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Abstract: Through fieldwork in northern Thailand, a realistic assessment of hydrological and geomorphological

impacts of roads in mountainous tropical watersheds was carried out. Findings from field rainfall simulations,

surveys of road and traffic phenomena, and computer simulations are presented. Because roads generate Horton
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overland flow (HOF) during most rain events, they transport sediment into the stream system throughout the rainy
season. Linkage of road sections via rut and gully systems allow them to transport runoff generated in one basin
into adjacent basins, where it may contribute to hydrological and erosional impacts. Footpaths, like roads, accelerate
runoff, and may enhance field erosion by acting as source areas for surface runoff. Vehicle detachment and maintenance
activities during interstorm periods increase the volume of loose material that can be removed by overland flow during
subsequent rainstorms. Road sediment transport is simulated best when the surface layer of loose sediment is explicitly
modeled. This research serves as a foundation for future work aimed at quantifying road and agricultural contributions to

cumulative watershed effects in South East Asia.
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Figure 1 (A) Research site near Pang Khum Village in Northern Thailand; (B) the 93.7 ha.
Pangkhum Experimental Watershed (PKEW); (C) hydrological and erosional

processes operating on the 3-dimensional.
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Figure 2 (a) termination of a road section at a stream crossing; (b) road maintainance during

interstorm periods is one source of loose surface material; (¢) a deep gully on

the upper PKEW:; (d) climate station 402 within an upland rice field in PKEW:;

(e) the rainfall simulator and plot during one of the road rainfall simulation, 1998.

KINEROS?2 (Smith ef al.,1999) ilod1ao3aain-
I'g :1 ] v
myani lvatuuauutay s ¥ A 19WInay
aoiiasaaiaemavineay 401 uay 402 1%

w R 9 = =Y = A 9

uindeyaazduamaggioinguiiolyums
f1a0muuMItHYB IS BuuRaaz Ao
oA nsesiadiantl 401  Aedangmile

ilTﬁiillmaﬁgﬂi‘Uﬂﬁu g9 17 u. dauanil 402
ﬁaagju?nm"blﬁauaaﬂy a01fl 403 waz 404 i@
Jsnairuazaruiuludu @ 405 AIN
Soninin (lnomstiufinseduanugavonhi
Inarueintsiaisiiarsduniig (broad-
crested weir) ATAWAATS 3 1) uazalSunandey



NIENSABAT 19(1): 1 — 11 (2546)

mﬂmanm (Outlet) ol 406 Gmmaﬂaﬂmwm
suamuu“lﬂaﬂuwmsumummwummwal%
asvimidhmaza i luduvesianuy e
o muaRI M (soil wetness) UDIAUABURY-
Ay Y o .
ANNADY 1% TUNTTIA0UVY (modeling)

3) msimdwRaudaesan unIsaly
(Rainfall simulation experiments)

Tud) we. 2541 uway 2542 "Lﬁmﬂumﬂm
maammummﬂummu 5 90 mmﬁumu
nndufiandaruand 100 fm (storms) L‘W’E]
m'ﬂuﬂﬁmummmﬁ fe (1) ﬂ1’iﬂ’éﬂmﬂﬂu1
Tnadmrhauaz dawanom s AL NOUYD S
DUU UTUNNTYDS wazinduiivhinmanyas
menq @ "HLLuﬂﬂTiﬂﬂLG]ﬂ poniluuuy
ﬂiwmmmumuwum (splash erosion) LagLiyl
Fum (sheet erosion) Fss1slulumsraouun
MI¥ed19WanalovesauuAlIoUVTIa8
KINEROS2 1oz (3) fanssufifeasunis1dias
msthyssnmouuiiinadentsneiiAaaznou
VDIDUN

mgﬁwlmﬁﬂm‘imammummfmmﬂmm
Numdwﬁlei’fﬁzﬂzufm 40-60 WU aImAang
VWNAEN (Nadaud 3.0-3.4 1)) THuanumn
wiwvesndsauruiian (EFDs) Ta1 1650 9
2050 Jm " anegUIMUTILIYL 10- 20 i fisin
Lﬂﬂiummumﬂ‘wuﬂiuiauﬂmmwuw PKEW
(mu"tﬂmﬂmmmwwmm@ummﬂﬁmmmﬂu
mniuamﬂ) L‘W@Lﬂiﬂ‘umfJ%U‘ume]"l,ﬂmﬂmi
i]mmﬁammﬁmummuauunmammmm‘m
LagNIsSHANIAG ﬂaumﬂmmuﬂmumm
FITUFIAUUOUUTIIN 19 ﬂapﬂa“lﬂﬁmﬁmu
dmfuRuTufnSinaveni vathfid e

ld [ Y o
VO UUNTANUIATUB 165 w95 lnany
a1l 406

Q 9
HANTINAADIUALIVTI]Y

1 N5 UIHM SR M s ISRz
U .
i]mmsﬁ”qm@ﬂmﬁﬂﬁﬂwaﬂmawmiﬁﬂ
RGE ﬂauuummanmamuumawm (Road
Prism) ﬂﬂumwm 1C ﬂwwmwmmwuwmm
"lwamuu‘wummuu (Road sgrface runoff, RO)
FadwilesnnsasinmsFuimuiiouylag
Undudrazdnnn (ﬁaﬁuﬁﬁmﬁu) Feneliifa
Hortoh overland flow (HOF) DH14T NG IUA
Nt LLﬁLL@'M%aﬁﬁﬁﬂuiuﬂ?m1mﬁé1 (Ziegler
and Giam belluca,1997a) lutnsnsdi 1 Tnaths
Favufuiaindios (HOR) 019 Tnathasw
DUU_ Bz 141114mﬂmsmumuuﬂuumﬂﬁmm
s anuSuresAufiAadude i
(antecedent soil moisture en) Atnana l¥iA !;ﬂﬁ HOF
s maﬂm%u syrznamMsia lvaih
‘uuwaaumﬂﬂﬂﬂwaummumaummq wmm
T T (On) umwmuaﬂﬂuﬂﬁmmm
A (RE), fa5IMssEMY (ET) uawmmaﬂsum
sedniilgau mﬂwﬂmwmummmﬂmiu
ﬂTiﬂ’E]GlfHLﬂﬁf‘lﬁﬁ]x‘iﬂ@ﬁﬂﬂﬂ?ﬂiﬂl F10819%1
mﬁmﬂummummmmuam3 (SOF) AN
suumaﬁ mmﬂmmmmmﬁ AUNUAIDUY
unsinnFunazFueenn mavinn oy @y
“lmﬂmua%ﬁmiumwm IC ugasanuAuls
vossednildan  SOF envAauunihdaves
AU (road cut) Fuhldrau raoommandiu
fuazaunranfih oo



wansynuvesauummzmndisuiilasdalnagadudoan nmagnninn

uazmsvzdaianmavesiuluiiuiguihmnadnwaguuilummmddevesdszmelng

o et aufe LA u
ﬂllﬂﬁ] rAdnnMs Imasguuouwiiuszoznig
mgmﬁumwmﬂﬁaﬂmmﬂuﬂawﬂwamﬁmﬁh
x, 71t 5) w3e lnaluammann (x,) madou

