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Executive Summary

Project title
Pest Management of Economic Important Diseases and Insect Pests of Longan and

Developing Diagnostic Tool for Producing Pathogen Free Longan Plant

Project Leader
Dr. Jariya Visitpanich
Faculty of Agriculture, Chiang Mai University,
Chiang Mai 50200
Telephone: (053) 944027
Fax Number; {053) 944027

Email: agijvstp@cmu,chiangmai.ac.th

Problem statement and importance :

Longan is the most economic important fruit crops produced in northern Thaitand. The
farmers in the region gain several million bahts annually from the production of the crops.
Presently, the growers are facing with several problem diseases and insect pests which attack the
crops are considered as the limiting factors to caused lower quality and quantity of the production.
The longan producers in Chiang Mai and Lam Phun areas could no longer ignore to such of the
exiting problems.

As observed by growers, they knew that certain diseases and insects were become widely
spread in the main producing areas of longan. The most destructive diseases and insect pests are
for instance, decline symptom, witches® broom, leaf curl of longan and fruit borer. Rapidly
increasing infestation areas of such discases and insects could not stop because of no effective
control measures are setting up yet. As the fact that justified above, we would like to investigate
to find for any possible means to control the major diseases and insect pest of longan. It is hope
that the finding effecting control method could cease the problems and it could as assist to
improve quality and the amount of the productions of longan. Further, successful in producing
pathogen free longan plant and diagnostic tools for important diseases may also help in improving

longan yield and quality. Without such of the problem, the growers could continued engaging in



their orchards and become the successful growers. Good quality of commodities may be obtained

and being exported to some other countries to gain the foreign exchanges in return.

Objectives :

4.1 To investigate for the controtling methods to control major diseases of longan in
Chiang Mai and Lam Phun areas especially, the emphasis will put on decline symptom and
witches’ broom diseases.

4.2 To study on the control of the major insect pest longan in Chiang Mai and Lam
Phun provinces. Leaf curl and fruit borer will be emphasized.

4.3 To set up the guiding manual for integrated pest management available to the
ErOWers,

4.4 To obtained the pathogen free longan plant. [t will be served as the pathogen free
source and being reproduced vegetatively for distributing to the growers.

4.5 Method of producing antiserum for MLO detection in the longan plant will be

investigated.

Methodology :
First year (1996)
Insect and disease monitorings

- The surveys of major diseases and insect pests of longan were carried out in the orchards in
Chiang Mai and Lam Phun.

- Study on major diseases of longan with the emphasis on decline symptoms and witches’
broom of longan.

- Investigation on the important insect pests of longan.

- Distribution of longan leaf curl and iosses will be pointed out.

- Seasonal infestations of insect and mite causing longan leaf will be recorded.

- Population abundance of adult of fruit borer and relationship of larva and pupa of fruit borer
will be investigated.

- Developing diagnostic tool for producing pathogen free longan plant.

- Appropriate and rapid method for the production of antiserum for MLO detection in longan
seedling, seedling from air layering in the nursery and plant in the orchard conditions will be

including in the study.



iii

Second year (1997)

Pest ecological studies

Field experiments and laboratory trials will be conducted to study on :

the biology of major diseases and insect key pests and their natural encmies,

determine the factors affecting the pest population dynamics,

establish the economic threshold and economic decision level for each of the longan pests,
production of pathogen free longan plant will be tried. Then the obtainable plant will be

multiplied vegetatively to serve as a source of pathogen free plants.

Third year (1998)

Pest management strategy trials

Field studies and laboratory trials on selected pest management tactics including selective
insecticides, microbial insecticides, modify effective environment, exclude pests, and others
will be conducted and evaluated to determine the efficacy, compatibility, the management
costs and economic feasibility.

Integrated pests management will be exercised and introduced to the growers.

Certified pathogen free plants will be reproduced and made them available to the growers.

Expected outputs :

6.1 Rescarch and development results will be available for all that involved in longan
producing especially methodologies of how to control major diseases and insect pests of
longan. The diseases and insect pests mentioned are longan decline, witches” broom, leaf
curl and fruit borer.

6.2 Manual of integrated pest management for controlling of diseases and insect pests of
longan will also available.

6.3 Diagnostic technique will be used to detect for disease free plant. Then propagation of
disease free plant will be done by using tissue culture method. Disease free seedling will
be obtained in 3-5 years period. It is hope that discase free plants will give higher yield
and quality of the product.



Duration : 3 vears (September 1996-September 1999)

Budget :
Personal cost 1,488,197
Operation and supplies 1,388,162
Material/travel cost 640,000
Equipment and facilities 2,418,361
Total 5,935,170 Bahts

9. Project Condition : This project is a new project. It has not been submitted to any sources for

fund supporting.
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Abstract

Distribution of diseases and insect pests were noted to affect quality and yield of longan.
The problems also weakened or even killed a number of trees in the areas of shifting cultivation
from rice paddy to longan plantation and in upland or sloping site adjacent to mountainous
ranges. Similar incidence was obviously observed in the old plantations along both sides of Ping
River especially those wrees of more than 20 years of age due 10 the accumulation of discases and
insects for a long time.

The main activities of the project were to investigate on major diseases and insects of
longan and to search for the possible means of controlling them. In addition, production of
antiserum for phytoplasma detection, a compendium of diseases and insects of longan, and
disease free cloning were also expected to be the outcome of the project.

In the study, 41% of longan decline, 16% of witches' broom symptoms caused by
eriophyid mite and phytoplasma, and 2% of leaf cur! caused by some herbicides were observed on
1,322 longan trees in Chiang Mai province in 15 different areas. In Lam Phun province, 2,530
longan trees in 28 different areas were observed; 33% of decline, 23% of herbicidal leaf curl, and

9% of witches’ broom were recorded in the survey. The above data pointed out that decline was

the first priority problem needed to be solved and followed by leaf curl in order to obtain the
appropriate control methods.

An unhealthy looking tree characterized longan decline. Initiation of the symptoms was
more hardly to identify than the severe diseased one. However, the symptoms like stunting,
remaining no growth, and leaf size reduction were observed on the younger trecs of 1-2 years
after ransplanting. On the older trees of over 5 years as cornpared with normal healthy trees, new
shoots were seldom produced or if they happen to produce only a few leaves were shown up. As
new shoots produced, they were stunted with smaller in leaf size. The average leaf length and
width of declined trees were approximately reduced by 30-40% in contrast with the normal.
Further, number of leaves of a whole tree also drastically reduced. As density of leaves on the
canopy reduced, branches and main stem were exposed and clearly seen from outside. Stem and
branches were easily broken when strong wind attacked during rainy season. Underground
inspection reviewed that number of adventitious roots of declined trees were markedly reduced

and those roots were also easy to break. Most of the leaves, branches, and stem were looked dirty
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because they were harbored with algae and lichen. Species of insects like longhorn beetle and
three different kinds of bark eating borers also observed to attack the declined trees. The declined
trees became more damageable when those of secondary pests repeatedly attacked them. More
severe symptom was recognized on some trees that because of the portion of their root might be
rotten or even completely destroyed. Declined trees in such conditions were died later.

Declined trees continued to set flower and fruit as usual but fruit was smaller in size and
lower in quality. It was notified that declined trees produced less fruit weight and fruit number per
panicle, only 46% were produced when compared with normal trees. Stem end of fiuit on
declined trees was easily broken which made its too difficult to harvest because the fruit was so
easy to drop at harvesting time.

Evidently, proving of the causal agent of decline in lower plantation areas by root
inspection revealed that the roots in wetting zone were rotten and tumed black in color. Other
microorganisms may have attacked affected roots, which made the trees became decline. Some
declined trees with severe conditions died later. Soil samples from lower plantation in different
locations were collected and all were contained with a high number of plant parasitic nematode,
Rotvienchulus reniformis. The finding suggested that shallow groundwater was the causal agent
of decline in longan in lowland orchards, In addition, involvement of plant parasitic nematode
was also found in this type of orchard in which its was assisted to enhance the symptom.

Increasing the size of water canal was made to facilitate water draining in the orchard and to
keep the root systemn from rotting. A water-pumping machine was provided and used in the rainy
season to drain off some extraneous water. Further, soil amendment was done by adding cow
manure, granular fertilizer, and some trace elements. Trace elements were applied directly to the
soil and as foliar application. The management mentioned above resulted in increasing in leaf size
of declined longan as much as 30%.

It was presumed that decline in normal land without flooding during rainy season might
be caused by nutrient deficiency. Attempt was made to improve soil conditions by adding the soil
with cow manure, granular fertilizer, and trace elements as done in lowland orchards. One year
later, the results obtained were unsatisfactory because leaf length was slightly increased and leaf
width was similar in size as measured at the beginning of the trial. Another study was made to
observe the root system of longan in normal land area. Three tree samples of Daw cultivar longan
were selected for root inspection. The result indicated that root system was normal but each tree

possessed only small amount of root. Soil samples collected from different locations also



xiii

contained a number of R. reniformis. It was known that this type of nematode has quite a wide
host range so longan seedling was used to prove for its pathogenicity. The outcome determined
that R. reniformis was a real pathogen of longan. Second stage larva of the nematode parasitized
on longan root. This type of nematode is a sedentary endoparasite that buries the front part of its
body into the host,

Improvement of declined symptoms in normal land orchards by soil amending did not
work satisfactorily because nematode still there and fed on roots. As indicated, nematode was
more likely to be the main factor causing decline in normal land than the other.

Study was set up to use nematicides to reduce nematode population in declined orchards
in three experimental sites. All nematicides were not effective to decrease a number of nematodes
in the tested plots. For this reason, nematicides were not recommended to use by the longan
gZrowers.

Insufficient amount of water given to the trees during the dry period in upland plantation
was the main problem to create decline in the particular type longan cultivation. In some
orchards, the growers tried to supply water to the trecs during dry season but the amount might
not be enough. Presumption was also put on the infection of nematode on root system. Later, soil
sample extraction indicated that there was a prevalence of the kinds of nematodes especially
R. reniformis in the longan root zone as comparable to the results obtained from lowland and
normal orchards.

The conditions generated the declined symptoms in upland areas were emphasized on the
interaction among the nematode infection of root system, deficient of water during dry period,
and compaction of the soil in the orchards. Control measure of decline in upland areas was
followed the methods applied to the declined trees in lowland areas. The utilized methods gave an
improvement of leaf length and width of about 15%,

Another abnormality of longan was witches” broom caused by four-leg mite and
phytoplasma. The symptoms of the particular disease were recorded as extremely small leaves,
leaf edge curled upward or downward, and some part of leaf twisted. The leaf samples were
inspected under the stereo microscope with the magnification of over 40 times revealed that the
upper and lower leaf surfaces of affected leaf were covered with a fine light green hair liked
structure so called erineum. On affected leaf, there was an uncountable four-leg mite hidden
inside the erineum. Affected shoot also expressed a broom-liked symptom with extremely short

branches. Observed incidence of witches” broom varied from one orchard to another, hawever,
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about 1-50% of affected shoots were recorded from the samplings. Later, affected shoot produced
no flower at all. The mite also attacked and caused damage to longan flower. Affected flower had
shown the broom-liked symptom with reduction of the length of panicle branches. It soon then
dried up and most of the flower fell down left only the brown panicle on the terminal of the
branch to be seen. Severe symptom of witches’ broom was specifically found on Beaw Keaw and
Ma Teen Kong. Other cultivars like Deang Klom, Heaw, and Daw expressed only a mild
symptorn, Then experiments were set up in 3 different orchards by tagging on the witches’ broom
panicles and inspecting them in July near to the harvesting date. Only 2-3 fruits were produced
from witches’ broom panicle when compared with normal, which produced 16-22 fruits per
panicle. Witches” broom flower was contained a number of mites and most of them were confined
on the ovary of the female flower.,

The four-leg mite or scientifically called Aceria dimocarpi Kuang was very small in size.
Its body was not able to observe by naked eyes and it was measured 0.05 mm in width and 0.21
mm in length. It looked like larva with creamy slender body. It possessed of four legs. In life
cycle, from egg to adult took only 6 days. Adult expanded its life of about 5 days. On average,
single female produced 3 eggs in life cycle.

Four-leg mite was proved to be able to transmit phytoplasma in longan. In laboratory
conditions, 30 mites collected from the orchard were released on Beaw Keaw seedling and
allowed them to feed on longan for about one month, The symptom of witches' broom produced
on tested seedlings was similar to those symptom produced in orchard conditions. Then two
methods using electron microscope and PCR (Polymerase Chain Reaction) were used to observed
and detected phytoplasma on affected seedlings. The results showed that both methods were able
to detect the phytoplasma in the tissue. This finding was the first report to prove that four-leg mite
was the vector to transmit phytoplasma in longan.

Control treatments of witches' broom, including cultural practice and chemical methods
were tried on trees of over 10 years of Daw and Beaw Keaw cultivars. Of the two control
methods, cultural practice by removing of the witches' broom shoots yielded a high incidence of
disease, with the average of 70% of the shoots infected. Cutting off affected shoots followed by
spraying of acaricide resuited in 30-90% infected shoots. Removing of witches’ broom shoots on
5 years old Daw cultivar yielded an incidence of 34% infected shoots.

Symptoms of leaf abnormality caused by 2,4-D and paraquat produced curled, twisted, and
small size leaves. These herbicides affected yield by reducing the harvested fruit of 50%. Another
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type of abnormality caused by glyphosate and alachlor made up of small leaves with wavy edge.
This type of abnormal normally found on the shoots close to the ground surface around tree
canopy. The mist of herbicide probably was blown to longan by wind during spray application,
and another way, the herbicide was contaminated within the water that supplied to longan. Study
was done on 2 years old air layering propagated seedlings contained in the clay pots. Treatments
including foliar and soil applications of herbicides with the concentrations of 1-10,000 and
1-100 times diluted from recommended rates respectively. The results showed that at high
concentration, tested plants were all died. The plants had the symptoms of leaf narrow and curled
leaf when applied with diluted concentrations of 10-1,000 times of recommended rates. Since
longan was quite susceptible to the kinds of herbicides as mentioned above, it should be
suggested not to use herbicides in the orchard. Machine cutting must be an appropriate way to
control weed in longan orchard.

Longan sudden death was found in two major longan planting areas, Li, Lam Phun and
Chiang Dao, Chiang Mai. The name of this abnormality was derived from the symptoms of
decline and quickly died of trees. The decline described previously in the study had developed the
symptoms gradually. Once the symptoms appeared, the diseased trees were able to stand alive
with declined symptoms for a period of time. On the inspection of 787 trees at Pa Pai and Li
districts, Amphur Li, Lam Phun province, about 17% of affected trees were found. Assumption
was made that within -2 years, all diseased trees will be no longer alive.

On the ground within the boundary of affected tree canopy, a number of mushrooms
locally named “"Hed Ha” protruded from the ground surface. The fruiting bodies of mushrooms
were found singly or in cluster especially in the rainy season. Some of the mushrooms were quite
big in size. The cap or the pileus was yellowish brown. Interestingly, they were edible with
delicacy taste and were marketable with considerable high price.

Two species of the mushrooms which belonging to Boletaceae family were identified.
One was “Hed Ha", Phlebopus portentosus Berk et Br. and another was longan mushroom,
Boletus dimocarpicola Zang et C. Sittigul. The later was found and identified its name for the
first time in Thailand. Inspection of stem base and root system of affected treed were made. It was
found out that there was a sheath of mushroom mycelium or so called rhizomorph covered on
stem base and roots of atfected tree. Between root or stem surfaces and mushroom rhizomorph,
there were spaces provided the places for a number of ground mealybugs, (Paraputo sp.) to live

and feed on both stem base and roots of tree. Based on the finding evidence, the death of longan



was probably caused by direct feeding on root by ground mealybug and in addition, mealybug
might carried some other diseases to longan causing a quick decline and sudden death within 1-2
years. Moreover, mushroom rhizomorph instead of providing the suitable place for ground
mealybug to infest on roots; it also covered the root system, which inhibited roots to absorb water
and nutrients. Another point, rhizomorph did also inhibit the root to produce some of new
adventitious roots.

Another insect attacking longan fruit was fruit borer, Conopomorpha sinensis. It was
always observed to attack fruit of most of the orchards. It caused immature fruit to drop of about
2% and did attack the mature fruit, which cause the loss by 2-4%. When applied nematode,
Steinernema carpocapsae directly to its cocoon, 50% of this type of insect were controlled. In
orchard conditions, several natural enemies were known to attack on most of the population of the
insect. Suggestion was made that caution of insecticide utilization in the orchard should be
restricted otherwise the beneficial insects will be disappeared.

In some areas when longan produced new young leaves, there was leaf miner
(Conopomorpha litchiella) come and attacked on them. The larva of the insect did make the
mines or tunnels on leaf blade and mid rib and feed on the tissues. This insect made a damage on
tip of the leaf and the symptom was advanced toward the base of infected leaf. About 51% were
recorded for this type of damage. Using lambda cyhalothrin sprayed on new young leaves were
completely killed the insect. Insecticide spraying was not recommended to use during the month
of June because at that time a lot of natura) enemies were prevailed in the orchard.

In case of disease, black spot caused by Colletotrichum sp. usually occurred in the
orchards especially during rainy season. Severe infection of the fungus on longan leaves has
decreased leaf area for photosynthesis. In experiment, it was found that application of copper
oxychloride gave adequate disease control.

Apical leaf blight was found to occur exclusively in Li, Lam Phun. The disecase was
heavily seen in 1996 during October to November or on the starting of cool season. On severely
infected trees, a number of apical shoots on the tree canopy turned brown in color or exhibited
blight symptom. Several diseased leaves were defoliated because infection was also occurred on
the petiolets. Symptom of shoot blight was able to recognize from far away. On the first place, a
fungus in a group of mycelia sterilia was found as the causal agent. Alternative spraying of
benomyl, carbendazim and captan at 2 weeks interval was recommended to use until the

disappearance of the discase.



Difficulties did exist in at least two activities. So, satisfactory results were not able to
obtain within 3 years to fulfill the planning objectives. The two activities including the production
of antiserum for phytoplasma detecting and producing of disease free seedling. On antiserum
production, the technique that has done was not appropriate. Changing was made to extract DNA
from witches' broom samples. Along with DNA extraction, a technique to purify phytoplasma
also needed to develop. Then purified phytoplasma obtained will be used to produce the
antiserum. On disease free seedling, endophytic fungi were always contaminated in longan tissue
organs, which made a difficulty to produce the disease free seedling at a moment.

As a completion of 3 years of extensive study, information of major diseases and insect
pests of longan including some control measure methods of the pests were available. A handbook
of diseases and insects of longan was then written by the research team. A book was published on
160 grams art paper with a total of 102 pages. The detail of a book composed of the causal agents,
symptoms and damages, primary methods of control, and 372 of color pictures of longan
abnormalities due to diseases and insect pests. It is hope that this handbook will be of great help
and useful to the orchard owners, horticultural students, researchers, and some other who concern

with longan.
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Figure 2. Longan tree with declined symptoms.
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Figure 3. Leaf curl or witches' broom symptoms on young Figure 4. Witches' broom appearance an longan

apical leaves caused by eriophyid mite, flower compare with the healthy one (ieft).
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Fipure 5. Symptoms of witches' broom on longan leaf Figure 6. Symptoms of witches’ broom on longan

of Beaw Kcaw variety. of Ma Teen Kong variety.
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Figure 8. Herbicide injury, leaf became narrow, strait and extra in length.
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Figure 11. Leaf-eating looper, Oxyodes scrobiculata.  Figure 12. The remainder midribs of longan leaves

after being attacked by leaf-eating looper.
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Figure 14. Tunnel of bark-feeding borer on longan stem made from larval feces.

Figure 15. Characteristic chewing damage from bark-feeding borer on longan branch.
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Figure 16. Adult of the long-horned beetle Figure 17. Dead branches scattered all over the free
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Figure 18. Long-horned beetle larva tunnelling in Figure 19. Example of long-horned beetle

lontgan branch. damage in longan Dead branches

are seen with dried, attached leaves.
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Figure 24.

Gall on longan

twig.

Figure 25. Gall on longan twig split to expose a

lepidopterans larva feeding inside.
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lable 1. Incidence of diseasc and insect pests of longan in Chiang Mai and Lam Phun provinces

during September 1996 to February 1997

Lacalion

Lam Phun
Muang
Pa Sang
Li

| Ban Hong
Nae Tha
Total
Mean
‘ Chiang Mai
Chom Thong
Saraphi
Haot
Hang Dong
San Pa Tong

Mae laeng

No. of
orehards

ohserved

No. of trees

investigated

Diseased tree (%)

IPest and
chemical

damage free

Others

Total

Mean

Leaf feeder [

(%)
Decline  Witlches™s Mite  Herbi
broom cide
12 894 19.69 2.50 6.15 37.97
6 TRE 30.32 0.13 12.28 0 5
5 581 5.85 0 2.58 0 Leaf feeder 40 %
Leal blight 95.8 %
4 197.00 10.66 0 18.27 75.13  Long-homed beetle 19%
] .00 100.00 0 3.00 0
28 2,530 - - - -
- - 33.30 0.06 8.56 22.62
| 100 0 0 2.0 50 Scale insect 2 Yo
5 327 29.66 8.25 §.56 3.07 Gall disease 9 %
1 100 0 0 ]
4 177 57.06 3.39 29.38 0 Bark feeding borer 29.13 % ‘
2 200 43.00 0 25.00 0 Bark feeding borer 20 % |
2 418 73.20 1.90 0 Q
74.6 %
15 1,322
- 40.58 2.70 12.99 1.61
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Figure 26. Percentages of longan trees as affected by decline, witches’ broom, mite and
herbicide as compared with normal trees observed on (A) 1,322 trees in

Chiang Mai province and (B) 2,530 trees in Lam Phun province.
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Figure 27. Leaves from normal (above) and declined (below) longan tree.
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Table 2. Comparisons of leaf length of longan observed from normat and declined

trees at six different locations in Chiang Mai and Lam Phun provinces

| Location

Nong Faek

Ban Luk

Ban San Hua Wua
Ban Wang Phang
Ban Nam Bo Luang

Ban Ton Chok

Leaf length of normal

Leaf length of declined

Calculated

trees at six different locations

Location

Nong Faek

Ban Luk

Ban San Hua Wua
Ban Wang Phang
Ban Nam Bo Luang

Ban Ton Chok

tree (em) tree (cm) Student’s ¢
15.20+ 0.48" 10.50 + 0.23 8.79"
16.35+0.19" 10.77 + 0.20 20117
15.95+ 0.87" 10.99 + 0.68 4.48"
16.30 + 0.39" 11.41 +0.50 7.76
16.24 + 047 9.85+ 0.24 12.05
No sample observed 10.69+035 e
Table 3. Comparisons of leaf width of longan observed from normal and declined
Leaf width of normal Leaf width of declined ;;m;latcd
tree (cm) tree (em) Student’s ¢
4.66+0.14" 3.37 +0.08 7.93
5.06+0.37" 3.37 +0.07 20117
483+021° 3.44 +0.20 4.86°
4.93+0.12° 3.59+0.11 8.36
4.98 + 0.16° 3.01 +0.07 11.04
No sample observed 3SeE 035w jIwE -

" Indicated significant difference between width of leaf samples obtained from each location

from normal and declined trees at p=0.01.

* Mean + S.E. obtained from 5 longan trecs. each tree randomly measured 30

leaves.

Mean + S.E. obtained from 4 longan trees, each tree randomly measured 30 leaves.
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Figure 28. Comparisons of leaf width (A) and length (B) between normal and declined trees
observed from six locations at Nong Faek (NF), Ban Luk ( BL), Ban San Hua Wua

(BSHW), Ban Wang Phang (BWP), Ban Nam Bo Luang (BNBL), and Ban Ton Chok
(BTC).
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Student' s ¢ test.
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HONINanand
a o 3 =3 ' ¢ v ] =3 = oA a o
JIUN 1 'B’T'Juﬁ']llﬂlﬂ'IHBWNﬂﬂaW aT‘lfJfIﬂLLﬂ MATNIMNGINUHIRaRIE 4N 14

GONTIAL 2540 911 TUHARDYOIRAD 27.9 HA YLIAUDING UTD fruit size index 26.7 HIMUNHE

' 1 i 3’ o a b L g o | = =
@UTD 3172 30 0 UIMUN 10 W8 110.8 psW (Table 4) %QUHL‘[JM@'] HLASH U Iﬂﬂﬁlaﬂ

Table 4. Statistical daia of longan fruit product of Muang Nga orchard harvested from

10 normal lonpan trees each tree observed 10 inflorescences

Descriptive No. of lruit per Fruit size index' Wit. of fruit per Wt. of 10 fruits |

| statistic inflorescence inflorescence (gm) {gm) |

| Mean 279 26.7 317.2 110.8 |
Maximum 78.0 30.6 757.3 141.3

| Minimum 4.0 225 510 7371

| SE 1.4 0.2 15.1 16

" fruit size index was the addition of fruit width {mm) and fruit length (mm) divided by 2.
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a2 aautIUMgN (1)

madSeuneusandavesrudnd senanaaumidy (1) fumumiesd wui S
wadesovosdinlndiae s ifinmuendsiu Taofifnnunaderomiolssna 27 wa
uAiminvesrauans iy Taviiaauthundy Trhminveanariosnit Hanerwdumss

Jaammsiipsdunadana Sanuuanaeiy dldvwasavesarudumia s dvnalng

w
-

b
n11 sldidnineadose  waxbwinfiguen 10 e Suneddudndluaumdy (1)
(Table 5) ot HaranTEIGUUNAT UM T D v ulSeuRsusurananvD IR LTIy TV
3 ) Q- 1. -: 2 1 9 = 1 = o 3/ [ =
Au wads g dudivie 3 sndnlsti lduafndmandaanndunsesthumdy  naydl
ANULARATNANTAIRY  ARMUFNU  99% (p=0.01) TushueuReiny wande Tuaw@eIfun

Pl "o ' = ¥ ag ¥ a Y oA
VIUNT®U Wi n-mr-saﬂ-uaamuﬂﬂﬂ“lwwawamqaﬂ’nmmuammmsmeu (Table 3)

Table 5. Number of fruit per inflorescence, weight of fruit per inflorescence and weight of 10
fruits of iongan and fruit size indexes obtained from normal trees at Ban Muang Nga and

from normal and decline trees at Ban Tha Tum (1)

No. of No. of fruit
Tree condition and inflorescence per Weight of fruit per  Weight of 10 Fruit size
location observed inflorescence inflorescence (gm) fruits {(gm) index
Normal, Muang Nga 100 279+ 14 317.2+15.0 110.8+ 1.6 26.7+0.2
nsg * % a5
Normal, Tha Tum (1} 50 268+ 1.6 2569 +144 892+ 2.1 246 +02
Normal, Muang Nga 100 279+ 14 1172+150 1108+ 1.6 267+02
ok *ok *r *
Decline, Tha Tum (1) 46 174+ 13 1795+ 13.1 969413 257+0.5
Normal, Tha Tum (1) 50 268+ 1.6 2569+ 144 89.2+21 246+02
Decline, Tha Tum (1} 46 17.4+4 ].3” 179.5+13.1 96.9+1.4 257 +0.1

b - - e
: non-signiticant difference

#
- significant difference at 95% level

* & ‘ " , f
ssignificant difference at 99% level, for comparing between two means using Student ‘¢ test.
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aani 3 mauthumda )

dviunisuSeuiisurandaueseiuinuiidgy (2) fuaiumilesil  wudhwudnd
W04 rRsE U NAURaReYD iR Az IMINAD 10 WA LAY fruit size index
Lighsdu uidionSouivunananssnadulnfvosaumiosifudunsesvasnauviid
(2) 2 BamunanefuetBwisuradoT thminsadete wazimin 10 wa uag
fruit size index (Table 6)

wavoImsFeufousening  SuunadevenndulnAfudunissinnuuanadia
Fusteihiodifynans nanuideiu 99% velndfliwunnnio 24.9 #a ove dIufu

&

AUARIDININIO0 UHAM T 11,1 w8 g minranesonnauilinas 14 288.6 nFu 91nAu
1 W 1
WIDUINAY 122.9 191 HAAIIIHENNAUHIDITMINAD oA INIAUUNA 35.6-56.4 %
1 I3 dyw 1 o. 1 4 = [~ é o
druvaunawad loveseuiifaegdiniunsa B ilosninwalviimban sl

: £ g = 1 (=) 3
sivewandanadime  Iavagddeyansvswldanauieeasliinun  wasdasinduy

wanuiUiimauasguamasnailonSoudoududuiln (Table 6)

Table 6. Number of fruit per inflorescence, weight of fruit per inftorescence and weight of 10

fruits of longan of Daw cultivar recorded trom experiment, Ban Tha Tum (2) after

harvest
No. of
inflorescence No. of fruit per  Weight of fruit per Weight of 10 Fruit size
Treatment observed inflorescence inflorescence (gm) fruits (gm} indexes
Normal, Muang Nga 100 279414 317.2+15.0 J10.8+ 1.6 267 - 0.20
~Normal, Tha Tum (2) 80 249+1.0" 2886~ 11.9" 1089 +1.2" 269+ 010"
Nermal, Muang Nga 100 279+14 317.2+150 108+ 1.6 26.7+0.20
Decline, Tha Tum (2) 50 1+0.7 1329+ 8.7 1042+ 15 2624010
Normal, Tha Tum (2) 80 249410 288.6 +11.9 108.9 + 1.2 269+ 0.1
i P & LT % .
Decline, Tha Tum (2) 50 11.1+0.8 1329+ 8.8 1042+ [.5 26.2+ 0.1
o — x Fr g
o non-significant difference, : significant difference at 95% level and  : significant

difterence at 99% level, for comparing between two means using Student” ¢ test.



