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e liusslovilunsuiuuseiug waglivinsuasiuduarfadonanefusiuususeun thanewusaneg fsusmandiuo
36 aiuimmﬂaﬂmaauiuamwLLaq IfﬂEJﬁJJSLULLNuﬂ”Iiﬁ/maENLLUU‘ZI@JL‘U@LL@VIWU (6 x 6 simple lattice design) 1 2 199 9w 4
auns (@ 9) UaﬂwmaaﬂumﬂaﬂluiuiiaLiauwﬁaaﬂuNu a]waaqmimaaﬂuamwmimmm (drought stress; DS) ) Tnefinslon
Iummmuiumw 80 - 100 L‘LJaiLsuumJaamwmmwmuaum (field capaoty) mmﬂamumma 30 u Mmmﬂuummmmmi
Imuﬂmﬂmmwmummw 50 uJaimumaqmﬂmmwmuaum ARDANISIAULAL? wami‘vmaaq‘wmwmawuﬁmﬂﬂmmmm
LLmﬂmqﬂummuuamﬂm 0.05 Tudnwauzauninedn umuﬂﬁﬂ UAZHANARADFU LLazmmuuﬁmﬂm 0.01 TudnwazUsuunae
Tsiladiily arwenadiu o1gaenisnuiu wazaueniin Tnedaeiugivaulailinananiinandeduldgsluaamuds Wun ae
Wug No.33P, BP2, P10T26, BP1, No.37G uag No.30P 31nluinan1siasieidunid (path analysis) Ypsaiing 36 aneiug
wuhUSinunaslsianilunaysnuwdadeilnisvinalaedousenandnrasu (0.074 uay 0.136 AUAWU) INERIUNIAIINET
Hnuazdwidniin anunhedindidvinalaedeusenanansodu (0.230) dumeaiwiinidn ausnilnidvdnalnedousenananse
& (0.289) shumatimtiniln Sunuilnseduuasiniindinsnalaemseenandnsodu (0.912 uay 0.417 audv) Tngik 6
Sy 1un Usinamaelsitasiily stuaudeseiin anun$eiin anuemiln dhminiln wezsiuuiinded awnsaeduieni
wsUnuvesdnunskanansofuld 94.6 Wosidud Tasdnunziiddvswageandesuauilndedu sosmundedminiln uazemnm
gmailn mud iy Mneansinwadiifeisdlenidensdadenaeiusuaymausugsiusiiineiivudeanmuderely
Addny: Milnenn, maTeudisuaneus, msliasgiidunis, anmuds

Abstract

Yardlong bean local cultivars from farmer households in Chonburi province had been collected by the Plant
Genetic Conservation Project under the Royal Initiative of Her Royal Highness Princess Maha Chakri Sirindhorn (RSPG),
Rajamangala University of Technology Tawan-ok, to conserve local cultivars for plant breeding utilization. They were
crossed and selected using plant to row method and then the selected lines were planted under drought-stress condition
in rain-protection greenhouse. 36 lines/cultivars were planted in 6 x 6 simple lattice design with 2 sets (4 replications).
They were watered to a soil humidity between 80 - 100 % field capacity from planting to 30 days after planting, after

that the watering was controlled at a humidity below 50 % field capacity throughout the harvest. The results revealed
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that 36 yardlong bean lines/cultivars were significantly different at p < 0.05 for pod width, pod weight and yield/plant,
and at p < 0.01 for leaf chlorophyll content, plant length, days to first anthesis and pod length. There were promising
lines that gave high fresh pod yield/plant under drought stress such as No.33P, BP2, P10T26, BP1, No.37G and No.30P.
The results from path analysis for horticultural characteristics of 36 yardlong bean genotypes showed that leaf chlorophyll
content and seeds/pod had indirect effect (0.074 and 0.0136, respectively) on yield/plant via pod length and pod weight.
Pod width indirectly influenced yield per plant (0.230) via pod weight. Pod length also indirectly influenced yield per
plant (0.289) via pod weight. Whereas pods/plant and pod weight directly influenced yield per plant (0.912 and 0.417,
respectively). The 6 characteristics including leaf chlorophyll content, seeds/pod, pod width, pod length, pod weight and
pods/plant accounted for 94.6 percent of the variation in yield/plant, and the most influential trait was pods/plant,
followed by pod weight and pod length, respectively. The findings of this study can be used to improve line selection
and breeding of drought-tolerant yardlong bean cultivars.

