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Relationship between photosynthetic gas exchange of black
locust and environmental factors

ZHENG Yuan, ZHAO Zhong, ZHOU ]Jing-jing, ZHOU Hui

(Key Laboratory of Environment and Ecology in Western China of Ministry of Education ,
Northwest A& F University ,Yangling Shaanxi 712100, China)

Abstract: [Objective] The study was done to analyze the relationship between photosynthetic physio-
logical parameters of black locust and environmental factors in the diurnal dynamics,and to choose main
environmental influencing factors to photosynthetic gas exchange of black locust. [Method) Diurnal dy-
namics of net photosynthetic rate (Pn),transpiration rate (Tr),stomatal conductance (Gs) and intercellu-
lar CO, concentration (Ci) of canopy leaves of black locust (18-year-old) as well as the environmental fac-
tors photosynthetic active radiation (PAR), vapor pressure deficit (VPD),air temperature (Ta),ambient
CO; concentration (Ca) and relative humidity (RH) were measured in situ using a LI-6400 portable photo-
synthesis system at the Maliantan valley of Yongshou county, Shaanxi Province. Water use efficiency
(WUE) ,carboxylation efficiency (CE) and stomatal limitation (LLs) were calculated. Both direct and indi-

rect effects of environmental factors on important photosynthetic physiological parameters (including Pn,
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Tr and Gs) of black locust were analyzed using path analysis. [Result) Diurnal dynamic of Pn presents a
single peak curve,the decline of Pn at 10:00—14:00 is associated with stomatal limitation, while the decline
of Pn at 14:00—18.00 is associated with non-stomatal limitation;diurnal dynamics of Tr,Gs and PAR are
similar to that of Pnj;the biggest peak of WUE occurs at 08:00,CE keeps a higher level during 10:00 —
16:00;Ci exhibits the maximum value at 06:00 and a decline subsequently, the diurnal variation curve of Ci
is similar to that of Ca but opposite to VPDj;the trend of Ta presents lower level at morning and sunset but
higher level during daytime, which shows an opposite diurnal dynamics to RH. For Pn,PAR has the biggest
direct effect, VPD and RH have higher indirect effects; While Tr, Ta and RH show greater direct effects,
RH demonstrates the biggest indirect effect,and Gs,RH and Ta present higher direct effects, RH has the
biggest indirect effect. [Conclusion) In the diurnal dynamics of gas exchange,effects of environmental fac-

tors on photosynthetic physiological parameters of black locust are different. In conclusion, PAR, Ta and

RH are main environmental factors to influence photosynthetic gas exchange of black locust.
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Table 1 Characteristics of the R. pseudoacacia plantation plots
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Plantation Slope aspect Stand age Slope Height Diameter Soil moisture .
Stand density
1 BHY% Sunny slope 18 6.6 10.240.6 8.640.4 11.84+1.1 1695
2 BH Y% Sunny slope 18 7.3 11.140.6 9.340.4 11.74+1.2 1650
3 BH Y% Sunny slope 18 8.9 9.6+0.5 7.840.4 11.9+1.4 1 740
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Fig. 1 Diurnal dynamics of photosynthetic and physiological parameters in the black locust and environmental factors
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Table 2 Path analysis in Pn,Tr,Gs in the black locust against environmental factors

oA RS

Photosynthetic %j‘ﬁ%lﬁ% Eﬁ?ﬁf§§§kﬂl ] 32 18 1% £ #X Indirect path coefficients
physiological Env:o‘nme‘ntal T‘)lrecAt‘Apat}?
parameters actors coefficients PAR VPD Ta Ca RH D)
PAR 0.564 " ** —0.115 0.197 0.385 —0.126 0.341
VPD —0.225* 0. 289 0.219 0.324 —0. 247 0.586
Pn Ta 0.275% %~ 0. 405 —0.179 0. 348 —0.222 0. 352
Ca —0.481** —0.451 0.152 —0.199 0.171 —0.327
RH 0.274% —0.259 0.203 —0.223 —0. 301 —0.580
PAR 0.365"** 0.138 0.481 0.153 —0.295 0.477
VPD 0.268* 0.187 0.534 0.129 —0.579 0.272
Tr Ta 0.670" * 0.262 0.214 0.139 —0.520 0.095
Ca —0.192* —0.292 —0.181 —0.485 0.401 —0.557
RH 0.641*** —0.168 —0.242 —0.543 —0.120 —1.073
PAR 0.441% %~ —0.199 0. 444 0. 320 —0.334 0.231
VPD —0.387"* 0.226 0.493 0.270 —0.657 0.332
Gs Ta 0.618* ** 0.317 —0.309 0.290 —0.590 —0.292
Ca —0.400* ** —0.353 0. 261 —0. 448 0. 455 —0.084
RH 0.727** —0. 203 0. 350 —0.501 —0.251 —0. 605

T R G AR S R B K. . P <0.05; %", P < 0.01;* " . P<0.001,
Note: Asterisks indicate significant correlations: * . P<C0.05; * * . P<C 0,01; * * *, P<C0. 001.
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