25

aIuf 4 33U IUHgD
o R ° o a oy & W a =y A a P 9/ ~
aauUUHaNMIMIsINUIRYIRAEDMLD Suh 5 Femian 2540 wWeodwananaIneulna
o i =t = < - o d 1 ° 1 1 :,
erunitssinuFeudieufimardavosdunios Mhuran Anudl Suiunadeyouazii
' ¥
winuearanesuuBsTIutilissinanMAusesiicauthuran wazshminussiauwsa 10
HA TAMUUANGAISAY (Table 7)
3 e o i Y = = U -~ Voar 9 a 2
vinnsalieumetvnanad leondudnd  ATimiioshdudunsseitiungn wa
Usingd vinaveskanndursssivwia Ivyniviasannaulng  eamndwiunansyo
= ) v e - & e ¥ 3 ' ' = =N ¥ o Y g g B»‘ay ar
Winaniuion 50 % 39 ln ldwavuialua ao19lsAawmsh lanadiuauiasnilfiimiin

HadaBOUT DY UA NUUANAIDINTDUNARA RN U 99 %

Table 7. Number of fruit per inflorescence, weight of fruit per inflorescence and weight of 10
fruits (mean + S.E.} of longan Daw cultivar obtained from Ban Luk and Ban Muang

Nga after harvest

Tree condition and No. of No. of fruit per Weight of fruit Weight of Fruit size

location inflorescence inflorescence per inflorescence 10 fruits indexes
observed (gm) {pm)
| feormal, Muang Neu 100 2719+ 15 32 £1s5.1 110.8 - 1.6 26.7- 0.2
Decline, Ban Luk sy 148-09" 196.9 + 12.0” 1217227 3764 02

N5 . - o
: non-significant difference

*
s significant difference at 95% level

ok -
:sigmiticant difference at 99% level, for comparing between two means using Student” f test.
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#0%0 (Figure 29)
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Figure 29. Comparisen of fruit weight in gm per inflorescence of normal and decline longan
Daw cuitivar obtained from Muang Nga {normal), Ban Luk (decline), Ban Tha
Tum (1) (decline) and Ban Tha Tum (2} (decline). The weight of fruit per

inflorescence of the later three orchards significantly lower (p=0.01) than the

first orchard.
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Figure 30. Longan orchard in upland conditions at Ban Nam Bo Luang

the orchard is located near the foot of a mountain range.
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Figure 31. Experimental field layout for longan decline improvement on Haew and Daw cultivars.

The cultivars were replicated 7 and 3 times for Haew and Daw respectively.

m = Daw cultivar.
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3l 2541 TeyaTisoulaudu 9 az 70 Alansu 1 A39 lwAouiiuiny (Table 9)

A33N35M 6 (T6) (Untreated check )

4 " a9 “ g 4 o N 9 I~ =
ududt ot Tsanass Tildiennwia e lHtudunToumioy

N3533%0 7 (T7) (Normal)

=4 o ® =y 1 - [l ar " a ¥ =
dhudusrlolndlidulsaneos oglunsiansquavautivesasy e lilToy

(111) (Table 8)
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TugrefuiioaTun 19 Fiay 2540 quiiuwananinaumiosn lafunsiuy
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Ban Nam Bo Luang, San Pa Tong, Chiang Mai

Tablc 9. In March to July 1998, treatments were adjusted and applied on tested decline trees at
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HAMINARBITIUTN 1

n. maraenveswadlediiisanaen

Aoumsifudonandn Uszana 1 dew Cuit 15 ASNYIAN  2540) WUTWUIAVBINA
arloviug uda sywiedufummeinisnies 7145 nazmsthzaluthanguis
(declinet+water+ fertilizer + pesticide 130 decline with supplements ) ﬁuﬁuﬂﬂﬁ‘%’uﬁw uay
wansguate11ald (decline and abandon ) TuwanaTiuandafLIn (Figure 32) M10mM3ia
VAR ING T fruit size index A IRsunmorleldTn’ld 19.8 wu. Tuvausd fruit size
index Mdufiviamseilald fuue 139w aumsmeinaiifeddafinnuiediu
99% (Table 10) Seonnmidnalefivinit wazvamstyedam fimsodaivianie

MsAAIvEINATIAY

Table 10. Fruit size indexes of declined trees supplied with water, fertilizer and pesticides during
dry period and abandon declined trees of Haew cultivars. Each fruit size index was the

addition of fruit width {mm) and fruit length (mm) divided by 2

Treatment Mean '+ SD (mm)
Decline with supplements 19.8+0.2
Decline and abandon 139103
Calculated Student 's ¢ 18.50%*

' Mean obtained from 125 fruits.

** Significant difference at 99 % level.

¥

Figure 32. Fruit sizes from abandon declined tree (7eft) and from declined trec supplied with

waler, fertilizer and pesticides during dry period (right).
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o . nsAasavasarley
. [ =1 rj' [ a .r.l =9 =
Tugrenimdunemud dud loluauhidenneass vadudana  v1edulufana
Y = = _o' o @ % r L Y N 9w - oy =t
widudanalinFumdwin Sl lumansofadSuanantald doyananinniunlFey

- - = y ) - s ] P & o w | v o W
movsututeyai lAnndunaanad uthud loiugud (Table 11)

Table 11. Fruit bearing conditions on treated decline trees recorded in 1997 harvesting season

[ Manure+ Mranurc*r ok ‘ U aiud]
Fishy Fertitizer+ | Manure + Fishy ‘ |
+Trace |  Trace | + Fertilizer l | :
elements elements +Trace elements | Fertilizer | Manure Untreated
Replication' (TD (T2) (T3 (T4) (T5) (control)
1 I L I N L | B |
_2 | C ] I: I L N N N |
| 3 B L L N N B
' 4 B L N B B | B
O | N B N N B j B :
e F ok | N | N B | B = ]
& ) B 3 B | B N B B i
3] B N B N B No test |
10 | [;_ - L B ST ? z B i No te,-s't

1 . . - - .
Replication comprised of one longan tree, replications 1-3 are Daw culiivar, and
replications 4-10 are Haew cultivar.

2 . . . .

Fruit bearing conditions, B = bearing, L - low amount of fruit bearing, measurement of

yield was not done, and N = no fruit bearing.

= =y £/ -=.1'l, s dw ¥ oot ¥
A. nrsafSpuniaurandn vasnunesnlasunmsiuyawIEa e g
e £ ey ny - S A o o A o w
wasnsvud leladszum 4 weu Wusnssvznaduranas  erdunls
b

¥ '
UIVHARDED UTHUNHARDYD UAZIIMUN 10 HAADYD UWL‘]J?EJ‘ULVIUUﬂHﬁ311'3']35141‘13Jﬂ15

' ¥ [l
1139 TAens 11175614 9 uazdunaosignasfia (decline and abandon) #alls1n) 91 AunideH
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War = o

' * [ W
Tuldsini uagmathgsdnuniinandadunn weSouivuiunandavesdun 185unsiuy
— A o a Y Al Yw 4 o - . e
{Table 12) LWOUHAHNAAUDIAUN lmum'swuﬂumuqm% I'3 (Manure+Fishy+Fertilizer+ Trace
1 ¥

elements) WIvUHouAUNANEADINNTTUITOU 9 WUN DuumadeYe uasiivinHadess
Tudnruuanaany
[uble 12, Number of fruit per inflorescence, weight of fruit per inflorescence and weight of 10

fruits (mean £ SD) of longan of Haew cultivar harvested from orchard at Nam Bo

Luang in August, 1997

No. of fruit Weight of fruit Weight of
per per 10 fruits
Treatment A inflorescence inflorescence {(gm)
h (T3) Manure +Fishy + Fertilizer+ 28 8009 78082 1—16‘li2.5
Trace clements
{15) Manure 49 6.8+07" 582%66" 103.442.9%*
[T3) Manure +Fishy - Fertilizer+ 28 30209 78.0%82 116.1%2.5
Irice ciemenis
(T4) Fertilizer 26 10.0 109" 92.6£9.3" 108.4+3 2"
(T3 Manure +Fishy + Fertilizer+ 28 8.0X0¢% 7801872 116.122.5
Trace clemenis
(T1Y Manure +Fishy + Trace 45 10.6 + 1.07 100.8 £10.5" 10441 % 3. 1%
clements
{T3) Manure ¢ Fishy + Fertilizer+ 28 501+09 78.0X382 1161125
Trave elements
(T2) Manure+ Fertihizer=Trace 23 g.0+14" 732+ 1227 07.9 £ 3 7%
elements
VI3 ) Manure = Fishy + Fertilizer! 28 80+09 780+382 116 1225
Trace elements
{T0) Abandon 48 ST D4 25,9 & 2:2%% 45,9142 0%*

I g5 ¥
Number ol inflorescence samples observed.
" nonsignilicant difference, *: significant difference at 95 % level, and

*% - gionificant difference at 99 % level, for comparing between two means using Student’ { test.
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=) 1 Y ' =1 ' =
VUIAKAOIRLATUANA1IAUTIS (Table 13) 9813 lsfimuANNLANAIvawania lu
" — L o ¥ g N & W Y dy o3 ' 3 =4
uaaznssuos a1 bivanuenendumneaud lodia 185 umsiuyiduas sosmdudios

A [ ]
4 IADUIIL

[able 13. Comparison of fruit size index of longan Haew cultivar obtained from difference
treanments treated on dechine trees. Each fruit size index was the addition of fruit width

and fruit length divided by 2

. [ ! 2 = 2
Treatment n MeantS.E. Calculated t

£13) Manure - Fishy + Fertilizer=Trace 28 27.33i 0.2 3.76%*

elements

(T35 Manure+ Truce elements 49 260+0.2 I
| (T7) Manure +Fishy * Fertilizer+ Trace 28 273402 1.42"™
elements
(14) Fertilizer 26 26803
(T3) Manure+Tishy + Fertilizer+ Trace 28 273102 3.08%%
cicnu:: &
(T Manure+ Fighy= Trace elements 45 263+072
(T3) Manure +Fishy + Fertilizer+ 28 273+072 5. 83**

Trace clements

T2) Manure + Fertilizer + Trace 23 2544023
elements
(T3) Manure + Frshy + Fertilizer + 28 2734072 16.32%%
Trace elenients
\ TQ1 - and abaidon 48 195 i 04

| i
Number of inflorescences observed.
" Indicated non significant difference and ** indicate significant difference at 99 %.

1 g o . .
Mean of 2-5 {ruil size indexes per inflorescence followed by plus or minus standard error

.
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1. musavdigvvnaluve siunseeriuguinlasunsHuyd 1635 15a19 9
Aoum Y
o & o = ¥ o
wan1inedounuilunsadiumsvosduiinn pH 593 anuguadsvestuile
4.9 1A 40 MWNINVBINITINW 6.6 1193 11NN TAvIavelud lowu i nuanaeIns

vy uazduilnalw@euawiou 2540 Aoueziimsiuylsanses wuhanunsuay

A e aaa
e

armgveslui leiidmdon lfiuuaagnssuasianuienaadusdiifodAnmeadan

ANWIATIY 99%  TAOMWIZDEI9EIANUNAN  uazAanueIaadrea s luneudng A
= ~ ' Y \ ) A A 2 v .

Wisuoy uanaanluanduvies dinlunndunissidoniudunaass luusaznssu

Jennvu1a UM ui Y (Table 14)

Table 14. Width and length of longan leaves of Haew cultivar (cm) obtained from Ban Narm Bo

Luang in 1997 before the trees received various treatments for declined irnprovement

Before treated (1997)
Treatment Width(cm) Length(cm)
; (_M'I‘ ) 3.56 b 1194 b
T2 (M-Fer+T) 332 be 1042 «cd
T3 (M~+Fer+I'-T) 345 be 10.98 be
T4 (Fer) 314 ¢ 940 d
T5 (M) 340 be 10.85 bed
T6 Untreated Ck. 351 be 11.04 be
T7 Normal Ck. 494 a 16.85 a
_LS_L)_( P=0.01) 0.38 - 1.51 - |

* Fach value is the mean of seven replications with 30 leaves per replicate. Means in a column
followed by different letters are significantly different according to least significant difference
test (p=0.01).

M= Manure, = Fishy, Fer= Fertilizer, T= Trace element
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15 3910A Lagan 1 uaanivuy
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A5ILITHANMLUANSA AU (Tablel5)
ighsanAtRdovesua ludsuaasluaisian 16 ( Table 16) wadsingirvwialy
VINALUNA T7 (Normal Ck.) Huwialnain lusindunseei lafumsdiuilisninnssuiiou
a neluamvennuniaazaued dunssuIsh 3 T3 (M+Fer+ F+T) filailiodiomy
anuganiysa iund lennedis (maximum inputy 09ld wudwnundevedluiivuie
T F o 3
4.24 (i uanaand ilodWynieada (p=0.01) Mndui luldunisuy
& 3 b ~ " ar =
T6 (Uatreated Ck) Falinnundialy 3.48 mudiuas wenandudoyadwaaaldu
. P ' @ o ko
N3350 T2 (M- FertT), T4 (Fer) uny T5 (M) (Table 16) dauanugiaunsiunialanin
s ~ . “l - =] “ 9 1 B Qdd’d s
nsIuI5ae 9 Bnrwrunds ludnsas i ouAunIMN 19 91908191895 INIFNAN Fishy

(B ifuesmlsznay Unam i lufislivuaseudrelngyniingsudsou

Table 15, Analyses of variance for leat width and length of longan of Haew cultivar obtained

from the orchard at Ban Nam Bo Luang. San Pa Tong, Chiang Mai in 1997-1998

Before treated (1997)' Nine mo. after tr;ted (1998)?
Source df Width k L;ng;h_ VWidth Length
Replication 6 70272' 1.1073" 0.1476 1.4979"‘_
Treatment 6 2.5]18%x 41.0210%* 1.3803%+ 20.8450%* |
Frror 5 0.0673 1.0733 0.0985 1.0358

" Data collected before the application of treatments for declined improvement.

2 - . .

" Measurements were done 9 months after the application of treatments for declined improvement.
NE

: Non signuficant difference.

** Significant at the 0.0] probabihity level.
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Table 16. Width and length of longan leaves of Haew cultivar {em) obtained from Ban Nam Bo
Luang in 1997 before the trees received various treatments for declined improvement

and measured in 1998, nine months after treated

Before treated (1997) After treated (1998 ) |

Treatment Width Length (cm) Width Length (cm)
(em) (cm)
| Tl (MF-T+) 356 b 1194 b 411 be IE be
T2 ( M+Fer+T) 332 be 1042 «cd 365 d 11.37 @
T3 ( M+Fer+F+T ) 345 be 10.98 be 424 b 1342 b
T4 ( Fer) 34 ¢ 940 d 37t cod 11.92 «cd
T5 (M) 340 be 10.85 bed 381 bed 12,15 bed
[6 Untreated Ck. 351 be i1.04 bc 348 d 11.00 4
T7 WNormal Clk. 494 a 1685 a 478 a 16.12 a
“L.SD (P=0.01) 0.38 1.51 0.46— us—

* 1-ach value is the mean of seven replications with 30 leaves per replicate. Means 1n a column
followed by different letters are significantly different according to least significant difference
test {P=0.01).

M - Manure. F= Fishy, Fer= Fertilizer, T= Trace element
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4 ] 4 o =) T
o IANGEoUFY0e error M NSUBsAUAILAYAIVO1IINAAT homogeneity
e 1 =] o 1 Ayt w
B heterogeneity  $1TUITUDY Petersen (1994) WUNNGoUFTEHI UL ANy homogeneity
o 1
o @ a a = 's @ P | "
(Table 17 ) (idi\‘lu?"ll|'|1_!1‘IﬁJEN$1']LL'1J§‘VI\‘3 2 WUATIEHIIWNU ( combined analysis of variance) 1D
~ =] * o F o 9 s Y 9 = =4
alFvufeuinnunanasanueveslundon ldSumsiuy vdnilune 9 Woulivuieg
. - W = ¢ ] z a
lulaesau (confounding) WinAuniely wamsuniey vsnunvwiavedlulasswiinnw
i = e . ' P
ueAA1ITY (pe0.0D) nazmidSeuouaiRdewunnuANaNLIY 033 uRuas uaz

¥

ATUHIUN LA 1.07 I UANAS (Table 18)

Table 17. Summary of analysis of variance for leaf width and length of longan of Haew cultivar

combined over two times. Data collected from orchard at Ban Nam Bo Luang in 1997

and 1998
Source df Leafl width (MS) Leaf length (MS)
-Time— N 1 2.695** 27.543 %%
Block in time 12 0.087 1.303
[reatment 6 3.149%*+* 56.901%*
Time X treatment 6 0.499%* 4.906%*
Pooled eryur 72 0.091 1.055
7('.V.(7”/0) ) 7.96 8.43 _

** Significant at the 0.0]1 probability Jevel.

Table 18. Mean leaf width and length of longan of Haew cultivar measured in 1997-1998

Time Leaf width (cm) Leaf length (cm)
_Before treated - (a)3.62 (a) 11.64 |

Ninc months after treaied (b} 3.95 (b 12.71

LSD(P-0.01) 0.13 0.50
—Difﬂ-ru:wc between lneasu:'gﬁenl _b_—a=0.33** N b-a=1.07**

*=* Significant at the 0.01 probability level.
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INNITAUATIEH NBouT TTeniINnon uazhdamsisulgalinvies wuinne
UHNTEI1TW (interaction) 351109017 Tan WA 1980 10AY teatment 413 9 Tuhinuaions
' ] 1 a o’ &
uanaluaisiai 19 (Table 19) wuilSsumsuiuiIdnTamdinssudssituy lsavaoy
§ o ¢ oy = o - oo g ¥ a4 )
Tudlewugmilurmanmieewsutuoa 9 Wounnnssudshlylumsiuy  Jvuie

: ¥ a
Awnved luiinuegediisddt (p= 0.01 uaz p=0.05) A1 INIFAIUALTITDS

(T6 uoz T7) TYWIA 1IN uAY

Table 19. Mcan leaf width of longan of Haew cultivar in centimeters measured before and after
reated with various treatments for dectine improvement at Ban Nam Bo Luang, San

Pa Tong, Chiang Mai in 1997-1998

Measurement time After minus before

Treatment Before treated (b) After treated (a) treated (a-b)
ATT(M:[“.J_' - 3.56 4.1 0.55%%

T2 { M+Fer=T) 3.32 3.65 0.33*

T3 { M+Fer+F+ T} 3.45 4.24 0.79%*

T4 (Ferl 314 37 0.57**

TS5 (M) 3.40 3181 0.41%*

Te Unireated Ck. 351 3.48 -0.03"

T7 Normal Ck. 4.94 4.78 0.16"

LSD for interaction between measurement time x treatment:
LSD {p 0.01)=0.34 LSD (p=0.05) -0.24

" Non significant difference.

# Significant at the 0.05 probability level.

** Siemificant at the 0.01 probability level.

M= Manure, F= Fishy, Fer= Fertilizer, T= Trace element
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Wuazdud lmndlnnamiidusudeaiu (Table 20) munRsadfuvinannun$avesly

Table 20. Muean leal length of longan of Haew cultivar in centimeters measured before and after

treated with various treatments for decline improvement at Ban Nam Bo Luang, San

Pa Teng. Chiang Mai in 1997-1998

Measurement time

Treatment Before treated (b) After treated (a)
TiiM 1) 711.94 - 12.97
T2 (M+Fer-T) 10.42 11.37
T3 ( M#Fer+F+T) 10.98 13.42
T4 (Fer) $.40 £1.92
TS (M) 10.85 12.51
T6 Untreated Ck. 11.04 11.00
T7 Normal Ck. 16.85 16.12

After minus before

treated (a-b)

2.52%
1.30*
-0.04™

-0.73"

LS for interaction berween measurement time X treatment:

LSD (p=0.01)

1.3

4

LSD (p=0.05) = 0.94

M« Manure, I'= Fishy, Fer= Fertilizer, T= Trace element
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wudwanun evoely veadaznssudiilludgalsaneos Sanuuandratuediad
dodiny Tavwuhluianundandeszning 3.52-3.94 UAIUAT (Table 21 and Table 22)
. = = & R Sy
dalunndulndiannundeld 495 wuawas aaennluvesdunlasunsiuluyn
N335

1] [ b L=} 1 3 S :a'l: ¥ ar

drunnueivnsluvesdudadlianuoiniiluvesduniaeynnssuasn lasunis
o i & oa - S va o = e
Yudyeluy aadald 1646 wuRuas luvesdumnsesilasumsiluy Sanuuanaiady

" ¥ ' ¥ o
WwIENisuasa 1 oo 2 mniu Teemaondlun 1asunisduddnnueiseving 11.18-12.40

o

SHURINAT ( Lable 22)

Table 21, Analyses of variance for leaf width and leaf length of longan of Haew cultivar
abtained from the orchard at Ban Nam Boe Luang, San Pa Tong, Chiang Mai in
November 1998, nincteen months after the trees were treated for declined

improvement

Nineteen months after treated (1998)

| i

Source df Leafl width Leaf length I
Replication 6 0.0954 0.3119"
Treatment 6 1.6588** 22.2030**

Error 36 0.0875 0.6210

" nonsignificant difference.

®* Sjunificant difference at the 0.01 probability level.
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Table 22. Icaf width and leaf length of longan of Haew cultivar (c¢m) obtained from Ban Nam

Bo Luang , nineteen months after treated for declined improvement

Nineteen months after treated (1998 )

Treatment Leaf width (cm) Leaf length (em)
T1 { M—+F+T ) 177 b 172.40 b -
T2 (M+Fer+T) 352 b 1118 ¢

3 (M+Fertb+1T) 36s b 11.63  be

4 { Fer) 394 b 1226 be

(5 (M) 375 b 12.08 be

['6 Untreated Ck. 363 b 11.74  be

I'7 Normal Ck. 495 a 1646 a

LSD( P=0.01 ) 0.43 1.15

* kach value is the mean of seven replications with 30 leaves per replicate. Means in a column
followed bv difterent letters are significantly different according to least significant difterence
test LP={)1}1

M= Manure, F= Fishy, Fer= Fertilizer, T= Trace element
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MIAnATINAN  ievIanNuana1IsEesna lumstuduuiusrdh s ueveslud
AnuAe uaznuRuiumIe T madsing 1t vuialuleeswinnuusnsiaiu (p=0.01)
(Table 23) MIMsToumeuaundy v luwu ludvinennuniig waganuely a1efdu

£ +
uaa s nsrosifandsainnisdSuilye 9 o uag 19 wou luuana19AY (Table 24)

Table 23. Summary of analyses of varniance for leaf width and length of longan of Haew cultivar
combined over three times of measurement. Data collected from orchard at Ban Nam

Bo Luang in 1997 and 1998

Source bf Leaf width (MS) Leaf length (MS)
_Tim_e_ 2 1.6612%* 15.9550*;“ |
Block in time 12 0.0900™ 0.9846"
Treatment 6 4.9272%* 77.0720%*
Time X mreatmunt 12 0.3157** 3.5309%%
Pooled error 108 0.0845 0.9063
C.V. (%) 7.60% 71.75% ]

"™ . nonsignificant difference.

“ Significant at the 0.01 probability level.

Table 24. Mean leaf width and length of longan of Haew cultivar measured in 1997-1998

Time Leaf width {cm) Leaf length (cm)
| Before treated j.62 11.64

Nine months after treated 3.957 12.71
Nineteen months after treated 3.89 12.52
f[ED (P=0.01) 0.22 0.57
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(Table 25 and Table 26)

I'able 25. Mean leaf width of longan of Haew cultivar in centimeters measured before and after
treated with various treatments for declined improverent at Ban Nam Bo Luang, San

Pa Tong. Chiang Mai in 1997-1998

Measurement lime

[reatment Before treated Nine mo. after treated Nineteen mo. after treated
TIH{M+E=1) il N 3.56 4.1] 3.77
T2 | M+Fer+T) 3.32 3.65 3.52
T3 M+FerF+T) 3.45 4.24 3.63
[4 (Fer B4 371 Ty
I'5 (M} 3.40 3.81 3.75
Fi Lintreited Ck. 3.5 3o 3.63
T7 Normal Ch. 4.94 4,78 4.95

LSD torimternction beétween messurement thne X trgdtment:

Table 26. Mcan leaf length of longan of Haew cultivar in centimeters measured before and after
treated with various treatments for declined improvement at Ban Nam Bo Luang, San

Pa Tong, Chiang Mai in 1997-1998

Measurement time

freanmens Before rented Nine mo. alter treste Mineteen mo. after treated
| . \" ;'-\“1.:] T 11.94 _- 267 - |2 ._,,—
T2 (MitertT) 10.42 11.37 11.i8

T MAFertF+T) 10.98 13.42 11.63

T4 (Ierd 9.40 11.92 13§7

T3 (M} 10.85 12,15 12.08

T6 Unireated Ck. 11.04 11.00 14,74

T7 Normal Ck, 16.85 16.12 16.46

LSLY G amberactlog et cetf mensurement time x treatmend.

