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Abstract

Research and development on maize variety project was conducted from 2016 to 2021. This project
consisted 4 activities, Breeding of late maturity drought tolerant maize (115-120 days), Breeding of early maturity
drought tolerant maize (95-100 days), Study on physiological traits for screening drought tolerance, Identification
and evaluation of maize germplasm. The objectives, 1) To breed late and early maturity hybrid maize varieties
with high yield and drought tolerance. 2) To study physiological traits related to drought tolerance. 3) To study
agronomic traits and quality performance of maize germplasm. 4) To assess the genetic diversity on DNA
fingerprint and establish the genetic identity of maize genotype. In breeding activities, several promising hybrids
have passed drought tolerance and vyielding ability evaluation in Thailand’s major maize plantation. The result
showed that NSX152067, a promising late maturity drought tolerant hybrid produces a high yield of 1,265 kg rai
' higher than Nakhon Sawan 3 a standard check variety. Under severe water stress for a month, NSX152067
showed a good performance of drought tolerance with an average yield of 778 kg rai’. “The development of
early maturity hybrid maize NSX151008 was the outcome of this activity. An averaged grain yield of NSX151008
was 1,121 kg rai* which was a nonsignificant difference from Nakhon Sawan:5, an early maturity standard check
variety. Under severe water stress for a month, NSX151008 achieved an average grain yield of 616 kg rai’. NSX152067
and NSX151008 were adaptable in major maize production of Thailand.

Study and evaluate the drought tolerant of maize using'the physiolosgical traits. This study showed that
maize germplasm which showed a higher photosynthetic rate with a higher transpiration rate, lower leaf vapor
pressure deficit, and higher stomatal conductance under water stress condition suggests relative drought
tolerance, which corresponds to high yielding'and drought index > 1

The use of molecular markers to assess the genetic diversity and DNA fingerprint of 247 maize lines, a
total of 11 SSR primer pairs were applied. This study can detect a total of 63 polymorphic alleles. The
polymorphism information contents (PIC) for SSR primer varied from 0.49-0.90. This study showed a genetic
similarity coefficient in thetrange of 0.26 to 1.00 among all accessions. By similarity coefficient method and
UPGMA cluster analysis, the dendrogram generated from clustering could be separated into eight groups. The
data obtained from the characterization and genetic diversity of maize germplasm by use of SSR markers will
be used as germplasm data on maize breeding programs. And it is unique to the varieties as a reference for

checking maize varieties.



ANRNSsUUsENIA

nsaiunslasinITenasiauiugialnadesdnl lasuanusiuile advayy wazdneanuasain Ty

= fa v A

nsUURnuINTnInNGg Wniney naendugsiens qudideivlsunsaissa quditeivladednd aaduide

fa o fa o

Avlsuaginaunundanu gudidouasimuinisinuasgloie Audidowasiamunsnuasinesysal qudidouag

U

fa o o fa o o 3 fa o o

WAILINITINYATUATIIVENT AUgIToRazRAILINISINYATIAY AUETTeLasauILAnR U Tvany3 Audidelasinmmn

LY YY)

wanugiivivedlan AudideuasinuinsnuasusIugs wazdninideimuinaluladdinm nswdnnsnuns



1599

UNATUEUIIS
UNANYD

Abstract
AnRnssuUsEnA
a13U%y

asugn I
a5UgYR139

undl 1 unth

undl 2 38nnsiiueu
Nl 3 wan1sane
unil 4 asunauazeiuena
LONANTD9BY

NARNUIN

U

—_

~N O U B~ W

9-13
14-22
23-40
41-44
44-45
46-48



Figure 1.1.1

Figure 1.7.1

Figure 2.1.1

Figure 4.2.1
Figure 4.2.2
Figure 4.2.3

#1350

Mean grain yield per cycle of 2 improved maize populations,
NP99201(RRS) Co to C7and NP99202(RRS) Co to C7at NSFCRC in the 2021
dry season.

Grain yield (kg rai-1) of of cooperation between public and private sectors
hybrid corn yield trial during 2016-2021

Mean grain yield per cycle of 2 improved maize populations, NSEYP1(RRS)
Cs to Cs and NSEYP2(RRS) Csto Cgat NSFCRC in the 2021 dry season.
Genomic DNA isolated from 16 lines of maize. M = 1 Kb DNA Ladder.

PCR amplification using 14 SSR primers. M = 100 pb DNA Ladder.

Dendrogram showing clustering of eight maize genotypes based on SSR

marker analysis.
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Table 1.1.1

Table 1.2.1

Table 2.1.1

Table 2.2.1

#13URA519

Estimates of general combining ability (GCA) and specific combining ability (SCA)
effects for grain yield of 2 maize populations NP99201(RRS) Co to C; and
NP99202(RRS) Co to C;

Grain yield, Yield loss and Drought Index of late maturity germplasm under
well-watered (WW) and water stress (WS) conditions at NSFCRC during 2016-
2021

Estimates of general combining ability (GCA) and specific combining ability (SCA)
effects for grain yield of 2 maize populations NSEYP1(RRS) Cs to C¢ and
NSEYP2(RRS) Csto Cq

Grain yield, Yield loss and Drought Index of early maturity germplasm under
well-watered (WW) and water stress (WS) conditions at NSFCRC during-2016-
2021
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ulaesusauviug
(Ex situ)-(2559-64)

WugnTTuved

Frilwmdvadad
(2562-64)

AumumuudalaeiSTuiinlse iR (2559-64)

L msUSudgmeruduiiudRsuniiofiunandnuas J

[ Single cross hybrid ]

—, Parental lines identification
(Diallel cross-SCA test)

‘ mavsulgniudtninadsiaignuaania
HARARFILATIUNIULEY (2559-64)

<«— Selection under
drought stress [ msfnveazUsadiudnyuEAIENU UL A U0 ]

HrlwmAssdailednunsmesisiner (2559 64)

Preliminary Yield Trial J msSsuiisuidosiiugininadusdadgnuay
l (2559-60)
Standard Yield Trials J nmswSouiisuinesgniugninadodaignuay
(2560-61)
( mawRsudiouiugdnnlnaiosdadgnuauiug
fildusquiunieisuazionyu (2559-64)

Regional Yield Trials J

l

Farm Trial J [ mawsuidioululsinuasnaiugdninadedad ]

[ mawFeuidieululiostuiudrinafodaignue
(2561-62)

' gARANVLSRALAL (2562-64)

g & Iy é& i 1 a v ] o
wuqsn’a‘iwmamé’mqnuﬂu 278077 uazayauy ml‘lﬂﬂﬂﬁﬂﬁ@ TULAY LNULL'I’!‘SLLUW"IéLﬂ‘Uﬁ‘iﬂ?

ASEUIUNITANTUIIULAL AN L89S NINIANTTHIUIFY
lassmsITeuasimniuginlnadesdnd U 2559-2564
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Derudnn

AS|

s

WS

SSR
PIC

Aadu"Y

WugHaun (Open Pollinated Varieties)

M3UFUUTIUTEIINTUUUNYUREUASU (Reciprocal Recurrent Selection)
aussouzn1sNauTialy (General Combining Ability )

AUITOULNITHNANRNE (Specific Combining Ability)

Atinulad (Drought Index)

FIVsENINegeRn nukareenandiE (Anthesis Silking Interval) = angiusanluy
50 % - 918 TuDNABNFIY 50 %

duusrAvinnsaturesiusuudaianminndon 1ussduaiosnmuomiug
(Eberhart and Russel, 1966)

AnavInidsaesosrdonuuannidufinsatu THusgsiuafiosnmesiug
(Eberhart and Russel, 1966)

anmuandeunislifhasiaue (Well watered) Ingltnsausznuegsasiaue
Faviaz 1 ada dausvgnaudsszeranuiniaisine,

anmuddluszoreonnenuu 1 iau Water Stress) Tnglsigaussniuogsashuaue
Tusvozusn audssvozeusenaon? dUnvi Jmealihdeidenn 1 Weu uda3dls
ihitpaufssvevanuinisaising

Lﬂ%aﬁﬁuﬁaimLaqaLaaLaaaﬁ (Simple Sequence Repeat)
mansdsmudissalunisasvaeuamuanassENsIlulveAdoamng

ImLaqaﬁW (Polymorphic Information Content)
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= ad o a
UNN 2 501901 UUNU

1.35M5anlun1333e
WHULT 18 : unuYITeuasA eI st BB AMNsHERd1R Tve
Tasimaidouasianiugdninaiodat Ussnoudae 4 Aanssu
Aonssuil 1 msuuuseiugialnadesdninuuds : 9191 (115-120 $u)
1.1 meUFulsassvnadninadssdadagenuuumuisusdu

2559-2560 N1 TWAILIUTEYINTTOUNITAALE 0T 6 vasUTzwInTT12lwA NPI9201(RRS)Cs Uy
NP99202(RRS)Cs Inerausiesiuiifidnuasnanmainunsiia Iaewudaaudiestai 1 (S) vesusazUszang nay
anewus s, fuaeiugnaaeudaudu Sibulk vesuszanansafud uazUsziiiunandnues S, topcross §11A 200
Auau Instgnnaasuluanmundfidnisliiaiiane uasanmudsszozoanaon Andenarewus S Iinanan
topcross gusluanmliiasiiaue uaraninuds $1uau 40 aneug/Uszins thuaausau (recombine) 1y
Ussrnsseudnidonival seunisdadent 6

2561- 2562 MstaLIUTEIINTIOUNIAREDNT 7 Yindduieaiy U 2559-2560

2563 HAUWUTUUUNUA UNUATENI 190q 1 (factorial cross) Y8 9YI2¥NT-NP99201(RRS) Co-Cr hae
NP99202(RRS) Co-C; Lilovinaavuanssaugmnaslut 2564

2564 Uszifiumnuinvivesnsuiuussseansluseunisdmdentiusiu (Co) fe sounsdnidengaving
(Cr) waransInuENIHANTRsU TN TIaaed Fiunisfigudidofivliuasassd

2559 D NP99201(RRS)C;F, NP99202(RRS)CsF,
l 500 pt 500 pt
200 NP99201(RRS)Cs-S; 200 NP99202(RRS)Cs -S,;
2559 R S;remnant seed Top cross Top cross S;remnant seed
2560 D 200 Topcross Yield Trial 200 Topcross Yield Trial
(WW, WS) (WW, WS)

Select 40 lines Select 40 lines
®_ Recombined
2560 ER S,-lines NP99201(RRS)C(F, NP99202(RRS)C4F,; S,-lines
! 1+ L #
2560 LR Sa;lmes NP99201(RRS)CF, NP99202(RRS)C.F, Ss-lines
Inbred lines developffent Inbred une«-.::\‘-elop....m
2561 D NP99201(RRS)CF, NP99202(RRS)C(F,
500 pt 500 pt
NP99201(RRS)C4-S NP99202(RRS)Cg -S
200 ( )Cs-Sy 200 C )Cs -Sy
2561 R S;remnant seed Top cross Top cross S;remnant seed
2562 D Topcross Yield Trial Topcross Yield Trial
200 (WW, WS) 200 (WW, WS)
Select 40 lines Select 40 lines
[v29) Recombined
2562 R S,-lines NP99201(RRS)C-F,; NP99202(RRS)C,F; S,-lines
# #
2563 D S,-lines NP99201(RRS)C,F, NP99202(RRS)C,F, Ss-lines
Inbred lines development® Inbred lines development
2563 R a313gHaNsz131a NP99201(RRS) 1az NP99202(RRS) Tuseuc,C,
2564 D UsziiiuanumanivesnsuTmlyalszans

JupauNTUTuUTUsErInstIlnadesdnienger NP99201(RRS) way NP99202(RRS)
g IBMsAndonNLUUTLUIUARY SeWInel 2559-2564
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1.2 msUfulgsiugdrlnadedafgnuauarganuionanangauazuuds

2559-2564 qauds Ustifiunandnuestnilnadesdnignuan/meiususiongem Tu 2 anm fo anminisliin
aviiawe waranmwnsuathluszezeannen MIUHLNIIMIARBILUY alpha lattice WAy RCB

ey venemdaRusilnndssdnfaeiusuiongenmuuds uasdaussausnisnangs uasnandaiug
dlwadesdnignuaumuudeeigen warlvinandngs frhumsdndenanmsdssiiunandsluguds luasma
WusuazAndoniugdndmnass LUy systematic arrangement sudunsiigudideiidlsunsaissd

fgaugn BMs Uszillunandnvastilnaidesdng

2559 (4&4) A189UTLY918817 100 @18WUS 1UHUAITNAGBILUY 10x10 simple lattice 2 ¥1 1 kay/uuas
tog

2560 (Ua9) Irilnadesdniiuganuas

AN 1 F1W9U 60 WUF MNUNUNITNINGBIUU 6, 10 alpha lattice 2 12 unviUaseos

.d

N 2 2 97U 40 ‘W‘HS TNLUNUNTNARDILLUY 10, 4 alpha lattice 2 6?1'1 2 un/iUaseon

al o

2561 (Wa) : yan 1 W‘uaaﬂmaumama MU 60 ‘W‘Llﬁ TNUHUNITNNRDILLUU 6, 10 Alpharlattice 2 "Zﬁ 2 uny/uuag

goy
YA 2 eneiuguvingeTIUEAlAY $1WaU 40 g eUHUNITVIARBILUY RCB, 3 91 2 un/ulasey

[

2562 (Wa9) : WuGRNHEN 31U 50 WG INUKHUNITNARBILUY RCB, 3 9.2 wa/uiadeae

= (A

2563 (Wa) : yan 1 NUTANNETNDE YT U 40 ‘W‘LJS TNUNUNMINRNGDALUY RCB, 3 GZJ’W 2 LLﬂ’J/LL‘UaQEJ@EJ

.d

N 2 2 ﬁWEJWUSLLVIEJ’]EJEJ’]’J 97U 50 ‘W'LJS TNUNUNITNARDILUY 10,5 alpha lattice 2 sll'l 2 wir/uUag

3hald ﬂ’]L‘LJ‘LJﬂ’]iVI AI3.N.

s

2564 (Wa9) :  WuggNNaNe1geTY TIUIU 50 WUF 1NWHWNITNARBILUY RCB, 3 91 2 unv/uuadeay

1.3 maeuiisuiasiunugdrilnabesdnianuauaigend

T 2559 uay 2560 AulunsUieuiisudesiuiugdninadednrignuaieigen TuasTussnaudae
fusgnuanenge UL SuiusITIRaaUUATARTIA 31U 30 Wug MUHUNTIIAABILUY RCB & 3 41
TneUgndnnlnauissdifgnuat kene 5.0 wns S1u 4 wo/awdes szerdgn 75x20 iwufuns Wiufen 2
woanane aniiunistu 3 ananuangen taun audidedvlsunsassd audidouasinuinisinuasinesysal way
AudITeuaziannuaniugivanys

1.4 madieudisussguiugdrinadedaignuauogen

T 2560 wag 2561 gidumaiUieuiivunnasgiuiuginilnadesdnignaauoigen TusasTusznaude
ifuggnuaueguIitfio TanfugnTiadouunsanssd 3 Siuau 26 viug MwusuNIVIRARILUY RCB il 3 %1 Tng
Ugndmlnadesdaignuay uniem 5.0 wes $1ua 4 wnv/ulases seozdgn 75x20 Leufuns uden 2 uwm
nane aiiun1slu 5 anmuandeu Tl 2560 laud audidenivlsunsaissd audidouasinuinanunsimesysal
AugIdouaziaudaiugivanys Audideuasinuinisnunsunssvdun wasgudidouasiauinisnunsiay
wazlud 2561dndunslu 6 anmuandeu lnedufuuaduiiuilufominuasassdidu $1uu 2 was
1.5 matieuidieuluasiuiugdnTnadednignraueigen

U 2561-2562 sufiunisidssuiiisuluiesiuiugtilnadesdmignuaneyend luusaslusenaumeiug

q
°

gnuane1geIRUEAAY 9IRUSATINADULATANTIA 3 $117U 20 WU MAUNUNITIAABSLUY RCB 3 91 4 uay/
wlaston uae1d 5 wns 19szazuan 75x20 wufitums Wuties 2 wnanans sdunisly 7 animuanden léun
Augideiiglsunsaissd audidouasimuinisinuasinesysal audidesasimuniudaiudiivanys Audidouas
HALINSNEATUATTIYEN AuITauasimmuInIsinynsglefe Audidouasinuinanunsusiugs wasAudide
wagIAINSINYASIAY
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1.6 maisuiisululsinensnswusdninadesdnignuauaigen?

