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Photosynthetic characteristics and their relationships with leaf nitrogen content
and leaf mass per area in different plant functional types
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Abstract Quantifying correlations among leaf traits and trait differences between plant functional types PFTs not only

gives insight into selective pressures that have shaped vegetation evolution but also plays a crucial role in predicting
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vegetation productivity shift with climate and land use change. The photosynthetic characteristics leaf nitrogen content

N leaf mass per area LMA  as well as their relationships in trees shrubs and grasses growing in three sites

Ningshan County located in Qinling Mountain Fuxian County and Shenmu County both located in the Loess Plateau were

studied. The results showed that there were significant differences p <0.05 in the saturated photosynthetic rate P,

max

photosynthetic nitrogen use efficiency PNUE ~ quantum yield of PS I electron transport @,q;  leaf nitrogen content

N and leaf mass per area LMA of three PFTs among Ningshan County Fuxian County and Shenmu County. Trees

mass

shrubs and grasses in Shenmu County had significantly higher mean values of P__ than those in Ningshan County and Fuxian

County. The P, PNUE @, potential efficiency of primary conversion of light energy of PSII F,/F, N, and

LMA differed significantly p <0.05 among trees shrubs and grasses in three sites and grasses had higher mean values of

P, and PNUE than shrubs and trees did. The LMAs of trees shrubs and grasses increased as climatic drought increased

max

gradually from Ningshan County through Fuxian County to Shenmu County. The mean values of LMA for the three PFTs
ranked in the order of trees > shrubs > grasses and the LMA in trees was about twice times that in grasses.
In 60 plant species including trees shrubs and grasses growing in Ningshan County Fuxian County and Shenmu

and PNUE p<0.01  while the P, was positively

max

County the LMA was significantly negatively correlated with the N

mass

correlated with the N p <0.05 . The correlation analysis among photosynthetic parameters showed that the P, was

mass max

significantly positively correlated with the PNUE p <0.01  but negatively correlated with the @, p <0. 01

Key Words saturated photosynthetic rate photosynthetic nitrogen use efficiency quantum yield of PS [I electron

transport nitrogen content leal mass per area plant functional type
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Table 1 Climate and geographical conditions in the three experimental sites of Ningshan County Fuxian County and Shenmu County

Experimental o Geographical Altitude Climate and . MAP MAT ASR Aridity
. Terrain . . Soil type .
sites location m vegetation mm C h index
33°
26" N North subtropical humid climat
Huoditang Ningshan Mountainous 1614 Om subtroplea’ UG CAMAE g forest 1023 12.4 1668  0.75
. 108° and evergreen broadleaf forest .
County terrain , soil
26" E zone
36°04'N Warm temperate semi-humid cli-
Ziwuling  Fuxic 1353 Cale: 570 9. 2492 1.09
‘1wu e Tan Hilly and gully 108°32'E mate and deciduous broadleaf o
County R oam
loess region forest zone
Water and 38°47'N Moderate te ate arid i-
Liudaogou Shenmu  , , o o0 Y qps5  oderale lemperaio and orsem 441 8.5 2876 1.80
. wind erosion 110°21'E arid climate and deserted grass- Sandy loess
County .
’ region land zone
# Mean annual precipitation MAP  Mean annual temperature MAT  Annual solar radiation ASR
1.2
42
16 19 15 ¢ 40 ¢, 2
2 2005 6 3
1.3
1.3.1
Li-6400 Li-cor USA 9 30 ~11 30
P,. pmolCO,- m?s™

800 1200 1500 pmol photons- m *s ™'

500 800 1000 wmol photons- m *s~'

1000 1500 1800 pmol photons-

30 min
F

m

PST

m s
0.5 dm’- min~' 25C 50% CO, 390 wmol: mol '
2min
3 2-~3
1.3.2
FMS 2. 02 Hansatech UK 9 00~11 30
10
3 2-~3 F,
5000 wmol photons- m ~*s ™' 0.7s F
5s 3s 5s F
F, 5000 pmol photons: m s~ 0.7 s
Rohagek I PST F/F, = F -F /F,

