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Project for Driving Research Results towards the Industrial Utilization

of Azolla microphylla
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Abstract

The objective of the study on the use of Azolla, a miracle plant, as food for black
rattan chickens is to study the increase in the amount of Azolla in the breeding ponds. For
use as a substitute protein source in chicken feed in the Saengwai Black Chicken Community
Enterprise Group, Village No. 3, Saengwai Village, Talukthiam Subdistrict, Phrom Phiram
District, Phitsanulok Province. The problem with raising black chickens is that 80-90% of the
production cost is processed food. Therefore, the use of the Department of Agriculture's
Azolla (Azolla microphylla) is a small aquatic plant with potential and properties that can be
used as a protein source to replace expensive raw materials. This creates a demand for 100
kilograms of Azolla per day, with a purchase price of 7 baht per kilogram. Therefore, farmers
are interested in raising azolla to generate income. However, farmers' azolla cultivation has
low yields and low quality, and is insufficient to meet market demand. From the study, it
was found that the production of Azolla using the technology of the Department of
Agriculture increased the farmers' Azolla production by an average of 40 percent, Therefore,
in 1 production cycle of 35 days, farmers earn 3,500 baht, an increase of 1,925 baht. A
prototype chicken food product was also produced using Azolla mixed with ready-made
food (protein 14%) at a ratio of 1:1, used to raise black chickens aged 45-120 days, Can

reduce costs by 28 percent per unit, resulting in increased income for farmers.

Key words: Azolla microphylla, Cherngwai Black Bone Chicken

Yéninidouazimunmsinus wail 2 nsudnnisineas suatmes sunotmes Smiaivalan 65130

Y Office of Agricultural Research and Development Region 2, Department of Agriculture Wang Thong
Subdistrict, Wang Thong District, Phitsanulok Province 65130
A
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Figure 1 Selection of Azolla microphylla for propagation
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Table 1 Analysis of initial investment costs or expenses (1 cement pond) in 2024

List Quantity Unit Average price (Bath/Unit) Amount
(Bath)
1. Cost of planting materials
- cement pond 1 pond 180 180
- clay 5 piece 10 50
- manure 1 kg 12.5 12.5
- Pelletized chidken manure 0.8 ke 17 13.6
- camouflage netting 2.1x3.3 m’ 50 50
2. Azolla microphylla 0.5 ke 0 0
3. Other expenses
- water (0.018 m?) 1 pond 32.30 32.30
Total 338.4
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Table 2 Cost of making a pond with a size of 2.1x3.3 meters or an area of 6.93 square meters in 2024

List Quantity Unit Average price Amount
(Bath/Unit) (Bath)
1. Cost of planting materials
- brick block (39x19x7 cm.) 20 piece 10 200
- pond plastis film (0.25 mm.) 8 '’ 35 280
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List Quantity Unit Average price Amount

(Bath/Unit) (Bath)
- cemen (20 kg) 0.5 bag 230 57.50
- sand 0.5 mt 475 237.50
- clay 35 piece 10 350
- pelletized chicken manure 2 kg 17 34
2. Azolla microphylla 0.5 kg 0 0
3. Other expenses
- water (0.018 m?) 1 pond 26 26
Total 1,185
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Table 3 Cost of feed for 100 chickens

List Food for age Cost of feed for 100 chickens Chicken food
(bath) (bath/ chickers)
Traditional farming Starter diet 0-14 day 450 45
Grower diet 15-60 day 4,575 45.75
Total 5,025 50.25
New farming Starter diet 0-14 Tu 450 45
Grower diet + Azolla (1:1) 3,162.50 31.626
Total 3,612.50 36.125
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Figure 2 Black chicken farming
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Table 4 Azolla production data, Phitsanulok Province, 2024

Farmer name Azolla yield (kg) Yield gap Percentage of
DOA method Farmer method (kg) productivity increase
1. MrsSongkran Khunsaen 61 a5 16 35.6
2. MrsWoranuch Trachuentong 74 50 24 48.0
3. MrsBoontham Khunsen a2 30 12 40.0
4. Mrs.Saiphin Srinualin 57 40 17 42.5
5. Mrs.Dokrak Emthet 20 15 5 333
6. Mr.Pradem Muangmoon a7 35 12 34.3
7. Mrs.Saiyut Senchai 34 25 9 36.0
8. MrsRatchanok Yoddeedee 29 20 9 45.0
Total 364 260 104
Average 45.5 32.5 13 40.0
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Table 5 Income of farmers in Azolla group, 2025

Farmer name Income (baht) Income
Before After increased

(baht)
1 Mrs.Songkran Khunsaen 2,205 3,500 1,295
2 MrsWoranuch Trachuentong 2,450 3,500 1,050
3 MrsBoontham Khunsen 1,470 3,500 2,030
4 Mrs.Saiphin Srinualin 1,960 3,500 1,540
5 Mrs.Dokrak Emthet 735 3,500 2,765
6 Mrs.Saiyut Senchai 1,225 3,500 2,275
7 MrsRatchanck Yoddeedee 980 3,500 2,520
Average 1,575 3,500 1,925
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ABSTRACT