9 2562-2564 dfunisUgnivieuiiisutinndssdnignnanergenluaniwlsinuasng Tuusazd
Usenaudmigiuganuanege Uiy SINRUEATINE0UUATANTIA 3 31U 10 UG 1URUNITNAGBIMUY RCB
347 6 unr/udaston w1811 5 WA Tiszarugn 75x20 WuRLLAS Al 4 wnanans sudunnslu 10
anmuanaey Lawn LSinwnsnsdwminuasadssd 31uiu 2 udas Lsinwasnsdwmdnumesysal anys uassvdun e
alavis Un3uy3 Jedwl wagivalan aniuflay 1 ulas
1.7 matGeuiisusiugininaissdnfgnuasiugiusaufunaiguasenvy

9 2559-2564 AifiunsieuiisuiugdnlnadssdnignuaniusAruanaindguaziensu Tuusasd
Usenouseiuggnuay $uiugnsI9aeuLAsEITsA 3 MUNLNITNAABIUY RCB 5T 4 91 4 uni/udases und
817 5 s Mszogdgn 75x20 Wwudluas LAUAeY 2 unnans sudunislu 7 anmuwandon leun quéisedials
uATERTIA guiifeuaziannnisineesingsysal audideuasiannudaiugivanys quildouazimuinisnuns
UATIIYEN AUGITBUAzRALINITINYATELYYIY AudiTeuasiauinsinunsusITuys uasAudidouasiaming
\nenslay
1.8 msufulsdinlnaidssdnfaenuguiengeniugfiruioiunandnuasaaumuuss
Tne35Uuiinusedn

Flnaudssdnianeiuguiengenidonisusuuss (recurrent parent) T mndln 1 ANt 3
Neid52006 Neid52009 Nei532005 wuay Nei542013

Trilwaidsedorfaeitusuiionge i dudilvdnuaeidednas (donor parent) ldun Kidg Ki60 DTMA-

193(CL-RCY015=(CML-285*CL-00356)-B-1-1-B*9-B-B) tay DTMA=202(CL-RCY031=(CL-02410*CML-287)-B-9-1-1-
2-B*7)

'3 LY

nauiug i lnadednianeiuguinfean1susulse (recurrent parent) Auaneiuguiiidudaly (donor

q
(v o v =2

parent) ¥NSHaUNSU (backcross) LUEITY 1 A3 annuunandesdAndonateiuslneIsiuiindse i ns
UL UNANANKAL AUNULAIVBUT BN UGN TSN T INAEBedR ] aliunisTu 2 anin fie anwnishithadiaue
wazanmuInluszezeenaen mliunsfiaudideiivlsunsaissd

ada

gauan eGiaRk]

2559 (WAY):  mauiugtlwadssE TaeRuLTIF eI sUTUUTe (recurrent parent) AuaneWuguitRiTusly
(donor parent) VLﬁQﬂmam%ﬁ 1 (Fy)

2559 (slu) : Ugnan F; vianaskaudaies lign S;

2560 (1had) : Haunaugn S; e recurrent parent 16 BCy

2560 (1) : Ugniwan BC; wdndennandneslusuiia nemzwdaueniln 16 BC,S,

2561 (&9 :  Uan BC:S: wuuilndeuwnd newnzwdauenin I BC:S,

2561 (W) : Ugn BC:S, wuuilnsiouas nausates nuinzwdauenidn 16 BC:Ss

2562 (Wd9):  Ugn BCiSs wuuilndawnd wandales 1 BCiSs Uueiieniu 51682 08na3anNauNaNilovodus

azwonhlunaududvaneiuguinini 1 uasaini 3 Faldidudmeaeu leignuay topcross
newnzwdnsaniunigluwes Wiluvanveasunands Tugauud 2562

2562 () : Ussillunanangnuas topcross wuulsliien Saufuiugnsivaeuunsatssd 3 vazifeatuugn BCiS,
wennausale le BC:Ss
2563 (WA :  Uan BCiSs vmawausiaedluduif 3-5 du/uan uieiuazdndeniinid 1-2 Hn/uan udinsmy

53ulAgn BC:Ss
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fgaugn w/MS

2563 (slu) : Ugn BCiSs nausaiod ba BC:Sy vauslieniumiuazosinasanauiinausiioweudazun it lunay
fuaneiuduinini 1 wazand 3 Feldidusmeany ldgnuau topeross Wiluuszidiunandn lu

foeul 2564

2564 (Waw) 1 Ussillunandnateiug BC:S; lu 2 anm Ae anwlvivhadinaue wazaninvinuilussegeannen

FNUEUATNNADILUU lattice 2 91 1 way/wiasgne

2564 (¢lu) : UseliluHaNAngNHaY topcross TINAUNUTATIVADUUATAITIA 3 IUHUNITNAGDUY lattice 2
41 1 woo/wlasges vauzifieanulgn BC.S, vinskaudedluduiia thuifeiwazAndeniniia
nenesule BCiSs WitethanenuduimlaluadauasWanngnuausialy

fanssuil 2 nMsuTuugenRugdalnadesdninunds ageu (95-100 1)
2.1 nMsUulgeuszrnsdinadssdndengdunuunuisuadu

2559-2560 N15WAUIUTEYINTIOUNITAALE 0T 5 ¥89U58¥1n57 1910 NSEYPLRRS)CF, LAz
NSEYP2(RRS)CF; Inemaniatesiudisidnuazymanisinunsiin Ifmoiugnaudietdad 1 (1) veausazUsznns
wamaneus S, Auaneiugnaasudadu Sibulk vesszvnsmsatudin uasUseliunananes S, topcross $1UI
200 e Tnsugnnaaevluanmunddnsliiadiane wazanmudeszegesinen dadanareug S, 1
WaREn topcross geitdluaninliuinaiiiane uagan muds $1uau 40 A1euE/UsErIng tuINaNT I

(recombine) WuUszanssausmaanivi seun1sandend 6

2561- 2562 MsfiwuUsEAINTIOUNMIAAIEENT 6 yhandtiieafy T 2559-2560
2563 NANWUT WUUNUAUMNATENI19nqY (factorial cross) ¥89UsEyINTT1lNA NSEYP1(RRS)C5-Cs bare

NSEYP2(RRS)Cs — Ce Lﬁamaauammusmimaﬂuﬂ 2564

2564 Usgiiluanui1mtivesnsusulsassannsiusaunisAndenisuduissounsAniienanying way

ANTIOULNINALVDIUTHYINTVI SO
siunsiigudITeiialsunsaissa

2559 D NSEYP1(RRS)C/F, NSEYP2(RRS)C,F,
l 500 pt

200 NP99201(RRS)Cs-S,; 200 NP99202(RRS)C;5 -S;
2559 R S;remnant seed  Top cross Top cross
2560 D 200 Topcross Yield Trial 200 Topcross Yield Trial

(WW, WS)
Select 40 lines Select 40 lines
X l Recombined

S;remnant seed

2560 ER  Sylines  NSEYP1(RRS)C.F, NSEYP2(RRS)C;F,

b

2560 LR Sy-lines NSEYP1(RRS)C;F, NSEYP2(RRS)C;F,

4
Inbred lines develop‘ent

17
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2561 D NSEYP1(RRS)C;F, NSEYP2(RRS)C;sF,

l 500 pt l 500 pt
NSEYP1(RRS)C;s -S, NSEYP2(RRS)C;s -S;

200 ‘><‘ 200 \
2561 R Sremnant seed  Top cross Top cross S remnant seed
2562 D Topcross Yield Trial Topcross Yield Trial
200 (WW, WS) 200 (WW, WS)
Select 40 lines Select 40 lines
(129) Recombined
2562 R Sylines  NSEYP1(RRS)C,F, NSEYP2(RRS)CGF; S,-lines
s L |
253D Sylies NSEYP1(RRS)C,F, NSEYP2(RRS)C,F, Si-lines
Inbred lines development Tnbred lig@erbpment
2563 R a319WanszHNINSEYP1(RRS) ag NSEYP2(RRS) Tu50uCyCy
2564 D UsziivanuiamivesmsuSulsalszens

v
[

JupauNTUsulTssrnstilnadesdniengdu NSEYPL(RRS) uagNSEYP2(RRS)
1gTBNTANLERNIUUNYUIEUARY S8MI19U 2559-2564

2.2 maviuugeiuginTnadsdnignaauangduiionanangauaznuuds

2559-2564 qauds Uspidiunananvestilnadosdnigrie/aeiususiongdu Tu 2 anm Ao animmslii
aviiaue LLazaﬂwwmimmfﬂuizazaaﬂmaﬂ INULHUNITNAGDILLUU alpha lattice ey RCB

ey venemdaiusirlnadssdnfaeituiuiongdunuuds wasdaussournisuange wasndnudniius
Flwadssdrignuamuudsongdu uaslimanangs Aknunisdndenannisussdunandalugguds Tunamas
WusuazAndoniugindmnaass LUU systematic arrangement Audunsiiqudideiidlsunsaissd

gavan Bnsuszuwananvednlnadedn

2559 (W&) a1eiuguioNgdu 411U 100 aneyiug 1UHUN1IVAGENUY 10 x 10 simple lattice 2 91 1
un/ulavga

2560 (wi9) WUTYNHANDIYFU T113U 56 WUF VUNLNMTNARBIUU 7, 8 Alpha lattice 2 91 2 uav/uaseey

2561 (Wa9) : Al WUFHNKANDIEHY 91U 60 WUF UNUNTNARBILUY 6, 10 Alpha lattice 2 91 2 wary/
uaseioy

YA 2 AneugU 91U 40 Eneiug MUNLNMINABILUU RCB 3 91 2 un/ulaey

o

2562 (Ua9) : Qe F1WIU 50 WG MUKUMTVIARBILUY RCB, 3 91 2 unvudadtioy

= v ¢

2563 () : Ynil 1 WUSQNHANDIgAY 11U 22 LT UHUNNTVAGBILUY RCB, 3 91 2 unv/uladtos

N 3
= v 6

YAl 2 dRda1eWugw 91U 40 A8UT ILNUNITNAABILUY 8,5 alpha lattice, 2 91, 2

wnv/uUasges
2564 (a9) : Wuggnuauenegdu 31U 40 Wug MUNUNITNARBIUY RCB 3 91 2 unv/uwladtay

[
[

2.3 mawSeudisuiUasiunugdninaiesdndgnuasangsdu

U 2559 uay 2560 snllunisitieuiisuiiesiuiusininadesdnignuanengdu luudaslusznaumeiiug
ANHANDIEAUNUSALAY TINTUTATIVADUUATAITIA 3 T 30 WU IUNUNITNAGBIRUY RCB T 3 91 LaeUgn
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FrlneuAssdnignuan Lone 5.0 1was T 4 wn/ulasgen sregUgn 75x20 WwuRms WA 2 wnanans
anfiunislu 3 anmwindey lawn audideiivlsuasaissd gudideuasiamnisinunsinysysal azagudifouay
Wawnuaniugivany3
2.4 maeufisusnasguiug i lnaiesdn fgnuasenydu

T 2560 waw 2561 AndunsUisuiieuipsguiustrinadesdnfanuaueigdu luwasTusznoude
fusgnuANDEAURLEAAY TIRUENTI9AEULATAITIA 3 $1UI 26 WS MAUHUNMIMARDILUY RCB & 3 61 Tay
ﬂqﬂ%’wﬂwmgﬂﬁé’miqﬂwau L0287 5.0 WAs 91U 4 wnd/ulasgos sEezUgn 75x20 LeuRlng LA 2 uan
nae andunisly 5 antmwiedeu taud Audidedivliuasaisse gudideuasinuinsinuasinesysal gudide
wavimuLdaiugiivanys Audideuasinuinsinunsunssvdun wasaudideuasiannnsnuasiay
2.5 maSeufieuluestunugdrinadssdarignuauongdy

T 2561-2562 AdunmsiFeudiouluiesduiugininadsdn fgnnauoigdu luudasdussnaudoiug
gnuauegAuILERAu TuiunTIIdeUUATANTIA 3 S1um 20 U MUNLNISTIAREILUY RCB 3 91 4 uad/ilas
do8 U277 5 Lms MsezUan 75x20 wuRung Wuies 2 uaanans sudiunislu 7 dniwwandes Téud qudide
fivlsunsanssd audideuazimunisinunsnysysal gudidowasiannudniudiivanys audidouasimmuinis
NYATUATINYALT Audideuaziauinisinunsgloie qudidouasinuinisinensusiAuys uazaudideuay
WAUINSINYASTIAY
2.6 maBeuifieululsinuasnsiustrinaRedn fgnuasanydu

9 2562-2564 sudunisugnivieuifisudninadssdndgananengduluaninliinunans luudasd
Usgnaudeiusgnuauegduiuiiay siuiusnsIvdeuuAIaIsad 5 51U 10 Wug 119UNLNITNAADILUY RCB
341 6 ua/MUadEoy Un28717 5 wms Isgerugn 75%204uflng LAuies 4 wnanats sudunislu 10
an1nuanaey Lawn Lsinunsnsdwminuasadssh 31wl 2wdag lsinunsnsdaminmesysal anys uassvdun e
alavty Us3uy Jeddwl worivalan aniufiay 4 ulas
2.7 msufulgsdninaiesdafaeiuduiosduiugiauiofiunananuazaamuuds
T35 duiinUszin

A1 Twaid sadntaneug uary duil foan13UuUgs (recurrent parent) ldiA Neid11008 Neid11016
Neid12001 Neid62013 Nei502007:Nei502010 Nei502015 Nei541006 tae Nei541022