Keywords: Yardlong bean, Line comparison, Path analysis, Drought stress
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frilnenideinermansin Vigna unguiculata (L.) Walp. subsp. sesquipedalis (L.) Verdc. (Porcher, 2007; Stephens,
2015) 8¢/luied Fabaceae (United States Department of Agriculture, 2018) udedniifianuddymaasygivianilsd
mmsaﬂaﬂimumqmﬂaﬂiuwwmmmmmmymvﬂma ndeyanisHaniivsedminvensudaaiunisinunssenui U
Ww1zdgn w.e. 2564 uwwﬂaﬂmﬁﬂa’nmﬂiumﬂﬂsymm 40,234 15 HanANTIIUSEANN 61,104 fu nanAnadeUszana 1,032
ﬂIaﬂimalﬁ (nsudaieiumsinums, 2565) filnenifufiviniifinuamiseinsgs Tiun nendiu Tslurariu unaiden veanesa
Tofon Tnunadon wuniidon wan wasduunaswesiniuouazd (National Research Council, 2006) Salufiasiniiinunsns
foagnuaziduifeuuslanfusnnvianiduussmelne

Hoysoudaduaummiiddyianineliiinnndemelitunisinues lnsfivdniduiiviigouneseanmudaldnnniy
dlewfleuufindue (Kumar et al, 2012) fhﬁiﬂanLﬂuﬁmﬁﬂﬁé’fmmsﬁwaamqaﬂqnLﬁaﬂmﬁzylﬁuimLLasmﬂﬁwamémﬁqaLLasﬁﬂ
finmunm ognslsfionn lunisugniatinenndildfiugnudsilamsudmsunsugnluanmitufiifusouananuuiauds Ssdgm
ﬁﬂ’]’wLLﬁﬂLLéIWIz\‘iﬁﬁﬁ”lL‘Vi(all”lf\]”lﬂﬁmmaLLazmﬂﬂ’]iLUéEJuLLiJm‘UENﬁﬂWWE]’]ﬂ”Iﬁ (climate change) 3n3ndutlaymdrdglussaiudug
Yp9msuanevSiaiassnaliiaslan (Budak et al, 2013) lulssmalneaniunisal foudsdanansynusonnudemeveania
inwasnasnduoghann ndeganisdnafoudeiifndulussmednenuihiiftuiinsawsldfunnudemodulssisodos
i uardlyarmeudemeduiuuaneiesdiuum mussduausuisvestoudeiiindulusosT Tnekouel wa. 2545 -
2560 TituAin1sinunslasuANEsmeananiunisalfoudsdunsasduindessetudus 64,373 - 13,736,660 15 1ade
2,082,516 15/% LLaxﬁmi‘Ju;ﬂammﬂma’amaLaﬁa 949,039,953 a11UW/U (EINNUAIITNTANHUNUT IS, 2562) 91nA57l
filngrndufindnfidendgnimnniavesussmelng Fsnsugnluiiuiifivszaufoudmiefuiifinaunauthiagdssanssnunis
widvlanagiliinandnanasduenann uwmemildunisuflvdamnanensidelunsusulssiugiiine iy
mumuan g Inedndinandneglusyiugeiiiinela Tnsnsidetugnssudaiingnonunasiugnasusingg uasainaie
ftusfidaidoninnnsnauiuiusiUssduluaninnsgnuuunmi eussdudadenitugniomeiugitaunumius o
anmuisudsnnsussiliunaaeusanan Tnemlufivasiinalalunisumiudeauuiaudsldlu 3 suuuundn loun nmsmiuds
(drought escape), RUCTRIIE (drought avoidance) WagAuNULAY (drought tolerance) ludu (Leonardis et al., 2012) 370
n13ANWIes Lestari et al. (2019) wuiilufiinen 8 Wugiinalnlunsmuudstiuuunisuiuds madsnds wazaumuuds
Fetunnsisuiisuaneiugiiinenluanmudsiliannsailvldvsstlenilunmsueeduiugldlaenss vienisiin
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31‘1411/1{?51"3Eﬂﬂa’nﬁiﬂumﬁwmawiwLﬁuﬂimauﬁwﬁuéua maﬂ’uémaaﬁaﬁnmnmmé INugNIIuRIee baun g
N3 ftusiiesu aneiugiidaidenatnnnandiusenineiug S1uukanun 36 3lulnd nenhaneviug/fugdindrunlgn
UsziiilulsaFeutiosfuduldszuumsliuuunen Tasugnlugaugndumauin 20 x 33 wufims (8 x 13 42) MefaukunIs
naaasuugUlauaniia (6 x 6 simple lattice design) Imam 2 \d $1uu 4 aumf (@ 97) Sraeamavasedluaninnisnintd
(drought stress; DS) Insaauaunslithlidarudulufuseming 80 - 100 wedldudvesanuganutuauy fusvgnauiveny
30 fu wdsniuFadusaliinageugunisliblagliianudulufusn 50 Weddudvesnnugarutiuauy naenniaiy
e Sneutiuvesiulugaugnlag WET Sensor type WET2 (Delta-T Devices Ltd., UK) mstiufindesa ldun Usuanaslsilad
lu (fadae SPAD-502 chlorophyll meter (Minolta Camera Co., Ltd., Japan) '17'IIEJ’1‘EJq 49 wag 56 Tunaslan) mnuenw (Fands
ﬂﬂiLﬁULﬁaam%&@@ﬁwa) 91gABNLINUIL ANUNTEN ARNE1EN thwiiniln Sruausdasieiln (afisann 5 Hn/fu) uassandnsie
#u (AuReiinaniuiuiy sseznaniuife 4 e msiesesiteya Wesmniiteyagyennsunesnuinnuazidums
naasslulsasou ﬁdﬁu%ﬂ‘gﬂ’]ﬁmiwﬁﬂ?’mLL‘UiiJS’J‘usUENLLNuﬂ’]iVl@aENEjiJGlaaﬂLLUU%’]l@J'LVi”I (CRD with unequal replication)
WS eireruddaandis wasiUTeuiieuanuuwanaavesedesie3d Duncan’s new multiple range test wazii
doyaanita 4 drunTiasigianduriug (Pearson correlation) uagdiaTesiiduma (path analysis) vosfauUsdnumsmsfivaui
a'ama@iamamﬁmﬁiaé’u‘uaaﬁl’aEJﬂmaﬁﬂqﬂiuamwLLé’ﬁIﬂﬂIﬁ%‘ﬂwﬁmeﬁIuLﬂaaumﬂmﬂa%ﬁﬂ (structural equation modeling;
SEM) (Lamb et al,, 2011) anuiluazszezaTNITMAaes nsvaaedilsauieullamaaesfivaans anginuasaaniua
N$NeNTHIINA wnTInerdemalulafivseans Tueen 1. ¥ay3 RuAFoununmis - wwieu 2564