1LSD (p=0.01) =1.33
18D (p=r0s) =101

M= Manure, b= Fishy, Fer= Fertilizer, T= Trace element
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Wudsailuduinda 19 deu ideyavesnnslunimszinieadd @1u38 one way

¥ td b3
classification #atl5 g3 Anwnheeslulunonssuiiiinewmsituy nazndensfluy T

HANAIAUBINUTUIMAYN DA TIUANLLIIND  ANULANAINDEUTTIAY  (p=0.01)
] o P =4 [ dly a a Jﬂ? =
Taenwiz001909 NIIWIBN T4 (Jotie) ndemsiuy Danservodlumviy 3.5 wufuas
El

WinnlSomAvnAvvuialunounsHuy (Table 27 and Table 28)

Table 27. Analyses of variance for leaf width and length of longan of Daw cultivar obtained

from the orchard at Ban Nam Bo Luang, San Pa Tong, Chiang Mai in 1997-1998

Source df width length
Treatment 11 0.0644" 2.7990%*

Error 22 0.0729

0.8308

~ nonsignificant difference.

** Significant at the 0.01 probability level.
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Table 28. Width and length of longan leaves of Daw cultivar {(cm) obtained from Ban Nam Bo

Luang in 1997 before the trees received various treatments for declined improvement

Treatment Width (¢cm) Length (cm)

Before treated

TI (M+F-T) 348* a 1102 ab
T2 (M+Fer~T1) 342 a 1035 b
T3 (M+Fer+F+1) 341 a 10.59 ab
T4 { Fer) 344 =& 856 ¢
TS (M) 345 a 11.39 ab
T6 Untreated Ck. 342 a 1098 ab

After treated (19 months)

T1 (M+F+T) 373 a 11.89 a

T2:( M+Fer+T | 3.55 a 10.89 ab

T3 (M+Fer-F+T) 370 a 1201 a |
T4 ( Fer) 346 a 12.07 a

T5 (M) 385 a 11.60 ab

T6 Untreated Ck. 371 a 11.62 ab

* Each value is the mean of three replications with 30 leaves per replicate. Means in a column
followed by dilzrent letters are significantly dillerent according to least significant difference
test (p-0.035).

M Manure, F= Fishy, Fer-: Fertilizer, T= Trace element
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H poforemeated

! 1)
i 0 9.mo. after treated
|
g s
.- .lgmo.:ﬂm-mted
=
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=
.
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Tl T2
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= )
6 7 M nefore treated

9 mo. afier weated

4 | I 19 mo. aficr ercated
|

2 |

[ 4
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'l‘rearmenl

Leaf width in cm.
L

(B)

Figure 33. Mean leaf width (A) and length (B) in centimeters obtained from decline and normal
longan trees at Ban Nam Bo Luang treated with various treatments : T1 (M+F+T), T2
(M+Fer+T), T3(M+Fer+F+T), T4(Fer), T5(M), T6(Untreated Ck.), T7 { Normal Ck.).
M = Manure, F = Fishy, Fer = Fertilizer, T = Trace element
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and Figure 36)
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Figure 34. Mean leaf width (A) and length (B) in centimeters obtained from decline and normal
longan trees at Ban Nam Bo Luang treated with various treatments ; T1 (M+F+T), T2
(M+Fer+T), T3(M+Fer+F+T), T4(Fer), T5(M), T6(Untreated Ck.), T7 ( Normal Ck.)
M = Manure, F = Fishy, Fer = Fertilizer, T = Trace ¢lement
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Figure 35. Tree condition of Haew cultivar before (left) and after (right) receiving the treatment
for declined improvement for nineteen months T1 (M+F+T), T2 (M+Fer+T), T3 (M~+Fer+F+T)

and T6 (Untreated Ck.).
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(T6)

Figure 36. Tree condition of Daw cultivar before (left) and after (right) receiving the treatment
for declined improvement for nineteen months T1 (M+F+T), T2 (M+Fer+T),

T3 (M+Fer+F+T) and T6 (Untreated Ck.).
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Figure 37. Longan trees of Daw cultivar in lowland orchard at Ban Tha Tum.

Leaf canopy of each tree contacts each other.
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Figure 38. Experimental plan for decline improvement of longan at Ban Tha Tum, Pa Sang, Lam Phun ; five

treatments were treated on Daw cultivars with § replications.
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U1 HuyTui 30 w1eu 2540 Bn3307F (Treatment) A 14 lun1snaaosianua s

A3IUIE fawio 11

ﬂﬁu%%*ﬁ 1 (T1)} Manure + Fishy + Trace elements { M+F+T )

ldyata 70 Alansusedu 1 afa uaesindu seulnududreilyd duaz 40 fas (Fas
50 wa. et 20 Ans) warlFaeuyanimudusoy q Aumelunsaiy sazwuludaoilad
G371 50 AndansAet 20 Ba3) $1um 3 A%e usezadaiisfitlsTie 30 Yy uazdavuly
TOUNTINUAIUEINDIMTATY TN 10 nuRet 20 Ans uazrauAuas Sl 5 Taddns o
120 305 $109% 5 A uAnzaTeR ez 15 1 (Table 29)

wiamiuRengs fumstgdud lednadmih Sufl 23 fusiow 2540 Taomsld
AssuTT v IfuR Ui unsAuRY udansunsauazmsuiadas 1 a3s Taosa
wozwu b Tuf 4 weaSaeu 2540 SEmnmvatuseneumsfuien

f\ﬁ‘maﬁ'ﬁ 2 (T2) Manure + Fertilizer + Trace elements (M+Fer+T)

ldynia 70 Alaniussdu | a4 uaziloimnmansgas 25-7-7 Usuuduay 3
Alaniu 1 a3t uds 1 euyans wAus oAU 1 TuNTILBE RANLE 190 IMISLITY ats
uAAEAT 1Y 15 Su neumsifiuifion

wimsRuRewanda  19nssuTimudeaturetewduios udifinnslddund
qns 8-24-24 00313 flansumeduludou warliniou 2540 3n 1 A% (Table 29)

ﬂiiuagﬁ 3 (T3) Manure + Fertilizer + Fishy + Trace elements (M+Fer+F+T)

Tayads 70 Alansy deodu 1 afa lddleinomand 25-7-7 U3um 3 Alansusiodu
Lafs Waeuymaudusoudu | a1 usiazasaduredy 30 Su LBZRANLSINBIMINASY
mifounssusn 1 neumaifiuifd (Table 29)
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» - = : [ ar = as VoY =24 @
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NISNITN 4 (T4) (Untreated Check)
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Table 30. Number of fruit per inflorescence, weight of fruit per inflorescence and weight of
10 fruits of longan of Daw cultivar recorded from experiment 2, Ban Tha Tum (1)

after harvest

No. of fruit Weight of {ruit per Weight of 10
Treatment a per inflorescence inflorescence {(gm) fruits (gm)

T
(T5) Normal 50 268+ 1.6 256.9 + 14.4 892 -2.1

‘ *

‘ (T4) Untreated Ck. (decline) 46 17,4+ I.BH 179.5 +13.1 96.9 + ].4*
(T5) Normal 50 268+ 1.6 256.9+ 14.4 892 +12.1
(T2) Manuze+Fertiizer+Tracet 48 130409 1199+83 863+2.7"

elements
(T5) Normal 50 268+ 1.6 256.9 + 14.4 892 +2.1
(T3} Manure - Fishv+Trace elements 40 26+1.7" 1948+ 126 85.1+1.8"
{T5) Normal 50 268+ 1.6 256.9+ 144 392 +2.1
(T3) Manurc+ Fenilizer + Fishy+Trace 46 23419 192.6+17.7 856 - 26"
clements

"= Number of inflorescences observed.

N e o - . e
Fu Non-significant difterence, : Significant difference at 95% level and

L ) .
:Significant difference at 99% level, for comparing between two means using Student '/ test.

k]
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Fafipnsnsenfvadntos Jvualuluusnaiseindulnd (Table 32) ndaainfrninsiuy
o [ a1 [ 5 ' o
udatuszoznat 9 wou lagl¥nssuds anq dsh ldnarudadrasdu wuauialuvesdlo
nanssuds 1 E sy Dyine hinesdaiuediamdvddgviada vennnanuevasluon
o ot o - =
AudniunsnEn (T5) Auaasoinstivsivuieanuevesluanas (Table 33)
Table 31. Analyses of variance for leaf width and length of longan of Daw cultivar obtained from

orchard at Ban Tha Tum, Pa Sang, Lam Phun in 1997-1598

Source df Betore reated 1997 After treated 1998
Widlh Length Width Length
.Kpln._\.:m:- 4 02069°  1oi22" 0.4259" 4.7903
reatment 4 0.6257** 9.1499%* 0.7633** 1 1.3900*

Frrar 16 0.0564 0.9519 0.2096 3.195%

Non-significunt difterence,
*Significant difference at the probability level,

*#Significant difference at the probability level,

Table 32. Measurements of leaf width and length in centimeters of longan of Daw cultivar at Ban
Tha Tum in April 30, 1997 prior to the beginning decline improving program and

measured again in 1998

Before treated (1997) After treated (1998)
Treatment Width (cm) Length (cm) Width (cm) Length {cm)
’ 'l (M+F=T) - 3.83 b*- 1122k 4.19b 1351 Db
| T2 {M+FersT) 382 b 11.56 b 403b 12.41b
| I3 {M* Fere =T} il b 11.21b 4.06 b 12.80b
4 Untreated Ck. 435a 1335a 440 a 13.14 b
\

'3 Normul Ck 4.5} a 1421 a 498 a 16.22 a

* Meuns followed by the same letter in the same column were not significant difference according to least
significant LesL.

M= Manure, F= Fihy, Fer= Fertilizer, T= Trace ¢lement
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- _I '] g U 3 =) =1 o o .‘J o 1
wiaiuhvwe ludeunmsuynuSsudisuduvandsmsiuy  Anudaue
= ¥ =1 ) resd 1 @ 1 & o ow ey
anuntvosluTavswdiviwanidoe ua bifinnuanatsiuedeileddegmeana
o 3 ad 4—,& 1 ar y Y a2
asenudiuaueealy  demrhvdimsnugninaanueavedlulassmuaitivue

81U {(p=0.05) (Table 34)

Table 33. Summary of analysis of variance for leaf width and length of longan combined over

two years. Data collected from Ban Tha Tum in 1997 and 1998

Source df Leat width (MS) Leaf length (MS)

Year ] 4.997" 21950
| Block in year 8 0318 2.901]
[reatment 4 | A24%* 17.947**
Year X treatment 4 0.065" 2.593"
Pooled crmor 32 0133 2.074
J C.V.(%) 8.70 1112 .
e —— |

Table 34, Moan icul’width and length of longan of Daw cultivar obtained from Ban Tha Tum,
Pa Sang. Lam Phun before and after applying decline improving treatments in 1997

and 1998

Treatment Leaf width {(cm) Leaf length (cm)
Before treated (1997) {a) 4.05ns - —(a) 12.29
Afler treated (1998) (b} 4.33 (b} 13.62

| LSD (p - 0.05) 0.37 1.11

Diiferent between measurement b-a=0.28 ns b-a =1.33
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A g = o d o a =t ar )

doinmsinnzrvuennuevesly  wanduludwesdodn  onduly T3

' ¥ 3
] -] < 1 1 1

(M+Fer F+T) Wuuw1an 113904 LU nnauuana1391n99neun13Wuy] (p=0.05)
(Table 36)
Table 35. Mean leaf width of longan of Daw cultivar in centimeters measured before and after treated

with various treatments for decline improvements at Ban Tha Tum, Pa Sang, Lam Phun

Measurement time After minus
I Before treated Aflter treated before treated
Freatment (B) (A) {A-B)
. AR+ 3.83 4.19 0.36*
2 { M+¥Fert T) 3.2 4.03 0.21"
I3 (M+Fer 1+ 373 4.06 0.33"
['4 Unureated Ck. 4.35 4.40 0.05"

I'5 Normal Ch 4.51 4.98 0.47%+

LSD for interaction belween measurgment lime x (reatment:
LSD (p=0.01)=045 LSD {p - 0.05)=0.33

* Significant at the 0.05 probability level.

** Significant al the Q.01 probability level,

Table 36. Mean leat length of longan of Daw cultivar in centimeters measured before and after treated

with various treatments for decline improvements at Ban Tha Tum, Pa Sang, Lam Phun

Measurement time After minus
Before treated After treated before treated
Treatment B) () (A-B)
-'FI_(.\'I- 1) Lh22 13.51 2.20*
T2{ M#Fers T) 11.56 12.41 0.85"
I3 M+Fer= F~T1 11.2} 12,80 1.59*
[ T4 Untreated C) 13.35 13.14 -0.21"

'3 Mormial Ck 14.11 16.22 210

LSD for interaction between measurement time x trealment:
LSD (p=0.011.77 LSD {(p=10.05)=1.32

* Significant at the 0.035 probability level.

*% Sianilicant at the 0.01 probability level.

M= Manure. F= Fily, Fer= Fertilizer, T= Trace element
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Figure 39. Mean leaf width (A) and length (B) in centimeters obtained from decline and normal
longan trees at Ban Tha Tum, Pa Sang, Lam Phun treated with various treatments : T1
(M+F+T), T2 (M+Fer+T), T3 (M+Fer+F+T), T4 (Untreated Ck.), TS5 (Normal Ck.).

M= Manure, F= Fishy, Fer= Fertilizer, T= Trace element,
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Figure 40. Tree condition before (feff) and after receiving the treatments for declined improvement for
mine months (right) T1 (M+F+T), T2 (M+Fer+T), T3 (M+Fer+F+T), T4 (Untreated CK.).

M= Manure, F= Fihy, Fer= Fertilizer, T= Trace element
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Table 37. Number of fruit per inflorescence, weight of fruit per inflorescence and  weight of

10 fruit of longan of Daw cultivar recorded from experiment 5, Ban Tha Tum (2) after

harvest
No. of fruit Weight of fruit Weight of
per per inflorescence 10 fruits
| Treatment " inflorescence (gm) {gm)
(T4) Normal g0 249+ 1.0 2886+ 11.9 1089+ 1.2
(T3) Untreated Ck. 50 1+08 1329+88 1042+ 1.5
(T4Y Normal 80 249-1.0 2886 +11.9 1089+12 |
ok **- ns
(T1) Fertilizer 30 10.2+0.5 1258 +6.3 1012416 |
{1T4) Normal 80 249+10 288.6+11.9 1089+ 1.2 ‘
(T2) Manure 20 152408 186.0+117  107.4+13" |

1 3 X
i = Number of inflorescenes observed.

NS . . .
: Non-significant difference,

*

: Significamt difference at 95% level and

* %

: Significant difference at 99% level, for comparing between two means using Student ' test.

ae19 Taimudeinsdsvuisuatiarare W ulnAd uNaT I NAUALEA 191N NI0Y

o - ar .-|'.i 1 Y A o 1 3 o
T @ eI ALl WL NYHIARAYDIAUNYUIAENN UL IAHAUDIAUUNA {Table 38)
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Table 38. Fruit size indexes of longan Daw cultivar obtained from normal trees at Ban Muang

Nga and Ban Tha Tum (2) and decline trees at Ban Tha Tum (2)

‘ Tree condition and location n Mean + S.E. Calculated ¢ .
| Normal, Tha Tum (2) 30 2691 0.1 31.84%*
| Decline, Tha Tum (2) 50 262 T 0.1

" Number ol inflorescences observed, each inflorescence five fruits were observed.
2 - . n ——
Calculated 1 followed by ns = nonsignificant difference
*= Significant difference at 95 % using Student ' ¢ method.

Mean of fruit sizc index obtained by adding width { mm) and fruit length (mm) and divided by 2

g
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Figure 41. Longan orchard of lowland conditions at Ban Luk, Lam Phun. Between the
rows of trees, there is a canal for water collection and draining off of

extraneous amount of water.
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Figure 42. Field layout for decline improvement on Daw longan cultivar at low land orchard
conditions at Ban Luk, Muang, Lam Phun. Four treatments were replicated 6 times.
Trees were planted at 7.5 x 7.5 meters spacing and there were irrigated canals

between rows with 70 cm depth and width.
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Table 40. Number of fruit per inflorescence, weight of fruit per inflorescence and weight of
10 fruits (mean + S.E.) of longan Daw cultivar obtained from Ban Luk , Lam Phun

after harvest

No. of fruit Weight of fruit Weight of
per Per inflorescence 10 fruits

Treatment i inflorescence {gm) (gm)

I

T4 Unireated Ck. 58 14.8+09 196.9 + 12.0 1217422
T3 (M+Fer+ F+T) 70 15.4+09" 187.6+11.4™ 1125+15"
I'4 Unwreated Ck. 58 148+09 1969+ 12.0 1217422
T (M+ F+T) 70 173+1.2" 207.9 4 128" 113.7+23
T4 Untreated Ck. 58 14.8 +0.9 196.9+12.0 121.7+22
70 144+1.2" 174.0+ 138" 1106+ 2.4

T2 (M+Fer+T)

¥ i
n = Number of inflorescences observed.

* ok ke
il Non-significant difference, : Significant difference at 95% level and  : Significant

difference at 99% level, for comparing between two means using Student’ { test.

M= Manure, F= Fishy, Fer = Fertilizer, T= Trace element
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24 ' as o 1 1 ar
Hugudd Tuusoznssuds HlUNIALANE1A ( Table 41 and Table 42)

Table 41. Analysis of variance {or width and length of longan of Daw cultivar obtained from

orchard at Ban Luk, Lam Phun in 1997-1998

; Before treated (1997) After treated (1998)

Source df Width (em) Length (cm) Width (cm) Length (cm)
_Replication 7 S 0.0509™ 1.3871% 0.0480" 1.3871%
Treatment 3 0.0683" 0.9893" 0.0669™ 0.9893"
Error 15 0.0539 0.5937 0.1249 0.5937

* Non-significant difference

Table 42. Width and length of longan leaves (cm) of Daw cultivar obtained from Ban Luk, Lam
Phun in 1997 before the trees received various treatments for decline improvement

and measured 1n 1998, eight months after treated at Ban Luk

Before treated (1997) After treated (1998)
Treatment Width (cm)  Length (em) Width (cm) Length (cm)
T1 (M+F+T) 331 a 991 b 433 a 13.57 a
T1 (M+Fer+T) 339 a 9.94 ab 4.15 a 13.01 a
T3 (M+Fer+F+T) 347 a 10.56 a 438 a 1397 a
T4 Untreated Ck. 322 a 959 b 434 a 1336 a
LSD (p=0.03) | 0.29 0.95 N 0.44 1.60

* Each value is the mean of seven replications with 30 leaves per replicate. Means in a column
followed by difference letters are significantly difference according to least significant difference
(p=0.05)

M= Manure, F= Fishy, Fer = Fertilizer, T= Trace element
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[able 43, Summary of analysis of variance for leaf width and length of longan of Haew cultivar

combined over two years. Data collected from orchard at Ban Luk, Lam Phun in 1997

and {998
. Source df Leaf width (MS) Leaf length (MS)
| Year - 1 10.8590** 141.69** )
Block in year 10 0.04%4 09162
Treatment 3 0.0614 1.8635ns
Year by treatment 3 0.0738ns 0.2175ns
Pooled error 30 0.0894 1.2235
| C.V. (%) 7.82 9.11

** Significant at the 0.01 probability level.

"Non-significant diflcrence.

nansfioufsurwieanunhaazanuevedlulassaniieuy 118 8 ou

wuHuwaluni1alu 0.85 FU. LAYV 3.44 Y. (Table 44)

Table 44. Mean leaf width and length of longan of Daw cultivar measured in 1997-1998 at Ban

Luk, Lam Phun

Year Leaf width (cm) Leaf length (cm)
1997 {Before treated) (a) 3.35 {a) 10.00
’ 1998 (After weated) (b)4.20 (b} 13.44

| LSD(P=0.01) 0.20 0.88

| Difference between measurement b-a=0.85 b-a=3.44
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(p=0.01) (Table 45 and Table 46)
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Table 45. Mean leaf width of longan of Daw cultivar in centimeters measured before and after treated

with various treatments for decline improvement at Ban Luk, Lam Phun in 1997-1998

Measurement time After minus beflore
Ireatment Before treated (B) After treated (A) treated (A-3)
Tl ( M+F+T) 3.31 4.33 1.02%%
T2 ( M+Fer+T) 339 4.15 0.76%*
T3 ( Miter=F+T) 347 4.38 0.9]1**

T4 Untreated Ck. 3.22 4.34 1.12%* ‘

LSD for interaction belween measurement lime X treatment:

LSD (p=00l) =0.34  LSD (p=0.05) =0.25

Table 46. Mean leal length o f longan of Daw cultivar in centimeters measured before and after treated

with various treatments for decline improvement at Ban Luk, Lam Phun in 1997-1998

Measurement time After minus before
Treatment Refore treated (B) After treated (;\”;”""” treated (A-B)
TH{ M+F+T} - 9.91 DR T}Sé_ 3.66%*
T2 ( M+Fer+Th 9.94 13.01 4.00%*
T3 { MAlFer+F+T) 10.56 13.97 3 41+
T4 Untreated Ck. 9.56 13.19 3.60%*

LD for ineraction between measurement tme x treatment:
LSD (p-i0])~1.24 LSD (p=0.05) =0.92
** Significant at the 0.01 probability level.

M* Manure, F= Fishy. Fer = Fertilizer. T= Trace element
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Figure 43. Mean leaf width (A) and length (B) in centimeters obtained from decline longan trees
at Ban Luk, Lam Phun treated with various treatments: TL{M+F+T) , T2 (M+Fer+T),
T3 (M+Fer+F+T) and T4 (Untreated Ck.).

M= manure, F= Fishy, Fer = Fertilize, T= Trace element
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Figure 44.

(T4)

Declined longan tree (Teff) and after treated with various treatments for eight
months (right) for improving of the symptoms. Treatments composed of T1, cow
manure, fishy and trace elements; T2, cow manure, fertilizer (25-7-7), and trace
elements; T3, cow manure, Fishy, fertilizer (25-7-7) and trace elements; and T4,

untreated control.
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Figure 45. Declined tree in lowland orchard was dug up for root system inspection.
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Figure 46. Declined tree of 10 years old was dug up for root system inspection.
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Figure 47. Declined tree 17 years old was cut down for root system inspection.
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Figure 48. The soil under young declined tree was saturated with water to prepare

for root system inspection.
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Figure 49. The declined tree of Chompoo cultivar was previously bumnt by fire,

and it was uprooted later for root system inspection.
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Figure 51. Five years old abandon longan tree from upland orchard was selected for

root system inspection,
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Figure 52. Adventitious root of declined tree in lowland orchard was previously
submerged in the water. Later it became rot and showed dark necrotic

symptom or black in color(arrow).
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Figure 53. Adventitious roots of declined tree.

Figure 54. Distribution of longan roots around the tree canopy. Roots spread

from the outmost of the boundary of the canopy about 1 m on average.
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Figure 56. Root system of 3 years old decline tree,
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Figure 58. Root system extended further out off tree canopy.
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Figure 60. Root system of abandon of 3 years old.
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Table 47. Number of soil samples taken inside longan canopy vicinities of declined and healthy

trees in different orchard conditions and locations in Chiang Mai and Lam Phun areas

in 1998

Date Location Orchard conditions Declined tree Healthy tree
| Jan. 14, 1998 Ban Luk* Lowland ] -%H

Jan. 15, 1998 Ban Nam Bo Luang Upland 2 1

Jan. 16, 1998 Ban Tha Tum Normal 5 {

Jan. 26, 1998 Ban Dong Rusi Normal 4 2 ;

Jan. 26, 1998 Ban Muéng Tone Normal 1 1

Jan. 26, 1998 Ban Huai Kan Normal -KE ]

Mar. 3, 1998 Ban Muang Nga Lowland 1 2

Mar. 5, 1998 Ban Mud Ka Upland 2 2

Mar. 10, 1998 Ban Pa Haew Lowland 2 2

Mar. 24, 1998 Ban Pa Kha Lowiand 5 2

Mar. 14, 1998 Ban Luk* Lowltand 4 -¥k

Mar. 21, 1998 Mae Hea Upland 2 ]

Total 29 15

*Soil samples were repeatedly collected in the same orchard.

**% No sample taken

= ar ' = Y o = = '
msifudiedieay  ldiaSoidomzau (soil auger) 1IZAUTDUUTOIUNTINUUDIAY
° = - ) P o ' | 4 4. &4 oo |
MleAnUszinm 20 wuUAUAS 10 A10079 @9 1 38 NNAUAGISI 10 oy Faez IRd1ad0s
o | b = a o c :’ss. 3 o o
voanndeod lodalvdie Tmsiiudiedisdonssninaiutiuvan Tuiuil 14 wgenay
u’j 0w 1 = 1 o s Y d'{ o =Y 3 A
2541 DINUUNIAIDONAULADZTA TIUI 500 N3 WA WeaI1Ivle uazlsumldideu
deoragfiy  Tudesfidnis  TaoTswauwsaneud wazmoduuu (Combination of Cobb

sieving and Baermann's funne! method)



93

TG AERD

paninmiInseurialdidoudeodagity 91nfet1edu 500 nFu Nnadiving
wudade woldidoudesdngfy 9-10 ¥in Ao Romlenchulus reniformis, Macroposthonia
sp., Tylenchorhynchus sp., Helicotylenchus sp., Pratylenchus sp., Xiphinema sp., Trichodorus
sp., Hoplolaimus sp., Meloidogyne sp., \WR¥ Scutellonema sp., (Figure 61) Ulﬁkﬁ@ﬂdﬂﬂ‘ﬁﬁﬂﬁ
W‘]_IUWﬂ"i"]ﬂﬁllﬁ'i:I; NINIIE1390 ‘v“%a‘luﬁucé’fumﬂu meé'uampﬂf Ao Rotylenchulus  reniformis,

Macroposthonia sp., Tylenchorhynchus sp. UDs Helicotylenchus sp. (Table 48)

Table 48. Number of different nematode genera obtained from normal healthy and declined trees

in longan orchards in Chiang Mai and Lam Phun areas in 1998

Nematode Declined tree " Healthy tree , |
1. Rotylenchulus reniformis o 21,808 2,994 |
2. Macroposthonia 5,109 2,574
3. Tylenchorkynchus 3,219 1,029
4. Helicotvlenchus 2,128 908
5. Pratylenchus 271 98
6. Xiphinema 63 179
1. Trichodorus 43 7
8. HAoplolaimus 50 7
9. Meloidugyne 30 ]
10. Scutellonema 9 0

¥ Total number of nematodes obtained from 29 trees, each tree 500 gm of soil were taken,

®Total number of nematodes obtained from 15 trees, each tree 500 gm of soil were taken.

¥ v
Piundldideudeeria 4 wiedanarvylududi lefuaateinisrnisuasudauinnm
Fudnloernmmuy el Taomwz 1difoudes Romlenchulus reniformis wuTmamniige e

=4 = o B & ar 2 a A
nlSeumeuny ldiAoudsudagnysiiady 4 (Table 48)
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wamemniandov lungu wasinluviwds wy Roslenchulus reniformis  UTwimgamnnnt
P o am [ I o = < =l
Tadaudsoviaiu 9 sonlsaanluaniwnssviaounulsuaidifoudon Heticorylenchus

! ' 1 =
sp. ADUL 1 1A Rotylenchulus reniformis 1A 08 (Table 49) .

