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Abstract: Study on fruit characteristics of six cultivars of local avocado (Persea americana Mill.)
namely, 0001 ST, 0007 ST, 0001 RS, 0002 RS, 0001SS and 0001 PJ and Booth-7 cultivar in order to
compare some characteristics of fruit. The result of this study showed that all seven cultivars had no
statistical difference on fruit presence of neck and ripening period. Characteristics of fruit shape, fruit
shape at stalk end, fruit shape at stylar region, fruit position of stalk, fruit glossiness, fruit surface, pedicel
shape, mature peel color, fruit diameter, fruit length, mature fruit weight, ripe peel color, color of flesh,
color of layer next to skin, conspicuousness of fiber flesh, consistency of flesh, shape in longitudinal
section, ripe fruit weight, peel fruit weight, seed weight showed statistical difference. Four internal
fruit traits were evaluated. The 0001 ST, 0007 ST and 0001 PJ cultivars were excellent in two
characteristics. The 0001 RS, 0002 RS and 0001 SS were excellent in one characteristics and

Booth-7 cultivar outstanding characteristics were not found.

Keywords: local cultivar, avocado, characteristics, comparison
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WAL 4) AAKAIIY WATAN AU 6 AIEWUT
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SaduiufifFanfion saudiuan 7 Wugvde
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Alaenua iduiIuAuINAIKNA AIINENINE
hwinua (n5w) wazegnIsgn (1) d1uiu
Anwouznagn 13 anwnir wuiu ldun dnlaen
fiffe Aduszminaileuaziden duleluile
lwile PRIERNEAT hwdnua (nfu) vhuin
wlaan (n5) dviniugn (N54) AHMLAan
(NaaLumg) ﬂ?ﬁmmm@muﬂivmuim (% recovery)
mmLLuuLua (fruit firmness) LL@”‘Jﬁmmmmme
avansunlg (TSS)
nstuindaya

JUNnanwzae] Aauuaninuaf
2094UNTBANATBINUTAT AsLULTUin
98aziRuAluN19A99A AAUANHUTIBINUENG
flueasnzidawduiugielvdnusia el
szl duiugielvdfiagldsunisduases
ANNNIGET 14 WRNITINTIEY Ol RANATER LG
W.A. 2542 (E1INIUANATDINUTAE, 2562) fail
wuuiuvinansustszanRugazlomie (Lnedu)

AnuzlszaINUE§IaINa (characteristics)

1. AanUEHAaLn (Mature fruit) 13 ankoue
- gUsama (fruit shape): nasutiu (oblate) Nax
(round) 7 (oval) linay (obovoid) qnuNg (pear)
211 (long)
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- gﬂéwmau’%mmlﬂﬁ%q (fruit shape of stalk end):
Wad (pointed) naxkAL (narrowly rounded)
naxndNe (broadly rounded) g (truncate)

- sufatanena (fruit shape at stylar region): Uias
(pointed) nad (rounded) Fey (flattened) U«
(slightly depressed) ﬁumn (deeply depressed)
- ma‘ﬂmﬂmnmﬁmmlﬂa”%q (fruit presence of
neck): 13J‘1Ji‘ﬂﬂg (absent) 137n4) (present)

- ﬁTWLLMﬂJ%ﬁN@ (fruit position of stalk): M94
(along axis) WBeaanties (slightly oblique) GHER
1N (strongly oblique)

- A21NUA1 (fruit glossiness): 13Jﬂiﬁﬂ{]udi@
Usngiat (absent or weak) U11nand (medium)
N (strong)

- Aanwaurliana (fruit surface): BFaUNAn (very
smooth) 3811 (smooth) U11nans (medium) 2795
(rough) 17272410 (very rough)

- gﬂi'w%am (pedicel shape): ngynTzLAN
(cylindrical) n74n99¢l (conical) N99Nau (rounded)
- Auasnua (green peel color): ATwQUADa
(yellow green) Aenanl (light green) L0
(medium green) eIy (dark green) was (red
dish) #74 (medium purple) dagdiuvidasm (dark
purple or black)

- ueluandnateng (fruit diameter): LANKAN
(very small) Lan (small) U1unans (medium) Tviny
(large) luinjann (very large)

- ANENINA (fruit length): zﬁy“umﬂ (very short)
& (short) d1unans (medium) 219 (long)
mfm’m (very long)

- muuﬂm (green fruit weight) mm’wuﬂmm@
Tneildipaaetanaie 2 AN (NFH)

- mqmi@nummumm (ripening period) e
G“'uﬁwﬁqmﬂLﬁmﬁ'mﬁﬁuzgﬂwﬁ*@mmu (44)

2. ANHUENAFN (Ripe fruit) 13 anwu

- Awden (ripe peel color): Adlaawans (vellow
green) dendeu (light green) a9 (medium
green) ey (dark green) a4 (reddish) 114

(medium purple) daduuzann (dark purple or
black)

- ﬁL‘f‘:ﬂ (color of flesh): A2 (whitish) pigal (cream)
wiaed (vellow) @eagau (light green)

- Afuszvdnafouazulden (color of layer next
to skin): Adsneay (light green) e (medium
green) \Temaes (yellow green)

- Lﬁ’lﬂﬂm‘ﬁ@ (conspicuousness of fibers in flesh):
laifiLau (inconspicuous) fALai (conspicuous)
- ﬁﬂmﬁ@ (consistency of flesh): was (watery)
AGILUE (buttery) WiAS (dry) Banse (granular)
- gﬂi'wl,uﬁm (shape in longitudinal section):
AR (triangular) 14 (ovate) 3
naw (circular) naxuii (oblate) nanufuaLy

(elliptic)

(depressed oblate)
- ANUULASN (thickness of skin): dalaeld
Vernier calipers (RaaLum9)
- ﬁwﬁﬂm@ (ripe fruit weight) %ﬂiﬂuﬁﬂﬁiam@
(N5W)

_ dwinilden (peel fruit weight) Farinui
m@y(ﬂf}“m)

o

neia
- IUUENINAR (seed weight) FarninsiemEe
(N5W)
- Bunoudiensislseniuld (% recovery) AT
ANGAT = mmuﬂmmuﬂ@mmﬂ.m X 100
duiinaavianun

- Anwutuie (fresh firmness) FalneldiAzeq
penetrometer mmrﬂﬁqnmﬁumuquﬂ’ﬂmq 0.8
wuRwns neaenidasnuFnnsiudneaesua
ANBBNUAINAAETINAAILUAIDENNETUAT UAT
wdasniagilanfumaniseiumiums Wuiamu
AREINITANAANEIAT 9.807 (Kader, 1985)
- Bunaesudeiiaraneinlg (1SS) dnlaeld
hand refractometer (84ANL3NT) (A1UNANATEY
WUENG, 2562)
TIUHUNIINARBILLLNANY D]
(completely randomized design : CRD) a114914 7
visnuiuy (aneiug) § 5 7 wtazdng 1 FRasing )



10

AMNEARASLNHATWASNITAANIS 6 (2) : 7-13 (2566)

AATIZTHAINHBANFINNNADAAILN1TALATIZH

AuLLleileau (Analysis of Variance) 131y
Lﬁﬂuﬁ’]m?ﬂﬁ"aﬁ% Duncan’s New Multiple Rang
Test Analilsunsy Statistical Package for Social
Science (SPSS) TneRLATIZNNATH 4 ANELE

o Anuuunlasn Ueunauiiansudsennuls

& o S
AMuLUie wazdFunnueediazateinls

s

Nﬂm'mmamuaﬁmsm
annnsTunnaneuzeeananziaalns
WUTAULEDY 6 Wigl Fauiinuiy ya-7 visuue

26 ANWE ANNLULTUANAN Uz sz ARG

arlaanTalunismnsaseuaneuziugNTiae

= o o ' A A Ay oy
qﬂmeUﬂuLﬂuWuﬁ;W?jiﬂN [5]'13JT1$®W°T]V]1@

Usgmehduiugialmifiagldfunnudunses
NIR9N 14 uenwszaainyaiAANATaIN UG
W.A. 2542 siaNsazTaAln (Persea americana
Mill.) WU91 anBeUaNKaLn (mature fruit)
(Figure 1) A0 13 ANBLE fdnwousimilousu
A9 ﬂ’]ﬁ‘ﬂi’]ﬂ{]ﬁ'ﬂﬂﬂ@ﬂ?‘mmjﬂﬁ%’] (fruit presence
of neck) NNABWUT  UAZBIYNIENUBINANAT
AN 9LFLAEN (ripening period) InawAzaiy Tng
agls13ng 7-8 1 (Table 1) dnudnuoisTimanly
witteuu ldur dhwinea (fruit weight) Taeinwin
ta Fafludnensiinenanslinugyla aannisg

= o X oAt o o &
AN AT Wi Avnwinsneriy Imﬂmwu@

0001 SS HuwinuaRAENINNgA WL 834.80
nfusena uardeafgane a1aWug 0002 RS
WAl 370.00 nislana dauwugys-7 daiu
WuguFaumauduininuawindu 499.00 niy
Fana (Table 1) TnALALNTU @8fu (2527) A
Anmansuzlszaniugus-7 siluiugninan
au Ronadidacanuday aunanaluguiuin
LaAE 416.33 NTN/NA ANHEUTIBINAGN (ripe fruit)
(Figure 2) a1U3% 13 ANBUTAIUNINNANLTUL
1 o 1 al A al d” al :'/ 1 dﬁl
Ananu 1w @aldaen @lle aduseudnailenas
o s R
waen Wuleluie dhlwile gusaudn dwrin
waen waztinvsinuan aInnI1IIATITINNNEDA
4 AnmUr WU AsLdie iR A NLANFIS

AUNINana AAegsendng 9.81-10.59 Hasu
doupnnuuilaen Ysunniensulseniuls
< ai % v 1
waziFunnuaasuisiazanaunle daonuunnsing
natnadelidadAtyds (P<0.01) Ing (Table 2)

- ANUUNLLASN (thickness of skin)
= o A = ! =
Faduaneueasy Wesandminiaanuun

azdaglesiunisdnianerecunasdngive
unaTunesls fadeasannITlaLg1aNnaiy
Aenuandn n1suds Inewudnanewug 0001 ST
Haumuiaanuniiga winiu 2.00 admng
ustllusnsinariuanewug 0001 PJ waz anewug
0007 ST TeiAWWNAL 1.94 Uay 1.88 HAAINAT
ANATAL FA4AINNARILEG LT-7 WATALWLE 0001
SS AANuuLLAeN 1.66 HAAWATWINNL uay
WUS1A18WUE 0001 RS HAduuuilaan
taeNgawinu 1.38 Fadmms Inaaaumuiaen
o & = v o a P
2090 UgYT-7 HAlnAAENAL aneiu (2527) 9
= e - \a A a
waAns diauvunlaanagi 1.67 Nadwums
(Table 2)

- 1Fuauiensutlsenuls (% recovery)
anaWug 0001 RS AUFunnlleniutlseniule
NNAQR WAL 81.73% watlalumnsineiuane g
0007 ST, 0001 SS, 0001 PJ waz 0002 RS HAN
WINAU 80.20%, 78.22%, 74.76% WAY 74.48%
FANANAL dauanaiug 0001 ST HAndasign

q
o aal |

Wil 70.38% st llumnsinaiuiig yo-7 fifien
WinfiL 71.00% (Table 2)

- Bunnzesudsilazaneild ( (TSS)
aneWug 0001 ST fisumresuieiiazaa
unfigawiniu 11.00 asAnLEng sasasmnie
A18WUE 0002 RS UAT 0001 RS HAWWINAL 9.46
WAY 9.44 BIANLINT AINANAL RIURUS YT-7
frnresiaaiiAnwiniy 7.7 ssruing wsluuwen
AafUaNeg 0007 ST, 0001 SS way AeWug
0001 PJ (Table 2)

ann1sdanudn azlaanlnaneiiug
fudlesildnsnsiuninniiiug ya-7 gn

-

aneiug a9mANIRnLsTasAlunsAuINug

]
o -

Tl PRANBULAEBNIRUENNIA AN WS
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Figure 1 Characteristics of mature fruit

Figure 2 Characteristics of ripe fruit, A) ripe peel color and B) color of flesh



12

MNEARASINHATWASNITAANIS 6 (2) : 7-13 (2566)

Table 1 Characteristics of fruit shape, fruit shape of of stalk end, fruit shape at stylar region, fruit presence of neck, fruit

position of stalk, fruit glossiness, fruit surface, pedicel shape, green peel color, fruit diameter, fruit length, green fruit

weight and ripening period of mature fruit.

