9 74.3 ab 49.0 21.6 ab 151.4
Cit 15.8 ab 45.8 78.2 ab 48.6 23.8ab 154.5
His 14.3 ab 48.8 76.9 ab 52.3 234 ab 156.4
Phe 145 ab 49.5 80.9 ab 50.8 22.0ab 158.7
Val 14.8 ab 46.1 79.4 ab 51.7 234 ab 169.6
GABA 13.5ab 46.6 66.4 ab 43.1 20.5ab 142.9

*

ns

*

ns

*

ns

* Lisianthus seedlings in renewed (RW), and non-renewed (NRW), and non-renewed nutrient solution with amino acids and urea

supplementation.

*Mean values within the column followed by different letters varied significantly according to the Tukey's test (n = 15).

ns: non-significant or *significant at P < 0.05.
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Fig. 8. Effects of twenty three amino acids and urea on the dry matter production of lisianthus seedlings grown in the
non-renewed nutrient solution in closed hydroponics. RW: renewed, NRW: non-renewed, amino acids are presented as their three

letters abbreviation. Mean==SD within the column followed by different letters varied significantly according to the Tukey's test

at P < 0.05 (n = 15).

31



Fig. 9. Lisianthus seedlings grown in renewed nutrient solution (A) and non- renewed
nutrient solution with foliar application of Ala (B). Injured leaves with yellowish spots
due to Ala application (C).

3.3.1. Expt. I1l. (a) Effects of amino acids on the lisianthus seedlings grown in the

horticultural soil

Based on the seedling growth performance, Gin, Gly, Pro, Met, Leu and His from the
experiment Il and Bet were applied on the lisianthus seedlings grown in horticultural
soils in the cell trays. Growth parameters were measured before transplanting the
seedling in the hydroponic solution in the greenhouse. Compared to the control, amino
acids application exhibited a significant effect on the growth of the seedlings (Table 3,
Fig. 10 and 11). Higher numbers of leaves were found in His treated seedlings. Leaf
length and leaf width were increased when the seedlings were treated with GlIn, Gly, Pro
and His; Gly, Pro and Leu, respectively. Root length of the seedlings within the
substrate was also increased by the application of Pro. Compared to the control, all the
amino acids increased the plant height in lisianthus seedlings. The chlorophyll content
of Leaf measured by SPAD was increased in Urea and Gly applied seedlings. The shoot

fresh weight of the lisianthus seedlings was also increased by the amino acids
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application. Compared to the control, higher shoot fresh weight was measured in Pro

and treated seedlings.

Fig. 10. Amino acids applied lisianthus seedlings grown in cell tray with horticultural
soil.

Fig. 11. Amino acid applied lisianthus seedlings.
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Table 3
Effects of seven amino acids on the growth of lisianthus seedlings grown in horticultural soil under growth chamber condition.

Amino acids’  No. of SPAD Plant height (mm)  Leaf length Leaf width Root length Shoot fresh
leavesY (mm) (mm) (mm) weight (g)
Water 7.6 b 52.8b 57.2c 51.3b 26.8b 168.8 bc 24b
Urea 7.7b 56.2 a 64.9b 55.2 ab 26.9b 142.7 ¢ 2.7ab
Gln 8.0ab 52.2b 68.1 ab 61.8a 29.0 ab 189.5 ab 3.1lab
Gly 8.7ab 57.2a 719a 59.2 a 30.6 a 157.0c 3.0ab
Pro 8.8ab 55.0 ab 725a 61.0 a 325a 205.2a 34a
Met 8.7ab 51.2b 64.2b 53.8 ab 28.8 ab 1745 ab 3.0ab
Leu 8.3ab 53.1b 715a 58.0 ab 31.8a 201.7 ab 33a
His 9.0a 51.8b 67.8 ab 61.8a 28.2 ab 197.7 ab 3.2ab
Bet 8.6 ab 53.1b 66.7 ab 57.5ab 28.7 ab 197.54ab 2.6ab
* * * * * * *

Z Lisianthus seedlings grown in horticultural soil substrate with amino acids and urea supplementation; water supply as control.
Y Parameters were measured on per plant basis.

* Mean values within the column followed by different letters varied significantly according to the Tukey's test (n = 30).
*Significant at P < 0.05.
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3.3.2. Expt. 111. (b) Effects of amino acids on the growth and the flowering of the

lisianthus plants grown in hydroponics in greenhouse

Amino acids treated seedling were categories into two groups in the greenhouse, amino
acids application from seedling to anthesis (A) and only seedling stage (B). Either
amino acid applied or not, lisianthus plants height was increased compared to the
control (Fig. 12 and Table 4). Higher numbers of leaves were evidenced in plants grown
in renewed nutrient solution. Leaf size, Chlorophyll content measured by SPAD and
root length did not show any significant difference among the treatments (Data not
shown here). Shoot dry weight was significantly increased in urea (A), urea (B), Leu
(A). Leu (B), His (B), Bet (A), Bet (B) treated plants. Amino acids have effects on the
flowering of lisianthus. Compared to the control, His (A) treated plants were recorded
with early flowering. Results showed that His treated lisianthus plants with continuous
supply from seedling to reproductive stage, started their anthesis 20 days before against

the control plants. Numbers of bud, flower size and vase life of lisianthus flowers did

not show any significant difference among the treatments (Table 5).

Fig. 12. Harvested lisianthus plants from the greenhouse culture. A= Continuous supplied of
amino acids from seedling to anthesis stage; B= Amino acids supplied only in the seedling
stage. RW, NRW, Urea, GIn, Gly, Pro, Met, Leu, His and Bet treated lisianthus plants from the
left to the right in both A and B.
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Table 4

Effects of amino acids on the growth and anthesis of lisianthus plants grown in the

non-renewed nutrient solution in closed hydroponic culture under greenhouse condition.

Amino acids?  No. of leavesY Plant height (cm) Shoot dry weight (g) Days of anthesis
NRW 23.1 b~ 51.9b 6.1b 109 ab
RW 26.4 a 66.6 a 8.7 ab 93 be
Urea (A) 25.0ab 66.1 a 9.0a 102 ab
Urea (B) 23.9ab 64.8 a 9.3a 100 ab
GIn (A) 25.5ab 65.7 a 8.9 ab 97 ab
GIn (B) 24.8 ab 62.0a 8.6 ab 102 ab
Gly (A) 25.2ab 62.6 a 8.4 ab 94 be
Gly (B) 24.6 ab 65.4 a 8.7 ab 99 ab
Pro (A) 26.0 ab 64.1a 8.9 ab 104 ab
Pro (B) 25.2 ab 66.9 a 8.7 ab 96 bc
Met (A) 25.2 ab 65.1a 8.1ab 92 be
Met (B) 24.0 ab 62.7 a 7.6ab 98 ab
Leu (A) 25.7 ab 64.4a 98a 104 ab
Leu (B) 24.9 ab 63.4a 91a 103 ab
His (A) 25.0ab 63.0a 8.5ab 89c
His (B) 25.3ab 66.2 a 9.8a 91 bc
Bet (A) 25.5ab 67.4a 9.1a 102 ab
Bet (B) 24.9 ab 63.3a 9.3a 113a

*

*

*

*

Z Lisianthus seedlings grown in renewed (RW), non-renewed (NRW), and non-renewed nutrient

solution with amino acids and urea supplementation; (A) = amino acids supplementation from

seedling stage to anthesis; (B) = amino acids supply on the seedling stage only,
Y Parameters were measured on per plant basis.

* Mean values within the column followed by different letters varied significantly according to
the Tukey's test (n = 15).
*significant at P< 0.05.
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Table 5. Effects of amino acids on the flower characteristics of lisianthus plants grown
by non-renewed nutrient solution in closed hydroponic culture under greenhouse

condition.
Amino acids? No. of buds Flower length (mm) Flower width (mm) Vase life (days)
NRW 6 54 42 20
RW 7 55 45 24
Urea (A) 7 54 40 20
Urea (B) 7 53 41 20
GIn (A) 7 56 45 18
GIn (B) 6 54 43 21
Gly (A) 9 54 47 21
Gly (B) 7 56 42 20
Pro (A) 8 55 46 17
Pro (B) 7 56 44 24
Met (A) 7 57 43 21
Met (B) 6 56 45 20
Leu (A) 7 56 42 19
Leu (B) 7 54 42 21
His (A) 8 57 45 21
His (B) 7 56 42 20
Bet (A) 7 57 45 23
Bet (B) 6 55 44 22
ns ns ns ns

Z Lisianthus seedlings grown in renewed (RW), non-renewed (NRW), and non-renewed nutrient
solution with amino acids and urea supplementation; (A) = amino acids supplementation from
seedling stage to anthesis; (B) = amino acids supply on the seedling stage only.

