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Light response of photosynthesisand its simulation in leaves of Prunus sibirica L.

under different soil water conditions
LANG Ying, ZHANG Guangcan” ,ZHANG Zhengkun, LIU Shunsheng, LIU Dehu, HU Xiaolan

Forestry College of Shandong Agricultural University, Shandong Provincial Key Laboratory of Soil Erosion and Ecological Restoration, Taishan Forest Eco-

station of State Forestry Administration, Taian 271018, China

Abstract: Water deficit is one of the major limiting factors in vegetation recovery and reconstruction in loess hilly gully
region. Prunus sibirica L. is one of the common trees grown in this region. However, studies on characteristics of
photosynthesis in leaves of Prunus sibirica L. under water stress are limited. The objective of this study is to explore the
effect of different soil water content on photosynthesis in leaves of Prunus sibirica L. to characterize the relationship between
photosynthesis of Prunus sibirica L. and soil water content and to explore the applicability of different photosynthetic models
in simulating light response of photosynthesis in Prunus sibirica L. under different soil water conditions, which will help us
to further understand the photo-physiological characteristics of Prunus stbirica L. under water stress. The results will also
help guiding cultivation of Prunus sibirica L. in the loess hilly gully region. By using CIRAS-2 portable photosynthesis
system, the light responses of photosynthesis in leaves of two-year-old Prunus sibirica L. were studied under 8 different soil
water conditions. And the light response curves of photosynthesis were fitted and analyzed by rectangular hyperbola model,
non-rectangular hyperbola model and a modified model based on rectangular hyperbola model. Higher photosynthesis and

less obvious photo-inhibition were observed in leaves of Prunus sibirica L grown in the region where the relative soil water
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contents (RSWC) were from 56.3% 1o 80.9% . The light response of photosynthesis, the apparent quantum yield (@),
the light compensation point (LCP) and the dark respiration rate (R,) were well fitted by the three models. Among the
three models, the non-rectangular hyperbola model fitted the data best; the rectangular hyperbola model fitted the data
worst. When the RSWC exceeded the optimal range (56.3% >RSWC>80.9% ), obvious photo-inhibition and significant
decrease in photosynthesis were observed in leaves of Prunus sibirica L. under strong light, light saturation point and
quantum yield of photosynthesis also decreased significantly. Under this circumstance, only the modified rectangular
hyperbola model could well fit light response of photosynthesis and the main parameters. The optimal range of RSWC for
normal photosynthesis in leaves of Prunus sibirica L was from 56.3% to 80.9% . The modified rectangular hyperbola model
could well fit light response curves of photosynthesis and the main parameters under all the different soil water conditions.
The rectangular hyperbola model and non-rectangular hyperbola model could only be used to fit light response curves of

photosynthesis and the main parameters under the optimal soil water conditions.

Key Words: Prunus sibirica L. ; soil water content; light response model ; photosynthesis simulation
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Fig. 1  Photosynthetic rate-light response curves of Prunus
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Fig.2 Simulation of photosynthetic rate-light response curves of Prunus sibirica L. by 3 models under different soil water conditions
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TR OZ VR WM S (LCP) W B F R (@,) (NI TRCR (D) Ml PAR=0 5 LCP Wi
SELRPRINLE (D, ) , HoA R SCIBA T HEAT ME—(EL (R 1) ;{8 iR AR B & — 45 1A S i i
UEZR X — 7, ECHGE PR RSHOURS B 52 2R AR 12 FEAHIR ST ol AR L 56 A 1 F e 630 il
(KRG ) 1 08 e 7 b AR R AR S48, RS SCHIR R X P, T LSP LA ROt 22 (K2 £ 1),
M ELAA XU R A IER R AE — R B b v il T WM e R A i e | T LA EG A v e A SO i S5 B A
WA 1R FE G SR B BCE ) A SR R F AR TR] 3K 4T LA Sl 7 et A R LR 2 50 A 4L Ab
PSR TR RO (R 2 3 1) . (HEIAE RSWC 9 56. 3% —80. 9% JEF P B IEB T 1A LCP F1 R, Y
LA RS B AR T AR A AU AR, 504/ NAE KRR FES S92 A5 0 B LA LA Ui e 1 A AR e
PIZESRA PR TR, R RS S A (TR 5 RAR Y ) AR C, BT EZ i — 2 IR R,
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Table 1 The measured data of photosynthesis-light response parameters of Prunus sibirica L. and the results fitted by 3 models

