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Effects of simulated karst soil habitat stresses on photosynthetic characteristics and dry
matter allocation of Robinia pseudoacacia seedlings. HANG Hong-ao' ° WU Yan-you”
ZHANG Kaiyan'®> TAN Daijun' LU Na-na' MIN Xiaoying' GUO Tao' CHEN Lei'
(' State Engineering Technology Institute for Karst Desertification Control ~School of Karst Sci—
ence Guizhou Normal University ~Guiyang 550001 China; * State Key Laboratory of Environ—
mental Geochemistry Institute of Geochemistry Chinese Academy of Sciences Guiyang 550081
China) .

Abstract: To explore the adaptability of Robinia pseudoacacia to different karst environments and
its configuration in ecosystem construction four kinds of karst soil habitat stresses including
drought high-earbonate low-nutrient and phosphorus—deficiency were artificially simulated
under indoor hydroponic experiment. We measured the photosynthetic characteristics carbonic
anhydrase activity 8" C value and dry matter allocation of seedlings under different karst habitat
stresses. The results showed that under drought environment the seedlings of R. pseudoacacia
were the most sensitive and inhibited in the short term ( 10 days) . Although the root-shoot ratio
and water use efficiency were increased the seedlings could survive in a longer term ( 20 days) .
Under the high bicarbonate environment R. pseudoacacia seedlings increased the utilization of
HCO," by increasing the activity of carbonic anhydrase due to the decrease of stomatal conduct—
ance thereby improving dry matter allocation to stems and leaves and maintaining normal growth
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for a longer term. Under low nutrient environment stomatal factor was the main limitation for the
growth of R. pseudoacacia in a short term ( 10 days) . R. pseudoacacia increased the utilization of
HCO,™ in the solution by increasing the activity of carbonic anhydrase in the longer term ( 20
days) and increased dry matter allocation to roots. However the growth was still limited by the
concentration of inorganic elements in the solution. Under phosphorus—deficient environment the
R. pseudoacacia seedlings increased the utilization of HCO, ™ in the solution by up-regulating the
activity of carbonic anhydrase increased dry matter allocation to roots and maintained the high
growth capacity. The adaptation strateiges of R. pseudoacacia seedlings differed under different
karst environments. The results of comprehensive evaluation showed that the adaptation of R.
pseudoacacia to four simulated karst soil stresses was in the order of high carbonate phosphorus
deficiency low nutrition and drought.

Key words: karst habitat; Robinia pseudoacacia; photosynthesis; inorganic carbon utilization;
dry matter allocation.
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1
Table 1 The control test parameters under different karst environments
pH HCO;~ PEG
(mmol * L") (m/v %)
/CK 8.10+0.05 1 10 0 1X
/DT 8.10+0.05 1 10 6 1X
/HB 8.10+0.05 1 20 0 1X
/LN 8.10+0.05 1/8 10 0 1X
/PD 8.10+0.05 1 10 0 1/16X
o 4 1.2.3 10 20
10 & 1 °
d"C -6.69%o0. () ( ) 108 °C
20 d. 30 min 80 C o
1.2 (
1.2.1 10 20 RMR SLMR) (R/S)
09: 00—11: 00 Li-6400 1.3
+
(P, pmol CO, * m™> «s7") | (T. mmol SPSS 19.0
H,O*m> *s") . (G, mol H,O * m™ - LSD o
s . Co, (C, pmol CO, * mol™") 2
(WUE) =P, /T,
(L)=1-C,/C, ( LUE) 2.1
=P /PAR.
CO, 300 wmol * m™ = s CO, >
400 wmol mol ™. ( P<0.05) ( 2) 10 CK
1.2.2 "¢ (P)
(T) . (G) . co, (€)
o (LUE) (L)
(Wu et al. 2011) ; "¢ ( WUE) .
( 2015) . P, CK P, DT
2
Table 2 Effects of different karst environments on photosynthesis characteristics of Robinia pseudoacacia seedlings
o0,
(d) P,( pmol CO, * T (mmol H,O0+ G mol H,O Ci( pmol ~ WUE ( wmol CO, * L,
m2 s m?esh) m2es" CO, * mol™") mmol ™' H,0) LUE
10 CK 1.55£0.11 a 0.41£0.15 a 0.02+0.00 a 275.56+20.49 a 4.71+0.34 ¢ 0.31+0.05 b 0.005+0.000 a
DT 0.33+0.09 d 0.04+0.01 ¢ 0.00+0.00 ¢ 191.66+9.04 ¢ 7.65£0.57 a 0.52+0.09 a 0.001+0.000 d
HB 0.63+0.01 ¢ 0.13+£0.02 ¢ 0.01+0.00 b 212.55+8.21 ¢ 5.88+0.30 b 0.47+0.10 a 0.002+0.000 ¢
LN 0.92+0.20 b 0.19+0.03 b 0.01+0.00 b 239.20+7.21 b 4.74+0.22 ¢ 0.40+0.02 a 0.003+0.001 be
PD 1.07£0.19 b 0.34+0.04 a 0.02+0.00 a 284.21+12.82 a 3.08+0.20 d 0.29+0.03b 0.004+0.001 ab
20 CK 2.68+0.11 a 0.50+0.03 a 0.02+0.00 a 240.45+12.19 b 5.57£0.44 b 0.40+0.06 b 0.009+0.000 a
DT 0.37+£0.03 e 0.06+0.01 e 0.00+0.00 ¢ 198.08+11.68 ¢ 6.92+0.65 a 0.50+0.06 a 0.001+0.000 d
HB 0.44+0.03 d 0.15+0.01 d 0.01+0.00 b 192.50+14.21 ¢ 2.94+0.20 ¢ 0.52+0.04 a 0.001+0.000 d
LN 0.58+0.02 ¢ 0.32+0.02 b 0.01+0.00 b 294.93+15.68 a 2.06+0.10 d 0.26+0.04 ¢ 0.002+0.000 ¢
PD 1.08+0.04 b 0.22+0.02 ¢ 0.01+0.00 b 239.74+17.06 b 5.31+0.06 b 0.40+0.09 b 0.004+0.000 b

