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Root traits and root distribution patterns in advance sugarcane clones
under early drought stress conditions
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ABSTRACT: Root system is an important mechanism of drought resistance. The ability of sugarcane
genotypes with good root system to enhance nutrients and water uptake for plant growth resulted in high
yield. The objectives of this study were to (1) evaluate growth patterns of root parameters and physiological
responses and (2) determine the relationships between root traits and physiological traits in 15 advance
sugarcane clones under early drought stress and recovery condition. Root traits of 15 sugarcane genotypes
were evaluated in rhizobox under greenhouse conditions at Faculty of Agriculture, Khon Kaen University,
Thailand. Water deficit was imposed during early growth stage from 16 to 75 days after planting (DAP)
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followed by re-watering was applied to the crop at field capacity (FC) moisture level from 76 until 90 DAP.
Relative water content (RWC) and SPAD chlorophyll meter reading (SCMR) were collected at 60 and 90 DAP.
Root length, root volume and biomass were recorded at 90 DAP and then root:shoot ratio and water use
efficiency (WUE) were calculated. Root distribution patterns differed among sugarcane genotypes and were
classified into 5 groups based on root length. Sugarcane genotypes with high roots length in the upper and
lower soil layers are Kps01-4-29, Kps07-17-83 and LK92-11, and root volume and root:shoot ratio of these
genotypes was moderate to high. The high rooting genotypes could maintain hish RWC and SCMR during
drought and re-watering periods and resulted in high biomass and WUE. The information obtained for this
study will be useful for sugarcane breeding for drought resistance.

Keywords: varietal selection; early drought; drought tolerance; root traits; rhizoboxes
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Figure 3 Image of root distribution patterns of 15 sugarcane genotypes grown under drought period and

recovery period at 90 DAP using rhizoboxes
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Figure 4 Root length distribution of 15 sugarcane genotypes grown under drought period and recovery
period in rhizoboxes of 12 layers (10 cm. interval), and separated by percentage for two soil layers
defined previously as upper (0-30 cm. of soil depth) and lower (30-120 cm. of soil depth) at 90

DAP, vertical bars shown standard error (SE) for difference means
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Figure 5 Root length (a) and root volume (b) of 15 sugarcane genotypes grown in a rhizobox at 90 DAP,

vertical bars shown standard error (SE) for difference means
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Figure 7 Biomass (a) and water use efficiency (WUE) (b) of 15 sugarcane genotypes grown in a rhizobox at

90 DAP, vertical bars shown standard error (SE) for difference means



KHON KAEN AGRICULTURE JOURNAL 49 (3): 609-621 (2021)./d0i:10.14456/kaj.2021.xx 619

AuduRudsznInsdneazsInAuNIatanm Uszansnmnsli wazdnwanieassingvesdes
MnMsAnwANLdLTLE ST EnYaANNETInAULaTan N Ussavanmnnsldh wardnwasnag

a35Ime1 meldanmuminlutasdunsiesyiivlauarlefuihnguiu (Figure 8) wuin Auenisin danuduiug

qﬂuﬁﬂmamﬂﬁuma%amw wazdszansamnislddn (r=0.90 wag r=0.90; p< 0.01 AINEIFV) yenandnuin

v
1Y v o

Wugfliaug13s1ngs Sllanugreniluly uazAnnudedlu ludiansenuuds (60 Jundslgn) uaglasui