' v .0 9/ 2’ 1 Y a d;,
@aﬂuﬂlmauuwmam&mﬂﬁuﬂwamwmﬂuu

“1wamﬁmsaéuwmmﬂugﬂ@imumfm Glmlmww
s lveri Tnarnouldamaan onozman
Fu (D) viTenamy mmmﬂn (E) azWa
NCIEAE m"lﬂLﬂuLﬁuwwuﬂwaLLa 919 19
wsoniudisrnua 18 ludiqa s Twanimeh
ﬁuﬁ)mﬁyuﬁaﬂyuﬁﬁﬁﬂ?mmﬁmmWSQWQWW
aumﬂﬁuuuﬁuﬁmaﬁauﬁmﬁﬂq PURIDU
T1¢ éumw‘vmm“lmmmm“lwam“lﬂmmma-
Wonuwiiy AnuEnuazsaT IS iy
o' lna'ly [dnssozniistes i midngdin
mmmﬁmmw’ﬁyuﬁmuu (E) Iﬂﬂﬁ’ﬂﬂzéwﬁuﬁ
masauazsoodesndiiey lunsdinlifisesdn
(gully) 1AZMTOAVUSINIAAY (mass wasting)
MR 1NINABVDIDUUIY amammiﬂﬂ
ﬂiwummimﬁ%mqummmmmn (xill)
memmwﬁmia (1nterr111) sudlunszuINmMs
19 mﬂumﬂﬂﬂmcﬂmwumﬂymﬂﬁm ASEUIUNT
mmmuaﬂﬂﬂ (1) wad® (dynamic) mmrJuwsm
uazase cmﬁau”LﬂaQﬂmaquﬂLuwmvau g
Fushuian anmns Travonin iRy
(aomynzot1aos mmﬁﬂmmf{wﬁﬂaﬁu) Ly
(2) AnwoIndvesaulunsgnurzdin (soil
erodibility) H959UANUAIUNIUABUTUEOU
(shear strength) &

= ‘: ]
2) M5Aain lHathuuauy
I ¥
MAN 3(A) uaasdnyazMIAei lvatn
MRgtesiuauy vazas RauuLEee T

%3195 EMINATNAABIT 109980 TUMTBIA A 1Y
wuﬂgmﬁumNu‘ﬂm (*100-110 mm.h Y luanw
f nmuﬂu mwmmauwmmm (0.040-0.12
og) s mﬁmﬂ HOF tsfniiniila loundog
a5 anirufuausin Lgmiuwwmﬂmwm
HOF mﬂﬂuuauummmﬂﬂ“1@@@@;@%1@%01 i
duBuen uazdulszdniveamsiailvai
uunumzﬁﬂ'wqq (Road runoff coefficients, ROC)
Tuasgarudl we. 2541 sz 41 % veq
Vsinaufianly 2 mﬁ; a g1t 406 VAN
nfulszansmainiwesduidedud (k)
YOIDUY c‘fquﬂmiﬁgﬁuﬁqmmﬁﬂwmvJuﬁé’r’ﬂﬂ
mwiumiﬂalmﬂﬂ HOF 1umaqwuma
ﬂ:nwuwmwm@umﬂﬁmmﬂmmwm iR
dorufaruminiuufum K, fvzfia HOF 1y
ﬁuﬁmuuﬁam CRERRGRY,

3) ﬂﬁﬁhﬂﬁ]i’)ﬂﬁﬂﬂﬁﬂﬂﬂdﬂﬁ] ]
L%uma‘ﬁ'ﬁymuﬁaﬁu (surface water) Lmzﬁﬂﬁ}
WA (subsurface water) %ﬁ:m?{auﬁ"lﬂﬁqm?aﬂha
151500 18 dudidmuaszeznanezunum
maﬁﬁywhl:framﬁﬁ@ia“laimﬂﬁw‘ﬁgﬁmWﬂduﬁ@ﬂ
uAazASe (Storm hydrograph) tezidludanaugu
Sarmsvzdraianatefionfalugiefiduan
ﬂﬁzﬁ‘ﬂﬁmwiumﬁ”lwamzjm?mimzmﬁmmﬁyw
”LwaﬂwﬁLﬁﬂuuﬂuuﬁmmﬂﬂmmwﬂmmmu
e cmﬂiwmumimwwmqwmmﬂ LaznTs
quideulaan mmmmmmumammmm
memaaﬂmmuﬂmmlﬂ myseiiualsz-
ANFmmmeamEian i azazno U0
@mudwiuﬁuﬁdm‘%wuﬁ 70% oI lg
fanvuowu (w4 Tnaselalasnsrlly



NINENHAT 19(1): 1 - 11 (2546)

iy

AR5 B g

uf(‘_!., .'I"*;

|’J Ui

PRESH

ELHEGET
35 )
o ROAB B
- ¥
T .35
o}
%k
R B mm hm &
7 R
! FIES FIRET
0FE P ) b

MM# .

r_:l ;g ’n ‘sﬂ :1‘9 ik f-h eI <

Tk St ubation Time (min}
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Table 1 Mean compaction- and infiltration-related variables for the sedimentation surfaces.

Treatment TTRO" BD PR K,
(min) (Mgm”) (MPa) (mmh’)
Road 1.1%0.3 1.4530.13 6.410.4 1519
(8)a (74)b (160)d 26(a)
Access path 121135 1.40%0.11 6.4%0.7 sts
3)b 2Db (90)d (6)a
Field path 3411128 1.24%0.11 2.811.1 244188
“)e (22)a (40)b (10)b
Hoed field >57.8 1.1910.06 1.8%1.2 3161129
@ (22)a (40)a (10)b
Fallow field >60 1.1110.05 1.740.9 129138
O (6)a (60)a (6)b

"TTRO is time to runoff (TTRO); BD is bulk density; PR is penctration, and K, is saturated hydraulic conductivity; value are +
one standard deviation; values in parentheses are simulation replications or sample sizes; values in each column with the same letter
are NOT statistically different (one-way analysis of variance (ANOVA) on log , — transformed data), followed by post-hoc multiple
comparison testing with the Bonferroni/Dunn test (B-D) when the F-values were significant at O = 0.05.

* Only owte of four Hoed ficld evenis produeed runoff; none of the four Fallow field simulations produced runoff.
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Figure 5 Road surface water flow paths and locations of several road-related geomorphological

features affecting hydrological response in PKEW (letter A through H).
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Influence of Rootstocks on Growth and Development

and Nutrient Content of Tangerine

Imen umsaios” was aszga AugITIas

Vipada Sangsoiz/ and Tragool T unsuwan'

Abstract : Tangerines, budded on Troyer, Cleopatra, Carrizo, JC (Rangpur lime), Swingle and rough lemon
rootstocks, were planted in 20 liters of clay pots filled with fine sand and applied with nutrient solution. The experiments
were carried out at Department of Horticulture, Faculty of Agriculture, Chiang Mai University during August 2000 to
January 2002. The results showed that the tangerines on rough lemon had higher in height and more canopy width as
well as ratio of stem diameter between scion and rootstock than the other rootstocks. The total non - structural
carbohydrate(TNC) and reducing sugar (RS) of leaves were not significantly differences on those rootstocks.

Leaf nutrients, all rootstocks had nitrogen, potassium, calcium and magnesium content significantly
differences in some month but there were changing in the same trend. There were not significantly difference in
phosphorus content. The C:N ratio of Swingle rootstock was highly increased than the others in August 2001. Rough
lemon rootstock was higher in dry weight of leaf and branch , while all parts above the ground and shoot:root ratio of
Troyer were higher than the other rootstocks. However, the root dry weights and cytokinin-like substances of shoot and

root were not significantly difference among the treatments.

