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ABSTRACT: Some growth traits during flooding might be a promising criterion for selection for flooding tolerance in
sugarcane. The objectives of this study were to evaluate the effect of flooding in tillering stage on growth and
investigate the relationships between flooding tolerance and growth traits of sugarcane. Five sugarcane genotypes
were examined for comparison between control and flooding condition in tillering stage. Data were collected on
growth traits and total dry weight after prolonged flooding. Flooding reduced number of tillers, stalk diameter,
number of leaves, leaf area and total dry weight. However, there were no flooding effect to stalk height and number
of nodes. Genotype differences were observed for flooding tolerance. KPS 01-4-29 showed the highest of flooding
tolerance because it had the highest of total dry weight under flooding condition and flooding tolerance index. The
correlation coefficients between total dry weight and number of tillers, stalk diameter, stalk height, number of
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nodes, number of leaves and leaf area were positive and significant (r = 0.54* to 0.92**). Moreover, tolerance index
of total dry weight was also correlated positively with tolerance index of stalk diameter, stalk height, number of
nodes, number of leaves and leaf area (r = 0.52* to 0.86*%). Therefore, these traits could be used as selection criteria
in selecting genotypes for flooding tolerance in sugarcane.

Keywords: sugarcane; tillering stage; flooding stress; tolerance index; total dry weight
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Table 1 Number of tillers, stalk diameter and stalk height under different water regimes of sugarcane genotypes

Treatments Number of tillers Stalk diameter (mm) Stalk height (cm)
30 DAF 30 DAR 60 DAR 30 DAF 30 DAR 60 DAR 30 DAF 30 DAR 60 DAR
Water regimes
Control 398 A 4.31 576 B 2190 A 24.13 2636 A 50.65 64.84 80.37
Flooding 244 B 7.95 9.63 A 20.38 B 21.45 2470 B 52.46 61.99 83.07
F-test *% *¥ *¥ *¥ *% *% ns ns ns
Genotypes
urt 12 244 ¢ 791 8.72 a 19.53 ¢ 21.99 24.84 bc 44.50 5281 ¢ 75.14  bc
Ut 15 472 a 7.75 9.15 a 2364 a 23.05 2428 c 63.41 7597 a 88.90 a
ur 17 284 bc 4.56 6.43 b 2213 b 23.58 2593 ab 51.56 6728 b 8244 ab
KPS 01-4-29 259 ¢ 4.34 631 b 2293 ab 25.44 2694 a 59.50 75.09 a 89.92 a
KK'3 344 b 6.09 7.86 ab 17.47 d 19.88 25.67 abc 38.81 4591 ¢ 7221 c
F-test *% *% *% *% *% * *% *% *%
Water regimes x Genotypes
F-test ns *% * *% *% ns *% *% ns
v 22.32 24.05 20.61 6.39 7.40 5.62 8.09 11.51 10.66
Mean 3.21 6.13 7.69 21.14 22.79 2553 51.56 63.41 81.72

Mean in the same column with the same letters are not significantly different by Least significant difference (LSD).

ns, not significant at P<0.05; *, significant for P<0.05; **, significant for P<0.01. DAF = days after flooding, DAR = days after recovering
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Table 2 Number of node, number of leaf and leaf area under different water regimes of sugarcane genotypes

Treatments Number of nodes Number of leaves Leaf area (cm?)
30 DAF 30 DAR 60 DAR 30 DAF 30 DAR 60 DAR 30 DAF 30 DAR 60 DAR
Water regimes
Control 9.40 11.85 14.80 7.03 7.96 9.60 B 2,242 A 2,010 A 2,607 B
Flooding 9.90 11.35 18.57 5.75 8.61 11.53 A 1,750 B 1,740 B 3,704 A
F-test ns ns x* *% * *% ** * x*
Genotypes
uT 12 10.00 12.38 ab 19.38 6.59 8.19 12.23 a 1,730 ¢ 2,069 a 3,084
uT 15 9.50 12.63 a 14.75 6.13 8.19 8.75 d 2,355 a 2,033 a 3,168
uT 17 9.63 11.13 b 15.13 6.75 9.16 10.54 bc 2,165 ab 1,758 ab 2,829
KPS 01-4-29 10.75 13.00 a 18.67 6.84 9.19 9.66 cd 2,012 b 2,050 a 3,086
KK 3 8.38 8.88 ¢ 15.50 5.63 6.72 11.65 ab 1,716 ¢ 1,464 b 3,611
F-test ns xx xx **% *% *% xx x* ns
Water regimes x Genotypes
F-test ns *x ns *% *% ns ** ns ns
cv 15.66 11.07 9.17 7.13 11.39 12.53 13.37 19.20 20.32
Mean 9.65 11.60 16.68 6.39 8.29 10.54 1,996 1,875 3,156

