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SUMMARY

Lodging is commonly occurred in sugarcane production, and reduced sugarcane productivity through lower biomass
production and a reduction in cane quality. The objectives of this experiment were to investigate the indirect
selection traits associated with lodging resistance in sugarcane to determine the genetic variation in non-lodging
traits in sugarcane germplasm. A field experiment was conducted at Amphoe Nong Ruea, Khon Kaen, Thailand.
The experiment was conducted on first ratoon crops during December 2012 to January 2013. Seventy-seven
sugarcane lines were evaluated for determining the characteristic associated with lodging resistance. The result
revealed that sugarcane lines were classified with stalk angle in 3 groups for lodging, moderate-lodging and non-
lodging groups. MPT06-258 and MPT08-122 were high lodging resistance cultivars, which have high stalk weight,
number stalk per hill, basal diameter, % fiber and CCS. Stalk height is indicator for indirect selection for lodging
trait. This information would directly help in breeding selection for lodging resistance in sugarcane.
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Key findings: Stalk height and erectness is indicator for indirect selection for lodging resistant trait. This
information would help sugarcane breeders to select for lodging resistance.
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INTRODUCTION economic use either as food, fodder, fuel or fiber
and plays a major role in the rural economy
Sugarcane cultivated species is the major source (Scortecci et al., 2012).
of sugar in the world. Sugarcane contributes Lodging commonly occurs in sugarcane
around 70% of total sugar produced in the world production, and known to reduce the
(Contreras et al., 2009), the rest being produced productivity of sugarcane through lower biomass
from sugar beet and other sources. Sugarcane is production and a reduction in cane quality.
a multi-product crop, every fraction of which Lodging of sugarcane significantly decreased
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fresh cane yield and commercial cane sugar
(CCS), increased suckering and stalk
deterioration (Wilson and Leslie, 1997; Singh et
al., 2002; Berding and Hurney, 2005). Hence,
the prevention of lodging in sugarcane can
increase cane yield (11-15%), CCS (3-12%) and
sugar yield (15-35%) (Singh et al., 2002). The
main factors associated with lodging in
sugarcane were the stalks and roots (Baker et al.,
1998). Moreover, sugar cane lodging related to
morphological and physiological characters such
as cane height, stalk diameter, % fiber and stalk
strength etc. (Berding and Hurney, 2005; Babu
et al., 2009). Sugarcane breeding for lodging
resistance was difficult to select lodging resistant
lines, because the selection for this trait must be
evaluated in the suitable area for the expression
of lodging. Singh et al. (2002) reported that
better grown crop of sugarcane were more lodge
than that poorly grown crops. Therefore, the
selection lodging resistance lines should be use
indirect selection for lodging trait.

The better understanding of the traits
related to lodging resistance in sugarcane and
genetic diversity will be useful for lodging
resistance selection in sugarcane. Therefore, the
objectives in this experiment were to investigate
the indirect selection traits associated with
lodging resistance in sugarcane to determine the
genetic variation in non-lodging traits in
sugarcane germplasm.

MATERIALS AND METHODS
Field Experiment

Seventy-seven clones of sugarcane were
evaluated for determining the characteristic
associated with lodging resistance in the field
condition at Amphoe Nong Ruea, Khon Kaen
Province, Northeast of Thailand. The plant crop
was conducted during November 2011-
December 2012, while the first ratoon crop was
done during December 2012-January 2013. All
of the sugarcane germplasm was planted
manually. A two-row plot with 8 m long and
spacing of 1.3 m between rows was adopted. All
plots were irrigated after planting, and were
sprayed with a pre-emergence herbicide for
weed control. Fertilizer application for each plot
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was based on soil analysis for both crops plant
and first ratoon crops. Each plot for plant crop
was harvested by manual in December 2012.
The first ratoon crop was grown during
December 2012 to January 2013.

Data collection

The data collection of sugarcane germplasm in
first ratoon crop was recorded at the harvest.
Data were recorded from the center two rows of
each plot on percent germination at 12 months
after emergence in first ratoon crop. Four stools
for each plot were randomized for data
collection, which the border plants in each plot
were discarded. Leaf and stalk data were
collected for 4 random stalks in each stool in
each plot. Stalk height was measured from the
ground to the last exposed dewlap (LED). Stalk
diameter was taken at base, middle and top level
of stalk. Stalk weight was determined from a 4
stalk sample at harvest. The angles of stalk for
each stool for each genotype were recorded.

