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ABSTRACT

The relative effectiveness of three bioextracts, from Chinese kale, Chinese
cabbage, and soybean respectively on Chinese kale growth was compared in this
study. The components and chemical characteristics of each bioextract, in terms of pH,
EC, Total N, Total P, Total K, Total Ca, Total Mg, and Total S, were also investigated.
The bioextracts were produced according to the method prescribed by the Thai
Department of Agriculture. Nutrient composition and chemical chalacteristics of the
bioextracts were determined. Different concentrations of each bioextract were used for
Chinese kale cultivation in this experiment. A complete nutrient solution (T1) and
filtered water (T11) were used as positive and negative controls, respectively. The
Chinese kale was grown on supporting media (coarse sand and coconut coir dust at a
ratio 1:2 by volume). A diluted bioextract (bioextract:filtered water, 1:200, 1:250, and
1:500 by volume) was applied daily to the Chinese kale. This experiment compared
the Chinese kale growth using complete nutrient solution and that using filtered water
with those using the bioextracts. This experiment used a Complete Randomized
Design of 11 treatments with 4 replications. The Chinese kale was investigated for
height, wet weight and dry weight for both stem and leaves after treatment. The mean
values of each treatment were compared using Duncan’s New Multiple-Range Test.

The results showed that all bioextracts performed in acidic conditions and had
high EC value. However, the concentrations of nutrients in each bioextract were less
than that of the complete nutrient solution (T1). Soybean bioextract presented the most
acidic condition, EC value and total amount of nutrients. Chinese kale and Chinese
cabbage bioextracts had similar components and chemical characteristics.

The study of Chinese kale growth found that the complete nutrient solution
(T1) gave the best height, wet weight, and dry weight for both stem and leaves, with a
statistically significant difference when compared with each bioextract treatment (T2-
T10). The comparison between each bioextract found that soybean bioextract tended
to be the most effective.

KEY WORDS : BIOEXTRACT / CHINESE KALE / CHINESE CABBAGE /
SOYBEAN
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CHAPTER I
INTRODUCTION

1.1 Statement

Currently, bioextract or commonly called “bio-fermented” plays a role
increasingly for solving the environmental problems from agriculture which is a major
occupation of Thailand. By products and waste from agriculture have been used as raw
materials for bioextract production. As a result, by product and waste from agiculture
are reduced.

General principle of bioextract or bio-fermented production is taking plant or
animal residue ferments with sugar or molasses which microorganisms use as carbon
and energy sources. After that plant or animal residue will be decomposed by
microorganisms to get brown liquid which consists of many nutrients, organic
compounds and also many types of microorganisms depending on environment and
raw materials which were used for bioextract production. From these reasons,
bioextract has many benefits and effective applications for growing plant. Hence,
bioextract has been considered to be used instead of chemical fertilizer because
chemical fertilizer is expensive, and it affects soil quality. The studies of scientists and
farmers found that bioextract had insufficient macronutrients for plant growth. It had
the small number of microorganisms to transform unavailable nutrients to be available
nutrients. So, it was necessary to use both chemical fertilizer or other fertilizers and
bioextract (1). However, the interesting ingredients in bioextract were plant hormones
or other organic compounds which were enhancer for plant growth. The study of
Surachai Pathanapibul in B.E. 2545 found that using plant or fish bioextract with
complete nutrient solution gave better growth of Chinese cabbage, lettuce and sweet
pepper in soilless culture system than using complete nutrient solution alone (2).

The study of Surachai Pathanapibul (2002) and the document of Educational

Department of Agriculture considered both amount of nutrients and plant hormones or
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plant growth regulators in the bioextract from plant and fish (2, 3). The study found
that fish bioextract contained more amount of nutrients and plant hormones or plant
growth regulators than plant bioextract (2, 3). Therefore, using the mixture of fish
bioextract and complete nutrient solution should provide higher production than using
the mixture of plant bioextract and complete nutrient solution. However, the result
from the experiment showed that using the mixture of plant bioextract and complete
nutrient solution supported the growth of 3 types of plant more than using the mixture
of fish bioextract and complete nutrient solution. This result could be concluded that
not only the amount of nutrients in bioextract but also the components of the
substances in bioextract should be considered. The bioextract produced from one of
plant which the same was grown that should provide the growth efficiency more than
using bioextract produced from one of plant which different was grown. Because that
the same kind of plant should give the same necessary nutrients or organic compounds
for plant growth. Moreover, the hormones and organic compounds from the same kind
of plant should be available easily. This hypothesis supported convey of Han Kyo Cho
in “Natural Farming”. He said that “Usage bio-fermented from lateral bud of any type
plant will be best useful for itself” (4).

Thus, this study was emphasized on the enhancing of plant growth by using the
bioextracts from the same kind of plant which was grown. In addition, the efficiency
to enhance the plant growth using bioextract from the different kind of plant which
was grown was compared to support or argue convey above. The representative of the
plant in this study was Chinese kale. It is the most popular vegetable to consume and
has high nutrition values especially calcium (Ca), phosphorus (P) and vitamin C.
Increasing of Chinese kale production causes the increasing of Chinese kale residue.
Generally, the vegetable which people consume its stem and leaves has short storage
period so it tends to be the environmental problems when these vegetable residue was
thrown away into the river or canal. This study expected that using vegetable residue
as raw material of bioextract will provide the maximum benefit for the agricultural
yield. Then, the farmers can produce bioextract appropriately using plant residues in

the local and can reduce waste from agricultural production.
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1.2 Objectives of the study

1.3.1 To study the chemical properties of Chinese kale bioextract, Chinese
cabbage bioextract and soybean bioextract including pH, electrical conductivity (EC),
total N, total P, total K, total Ca, total Mg and total S.

1.3.2 To investigate the efficiency of Chinese kale bioextract, Chinese cabbage
bioextract and soybean bioextract on the enhancement of Chinese kale growth.

1.3.3 To determine the optimal concentrations of Chinese kale bioextract,
Chinese cabbage bioextract and soybean bioextract on the enhancement of Chinese

kale growth.

1.3 Study hypothesis

Bioextract produced from one’s plant could enhance the growth of the same

plant.

1.4 Scope of works

1.5.1 This study investigated chemical components and characteristics of
bioextracts in chemical laboratory at Faculty of Environment and Resource Studies,
Mahidol University such as pH, electrical conductivity (EC), total N, total P, total K,
total Ca, total Mg, and total S to be basic data for plant growth analysis (2, 5) using
bioextracts produced by anaerobic fermentation (closed system). The time period for
fermentation was about 30 days (6). The sample plants, Chinese kale, Chinese
cabbage, and soybean, were used to produce Chinese kale bioextract, Chinese cabbage
bioextract, and soybean bioextract, respectively.

1.5.2 This study investigated the effects of using bioextracts on Chinese kale
growth (height, wet and dry weight) with growing substrate culture at periods 7, 14,
21, 28 and 35 days after transplant (7, 8, 9).



Chalermwut Noisopa

1.5 Conceptual framework

Introduction / 4

Nutrients and other compounds of
the bioextract from the one of
plant which the same was grown

Nutrients and other compounds of
the bioextract from the one of plant
which the different was grown

A

A

4

Control the necessary factors that

affect the plant growth

- light - moisture content or
water availability

- temperature - type of plant

- pH and salinity of growing media

A 4

A

Almost nutrients and organic
compounds were available so
plant could get the most
benefits from nutrients and
compounds from bioextract

Some nutrients and organic
compounds were unavailable so
plant could not get the most
benefits from nutrients and
compounds from bioextract

The efficiency of plant growth
using the bioextract from one of

A 4

plant which the same was grown
is better than using the bioextract
from one plant which the
different was grown.

Diagram 1-1 Conceptual framework
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1.6 Expected results

1.6.1 To enhance the plant growth (depends on kind of plants) using bioextract.
1.6.2 To know optimal concentration of bioextract for the plant.

1.6.3 To be basic data for bioextract application for plant cultivation.

1.6.4 To gain the data of some chemical properties of bioextract such as pH,

electrical conductivity (EC), total N, total P, total K, total Ca, total Mg, and total S.
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CHAPTERII
LITERATURE REVIEW

2.1 Factors affecting plant growth

Plant growth has a complex phenomenon and the important growth factors
have to be concerned. There were two main factors affect the plant growth. The first
factor is external factors such as light, temperature, moisture content, and nutrients.
The second factor is internal factors such as genetic characteristic and plant hormones

or plant substances (10, 11).

2.1.1 External plant growth factor

2.1.1.1 Light is very essential factor for plant growth especially for the
morphology of the plant as follows:

Light intensity is a major factor that controls the rate of
photosynthesis. The low intensity of light causes slow expansion of plant cell with
little changed. The plant that was grown under the low intensity of light would have
spindly stem (10, 11).

Light quality depends on wavelength of the radiation. The red
radiation has the longest wavelength and violet radiation has the shortest wavelength.
The long wavelength radiation has few effects on stem elongation whereas the short
wavelength radiation has more effects on stem elongation. Moreover, available
radiation provides the opposite effects between leaf elongation and stem elongation. If
the plant is grown under too much ultraviolet radiation, the plant will be died as well
as is grown under too much infrared radiation (10, 11).

Photoperiodism refers to the physiological responses of plants to the
variations of the daylight duration. The development from vegetative growth to
reproductive growth will be responded by photoperiod. The vegetative growth period

can be extended by growing plants in photoperiods that will not induce the flowering.
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Daylight duration may also affect the first time for flowering, the number of flower
and fruit production. Likewise short days and cooler temperatures induce dormancy of
plant in many temperate zone. The plants can be categorized into 3 types using the day
duration as follows (10, 11):

Short-day plant needs short duration of daylight for flowering. This
plant gives the flower in the winter season such as poinsettia, chrysanthemum, and
soybean.

Long-day plant needs long duration of daylight for flowering. This
plant gives the flower in the spring season such as rice.

Day neutral plant needs normal duration of daylight for flowering such
as tomato, cucumber, these plants can give the flower in all seasons when they are
mature.

2.1.1.2 Temperature or climate causes the internal reaction of plant
changes; for example, if the summer plant is grown on high mountain where is cool,
the plant growth will be inhibited or stopped. Accordingly, the temperature affects the
plant growth by 3 processes as follows (10, 11):

Minimum temperature is the lowest temperature that the plant can
grow.

Maximum temperature is the highest temperature that the plant can
grow.

Optimum temperature is the temperature that the plant can grow best.
The optimum temperature is the period between minimum and maximum temperature.

Moreover, the temperature also gives the different shape of plant shape
and it is the essential factor for flower and fruit production; for example, the cabbage
has flower in the second year but if the climate is hot the cabbage will not give the
flower (10).

2.1.1.3 Humidity or Water is very important factor. The plant can
contain water up to 90%. The plant which contains high volume of water will have
plump stem. And the plant which contains less volume of water will have strong tissue
and the cell wall consists of cutin and suberlin. The plants can be divided into 3 types

by the need of water: Hydrophytes, Xerophytes and Mesophytes. Moreover, some
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plants can grow on high salt content in soil such as mangrove, the sea blite, etc. These
plants are called “Halophyte” (10, 11, 12)

2.1.1.4 Nutrition Daniel Aranon and Derry Stout (1939) (11) gave the
considered principle of the essential elements for plant growth as follows:

1) If the plant lacks the element, it can not complete its life cycle.

2) Any plant wants specific element for growth.

3) The element is directly necessary for plant metabolism and plant
growth. It does not improve soil quality or enhance other elements for plant.

As a conclusion, there are 16 most essential elements for plant: Carbon
(C), Hydrogen (H), Oxygen (O), Nitrogen (N), Phosphorus (P), Potassium (K),
Calcium (Ca), Magnesium (Mg), Sulfur (S), Boron (B), Iron (Fe), Copper (Cu), Zinc
(Zn), Manganese (Mn), Molybdenum (Mo) and Chlorine (Cl). Moreover, some plants
may need special elements for their growth such as Cobalt (Co), Sodium (Na),
Aluminium (Al), Vanadium (Va), Selenium (Se), Silicon (S1), etc. These elements are
called “beneficial element” (11, 13, 14)

The 16 elements are the most useful element for plant. The plant’s root
can uptake these elements in salt solution form (Table 2-1). Each element has the
different role for plant growth as follows (11):

Carbon (C), Hydrogen (H) and Oxygen (O) are main compositions
of organic compounds in plant cell such as carbohydrate, cellulose, protein, lipid,
lignin and amino acid. Plant gets these elements from air and water by photosynthesis
(10,11).

Nitrogen (N) is available for plant in two forms: ammonium (NH,"),
and nitrate (NOs’). Some plants obtain nitrogen using nitrogen fixation by
microorganism. For example, the legumes plant has rhizobium to fix nitrogen from air
and converted to be nitrate. Moreover, some plants may get nitrogen from organic
compounds such as urea. Nitrogen is essential element for plant growth especially for
vegetable because nitrogen enhances good vegetative growth. On the other hand,
nitrogen is not good for fruity plant because if fruity plant has a lot of leaves it will
give the flower and fruit slowly. Because soybean bioextract provides high amount of
nitrogen, it was compared with the bioextracts from other raw materials. Nitrogen is a

constituent of amino acids, proteins, coenzymes, nucleic acids, chlorophyll,
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porphyrine, coenzyme and some hormones. Nitrogen is contained in plant about 70%
within chloroplast. The deficiency of nitrogen can cause chlorosis. It will appear in
older leaves (lower leaves) first and slowly spread to the top and eventually died (11,
13, 14, 15)

Phosphorous (P) is taken up by plant in mono- or all-hydrogen
phosphate anions (HPO4 or H,PO4) form. In soil at pH lower than 7, phosphorous
will form mono-phosphate anions but in soil at pH higher than 7, phosphorous will
form hydrogen phosphate anions. Phosphorous is the element that affects metabolism
of plant cell. The deficiency of phosphorous reduces the respiration rate of plant and
then carbohydrate will be accumulated. After that plant’s leaves become to be dark
green. In addition, the accumulation of anthrocyanin pigments in stem and petiole
causes purplish petiole leaves. Moreover, the deficiency of phosphorous reduces the
growth of plant by the symptom which begins in the older leaves. The plant has
necrotic leaves and dwarf stem and eventually the growth is stopped. Finally, plant
grows very slow, lateral bud dormancy for a long time, and flowering is slow down. If
the plant gets enough phosphorous, it had will have the efficiency for flower, fruit and
root growth. (11, 13, 14)

Phosphorous is important constituent of organic compounds such as
nucleoprotein, phospholipids, phytic acid, nucleic acid and coenzyme. Moreover,
phosphorous may constitute some cell membrane in plant and influence energy
metabolism especially ADP, ATP, NADP, etc. (11)

Potassium (K) is taken up by plant in potassium ion (K,O) form.
Potassium can be solubilized and contained in plant cell in solution form. Potassium
can mobile and has the important roles for many metabolisms such as (11):

1) The photosynthesis and respiration rate control

The deficiency of potassium causes the decreasing of photosynthesis
and increasing of respiration. These problems are affected by the open-close stoma
system which influences the diffusion of carbon dioxide into leaves and the
accumulation of sugar in leaves because the sugar removing is stopped.

2) The role of sugar removing

3) The role of open-close stoma control

4) The role of enzyme’s activities in protein synthesis process



Chalermwut Noisopa Literature Review / 10

5) The role of protein synthesis and plant cell division

The deficiency of potassium causes strive chlorosis in the older leaves
first, the edges of leaves roll and eventually die. Also this problem spreads to the stem.
The stem will have short segment, infect easily by diseases, and has small leaves
(rosette) (11, 13, 14).

Sulphur (S) is used by plant in sulfate ion (SO,”) form. Sulphur is
constituent of some amino acids such as cysteiene, cystine, methionine, thiamine and
coenzyme A. Moreover, it is also constituent of sulphydryl group (-SH) in enzyme
molecules and increase enzyme activities. Disulfide bond (S-S) links peptide gorups
and hydrogen bond of each protein molecule to become bigger. These protein
molecules can reduce some toxicity. The symptoms from sulphate deficiency are
similar to nitrogen deficiency. The plant will be yellow or chlorosis. But symptoms
from sulphur deficiency start in new leaves because sulphur does not translocate from
the old leaves whereas nitrogen deficiency symptoms appear in older leaves first
because nitrogen translocates easily to new leaves. After that plant will produce
anthocyanin, the petioles are still green, and accumulate the great amount of nitrogen
solution, amino acid, glutamine, alginine, urea and ammonium due to protein synthesis
process is blocked. As a result, the amount of carbohydrate and photosynthesis are
decreased. (11, 13, 14)

Calcium (Ca) is taken up by plant in calcium ion (Ca™") form which is
difficult to mobile in phloem. Thus, when calcium is in plant tissue, it can not mobile
to other parts. As a result, the deficiency of calcium occurs at apical meristem. The

important role of calcium is to stimulate the enzyme activities such as « -amylase and

ATPase which are the constituent of middle lamella of cell wall, play the role of
division and maintain cell membrane condition. Normally, calcium affectes the growth
of the apex and root of plant in acidic soil because plant tissue can not build cell wall.
As a result, plant cell can not be divided. The apex and petiole are brittle, cell can not
expand, and young leaves become yellow from chlorosis, the figure of leaves are lost
(hook shape at the top of leaves). Moreover, the plant become dwarf due to the root tip
can not grow. However, if the plant gets excess calcium, calcium will combine with
phosphorus to form calcium phosphate which is unavailable for plant. As a result,

calcium deficiency takes place (11, 13, 14).
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Magnesium (Mg) is taken up by plant in magnesium ion (Mg'"") form.
Magnesium is an essential constituent of chlorophyll and is required for enzyme
activities, phosphate transfer process, CO, assimilation process, protein synthesis, and
rhizobium structure maintenance. The deficiency of magnesium can cause yellow
leaves between fiber and patio but the patio is still be green and called “intervienal
chlorosis”. The interveinal chlorosis developes in older leaves first after that it spreads
to young leaves due to magnesium can move easily. Moreover, the deficiency of
magnesium affects the increasing of anthocyanin in leaves that makes the color spots
such as violet, red and yellow on leaves. Leaves cells should dried, burnt and death
spots all of leaves and leaves will be cupped. Besides, it is found that magnesium
relates with potassium in term of nutrient competition. If soil has a lot of potassium,
the plant can uptake less magnesium. On the other hand, if there is a lot of magnesium,
the plant can uptake less potassium (11, 13, 14).

Molybdenum (Mo) is taken up by plant in molybdate ion (MoO4>)
form which is found most in the basic soil. This element is a component of two major
enzyme systems involving the enzyme nitrate reductase nitrogenase, this is the process
to transform nitrate to become ammonium. Molybdenum deficiency frequently
resembles nitrogen which older leaves will be chlorotic with rolled margins and
stunted growth (11, 13, 14).

Boron (B) is taken up by plant in boric acid (H3;BOj;) form. Boron is
necessary for cell wall formation, membrane integrity, calcium uptake and sugars
translocation. Boron affects at least 16 functions in plants. These functions include
flowering, pollen germination, fruiting, cell division, water relationships and hormone
movement. Boron must available for the plant. Boron is not translocated and it is not
easy to leach from soils. Deficiency of boron kills terminal leaf buds (rosette effect) of
plant. Plant leaves are thick, curled and brittle. The fruits, tubers and roots are
discolored, cracked and flecked with brown spots (11, 13, 14).