Cultivars Fruit Fruit Fruit Fruit Fruit Fruit Fruit Pedicel Green Fruit Fruit Green  Ripening
shape  shape of shape presence  position  glossiness surface shape peel diameter  Length fruit period
stalkend  atstylar of neck of stalk color weight (days)
region (9)
broadly ) medium
0001 ST round rounded present  alongaxis strong smooth  rounded large short 582.00 8
rounded green
. . o medium .
0007 ST pear pointed rounded present alongaxis  medium smooth  cylindrical green medium long 661.00 7
slightl slightl medium
0001 RS obovoid  pointed oty present '9 Y strong smooth  cylindrical » small medium  375.40 7
depressed obligue green
broadly slightly very A light
0002RS  round present  alongaxis strong cylindrical small short 370.00 8
rounded  depressed smooth green
dark
0001 SS  obovoid truncate rounded present  alongaxis strong smooth  rounded green large medium  834.80 8
. . . light . .
0001 PJ pear pointed rounded present  alongaxis strong smooth conical medimum medium  452.00 8
green
broadly medium
Booth-7  round rounded present  alongaxis strong smooth  rounded medimum  short 499.00 7
rounded green

Table 2 Characteristics of ripe peel color, color of flesh, color of layer next to skin, conspicuousness of fiber in flesh,

consistency of flesh, shape in longitudinal section, ripe fruit weight, Peel fruit weight, seed fruit weight, thickness of skin,

% recovery, fresh firmness and TSS of ripe fruit.

Cultivars Ripe Colorof  Color ConspicuoUsness Consistency ~ Shape in Ripe Peel Seed  Thickness %Recovery  Fresh TSS
peel flesh of layer ; f'i) in flesh of flesh longitudinal fruit fruit fruit of skin (%) firmness  (°Brix )
of fiberin fles!
color next to section weight — weight  weight (mm) (N)
skin (9) ) (@
medium medium . ) . o "
0001 ST yellow inconspicuous buttery oblate 55220 53.60 110.40 2.00 70.38 10.59 11.00
green green
medium Light . ) " . .
0007 ST yellow inconspicuous buttery ovate 590.00  62.40 55.00 1.88 80.20 10.40 8.30
green green
yellow . . . a b
0001 RS yellow green inconspicuous buttery circular 352.00 27.00 37.40 1.38d 81.73 9.81 9.44
green
0002 RS reddish cream  green inconspicuous buttery circular 34420 2840  38.80 1.5 74.48% 1020  9.46°
dark . ) ’ bo ab c
0001 SS green yellow green inconspicuous buttery elliptic 738.60 72.20 88.40 1.66 78.22 9.81 8.16
0001 PJ  reddish  yellow green conspicuous granular thiangular  424.80  46.00 63.00 1.94° 74.76™ 9.81 8.00°
medium . . depressed bo b .
Booth-7 yellow green inconspicuous buttery 461.80  47.80 85.60 1.66 71.00 10.00 7.7
green oblate
F-test - - - - - _ _ o > ns .
CV. (%) - - - - - - - 9.67 7.29 8.62 8.46

Mean with different letters in the same column are significantly different at P < 0.01 by DMRT.
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Study of Mangosteen Orchard Microclimate and Root Zone Soil Water Status in the Mekong
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Abstract: Since 2015, the Thai government has been driving policy on control nationwide para rubber
tree plantation due to the falling global rubber prices. Fruit trees farming is an alternative policy to replace
rubber trees. This study evaluated the potential in growing fruit crops in region along the Mekong River.
The microclimate data and soil water of mangosteen root zone data were analyzed to compare Bueng
Kan with the southern Province, Nakhon Si Thammarat, the largest site for mangosteen production.
During 2018-2020, Bueng Kan showed up a critical 6-month rainfall shortage (October—March) causing
the severe dryness of soil profile 0-100 cm as soil matric potential (\Vm) of =100 to —200 kPa. Air vapor
pressure deficit (VPDN) was higher of 2-6 kPa inducing stomata closure and limiting leaf photosynthesis
and transpiration. The optimal hour for photosynthesis was low of 1-4 hours per day throughout drought
period covering the flowering to fruit set stages. Whereas rainy period (April-September) the optimal
hour was high of 4-10 hours per day covering the fruit development to harvest stages. For Nakhon Si
Thammarat, the annual rainfall was over 2,000 mm with higher rainfall frequency. However, the continual
rainfall limited average radiation intensity below 500 umol m s and maximized relative humidity (RH)
to 100% almost every day. This condition limited the optimal hours for photosynthesis to be 2-6 hours
per day throughout the year. According to the favorable climate and soil water in rainy period, the
region along the Mekong River, Bueng Kan is remarked to be the potential site for growing mangosteen

to replace para rubber tree.
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Figure 1 a) Daily rainfall and b) Soil matric potential (\|!m) of mangosteen tree root zone (0-100 cm) of mangosteen
orchard located in Mueang district, Bueng Kan Province (N18° 20.343' E103° 30.860') during June 2018-
December 2020. \|!m of 0 kPa represents the saturated soil water condition, less than 0 kPa represented the drier soil.

NA = data not available.
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Figure 2 a) Daily rainfall and b) Soil matric potential (\j!m) of mangosteen tree root zone (0-100 cm) of mangosteen

orchard located in Phrom Khiri district, Nakhon Si Thammarat Province (N8° 35.458'

E99° 49.545") during

January 2018 —September 2019 , the end of southern project . NA = data not available.
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Figure 3 Photosynthetic photon flux density of mangosteen orchard located in a) Mueang district, Bueng Kan
Province during June 2018-December 2020 and b) Phrom Khiri district, Nakhon Si Thammarat Province during
January 2018 — September 2019, the end of southern project. Red line is the maximum value, green line is the
average value and blue line is the minimum value of the day. NA = data not available.
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Figure 4 Air temperature of mangosteen orchard located in a) Mueang district, Bueng Kan Province during
June 2018-December 2020 and b) Phrom Khiri district, Nakhon Si Thammarat Province during
January 2018 — September 2019, the end of southern project. Red line is the maximum value, green line is the average
value and blue line is the minimum value during daytime period (6 AM-6 PM). NA = data not available.
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Figure 5 Relative Humidity of mangosteen orchard located in a) Mueang district, Bueng Kan Province during
June 2018-December 2020 and b) Phrom Khiri district, Nakhon Si Thammarat Province during
January 2018 — September 2019, the end of southern project. Red line is the maximum value, green line is the average
value and blue line is the minimum value during daytime period (6 AM-6 PM). NA = data not available.
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Figure 6 Air vapor pressure deficit of mangosteen orchard located in a) Mueang district, Bueng Kan Province
during June 2018-December 2020 and b) Phrom Khiri district, Nakhon Si Thammarat Province during
January 2018 — September 2019, the end of southern project. Red line is the maximum value, green line is the average

value and blue line is the minimum value during daytime period (6 AM-6 PM). NA = data not available.
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Figure 7 Daily optimal hour for leaf photosynthesis and stomata opening of mangosteen orchard located in
a) Mueang district, Bueng Kan Province during June 2018-December 2020 and b) Phrom Khiri district,
Nakhon Si Thammarat Province during January 2018 — September 2019, the end of southern project.

NA = data not available.
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Abstract: The validation of a molecular marker for heat tolerance selection was conducted in 13 BCzF3
rice lines derived from a backcrossing between the aromatic recipient parent ‘RGD13215-MS13-
MS19-10-4-MS26’ (RGD) and the well-known heat tolerance donor ‘Nagina-22' (N22). The experiments
were carried out under greenhouse condition at 30-52 °C and natural field condition at 22-37 °C.
At the reproductive stage, three developing panicles/plant/replication were tagged when the length
between the flag leaf and the second leaf was 5 cm. The same panicles were counted for seed set after
harvesting. We used spikelet fertility (SF) as the heat-tolerant index in this study. The results showed
that the SF of the seven introgression lines with N22 allele at the targeted locus were significantly
higher than that of the six lines with RGD allele in both conditions. This suggested that the newly
developed marker was effective and trustable for heat tolerance selection from N22 in this back-
ground. The marker will be validated in other populations with different backgrounds and in germplasm

accessions for its potential in application in broader germplasm.

Keywords: Rice, Heat tolerance, Breeding, Spikelet fertility, Molecular marker
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Figure 1 Breeding scheme to develop germplasm of RGD13215-MS13-MS19-10-4-MS26.
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Figure 2 Greenhouse condition during the experiment: (A) Minimum, mean and maximum temperature during

10:00-16:00 hr. (B) Hourly temperature and relative humidity.
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Figure 3 The spikelet fertility of introgression lines and check varieties in greenhouse condition.
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Figure 4 Natural field condition during the experiment: (A) Minimum, mean and maximum temperature during

10:00-16:00 hr. (B) Hourly temperature and relative humidity.
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Figure 5 The spikelet fertility of introgression lines and check varieties on natural field condition.
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Abstract: The objectives of this research were to study 1) social and economic conditions of farmers
2) condition of mung bean seed production 3) adoption of mung bean seed production technology
of farmers and 4) problems and recommendations with adoption of mung bean seed production
technology of farmers. The sample of this research was farmers who produce mung bean seed and
who passed the training with the Department of Agriculture, year 2021/2022 in Lopburi province.
Structured interviews were used for data collection. Statistics used were data with descriptive
statistics frequency i.e. percentage, mean, minimum, maximum, standard deviation and ranking. The
results indicated that 1) most of the farmers are male, average age 52.46 years old, graduated Junior
high school, average of experience in mung bean seeds production 9.31 years. Average area mung
bean seed production 21.04 rai. The average cost of mung bean seeds production was 2,000.00 baht
per rai. The average income from mung bean seed production 77,059.70 baht. The average production
price 25.13 baht per kg. 2) The farmers used Chainat 84-1 mung bean seeds. The rate of utilization
of mung bean seed was 8.36 kg per rai. The farmers who produce mung bean seeds do not apply
fertilizer, watering in seedling stage. The species were examined during the pod stage, harvesting
using a combine harvester. The average yield was 140.69 kg per rai. 3) Farmers had of acceptance
of mung bean seed production technology a high level, on the issue of harvesting and improving
conditions and planting area selection and soil preparation. 4) The problems with adoption of mung
bean seed production technology, maintenance, on the issue of lack of knowledge on the use of
chemicals to prevent diseases and insects at the highest level. Farmer's suggestions should be

supported, factors of production such as seeds, chemical fertilizers should have a price guarantee.

