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AGRICULTURAL SUSTAINABILITY:

Towards the Operational Definitions?

Kanok Rerkasem

ABSTRACT: This paper reveals the existing definitions and the extension of the concepts of
sustainability. Despite the ambiguities of the term, the concepts of sustainability will remain useful for
agricultural research and development. In practical terms, the longterm properties of agroecosystems;
the internal sustainability and resilience, should be treated separately.Combining these two properties
may lead to several difficulties in assessing agroecosystem performance. Various measurements may be
easily found in the ecological studies but little attempts have been made in agroecosystem studies. The
extension of sustainability concepts to social context of agroecosystems is found to be severely limited in
the literature. Their contributions will be crucial for the future concerns of agricultural sustainability.

INTRODUCTION

Itis generally accepted among the members of the Southeast Asian Univer-
sities  Agroecosystem Network (SUAN) that sustainabiltiy is one of the distinct
ecosystems properties and frequently relates to other properties such as productivity,
stability and equitability (MCP,1980., KKU,1982,, Sajise,1985., Conway,1985.,
Conway,1988 and Rerkasem and Rambo, 1988). Recently, additional properties; i.e.,
autonomy and solidarity, have been suggested and these properties have been
introduced to the previous case studies workshop which was jointly organised by the
Southeast AsianUniversities Agroecosystem Network and the Environment and Policy
Institute of the East/West Center (Rambo and Marten,1986).

The idea of sustainability in agriculture is not new. For example the concept
of sustained-yield which has been used since 18 century in forestry and later in fishery
was extended to tropical agricultural systems (Janzen,1970.,Janzen, 1972.,Janzen,1973.,
Wiebecke and Peter,1984). “Nachhaltigkeit” litterally refered as endurance, was
fashionable in 1795 in Germany and originated from the concepts of “sustained” yields
in forestry developed by von Carlowitz in 1713. However, the use of sustained-yield
seems to be limited and probably remeins as theoretical basis for renewable resource
management strategies. The term “sustainability” recently comes up on the scene and

it is increasingly gaining popularity (Lowrance et al., 1987).

Multiple Cropping Centre (MCC) and Chiang Mai University Institute for Northern Community Service
(UNISERV) , Chiang Mai 50002, THAILAND
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This paper attempts to review some of the concepts and definitions of
sustainability as currently being applied to agriculture. It is hoped to encourage the
discussions on the operational utility of the concept. No attempt will be made to identify
a single definition for the future SUAN collaborative activities. It is still doubtful

whether any single definition of sustainability can be agreed upon the individuals who
are using the term.

DEFINITIONS, CONCEPTS AND AMBIGUITY

Various definitions of sustainability which currently appear in the literatures
are compiled in Table 1. They may be of various meanings, i.e. ecological, agicultural,
social, economic and institutional, and these create some confusions of the term.

Some thoughts have been given to the concepts of sustained-yield in relation to
resource. In ecological term, maximum sustainable yield (MSY) of a natural resource
is used to imply that a renewable resource such as fishery, forest, or field crops may be
safely harvested up to a certain level (Clark and Munn, 1986., Munn,1988). As long as
MSY is not exceeded, the resource is sustainable. It must be, however, emphasised that
the yield of a renewable resource steadily increases up to the MSY (Figure 1), then
suddenly drops sharply as the harvesting rate is above MSY (Walters, 1986). The
concepts of sustainable yield has been successfully applied not only to biological
resources such as harvesting rate in fisheries or extraction rate of timber in forestry, but
also for stock of physical resources, such as underground water. Depletion of stock
appears to be straight forwards, but extending the concept beyond biological or
physical to include social parameters and using such terms as “sustainable deve-
lopment”, have led to the ambiguity of the term (Dixon and Fallon,1988).

The term “‘sustainability ” also remains ambiguous even in ecological
literature. To begin with, the term sustainable is being used to mean “enduring” (i.e.,
lasting), “permanent”, “durable” (i.e., ability to withstand, or bear up against), and
“supportable” (i.e., able to be kept from falling) and many of these meanings have also
been used interchangeably with the term “stability ” (Marten,1986).

Another source of ambiguity is when ecosystem properties; i.e., stabitity and
sustainability, are used to assess ecosystem performance; i.e. the interrelationships
between the two properties. One ecosystem may be more stable or sustainable than
another in some respects but less so in other respects (Figure 2). Recognising this
ambiguity, Conway (1982), Conway (1984), Conway (1985), Conway (1986) and
Conway (1987) suggested the assessment to be based on disturbances (Figure 3), where
the lack of sustainability is due to the responses to disturbance; normally refers to stress
or perturbation. We shall, however, see later that stress and perturbation may take
enomous forms.
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FIGURE 1 Schematic representation of the relation between rate of harvesting

of a renewable resource and yield. (Munn 1988 )

Yield

Harvesting effort —=

FIGURE 2 The meaning of stability and sustainability.
(Craig et.al.1980 and Marten 1988)
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MEANINGS OF AGRICULTURAL SUSTAINABILITY

The idea of agricultural sustainability is currently popular among various people
interested in alternative agriculture which attempts to minimize the potential negative
effects of feeding growing populations. Wordings such as organic farming, rege-
nerative agriculture, biodynamic farming, natural farming, biological farming and
ecological farming are all included in the idea of alternative agricultural where the
concepts of sustainability is tightly linked (Madden,1987., Altieri, 1983., Altieri,
1987., Gliessman, 1986 and Loomis, 1984). Traditional agriculture is another view
which characterizes sustainable agriculture and contrast with the so-called contem-
porary (i.e. modern or conventional) agriculture. However, precise definitions of these
terms are very few. Loomis (1984), for example, pointed out that the term “organic
farming” embraces most none-conventional approaches, as well as those traditional in
America before 1940. However, current definition of organic farming are generally
based on the exclusion of manufactured chemicals; the use of natural phosphate and
potassium ores are incidentally permited. In California legal definitions of organic
farming may also allow the application of manures generated from chemically grown
feeds or the use of lands that have been previously treated with chemicals.

The images of traditional agriculture are also embraced the idea of agricultural
sustainability. According to Loomis (1984) the concepts rest in part on images of
pioneers fulfilled, of peaceful fields in small farms, and of sage grandparents comfor-
table in their ability to produce from the land and to survive the vagaries of weather and
markets. On the basis of variety of the meanings of the term, Douglass (1984)
suggested three different views of agricultural sustainability. The first view --
sustainability as “food sufficiency” , seeks to maximize food production within
constraints of profitability. The second view -- “sustainability as stewardship” was
defined in terms of controlling environmental damage (Brown, 1984). The third view
-- “sustainability as community” was defined in terms of maintaining and recon-
structing rural value systems (Berry, 1984). Recently, Lowrance ez al. (1987) suggested
the integration of these concepts and proposed an alternative of a hierarchical appro-
ach. Because agricultural systems are simultaneously arranged in hierarchical orders,
hance different constraints operate atdifferent levels of organisation and that mana-
gement strategies for sustainability must be considered and applied at appropriate
levels. For practical Purposes, they defined agronomic sustainability for farm system,
ecological sustainability for watershed or landscape system and macroeco-
nomic sustainability for national or regional system (Table 1).

In reality, however, there exists the interactions between different levels in
the hierarchy and that sustainability has to be evaluated at different levels of the
hierarchy. According to Allen and Starr (1982) and O'Neill ez al. (1986) a disturbance
at one level in the hierarchy may be a stabilizing force at another. Hence, cotton
production in Thailand tends to be stabilized at the regional level while the production
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FIGURE 3 Stability and sustainability of agroecosystems.
Source : Conway (1982,1986)
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TABLE 1. Definitions of sustainability.

Definition

Source Date
ECOLOGICAL:
Canway 1987a,b
Lowrance 1986

et al.
AGRICULTURAL:
ASA 1989
BIFAD 1988
Idachba 1987

the ability of an agroecosystem to maintain productivity when

subject to a major disturbing force; shock or stress.

the maintenance of life-support capacity of larger scale landscape
unitsover longer time scale whichis provided by non-agricultural

and non-industrial segments of a region.

sustainable agriculture is one that, over the long term, enhances
environmental quality and the resource base on which agriculture
depends; provide for basic human food and fiber neeeds, 1s
economically viable, and enhances the quality of life for farmers

and society as a whole.

the successful management of resources for agriculture to satisfy
changing human needds while maintaining or enhancing the

natural resource base and avoiding environmental degradation.

the ability of an agricultural system to maintain production over
time, in the face of ecological difficulties and social and

€Conomic pressures.

should conserve and protect natural resources and allow for
long-term economic growth by managing all exploited resources

for sustainable yields.

refers to the ability of agricultural systems to keep production
and distribution going continuously without falling.
(In Davis and Schirmer 1987)
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TABLE 1. (Cont.) Definitions of sustainability.

Definition

Source Date
Lowrance 1986
etjal.
Crosson 1986
Douglass 1984
Brown 1984
Altieri 1983
et al
Douglass 1984
ECONOMIC:
Lowrance 1987
et al.

refers to the ability of a tract of land to maintain productivity over
a long period of time.

defines a sustainable system of food production as one which

sastifiesdemands for food into the indefinite future while meeting
equity conditions in food production both within and across
generations.

By this definition, the systems which consistently fail to
meet the equity criteria will be judged unsustainable.

sustainable agriculture seeks to maximize food production within
constraints of profitability.

the maintenance of yield capacity of renewable agricultural
resources thus controlling environmental damage.

is long term stabilization which requires a simple modification
of traditional ad hoc techniques to develop self-sufficient,
diversified, economically viable and small scale agroecosystems.

The requirements of sustainable agroecosystems clearly are
not only biological or technical, but are also social, economic,
and political and illustrate the requirements of a sustainable
society.

The final requirement for ecological agriculture isan attitude
toward nature of coexistence, not of exploitation.

redefined as any combination of circumstances which permits
farmers to meet future demands for foodstuffs without imposing
on society real increases in the social costs of production and
without causing the distribution of opportunities or income to
WOTSen.

ability of a system to shift productivity among tracts of lands
which is represented by the “farm”
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(Cont.) Definitions of sustainability.

Definition

TABLE 1.

Source Date
The .1987
Brundtland
commission
Pearce 1987

et.al.

Repetto 1987

Gordon 1981

SOCIOECONOMIC:

Brown 1987
et al.

Winkelman 1987

The farm is the basic econmomic unit in the hierachy of
agricultural systems where agronomic and economic factors are
interacting to determine its sustainability.

This also refers to microeconomic sustainability which is
dependent on ability of the farm to stay on business.

At the macro level, the (macro) economic sustainability is
controlled by factors which determine the viability of national
agricultural systems, e.g. fiscal policy and interest rates.

sustainable development is defined as develop ment that meets
the needs without.compromising the ability of future generations

to meet their needs.
(WCED, 1987 and Munn, 1988)

sustainable economic development involves maximising the net
benefits of economic development, subjecting to maintaining
the services and quality of natural resources over time.

refers sustainable development to the inter temporal conditions
for continuing economic growth, and directs attention to the
asset base-- particularly, to the natural resource asset base.

(In Davis and Schirmer, 1987)

sustainable growth refers to short - term cyclical fluctuation
and is often described as the desirable objective of
macroeconomic demand management police.

(seen in Cleveland, 1981)

defined global sustainability as one in which humans can survive
without jeopardizing the continued suvival of future generation

relates to causing to continue, maintaining at length without
interruption, weakening, or lose of power or quality.
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TABLE 1. (Cont.) Definitions of sustainability.

Source Date Definition
Fujisaka 1985 assessed sustainability in terms of potentials of the changing
ecosystem and social system to support--over the long run--the
activities and demands corresponding to given strategies.
Berry 1984 maintaining and reconstructing rural value systmens.
INSTITUTIONAL:
Cernea 1984  defines project sustainability, essentially on economic terms, as

the maintenance of an acceptable net flow of benefits from the
project's investments after its completion, i.e., after the project
ceased to receive financial and technical support.

However, sustainable agricultural development, sustainable
projects and investment programmes are not just those likely to
generate an acceptable net flow of benefits, but are those which
incorporate the establishment and/or strenghtening of the
institutional and organizational sturctures that will endure as
capable frameworks for the economic and technological processes
promoted throung financially induced plan development.

