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Abstract: To quantify the effects of nitrogen deposition on photosynthetic processes in the Haibei alpine meadow we analyzed the

differences in observed leaf nitrogen content (w( TN) ) of five dominant species leaf photosynthetic parameters of Stipa aliena and canopy

leaf area index ( LAI) measured in simulated atmospheric nitrogen
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forms had no significant effects on leaf nitrogen content for five dominant species except for Oxyiropis kansuensis the leaf nitrogen content
of which increased by 9. 4% significantly in the low level nitrogen treatment when using ( NH,) ,SO, fertilizer. Values of the maximum
carboxylation rate at 25 C (V,,,»s) electron transfer rate at 25 °C ( J,s) triose phosphate transfer rate at 25 °C ( TPU,;) and dark
respiration rate at 25 °C ( Rys) in the high level nitrogen treatment were 38. 6% 30.4% 27.8% and 164.3% higher than those in the
control. Increasing R 5 offset the increase in GPP induced by increasing Vs after nitrogen addition which caused no significant change
in GPP. Observed LAI had no significant responses to nitrogen levels and forms. These results suggest that nitrogen input within the level of
40 kg/( hm®*a) accelerated the reaction rates in leaf photosynthesis but did not significantly affect leaf nitrogen content LAI and GPP.

Keywords: nitrogen deposition; photosynthetic parameters; leaf nitrogen content; leaf area index ( LAI) ; alpine meadow
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1 Farquhar
Table 1 Values of main parameters of the Farquhar plant

photosynthesis model

Veaos! pmol/(m*+9 25 °C 41
Ty /( pbar) 25 C CO, ( ) 31
Cys/( pbar) 25 C Cco, 230
0,5 /( mbar) 25 C 0, 210
Ryps/ pmol/( m? +9 25 °C 3
Jowas/! pmol/( m? +9 25 C 2.1V s
TPUy/ pmol/( m*+§ 25 C 9
E, /( J/mol) 64 800
E, /( J/mol) 37 000
E . /( J/mol) 23 590
E,./( J/mol) 46 390
H;/( J/mol) 220 000
H,/( J/mol) 202 000
Z;/ J/( Kemo) 710
Z,/ J/( K*mo) 650
1 2004

Fig. 1 Comparison of observed and simulated GPP values in the

Haibei alpine meadow ecosystem in 2004
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. w(TN) LAl
GPP
LSD
2
2.1 w( TN)
5 w( TN)
(P<0.01). w( TN)
( 2). w( TN) 4
w(TN)  1.56 ~1.98
. . w( TN)
(P>0.05) ( NH,) ,SO,

w( TN) (P <0.01) .

-CO,
( V,u~J-TPU.R, )
25 C
29 . Farquhar 1.
LAI
( ORNL DAAC) MODIS
MOD15A1 8 d HANTS
( http: //www. gnu. org/licenses/gpl. html)
2003 GPP
Farquhar
Vema 2004 GpPP
( 1) GPP
R 0.90
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2 5 w( TN)
Table 2 Effects of simulated nitrogen deposition on leaf nitrogen content of five dominant species
in the Haibei alpine meadow ecosystem mg/g
(20.9 0. 4) * (24.820.9) * (41.320.9) ® (26.420.7) (21.920.9)
(20.9 £0.5) (23.6£2.7) " (42.0£1.1)° (27.5+1.0)° (21.9£3.2) "
KNO; (19.4+0.6) ° (23.3+1.4)° (40.1+0.7)° (27.7+2.6)° (20.2+1.3)°
(22.2+1.1) (28.8+1.8) " (41.021.3) " (29.9+2.3) " (22.7+2.0)"
(21.5+1.9) ® (24.4+0.9) ® (43.121.2) " (26.8 =0.8) * (21.9+1.0) *
NH,Cl (19.6 £1.0) ® (26.6+2.1)° (39.7+1.5)° (26.4+2.4)° (20.5+0.5)°
(20.3 £0.2) ® (21.92.0) ® (39.7 +2.2) ® (27.4+2.9) (21.9+1.7) ®
(20.3 20.6) * (23.921.2) " (45.220.8)" (29.5=1.4) " (22.322.4)°
( NH,) ,S04 (22.2+0.9)* (25.0+2.0)° (40.8 +0.7) * (28.1+0.9)* (21.5+1.8)°
(23.41.5)° (25.7+1.0) (38.2+0.2) ° (30.3+3.2) ® (22.0+2.0) ®
+ n=9 ( P <0.05)
3 w( TN)
Table 3 Results of two-way ANOVAs on effect of nitrogen levels and forms on leaf nitrogen content
F P F P F P F P F P
1.416 0.244 0.432 0.731 2.270 0.013" 0.432 0. 094 4.013 0.731
1. 842 0. 165 0.230 0.795 1. 482 0.910 0. 045 0.239 0. 094 0. 956
X 1.559 0. 169 1.776 0.128 0.364 0.619 0. 064 0. 898 0.742 0.999
D w( TN) (P <0.05) .
: (P<0.01).n=9.
2 25 C
Fig. 2 Effects of simulated nitrogen deposition on photosynthetic parameters of Stipaaliena at 25 °C
V(',maxZS N ‘]25 N TPU25 R(IZS 5 LAI ( P > O' 05)
: LAI (P>
38.6% 30.4% 27. 8% 0.05) .
164.3% . LAI (P >0.05)
2.3 LAI ( 4).
2.4 GPP
3 2012—2014 AccuPAR LP-80 GPP
5
LAI (P >0.05). AccuPAR Farquhar 2012
LP-80 LAI LAI-2200 7—8 GPP

