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Effects of Elevated CO,, Drought Stress and Nitrogen Deposition on
Photosynthesis Light Response Curves of Bothriochloa ischaemum
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Abstract: In order to study the photo-physiological characteristics of old world bluestem (Bothriochloa
ischaemum (L.) Keng.) from loess hilly-gully region under the background of global climate change, the
chlorophyll content (SPAD) and photosynthesis light response curves were determined under potted con-
ditions with different atmospheric CO, conditions, soil moisture conditions and nitrogen deposition treat-
ments. The results showed that elevated CO, and nitrogen deposition increased the SPAD value, maxi-
mum photosynthetic rate (P,,, ), apparent quantum efficiency (AQE), light saturation point (LSP);
drought stress decreased the SPAD value, P,,., and LSP. Multi-factor analysis of variance indicated that
CO, concentration, soil water conditions and nitrogen deposition level all had highly significant influence
on SPAD value, P,,, and LSP; and nitrogen deposition level had significant influence on AQE. CO, con-
centration and soil water conditions had significant interaction effects on P,., » AQE and LSP; CO, concen-
tration and nitrogen deposition level had significant interaction effects on P,,, . AQE and light compensa-
tion point (LCP); soil water conditions and nitrogen deposition levels had significant interaction effects on
P.,..» AQE and LSP. RDA analysis indicated that nitrogen was the most important factor that affected the
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photosynthesis characteristics of B. ischaemum. Elevated CO, concentration and nitrogen deposition had
compensation effect on the photosynthetic reduction of B. ischaemum induced by drought stress under the
background of global climate change.
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Table 3 Results of multi-factor variance analysis of SPAD value and light response curve of photosynthesis parameters of

Bothriochloa ischaemum under different CO, concentration, water conditions and nitrogen deposition treatments

SPAD
e P / pmol AQE/pmol Ry /pmol LSP/ LCP/
Treatment e COy em 25! CO; em 2 es ! CO; sm 2 es ! pmol e m™% «s7!  ymolem 2 .s7!
F P F P F P F P F P F P

COq 18. 567 0. 000 32.900 0. 000 1. 299 0.262 17.921 0. 000 95.551 0. 000 20.512 0. 000
W 58. 875 0.000 181.529 0. 000 0.563 0.574 4,035 0.026 95. 843 0. 000 7.895 0.001
N 26. 850 0.000  302.990 0. 000 54.291 0. 000 23.958 0. 000 86.614 0. 000 7.826 0.002
CO, XW 0.303 0. 740 4.938 0.013 4. 257 0.022 3.736 0.034 4. 271 0.022 7.570 0.002
CO; XN 2.982 0.059 6. 750 0.003 7.064 0.003 0.377 0. 689 0. 590 0. 560 13.012 0. 000
W XN 0.718 0.583 7.627 0. 000 5.411 0.002 2.043 0.109 7.527 0. 000 3.151 0.026
CO; X WXN 0.208 0.933 2.555 0. 055 2.056 0.107 4.663 0. 004 2.142 0.096 6. 140 0.001

:CO; : CO. ;W 3N

Note: CO;z: CO; concentration; W. Water conditions; N: Nitrogen deposition treatment
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Table 4 Light response curve of photosynthesis parameters of Bothriochloa ischaemum under

different CO; concentration, water conditions and nitrogen deposition treatment

Pz AQE Ra LSP LCP

2

! ,/],Lm()l COy *m 2% » s ! 2 4 o1

s /pmol e m ™% « 57! !

/pmol COz * m™?% « s
C1 C2 Cl1 C2 Cl C2 Cl1 C2 C1 C2
6240.37A 54744424 621158 16424 20+ 124
5740.35" 56542394 669+79bA 234 6bA 24+ 402
7070, 27" 667 +£44PA 7054£27A 19+ 6%A 20400
860, 26° 54758 7114278 1942abeA 234 6abA
5240.12°F  6524-45P4 7534 12PB 204 48beA 3] 2beB
5440.45"  800£54¢A 975+£83F  27+£6A 20474
8540.11" 6604354 749+51PA 1240%A 454298
424043 7604454 984+ 7B 27464 394208
760, 37" 884529 1039459 21 420N 174200

/pmol CO; * m /pmol e m ™ ? « s

Treatment

WINI  9.1040.18*  9,1340.36*% 0.03040.001*4 0, 0404-0. 003® 0, 6040, 154
WIN2 10,2740, 6802 12,2840, 71°8 0, 05010, 00544 0, 06370, 007<%A 1, 1240, 2344
WIN3  12.7242.004 14,5440, 444 0, 06240, 013%A 0, 07040, 008%A 1, 1540, 42944
W2N1  10.5540. 268 9, 5340, 24*A 0. 03740, 003 0, 05320, 005>F 0, 9740, 220eA
W2N2  12.9141.08 12,74+0.35"  0.0524-0. 002¢94 0, 06140, 003 1, 2340, 11¢deA
W2N3  15.89740. 709 18,160,319 0, 05840, 014%A 0, 05840, 007><A 1, 5440, 1994
W3NI 11,6070, 472 12,9840, 89 0. 04240, 00122 0, 0490, 010°°A 0, 5640, 1424
W3N2 151441, 1294 17,98-+0.40% 0, 04440, 001>A 0, 05640, 003> 1, 15740, 27°4
W3N3 18,9240, 964 20,5840, 22  0.06540. 0054 0. 072240.002¢4 1. 60+0, 184

[ e e e i

(P<C0.05), CO; (P<C0.05)
Note: Different lowercases in the same column indicate significant difference between different treatments at the 0. 05 level; Different cap-

ital letter in the same row indicate significant difference between different CO; concentration at the 0. 05 level