Chlorine (Cl) is taken up by plant in chloride ion (CI") form. Chlorine
can transfer by osmosis (movement of water or solutes in cells). The ionic balance is
necessary for plant to take the mineral up in photosynthesis. The deficiency symptoms
include wilting, stubby roots, chlorosis (yellowing), and bronzing. The odors in some

plants may be decreased. Chloride, the ionic form of chlorine used by plants, is usually
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found in soluble form and it is lost by leaching. Some plants may show signs of
toxicity if the level of chlorine is too high (11, 13, 14).

Manganese (Mn) is taken up by plant in manganese ion (Mn'") or
manganese oxide (MnO) form. In the basic soil, manganese combines with other
elements and becomes to be unavailable for plants. Manganese is included in enzyme
activities for photosynthesis, respiration, and nitrogen metabolism. The deficiency of
manganese in young leaves may show a network of green veins on a light green
background similar to an iron deficiency. In the advance stages, the light green parts
become white, and leaves become shed. Brownish, blackish, or grayish spots may
appear close to the veins. In neutral or alkaline soils, the plant often shows deficiency
symptoms. In highly acid soils, manganese may available and tended to be toxicity
(11, 13, 14).

Iron (Fe) is taken up by plant in ferrous ion (Fe’) form. In the basic
soil, iron combines with other elements to be unsoluble. Iron is necessary for many
enzyme functions such as catalyst for chlorophyll synthesis. It is essential for young
parts of plant. The deficiency of iron causes the pale color of young leaves following
by yellowish leaves and large veins. Iron is lost by leaching and is held in the lower
portions of soil structure. Under the condition of high pH (alkaline), iron is
unavailable for plant. The applications of an acid nutrient formula containing iron

chelates, held in soluble form, can overcome the problem (11, 13, 14).
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Table 2-1 The most essential elements for plant and internal concentrations

considered adequate

‘ Form . Concentration in Dry
Element Chemical Available to Atomie Tissue
Symbol Weight
Plants (ppm. or ug/g) (%)
Molybdenum | Mo MoO4~ 95.95 01 0.00001
Copper Cu Gl 63.54 6 0.0006
Zinc Zn Zn*" 65.38 20 0.0020
Manganese Mn Mn** 54.94 50 0.0050
Boron B H;BO; 10.82 20 0.002
Iron Fe Fe’", Fe* 55.85 100 0.010
Chlorine Cl vr 35.46 100 0.010
Sulfur S SO4* 32.07 1,000 0.1
Phosphorus P H,PO", HPO,” | 30.98 2,000 0.2
Magnesium Mg Mg 24.32 2,000 0.2
Calcium Ca Ca*’ 40.08 5,000 0.5
Potassium K K’ 39.10 10,000 1.0
Nitrogen N NO;’, NH,;" 14.01 15,000 1.5
Oxygen o) 0,, H,0 16.00 450,000 45
Carbon C CO, 12.01 450,000 45
Hydrogen H H,0 1.01 60,000 6

Source : Salisbury and Ross (1992) (16)
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2.1.1.5 Chemical properties of soil
2.1.1.5.1 The effects of acidic and basic soil
pH is an indicator for basic or acidic soil. The pH can be
measured by the concentration of hydrogen ions (H") in water or salt solution. The pH
level at lower than 4.5 and higher than 9.0 affects root system directly especially for
hydroponics system. However, the pH values effect on plant indirectly (12, 13).

2.1.1.5.1.1 The effects of pH on nutrition available for plant.

The optimum pH values are between 5.5-6.5 for soil and 5.0-6.0
for growing media. Too much acidity of soil changes N, P, K, Ca, Mg and S to be
unavailable form. Whereas too much basic soil will reduces the availability of Fe, Mn,
B and Zn. (10, 12, 13).

2.1.1.5.1.2 The effects of pH on toxicity of elements in soil.

At the lower soil pH, the solubility of manganese, Mn (pH < 5.5)
and aluminium, Al (pH < 6.0) increase. These cause the toxicity for plant. Moreover,
the availability of phosphorous will be decreased (12).

2.1.1.5.1.3 The effects of pH on soil microorganisms.

The optimal pH for microorganisms growth is between 5.0-8.0.
If the pH is not suitable, the microorganisms can survive but grow difficultly. The pH
has effect on microorganisms activities which give direct useful for plants (12).

The tolerance on acidic soil is different in any kind of
vegetables which can be separated into 3 groups followed by: sensitive group (pH 6.8-
6.0), moderately tolerant group (6.8-5.5) and highly tolerant group (6.8-5.0) (table 2-
2). Some vegetables in the sensitive group can grow even at pH up to 7.6 if the
necessary nutrients do not deficit. Calcium, phosphorus and magnesium are easy to

deficit in high acidic soil (pH < 6.0) (12).
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Table 2-2 Tolerance of vegetables to acidic soil

Slightly Tolerant Moderately Tolerant Very Tolerant
pH 6.8-6.0 pH 6.8-5.5 pH 6.8-5.0
Asparagus Bean Chicory

Beet Bean, lima Dandelion
Broccoli Brussels sprouts Endive
Cabbage Carrot Fennel

Cantaloupe Collards Potato
Cauliflower Cucumber Rhubarb
Celery Eggplant Shallot
Chard, Swiss Garlic Sorrel
Chinese cabbage Gherkin Sweet potato
Cress Horseradish Watermelon
Leek Kale
Lettuce Kohlrabi
New Zealand spinach Mustard
Okra Parsley
Onion Pea
Orach Pepper
Parsnip Pumpkin
Salsify Radish
Soybean Rutabaga
Spinach Squash
Watercress Strawberry
Sweet corn
Tomato
Turnip

Source : Maynard and Hocmuth (2007) (17)
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2.1.1.5.2 The effects of salt in soil on plants

The salinity in soil can decrease the plant growth. The salinity
level can be measured from electrical conductivity (EC). If the salinity of soil slowly
increases, the plant will adapt itself for some range of salinity level because plant tries
to maintain the level of water content within its cells. So it has to accumulate the
soluble material within its root. Any vegetable has different tolerant for the salinity

(12). However, there are many vegetables can tolerance on saline soil (Table 2-3).

Table 2-3 Tolerance to salinity of vegetables

Highly tolerant
(7,700-6,400 ppm)

Moderately tolerant
(6,399-2,600 ppm)

Sensitive

(2,599-1,900 ppm)

Chinese kale
Beet
Spinach
Asparagus

Cauliflower
Cabbage
Sweet corn
Carrot
Peas
Cucumber
Melon
Broccoli
Lettuce
Chili
Tomato
Sweet potato
Potato
Squash

Onion

Beans

Radish

Source : Handreck and Black (1984) (18)
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2.1.2 Internal plant growth factor
The internal plant growth factor consists of two main factors:

2.1.2.1 Genetic factor

The genetic is the important factor for plant development. Generally,
the plant can be divided into 2 groups by genetic. They are original varieties and
general varieties which have different characteristics as follows (10):

Original cultivar has high variation of cultivation because the
chromosomes are scatter and ungroup. The general cultivar is improved from original
cultivar. This general cultivar is selected by human for these objectives:

1) To increase productivity.

2) To develop good quality production for consumer’s requirement

such as taste, color, size, etc.

3) To adapt for living in the environment.

4) To response the fertilizer consumption.

Currently, farmer grow most general cultivar including the variety was
used in this study too (10, 11).

2.1.2.2 Plant hormones or growth regulators factor

Plant hormones are organic compounds in the plant cell. Plant produced
hormones to control both internal and external cell growth. The botanist found that
although plant gets enough nutrients and suitable environment, the plant still can not
grow well due to the role of plant hormones (10, 19). Plant hormones consist of (20):

2.1.2.2.1 Auxins are the first plant hormones that promote cell
enlargement, stem growth, cell division in cambium, root initiation, and cell
differentiation. Moreover, auxins also control the development processes such as fruit
and leaves abscission, fruit ripening, and lateral inhibition branching. At appropriate
concentration, auxins enhance plant growth, whereas too much concentration inhibits
the growth of plant tissues because plant responses with respect to the different of
auxins concentrations. The roles of auxins depend on the stimulation factors such as
light, temperature, gravity, etc.

Auxins are produced primarily in apical meristems, young
leaves buds, and other active young parts of plant. Indole-3-acetic acid (IAA) is one

kind of auxins. It can be produced by plant from amino acid tryptophan. It was found
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about 1-100 pg/kg of wet weight of plant. Most IAA are found together with other
chemicals or changed to be other different form. When plant needs these chemicals,
IAA will be released slowly for plants (10, 20).

2.1.2.2.2 Gibberellins can enhance the elongation of stems. It
can affect the increasing of plant height (especially in dwarf plants and monocotyledon
plants). Moreover, gibberellins also promote cell division, flower stimulation, fruit
production, brunch elongation, seed and bud germination, seed dormancy breaking,
and sex of flower’s changing in some kinds of plant.

Gibberellins will be produced in young tissues zone, shoots,
roots, leaves, embryo, and seeds. These substances are whole natural. Gibberellins
were discovered firstly by Japanese, Eiichi Kurosawa. He discovered gibberellin from
Gibberella fujikuroi which caused disease to rice. When the rice got this fungus, it
could not give the grain but it was higher than the normal rice. Nowadays, 84 kinds of
gibberellins have been discovered, 26 kinds are isolated from Gibberella fujikuroi and
other kinds are discovered from some kinds of higher plants, fungus and bacteria.
These substances have same structure but they are different in atom arrangement.
Naturally, gibberellins will be produced in higher plants. These substances are
synthesized from mevalonic acids and they are as same as carotene substances in
plants (10, 20).

2.1.2.2.3 Cytokinins can stimulate pith cell division and lateral
bud growth. Cytokinins also support the transportation of food from root to apex, keep
the level of protein synthesis, promote the production of chlorophyll, protect rolled
leaves, and support the seed germination in the dark. There was the tissue cultural
experiment that was demonstrated by mixing agar with auxins. The results showed
that the plant grew in some period and then the growth was braked. However, if the
coconut juice or the extract from yeast (cytokinins) were mixed in agar, the plant
would grown well. Currently, cytokinins have been widely used in tissue culture (3).

Cytokinins are produced by root tips and root nodules.
Cytokinins in free form, can be found in embryo and fruit for plant growth. The effect
of cytokinins on plants takes place together with other co-factors such as amino acid.
Without these co-factors, cytokinins do not have any effects on plants. In young plum

fruits and corn (Zea mays) endosperm in the milky stage, the cytokinin named zeatin
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was isolated and identified in 1964 by D.S. Letham from New Zealand and by Carlos
Miller from Indiana University. These compounds can be found generally in high
plants (10, 20).

2.1.2.2.4 Ethylene has the physiological characteristic as a plant
hormone. It exists in gas form and plays a role at trace levels throughout the life of the
plant. It stimulates or regulates the ripening of fruit, the opening of flowers, and the
abscission (or shedding) of leaves.

Ethylene is produced in many ripening fruits. Moreover, it is
also found in flowers, seeds, leaves, and roots. Environment takes many effects on the
ethylene production in plants. Under the stress and harmful conditions, the plant
increases the ethylene production but under low oxygen and temperature conditions,
the plant decreases the ethylene production. Currently, this technique has been used
extensively in post harvest period to delay ripening and senescence of fruits and
vegetables (3). Plants synthesized ethylene from methionine amino acid which is
found little in initial growth period and increases along the age of plants (10, 20).

2.1.2.2.5 Abscisic acid can stimulate abscission of leaves and
mature fruits, inhibits the growth and elongation of bud cell zone, stimulates stomatal
closure to reduce transpiration and prevents water loss. Plant produces abscisic acid
when it is under stress environment; for example, the weather is very hot and cold (10,
20).

Abscisic acid will be produced by mature leaves, fruits, and root
caps. A large amount of abscisic acid is found in seed dormancy phase. Naturally,
plants can synthesize abscisic acid from mevalonic acid.

The samples of plant hormones above can be divided into two
groups were promoting plant growth and inhibit plant growth. The hormones which
promote plant growth are auxins, gibberellins, and cytokinins, and the hormones
which inhibit plant growth are ethylene and abscisic acid. Plant produces hormones to
inhibit plant growth when it is mature or the plant growth factors are deficient.
Moreover, adding plant hormones such as auxins, gibberellins, and cytokinins to plant
can increase age of plants (10). The main production source of plant hormones is root

so adding plant hormones in root zone should be most available for plant.
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2.2 Bioextract or bio-fermented liquid

2.2.1 Definition of bioextract

Bioextract is the brown liquid from the fermentation of plant or animal
with sugar or molasses. Plant or animal will be decomposed by microorganisms. These
microorganisms get energy and nutrients from sugar or molasses. Then the sugar will
be changed to be alcohol (6, 21, 22).

Bioextract will be produced after the fermentation process completed.
Bioextract contains many microorganisms and organic compounds (such as enzymes,
carbohydrate, protein, amino acid, nutrient, hormones, etc.) in different quantitative

depending on the type of raw material and environment (21, 23, 24).

2.2.2 Factors of bioextract fermentation

Decomposition of plant and animal in fermentation reactor occurs
because of microorganisms. The understanding about fermentation factors supports the
quality bioextract. The factors of bioextract fermentation are described as follows (25):

2.2.2.1 Food: In the fermentation, there are various microorganisms.
Each microorganism has different enzyme for digestion such as enzyme for starch
digestion, enzyme for cellulose digestion, enzyme for semi-cellulose digestion, etc.
The energy sources for microorganisms are carbon (C), nitrogen (N), and phosphorus
(P). The molasses is added in the fermentation reactor as energy source and raw
material for fermentation process (25).

2.2.2.2 Fermentation in anaerobic condition: Microorganisms need
anaerobic condition (anaerobic bacteria) to produce useful substances. So the
fermentation reactor has to be covered tightly. It was considered that the fermentation
reactor should not have too much gas because it might explode. To overcome this
problem another little cover is set to release gas (25).

2.2.2.3 Microorganisms: The fermentation reactor had many
microorganisms which are found in the nature under anaerobic condition. These
microorganisms decompose the raw materials from animal and plant. Then various
substances used as food and energy source for microorganisms will be mixed in the

fermentation reactor. The effective microorganisms will be added into the
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fermentation tank to increase the efficiency of decomposition. In Thailand, it is not
necessary to add the effective microorganisms because Thailand is in tropical zone
where has enough microorganisms for decomposition (24). The study of Sairung
Ratanaburi in B.E. 2547 (25) found that there was not different efficiency between
natural fermentation and adding effective microorganism fermentation.

2.2.2.4 Temperature: The temperature should be not too high for
microorganisms to activate fermentation process so the bioextract should be generated
indoor (26). The study of the bioextract from fresh garbage under aerobic condition by
Sakorn Khemkhan (5) found that in early period of fermentation, The temperature
inside fermentation reactor was little higher than outside fermentation reactor. After 6
days, the temperature slowly decreased and stable by the temperature inside
fermentation reactor was lower than outside.

2.2.2.5 Humidity: Microorganisms need enough water or molasses to
control air condition in fermentation reactor for the efficiency of fermentation. These
microorganisms will change the condition in the fermentation reactor to be anaerobic
condition which suitable for their activities. So little water should add in the
fermentation tank for good quality microorganisms activities (26).

2.2.2.6 Time period of fermentation: The time period of fermentation
affects the properties of bioextract. If the time period is not enough for fermentation,
the fermentation process will be not complete. The appropriate time period to
complete the fermentation process is 15-30 days (27). For example, the fermentation

of animal should spend the time period less than 30 days (6).

2.2.3 Constitution and properties of bioextracts

Bioextract is brown liquor from decomposed animal or plant by
microorganisms. The bioextract consists of many substances such as carbohydrate,
organic acid, humic acid, enzymes, vitamins, hormones and nutrients which are
different in each bioextract. The studies of many constitution and properties of
bioextract has been used as the basic information and can be concluded as follows (1,
21):

2.2.3.1 Macronutrients: The macronutrients consist of nitrogen (N),

phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg) and sulfur (S). The



Chalermwut Noisopa Literature Review / 22

Educational Technique Department of Agriculture investigated 177 bioextract samples
which were produced and used by the farmers. They found that there were little
quantity of macronutrients in these bioextracts and not enough for the requirement of
plant. The fish bioextract had the quantity of macronutrients higher than other
bioextracts (1). For the bioextract from plant, the soybean bioextract contains all
macronutrients with the higher than the bioextract from other vegetables (3). The

amount of macronutrients in each bioextract is shown in Table 2-4.

Table 2-4 The amount of macronutrients in each bioextract

Macronutrients Plant Herbs Fish Shell Mixed
0.05-1.65 | 0.10-1.80 | 0.32-2.00 | 0.28-1.29 0.06-1.82

N (%) (detected | (detected | (detected | (detected (detected
75%)* 45%)* 100%)* 87%)* 74%)*

0.01-0.59 | 0.01-0.26 | 0.01-3.74 | 0.003-0.35 | 0.01-3.41

P,05 (%) (Detected | (Detected | (Detected | (Detected (detected
85%)* 59%)* 100%)* 78%)* 92%)*

0.02-1.89 | 0.033-3.38 | 0.38-1.72 | 0.04-1.53 0.02-4.93

K,0 (%) (detected | (detected | (detected | (detected (detected
100%)* 100%)* 100%)* 100%)* 100%)*

0.008-0.95 | 0.007-0.87 | 0.09-1.08 | 0.02-2.26 | 0.013-2.57

Ca (%) (detected | (detected | (detected | (detected (detected
100%)* 98%)* 100%)* 100%)* 100%)*

0.001-0.22 | 0.006-0.33 | 0.05-0.20 | 0.01-0.84 | 0.002-0.22

Mg (%) (detected | (detected | (detected | (detected (detected
100%)* 100%)* 100%)* 100%)* 100%)*

0.006-0.38 | 0.01-0.26 | 0.07-0.35 | 0.01-0.28 0.01-0.58

S (%) (detected | (detected | (detected | (detected (detected
85%)* 75%)* 100%)* 91%)* 78%)*

Remark : * = Each macronutrient in samples was detected and 177 samples are 100%

Source : NPINUANVAYUNUITAUNBAT NTUITIMTNBAT (2547) (1)

2.2.3.2 Micronutrients: The micronutrients consist of iron (Fe),
manganese (Mn), copper (Cu), zinc (Zn), boron (B), molybdenum (Mo) and chlorine
(CI). The Educational Technique Department of Agriculture investigated 177

bioextract samples which were produced and used by the farmers. They found that
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there were micronutrients in bioextracts and almost micronutrients could be detected.
The mixed plant and animal bioextract contained the quantitative of micronutrients
higher than other bioextracts and shell bioextract contained the second most

quantitative of micronutrients (1). (Table 2-5)

Table 2-5 The amount of micronutrients in each bioextract

Micronutrients Plant Herbs Fish Shell Mixed
Iron (ppm) 10-730 13-100 48-530 7-980 10-1,100
(detected (detected | (detected | (detected (detected

100%)* 100%)* 100%)* 100%)* 100%)*

Manganese 1-120 1-100 8-72 1-750 4-200
(ppm) (detected (detected | (detected | (detected (detected
95%)* 95%)* 90%)* 96%)* 100%)*

Copper (ppm) 1-6 1-32 5-8 4-40 2-70
(detected (detected | (detected | (detected (detected

95%)* 93%)* 90%)* 87%)* 93%)*

Zinc (ppm) 3-230 1-74 15-35 2-30 4-150
(detected (detected | (detected | (detected (detected

95%)* 93%)* 90%)* 96%)* 98%)*

Boron (ppm) 3-40 2-95 5-19 3-40 2-40
(detected (detected | (detected | (detected (detected

95%)* 91%)* 100%)* 100%)* 93%)*

Molybdenum Not Not Not Not Not
(ppm) detected detected detected detected detected
Chlorine 0.01-1.07 | 0.02-1.28 | 0.13-8.52 | 0.09-0.58 | 0.03-1.01
(ppm) (detected (detected | (detected | (detected (detected
95%)* 87%)* 90%)* 96%)* 90%)*

Remark : * = Each micronutrient in samples was detected and 177 samples are 100%

Source : ﬂamuaﬁuauuqm‘iﬁaéfmmym NININMINYAT (2547) (1)

2.2.3.3 pH: Although almost bioextracts perform acidic condition,
some bioextracts perform basic condition such as shell, herb, and mixed bioextract
(Table 2-6). Acidic condition of bioextract is a result of fermentation process which

the microorganisms produce several organic acid such as lactic acid and acetic acid (1,

6).
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2.2.3.4 Electrical conductivity: This is the indicator of dissolved
salinity. The plant bioextract performs electrical conductivity value higher than other
bioextracts (Table 2-6). Moreover, the vegetable bioextract performs electrical
conductivity value higher than fruit bioextract and mixed vegetable and fruit
bioextract. The electrical conductivity values of bioextracts will increased when the
time of fermentation is over (1).