Keywords: Production technology, Mung bean seeds, Technology adoption
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Table 1 Economic status of mung bean seed farmers in Lopburi province

(n=134)
ltem Frequency Percentage
1. Agricultural workforce (people)
2 72 53.73
3 38 28.36
4 23 17.16
5 1 0.75
Min =2 Max =5 X =2.65SD = 0.788
2. Agricultural holding area (rai)
Own area (rai)
<15 19 14.18
16-25 82 61.19
> 26 33 24.63

Min = 11 Max = 37 X =21.90 SD = 5.419
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Table 1 (continued).

(n=134)
Item Frequency Percentage

Rental area (rai)
<10 117 87.31
11-15 8 5.97
> 16 9 6.72
Min = 10 Max = 25 X = 2.89 SD = 6.225

3. Mung bean seed production area (rai)
<10 3 2.24
11-15 25 18.66
16-20 34 25.37
21-26 50 37.31
=26 22 16.42
Min = 10 Max = 45 X = 21.04 SD = 5.558

4. Cost of mung bean seed production (Baht)
< 1,700 32 23.88
1,701 -1,900 29 21.64
1,901 - 2,100 25 18.66
2,101 - 2,300 24 17.91
22,301 24 17.91
Min = 1,400 Max = 2,700 X = 2,000 SD = 327.671

5. Income from mung bean seed production (Baht)
< 55,000 19 14.18
55,001 - 70,000 29 21.64
70,001 - 85,000 40 29.85
85,001 - 100,000 36 26.87
= 100,001 10 7.46
Min = 30,000 Max = 170,000 X = 77,059.70 SD = 21456.990

6. Seed use rate (kg)
<6 18 13.43
7-8 63 47.01
29 53 39.55
Min = 6 Max = 15 X = 8.36 SD = 1.670

7. Average production price (Baht)
<24 31 23.13
25 70 52.24
> 26 33 24.63

Min = 23 Max =29 =25.13 SD = 1.002
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(Table 2)

Table 2 Adoption of mung bean seed production technology by farmers in Lopburi province

(n=134)
Item X SD Level Ranking
1. Selection of planting area and soil preparation 3.45 0.715 high 2
1.1 Preparation of planting plots, space between plots of each
. p P 9p P P 3.16 0.806 moderate 3
variety is not less than 3 meters.
1.2 Plowing with a triple plow 1 time, 20-30 cm deep, dry the soil )
. . : ! 3.75 0.799 high 1
7-10 days, then plow with a soil shoveling 1 time.
1.3 Rake to collect weed debris from the plot. Consistently adjust )
3.43 0.541 high 2

the soil
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Table 2 (continued).

(n=134)
ltem X SD Level Ranking
2. Preparation of seeds 3.10 0.570 moderate 4
2.1 The seed preparation has a germination of not less than 80
: 3.34 0.505 moderate 2
percentage before planting
2.2 Sowing use a seed rate of 5-6 kg per rai. 2.60 0.626 low 3
2.3 Planting in rows use mung bean seeds at the rate of 4 - 5 kg
) 3.36 0.580 moderate 1
per rai.
3. Planting and care 3.20 0.637 moderate 3
3.1 Seeddressing with rhizobium bio-fertilizer 3.02 0.594 moderate 3
3.2 Mixing the seeds with chemical insecticides 3.25 0.544 moderate 2
3.3 Using chemicals to prevent diseases and insects according )
: i 3.53 0.701 high 1
to the instructions.
3.4 Fertilizer application according to soil analysis 3.02 0.709 moderate 3
4. The detection of contaminants 3.00 0.503 moderate 5
4.1 The seedling stage at 2 weeks of age by checking the color of
) 2.91 0.619 moderate 3
the sapling base.
4.2 Flowering stage, at the age of 35-40 days, will begin to
gradually bloom, pod by checking the color of the petals also 3.09 0.482 moderate 1
looking the consistency of the stem.
4.3 Pre-harvest stage Check when the pods begin to change
color by examining them. The appearance of shape pod and pod 3.02 0.498 moderate 2
color.
5. Harvesting and improving conditions 3.51 0.619 high 1
5.1 Harvested when the pods are 90 percent ripe. 3.53 0.690 high 2
5.2 Cleaning the combine harvester before harvesting 3.42 0.525 high 3
5.3 Drying reduces humidity to about 11-12 percent. 5.57 0.642 high 1
6. Storage 2.93 0.529 moderate 6
6.1 Packing mung beans in clean sacks. 3.03 0.458 high 1
6.2 The storing mung beans seed in the airy building. 2.95 0.539 moderate 2
6.3 Don't put the mung beans seed on the ground. 2.81 0.590 moderate 3
Total 3.20 0.596 moderate
v A d’j Qi = a =2 a a o v
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(Table 3)

Table 3 The problems of adoption mung beans seed production technology

(n=134)
Item X SD Level Ranking
1. Mung bean seed production 3.03 0.805 moderate 5
2. Seed preparation 3.47 0.646 high 3
3. Maintenance 3.73 0.675 high 2
4. Harvesting and seed condition improvement 3.27 0.635 moderate 4
5. Other aspects 3.77 0.752 high 1
Average 3.45 0.703 high
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Table 4 The suggestions of adoption mung beans seed production technology

(n=134)
Item X SD Level Ranking
1. Mung bean seed production 3.16 0.917 moderate 5
2. Seed preparation 4.30 0.564 highest 2
3. Maintenance 414 0.729 high 3
4. Harvesting and seed condition improvement 3.36 0.660 moderate 4
5. Other aspects 4.32 0.497 highest 1
Average 3.45 0.673 high
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Abstract: This research has the purpose of studying 1) social and economic and potato production
conditions; 2) farmer’'s knowledge of potato disease management and opinions on the severity of
potato disease; 3) practice and importance in potato disease management; 4) disease survey and
assessment of potato disease incidence and 5) other problems and suggestions on potato disease
management. This study was conducted on the total population of potato farmers in Nakhon
Phanom province that registered with the Department of Agricultural Extension in the production year
2021/2022, consisting of 71 farmers. The data were collected via questionnaires and were analyzed
using descriptive statistics—disease survey and disease incidence assessment of 10 potato plots.
The study results found that most farmers have an average planting area of 4.29 rai per person, using
Atlantic varieties. It is produced in the contract farming system. Good knowledge of potato disease
and management Opinions on potato disease at the highest severity level are Bacteria wilt, Common
scab and Downy mildew. There are practices in the same way, such as crop rotation, surveying,
chemical use, etc. The importance of potato disease management is at a high level. Other issues
are the most problematic, namely the high cost of production factors. The survey found Bacteria
wilt and Potato stem canker. Guidelines for potato disease management should focus on promoting

the production of disease-free tubers in the area. Integrated potato disease management and
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water management Integration of public and private sectors in technology transfer and relying on the
community as a center to transfer knowledge and raise awareness on potato disease management and

water management.

Keywords: Potato, potato disease, disease management, dry season potato production
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Figure 1 A) Farmer’'s knowledge level in potato pest management and B) Percentage of potato disease management

knowledge test scores and diagnosis of the five major disease symptoms. (N=71)
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Table 1 Farmers’ practice and opinion on potato disease management in Nakhon Phanom (N=71)

Practice (Percentage) X = S.D.

1) Plowing and soil drying 100.00 4.28+0.78
2) Soil conditioning with organic fertilizers or dolomite 100.00 3.35+ 1.50
3) The use of seed potatoes from the broker 100.00 3.73+£0.79
4) Crop rotation 100.00 3.41+1.56
5) Drainage from the field or reduce the humidity in the field 100.00 3.66 +1.30
6) Provide surface water by releasing water through the trench 100.00 2.79£1.22
7) Proper fertilizer application rate 100.00 3.34 £1.21
8) Use of biologics or antagonistic microorganisms such as Trichoderma
spp. and Bacillus subtilis 0.00 2.68+1.30
9) Before deciding to use a chemical spray, pathogenesis is analyzed
u)sing potatoes' cI?matic conditions andpagi rpangesg ’ 93.52 4.0620.75
10) Regular spraying of fungicides to prevent plant diseases even if the
ouzbregk is nopt foyuni ’ " " 100.00 4.5920.73
11) Spray insecticides to kill disease-carrying insects 97.18 3.75 +0.55
12) Regular inspection of the field by walking 100.00 4.79 £0.41
13) Mixing tubers with cement before planting 100.00 4.01+0.82
14) Immediate removal of diseased plants, then buried or burned 5.63 3.73+0.97
15) Cleaning the knife with 70% alcohol before use with tubers 59.15 4.37+0.72

Grand mean 3.77£1.18

Scores: 5-4.21 = Highest, 4.20-3.41 = High, 3.40-2.61 = Moderate, 2.60-1.81 = Low, and 1.80-1.00 = Lower
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Table 2 Farmers’ opinions on the problems in Nakhon Phanom (N=71)

Problems X +SD

The economic, social, and environmental problems
1) Purchase price 3.14+1.44
2) Factors of production are expensive 4.46+0.65
3) Lack of labor/high wages 2.63+1.33
4) Lack of labor-saving/agricultural machinery 3.69+1.21
5) Climate variability 3.55+1.19
6) Farmer's collaboration 3.32+1.26

Grand mean 3.47+1.18
Pest management problems
1) Lack of disease-free and good quality seed potatoes (G3) 2.68+1.57
2) Lack of supply/sources of bio-product production 3.38+1.64
3) Lack of water management systems and water resources 4.01£1.31
4) Lack of knowledge about potato disease and pest management 3.06+1.48

Grand mean 3.28+1.50
The support from agricultural extension and government officials’ problems
1) Lack of advice from government agencies 3.52+1.65
2) Notification of outbreaks from government agencies 3.11£1.71
3) Financial support or input from government agencies 3.58+1.13
4) Demonstration fields or local pest management learning centers 3.41+£1.60

Grand mean 3.40£1.52

Scores: 5-4.21 = Highest, 4.20-3.41 = High, 3.40-2.61 = Moderate, 2.60-1.81 = Low, and 1.80-1.00 = Lower
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Figure 3 A survey of potato planting showed an outbreak of wilt disease caused by Ralstonia solanacearum
A) Bacterial wilt disease incidence (%) in potato fields B) bacterial ooze on vascular tissues of the tuber C) Bacterial
wilt symptomatic plants in the field from a potato planting. D) Brown discoloration of the stem in the field from a potato
planting.
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Figure 4 A survey of potato planting showed an outbreak of stem canker and black scurf disease caused by
Rhizoctonia solani. A) Stem canker and black scurf disease incidence (%) in potato fields. B-C) Formation of aerial
tuber indicates that the plant has no tuber of marketable quality below ground. D) Rhizoctonia symptoms on upper leaf
E) Symptoms in a potato plant showing wilt, rolling of leaf margins, mottling and necrotic tissue.
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Abstract: Downy Mildew, caused by the fungus Peronosclerospora spp. is one of the most destructive
diseases of maize and can cause severe damage in crops around the world, especially in tropical
Asia. Host resistance is an effective mean of control DM and is reported to be controlled by many
genes. Therefore, the identification of markers linked to the target quantitative trait loci (QTL) was
required in a marker-assisted breeding program. In this study, Genome-Wide association study
(GWAS) analysis using 262 maize inbred lines and 434,871 single nucleotide polymorphism (SNP)
markers was performed to identify genomic regions and candidate genes associated with resistance
to the DM. The result showed that one significant QTL was identified on chromosome 1 associated with
the trait DM resistance, containing one candidate gene, Zm00001d029516, according to its function
in plant protection mechanism. This QTL/SNP locus should be validated and will be useful for

marker-assisted selection and for a better understanding of DM disease resistance in maize.
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Introduction

Downy Mildew (DM), caused by the
fungus Peronosclerospora spp. is one of the
most important maize diseases and can cause
severe damage in crops around the world,
especially in tropical Asia (Kim et al., 2020;
Rashid et al., 2018). In Asia, DM disease is
caused by six pathogens, including sorghum
DM, Philippine DM, Java DM, sugarcane DM,
brown stripe DM, crazy top DM and Rajasthan
DM (George et al., 2003; Yen et al., 2004). In
Thailand, downy mildew has been found in
several locations in maize growing areas and is
caused by P. maydis (Java DM) (Janruang and
Unartngam, 2018).