38%
(R°=0.77 P<0.01).
Farquhar
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3 LAI
Fig. 3 LAI of dominant species measured by different plant canopy analyzers in the Haibei alpine
meadow ecosystem and the comparison of observed LAI between two instruments
4 3
LAI 10 kg/( hm® *a) 40 kg/( hm® =a)
Table 4 Results of two-way ANOVAs on effect of 5 w( TN)
nitrogen levels and forms on LAI of dominant species 18
AccuPAR LP-80 LAI-2200 70 kg/mz
F P F P 5 ( > >

0.238 0.793 0.070 0.993 N ) w( TN)

0.114 0. 894 0. 136 0.875 40
X 0.053 0. 994 0.033 0.997 )

kg/m’ w( TN) .
GPP : w( TN) (41.3 mg/g)
chuxZS J25 7—8 4 w( TN) ( 21. 9 ~
GPP 39.6% 2.8% TPU, 26. 4 mg/g) w( TN)

GpPP R ps GPP (30.6 mg/g)
39. 7% GPP 6. 8% — w( TN) (24.5 mglg) ™ .
(P>0.05) ( 4) . s 70 ~210 kg/( hm®*a)
w( TN) .
KNO, (NH,),S0, 10 ke/( hm’+a)
w( TN) ;
KNO, NH,Cl1
w( TN)
(NH,"N  NO, )
.NH, "N NO, N
NH, * N
NO, " -N. NH, " N.
4 2012 78 NO, "N
3031
GPP :
Fig.4 The change of GPP due to changed w( TN) LAI
NH, "N NO, N

photosynthetic parameters under the high nitrogen

treatment in July and August 2012



1623

w( TN)

Vzmax25 N JZS TPUZS

c

14 32

Rubisco- S
3334

12-13 LAI
LAI
FANG

GPP

37
20

38-39

40

N Rubisco N

a) ( NH,) ,S0, N
10 kg/( hm*+a) ]
9.4%
5 w( TN)

) J( ) TPU(

25 C
30.4% 27.8% 164.3%. R s
14

cmax25

w( TN)

Olsen

cmax25

3536

w( TN)

cmax

38.6%

GPP

10

LAI

N Rubisco N

( References) :

GALLOWAY J] N TOWNSEND A R ERISMAN ] W e al.
Transformation of the nitrogen cycle: recent trends questions and
potential solutions J . Science 2008 320( 5878) : 889-892.
HOLLAND E A DENTENER F J BRASWELL B H e al.
Contemporary and pre-industrial global reactive nitrogen budgets