Y Parameters were measured on per plant basis.

ns: non-significant according to the Tukey's test at P < 0.05 (n = 15).
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4. Discussion

Amino acids have profound effects on the growth of lisianthus. In our first experiment
among the twenty three water soluble amino acids, foliar application of His, GABA
increased the dry mass of lisianthus seedlings grown in the renewed nutrient (Fig.7).
Ashrafuzzaman et al., (2010) found that foliar application of GABA increased the
growth of bitter gourd plant. Several researchers also found that foliar application of
amino acids increased the biomass of leafy radish, wheat, lemon grass, bean and onion
plants (Liu et al., 2008; Gupta et al., 2003; Gamal El-din et al., 1997; Nassar et al.,
2003; Amin et al., 2011). N contents of the amino acids might induce the growth of
lisianthus seedlings. N as an essential nutrient plays crucial roles in different aspects of
plant growth and development. Primary metabolites where N is the main component
such as amino acids, the building blocks in the synthesis of proteins, are involved in
plant growth and development (Hounsome et al., 2008). Foliar application of amino
acids increased the protein content in mulberry plants (Das et al., 2002). However,
among the twenty three amino acids Ala, and Ser showed negative effects on the
lisianthus seedlings by decreasing the leaf size and numbers. These amino acids have

negative effects on the growth of lisianthus seedlings.

In non-renewed container based hydroponics, higher dry matter was produced by Pro,
GlIn application and lower dry matter was produced by Ala application. (Fig. 8). GIn
plays an important role to regulate the N status of plants (Glass et al., 2002). Amino
acids are important in many biological molecules, such as forming parts of coenzymes,
or as precursors for the biosynthesis of molecules such as GIn and Orn, which are

precursors for nucleotides and polyamines, respectively (Alcazar et al., 2010). In our
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third experiment, when GlIn, Gly, Pro, Met, Leu, His and Bet were applied on the
lisianthus seedlings, fresh weight of Pro treated seedlings were significantly increased
(Table 3) whereas seedlings applied with water did not increase fresh weight. Declined
seedlings growth might be due to the autotoxic effects of lisianthus root exudates (Asao
et al., 2007). When plants experience autotoxicity, ion uptake and hydraulic
conductivity are inhibited since root is the first organ to come into contact with
autotoxins in the rhizosphere (Blum et al., 1999). Several researchers found positive
impacts of amino acids as foliar spray under stress condition for example Pro to wheat,
Pro, Ala, Ser, and Asp to maize under osmotic stress (Rajagopal and Sinha, 1980;
Thakur and Rai, 1985) and Pro, Phe to maize and board bean under salinity stress (Abd
El-Samad et al., 2011). Pro is the most widely studied because of its considerable
importance in the stress tolerance as compatible osmolyte (MacCue and Hanson, 1990;
Samras et al., 1995, Delauney and Verma, 1993). There are a number of reports that
exogenous application of Pro increases its endogenous levels in plant tissues subjected
to water stress conditions (Ali et al., 2007; Ashraf and Foolad, 2007; Hoque et al., 2007)
which contribute to osmotic adjustment in plant tissues (Bajji et al., 2000). The
improved growth in Pro supplied plants might be achieved by preserving the osmotic
balance, stabilizing subcellular structures, such as membranes and proteins, and
scavenging ROS (Heuer, 2003; Ashraf and Foolad, 2007). Moreover, Pro acts as a
reserve source of carbon, nitrogen and energy during recovery from stress (Zhang et al.,

1997).

When amino acids treated seedlings were transferred to the greenhouse in closed
hydroponic system with either continuous application of same amino acids or water; in
both cases, lisianthus plants increased growth against the control (Table 4). Dry weight
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of shoot was increased in urea (A), urea (B), Leu (A), Leu (B), His (B), Bet (A) and Bet
(B) treated plants. Early flowering of lisianthus plants was evidenced in the His (A)
treated plants. Several hypotheses have been proposed to explain the role of amino acids
in plant growth, Hashimoto and Yamada (1994) suggested several alternative routes of
IAA synthesis in plants, all starting from amino acids. In plants, cytokinins signals are
mediated by multi-component phosphorylation system composed of a His Protein
kinase (Kakimoto, 2003). In Arabidopsis thaliana, intercellular signaling by cytokinin is
referred to as Histidine-to-Aspartate phosphorelay system (Oka et al., 2002). There is
evidence for the plant cytokinin hormones having a central role in signaling plant N
status (Inoue et al., 2001). Vogt (2010) found that aromatic amino acids (AAA) derived
specialized metabolites play important roles in various aspect of plant life such as
growth, development, reproduction, defense and environmental responses. Several His
kinase genes have also been reported to be involved in drought response in Arabidopsis
(Tran et al., 2007; Wang et al., 2012; Muiiiz et al., 2010). From this reports and results,
His might induce synthsis of cytokinins in lisianthus and resulted in growth
improvements. In plants, Leu-rich repeat receptor kinase (LRR-RKSs) regulate a wide
variety of developmental and defense-related processes including cell proliferation,
stem cell maintenance, hormone perception, host specific as well as  non-host specific
defense responses, wounding response and symbiosis (Torii, 2004; De Smet et al.,
2009; Wang et al., 2010). Yang et al. (2003) found that Sorghum bicolor accumulates
Glycine betaine during dehydration stress to recover the stress effects. Tanaka et al.,
(1987) found that amino acids have positive and negative effect on flowering of Lemna
pausicostata by controlling the nutrient uptake. These results indicated lisianthus

seedling growth and its subsequent growth after transplanting are influenced by amino
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acids application. Some amino acids recovered their growth only by the application of
amino acids during the seedling stage, and others needed to apply until the anthesis.
Numbers of bud, flower size and vase life of lisianthus flowers did not show any
significant difference among the treatments. Presenting results indicate that amino acids

have no effects on the flower characteristics and vase life.
5. Summary

Foliar application of amino acids was investigated for the recovery of the growth of
lisianthus (Eustoma grandiflorum (Raf.) Shinn cv. Ichiban-boshi) under autotoxicity
developed in the closed hydroponic system. Twenty three water soluble amino acids
were applied on lisianthus seedlings grown in either renewed or non-renewed nutrient
solution under controlled environment facility of Shimane University. The
concentrations of all amino acids were adjusted to nitrogen content of Proline at 200 mg
L. Compared to the water control, His and GABA application increased the dry matter
contents in renewed nutrient solution. In non-renewed nutrient solution, higher dry
matter was produced by the Pro and Gln treated seedlings whereas Ala treated seedlings
produced the lowest dry matter. Based on the seedling growth in non- renewed nutrient
solution six amino acids namely GIn, Gly, Pro, Met, Leu and His were selected for
further investigation along with Bet as a new amino acids following lisianthus seedling
grown in horticultural soil substrate and the same seedlings were transferred to the
container based closed hydroponic system in the greenhouse. All amino acids
application increased the seedling height in horticultural soil substrate condition. Higher
shoot fresh weight and root length were measured in Pro treated seedlings. Amino acids

treated seedlings were continued under solution culture with either foliar application of
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amino acids or water in the greenhouse. All amino acids treated plants height was
increased either continued with amino acids application or water. His application only in
seedling stage and urea, Leu and Bet application either in seedling or seedling to
reproductive stage increased the shoot dry weight at final harvest. Early flowering of
lisianthus was evidenced in the His treated (from seedling to anthesis) plants. Therefore,
foliar spray of His can recover the growth with early flowering of lisianthus during

autotoxicity in closed hydroponic system.
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CHAPTER 3

Recovery from autotoxicity in strawberry by supplementation of amino acids

1. Introduction

Autotoxicity from the root exudates of strawberry in closed hydroponic culture has been
investigated (Kitazawa et al., 2005). During this phenomenon strawberry plant’s roots
secreted allelochemicals mainly benzoic acid to the culture solution causing damage to
the root cells, which in turns hamper water and mineral nutrient absorption. As a result,
the growth of shoot and root, number of flowers and harvested fruit per plant, and fruit
enlargement reduced greatly. Removal of these inhibitory allelochemicals from the
culture solution would lead to normal growth and yield. In this regards, activated
charcoal has been used to adsorb the accumulated phytotoxic chemicals for the culture
solution and improve the growth and yield in strawberry (Kitazawa et al., 2005), taro
(Asao et al., 2003), cucumber (Asao et al., 1998, 1999, 2000), several leafy vegetables
(Asao et al., 2004a), and some ornamentals (Asao et al., 2007). Other means such as
degradation of growth inhibitors by microbial strain in cucumber (Asao et al., 2004b),
supplementation of auxin in strawberry (Kitazawa et al., 2007) or electro-degradation of
phytotoxic chemicals in strawberry (Asao et al., 2008; Asaduzzaman et al., 2012) were
also found to be effective for recovering the autotoxic effect in closed hydroponics.
However, finding suitable method for controlling autotoxicity in strawberry would be of

great help for the commercial production of strawberry in non-renewed hydroponics.