Downy mildew is very dangerous in
tropical and subtropical lowland, midland,
transitional and highland regions. The disease
is mainly transmitted by oospores that survive
in the soil, but it can also be transmitted from
plant to plant by airborne conidia or by infected
seed. It causes severe yield losses (up to 30%
or more) in maize growing areas (Jeffers et al.,
2000). Severe economic yield losses due to the
various DM pathogens have been reported from
the Philippines, Taiwan, Indonesia, Thailand,
India, Japan, Australia, Venezuela, North
America, Europe, West Africa, and other parts
of the world (George et al., 2003; Jeffers et al.,
2000).

Among the available options to control
DM diseases, use of resistant cultivars is the
most practical and cost-effective approach to
disease controls (Ward et al., 1997). Therefore, the
development and use of DM-resistant maize
varieties is the most important way. However,
breeding DM resistant lines using conventional
method is challenging because accurate and

efficient DM disease screening is limited to

favorable weather condition with high disease
pressure (Jadhav et al., 2019). This limits
year-round selection of resistant genotypes
through phenotypic screening. The use of
markers linked to the target Quantitative Trait
Loci (QTL) in a breeding program is a highly
efficient and cost-effective tool to improve
downy mildew disease resistance in maize.
Therefore, the genomic regions or QTLs
that contribute to resistance (DM) should be
identified for direct use in the marker-assisted
resistant breeding program. Many research-
ers investigated the inheritance of resistance
to DM using QTL mapping and association
mapping (Ashan et al., 2020; Jadhav et al., 2019;
Jampatong et al., 2013; Lohithaswa et al.,
2015; Rashid et al., 2018) and suggested that
resistance to disease DM is a complex trait
and is controlled by polygenes in nature (Nair et
al., 2005; Nallathambi et al., 2010). George et
al. (2003) studied on QTL mapping of resistance
to diverse DMs including P. maydis in Asia
regions using recombinant inbred lines (RILs)
derived from Ki3 (resistant) and CML139
(susceptible) and RFLP (restriction fragment
length polymorphism) markers. They identified
six genomic regions or QTLs on chromosomes
1,2, 6, 7 and 10 and found the most significant
QTL on chromosome 6 (6.05) conferring
resistance to DM pathogens. Phumichai et al.
(2012) also reported that three SSR markers
(bnlg1057, bnlg1138 and umc1033) on
chromosome 1, 3, and 9 were observed in
association with 48 SSR markers and downy
mildew resistance (DM) using a set of 60 public
and private maize inbred lines in Thailand. They
identified significant SSR marker umc 1033 linked

with DM resistance on chromosome 9 (bin 9.02).
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GWAS is a powerful tool for identifying
genomic loci associated with phenotypic
traits, and the main advantages of association
mapping are higher mapping resolution, shorter
research time, and the ability to identify a larger
number of favorable alleles responsible for the
trait of interest (Elshire et al., 2011; Ma et al.,
2019). However, there has very limited informa-
tion for GWAS analysis to identify the QTLs for
DM disease including P. maydis. Therefore, the
objective of this study was to identify the genomic
regions and candidate genes associated with
DM disease resistance in maize using SNPs
markers in tropically adapted maize germplasm
in Thailand.

Materials and Methods

1. Germplasm and Downy Mildew (DM) screening

In this study, a panel of 262 recombinant
inbred lines was screened in the greenhouse
with pots for the resistance against Suwan Farm
isolate of DM disease by artificial inoculation.
Of the 262 varieties, 71 sweet corn, 168 waxy
corn and 23 field corn were included. One pot
containing 5 plants was used as one replication
for each variety. At 14 days after planting of
the tested varieties, the DM disease leaves
were collected from the infected fields and DM
spores were obtained by washing the leaves.
Experiments were laid out in a Randomized
Complete Block Design with three replicates.
Evaluation of DM was done according to
Unartngam (2019). Broad-sense heritability
was calculated according to the formula by
Knapp et al., (1985).
2. Maize array Genotyping and SNP calling

Genomic DNA was extracted using the
magnetic bead method (Xin and Chen, 2012).
Five plants per sample were pooled and used
for DNA extraction. The pooled panel of 262
maize inbred lines was genotyped using the

Axiom™ maize 600 K genotyping array with
616,201 variants (Thermo Fisher Scientific).
To determine the quality of the data, quality
control (Q.C.) was performed with a call rate
of 90% (517,293 SNPs) (Axiom genomic suit).
Subsequently, SNP markers with more than 10%
missing data, 20% heterozygosity, less than 5%
minor allele frequency (MAF) were excluded
from the dataset to obtain only bi-allelic sites
(434,871 SNPs). These SNPs were used for
GWAS analysis.
3. PCA, LD decay and population structure
analysis

Principal component analysis (PCA)
was also performed to determine the relationship
between samples using the software TASSEL
(Bradbury et al., 2007), removing SNPs with
minor allele frequencies (MAFs) of 5% and
limiting the number of components to three.
Linkage disequilibrium (LD) of all SNP pairs
on each chromosome was determined using
the PopLDdecay (https://doi.org/10.1093/
bioinformatics/bty875), with the following
parameters: MAF>5%; Hardy-Weinberg
P-value cut-off, 0; and percentage of genotyped
lines >0.75. In addition, SNPs with high linkage
disequilibrium (LD) were pruned using the
in-depth-pairwise function implemented in
PLINK (SNP window size: 50, shifted SNPS per
step: 10, r2 thresholds: 0.1) (Niu et al., 2019)
resulting in 160,991 SNP markers. This set
of SNPs was used for population structure
analysis using STRUCTURE (Evanno et al., 2005).
4. Genome-wide association analysis and
Candidate genes association analysis

A genome-wide association study
(GWAS) was then performed using GAPIT
(Genomic Association and Prediction Integrated
Tool) (Lipka et al., 2012) in R program (R Core
Team, 2018). The p values of testing markers
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and the associated markers are unified at
each interaction (Liu et al., 2016). The threshold
for a significant association was set based on
the Bonferroni correction level of P-value
(P < 1/n: n = total markers used). To determine
the amount of variance explained by each
significant SNP, an analysis of variance was
performed for each significant SNP and the ratio
between mean square of each SNP by error
mean square was used to represent the variance
percentage explained (Rossi et al., 2020). It
was performed by single regression analysis in
R program (R Core Team, 2018).

The available reference genome
sequence of maize (B73) was used to identify
candidate genes. SNP probe sequences of
~150 bp on Axiom® Maize 600K Genotyping
Array (Thermo Fisher Scientific) were used as
queries in a BLAST algorithm-based search
against the reference genome sequence
in MaizeGDB (http://www.maizegdb.org/

gbrowse). The 200 bp source sequences of each

significant SNP were used for BLAST against
the ZmB73_RefGen_v4 genome sequence in
MaizeGDB (Portwood et al., 2019). Within the
local LD block of significant SNPs, the
annotated genes that are likely involved in
disease resistance were identified as the

putative candidate genes.

Results

1. Phenotypic evaluation of DM disease

Phenotypes of the tested lines
were evaluated against Suwan Farm isolate of
DM disease. Significant phenotypic differences
(P £ 0.01) between the tested lines were
observed in this experiment (Table 1), indicating
high genetic variability in the collection of these
inbred lines. The broad-sense heritability (H?)
for this experiment was 42.28 %. The percent
disease index of the lines tested against
Suwan Farm isolate ranged from 0-100%. The
frequency distributions of the lines tested at DM
for this isolate was shown in (Figure 1).

Table 1 Phenotypic variation for percent disease index (PDI) against Suwan Farm isolate of downy mildew disease on

262 recombinant inbred lines of maize.

Trait Isolate Mean Min

Max SD CV% H?

DM SW 44.06™* 0

100 17.65 49.57 42.28%

DM: downy mildew; SW: Suwan Farm; Mean: average; Min: minimum; Max: maximum; SD: standard deviation;

CV: coefficient of variation; H’: heritability; **significant difference at p<0.01.

80

Mo. of varieties

R RO Y

& R

Percent Disease Index

IR

Figure 1 The frequency distribution of resistance to Suwan Farm isolate of downy mildew disease.
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2. PCA and LD decay analysis

The genotype obtained from
high-density maize SNP array was performed in
a set of 262 maize lines to analyze a principle
component analysis (PCA). Based on 434,871
SNP markersafter filtering with the parameters
mentioned in materials and methods, PCA
(total PCs=3) of all the genotype data was
performed using the software PLINK. PC1
and PC2 explained most of the variation
(16.6% and 12.1%, respectively) and were
selected for visualization (Figure 2a).

Significant clusters were observed for corn

(b)

I

type as, sweet corn, waxy corn, and field corn
(Figure 2b). The average heterozygosity of
these varieties was 11.48 and ranged from
2.27 to 28.41. For LD decay analysis, all
434,871 filtered SNPs were used as input
data for calculating the genome-wide LD in the
associated panel. The total LD decay in the
genome of the 262 maize associated panel was
206 Kb at a cut-off r* = 0.1, so a 200 kb region
flanking the left and right sides of an SNP was
defined as a QTL. Ata cut-off of r* = 0.2, the mean
length of LD decay rapidly decreased rapidly
48 kb (Figure 2c).

(c)

LD decay

fixixizun

Figure 2 (a) Principle component analysis of 262 inbred lines of maize based on 434,871 SNP markers.
(b) Clustering of 262 inbred lines based on 434,871 SNP markers. (c) LD, r* values against physical distance (Mb)
between all SNP pairs on the same chromosome. The total LD decay across the genome of 262 maize associated
panel using 434,871 SNP markers was 206 Kb at a cut-off I = 0.1. At a cut-off of ¥ = 0.2, the mean length of the LD

decay rapidly decreased to 48 kb.

