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Abstract

B-glucan belongs to bioactive polysaccharides found in a variety of mushrooms including Hed Taen Rad
(Macrocybe crassa). -glucan contents in mushrooms depend on a number of factors such as mushroom strains
and cultivation substrate compositions. This research aimed to study factors influencing mycelial growth, yield,
quality and B-glucan content of 5 M. crassa strains (DOA, DOA-1, DOA-4, DOA-7 and DOA-10). Factors influencing
mycelial growth of M. crassa strains to be tested were types of media (Corn meal agar, Coconut water agar,
Glucose peptone agar, V8 juice agar, Malt extract agar and Potato dextrose agar), pH of media (4, 5, 6, 7, 8, 9 and
10) and temperatures for mycelial growth (15, 20, 25, 30, 35 and 40°C). The results revealed that the optimal
conditions for mycelial growth of all M. crassa strains used in this study were cultivation on Malt extract agar at
pH in the range of 5-10 and at temperatures in the range of 20-30°C. Factors influencing yield, quality and f3-glucan
content of M. crassa strains to be tested were 7 cultivation substrate formulas for mushroom cultivation in
mushroom house condition. Mushrooms cultivated with different cultivation substrates were analyzed for their
yields, quality of fruiting bodies, nutritional values and (3-glucan contents. The results demonstrated that cultivation
of M. crassa strain DOA-10 with cultivation substrate formula 7 (old sawdust mixed with corn seed powder) resulted
in the maximum yield of mushroom and the highest quality of fruiting body with the highest cap diameter and
stalk length. On the other hand, cultivation of M. crassa strain DOA-1 with cultivation substrate formula 2 (standard
formula for commercial mushroom cultivation) resulted in the maximum contents of B-glucan and some major
minerals (phosphorus, potassium and calcium). The information obtained from this study is useful for further

development of the commercial production of M. crassa in the future.

Keywords: Macrocybe crassa, (3-glucan, Cultivation substrate, Mycelial growth
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Table 1 Compositions of different cultivation substrate formulas used in this study

Compositions (kg)

Cultivation substrate formulas

T1 T2 T3 T4 T5 T6 T7
Sawdust (Para rubber wood) - 100 100 95 25 - -
Straw 100 - - 5 - - -
Old sawdust (Para rubber wood) - - - - - 100 100
Corn powder (Cob and seed) - - - - 75 - -
Cow manure 25 - - - - - -
Rice bran 3 3 5 5 3 3 3
Calcium carbonate 1 1 1 1 1 1 1
Gypsum 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Corn seed powder - - - - 0.5 - 0.5
Pumice sulfate - - - - - 3 -
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Figure 1 Mycelial morphology of five M. crassa strains cultivated on PDA at room temperature for 10 days
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Sornprasert et al. [11] Wuliinfuusaluan1izs5suvIf
muvinalaudusaiuseulaudulnsndluldnvivou
A 2 o " a PV} | a A | o

Welnumegsiuuina pH wuldudal pH Wiy 6.4
pgelsAimunisasyreadulovuemisazidnuusuas
ANNEEnsalunsas ey Fuedivdadenateadia

wenwiloluainen pH vililuuiasadfinaneiugifeiu

v

919193y lAANIA1 pH A9 LU Kushwaha and Mishra
[21] L‘Wﬂzl,gﬂﬂl,ﬁﬂ Massee (Macrocybe gigantea) w39
Giant mushroom Ingusuanmglvislan pH iy 8-8.5
Tuvauedl Devi and Sumbali [22] ingidsainansiug

\Wienfiu Ae M. gigantea wiuSuan pH vasiannglvied

Turg 6-7

Figure 2 Mycelial morphology of M. crassa strain DOA-10 cultivated on different media with pH ranging from

4 to 10 at room temperature for 10 days; CMA (A.), CWA (B.), GPA (C.), V8 (D.) and PDA (E.)

