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ARAMNWNARASAILLDTINUENTZI TN 80

Effects of Calcium Compounds and Plant Growth Regulators on Fruit Qualities of

Strawberry cv. Praratchatan 80

TAINWT HIUA UWAE AT WINTUN

Chitaphorn Peawdang and Daruni Naphrom’

medmNgaansuazlgimans anzineasaans aianenaedesa a. el 50200
Department of Plant and Soil Sciences, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand

*Corresponding author: Email: daruni.n@cmu.ac.th

(Received: 6 July 2018; Accepted: 5 November 2018)

Abstract: Study on the effects of calcium compounds and plant growth regulators on the fruit quality of
strawberry cv. Praratchatan 80 was carried out at farmer’s farm in Mae Sa Mai village, Mae Rim district, Chiang Mai
province. The experiment was designed based on factorial in randomized complete block design (3x3x3)+ 1.
Factor A was 3 stages of flower development; after full bloom, 14 days after full bloom and 21 day after full
bloom, factor B was 3 types of calcium compounds; CaCl,, Ca(NO3)2, and Ca’ chelated which sprayed at 200
mg/L and factor C was 3 types of plant growth regulators; 50 mg/L GA,, 10 mg/L CPPU and 50 mg/L NAA. The
spraying treatments were compared to water spraying (control). The results revealed that spraying Ca” chelated
combined with NAA at 21 days after full bloom gave bigger fruit size and higher fruit weight than control
significantly and tended to has fruit size and fruit weight higher than other spraying treatments, while the
spraying at full bloom stage showed that spraying all calcium compounds combined with CPPU and NAA gave
higher TSS than control significantly and tended to has higher TSS than other spraying treatments. In addition,
the spraying of Ca”" chelated combined with 3 types of plant growth regulators enhanced fruit firmness.
Furthermore, spraying CaCl,and Ca”"chelated combined with NAA could prolong shelf-life of strawberry fruit as

compared to control.

Keywords: Cawohelated, CaCl,, CaNQ,, NAA, CPPU, GA,
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b At 14 days after full bloom —| l— At 21 days after full bloom —|
a

1 Call+GA; 50 mglL) 4(CaNOy),+ CA; 50 mgL) B 7 (Ca?*chelated + GA, 50 mg/L)
[ 2 (€aClL,+ CPPU 10 mg/L) BR 5 (Ca(NOy), + CPPU 10 tagrL) [l 8 (Cat*chelated + CPPU 10 mg/L)
3 (CaCl+NAASO mgL) [ 6 (CalNOy),+ NAASOmgL) [f O Ca™chelated + NAA 30 mg/L)

Figure 1. Fruit weight of strawberry at harvesting stage after spraying with calcium compounds and

plant growth regulators at different flower development stages
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(02 (CaCl, + CPPU 10 mg/L) B 5 (Ca(NO,), + CPPU 10 mg/L) [l 8 (Ca’ chelated + CPPU 10 mg/L)
([J3(CaCl,+ NAASI mg/L) [ 6 (Ca(NO,),+ NAASOmg/L) [ 9 (Ca'*chelated + NAA SO mg/L)

Figure 2. Fruit size (width, length and thickness) of strawberry at harvesting stage after spraying with

calcium compounds and plant growth regulators at different flower development stages
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13 (CaCly + NAASO mg/L) [ 6 (Ca(NOy), + NAASOmgL) [ © (Cal*chelated + NAA S0 mg/Ly

Figure 3. TSS (°Brix) of strawberry fruit at harvesting stage after spraying with calcium compounds and

plant growth regulators at different flower development stages
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[ 2 (CaCl, + CPPU 10 mg/L) (Ca(NO,), + CPPU 10 mg/L) [ 8 (Ca?*chelated + CPPU 10 mg/L)
E33(Cacl, + NAASO mg/L) [ 6 (Ca(NO), + NAASOmg/L) [ 9 (Ca* chelated + NAA 50 mg/L)

Figure 4. TA (%) of strawberry fruit at harvesting stage after spraying with calcium compounds and plant

growth regulators at different flower development stages
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[ 2 (CaCl, + CPPU 10 mgfL)
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Figure 5. Fruit firmness of strawberry fruit cv. Paratchatan 80 at harvesting stage after spraying with

calcium compounds and plant growth regulators at different flower development stages
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Figure 6.
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l— At 2] days after full bloom —|
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(Ca(NOy)y + CPPU 10 mg/'L) H 8 (Ca¥*cheated + CPPU 10mg/L)
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Shelf life of strawberry fruit cv. Paratchatan 80 after different treatments
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Abstract: Highland rice landraces are the unique germplasm containing useful traits and significant valuable
genetic resources for the future crop improvement. The objectives of this present study were to determine
population structure and genetic diversity using 12 microsatellite loci, including 23 morphological characteristics
of highland rice landraces in Chiang Rai province which had 19 populations in total representing of 19 farmers’
seed lots from 3 different elevations i.e. low (<500 MASL), medium (500-1,000 MASL) and high (>1,000 MASL).
The results illustrated that the highland rice landraces at the low elevation had the highest level of morphological
variation and genetic diversity than the medium and high elevations. The structure analysis found that at K= 2
highland rice landrace populations in the present study were structured into 2 groups according to the
subspecies types; indica and tropical japonica group, while at K= 4 the highland rice landraces populations
were structured into 4 groups associate to subspecies types and elevations. Such the structure of highland rice
landraces in the present study was the consequence of the local adaptation. Understanding the genetic
structure and genetic diversity of highland rice landraces varieties can be used as a guideline for conservation,
while it should focus on both ex situ conservation and in situ conservation. Moreover, these genetic resources

can also be utilized for the future rice breeding programs.

Keywords: Highland rice landraces, genetic diversity, population structure, local adaptation
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Table 1. Elevations (MASL), varieties, accession number and subspecies types for 7 highland rice landraces

varieties and two pure line cultivated rice varieties in the present study

Elevation Variety Accession number Subspecies type
Low Ngaw-siw 1 LNGS1 indica
(<500 MASL) Ngaw-siw 2 LNGS2 indica
Ngaw-siw 3 LNGS3 indica
Bian-pae-ton 1 LBPT1 tropical japonica
Bian-pae-ton 2 LBPT2 tropical japonica
Medium Haw-chae 1 MHCHA1 tropical japonica
(500-1,000 MASL) Haw-chae 2 MHCH2 tropical japonica
Haw-chae 3 MHCH3 indica
Haw-jae 1 MHJ1 tropical japonica
Haw-jae 2 MHJ2 indica
Ja-peu-ma 1 MJPM1 tropical japonica
Ja-peu-ma 2 MJPM2 tropical japonica
Ja-peu-ma 3 MJPM3 tropical japonica
High Chae-ta-te 1 HCHTT1 tropical japonica
(>1,000 MASL) Chae-ta-te 2 HCHTT2 tropical japonica
Chae-ta-te 3 HCHTT3 indica
Ble-de 1 HBD1 tropical japonica
Ble-de 2 HBD2 tropical japonica
Ble-de 3 HBD3 tropical japonica
Checked Khao Dawk Mali 105 KDML105 indica
Pathum Thani 1 PTT1 indica
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Table 2. Detail of SSR markers used in the present study

Primer name  Chr. SSR motif Primer sequence’ Tm (C) Expected size (bp) H,

RM084 1 (TCT)10 F 5'-taagggtccatccacaagatg-3' 55 113 0.317
R 5'-ttgcaaatgcagctagagtac-3'

RM318 2 (GT)15 F 5'-gtacggaaaacatggtaggaag-3' 55 140 0.513
R 5'-tcgagggaaggatctggtc-3'

RM251 3 (CT)29 F 5'-gaatggcaatggcgctag-3' 55 147 0.673
R 5'-atgcggttcaagattcgatc-3'

RM241 4 (CT)31 F 5'-gagccaaataagatcgctga-3' 55 138 0.719
R 5'-tgcaagcagcagatttagtg-3'

RM122 5 (GA)TA(GA)2A(GA)11 F 5'-gagtcgatgtaatgtcatcagtgce-3' 55 227 0.095
R 5'-gaaggaggtatcgctttgttggac-3'

RM164 5 (GT)16TT(GT)4 F 5'-tcttgccegtcactgcagatatce-3' 58 246 0.490
R 5'-gcagccectaatgctacaaticttc-3'

RM584 6 (CT)14 F 5'-agaaagtggatcaggaaggc-3' 55 169 0.442
R 5'-gatcctgcaggtaaccacac-3'

RM11 7 (GA17 F 5'-tctcctcttcceecgate-3' 55 140 0.679
R 5'-atagcgggcgaggcttag-3'

RM447 8 (CTT)8 F 5'-cccttgtgctgtctectete-3' 55 111 0.455
R 5'-acgggcttcttctccttcte-3'

RM316 9 (GT)B-(TG)ATTTG)4(TG)4  F 5'-ctagttgggcatacgatggce-3' 55 192 0.498
R 5'-acgcttatatgttacgtcaac-3'

RM167 11 (GA)16 F 5'-gatccagcgtgaggaacacgt-3' 55 128 0.449
R 5'-agtccgaccacaaggtgcegttgte-3'

RM247 12 (CT)16 F 5'-tagtgccgatcgatgtaacg-3' 55 131 0.725

R 5'-catatggttttgacaaagcg-3'

' Chen and Tanksley (1997); Temnykh et al. (2000); Temnykh et al. (2001) and Wu et al. (1993)

at19ldad1Aty faaldsunsu GeneAlEx version
6.502 (Peakall and Smouse, 2006)
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Figure 1.

Shannon’s index (H') of 19 highland rice landraces populations and two pure line cultivated

rice varieties on 23 morphological traits. Numbers in the parentheses represent number of

polymorphic traits
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Table 3. Genetic diversity parameter highland rice landraces from 3 elevation levels and two pure line

cultivated rice

Elevations N n H' H, Hg H, Fer
Low (<500 MASL) 5 25 15.490 0.024 0.030 0.440 0.410
Medium (500 - 1,000 MASL) 8 40 11.221 0.133 0.156 0.167 0.436
High (>1,000 MASL) 6 30 10.914 0.107 0.133 0.356 0.223
Total Elevations 3 19 67.244 0,407 0.421 0.501 0.080
Total Pure line varieties 2 10 0 0 0 0.125 1

Number of accession (N), number of individuals (n), shannon’s index for morphological traits (H), Nei's (1973) gene diversity (H,),

average gene diversity (H), total gene diversity (H;
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Table 4. Genetic diversity parameter of 7 highland rice landraces varieties and two pure line cultivated

rice varieties classified as indica and tropical japonica types of Chiang Rai province

Species type N n H, Hg H; Fer

Indica 1 40 0.090 0.113 0.616 0.817
Tropical japonica 1 65 0.085 0.106 0.296 0.640
Total Species type 2 105 0.454 0.463 0.628 0.262

Number of accession (N), number of individuals (n), Nei’s (1973) gene diversity (H,), average gene diversity (H,), total gene diversity

(H,), and genetic differentiation (F;)

- & = - a = g
m Ao 8 xx a3 S<e EEE - a2
¢ S5 5288z £EEE: 32222 ¢Ec¢
5 443 535355 3535333 & 288 £82¢%8 8¢
1.00
0.80
a) K=4 0.60
0.40
0.20
0.00 7 i PN PR T T
1.00
0.80
b) K=2 0.60
0.40
0.20
0.00

Figure 2. Population assignment using STRUCTURE analysis of 7 highland rice landraces varieties and
two pure line cultivated rice varieties in Chiang Rai province. Distinct colors represent different
inferred populations based on STRUCTURE's results. Color codes are as follows: a) indica
(local varieties); gray, indica (pure line cultivated); dark gray, tropical japonica (low elevations);
white gray and tropical japonica (high elevations); dark gray (K = 4) and b) indica; dark gray
and tropical japonica; gray (K = 2)

L |
0.050

Figure 3. Cluster analysis using NJ method based on Chord (1967) genetic distance. Distinct colors
represent different inferred populations based on STRUCTURE's results; indica: dark gray
and tropical japonica: gray
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Seasonal Effects on Seed Yield and Quality of Sacha Inchi
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Abstract: Sacha inchi is claimed among health conscious people as high nutritional value plant in protecting
against several diseases such as high cholesterol and diabetes. Its cultivation is widely interested among
farmers in several regions of Thailand. This experiment was to evaluate the effect of production seasons on seed
yield and nutritional quality of sacha inchi. The experiment was arranged in completely randomize design (CRD)
in 3 seasons. The pod yield of sacha inchi was collected in 3 different seasons (dry, rainy and late rainy) during
2016-2017 which 10 plants were collected in each season. The collected seeds were also analyzed for percent
oil yield and fatty acid profile in comparison between the seasons. The dry and late rainy seasons were found to
have 20.3% and 20.0% higher pod and seed dry weight than the rainy season, respectively. The seed set in late
rainy season was about 4.2% higher than in the dry and rainy seasons. The oil yield extracted from the seeds in
late rainy season was 6.7% higher than in the dry and rainy seasons and the similar result was also observed in
fatty acid profile. This study investigated that production seasons had affected on both seed yield and nutritional
quality of sacha inchi. The information is very useful for management of sacha inchi cultivation in order to
maximize the benefit of both yield and nutritional qualities. The future study is requiring increasing the number of
experimental locations to further confirm the effect of production season on yield and nutritional quality in sacha

inchi.

Keywords: Sacha inchi, fatty acid, seed quality, season, healthy food
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Table 1. Temperature, rain fall, relative humidity and hour of sunshine each day during three seasons (dry,

rainy and late rainy) in 2016-2017 at demonstration field, Agronomy division, Faculty of Agriculture,

Chiang Mai University where the experiment is located

Season
Dry Rainy Late rainy

Temperature ("C)

Range 13.0-40.5 22.3-35.9 9.6-35.5

Mean 28.3 27.8 24.0

SD 2.5 1.0 2.5

CV (%) 8.8 3.6 10.4
Rain fall (mm)

Range 0-124.8 0-51.2 0-29.2

Mean 4.5 6.2 1.9

sD 14.3 9.7 34

CV (%) 317.7 156.4 178.9
Relative humidity (%)

Range 19.0-96.0 48.0-96.0 24.0-96.0

Mean 64.5 e 73.1

sD 9.0 1.3 7.6

CV (%) 13.9 14.5 10.4
Hour of sunshine (h)

Range 0-11.9 0-11.2 0-11.4

Mean 8.3 4.1 6.6

SD 2.9 3.1 3.3

CV (%) 34.9 75.6 50.0

Sources: Northern Meteorological Center (2017, 2018)

1 Fuuasaslugag 0-11.9 Falus SAniadn 8.3 9alue
zﬁ'qu‘luq@.ﬂuwudwﬁ?:ﬁuqmmﬁé’ﬁzﬁm@mdﬁwa'ixﬁu
qmuqﬁqqqmﬁﬂdwq@fé@ua@ﬂuﬁqq 22.3-35.9 84N
waidua wifldeds liuandsaannquied 27.8
parnaadoa SN madueylugae 0-51.2
fiadns fAnedaunndrlugquisd 6.1 adwns
A NA U9 48.0-96.0% & ANL8RE 77.7% Uz
f%MW%‘EMﬁiﬁ%U wasae]lugag 0-11.2 Falus &
AaRe 4.1 2T LL@”luqmﬂmﬁduwmmmunmﬂ
lutne 9.6-36.6 avrniaaTiun dAalesigaainia 3
qmmmn 24.0 asrniTaidaa waziiBunnaindutio
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m'nnmmqm at/luiag 0-29.2 Hadums flenade 1 9
AARATIAY mqmu@ﬂslum\i 24.0-96.0% TAneag
73.1% wazAuusuildsuuasiugag 0-11.4 dalue
AR 6.6 Tl

NANARLNAR

AMNKANITAATIZH AN L s TaUNLaN
HANAR NIRAIEA LAzt FUNAAIITANEUATIANY
memmuium@vqmmmmquuﬂmﬂmmmmm
(P<0.05) (mfm\'ﬂn 2) qmm@um@mm’muﬂuﬂmﬁﬂ Tngl
qumLL@NLL@”qmﬂmﬂNuuuwumm\ﬂﬂ"ﬂmmm@m
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6.8 nfusaln ‘Lummzﬁq@cluﬁﬁmﬁﬂuﬁqﬁﬂﬁ@ﬂ‘ﬁ'z&m
A 5.5 nFusiadin (Ml 1a) dwnig asudaau
LLmrwmrTu‘LuLwi@vqmm@ Tmﬂ“luqmﬂluwudqﬁifmﬁﬂ
uihandasuiieaiigene 28 niusiedn dandlunqui
LLmqmﬂmﬁr:Jummmemmemummm’a@ﬂ 35
nfusiedn (i 1b) wenaanilngniadeiinase
dwiinuusazada Tnglunadunudnddwinus

memmu@wmm 0.7 niuplawAn dauluggians
EJ‘LLLL@"’E]@LL@\?N‘LA’]WLmLLMQLN@@L@EQ@QW@@Lftl@?_l 0.9
nFuABAR (Nhl 1c) wenannidanudngniaiing
FlannsinmAnteanaueniaeannzlugglanady
nuininsRamAnNNiigane 96.7% daulunguds
ua qmﬂuummmmmu@wmmm 92.5% (Nl
2a)

Table 2. Means of three different seasons (dry, rainy, late rainy) in 2017-2018 on seed yield of sacha inchi

Dry weight (g) Seed set QOil yield
Season
Pod Total seed Individual seed (%) (%)
Dry 6.84 a 3.56a 090a 93.04 a 49.03 b
Rainy 555b 2.89b 0.76 b 9191b 50.59 b
Late rainy 6.85a 3.76 a 0.94c 96.77 a 56.17 a
F-test wox . wx . *
CV (%) 14.6 15.8 14.9 3.6 11.1
LSD(0.05) 0.78 0.44 0.11 2.84 4.79

* **Indicates significant difference at P<0.05 and P<0.01, respectively. Significant difference within column at P<0.05 indicated by

different lowercase letters

(a)

LSD, ,,=0.78 (b)
LSD, ,.=0.44
8 e 8 >
- =
5 - 2 _
s 3:
_g‘ g 4 ° 3 4
£ 2 £° . . l
o 5]
'_
0
rainy late rainy rainy late rainy
Season Season
(c)
2.0
=) LSD, ,-.=0.11
5 -: 15 0.05
o =
g 2 a b a
% s 1.0
£ 3
(0]
0.0
dry rainy late rainy
Season
Figure 1. Dry weight of pod (a), total seed (b) and individual seed (c) in sacha inchi among three different

seasons (dry, rainy and late rainy). Significant difference at P<0.05 indicated by different lowercase

letters above the bars
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Bananivluadn

q@mm’jm@ﬁimﬁmmﬁ”ﬂﬂmmmq%um‘imﬂ
wuinngUaneduiiiunnindunniigaie 56.2%
m'qusluq@uﬁqLmzqqﬂuﬁﬁ*mwfﬁﬁuﬁmﬁzgmm?i'ﬂ
49.5% (ﬂ’]'W'?ll 2b)

(a)
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PFanaunsalusiu

AINNANITIATIZH AN L T F9UW LN
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HupdnAtynieali (P<0.05) (An9197 3) wudnlugg
wwadiiunninsaladuating 19 o gangn daulugg
% ~ o a o al'
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120

100
80
60
40
20

dry riany late riany
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Figure 2. Percent seed set and oil yield of sacha inchi among three different seasons. Significant difference

at P<0.05 indicated by different lowercase letters above the bars

Table 3. Fatty acid profile of sacha inchi seeds among dry, rainy and late rainy in 2017-2018

Fatty acid (mg per seed)

Season Butyric  Palmitic  Stearic Oleic Linoleic  Heneicosanoic  Linolenic  Eicosenoic  Arachidic
(C4:.0) (C16:0) (C18:0) (c18:1) (C18:2) (C21:0) (C18:3) (C20:1) (C20:0)

Dry 13.3a 34.8a 274 Db 72.7b 287.3c 234.5c¢c 12b 12¢c 0.8b
Rainy 22.7 a 389a 29.7b 86.3ab  351.7b 300.7b 16a 16b 09b
Late rainy 234 a 443 a 389a 97.0a 388.8a 366.9a 1.8a 18a 11a
F-test ns ns - * . . . . wx
LSD (0.05) 1.5 7.4 52 13.7 25.6 45.7 0.2 0.1 0.1

ns, *, ** indicates non-significant difference and significant difference at P<0.05 and P<0.01, respectively. Significant

difference within column at P<0.05 indicated by different lowercase letters
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Abstract: The study on the optimum rate of nitrogen fertilizer for garlic production was conducted in farmer’s field
at Khun Yuam district, Mae Hong Son province. The experiment design was randomized complete block design
(RCBD) with 4 replications and 5 treatments. The treatments consisted of 4 rates of nitrogen fertilizer (62.50,
93.75, 125.00 and 193.75 kg N/ha). Non-fertilized was used as a control treatment. The result revealed that
application of nitrogen fertilizer at different rates (62.50-193.75 kg N/ha) were not significantly different on
average plant height, the number of leaves, bulb diameter, dry weight, fresh yield, bulb weight, nutrient
concentration, weight loss and the percentage of damage cloves. Application of nitrogen fertilizer at the rate of
125.00 kg N/ha produced the highest fresh yield (20.8 t/ha), bulb diameter (41.25 mm) and bulb weight (26.09
g/bulb). However, the results from this study suggested that application of nitrogen fertilizer at the rate of 62.50
kg N/ha was sufficient for producing good yield and bulb quality of garlic. The average fresh yield, bulb
diameter, bulb weight, percentage of weight loss and damage cloves were as follows: 20.2 tha, 40.45 mm,
23.31 g/bulb, 54.82% and 4.73%, respectively.

