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Abstract

Aims  Our objective was to investigate the threshold effects of photosynthetically active radiation (PAR) and soil
mass water content (Wy,) on photosynthetic and physiological parameters of Prunus sibirica, and understand the
adaptability of P. sibirica to light and soil moisture conditions. We determined optimal Wy, and PAR for P. sibirica
to maintain higher net photosynthetic rate (P,) and water use efficiency (WUE).

Methods Using CIRAS-2 portable photosynthesis system, we measured P,, transpiration rate (T,), WUE and
other photosynthetic and physiological parameters of three-year-old P. sibirica under different soil moisture con-
ditions.

Important findings P,, T, and WUE of P. sibirica had the critical response to soil moisture content and PAR.
With increases in Wy, (6.5%—18.6%), the light compensation point decreased and light saturation point, apparent
quantum yield and maximum P, increased. When Wy, was about 18.6%, the low and high light use efficiency of P.
sibirica was maximal. The index of Py, T; obviously increased with increasing W, (9.2% to 18.6%), but Py, T, de-
creased when Wy, was too high or low. When PAR ranged from 800 to 1 200 umol-m‘z-s‘l, P, and WUE were
higher and the light saturation points of P, and WUE were from 983 to 1 365 umol-m™2.s™. These indicated that P.
sibirica possessed higher adaptability to light conditions. Based on photosynthetic and physiological parameters,
the soil water availability and productivity of P. sibirica were classified and evaluated. For P. sibirica woodland,
< 9.2% or >22.3% were low productivity and middle WUE, 20.5%—-22.3% was middle productivity and low WUE,
9.2%-12.9% of W,,, was middle productivity and middle WUE and 12.9%-20.5% of W, was high productivity and
high WUE. The optimum high productivity and high WUE of W,, were about 18.6%, and the corresponding

ek H iReceived: 2010-06-23 4552 H 1 Accepted: 2010-11-26
* J@ {1 # Author for correspondence (E-mail: zhgc@sdau.edu.cn)



ST A s i e a 2L S0 LK I RO R BB RN 323

optimum PAR was about 1 365 umol-m2.s™.

Key words net photosynthetic rate, Prunus sibirica, soil water availability, threshold effect, water use efficiency
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Fig. 1 Light responses of net photosynthetic rate (P,) of
Prunus sibirica leaf under different soil moisture conditions
(mean + SE). PAR, photosynthetically active radiation.
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Table 1 Photosynthetic and physiological parameters of Prunus sibirica leaf under different soil moisture conditions (mean + SE)

TR KR EKE) R R IR SUEN JOAMEE R FEULR R FREE A
Wi (W) AQY (umol-mol™)  Rg(umolm?s™®)  LCP (umolm?2s?) LSP (umol-m2s™®)  Pupa (Umol-m2s™?)
22.3% (81.8%) 0.022 + 0.005™ -1.07 +0.14¢ 61+10° 1023 + 20° 6.46 + 0.28¢
20.5% (74.5%) 0.033 £ 0.002° -1.24 + 0.26° 46+ 8° 1110 +23° 8.47 + 0.56°
18.6% (67.6%) 0.083 + 0.003° -1.64+0.15 22 + 4° 1365 + 32° 13.30 + 0.45°
16.9% (61.5%) 0.043 + 0.005" -1.85+0.32° 47 + 6° 1268 +14° 12.66 + 0.40°
14.8% (53.8%) 0.033 +0.012° -1.92+0.35° 64 + 10% 1212 +28° 11.62 +0.21°
12.9% (46.9%) 0.033 +0.008° -1.64+0.21° 70 +11° 1025 + 16° 9.70 + 0.38°

9.2% (33.5%) 0.033 +0.007° -1.06 +0.19¢ 41+6° 997 + 21¢ 5.72 + 0.15%

6.5% (23.6%) 0.015 + 0.006™ -0.67 +0.05° 47 +5° 983 + 20° 4.14 +0.12°

(7 B AN RN R R S i 7 (p < 0.05)

AQY, apparent quantum yield; LCP, light compensation point; LSP, light saturation point; Pnma, Mmaximum net photosynthetic rate; Ry, dark respira-
tion rate; Wy, soil mass water content; W,, relative water content. Data with different lowercase letters in the same column indicate significant differ-

ence at 0.05 level.
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Fig. 2 Light responses of transpiration rate (T,) of Prunus
sibirica leaf under different soil moisture conditions (mean +
SE). PAR, photosynthetically active radiation.
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Fig. 3 Light responses of water use efficiency (WUE) of
Prunus sibirica leaf under different soil moisture conditions
(mean + SE). PAR, photosynthetically active radiation.
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Fig. 4 Soil moisture responses of net photosynthetic rate (P,)
and water use efficiency (WUE) of Prunus sibirica leaf (mean
+ SE). W,,,, soil mass water content.
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Table 2 Grading and evaluation criterion of soil moisture productivity and availability

BNyt TR A KR THOKS AR MR A K R T N & A SECEIEARER )
Cluster  Soil mass water ~ Grading of soil moisture pro- MEAR(ER Photosynthetic and physiological parameters (mean + SE)
content (W) ductivity The W threshold 34l g% e IRy R A%
value of predication  p_ (umol-m2s?) T, (mmol-m2s™Y) WUE (mmol-mol™)
A 22.3%, 9.2%, &= 2K Low productivity  >22.3% or <9.2% 4.30 £ 0.89° 1.29 +0.29° 2.93+0.34°
6.5% and middle WUE
B 20.5%, 12.9% TRk Middle productiv-  20.5%-22.3%
ity and low WUE b a c
UK Micdle productv-  9.2%-12.9% 692:043°  248x088 2662095
ity and middle WUE
C 18.6%, 16.9%, 7 ER7K High productivity  12.9%-20.5% 10.09 + 1.35% 2.53 £0.28% 3.82 +£0.35°

14.8% and high WUE

[Fi)— 1 i AN )N 'S TR R R 22 57 i (p < 0.05)

P,, net photosynthetic rate; T,, transpiration rate; WUE, water use efficiency. Data with different lowercase letters in the same column indicate sig-

nificant difference at 0.05 level.
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