P VEYI 4R 2026, 47(1): 086-095
Chinese Journal of Tropical Crops

H A AN B B F B X (R AfviE B Ml Bz 5 1E

I

1,2 == 3 1,2 1,2 7 4 == = 1,2%
VRS, MW, Jwte, BRI, FRE, RWHE
1 AR IR T 0%, SRR 650205; 2. R AKMIRRE B BRI 2540 H R o B TR 560

=, mrFE  661699; 3. JCILEFMEL & EIRS hl, =RICIL 6533005 4. =i & TR ARAR, mMET
663402

M OE: MRRAS LA e A, BRI R R H A R ( Saccharum officinarum L. ) B 3 1) i 1 45
fiE PR3 e Al WA A ) DGR R 3R, Ay A R O A R R R R R A R ORI B AR . A S L e AR A
il 48 Mouna ., Loether FIHIRALAI A Fh NC20 ., Badila SHHFFEHA AL, 26488 (0.2 pmol/L KH,PO, ) FIIE # 5 ( 1000 pmol/L
KH,PO, ) 2 FIERE /KT, LB AT 4 i M AR RIE A F8Ar . MHIREEE 4. MR R TE ) SR ME R RIS 1 55 . 25 %W,
BRI 30 AN [R) AR B B0 o] T & H R A A R R B . o, BRI Al Loether AR . 25T BT bt SO MR AR W 1t 241K
B E S f /)y, HAR TR RO Jed S R . IR P 2 {4 Loether A1 48 Mouna M ERE | A BRI, WA
ST, H Loether AN INIR B iy B i o 48 R ZHGH A LUARE | AR T BUR LU AR R B BRI, b NC20
VAR MR B e, [l BT S AR 2R 27 B4 Ak . Ak, 48 Mouna Fl Loether 7EAR @ MIG T 28 30 1 58 5 A AR SR I B 8
B MRERIE S BARBERE S . VL EBEGTAB R T R G Rl 48 Mouna 5 Loether B 1T R ALAR ZR45H . 1 ki i
T AERFRSRAR R 1 RS N, AR TR R W SOR RO, R B ) AR e 8 N RE T

KW HE; PR KB MNE; BESCR; MAEEE; AHmA

hESES: S566.1 XEERED: A

Response Characteristics of Different Saccharum officinarum L. Geno-
types to Low-phosphorus Stress

RAO Xibing'? YANG Lihua’, DAO Jingmei'?, TANG Siqi'?, WEI Caiyan*, ZHAO Liping'*"

1. National Key Laboratory of Tropical Crops Biological Breeding, Kunming, Yunnan 650205, China; 2. Sugarcane Research Insti-
tute, Yunnan Academy of Agricultural Sciences / Yunnan Key Laboratory of Sugarcane Genetic Improvement, Kaiyuan, Yunnan
661699, China; 3. Yuanjiang County Planting Industry Development Service Center, Yuanjiang, Yunnan 653300, China; 4. Yunnan
Funing Xianggui Sugar Industry Co. Ltd., Funing, Yunnan 663402, China

