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Longan Chromosome Investigation

L4 o

inAdl szfaAad’ adasay Adawilde” susew gunsinie”’ uaz a19ag 1ilauan”

Ramingwong, K.", S. Wichaipanich", W. Soonthornvipat " and A. Pengnual"

Abstract : The chromosomes of longan were investigated through root tips and shoot tips by Fuelgen
Squash method. Different time of sample collection were taken between 07:00 to 12:00 hr. The results
showed that (a) chromosome number examined from both tissues appeared to be identical (2n = 30), (b)
chromosomes from root tips showed better morphology than those from shoot tips and (c) the best time for

sample collection was between 09:00 to 10:00 hr.

Keywords : longan (Dimocarpus longan Lour), chromosome, metaphase
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Introduction

Longan (Dimocarpus longan Lour) is a
subtropical fruit crop that is originated in southern
China as well as lowlands in India, Sri Lanka and
Mynmar. It is distributed in tropical and subtropical
regions of the world. Ministry of Agriculture and
Cooperatives and Ministry of Commerce regard that
longan is one of the ‘Product Champion’ of Thailand
(Angkasit et al., 2000). Longan plantation face many
problems e.g. alternate bearing, high genetic
diversity and low uniformity of fruit quality.
Improvement of new varieties to overcome the
problems is essential.

In breeding programme, it is necessary to
know the chromosome number of a plant species as
Kanjana (1998)

reported that the chromosome number from the root

it is a part of breeding system.

tips of longan was 30. This study is carried out in
order to find out the appropriate time and tissues
suitable for the investigation of longan chromosome

number.

Materials and Methods

Two different tissues of longan were
selected including root tips and shoot tips. The
collection time were at 07:00, 08:00, 09:00, 10:00,
11:00 and 12:00 hours.

Chromosome investigation followed
Fuelgen Squash method as described in Dyer
(1979). Pretreatment of the plant tissues was done in
paradichlorobenzene solution for 6 hours. The
tissues were then fixed in solutions of ethyl alcohol

and glacial acetic acid at 3:1 (v/v) for 5 minutes and

hydrolysed in hydrochloric acid (1IN HCI) at 60
degree Celcius for 10 minutes. The samples were
then stained in carbol fuchsin for at least 3 hours.
Chromosome number was counted under

microscope at 100 times magnifier.

Results and Discussions

By Fuelgen Squash method, chromosome

investigation of longan showed that :

A. The suitable time was between 09:00 to
10:00 hr. Chromosomes from root tips taken at one
hour interval, from 07:00 to 12:00 hr., were examined.
At 06:00 hr. or late prophase, nuclear membrane
degenerated and a chromosome divided into two
chromatids. These chromatids entangled and could
not be counted. At 07:00 and 08:00 hr. or early
metaphase, chromosomes started to shrink and
separate. However, some of the chromosomes were
closed together or even partly coincided (Figure 1a
and 1b). At 09:00 and 10:00 hr. or metaphase,
chromosomes shrank, separated and perfectly
stained. The chromosomes distributed in the middle
of the cells and were easily counted (Figure 1c and
1d). At 11:00 hr. or late metaphase, the
chromosomes were not as clear as the earlier times
At 12:00 hr. or anaphase, the

chromosomes could not be counted as they

(Figure 1e).

separated and moved to the opposite ends to form
two daughter cells (Figure 1f). The appropriate time
is, therefore, from 09:00 to 10:00 hr. and which
agreed with the experiments on longan (Kanjana,
1998), marigold (Gnoksamoe, 1998) and guava
(Nualkaew, 2000).
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B.  Appropriate tissues were root tips.
Chromosomes from root tips and shoot tips at 09:00
and 09:30 hr. were examined. Tissue from root tips
clearly showed 2n = 30 both at 09:00 hr. (Figure 2a)
and 09:30 hr.(Figure 2b).Tissue from shoot tips also
showed 2n = 30 both at 09:00 hr. (Figure 2 ¢) and
09:30 hr. (Figure 2 d), but it was better at 09:00 hr.

than at 09:30 hr. Tissues from root tips were more
suitable than from shoot tips in chromosome
investigation. This may be due to the appropriate
time was shorter at the shoot tips. It is observed that
there were some fatty suspensions that might cause
some problem in investigation at the shoot tip

samples.

10:00 hr

d s

Figure 1 Different time in longan chromosome investigation.

(a) 07:00 hr. (b) 08:00 hr. (c) 09:00 hr.
(d) 10:00 hr. (e) 11:00 hr. (f) 12:00 hr.



2M9EN9INEAT 21(1) 1 1 — 5 (2548)

d

Figure 2 Different tissues and time in longan chromosome investigation.

(a) root tip at 09:00 hr.

(b) root tip at 09:30 hr.

(c) shoot tip at 09:00 hr. (d) shoot tip at 09:30 hr.

Conclusions

Using Fuelgen Squash method, the
chromosomes of longan were investigated. Different
tissues including root tips and shoot tips as well as
different time of sample collection between 07:00 to
12:00 hr. were studied. It is found that (a)
chromosome number of longan tissues is 30 (2n =
30), (b) it is recommended to examine
chromosomes from root tips than from shoot tips
and (c) during 09:00 to 10:00 hr. was the best time

for sample collection.
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Analysis of Genetic Variation Associated with Flower

Characteristics of Genus Rhynchostylis
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Abstract : Genetic variation associated with flower characteristics of Rhynchostylis coelestis Rchb.f. and
Rhynchostylis  gigantea Ridl. were studied by RAPD (Randomly Amplified Polymorphic DNA) technique
using 24 primers. It was found that primers: OPAKO1, OPAK11, OPD16, OPF10, OPF12 and OPF16 for
Rhynchostylis coelestis; OPAK10, OPD05, OPD10 , OPFO7 and OPF10 for Rhynchostylis gigantea were
able to show genetic relationships. This RAPD technique has potentials for identification of genetic variation

associated with flower characteristics of Genus Rhynchostylis.

Keywords : Rhynchostylis, genetic variation, RAPD
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Figure 1 DNA fingerprint of Rhynchostylis coelestis alba (1-10) and normal (11-20)

by primer OPD16, M = standard marker.
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Figure 2 Dendrogram based on RAPD data of Rhynchostylis coelestis

alba and normal as analyzed by UPGMA (primer OPD16).
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Figure 3 DNA fingerprint of Rhynchostylis gigantea var. rubum (1-5),
alba (6-10), illustre (11-15), and strange (16-20) by primer
OPF10, M = standard marker.
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Figure 4 Dendrogram based on RAPD data of Rhynchostylis gigantea

var. rubum, alba, illustre, and sfrange, as analyzed by UPGMA

(primer OPF10).
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Anatomy of Starch Granules of Arrowroot in Thailand

a1as Inedsen1snu” was inAdl seANANA

Absorn Wittayapraparat "and Kesinee Ramingwong"

Abstract : Thirteen accessions of arrowroots, i.e. Sakhu Wilat 1-9 (Maranta arundinacea L.), Sakhu Dang
(variegated Sakhu) (Maranta arundinacea variegata Hort.) of Marantaceae and Sakhu Chin 1-3 (Canna
edulis Ker-Gawler) of Cannaceae were studied. Anatomy of starch granules showed 2 different groups. The
granules with oval-shaped, centric hilum and size of 6-250 micrometres were found in Sakhu Wilat 1-9 and
Sakhu Dang while the granules with wedge-shaped, eccentric hilum and sizes of 12-325 micrometres were
found in Sakhu Chin 1-3.

Keywords : arrowroot, starch granule, anatomy of starch granule

UNAREa : YINNIANEIANR 13 Faeting Aa @1gIaNd 1-9 (Maranta arundinacea L) @68 (Maranta
arundinacea variegata Hort.) lued Marantaceae LLﬂm’WQau 1-3 (Canna edulis Ker-Gawler) Tunsed
Cannaceae WUIN NelnAanfaaadautle LLmnﬁmﬁuz ngx e ﬂZ\iN‘ﬁ 118U angiana 1-9 Lmemm\i
Winuthglavizesunalal ﬁummqmimm@ﬂmﬂ‘un\‘mm\i flanuenaieds 6-250 lulnsuins ﬂmm 2 lgun
A19AU 1-3 mmtﬂ%‘ﬂmmmmm@mm@@u muﬂﬂmqma‘mm@mmmﬂmﬂmwm flannuenaiede 12-325
Tulmsims

Amda a1 Waulle mednaaniresdauil

VA i a0t AnSnNRIANERT uunanandadeslud @ealud 50200

K Department of Horticultural, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand.



AMSASINEAT 21(1) : 7 — 14 (2548)

ANUN

A v @ A v
@A YiTarUsINAA (arrowroot) luntaNgn
dszwnnio wuvinllensardeu usvseuguandlan
Tupfinaedssyiuseniaesliilgnegviall 4w
dszwalne dungdndanndgnidudniiudnulu
ANHUZENAIATY (WNELNERT, 2544) WlLNtsEiUIana

~ ' v A4 Ay a a s
nansndgnianiuiaauls WsnEulnmnise Heny
Ugndu awnsossyFuinldnansiatl Ugniassdne
YFuidAUAULATaNINLIARENANT LAz
FUN AR (WNA wazAnuy, 2542) wiilduanam

aflulaaselugtlaacuils uiliadnladiaouisgns

QQLL@‘:ﬁQmmWﬁ (Thai Junior Encyclopedia Project,
2000) asiwurltinlunsnamuenunsdnsealaly
auan  usilaqiiunisnanuaznisldise Taaddi
Apudnsain wuiuusyiandes Ugniulusaueuly
wnsvany Tifisstdaniudssnin viseldiselamilu
Faudu sialfiunumaasanglulssmelneddes
nsRnedeyaanfirlunguangisnnduazians
ﬁﬁﬁm@ﬂ'wémamﬂﬁuﬁﬂﬂmw uazlftselemiann
nldunngetu o ldifludeyaiiiliszlomise
nanems wazdhuuamalunmsnemumaieeiag
solilusunan

L4 aa
aUnsal uazdENg

AneesFlsznaureadinuile (starch granule)
Tumiressng Tutnnsasiuingzassing 9 ianns
#ond drrwnadautl usuifioy waziiuinan g
hetheitafisaumssnaniviisng 1 2elszma
e wastihlihlgnaoumulunszons sau 13 seting
(accession) U @1g3ang 4 et @a1gee 1
Faatng uazaIgauw 1 sdeee Andamdameslu
ANARANE 1 FIBHNN ULATAIAAL 2 Fati ANAIUIn
AUNLF 419714 2 Fiae e ANdmdnTas anpRang

1 FnatiN AINAWTRATEWAY LATAIATIANA 1 Fingeing

ANAMTAUATUNGN TIAFBLAGNAUA 1 AiAnA
Wil 3 SMIANIARZTLEEN KAY 1 AISANIANAN

28N15NAAA9

1. MILATENARRLENLUN
YAUALFANILIDNRWIZAMINIITD9477 AN
mmwumﬂmwm fmjmu @uﬂivmmmmmmuim
LasTisR RGN EavinAATe AR
29N dwangeannNeng wdaiunnwld
2. mawmsanalaninuile
Sl%ﬁﬂmﬂﬁmymLﬁ@@'@ﬁmmﬁqﬂmwmmﬁﬂ
Igannilaneddleuitasiion  suiledeildunane
wingladfigzann vieaansazanelalody (Annanse
AAYTAN, 2523) Wit 2% attieEe 12 vian
‘L%rs?w’mﬁuﬁ'ﬂﬁuglﬁl,ﬁmLLﬂW@m@@ﬂmmﬁmﬁlfa ALILEN
wimiefeimaeidll maushdlealastlavuadl)
3. mstuiindays
udualasll@nsnalindasaanssmil

di a all [~ o =K U
Wwemnmunsasuilaesdauil  Tunindeyas
aneny  wazdnavisrasauthfluA @A ANENT

(ANAN4P-498 M)

' A A o o = =
quLﬂu\ﬂlﬂﬂLuﬂLEl@sLuLﬂﬂ'] UUNNATN LL@ZLLE“H‘LILV]FJU

nPBausuANLAnEe  Insla

©

dayanldanynszaznsasyduls
NANITNANDY

=2 | 1% v a @
mefnnudnlassainelumirang Julin
wiladuesdtsznevdalun)  Inedlauilvazaneg
WAEIRNISIANT (MW 1) NANHLE LAZUUIAWAN
AwiietedaEan 2 ngu Aa ngun 1 Tun anedana
19 warangAn lund Marantaceae HANmoUzuay
< v KX o dl 1 dl v
naraadautiadneadaiuuLnile wazngun 2 16
wnl #1Aau 1-3 lwied Cannaceae HANWLY uazaUIA
roadauthadandsiuduidnuuumile  Auaueus
=2 v o al o dij
ngAne135aniu nanismaassifssialilil



a '3 <
madinmamansaalauilassnaludssndlne

Figure 1 Internal structure of arrowroot rhizome.