(DPS

H = F:Il - FS /F:H
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1.3.3 LMA
LI-3000A Li-cor USA 70°C
0. 0001 LMA = / g m~’
1' 3' 4 mass
1~2 105°C 10min 70°C
Imm '
N, Poorter & Evans ° PNUE  pmol CO,- mol™'s™" =P/ 1/14N,
x LMA
2 3
Table 2 Three plant functional types PFTs determined in three sites of Fuxian County Shenmu County and Ningshan County
. PFTs
Sites
Trees Shrubs Grasses
Ziwuling  Fuxian @ ® © ®
County 32 7 @ © 3 @
14 11 32 ® @ () @ ®
species including 7 kinds of trees ® ® @ @ @
14 kinds of shrubs and 11 kinds of ® ® ® ®
grasses @ © ® ® @
® 20 173 &) @
@
Liudaogou  Shenmu ® 8 © @
Countyl2 3 o ® & @
4 5 12 species a
including 3 kinds of trees 4 kinds
of shrubs and 5 kinds of grasses
Huoditang Ningshan ® o ®
15 3 6 @ ® @ ©® ) @ 3]
6 15 species a @ ®
including 3 kinds of trees 6 kinds
of shrubs and 6 kinds of grasses
(D Pinus tabulaeformis Carr.  Pinaceae (2) Robinia pseudoacacia 1.  Leguminosae (@) Quercus liaotungensis Koidz.  Fagaceae (@) Populus

davidiana Dode Salicaceae (SPopulus simonii Carr.  Salicaceae (©Betula platyphylla Sukats. var. japonica Hara. Betulaceae (DUlmus pumila L.
Ulmaceae Zizyphus jujuba Mill. var. spinosus Hu. Rhamnaceae (QRubus parvifolius L.  Rosaceae (0 Spiraea pubescens Thurcz. Rosaceae (D
Rosa hugonis Hemsl. Rosaceae (2Pyrus betulaefolia Bge. Rosaceae (13 Cotoneaster acutifolia Turcz. Rosaceae (dSyringa oblate Rosaceae (5
Ostryopsis davidiana Decne.  Betulaceae  (0Sophora viciifolia Hance.  Leguminosae (DHippophae reamnoides 1..  Elaeagnaceae (8Elacagnus pungens
Thunb.  Elaeagnaceae (9 Lonicera hispida Pall.  Caprifoliaceae @) Lonicera japonica Thumb.  Caprifoliaceae @D Corns macrophylla Wall.
Cornaceae @) Lespedeza davurica Laxm. Schindl. Leguminosae @3 Artemisia subdigitata Mattf. ~ Compositae  @Artemisia sacrorum Ledeb. var.
incana Mattf.  Compositae @) Potentilla acaulis L. Rosaceae @0Pulsatilla chinensis Rgl. Ranunculaceae @)Thalictrum simplex L.  Ranunculaceae
@Periploca sepium  Petrosaviaceae 29 Carex lanceolata Boott. — Cyperaceae 80 Imperata cylindrica var. major Nees C. E. Hubb. Ex Hub
Gramineae @D Agropyron cristatum Gaertn.  Gramineae @2 Bothriochloa ischemum L. Keng.  Gramineae @3 Caragana korshinskii Kom.
Leguminosae  Salix mongolica Siuz.  Salicaceae @5 Medicago sativa L. Leguminosae @0 Astragalus adsurgens Pall.  Leguminosae @) Quercus
aliena var. acuteserrata  Fagaceae GYRubus innominatus S. Moore Rosaceae @9Corylus heterophyll Fisch. Betulaceae @0Cornus officinalis Sieb. Et

Zucc. Cornaceae @D Lespedeza cyrtobotrya Miq. Leguminosae @2Thalictrum baicalense Turcz.  Ranunculaceae

1.3.5
3 100 cm
10cm 1
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1.4
SPSS SPSS 12. 0 for Windows Chicago USA
One-Way ANOVA LSD
2
2.1 N,.. LMA 3
P,.. PNUE LMA p <0.001 I Dy N
p<0.05 3 F/F, p <0.01 F/F,
max Pmax
. - - 3
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> > > > > >
N aes
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2.2 N,. LMA
3 P, PNUE @, N,. LMA
p<0.01 F/F, p <0.05
3
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PST

Dps

photosynthetic nitrogen use efficiency

saturated photosynthetic rate PNUE

* Pmuz

potential efficiency of primary conversion of light energy of PS I

PSTl

quantum yield of PS I electron transport F,/F,,

the same below

leaf mass per area

leaf nitrogen content LMA

mass

0.05

o

%

Fuxian County and Shenmu County

. In the multiple comparison of trees shrubs and grasses among three sites of Ningshan County