Figure 3 Mycelial morphology of five M. crassa strains cultivated on MEA with pH ranging from 4 to 10
at room temperature for 10 days; DOA-1 (A.), DOA-4 (B.), DOA-7 (C.), DOA-10 (D.) and DOA (E.)
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Table 2 Mycelial growth of five M. crassa strains on different media (pH 4-10) at room temperature for 10 days

Colony diameters (cm)

Media pH
DOA-1 DOA-4 DOA-7 DOA-10 DOA
4 5.043+0.021" 4.346+0.021° 4.736+0.012° 4.530+0.016"  4.016+0.009
5 7.156+0.012 5.976+0.005° 7.440+0.016° 7.406+0.029 6.340+0.016"
Corn meal agar 6 7.646+0.025° 5.280+0.008" 7.350+0.014" 7.280+0.022°  6.603+0.021"
(CMA) 7 8.043+0.054" 4.836+0.012" 6.610+0.008™ 7.853+0.009°  5.516+0.017"
8 6.740+0.014" 4.640+0.014" 5.840+0.024" 7.213+0.012°  4.783+0.025
9 5.836+0.009" 4.176+0.012° 2.346+0.021° 5.910+0.008°  4.150+0.008"
10 5.480+0.016" 3.176+0.005° 1.613+0.004° 2.670+0.008"  4.206+0.009”
4 3.153+0.017* 2.886+0.005° 3.740+0.014 3.086+0.021”  2.870+0.008"
5 4.846+0.009" 4.876+0.012" 6.833+0.005' 6.780+0.022"  5.313+0.012"
Coconut water agar 6 5.866+0.019" 5.543+0.012° 7.096+0.009" 7.063+0.021™  5.733+0.005°
(CWA) 7 6.723+0.017" 5.260+0.016' 6.950+0.014' 7.276+0.005" 6.463+0.005
8 6.533+0.025" 5.260+0.036" 6.350+0.014° 7.286+0.006°  7.206+0.009°
9 5.910+0.014° 5.363+0.019° 6.243+0.012° 7.220+0.022" 6.153+0.012"™
10 5.360+0.008" 4.976+0.019" 6.226+0.005" 7.196+0.009" 6.593+0.005"
4 4.476+0.012" 4.543+0.009 5.040+0.014* 0.000+0.000°  4.953+0.011"
5 5.920+0.014° 5.146+0.021° 5.916+0.017° 3.513+0.005°  4.813+0.005"
Glucose peptone agar 6 5.076+0.012" 5.263+0.038" 5.443+0.021" 3.870+0.022" 4.696+0.009”
(GPA) 7 4.823+0.026" 3.943+0.025° 5.710+0.008" 5.913+0.005°  5.666+0.009°
8 4.613+0.005" 6.530+0.000' 6.150+0.022" 6.160+0.024°  5.408+0.008°
9 4.356+0.005 6.030+0.014" 6.193+0.012° 7.583+0.009"  5.420+0.008"
10 3.923+0.017° 4.743+0.025" 6.436+0.009" 5.213+0.005°  5.290+0.016"
4 8.500+0.008° 7.133+0.024° 6.696+0.009" 8.060+0.008°  5.480+0.008°
5 8.500+0.005° 7.006+0.005" 7.710+0.008° 8.170+0.014°  5.603+0.0057
V8 juice agar 6 7.686+0.045' 7.366+0.019° 8.070+0.014° 7.970+0.014°  6.563+0.012
(v8) 7 7.973+0.031° 6.636+0.033" 7.336+0.012' 7.413+0.012 6.313+0.005"
8 7.756+0.040° 6.316+0.024" 7.510+0.014¢ 7.676+0.012¢  6.063+0.002"
9 7.823+0.019¢ 6.773+0.009 7.276+0.012¢ 7.336+0.005 5.6000.008"
10 7.476+0.019" 6.500+0.014' 6.643+0.009' 7.393+0.005 5.386+0.012"
4 4.963+0.005" 3.783+0.009 4.913+0.017 4.880+0.029'  2.630+0.008"
5 8.496+0.012° 6.143+0.025™ 8.046+0.033" 5.753+0.0219  6.750+0.016¢
Malt extract agar 6 8.5000.008° 6.270+0.008' 8.5000.008° 5.930+0.016°  7.453+0.012°
(MEA) 7 8.503+0.012° 6.376+0.012 8.503+0.006 6.183£0.009°  6.853+0.017"
8 8.496+0.012° 7.780+0.014° 8.500+0.016° 8.503+0.005°  7.683+0.005°
9 8.500+0.008° 7.686+0.021° 8.500+0.008° 8.503+0.012°  6.870+0.022
10 8.496+0.012° 7.290+0.022° 8.503+0.005° 8.503+0.005°  8.296+0.009°
4 5.146+0.009° 3.473+0.009° 3.233+0.012° 3.253+0.012°  3.956+0.003
5 2.586+0.012° 6.506+0.005' 4.120+0.014 3.376+0.012°  6.063+0.008"
Potato dextrose agar 6 2.410+0.014* 6.740+0.014° 5.413+0.005" 4.313+0.012" 6.160+0.016™
(PDA) 7 6.513+0.012" 6.390+0.016' 6.820+0.022 5.480+0.008"  6.606+0.009"
8 6.813+0.019" 6.310+0.014 6.666+0.019" 7.316+0.005 6.750+0.014°
9 6.613+0.012™ 7.040+0.029" 8.500+0.005° 8.353+0.012°  7.213+0.012°
10 6.970+0.008 6.636+0.026" 8.500+0.005° 8.353+0.005°  7.016+0.003°
Ftest . . . . .
%CV 1371 1.396 1.268 1.276 1.249