+ (n=5)

P<0.05
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Table 3 Comparisons of CA activities and 3" C values of
Robinia pseudoacacia seedlings under different karst envi—

ronments
8¢C
(d) (WAU » g7 FW) ( %o)
10 CK 878.60+27.82 ¢ -26.26+0.01 ¢
DT 342.87+31.39 d -25.40+0.01 b
HB 2516.52+102.44 a -26.90£0.02 e
LN 366.85+44.97 d -26.64+0.02 d
PD 1853.90+35.16 b -24.75£0.01 a
20 CK 297.97+14.37 d -28.10+0.01 e
DT 390.02+57.96 d -26.13£0.01 b
HB 3055.02+136.31 a -27.03£0.01 ¢
LN 559.39+49.07 ¢ -27.99+0.00 d
PD 823.87+29.43 b -25.83+0.02 a

Table 4 Comparisons of dry matter and allocation of Robinia pseudoacacia seedlings under different karst environments

(d) (g (g (g (%) (%)

10 CK 3.01+0.11 a 6.30+0.14 a 9.30+0.24 a 32.33+0.51 d 67.67+0.51 b 0.48+0.01 ¢
DT 2.22+0.05 ¢ 2.54+0.02 d 4.76+0.05 d 46.70+0.64 a 53.31+0.64 ¢ 0.88+0.02 a
HB 2.77+0.07 b 6.24+0.19 a 9.01+0.26 a 30.79+0.32 e 69.21+0.32 a 0.45+0.01 d
LN 2.28+0.11 ¢ 4.56+0.27 ¢ 6.83+0.37 ¢ 33.38+0.27 ¢ 66.62+0.27 ¢ 0.50+0.01 ¢
PD 2.95+0.05 a 5.07+0.10 b 8.02+0.09 b 36.82+0.67 b 63.19+0.67 d 0.58+0.02 b

20 CK 3.31+0.13 a 6.53+0.19 a 9.85+0.31 a 33.63+0.48 d 66.38+0.48 a 0.51+0.01 d
DT 2.44+0.17 b 2.53+0.25 d 4.99+0.41 d 49.21+0.85 a 50.79+0.85 d 0.97+0.03 a
HB 3.09+0.26 a 6.42+0.73 a 9.51+0.98 ab 32.87+0.92 d 67.13+0.92 a 0.49+0.02 d
LN 2.46+0.29 b 4.57+0.26 ¢ 7.04£0.65 ¢ 35.63+0.87 ¢ 64.38+0.87 b 0.56+0.02 ¢
PD 3.23+0.19 a 5.29+0.19 b 8.53+0.38 b 37.80+0.52 b 62.20+0.52 ¢ 0.61+0.01 b
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