NALaTaAUTIENA

1) MmaBsuifisuaeiusluanmuds Inanmeasdudnuaeine vesmeiusiiinemdutolud

1.1) Ysunaumaelsiladiilu (Table 1) 990015308 SPAD-502 chlorophyll meter Tnefivaeidu SPAD-unit wuind
ALANEa (o < 0.01) anewugATUTINueaslsTiadlusnau 5 Susuusn dun aeriug No.33P, No.18G, No.38P, No.32P
uay BP2 (50.08, 48.88, 43.43, 43.13 uay 42.53 SPAD-unit mud1sy) waganeiusiiuimanaslsiladilutioaidu 5 susuving
¢ anemifus Nawad, No.22G, ChiaN, No.G uay P8T7 (25.70, 25.65, 24.98, 23.15 uag 21.70 SPAD-unit aud1iv) Inefieiade
YBIWINAWRUGVINAY 35.11 SPAD-unit

1.2) Augadiu (Table 1) wudmuindanuuandiaiu (o < 0.01) aeiugifauensumndu 5 Suduusn dud ae

'3

AUS Nawa3, Suwan, No.32P, P10T15 waz Nawad (451, 437, 430, 429 wag 419 Ludluns aMuanau) LLazmaﬂ’uﬁjﬁﬁmmma

q
K%

gutieedu 5 Susuing Tawn aetiug BPP, Lamna, No.38P, No.36P wag BP2 (299, 293, 291, 279 way 259 LUALAT ANE1AU)
Tnoilidadsmmenduresynaneiugivindy 353 lufians