Note: ** and different superscript letters in a column indicate significant difference at the significance level of 0.05.
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3.3. navasgamgisonsiigyuasduladinfiunse
ns@nwnavesganginensasyuesduleia
Funsavilagiudulodinfuusn 5 arefugundssy
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35 uay 40 psriadea Mntutuiinsuautuiidule
voufaadyaufuaiue nisidsnie (Mycelium

colonization period) 9MNASANBINUINAARULTAYTS 5

a

Tl 2 iWeungunAu-d9au 2566

aneniug wiylaludeungll 20-30 esrigalded way
Wigladfianfigungd 25 esmugadea lneiduledin
g DOA-10 1wigpinatuemnsnislu 9 fu luvae
ngaumgiien (15 sarwadea) wWuledinfuusaiia 5
o s v ! Y a @
a1efug Mnaiwinndt 90 Julunisiasyauauaiu
9IMs\deYe wavlinsylleunaamgl 35 wag 40

peFlwalgud (Table 3)

Table 3 Mycelium colonization periods of five M. crassa strains on MEA at different temperatures

Mycelium colonization periods (days)

M. crassa strains

15°C 20°C 25°C 30°C 35°C 40°C
DOA >90 30 12 18 - -
DOA-1 >90 20 10 15 - -
DOA-4 >90 38 11 12 - -
DOA-7 >90 35 13 15 - -
DOA-10 >90 30 9 10 - -

Note: - = no mycelial growth

3.4. nan1sAn ANz iunzaudaUsuIm
HANAALAZAMATNVDINBNTARALLIA

ANNIsANIvAveITaANIEAONANARLAY
AuAmTBNiafuLsa 5 a1eug Tasimgiiniuusn
Tufaqumizita 7 gus Wodulowiaiutou thfewde
windnedlsadeulanen duleldszeziian 15 Tulu
n1sWauILazsua¥ieguaen (Primordium stage)
nduldsreznadn 25 u Weliduaenitaununen

< . < a a Y
3749 (Flgure 4) LLﬁ%ﬂ’]ll']iﬂLﬂULﬂEl’JNaNaGﬂ‘lﬂ 10N1T

o a 1Y

NaapInuIIannzNa1i Ul US U Nanan NAnaniy

q

o a

ag19ilTudAnI9@dA (Table 4) WiawSauisuuSunm

o

H &
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% v ! v a < =i
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(T6) LHufouidefiaimaufuglusi (Pumice) Fadu
ownsasuveiin daviudnvosnonifinaniafy

150.75+16.74 - 219.41+24.40 n3usiogs iviulainfou
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LﬁusLEJLﬂﬂLLGUQLLiﬂﬂWlI’lSﬂL‘WﬁJ’ﬂWu’JulG]E)EJ’Ni’]ﬂLS? [26]
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wananlun1sfnwiddaldviuuimaiioandununis
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q

v
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Fradutanmizndn (T1) Tumsnzidiafiuisn wudiss
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Sa o :