3
3.1 CO, N
SPAD
SPAD s
b
(22231 Bloom L2V
CO,
R (25 CO,
o , CO,
b
o b
3 CO, ,
RDA [26-27]
b o
Fig. 3 RDA analysis of CO, concentration, water
conditions,nitrogen treatment with the light response ’

curve of photosynthesis parameters s



74 24
s D N N
. ) , CO,
, SPAD P, AQE ,
(g , RDA . ,
SPAD P, AQE s
. s SPAD [34] . [35] [36]
o CO, )
s o
3.2 CO, . [31]
P
s o . .
’ s
’ . [37] .
, , ,CO, )
. CO, ]
,CO, , CO,
’ o s
CO, o
. sl CO,
[29] 3 4
s
° ,CO,
’ o SPAD .
° H
' SPAD
’ | . CO, ;
’ s
’ s
[31] ) ’ CO,
[29] 3
. CO, ’
,CO,
¢ [1] Smith T M, Karl T R, Reynolds R W. How accurate are cli-
’ ° mate simulations[]J]. Science,2002,296(5567) ;:483-484
CO, N N [2] CO; now. Earth’s CO; home page[ EB/OL]. http://www.
o co2. earth/monthly-co2,2014-11-05/2014-11-8
, CO, y [3] 1IPCC, 2007. Summary for policymakers. In; Solomon S, Qin
CO, CO, , D, Manning M, Chen Z, Marquis M, Avery K B, Tignor M,
Miller H L. (Eds. ), Climate Change 2007 : The Physical Sci-
[32-33] ’ (213 ence Basis. Contribution of Working Group I to the Fourth
° Assessment Report of the Intergovernmental Panel on Climate
CO; Change. Cambridge University Press, Cambridge, United
. CO, Kingdom/New York, NY, USA:216-220



:CO; N

75

(4]

(5]

L6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Genthon Q, Barnola J] M, Raynaud D, etal. Vostok ice core:
climate response to CO; and orbit forcing changes over the last
climatic cycle[J]. Nature,1987,329:414-418
Galloway J N, Cowling E B. Reactive nitrogen and the world:
200 years of change[J]. A Journal of the Human Environ-
ment,2002,31(2):64-71
Liu X J, Zhang Y, Han W X, et al. Enhanced nitrogen depo-
sition over China[ J]. Nature,2013,494(7438):459-462

LIl »2012,31(12)
1715-1723
Tuittila E, Vasander H, Laine J. Sensitivity of C sequestration in
reintroduced Sphagnum to water-level variation in a cutaway peat—
land[J]. Restoration Ecology,2004,12(4):483-493
. CO,

1. ,2014,22(1) : 85-93

’ ’ ’

[l ,2006,17(9):1575-1578

XuJZ, YuY M, Peng SZ, etal. A modified nonrectangular
hyperbola equation for photosynthetic light-response curves of
leaves with different nitrogen status [ ] ]. Photosynthetica,
2014,52(1):117-123

Xu W Z, Deng X P, Xu B C. Effects of water stress and ferti-
lization on leaf gas exchange and photosynthetic light-response
curves of Bothriochloa ischaemum L. [J]. Photosynthetica,

2013,51(4):603-612

CO, L1l
,1998,18(5) :529-538
. . . CO,
[Jl. ,2011,22

(10):2776-2780

s s s Larrea tridentate
(1] , 2008, 30
(2):95-101
, . 4
0. ,2010,30(15) :4019-4026
[Jl. .2015,35(7):2155-2160
[J]. ,2004,24(5) :876-882
L1 ,2013,33(21) :6786-6794
11 [1]. ,2010,18(6) ;
773-779
, . CO,
[Jl. ,2012,23(11):3009-
3015

Leon A P, Vina S Z, Frezza D, et al. Estimation of chloro-
phyll contents by correlations between SPAD-502 meter and
chroma meter in butterhead lettuce[]]. Communications in

Soil Science and Plant Analysis,2007,38(19-20) ;2877-2885

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Ruiz-Espinoza F H, Murillo-Amador B, Garcia-Herndndez ]
L, et al. Field evaluation of the relationship between chloro-
phyll content in basil leaves and a portable chlorophyll meter
(SPAD-502)[J]. Journal of Plant Nutrition,2010,33(3) :423-
438

Bloom A J., Smart D R, Nguyen D T, ez al. Nitrogen assimi-
lation and growth of wheat under elevated carbon dioxide[]].
Proceedings of the National Academy of Sciences of the United

States of America,2002,99(3):1730-1735

. . . CO;,
L1l ,2013,50(11):1991-
1999
[I]. .2009,7(1) :40-46
. . 4
L1l .
2013,33(14) :4226-4236
, . . COy
L. ,2007,29(2):215-
219
. . .. COy
LJl. ,2015,35(7):
2126-2135
[I]. ,2011,33(5) :56-60
L1l ,2012,28(2) 72~
76
Allen Jr. L H, Kakani VG, Vu] C V., et al. Elevated CO,

increases water use efficiency by sustaining photosynthesis of
water-limited maize and sorghum[J]. Journal of Plant Physiol-
0gy»2011,168(16):1909-1918

Vu] CV, Allen Jr. L H. Growth at elevated CO; delays the
adverse effects of drought stress on leal photosynthesis of the
C4 sugarcanel J|. Journal of Plant Physiology,2009,166(2):
107-116

Sefcik .. T, Zak D R, Ellsworth D S. Seedling survival in a
northern temperate forest understory is increased by elevated
atmospheric carbon dioxide and atmospheric nitrogen deposi-

tion[]]. Global Change Biology,2007,13(1):132-146

. . . CO;,
[1]. ,2010,30(4):
651-655
. . CO;,

L1l ,2012,

32(5):1007-1012

(7.
,2010,34(12) :1394-1403
( )