2.2.3.5 Humic acid and organic carbon: Humic acid is organic matter
with complex structure. It is transformed from organic compounds. Humic acid can
attract and store plant nutrients in available form for plant. Both plant bioextract and
animal bioextract contains only little humic acid. Organic carbon is important in term
of the quantity of nitrogen. Microorganisms use carbon to produce compounds for
their main cell structure. Each bioextract has similar quantity of organic carbon (Table

2-6) (1).

Table 2-6 Generally properties in each bioextract

Properties Plant Herbs Fish Shell Mixed
pH 3.3-5.1 3.5-8.8 3.6-6.2 3.4-8.4 3.7-9.0

EC ds/m) 0.12-8.54 0.17-9.85 | 3.1-33.8 | 0.24-10.92 | 0.63-12.52

Organic
0.14-18.88 | 0.04-21.49 | 3.2-19.4 | 0.12-20.59 | 1.02-14.25
carbon (%)
o 0.003-0.98 | 0.01-0.35 | 0.03-0.18 | 0.03-0.50 | 0.004-0.42
Humic acid
%) (detected (detected | (detected | (detected (detected
0

23%)* 32%)* 46%)* 39%)* 55%)*

Remark : * = Humic acid in samples was detected and 177 samples are 100%

Source : NPINUANVAYUNUITIAIUNBAT NTUITINMTNBAT (2547) (1)

2.2.3.6 Hormones or growth regulators: Many microorganisms such
as bacteria, fungi and actinomycetes can synthesize hormones when they are in

optimal environment. Since organic matter from fresh vegetable, fruit, and meat
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contain many hormones, these hormones are used as growth regulators. Educational
Technique Department of Agriculture investigated 177 bioextract samples which were
produced and used by the farmers. The farmers analyzed the 3 growth regulators, they
were auxin group (analyzed Indolacitic acid : IAA), gibberellin (analyzed gibberellic
acid : GA3) and cytokinin (analyzed zeatin and kinetin). They found that 90% of
samples contained indolacitic acid and the amount of indolacetic acid in animal
bioextract were more than in vegetable bioextract. The bioextract that used fruit, fish,
and shell as raw material provided more gibberellic acid than using other raw
materials. Whereas zeatin and kinetin were detected in small amount in both animal
and plant bioextract (1). Hormones or growth regulators in each bioextract are shown

in Table 2.7.

Table 2-7 Hormones or growth regulators in bioextract from different raw materials

Hormones
or growth | Vegetable Herb Fish Shell Mixture
regulators
Indolacetic 0.1-3.5 0.1-1.5 0.1-3.4 0.1-9.0 0.1-7.4
acid (ppm) | (detected (detected | (detected (detected (detected
90%)* 80%)* 100%)* 83%)* 83%)*
Gibberellic | 0.4-241.7 1.0-25.7 | 3.2-124.5 0.9-127.6 1.0-149.6
acid (ppm) | (detected (detected | (detected (detected (detected
85%)* 80%)* 70%)* 65%)* 83%)*
Zeatin 0.1-9.8 0.1-5.5 0.1-4.0 0.1-9.9 0.1-9.3
(ppm) (detected (detected | (detected (detected (detected
69%)* 39%)* 90%)* 61%)* 61%)*
Kinetin 0.1-18.5 0.1-28.9 1.0-13.4 0.2-22.1 0.1-11.0
(ppm) (detected (detected | (detected (detected (detected
51%)* 68%)* 60%)* 70%)* 56%)*

Remark : * = Each hormone in samples was detected and 177 samples are 100%

Source : ﬂamuaﬁuaumm‘i%’ﬂéfmmym NININMINYAT (2547) (1)

pesticide control substance into 4 groups.

2.2.3.7 Pesticide control substances

The Educational Technique Department of Agriculture categorized
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2.2.3.7.1 Alcohol consists of benzyl alcohol (phenyl methanol)
and 2 phenyl ethanol.

2.2.3.7.2 Benzene diol consists of 1,2-benzene diol (catechol)
and 1.3-benzene diol (resorcinol).

2.2.3.7.3 Phenol consists of 3-ethyl phenol, 4-ethyl phenol, and
dimethoxy phenol.

2.2.3.7.4 Ester consists of palmitic ethyl ester and stearic ethyl

ester.

Table 2-8 The components of pesticide control substances in bioextract from different

raw materials

The concentration (ppm) of pesticide control substances
Alcohol Benzene dial Phenol
components Ester group
group group group
vegetable 0-58.32 0-403.74 0-130.88 0-19.4
fruit 0.28-69.88 0-108.76 0.46-79.20 0-9.92
Vegetable+fruit 0-248.68 0-263.84 0-560.20 0-53.36
herb 0-593.92 0-1,675.68 0-370.40 0-45.36
fish 0-106.04 0-352.30 0.28-341.98 0-535.52
shell 0-534.64 0.32-483.00 0-599.20 0-58.96
Vegetable+fruit+meat | 0.52-870.24 | 0.12-444.48 | 0.44-483.00 | 0.36-151.04

Source : ﬂamuaﬁuaumm‘iﬁﬂéfmmmi NININMINYAT (2547) (1)

The Educational Technique Department of Agriculture investigated 177
bioextract samples and they found that alcohol group in vegetable or fruit bioextract
was less than in other bioextracts. Benzene diol group was found most in herb
biextract and phenol group was found most in shell bioextract; moreover, ester group
was found most in fish bioextract (Table 2-8). The different amount of substances was

found although the bioextract was produced from same raw materials. The amount of
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pesticide control substances was depended on source of raw material, quality of raw
material and keeping period of raw material. For example, herb bioextract that had
citronella grass as a major raw material was found alcohol group (e.g. citronellol,
geraniol) in only some samples (1).

2.2.3.8 Microorganisms

Microorganisms play important roles in organic material degradation
and biochemical components in the production process of bioextract. The
microorganisms in bioextracts are becteria such as Bacillus sp., Lactobacillus sp., and
Streptococcus sp., fungi such as Aspergillus niger, Pennicillium sp. and Rhizopus sp.,
and yeast such as Canida sp. The amount of microorganisms depending on type of
bioextract.

Some useful microorganisms can survive in the bioextract under acidic
condition (pH 3-4). The examples for bacteria, Lactobacillus sp. (lactic acid bacteria)
uses sugar as source of food and energy under anaerobic condition, Streptococcus sp.
(acetic acid bacteria) uses sugar as source of food and energy under aerobic condition
and Bacillus sp. can transform organic phosphorous and organic nitrogen to be
inorganic phosphorous and inorganic nitrogen and the most product is ammonia.
Moreover, Bacillus sp. can produce extracellular enzyme or preteolytic enzyme
(protease) for protein digestion. The examples for fungi, Aspergillus niger,
Pennicillium sp. and Rhizopus sp. can transform organic phosphorous (useless
phosphorous) to be inorganic phosphorous (useful phosphorous) for plants and
microorganisms. The examples for yeast, Saccharomyces sp. and Canida sp. uses
sugar as source of food and energy by fermentation process under anaerobic condition.
In this process, sugar will be changed to be ethyl alcohol, carbon dioxide gas, and by
products such as glycerol acid, organic acids, amino acids, purines, pyrimidines and
anyl alcohol are also produced in small amount. Moreover, yeast can produce
hormones and vitamins which are useful for plants and microorganisms in soil from

fermentation process (1).

2.2.4 Bioextract production
Bioextract is local wisdom using materials residue and molasses in

producing process. Bioextract is popular in several locals where have different
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productions such as raw materials, processes, production duration, and using (21).
Professor Ath Boonnitee in B.E. 2545 tried to use many type of vegetable as raw
material to produce bioextract following the Korea method. He found that every kind
of vegetable is effective raw material for bioextract production (28). Materials and
method for bioextract production was showed as follows:

2.2.4.1 Materials

2.2.4.1.1 The bucket with cover (plastic, metal or ceramic) or

plastic bag
2.2.4.1.2 Molasses or every kind of sugar
2.2.4.1.3 Vegetable (especially succulent)
2.2.4.1.4 Heavy material (e.g. brick or rock)
2.2.4.2 Methods
2.2.4.2.1 Chop vegetable into small pieces and take them into
the bucket.

2.2.4.2.2 Put sugar into the bucket at a ratio of 1:3 (sugar :
vegetable by weight). If there is bioextract already, the weight of sugar to the weight
of vegetable is 1/2:1/2. Try to do the most contact between pieces of vegetable and
sugar by mixing or array vegetable into layer and put sugar on each layer.

2.2.4.2.3 Put heavy material on the vegetable (1/3 of the weight
of vegetable) for 1 night and take it away.

2.2.4.2.4 Cover the bucket tightly or tie plastic bag tightly to
protect aerobic condition

2.2.4.2.5 Leave it for 3-5 days, the bioextract will occur. When
the extraction was leaved for 10-14 days, and then separates the bioextract from the
bucket and keeps it in plastic bottle. The soybean bioextract should be leaved at least
15 days (6). The new bioextract is still immature, carbon dioxide still is produced, so
open the bottle everyday until the bioextract is without carbon dioxide.

Not only vegetable but also meat or food residue can be used as
raw material for bioextract production. The weight of sugar is equal to the weight of

raw materials and the duration for extraction is more than 1 month.
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The volume of bioextract depends on the amount of water
content in raw materials. The fresh vegetable usually containes water about 90-98%.

Moreover, the volume of bioextract increased along the time (21).

Awareness : The fermentation bucket and bioextract should be kept in the shelter,
should not be wet by rain or warm by strong radiation. If the mature bioextract is

closed tightly, it can be kept for several months.

2.2.5 Using of bioextract for plant

Since bioextract has many useful substances and microorganisms, it has
to be diluted by cleaned water at a ratio of 1:100 to 1:1000 for application (29).
Normally, bioextract is used for 3 objectives.

2.2.5.1 Bioxtract is used to induce the plant to develop the growth rate.
The ratio of bioextract to cleaned water is 1:500 to 1:1000. Whether the bioextract is
too concentrated, the plant growth will be inhibited, plant leaves will get chlorosis. On
the other hand, the optimal concentration supported the healthy of plant. (26, 30)

2.2.5.2 Bioextract can be used as pesticide. Normally, bioextract will be
diluted at a ratio of 1:200 to 1:250 to protect and eliminate mealy bug. Moreover, it
can be used to increase degradation rate of vegetable residue in vegetable plots (26,
28).

2.2.5.3 Bioextract can be used to stimulate seed germination. The
bioextract will be diluted at a ratio of 1:500 or 1:1000 to soak plant’s seeds for 6-24
hours depends on the thickness of coat seed before growing (28).

2.2.6 Effects of bioextract on plant growth
Nowadays, there are many studies about using bioextract for
agriculture, and these studies found that the bioextract was good for plant growth.
A farmer from Vegetable Production Network for Sustainable
Agricultural Development project in Singburi and Lopburi province used bioextract
and dried organic compost without chemical fertilizer with their agricultural

production. As a result, the agricultural yield was as well as using chemical fertilizer.
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Without chemical fertilizer products yield 776 kg/rai by average whereas with
chemical fertilizer products yield 816 kg/rai by average (6).

Somporn Saelee and Juckrit Homchan studied the effects of 10 types of
liquid biofertilizers from the market on the growth of Sweet corn cv. KAO KU using
Yasothorn Soil (Oxic Paleustults) as growing material. They found that each liquid
biofertilizer (following the direction) would support the growth of Sweet corn cv.
KAO KU less than chemical fertilizer formula 15-15-15 in rate 50 kg/rai. However,
the liquid biofertilizers type number 6 gave the result similar to chemical fertilizer
formula 15-15-15. Using liquid biofertilizer provided wet weight and dry weight of
Sweet corn cv. KAO KU to be 51.362 and 12.078 g/pot, respectively. While using
chemical fertilizer formula 15-15-15 provided wet weight and dry weight of Sweet
corn cv. KAO KU to be 51.362 and 12.078 g/pot, respectively. This result might be
caused from deficit of plant nutrient especially nitrogen while liquid biofertilizer type
number 6 had the most total nitrogen and other nutrients which were similar to the
other liquid biofertilizers. Furthermore, increasing 2 times of using rate in some types
of liquid fertilizers could increase the growth rate of Sweet corn cv. KAO Ku (31).

Boonhong Chongkid studied the effects of bio-organic fertilizer,
bioextract, manure, and chemical fertilizer on the growth and grain yield of
Suphanburi 1 rice variety. She found that bioextract gave the growth and grain yield
similar to chemical fertilizer. The grain yield from using bioextract and chemical
fertilizer were 1180.6 kg/rai and 1079.4 kg/rai, respectively (32).

Chonthicha Vichian and Thanpisit Phuangchik studied the effects of the
ratio of nutrient solution to bioextract on the growth of French marigolds that were
grown by the substrate culture. They found that the nutrient solution to bioextract
(1:100) in the experiment at a ratio of 1/4:3/4, 1/2:1/2, and 3/4:1/4 were the growth of
French marigolds similar to using only nutrient solution. Moreover, the highest plant
width of French marigolds was using nutrient solution to bioextract (1:100) at a ratio
of 1/2:1/2 while there was the least growth of French marigolds for using only
bioextract (33).

Jarurat Pumprasert and Thanpisit Phuangchik studied the effects of
bioextract on growth, yield and reducing of production cost of Chinese kale that was

grown by the substrate culture. They found that bioextract could reduce the production



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Appro. Techn. for Resou. and Env. Dev.) / 31

cost using the substrate culture by using a half volume of nutrient solution and a half
volume of bioextract content. The bioextract content was diluted at a ratio of 1:200,
1:400, 1:600, 1:800, and 1:1000 by volume. The results showed that the growth and
yield of Chinese kale in the mixture of the nutrient solution and the varied dilutions of
the bioextract content were no significantly different (34).

From above information, bioextract could support the growth of plant
similar to chemical fertilizer using soil culture; however, using soilless culture had to
add nutrient for the plant growth. Accordingly, bioextract could only stimulate the

growth of plant, but the bioextract could not be as beneficially nutrients for plant.

2.3 Botanical character of Chinese kale

Scientific name : Brassica olevacea var. alboglabra

Family : Cruciferae

Common name : Chinese kale, Kailaan

Origin : South East Asia (e.g. Chinese, Hong Kong, Taiwan, Malaysia,
and Thai)

Chinese kale is popular vegetable in all region of Thailand. It is two-year
vegetable but normally it is planted for 1 year. The period of time from seeding until
harvest is 45-55 days. There are 3 well known varieties of Chinese kale in Thailand,
they are circular leaves group, acute leaves group, and stalk eaten group (7, 8, 9).

Chinese kale can be grown by sowing or seeding, covered by soil thickness 1
cm, watered for 7 days, all seeds will germ. Then seedlings well be transplanted when
they have 2-3 real leaves or when they age 20 days. The distance between each
seedling is 20 x 20 cm. Fertilizer supplier is chemical fertilizer formula 12-8-8 or 20-
11-11 100 kg/rai dividing for two times used. However, if the plant does not grow
enough, they should be supplied more fertilizer such as urea fertilizer or ammonia
nitrate fertilizer via roots or leaves by spraying the mixture of fertilizer 3-4
tablespoons in 20 L water (7, 8, 9).

Water should be always sufficient for Chinese kale and given enough carefulness.

The pests of Chinese kale are ruby sagra, common cutworm, pyralids, cabbage looper,
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cabbage worm, and aphid. This problem can be overcome by spraying the extract from

neem tree (35).
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Figure 2-1 Life cycle of growing Chinese kale

Remark : (a) Sowing or seeding of Chinese kale

(b) Transplanting of Chinese kale’s seedling in 14-20 days after seeding
(c) Harvesting of Chinese kale in 45-55 days after seeding
(d) Taking Chinese kale for sale in market

2.4 Soilless culture

Soilless culture or hydroponics is a system to grow the plant without soil. In
1929, Dr. William F. Gericke from the University of California effectively
transformed his nutriculture laboratory into a commercial crop production operation.
He termed his nutriculture systems “hydroponics" (36, 37, 38). The principal of
cultivation of soilless culture is as same as soil culture but the growing media is used
instead of soil. The plant nutrient will be given directly to plant (37, 38, 39, 40).
Soilless culture can be categorized into 2 groups.
2.4.1 Water Culture
Water culture is a system which root of plant will be grown directly in

water and nutrient. The floating platform is usually made of polystyrene. The small
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pot will be held in this floating plat form for the plant. For example, Nutrient Film
Technique (NFT), Deep Water Technique (DWT), Aeroponics and etc. (38, 39).

2.4.2 Substrate Culture

The plant will be grown in solid material which might be with or
without plant nutrient. This solid material has the efficiency to keep moisture. It
should have good drainage and durability. The nutrient for plant may be in solution or
tablet form (38, 39). There are many types of materials for substrate culture such as:

2.4.2.1 Vermicultie is the mixture material between vermiculite and
biotite in crystal or small cluster form. Vermucultie has light weight with high
absorption efficiency for water and nutrient. When vermiculite is used for a long time
the absorption efficiency will be lost because the porosity was lost (36, 41).

2.4.2.2 Phosphate Rock is the material which gives a little phosphorous.
Phosphorous rock will be splitted into 2 mm diameter to be use as growing media (36).

2.4.2.3 Perlite is from volcano. It will expand at 982 °C and perform
more space, light weight, high absorption efficiency for water, transparency for
ventilation, and low pH (41, 42).

2.4.2.4 Expanded plastic is suitable for plant in pot and tray but it is not
suitable for big plant (37).

2.4.2.5 Coconut coir dust can absorb more water, has good water
drainage and ventilation. The mixture between coconut coir dust and sand is popular
for seed and plant (38, 41).

2.4.2.6 Paddy husk has more porosity and more absorption efficiency.
The paddy husk should be composted before used (42).

2.4.2.7 Paddy husk ash is from burning of paddy husk at high
temperature. It is clean and has the absorption efficiency. Because paddy husk ash has
high pH value, it should be taken in water to reduce pH value before used (42).

2.4.2.8 Gravel can not absorb water but it has more space for
ventilation. The gravel should be having 0.75 cm diameter and particle size less than 1
cm for 50% of all material. The gravel is concerned about a mount of carbonate from

lime (38, 41, 43).
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2.4.2.9 Coarse sand is from river. The particle size of rough sand is
2.00-0.20 mm. The coarse sand has less absorption efficiency but good ventilation (42,
45).