Frilnadssdnianeiuguriengduiidudlidnuuedidosnis (donor parent) Ifur CTS011074/P31C4S58-
38-#-#-2-B-B-B-B/CML421-B-B-B-B-B-1-B-B-B gz G18C23-30-1-3-1-B-B-B-B-B-B-B-B-B-B-B-1-B-B-B

mamwuam*ﬂwmLa&Nammawummwmaamiﬂswia (recurrent parent) AuaneguguyidLdusaly (donor

parent) yin1snaund (backeross) g3y 1 afs mndunauiesuddndenaeiuslasizouiinuse 17 nns
Uspiliunanddlazanuinudwondougnssudnlnadiosdnd dudumslu 2 anm Ae anmnslithatiaue
uaranmnatluszezoonaen sdunsiiquiitofilsunsaissd

favan 3Bn1s

2559 W&y :  mawiugtlwaEsdeTaeRuLTiFeaNMsUTUUSe (recurrent parent) AuaneWuguiiATudaly
(donor parent) VLﬁqﬂmau%’aﬁ 1(Fy)

2559 (¢lu) : Ugnan F; vimskaudes laign S;

2560 (1ha3) : Haundugn S; LU (recurrent parent)

2560 () : Ugniudn BC; wdndenuauiueduduiin nswnzwdausniln 16 BC,S,

2561 (1had) : Ugn BC:S; wuuilnsiouas nzuwmswdiaueniln 1a BC.S,

2561 (¢lu) : Ugn BC:S, wuuilnsiouas nausates nuinzwdauanidn 16 BC:Ss
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fgaugn w/MS

2562 (d9) 1 Uan BCiSs huulndound naumaled 1o BCiSs YuelAgaiu 5918z 08nasannaunNauiileauadus
azwonhlunandwivaneiugusininda 5 wazannil 7 Faldidudamaaey liganas topcross
newnzwdasiniunieluwes Wilvvgnveaeunands Tugguud 2562

2562 () : UsiiunanAngnuai topcross wuulaifien aufuifugnsaaeuuasassd 3 vnsiatulgn BCiS,
wennaudaLe Ie BCiSs

2563 (WAD):  Ugn BC:Ss vmsuausaledlusudia 3-5 fu/uen iiuifeinazdadenilndd 1-2 dn/uan wdnziny
53ulAgn BC:Ss

2563 () : Uan BC1Ss wamines le BC:S; wauzifinriusiuazenanasanduiinauiieswesusazuahlunay
Auaneiugusimnit 5 wazanii 7 Fsldidusmeasy Tdgnnas topeross luszdiunanan Tu
foeul 2564

2564 (Waw) . Usslunandnanenug BCS; 1w 2 anm Ao anwlvithadiase waganmaiauilussesoannen
TNUNUNITNAGBINUY lattice 2 91 1 uav/ulasgos
2564 () : Uzl uNaNAngNNAL topcross SIUAUTUEATIIABUUATAITIA 3 TNUNUNITVIAGBIMUY lattice 2

41 1 uoy/ulasges vaizifeaiuugn BC:S; vnswaudedluguiia iuienazdadaningia
netnesIule BCiSs Wiethaneuguimlaluaiauasiamngnuausisly

Aanssudl 3 nM1siTednunEneE N fasiuaamuud
3.1 maAnwuaslsfiudnunsaramudwedrinadsdn lasd munsngsiven

THUHLNTVARBILUY Randomized Complete Block (RCB).4 941 4 wnseutasgos waem 5.0 wins ey
75 x 20 wuAwns Audunsluguds fgudidefiolsunsarsss aeldl 2 anm fe

1) anmlihasiiaue: Taonisliiuuusiuses (sprinkle) Ussanaiduaniay 1 ada faudgnaufiessosgn
WANNETIE

2) anmuailuszezesnaen: Tagn1slatanuunures (sprinkle) Uszanaduanias 1 ads luszozusn
wissvezrousoniuu 2 dai iedlneifluadidad 9 Tu vhmaneelih uasdosenlwild 2 &Uank Fehnsls
ihdeufsveranuinisaisy

mMufURguasne wuasiiimuasivivesns @y 8ns1 200 niusels wauivezanaes 8ns1 300 Fdse
15 ndsUgnunzAudinnutudetnlndony 14 Yu nouneninde 1 fusonqu ladewed 15-15-15 seaitu §n31 40
Alansusiols uagladeniias-0:0 §n1 20 Alansi/ls ifednlwneny dUansi e 2 unanans Aufiiuiies 7.80
M35 (IUAUT-ewm)

nsUuiindeya

Ingduindayadnn 2 uninan (udwi-veund) laud deyadnuaen1an1sinuns waeanunulds duiin
Yoyaszoreanaen laun n1sdaunsgsiuas (photosynthetic rate) Tagl4ia3 osile Li cor 6400 A1uifuvaLas
(photosynthetically active radiation, PAR) n15Usauinlu (stomatal conductance) IER-RErEae (leaf vapor
pressure deficit) nsAeth (transpiration rate)

a < = ° a = S TN
fanssui 4 Mmsfnwduunuasysaiivguananuddirlnaiedng
4.1 nMsuunuazUszlivauananugdilwadesdndlundassausiunug (Ex situ)

U 2559-2564 adunsuwundnuaziaznMsusaiiueiuiiilnatesdaiaeiugus uasgnnadlunuassiusiu

Wug (Ex Situ) 319UNUAITNARBILUY Randomize Complete Block (RCB) 4 und/uuasgos Ugnd1ilnaideedn
QNHEN/ANERUTUN UAI81I 5 1RT SeezUgn 75 x 20 WwURlues U 1 fu/vqu nasUgnuasAulianuiutuansiadl

AIUANTINYOENINTY 8031 200 nSusiols nauduazaInaes 8031 300 33/15 Tdduwndl 15-15-15 seeiusnsn 40
Alansu/ls warldadewnd 46-0-0 §ns1 20 Alansu/ls Wednilneeny 3 dUanii Guiindeyadnuasiugnuraninmeinis
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fa v A \'LI

AyRaeUnudnvaziuiniionisduases (an 2) vesdinduasesiugiiy nsdvinsinens idumsiquéideisls
UATAITIA
4.2 msldesawmneluanaussfiuauvainvaenaiugnssuvasdinadeedng
Fndiunsl 2562-2564 a1 dinideimumalulaianw Sduneumssniun feil
1. MswssuMegsiiviaznisaiamoueaindilng

1.1 wnziwdatnlnalunszans aunseiaaigdvlaluszeegluszezdundieny 15-20 Ju 1AuTIUTI
shogslutiluataidue Tnediusdrilnadeednitomn 247 stug duandlunisied 1

1.2 afaddweainludilne lneldyaadadiduied1iiagudmsuia Plant Genomic DNA Mini Kit
(Geneaid, Taiwan) musigazBesuesisnmslugnarn Mniunseaeunmnw wasUTinavesiiBuedily lein1stn
Amsgandunasietndosaalnsinlafines uaznsnaeusmeisernlsanadidelnslvida Tuiinunufduedioyn
fenm udaFemnsiduelildmnududy 10 unlunu/lulasang wethluvjisenfidens uazfuiiduedigama
-20 asriwaldea ietunounmmeasumilnawesilieuuandseunufidue uazmanUuuunaffduees
Frlnadesdniusasiug

2. mydindentnsuesfivanzalumsinwanamanvanemetugnssusemaia SSR

2.1 ¥insduAuteyadiuiuaveslnsiues SR sumziuaduLuavesd 1 lig, 9ng Uty a MAIZEGDB
(httpy//vww.maizegdb.org) Imuu 56 dlnsiwies uavduaszvilnsies

2.2 ydeuM i USinaiid uevedlnses SSR us auAnul WA 9 T Togldym Type-it Microsatellite PCR Kit
I%Ugﬂimmmm 25 lallasdng Usznausiae 2x Type-it Multiplex PCR Master Mix 12.5 1m1ﬂ5am 0.2 uM upstream primer, 0.2
UM downstream primer, 10 ng D uefiuuuy UfuBaasieindaliasy 25 lalasdng wasdsanmemsvheussedendiy
Usinauensiugnssuigamgdl 95 esmiwaldes 5 il $1uau 1 59U sNLse 95 esmizaldes 30 3l 60 ssmivaldes 90 3un
72 DA 30 Uil $1u 30 58U uaw 60 BeniEaBEa 30 W ST 1 seu MNturTARUR e Brnllagld
2% e ilsaed Snlnslnaa lnedfiSuenmsgnu 100 bp DNA ladder marker WusiSeuifisunaiuiidue uasdufinnm
Fe1A30 Gel-Doc Transilluminator (Bio-Rad Laboratories, CA, USA)

23 dadenlnswefiianFunaldlute 22 thiuAsnanieasi3eues FAV VIC NED wa PET udathluifisnBuna
Fdwertuimlnasnu 12 s neldn Typeit Microsatellite PCR Kit Tnejisensiovm 25 lallasins Usenouse 2x Type-t
Multiplex PCR Master Mix 12.5 13ila5815, 0.2 uM Upstream primer i fiaaannd e FAM w38 VIC w50 NED %3 PET, 0.2 UM
downstream primer, 10 ng A LH UERULUU USUUSImSH tevinduliiasy 25 llAsaRT waws san eI LAs safiyl
Usanauensiugnssuigamgdl 95 esmiwaldes 5 il $1uau 1 59U e 95 ssmizaldes 30 3Tl 60 ssmivaldes 90 3un
72 DA 30 Uil $1u71'30 SeU Ay 60 BeniEadEa 30 Wil S 1 50U MnturTAeUR SueTiiuBunnldlagld
2% evnlsaed Ennsisamuientute 22 vnduumdeiidosiivislunmadournemesdud i usst wanden
Tremsusnmnatuiidiies eieesiluli ABI 3730 Genetic Analyzer fififisuiiumunriufiBueayyniaegs (ntemal
Size Standard) \WufaiUSsUTBUTLPRBYT RS W (LIZ 500 Size Standard) uaedmideninswesiliuouiiSuefieraunnsidy
Frlnausiaeiug

3. mavszdurmuvanmevnsitugnasmestiiwadswdn fagldietomuneluana SR

3.1 thilduevesinilnafiateldlude 1 S 247 siug Fauandlumisiedl 2 thludaFanadidwe Tl
Type-it Microsatellite PCR Kit 7114 lwsiuo$ naannansii esuasii daidenldainda 23 TasufAsontomn 25 lulasans
Usenausig 2x Type-t Multiplex PCR Master Mix 125 lsilasans, 0.2 uM upstream primer fifinaannsiie FAM vi3e VIC #i3e NED
%50 PET, 0.2 uM downstream primer, 10 ng 1O UDALLUY UuUsinpsaetnnduliiasu 25 lulasans washaannemsvnau
ypardsufinUSinauansiugnssuiigamgdl 95 ssnwaldea 5wl Sy 1 58U mue 95 sarniwalTea 30 3uni 60 asm
waidied 90 3unl 72 ssrigaidua 30 Uil S1uu 30 58U waw 60 ssimader 30 Wil S 1 seu MNtuTIARUR S uLeT]
dasnBnadlalagld 206 exnlsarned Enlnsliida iudendude 22 nnduiuendnidensivdelunraaeuruenestiuani
Buoagsendon Tnsmsuenuunnt uiiBuod e 0w alusTi ABl 3730 Genetic Analyzer fifli i suifisunnduiSuosy
9)1F79819 (intemal Size Standard) {usf a3 uifisurunerastuRiduse (UZ 500 Size Standard) wasdadenlwsie s lunus
wuellimuuansdludrlnausaziug
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32 Jesgideyarueduiidweluguredianinsiilsunsu (Electropherogram) vasdieg 1w alnad s iusiay
g Pldnmsiindsnafiduemelnsuesusazs Ingldlusunsy GeneMapper™ Software 5

4. M3tuiinuakas AT e RloyaR I INANENSHLENTTY

4.1 SufindoyavuntuiiBuevesininaiedniutasiusvoudasinwes Tnsulastoyauuetufifue
Ausnglunsazsumisiiduey 1 weensldunngiufidueddmumiaieulsduae o Tnstufinaddlusunsa
Microsoft Office Excel

4.2 AisguszdnsameeslusiuesLansainunainuatgvessada n1A1 Polymorphic Information
Content (PIC) Mnduudadadilaanmslueiesmneluanaunazsums Iaeen PIC iuanilianafanmanunsaly
MInsIRdeUANILANAITEIIlulnveaaTe e lananaild

4.3 3Lﬂmxﬁm’mé’uﬁuﬁ‘wwqﬁuqﬂiiuﬁuaqﬁwaiwmL?Tmé’m’i 247 Hiug afraununivulasunsy (dendrogram)
Tagld Unweighted Pair Group Method Arithmetic Average (UPGMA) Lt 93 AkU 40 uitug 12 lnaLd sednfnnm
ANUFNTUSAUNINUGN T

3. NMsUSULKUIUUSEUNSERINU

Mg Q8 sveuihde i (Wsnuanadngulunnansan)
U A unUasauyseanns TUSADSUISNITIUREULUB oo oo

U wasuudasinguszasd/manan TUsnoButen SiURBURUR. oo e
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UN?l 3 Nan1sAnNE

3.1 Han1sAdUIUYaslATINIG

fanssuil 1 nMsuTuugenRugdalnadesdninuuds : 918819 (115-120 )
1.1 meUSulssszrnsdinaiesdniongeuuuuisusau

UssiiuamudnminvesUszannstnlnadosdntengend NP99201(RRS) wag NP99202(RRS) lusaunis
AadeniFusiu (Co) flv seunisAmdenaeving (Cr) 1éun Co Cy C; G5 CaCs Coa Cr Afiunislugguds T 2564 wu
Usg9n5 NP99201(RRS) lu Co C1 C; G5 CaCs Coa C; Wimwawdin 1,036 1,158 1,131 1,200 1,157 1,111 1,282
war 1,203 Alansusials mudrsu Tnenananilnsuiiuiudesay 1.76 desaunisfnidon luusasseuvasnisdaden
TinawdnAndudesay 105-130 erFeuifisuiuiuguaulaagissn 5 (989 Alanfusiols) uaziosay 118-146 Ll
Wisuifeufuiugnandauasanssd 1879 Alansustols) uenaini NP99201(RRS) filvinanamadsainynsounis
Antdon 1,094 Alansusals 3071 NP99202(RRS) ﬁllﬁ’wama“mLaﬁlammﬂiaumsﬁ’mﬁaﬂ 1,043 Alansumals
NP99201(RRS) Tuseunsdaiden Cswaz C; dadudsevnsiisidnenmlunislinanangs anmnsoilulivsslomnild
#io Mduiusnandn dmsunmsdaasuluiuilidmne

Usgn5 NP99202(RRS) Tu Co C1 C; C5 CaCs Collay C; Ivinandn 854 1,081 1,041 1,045 1,006 942
1,161 uae 1,217 Alansusiold mudisu Tnonandn vielisnsiintudevas 3.02 deseunisaniden luusazsouves
nsdadenlyinandnindudesas 105-130 elFeuifeuiuiugnaulngassal 5. (989-Alansusels) uazioas 97-
138 \eiSsuiflsuiuiuduandaunsanssd 1 (879 Alanfusiels) (Figure. 1.1:)

IINWANITNAADUANTTOULNITNAN LAENITNANUUUNUTUMLIATENI19NAY (factorial cross) U04UsEvINS
NP99201(RRS) Co-C; waz NP99202(RRS) Co-Cr 131 NP9920L(RRS)C, flasissnuznisuausi luiianga (GCA) e
121.569 wanadausswnsseudndanmngdmsunisiauduiugnaands dmsviuzidinuasnsluewan diu
Ananszing NP99201(RRS)Cs Uaiz NP99202(RRS)Cs TifidIanIsts M sHasLanzgs (SCA) A 162.150 fetuanesiug
wiimunldanussenssasst anmsadsnlsimuuareiusioulunsaireiusgnuanilinondngs soly
(Table 1.1.1)

YIELD (kg./rai)
1700

1500

B vpo9201 ¢, cy [ wees202c,c,

1300

11
900
7
5
3
1

NP99201 NPSSZOZ NP99201 NP99202 NP99201 NPSSZOZ NP99201 NP99102 NP99201 NP99202 NP99201 NPSSZOI NP99201 NP?SZOZ NP99201 NP99202 SWs

8

8 8 8

8

LN
L.