Keywords: Garlic, nitrogen fertilizer, growth, yield, quality of garlic

Introduction Nutrient management plays an important role for

growth, yield and quality (Singh et al, 2015).

Garlic (Allium sativum L.) is a member of However, fertilizer requirements of garlic crop vary
Alliaceae family which includes important vegetable with fertility status of the soil, a variety of the crop and
crops such as onion, leek, chive and shallot. Garlic purpose for which the crop is grown (Diriba-Shiferaw,

has been used throughout ancient history for culinary 2016). Innoi and Santasup (2016) reported that the
and medicinal purposes (Pandey, 2012). Worldwide nutrient uptake of garlic were 77.5 kg N/ha, 30.6 kg
garlic is grown about 1.5 million hectares with the P,0O/ha, and 90.6 kg K,O/ha, respectively.

total production of 26 million tons (FAO, 2015). Asia Nitrogen (N) is an essential nutrient for plant
produces most of the world’s garlic crop. The growth and crop yield, being a constituent of protein,
production of garlic in Thailand is cultivated over amino acids, chlorophyll, nucleic acid and cell wall
90% of total area in the north with the total production (Neeteson, 1995). Nitrogen fertilization can have a
of 70 thousand tons. (Office of Agricultural significant effect on plant growth and development
Economics, 2016). Good qualities of garlic like, large (Welbaum, 2015). According to a previous research,
bulb size, long shelf-life and least damaged cloves it was revealed that the appropriate nitrogen fertilizer
are key factors influencing farmers’ decision-making rate could significantly improve the bulb size and
to use and purchase garlic. Normally, garlic is widely yield of garlic (Kakar et al, 2002; Zaman et al.,

used for consuming and propagation. Therefore, 2011). Ebrahimi et al. (2014) reported that the

improving garlic yield and storage Qquality are maximum plant height, shoot dry weight and leaf
desirable attributes for growers and consumers. number were achieved on the application of 125 kg
Nonetheless, the successful commercial production N/ha and the highest bulb yield was obtained with
of garlic crop depends on several factors such as application of 100 kg N/ha. Kilgori et al. (2007)
variety, nutrients, cultivation practices, climate, etc. suggested that the combined application of 120 kg
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N/ha and 50 kg P,O./ha could result in highest yield
whereas higher dosage of 180 to 240 kg N/ha
(2011)

observed that the maximum garlic yield was

reduced the bulb yield. Zaman et al

obtained from the treatment receiving 150 kg N/ha.
Farooqui et al. (2009) recorded the highest growth
and vyield of garlic with the combination of 200 kg
N/ha and 60 kg S/ha. Hore et al. (2014) noted that
combination of 200 kg N/ha, 125 kg P,O/ha, 150
K,O/ha and 60 kg S/ha performed the maximum
garlic yield. Although excess nitrogen stimulates the
growth of foliage leaves but inhibits and delays bulb
formation (Meredith, 2008). Shelf-life of garlic, garlic
bulb pungency, total soluble solids and dry matter
content rely on the correct level of fertilizer, sail
types,
conditions (Diriba-Shiferaw et al., 2013). Nutritional

compositions and allicin concentration of garlic

the season of production and storage

depends on the environment, harvest time and
cultivar (Somsu et al., 2016). Application of the
nutrients over the optimum level would reduce bulb
yield (Islam et al, 2012). Moreover, most garlic
growers in the study area (Mae Hong Son province)
attempt to increase productivity and quality of garlic
by applying chemical fertilizer (125-187.5 kg N/ha
(Kunasakdakul et al., 2015)). This may be due to
unscientific cultivation which simply and increases
production cost. Thus, it is necessary to evaluate the
suitable rate of nitrogen fertilizer for successful garlic
production and fertilizer use efficiency. Hence, the
objective of this study was to examine the effect of
nitrogen fertilizer levels on growth, yield and quality

of garlic.

Materials and Methods

Study area and The

experiment was conducted on farmer’s field at Khun

experimental  design:
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Yuam district, Mae Hong Son province, northern
Thailand during December 2014-April 2015. The
initial soil properties at the experiment site were
sandy loam (61% sand, 26% silt and 13% clay), pH
5.73, containing 2.2% of organic matter, 42.7 mg/kg
of available phosphorus, 118.3, 553.5, 115.1 mg/kg
of exchangeable K, Ca and Mg, respectively and
13.5 mg/kg of extractable S with an EC of 40.5
pS/em. Compost (AG-5) (N=1.52%, P,0,=1.05%,
K,0=0.63%) was applied 6.25 ton/ha in the soil
except for farmer practice treatment at 2 weeks
before planting. The experimental plot size was 8 x 8
m. Cloves were planted in the spacing of 15 x 15 cm,
then the plots were mulched with rice straw after
planting. A local variety of garlic (softneck) was
planted in a randomized complete block design with
4 replications. Five treatments were control (non-
fertilized), three levels (62.5, 93.75 and 125 kg N/ha)
of nitrogen fertilizer. P,O, and K,O fertilizers were
applied at the rate of 75 kg P,O/ha and 125 kg
K,O/ha and the fourth nitrogen level which was equal
to farmer practice was applied at 193.75 kg N/ha
(137.5 kg P,O /ha, 137.5 kgK,O /ha). Calcium nitrate
(15-0-0), (0-0-50)
compound fertilizers (15-15-15, 25-7-7, 8-24-24)

were used as N P and K sources in the experiment.

potassium sulfate and other

Fertilizers were separated application 3 times, 20%
of total fertilizer at basal application, 20% of total
fertilizer at 30 days after planning (DAP) and 60% of
total fertilizer at 60 DAP. Weed and pest controls
were performed as necessary. A fresh yield of garlic
was harvested at 110 DAP. Garlic yields were stored
in the barn at ambient temperature as common
farmers practise.
Data collection: Plant samples were randomly
collected within the 0.25 m?’ for measuring plant
growth at 30, 45, 60, 75 and 90 DAP. Plant height

was measured from the ground level to the apex of a
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longest leaf, using a measuring tape. The number of
leaves per plant was recorded by counting. Bulb
the

maximum width of garlic bulb using vernier caliper.

diameter was determined by measuring
Dry weight was measured by drying the garlic plant
in a hot-air oven at 65-70° C till the constant weight
obtained. At harvesting time, a fresh garlic was
collected within the 16 m” for yield determination.
Bulb weight, bulb diameter and dry weight of garlic
were recorded, then concentration of nitrogen (N)
(Novozamsky et al., 1974), phosphorus (P) (Walinga
et al., 1995) and potassium (K) (Kalra, 1998) in garlic
bulb were analysed. During 5 months of storage
period, the percentage of total weight loss of garlic
yield ((initial weight - measured weight) x 100 /initial
weight) was determined monthly. At the end of the
storage period, the percentage of damage cloves
(weight of damage cloves x 100/total weight of
cloves) was also recorded.

Statistical analysis: Data analysis was performed
using Statistix 9.0. All data were analyzed using
analysis of variance (ANOVA), followed by the least

significant difference (LSD) at 5% level of probability.

Results

Plant growth

The results suggested that plant height of
garlic was influenced by different rates of nitrogen
fertilizer as shown in Table 1. All nitrogen fertilizer
application treatments significantly increased plant
height in comparison to control. However, increasing
nitrogen fertilizer rates from 62.50 to 193.75 kg N/ha
had no significant effect on plant height, plant
heights were in the range of 35.25-36.57 cm, 46.08-
46.76 cm, 56.63-57.80 cm, 64.08-64.79 cm and
66.62-67.79 cm at 30, 45, 60, 75 and 90 DAP,
respectively. The minimum plant height was found in
control treatment at all growth stages. The number of
leaves per plant (Table 2) was not significant for all
nitrogen fertilizer treatments at all growth stages. The
maximum number of leaves per plant (10.4) was
recorded with 125.00 kg N/rai and the lowest (8.0)
was noted in control at 90 DAP.
in Table 3

of nitrogen

The data were presented
that

significantly increased bulb diameter in comparison

revealed application fertilizer

to the control treatment. However, there was no

significant  difference among nitrogen fertilizer
Table 1. Effect of nitrogen fertilizer rates on plant height of garlic
Nitrogen fertilizer rates Plant height (cm)

(kg N/ha) 30 DAP 45 DAP 60 DAP 75 DAP 90 DAP
Control 27.59b 39.69b 48.90 b 49.12 b 53.45b
62.50 35.25a 46.34 a 56.63 a 64.12 a 66.62 a
93.75 35.36a 46.08 a 57.76 a 64.08 a 67.56 a
125.00 36.57 a 46.76 a 57.65 a 64.79 a 67.72 a
193.75 3598 a 46.65 a 57.80 a 64.54 a 67.79 a
CV (%) 2.63 3.69 1.83 1.85 3.32
LSD 1.382 2.565 1.569 1.746 3.311

0.05

Means in each column followed by different letters indicate significant difference using least significant difference (LSD) at

5% probability level, ns = non-significant, DAP = days after planting
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Table 2. Effect of nitrogen fertilizer rates on number of leaf of garlic

Nitrogen fertilizer rates

Number of leaves

(kg N/ha) 30 DAP 45 DAP 60 DAP 75 DAP 90 DAP
Control 45D 50b 58Db 71b 8.0b
62.50 51a 5.8a 6.8a 79a 10.1a
93.75 51a 5.8a 6.6a 8.0a 10.3 a
125.00 51a 5.8a 6.6a 8.0a 104 a
193.75 51a 6.0a 6.6a 8.0a 10.0 a
CV (%) 5.12 5.01 3.87 4.50 3.76
LSD 0.389 0.437 0.385 0.539 0.565

0.05

Means in each column followed by different letters indicate significant difference using least significant difference (LSD) at
5% probability level, ns = non-significant, DAP = days after planting

Table 3. Effect of nitrogen fertilizer rates on bulb diameter of garlic

Nitrogen fertilizer rates

Bulb diameter (mm)

(kg N/ha) 30 DAP 45 DAP 60 DAP 75 DAP 90 DAP 110 DAP
(At harvest)

Control 6.42 b 8.86 Db 12.64 c 15.28 ¢ 24.05Db 29.01b
62.50 7.97 a 12.05a 18.71 ab 27.99 ab 39.50 a 40.45 a
93.75 8.17 a 12.23 a 18.85ab 27.03 b 40.33 a 41.05a
125.00 8.07 a 12.26 a 18.91 a 28.76 a 40.58 a 41.25a
193.75 8.08 a 11.96 a 18.01b 28.05 ab 40.09 a 4112 a
CV (%) 5.59 4.93 3.26 3.83 2.1 4.77
LSD 0.666 0.872 0.874 1.500 1.199 2.837

0.05

Means in each column followed by different letters indicate significant difference using least significant difference (LSD) at
5% probability level, ns = non-significant, DAP = days after planting

treatments, bulb diameter was in the range of 7.97-
8.17, 11.96-12.26, 18.01-18.91, 27.03-28.76, 39.50-
40.58 and 40.45-41.25 mm at 30, 45, 60, 75, 90 and
110 DAP, respectively. At 110 DAP (harvest stage),
the maximum bulb diameter (41.25 cm)
obtained at 125.00 kg N/ha. Although increasing of
nitrogen fertilizer from 62.50 kg N/ha to 125.00 kg

N/ha tended to increase bulb diameter, however,

was

application of nitrogen fertilizer at the high rate
(193.75 N kg/ha) tended to reduce it.

Generally, the dry weight of garlic gradually
increased until 60 DAP and thereafter rapid increase
was observed during 75-110 DAP. The dry weight of

garlic was significantly affected by different levels of
nitrogen (Table 4). Increasing nitrogen fertilizer
application rates from 62.50 to 193.75 kg N/ha
resulted in the significant increase in dry weight
after 30 DAP,

significant difference of garlic dry weight was not

compared to control. However,
observed. The garlic dry weight was in the range of
0.44-0.50, 1.20-1.36, 2.76-3.02, 4.94-5.03, 8.18-8.29
and 9.38-10.31 g/plant at 30, 45, 60, 75, 90 and 110
DAP, respectively. The maximum dry weight of garlic
(10.31 g/plant) was obtained from 193.75 kg N/ha
treatment whereas the minimum dry weight was

observed in the control at harvest stage.
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Table 4. Effect of nitrogen fertilizer rates on dry weight of garlic

Nitrogen fertilizer rates Dry weight (g/plant)
(kg N/ha) 30 DAP 45 DAP 60 DAP 75 DAP 90 DAP 110 DAP
(At harvest)

Control 0.30c 0.70 b 1.33¢c 1.85Db 277b 3.42b
62.50 0.45b 1.28 a 2.93 ab 494 a 8.18 a 9.38 a
93.75 0.44 b 1.20 a 2.96 a 497 a 8.26 a 9.47 a
125.00 0.44b 1.29a 3.02a 499 a 8.29 a 10.11 a
193.75 0.50 a 1.36a 276 b 5.03a 8.29 a 10.31 a
CV (%) 6.93 13.45 4.46 15.66 6.12 10.18
LSD, 0.045 0.242 0.179 1.051 0.675 1.339

0.05

Means in each column followed by different letters indicate significant difference using least significant difference (LSD) at 5%

probability level, ns = non-significant, DAP = days after planting

Yield and bulb quality

The data in Table 5 showed that nitrogen
fertilizer application rates increased garlic yield and
bulb weight significantly in comparison to the control
treatment. Different rates of nitrogen fertilizer from
62.50 to 193.75 kg N/ha had no significant effect on
garlic yield and bulb weight. Fresh yield and bulb
weight of garlic varied from 20.1 to 20.8 t’ha and
23.31 to 26.09 g/bulb, respectively. However, the
maximum fresh vyield (20.8 t’ha) and bulb weight
(26.09 g/bulb) were recorded in 125.00 kg N/ha
treatment, whereas the minimum fresh yield (7.50
t/ha) and bulb weight (6.19 g/bulb) were observed in
control treatment. Application of nitrogen fertilizer
significantly increased nitrogen concentration in bulb
compared to the control treatment. However, there
was no significantly difference among nitrogen
fertilizer treatments, nitrogen content in bulb was in
the range of 1.75-1.95%. The highest nitrogen
content (1.95%) was noticed in the 125.00 kg N/ha
treatment while the lowest nitrogen content (1.05%)
the

concentrations of phosphorus and potassium in the

was noted in control treatment. Moreover,

bulb were not significant. The concentrations of
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phosphorus and potassium were observed in the
range of 0.31-0.33% and 1.14-1.26% respectively.

After garlic yield was kept the storage
house, the weight of garlic decreased rapidly in the
first month of storage and gradually decreased after
2 months of storage. The percentage of weight loss
of garlic in storage was significantly affected by
different rates of nitrogen fertilizer (Table 6.). At the
first month of storage, the highest weight loss was
recorded in 125 kg N/ha treatment (51.01%) and
lowest weight loss was observed in 62.50 kg N/ha
(45.44%). However, the total weight loss of all
treatments including control was not significantly
different after 5 months of storage (54.82-58.04%).
The percentage of damage cloves was significantly
influenced by different rates of nitrogen (Table 6).
The highest damage clove (5.40%) was found in
193.75 kg N/ha treatment and the lowest damage
clove (2.51%) was recorded in control treatment.
However, increasing nitrogen fertilizer from 62.50 to
125.00 kg N/ha had no significant effect on damage
cloves which was recorded in the range of 4.73-
5.19%.
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Table 5. Effect of nitrogen fertilizer rates on fresh vyield, bulb weight and nutrient concentration in bulb of

garlic

Nitrogen fertilizer rates Fresh yield Bulb weight Nutrient concentration in bulb (%)

(kg N/ha) (ton/ha) (g/bulb) N p K
Control 7.50b 6.19b 1.05b 0.33 1.19
62.50 20.2 a 23.31a 1.78 a 0.33 1.14
93.75 20.1a 2416 a 1.87 a 0.33 1.16
125.00 20.8 a 26.09 a 195a 0.32 1.15
193.75 204 a 2524 a 1.75a 0.31 1.26
CV (%) 11.58 8.60 9.03 6.70 6.90
LSD 3.174 2.781 0.233 ns ns

0.05

Means in each column followed by different letters indicate significant difference using least significant difference (LSD) at

5% probability level, ns = non-significant

Table 6. Effect of nitrogen fertilizer rates on weight loss and the percentage of damage cloves during storage

period
Nitrogen Weight loss (%) Percentage of
fertilizer rates 1 month 2 months 3 months 4 months 5 months damage cloves

(kg N/ha) (%)
Control 49.36 ab 52.41 a 53.99 a 54.91 a 58.04 251¢c
62.50 4544 ¢ 45.26 ¢ 47.15d 48.12 ¢ 54.82 473 b
93.75 47.05 bc 48.55b 50.79 ¢ 5192 b 55.24 5.07 ab
125.00 51.01a 51.47 a 52.79 ab 53.71a 57.81 5.19 ab
193.75 4945ab  50.48ab  51.84bc 53.75a 56.59 540 a
CV (%) 3.74 3.32 2.45 2.21 3.88 8.88
LSD 2.791 2.535 1.934 1.783 ns 6.626

0.05

Means in each column followed by different letters indicate significant difference using least significant difference (LSD) at

5% probability level, ns = non-significant

Discussion

This study demonstrated that increasing
nitrogen fertilizer from 62.50-193.75 kg N/ha tended
to increase plant height, the number of leaves, bulb
diameter and dry weight of garlic and significantly
increased the garlic growth in comparison to the
the

influence of nitrogen fertilizer on growth of garlic.

control treatment. These results indicated

Similar results were also reported by Kakar et al.
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(2002) and Zaman et al. (2011). Nitrogen promotes
growth that is the

photosynthesis activities and accumulation of dry

foliage responsible  for
matter. In this experiment, the plant height of garlic
increased during 0-60 DAP and

gradually increased at the growth stages of 60-90

was rapidly
DAP, as the bulb diameter immediately increased at
the growth stages of 75-90 DAP. Similarly, the total
dry weight accumulations sharply increased at the
growth stages of 75-90 DAP. The obtained results
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were in conformity with Innoi and Santasup (2016)
who observed that the leaf dry weight of garlic
continued to increase until 90 DAP, meanwhile, the
bulb dry weight was rapidly accumulated in the
growth stage of 75-110 DAP. This might be due to
the changes of growth stages from the vegetative
phase to bulbing phase. Nevertheless, bulbing stage
is strongly influenced by environmental factors,
mainly temperature and photoperiod, on changes in
the growth habits or phenological phase of garlic;
similar conditions are not always required for
overlapping or simultaneously occurring phases, as
phase differences may depend on crop conditions
(Lopez-Bellido et al., 2016). Although heavy nitrogen
application stimulates the growth of foliage leaves
but inhibits and delays bulb formation (Meredith,
2008).

The increase in fresh yield and bulb weight
under different nitrogen application rates (62.50-
125.00 kg N/ha) can be attributed to the positive
effect of nitrogen on the growth parameters
observed in this study. However, the high amount of
nitrogen fertilizer (193.75 kg N/ha) reduced the garlic
fresh yield. This result agrees with the finding of
Kilgori et al. (2007) and Zaman et al. (2011). This
might be an imbalance in plant nutrition that resulted
in the reduction of yield. The result of the nutrient
concentration in bulb showed that the nitrogen
content obtained from the plant treated with nitrogen
fertilizer was significantly higher than the control plot.
Lacking of nitrogen in early bulb growth decreased
the nitrogen content of the bulb (Bertoni et al., 1992)
while phosphorus and potassium contents in bulb
were slightly affected. This indicated that the
phosphorus and potassium nutrition in the soil and
received from fertilizer were adequate for growth of
garlic. Moreover, nitrogen can increase phosphorus

uptake in plant tissue. In case of high concentration
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of potassium, nitrogen can also increase potassium
uptake in plant tissue (Fageria, 2001). A sufficient
supply of nitrogen is associated with vigorous
vegetative growth and more efficient use of available
inputs, finally leading to higher productivity (Usman
et al., 2016).