A = Arrowroot rhizome of Marantaceae

B = Arrowroot rhizome of Cannaceae

C = Starch granules in parenchyma of arrowroot in Marantaceae

D = Starch granules in parenchyma of arrowroot in Cannaceae

p = parenchyma, sta = starch granule
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Figure 2 Characteristics of starch granules in

arrowroot (Marantaceae).

Figure 3 Transformation size of starch granules in arrowroot (Marantaceae).

A= stage 1 B=stage 2 C=stage 3 D= stage 4 E=stage 5 F=stage 6 G= stage 7 H= stage 8
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Figure 4 Position of starch granules in different stage of growth in arrowroot (Marantaceae).
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Figure 5 Characteristics of starch granules in arrowroot

(Cannaceae).
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Figure 6 Transformation size of starch granules in arrowroot (Cannaceae).

A= stage 1 B=stage 2 C=stage 3 D=stage 4 E=stage 5 F=stage 6
G= stage 7 H=stage 8

stage of growth A =2 weeks B =4 weeks C =6 weeks D =8 weeks E =10 weeks F =

12 weeks G =14 weeks H = 18 weeks | =24 weeks J =28 weeks K =32 weeks L=
40 weeks Position of starch granules 1= stage1 2= stage2 3= stage3 4=

stage4 5= stage5 6= stage6 7= stage7 8= stage8

Figure 7 Position of starch granules in different stage of growth in arrowroot

(Cannaceae).
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Varietal Identification of Water Lily by Isozyme Analysis
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Supatra Pathummuang" and Veenan Bandit”

Abstract : Water lilies are open-pollinated plants, and therefore, characteristics of hybrids are varied.
|dentification of genetic variation was carried out on 10 species of Nymphaea sp. Electrophoretic method
was used to determine isozyme patterns from mature and young leaves. Four enzyme systems; EST, SKD,
GOT and POX were tested and applied for genetic identification of selected Nymphaea sp. They were able
to identify the varieties. Unknown samples were tested using these 4 enzyme systems, some common
bands from isozyme could be used as marker for identification of Nymphaea subgroups that were classified

based on leaf characteristics.

Keywords: isozyme, electrophoresis, water lily
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Figure 1 Zymogram of EST from young Leaf,
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Dendrogram using Average Linkage (Between Groups)
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Figure 2 Dendrogram of EST from young leaf, extraction solution #1.

stluvuaaslalelesl SKD

A 999 o . I~ 4 o I~ A a P o
Lm%mmmmgﬁm 2 luluaau ﬂi"]ﬂ{]LLﬂ‘U‘Vl LAILDUUNAUNY (NN 3) INATAINTUANNANNUS

A1 Rf ag/lugng 0.51-0.78 uazillethlilvinlaluwnsn meiugnassianusne 25% wudnanunsoudalsiiu
Wugn Hgtuunmeinea 9 guun e Cluae SHgthiuy 2 ngw (nwd 4)
C cl D J K M P S Sh w

varieties

R f

Figure 3 Zymogram of SKD from young Leaf, extraction solution #2.
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Figure 4 Dendrogram of SKD from young leaf, extraction solution #2.
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Figure 5 Zymogram of GOT from mature Leaf, extraction solution #1.
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Figure 6 Dendrogram of GOT from mature leaf, extraction solution #1.
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Figure 7 Zymogram of POX from mature Leaf, extraction solution #1.
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Figure 8 Dendrogram of POX from mature leaf, extraction solution #1.
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Figure 10 Zymogram of SKD from young leaf of (A.) ‘Bua Phun’ group (B.) ‘Bua Fa-Rang’ group

and(C.) ‘Bua Sai’ group.
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Figure 11 Zymogram of GOT from young leaf of (A.) ‘Bua Phun’ group (B.) ‘Bua Fa-Rang’ group

and (C.) ‘Bua Sai’ group.
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Figure 12 Zymogram of POX from young leaf extraction in 3 groups; (A.) ‘Bua Phun’ group

(B.) ‘Bua Fa-Rang’ group and (C.) ‘Bua Sai’ group.
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Table 1 Common bands from isozymes within Nymphaea subgroups.

Isozyme Common Rf within subgroup
Bua Phun Bua Fa-Rang Bua Sai

EST 0.12 0.50 0.53
0.13 0.58 0.60
0.45
0.50
0.53
0.58

SKD 0.40 no common band 0.37
0.42

GOT 0.19 0.22 0.19
0.22 0.30 0.28
0.27 0.33
0.33

POX 0.25 0.22 0.24
0.28 0.30 0.40
0.35 0.33 0.47
0.37 0.36 0.51
0.55 0.58 0.58
0.62 0.62 0.62

0.75
ﬂ’é;ﬂtmﬁm'ini auaTAN 3 Nt ANy ILLATNNIRBNARN

szunienlol EST, SKD, GOT uaz POX
uwansgtiuuureuouUFATIELLUWANG AL A1N19D
Wl g Tusuunauduiusnieiugnasuia s
AwFuunugaunielunga (monomorphic band) &
dselumilunisdanguiia wiazszuueuladiansean
Plunenaipuacietheigisei  szueulmsd
fugasuarlflinsumniing enaifiasannlidfanem
m@qmuvlfmﬁu (Jaaska, 1983) Lﬁ@ﬁwﬁﬂwmumuﬁl
Tlldnmnuduiusnaiugnasn  Taaniavinlalu-

unsuuaziaulasunss wugn  uddslianansouenngs
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Effect of Potassium and Magnesium on Leaf Nutrients

Concentration of Fruiting Arabica Coffee

/

TIRA NDANWUS WAL USA ANUEN

Chawlit Korsamphan” and Narit Yimyam"

Abstract : The effects of potassium and magnesium on leaf nutrients concentration of arabica coffee var.
Population#4 (POP4) and Population# 5 (POP5) were examined. Two leve of potassium 1) no potassium
applied, 2) soil applied with 300 g of K/tree/year and magnesium i.e. 1) no magnesium applied , 2) 1 % of
Mg,SO, sprayed two week interval and 3) soil applied with 150 g/tree/year. The experimental design was
Split-Plots in RCBD. It was found that the foliage sprayed and soil applied of magnesium showed
magnesium content in the leaves were increased from the marginal point of deficient to adequate. There was
no significant interaction between magnesium and potassium neither supplementary nor competitive effects.
Other nutrients content also showed no significant difference from different fertilizer application treatments.
For the balancing of potassium, calcium and magnesium, it was found that the milli equivalent per 100
grams of dried leaves ranging from 79.25-122.34 (adequate rang are 130-170) for potassium and calcium
were in suitable range, while magnesium was lower than the standard, resulted in the low range for total

aggregation.

Keywords: arabica coffee, leaf nutrient content, nutrient balance
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v Highland Research and Training Center, Faculty of Agriculture, Chiang Mai University, Chaing Mai 50200, Thailand.
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Table 1 Effect of potassium and magnesium on average soil pH, organic matter (OM), nitrogen (N),

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

pH N (%) P (ppm)
reatments 1998 1999 1998 1999 1998 1999
Aug Nov Aug Nov Aug Nov Nov Aug Nov Aug Nov
Mg, 4.64 5.56 5.90 5.83 0.298 0.347 0.292 83.13 82.08 39.67 140.00
K, Mg, 4.61 5.59 5.83 5.82 0.349 0.368 0.318 84.06 72.08 39.83 136.25
Mg, 5.63 5.47 0.297 40.00 112.67
Average K, 4.63 5.58 5.79 5.71 0.324 0.358 0.302 83.60 77.08 39.83 129.64
Mg, 4.84 5.45 5.97 5.80 0.358 0.416 0.342 70.94 82.83 41.08 131.58
K, Mg, 4.84 5.52 5.96 5.83 0.344 0.412 0.308 66.56 70.00 42.75 118.75
Mg, 5.58 5.48 0.343 40.42 108.67
Average K, 4.84 5.49 5.84 5.70 0.351 0.414 0.331 68.75 76.42 41.42 119.67
K NS NS NS NS NS NS 0.024 NS NS NS 9.024
LSD Mg NS NS 0.123 0.185 NS NS NS NS 6.029 NS 12.419
KxMg NS NS NS NS * NS * NS NS NS NS
C.V. (%) 6.21 5.60 5.53 6.21 12.01 14.12 10.60 21.04 18.67 11.13 17.17
K (ppm) Ca (ppm) Mg (ppm)
'Treatments 1998 1999 1998 1999 1998 1999
Aug Nov Aug Nov Aug Nov Aug Nov Aug Nov Aug Nov
Mg, 27328  282.08 169.68 163.08 407.71 10314 777.08 618.33 32.97 40.69 36.88 38.96
K, Mg, 290.36  315.83 241.08 219.58 462.50 1151.0 795.83 584.58 32.19 46.43 42.50 46.67
Mg, 157.92 180.42 51042  276.67 39.38 4417
Average K 281.82  298.96 189.56 187.69 435.11 1091.20 493.19 32.58 43.56 39.59 43.27
Mg, 352.58  380.75 264.59 297.08 421.88 14115 918.75 576.25 31.41 60.51 48.54 43.75
K, Mg, 334.28  328.33 240.24 261.42 443.75 1255.2 751.83  636.25 34.69 61.56 48.96 52.08
Mg, 199.50 222.92 539.58  352.08 47.08 54.58
Average K| 34343  354.54 234.78 260.47 432.82 1333.35 736.72 521.53 33.05 61.035 48.19 50.14
K NS NS NS 18.581 NS NS NS NS NS NS NS 5.598
LSD Mg NS NS NS 28.433 NS NS 161.77 NS NS NS NS NS
KxMg NS NS NS * NS NS NS NS NS NS NS NS
C.V. (%) 25.86 20.91 31.80 26.86 25.11 47.70 47.81

'Treatments ; K,= No K added, K, = added with 100 grams of K,SO, per tree three times a year, Mg, = no Mg added, Mg, = 1% W/V of Mg,SO,

foliage sprayed 2 week interval and Mg, = added with 50 grams per tree of Mg,SO, three times a year.
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Figure 1 Nutrients concentration in arabica coffee leaf from May 98 — February 99. May to November
was bearing period and February was non-bearing period. Each point was from the average

of 6 treatments and 4 replicates.