Expanding Secured Avocado Production Technology for Sustainability in the Highlands
project that implemented under the Research Utilization (RU) program, was funded by the
Agricultural Research Development Agency (Public Organization) for the fiscal year 2024. The
objective of the project was to scale up sustainable avocado production technologies across
five highland Tak provinces. The project comprised four main activities: (1) establishment of
knowledge centers for quality avocado production, (2) collection and propagation of elite
avocado cultivars and rootstocks, avocado germplasm collection plot, each covering 2 rai, was
total 5,000 elite avocado seedlings were propagated and distributed to trained farmers, along
with 500 elite rootstocks. (3) dissemination of avocado production technologies through five
sub-activities, namely: 3.1 hands-on training workshops on quality avocado production for 100
farmers, with 500 high-quality seedlings distributed, 3.2 development of integrated farming
plots, plots (2 rai each) were developed, one in each province. In addition, 8 integrated farming
plots (1 rai each) 3.3 creation of “Suan Ruam Jai” community orchards (1 rai each) was
established, 3.4 establishment of model plots for quality avocado production (2rai each), and
3.5 organization of an Avocado Field Day event at Robinson Lifestyle Mall, Mae Sot District,
Tak Province, on 29-30 August 2024. A total of 572 participants attended, and according to
the evaluation survey, 92 percent reported gaining high or very high levels of knowledge and
benefits from the activities, and (4) evaluation and documentation of project outcomes The
assessment of implementation success revealed the following results: 4.1 Learning center
plots achieved 70 percent completion; 4.2 Germplasm collection plots reached 6 0 percent,
production of high-quality grafted seedlings achieved 100 percent, production of disease-free
rootstocks reached 70 percent; 4.3 Farmer training activities achieved 100percent, integrated
farming plots reached 60 percent, “Suan Ruamjai” community plots reached 60percent, and
model plots achieved 70 percent. Technology transfer events were successfully organized at

100 percent.Overall,the project implementation success rate for the year 2024 was 77 percent.

Keyword: Avocado , Highland
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Figure 1 Demonstration and Learning Plot
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Figure 2 Avocado Propagation Plot

2.2 NANAURUSA 113U 5,000 AU dA01TINARDITAIUNUNTE SUNONUNTE JInTAAIN

nsdnLdanduszlaanlafindmiududuiug

dmfumamizsdn dewunzieriudn Saliazenn usarsdestulsamnundunan 10
unit feaslviusts Aeuvgnadlunlamenszansilddunanunausuazdononludnsidin 2:1:1 1
wialagliFureauasiu 1 d uaglidaladoon 1 daw whnawEusenniglu 2-3 &asi dundn
ognilafoumsdausnlioglunaadud uagriuasdostulsauazuuas dundiimangdmiunns
Frugenamsiidfuuawindiuuinn Awiiseou uasdddendunioeeutimna dusuns

lsamsduuuIdeUfjuiings Research to impact 91n9133egmsas Nassauinnssu U 2568 17



w3sugenusa @enannduiusiudsussanysal dnvazAadufunfsdou 10 3-5 lwuRns
videdinn 2-5 m dalusen fusemsidy madsugeauuuluuwyilagiauazenaieaile
Feusanesed daumeiunigey Unnunaidssemusvanm 1 i1 UnAsiuglifiunaideaviniy
Usenuliuuaiuendudfatuainniian mnvwadsliuiiy Wsusuladumildiain aindusiude
wlsifiadafiodestuingn lassnsudaduiugioslaaladnsamatmne 5,000 #u lagldns
wnzwdnuandeuganuusunonlILss N1sAndenwand Ugnluan mmaneau waglddunetasnlsa
ms‘mmmmum anlanUazALL m‘[,mﬂwmﬂsmnmmLﬂaauaamwuﬁ(ﬂlmm wazvengLAsadeUan
it Fuitusaunmgaiismeuaussnnudioansmaiauasifyadaanas

Flgure 3 Rootstock production and grafting with superior scions

a =] o a
fanssud 3 nMsveneramalulagnisnanazlinlananimw

a =] =% a a wva

NINTIUN 3.1 ANdUINIIUYUANS

Jandann 1w 100 18 daRneusunenIng laewtadu 3 asa u 3 fuil loun

Ui 13U 24 Suneu 2567 ineasnsUuiglUe a.uiRy 8.04sseann 2.910 918U 25 918
LA o o 9 o & | ° oA o
JUN 2 Tuil 25 SunAu 2567 iNuAINIUILALAY A.NEIR B.WIADA 2.00 I1WIU 25 918 JUR 3 Juh
26 SunAY 2567 al viesUsegaIngdenyasasnalulagnin 9.3497 0.5097 2.0 113U 50 518
531 100 578 Wianusnslusunguuasda nsusediulaglduuunaaeuniius nounasvas
Anausy wud tneesnsiinaunIsnageu tnpzuuy 8 avuuuduly 41w 10 au Andusesaz 10
nensnsnIun1sneaey laasuu 8 Azuuuduly Id1uiu 98 au Andu Sevaz 98 wazinuasnsd
= Yy a X a~o a & v
fanuinudy d9wau 95 au Andu fesas 95

= & A o & = Y = 1%

NSANDUITUNUATNTUUNUNZY 100 578 Ussaunadiia0e19h nasn1seusunensnsiiaiug
wazaudlasuwmelulagnsndnezlialanunniinduniniesar 80 vinwglunisveneiuglag
aq N v gal o (% di N v eal v 6o 1 o/ 14
Twasugaaiuga aunsadnluusuldlunvamemueaiaiuasuiugd veneiugimiivasesele