Table 49. Number of nematode genera obtained from 29 declined longan trees in different

orchard conditions in Chiang Mai and Lam Phun areas in 1998

Nematode Lowland orchard ’ Normal orchard " Upland orchard !
Rotvlenchulus renftornils 13,065 7,954 789
Macroposthoniu 2,174 2,858 77
Tvlenchorhynchus 556 2,510 143
Helicotylenchus 138 6035 1,385 |

. . 4 b .
Total number of nermatodes obtained from:” 13 trees 10 tregs and © 6 trees, each tree 500 gm of soil were

randomiy raken.

y o I~ = A Py ° =
Wosin ldidoudoy Roolenchulus reniformis  (Huriladwuuiniga uaiud lon
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uaaseInITvanonnanmiufidgn Ssduiisguildidouderiatiiiesduaungdid :

A& oy W Al oy 3 = 9
aunanienh hidun lurasonsvees  Taoh 1dweudeodn ldaanu Mateszvusindey
v,y . by A oy o yyd S &2 o g u¥ ey
weat e i hiviy himusogeiuazomis Wdssdduladun  Jaiiddudlvdes 9 nga

&t b
Tnsuaalliinstiou
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Figure 61. Larval stage of Ro#lenchulus

reniiformis nematode.

Figure 62. Adult female of Macroposthonia sp.

nematode.

Figure 63. Adult female of Tylenchorhynchus

sp. nematode.

Figure 64. Adult female of Helicotylenchus sp.
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Figure 65. Adult of Platylenchus sp.

nematode.

Figure 66. Adult of Xiphinema sp.

Nematode.

Figure 67. Adult of Trichodorus sp.

nematode.
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Figure 68. Adult of Hoplolaimus sp.

nematode.

Figure 69. Adult of Meloidogyne sp.

nematode.

Figure 70. Adult of Scutellonema sp.

nermatode.
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(Figure 72 D)

Figure 71. Fourth stage larva of Rogylenchulus reniformis fed on longan root.

(A) (B)

N

s

(&) (D)

Figure 72. Rotylenchulus reniformis nematodes obtained from soil sample collected
inside tree canopy of declined longan : A, third stage ferale larva; B, adult

male; C, adult female; and D, eggs.
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Figure 73. Experimental ficld lay-out for chemical control of nematodes in longan orchard at Ban Nam Bo
Luang, Chiang Mai in 1998. Plot 1A was applied with carbofuran 3% G (T1) and plot 1B was used
as a control (T2). Fifteen fixed points of Tt (F1 - F15) and T2 {C1 - CI[35) were random selected for

soil sampling. Both plots were equal in size of 900 m’,
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. =4 o ' o o o
heterogeneity 399 1msutasdoyadio log g1u 10 ABURINIT IR
- o e o \ o o o a
povInms Rz wundSualdveulsy Roylenchulus  sp. lunsazniafnsniunas
mslamaniism 3 %G, Tulanuusndserialidsdingnieadd WenIoufivudulTun
0o A 1 a0 ~ o = o a ar =1 & a s [T
liwouresnonldmand  uazludhweadernulundasdmivasndge  daddTuimvesldidou
How Rotylenchulus sp. Aoudagandiuamanosldmsnil wulSualddeudas luuanareiu 1u
1 3 P a [} [ o 1 9 = 3 n:y g ¢ 3
unazassniimsquinudiegns msldmseiysmu 3 %G adillildwalunsaluquilii

[Mdoutley orullumazdasdldornrstannu lUusenouiuaminwauas Lt ada

(Table 50)

Table 50. Comparison of number of Rotylenchulus reniformis nematode obtained from 900 m’
Experimental plots between untreated and treated plot with Furadan during May to

August 1998

Plot/sampling date No. of Rotylenchalus sp. /500 g of soil

Untreated plot

| 1. May 28, 1998 548.90 (3.41)  ab* .
2. June 11, 1998 762.50 (3.62) a -
| 3. June 25, 1998 767.80 (3.62) a |
4. July 10, 1998 50410(3.32) a |
5. July 23, 1998 408.60(3.28) abe
6. August 25, 1998 522.10)3.46) ab

Treated plot {Furadan 3%C}

1. May 28, 1998%* 101.50 (2.70) cd

2. June 11, 1998 246.10(2.84) bed

3. June 25, 1993 246.10 (2.84)  bed '
4. July 10, 1998 105.50(2.45) d

5. July 23, 1998 128.30(2.95)  bed

6. August 25, 1995 ) 57.73(2.46) d

L — == ——— —
* Means of untransformed data (log |, ransformed means). Numbers followed by the same letter are not significant

according to LSD (p = 0.01).

*+ Soil samples were collected prior (o the application of Furadan.
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Figure 74. Experimental field lay-out for chemical control of nematodes in longan orchard at Ban
Tha Tum, Lam Phun in 1998. Plot 2A was applied with oxamyl {T1) in the area of
900 m’. Soil samples were taken from fixed 15 points of T1 (V1 - V15). Plot 2B was

used as untreated check(T2). Fifteen fixed points of T2 (C1 - C15) were random

selected for so1l sampling.
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Table 51. Comparison of number of Rotplenchulus reniformis nematode obtained from 900 m
Experimental plot between untreated and treated plot with Vydate during June to July

1998

Plovsampling date No. of Rotylenchulus sp. /500 g of soil '

Untreated plot

i. June 9, 1998 433.70 (2.30) b* \
2. June 23, 1998 154.80(1.87) ¢

3. July 7, 1998 92790(2.71) a

4. July 21, 1998 34340 (2.46) ab

| Treated plot (Vydate®)

I. fune 9, 1998** 2.87(1.08) d

2. June 25, 1998 6.00(1.14) d

3. July 7, 1998 46,47 (1.65) ¢

4. July 21, 1998 3333(1.58) ¢ ,

* Means of untransformed data (log ,, transformed means). Numbers followed by the same letter are not
significant according to LSD (p = 0.01).

** Soil samples were collected prior to the appiication of Vydate.
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Figure 75. Experimental field Jayout for chemical control of nematodes in longan orchard at Ban
Dong Ru Si, Lam Phun in 1998. Plot A was used as a control (T3). Soil samples were
taken from fifteen fixed points of T3 (C1-C15). Plot B was applied with fenamiphos
10% G (T2). Plot C was applied with oxamyl 24%L.C.(T1} Both plots were equal in
size of 900 m’ . Fifteen fixed points of each plot of T2 and T1 (N1-N15 and V1-V15)

were random selected for soil sampling.
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Table 52. Comparison of number of Rotylenchulus reniformis obtained from 90{ m’
experimental plots among untreated and treated plot with Nemacur and Vydate during

Junc to October 1998

Plot/sampling date No. of Rotylenchudus sp. /500 g of soil

Untreated plot

i.June 1, 1998 2.79.9(2.30) de

2. June 16, 1998 751.1(2.53) bcde

3. July 2, 104 469.4(247) cde

4. July 18, 1998 4983(2.50) bede

5. August 3, 1998 595.9 (2.53) bede '
6. August 18, 1998 493.5(249) bede

7. September 17, 1998 472.5(2.53) bcde |
8. Octoher 13, 1998 825.8 (2.73) abe '

Treated polt (Nemacur)

1. June 1, 1943 645.1 (2.68) abcd

2. June 16, 199 537.5(267) abed

3. July 2, 1998 1033.0(297) a |
4. July 18, 1998 4302(2.58) bede

5. August 4, 1998 530.5(2.56) bede

6. August I8, [99E 644.7(2.67) abed

. September 17, 1998 577.1 (2.63) abed

8. October 13 1998 266.7(2.24) e

Treated plot (Vydate)

1. June |, 1998 929.3(2.87} ab ‘
2, June 16, 1998 5351 (2,53} bede ;
3. July 2, 1998 666.9 (2.64) abed ’
4. July 14, 1998 403.5(2.52) bcde

5. August 4, 1998 387.7(248) cde

6. August 15, 1068 982.9(281) sabc

7. September 17, 1598 6722(2.72) abc

3. October 13, 1998 586.6 (2.58) bede J

* Means of untransformed data (log |, transformed means). Numbers followed by the same letter are not
significant according to LSD {p = 0.01).

** Soil samples were collected prior to the application of Furadan.
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Figure 76. Microplot preparation for experiment in the orchard.
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nannasduliualdidoudsudngiWy Rowlenchulus reniformis fioumslanssy
ITa1s o ieantTualddoudselunilamanns  microplot  wudSum lddsueuues
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uilaanazedluudaznsseds N 3 9 Tanuuanaedu Suauinuluaudienis 500 sy
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nEIMInennd n3suIta1e q ludidszuia 3 dsu iinistudsua 1ddeusloy .
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agiaBnAs s wud AssulERldnge Ty dulvglszmnnsvesldineudeoy

4 a &
@EWWLWNGU‘H (Table 53 )

e

1 <] Y A a
1uﬂ?ﬂ‘u@ﬂkkﬂﬂﬂﬂi'J‘UL‘ISﬂWﬁiJ?zGH"lﬂigll@\?]’lﬁm?)HPJ@EJ ﬁﬂﬁﬂl@ﬂiﬂﬂﬂﬂ’l“f\lﬁ‘iih‘lﬂ@]
4 ¥og o e ; & A Y A - ) '
57 % aaer lddnnilalodiinaronsaaniomudszrinives [ didoudos R, reniformis 9o
1l
Table 53. Effect of se1l amendments on alteration of population of Rotylenchulus reniformis
nematode with and without fertilizer supplements obtained from microplot experiment

at Ban Tha Tum, Lam Phun

No. of Rotplenchuius reniformis /500 g of soil
Preplant observation Postplant observation Alteration (%) | ~
Treatment {Mean - SD) {Mean T SD)* "
| T1. Fenamiphos (Nemacur) + F 288.0 ** 2843 496.0 £ 3459 2.2 we 3
| T2. Cow manure + F 4940 T 4953 -310.7 £ 57.0 SEYM
T3. Ground shrimp shell + F 1013% 1272 11231759 +10.9
T4. Ground neem seed + F 4423 1 556.9 12471218 -71.8
TS. Fertilizer 11831837 1207 £ 1142 +9.6
I ) Total 1443.9 1173.4 -16.2 .
T6. Fenamiphos (Nemacur) 764.7 1 8083 1183 £ 826 -84.5 '
T7. Cow manure 1771077 119.0 1 86.5 +1.]
T8. Ground shrimp shell 1840 % 163.8 1387 X 151.8 -24.6
T9. Ground neem seed 5931580 95.0 £ 101.7 +60.1
T10. Untreated control 3403 £ 286.5 1457 £ 83.3 -57.2
Total 1466 616.7 - 105.1
* Numbecr of nematodes were observed three months later., : "

** Mean of three replication per treatment,

*%% Increasement (+) or reduction (-) in number of nematodes.

F = Feruilizer
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Table 54. Fffect of herbicidal applications inside longan orchard and garlic cultivation field on

abnormit| growth of longan leaves of Daw cultivar at Ban Soppa and Ban Dong Rust,
Lam Phun
i Soppa Ban Dong Rusi
Leaf sample Length (cm) Width (cm) Length (cm) Width (cm)
Normal 7 15.02 £0.38 4,53 +£0.12 15.99+0.27 4.56 £ 0.08
Curl 7.31+£0.50 1.30£0.16 8.44 £ 0.50 1.13+£0.15

Student "5 ¢ 12,28%* 16.00%* 13.34%% 1979

** Indicated significant difference between leaf samples at p=0.01.

* Mean S.E. obtained from 10 longan trees, each tree randamly measured 10 leaves.

domludlsvewsazudanaSeumeudy  wud anuenuazasnisealy
o ¥ £ i (-1 1 or dli = ~ usj
Und Mewaatuaudy waztuaiotd Bianuuanalady waniomiludalndyesnaess

¥
AU U euiy wu dalsnsasriia lulin1uuana1anwaun ( Table 55)

Table 55. Comparison of the sizes of longan leaves of Daw cultivar between normal leaves and
abnormal leaves as affected by herbicidal application. Leaf samples taken from Ban

Soppa and Ban Dong Rusi, Lam Phun

Normal leaf Curled leaf
Location Length {cm) Width (cm) Length (cm) Width (em)
i Ban Dong Rusi 1599 +0.27° 4.56 £0.08 il 8.44 = 0.50 1.30£0.16 i
Soppa 15.02 £ 0.38 4531012 7.31 % 0.50 1.13£0.15
Student ‘s t 2.07" 0.18" 1.60" o

** Indicated non-significant difference between location.

* Mean S.E. obtained from 10 longan trees, each tree randamly measured 10 leaves.
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o & P 3 o = a ] va o a aa .Y
TITNUAIENY oxyfluorfen HADN1TAN Goal-2E BRTIVILUSUTIN 1T 40 HDDDATADUN
20 A9

o @ s e .—.“:."{ Y s gt o va ¥ P ) uy
139 5% glyphosate T¥omMsA1 Keup oms w1y 360 dadaninath

5-10 TiF3
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qem 1 vuenssidadaie asunlufudud lowzwda o 1 1 H135@Euadums
naaeanssinlaelinssudts 1415 dmfunisnuRnen Tdgamamadnynalng asouse
lundaviusuludongu (run off) vaizdvamumihanuina Taudunaudefhwaiadniie
Fumsaluiloungg Suva sy Y

yaft 2 emsiinTrityaiay Fs@eamunisnaasadumnlaoldnssuds 115
Fuslomnzmiasamstitaieie 380 faaansdenszans dviURIRaUIIRAITAITA Y

4 1.750 anan AonITEn9

msnaasdluadiudrls
N1INANDAINTIN 13U 9 unIIAY 2540 NanesruEIsMsaivruuYelud lusy
sruIm 6 1 91U 3 Au Hoodneass 1uuires o, 1o Fealvwl nsvaanadl 13 nssuIs

v )il

ATIER 1 (T1) oxyfluorfen 8031 1710 1 vaedas iz
A5 2 (T2) oxyfluorfen 89571 1400 1911 ¥BadasIRLLLTh
A1 3 (T3) oxyfluorfen 8A51 1 1.000 917 YoIBAT UL
A5995T1 4 (T4) oxyfluorfen 80371 1/10,000 11 UBsdAs AU
A3909E1 5 (T5) alachlor  8a51 1710 141 ¥898ms 1AL
AT1TEN 6 (T6) alachlor @31 17100 11 048R RLLIAIN
ATINTIA 7 (T7) alachlor  $A311/1,000 1911 YoasAs 1L
ASTUIEN R (T8) alachlor  8A511/10.000 11 vBadas fiuzh

ATTNIEN Y (T9) glyphosate BA511/10 M1 UDIBATINUUEI

A9917511 10 (T 10) glyphosate  8A31 1/100 11 v838a3 1AL
ATTIIHI 11 (1 11) glyphosate &A31 1/1,000 1M1 494003 AU

ATTUIEN 12 (T12) glyphosate 8A31 1/10,000 M1 uB3dns LUz
il L o o
TTUIATT 13 (T13) O ITUATINFAND

Ainavn lgawanadnuinalvgaauyeiifen  Wudlsnszusnruvng 500

UAnaAT t1 LN
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¥ 1
=1

mananod luanmaud loassd 2 Aroriinaaoslsiios Wounguniay 2540

v
Arsnaandl 773805 fana Uil

AsSUATAH | (T 1) paraquat SasuAufuwstih i ldeunain
N3IUIEN 2 (T2) paraquat 8511710 117 vpIsR3 1Tz
RTINS 3 (T3) paraquat 8A31 1/100 1 woedma ALz
33T (T4) 2,4D  sasuyduiuuni iy Faunan
nsiudii s (TS) 2,4D a1 110 M1 wsasanfuugii
N30T 6 (T6) 2,4D 84351 17100 1 vpadasIuULi
A3TUIEN 7 (T7)  YodmSunailudang

\ome e e 0 @ =
'Jﬁﬂ“l?HLJ"|'I_i"F']EJ’]ﬂ]Jﬂ?‘iﬂﬁﬂaaiuﬁjuﬁflﬂﬂiﬂ?’l ]

HANIINAADS
o @ W A ey =i ¢
32,1 msmdalynsdenavigesiiiu (oxyfluorfen)
[¥071301 Goal 2E 24 /EC] 91ansdunannuAnlndvueadl lovdeninnisldans
6 W 1 o a ' 1 o =
ey oxyfluorfen WunuAuUnAE loudmatedlant luwueimsandnaludund
o ¥ @ - o [ = Y 1 q‘
f1lo lwhusaRvitun lunueinmsdedndla o VuAUBIUTITIAAIY oxyfluorfen MNANY
WU E 00U (Table 56) 137 linue1nsAndnAvudundId e uazisnoundiniia
¥
' e 0 @ w e =oo
unziuET oxyfluorfen a1udumizauauldvesmshisadviyriatilulszinnidon
o =t @ Al W o A ; ¥ e P ) 3
Waeligns lunisnuauisnsasznava uazlanedsuanlunhanlogderveos 14
1 | o | '
ABUIBHYION (pre- emergence) &‘LIHET’D‘H1“HQ3
ooy F ' = | oy Y |
96714 l3inau 1alin1snannsny oxyfluorfen TUAIABLHWUIINTAUAWA T UTUIN
o e - " Yo w @ M ] YA 1 ' as : =3
Augasiuuzi e riruazdlditess 10 w1 vag 100 Wi wasnIndwduam 3-4
dFlaw nemoui lolunaasernisinlnd e 9 oAUNTIT519 oxyfluorfen MUAINIBIS 100

- \ o o g o ~
w1 v Isonaon vesd lofoms T vl iflugauuluilszuim 20 % (Table 56)

L o =}
3.2.2 mamdalynyInaldian glyphosate
T0N1TA17I10N, (Round- up 41% L) Inallawn (Glyphosate 41% EC), A1UDY
=4 Y
(Cowboy 41% L), @158 (Spark 16%L), 115 (Fire 41%), 19-6W (K-up 41%L)
= F=y o o o @ o &M 1 o ~

pinsAandvedludi lennasssa iy Ina Teanozwunlulidnyuzuanion

L - =y ' 9 dy = ’ @ & S ;1;
grvevluniniiusfuluaswaiuiznuensuuuivsnusouns sy lndsedumau @

= a 9 it £ =3
azooano1ndisnizny Ml v vy gaziomsuauon
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o1l glyphosate lUwudundidrlefinnududu 12, 14 uaz /8 Wwe1daT N

=

wuzini hidundmomnanududuiinaass (100 %) deeduuSonulauduiany
Wt Yo uaz Y4 mivosdaniuusii dnamlddundianely 40% sndunanududu
1/8 w1 ot medundssundid ledsamnsoniadu 1n 1damand (Table 56)
DAL glyphosate 8asumAvRMuzi lidi el sfsLufmoudle iog 1
[ o« 5 & T ' a o U = )
et dninpoins Tulwiuds uazdas vunsd lefinaasanndu uazamenua (100%) 1o
MR glyphossre o919aa 10 mwdnhliliunmouvosd lonadimgiludlanin 2 du
a M 1 " T 1 3 - o o : =t as a
dilonerasoni luhind uossragnaulasinuiuoulynd 90% wdmmiudn 1 duaw
-y c'\ = ' l(‘-‘:‘ r‘:l. a £ @ =\ [ .:;
sasuinmauenselulvutuuumu Wes gyphosate 1Us1aduludasudoadu oins@
d W o= ot = 1 e ¥ o B el
Uninglnddsaiuivinly  walianuiuussdesnhlaonuoinislundidluuidy  uagd
f1ulu T 5-20 % lnvar@ilindons 100 w1 udwulunwui oIl uagyin i
dumo 20 % luri e afoadudien lise Taudusih 1¥aus losne 40 % (Table 56)
911NN glyphosate THAUTONAAA 10 1104 1,000 IM19090AT AL
[ ¥ o | 3 1 | = 4 1 =Y L=
yuge luuudud leluanmaiununve luiuan Iwiuaaseinms luwavern veuludetlu
arunndain LR ldn Taowudwoure luiivesseimsuaunanniiga (80%) 0
ansntud At Wy 100 m1vesdas 1AL {(Table 56) (Figure 78 )
= o A g R T = a o
11199910 glyphosate (HumsnINLgns lumsaiuaniady lavawria dailu
Yot - - E ¥oow ¢ q ¥ a v s QR YY
van lidemiee deviunSenaluamududugehlineoinislulyd waghldduso

unZMIRaUA I 1A

3.2.3 @3R3 TFHTWIIIAI0A ( paraquat)
fomady ninonlau  (Grammoxone) N31A-A-18935(Grass-Q-Ler), tw3u Ty
(Plarxone), A0 o(Weedol), FUUN WITIA204 (Summit paraquat, 184)
ot o @ @ & A = Yo o oA o =t = —~
wiTmaoa Wumindairisiineasnsdouledwaiensluaiudlo dnwiianiia
ar i o 5 8 = o a :'i oy = | g/ = U 1
anvazensiauriInindifvadud loiminen 2,4-8 Aoveuluszfiumineasdaaly

= =4
UYUIRIANGY

o & é‘loh‘l)l _'.U Vifotl ol 1 Il'
FUINTURITTEWY  paraquat DU Unuyvusunmidile nsmoulunizan uasao lu

. # ot W, ¥ e " e B Y Ve w o & " o -
alovus Panududuganminuinuah i ldddadsne  sadonghvisiundwazng
anumwnendu (100%) wayiidreluvuduuaasemislolvd wozrlusas 20% wes
g i e A o g uae ' Y Y ¥ o q¥=a W v w
SuFavanua doiideoeas 10w udmuuudunani liimas s lu viuudu
o ., T & a A e q A Woow . U=
A81 60% WinusasRwuLunmou Aavlvludlafwen vy 60% uazvuseluuudul

\ W ' . ' 9 o ' o
21013 Ll 200 ua=iInINIpI198e 100 W7 LAIWHUNAUN A MU NUUAUN AT HaAI81ATS
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o = a ] 9 1= < 4
Und luvasiivuimounazyeluuudu Jo1n155UNIA 20% (Figure 79) 11199370 paraquat
o w ot M LY ar o 1 o i a *
Aumsiidadmwivdssnndudaas wasdadudsannludontan dedawuluaiumdy
Fuga i luds Ind uazeyld
voa W A P Y o I ¥ o U ° & =
TN TAY  paraquat 1 lYTRANLI RN Iaudunddrle uazdlofsneud
vy 1 w - ] o o A ' (- ¥ o = =4
AnuiudumIn U Ruuedy uazii1iiiens 10 w1 wundundidrle uazhneud
pinsna luvawsfismauiianuitons 100 wh vuaudt lowsmdauaass1nisiiunsn
i ¥
65 % unzi lonsnenvzi liuaasen1sdiulunin 20 % (Table 56) F31TUDINTTIUNID
AUMADINWITIAIDA Tuanmulasdgnormnannazessmsiall Adaslddunszuaau
W ¥
paztudouuinusyuums IHhmIady wwAvItumI Al 2,4-8 LABINIJULTIVOY 2,4-7

LLLINAWITIAION

3.2.4 mIMdaTynvezainaes
; 3 ' [~
[Fontiniuas la(Lasso 45.1% EC), oxandindg (Alamex 45.1% EC), uat T (Monso)
a =
115198835 (Barachlor), 11 (Dema)4a4]
NISNATDUES alachlor NAN3TNID uazynaNuLduluTowwizd Sudund uaz
fanou  liwuminisAadni sndunisneasswuuuas lufinamidoa1e 1,000 M1 199805 1H
o =) ] n]: = 0 o e M P o
HUZHUD1INTT JUUATET 898717 20 % URITD IUNINUA  alachlor (uasmdadvAen 1w
saylumslanifa alachlor 33gngedulaveynndugn wazilgnioyldluuu Adew
. A & o B S0 ¥ = Yo v o o =
and 1J Teimludi loiiinisneaeesaaie alachlor NaNUdLAUA19 9 Felianiw tluilnd

(Table 56 )

3.2.5 a1sMInTuNs 2, 4-A (2, 4-D)

4 ar a2 o = o A

[¥on1si 1, 19-A (2,4-D) 18a1aia (Hedonal), A-101-18-6 (D-M-A-6), 1ATE 1uU-B-7
(Descemone E.T.), 1B8EIN03 79 (Ester 79) 404]

P " = = éll o 1 b4 2 2 voq [ 3 a

eafinTuie 2, 4-a Weh luwudundt Asmeu uazveludi lovuduyndniaa
Wt dudiasrihduiuugsh aunsgiadesis 100 vh dlEd lonnann waaseinis
= Yy = y = & o a a 3 g (o a =
winynnadudu Tnefnsdiunin 13-80 % e lsduianududuriiuday
uuzii yruai i dundy uasfanouuiaanenua (100 %) Wew 1Wiiea1s 10-100 IMuos
o = o Y o = 9 Y < 2 9 Ya 3 a LY
§asiuuzi udnih s edudundr uazfmon MIMAADINITLINNINYNADIVNIY
=3 W oy . £ = @ 3/ ! o =
l@gwWUDINITLIUNAN 20-60% (Table 56) (Figure 80)  81N1TWIUNIN Funaldnnredilon
= i ! - i 9/ 9/ ] o 3 a oy ¥
Mananoonu 1ny visludey ludiusoaidiua1smazse sauluaziaunInImdunais

W
= =1 a 1 ] 1 a
19 e luasas e ludaunud Lasudansou VI9aIuvLIH tagTavan lunenas
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P F & 2 as n‘t‘ s ¢ o a
]|I5'Iﬂﬂli!I‘Jﬁ]ﬂnﬂllﬁl!‘ﬂﬂﬂﬂﬂﬂﬂu vaanndudszuim 2 duas ﬂﬂﬂﬂua11ﬂuﬂﬂﬂ

4 1 P as o r.:' at ~ r-\',
2113 lum A el tes29 wazlonms luwiaunsdu Tuddaid % 3 vdaniinaismi ey

&1 lotuAui 1918 40 % (Table 56)

Table 56. Eficet of herbicides application on seedling, propagating plant in the screen housc and

& years old longan plant in the orchard

Symptoms appeared on plants

Air layering plant #*

6 years old ptant *=*

Herbicide Agplication Application |
rate® technigue l Seedling
1. oxyfluarfen 111 Spray \ X
{ Geal 2E) 172 spray normal
14 spray normal
178 spray normal
1710 spray X
1/ 1l spray X
ARy spray X
1/10,000 spray X
141 pour X
1/2 e narml
hid pour I nartial
ih pour normal
119 pour | X
Lo pour X
2. ulyphosute spray X
{Round Up,K-up) 172 spray dead [ 1007:)
1/4 spray dead (100%)
1/8 spray dead {100%%)
1110 spray X
110U spray X
171,000 spray X
R (VY 0 spria)y X
171 pour X
172 pour dead (40%)
1/4 pour deud (4]
1/8 pour normial
1710 pour X
11080 pour X

normi!
X
X
X
normal
normat
X
X
normal
X
X
X
normat
blight (20740
dead 1{K%%
X
X
X
blight ¢ TUl )
blight (40) dead { 20%)
X
X
dead (40%)
X
X
X
blight (5-20%)

derd (40%0)

X

X

X

X
normal
normal
normal
normal

X

x X X X *

-

X

X
narrow leaf { 50%,
narrow leat (80%)
narrow leaf (20%)
narmal

X

b O S L
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I
Herbicide

3. paraquat

{Grammoxone)

4. alachlor

{Lasso)

5.2,4-D
} (Gold man)

Application

Application

Symptems appeared on plants

rate* technigque Seedling Air tayering plant ** 6 years old plant ***
11 spray dead (100%) dead { 100%) blight (2(F4)
1/10 spray blight (60)%) blight {60%) blight (20%}
17100 spray normal curl (20%) Curl (20%)
1/1 pour normat normal X
1110 pour normal normal X
17100 pour curl (65%) curl (20%) X
11 spray normal normal blight {20%) ]
110 spray normal normal normal
] spray normal normal normal
171,000 spray X X narrow leaf (20%)
1/10,000 spray X X normal
| pour normal normal X |
1110 pour normal normal X :
HIOD pour normal normal X
i/l spray curl (40%) cutl (75%) curl (60%)
1710 spray curl (80%) curl (75%) curl (40%)
17100 spray curl (20%}) curl {50%) curl (13.3%)
1/1 pour dead (100 %) dead (100 %) X
1710 pour curl {209%) curl (20%) X
1/100 pour cur! (60%) curl 20%} X J

* applied as recommend rates and 1 to 1/10,000 of recommend rates (plant/rep)

** |ongan plant propagated by air layering method and planted in the pot in nursery (pot/tep)

*%x G years old longan plant in orchard condition (15 branches/rep)

X notest
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ck.