Table 2 Effect of potassium and magnesium on % K concentration in arabica coffee leaf.

P and Mg concentration (%)

Treatment Jul-98 Aug-98 Sep-98 Oct-98 Nov-98 Feb-99 Aug-99 Nov-99

Mg, 2.95 1.84 1.80 0.095 1.00 207 1.02 1.71
K, Mg, 273 1.96 1.85 1.10 1.08 2.21 1.19 1.59
Mg, 1.21 1.63
Average K,  2.84 1.90 1.83 0.60 1.04 214 114 1.64
Mg, 2.49 1.99 2.10 1.08 1.27 198 219 1.69

K, Mg, 2.58 1.93 2.10 1.68 1.33 263 209 1.86
Mg, 2.18 1.84
Average K, 254 1.96 2.10 1.38 1.30 231 215 1.80

K NS NS 0109 0294 0475 NS NS NS

LSD,, Mg NS NS NS 0.198 NS NS NS NS
KxMg NS NS NS * NS NS NS NS
C.V. (%) 1522 1324 2162 4306 2515 3355 3926  24.94

Range of Potassium concentration in coffee leaf
Deficient < 1.50
Marginal 0.15-0.20
Adequate 2.10-2.60
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Table 3 Effect of potassium and magnesium on % Ca concentration in arabica coffee leaf.

Treatment Jul-98 Aug-98 Sep-98 Oct-98 Nov-98 Feb-99 Aug-99 Nov-99
Mg0 0.890 0.704 0.750 0.978 0.763 0.722 0.672 0.543
KO Mg1 0.899 0.760 0.775 0.968 0.877 0.780 0.607 0.538
Mg2 0.577 0.533
Average K, 0.895 0.732 0.763 0.973 0.820 0.751 0.619 0.538
MgO0 0.824 0.704 0.749 0.911 0.873 0.772 0.618 0.655
K1 Mg1 0.861 0.770 0.848 1.054 0.743 0.920 0.605 0.510
Mg2 - - - - - - 0.618 0.593
Average K, 0.843 0.737 0.799 0.983 0.808 0.846 0.614 0.586
K NS NS NS NS 0.054 NS NS NS
LSD Mg NS NS NS NS NS NS NS NS
KxMg NS NS NS NS NS NS NS NS
C.V. (%) 18.6 16.02 20.02 211 18.2 24.34 13.77 24.2

Range of calcium concentration in coffee leaf
Deficient <0.40
Marginal 0.40-0.70

Adequate 0.75-1.50
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Table 4 Effect of potassium and magnesium on % Mg concentration in arabica coffee leaf.

Treatment Jul-98 Aug-98 Sep-98 Oct-98 Nov-98 Feb-99 Aug-99 Nov-99
Mg, 0.108 0.108 0.106 0.098 0.087 0.143 0.137 0.133
Ko Mg, 0.123 0.121 0.116 0.108 0.115 0.188 0.132 0.142
Mg, 0.170 0.183
Average K, 0.116 0.115 0.111 0.103 0.101 0.166 0.146 0.153
Mg, 0.125 0.118 0.123 0.101 0.102 0.130 0.110 0.123
K, Mg, 0.123 0.126 0.141 0.125 0.118 0.182 0.120 0.123
Mg, 0.143 0.175
Average K, 0.124 0.122 0.132 0.113 0.110 0.156 0.124 0.140
K NS NS NS NS NS NS NS NS
LSD 4 Mg NS 0.048 0.091 0.063 0.087 NS 0.015 0.023
KxMg NS NS NS * NS NS NS NS
C.V. (%) 14.73 13.12 18.93 15.58 15.82 36.02 13.74 2417

Range of Magnesium concentration in coffee leaf
Deficient < 0.10
Marginal 0.10-0.24

Adequate 0.25-0.40

Table 5 Leaf nutrient concentration of bearing arabica coffee, comparing between young fully expanded

and old leaf from the same branch.

Treatment N P K Ca Mg
Fully expanded leaf 2.45 0.102 2.083 1.300 0.178
Old leaf 1.84 0.096 2.743 1.123 0.039
LSD 0.355 NS 0.653 NS 0.023

Standard leaf nutrients of arabica coffee
Defficient <22 <0.1 <0.15 <04 <0.1
Marginal 2.2-2.4 0.1-0.14 1.5-2.0 0.4-0.7 0.1-0.24
Adequate 2.5-3.0 0.15-0.2 2.1-2.6 0.75-1.5 0.25-0.40
High >3 >0.2 >26 >1.5 >04
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Figure 2 Milli-equivalent /100 g dried leaf, marginal and adequate by Wrigley (1988) and from leaf

analysis between May, 1998 to Nov, 1999.
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Table 6 Effect of K and Mg on milli equivalent per 100 g dried leaf of arabica coffee.

Treatment Jul-98 Aug -98 Sep-98 Oct-98 Nov-98 Feb-99 Sep-99 Nov-99
K,Mg, 128.97 91.20 92.37 81.39 79.45 111.11 72.88 74.89
K,Mg, 125.21 97.88 95.84 85.60 82.78 111.36 76.01 74.68
K Mg, 80.35 83.70
K,Mg, 115.55 95.97 101.46 78.39 73.54 100.27 94.19 86.40
K,Mg, 119.65 98.51 108.02 102.98 81.22 128.49 84.01 83.51
K,Mg, 89.91 91.52
Grand mean 122.34 95.89 99.43 87.09 79.25 112.81 82.89 82.45
Between
KK, '.9.49 2.70 10.64 7.19 -3.74 3.16 12.96 9.39
Mg,-Mg, -1.71 7.95 6.75 16.51 717 14.36 -1.96 -1.66
Mg,-Mg, 5.33 11.37
Mg,"Mg, 7.29 13.03
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Effects of Water Regimes on Flowering, Yield Components

and Quality of Arabica Coffee

a o @ sa 1/ a o o oY % 4 a2
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Primluck Praphutphitthayaﬂ, Chawalit Korsamphany and Bantoone Warrit’

Abstract : The study emphasized on the effects of water regimes on flowering and yield components of
arabica coffee (Coffea arabica L.). Five years old coffee trees were planted in 20 gallons plastic containers
under greenhouse condition. Soil water was kept at moisture content of 100%FC, 75%FC, 50%FC, 25%FC
and at the first sign of wilting (FSW). The watering were calculated from water balance of the soil
programme. No effect of water stress on vegetative growth was found on all treatments. However, in term of
physiology, the water regime of 100%FC resulted higher leaf water potential, high number of stomata and
total chlorophyll content. Trees that experienced to soil moisture content at FSW flowered more time than that
of 75, 100, 50 and 25%FC respectively. Water regimes also had effect on duration of fruiting. Watering at
50%FC, the time from first re-watering to fruit setting and ripening were longer than other treatments. Several
set of fruit ripening occurred during the 11 weeks. At 25%FC and FSW treatments, harvesting finished within,
5.37 and 5.56 times which were higher that of the other treatments. Moreover, the highest number of cherries
per branch and number of cherries per node were shown in the last treatment. Yield component showed no
significant difference in term of number of node and number of bearing node per branch. However, the
highest 100 cherry weight was achieved from the 100%FC treatment. The trees irrigated at the first sign of

wilting showed the highest number of fresh fruit per tree, but irregular ripening was observed. Harvesting

" pARmitaau AsinEmIAdns avnanendeidaslud @ealud 50200
N Department of Horticultural, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand.
? gudidauaziinausuigs anzineasAnans uwndnendendeslud . deoalud 50200

2/Highland Research and Training Center, Chiang Mai University, Chiang Mai 50200, Thailand.
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therefore regimed more labor, which attributed to high cost of production. In contrast, watering at 75 and
100%FC significantly reduced number of flowering cycles, whereas the number of fresh fruit per tree was
also reduced. However, these treatments showed the highest fresh fruit weight per 100 fruits, green bean
weight per 100 beans and percent A grade of green bean. Finally, 75%FC watering is recommended
because it reduces water consumption and lower harvesting cost by reducing the number of harvesting

cycle.

Keywords : arabica coffee, water regime, flowering
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Table 1 Effects of water regimes on growth of arabica coffee.

Total rate of cumulative growth

Treatment
Stem height (cm.) Stem diameter (cm.) No. of branch/tree
100%FC 38.00 1.16 15.50
75%FC 35.88 0.92 15.00
50%FC 26.63 0.75 13.50
25%FC 31.00 0.95 16.00
FSW 25.00 0.97 14.25
LSD NS NS NS
CV(%) 41.85 2145 21.90

NS = non significant
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Figure 1 Effects of water regimes on number of leave/tree.
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Figure 2 Effects of water regimes on LAl

Table 2 Effects of water regimes on physiology of arabica coffee.

Total chlorophyll (mg.m'z) No. of stomata/mm’

Treatment May Aug Nov May Aug Nov
100%FC 508.77° 517.28 526.26 128.50° 126.00 124.69
75%FC 483.61° 485.50 487.73 118.56° 125.63 124.38
50%FC 481.11° 484.22 486.46 104.06" 121.69 124.69
25%FC 413.04%° 432.38 443 .17 100.44° 123.13 121.50
FSW 340.87° 438.97 366.42 103.06" 123.31 122.38

LSD 111.37 NS NS 12.76 NS NS

CV(%) 34.66 44 .51 34.09 16.32 5.21 7.74

Mean within a column followed by a different letters represent significant at P=0.05 by LSD test

NS = non significant
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Figure 3 Effects of water regimes on leaf water potential (bar).
Table 3 Effects of water regimes on flowering of Arabica Coffee.
Days after .
Treatment ) Flush  No. of flower/branch  No. of flower/node %flowering
re-watering
100%FC 8.00° 2.43° 68.87" 7.44% 95.69
75%FC 8.43° 2.31° 56.12° 6.31° 95.33
50%FC 30.31° 2.31° 45.12° 5.13° 95.31
25%FC 19.81° 3.93° 88.06° 9.91° 97.46
FSW 9.75° 5.37° 128.43° 15.66° 97.98
LSD s 2.26 0.70 27.69 3.02 NS
CV(%) 21.05 458 50.80 48.17 30.63

Mean within a column followed by a different letters represent significant at P=0.05 by LSD test

NS = non significant
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Table 4 Effects of water regimes on ripening of arabica coffee.

Treatment Days after re-watering Set No. of cherries/branch %Ripening
100%FC 244.37° 3.37° 63.13% 96.25
75%FC 245.68° 3.37 53.25° 96.67
50%FC 263.56" 3.12° 38.63° 88.87
25%FC 254.00° 5.37° 82.25° 95.81

FSW 246.12° 5.56° 120.31° 96.14
LSD 457 0.95 26.87 NS
CV(%) 2.58 32.46 53.30 5.22

Mean within a column followed by a different letters represent significant at P=0.05 by LSD test

NS = non significant
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Table 5 Effects of water regimes on yield components of arabica coffee.