J . Biogeochemistry 1999 46:7-43.
SHENG Wenping YU Guirui JIANG Chunming et al. Monitoring
nitrogen deposition in typical forest ecosystems along a large
transect in China J . Environmental Monitoring and Assessment
2013 185( 1) : 833-844.
ZHAN Xiaoyun YU Guirui HE Nianpeng et al. Nitrogen
deposition and its spatial pattern in main forest ecosystems along
north-south transect of eastern China J . Chinese Geographical
Science 2014 24(2) : 137-146.
ZHU Jianxing HE Nianpeng WANG Qiufeng et al. The
composition spatial patterns and influencing factors of atmospheric
wet nitrogen deposition in Chinese terrestrial ecosystems ]
Science of the Total Environment 2015 511:777-785.
JIA Yanlong YU Guirui HE Nianpeng et al. Spatial and decadal
variations in inorganic nitrogen wet deposition in China induced by
human activity J . Scientific Reports 2014 4:3763.
FANG Huajun CHENG Shulan YU Guirui et al. Responses of
CO, efflux from an alpine meadow soil on the Qinghai Tibetan
Plateau to multiform and low-evel N addition J . Plant and Soil
2012 351( 1/2) : 177-190.
MATSON P LOHSE K A HALL S J. The globalization of nitrogen
deposition: consequences for terrestrial ecosystems J . AMBIO: A

Journal of the Human Environment 2002 31(2) : 113-119.

J . 2012 32( 18) :5907-5917.
ZHANG Yanmin ZHOU Guangsheng. Advances in leaf maximum
carboxylation rate and its response to environmental factors J .
Acta Ecologica Sinica 2012 32( 18) :5907-5917.
YIN Xinyou SCHAPENDONK A H C M KROPFF M ] et al. A
generic equation for nitrogendimited leaf area index and its
application in crop growth models for predicting leaf senescence

J . Annals of Botany 2000 85(5) :579-585.

2010 30( 11) :3057-3064.
HUANG Mei JI Jinjun. The spatial4temporal distribution of leaf
area index in China: a comparison between ecosystem modeling and

remote sensing reversion J . Acta Ecologica Sinica 2010 30



1624

29

13

14

15

16

17

18

19

20

(11):3057-3064.
OLSEN J WEINER J. The influence of Triticumaestivum density
sowing pattern and nitrogen fertilization on leaf area index and its
spatial variation J . Basic and Applied Ecology 2007 8( 3):252-
257.
SHAHEN S ZAHIR S KHALAIL S K et al. Effects of variable
nitrogen source and rate on leaf area index and total dry matter
accumulation in maize ( Zea mays L.) genotypes under calcareous
soils J . Turkish Journal of Field Crops 2014 19(2) :276-284.
63

RuBP J . 2001 27(6) :
930-934.
WANG Renlei LI Xia CHEN Guoxiang et al. Effect of N-{fertilizer
levels on photosynthetic rate and RuBP carboxylase activity in flag
leaves of hybrid rice Shanyou 63 J . Acta Agronomica Sinica
2001 27(6) :930-934.
CARPICI E B. Changes in leaf area index light interception
quality and dry matter yield of an abandoned rangeland as affected
by the different levels of nitrogen J . Turkish Journal of Field
Crops 2011 16(2) :117-120.
LU Chaoqun TIAN Hangin. Spatial and temporal patterns of
nitrogen deposition in China: synthesis of observational data J .
Journal of Geophysical Research: Atmospheres 2007 112( D22) :
229-238.

Cco,
J. 2011 31(10) :2687-

2696.
ZHU Tianhong CHENG Shulan FANG Huajun et al. Early
responses of soil CO, emission to simulating atmospheric nitrogen
deposition in an alpine meadow on the Qinghai Tibetan Plateau

J . Acta Ecologica Sinica 2011 31( 10) : 2687-2696.

2014 38(3) :231-237.
BIN Zhenjun WANG Jingjing ZHANG Wenpeng et al. Effects of
N addition on ecological stoichiometric characteristics in six
dominant plant species of alpine meadow on the Qinghai-Xizang
Plateau China J . Chinese Journal of Plant Ecology 2014 38
(3):231-237.

J. 2002 26( 3) :288-294.
SHEN Zhenxi ZHOU Xingmin CHEN Zuozhong et al. Response of
plant groups to simulated rainfall and nitrogen supply in alpine
Kobresiahumilis meadow J . Acta Phytoecologica Sinica 2002 26
(3):288-294.

N J. 2014 38(2) : 159-166.
YANG Xiaoxia REN Fei ZHOU Huakun et al. Responses of plant
community biomass to nitrogen and phosphorus additions in an
alpine meadow on the QinghaiXizang Plateau J . Chinese Journal

of Plant Ecology 2014 38(2) : 159-166.