N = I'd o o E [ E v
" madvivaiy assnsaseaad uninedudesing v.5eeluid 50200

l'Depeu'tment of Horticulture , Chiang Mai University, Chiang Mai 50200, Thailand.
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Figure 1 Effect of rootstocks on height of tangerine.
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Figure 5 Effect of rootstocks on reducing sugar content of leaf.

b7 \ )
3. wavasduaenalsnamgamsluly
Ysmasg ulasnululy Sanuuan-
anfustiunuta Tugrafey wa. 4 dudig
seozluun Gl source LAZAALNLINUDA sink
£ Yo oy
nsgasig lulasuiuu14ieidonns
(Ho, 1988) d@ut/sualearesalululiliay
uananiuluinazduae dmsuduaend e
aedsua IWunaFouinannduaedy q 919
WumsgdundiidugnssuIndifsedududy
WEIYIU (37, 2540)

4. NAVDINHABADONIIAIUIETHIN
msllamsanazlulasnu (C:N ratio)

Fudvmnuiaanuduaodiuiad
CN ratio guniduaedu o ludou a0 44
AenseetaaLTa udsimadiuiuludia
madetzmiu I duiinauaaluseundouty
MIeanAen B9 a8 (2541 nant Sedan
C:N ratio g4 Wyd 1 lvig azaenaen

~——Troyer

N (%)

~#r— Cleopatra

~#& - Carrizo

(QQ N ‘ ,Qf\ g/Q'\
S G
Month

=% Swingle

—&— Rough

[.emon '
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Table 1 Effect of rootstocks on dry weight of tangerine after 18 months.

Dry weight (g)
Rootstocks Top portion All top Root Total Top:Root
Leaf Branch Stock portion

Troyer 87.35a 154.40 be 114.05 a 355.80 a 218.93 574.73 ab 1.64 :1
Cleopatra 63.81b 107.70 d 66.76 ¢ 238.28 ¢ 204.88  443.16¢ 1.18 :1
Carrizo 93.14a 141.90 ¢ 9531 b 330.35ab  219.82 550.17 ab 1.51:1
JC 84.50 a 174.97 ab 73.45 ¢ 332,90 ab  220.99 553.89 ab 1.54:1
Swingle 82.89a 110.32d 106.79 ab 300.41 b 233.97  534.38b 1.29:1
Rough lemon  95.63a 184.69 a 74.19 ¢ 35452 a 258.53  613.05a 1.39 :1
F-test *x *% *% ok NS wok

C.V. (%) 12.40 14.23 11.33 10.80 12.50 9.60

Mean within a column followed by a common letter are not significant at P<0.05 by Duncan’ s multiple-Range Test

NS = non significant, * = significant at P<(.03, ** = significant at P<0.01
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Table 2 Effect of rootstocks on cytokinin-like substance of shoot.

Rootstocks Hypocoty! fresh weight Cytokinin-like substance
(mg/8 pieces) (Mg kinetin equivalent/g . wt.)

Troyer 79.90 o 0.7042

Cleopatra 74.15 0.5674

Carrizo 71.23. 0.4514

Jc 78.95 0.6816

Swingle 79.45 0.6935

Rough lemon 89.10 0.9232

F-test NS NS

C.V. (%) 22.76 56.82

NS = non siguificant at P<0.05 by Duncan’ s Multiple-Range Test

Table 3 Effect of rootstocks on cytokinin-like substance of root.

Rootstocks Hypocotyl fresh weight Cytokinin-like substance
(ing/8 pieces) (Mg kinetin equivalent/g f. wt,)

Troyer 119.68 1.6510

Cleopatra 133.24 1.9737

Carrizo 109.00 1.3973

Jc 99.40 1.1674

Swingle 121.40 1.6924

Rough lemon 115.30 1.5472

F-test NS NS

C.V. (%) 24.20 42,64

NS = non significant at P<0.05 by Duncan’ s Multiple-Range Test
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Effect of Potassium Chlorate on Quality of Longan Fruit.

naw fende’ uaz suzde Wusinuugy”

v . I
Vasana Kanaree " and Tanachai Pankasemsuk

Abstract: Quality of longan (Euphoria longana Lam. CV. Dor), treated with potassium chlorate (KCIO,) at the
concentration of 0 (contol), 200, 500 and 800 g/plant by soil application were studied. The results revealed that KCIO,
did not affect fruit size, seed size, exocarp color, fruit pole strength, aril firmness, fruit volume, total soluble solids,
fresh weight, dry weight, and moisture content. Furthermore, there were not significant differences in potassium (K)
and chloride (CI) contents in aril between KCIO, treated fruits and non-treated fruits (control), while the residues of

chlorate (C1O, ), chlorite (C10, ) and hypochlorite (C1O') were not found in the arils of all samples.
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Potassium chlorate, Quality, Longan fruit

1 a A o a L= v A g v
AR AnIneRsAaRs v Inedemeslny a.FeaTn 50200

v Department of Horticulture, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand.
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Table 1 Effect of potassium chlorate on fruit size and seed size.

KCl0, fruit size (cm) seed size (cm)
(g/tree) width height thickness width height
0 (control) 2.78 2.52a 247 1.38 1.18
200 2.76 2.48ab 2.46 1.37 1.19
500 2.74 2.50ab 2.50 1.40 1.19
800 2.75 2.42b 245 1.40 1.20
LSD,,, NS 0.088 NS NS NS
C.V.(%) 3.94 1.89 1.76 2.70 2.22
Meaus within the same column followed by a difference letter were significantly difference at P < 0.05
Table 2 Effect of potassium chlorate on exocarp colour.
KCIO, peel colour
(g/tree) L* ax b*
0 (control) 50.12 8.87 31.90
200 48.59 8.33 29.23
500 49.28 8.56 30.00
800 47.81 8.86 29.91
LSD, NS NS NS
C.V.(%) 3.29 5.79 6.17

Means within the same column followed by a difference letter were significantly difference at P < 0.05

Table 3 Effect of potassium chlorate on fruit pole strength, aril firmness, fruit volume and total

soluble solids (TSS).
KCIO, pole strength aril firmness fruit volume total soluble solids (TSS)
(g/tree) (kg) (kg/inchz) (cms) ( © Brix)
0 (control) 1.24 0.609 9.78 19.01
200 1.22 0.614 9.68 19.16
500 1.20 0.608 9.90 19.23
800 1.26 0.610 9.83 18.73
LSD, NS NS NS NS

C.V.(%) 4.86 2.32 5.25 3.78

Means within the same column followed by a difference letter were significantly difference at P < 0.05
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Table 4 Effect of potassium chlorate on fresh weight, dry weight and moisture content.

wavealnmaidosinasisndenmmwvesnadile

KCo, fresh weight (g) dry weight (g) moistare content (%)
(g/tree) peel aril seed  total  peel aril seed  total  peel aril seed  total
0 (control) 1.733 6,510 1.722 9.965 0.830 1.243 1.043 3.116 5179 80.89 39.14 68.64
200 L717 6393 1777 9.887 0.813 1247 1.070 3.130 52.67 80.36 40.03  68.33
500 1.743  6.463 1.710 9916 0.843 1.270 1.043 3.156 51.44 80.74 3935 68.14
800 1773 6.367 1.760 9.900 0.857 1207 1.050 3.114 5133 80.97 40.36 68.51
LSD, NS NS NS NS NS NS NS NS NS NS NS NS

CV.(%) 742 900 354 607 911 1038 3.80 486 9.08 1.71 6.56  2.40

2, ﬂ'lﬁmﬂzﬁ'ﬂ‘%u‘1mﬁmiwuﬂmc§w‘luﬁﬁv’u

SRR atomic absorption spectrophotometry
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Table S Effect of potassium chlorate on potassium concentration in 0.25 and 100 %

longan juice.
KCIO, potassium concentration in juice (ppm)
(g/tree) 0.25 % (V/V) 100 % (V/V)
0 (Control) 6.84 2,737.33

200 7.30 2,920.00
500 8.10 3,241.33
800 7.10 2,841.33

LSD, . NS NS

20.48 20.48

C.V.(%)
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b
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Figure 1 Chromatogram of chlorate (C10,), chlorite (C10,), hypochlorite (C10') and chloride (CI).
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L00 200 300 400 500 100 200 300 400 500
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Figure 2 Chromatogram of 10 % longan Figure 3 Chromatogram of 10 % longan cv.
ev. Daw juice from control trees. Daw juice from KCIO, 200 g/tree

treated trees.
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Figure 4 Chromatogram of 10 % longan cv.