[[-1-4

Figure 78. Longan leaf became narrow and longer than normal after recetved 100 times
diluted glyphosate herbicide (left hand side), and compared with normal leaf
(right hand side}.

, TPt
A

| 100' M
Danos

Figure 79. Distorted longan leaves showing leaf margin curled downward after received 100

times diluted paraquat herbicide.

+

Figure 80. Longan leaf curl, leaf margin curled downward as affected by 100 times diluted 2,4-D

herbicide. The herbicide was applied directly to the soil in tested pot.
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o W wr A o ] = L]
3.3. Nt’:}ﬂiz’ﬂ‘lﬁuﬂﬂm'ﬂ‘ﬁ)ﬁ]‘5ﬂ1ﬂﬂTHW‘D’UN‘H‘HWFI@NE]NQFI‘UENQ“U

lumnmmudilinsdgnvey nszfion sevdrwadlgndrle nSeuinaudiafviam
arlonsinnlgmion nszdion insldamsmiifdaisisnatestn msiiaisimnsie
' o4 o [ Vo = ¥ = =i
w2, 40 wazniudonlyu Mldd lofieoinsiiuninvualuaens Taumwe 2, 4-8

a_q vy 5 = =S P 2 = @
ansei il lufneims duninldjuussiige Fsavessoervddidunszuday

¥

wingnrednIduszuumI i e1msdiuninonauvadinanuiseinanseny
NILNDUADNITUNIYDADN LAZNITAANAVDIA Lo

Yaguszaan

FHOVNIIUHBNTZNUYDINS IS Tt e JyRdenanand e

@ONTIUTINLBINIIVIN BTSSR IIRERoudaTuLse Athueand dwathu

=

13 dunoiulas Tardadmu Mnmsdanissmuiouuressnd luiwsynnveluduaes

¥V i [

213 1URININETATATENY 10 AU Auaz 10 %9 uaduUnAsiuiuminy Wedud
= a 1 e = =1 Py o a a P
Tu1aw 2540 JaauevesreasnnloimavInSeudouduaondnd Tuszezlndinune)

Tuidnuningau duiwukawrenioimMsvinTouioyduroilng

HBNINANDA
Tuszuzdloumagonen wudeuiiernsvolufuniniinsunsvenoniiuug
g Ansaaoninanooninlvi anvazaunvewessnlndifvatureaond lolnd
uazdnumzaentilulnd detharwevereasnfiunininseluiifieimssiunin fuve
aond1 lofinsaninsolulnfuidSoufoudu malsingimnueniseasn vingaluftidiu
msfiadiisiidoannovinie 34.80 wufwas vaefidensnainlugilolndivuinaiy
s1I0RBNIAY 37.40 wrudwas F9lifinnuueneed i@ iameata (Table 57)
msfvononanluildsuatssidadeis Jvualiuendisanvenenainiy
Undoezilumarrhlursfiunsgensn  fuandsvsimsinifivauniosgiienaliun
Jsznovduluraenoudidrlozunssoasmin  liiasFaisdisaTarai Iy 145y

avooamamuiiiangale Mldyessnfiunseonun lvulidnvuzlng
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Table 57. Comparison of the length of longan inflorescences measured from normal and

herbicide affected trees inside the orchard at Ban Hong, l.am Phun

Inflorescence Length (cm)’

Normatl 437.4_'i 00.89

Herbicide affected 34.8+00.87
Student’ s ¢ 2_57l

[Indicated non-significant difference between inflorescences.
" Mean inflorescense length (% standard ervor) obtain from 10 longan trees, each

tree randomly measured 10 inflorescenes.

dind leRasandasunszisogluszoslndifuifvaludounsngiay 1dasetiuma
Awgeanniinaniommne 13 lussesdianen sadsinghidwmaunauudeiiniynnlufii
oMK InfanaToun el Haausuarnlse aaud | S5 ususamie 13 nanedo Tu
yauznanniolniis numass e 22 rasore ludweaduadu Swaumafinyluai
HaaafidnatuTds wudmaninrennadn@iiswauramis s wasesaiionSoudouiy

WaUUFoUNFTT 1 IWRAY 16 WARDYD (Table 58)

Table 58. Effect of herbicide applications inside tongan orchards on fruit set of Daw cultivar at

Ban Hong, Lam Phun

No. of fruit set per branches Student’ s ¢

Location Abnormal £ SE Normal * SE
Ban Hong (1) 12.80 £ 0.94a 21.891+1.24 5.77%#
Ban Hong (2) 538 +0.53 16.13 +1.011 10.36%*

* Indicated significant difference between fruit set sample at p=0.01.

*Mean t S5 obtained from 10 longan trees, each tree randomly measured 10 inflorescenes.
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9113 ludaunIngunannms lmsiiadrNyuiersia 1wu 2,4-7  wazwI3IA040
Al lutadausn lulvinaines wazlinansznudonanin M ldkandnanasdszuin 50
i B oot o @ a2 v - | o b
waImIHRlnAInYIANIaInmsMIn Iy Inalvien nazemaaes As vhldly
pavewouluninduaiu dnezwuuuseluuinuindiuszaudusounsswy oIn13diu

. |

winnna e Ty luanmain feainmsvenszivussazessasniun iy 1azn
yuy & o o @ oA ¥ 2 ﬂﬂ‘g o o Y a
szuums il agamsdiadyivgnrzdieluides naamnmivulbvuau Mldifeeinis
! o oL 1 o @ e ar 3 1 1
Tunin Fengand 1dnnmswuludrsassidaianesdnsuioars Aua 1-10,000 11 uazs1A
3
AuAa13f19e Juiy SR TR Aaud 1-100 1
& 34 A'! 8l qs ::c'sd ¥ 3 = 5/ =
fyuaaaoimsnimodie S umsinliiianududuge uasifinoin1sdiunin uay
o G - 3 1 ] al e 9 % 1 ¥ Al o !
Tuay Woanuduiudosdam 10-1000 M1 vaadaswuziiiaman iosend  lutlu
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Aceria dimocarpi (Kuang)

[ Acarina : Eriophyidae |
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4.1 dnvaaNNAalnAvedrely uazvenonoin

M vedls Iuana I
A

o lunInyosd lednesUsingeimsdanuluszozuanlusen uazunave
& g T a = -.s» = ) = o ' '
aan a1l lui lonanseimstadeiiagilin Tulvumanas veessuusntunundie
i 3 wr ' ol 1 @ C
linna luszezoonaon anvmssaonuanituwy 01m15 lunininanialswuifeunnaiu
o o = o = oo w A Voo !
Aiimsdisae Jgvwesemsluvinonnls duiwduilymiddgdiosowuiiinms
1 5 ‘:J = o [V
szinmed1eniauna lugndiun werwolud loyniug

a

agalszaed onswanHuzaNuAnInfusrelu uezseRanIInmTd I evesls
e
M3

4.1.1  dnwazmammeveslsuusely
© [ o = = ar = n:!‘ ¥ o
e lud Toiuaaseimaninan lsdagividiimeluanmedasdgn  wasaeg

drmzyos lufidednd Tutesd fuams

412  dnwaemadihaevedsuuressn
Tuddaniunvoadouliuiay 2540 Ymsiavueanuevsssananiignlsiiai

uazgoaemlni admeand dwatiulas dunethuls Jandadmu Taadsnguduiign

levihaw  unsiuilnfiednar 10 du Javuwanueiveweaendndiazgeaoniignls
Miaie huiuotiias 10 %0 sawdauvelnfuazdeninoditas 100 de  doyah ldin

Tnszrrn e 11 1ae 149733 Student 't Test
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HaN1INaany

411 dngazmatiihneyeslsuurely
2 P d =y 9 ' A e ‘3 v
Tadiaeseluseu ildlvuaan veuludadiuseasimuavionuyudu
' o o d. A a ¥ ¥ dag o & v & 11
vy wsdudadhunder dieshluinasiadlendesiiididevmedsud 100 il osny
¥ ¥ v
duvuazidon NdderdounTodtiieaseou (erincum) Tuilnaguidvue MauuTunaz1dly

(Figure 81)

Figure 81. Erineum on longan leaf.

¥
= (-1 =1 a A ' =
vinasenvuazdeamatozwy lsvuaan @5y jUs1esesafionuey
oy w ¥ s o3 oo < ar 1 T L ous ]
uoenUgy It lsduniuls19a85 To 198A (Eriophyidae) ewagvuwLuialadediedials
aa 4 4 o S o 1 a
ey enawreInmmansilszme lduaud wasinguilulssiia Aceria dimocarpi
é o (r=1 ﬁ' = dy 1 r r
( Kuang ) 64 lifisream e lsyiailuneuudadieia
A o ) as é a 1 ﬂ;. =5 u‘J T
de'lndiiaeselulddnszeenils dunavildrelunaouduithmaudemse
[ ear iyt o o o ' .3 o9 1o = a o 1 Yl
wdanhdalignlsiate Adsmusoumseluanunndld  uddezlioniswindunund
= v 1 - o 1 1 =1 =1 c:‘ ]
uuwaN  Feveasaungn s hmofifuseuanyinilunszyn Idodaesdu adowuld

NIANSeRINIIHULY
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4.1.2  ANVAEMIMNMAWUUTOADN

. 1 = ] ' o o 1 ' P o
lugnenat Tounageaenlugrudoununivus nuhdugonsniignladhaisuan

' ¥

=) v : k] =3 oy 1 = o 1

nazgnihuvuud Yelhesdu AnvuzvoswmenivuaziBunfiviadnagy wuRvatuinuuu

- ¥ I- 1 o as c 1 [l [ o :’ 1 @

Tueeu luaisengy aenlidnuuznay adowaad s vureaoniidnia voaonnds
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Tabie 59. Comparisons of length of inflorescence of longan observed from normal and mite

damageable infloresences at Ban Hong, Lam Phun

Inflorescence Length (cm )

Mean t S.E.

I Normal o | 7sstosy

Mite damage 2147 £0.64
Student 's ¢ | 12.79%*

®* [ndicated significant difference between flower branches at p = 0.0]
* Mean inflorescent length ( plus or minus standard errror ) obtained from

10 longan trees, each tree randomly measured 10O inflorescences.
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Table 60. Lffect of criophyid mite feed on Beaw Keaw cultivar seedling

Date of release No. of tested No. of plant showed % of plants  Total days of leaf -I
. plant symptom showed curl symptom
symptom appear
| November, 96 | 1— 1 100 B 48
December, 96 3 3 100 71-150
January, 96 7 5 71.43 46-146
February, 97 12 3 66.67 16-71
March, 97 16 2% 12.50 64-74
i Total 39 . 19 - 3

* cach plant infested with 100 eriophyid mites.

Table 61. liffeet of eriophyid mite feed on Daw cultivar seedling

Date of release No, of tested No. of plant %o of plants Total days
L plant showed symptom showed of leaf curl
mite
‘ symptom symptom appear
December, 96 16 4 25 83-157 |
[
March, 97 24 e 8.33 84-161 |
Fotal 40 6 - -

* each plant infested with 100 eriophyid mites.
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Table 62. Effcct of eriophyid mite feed on different longan cultivars seedling
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| Total days

% of
plants of leaf curl
showed symptom
symptom appear
66.67 28,28
66.67 27,27
66.67 18,49
0 0
33.3 25
100 16, 18
50 17-22
80 14-47
100 28
100 27
333 49
66.67 28
333 27
66.67 18
66.67 28
100 27
100 18-49

Dateof | No.of No. of No. of mite
release tested plant release
Longan mite plants showed
cultivar symptom
1. Beaw Keaw 1/9/97 3 2 20,;‘6,_40
2/9/97 3 2 20, 30,40
11/9/97 3 2 20, 30,40
|
2. Chom Poo 1/9/97 3 0 20,30, 40
219/97 3 1 20, 30,40
11/9/97 3 3 20, 30, 40
3. Daw 12/8/97 10 5 10, 20, 30
13/8/97 5 4 10, 20, 30
1/9/97 3 3 20,30,40
2/9/97 3 3 20,30, 40
11/9/97 3 1 20, 30, 40
| 4, Heaw 1/9/97 3 2 20, 30, 40
2/9/97 3 1 20, 30, 40
11/9/97 3 2 20, 30,40
5. Ma Teen 119/97 3 ‘ 2 20, 30, 40
Kong 2/9/97 3 3 20, 30, 40
| ik 3 20, 30, 40
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Table 63. Percentage of eriophyid damages on terminal branches and inflorescences on different
dircclions on longan trees at six locations in Chiang Mai and Lam Phun provinces

observed during December 1996 through December 1997

Percentage of eriophyid damage in | i’ in each direction per plant
Loeation Naorth East South West Mean
1. Mg Faek (1)
Iy 97 0
eh 0 & 1143 a 526 a 0 4.17
Mar 97 233 a 526 a 980 a 1.9% 4.84
Jul 97 57| a 6| a 9.78 a 3.45 6.28
| OeL9 150 a 1864 a 2508 a 2194 20.14
| Dee9? .83 a 6.62 a 567 a 3.93 4.76
| 2. Nong Fack (2)
| 97 0 | 0 a 250 a 0 0.63
| reb o7 625 s 0 a 244 a 2.63 283
| Mar9? 83 a 394 a 405 a 263 2.86
il 4 0
Lt 97 946 a 570 a 1361 a 9.21 9.49
Je: 97 3.20 a 451 a 5.56 a 3.48 4.19
3. Ban Luk
Jan 97 1923 a 16.67 a 16.13 a 28.13 20.04
Feh 97 0 a 615 a 727 a 19.15 8.17
Mar 97* 820 a 480 a 366 a 6.20 6.96
dul 97 745 a 377 a 421 a 09 5.13
Cice e 201 b 2976 a 23.3%  ab 20.12 2335
i Dec 97 1447  a 1492 & 1543 a 12.35 14.29
4. San Hua Wua
Jan 97 ERTRR S 1081 a 107 a 244 1975
Yeb 97 6.98 a 200 a 6.78 a 6.8 10.03
Mar 97% 148 a 177 16.08 a 2.4 11.02
lul 97 450 a 1.72 a 0 a 3.00 2.31
e 97 &7.27 a 2679 a 2070 a 27.41 2729
lhec 97 1437 a 13.68 a 1583 a 5.3% 13.0%
5. Dong RuSi (1) ‘
Dec 96 357 a 282 a 606 a 7.81 5.07
6. Dong RuSi (2)
Mar 97% 4934  a 4354 a 56.08 a 48.97 49.48
" Tested trees were a1 fluwering siage.

Meuns followed by samie ferer in the spme row are not significaatly ditferent according to LSD p=0.05 .
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Table 64. Percentage of eriophyid damages on terminal branches on different directions on
longan trees at four locations in Chiang Mai and Lam Phun provinces observed

during March 1998 through December 1998

Percentage of eriophyid damage in 1 m” in cach direction per plant

Luoeation North East South West Mean
I. Nong Fack (1)
Mar 98 377 2 | gase a 577 a 600 a 5.50
Jul 98 079 a 204 a 000 a 0.00 a 0.7
Aug 98 236 a 068 a 000 a 0.7} a 0.94
Qct 98 067 a 000 a 000 a 084 a 0.38
Nov 98 0.00%*# 0.00 0.00 0.00 0.00
Dec 98 0.00 0.00 0.06 0.00 0.00
2. Nong Fack (2)
Nar v 1.95 ab 378 a 085 b 053 b 1.78
Jul 98 0.00 0.00 0.00 0.00 0.00
Aue 98 000 a I 000 a 0.67 a 1.35  a 0.50
Oct 98 0.75 = 0.00 a 000 a 000 a 1y
Nov 98 0.00 0.00 0.00 (.00 )
= Dec 48 0.00 0,00 0.00 0.00 0.00
.: 3. Ban Luk
Mar 98 | 706 a 4.67 a 766 a 441 a 595
) i 98 185 a 125 a 14 a 191 a 154
Aug 94 136 a 000 a 0.00 a 242 a 094
Oct 98 056 a Q.00 a . 062 a 0.57 a 0.44
Nov 98 1.63 a 405 a 408 a 465 a 3.60
Dec 98 0.00 a 0.00 a 208 a 071 a 0.70
4. San Hua Wua
Mar 98 333 a 611 a 852 a 414 a 5.52
Jul 03 226 a 393 a 1.8 a 292 a 275
Aug 98 263 a 274 a 1.36 a 230 a 226
Qct b 779 a 556 @ 833 a 723 a 7.23
Nowv 9% 1.48 a 392 a 741 a 237 a 3.79
|_ Dec 98 1.25 a 0.00 a 077 a 0.72 a 063
: * Square-root transformation was used for analysis of variance and mean separation tests.

** Means followed by same letter in the same row are not significantly different according to

LSD p=0.05.

#%% No statistical analysis for means without following letter.
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Ju € UN1TINTEDIBVD liuanaianuine luumazneniinsd13m9 (Table 65)
Table 65. Number of longan inflorescences damaged by eriophyid mite on different directions
on mdividual tree at § locations in Chiang Mai and Lam Phun in April 1977
Nuo, of tested No. of damage inflorescences in cach direction per plant
. Location trees North East South West Tuotal ’
i Mong Foek (1) 1 360 b 170 ab 610 ab §50  a 25.30
2, Nomg Fock (21 13 46 a 2.31 a 192 a 3.8 a 8.54
. Musng MNgs | (3 Gl uh 030 a 6.4l ] 4.0 b 26.60
I Muang Nga (21 10 307 a 313 ab 287 ab 227 b 11.44
3. San Hus Wi 670 ¢ 1.6 ab 1530 a §00  be 41.60
L Nong Thong 2l 452 b 843 a 995 a 6§05 b 28.95
T Imthskll 20 LAk e 160 a 145 a 1.50 a 6.35
Ban Homg 3 16:67 a 13.52 b 1230 b 1327 b 55.76
® Means Tollowed by sn leter in the same row wre pot significantly different accordmg o LSD g o= 0003 |
Wiosnnamudnneiinann lsiwu luudaz aruiitf nssnniosunnaiaiugs
,1,‘ 4 a ¥ 1 = 1 ar = o
HuTa1 11 A1 error mean square (EMS) U9 9@ 82 HIUUAMUUANA19AY (heterogeneous) 149111
W »
doyaudnz oy ¥ud U (replication) MWihiTudieou 10 @ naghimiianguues
: s \ o " . @ - " '
aamoaidu 2 nau nquit 1 Usgnovdie aauluswanusawdnaouiioes 2) aaul
a = i -‘" ] o = = c\i‘ P
fuamiiossirunaes () awludiuavuoens wazaIuAIvadunda  Falial EMS "

%19 1.9-4.1 (Table 66)
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Table 66. Analysis of variance of number of damaged inflorescences on different directions on
longan tree canopies obtained from four locations (group one) in Chiang Mai and

Lam Plunm provinees in Apnil 1997

) Mean Square at locaion B
Source df Nong Faek (2)_ Muang Nga (2) Nong Thong Inthakil |
Rep 9 :9;56 28.469 55822 1.456 |
| Direction 3 8.133% 4.292" 10.467" 3.133"
Error 21 2.819 4.107 4.096 1.893

" Indicated non-significant difference.

mjuﬁ 7 11§10 4 @ueihdu Aeeausuarusadnaauiinia (1) Fuduamie
Sauinis () mudwaduinf vazdvetlss a1 EMs agluang 154 - 226
(Table 67) 1iindandundam ems molunguayludnuusfimiousu (homogeneous) 114
amsolSvuouiSmanisdiiaisue s lsnSeanumdome luusas fimesudaza v
unazngud Tnnhfoyaveasiaznguuins1z¥n19aia 1ne3T combined analysis of several

locations (Petersen, 1994)

Table 67. Analysis of variance of number of damaged inflorescences on different directions on
longan tree canopies obtained from four locations (group twoe) in Chiang Maj and

Lam Phun provinces in April 1997

Mean Square at locaion

Source df Nong Faek (1) Muang Nga (1) San Hua Wua Ban Hong |
T{;p - Y N 143.060 40.344 110.96 22493
Direction 3 42.692" 45.100° 149.67 127.77°
Error 27 22.636 15.359 18.815 18.896

Indicated non-sizmiiicant difference.
Indicated significant difference (p = 0.05).

[ndicated highly significant difference (p = 0.01).



150

HEINMITRLAIEAENEN MITNTIEHMIANILLANG 19989 S NTEIBANULEY
winuwrnaoni i e luiindie g 4 Re wohmsnsgneanudsnouuyessn lungu
i1 luidas i liiamuand iy waluadud 2 anudomouugeasnlufinas Suoon
s Tuanianuuand iy lasfirme Tuoenwuin 113 48 uand1991niines Tuan

£§ 1 L) W ] = y -y o 1 1 s
HINWU 8.63 FONDAU dIURADU b W“Uﬂ'}'1JTEH'F]’JT1JLﬁU'H18U|,lleﬂG]Nﬂ‘L! {Table 68)

Table 68. Mean damiged inflorescences on ditferent directions on longan tree canopics
obtained from group one and group two locations in April 1997 in Chiang Mai and

Lam Phun provinces

Location
Direction Group one Group two |
Marth - o 3152 - gﬂb
Enst 388a i1.30a
South 355a 10.38 ab
West i158a 3.63 b
_E\,w 0.05) 0.79 1.92

* Mean within a column followed by a commeon letter do nat differ

sigiiheantly according to least significant ditference test.
o " = e . 4 A @ oA w A
§ideaenign lsimelusdaziuvinunandeduldwudend Tunquil |1

AR A naunYa daoigaman 2.10 ¥ededu uazwmnafigaiidiuanuomes
Wity 530 YoRndy aadiuanusiudn 2) uazindiesdt ) wuduroasngniinie lu
aandtaiy @inhwindFeudvududuatenn 10 #u) (Table 69) @i longud 2 Aty
vusarn (1) tazmilesit () ved lugnihawinie 63 uaz 6.6 9o uandrsInaIThy
duirinazonnhulds Tavfimamduldmures logniiaegagn 1645 vododu
(RA0910 10 1) (Table 69)

Tasi lUudamsidihiaioiinnudoneuuyolunassonendloves lswy
aszvims i L@ euinsyniuiminsdise onduludeugainy fieuthungn

Mummiinanmunufoemaime uoenuinnmaneesiuan  gaungeu 9 ul

'
= o

amand iy lushwesdsaduladvharevessndwou 8 awndisn  aaungui 1
$1u 4 wou wumsnssvisves lsaiuauennis  vasRaaungui 2§ 4 @

WUANUT 101D PranonnIeiaes Juoanunn T msians Juan dmiunadu 9 luinnw
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UANAIIAN (Table 70) ANwAMIBveIYelutazsaaoniiaan s arunuasaudis
AU L UAAINE 1191990 IN AN VBN sud NIz LRI I NDIHINZAUMTBgoNdY

voals  Yang er aof (1995) ladnwimsuwinszanieves iatindy Phvllocoprruta oleivora

.
(=}

(Ashmead) Mdvhamsraduuududunwuin waduiegimuilovemsamugnlsaiiudunds
a - - Y [T as =% 9 = @ ' ] o Qad
Maguniga audlgnaduilezJusen Aaldvasfires Juanvaamsey edalsfau 1Al
FNUMITININszIeved raidnduiidiulngudlinsnse e aiauoimswu
UDIAUHY (Albrigo and McCoy, 1974 ; Allen and McCoy,1979)
[ = e & oy 1y we? ' ' ' =
dmiumsdiransail i ldanuimsnszaevetlsnndiuarisvesms swulilauds
g 1 1 o =
ueA (vertical dispersion) TuugnzAU 0613 15AMINNTI09IU9BY Pena and Baranowski (1990)
! ' L) 1 & '
yewunlimindn Phyllocopiruia  oleivora  (Ashmead) HFunannlugismimgedug
v & a4 oA { o
1.4-2.7 IATIHTOTZAUAUAY FawumInnMamuNgaoIniy 2.7-3.9 was 1399 0.2 -1.4 twas

- &
MuaIsAUIY

Table 69. Mean damaged inflorescences on longan tree canopies obtained from group
one and group two locations in April 1997 in Chiang Mai and Lam Phun

provinces

No. of damaged inflorescences

Group / location

Group one
Nong Fack (2) 240 b
Muang Nga (2) 435 b
Nong Thong 530 a
I [nthakil 210 ¢
[.SD (p=0.05) 0.79
| Group two
Nong Faek (1) 6.325 ¢
Muang Nga (1} 665 ¢
| San Hua Wua 1040 b
| Ban Hong 1645 a
LSD (=0.05) 1.93

* Means within a column of each group followed by a common letter

do not differ significantly according to least sigrificant difference test.
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Table 70.  Amnalysis of variance of number of damaged inflorescences in one square
mieter on different direction on longan tree canopies over four locations
in Chiang Mai and Lam Phun provinces. The data obtained from group

one and group two locations in April 1997

e Source df Mean Square
(iroup one Group two

| ocation 3 95.025 886.440"

Rep in location 16 24,089 129.820"

Direction 3 3.542" 52.523"

l.ocation x Directim 9 7.231 104.230"
1 Foaled error 108 3.239 18.927 |

" indicated highh significant difference (p= 0.01), " indicated significant difference (p = 0.15) and

indicated mom-significant differénce

asy
i =t L] - 1 é’ C!I 1
1INNIFIANTINEAINIBUNT0 U uazteaen TUNUA | A151UNAT YBINTIWY
nane  Gniin, Tdezfunen wezesiuen) wusely uazaesengnladihaedone
_ L - | .'q 3-{ p'.:s'o = o a O Ac’;m.é
1-50 alotmun Ty 6 Hutvoaaud lendisaaluil 2539-2540 dwsvulul 2541 il
arle  Tdlimiponaondena (off season) ANUIELMILYDIre luVUAL lLuaaziAlT 10U

= ¢ o = ' ' (e o
’ijﬂﬂﬁ\‘i WY 1-7 193U ﬂ')’llJLfTU“rﬂUUHGBBGLUWUﬂiziHU ]‘.Ull@ﬂﬂ'laﬂunﬂﬂﬁ an

Auimnatiingnisniaimu mwzlu@ougaian 2540 wasithunuewdn ) fania
doalvd lidouiinng 2541 wuanu@enisuuso lumaiaas Tueonuinn I nRou 9

A sumswimisiuseaond1 lewugasiignlstmonnsedaduyniia
vinedle s o vl wiaw 656 Yo smnmanundomeiinuluwaraau]
anuand i Taanguraud lodu 2 ngu nquns 4 wau MonSnunFemela
SuvBdEnENAN HUTINsAsERIEANUFeeveareaenngud 1 Tuudasielifauuan
aafy daulundui 2 wuSwauveaengniaieluidas Susenuinnatines Yuan

gunron 7 liianuuana1enu
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4.5 Smanlszninsveslsilaluggmaniaq

AT

'
o =

W = =~ ] G = 5 g g A = °
o nnImPusuud vionulinnevusely uazvesonitluilymdidyi
neasnIHUBGETID Halaumgannsganuvetls madiihmeveslsuurelunazvessn
WuMIn zeeAImsauvesd levamnia lesnin lsilvuaddinidnuina s onns
nsznw o lavlio hlfunszuaay visedn lifudna nazilnvesunasfindudenuan
= n..-.; Qs ' =Y a: 1 =1 b7 ] ar .d?J 1
yositad lsondeog UTuaveslsinuluumazggnin enlmndesuanarsduil o1viuey

Auiladonaiund1sMine 09 wiu Uyl AU%Y LEZFIINITRTYUVDINYDINRY
¢ A o o 1
aglszasn tlonsudnwandsznnseeslsdrleluggmanis g

FEmsnanoe

donaaui loftwudnsszuiaveslsienuaduon 4 @9u 80 1 uazaud 2
agludunnueuln sunamsd faniadoaln (Figure 82) ung (Figure 83) aaudl 3 oglu
fruamieail (Figure 84) uazaaudl 4 agludwatssalt (Figure 85) Sunoiles fmia
Ay lé'-lﬂi'g'u'.fiLJﬁ'l'frJﬁiLf‘fﬂdmﬂ’]iGLU‘H?HLLﬁzﬁQﬂLﬂémﬂquﬁﬂuﬁuﬁd 4 e (Meunile
neaziunan Beld nazArnz Juen) gouny 7-15 du

ﬁwmifr;fmﬁucﬁaﬁw“luﬁammmmﬂuw?r\qwm‘ﬁuﬁu 152 was  laufui
4 Tt Fistaz 1 #0 TITMuA 4 Fosiod TAEIFEUIRUAD Hall et ol (1991) uay Yang et al.