Wedrndutaniiddnvuzdesaatsine 51901m1s
vsegnegluguiiinfuusniluldlfen Ssaasdesi
nsninuielisneimsmaniuegluguiidiaaiunse
llgldde [27]
MnuanImaaesisiuTagmzanfoutidos
iifimdeainnsinnziin (T6, T7) WuSuaundnaLia
funsngeiiqn sesasundugnsunsguiiiuiidos
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Dussddsznoundn Wuemsiinveudes saudadius
suan wu lulnsiau (Nitrogen) weoanasa (Phosphorus)
warlnunaiden (Potassium) fidnadunisiasgveaduly
e [28], [29] wenanidawuiraeiiusveadiailudn
wilsiladeiinadoUsuunandnvauinfunse sauds
A myesneniin Tnelfinfuusnaiswus DOA-10 e
wzseTaguizgasi 7 slduSinananangeiian
Winffu 237.78+22.00 n3usens uaznoniindinauniniian
TAefiAUATNUNINADA LAZAILEIIAIUADA LAY

117.10£1.45 wag 37.20+1.63 JadLUAT AI1UEIAU

a

(Table 4) @pnmdpeiuanuIdevae Laead-on [30]
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Figure 4 Fruiting bodies of M. crassa on day 20 (A.) and day 30 (B.)
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Table 4 Fresh weighs and quality of fruiting bodies of five M. crassa strains cultivated on different substrate formulas

Fresh weighs

Cap diameters

Stalk diameters

Stalk lengths

Formulas Strains
(s/bag) (mm) (mm) (mm)
T1 DOA 72.98+14.33! 62.50+2,17Kmne 91.10+2.12% 23.60+1.67°%
DOA-1 104.92+11.45™ 63.80+2.88Kmne 97.00+1.91" 25.24+1.27%"%
DOA-4 81.88+7.74k' 59.50+3.21"°P 83.27+2.54'" 20.21+1.42Km
DOA-7 151.29+12.96°%" 62.60:+2.84Kmno 92.502.02"k 25.61+1.97<R
DOA-10 119.59+10.23"* 67.20+1.74% 122.43+2.05¢ 24.80+1.419fN
T2 DOA 189.19+25,15° 66.00+1.85H™m 114.18+2.42% 28.09+0.74cd
DOA-1 124.72:+20.48%k 66.54+2.44" 121.19+1.50° 27.15+0.29<%
DOA-4 211.54+24.90° 58.50+3.40°P 84.52+2.47™ 20.00+0.27Km
DOA-7 214.70+12.28% 68.50+1.63" 127.48+2.22° 26.30+1.80°%¢®
DOA-10 215.84+20.79°® 67.81+2.85" 135.40+2.65° 27.50+0.99<
T3 DOA 168.37+24.31°f 65.30+3,720Kmn 105.50+3.33 24.79+2.13%fn
DOA-1 203.28+20.7920< 64.20+4.26K ™ 107.50+2.92° 25.10+1.05%
DOA-4 180.25+24.65°<cf 58.50+4.34°P 87.31+1.62K™ 21.45+1.69"k
DOA-7 197.22+23.70%cde 68.51+2.04" 117.40+2.45< 24.89+0.739f"
DOA-10 205.15+19.86% 73.34+2,921 136.70+2.45° 27.08+1.69°%
T4 DOA 115.95+21.21MK 83.30+1.63¢ 70.60+1.93°P 23.32+1.17%
DOA-1 122.55+17.08%k 67.72+1.75" 71.56+1.42MP 17.71£1.62'™
DOA-4 133.33+16.33% 79.00+3.41¢ 102.22+2.918 20.42+1.27™
DOA-7 134.50+£24.49% 76.50+2.25" 82.19£2.21™ 16.22+1.10"
DOA-10 152.54+23,19¢°0N 71.31+1.38%" 69.05+2.51p 13.07+1.45°
T5 DOA 114.09+16.33™ 61.40+2.40Kmnop 75.70+2.51™ 17.1241.61™
DOA-1 113.75+12.83" 55.80+1.66P 68.30+3.27° 19.2242.29Km
DOA-4 95.49+20.85M 57.91+3.03° 69.30+3.17° 17.11+2.44™
DOA-7 138.75+14.697 60.11+2.16™"P 73.60+1.98™P 17.90+1.631™
DOA-10 139.20+16.33 60.60+1.63m°P 73.71+1.90™P 20.11+0.674™
T6 DOA 180.63+25.26°d 93.09+3.37° 76.05+3.79" 21.26+2.52™
DOA-1 150.75+16.74°0N 78.30+1.45¢ 88.31+2.02M 29.21+1.65
DOA-4 192.95+14.90<de 89.50+3.37°¢ 93.11+2.10M 18.51+2.144™
DOA-7 219.41+24.40%° 85.00+2.77< 84.30+1.58'™ 19.30+1.41Km
DOA-10 206.92+22.86%<¢ 94.30+2.45° 117.80+2.50< 18.61+0.81™
T7 DOA 185.33+24,20Pdef 66.03+3.60™ 109.20+4.08¢ 31.69+1.81°
DOA-1 223.51+24.83%° 58.92+2.29°F 109.79+1.73¢ 28.23+1.60<
DOA-4 197.85+25,723bcde 58.10+1.36°° 94.53+3,08" 23.41+0.721M
DOA-7 221.86+16.41%° 61.40+2.03Kmnop 107.91+4.15 37.1242.16°
DOA-10 237.78+22.00° 117.10£1.45° 130.12+1.33° 37.20+1.63°
F_test o . o .
%CV 14.77 4.62 3.04 8.15