= o v A A 1% i Yo ¥ o eaA ¥ v v Y

wsoUsvendldiuivauls inwasnsudazsglasuduiugneslinla 5 du 591 500 fu wiowudan
gunsaldmsuveneiug waslinnudeanisiuiugiassaatugRiuAuiaveeuiugnsely

Figure 4 Training for farmers in Mae ramat districts, Tak province
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Figure 6 Training for farmers in Wang Chao districts, Tak province
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Table 1 Integrated farming system development activity
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Figure 7 Monitoring of the “Suan Ruam Jai” integrated farm plot
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Figure 8 Follow-up on model farmer demonstration plots
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Figure 9 Activities Conducted during the Avocado Field Day
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Abstract

The objective of this study was to investigate the chance of cross-pollination and the
characteristics of hybrids obtained from crossbreeding of Centella asiatica. the floral biology was initial
carried out follow by cross-pollination and inheritance of hybrid. The results revealed that the
reproductive was start receptive and anthesis at 05.37 am. Cross-pollination produced a seed set rate
of 16.2%, with a germination rate of only 16.1%. The maternal effect was found in hybrid. Moreover,

Centelloside content, which is major secondary metabolite in C. asiatica, was correlated with leaf size.

Key words: Centella asiatica, cross-pollination, inheritance
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goausnuaznandesfiaesuiy muddu WewSeuiieusunisanudsinervesnentaunluusene
Buile W58uinnendnnnennatsuL 2 uwas 4 Su rendesusnuaznentesfidesuiu mudisu
Uavid et al., 2018) 33919588¥naINsUILTRIRENThuNLAavaenluteneniiviinsinwilulssine
Inefiviszeznanmsuiidiniidnenunsanwlulssmadude

LﬁaﬂﬁmmfmfmamwLmﬁamimaLQWWzmsm?{ammawaaqmmﬁ saudalladesanTenig
gl AT uduTNSuazY LAY danansEnunielasdin masyiulaagnsiaITesi
(Tooke and Battey, 2010; Bahuguna and Jagadish, 2015) LLaﬂu{]aﬁ;ﬁ’uﬁﬂ'ﬁﬁﬂwmsm?{ammaa
Y83an 1N Ao1ne (climate chage) ffinansznudefigeg1ani1ewine nuan dwaliiinnis
Wasuwlaiisainisvesnen Suluinisansiuiunisesnnenuazianavesiivlusssued
(Numata et al., 2022; Geissler et al. 2023)

SRt isIzduiug wudt mandeusunisnauresnasnAlouazN1SUANTBIULTHY
Andutufinenuiu nswdeusunsmaulunanweds wudh dnnsgnas (Stigma) $1uau 2 §u Az
ma%uuaznmaaamﬂugﬂﬁﬁ (V-shape) ganainsniounauvssnasinedslunsnnals aandae
usnuazmengesfiresegEumasalndiAetu Budst 0537 u. fa 0628 1. enasnnadendounay
WG

(A)

©

Time (min.)

Sex expression

~ whalnil] wTrinl] bt |

©— Central flower @--- First lateral flower @ second lateral flower

during experiment (A) pattern of flower opening (B) pattern of anthesis and receptive

(O Time of each anther dehiscence after stigma open (D) Temperature and light period

WnasnAg@el 5 §u nessuan (anther dehiscence) fiagdu lnggunuunsuanvasnasinaguansly
Figure2B uagidloduisausnuan aiaduludinanfgmielndifganisnieunauvenasinaiile
W390glutIIA10g5¥Ning 0-70 UM lAedULSUN 5 wAn NARINNATINAEENTDUNANDETENIN
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23-255 Wi (Figure 20) nsnieunauiugveteivizduiuguosdiuntulssmalneinnuunnig
Mnseailulsemaduide Tag Javid et al. (2018) 9189791 SuiseyFuuantunan 9.30-10.30 .
ndsaInsuisuInuan 4-5 alug inasinadedmdounay luvae? Malik and Sharma (2020)
sswinnasnagFuuanlunat 4.00-8.00 u. lnsinasmadisazniounalutasnaiisvesiunon
U wisaesnenuinudamuuansslutissseznanamieunauvese TorzAuiug uiiazedlu
Tounan (UTC +5) Ssamuuansnstionainainundsiiiniusiiiumasenduauasaneiusiu 3
oradumauanisniounauiugvesusazaeiugivisnafinand ety fadu Semsinnsfne
dinddluthunanumasdug fifinsnszaneslulssmelng