. o 1 g = o ' ) : b ' g o ' f =4
(1995) hwed loninuldluginszawihana uadldlunaesidunfinsoniudusigey
o o » e 4 o o 1@ v & &2 o '
Windui luvoaliams  wedlunmssawianwyed loliasmnuaauinan Jeaadiiure
s 2 g o o  w ow o e v o ] ' a
Mloladnd wvindndidguth nduqudvogiivivudesddnyunilaiunylundes i@y
wingemsas iy s dinsesaodudwau st Tevguiveear 5 1o leadenluniywie
1 i
Indifvain d1uoulshduiavue 20 Tudedu
lugnendr loviulud@ouiivinuuazinyou guiuAeNINEIA LY AL

S : R . ¥ a::'ulst o ul z:?-cl
5 aansau 20 Anndody ddeyad e lsmdeas lu

i - & = g oA Yo o =

tidsyagurgd anudy YSmanhdy Tundasimouuazilesiruaanuidonie

AN 13 1790 DMIALFURNS (correlation) fiuduilszanives lsdnivyluurazady
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Figure 82. Experimental site at Ban Nong Faek (1) Chiang Mai, showing selected longan trees of

Daw cultivar of number 1 to 7 for eriophyid mite study.
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Figure 83. Experimental site of Daw cultivar longan at Ban Nong Faek (2), Chiang Mai . Trees

with labels of 1 to 14 were selected for eriophyid mites study.
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Figure 84. Experimental site of Daw cultivar longan at low land orchard conditions

at Ban Luk.There were irrigated canals between rows. Trees with labels of

1 to 15 were selected for eriophyid mite.
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Figure 85. Experimental site of Daw cultivar longan at low land orchard condition at Ban San
Hua Wua, Lam Phun respectively. There were irrigated canals between rows.

Trees with labels of 1 to 15 were selected for eriophyid mite.
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HANIINNNBI

pamsd159lul 2540

aaudl 1 uaen (1)

- ¥ ' ¢ ] - a 1 q = % = &

Guwvr lsvwrelulwdeunuaniutmie 74 dwiolu wagwuilsualsgednass
lAnunIng N Y 147 AR 1U (Table 71)

AL 2 ueasn (2)

- ! - o a a4 o A
i lsgnideundimsdisn wulilSuagsludeudivny  nazidnu
n 1 L - @ t

waew 33 luyasndt leumy lamae 55-72 Aadelu

Tl 3 aunlo

wuliua ligegaluw@ouiivny wuRerduaun 2 Taowy lsmie 257 dde
an

aauii 4 thudunis

T lsdeTuwugeludouliving nazwwouafeafuaiui 2 uazaaui 3

Taswulsn o 131-177 daaoly (Table 71)

¥
W

o 1 = ¥ o i a 3/ =t g 1
nnmianewud lsdvedimeseludiloldaasailis 4 o Tugoegg

¥
P

warwlina lsdoudnades  lwfouSumeuwulSunalsgeduiudmnannfeunn
auFaiduiaonilovw  lsderrvganuuiinuilivesrenonoiauuniu. ild
mﬂnﬁqui e sdndmenynd 'fmmﬂﬁ'ammmmsﬁgﬂﬁmw"lﬁ%mmmuﬁu Tu
douwnuniilizwns lsiiwouaaamnmu aungoiaianasnd luiinisngasaniy
anwssis i meniionlshmedinmaas s wwdendy wasdugaeishifing
wanao ludou smsdodudiduisid lodimsdauen ludsfounsngaszanns 153
$iwandtniuBna i ﬁ':}uuﬁau@amuﬁu"[mmﬂ-ﬁu”]ué-au%‘nﬂiud FJanudszans s
unaeudiniy @ounwgadnowlsidnauaeasondumau 3 uaraau 4 Sedradinsuan
W lusaung tazideutunauwy lsduandonfiounnaiu (Table 71)

A I assansvoslsdnasunlas T luudazggmaoniiung
AUAAIMNTDINIF LAZANINUDIND uaﬂmm{ﬁaﬁuagﬁumiiTﬂﬂﬁﬂW"leﬁ‘u (Manson and

Oldfield, 1996 - Oldficld and Michalska, 1996)
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nansa15290 141 2541
o _ H aa e = o o ' ¥
Umnzalgn 2541 Hhidlid lelinsesnaendanatiooin anwoinisreud
o W = W o ! ] 1
wiand e 15ia lsiwureudisiseninil 2540
aIun 1 vuedn (1)
nuls 7.4 @1 aelulw@ouiiuiny war 9.17 dwely ludounguainy wds
¥ v
vinviu ldwu lidnmonanal) aautidr loluoenaen (Table 72)
AIUN 2 HUBIHN (2)
dy = =i 1 ar o = 1 o '
g Wranaagaludl 2539 uandwimnubudian vy lolinsousnlu
Tyl nasseuesdonsvees 8110 1ud ludmsunsseaonmilouaiud 1 USuialsiwuiles
IWUIALINY (Table 72)
FIT 3 @i
' i o =i 1 =i -4 =i -~ =y
woliualsgealwdoulmay wudsinuludl 2540 Wwewmmieulinnlias
’ o ¥ v
a1a01uIn unsnvudnni ludoungumau vasenuuny liwu lsdnae(Table 72)
il 4 Yuaduiin
1 -~ n:i ] < & cé
szgilmutsnndounisendrinn lasnudfnugslu@oungunian Fwuen
1 =1 ‘.‘ 1 r-1 = I =4 :: =)
sanml 2540 diwu'lsnnlugiseeneemdouueion  wudsum lsgednadiluwdon

= < & 1 P a ' )
Famaw degaan Fadurand louanvelulng (Table 72)
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Table7!. Number of eriophyid mites per leaf observed longan trees at from location in Chiang

Mai and Lam Phun provinces during December 1996 through Decemtber 1997

No. of mite leaf

Muang Nga

San Hua Wua

Month Nong Faek (1) Nong Faek (2)
December - 04K ds U2 b -
Ty i d 091 b
‘ebruary 74.16  ab 314 b
| Murch 2036  bed 7240 a
Agpril 2281 bed 3450 a
May nu) 4 00 b
Tune 49.24  be 1386 b
July 46.50 a 2618 b
Adlnust 4690 be 034 b
| Seprember 922 «cod 136 b
Dciober 3334 bod Qi b
Movember 678 ol 1.92 b
bevember 348 od 134 b
** Tested trees were at [lowenng stage,
*

LSDp= D05

6.03
98]
30.84
15690
136,10
13.60
4.14
13.75
6.38
20.41
28.06
2088
2212

cd
cd
c
a
b
cd
d
cd
cd
cd
Cd
Cd
Cd

Mean followed by same letter in the same row are not significantly different according lo

503 «d
b ed
13.8%  bed
131,30 a
176,30 a
000 d |
30.86  be
8339 b
1266 bed
2847 be
3095 be
GEY b
6.48 cd

[able 72. Number of eriophyid mites per leaf observed longan trees at from location in Chiang

Mai and Lam Phun provinces during March 1998 through December 1998

No. of mite leaf

-—

Wlonéh Nong Fack (1) Nong Faek (2) Muang Nga San Hua Wua

-‘:' rch - N 7.14 2.96 46.05 4.93
0.00 “Uu 2.53 Y54

9.76 1.79 18.96 4327

0.00 0.00 6.03 19.18

0.00 0.00 Ry 345

0.00 0.00 0.00 30.73

G.n ¢.00 0.84 18 9%

Cietober 0.00 c.oe 0.00 20.62
Mivemiber G 0.00 Q.87 8.39
0.00 5139

December PR 0.00
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Figure 86. Few number of fruits were produced on mite infested inflorescence.

Table 73. Comparisons of fruit per inflorescence of longan observed from normal and mite

damage at Pa Kha and Baxrl Hong

No. of Inflorescences No. of fruit per inflorescence
Location observed Mite damage T SE  Normal X SE  Student’s ¢
Pa Kha 100 330+ 0.42 239t 112 15.99%*
Ban Hong (1) 132 1.64 £ 0.21 21.89 F1.35 16.96%
Ban Hong (2) 836 2,091 0.09 16.13% 1.0 31.31%+

** Indicated significant different between fruit set sample at p =0.01 according to Student's ¢ Test.

oyl

1
=4

Tasimsganuvesls  Twansznusesantavesd leveasniign lsinihme

linana vionaana lana lueuysallisuiy 2-3 nadose laomas
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penrAmEeslsdlo 4 dimocarpi (Kuang) uamwgaimgiimis £ SD i 2511

a i df v @ o a ¢ o 4 1 &y o
+0.92 aumummAnE ANLTURNTIREY 68.08 t 3.55 wesirud wuszeznmIRIYAY
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Ta¥ 4 szuedionune szozlal doouszuzi | (WAAIASIN 1) A19auTLe=N 2 (WneIndTan

. 3 e 1 o c:r’ 1 o O
2} UAEITUZANANIY ‘H?Qﬂ’l'ﬁ‘Wﬂﬂ’J'ﬂ@ﬂulﬁ 2 ATINOUUUAUANIY Sternlicht and Goldenberg

3
ar

¥ '
(1996)  TONTZDZMTHNAIATIN 31 “nymphochrysalis”  LAYISOSHAAINSIN 2

“wnagochrysalis”
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oo liuussadundumazdumyliveuivs 0 egnszneiuiinavenden Taowy'ly
SRS 14— 46 Mo 1nab 2125 Howrosonseuvosdundidle | §u sadmianluns
vua 415 vloe ludnvargilsreneudrenan Tuuanidne 0.036 +0.004 Tadims 81 0.043
+ 0.004 Indas (Figure 87) Tifaln o ﬁﬁ“UTJ1ﬁtlﬁ$ﬁﬂ1‘ilﬂéﬂuuﬂmkﬂu?T“ll’l’)‘lju‘ﬁu
Bou q wnseisinoeniludideuldnaunie 2.88 £ 0.31 3u (29 2.5 — 4 u) (Table 74) 54
Hneonifludiseu Tsiilneendiudseuiiinnuiggai 62 921w 2.58 Tw) 1w laid

v
fnvianna 283 Wod (68 1o31Hud)

Figure 87. Eggs of Aceria dimocarpi (Kuang) with rounded shape and translucent white.

100 X magnification {(arrow).
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fhoeuszezil 1 doouweslsiloszozdl 1 50091 larva Uanwazdidadun
aoutnala nAe 0.037 ladwms o7 0.104 atuas (Figure 88) Aeufiinoaniny o
- ) Y & 3. & &
fimsmfeulnid ndngaduiisuds vwedidiszvsvenin  Idizoznannie

¥ . 3! ] ' '

0.94 & 0.19 Ju FalimsHn@InsaN 1 ¥aeiilsezngatiuens uazmsiegiun oIy
ki @ o [] . cl a 9 ar Qs 94 L] ar a o as =
a51andad @21l (quiescent stage) 1 MNdunednums Idedraganuy  misdea sl
anuozle AUIRaIE3 0.039 Aadmas 017 0.132 HaawAs A AMBIANTY LazTUBIa 1A
' ot g = ' . o a1 a T A e a {
fow 9 nAoududuiyy (Figure 89) aunTauiludsoussesi 2 Hreszoznavindunde

0.69 = 0.12 14 (Table 74)

Figure 88. Worm like shape of larval stage of 4ceria dimocarpi (Kuang) with tapering at both

ends of the body. 100X magnification.

Figure 89. Quiescent of dceria dimocarpi (Kuang) consisting of first quiescence (Q1) and second
quiescence (Q2). The bodies of both stages were quite straight with translucent white

color. The body of Q2 was bigger than body of QI. 100 X magnificant.
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MvouszEh 2 Mdouvaslsdrloszoh 2 50011 nymph HdnpyaizddIRUIIYY
@ o 2 ] o @ w8 w = =] YN
wnszdmdesseulianaramoiud ufuTuualivinadaniy Ianwndie 0.041 Nadiung
017 0.142 Hadwas (Figure 90) TrvziSuRumsviuiivdsninaenasiy  Imsmbeu’lnl
] 1 o3 3) = ar 2 A s 3 =t - 9 @ o
ANDIARIMGZ T3 15520201000 0.76 T 0.19 4 TelMInNnAIATIR 2 eadeniiad
r ¥ 8 . "

A idsuutasgdinte msindasseelindedunsdindansan 1 uanseduitivinalng
1 é a ol =y “y ) = & e ¢=‘
A1 Fllvwadindy 0047 Hadwas 10 0152 dadwas l¥szozaindunie

o =R o o a og/’ L2 DL @ = = w o o
0.85 & 027 Yu Ysaenanudluduanis Tauszozdua launsziaeSydlududuiolfom

R0 6.11 U (Table 74)

Figure 90. Nymph of Aceria dimocarpi (Kuang) with opaque white color.

100X magnification.

sH i WA I
v g W o o d a4 T =) o ar d 1 A g o
andndy g leAududodioonainasiulni « fvesdiay Wudvifuesaads
WNAWSes q  u1adidvdes wiedEasy wuedwindie 0.054 faduas
917 0.210 Hodwas (Figure 91) Himsmaoulvindoumad uazaziueIMsAUANGIRIN
ABNATTY ¥I9T28LAOUNISINY (Preoviposition period) 2-4 Ju lsvznelviuas 1 weg
[ a o 1 T Y] o =1 a a
pgdszana 1-5 Juannszveats daulvg Limondawinvgansdududeliengimay

1 » v

5.2 % 1.03 334 (Table 75) $waulinnenaruasnls 14 & fdwau 34 vloa ndy 0.9 Heosdo

U (Table 76)

Figure 91. Creamy color of adult Aceria dimocarpi (Kuang).
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Table 74. Duration of developmental periods of four legs mite Aceria dimocarpi (Kuang)

(in days) under laboratory conditions at the temperature of 25.11 £ 0.92 C and relative

humidity of 68.06 1 3.55 % RH

No. of mites No. of days '
Developmental stage observed {(Mean * SD)
| Egg e 283 2.88 £0.31
| Larva 85 0.9410.19
Quiescence (nvmphochrysalis) 72 0.69 X 0.12
Nymph 57 0.76 £0.19
| Quiescence 2 [imagnchrysalis) 41 0.85£0.27 |
Total {egg to adult) 34 6.11+0.36

Table 75.  Duration in days of Aceriu dimocarpi (Kuang) in adult stage under laboratory

conditions

' No. of mites No. of days Rzu:ge 3
ohserved {mean * SD) (days)
I_l‘:eovipo.\'iiion period N i4 2431064 2-4
Oviposition period to death 14 271 £ 1.49 1-6
i Total 14 520+ 1.25_ I;—

Table 76. Number of eggs laid by each Aceria dimocarpi (Kuang) female

| No. of mites observed Total no. eggs laid Average no.

of eggs laid per day

| 14 34

091
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Figure 92. The survival curve of Aeeria dimocarpi (Kuang) from larva to adult ; QI, first

quiescent stage and Q2, second quiescent stage.
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Table 77. Number of leaf ¢curl shoots on Daw and Beaw Keaw cultivars were removed

and number of tags on removed position

Hight
Tree No. Cultivar (m)
I. Daw 4.5
2. Beaw Keaw 6.5
3. Beaw Keaw 0.0
4, Beaw Keaw 50
5. Beaw Keaw 5.0
8. Beaw Keaw 5.0
| 7. Beaw Keaw 45
8. Beaw Keaw 6.0
9. Daw 4.5
| 10. Daw 35
11. Beaw Keaw 5.5
| 12. Beaw Keaw 6.0
| 13. Beaw Keaw 4.5
14. Daw 4
15. Daw 4.5

Canopy

(m)
6.3
8.8
8.0
7.8
8.2
8.6
9.2
8.2
7.12
7.4
7.0
7.2
7.9
9.0
73

No. of tags on

No. of leaf curl removed
shoots removed position
635 300
368 158
354 200
534 200
1,010 200
779 200
1,083 200
400 200
267 200
57 57
3,157 300
1,300 200
553 200
68 68

85 &5
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Figure 93. Experimental field lay-out for chemical application on mite infested longan trees at Ban
Luk, Pa Heaw, Lam Phun in 1997. Six treatments were treated on 10 Beaw Keaw (BK) and 5
Daw (D) cultivars and the treatments were comprised as follows : T1 = amitraz, T2 = amitraz
and covered with bag, T3 = propagite, T4 = propagite and covered with bag, T5 = check, and
T6 = check, covered with bag.
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Figure 94.  Pencent of leaf curl shoots of longan, Daw cultivar, caused by eriophyid mite (dceria dimocarpi ). Tested trees
were sprayed two times with different kinds of aciricides together with bagging and without bagging. Results were recored

one meonth after second application of acaricide.
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Table 78. Number of original leaf curl inflorescences observed on selected longan trees of Daw
cultivar. All leaf curl shoots on individual trees were removed and removal positions
were tagged. Then numbers of new shoots, new shoots with curly leaves and percents

o

of leaf curl shoots were observed

F F No. of No. of leaf curl Leaf eurl shoot
Tree No.  original shoot  No. of new shoot shoot (%)
‘ 1 . 15—- 29 10 34.48
2 15 41 9 21.95
3 15 41 ‘ 12 29.27
4 15 21 3 14.29
5 20 57 36 63.16
6 20 43 16 37.21
7 20 16 6 375
8 20 45 10 22.22
9 20 34 11 32.35
10 15 39 11 29.73
11 15 11 1 9.90
12 15 2] 10 47.62
13 20 45 15 33.33
14 15 28 13 46.43
15 20 15 3 20.00
16 20 45 i5 33.33
17 20 32 12 37.50
18 15 24 13 54.17
19 15 20 2 10.00
20 20 40 6 15.00
Z 345 647 214 &
Mean 17.25 32.35 10.7 33.08 |
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Table 79. Lggs of longan mite on apical leaves observed before the application of acaricides.

After application, percentages of larvae hatched out and leaf curl were recorded

No. of larvae

No. of eggs on apical leaf hatched out (%) Leaf curl (%)
Acaricide (August 11, 1998) (August 14, 1998) (November 24, 1998)
T1 (abamuclin)— i 6.0 *(2-10) 73 ) 40
T2 (wettable sulfur) 5.8 (4-6) 0 20
T3 (propagite) 7.0(3-12) 23 20
T4 (bromopropylate) 8.6 (I-17) ok 40
T35 (methiocarh) 10.4 (4-23}) ** 0
T6 (formetanate) 13.8 (2-23) 54 0

T7 (untreated Ck.) 6.6 (3-10) 73 40

*Means observed on 5 apical leaves of Jongan seedlings.

**Only cgg shells were found, no larvae.
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Figure 96. Shorter erineum was produced on noninfested leaf (A) as compared with

infested leaf (B).

Table 80. Erineum lengths and densities observed on subsequent newly produced leaves as

influence by longan mite fed on the older leaves at different feeding durations

Feeding duratien (hr) Length of erineum (JL) Erineal density (3 mmz)
Unknown* 2516 a **
Normal leaf, from orchard conditions 1225 «d b3
2 hours 13.15 be 3170 a
4 hours 11,36 cde 260.8 abe
6 hours 12.64  bed 1542  be
12 hours 1277 bed 199.0 abe
24 hours 10.91  de 267.8 ab
48 hours 1473 b ¥
0 hour 944 ¢ 140.8 ¢

*Natural infested leaf with curled symptoms,
**High density of erineum, uncountable.

*No sample observed.
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Table 81. Number of Jndarbela sp. observed on decline trees at different longan orchards

No. of Indarbelu sp.

No. of tree Attack No. of Indurbela sp.
Location Date investigated Current Past attack Fotal per tree
| attack

Nam Bo Luang March 1197 50 185 138 323 6.46
Mud Ka March 13.97 50 25 12 37 0.74
Pa Kha March 28,97 38 46 37 | 83 2.18
Muang Nga (1) | April 3,97 30 52 s | 87 2.90
Muang Nga (2) April 8,97 35 14 31 : 45 1.29
Mam Bo Luang luary 27,98 50 622 98 720 14.4
P Heaw Jarmiary 27,98 50 691 31 1002 20.04
Mae Hea February 3,98 l 50 683 110 93 15.86

| ‘ 39 | 2318 | ™ 3,090 8.75
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Significant Difference Test (LSD)

HAN1INADDA
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waraulna
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grunanulndifoidumis 10-15 dadedu diudud loanwlnfveusas eIy wurUou
$1uUTpumAY 0.12-0.60 #9adU (Table 82) Vite (1961) 399U MTAIR I 10UDIVUDU
s W a o Y oA A a v 3
Wizdduaiiaa1s q UnwpuuAuNsuaaoInsnialnsy  Teamwzluanziudwds
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Table 82. Number of bark cating borer observed on normal and declined longan trees at

difference longan orchard

Mean number of bark eating borer per tree = SD

Declined Tree Normal Tree Student’s ¢

Location Date (Mean + SD) {Mean + SD)

Nam Bo Luang March 10, 1998 9.96 £5.05 0.60 + 1.28 13.01
Mae Hea March 26, 199§ 15.00x 7.73 058 = 1.13 12.82°
Pa Heaw March 19, 1998 14.16 + 8.82 0.12 £0.44 11.20°

" Indicated significant difference between mean number of the bark eating borer from declined and normal

longan trees at p = 0.05.
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5.2.2 Manszagvasrusunuldsnuudui lefnanieintsniey
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Table 83, Number of bark eating borers observed on lower, middle and upper parts of stem of

declined longan trees at Nam Bo luang, Mae Hea and Pa Heaw

No. of bark eating borers

| Location upper lower upper middle upper part
Nam Bo Luang 0.37a* 4.80b 4.67b
| Mae Hea 0.76a 15.14c 5.99

Pa Heaw 0.32a 4.50b 4.39%

* Mean within rows not sharing a common letter differ significantly (p=0.03) according to Least Signiticanly

Difference Test{LSD).
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HAN1INAR[D

5.3.1 N5 RNV HAKNEY
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Ghe 1 AUNTNIS (Mangifera sp. : Anacardiaceae) W1 (Nephelium sp. : Sapindaceae)
G (Citrus sp. : Rutaceae) 1nld (Theobroma sp: Syerculiaceae) ﬁummﬁ
=~
(Albizia sp.: Lepuminoseae) Wudy Holloway (1986)
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= - e ¥ e 9 g o .
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s YY) = a a 2 ny = <3 o '
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o = , Py ' ' Yo W] A
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ar o
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A. Adult male Indarbela sp. B. Genitalia of Indarbela sp.

C. Adult Indarbela obliquifasciata D. Adult Indarbela dea

Figure 97. Morphological aspect of adult male Indarbela sp.(A); genitalia of
Indarbela sp. (B); adult Indarbela obliquifasciata (C); and adult of
Indarbela dea (D).
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A. Adult female Indarbela sp. (1) B. Egg mass

ol o e

- a
el

C. Full grown larva D. Pupa

Figure 98. Morphological aspect of aduli female Indarbela sp. (I)A; egg mass B;

full grown larva C; and pupa D.