:
v A U v = = U s
NaUAU (90 TunasUgn) s Ao Wug Kps01-4-29 wag KKO7-599
o @ r=0.90%* 0 m r=0.90*
200 9
|
180 i LK92-11 8
= i Kps01-12 ° Kps01-4-29 -
£ 160 :Km?-sae‘ e® LS .
= A R Kps07-17-83 S kasgg.lipsﬂl-ll o g ¢
S0 140 Thy30 nqsq‘ . & KK3 Kps07-17-83
A - = 5 cs607-199% hy30Da6Mr130 0480
z 120 ¥K07-250 . ;‘ ”””””””” B
E e  KkU9303 4 KK07-2509 KKU99-03
£ wo CSBO7-184 3 CSBO7-184@
» ° KU99-02
KKU9S-02 2 | kusoo1® KKU99-06
60 kkugoo1  ®Kkugg-06 . i
L ] 1
40 0
0 50000 100000 150000 200000 250000 300000 350000 400000 450000 0 50000 100000 150000 200000 250000 300000 350000 400000 450000
Rootlength (cm/plant) Root length (cm/plant)
120 © r=0.46 104 (d) r=0.16
C5807-199 Kps01-4-29 102
100 ® | kxo7-599 L] -
9 y KKU99-03 | @ _@Kps0l12 £ 100 g
:“_’ 80 e ko * . T = R uw;xl? i .
= ) * e E 98 KKu9s-01 * | 1K92-11@  Kps01-4-29
2 Kkug9-06~ @ KK3 Tby30-0464 Kps07-17-83 KKU9S-03@ | Kps0l-12, Y
2 60 KKO7-250 ! K o g TTe Ve o
- o KKO7-250
= U” ° | @ Tby30-0484 ‘ 07.17133
X ps07-
KE 40 CSB07-184 = Kku99-08 i .Tby30—0454
z . « i
20
92 -18
5807184
0 20
0 50000 100000 150000 200000 250000 300000 350000 400000 450000 0 50000 100000 150000 200000 250000 300000 350000 400000 450000
Rootlength (cm/plant) Rootlength (cm/plant)
50 (€ r=032 52 ) r=025
48 51
! L
46 | Kkxo7-599 Kps01-4-29 50
: 44 | L] "; 49 Kple-4-2.9
= CSBO7-184  KKO7-250 ! = KKO7-599
2 a2 [ ) 55507'.1993 Tb"'.m'“(’“ 1K92-11 g 48 KKUS9-02 csgo7-199 | @ Thya0.0484
s e —— e I 5 47 KKU99-01  ggo7-258 xkugs-of® ! .
z T S ™ A B A P .
= 3 Kku.mammugg'm o KpsO1-12 oc07.17-83 s % o WO @ Cksorare
% 36 KKUgS-03 g | U 45 ] ° | e LK92-11
! w CSBO7-184 ! Thy30-0464
34 wa® | 44 |
| i
12 | 43 ® kU99-06 i
' 1
30 42
0 50000 100000 150000 200000 250000 300000 350000 400000 450000 0 50000 100000 150000 200000 250000 300000 350000 400000 450000
Rootlength (cm/plant) Rootlength (cm/plant)
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3215alNan15nna0g

v
= '

JURUUNNINSEAI8Yee Ny sxfiuegiupnudulselevivenhluiu wazUSinasmemsluiundedly

R

v
o

vz (Yu et al, 2007) Fefmnarubulsslemivonilutufuiinindisunas sUuuunanssaevesniie
9199finsmevaussiiuandaiuoonly %uasﬁwﬁm*umﬁ’uﬁ:ﬁ%é’w Tngluanmiifthognafiome arumuiuy
wazmsnsreiavessndes dndlugaznszasegluiuiuuu (e wavene, 2562) luvaeiluanwiiiinnas
11pth fuartligiuuunianssaefvesnitdsundadly Tununaaesiifit luanniidesiianiansenuuds
uarlthnduau Sesfizuuuunanszneivessineglufutudanniu faaenadestumsinuiitiium fwudily

A a 5 Yo o o A Y A a & o2 a ¥ a £ d' =
amwmLﬂmm’a‘mmmuaﬂmumﬂaUﬂu iﬂﬂaaﬂu‘ﬂimmi’mLLazm'wwaﬂaﬂﬂiuﬂu‘tjumﬂquuﬂﬂﬁuu Wwawsgu