3. GWAS Analysis for Marker Trait Associations

Association mapping was performed
using fixed and random model Circulating
Probability Unification (FarmCPU) method
by integrating population structure and
relatedness (kinship) within the tested panel,
434,871 SNPs with rare alleles (MAF < 5%)
were excluded. Using the results presented in

Manhattan plot and quantile-quantile (QQ) plot

(Figure 3), the significant SNPs were observed
at Bonferroni correction of P < 2.29x 10°
(P < 1/n; n = total markers used). Using 434,871
SNPs markers, the most strongly associated
SNP, AX-90669763 was identified on
chromosome 1 with a P-value of 1.78x10™", and
a MAF, 0.12 for DM resistance (Table 2). The
phenotypic variance explained for this SNP was
4.9%.



Agricultural Science and Management J. 6 (2) : 60-70 (2023)

65

FarmCPU.TrL.DM.SW1

Observed - log,(p)

Chromosome

L 2 3 4 5
Expected —log,(p)

Figure 3 Manhattan plot and QQ plot resulting from the SNP-based GWAS for percent disease index (PDI) of downy
mildew disease, Suwan Farm isolate. GWAS identified the significant highest SNPs markers that reached at the

Bonferoni correction threshold of P < 2.29x 107° (5.60) using the FarmCPU model. X axis indicates physically mapped

chromosomes. Y axis indicates significance as calculated by -log10 (P).

Table 2 SNP associated with DM resistance across Suwan Farm isolate.

Position

Trait SNP
(V4)

SNP Name

P-value Allele MAF R? (%)

SW S1_74009842 AX-90669763

1.78x10™"° AG 0.123 4.90

DM: SW: Suwan Farm; SNP: Single nucleotide polymorphism; Chr: Chromosome; MAF: Minor allele frequency;

R”: Phenotypic variance explained

4. Candidate genes analysis

Based on the annotation information
of maize B73 reference genome_V4, the
candidate genes for resistance DM were
identified by searching the MaizeGDB
(B73 RefGen_v4) and found that the significant
SNP on the chromosome 1 was located on
the gene, Zm00001d029516, encoding the

protein function of probable galacturonosyl

transferase 11. Moreover, the allele effects of
the significant SNP for the resistant trait DM
in maize inbred lines were determined by
boxplot analysis. For the QTL on chrosome 1,
QTL1.1_AX-90669763_ position 74,009,842
(NG, P-value=1.78x10"), the average disease
index for allele with A was 41.69%, significantly
lower than allele with G (68.85%) (p < 0.05,
Figure 4).
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Figure 4 Allele effects of significant SNP for DM resistant trait in waxy maize, QTL1.1_AX-90669763_74009842 (A/G).

Discussion

Downy mildew of maize, caused by
Peronosclerospora spp. is one of the most
destructive diseases of this crop in tropical
Asia (Yen et al., 2004). The use of resistant
varieties is an effective way to control DM
disease, and many researchers reported that
resistance of DM is controlled by polygenes
(Ward et al., 1997). In this study, the phenotypic
responses of most inbred lines were
susceptible to Suwan Farm isolate of DM
disease. In additioin, the broad-sense
heritability estimate of this evaluated
experiment was intermidiate, at 42.28%
(Table 1). Due to this level of heritability,
a great effort must be made in a breeding
program to accumulate a large number
of resistance alleles in the germplasm (Brito et
al., 2001; Rey and Luquez, 2009). However,
because the probability of selecting superior
genotypes (i.e. inbred lines) is low, marker
assisted selection (MAS) offers a strategy that

could increase selection alleles.

There was very little previous research
that had performed GWAS analyses for DM
disease resistance including P. maydis.
However, QTL mapping for DM resistance was
performed by many groups on different DMs,
including P. maydis, in different germplasms
and environments. Janruang (2020) examined
the GWAS analysis between 64 maize inbred
lines and 35,404 SNP markers and identified
three SNP markers on chromosome 2, 5, and 9
at Bonferroni threshold level of 3.5 but did not
identify the candidate genes. According to the
previous results, QTLs related to resistance to
multiple DM diseases have been identified on
chromosome 1,2, 3,6, 7,9, and 10 using different
markers in QTL mapping (Agrama et al., 1999;
Ashan et al., 2020; George et al., 2003; Kim et
al., 2020; Phumichai et al., 2012). In this study,
only one significant SNP has been identified
on chromosome 1 (bin 1.1) (Table 2, Figure 3)
that is associated with DM disease resistance.
Kim et al. (2020) investigated QTLs involved

in resistance to P. sorghi (sorghum DM),
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P. maydis (Java DM), and Sclerophthora
macrospora (crazy top DM) using a
recombinant inbred line (RIL) from a cross
between B73 (susceptible) and Ki11 (resistant)
and 234 sequence repeat (SSR) and restriction
fragment length polymorphism (RFLP) markers.
They identified seven QTLs with the phenotypic
variation explained (PVE) of 0.47-12.47%
on chromosome 2, 3, 6 and 9 and sixty-two
candidate genes were detected. Ashan et al.
(2020) observed seven QTLs controlling DM
resistance genes on chromosome 1, 5, 6, and
10 in the whole genome map of F3 population
by using 28 SSR markers with the PVE values
ranged from 43.35 to 53.71%. Phumichai et al.
(2012) also reported that three SSR markers
(bnlg1057, bnlg1138 and umc1033) on
chromosome 1, 3, and 9 were observed in
association with 48 SSR markers and downy
mildew resistance (DM) using a set of 60 public
and private maize inbred lines in Thailand. Other
studies have reported QTLs for resistance to
P. sorghi (SDM) on chromosomes 2, 3, 4, 5, 6,
8 and 9 (Jadhav et al., 2019; Jampatong et al.,
2013; Lohithaswa et al., 2015; Nair et al., 2005;
Rashid et al., 2018; Sabry et al., 2006). In this
study, the PVE of the significant SNP was very
low, 4.9% (Table 2). Some researchers reported
that the low PVE% indicated that MAS alone is not
recommended for a breeding program (Knapp,
1998; Mohan et al., 1997). The best scheme
should be used the combination of MAS with
conventional selection methods (i.e: repeated
selection) (Brito et al., 2001). Moreover, the
mostimportant genomic region for DM resistance
including P. maydis was found on chromosome
2 (bin 2.01) (Kim et al., 2020), 6 (bin 6.05)
(George et al., 2003) and 9 (bin 9.02)

(Phumichai et al., 2012). Therefore, the
significant association identified in this study
seem to be novel and was not found in the
previous QTL mapping studies on DM
resistance including P. maydis (Table 2).

In addition, one candidate gene,
Zm00001d029516, associated with disease re-
sistance was identified at the associated locus
on chromosome 1 (Table 3). This functional gene
was associated with protein function of prob-
able galacturonosyltransferase 11 (GAUT 11).
GAUT11 play important roles in plant growth and
development (Guo et al., 2021).

Conclusion

Based on this GWAS study, one
significant QTL on chromosome 1 was
identified to be associated with resistance of
DM. Following the QTL region, only one
candidate gene, Zm00001d029516, was
identified based on its protein function that play
important role in plant growth and development.
In addition, the allelic composition of the
QTL/SNP loci, AX-90669763 on chromosome 1,
differed when comparing the allelic composition
of the first five resistant lines with that of
susceptible waxy maize, indicating its
usefulness in pyramiding quantitative resistance

to DM disease.
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Abstract: The aim of this research was to study the efficacy of surfactants, wet-coated silicone (S1)
and N70 (S2), applied along with foliar fertilizer to Wan Pirun guava cultivar. The experiment was
arranged in completely randomized design (CRD) with 3 replications. The results showed that sur-
face tension of S1 was lower than that of S2 (51.08 dyne/cm and 68.39 dyne/cm, respectively), which
reflected the good range of efficiency in capturing on the leaf surfaces. Droplet characteristics on
the leaf surface of each plant demonstrated that the S1 spreading on leaves covered larger area
than those of water and S2. The application of foliar fertilizer with wetting silicone surfactant on guava

leaves gave the highest concentration of calcium in guava leaves (20,709 mg/kg).
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Figure 1 Chemical element of Ethoxy polydimethylsiloxane (1) and Sodium lauryl ether sulfate (2).
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multiple range test (DMRT)

Treatments Description
T1 Calcium Nitrate + water for spraying
T2 Calcium Nitrate + water + wet-coated silicone surfactants for spraying

T3 Calcium Nitrate + water + N70 surfactants for spraying
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Table 2 Test of the surface tension of surfactants by drop weight derivation method.

surface tension (Dyne/cm)

s1 s2
Replication S s2 (diluted:1,000)  (diluted1:1,000) ethanol
1 21.14 48.89 53.58 68.92 21.38
2 21.11 52.00 47.81 66.26 21.77
3 20.96 50.74 51.85 70.00 21.80
average 21.07 50.54 51.08 68.39 21.65

Surface tension of Ethanol at 30 °C = 21.55 Dyne/cm Note: S1 = wet-coated silicone surfactant, S2 = N70 Surfactant.
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Table 3 Area of water droplet spread on plant leaves (cm?).

Type plants water S1 S2 F-test
jackfruit leaves 2.05B 3.10A 1.86B *
kale leaves 1.34B 3.90A 1.05B *
guava leaves 1.62B 5.40A 1.69B >
pomelo leaves 2.04B 4.13A 2.04B *
bean leaves 0.68B 1.86A 0.72B **
eggplant leaves 1.39C 5.21A 2.66B >
corn leaves 1.56B 4.75A 1.13B *
average 1.52 4.05 1.59

Note: S1 = wet-coated silicone surfactant, S2 = N70 Surfactant.

" = significantly different at 95% level of confidence, mean within the same row followed by the same letter indicated

no statistical difference using DMRT; (p<0.05)

Ansnisnagaulsz@nsawliilasauny
ANTAARTIFIRNIFDANNLTNTULDIEIADIUNG
Tulusl$s

AINNIINAABY NUI1 N19RANUTY
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vasupaidunluludiafiens 1, 3, 5 wag 7 T4
TANNUANFANAUNI9ED R (Table 4) WUIN
N1IBANUANTAALIIRASRINGUIIATARR T

Table 4 Calcium concentration in guava leaves.

a 1 1% +| = =l
alau sounuflaunadonlumsn Annsazas
- L 4 e
unatte s lululisgangaiaaeinty 20,709
Faansusanlansy 49un19RANBANTAAKIIF
Nangu N70 éqmﬁuﬂmmﬁﬂﬂulmm LaZNIg
al ] v % 1 ] o + =
anuszilaisanduilaunaidanlumes
Tinaladunnsneiunneais Inaiaiedlunds
15,130 - 17,149 WA 16,149 - 17,951 HAANTNHE
Alansu MuaFL

Ca concentration (mg/kg)

Treatments
1 day 3 day 5 day 7 day
T1 16,538.4B 17,149.5B 15,130.2B 16,215.0B
T2 21,551.9A 20,261.5A 20,293.0A 20,731.9A
T3 17,951.0B 16,746.6B 16,149.6B 17,149.9B
F-test * * * *
p-value 0.034 0.050 0.049 0.044
%C.V. 18.67 8.62 11.37 14.38

T1= Calcium Nitrate + water for spraying, T2= Calcium Nitrate + water + wet-coated silicone surfactants for spraying ,