FIGURE L Relationships of stability, resilence and sustainability.
(Marten 1988)

STABILITY

INTERNAL
SUSTAINABILITY

RESILIENCE
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systems at the field levels are fluctuating enormously due to pests and pesticide
resistence problems. Field survey in the lower northern region of Thailand have
shown that there has been a shift in production are from Sukhothai to Phetchabun,
Nakhon Sawan and Kamphaeng Phet respectively (CMU/ CUSRI, 1983).

This hierachical approach to agricultural sustainability has been the focus of
the SUAN memberships to evaluate systems properties of the tropical :agroecosystems:
in Southeast Asia (e.g. Chareonwatana and Rambo,1988).

THE EVOLUTION OF THE DEFINITIONS OF SUSTAINABILITY IN SUAN

The concept of sustainability in SUAN was introduced in the late 1970s as one
of the criteria to evaluate cropping system performance (MCP, 1980). The term
“durability ” was initially proposed and defined broadly as a measure of the long term
productivity of the system (MCP, 1980 and Craig et al., 1981). For multiple cropping
systems, the term was used to designate the property of, or action on, any crop which
affects the productive potential for the following crops.

The concept of durability was subsequently redefined as the long run
performance of the system and measures how well the system is able to sustain its
productivity in the face of repeated stress and/or major perturbation (Conway, 1982a).
This definition has been widely adopted and refered as sustainability (Conway, 1982b.,
Conway 1985., KKU, 1982a., KKU1982 b., KEPAS, 1984., KEPAS, 1985a., KEPAS,
1985 b, KEPAS, 1986., KEPAS, 1988., PESAM/BRBDP , 1986 and Conway er al.,
1985). According to Conway (1987) the most recent definition of sustainability is
refered to the ability of an agroecosystem to maintain productivity when subject to a
major disturbing force. The actual or potential disturbance may be caused by an
entensive stress, where stress is defined as a frequent, sometimes continous, relatively
small and predictable disturbancd force which had a large cumulative effect (Figure 3).
Alternatively, a disturbance may be caused by a shock, being defined here as an
infrequent, relatively large and unpredictable disturbing; force which has a potential of
creating an immediate, large disturbancd or perturbation.

To appreciate the dynamic properties of disturbances, one may simply think in
terms of time pattern as frequent or occasional; Periodic or irregular and sudden or
cumulative. Recognising these patterns, farmers are uaually prepared for frequent
disturbances, and hence stable response of agroecosystems, €.g., double transplanting of
rice in the flash flooded areas of Chiang Mai and Chiang Rai provinces of northern
Thailand (Rerkasem,1980); manipulation of rice varieties to overcome labour shortage,
deep waterzones and suboptimal planting time in multiple cropping systems (Rerkasem
and Rerkasem, 1984) and diversity of economic activities of farmers in the northeast of
Thailand to cope with natural variation and economic uncertainty (Grandstaff, 1988).
Response to disturbance could take many different forms, Producing two distinct
agroecosystem roperties; sustainability and resilience.



SUSTAINABILITY AND RESILIENCE

It may be seen that Conway's definition of sustainability combines the concept
of resilience which was originally proposed by Holling (1973). This concept of resilience
was derived from the concepts of ecological stability (e.g., Brookhaven symposium in
Biology, 1969., van Dobben and Lowe-McConnell,1985) and refers to the ability of an
ecosystem to adapt to a continuously changing environment, being able to absorb
external shocks without major structural damage. If stability is defined as fluctuations
on productivity that result from numerous fluctuations in physical and social variations
of agroecosystem and sustainabiliby refers to a given level of productivity that can be
maintain over time, then resilience may be seen as the intermediate between stability and
internal sustainability as shown in figure 4 (Marten,1986., Marten, 1988a., Marten,
1988b).

The internal processes of ecosystem sustainability may be ecolological or
social that cumulatively undermine agroecosystem productivity, e.g. soil degradation,
increasing dependency on pesticides as pests develop increasing resistence. On the other
hand as agroecosystem fails to produce satisfactorily under the impact of external
disturbances, e.g. severe drought, pesticide-resistence of new biotype, increasing cost of
inputs and collapse of an export market, the system may shift to a completely different
state. This is termed resilience. In short, resilience concerns the response of production
to external desturbance; like stability, and at the same time it concerns the maintenance
of production; like sustainability. Unlike stability, resilience deals with whether the
agroecosystem can persist in the face of disturbances which are occasional but
traumatic,while stability concerns routine fluctuations in response to frequent and
generally tolerable disturbances.

SUSTAINABILITY AS OPERATIONAL CONCEPTS

So far, we have seen many meanings of sustainability -- enduring or lasting,
permanent or durable (i.e., ability to withstand, or bear up against), and supportable (i.e.,
able to be kept from falling). Some has suggested sustainability as part of stability and
that sustainability is separated from resilience. There is a need, however, to recognize
that a lack of sustainability is a response to disturbance and this is sometimes refered to
perturbation or stress. (Conway, 1985., Conway, 1986).

Patterns of Disturbance and Perturbation

First of all, disturbances take an immensely variety of forms. Each form may
also differ radically with regard to its impacts and vary considerably from one
agroecosystem to the others. Second, an agroecosystem's response to disturbance can
take a variety of forms. According to Trenbath (1982) perturbation can be due to both
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exogenous and endogenous and may be classified according to the nature of the main
underlying mechanisms which include physical, chemical, biological, social, economic
and technology. Example of these events and processes causing changes in agricultural
systems are listed in Tables 2. An alternative approach to classify perturbation may be
thought in terms of time-courses. The first source of perturbation, a pulse or "spike"-type
stimulus is where a driving variable external to the system shows an abrupt but short-
lived extreme deviation from its normal distribution of values (Figure 5a). Other kinds
of stimulus include"step" changes where the value of the driving variable shifts abruptly
to a new maintained level., "ramp" changes where there is a sustained trend over a
significant period, and regular and random fluctuations that either begin or end (Figure
5a).

The responses to these stimuli can be categorised correspondingly, and slightly
extended to include another three different types, i.e., step with overshoot return, step
with damped return and assymptotic step (Figure 5a,b). Putting together in Table 3,
Trenbath (1982) found that (1) only abrupt stimuli (i.e., spikes and steps) can have spike
response, (2) all stimulus types can have responses of the same type, and (3) strongly
lagged responses and overshoots are possible but seem not very common. In separating
two different sources of perturbations, the exogenous degradation is often abrupt while
endogenous degradation is gradual. Hence, the definitions of resilience and internal
sustainability are once again treated separately.

Measurements of Sustainability

Five characteristics have been suggested for measuring sustainability of
ecosystems (Orians, 1975., Westman, 1978). These include inertia, elasticity, amplitude,
hayteresis and malleability (Table 4). With exception to inertia which is the measure of
resistence tochange, the others are properties of resilience which refers to ways in which
the disturbed system responds.

One may adopt the concept of LD 50 from bioassay to measure the damage that
causes 50% change in the composition. The relative abundance of species measured as
percentage of similarity index (Whittaker, 1975) may be applied to agricultural systems,
e.g., tropical homegarden (Ambar e al., 1988). Elasticity or restoration time is the time
required to restore a particular charateristic of an agroecosystem to within acceptably
close limits of its pre-impact level, e.g., regeneration time of forests (Cairns, 1980 .,
Bormann and Liken,1981) or recovery rate of disturbed agroecosystems, say restoring
periods of soil fertility in shifting cultivation (Nye and Greenland, 1960), and recovery
time after pest-damage and so on.

The measures of amplitude (brittleness) involve determining a threshold, if any,
beyond which ecosystem repair to the initial state no longer occurs. Pasture agronomists
are interested in determining the stocking rate to maintain a given composition of the
sward indefinitely, Minimum length of fallow period in shifting cultivation to maintain
acceptable yields is another example of the measure of amplitude.



FIGURE 5 Common types of dynamic behaviour of variable involved
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in perturbation of agricultural systems.(Trenbath 1982).
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Hysteresis refers to the degree to which the pattern of recovery is not simply a
reversal of the pattern of initial alteration. It is the measure of ecosystem subjected to
chronic impact, in which the changes induce in the ecosystem occur OVer a sufficient
length of time that sequence can be observed. In crop-livestock systems, secondary
succession may be observed after removal of livestocks. Shifts in weed species after
removal of control measures and/or alteration of cropping strategies is another example
of differences in paths of alteration and recovery. Malleability refers to the ease with
which the system can become permanently altered. The measurement of malleability
involves determining the similarity of the new stable state to former one.

These characteristics of sustainability are not equally easy in terms of
measurements. Some have shown to be unmeasurable either in a short time or poor
historical data. This, perhaps, exphasises the need for the sort of longterm perturbation
experiment or on-farm monitoring whereby recovery of agroecosystems can be assessed.
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TABLE 2. Exogenous (environmental) and endogenous events and processes that
cause changes in agricultural systems.

Nature of

Mechanism

Events and Processes

Exogenous

Endogenous

Physical

Chemical

Biological

Social

Economic

Technological

Drought, flood, rainstorm, hail,
frost,decomposition of volcanic
ash, landslide

Volcanic and / or industrial
missions (e.g., SOz), chemical
contamination and warfare

pest and disease outbreak e.g.,
locusts or blight

Births, deaths and illness in the
farm family, callup to army,
change in social status

Price fluctuation;produces and
inputs, government subsidies,
taxations

Introduction of farm mac-
hineries, new varieties or new
breed, new pesticides or
fertilizers

Waterlogging due to
blocking of drainage
systems, soil erosion

Nutrient depletion, dec-
lining yields or soil pH,
loss of O.M.under inten-
sive cultivation, lateris-
ation

Building up of weeds,
resistence to pesticide or
herbicide, breaking
resistent crop varieties

Departure of members in
the family, e.g., marry,

Various forms of mis-
management, €.g., OVEr

spraying

Varietal selection by
farmers, increasing crop-
ping intensity

Source : Trenbath (1982)



TABLE 4. Characteristics of sustainability/resilience and example of a physical system.

Characteristic Definition Example: a metal coil

Inertia Resistence to change. Force needed to stretch coil

a given distance.

Elasticity Rapidity of restoration of Time required to spring
a stable state following back to initial size after
disturbance. streching a given distance.

Amplitude Zone from which the Distance beyond which
system will return to a coil cannot be stretched
stable state. without being permanently

deformed.

Hysteresis Degree to which the path Degree to which region
of restoration is an exact temporarily occupied by
reversal of path of degra- coil in springing back
dation. differs fromregion through

which coil moved during
stretching.

Malleability Degree to which stable Degree to which stretched

state established after
disturbance differs from
the original steady state.

coil remains stetched after
deforming force is remo-
ved.
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Sources: Orian (1975) and Westman (1978)
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THE EFFECT OF THRESHER SPEEDS ON SEED LOSS:
RETAINING WHEAT SEED QUALITY

Suchada Vearasilp, Nongluck Prakobboon and Surat Nuk-lor

ABSTRACT : being concerned with retaining wheat seed quality, both the use of a wheat thresher and
beating with bamboo sticks were examined for comparative seed loss. Thetesting of the thresher was
done using 5 different drum speeds : 1,000, 900, 800, and 700 rpm. Results show that neither fast nor slow
threshing affect the quantity of seed produced. Within total losses, the main loss occurred as unthreshed
seed in plant residue. Discarded seed, the percentage of broken seed and threshing time did not vary
between treatments. Loss was at a minimum after beating with bamboo sticks. Tin cans proved to be

good containers. Seed quality after 7 months storage was satisfactory.

INTRODUCTION

Proper threshing is recognized as one of the main factors behind the
production of high quality seed. In wheat production, an improperly adjusted thresher
will lead to the loss of a large proportion of the seed crop. Similarly, high speed or
unsuitable handling equipment is seen as the cause behind chipped, cut, broken or
otherwise damaged seed. It has been found that the higher the drum speed the greater
the loss (Kradanga, et, al., 1980., Limpiti, 1987). Losses occur due to the seed being
broken by the threshing drum and the grain then being blow away by the cleaning fan.
The study of the factors affecting threshing losses is therefore of interest.

Mechanical injury during processing can be a major cause underlying the
reduction of seed viability before and during storage. Damaged seed is more susceptible
to stroage fungi and insects and experiences both a faster physiological deterioration
due to exposure to air and a more rapid decline in seed quality and germination rate.