2.4.2.10 Fine sand is from river with organic matter. The particle size
of fine sand is about 0.20-0.02 mm. The fine sand has more absorption than coarse
sand but less ventilation (38, 41).

Nopadol Riablershirun (37) studied about the mixture of materials
especially in Thailand. The suitable material for each type of plant is shown in Table

2-9

Table 2-9 The ratio of mixtures of growing media for plant cultivation in Thailand

Mixture material Ratio (v/v)

Appropriate ratio for fern

Broken brick with Coconut coir dust y:1
Broken brick with Paddy husk ash 1:1
Coconut coir dust with Paddy husk ash 1 4l

Appropriate ratio for Chinese water

spinach

Fine sand with Paddy husk 7
Coarse sand with Paddy husk 2:1
Fine sand with coconut coir dust 1:1
Coarse sand with coconut coir dust 1:1

Appropriate ratio for chili

Coarse sand with Paddy husk 1:1
Fine sand with Paddy husk 1:1
Coarse sand with Paddy husk ash 2:1,1:1
Fine sand with Paddy husk ash 2:1,1:1

Source : UWAA (FOUIAANTDY (2538) (37)
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2.4.3 Nutrient solution system
Nutrient solution system can be done by 2 systems. They were close
circulation system and open system which the nutrient solution can be used and
released from the system. The appropriate system will be selected by user’s
convenience and objectives (38, 40). The formula of nutrient solution is depended on
type of plant, plant growth duration, season of plant cultivation, part of plant, intensity
of light, temperature, location, the amount of plant, and objective of plant cultivation,

etc (37, 44). The using of concentration of nutrient solution is shown in Table 2-10

Table 2-10 The concentration of nutrient solution for plant cultivation

Nutridd Concentration of solution (mgL ™)
Range Mean
Nitrogen 150-1000 300
Calcium 300-500 400
Magnesium 50-100 75
Phosphorous 50-100 /5
Potassium 100-400 250
Sulfur 200-1000 400
Copper 0.1-0.5 0.5
Boron 0.5-5.0 1.0
Iron 2.0-10.0 5.0
Manganese 0.5-5.0 2.0
Molybdenum 0.001-0.002 0.001
Zinc 0.5-0.1 0.5
Chlorine 0.1-1.0 0.5

Source : UWAA (TOLAANTDY (2538) (37)
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CHAPTER III
MATERIALS AND METHODS

The present study investigated the efficiency of Chinese kale bioextract for the
Chinese kale growth. The study was divided into 2 parts. The first part determined the
chemical characteristics and the amount of nutrients in bioextracts. The second part
investigated the positive and negative results of Chinese kale growth by using

bioextracts compared with complete nutrient solution and filtered water.

3.1 Materials and equipment

- 20 L bucket with cover

- 108 holes seeding tray

- 7 inch diameter plant pot with 1 hole

- 2 L bottle and 100 ml sample bottle

- 0.2 and 2.0 mm diameter sieve for sand

- 4.0 mm diameter sieve for coconut coir dust

- Scientific glassware

- 20 L bucket for solution

- Hot air oven (Termarks, model TS 8000)

- Microwave (MILESTONE, model ETHOS PLUS2)

- Hot Plate (LABINCO, model L-82)

- pH meter (Mettler-Toledo GmbH Switzerland, model Sevengo SG2-FX)

- Electrical conductivity meter (EC) (Mettler-Toledo GmbH Switzerland,
model Sevengo SG3-FK2)

- Kjedahl distillation apparatus (Foss Switzerland, model Digestor UNIT
BS20)

- UV Spectrophotometer (Jasco, model V-530)

- Inductively coupled plasma spectroscopy (ICP) (Liberty, model 220)
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3.2 Growing media and fermented materials

- Sand

- Coconut coir dust
- Chinese kale

- Chinese cabbage
- Soybean

- Molasses

3.3 Seed

- Chinese kale seed brand 3A (Chua Yong Seng Seed Co., Ltd.)

3.4 Chemicals

3.4.1 Nutrient solution

- Monopotassium phosphate (KH,POy4)

- Potassium nitrate (KNOs3)

- Calcium nitrate tetrahydrate (Ca(NOs3),.4H,0)

- Magnesiumsulfate heptahydrate (MgSO4.7H,0)
- Boric acid (H3;BO3)

- Manganese chloride tetrahydrate (MnCl,.4H,0)
- Zinc sulphate heptahydrate (ZnSO4.7H,0)

- Cupric sulfate pentahydrate (CuSO4.5H,0)

- Sodium molybdate (Na,M00O4.H,0)

- Iron-sodium ethylene di-amino-tetra-acetic acid (Na Fe-EDTA)

3.4.2 Bioextract analysis
- Potassium sulphate (K,SOy4)
- Copper sulphate (CuSOy)

- Concentrated sulphuric acid (conc. H,SO4)
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3.4.2 Bioextract analysis (Continued)

Hydrogen peroxide (H,O,)

Anhydrous sodium hydroxide (anhyd. NaOH)

Boric acid (H3BO3)

Methyl red solution

Phenolphthalein

Antimony potassium tartrate (K(SbO)C4H4Og)
Ascorbic acid

Magnesium chloride hexahydrate (MgCl,.6H20)
Sodium acetate trihydrate (CH;COONa.3H,0)

Acetic acid (CH;COOH)

Barium chloride (BaCl,)

Sodium sulphate anhydrous (anhyd. Na;SOj)

Nitric acid (HNO3)

Bromocresol green

Hydrochloric acid (HCI)

Potassium peroxydisulphate (K»S,Os)

Ammonium heptamolybdate tetrahydrate (NH4)sM070,4.4H,0)
Monopotassium phosphate anhydrous (anhyd. KH,PO,)

3.5 Growth media preparation

3.5.1 Coarse sand preparation

The sand was passed through large sieve (2.0 mm) to eliminate too

large size sand (> 2.0 mm). After that passed it again through small sieve (0.2 mm) to

eliminate too small size sand (< 0.2 mm). The sand was used in the size range 0.2 —

2.0 mm size (International Society of Soil Science, ISSS) (13)

3.5.2 Coconut coir dust preparation

The coconut coir dust was passed through large sieve (4.0 mm) to

eliminate too large size coconut coir dust (> 4.0 mm). The coarse sand and coconut

coir dust were mixed about 200 times for homogeneous at a ratio of 1 : 2 (coarse sand
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: coconut coir dust by volume). The growing media was tested (appendix A) to find

the appropriate nutrient solution volume for dairy watering.

3.6 Bioextract preparation

Chinese kale or Chinese cabbage was chopped and soybean was broken into
small pieces. The bioextract was prepared following by Educational Technique
Department of Agriculture. Plant and molasses in a ratio of 3:1 were put in the bucket
(plant 3 kg mixed with molasses 1 kg depend on requirement of bioextract) followed
by adding 10 L cleaned water. These materials were fermented in 20 L bucket by 1
bucket for 1 type of plant. The bucket was covered (anaerobic condition) and left in
the shelter for 30 days. In initial period (1 day) may put the brick on the material for
the most contact and most amount of bioextract (28)

The bioextract was contained in plastic bottle which kept in shelter as a stock
solution for other solution preparation. Some amount of bioextract was analyzed to
determine the components and chemical characteristics (pH, EC, Total N, Total P,
Total K, Total Ca, Total Mg, and Total S). 100 ml of each type of bioextract were
collected in sample bottle and wrapped by foil and then kept under 4°C.
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Diagram 3-1 Bioextract producing process
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3.7 The study of chemical characteristics of bioextracts

Three types of bioextract were analyzed for their chemical charateristics at

laboratory of The Faculty of Environment and Resource Studies, Mahidol University.

1)
2)
3)

4)

5)

6)

pH was measured by pH meter (45)

EC was measured by Electrical conductivity meter (45)

Total N : The bioextract was digested by H,S04-Na,SO4-Se mixture and
analyzed for total N by Ascorbic Acid Method using UV
spectrophotometer (45)

Total P : The bioextract was digested by persulfate digestion and analyzed
for total P by Ascorbic Acid Method using UV spectrophotometer (44)
Total K, Ca, and Mg : The bioextract was digested by HNO; and H,O, by
Microwave Milestone ETHOS and analyzed for total K, Ca, and Mg by
inductively coupled plasma spectroscopy (ICP) (46)

Total S : The bioextract was digested by HNO;-HCIO4 mixture and
analyzed for total S by Turbidimetric Method (45)

3.8 The study of bioextracts on the enhancement of the Chinese kale

growth

3.8.1 Seedling preparation

1)

2)

3)

The growing media was filled in 108 holes (3 trays). Three seeds of
Chinese kale were put in each hole for seeding.

In dormancy period, seeds were watered by cleaned water. In germination
period (7 days after seeding), seeds were poured by complete nutrient
solution (prepared following appendix B).

When Chinese kale had two real leaves (14 days after seeding), the
seedling was transplanted to plant pot filled with growth media (coarse

sand : coconut coir dust at a ratio of 1 : 2), one pot for one Chinese kale.
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3.8.2 Experimental Methodology

The experimental plan was followed by Complete Randomized Design

(CRD) 11 treatments. Each treatment was done for 4 replicates and in each replicate

used 5 Chinese kale. The total was 220 Chinese kale. The treatments were provided as

follows:

Treatment 1 (T1) Complete nutrient solution

Treatment 2 (T2) Chinese kale bioextract : filtered water at a ratio of 1 :
500

Treatment 3 (T3) Chinese kale bioextract : filtered water at a ratio of 1 :
250

Treatment 4 (T4) Chinese kale bioextract : filtered water at a ratio of 1 :
100

Treatment 5 (T5) Chinese cabbage bioextract : filtered water at a ratio
of 1 : 500

Treatment 6 (T6) Chinese cabbage bioextract : filtered water at a ratio
of 1:250

Treatment 7 (T7) Chinese cabbage bioextract : filtered water at a ratio
of 1:100

Treatment 8 (T8) Soybean bioextract : filtered water at a ratio of 1 : 500

Treatment 9 (T9) Soybean bioextract : filtered water at a ratio of 1 : 250

Treatment 10 (T10) Soybean bioextract : filtered water at a ratio of 1 :
100

Treatment 11 (T11) Filtered water

The Chinese kale seedlings from 3.8.1 were transplanted and divided

into 11 treatments (T1-T11) followed by 3.8.2. After that Chinese kale were applied

by these treatments (T1-T11) everyday in the morning (9.00 am.) and evening (5.00

pm.).
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3.8.3 Determination of the growth of Chinese kale
The growth of Chinese kale was monitored at 7, 14, 21, 28, and 35 days
after transplant and was measured as follows:
- The height from bottom to top of Chinese kale
- Wet weight (stem and leaves)

- Dry weight (stem and leaves)

3.9 Statistical analysis

The distribution of the data of Chinese kale growth (height, wet weight, and
dry weight) were analyzed by ONE-WAY Analysis of Variance (ONE-WAY
ANOVA). The difference of mean values of data from each treatment were compared

by DMRT (Duncan’s New Multiple-Range Test).
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CHAPTER 1V
RESULTS AND DISCUSSION

4.1 Chemical characteristics in bioextracts

The chemical characteristics and the amount of nutrients in each bioextract

were determined and the results were showed in table 4.1.

Table 4-1 The chemical characteristics and the amount of nutrients in each bioextract

Chemical Chinese kale Chinese cabbage .
characteristics bioextract bioextract /oo blopgct
pH 5.24 5.06 4.56
EC (dSm™) 14.79 13.52 26.60
Total N (ppm) 1327.20 1092.00 4571.28
Total P (ppm) 209.15 221.94 974.49
Total K (ppm) 143.15 117.40 278.60
Total Ca (ppm) 50.65 51.68 66.49
Total Mg (ppm) 3691 31.62 87.62
Total S (ppm) 10.12 14.90 68

Table 4.1 showed that Chinese kale bioextract had the highest pH value (5.24).
The pH values of three types of bioextract were in acid because microorganisms in the
fermentation process produced several kind and high amount of organic acids (1, 6).
Soybean bioextract gave the lowest pH value or strongest acid because soybean
consists of carbohydrate more than Chinese kale and Chinese cabbage (47, 48).
Therefore, carbohydrate in soybean was digested to become sugar and changed to be
organic acids by microorganisms and caused the low pH values (49). This result was

consistency with the production of soybean in Japan, koji produced enzyme to digest
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protein to become peptide and amino acids and amylase changed starch to be sugar.
When these organic substances were fermented and produced many acids, lactic acid,
glutamic, etc., then pH values decreased. The pH of soybean in fermentation processes
for soybean sauce was in the range of 4.5-4.8 (50) while the pH of soybean bioextract
in this study was 4.56.

Each bioextract had high EC values, 14.17, 13.52, and 26.60 dS m’ for
Chinese kale, Chinese cabbage, and soybean bioextract, respectively. These results
might be caused by organic compounds in bioextract such as organic acids, vitamins,
enzymes, hormones, and minerals. Soybean bioextract had the highest EC values
because soybean had the total amount of nutrients more than other bioextracts. This
result was similar to the data of Department of Chemical Agriculture (3).

The amount of total N, total P, total K, total Ca, total Mg and total S were
detected most in soybean bioextract that was similar to the data from Educational
Technique Department of Agriculture which collected analytical data of bioextract

quality.

4.2 The efficiency of each bioextract and dilution of bioextract on the

Chinese kale cultivation

Each treatment was applied for Chinese kale cultivation. The efficiency of
bioextracts on height, wet weight, and dry weight of Chinese kale was determined as
follows:

4.2.1 The height of Chinese kale

The average height of Chinese kale after applied by each treatment was
showed in table 4.2. The results showed that there were no statistical significant
differences of the height of Chinese kale at 7 days after transplant in all treatments.
After transplant for 14, the height of Chinese kale in T1 was significantly different
from other treatments (T2-T11). In the period 21 days the height of Chinese kale in T1
was significantly different from other treatments (T2-T11). In case of T10, the height
of Chinese kale was significantly different from T2-T9 and T11. T9 had statistical
significant difference of the height of Chinese kale compared with T2-T8 and T11 but
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there was no significantly different between T2-T8 and T11. In the period 28 and 35
days after transplant, T1 showed the statistical significant difference of the height of
Chinese kale compared with T2-T11. The height of Chinese kale in T10 was
significantly different from T2-T9 and T11. T8 and T9 did not have statistical
significant difference of the height of Chinese kale but the height of Chinese kale in
T8 and T9 showed the significant difference when compared to T2-T7 and T11. The
effects of each treatment on the height of Chinese kale can be explained as follows:
When the Chinese kale had the age 7 days after transplant, the height of
Chinese kale was not different. The height of Chinese kale began to be different when
it ages 14 days after transplant and the precise difference of Chinese kale’s height
increases along the time until harvest period (35 days after transplant) (Figure 4-1).
Pouring by complete nutrient solution (T1) gave the highest height (33.52 cm). The
comparison between the height of Chinese kale applied by treatments of bioextract
(T2-T10) found that soybean bioextract and filtered water in the ratio of 1:100 by
volume (T10) gave the highest height (20.02 cm). The average height of the ratio of
1:250 of soybean bioextract and filtered water (T9) and soybean bioextract and filtered

water in the ratio of 1:500 by volume (T8) were 15.05 and 12.97 cm, respectively.
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Table 4-2 The average height of Chinese kale (cm) in different periods of growth

Height of Chinese kale (cm) at different periods

Treatment of growth (days) after transplant
7 14 21 28 35

T1 : Complete nutrient solution 8.87° | 17.97" | 24.30" | 27.55" | 33.52°
T2 : Chinese kale bioextract + filtered

water (1:500) 7.00° | 8.62° | 8.62* | 8.65% | 8.65
T3 : Chinese kale bioextract + filtered

water (1:250) 7.15° | 845" | 855 | 857 | 8.60°
T4 : Chinese kale bioextract + filtered

water (1:100) 7.50° | 837° | 8.40' | 842¢ | 9.17°
T5 : Chinese cabbage bioextract +

filtered water (1:500) 732 | 7.60° | 8.00° | 8.02¢ | 8.17°
T6 : Chinese cabbage bioextract +

filtered water (1:250) 7.52* | 8.05° | 832¢ | 837 | 8.80°
T7 : Chinese cabbage bioextract +

filtered water (1:100) 6.87° | 827° | 835% | 842 | 845
T8 : Soybean bioextract + filtered

water (1:500) 7.20° | 9.00° | 9.05¢ | 11.55° | 12.97°
T9 : Soybean bioextract + filtered

water (1:250) 6.85* | 8.87° | 10.75° | 13.37° | 15.05°
T10 : Soybean bioextract + filtered

water (1:100) 6.47° | 820" | 14.32° | 17.95° | 20.02"
T11 : Filtered water 740" | 7.62° | 7.62° | 7.62° | 8.17°
Fotost s o o o o
CV % 12,65 | 1629 | 9.74 | 1433 | 13.30

Remark ns = no significant statistical difference

** = significant statistical difference 99%

Mean within the same column followed by same letter are no significant

difference at p < 0.01 by least significant difference DMRT
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Figure 4-1 The average height of Chinese kale (cm) at different periods of growth
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4.2.2 The wet weight of Chinese kale’s stem

The wet weight of Chinese kale’s stem in each treatment was showed in
table 4.3. Chinese kale at 7 and 14 days after transplant, the wet weight of Chinese
kale’s stem in T1 was significantly different from other treatments (T2-T11). After
transplant for 21 and 28 days, the wet weight of Chinese kale’s stem in T1 was
significantly different from T2-T11. In case of T10, the wet weight of Chinese kale’s
stem was significantly different from T2-T8 and T11 but there was no significantly
different from T9. The wet weight of Chinese kale’s stem in T9 did not show the
significant difference from T2-T8. In the period 35 days after transplant, T1 showed
the statistical significant difference of the wet weight of Chinese kale’s stem compared
with T2-T11. The wet weight of Chinese kale’s stem in T10 was significantly different
from T2-T9 and T11. The wet weight of Chinese kale’s stem in T9 did not show the
significantly different from T2-T8 and T11 but there was no significantly different
between T2-T8 and T11. The effects of each treatment on the wet weight of Chinese
kale’s stem can be explained as follows:

When the Chinese kale had the age 7 days after transplant, T1 gave the
different wet weight of Chinese kale’s stem from using the other treatments and the
difference was precise in 21 days after transplant and the difference increased along
time (Figure 4-2). In harvest period, T1 gave the highest wet weight of Chinese kale’s
stem (36.29 g). The comparison between the wet weight of Chinese kale’s stem
applied by treatments T2-T10 found that the highest wet weight of Chinese kale’s
stem (9.93 g) was achieved in T10, while the wet weight of T9 was 2.92 g.
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Table 4-3 The average wet weight of Chinese kale’s stem (g) in different periods of

growth
Wet weight of Chinese kale’s stem (g) at
Treatment different periods of growth (days) after
transplant
7 14 21 28 35