Abstract: Sugarcane is a globally important cash crop and bioenergy crop, playing a critical role in promoting economic
development in sugarcane-producing countries. Phosphorus is an essential nutrient for plants, and low phosphorus
availability in soil often constrains the quality and yield of sugarcane in China. S. officinarum serves as an important
genetic foundation for modern sugarcane varieties. Elucidating the low-phosphorus tolerance mechanisms in phospho-
rus-efficient genotypes of S. officinarum is of significant theoretical and practical importance for screening and breeding
phosphorus-efficient sugarcane varieties, improving phosphorus fertilizer utilization efficiency, and promoting the de-
velopment of the sugarcane industry. The study was aimed to explore the response characteristics of different S. offici-
narum genotypes under low-phosphorus stress from the perspectives of root morphology and physiological adaptations,
identify key factors affecting phosphorus absorption, and provide a theoretical basis for improving nutrient utilization
efficiency in sugarcane through root plasticity modification. Phosphorus-efficient S. officinarum genotypes (48 Mouna
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and Loether) and phosphorus-inefficient genotypes (NC20 and Badila) were used in the study. Under two phosphorus
supply conditions, low phosphorus (0.2 umol/L KH,PO,) and normal phosphorus (1000 pmol/L KH,PO,), comparative
analyses were conducted on root morphological indices, low-phosphorus tolerance indices, root activity, acid phos-
phatase activity, and other physiological characteristics of each variety. The results indicated that low-phosphorus stress
could inhibit the growth and development of various sugarcane tropical varieties to different degrees. Among them, the
phosphorus-efficient variety Loether was the least affected by low-phosphorus stress in terms of plant height, stem dry
weight, and whole-plant biomass, while its root dry weight and root-to-shoot ratio significantly increased.
Low-phosphorus stress promoted increases in total root length, total root surface area, and total root volume in both
Loether and 48 Mouna, with Loether exhibiting the most pronounced increase. The specific root length, specific root
surface area, and specific root volume of most varieties decreased, with NC20 showing the greatest reduction. Addi-
tionally, all varieties exhibited root thinning. Furthermore, under low-phosphorus stress, 48 Mouna and Loether demon-
strated higher root low-phosphorus tolerance indices, root activity, and phosphorus acquisition capacity. In conclusion,
this study reveals that the phosphorus-efficient tropical varieties 48 Mouna and Loether can better optimize root archi-
tecture, enhance phosphorus absorption interfaces, maintain strong root activity and enzymatic adaptability, effectively
improve phosphorus absorption and utilization efficiency, and exhibit strong adaptability to low-phosphorus stress.
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Tab. 1 Plant height and dry matter accumulation measured in S. officinarum genotypes with contrasting
phosphorus efficiency under different phosphorus supply levels
o 73 iSRS ET
””ﬁ Plant height/cm RV/% Root dry weight/g RV/% Stem dry weight/g RV/%
Variety LP HP LP HP LP HP

48 Mouna 91.33* 118.11* -22.68 22.29* 16.73* 33.23 121.60° 143.49° -15.26
NC20 81.67° 105.33* -22.46 13.32% 12.60° 5.71 94.49° 96.01° -1.59
Badila 46.67° 75.53° -38.21 9.74° 18.82° -48.25 57.21¢ 113.65° -49.66
Loether 82.00" 83.00° -1.20 17.71% 7.40° 139.32 77.88° 88.74° -12.24
HME 75.42 95.49 -21.02 15.76 13.72 14.87 87.79 110.47 -20.53

e RFEEEEAR/NG PR BN 22 5 B2 (P<0.05) .

Note: Different lowercase letters after the same column of data indicate significant difference among treatments (P<0.05).

F2 FAREBKETARBEEHERAFTHTURMREENRE L
Tab. 2 Dry matter accumulation and root-shoot ratio of S. officinarum genotypes with different phosphorus
efficiency under different phosphorus levels

. Bk T 3 L

i A Total plant dry weight/g RV/% Root shoot ratio RV/%
Variety

LP HP LP HP

48 Mouna 143.89° 160.22° -10.19 0.18* 0.11° 63.64
NC20 107.81° 109.95¢ -1.95 0.14° 0.13° 7.69
Badila 66.95¢ 132.47° —49.46 0.17° 0.16 6.25
Loether 95.59° 96.14° -0.57 0.23" 0.08° 187.50
¥ 103.56 124.70 -16.95 0.18 0.12 50.00

T SR G AN 5 B3R m A PR 22 53 3% (P<0.05)

Note: Different lowercase letters after the same column of data indicate significant difference among treatments (P<0.05).
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Tab. 3 Phosphorus accumulation and low phosphorus tolerance coefficient of different S. officinarum genotypes
'%ﬁ M Leaflg RV/% LPT it Roov'g RV/% LPT
Variety LP HP LP HP
48 Mouna 0.03° 0.11° -72.73 0.27° 0.20° 0.21° —4.76 0.94*
NC20 0.10° 0.11* -9.11 0.91° 0.21° 0.25* —-16.00 0.83*
Badila 0.08* 0.10° -20.00 0.80* 0.18° 0.22° -18.18 0.82%
Loether 0.01° 0.09° —88.89 0.11° 0.21° 0.22° —4.55 0.95%
BE 0.06 0.10 ~40.00 0.53 0.20 0.22 -9.09 0.91

T BEER G A /NG 5 B3R Ab B ) 22 5

Note: Different lowercase letters after the same column of data indicate significant difference among treatments (P<0.05).