FovhmsfnwdisnansunnvesduisyUisuiisussninsennans aengesusn uaznendosdiaes
WUIT MTLANYBIS UL FULUUREINY AB NSUANTBITULTUNEBELANTIaTULTAY Lagn 1SuANLAN
soifles Hszoznannsunnyesduisallaiuiuey (Figure 20)

nsaf1edaungnuEs

INNITHAUNATUIVNULUUNUAUNUAIN WO 3 a18WUE b un 2899 UATUTN wag
9uas19511 $1uau 787 Aen ileaiegnuay wumendnisAnua (fruit set) 64.2% guaniifisnsing
Annagean Ao ateiugszgamanaenuguasUgu (82.2%) sesan laun areugguasivsiiinay
a1eiuguAIUTN a1eWuguATUTUNANA8RUSUATI9S T aluiug seuRINaNaeNUSaUATIYETT
aneuguasUgunaNaeiugszees wazaeiugavas s dnauaeiudsyens Andulesidusinis
WamnvossaAady 78.0 74.8 70.2 49.2 uay 48.3 Wesifud awdfu (Table 1) ethaewus
szeadumeiugrenuilidansiananniaeiusuasuguuaraeiusguasvsdidanlddy
amewunouAeiy enatesanauduniiuvesazesusy (pollen grain) aranduniuiiAngy
fanvnananuiaunilunszuaunisuagadduiiug (Consolaro et al,1996a) Tasanuduvsiuil
ANTIBIULBY Consolaro et al. (1996b) wuthunluudazUszansidnnsnszaedmneuldves
Uszinausn@a azeousgyiidnsanudunduuanaieiu lneddnsanuduniuegsening 26.5-
99.7% lagthuniifimsnszaneslu Costa Azul fignsanuduniusiiiian dwuthuniifinisnszane
sl Praia de Leste fdnsenuiduniugean uenaninnuuandtsessiualasTulsalusaund
danananisnanin druluasienuintiunduivinases d9wiulasiuley 2n=18 (Mathavara;j
and Sabu, 2021) kANUNITINENUUNEKAINTEERUFTTULATINlY 2n=22 (Hamal and Koul,
1989; Peiris and Kays, 1996) uazainnisenwisiuaulashilsuvestiunlusdavaninuindeudiinas
nsrareiuglulsunasuie lne Das and Mallick (1991) wudn FnuiulasiulesluusdazUszyinsny
sadlaslilanund (2n=18) wag 2n=18+2, 2n=18+1

PanasErInmsidanannaiaznsnaiudinnuddgysenisuauin nsaiunsHay
FEudund 2565 manandugasusn Srenunsinndndnualrentauntes Javaid et al. (2018)
Wesenuien daldmnenuinentiunlulssmaduifieuuiuna 8.00 u. uazduisyuanIzming
AN 9.30-10.30 u. Idlsnausuidmnasiiuaznsaunasthundeunaiiusingluseny eguslsh
a1y NMsdanalusgninemdanasdauagnisaunasiiun nuuneneeizduiugnsounay
Aedudeunmfisesu Jdvhnsinuindnunivesmenthundadusesmesssmalnediadly
ABVES WU MIUILYBIABN MsuANSUIseY MawFeunamnasmadfnlutsnaniuandieiy
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Aendsnsinua (fruit set) ansnsaiamufumdndiuau 255 win wasflegade 31.7 Yu
ndsnanay Wothamziwda wuiwdasenidiss 41 win viefnu 16.1% Mnudaiineimn
Tnsusazguaniidnsisonsening 0.0-48.6% ogiads 57.6 Ju lnsguanaeiugguanusiilivas
fugszeesiinanadslunisienveaudamian diusnanaeusszosiuaeiusauasvsi dnan
dglunssenvesndnuniign agfl 35.2 uaz 70.23 Ju audu Taefundgnuaniiliuidiud
arugoune Jnhlildfuthungnuaniifanuudussansmirlugdunsumsugnusaduldifios 26
AU (Table 1)

Table 1 Summary of number of cross-pollinations, number of fruit sets, number of seed sets,
average days of seed harvest after pollination, number of seed germinations, average days
of germination and survival rate of plants after cross-pollination from three parental line of

Centella asiatica (L.) Urb

seed
No. of cross No. of No. of seed harvesting No.of seed day of Survival
Parental line  pollination fruit set set after germination germination plant
(flowers) (flowers) (seeds) pollination (seeds) (days) (plants)
(days)
NP x RY 124 61 (49.2%) 19 28.2 1(5.3%) 67.0 0
NP x UB 139 104 (74.8%) 56 26.6 5(8.9%) 35.6 5
RY x NP 107 88 (82.2%) 35 31.1 0 (0.0%) 0 0
RY x UB 151 106 (70.2%) 72 35.7 13 (18.1%) 70.23 8
UB x NP 59 46 (78.0%) 35 35.4 17 (48.6%) 60.4 10
UB x RY 207 100 (48.3%) 38 30.2 5(13.2%) 35.2 3
Total / 787 505 (64.2%) 255 31.7 41 (16.1%) 57.6 26