Four stalks for each plot were random to
determine the commercial cane sugar (CCS)
value (Klomsa-ard et al., 2013) as:

CCS = 3/2P [1-(F+5)/100] - B/2[1-(F+3)/100]

Where: F is fiber (%), B is the brix value
(% of soluble solids) detected by reflectometer,
and P is the pol value (apparent sucrose)
detected by saccharimeter.

Statistical analysis

Analysis of variance for each character was
carried out according to the procedures by
Hoshmand (2006). Hierarchical agglomerative
clustering was then performed for lodging
character and agronomic traits, using the Ward
criterion. All calculations were performed using
JMP Pro software (version 10.0, SAS institute
Inc., Chicago, IL, USA). Simple correlation
analysis was used to determine the relationship
among stalk angle, stalk height, stalk weight,
stalk diameter, % fiber, brix and CCS.



RESULTS
Genetic variability

Mean comparison of 77 sugarcane cultivars for
stalk weight, basal diameter, stalk number, stalk
angle, stalk height, the commercial cane sugar
(CCS), fiber (%) and Brix value were showed in
Table 1. The results showed that a statistically
significant genotypic effect for stalk weight
character. The genotypes, MPT08-191, MPTO06-
258 and 02-2-194 had the highest stalk height
and the values were 2740, 2733 and 2720 cm,
respectively. Basal stalk diameter showed a
highly significant difference in sugarcane
cultivars. MPT08-36, MPT08-289 and MPT04-
204 were had the highest basal diameter and the
values were 369, 369 and 36.7 mm,
respectively.  Sugarcane  genotypes  were
significantly different in brix, and MPT07-154,
MPT08-122 and MPT06-362 had 23.4, 23.2 and
22.9, respectively. Percentage fiber showed a
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statistically significant difference in sugarcane.
MPT08-80, MPT08-183 and MPT06-258 had
the highest percent of fiber and the values were
14.1, 13.2 and 12.9%, respectively. Moreover,
sugarcane  cultivars showed a highly
significantly difference in the commercial cane
sugar (CCS) and MPT06-362, MPTO07-154,
KPK 98-40 had the highest CCS values (15.27,
15.26 and 14.88, respectively). The results
showed a highly significant genotypic effect for
stalk number. The genotype MPT08-80, LK92-
11 and MPT08-171 had the highest stalk number
and the values were 11.3, 10.5 and 10.00,
respectively. There was a statistically significant
difference for stalk angle and MPT06-166, K99-
72 and MPTO08-72 had the highest values (90
degree). Sugarcane lines showed a statistically
significant difference for stalk height and
MPTO07-22, MPT06-258 and MPTO07-111 had
the highest stalk height (346.3, 345.0 and 341.7,
respectively).

Table 1. Mean for stalk weight, basal diameter, stalk number, stalk height, brix, fiber and CCS of 77

sugarcane clones.

Stalk Stalk Stalk
Clone W;;ar:lt( @ diamlitfra (Imml) number angle height Brix (%) Fiber (%) CCS (%)
(per hill)  (degree) cm)

