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A preliminary study on the diurnal variation of
net photosynthetic rate and transpiration
rate for Chimonant hus praecox
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Abstract: The messurement of the net photosynthetic rate (Pn) and transpiration rate (Tt} for Chi-
sanunthas praecoa (1. ) Link, under the natural conditions on sunny and cloudy days was carried out.
The influences of environmental factors on diurnal variation of Pn and Tr for C. prascor were also an-
alyzed in this paper, The present experimental results show: {13 The diurnal courses of the Pn for C.
praecer on sunny and cloudy days were Loth double-ridged curves. On sunny days the two peak values
of Pn appeared earlier and the general Pn value was higher than that on cloudy days. The phenomenon
of midday depression of photosynthess way obviously observed on sunny days. (23 The diurnal course
of Tr for C. prueier on sunny days was of a single-ridged-form. The peak value of Tr reached beyond
10 mimol H,O m?s! under the condition of intense light and high temperature in the afternoon. On
cloudy days. the Tr curve was smooth. The transpiration was weak . below 0. 8 mmol H;O m™*s™ dur-
ing a whole day. (3) The Pn of the wild . praecor reached as high as 23. 6 pmol CO; m™2s' when the
photosyntheric active radiation (PAR) was 800~900 pmolm™?s, air temperature {Ta) 28 C ., relative
bhumudity (Rh) 75%:. The light saturation peint and light compensation point of C. ‘prarcox were quite
low. about 900 pmolmis! and 20 jrmolm®s™ respectively. (4} PAR and Ta were dominant ecological
factors limiting the diurnal variation of Pn and Tr for C. praercox. This plant was sensitive o high
temperature and intense light. When PAR exceeded the light saturation point and Ta surpassed 42 'C .
the transpiration increased rapidly while the energy transformation and water use efficiency (WUE?
decreased remarkably. the photosynthetic capacity was much weakened, all these above lead to the
shary descend of Pn.
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1 Introduction

Chimmmunthus  pruecor (1. ) Link, , one of the famous traditional flowers and economic
plants in China, is of high research and exploitation value (Jiang & Li 1979, Zhao et af. 1993).
The studics on its resource distribution, formation, chemical composition analysis. classification
and cultivation have received great attention (Chen &. Yang 1992, Wu & Hu 1995, Zhao et a!.
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1953, Zbang, Huanyg & Liu 1993). We also made some studies on the species varieties and basic
characteristics of wild C. pruecor (Chen, Li & Li et af. 1857, 11, Chen & Lietr af. , 1997). No

cxperimental paper on ecophysioclogical characteristics of C. praecox (especially the wild ones)

has been reported so {ar. The net pbotosynthetic rate (Pn) and transpiration rate (Tr) for C.
prarcor both on sunny and cloudy days were measured, and a preliminary analysis on the re-
sponses of these physiological process to environment was also presented in this paper, aiming at
undersianding its ceophysiological characteristics and providing scientific basis [or more effective

proteciinn and ratienal utilization ol 1his peculiar plant in China.
2 Materials and methods

The sample plants [or testing were selected in the wild Chimonanthus praecor (1..) Link.
forest tmn Auzhai village . Jishou city» Hupan province (for further information abom the habitat
sec literature Li, Chen ef of. 1997). The CI-301 PS (CID Inc. USA) was used to measure the
Pn. Tr. photosynthetic active radiation (PAR), air temperature {Ta), leal temperature {Tl),
air relative humidity (Rha), chamber relative humidity (Rhe}, C0; content (Ce) of the living
[unctional leaves on the 2~ 3 years old plants. The leaf samples were tested once an hour from 7:
00 to 1800 on typical sunny and cloudy days and repeated 3~5 times in each measurement. The
avernge values were calculated from several stable data,

Three typical plants and 3~5 leafs of each plant were selected in the measurement. The di-
urnal course measurement results were an average of two day of measurement in both sunny dhd
cloudy dav.