Seed containing a low moisture content are easily split and broken after
processing (Bunch, 1960., Kulik, 1973., Stanway, 1977). Seed with a higher moisture
content are more tolerant but bruising within the seed is often seen (Toole. 1960.,
Moore, 1972). Besides that effect of sizes, species. shapes and seed components are
affected from mechanical processing differently.

Department of Agronomy, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50002, THAILAND.
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Seed units in cereal crops vary according to specie. For example, the seed unit
for barley and rice consists of the caryopsis plus lemma and palea (floret). The seed
unit for sorghum and some millets consists of the caryopsis plus lemma,palea, outer
glumes and inner glumes (spikelet). But the seed unit for wheat consists solely of the
caryopsis (fruit). Among all cereal seed therefore the naked wheat seed would appear
to be the most susceptible to mechanical damage.

The aim of the experiment therefore was to compare the ratios of threshing
loss to seed quality produced by different threshing speeds.

MATERIALS AND METHODS

Wheat seeds of the cultivar Inia 66 were sown at Khun Pae Experimental
Station and harvested in April 1987. The harvested wheat was divided into 5 lots of 20
kgs and then each lot was threshed by one of 5 different methods:

- wheat thresher with drum speed 1000 rpm
- wheat thresher with drum speed 900 rpm
- wheat thresher with drum speed 800 rpm
- wheat thresher with drum speed 700 rpm
- beating with bamboo sticks after being placed in muslin cloth bags.

At the time of threshing the seed moisture content was approximately 12 %.
The thresher was a 4 horsepower, throw-in model without cleaning unit. In order to
determine whether complete threshing had been achieved, the weights of the threshed
seed, of the unthreshed seed found in plant residue at the disposal outlet and of seed
blown out by the fan were examined. Threshing time were also recorded. A 1 kg
sample was taken from each of the 5 seed lots collected from the seed outlet in order
to determine the amount of broken seed. Threshed seed were cleaned by an air-screen
cleaner. 3 kgs of cleaned seed from each treatment were placed in tin cans and stored
for 7 months (April to November, 1987) under ambient conditions in the Seed
Laboratory, Department of Agronomy,Faculty of Agriculture, Chiang Mai University.

To determine quality, seed samples were collected at the begining of storage
and thereafter every month for a standard germination test, field emergence test and
moisture content determination.

The experimental data were statistically analyzed using a completely rando-
mized design with 3 replications and the Duncan Multiple Range Test (DMRT) for
comparison between treatment means.



RESULTS AND DISCUSSION
Wheat Seed Loss According to Threshing Speed

The effect of drum speed and of threshing method on seed loss are sum-
marized in Tables 1 and 2. There was no statistically significant difference on the
weight of threshed seed to be found from either the use of high or low drum speed. The
percentages of unthreshed seed in plant residue however were found to be significantly
different. A drum speed of 1000 rpm produced the highest percentage rate of lost
unthreshed seed. By weight this was 1,016.4 g. A drum speed of 700 rpm produced a
much better and lower seed loss rate of 234.3 g.

There was no statistically significant defference between the amounts of
seed carried out with plant residue according to drum speed. However, it was found
that the higher the speed the higher the percentage of broken seed, but that this was
less than 0.2 % of all speeds. There was no statistically significant difference in the
amount of threshed seed produced by each drum speed but the lowest loss 421.9 g was
that incurred by 700 rpm.

The largest loss in the experiment was incurred as unthreshed seed in plant
residue. Either 1000 rpm or improper clearance between drum and concaves at this
speed caused incomplete threshing of seed heads. The loss of good seed blown out with
straw in this experiment was of an acceptable level and means that the fan was
properly adjusted. The result of a less than 0.2 % broken seed loss in all treatments
due to either excessive drum speed or insufficient clearance between drum and con-
caves was also acceptable but damaged seed was expected to be carried through and
revealed in the standard germination test. Normally, visibly broken seed and breaks in
the seed coat which may be invisible without a magnifying glass lead to a lower seed
quality.

Differences in times required for different threshing speeds were not statis-
tically significant. All speeds required less than 4 minutes to thresh 20kgs of harvested
wheat plant. Threshing at 700 rpm took the longest time of 3.49 minutes. Seed were
not carried away by wind or in plant residue when threshing was done by beating. Bro-
ken seed by this treatment constituted a minimum of 0.018 %.

In general. therefore, the wheat thresher operating at all peripheral speeds
still gave good results with minimal overall losses. Unthreshed and thrown out seed
did not significantly subtract from the amount of threshed seed.

93



94

Table 1. Losses in gram of wheat seed as a function of either mechanical threshing
and different drum speeds or hand threshing.
Speed of | Threshed Unthreshed | Thrown Tatal loss | Threshing
thresher seed seed out seed (Unthreshed time
(rpm) (g) (g (g) + thrown (minutes)
out seed)
(8
1000 10,150 1,016.4 2 73.9 2.32 1,090.3 2
900 10,200 597.2° 161.8 2.54 759.6 °
800 10,400 377.9° 177.6 2.87 555.6 O
700 10,600 2343°¢ 187.6 3.49 4219°
By hand 10,135 0 0 i :
F-test NS o NS NS -

** = Significant at P < 0.01%
NS = Non-significant
Initial weight (Straw + Awn + Seed) before threshing 20,000 g.

Table 2. Percentage losses of wheat seed as a function of either mechanical threshing
and different drum speeds of hand threshing.

Speed of Threshed Unthreshed Thrown Total loss | Broken
thresher seed seed out seed (Unthreshed | seed (%)

(rpm) (%) (%) (%) + thrown

out seed)
(%)

1000 50.75 5.08 0.37 5.45 0.15
900 51.00 2.99 0.81 3.80 0.10
800 52.00 1.89 0.89 2.78 0.07
700 53.00 1.17% 0.94 2.11 0.02

By hand 50.67 0 0 - 0.02

F-test NS ok NS ok

** = Significant at P < 0.01 %
NS = Non-significant
Initial weight (Straw+awn+seed) before threshing = 100 %




Table 3.  Germination percentage of wheat seed as a function of either mechanical
threshing and different drum speeds or hand threshing, and after storage in

tin cans under ambient temperatures for up to 7 months.

Drum speeds Germination (%) !
and threshing
method |OM? | 1M | 2M| 3M | 4aM | sM | 6M | 7M
(rpm) Apr87 | May | Jun | Jul | Aug | Sept [ Oct | Nov
1000 98 90 | 88 | 87° | 86° | 86 | 849 | 79c
900 99 91 o1 | 88° | 86° | 84° | 88° | 79c
800 98 97 95 | 94 | 922° | 922® | 92® | sgsb
700 99 98 98 97% | 98? 96* | 96 | 95a
By hand | 99 98 98 | 97* | 98* | 96* | 96* | 95a
F-test NS NS NS E Sl kK x Aok

** = Significantat P < 0.01 %

NS = Non-Significant

1 average of 3 replications

2 Months of storage
Column means followed by the same letter are not significantly different at 1 %
lovel of DMRT.

Table4. Fieldemergence percentage of wheat seed as a function of either mechanical
threshing and different drum speeds or hand threshing and after storage in tin

cans under ambient temparatures for up to 7 months.

Drum speeds Field emergence (%)l

and thrﬁ f)g"‘g oM | 1M |2Mm |3M | 4aM | sM | eM | 7™
rr(lf;m) Apr 87 May | Jun | Jul Aug [ Sept | Oct Nov
1000 94° | 764 | 736 | 72¢ | 66° | 55¢ | 48¢ | 38¢
900 939 | g1¢ | 769 | 74° | 77° | s58° | 52° 55;
800 96°¢ | g2¢ | 81¢ | 80P | 792 | 77® | 72° 59b

700 97° | gs® | g7 | 83 | 822 | 8120 | 732 | 59
By hand 99? o8 | 972 | 95* | 83" | 85* | 78% 67°

F Test %k *ok *k Kok *ok *ok Kok

** = Significant at P < 0.01 %

1 Average of 3 replications

2 Months of storage
Column means followed by the same letter are not
<ionificantlv different at 1 % level of DMRT.
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Table 5. Moisture content percentage of wheat seed as a function of either mec-
hanical threshing and different drum speeds or hand threshing, and after
storage in tin cans under ambient temperatures for up to 7 months.

Drum speeds Moisture content (%) !
and threshing ’

method oM M 2M 3M |4M | SM | 6M | ™™
(rpm) Apr87 | May | Jun Jul | Aug [ Sept [ Oct | Nov
1000 950 | 9.57 | 9.52 | 9.51 | 9.40 | 9.56 | 9.45 | 9.69
900 947 | 9.11 | 9.44 | 9.63 | 9.61 | 9.43 [ 9.32 | 9.63
800 9.60 | 9.86 | 9.43 | 9.38 [9.82 | 9.57 | 9.70 | 9.42
700 940 | 9.66 | 9.24 | 9.53 [ 9.80 [ 9.55 | 9.51 | 9.82
By hand 930 | 922 | 9.43 | 9.84 | 9.40 | 9.48 | 9.47 | 9.69
F NS NS NS NS | NS | NS NS | NS

NS = Non-Significant
1 Average of 3 replications
2 Months of storage
Column means followed by the same letter are not significantly different at 1 % level of DMRT.

Wheat Seed Quality According to Threshing Speed
Germination Test

The germination percentages of seed threshed at different drum speeds and
which were stored in tin cans are shown in Table 3. The germination percentage of
seed after 3 months of storage was no statistically significantly different and all
treatments recorded higher than 80 %. After 4 months storage seed threshed at higher
speeds started to decline in viability faster than that threshed at lower speeds. Seed
threshed at 1000 rpm decreased in viability slowly and gave the lowest germination
rate during all months in storage. Conversely, that seed threshed by hand beating
showed the highest germination rate of more than 95 % for all storage months.

FIELD Emergence Test

The results of the field emergence test for threshed seed are given in Table 4.
The field emergence percentages were lower than those for the germination test. The
use of the thresher at all speeds lead to a decline in seed quality from the first month of
storage. The use of high drum speed clearly affected seed viability. On the other hand,
after 7 months storage seed threshed by hand beating gave the highest field emergence
percentage of 67 % which is higher than that for seed mechanically threshed at all
speeds.



The field emergence test is one of the most useful ways to determine seed
vigour. Invisible mechanical damage is very difficult to identify in seed. The results
of the germination test could not show exactly the amount of mechanically damaged
seed. Most of the damaged seed which did germinate in the laboratory emerged but
presented non-uniform stands in the field. The results show that the higher the drum
speed, the lower the field emergence percentage.

Moisture Content Determination

There was no statistically significant difference between threshing speeds
in moisture content of seed kept in tin cans and under ambient conditions. The seed
moisture contents before and after 7 months storage were lower than 10 %. The tin can
proved to be a most suitable container for moisture-proof storage.

CONCLUSIONS

Studying 4 different thresher drum speeds showed that whether high or low
drum speed was used there was no statistically significant gain in threshed seed.
Lossed due to unthreshed seed being found in plant residue was the main loss wighin
total losses. It was also found that the higher the drum speed, the higher the seed loss.
Seed thrown out by wind, the percentage of broken seed and threshing times required
were not significantly different between treatments. It can be surmised that uncon-
trolled excessive drum speed lead to the remaining loss of unthreshed seed. Accordingly,
the thresher drum speed for wheat seed is 700 rpm. Calibrated fan speed minimized the
amount of good seed blown out with straw. The lowest threshing loss was incurred by
hand beating with bamboo sticks.

The tin can proved to be a good moisture-proof container. Storing wheat
seeds in this way for 7 months gave satisfactory results. Seed maintained a relatively
low moisture content throughout the storage period. Proper storage conditions like
moistureproof containers can not help mechanically damage seed which are threshed
from higher drum speed thresher to maintain their qualities. The invisibly damaged
seed mentioned above rapidly deteriorated and their storage life was short. Inhibiting
a low germination rate can be achieved by using the appropriate threshing speed and
storage conditions. Nonetheless, when comparing wheat seed with oil seed like
soybean, wheat seed survives longer and is more tolerant of mechanical damage.
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IABILTY OF WHEAT SEED PRODUCED FROM
DIFFERENT SEEDING METHODS ON HIGHLANDS
UNDER IRRIGATED CONDITION.