T1 : Complete nutrient solution 0.25* 2.1° 6.80° | 15.10* | 36.29"
T2 : Chinese kale bioextract + filtered

water (1:500) 0.17° | 026> | 0.24° | 022° | 0.25¢
T3 : Chinese kale bioextract + filtered

water (1:250) 0.16° | 025" | 0.24° | 025 | 025
T4 : Chinese kale bioextract + filtered

water (1:100) 0.18° | 023 [ 0.26° | 026° | 027
T5 : Chinese cabbage bioextract +

filtered water (1:500) 0.17° | 0.22° | 022° | 023 | 0.26°
T6 : Chinese cabbage bioextract +

filtered water (1:250) 0.15° | 0.25° | 023° | 022° | 0.26°
T7 : Chinese cabbage bioextract +

filtered water (1:100) 0.17° | 024> | 025 | 023 | 0.26°
T8 : Soybean bioextract + filtered

water (1:500) 0.13° | 025" | 0.27° | 0.62° | 0.78¢
T9 : Soybean bioextract + filtered

water (1:250) 0.16° | 026 | 0.53 | 1.49* | 3.92°
T10 : Soybean bioextract + filtered

water (1:100) 0.16° | 026" | 0.97° | 271> | 9.93°

T11 : Filtered water 0.18" | 0.20° | 0.22¢ | 021° | 0.24
Fotost o o o o o
CV % 18.60 | 39.33 | 4023 | 4448 | 22.11

Remark ** = significant statistical difference 99%

Mean within the same column followed by same letter are no significant

difference at p < 0.01 by least significant difference DMRT
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Figure 4-2 The average wet weight of Chinese kale’s stem (g) at different periods of
growth
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4.2.3 The dry weight of Chinese kale’s stem

The dry weight of Chinese kale’s stem applied by each treatment was
showed in table 4.4. The results showed that there were no statistical significant
differences of the height of Chinese kale at 7 day after transplant in all treatments.
After transplant for 14 and 21 days, the dry weight of Chinese kale’s stem in T1 was
significantly different from other treatments (T2-T11). In the period 28 days after
transplant, the dry weight of Chinese kale’s stem in T1 was significantly different
from T2-T11. In case of T10, the dry weight of Chinese kale’s stem was significantly
different from T2-T8 but no significantly different when compared to T9. The dry
weight of Chinese kale’s stem in T9 did not show significant difference from T2-T8S.
In the period 35 days after transplant, T1 showed the statistical significant difference
of the dry weight of Chinese kale’s stem compared with T2-T11. The dry weight of
Chinese kale’s stem in T10 was significantly different from T2-T9 and T11. T8 and
T9 did not show significant difference of the dry weight of Chinese kale’s stem but the
dry weight of Chinese kale’s stem in T8 and T9 showed the significant difference
when compared to T2-T7 and T11. The effects of each treatment on the dry weight of
Chinese kale’s stem can be explained as follows:

When the Chinese kale had the age 7 days after transplant, there was
not any difference of the dry weight of Chinese kale’s stem but after transplant 14
days the dry weight slowly different along the time (Figure 4-3). In the harvest period,
T1 gave the highest dry weight of Chinese kale’s stem (4.0420 g). The comparison
between the dry weight of Chinese kale’s stem applied by treatments T2-T10 found
that the highest dry weight of Chinese kale’s stem (0.7469 g) was achieved in T10,
while the dry weight of T9 and T8 were 0.1132 and 0.3137 g, respectively.
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Table 4-4 The average dry weight of Chinese kale’s stem (g) in different periods of
growth

Dry weight of Chinese kale’s stem (g) at different
Treatment periods of growth (days) after transplant

7 14 21 28 35
T1 : Complete nutrient solution 0.0216* | 0.0726" | 0.6305" | 1.5290" | 4.0420"

T2 : Chinese kale bioextract +

filtered water (1:500) 0.0190* | 0.0259° | 0.0404° | 0.0401¢ | 0.0437¢
T3 : Chinese kale bioextract +

filtered water (1:250) 0.0165" | 0.0269° | 0.0414° | 0.0425° | 0.0430°
T4 : Chinese kale bioextract +

filtered water (1:100) 0.0213* | 0.0236° | 0.0429° | 0.0429° | 0.0457°
TS5 : Chinese cabbage bioextract

+ filtered water (1:500) 0.0180* | 0.0218" | 0.0382° | 0.0425° | 0.0431¢
T6 : Chinese cabbage bioextract

+ filtered water (1:250) 0.0169* | 0.0261° | 0.0402° | 0.0426° | 0.0441°
T7 : Chinese cabbage bioextract

+ filtered water (1:100) 0.0167* | 0.0244° | 0.0418" | 0.0412° | 0.0438"
T8 : Soybean bioextract +

filtered water (1:500) 0.0148* | 0.0278" | 0.0425° | 0.0775° | 0.1132¢
T9 : Soybean bioextract +

filtered water (1:250) 0.0167* | 0.0264° | 0.0593" | 0.1400" | 0.3137¢
T10 : Soybean bioextract +

filtered water (1:100) 0.0194* | 0.0282° | 0.1093° | 0.2315" | 0.7469"

T11 : Filtered water 0.0194* | 0.0205" | 0.0353" | 0.0495° | 0.0428°
Fotost s o o o o
CV % 13.46 33.90 47.02 4333 | 29.75

Remark ns = no significant statistical difference

** = significant statistical difference 99%

Mean within the same column followed by same letter are no significant

difference at p < 0.01 by least significant difference DMRT
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Figure 4-3 The average dry weight of Chinese kale’s stem (g) at different periods of
growth
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4.2.4 The wet weight of Chinese kale’s leaves

The wet weight of Chinese kale’s leaves applied by each treatment was
showed in table 4.5. Chinese kale at 7, 14 and 21 days after transplant, the wet weight
of Chinese kale’s leaves in T1 was significantly different from other treatments (T2-
T11). After transplant for and 28 days, the wet weight of Chinese kale’s leaves in T1
was significantly different from T2-T11. In case of T10, the wet weight of Chinese
kale’s leaves was significantly different from T2-T9 while there was no significantly
different between T2-T9 and T11. In the period 35 days after transplant, the wet
weight of Chinese kale’s leaves in T1 was significantly different from T2-T11. In case
of T10, the wet weight of Chinese kale’s leaves was significantly different from T2-T9
and T11. T9 had statistical significant difference of the wet weight of Chinese kale’s
leaves compared with T2-T8 and T11 but there was no significantly different between
T2-T8 and T11. The effects of each treatment on the wet weight of Chinese kale’s
leaves can be explained as follows:

When the Chinese kale had the age 7 days after transplant, pouring T1
gave the different wet weight of Chinese kale’s leaves from using other treatments and
the difference was precise in 21 days after transplant and the difference increased
along time (Figure 4-4). In harvest period, T1 gave the highest wet weight of Chinese
kale’s leaves (120.18 g). The comparison between the wet weight of Chinese kale’s
leaves applied by treatments T2-T10 found that the highest wet weight of Chinese
kale’s leaves (22.8 g) was achieved in T10, while the wet weight of T9 was 11.02 g.
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Table 4-5 The average wet weight of Chinese kale’s leaves (g) in different periods of

growth
Wet weight of Chinese kale’s leaves (g) at
Treatment different periods of growth (days) after
transplant
7 14 21 28 35
T1 : Complete nutrient solution 1.74° 9.59" | 31.19" | 67.88" | 120.18"
T2 : Chinese kale bioextract + filtered
water (1:500) 0.87° | 1.02° | 1.06° | 1.43° | 1.53¢
T3 : Chinese kale bioextract + filtered
water (1:250) 1.03* | 098 | 1.10° | 1.40° | 1.55¢
T4 : Chinese kale bioextract + filtered
water (1:100) 0.93° | 1.00° | 1.14° | 1.37° | 1.55°
T5 : Chinese cabbage bioextract +
filtered water (1:500) 0.85° | 1.02° | 1.17° | 1.36° | 1.56°
T6 : Chinese cabbage bioextract +
filtered water (1:250) RO | | ISR .05°  |.1.52° | 1.57°
T7 : Chinese cabbage bioextract +
filtered water (1:100) 0.84" | 1.02° | 1.11° | 1.25° | 1.50¢
T8 : Soybean bioextract + filtered water
(1:500) 0.79° | 1.07° | 1.19° | 298 | 4.16°
T9 : Soybean bioextract + filtered water
(1:250) 0.92° | 1.05° | 1.81° | 5.45° | 11.02¢
T10 : Soybean bioextract + filtered
water (1:100) 0.83° | 1.05° | 4.00° | 12.97° | 22.8
T11 : Filtered water 0.81° | 097° | 091° | 1.10° | 1.30°
F-test o ok o o o
CV % 23.28 23.57 40.82 40.27 30.09

Remark ** = significant statistical difference 99%

Mean within the same column followed by same letter are no significant

difference at p < 0.01 by least significant difference DMRT
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Figure 4-4 The average wet weight of Chinese kale’s leaves (g) at different periods of
growth
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4.2.5 The dry weight of Chinese kale’s leaves

The dry weight of Chinese kale’s leaves applied by each treatment was
showed in table 4.6. Chinese kale at 7, 14 and 21 days after transplant, the dry weight
of Chinese kale’s leaves in T1 was significantly different from other treatments (T2-
T11). After transplant for and 28 days, the dry weight of Chinese kale’s leaves in T1
was significantly different from T2-T11. In case of T10, the dry weight of Chinese
kale’s leaves was significantly different of from T2-T7 but the dry weight of Chinese
kale’s leaves was no significantly different when compared to T8 and T9 while there
was no significantly different between T8 and T9. The dry weight of Chinese kale’s
leaves in T8 and T9 was no significantly different from T2-T7. In the period 35 days
after transplant, the dry weight of Chinese kale’s leaves in T1 was showed the
statistical significant difference of compared with T2-T11. The dry weight of Chinese
kale’s leaves in T10 was significantly different from T2-T9 and T11 but there was no
significantly different between T2-T9 and T11. The effects of each treatment on the
dry weight of Chinese kale’s leaves can be explained as follows:

When the Chinese kale had the age 7 days after transplant, the dry
weight of Chinese kale’s leaves increased slowly along the time (Figure 4-5). In
harvest period, T1 gave the highest dry weight of Chinese kale’s leaves (13.3513 g).
The comparison between dry weight of Chinese kale’s leaves applied by treatments
T2-T10 found that the highest dry weight of Chinese kale’s leaves (2.5799 g) was
achieved in T10, while the dry weight of Chinese kale’s leaves of T9 was 1.2569 g.
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Table 4-6 The average dry weight of Chinese kale’s leaves (g) in different periods of
growth

Dry weight of Chinese kale’s leaves (g) at different
Treatment periods of growth (days) after transplant

7 14 21 28 35

T1 : Complete nutrient solution 0.1237* | 0.5371" | 2.6896" | 6.5189" | 13.3513"

T2 : Chinese kale bioextract +

filtered water (1:500) 0.0781° | 0.1359° | 0.1997° | 0.3113° | 0.3442°
T3 : Chinese kale bioextract +

filtered water (1:250) 0.0884" | 0.1393° | 0.1960° | 0.3157° | 0.3314°
T4 : Chinese kale bioextract +

filtered water (1:100) 0.0836° | 0.1358" | 0.2119° | 0.2872° | 0.3491°
T5 : Chinese cabbage bioextract +

filtered water (1:500) 0.0748° | 0.1354° | 0.1961° | 0.3173° | 0.3409°
T6 : Chinese cabbage bioextract +

filtered water (1:250) 0.0938° | 0.1350° | 0.1994° | 0.3226° | 0.3508°
T7 : Chinese cabbage bioextract +

filtered water (1:100) 0.0755° [ 0.1340° | 0.2010° | 0.3050° | 0.3267¢
T8 : Soybean bioextract + filtered

water (1:500) 0.0784" | 0.1413° | 0.2124° | 0.4980™ | 0.7242¢
T9 : Soybean bioextract + filtered

water (1:250) 0.0746" | 0.1442° | 0.2942° | 0.5727" | 1.2569°
T10 : Soybean bioextract +

filtered water (1:100) 0.0723" | 0.1425° | 0.4357° | 1.1244° | 2.5799"

T11 : Filtered water 0.0713° | 0.1020° | 0.1650° | 0.2554° | 0.3151°
Fotost o o o o o
CV % 20.84 | 42.95 44.05 46.86 32.54

Remark ** = significant statistical difference 99%

Mean within the same column followed by same letter are no significant

difference at p < 0.01 by least significant difference DMRT
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Figure 4-5 The average dry weight of Chinese kale’s leaves (g) at different periods of
growth
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4.2.6 The total wet weight of Chinese kale

The total wet weight of Chinese kale applied by each treatment was
showed in table 4.7. Chinese kale at 7 and 14 days after transplant, the total wet
weight of Chinese kale in T1 was significantly different from other treatments (T2-
T11). After transplant for and 21 days, the total wet weight of Chinese kale in T1 was
significantly different from T2-T11. In case of T10, the total wet weight of Chinese
kale was significantly different from T2-T8 and T11 but there was no significantly
different between T9 and T10. The total wet weight of Chinese kale in T9 was no
significantly different from T2-T8 and T11. In the period 28 days after transplant, the
total wet weight of Chinese kale in T1 was significantly different from T2-T11. In
case of T10, the total wet weight of Chinese kale was significantly different from T2-
T9 and T11. After transplant for 35 days, the total wet weight of Chinese kale in T1
was significantly different from T2-T11. In case of T10, the total wet weight of
Chinese kale was significantly different from T2-T9 and T11. T9 had statistical
significant difference of the total wet weight of Chinese kale compared with T2-T8
and T11 but there was no significantly different between T2-T8 and T11. The effects
of each treatment on the wet weight of Chinese kale can be explained as follows:

When the Chinese kale had the age 7 days after transplant the total wet
weight of Chinese kale were begun different and the total wet weight increase along
the time (Figure 4-6). In the harvest period, T1 gave the highest total wet weight
(156.47 g). The comparison between the total wet weight of Chinese kale applied by
treatments T2-T10 found that the highest average total wet weight of Chinese kale
(32.73 g) was achieved in T10, while the total wet weight of T9 was 13.94 g.



Chalermwut Noisopa Results and Discussion / 62

Table 4-7 The total wet weight of Chinese kale (stem and leaves) (g) in different
periods of growth

Total wet weight of Chinese kale (g) at different
Treatment periods of growth (days) after transplant

7 14 21 28 35

T1 : Complete nutrient solution 2.20° 11.69* | 37.99* 82.99° 156.47*

T2 : Chinese kale bioextract +

filtered water (1:500) 1.05° 1.28° | 1.30° 1.65° 1.78¢
T3 : Chinese kale bioextract +

filtered water (1:250) 1.19° 1.23° | 1.34° 1.66° 1.79¢
T4 : Chinese kale bioextract +

filtered water (1:100) Anad 1.64¢ 1.83¢
T5 : Chinese cabbage bioextract +

filtered water (1:500) 02" e L0 /S 1.60°¢ 1.82¢
T6 : Chinese cabbage bioextract +

filtered water (1:250) Rl gl 3% N 1.74¢ 1.83¢
T7 : Chinese cabbage bioextract +

filtered water (1:100) 1.02° | 126" | 1.36° 1.48°¢ 1.76°
T8 : Soybean bioextract + filtered

water (1:500) 0.92° 1.32° | 1.45° 3.61° 4.95¢
T9 : Soybean bioextract + filtered

water (1:250) 1.08 1.3 0”25 6.93¢ 13.94°
T10 : Soybean bioextract +

filtered water (1:100) 1.00° 1.31° | 4.97° 15.68" 32.73°

T11 : Filtered water 0.99° | 1.19° | 1.12° 1.32¢ 1.54¢
Fotost o o o o o
CV % 21.12 | 19.11 | 38.52 38.03 27.58

Remark ** = significant statistical difference 99%

Mean within the same column followed by same letter are no significant

difference at p < 0.01 by least significant difference DMRT
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Figure 4-6 Total wet weight of Chinese kale (stem and leaves) (g) at different periods
of growth
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4.2.7 The total dry weight of Chinese kale

The total dry weight of Chinese kale applied by each treatment was
showed in table 4.8. The results showed that the total dry weight of Chinese kale of
Chinese kale at 7, 14 and 21 days after transplant in T1 was significantly different
from other treatments (T2-T11). After transplant for 28 days, the total dry weight of
Chinese kale in T1 was significantly different from T2-T11. In case of T10, the total
dry weight of Chinese kale was significantly different from T2-T8 and T11 but there
was no significantly different of the total dry weight of Chinese kale between T9 and
T10. The total dry weight of Chinese kale in T9 was no significantly different from
T2-T8 and T11. In the period 35 days after transplant, the total dry weight of Chinese
kale in T1 was significantly different from T2-T11. In case of T10, the total dry
weight of Chinese kale was significantly different from T2-T9 and T11. The total dry
weight of Chinese kale in T9 was significantly difference from T2-T7 and T11 but
there was no significantly different between T2-T7 and T11. Moreover, there was no
significantly different between T8 and T9 too. The effects of each treatment on the wet
weight of Chinese kale can be explained as follows:

When the Chinese kale had the age 7 days after transplant the total dry
weight of Chinese kale were begun different and the total dry weight increase with
time (Figure 4-7). In the harvest period, T1 gave the highest total dry weight (17.39 g).
The comparison between total dry weight of Chinese kale applied by treatments T2-
T10 found that the highest total dry weight of Chinese kale (3.33 g) was achieved in
T10, while the total wet weight of T9 and T8 were 1.57 g and 0.84 g, respectively.
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Table 4-8 The total dry weight of Chinese kale (stem and leaves) (g) in different

periods of growth

Total dry weight of Chinese kale (g) at different
Treatment periods of growth (days) after transplant
7 14 21 28 35
T1 : Complete nutrient solution 0.1453" | 0.6098" | 3.3200" | 8.0479* | 17.3933"
T2 : Chinese kale bioextract+
filtered water (1:500) 0.0984° | 0.1618° | 0.2401° | 0.3514° | 0.3879¢
T3 : Chinese kale bioextract +
filtered water (1:250) 0.1049" | 0.1661° | 0.2374° | 0.3582° | 0.3994¢
T4 : Chinese kale bioextract +
filtered water (1:100) 0.1049° | 0.1595° | 0.2548" | 0.3302° | 0.3948°
T5 : Chinese cabbage bioextract +
filtered water (1:500) 0.0927° [ 0.1577° | 0.2343° | 0.3597° | 0.3840°
T6 : Chinese cabbage bioextract +
filtered water (1:250) 0.1107° [ 0.1611° | 0.2297° | 0.3651° | 0.3950°
T7 : Chinese cabbage bioextract +
filtered water (1:100) 0.0922° | 0.1585° | 0.2428" | 0.3461° | 0.3705°
T8 : Soybean bioextract + filtered
water (1:500) 0.0932° | 0.1691° | 0.2549° | 0.5754° | 0.8374%
T9 : Soybean bioextract + filtered
water (1:250) 0.0913" | 0.1706° | 0.3535° | 0.7127* | 1.5706°
T10 : Soybean bioextract +
filtered water (1:100) 0.0916" | 0.1708° | 0.5451° | 1.3559° | 3.3268°
T11 : Filtrated water 0.0922° | 0.1225° | 0.2003° | 0.2959¢ | 0.3580°
Fotost o o o o o
CV % 17.05 | 41.09 | 4248 43.95 28.99

Remark ** = significant statistical difference 99%

Mean within the same column followed by same letter are no significant

difference at p < 0.01 by least significant difference DMRT
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Figure 4-7 Total dry weight of Chinese kale (stem and leaves) (g) at different periods
of growth
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The results of height, wet weight, and dry weight of each part of Chinese kale
showed that three types of bioextracts (Chinese kale bioextract, Chinese cabbage
bioextract, soybean bioextract) could not enhance for complete Chinese kale growth
when compared with complete nutrient solution (T1). This result indicated that the
concentrations of macronutrients in each bioextract were low due to more dilution.
From this result, using only bioextract was not sufficient for Chinese kale growth
because in the vegetative growth stage, Chinese kale needs the essential nutrients
particularly nitrogen (N). If the Chinese kale lack of N, its stem will be dwarf (12, 13,
14) and could not grow. According to the study of Surachai Phattanapiboon (2002) (2)
found that using only bioextract can not enhance the plant growth because the amount
of macronutrient and micronutrient in bioextract was not sufficient for plant growth.
This finding was similar to the study of Education Technique Department of
Agriculture (1). Moreover, the supporting detail from the study of Abdul Khaliq and
et. al. revealed that using EM (effective microorganism) which there was process of
production similar to bioextract, alone for cotton production could not enhance the
yield of cotton when compared to full recommended NPK fertilizer (51).