U s 49 atiufl 3: 609-621 (2564)./doi:10.14456/kaj.2021.xx 620

Fuanmisurnunfsnnasn (Namwongsa et al., 2019) WwuLfgIn1sAnwiluanInuUasuas Set-Tow et al. (2020)
fiseui Tuanmnsugndeslasendeiniy Suiiesnsznuudauassuldsuindundsndunn Sesariinam
ynudunnnnlufutuds adomnlutasiifiansint sldenudulsslonivenilufuiuuuanas dea
vlsindinnsusus nenmandsmndnadufududns demiuwassmermslufutuanldlumsasisewns el

dosfsaydulauaziiTinegly neldanmafiviegedsdiin dliiuinnsnsninmddnadulufutuaiamse

o

USunssniigs Preuiinlentalunisiiessnemmsuagnsgadudliusnndy daty ugdesniinisusudivessnly

v saa o

dnwagniviunssnuasauentuAutuukasdua1wIn 9199z uiugnddnsnmldduiugnuudld

]

wesanluanmiivindn siniedanuausalunismled Inen1mdssndn luvasiillolasuiinauau s
fapafivszansnmlunisgaiilage Wesniinmanseaemvessnlufutuuugs dwaviliieinisaieenmslan
wazdwalindanadinsasaiulaia aann1sfnwiil 1oseudn deesiug Kps01-4-29, Kps07-17-83 way LK92-
11 Huiugidanvarn1smeuauesessInAIfinga1711 denndesiunumeasswes Khonghintaisong et al. (2018)
Al v g v Y & o saa a A = - ! v a a

Al Seeug LK92-11 Wuiugifinanalnnsmanideannun3enainnsaniibugiewueeanisasgyiiule

Faudunilslunalniidrdglunsduaunmsasyivlavesnisugndesluszuunsugnduuds

v
a o =

gnvisannisfinundl ldseydn deamiug Kps01-4-29 way KK07-599 1luiugiinnuenisings uasd
Anuasalumssnwanusveshluluigdutiansenuuds uasdalasuiinduau lneaziinsuiudumenisan

nsiUaunntu wedesnisgadenludu Jwihlilianadadinlusi Gansuumdsnanansauueniieninumy

=

MBAULILAY (Songsri et al., 2019) wonanil SullAraulenlu wagUszdnsaimnisldungs Jeaenndesiu

'
a

Silva et al. (2012) fisrsaunanudsaduvesdlududnvasidAglunisusuugeiugiieonuuds 8nvisnisiidey

fuszavznmmsléinias ssvsveniisanuansalunisihdniilvldlunsadsemslas Juilitiindnuiaiu

a a

WAZLIATININGS TedanAdeIiuauNAaeIvead Jangpromma et al. (2012) Nis189udn Wugnuseans amluns

v
¥ o o

Tduge ardwalisnuuiatininliligs meldaninuiai Fdduiudnundeelivsednsammsldiinas dawali
ansashwdnennlunislinnadininlilaas aeldanmuinuild (Olivier and Singels, 2003)

Aatunsdeeazanunsaagsenls neldanimnisugndestiunas asfettesiuanuaunsalunisni

v
a a v v a a a v L3

wazsnwnn i luduldd Snvisdaluszdnsnmnisdunsziiisuatay iussdniamlunisldunigs Jednvue

a

Aananavwduasulioey Swmadinsasaydulefa Tuanimnisugndestdnuues

£

GEL

JUBUUNINIEAIEfvesIniudesusasiugiinuuana1eiu Genunsauudaidu 5 ngumuanuenisin

sl

Tnenquitugdsinnszaredlufuduuuiastua1ain Jusunssn wasdadiusndedueagluszauliunanstiags

]

e g Kps01-4-29, Kps07-17-83 uag LK92-11 uagnguiugmantl dalianuaunsalunisinwssavaniugves

ululukagaranudelulildgs velugisnvnduaslasuindudiy vilidinatinmuasyseansainesnisly

o

g wennilannisfnwassil@liiui Wugdesnlemnuensniiiuduazyiaunseinvseiuresdaiusves

]

wiluly wazaranudedluvesdesiigalils dvfeyannnisfinwiiasdulsslonilunsuiulsaiugdesliduniu

U L] 3

AoAuwiaaziiUsEansannnsldunlussuunmsdgndesdnuudsla

AUBUAN

fa o

voveuAmd1UnUNBmuUatUaYUNIsITY Audidudesuazuinianianyiusenideanile uay

WInedeveukiu Natuayuauyssinalunsiduasail



KHON KAEN AGRICULTURE JOURNAL 49 (3): 609-621 (2021)./d0i:10.14456/kaj.2021.xx 621

L@NE1591999

ATaYEYT YU, WHTU ders wae Tunidl 2sdanans. 2562, M3UsHNFULUUNNTNTEANUAIVDITINUALNTADUAUDY
NEsTIeNvesdey 15 aeiuglagldislsledend. unununs. 47: 1127-1138.