Nongluck Prakobbon, Suchada Vearasilp and Surat Nuk-lor

ABSTRACT : Studies were conducted in order to define effect of different seeding methods on seed
viability of wheat grow in highlands under irrigated conditions. The Experiment was conducted at two
locations, Khun Pae and Kae Noi Stations. Seed quality was not significantly influence by seeding
methods of drilling, hilling and broadcasting. Regardless of method and location, wheat seed maintained
their qualifies in terms of germination and moisture content. Storing seed in paper bags under ambient
conditions for 7 months provided the good germination rate of 78%. Atmospheric relative humidity was

the major factor responsible for increase and decrease in moisture content.

INTRODUCTION

Asmost wheat is produced on dry land, the availability of moisture is a major
factor in production. The producting of wheat on irrigated field is still relatively
uncommon in wheat growing areas due to the large areas planted by each producer. The
utilization of irrigated rice paddy fields for growing wheat allows the provision of
adequate moisture.

Seeding methods vary according to soil moisture and soil type. Broadcasting
is practiced in areas where either wet ground limits access to the field, the ground has
been planted into heavy stubble, or extremely large areas must be sown rapidly.
Broadcasting normally fails to bring seed into close contact with soil moisture and so
germination is low and poor stands result in reduced yields. Seed drills, however, can
plant at a precise uniform depth with accurate row spacing and controlled seeding rate.
It has been consistently shown that yield increases markedly if crops are seeded with
drills that yiled increases markedly if crops are seeded with drills (Kiesselbach ez al,
1934). The average yield of winter wheat from furrow drilling has been higher than
that from surface drilling (May and McKee, 1925). Hill planting is relatively uncom-
mon.

Seeding method indirectly affects seed quality. An unsuitable seeding method
leads to inadequate moisture availability. Moisture stress during flowering can cause
pollen sterility. Moisture stress after pollination during caryopsis development causes
plant to develop pinched or shriveled kernels which results in a low quality seed crop.
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Implementing the three different methods of seeding was therefore required for
discovering that method which produces the highest quality wheat seed in irrigated
highland rice field.

METERIALS AND METHODS

The experiment was conducted under irrigated condition at two different
highland locations, namely Khun Pae and Kae Noi Station. Khun Pae Station is located
in the south of Chiang Mai province at an altitude of about 1,200 metres above sea
level. Soil condition was judged to be of a moderate fertility level. Kae Noi Station is
located in the north of the same province at an altitude of about 1,000 metres. Soil
condition wasclassified as low to medium fertility level.

The three seeding methods of drilling, hilling and broadcasting were used.
After harvesting, threshed seed were cleaned and dried to an approximate 10% moisture
content. Three kilogram of the seed form each replication were then kept in paper bags
under ambient condition at the Seed Laboratory, Department of Agronomy, faculty of
Agriculture, Chiang Mai University for 7 months (April 1988 to November 1988)

Samples of seed were taken at the beginning of storge and thereafer every
month for a standard germination test and moisture content determination. The
experimental data were statistically analyzed using a completely randomized design
with 3 replications and Duncan Multiple Range Test (DMRT) for the comparison
between treatment means.

RESULTS AND DISCUSSION

The results of standard germination test and moisture content determination
of the wheat seed from the 3 different seeding methods during the 7 months of storage
are presented below:

Germination Test

The germination percentages of the wheat seed resulting from the 3 different
seeding method are shown in Table 1 amd 2. The germination percentages of seed in
both locations and from all 3 seeding methods were found to be not statistically different.
The storing of wheat seed for 7 months presented no difficulties as their viability
decreased relatively slowly and slightly. There was an approximate 78% germination
of the seed in both locations after 7 months storage.
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Table 1. Germination percentages of wheat seed using different seeding methods
under irrigated conditions at Kae Noi Station.

Methods Germination (%)’
Se;fing oM? 1M 2M | 3M [ 4M |5M |6M | ™™
Apr 1987 | May June | July | Aug |Sept | Oct | Nov
Drill 96 95 93 93 93 88 85 78
Hill 94 93 94 88 90 86 84 78
Broadcasting 95 92 93 89 90 85 83 80
F-Test NS NS NS NS | NS [ NS | NS [ NS

1 Average of three replications

2 Storage month
NS = Non-Significant

Table 2. Germination percentages of wheat seed using different seeding methods
under irrigated conditions at Khun Pae Station.

Methods Germination (%)
of
Seeding oMm? M | 2M | 3M | 4M | 5M | 6M | T™M

Apr1987 May | June | July | Aug [ Sept | Oct | Nov

Drill 96 96 95 93 90 89 8Y 79
Hill 97 96 94 94 94 93 88 78
Broadcasting 97 97 94 91 90 85 83 76
F-Test NS NS NS NS | NS | NS | NS | NS

1 Average of three replications

2 Storage month
NS = Non-Significant
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Table 3. Moisture content percentages of wheat seed using different seed methods
under irrigated conditions at Kae Noi Station.
Methods Moisture Content (%)’
of
Seeding oM’ |[IM|2M [ 3M | aM | 5M | 6M | 7™
Apr1977 | May | June | July Aug | Sept | Oct | Nov
Dirill 9.74 8.66 | 13.12 | 1293 | 15.25 | 14.24 | 14.36 | 13.55
Hill 10.56 | 871 | 13.12 | 12.89 | 14.28 | 14.79 | 14.16 | 13.41
Broadcasting 11.02 | 8.58 | 13.02 | 13.24 | 14.93 | 14.29 | 14.50 | 13.77
F-Test NS NS | NS NS NS NS NS | NS
1  Average of three replications
2 Storage month
NS = Non-Significant
Table 4. Moisture content percentages of wheat seed using different seeding
methods under irrigated conditions at Khon Pae
Moisture Content (%)l
Methods
S ‘;f_ oM? | IM | 2M [3M [4M |5M | 6M | ™™
ceding Apr1987 | May | June |July |Aug | Sept [ Oct | Nov
Drill 7.52 8.27 | 13.41 [ 12.61 |15.74 |14.21 | 14.52 | 14.09
Hill 8.60 8.48 | 13.57 [ 12.69 | 15.89 [14.30 | 14.62 | 14.45
Broadcasting 7.95 8.77 | 13.49 |12.79 [15.95 |14.53 | 14.56 | 14.24
F-Test NS NS NS NS NS | NS NS [ NS

1 Average of three replications

2 Storage month

NS = Non-Significant
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Since wheat iss a cereal plant the seed contain carbohydrates as the major
storate substance. Carbohydrate food supply is known also that, its influence on seed
viability is much less than on those containing oil. Thus, where storage conditions are
not optimum cereal seed can survive better than other types of seed. In this experiment
wheat seed provided the same results as just mentioned before.

Moisture Content Determination

Seed moisture content of seed in both locations showed no significantly
different in effect between treatments (Table 3 and 4). The initial moisture content of
all seeds before storage was approximately 10 %. Seeds stored under the ambient
condition of the Seed Laboratory absorbed water until they reached equilibrium
moisture contents (EMC). The level of EMC reached dependent on the month. In both
locations in August, seed moisture content peaked at 15 % and then declined over the
ensuing months. August later proved to have had the heaviest continuous rainfall. The
relative humidily was higher then than for any otherstorage months. Despite this, the
higher moisture content did not markedly affect seed viability After 7 months storage
the wheat seed contained approximately 13-14% moisture content and still gave a
satisfactory and good germination percentage.

CONCLUSION

Neither drilling, hilling nor broadcastion played a definitive role in deter-
mining seed quality. Seed longevity during storage also did not depends on planting
method. Wheat seeds from all methods of planting maintained similarly quality in both
locations in terms of germination percentage and moisture condition for 7 months
resulted in the good germinagion percentage of 78 %. Atmospheric relative humidity
was the major factor responsible for the increase or decrease in moisture content
percentage.
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SPATIAL ARRANGEMENT AND PLANT POPULATION OF
CORN/GROUNDNUT INTERCROPPING

C. Sampet, S. Buranaviriyakul,
S. Insomphun and S. Limpiti

ABSTRAC: The experiments was laid out in a 3 x 2 factorial in RCB with 3 replications. The monocorn
spacing (row x plant) was 80 x 25, 60 x 25 and 40 x 25 and 40 x 25 cm. and the optimum spacing was 75 x
25 cm. The spacings for monogroundnut was 20 x 20 cm. Spacing for the intercrops were arranged as
follows :-

Two rows of corn, spacing at 40, 69 and 80 cm. intercropped with two rows of groundnut. The spacing
of corn rows where the groundnut were planted were 1.0 m and 0.8 m. The plant spacing of both corn
and legumes were the same as in monocrop.

The groundnut yield was affected by corn. The yield of groundnut decrease as decreasing corn
spacing, while the yield of corn increased. The total yeild of intercrop was less than the maximum sole
corn. However, the land equivalent ratio (LER) values indicated that there was practical advantage of
intercropping groundnut withcorn for the planting patterns used in the experiment. The detail of plant
growth and light interception are discussed.
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Table 1. The average yield of corn/groundnut intercropping.

Treatments Seed dry weight (kg/ha)
R D Groundnut corn Total
80 40 404 5960 6364
100 60 370 5255 5625
80 475 4440 4915
40 592 4853 5444
60 613 4842 5455
80 565 4971 5536
SE (mean) +24.4 +786.5
Sole corn :
40 x 25 cm 7754
60 x 25 cm 6451
80x25cm 4704
Sole groundnut 1444 -
SE (mean) +52.1 +788.4
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Table 2. Land equivalent ratio (LER) of groundnut (Lg) and corn (Lc) in Corn/

groundnut intercrop.

Treatments Lg Le LER

R D
80 40 0.28 0.77 1.05
60 0.25 0.68 0.93
80 0.33 0.67 0.90
100 40 0.41 0.63 1.04
60 0.43 0.62 1.05
80 0.39 0.64 1.03
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Table 3. Yield components of groundnut in corn/groundnut intercrop.

Treatment R Treatment D Mean
40 60 80 (+SE)
no. of pod/hill
80 10.8 11.4 12.6 11.6 } +0.17"
100 12.6 14.0 14.8 13.8 J -
Mean 11.7 12.7 13.7 interaction
(+S.E) (+0.21)" (+0.29)Ns
Sole groundnut 10.2
no. of seed/pod
80 1.5 1.8 2.0 1.67 \ +0.042 "
100 2.0 2.1 2.1 2.04
Mean 1.75 1.80 2.05 interaction
(+ S.E) (+ 0.044)™ (+ 0.062)°
Sole groundnut 1.5
100 seed wt (g)
80 29.77 29.63 34.13 31.18 +0.42"
100 35.87 37.63 37.90 37.13
Mean 32.82 33.63 36.02 interaction
(+S.E) (+0.51)" *0.72)"
Sole groundnut 31.31

Significant at 5% level

*k

$72lwe (s R usz D)

Significant at 1% level.
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Table 4. Height, dry matter and harvest index of groundnut in corn/groundnut
intercrop.
Treatment R Treatment D Mean
40 60 80 (+S.E)
Height (cm)
80 59.6 58.0 59.3 58.97 (+ 1.14)N
100 60.9 57.0 59.0 58.97
Mean 60.3 57.5 59.2 interaction
*S.E) (+ 1.40) NS (+ 1.98)"
Sole groundnut 52.3
Dry matter (g/hill)
80 25.6 23.8 23.8 2440 | (+0.43)™
100 23.0 23.3 23.3 23.20
Mean 24.34 23.55 23.55 interaction
(+S.E) (+0.52)" (£ 0.74)N
Sole groundnut 21.20
Harvest index
80 0.19 0.22 0.33 0.247 } (+0.43)N
100 0.36 0.43 0.44 0.412
Mean 0.275 0.325 0.385 interaction
(+ S.E) (+0.027)" (+0.038)"

* Significant 5% level
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Table 5. The percentage of light penetration beneath corn canopy in corn/
groundnut intercrop.

