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Vascular Bundle Traits of Sugarcane Lines with Different Stem Lodging Resistant Levels
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Abstract

Lodging of sugarcane results in decreased yield of Commercial Cane Sugar (CCS). It may involve the vascular tissue
which plays an important role in supporting stalk strength. Therefore, the objectives of this study were to investigate
number and size of vascular bundles in cane stalk with different stalk lodging levels. A Randomized Complete Block
Design (RCBD) with three replications was used. Six sugarcane lines with different lodging levels were assigned as
treatments, three cane lines, KK3, MP02-665 and K88-92 were defined as a lodging resistant line and MP07-309, MP1
and MP3 were defined as lodging susceptible lines. The number and size of vascular bundles were measured.
Vascular bundle numbers and size of six sugarcane lines with different stalk lodging resistant levels were different.
Lodging resistant lines revealed higher number and bigger size of vascular bundle at base and middle of stem
positions than the susceptible lines. Among the lodging resistant cultivar had also difference in 2 lodging resistant
traits. KK3 had high vascular bundle numbers at the bottom position, whereas MP02-665 and K88-92 were the line
which had large size of vascular bundle at base and middle of stem positions. The understanding of this might be
useful for developing a stalk lodging resistant sugarcane cultivar. Further, it would increase the production efficiency

both of the management and harvesting aspects.

Keywords: sclerenchyma, fiber, internodes, lignin



232 Supaporn Jumkudling et al.

UNUI
myrnsunduilymiiddydsemmiilinaniados
aaadTaaz 11-15 AHNINAIUAIU (commercial cane
sugar; CCS) anai3asas 3-12 Lazkanaatnanaanaiios
az 15-35™ dapfiddanmanasyidulafanarlwsanin
suldienhdonnsudvlath lnomsinduvesdoniive
Avn&uEwAAINTIN (root lodging) wazRnduswAaan
816 (stem lodging)® %a‘iﬁmmﬂwlmﬂzymmiﬁnﬁm?J'u
fiaananaansnildlasnisdgndasliinuaznulau
FaaztroaamIRnduuasdstisndssansnwnnssen
2898886y’ ﬁﬂﬁoﬁuﬁjﬁaﬁﬁﬁﬁnwmzﬁm?ﬁﬁ flng uaz
f5wnludesanntadiwniunsinanaininla®
agalsiann msAnsudwAandeudliiisn1Ims
wanssufitasaailymilldodredlszansnm
Lmeammm”lruumﬁaamﬂi:?rﬂ‘ﬁmwmwﬁo
da miIldiugdununingy %amw:ﬁwmﬁuﬂﬁ
Usrauenwdnsanm suiludasdnladnsasnemeinig
Afsdesiuanuudsussvasindusos 1w Taviadde
(vascular bundle) N3gzaNANAL (lignin) WAZNITIALIL

o @ '

dvasiavasuisdludendudayaddylunsdaidon
WuidumunisnnauvesdasluszuunsUiudjanug
da’l

myfnsuvessesiiisadasiusunaweaiiode
Alenuudouss 1w snaaLssRan (sclerenchyma)® &9
imadanaarssannduiioifa A nTimmuazdnanas
grauaniin lagsnasissdunfinuusnoniiafiosndes
dauannde iwaes (fber) ludosfiudasdmaaiaidivla
W Wumia:awﬁﬂﬁuﬁwaﬁsauﬂ CHLERTGHER
iiofotuin (epidermis), ilefetusesanin (hypoder-
mis) WRLLTRRWLIIANN (parenchymal cell)® uaaeingly
Aonn Lignsnenuiiansmevonitodoflianuuds
LLiaiuﬁu'pféj”aﬁﬁﬁmwé’mmumsﬁﬂﬁumaﬁﬁﬁuﬁumﬂ
@9%° WU31 AanuudanTivaddndutlnaiiaing
FuRuENUUSI AN LLa:ﬁhmumaaﬂémﬁaL‘i‘iaﬁ'n,ﬁm
Awden (=0.72 uaz r=0.74 mwuddy) dnluinaiig
Vs saniiufiszauusnmniomas (cell wall) ugiaz

@

wuﬁjﬁmwmmmﬁaﬁu TaswuimaaninIzzadbuitaie
P LhaLEaTuIadnnNRILAENaviad a8 MIRzaNANTY