Barrs, H.D., and P.E. Weatherley. 1962. A re-examination of the relative turgidity technique for estimating
water  deficits in leaves. Australian Journal of Biological Sciences. 15: 413-428.

Basu, S., V. Ramegowda, A. Kumar, and A. Pereira. 2016. Plant adaptation to drought stress. F1000 Research.
5.

Dinh, H.T., K. Watanable, H. Takaragawa, and Y. Kawamitsu. 2017. Effects of drought stress at early growth
stage on response of sugarcane to different nitrogen application. Sugar Tech. 20: 420-430.

Gentile, A, L.I. Dias, R.S. Mattos, T.H. Ferreira, and M. Menossi. 2015. MicroRNAs and drought responses in
sugarcane. Frontiers in Plant Science. 6: 1-13.

Jangpromma, N., P. Songsri, S. Thammasirirak, and P. Jaisil. 2010. Rapid assessment of chlorophyll content
in sugarcane using a SPAD chlorophyll meter across different water stress conditions. Asian Journal
of Plant Sciences. 9: 368-374.

Khonghintaisong, J., P. Songsri. B. Toomsan, and N. Jongrungklang. 2018. Rooting and physiolosgical trait
responses to early drought stress of sugarcane cultivars. Sugar Tech. 20: 396-406.

Namwongsa, J., N. Jongrungklang, and P. Songsri. 2019. Genotypic variation in root distribution changes and
physiological responses of sugarcane induced by drought stress. SABRAO Journal of Breeding and
Genetics. 51: 470-493.

Olivier, F., and A. Singels. 2003. Water use efficiency of irrigated sugarcane as affected by row spacing and
variety. South African Sugarcane Research Institute. 77: 347-351.

Otto, R., P.C.O. Trivelin, H.C.J. Franco, C.E. Faroni, and A.C. Vitti. 2009. Root system distribution of sugar cane
as related to nitrogen fertilization, evaluated by two methods: monolith and probes. The Revista
Brasileira de Ciéncia do Solo. 33: 601-611.

Ruttanaprasert, R., S. Jogloy, N. Vorasoot, T. Kesmala, R.S. Kanwar, C.C. Holbrook, and A. Patanothai.
2016. Effects of water stress on total biomass, tuber yield, harvest index and water use efficiency
in Jerusalem artichoke. Agricultural Water Management. 166: 130-138.

Set-Tow, S., P. Songsri, and N. Jongrungklang. 2020. Variations in root distribution patterns and cane yield
of 16 elite sugarcane clones grown under varied soil conditions. Sugar Tech. 22: 1018-1031.

Silva, P.P., L. Soares, J.G. Costa, V.L. Silva, J.C.F. Andrade, E.R. Goncalves, J.M. Dos Santos, and G. de
Veri'ssimo. 2012. Path analysis for selection of drought tolerant sugarcane genotypes through
physiological components. Industrial Crops and Products. 37: 11-19.

Songsri, P., J. Nata, N. Bootprom, and N. Jongrungklang. 2019. Evaluation of sugarcane elite clones through
physiological responses and vyield related traits under early rainfed drought stress conditions.
SABRAOQ Journal of Breeding and Genetics. 51: 373-389.

Wasaya, A., X. Zhang, Q. Fang, and Z. Yan. 2018. Root phenotyping for drought tolerance: a review. Journal
of Agronomy and Crop Science. 8: 241.

Yu, G.R,, J. Zhuang, J. Nakayama, and Y. Jin. 2007. Root water uptake and profile soil water as affectedby
vertical root distribution. Journal of Plant Ecology. 189: 15-30.