The comparison between using each bioextract, soybean bioextract contained
the plant nutrients more than other bioextracts. However, plant nutrients in soybean
bioextract and filtered water in the ratio of 1:500 by volume (T8) or 0.2 % of
bioextract were less than that in Chinese kale bioextract and filtered water and Chinese
cabbage bioextract and filtered water in the ratio of 1:100 by volume (T4 and T7)
(Table 4-9) or 1 % of bioextract. Contradiction, soybean bioextract and filtered water
in the ratio of 1:500 by volume (T8) or 0.2 % of bioextract performed the Chinese kale
growth more than using Chinese kale bioextract and filtered water and Chinese
cabbage bioextract and filtered water in the ratio of 1:100 by volume (T4 and T7) or
1 % of bioextract. This result might be involved in the compositions of plant nutrients
in soybean bioextract that was suitable for the growth of Chinese kale (19, 52). It
indicated that the amount of macronutrient and micronutrient was not depended on the
type of bioextract but it was depended on the availability of nutrient for plant. For
example, available forms of nitrogen are NOs; and NH4+, available forms of
phosphorous are H,PO™ and HPO,* and the available form of potassium is K, etc.

(16). Likewise, some parts of the study by Chonthicha Vichian and Thanpisit
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Phuangchik (33) found that the comparison between the stem length and the plant
width of French marigolds after transplanting for 3 weeks by using fish bioextract and
using nutrient solution in soilless culture were no statistical significant difference. In
the initial phase of French marigolds was the vegetative growth and it might get
enough nitrogen for this phase from animal bioextract (33). In addition, this study
showed that the available form of nutrient for plant could be supported from animal

bioextract (33).

Table 4-9 The concentration of plant nutrients in each treatment

Plant nutrients
Treatment | Total N Total P Total K | Total Ca | Total Mg | Total S
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
T1 190 31 234 200 48 64
T2 2.65 0.42 0.29 0.10 0.07 0.02
T3 5.31 0.84 0.57 0.20 0.15 0.04
T4 13.27 2.09 1.43 0.51 0.37 0.10
T5 2.18 0.44 0.23 0.10 0.06 0.03
T6 4.37 0.89 0.47 0.21 0.13 0.06
T7 10.92 222 o ] 0.52 0.33 0.15
T8 9.14 1.95 0.56 0.13 0.17 0.14
T9 18.28 3.90 1.11 0.26 0.35 0.27
T10 45.71 9.74 2.79 0.66 0.88 0.68
T11 0 0 0 0 0 0

Source : Modified from Table 4-1 and Table B-1

Each ratio of three types of bioextract solution did not have any influence on
Chinese kale growth. This investigation found that the Chinese kale slightly grew
when it was applied by treatment of Chinese kale and Chinese cabbage bioextracts
whereas the Chinese kale precise grew when it was applied by the treatment solution

of soybean bioextract. From the detection, the soybean bioextract performed the most
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acid and should inhibit the Chinese kale growth. The soybean bioextract was the best
bioextract for enhancement of the Chinese kale growth because Chinese kale preferred
to grow in acidic growing media (pH 6.8-5.5) (17). Hence, the highest concentration
of soybean bioextract (1:100) or 1 % of bioextract did not have any effect on Chinese
kale growth. Since of the soybean bioextract consists of many plant nutrients more
than other bioextract, soybean bioextract gave the different growth of Chinese kale.
The soybean bioextract and filtered water in the ratio of 1:100 (T10) or 1 % of
bioextract performed the best Chinese kale growth because it contained the high
concentration of plant nutrients. However, the amount of plant nutrients in diluted
soybean bioextract was not enough for the Chinese kale growth. The growth rate of
plant would be increased rapidly when it got enough amount of plant nutrients in
initial period (12). After that, the growth rate of plant would be increased slowly until

reach maximum growth even though it got more plant nutrients (12).
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CHAPTER V
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

From the studies of chemical properties and the amount of macronutrients in
each bioextract showed that soybean bioextract had the highest amount of nutrients,
EC and pH in acidic condition. The concentrations of macronutrients, EC and pH of
Chinese kale and Chinese cabbage bioextracts were similar. When considered only
bioextract treatment solution at the ratio of 1:500, 1:250, and 1:100 (bioextract :
filtered water by volume) to apply with the Chinese kale, the result showed that using
soybean bioextract gave the most efficiency for Chinese kale growth following by
using Chinese kale and Chinese cabbage bioextracts. Moreover, Chinese kale growth
was significantly different between soybean bioextract at the different ratios of
bioextract and filtered water. At the highest concentration of soybean bioextract, 1:100
(soybean bioextract : filtered water by volume, T10) was the most efficiency for
Chinese kale growth. Moreover, types of bioextracts did not have any effect on
Chinese kale growth.

The comparison between using bioextracts and complete nutrient solution
found that enhancing Chinese kale growth in only bioextracts were less than in
complete nutrient solution. Accordingly, using only Chinese kale bioextract could not
enhance the most Chinese kale growth. Although soybean bioextract enhanced the
Chinese kale most, but it could not substituted using of complete nutrient solution
because the amount of nutrient in soybean bioextract was quite small when it was
diluted. The bioextract solution at the concentration 1:100 (bioextract : filtered water
by volume) did not have any affects on Chinese kale growth because even used
soybean bioextract at the concentration 1:100 (soybean bioextract : filtered water by
volume) which was high concentration when compared to the recommended

concentration by farmer and the Education Technique Department of Agriculture (the
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ratio in the range 1:200 — 1:1000, bioextract : filtered water by volume) but it could
increase the growth of Chinese kale. It means that the consideration for using
bioextracts in this study was also depended on the type of vegetable. Chinese kale has
tolerant to acidic condition so the acidity of bioextracts did not have any affect on

Chinese kale growth.

5.2 Recommendation

This study was determined only the growth of Chinese kale using bioextracts.
The further study could be followed by these studies.

5.2.1 Complete nutrient solution should use accompany with bioextracts to
find other factors which affect the Chinese kale growth beyond the amount of
macronutrient and micronutrient such as plant hormones and growth factor regulators.

5.2.2 Soybean bioextract should be used accompany with nutrient solution in
hydroponics system to reduce the capital cost of hydroponics system.

5.2.3 Soybean bioextract should be used accompany with organic fertilizer in
organic agriculture to enhance the production in organic agriculture system.

5.2.4 Soybean bioextract should be compared with fish bioextract because
both of these bioextracts contain the high amount of nitrogen.

5.2.5 The concentration of soybean bioextract may be increased to find the
optimal concentration for Chinese kale growth.

5.2.6 The concentration of bioextracts should be increased to investigate the
maximum concentration of bioextracts that inhibited the growth of plant.

5.2.7 Each bioextract should be determined the type of microorganisms
which can change the nutrients to be available for plant.

5.2.8 Soybean bioextract (highest macronutrients) should be used for
seeding to reduce capital cost for seeding in some type of plant that requires chemical

fertilizer or import material such as peat moss (high cost).
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APPENDIX A
THE PROCEDURES TO FIND SUITABLE VOLUME OF
SOLUTION FOR USED IN THIS EXPERIMENT

The investigation of suitable amount of nutrient solution for pouring

the Chinese kale in each day

The appropriate volume of nutrient solution for pouring the Chinese kale was
also concerned. Hence, the ultimate drainage of nutrient solution was investigated to
apply for pouring the complete nutrient solution and bioextracts in each treatment.
This method consisted of two steps; firstly, the standard curve of percent saturated by
water of growing media was investigated to find the percent saturated by water of
growth at 100%. Next step, percent saturated by water of growing media at 100% was
used to create the standard curve of drainage to find the ultimate drainage of growing

media. The procedure in detail was shown in the following diagram.
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Step 1 Labeled number 1-10 on 200 mL beaker (10 beakers
were used) after that weighed each beaker with two decimal
balance then the data was recorded.

A

Step 2 Put 100 g of growing media into each beaker and added

water into growing media in each beaker the followings :

- Beaker 1 growing media without water

- Beaker 2 growing media with 1 mL of water
- Beaker 3 growing media with 2 mL of water
- Beaker 4 growing media with 3 mL of water
- Beaker 5 growing media with 4 mL of water
- Beaker 6 growing media with 5 mL of water
- Beaker 7 growing media with 6 mL of water
- Beaker 8 growing media with 7 mL of water
- Beaker 9 growing media with 8 mL of water
- Beaker 10 growing media with 9 mL of water

\ 4
Step 3 Weighed each beaker from step 2 with two decimal balance then
recorded data that. After that dried in hot air oven at 105 °C for 2 days (13)
then weighed each beaker and recorded data again.

A 4

Final step From recorded data in step 1 and step 3 calculated for percent saturated
by water of growing media in each beaker from :

Percent saturated by water of growing media
= mass of water in growing media x 100
mass of dried growing media

Where:
Mass of water in growing media = (mass of beaker with mass of wet growing
media) — (mass of beaker with mass of dried
growing media) (g)
Mass of dried growing media = (mass of beaker with mass of dried growing
media) — (mass of beaker) (9)

Repeated 3 times then calculated for average percent saturated by water of
growing media which had 10 values and used to plot the standard curve for percent
saturated by water of growing media.

Diagram A-1 Steps of creating the standard curve for percent saturated by water of

growing media
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Step 1 Find the suitable weight of growing media was contained in the
pot, then this amount of growing media was weighed with two decimal

balance and determinate for use this experiment

A 4
Step 2 Put the suitable amount of growing media in the pot with

the device for drainage measurement (Fig. A-1)

A 4
Step 3 Added water until the percent saturated by water was 100%,

considered from standard curve of percent saturated by water.

A 4
Step 4 Measured the drainage value every 1 minute for 10 minutes or the end.

The weight of water from drainage was measured at the end of the increasing
of each minute using two decimal balance. The drainage rate was express by:
Drainage value = The weight after drainage from growing media (g) —

The weight before drainage from growing media ()
Where:
The weight after drainage from growing media = The weight of Erlenmeyer

flask + The weight of cotton + The weight of water before drainage from
growing media ()

The weight before drainage from growing media = The weight of Erlenmeyer
flask + The weight of cotton (g)

A 4
Final step Repeated 5 times, then the value in each minute was

calculated for average. The average of drainage value was used to
plot standard curve of drainage and was used to calculate the

ultimate drainage value

Diagram A-2 Steps of creating the standard curve of drainage of growing media for
used to calculate the ultimate drainage value
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Thin wood with hole
at the center

Growing media

Figure A-1 The device for drainage measurement
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APPENDIX B
THE COMPLETE NUTRIENT SOLUTION PROCEDURES

Complete nutrient solution preparation

Complete nutrient solution preparation for general vegetable was referred by
Surachai Pattanapiboon (2003) (2). The stock solution of each reagent was prepared
which modified by Machlis, L. and Torrey, J.G. (1965) (53). The complete nutrient
solution was prepared the following procedures.

1) Stock solution preparation of each reagent was shown in B-1

Table B-1 Stock solution preparation of each reagent

Plant nutrient group Reagent Weight of reagent (g)

1. Macronutrient 1. KH,PO, 136 g was dissolved in
distilled water to be 1 L

2. KNO; 101 g was dissolved in

8. Ca(NO3)24H20

4. MgS0,4.7H,0

distilled water to be 1 L
236 g was dissolved in
distilled water to be 1 L
246 g was dissolved in
distilled water to be 1 L

2. Micronutrient 5. H;BO; 236Qg )
6. MnCl,.4H,0 181g E)i(;:fr:(\e/f(ijn
7.2ZnS0O,4.7H,0 0.22¢ > distilled
8. CuS0,.5H,0 0.08 g water to be
9. Na,M00,4.H,0 0.02g tL

10. NaFe-EDTA

105 ¢ wis dissolved in
distilled water to be 1 L

[ o 4
Source : gn1ns sauzsau (54)
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2) Complete nutrient solution preparation for experiment
The complete nutrient solution was prepared from stock solutions. The stock
solutions were diluted by distilled water and mixed together following the ratio in
table B-2. The volume of nutrient solutions was considered from the usage. For
example, 10 L of complete nutrient solution was prepared as follows:
2.1 Nine liter of distilled water was put in the bucket.
2.2 Put stock solution of each reagent followed the ratio in table B-2, started
from 10 mL KH,PO, into the bucket, well mixed.
2.3 Added the stock solution of reagent in order and well mixed after added
each reagent until every stock solution of reagent was added to mix
together.
2.4 Made volume to be 10 L and well mixed again. This complete nutrient

solution was used to grow the plant.

Table B-2 The ratio of each stock solution of reagent for complete nutrient solution

preparation

\ Volume of stock solution of reagent (mL)
Plant nutrient group Reagent
Final vol. 1 L Final vol. 10 L

1. Macronutrient 1. KH,PO, 1 10

2. KNO3; 5 50

3. Ca(NO3),.4H,0 5 50

4. MgS0,.7H,0 2 20
2. Micronutrient 5. H3;BO, ~ )

6. MnCl,.4H,0

7.2ZnS04.7H,0 > 1 > 10

8. CuS0O,4.5H,0

9. Na,M00,.H,0 D )

10. NaFe-EDTA 1 10

Source : gas saugind (54)



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Appro. Techn. for Resou. and Env. Dev.) / 83

APPENDIX C
THE GROWTH OF CHINESE KALE IN EACH TREATMENT

Figure C-1 The growth of Chinese kale after transplant for 7 days
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Figure C-2 The growth of Chinese kale after transplant for 14 days

Figure C-3 The growth of Chinese kale after transplant for 21 days
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Figure C-4 The growth of Chinese kale after transplant for 28 days

Figure C-5 The growth of Chinese kale after transplant for 35 days
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APPENDIX D
RAW DATA

Table D-1 The height data of Chinese kale (cm) at 7 days after transplanting and

ANOVA table
Height of Chinese kale (cm)

Treatment 1 > 3 1 X +SD
I 9.2 8.9 8.8 8.6 8.87 £ 0.92
T2 7.7 7.6 6.5 6.2 7.00 +£0.92
T3 7.0 6.8 6.8 8.0 7.15+0.92
T4 5.9 7.2 7.0 9.9 7.50 +£0.92
T5 8.1 6.1 7.5 7.6 7.32+0.92
T6 8.7 6.9 7.4 i1 7.52+£0.92
T7 6.1 74l 6.2 8.1 6.87 £ 0.92
T8 5.9 7.2 8.9 6.8 7.20+0.92
T9 7.1 7.1 5% 7.5 6.85+0.92
T10 6.0 5.8 7.2 6.9 6.47 £ 0.92
TEL1l 7.1 8.4 6.6 7.5 7.40+£0.92

ANOVA Table for the height data of Chinese kale after transplanting for 7 days

Source of variation df Sum of Squares Mean Square F
Treatment 10 15.07 1.507 1.77
Error 33 28.1 0.85
Total 43 43.17
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Table D-2 The height data of Chinese kale (cm) at 14 days after transplanting and

ANOVA table
Height of Chinese kale (cm)

Treatment 1 > 3 1 X+SD
T1 18.2 12.5 22.7 18.5 17.97£1.50
T2 9.0 9.2 8.3 8.0 8.62 £1.50
T3 7.5 9.8 7.5 9.0 8.45£1.50
T4 8.3 8.3 7.7 9.2 8.37£1.50
T5 8.1 7.5 6.8 8.0 7.60 £1.50
T6 7.6 8.5 8.1 8.0 8.05+1.50
T7 7.0 7.9 9.2 9.0 8.27 £1.50
T8 9.3 8.9 8.6 9.2 9.00£1.50
T9 9.5 7.9 10.1 8.0 8.87 £1.50
T10 1.2 8.2 7.3 10.1 8.20£1.50
T11 #5 6.7 8.3 8.0 7.62£1.50

ANOVA Table for the height data of Chinese kale after transplanting for 14 days

Source of variation df Sum of Squares Mean Square F
Treatment 10 347.73 34.77 15.52**
Error 33 74.1 2.24
Total 43 421.83

Table D-3 The height data of Chinese kale (cm) at 21 days after transplanting and

ANOVA table
Height of Chinese kale (cm)

Treatment 1 > 3 1 X+SD
T1 27.0 24.2 23.8 22.2 24.30 £1.03
T2 9.2 8.3 9.0 8.0 8.62 +1.03
T3 7.9 8.5 8.3 9.5 8.55 +1.03
T4 6.9 8.7 9.5 8.5 8.40 £ 1.03
T5 8.3 7.5 8.0 8.2 8.00 £ 1.03
T6 8.2 8.9 7.9 8.3 8.32+1.03
T7 8.7 8.5 8.0 8.2 8.35+1.03
T8 9.7 8.7 9.4 8.4 9.05+1.03
T9 12.0 114 9.2 10.4 10.75 £ 1.03
T10 16.8 13.0 14.6 12.9 14.32 £1.03
T11 8.2 7.5 7.4 7.4 7.62+£1.03

ANOVA Table for the height data of Chinese kale after transplanting for 21 days

Source of variation df Sum of Squares Mean Square F
Treatment 10 971.09 97.11 91.61**
Error 33 35.12 1.06
Total 43 1006.21
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Table D-4 The height data of Chinese kale (cm) at 28 days after transplanting and

ANOVA table
Height of Chinese kale (cm)

Treatment 1 > 3 a X+SD
Tl 26.5 26.2 27.0 30.5 27.55 £ 1.67
T2 9.2 8.0 8.9 8.5 8.65 £ 1.67
T3 8.7 8.9 7.9 8.8 8.57 £1.67
T4 7.4 9.0 8.6 8.7 8.42 £1.67
T5 7.4 9.0 6.5 9.2 8.02 £ 1.67
T6 7.1 8.7 9.2 8.5 8.37 £1.67
T7 7.3 7.5 9.9 9.0 8.42 £1.67
T8 12.7 11.0 12.3 10.2 11.55 £ 1.67
T9 11.5 13.5 11.6 16.9 13.37 £1.67
T10 16.0 13.8 215 20.5 17.95 £ 1.67
T11 8.1 8.5 6.5 7.4 7.62 £ 1.67

ANOVA Table for the height data of Chinese kale after transplanting for 28 days

Source of variation df Sum of Squares Mean Square F
Treatment 10 1499.17 149.92 53.54**
Error 33 92.53 2.80
Total 43 1578.79

Table D-5 The height data of Chinese kale (cm) at 35 days after transplanting and

ANOVA table
Height of Chinese kale (cm)