MPT08-227 2103 g-r 32.0 f-t 5.8i-m 85.0 a-d 236.5 n-w 21.27 cq 11.65 b-k 12.71 a-n
MPT08-56 2297 c- 326 c-s 6.0 h-I 78.8 a-d 283.0 cde 16.92 a’-¢’ 9.60 i-q 7.64 v-x
MPT08-276 1903 k-w 29.6 o-w 5.8i-m 88.8a 267.0 e-l 18.82 v-z 11.00 b-n 10.05 n-v
MPT08-141 1960 i-v 30.5m-w 55j-n 85.0 a-d 253.0 f-s 19.12t-z 10.05 d-p 9.37 g-v
MPT08-266 2080 g-s 32.4e-s 28r 87.5ab 246.3i-u 21.28 cq 10.60 c-n 12.98 a-m
MPT08-186 2068 h-s 33.1a-q 5.5j-n 83.8a-d 252.3¢g-t 21.33cp 9.80 f-q 12.91 a-m
MPT08-301 1833 m-w 33.0a-r 3.0qr 88.8a 227.09-z 19.99 m-x 9.80 f-q 12.19 b-p
MPTO08-72 1665 r-y 30.7 k-w 5.0k-p 90.0a 213.7w-a>  20.63 f-u 12.35 a-d 12.02 e-q
MPT08-247 2403 a-i 36.0a-g 3.80-r 78.8 a-d 268.0 e-l 20.48 g-v 9.50 j-q 11.55e-r
MPT08-188 2427 a-h 36.5 a-e 4.0 n-r 87.5ab 226.0r-z 19.08 t-z 11.45 b-1 9.53 p-v
MPT08-238 1883 I-w 34.4 a-m 6.0 h-I 82.5a-d 234.7 p-w 18.20 y-b’ 10.05 d-p 6.43 wx
MPT08-95 2418 a-h 32.3fs 4.0 m-r 73.8def  275.3efg 21.26 cq 10.45¢c-n 13.34 a-k
MPT08-48 2028 h-u 32.7¢c-s 5.3 k-0 65.0 fgh 2733 e-i 18.75 w-a’ 10.00 d-q 8.67 s-w
MPT08-91 1793 o-w 28.0 t-w 5.7i-n 85.0a-d  250.0 g-t 20.31j-x 12.05 a-h 10.61 I-t
MPT08-307 1813 n-w 34.5a-m 451-q 85.0a-d 165.0d’ 21.76 b-l 9.20 Iq 14.12 a-e
MPT08-195 2053 h-s 36.0 a-g 5.0k-p 825a-d 207.5x-b> 20.76 e-t 9.10 I-q 11.23 f-s
MPT08-82 2630 a-e 35.3 aj 5.5j-n 85.0 a-d 2447 j-u 19.06 t-z 8.60 n-q 10.99 h-t
MPTO08-50 1817 n-w 31.0 k-v 5.0 k-p 85.0 a-d 230.8 g-y 16.31a’b’ 9.85 e-q 7.71 v-x
MPTO08-3 2293 c-I 33.5aq 3.70-r 85.0 a-d 226.3r1-z 20.32 i-x 9.95 d-q 12.25 b-o
MPT08-130 2203 e-p 29.9 n-w 4.7k-q 85.0 a-d 262.0 e-0 21.97 a-j 10.40d-n 13.92 a-f
MPT08-289 1958 i-v 36.9ab 5.3j-0 87.5ab 188.0b’-d"  21.76 b-I 10.10d-p 14.00 a-e
MPT08-101 1570 v-z 31.0 k-v 3.3 par 78.8 a-d 178.3 ¢’d’ 22.22 a-f 9.55 i-q 14.73 a-d
MPT08-36 1940 j-v 370a 53k-0  8l.3ad 226.7¢-z 19.47sy 9.10 Iq 10.91 i-t
MPT08-144 1868 I-w 33.1aq 5.3 k-0 81.3a-d 243.5k-u 21.52 b-o0 7.90 opq 11.93 e-r
MPT08-180 2430 a-h 29.8 n-w 5.3 k-0 81.7 a-d 269.7 e-k 20.58 f-u 9.55 i-q 11.95e-r
MPT08-254 2267 d-m 29.6 o-w 4.3 m-r 83.8 a-d 249.5 g-t 21.13d-s 12.10 a-g 12.05d-p
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Stalk Stalk Stalk
Clone Wfi;ar:r ) diam'i?esf (Imm_) number angle height Brix (%) Fiber (%) CCS (%)
(per hill)  (degree cm,