Average

nmssenvesuantiungnuaniisnsien lnewdnazdsnsvenaaniiongluszazanunnig
#3538 (physiological maturity) (Yeydawazn3fng, 2549; Novianti et al., 2016) waadaundl
Auaunsatunssentailionnglddesndn 20 Sundmenuiu wasiutudlieogudniniu lny
JEHTANLANNATIINGIN 48 TUNSINDNUIY LHTBNAFBUAIINIDN WUIN 71 56 TUnFInanuIull
s & & , ao £ = & @ = v a a I
WasWudnusengedn (Uaydawaznidng, 2006) Tunsdlveaudatiungnuas Dauwdindvesiiugn
nApudngsrezranunn1vEsszine udy uanisiawvesnigluveaudnenadilidngsyezanua
V93 9INeT I ATEnI1ALINA1 WaNIINTLLAANSINTITAUNEIEINARBNITIONVDUUAR T
[ Y a (=3 4 a ada . o 1 ° P =3 1%
wasdunfiulnsifaudielinnuidings (seed viability) walldnsianusend uadlaiusnwld 2-
3 hou Anuddinveuuinanas uidnsn1sengelu Wesssuznaniuuuluyiliinauiy
I3 a ) Y a a a =~ I3 | = I3
meludnudsuwdas dwaliianisidsuulamuaineluude wu ABA ssliguwaziudn
gou Junumddglunismuauniswigiulavenduusle Jesiunissenneudmun Wudu (dn
JMAZANY, 2567; Devkota and Jha, 2010) ludiuvesuiintaungnuau Yin1simzuannaanininu
L3isfiu 20 Ju Fsonadudnuilsannanvilignsinissens
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dnuwnzvastaungnuautail 1

nmsnautaun 3 aeiuswuiunuatu Wanuaudios 4 guan S1uau 26 fu Ysznoudae
anenuguAsUgUivaenugauaTIvs1l 31U 5 fu seiusssasivaeiugguaseenll 31w 8
AU aneiugavas s iivaeiuguasuse 9IWIU 10 AU kavaneiugauas e livateiiugsseed
3§ (Table 1) flasnsathuveoiugiieUgnussifiudnwaymadagiuinevosgnuas Taun
aruntlu armenlu arwendmilu Sumlve wararuenine Sednvasmaniidesareuini
wanAasoNuAl I nmsviinsussdu NUIANWULVBITIUNGNHAY fievail
ANaNIENINEERugsTEasivaneusguaswstil lneldaneiugszoenluaneiugu wuit day
ahdluiads auenluedes Aweniulueds wasawenlaeds Wiy 3.98 2.77 6.66 uaz
38.36 Wwuilns muadu Tnefisuiulaedesosusindu 1.86 lua (Table 2) sUsdlu wusilay
Tufidnwaigauniadunaismadu (Figure 3A) drugnuandilsiannisnasady wuin arwnidly
de prwenluieds arwenilueds wesarwenlnands whiu 567 3.74 14.64 wag 59.16
wuRas muadu Tnefisulvandssesusindu 2.39 lna (Table 2) drugusrslu wugyalauludl
anwagAuNINUIUnamnAY (Figure 3B)

Anausznivaeiugauassiivaneiudunsugy Ingldaneiudauasvsibiduaeiug
wi i fenundisluieds euenlueds snuenmulueds wesarwenlands winfu 5.58
3.55 12.75 uag 51.08 wufiung audidu Tneddnnulaadsseduyiidu 2.44 va (Table 2)
sUsslu wuyslaulufidnuaizninemndu (Figure 30) drugnnauiildainnisnauadu wuin A
rhdluiede anuenlueds anueniulueds wazanuenlvaiads whiu 6.01 3.85 14.63 uay
56.18 iwufluns puadiu Tneflduaulnaladesodusiniu 2.09 Tva (Table 2) daugusisly wus
laulufidnwagninaUunaisneau (Figure 3D)

Table 2 The important quantitative traits of C. asiatica hybrids and parental lines

Leaf width Leaf length Petiole length No. of stolon Stolon length
(cm) (cm) (cm) (stolon) (cm)

RY x UB 3.98%1.13 2.7710.49 6.6612.02 1.8610.49 38.36111.55

T UBxRY 5.6710.52 3.74+0.49 14.6412.13 2.3910.36 59.16111.37
L% UB x NP 5.5811.33 3.5510.42 12.7512.19 2.4410.47 51.08%+12.54
NP x UB 6.01£1.19 3.8510.48 14.6312.58 2.0910.68 56.181+14.71

., K 4.5710.41 3.1410.40 6.8011.87 2.0310.24 35.08112.40
§ NP 5.2910.34 3.6310.07 12.70%1.00 2.5240.27 58.79%14.10
= us 5551 0.18 4.09%0.25 15.4910.16 2.8610.20 62.5113.14

Values (means of two replicates + S.D.)
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Figure 3 Characterization of Centella hybrid (A) RY x UB (B) UB x RY (C) UB x NP (D) Np x UB

dlothdnuwasdalsua nsiessinuwandiswesaadedeis orthogonal contrast
TENIN (1) gnaudvatewugneuag (2) gnuaudvateiugud ludnwusdugiuinga 5 dnvug
Usgnaume Anuniiadly anuendty anueaniulu Swiulua way Anuelya (Table 4) wui
AranaeRugszeeaiuaeiugguasvsnil Wethuiuisuiivufumeiugsseeaddiiduaneiugusl
#4 4 Enwaglifiauuaneafuneadd Wernusuifeutuaetusguanesdtddiduanediug
wo WndnwazilanuunnessaiRegeiideddnyds sty anunhdluiilivansanuunnsimis
adid lunenduiudlohunsauadu wui dewFeuidsuiuaeiugguasesi Seldiduaeiugul
s 4 dnwarliifinnuunndneiumeadd WethgnaauIeudisuivaneiugsrees Seliiduameiug
wo nuaueiulukazaue madauuandansadfegedvedAyds druanuniislu
ANNelu wulnaliinnuuaneeniseds

dugnanaeiugguaresitvameiuiuasusy WetinuFeudsuiuismeiusrowas
usl liflennuumnsnemaada Tumsnduiudlothumanady wuin Liflanuusnsamsada sniiu
Sunlvaiienuuaniansadfdloduniuisuiisuaeiusguanesil Weltiluaeiuswe