Considering the quality of garlic yield during
storage period, the percentage of weight loss was
affected by different rates of nitrogen fertilizer.
Generally, garlic farmers store garlic yield (whole
plant) in the barn under ambient temperature
conditions. This leads to an increase in the rate of
respiration which enhance the weight loss. The
highest weight loss was observed in control
treatment (without fertilization). Similar results were
reported by Diriba-Shiferaw et al. (2013). The lowest
in 6250 kg N/ha

treatment. However, nitrogen application higher than

weight loss was observed

62.50 kg N/ha tended to increase weight loss of
garlic during storage. This result indicated that
nitrogen fertilizer affected the quality and storage life
of garlic, especially during the first month of storage.
However, different rates of nitrogen fertilizer had no
significant effect on the percentage of weight loss at
5 months after storage. This is attributed to water loss
of the leaves of garlic in initial storage period. Bloem
et al. (2011) revealed that water loss from intact
bulbs was distinctly higher than water loss from
cloves. The reason is that the drying process starts
from the outer hulls to the cloves.

For garlic cultivation, separated clovers are
used as a propagation plant part. Thus, the less
damaged cloves are highly demanded by most
garlic growers. The result from this study showed
that the percentage of damage cloves tended to
increase with the increment of nitrogen fertilizer rate.
Therefore, the optimum rate of fertilizer application is

necessary for producing good garlic propagation
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plant part. Appropriate nutrients are also significant
for producing high dry matter. Conversely, later
applications and excess nitrogen may delay maturity
and reduce bulbs quality and storage life (Welbaum,
2015). Excessive fertilizer, especially nitrogen, can
diminish diseases resistance. The pathogen that
infects the crop can spread in the storage. During
storage period of garlic, infection by pathogens and
insect pests also contribute to deteriorating the bulbs
and cloves. The postharvest quality of garlic
depends upon the cultivar, growing conditions,
harvest time and storage conditions (Meredith,
2008).

Consequently, the soil in the experiment
had moderate level of organic matter (1.5-2.5%).
Thus, the application of nitrogen fertilizer at the low
rate (62.50 kg N/ha) did not significantly affect on the
fresh yield of garlic in comparison to fertilizer rate of
farmer practice (193.75 kg N/ha). According to the
fertilizer management recommendation for allium
crops in Thailand by the Department of Agriculture,
the soil that consists of 1.5-2.5% of organic matter
should

conforms to nitrogen fertilizer rate in this experiment

receive 62.5 kg N/ha. This suggestion

and nitrogen requirement of garlic, 77.5 kg N/ha
(Innoi and Santasup, 2016). In the soil that is high in
(>40 mg/kg)

exchangeable potassium (>100 mg/kg), application

available phosphorus and
of phosphorus and potassium fertilizer is rarely
necessary for the crop. Based on this results,
nitrogen fertilizer at the rate of 62.50 kg N/ha was
sufficient for good production of garlic. Thus,
application of urea (46%N) at the rate of 135 kg/ha or
ammonium sulfate (21%N) at the rate of 300 kg/ha
should be

compost at the rate of 6.25 t/ha to the soil (except for

recommended. Moreover, adding
farmer practice and control treatment) has been

used to maintain soil organic matter, thus supplying
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plant nutrient, improving the physical and biological
properties of the soil and promoting the effectiveness
of fertilizers. Hence, the low rate of nitrogen fertilizer
application (62.50 kg N/ha) which had no significant
effect on garlic yield suggested that available
nitrogen in soil, inorganic nitrogen from applied
chemical fertilizer and mineralized nitrogen from soil
organic matter and added compost was sufficient for
plant growth.

In this study, nitrogen removal by garlic was
in the range of 71.8-84.8 kg N/ha when applied
62.50-193.75 kg N/ha (data not shown). Normally
fertilizer is applied to the fields to supply the nutrient
needs of the crop. However, it is not necessary to
supply all these needs from fertilizer alone because
the soil already contains some nutrient that are
available for crop growth. Therefore, nutrient
management ideally should provide based on crop
removal and available nutrient in soil to balance
between nutrient inputs and outputs for sustainable
crop production. However, the amount of chemical
fertilizer applied by conventional practice of farmer is
generally  higher than the actual nutrient
requirements of garlic. This may imply an excessive
use of fertilizer on garlic production, resulting in high

production cost.

Conclusion

The study on the optimum rate of nitrogen
fertilizer for garlic production in Khun Yuam district,
Mae Hong Son province revealed that nitrogen
fertilizer at the rate of 62.50-193.75 kg N/ha were not
significantly different on plant growth, yield and
quality of garlic. The application of 125.00 kg N/ha
produced the highest bulb diameter, bulb weight,
and fresh yield of garlic. However, nitrogen fertilizer

at the rate of 6250 kg N/ha was adequate for
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producing the good yield and bulb quality of garlic
under the conditions of this experiment. In addition,
this study indicated that the appropriate fertilizer
application when considering soil fertility and nutrient
requirements could produce the good yield of garlic

and reduction in fertilizer usage.
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Abstract: Arsenic (As), known as the 'king of poisons', is the most prevalent heavy metals in most contaminated
agricultural-soils of northern Thailand, thus a high risk of food-chain contamination and people health. Many
microbes transform arsenic to a less toxic form as a means of resistance. In this study, evaluation of pH
alteration and phosphate solubilizing ability under various concentrations of arsenite by five selected isolates i.e.
BAs7, BAs8, BAs11, BAs19 and BAs29, was performed. The results indicated that each isolate was able to
grow in the medium containing arsenite only when they were able to increase the pH to be more alkali (around =
5.0-6.0) indicating an alkali substance(s) might be released as a detoxification mechanism. Phosphate
solubilizing ability of each isolate was increased when exposed to higher arsenite concentration indicating less
arsenic uptake thus higher resistance ability. However, the P solubilizing ability was obviously decreased at a
critical arsenite levels which were varied from isolate to isolate. In the present study, the critical arsenic levels
that markedly decreased the ability to solubilize P of BAs7, BAs 8, BAs11, BAs19 and BAs29 were 50, 100, 50,
100 and 100 mg Na-As(lll), respectively. The results highlighted the two detoxification mechanisms; pH

alteration towards alkali condition and capability increment of P solubilization, of the arsenic resistant isolates.

Keywords: Arsenic-resistant bacteria, detoxification mechanism, phosphate solubilization, pH alteration

Introduction prevalent heavy metal contaminant in agricultural

soils of northern Thailand. Various anthropogenic

The widespread existence of elevated activities including excessive use of chemical
heavy metals concentration in cultivated soils as the fertilizers, arsenical herbicide, pesticides, fresh
result of human activities has raised more concern manures and immature compost have ultimately
about their potential effects on human health and the increased the arsenic concentrations of current
environment.  Amongst the various heavy metal productive Thailand agricultural-soils (Shutsrirung,
contaminants arsenic are recognized as the leading 2012). Besides agrochemical usage, arsenic is also
toxicants worldwide thus it is an important current accumulated in the topsoil of cultivated land through
public health issue due to its toxic effects and irrigation. Due to its low solubility and low volatility the
accumulation through the food chain (Akhtar et al., contaminated topsoil may have influence on the
2013; Zhao et al., 2010). Arsenic is known to cause entry of arsenic into the food chain (Das et al., 2013).
cancer, as well as many other serious health Bioremediation of arsenic in contaminated
problems, and is primarily found in various soil by microorganisms is a natural process to alter
environments including cultivated soils thus a high contaminants by rendering the contaminants
risk for crop uptake. In many cases, arsenic is found harmless or less toxic products. The activities of
as two inorganic forms; arsenite (As(lll): H2AsO3' and microorganisms to alter the toxicity of arsenic
H,AsO.) and arsenate (As(V): HAsO,” and H,AsO,). through various mechanisms, e.g. release of
Arsenic compounds with a +3 oxidation state (As(lIl)) chelating agents, acidificaton and phosphate
are more toxic than analogous compounds with a +5 solubilization, enhance arsenic mobilization in soils
oxidation state (As(V)) (Oremland et al. 2005; Wang thus play a critical role in arsenic mobility and
et al. 2002a). Arsenic has been reported as the most availability to the plant (Abou-Shanab et al., 2003;
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Akhtar et al., 2013; Smith and Read, 1997). Since
As(lll) is known to be much more toxic than As(V)
therefore bacterial oxidation of As(lll) to As(V) has
long been recognized as a means of detoxification
(Aposhian et al., 2003; Silver and Phung, 2005).
Adequate P levels are required to enhance shoot
and root growth and promote early maturity
(Ratanaprommanee et al., 2017). Phosphate ion is
similar to arsenate ion thus is uptake via phosphate
transport system (Farwell et al., 2007) therefore more
phosphate ions could inhibit arsenate uptake.
Arsenic transforming bacteria not only have a key
role on the movement of arsenic in soil but they also
regulate  phosphate  solubilizaton (Bano and
Masarrat, 2003; Passardi et al., 2004) as a means of
avoiding arsenic uptake. Microbial detoxification of
arsenic by increasing phosphate uptake has recently
received more attention. Various microorganisms
including bacteria have evolved many mechanisms
to cope with arsenic exposure thus arsenic-resistant
bacteria seemed to have a vital role in the
transformation of As, movement of As in soils and the
availability of arsenic to plants.

The aim of this study was to investigate
responses of bacterial isolates to various
concentrations of arsenic and pH values using nine
isolates; BAs7, BAs8, BAs11, BAs19,
BAs20, BAs22, BAs29, BAs30 and BAs36 which was

isolated and screened

selected
in our previous study
(Shutsrirung, 2012). Phosphate solubilizing ability of
all the isolates was also evaluated. The promising
isolates may be employed as potential inoculum for
detoxifying arsenic and improving the growth of

plants in As contaminated soils.
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Materials and Methods

the
(Shutsrirung,

results  of
investigation 2012),
resistant isolates i.e. BAs8, BAs11, BAs19, BAs20,
BAs22, BAs29, BAs30 and BAs36 were selected for

this study. An arsenic sensitive isolate, BAs7 was

From our  previous

eight arsenic

also selected for comparison because resistant and
sensitive isolates might response differently to
arsenic.  Therefore, the total number of tested
bacteria were 9 isolates (eight resistant isolates plus
one sensitive isolate)
Qualitative evaluation of pH alteration in agar
medium by arsenic-resistant bacteria

Culture solution (0.01 ml) of each isolate
was dropped on nutrient agar (NA) plate containing
indicator (0.05 g/L bromocresol green) (Shutsrirung,
2012). Responses to different pH levels (4.5, 4.7, 5.5
and 6.0) under various Na-As(lIl) concentrations (O,
10, 15, 25, 50, 100, 250 and 650 mg/L) of the nine
selected isolates were recorded after 7 days of
incubation. Bromocresol green is a pH indicator, the
medium is yellow at pH 3.5 - 3.8, yellowish at pH 4.0
-4.2,green at pH 4.5 - 4.6, ocean blue at pH 5.0 and
bright blue at pH 5.5 - 6.0. Observation of pH
change was made by comparing with the controlled
plate without culture. A standardized color chart was
used as an aid in determining the color changes.
Determination for phosphate-solubilization under
different levels of arsenite

The selected isolates from the above
experiment were tested for their phosphate (P)
solubilizing ability in Pikovskaya’'s broth medium
(PKVb) (Gaur, 1990).

sodium arsenite (NaAsO,: Na-As(lll)) were applied in

Various concentrations of

the PKVb medium to observe the effect of arsenic on
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P solubilization. The 0.50 mL of 7-day-old culture
broth of each isolate was inoculated into 50 mL of
PVKb medium containing Na-As(lll) 0, 15, 50 and
100 mg/L (pH 7.0). After 5 days on incubator shaker
(120 rpm) at room temperature (30°C) the cultures
were centrifuged at 5,000 rpm for 15 minutes (ORTO
ALRESA, Spain). One ml of supernatant was mixed
with 4 ml of color reagent (1:1:1:2 ratio of 6N H,SO,,
2.5% (NH,),M00,, 10% ascorbic acid and distilled
water), incubated in the dark for 30 minutes. The
optical density was measured at 820 nm using
Scientific,  mod.

spectrophotometer  (Thermo

GENESYS 20, USA).

Solubilization of various insoluble phosphate sources

The selected isolates were also examined
for their ability to solubilized various sources of
insoluble phosphate (P) (0.5% Ca,(PO,),, AIPO, or
rock phosphate in PVKb medium (modified from
Gaur, 1990). The medium contained Al (50 uM) and
Na-As(lll) (15 mg/L) (pH 7.0).

solubilized P was done according to the method

Determination of

described above.

Results

1. Growth of arsenic-resistant bacteria and changes
in color of the nutrient agar medium

All the isolates were evaluated for their
growth (colony appearance) at different pH levels
under various Na-As () concentrations. The change
in pH of NA medium (color of the medium)
containing bromocresol green was also evaluated.
The medium is green at pH 4.5 - 4.6, ocean blue at
pH 5.0 and bright blue at pH 5.5 - 6.0. The results
showed that at pH 4.5, four isolates; BAs8, BAs11,

BAs19, and BAs29 could change the pH of the
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medium from green (pH 4.5) to ocean blue to bright
blue (pH = 5.5 - 6.0) at the arsenite concentration of
0 to 100 mg/L (Table 1). In general, the good to very
good growth of each isolate was observed only
when the color of the medium was changed to ocean
blue or bright blue (data not shown). When the pH of
the medium was set as 4.7, BAs11 exhibited good
growth with pH change from 4.7 to 2 55 - 6.0 at
higher (250 mgl/L)
compared at pH 4.5 (100 mg/L). Isolate BAs22

showed much more increased in arsenite resistance

arsenite  concentration as

when the pH increased from 4.5 (turned the pH of
the medium to blue at only 10 mg/L arsenite) to 4.7
(turned the pH of the medium to blue at up to 100
mg/L arsenite) (Table 1). A slightly increase in the pH
of the medium from 4.5 to 4.7 resulted in higher
arsenic tolerance (increased the pH of the medium
with growth appearance) of several isolates (BAs7,
BAs11, BAs20, BAs22).

be sensitive to high arsenic concentration although

Isolate BAs7 appeared to

the pH of the medium was raised to 5.5 or 6.0, no
growth of BAs7 was observed on the medium with
Na-As(lll) higher than 15 mg/L. It was observed that
isolates BAs8, BAs11, BAs19, BAs22 and BAs29
exhibited high
(increased the pH of the medium with growth

level of resistance to Na-As(lll)

appearance) at the highest tested concentration of
650 mg/L both at pH 5.5 and 6.0. In contrast, BAs7,
BAs20 and BAs36 could not increase the pH of the
medium at high level of arsenite. Isolate BASsS8,
BAs11, BAs19 and BAs29 exhibited high level of
resistance to Na-As(lll) at all level of pH tested
particularly at very low pH level (4.5) thus were
selected for further experiments. BAs7 was also
selected to test a long with the high resistant isolates

for comparison.



Phosphate Solubilization and Detoxification Mechanism of

Arsenic-resistant Bacteria

Table 1. The color change (pH change) in the nutrient agar (NA) medium containing bromocresol green

and growth of arsenic-resistant bacteria under different levels of NaAsO,

Changes in color of the NA medium at different pH levels under various Na-As(lll) concentrations:

Bacterial 0, 10, 15, 25, 50, 100, 250 and 650 mg/L
isolates pH 4.5 pH 4.7 pH5.5 pH 6.0
(Green: G)1 (Green: G) (Ocean blue: OB) (Bright blue: BB)
Control G G OB BB
OB with growth at 0-10° OB with growth at 0-15 )
BAs 7 5 OB with growth at =2 15 BB with growth at= 15
Green 250 Green 2 250
BB with growth at 0-100 BB with growth at 0-100
BAs 8 BB with growth at 2 650 BB with growth at = 650
Green =250 Green 2 250
BB with growth at 0-100 BB with growth at 0-250
BAs 11 BB with growth at = 650 BB with growth at = 650
Green 2 250 Green 2650
BB with growth at 0-100 BB with growth at 0-100
BAs 19 BB with growth at = 650 BB with growth at = 650
Green 2250 Green 2650
BB with growth at 0-10 BB with growth at 0-15
BAs 20 BB with growth at = 100 BB with growth at = 250
Green=15 Green225
BB with growth at 0-10 BB with growth at 0-100
BAs 22 BB with growth at = 650 BB with growth at = 650
Green 2250 Green 2650
BB with growth at 0-100 BB with growth at 0-100
BAs 29 BB with growth at = 650 BB with growth at = 650
Green =250 Green 2 250
BB with growth at 0-25 BB with growth at 0-25
BAs 36 BB with growth at = 250 BB with growth at = 250

Green 2 50

Green 225

The initial color of NA medium (The medium is yellow at pH 3.5 - 3.8, yellowish at pH 4.0 - 4.2, green at pH 4.5 - 4.6, ocean
blue at pH 5.0 and bright blue at pH 5.5 - 6.0. Observation of pH change was made by comparing with the controlled plate
without culture.

The figures in each column was Na-As(lll) concentrations (mg/L). Abbreviations (OB, BB) are the color which was
changed from initial color at each pH level. Growth was observed only in this Na-As(lIl) concentrations range. *No growth

at this concentration without change in the medium-color (no pH change) by the bacterial isolates.

2. Phosphate solubilization under various respectively) (Figure 1) however when the

concentrations of arsenite concentration of Na-As(lll) exceed 15 mg/L the

In this study five selected isolates i.e. BAs7,
BAs8, BAs11, BAs19 and BAs29 were evaluated for
their phosphate (P) solubilizing ability in Pikovskaya's
broth medium (PKVb) and PKVb plus Na-As(lll) (0,
15, 50 and 100 mg/L) (PKVbp). Isolate BAs7
(sensitive isolate) gave the highest solubilized P at 0

and 15 mg/L of Na-As(lll) (55.6 and 100.0 mg P/L,

ability to solubilized P of this isolate was reduced
(Figure 2). The P solubilizing ability of high arsenic
tolerant isolate; BAs8, BAs19 and BAs29 was
increased with increasing Na-As(lll) concentrations
however the amount of solubilized P of these isolates
was decreased at 100 mg/L Na-As(lll). Among high

tolerant isolates, BAs29 gave the highest values of
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Figure 1. Phosphate solubilizing ability of arsenic-resistant bacteria i.e. BAs7, BAs8, BAs11, BAs19 and
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Figure 2. Variation in phosphate solubilizing ability of arsenic-resistant bacteria i.e. BAs7, BAs8, BAs11,
BAs19 and BAs29, under various levels of Na-As(lll)

solubilized P with values of 37.9, 48.7 and 82.5 mg
P/L at 0, 15 and 50 mg/L Na-As(lll), respectively. At
the highest concentration of Na-As(lll) (100 mg/L),
BAs8, BAs19 and BAs29 gave similar values of
solubilized P (35.9 to 37.4 mg P/L) while BAs7 gave
the value of 22.8 mg P/L. BAs11 gave the lowest
value of solubilized P at 0, 50 and 100 mg/L Na-
As(lll), with values of 5.9, 12.8 and 8.9 mg P/,
respectively. The solubilized P of BAs11 was

increased when Na-As(lll)increased from 0 to 15 mg/L
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however when the concentration of Na-As(lll) higher
than 15 mg/L, the ability to solubilize P of BAs11 was

markedly reduced.

3. Phosphate solubilization under various sources
of insoluble phosphate

In this experiment, different sources of
insoluble phosphate i.e. Ca,(PO,),, AIPO, or rock
phosphate were used to evaluate P solubilizing

ability of selected isolated.
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The results showed that in the medium
containing Ca,(PO,),, arsenic-sensitive isolate, BAs7
gave the highest phosphate (P) solubilizing ability
both in Pikovskaya's broth medium (PKVb) and
PKVb plus Na-As(lll) (15 mg/L) (PKVbp) (Table 2,
Figure 3). This sensitive isolate exhibited double
values of solubilized P in PKVbp (100 mgP/L) as
compared to the value obtained in PKVb (55.5
mg/L). The P values obtained by BAs7 were
significantly higher than those obtained by the rest of
the isolates (Table 2). Among high arsenic-resistant
isolates, BAs29 gave the highest ability in P
solubilization with values of 37.9 and 48.8 mgP/L in
PKVb and PKVbp, respectively.

It was observed that in the medium
containing AIPO,, BAs19 gave the highest P
solubilizing ability with values of 3.8 and 5.1 mgP/L in

PKVb and PKVbp, respectively. Isolate BAs7 gave
similar value of solubilized as BAs19 in the PKVb
medium (3.5 mgP/L). All the isolates gave much
lower solubilized P when AIPO, was used as the P
source compared to the values obtained using
Ca,(PO,), as the P source.

In the medium containing rock phosphate
without NaAsO, (PKVb), arsenic-resistant isolate,
BAs8, BAs11, BAs19 and BAs29, showed non-
significant solubilized P among them with values of
4.5,5.3, 5.7 and 6.8 mg P/L, respectively. However,
these values are significantly higher than that
obtained by sensitive isolate, BAs7 (1.6 mg P/L).
The amount of solubilized P was decreased when
Na-As(lll) was added to the medium (PKVbp) and

BAs7 gave the lowest values of solubilized P.