MPT08-191 2740 a 36.6 a-d 7.0 94 825a-d 2327 g-x 20.13 k-x 8.60 n-q 11.93e-r
MPT08-122 2447 a-h 32.6 c-s 5.3 k-0 825a-d 2323qg-x 23.19ab 11.00 b-n 14.74 ad
MPT08-183 2117 g-q 29.4 p-w 3.5pr 85.0a-d 251.8¢g-t 2243 a-e 13.15ab 13.65 a-h
MPT08-80 1938 j-v 28.8 r-w 113 a 89.3a 236.30-w  21.53b-o 14.10a 11.69 e-r
MPT08-171 2373 a-j 32.54d-s 100ac 85.0a-d 226.79-z 21.19 c-r 10.50 ¢-n 12.64 a-n
MPTO04-121 1473 w-z 28.6 s-w 8.7 c-f 87.5ab 247.8 h-t 22.59 ad 10.65 c-n 8.57 t-w
K99-72 1593 u-z 33.1aq 5.7i-n 90.0a 237.8m-w  21.74 b-l 10.95 b-n 1191 e-r
MPTO04-169 1568 v-z 31.2i-v 3.70-r 52.5ij 225.8 s-z 21.49 b-o 11.95 a-i 12.17 c-p
MPTO04-204 2340 a-k 36.7 a-C 4.8 k-p 80.7a-d 242.01-v 21.44 c-0 10.15d-p 12.70 a-n
MPT04-303 2303 b-I 34.5a-m 3.70-r 86.3a-d 262.0e-0 18.65 x-a’ 10.05d-p 9.83 o-v
MPTO04-509 2033 h-u 34.7 a-l 6.3 h-k 375klm 2483 g-t 21.74 b-l 10.35d-n 13.42 a-j
LK92-11 1803 o-w 32.6 c-s 105 ab 84.0a-d 216.0v-a’ 21.05d-s 11.20 b-m 11.12 g-t
MPT04-657 2080 g-s 32.4d-s 6.3 h-k 80.0a-d 253.7 f-q 21.60 b-n 10.45 ¢-n 1341 aj
MPT04-55 1650 s-y 31.3i-v 5.0k-p 785a-d 267.3e-l 20.06 I-x 12.25a-e 10.99 h-t
MPT04-98 2520 a-g 31.6 h-u 6.3 h-k 75.0b-f  274.3e-h 19.65 p-y 10.75b-n 11.20 g-s
MPTO04-380 2315 a-l 36.1 a-9 3.70-r 63.3fgh  229.7 -z 21.70 b-m 10.90 b-n 13.26 a-l
KK 3 1190 z 24.1x 8.0d-g 775ae 2023z-b> 21.76 b-l 12.15 a-f 13.05 a-m
MPT04-467 1318 xyz 26.9 wx 8.0 efg 785a-d  246.3i-u 22.10 a-h 11.20b-m  11.77 er
MPT04-298 1778 p-w 32.9 a-r 6.0 h-1 86.5abc  225.0t-z 21.35c-p 10.25 d-o 12.88 a-m
MPTO04-257 2063 h-s 33.8a-n 5.3j-0 500 273.0 e-i 2201 aj 10.35d-n 13.77 a-g
MPTO04-212 2260 d-n 31.2i-v 3.5 par 18.8n 2383 m-w  22.31 a-f 9.80 f-q 13.19 a-l
Tby 26-1802 2043 h-t 33.3aq 4.8 k-p 775a-e  279.3 def 17.77 z-¢ 10.25d-o 9.29 r-v
94-2-254 2028 h-u 34.4a-m 7.094 80.0a-d 267.3e-l 20.41 h-w 9.50 j-q 11.04 h-t
Kps 00-103 1597 t-z 29.9 n-w 5.7i-n 85.0a-d 260.0e-p 19.60 g-y 10.75 b-n 1143 e-r
02-2-194 2720 abc 33.2a-q 4.0 m-r 81.3a-d 260.0e-p 20.35i-w 10.20 d-o 11.85e-r
K 01-10 1823 m-w 31.5h-u 5.8i-m 66.3efg  264.7 e-m 19.60 g-y 8.95 m-q 11.42 e-r
Kps 01-25 1880 I-w 34.8 a-k 4.0n-r 73.8cf  251.0g-t 19.51 r-y 10.80 b-n 10.75 j-t
KPK 98-40 1650 s-y 30.6 I-w 4.0n-r 58.8ghi  2055y-b> 2217 a-g 760 q 14.88 ab
MPT06-26 1250 yz 26.9 wx 7.5 fgh 833ad 1665d 20.36 i-w 11.30b-m  1191e-r
MPT06-95 1543 v-z 33.0ar 55j-n 87.5ab 225.0t-z 21.71 b-m 11.05b-m  13.3la-k
MPTO06-105 2717 abc 35.6 a-h 27r 55.0 hij 301.3 bed 21.86 a-k 11.80 a-j 12.89 a-m
MPT06-139 1907 k-w 29.7 n-w 4.3 m-r 75.0b-f  2455j-u 21.95 a-j 11.30b-m  13.61 a-i
MPT06-144 1658 r-y 34.4 a-m 10.0abc  75.0 b-f 199.0 a’-c>  20.06 I-x 9.50 j-q 12.16 c-p
MPT06-166 ~ 1910 k-w 36.2 a-f 7.0 g-j 90.0a 253.3 f-r 19.71 p-y 11.10b-m  11.48e-r
MPT06-258 2733 ab 33.6 a-0 4.7 k-q 775ae 345.0a 21.66 b-n 12.85 abc 13.31 a-l
MPTO06-344 1817 n-w 35.4 a-i 7.00j 81.3a-d 2205u-a> 21.35c-p 9.70 g-q 13.47 a-i
MPT06-362 2083 g-s 31.9 g-t 6.3 h-k 73.8def 262.0e-0 22.90 abc 9.30 k-q 15.27a
MPTO06-367 1637 s-y 27.6 u-x 3.5 par 35.0Im 286.7 cde 20.74 e-t 12.25a-e 12.21b-p
MPTO06-413 2583 a-f 32.8 br 5.8i-m 75.0b-f  263.7e-n 19.94 n-x 11.95a-i 11.90 e-r
MPT06-578 1720 g-x 31.2j-v 451-q 41.3kl 314.3b 2134 cp 12.10 a-g 12.93 a-m
MPT07-306 1720 g-x 30.6 I-w 9.3b-e 83.8a-d 2345p-w 2134cp 7.75 pq 12.64 a-n
MPT07-258 2280 d-I 31.3i-v 6.0 h-1 80.0a-d 2455j-u 19.83 0-y 9.55 i-q 10.07 n-v
MPT07-1 1945 j-v 34.3 a-m 9.5 bed 78.8a-d 260.5e-p 15.84 &’ 9.65 h-q 5.95 x
MPTO07-71 2228 e-0 32.6c-s 55j-n 87.5ab 304.8 bc 20.58 f-u 10.80 b-n 9.78 o-v
MPTO07-208 2683 a-d 335ap 5.0 k-p 85.0a-d 271.0e- 1724 a-d> 11.15b-m  7.85 u-x
MPTO07-152 2400 a-i 32.7c¢c-s 5.3j-0 85.0a-d 2615e-p 18.93 u-z 10.05d-p 10.39 m-u
MPTO07-22 2223 e-p 29.8 n-w 3.70-r 20.0n 346.3a 20.34 i-x 12.35a-d 10.65 k-t
MPT07-154 2207 e-p 32.3fs 5.0k-p 46.7 jk 324.0ab 2344 a 10.80 b-n 15.26 a
MPT07-111 1660 r-y 29.39-w 4.3 1-r 738cf 3417a 21.74 b-l 9.70 g-q 12.84 a-m
MPTOQ7-516 2175 f-p 27.3 v-x 4.0n-r 27.5mn 3125b 21.15d-s 10.20 d-o0 13.40 aj
MPT07-665 2035 h-u 31.5h-u 7.3fi 375klm 313.7b 22.05 a-i 9.85 e-q 14.80 abc