Note: ** and different superscript letters in a column indicate significant difference at the significance level of 0.05.
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M zivinadi-nguauluiiafiuwse
wudiariavesiagmy uarareiugveuindiady
UadudrdysiensndnansUin-nguau lnaiinfiuusnans
#ug DOA-1 Aldannismzlugnsil 2 (@asuiasg) 1
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4520 uay 45.87 fadnsusonduvesiminifiauis 99
saaniinunaiihiinunsaisansiin-nquaugeanide
wglutaniivsznausetidesnautunidn (50:50)
sosasufognsiildlidosdutanuan (18] nanis

a ¢

Awsgivinnadi-nguauludiafuusaiildannisiing

JaannandnuauITevea Bach et al. [33] 51891031
USunavesansdim-nguauuansnsiulumuangiiug Jag
. L4 =3 v &
Wiz (C:N ratio) uazAUANYsalvenenia wandlvii
NUsuuasEAgnIoesnlsznaunaaiiussda il
wUsiumuUSuunandnnananauell agelsAnnu
Usunaansdi-nguauinuluiiafiuwsaiiudunagends
Winnsmiheluriomainvatevila LU HAWIITUNADS
Wininza Winved wazinnes nefiusinawiniuievay
33.42+0.24, 30.53+0.26, 26.68+1.01 hay 10.94+1.33
ANaeU [31]
druran1TInziUsnau sl fulsa wu
A a ' ' A A o a ' <
AUTHLTEIRENe 9 gullefisuiuuTinaussigludin
a A ' & a a & < A v
DU WU Wineasud Winunesu waziinlea [34] Weold
Tannzgasi 2 Tumsimneinflunsaaieiug DOA-1
wenanasibidiniiusunudi-nauwaugeaauds Saili
fUsuauuIeIRman (Major minerals) unewdia oA P, K
a v ' < P -
way Ca gaandndie egrlsinulunisAnwiiliansg

s

nsranumeUes (Copper; Cu) Tuiinfiuusaynaneiug

2

Mlunsnaass (Table 6)
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PDA) A1 pH (4, 5, 6, 7, 8, 9 Lay 10) uazamungil (15,
20, 25, 30, 35 WAy 40 peANgALTEd) I1NN1TNAADS
WU osiRs e andmIunsas o ndile
winfiuuse fe 911115 MEA fisedu pH Tugaa 5-10 uagil
grungiilurag 20-30 ssmwaldua drudadedisinase
USuunandnuazquainvedaeniiinduusnd
vmsfinu do gnataqunz Fdldiadu 7 gns 99nn1s
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Table 5 Nutritional values and B-glucan contents of five M. crassa strains cultivated on different substrate formulas

