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Changes in Photosynthetic Performance and Water Relation Parameters in the
Seedlings of Korean Dendropanax Subjected to Drought Stress

Kyeong Cheol Lee’

Division of Botanic Research and Management, NIE, Seocheon 33657, Korea.

ABSTRACT

Background: This study aimed to investigate out the influence of drought stress on the physiological responses of Dendropanax

morbifera seedlings.

Methods and Results: Drought stress was induced by discontinuing water supply for 30 days. Under drought stress, photosynthetic
activity was significantly reduced with decreasing soil water content (SWC), as revealed by the parameters such as Fv/Fm, maxi-
mum photosynthetic rate (Py max), Stomatal conductance (g;), stomatal transpiration rate (E), and intercellular CO, concentration
(Ci). However, water use efficiency (WUE) was increased by 2.5 times because of the decrease in g to reduce transpiration. Particu-
larly, E and g, were remarkably decreased when water was withheld for 21 days at 6.2% of SWC. Dendropanax morbifera leaves
showed osmotic adjustment of —0.30 MPa at full turgor and —0.13 MPa at zero turgor. In contrast, the maximum bulk modulus of
elasticity (E.x) did not change significantly. Thus, Dendropanax morbifera seedlings could tolerate drought stress via osmotic

adjustment.

Conclusions: Drought avoidance mechanisms of D. morbifera involve reduction in water loss from plants, through the control of
stomatal transpiration, and reduction in cellular osmotic potential. Notably photosynthetic activity was remarkably reduced, to

approximately 6% of the SWC.
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< Ag3ke] F3IATE (Neil, 1988; Park, 2009). A% ~Ed|
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Fig. 1. Changes of air temperature and relative humidity
during the experimental period. Data were
represented as the daily averages.
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Table 1. Changes of soil water contents (SWC), water saturation deficits (WSD), SPAD, Fv/Fm and Fo/Fm of Dendropanax morbifera by

drought stress.

Treatment SWC (%) WSD (%) Fv/Fm Fo/Fm SPAD
DS 1 29.80+1.20° 1.46%0.57¢ 0.80+0.01? 0.20+0.01¢ 17.242.90™*
DS 7 26.20+2.30° 7.12+0.35" 0.79+0.03° 0.21+0.03¢ 16.9+2.10™
DS 14 10.20+3.10° 8.48+0.49" 0.74+0.02° 0.26+0.02° 14.6+3.40"™
DS 21 6.20+0.60° 24.88+0.85° 0.69+0.06" 0.310.06° 14.3+3.20™
DS 28 5.60+0.50¢ 27.82+0.82° 0.64+0.02¢ 0.36+0.02° 14.7+3.20™

Each value is expressed as the means = SD (n = 6). *Different letters indicate values significantly different by Duncan’s Multiple Range Test

(DMRT) (p < 0.05). NS; Non-significant.
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Fig. 2. Comparison of visual damage of Dendropanax morbifera
drought stress. (A); before stopping the supply of water, (B); 14 days, (C); 28 days.
After stopping the supply of water.
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Fig. 3. Changes of photosynthetic parameters of Dendropanax morbifera by drought
stress (on PPFD 1,000 umol-m~s7"). (A); maximum photosynthetic rate, (B);
stomatal transpiration rate, (C); stomatal conductance, (D); water use efficiency, (E);
intercellular CO, concentration, (F); and stomatal limitation of Dendropanax
morbifera by drought stress (on PPFD 1,000 umol-m™:s™"). Each point is expressed
as the means = SD (n = 10). Different letters indicated significantly different from
WS 1 and P values were calculated by using paired t-test (*is p < 0.05 and **is p <
0.01).
olg|gk AHFA A8 vAA A3 MR myHow Ue 'de ATt 03 MPaE dolAAl &tk ey vl
U, ARRA AT AV '3H Ak Falslke AEr W AFREoEE 1R 2EY A #3o) wig T8 o
A+ (Fan et al, 1994; Marshall and Dumbroff, 1999; S 3P, B3] E9 Fgo] AVNEYE, wete] = =
Lemeoff et al., 2002). e FOR 7132 Fof e Bad coE A% FF
FAYF] A 271982 o] ARz (¢ @ ¢ JE= $th (Hopkins, 1999).
HdlzA o] ARREEE (P B AR 2EFAZ Q) AEA AL Ax 2Ef 2 tigh dRkAQl ghgo]A] Rt
A2HDEH 27 013 MPa, 03 MPad] %3 A2 B BE AZo] §do] $EE 23T & Yt AL ohH,
AT YRbd oz ARl o]RojX]= 3t 82 443 Lupinus atlanticus 5 Lupinus%y 3 2] 2182 ¥a]o] 454
SHE L, AT AR A% AFEXEMe] AE -1.0MPa A2 A9 QI SIS (Turner, 1986), Vigna unguiculata
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Table 2. The effects of drought stress on water relations parameters in Dendropanax morbifera.

. P P, Ermax ¥, Va® Vi
reatment (MPa)" (MPa)? (MPa)? (MPa)* %)
DS 1 1.50+0.00 1.26+0.01 7.32+7.30 0.03+0.00 4534+2.49
DS 28 1.80=0.00 1.39+0.01 6.34+0.35 0.02+0.00 67.35+3.15
Treatment RWC™ Rw(CtP Vo?/DW'? Vi/DW Ns'"/DW
(%) (%)” (gH20/gDW) (gH,O/gDW) (gH,0/gDW)
DS 1 90.59+0.90 82.78+1.00 1.85+0.05 3.38+0.21 0.10+0.02
DS 28 92.36+0.80 76.60+0.76 0.95+0.20 2.92+0.12 0.06+0.00

W 2t osmotic potentials at full turgor, 2,"P; osmotic potentials at incipient plasmolysis, *E,,.; maximum elastic modulus of the cell wall, "\P',;
matric potential, *Va; total apoplastic water volume, ®Vt; volume of symplastic and apoplastic water at maximum turgor, ”Vo; total symplastic
water volume, JRWC™; relative water content at full turgor, "RWC'P; relative water content at incipient plasmolysis, "’DW; dry weight, '"Ns;
total number of osmole. ™, *, **Indicate non-significant and significant at p < 0.05 or < 0.01, by t-test. Each value is expressed as the means =+

SD (n = 4).

(Shackel and Hall, 1983).
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