No. of Weight of
Cherries/ Cherries/tree Cherries/tr 100 cherries 100
Treatment  Node/ Bearing branch ee (g.) (9.) green
branch  node/branch

bean (g)
100%FC  13.37 8.75 63.12" 860.25° 1747.17° 204.42° 24.20°
75%FC  13.25 8.68 53.25° 967.00° 1707.72° 180.01° 23.00%
50%FC  12.68 8.75 38.62° 1169.25°  2094.13° 179.85° 22.51°
25%FC  12.68 8.75 82.25° 1115.00° 1860.94" 167.49° 21.99°
FSW 12.25 8.06 120.31° 1599.00° 2758.28° 172.92 23.17%°

LSD 406 NS NS 26.87 136.50 240.22 10.13 1.21

CV(%) 11.45 10.17 31.68 7.94 7.84 7.94 7.51

Mean within a column followed by a different letters represent significant at P=0.05 by LSD test

NS = non significant
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Table 6 Effects of water regimes on quality of Arabica Coffee.

%Grade
Treatment A » v 5 Cup testing

100%FC 63.61° 22.82% 7.01 6.57" 120.00
75%FC 77.84° 7.17° 6.21 8.78" 109.00
50%FC 55.56" 28.10° 7.11 9.23" 103.00
25%FC 61.36° 20.98° 8.68 8.97° 112.00

FSW 53.22° 19.37° 17.14 10.27° 103.00
LSD , 10.70 5.67 NS 2.20 NS
CV(%) 11.41 16.75 19.14 67.11 21.60

Mean within a column followed by a different letters represent significant at P=0.05 by LSD test

NS = non significant
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Effects of Water Regimes on Flowering, Yield Components

and Quality of Arabica Coffee

a o @ sa 1/ a o o oY % 4 a2
WTNAT Y L/?ST!VIEWVIEI’T TINA NAFANNUSL UASLIUNTE INEG

Primluck Praphutphitthayaﬂ, Chawalit Korsamphany and Bantoone Warrit’

Abstract : The study emphasized on the effects of water regimes on flowering and yield components of
arabica coffee (Coffea arabica L.). Five years old coffee trees were planted in 20 gallons plastic containers
under greenhouse condition. Soil water was kept at moisture content of 100%FC, 75%FC, 50%FC, 25%FC
and at the first sign of wilting (FSW). The watering were calculated from water balance of the soil
programme. No effect of water stress on vegetative growth was found on all treatments. However, in term of
physiology, the water regime of 100%FC resulted higher leaf water potential, high number of stomata and
total chlorophyll content. Trees that experienced to soil moisture content at FSW flowered more time than that
of 75, 100, 50 and 25%FC respectively. Water regimes also had effect on duration of fruiting. Watering at
50%FC, the time from first re-watering to fruit setting and ripening were longer than other treatments. Several
set of fruit ripening occurred during the 11 weeks. At 25%FC and FSW treatments, harvesting finished within,
5.37 and 5.56 times which were higher that of the other treatments. Moreover, the highest number of cherries
per branch and number of cherries per node were shown in the last treatment. Yield component showed no
significant difference in term of number of node and number of bearing node per branch. However, the
highest 100 cherry weight was achieved from the 100%FC treatment. The trees irrigated at the first sign of

wilting showed the highest number of fresh fruit per tree, but irregular ripening was observed. Harvesting

" pARmitaau AsinEmIAdns avnanendeidaslud @ealud 50200
N Department of Horticultural, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand.
? gudidauaziinausuigs anzineasAnans uwndnendendeslud . deoalud 50200

2/Highland Research and Training Center, Chiang Mai University, Chiang Mai 50200, Thailand.
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therefore regimed more labor, which attributed to high cost of production. In contrast, watering at 75 and
100%FC significantly reduced number of flowering cycles, whereas the number of fresh fruit per tree was
also reduced. However, these treatments showed the highest fresh fruit weight per 100 fruits, green bean
weight per 100 beans and percent A grade of green bean. Finally, 75%FC watering is recommended
because it reduces water consumption and lower harvesting cost by reducing the number of harvesting

cycle.

Keywords : arabica coffee, water regime, flowering
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Table 1 Effects of water regimes on growth of arabica coffee.

Total rate of cumulative growth

Treatment
Stem height (cm.) Stem diameter (cm.) No. of branch/tree
100%FC 38.00 1.16 15.50
75%FC 35.88 0.92 15.00
50%FC 26.63 0.75 13.50
25%FC 31.00 0.95 16.00
FSW 25.00 0.97 14.25
LSD NS NS NS
CV(%) 41.85 2145 21.90

NS = non significant
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Figure 1 Effects of water regimes on number of leave/tree.
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Figure 2 Effects of water regimes on LA

Table 2 Effects of water regimes on physiology of arabica coffee.

Total chlorophyll (mg.m'z) No. of stomata/mm’

Treatment May Aug Nov May Aug Nov
100%FC 508.77° 517.28 526.26 128.50° 126.00 124.69
75%FC 483.61° 485.50 487.73 118.56° 125.63 124.38
50%FC 481.11° 484.22 486.46 104.06° 121.69 124.69
25%FC 413.04™ 432.38 443.17 100.44° 123.13 121.50
FSwW 340.87° 438.97 366.42 103.06° 123.31 122.38

LSD 4 111.37 NS NS 12.76 NS NS

CV(%) 34.66 44.51 34.09 16.32 5.21 7.74

Mean within a column followed by a different letters represent significant at P=0.05 by LSD test

NS = non significant
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Figure 3 Effects of water regimes on leaf water potential (bar).
Table 3 Effects of water regimes on flowering of Arabica Coffee.
Days after .
Treatment ) Flush  No. of flower/branch  No. of flower/node %flowering
re-watering
100%FC 8.00° 2.43° 68.87" 7.44% 95.69
75%FC 8.43° 2.31° 56.12° 6.31° 95.33
50%FC 30.31° 2.31° 45.12° 5.13° 95.31
25%FC 19.81° 3.93° 88.06"° 9.91° 97.46
FSW 9.75° 5.37° 128.43° 15.66° 97.98
LSD , 2.26 0.70 27.69 3.02 NS
CV(%) 21.05 4.58 50.80 48.17 30.63

Mean within a column followed by a different letters represent significant at P=0.05 by LSD test

NS = non significant
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Table 4 Effects of water regimes on ripening of arabica coffee.

Treatment Days after re-watering Set No. of cherries/branch %Ripening
100%FC 244.37° 3.37° 63.13% 96.25
75%FC 245.68° 3.37 53.25° 96.67
50%FC 263.56" 3.12° 38.63° 88.87
25%FC 254.00" 5.37° 82.25° 95.81

FSW 246.12° 5.56" 120.31° 96.14
LSD 457 0.95 26.87 NS
CV(%) 2.58 32.46 53.30 5.22

Mean within a column followed by a different letters represent significant at P=0.05 by LSD test

NS = non significant

5. uaraInslRinfiiAeaRUsznaunanan waz SununaRens @"mfaum@ﬁzgﬂ%\iﬁu ﬁwﬁﬂm@zgn
NANAR Wy {iwﬁﬂmmmmuﬁqﬁqﬁu uazivinans
mslshina 5 sealifiasiadnuandasiens mLL‘V\lmmummmnmmm yananmYi Wummﬂumw
SumndeTiFnng uastihurhnunnzatusia 100 wWin 100%FC wﬂwumunm@ml,mlmn 100 Ha uaztwn
winwinnsliinidlefaatnarnldsuaunasiede ananun 100 wdndAunniign

Table 5 Effects of water regimes on yield components of arabica coffee.

No. of Weight of
Cherries/ Cherries/tree Cherries/tr 100 cherries 100
Treatment  Nodef Bearing branch ee (g.) (9.) green
branch  node/branch

bean (g)
100%FC  13.37 8.75 63.12" 860.25° 1747.17° 204.42° 24.20°
75%FC 13.25 8.68 53.25° 967.00° 1707.72° 180.01° 23.00°
50%FC  12.68 8.75 38.62° 1169.25°  2094.13° 179.85° 22.51°
25%FC  12.68 8.75 82.25" 1115.00° 1860.94° 167.49° 21.99°
FSW 12.25 8.06 120.31*  1599.00°  2758.28° 172.92% 23.17%°

LSD s NS NS 26.87 136.50 240.22 10.13 1.21

CV(%) 11.45 10.17 31.68 7.94 7.84 7.94 7.51

Mean within a column followed by a different letters represent significant at P=0.05 by LSD test

NS = non significant
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Aaalsaa lwluanas (Thymms and Gaff, 1979) @91

Warrit (1977) I uansliifiudnAndnsuasinluluasd]
A uduusAs AT TuTE AT Uy (soil water
content) vnszduAIFL LA UARR ANdNSnTn
Tazanmadae Bayan and Bora (1997) na12qn
fimauﬂﬂﬂhmm%mLﬁmmqaﬁ ATHPYNIAINGNTL
ﬁumuvxlﬁa;ﬂuﬂmwiﬁ?uﬁﬂmuﬂﬂﬁ
wdsanRaaennURNEEesann191e
v nsludgdunun 100, 75%FC, uaslsiiniile
i sildnenmuiunwielign 8.00 fs 975 du
#8mPARINL Crisoto et al. (1992) Fananndn naniEu
nuniinsmeeseanaenuang pieuTlAnmRen
doalnemsarnBunasniliundunuivdsann gz
anwiesan filuRnavnlsmaennutuannnin
sauaztnueenldnely 8 fa 12 §u anmsieen
nusuueentien ﬁﬂﬁmaﬂﬂ’mw&uﬁmmmqun
WGanIlunIIARAY NMIMEeLLNLAIAaNNIUIS
11 dlonsf wudnduilsin 100, 75 uae 50%FC 1
Suaugeirentnulieniign 2.31 T 2.43 90 Aokl
Smaunendeny LavsunensedeiAntanndngy
Fsrideiten ﬁﬁﬂ’]ﬁ‘ﬂﬂuﬂlﬂdﬂ'ﬂﬂﬁﬂﬂﬂﬁm ustaeinals
Aanunnsliinluudasnenialinaseule fifusinig
Umesnenidien Beufeufusuumaenie fifus
MsfRaLEa Reifie s uuneninL e fidus

Table 6 Effects of water regimes on quality of Arabica Coffee.

%Grade
Treatment A » v 5 Cup testing

100%FC 63.61° 22.82% 7.01 6.57" 120.00
75%FC 77.84° 7.17° 6.21 8.78" 109.00
50%FC 55.56" 28.10° 7.11 9.23" 103.00
25%FC 61.36° 20.98° 8.68 8.97° 112.00
FSW 53.22° 19.37° 17.14 10.27° 103.00

LSD , 10.70 5.67 NS 2.20 NS
CV(%) 11.41 16.75 19.14 67.11 21.60

Mean within a column followed by a different letters represent significant at P=0.05 by LSD test

NS = non significant
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Suitable Factors for Establishing Isozyme Patterns in

Thai Lady’s Slipper (Paphiopedilum Pfitzer)

Wg ANaa15ImuY” uas WaWla a1a19rgaN
Pasu Skunareewattana’ and Pimchai Apavatjrut K

Abstract : A series of study to find suitable factors for establishing isozyme patterns in 10 Thai
Paphiopedilum and 1 natural hybrid showed that 0.5 gram young leaf fresh weight, 0.1 M
Tris-HCIl pH 7, 1 mM EDTA, 1 % w/v PVP-360, 2 mM DTT, 10 mM B—mercaptoethanol and 11% separating

gel are most suitable for polyacrylamide gel electrophoresis (PAGE).