Treatments Light penetration
(%)

R D
80 40 29.5 (70.5)
60 28.2 (71.8)
80 41.1 (58.9)
100 40 23.5 (76.5)
60 32.7 (67.3)
80 33.3 (66.7)

Sole comn :

40 x 25 cm 17.6 (82.4)
60 x 25 cm 22.2 (77.8)
80 x 25 cm 33.2 (66.8)

The values in the bracket are light interception.
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EFFECT OF STORAGE TIME, VARIETIES AND CHEMICALS ON
QUALITY OF CUT GLADIOLUS

Danai Boonyakiat and Yongyut Khamsee

ABSTRACT : Red Majesty, Friendship and Legend Gladiolus were stored at 5 ‘Cand 85 percent relative
humidity. The inflorescences were then pulsed in the solution of 250 ppm 8 Hydroxyquinoline, 50 ppm
AgNO,, 300 ppm Aluminium Sulfate , 30 ppm Citric acid and 20 percent Sucrose for 24 hours. The results
showed that four days storage did not impair the quality of inflorescences when compared with two days
storage. Red Majesty, Friendship and Legend gladiolus showed similar quality and had vaselife9.11,10.61
and 11.44 days respectively. The pulsing solution improved not only the quality but also increased vase life
of inflorescences from 9.28 days to 11.50 days.

LmARge: nenunadlodming Red Majesty, Friendship unz Legend ifiuinenfigungil s° wrnidos
AduTns 85 wediaud wisnniuiniludlussssaedidszneudis 8 Hydroxyquinoline
250 ppm, AgNO3 50 ppm, Aluminium Sulfate 300 ppm, nia Citric 30 ppm wazAn
Sucrose 20 wefiaud wm 24 Falue Uningdn mafuinewnmn 4 S livilviguaineesnen
Arrnmsfiuine s 2 T asnunaflodmwuy Red Majesty,Friendship usz Legend flognas
TAusiu 0.11,10.61 WAY 11.44 T AWEIAL ©IRCAIOAINEIIMENIINIE N TaUTUUTIRmA N
vosmenlWATuLR Hafinegnisdnusiusn e.28 Yuu 11.50 Yudndap

i
unadlodm dulisnpendiiidsRunuddguniuludsznealnediosininng
sl lulenssne andu undoniaunaflodalulszinasanlngszogmenaniionsuum
wasiaTandmnesysel v ARgEaRutene 9 ndsdszimmnaseunmdululely
nandadnlisnenuiensfludszinalnoands  FaudazRufezfinmawnionaiu

ARTTIRTEIN AssnEaIrEaT A aneifdodlnel Foslml 50002
Department of Horticulture ,Faculty of Agriculture ,Chiang Mai University, Chiang Mai 50002
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Unustudu Tnonendesnendwgaezifioasinesamia Faflowanzaenunadlofmezinum
nmeniegadun  nnsutonunadledslumainfiReiRng s I LA LRI
wozfiergnstnuaiumnsdunidn Sadudeefinamznizin  wenandifainlvinentes

fownAindn (youofiosd uazdal,2531) uazisrilimenumnisnentonfiegunngn
TredfiuSanmnenfivwdufiindudas (Boonyakiat ef al.,1086) Inevialuntsfnmentsd
ssofnlAluszoynsuuieneie  dviusenunadledmiuezfinfenendrogaauiug
(Reid, 1087) Famonimanlazunldmaund waszlivmeandsnentaogn lunafinem
svpmannfutluaaein wodnsussseifud 12 Fluedulyselinafoinfuniius
wn 24 Falue Cynnfiosd uazdnd,2531)
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a A4 o o o«
UzinFoemAILRBLNDYIINTINANBUAHY

gUnsaleTEnMsnaaes

nonunaAlodAuS Red Majesty, Friendship usy Legend Faflvnntenonea
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grLAnfvoaniunen Tnodelunenduuaznglaosodedunfalsefinussgreslazanis
a9 Tumanedodeslu sieenunadlosafonanaluifiuine liigmungd 5 vasdew
A ndudnTnE 85 Wedirud (s 2 e 4 Tu vasnieihnenunadlodud
aeAug wuadu 2 dam grunftoitlyugluesafidelsznousae 8 Hydroxyquinoline
250 ppm, AgNO, 50 ppm, Aluminium Sulfate 300 ppm, n3nCitric 30 ppm e
¥Aee Sucrose 20 wWesirus Taglvimaiafifondageviaamutenentszam 3 o ud
Vw24 $alwe udadernoludnluusmulnnsswn 1 Gas daunenunadledadn
gauntein luTnusisssualueafudinnesuan 1 8aslaoass gATWLIRRDNYBY
Woeflldnanesfigungiiafe 18-25 Laaudus ANTUTNANT 68-80 LUpTLTNHA
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$nwufiw Main plot Wufidu Sub plot udsz3Ensldmaafiuu sub sub plot usiaz B
MR 3 41 udszdUsnoufaaen wnafledy 3 Temen

msTufinuanIneses  TufinennisasasmeuiUeiimudnisunesnentenlu
LAnvsrpr U 6 sror Ao szevd o LidwnAueen szesfl 1 Aun@umen |
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Figure 1. Stage of open of gladiolus spikelet variety Legend.
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HOBLANIIN 0.25 LUBSLTUALTW 10.98 LUBILIUA LRZHINHNIAVDIABNELDALANION 2.02
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dmyuengmatnuaiuvesnenunadlefafifivinealy 2 T usz 4 I Lifinaw
wANAIRuNWEER  waiienSoufisuengnirdmueiuseninaiugde o dingan Wug
Red Majesty, Friendship usz Legend fognisdnusiuidu o.1 10.6 uaz 11.4 ™
awidu Faengnistinuaiusssnsnunafledaing Red Majesty uanfiefiuiug Legend

peeRidnfy danmsafzifivengniadnusi vessensin e.28 Twdu 11.50 W
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Figure 2. Comparison of Legend (Z), Friendship (Y) and Red Majesty (X)
gladiolus with pulsing solution (Z 2 X ) Y 2) and water (Z X|Y))

1 Water x Red Magesty
2 Chemical y Friendship
z Legend
ANIUNAMINAADS

wnadledm duldinnonfisnsafiusneidUszam 6-8 Fu figungl 7 ae-
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Table 1. Effect of storage time,varieties and chemical on percent of various stage of
spikelet of gladiolus inflorescence.

Percent of spikelet
Stage 0 1 2 3 4 5

Storage time :

2 days 22.29% 11.12° 9.66° 17.46" 24.74* 14.74*
4 days 28.34% 14.92° 8.61* 14.43* 23.68* 10.14%
Variety :

Red Majesty 22.42% 1698 5.23* 12.73* 27.03* 16.93%
Friendship 27.63* 1590 7.33* 11.69*° 25.59* 13.02%°
Legend 30.20° 12.18% 14.84* 11.41* 26.01* 3.37°
Chemicals 17.44* 14.09* 10.33* 10.32* 35.84* 16.69*
Water 33.39° 15.05° 7.94* 13.57° 16.94° 8.19°

column means with different lettering are significantly different.
Stage 0 = Calyx covers petal
Stage 1 = 1 centimeter petal
Stage 2 = 3 centimeter petal

Stage 3 = 50% open
Stage 4 = 100% open

Stage 5 = Senescence

mafondedn Gafin 18-25° tandun) vilvdmenlifongnisdnuatunndn Bnviola
swnranunugungElinails srgniatinuaiuseseenliinazduerfivaioamwuandey
Troianzgaunail A NTUANANS uazuresdny (Halevy and Mayak, 1981)
Hufinsuiviegudain nansrsRHiiueciinmanedaiu Feailzantislaidn
nensan LiEanonsfiafosfunddowugin sefinauuandsiuluudegniafiuine uss
pagnItnusfin ArsAsuuIAvaIaen  TunAnEIRENAMR LWL \Heufevespon Ao
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Table 2. Effect of storage time, varieties and chemicals on size of spikelet at stage 4 and
vase life of gladiolus inflorescence.

Size Vase Life

(day)

Diameter Fresh Weight

(cm.) (8)
Storage time :
2 days 10.282 3.15% 9.82%
4 days 9.952 3.48" 10.50°
Variety :
Red Majesty 9.92% 3.16" 9.11%
Friendship 10.14 3.09° 10.61%°
Legend 10.28* 3.71° 11.44°
Chemicals 10.982 4.62* 11.50%
Water 9.26° 2.02° 9.28°

Column means with different lettering are significantly different.

dauﬁwﬁmﬁﬁw‘lﬁmqmﬁLﬁu's“msmm:ﬁnmﬁwmﬁu (Halevy and Mayak, 1979) lun1s
Anefl Tdunadled 3 Wug Fadwiuglmifilasenvasedosnimmaseunaadulidlu
nslfidnbifinneniionaflutszinalng  dsnginmamwmasmssnuassinning,
vosmendopveInBnUNeAlAmY 3 Wuf lufinwuandrafiu udiedioudassnenidion
(svp2fl 5) ¥89%Wuf Red Majesty fwnnd1Wuf Friendship woz wwuf Legend u#iilp
Aarsontiegnistnusineesnenunadlofeimug Red Majesty uwda wuinfiengduni
Wug Legend

aonunadleds uldemaanfidindoudnondaguann nslsmsnfiutiofudous
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12 Faluatuly szdaoilvinenfomslngfuuacgoningn o Fdusan (yoefiosd ues
T8, 2531) Aenunadlodmazreusuesreriiaa Sucrose Iudnagedle 20 Lesiaud lae
8199 NANEIHUTYAUNSY 8 Hydroxyquinoline adlufag F9ez 300N 1IgAfUYEY
viovnuuafiSouazneGszvesRnes lumamenssdl 19 AgNO, W RB T UTTNae
Tunisaansianessfmensiuiezisanislsvesnenlsd’ daunsn Citric i
A duninvessnsaras  SeazsanlinnsgeihdugeeniduuassasanUSinmuesuun-
AFulussazaelddae 64 Aluminium sulfate ¥4 32e%i7l9 pH veasloiengunen
anasuaylisendag  Anthocyanins lunfusenlaiifonuias Foazdenalvdveandy
onauAnegld dawime Sucrose swinvihfivevInawnuenssaafignlsly
Tuwszninaniamigls uazfoiunauiu Osmotic v89n&uRen nlWiar na W Ialuns
gavownfeniueen  viilinAusenusfsuazanaziluniunenfinnsesnad  (Halevy
and Mayak, 1981)
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PRODUCTION OF VIRUS-FREE CHRYSANTHEMUM
BY USING THE COMBINATION OF HEAT TREATMENT AND MERISTEM
CULTURE

Pajchima Smitamana, Prasartporn Smitamana and Panyasri Thanasanti

ABSTRACT:Chrysanthemum (Chrysanthemum morifolium) cv. Seiko-no-hana, which showed mosaic,
mottle, veinalchlorosis, flower distortion and irregular blooming symptoms from the virus infection, were
keptat 37 +2 C.for 1,2, 3,4, 5, and 6 weeks respectively before the meristems were cut and cultured on
the modified Murashige and Skoog medium (1962) containing 0.4 ppm BAP and 0.05 ppm IAA. Plantlets
about 3-4 cm. size with good root system were transferred in the sterilized soil mixture and tested for the
viruses by using both indicator plants (Chenopodium amaranticolor and Nicotiana glutinosa) and electronmi-
croscopy. Chrysanthemum Virus B and other virus which could not yet be clearly identified as Tomato
Aspermy Virus were found.