Nutritional values (%) R-glucan
Formulas Strains
Moisture Protein Fat Carbohydrate  Ash (mg/g DW)
T1 DOA 11.89%" 27.85% 2.25cdef 53.350 9.10° 38.818
DOA-1 13.57% 28.85¢ 167 67.5720cdefs 9.07" 36.47"
DOA-4 14.24> 28.78¢ 1.26 57.18%" 9.12" 32.68'™
DOA-7 10.74% 24.32 1.19' 68.82abcdel 9.34P 40.99
DOA-10 13.51%f 28.69¢ 1.22' 62.87Ccefen 9.23¢ 36.99%
T2 DOA 12.76°% 12.79" 1.865%N 62.99<defehi 12.04¢ 44,915
DOA-1 12.098 14.94m°p 1.30M 63.92bcdefeh 11.98" 46.56°
DOA-4 12.51% 16.10" 2.04defen 53.790 11.65" 40.86"
DOA-7 6.98" 11.85% 2,164t 58.26% 12.13% 43.62°%
DOA-10 7.54™ 13.719 2.49cdefeni 58.08%i 12.26° 43.14%
T3 DOA 6.40° 12.07% 1.9 63.07¢defen 10.45™ 41.32¢f
DOA-1 10.95" 13.19° 2.62¢defsh 69.592bcde 10.36" 40.45°
DOA-4 11.12" 14.91mP 2,844 58.87¢f 10.77 41.76%
DOA-7 11.12" 11.46" 1.20 60.455fni 10.69" 42.16%f
DOA-10 12.01%" 20.89¢ 1.99defsni 50.61 10.34" 40.83f
T4 DOA 11.89%" 17.54%* 3.53b¢ 58.51¢fehi 11.32" 40.01°
DOA-1 10.334 15.76™" 3.21cce 62.99<defehi 10.97 46.20%
DOA-4 14.20° 17.96% 2.90°defs 54.75M 10.64' 40.55
DOA-7 10.56% 15.86™ 2. 27cdefeh 64,1 7bedefen 11.78¢ 45.20
DOA-10 13.30¢f 15.60™ 2.42¢defshi 63.42ccefeh 11.818 45.87°
T5 DOA 13.73¢ 14.63%°9 3.04<def 69.523bcde 10.38" 37.74%
DOA-1 14.32° 15.34mn°P 3.41P< 68.5920cdef 11.22 44.485
DOA-4 12,05 15.41m° 3.40° 58.07%N 12.15° 43.04%
DOA-7 10.79% 15.61™ 3.03¢def 66.9420cdefe 11.798 41.65¢
DOA-10 14.11¢ 18.27 1.49%" 76.61° 12.13% 41.17¢
T6 DOA 13.67¢ 14.31Pd 4.89° 65.27bedefen 11.24 36.64"
DOA-1 15.16% 17.04% 3.43P 67.8020cdef 11.63" 42.329f
DOA-4 12.63% 19.67" 4.66% 60.78cdefen 12.13% 35.57"
DOA-7 10.78% 18.99M 2.75cdkefen 61.13¢defen 12.40° 37.47%"
DOA-10 15.72° 18.217 2,766 71.74%¢ 12.39° 38.658
T7 DOA 13.33¢ 31.37° 1.700N 70.96% 9.261 37.56%"
DOA-1 14.09< 33.61° 1.15' 64.90Pcdefeh 9.07" 36.21%
DOA-4 9.83' 27.67¢ 2.13cdefehi 71.37%¢d 10.45™ 34.17*
DOA-7 10.87" 30.20° 1.508" 66.6420<0ef 10.25° 38.85°
DOA-10 14.35° 30.90b¢ 17680 74.75% 12.07% 33.97¢
F_test o o o . . xx
%CV 2.05 4.41 2.04 1.56 3.22 3.04

Note: ** and different superscript letters in a column indicate significant difference at the significance level of 0.05.
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Mineral contents (mg/kg DW)