Table 4 Analysis of variance using orthogonal contrasts for important agronomic traits

F-test
Source of variation Leaf width  Leaf length Petiole No. of Stolon
length stolon length
F1(RY x UB) vs RY <lns 1.09 ns 1.04 ns <lns <lns
F1 (RY x UB) vs UB 3.52ns 13.99 ** 36.01 ** 10.05 ** 9.89 **
F1 (UB x RY) vs UB <lns <lns <lns 1.90 ns <lns
F1 (UB x RY) vs RY 1.47 ns 2.48 ns 23.94 ** 1.09 ns 8.34 **
F1 (UB x NP) vs UB <lns 2.39 ns 3.55ns 1.76 ns 227 ns
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F1 (UB x NP) vs NP <1lns <1lns <1ns <1ns 1.04 ns

F1 (NP x UB) vs NP <1ns <1ns 1.63 ns 1.73 ns <1ns
F1 (NP x UB) vs UB <1lns <1ns <1ns 5.56 * <1ns
CV (%) 21.5 13.8 17.1 18.7 20.7

Remark: ns = not significant different, * = significant different at p-value < 0.05

** = significant different at p-value < 0.01

Mnmsantiunfidnuassdagiuiiuandnetuy 16un guavanoiugszoostuaewus

guaus1dl uargnauidnuaesdug e ilndiAsstu 16un guanseminsmeiugguasvsni
uazanefusuATUN WumMsuanIeanvasgnrantauntafl 1 fdnuazdeUTuna funldndully
firmavesanewugiianltifumetususl Wudsafugussdurestiiungnaandail 1 nmsuansoon
duldlufiamafeasuasiug v ldduaeiusud (Manwand 5) nsuanseontudl 019
dosndumuaudnuazans q Adnudldsunsdienenainaefugiviunlfiduaneiug ul
(maternal effect) (Acquaah, 2012) TnednuaznsauaunsuanteenyIaeiususindeadatu
fiflsreaulu Phaseolus vulgaris L. finsmuaunisuanioonveusdauazdundidnyuznig
LLamaaﬂﬁLﬁmmnwamaﬁ maternal effect (Singh et al., 2017)
Tugnuastaundail 1 demeuaralsiashiaueviodinsdiauuususiu (Table 2 and Figure 3) ¥iail
thuniduiieiisasinswaudiiesgedia 92.2 wWesidusd 1eegluaninde usidiosgluanimie
ansanavauinnaligsis 98.6 Wesldud aunmenainaniiuiamansyiafvhmihfdudna
\naslusssuaR UJavid et al., 2018: Malik and Sharma, 2020) Hadasananivhlnielulsznnsd
tharlfifudumeriusrisutiogluanin heterozygous Wlethweusiiugmatumauvilignuaudils
AneuudsUnulagldaiiane

AUENNUSVRsENsEAgNUTUIAYadlY

defiansanawalutiunuagySinaasdfsy wuin anundicly R=0.76) uag Auenily
(R=0.8) fiauduiussousinaans Centelloside Sananalen disluthuniiaunalvg S uilwualduls
miﬁﬂﬁ@qﬁu (Figure 4) a3 Centelloside Tuthun dadulungu Terpeniod finszuaumsdanszilu 2
NIZUIUNS A methylerythritol 4-phosphate/deoxyxylulose 5-phosphate pathway (MEP) nszuiunis
Fapsziinlu cytosol waz mevalonate pathway (MEV) nszuaunsdaeseiiintuly plastid (Prasad
et al,, 2019) Mendinsdauasy fsenuinasddyasiansazauaulvgyfiluressiun (Puttarak
and Panichayupakaranant, 2012)

R=0.76,p=1.1e-05 -

R=0.8p=2.1e-06 -
.

4.0

Leaf width

Leaf length
w
(4]

«
o

25

6 8 10 (A) 6

8
Centelloside Centelloside

4 (B)
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Figure 4 Correlation between Centelloside and leaf (A) Leaf width (BO Leaf length

dsunan1snaauasALugn

] U s

YN OUNANVRIDTHIFAUN U UIUNS UGG 05.37 U. oVNISHaNT NS wull
9nIININANRAER 16.2% uazmanionsseniiies 16.1% lagdnuvazaesgnuauiiuniiiianiaves
aneiugiian i duaeiugud efiansanisans Centelloside Faduasdrdglutaun fnny