Y otese ¥ o T o € o o 4 &
UNARRID: Iisiuugsaaet (Chrysanthemum morifolium) Wwgj Seiko-no-hana fiusaseInTsLfiesninige

Tddlugy emsluens lussednegen dwluivins nRusenda  uaznisafuiusssniunenlaimi
wneNAneuREITTFugmval 37 + 27 C. uwan 1, 2, 3, 4, 5 uny 8 e1fad 1oy
Wufunguiiliefiszduguvgfunfneufisesundedodeniy LFARDIURE M TIgAT AR AL URIIIN
989 Murashige and Skoog (1962) 1a/ld BAP0.4 ppm unz 1AA 0.05 ppm M InAdwUYMmITY
wiswe 3-4 gu. waefszuusinedwsaudihandiodgnliedssgndande  tReveseumilas
wuinuganrfldsnnguiifsslifqungigsfinderuds 6 enfiadeziasenindelain wenvindl
tTawu‘hmuﬁtuwoﬁuﬁ'ﬂmamL%eLm:'uummmmwoon’mmm:umnviwﬁuﬁwﬁ"ﬁL%avlﬁmmhuﬁﬂﬁ
o WATIINNIINARBUUNNINANeY (Chenopodium amaranticolor and Nicotiana glutinosa) mamuiﬂ
avesladsdldvinnisasnseudiondsayansimiBidaasoumnisangUlddin Lifmmumguedlsn
gy wrlungudfnenTsilidu Chrysanthemum Virus B fulaiadnsfianilefifalsiosegyIdusisng
\{I% Tomato Aspermy Virus n3glal

MATLIANT AoinERIran’ wviInofedoolnd W Fodlus 50002

Department of Plant Pathology, Faculty of Agriculture,
Chiang Mai University, Chiang Mai 50002
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v (Chrysanthemum morifolium) \Jnlisziuiensineglungnaedlidinnen
wio linszans Afeowndrdynonlusdveamegin uazfiunuimdegammniunisygn
Limenegroan  Tenawzdszinelunguylsy  wezaindnn dmdudsuinelneldfinasia
Mg N9 wuRenaassgnannyszinaonseiuand giu use
Tmin  TneftegUszmdfiasmiuifumnzsufusawuandonsestszinealng  (Refiaz
sosnliuUgnlugtroanaddoly  ananilevesuszinalnelasianizedreBadonia
Fodlvn  uunssgniiddyfigevosugane  HeflilosamnanworninfiBulugge
wirldldnenffinma ngetinnutuaonfsindnnndetssine

wiywnedulinenfimusoveewugldinnlanisndneen wie mio wdndn
F958n1afenaaan duisnefitarlvinsuniszuinseadela s nduualugedulnale
pef  wenaniLdelafafelindowdunvzindin  Savinlinnsszunveslsaduly
Iagsandunsludoiidudfigonn  vilwlddudisenue  Snandauszhunimussnen
AnimnIgn wazfd Ay Rugariniudandndulng

nsndevuganrdaealsalapniandoailofoniyuuemsfane  Uszey
A aroutagalutszinafiugn  uazdesoniuganie 1w Usminenuseiuanue
(Moldgate, 1977) Taowun38nsfsns1assnsofiazrindn  Chrysanthemum Virus B
frlddugenwss  Siafinaafindunen  lveendguawdiranlidufiseniuresnae
(Brierley, 1055) piwlsfimn  Tnuwadsiufidulsnonsliuansonislidwengaiin
prauileannananinuandendlimnzdenisuaneints  nsfiazcRnlanalilddud
YJsemann  Chrysanthemum Virus B Taonadpadlofaniyd  ereriildlaoniame
WosRsfigmmafigeniaufiessihundmloboniydszaom 2 s 8 Wfeu (Brierley and
Lorenty, 1960., Hakkart and Quak, 1064., Asatani, 1972) WA lDnAEn TN
\Aoafuunlefiu Chrysanthemum Stunt Virus wuldmansafieziniedeld (Hollings
et al, 1962) ToflflosrndorunaiinaalayunmsRgeiluamovisindwtelsendd
swnsandsnanlamluRe Aol ingmngfigs §wm¥uide Tomato Aspermy Virus fiufin
SFosunadnogianilavosuganammin Asatani (1972)  wemdridnialasnaiwag
HeaReA as + 27 C. ol 8 prfindroufiaziwnndinfafansy

o v_a v o _a aVl o : a A \
fnwmzvosldefidinaoiuganmifinuiilidndn 3 ¥iie waziiioutisey
Ui 9v09aumn azuenliidn 2 ngw fis Chrysanthemum Virus B f§3uU3naiduuvionss
- =] ! A =|'=| '
1213w m 685 nm. (Hollings and Stone, 1971) waz Bnngawntadunwanfiigyuinanay
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§ 2 vflm fis Cucumber Mosaic Virus w8y Tomato Aspermy Virus lasfiauinidu
HIHINA19Y0IOUNIAYITNIM 28 uay 30 nm. Awawy (Gibbs, 1979., Hollings and
Stone, 1972)
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vaadulusrfidnwuziniodloniun® (Vein clearing) menfivwimdn sendadoouas
nInALIHeInentamiuaNe  wazenanuensdndrineafindunenldBndas (Hollings
and Stone, 1972) §%¥U Tomato Aspermy Virus w8z Cucumber Mosaic Virus 1%
gnIAEEARITH A B nslusetriiedi Tudswuualy (Mosaic) wazANENIEDN
(Mottling) §w¥u Cucumber Mosaic Virus fawud1enavinliiuganafigenwenin
donsidwiasveande Skmeniipnlunnanldndae
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nssduuaraiusyugasvnssulddinnenusz sanlindnsiduu iR us Afiguandiazle
Tunisvenewugrelusnee

gunssile BN neaes

LU ANFANY Seiko-no-hana 8¢ 1 LAenfifsunnvesdulndifisaiu wazuans
ensluseaisrsfindnseddeuunsineialy  wazemmdulumies (wdl 1) fAuen
Ugniunszansssinduiagudnets 8 #2 shwufodlusnwgamafl a7 = 2° C. Tviuws
Jusz 16 Faluslagldvaen Gro-lux wwm 40 Watt vsulaaugssesvaemeywis
NnneemugAigefigatizinm o dv Wihuer 2 efslugaatuanin uwemde
dansaigivlavesdaunelidnlulded R adlvitjousalafiondanann 2 onfing
Taonaazanesinee

mafuugsnmisihadadadosy wwaiu 6 nde lnoudaznguivianiz
ﬁaummﬁa‘/’iuﬂnumﬁwwnﬁ&rﬁlﬂuamwﬁﬂmﬁwﬁunﬂq 1, 2, 3, 4, 5, uaz 6 BfiAd
mwiy  dniuduilflunsSoudeussdgnandlusnmlsasondnfifigmngfiede
22 + 3" C. uaz¥namnuandonenss lvindentudufiiosfigmnglys
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Figure 1. Veinal chlorosis, one of the symptoms on the virus infected chrysanthemum leaf.

Enion B0 10-15 1 uazdefaindnen 3-4 ads urszafilionn 5 wafl LRlefiezdne
Clorox ponlvivun  dauilofeiyfifionn 0.3-0.5 wn. Iegldlewwed 11 wds
WEIUUIIMNIgAIfALUR9INYDY  Murashige and Skoog (1962) fimsw 6 Benzyl
aminopurine (BAP) 0.4 ppm un8z Indoleacetic acid (IAA) 0.05 ppm Tnusinz g
wlfifloiforasysiuam 12 3w wonidndlunasanasouudayvaen SAulufifiaduoe 7
S AenflessiadsslurnndlduseTuas 16 Falnefigaingd 25 + 27 C



127

Figure 2. Chrysanthemum shoot showing mosaic and mottling symptom before the heat
treatment.
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Figure 3, Healthy chrysanthemum plantlets derived from the meristem-tip culture,

after heat treatment at 37+ 2 * C. for 6 weeks, on modified Murashige and Skoog

(1962) medium.

nsfedusenUgnyinlodu ugannagedszanm a-4 1. wazfruusnfudouse
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W 20 wift Aulnaawiifieasdugs wisnndundudussiuda fodgnluwss
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NEIMLUYINIFDENAIN  TAANNERIEInuAen  laaTaangaulauaenils
Usefis uardanne 2 orfindvdanndusinenenindetiefineniinuim gauntsfinen
pgnatfivesneniu szdmeonfisnunulvifiviianannssssiunen 6 fin uslwh
geonn waniipwhAlsusnnuamndneonezisalse

mnameuvdelauasn1siuunsfintesiife 19380 1sUgnfeunRenasey 2
siinfis  Chenopodium amaranticolor LLN:IUUWQU‘LUL&ﬂ ( Nicotiana glutinosa) T
unietsRAdosnmageululnisfusifuin  wazls 1/15 M phosphate buffer, pH 7
Tudasman YAy : buffer - 1:10 VFIINUANTIMELLBLALED N INTBINIH
f1ue wasiininfnseslauimunlufedlisns Carborundum 1378 600 mesh 879
luRefanhrreendsndgnideudatizim 2 wft udufuRsllufsudssann 12
Flworondsz sl vl ulsonnzdn

AIFNE IR A AYealiEls Brandes' dip technique uwazl¥ Carbon
coated grids anfan Potassium phosphotungstate 2% N3 TATWIADRA A LEIBA 1WA
PNAINIL LA ARITEIBIBINABIYANTIAUBLEAATEN

NOMIVAao

fwuganaf i ulilusangungfigeez dnisdgiAvlauandrsndwdioy
Feufiugnluaawgamgiunfedadiulddn Teszdonsldfouddioa 2 erfindduly
gouvosluffifenduanndn  Snsuenendiennandiidwuieudioy oanisesvesiuez
Sudonuaslte wilugansondansfonnslusreedieten (awdi 2) eanslusneiiay
enslundoniuiveslufidoadunnTuauszozian fifdlufigomgige  Tugaeduues
giadd 5 omslusinsfiazsumnsluanlinuwsdluenfiedd 6 dnwuzfisudnodemils
voaug e vl wildnenesifie  sauvnaylufivsnalngTuedroinldde

Hlafeiasgflasnganvssatouarnielndvssuganiadfivlueain
NAKDIVNNEGN Horadssunermsdaazvi ffarnnaigdulafiliuand-oiu
swsanigiulaldoed (il 3) Sszuusnfudouse uazsealdtls 100% Hede
Ugnlunszurdussluutasnnddiu

s nnsSaspufsusannines givlaves uganielungufildannisdo
odeasgresfisfugnluanngungiige  fungufivgniugaiwdnd  wudilunguusn
grrmaigpdulafinieiaiulddaan Tnoanzlungudivgnluaninfigumgd
geAnAefiuNINAd 4 pfiadduly arfanuuendesznitenisTanngevessdulugag
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ptedaanfign fio nguiinslugavaiigefis 6 onfind Tapazdoinanuyfouutasfl
Vfausnsdnnangesesidundsdl 2 (2 erfindndonisdanieusn) wezmaadgdule
fazidnldeierafodlusariaiionngs veesdn 3.55 LAl fenrinusinzais
WouSoufisuniadgidulaszninengaiildaniiodecigsssAsfiivluaawun® fu
ngnflfanloionigosiefiddusnmngung iy ainifiaonigldan
Fofdosluanmgongfige  sxfimnmaigiAulaluiuanugevesiiugenindede
Wiy AldanAsdidosluanwgmngRund uszfinau uansns egne fitoddglungud
Boslueanionsafoud 4 enfindduly (a) Lz finuuanensetefitodfiyoenebs
FunguAivlugawdang1nfle 6 o find (b) (P1319f 1)

5ﬂﬁmuﬁmtﬁﬂmmmtywwmmmzﬂduﬁ\lﬁ’«nﬂmﬁmmaoﬂ‘?aﬁwudw IANLYT
Tnoasstuszozamffivlurnmgungfgedndae (asefl 1 wazawdl 4) douandns
fwuBnotnamilefin  FluvesReildnnidleorsiyrnngufiivluaamgungfige 10w
LENn 4 onfirdduldarifmdeandn  uazfvunveslulandidulungaSeufiny
ptiaAnleEn

Table 1. Average height of the four chrysanthemum plants obtained from the meristem
culture and heat treatment, measured every two weeks (cm.).

