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Abstract: The study was aimed to explore the relationship between the root distribution at different growth angles and
the ratooning ability in sugarcane, and to screen the iconic root indexes of strong ratooning in sugarcane. Three sugar-
cane varieties with different ratooning ability, Yunzhe 08-1609 (A), Yunzhe 05-51 (B), Yuetang 93-159 (C) and strong
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ratooning sugarcane germplasm Erianthus arundinaceus (D) and Saccharum spontaneum (E), were used as the materials.
The root morphology of plant and ratoon crops was continuously measured under the conditions of conventional plant-
ing in field. The root biomass and quantity of sugarcane varieties with strong ratoon ability increased continuously dur-
ing elongation stage of plant crop, and the highest was in the angle range 0°-30° from the vertical direction, followed by
that of 30°-45°. The root biomass and numbers in ratoon crop were significantly higher than those in plant crop. The
root biomass and numbers in varieties A and B were the highest in the angle range 30°-45°, and that in variety C was the
highest in 45°-65°. The root biomass in E. arundinaceus and S. spontaneum was much higher than that in sugarcane
varieties in both plant and ratoon crops, the root number in S, spontaneum was the largest while that in E. arundinaceus
was close to that in sugarcane varieties. The root biomass of the two wild germplasm materials in plant crop was the
highest in the angle range of 0°-30°, while in ratoon crop, the root number distribution in E. arundinaceus was similar at
three angle ranges, and of whitch in S. spontaneum was similar in the ranges of 30°-45° and 45°-65°. The root number
in variety A was the highest (46.43%) in the angle range of 0°-30° at late elongation stage of plant crop, followed by the
range of 30°-45° (42.74%) at late elongation stage of ratoon crop. The root number proportion of S. spontaneum and E.
arundinaceus was the highest in the range of 0°-30° at elongation stage of plant crop, followed by the range 45°-65° at
elongation stage of ratoon crop. The top five indicators correlated with the ratooning ability were the root surface area,
root volume, root length, root fresh weight, and root number within the angle range of 0°-30° to the vertical direction.
For evaluating the ratooning ability of sugarcane, it is suggested to refer to the root index in the angle range of 0°-30°
from the vertical direction in plant crop, and the root fresh weight could be used as a key index for preliminary screen-
ing of the ratooning ability. In addition, if there was no rhizomes, the ratooning ability can be predicted by the ratio of
average single root weight in ratoon to that in plant crop.