Mean in the same column with the same letters are not significantly different by Least significant difference (LSD).

ns, not significant at P<0.05; *, significant for P<0.05; **, significant for P<0.01. DAF = days after flooding, DAR = days after recovering
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Figure 1 Average of total dry weight in sugarcane between control condition and flooding condition at 30 days after

flooding (DAF), 30 and 60 days after recovering (DAR). Error bars represent & standard error of mean
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Figure 3 Tolerance index of total dry weight of sugarcane genotypes at 30 days after flooding (DAF), 30 and 60 days
after recovering (DAR)

AUFNNUSTEUINNAMUNUUFBUIIUNTIAUAN BTN T AU AR DY

PMNNTAATIZRAERFURLS e IuinwR LA vaznss Rulnvesd ey Tagiasiziiuludey 5 @e

@

g Nongndgnuvianda 30 Ju vidaludy 30 Fu wagnaauy 60 Ju audluan1izUsninazaniegnumiauda (n = 30)

Y

wuaEduiusiluguInsgrsminuiesniuivaumie (r = 0.36%) (Figure da) agnslsfinnu wuauduiusgly

v v

Weuansgndndmdnuiesinduidurugugnaidsiu (r = 0.80**) (Figure 4b) st mUNLIeT A UANNGY (r =
0.81**) (Figure 4c) symInsminudesanfusiuaude (r = 0.72%%) (Figure 4d) symInsiminuResanfusiual (r =
0.64**) (Figure 4e) wagsywinsimdnuissufuiuily (r = 0.74%%) (Figure 4f) NANNISNAADILARNIIN vhwenustasanves
Soufimmuduiusluduntuisdunume Wurhugudnansdidiu anugeiu S1uute S1ualy waeiuiluvesdos dafy

Jsannsaldanwugmsasydulamadlunsussdiviwinuiinureswesla



ununues 49 atiuil a: 915-927 (2564)./doi:10.14456/kaj.2021.xx

924

14.00 - 30.00 - b
a
12.00 4 A AA 2500
10.00 4 =
2 A A E 2000
= 800 o]
w A =
5 4 ¢ 1500 |
[
o 6.00 - o] 8
E o0 o ©O 2
Z 400 @ 5 0% 1
) g e le) O control @ O control
A - * 5.00 A - ok
200 4 A A r=0.36 r=0.80 N
A A flooding 4 flooding
O OO T T T T 1 OOO T T T T 1
0.00 50.00 100.00 150.00 200.00 250.00 0.00 50.00 100.00 150.00 200.00 250.00
Total dry weight (g/plant) Total dry weight (g/plant)
100.00 o (o} 25.00 d
A
80.00 4 20.00 | A
—_— W
£ i
S 60.00 g 1500 |
E =
g 5
2 ©
4000 4 2 1000 4
5 E
o] =z
Q control A Q© control
20.00 4 _ 5.00 4
r=0.81" =072
A flooding A flooding
0.00 T T T T 1 0.00 T T T T 1
0.00 50.00 100.00 150.00 200.00 250.00 0.00 50.00 100.00 150.00 200.00 250.00
Total dry weight (g/plant) Total dry weight (g/plant)
14.00 5,000 -
A e f
A
12.00
4,000 4
) 10.00 . A, A
= =
8 800 | 5 3000 |
s ©
é’ 600 - = 2000
= A ﬁ
= 400 4 O control O contral
1,000 4 A A ”
200 r=0.64* ) r=0.74 )
A flooding A flooding
OOO T T T T 1 O T T T T 1
0.00 50.00 100.00 150.00 200.00 250.00 0.00 50.00 100.00 150.00 200.00 250.00