S i A7 M 1N 24 IR K RSWC/ %
Light response Light response
model parameter 94.9 80.9 68.2 56.3 44.7 36.4 28.3 25.1
e D pip <200 0.0243  0.0292  0.0403  0.0347  0.0316  0.0265  0.0238 0.0207
Measured data Dpap <160 0.0286  0.0309  0.0455  0.0376  0.0358  0.0284  0.0286 0.0217
D <120 0.029 0.0411  0.0461  0.0379  0.0439  0.0291  0.0292 0.026
LSP 600 1000 1500 1200 600 550 500 450
P 5.36 6.73 10.9 8.93 6.08 5.58 4.6 4.2
LCP 15.68 48.20 43.20 45.50 45.02 30. 65 19.94 23.19
R, 0.38 1.73 3.10 1.30 1.42 0.81 0.47 0.48
LA O LR AR D, — 0.0757 0.089 0.0802 — — — —
Rectangular hyperbola D, — 0.0697  0.0821  0.0755 — — — —
model D, — 0.0757 0.089 0.0802 — — — —
LSP — 48.24 101.01 96. 81 — — — —
P — 12.9 25.6 15.6 — — — —
LCP — 56.24 51.47 54.49 — — — —
R, — 9.90 9.20 7.60 — — — —
R 0.693 0.983 0.997 0.990 0.798 0. 604 0.302 0.603
A B AR LA D, — 0.0757 0.089 0.0802 — — — —
Non-rectangular D, — 0.0697  0.0821  0.0755 — — — —
hyperbola model D, — 0.0757 0.089 0.0802 — — — —
LSP 215 268 192 276 250 234 — —
P 5.33 12.90 16.40 12.90 7.03 5.45 — —
LCP 27.27 50. 10 44.52 47.20 62.91 37.24 — —
R, 0.68 1.73 3.95 2.17 1.73 0.87 — —
R? 0.794 0.995 0.998 0.997 0.869 0.723 — —
18 TEAR AL D, 0.0512  0.0538  0.0785  0.0609 0.059 0.0463  0.0423 0.0457
Modified model D, 0.0481  0.0509  0.0757  0.0581  0.0562  0.0431  0.0395 0.043
D, 0.05 0.0529  0.0777  0.0598 0.057 0.045 0.0414 0.0445
LSP 582 1006 1590 1239 610 573 458 602
P 5.38 6.73 10.97 8.96 6.07 5.55 4.54 4.13
LCP 46.14 56.24 48.69 51.97 59.80 50. 86 50. 41 51.00
R, 4.60 2.20 5.50 3.00 6.00 4.62 3.38 3.19
R 0.997 0.999 0.999 0.998 0.999 0.991 0.986 0.995

D 100 ~Pparcico M @ pag <120 78 PAR<200pmol -m™2s™! | PAR<160pwmol - m™% s Fll PAR <200 pmol - m 2 s~" i f it T8 R

MM Y BE AR TR B, 2 TR A B R B 2 A I R T PR IO A P E AR BB O6 S5 K 4
LTI 2T R SRR PO A AR F 2 CO, RSO RE G | 5 2t 80 il A0 AR Rt iR e 4 o, ™
B2 FHOCRGRIBIR T AR, N A & A G R E S 50K R A (B 1),
RSWC 4 56.3% —80. 9% It , 7R3 T A 23 A& A= W B WG, P A LSP 7K AHXT #4155 s RSWC R 44. 7% —
68.2% W}, 7E 556 T 2 M TROCRE R (R 1), BIGRERI SR E S . iAol s e &1 H i B 31
IKIPFEELE RSWC N 44. 7% —80. 9% Z [a], Hoh i idi H ) RSWC 24 68.2% ity . WACHAMTT RAE Y b 58 245
H HOEAVERLE B A RSWC JEIEIZE 41% —60% " HIREAE 48% —64% MIFAKE 41% —52% " T F/AE
59% —76% > | WA LA BT 5 BE 1A R A1 X 37K 4038 10 90 BB T O g Al
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