Keywords: sugarcane; ratooning ability; angle of root growth; root fresh weight; root biomass; roots number
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Tab. 1
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fER2ER AR EHY fn il Variety
Crop type Growth stage A B C D E
B NE 8 6 7 68 69
NM 7 5 6 52 73
NL 5 6 4 44 81
At RE 8 8 8 68 55
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Different lowercase letters indicate significant difference (P<0.05).
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Fresh and dry weight of aboveground part
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Tab. 2 Root fresh weight per plant in different root growth angles g
2 A A e Vettem He B PARRARfE i i Root fresh weight per plant
Root growth angle Crop type Growth stage A B C D E
0°~30° BT NE 3.98+0.62° 4.31+0.42° 2.37+0.28° 1.00+0.18° 1.85+0.35°
NM 4.71+£0.85° 4.0240.29° 7.00+0.14° 1.77£0.08° 2.00+0.14°
NL 4.68+0.37° 6.77+0.87° 3.02+0.31¢ 1.56+0.21° 1.59+0.28°
XY 4.46+0.24° 5.03£0.87° 4.13+1.45° 1.44+0.23° 1.81+0.12°
T RE 3.59£0.67% 6.36+1.75° 7.10+1.45° 1.77£0.09° 1.45+0.28"
RM 15.70+1.40° 7.51+1.47° 7.46+0.48° 1.29+0.15¢ 1.57+0.23¢
RL 11.64+3.16 5.83+1.84 7.28+0.75% 1.37£0.35° 1.03£0.15°
SHfH 10.31+3.56" 6.57+£0.50™ 7.28+0.10™ 1.48+0.15° 1.35£0.16°
30°~45° BiE NE 3.85+0.66" 4.20+0.77° 1.95+0.43° 0.94+0.08" 1.19£0.07°
NM 5.09+0.69° 3.74%0.51° 5.64+0.27° 1.83+0.14° 1.37+0.14°
NL 2.86+0.35" 4.43+0.78° 1.78+0.20™ 1.10£0.15° 0.73+0.12¢
A 3.93+0.65" 4.1240.20° 3.12+1.26° 1.2940.27° 1.1040.19°
e RE 8.35+1.57° 7.57+£1.12° 7.88+0.43" 2.42+0.29° 1.16£0.12°
RM 13.65+1.69* 5.95+1.05° 7.41£0.28° 1.14£0.16° 1.65£0.19°
RL 16.23+1.72% 8.88+1.06° 9.60+2.34° 1.6240.34° 1.1540.23°
XY 12.74£2.32° 7.47+0.85" 8.30+0.67° 1.73£0.37¢ 1.3240.17¢
45°~65° HAE NE 3.18+0.25° 4.05+0.55° 2.66+0.59* 1.11£0.11° 1.1840.06°
NM 4.50+0.46" 3.88+0.08" 5.13+1.01° 1.42+0.18° 0.66+0.09°
NL 2.45+0.47° 3.71£0.32° 1.88+0.29° 1.40+0.21 0.47+0.07°
SH1H 3.38+0.60° 3.88+0.10° 3.22+0.98° 1.31£0.10° 0.77£0.21°
AR RE 5.43+0.42° 5.58+0.67° 10.45+0.22° 2.8240.08° 1.18+0.03¢
RM 15.74+0.37° 6.10+1.08" 8.05+2.25" 1.22+0.09° 1.97+0.10°
RL 11.21+1.73° 8.52+0.93% 6.73+0.80° 2.59+0.49° 1.03+0.14¢
A 10.7942.98° 6.73£0.91% 8.41+1.09° 2.21+0.50° 1.39+0.29"
AT AR B o 11.77+0.94° 13.04+1.05*  10.48+0.96° 4.04+0.14° 3.68+0.92°
T AR e o o o 33.85+2.23° 20.77£0.83°  23.99+1.08° 5.41+0.65° 4.06+0.06°

T R AR/NG PR R 2257 B3 (P<0.05) o

Note: Different lowercase letters in the same row indicate significant difference (P<0.05).
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Tab. 3 Root dry weight per plant in different angles g
WERERKMAE  (EWEHE 4K FLER AR T BT B Root dry weight per plant
Root growth angle Crop type Growth stage A B C D E
0°~30° BiiE NE 0.58+0.11° 0.62+0.10° 0.30+0.03" 0.18+0.03° 0.34+0.05"
NM 0.82+0.13° 0.72+0.10° 1.27£0.10° 0.52+0.02° 0.45+0.03°
NL 0.96+0.07° 1.2940.15° 0.68+0.07> 0.69+0.07" 0.54+0.03°
S M 0.79+0.11° 0.88+0.21° 0.75+0.28" 0.46+0.15° 0.44+0.06
T RE 1.13£0.09° 1.97+0.39° 1.87+0.25° 0.73+0.02° 0.4140.06"
RM 3.52+0.28" 2.2240.07° 1.78+0.16° 0.45+0.05° 0.51+0.11°
RL 2.56+0.51° 1.06+0.29" 1.7240.12%° 0.53+0.10° 0.27+0.04°
SR 2.40+0.69° 1.75£0.35% 1.79£0.04% 0.57+0.08° 0.40£0.07°
30°~45° Fel NE 0.47+0.08™ 0.60+0.13° 0.25+0.06" 0.15+0.01° 0.20+0.01"
NM 0.71+0.08° 0.55+0.04" 1.02£0.11° 0.48+0.05" 0.33+0.04°
NL 0.61+0.06™ 0.80+0.13° 0.42+0.03™ 0.47£0.10% 0.22+0.03°
SEHE 0.60+0.07° 0.65+0.08° 0.56+0.23° 0.37+0.11° 0.25+0.04°
TE R RE 2.00+0.24° 2.28+0.40° 1.9240.16° 0.68+0.06° 0.31£0.03°
RM 2.86+0.29" 1.61£0.06° 1.64+0.07° 0.33+0.03° 0.52+0.11°
RL 3.61+£0.48" 1.54+0.10" 2.13+0.53° 0.53+0.12° 0.28+0.06°
S B 2.82+0.47° 1.81+0.24° 1.90+0.14° 0.51+0.10° 0.37£0.08°
45°~65° ik NE 0.37+0.05"™ 0.500.06° 0.32+0.07"° 0.16+0.02° 0.21£0.02°
NM 0.68+0.09" 0.63+0.04* 0.88+0.10° 0.34+0.04° 0.17+0.02°
NL 0.53+0.09° 0.73+0.07° 0.43+0.09° 0.54+0.10° 0.14+0.02°
S H{E 0.53+0.09° 0.62+0.07° 0.54+0.17° 0.35+0.11° 0.17+0.02°
i RE 1.28+0.10° 1.30+0.25° 2.25+0.06° 0.69+0.02° 0.32+0.01°
RM 3.33+0.13" 1.64+0.31° 1.74+0.50° 0.34+0.03° 0.58+0.06°
RL 3.36+0.10° 1.50+0.25" 1.49+0.23° 0.72+0.12¢ 0.25+0.06°
MG 2.66+0.69° 1.48+0.10" 1.83+0.22%° 0.58+0.12° 0.38+0.10°
AR AT R 1.91£0.23* 2.15+0.24° 1.86£0.20" 1.18+0.11% 0.87+0.24°
EREL TR 7.88+0.37° 5.04+0.30° 5.51+0.09° 1.67£0.06° 1.15£0.02°