Table 2. Effect of insoluble phosphate substrates on solubilization by arsenic-resistant bacteria

Solubilized P (mg/L)

Isolate Na-As(Ill) 0 mg/L Na-As(lll) 15 mg/L
Ca,(PO,, AIPO, Rock phosphate Ca,(PO,), AIPO, Rock phosphate

BAs 7 55.5a 3.5ab 1.6b 100.0a 4.1b 0.6b
BAs 8 13.1¢c 2.7¢c 4.5ab 21.3d 3.9b 1.4ab
BAs 11 5.9d 2.3c 5.3a 27.3cd 2.2¢c 3.7a
BAs 19 10.7cd 3.8a 5.7a 32.8¢c 5.1a 1.2ab
BAs 29 37.9b 3.3bc 6.8a 48.8b 3.9b 1.0ab
F-test wx wx wx . . .

C.V. 15.41 9.77 37.36 11.31 10.28 82.23

F-test at P<0.05; the symbol “**” is significantly different at the P<0.01
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Figure 3. Phosphate solubilizing ability of arsenic-resistant bacteria under various sources of insoluble
phosphate; (A) Ca,(PO,),; (B) AIPO, and (C) rock phosphate
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Discussion

The high arsenic resistant isolates (BAsS,
BAs11, BAs19 and BAs29) tested in this study were
able to increase the pH of the agar medium
containing various concentrations of Na-As(lll) plus
bromocresol green, from 4.5 (green) to around 2 5.0
(ocean blue - bright blue). A slightly increase in the
pH of the medium from 4.5 to 4.7 resulted in higher
arsenic tolerance of several isolates. The growth
appearance of the tested isolates was observed only
when they were able to alter the pH of the agar
medium to be around = 5.0 - 6.0 (ocean blue - bright
blue) suggesting an alkali substance(s) might be
released by the isolates as a detoxification and
survival mechanism.  Arsenic concentration and
species are influenced by pH (Mandal and Suzuki,
2002) and the solubility of arsenic is decreased
when the pH increase thus less toxic to bacteria.
Shutsrirung (2003) concluded that rhizobium group
Bj-A released alkali substance as a mechanism to
alter the medium-pH for toxicities detoxification and
this phenomenon occurred with the growth of the
native bacterial isolates. The level of this growth
depended on the capability of the native isolates to
alter the pH of the medium.

In the present study, arsenic-resistant
isolates reduced the pH values to be acidic to
Al-
phosphate and rock phosphate. The results implied

enable P solubilization of Ca-phosphate,
that organic acid(s) might be produced to facilitate
the solubilization (Khan et al., 2009). Based on
previous studies, the primary mode of P solubilization
by microbes is by production of organic acids (Chen
et al., 2016; Vassilev et al., 2004), which is supported
by pH reduction in the solution. Chen et al. (2016)
also found an inverse relationship between the pH

and P solubilization by bacterial strains Arthrobacter
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sp., Bacillus megaterium and Serratia marcescens.
The decrease in pH was due to the exudation of
organic acids like citric, gluconic, succinic and lactic
acid. Phosphate ion is similar to arsenate ion thus is
uptake via phosphate transport system (Farwell
et al., 2007).

environment markedly decreased arsenic uptake by

The increase in phosphate in the

the plant (Wang et al., 2002b). In the present study,
the tested isolates solubilized more Ca-phosphate
and Al-phosphate in the medium containing higher
concentrations of Na-As(lll) thus less toxicity of

arsenic in their cells.

Conclusion

The growth appearance of the tested
isolates was observed only when they were able to
alter the pH of the agar medium to be much more
alkali.
BAs11, BAs19 and BAs29 increased the pH of the

agar medium from 4.5 and 4.7 to around 2 5.0 - 6.0

High arsenic resistant isolates i.e. BAsS,

in the agar medium with high concentration of Na-
As(Ill) indicating ability to detoxify arsenic. High P
solubilizing (Ca-phosphate, Al-phosphate) ability was
observed in all the selected isolates, and the ability
was increased markedly when they were exposed to
(BAs7),

suggesting less arsenic uptake thus higher tolerant

arsenite, particularly sensitive isolate

ability.
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Forest Lands in Mae Tao Watershed, Mae Sot District, Tak Province
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Abstract: The comparative study on soil characteristics derived from limestone in agricultural and forest areas at
Mae Tao watershed, Mae Sot district, Tak province was carried out by digging six soil pits, three pits each in
agricultural and forest lands with the size of 1.5 m in width and 1.0 m in depth. Soil samples were taken from six
depths: 0-10, 10-20, 20-40, 40-60, 60-80 and 80-100 cm. The samples were later analyzed for physical and
chemical properties. The physical properties of agricultural soils were nearly the same to forest soils. Within the
plowed layer (20 cm), bulk density was relatively low with texture of clay loam and clay. Gravel contents were
decreased in the old agricultural land. The soil reaction varied from neutral to strongly acid. Organic matter and
carbon contents varied from moderate to high, but the nitrogen content was low. Concentrations of available P,
exchangeable Ca and Mg were moderate while exchangeable K was high to very high. Amounts of organic
matter, carbon and nitrogen as well as exchangeable Ca and Mg in the plowed layer were lower than forest
soils which might be caused by loss of surface soils through soil erosion. The amounts of available P and

exchangeable K within 20 cm soil depth were higher than forest soils which might be affected by fertilization.

Keywords: Agricultural soil, forest soil, Mae Tao watershed, soil characteristics, soil properties
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properties)
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Table 1. Some physical properties of soil profiles in agricultural and forest land

Land Depth Bulk density (Mg/ma) Gravel (% by weight) Soil texture

use (cm.) Pedon 1 Pedon 2 Pedon 3 Mean+SD  Pedon 1 Pedon?2 Pedon3 Mean+SD Pedon 1 Pedon2 Pedon 3

0-10 1.33 112 1.00 1.15+0.14 0.00 20.92 15.80 12.24+890  Clay loam Clay Clay

10-20 1.44 1.03 0.92 1.18+0.26 047 18.69 2546  14.87 £10.55 Clay loam Clay Clay

20-40 1.39 1.22 0.78 1.13+0.26 0.69 13.13 40.19 18.00 +16.49 Clay Clay Clay

i 40-60 1.45 1.14 0.78 1.13+0.27 1.04 14.48 39.56  18.36+15.96 Clay Clay Clay

60-80 152 1.07 0.85 1.15+0.28 1.42 21.26 31.33  18.00+1243 Clay Clay Clay

80-100 1.48 1.26 0.76 1.07+0.25 7.09 13.28 39.57  19.98+14.08 Clay Clay Clay
0-10 1.10 1.16 1.05 1.10+0.05 8.98 1.98 442 5.13+2.90 Clay Clay loam Clay loam

10-20 1.09 1.44 1.09 121017 1522 1.53 3.59 6.78 £ 6.03 Clay Clay loam  Clay

20-40 1.22 1.32 1.30 1.31+£0.01 19.75 1.81 3.76 8.44 +8.04 Clay Clay Clay

" 40-60 1.37 1.33 1.01 1.24+£0.16 14.87 1.38 28.61 14.95+11.12 Clay Clay Clay

60-80 1.30 1.16 0.69 1.05+026  11.25 8.36 4576  21.79+16.99 Clay Clay Clay

80-100 1.30 1.08 0.83 1.07+0.19  11.25 16.49 4154 23.09% 13.22 Clay Clay Clay

Remarks: AL = agricultural land, FL = forest land
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U1 (0-20 cm) L BARIIUMTLI (N1TNTTR YD
BUNIARU = 37.5, 30.5 LAY 33%) Auseiiannudn
20-100 cm LuRnmen (NINTzaLBDIRYNIARL =
35, 29.80 LAz 35.20%) LA ﬁyu‘?ll 3 AULL (0-10 cm)
Wususaumilen (MsnsvanaBeseynIAfU = 30, 34
WA 36%) WaTAUANSRAINEAN 10100 cm luAwy
Wilen (N19N92ANYIBIBYNIARY = 18.4, 26.6 LAY
55%) nagaanaesiujuazlinuieaz@aauuy

1.3

clay ka8 clay loam TUAULULAE clay lWAKANa |
rnnnfetazanyniansei naeueAautinamn
WATHAWMTENNN (AN3799 1)

2. ANLANINLANURIAY (soil chemical properties)
2.1 UgnFenmau (soil reaction)

(1) RUTNBATNTIN: NUT 1 AuLTiAY
an 0-10 cm HUJAzeunans (neutral, pH = 6.7)
gaaAnNAn 10-20 cm lunsadniies (slightly acid,
PH = 6.5) LATT9AINAN 20-100 cm WuNTAS AT
neaUUNaNe (pH = 5.5-6.0) FuR 2 Fudidaspanudn
0-20 cm uNIALANIIRE (pH = 6.2-6.4) Lazda9Aa
an 20-100 cm Lﬂumm ARaNIALIUNANS (pH = 5.5-
58) uay AuR 3 mmﬂummmmmmumm@ﬂ
(strongly acid pH = 5.4-5.5) (mm\m 2)
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() Nunilassngm: Nun 1 auidag
AYNNAN 0-40 cm WUNIASA (pH = 5.2-5.5) ARNNAN
40-80 cm wlunsal1unans (moderately acid, pH =
5960) NUN 2 AUNAINNAN 0-10 cm vl uN9IA
WBniee (pH = 5.9) ANAN 10-40 cm unsau
N84 (pH = 5.6) AINAN 40-100 cm WunsASA (pH
=52-55) Nud 3 AuwdunInannanndum (pH =
5.2-5.5) Audulangau (0-20 cm) AL ERTNTIN 2
& A c v = a & A
NN Wungadniesnautlunane wamulu 1 Wun u

. N . & 4
n3Aam 20N AU 2 Aumdungean waz 1 Wun
dunsadntiaanalmnans feyauansliidiuinauly
g a v =
Nuneasnssudunndunsnanas Tadunaniain
nsnneuninAuLarg @B uviTadng nNsLa

= 1+ a 1 1
ginfiouarnisldile Auuululdunsaninnda
Y A Al ) & a L A
a9 NTINNTN SN WAL RN WAL A Azl N9
gineiganelunsm@unised (A3 2)

22 auvsading Afuauuazliulngiau
AUNA LURA U

(1) NUNNBASNTTN: NUN 1 AUNANAN
0-20 cm HauNTa iR Aaudinegs (258-3.23% Ine
1411IN) AYINAN 20-100 cm HANAND9L 1 UNANa
(0.83-1.93%) WUN 2 NANAN 0-20 cm RAU"u
NA19 (1.54-2.10%) WATTUR19N AR (0.72-0.98%)
WU 3 NANAN 0-20 cm HAAABLTINegIReg9 (2.60-
4.08%) BAZTUANNAIAD9AUTNIAT (0.60-1.12%)
AFLaLLalLinglan LA uNLANERINIINH W T
NI TNty

(2) Nuntlassugm: NuN 1 AunANAN
0-20 om HaWYTETRY ABUiN9gINag9 (3.00-4.22%)
AYNNAN 20-80 cm AANUNUAANG (1.77-1.78%) NN
2 A uan 0-20 cm AAunatsivAaudneg
(2 35-3.23%) Lmvmumummﬂ@ﬂﬂummmmwmq

1 (0.73-1.46%) wuw 3 wmwm 0-20 cm um
mfaumwzgqngqmn (3.64-5.93%) uazfiAgini
ARUEN9ANTUA WA (0.71-1.35%) ANTLAULAY

a o % - o =
TulnsanluRui wn Huwiauiu (mn99h 2)
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Table 2. Soil chemical properties and nutrient contents along soil profiles in agricultural and forest land

Land use Depth pH oM ] N Avalil. P Exchangeable nutrients (mg/kg)
(cm) (%) (mg/kg) K Ca Mg
0-10 6.7 N 3.23 MH 1.87 0.16 L 1241 M 345.13 VH 2096.61 H 25142M
10-20 6.5 SLA 2.58 MH 1.50 0.13L 6.59 ML 253.69 VH 1698.31 M 200.37 M
20-40 558A 193M 112 0.10VL 0.77 VL 162.26 VH 1300.00 M 149.31M
ALt 40-60 52SA 1.53M 0.89 0.08 VL 0.73 VL 133.18 VH 1658.47 M 14747 M
60-80 5.6 MA 1.12ML 0.65 0.06 VL 0.69 VL 104.09H 2016.95H 14563 M
80-100 6.0 MA 0.83L 0.48 0.04 VL 0.43 VL 97.87 H 1715.25 M 124.32M
0-10 6.4 SLA 210M 122 0.11L 23.36 MH 205.66 VH 141356 M 103.01L
10-20 6.2 SLA 1.54 M 0.89 0.08 VL 12.67M 229.60 VH 1140.00 M 103.07 L
20-40 58 MA 0.98 L 0.57 0.05 VL 1.99 VL 253.54 VH 866.44 L 103.12L
ALz 40-60 558A 0.89 L 0.52 0.04 VL 1.80 VL 230.35 VH 931.86 L 90.31L
60-80 558A 0.80 L 0.46 0.04 VL 1.61VL 207.15VH 997.29 L 77.50 L
80-100 5.6 MA 0.72L 0.42 0.04 VL 1.14 VL 182.02 VH 979.15L 58.25L
0-10 558A 4.08 H 2.37 0.20L 8.68 ML 76.89M 1361.02M 239.00 M
10-20 5.5 SA 2.60 MH 1.51 0.13L 4.65L 4941L 1279.66 M 223.34M
20-40 558A 1.12ML 0.65 0.06 VL 0.62 VL 21.93 VL 1198.31M 207.69M
ALS 40-60 5.4 SA 0.98L 0.57 0.05 VL 0.65VL 28.22 VL 1145.76 M 21406 M
60-80 558A 0.84L 0.49 0.04 VL 0.69 VL 3451L 1093.22 M 22043 M
80-100 558A 0.60 L 0.35 0.03 VL 0.30 VL 27.20 VL 845.34 L 220.10 M
0-10 558A 4.22H 245 0.21M 191 VL 155.90 VH 2397.46 H 219.77M
10-20 5.2 SA 3.00 MH 1.74 0.15L 1.45VL 169.73 VH 2734.32H 180.74 M
FL1 20-40 55SA 178 M 1.03 0.09 VL 1.00 VL 183.57 VH 3071.19 VH 141.71 M
40-60 59 MA 1.78 M 1.03 0.09 VL 1.53 VL 151.49 VH 3448.31 VH 12421 M
60-80 6.0 MA 1.77M 1.02 0.09 VL 2.06 VL 119.42H 3825.42 VH 106.72 L
0-10 59 SLA 3.23 MH 1.87 0.16 L 1.45VL 24497 VH 1301.69 M 189.43 M
10-20 5.6 MA 2.35M 1.36 0.12L 1.26 VL 180.15 VH 1069.32 M 159.55 M
20-40 5.6 MA 1.46 ML 0.85 0.07 VL 1.07 VL 116.33 H 836.95 L 12967 M
e 40-60 55S8A 1.15 ML 0.67 0.06 VL 1.15VL 109.47H 73576 L 111.97L
60-80 5.2 SA 0.84L 0.49 0.04 VL 1.22 VL 103.62 H 634.58 L 9427 L
80-100 52 SA 0.73L 0.42 0.04 VL 1.97 VL 83.94M 57153 L T74.27 L
0-10 53 SA 5.93 VH 3.44 0.30M 18.72 MH 4426 L 1508.47 M 23426 M
10-20 52 8A 3.64 MH 211 0.18L 10.39 M 81.60 M 1238.98 M 191.80 M
20-40 5.4 SA 1.35 ML 0.78 0.07 VL 2.06 VL 118.95H 969.49 L 149.33 M
e 40-60 5.5SA 1.12ML 0.65 0.06 VL 1.83 VL 87.26 M 1064.41 M 17587 M
60-80 558A 0.88L 0.51 0.04 VL 1.61VL 55.68 L 1159.32 M 20241 M
80-100 5.5SA 0.71L 0.41 0.04 VL 1.58 VL 55.55 L 1107.32M 202.38 M

Remarks: AL = agricultural land, FL = forest land
N = neutral, SLA = slightly acid, MA = moderately acid, SA = strongly acid
VL = very low, L = low, ML = moderately low, M = medium, MH = moderately high, H = high, VH = very high (Land Classification Division,
1973; Soil Survey Division, 1993)
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23 WaaWasanifludsslaaduas
wunaidan wasdanuazunni i Faus
waniUaaulé (available P and exchangeable K, Ca
Az Mg)

M WaanaFaifudeetaad: Aud
InERINIIn AU 1 HeanesaluduaudAnAnannie
1uNan4 (0.43-12.41 mg/kg) AU 2 fAAnuana
ABUTN9ge (1.14- 23.36 mg/kg) WAz Aud 3 ﬁm’wrﬁ"]
mﬂmﬂﬂwﬂwmm (0.30-8.68 mg/kg) Nuditln
B33R NUT 1 uaz wmn 2 §AAAN (1.00-2.06,
1.07-1.97 mg/kg) uaz AuA 3 AAanndedeniing
49 (1.58-18.72 mgkg) (A3 2)

@ wundidauuanidaauls

AT
NEATNITN AUT 1 ‘EWLLML%N’Lu%uﬁuﬁmqﬁaq
NN (97.87-345.13 mg/kg) wuvn 2 ummm
(182.02-253.54 mg/kg) WAz wuw 3TAA NG
11114nA74 (21.93-76.89 mg/kg) Wuwﬂ’]ﬁﬁm’]m At
1 HA49DN9gINN (119.42-183.57 mg/kg) fuit 24
mﬂnunmqmmmn (83.94-244.97 mg/kg) UAZ
fud 3 ummmm (44.26-118.95 mg/kg) (mmm 2)

(3) Lmamﬂuw wanidfeule: wu'w

'
=

Lo

n

MNFATNTTH 'W'LWI 1 LLﬂ@L‘ﬁﬂNiu“ﬁuﬁuNﬂ’]ﬂ’]uﬂ@qﬂ
2449 (1,300.00-2,096.61 mg/kg) Fud 2 fldnsnde
UNuNana (866.44-1,413.56 mg/kg) UaY AU 3 3
AANA9LUNaNT (845.34-1,361.02 mg/kg) Wit
5230918 Auf 1 DAqefiageunn (2,397.46-
3,825.42 mglkg) WuM 2 HAA1datunans
(571.53-1,301.69 mg/kg) WAZ RUT 3 HAAIT
111na19 (969.49-1,508.47 mg/kg) (mﬁmﬁ 2)

3. BNAUEEIRgUATEIABIMNTUAN LUAY

31 BEnuduvseinguass1nams lumy
1) ﬁuvﬁ‘ﬂ’f}'ﬁlq (organic matter, OM): W”uﬁl
NERINITNAENNuBWTeIRn luAuAn 100 cm uls
Fuseudng 19,019.93-37,893.03 kghai (12 @ @
25414.92 + 8,824.27 kg/rai) lutlniunyansssdAn

28,108.85-34,702.51 kg/ral (L2 5 g 30,732.24
2,855.37 kgiral) (AN3197 3) snnaudurisesaguads
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Tudulonsau (0-20 cm) Yo U INEAINIIUT AN
9,822.37 kg/rai %qﬁqndﬂuﬂwmmwam (13,464.69
kg/rai) (mwﬁl 1)

(2) AM3UaY (carbon): AUTHNHATNTINT]
runauarfuauluauan 100 cm wisusendng
11,031.56-21,977.96 kg/rai (L @ ?:I gl 14,740.66 *
5,118.08 kg/rai) 1141 11Uy AW 330U 3 A1 16,303.13-
20,127. 46 kg/rai (LQ’?\I?_I 17,824.70 + 1,656.11 kg/rai)
(A94T 3) ﬁmmmm@um@ﬂumuhwmu (0-20
cm) JasiuTinEAINTINTlAN 5696.98 kg/rai 1040
Wuwﬂ’nmmwaé@mum@ﬁmw (7,809.52 kg/rai) (NN
)

(3) lulmsLausianae (total nitrogen): i
insasnssuiiunnsulnsauionn aludulussdy
A2INAN 100 cm wil 9 WsTU4d 19 951.00-1,894.65
kg/rai (L'ﬂ?}l ¢l 1,270.75 + 441.21 kg/rai) Tualny A
WIUEIAN 1,405.44-1735.13 kg/rai (10@el 1,536.61 +
142,77 kgirai) (M99 3) Banaslulasiasuaasludy
o914 (0-20 cm) T8N UT INEAINSTUTT AN 491.12
kg/rai ‘Hmzﬁﬁyu‘ﬁlﬂ’]LUEy‘ﬂWTi‘mﬁﬁ’]@]ﬁﬂ'ﬁ’] (673.23
kg/rai) (mwﬁl 1)

