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To understand the photosynthetic adaptability of the major tree species for afforestation in a hilly loess region the light
response curves of Hippophae rhamnoides Pinus tabuliformis and Robinia pseudoacacia in pure and mixed plantations
under different water conditions were measured in Ansai National Ecological Experimental Station and the data fitted to five
models. The results indicated that ( 1) the P, values of these three tree species during a wet period ( September) were
significantly higher than those during a dry period ( July) ( P<0.05) and there was photo-inhibition of photosynthesis in
the H. rhamnoides pure plantation R. pseudoacacia pure plantation and R. pseudoacacia mixed plantation in July; ( 2)
The sequence of fitting effect of the five light response models was in descending order as follows: modified rectangular
hyperbola modified exponential non-rectangular hyperbola exponential then rectangular hyperbola. ( 3) The light
response parameters ( apparent quantum yield @  light compensation point LCP  light saturation point LSP  dark
respiration rate R,  and maximum net photosynthetic rate P_ ) for the three tree species in pure and mixed
plantations in July were lower than those in September suggesting that the light-use capability was diminished and
photosynthetic capacity was inhibited under dry conditions. ( 4) Compared with the pure forest the photosynthetic
physiological parameters of H. rhamnoides in the mixed forest showed an increased ( in general) indicating that mixed
afforestation was helpful to improving its photosynthetic potential light use capability and the light ecological amplitude.
The photosynthetic physiological parameters in P. tabuliformis were reduced ( in general)  suggesting that mixed
afforestation might reduce its photosynthetic capacity. Meanwhile there was no obvious trend in the photosynthetic

physiological parameters in R. pseudoacacia: the values of @ and P, of the leaves decreased while R, increased and the

nmax

light ecological amplitude was widest indicating that mixed planting might enhance its adaptability to strong lighting

conditions but it would reduce its ability to utilize the lower levels of light and photosynthetic potential.

Key Words: Hilly loess region; light response model; photosynthetic parameters; water conditions; Hippophae

rhamnotdes; Pinus tabuliformis; Robinia pseudoacacia
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1.2
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1
Table 1 The basic characteristics of sample plots
! ( X_ ) Plot leaf area . .
T £ sample plot Sveci Tree height/ DBH/DGH  Crown diameter index/ Area of sample  Stand density/
ype of sample plots - species fee elghtim /em of( EWXSN) / A plot/( mxm)  ( individual/hm?)
(m*/m®)
( mxm)
(2.40+0.12) x
46+0.12 .96+0. 2.18+0.1 20%2 17
Pure plantation ( H. rhamnoides) 34620 5:96£0.33 (2.29+0.11) 80.15 020 33
3.69+0.09 7.43+£0.27 (2.9620.12) 1.34+0.04 20%20 1200
Pure plantation ( P. tabuliformis) e e (3.36+0.11) D
(4.36:0.39) x
7.59+0. 40+1. .11+0.2 20%2
Pure plantation ( R. pseudoacacia) 59+0.65 9-4021.50 (4.24+0.32) 3.1120.29 020 500
(2.01£0.09) ) x
1 3.08+0.14 5.43+£0.33 1.94+0.07 20%20 2650
( H. rhamnoides) * * (2.04+0.11) *
. . (2.62+0.12) X
Mixed pla 1 4.01+0.17 7.11+£0.48
fxed plantation ( P. tabuliformis) * * (2.60+0.14)
(1.79£0.10) x
2 2.69+0.10 4.63+0.32 2.15+£0.21 20%20 1960
( H. rhamnoides) * * (1.80+0.09) *
. . (3.3620.35) x
Mixed pl 2 5.92+0.52 7.80+1.02
fxed plantation ( R. pseudoacacia) * * (3.25+0.34)
| 2 L * ; (5—10 ) « /.

