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Abstract It is important to study the responses of plants to water and shading stress and the physiological mechanisms

responsible for stress tolerance for rational cultivation management. In the present study, the Chinese medicinal herb),
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Rhodiola kirilowii, was subjected to five watering and two shading treatments. The watering treatments were applied based
on different soil water capacities, i.e., 80% ( wet watering), 70% ( normal watering), 60% ( light drought), 40%
( moderate drought) , and 20% ( severe drought). The shading treatments consisted of full light and shading with 85% black
shade netting. Growth, physiological, and biochemical parameters of the treated plants were recorded. Under the different
watering treatments, compared with the control, the chlorophyll content, stem dry weight, and stem mass ratio ( SMR)
increased significantly ( P<0.05). In addition, plant height, total biomass, leaf area, leaf dry weight, leaf mass ratio
(LMR), specific leaf area (SLA), leaf area ratio (LAR), and leaf area:root mass ratio (LARMR) increased, whereas
the root ;shoot ratio and root mass ratio (RMR) decreased. With increasing water stress, malondialdehyde, proline, and
soluble sugar (Ss) contents increased, and superoxide dismutase activity initially increased but subsequently decreased.
Under shading treatments, plant height, SMR, SLA, LAR, and LARMR increased significantly ( P<0:05) chlorophyll
SPAD values and leaf area increased, whereas total biomass, root dry weight, root; shoot ratios“and LMR decreased
significantly ( P < 0.05), and stem dry weight and leaf dry weight decreased. Malondialdehyde content increased
significantly, whereas proline content decreased slightly and Ss content decreased. Under water deficit, R. kirilowii showed
increased antioxidant enzyme activity under moderate drought stress, but the threshold was exceeded under severe drought
stress, when plants suffered stress-induced injury. Soluble sugars may represent the.major osmotic adjustment compounds.
Under shading stress, R. kirilowii increased SLA to compensate for decreased incident light. Thus, R. kirilowii altered leaf
morphology, MDA content, protective enzyme activity, and osmotic adjustment ¢ompounds to ensure normal growth under

exposure to environmental stress.

Key Words: Rhodiola kirilowii; moisture; shade; growth; physiological and biochemical responses
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Fig.1 Effects of different treatments on chlorophyll content of Rhodiola kirilowii
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Table 1 Effect of different water treatments on growth of Rhodiola kirilowii

sk AbFE Treatments
Variables RIBASWD ERK(W2)  RETR(WI)  RETR(W4)  EETR(WS)

Wet watering Normal watering Light drought Moderate drought Severe drought
¥R Plant height/cm 129+ 1.4a 10.6 + 1.0a 13.6 + 1.7a 11.9+2.7a 13.2+ 1.7a
A=Y Total biomass/g 2.75+0.51a 2.11 £0.29a 2.92+0.12a 2.52 +0.44a 2.32+0.44a
W Leaf area/cm? 47.89 £ 8.31a 29.33 £ 3.89a 60.33 £ 8.11a 53.94 + 15.08a 55.41 + 13:66a
HR3EE Lt Root-shoot ratio 2.94 + 0.23ab 3.50 £ 0.20a 2.81 £ 0.29ab 2.49 + 0.40b 1.50 £0.08¢