@) Naawasafiiiludszlaadl (avaiable
P): fuiinemanssusi B nmaane el lomd
11@ Wwan 100 cm il U391 2.65-8.71 kgral
(10A® 558+ 2. 48 kglrai) FuitnassnaATiAn 2.51-
7.18 kg/rai (Lftlml 411 +£217 kg/ra|) muﬂ’ﬂ,ﬂmﬂm
fu (M990 3) LﬁmmW@'&W@mLfa@ﬂslwnuinwmu (0-
20 cm) m@qwumﬂwmmiuum 4.16 kg/rai mummu
mmmwuwmmm@mﬁmum 2.04 kgfrai (AN 1)

sinunaidaniivanidaauls
(exchangeable K): A udinenenssndUTun o
Tnunadeufinan Aouldluauin 100 cm utsiu
F¥NI14 48.07-401.68 kg/rai (Laalm 270.89 + 158.35
kg/rai) NP 8990 AT A 21919 126.23-249.79
kg/rai (L@?ll &l 206.88 + 57.07 kg/rai) (1191 \‘1‘*7; 3)
‘LE‘N’]OATW unaEenieasludulansan (0-20 cm) 789
‘wu‘w NEAINTTNTAN 75.33 kg/rai mummu i
wwnmmm@wsmmm 55.24 kg/rai (n Wi 1)
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Table 3. Amounts of organic matter and macronutrients in soils of agricultural and forest lands

Depth Soil mass OM Carbon Total N Avail. P Exchangeable nutrients (kg/rai)

Land use (cm) (Mg/rai/layer) (kg/rai) K Ca Mg
0-10 212.27 6860.40 3979.03 343.02 2.63 73.26 445.05 53.37
10-20 230.79 5957.74 3455.49 297.89 1.52 58.55 391.95 46.24
20-40 44510 8595.33 4985.29 429.77 0.34 72.22 578.63 66.46
AL1 40-60 464.90 7096.58 4116.02 354.83 0.34 61.92 771.02 68.56
60-80 484.97 5440.69 3155.60 272.03 0.33 50.48 978.15 70.63
80-100 474.98 3942.29 2286.53 197.11 0.20 46.49 814.70 59.05
Total 2313.00 37893.03 21977.96 1894.65 5.38 362.91 3979.50 364.30
0-10 178.86 3760.86 2181.30 188.04 4.18 36.78 252.83 18.42
10-20 164.80 2540.92 1473.73 127.05 2.09 37.84 187.87 16.99
20-40 389.32 3818.97 2215.00 190.95 0.77 98.71 337.32 40.15
AL2 40-60 364.80 3251.38 1885.80 162.57 0.66 84.03 339.94 32.95
60-80 342.40 274477 1591.96 137.24 0.55 70.93 341.47 26.54
80-100 403.20 2903.04 1683.76 145.15 0.46 73.39 394.79 23.49
Total 1843.38 19019.93 11031.56 951.00 8.71 401.68 1854.23 158.52
0-10 169.77 6517.41 3780.10 325.87 1.39 12.28 217.45 38.18
10-20 147.20 3829.80 2221.28 191.49 0.68 7.27 188.37 32.88
20-40 249.09 2800.26 1624.15 140.01 0.15 5.46 298.49 51.73
AL3 40-60 249.60 2447.86 1419.76 122.39 0.16 7.04 285.98 53.43
60-80 272.00 2277.28 1320.82 113.86 0.19 9.39 297.36 59.96
80-100 243.20 1459.20 846.34 72.96 0.07 6.62 205.59 53.53
Total 1320.86 19331.81 11212.45 966.59 2.65 48.07 1493.22 289.71
Mean 1825.74 25414.92 14740.66 1270.75 5.58 270.89 2442.32 270.85
+SD 405.23 8824.27 5118.08 441.21 2.48 158.35 1096.90 85.06
0-10 176.10 7437.37 4313.68 371.87 0.34 27.45 422.20 38.70
10-20 174.40 5232.85 3035.05 261.64 0.25 29.60 476.87 31.52
20-40 389.33 6920.91 4014.13 346.05 0.39 71.47 1195.71 55.17
L 40-60 438.40 7766.68 4504.67 388.33 0.67 66.41 1511.74 54.46
60-80 416.00 7344.71 4259.93 367.24 0.86 49.68 1591.38 44.39
Total 1594.23 34702.51 20127.46 1735.13 2.51 244.62 5197.89 224.24
0-10 185.73 5999.96 3479.97 300.00 0.27 45.50 241.76 35.18
10-20 230.40 5402.98 3133.73 270.15 0.29 41.51 246.37 36.76
20-40 422.44 6166.00 3576.28 308.30 0.45 48.72 353.56 54.78
FL2 40-60 425.60 4895.55 2839.42 244.78 0.49 46.59 313.14 47.66
60-80 371.20 3121.49 1810.46 156.07 0.45 38.46 235.55 34.99
80-100 345.60 2522.88 1463.27 126.14 0.68 29.01 197.52 25.67
Total 1980.97 28108.85 16303.13 1405.44 2.64 249.79 1587.91 235.04
0-10 168.14 9970.50 5782.89 498.52 3.15 7.44 253.63 39.39
10-20 174.40 6350.41 3683.24 317.52 1.81 14.23 216.08 33.45
20-40 414.69 5609.06 3253.26 280.45 0.85 49.33 402.04 61.93
FL3 40-60 323.20 3615.77 2097.14 180.79 0.59 28.20 344.02 56.84
60-80 220.80 1953.85 1133.23 97.69 0.35 12.27 255.98 44.69
80-100 265.60 1885.76 1093.74 94.29 0.42 14.75 294.10 53.75
Total 1566.83 29385.35 17043.50 1469.27 7.18 126.23 1765.85 290.05
Mean 1714.01 30732.24 17824.70 1536.61 4.11 206.88 2850.55 249.78
+SD 189.10 2855.37 1656.11 142.77 217 57.07 1661.41 28.82

Remarks: AL = agricultural land, FL = forest land
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Figure 1.

Amounts of organic matter, carbon, nitrogen, available P and exchangeable K, Ca and Mg at

the depth of 0-20 cm in agricultural and forest lands

G)uaatdaniFaunuanidfaula
(exchangeable Ca): ﬁyuﬁl N FAINTTN 3 ﬁ”uﬁl Y
waadeniuananuldlufuan 100 cm wisd
TN 1,493.22-3,979.50 kg/rai (Lﬂa;?;l 2,442.32 +
1,096.90 kg/rai) Tutl 1wy ansssdAn 1,587.91-
5,197. 89 kg/rai (L'il'?ﬂl ¢ 2,850.55 + 1,661.41 kg/rai)
(mfmwl 3) BunnuueaFesedsludulonsn (0-20
cm) A inumsnIsuilAn 561.17 kg/rai ‘Luﬂwmm@
Wiimung\mfm@ﬂuﬂﬂ (618.97 kg/rai) (mww 1)
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Ouuniifaunuandaauls
(exchangeable Mg): 4 Ui in® Asnssu 37 il
wnf@eufuanudeulEluAugn 100 cm wilsi
lug 99 158.52-364.30 kg/rai (1e @8 270.85 + 85.06
kg/rai) PR TS IINT AT A2 19 224.24-
200.05 kg/rai (9@ 249.78 + 28.82 kg/rai) (AN3197 3)
PBunuunii@auedsludulonmu (0-20 cm) 484
NuFinsmsnssuilen 68.69 kgirai 391ndAeaURLR
thiueyanssnd (71.67 kg/rai) (mwﬁ' 1)
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ANURANINLNWURIAY (soil physical properties)
ANTANINIBAINTBIAUNBNENAF NS
Wwagyuinaasigad1eunn lBun Anuan Wenu
(fndunisnszansaestsniaeynIAcu) Usunn
N9M ANNUILUUTIN WA (Fisher and Binkley,
2000) Ineil Naf @Iz UALANNT U N1FE1NAINA
NN NszUUNINIAR NsedeulintazaNTaq
BunTadnquarn19eg o Auaev8IlTdnlun u
svzna s inAuRanIswizlgnivainensas g
. Y a oo da
patfsuiunganluduny Auniniswizdgnidu
v a o o = A v
LAt utududdnasidinnunsnuaziuiies
Wasandnisyaangliniiaaniadtmanating wu
& Ao jaca c v o
wluiddfisendunsaaniios nslonsan uandn
WAYRIUMANEINAZQY WU Anems Aun 1 Jngan
Tudupudiasiiasaninsldn auduszazinaiuu
TUALY Auneasiui 2 waz 3 Tnganraudnanin
4 - o . da
Wasaninanizdgnivanemnsliuimg aneisuli
wiyanssnaiiaa v udiBuiningaaulsdumu
& A = a RS ~
anniunuazaNan wuduluaesiall Hsinaeg
Wug Watinsing - Aeudinannluiuun Ineanizan
= , A a \ v a o al
el FaazdastpRulazannismznseuntinm ol
FuaNuuNu a7 NN TN UNTIN AL
AUNEHATTNAIINAN 0-10 cm HEWYREingaa 3.13%
(nenuin) AAonuviunudueesiu 1.15 Mg/m® 1ade
hutwganssuiawisadngRALNINNIN (4.46%)
LAZANUUILULLRIAY 1.10 Mg/m® uiidnAanu
U luRunEms i uanFA1sanAulN Eundn we
ToevialliBundwidedng lufwduiladadAgyns
NARBAYNVUN LUUTRIAY ﬁ'ﬂim (2554) wuan lutla
mummﬂuﬂq@mﬂw (i) w"l,ufaumwm‘luumi
FauEwld AuLuAANAN 0-10 cm Hduvisedng
\RALEINY 8.52% uaziinliiAnnumuuiuiAIRININ
(0.66 Mg/m*) wai lurlnA vl guawivanisld
asanin1snaiuiwld il lselomidauizadng
anAdtlu 6.03% WAL HAMNAUILIUIRIRA UG
(1.10 Mg/m®) Teanaazdsuann s nan1siun1uaes
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Alphitobius diaperinus (Panzer) (Coleoptera: Tenebrionidae)

Use of Formaldehyde Incorporated with Propionic Acid to Control Lesser

Mealworm, Alphitobius diaperinus (Panzer) (Coleoptera: Tenebrionidae)

Saunnstl uaneudy’ leanso AUnsue lae ysuwnianug’ uas Ismw wetlsaasy’

Rattanaporn Maimun', Yaowaluk Chanbang'’, Sawai Buranapanichpan' and Weerathep Pongprasert’

‘medmiganeuas sl pzinsmsmans iuianenaedea i 4. @enlud 50200
1Depan‘ment of Entomology and Plant Pathology, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand
AR TTINENANARTININEAT AOULNEAIAART NINENIDIIUTIAUALANANFON JTINENAENLIANT A, weaylan 65000
2Departmenz of Agricultural Science, Faculty of Agriculture, Natural Resources and Environment, Naresuan University,
Phitsanulok 65000, Thailand

*Corresponding author: Email: lukksu@hotmail.com

(Received: 5 September 2018; Accepted: 13 November 2018)

Abstract: Lesser mealworm, Alphitobius diaperinus (Panzer) is an important insect pest of poultry farms which is
able to transmit several microorganisms and affect human health. The preliminary study of the life cycle of lesser
mealworm on chicken feed was performed under the laboratory conditions at 25.79 + 3.43°C and relative
humidity of 78.87 + 2.88%. The result found that the average development period of egg stage was 5.19+0.39
days, larval stage was 40-108 days with 8-11 instars, the pupal stage was 6.16 + 0.81 days and total life cycle
from egg to adult stage was 68.45 + 15.17 days. Formaldehyde and propionic acid are additives that commonly
used to control bacteria (e.g. Salmonella) and molds in animal feed. Therefore, the effect of formaldehyde
incorporated with propionic acid in the control of the eggs and 1% instar larva of lesser mealworm was
investigated. The result showed that the mixture of formaldehyde and propionic acid at ratio of 0.051:0.012,
0.068:0.016 and 0.085:0.020%a.i. affected eggs and 1% instar larva of lesser mealworm and the mortality of
those stages was first found on the 7" days after contacting chemical. The 100% mortality of eggs and 1% instar

larva was found from all ratio of those mixture at the 32" and 14" days after contacting chemicals, respectively.

Keywords: Lesser mealworm, Alphitobius diaperinus, chicken feed, formaldehyde, propionic acid
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UNARLD: 7297 1N A/,oh/tob/us diaperinus (Panzer) fcqmLﬂuLLummmﬁmmmmﬂmlumimmﬂﬂ gty
W’]mm‘lﬁmmaﬁm'ﬁﬁm LL@vmwmmmmmmmmwmmwm mﬂﬂmf;\mmmmmwiﬂ A. diaperinus 1
anndiest RN g g 25.79 + 3.43°C AN TS LRAY 78.87 + 2.88% Tnaidnadneeunslinudd
szeizlaiade 1.30 + 046 1 szazvuaudl 8-11 58 11081 40-108 51 sze=dnui1$1a1197E 6.16 + 0.81 31 391
seazinanan ey udasndalding 68.45 + 15.17 4 uayluawsdad IFdnamuanswaiunan lafuas na
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D

sananalunisraunuiasdin A. daperinus Tnatinewmslnnanansefunailadiunsainsiilafindngau
0.051:0.012, 0.068:0.016 Uaz 0.085:0.020%a.i. WiadRIHARA DI IWNAL 3, 4 way 5 Alaniusaiuamsli s
naaeuruAaedinlusrell uavavezfauuenied 1 woinansnanvesinad lafiautunsatnadlefingmsdan
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1 fausidiadi 7 wasduidaans Inelussazlanudnanismnagegasenss 100 1unﬂ@”mwmm71' 32 U MASANETAaNT
nas luansfisrazvuaudadl 1 nudnanisnagegatenay 100 lunnsasuanii 14 fu udsdudagsuan
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AdAty: Aoetll Hasnsuidles Apphitobius diaperinus 8nvneln Wafunanlas naalwsdilatin

AU nstlasiuindnfaed in i Uss@vannld
ARUUUNANHAN Wi ANazaIanie luLaz
R g e A » ' a Ao A
#9717 visadqensviiies (lesser mealworm) mauanhiuBedln uaznisganALNaNs 1Wesan
Alphitobius diaperinus (Panzer) 1 WULNAIANLNT malfasnddullifendeinunldluanainnss
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wAmfnulsgannidaits sadefagaclunimdn  WiTudadlnll Sefesdinisnaunuanmwennsdad
a1vnadn T wazdaduumasdmgddnyluonawnssy  Wiflaounmdia ﬂﬁ"]ﬁ@’mﬂ’]i‘ﬂw,ﬁ’ﬂumﬂ\‘iﬂauv}dig and
Fadtin Inesvaslauasivueuiausnvesdiad ind el LAZUNAS YTaNIANANsTensiaansATifianaily
adnamnInaallivemsdnddidaglszudne Amisenedunmusiednsd lulseugaaiunssuiinig
el A endnd uasnusvLeuuasindy  dvesunanlas (formaldehyde) saniunsatnsfitein
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(Francisco and Prado, 2001) Tty £ T PITTRA dlesanniunansssuafaciinisinun ¥ uan iy
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Campylobacter spp. 79uDanens wazlafa iy lsa Bunaiauneedlsluemsinanaauazlnantldinng
Fowlpox 19m Newcastle dlsease (Roche et al., 2009) L%ﬁ"lmﬂsﬁ”’mmiﬁﬁmiﬁ (@nNT0l WazAnLE, 2557
Hledn gt nAuunaaiuanuns vedanueuLazd g gt Lazienaanenl, 2560) EREL P HATTN O
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Alphitobius diaperinus (Panzer) (Coleoptera: Tenebrionidae)
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wAnFnaAeanilafifuin1smnsraaunasineda least
significant difference (LSD)
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Figure 1.Lesser mealworm, Alphitobius diaperinus; egg (a), larva (b), pupa (c) and adult (d)
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Alphitobius diaperinus (Panzer) (Coleoptera: Tenebrionidae)

Table 1. Duration and size of various developmental stages of lesser mealworm, Alphitobius diaperinus
reared on chicken feed in laboratory condition at 25.72 + 3.43°C and 78.87 + 2.88%RH

Age Body
Developmental Range
Mean+SD Width (mm) Length (mm)
stage (Days)
(Days) Mean+SD Mean+SD
Egg 5.19 £ 0.39 (5-6) 0.50 £ 0.00 1.26 £ 0.07
Larva 57.10 £ 2.19 (30-94) - -
Instar 1 1.30 £ 0.46 (1-2) 0.40 £ 0.00 1.77 £0.09
Instar 2 5.63 + 1.63 (3-10) 0.69+0.48 214 +0.18
Instar 3 6.28 £ 1.30 (3-10) 0.46 £ 0.05 2.32+0.19
Instar 4 4.41 £ 0.96 (2-7) 0.51+£0.03 3.15+0.22
Instar 5 3.99 +0.82 (3-6) 0.69 + 0.05 4.15+0.43
Instar 6 0.94 £0.79 (3-7) 0.75+0.07 4.25+0.39
Instar 7 3.82+1.16 (2-8) 0.96 + 0.06 520+ 0.25
Instar 8 4.67 +£1.04 (3-8) 1.02 £ 0.06 5.58 + 0.33
Instar 9 5.87+1.78 (3-11) 1.39 £ 0.09 6.97 £ 0.48
Instar 10 7.76 £ 2.33 (2-13) 1.67 £ 0.09 9.04 +0.71
Instar 11 9.37 £1.70 (5-12) 1.67 £ 0.09 9.04 +0.71
Pupa 6.16 £ 0.81 (5-8) 2.27+0.18 5.69 +0.43
Total life cycle
68.45 +2.15 (40-108) - -
(Eggs - Adults)
Adult (longevity) 6.16 £ 0.81 (5-8) - -
Male at least 9 months at least 9 months 249+0.13 541 +0.29
Female at least 9 months at least 9 months 2.68 £0.15 5.99+0.38
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a &9/ d” My o/ al b %
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AN N YR THAN 0.051:0.012, 0.068:0.016
LAY 0.085:0.020%a.i. UIAFAIVHARNS T WINAU 3, 4
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Tilusudt 7 eiiemsnnsenebenas 1.78 + 2.06, 3.57
+ 714 UAY 446 + 6.76 AMNAIFU Tl UANFANINA
A0/ (P>0.05) AU 14 §mentemneluszald
Lﬁm%ulﬂu%‘@ﬂ@% 43.75 + 10.26, 86.61 + 13.48 LAY
54.46 + 26.79 PNANL uaYIUTUT 28 §Msnnsmne
uszelifinduihionas 100 + 0.00, 97.32 + 5.36
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Table 2. Mortality percentage of egg stage of lesser mealworm, Alphitobius diaperinus controlled by different

dosages of formaldehyde incorporated with propionic acid in chicken feed

Mean percent lesser mealworm mortality (mean+SD) after days1

Dosage (kg/ton)

7 14 28 32
3
(0.051:0.012%a.i.) 1.78 £ 2.06¢C 43.75 + 10.26b 100 = 0.00a 100 £ 0.00a
4
(0.068:0.016%a.i.) 3.57 +7.14c 86.61 + 13.48a 97.32 + 5.36a 100 £ 0.00a
5
(0.085:0.020%a.i.) 4.46 £ 6.76C 54.46 + 26.79b 97.32 + 5.36a 100 £ 0.00a

' Means within the same row and column followed by the same letter are not significantly different at P>0.05 (LSD=14.52)

savieuitaaumng luenmseuas 22.32 + 5.36, 19.64
+13.83 Uaz 25.00 + 15.15 mua1au laelilAaw
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fudaruansuan uaziiesvaznansilil 14, 28 uaz
32 Fu wud1ewnsli A nandnsnau e suna i las
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AR Wueuiugeutesiadd inmeetnaany el
(100 wa3wdus) (mmaﬁl 3)
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D

| g Ao A = |
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anysnd Wedudaamslinuansuannainianlasd

N

safunsatnsiTefinlunaiidund naaReuende
7 1 flamamsatitsauysalnielu 14 Su e
srazlaflananeatinaanysallunan 28 41 uanad
Tusza 2119098097 i0 T Ao uNUNIUA 0 AN TH AN
Wafunan lassaniunsalnsilafinunnndnlumands
dou Geanansonylumenumemeaanaasing 7 iy
unaslsaf Ui liAnndunasluszaylddndaany
NUNTUFABANTFN °] IAANINTre A NUaUNIN 1
nsldfnariuaulaeanlaflunisaauannenuin
29 ludinuesqne (WalWanl wazAnly, 2560) ATHaa
waan W lunszifen (Fauans uaslezassod, 2558)
Wusy Ineannnisdnen ldaesnanwils (Tribolium
castaneum) 184 Scheff (2016) WU Naa TN AL e
fnganssnlunisaiuarsmiiaainaeuialivasnig
nsld el laR AR mAnsoyite uasanizienii
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Alphitobius diaperinus (Panzer) (Coleoptera: Tenebrionidae)

Table 3. Mortality percentage of larval stage of lesser mealworm, Alphitobius diaperinus controlled by

different dosages of formaldehyde incorporated with propionic acid in chicken feed

Mean percent lesser mealworm mortality (mean + SD after days)1

Dosage (kg/ton)

7 14 28 32
3
(0.051:0.012%a.i.) 22.32 £ 5.36b 100 £ 0.00a 100 £ 0.00a 100 £ 0.00a
4
(0.068:0.016%a.i.) 19.64 + 13.83b 100 £ 0.00a 100 £ 0.00a 100 £ 0.00a
5
(0.085:0.020%a.i.) 25.00 £ 15.15b 100 £ 0.00a 100 £ 0.00a 100 £ 0.00a

' Means within the same row and column followed by the same letter are not significantly different at P>0.205 (LSD=8.88)
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F9anenvasls Tyrophagus pacificus Fan & Zhang (Acari: Acaridae)
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Biology of Tyrophagus pacificus Fan & Zhang (Acari: Acaridae)
Infesting Gold Cordyceps
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Abstract: Gold cordyceps, Cordyceps militaris (L.) Link, is a medical important mushroom due to its medicinal
properties resulted in having a high price. Thus, a number of cultivators try to culture this mushroom in
laboratory but some are occasionally infested by mite, Tyrophagus pacificus Fan & Zhang. There was no study
report dealing with T. pacificus in Thailand. The biology of T. pacificus was investigated and revealed that the
dominant morphological characteristics of the adult female was spermathecal sac which was narrow from
copulatory opening and flat at base. For adult male, the aedeagus was very long, with two obvious curves and
distal half reversely curved, tapering from base to tip. Biological study of T. pacificus was conducted using 15
day-old C. militaris on PDA as food under the laboratory conditions at 19.89 + 0.44 °C and with relative humidity
of 82.52 + 5.01%. The result showed that the development of T. pacificus consisted of 5 stages; egg, larva,
protonymph, deutonymph and adult, with the average durations of 7.13 + 2.07, 0.96 + 0.00, 1.97 + 0.02, 3.87 +
0.37 and 14.34 + 1.48 days, respectively. Due to the life cycle of T. pacificus was short so the mite could
increase its population so rapidly. Thus, T. pacificus trended to be the promising pest of C. militaris. The data
on life history can be used as a database for predicting the damage and controlling 7. pacificus on C. militaris

culture.