Treatment 1 > 3 1 X+SD
T1 37.0 30.1 325 345 33.52+1.71
T2 8.5 7.7 9.3 9.1 8.65+1.71
T3 8.2 8.2 8.6 9.4 8.60+1.71
T4 9.5 8.5 9.7 9.0 9.17+1.71
T5 7.2 8.5 9.0 8.0 8.17+1.71
T6 8.7 9.4 7.7 9.4 8.80+1.71
T7 7.1 9.7 8.4 8.6 8.45+1.71
T8 13.5 13.7 13.0 11.7 1297+1.71
T9 15.0 175 20.5 17.2 15.05+1.71
T10 20.5 20.6 16.0 23.0 20.02+1.71
T11 8.0 8.5 8.8 7.4 8.17+1.71

ANOVA Table for the height data of Chinese kale after transplanting for 35 days

Source of variation df Sum of Squares Mean Square F
Treatment 10 2449.86 244.99 83.61**
Error 33 96.81 2.93
Total 43 2546.67
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Table D-6 The wet weight data of Chinese kale’s stem (g) at 7 days after transplanting
and ANOVA table

Wet weight of Chinese kale’s stem (g)

Treatment 1 5 3 1 X+SD
T1 0.30 0.29 0.21 0.21 0.25 £ 0.03
T2 0.18 0.20 0.16 0.16 0.18 £ 0.03
T3 0.18 0.12 0.17 0.19 0.17 £0.03
T4 0.12 0.16 0.20 0.27 0.19 £ 0.03
T5 0.20 0.15 0.14 0.19 0.17 £0.03
T6 0.18 0.13 0.14 0.17 0.16 £ 0.03
T7 0.16 0.17 0.14 0.23 0.18 £ 0.03
T8 0.09 0.12 0.12 0.16 0.14 £ 0.03
T9 0.19 0.19 0.10 0.18 0.16 £ 0.03
T10 0.13 0.14 0.17 0.20 0.16 £ 0.03
T11 0.18 0.18 0.17 0.20 0.18 £ 0.03

ANOVA Table for the wet weight data of Chinese kale’s stem after transplanting for 7
days

Source of variation df Sum of Squares Mean Square F
Treatment 10 0.04 0.004 4**
Error 33 0.03 0.001
Total 43 0.07

Table D-7 The wet weight data of Chinese kale’s stem (g) at 14 days after
transplanting and ANOVA table

Wet weight of Chinese kale’s stem (g)

Treatment 1 5 3 7 X +SD
Tl 2.55 1.50 1.78 2.57 2.10+£0.16
T2 0.19 0.25 0.27 0.32 0.26 £0.16
T3 0.32 0.19 0.26 0.22 0.25+0.16
T4 0.28 0.18 0.21 0.26 0.23+0.16
T5 0.18 0.21 0.22 0.29 0.22 £0.16
T6 0.24 0.26 0.27 0.25 0.25+0.16
T7 0.20 0.23 0.28 0.24 0.24 £0.16
T8 0.29 0.22 0.26 0.22 0.25+0.16
T9 0.28 0.24 0.25 0.29 0.26 £0.16
T10 0.24 0.22 0.32 0.26 0.26 £0.16
T11 0.21 0.21 0.22 0.16 0.20£0.16

ANOVA Table for the wet weight data of Chinese kale’s stem after transplanting for
14 days

Source of variation df Sum of Squares Mean Square F
Treatment 10 12.55 1.255 48.27**
Error 33 0.85 0.026
Total 43 13.4
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Table D-8 The wet weight data of Chinese kale’s stem (g) at 21 days after
transplanting and ANOVA table

Wet weight of Chinese kale’s stem (g)

Treatment 1 > 3 a X+SD
Tl 7.79 6.07 7.85 551 6.80 £ 0.37
T2 0.22 0.26 0.27 0.22 0.24 £0.37
T3 0.24 0.28 0.20 0.24 0.24 £0.37
T4 0.22 0.25 0.29 0.27 0.26 £ 0.37
T5 0.23 0.20 0.25 0.20 0.22 £0.37
T6 0.25 0.20 0.21 0.25 0.23 £0.37
T7 0.25 0.21 0.27 0.27 0.25 £ 0.37
T8 0.27 0.32 0.25 0.23 0.27 £0.37
T9 0.60 0.73 0.37 0.44 0.53 £0.37
T10 1.12 0.80 1.15 0.83 0.97 £0.37
T11 0.26 0.19 0.24 0.18 0.22 £0.37

ANOVA Table for the wet weight data of Chinese kale’s stem after transplanting for
21 days

Source of variation df Sum of Squares Mean Square F
Treatment 10 153.91 15.39 109.93**
Error 33 4.50 0.14
Total 43 158.41

Table D-9 The wet weight data of Chinese kale’s stem (g) at 28 days after
transplanting and ANOVA table

Wet weight of Chinese kale’s stem (g)

Treatment 1 5 3 7 X +SD
Tl 16.15 12.10 14.15 18.01 15.10 £ 0.87
T2 0.24 0.19 0.20 0.25 0.22 +£0.87
T3 0.28 0.21 0.25 0.28 0.25 +0.87
T4 0.29 0.29 0.28 0.20 0.26 + 0.87
T5 0.25 0.20 0.28 0.21 0.23 £ 0.87
T6 0.26 0.21 0.21 0.21 0.22 +£0.87
T7 0.20 0.19 0.25 0.28 0.23 £ 0.87
T8 0.77 0.41 0.58 0.73 0.62 £+ 0.87
T9 1.24 1.59 0.79 2.23 1.49 +0.87
T10 2.00 1.51 4.13 3.20 2.71+£0.87
T11 0.23 0.21 0.23 0.19 0.21 £0.87

ANOVA Table for the wet weight data of Chinese kale’s stem after transplanting for
28 days

Source of variation df Sum of Squares Mean Square F
Treatment 10 784.55 78.454 103.23**
Error 33 24.94 0.76
Total 43 809.49
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Table D-10 The wet weight data of Chinese kale’s stem (g) at 35 days after

transplanting and ANOVA table

Wet weight of Chinese kale’s stem (g)

Treatment 1 5 3 1 X+SD
T1 39.51 35.79 35.93 33.92 36.29 +£1.04
T2 0.27 0.20 0.24 0.28 0.25£1.04
T3 0.25 0.24 0.21 0.29 0.25£1.04
T4 0.26 0.23 0.33 0.28 0.27 £1.04
T5 0.21 0.28 0.27 0.28 0.26 £1.04
T6 0.24 0.25 0.26 0.31 0.26 £1.04
T7 0.28 0.23 0.34 0.20 0.26 £1.04
T8 1.04 0.80 0.73 0.57 0.78 £1.04
T9 2.33 3.06 3.27 3.02 292+ 1.04
T10 9.69 8.39 8.10 13.53 9.93+1.04
T11 0.21 0.27 0.28 0.20 0.24 £1.04

ANOVA Table for the wet weight data of Chinese kale’s stem after transplanting for

35 days
Source of variation df Sum of Squares Mean Square F
Treatment 10 4727.14 472.71 437.69**
Error 33 35.76 1.08
Total 43 4762.9

Table D-11 The dry weight data of Chinese kale’s stem (g)

transplanting and ANOVA table

at 7 days after

Dry weight of Chinese kale’s stem (g)
Treatment 1 5 3 7 X +SD
T1 0.0279 0.0228 0.0206 0.0152 0.0216 £ 0.002
T2 0.0207 0.0195 0.0176 0.0181 0.0190 £ 0.002
T3 0.0160 0.0136 0.0154 0.0211 0.0165 £ 0.002
T4 0.0211 0.0163 0.0212 0.0268 0.0213 £ 0.002
T5 0.0240 0.0179 0.0142 0.0158 0.0180 + 0.002
T6 0.0202 0.0149 0.0172 0.0160 0.0169 £ 0.002
T7 0.0151 0.0155 0.0164 0.0199 0.0167 £ 0.002
T8 0.0117 0.0123 0.0167 0.0185 0.0148 £ 0.002
T9 0.0190 0.0177 0.0119 0.0182 0.0167 £ 0.002
T10 0.0146 0.0208 0.0222 0.0199 0.0194 £ 0.002
T11 0.0183 0.0179 0.0210 0.0204 0.0194 £ 0.002

ANOVA Table for the dry weight data of Chinese kale’s stem after transplanting for 7

days
Source of variation df Sum of Squares Mean Square F
Treatment 10 0.0001 0.00001 1.67™
Error 33 0.0002 0.000006
Total 43 0.0003
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Table D-12 The dry weight data of Chinese kale’s stem (g) at 14 days after
transplanting and ANOVA table

Dry weight of Chinese kale’s stem (g)
Treatment 1 5 3 1 X+ SD
T1 0.0815 0.0358 0.1068 0.0665 0.0726 £ 0.01
T2 0.0232 0.0297 0.0228 0.0278 0.0259 £ 0.01
T3 0.0249 0.0292 0.0231 0.0303 0.0269 + 0.01
T4 0.0246 0.0181 0.0187 0.0333 0.0236 + 0.01
T5 0.0221 0.0223 0.0189 0.0238 0.0218 £ 0.01
T6 0.0278 0.0247 0.0200 0.0319 0.0261 = 0.01
T7 0.0269 0.0254 0.0280 0.0183 0.0244 £ 0.01
T8 0.0276 0.0319 0.0248 0.0270 0.0278 £ 0.01
T9 0.0274 0.0270 0.0239 0.0273 0.0264 = 0.01
T10 0.0232 0.0310 0.0278 0.0310 0.0282 £ 0.01
T11 0.0259 0.0159 0.0227 0.0175 0.0205 = 0.01

ANOVA Table for the dry weight data of Chinese kale’s stem after transplanting for
14 days

Source of variation df Sum of Squares Mean Square F
Treatment 10 0.0083 0.0008 8**
Error 33 0.0030 0.0001
Total 43 0.0113

Table D-13 The dry weight data of Chinese kale’s stem (g) at 21 days after
transplanting and ANOVA table

Dry weight of Chinese kale’s stem (g)
Treatment 1 > 3 7 X+ SD
Tl 0.7784 0.5204 0.7448 0.4786 0.6305 + 0.05
T2 0.0387 0.0435 0.0411 0.0384 0.0404 + 0.05
T3 0.0444 0.0467 0.0322 0.0325 0.0414 +0.05
T4 0.0348 0.0434 0.0480 0.0455 0.0429 + 0.05
T5 0.0433 0.0321 0.0449 0.0324 0.0382 + 0.05
T6 0.0444 0.0338 0.0385 0.0443 0.0402 + 0.05
T7 0.0448 0.0340 0.0423 0.0460 0.0418 + 0.05
T8 0.0457 0.0473 0.0396 0.0373 0.0425 + 0.05
T9 0.0609 0.0803 0.0498 0.0464 0.0593 + 0.05
T10 0.1104 0.0891 0.1654 0.0724 0.1093 + 0.05
T11 0.0422 0.0328 0.0357 0.0305 0.0353 + 0.05

ANOVA Table for the dry weight data of Chinese kale’s stem after transplanting for
21 days

Source of variation df Sum of Squares Mean Square F
Treatment 10 1.2465 0.1246 54.17**
Error 33 0.0766 0.0023
Total 43 1.3231
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Table D-14 The dry weight data of Chinese kale’s stem (g) at 28 days after
transplanting and ANOVA table

Dry weight of Chinese kale’s stem (g)
Treatment 1 > 3 ] X+SD
T1 1.5367 1.2542 1.4934 1.9117 1.5290 £ 0.09
T2 0.0408 0.0387 0.0404 0.0405 0.0401 + 0.09
T3 0.0436 0.0394 0.0328 0.0513 0.0425 + 0.09
T4 0.0361 0.0416 0.0538 0.0403 0.0429 + 0.09
T5 0.0491 0.0464 0.0469 0.0375 0.0425 +0.09
T6 0.0393 0.0441 0.0433 0.0438 0.0426 + 0.09
T7 0.0399 0.0393 0.0447 0.0408 0.0412 £ 0.09
T8 0.1004 0.0552 0.0703 0.0842 0.0775 +£0.09
T9 0.1349 0.1534 0.2002 0.1715 0.1400 + 0.09
T10 0.1867 0.1495 0.3520 0.2377 0.2315 + 0.09
T11 0.0387 0.0472 0.0353 0.0408 0.0405 + 0.09

ANOVA Table for the dry weight data of Chinese kale’s stem after transplanting for
28 days

Source of variation df Sum of Squares Mean Square F
Treatment 10 7.8426 0.7845 98.04**
Error 33 0.2632 0.0080
Total 43 8.1058

Table D-15 The dry weight data of Chinese kale’s stem (g) at 35 days after
transplanting and ANOVA table

Dry weight of Chinese kale’s stem (q)
Treatment 1 > 3 7 X +SD
T1 4.0291 3.8474 4.4457 3.8558 4.0420 + 0.15
T2 0.0460 0.0399 0.0402 0.0486 0.0437 £ 0.15
T3 0.0433 0.0428 0.0369 0.0490 0.0430 + 0.15
T4 0.0469 0.0373 0.0496 0.0489 0.0457 £ 0.15
T5 0.0385 0.0448 0.04-9 0.0483 0.0431+0.15
T6 0.0401 0.0428 0.0454 0.0484 0.0441 +0.15
T7 0.0485 0.0410 0.0492 0.0365 0.0438 + 0.15
T8 0.1560 0.1146 0.0818 0.1003 0.1132 + 0.15
T9 0.2673 0.3352 0.3335 0.3190 0.3137 £ 0.15
T10 0.6378 0.5642 0.4426 1.3430 0.7469 + 0.15
T11 0.0392 0.0457 0.0465 0.0399 0.0428 + 0.15

ANOVA Table for the dry weight data of Chinese kale’s stem after transplanting for
35 days

Source of variation df Sum of Squares Mean Square F
Treatment 10 56.9924 5.6992 255.57**
Error 33 0.7358 0.0223
Total 43 57.7282
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Table D-16 The wet weight data of Chinese kale’s leaves (g) at 7 days after
transplanting and ANOVA table

Treatment Wet weight of Chinese kale’ leaves (g) .
1 2 3 4 X = SD
T1 2.15 2.04 1.29 1.50 1.74+0.23
T2 1.19 0.81 0.77 0.73 0.87 £0.23
T3 1.23 0.82 1.02 1.05 1.03 +£0.23
T4 0.47 0.88 131 1.08 0.93+0.23
T5 0.98 0.86 0.76 0.81 0.85+0.23
T6 1.09 0.84 0.95 1.33 1.05+0.23
T7 0.70 1.04 0.75 0.88 0.84 +0.23
T8 0.84 0.73 0.76 0.82 0.79+0.23
T9 1.09 0.90 0.64 1.04 0.92+0.23
T10 0.73 0.56 0.92 1.11 0.83+0.23
T11 0.94 0.69 0.73 0.89 0.81+0.23

ANOVA Table for the wet weight data of Chinese kale’s leaves after transplanting for
7 days

Source of variation df Sum of Squares Mean Square F
Treatment 10 2.93 0.293 5.74*%*
Error 33 1.69 0.051
Total 43 4.62

Table D-17 The wet weight data of Chinese kale’s leaves (g) at 14 days after
transplanting and ANOVA table

Wet weight of Chinese kale’ leaves (g)

Treatment 1 > 3 7 X +SD
T1 10.50 9.07 10.93 7.86 9.59 +0.42
T2 0.84 1.06 1.05 1.14 1.02+0.42
T3 1.11 0.88 1.03 0.92 0.98 +0.42
T4 1.03 0.93 1.00 1.95 1.00+0.42
T5 0.91 1.09 1.02 1.06 1.02+0.42
T6 1.07 1.04 1.06 1.09 1.06 £0.42
T7 0.96 1.01 1.10 1.02 1.02+0.42
T8 1.09 1.04 1.09 1.06 1.07+£0.42
T9 1.08 1.00 1.07 1.07 1.05+0.42
T10 1.02 1.00 1.10 1.09 1.05+0.42
T11 0.83 1.03 1.00 1.01 0.97 +0.42

ANOVA Table for the wet weight data of Chinese kale’s leaves after transplanting for
14 days

Source of variation df Sum of Squares Mean Square F
Treatment 10 266.7 26.67 148.17**
Error 33 6.06 0.18
Total 43 272.76
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Table D-18 The wet weight data of Chinese kale’s leaves (g) at 21 days after
transplanting and ANOVA table

Treatment Wet weight of Chinese kale’ leaves (g) .
1 2 3 4 X = SD
T1 20.64 25.50 38.77 29.85 31.19+1.69
T2 1.09 0.80 1.20 1.15 1.06 £ 1.69
T3 1.08 1.19 1.09 1.06 1.10+1.69
T4 1.08 1.17 1.20 1.13 1.14+1.69
T5 1.17 0.92 1.16 0.92 1.17£1.69
T6 1.14 0.94 0.96 1.16 1.05+1.69
T7 1712 1.03 1.17 1.13 1.11+1.69
T8 1.17 1.22 1.19 1.16 1.19+1.69
T9 1.81 1.78 2.16 1.51 1.81+1.69
T10 4.30 3.90 4.93 2.86 4.00+1.69
T11 1.06 0.81 0.93 0.83 0.91+1.69

ANOVA Table for the wet weight data of Chinese kale’s leaves after transplanting for
21 days

Source of variation df Sum of Squares Mean Square F
Treatment 10 3249.13 324.91 113.21**
Error 33 94.67 2.87
Total 43 3343.80

Table D-19 The wet weight data of Chinese kale’s leaves (g) at 28 days after
transplanting and ANOVA table

Treatment Wet weight of Chinese kale’ leaves (g) .
1 2 3 4 X+ SD
Tl 74.07 51.72 77.87 67.88 67.88 + 3.61
T2 1.49 1.15 1.63 1.47 1.43+3.61
T3 1.20 1.46 1.26 1.69 1.40+3.61
T4 1.42 1.53 1.51 1.34 1.37+3.61
T5 1.70 1.56 1.03 1.16 1.36 +3.61
T6 1.46 1.33 1.63 1.65 152 +3.61
T7 1.21 1.17 1.38 1.23 1.25+3.61
T8 3.07 2.83 3.24 2.79 2.98 £ 3.61
T9 5.24 5.59 4.73 6.19 5.45 + 3.61
T10 11.96 9.61 17.07 13.25 12.97 £3.61
T11 0.95 1.13 1.11 1.22 1.10+3.61

ANOVA Table for the wet weight data of Chinese kale’s leaves after transplanting for
28 days

Source of variation df Sum of Squares Mean Square F
Treatment 10 15767.57 1576.76 120.92**
Error 33 430.47 13.04
Total 43 16198.04
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Table D-20 The wet weight data of Chinese kale’s leaves (g) at 35 days after

transplanting and ANOVA table

Wet weight of Chinese kale’s leaves (g)

Treatment 1 > 3 1 X+SD
T1 136.24 110.19 114.00 120.29 120.18 £ 4.62
T2 1.58 1.14 =55 1.85 153 +4.62
T3 1.25 1.47 1.63 1.84 1.55+4.62
T4 1.28 1.82 1.43 1.68 1.55+4.62
T5 1.80 1.72 1.32 1.40 1.56 £ 4.62
T6 1.78 1.36 1.38 1.76 1.57 £4.62
T7 1.31 1.90 1.49 1.30 1.50 £ 4.62
T8 4.78 4.75 3.61 3.32 4.16 £ 4.62
T9 10.35 11.41 10.84 11.48 11.02 £ 4.62
T10 22.03 17.6 14.43 37.14 22.80 £ 4.62
T11 114 1.40 1.42 1.23 1.30 £ 4.62

ANOVA Table for the wet weight data of Chinese kale’s leaves after transplanting for