E: FFTAR/NG PR 225 B35 (P<0.05) o

Note: Different lowercase letters in the same row indicate significant difference (P<0.05).
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Tab. 4 Root number per plant in different angle

WHRAERKME VEW 2R A Kt BARRAR%E Root number per plant
Root growth angle Crop type Growth stage A B C D E

0°~30° Fe Tl NE 22+6° 17+6% 9+1" 240° 60"
NM 28+2° 18+4° 17+2° 4+0° 6%1°

NL 47+3° 35+5° 18+2¢ 419 5+0°

S SAME 32+8° 23+6% 15+3% 3+1° 6%0°

TR RE 42+10° 35+6° 53+14° 4+1° 8+1°

RM 153+£21° 100+6° 98+15° 3+1° 11+0°

RL 63+4° 27+3° 50+10° 542° 9+3¢

SR 86+34° 5423 67+16™ 4+1° 9+1°

30°~45° HiAE NE 2242° 17+£2° 8+1° 240° 340
NM 25+4° 1942 15+3° 3+0° 5+1°

NL 28+3° 28+4° 11£1° 241° 3+1%

SEA4E 25+2° 21+3° 11£2° 240° 4+1°

iR RE 66+7° 54+11° 61+3° 5+0° 6+1°

RM 123+19° 83+10° 74£2° 3+0° 10+1°

RL 91+37 44+5% 65+11% 4+1° 13+4°

4G 93+16" 60+12° 674" 4+1° 10+2¢
45°~65° Fe ) NE 18+2° 21+3° 10+2° 2+1° 5+1
NM 28+2° 18+4° 17+2° 4+0° 6+1°

NL 27+6° 18+6™ 1242 3+0° 3+1°

SEHME 24+3° 19+1° 13+2° 3+1° 5+1°

TEAR RE 49+3° 36+4° 614 504 7+0¢

RM 128+19° 96+20° 88+13° 3+1° 13+£2°

RL 88+13° 46+10° 42+9° 5+1° 10+2°

SEAAE 88+23° 59+19° 64+13° 4+1° 10+£2°

SHATAR 2B 82+8° 64+4° 39+3° 9+1¢ 14+2¢

TR M 268+6" 174+6° 197+3° 12+0° 29+1¢

T R AR/NG PR R 2257 B3 (P<0.05) o

Note: Different lowercase letters in the same row indicate significant difference (P<0.05).
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Tab. 6 Correlation between ratooning ability and