Allelopathic compounds may induce a secondary oxidative stress manifested as
enlarged production of reactive oxygen species (ROS) (Weir et al., 2004). Toxic ROS
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can affect membrane permeability, cause damage to DNA and protein, induce lipid
peroxidation, and ultimately lead to programmed cell death. Zhen et al. (2003) found
that, when strawberry root exudates accumulated in their growing medium, the growth
and metabolism of roots were inhibited, which resulted in an increase in the percentages
of electrolytes in cells, a decrease in the free radical scavenging activity of roots. Supply
of mineral nutrient alternatively other than by root uptake can sustain plant growth
during this allelochemical stress. The availability and uptake of nitrogen is considered
as the major factor affecting growth which can be sprayed on the leaves as a source of
nutrients (Lea and Azevedo, 2006). Use of foliarly applied urea as a nitrogen source is
common (Bowman and Paul, 1992; Vasilas et al., 1980). For example, in wheat, foliarly
applied urea produced positive effects; these were attributed to higher leaf

photosynthetic rates and higher leaf urease enzyme activities (Peltonen, 1993).

Amino acids are the nitrogenous compound which forms the basic component of all
living cells. It can absorb by leaf exogenously (Furuya and Umemiya, 2002). Therefore,
it has a great potentiality of using under managed culture techniques. Recently they are
used as foliar spray to improve the growth, yield and quality of crops (Mazher et al.,
2011; Takeuchi et al., 2008). Several researchers found positive impacts of amino acids
as foliar spray under stress condition for example Proline to wheat (Rajagopal and Sinha,
1980), Proline, Alanine, Serine, and Asparagine to maize (Thakur and Rai, 1985) under
osmotic stress and Proline, Phenylalanine to maize and board bean under salinity stress
(Abd El-Samad et al., 2011). As the accumulated allelochemicals in closed culture
become stressful to plant, spraying of amino acid to strawberry plants would be positive.

So far, spraying amino acids in recovering strawberry plant growth during autotoxicity
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has not been studied. Therefore, the purpose of the present study was to evaluate the
performance of amino acids on the recovery of growth and yield of strawberry plants

under autotoxicity in closed hydroponic culture.

2. Materials and Methods

2.1. Culture of strawberry plants in container based hydroponics

Strawberry (Fragaria x ananassa Duch. cv. Toyonoka) plantlets reproduced through
plant tissue culture were used for this experiment. The study was conducted in 100 m?
glasshouse of Experimental Research Center at Biological Resources Science, Shimane
University. Initially strawberry plantlets at four to five leaves stage were transplanted to
plastic container (20 x 54 x 34 cm) with 55 L of 25% Enshi nutrient solution (pH 7.25
and EC 0.8 dS m™) (Fig. 13 and 14). The full strength Enshi nutrient solution contains
the following amount of salts per 1000 L of tap water: 950 g Ca(NO3),-4H20; 810 g of
KNOs; 500 g of MgSO4-7H20; 155 g of NH4H2PO4; 3 g of H3BOg3; 2 g of ZnSO4-7H:0;
2 g of MnSO4-4H>0; 0.05 g of CuS04-5H,0; 0.0 2g of Na2MoOg; 25 g of NaFe-EDTA
(Hori, 1966). Five plantlets were planted in each container in such a way that the roots
were inserted into the nutrient solution inside the container keeping shoot outside.
Urethane foam block (23 mm x 23 mm x 27 mm) was used for holding the plant tight
with a floating board on the nutrient solution. Nutrient solutions were circulated 24 h by
pumps (KP-101, Koshin, Kyoto, Japan) with automatic timer (KS-1500, luchi, Osaka,
Japan) which were either renewed or non-renewed entirely and non-renewed with amino
acids and urea application. Renewed culture solutions were changed biweekly with new
nutrient solutions and non-renewed nutrient solutions were analyzed for major nutrients

and adjusted as close as possible to initial concentrations at every two weeks on the
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basis of chemical analyses with Compact NOs™ meter (B-343, Horiba, Ltd. Kyoto,
Japan) for NOs~, Spectrophotometer (U-2900, Hitachi, Tokyo, Japan) for PO.% and
Polarized Zeeman Atomic Absorption Spectrophotometer (Z-2310, Hitachi, Tokyo,
Japan) for K*, Ca%*, Mg?* and Fe®*". Two day after transplanting, twenty two water
soluble amino acids viz., Alanine (Ala), Arginine (Arg), Asparagine (Asn), Aspartic acid
(Asp), Cysteine (Cys), Glutamatic acid (Glu), Glutamine (GlIn), Glycine (Gly),
Hydroxy-proline (Hyp), Lysine (Lys), Ornithine (Orn), Proline (Pro), Serine (Ser),
Threonine (Thr), Tryptophan (Typ), Methionine (Met), Leucine (Leu), Isoleucine (lle),
Citrulline (Cit), Histidine (His), Phenylalanine (Phe), and Valine (Val) and urea were
individually sprayed as foliar application at 2 mL per plant by a 500 mL sprayer three
times a week on the strawberry plants grown in non-renewed nutrient solution. The
concentrations of urea and amino acids were adjusted to nitrogen content of Pro at 200
mg L to maintain the same concentration level. The dates of anthesis were recorded for
each plant to check whether any influence of amino acids on flowering of strawberry
among the treatments. Pollination was aided by a soft brush at two days intervals. Fruits
were harvested when those became about 80% red in colour. At each harvest fresh
weight of fruits were recorded and gathered for final yield calculation. At final harvest,
leaf number, leaf length and width, root length, crown diameter, fresh weight of leaf,
crown and inflorescence were recorded. Then strawberry plant parts were separated into
leaf, crown, inflorescence and root and dried in a constant temperature oven (DKN 812,
Yamato Scientific Co., Ltd. Japan) for 72 h at 80 °C. When the dry matter reaches

constant weight, dry weight of different plant parts was measured.
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Fig. 13. Four to five leaves stage strawberry plantlets supported by urethane blocks
grown in container based closed hydroponic system.

—
|

Fig. 14. Strawberry plants grown in container based hydroponic system.
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2.2. Culture of strawberry plants in Wagner’s pot based hydroponics

Seven amino acids were selected for their better growth and yield performance in the
container based hydroponics. These short listed amino acids were further investigated in
the glasshouse following Wagner's pot hydroponics using strawberry cultivar 'Toyonoka'.
Healthy plantlets obtained through micro propagation with five to six leaves were
planted into Wagner’s pot (ten plants in one line) connected with a plastic reservoir (63
x 48 x 22 cm) containing 60 L of 25% Enshi nutrient solution in closed hydroponic
system (Fig. 15). The system includes main inlet pipes (15 mm diameter) for supply and
drainage of nutrient solution between reservoir and pots, Wagner's pot (1/5000a, NF-5,
AsOne, Osaka, Japan) with 3 L capacity for planting, inlet tubes (4 mm diameter) to
supply solution to the pots, and 60 L capacity nutrient solution container with a pump
(KP-101, Koshin, Kyoto, Japan). The culture solution was not renewed during the entire
growth period and it was recycled through the pipes for 5 min at 10 min intervals using
an automatic pump timer (KS-1500, luchi, Osaka, Japan). One month after transplanting,
the selected amino acids viz., Ala, Glu, Hyp, Thr, His, Phe, including
gamma-aminobutyric acid (GABA) and water as control were sprayed on leaves of
strawberry plants. The concentrations of all amino acids were adjusted to nitrogen
content of Pro at 200 mg L™%. Water and amino acids were applied at 1.4 mL per plant by
a 100 mL sprayer three times a week. The major nutrients in the non-renewed culture
solution were analyzed and adjusted following methods and instruments used in
container based hydroponics at every two weeks. Other cultural practices were done as
described in the previous culture. Fruits were harvested when those became about 80%
red in colour. The harvested fruits were grouped into three stages based on their

harvesting date and gathered for final yield calculation. The relative amount of
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chlorophyll in strawberry leaves were measured (SPAD-502 plus, Konica Minolta
Sensing, Inc. Osaka, Japan) at final harvest. Growth and yield of strawberry plants were

measured following the methods as described in the previous culture.

Fig. 15. Wagner's pot based hydroponics system for strawberry culture in greenhouse.