The wauze layers were gradually added to reduce the light radiated on leal chamber, thus to
coniral the PAR intensity on the leal samples. By this way, the light response of C. praecor was

measured and a light respanse curve was drawn ocut according to it.
3 Results and analysis

3. 1 The diurnal variations of the natural environmental factors

The diurnal course of PAR was of a single-ridged-form on sunny days (Fig. 1). The PAR
gradually increascd from 7.00, the peak value of 2 260 pmolm™s™ appeared at 13:00, thén-PAR
descended to the lowest value of 150 pmolm™s™* at 18: 00. On cloudy days, the PAR d.'l—t,unal
coursc was smonth and showed no such wide fluctuation as on sunny days, the PAR was quite
low during the whole day with the highest value 157. 9 umolm®s™ and the lowest value 43. 5
pmolm™s™".

The divrnal variation of Ta was similar to that of PAR (Fig. 2). On sunny days, the Ta
rose with the radiation increase from 8 ;00 till reaching the peak value of 41.9 C at 13:00, then
Ta decrcased gradually. The Tl was always higher than Ta. The highest T! value of 46. 5 T ap-
peared at 13:00 while the leal was in midday depression of photosynthesis (at that time Pa was
at the bartem in the Pn curve). On cloudy days, Ta and Tl kept low and [luctnated only in the
range of 20~26 C.
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The Rh had quite dilferent diurnal courses on sunny and cloudy days (Fig. 3). The air rela-
tive humidity {Rha) had a wide fluctuation with the highest Rha of 74. 8% at 7:00 and the low-
est Rha of 27% at 13~14:00 on sunny days whercas on cloudy days there was only a small vari-
ation rangc between 76. 8% tat 8:00) and 67% (at 16~—17:00). In the two different weathers,
the Rhe was higher than Rha correspondingly. The diurnal variation of Rha and Rhe approxi-
mated same, that is, te Rhe had wider fluctuation on sunny days (76. 5% —43. 5% ) than on
cloudy days (81. 5% ~73. 1%g).

On both sunny and cloudy days, the air () content (Cc) decreased gradually from the
morning ta the aficrnoon. yet at 18;00, it increased a little (Fig. 4). The fluctuation was small,
about 413~324 ppm. and the Cc values on sunny and cloudy days were roughly the same though

it was a little bigher on cloudy days.
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Fig. 3 Doroal vananon of RH. Rha-s is RH of air, Fig. 4 Diurnal variarion of CO, Content.
and Bhe-w. RH in chamber in suany day; Rha-c is RH Ce-s is CO; Content in sunny day;
of wr. snd Rhe~r. RH in chanmber mn cloudy day. Cc-c. CO, Conrenr in cloudy day.

3. 2 The diurnal variations of Pn and Tr

C(In sunny days. the diurnal course of Pn for C. pruecer was a double-ridged curve (Fig. 5).

The [irst peak vatue of 21. 7 pmol CO; m™#s™ . which was the highest Pn during a whole day, ap-
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pearcd at 8:00, At 1500 the second peak value af 16. 2 pmol CO: m*s™ appeared. During the

time of midday depression nl photasynthesis ar about 13;00, the photosynthesis of the leaf. was
the weakest and the Pn dropped to the bottom ol 3. 6 umol COy, m™¥s™, a decrease of 80% in con-
trast ta the first Pn peak value, so the phenomenon of midday depression of photosynthesis was
quite distinet. On cloudy days, the diurnal course of Pn for . praecor was approximately a dou-
ble-ridged curve with the first and second peak values appeared at 11:00 and 17:00, about 14. 8

! respectively. The two peak values on cloudy days appeared later than

and 11. 5 remol CU) m™s
on sunny days. Ne marked decline appeared between the two peak values, which indicared that

on cloudy days. {'. pruecez bad no midday depression of photosynthesis.
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Fig. & Thurnal variation of net photosynthetic rate Fig. 6 Diurnal variation of rranspiration rate -
i Chemonantbe: prearos (L) Link, in Chimonanthus praecox (L. ) Link,
Pn-«, net phorosynthesis 1 sunny day . Tre-s, transpiration rate in sunny day.
Pn-c. net photosynthesis in cloudy day. Tr-s,. transpiration race in cloudy day.