Duration Sampling Periods
of Heat (weeks)
Treatment

(weeks) 2 4 6 8 10 12 14 16 18 20 22

3900 4.025 4725 5775 6975 8725 11.175 13.675 15.175 18.175 19.825
3875 4.050 4750 5475 6400 7375 8.775 13425 16.600 21.250 24.200
3650 4.175 5050 6.100 8.725 11.212 13.025 15.025 16.425 21.900 24.350
3600 4.100 4750 5400 6775 10.175 14175 18.550 22.725 28.000 31.650"
3800 4300 5275 7.000 8.575 11.800 15.700 19.400 23.500 29.800 32.400"
6 4175 6300 9.350 14.500 19.100 23.950 28.825 32.750 36.900 39.900 43300™
Control | 3.125 3350 4000 4.775 5.050 5575 6375 7.700 9.050 10.700 13.075
0)

w B W N =

LSD 0.05 = 12.674 LSD 1.01 =25.190
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Figure 4. Different growth rate of the chrysanthemum clones derived from the meristem--tip
cultures after various heat treatment duration

50

Time (x 2 weeks)

Symbols representing duration of heat treatment before excised the meristem-tips

1 week [ 2 weeks x 3 weeks + 4 weeks

N5 weeks < 6 weeks * Control (without heat treatment)
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Figure 5. Virus particles with ca. 680 nm. length detected by Brandes' dip technique stained

with 2% PTA.
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UTILIZATION OF JACKBEAN (Canavalia ensiformis L., DC) AS
A PROTEIN SOURCE IN BROILER RATIONS

Suchon Tangtaweewipat and Boonlom Cheva-Isarakul

ABSTRACT : The nutritive value and the potential use of jackbean (Canavalia ensiformis L., DC.) as a protein
source substituted for soybean meal were investigated. Ground jackbean was incorporated at threelevels,
0,10,15and 20% in rations containing 21%, 19% and 17% crude protein for broilers aged; 1-3, 3-6 and 6-
7 weeks, respectively. One Qundred twenty heads of 7 day old broilers (strain A.A707) were allocated to
4 treatments, each with 3 replicates raised on a floor pen. Ad libitum feed and drinking water wereallowed
by freely access.

Jackbean contained as percentage of dry matter seed 25.7% CP, 3.0% EE, 10.7% CF, 57.1% NFE and 22.9
mg N/g/min. of urease activity which is higher than raw pigeon pea and raw soybean seed (7.78 and 5.70
mg N/g/min of urease activity respectively). The trypsin inhibitor content is lower than the other two
leguminous seeds mentioned above (13.73 vs 30.30 and 74.32 mg T1/g air dry sample, respectively). The
results from feeding trial indicated that growth rate and feed consumption decreased, while pancreas
weight increased with the increasing level of jackbean. At 10% jackbean, weight gain and feed
consumption differ not significantly from the control (1.63 and 3.59 kg vs. 1.70 and 3.81 kg, respectively).
Feed conversion ratio (FCR) of those obtained 0-15% jackbean was found between 2.21-2.27, but the
group of 20% jackbean had significantly higher FCR than the control (P<0.05). However no significant
difference was found on mortality rate among groups.

uMfinge : n"nﬁﬂmﬁmturhmamm:um:mﬂi’r"i'ms'mﬂuuwdﬂﬂiﬁuﬂnuﬂumﬂimnﬁ"'amﬁoﬂu
Urinszne TaouGudanduelusziu o, 10, 15 uny 20% vagraevfiilysfin 21, 10 uay 17% lu
$a3lrieny 1-3, 3-6 uny 6-7 Fuav mudasy 1SlAewuF0.18.707 07 7 T3 $IMam 120 #2 wijesen
Tnoguidu 4 ngy neasy 3 41 BoeuuudsesAulunentesuraznennin 0.0 x 1.8 ArTamAT i
LRZEIMIINUAREATZHZLINIMAREY 8  §Un v

YsanalarenevluiniAeduiooazvosiaquiis (dry matter basis)-11)3fiw 25.7%, 1y 3.0
%, \B6lo 10.7%, NFE 57.1% unzfifn urease activity 22.8 mg N/n3u/wf Faganinuind
wzugzAuunsiuniesiu (7.78 uny s.7omg N/n¥u/wf awdsu) danUTanmmsdudnivdu
Yinginfivesningafa 2 siafindafeuds fe 13.73 fisufiu 30.30 uey 74.32 mg TI/g air dry
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SagAudsnanlusunnAvsfintuidslinednaiuls wiefifiTnagnann o Taowanz
otneBsReflifonlfiduomian  wlflunsysznougasemateandununisnie

&9w3 (Jackbean or Horsebean ; Canavalia ensiformis L., DC.) \Juissiin

wuwmamwmu’tmqmquﬂu szl dutlo e dnuazdidwduny Inmeaseniis
SnpBnAENFILA 55-80 Tundergn um‘“mummmaﬂ‘lmunmq 160 T4 (iIuRTfAinude
Tanunzunns wdnfiawelngfunagu shmiinieio 1.84:0.33 n¥u/ i (Bressanieral,
1987) Sdenumm Fosfaiveludnfiffnumzuume, afonSolaTedn “danin”
fuanAANEA T HLUTIENI9 120-800 NN/ 13 g uLsuAsiwEadanilufusz e
sorAnuuuganud  faudmnawnsafuaieusunldi duemadadithe enwiw
Y Tpnflun1slfiduuvsoomslusiin - Fildsnuiintsnbadainionouwdadu
gy R liTolfissuEnmenils nennsiensivngaulszneuseslasuzens o
wu i ilusfvgonenas (25%) Hlaiu s.0% wazd3unanbelolaigeiin (ro%)
& el nuvaslusanuazenslulainsnluesdndldfinenas ursdslafimunn
ﬁn0mwmwmwswmﬂaaumaﬂumi L% NUIBIRAIN 9 Tunmidn (Bressani et al.,
1987) gensaoslamlslofinuszladu lnofuiinnnsnezilufand1aRoend miloves
nEavies (0.33 vs 0.65% WhY 1.35 vs 2.93% ANGWL ; Duke, 1981) W8N
dxstmatufinneigdulavanofin - 19w Canavanine  Fodinyananisliuazlomle
¥89 Arginine (Bressani e al., 1987) fesudonssinlusfulUldUszlemiefia Trypsin
w8y Chymotrypsin inhibitors (Duke, 1981) wazfiap19iimswin Hydrocyanic acid
w8y Trigonelline t$wdnafiuRsluasens Canavalia spp. Bnfn (Duke, 1977)

snnsnanesdssdugmuamldsfnsenadadandi it wWisufsuiuwaniin

Iafgnlno5 Pressure-cooked (Mufusiilugmasan 1 : 3 aoldnandn 15 psi vlwam
45 W) uozland®  Roasted Agmwadl 200 7 s 10 wfi Taonasedlumy
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Bressani et al. (1987) WU dawiAufin PER dwinifiss 0.1+0.05 Fafinuirinfy
3.46% 109lUsfuN1AIg M (Casein) Wit wanThfand AusiIRA N ou e 933
i szvilinuamlvsinsoandnd ffunn fe ffn PER i 1.21+0.17 WA
1.18+0.10 FAFOULYINTY 41.9 uee 40.8% v69 Casein AWy dauniteslfyes
Tsfinlundntanifuussdanifidmawiondsessfmneafie 47.0+4.8,76.4+3.5
LAY 78.7+4.7% ANEIHLU ymazfives Casein Hfwvinfiy 01.2+2.1% n13fifin PER uge
nrdeeldvesdanirdufiendwntl meddusadfiosnannsinsie Trypsin inhibitor,
Urease unz Canavanine sm3disnsnamuisagnyinanslddaonaiuiau Sovinlwe1 PER
weznatenldfdn wonandl Sonuimanasuantslefinlusziy 0.3% vssgaso ML
vyfifTUsfu 10% Snavinliiudadawinfiniunauioulnnds Pressure - cooked fifanin
TusAufidu Taoffn PER ifinduiln 60.5% 189 Casein

[l a ;v [l =4 o v L4 (4
peslafiow tayiufliclifssanuionssssnmidaniuilfiduemsdnd

=l & a v o v ] a | | °
Fosflidufinulavesneains§ugnianduduisaguAnedranndnszswisaianifidu
pwnfadldviold udSunomnndesiodle uazezfiduaodedniniols fowgilse
VAUAIINANIANENE

1. syfidsznaumaeil AnemIuyInmeIAeuIITin (Urease wuse Trypsin
inhibitor) ludawi"

2. mizAufiminzavsesnslfisdadanilugasenmsiidle TnsfRvsangan
madgiivla YszBniaiwmsidonnns §asniseie waznsvenedlvedsiugeu undn

3. srudugmiluninihwdadnianlsidwiagvemsdainszmizdion 9
weann et lSunssiunsasniredesidgndaniuduisaguin  Imwnsnien
16i6pefmd HuseldadufAnduld

gunssluasiimInanes

1. anTEMluvionfiitms

WnBaf WAL UAKHAZUNTIIMRA 1 WN. wRASATzvinesfUTTnouey
Lasuzveulae3® Proximate Analysis (AOAC , 1080) unzvU3ns Urease activity
(Naumann and Bassler, 1976)  aAseaaudinsizvivnUSniee Trypsin inhibitor mgld
Porcine Trypsin ({Ju Substrate #3357619841as Department of Agriculture, University
of Queensland, St. Lucia. Australia. n3dnizvinizyihfivisslfudnisewmnsdad an
Arfaauns . v Inededesln

2. amveasdlulndie

! J I/ L3 a L [}
lrifenasinemougie.e.707 (A.A.707) 87 7 T3 $9wIn 120 #2 wisesn
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Table 1. Composition and nutrient contents during day 8-21 (1-3 week) of the
experimental broiler trial.

Level of jackbean in diets (%)

Ingredients
0 10 15 20

Jackbean (22.3% CP)"/ . 10.00 15.00 20.00
Yellow corn (8.9% CP) 49.40 49.03 4791 46.71
Rice bran (12.0% CP) 19.32 13.00 9.50 6.00
Soybean meal (44.0% CP) 20.00 16.68 15.30 14.00
Fish meal (55.0% CP) 10.00 10.00 10.00 10.00
Plant-oil - = 1.00 2.00
Oyster shell 0.43 0.43 0.43 0.43
DL-Methionine 0.32 0.33 0.33 0.34
L-Lysine 0.21 0.21 0.21 0.20
Salt 0.07 0.07 0.07 0.07
Premix 0.25 0.25 0.25 0.25

Total 100.00 100.00 100.00 100.00

Calculated chemical composition, (% Air dry basis) :

Crude protein 21.02 20.99 20.98 21.00
Crude fiber 5.45 5.25 5.11 4.97
Calcium 1.00 1.00 1.00 1.00
Avi. phosphorus 0.48 0.48 0.48 0.48
Methionine 0.69 0.69 0.69 0.69
Lysine 1.23 1.23 1.23 1.23

1/’ As fed basis.

2 Layer premix

Taonnssanin 4 nga (Treatments) nguaz 3 91 (Replications) ueinz 4 w&eslunenisen
WAupwim 0.0x1.8 ATwNAT Sewnsuazsilinsseainn o wnsflaladulusaeeny 1
fUaviusn uomnsddwusfiadiaunfientunun desniulildTueminasesuuy
W9 Fowviesenitu 3 oy Ao 1-3, 3-6 usr 6-7 &lai leelvifilusfuszdu 21, 10
L8 17% FNERy deemnsudazngniidiunanyesndndaniy (Jackbean ; Canavalia



Table 2. Composition and nutrient contents during day 22-42 (3-6 week) of the

experimental broiler trial.

Level of jackbean in diets (%)

Ingredients
0 10 15 20
Jackbean V/ - 10.00 15.00 20.00
Yellow corn 67.60 61.33 57.04 52.64
Rice bran 5.00 5.00 5.00 5.00
Soybean meal 18.43 14.70 13.00 11.40
Fish meal 7.71 7.71 7.71 7.71
Plant oil - = 1.00 2.00
Oyster shell 0.66 0.66 0.66 0.66
DL-Methionine 0.13 0.14 0.14 0.15
L-Lysine 0.11 0.10 0.09 0.08
Salt 0.11 0.11 0.11 0.11
Total 100.00 100.00 100.00 100.00
Calculated chemical composition, (% Air dry basis) :
Crude protein 18.97 19.00 18.98 19.00
Crude fiber 3.89 4.34 4.54 4.75
Calcium 0.90 0.90 0.90 0.90
Avi. phosphorus 0.40 0.40 0.40 0.40
Methionine 0.47 0.47 0.47 0.47
Lysine 1.03 1.03 1.03 1.03
1/ As fed basis.
% Layer premix.

141

ensiformis L., DC) luszfu o, 10, 15 usz 20% msfinnizozyssnisiffonudaosziy
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Table 3. Composition and nutrient contents during day 43-49 (6-7 week) of the
experimental broiler trial.