T3= Calcium Nitrate + water + N70 surfactants for spraying

e = significantly different at 95% level of confidence, mean within the same column followed by the same letter indicated

no statistical difference using DMRT; (p<0.05)
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Abstract: The objectives of this research were to study (1) social and economic conditions of farmers
(2) knowledge and understanding of agriculture in registering and improving the farmers register
(3) factors affecting the success of registration and improvement of farmers register and (4) problem
and suggestion of registration and improvement of farmers registration. The population of this research
was farmers registration in Photharam district, Ratchaburi province 5,377 member who had registered
with the Department of Agricultural Extension in 2021. The 373-sample size was based on Taro
Yamane formula with the error value of 0.05 and simple sampling. The tools used for data collection
were interview forms, descriptive statistics and inferential statistics. The results indicated that (1) most
of the farmers were female (57.10 percent), average age of 56 years old, experienced in registration
farmers register for an average of 15 years. Most of the farmers were attained primary school (43.40
percent). The average agricultural area was 10.49 rai. There were agricultural workers on average
3.50 per family. The average income from the agricultural sector was 128,335.53 baht per year and
the average cost of farming was 67,544.83 baht. (2) Farmers had the highest level of knowledge about
the benefits they received from registration (80.59%) and knowledge of registration procedures and
procedures at the least level (55.92%). (3) Factors affecting the success of registration and improvement
of farmers registration on issue 3 independent variables: 1)knowledge and understanding of
registration and improvement of farmers registration, 2) support from government agencies and 3) the
pattern of channels for registration and improvement of farmers registration that affected the success of
registration and Improvement of farmers register at statistically significant level of 0.01 and there was one
independent variable in terms of income from the agricultural sector which had a negative correlation
that affected the success of registration and Improvement of farmers register at the statistically significant
level of 0.05. and (4) farmers had the most problems with the preparation of supporting documents for
registration and improvement of the farmer register. and there were suggestions for staff to prepare
before starting the registration process and improving the farmer register also reduce the complexity

of document preparation and publicize quickly and thoroughly.

Keywords: Farmer registration, Improvement of farmer register, Ratchaburi Province
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Table 1 Knowledge and understanding of registration and improvement of farmers register

(n=373)
Test score Frequency Percentage
Less than or equal to 4 - -
5-8 - -
9-12 108 28.95
13-15 148 39.68
More than or equal to 16 117 31.37

Min=9,Max=20,X =14.22 ,SD.=7.78
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Table 2 Farmers' opinions of success in registration and improvement of farmers register

(n=373)
ltem X S.D. Meaning
1.Knowledge and understanding of registration and improvement of )
! 3.92 0.861 High
farmers register
2. Community Leader 3.76 0.877 High
3. Registration and improvement of farmers register 3.76 0.828 High
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Table 2 (continued).

(n=373)
Item x S.D Meaning
4. Officers 4.03 0.809 High
5. Support from government agencies 4.39 0.822 Highest
6. Public relations 3.68 0.801 High
7. Farmers 4.42 0.794 Highest
8. Operating period 3.60 0.765 High
9. Form of channels for registration and improvement of farmers 372 0711 High

register
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Table 3 Factors affecting success of registration and improvement of farmers register

(n=373)
) Coefficient )
Variable ) t Sig
regression (b)

Constant 2.278 9.430 0.000
X Age (years) -0.003 -1.057 0.291
X2 Registered (year) -0.001 -0.345 0.730
)(3 Agricultural area (rai) 0.007 1.829 0.068
X4 Income from the agricultural sector (Baht) -6.040E-07 -2.065* 0.040
X Knowledge and understanding of registration and

5 ) ) ) 0.324 6.800** 0.000

improvement of farmer registration

X6 Community leader -0.076 -1.733 0.084
X7 Support from government agencies 0.141 3.681** 0.000
X Forms of channels for registration and improvement of

8 0.097 2.616** 0.009

farmers register

R®=0.263 Adjusted R’ =0.247 SEE =0.469 F =16.231 Sig = 0.000
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Abstract: The objectives of this research were to study 1) social and economic conditions, 2) the
conditions of off-season longan production, 3) the knowledge of off-season longan production,
4) problems and suggestions on extension of off-season longan production and 5) extension needs
of off-season longan production of farmers. The population consisted of 462 farmers in Kosamphi
Nakhon District, Kamphaeng Phet Province who registered with the Department of Agricultural
Extension in the production year of 2021. The 215-sample size was based on Taro Yamane formula
with the error value of 0.05. Structured interviews were used for data collection. Data were analyzed
by descriptive statistics. The results indicated the following: Most of the farmers were male, average
age of 55.03 years old. The average off-season longan planting area was 10.05 rai. The average
production cost of off-season longans was 11,491.16 baht per rai. Farmers use potassium chlorate
for longan flowering in June and most harvested in January. Farmers had a high level of knowledge in
off-season longan production on the issue of planting and suitable conditions. Farmers had problems
at a high level in 2 issues: lack of project support from the government and lack of market linkage
support. The suggestion was government projects should be extension continuously for develop

quality off-season longan production and create income stability with a certain market for purchase.

Keywords: extension needs, off-season, longan production, Kosamphi Nakhon district
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Table 1 Economic condition of off-season longan farmers in Kosamphi Nakhon District, Kamphaeng Phet Province

(n=215)
ltems Frequency Percentage

1. Off-season longan production area (rai)
<5 94 43.72
6-10 53 24.65
11-15 24 11.16
16 - 20 18 8.37
> 21 26 12.10
Min =1 Max =55 X =10.05 SD = 8.766

2. Agricultural workforce (person)
1 29 13.49
2 99 46.05
3 61 28.37
4 20 9.30
25 6 2.79
Min =1 Max =10 X =044 SD = 1.052

3. Cost of off-season longan production (Baht/rai)
< 9,000 77 35.81
9,001-11,000 51 23.72
11,001-13,000 17 7.91
13,001-15,000 47 21.86
2 15,001 23 10.70

Min = 7,000 Max = 20,000 X = 11,491.16 SD = 3,938.193
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Table 1 (continued).

(n=215)
Items Frequency Percentage
4. Average yield (kg/rai)
< 1,000 126 58.60
1,001 - 1,500 37 17.21
1,501 - 2,000 52 24.19
Min =700 Max = 2,000 X = 1,283.02 SD = 461.613
5. Average selling price (Baht/kg)
<15 97 45.12
16-20 112 52.09
2> 21 6 2.79

Min =15 Max =25 X =17.88 SD =2.745
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Table 2 Summary of farmers’ problems on extension for off-season longan production

(n=215)
Problems x S.D. Level Ranking
1. Knowledge of off-season longan production 3.49 0.472 high 2
2. Individual Methods 3.43 0.684 high 3
3. Group Methods 3.33 0.599 moderate 4
4. Mass Methods 3.15 0.619 moderate 5
5. Support 4.04 0.673 high 1
Total 3.49 0.609 high
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Table 3 Summary of farmers’ suggestions on extension for off-season longan production

(n=215)
Suggestions x S.D. Level Ranking
1. Knowledge of off-season longan production 3.46 0.397 high 3
2. Individual Methods 3.52 0.483 high 2
3. Group Methods 3.40 0.473 moderate 4
4. Mass Methods 3.16 0.637 moderate 5
5. Support 4.08 0.613 high 1
Total 3.52 0.521 high

daiauenuzn1IdudINNTNARAaN lewen
1 @ = o 1 dﬁl

0928UNLAINT winzlsziiuiiAwielli

(1) AunsaduAYY WUGT INEAINGH
£ o 1 dl = [~3
TRLAUBLUZIZALNIN (ANLRAE 4.08) laallseiin
TRIAUDLULITAUNIN 3 Uszifusias A ATHNTT
daasulasannsasinefatilad (ANLRAT 4.13)
7898911ATHN1IaTUAYUNN T anTEeRaN A
(AadY 4.11) way AsaLAYUTadEnIsHAs
(FNL2AE 4.00)

%

(2) ANUNTAUATNULUTIELAAN WLGN
WNHAININTBLAUDUULIZAUNIN (ANLRAS 3.52)
IneiUszifutdaiguanuyssiuNin 1 Ussimueias
- 9 v o a a
AR WAntndadsun1snensAradllinnIN
wlaaNEAINTBLNNANNAND (ANLRAE 3.74)

(3) AupNFnrsnanan lewann g wuadn
WNHATNINTBLAUBUULIZALNIN (ALDAS 3.46)
InefssifudauauizsziuNIn 4 Ussifueias
A = v Y o
Aa Adsiinnsinausulimnniinunisdnanislsn



Agricultural Science and Management J. 6 (2) : 92-102 (2023)

99

WAZUNAIARING (ANL0AY 4.09) 7098911 AT
nnsinausuliaanuiiunisdnnisauuasde
(AN1a@n 4.00) ArsiinsEnavsnliAniAung
uilsgiluanan (Antadt 3.86) wazAsiinisinaLsy
TRAHFAUNITLFUNIAANNTUN (ALRAY 3.73)
(4) ANUNIFRIATHLLILTIENGN WU
WNERINTNTRIdRe LU ITALLUNANY (ANRAs
= [~3 v o
3.40) InaflsviAudaiauanusszauliunana
[~3 1 A F% v dl o o a
3 Uszifutias A LWANTNNAITAN LU A9EER
- = v 1 1 1 f-ﬂl
wraulaasauiliuninguinemang (Aade 3.42)

v v = v a = = o
lﬂ’W‘MH’W]V’]Q?Nﬂqﬁ‘"ﬁﬂﬂ@ﬂﬁ‘?ﬂiﬂﬁﬂiﬂ”]Lﬁ‘?;luqﬁj‘

u@n@muﬁtﬁalﬁm&uanmﬂﬂﬁmmiu@ﬂmz’%ﬂu
meﬂ? muma‘mnummﬂa‘ TG R RI L
(AlRAE 3.40) UAY EMThRduaTunITIneas
ANTAANITAUINAIANEAAIININIINARAT 18
u@nq@“lﬁmmm@fjwmjm@m (m’qm?n'ﬂ 3.38)
(5) AIUNITAAULATHLULNIATY WUIN
WNHATNINTBLAUE WUTILALLN WA (ﬂ"]L’ﬂ?IIF;I
3.16) laeddsvifAudalauauzszauliunana
3 UsziAudes Af MUNENIUALTHNITIANNIA
faiieidudenisFounisuand lovanng
(AR 3.18) TAIAINNAE MUILINUAITNIT

AANNANANT mm mmmuwumumimmmiﬂ
uangg ( ANQAE 3.17) UATMIETUAYTTNTRS
nensdsznduiusaunisnanan lauensg
(ﬂ"WL'ﬂaIEI 3.14) %x‘i’ﬂ’\@ﬂgrlugﬂLL‘l.I‘i.I‘II@\‘iZdQI’ﬂ”]]'@\‘WIN
saulaiiiaunsydy dhla uazidndalddne
5. AMNARINITNITRILEINNNTHARA L uan
NARINHATNS
ANNNABINTTIUNTAUETNNNTRARAN 18
wenggennInslun e lusziunin Tng
ANNABINITAUALLIN AB AITUNITATUAYL
(mma'ﬂ 4.17) deznausay nisavuayunie s
TAsann3sineT ﬁ@niiuL%uimmmmﬁﬂﬂu@ﬂq@
FEMINHLUIENALNTUALINHATNT UATNITAEL ALY
Tadenan@s WuhgaiuNan1sANEI8e Y
(2561) WULN LNBEATNTRANNABINITAIUANT
atuayuaniieaunIaiglustAuNn damdy
192LAUAMNARINNITUALTRIAINN TAKA ANun1T
AUFTUULUIEYPAAA (A19AE 4.01) AUAIING
nsuananleuanng (ﬁhmﬁlﬂ 3.57) AIUNNTEUETH
WLILINART (ANLRAE 3.47) LAZANUNIR LGB
TENGN (ﬁ%‘rlgﬂ 3.41) ANAAL (Table 4)