Keywords :  Paphiopedilum, isozyme, electrophoresis

undngia : naFnladefivanzandviunisiniAaguulelrlsesndag e uirading 10 1l
uaz QnuANaNEsINTIR 1 Tl Taeainderdarlufaadidn e WaTa nudimsldluden 0.5 nf e
afafiRdouLlsznates 0.1 M Tris-HCI pH 7, 1 mM EDTA, 1 % wiv PVP-360, 2 mM DTT, 10 mM [3-
mercaptoethanol wazngld separating gel 11% ?Lﬁmﬂa‘ﬁzgm
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Y Department of Horticultural, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand.
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Table 1 Effect of extraction buffer on 4 enzyme banding.

Enzyme Extraction Band Number of
R Remarks
system buffer appearance bands
EST 1 + 4 0.15, 0.25, 0.36, 0.5 Smear band
2 + 4 0.15, 0.25, 0.36, 0.5 Sharp band
GOT 1 + 3 0.20, 0.26, 0.35 Sharp band
2 + 3 0.20, 0.26, 0.35 Very sharp band
1 - - - -
LAP
2 + 1 0.40 Sharp band
1 + 0.30, 0.36 Smear band
MDH
2 + 0.30, 0.36 Sharp band
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lalglasindaelfisaadinu Aa pH 7 aeliunudd
AL ANINRTTAL pH 6.5, 7.5, 8.0 Uax 8.5 LazliA
Lmuﬁmrw;nmu”bﬁﬂﬁsl%ﬁwm'au (A3 2) Tnefises
pH 6.5 uay 8.5 wulmsl EST lufiaunud dawewlasd
GOT #exdt pH 65 lifaund uazieulosl LAP
fisv# pH 6.5, 7.5, 8.0 wax 8.5 Wifiunud A s
oulml MDH  fiseéu pH 6.5 uae 8.5 ifaunud
dudenfuewled EST lunsdififauaud Snuou
woud uaz A1 R AAeannsld pH sreiuluusas
wondla] SAnlaiumnsinaiu nnafivnenario pH7 1

Lmumﬁﬁ‘ﬁ'@m Unasiiuged enfgan (2537) 14
aFinel¥in henadadiil pH wnzamsilsieylm
AATETINTIgA uOUATIRATUAE AasANTR
NAURITYAL  pH Fmnvauiihil hinueadeniu
TENTUIRS Durham et al. (1987) TN 3aiena pH 7
lunsAnsiauls] MDH, diaphorase (DIA), isocitrate
dehydrogenase (IDH), phosphoglucomutase (PGM)
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Weniy Marquard (1987) fdansarn pH 7 Tu
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Table 2 Effect of pH levels of extraction buffer on 4 enzyme banding.

Enzyme Band Number of
pH R, Remarks
system appearance bands

6.5 - - - -

7.0 + 4 0.15, 0.25, 0.36, 0.5 Sharp band
EST 7.5 + 4 0.15, 0.25, 0.36, 0.5 Smear band

8.0 + 4 0.15, 0.25, 0.36, 0.5 Smear band

8.5 - - - -

6.5 - - - -

7.0 + 3 0.22, 0.38, 0.46 Sharp band
GOT 7.5 + 3 0.22, 0.38, 0.46 Sharp band

8.0 + 3 0.22, 0.38, 0.46 Sharp band

8.5 + 3 0.22, 0.38, 0.46 Smear band

6.5 - - - -

7.0 + 1 0.44 Sharp band
LAP 7.5 - - - -

8.0 - - - -

8.5 - - - -

6.5 - - - -

7.0 + 2 0.27, 0.39 Smear band
MDH 7.5 + 2 0.27, 0.39 Smear band

8.0 + 2 0.27, 0.39 Smear band

8.5 - - - -
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Table 3 Effect of plant tissues on 4 enzyme banding.

Lazmendaulfunuandseetiutioandndiunen
LAYsIN uenant wudnewlm? EST annaenld
@"mqul,muﬁi@‘i&ﬁ”kﬁﬁmnﬁzgm (5 woy) wazsnli
Lmuﬁﬁ@ﬂﬁlzﬂm (3 wow) ddwenlmd GOT, LAP uax
MDH ‘lifimanuuandnsresdnuuuau@anniioiie
featiaiu dmuen R HAwiniuluusazdounesiv
fldiiesinseailneldiawlas] LAP uaz MDH
(9173’1\1171' 3) wiF R, yagunu@anneuls EST uay
GOT azumnaiulilmuiederildnns\luseuls
mm@u%@mmLmuﬁﬁ'ﬁmmmﬂummﬂué@mﬂu

Enzyme ) Band Number of
system Plant tissue appearance bands R, Remarks
Young flower + 4 0.12, 0.16, 0.25, 0.51 Smear band
Flower + 5 015, 0'28(; :'33’ 036, Smear band
EST Leaf ¥ 4 0.15, 0.25, 0.36, 0.5 Smear band
Young leaf + 4 0.15, 0.3, 0.46, 0.53 Sharp band
Root + 3 0.3, 0.36, 0.53 Sharp band
Young flower + 3 0.11, 0.28, 0.36 Sharp band
Flower + 3 0.11, 0.26, 0.35 Smear band
coT Leaf + 3 0.2, 0.26, 0.36 Smear band
Young leaf + 3 0.1, 0.26, 0.36 Sharp band
Root + 3 0.1,0.2, 0.25 Smear band
Young flower + 1 0.41 Sharp band
Flower + 1 0.41 Smear band
LAP Leaf + 1 0.41 Sharp band
Young leaf + 1 0.41 Sharp band
Root + 1 0.41 Smear band
Young flower + 2 0.32, 0.39 Smear band
Flower + 2 0.33, 0.39 More smear band
MDH Leaf + 2 0.35, 0.39 More smear band
Young leaf + 2 0.33, 0.39 Smear band
Root + 2 0.32, 0.39 More smear band
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Table 4 Effect of fresh weights on 4 enzyme banding.
Fresh
Enzyme . Band Number
weight R Remarks
system appearance of bands
(gram)
Sharp, but not dark
0.25 + 4 0.23, 0.37, 0.45, 0.51
band
EST
0.50 + 4 0.23, 0.37, 0.45, 0.51 Sharp and dark band
0.75 + 4 0.23, 0.37, 0.45, 0.51 Smear band
0.25 + 3 0.22, 0.38, 0.46 Sharp band
GOT 0.50 + 3 0.22, 0.38, 0.46 Sharp band
0.75 + 3 0.22, 0.38, 0.46 Smear band
Sharp, but not dark
0.25 + 1 0.42
band
LAP 0.50 + 1 0.42 Sharp and dark band
0.75 + 1 0.42 Smear band
Sharp, but not dark
0.25 + 2 0.29, 0.39
band
MDH 0.50 + 2 0.29, 0.39 Sharp and dark band
Thick and very dark
0.75 + 2 0.29, 0.39

band
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Productivity of Brachiaria ruziziensis in Leucaena

leueocephala Hedgerow

ageylsas AuUNTAT WAL IAANWA WINIWTS

Jaroonroj Chansiri” and Chalermpone SampetZ/

Abstract: A study on dry matter (DM) yield and crude protein (CP) content of ruzi grass (Brachiaria
ruziziensis) in alley cropping with leucaena (Leucaena leucocephala cv. Cunningham) was carried out at
Mae Hea Research and Training Station, Faculty of Agriculture, Chiang Mai University during May to
November 1996. The ruzi grass was planted between leucaena hedgerow, using split plot design. Three
rows spacings of leucaena hedgerow were assigned to the main plot, i.e. 2.5, 4.0 and 6.0 meters width and
two management methods of leucaena biomass, i.e. using for green manure and forage use as the sub-plot.

It was found that the total DM yield and CP content of mixed pasture (ruzi grass + leucaena) were
higher at the spacing at 2.5 meters than those at 4.0 and 6.0 meters, respectively (8,369 kg DM/ha and
1,456 kg CP/ha from four cuttings (during 170 days period). Sole ruzi grass without fertilizer (control)
produced only 7,006 kg DM/ha and 495 kg CP/ha. Using leucaena as green manure at the spacing of 2.5
meters produced similar DM yield when compared with control but the CP content was 36 % higher (684 kg
CP/ha).

Keywords: ruzi grass, leucaena, mixed pasture, alley cropping, forage yield and quality, green manure
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" Animal Nutrition Division, Department of Livestock Development.
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Table 1 Effects of row spacings of leucaena hedgerow on forage dry matter yield of Leucaena and

associated ruzi grass over 170 days under hedgerow management as green manure or

forage use.
Hedgerow Hegerow Forage dry matter (kg/ha)
spacings (m) managements Ruzi grass Leucaena Total
2.5 Green manure 6,575 - 6,575
Forage use 4,725 3,644 8,369
4.0 Green manure 5,863 - 5,863
Forage use 5,288 2,231 7,519
6.0 Green manure 5,206 - 5,206
Forage use 4,812 1,781 6,594
Control (sole grass) 7,006 - 7,006
+Standard Error Ruzi grass Leucaena Total
Spacings 123.94** 107.00** 112.44*
Management 105.25** 86.81**
Interaction 178.69* Ns

* significant at P<.05 ** significant at P<.01 ns = non-significant at P>.05
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Table 2 Crude protein contents (on dry matter basis) of leucaena hedgerow and associated ruzi grass

planted between hedgerow under hedgerow management as green manure or forage use.

Hedgerow Hedgerow Ruzi grass CP Leuceana CP Total CP
spacings(m) management % Kg/ha % kg/ha (kg/ha)
2.5 Green manure 10.4 684 - - 684
Forage use 8.5 402 28.9 1,054 1,456
4.0 Green manure 8.5 498 - - 498
Forage use 7.7 407 28.4 634 1,041
6.0 Green manure 7.8 407 - - 407
Forage use 7.9 382 28.9 82.5 898
Control (sole grass) 71 495 - - 495
=+ Standard Ruzi grass Leucaena
Error %CP CP vyield %CP  CP yield Total GP
Spacings 11.38* 41.56** Ns 183.63** 105.88**
Managment 1.31* 58.56** 85.13**
Interaction 1.06* 41.00* Ns
* significant at P<.05 ** significant at P<.01 ns = non-significant at P>.05
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Appendix 1 Mean temperature and rainfall at the experimental site.

Temperature (°C) Rainfall
Month

Max. Min. Mean (mm.)

May 35.8 21.8 27.8 24.8
June 327 221 26.6 155.9
July 29.7 21.0 247 579.0
August 29.7 20.9 247 2884
September 29.6 20.7 245 40.2
October 27.2 18.7 22.4 203.2
November 25.5 14.9 19.4 14.9
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The Golden Apple Snail Management of the Farmers
Around Bueng Borapet Non-Hunting Area,

Nakorn Sawan Province.

ALIN DFUATNTNS" ITNT AUUAT UAS BTTNANA WAIUNIN"

Sayam Aroonsrimorakot”, Voraporn Sangnate" and Thammasak Pattanaplung K

Abstract : The study on the Golden Apple Snail (GAS) Management of the Farmer Around Bueng Borapet
Non-Hunting Area, Nakorn Sawan Province has an objective to study the general background of farmers,
the invasion of GAS, the utilization of GAS in the study area. The questionnaire was used to interview 144
farmers. SPSS for Window programming was used to analyze data.

