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Absorption of poorly soluble phosphorus by sugarcane
seedlings and its response to low phosphorus stress
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Abstract ; In order to make clear the physiological and biochemical mechanism of sugarcane adapting to low phosphorus
stress, to tap the potential of sugarcane self-phosphorus, and to reveal the possible mechanisms of sugarcane adaptation
to low phosphorus stress, the absorption of insoluble phosphorus in sugarcane seedlings, the physiological responses to

root and root architecture under low phosphorus stress by hydroponic and pot-culture were studied, by using two sugar-
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cane varieties ROC22 and ROC10 as materials. The results were as follows: (1) The number of leaves, the dry weight of
the shoots and the biomass of sugarcane in the culture medium with insoluble phosphorus ( Ca-P and Al-P) as phospho-
rus source, were significantly increased compared with those treated with phosphorus deficiency (=P ). Moreover, com-
pared with the control (+P), the total phosphorus accumulation of sugarcane also increased significantly, reaching 30%
—=77% of the phosphorus accumulation in the control (+P) treatment. (2) Under the condition of low phosphorus, the
roots of sugarcane seedlings tended to distribute in deep soil, the total volume of roots increased, the longest root length
became longer, and the distribution of shallow roots increased. (3) Under the low phosphorus environment, the sugar-
cane seedlings were obviously acidified in the rhizosphere environment, and the root exudates could dissolve the inso-
luble aluminum phosphorus, and the activity of acid phosphatase in the plants was also significantly enhanced. The above
results indicate that sugarcane seedlings have strong ability to absorb and use insoluble phosphorus, while roots increase
under low phosphorus conditions, the roots of the main roots and the distribution of shallow roots increase, the acidifica-
tion of the rhizosphere and the enhancement of acid phosphatase activity in the plants, which may be an important me-
chanism for sugarcane seedlings to adapt to the phosphorus deficiency environment.

Key words: sugar cane, low phosphorus stress, insoluble phosphorus (P), root-system configuration, adaptive mechanism
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Table 1  Effects of insoluble phosphorus on apparent characters of sugarcane
A Ak B M MK -5 e

Cultivar Treatment Plant height (c¢m) Leaf length (cm) Leaf width (em) Leaf number

ROC22 CK(+P) 191.8+4.29 a 130.1+4.01 a 3.3x0.21 a 3.5+0.12 a

Ca-P 178.3+6.77ab 123.6+1.62 ab 2.8+0.07 b 3.2+0.26 a

Al-P 174.0+2.02 b 118.2+2.98 b 2.6+0.10 b 3.3£0.03 a

-pP 166.9 £3.25b 120.5+3.40 ab 1.6£0.03 ¢ 2.5+0.03 b

ROC10 CK(+P) 163.7+7.26 a 114.6+5.48 a 3.3+0.12 a 3.2+£0.15 a

Ca-P 163.8+4.37 a 116.8+2.90 a 3.0+0.06 ab 3.4+0.10 a

Al-P 149.8+5.43 a 104.5+4.78 a 3.0£0.09 ab 3.0+0.10 ab

-pP 147.3+6.21 a 106.6+4.92 a 2.7£0.21 b 2.7+0.12 b

1 FFEE)R /NG FHRAR, FoR 2R B3 (P<0.05), TIH,
Note: Different letters in the same column indicate significant differences ( P<0.05). The same below.
x2 HEAEBMNHEEVERRBLHZN
Table 2 Effects of insoluble phosphorus on biomass and root shoot ratio of sugarcane
Hi -3 ! i =y -
i b JLERTE RYE £ R R

. Shoot dry weight Root dry weight Biomass .

Cultivar Treatment N B . Root shoot ratio
(g - plant™) (g - plant™) (g - plant™)

ROC22 CK(+P) 26.37+2.31 a 4.06+£0.56 a 30.43+2.87 a 0.15+£0.01 b

Ca-P 22.49+3.55 a 3.60+1.01 a 26.09+4.54 ab 0.15+£0.02 b

Al-P 21.14+0.53 a 3.51+0.26 a 24.65+0.75 ab 0.17+£0.01 b

-pP 13.88+0.40 b 4.87+£0.34 a 18.75+0.42 b 0.35+£0.03 a

ROCI10 CK(+P) 22.87+0.76 a 3.26+0.13 a 26.13+0.84 a 0.14+0.00 b

Ca-P 20.90+0.07 a 2.79+0.23 a 23.69+0.20 a 0.13+0.01 b

Al-P 19.65+1.16 a 2.86+0.24 a 22.50+1.56 a 0.15+£0.02 b

-pP 14.31+1.33 b 3.96+0.71 a 18.28+1.91 b 0.27+£0.04 a

2.2 HEX SR EBNRKFF A

SERRI A AL BB R R R I 22 7
#(P<0.05) ,ROC22 f) Ca—P Al-P F1-P LbF 5
B CK (+P) &b H WK 2> T 32% . 70% 1 92%,

ROC10 E’J%&ﬁﬁj\ﬁﬂiﬁa CK(+P) ab3y b T

23% .63% 1 91% , 3% 3= W T 8 4 1 08 X i 1 e A
AT PR B 0 R T A AR 22 5% . ROC22 FiT ROC10
f)Ca—P Al-P Ab3H Y S W TR BB -P b2 I 3
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Table 3 Root under different soil phosphorus supplies of sugarcane
S 4h o PIAAR I H A SIS
Cultivar Treatment atio of upper a}nd Root volume ( cm®) The longest root (cm)
lower root dry weights

ROC22 +P/+P 1.08+£0.04 a 92.7+5.70 b 82.7+4.37 b
+P/-P 1.12+£0.04 a 123.3+1.67 a 100.2+3.35 ab
-P/+P 1.01+£0.07 a 87.7£8.09 b 95.7£10.17 ab
-pP/-P 0.79+0.09 b 140.0+2.89 a 122.3+15.62 a

ROCIO +P/+P 1.5240.05 a 58.3:4.41 b 63.7+3.18 b
+P/-P 1.31+0.06a 80.0+£2.89 a 78.5+1.04 ab
-P/+P 1.17£0.09 b 73.3+4.41 ab 62.0+£1.00 b
-p/-P 1.14+0.02 b 78.3£6.57 a 87.7£12.35 a

ROC
22
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10

B3 AR e X H AR PRg e 1 0
Fig. 3 Effects of low phosphorus stress on

root acidification of sugarcane
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Fig. 4 Complexation of aluminum by root secretions
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HEWE ) W W A A ( George et al., 2011 ; Rouached et
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