The diurnal evurse of Tr [or . praecor on sunny days was a single-ridged curve (Fig. 8).
It showed a stable increase from the lowest value of 1. 4 mmol H O m@st at 7.:00 to the peak val-
we of 10, 3 mmol H O m™s” at about 14:00, then Tr decreased gradually. On cloudy days, the
Tr kept low. varying at the range of 0. 2~0. 8 mmol H,O m'*s" during a whole day, yet at 16:
00~17:00. it reached 1. 0~1. 1 mmol H,O m?s?. The diurnal course of Tr for C. prascor on
cloudy days was smooth on the whole.

3. 3 The light response curve

Table | The water use efficiency (WUE) of Chimonanthus
praecox in different weather

surement  of light re- The diurnal course of WUE {pmol COy/mmel H:0) aily

spanse [or C. pruaecer Wenther 8100 5,00 10,0 11,0 12,0 13:0 14,0 15:0 160 17,0 18.0 nverage

sunny 1,17 9.94 7.46 5.25 2.8 0.88 0.4 0.95 1.54 1.7 2.04 3.83 3.66

elowdy 285.9 15.8 22.83 17.3 24.4 12.4 10.9 15.2 11.6 8.42 10.2 5.33 15.27

At last. the mea-

was carried our 1o suit-

able cnvironment with )
Ta about 30C . Rh 75%~80%. A light response curve was made according to the experimental -
data (Fig. 7). The total average standards error was within a range of 13%. The light compen-
sation point and light saturation point of this plant were measured to be about 20 pmolm?s™ and

900 pmolm™s™ respectively, exhibiting the photosynthetic characteristics of shade plant on this
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aspect.

3. 4 Water use efficiency of Chimorant hus
praecox

Watcr use elfliciency (WUE) reflers to the
volume of C0), assinuilation per unit of transpir-
ing sury of water, beang the ratio of Pn/Tr
{Bierhuizen &, Slatyer 19653, The following

table is an evaluation of WUE {or C. prueens

Pnj s moiCCem%s™)

on sunny and cloudy days (Tab. 1), which

shows clearly that on cloudy days, the WUE 5 - . L 1
a 200 400 €00 800 1000

was much higher. the averape value during a
PAR[ 1 molm?s™)

whole dny is four times [or that on sunny days.

During a day, WUE of C. praccor in the Flg.?. Light response for net photcsyrthehc

) . ] ] . rate in Chimonanthus praecozx (L. Link.
morning 8 dwstinetly higher than in the aflter-
noon, which mplies that this plant can use water more cffectively,. transit energy more economi-
cally and maintain high photosynthesis and growth on cloudy days and in the morging of sunny
days, Knowing that is of directive signilicance on making suitable habitats for cultivation and im-

proving the adminwsiration level of the C. pruecer garden.
4  Discussion

4. 1 The photosynthetic capacity and light response

The photosynthetic capacity of a plant refers to the highest Pn gained by the plane with cer-
iain vitality in normal and suitable environmem (T.archer 1980). In the present experimeni, the
Pn reached as high as 21. 7~-23. 6 umal CO;m™s™ (this index was gained {rom the light response
measurement }, In fact, the Pn of C. pruecer was possible to reach higher on conditions of using
a completely riped new leal and in the optimum state of all the environmental lactors. Even
though, compared with the Pn of several other kinds of plant {(Tab, 2. the value of 23. 6 was
qutite higlh, which showed a rather sirong photosynthetic capacity of the wild C. praecur.