Most of the farmers plant rice three times a year. Chemicals are used for planting, weeding, and
fertilizing of rice. Rice damages mostly from Brown Plant Hopper, GAS, rats and crabs. Most of the farmers
do not find Local Apple snails for at least 3-5 years.

The average size of GAS is 5.72 cm. With 18.70 snails/ m’ . The invasion of GAS can be occurred
all year round and make some damages to the rice seedling. Edosulfan is used to eliminate GAS which can
make destruction to other aquatic faunas (aquatic ecosystem) but the rice production is still increased. Most
of the farmers do not use GAS for any purposes.

Some factors comparison for the invasion of GAS are as follows:

1. The amount in number of GAS has no effect for the farmers to the decision of rice planting.

2. The number of GAS has a significant effect to the number of local apple snail.

3. The number of GAS in the field has an effect to farmer to decide for the methods of GAS

elimination.

Keywords: golden apple snail, bueng borapet non-hunting area

AU AIAR RN LA INENIANANT HUNANLNFUNTAR

1/Faculty of Environment and Resource Studies, Mahidol University, Salaya Campus, Thailand.
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M@ﬂlfﬁ@?ﬁlﬁ%mﬁmfiﬁ Golden apple snail
SeAneneNansIn Pomacea canaliculata §78N3AULI
mwﬁnwmmﬁmﬂﬁﬁqﬁ
Phylum : Mollusca

Class : Gastropoda
Subclass : Prosobranchia
Order : Mesogastropoda
Supperfamily : Viviparoidea
Family : Ampullaridae
Genus : Pomacea

Species:P. canaliculata
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The comparison number of GAS invasion into rice field of farmers in difference rice cropping.

Number of GAS

Low number Medium number High number
Year round rice cropping (N = 58) (N =47) (N =39)
Number % Number % Number %
Major rice
Undo 50 86.21 43 91.49 33 84.62
do 8 13.79 4 8.51 6 15.38
Second rice NO.1
Undo 4 6.90 - - - -
Do 54 93.10 47 100.00 39 100.00
Second rice NO.2
Undo 7 12.07 4 8.51 10 25.64
do 51 87.93 43 91.49 29 74.36

Remarks: Low number of GAS means less than 11 GAS per square meters

Medium number of GAS means the number between 11-20 GAS per square meter

High number of GAS means the number greater than 20 GAS per square meter
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Table 2 The comparison on difference number of GAS in the rice field of farmers.

Number of GAS

Low number Medium High Number
Local apple snail (N = 58) (N = 47) (N = 39)
Number % Number % Number %
Found 14 2414 16 34.04 2 5.13
Not found 44 75.86 31 65.96 37 94.87

Remarks: Low number of GAS means less than 11 GAS per square meters

Medium number of GAS means the number between 11-20 GAS per square meter

High number of GAS means the number greater than 20 GAS per square meter



AMSASINKAT 21(1) : 63 — 72 (2548)

Table 3 The comparison on GAS protection and elimination of farmers and the number of GAS Invasive.

Number of GAS

Method of GAS Protection and Low number Medium number High number
Elimination (N = 58) (N =47) (N = 39)
Number % Number % Number %
Chemical application
Not use 12 20.69 8 17.02 2 5.13
Use 46 79.31 39 82.98 37 94.87
Manual collection
Not use 44 75.86 37 78.72 31 79.49
Use 14 2414 10 21.28 8 20.51
Sieve protection at inlet
Not use 51 87.93 40 85.11 31 79.49
Use 7 12.07 7 14.89 8 20.51
Bun protection
Not use 50 86.21 47 100.00 35 89.74
Use 8 13.79 - - 4 10.26

Remarks: Low number of GAS means less than 11 GAS per square meters

Medium number of GAS means the number between 11-20 GAS per square meter

High number of GAS means the number greater than 20 GAS per square meter
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Program Assessment for Small Holder Dairy in

Northern Thailand : Data Envelopment Analysis

DAY UUAT Uas Wis 511"

. .1/ . . 1
Atsawin Sumanasiri” and Pichit Thanee

Abstract: The Farm Listing Project together with the Health Care Project and the Raisers’ Milk Product have
been set up for solving the low productivity of raw milk problem. This study consequently aimed at
comparing the productivity of those who joined and not joined in the project when the investigation was
made to see if the project as such could help increase the productivity of raw milk and to find out the
derivation of productivity growth, as far as the technology progress and efficiency change were concerned.
Those who joined in the study were purposively sampled and assigned in two groups of 24; both groups had
comparatively possessed farms of the same size and environment — the number of cows, employees and
members in the family. The data derived during the period of 6 months starting from January 2539 B.E. to
December 2544 B.E. was analyzed.

The study showed that those who joined in the project have higher productivity growth than those of
whom didn't join in the project. Those who joined in the project had shown more technology progress and
more efficiency change than those of who didn't join in the project.

However, the consideration to be put upon producing factors should be made since they could
affect the producing capacity both directly and indirectly. They could also affect the source of productivity

growth. The study then could not supply the clarification clearly.

Keywords : small dairyfarm, data envelopment analysis (DEA), productivity growth, efficiency

change, technology progress

" pedrAsEgAanfinems AnsineasAtans auanededeslvd audaslud 50200

”Department of Agricultural Economic, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand.
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AATATINGIUN  (descriptive  analysis)
e Amauigafunsivnunedunienan
wazannLAsENaLazdIANT N ERINg LAY
Tm{lﬁmﬂ@ﬁiﬁmﬂmiﬁumwmimwmmma%mﬂu
Bannunn IsanauanclszneuAasing Aiadt
(arithmetic Mean) AN5a8Iaz (percentage)

NN5IATIEMETILT N (quantitative analysis)
- e - .
MIANENATH  FeanaTau e LLaTNN
YRINITLATTYLFU AU HARNWHANAR  (productivity
o d 4 N - -
growth) Nilasunannnisidaguulasmniesullsed@ns-
AWNIHAR  (efficiency change) WATANNANMIN
= o v AN v
mamatulatl (technology progress) tiudiasan s
WeelugLluunseag (panel data) 1) <] 901 6 1o
FALFABUNNTIAN WA, 2539 DAABUSUINAN W.A.
2544 Uszenaldlulisunsupeniiomesizeandn “DEA

Excel Solver.xla”

LASRINAYI LTl UNSANEN
=< ?/ g‘z v o a ca

nNgANEHIATIRLANNINNTAAI LTS U
(quantitative analysis) laglduuAnnsdnLlsea@ns-
nannasnaan1eden lugluuy non-parametric
Frontier feRBnsisziiduviarin (DEA) vinnng
a Y £% .
waszvdayanialinszLaunig Maimauist Index 1w
TsunsuAaNAamasNZaNIN “DEA Excel Solver.xla”
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FafuedesielumAdeivannaulag zhu (2003) #
anufianunsnldAanulsdadanisudnuas
nanARREvTes AL A IE Lsn v 7 vized
AaannvanaTesnnsldinedaluvilauns e
VUMA N TRSHARA ARG (productivity growth)
iHesannniswlasundamnsdiutlsEAnsniwnnsuan
(efficiency change) wazANNfavtmnanalulad
(technology progress) UB9uARZNITH

ﬂ’]ﬁl,ﬂmzﬁtﬁuvi'aﬁu&u (DEA) Fuanniin
fayaauIuiladtn IINARLATHANANTDIUA AL LIS
N1TUAaR (DMU) AL LTIV BT SYPHPARBPE
WAUNTULAUNITHNAR (production frontier %38
efficiency frontier) nnadenltniueiaEnHER
N Winusdunse (linear combination) fideusia
AU UNINBARNNTNAR  WaTYUIEN TNAR IAR
m°f1LLmi\‘i;T\‘ifaq'uwﬁuwm,l,mummﬁm azgnisziiuing
DEA Excel Solver.xla 911L3¢&n3n 1w 100 % a1nns
iladenendnlusuiuiinesilenanuananidet
WrenAwaneg weilumemssiudinuiaanisnga e
TME’?@ﬂfguuLﬁuWiuLLmummﬁmﬁ%gﬂ DEA Excel
Solver.xia Uszifiuinfila=Anannmanngn 100 % wsili
Anaflusaudn flematiessnniiviiaenisuan laas
ﬁﬁ’mmi\ir;ﬁmfgumz’ﬁuwwLLmumimﬁm Ml DEA
Excel Solverxla Usziiuwminenisuaniideusasiufly
Wunsauazeg INAEUNINLALNNINGR (FunBnatingdn
WA dunnredunINLAUNITNAR ¥i3e  empirical
frontier) 1{lunguéned (peer group) dawILTuNgx
mistnsudafindszAvsnmmsnaRAngae oy
e WisgnnsuaRay | fiviae TneAntlsy@vianm
NNINARVBILAATUUILNTHAR  NAYNIALANUIY
cmB@ng\iqmﬁmmwam”lﬁmiﬁqmﬂ%mqum@mﬁmﬁ'
NARlAA ViFaNANWINALANWILTTadINNINER rﬁlmmﬁ
Ansldnsdnednuanuiiadeninanildasdlugaerzes
AW

wuUANaadLdaLlsean (empirical model)
ANUULAABINNg eI IFna1audann
WWIAAT8Y Coelli (1996) IneniAnuAstaNLszens
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T lmanzaniunfulaunineslulasanisuazuan
Thsenns Tnerfnmualidoudssing o Aldlunnsfinm
dulmudenlaves Linear Programming Wialiinng
a s 2 aa a s ] U

APz AMERENTAETEWYRTN (DEA) A3

Minimize E .
Jo

Subject to
Y Wt oypow, oy owg
Yo W T vy W Ty W
X p W Toxpowy Fox gy Wy
Xop W Foxgp w, ox g wog
X w + x W + x W +
31 1 32 2 33 3
Xg Wy T oxyyp oWy Fox s wog
Xgp W T oxg W,y Tt oxgwg
Xgp W T Xg W,y T xgw,
Xgp W ot oxgy W,y ox gy Wy

w, + wo, + wo, o+
Tpafvunly

N = WisuAlas199 1uIuds Wisu

E. =

Jo

W.:v

]

Yin=

TAUIaeA189NITANET WATAIUIDINITUIA
tsz&nBNMNI@R (scale efficiency) 189WNTNIALN
wsinzhiuldgnsies AwsatnsuAAeTN s Ny
A e . - ~ o o
PugmaliiiunisAuannednnneanGs usaLuiid]

Technical Efficiency of farm j;

T YN YN Yijg = O

+ YoN W ON y2J0 > 0
— <

+ XINWN Ejoxljo S 0

+ XN WN T Ej0x2j0 < 0

+ x w — E X < 0

3N N jo 350

+ XN YN T Ej0x4j0 < o0

+ Xey YN T Ej0X5j0 < o0
— <

+ X6NWN Ej()x6j0 S 0

+ XoNn YN T Ej()x7j() < 0

+ W = 1

w > 0

= a a ' ¢ o v ° a a
ﬂ’l‘mﬂﬂ‘izﬂwﬁnﬂW‘lI’mLLﬁlﬂz‘N’ﬁuVlGmsiﬂ’]‘i‘ﬂ’]uqmw}ﬂ‘izﬂwﬁn’lw