Figure 1.1.1 Mean grain yield per cycle of 2 improved maize populations, NP99201(RRS) Co to C; and
NP99202(RRS) Co to C7at NSFCRC in the 2021 dry season.
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Table 1.1.1 Estimates of general combining ability (GCA) and specific combining ability (SCA) effects for grain
yield of 2 maize populations NP99201(RRS) Co to C7 and NP99202(RRS) Co to C;

Population NP9202(RRS)
Co G C Cs Cq Cs Ce Cy GCA
Co -33.810 | -68.036 | -48.120 16.427 | 70.879 10.490 42.849 9.322 -59.119*
C 88.460 | -93.253 | -8.298 5.769 90.561 24.993 -112.330 4.098 -16.824
C, 45873 | 19.907 127916 | 49.599 | -51.393 -102.320 | -55.032 -34.551 | -7.906

Cs -2.237 63.051 -115.103 | -82.178 | 20.811 83.810 3.542 28.304 2.106

Cq 12.380 | 46.095 53.639 46.077 | -29.501 29.493 -142.975% | -15.208 | 37.036

Cs -94.379 | -31.164 | -13.853 -28.759 | 39.606 52.768 53.641 22.140 -40.218
Ce -33.944 | -36.929 | -41.588 -71.693 | 31.494 -60.734 162.150* | 51.244 -36.644
Cy 17.655 | 100.330 | 45.407 64.757 | -172.456 | -38.500 48.155 -65.349 121.569**
GCA | 8.222 22.953 | -9.027 -8.365 | -55.100* | -39.305 | 0.822 79.799*

NP9201(RRS)

1.2 mavuugeiuginTnaisdnignaauangsaiilenandngauasnuuds
2559-2560 A1nHANIIA LTI 6 U fdnlnadssdnignaaueigerudignisussdindnenmnanin gy

Fadu 300 Fug wazaneiusus 190 anewug (Table 1.2.1) wudn Wuggnuaueigera NSX152067 fdnaamaramy
uds Inelinandnluanmuinilussezeannen 778 Alansusiols (femnudasssifiuanumuuds 4 ulas Tud 2560
2561 2562 way 2564) Tuanmnsliiaihuaue 1379 Alanfusdels fdvinuusge.40 fiefiuigapdonandnile
nIeNuNds 44 % uananildtusgnuanenge kumsdmdendlnaiesdnignuauiusiidudng 39 wus 1
sﬁzﬁaiﬁaﬁuﬁ:qﬂwamﬂu NSX172001-NSX172039 %ﬁﬁuﬁqﬂwammdﬂﬁmumwisLﬁuﬁﬂamwmaaﬁuﬁ:uazmmwuu,é’q
Iduiuggnuandiauifinislinandngs fdnwasmensinuiss uazmilds Fazgnidssdudnoamuesiugly
uwiasUgniinrawnnstu mudumeunsuiulgsiusRusinsisuiiieudesiu masudisunnsguniadioudiey
Tuviosdiu wazmslFouiisululsinunsns auddu Tasnrsusudiiunislussmine 2565-2567

uenndl Idiaundnlnaidssdniaeiuguiongen 27 aewus Idddosfaaeiuguidy Neic02001 -
Nei602027 Faaneriugusivariifdnenmlundsmumunds Sdnumsmeninnunsh uasilaussourniauangs d9agld
ihlldusslendlulasensusudgeitusdninmdssdnfroly

Table 1.2.1 Grain yield, Yield loss-and Drought Index of late maturity germplasm under well-watered (WW) and
water stress (WS)‘conditions at NSFCRC during 2016-2021

Year/material Yield (kg rai ™) Yield loss (%) Drought Index
Water stress Well-watered (O

Min Max  Mean Min Max  Mean Min Max  Mean Min Max  Mean
2016; 100 inbreds 2 391 75 23 737 288 7 98 74 0.06 3.57 1
2017; 60 hybrids 59 648 355 991 1,466 1,175 4527 94.42 70 0.18 1.81 1
2017; 40 hybrids 56 622 245 656 1,426 1,121 4755 94.46 78 0.25 2.40 1
2018; 60 hybrids 450 1,254 845 1,276 1,792 1,560 21 72 46 0.52 1.46 1
2018; 40 inbreds 0 307 103 204 915 528 50 100 91 0.00 0.92 0.59
2019; 50 hybrids 285 837 611 1,130 1,379 1,256 34 76 51 0.49 1.36 1
2020; 40 hybrids - - - 1,240 1,613 1,403 - - - - - -
2020; 50 inbreds - - - 73 684 350 - - - - - -
2021; 50 hybrids 177 740 432 1,033 1,704 1,347 51 85 68 0.46 1.52 1

Total; 300 hybrids, 190 inbreds

24



1.3 malSeuiisuilasiunugdninadesdndgnaasaigend

T 2559 fmilnadesdnignuausiuu 8 wus Winandnedslndifsstuiuiunsaissd 3 (1,324 Alanusisls)
AniduSosas 100-106 TouA NSX152046, NSX152060, NSX152097, NSX052014, NSX152057, NSX152067, NSX152055
uay NSX102005 wazsiuau 8 us 1ud 2560 filiinandnadeAnduiosas 100-107 vewiusnsiaasuunsanssn 3 (938
Alansumaly) lawn NSX152058, NSX152045, NSX052014, NSX152056, NSX152065, NSX152008, NSX152088 L&y
NSX102026 Feuginantl uennlvinandngaudn Sedardulszavssinsatu (b) liupnensn 10 waedandsauuan
nsadu (%) o liunnsneann 0 Saluiusiiadosnings
1.4 madisuidisusnsguiugdnTnadednignusuegen

T 2560 i mlnadssdnignuauiusfisu 4 fus Ao NSX152097 NSX152067 NSX112019 wag NSX112013
TinandnunNndi (p< 0.05) WugnIRARUUATAITIA 3 (1,082 Nn./L9) Tnelvnandnade 1,301 1,297 1,229 uay 1,218

nn./l3 sudrdu snnndiAndufesay 20 20 14 uay 13 nuady Fevugmaniuenanlinananguda Saflen
Fuszdvtinsadu (b) ldunndnaann 1.0 wasdandeauuanduzingadu (S%) dn lduandneann 0 Saduiudis
BRERHUNIGN

3 2561 A lnaid pedndgnuanetge1IwugAiau 7 Wug @o NSX152002 NSX152013 NSX152045
NSX152069 NSX152032 NSX152016 wag NSX152065 Winandnuinnit (p< 0.05) fiugnsiaaauunsadssa 3 (1,088
nn./13) Tnelvnandnede 1,259 1,223 1,204 1,187 1,175 1,174 uag 1,173 nn/l3 audasu snnninAniuiesas
8-21 WBNINT NSX152002 NSX152013 NSX152069uas NSX152065 Smuusiugiishafisnings vsuildluumas
Ugn
1.5 matieudisuluissiuiugdnTnadednignraueigen

k]

T 2561 4lnaudssdn fgnuauiug NSX152070 NSX152097 NSX102005 $6248 wag NSX152067 Tiuandn
aainugunsanssd 3 (1,058 Alansu/ls) edreitudndny Tustuutyniigeniu s6248 uenanlinanangudn &l
w@tgsnmMNsIinanEns

9 2562 Srilwadssdnignuay 15 Wug Iiuandngandaiusuasanssd 3 (890 Alan¥u/ld) egrdidodrdny
Town ‘w“uﬁf CP888New NSX152013 NSX152002-NSX152016 NSX152097 NSX152065 NSX152066 NSX152011
NSX152057 NSX152070 NSX152006 NSX152055NSX152045 NSX152025 waz NSX152032 Wug tva 11 uniiu
NSX152055 wonanlikandngeud dafadesnimnislinondnd annismanesiound 2561-2562 anunsodaidon
F1alnaid sednignuanenge1aius NSX152070 NSX152097 NSX102005 NSX152067 NSX152013 NSX152002
NSX152016 tag NSX152097
1.6 mswBsudieululsinunsnsiugininndsdaignasuengenn

U 2562 S minadssdniganansuu 2 Wus Iéun ug NSX112009 uaw NSX112010 Winandmiads 1,023 uax
991 AlanTusalsmumau gnimugnsvaeuunIassd 3 (876 Alandusals) Sesay 13-17

9 2563 fidIwadoadarignuansiuan 6 Wug Téun Wus CP8ss New NSX152067 NSX152025 NSX152065
NSX152013 uay NSX152018 Tinanamade 1,335 1,270 1,206 1,205 1,200 uae 1,192 Alanfusieliamandiu geniniug
A5I9AUUATAISIA 3 (1,111 Alansusals) Seway 7-20

9 2564 Wugtnlnadssdniutasiug Wnandaliuandafumeada neduondmadossning 1,161 - 1,277
Alansusials

dlafinnsandaustd 2562-2564 ansnsadndonitugdlnadedn fgnuauengeitusiiy Aianangeniiiug
AIEDULATINTSA 3 Uazdilafiosnmmananuesiusiia anunsausuduasinandngsluvatsaninuinden $1uu 7
g Teun NSX112009 NSX112010 NSX152067 NSX152025 NSX152065 NSX152013 uag NSX152018
1.7 matGeudisuiugininaissdnfgnuasiugausauiunassuaseanvy

serined 2559-2564 Wugdlnadssdnignuauiugfiruainaniguazionsu lunmandneninvesiug
fanadl InefiansananAHandngean Adonanananaiaonay MAsE LALALRAINTMARDY B9 AlRAENITVAADS
Tut 2559 2560 2561 2562 2563 waz 2564 AA1 1,269 1,335 1,318 1,339 1,258 uaz 1,334 Alaniu/ls auaiau
duihdanainiugininadesdn fgnuaun uisnudeiugaegos (SMEs) meidouasimunianuinniiogs
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GIIE]L‘leN Imawawamaﬁﬂuﬂ 2559 2560 2561 2562 2563 way 2564 dA1 1,167 1,216 1,246 1,289 1,238 uag 1,278
Alansi/l3 mudiy videuiudusesay 1.56 de egdlsinu Faudlunmrmnmsitouasinundnonmesiugsnsd
usiandlinananuinnitAtedsvesUsyine filinananiads 612 676 733 732 646 way 684 Alan3u/ls Tul 2560
2561 2562 2563 Waw 2564 MuEIRU Faifu oranadnldhsilenafivnfiumandadrinalusziuliuléan dnsdn
yoainunsnsiinslitusgnuauiifidnenm sgrensounquuasiis sadennsldmeluladnisudnlimnzandivanin
ﬁuﬁUQﬂ (Figure 1.7.1)

Yield = Max-Yield Private sector mean Private Smes mean
s Public sector mean —e— Experimantal mean ~s—Country mean
1600

1400 1296 &>

1200

1000

676
612 B

200

2016 2017 2018 2019 2020 2021 Year

Figure 1.7.1 Grain yield (kg rai”") of of cooperation between public and private sectors hybrid com yield trial
during 2016-2021

1.8 mavFulsetnlnaidesdnimeiusuiorgenaitsisuiafunandnuazanumuuds
T35 duiinUszin

2559-2564 HeuuFTITNAREEH TBUSWTIRoINTUSUU (recurrent parent) AuaewSuiTldus
5% (donor parent) ¥innawanndu (backeross) Ugsiasu 1 ada naudiesuasdnidonaneiudlaisiufinse¥a auld
an BC:Ss Tl 2564 ¥insuseliuardnuagaunuudwoadonugnssudninadosdn Tu 2 anm Ao anmnisli
hasiiane uazanmuninlussereenivaluszeroonivu 1 ey wud anwnsadmdenanswusilinananguas
vuvuLAs Sy 64 aneug Wilethareusuwinlaluaiuasianngnuaudely vazidoriuinisyssfiunandn
QNHaY topcross SAAUNUTATIVAOUUATAITIA 3 INUNUNITNARBILUY lattice 2 91 WU HanEnfimnLLandeiy
nMadifegaliduddgy ddnauuau 93 wug Iinandnaaniiiuguasaissd 3 (727 Alandu/ls) nandngnauoglugig
990-1,355 Alansu/ls a1y Tuseninueglugie 50-55 Ju ogiusenaendreglugie 50-59 Tu avugeiuegluyls
160-228 Lwufiluns wazaugeineglugis 101-133 iwufuns

Aonsaufi 2 msuFuugeiugtnnadsedaimuuds orgdu (95-100 Fu)
2.1 msufulsssensdrinadssdafoydunuusuieuady
Ussiiuaufnmthesssennsdrilnadssdniongdu NSEYPLRRS) way NSEYP2(RRS) luseuntsdaidon
Cs flasounisdniien Co Andunslugouas ¥ 2564 wudn Uszyns NSEYPL(RRS) Tu C; CaCs uay CoMinandn 996
1,035 1,175 wav 1,189 Alan3usels nuddtu Tnenandniisnsnfintuiosar 6.81 desounisdniden luusiagsouves
nsfmdenlinananAnduiesas 109-130 WewFsuiisuiuiuguadngrssa 5 917 Alandudels) uasdovay 116-
138 leiSeuifisuifuiuguandaunsanssd 1 (859 Alansudels) uonaini NSEYP1RRS) Silnardnadennnsou
n1sAnLden 1,099 Alansusals 9n91 NSEYP2(RRS) ﬁiﬁmamamLa?{ammﬂiaumiﬁ’mﬁaﬂ 980 Alansusiels Feiu
NSEYP1(RRS) Tuseunsimiden Csuay Cs dnidutszannsiitidnenmlunisivinandngs amnsahlulivsslondld fe
T Huituguandn dwsumsdaasuluuiitmnenuiagUszasinsliusslond
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Usz1n3 NSEYP2(RRS) Tu Cs G4 Cs az Co linan@n 992 958 998 uay 972 Alansussls auainu lng
nananTensinTudesar -0.19 seseunsAnden luusazseuvesnisdndenlinananandudosas 104-109 1ile
Wisuilsuiuiuguauagassas 5 917 Alanfusiols) wardosay 111-116 WewFeuifsuiuiuguanlaunsanssd 1
(859 Alansusels) (Figure. 2.1.1)
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Figure 2.1.1 Mean grain yield per cycle of 2 improved maize populations, NSEYP1(RRS) Cs to C¢ and NSEYP2(RRS)
Csto Cgat NSFCRC in the 2021 dry season.