Mean 2031.29 32.25 5.53 74.61 251.34 20.64 10.50 11.85

F_test ** ** ** ** ** ** ** **

C.V. (%) 12.36 7.12 17.66 9.45 6.14 3.53 9.25 9.08

*, ** significant at P < 0.05 and 0.01 probability levels, respectively.

Means in the same column followed by the same letter (s) are not significantly different (at P = 0.05) by DMRT
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Cluster analysis of genetic relationship

Dendrogram showing genetic relatedness of 77
varieties of sugarcane for stalk weight, basal
diameter, stalk number, stalk angle, stalk height,
brix, fiber and CCS. Five main clusters (A to E)
were formed (Figure 1). Two ways clustering
method was Ward’s cluster analysis based on
stalk weight, basal diameter, stalk number, stalk
angle, stalk height, brix, fiber and CCS.
Sugarcane lodging was classified with stalk
angle or the degree of stalk angle. The non-
lodging group consists of 62 cultivars, which
had 70 - 90 degrees of stalk angle. Moderate-
lodging group composed of 6 cultivars, which
had 50 - 70 degrees of stalk angle. The lodging
group composed of 9 cultivars, which had 0 - 50
degrees of stalk angle.

Correlation between lodging characteristics

The relationship between lodging characters is
important for sugarcane breeding program. The
correlation of 11 characters for 77 sugarcane
cultivars was showed in Table 2. The results
showed that stalk angle or degree of stalk angle
was positive related to basal diameter (r = 0.25;
P <0.01). In contrast, stalk angle was a negative
related to stalk height (r = -0.45; P < 0.01),
shoot number per hill (r = -0.21; P < 0.01), brix
(r = -0.29; P < 0.01) and pol (r = -0.29; P <
0.01). Moreover, there was not a significant
correlated between stalk angle and fiber content.