Frequency
#
i

Head capsute width (mm)

Figure 99. Frequency distribution of head capsule of bark eating borer Indarbela sp. (I).
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Table 84. Width of the head capsule of Indarbela sp. in successive larval instars

Larval No. of larvae Observed width of head capsule
- instar measured ~ {(mm) Growth ratio

Rang Mean = SD

1 47 0.20-0.30 0.24 £0.01

2 44 0.50-0.90 0.671£0.12 2.8289

3 38 120-1.80  149%£0.15 2.2291

4 48 2.00-2.80 2.38£0.27 1.5986

5 52 3.00-3.30 3.05£0.11 1.2817

6 67 3.50-3.80 3.59%0.12 1.1762

7 59 4.00-4.40 40810.13 1.1365

8 53 4.50-5.00 4.65=0.21 1.1400

Pooled x2= 0.068"° mean geometric growth ratio= 1.63

o 9 =Y A 1 2 a o =
anuausavusunulasn w*u’lum:n]awmauqumwummmmﬂu iﬂU‘W‘UﬂJ']ﬂnlu
yqday

A ar 1 < e ar ’
wouiininy anudldimiauns U519 000U obtect VWIAANLAL1T 14.3012.79 wazniig
A . o 3 o 4 YA ar &2
3.4910.63 Tatuuns (Figure 98D) svozdnud 21.5 £227 Ju #lndfeanunisfnyives
Beeson {1941)
= = W 1 =) 4 a_¥ ¥ o =
p1nn1silSoueugasinisegsoavesmusuinaendduuudud lefinansains
¥ o -~ i 1 ¥ o = w ' o o 4 (Y
rapguazdud lodnd wudidasimisgionuudud leUnamiy 11.67 wesisud uazdai

) a A Y o = P-4
ﬂﬁﬁ)giﬂﬂ‘u@\‘Wiu@uﬂuﬁjﬁ@ﬂﬂuﬁuﬁ’lllﬂ‘ﬂuﬁﬂﬁﬂ'lﬂTi3’7\‘1@8 33.33 L'ﬂ.@il“ﬁu@] (Table 85)

Table 85. Survival rate of longan bark eating borer, indarbela sp. (1) observed on normal and

declined longan trees infested with larvae in the orchard at Amphur Muang, Chiang Mai

No. of larvae

Tree condition infested No. of adult emerged Rate of survival

Normal 60 7 11.67

Decline 24 8 33.33
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¥, danimsegsenuazymsesnduduiuTave mueudunldenluamwulasilgn uaslu
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53.57 % auamseenidudupuisvosmidorusuniuildonwuluriudsuwrounasaia

k4
wounaluannuilasgnuaz 1sudoumiz 91 (Table 86)

Table 86. The emergence period and percentage of survival of adult longan bark eating /ndarbela
sp. 1l nursery conditions, at Chiang Mai Untversity and in natural conditions at Ban Mae
Hea and Nam Bo luang, Chiang Mai in 1998. Each individual larva on longan tree was

covered with net and observed until the adult emerged

No. of larvae No. of adult Adult
Location observed Date of adult emerged emerged emerged (%)
1. Nursery 34 1-4--]9_98, 6-4-1998, 16-4-1998 - 9 _ 26.47 N
2. Mae Hea 16 6-4-1998, 7-4-1998, 10-4-1998, 10 62.50
[5-4-1998 |
3. Nam Bo 20 6-4-1998, 12-4-1998, 14-4- 13 75.00

[Luang 1998, 19-4-1998, 25-4-1998

I'otal 70 34 54.66 |
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Figure 100 . The number of adult Indarbela sp. emergence in the nursery condition, and

in the natural condition at Ban Nam Bo Luang and Mea Hea in 1998,
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Table 87. The length of tunnel extended from the shelter tunnels at day and night

Condition Extension of tunnel (cm) = SD

Day Night
Orchard 0.0210.09a* ' 1.03£1.18b
Laboratory 0.0410.14a 2.29%1.55b

* Means within a row followed by the same letter do not differ significantly from each other by

Student’ s ¢ test,
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Table 88. Comparison of sizes of longan leaves observed on decline branches without and

decline branches with /ndarbela sp. damages

Tree branch condition Leaf width (cm) Leaf length (cm)

f
Decline without Indarbela sp. damage 4.09 12.27
Decline with /ndarbela sp. damage 3.67 10.82
Student’ s £ test 2.101* 2.101*

* Indicated significant difference between leaf samples of p=0.01.
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Han1INated

¥ )
s =

AN 1 1 2540

NI NAADIWUN AIROUNDY Steinernema carpocapsae mmmﬁmﬂﬂ’ﬂumsmu

- ral o 9 Y g 1 Y = =
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Ao Lar L uduAnSIm A 71-81.25 adidud (Table 89)

Table 89. Percent of longan bark eating /ndarbeln sp. being attacked and killed by artificially

infested with nematode, Steinernema carpocapsae in orchard conditions at Ban Pa

Heaw, Muang, Lam Phun

Date No. of larvae tested Mortality percentages
Octc&er 5, 1997; : TOO o 95
September 21, 1997 100 100
December 24, 1997 100 88

| Mean 100 94.33

w
ar

asan 21 2541

¥ L4 '
1INMINARDINY 4 A5 TwRau Aumou qainy woATRoY LazEuNAY 2541 9

gugiindy 30.9411.13 seruwnifen uazfinnududuing 72.1347.62 RE wudh 1dideu

How Steinernema  carpocapsae WUsz@ninmlumsilostudtanusuiunlfonddu1dan

£ o o « & ! . . c'f = o & o
fatd 88.5 Wlosmiug 3999901A A1FHNAY fenitrothion LAY UTaYnUNTY BT Fadise

ansamlumsniuny 69 uaz 4325 1Wesidud A1mdu (Table 90)
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Table 90. Percent of longan bark eating being attacking and killed by nematodes (Steinernema

carpocapsae), Bacillus thuringiensis (Florbac®) and fenitrothion (Sumithion®)

in orchard conditions at Pa Heaw and Mae Hea

Percent cl)flarval mortality T

| Date Location Nematode Florbac Sumithion )
September, 1995 Pa Heaw 90 51 90
October, 1998 Mae Hea 96 36 68
| November, 1998 Mae Hea 98 50 64
December, 1998 Mae Hea 70 36 54

Mean 88.50a* 43.25¢ . 69.00b |

* Mean followed by the same leiter in the same row are not significantly different according to LSD {(p=0.05).
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a1z UIN e Conopomorpha sinensis
uazrvenvouludle Conopomorpha litchiella

(Lepidoptera: Gracillariidae)
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6. HuRMNLAIE ) lemaznueureuly [L.epidoptera : Gracilariidae]
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Figure 101. Longan leaf damaged by leaf miner (A} and in absence of fruit setting, fruit borer

attacked on young twig (B) .
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Table 91. Number of longan leaf miner (C. litchielia} and longan fruit borer (C. sinensis) from
light trans inlongan orchard , Mae Hea agnicultural research and training station,

Chiang Mai

Number of Number of leaf miner Number of fruit borer
Date light traps caught from light traps caught from light traps
28 Oct, 1993 0
6§ Nov, 1998 8 |
13 Nov, 1948 10
| Dec. 1998 7
10 Dec, |90y 8
23 Dec, 198 9 - t
27 Jan, 1999 8
24 lan, (99Y 10 2

3/ ¥
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F=1 g 1 ,_y r"l r =i 3 = 4
witlen TunRazfiudinanisnaass wuh Ussyinsveskidorususoulunaziifornuauine

5 1 a  d a - =) '
Trluanafiou garay 2541 89 quawut 2542 Renuwiifr lunuauasay (Table 92)

Table 92. Number of longan leat miner (C. litchiella} and longan fruit borer (C. sinensis)

from different color of sticky traps in longan orchard , Mae Hea agricultural research

and traiming station, Chiang Mai

Plant Number of lengan leal miner Number of longan fruit borer
growth from different color from different color
stage (10 traps) (10 traps)
Date black red green | black red green
13 Nov, 1998 N&* . . - I -
26 Nov, 1998 NS 3 = - - 9
22 Dec, 1998 NS5 = - +
28 Jan, 1999 NS -

Il Feb, 1999 NS & < $ e

* NS = no shoot produced

I v L '
$ruaufifovesruewnzdy uazvusurenlufhdudnnmamilvrfiruiunidy
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Table 93. Number of longan leaf miner (C. liichiella) and longan fruit borer (C. sinensis) from

different color of sticky traps in longan orchard, Amphur Pa Sang. Lam Phun

‘ Date

6 Oct, 1995
22 Oct. 199k
29 Qct, 1998
3 Nov, 1998
26 Nov, 1998
9 Dec. 199x
24 Dec, 1998
7 Jan, 1999
28 Jan, 1999
4 TFeb. 1999
11 Feb, 1599
16 Feb, 1999
4 Mar, 1999
22 Apr, 1999
3 May, 1999
27 May. 1999
1§ Jun, 1999
13 Jul, 1999

HEAug, 1999

Plant

growth stage

Number of longan leaf miner

from different color

Number of longan fruit borer |

from different color

* NS = No shoot produced.

(20 traps) (20 traps)
Black Red Blue Yellow | Black Red Blue Yellow '
Ng* 3 6 - - - - - \
NS - - L
NS - - - - - - - |
NS - | - - - ‘
NS - - - - - - -
NS - - 2 ’
NS - - -
NS - - - - - -
NS - - - - -
St 5 I | q - 3 1
S - - - - -
NS - - - -
IFlower - - - - - -
Flower and fruit 2 - 9 10 19 13
Fruit 2 - - - - 2 2 2
Fruit - - 1 2 | 2 -
Fruit - - - 5 6 3 -
Fruit 2 - I 4 1 4 3
larvested < - - -
B Tokal 12 9 H 7 20 23 Z’L 19 B

** 5= Young shoot produced with new apical leaves.
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Athuiduihins fusad loslddudile 2 afs afsusnwdenuiiaaumiioad (10
AR, 2540) 21UIUHATIADUTUNTTILIU 510 W SR INMUDUIZE) 348
W (68.24 %) uazUHAUNA 162 Wa (31.7 %) Buadei 2 Sult 1 Aomen Famdosiudo 7
HB34 678 Ha Druot iz ad i 564 wa (83 %) WAUAN 124 WA (18.29 %) uazuaina
63 WA (9.29 %) (Table 94) NMINNIFeRAVUALILLAVREINAT T UA T TIAA

B ¥

PINHUDUTZTT WURUDUAINIAY 3.85 % (WUINHAE WRIMUA 337 Wa)

Table 94. Number of fruit drop per 20 plant, size of fruit index and several fruit damages at

Muang Nga and Tha Thum, Lam Phun

Total fruit Fruit index™ Fruit borer Natural Normal
Location and Date drop (Mean T SE) damage (%) crack (%)
' Muang Nga
| Jul 10, 1997 101 19.5 0.14 74.26 0 25.74
Jul 18, 1997 153 18.84 0.31 41.18 0 58.82
Jul 24,1997 816 22.74 0.21 27.08 29.66 4326
Aug 1, 1997 609 22.56 0.08 62.23 28.24 24.96
Aug 11, 1997%* 790 - 245 - -
Tha Thum |
Jul 10, 1997 510 19.51 0.08 68.24 .0 317
Aug 1, 1997 678 23.55 0.08 - 83.19 18.29 9.29
Aug L], 1997%* 337 - 3.85 -

* Mean of fruit size index, the addition of fruit width in mm and fruit length in mm divided by 2.

** August 1997 Harvested.

Y. AUKNAT9910 1 U

nmmsaquﬁuﬁusauIﬂuﬁuﬁmummaamaﬂuﬁaumsLﬁmﬁm WmMsns917y
ARSIPDRYL 4 934 IIWITOLOARINUA 25 Tu WLIUIURATIVINLA 939 Hadedy i
ATE ORI NMLBUIITE 22-49 % HANAN 38-63 % LATNALNG 18-45 % (Table 95)
AL E TR A LM 1 TR um an sz 39 % Amduimsnradag

lszuna 4 Alansy oAy 1MIN 10 WA WAy 110.8 N5Y)
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Table 95. Number of fruit drop per plant accumulated at 5-7 days interval, size of fruit index

and various damage of fruit at Muang Nga Lam Phun

Total fruit Fruit index*  Fruit borer Natural Normal
| Location and Date drop {Mean * SE) damage crack (%)
_Jl._ll lé“l997 98_ _IS.SEiES_ 40.82 (40) _ 0_ 59.18(58;
Jul 24 1997 130 20.2510.23 22 (42) 38.46 (50) 44.62 (58)
Jul 311997 371 20.76 £0.23 31.54(117) 63.07 (234) 17.99 (66)
Aug 51997 340 219710.10 48.53 (165) 61.18 {208) 20.00 (68)
Total (25 days) 939 364 - -

* Mean of fruit size index, the addition of fruit width in mm and fruit length in mm divided by 2.
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Table 96. Number of larvae of longan leaf miner (Conopomorpha litchiella) and percent leaf
damage observed atrandem on 150 shoots of longan Daw cultivar in the orchard

at Ban Pa Heaw, Muang, Lam Phun

Date No. of larvae from150 shoots Leaf damage (%)
May 12, 1998 7 8.75
May 27, 1998 14 : 26.25
Jun 10, 1998 1 : 14.92
Jun 25, 1998 279 51.33
Jul 14, 1998 0 ' 50.08
Jul 29, 1998 0 41.92
Aug 11, 1998 0 0
Sep 21, 1998 0] . 0
Oct 7, 1998 16 1.33
Nov 10, 1998 * 14.42
Deac 15, 1998 *_ 0
Jun 1998 | * : ]
Feb 1998 * ' 0
Mar 1998 * 0

* No Sampling
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Table 97. Growth stages of langan leaf miner (Conopomorpha litchiella) observed in laboratory

conditions
Stage No. of insects Mean & SD (Days) Range (Days)
Egg 3 2.67t 0.57 2-3
Larva 5 8.60 £ 1.52 7-10
Pupa 4 6.50+1.00 5-7

Adulr 4 2.50+0.57 2-3
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(A) (B)

()

Figure 102. Characteristics of longan leaf miner,Conopomorpha litchielia ; Egg (A),
Larva (B), Pupa (C)and Adult (D).
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Table 98. Number of pupae of longan leaf miner (Conopomorpha litchielia) collected from the
orchard on different dates. The pupae were kept in laboratory conditions and then
observed for number of adults emerged, number of parasitoids and percent of leaf

miners being parasitized

Date of pupa No. of No. of adult No. of Parasized |
L.ocation collection leaf miner pupa Emerged parasitoid host (%)
Pa Heaw """"";4;{_31, 1998 627 | 321 351 7“-47.77

Jun 17, 1998 104 73 31 29.81

Jun 30, 1998 120 51 69 57.50

Jul 14, 1998 0 0 0 0

Aug 11, 1998 22 {2 ' 1o 45.45 |

Aug 28, 1998 112 60 52 46.43 |

Tha Tum Aug 10, 1999 620 410 210 33.87
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9 1
{Treatment) 1éum

S S

50 1. (T1) Bacillus thuringiensis (Bt) 8,500 IU/mg 99131 45 Uoda# i1l 20 frs
359 2. (T2) carbaryl 85 % WP 8091 30 nTuA0i1 20 fns

] ¥
759 3. (T3) lambda cyhalothrin 2.5 % EC 9931 10 HaaaaInal 20 aa3

339 4. (T4) Check liwWueTA
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- Y | y g o o P, o 5 V
2 U check HUMIWITIA1E 4.58 % g lureR tgasauny tosiguanisihiatodini
1% Tugeh luldnuensmll (Untreated Check) check wumssiangvesnuausoulugigs
4 1
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A o o | e oA ; P
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Table 99. Percentage of leaf damage caused by longan leaf miner (Conopomorpha litchiella)

atter treated with different chemical

Percentage of leaf damage (720 leaves) after treated at 7 days

Application Check Bt cérbaryl lambda cyhalothrin
i First B 0 0 0 0
Second 4.58 0.69 0 0.14
Third 15.69 3.61 1.39 : 0.14

Fourth 10.83 3.19 0.69 0.14
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(Table 100)

Table 130, Number of tree, tree ages, trees with mushroom infested, trees showing sudden death

symptoms. number of dead (rees and percent of longan sudden death damage

observed in four orchards in different locations at Amphur L1, Lam Phun in 1998

Trees with Trees showing
Orchard number No. of trees  Tree age mushroom sudden death No. of Damage
and location observed {years) infested Symptoms dead trees (%)
1. Ban Pa Chi 312 8 18 78D’ None 224
| 2. Ban Pha Nam (1) 100 8 100 17 8D/C None 17.00
3. Ban Pha Nam (2) 125 8 125 36 SD 3 31.20
4. Ban Pha Nam (3) 250 4 © 30 308D 10 O
| Tota 787 273 90 43 ] i
! Men 196.8 68.3 225 33

' Indicated number of trees showing initiation of sudden death symptoms and typical sudden

death with

chlorotic {(SD/C) symptoms.
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Table 101, Leaf widths and lengths of normal trees and trees with sudden death symptoms of
Daw cultivar observed in the orchards with bolete mushrooms and mealybugs

infested at Amphur Li, Lam Phun in 1998

! I'ree conditions Leaf width (cm) Leaf length (cm)

Normal tree* 443 a 14.27 a J

Diseased tree** 3.68b 11.57Db

Value represented mean of 4 plants(*) and 5 plants (**), each plant measured 120 leaves. Mean
within a column followed by the same letter do not differ significantly from each other by least

significant difference test (p = 0.01).

@ = = 0 4 ‘:ﬂ' o o i/ 5
7.2.2 dnuzanudalpfivessad leduiingalnsumazniahay

FEM5E159
2 i W 2 - 9 ,; o ¥ . b a -
wenguaud ledilimaan Minsyaq laudunazszuusinussaudi lofiueas

¥ 0 i Y
21M15N3A IN5U uazsInUesdudl lehtuud ey
HON13H1539
. ' =y L a Iy a; [~ 9 d? 1 = 9
PN guyeguinalaudu  uaruInwsnd leimanin wuhuSne Iaudy
pazuiusnd ledwa Tausndwidaduddusudafares inlurufimde s usheiads
' A r= 1o :’ ay o =
yguszvorn e ldleonududihimasenwumaoutanizd luruauioulaudu  uaz
5INURIaY 1o (Figure 104 A and B)
i ¥ ' N
wiayaiinuoadt lomsangurufirdesuhmadiverduinvesdile wudiassiv
= J o d'.u 1 4-4” 3 é 8 n Y ) d': L)
vanhuguis i nnaangigaumasndamuisonieudweonuinninly  urufivery
my o g = o W Q 1 =) 1 ) Y v o
sintiorvnau i lovearadiisaudsaiuuiuduusu (thizomorph)  ifloH 93 1nNYE
b ‘.—.'J u‘j w1 w G w8 o = . w [} v 1
ny  womboutleiadagounasduan Joduiwaunngaiunnlase1fuegainyesieniy
a W 3/ ar @ s & . o dy =
luwduivoiusnadwivdwnsefosdudy  Fawavnmsgaiuvewndoutiauinmin

% e : < S0 q VY e oy o
Wudwaunnizdluaungadilddud longasemsngalnsy lusazidulovoura



230

i -3 T A a T 9 a v d'
iviousng loenez lineldifaduasiela @ Asdudilolaess  udanminnzawy
o a 9/ 1 ar @ o d’.’ A 4 c!y 15] a 2
dwfunmsewswdunegeds sazmsveinfueandondls Faufemdoutegaiulaudu

o o o ¥y o = 3/
sazsiusmounn  wezdlunannuenduwai lddud longalnsy  waztuduuds

ao'ld

(A) (B)
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of root shows number of mealybugs feeding on it (B).
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Figure 106.  Boletus dimocarpicola Zang et C. Sittigul 1. basidiccarps;
2. sterile hymenium showing pleurocystidia, cheilocystidia and
tubetrama; 3. basidiospoeres and basidia; 4. pleurocystidia and

5. cheilocystidia.
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Table 102. Growth of longan mushroom mycelium on PDA at three different temperatures

Temperature (C ) ’Coiony size {cm)
20 4.46 *b**
30 6.53a
31 (control) 6.83a
LSD (p=0.01) 0.45

* Mean of 10 replications.

** Mean followed by the same letter are not significantly different according to LSD

(p=0.01).

ﬂ1‘3‘IflﬂETE)‘U‘}'HEH‘H‘I‘i‘ldfllmﬂ-lwi;‘ﬁJFlré)ﬂﬁLil%mu!ﬁ‘iﬂﬂ‘Uﬂm%@

deensaiass o wineasutumswsyveuduludadily  nuhiisasins
windn Tnveudulouansiafu Wodauuia colony fiorg 20 Tu 015 PDA Hntsudy
voudulodfiani 648 wufwes speamAAopIMs PDA + AU iyl a.46
uRns daueviisiesylddo e PDA + g uaz PDA + vioudy emisinos

yuaduloniald 3.00 ez 2,70 wufiuas @WE WY (Table 103)

Table 103. Colony growth of longan mushroom mycelium on five different media

Media Colony size (cm.)
{.PDA (control) . 648ar
| 2. PDA + juice of seedling stem 3.09 cd
3. PDA + juice of seedling leaves 4.46 a
4. PDA + pieces of seedling stem 2.70d
5. PDA + pieces of seedling root 348¢
LSD (p=0.01) 0.43

* Mean of 10 replications.

** Mean followed by the same letter are not significantly different according to LSD

(p=0.01).
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Table 104. Average size of colony of longan mushroom mycelium grown on PDA mixed with

Terrachlor super X in various concentrations

Concentration of Terrachlor Colony size (cm)
750 ppm 0.50% p**
1,500 ppm 0500
3,000 ppm 0.50b
| Control 6.48 a
' LSD (p=0.01) 0.14

# Mecan of 10 replications.
** Mean followed by the same letter are not significantly different according to LSD

(p=0.01).

Table 105. Average size of colony of longan mushroom mycelium grown on PDA mixed with

Cupravit in various concentrations

‘ Concentration of Cupravit Colony size (cm) |
_ 450 ppm |22 ph |
%00 ppm 1.14 be
1,800 ppm 0.87 ¢
} Control 6.48 a
LSD (p=0.01) 0.28

* Mean of 10 replications.

#* Mean followed by the same letter are not significantly different according to L.SD

(p=0.01).
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Figure 108. Root system of normal seedling (left) was inoculated with fungus and infested with mealybug by incorporated pleces of
infested root, which covered with mushroom rhizomorph and infested with mealybug Into the seoil of tested pot.
A number of ants of one specles were also released into the tested soil Two mouths later, the root system was found

to infest with ground mealybug and cover with rhizomorph (right).
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Table 106. Efficacy of some fungicides to suppress mycelial growth of longan shoot blight mold

Treatment Diameter of mycelial growth (cm)*
cyproconazol 2.22
phosethyl-Al 364
benomyl 0.84
carbendazim 0.86
captan 0.96
metalaxyl + mancozeb 1.10
benalaxil + mancozeb 0.50
control 9.00

* = average from 5 replications, measured when incubated for 5 days.

(diameter of mycelial disc = 0.50 cm.).

Figure 108. Efficacy of some fungicides to suppress mycelial growth of longan shoot blight mold
on PDA testing by poison food method.
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Figure 109. Fruiting body and mycelia of black mold on cuticle of longan leaf surface.
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Table 107. Major differential characteristics of the biovars of the genus Agrobacrerium

Agrobucterium Biovar : Isolate ;
Diagnostic test 1 2 3 SPT1 SPT2 SPT3 LPHI
_;Keiolactose production + - v ND ND ND ND
Growth in 2% NaCl + - + + + + +
Growth at 35 °C + A\ v + + + +
Action on litmus milk al ac al al al al al
Oxidase reaction + v v + + + +
L-tyrosine utilhization - + - ND ND ND ND
Citrate utilization \Y + + - + - +
Ferric ammonium citrate + A% A% ND ND ND ND
Acid from Sucrose + - v + - + -
Erythritol - + - ND ND ND ND
Melezitose + - - ND ND ND ND
Alkali from Malonic acid - + + ND ND ND ND
L-tartaric acid - + + ND ND ND ND
Propionic acid A% - - ND ND ND ND
Mucic acid - + - ND ND ND ND

V = variable response  al = Alkaline reaction  ac = Acidification ND = not determined.
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Figure 110. Black spot symptom on upper and lower of longan leaf.
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Figure 111. Conidia and conidiophore of Zygosporium sp. on black spot symptom

of longan leaf (secondary infection).
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Figure 112. Pathogenicity test on detached longan leaves of various fungi isolated from black spot

symptom.
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Figure 113. White mycelia and spore mass produced on black spot symptom after leaf treatment

with 0.5% paraquat.

Table 108. Disease development on detached young leaves after inoculating with fungi isolates from

longan black spot

Disease development on detached young leaves

Upper leaf Lower leaf
Treatment Wounded Unwounded Wounded Unwounded
Colletotrichum sp. ++ + ++ ++
Helminthosporium sp. ++ + ++ +
Pestalotiopsis sp. + - + -
Phomopsis sp. + - - -
Zygosporium sp. - - + -

- =no lesion.

+ = small [esion around inoculation point.

4+  =necrosis around inoculation point .

+++ = severe symptom.
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Discase development on longan seedlings after combine inoculating with mycelial disc of

fungi isolates from longan black spot

Colletowrichum sp. + Pestalotiopsis sp.

Colletoirichum sp. + Phomopsis sp.

Treatment

Disease development

Colletoirichunt sp. + Helminthosporium sp.

Colletowrichun sp. + Zigosporium sp.

| Pestalotiopsis sp. + Pliomopsis sp.
Pestalotiopsis sp. + Helminthosporium sp.
Pestalotiopsis sp
Phomopsis sp. + Helminthosporium sp.

Phomopsis sp. + Zyvgosporiun Sp.

= Zygosporium sp.

Zygosporium sp. + Helminthosporun sp.

necrosis around mycelial disc: severe symptom

necrosis around mycelial disc; severe symptom

necrosis around mycelial disc: severe symptom

necrosis around mycelial disc: severe symptom

No symplom

Small lesions develop around myecelial disc

Np symptom

Small lesions develop around mycelial dise

No symptom

Small lesions develop around myecelial disc

Table 110. The myceliwn and spere mass of Colletoirichum sp. were detected after treated with 0.3%

and 0.5% paraquat for various times and incubated in moist chamber for 5 days

|

Mycelium / Spore mass of Cofletotrichum sp. were detected on lesions :
i min, 2 min. 4 min.
Treatment Mycelium | Spore Mycelium Spere Mycelium | Spere

_.\‘ormal leaf + 0.3%% puraquat ! - - I - .

Normal leal + 0.5% paraqual | = s - - .
! — {
| Normal leaf + distilled water - - s - -

Discased leal + distilled water + s + B i } _
| Diseased leaf + 0 3% paraguat + - ++ + +t b i

Diseased leal -+ 0.5% paraguat ++ +- e vy |

- = no mycelium / spore was produced.

+ = 1% - 34% ot lesions produced mycelium/ spore.

++ = 35% - 75% of lesions produced mycelium/ spore.

-~ =>75% of ‘csions produced mycelium/ spore.
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3. wamisnszevusaiiuiiv latent infection AIEIINEDIBVOI paraquat ATININTY 0.5%
3 ¥ ]
wunmasmauu13 3 u iiduledvmhomuazagumleiaduveades duninaluinh
A 2 A o A | e ia £
w3eamng 13 (Figure 114) Wotindulotinifoiuuenns PDA wuhdnuszvesInlafimnavudiu

1 4
é = T =
1¥9 Colletotrichum sp. Fafimsadranguuesalefaduvuemis ppa

Figure 114. Growth of mycelia and spore mass of Colletotrichum sp. on latent infection lesions of

longan leaf after treatment with 0.5% paraquat.

0. navaamInageua N sNsalunsiiialin
o ] o ] . :; 9 ¥ o 5 Cl '
lunstivesludeunuglu spore suspension veadenagouudatinld 7 5u vinvwiwmueyly
q 1 ar i l:i 1 g fﬂ'Q 1 1 =
#1520 paraquat 0.5% Weln 1990 5 JunuhlvnshyeiiAineuns1u paraquat  duledv11u
X I : o3

miwlanguasznonuunivieluuaziinsadanguuesalosdéu (spore mass) 1ls1ngiiafialy
o QF A o L] 3 ‘q g T é at
dmfulun lidkumsandenminudulodvalunmioninguuesadesddusailudnuazves
a v b4 »
150 Colletotrichum sp. ngegnsznriei llilufududuloveusosisiiadunsu dspergitius sp.
MaE Penicillivm sp. \Hudu  dwiunIsndiilgnidenuianuunluvesdunddrlo wudwialud
] 1 J’ t o Af da g'] I ' d} r QA T =)
Humsaudouns llsinvonRudiormunauylumsazme paraquat Worin 13 5 Tufinguueselosd
& J TN o oo Ay <3 o 1 o :; A o L | 1
duyuaghusnausandannmslgnsetivinnunn . dwuinuisitendalinfegiinguues

mleiafuiuegihadndesuazidulodvmhumbulanguine o sy Figare 115)

Figure 115. Mycelia and spore mass of Colletotrichum sp. produced on inoculated longan leaves which
were treated with 0.5% paraquat and incubation for 5 days in moist chamber.