IINWANITNAROUANTTAULNITHAN IAUNITHANKUUNUA UNUATENI19NQ Y (factorial cross) ¥oeUsEYINT
NSEYP1(RRS) Cs-Ce Waig NSEYP2(RRS) C5-Cs U1 guanszning NSEYPI(RRS)C, Wag NSEYP2(RRS) Cs Aidinassnts
nSNANLANZE (SCA) Fo 137.319 fedumewusuiiivadldandssonstsansd mngdmivthanlewaniduae
ftusweuslunmsadaiusgnuanengduilliinanangs siely (Table 2.1.1)

Table 2.1.1 Estimates of general combining ability (GCA) and specific combining ability (SCA) effects for grain
yield of 2 maize populations NSEYP1(RRS) Cs to Cs and NSEYP2(RRS) Csto Cs

Population NSEYP2(RRS)
Cs Cq Cs Ce GCA
Cs -81.271* 18.643 19.085 43,542 14,101
% Cq 9.074 -70.742 137.319** -75.651* -25.797
g Cs 68.581 37.824 -106.995** 0.591 -14.936
§ Ce 3.616 14.275 -49.409 31.519 26.632
GCA -23.245 17.054 6.792 -0.601

2.2 mavduugeiuginTnadsdnignaauaneduiionanangauazmuuds

9 2559-2564 9 nuansALiney 6 T SnlnadeednrignuanengdudngnisussdiudnenmaanEns
oA 218 ug uazaneiugud 190 aneviug (Table 2.2.1) wuih Wusgnuauetgdu NSX151008 Sfneninarimuuds
Tnelnandnluanmaatilussozoonaen 616 Alansusiols (eAvanuuasssdiummumuuds 2 uas Wl 2560 uay
2562) Tuaninnislihadiaue 1,147 Alansudels Sdvinuudege 137 Sweddudgyidonandniionssnuuds a7
% uonanilditusgnuanegduiiiunisdndensiuiu 17 ug Tdfsdesiaiusgnammiu NSX171001-NSX171017
feiuggnuanmaniiunsUssdudnenmesiuguaseumuuds Saduiusgnuaufisuiitinisliiandngs fdnvae
yenneash warnuuda Fsaggninidrussdiudnonwesiusluumasugniinfeuneiy muduneuntsusudseiug
Fausnmaieuiisuid ey naisudisvinnsgiu mawssuidisuluiosiu warnsieuideululsinunns
auaiu Tngeunuaiiunistusenined 2565-2567
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o
o

wenanil Wt nlnadesdaiaeiuuiiongdu 16 areiug lansdesiaaenuguriu Nei602028 -
Nei602043 Feanenusuinandl ddnaninlun1snumuuds Idnyaemnisinunsh waslaussausnisuaugs Jaaeld
ldlgusslevilulasinisuuugmiugininadesdninely

Table 2.2.1 Grain yield, Yield loss and Drought Index of early maturity germplasm under well-watered (WW)
and water stress (WS) conditions at NSFCRC during 2016-2021

Year/material Yield (kg rai™) Yield loss (%) Drought Index
Water stress Well-watered (D)

Min Max  Mean Min Max  Mean Min Max  Mean Min Max  Mean
2016; 100 inbreds 3 236 105 38 499 205 10 95 51 0.08 1.55 0.08
2017; 56 hybrids 111 641 328 803 1,342 1,116 4142 90.42 70 0.33 1.99 1
2018; 60 hybrids 1,315 1,738 903 516 1,192 1,512 24 62 40 0.64  1.27 1
2018; 40 inbreds 220 839 188 8 575 521 9 98 63 0.05 251 1
2019; 50 hybrids 285 808 600 1,063 1,388 1,224 32 7 51 0.47 1.39 1
2020; 22 hybrids - - - 988 1,418 1,276 - - - - - -
2020; 50 inbreds - - - 104 709 334 - 3 - - - -
2021; 40 hybrids 100 523 303 1,235 1,544 1,390 64 93 78 0.33 1.63 1

Total; 218 hybrids, 190 inbreds

2.3 maSeuiisuilasiunugdnlnadesdnignuasangsu

g, 1 =

U 2559 dnlnad sednignuanengduiiug Ay 911 9 Wud/Arau ddnvuenanisnunsd Wnandnade

¥y
a

TndiRestuiuguasanssd 3 vidoteenitliiiudosas 5 lnelinonanadoAnduiesay 95-107 vesiuinsaouuasassd
3(1,194 Alansumals) lawn CP-DK888-B-B-B<2-B-B-B:x Neid62013, NKA48-B-B-B-2-B-B-B x Neid52009, NSX052014,
NSX151009, NSX151010, NK48-B-B-B-1-B-B-B x Neid62013, NK46-B-B-B-3-B-B-B x Tak Fal, NSX042022 uag
NSX151033 warlud 2560 Frlnaieadn fgnuasiiusfiviu NSX052014 ikanAmunnniniugasaaeuunsassd 3 (954
Alansusiels) Jevay 113 uasditrilwadesd ignuanengduiusiivi St 6 g MvkananadeAnduiosas 95-108
YDINUTATIIAUUATAITIA 3 LAt NSX151001, NSX151008, NSX111058, NSX111054, NSX111021, wag NSX111014
Senlvaiusinei SnduiugiifiaBesnmgs Sdnanmlunslfiendngsluunangnialy envugnas NKa8-8-B-B-1-
B-B-B x Neid62013, NKA6-BB-B-3-B-B-B x Tak Fal war NSX052014 IMIpouausdsioanniIndesiuuanIziangas
2.4 maeufiusnmsguius i lnaiedn fgnnasenydu

U 2560 Inlnaldssdn fgnuauotgduiugiidu S1wau 6 ug Ao NSX151009 NSX052014  NSX151002
NSX111044 NSX042022 way NSX151014 Tinandnliunns1an1eadia (p< 0.05) fuiugnsiadeuunsalssa 3 (1,303
Alansusiols) Inelvinananede 1,339 1,320 1,234 1,224 1,209 uag 1,208 Alanusiels A

¥ 2561 fmlnadesdn fgnuauengduiugiidu 11 WU Usenoudae NSX052014 NSX151029 NSX151027
NSX111044 NSX151017 NSX111014 NSX111021 NSX111012 NSX151019 NSX111053 wag NSX111015 14
wandrliunnsannituguasanssd 3 (1,142 Alansusiols) Andufesay 93-105 uavdulvfugenddaluiugid
wafesnwgs Sdnenwlunislynandngdduwvasigninly viudaldaluumasgn
2.5 maBeufieuluesdunugdrinadssdarignuauongdy

U 2561 21NN1531AT11ANULUTUTIUTINANYULHANEATIN 8 ANINWIAG BN WUIT WUT NSX052014
CP888New CP301 NSX111024 NSX111034 NSX111031 uaw NSX111017 lvinandnlndiAesiugunsadssd 3 (1,045
Alansusiols) egrefifeddny wazliongTusenaends wazanuuAUTULARvZIAUNEWINITUGUATEISSA 3 Ty
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Srunuilifug NSX052014 NSX111024 NSX111038 wag NSX111017 uenainlinanangaud Sediadosawlunislia
HARF aunsauTuilaaiuuvasigninilnavesUsewmelne

U 2562 31nM153AT181AULUTUTIUTINANWUEHAREAIN 5 @anINUINR0Y WUTT UG NSX052014
NSX151034 NSX151008 NSX151009 NSX151002 NSX151027 NSX151014 wag NSX151011 IinandalndiAgeiug
uATARIA 3 (1,219 Alandudels) edrsiitfoddny uasilongiusenaonids uazaruduautusdavas fudesh
niitusuasanssd 3 wusinantioniiu NSX151002 wenainlinandngud failiadesnwmslinanand a1usaufush
#Aluuvdagninilnavasuszinalne 9innsvaaosiausl 2561-2562 ansnsodndendrilnaissdnfgnuanengdu
WUS: NSX052014 NSX111024 NSX111034 NSX111017 NSX151034 NSX151008 NSX151009 wag NSX151027
2.6 maBeufieululsinuasnsiugtinaiedn fgnuasendu

T 2562 wud1 dnlwadesdn fgnuanengduiug NSX052014 Fusesituglufetnlnadednifusuasassd 5)
Tnanamads 1,074 Alan3usiols geniviudnsadeuuasanssd 3 (1,005 Alansudels) Sovay 7 Wlefinsunaiosam
wanARveTLS WU SlendszavTinsadu (b) wiriu 1.45 uansneann 1 egaiidedfey uagiimdnideauuanidu’
\nsasu (S7d) Wity 0.16 uand1eann 0 egadideddys feiuddadnduiugifiefosnm wansdmsususinduiug
Wil

B 2563 dmlwadosdnignuanengduitug NSX151034 Wnandnade 1,325 Alandudels gandviugrsiadey
uAsanssA 5 (1,246 Alan3usiels) Fovay 6 vazdiiug NSX151002 NSX151008 NSX151017 ez NSX151014 Trinardn
IndifsaiugnInvaouunsaIssh 5

U 2564 Frilnadssdnignuauengduiiu NSX151034 Tiinanamade 1,239 Mansiels liunnsatunisada
JuiugnTIRaauUATasIA 5 (1,317 Alansusals) (Table 2.6.3)

SloRarsandaunl 25622560 annsadadeniugivinadesdnTganaetyduiusfiruilinandnganiwie
TndiAssiugnmaaey wasiiadosnmuandnuesiugia annsousudtaybinandngslunansaninuindon Sau 5
WJUS: oA NSX151034 NSX151002 NSX151008 NSX151017 wag NSX151014
2.7 naudusednTnaissdafaeiusuiorgduiusmuiamamananuazanumuudddngissuiinse 1@

U 2559-2564 naustusiInaA R faeRusUITIFBIN 19U UUSE (recurrent parent) Auanefuguiidugh
13% (donor parent) ¥iinswaundu (backcross) WUSaiasUL Ada naudiesuasAndonaneiudlasisiufindse¥a auls
an BC:Ss Tud 2564 Usziflunandnuasanumuids wudt ansnsadnidonaneiusilvinanangauaznuyuuds $1uau
a4 anesiug ieaneusuwinlaluaiaasiauignaausoly vugieaiuiinisussifiunandnganas topcross
FIUAURUTATIADUUATAITIA 5 INUHUNITNRADILUY lattice 2 71 nudh wanAndauuannstunsadfedaed
WodAny danaudiuiu 15 Wug inandageniniuguasaissa 5 (1,352 Alansusels) nandngnauegluyi 1,308-
1,412 Alansu/ls engFuesnlvuaglurae 47-50 Ju engiusennendiiogluti 46-50 Tu Augiueglurag 185-214
WUALAT WavAugaEineglugag 88-117 lwufiluns

Ranssuil 3 nMsidednunzneESTIneiRafesiuanamuuda
3.1 msAnwuassiiudnusanamudwastnadea Taednuasmnees e
nmsinuazssdudnuuzenumuuid s inadssdin asdnuusneaisinevestninadss
Fnilugquds aneusvideriugilinanangauasdaumuniuuds 16un aneriusus Neid62013 Nei532005 Nei542001
Nei542012 Nei542017 W”uﬁ:qﬂmam NSX151001 NSX151008 NSX151034 NSX112017 NSX112026 NSX152005
NSX152020 NSX152067 wag NSX152096 U515 NP99201CF, wag NP99201CF, §eiiuguazaiawusinaniily
Kandngea 2 anm fosifuinisgapdonanns uasdeinuudannn 1 Senduiusnuds Wefinrsunms
duassiuauasmanauauaduseuiuluanimuinilussereoniny tafimumdurenanaroungiiqen aeitus
W1 Neid62013 Nei532005 Nei542001 Nei542012 wag Nei582009 ﬁuﬁ:qﬂmau NSX151001 NSX151005 NSX151008
NSX151034 NSX102005 NSX112026 NSX152067 NSX152070 NSX152095 way NSX152096 Uszv1n59121na
NP99202CF, fAnsdaaeiuasas msdadatinlugs ussissumeilum wagnmsaetngs wandfidiuilugsd
Ananaedeaiosinmsiath ﬂ’uﬁ:md’]ﬁmﬂ‘mé’qmﬂ@Lﬁ'amm}w uazdansinsdanszsiuas Jsdaduiugad
ANULE s denAd B TUAN YA HANER
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dlensnzsimduuszansanduiug (correlation coefficient, r) SemiadnsNsduAs Bk U BN
a3simenluanmuniluszezeoniv wui msduasziuasdinuduiusmauiniunsdadatinlu nsmeh us
fianuduitugmeauivuseiessmetnuesly m‘"nﬁy'umsﬁmLﬁaﬂawﬁuﬁ:ﬁaﬁuﬁ%’lﬂwmL?ﬁyﬂné’mﬁwumuuéﬁ AISARLEaN
mﬂﬁuiﬁaﬁuﬂuamwmmﬁﬂmzazaarﬂ.vm ﬁﬁ@i’m’ﬁé’qmiwﬁqu nsUadalnluas usassvmetlus ua
nsmetgs awvhliilenadszauanudiialumsdaienaeiugininadodn il fiandngauasnumusdanuly
#he uenaniannsalfivesidudimagaudonananuasduinudssznoumsinsandaienaeiugvionuiie ne
aeuguIoRus e fidudmsgaudonandnin uansi1 fanumumuudannninae fusidiesidudnsgade
NaNANgY aneuduTeugifdvinuudannnd 1 uansidanumunuuds mensetud danewuguieusisife
NULAITRENIT 1 LARSIN TANUNUMULAIIBENTT Y5 00DULERBANTIZLAY

nsdaaszidsaznisnauauaslusauty annsmeaeddud 2559-2564 wudn et ilneSulasunas
FIuH 6. 00 u. Flnmazisudunisaietn nseuIunsEuATIERLARBLTUR Y ALY IaEILTunIEI AN
ﬁ]uadammnm 12.00 u. mﬁusmﬂwmu:uamﬂmimﬂmadam ‘Wlﬂ%’]’JIWG]hJﬁ’]@J’]ﬁOW]U’WMﬂUﬂ’J’]?,JG’]ENﬂ’]i RIS
FlneRnan1ITLASER LAYBLLAAIDINNSIIAN Intumuiveasziuanaduneue was amawuuawamh
1281 18.00 w.

