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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
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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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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.



2. viueununldend iy (Indarbela spp.)
<4 o3 u’J w o :’ 5/ ] o & d aa
wusulimbhamlumirmhmadugisatlunsenszuen ie lamuitivinany
g1IEA T ZU 4-5 1rUALIAT (Figure 13)
Tasna liudreznunueuiunldenddudvharsdud lenuasseinsveseninni
v o P ¥ a A B fa o - ,
Aufuysalioue  dudignuuaniunlfendime  szwugluswmmihmauassnadnn
Ao & M o A " a w & i 4 v & 1
wieuSunmIemdu niedwauSna Tauduiinll Figure 14) 9lusraisiuanlomilon
a lé ar i o Qs <3 [} a o ar
tifudstivaevesnuen uanmAldonld uiidnduuiu Huiluglued IRawilounds
' = - &t 3 &y = ] [ a a 4 3
whuuAalion g Tusninueuad iy etlagivauseuamdmns uazduludueallsy
) . ¥ )
o T = o o =3 o % o = 3 ar
fadmmianfues mydunldenvasrnusuinldng sazddudr ledurmiluiuia T

(Figure 15)

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 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.



11

1.2. wHauazdInaveslsauazunasingndngiiwulwaazdunevesd v indealn uoy

Ay

1.2.1. Sawmiasmyu
i’][r':::l].jli!;
© A4 W e o = [ ' (=1 o ) :zl ] o
awdlon ladsnlusasunadosdyudmIvadiuaiudi loilowdsusd 2-20 1
o . @ ad & . S o '
113§ man 12 o Fediduatensesiuwa 1 -15 15 Wuauhidr lveguinai
z:az.g 1 n ] a 2 n’dy = 9/ - '

1s Yl Sou s o Fawwdlo Wufdeandivs wezuda mlvogaiuas Uszuim 3 - 4

g4 9 = a g o ] @ o ; - a g a o‘qy -t A o
au enidusumuiiduiuegoduiiioNdes | au i lowufideniierey 11 hilulse

]

' P ' ~ o o o r = ) ¥
Wuud g msay 1 eu waziid loiuguwionguinni 20 T dwou 3 du dulsanud

_ ) 9/ o (-] ay &4 dli o [ ar o‘dy o
junssszamhunay e lidgananousiedn 9 lavldmawaidr loviugidondon

dm = ar

a =1 s 1 v e dA ar ] (=S o
Lmzwu‘ﬁ:m?ia WuiugnlsasIdesosn LTI 9 pazdaddsumaunuinatiu - dwmsy

i

o o o 1 s a o o =g @ da = yz:;\d'.o ]
aud1 leniiongdri 15 UAvhinsdisaldou 7 eau Wuga leidgeluRuindrsadau

Inyzigniugaemue

4

qQ,

dudrlofidulsansoony 19.60 % duiiiulsavud  Smummwziudonde
vasuriag 29 % emsluninfiieninls wu 615% uazernisluninluuasfiims e
asaiida sy 37.92 % (Table 1) TR denAuis M1 2 @ ieldiiy
fufnannsdmsunuiiode

BUNOL 1Y

k4 '
= M =i

3 ' W 14

vinasdrieaud loluiuiidunethyeianua 6 @ wun THun Jgndilods

[l n W .-.-: 1 1o o a = :;J 1 =4 ' =Y, 4

ua 2 12 - 80 13 Wugndgnadmlnguiugesiiong duw 13 - 20 1 Tuusazamiiiug
9 .1‘} = 9 1 f () ,Q’ A ) ] 8/ ar :

uduazdloalenanioe  doulvgdeiaioinndulsaguudgunss  waaIudanavug

[ 4 o = = u::f ' = ° P o

uazilgnviufaenauny Feiujaeidgnnaunulegdwa 2 -6 Y & leinwilulsantos

dmlnfudleldigniimoands wulsanses 3032 % o1msluvInfmann’ls 12.82%
' ¥ i

Aundlulsavuednndos wizaiulvg Aafsvua WMo 0.13 % (Table 1) @aufid1sI

' 14 1
Tuwueimisluninnnensiisetriy msizdedamall dienmue 1dnTesdangh

=

¥ o FT 4 a4 PR A& q oy A
unums lWmsmiiwaTyne  laimeniunamntiumaniiuou 2 o iwe ldiluin
NARABITIHI VNI

i

gunoi
4 - F 1 = =1 T A [ (-3 - [~ o
dudidouliyids s au Jvwwlndiesdu Ae 8 -1215 &1luiidgnidudile
@ n‘: =] = 1 1 o = o =1 a a
wugaonanua o1y 8 -14 T liwuidulsavudine dudilefidulsavos Wudloiineld

a : o o Y o as g = 1 =
warangelunafivhun  wa i ldiunmsthgmdsmsdune Tsanseoiinuleunio 585%



