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Responses in the transpiration properties and water use efficiency of leaves from
different shoots of Stipa bacailensis to instantaneous changes in the CO,

concentrations and photosynthetic radiation
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Grassland Sciences Northeast Normal University, Changchun 130024, China). Acta Ecologica Sinica,2004.24(11) :2437~2443.

Abstract: Net photosynthetic rate (Py), transpiration rate (E), stomatal conductance (g,) . intercellular CO, concerntration
(C;) s vapor pressure deficit at the leaf surface (VPP D) and water use efficiency (WUE=Px/E) of Stipa bacailensis leaves were
compared between the vegetative and reproductive shoots under a series of CO, concentrations and photosynthetic radiation
levels. For the vegetative and reproductive shoots, both Pyand E increased with the increase in CO, concentration, but the
increase in Py was larger than that in E. The maximal Py of the vegetative shoots (27.2pumol CO,/(m* « s)) was larger than
that of the reproductive shoots (17. 1pmol CO,/(m* + s)) at elevated CO,concentration of 1400pmol/mol. The increment of E
of the vegetative shoots in response to the increase in CO; enrichment was significantly higher than the reproductive shoots.

Significant difference of E between the vegetative and reproductive shoots was found under a series of CO, concentrations.
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Under elevated CO; concentrations, WUE values for the two types of shoots were both increased. The increase in WUE was
primarily due to an increase in Pyand not to a decrease in E. Pyand E of the vegetative and reproductive shoots both increased
with the level of simulated photosynthetic radiation (SPR) under ambient CO, concentration (350pmol/mol). As SPR
increased from 0 to 400umol/(m* « s), WUE of both types of shoots increased sharply. Then, WUE showed little increase
with further increase in SPR. The differences in g, between the vegetative and reproductive shoots was the main factor
determining the differences of Py and E. and the responses of WUE to simulated CO; concentrations and photosynthetic
radiation. These results indicate that there are significant differences in Py and E between the vegetative and reproductive
shoots and their responses to changes in both CO, enrichment and SPR level. However, there are only slight differences in
WUE between the two types of shoots.

Key words: transpiration properties; water use efficiency; CO, concerntrations; photosynthetic radiation; Stipa bacailensis;

vegetative shoot; reproductive shoot

:1000-0933(2004)11-2437-07 :Q346 A
CO,. s . . b=sl
s 1~8]
[5.9] s . \ [9'~|Z]D N
CO, .C; G, ,Cs
L13<1'U7 (:41 [15.16]
(Stipa bacailensis) s , s
o CO,
1
2001 8 s 44°40" ~ 44°44" ,
123°44" ~ 123°47", , , ; 300~500mm , 6~
8 ) 70% . 1668mm 325 . 4.6~6.4C, .
2
(L1~6400P, LI-COR Inc.) s . (L16400-02B LED Light Source) CO,
(LL16400-01 CO,Injector) N CO, (Px) .
(E), (g CO, (&) VPD), 8:00~12:00 14:00~18:00 ,
,CO, :175,350,525,700,1050,1400pmol /mol ,
:0,20,50,100,200,400,600,800,1000,1200,1400,1600, ISOO,ZOOO;LmOI/(mZ °©s), CO,
’ 6059 0. 05 ’
b 3 3 b b 9
s . SPSS .
3
3.1 CO,
. . . — BHE —o- EEH
311 N CO, CO, :-? 0.25 Vegetative Reproductive shoots
) £ 920
[=]
CO, & 0.15
o 0.10
. CO, . (g #™
T 0.05
’ C()g 1050[11’1101/1’]’101 ’ f.r i} | i L L L L 1 I
. 0 200 400 600 800 1000 1200 1400 1600
¢ D, g CO;, CO: ¥ CO; concentration {umol/mol )
(t=11.87, P=0.0001<C0.01, n=5),
CO, (eh) CO, 1 CO.
, c, cCo2, Fig. 1 Responses of g, of vegetative and reproductive shoots of

Stipa baicalensis to increase of CO,concentrations

(t=2.40, P=0.061>0.05, n=5),



11 CO, 2439
C;, CO, ’ —~
. . E 1400 - - BRBE
C D, s CO, C; N % 1200 Vegetative
CO, CO, 50| —o- mH
c c S 800 Reproductive shoots
g ’ s #® 600
. % 00
o 200
(VPD) = Q ! ! L 1 i I PR
B = 0 200 400 60¢ 800 1000 1200 1400 1600
R b7l CO, #RBE CO; conceptration (pmel /mol )
vrD CO, , CO,
1050pmol/mol VPD C 3. 2 CO, CO,
VvPD (t=—3.90, P=0.011<<
0.05, n=5), VPD.g, E N Fig. 2 Responses of C; of vegetative and reproductive shoots of
,WVPD Stipa baicalensis to increase of CO,concentrations
, ’ —- EIEEE -0 EHE
s o % — : Vegetative Reproductive shoots
e
312 Co, o4
3
(E) co, %5§°
2o
. CO, , E EE !
t 0 1 i 1 S | 1 —. A
( 4, (t=17.94, ] 206 400 600 860 1000 1200 14060 1600
CO; R CO; concentration (pmol/mol )
P=0.001<<0.01, n=5), CO, 200pxmol/mol
1400pmol /mol s E  4.22 mmolH,O/(m? « s) 3 CO,
7. 02 mmolH,O/(m?* + s), s E 2.71
mmolH,0/ (m? « s) 3.55 mmolH,O0/(m? « s), Fig. 3 Responses of VPD of vegetative and reproductive shoots of
0. 84 mmolH,O/(m? « s) E CO, Stipa baicalensis to increase of CO,concentrations
s C D,
1 CO, (175~1400pmol/mol)

Table 1 Response equations of physiological parameters of vegetative and reproductive shoots of Stipa baicalensis to CO,enrichment

Shoot types Y X Equations R?
Vegetative shoots Px(pmol CO,/(m? + s)) CO, CO; concentrations Y=10.87ln X—52.79 0. 9601
Reproductive shoots Y=7.38ln X—37.38 0. 9824
Vegetative shoots E(mmol H,O/(m? « s)) CO, CO; concentrations Y=1.33ln X—2.85 0.9075
Reproductive shoots Y=0.0008X+2.57 0. 8764
Vegetative shoots WUE (pmol CO,/mmol H,O) CO, CO; concentrations Y=0.0038X-+0.33 0. 9587
Reproductivesioots Y=0.0059X—0.75 0. 9904
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Table 1 Responses equations of physiological parameters of vegetative and reproductive shoots of Stipa baicalensis to the strengthen of simulated

photosynthetic radiation

Shoot types Y X Equations R?
Vegetative shoots Px(pmol CO,/(m? « s)) SPR Y=—0.00001X%40.0266X—1. 3696 0. 9853
Reproductive shoots Y=—0.000006X%40.0174X—0. 1256 0. 9651
Vegetative shoots E(mmol CO,/(m? *s)) SPR Y=—0.000001X?+0. 0035X +2. 9342 0.9774
Reproductive shoots Y= —0.000002X2+0. 0043X+1. 7435 0.9572
Vegetative shoots WUE (pmol CO;/mmol) SPR Y=—0.000002X240. 0056 X —0. 3317 0. 9258
Reproductive shoots Y=—0.000002X%40. 0042X —0. 0035 0. 8609
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