1.3) 21gnonusnun (Table 1) nudmudrdianuuansineiu (p < 0.01) aetusidorgaenusnuiusnnidu 5 Sufuusn
e a1eug Nigro, No.37G, BP1, P8T7 wag TarnT (43.5, 42.7, 41.5, 41.3 uag 40.5 Ju 1ua16v) LLazm&Jﬂ’uﬁ:ﬁﬁmqmamLiﬂ
viutiesilu 5 duduvine ldwn areWug BP2, No.25G, No.33G, No.32P uag No.22G (36.0, 36.0, 35.8, 35.8 uay 34.8 Tu
muadiu) Inedanedseigaenusnuiusesnanefusiviniu 38.4 Ju

1.4) mnuninsiin (Table 1) wudmuiriiauuandeiu (p < 0.05) aevugiiauniisiinunidu 5 Suduusn leun
@1e9ug P8T7, ChiaN, No.1G, T10P15 wag BPP (0.87, 0.81, 0.81, 0.81 Uag 0.80 LyURLUAT ANNEIAV) LLazmaﬁuﬁ:ﬁﬁm’]m*’J’N
Hnoaidu 5 duduvine Taun @1eug No.20G, No.38P, Nigro, No.36P way BP1 (0.68, 0.68, 0.67, 0.67 uag 0.66 \ufiuns
auadiu) Inefanedsmnuniiinvemnateiugiviatu 0.75 wufing

1.5) Anueiln (Table 1) wudmuindanuuansiaiu (p < 0.01) aefusiiianuenilnnndu 5 suduusn Tiud ae
W No.37G, No.33P, No.30P, No.33G uae No.22G (54.25, 51.53, 50.65, 49.93 uag 48,50 Leufiuns muddu) uazanesiusig
Anueintosdu 5 Suduvine laun a1eug PT7, No.38P, Lamna, ChiaN uag TarnT (33.48, 33.39, 31.92, 31.11 uag 26.83
iwufns muddv) Tneflredsnnuenilnvenaneiudvintu 40.66 wuRuns

1.6) wiiniln (Table 2) wuinwuindiauuaneeiu (p < 0.05) maﬁuﬁﬁﬁﬁ’mﬁﬂﬁiaﬂﬂmmﬂu 5 JuAULIN LALA @Y
1§ No.33P, No.376, No.d0P, No.32P uaw BP2 (16.00, 15.78, 15.56, 15.49 hay 13.89 N3 nuaiy) uaganewugiidnniln
Weeidu 5 duduvine laun aeiiug Nawa3, TamT, No.36P, No.38P way Nawad (9.64, 9.27, 8.63, 8.47 uay 7.88 N3u snua1au)
Tnefieadeiminiinvemnaneiusiviniu 11.98 niy
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1.7) $runuiwdasieiin (Table 2) wuiwuilsifmnuuansisiu (o > 0.05) aeiugfsiuulilduaundadeiinanmdu
5 duauwsn Laun @1eWug No.18G, No.25G, No.30P, No.33G uag No.36P (12.78, 12.67, 12.45, 11.90 way 11.56 wdnnailn
ANUFINU) LLazmaﬁuﬁ:ﬁﬁﬁﬁmumﬁmgﬁﬂﬁaaLﬁu 5 duduvine laun @1ewug ChiaN, Nawad, LxBP1, P8T7 uag No.35P (7.53,
7.35, 7.19, 6.83 waz 5.00 Wansain mmﬁ’wéﬁ’u)Iﬂaﬁﬂ'wLaéaaﬁmumﬁm{aEiﬂmamﬂmaﬁuﬁ: 9.65 WanrBHN

1.8) Sruauilnsiedu (Table 2) nuimuiilsifianuuandraiu (o > 0.05) anefusiunllsidnuilndesuunidu 5
Jusiuwsn laun aeug BP2, BP1, 33P, BPP uay P10T26 (18.33, 18.00, 18.00, 16.25 way 15.75 Hnsadu aud1iv) wagane

o caa

windidullinsesudesdu 5 Suduiing laun aeiug 24G, 256, TarnT, ChaiN waz No.35P (8.50, 7.00, 6.50, 5.50 waz 2.33
Hnsiasu mudiu) Tnediduededuuilindesuvemnanfusiviniu 11.78 indedu