Table 4 Summary of farmers’ needs on extension for off-season longan production

(n=215)
Needs x S.D. Level Ranking
1. Knowledge of off-season production 3.57 0.351 high 3
2. Individual Methods 4.01 0.436 high 2
3. Group Methods 3.41 0.461 moderate 5
4. Mass Methods 3.47 0.485 high 4
5. Support 417 0.555 high 1
Total 3.73 0.458 high
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Assessment of Heat Tolerance of Karen Chili by Membrane Thermal Stability Method
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Abstract: Assessing the heat tolerance of Karen chili by growing test is time consuming and expensive.
The effectiveness of the Membrane Thermal Stability (MTS) technique to assess the heat tolerance of
33 accessions of Karen chili was evaluated. The experimental design was CRD. Seedlings were
transplanted into 10 inches pots with the planting material of loam soil, coconut coir, rice husk, and
manure (1:1:1:1). Chili plants at 2 months after transplanting were moved into the control greenhouses
(36.0/24.7+£2°C, average day/night temperature) and the high temperatures greenhouse
(42.0/26.0+2°C). Heat tolerance was evaluated at 16 weeks after transplanting by scoring as 1-4 point
from sensitive to heat tolerant. The MTS (%) was evaluated at 50 and 55°C for 30 min. The results
showed that Karen chili could be divided into 4 groups by the heat tolerance score as followed; the
heat tolerant group (14 accessions), the moderateyheat tolerant group (14 accessions), the moderately
heat sensitive group (3 accessions) and the heat sensitive group (2 accessions). The high relationship
between the heat tolerance score and MTS (%) at 50°C for 30 min was showed with R-square 0.6741

that could be used for heat tolerance evaluation of Karen chili.

Keywords: Membrane thermal stability, species assessment, high temperature
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nIaRuUmAE (Figure 1)

Figure 1 The high temperature tolerance score assessment (1-4) of Karen chilies at 16 weeks after transplanting.

2. MsUsEIUANUNUMUSRYUU)NFIATE
MALA Membrane Thermal Stability (MTS)
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NN9ALATIEUNNED A

TNUNUNITNAARILLL Completely
Randomized Design (CRD) Ing/ldanesiugiilu
VEPLMUFAN N UG AL 4 91 AnmzvinnnauLslsan
#2833 Analysis of Variance (ANOVA) LAz
nReiflaudtiadalngd’ Fisher's Least
Significant Difference (LSD) fiszfuAnnulTasiy
95% LAZINAZUULAINNNUNNLBINENNE YL
Aaguunigaiuilefidus MTS N1atAsnew
AnduszAnsnaeiinun (R-square) WARAN
ANTHANNUTIEUINAZUULAITNNUN UL A
w’?nﬂzl,u??'mr;i@fqmmﬁqqﬁuLﬂfﬂﬂéﬁuﬁ MTS
AunslaaNnauNnIT Y = a + bX Tnel Y = dauls
BN, a = ﬂ'ﬂmﬁﬁmmﬁmummu y (intercept),
b = A1AINTY (slope) wiaduilszAnd
(coefficient) kaz X = Asawlsaase

Table 1 Heat tolerance scores of Karen chili

Nams‘wﬂamuaﬁm%‘rﬁ
1. madszifiuanunumurawinnswssa
AnUNglne M IRAzILLY

N3 UATUUUAIMNNUNIUTBINTN
ﬂ:m’?"mﬁi@fqmuﬂﬁqq i ludianef 16 v
fEanan ANNIDAANGNANINUTNINNZTEN 1A
W 4 ngu T ngumumu Aazuuu 4 Azuuw
AU 14 @neWug An CA079, CA080, CA083,
CA158, CA187, CA199, CA1187, CA1188
CA1189, CA2751, CA2753, CA2757, CA2761 Iag
CA2775 NENABUEINUNIG HATIUY 3 AZLWY
RNUIU 14 ANENUG Ae CA024, CA141, CA150,
CA153, CA159, CA160, CA188, CA287, CA350,
CA861, CA1190, CA2773, CA2776 uaz CA2778
nanAaudngeule HATLLY 2 AZWWW A1U9U 3
aneWug Aa CA151, CA355 uaz Wiang Ping
LATNANERULE HATUUY 1 ATLUYE AU 2
mﬂﬁuﬁfﬁ@ CA081 llay CA2748 (Table 1)

Accession Heat tolerance score Accession Heat tolerance score
CA024 3 CA355 2
CA079 4 CA861 3
CAO080 4 CA1187 4
CA081 1* CA1188 4
CA083 4 CA1189 4
CA141 3 CA1190 3
CA150 3 CA2748 1*
CA151 2 CA2751 4
CA153 3 CA2753 4
CA158 4 CA2757 4
CA159 3 CA2761 4
CA160 3 CA2773 3
CA187 4 CA2775 4
CA188 3 CA2776 3
CA199 4 CA2778 3
CA287 3 Wiang Ping 2
CA350 3
CV (%) 1.99

* Chili plant was infected by disease before heat tolerance score evaluation.
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2. mMssziliuanunuUMUGagUU)NgInan
tMARA Membrane Thermal Stability (MTS)
annisnagauniALlesidusl MTS
m@dw?‘ﬂﬂxmé‘ﬁd@ﬁﬂﬁuﬁ:ﬁh\ﬂ ﬁqmuqﬁ 50
aeAEaLEad 181 30 Wi Tiaadfidus MTS
uwansneiuet iR ydmieain drneg
FEUINN 12.22-94.91% LAWUg CA080 HAn
wafidud MTS qeaafl 94.91% Taluansnariy
Wug CA083 Lwia;qndwﬁuﬁﬁ'uj @ﬂ'ﬁqﬁﬁﬂdwﬁtﬁa
TaaRRuazELE CA355 flpniesifus MTS sgn
WiriL 12.22% anAUedidui MTS aunsndnngs
anesiugninnzudedldidu 4 ngu Tdun
naNNUNIY HAefidust MTS 76.73-94.91%
AU 14 A1EWUG AB CA024, CAO79, CAOSD,

CA083, CA141, CA187, CA199, CA1189,
CA2751, CA2753, CA2757, CA2761, CA2775
waz CA2776 nguAsudianuniuilAlefidus
MTS 60.68-71.85% a1u9% 5 A18WUT A
CA150, CA158, CA188, CA160, CA1187 wag
CA1188 nauAaud1sgaule HaAndefidusf
MTS 47.25-56.30% A1U3U 8 @187 ug A
CA081, CA287, CA350, CA2748, CA861,
CA1190, CA2773 uaz CA2778 LAZNGNEDUULD
HAntefidusl MTS 12.22-39.72% a1U9u 5
aneWug An CA151, CA153, CA159, CA355
LA Wiang Ping (Table 2) zﬁ'au‘ﬁ@qmuqﬁ 55
B9ATALTREA 1981 30 WT WA MTS Tdusnsing
AUNNATA HANBEIENINg 3.20-8.62% (Table 2)

Table 2 MTS (%) of Karen chili at temperature of 50°C and 55°C for 30 minutes

MTS (%)
Accession

50°C 55°C
CA024 77.44 1" 5.01
CA079 82.36 d 5.74
CA080 9491 a 5.76
CA081 47.250 3.80
CA083 93.93 a 6.74
CA141 83.81¢c 523
CA150 63.731i 4.86
CA151 22.74's 3.97
CA153 34.55 ¢ 4.55
CA158 60.68 8.30
CA159 39.72p 4.06
CA160 64.77 i 7.08
CA187 79.18 e 3.20
CA188 64.64 i 4.15
CA199 9247 Db 3.25
CA287 47.57 o 3.25
CA350 49.35n 3.98
CA355 12.22 t 3.43
CA861 52.43 Im 4.22
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Table 2 (continued).

MTS (%)
Accession

50°C 55°C

CA1187 68.24 h 4.06
CA1188 71859 5.64
CA1189 79.38 e 7.15
CA1190 55.16 k 4.69
CA2748 51.56 m 5.04
CA2751 91.38b 8.62
CA2753 76.73 f 5.27
CA2757 83.64 cd 4.36
CA2761 84.67 c 5.33
CA2773 53.70 1 6.30
CA2775 77.28 F 5.43
CA2776 83.33 cd 5.75
CA2778 56.30 k 4.16
Wiang Ping 2525 4.75

F-test * ns
LSD 1.43 -

CV (%) 1.97 19.78

** significance at p < 0.01, ns = non-significance at p > 0.05

" Means followed by different letters were significantly different according to Fisher's Least Significant Difference

(LSD) test.
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Lﬁmmﬂﬁi@ﬂLiwﬁﬁmmul,m) AnUafidus MTS
figuundl 50 evrnaidua unan 30 wil
HANANAUS LA UUUANNUNUF R IUUYH
aeAaudnage anunsnldlssiiuanunuieues
mwﬁufw?nﬂzm?imiﬁ” (Figure 2) @9upn
wafidus MTS fignunil 55 asA1igalFaa
1987 30 W1 wudn ldEANLANEIeTUNIg
afAluszndneatawug agldatunsntdinan
AnduilarAvantarinuue (R-square) fUAZLUL
T T R TR R e PR
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Heat tolerance score

Figure 2 R-square between heat tolerance score and MTS (%) at 50°C for 30 minutes of Karen chili.
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Abstract: This study investigated the utilization of by-product from sugar factory (venasses powder, VP)
as sources of potassium on growth and yield of cassava (var. Huay Bong 60) planted in Kamphaeng
Saen soil series. The experiment was arranged in Randomized Complete Block Design (RCBD)
with 3 replications and consisted of 7 treatments. The results showed that the application of VP of
64.15 kg/rai in combination with chemical fertilizer (CF) grade 21-0-0 and 0-46-0 of 69.33 and

8.52 kg/rai, respectively (VP , T7) provided the highest plant height and leaf greenness

8% K20
(SPAD unit) which were not significantly different from the application of CF based on soil chemi-
cal analysis plus 100% of the K fertilizer from the original rate (CFDOA+K1OO°/, T4), the application of

VP of 48.12 kg/rai in combination with CF grade 21-0-0 and 0-46-0 of 71.05 and 8.57 kg/rai,

respectively (VP , TG) and the application of CF based on soil chemical analysis plus 50%

of the K fertilizer?/:‘rgzr% the original rate (CFDOA+K50%, Ta). While, all treatments that applied CF or
VP in combination with CF effected insignificantly on fresh root yield, average weight/root, root
width, root length, starch content, starch yield/unit area and concentration of N and P in fresh root
but significantly different when comparing with the control treatment (control, T1) that had the lowest
fresh root yield, average weight/root, root width, root length, starch content, starch yield/unit area and

concentration of N and P in fresh root.

Keywords: venasses powder, cassava, by-product
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Table 1 Detail of treatments.