2.3. Determination of fruit qualities of strawberry

After harvest fruits were composited and were frozen at —30 °C for subsequent analysis
of soluble solids, titratable acid and ascorbic acid content. Fruit samples were kept out
of freezer before analysis to obtain juice for determining the above qualities of
strawberry fruits. The soluble solid content of fruit collected from container based
culture was determined using a digital refract meter (AsOne, SpittzIPR-101a, Osaka,
Japan) whereas, fruits of Wagner's pot culture was determined using a pocket digital
refractometer (PAL-1, Atago Ltd., Japan). Titratable acid contents were determined by
diluting each 2 mL aliquot of strawberry juice to 10 mL with 8 mL distilled water and

added 2-3 drops of phenolphthalein then adjusted the pH to 8.2 using 0.1 N NaOH.
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Then the titratable acid was converted into % citric acid. The ascorbic acid content was
measured with 2,4-dinitrophenylhydrazine (DNP) colorimetry. Strawberry fruit juice
(0.5 mL) were taken in 50 mL test tube then 0.5 mL of 10% meta-phosphoric acid
solution, 1 mL of distilled water, 1 mL of 0.03% 2,6-dichlorophenol-indophenol (DCP),
2 mL of thiourea, and 1 mL of 2,4-DNP was added to the samples following 3 h
incubation at 37 °C in water bath (BW400, Yamato Scientific Co. Ltd. Japan). After
incubation samples 5 mL of 85% H>SO4 were added keeping in water cooled with iced
water. After 30 min cooling ascorbic acid content was measured at 520 nm by

spectrophotometer (U-2900, Hitachi High Technologies Corporation, Tokyo, Japan).

2.4. Culture of strawberry plantlets under in vitro condition

In order to control the effects of environmental factors and also microbial degradation
of amino acid, strawberry plantlets were cultured under in vitro condition at Plant
Factory supported Research Laboratory of Shimane University. Strawberry cv.
Toyonoka plantlets of similar vigor were transferred into a culture box (100 x110 x100
mm) with 100 mL substrate (Fig. 16). The plant boxes were capped with bio-filter (for
aeration) and placed in growth chamber at 20/15 °C (day/night) under florescent light
with intensity of 74-81 umol m2s™and 12 h photoperiod. The substrates were prepared
using 25% Enshi nutrients solution (EC 0.8 dS m™) with agar (9 g L™?) as solidified
agent and sucrose (30 g L) as carbon source. One plantlet was planted in each plant
box and three plant boxes were used for each treatment with three replications. The
seven amino acids (Ala, Glu, Hyp, Thr, His, Phe and GABA) used in the Wagner's pot
hydroponics were also used in this experiment with water, urea and renew of substrate

as control. In case of renew of substrate, it was changed to new substrate biweekly and
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water, urea, amino acids were sprayed on the strawberry leaves at 3.0 mL per plant
using 0.45 pum syringe filter (Toyo Roshi kaisha, Ltd. Japan) inside the clean bench. The
concentrations of urea and amino acids used were adjusted to nitrogen content of Pro at
200 mg L. After eight weeks, growth variables and relative amount of chlorophyll

content in strawberry plants were measured and compared among the treatments.

Fig. 16. In vitro culture of strawberry plantlets into the plant box.

2.5. Determination of nutrient contents of in vitro cultured strawberry plantlets

Strawberry plant parts were separated into leaves, stem and root sand kept in a constant
temperature oven (DKN 812, Yamato Scientific Co. Ltd., Japan) for at least 72 h at
80-C. When the dry matter reached the constant weight, it was ground into powder with
a mixer machine (National MX-X53, Japan). Samples weighing 0.5 g were mixed with
8 ml of HNO3 and digested by microwave sample preparation system (ETHOSI,
Milestone S.r.I, Bergamo, Italy). After digestion, samples were measured up to 50 ml of
volumetric flask and then filtered with qualitative filter paper (Grade no. 131, Toyo
Roshi Co. Ltd, Tokyo, Japan). The filtered sample solutions were analyzed for K, Ca,
Mg, Fe and Na by Zeeman Atomic Absorption Spectrophotometer (Z-2310, Hitachi,

Tokyo, Japan).
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2.6. Statistical analysis

A randomized complete block design with three replicates was used for both culture of
strawberry in container based hydroponics and Wagner's pot hydroponics in the
greenhouse whereas, complete block design was performed in culture of strawberry
plantlets in vitro condition. Analysis of variance was performed to test for statistical
differences among the treatments and mean separations were performed by Tukey’s
Honestly Significant Difference (HSD) and Least Significant Difference (LSD) test at P

< 0.05 level of significance by MSTATC statistical software.
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3. Results

3.1.1. Evaluation of twenty two amino acids on the growth of strawberry plants
under autotoxicity in container based hydroponics

Foliar application of twenty two amino acids showed significant influence on the
growth of the strawberry plants grown in non-renewed culture solution in hydroponics
(Fig. 17 and Table 6). Plants grown in renewed nutrient solution produced bigger leaves
compared to plants grown in non-renewed nutrient solution. Leaf size was not
significantly increased by foliar spray with Arg, Asp, GIn, Gly, Orn, Pro, Ser, Met, Leu,
lle, Cit and Val. Spray of Ala, Cys, Glu, Hyp, Lys, Thr, Trp, His and Phe on the leaves
of strawberry plants grown in non-renewed nutrient solution increased leaf length and
width compared with water as control. Number of leaves did not differ significantly in
plants grown in non-renewed nutrient solution with or without supplementation of
amino acids. Longer roots were recorded in plants sprayed with urea, Ala, Cys, Lys, Trp
and grown in renewed nutrient solution compared to other amino acids. Smaller crowns
were found in Gly, Pro, Ser, Met, Leu and Val sprayed plants compared to plants grown
in renewed culture solution. Higher leaf fresh weight was measured in Cys, Glu, Trp
and Phe treated plants compared to plants grown in non-renewed solution. Crown fresh
weight was increased in plants sprayed with urea, Ala, Cys, Glu, GIn, Hyp, Lys, Thr,
Trp, Cit, His, Phe and Val whereas, fresh weight of flowering bud was increased in
plants sprayed with Cys, Glu, Hyp, Lys, Thr, Trp, His and Phe. Among the amino acids
applied Cys, Glu, Lys, Trp, His and Phe supplemented plants produced higher dry
weight in leaves, crown, inflorescence and root compared to plants in non-renewed
nutrient without amino acid application (Fig. 18). Ala, Hyp and Thr also produced

higher dry matter in all parts except leaves. From above results it is evident that growth
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variables were reduced when strawberry plants were grown in non-renewed nutrient
solutions compared to renewed solution but these were improved in plants grown in

non-renewed nutrient solution with the supplementation of Ala, Cys, Glu, Hyp, Lys, Thr,

Trp, His and Phe.
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Fig. 17. Effects of different amino acids on the growth of strawberry plants in
container based closed hydroponic system.
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Table 6. Effect of twenty two amino acids on the growth of strawberry plants grown by non-renewed nutrient solution in closed hydroponic system.

Amino Number of Leaf Leaf Root Crown FW of FW of FW of
Acids? leavesY length (cm) width (cm) length (mm)  diameter (mm) leaves (g) crown () flowering bud (g)
RW 42.4 ab* 374 a 21.7 a 3725ab 495 a 194.6 a 11.7a 146a
NRW 24.0 ab 17.0c 13.3 bc 283.7 bc 39.8ab 26.3¢C 45b 5.1 bc
Urea 28.1ab 27.0b 18.7 ab 4015a 39.5ab 73.9 bc 8.7 ab 6.6 bc
Ala 38.4 ab 29.5ab 20.2 ab 334.0ab 36.5ab 121.2 be 9.1ab 8.9b
Arg 33.0ab 179¢c 12.9 bc 2345¢c 38.0ab 36.0c 5.4b 6.4 bc
Asn 30.0 ab 26.3b 179 ab 297.5bc 35.5ab 56.5¢ 45b 6.7 bc
Asp 33.6ab 25.4 bc 18.1ab 281.9 bc 32.1ab 73.9 bc 6.1b 8.2 bc
Cys 40.2 ab 33.3ab 20.3 ab 335.0ab 41.2 ab 147.2 ab 9.5ab 10.9 ab
Glu 37.8ab 33.2ab 21.5ab 314.0b 38.5ab 146.7 ab 9.2ab 12.8 ab
Gln 25.3ab 25.5 bc 17.0b 3205b 34.6 ab 56.7 ¢ 6.9 ab 6.3 bc
Gly 23.4 ab 15.8¢ 12.5bc 282.3 bc 29.7b 28.2¢c 5.8b 3.3bc
Hyp 36.0 ab 30.6 ab 19.5ab 3175b 41.5ab 105.7 bc 8.7 ab 11.1ab
Lys 34.8 ab 33.3ab 21.6 ab 336.0ab 43.5ab 128.3b 9.0ab 11.5ab
Oorn 24.5 ab 23.7 bc 15.4 bc 306.5b 39.8ab 40.1c 5.4b 4.8 bc
Pro 236D 20.1 bc 15.3 bc 300.5 bc 239D 39.5¢ 43b 4.0 bc
Ser 25.8 ab 19.8 bc 16.3 bc 292.1 bc 235b 48.6 ¢c 56b 5.9 bc
Thr 349 ab 32.0ab 20.5ab 3045b 43.5ab 100.8 bc 8.9 ab 9.9 ab
Trp 43.7 a 35.1ab 21.4 ab 3745 ab 47.0ab 139.5ab 11.4 ab 10.9 ab
Met 28.2 ab 19.0 bc 13.7 bc 293.0 bc 28.6b 325¢ 43b 3.5bc
Leu 31.2ab 10.1¢ 11.8¢c 276.3 bc 275b 29.4 ¢ 3.6b 26¢
lle 329b 21.2 bc 14.1 bc 297.0 bc 36.0 ab 495¢c 5.0b 5.7 bc
Cit 22.7 ab 15.8¢ 13.7 bc 283.5 bc 33.0ab 23.1c 6.6 ab 3.9bc
His 39.5ab 32.3ab 21.0ab 319.0b 36.6 ab 123.4 b 11.1ab 10.4 ab
Phe 41.4 ab 33.4ab 21.8a 329.0b 39.3ab 145.3 ab 9.2ab 11.4 ab
Val 27.4 ab 20.1 bc 14.6 bc 279.5 bc 28.8b 37.3¢c 7.8ab 4.8 bc
* * * * * * * *

