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Effects of soil water on photosynthesis of Forsythia suspensa ( Thunb.) Vahl. in

spring and summer
LANG Ying, WANG Ming”

State Key Laboratory of Earth Surface Processes and Resource Ecology, Academy of Disaster Reduction and Emergency Management, Beijing Normal
Unaversity, Beijing 100875, China

Abstract: In face of global climate and environment change, the North China is experiencing the increasing trend of mean
temperature and the pattern change of precipitation, resulting in more and more severe volatility in regional soil water
contents. This phenomenon may significantly affect the photosynthesis, growth and productivity of plants in the region. The
objective of this study is to explore the photosynthetic and physiological characteristics of Forsythia suspensa (Thunb.) Vahl.
under different soil water conditions and various light intensities in both spring and summer. With the quantified relationship
between the photosynthesis and soil water content in both seasons, this study can help understand the responsive and
adaptive characteristics of Forsythia suspensa for more severe and longer droughts that may occur as a result of regional
climate change in the North China. By using a Li-6400 portable photosynthetic system, the light response processes of the
two-year Forsythia suspensa under multiple controlled soil water content treatments in both spring and summer were

measured and analyzed. The response of photosynthetic parameters under both low light and saturated light conditions in
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spring and summer were also investigated. The results show that the photosynthetic characteristics of Forsythia suspensa are
related to the photosynthetically active radiation (PAR), the relative soil water content (SRWC) and the periods of plant
growth and development. First, when PAR <200 pwmol m™ s™', the light responses of net photosynthetic rate ( Pn),
stomatal conductance ( Gs) , and water use efficiency (WUE) were not sensitive to seasons, while the responses of Pn and
Gs were related to both soil water contents and seasons in strong light, and their differences between spring and summer
appeared to be significant when the SRWC>40%. When the SRWC=<32.41% in spring and SRWC<38.65% in summer,
Pn and Gs maintained lower level when PAR increased from 0 to 1800 wmol m™ s™'. Second, when 37.52% <SRWC <
42.55% or 64.10% < SRWC <92.97% in spring, photo-inhibition occured, while no photo-inhibition was observed in
summer when PAR changed from 0 to 1800 pwmol m™ s, indicating the occurrence of photo-inhibition was also related to
periods of plant growth and development. Third, the apparent quantum yield (¢), Pn, WUE, Gs, intercellular CO,
concentration ( Ci) , and stomatal limitation value (Ls) in both seasons have similar response to soil water content, while
the soil water content thresholds of the parameters were different between spring and summer, indicating the importance of
soil water content thresholds in the seasonal difference of light responses. Finally, the optimal soil water content ( SRWC)
range was from 51.84% to 58.96% in spring and from 52% to 83.34% in summer in which Forsythia suspensa has relatively
high Pn, Gs, WUE and ¢, and in which no significant photo-inhibition was observed, and the optimal light intensity
(PAR) range for photosynthesis was from 1000 wmol m™ s™' to 1400 wmol m™ s™' in both seasons. Therefore, it is
necessary and crucial to determine the optimal ranges and critical thresholds of environmental parameters ( soil water
content, light intensity, temperature, CO, concentration, etc.) according to the growing seasons of plants, which can serve

for better regional adaptation practice of climate and environment change.

Key Words: soil water; photosynthesis; light response; Forsythia suspensa (Thunb.) Vahl.; climate change
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Fig.1 Light Responses of net photosynthetic rate ( Pn), stomatal conductance ( Gs), and water use efficiency ( WUE) of Forsythia

suspensa ( Thunb.) Vahl. under different relative soil water contents (SRWC) in spring and summer ( Mean, n=27)
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Fig.2  The response of apparent quantum yield (¢), dark respiration rate ( Rd), light compensation point (LCP), and light saturation
point (LSP) to relative soil water content (SRWC) of Forsythia suspensa ( Thunb.) Vahl. in spring and summer ( Mean+SE, n=27)
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Fig.3 The response of net photosynthetic rate ( Pn), stomatal conductance ( Gs), water use efficiency ( WUE ), intercellular CO,

concentration ( Ci), and stomatal limitation value ( Ls) to relative soil water content (SRWC) of Forsythia suspensa ( Thunb.) Vahl. in

spring and summer ( Mean+SE, n=27)
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(1)5556 (PAR<200 pmol m™ s™") FIHASEL (Pn.Gs WUE) G N i B2 XF L) ) M)A (A AR
AWK R B RS ) AU, Ko Rt R E 2 RR G+, P IRK 2 (SRWC<50% ) B, P~ 2= 45 12 58 1 HH
SEAEE G A RE X 3K S He R Rk,

(2) 3% (LSP<PAR<1800 wmol m™s™") F Pn-PAR Gs-PAR i 2 5 +#Kk BN RN AL, H &
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3050 JAE = 35 %

PIANZEYY Pn, Gs R38R OGIH I (422 5 08 2 L I7E R SRWC>40% |, H HEFEHEHLEZSH (¢ . Pn WUE,
Gs . Ci Ls) %F SRWC [ i o2 B AL, (H R4S A S B0A 2] B E I A /K 43 A TR), 156 B 7K 2 BB AR [R] 2245 AL 4
AR F ] A 3K G371 25 5 1) B

(3) & EPIAZ9 006 IS LAY 38K 3 i L 23 701l 2 51.84% < SRWC <58.96% Fil 52% < SRWC
<83.34% , BLIK 50 Y, P AN 2819 38 B 09 0% BE AR B2 AR L, 88 1000 pmol m™? s7' < PAR < 1400 pmol

-2 -1
m-s

FEARN IR ALAC T T, g R UEAEAE M DRI 14 2 77 7, R AR Sl AR ) o A v 0 g J0Df e S B )
BRI 53 NG I 5 B2 B L, 0 2 P03 B ) B3 PR L, AT Ay DX B 14 07 P e A R 8 S Rl
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