(Left : surface sterilized before treatment , Right : non — surface sterilized).
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2. wamsﬁﬂmmsﬁyﬁaﬁ’ﬂmnlmﬂwgnﬁimazmn Culture filtrate
- mmsﬁﬂmaﬁﬁHﬁaﬁ’ﬂmnmmﬂuqﬂm
whasfiadaldenuinauraveddugedifluveunmdesnmiesifdnuuzmiionty
- Nﬂﬂ'ﬁﬁﬂ}nﬁ‘l‘iﬁﬁmﬂ culture filtrate TaeiinisenaaIneIsval
wuifignsusiiuvounaliesnmdeaidnyaemisdusuduunuiadiuwdn @unse
avmorn 18
dorhmsataiidninis 2 5 aniimsuenas iy TLC 1diihldasnaeunisies
weramelduas UV finnnueanfunas 254 uag 366 nm wuuouiiennsoadess UV ua Ligunse
weneoniiuuou( band MR Ianvazadieiuily polymer 3¢ isnansouanseniluuon o 14
- mamsnageYA NNEINIa UM ITRIRalsafuiynaaey
mmﬁﬁﬁammmawﬁmas Culture filtrate mmmﬁﬂﬁlﬁﬂqﬁuwaw1ﬂs?m?nf1mauﬂm’§nm
luseufsenseninlmivesiunidridvmarwuermsvenlundi@imanuluiinsyduinds
W& inoculate V51184 epicotyl WM 4 34 (Figure 116)
- HaMIMATRLNIFUA M TN YB ANAARAMAMIKY TLC
A TLC finoad :1Ummﬁmﬁammmaﬁgﬂﬁnms Culture filtrate TUFOFUHIMIIDAVOULE
Anma'ta Tﬂuﬂmnmﬁﬁrffnmﬁ“ﬁagﬂmmuﬁﬂmmﬁﬂa@ﬂz'hiaanmmfamiuﬁmﬂ NaCIO, #30 #9u

1o 3 ] . g4  a a o ' ,
L!Nuﬁﬂﬂﬂﬂﬁﬂﬂ’l'ﬁ'ﬁ Richard’s medium maﬂwﬂﬂ1m1zm::"l”.f%$aaﬂmmmu (Flgure 117

Figure 116. Leaf spot and blight symptom developed on
young and mature leaf of mungbean seedling
after inoculation with crude extract of black

spot leaf and culture filtrate of Colletotrichum sp.
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s kAT NN g radaGay Nad ) Nt il

Figure 117. Germination test of lettuce seeds on TLC
Spotted with : (from left to right)
1. crude extract
2. culture ﬁlfrate
3. NaClO,

4. Richard’s medium

8.5.2 wanmnageuilszansmmvesnamiilumisdessuidalsnlugadiluaiudla
y 4 LI
mamsdamsaiiffosiudiaiesinn 15 Juluszesh 2 ndsnisuingeimslugad

]
e =1

¥ ¥ w ¥ oy v ¥y ]
39U 4 AFNEATIN 1 JuN 2 guieu 2541 A599 2 U 16 Uguiey 2541 A3IN 3 JUN 14 NINYIAN
¥ o ' [ " [
2541 UALATIN 4 TUN 28 NSNYIAN W.AH.2541 WTudleRan R drYaImTne 1saluuaaznssuIEA 1Y
3
msniiflosnuiidaes TunnnssuiTawnseandasimsiiaunagadi ladna1ife disease severity
. I ar ’ A = oy - ar a = P
rating agluszau iy 1 TuvaefinssudsnfSoufiot(contol) fsnsnwuusagaduulumdeminy
a { dq 4 a . 0 .
2.68 (Table 111) AONUNAYA 21-40%vpenuiily Fadoimssziavedlsalugadlugisszeznm
voamsnaaeslifaeglussauihunme wazuSnanimsun ug lunnnssudt linueinisvess

AuazyaaHuRY
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Table 111. Disease severity rating of black spot disease of longan leaves after spraying with various

fungicides tor 4 imes at 15 days interval

Disease severity of black spot Average
Shoat No.
Treatment 1 2 3 4 5 Shoot Tree
Control ] 2 2 | I 0 1.2
Control 2 2 4 2 4 4 3.2
Control 3 4 ! 2 4 2 2 2.8 2.68
Control 4 3 3 2 3 1 24 [
Control 5 3 4 4 4 4 38
Bavistin 1 - ! 1 1 0 0 0.6
Bavistin 2 ] 1 0 0 0 0.4
Bavistin 3 0 0 0 0 0 0 0.28
Bavistin 4 0 0 0 0 | 0.2
Bavistin 5 | 0 0 0 0 0.2
Lecla-M 1 0 0 0 1 0 .02
Leela-M 2 0 ¢ 0 0 0 0
Leela~M 3 0 0 0 0 0 Q 0.1z |
Leela-M 4 0 0 0 0 0 [t
Leela-M 3 | | 0 0 0 0.4
Benlate OD | 0 0 0 o 0 0
Benlale OD 2 0 0 ¢ 0 | 0.2
Beniaie OD 3 | 0 0 0 | 0.4 028
Benlaie OD 4 | | 0 |- | 0.8
Bentate OD 3 0 0 0 0 0 G |
Cupravit | 0 0 0 0 0 - 0 I
Cupravit 2 0 0 | Q | 0.4 '
Cupravit 3 0 0 0 0 0 0 008 |
Cupravit 4 0 0 0 G o] 0
Cupravit 5 0 0 0 0 0 0
Oithocide 1 0 0 | 0 0 0.2 |
Orthocide 2 0 0 0 0 0
Orthocide 3 0 ! 0 0 0 0.2 0.16
Orthacide 4 0 0 0 0 0 0
Orthocide S : | 0 I 0 0 0.4
Discase severity rating © )~ no disease symptom

I =1-20% of lesions develop on leaf area.
2=2] - 40% of lesions develop on leaf area.
3 =41 - 60% of lesions develop on ieaf area.
4 =101 - 80% of lesions develop on leaf area.

§= > 81% of lesions develop on leaf area.
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o :f, 8 1 ] 3y a 4 . J
fudanuinfievosle (clear zone) s¥MNNTR Colletotrichum sp. AU antagonist YMNBUHDMS
3 (=Y Y g -
naaed sniuide G3 uaz MG1 laithia clear zone azdnuazidulsveuss Colletotrichum sp. iINAMT
ar < o ar ¥ . ] & a 4 1 Qs g 5
guarnsnunlndfiube antagonist uazlunguveasesweumlndad wud walumsdududes
¥ 3
Colletotrichum  sp. lNAMUUANAIIDUINTITBFAYNIIAA 1UITHIIUTDING 3 ¥HA LA IRHEMS
[ g n; . slclc; é; =) ar A!’l’ . ] & 1 ;
gude  Colletotrichum  sp. llﬂﬂﬂ’sjﬂmmlﬁﬂ‘umﬂ‘lmmﬁfﬂ antagonist WDINPUUIN BIWLIUTD
¥ v T ¥
Trichol (Trichoderma sp) ®WSabVIUTe Colletorrichum sp. 1ARATgA sesnnuRBITe Glio
as =] ] 4 = 4 o 1
(Gliocladium virens) TamvzdunatiuinseennsansaylnaguieColleromichum sp. 1 1di¥e

Colletotrichum sp. "liimm‘mm?@‘lﬁ’ (Figure 118) (Table112)

Figure 118.  Antagonistic activity st of different microorganisirs 1o suppress the myceliat growth of Colletotrictuen sp. on
PDA.
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Table 112. Percent inhibition of radial growth of Colletotrichum sp. by various antagonistic

MICIOOrZanisms

Percent inhibition of radial
growth of Colletotrichum sp.
Antagonists (PIRG) u
| Bacteria : ]
| Gl 17.00 cd'
G2 11.74 de
G3 1093 ¢
B4 26.32b
NFB7 1822 ¢
NFBI15 25100
‘ ABS042 9.6le¢
MKO07 14.85 cde
Yeasts :
MGl 0.00f
Ciku 12.15 de
Prl 12,15 de
l Pr2 11.74 de
‘ Fungt :
Trichoderma sp. 94.79 a
Trichoderma harzianum 91.86a
‘ Gliocladium virens . 91.90a

' Numbers within columns not followed by the same letter differ significantly.

854 HamINATeUUszANEMMUUlD antagonist YUAMIUL. leaf disk Tumsdudimsadna
atlosueaso Colletorichum sp. upnldnaludile
13 ¥
= & = 1 = =t o
MNN1INAEDI NSNATOULTEANTNIWYBUYD antagonist 3 ¥l LA UUATEY DAGUAZEDI

' -V ' &
Toowtia i 2 ngumisnaass T8us ngudi 1 msilgniFe Colletoichum sp. fou 24 $2Tua wdnlgnide
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. 1 cﬂ‘ o : 3 1 OIJ 9 ; 1 1 g == Y
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Table 113. Effeciency of antagonistic bacteria to suppress the growth of Colletotrichum sp. on leaf disc

number of spores of Colletotrichum sp. ( X 10° spores/ml )

were detected on leaf disc

| pre-inoculate with Colletotrichum sp.

Bacteria

Treatment 1

Treatment 2

pre-inoculate with antagonistic bacteria I

Gl 313.50 (2.49) 95.00 (1.95)
G2 37150 (2.57) 299.50 (2.48)
G3 273.50 (2.44) 141.50 (2.15)
B4 364.00 (2.56) 140.50 (2.15)
NFB7 410.50(2.61) | 380.00 (2.58)
NFB135 397.00 (2.60) | 173.00 (2.34)
ABS042 213.50(2.33) 72.50(1.86)
MK00T 352.50(2.55) 201.50 (2.30)

means from 2 replications,

log transformation .

LSD,,. =02  LSD,, =037

ot

Table 114 Effeciency of antagonistic yeast to suppress the growth of Colletotrichum sp. on leaf disc

number of spores of Colletotrichum sp.(X 105 spores/ml) ‘

were detected on leaf disc

Treatment | Treatment 2 '

ﬂ're—inoculatc with Cefletotrichum sp. pre-inoculate with antagonistic veasts

Yeast
MGl 28600 (2‘45_)” 250.00 (2.40)
Ciku 195.00 (2.29) 115,50 (2.05)
Prl 289.50 (2.46) 4550 (1.62)
Pr2 275.50 {2.44) 55.00 (1.73)

means from 2 replications.
log transformation.
log transformation LSD.

LSD,,. =020, LSD,, =030.



276

Table 115. Effcciency of antagonistic fungi to suppress the growth of Colletotrichum sp. on leaf disc

number of spores of Colletotrichum sp.(X 10° spores/ml)

were detected on leaf disc

Treatment 1 Treatment 2

pre-inoculate with Colletotrichum sp. | pre-inoculate with antagonistic fungi

Fungi :
I'tichol i 201.50" (2.30) | 77.50 (1.89)
Iricho2 260.50 (2.40) 53.00 (1.70)
G. virens 227.50 (2.36) 45.50 (1.66)
Control 503.50 (2.70) 243.50 (2.38)

AY . . .
means {rom 2 replications.
¥

log transtformation.

LSD,, =032  LSD,, =058

4

[LSD d15ulSeufioy interaction ¥4 main plot A1 sub plot 1.
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9.1 mamsIvTeUaUnglInyusved e

. y 5 o Aa 4 o a4 8 A o
Tsavuudvoedr lodulsamfavuiueeanisdiuiuwnoanuuilufwunavesmdu  Javag
o W o o ;1‘1 [ o =S 14 & kY o g ¥ = b=
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. @ A = r_‘" = o t o 1 9} =y . 1
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] o e o e M 1 3 ) R = oar 4
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wiauuas otloarumdamwdesniudiiena Masumuratettic hiroglyphicus Mat. Fudlumimsuns
WoweIawmaw lsnluvivesdos wuhmwisoaanisszuiaveusasasla ua lilinalunmisiles
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9.1.1  mIasemekiiaEeved lafiuaateniswmdlaalynasiganssaisiannseuuuy
{6 QFhu(Transmission Electron Microscope (TEM))

o a4 a " o ¥ n'r;’ =1 £ r v :?d' 1 5/ = o

Himsiudiediseeadt lewunidiondvideasunesda lsnfuaasemsaud  luagud

4 £ ars = ar o g o ] = s

nsesliouazdoalfildnsnats veawwrinedanuasenaas el liunszuIumawIouuasdn
4 & ' e y v ¢ L A do a : = g
ieiailuudunuiionsiegdrondesanssmismansoy awehdadenandiusesiiunndly
esAelurSnagauanuuus dauvesd s uazdwvesiludesilrsse TasuSnufiszasia

Y ¥ = P o oA .
My lAndsassuuTNUsTUUNA AT lagiRwy sieve cell

9.1.2 ANYINTIOIBNGAIINIALINAINIHY

o e ] 9 = g = A o ]

AutefiuanIsIMsHuLiTInTIuA NS TURE dndslsnnmeluseaiie lilaesasuu
soavasdunmd letndoiglszinm 1 ideu Taviins@olssuan 30 Mdedu wdnirll13lunss

Y 1 9] = = ar 4 PP g ar -:5. [ 9 >
Auuaae Uaveld lsganudszane 1 1heu Tuiinranmsiinavuivoeaiuan Indvesdudile

= 1
9.1.3 AnMsmgnaalinlnadbanas
g @ o ) oy v a = - a a
WAATUFHOINDY Cuscuta campestris (SunInnguans lasadinet neslsaiuazyadiine
A5IAMNAIAYAT) T uwizuastuT s uUAURRWNINIU(Catharanthus rosea) Wipdpenaueiey
= &£ o @ Qs o | = ' o =) & Qe
Audadai ldWudusead lefnaasemsvinvevuududninlaredesnssdndranilaansiufudy
» ] ’
wawaoindnazvendouvosdundidr lodnd (Figure119) Wuial3tszum 2 dland etiusinnah
=y d? 1 & =3 r 1 0 o o . !
findy dognasniuAnfIeAvoUNINIBUAZEBATOUVEIR) 01 1NAALUY freezing microtome (VD

a3IIgaNYuzMIgANuvsIHaImefuNyedy

Figure 119. Dodder transmission from witches’ broom symptom of longan shoot

to healthy periwinkle plant.
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9.1.4 ANMININANIALIAUUDMSITOURS (graft transmission)

g ar v [ a Ao a [ ™ 1

AUAI86130IMSHULININAHINTIUAWEITNNA  Taaieniinveafibuivieg hwusas
wiifleaiuiidals(amitraz) 1szanm 15 - 30 1A udwadiuseandutisegusiseiiuantomsyu
X o a o o oved =1 a [T Y] = Qs a -~
wd sinn@suasuniwmeuvesdlelng  TaedhiFvunuuaundiudrominaadnlavuuSoun
= ¥ o= A'i ar d:‘ W Y ) Pt ] A o a
@enlvioinaguganeinuiaawiuBiszna 55 Ju seavuisdaduniaiwufsuvenasu

paauNInIeLng ndwumemilwmadnlonse parafiim Wuuinwuidenitain Figue 120) agu

o ar

A o & w Y 5 -4 aa 4 Y o W
QQ!W@?ﬂB?ﬂTﬂJ’ﬁuhﬂﬁzﬂﬂm 5 U U9399UD998N 39”1«!1’1ﬂ'Enﬂ1‘§1’llﬂﬂ‘l]uuuﬂua1ulﬂlka$ﬂu

a

UHIWIY

Figure 120. Graft fransmission was done by inserting the diseased longan shoot

onto the healthy periwinkle plant.

&' e ol oao, '

9.1.5 msnivasiyelaaliIsmins naeunuvljnsegnle (PCR)

ar ' d' E1 9 r o = A T 9 8 9

a1 lumsasvaeulaunsenvesdrlodnduaziinanionnswuud  soaussdund
aloinaasomsluninduvudesrndnndasslilsgeiu  tazvesvewmanIsiuansoINIsIte
Tudluseuyszuszndsmsidouveadivvaanuuddlo

o &

. NIEASEUNYNAADY

wweauaz lufinaasemsualdazidealulnsalasld lulasmunaniudvislumisua

o ) 1 { o < = ! o .

wazsnE I n dretiuaudansa Tuifu 1A% -80 °c Tasvio 13820 aluminium foil
¥. N5oNA DNA

18193 5msMidauslaanein DoyleJ.J.and Doyle,J.L. (1990), Weising et al. (1991) , Adato et

al. (1995) 1z 3UN3I91 (2541)
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o - L 1 =y ‘:I =1 3 a a Ao @ dv
dnsudmssansnitud lhananaDNAlaa TN 3698

' ot

L sdsodiiuansboatszaia 0.0 - 0.3 n5u 1alu eppendorf tube ¥R 1.56 Hanans Wy
extraction buffer | 4% (w/v) CTAB, 1%(w/v) PVPP, 100 mM Tris pH 8.0 10 100093, 2.0 mM EDTA
0.4 4an0aT, 1.4 M NaCl 8.1816 n5U, 2-mercaptoethanal 0.1 Haaans USUUTuIATAIW sterile distilled
deionized water 111 18 100 §iaaaws] U3u173 600 - 800 pLl uﬁ’f;ﬁﬂ]lijﬂu block heater Qmwgﬁ 60 °c
Winat 1§l

C n . - o =
2. Ty ieann1u157 13,000 rpm 4°¢ 5 U
3. sﬁ‘uﬁ’,’m]-.d Ta luvaeaIvund nhwiadadae chloroform : isoamyl alcohol (24 :1) Tagne o5
o W q ¥ o) “{J = o
11 ndunana Wunw 9 IWaswautudiomediu
o - = <3 =l

4. U UMM 38an 13,000 rpm 4% 1Wunal 10 W

5. gannmzmsazmedlaiegimuy (Iavszledgadundunznoudamdie) ldaas
vavadulny iy 2-propancl laaelthlizanm 1 vhwesmsasat udnduvasalduvuur 9 9199
Funmruiluasnoutvrfediunesmadhudums vinhifaazneulmi lyush 4 °c nadhu
fudna ldiu anaznow)

6. v TUvuim Sean 13,000 pm 4% 111981 10 uH

: 3 m o ¥ ¥ v a ad ot & =

7. e laflunuaznow 1) Manznoudae 70 % ethanol Mumou 1) lﬂ“nialul'ﬂ‘,lmw 13,000 rpm
4% it 5 i e lanslaos ez nounsa (air dry)

8. AZAWAZNOUDNAN IA®I0 TE + Rnase 510 units (Mudadiuvesaznoud 1é) 11 Uuud

=

37 % fipvda RNA Uszana 30 wid uduiv3igamgli 20% e ldmimaasaae 1y

frn¥uiedieiifhumanay W¥3Emsada DNA 1agd3 Small volume DNA extraction using
method iivumeudaneluil :

| Faimnindodis 100 Hadniu valiazBuadielulasmumanlulngs Wduneazisen

2. 1@1 2%, sterile CTAB extraction buffer | fiaaansua Ity a@iﬁ'”lu microcentrifuge tube
yua s Ganand sonTasmandunasa luuot 4 uazeud ssoc iBuna 20 wid

3. v lleentrifuge 113,000 rpm 4°C 5 11 aﬁud’miﬁ%g’ﬂwuu 500 pl laluvasadulvniuds
191 500 pl phenol:chloroform:isoamyl alcohol (25 : 24 l)FlﬁniﬂﬂﬂﬁuHﬁaﬁqﬂmMUW‘]

4. 111 Icentrifuge "?Il3,000 rpm 4°C 5 U

saamsazmeduladiauusisedasede ldasdluvasadulng
1A% 500 pl phenol:chloroform:isoamyl alcohol (25 :24 : 1) wary Taondunaen Ty 4

6. ﬂ'lhlﬂccnlriﬁlgc 13,000 rpm 4°C 5 WA
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7. gaamazawd mladnuueiivsziasz Saslunaeasulmi (rasexle 8l Rud
ABUT 5 WAL 6 ) 171 1710 191999U331ATAIY 7.5 M ammonium acetate 1A% 100% ethanol THAIEL |
uanans

8. werw Taondusaen Ut q uazddoslanezneud -20°C Wunaietiad 30 wif

9. 111 1eentrifuge 113,000 rpm 4°C a1 10w

10, B1an2001 2 133820 70 %(vAY) ethanol uAazASs laondumass T 9 BU19IIRTL I
st ldaznouazaorigaRBnIN

11 iliasneuniantoldaningmuinie Tu dessicator pznaualsidvimmislalussuas (L
AT

12, Bza1oaznau DNA N1 14&90 TE buffer pH 8.0 50 Wl 17y Rnase 5 units 111 P Agamgi 37 °

= A

¢ (1 Block Heater) 1§luman 15 wi# iovdn RNA Aushut DNA fadald 147 -20°C nauiii1ldda

150794 DNA

/‘:u\./ q Yema (% = Sacd é sl
BN INHUIE TN 1HITNsaia DNA 9nI5n015MHIADID Total extraction procedure using
¥ ¥
Glycine / Phenel method ddunoussae TUl
c;/ :’ e 1 @ a v 1 L% = [~
¥ 9dminde019 0.063 niu whuuaiu lulasivumarlulnsswae IvaziBoaduns
= = ma o) ¥ =t ar r o oas

2. 1fN Buffer G 0.5 Haaans ualnwwilomernu lalunana eppendorf tube YuIA 1.5 Tagans
(Buffer G = 0.375 g Glycine + 5 M Nacl 1 4adans = 05 M EDTA 1 fiadant USulSwasdu so
e j . d =
Jan0nT A90 dd water 150 pH 9.5 filter sterilizewu1e 0.2 um v 137 4°C )

3. 1@ phenol 500 wi nd i 1A 0 Vortex mixer 30 U1

o . r.-‘l o [~ =t

4. u’lklﬂcemrlfugc 13,000 rpm 4°C WWunalsuin

5. gamsasnwiuulalurasalnu 6 3 M sodium acetate pH 5.5 25 1 1aE 100%
ethanol 1.25 $1a01097 | ni'.l'i"lklﬂLﬂJEJIWﬁ’)U Vortex mixer 30 74191

6. 111 l1lcentrifuge A 13,000 rpm 4°C 1Huan 30 WA

7. AUAE NN D 19A2NoY DNA #28 70 % ethanol MLAITY

e |k | = o =1 =
8. Wl centrifuge ¥ 13,000 rpm 4°C Wual 15 wn
¥
9. aAIMUDI ethanol 1 1 nazvi Imznouursly dessicator 10— 15 119

10.8zauAzNaY DNA (A5 a5 e 15 auers) #9o TE buffer 100 wl i 13% - 20°C
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- o
Q’ﬂﬁﬂ]‘ilﬂiﬂﬂﬁ’?iﬂ??ﬁuﬂ]ﬁﬂﬂﬂf’)@ :
TE (Tris-Ethylenediaminetetraacetic acid)
I M Tris pH 8.0 5 ml
0.5MEDTA pH 8.0 L ml
w 4 o L. a £ o0 &
USutSumsdan de-ionized distilled water 11 1111140
2% CTAB Buffer
50m] Tris pH 8.0+ 50 m1 0.5 M EDTA pH 8.0 + 40.88 g NaCl

=y

a = o 4& v g 1 Qy 1 % =
U5150m3899 dd water 490 ml 117113 ude Yasona 13 1idun 40 - 60 °C v cTAB 10 g

. ﬂ?iﬁi?ﬂﬁ@ﬂ@mﬂTWH@&”?_’?NTW DNA
111 DNA ﬁﬂﬁn”lﬁmmaﬂﬁaUﬂmmwﬁweﬁ agarose gel eiectrophoresis(cl% 0.8% agarose gel
Tuaiazanoivhiv a3 Tris barate ethylenediaminetetraacctic acid (TBE) 1 ethidium bromide ﬂﬂiJHiJ)iJ
w '
T 0.5 wgml AIWAUOU DNA @96 UV transilluminator) 910111117 DNA u1iauSunadaonios
= A 4 o Y g v A Wy (= =
Spectrophotometer NATTNHTIAGU 260 nm WonunmhusudunasUiuvons lddsumiiwmuig

ﬁuhr]ﬁﬂﬁm"&n 1171591 PCR

9. YR58 PCR (Polymerase Chain Reaction)

n1taan1¥ primers 19 universal primer Uluaz U2 A¥eduns 121090 BSU(Bioservice unit)
AUONLEIAINTIN [ UL : 5°-3": GTT TGA TCC TGG CTC AGG ATT wag U2 : 5°-3': AAC CCC GAG
AAC GTA TTC ACC ] uaz“l%ﬁ@u"hmmﬁﬂﬂﬁﬁ?mﬁqﬁf
gavgun (°C)  94.0 94.0 60.0 72.0 720 490

S 1w\ 303U 130w 0w o0

Tavllisouvolfniot = 30 cycles
nEnsiTinuiudniugnssuiiaia ldonfanasey 19aduenndesiiuanseimslun

N v = 3
(I Tamarenemalinlumnivesdes) fhu  positive check TuUN13@39TDUUN  agarose  gel

electrophoresis
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9.1.6 MINIIVADUT0)ALIBEFTHINY (Serology)
o 4
n. mumAnTueese IWlanaran
@ = = 1 o o 1 Y =
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Figure 121. Mycoplasma (Phytoplasma) like bodies in cytoplasm of infected phloem

parenchyma cell of longan seedling. (arrow) X 42,000.
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Figure 122. Dodder can produced haustorium and penetrate into periwinkle tissues.
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Figure 123. After graft transmission for 15 days, the infested periwinkle plant

showed twisted leaves.
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Figure 124. Universal primers (U1&0U2) amplified DNA fragments of phytoplasma from longan with
witches’ broom symptom (8) ,periwinkle (9),longan shoot with mite feeding symptom (10)
and sugarcane with white leaf symptom (3,5,6,7).

! = negative check 2= positive check : phytoplasma associated with sugarcane white leaf
3,5, 6. 7 = white leaf of sugarcane samplel 2,3 4 4 = healthy sugarcane
§ =witches " broom of longan shoot sample 9 = periwinkle after graft iransmission

10 =longan shoot after mite feeding 11 = healthy longan shoot sample
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Table 116. Treatments of different solutions containing antibiotic and acaricide and amount of solution in

muliiliters given to longan plants by trunk injection method
Volume of solution | % witches’ broom of No. of mites were
uptake (average new shoot produced detected from shoot
Treatment from 10 plants )
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Figure 126. Root, young stem and leaf portions of longan were used in tissue culfure study.
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Table 118. Chemical ingredients of Murashige and Skoog medium

amduYuvos | Yhnaves stock

Tt stock | solution T1¥ie3tins
asndl solution azai® (1,000 mi) 1316 stock solution
Stock 1 (Macronutrients) £/1,000 ml 50 ml o1 udidu 4 %
NH,NO, 33.0
KNO, 38.0
MgS0, 7H,0 7.4
KH,PO, 34
Stock 2 (Micronutrients) mg/100 ml I ml AT luditu g o
H,BO, 620
MnSO,.4H,0 2,230
ZnS0,.7TH,0 860
Na,MoO,.2H,0 25
CuS0, 5H,0 2.5
CoCl,.6H,0 25
Stock 3 (Ca stock) /100 ml 5 ml A ludibu 4%
CaCl,2H,0 8.7
Stock 4 (K1 stock) mg/100 ml I ml Tdvanden fuludiu
Kl 75 4%
Stock 5 (Vitamins) mg/100 ml 5 ml 1dvral5u1as 10 mi)
My-olnositol 2,000 Wuludosnyuda
Nicotinic acid 10 -20 %
Pyridoxine-HCl 10
Thaimine-HC]I 10
Glycine 40
Stock 6 (Fe-EDTA stock) #/500 ml 5 ml 13 it 4 °c
Na,EDTA 3.73
FeSO,.7H,0 278
Auxin, Cytokinin and | mg/100 m! draesnsardudu 1 | Auliludiiuaoc
Gibberellin stock solution mg/1 luems 1 ams
2,4-D, [AA %38 NAA 10 1410 ml
kinetin v30 BA 10
GA 10

3
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Figure 127. Longan seedling produced in sterile conditions.

Figure 128. Cellus formation from longan stem on MS meduim contained

1.0 mg/l BA and 0.5 mg/l Kinetin.

Figure 129. Initiation of shoot from lateral bud of longan stem on MS medium

contained 1.0 mg/l or 0.5 mg/l Kinetin.

Figure 130. Initiation of root from lateral bud of longan on MS medium contained 5.0 mg/l

NAA, 2.5 mg/l kinetin and 15 % coconut milk.
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