zStrawberry plants grown in renewed (RW), non-renewed (NRW), and non-renewed nutrient solution with amino acids and urea application.
YParameters were measured on per plant basis; Fresh weight (FW), Dry weight (DW).

¥ Means within column followed by different letters are significant according to Tukey’s test at P < 0.05 ( n = 15).

* Significant at P < 0.05.
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Amino acids

Fig. 18. Effects of twenty two amino acids on the dry matter production of strawberry plants grown in non-renewed nutrient
solution in closed hydroponic system. RW: Renewed, NRW: Non-renewed, amino acids are presented as their three letters

abbreviation.
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3.1.2. Evaluation of twenty two amino acids on the fruit yield and quality of
strawberry plants under autotoxicity in container based hydroponics

Amino acids lead a positive effect on the yield attributes and fruit quality of strawberry
grown in container based hydroponics (Fig. 19, 20, 21; Table 7). Anthesis date was
influenced by the application of amino acids on strawberry plant leaves and it was
found that about 23 days earlier flowering in Ala, Arg, Asn and Phe sprayed plants. Fruit
yield per plant was decreased about 74% in plants grown in non-renewed nutrient
solution against the plants grown in renewed nutrient solution. Application of urea, Ala,
Asn, Asp, Cys, Glu, GIn, Hyp, Lys, Orn, Thr, Trp, His, Phe and and Val improved fruit
yield in plants grown in non-renewed nutrient solution which was attributed by number
of flowers and number of mature fruits. Average fruit weight also correspond the yield
in these amino acid supplemented plants. There were no significant differences among
the amino acid applied in terms of strawberry fruit qualities such as soluble solids, citric

acidity and ascorbic acid.

Fig. 19. Strawberry fruits harvested from container based hydroponic system.
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Fig. 20. Effect of twenty two amino acids on the flowering and fruit setting of strawberry plants grown in non-renewed nutrient

solution in closed hydroponic system. RW: Renewed, NRW: Non-renewed, amino acids are presented as their three letters

abbreviation.
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Fig. 21. Effect of twenty two amino acids on the yield of strawberry plants grown in non-renewed nutrient solution in closed

hydroponic system. RW: Renewed, NRW: Non-renewed, amino acids are presented as their three letters abbreviation.
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Table 7. Effect of twenty two amino acids on fruit quality of strawberry plants grown

by non-renewed nutrient solution in closed hydroponic system.

Amino acids? Soluble solids¥ Citric acidity Ascorbic acid
(%) (%) (mg/100g)
RW 7.5 0.42 61.3
NRW 5.8 0.38 69.3
Urea 7.2 0.45 55.9
Ala 7.6 0.45 57.3
Arg 8.3 0.45 54.2
Asn 7.8 0.48 55.1
Asp 6.5 0.42 54.5
Cys 6.7 0.38 74.1
Glu 7.2 0.38 60.8
Gln 7.2 0.42 64.1
Gly 7.0 0.35 57.5
Hyp 6.9 0.35 55.4
Lys 7.1 0.26 55.0
Orn 6.0 0.38 58.3
Pro 6.4 0.32 50.1
Ser 7.8 0.35 44.5
Thr 7.5 0.32 50.8
Trp 8.0 0.35 58.4
Met 7.1 0.42 76.3
Leu 7.8 0.42 64.6
lle 8.0 0.54 74.9
Cit 7.3 0.48 60.9
His 7.4 0.35 78.6
Phe 7.5 0.42 69.3
Val 7.4 0.35 72.0
ns ns ns

z Strawberry plants grown in renewed (RW), non-renewed (NRW), and non-renewed nutrient
solution with amino acids and urea application.
Y Parameters were measured on per plant basis.

" Non-significant according to Tukey’s test at P < 0.05 (n = 15).
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3.2.1. Effects of selected seven amino acids on the growth of strawberry plants
under autotoxicity in Wagner’s pot based hydroponics

The effects of seven amino acids were investigated on the growth of strawberry plants
grown in recycled culture solution in Wagner’s pot closed hydroponic system. Result
showed a significant difference in plants growth supplemented with amino acids (Table
8). Among the amino acids, Ala, Glu, Phe and GABA supplemented plants increased
their leaf fresh weight by about 25, 22, 25, and 23%, against water spray as control,
respectively whereas leaf dry weight was significantly increased only in Glu and His
treated plants. There was no significant difference among the treatments in terms of
number of leaves, relative amount of chlorophyll content and crown fresh weight.
Bigger crown was found in Glu (22.0 mm), Hyp (21.8 mm) and GABA (18.9 mm)
treated plants. Foliar spray of Hyp significantly increased the crown dry weight. Amino
acids have influence on the root growth which was evidenced in Glu, Phe and Hyp
supplemented plants where these amino acids increased by 33, 41 and 59% dry weight

of root, respectively compared with control.
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Table 8. Effect of seven amino acids on the growth of strawberry plants grown by non-renewed nutrient solution in Wagner’s pot based

hydroponic system.

Amino No. of SPAD FW of FW of Crown Root DW of DW of DW of
acids? leaves® leaves crown diameter length leaves crown root
) ) (mm) (mm) () (9 (9
Water 72.6 38.8 223.2b° 38.9 159d 32.6 ab 51.3b 75b 10.5¢
Ala 91.3 38.7 278.1a 44.0 17.0 cd 30.2 ab 63.0 ab 8.5ab 12.0 be
Glu 84.5 38.4 2728 a 459 22.0a 32.5ab 67.9a 10.2 ab 14.0 ab
Hyp 87.8 39.5 269.6 ab 49.8 21.8ab 32.0ab 64.5 ab 11.3a 16.7 a
Thr 60.2 385 256.1 ab 49.0 17.4 cd 284D 63.4 ab 8.8ab 11.8 bc
His 88.5 38.4 268.1 ab 47.6 16.5 cd 32.0ab 66.9 a 8.2b 12.2 be
Phe 94.1 39.2 279.0 a 48.2 18.3 cd 30.5ab 64.2 ab 10.2 ab 14.8 ab
GABA 94.8 39.2 274.0 a 49.2 18.9 bc 34.3a 63.9 ab 9.8ab 13.5 abc
ns ns * ns * * * * *

a Strawberry plants grown in non-renewed nutrient solution with amino acids application.
® Parameters were measured on per plant basis; Fresh weight (FW), Dry weight (DW).
¢ Means within column followed by different letters are significant according to LSD test at P < 0.05 ( n = 15).