1) AMsdans1esiuas (photosynthetic rate) lunszurumsiasundsnuuasiogluguvomsanuiad
ot luldlunszuiunisadisensdansiest wu ulwazihana wemsiuminvesude lusoufuvesdnalng wuin
mié’aLﬂiwsﬁLLaﬁasﬁuagﬁ’ULLaq namfe Wennuduvemaios nsdunsziuasegiion Wormmuduveswasnn ns
Huemerinasazifisnnniu luanmsiedemiusiifiennsdansiuagauansiminafugiudenumumuuds Wesn
Fenstimsdupsvinasustdnlnnazani

2) Ansdadlauanlu (stomatal conductance) Wunalnmsssuauswasnluiiednihldian1slanie
Favnly Wednlnadanuedon susiifenstadavinlugs uansiinlvdinlnadseadaey Hoastuazan
anufouangumgiazanlulu Snvadsdnnsuanidsufiaersusulasenleduagintuusseinia viliiAanis
Fuasigiuas

3) W59 vszimetvesly (leaf vapor pressuré deficit) eluAnnusnswasussiuluemafululuiiy g
duitusfugnmninasaududuivdluetnia fusiifidaussissmeinedugs uanshiiluluasiimsssmeesnly
10 1lwAezuanIo1nsvIeTh lumansstuda ‘vﬁﬂmsjﬁ’u'ofﬁﬁmLLiﬁﬁmmfwaﬂUﬁﬂ lothluussenniasindou
wrasaiuiiludnnin vlrluinnudu gungiasadluluasanas

4) nMsmetn (ranspiration rate) Wunnsunsvesianinlu anmstihaiavedinednisaeth
wnnitluanmeniilussezeaning Wesomlihuiiuunasiiismeldiinismedmaenieu villivanienisiien
’LuamwLﬂ%'amﬁuiﬁﬁmmimmfﬂqﬂ LLamdwﬁmmmmm‘Lumiamﬁ’mﬂau Lﬁa%’ﬂmamaﬁumﬁﬂﬂuLLazU%mmﬁwﬁ“
gudvennt Faliuanienmstitor danduiugnuviuuds

fanssuil 4 msfnwadniunuasysaiuauAdanusdlnatesdnd
4.1 nMsuunuazusziuguAntaRugt lnadesdnluudassausiunug (Ex situ)

sening U 2559-2564 afiunisiaedwundnuaiziasnsussdivaeiuginilnabesdndaneniuguidiuiy
111 anewug uagiuggnaan 20 sug lunuassrusiuiug (Ex situ) Tuiindeyadnumgiugmundninaeinisnsiadeu

[

Audnvnziusinion1sdunsos (an.2) vesdiindunsosiusits naudvnisinuns wuin Slnedssdafudazane
situs/ugiidnuasUsssitusuandedu feil

sy8EMIATYNIeEWiU (Vegetative) Taudiugouszearlunsnaddiden uns wazane msusngueulvlesiud
nuluszeglunsnadidannn Wy Yrunans tow uazliusnguietesunn susiduusnam sunau wu-lume waglume
auduvesdidyvedudy Uiunans uazseu madusduvesveulutiunans waglivsngvietosunn nislawedly
wsnnileiinase Aeudnanss wurszun Wldmdeldsdesnn Wales wagldsunans sinAndaag uanden Snuae
vosdunss sefuresnisinuenlivsing wasdnuenidntos msunngueulnleeniuvesnanduinn Wu viunang
ow wazlivsnguistosun

S28¥N13L3YN1NSFUNUG (Reproductive) dnvagdanandignsd Aoud1enss lazluiszuu waglday

na §runendosdiTeisen e YU wAd ka9 JULSATY WFes vuy wad ezl Wulvuddergou wides
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FUY WA ward MsUTIngueulvleeniuuugiunen n1unen duisa wavbuy Wuwin Wy Yunans dee wagly
Usinguideresunn dnnsinszuen nsnTe uazfwsinTieAmsinszuen dnvaurnsisseudans vlinvesudn
Wb wagheiuds dfduiuuuvesudauardfimvesudaiunssinudnnsdumdes wides mdesdy uazdu
4.2 mildiefesmnsluanaussfiuanunanvanemsaiugnssuvasirlnadedors
1. MswSeNiieg1sisaznsaniamoue

nansaiamoweantudinlnalagldyaainfiduedivdiazy Plant Genomic DNA Mini Kit (Geneaid,
Taiwan) wuinludnlnaantwin 0.1 n3u dethluadafiduedeymatadingn wasiansazaneiidueiiatald
TWiameUsinauasanududuvesiiue Tneldiedes spectrophotometer fimuanindu A260/A280 WuAEwLe
flatnldiusundous 1.5-5.6 lalaandy uasdenududuoglurag 10.45-37.35 wilunfusiolulasang uazidev
ansazaneiduediantalalunsivaausie agarose el electrophoresis nuiniduedianalaliuauiisueiitaauuas
MsvInvesdueites (Figure 4.2.1)

M 1

— .
.

Figure 4.2.1 Genomic DNA isolated from 16 lines of maize: M = 1 Kb DNA Ladder.

2. mafmdenlnsiesimanzanlunsinumanuvaavaemaiugnssusemaia SSR
2.1 mavedeuMsIiinafdueveslnsies SR
aINNsageUNBinSnafSwevarnlnadssdnifelnsmes S1um 56 4 wuiilnswedis 56 4
ausafisiinafiduevosiilnnisdn il fuansninseglnnueifiannsadiuuinafiduovesnlneld
(Figure 4.2.2) fauslnswadiia 59 g annsauiaUsiafiBuovesdnlnald wigisolddndenlnaiuos $1um 28 ¢
dieldlutunousely

M
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Figure 4.2.2 PCR amplification using 14 SSR primers. M = 100 pb DNA Ladder.

2.2 m3fadenlnsiwes SSR leliFnwarmmarnvanemsiugnssuesinilna

Mnmsuadadoninsiues SSR iileld@nwinumainvanemsiugnssy Taglnsiwes $1uau 28 ¢ lUdn
aandeansFesas uando luiuiinafiduetuiving udusnfidueseiniousnuuatufiduesnludaad
AuaztBengs nudilwawesva 28 gliuuwiadufiduediuandafuludnlnausasiug waglie anunanvany
v038ada (PIO) vosusarinsiued (nanuan o) Tnefiddous 0.49-0.90 uas ﬁﬁwmﬁmﬁwﬁ’u 0.76 wansIA3 oMY
Imaﬂa‘vﬂmuuﬂmummﬁm’LumimmaaummLmﬂmamawuﬁﬂssmlm fiduausadaiinuiomn 261 Safia Sruau
Sadadiny ferdoust 3 &1 20 Sadarasumis aAnadennAndadanasumus iy 11.35
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3. MnTRAeUATIYEIVR YN SugnTmest B agdieSomnelaana SSR

wa9nnsliiiedluiana SSR lﬂmwaauaLSULM@Q%’JTW@L?ﬁymﬁm’iﬁuﬁ:ﬁi’m 7 lldsumisvesfiduied
HueTesmnevosirilnaissdniudaziug Tnsdeyamunmoaiid weiidaruuwnnsstuiiy Igluldusslomise
Tumsmanuduiusaiugnssuesiusdninaidssdnluseduidue Tnsdeyanniedosdluana SSR $1uau 11
wsiwed Aldldnnaeumanuunninavesunuidueiuininadedns s1uau 247 stug e thieyasumises
sUsuuNRauauAduelUlnTziauduiuseiugnssy Tagldlusunsudieds UPGMA wulianunsaasiaaulag
unsLLARsANELRLSISTugNTTveat A d BsdaTld (Figure 4.2.3) TnsAAruadsadetunsiugnisuaes
drlwaidosdnivis 247 Wug gléaindn similarity Fedidnagsening 0.25 f 1.00 wansliifuinaramainuaisng
fugnssuvesiugininadesdniireuinigs uagnuidrilnausiugiimnalnddatunametugnisy Jaduiusis
Anuduitusuuuittiosiu (sister ine) madanguanuduiusvaiugnssulaslagldan similarity fisedu 0.27 Sumuin
annsousnitudninadesdnilfidu 8 ndu danelundguusenoudeiusiiusnesnainduld wasiusitlianusausn
ponanfiu lawn

naudl 1 Usznausheaeriusilun d1wau 29 aneiug 16un Nei 512013, uaz Nei 582048, Nei 582049,
Nei 582065, Nei 490226, Nei 411005, Nei 542002, Nei 582011, 582012, Nei 9202(T), Nei 9204, Nei 512012-1, Nei
582046, Nei 532005, Nei 532002, Nei 582018, Nei 532028, Nei 542005, Nei 532023, Nei 532012, Nei 532013, Nei
512025, Nei 582017, Nei 532003, Nei 582025, Nei 502022, Nei 402011, Nei 502007 waz Nei 502023

nauil 2 Uszneusetilue $1uau 16 anewus leiln Nei 462004, Nei 532015, Nei 532020, Nei 462013,
Nei 582039, Nei 452004, Nei 462007, Nei 462012, Nei 462001, Nei 532018, Nei 492024, Nei 542012, Nei 492011,
Nei 502029, Nei 542035 wag Nei 532014

naufl 3 Usznoudaednlng S1uau 10 aewus ldun Nei 452015, Nei581019, Nei 452019, Nei 452025,
Nei 452018, Nei 582022, Nei 582019, Nei 512008, Nei 532011, ugay Nei 512028

naufl 4 Usgnausednalng S1uau 63 aneviug Léua-Nel 622007, Nei 422004, Nei 452001, Nei 462002,
Nei 542028, Nei 542029, Nei 542006, Nei 542025, Nei 542021, Nei 542024, Nei 542022, Nei 542023, Nei 542027,
Nei 542026, Nei 582062, Nei 542003, Nei 492014, Neid52006, Nei 542031, Nei 542030, Nei 452009, Nei 542016,
Nei 542017, Nei 542018, Nei 542007, Nei 542020,/Nei 542004, Nei 542019, Nei 542008, Nei 581021, Nei 581023,
Nei 452026, Nei 512021, Nei 532027, Nei 581018, Nei 512024, Nei 452007-1, Nei 582009, Nei 582057, Nei
452030, Nei 582026, Nei 492002, Nei 452010, Nei 452014, Nei 452031, Nei 542033, Nei 542032, Nei 452013, Nei
452016-1, Nei 452016-2, Nei 512026, Nei 532010, Nei 582001, Nei 492001, Nei 502005, Nei 582002, Nei 582003,
Nei 582005, Nei 582004, Nei 582059, Nei 581024, Nei 512029 was Nei 542036

naufl 5 Usznoudednalne $1uau 80 anewus léun Nei 452002, Nei 582044, Nei 582064, Nei 582043,
Nei 492013, Nei 9008, Nei 502004, Nei 582041, Nei 452008, Nei 542009, Nei 542014, Nei 542015, Nei 452022,
Nei 452023, Nei 542010, Nei 582036, Nei 542013, Nei 582038, Nei 542011, Nei 542039, Nei 582008, Nei 582007,
Nei 492008, Nei 582015, Nei' 582050, Nei 582052, Nei 502021, Nei 512020, Nei 532019, Nei 9203, Nei 402025,
Nei 412001, Nei 452029, Nei 582054, Nei 542037, Nei 582013, Nei 512017, Nei 512017 , Nei 532025, Nei 582023,
Nei 582040, Nei 502001, Nei 452028, Nei 582045, Nei 452021, Nei 432001, Nei 492012, Nei 512003, Nei 502018,
Nei 541024, Nei 502012, Nei 542024, Nei 492016, Nei 502013, Nei 492022, Nei 492023, Nei 452027-1, Nei 582016,
Nei 541005, Nei 541008, Nei 502011 , Nei 512004, Nei 581006, Nei 502014, Nei 411090, Nei 541002, Nei 402004,
Nei 502016, Nei 581004, Nei 502020, Nei 502003, Nei 532007, Nei 532009, Nei 582024, Nei 582042, Nei 452032,
Nei 411002, Nei 581002, Nei 512030 e Nei 582029

naudl 6 Usznoudaednlne S1uau 24 aewus leun Nei 532021, Nei 411014, Nei 411013, Nei 411016,
Nei 502015, Nei 541001, Nei 411007, Nei 541022, Nei 492029, Nei 502008, Nei 502029, Nei 581008, Nei 442013,
Nei 411011, Nei 411030, Nei 412019, Nei 411032, Nei 462006, Nei 582051, Nei 581001, Nei 582014, Nei 492015,
Nei, 512016 wag 411003

nauil 7 Uszneusediline $1udu 21 anewus leln Nei 492018, Nei 532001, Nei 542038, Nei 532006,
Nei 532022, Nei 512022, Nei 582027, Nei 582030, Nei 532024, Nei 512023, Nei 532026, Nei 582031, Nei 582028,
Nei 541027, Nei 541029, Nei 512018, Nei 512019, Nei 492010, Nei 452017, Nei 582060 way Nei 541021

32



e

L )
|

4 @1eWug lawn Nei 442010, Nei 442002, Nei 492007 waz Nei

=
< . ——=_ | ~
= gl .‘
&
°@ u
S —
= ]
—
n 1
Er=} |
o]
(o
‘&
) [}
@
<
39
'ad
=)
e}
=
b
e
<

541004

33

Figure 4.2.3 Dendrogram showing clustering of eight maize genotypes based on SSR marker analysis.
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AMANUIN

Characteristics of late inbred lines in £x situ at NSFCRC during rainy season, 2016

Traits Tak Fal Tak Fa3 Neid52006 Neid52009 Nei532005 Nei542013 Ki60 DTMA-192 DTMA-193 DTMA-202
Traits of stalk
Plant height 136 140 130 139 152 130 153 148 150 152
Stalk appearance straight straight straight straight straight straight straight straight straight straight
Color of brace root purple purple-green purple purple-green purple green purple-green purple purple purple-green
Traits of leave
Color at base of seedling green purple purple purple purple purple purple purple purple purple
Shape of first leaf obtuse round to obtuse round to obtuse round to obtuse round to obtuse " round to obtuse round to obtuse round to obtuse round to obtuse
obtuse
Leaf curve of leaf above top ear erect horizontal semi-erect erect horizontal erect semi-erect erect erect horizontal
Color of leaf sheath green green green green green green green green green green
Traits of tassel
Days to tasselling 58 59 57 57 56 56 62 58 61 57
Color of the ring of glume purple red light green red green light green light green green green light green
Tassel type erect erect semi-erect erect semi-erect erect semi-erect erect erect semi-erect
Tassel compactness dense dense dense intermediate dense dense intermediate dense dense dense
Floret density on central spike intermediate dense intermediate intermediate few intermediate intermediate intermediate intermediate intermediate

Glume color
Anther color

Traits of silk and ear
Days to silking
Ear height
Silk color
Ear shape

Traits of kernel

Number of kernel row
Kernel row arrangement
Kernel type
Color of kernel cap

Color of kernel at abgerminal site

green-purple
purple

56
64
green-purple

conical

14
straight
flint
orange-yellow

orange-yellow

green-purple
yellow

60
71
red

conical

12
straight
semi-flint
yellow-orange

orange-yellow

purple-green
purple

58

66

red
cylindrical

12
straight
semi-flint
yellow-orange

orange-yellow

yellow-orange

orange-yellow

green=purple green-purple

red purple

58 59

69 91

red green-red
conical cylindrical

14 14
straight straight

semi-flint flint

orange-yellow

orange-yellow

light green
purple

57

64
green-red
cylindrical

12
straight
flint
orange-yellow

orange-yellow

purple-green
red

62

75
green-pink
cylindrical

14
straight
flint
yellow
yellow

green-red
red

58
58
yellow-pink
cylindrical

14
straight
flint
yellow-orange

yellow-orange

green-pink
red

62
69
yellow

conical

14
straight
flint
yellow

yellow-orange

light green
pink

56
75
yellow-pink
semi-cylindrical

16
straight
flint
orange-yellow

orange-yellow
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Characteristics of early inbred lines in £x situ at NSFCRC during rainy season, 2016