T H Root dry weight/g
ZET 1 Stem dry weight/g
M+ Leaf dry weight/g

2.4027 + 0.4641a
0.1154 + 0.0202ab
0.2277 £ 0.0299a

1.9010 + 0.2652a
0.0660 + 0.0106b
0.1477 £ 0.0153a

2.5366 + 0.1311a
0.1221 + 0.0185ab
0.2572 £ 0.0252a

2.1624# 0.3599a
0.1105 + 0.0242b
0.2474 '+ 0.0653a

1.8839 + 0.3712a
0.1855 + 0.0406a
0.2550 + 0.0529a

ML [k RMR 0.87 + 0.009a 0.90 = 0.007a 0.87  0.015a 0.87  0.018a 0.81 = 0.013b
25T SMR 0.04 = 0.004b 0.03 + 0.002b 0.04 = 0.006b 0.04 £0.005b 0.08 = 0.004a
M [ LMR 0.09 = 0.006a 0.07 £ 0.007a 0.09 +0:009a 0.09 = 0:014a 0.12+0.017a
e AL SLA/ (em?/g) 205.01 + 14.93a 195.17 + 10.29a 236.39 + 25.21a 213.53 + 8.39a 214.59 + 13.67a
M AL LAR/ (em®/g) 17.76 + 1.89a 14.15+ 1.11a 20.78+ 2.72a 19.83 +3.19a 24.82 +3.77a
AR T L LARMR/ (em?/g)  20.50 £2.38a 15.85 + 1.34a 24.06.+ 3.33a 23.24 + 4.15a 31.11 + 4.96a

RMR : % 7 (Y FE 3042 B root mass ratioSMR ; X 1 3 SC 4 Pf stem mass ratioLMR ; X FFE SC 4 Pf leaf mass ratio

F2 AEHERALER BRI SR E KM
Table 2 Effect of different shading treatments on growth of Rhodiola kirilowii

- Kb Treatments o KPR Treatments

fithr N ey -

Variables AYER(T) RACET2) Variables 2GR (T HHI(T2)
Sun Shading Sun Shading

¥k Plant height /cm 7.5+0.4b 10.0+0.6a B A=) Total biomass /cm 1.08+0.15a 0.64+0.07b

M FR Leaf area/(em?) 43.04+6.84a 53.23+8.26a H5E . Root-shoot ratio 1.12+0.07a 0.70+0.07b

T T Root dry weight/g 0.5412+0.0744a  0.3208+0.0372b || 25T & Stem dry weight/g 0.0749+0.0115a  0.0604+0.0089a

M5 Leaf dry weight/g 0.1275+0.0193a  0.1212+0.1711a || #2#E t RMR 0.50+0.00a 0.50+0.00a

ZEH [k SMR 0.07+0.006b 0.09+0.007a -t LMR 0.43+0.006a 0.41+0.007b

LA SLA/ (em?/g) 95.89+8.30b 207.12+23.10a || ML LAR/ (em?/g) 40.49+3.13b 82.99+8.73a

i BUR T b LARMR (em?/g) 80.97+6.26b 165.99+17.45a

SLA ;X W Y3 SC P specific leaf area; LAR : X W [ L4 Hf ; leaf area ratio; LARMR ; X I Y 3 SC 4= 9
g F B AR ER (mean=SE ) 3 AT A /NG T FR A BRI 0.05 ACPIF4E B35 2R

leaf area: root mass ratio; & 1 AU(H

2.3 KA B B X A I 21 5 K PN I B i A R )
Al 2AR] UL TN RS B AEAN DK A A5 T b BT R AN B RN, A E S T RaA B R E,
(&1 2B AT WL, N B i S AR B 2 TR R
PR N &y S EROR JURAR SN k=R /] syt A R ]

M 3 Af L FE R EE T RAE R, SOD 1 35 i T B kB, HE
W,
2.5 KT B BH X A LT 5 K35 35 R Y 4 5 ) R T

L 4 0] 0L R [RD K 43 sk B AL B R IR & AR A A PR 22 S AN 2 (1K 4)

H B SA IO OREDK A EE R F2 5 T SRS T AR BE T I vepE B s T, e R
HHRETET, WS Rk 2R, MK SB a3 AL B R Al i v & i 3 NI,

EUKAr4F T SOD Wit 2 5O
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Fig.2 Effects of different treatments on MDA content of R. kirilowii
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Fig.3 Effects of different watering treatments on SOD activity of

R. kirilowii
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Fig.4 Effects of different treatments on proline content of R. kirilowii
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Fig.5 Effects of different treatments on soluble sugar content of R. kirilowii
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