(4 ) ; DBH: Diameter at breast height; DGH: Diameter at ground height
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Fig.2 Net photosynthetic rate( P, ) dight response curves of each tree species under different water conditions

2

t

Table 2 Results of z-test for net photosynthetic rate ( P,) of each tree species under different planting conditions

, Sig. ( )
Water conditions Species Sig. ( 2-tailed)
D X 1 -2.486 0.030
w Pure and mixed 1 plantation of H. rhamnoides -2.221 0.048
D X 2 -3.582 0.004
w Pure and mixed 2 plantation of H. rhamnoides -3.805 0.003
D X 1 -13.690 0.000
W Pure and mixed plantation of P. tabuliformis 0.717 0.488
D X 2 3.713 0.003
w Pure and mixed 2 plantation of R. pseudoacacia -6.367 0.000
D Dry; W Wet
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Fig.3 Simulation of photosynthetic rate-light response curve of each tree species by five models under different soil water conditions
RH: Rectangular hyperbola; NRH: Non-rectangular hyperbola; EM: Exponential model; MRH: Modified rectangular hyperbola; MEM: Modified

exponential model

3

Table 3 Estimated and measured values of photosynthetic physiological indices for each tree species

Estimated value

Sample plot Model type ~ Water condition ~ mmax/ Rq! LCP/ LSp/ R?
(ol m2s™) (ol w2 5”1) (pmol m™s™) (jamol m™s™)
RH D 3.193 1.540 129.34 525.89 0.977
Pure plantation of % 18.748 1.813 46.68 685.37 0.997
H. thamnoides NRH D 3.555 1.633 131.11 596.32 0.981
% 18.143 1.771 47.11 670.50 0.997
MRH D 1.654 1.246 177.96 601.53 0.853
W 16.931 1.832 46.69 1030.02 0.997
EM D 2.664 1.390 163.96 462.91 0.959
W 14.256 1.538 41.64 526.98 0.995
MEM D 2.53 1318 140.21 324.22 0.971
W 16.96 1.568 52.79 502.35 0.998
D ~ 18 1.268 145.82 600 -
W ~ 13 1.579 53.19 1200 -
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Estimated value

Sample plot Model type  Water condition £ e/ Ry Lcp/ LS/ R?
(ol m25™") (ol m <) (ol m2s”!) (jamol m™2s”")
1 RH D 5.724 1.341 159.21 785 0.989
Mixed plantation 1 of W 28.333 2.629 62.27 898.91 0.999
H. rthamnoides NRH D 10.238 1.588 143.34 1271.61 0.995
W 25.348 2.434 62.73 802.95 1.000
MRH D 430 1.42 157.52 614.28 0.906
W 18.721 1.890 60.96 1532.68 0.991
EM D 434 1.229 174.6 594.15 0.985
W 21.108 2372 135.93 672.51 0.999
MEM D 457 1.294 155.89 529.38 0.988
W 20.52 2.306 66.08 581.84 1.000
D ~ 3.0 1343 144.44 800 -
W ~17.8 2.295 66.33 1500 -
2 RH D 6.066 1.027 137.37 788.11 0.978
Mixed plantation 2 of W 26.869 2.139 38.73 707.51 0.996
H. rhamnoides NRH D 23.716 1.351 112.59 2724.67 0.995
W 22.834 1.811 40.63 602.57 0.997
MRH D 3.775 1.047 130.89 524.18 0.980
W 18.10 1.916 39.10 1715.34 0.997
EM D 4611 0.902 141.38 594.22 0.972
W 20.339 1.842 110.57 537.35 0.997
MEM D 5.76 1.127 119.89 502.87 0.991
W 18.42 1.668 42.109 501.71 0.997
D ~34 1.104 120 800 -
W ~ 182 1766 43.07 1350 -
RH D 5.115 3.358 668.74 629.47 0.991
Pure plantation of W 21.248 4327 81.39 745.64 0.999
P. tabuliformis NRH D 5.624 3.339 98.28 657.60 0.988
W 21.016 4503 81.93 729.19 0.999
MRH D 0.806 3.366 77.91 548.73 0.984
W 17.886 4207 81.02 1587.20 0.999
EM D 4340 3.031 160.27 548.48 0.979
W 16.193 4.150 82.88 570.72 0.997
MEM D 4.09 3.038 251.03 314.4 0.977
W 12.56 3.916 90.96 495.09 1.000
D ~ 038 3.036 92.98 700 -
% ~ 14 3.905 92.0 1350 -
1 RH D 6.444 2,911 151.7 581.69 0.995
Mixed plantation 1 of % 16.827 3.474 63.45 563.92 0.998
P. tabuliformis NRH D 7.251 3.000 158.35 625.06 0.998
W 14.486 3.076 73.04 490.56 0.999
MRH D 3.533 1.509 301.74 969.59 0.846
W 10.38 3.237 68.88 1252.14 0.999
EM D 5.294 2.7 219.4 484.21 0.988
W 13.6 3.167 113.72 164.55 0.999
MEM D 5.11 2.608 156.18 341.81 0.998