Keywords: Mite, Tyrophagus pacificus, biology, gold cordyceps, Cordyceps militaris
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Tyrophagus pacificus Fan & Zhang: Distal view of tarsus; distal tarsi (a) and dorsal view of

Figure 2. Tyrophagus pacificus Fan & Zhang: dorsal view of genul; solenidion @’ < 3 times as long as "'(a)

and dorsal view of idiosoma; sci approximately as long as sce (b)
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Fanenaasls Tyrophagus pacificus Fan & Zhang (Acari: Acaridae)

S v o & & v
MAYAELEANIRENAS

(b)

Figure 3. Tyrophagus pacificus Fan & Zhang: female; ventral view of spermatheca (a) and male; lateral

view of adeagus (b)
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Figure 4. Tyrophagus pacificus Fan & Zhang: egg (a), larva (b), protonymph (c), deutonymph (d), adult

female (e) and adult male (f)

Table 1. Duration and size of different stags in the life history of Tyrophagus pacificus Fan & Zhang reared in
laboratory conditions at 19.89 + 0.44 °C and 82.52 + 5.01 %RH

Age Body
Developmental Range
Mean + SD Width (mm) Length (mm)
stage (Days)
(Days) Mean + SD Mean + SD
Egg 7.13+2.07 (7-8) 0.04 +0.01 0.09+0.03
Larva 0.96 + 0.00 (1) 0.04 +0.01 0.08 +0.02
Protonymph 1.97 £0.02 (1-2) 0.06 + 0.00 0.12+0.02
Deutonymph 3.87+0.37 - 0.07 £0.01 0.16 £ 0.03
Total life cycle
14.34 + 1.48 (14-15) - -
(Eggs - Adults)
Adult
Male 15.64 + 0.56 (15-16) 0.13+0.03 0.25+0.05
Female 1549+ 0.56 (15-16) 0.15+0.03 0.30+0.04

0.12 + 0.02 Naawn? kazid lalunauusn antuile
~ a o o aa a < g
AN139UeIMNT AFR R NN T TusveiliBen
Faguf 141 protonymph (Fan and Zhang, 2007) &
naeaenlinmaBIInndsaeeu Wnaeas 1.97
+0.02 51 (A3199 1) R9AIWNFATIR 2
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seiz3ugui 2 Bendn deutonymph (Fan and

Zhang, 2007) ¥a4a1nn1snniaased 2 leaziuiu
AU UNUAIANNAANATIL LATH N1TLAR DU INA
| P = o o o a A
ARILAAI8910 Ruaarsaiasuduianglavised
Wiaes Auajiuausing Jauinasansag 0.07 +
001 NAAINAT 819 0.16 + 0.03 NAALNAT WATH



Fnenauadls Tyrophagus pacificus Fan & Zhang (Acari: Acaridae)
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Biotic Potential and Life Table of Lady Beetle Micraspis discolors

when Fed on Brown Planthopper and Green Leafhopper
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Abstract: The mass rearing process of Micraspis discolor (Fabricius) (Coleoptera: Coccinellidae) for controlling
insect pests in biological control program always faces the problem on the lack of aphid for rearing. Therefore,
the possibility of Nilaparvata lugens and Nephotettix virescens to be used as alternative food sources was
carried out using biotic potential and life tables of M. discolor fed on those 2 alternative preys compared to
Aphis craccivora (Koch). The results showed that the total developmental period from egg to adult of M.
discolor fed on N. lugens and N. virescens was 21.46 + 1.63 and 18.68 + 3.21 days closed to that of A.
craccivora (19.7 £ 1.54 days). The biological life table of M. discolor fed on N. lugens and N. virescens revealed
that the net reproductive rate of increase (R) was 11.0000 and 15.2300, the capacity for increase (r,) was
0.0660 and 0.0738, the cohort generation time (T ) was 36.3455 and 36.9163 and the finite rate of increase (7»)
was 1.0682 and 1.0765, higher than those of A. craccivora (RO: 8.7000, r,= 0.0648, T, = 33.4023 days and 7\, =
1.0669, respectively). The biotic potential based on partial ecological life table showed that the mortality of M.
discolor was found in the all instar larva and the insect numbers were decreased continuously in each instars

when fed on 2 alternative preys and the survivorship curves were type |l as the same as that of A. craccivora.

Keywords: Micraspis discolor, alternative host, Aphis craccivora, Nephotettix virescens, Nilaparvata lugens,

life table
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UNARED: ﬂavmummmmemqumummu (Micraspis discolor (Faanlus)) (Coleoptera Coccinellidae)
LW@’Lﬂumimmumeﬂmwmimmmﬁ mm”a‘uﬂ'mmmmLm@mwaﬂfafaum iTuemng faiuaclEfnfiunns
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WinL 33.4023 F3 uaz A Wini 1.0669 Win AMNANAL LAHANTIATI S ANENTNNTIN WAL AT NTA AL
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Omkar and Srivastava (2003) ‘1 Lwa”m'au 6 1A A.
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Parameters

N. /ugens1

. 1
N. virescens

. 1
A. craccivora

Net reproductive rate of increase (R))
Capacity for increase (r.)
Cohort generation time (T,) (days)

Finite rate of increase (7\,)

11.0000 + 6.92°
0.0660 + 0.003"
36.3455 + 0.55"
1.0682 + 0.004"

15.2300 + 8.33°
0.0738 + 0.004°
36.9163 + 0.68°
1.0765 + 0.003°

8.7000 + 4.57°
0.0648 + 0.002°
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1.0669 + 0.007°

' Means within column followed by the same letter are not significantly different (P=0.05)
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Table 2. Partial ecological life table of Micraspis discolor fed on Nephotettix virescens, Nilaparvata lugens

and Aphis craccivora

Stage of Number of surviving at the beginning of X (1) Generation mortality (100d /n)
development (X)  N. lugens N.virescens A.craccivora  N.lugens  N.virescens A. craccivora
Egg 40 40 40 0 0 0
Larva:

Instar | 40 40 40 0 0 0

Instar |l 40 39 40 15 25 7.5

Instar Il 34 38 37 7.5 2.5 2.5

Instar IV 31 37 36 5 7.5
Prepupa 29 35 33 7.5
Pupa 27 35 30 7.5 5 2.5
Adult: 24 33 29

Male 15 19 24

Female 9 14 5
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C. septempunctata WU INAEE LA Az T HAse
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e WAnEnariL IRETIN I AnENnaAtadaasn
Hippodamia variegate (Goeze) & 'JEILwayﬂfa"au 3 4m
AR A gossypii, Aphis fabae Scopoli Llas Macrosiphum
rosae (L.) °IJ 2 9 Golizadeh and Jafari-Behi (2012)
WU slAEEae A, fabae uuummmmmwm
Lummﬂma@uumwumq (18.9 414) ﬂmﬁmam\ﬂ:u
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sreIvinan 19.7 + 1.54 1 TnaflsvazinanlndAsariy
NN TAENEAN AR M. discolor 199 Begum
et al. (2002) kA Ae9B iy M. crocea 184
Shepard and Rapusus (1989) & 28 LW Aunselnnd
vinmna 39l¥areisinan 23.1 uay 23 Fu AU uas
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Figure 1. Age-specific survival rate and fecundity of Micraspis discolor on Nilaparvata Ilugens,

Nephotettix virescens and Aphis craccivora under laboratory conditions (32 + 3 °C and 65 +

5% RH)
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Figure 2. Survivorship curve of Micraspis discolor fed on Nephotettix virescens, Nilaparvata lugens and

Aphis craccivora under laboratory conditions
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Antheromorpha uncinata Jeekel

nigave RUAATENNST ANTWIE 40195500 ANUS WINNNA' ARsgan tanlauds’
a g o a q aa g > a 2 a ° a " o d3 . aa ay
a9l AR’ WREY wadszidsy® Teasassa gnoisswus’ uas agm Asqal
Natdanai Likhitrakarn", Jakarpong Supawan’', Wongphan Promwong’,
Chatsuda Phuakjaiphaeo1, Teeraporn Khampliew1, Pisit Poolprasert’, Piyawan Suttiprapan®

and Warut Siriwut’

"@197391015097WT ARIERARNTITNNTINEAT anAngnauusla /. [ Fenlua 50290
'Division of Plant Protection, Faculty of Agricultural Production, Maejo University, Chiang Mai 50290, Thailand
“ar97371893nen AnsEInemaniuazmalulal ananeaumai)iyaaensx A, Arnlan 65000
2B/ology Program, Faculty of Science and Technology, Pibulsongkram Rajabhat University, Phitsanulok 65000, Thailand
“medrigineuazliane ausineasaans uianeaedealua 4. @eslud 50200
3Departmenz of Entomology and Plant Pathology, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand
‘MATTITIINe ASANENAIART N INNABNTAR NN 10400
4Department of Biology, Faculty of Science, Mahidol University, Bangkok 10400, Thailand

*Corresponding author: Email: kongerrrr@hotmail.com

(Received: 12 July 2018 ; Accepted: 28 December 2018)

Abstract: Over the last decades, some millipede outbreak is periodically occurred resulting in making trouble to
people occupying in the areas. Use of chemicals for their control is an alternative choice to reduce this problem.
The aim of current research was to study the effects of carbaryl, fipronil and cypermethrin on Antheromorpha
uncinata Jeekel, 1968, in San Klang subdistrict, Phan district, Chiang Rai province. Millipede samples were
treated with various insecticide concentration by direct spray. The percentage mortality was evaluated after 1,
12, 24 and 48 hours of exposure. Fipronil showed the highest LC,; value as 97.69 and 23.81 ppm at 1 and 24
hours, respectively. Cypermethrin has high LC_; value as 115.39 and 93.48 ppm at 1 hour while carbaryl has
lowest LC,, value as 514.97 and 501.59 ppm at 24 hours, respectively. In addition, the highest mortality rates
after exposure show correlated with the recommendation dose of all three synthetic chemical uses. Herein,
carbaryl at the concentrations of 850 ppm was the most effective to control adult millipedes with 100% mortality
after one hour of exposure. Moreover, fipronil at the concentration of 125 ppm at 12 hours after exposure yield

100% mortality. Meanwhile, cypermethrin at the concentration of 175 ppm held merely 83.33% mortality after
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exposure for 12 hours. The recovering evidence of millipedes after intake cypermethrin was also observed.
Thus, use of carbaryl and fipronil are recommended as promised effective insecticide for controlling the

emerging of millipede swarming.
Keywords: Antheromorpha uncinata, swarming, insecticidal efficacy, Chiang Rai, Thailand
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Milipede swarm of Antheromorpha uncinata at San Klang subdistrict, Phan district, Chiang Rai

province, Thailand. ( A-C) Swarming individuals, individual long 3.2-4.7 c¢cm (D) Provincial

Administration Organization staff sprayed insecticide to control the smarming millipedes (Photos by

Mr. Rachen Kammabut)
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Antheromorpha uncinata from San Klang subdistrict, Phan district, Chiang Rai province, Thailand;
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1 gl
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Table 1. Comparative study of dose mortality of carbaryl against Antheromorpha uncinata at 1, 12, 24 and 48

hours after treated

Concentration Mortality (Mean + S.D.)
(ppm) 1 hour 12 hours 24 hours 48 hours
850 (recommended dose) ~ 100.00 + 0.00° 100.00 + 0.00% 100.00 + 0.00° 100.00 + 0.00°
600 90.00 * 1.00° 90.00 + 1.00° 100.00 + 0.00% 96.67 + 0.58"
400 3.33 £0.58° 3.33+0.57° 3.33+0.58° 3.33+0.58°
200 0.00 + 0.00° 0.33+0.57° 3.33+0.58° 3.33+£0.58°
0 0.00 +0.00° 0.00 +0.00° 0.00 + 0.00° 0.00 +0.00°

Means followed by the same letter in a column are not significantly different at the 5% level by DMRT

Table 2. Comparative study of dose mortality of fipronil against Antheromorpha uncinata 1, 12, 24 and 48

hours after treated

Concentration Mortality (Mean + S.D.)
(ppm) 1 hour 12 hours 24 hours 48 hours
125 (recommended dose) 63.33+2.31° 100.00 % 0.00° 100.00 % 0.00° 100.00 + 0.00°
90 43.33 +0.58° 100.00 % 0.00° 100.00 % 0.00° 100.00 % 0.00°
60 40.00 +1.73° 100.00 % 0.00° 100.00 % 0.00° 100.00 % 0.00°
30 6.67 + 0.58" 70.00 +0.00° 86.67 +0.58° 100.00 + 0.00%
0 0.00 +0.00° 0.00 £ 0.00° 0.00 £0.00° 0.00 + 0.00°

Means followed by the same letter in a column are not significantly different at the 5% level by DMRT

Table 3. Comparative study of dose mortality of cypermethrin against Antheromorpha uncinata at 1, 12, 24

and 48 hours after treated

Concentration Mortality (Mean + S.D.)
(ppm) 1 hour 12 hours 24 hours 48 hours

175 (recommended dose) 83.33 +0.58° 83.33 +0.58° 83.33 +0.58° 83.33+0.58°

120 53.33 + 2.08" 53.33 +2.08" 53.33 +2.08" 53.33 + 2.08"

80 40.00+1.73° 60.00 + 2.64° 76.67 +2.31° 76.67 +2.31°

40 0.00 + 0.00° 23.3+3.21° 23.33+3.21° 0.33+3.21°

0 0.00 + 0.00° 0.00 +0.00° 0.00 + 0.00° 0.00 + 0.00°

Means followed by the same letter in a column are not significantly different at the 5% level by DMRT

wazszuuntaaunngla lnefiainnaiunsnlunnsg winuye e A fuaisainnisiulszunns 250 ppm
fusnaulmilnfueamaisa (cholinesterase) Laziiyl el 20 Wi unann liidennistasiesdaunais
szamaeseiiadamiallly Asiniautinun1dlunne finnsfunenan wWiannisen@ens @ Was uazAny,
ﬂmﬁuﬁﬁmLLM@qﬁmgﬁzﬁﬁﬁmmqmwmﬁ luetingg 2560; Cheng et al., 2006; Wills et al., 1968) Fafunns

(Bond et al., 2016) iaBANFUT3a HA1 LC, anmsiu HAowszsipszdaiiediniairansilyldaun
WATNITIANHAURINY WAL 250-850 ppm WAL
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Allstanilsz@nsnmlunisnidniene
AUIUANNA LB AR A UL LAANAEININANS LA
= 1 a a dl v v o
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63.33 wafidud nnelunan 1 d7lne eililedSuan
v v A o yayd

AMENduaAe 90 uaz 60 ppm Wunannlitnene
Al uaNARSnINNAne lE N e 46.33 way 40.00
wafidus nnglunan 1 99Tue mNasU (Table 2) WA
naaanszezinaIniulil 24 49lug wuan 8msnsmne
gasfenainwiy 100 wefiius Inssn LC,, uaz
LC,,284 Witlsfia Naan 1 49lua winfiu 97.69 uas
166.72 ppm (AN31971 4) Tuaued A1 LC,, uaz LC,,
1049 Wlstla Naan 24 F2Tue windu 23.81 uaz 30.95
o o Jd ome - -

ppm ATNAAL (M13197 5) @9 Widsta uarsan
nnanunaslunguiluilalnalaa (phenylpyrazole)

SndaunasuuUlsi@ensinans Inadinldusanas
Neuresssuulszamuedunad Henldlunnsnauns
unasluananiu uNaIAng lulsany a‘f;mfummﬁmg
N19N17N1 AT (Kavaliieratos et al., 2010) Ailsfial
Wt hunanelaedaaaduiemiaian (oral LD, ) Tu
Wiy 97 ppm Lmqumﬂuwwwwmwm
(dermal LD) luuysinnndn 2,000 ppm (Gupta and
Milatovic, 2014) annuan1sAnEaxisa W wetialu
st ARsReRL U AT sy AL LT TN
60-125 ppm 1§ wszelz mﬂuma‘ﬂﬂﬂqmmum 12
Falus aeidlafmuiitananulaeadefifaduwlunis
W luwdnutinugeuainaenld Aldsialuaana
il 40-60 ppm it 14 R eaATanil a0 98I
LUENLNRAN

Table 4. LC,,, LC,, and regression parameter estimates of carbaryl, fipronil and cypermethrin against

Antheromorpha uncinata at 1 hour

Parameter/Treated Carbaryl Fipronil Cypermethrin
LC,, 514.97 97.69 115.39
Range of LC,, 478.49-547. 95 67.07-194.88 76.85-173.44
LCy, 598.93 166.72 180.82
Range of LCy, 564.42-651.49 121.09-499.33 139.88-367.58
Parameter estimates*

A -7.861 -1.814 -1.938
Slope 0.015 0.019 0.025
R’ 1.000 0.846 0.974

*Parameter estimates for regression line Y= A+ Slope * X

Table 5. LC,,, LC,, and regression parameter estimates of carbaryl, fipronil and cypermethrin against

Antheromorpha uncinata at 24 hours

Parameter/Treated Carbaryl Fipronil Cypermethrin
LC,, 501.59 23.81 93.48
LC,, 627.63 30.95 174.19
Parameter estimates*

A -5.100 -4.275 -1.484
Slope 0.010 0.180 0.016
R’ 0.750 ns 0.868

*Parameter estimates for regression line Y= A+ Slope * X
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Population Dynamics and Control of Lesser Grain Borer

(Rhyzopertha dominica (F.)) in Rice Seed Storehouse
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Abstract: The objectives of this work were to study on population dynamics of Rhyzopertha dominica (F.) based
on light trap compared to direct count, effect of environmental factors and the control efficacy of chlorpyrifos.
The experiment was conducted on rice seed in storehouse at Nakhon Sawan Rice Seed Center, Nakhon Sawan
province. The result revealed that the high peak of insect population was found by light trap and direct count
after the seed had been stored in the storehouse for 10 and 16 weeks, respectively. Temperature was an
environmental factor highly affected the growth of R. dominica population and the highest number of insects
was found at 31°C. A 5 liter-solution of chlorpyrifos 40% EC at the rate of 6 ml/L mixed with 1 ton of rice as seed
treatment was very effective to control R. dominica at 100% mortality for 6 weeks and had potential to suppress

R. dominica population up to 14 weeks.

Keywords: Population dynamics, chlorpyrifos, Rhyzopertha dominica, rice seed storehouse
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Population dynamics of Rhyzopertha dominica (F.) in rice seed storehouse during January- April

2016 based on light trap per trap (dot line) and direct sampling per 100 g of rice seeds (bold line)
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Figure 3.The change of average number of Rhyzopertha dominica (F.) per 100 g of rice determined from

chlorpyrifos treated rice (bold line) compared to non-treated rice (dot line) in rice seed

storehouse during September-December 2016
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Abstract: Tibetan cordyceps, Cordyceps sinensis is an entomopathogenic fungus, which produces only one
fruiting body from the tip of caterpillar. This characteristic is interesting to consumers. Therefore, us culture
technique has been adapted to culture gold cordyceps, Cordyceps militaris (L.) Link, applying various coating
substances to produce only one C. militaris fruiting body on a silkkworm (Bombyx mori L.) pupa. C. militaris
spore suspension was injected into the silkworm pupa at the head frontal area. The injected pupa was then
coated with paraffin, PTFE and calcium alginate excepting the injection site for allowing the fungus grew through
this site. The result revealed that injection of C. militaris at 10° spores/ml + pupa coated with PTFE + kept in dark
condition yielded 99.50% of fruiting body when transferred to culture in light condition. It was obvious that this
technique gave the highest growth and infection of the fungus on silkworm pupa. C. militaris fruiting body dried
at 50 °C for 8 hours showed 948.32 mg/100 g of cordycepin contains by HPLC.