Total dry weight (g/plant) Total dry weight (g/plant)

Figure 4 Relationships between total dry weight with number of tillers (a), stalk diameter (b), stalk height (c), number
of nodes (d), number of leaves (e) and leaf area (f) of sugarcane genotypes across three sampling date in
both control condition and flooding condition (n = 30). ** Significant at 0.01 probability level, * Significant
at 0.05 probability level
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Table 3 Correlation coefficients (r) between total dry weight with number of tillers, stalk diameter, stalk height,

number of node, number of leaves and leaf area of sugarcane genotypes across three sampling date (n =

15)
Total dry weight Number Stalk Stalk Number Number Leaf
of tillers diameter height of nodes of leaves area

Control & Control 0.78 ** 0.75 ** 085 ** 0.74 ** 0.56 * 070 **
Flooding & Flooding 0.54 * 0.79 ** 087 ** 091 ** 0.81 ** 091 **
Flooding & Control 0.70 ** 0.86 ** 0.92 ** 0.81 ** 0.67 ** 0.61 *
Tolerance index & Tolerance index 0.18 052 * 055 * 0.80 ** 0.75  ** 0.86 **
Tolerance index & Control 0.37 0.73 ** 0.73  ** 059 * 0.55 * 0.28
Tolerance index & Flooding 0.36 0.83 ** 0.78 ** 081 ** 0.75 ** 0.78 **

¥, ** Significant at the 0.05 and 0.01 probability levels.

v o

Arilanununiuvesd minuisdaulagnldlunisusueniiannununiunean1isu1viudwesd oy wazny
AMUFUNUTTEWINAYRAUNUNUVBIU AU N LITILIAA UL INUNA WIS W Lukss UnminsInwiie kagensinig
13 LAulnveIaIaU (Singh et al,, 2019; Jain et al, 2017) @2UN15NAADILNUI AYTAIIUNUNIUVDIUINTNLAITIU

Anuduiusgeludsuindudvianununuvesdusiugudnatsdiu anugeiu 9uiude Suiulu wagiiuilu dadu 39

Ad o oA

ansnfAnidenaeiugdesNiinviinnunumugwiounriiudaldlneUssiiuaindelnununiuvesanuaemantl uin1s

q
v

Uszlupnuvumusiodviindwesaeiugdesaindvianununiuendfinnugeniumajon Weswindesrinisugn

q q

nageuaeiugoeensluanrlsniuazanizdhutaielidayalunmsiuumduianununiu anedded wudwud

3
v v

ANUNUNIUsRYINTIes LT IdanuduTus AuduRuaugnansddu ARGy Tuiude wazdrwiulu Nsly

AN1LUINABAZANIZEIVIINTS AUNUNUNUANMLFLRUSTUAN1IZTIMINTY fatu F9onaluanwazmailunisAndanans



ununues 49 atiuil a: 915-927 (2564)./doi:10.14456/kaj.2021.xx 926

v
I o 1

Wugdesiiidviianununugwiouiudils lngansadendsauandnvusivariluanzusnivieanitzgnuviauds
Al agnslsfinu wupuduiusigendnfieussiluluanmgiiviauds dwlu msvssduanunumuresdeslasldanuoe

nssgAvlamailuanviviudaslvnanisandenaieiugoesniauudugiiinn i

G

Uvhnddlussezunnnadaansenuienisalyivlnvesdes Tnevilivuiadusudgudnaiadfuy S1uumne

Fuanly ity wazimdnuiessianas uilinunansevusienuasukazuIuteveddes dauiinuaiunsatunisitu