"™ Non-significant or significant at P < 0.05, respectively.
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3.2.2. Effects of seven amino acids on the fruit yield and quality of strawberry
plants under autotoxicity in Wagner’s pot based hydroponics

Application of amino acids greatly influenced the yield in strawberry plants following
recycled Wagner's pot hydroponics (Table 9). Ala, His, Thr, Hyp and Glu treated plants
increased fruit yield in 30, 38, 40, 50 and 51% in comparison to control. In these
treatments the highest numbers of fruits were recorded. Spraying of Phe and GABA did
not influenced on the fruit yield of strawberry. Greater numbers of fruits were recorded
from Ala, Thr, His, Glu and Hyp treated plants. Average fruit weight was not
significantly improved by the amino acids under investigation. Application of amino
acids did not left any effects on the soluble solid content at different stages of harvested
strawberry fruits, however, citric acid content (%) in fruits significantly varied in all
three stages (Table 10). In the stage I, Glu, Hyp and GABA treated strawberry plants
produced fruits with high citric acid content whereas in the stage Il it was higher in Glu
and GABA supplemented plants fruits. In the stage 111, the higher citric acid levels were
found in fruits with, Ala, Hyp and GABA application. Although ascorbic acid content in
the strawberry fruits was varied in the early harvested fruits but in the mid and later

harvested fruits did not differ it significantly.
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Table 9. Effect of seven amino acids on the fruit yield of strawberry in Wagner’s pot
based hydroponic system.

Amino Number of Average fruit Fruit yield
acids? fruitsY weight (g) (9)
Water 63.3 ¢* 6.7 432.2 d*
Ala 88.2 ab 6.8 560.2 abc
Glu 90.4 ab 7.3 654.2 a
Hyp 975a 6.8 649.8 a
Thr 90.5ab 6.7 606.2 ab
His 89.2 ab 7.0 594.7 ab
Phe 77.3bc 6.9 474.1 cd
GABA 72.8 bc 7.3 498.2 bcd
*ook ns *ok

z Strawberry plants grown in non-renewed nutrient solution with amino acids application.

Y Parameters were measured on per plant basis; Fresh weight (FW), Dry weight (DW).

*Means within column followed by different letters are significant according to LSD test at P <
0.05 (n=15).

ms.** Non-significant or significant at P < 0.01, respectively.

64



Table 10. Soluble solid content, citric acidity and ascorbic acid content in fruits of
strawberry plants supplemented with amino acids in Wagner’s pot based hydroponic

system.  Fruits harvested at stage | (2011/3/25-2011/4/30), stage Il
(2011/5/1-2011/5/25) and stage 111 (2011/5/26—-2011/6/20).
Amino  Soluble solid content (%) Citric acidity (%) Ascorbic acid (mg/100g)
acids? Stage  Stage  Stage Stage Stage Stage Stage  Stage  Stage
I I Il | I Il | 1| Il
Water 7.6 7.3 7.9 0.22 bY 0.22¢c 0.26 b 42.1ab 410 40.3
Ala 6.7 7.1 7.0 0.35ab 0.26bc 045a 456a 396 393
Glu 7.9 7.3 7.1 051a 038ab 0.35ab 416ab 380  36.2
Hyp 6.8 5.8 7.3 045a 0.35abc 041la 409bc 384 35.7
Thr 6.0 5.6 6.8 0.38ab 0.32abc 0.35ab 378bc 412 384
His 7.4 7.3 7.2 0.38ab 0.29bc  0.22b 409bc 426 386
Phe 6.8 6.8 6.7 0.38ab 0.29bc 0.35ab 37.0c 412 374
GABA 7.4 6.0 7.8 0.58 a 045a 0.45a 41.7ab  38.8 40.7
ns ns ns ** ** e * ns ns

z Strawberry plants grown in non-renewed nutrient solution with amino acids application.
Y Means within column followed by different letters are significant according to LSD test at P <
0.05 (n=15).

ns, * = **

Non-significant or significant at P < 0.05, 0.01%, respectively.
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3.3.1. Effects of seven amino acids on the growth of strawberry plantlets under in
vitro condition

Growth of strawberry plantlets was evaluated under in vitro condition with the
supplementation of seven amino acids (Fig. 22 Table 11). Leaf number was increased in
amino acids supplied plantlets compared to water control. Higher numbers of leaves
were counted in plantlets cultured in renewed substrates as control. Urea, Ala, Glu, Phe
and GABA treated plantlets increased their relative amount of chlorophyll content
against water control. The longest leaf was found in renewed substrate plantlets and all
the amino acids supplied plantlets increased their leaf length over water control.
Compared with water and urea, Thr improved the leaf width. Ala, Glu, Hyp and GABA
treated plantlets resulted in longer roots against water and urea while the longest root
was found in renewed substrate plantlets. The results showed that only Hyp application
improved the crown diameter. Treated with Hyp produced bigger crown compared to
other amino acids. Higher fresh weight of leaf was obtained when plantlets were
sprayed by Glu and Hyp as compared to water spray as control. Hyp treated plantlets
increased their crown and root fresh weight against water control. All the amino acids
treated plantlets improved their root fresh weights against water control. Hyp treated
plantlets also produced significantly higher root fresh weight than plantlets grown in
renewed substrates. In case of leaf dry weight, Hyp and urea treated plantlets gained
higher weight which are similar. Crown dry weight did not showed any significant
difference among the amino acid treatments. Under in vitro condition strawberry
plantlets improved the root dry matter against water and renewed control. Highest root
dry weight was found in Glu treated plant and other amino acids such as Ala, Thr, Hyp

and GABA; as well as urea also improved.
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Fig. 22. Amino acids treated 8 weeks in vitro strawberry plantlets (Wat=water as control,
RW= Renewed substrate treated plantlets).
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Table 11. Effect of seven amino acids on the growth of strawberry plantlets under in vitro condition.

Amino  Number SPAD Leaf Leaf Root Crown FW of FW of FW of DW of DWof DW of
acids? of length width length diameter leaves crown root leaves crown  root
leaves (mm)  (mm) (mm) (mm) (mg) (mg) (mg) (mg) (mg)  (mg)
RWX 12.6 & 40.7bc 58.2a 458 a 181.2a 35D 1480.0 a 1540Db 962.0c 284.0a 28.0 102.0c
Water 6.9¢ 42.7¢ 43.2¢c 37.8¢ 8l4e 34b 967.8¢c 1256 b 691.1d 201.1c 27.8 97.8¢
Urea 9.3b 48.0ab 476D 38.0c 86.0de 3.8hb 11856 bc 11440b 1470.0 a 270.0 ab 31.1 164.4a
Ala 8.7b 48.6 a 489 b 40.8 bc 116.8bc  3.7Db 1049.2bc  147.0b 1126.7 bc 220.0 bc 30.0 153.3 ab
Glu 8.6 bc 48.1ab 523ab 41.5bc 130.1b 39b 1194.7 b 169.7 b 1112.8 bc 228.3 bc 344 167.8 a
Hyp 9.6b 447bc  469b 41.0 bc 1143bc 4.7a 1218.3 b 255.0a 1304.2 ab 267.5ab 39.2 150.8 ab
Thr 89b 442bc  473b 42.4 ab 103.3cd 38D 1048.0bc  1429b 1137.5bc 220.0 bc 29.2 154.2 ab
His 9.3b 46.4bc  439b 37.8¢c 91.3de 4.0ab 1049.2bc  140.0b 1005.8 ¢ 218.6 bc 35.0 124.2 bc
Phe 9.3b 478ab 452b 38.9 bc 101.1cde 3.9ab 1078.9bc 142.2b 1060.6 bc 224.8 bc 28.3 123.3 bc
GABA 94D 46.8ab 478D 40.9 bc 1222bc 4.0ab 1179.2bc 175.8ab  1228.3abc  233.3 abc 325 155.8 ab

* * * * * * * *
*

*

ns

*

z Strawberry plants cultured in renewed (RW) and non-renewed substrate with amino acids and water application.
Y Parameters were measured on per plant basis; Fresh weight (FW), Dry weight (DW).
¢Means with column followed by different letters are significant according to Tukey’s test at P <0.05 (n =9).