Formulas  Strains
P K Ca Mg Na Fe Zn Cu Mn
T1 DOA 8,300°f 46,700° 155.01%* 1,257.69°% 101347 ND 25.01™ ND ND
DOA-1 8,000" 43,700" 178.93"  1,306.74° 1,124.76 ND 25.03™ ND ND
DOA-4 8,800° 46,900° 150.79% 1,482.09 1,105.57%" ND 42.85%* ND ND
DOA-7 7,600 43,400%" 122.59™  1,173.00%®  709.88%° ND 8.55™ ND ND
DOA-10 8,900 47,800° 133.14' 1,277.47% 1,466.02¢ ND a4.60"  ND ND
T2 DOA 5,300! 35,300t 433.04° 651.15° 828.97K™° 213444 37.651 ND 13.07°®
DOA-1 9,600 53,000° 493,69 959.704™ 1,552.24¢  318.03¢ 57.23% ND 12.01¢
DOA-4 7,000" 43,100" 487.38°  922.89™ 993.11%M 321,019 50.20%" ND 18.87°
DOA-7 5,700° 40,900" 422.29¢ 717.75° 899.02 248.83%k 32 04'm ND 12.47%
DOA-10  6,2009 43,100" 492,63  1,046.66" 936330 283.21%% 5379 ND  17.55%
T3 DOA 5,500 41,600 180.90" 927.35™ 947.96% 247.02%" 57207 ND  20.24
DOA-1 5,000 37,5009 158.70 682.25° 791.69™°  370.46° 39.95K ND  21.17°
DOA-4 6,100% 43,6007 134.27" 1,082.40%" 1,014.10%  270.20%%""  52,03%" ND 13.79°%
DOA-7 5,600° 39,700  262.38 874.12" 716.13"P  267.23°%N  46.61M ND 15.40%%
DOA-10 9,000° 42,400 118.49™  1,115.81%"  914.05™ 263.68°%  6320%"  ND  20.24%
T4 DOA 8,200° 43,100" 260.71° 1,269.82°¢  837.68<™  420.05° 804.95¢ ND 1.09%
DOA-1 7,600 41,900/ 121.53™  1,279.22%° 635.33P4 363.50° 80.16° ND  4.36M
DOA-4 7,200™ 40,400™ 49.69¢ 1,168.03€%  748.39™°P  30051%  86.37° ND 274
DOA-7 6,0009° 36,3007 122.49™  928.88™ 540.499 233,550 83.77° ND ND
DOA-10  8,000™ 45,800 265.19 1,434.77° 864.67M™  376.83° 107.75° ND 622"
T5 DOA 7,200™ 33,100" ND 993.92Km 3,068.02°  426.48° 70.05¢ ND ND
DOA-1 7,200™ 33,100" ND 1,062.50"%  3754.30°  252.12%  45.10"%  ND ND
DOA-4 7,5001 37,1009 ND 987.920m 2,442.204  426.54° 46.13"%  ND ND
DOA-7 6,900 33,000 ND 990.85%m 3216.45°  616.95° 48.22" ND ND
DOA-10  6,2009 34,500 ND 923.50™ 50.62" 262.955%  67.3q% ND ND
T6 DOA 6,700° 37,4009 130.08' 1,082.35%" 979.10" 233,23 80.78° ND 15.88%f
DOA-1 7,600 41,400 312.97¢ 1,196.05°%"  1,110.61%  285.58%%  86.06° ND  4.30M
DOA-4 8,000 44,400° 173.37 1,276.16" 1,109.58%  386.79°°  84.88° ND 755"
DOA-7 6,500P 359009  156.47%  967.19K™ 1,101.09%"  294.29%"  ¢8.84¢ ND  21.81%
DOA-10 6,700° 33,600 68.30° 899.94™ 577.549 236.04"k  96.72° ND 7.36"
T7 DOA 8,600° 37,900P 111.28" 1,043.51" 930,34k 176.63" 51.36%" ND  24.90°
DOA-1 6,0009°  37,900° 121.56™  908.11™ 765.33™°  209.03 64.16%F  ND  5.99"
DOA-4 8,2008 39,900"  17547"  972.86M™ 935.66% 240.61%"%  57.31% ND  18.99°
DOA-7 8,400° 40,100 189.07¢ 955.27'™" 1,006.96" %"  209.321 66.15%"  ND  21.09™
DOA-10 8,100" 41,000 99.09° 1,074.00%" 960.72% 222.14* 58.72°% ND 16.16%
F_te St *% *¥% *% *% *% *% *% _ *%
%CV 7.74 6.42 15.36 5.27 5.84 9.31 8.18 - 21.53

Note: ND = not detected; ** and different superscript letters in a column indicate significant difference at the significance level of 0.05.
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