ARIUURILARLNITHAALARLTNANAARINLNANAALARSTRANLNNT WU DILARZWNISN

HARARTUAT | WRIWNTHT n (i = 1,2) Taadl 1 = dhundy, 2 = yala
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Wy Y, A wanangdaf 1 (HIUNAL) 1aInNIsuT 1
A

Y, Aa wandagdad 2 (yala) aasWnsui 1

Yij = NANARTRAN | NLAAINWISNNADINITATUIUMNIUSTANENIN 17U
0

Ylj = drunaunlaannwisunAasnsAuIMLlsEANEw
0

Y2j = yalanlaanwsunaasnsAurnmilszansnin
0

Xin = RaenSNARTRAN k 2RINENN n (k = 1,...7) TAgd 1 = @11N52U | 2 = BIUSUENY,
3= FMUIURNIATAUN , 4 = LFINTUASISAY , 5 = LFINIUANN ,6 = NNFUSNIT, 7 =
VTN DU LT

USxuarvnstunlduaanisun 1

©

Usunuarmnsusnunlduaanisun 1

N
]

FuuLNIASAUNN L EURINISNN 1

o

ANLSINUASIERUN I dURInNIS NN 1

i
]

AU L UBINIS NN 1

©

51

D 3 Dk I I I

X X X X X X
D

o AL LdaaIsNT 1

a 1

X, Aa Aedausnldrasnisun 1

ij = fadan1suantian k NldlunisunaainiIsAuaNUsSANEA TN LU
0

le Aa USuuermistunldlunsunaainisaruasnmidssansnmw
0

ij Aa USunasavsuanunldlunidunaaanisAruanundssansniw
0

X, A uundlasaundunldlunisunaainisA I lsE@nsnn
Jo
X4j A wsenuAssaunldlunsunaainisarurmlssananw
0
ij A9 159U luNISuNARINITATUIMMILTERNB AN
0

X6j Aa  Ausnisldlunsunaasn1sAuIuLlsE NN
0

X7j A8 ATAUNN M LUNISNNARINITATWINUNLSEANE NN
0
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NANTISANEN

nan1sAnE Al luaildulymususEigy
Ao o A o = Iy
Anvuald nanAe nasaniilazenisugn
o X A o A a
wnwnsnsdiasiaunndtsanlasan1sinGn
NIWKNAKAR  (productivity growth) zﬂqﬂdﬁmwmm
. X —
fiaenlauni lildidnsanlasenis
o X A v a
numInsgiaslaunndnulasanisinoy
fautihmnamalulad (technology progress) 11NN
o X oy v
nemsnaineslaund lwliidnsantasenis
o X A v a
inersnsgiaselaundndantasan1Iinng
wlasudasnnasudsz@nsnmnsuan  (efficiency
= 1 ¥ dy dl 1 v v '
change) Anannuasnsgiaealauunldlfidnson
1Ag9nng
fatiy avnsainininemsloadsinig |anie
AaafnAauladn il lnsenisszuuTydni fundenTas
Auldsunsuguaganinuaznanan lauN e EAINg
seeey  warmesldinaiainanuaedasanisiily
szl NUNANNAZIZEZENY  INBANARLTLETRINIT
WaunUse@nininnisuan asazlduadgiiaann
Tasanisilugdassudaiauninaundnuan Inod
a Iy ey = Yo X
MeazRUnTetayan fannsAnsnaagIfasl
Nasonanndaell w.A.2539-2541 neudl
Tasanns wudn ngunumsnsdiaestauniidngon
Tasane TudannnRananlnasnedewingy  0.976
Wukantannainduaespanuesyiiulnuew@n
ailadenisnaniaasan (TFP growth) AAEN1TWANLN
AU ANENIWNNIHAR (efficiency change) laagan
-ﬂl 1 o = % £ v
WALLANAL 0.984 wariANAIIUEINI9AIU
waluladl (technology progress) laaisaiadaviniu
0.977 nguinmaInIRaealaund g danlasenig
Anannneananlnesnedeyiniy 0.991 Wunaun
ANNTANTRTIR ANty L IR TaeNARNWTTadE
MuaRlaLgIn (TFP growth) Aaainnswminmnulsy
AnBnnNINaR (efficiency change) TngsanRARIYIN
o = 1% 2 ¥ =
U 1.000 wazdAuIntInIefumalulat
(technology progress) TngisantaaeviniL 0.991
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WenBeudeunudat w.A.2542-2544 1aa
~ \ ' o X A v
Hlpsanngy wudr nguinemInagiaealaunidigon
IAz9NnT ARARNNEARARIABTNRALWNAL 1,003
WunaunannaingvaesanuRa AL InIeuaen
ailadensnaninasan (TFP growth) A28n1sWaLN
Fulsz@nsnmnInan (efficiency change) Taaisau
dl 1 o = U ¥ v
WALLINAY 1.002 WATHAINANINEININANY
wAlulad (technology progress) Taeisam@@swiny
1.002 nguinemsnsgiaeslausilidndanlasens &
HARNMHANARIAETINRALWNTL 0.974 upaNn
ANNsavaaIAuRI AL IRIasNARNNTTadE)
NINanlALgIn (TFP growth) AREnsWRLNANY s
BN nnnINan (efficiency change) laasuiafzwin
1% = 2 2 2 =
AU 1.001 wazdANAIutINIea1snAlulag
(technology progress) Ingisaiadaviniy 0.973
ANMFUUNAINNIVDINAANINHANA R
(productivity growth) 284N EANINIABINGN Aduna
ANMaRNTLIaIANNET AL IRIaINARNTTadE
NsuaRLAL9IN (TFP growth) Aaannsnminsny e
ANBNNNNTHEAR  (efficiency change) WAZANNANT
i masunalulag (technology progress) @1:130
agunsAneilusetaaldfail
ludaq 6 Lhauwsn (WnsAN-Tguiew)
WiauWeuAl 999 6 WeWNAY (NINIAN-EUINAN)
2091 W.A. 2539
1 1 v dz/ Aﬂl Y 1
WU91 ngunERInIgiatelauNdngan
Tasens azdndnnnuandntiasndt ngunemAINg
U dgl dl Y 1 = Ql 5
fiaetaundliidngoniasnis  uazinaaaung
WwiryLAuinrasnannniladeunisnaninesau(TFP
growth) A98 NIWERNIANULIZANENINNNIHAR AL
\aAY (efficiency change) HINNTN NGNINHAINIEIREN
TAuuilddndaninganis wAAMNA1IMTEIN19AY
walulaél (technology progress) Waandn ngw
Y X W rw
nemsnagiaeslaund lidnsanlasnig
utn9 6 WaUNAS (NTNYIAN-TUINAN) URIT)
WA, 2539 WILWMEUAL 129 6 AU (NNTIAN-
Hnunen) 289 w.A. 2540
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1 1 U d’l dl U 1
WU31 ngNINERININ AL tAuNALdNgoN
Tasens  AvlNAANTWHAKAANINNGY NENINHAINT
o X A v a ~ X
gaenlauniliidnsanlasems  waziinaifinauany
WwsnyLAuinrasnann niladunisnaninesan(TFP
growth) A78 NITWALKIANLLTZANENINNNIHAR LA
1A (efficiency change) aendn ngunEaINIRIALN
Taundldidndaniansanis  wiAuAIIUEIN19AU
waTuladl (technology progress) HANN9N ngx
o A
nsesnsfdesTauniliddndanlasanig
Tung 6 1naUWIN (MNINAN-Rnuna) Whes-
WUy 499 6 WHeUNAY (NangIAN-5wIAN) 28T
W.A. 2540
1 1 U d’l dl U 1
WU31 NgNINERININ AL tAuNALdNgoN
Tasanns azlindnnnands dasndn nguinsesns
o X A v = ~ X
gaenlaunilidnsanlasems  waziinaifinauany
WAL ipaasuannwiladaninanlnan  (TFP
growth) A98 NIIWAKIANLLIZANENINNNIHAR TS
1A (efficiency change) aendn ngunEaINIRIALN
TAunlddndanlansanns wazAuAaminniesnu
walulad (technology progress) tiaendn nax
o A
nsesnsfdenTaunfliddndaniasanig
Tugiag 6 RaUNAY (NINgIAN-FuIAN) 284l
WA, 2540 WIIUWEUAL F99 6 1HauULIN (NN9NAN-
Hnunen) 1041 W.A. 2541
1 1 U d’l dl U 1
WU31 NgNINERININ AL tAuNALdNgoN
Tasanns azlindnnnands dasndn nguinsesns
o X A v = ~ X
gaenlaunilidnsanlasems  waziinaiinauany
WAL ipaasuannwiladaninanlnan  (TFP
growth) A78 NITWRAKIANLLIZANENNNNIHAR LA
1A (efficiency change) aendn ngunEaINIRIALN
TAunAlddndanlansans wazAuAaminnIesnu
walulad (technology progress) taendn nax
o A
nsesnsfdesTaunfliddndaniasanig
Tung 6 BiwWIN (NN9AN-AQuIe) Wie
WUy 499 6 WHeUNAY (NangIAN-5uIAN) 28T
W.A. 2541
1 1 U d’l dl U 1
WU31 ngNINERININ AL tAuNALdNgoN
TA3anns AzANARNHAKAR NINNTN NANINBASNS
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¥
=

¥ dl Y 1 = Ql d%l
fiaetaundliidngoniasnis  uazinaaauag
WAL Tnrasnannntladanisuaninesan (TFP
growth) A28 NIWERNIANLLITZANENINNNIHAR AL
\aAe (efficiency change) HINNTN NGNINHAINIEIREN
TAuuR lddndanlatanis  waTANAIIUENNNAU
waTuladl (technology progress) WANN90 nax
o X e
neasnagiaeslaund lidnsanlasnig
lutng 6 LhauuAY (NTNYIAN-TUINAN) URIT)
WA, 2541 WIILWEUAL 129 6 AU (NNTIAN-
Hnunen) 283 w.A. 2542
1 1 v dzl Aﬂl Y 1
WUI1 ngunERININIatelAuNAdngon
Tasanns avllnAnnwNands taend nguinsesns
ﬂ/d’l dl Y 1 = Ql d%l
finetauniliidngoniasanis uazinawaauag
wrnyiAuTnrasnannntladantsuaninasan (TFP
growth) gl NMIRBIUNATULITZANENINNINGR 1A
1288 (efficiency change) Weandn NENNwAINg
o X Ay [y o
fiaeslauuilidnsanlasnis uazaruiantmia
sumalulatl (technology progress) Wasndn ngu
Y X e
neasnagaeslaund lidnsanlasnig
Tugiae 6 hawuusn (na1AN-Rgunen) whew
Wieuiy 499 6 WHeunad (nangiAN-suiAN) 283t
W.A. 2542
1 1 v dzl Aﬂl Y 1
WUI1 ngunERININatelauNdngon
TA3anns AzANARNWHAKAS NINNTT NANINBESNS
ﬂ/d’l dl Y 1 = Ql é/
fiaetaundliidngoniasnis  uazinawaaung
WAL Tnrasnann ntladantsuaninesan (TFP
growth) Agl NMIRBIUNATULIZANENINNINGR 1A
\@@e (efficiency change) HINN91 NENINEAING
o X Ay o o
fiaeslauuilidnsanlasanis uazaruiaudmig
sumalulatl (technology progress) uNNdn ngu
o X e
neasnagiaeslaund lidnsanlasnig
utn9 6 WaUNAS (NTNYIAN-TUINAN) YR
WA, 2542 WIILMEUAL 109 6 AU (NNTIAN-
Hnunen) 269 w.A. 2543
1 1 v d’l Aﬂl £ 1
WUI1 ngunERININIatelAuNAdngon
TA3anns AZANARNWHAKAS NINNTT NANINBESNS
ﬂldgl dl Y 1 = Ql é/
finetaundlaidngoniasanis uazinaaauag
WAL Tnrasnann niladanisnanlna N (TFP
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v o v a a a
growth) #ngl NIRRIAULIEANENWNNIHAR IR
1A (efficiency change) Waendn nqunEAINIGIALN
Taunnlidndaniasanis wiANAIUEIN19AU
waluladl (technology progress) wNN3INGN

o X PR
nsasnsgideslaunfldidndaniasanig

Tutioq 6 hiewusn (Nng1AN-Rgunen) whe
Wiy 499 6 WReundd (nanIAN-suiAN) et
W.A. 2543