Quantity of major elements

Treatments Descriptions Symbols )
(ng—PQOs—KZO per rai)
T1 no fertilizer treatment control 0-0-0
T2 the application of chemical fertilizer (CF) based on soil CFDOA 16-4-4
chemical analysis
T3 the application of CF based on soil chemical analysis CFDOA+K5O‘V 16-4-6
and add 50% of the K fertilizer from the original rate
T4 the application of CF based on soil chemical analysis CFDOA+KWOW 16-4-8
and add 100% of the K fertilizer from the original rate
T5 the application of venasses powder (VP) of 32.08 k20 16-4-4
kg/rai in combination with CF grade 21-0-0 and 0-46-0
of 72.76 and 8.61 kg/rai, respectively
T6 the application of VP of 48.12 kg/rai in combination o020 16-4-6
with CF grade 21-0-0 and 0-46-0 of 71.05 and 8.57
kg/rai, respectively
T7 the application of VP of 64.15 kg/rai in combination PSD/ o0 16-4-8
with CF grade 21-0-0 and 0-46-0 of 69.33 and 8.52
kg/rai, respectively
Table 2 Chemical and physical properties of soil (0-30 cm layer) before the experiment.

Properties Results Rating
pH (1:1) 6.59 neutral
EC_(dS/m) 0.50 non-saline
Organic matter (%) 0.74 low
Available P (mg/kg) 28.53 high
Exchangeable K (mg/kg) 63.74 moderate
Exchangeable Ca (mg/kg) 785 high
Exchangeable Mg (mg/kg) 66.46 moderate

Exchangeable Na (mg/kg)

117.56 -

Soil texture sandy loam -
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Table 3 Chemical and physical properties of venasses powder (VP).

Properties Results
pH (1:2) 10.36
EC (1:10, dS/m) 35.12
Organic matter (%) 54.84
Humic acid (%) 36.58
Total N (%) 2.24
Available PQO5 (%) 0.12
Exchangeable KZO (%) 12.47
Total Ca (%) 0.23
Total Mg (%) 1.85
Total S (%) 0.36
Total Na (%) 0.67
Total Cl (mg/kg) 0.54
Total Fe (mg/kg) 348
Total Zn (mg/kg) 158
Total B (mg/kg) 6
Moisture (%) 7.89
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Table 4 Plant height of cassava at different ages.

Plant height (cm)

Treatments

3 MAP" 6 MAP 9 MAP 12 MAP
T, = control 63.55% 111.69% 154.85% 179.38%
T,=CF_, 94.76° 165.53° 243.44° 287.59¢
T,=CF _+K_ 103.64% 173.62% 253.52% 306.57°
T, =CF +K . 113.51° 183.62% 260.66% 314.59%
T.=VP. o 96.67" 168.48" 247.53% 291.53¢
T =VP_ 106.38™ 176.77% 255.37%° 310.56™
T =VP. o 115.74° 185.42° 263.49° 318.49°

Fotest o e e o
C.V. (%) 14.27 12.44 11.98 13.18

" Months after planting

 means within the same column followed by the same letter indicate no statistical difference by using DMRT

** indicated significant difference at P< 0.01

Table 5 Leaf greenness (SPAD unit) of cassava at different ages.

SPAD unit
Treatments

3 MAP" 6 MAP 9 MAP 12 MAP
T, = control 38.58% 36.59 33.68% 31.56%
T,=CF_, 42.48° 46.32° 44.34° 42.38°
T,=CF_ +K 44.47% 50.57° 48.32%° 44.31%°
T,=CF K .. 46.42° 52.30° 50.25° 46.23%°
T.=VP_ . 42.57° 46.48° 44.55° 43.47%
T.=VP o 44.62% 50.67" 48.45% 45.29%
T, =VP_ .o 46.45° 52.49° 50.36° 47.23°

F-test . o o o
C.V. (%) 12.42 11.47 11.84 12.51

" Months after planting

? means within the same column followed by the same letter indicate no statistical difference by using DMRT

* indicated significant difference at P< 0.05

2. NANARLATRIALSENALNANARYBII UL LAY
2.1 HAHARAALATIIMITIRAT eV
msldflapinuaAidinsziau vianis

Tdusnndnsanfiunisladjaiad sfm%\ﬂﬁﬁumu@u

(control, T ) ﬁm@lﬁm@mﬁmﬁmmmzﬁwﬁn

** indicated significant difference at P< 0.01

A e o o o a = o
LQ@EW@MQ"H@QNU@TUZW@QV]@’]EJ‘ 12 Lﬂ@uﬂ@QﬂQﬂ

upnsineiueeneldadAtydanieaia (Table 6)

'
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2.2 AN NULATANENIYER

nslaflaalanAIdAT A ‘m@
nsldnsnindndannunisldilaiad 397
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Wwaunastlgn uanseiued1aldudiAnyni
40 (Table 6) NANAD nﬂﬁ?ﬁummmﬁﬁmﬂzﬁ
flawadainandnseiau wsanislananingn
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AiusnFuAILAN (control, T) ﬁﬁlqﬁmiﬁmmﬂ%q
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Table 6 Fresh root yield, average weight/root, root width and root length of cassava at 12 MAP".

Fresh root yield Average Root width Root length
Treatments ) )
(ton/rai) weight/root (kg) (cm) (cm)
T, = control 3.41% 0.21% 3.72% 15.43%
T =CF 11.12° 0.43¢ 5.32° 22.76°
2 DOA
T =CF_+K 11.59° 0.49 5.64° 23.18°
3 DOA 50%
T =CF__ +K 11.79° 0.58% 5.71° 23.38°
4 DOA 100%
T =VP 11.32° 0.45¢ 5.38° 23.00°
5 4% K20
T =VP 11.64° 0.52% 5.68° 23.21°
6 6% K20
T =VP 11.83° 0.61° 573" 23.42°
7 8% K20
F_test *k *% *%k *
V. (%) 14.59 8.37 9.34 10.68

" Months after planting

“ means within the same column followed by the same letter indicate no statistical difference by using DMRT

* indicated significant difference at P< 0.05

2.3 WefidumuNa i dn LAz NaNAR
N
wrlamaNwn
1+ = 1 a ea =
n19laleANRINATIATIZWRY YT
nslduenindnsannunislailead sousisendy
AYUAN (control, T ) Aualiafidusiledan

** indicated significant difference at P< 0.01

D
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uazHanAnuse T sTud 1 lsvdslndiReetu
99 28.64-29.63 \Wasidus uaz 3.18-3.51 Fa/ls
ANNANAL LAZLANFANUNNSEARTe L BT
AusNFUAYLAN (control, T) Faiua lilo fifus

g udndnLasNaNanwlIAaNuNYD
dudnilendaiasngn (23.52 wWasidus uay 0.80
/15 mNanAL)

Table 7 Starch content and starch yield of cassava at 12 MAP".

Treatments Starch content (%) Starch yield (ton/rai)

T, = control 23.52% 0.80%

T =CF 28.64° 3.18°
2 DOA

T =CF__+K 29.13° 3.38%
3 DOA 50%

T =CF__+K 29.57° 3.49°
4 DOA 100%

T =VP 28.72° 3.25™
5 4% K20

T =VP 29.24° 3.40°
6 6% K20

T =VP 29.63° 3.51°
7 8% K20

F-test * .
C.V. (%) 9.39 10.56

Months after planting

? means within the same column followed by the same letter indicate no statistical difference by using DMRT

* indicated significant difference at P< 0.05

k2 ¥ dl
2.4 anudndupassInasnazanly
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et wgn19neaasil (FISUNAREN 2-7)
= !+ o o o A
fnsladlelulnsiaunazraanasasnsminiu Ae

** indicated significant difference at P< 0.01
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Table 8 Concentrations of total N, P and K in fresh root of cassava at 12 MAP".

Treatments Total N (%) Total P (%) Total K (%)

T, = control 0.128% 0.095% 0.765%

T =CF 0.326° 0.271° 1.328°
2 DOA

T =CF_ +K 0.330° 0.276° 1.395°
3 DOA 50%

T =CF_ +K 0.336° 0.281° 1.483°
4 DOA 100%

T =VP 0.328° 0.274° 1.331°
5 4% K20

T =VP 0.333° 0.278° 1.396"
6 6% K20

T =VP 0.338° 0.283° 1.489°
7 8% K20

Ftost - . .
C.V. (%) 11.23 10.36 11.12

¥ Months after planting

 means within the same column followed by the same letter indicate no statistical difference by using DMRT

* indicated significant difference at P< 0.05
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** indicated significant difference at P< 0.01
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Abstract: The objectives of this research were to study 1) social and economic conditions 2) mango
production conditions 3) knowledge of mango production according to good agriculture practices
4) demand of support for mango production according to good agriculture practices and 5) problems
and recommendations about mango production according to good agriculture practices of farmers.
The population consisted of 238 mango farmers in Prachantakham District, Prachinburi Province who
registered with the Department of Agriculture Extension in 2021/2022. The sample size was based on
Taro Yamane formula with the margin of value of 0.05. With simple random method, the 150 samples
were chosen. Interview forms were used for data collection. Data were analyzed using frequency
distribution, percentage, mean, minimum, maximum, standard deviation and ranking. The results
indicated that most of the farmers were male with average age of 54.74 year-old and graduated
primary school. The average mango production experience was 15.26 years. The average mango
production area 17.66 rai (2.8256 hectares). The average annual household income from mango
production was 351,746 baht per year. The average household cost of mango production was
70,640 baht per year. The condition of mango production: the planting area was lowland. The soil
used for growing mango with sandy loam, using natural water sources, use chemicals for pest
control. Harvested by sorting the product to ensure quality. Farmers were knowledgeable in mango
production according to the standards of good agricultural practices of farmers at the highest level.
Farmers need supports of the extension methods which include being visited and being educated
in the fields. The farmers’s problems were the lack of staff to educate and visit the fields. The results

suggested that the staffs should provide training in the area and regularly visit the farmers' mango fields.

Keywords: Extension, mango production, good Agricultural Practices
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Table 3 Summary of the overall level of recommendations on the promotion of mango production according to the

standards of good agricultural practices of farmers

(n=150)
Items X S.D. Level Ranking
1. Knowledge 3.1 0.980 Medium 5
2. Individual Methods 4.02 0.990 High 1
3. Group Methods 3.36 0.860 Medium 4
4. Mass Methods 3.90 1.040 High 3
5. Support 3.97 1.080 High 2
Average 3.67 0.990 High
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Abstract: The purposes of this research were to study 1) general information of farmers, 2) climate
change situations affecting cropping and 3) the guideline of farmers' adaptation in dealing with
climate change. Samples were 210 economic crop farmers in Nakhon Pathom Province. The obtained
data were collected by questionnaire and analyzed by descriptive statistics. The finding revealed
that the majority of farmers were male (58.10%), 55.18 years old on average. Regarding the situation
and impacts caused by climate change on agriculture, it was found that the major problems
affected by climate change that farmers confronted were temperature change problem (70.00%),
followed by problems of plant diseases and pests (60.48%) and flooding (44.76%), respectively.
Farmers' adaptation consisted of 4 approaches: 1) adjusting the calendar for planting planning
(53.33%), 2) adjusting the farming to sustainable agriculture (33.81%), 3) finding water sources

reserve to store water for use during drought (29.05%) and 4) crop change (12.38%), respectively.

Keywords: Climate change, adaptation, economic crop farmers
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