DISCUSSION

From the experiment, sugarcane germplasm
resources were a statistically significant
difference in all traits, which was used to
classify the genetic resources. Baker et al.
(1998) reported crop lodging response to root
and shoot system. The previous study indicated
that the lodging in wheat related to root — soil
system failure, which depend on the stem base
buckled (Graham, 1983). Moreover, the strength
of stem, stem diameter, stem height, stalk
number per hill, stalk angle and leaf area were
related to lodging process (Babu et al., 2009;
Sinclair et al., 2005).
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Our results reported that stalk angle was
the index for lodging in this experiment. We
classified 3 groups of sugarcane germplasm for
non-lodging, moderate-lodging and lodging.
Each group had high stalk weight, stalk height,
percent of fiber, stalk number per hill and stalk
diameter (Figure 2). The result found that
lodging and non-lodging group had the same
pattern, showing that stalk weight, stalk height,
percent of fiber, stalk number per hill, stalk
diameter was closely in both groups.

For the relationship between lodging
traits and sugarcane cultivars, stalk height were
related with lodging than other traits. It is
interesting to note here that some non-lodging
cultivar had low stalk height than lodging
cultivars (Figure 2). Berding and Hurney (2005)
suggested that using clones with reduced stalk
height can reduce lodging. However, non-
lodging sugarcane increased yield production by
11-15% of total yield and also decreased CCS by
3-12% and sugar by 15-35%, respectively at
final harvest (Singh et al., 2002). Berding and
Hurney (2005) concluded that lodged sugarcane
at final harvest reduced sugar production and
CCS because of the new suckering which
occurred. This result might also indicate that
lodging, moderate-lodging and non-lodging
groups were rather similar in case of CCS. Bhat
et al. (1985) found that the relationship between
percent of fiber and sugarcane bark strength
were statistically significant. High fiber content
in sugarcane would reduce lodging because of
high stalk strength (Babu et al., 2009). From the
result, fiber percentage were not related with
lodging because lodging and non-lodging group
were rather similar value. In contrast, lodging
group had high fiber, indicating that there had
the genetic diversity for lodging trait.

There were not significant differences
for CCS between lodging and non-lodging
groups due to field management and the effect of
ratoon crop. Singh et al. (2002) reported that
field management affect to lodging in sugarcane.
Moreover, lodging resistance cultivar might be
grown in fertile soil and good management such
as low cutting and make the scaffolding, which
can reduce lodging procedure.
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Figure 1. Dendrogram showing genetic relatedness of 77 varieties of sugarcane for stalk weight, basal
diameter, stalk number, stalk angle, stalk height, brix, fiber and CCS. Five main clusters (A to E) were
formed. Two ways clustering method was Ward’s cluster analysis based on stalk weight, basal diameter,
stalk number, stalk angle, stalk height, brix, fiber and CCS (scale: Distance scale)?

& Cluster together columns as well as rows; the columns must be measured on the same scale.
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Table 2 The correlations between stalk angle (SA), basal diameter (BD), middle diameter (MD), top
diameter (TD), number of internode (NI), stalk height (SH), shoot number per hill (SH), stalk weight
(SW), Brix, CCS, fiber and pol.

Traits BD MD TD NI SH SH SW Brix CCsS Fiber Pol
SA 0.06 0.25* -0.12 -0.16 -041** -0.21* -0.06 -0.27*  -0.29* -0.05 -0.29*
BD 0.58** 0.31** 0.14 -0.10 -0.12  0.55** -0.17 -0.07  -0.28* -0.11
MD 0.52* 0.06 -0.30** -0.09  0.49** -0.36** -0.17 -0.26* -0.24*
TD 0.11 -0.09 -0.16 0.44 -0.18 -0.04 -0.07 -0.08
NI 0.40**  -0.30** 041 0.00 0.04 0.03 0.03
SH -0.21  0.39** -0.06 -0.10 0.19 -0.08
SH -0.26 -0.06 -0.19 -0.01 -0.15
SW -0.17 -0.10 -0.07 -0.12
Brix 0.87**  0.13 0.93**
CCS 0.02 0.99**
Fiber 0.12

*, ** Significant at P < 0.05 and 0.01 probability levels, respectively.
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Figure 2. Stalk angle and CCS (a), stalk height (b), stalk weight (c),and stalk number per hill (d) of 77
sugarcane clones.
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CONCLUSION

The sugarcane lines in this study were classified
in 3 groups with lodging, moderate-lodging and
non-lodging. Stalk height was an indicator for
lodging. Finally, MPT06-258 and MPT08-122
had high lodging resistance traits and had high
stalk weight and CCS. Therefore, this result
would help developing sugarcane breeding
programs for lodging resistance and good
agronomic traits.
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