Traits Nei412001 Nei411008 Neid11016 Neid62013 Nei502007 Nei502010 Nei502015 Nei541006 Nei541022  CTS011074/P31 G18C23-30-1-3-
CAS5B-38-#-#- 1-514
S5/CML421-S6
Traits of stalk
Plant height 111 125 133 133 160 140 120 130 123 137 128
Stalk appearance straight straight straight straight straight straight straight straight straight straight straight
Color of brace root green purple green green purple purple purple purple purple purple purple
Traits of leave
Color at base of seedling green purple red green purple red purple purple purple red purple
Shape of first leaf round to round to round to round to round to round to round to round to round to
obtuse obtuse obtuse obtuse obtuse N obtuse obtuse obtuse obtuse obtuse
Leaf curve of leaf above top ear erect semi-erect horizontal erect semi-erect semi-erect erect semi-erect semi-erect semi-erect semi-erect
Color of leaf sheath green green green green green green greenUuging green green green green
Traits of tassel
Days to tasselling 59 53 49 51 54 51 53 53 52 50 50
Color of the ring of glume light green green light green green light green pink green red green light green green
Tassel type erect semi-erect semi-erect horizontal semi-erect erect erect horizontal erect erect horizontal
Tassel compactness dense intermediate  intermediate sparse dense intermediate dense sparse intermediate  intermediate sparse
Floret density on central spike dense intermediate dense intermediate few intermediate  intermediate intermediate  intermediate  intermediate intermediate
Glume color light green  purple-green light green green green-purple purple-green purple-green purple-green  purple-green light green green
Anther color pink yellow yellow pink yellow pink-yellow  pink-yellow yellow purple yellow-purple yellow
Traits of silk and ear
Days to silking 58 52 49 51 55 53 56 53 56 51 52
Ear height 55 64 70 71 85 78 60 74 61 75 61
Sitk color light green yellow-pink  ‘yellow-purple yellow pink red red yellow-purple pink purple purple
Ear shape cylindrical cylindrical” semi-cylindrical  cylindrical conical cylindrical cylindrical conical conical cylindrical cylindrical
Traits of kernel
Number of kernel row 12 12 12 12 14 12 12 14 12 14 14
Kernel row arrangement straight straight straight straight straight straight straight straight straight straight straight
Kernel type flint flint flint semi-flint flint flint flint flint flint semi-flint flint
Color of kernel cap orange-yellow orange-yellow orange yellow-orange yellow-orange orange-yellow orange-yellow yellow-orange orange-yellow orange-yellow yellow-orange
Color of kermel at abgerminal site orange-yellow orange-yellow orange yellow-orange yellow-orange orange-yellow orange-yellow yellow-orange orange-yellow orange-yellow yellow-orange
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Characteristics of inbred lines in Ex situ at NSFCRC during rainy season, 2017

Traits Nei582001 Nei582005 Nei582006 Nei582008 Nei582057 Nei582014 Nei582051 Nei582060 Nei582054 Nei582055
Traits of stalk
Plant height 166 205 176 160 166 193 177 184 199 169
Stalk appearance straight straight straight straight straight straight straight straight straight straight
Color of brace root green purple green green green purple purple purple-green green-purple purple
Traits of leave
Color at base of seedling purple red purple red purple purple purple purple purple purple
Shape of first leaf round to round to round to round to round to round to round to round to
obtuse obtuse
obtuse obtuse obtuse obtuse obtuse obtuse obtuse obtuse
Leaf curve of leaf above top ear semi-erect semi-erect semi-erect semi-erect semi-erect semi-erect semi-erect semi-erect semi-erect erect
Color of leaf sheath green green green green green green green green green green
Traits of tassel
Days to tasselling 53 56 56 56 57 58 56 57 56 57
Color of the ring of glume greenlured green purple green green green green green green green
Tassel type erect erect semi-erect semi-erect erect semi-erect semi-erect semi-erect erect erect
Tassel compactness intermediate intermediate intermediate sparse sparse intermediate intermediate intermediate intermediate dense

Floret density on central spike
Glume color
Anther color

Traits of silk and ear
Days to silking
Ear height
Sitk color
Ear shape

Traits of kernel

Number of kernel row
Kernel row arrangement
Kernel type
Color of kernel cap

Color of kernel at abgerminal site

intermediate intermediate

green-purple green-purple

red-yellow yellow
52 55
93 91
purple pink

semi-cylindrical - semi-cylindrical

12 14
straight straight
flint semi-flint

orange-yellow  orange-yellow

orange-yellow  orange-yellow

intermediate
purple
purple-yellow.

56
82
purple
cylindrical

12
straight
flint
orange-yellow

orange-yellow

intermediate intermediate intermediate intermediate

green green-purple green-purple green
purple-red yellow purple-red purple-yellow
57 56 58 54
82 84 95 100
light green purple pink purple

semi-cylindrical  semi-cylindrical semi-cylindrical semi-cylindrical

12 12 12 10
straight straight straight straight
flint flint flint flint

orange-yellow orange-yellow orange-yellow orange-yellow

orange-yellow  orange-yellow orange-yellow orange-yellow

intermediate
green
yellow-pink

56
97
pink
conical

12
straight
flint
orange-yellow

orange-yellow

intermediate intermediate

green green
yellow yellow
54 53
103 84
pink green-purple

semi-cylindrical  semi-cylindrical

10 12
straight straight
flint flint

orange-yellow  orange-yellow

orange-yellow  orange-yellow
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Characteristics of inbred lines in Ex situ at NSFCRC during rainy season, 2017 (cont.)

Traits Nei582056 Nei582029 Nei582031 Nei582016 Nei582018 Nei582024 Nei582025 Nei582036 Nei582038 Nei582039
Traits of stalk
Plant height 166 184 185 180 173 200 169 158 151 144
Stalk appearance straight straight straight straight straight straight straight straight straight straight
Color of brace root green purple-green green green green green purple-green green green-purple green
Traits of leave
Color at base of seedling purple purple purple green red green purple purple purple green
Shape of first leaf round to round to round to round to round to round to round to
obtuse obtuse obtuse
obtuse obtuse obtuse obtuse obtuse obtuse obtuse
Leaf curve of leaf above top ear erect erect semi-erect erect semi-erect semi-erect semi-erect erect erect erect
Color of leaf sheath green green greenﬁ]mfﬂ’;ﬂ green green green green green green green
Traits of tassel
Days to tasselling 53 55 55 54 55 56 54 55 53 53
Color of the ring of glume green light green purple green green pink green green green green
Tassel type semi-erect semi-erect semi-erect semi-erect erect semi-erect semi-erect semi-erect semi-erect semi-erect
Tassel compactness sparse sparse intermediate dense intermediate intermediate intermediate intermediate dense dense

Floret density on central spike
Glume color
Anther color

Traits of silk and ear
Days to silking
Ear height
Sitk color
Ear shape

Traits of kernel

Number of kernel row
Kernel row arrangement
Kernel type
Color of kernel cap

Color of kernel at abgerminal site

intermediate
green
yellow

50
69
light green

cylindrical

12
straight
flint
orange-yellow

orange-yellow

intermediate
green
yellow

52
90
pink
semi-cylindrical

12
straight
flint
orange-yellow

orange-yellow

intermediate
green-purple
yellow

52
94
purple
conical

12
straight
flint

intermediate
green
yellow

53
88
light green

semi-cylindrical

14
straight

semi-flint

orange-yellow  yellow-orange

orange-yellow  yellow-orange

intermediate
green
yellow

55
84
purple-pink
conical

12
straight
flint
orange-yellow

orange-yellow

intermediate

light green
yellow

55
110
light green

semi-cylindrical

14
straight
flint

orange-yellow

orange-yellow

intermediate
green
red-yellow

52
83
light green-pink

semi-cylindrical

14
straight
flint
yellow-orange

yellow-orange

intermediate
green
yellow

55
90
light green

intermediate intermediate

green green
yellow-pink yellow
53 53
79 74
purple green-purple

semi-cylindrical  semi-cylindrical  semi-cylindrical

14
straight
flint
orange-yellow

orange-yellow

12 12
straight straight
flint flint

orange-yellow  yellow-orange

orange-yellow  yellow-orange
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Characteristics of hybrid maize in £x situ at NSFCRC during rainy season, 2018

Traits NSX152009 NSX152013 NSX152021 NSX152027 NSX152031 NSX152032 NSX152055 NSX152061 NSX152062 NSX152067
Traits of stalk
Plant height 201 222 202 200 208 216 210 206 207 217
Stalk appearance straight straight straight straight straight straight straight straight straight straight
Color of brace root purple green purple green-purple green-purple green-purple green purple green green-purple
Traits of leave
Color at base of seedling purple purple purple purple purple purple purple purple purple purple
Shape of first leaf round to round to round to round to round to round to
obtuse obtuse obtuse obtuse
obtuse obtuse obtuse obtuse obtuse obtuse
Leaf curve of leaf above top ear horizontal semi-erect semi-erect horizontal horizontal horizontal semi-erect semi-erect semi-erect semi-erect
Color of leaf sheath green green green green green green green green green green
Traits of tassel
Days to tasselling 51 51 51 51 51 52 51 49 51 52
Color of the ring of glume light green light green purple red light green light green light green light green light green red
Tassel type semi-erect semi-erect horizontal erect semi-erect horizontal erect semi-erect erect semi-erect
Tassel compactness intermediate intermediate sparse intermediate intermediate sparse intermediate intermediate intermediate sparse
Floret density on central spike intermediate few few intermediate few intermediate intermediate intermediate intermediate intermediate
Glume color green green-purple purple-green green-red green green-purple green green-purple green green-purple
Anther color purple purple purple purple purple purple purple purple purple purple
Traits of silkk and ear
Days to silking 51 51 51 51 51 52 51 48 51 52
Ear height 114 132 111 122 121 123 116 128 123 113
Sitk color purple red purple purple-green purple-green red purple-green light green purple-green purple-green
Ear shape semi-cylindrical - semi-cylindrical conical semi-cylindrical  semi-cylindrical conical conical semi-cylindrical  semi-cylindrical  semi-cylindrical
Traits of kernel
Number of kernel row 14 14 14 14 14 16 14 14 16 16
Kernel row arrangement straight straight straight straight straight straight straight straight straight straight
Kernel type flint semi-flint semi-flint semi-flint flint semi-flint semi-flint semi-flint semi-flint semi-flint
Color of kernel cap orange-yellow yellow yellow yellow orange-yellow  orange-yellow yellow yellow yellow orange-yellow
Color of kernel at abgerminal site orange yellow-orange  orange-yellow  orange-yellow orange orange-yellow orange orange-yellow  orange-yellow orange
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Characteristics of hybrid maize in Ex situ at NSFCRC during rainy season, 2018 (cont.)

Traits NSX152068 NSX152072 NSX152073 NSX152081 NSX152082 NSX152085 NSX152090 NSX152091 NSX152099 NSX152100
Traits of stalk
Plant height 196 213 209 239 233 205 204 203 195 199
Stalk appearance straight straight straight straight straight straight straight straight straight straight
Color of brace root green-purple green green green-purple green-purple green green purple green green-purple

Traits of leave

Color at base of seedling purple purple purple purple purple purple purple purple purple purple
Shape of first leaf round to round to round to round to round to round to round to
obtuse obtuse obtuse
obtuse obtuse obtuse obtuse obtuse obtuse obtuse
Leaf curve of leaf above top ear semi-erect horizontal horizontal horizontal horizontal horizontal semi-erect semi-erect erect horizontal
Color of leaf sheath green green green green green green green green green green

Traits of tassel

Days to tasselling 51 50 48 52 51 51 51 51 51 51

Color of the ring of glume red light green light green purple purple light green purple light green purple red

Tassel type semi-erect semi-erect semi-erect horizontal semi-erect horizontal erect erect erect horizontal

Tassel compactness intermediate intermediate sparse sparse sparse sparse intermediate intermediate intermediate sparse

Floret density on central spike few intermediate few few few few intermediate intermediate intermediate few

Glume color green-purple green green purple-green green green green-purple green-purple green-purple green-purple

Anther color purple purple purple purple purple purple purple purple purple purple
Traits of silkk and ear

Days to silking 51 50 49 52 51 52 51 51 51 51

Ear height 123 131 123 138 139 123 124 113 120 118

Sitk color red purple-green purple-green purple-green purple-green purple-green purple purple-green purple purple

Ear shape semi-cylindrical semi-cylindrical semi=cylindrical conical semi-cylindrical - semi-cylindrical conical conical semi-cylindrical - semi-cylindrical

Traits of kernel

Number of kernel row 14 14 14 14 16 14 14 14 14 14
Kernel row arrangement straight straight straight straight straight straight straight straight straight straight
Kernel type flint semi-flint semi-flint semi-flint semi-flint semi-flint flint flint semi-flint semi-flint
Color of kernel cap orange-yellow yellow yellow yellow yellow orange-yellow orange-yellow orange-yellow orange-yellow orange-yellow
Color of kernel at abgerminal site orange orange-yellow orange-yellow orange-yellow orange orange orange orange orange orange

51



Characteristics of inbred lines in Ex situ at NSFCRC during rainy season, 2019

Traits Nei581001 Nei581002 Nei581003 Nei581004 Nei581005 Nei581006 Nei581007 Nei581008 Nei581009 Nei581010
Traits of stalk
Plant height 175 169 175 208 181 196 199 144 217 218
Degree of zigzag on stem absent absent absent absent absent absent slightly absent absent absent
Anthocyanin coloration of brace roots very strong absent absent intermediate very strong strong absent absent strong strong
Traits of leave
Anthocyanin coloration of sheath strong absent weak strong strong strong medium medium medium strong
Shape of first leaf rounded rounded to rounded rounded to rounded rounded to rounded to rounded to rounded rounded
spatulate spatulate spatulate spatulate spatulate
Intensity of green color at leaf light medium dark medium dark medium medium dark medium medium
Undulation of margin of blade intermediate absent intermediate intermediate intermediate absent intermediate absent intermediate intermediate
Leaf curve of leaf above top ear moderately moderately moderately slightly slightly slightly slightly slightly moderately moderately
Traits of tassel
Days to tasselling 59 54 56 56 55 58 55 54 51 50
Tassel type semi-erect erect semi-erect erect erect erect semi-erect drooping semi-erect semi-erect
Tassel compactness intermediate dense loose dense intermediate intermediate loose loose loose loose
Floret density on central spike medium medium medium medium dense medium lax lax lax lax
Anthocyanin coloration at ring absent absent strong absent absent very strong absent absent absent absent
Anthocyanin coloration of glume absent absent absent absent absent absent absent intermediate intermediate strong
Anthocyanin coloration of anthers absent absent absent intermediate weak absent intermediate absent absent strong
Traits of silk and ear
Days to silking 62 58 55 55 57 59 57 54 53 52
Ear height 63 62 75 103 90 82 67 64 103 104
Anthocyanin coloration of silks absent absent intermediate intermediate strong intermediate intermediate weak absent strong
Ear shape conical conical cylindrical cylindrical semi-cylindrical cylindrical cylindrical semi-cylindrical cylindrical cylindrical
Traits of kernel
Number of kernel row 10 10 12 12 12 12 10 12 12 12
Kernel row arrangement straight straight straight straight straight straight straight straight straight straight
Kernel type flint flint flint flint flint semi-flint flint flint flint flint
Color of kernel cap yellow-orange orange-yellow yellow-orange orange orange-yellow yellow yellow orange-yellow orange-yellow orange-yellow

Color of kernel at abgerminal site yellow-orange orange-yellow yellow-orange orange orange-yellow yellow yellow orange-yellow orange-yellow orange-yellow
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Characteristics of inbred lines in Ex situ at NSFCRC during rainy season, 2019 (cont.)