Re

MdtatflaTundngg Alnadannudiuniunisinasle
Tl TWaNIN

12 a & A X

AIh94 mﬁ%’uﬁwuf@]qﬂi:mmw NN

'
e A o o

wazauwaiitaLiaf i ausuIdaUud o IR UTNNI=AUNITH

9

J Sci Technol MSU

AUVAIRAUNLANAIINY %aiagammm%’nﬁauﬂu
Urslomidanswamniutlidrunudenisinanduiia
ANEG0 e

A5nsAnun

WHWBNIINARDILAZNIALNUE

AnnanuoedariosudssassosRinssunm
msvnaufinandramulusasdnuudslasSmsliiuuy
oneieineu T 2555/2556 difiwminasaslugnnnudag
(field experiment) lulUadnagauHanGa2aILSENIATHA
STuNamnSosuaztineasnia 0.01389 2 UBULAUIIUHY
ﬂ”liﬂﬂaadl,l,i_luﬁiwﬂ’l ﬂluuﬁaﬂaugmi (Randomized Com-
plete Block Design, RCBD) $1w7w 3 1 fnualinia
WuAAdas 6 WuﬁfﬁﬁmmﬁmmumsﬁﬂﬁuLmﬂ@mﬁu
Imﬂﬁmimﬁagamiﬁﬂﬁmaou%ﬁwﬁmwa%%’aﬁ'@um
SosuaztnanaindaldtuiinlSlugnudians g Aangunug
Alaiduniuwnisinau ldunwus MP07-309, MP1 uaz
MP3 LLa:ﬂﬁjuﬁufﬁﬁ’lumumiﬁﬂﬁu léun KK3, MP02-
665 LRy K88-92

nsUlanuaznisauasne

wisuaulasonsasliliseozvinesenineses 1.3
Wa udazuladdond 4 und unlaz 10 ey dszuzlan
sewievian 0.3 was quainmudadle slinanusasrion
ﬂgmm:ldﬂmawﬁugm 15-15-15 8a71 50 AlanSudels
wiandan MaarAtlasldavuazumsiiatofiands
UanlaglenTudanlau dav1 400 Gaddasdeamniu
§a7 2 Alan3udati 400 ﬁmﬁzmwiamaﬂdﬂm%ﬁ
2 Lfiaa”aﬂmﬂq 60 1 laslddogas 13-13-21 da 50
Alansudals

msiiudaya

[fudotnddudos :ndassuan 5 nasdesn
Imﬁﬁiué"samaa‘hmu 1 dreiane daduldasdaotnuL
Tl 3 Fr9vesdduie Tan (Ufash 1 wmdafndu) nang
(ﬂé’adﬁag’nmaﬁwﬂszmmﬂﬁadﬁ 10-14 1 HaRIAW) Lz
ane (ﬂé“aaﬁ 1 8Y0AAININIARNTITUTG) WET
MatrluaTazarswesinfuesdinuadaueanagas
(formalin-acetic acid-alcohol, FAA) Usznaualy Laa
waanagas (ethyl alcohol 90 %) nIanaLToaazdan
(glacial acetic acid 5%) uazWasuA (formalin 5%) Lﬁla
vxq@ﬂwsﬁwawuLLazﬂqamwmawnaﬁ nniwinitalfiad
HuMILtluanIacasnasINauesdfnuadauaanages
Huaan 24 4219 wdshwugiin 12 $alu9 iRedeans



Vol 37. No 2, March-April 2018

azanpWofunaua=Ganuadauaanagod antuiaay
P96889a283la (free hand section) Tapdatitaidouw
Saflnasanansaufisiuey daanuwnsietiialasls
ﬁmmmamﬂﬁq@ wuitaifonsasununngladuas oy
& 1% e i (safranin) Aazanglunaanaged 95%
Uszanas 10-15 wit ansiwaiingladgeninndu Jaglas
MuNI=AnTawtad (cover grass) Wa@TIARAUA LA
ﬂﬁaaﬁ;amsﬂﬁl,l,uuiﬁum (light microscope) M3V
2119 10X WAz 40X MU tAandatnaiiaiafiuns
suysalidualadnnag Tagdsineananniiieifiadn
waanagaa 50%, 70%, 95%, 100%, Laanagas 100% nu
lefu (xylene) ludasiain 1:1 lasvSunas uasloiu e
AU Nﬁﬂﬁqa@ﬂﬁﬂlﬁaﬁLgﬂ‘E(DePeX mounting medium;
DPX) uirdadsnszantaslas mn&umaﬁwﬁa;&a
Lf‘zatﬁ'amﬂ@Tﬂﬁaa@ammﬁuuul"ﬁumﬁﬁwmwm@
10X ufiuiwudiaragudsadifidnngmeldndasves
nn 9EU0ENg snvmavasiarieduissiadayalasly
AnuEvesTaradndssluuwnadann 93aann
a”m*?'imaﬁqmawauﬁy’madﬁm wWisuiisuauia
éT’saﬂwalma%aagaw%vlwlﬂiﬁLma§ (ocular micrometer) LLaE
a1a3 lulasiiiaes (stage micrometer) 1134 3 ) GERY
wnatiteifoudazdnsiuan 3 tefe