21
22

23

24

25

26

27

28

29

30

31

32

33

34

. M . : 2001.

FANG Huajun YU Guirui CHENG Shulan et al. '*C abundance
water-soluble and microbial biomass carbon as potential indicators
of soil organic carbon dynamics in subtropical forests at different
successional stages and subject to different nitrogen loads J . Plant
and Soil 2009 320( 1/2) :243-254.

LONG S P BERNACCHI C J. Gas exchange measurements what
can they tell us about the underlying limitations to photosynthesis?
procedures and sources of error
Botany 2003 54(392) :2393-2401.
FANG Hongliang LI Wenjuan WEI Shanshan et al. Seasonal

J . Journal of Experimental

variation of leaf area index ( LAI) over paddy rice fields in NE
China: intercomparison of destructive sampling LAI-2200 digital
hemispherical photography ( DHP) and AccuPARmethods [ .
Agricultural and Forest Meteorology 2014 198:126-141.
FARQUHAR G D VON CAEMMERER S BERRY ] A. A
biochemical model of photosynthetic CO, assimilation in leaves of
C3 species J . Planta 1980 149( 1) : 78-90.

BALL J T WOODROW I E BERRY J A. A model predicting
contribution to the control of

M /]

stomatal conductance and its
photosynthesis under different environmental conditions
BIGGINS J. Progress in Photosynthesis Research. Berlin Germany:
Springer Netherlands 1987:221-224.
LUO Yiqgi MEDLYN B HUI Dafeng et al. Gross primary
productivity in Duke Forest: modeling synthesis of CO, experiment
and eddyflux data J . Ecological Applications 2001 11( 1) :239-
252.

M . : 2010:218-246.
SHARKEY T D BERNACCHI C J FARQUHAR G D et al. Fitting
photosynthetic carbon dioxide response curves for C3 leaves J .

Plant Cell & Environment 2007 30(9) : 1035-1040.

J . 2006 27(2):36-41.
LIU Yi CHEN Jinsong LIU Qing et al. Advances in studies of soil
nitrification and denitrification and controlling factors J . Journal

of Sichuan Forestry Science and Technology 2006 27(2) :36-41.

J. 2012 25(6) : 678-684.
YAN Congwei MA Hongliang GAO Ren et al. Effects of simulated
nitrogen deposition on soluble nitrogen in subtropical forest soils

J . Research of Environmental Sciences 2012 25( 6) : 678-684.

D . : 2014.
GRASSI G MEIR P CROMER R et al. Photosynthetic parameters
in seedlings of Eucalyptus grandis as affected by rate of nitrogen

supply J . Plant Cell & Environment 2002 25( 12) : 1677-1688.

J. 2009( 1) : 82-88.
LEI Ming LI Shuyun ZHANG Shibao et al. Effects of nitrogen on

photosynthesis and growth in Incarvilleadelavayi ( Bignoniaceae)



11 1625
J . Acta Botanica Yunnanica 2009( 1) : 82-88. 37 N D .
35 IAP-N 2009.
N,O I 2015 36(7) :2395-2404. 38 ZAVALETA E S SHAW M R CHIARIELLO N R et al. Grassland
HAN Yunfang HAN Shenghui YAN Ping. Estimation of N,O responses to three years of elevated temperature CO,
emission from Anhui croplands by using a regional nitrogen cycling precipitation and N deposition J . Ecological Monographs 2003
model IAP-N ] . Environmental Science 2015 36( 7): 2395- 73(4) :585-604.
2404. 39
36 D . : 2014.
J. 2015 35(5) :1480-1487. 40 SUDING K N COLLINS S L GOUGH L et al. Functional-and

HU Yaosheng YAO Xuyang LIU Yanhong. Specific leaf area and
its influencing factors of forests at different succession stages in
Changbai Mountains J . Acta Ecological Sinica 2015 35(5):
1480-1487.

abundance-based mechanisms explain diversity loss due to N
fertilization J . Proceedings of the National Academy of Sciences of

the United States of America 2005 102( 12) : 4387-4392.

( 1 )

[ ] [}
N
c mol/m®>  mol/L A c( A)
p kg/L A p(A)
w 1 mg/kg A w( A)
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