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Growth and physiological responses to low phosphorus stress in seedlings
of Choerospondias axillaris families with different phosphorus efficiencies

Wu Min', Chen Minggao', Liu Panfeng’, Tong Qi’, Tong Fangping', Xiong Zhenyu', Chen Rui', Li Gui'

(1. Hunan Academy of Forestry, Changsha 410004, Hunan, China; 2.Institute of Economic Forestry, Chinese Academy of Forestry
Sciences, Zhengzhou 450000, Henan, China; 3. Guizhou Botanical Garden, Guiyang 550004, Guizhou, China)

[ Objective] To investigate the key growth and physiological mechanisms underlying the adaptation of different families of
Choerospondias axillaris to low phosphorus stress, so as to provide theoretical basis for the subsequent cultivation of high phosphorus
efficiency and excellent varieties. [ Method] High-phosphorus-efficient families (L56, LF001) and low-phosphorus-sensitive families
(L44, R27) were selected as experimental materials. A pot experiment was conducted under two phosphorus levels: normal phosphorus
(16.0 pg/g, NP) and low phosphorus (0.2 ug/g, LP). Growth and physiological indices, including ground diameter, plant height,
biomass, tissue phosphorus content, root activity, the activities of acid phosphatase (ACP), superoxide dismutase (SOD), peroxidase
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(POD), catalase (CAT) and nitrate reductase (NR) in rootswere measured to analyze the responses of morphological and physiological
traits of different families to low phosphorus stress at the seedling stage. [Result] 1) Under LP stress, the growth of four families
was significantly inhibited, while the root-to-shoot ratio, root activity, POD activities and phosphorus use efficiency (PUE) increased
significantly. ACP and NR activities showed a decreasing trend, whereas SOD and CAT activities tended to increase. The responses of
these indicators to LP stress exhibited significant variation among families; 2) Under low phosphorus stress, except for seedling height,
the growth indexes such as ground diameter, root dry matter mass, total dry matter mass accumulation, root activity, ACP, SOD, NR
activity and PUE of family L56 and LF001 were significantly higher than those of family L44 and R27; 3) There were obvious family
differences in the response of antioxidant enzyme system (SOD, POD, CAT) to low phosphorus stress: L56 showed extremely high
SOD activity and high POD and CAT activity; IFO01 showed extremely high POD activity and high SOD and CAT activity. R27 showed
higher POD activity, but lower SOD and CAT activity. L44 showed higher CAT activity, but lower POD and SOD activity; 4) Correlation
analysis showed that there was a significant positive correlation between root-shoot ratio, root activity and antioxidant enzyme activity
(SOD, POD, CAT) of Choerospondias axillaris at seedling stage. There was a significant positive correlation between NR and ACP,
ground diameter, root dry weight, aboveground part dry weight and other growth indexes. The aboveground P accumulation was
significantly positively correlated with aboveground part dry matter, but significantly negatively correlated with PUE. [ Conclusion] L56

and LF001 belong to the synergistic and efficient type of high accumulation and high efficiency.

Keywords: Choerospondias axillaris; low phosphorus stress; phosphorus efficiency; root activity; antioxidant enzymes
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Growth traits of C. axillaris family seedlings
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Table 1 Characteristics of growth traits in C. axillaris varieties families at seedling stage

RE 4% Ground diameter i 15 Seedling height R & T i s Root dry biomass
Family LP /mm NP /mm o LP/cm NP /cm a LP/g NP /g o
L44 443+1.16bB  12.23+0.62aA 0.36 16.33+2.19aB  4333+2.19aA 038 3.50+035dB  17.17£2.56abA  0.20
R27 597£0.12bB  10.53£0.99aA 0.57 18.33+0.88aB  31.67+2.03bA  0.58 6.701+0.26 cB 12.97+0.69bA  0.52
Ls56 9.80+0.21aB 13.37£0.47aA 0.73 21.17+£1.48aB  33.67+1.33bA 0.63 11.37£047aB  20.17%£0.84aA  0.56
LF001 8.30%£0.25aB 11.67+0.60aA 0.71 19.00+0.58aB  27.671+0.88bA  0.69 9.87£0.15bB  16.70+0.96 abA  0.59
RE Hb_FF¥) )5 Shoot dry biomass MW Total dry biomass 7 Lt Ratio of root to shoot
Family LP/g NP /g o LP/g NP /g o LP NP a
L44 3334+0.38cB  24.40%=1.79aA 0.14 6.8310.73dB  41.57£4.33 abA 0.16 1.05£0.03 cA 0.7040.05 bB 1.50
R27 6.10£0.12bB  18.07+0.90bA  0.34 12.80+£0.38cB  31.03£1.59bA 041 1.10£0.02bcA  0.72£0.01 bB 1.53
L56 9.03+0.39aB 23.97+1.28aA 0.38 20.40+0.84 aB  44.13%£2.11aA 0.46 1.2640.03 aA 0.8440.01 aB 1.50
LF001 8.27%£0.33aB 20.2+0.58 abA  0.41 18.13£0.34 bB  36.90x1.51 abA  0.49 1.20+0.05abA  0.83£0.03 aB 1.45

T ASARNE FRFRE R TAFRRR A ZRZE (P <005 , FTARKNSFRERR—FXRFERFA RS ZRLE (P <005 . FH.
Different lowercase letters in the same column indicate significant difference among different families under the same treatment at 0.05 level. Different capital
letters in the same line indicate significant difference among different treatments of the same family at 0.05 level. The same below.
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Table 2 Phosphorus accumulation and phosphorus use efficiency of C. axillaris families

B b 7

o EE o AR R
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F§§'i Shoot P content /(mg-g ') Shoot P accumulation /(mg-# ) Phosphorus use efficiency /(g-mg ")
ami
Y LP NP LP NP LP NP
L44 0.46+0.01 aB 0.880.05 bA 1.52+0.17 cB 21.51+2.83 aA 2.20%0.05 cA 1.151+0.06 aB
R27 0.43+0.01 bB 1.1940.03 aA 2.59+0.10 bB 21.44+1.20 aA 2.3610.05 bA 0.84+0.02 bB
L56 0.3940.01 cB 0.97£0.03 bA 3.52+0.17 aB 23.21+0.78 aA 2.574+0.03 aA 1.034+0.03 aB
LF001 0.394+0.01 cB 1.0110.06 bA 3.23+0.14 aB 20.47+1.81 aA 2.561+0.03 aA 1.00+0.06 aB
300 st
) aA aA
T 250 | a8 aA < 4l . B3
2 e z
=4 = aB aA bA
> 200 F bA 9 —F— ]
E —— 5 5l bB
-5 < A A —EF
Q Ay C C
& L O
5 P07 e =
~ 5 ::ﬁ;j 2t
R 100 4 bB oo
HI L cB &%
@ g |
™ 50 %
égé
0
0 L44 R27 L56 LF001 L44 R27 L56 LF001
2% % Family 2% % Family
B P I e

AFNG FREZORA— AT A RK R ERZE (P <005 ,

AFRS FRER R — R R AR 25 83 (P <0.05) . R,

Different lowercase letters indicate significantly difference among different families under the same treatment at 0.05 level. Different capital letters indicate significant
difference among different treatments of the same family at 0.05 level. The same below.
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Fig.2 Root activity and ACP acticvity of C. axillaris families under different phosphorus levels
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Fig.5 Correlation analysis of growth and physiology indexes in C. axillaris
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