35 days

Source of variation df Sum of Squares Mean Square F

Treatment 10 50118.76 501.88 235.19**

Error 33 703.98 2131

Total 43 50822.74

Table D-21 The dry weight data of Chinese kale’s leaves (g) at 7 days after
transplanting and ANOVA table
Dry weight of Chinese kale’s leaves (g)

Treatment 1 > 3 7 X+SD
T1 0.1575 0.1437 0.0990 0.0946 0.1237 +£0.02
T2 0.0994 0.0747 0.0822 0.0613 0.0781 + 0.02
T3 0.0971 0.0826 0.0759 0.0979 0.0884 + 0.02
T4 0.0709 0.0729 0.1007 0.0899 0.0836 + 0.02
T5 0.0824 0.0864 0.0628 0.0675 0.0748 + 0.02
T6 0.1022 0.0761 0.0997 0.0972 0.0938 + 0.02
T7 0.0659 0.0880 0.0781 0.0700 0.0755 + 0.02
T8 0.0973 0.0588 0.0686 0.0888 0.0784 +0.02
T9 0.0780 0.0706 0.0589 0.0909 0.0746 + 0.02
T10 0.0669 0.0679 0.0682 0.0863 0.0723 +£0.02
T11 0.0833 0.0668 0.0765 0.0223 0.0713 +£0.02

ANOVA Table for the dry weight data of Chinese kale’s leaves after transplanting for

7 days
Source of variation df Sum of Squares Mean Square F
Treatment 10 0.0092 0.0009 3**
Error 33 0.0085 0.0003
Total 43 0.0177
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Table D-22 The dry weight data of Chinese kale’s leaves (g) at 14 days after
transplanting and ANOVA table

Dry weight of Chinese kale’s leaves (g)
Treatment 1 > 3 ] X+SD
T1 0.6089 0.2582 0.8279 0.4536 0.5371 +0.07
T2 0.1298 0.1418 0.1280 0.1442 0.1359 + 0.07
T3 0.1720 0.1134 0.1382 0.1335 0.1393 + 0.07
T4 0.1386 0.1235 0.1368 0.1505 0.1358 + 0.07
T5 0.1247 0.1350 0.1380 0.1453 0.1354 + 0.07
T6 0.1449 0.1376 0.1338 0.1338 0.1350 + 0.07
T7 0.1236 0.1321 0.1453 0.1352 0.1340 + 0.07
T8 0.1476 0.1369 0.1465 0.1342 0.1413 + 0.07
T9 0.1499 0.1337 0.1473 0.1458 0.1442 + 0.07
T10 0.1446 0.1343 0.1486 0.1426 0.1425 + 0.07
T11 0.1067 0.0852 0.1349 0.0813 0.1020 + 0.07

ANOVA Table for the dry weight data of Chinese kale’s leaves after transplanting for
14 days

Source of variation df Sum of Squares Mean Square F
Treatment 10 0.5943 0.0594 11**
Error 33 0.1798 0.0054
Total 43 0.7741

Table D-23 The dry weight data of Chinese kale’s leaves (g) at 21 days after
transplanting and ANOVA table

Dry weight of Chinese kale’s leaves (g)
Treatment 1 > 3 i X +SD
T1 2.6605 2.0900 3.6102 2.3976 2.6896 + 0.20
T2 0.1912 0.1685 0.2268 0.2124 0.1997 +0.20
T3 0.1889 0.2172 0.1910 0.1868 0.1960 + 0.20
T4 0.1881 0.2160 0.2467 0.1968 0.2119 +£0.20
T5 0.2155 0.1800 0.2044 0.1845 0.1961 +0.20
T6 0.2114 0.1824 0.1840 0.2197 0.1994 + 0.20
T7 0.1949 0.1914 0.2200 0.1977 0.2010 £ 0.20
T8 0.2218 0.2220 0.2070 0.1990 0.2124 +0.20
T9 0.2884 0.2959 0.3143 0.2781 0.2942 +0.20
T10 0.4119 0.4217 0.5523 0.3571 0.4357 +£0.20
T11 0.1923 0.1397 0.1598 0.1681 0.1650 + 0.20

ANOVA Table for the dry weight data of Chinese kale’s leaves after transplanting for
21 days

Source of variation df Sum of Squares Mean Square F
Treatment 10 22.203 2.2203 55.37**
Error 33 1.3231 0.0401
Total 43 23.5261
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Table D-24 The dry weight data of Chinese kale’s leaves (g) at 28 days after
transplanting and ANOVA table

Dry weight of Chinese kale’ leaves (g)
Treatment 1 > 3 1 X +SD
T1 7.0903 4.2960 7.4390 7.2502 6.5189 + 0.46
T2 0.3336 0.2296 0.3717 0.3105 0.3113 £ 0.46
T3 0.2864 0.3120 0.2833 0.3810 0.3157 £ 0.46
T4 0.2622 0.3459 0.2591 0.2817 0.2872 £ 0.46
T5 0.4229 0.3200 0.2607 0.2655 0.3173 £ 0.46
T6 0.3357 0.2489 0.3104 0.3953 0.3226 + 0.46
T7 0.2819 0.2858 0.3489 0.3038 0.3050 + 0.46
T8 0.6166 0.3511 0.5683 0.4557 0.4979 + 0.46
T9 0.6137 0.5163 0.4456 0.7154 0.5727 £ 0.46
T10 1.0167 0.9055 1.5330 1.0465 1.1244 £ 0.46
T11 0.2045 0.2625 0.2646 0.2902 0.2554 + 0.46

ANOVA Table for the dry weight data of Chinese kale’s leaves after transplanting for
28 days

Source of variation df Sum of Squares Mean Square F
Treatment 10 137.2735 13.7273 64.51**
Error 83 7.0234 0.2128
Total 43 144.3676

Table D-25 The dry weight data of Chinese kale’s leaves (g) at 35 days after
transplanting and ANOVA table

Dry weight of Chinese kale’s leaves (g)
Treatment 1 > 3 7 X+SD
T1 14.2814 10.9186 13.4303 14.7749 13.3513 + 0.60
T2 0.3700 0.2647 0.3634 0.3787 0.3442 £ 0.60
T3 0.2959 0.3309 0.3979 0.4810 0.3314 £ 0.60
T4 0.3611 0.4084 0.3010 0.3259 0.3491 + 0.60
T5 0.3753 0.3154 0.3230 0.3499 0.3409 + 0.60
T6 0.3898 0.2967 0.3565 0.3602 0.3508 + 0.60
T7 0.2960 0.4242 0.3106 0.2759 0.3267 £ 0.60
T8 0.8133 0.7855 0.6444 0.6538 0.7242 £ 0.60
T9 1.1451 1.2661 1.2223 1.3941 1.2569 + 0.60
T10 2.9172 1.9281 1.6511 3.8233 2.5799 + 0.60
T11 0.2681 0.3393 0.3341 0.3191 0.3151 £ 0.60

ANOVA Table for the wet weight data of Chinese kale’s leaves after transplanting for
35 days

Source of variation df Sum of Squares Mean Square F
Treatment 10 601.8346 60.1835 167.41**
Error 33 11.8645 0.3595
Total 43 613.6991




Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Appro. Techn. for Resou. and Env. Dev.) / 99

Table D-26 The total wet weight data of Chinese kale (g) at 7 days after transplanting
and ANOVA table

Total wet weight of Chinese kale (g
Treatment 1 > 3 1 X+SD
T1 2.45 2.33 1.5 2.52 2.20£0.24
T2 1.37 1.01 0.93 0.89 1.05+0.24
T3 141 0.94 1.19 1.24 1.19+0.24
T4 0.59 1.04 151 1.35 112+ 0.24
T5 1.18 1.01 0.9 1.00 1.02+0.24
T6 1.27 0.97 1.09 1.50 1.21+£0.24
T7 0.86 1.21 0.89 1.11 1.02+0.24
T8 0.93 0.85 0.93 0.98 0.92£0.24
T9 1.28 1.09 0.74 1.22 1.08 £0.24
T10 0.86 0.74 1.08 18340 1.00+0.24
T11 1.12 0.87 0.90 1.09 0.99 £0.24

ANOVA Table for the total wet weight data of Chinese kale after transplanting for 7
days

Source of variation df Sum of Squares Mean Square F
Treatment 10 5.01 0.50 8.33**
Error 33 212 0.06
Total 43 7.13

Table D-27 The total wet weight data of Chinese kale (g) at 14 days after
transplanting and ANOVA table

Total wet weight of Chinese kale (g
Treatment 1 > 3 7 X +SD
T1 13.05 10.57 12277, 10.43 11.69 +£0.42
T2 1.03 1.31 1.32 1.46 1.28 +0.42
T3 1.43 1.07 1.29 1.14 1.23+0.42
T4 1.31 1.11 1.21 1.31 1.23+0.42
T5 1.09 1.30 1.24 1.35 1.24 +0.42
T6 1.31 1.30 1.33 1.34 1.32+0.42
T7 1.16 1.24 1.38 1.26 1.26 +0.42
T8 1.38 1.26 1.35 1.28 1.32+0.42
T9 1.36 1.24 1.32 1.36 1.32+0.42
T10 1.26 1.22 1.42 1.35 1.31+0.42
T11 1.04 1.24 1.22 1.27 1.19+0.42

ANOVA Table for the total wet weight data of Chinese kale after transplanting for 14
days

Source of variation df Sum of Squares Mean Square F
Treatment 10 394.78 39.48 219.33**
Error 33 6.07 0.18
Total 43 400.85
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Table D-28 The total wet weight data of Chinese kale (g) at 21 days after
transplanting and ANOVA table

Total wet weight of Chinese kale (g
Treatment 1 > 3 a X+SD
T1 38.43 31.57 46.62 35.36 37.99 £1.96
T2 1.31 1.06 1.47 1.37 1.30+1.96
T3 1.32 1.47 1.29 1.30 1.34+1.96
T4 1730 1.42 1.49 1.40 1.40+1.96
T5 1.40 1.12 1.41 1.12 1.26 +1.96
T6 1.39 1.14 1.17 1.41 1.28 +1.96
T7 1.37 1.24 1.44 1.40 1.36 +1.96
T8 1.44 1.54 1.44 1.39 1.45+1.96
T9 241 2.51 2.53 1.95 2.35+£1.96
T10 5.42 4.70 6.08 3.69 497 £1.96
T11 1.32 1.00 1.17 1.01 1.12+1.96

ANOVA Table for the total wet weight data of Chinese kale after transplanting for 21
days

Source of variation df Sum of Squares Mean Square F
Treatment 10 4817.35 595.12 72.04%*
Error 33 126.54 3.83
Total 43 4943.89

Table D-29 The total wet weight data of Chinese kale (g) at 28 days after
transplanting and ANOVA table

Total wet weight of Chinese kale (g
Treatment 1 5 3 7 X+SD
Tl 90.22 63.82 92.02 85.89 82.99 + 4.16
T2 1.73 1.34 1.83 1.72 1.65+4.16
T3 1.48 1.67 1.51 1.97 1.66 +4.16
T4 1.41 1.82 1.79 1.54 1.64+4.16
T5 1.95 1.76 1.31 1.37 1.60+4.16
T6 1.72 1.54 1.84 1.86 1.74 +4.16
T7 1.41 1.36 1.63 1.51 1.48 +4.16
T8 3.84 3.24 3.83 3.52 3.61+£4.16
T9 6.49 7.28 5.52 8.42 6.93+4.16
T10 13.96 11.12 21.20 16.45 15.68 + 4.16
T11 1.18 1.34 1.34 1.41 1.32+4.16

ANOVA Table for the total wet weight data of Chinese kale after transplanting for 28
days

Source of variation df Sum of Squares Mean Square F
Treatment 10 23584.48 2358.45 136.48**
Error 33 570.11 17.28
Total 43 24154.59
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Table D-30 The total wet weight data of Chinese kale (g) at 35 days after
transplanting and ANOVA table

Total wet weight of Chinese kale (g)

Treatment 1 > 3 ] X+SD
T1 175.75 145.98 149.93 154.21 156.47 £5.53
T2 1.85 1.34 i) 2.13 1.78 £5.53
T3 1.50 1.71 1.84 2.13 1.79 £5.53
T4 1.54 2.05 1.76 1.96 1.83 +£5.53
T5 2.01 2.00 1.59 1.68 1.82 +£5.53
T6 2.02 1.61 1.64 2.07 1.83 +£5.53
T7 1.59 2.13 1.83 1.50 1.76 £5.53
T8 6.02 5.55 4.34 3.89 4.95 £5.53
T9 12.68 14.47 14.11 14.50 13.94 £ 5.53
T10 31.72 25.99 22.53 50.67 32.73 £5.53
T11 1.38 1.67 1.70 1.43 1.54 +5.53

ANOVA Table for the total wet weight data of Chinese kale after transplanting for 35

days
Source of variation df Sum of Squares Mean Square F
Treatment 10 85503.88 8550.39 279.79**
Error 83 1008.50 30.56
Total 43 86512.38

Table D-31 The total dry weight data of Chinese kale (g) at 7 days after transplanting

and ANOVA table
Total dry weight of Chinese kale (g)
Treatment 1 > 3 7 X +SD
T1 0.1854 0.1665 0.1196 0.1098 0.1453 + 0.02
T2 0.1201 0.0942 0.0998 0.0794 0.0984 + 0.02
T3 0.1131 0.0962 0.0913 0.1190 0.1049 + 0.02
T4 0.0920 0.0892 0.1219 0.1167 0.1049 + 0.02
T5 0.1064 0.1043 0.0770 0.0833 0.0927 +0.02
T6 0.1224 0.0902 0.1169 0.1132 0.1107 £ 0.02
T7 0.0810 0.1035 0.0945 0.0899 0.0922 +0.02
T8 0.1090 0.0711 0.0853 0.1073 0.0932 +0.02
T9 0.0970 0.0883 0.0708 0.1091 0.0913 £ 0.02
T10 0.0815 0.0887 0.0904 0.1060 0.0916 + 0.02
T11 0.1016 0.0847 0.0856 0.0969 0.0922 +0.02

ANOVA Table for the total dry weight data of Chinese kale after transplanting for 7

days
Source of variation df Sum of Squares Mean Square F
Treatment 10 0.0102 0.0010 3.33**
Error 33 0.0101 0.0003
Total 43 0.0203
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Table D-32 The total dry weight data of Chinese kale (g) at 14 days after transplanting

and ANOVA table
Total dry weight of Chinese kale (g)
Treatment 1 5 3 1 X +SD
T1 0.6905 0.2940 0.9347 0.5201 0.6098 + 0.08
T2 0.1530 0.1715 0.1508 0.1720 0.1618 + 0.08
T3 0.1969 0.1426 0.1613 0.1638 0.1661 + 0.08
T4 0.1572 0.1416 0.1555 0.1838 0.1595 + 0.08
T5 0.1468 0.1569 0.1580 0.1691 0.1577 £ 0.08
T6 0.1717 0.1523 0.1538 0.1657 0.1611 + 0.08
T7 0.1497 0.1575 0.1733 0.1535 0.1585 + 0.08
T8 0.1752 0.1688 0.1714 0.1612 0.1691 + 0.08
T9 0.1773 0.1607 0.1712 0.1731 0.1706 + 0.08
T10 0.1678 0.1653 0.1764 0.1736 0.1708 + 0.08
T11 0.1326 0.1011 0.1576 0.0988 0.1225 +0.08

ANOVA Table for the total dry weight data of Chinese kale after transplanting for 14
days

Source of variation df Sum of Squares Mean Square F
Treatment 10 0.7434 0.0743 10.93**
Error 33 0.2261 0.0068
Total 43 0.9695

Table D-33 The total dry weight data of Chinese kale (g) at 21 days after transplanting

and ANOVA table
Total dry weight of Chinese kale (g)
Treatment 1 > 3 1 X +SD
T1 3.4389 2.6101 4.3550 2.8762 3.3200 £ 0.24
T2 0.2299 0.2120 0.2679 0.2508 0.2401 £ 0.24
T3 0.2333 0.2639 0.2232 0.2293 0.2374 £ 0.24
T4 0.2229 0.2594 0.2947 0.2423 0.2548 £ 0.24
T5 0.2588 0.2121 0.2493 0.2169 0.2343+0.24
T6 0.2558 0.2162 0.2225 0.2640 0.2297 £ 0.24
T7 0.2397 0.2254 0.2623 0.2437 0.2428 + 0.24
T8 0.2675 0.2693 0.2466 0.2363 0.2549 + 0.24
T9 0.3493 0.3762 0.3641 0.3245 0.3535+0.24
T10 0.5223 0.5108 0.7177 0.4295 0.5451 +0.24
T11 0.2345 0.1725 0.1955 0.1986 0.2003 + 0.24

ANOVA Table for the total dry weight data of Chinese kale after transplanting for 21
days

Source of variation df Sum of Squares Mean Square F
Treatment 10 33.9676 3.3968 60.77**
Error 33 1.8451 0.0559
Total 43 35.8127
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Table D-34 The total dry weight data of Chinese kale (g) at 28 days after transplanting

and ANOVA table
Total dry weight of Chinese kale (g)
Treatment 1 > 3 1 X +SD
T1 8.6270 5.5502 8.8524 9.1619 8.0479 £ 0.52
T2 0.3744 0.2683 0.4121 0.3510 0.3514 £ 0.52
T3 0.3300 0.3514 0.3161 0.4353 0.3582 + 0.52
T4 0.2983 0.3875 0.3129 0.3220 0.3302 £ 0.52
T5 0.4720 0.3664 0.2976 0.3030 0.3597 £ 0.52
T6 0.3750 0.2930 0.3537 0.4388 0.3651 + 0.52
T7 0.3218 0.3246 0.3936 0.3446 0.3461 £ 0.52
T8 0.7170 0.4063 0.6386 0.5399 0.5754 £ 0.52
T9 0.7486 0.6697 0.5458 0.8869 0.7127 £ 0.52
T10 1.1994 1.0550 1.8850 1.2842 1.3559 £ 0.52
T11 0.2432 0.3097 0.2999 0.3310 0.2959 + 0.52

ANOVA Table for the total dry weight data of Chinese kale after transplanting for 28
days

Source of variation df Sum of Squares Mean Square F
Treatment 10 210.7157 21.0716 76.93**
Error 33 9.0398 0.2739
Total 43 219.7555

Table D-35 The total dry weight data of Chinese kale (g) at 35 days after transplanting

and ANOVA table

Total dry weight of Chinese kale ()
Treatment 1 > 3 1 X+SD
T1 18.3005 14.7660 17.8760 18.6307 17.3933 + 0.68
T2 0.4160 0.3046 0.4036 0.4273 0.3879 + 0.68
T3 0.3392 0.3737 0.4348 0.4500 0.3994 + 0.68
T4 0.4080 0.4457 0.3506 0.3748 0.3948 + 0.68
T5 0.4138 0.3602 0.3639 0.3982 0.3840 + 0.68
T6 0.4299 0.3395 0.4019 0.4086 0.3950 + 0.68
T7 0.3445 0.4652 0.3598 0.3124 0.3705 + 0.68
T8 0.9693 0.9001 0.7262 0.7541 0.8374 +0.68
T9 1.4124 1.6013 1.5558 1.7131 1.5706 + 0.68
T10 3.5550 2.4923 2.0937 5.1663 3.3268 + 0.68
T11 0.3073 0.3850 0.3806 0.3590 0.3580 + 0.68

ANOVA Table for the total dry weight data of Chinese kale after transplanting for 35

days
Source of variation df Sum of Squares Mean Square F
Treatment 10 1028.8068 102.8807 222.25**
Error 33 15.276 0.4629
Total 43 1044.0828
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