http: //www.ecologica.cn



21 : N 8119

Estimated value

Sample plot Model type  Water condition ~ Fmmax/ Ry Lcp/ LS/ R?
(wmol ms1) (umol m s) (pmol m™ s™) (jamol ms™")
w 12.25 2.853 79.47 369.17 1.000
D =~ 3.1 2.583 157.5 900 -
w =~ 10.45 2.856 79.77 1200 -
RH D 3.172 1.564 29.95 296 0.712
Pure plantation of w 19.743 1.085 16.17 520.7 0.993
R. pseudoacacia NRH D 2.710 0.694 56.59 250.32 0.791
w 16.917 1.245 14.63 438.08 0.998
MRH D 2.118 0.842 44.27 419.33 0.974
w 14.851 1.463 15.01 1314.12 0.997
EM D 2.983 0.770 78.1 281.91 0.785
W 15.745 1.501 21.6 406.90 0.997
MEM D 2.05 0.462 64.44 214.44 0.992
W 9.45 1.031 11.85 396.46 0.997
D ~ 2.3 0.546 67.73 400 -
W =~ 15 1.016 13.65 1100 -
2 RH D 6.920 1.918 34.91 368.25 0.989
Mixed plantation 2 of W 15.390 1.475 39.79 648.654 0.992
R. pseudoacacia NRH D 6.276 1.458 43.98 336.14 0.992
w 15.259 1.657 40.10 633.22 0.994
MRH D 4.456 1.361 39.00 867.99 0.993
w 10.778 1.794 40.03 1939.07 0.997
EM D 6.030 1.193 87.32 324.44 0.992
W 11.931 1.687 61.27 492.60 0.996
MEM D 4.44 1.082 52.86 240.09 0.992
A\ 10.82 1.242 43.26 471.26 0.996
D ~ 4.7 1.140 52.63 800 -
A\ =~ 10.6 1.242 43.18 1350 -

RH: Rectangular hyperbola; NRH: Non-rectangular hyperbola; EM: Exponential model; MRH: Modified rectangular hyperbola; MEM: Modified

exponential model; D: Dry; W: Wet; P Maximum net photosynthetic rate; R;: Dark respiration rate; LCP: Light compensation point; LSP: Light
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Fig.4 Stability analysis of the five models for the light responses curve of each tree species under different water conditions
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. ( 5. . ( 6
7 R, 9 . R, ( 3),
R, . ( P<0.01)
( P<0.05) ; R, ( P<0.05) ;
(P<0.05)( 6). 7 LSP 9 (P<0.05) LCP 9 ( 3. LSP
(P<0.01); N (P<
0.01) . LCP ( P<0.01) ; N
(P<0.01) ; . (P<0.01)( 6).7
9 (P<0.05) N . ( P<0.01);
( P<0.01) (P<0.01)( 3 6),
9 D 7 D ( 3
()] ( P<0.01); (P<0.05)( ©6). 9
B v 7 7 B v ( P<0.05) . N
( P<0.05) ; B . ( P<0.01); v
( P<0.01) (P<0.05)( 5 6),
5 MRH (@) - (B (7)