1.9) wawdnsiesy (Table 2) wuiwuindianaunnsisiu (o < 0.05) aneusiinandnsesuuinidu 5 Suduusa loun
anestus No.33P, BP2, P10T26, BP1 uaz No.37G (287, 269, 208, 207 way 199 n3usedu nud1du) uazanesiusiiinandnsesy
Weendu 5 dusiuvine Teun aneiug No.24G, No.23G, ChiaN, TamnT way No.35P (94, 86, 63, 60 wag 53 n3usiesu mudwiv) lag
firadenanansesuyemnaeiugivinty 143.00 niusiosy

2) AVANNUSVRIAN Y
anwagfidinnuduiuslunisuindenandnsedu laun stunullndedu dwidnidn Anweiln (p < 0.01) wezdwuwén
sodn (p < 0.05) d@rudnwuzdus) Adanuduiusiuluniauin laun Ysunaaaslsilanduanueninuazidivinidn (o < 0.01)
v v 5w v 5o ° 2 T o o o 2
anunIindudininidn (o < 0.01) anueinduinindnlazdiuumdasieln (o < 0.01) wazunininAuduruudnsein
(p < 0.01) dudnwazfidenuduiuslumau laud ergaenusnuiuiudauadaseiin anuein (o < 0.01) wazthudnin (o
< 0.05) Ingidnwauzaueuliianuduiusiuyndnyae (Table 3)

3) MSIATIZAEUNNS (path analysis)

MNNMTIATEduNIYesdn v uTidiarenandnsesuvesansudilnsnfiugnluaninugs Tneile
#1915019NAAT5IU (standardized estimates) Ssnenfidudidny (p < 0.01) wudiliies 2 dnvuriidviwalaenss (direct
effect) sionanansadiu Ao sruauiindedy wazthwidniln (0.912 way 0.417 Awddy) luvarivsinunaslsilasiluLassuiy
wénsoiindsnswalausourenanansadu (0.074 uag 0.136 MudFu) Inesunianuenilnuazivnin Anuninelng
Svisnalaodourenanansiody (0.230) Mumsimidniln Aueniindsvinaladourenanansiody (0.289) Hiumaminin
(Figurel, Tables 4 and 5) Feanlupanisiiessidunasananiisuianuaenadoadumunaeiiivusie p-value if
111111 0.05, relative Chi-square fA1taen11 2, Auil RMSEA fiA11dasnan 0.05 wazawil GFI, NFI wag TLI ZA1u1nn11 0.95

(Schumacker & Lomax, 2016)

Table 1 Leaf chlorophyll content, plant length, days to first anthesis, pod width and pod length of 36 yardlong bean

genotypes grown under drought-stress condition.

Genotype Leaf chlorophyll Plant length Days to first Pod width Pod length
content (SPAD Unit) (cm) anthesis (Days) (cm) (cm)
BP1 37.93 a-e 315 d-h 41.5 a-c 0.66 e 42.40 b-¢g
BP2 42.53 a-c 259 h 36.0 e-f 0.74 a-e 48.39 a-c
BPP 37.37 a-f 299 e-h 39.0 a-f 0.80 a-c 42.59 b-g
Lamna 29.95 cf 293 e-h 38.8 a-f 0.77 a-e 31.92 hi
TarnT 2755 cf 370 a-g 40.5 a-e 0.80 a-d 26.83 i
Suwan 31.58 c-f 437 ab 39.5 a-f 0.80 a-c 39.24 c-h
ChiaN 24.98 d-f 359 a-h 40.3 a-e 0.81 a-b 31.11 hi
ChiaS 40.85 a-d 341 b-h 37.8 c-f 0.72 b-e 45.13 a-e

Nigro 39.2 a-e 325 c-h 435 a 0.67 c-e 36.65 e-h
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Leaf chlorophyll Plant length Days to first Pod width Pod length
Genotype
content (SPAD Unit) (cm) anthesis (Days) (cm) (cm)