Daw juice from KClO, 500 g/tree

treated trees.
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Time (min)

Figure 5 Chromatogram of 10 % lengan

cv. Daw juice from KCIO, 800

g/tree treated trees.

Table 6 Effect of potassium chlorate on chloride concentration in 10 and 100 % longan juice.

KClO, chloride concentration in juice (ppm)
(g/tree) 10 % (V/V) 100 %o (V/V)
0 (control) 1.55 15.43
200 1.80 18.03
500 1.26 12.67
800 1.89 18.90
LSD, . NS NS

CV.(%) 37.92 37.91
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Effect of Potassium Chlorate on Changes in
Cytokinin-like Substances in Stem Apices Prior

to Flowering of Longan cv. ‘Dor’
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Nuttawadee Wangsin " and Tanachai Pankasemsuk”

Abstract : Longan (Euphoria longana Tam.) cv. ‘Dor’ trees were treated with potassium chlorate at the
concentrations of 0 (control), 200, 500 and 800 g/tree on December, 2000. It revealed that cytokinin-like substances
content increased gradually before the flowering. Cytokinin-like substances content of KCIO, treated samples; 200,

500 and 800 g/tree; were higher than the control one at all studied stage.
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Figure 1 Cytokinin-like substances contents in stem apices prior to flowering of longan cv.

‘Dor’ after treated with potassium chlorate.
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Table 1 Cytokinin-like substances contents in stem apices prior to flowering of longan cv.

‘Dor’ after treated with potassium chlorate.

KCIO, Cytokinin-like substances (Llg kinetin equi./g f wt.)
g/tree Number after treated with potassium chlorate
1 2 3 4 5 6 7 mean
0{Control) 0.028 0.035 0.054b 0.084 b 0.095b 0.182b 0.237 b 0.102 b
200 0.050 0.098 0.1552a 0.237 a 0.223 a 0.363 a 0.370 a 0.214a
500 0.057 0.108 0.125a 0.257 a 0.274 a 0.338a 0.357 a 0.217a
800 0.049 0.136 0.187 a 0.233 a 0.307 a 0.365 a 0.376 a 0.236 a
LSD . NS NS 0.064 0.092 0.118 0.108 0.107 0.071
CV(%) 95.42 73.40 26.05 24.14 27.96 18.32 16.98 60.30

mean 0.046D 0.094CD 0.130C 0.203B 0.225B 0312 A 0.335 A 0.192

LSD,_ . 0.062

0.05

CV(%) 40.02

a, b means within a column followed by a common letter are not significant difference at p<0.03
A, B, C, D means within a column followed by a common letter are not significant difference at p<0.05

NS = not significant
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Effect of Heat Treatment on Reduction of

Chilling Injury of Tomato

Wungdl Sugud” uas aly yoeden’

b . . 17
Nuntawut hmsoon and Danai Boonyakiaf

Abstract : Effect of temperatutes on chilling injury of tomato during storage at 0, 3, 6 and 10 °C were studied.
The results showed that the tomato fruits stored at 0 °C for 14 days had the most serious chilling injury symptoms.
These symptoms included surface pitting and water soaking. The electrolyte leakage of these tomato fruit was 75.93%,
the weight loss was 0.40% and the soluble solids content were increased from 3.66 to 5.40%, but these changes had
no effect on the level of vitamin C content.

Tomato fruits were dipped in water at 38, 42 and 45°C for 5, 10 and 20 minutes and were stored at 0 °C
for 12 days. It was found that dipping in water at 42 °C for 10 minutes could reduce the chilling injury of the fruits.
The electrolyte leakage and the loss of vitamin C were also reduced. The weight loss was 0.34% and there were no effect

on titratable acidity and soluble solids content.

=3 o = Qs v s T
"'medniiran anzmaseas wnInadedsalnl 1%l so200

! Department of Horticulture , Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand.
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A comparison between tomato fruits that were not dipped in hot water and the fruits that were dipped in water at 42 °C
for 10 minutes before minimally processed as fresh-cut tomatoes were done. After these processes, the fresh-cut fruits
were stored at 10 °C for 10 days. The results showed that the treated fresh-cut tomatoes could reduce the chilling
injury symptoms. The electrolyte leakage were 55.54 and 41.10%, the titratable acidity were 0.38 and 0.34% as citric
acid and the vitamin C content were 8.84 and 9.84 mg/100g for the undipped and dipped fruits, respectively but there

were no effect on the skin color change, the content of soluble solids and the weight loss.
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Table 1 Electrolyte leakage of tomato fruits stored at 0, 3, 6 and 10 °C for 14 days.

storage temp. electrolyte leakage (%)

(°0) storage time (days)
0 2 4 6 8 10 12 14

0 41.35 51.74 57.51a 58.46 a 61.70 a 68.95a 73.00a 75.93

3 41.35 4595 49.52b 5523ab 57.69ab 61.72ab 68.26ab 77.10

6 41.35 4230 43.08¢ 48.45b 51.25b 58.23 b 64.12b 70.85

10 41.35 4304 47.87bc 52.43ab 5791ab 57.99b 67.77ab 75.56
LSD 0.05 ' - 9.45 5.38 7.59 8.76 7.27 6.24 16.73
C.V.(%) - 2.82 2.64 227 2.22 2.07 1.64 2.03

Different letters in the same columm denote significant differences at P = 0.05.
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Table 2 Chilling injury symptom of tomato fruits stored at 0, 3, 6 and 10 °C for 14 days.

storage temp.

chilling injury symptom

(°0) storage time (days)
0 2 4 6 8 10 12 14

0 1.00 100 122a 133a 144 a 2.00a 244 a 278 a

3 1.00 1.00 1.00b l 1.00 b 1.22ab 1.33b 1.56 b 2.00b

6 .00 1.00 1.00b 1.00b 1.00 b 1.44Db 1.56b 1.89b

10 1.00 1.00 1.00b 1.00Db 1.00b 1.22b 1.33b 144 ¢
LSD 0.05 - - 0.18 0.31 0.26 0.40 0.32 0.44
C.V.(%) - - 18.26 22.61 21.83 21.61 21.36 19.48

Different letters in the same column denote significant differences at P = 0.05.