"™ Non-significant or significant at P < 0.05, respectively.
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3.3.2. Effects of seven amino acids on the nutrient contents of in vitro cultured
strawberry plantlets

K, Ca, Mg and Fe contents of strawberry plant parts were determined. Compared to the
control, amino acids applied plantlets increased the mineral contents in their different
plant parts (Table 12). K contents of roots were increased when Glu was applied as
foliar on the plantlets. Higher K, Ca, Mg and Fe contents were evidenced in the
plantlets grown in renewed substrate. Compared to the control, Ca content increased in
His treated crown and Glu, Hyp, Thr treated roots. Among the amino acids treated
plantlets, higher level of Mg were measured in Hyp treated roots. Leaf Fe content was

increased by the application of GABA.
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Table 12. Effects of amino acids on the nutrient contents in the strawberry plantlets grown in in vitro condition

Amino K (mg/g) Ca (mg/g) Mg (mg/g) Fe (mg/g)
i z

ol Leaf¥ Crown Root Leaf Crown Root Leaf Crown Root Leaf Crown Root
RW 521.5 a* 25.4 ab 43.6 ab 74.7 a 2.1c 9.5 bc 55.0a 1.1 9.7ab 52a 0.11 1.1b
Water 218.3b 224 ab 36.6b 355h 6.0 bc 185b 25.1b 3.3 6.6b 24D 1.59 6.5a
Urea 179.7b 25.1ab 62.0 ab 47.8 ab 8.7 abc 32.1ab 276 b 4.3 13.5ab 25ab 0.12 79a
Ala 247.2b 32.2ab 62.4 ab 58.8 ab 13.2 ab 27.8 ab 31.1b 6.0 10.6 ab 3.7ab 0.52 5.8ab
Glu 262.2b 38.1a 88.0 a 50.7 ab 13.2 ab 355a 31.6hb 7.4 16.7 ab 3.4ab 0.54 85a
Hyp 2452 b 15.8 ab 80.4 ab 62.9 ab 7.5 abc 41.7 a 295h 3.7 20.0 a 3.3ab 0.19 7.4 a
Thr 243.8b 24.2 ab 83.8 ab 59.3 ab 13.3ab 37.8a 329b 5.4 15.8 ab 3.7ab 0.44 8.1la
His 207.4b 36.1a 59.2 ab 53.6 ab 174 a 24.7 ab 25.7b 7.3 11.2 ab 16b 1.53 29b
Phe 185.5hb 10.6 ab 40.2 ab 52.0 ab 7.2 abc 21.1ab 27.7b 2.4 9.9ab 29ab 0.13 5.2ab
GABA 246.7b 39D 82.2ab 62.8 ab 7.2 abc 34.6 ab 34.7b 3.0 20.3 a 50a 0.21 7.3a

*

*

*

*

*

*

*

ns

ns

zStrawberry plants cultured in renewed (RW) and non-renewed substrate with amino acids and water application.
Y Parameters were measured on per plant basis.

*Means with column followed by different letters are significant according to Tukey’s test at P <0.05 (n=9).

" Non-significant or significant at P < 0.05, respectively.
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4. Discussion

When plants experiences autotoxicity, ion uptake and hydraulic conductivity (i.e., water
uptake) are worse affected processes since root is the first organ to come into contact
with autotoxins in the rhizosphere (Blum et al., 1999). Alternative means of supplying
mineral nutrient other than absorption by roots can overcome this problem for
sustainable growth and yield of strawberry. Studies on the effects of amino acids on the
growth and vyield of strawberry plants in closed hydroponics would be interesting. In
container based hydroponics when twenty two amino acids were sprayed, dry weight of
strawberry plants were increased (Fig. 18) which accord with the results of Nassar et al.
(2003) and Amin et al. (2011) where foliar application of amino acids increased the dry
weight of bean and onion plants respectively. As amino acids are the precursor of
chlorophyll synthesis, it plays active role in dry matter production in plants (Yaronskaya
et al., 2006). Moreover foliar application of amino acid increased plant protein content
which ultimately increased the dry matter (Das et al., 2002). The regulatory effects of
certain amino acids, like Phe and Orn, on plant development through their influence on
gibberellins has been suggested by Waller and Nowacki (1978). Plants grown in
non-renewed nutrient solution showed growth and yield declined but when plants were
supplied with Hyp, it produced higher growth and fruit yield all three cultures. The
possible reason might be its presence in the cell wall as Hyp-rich glycoproteins, is an
extra-cellular structural protein of plant cell walls and extra-cellular matrix during
normal development and in response to stress, autotoxicity in this case (Kieliszewski,
2001; Kieliszewski and Shpak, 2001). The higher fruit yield in amino acid
supplemented plants than water sprayed plants were due to greater vegetative growth.

This positive effect on growth and yield might be due to the assimilation and
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metabolism of nitrogen in strawberry plants. For example, Glu is known to have a
central role in nitrogen metabolism and is the preferential amino-donor for the different
aminotransferase reactions for subsequent amino acid interconversions (Lea and Ireland,
1999). Therefore, greater fruit yield was contributed by vigorous growth, number of

flowers, number of mature fruits per plant, and average fruit weight.

In Wagner's pot hydroponics, results revealed that the total dry weight (data not shown)
was higher in plants sprayed with Glu, Hyp, and Phe than plants grown in non-renewed
nutrient solution with water spray. This accord with Mazher et al. (2011) who reported
foliar application of Glu increased the growth and the content of total carbohydrate,
nitrogen, and phosphorus and potassium percentages of Codiaeum variegatum L. plant.
In another study, spraying of Pro or Phe on maize and broad bean increased the amount
of dry matter and water content (Abd El-Samad et al., 2011). Higher yield was recorded
in Ala, Glu, Hyp, Thr, and His treated plants (Table 9) which were attributed by their
better vegetative growth and higher numbers of mature fruits per plant. Moreover,
amino acids might have some influence on the pollination and fruit setting. Hyp was
found to be localized in growing tips in lily which could elongate the pollen tube

enhancing the fertilization and fruit setting (Dashek and Harwood, 1974).

In vitro culture of strawberry plantlets was conducted to exclude the effects of
environmental factors like temperature, light intensity, relative humidity and also
microbial degradation of amino acids. Therefore, this experiment under control
condition can confirm whether there or not any effects of amino acid on the strawberry

plant growth in non-renewed nutrient condition. Total dry matter production was greater
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in urea, Hyp, Glu and GABA treated plantlets compared to water as control (data not
shown) which primarily due to meeting the nitrogenous demand from amino acid source.
Recent studies found the positive impact of amino acids in vitro condition as organic
source of nitrogen in alfalfa, maize, sorghum, pineapple, rice and sugarcane (Skokut et
al., 1985; Claparols et al., 1993; Rao et al., 1995; Hamasaki et al., 2005; Grewel et al.,
2006 and Asad et al., 2009).

In in vitro condition, strawberry plantlets were transferred biweekly in the new substrate
from the old substrate. Amino acids were applied on the plantlets with old substrate.
Renewed substrate treatment and amino acids application both significantly increased
the mineral nutrient contents of strawberry plantlets against the water supply on the
plantlets with old substrate (Table 12). Mineral uptake in plantlets grown in non-
renewed substrate with water supply was inhibited by the accumulation of autotoxic
chemicals (Kitazawa et al., 2005; Zhen et al., 2004). Asaduzzaman et al. (2012) found
that Ca uptake in strawberry plants were inhibited by the when the plants were grown in
the non-renewed nutrient solution. Glu increased the K contents in roots. Khanna (1998)
showed that exogenous Pro promote K™ uptake by 15% in Raphanus seedlings. Cuin
and Shabala (2007) also found that 21 (of 26) amino acids caused a signicant mitigation
of the NaCl-induced K* efflux, while valine and ornithine substantially enhanced the
detrimental effects of salinity on K* homeostasis. Amino acids treatment increased the
Ca content in His treated leaf and Glu, hyp and Thr treated plants. Rana and Rai (1996)
found that exogenous application of amino acids increased the Ca contents in Phaseolus
seedlings. Hyp and GABA increased the Mg contents, respectively. Amino acids have

the capability to increase the mineral contents in strawberry plants during autotoxicity.
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5. Summary

Amino acids application was investigated in recovering growth and yield of strawberry
plants under autotoxicity developed in closed hydroponic systems. In greenhouse setting,
a total of twenty two water soluble amino acids were sprayed on strawberry plants at 2
mL per plant three times a week. The concentrations of all amino acids were also
adjusted to nitrogen content of Proline at 200 mg L. It was found that growth and
yield of strawberry plants grown in non-renewed nutrient solution was significantly
reduced compared to plants grown in renewed nutrient solution. When plants were
grown in non-renewed solution and sprayed Ala, Cys, Glu, Hyp, Lys, Thr, Trp, His and
Phe, the growth improved whereas, yield were improved by spraying of Ala, Asn, Asp,
Cys, Glu, GIn, Hyp, Lys, Orn, Thr, Trp, His, Phe and Val. Based on growth and yield
performance, Ala, Glu, Hyp, Thr, His and Phe were selected for further investigation
along with GABA following Wagner’s pot based hydroponic system and also in vitro
condition. Glu and Hyp sprayed plants produced about 50% greater fruit yield compared
to water spray as control in Wagner’s pot hydroponic system.