nM3ATIzTayA

Jiansianuudsdiuvasiiuiuldariadiaeg
ANAULNWININARBILUL RCBD wazi3uiisudiaislay
79 Least Significant Difference (LSD) 612 al1sunsy Statis-
tix 8 fiszdiuinda P<0.05

le,aﬁm‘szﬁ:wam‘sﬁnﬂﬁ

MWINNAN DAL

day 6 Wug VI,@TLLriﬂQuﬁuﬁjﬁﬁmmumsﬁﬂﬁu
LLa:ﬁufﬁdauuasiamsﬁnﬁuﬁﬁmmﬁ@ﬂaﬁu'&'mﬁ
vsnmlauuazdansduandaiwnesiafisauanuie
i 95% waliwuanuuanansiusmnandidu agels
A3 WUIIAUT KK3 fiwndaviosassiusmlan
é']ﬁumﬂﬁq@(ﬁwmu 18.8 @) LLa:mnﬂ'jmﬂﬁufﬁH’Lu
ms@nmnesoil (Table 1) lunsassnudu AUSMEIH
BaAWLIN WS MP07-309 ﬁa‘hmuﬁ@ﬁaﬁnﬁmmﬂﬁq@
(I 19.5 iq) LLa:wwnﬂdwﬁuféue] Fasrwndario
sdssvsnmlaudrduonnsdudnsaenandiisidos

[ 2 C 2 @

NUNIANBNIBNIIRNRNUDIDB L I@] Uiuﬁ%lfﬁﬁ’]uﬂ’]uﬂ”ﬁ

o @

FNaNDLE1I KK3 Jd1uiudariadnausninnusiimlan

Vascular Bundle Traits of Sugarcane Lines with Different Stem Lodging Resistant Levels 233

SRl ﬁhuﬁufﬁﬁmmumiﬁﬂﬁwﬁufﬁu L MP02-665
ez K88-92 9199 il N1 ms Buan #L &3 UM e wmMuBg
Anau

snuiaviosuasefiusalauasnansneuly
Aaapfliidsiuann suusnoaedduiidadouas
SnwndTariadasnnnILSmEwantos (Figure 2)

fdudosiiiimndariaddsannn enaasvinl
A ULTIU59U0IEN RN W 2e audariodaes
Uszneudiaiitaifiofilianuudussasnsmnanissdan
mMsFnaupesseasAsiTasnulsumoiiotfioaing
al59Aun° Sadszneudeiiiolfie 2 Thia de MWiwed uas
{LN8839 (sclereid)’ a8 lsAAN AnvardwInveIlare
fMAsaRsseiafor launIneSunmsmumunIn
fuduiiaandrduldatrataian maﬁé’nwmz‘é"uqﬁ
AgTasiuanuudsusivasindusasfinnyszneuiudie
lWdaumumumInnay

ARIANANDANALS

YUIAVDINAY BRLRLIVIE DI 1UIN 6 ﬁuﬁ:
fRNULANAITUNIFRR LaZWLAMULANEIHNILZI M
law nane uazanszasirdu lasySimlausduiug
MP02-665, K88-92 .8z MP07-309 Jouurevadaaria
sudpadoudnslng udluiug MP3, MP1 uaz KK3 fuua
Jariadidosdautnadn daunsmnaddu wohwug
fidamulaniduzsssinadariadidodln Idun Kes-2,
KK3, MP02-665 uaz MP1 luunizfigiudansuasdidu
ﬁuq‘ MP1, MP3 uaz KK3 Wuawadaviasiiasaaudng
ngj aiwldinlwiugidunmumsindufivmadaria
sudnefivsnnlauuaznasirdudondrslng adsls
e ﬁuﬁ:ﬁﬁmmumsﬁﬂﬁmmaﬁuﬁ?’tsjﬁmmLmn@m
ﬁuﬁuﬁ:ﬁvlajﬁmmumsﬁﬂﬁw (Table 2), (Figure 1 A1-A8,
B1-B6, C1-C6)