1 = none, 2 = slight, 3 = moderate, 4 = severe, 5 = very severe
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Table 3 Electrolyte leakage of tomato fruits dipped in water at 38, 42 and 45 °C for 5, 10 and
20 minutes and stored at 0 °C for 12 days.
method electrolyte leakage (©6)
storage time (days)
0 2 4 6 8 10 12

Factor 1

5 minutes 39.15 3997 41.08 42.68 44.19 54.04a 57.80a
10 minutes 3511  36.99 41.75 43.31 45.06 47.11b  49.85Db
20 minutes 36.55  40.94 43.37 44.32 45.61 49.25 ab 53.46 ab
Factor 2
38 °C 38.00 38.54 42.09 42.75b 4398b 52.19a 5631a
42 °C 3482 37.59 39.52 40.31b 42.30b 46.22b 48.70Db
45 °C 36.83 41.76 44.59 47.26a 48.58a 51.98ab 56.12ab
Factor 1 ns ns ns ns ns * *
Factor 2 ns ns ns * * * *
Factor 1x2 ns ns ns ns ns * ns
CV{(%) 2.64 2.59 12.59 2.33 2.19 221 2.33

Ditferent letters in the same column denote significant differences at P = 0.05.

* = significant, ns = non-significant
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Table 4 Chilling injury symptom of tomato fruits dipped in water at 38, 42 and 45 °C for 5, 10

and 20 minutes and stored at 0 °C for 12 days.

method chilling injury symptom
storage time (days)
0 2 4 ] 8 10 12

Factor 1

5 minutes 1.00 1.00 1.33 1.67 a 1.89 244a 2.89a
19 minutes 1.00 1.00 1.11 1.11b 1.67 1.89b 2.33b
20 minutes 1.00 1.00 1.00 1.33ab  1.78 200ab 2.89a
Factor 2
38°C 1.00 1.09 1.33 1.78 a 211a 233a 3.00 a
42°C 1.00 1.00 1.11 1.11b 1.44b 1.78 b 233b
45°C 1.00 1.00 1.09 1.33b 1.78ab 2.22ab 2.78 ab
Factor 1 ns ns ns ¥ ns * *
Factor 2 ns ns ns * * * *
Factor 1 x2 ns ns ns * ns * *
CV(%) - - 22,99 22.06 17.56 14.79 11.94

Different letters in the same column denote significant differences at P = 0.05,

* = significant, ns = non-significant

1 = nomne, 2 = slight, 3 = moderate, 4 = severe, 5 = very severe
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Table 6 Chilling injury symptom of fresh-cut tomatoes stored at 10 °C for 10 days.

chilling injury symptom
method storage time (days)

0 2 4 6 8 10
not dipped in water 1.00 1.33 2222 2.78 a 3.67a 4.55a
dipped in water at 42°C 1.00 1.00 1.44b 2.00b 2.55b 3.00b
for 10 minutes

2-Tail Sig - 0.081 0.014 0.013 0.000 0.000

Different letters in the same column denote significant differences at P = 0.05.

2-Tail Sig < 0.05 = significant

1 = none, 2 = slight, 3 = moderate, 4 = severe, 5 = very severe
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Effect of Shading on Growth and Flowering

of Schlumbergera truncata Haw.

5197u a9 uaz laszen Twsas”

, NP z
Rumjuan Sriwichai and Soraya Ruamrungsri

Abstract: Effects of shading on growth and flowering of zygocactus ‘orange’ was studied. The four levels, 0, 50 %,
75% and 2 — layer of 50% shading were used for growing zygocactus. It was found that light intensity had effects on
height, number of node, branching number, total leaves, flowering, flower size and shelf life. However, it showed no
effect on number of flowers per plant. Growing zygocactus under 2 — layer of 50% shading yielded the greatest
chlorophyll concentration and the least sugar concentration whereas those without shading tended to have greater starch

concentration than others.
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Table 1 Plant height (cm.) of zygocactus cv. orange growing under shading conditions.

Treatment Weeks after planting Y
4 8 12 16 20 24 28 32 36 40 44 48
Shading 0% 8.6 10.3 11.2 12.2 12.2b 15.6b 17.8 17.8 18.0b 21.8 23.0b 24.4b
Shading 50% 8.4 10.0 11.4 13.0 13.2b 14.4b 16.2 16.2 18.0b 21.2 22.4b  23.6b
Shading 75% 9.4 11.0 13.2 16.0 17.4a 19.4a 21.2 21.2 24.6a 26.4 28.82 30.6a
Shading 50% 9.6 10.9 13.6 15.2 16.8a  16.6ab 18.4 18.4 19.0b 21.4 23.8b 25.1a
(2 layers)
CV (%) 21.93 15.27 13.73 15.82 11.44 15.51 15.70 15.70 17.18 14.86 13.02 11.43
LSD NS NS NS NS 1.19 1.72 NS NS 2.29 NS 2.13 2.00

(p<0.05)

" Mean & SE (n=5), different letters in each colurnn represent significant differences among different shading by LSD fest at P = (.05,
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Table 2 Number of nodes in of zygocactus grow under different shade conditions.

WaveIMIHTIaasRen 193 aduln

HaNIIBBNABNYBNINTAIULAD

Treatment Weeks after planting”
4 8 12 16 20 24 28 32 36 40 44 48
Shading 0% 2.8 34 4.0 4.2 52 5.6 5.8ab 5.8ab 6.2 6.2 6.6 72
Shading 50% 2.6 3.0 3.8 4.2 4.6 4.8 5.0b 5.0b 5.8 6.2 6.2 6.4
Shading 75% 2.8 3.4 4.0 4.8 5.4 54 6.2a 6.2a 7.0 7.0 7.6 7.8
Shading 50% (2 layers) 3.0 3.2 3.8 4.2 5.0 4.8 48b  4.8b 5.0 6.2 6.8 7.0
CV (%) 23.28 13.76 17.67 17.43 18.28 19.42 14.79 14.79 22.67 23.51 20.14 13.55
LSD (p<0.05) NS NS NS NS NS NS 0.54 0.54 NS NS NS NS
' Mean - SE (1=5), different letters represent significant differences among different shading by LSD testat P =0.05.
NS = Non Sigfinicant
Table 3 Branching number of zygocactus grown under different shade condition.
Treatment Weeks after planting v
4 8 12 16 20 24 28 32 36 40 44 48
Shading 0% 1.0 2.6a 2.8 2.6 3.0 3.4 3.8 3.8 3.6 3.6 3.6 3.6
Shading 50% 1.9 1.8ab 2.2 2.6 2.8 2.8 34 34 4.0 490 4.0 4.0
Shading 75% 1.0 1.2b 2.2 2.6 2.6 3.6 34 34 4.0 4.0 4.0 4.0
Shading 50% (2 layers) 1.2 1.2b 24 2.8 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
CV (%) 62.09 45.56 35.45 35.93 34.35 35.97 3691 36.91 34.02 40.64 40.04 40.54
LSD (p<0.05) NS 0.52 NS NS NS NS NS NS NS NS NS NS
¥ Mean  SE (n=5), different letters represent significant differences among different shading by LSD testat P = 0.05.
NS = Non Sigtinicant
Table 4 Total leaves of zygocactus grown under different shade conditions.
Treatment Weeks after planting
4 8 12 16 20 24 28 32 36 40 44 48
Shading 0% 5.8 8.4 10.6 15.4 17.6 19.6 21.6 22.0 25.6 26.8 28.8 32.2
Shading 50% 4.8 7.0 9.4 14.0 16.2 17.0 18.0 17.8 23.8 27.2 28.8 31.2
Shading 75% 4.4 5.8 10.6 14.2 19.4 25.2 27.6 26.8 324 304 38.2 39.8
Shading 50% (2 layers) 48 5.6 9.8 11.4 13.0 15,0 15.4 154 17.4 202 224 250
CV (%) 47.81  33.62 30.55 35.96 33.43 32.94 34.23 36.11 33.28 31.17 32.2 26.52
LSD (pe.03) NS NS NS NS NS NS NS NS NS NS NS NS

NS = Non Sigfinicant
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Table S Number of flowers/plant, width and length of flower, shelf life of zygocactus.