1 1 2 éj dl v 1

WuIn nguineRsndiaeelaunidndon
TA9aNN9 ATHNARNWHANAR TaEndn NENINEAINT
o A v P~ - X
giaeslaunilaidnsanlasens  wazlinafinauannu
WwinyAulnrasuannniadanisnaninason (TFP
growth) A2en13RmUNIAULszANENNNNTHERIag
@At (efficiency change) WinAuAL NANINEATNT
v d” dl [ 1 1 % 2%
giaentaunilidndanlasinis  usaauinauimig
sumalulatl (technology progress) teEndn ngu

o X P
nsesnsgideslaunldidndanlasanig

Tuging 6 RaUWNAY (NINgAN-Furex) 284l
WA, 2543 WILWEUAL 199 6 1AauLIN (NNTAN-
Hnunew) 1041 w.A. 2544

1 1 ¥ é/ dl v 1

Wudn ngNineRsndiaelaunidndon
TATINNIATANRANWHANAS NINNTT NGHINHAINT
o X A v = - X
giaeslaunilaidnsanlasens  waglinafinauann
WwsnyAulnasuannniadanisnaninason (TFP
growth) #ngl NIRRIAULIEANENWNNIHAR A
1A (efficiency change) Haendn nqunEaINIIALN
TN lldndaninsanis wiAuAIUEIN19AU
waluladl (technology progress) wNN3INGN

o X PR
nsasnsfdeslaunfldidndanlasanig

Tutiog 6 thiewusn (ung1AN-Rgunen) whe
Wiy 499 6 WReunad (nanIAN-tuiAN) et
W.A. 2544

1 1 v é/ dl ¥ 1

WuIn ngNineRsndiaeelaunidndon
TATINNIATHUAANNNANRANINNGT NYNINHFATNT
o X AW v = -~ X
Jiaeslaunilaidnsanlasens  wazinaiinauannu
WwinyAulnrasuannniadanisnaninason (TFP
growth) A28l NMIRUNAULISEANENWNNIHAR  1ag
@ae (efficiency change) Hasndn NQNINEATNT
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9./-3 dl Y 1 U £
finetaundlidndontasenis  wazaufnomimng
prumnalulad (technology progress) mnm"mzju

o A v
insesnsgidenlaunilaidnganlazanig

£ % U (=3 v o U 1 a dg{

anndieyadesiuiulandaudguanfinau
A o s A o
WailAsan1sssuuTyani funman tlaaiullsunsy
ALARTNINUATHANAA IAUNTBINHATNITIRE DY
satiugunsainainessloelsnis A Asdm LN
IAPNIFNHUSITUNEN  WATAIIWRLNAY  F2UUANT
FanTsatinauaaddnngaies AN ANNTa N LAY
ugel e sapnAauEin i uesAnstaTL

ARLAUDLUE

%

tladudndymnenyulinanisldisinet

WATNITLINNININTUTY T uNaaInauulAuNi
WNTU WAZANNNIIRABIAULTZRNBAINAIHER
] o o = o a
sandun1smAlulag unUsuldlunssuaunisuam
Watlesiunazguadnulaunnielsnisnfinenuses
Tlsunsuguaganing ANLAIATLETNATI9AINY
#1190 lunNsuARAeNUleadt N 1THANUTRAF
NARNWHANAR (productivity growth) Lialdiim
ANEININNIATHTAAUASAIAN LI IUIRINNTH
Aa aany o
AMANTIANA LA et edeEu Taanisaenanig
sutininuludnruzinasiulilsunsuguaganine
WD UMANEARIN N ALY 7 fog
y e . o o ¥
wuanauilatlyunsananainaazin i
o A 1 al'd' 3 glj A Yy
AUNINNTANUIENUNINITBIAYITUAITOUHFHN
-‘gl £% a k% 3 v U =
FuaslFannTninumsnslensunedeAwazdeidaann
P P 1y a A
msdelalanaunuinn TaeuBauifisusiuunisnand
wiazeszudnanisieslanaunuuiniunisdnla
a a £ = o‘d‘ Yo
NAUNUAINMASLS  uazuansislsslaminas1asy
Tuszezdulazszeze19a NN WA NATINITIAINAT?
Wl Asug lufunisaFennsgusesnsdnifivdeya
n179an1INNFuIAUN e lANTTLAUNNINIILIR
sunsupeniamasneanuuyliiluniseniz iy
eod e - iy on X Y
aunend LivaLNNad AN Ie lldnas i inemensg
Funsuienszuaunisuaaniiuag iy ddaunwies
dszmisla avdiudpaulaeealsléiing
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1 dl £ 1 o F |
ngudnganlasansdnlfdiauaunm
NNNFLAANINNGY FUNARAINVUIANIINAR (SE) @9
doulunjlaunanisudanludasnalddanuinmaed
(CRS) #4893 nNIATaN1T 170 RANIUIRANANERNN
I R e
ranamaae Ny Tulldann winguinldidndanlagg
NHANNARNINNANARLRAY WANTY wanalfdn
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An Empirical Analysis of the Practices and Performance
Evaluations of Dried Longan Industry in Lamphun and

Chiang Mai Provinces Using the Balanced Scorecard
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Nutsarin Hocharoen ', Venus Rauechai” and Pichit Thanee

Abstract: The balanced scorecard is a management system (not only a measurement system) that enables
organizations to clarify their vision and strategy and translate them into action for response to the
organization targets in 4 perspectives — financial perspective, customers perspective, Internal-business-
process perspective and growth and learning perspective.

The performance evaluation of dried longan industry practitioners by using Balance Scorecard
shows the overall performance of the practitioners were overlooked for using in planning for performance
shows the indicators that practitioners overlooked for using in planning for performance which cannot
arrange in the 1-10 of the BSC ordering because its less percentages of importance and used to practices
that the indicators the number of permanent customer is 45.27 % and 43.23 %, customer satisfaction levels
is 45.27 % and 41.93 %, market share is 43.97 % and 41.93 %, working environment is 43.23% and 39.15
%, technology in production is 43.97 % and 37.29 % and workers’ skill is 43.97 % and 38.22 %. These

indicators were actually the main keys to the organization’s profit growth in case if the practitioners give more

v ﬂ’]ﬁ%“ﬂ’uﬂi‘]ﬂgﬂ’]@ﬁﬁﬂﬂﬁli ANSINEATANERT N Anandudaelud a.dealvd 50200

1/Department of Agricultural Economic, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand.
? pouziAsgAnans wunanendaidedlud A delual 50200
z Faculty of Economic, Chiang Mai University, Chiang Mai 50200, Thailand.
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importance and use them more practically, they could create most profits to practitioners. When analyze into
3 dimensions (the areas for the business, the type of the ovens used and business size), the practitioners
employed the indicators to plan for the performance in similarly level of importance and use. The analysis of
the relationship between financial and non-financial performance by using multiple regression methods
shows the positive relationship between financial and customer perspective. Another finding reveals the
negative relationship between the perspectives of leamning and growth, the internal-business-process, and
community and society.

The suggestion for help the practitioners to manage perspective balance in theirs business that
they should give more importance and use the indicators of customer perspective and learning and growth
perspective more practically. For the practitioners who need more returns, capacity of productivity and return

on assets is that they should reduce some production cost and manage less time consumed in production.
Keywords: balanced scorecard, dried longan Industry
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FP, =B, +B,CP, +B,CP, +B,CP, +B,CP, + B,IP, + B,IP, + B,IP, + B,IP,

+B9IP5 +BIOLP1 +BIILP2 +BIZLP3 +BI3LP4 +BI4SC+ ““1 (1)
FPZ = BO + BICPI + BZCPZ + BSCP3 + B4CP4 + ﬁSIPl + BéIPZ + B7IP3 + ﬁ8IP4
+ B9IP5 + BIOLPI + BI]LP2 + BIZLPS + BI3LP4 + BI4SC + l"l'l (2)

FP3 = BO +B1CP1 + BZCPZ +B3CP3 + B4CP4 + BSIPI + B6IP2 + B7IP3 + BSIP4
+ B‘)IPS + BIOLPI + BIILPZ + BI2LP3 + B13LP4 + BI4SC + Hl (3)
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Table 1 Results of balanced scorecard and important score ordering, and indicators using by different

perspectives for overalll orgaization planning.

Indicators Priority of Importance Priority of Application
(BSC) (BSC)
FP1 Actual Income 70.69, (2) 67.35, (2)
FP2 Production Efficiency 64.75, (4) 63.45, (4)
FP3 Return of Assets 55.84, (6) 53.99, (6)
CP1 New Customers 48.42, (8) 44.34, (9)
CP2 Old Customers 45.27,(-) 43.23, (10)
CP3 Customers Satisfaction 45.27, (-) 41.93, (-)
CP4 Market Share 43.97, (-) 41.93, (-)
IP1 Production Quality 57.14, (5) 57.51, (5)
P2 Production Time Use 68.27, (3) 65.49, (3)
IP3 Production Cost 72.73, (1) 67.9, (1)
IP4 Transportation Cost 47.87, (9) 46.2, (7)
IP5 Research and Development 47.31, (10) 43.23, (10)
LP1 Work Conditions 43.23, (-) 39.15, (-)
LP2 Employee Production Efficiency 47.87, (9) 40.82, (-)
LP3 Production Technology 43.97, (-) 37.29,(-)
LP4 Skill of labor 43.97, (-) 38.22, (-)
SC Organization Contribution 52.13, (7) 45.64, (8)

Source: Survey of 77 sample business firms
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FP, = -563.720 + (642.037)CP, + (3.522E — 05)CP, — (156.26 1)IP,
—-(331.120)IP, — (81.306)IP, + (2.332E — 02)LP, — (283.382)SC (4)
R* =0.877,F —test = 78.064, p —value = 0.000

FP, = -1724.333+(3770.898)CP, + (1.278E —02)CP, — (3278.575)IP,
-(2944.381)IP, — (660.707)IP, + (0.305)LP, — (24498.871)SC

R? =0.458,F —test =10.166, p —value = 0.000
FP, = -820.912 + (0.636)CP, + (1.115E —06)CP, — (0.102)IP,

~(3.916)IP, - (0.500)IP, + (1.171E — 03)LP, — (16.347)SC

R®=0.298,F —test =5.614, p—value = 0.000
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