NS denotes none significant at statistical level

the results with same small letters are not significantly different at p <0.05 according to LSD% tests
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2.3 3 N,.. LMA
2.3.1 P, PNUE ®,; N, LMA
60 Pmax Nmass p < 0‘ 05
PNUE @,y N, 2 3 PNUE  LMA p<
0.01 r -0.693 P... Oy LMA
Dpsy  LMA r=-0.669 p<0.05
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R=0.1244 2 2
30 - 300 - x R2=00374 09 - R2=0.012
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4L 2 240
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Fig.2  Relationships between leaf P, PNUE ®psy and N, LMA in trees shrubs and grasses in three sites of Ningshan County Fuxian County

and Shenmu County
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Fig.3 Relationships between leaf P
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Fig.4  Relationships between leaf N, . and LMA in trees shrubs and
max PNUE p < 0.01 grasses in three sites of Ningshan County Fuxian County and Shenmu
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PNUE LMA  Fig.5 Soil water contents in soil depth increased from 0 to 100cm in
239 24 three sites of Ningshan County Fuxian County and Shenmu County
% 3 < 0.001
3 60 PNUE  LMA P
Analysis of variance of soil water contents in three sites is significantly
P< 0.01 different at p <0.001
3
Table 3 Leaf photosynthetic parameters and leaf traits of three PFTs in Ningshan County Fuxian County and Shenmu County
. Plant P PNUE ol Dren F,/F, Vo LA
Sites . 5 -1 -1 L . . ‘ -2
functional types wmot m ¢! COy mol ™" s relative unit relative unit % g m
8.69 +4.86¢ 90.13 £46.53¢  0.799 £0.023a  0.859 +0.004a  2.35 +1.26a 77.63 +60.31a
. Trees
Ningshan County n=3 n=3 n=2 n=2 n=3 n=3
Shrubs 9.27 £3.12b 125.97 £19.21b  0.758 £0.089b  0.848 +0.026b  2.12 +0.91b 49.92 +12.48b
ShTubs n=>5 n=>5 n=>5 n=>5 n=>5 n=6
13.67 +8.09a 224.26 +16.87a 0.752 £0.053b 0.859 +0.016a  2.37 +0.71a 39.00 +£7.75¢
Grasses n=4 n=3 n=3 n=3 n=6 n=5
Sig. p<0.001 p<0.001 p<0.01 p<0.05 p<0.001 p<0.001
T 6.10 +1.27¢ 60.25 +19.71c  0.752£0.032a  0.847 +0.023b  1.95+0.97¢ 91.35 +48.99a
Fuxian County rees n=7 n=7 n=6 n=6 n=7 n=7
Shrubs 10.11 £5.09b 107.76 £55.69b  0.732 £0.054b  0.848 £0.024b  2.45 +0.84a 66.99 +13.08b
s n=12 n=10 n=12 n=12 n=12 n=12
14.69 +6.70a 158.84 +76.96a 0.659 £0.070c  0.860 +0.011a  2.26 +0.58hb 60.13 +12.79¢
Grasses n=10 n=10 n=_8 n=_8 n=11 n=11
Sig. p<0.001 p<0.001 p<0.001 p<0.01 p<0.001 p <0.001
9.97 +4.7Tlc 72.15+39.49b  0.669 £0.080b  0.878 +0.071a  1.53 +0.55b 146.33 +68.47a
Trees
Shenmu County n=3 n=3 n=2 n=2 n=3 n=3
Shrubs 14.69 £2.31bb  134.73 £27.34a 0.756 £0.062a  0.870 +0.089a  2.66 +0.48a 76.96 £5.95¢
PhTubs n=3 n=3 n=3 n=3 n=4 n=3
18.71 +2.93a 132.34 +34.91a 0.677 £0.048b  0.857 £0.018b  2.69 +0.50a 83.64 +£45.57b
Grasses n=5 n=5 n=5 n=5 n=5 n=5
Sig. p<0.001 p<0.001 p<0.01 p<0.05 p<0.001 p <0.001

In the multiple comparison of trees shrubs and grasses

0. 05 according to LSD’s tests n = sampling size

# % Sig.

among trees shrubs and grasses

0.05

values within a column followed by the same letter are not significantly different at p <

Sig. denotes significant difference tests of the same parameter
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