Treatment No. of Width of flower Length of flower Shelf life
flowers/plant (cm.)l/ (cm.)" (days)”
Shading 0% 4.6 6.2b 6.1b 6.4ab
Shading 50% 5.8 6.42 7.0a 6.6a
Shading 75% 6.8 6.7a 6.9a 5.5b
Shading 50% (2 layers) 4.6 6.7a 7.0a 7.1a
CV% 30.6 7.1 8.3 18.1
LSD NS 0.2 0.2 0.5

0.5

Y Mean T SE (n=5), different letters represent significant differences among different shading by LSD testat P = 0.05.
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“de= treatment 3 ~—H— treatment4

w
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Figure 1 Number of flowers/plant of zygocactus grown under different shading conditions.
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Table 6 Chlorophyll concentration (mg/g FW) in leaves .

Treatment Weeks after planting”

16 32 44
Shading 0% 0.16d 6.19b 0.30¢
Shading 50% 0.31¢ 0.31b 0.43b
Shading 75% 0.37b 0.37ab 0.51a
Shading 50%(2 layers) 0.49a 0.41a 0.53a
CV% 4.10 25.06 10.82
LSD 0.02 0.06 0.02

0.5

' Mean T SE (n=>5), different letters represent significant differences among different shading by LSD test at P = 0.05.
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Table 7 Starch concentration (mg/g DW) in leaves.

Treatment Weeks after planting'l/

24 32 40
Shading 0% 141.05a 131.79a 37.54
Shading 50% 118.75b 117.98a 48.09
Shading 75% 103.90b 123.90a 48.95
Shading 50%(2 layers) 70.52¢ 89.09b 37.84
CV% 16.79 20,27 36.92

LSD 9.33 11.99 NS

0.5

"Mean & SE (n=5), different letters represent significant differences among different shading by LSD test at P = 0.05.

Table 8 Sugar concentration (mg/g FW) in leaves.

Treatment Weeks after plantingu
24 32 40

Shading 0% 2.24be 2.04 1.97a
Shading 50% 2.86b 1.91 1.46b
Shading 75% 6.23a 1.69 1.73ab
Shading 50%(2 layers) 0.67¢ 1.65 1.89a
CV% 64.98 24.68 15.55

LSD 1.0 NS 0.14

0.5

"Mean £ SE (n=5), different letters represent significant differences among different shading by LSD test at P = 0.05.
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Effect of Ozone on Shelf-life of Lychee
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Abstract: Effect of ozone on lychee (Litchi chinensis Sonn.) cv. Chakapat fruits was studied. Fruits were soaked
in water at pH 34 (adjusted by lactic acid) and exposed to ozone at the concentrations of 100 mg/hr for 0(control), 30,
45 or 60 minutes then stored at 10 °C. The results revealed that ozone treated fruits for 45 and 60 minutes had 28 days
shelf-life. The ozone treated fruits had lower fruit rot percentage than untreated fruits. Ozone did not affect fruit
quality. Pericarp sections of treated fruits were investigated under light microscopes. The results showed that the
exocarp layers of the untreated and ozone treated for 30 minutes had more complete exocarp than those of the ozone
treated for 45 and 60 minutes. The exocarp from 45 and 60 minutes ozone treated fruits had the pulpy epidermis

layers.
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Table 1 Fruit rot of lychee fruit cv. ‘Chakapat’ stored at 10 °C after treated with O, (100 mg/hr)

for 30,45 and 60 minutes.

fruit rot (%)
teatments days after storage

12 16 20 24 28
0, 0 minute (control) 0.00 8.33 16.67 29.17 70.83*
0, 30 minute 0.00 4.17 8.33 20.83 83.33*
0, 45 minute 0.00 4.17 4.17 16.67 50.00
0O, 60 minute 0.00 4.17 4.17 12.50 54.17
LSD , - ns ns ns ns
%CV - 85.41 73.20 58.91 35.96
NS = not significant
* = end of storage
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Table 2 Weight loss of lychee fruit cv. ‘Chakapat’ stored at 10° C after treated with O,

(100 mg/hr) for 30, 45 and 60 minute.

weight loss (%)
teatments days of storage
0 4 8 12 16 20 24 28
O, 0 minute (control) 0.00 1.92a  2.19 4.92 4.19a 4.98 5.83 -
0, 30 minute 0.00  0.96b 2.47 1.84 2.54b 2.65 4.40 -
O, 45 minute 0.00 Lith 327 3.63 2.79ab 3.88 6.42 7.47
O, 60 minute 0.00 0.68b 1.81 2.16 1.77b 3.49 2.68 3.96
LSD . = 0.59 ns ns 1.34 ns ns =
%CV - 30.37  50.87  40.60 29.02 2495 35.01 -

a, b means followed with the same latter did not significant difference at O = 0.05 by lsd.

ns = not significant

O, 30 min.

O, 45 min.

O, 60 min.

Figure 2 Microtrom section of lychee pericarp from untreated and ozone treated fruit before storage.
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Arthrobotrys sp.: Biology, Ecology

and Biological Control Potential in Northern Thailand.

Pamorntip Aksorntongl/

Abstract: Numerous soil samples were collected from various crops grown plots located in the two main Royal
Development Centre namely Khun Wang and Khae Noi under the Royal Project Foundation, Chiangmai Province.
Nematophagous fungus was isolated by scattering 3ml soil onto water agar (WA) and baiting the 9cm diam. Petri-dish
with | ml surface steriled nematode suspension. After 24 h, the hyphae grown unidirection from soil,within 48 h the
nematode e.g. Rhabidtis sp. and Meloidogyne javanica juveniles were trapped by adhesive network. Seventy-two
hours later the mycelium fully grown inside the nematode body. Some network was observed to trap the nematode
time and again. After inoculating nematodes for 3 days, conidiophore and conidia were observed and 11 isolates were
considered resembling to Arthrobotrys oligospora Fresenius. Comparison of radial growth ability on  different
culture media by isolate KN 01,which found less network traps, showed that media which soybean, mungbean, and
brown rice used as ingredient mixed with dextrose agar provide good radial growth rates and showed equal

hyphal density as compare to those cultured on corn meal agar (CMA).