indexes of root system and above ground part

Va2 J5hi FEHER J5bR MR o MR
Crop type Index Corre_la.tion Index Correlat_ion co- Index Correlat_ion coef-
coefficient efficient ficient
Wikt 0°~30°HR F HI L 0.894" 0°~30°H2 424k 0.829"  30°~45°Af fef i it 0.791"
0°~30°AR A 0.891" 30°~45°41 K 08277  WFHE 0.754”
0°~30°4i 0.880" 30°~45° KK it 0.827" 45°~65° HL AT 0.732"
A 08797  45°-65°HR K 08267 30°~45°4R T it 0.698"
0°~30° 5 8¢ it 0.876" 45°~65°H K 0.824™  450-650HLfef it 0.671"
0°~30°43 XL AL 0.873" 30°~45°43 UKL 0.818" 450~65ML T T B 0.589™
WS i 0.853"  45°-65°% WAL 08127 g AN Tk 0.443"
30°~45°HE R I R 0.8517 45°~65° MR M 0.804" M b3 i o 0.390™
0°~30°HR %k i 0.850™ 45°~65°HR 45K 0.803" 0°~30°F-H H 12 0.251
30°~45°4R AR 0.847" 0°~30°H T T fit 0.801" 30°~45°FH 12 0.100
30°~45°43 UKL 0.844™ 0°~30°3 LBk 0.795™ 45°~65° -2 B 1% 0.025
30°~45% AL 0.838" 30°~45°KR S %K 0.794"
TR 0°~30°HR 8f [ fit 0.734” 30°~45° 41 T it 0.653"  30°~45°%8 XK 0579
0°~30°H 7 1 FL 0.718" 30°~45°HRL i it 0.651"  30°~45°KR %L 0.577"
AR 0714 30°~45CKR B ik 06517 RHMKK 0.558"
SR 0.6977 450654 K 0.6407  45°-65°H KLt 0.545"
0°~30°HR 17 it 0.695™ 45065 T it 0.639"  0°~30°4 Mk 0.4587
0°~30°43 XL AL 0.691" 45065 ML AR 0.635" o b4 T B 04527
0°~30°H {1 0.6827 309~45°HL AL 0.635" 45965 KR it 0.440”
0°~30°R & 0.678" 30°~45°43 UL 0.619™ M b3 i 0.227
45°~65°H3 1 A1 0.675" 30°~45°H 0.616™ 45°~65° -1 B 1% 0.193
0°~30°32 LAk 0.671" 45°~65°38 LK 0.615" 30°~45°FH 12 0.159
30°~45°4R F 0.671" 45°~65°HR 421 0.610" 0°~30°F- 2 E 2 0.059
45°~65°4F UKL 0.655" 45°~65° KL 18 i Hk 0.604™
54 0°~30°H 8f [ f 0.805™ 30°~45° 41 2 i 7 0.650™ 459653 F i 0.558"
0°~30°H5 3 i L 0.793" 30°~45°HR F i & 0.6327  30°-45°HR %K 0.556"
0°~30° 4 R 0.788"  30°~45°4F %K 0.605"  0e~30°K ikt 05117
0°~30°43 X 0.763" 45°~65°4 UK 0.604" B 0.511"
R 5 i 07517 45965 KA 0.604"  45°-65H KLt 0.498"
0°~30°4R T i it 0.742" 45°~65°738 XKL 0.594"  Hb b ¥R i 0.430"
0°~30°K 0.742" 450~65°4 1A 0.588"  30°-45°R i 0.394”
0°~30°35 L4 0.726™ 30°~45°%35 LHL 0.582" 0°~30°F- B F 4% 0.139
0°~30°HR 2R 4L 0.705™ 30°~45°H K 0.578" I FSMf T ik 0.285"
M it 0.688" 45°~65°HR 4% 0.569™ 45°~65 - H AR 0.096
30°~45 AR ff [T 0.679" 45°65°41 K 0.568" 30°~45°FH 2 0.113
30°~45° LA 0.666™ 45°~65°Hf ff Ji i 0.563"

TFOR R E G (P<0.01 ),

Note: ~" indicates extremely significant correlation (P<0.01).
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