Nuejo 30.78 c-f 371 a-¢ 39.3 af 0.77 a-e 34.56 f-i
No.1G 23.15 ef 317 d-h 36.5 d-f 0.81 a-b 34.05 ¢-i
No.18G 48.88 ab 359 a-h 39.3 a-f 0.71 b-e 44.84 a-e
No.25G 27.17 cf 396 a-f 36.0 e-f 0.77 a-e 46.47 a-d
No.30P 42.45 a-c 339 b-h 37.3 cf 0.73 b-e 50.65 ab
No.33P 50.08 a 353 a-h 37.3 cf 0.73 b-e 51.53 ab
No.33G 36.03 a-f 317 d-h 35.8 e-f 0.77 a-e 49.93 ab
No.3P 40.53 a-d 354 a-h 40.3 a-e 0.70 b-e 39.63 c-h
No.10P 33.4 b-f 358 a-h 36.3 e-f 0.71 b-e 44.16 b-f
No19G 40.43 a-d 328 c-h 37.0 cf 0.72 b-e 43.22 b-¢g
No.20G 29.8 cf 347 a-h 40.5 a-e 0.68 b-e 40.00 c-h
No.22G 25.65 d-f 371 a-g 34.8 e-f 0.76 a-e 48.50 a-c
No.23G 39.4 a-e 312 d-h 38.0 b-f 0.74 a-e 43.87 b-f
No.24G 40.53 a-d 346 a-h 36.8 c-f 0.71 b-e 38.38 d-h
No.32P 43.13 a-c 430 a-c 35.8 ef 0.77 a-e 47.43 a-d
No.35P 36.7 a-f 305 e-h 38.5 b-f 0.74 a-e 34.00 g-i
No.36P 37.77 a-e 279 ¢h 36.3 e-f 0.67 de 33.84 ¢-i
No.37G 37.85 a-e 337 b-h 42.7 ab 0.72 b-e 54.25 a
No.38P 43.43 a-c 291 f-h 37.5 cf 0.68 b-e 33.39 g-i
No.40P 41.23 ad 402 a-e 36.5 d-f 0.74 a-e 46.51 a-d
P4AT8 29.47 cf 372 a-g 39.3 a-f 0.73 b-e 37.98 d-h
P8T7 21.37 f 353 a-h 41.3 ad 0.87 a 33.48 g-i
P10T15 31.05 cf 429 a-c 37.5 cf 0.81 a-b 3591 e
P10T26 36.78 a-f 373 a-g 39.5 a-f 0.78 a-e 39.28 c-h
LxBP1 28.45 c-f 387 a-g 37.8 cf 0.80 a-d 36.58 e-h
Nawa3 30.88 c-f 451 a 40.3 a-e 0.74 b-e 38.49 d-h
Nawad 25.70 d-f 419 a-d 38.3 b-f 0.72 b-e 38.68 d-h
F-test o o " * o

CV (%) 25.46 16.92 7.15 9.56 13.12

*and ** = significant at p < 0.05 and 0.01, respectively.

Means in a column followed by the same letter are not significantly different at DMRT.s

Table 2 Pod weight, number of seeds per pod, number of pods per plant and yield per plant of 36 yardlong bean

genotypes grown under drought-stress condition.

Genotype Pod weight Number of seeds Number of pods per Yield per plant
(g/pod) per pod (seeds/pod)  plant (pods/ plant)” (g/plant)
BP1 11.29 ad 9.60 18.00 207 a-c
BP2 13.89 a-c 10.03 18.33 269 ab
BPP 12.75 a-d 10.73 16.25 178 a-c
Lamna 11.36 a-d 9.58 11.00 112 ac
TarnT 9.27 cd 8.75 6.50 60 d
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Genotype Pod weight Number of seeds Number of pods pe; Yield per pfnt
(g/pod) per pod (seeds/pod) plant (pods/ plant) (¢/plant)
Suwan 13.46 a-d 10.17 12.50 154 a-c
ChiaN 11.55 ad 7.53 5.50 63d
ChiaS 12.75 a-d 10.30 15.25 176 a-c
Nigro 10.32 a-d 8.05 14.50 156 a-c
Nuejo 11.97 ad 10.94 10.25 136 a-c
No.1G 11.20 ad 9.60 11.25 131 a-c
No.18G 13.54 a-d 12.78 10.75 140 a-c
No.25G 12.45 ad 12.67 7.00 94 bc
No.30P 13.39 a-d 12.45 14.50 196 a-c
No.33P 16.00 a 8.98 18.00 287 a
No.33G 12.86 a-d 11.90 12.75 170 a-c
No.3P 11.17 ad 8.90 11.75 148 a-c
No.10P 11.53 ad 8.94 10.75 125 a-c
No19G 12.28 ad 10.68 12.25 150 a-c
No.20G 9.66 cd 8.45 12.50 124 a-c
No.22G 12.31 a-d 11.15 10.00 111 a-c
No.23G 10.03 b-d 11.53 8.75 86 cd
No.24G 10.62 a-d 11.50 8.50 94 bc
No.32P 15.49 ab 10.88 9.75 141 ac
No.35P 10.56 a-d 5.00 2.33 53d
No.36P 8.63 cd 11.56 10.75 98 a-c
No.37G 15.78 ab 10.33 10.67 199 a-c
No.38P 8.47 cd 10.53 15.25 129 a-c
No.40P 15.56 ab 10.25 11.00 146 a-c
PAT8 11.39 a-d 9.12 13.75 160 a-c
P8T7 13.15 ad 6.83 9.25 121 ac
P10T15 13.33 a-d 7.77 9.50 133 a-c
P10T26 13.19 a-d 7.60 15.75 208 a-c
LxBP1 12.45 a-d 7.19 14.75 186 a-c
Nawa3 9.64 cd 7.88 12.25 110 a-c
Nawad 7.88 d 7.35 12.25 97 a-c
F-test * ns ns *
CV (%) 2591 29.73 28.54 36.60