Index words: Nematophagous fungus, Arthrobotrys oligospora Fresenius,soybean dextrose agar,

com meal agar (CMA).

v Department of Plant Pathology, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand.
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INTRODUCTION

The most common fungus act as natural
enemies of nematode that have been isolated from
field soils named Arthrobotrys oligospora Fresenius
(Linford,1937). Information on fungus—nematode
interaction are more limited until Duddington
(1957), Boosalis and Mankau (1965), and Pramer
(1965) had confirmed that some nematophagous
fungi attack their prey by means of various
trapping organelles while others are endozoic
parasites. Numerous experiments have been done
with the nematode—trapping fungi (Stirling, 1991)
and some examples where a preparation containing
these fungi is widely used for biological control
purposes. In Thailand, a few literature have been
published for a useful information on a diverse
range of these fungal species in soil and there
have been only few attempts to compare the
performance of isolates. It is therefore the process
used, the screening procedure, the trapping activity
on agar and in soil should be investigated in details
for providing a more realistic indication of

biological control potential.
MATERIALS AND METHODS
Isolation
Soil sample collected from chrysanthemum

Hort.),
(Lycopersicon esculentum Mill), chinese kale

(Chrysanthemum  hortorum tomato
(Brassica oleracea 1.) and gerbera (Gerbera

Jjamesonii Hork.) plots. the soils were observed

64

heavy infested with a root — knot nematodes
(Meloidogyne javanica Treub,1855 Chitwood,1949).
These plots located at Khun Wang Development
The others
Development Centre named Khae Noi, 1010 m

Centre, 1200 m above sea level.
above sea level, soils were obtained from various
plots grown with artichoke(Cynara scolymus L.).
Randomly collected of 300 ml soil from each
by

modified Cobb’s sieving and Baermann’s funnel

sample,then it was extracting for nematodes

method and 3 ml of each soil sample was kept
fungal
steriled in 0.1% (W/V) NaOCl solution for 1 min
and to 0.5% (W/V) streptomycin sulphate for 1

for isolation. Nematodes were surface

min then washed three times in sterile water.
fungus by
scattering 3 ml soil onto water agar (WA) and

Nematophagous was isolated
baiting the 9 cm diam plate with 1 ml surface
steriled nematode suspension. All plates were
examined for fungal radial growth, trapped and
inactive network over a period of 2 weeks. The
pure isolate was recovered by transferring conidia
to potato dextrose agar (PDA) by single spore
method.

Radial growth in

comparison different

culture media

Seven replicate 9 cm diam Petri-dishes
containing 10 ml of each of eleven different
media prepared from com (Zea may L.),
glutinous rice seed (Oryza sativa 1.), brown
tice ( Onza sativa L), wheat (Triticum aestivum

L.), black bean (Vigna sinensis Saviex), and



(L) Merr,),
dextrose agar (PDA), potato carrot agar (PCA)

soybean (Glycine max potato
and corn meal agar (CMA) were inoculated
with a 5 mm diam disc of isolate KN 01,
which observed less network traps, taken from
the edge of growing colonies. The fungal disc
was placed upside down in the centre of particular
Petri- dishes and incubated at 25 -27 °C. Once
the fungus had grown onto the agar, the dish
was marked at the advancing edge of the
colony. This process was recorded every day
until the mycelium reach the rim of 9 cm diam
petri-dish. The hyphal density and conidia size

were also evaluated.
RESULTS
By the scattering method, agar surface
was so cleaned and easily to investigate any

event occurred onto. The hyphae were observed

-grown unidirection from soil of all plates within

24 h  after inoculation.  Fungus from
chrysanthemum plot produced large numbers of
trap  (adhesive  network) and  captured

Meloidogyne javanica juvenile (J2) (Figurel) within

48 h after inoculation. A large size free-living

Athrobotrys sp.: Biology, Ecology and Biological

Control Potential in Northern Thailand.

nematode, Rhabditis sp.,was found double trapped
by this fungus
(Figure 2). There was a few traps from gerbera

derived from tomato plots
site but still showed the effectiveness of the trap
(Figure 3). In chinese kale plot, three conventional
loops trapped nematode was also discovered
(Figure 4). After 3 days of inoculation nematodes,
conidiophore bearing conidia was observed from
mycelium (Figure 5). The modified single spore
method was used by means of capillary tube tip
touched the conidium then transferred to PDA
plates (in vitro). Four PDA plates were kept for
pure culture isolation.

Seven isolates of nematode trapping fungi,
at Khae Noi Centre, derived from artichoke
plots. Each isolate produced few trap and
showed inert activity compare to those from
Khun Wang Centre (Figure 6). For example,
isolate KN 02 allowed the prey passed about
half a body length then trapped (Figure7) and only
isolate KN 05 showed abundant traps (Figure8).
Isolate KN 06 performed a high capability by
trapping a new prey (see a corpse of the last
below, Figure 9). The fungus was considered
resemsling to Arthrobotrys oligospora Fresenius

with prominent denticle on conidiophore (Figure10).

Figure 1 Meloidogyne javanica (Treub,1885 Chitwood,1949) J2 juveniles (arrow ) were trapped

by adhesive network of Arthrobotrys oligospora Fres.
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Figure 2 Free-living nematodes, Rhabditis sp., was double trapped by Arthrobotrys oligospora
Fres. network at basal bulb of esophagous and about middle of body length.

Figure 3 A few trap but high capability of capturing a prey by Arthrobotrys oligospora Fres.

from gerbera site.

Figure 4 In chinese kale plot, a large size nematode was captured firmly. by three sets of

Arthrobotrys oligospora Fres. loops.
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Figure S Conidiophore bearing conidia was observed within 3 days after nematode inoculation.

Figure 6 Active adhesive network trapped a prey about basal part of esophagous.

Figure 7 An inactive network captured nematode about posterior part instead of anterior part
of the body.
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Figure 8 A cluster of Arthrobotrys oligospora Fres. network from isolate KN 05.

Figure 9 Arthrobotrys oligospora Fres. loop re-trapped a new living nematode while a corpse
of the last still located below.

Figure 10 A prominent denticle (arrow) on conidiophore is only prominent evident to verify

this fungus as Arthrobotrys oligospora Fres.
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DISCUSSION

The aim of this study is to find out the
proper biological control agents in relation to its
efficacy in controlling the nematodes such as
root knot species (Meloidogyne sp.) or kidney
(Rotylenchulus  reniformis) nematodes and/or
another serious plant-parasitic nematode species
which had found caused a tremendous damages
to various crops grown in the vicinity of 34
Development Centres under the Royal Project
Foundation. It is necessary to understand the
biology including identification, ecology and the
method for screening its potential in capturing
nematodes. The present experiment revealed that
soybean, mungbean and brown rice can be used
as essential component, with low price and gain
a good mycelial density, compare to corn meal
from abroad, However, the fungus Arthrobotrys
oligospora Fres. was selected because its
abundance and ease to study in the laboratory,
further still  harbor

component of microfauna which have potential

more, soils nUMmMerous
as biocontrol agents. Additional studies on other
high potencial nematophagous fungi are required.
I thank Prof. Dr. Suebsak Sontirat and

Prof. Dr. Nuchnart Jonglackha for
of this
manuscript. The financial support for this research
work funded by the Royal Project Foundation is
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Indicators of Sustainable Land Resource Use

in Highland Agricultural Systems
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Benchaphun Ekasinghl/, Methi Ekasinghy and Thanya Promburom’

Abstract :  Many farmers in the highland agricultural systems have their farm land in high slopes which can
cause negative environmental impact. This study has as its objective to assess the sustainability of resource use in
the highland agricultural systems using farmers’ responses. Answers from farmers were used to construct simple
indicators of conservation measures and environmental risk.” Farmers’ practices were scored and indexed without
weighting. Study areas were within four of the Royal Highland Development Projects, namely Ang Khang, Mae
Hae, Nong Hoi in Chiang Mai and Prabat Huaytom in Lamphun. 256 farm households were surveyed being
stratified by farm sizes and membership of the Royal Projects. It was found that values of these indicators varied
by site. In Nong Hoi, environmental risk indicator was found the highest i.e. 0.61. In Mae Hae, Ang Khang and
Prabat Huaytom, this value was 0.55, 0.41 and 0.28 respectively. Nevertheless, these farmers were responding to the
environmental risk they faced by adopting conservation measures. In Nong Hoi, where environmental risk was found to

be greatest, the value of conservation measures was also highest at 0.57. Farmers in this site adopted soil and water
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conservation measures such as terraces, drainage ditches, contour bunds, planting across slope and fallowing. ‘There were also
reportedly good uses of mulching and crop residues in their plots. Indicators of conservation measures in Mae Hae, Ang
Khang were valued at 0.52 and 0.40 respectively. As for Prabat Huaytom where environmental risk were found the lowest, the
conservation indicator was also the lowest at 0.23.