Keywords: Cordyceps militaris, silkworm pupa, coating substances, cordycepin
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Characteristics of injected silkworm pupae after coating with different substances for 7 days in

dark and then light conditions: parafilm (a), PTFE (b), C,;H,,Ca0,, (c) and control (d)
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Table 1. Infection and fruiting body formation percentage of Cordyceps militaris cultured on silkworm pupae

coating with different substances after 7 days

) Infection rate Fruiting body No. of fruiting Length of fruiting
Coating substance .
(%) formation (%) body/pupa body (cm)
Parafilm 100 0.00 0.00 0.00
PTFE 100 98.50 1.00 1.03
C,gH,,Cal,q 100 0.00 0.00 0.00
Control 100 98.50 2.00 1.49
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Table 2.

with different coating substances after 10 days

Infection and fruiting body formation percentage of Cordyceps militaris cultured on silkworm pupae

Coating Infection rate Fruiting body No. of fruiting Length of
substance (%) formation (%) body/pupa fruiting body (cm)
Parafim 100 0.00 0.00 0.00
PTFE 100 100 1.00 0.95
C,gH,,Ca0,, 100 0.00 0.00 0.00
Control 100 97.50 2.00 1.19

- @

Figure 3. Characteristics of injected silkworm pupa after coating with different substances for 14 days
dark and then light conditions: parafilm (a), PTFE (b), C,;H,,CaO,, (c) and control (d)

Table 3.

with different coating substances after 14 days

Infection and fruiting body formation percentage of Cordyceps militaris cultured on silkworm pupae

Coating ) Fruiting body No. of fruiting Length of
Infection rate (%) , .
substance formation (%) body/pupa fruiting body (cm)
Parafilm 100 0.00 0.00 0.00
PTFE 100 99.50 1.00 1.30
C,H,,Ca0,, 100 0.00 0.00 0.00
Control 100 97.00 2.00 0.94
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Table 4. Content of cordycepin in fruiting body of Cordyceps militaris cultured on silkworm pupae with

different coating substances incubate in dark conditions for 7, 10 and 14 days

Content of Cordycepin (mg/100g)

Coating
50 °C for 8 hrs 60 °C for4 hrs
substance
7 days 10 days 14 days 7 days 10 days 14 days
Parafim 0.00 k' 0.00 k 0.00 k 0.00 k 0.00 k 0.00 k
PTFE 204.86 i 49558 f 948.32 a 313.60 h 613.53 ¢ 694.96 b
CgH,,Ca0,q 0.00 k 0.00 k 0.00 k 0.00 k 0.00 k 0.00 k
Control 145.23 | 310.29 h 358,57 g 25763 g 568.59 d 546.26 e

" Means within the same column and row followed by the same letter are not significantly different 95% level by LSD
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Abstract: The study aimed to improve the efficiency of biogas production by co-digestion of swiftlet faeces and
aquatic plants with or without seed from poultry waste, by using 3x2 factorial in CRD with 5 replications. The
experiment contained 2 factors: the first factor was co-digestion of swiftlet faeces and aquatic plants (azolla and
water hyacinth) comparing it without aquatic plants (control). The seed from poultry waste was added and not
added with co-digestion system was secondary factor. This study was consisted 6 treatments including
digestion of swiftlet faeces and without seed from poultry waste (T1), co-digestion of swiftlet faeces and azolla
without seed from poultry waste (T2), co-digestion of swiftlet faeces and water hyacinth without seed from
poultry waste (T3), digestion of swiftlet faeces and with seed from poultry waste (T4), co-digestion of swiftlet
faeces and azolla with seed from poultry waste (T5) and co-digestion of swiftlet faeces and water hyacinth with
seed from poultry waste (T6). The biogas content was recorded daily for calculation of accumulated biogas in
the system. After 40 days start-up running, CH, and CO, yields were analyzed. Moreover, pH value was
measured and the removal efficiency of BOD, COD, TS and TVS were investigated in influent and effluent. The
results showed that co-digestion of swiftlet faeces with water hyacinth and added seed from chicken manure
are the factors to significantly increaseresulted the amout of biogas and methane content (P<0.05). For
interaction effect of treatment, T3, T5, and T6 can increase the efficiency in biogas production. Their biogas
products were 61.00, 62.40 and 75.60 mL/30 ml (initial volume), respectively. Moreover, T6 was the highest yield

of methane at 67.87%. In case of removal of organic matter in the system, we found that T6 had the maximum
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BOD removal efficiency at 88.16%. Whereas, T4, T5 and T6 showed high removal efficiency of COD at 90.17,
81.59 and 88.16%, respectively. The removal efficiency of TS and TVS, T2 was the highest removal rate at 81.44
and 82 .7 9 %, respectively, with significant different comparing with the others (P<0.05). Therefore, biogas
production by co-digestion of swiftlet faeces with aquatic plants is another alternative for the management of
waste from swiftlet houses in order to reduce the amount of waste and toxic gas buildup in bird houses.

Moreover, it does not affect the swiftlets, entrepreneurs, consumers and the surrounding environment.
Keywords: Biogas, co-digestion, swiftlet faeces, water hyacinth azolla
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Table 1. The ratio of swiftlet faeces, azolla, water hyacinth and seed of each treatment
Treatment Swiftlet faeces Azolla Water hyacinth Seed'
T 8%TS’ - - -
T2 4%TS 4%TS - -
T3 4%TS - 4%TS -
T4 8%TS - - 10%Vol’
T5 4%TS 4%TS - 10%Vol
T6 4%TS - 4%TS 10%Vol

1 . . . 2. . 3, L
Seed = concentrated microorganism from chicken manure, “TS = total solid, "Vol = initial volum

(A)
Figure 1. Batch digestion system (A) and biogas collection method (B)
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Table 2. Chemical composition of swiftlet faeces, azolla and water hyacinth

NDF' ADF? ADL®

Matter
(%DM) (%DM) (%DM)
Swiftlet faeces 60.70 29.26 10.76
Azolla 44.95 3717 27.91
Water hyacinth 67.63 35.54 15.81

'NDF = neutral detergent fiber,
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Table 3. Biogas yield and composition of biogas

Accumulate  Biogas composition (%)
Treatment
gas (ml) CH, CO,
Co-digestion (A)
swiftlet faeces (control) 8.80 ¢’ 15.11¢c 10.13 ¢
swiftlet faeces+azolla 4460 b 4561b 26.52 b
swiftlet faeces+water hyacinth 68.30 a 60.14 a 33.16 a
Seeding (B)
without seed 31.60b 32.07b 17.80 b
with seed 49.53 a 48.50 a 28.74 a
AxB
T1: 8%swiftlet faeces (without seed) 7.00 b 10.57 e 6.85¢
T2: 4%swiftlet faeces+4%azolla (without seed) 26.80 b 33.23¢c 18.22¢c
T3: 4%swiftlet faeces+4%water hyacinth (without seed) 61.00 a 5241b 28.32b
T4: 8%swiftlet faeces (with seed) 10.60 b 19.65d 13.40d
T5: 4%swiftlet faeces+4%azolla (with seed) 62.40 a 57.98Db 34.83 a
T6: 4%swiftlet faeces+4%water hyacinth (with seed) 75.60 a 67.87 a 38.00 a
CV (%) 29.69 16.11 10.53

"Means in the same column followed by a common latter are not significantily different at P<0.05 by Duncan’s multiple range test

%f;mwEhﬂﬂizmumwﬁﬂﬂ'aﬂéqug@ﬁmfﬁuﬁmﬁz
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et al. (2009) My alasauiun1sdinaluntsuanfing
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dngian 50:50 W Ranaufnadamngeiiga uaz
denalidihanafnafinugefige Wedeniunili
yalandindesauiuniedngludndou 2575 uae
0:100 dauginA1 wazAy (2558) IHAN®IN1IMNN
ﬂ@ﬂéqum@qg‘mﬂiﬁuﬂm‘jﬁLW@LﬁMﬂ@:ﬁW’%mMumi
HARRNTTININ WU NsuneiassaNTasy agNanL
favih wudn Snannlunsuaninadanngandn
nsldfsyaanaiieaenamien
zﬁm%?umﬁLmvﬁmﬁﬂivnﬂmmﬁw
TanN AaeLA ﬁ"ﬂ\‘l gas chromatography A W‘WJ 37
Bnafadnu CH 1uﬂ’16ﬁv1 mmumum (mm\m 3)
wudn Fiemesitein uaznininsiad aqauradann
yall AunadeiBuiunananaaefingilinuatnad
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AsuanlaeenlodainlseauuAnRETAIN WL
Funainsensuenlneanlafasifiuiduilesunns
A iy IneAnsdanniisesdeadlsnay
2098190 nU Usyuw 4565 % wazing
Afuanlaeanlafilseunns 35-45% (Ogiehor and
Ovueni, 2014)

1sEANBNNNTANARFITRUIFHURITTLL
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Table 4. The pH value from influent and effluent and the removal efficiency of organic matters in system

pH Removal efficiency (%)
Treatment 5 5 P .
Influent  Effluent  BOD COD TS TVS
Co-digestion (A)
non (control) 800a 7.31a 5577c 6741a 3896c 66.50Db
with azolla 787b 6.82b 7441b 69.70a 80.23a 81.65a
with water hyacinth 781c 6.83b 8313a 57.03b 79.00b 81.70a
Seeding (B)
without seed 804a 7.16a 6725b 4361b 66.39a 77.00a
with seed 775b 6.82b 7496a 8582a 6574a 76.24b
AxB
T1: 8%swiftlet faeces (without seed) 8.18a 7.83a 54.40f 4465b 39.44d 66.47d
T2: 4%swiftlet faeces+4%azolla (without seed) 8.03b 6.83b 69.23d 57.80b 8144a 8279a
T3: 4%swiftlet faeces+4%water hyacinth (without seed) 7.91c 6.83b 78.10c 28.38c 7828c 81.74b
T4: 8%swiftlet faeces (with seed) 782d 6.80b 57.13e 90.17a 3849d 66.52d
T5: 4%swiftlet faeces+4%azolla (with seed) 7.72¢ 6.82b 79.59b 81.59a 79.01bc 80.51c
T6: 4%swiftlet faeces+4%water hyacinth (with seed) 7.71e 6.83b 88.16a 8568a 79.71b 81.67b
CV (%) 0.27 0.21 0.08 8.92 0.82 0.05

"Means in the same column followed by a common latter are not significantily different at P<0.05 by Duncan’s multiple range test

’BOD = biochemical oxygen demand, °COD = chemical oxygen demand, ‘15 =
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Effects of Tamarind Seed Meal in Diets on Growth and Feed Efficiency in

Red Tilapia (Oreochromis niloticus x O. mossambicus)

o ¢ a o’ 1 s  a 1,2 s o = 1, 2%
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Abstract: This study was investigated the usage of tamarind seed meal (TSM) from the industrial factories
processing. TSM was formulated to replace corn meal for red Nile tilapia on growth performance, feed, and
nutrient utilization. The test diets were formulated with different levels of TSM from 0, 20, 40, 60, 80, and 100% .
The initial fish had an average weight of 4.55 + 0.02 g/ fish and fed with experimental diets for 10 weeks. The
results showed that the fish fed diet 100% TSM replacement had the highest weight gain, SGR, rate of feed
intake, feed utilization, FCR, PER, PPV and protein retention, but no significant differences with TSM80 and 90%.
The hepatosomatic index was not significantly different at all test diets, however, viscerosomatic index was
decreased in the high level of TSM. Feed efficiency, protein-, and lipid efficiency ratio were increased with the
high levels of TSM. In addition, TSM inclusion had higher protein utilization than control diet, but protein retention
was not the significant difference. The results of the present study indicated that TSM is able to substitute corn
meal for 100% replacement that is a potential feedstuff for aquatic animals and can reduce the cost of

producing aquatic animals for a lower price.

Keywords: Tamarind seed meal, growth performance, nutrient utilization, red tilapia
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series, Germany)
RV L PSR YRS PR T PO TR R ER T PYoR
o A ] o & = o

AFILNana LN uLraallsRule lNa Nz A9
Tsmuanndnntng WeasanniesAlsynauraalisnly

o Ay Y oa o 2 o °
FTALN INALALAUTILTZNALAILEIMINARBIRNUIU
Vianum 6 grsamnsassialiil 0, 20, 40, 60, 80 uAY
100 wa5Eus (1938 TSM20-100%ANANAL) e

~ o Ay s

Wranieuiugasnauand linsuanmdaiialy
WAANZAIN (TSMO) MR ALIAMNINARBIGNHANAN
APAIUAILAAIIUANTNN 1 AIELATEIHANDINNT LAY
dadandaunaEuNILALINaNe 3 HaamWAs ANt
nlleunguugil 75 eemnmaiiaaniu 24 4alug

d”o £ a o al
1ANANNRANUA MBI IMNAARIN sEA LT IR ULAY
sealasiu (isoprotenious and isolipidic diets) Ngms

87917 @IMNIUIWI 6 TANTNARRN | AL 3 41

maiususINtays

MSANHINSIATIUBI LTS LASAATUAN
ustinaniadetameassinunlfifinisinns
mmimmu‘lﬁmmﬂmummqwn 7 2 dUai Aaenns
Fadnmindanioue daminermsiidaniu uaz
Sruantaniaenasnszeziaan 10 dUandiie
AUNIANNNSRIEYELTR sznauifne
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Table 1. Composition of experimental diets (g/100 g)

Feed Graded levels of tamarind seed meal
ingredients TSMO TSM20 TSM40 TSM60 TSM80 TSM100
Fishmeal 7 7 7 7 7 7
Soybean meal 45.15 45.15 45.15 45.15 4515 4515
Corn meal 30 24 18 12 6 0
Tamarind seed meal 6 12 18 24 30
Broken rice 5 5 5
Wheat flour 5 5 5 5 5
Vitamin mix’ 0.5 0.5 0.5 0.5 0.5 0.5
Mineral mix’ 0.5 0.5 0.5 0.5 0.5 0.5
Fish oil 6.1 6.1 6.1 6.1 6.1 6.1
Lysine 0.25 0.25 0.25 0.25 0.25 0.25
Methionine 0.5 0.5 0.5 0.5 0.5 0.5
Total 100 100 100 100 100 100
Proximate composition (%)
Crude protein 30.14£0.58 30.22+0.61 30.09+0.97 29.94+0.30 29.95+0.69 30.66+0.11
Crude fat 823+0.18 845+0.18 856+024 823+0.11 861037 8361022
Fiber 240+0.07 234+0.03 223+006 265+010 2.75+£0.21 247 +£0.08
Ash 531+012 532+024 535+0.07 5.07+£0.09 523+£0.11 558 +0.14
Moisture 6.12+0.26 12.03+0.34 581+0.19 949+0.11 850x0.17 2.16+0.12

" Vitamin mixture (mg or IU/kg diet): A, 5,000 IU; D3, 1,000 IU; E, 5,000 mg; K, 2,000; B1, 2,500 mg; B2, 1,000 mg; B6, 1,000 mg;
B12, 10 mg; inositol, 1000 mg; pantothenic acid, 3,000 mg; niacin acid, 3,000 mg; C, 10,000 mg; folic acid, 300 mg; biotin, 10 mg
? Mineral mixture (g/kg feed) ; calcium phosphate, 80; calcium lactate, 100; ferrous sulphate, 1.24; potassium chloride, 0. 23;
potassium iodine, 0.23; copper sulphate, 1.2; manganese oxide, 1.2; cobalt carbonate, 0.2; zinc oxide, 1.6; Magnesium chloride,

2.16; sodium selenite, 0.10

o” o d' a' 49/ . . @ o\
UinyLNNIU (weight gain, tafigust)

& e a L & e PR o
PENIWNTE = dudndaniinas (nsw)/
Tvindanizusiu (nFu) x

Prminiinauefe s esmAediy (average daily gain,

NFNFL)

S & o R
UIUUNAIILDAE = udndan ey (nFu)/

100

F2=9a (1)

fan3n19asny AU InANwg (specific growth rate,
wesidusimnadi)
AR9IINNT

RInyIALRR NN

ARNTINITTAAFE
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NN W eZ9AN
(34) x 100

8MIINNTIRARNEY (survival rate, aFidus)

Autlaiieduganis

NAARY/
AUl HaBNAYN x 100
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o

LL'YWL!T] Qmﬂfl’mﬂ’]'}‘l mmwunmmmwimwm
Lmu’muﬂmuLwamuqmmmmum’m ] GNEI'BVL‘]JLL
A

AR

AniTadaaaqtinuinAaAnmLg (condition factor,
wefidus)

ALaeUag = ﬁﬁuﬁﬂﬂm (NFN)/ANEN
ﬁ”ﬁuﬁﬂsifammm (ANUNANLEURLNAT) x 100
ﬁﬂﬁﬁﬁﬂﬁ/ﬂﬂmﬁi@ﬁ/ﬂ%ﬁﬂﬁu (hepatosomatic index,
wafifus)

e ¥ . . ¥ e & .
prtvvEnUatsie =  dutndan (nFN)ANmingiy
TUinAY x 100

gadurvdndatseuiuidinadaaranely

(viscerosomatic index, tlasidus)

o a 09/ o 1 0” o o 0” o
prttvEnUatsie =  dauindan (nFu)anmin
Pminesedly wAsealis x 100

n1sAnuIUsEANBAINWNIS IR KNS
= % a RO
nsAnEIN M ensreslanfiawmen ld Fuanusna
waluwmdnnzantunszdusing - Aranisaiuan
ruranmiinanmmeaasilanlfluudazganig
NAaaY Aamallil
FM91NT17 AL UB M9 (feed conversion ratio,

FCR)
o o ) o a
ARINILAU = waninannUann
g o o 0 o A
RRIZAESIPTT VNUHA (ﬂ?ll)/uq‘ﬂuﬂﬂ@q‘ﬂ

'
a

NHTUAARANINARD (N5)

Use@nsninnisldanvng (feed efficiency, FE,

wesidus)

UssAvsnmnsl = Udmenswasudude x
2193 100

8m31999U928n8N1NN131E 81119 (feed efficiency

ratio, FER)
SomuenlssAvBnw = thwminideau (nFw)/
M3 kianung (feed TWsAiwmindidandn
efficiency ratio) (N5W)

1ss@ninnnaasuenvnaduile (feed
conversion efficiency, FCE, iladidus)

1lse@nanInng = PwiniNawsinmin
4 & Y
ulasanvnatlugie AU X100

nsAn®1aIAlsEnauniIANaadtlan
Wasa uwazlszAninwnisldansatmns wanns
‘wm@mﬁ%Lﬁuﬁ\af‘fuawuqmm@mmmﬂﬁzﬁmm (final
fish) 41491 2 Fasiafyie 6 Fareganimasasiie
AnmesAlsznaunnaail (AOAC, 1990) 1a9T1nilan
A Baudienumnydaieudunmesns (initial
fish) azATUIMLIEANENINNTIE A s M shReIgR s
Funnisasielili

1sz@nsn1nnsld iU s Y (protein efficiency ratio,

wafifus)
Ups@ninn = dwsindandidndu (nFu)/
A5l Tlamu PnninlUsAuidannu (nF) x

100

se@nsnannasldladu (lipid efficiency ratio,

wafifus)
Ups@ninn = dwsindanddindu (nFu)/
A3 T i laduindaniu () x

100

TlsRnnvinll 1%z TeemT (protein productive value)
spunellE =
lge el

(ushutlangaving (N3w) -
TlsRuEnAn (nFu) 1A Td 55
AARANIINAAEY (NFH)
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nnsazanlisfiu (protein retention, wefifs)
nsazanTLlsm annddusfudaa (nF3)/
ol lsAuGudu () x
100

N19ATLAMIIANBINIF 1T BNINUSIAN
ﬁunumma‘ﬁi%m?ummmm‘lunﬂﬁmm&mmm
AnAIUTBIBINNT (mm\‘rﬁ' 1) AWNHIAIUIUTUTIAN
29ITANALBIMITUWFAZTHA LaslieAnNENIA1E"TNT
fannsinliilanSiiavminifiadu 1 Alaniu (incident
cost 138 feeding cost)
99ANANYNT (total cost, LNNFIaN lanw)

91ANRIUNT = a’mﬁmqﬁumm@r}im{mﬁn
f‘fmqﬁummiﬁﬁmumhqmmmi
iwmmmiﬁim‘fwuﬁﬂﬂmﬁLﬁu‘ﬁ”u (feeding cost)

inmmmamumuﬂﬂmmmeu [17A7
m‘ma‘/muunmmwﬂmnu]/muun‘wmeu X
1,000

n1siAsIzndaya Jnrideya
Usznaufaaniaasyiiuln desdnsniwnisldansng
uaxTilsiu eAiasziAnAanuuLst s ANOVA #ae
CRD wazi ReLIfe AN LAN A8 sATLRA e S0eAE
Duncan’s multiple range test (DMRT) ‘37{ FLAUAIH
st 95 ulefifus