\oRansanvmavasvieddsaiusmlauwua:
nasddn daduusnadfiifoatastunsEnaunsIe
ﬁ'}ﬁumnﬁq@ WU MP02-665 Laz K88-92 uwauad
Javiedndeslngisnalenuazdmodidu samsiug
KK3 ‘%\1LLﬁﬂ’]Lﬂuﬁufﬁﬁ’mﬂﬂuﬂﬂiﬁﬂﬁu uenauiaue
sasuitatfiafilimnuudsussludariasnasslinandnsiv
Wutdauua (Table 2), (Figure1 A1-A6) UdnINAWITIN
ToyadnmniaviadiIINy MIUNMUMIANTY
vasdouiut KK3 dunaniamnimindariadnies
VNNV VBINAVIaS8 LR



234 Supaporn Jumkudling et al.

FamnRnsaniawinissasvwatiietfiofily
anundausiludariaddos wuin FIUnaIENAuS
dodamaitinnningulauuasmodindu Geédasd
duladufdum uvesiudarioddssanss uad
eI TaviodLEBIRNNNNT Y F9USIImIWIaTaYie
s1dpsfiAnduil \finnnnssssninfiufioassou 9 Naw
viesdnsasdenifldeastudulafiuiiug Gesowa

J Sci Technol MSU

Titadadanuudsussnnniu® iwwdortiuwniuludnlne
ANUUILTITaIAAulFm AL TN U wIUTRINGY
X A o oA A 4o v e q v Ao
Whatdadausiilion® wargaaaaaInulud1In9%s
FNUINWINYTI R TRNAUNRLRVUT I NI TRR NATID
fo‘hL'Simmaaﬁnv&huwia:ﬁufﬁmmLmﬂ@mﬁu Lasiug
daanudwnmunsRnanlugIwng

Table 1 Number of vascular bundle in different sampling positions such as base, middle and top of stem positions of

six sugarcane lines with different lodging resistant levels.

Vascular bundle number (#)
Stalk lodging levels Lines
Base Middle Top
MP07-309 12.0° 14.3 19.5 °
Susceptible lines MP1 13.8° 16.0 16.8°
MP3 13.5° 16.3 15.8 >
MP02-665 13.8° 13.3 17.3°
Resistant lines K88-92 14.3° 13.0 13.8°¢
KK3 18.8 ° 16.5 17.0°
F-test > ns >
Mean 14.33 14.87 16.66

“Means within a column followed by an identical letter are not significantly different at P < 0.05

ns = not significant

Table 2 Size of vascular bundle in different sampling positions such as base middle and top of stem of six sugarcane

lines with different lodging resistant levels.

Vascular bundle size (um)
Stalk lodging levels Lines

Base Middle Top
MP07-309 236.1 % 161.1° 127.8 ¢
Susceptible lines MP1 205.6 236.1 % 236.1
MP3 166.7 °© 205.6° 2445°
MP02-665 261.1° 230.5® 200.0 ™
Resistant lines K88-92 230.6 ® 266.6 ° 183.3°¢
KK3 186.1 ™ 238.9 % 211.1 %

F-test - >
Mean 214.4 223.1 200.5

**Means within a column followed by an identical letter are not significantly at P < 0.05
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Figure 1 photographic for cross section of internode (10x) among six sugarcane lines with different lodging resistant
levels, A = vascular bundles in base of stem position, B = vascular bundles in middle of stem position and
C = vascular bundles in top of stem position, 1, 2, 3, 4, 5 and 6 = sugarcane lines as MP07-309, MP1,
MP3, MP02-665, K88-92 and KK3, respectively.
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Figure 2 photographic for cross section of internode (40x) among six sugarcane lines with different lodging resistant
levels, A = vascular bundles in base of stem position, B = vascular bundles in middle of stem position and
C = vascular bundles in top of stem position, 1, 2, 3, 4, 5 and 6 = sugarcane lines as MP07-309, MP1,
MP3, MP02-665, K88-92 and KK3, respectively.
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