Table 5 Estimation parameters ( apparent quantum efficiency the item of photo-inhibition ( 8) and light saturation (y) ) of the light response curve

of each tree species by the MRH model

Photosynthetic parameter

Sample plot Water condition @ B! v/
('mol mol™") (m? s mol™) (m? s mol™")
D 1.01x1072 2.35x107 7.22x1073
Pure plantation of H. rhamnoides w 4.61x1072 1.74x107* 1.17x1073
1 D 1.43x1072 8.64x107 6.17x107*
Mixed plantation 1 of H. rhamnoides w 5.33x1072 2.29x107* 2.52x107°
2 D 1.75%1072 8.37x107* 5.16x107°
Mixed plantation 2 of H. rhamnoides W 5.54x1072 2.54x107 1.45%x107°
D 4.19x107? 4.18x107° 3.66x107*
Pure plantation of P. tabuliformis W 4.33x1072 1.90x107° 2.21x1073
1 D 6.14x107° 3.54%107° 3.84x1073
Mixed plantation 1 of P. tabuliformis W 3.49x1072 2.19x107° 2.75%x1073
D 4.23x1072 3.40x107* 6.58x107*
Pure plantation of R. pseudoacacia W 5.75x107? 1.53x107* 1.84x107°
2 D 3.63x1072 4.67x107* 8.55x1073
Mixed plantation 2 of R. pseudoacacia W 5.62x1072 2.60x107 1.55x107
4
4.1
9 15 26 .
12 16 27 .
RH NRH
28 15 29 16

nmax
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MRH (B (+) I
B v ® 7
9 B v ( 3. 95,
7 B v ( P<0.05)
( 2o 7 B v
o 600—1200 pm 1%—5% . 200—600 wm
5%—20% 4—5 Y,
R, . 7 R, 9 3
; R,
(3.038 pmol m™>s7") > 1 (2.608 pmol m™>s™") > (1.318 pmol m ™ s7") >
1 (1.294 wmol m?s7") > 2 (1.127 pmol m?s7") > 2 (1.082 wmol m™s7") >
(0.462 pmol m™s™") R, 14.15% 1.82%;
R, 134.2% 14.49%
; R, 0.46—3.92 pmol m~s™' ( 3) R,(0.24—0.86 pmol
m”’s') ° R,(0.67—1.92 pmol m>s7") * R,
.
T 9
( P<0.05) . : 1
(18.721 pmol m™>s7") > 2 (18.1 wmol m™s™") > (17.886 pmol m™ s7') >
(16.931 wmol m™?s7") > (14.851 wmol m?s™") > 2 (10.778 pmol m?s™") > 1
(10.38 pmol m™ s7") P, 41.97% 10.57%;
P 27.43% 6.46%
1 o
“© )
5
(1) . P, ( P<0.05) -
(2) 5 ( R*> 0.99)
: MRH MEM.NRH EM
RH 0
(3)
(4) ~

http: //www.ecologica.cn



8124 39

10
11

12
13

14

15

16
17

19
20
21
22
23
24
25
26
27

28
29

30

(References) :