]
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Abstract

The project aims to sustainably expand the plant production system with perennial
trees as the main crop to increase the forest area in the headwaters on the deforested Phu
Thubberk. From 15 May 2024 to 14 May 2025 in 1) Ban Thuberk and Ban Na Saung, Wang Ban
Sub-district, Lom Kao District, Phetchabun Province 2) Ban Khaek Noi, Khaek Noi Sub-district,
Khao Kho District, Phetchabun Province and 3) Ban Mak Khaeng, Ban Kok Chan and Ban Huai
Mun, Kok Sathon Sub-district, Dan Sai District, Loei Province. The results analysis of the
project area, problem issues, solutions, and farmers needs yielded results. Additionally,
preliminary data on integrated agricultural communities in the context of the local economy,
society and culture on Phu Thubberk high ground as well as preliminary physical data on
forest and agricultural areas on Thubberk high ground were obtained. The suitable plant
species for cultivation related to altitude above sea level on Thubberk high ground were
identified as Macadamia, Avocado and Arabica Coffee. Farmers who want to grow crops are
grouped into 4 systems as follows (primarily fruit trees, agroforestry, fruit tree production
restoration and efficiency improvement, and coffee production restoration and efficiency
improvement). Farmers received support for fruit tree seedlings/restoration and technology
transfer for crop production according to GAP standards for participating farmers. In May
2025, this includes 5,000 macadamia trees, 900 avocado trees, and 14,000 Arabica coffee
trees.

Key words: Phu Tubberk, Sustainable crop production, Increasing forest, Reducing pesticides
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Expansion of the Department of Agriculture’s technology to the Mae Sin Tangerine

planting area in Sukhothai Province.
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Abstract

Sukhothai Province has 29,000 rai of of tangerines planting area in Mae Sin Subdistrict,
Si Satchanalai District . The tangerines are between 10 and 25 years old. It was found that
the tangerines are old and worn out. The production is of inconsistent quality. The test of
the rehabilitation of the tangerines by mixed methods aims to increase the production
efficiency and quality and to create a model farmer for producing quality. It focuses on the
learning process of farmers participating in the research study. Which tested the technology
in the farmer's plot as a learning point for tangerines production. It was carried out from
October 2023 - September 2024 It was found that following the recommendations of the
Department of Agriculture by controlling root rot and managing nutrients appropriately for
the growth period of tangerines, showed reduced symptoms of deterioration by 83.50
percent, the symptoms remained the same by 16.33 percent, and the symptoms increased
by 0.17 percent. According to the agricultural methods, the tangerines showed reduced
symptoms of deterioration by 74.67 percent, the symptoms remained the same by 25.16
percent, and the symptoms increased by 0.17 percent. Most symptoms worsen to level 2

and 3. However, if symptoms worsen to level 4, the chances of recovery are relatively low.

Key words: Tangerines Nutrient management Root Rot and Foot Rot Disease
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Table 1 Details of farmers participating in Restoration of Tangerines through Comprehensi Methods

No. Name Coordinates conversion Age

X y (Year)
1 Mr. Wiroj  Karnpannit 571893 19563667 7
2 Mr. Panuwat Thaothiamwong 572659 1958733 10
3 Mr. Niruj Budthong 574212 1958717 10
q Mrs. Rudirat homchun 571987 1960569 15
5 Mrs. Kwanjai Prasertsilp 574049 1957806 7
6 Miss. Chutimon Plapok 573806 1957352 10
7 Mr. Pramote Sangwuthi 574185 1957352 7
8 Mr.Peang Thiva 573802 1956372 10
9 Mrs.Boonlert Mueangmoon 573824 1956845 10
10 Mrs. Ratree Sucomewang 570762 1598246 15

Table 2 Summary of the results of the evaluation of the health of the tangerines after the first

and second experiments.

Fvaluation Recommended methods Farming methods
criteria first Percentage second  Percentage first Percentage second Percentage

Level 0 0 0.00 0 0.00 0 0.00 0 0.00
Level 1 0 0.00 161 28.33 0 0.00 106 17.67
Level 2 140 23.33 321 53.50 129 21.50 373 62.17
Level 3 452 75.34 105 17.50 447 74.50 107 17.83
Level 4 8 1.33 13 2.17 24 4.0 14 2.33
Total 600 100.00 600 100.00 600 100.00 600 100.00
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Note:

Evaluation criteria

Level 0=No signs of degradation (Figure 1)

Level 1 (1-25%)=early symptoms (Figure 2)

Level 2
Level 3

(
(25-50%)=early symptoms (Figure 3)
(
(

50-75%)=showing early symptoms accompanied by joint death. (Figure 4)

Level 4 (75-100%)=showing signs of very premature aging. Almost all deaths, including

perennial deaths. (Figure 5)

Assess the integrity of tangerines before restoration (July 4-7, 2024)

Assess the integrity of tangerines after restoration (October 4-6, 2024)
Number of plants: 600 plants (60 plants / Rai)

Table 3 Comparison of the evaluation results of the integrity changes of the tangerines

after testing

Recommended methods

Farming methods

Evaluation results

Sum Percentage Sum Percentage

symptoms of deterioration 501 83.50 448 74.67
symptoms remained the same 98 16.33 151 25.16
symptoms remained the same 1 0.17 1 0.17
Dead. 0 0.00 0 0.00