12

c = ey = < = = o 1 1 =1
g1 lunaniinanals nudndoudive 2.58% awithuaidnay a. thld wudulsaly
Tnddgunsa 958 % U TsAULHUBUAY (Oxyodes  scrobiculata) AanuluMANFY
1 [ '
wiwvelugoualseuine 40 % (Table 1) (F9 2 @aud1570d0 Tuf 7 woAdnIou 2539)
A unn 1 ey
_I ,::; = =1 o aa 9} Ao o o -~ 1
PAMIA17979 MR 4 Auh ueudr lehlinistdesmiina ivievaesia wu
24 -2, InaThiern, wisiniea wazdenavgledlu wldudazaaunueimslunininann
misisaiyiy aoudnaguuss d1ledn 2 aaudieng 14 20 1 Imsdedudr louanioins
- S & o A o
wanehis womiomlanlud 1 g Fedud luvariivueusamuiannanziduanay
NUBUALIARATLNAT NANTUNS I HAN1TEITIV 4 AU WUBIMTNIBY 10.66 % DINTHINT
AN ls 18.27 % Min1sHIniinannmIf ia iy WmNeaaa 75.13 % (lable 1)
ol 1n1u;i|.-n_
T | sl 4 G e o« -
draniunAviaianyanals Siudilgn 6 15 iuiugasety 14 1 dluiuiiqu
W F #
vmwde a1 lemeliida 50 du yuetimaedrle 70 AU uaaIsINITNIEERINNA 100 % WU

9INIIHINY 11 15 4.28 % (Table 1)

1.2.2. A Iaaalu

BUNDIDUNOS

@ ("4
=1

drsiithureeunatueaud lendiong 39 7Y waz 20 I Wuhierua 21 15
Wuediiiinuauao lalaedwd woluninfimeainls 2 % lurinfiiannasdria e
5% uazANan 2 % (Table 1) (61399108 7 UNTIAY 2540)

AUADE 1IN

' ¥
=1 LY Ll

¥
wWunmaslgnér lo Adsivugiwidios wu WugiBoudior Wugdsumiasiuiunnay
migegthelundnzmau dwlngfsiomlgniuia Sergdaud 4 -15 1 fufdgniaus 1 -7
[ 1 2 a I as o r'\p =
15 wolsaruuduud lewugitiondion uia uazuaanay 8.25 % 15AMIBY 29.66 % DIAT
lurdnitiiinamls 8.56. % 21MININANAINDIINITATHNY 3.07 % (Table 1) WuRIMITIU
& ol O RV
wmufaiinhuondis i lunswaung 9.09%
AUNDADA
& -y Vo ° w = = g c:i
d3avhituuni aveas dgnailesiugaeliogdszuia s U dWendlgniszua
1 4 e ) o4 g =1 = o =] o =
20 13 dhumdndan Taledsswm 450 du wunamsasusnd lothnedu §100%
9% = - Q niz’d‘. 1w 7 =t = J 1 o =N
FiAntlienavusi 1 N 8uneses Ao NWURINYIIKIRIA luwloinsAadndves

arle whwvoanleldenntuogieg



13

BunntiniAg
4 g = Ao 1 = 4 a 4 o '
arwidsmdueuniis leeguinnd 15 Jauld §won 4 e Fafluumdalgn
o 1 - o =% ﬁy :Il uﬁj 1 (=1 o 4 ; =
d1lom Tavmwizludruanueemes Tiudidgosun 0.5 - 8 15 Gd1leviuias Wouder m
=1 otd 1 8 A A e
Aulna wulsaneoy 57.06 % 13aRuLd 3.39 % uaz lundnihaninls 29.38 % (Table 1) 1sA
q A= - a A 0 g & =
vaoy wulud lefiiimguinuasivueunudonidhatdr At mdulen  wurusuiu
180N 29.13 % (137980 20 WRAINIYU 2539)
Aunaduihees
s I . ol o w o
#1999 2 deiitueudi leewg 10 -15 Y TAuidan 1suaz 16 15 1 Wuugae
£ [l ' P .
nanuanumnsnanimnannls 25 % Tsansee 43 % Whubivevads audilongeInsy
N oo i v o a o o a o
aunauinioin bilnshgmdunuinomaniauasineounuldendnyiaie 20% (Table 1)
s A Ny a 4 A ¥ S a 4 gya
(@157uilo 7 wnataw 2540) TdidonwuRauThwionans w1 o e ldtunlas
=2 dy
naaed ANy lsanapsuazHuyanm
AUNBLILEY

¥
=

< :’;’ a4 Ao { o4 = A o
@999 2 Wi Wuruild lvewguinndr 15 Y Auidgn 13.2 uaz 30 15 AWutae
ff‘ =4 Y = o ¥ ar P = 9/ = v ¥
Wondeawazudy Mhuduumiwy wolyiauuse duvinduilaz 10 - 20 A Hlsavuud

4 = o ar =] = =
1.9 % 91013 13anaay 73.2 % 1eeen lulimsthysdundamanuies Aowiient wunueu
A ' ¥ ¥
$2N Sybrida sp. T2UIATULSE 74.6 % (Table 1) (1390108 10 1¥AIIAY 2540) WIeTDIRLA
1 . 4 3 < ] = + <
devuoiniiulundeutuinufthueiats Sunemsi deda himsiisonuuineu dnume
R W

2IN1IAAY crown gall %}mmmamm%uuﬂmw Agrobacterium tumefucienes HRZUWUOW

= ¥ = o T 1 c§ =1 = 1
Aianmowianidung lutluly deszdesiinisdnuiaely



14

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.
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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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uaon ol ndang 5 du uRasdugununadloduaz s ¥o 1Imiu quuadilevany 5 wa
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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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dsruim 9 @wan MimsTavaludnasmig @nsian 2541) wudwuilins 2 vsaudas
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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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