Traits Nei581011 Nei581012 Nei581013 Nei581014 Nei581015 Nei581016 Nei581017 Nei581018 Nei581019 Nei581020
Traits of stalk
Plant height 178 171 167 158 164 155 198 167 176 176
Degree of zigzag on stem slightly absent absent slightly slightly absent absent absent absent absent
Anthocyanin coloration of brace roots intermediate strong absent very strong intermediate weak absent absent very strong weak
Traits of leave
Anthocyanin coloration of sheath strong strong medium strong medium strong very strong very strong very strong strong
Shape of first leaf rounded to rounded to rounded to rounded spatulate spatulate spatulate spatulate rounded rounded
spatulate spatulate spatulate
Intensity of green color at leaf medium medium dark medium light medium dark dark medium light
Undulation of margin of blade intermediate absent absent absent absent absent absent absent absent intermediate
Leaf curve of leaf above top ear slightly absent moderately moderately moderately. slightly slightly absent slightly slightly
Traits of tassel
Days to tasselling 55 55 54 54 55 53 51 56 54 54
Tassel type erect semi-erect erect semi-erect erect erect erect semi-erect erect erect
Tassel compactness dense intermediate intermediate intermediate dense dense intermediate intermediate intermediate intermediate
Floret density on central spike lax lax lax lax medium medium lax medium lax lax
Anthocyanin coloration at ring absent strong absent absent absent absent strong absent absent strong
Anthocyanin coloration of glume absent intermediate strong absent strong intermediate strong very strong intermediate absent
Anthocyanin coloration of anthers absent strong strong absent absent absent strong very strong strong intermediate
Traits of silk and ear
Days to silking 53 54 54 55 53 53 50 58 52 54
Ear height 83 83 79 66 71 50 66 64 70 78
Anthocyanin coloration of silks strong strong strong strong strong strong strong absent intermediate weak
Ear shape conical conical cylindrical conical conical semi-cylindrical cylindrical cylindrical semi-cylindrical cylindrical
Traits of kernel
Number of kernel row 14 14 10 10 10 10 12 12 10 10
Kernel row arrangement straight straight straight straight straight straight straight straight straight straight
Kernel type flint flint flint flint flint flint semi-flint semi-flint flint flint
Color of kernel cap orange-yellow orange-yellow orange-yellow orange-yellow yellow-orange orange-yellow orange-yellow orange-yellow orange-yellow orange
Color of kernel at abgerminal site orange-yellow orange-yellow orange-yellow orange-yellow yellow-orange orange-yellow orange-yellow orange-yellow orange-yellow orange
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Characteristics of inbred lines in Ex situ at NSFCRC during rainy season, 2020

Traits Neid412019 Pac999(S) Neid92010 Nei582013 Neid52023 Neid52013 Neid52016-1 Neid52016-2 Neid52019 Neid52025
Traits of stalk
Plant height 137 99 149 159 122 155 129 128 119 150
Degree of zigzag on stem slightly absent absent absent absent slightly absent slightly absent absent
Anthocyanin coloration of brace roots absent absent very strong strong absent intermediate absent absent strong strong
Traits of leave
Anthocyanin coloration of sheath strong strong medium strong strong strong strong strong very strong strong
Shape of first leaf rounded rounded rounded to rounded to rounded rounded to rounded to rounded rounded rounded
spatulate spatulate spatulate spatulate
Intensity of green color at leaf medium dark light light medium light light light light light
Undulation of margin of blade intermediate absent absent intermediate intermediate absent absent absent absent absent
Leaf curve of leaf above top ear moderately slightly absent absent moderately moderately slightly slightly slightly slightly
Traits of tassel
Days to tasselling 64 59 61 59 60 63 59 60 59 62
Tassel type semi-erect semi-erect erect semi-erect semi-erect erect semi-erect semi-erect erect erect
Tassel compactness intermediate intermediate intermediate loose intermediate dense intermediate dense intermediate intermediate
Floret density on central spike lax lax lax lax lax lax lax lax medium medium
Anthocyanin coloration at ring absent absent absent very: strong absent very strong strong weak absent intermediate
Anthocyanin coloration of glume absent absent strong strong strong strong strong strong strong strong
Anthocyanin coloration of anthers intermediate intermediate weak strong strong strong strong strong intermediate intermediate
Traits of silk and ear
Days to silking 63 61 61 61 60 64 59 59 58 63
Ear height 70 ar 75 77 67 97 73 70 64 82
Anthocyanin coloration of silks intermediate intermediate weak intermediate absent intermediate strong strong absent weak
Ear shape cylindrical cylindrical semi-cylindrical  semi-cylindrical  semi-cylindrical conical cylindrical cylindrical semi-cylindrical conical
Traits of kernel
Number of kernel row 10 12 12 14 14 - 14 12 10 10
Kernel row arrangement straight straight straight straight straight straight straight straight straight straight
Kernel type flint flint flint flint flint flint flint flint flint flint

Color of kemnel cap

Color of kernel at abgerminal site

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow




Characteristics of inbred lines in Ex situ at NSFCRC during rainy season, 2020 (cont.)

Traits Neid32001 Nei582024 Neidd2013 Neid52032 Neid52031 Nei532005 Nei532011 Nei532021 Nei532027 Nei542012
Traits of stalk
Plant height 134 164 135 117 129 152 157 142 143 139
Degree of zigzag on stem absent absent absent slightly absent absent absent absent absent absent
Anthocyanin coloration of brace roots absent absent very strong strong weak very strong very strong strong absent absent
Traits of leave
Anthocyanin coloration of sheath absent absent absent medium strong medium strong strong strong medium
Shape of first leaf rounded to rounded rounded to rounded to rounded rounded rounded to rounded to rounded to rounded to
spatulate spatulate spatulate spatulate spatulate spatulate spatulate
Intensity of green color at leaf light medium dark medium medium dark medium medium dark medium
Undulation of margin of blade absent intermediate intermediate intermediate absent absent absent absent absent absent
Leaf curve of leaf above top ear slightly slightly slightly absent slightly strongly absent slightly absent slightly
Traits of tassel
Days to tasselling 59 62 62 57 60 57 60 61 55 58
Tassel type semi-erect semi-erect erect erect semi-erect semi-erect semi-erect horizontal horizontal semi-erect
Tassel compactness loose intermediate intermediate intermediate intermediate intermediate loose loose loose loose
Floret density on central spike lax medium medium medium lax medium medium medium medium medium
Anthocyanin coloration at ring absent strong absent very: strong absent absent absent intermediate intermediate absent
Anthocyanin coloration of glume strong absent intermediate intermediate strong strong absent intermediate intermediate strong
Anthocyanin coloration of anthers absent absent strong absent very strong weak absent intermediate weak strong
Traits of silk and ear
Days to silking 59 61 62 58 60 61 63 61 55 59
Ear height 52 79 60 65 72 84 80 69 77 60
Anthocyanin coloration of silks absent absent weak absent strong strong strong intermediate absent weak
Ear shape semi-cylindrical conical semi-cylindrical conical cylindrical semi-cylindrical conical semi-cylindrical  semi-cylindrical  semi-cylindrical
Traits of kernel
Number of kernel row 12 12 14 14 14 14 12 14 12 14
Kernel row arrangement straight straight straight straight straight straight straight straight straight straight
Kernel type flint flint flint flint flint flint flint flint flint flint

Color of kernel cap

Color of kernel at abgerminal site

yellow-orange

yellow-orange

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow

orange-yellow
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Characteristics of inbred lines in Ex situ at NSFCRC during rainy season, 2020 (cont.)

Traits Nei542013 Nei542018 Nei542020 Nei542021 Nei542024 Nei542025 Nei542006 Nei542032 Nei542033 Nei582060
Traits of stalk
Plant height 128 155 151 168 175 161 162 154 153 140
Degree of zigzag on stem absent absent absent absent absent absent absent absent absent absent
Anthocyanin coloration of brace roots strong strong very strong strong absent absent strong intermediate intermediate strong
Traits of leave
Anthocyanin coloration of sheath strong strong strong strong strong strong strong strong strong strong
Shape of first leaf rounded to rounded to rounded to rounded rounded rounded rounded rounded to rounded rounded
spatulate spatulate spatulate spatulate
Intensity of green color at leaf medium medium medium medium medium medium medium medium medium medium
Undulation of margin of blade absent absent absent absent absent intermediate absent absent absent absent
Leaf curve of leaf above top ear slightly slightly slightly slightly moderately moderately slightly slightly slightly slightly
Traits of tassel
Days to tasselling 60 61 58 60 59 60 56 59 59 62
Tassel type erect erect erect semi-erect semi-erect semi-erect semi-erect drooping drooping erect
Tassel compactness dense intermediate intermediate intermediate intermediate intermediate loose loose loose dense
Floret density on central spike medium medium medium medium medium medium medium medium medium medium
Anthocyanin coloration at ring absent strong strong absent absent absent weak absent weak strong
Anthocyanin coloration of glume absent strong strong strong strong strong absent strong strong absent
Anthocyanin coloration of anthers intermediate strong strong intermediate intermediate intermediate absent intermediate intermediate weak
Traits of silk and ear
Days to silking 59 60 60 62 62 62 58 60 60 60
Ear height 68 83 83 89 92 82 88 73 78 72
Anthocyanin coloration of silks intermediate weak weak strong strong intermediate absent intermediate intermediate weak
Ear shape semi-cylindrical  semi-cylindrical semi-cylindrical  semi-cylindrical  semi-cylindrical  semi-cylindrical cylindrical semi-cylindrical  semi-cylindrical  semi-cylindrical
Traits of kernel
Number of kernel row 12 14 16 12 12 14 14 14 16 12
Kernel row arrangement straight straight straight straight straight straight straight straight straight straight
Kernel type flint semi-flint flint flint flint flint semi-flint flint flint flint
Color of kernel cap orange-yellow orange-yellow orange-yellow yellow-orange yellow-orange yellow-orange orange-yellow orange orange orange-yellow
Color of kernel at abgerminal site orange-yellow orange-yellow orange-yellow yellow-orange yellow-orange yellow-orange orange-yellow orange orange orange-yellow

56



Characteristics of inbred lines in Ex situ at NSFCRC during rainy season, 2021

Traits Neid52007-1 Neid52030 Neid92006 Nei502003 Nei512005 Nei512006 Nei512016 Nei532003 Nei532010 Nei532026
Traits of stalk
Plant height 111 129 145 107 131 121 145 135 146 139
Degree of zigzag on stem absent absent slightly absent absent slightly slightly absent strong strong
Anthocyanin coloration of brace roots strong absent strong very strong very strong strong very strong strong intermediate absent
Traits of leave
Anthocyanin coloration of sheath very strong very strong very strong very strong strong strong very strong medium strong strong
Shape of first leaf rounded to rounded to rounded rounded rounded to rounded to rounded rounded to rounded to rounded to
spatulate spatulate spatulate spatulate spatulate spatulate spatulate
Intensity of green color at leaf light medium medium medium medium medium medium light medium dark
Undulation of margin of blade absent intermediate intermediate absent intermediate intermediate absent absent absent absent
Leaf curve of leaf above top ear absent slightly slightly absent slightly slightly slightly absent absent absent
Traits of tassel
Days to tasselling 64 59 61 59 60 63 59 60 59 62
Tassel type erect semi-erect erect semi-erect erect semi-erect erect erect erect erect
Tassel compactness dense intermediate dense intermediate dense dense dense dense intermediate intermediate
Floret density on central spike medium dense medium lax medium medium lax lax medium medium
Anthocyanin coloration at ring absent very strong very strong very: strong strong intermediate absent absent absent very strong
Anthocyanin coloration of glume absent absent absent absent absent absent absent absent absent absent
Anthocyanin coloration of anthers strong strong absent intermediate intermediate intermediate strong absent intermediate strong
Traits of silk and ear
Days to silking 60 58 58 59 56 54 54 57 58 56
Ear height 67 65 73 63 65 65 74 73 85 72
Anthocyanin coloration of silks intermediate absent intermediate absent absent very strong absent absent absent absent
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Characteristics of inbred lines in Ex situ at NSFCRC during rainy season, 2021 (cont.)

Traits Nei541008 Nei541017 Nei542010 Nei542014 Nei582062 Nei602003 Nei602004 Nei602014 Nei602016 Nei602018
Traits of stalk
Plant height 150 150 129 140 122 151 159 139 137 139
Degree of zigzag on stem absent slightly slightly absent absent absent absent absent absent absent
Anthocyanin coloration of brace roots very strong very strong absent strong absent absent absent absent absent absent
Traits of leave
Anthocyanin coloration of sheath very strong strong weak strong weak medium medium medium medium strong
Shape of first leaf rounded rounded rounded rounded to rounded to rounded to rounded rounded rounded to rounded
spatulate spatulate spatulate spatulate
Intensity of green color at leaf light medium dark dark medium medium medium dark medium medium
Undulation of margin of blade absent intermediate absent absent absent absent absent intermediate absent absent
Leaf curve of leaf above top ear slightly slightly absent slightly slightly absent slightly slightly slightly slightly
Traits of tassel
Days to tasselling 59 62 62 57 60 57 60 61 55 58
Tassel type semi-erect semi-erect semi-erect semi-erect semi-erect semi-erect semi-erect semi-erect horizontal semi-erect
Tassel compactness intermediate intermediate dense intermediate intermediate intermediate intermediate loose loose dense
Floret density on central spike medium medium medium medium medium medium medium medium medium lax
Anthocyanin coloration at ring intermediate absent absent absent absent absent absent absent absent absent
Anthocyanin coloration of glume intermediate absent absent weak intermediate absent absent absent weak weak
Anthocyanin coloration of anthers intermediate absent absent intermediate intermediate strong intermediate strong strong intermediate
Traits of silk and ear
Days to silking 58 52 57 57 54 56 56 57 59 56
Ear height 84 71 63 79 60 77 75 67 65 73
Anthocyanin coloration of silks intermediate weak absent intermediate absent absent absent absent absent absent
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