BE (P<0.05) .
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Tab. 4 Changes of physiological indexes of S. officinarum with different phosphorus efficiency under low phosphorus stress

rit

ARG

PR TEBERRAG (1)

PRTEBERR A (M)

Variety Root ctivity RV/% Acid phosphatase (Leaf) RV/% Acid phosphatase (Root) RV/%
LP HP LP HP LP HP
48 Mouna 82.41° 114.82° -28.23 121.08" 69.59" 73.99 1.45¢ 15.16° -90.44
NC20 47.97° 121.69* —60.58 54.23° 65.65" -17.39 15.54* 18.10° -14.14
Badila 48.69" 124.75% —60.97 148.11° 92.83° 59.55 7.57° 15.57° -51.38
Loether 88.35" 107.59° -17.88 54.81° 83.98* -34.73 1.24° 18.93* -93.45
HiE 66.86 117.21 -42.96 94.56 78.02 21.19 6.45 19.65 —67.18
T RAEEE A R/NG PRS2 5 B2 (P<0.05) .

Note: Different lowercase letters after the same column of data indicate significant difference among treatments (P<0.05).
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Tab. 5 Changes of root morphological parameters of different genotypes of S. officinarum under low phosphorus stress

7% I8 B

i

R

AR SR AR

R B

} Total root length/cm RV/% Root surface area/cm? RV/% Total root volume/cm?® RV/%
Variety LP HP LP HP LP HP
48 Mouna 40 225.97° 24 133.52° 66.68 6181.11° 4542.68° 36.07 78.55° 70.81% 10.93
NC20 27 675.11° 21 189.31° 30.61 4112.26° 3972.61° 3.52 53.76 60.72° ~11.46
Badila 27913.33° 39 237.81° -28.86 4150.79° 6385.61° -34.99 50.34° 80.36° -37.36
Loether 27 399.39° 10 282.27° 166.47 4140.39° 1776.01° 133.13 51.29° 25.03¢ 104.91
¥I{E 30 803.45 23 710.73 29.91 4646.14 4169.23 11.44 58.49 59.23 -1.25

T FFERE A /N

G RN AL B 22 57 8 2 (P<0.05) &

Note: Different lowercase letters after the same column of data indicate significant difference among treatments (P<0.05).
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Tab. 6 Changes of root morphological parameters of different genotypes of S. officinarum under low phosphorus stress

AR K L AR 2= AR LU AR AR R SRR EHAR
R Specific root lensth RV/O Specific root sur- RV/O Specific root RV/O Average root RV/O
Variety P g Vi% face area V% volume V% diameter/mm %
LP HP LP HP LP HP LP HP
48 Mouna 1836.23° 1636.98®®  12.17  284.37° 307.72"  -7.59 3.64° 479  —24.01 0.49* 056 —12.50
NC20 1906.18" 193438  —1.46  285.22° 364.27° -21.70 3.70°  5.59° -33.81 0.53*  0.61° —13.11
Badila 2649.91°  2097.54° 2633 394.04° 340.25" 15.81 478" 430" 11.16 0.49° 0.53° -7.55
Loether  1475.82° 1489.08° -0.89  224.58" 258.46" -13.11 2.79°  3.66° -23.77 0.50° 0.55° -9.09
BSER 1967.04  1789.50 9.92  297.05 317.67 -6.49 373 4.58 ~18.56 0.50 0.56  -10.71

e RFEEE A R/NG PR BN 22 5 B2 (P<0.05) .

Note: Different lowercase letters after the same column of data indicate significant difference among treatments (P<0.05).
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