Total 600 100.00 600 100.00

Table 4 Evaluate the yield of tangerines during the recovery period

Recommended methods

Farming methods

No.  Radius Heigh Area  Yeild/ M? Yeild Radius Heigh  Area  Yeild/ M’ Yeild
(M) (M) (M%) (Kg/Rai) (M) (M) (M?) (Kg/Rai)
1 2.04 2.84 24.29 56.00
4166.40 242 3.32 33.42 43.00  2550.00
2 2.24 3.56 33.48 71.35 5301.00 2.16 3.14 28.86 54.00 3240.00
3 1.82 3.12 23.83 65.00 4836.00 1.92 2.8 22.81 57.50 3450.00
4 1.96 3.14 26.45 120.05 8946.60 222 3.41 32.75 68.25 4095.00
5 1.74 2.68 19.67 72.00 5356.80 1.62 2.56 17.22 57.00 3420.00
6 1.72 2.82 20.39 65.75 4891.80 1.90 2.88 22.76 57.25 3435.00
7 1.78 2.14 15.95 80.50 5989.20 2.08 232 20.27 61.00 3660.00
8 2.30 2.70 26.00 96.50 6733.20 2.02 2.56 21.41 78.75 4725.00
9 1.88 2.46 19.54 60.00 4464.00 1.86 2.58 20.80 49.25 2955.00
10 2.38 3.24 32.94 101.00 7514.40 2.08 292 25.82 76.25 4575.00
Ave. 1.98 2.87 24.254 78815 24.61
5819.94 2.028  2.849 2 60.225 3610.500
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(Figure 1)Level O (Figure 2) Level 1 (1-25%) (Figure 3) Level 2 (25-50%)

= No signs of degradation = early symptoms = early symptoms

+

5

(Figure 4) Level 3 (50-75%) (Figure 5) Level 4 (75-100%)

= showing early symptoms accompanied =showing signs of very premature aging.
by joint death. Almost all deaths, including deaths.perennial
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b

(Figure 6 (Figure 7)

Showing leaf growth of tangerines before Showing leaf growth of tangerines after

controlling root rot and managing nutrients  controlling root rot and managing nutrients

(Figure 8) (Figure 9)
Shows the appearance of the wound on the trunk Shows the appearance of the wound on the trunk
before controlling root rot after controlling root rot
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Extension and Application of Integrated Control Technology for Durian Root and Stem

Rot Disease by the Department of Agriculture
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Abstract

quality of durian production in the Nang Phaya Sub-district area. The activities are
divided into two components: 1.Knowledge transfer on the causes of root and stem rot
disease and its prevention and control methods. 2. Farmers jointly establish integrated root
and stem rot control demonstration plots in durian, with 5 participating farmers, using a 1-rai
plot each. Implementation is the year 2024-2025. It was found that The extension and
application of integrated control technology for durian root and stem rot disease by treating
the wounds on the trunk using culture filtrate with iron oxide at a ratio of 1:1, Increasing
antagonistic fungi in the soil, soil disinfection, stimulation of root growth by spraying a water-
soluble fertilizer 15-30-15 or 20-20-20 at a rate of 60 grams combined with 100 milliliters of
humic acid in 20 liters of water and immune stimulation with phosphonic acid 40% SL at a
rate of 20 milliliters, mixed with 20 milliliters of distilled water, loaded into a 60-milliliter
syringe, and injected into the trunk or branch between 7:00 a.m. - 11:00 a.m. It is an
appropriate technology that has been accepted in the area. From famer plot for 5 site, It was
found that the percentage of disease severity decreased from 67.15% to 57.96% after 18
months of treatment. The integrated root rot and foot rot control method is a treatment
approach with an average cost of 55.70 Baht per tree. Farmers achieved good product
quality, with an average fruit weight of 2.79 kilograms per fruit, and good quality in terms of
fruit shape: erade AB equaling 36.8 fruits per tree, and grade CD equaling 17 fruits per tree. In

terms of income, farmers had a net income of 70,337.50 baht per rai.

Key words: Culture filtrate, Control of Root and Stem Rot Disease and Percentage disease

severity
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Table 1 pH and percent disease severity in the model farmer's plot in Nang Phaya Sub-
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Alanfu way inunsinananyFoulnsn AB 1 36.8 Hasesu tnsa CD Lade 17 nasiedu (table 3)

Table 2 Percentage disease severity in the model farmer's plot in Nang Phaya Sub-district,
Tha Pla District, Uttaradit Province, 6, 12, and 18 months after treatment for root rot

and stem rot

Farmer Percent disease severity (%)

Before project 1st Evaluation 2nd Evaluation 3rd Evaluation

participation

Mrs.Pang Mundit 68.75 60.42 58.33 54.17
Mrs.Tongyim Saisud 65.00 57.50 47.50 55.00
Mr.Jumroen Jindamerd 69.44 63.89 61.11 61.11
Mr.Say Sima 65.91 59.09 59.00 58.61
Mr.Kumlai Takumpa 66.67 60.42 62.50 60.42
Average 67.15 60.26 57.71 57.96

Table 3 Expenditure for disease control net income and yield quality in the model farmer's
plot in Nang Phaya Sub-district, Tha Pla District, Uttaradit Province

Farmer Expenditure Net Yield quality
for disease income Average fruit AB CcD
control weight (number/plant)  (number/plant)

Mrs.Pang Mundit 56.7 69,870 2.57 39 15
Mrs.Tongyim Saisud 53.1 69,257 2.67 42 18
Mr.Jumroen Jindamerd 57.6 71,584 2.95 40 17
Mr.Say Sima 62.7 69,920 2.81 37 16
Mr.Kumlai Takumpa 48.2 71,056 293 26 19
Average 55.7 70,337.50 2.79 36.8 17
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