When this kind of approach and measurement is also made in other highland areas, one can compare results across
sites. Areas where attention is needed for sustainable natural resource use can be identified. Besides, more studies should be

conducted to value indicators reflecting biophysical aspects of environmental changes.
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Table 1 Climate-related risks as experienced by farmers.

climate-related risks

site

Ang Khang

Nong Hoi  Mae Hae Prabat Huaytom

drought
frost

water logging/ flooding

42

66

-—% sampled household in each site--—-~—

83 82 100
3 64 0
22 12 2
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Table 2 Slopes of agricultural land and soil erosion within 5 years in farmers’ plots.

site slope (%) soil Erosion
0 1-15% 16-30% 30% rill Erosion land slide
% sampled household each site

Ang Khang - 15 48 37 66 29

Nong Hoi - 30 42 28 78 30

Mae Hae 5 31 50 14 53 14

Prabat Huaytom 49 51 - - 34 5
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Table 3 Soil conversation practices in farmers’ plots.

soil conversation practices

Ang Khang Nong Hei

Mae Hae Prabat Huaytom

terrace 24
bench terraces 42
drainage ditches 42
strip cropping 36
contour cultivation 78

47 51 15
70 46 3
75 61 16
30 47 21
71 61 0
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Table 4 Soil improving practices in farmers’ plots.

soil improving practice site
AngKhang NengHoi Mae Hae  Prabat Huaytom
% sampled household of each site-——-
crop rotation 32 55 49 54
fallow 25 53 46 37
use of compost 14 3 11 12
use of manure 49 17 6 76
use of crop residue 27 53 39 36
growing regume 14 22 9 30
use of lime 41 44 27 3
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Table S Average area using soil improvement material and manure.

area using
site crop residue  compost manure lime fallow
rai/household -—bag/rai—
Ang Khang 2.7 0.9 5.8 3.2 1.8 62.1
Nong Hoi 4.0 0.3 6.5 1.9 3.4 61.2
Mae Hae 1.6 0.8 5.0 1.1 1.7 17.8
Prabat Huaytom 3.0 0.6 1.2 0.1 2.4 11.8
average 2.8 0.7 4.5 1.5 23 39.4
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Table 6 Chemical use in farmers’ plots.
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site

Ang Khang

Nong Hoi Mae Hae Prabat Huaytom

- use of herbicide 22
- use of fungicide 53
- use of insecticide 56
- impact on environment and health 57

of chemical use

% sampled household in each site——--——-

89 67 48
84 91 8

92 94 22
60 66 29
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Table 7 Trend of chemical use within 5 years.

site increase unchanged decrease All

------ % sampled household in each site-—————-
Ang Khang 28 51 21 100
Nong Hoi 16 66 18 100
Mae Hae 27 58 15 100
Prabat Huaytom 26 59 15 100
average 24 59 17 100
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Table 8 Number of farm households, average area and quantity for chemical fertilizer used

sites fertilizer used chemical fertilizer (N-P-K)

46-0-0  13-13-21 16-20-0  21-0-0  15-15-15 others

Ang Khang  average area per household (rai) 7.6 85 1.0 5.2 11.8 9.7
average quantity (kg/rai) 94.7 132.7 100.0 134.6 89.4 76.7
% household _ 36 61 2 8 73 5
Nong Hoi average area per household (rai) 9.0 7.1 3.9 4.8 8.1 11.2
average quantity (kg/rai) 93.5 88.0 97.5 106.0 74.3 38.7
% household 1 70 19 ~ 31 72 11
Mae Hae average area per household (rai) 4.1 6.8 7.6 4.3 8.2 4.9
average quantity (kg/rai) 52.2 103.4 98.4 385.7 71.4 37.2
% household 29 65 71 15 7 14
‘abat Huaytom average area per household (rai) 8.4 - 7.6 8.7 6.4 -
average quantity (kg/rai) 17.7 - 223 10.3 26.0 -
% household 27 - 37 4 46 -
All sites average area per household (rai) 7.4 7.4 7.0 5.0 8.8 7.9
average quantity (kg/rai) 67.8 106.3 75.0 171.9 68.4 43.6
% household 33 48 33 15 65 7
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Table 9 Trend of use in chemical fertilizer, compost and manure.

sites trend within 5 years ago  chemical fertilizer use  compost use manure use
------ -—-% sampled household in each site---—-------
Ang Khang increase 28 15 26
unchanged 51 62 65
decrease 21 23 8
Nong Hoi increase 16 25 50
unchanged 66 S0 46
decrease 18 25 . 8
Mae Hae increase 27 21 53
unchanged 58 64 37
decrease 15 14 11
Prabat Huaytom increase 27 33 29
unchanged 59 56 64
decrease 15 11 7
average increase 24 23 44
unchanged 59 60 48
decrease 17 18 8
Total 100 100 100
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Table 10  Conservation Indicators (CI) and Environmental risk indicator (ERI).

site values of conservation indicators value of environmental risk indicator
Ang Khang 0.40 0.41
Nong Hoi 0.57 0.61
Mae Hae 0.52 0.55
Prabat Huaytom 0.23 0.28
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Figure 1 Conservation and environmental risk indicators.
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Treatment Results of Goat and Sheep Infested

- .

with Gastro-intestinal Nematode
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Abstract : Two each of male goats and sheep, age 5-7 months, raised at livestock farm of Department of Animal
Science, Faculty of Agriculture, Chiang Mai University were ill with sign of severe anemia, fatique and one of sheep
died. After diagnosis, it was showed that the animal were infested with gastro-intestinal nematode. Albendazole was
first anthehelmintic drug used in this case. However, the number of parasite eggs was not decreased. Then ivermectin
was given to one of sheep and one of goat. Another goat received levamisole. Both anthehelmintic drugs

were effective, but levamisole acted longer period than ivermectin.
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Figure 1 Strongyle eggs ; thin-walled ellipsoidal eggs containing embryonic cells and Strongyloides

spp. egg ; containing larva.
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Table 1 Density values of parasite eggs from faecal samples before and after treatment.

Day Sheep no. 9 Goat no. 70* Goat no. 74

-1 +5 +5 +5
0 (Treat with albendazole)

1 +5 +5 +5
4 +5 +5 +5
5  (Treat with ivermectin in sheep no. 9 and goat ne. 70 and levamisole in goat no. 74)

6 +2 +2 +2
8 +1 +1 +1
13 +1 . +1
15 +3 +1
20 +3 +1
27 ' +4 +1
29 +4 +1

Note *Goat number 70 died after received ivermectin 6 days
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Figure 2 Haematocrit values from blood samples of sheep number 9 (@), goat number 70 (W)
and goat number 74 (4 ). Day 0 treated with albendazole, day 5 treated with ivermectin in sheep

number 9 and goat number 70 and levamisole in goat number 74.
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