NANTSANE

ngAnEIN1MALNUd Al AR e
uzawtlufissusing “ A8 0, 20, 40, 60, 80 kAT 100
wosiud Weiasmaaonlulanfiaunsdisiimin
Buduednszann 4.5 nfusesa Wuszezioan 10
FUAn AnnIImAReswLIdn Tl wnmind
s a5 wazamsIniasy i uinauwnzwuang
LLuQTﬁuﬁmmméﬁmﬁuﬁmﬁﬂqmﬁw (miwﬁ' 2) lag
Uanitliemnmmaaes TSM100 fiAsenanageiigaie
227.63 + 54.19 1adidus 0.15 + 0.03 NTUFARAT UAY
168 +0.23 uasdudraduaussy lusneiilani
F5uarmsmanasganLANi A Fanafniige
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(69.84 + 21.64 \ladidus 0.04 +0.01 nFusiaFa Lay
0.04 +0.01 1ef i UM UAINANAL) WazH AN
uAnAeiuae 19Nl g1 Aty neana (P<0.05) il
Lﬂ_ﬁ‘ﬂmﬁﬂuﬁuﬂmﬁiﬁmmimumﬁmﬁf@‘luwmuﬁ
SLALFING ] Janifitadereainineninuen uas
Faitavinan st vensunudanmauiiely
e NUuNH A NLANANTUN9RDA (P>0.05) @1
Fathinminseaaznnelunudnlai i suemns
TSM100 Ansinfigauaslsiuansineiu TSM8O (7.07 +
1.7 w8z 7.73 + 1.1 weafidus) 8m31n1998aR18284
U lE e suanmd sl alunzanu gl
ANLUANFNATLERR (P>0.05) fati Adlifluasanis
EESIGI (miwﬁl 2)
szAnsnnnnslianmnsaastlanfiaunsh
e anauie A ANL IR ANNTMAGES 10
flansinudnani 1 suenns TSMe0 ulasifudinng
ﬁummimﬁm (18.28 £ 0.51 NFUADFQ) LALH
wunTiuanasi TSMBO uaz 100 fANwnAY 17.77 +
1.59 WA 17.46 + 1.68 NFUFARAIANATAL (mfmﬁi 3)
Fmanislasuevaiuiierealandiliuems
TSM100 e usisnsnisuasawnsiwieni
fignia 1.50 £ 0.24 desziuresilelumdanuzaa
anaeinaRedmsn L Asuanalui e A Ld
Tneitlanfi 1 Fuanving TSMO flFngefign 3.66 + 1.06
(mimﬁi 3) Tneflun fundususlsyansnmnnsl
1117 8ms2evlse@nininnisldenns uay
1sz@nEnmnnanlaguensdile Tneaani sy
819119 TSM100 wafifiusii Angegqn (46.32 +9.90,
0.45 +0.00 WAZ 2.53 + 0.54 AMNAIAL) LATH AN
unnsiuat 19l dad 1Ay n1ead AT uganILA N
(P<0.05) Usz@nsnmnis diasanunsaestaniiauna
Adsadaaiialumdnuzautly nudianilizy
awnsgLiieluE anzany TSM100 HilstAvanm
5150570 st TlsRuisin % s Tomd uaznns
Lﬁu"?ﬂm‘ﬂﬂ?ﬁuz\;mdﬂﬂqﬂﬁqmm?wmmﬁlu°] (6.10 £
0.08,22.53 +£0.28,53.57 +0.06 waz 28.78 + 0.02
ANATAL) LAzl AnuuAnsNaiueselladn Aty
ﬂmﬁ"l,ﬁv”ﬁummiqmamququ (P<0.05)
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Table 2. Growth parameters of red tilapia fed diet containing graded levels of tamarind seed meal’

Growth Graded levels of tamarind seed meal (%)
parameters TSMO TSM20 TSMA40 TSM60 TSM80 TSM100
Initial weight 4.55+0.05 4.55+0.05 457+0.03  4.53+0.06 4.53+0.03 4.57+006
Final weight 7.73+1.01%  10.09+1.99°  10.72+1.02°  10.64+0.62° 12.55+1.28°° 14.94+2.28°
Weight gain 69.84+21.647 122.14+46.22° 134.8142.4°  134.73+11.87° 176.53+27.62° 227.63+54.19°

Average daily gain  0.04+0.01° 0.08+0.03°  0.09+0.01”  0.09+0.01°°  0.11+0.02°*  0.15+0.03°

Specific growth rate  0.04+0.01° 1.12+0.29" 1.21+0.14°  1.2240.07°°  1.45+0.15  1.68+0.23°
Condition factor 2.31+0.33 2.44%0.59 2.110.25 1.84+0.43 2.51+0.58 2.13+0.03
Hepatosomatic index 0.72+0.3 0.79+0.2 0.74+0.3 0.77+0.1 0.82+0.2 0.72+0.1
Viscerosomatic index  8.95+0.8" 8.95+0.9° 8.98+0.7° 8.91+1.8° 7.73+1.1% 7.07+1.7°
Survival rate 90+13.23  83.33+7.64  98.33+2.86 954500  98.33+2.89  93.33+11.55

' Values are means * S.D. of three replicates and values within the same row with different letters are significant difference
(P<0.05, n=3)

Table 3. Feed and nutrients utilization of red tilapia fed varying levels of tamarind seed meal’

Graded levels of tamarind seed meal (%)

Feed utilization
TSMO TSM20 TSM40 TSM60 TSM80 TSM100

bc bc

Total feed intake 12.28+1.65° 17.09+0.52 15.6321.53° 18.28+0.51 17.77£1.59%°  17.4621.68°

Feed conversion ratio  3.66+1.06° 2.7340.65 2.51£0.15" 2.86+0.33" 2.23+0.49% 1.59+0.24°
Feed efficiency 29.32+10.18°  38.22+1.00°  39.8742.47" 3527411  46.32:+9.90°  63.60%8.77°
Feed efficiency ratic  0.21£0.01° 0.274¢0.01®  0.39:0.00°  0.32:0.00°  0.45:0.00°  0.58+0.00°

Feed conversion efficiency  1.56+0.54" 2.17+0.57% 2.1120.13% 1.94+0.23% 2.53+0.54" 3.25+0.45°

Nutrient utilization

Protein efficiency ratio  1.52+0.03° 258+0.07"°  3.90:0.03°  3.71x0.02°  5.08:0.04°  6.10+0.08°

bc

Lipid efficiency ratio  5.67+0.12° 9.35+0.24" 13.98+0.12"  13.56+0.07 18.10£0.15°  22.53+0.28"
Protein productive value  33.21+0.09°  47.49+0.12°  45.83:0.05°  49.53:0.11°  49.75:0.08°  53.57+0.06"

Protein retention 17.65£0.05°  25.32+0.15°  24.48+0.11°  25.98:0.09°  26.60:0.07°  28.78+0.02°

' Values are means + S.D. of three replicates and values within the same row with different letters are significant difference

(P<0.05, n=3)
$ANaNET naN Faelle lu Az 1ﬁ§ummi@mmuQuﬁmmmmiﬁi@ﬁmﬁﬂﬂm
FTALFNG 7] wudn T manaiiessiuiiialy Lﬁ'ufu 1 ﬁ‘lﬁ@ﬁumﬁ'm nAe 87.85 UmAemrnLan
WAPLLINR NI AN ANATANTLAY 16.02 Lnsie s 1 Alansy Lmvmmm‘l‘umm TSM100 ilafidus
Alaniulueyng TSM100 wlefidusf D4 18.72 s H31An 27.70 ymdetinminyafniu 1 Alansuy
Alanfuluamns TSMO wWeafidus s1A1811196 0 ([51’]?’]\‘1'1/] 4)

e A a & Lo o oA o A
UINUNN LWN‘IluWUQ'\NLLuQIuN@ﬁ@\T [AEanY Uanh
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Table 4. Economic analysis of red tilapia fed varying levels of tamarind seed

Feeding cost

Experimental diets

Total cost (Baht/kg diet)

Feeding cost (Baht/kg fish gain)

TSMO
TSM20
TSM40
TSM60
TSM80
TSM100

18.72 87.85
18.18 65.58
17.64 45.30
171 53.15
16.56 37.75
16.02 27.70

1504

wannzaduingaunaasldann
qmmumsummﬂigﬂmmuLﬁﬂmiﬁﬁLLaxmizd\‘i'a@ﬂ
ImﬂLfaquiumm‘“\mfmwmmiﬂiﬁﬁmam’]”ﬂ@ﬂLL@”
mmﬂiiﬂuﬁ?mmmmnmmmmﬂivmm Inedmg AL
W@@mimummmaﬁmmimu AINANATYABNT
mimmu‘ﬁmammm TrnAURT AN NgNIBING
1iln vi3a legumes daulvniwudnlesdlsznauuas
Al laman il anunsouin 1% Ues Tanelld (non-
digestible carbohydrate) 1 L3 flunuaAunu
(arabinogalactan) @ 51 lnlaa (stachyose) TAsd
(sucrose) kazs WA Iua (raffinose) (Achi, 2005) Tagl
WL LUMAN RN T BRI AT AR e AL A
229N19AUeY1s e lifiina1nnsfiesdn we wazan
T IUMAALEWNT Hananfeatlssnatdaeans
#1ulngunnig (anti-nutritional factors) au y an ey
41114 (saponin) N3UTUEUEDIRSS (trypsin inhibitor)
La=uNLHL (tannin) Ao lHARANLRENAMNIANAS
duinlilgnisasnyiulnanas adnslsimumuiniia
Srgpvldtunszuaumslfianafeudu nnadiu /9
Wiautinfazau1saanasinulnauinisasld
(Romarheim et al., 2005; Boonyaratpalin et al., 1998)

nsfnenesdleneureaativeaiiolunde
Wz lunmeaesaial nuddesdsnetmes

TsRung 16.18 wasidus wazlasiu 9.48 wasidus

UBANAINDRARINNITILATILITBIALTENDLABINTA
aviluganudile lumaanzanugalaemlsznasues
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nanazdlunnaialulEuiunuinndnlumdnsaly
Fqtnm wardnaTwandn (13197 5) ANN1INAAR
' a = a a a - =
nudnsnezi ulatu wazasdulesdlsznaui
1,093 Uay 1,184 Raan5uFAa 100 NFUANANALTIN
1NNIE AT IaeeTiADa 22-28 Uaz 10-131 Win
o o a oA Ao A
ANaay nenesiulatudalunsaesi luidy
HadninN&ATYaALFiU | 198 first limiting essential
amino acid 189N13WARaNMNIERTUN Tneenizanng
A - o a A o LAy
niasflsznavvesinnaung usealiga wudnilatdu
1 (Hauler and Carter, 2001; NRC, 2011) ilananans
LUIANNAAUDY ideal protein concept WLIANTLA L
909 1a8uaN1130 W INBN1 IR UNLANNARINIINIABE
Hludnduatingu o 1Hlulan sedvladunmunzas
aNInaANIsnAlnreneendindulensnesity
P A % a o =
1iindu ) sen1slinsnesziluanduinenns
AUATIZT UAZLHNHANTYLANTY (Adesola et al., 2017;
Kerr and Easter 1995) RN N@[?l’aﬂi‘w@ﬂﬁﬂ’w\m’]ﬂm
a3 BTN Srsnsiasueauile
magzanlulanaulufaaiinau udsssuanslasiu
lusadananas (Furuya et al., 2012; Marcouli et al.,
2006) daunsnazdTuaadunudndianszfu mTOR
pathway A usinflunszuaunisdanszflylsmulu
FuLaznaNde ludansulud mensf N8 4E-BP family
(Anand and Gruppuso, 2006), S6K1 (Miao et al.,
2017) uaz elF4E (Anthony et al., 2000) HlungNEua
11l 14 transcription factors 489 mTOR Lansard et al.
(2011) wuansnesi asTuanusaneanadanlaly
Tanaahlsfiuaiin S6 uiininszéu target of
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Table 5. Proximate composition and amino acid content of tamarind seed meal

Proximate Cornposition1

Essential amino acids (mg/100g)

Non-essential amino acids (mg/100g)

Percent Tamarind ~ Corn?>  Ogi meal® Tamarind ~ Corn®>  Ogi meal®
Crude protein 16.18 £ 0.96  Lysine 1,093 37.9 47.97  Aspartic acid 1,516 70.7 77.37
Crude lipid 9.48+0.33  Valine 432 51.6 57.63  Glycine 821 M7 39.80
Moisture 1.47+£0.32 Leucine 1,184 113 8.72  Alanine 905 79.2 36.38
Ash 1.47+0.32  Isoleucine 692 36.3 22.32  Proline 801 99.4 93.25
Fiber 1.47 +£0.16  Threonine 501 39.5 24.93  Tyrosine 550 ND 38.52
Phenylalanine 705 81.1 46.40  Serine 814 44.6 33.75
Arginine 675 79.4 31.88  Glutamic acid 2,303 79.2 138.08
Histidine 386 38.1 14.59  Cysteine 481 ND 10.64

Methionine 189 34.7 7.10

Tryptophan 130 15.8 3.20

"Values are means + S.D. of three replicates

“whole kernel of corn which determined by Naves et al. (2011)

3Ogi is fermented powder producing from corn meal (Makanjoula and Moses, 2011)

ND is not determined

rapamycin (TOR) pathway lusuaastdatiesuiod
W97 uazluFAusauaastanAiw alua (Zou et al.,
2018) YANAN TN NAIT R s A 1.74 WaFifus
HnasiansnIzsunIsuanseanyedin TOR lusulan
blunt snout bream (Ren et al., 2015)

A AN el A an s utl Ul sy
AN s T nasinlfarfiausednisioy Fula
Wadusadiulianitmingafing dwindiiadu
dminfifusiedu fé“mmﬂ'wm??ty@u‘llmﬁ’nwwﬁ{ﬁ
izﬁuﬁ'@;q (mm\a‘ﬁ 2) wazlsz@nininwnisldanung
Usenaufag dsz@nsninnisldennis emsn
1s=Avian N lHanuns uazilaz@vianwnnalaen
anaifluile (ﬁ]’?i"]\‘i'ﬁl 3) WAL AN WANFANATLRENY
TdadnAtynneadi (P<0.05) ﬁ/‘]_lﬂﬂ’lﬁvlﬁ%‘/‘i_l'ﬂﬂﬂ’]ﬁ‘@‘m‘
AILAN P R R T T IO T PN O
wianzauludnasenisadoydvlaigaiuedied
HadATyNana vamiiesanesdisznanaense
fa:ﬁ‘ﬁu‘?ﬁwLﬂu‘lul,’f':ﬂ‘l,w,uﬁmmmﬂmzﬁuﬁqa uay
anunsomauauassaneAL el liaungld
wWuaen9m Inen1sAnenae9 Bashir and Suleiman
(2018) WLINE ANZI LT HAUN TEIAUNI9ETA
gnsonaununsEnndauiaedlife 75 wesifus
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agnalsfimnnudnlidennfasiun1sAne1a99
WINAT WATATLY (2560) NNIN1TANHINIFIELHE R
nzandluevnslanfiadeaeunuivineas 0.6 niu
fasa INERIITHANAIUNAANTIINATLALA 7]
dsznaudneseay 5, 10 way 15 wWasdus naainnig
NAABINLINUAIRAA1H190 M A AN AN INANT
Wity ulnlageaniies 5 wafidusd wanainiidy

\ I A o a A % @ A
WU UNAAN IR T AN H A AN LdNH
aaRtsznavaaiEials (Ochowu et al., 2014) WAZLNY
a o dl =S dy U [~ d‘ 1
Huluszaunga Inantsdnsilldwanuzaaunedig
N3xUNLNNT AN UN AN TDT Rt A AR N W
YRAUNUTRUAAR LA (WN], 2557)

G

AnsRnEnT I idelum anvanadiszdy
AN ] AU 6 TzAULTTNALAY 0, 20, 40, 60, 80
uaz 100 wedidus luauisdanilaunatluseazinan
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Abstract: The purpose of this research is to study: 1) conditions of agricultural extension officers under agency
welfare support; 2) factors affecting the level of satisfaction of agricultural extension officers regarding agency
welfare support; 3) issues, obstacles and limitations of agency welfare support for agricultural extension officers.
The sample consists of 238 agricultural extension officers from 8 provinces in the upper north of Thailand,
including Chiang Mai, Chiang Rai, Lamphun, Lampang, Phrae, Nan, Phayao, and Mae Hong Son. Most
agricultural extension officers have knowledge in mind about fringe benefits of agricultural extension officers. In
the right to disburse medical expenses as well from the research results found that 95.38 percent of the
agricultural extension officers have knowledge about the right to disburse medical expenses. Fringe benefits
eligibility for disbursement of medical expenses is the basic of fringe benefits that all officers set up. But there
are also agricultural extension officers representing 5.56 percent who are unsure of receiving various benefits
from the officer. Data analysis is conducted using STATA statistical software and probit models. Regarding the
level of satisfaction of agricultural extension officers with respect to officers fringe benefits support, it was found
that those who participated in credit quality improvement projects for civil servants with the Government Savings
Bank were overall more satisfied with the welfare support they received, at 18.03%, than those indebted to the
Department of Agricultural Extension Savings and Credit Cooperative, while the level of satisfaction regarding
agency welfare support of agricultural extension officers specializing in food science and technology was
27.46% higher than that of agricultural extension officers specializing in other fields. Regarding issues,
obstacles and limitations of agency welfare support for agricultural extension officers, it was found that budget
support for projects provided insufficient allowances for agricultural extension officers, hindering their
performance. Suggestions made by agricultural extension officers included increasing budgets in order to
support wider areas, and increasing the number of available transport vehicles in order to facilitate more
seamless and efficient operations.

Keywords: Factor, satisfaction, benefit, agricultural extension officers, upper north of Thailand
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Table 1. Receiving on fringe benefits of agricultural extension officers

Receiving on fringe benefits

Fringe benefits Receiving Non-receiving Uncertain
(Percent) (Percent) (Percent)
1. General medical expenses 95.38 2.521 2.101
2. Travel allowance 92.02 5.882 2.101
3. Medical fee eligibility in-patient cases in the
government hospital 89.08 4202 6723
4. Annual health examination 82.77 6.303 10.50
5. Fringe benefits of child education 78.57 9.664 11.76

Table 2. Knowledge in fringe benefits received of agricultural extension officers

Knowledge in fringe benefits (Percent)
Knowledgeable 58.30
Unknowledgeable 5.56
Uncertain 36.14
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Table 3. Probit model estimation of the satisfaction of agricultural extension officers on the fringe benefits

Independent variables

Maximum likelihood estimates

Coefficient ~ Standard error P>Z
Female -0.216 0.201 0.282
Age -0.003 0.011 0.784
Education bachelor degree -0.411 0.571 0.472
Education master degree -0.378 0.586 0.518
Agricultural extension specialist -4.530 213.645 0.983
Agricultural extension agent -4.315 213.646 0.984
Agricultural extension officer -4.533 231.645 0.983
Part time job as sale -0.146 0.377 0.698
Part time job as other service -0.526 0.487 0.281
Part time job as farm owner -0.627 0.385 0.104
Part time job as business owner or lecturer -0.100 0.384 0.793
Income per month less than 15,000 Baht 0.029 0.879 0.973
Income per month between 15,000 - 20,000 Baht -0.654 0.419 0.118
Income per month between 20,000 - 25,000 Baht -0.155 0.310 0.617
Income per month between 25,001 - 30,000 Baht -0.010 0.468 0.982
Have to pay monthly liability bill -0.380 0.334 0.256
Siam Commercial Bank 0.233 0.732 0.751
Kasikorn Bank -0.297 0.545 0.585
Krungthai Bank 0.347 0.232 0.135
Department of Agricultural Extension Savings and -0.407 0.444 0.359
Credit Cooperative
Government Housing Bank -0.190 0.254 0.841
Government Savings Bank 0.530 0.312 0.090*
Specialization in agronomy, horticulture and plant pathology 0.675 0.319 0.034**
Specialization in soil science and conservation 0.920 0.734 0.210
Specialization in food science and technology 0.942 0.519 0.070*
Specialization in animal, aquatic sciences and entomology 0.170 0.484 0.725
Specialization in agricultural extension 0.172 0.320 0.591
Specialization in agricultural economics and management -0.530 0.781 0.497

Remarks: * Significant at 0.05
** Significant at 0.01
Log Likelihood Function -138.614

338


http://mis.agri.cmu.ac.th/department/dep_detail2.asp?Major_Code=0806

{faqaNiinanannuianalalugigann151aa I NN N4 T NNNTINHAT

Tumawtianauuuaasilszindlng

Table 4. The results of marginal effect from probability analysis (Probit)

Independent variables

Maximum likelihood estimates

Coefficient  Standard error P>Z
Bank debt of Government Savings Bank 0.180 0.198 0.090*
Specialization in agronomy, horticulture and plant pathology 0.246 0.319 0.034**
Specialized in food science and technology 0.274 0.519 0.070*

Remarks: * Significant at 0.05

** Significant at 0.01
Log Likelihood Function -138.614
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