ns, ¥ and ** = non-significant, significant at p < 0.05 and 0.01, respectively.
Means in a column followed by the same letter are not significantly different at DMRTo.05

 Data are transformed by the square-root(x+0.05) before statistical analysis and back transformed data are presented.
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Table 3 The correlation matrix for studied traits of 36 yardlong bean genotypes grown under drought-stress condition.

(1) 2 (3) (4) (5) (6) % (8) 9

(1) Chlorophyll 1 -0.130 0.046 -0.131 0.288** 0.237%* 0.070 -0.005 0.089
(2) Plant length 1 -0.072 0.119 -0.016 0.030 -0.161 -0.075 -0.094
(3) Anthesis 1 -0.134 -0.281**  -0.221* -0.302%* -0.031 -0.094
(4) Pod width 1 -0.063 0.507**  -0.063 -0.212* 0.031
(5) Pod length 1 0.657**  0.490** 0.158 0.388**
(6) Pod weight 1 0.316** -0.004 0.402**
(7) Seeds/pod 1 0.126 0.221%
(8) Pods/plant 1 0.886
(9) Yield/plant 1

*and ** = significant at p < 0.05 and 0.01, respectively.

Table 4 Unstandardized path coefficients, standard error of the unstandardized coefficients (SE), critical ratio (CR) and p-

value for the tests of path coefficient significance, and standardized path coefficients from the observed variable model

in Figure 1.
Path Unstandardized path S R p Standardized
coefficients estimates
Chlorophyll = Pod length 0.194 0.055 3494 <001 0.255
Seeds/pod - Pod length 1.246 0.193 6.461 <0.01 0.472
Pod width = Pod weight 24.111 1972 12225 <0.01 0.551
Pod length - Pod weight 0.294 0.019 15348 <0.01 0.692
Pod weight -> Yield/plant 10.767 0.523 20573 < 0.01 0.417
Pods/plant -> Yield/plant 12.747 0.283 44971 <0.01 0.912

Table 5 Total effect (TE), direct effect (DE) and indirect effect (IE) of cause variables affecting on dependent variables
from the path analysis model in Figure 1 and Table 4.

Dependent variables

Cause Pod length Pod weight Yield/plant
variables TE DE IE TE DE IE TE DE IE
Chlorophyll ~ 0.255 0.255 - 0.177 - 0.177 0.074 - 0.074
Seeds/pod 0.472 0.472 - 0.327 - 0.327 0.136 - 0.136
Pod width - - - 0.551 0.551 - 0.230 - 0.230
Pod length - - - 0.692 0.692 - 0.289 - 0.289
Pod weight - - - - - - 0.417 0.417 -
Pods/plant - - - - - - 0.912 0912 -

R-square 0.305 0.735 0.946
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Chi-Square = 11.203, df = 9, p = 0.262, GFl = 0.977, NFI = 0.982, CFl = 0.996, TLI = 0.992, RMSEA = 0.043

Figure 1 Fitted observed variable path model of 36 yardlong bean genotypes grown under drought-stress condition.

Standardized path coefficients are displayed for significant (p < 0.01) paths as are R” values for the 3 endogenous variables.
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