Level of jackbean in diets (%)

Ingredients
0 10 15 20

Jackbean - 10.00 15.00 20.00
Yellow corn 67.37 61.34 57.05 52.75
Rice bran 11.00 11.00 11.00 11.00
Soybean meal 12.98 9.00 7.30 5.60
Fish meal 7.37 7.37 7.37 1.37
Plant oil - - 1.00 2.00
Oyster shell 0.70 0.70 0.70 0.70
Dicalcium phosphate 0.09 0.09 0.09 0.09
DL-Methionine 0.04 0.05 0.05 0.06
L-Lysine 0.08 0.08 0.07 0.06
Salt 0.12 0.12 0.12 0.12
Premix 2/ 0.25 0.25 0.25 0.25

Total 100.00 100.00 100.00 100.00

Calculated chemical composition, (% Air dry basis) :

Crude protein 17.08 17.02 17.01 16.99

Crude fiber 4.23 4.66 4.86 5.07

Calcium 0.90 0.90 0.90 0.90

Avi. phosphorus 0.40 0.40 0.40 0.40

Methionine 0.32 0.32 0.32 0.32

Lysine 0.86 0.86 0.86 0.86
1/ As fed basis.

2/ Layer premix.

Sedeaunn aoeineasrnsed  wmdnodndesind Wuaen 7 §Jed 3nen 22
nINHIAN §9 0 AUBIBU 2531 Foyndusranneigiule wazUinmenishifin Jufin



Table 4. Chemical composition (% dry matter basis) of jackbean (Canavalia

ensiformis L.,DC.) and pigeon pea (Cajanus cajan) .
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Jackbean Pigeon pea2
ltems (References) (cv. Hunt)
T6-cMUY  Duke(1981)  Bressani et
al. (1987)
Dry matter 86.6 89.3 86.5 88.9
Crude protein 25.7 27.4 31.1 21.3
Ether extract 3.0 2.9 2.1 1.7
Crude fiber 10.7 8.3 9.8 7.4
Nitrogen free extract  57.1 57.8 53.3 65.7
Ash 3.5 3.6 3.7 3.9
Calcium n.a 0.18 0.20 n.a
Phosphorus n.a 0.34 0.42 n.a

n.a = not analysed

1/ TG-CMU : Thai-German Animal Nutrition Project, Department of Animal Husbandry, Chiang Mai
University. The value investigated in this experiment.

2/ Han3aWatt wazams (2531)

Table 5. Urease activity and trypsin inhibitor content of jackbean compared to
soybean and pigeon pea.

Urease activity Trypsin inhibitor
Sources _ '

(mg N/g/min) (mg T1/g air dry)
Jackbean 22.92 13.73
Soybean seed 5.70 74.32
Soybean meal - 7.11
Pigeon pea 1/ 7.78 30.30
Pigeon pea 2/ . 19.67

1 Sample obtained from Mae Joe ; Field Crops Research Centre, Chiang Mai.

2/

cv. Hunt, sample from Australia.
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Table 6. Production performance of 7 week-old broilers fed diet containing
varying levels of jackbean.

Level of jackbean Liveweight Feed FCRY  Mortality?
in diets gain!/ consumption/
(%) (kg) (kg) (%)
0 1.70 3.81° 2.25% 13.33
10 1.63 3.59° 2,214 6.67
15 1.43° 3.22° 2.3 6.67
20 1.18° 2.84¢ 2.41° 6.67
|

50 0.52 1.51 2.54 '

| B}

100”/ 0.72 0.88 2.87

ly Mean within column with different superscripts are significantly different (P<0.05)
2 No significant differences

3 e . .
/ Values within row are from regression analysis

nnefefifinafendsaziulusduluomns  hwindugenudinlefuganimaces
(01glé 7 &Umh) nnssnlnlaoguuULLEnoRe IRFR 20% NLAREILaZINMY
Aadt dauﬁmwﬂwmwﬁuﬁnnﬂﬂ%\aﬁﬁnﬁmmﬁmﬁu WHIT 1L THNEL B EUEANINARDY
FoyaflfilUAnzviianauysdsm wsemiiunaauansszninangulags Duncan's
new multiple range test Favslnodundnumn (2523).

NONINAaN

anlszneLueal e 9 Tuiwh

@ v

« ; & & A &
pafiUseneunlasuzrasd il dluminasoenseft  woadl 1 Tuuwads)

o 13

Winufoufuadadansussmoiugius uaaoliluased 4

IR 4 andiuldin e aniRlusfndssanm 25% ganduniieds

Y A A a 2 4 o “ 1 o €
wewpzdnion  FefiuSunalusdndunianilarssnmnduniosfilflugasmnssueomiaded
o - J Qs A =) > 1] II/ s

(25 vs 44% euddu) Leapssriszneunislasussuilduandrsanianzussuindin
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Table 7. Pancreas weights of 7 week-old broilers fed diets containing various levels

of jackbean.
Level of jackbean Pancreas weights (g./100 g.LW)

in diets
(%) Male! Female? Straight-runl/
0 0.208° 0.207 0.208?
10 0.210° 0.254 0.232%°
15 0.271%° 0.266 0.269%°
20 0.293° 0.274 0.284°
|
50° 0.420 0.382 0.401
|

100% 0.645 0.552 0.594

1/ Mean within column with different superscripts are significantly different (P<0.05).
2/ No significant differences.

3 Values within row are from regression analysis.

Table 8. Cost of production of broilers fed diets containing various levels of
jackbean during 42 days.

Level of jackbean Liveweight FCR Cost Cost of feed
in diets gain of feed per kg. bird

(%) (kg) (Bt/kg) (Bt)

0 1.70 2.26 5.68 12.78

10 1.63 2.21 5.45 12.04

15 1.43 2.27 5.38 12.21

20 1.18 2.41 5.32 12.82

Y Ingredients prices (Bi/kg) : Comm. broiler diet 7.00 ; Yellow corn 3.00 ; Rice bran 3.70 ;
Soybean meal 10.50 ; Fish meal 13.00 ; Plant oil 7.00 ; Oyster shell 2.00
: Dicalcium phosphate 10.00 ; DL-Methionine 100 ; L-Lysine 105 ; Salt
2.00 ; Premix 80.00 and Jackbean 3.50
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faussfufaniaaigAulasiin Urease wor Trypsin inhibitor (uamdliluansnefi s)
Ysngin dawifl Urease activity qen'hmﬁﬂﬁamﬁaaum:ﬁw:uuzmn fupraiiu
gUssrndemsiwdntaniAUASEsedRd udpdslafinnn dandndulunom Trypsin
inhibitor fninfanzuszfintlfidodiiile aunsfnensesfiniivmriuazBition (2531;
13.73 vs 10.67 mg TI/g air dry) FaduBinmidn i dfluadaduniesin

myneasdlulniie

maBydulauas@ntnmwmslyoms

aafnennslfandaniluemnassiiu 10-20%  (ieuTuunssemslusfin
naununslsnndanies  Wisuifsutunslalldiandy lugadldeny  1-7 §envi
Tatg2907y 0-1 §Uad IdlifuevnsdudagUsfingin uansnaliluansned e Usngih
fammasgiulavedrsasmussdumadnnslddanitluewns  Tashwindauds
vpslaflasusmsfidaniszdiu  10%  WnalduendrsannguuSonfiey (163 nn.
WEBLLBURY 1,70 AR, ewEIRD) USanmemnsfifuanaadeuRuszAunislsiandaly
g3 Fanslddanirseiu 20% lnfiwemsidiossn nanefie tifiueams 2.84 an.
Tz AlAnguSoufisufivermsfis a.81 nn. sgelsfians PnkavsInIL ARG
woouazfingmaslaivon m’awn’Lﬁﬁmmmnwfmﬁmm‘lﬁn:iuﬁ\lﬁ%“umm'sﬁﬁ?wﬁizﬁu 0-
15% liflanauandglunesdi  weidefinslsdaniedu 20%  SnevinldgRsuan
dmtnaandinguin o oenefistednfy (P<o.os) gaudasnsmelinunmLANAILH
ynnguiteflduazlalddmilue s

fvsunismaazunTisianitlue s iugedu gl Sannnanancumduasy

(Linear regression analysis) 383simsindauin  Uinimemsifiuuszdasuansiinn
' 4 a o v o o v ¥ v o oA v
dsngdn defimslEimiluemissedn so% awvinlvihmiindaudasieenin uazer

& ; A r=1 QIJ > A’ oA @ =1 ° 1 I‘Q
unaidmaunndoinTlssanuisdiioerindes  (oo%)  Faenarllnlain
gsuaslallimindu e wandlluensofi e) fswnns

Y =1.7611-0.0248 X ; (r=-0.86 at 10 d.f)........ 1
Y =3.9035-0.0478 X ; (r=-0.91 at 10 d.f)........ 2
Y =2.2098 + 0.0066 X ; (r = 0.55 at 10 d.f)........ 3

A - ¥ o o A a Aa @ ¥ ™
e Y flo dnsindaan (nn.) USemeynshifin (n.) wasfas uanuInin

Tn 1, 2 wez 3 ANdTAy
X fis  sefumslsianilve s (%)
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Y =0.1953 + 0.0045 X ; (r =0.72 at 10 d.f)........ 1

Y =0.2117 + 0.0034 X ; (r = 0.66 at 10 d.f)........ 2

fo Y Ao sminaudenlrneduazfie (n./100 nohmiinda) Tu 1 uaz 2
ANRPIY
X fie szfumslitdandnluenns (%)

Funumsrdadiels

msRnsarsunIkaaiolrdeliogld 7 dUav Tnolasuowvnsfifiuazly
Shannmnnadndaniluemslugaslieny 1-7 §awi (42 Fw) fleRasonamz
FUNUAIDINTBE AL TrofmwasafagAuananuaiouasinualdnwdn
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Alalevinn3diaszy 1B Chymotrypsin inhibitor, Hydrocyanic acid, Canavanine
uay Trigonelline s wfidsBelan Bressani eral. (1987) uay Duke (1081) g Fomn
faendeafuTnauues Bressani er al. (1087) fivinimaseslumy uszwudingud
usmInanianAuine msiddndnguineeifeddy uaziinsdenlivealys-
A lwnomridin Yszanm 48% uinsiu ansldmanadeuvinmnesnsRefingia seinlinyiu
oIl A ANTuN AN Uiz 22-32% wazfinnstosldueslusfuAndudn 78% wen
snilfseateannnnisfid i fdndonsesnsnor Alufliongad 3% aaamlslediu
odn uwazoidfin Azoiuldnnsdszifivgmamlysfulasindr PER WUIENn
wevileaantslofiuasliazyinliin PER #3ufls 2.8 10

aVl v > a a v d a_da ' a aa
uﬂﬂﬂjﬂLﬂﬂWﬂﬂ\lﬂﬂQT}NjLLﬂQ U\TE]’]WNITHWUﬂuﬂﬂﬂuwmﬂﬂﬂj“jmﬂwqﬂ’ﬁﬂﬂ“uﬂ:

asrnnmlunisngavesliuilonanlazudmindndulugrioms n neuseandndy
wiAfeudaniueapuuss  uaznsfidawifufenundanuuazude  Suenaidu
gusssadenatenls vildldfuemslinn  Tasawnzlulingufldduemanantaowi
328U 20% Fefwprvnaisenaniiny 2.84 nn./#2 InsasdlinguSeufieuldoinns
gofle 3.81 AN/ # FeorarildlnldTumsemnslinediss nsneusuesiudaIINTg
WigAulaSesoonsly wazaLAnnaiognafn s Sef e RuseAunsldiindtlue s as
FufunanIfnesfmiiwaniuesBiien (2531) flfdadanzuozduemslidle
fourintwnzuszazfimsfufimindugenindanirfiaw tngefnomstiuniu louiy
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wuszgennd  usvszneuffunisnasesnsoiulsihduduniosfivensaniin T
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ANlauAnAafy udLszAEamnslFemaiaans Webafnszdunslidanzueslneins
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(Schneeman et al., 1977 ., Struthers and MacDonald, 1983 uaz Temler ez al., 1984)
Taode-ifnnsgydoniaez flulunguinuzdu Fagyfelugihdesfigniuesnainannniung
Semasfinnrraoninesflulunguinedulugasomnadindy (Frost and Mann, 1966
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Wosnszdulilvfuemslites wezenfmungsamsnnnnisianisie g Tlbidusane
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