2012 19(2): 189-194.
Moreno-Sotomayor A Weiss A Paparozzi E T Arkebauer T J. Stability of leaf anatomy and light response curves of field grown maize as a function
of age and nitrogen status. Journal of Plant Physiology 2002 159( 8): 819-826.
Awada T Radoglou K Fotelli M N Constantinidou H T A. Ecophysiology of seedlings of three mediterranean pine species in contrasting light
regimes. Tree Physiology 2003 23(1): 33-41.
Damesin C. Respiration and photosynthesis characteristics of current-year stems of fagus sylvatica: from the seasonal pattern to an annual balance.
New Phytologist 2003 158( 3) : 465-475.
2010 30( 12) : 3098-3107.
2008 19(6) : 1185-1190.
Lewis ] D Olszyk D Tingey T. Seasonal patterns of photosynthetic light response in Douglasfir seedlings subjected to elevated atmospheric CO,
and temperature. Tree Physiology 1999 19(4/5) : 243-252.
Thornley J] H M. Mathematical Models in Plant Physiology. London: Academic Press 1976.
Prado C H B A de Moraes J] A P V. Photosynthetic capacity and specific leaf mass in twenty woody species of Cerrado vegetation under field
conditions. Photosynthetica 1997 33(1): 103-112.
-l 86 . 2007 26(8): 1323-1326.
ChenZY PengZS Yang] Chen WY Ou-Yang Z M. A mathematical model for describing light+esponse curves in Nicotiana tabacum L.
Photosynthetica 2011 49( 3) : 467-471.
— . 2016 27(8): 2420-2428.
.5 . 2016 18
(4): 124-131.
HuJ C Cao W X ZhangJ B Jiang D Feng J. Quantifying responses of winter wheat physiological processes to soil water stress for use in growth
simulation modeling. Pedosphere 2004 14( 4) : 509-518.
2011 31(16):
4499-4508.
2017 35(3): 406-412.
Hamerlynck E P Knapp A K. Leafdevel responses to light and temperature in two co-occurring Quercus ( Fagaceae) species: implications for tree
distribution patterns. Forest Ecology and Management 1994 68(2/3): 149-159.
2018 29(7):
2295-2306.
2000.
2004 23(2): 25-26.
2006 19(6) : 761-766.
2009 31(2): 66-67.
2008 28( 11): 5758-5765.
3 D . : 2010.
2016 39(4): 679-685.
Ye Z P. A new model for relationship between irradiance and the rate of photosynthesis in Oryza sativa. Photosynthetica 2007 45(4) : 637-640.
Aspinwall M J King J S McKeand S E  Domec J C. Leafdevel gas-exchange uniformity and photosynthetic capacity among loblolly pine ( Pinus
taeda 1..) genotypes of contrasting inherent genetic variation. Tree Physiology 2011 31(1): 78-91.
3 . 2012 43(1): 3-7.
2012 10
(3): 105-110.
CO, . 2010 34(6): 727-740.

http: //www.ecologica.cn



21

N 8125

31

32
33

34

35

36

37

38
39

40

41

42

44

45

46

47

48

ZuYG WeiXX YuJH LiDW Pang HH Tong L. Responses in the physiology and biochemistry of Korean pine ( Pinus koraiensis) under
supplementary UV-B radiation. Photosynthetica 2011 49( 3) : 448-458.

.4 3 . 2014 34(5): 716-720.
.4 . : 2011 12(2):
208-212.
/1
2007.
2012.
2002.
2013 37
(2): 111-121.

2011 35(3): 322-329.
Herrick J D Thomas R B. Effects of CO, enrichment on the photosynthetic light response of sun and shade leaves of canopy sweetgum ( Liquidambar
styraciflua) in a forest ecosystem. Tree Physiology 1999 19( 12): 779-786.
2004 28(5): 83-85.
6 . 2004 26(3): 13-18.
3 D . : 2013.
Larcher W. Physiological Plant Ecology. Berlin: Springer-Verlag 1980.
Craine ] M Reich P B. Leaf-evel light compensation points in shadetolerant woody seedlings. The New Phytologist 2005 166( 3) : 710-713.
2012 33(2): 51-57.
Jarvis P G James G B Landsberg J J. Coniferous Forests//Monteith J L ed. Vegetation and the Atmosphere. London: Academic Press 1976:
171-240.

2002.

Tartachnyk I I Blanke M M. Effect of delayed fruit harvest on photosynthesis transpiration and nutrient remobilization of apple leaves. The New

Phytologist 2004 164(3) : 441-450.

http: //www.ecologica.cn