As 1o the .
Tuble 2 Comparisons on the photosynthetic capacity of Chimonunthus prascox and

light response of several other kinds of plant(Guo. Zhang & Li & af. 1929, Goo, Shen & Wu e

C. prarcnr, no wfe 1996, Chen & Zhang 1994, Liu, Li & Shi 1999, Xu, Yang & Xu 1998 )
speciat exXper- . Llrfodeudmm Eucommmin Cinuls .H.Cll_ﬂlldl.ﬂ. Chimonanthus Ctmnsyplum
has 1 Plant species chinese Imoides unshiu cv, desliciosa cv. oo hirsutum
ment  has  been tseedling) OO Okteuwas  Miliang-1  Fooon cv. B6-4
cond ue red 50 photosynthetic
capacity { pmol B. 4 10. 9 11.5 18.7 23.6 28. 4

far. The present (¢ o0y

prelimiinary  re-
sults of this test to the wild C. praccor showed that its light saturation point and light compensa-
tion point were low, this plant has some typical characteristics of shade plant on this aspect. One
thing should be pointed out here: the light responsc of the leaf samples varied with the variation

ol climate. habitats and cultivation stage. Zhao Tianpang declared rhat the young of cultivated
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C. mrweor had stronger shade-tolerance whereas the adult had an inclination for the sunlight
(ZhaoTianpang, 1993, Therefore. further and systematic researches on the light response of
wild (. pruecer should be done later.
4. 2 The main ecolagical factors influencing the dinrnal variation of Pn and Tr

Along with the results of several other studies, the diurnal courses of Pn for higher plants
{especialty Cs planis) were two-ridged curves with visible phenomenon of midday depression of
photosynihiesis (Hodges 1967, Xu, Xu & Shen 1990, Xu. Zhang & Zhang 1992). Different
{from athers. the {irst peak value of . pruecor appeared earlier and the midday depression of
phoiasynthesis was more distinet. These characteristics indicated that the PAR was the himiting
{acior inftuencing the diurnal variation of Pn for this plant. For example. on sunny days. when
the PAR tnereasced substantially from about 180 to 900 pmolm®s™ at 7:00~8.00, approaching to
the light saturation point of . pruecor. the first peak value of Pn appeared. Then, with the
PAR increasing [rom 1 250 at 5,00 1o 2 260 pmolm™s " at 13.00, which exceeded the light satu-
ralion point substantially, adding the effect of high temperature (Ta 41. 5°C, Tl 49. 3°C), the
photosyni hetic enzyme in the leal samples became inactive, C(); assimilation efficiency lowered,
which leads to a sharp descend of Pn, thus visible midday depressicn of photosynthesis appeared.
Al 16:00~~17.00, the PAR decreased nearly to the light saturation peint of this plant again,
then the second Pa peak value cmerged.

No doubtl 1hat the Tr of . praecor was closely correlated to the influence of Ta and TIL
Fig. 6 and Fig. 2 showed thal the diurnal coorse of Tr, Ta and Tl approximated the same, that is
to say ., the Tr of €. praerer varied correspondingly with the fluctuation of Ta and Tl, when the
Ta and Tl rase, Tr increased simulblaneously. Yel the peak value of Tr appeared later than that
of Ta and Tl Cn sunny days., Ta was high with a wide fluctuation and the differentiation be-
tween Ta and T1 was high, thos the Tr was also high with a wide fluctuation. On cloudy days.,
the Ta was low and varied in a small range, and the differentiation between Ta and Tl was low,
so did the Tr.

To state succinetly, PAR and Ta were 1wo leading influential factors limiting the variation
ol Tr and Pn lor C. praveer. This plant was very sensitive to intense light and high tempera-
ture. On the condition of a high temperature above 40 “C and a intense light beyond its light sat-
uralion point. its photosynthetic capacity was weakened greatly with a manifestation of high
transpiration and water loss. A sharp descend on Prn can be observed.

Here 1s necessary 10 peint out that the other factors such as Rh, Cc must not to be ignored
on influcncing the diurnal variation of Pn and Tr for . praecor but their influence was not so di-
rect and noliceable ns PAR and Ta did.
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