Effects of amino acids on strawberry plant growth improvement during autotoxicity
were confirmed following in vitro culture. Results showed that, leaf dry weight of Hyp
treated plants and root dry weight of Ala, Glu, Hyp, Thr and GABA treated plants were
improved against control. When the mineral nutrient contents were analyzed from the
dry matter of strawberry plant parts, it revealed that amino acids especially Glu and Hyp
improved the K, Ca and Mg contents. Therefore, foliar spray of Glu and Hyp on
strawberry plants can recover the growth and yield during autotoxicity in closed

hydroponic system.
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CHAPTER 4

GENERAL SUMMARY

Autotoxicity is an intraspecific allelopathy when a plant releases toxic chemical
substances into the environment that inhibit germination and growth of same plant
species. It has been reported to occur in a wide number of plant species causing serious
autotoxic problems. Lisianthus [Eustoma grandiflorum (Raf.) Shinn] and strawberry
(Fragaria x ananassa Duch.) is grown in closed hydroponic culture. Under such
conditions plant's roots are able to release allelochemicals mainly benzoic acid causing
damage to the root cells, which in turns hamper water and mineral nutrient absorption.
As a result, the growth and yield are reduced greatly. Supply of nutrients alternatively
other than root uptake, can sustain plant growth during this allelochemical stress.
Recently, amino acids have been used as foliar application on many plant species in
order to improve the growth and yield during different abiotic and biotic stresses. In this
study, foliar application of amino acids was investigated for the recovery of plant
growth and yield of lisianthus and strawberry under autotoxicity developed in the closed

hydroponic system.

For lisianthus and strawberry, water soluble amino acids were investigated through
several experiments. The concentrations of all amino acids were adjusted to nitrogen
content of Proline (Pro) at 200 mg L. In case of lisianthus, twenty three water soluble
amino acids were applied on seedlings which grown under controlled environmental
condition either in renewed or non-renewed nutrient solution. Compared to the control,
Histidine (His) and Gamma-aminobutyric acid (GABA) application increased the dry
matter contents in renewed nutrient solution. In non-renewed nutrient solution, higher
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dry matter was produced by the Pro and Glutamine (GlIn) treated seedlings, meanwhile

Alanine (Ala) treated seedlings produced the lowest dry matter.

Based on the seedling growth in non- renewed nutrient solution six amino acids Gin,
Glycine (Gly), Pro, Methionine (Met), Leucine (Leu) and His were selected for further
investigation along with Betaine (Bet) as a new amino acid following seedling grown in
horticultural soil. The application of the aforementioned amino acids increased seedling
height in horticultural soil. Higher shoot fresh weight and root length were observed in
Pro treated seedlings. Amino acids treated seedlings experiment was continued under
solution culture with either foliar application of amino acids or water in the greenhouse.
Plant height was increased in all amino acids treated plants. Unlike urea, Leu and Bet,
continuous application of His did not improved shoot dry weight but earlier flowering

of lisianthus was evidenced.

In case of strawberry, a total of twenty two water soluble amino acids were sprayed in
greenhouse setting. It was found that, growth and yield of strawberry plants grown in
non-renewed nutrient solution was significantly reduced compared to plants that grown
in renewed nutrient solution. When plants grown in non-renewed solution and were
sprayed with Ala, Cysteine (Cys), Glutamic acid (Glu), Hydroxy-proline (Hyp), Lysine
(Lys), Threonine (Thr), Tryptophan (Trp), His and Phenylalanine (Phe), the growth
improved whereas, yield were improved by spraying of Ala, Asparagine (Asn), Aspartic
acid (Asp), Cys, Glu, GIn, Hyp, Lys, Ornithine (Orn), Thr, Trp, His, Phe and Valine
(Val). Regarding to growth and yield performance, Ala, Glu, Hyp, Thr, His and Phe

were selected for further investigation along with GABA following Wagner’s pot based
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hydroponic system and also in vitro condition. Glu and Hyp sprayed on plants increaced

over 50% fruit yield compared to control in Wagner’s pot based hydroponic system.

Our results confirmed the effects of amino acids on strawberry plant growth during
autotoxicity, following in vitro culture. Compared to control, leaf dry weight was
increased in Hyp treated plantlets and root dry weight of Ala, Glu, Hyp, Thr and GABA
treated plants were increased against control. When nutrient contents were analyzed
from the dry matter, it was revealed that Glu and Hyp improved the K, Ca and Mg

contents in different parts of the plants.

Considering the growth and yield improvement, foliar application of His on lisianthus

and Glu and Hyp on strawberry plants is suggested to recover the decreased growth and

yield during autotoxicity in closed hydroponic culture.
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SUMMARY IN JAPANESE

HZR e &L, M0 [F— RO OFEIFAT 2 il 2 A FWHE Z 8 D OBRERI
BAEISEHIRFICHATEZ AT LRy —0—HThbH, haXxxa vk A FINA
PRI SN G, ORI Y XA — T % 5 2 Biv, #KTWINLE % 5]
SRIFTZ LTS, BICREFMRARLEOT Lu s —WHEERET 5, ZORE, ©
DRERNELZE LD S L2 81825, 2O VI RS D B DOE GG
TLanNy—PEICE DA NV AT TOHYOME 2k S E0 2 kD L35 2
HID, TH, Kkx RIEAEYB LOEHHRROA L AT COAFTRNEZRET D7

12, < OEMTT 2 ) BBIBALEE SN TN D, AFFETiE, BSRBIEERRIEIC K
DAHFFENBEELTCWDLEMETT, MaxXxa v b/ FIOAEAFTBIOIENT
JBRBATIC X VEHE T 208 5 IBiEt LTz,

MLafdxa UBINS FIADTDIT, KEHT I 7 BRFERYE L THRFE S,
TRTOT I BREIZ200mg /L 7’0 U ANZEENHEHRT LRSI D LD ITH
LT, MraXska vogE | BREEHE S V7REE TActids LU BRIk CES
XET-EIC 28 FEOKIEMET XV RE 5 272, KOBEEA LT RX & T, BEX
FUr (His) BLO4-7 2/ ElE (GABA) Z180fi L7o K CIIETBIR A 2 L7356,
BN LT, BERIRA IR L7256, 77 = (Ala) BARIC LY WOz E
PMEL eofzlz b o bd, 7aly (Pro) BEXOZ A% (Gln) #A6 TldE O
W E D E < Te o T,

BERERMTAET LIc Iz oW TatEniz7 % I (Gln) . 77U > > (Gly) .
7rl v (Pro) . AFA= (Met) . =1 (Leu) . BELNE AF T (His)
DOFEDT I BEHTZ/2_Z A (Bet) LI, FEELTHE LN MLrafs
3 VHIZOWTOA %O OT-DIIRIEN T, Bk DT 2/ BEEAANRERERS L TET
ODNT-HOmIZEIMI e, 7' U AR TH O FEAERE & s RIRR O R
BEan, ST 57 2 BAEITH T AEICBW T, TR /Y L < I3k OHU
I & - T, B Okt Sz, BT T RToO7 I BB CHEINL 72, JR#E,
AV UBIONRE A L TED, B ATV O EAR I X > T BRI E I A D
DRI, Maxxa VORENREEDL Z LR LN oT,
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A FIOEE, 22 FTEOKENET X VRN H T AE THAT SN, REERRIER BT
TCHEFENToA T IOEF B ORI, HBEASHSEIE T LI THREICED T 5
ZEDRWALNITIe o, BREGEZMTHE SN, T =0 VAT IAF I
e, e rnlr VP AvAd=r MITRT770 ERXAFIUBLUT
=T T2 EHA LSS, A T IAOEENEGESNTICHRD LT, &I
WCIET 7=, TARIX L TARTX UG, VATA 0, JVEI VR, TLVE
Sy, kR TRl VVY AN=TF Y, ALF =y, MU RTrr BRA
FOU, T 2= AT T2 BRONY RS LSS E L, AF & IEICE
TOLERMELD, TI7=20, JVZIVE ERrXxTnl) s AbF=r BX
FOVBIRN T 2= AT T2 N 4T R HRE IS ABOY T RVER Yy hTORE
WAES & In vitro \IZB W T ORI O T-DIT&EIINT-, U7 RV ARy N TORBHELICE
WT, VA IVEIRB LU Raxv7a U OBAR T IRIXOK O 2 ffhi) & T
50% LA EDRFINEIEIME e o7z,

Tex DFEBRHERLY, BRFFPHETTOA T IOAEFTIZKITT T I VBONEN in
vitro \[ZBW T HEND bz, X ELART, EoYENE Faxoral %
MBS HZ LICEVIN LT, £, 77=2, JAZIVE, e Rexorml
AVFA =B RIO4-T X BERR A U T AR ORZ BRI & Fb A~ THEIN L 7, il
EOTIZ L VB EREEZWET DL, INVEIVEBEBEIOE KXo 7ol 23 EY)
DRIz S TR T DY A, IV T EABIOY TRV AEEBEFHRIET,

EEBIONEEMEIY, MraXFa v AF VUM, BXOAFITOI VA
VEEB IO FurX e ) U AREAEE BV B X RSN AR
HRICED2AFTBIOWNEDORD ZEET D Z & 2RIE LT,

~
~
g
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