o W

fiunnssiulundazdnuny nuaruwUsUTussiaeiugluyndnvasdidng wazarumumudetyiudaiiang
uanAnsfuszrisanewuggen aewug KPS 01-6-29 fanumumusiotvhudilussasunnnogsiign iesonlinunansemy
ntvhuddlunnengiivhnisine uasdthwidnuissugsiigameldannedwiuds swdsddsiaumunusotivid
getmdangnivihudiuazmevdanmsiiuga uonani fmumnuduiusgessriaindnuiutudiuumde dury
Audnansdtdu arwgeiy S1uaude Sy wardiuiluresdes isluaniizusniuazannizgninnands uaswy
anuduiusgassminsduiimnumumureshminufsiudeiinumunuresduriugudnanad iy anugeiu S1uiute
Sy waeiuludndne fadu dnvasmaiifsenunsodanldlumssndenaeiugdosiianummiusoaniniwiaudy

Tuszozunnne

AYBUAN
NuiTeilldsunsatuayuanAugaNuuda RNTIUSes NNINENFENYATAERS TVENUATIUNILEL

WazUaaUANAIATIYINYLTUY ANzINYAT Auneiay Aln1saduayun1siide veveunuaudidefivlsanssuys nsy

Jmsinens Ainsatvayuaneiugoesldlunimaaeuy

LNE591999

¥
Y o w

I35 Ungals, a3al wndyns wageiud wasil. 2557, Jgymuasdedndalunisugndsslumniiunsiuinviaudsuasitug

'
A

qﬂﬂauaauﬁu FUANOUITU 91LNBLIRY TanTAvourAY. uAunYAs. 42: 208-217.
antuieiivlsunsfiamaunundanu. 2552, lonansuuzth dilenisugndes. antideivliuazina nadnmanens.
dnnunngnTsINISesuasiansy. 2561, enuituiiugndes Uniandn 2560/61. ndumelulafasaumeLans

doans NOIENSANANSUALUNLIL. dhuAnEnsIINMTEoELAY AN Y.
dtinuangnIsINSesuazimane. 2562, euiiuivgndes Tnawdn 2561/62. naumelulaBansaumnauaznng

doans NOENSANANSUALUNLIL. dhnuanEnITINMTEoELAYNAaNTe.

Glaz, B. and S.E. Lingle. 2012. Flood duration and time of flood onset effects on recently planted sugarcane.

Agronomy Journal. 104: 575-583.

Gomathi, R., P. N. Gururaja Rao, K. Chandran, and A. Selvi. 2015. Adaptive responses of sugarcane to waterlogging

stress: An over view. Sugar Tech. 17: 325-338.

Jain, R., A. Singh, S. Singh, P. Surendra, V. Kumar Srivastava, A. Chandra, A. Dutt Pathak, and S. Solomon. 2017. Physio-

Biochemical characterization of sugarcane genotypes for waterlogging tolerance. World Journal of Agricultural

Sciences. 13: 90-97.



KHON KAEN AGRICULTURE JOURNAL 49 (4): 915-927 (2021)./doi:10.14456/kaj.2021.xx 927

Jaiphong, T., J. Tominaga, K. Watanabe, R. Suwa, M. Ueno, and Y. Kawamitsu. 2017. Change in photosynthesis, growth,
and sugar content of commercial sugarcane cultivar and Erianthus under flood conditions. Plant Production
Science. 20: 126-135.

Sanghera, G. S., and N. S. Jamwal. 2019. Perspective for genetic amelioration of sugarcane towards water logged
conditions. International Journal of Pure and Applied Bioscience. 7: 484-502.

Singh, S., S.P. Singh, A.D. Pathak, and N. Pandey. 2019. Assessment of waterlogging induced physio-biochemical
changes in sugarcane varieties and its association with waterlogging tolerance. Journal of Environmental
Biology. 40: 384-392.

Tavares, A. C. S., S. N. Duarte, N. S. Dias, F. V. Silva Sa, J. H. Miranda, K. T. S. Souza, M. A. M. Pizani, O. N. S. Neto, and
C. S. Fernandes. 2018. Growth of sugar cane under cultivation flooded at different speeds lowering of the

water table. Journal of Agricultural Science. 10: 122-131.



