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Abstract The amount of bicarbonate utilised by plants isKeywords Karst- Bicarbonate Photosynthesis
usually ignored because of limited measurement method$norganic carbonic utilization Stable carbon isotope
Accordingly, this study quantiped the photosyntheticcomposition
assimilation of inorganic carbon (GQOand HCQ ) by
plants. The net photosynthetic G@ssimilation Py), the
photosynthetic assimilation of GGand bicarbonateRyO), 1 Introduction
the proportion of increased leaf areg ) and the
stable carbon isotope composition 3'{C) of In general, terrestrial plants prioritize the use of atmo-
Orychophragmus violaceus (Ov) and Brassica juncea (Bj)  spheric CQ as their principal inorganic carbon source for
under three bicarbonate levels (5, 10 and 15 mm Nak)CO photosynthesis. In karst regions, karst rocks mainly
were examined to determine the relationship amé®hg develop in limestone (CaC{pduring the dynamic chemi-
PO ang a. PNO, noPy, changed synchronously withs.  cal dissolution of calcium carbonate [Cag® Ha.
Moreover, the proportions of exogenous bicarbonate an® ? CO, —» C&’ ? HCO; ], where water and
total bicarbonate (including exogenous bicarbonate andtmospheric C@ are consumed. A large amount of dis-
dissolved CG-generated bicarbonate) utilised By were  solved inorganic carbon (DIC) in the form of HGOexists
2.27 % and 5.28 % at 5 mm bicarbonate, 7.06 % andn the surface runoff. Therefore, plants growing in the karst
13.28 % at 10 mm bicarbonate, and 8.55 % and 17.31 % akgions can utilise both atmospheric €@nd dissolved
15 mm bicarbonate, respectively. Meanwhile, the proporHCO;  for photosynthesis (Waele et al. 2009; Palmer
tions of exogenous bicarbonate and total bicarbonate utit991; Wu and Xing 2012; Yan et al. 2012). The photo-
lised byBj were 1.77 % and 3.28 % at 5 mm bicarbonate,synthetic assimilation of C@Oin plants and the chemical
2.11 % and 3.10 % at 10 mm bicarbonate, and 2.36 % andissolution of carbonate rocks are important L£€nks.
3.09 % at 15 mm bicarbonate, respectively. Therefore, th&hus, research on the photosynthetic assimilation of inor-
dissolved CQ-generated bicarbonate and exogenougjanic carbon (atmospheric G@nd dissolved HCQ ) in
bicarbonate are important sources of inorganic carbon foplants is crucial for providing evidence on plant produc-
plants. tivity and carbon sinks in the karst regions.
Photosynthetic activities, which include the net assimi-
lation of CO,, indicate the potential growth and produc-
tivity of plants. The photosynthetic rate rel3ecting the

& Yanyou Wu photosynthetic assimilation of GQOn plants can be accu-
wuyanyou@mail.gyig.ac.cn rately determined using an open gas-exchange system

L State Key Laboratory of Environmental Geochemistry, (Long and Be.r.nacchl 2003). ngeral studies indicated th_at
Institute of Geochemistry, Chinese Academy of Sciences, plants can utilise exogenous bicarbonate as an alternative
Guiyang 550081, China inorganic carbon source for photosynthesis when sources

2 University of Chinese Academy of Sciences, Beijing 100049, ~ Of the exogenous inorganic carbon change (Raven 1970;
China Shelp and Canvin 1980). However, the photosynthetic
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assimilation of bicarbonate in plants cannot be determined*C value of - 2.45%, were added into the Hoagland

using an open gas exchange system. Some plants utilismitrient solution to simulate three bicarbonate levels to

exogenous bicarbonate (Wu and Xing 2012; Raven et aktulture two-old seedlings which germinated healthily and

1982; Price et al. 1985), whereas others utilise bicarbonateniformly from each plant species. Meanwhile, three levels

generated from dissolved GCHowever, the dissolution of of bicarbonate labelled wit*3C value of - 24.409%o

carbonate rocks currently remains unclear. were used to culture two-old seedlings that germinated

The stable carbon isotope technique is commonly usetlealthily and uniformly. Eighteen healthy and uniform

to identify various carbon sources utilised by plants. Theseedlings from each plant species were subjected to both

stable carbon isotope rati®’€C) can be applied as an treatments. The modibed Hoagland nutrient solution was

index for carbon metabolic processes, such as photosyichanged daily to maintain consistency for each treatment.

thesis (Farquhar et al. 1989). Labelling the stable carboill measurements were conducted in triplicates.

isotope in exogenous bicarbonate can trace whether or not

plants utilise CQ from the conversion of exogenous 2.2 Leaf gas exchange

bicarbonate for photosynthesis. Therefore, the changes of

the 31°C of plant tissues in different culture environmentsLeaf gas exchange was determined between 09:00 and

can ref3ect the sources of inorganic carbon for photosynt1:00 am by using an open gas-exchange system (Li-6400,

thesis, as carbon metabolic pathways change when plantsECor, Lincoln, NE, USA). Photosynthesis was induced

are exposed to various environmental conditions. with light (200 umol m 2 s, PPFD) and ambient CO

Orychophragmus violaceus (L.) and Brassica juncea  concentration (40@umol mol ). The net photosynthetic

(L.) Czern.et Coss. cv. Zangyou No.8 are cruciferous plantsate Py, pmol CO, m 2 s 1), the transpiration rateF

commonly used as experimental materials because of theimmol H,0 m ? s %), and the stomatal conductances,(

high tolerance to bicarbonate stress in Southwest Chinmol H,0 mi ? s %) were measured on the youngest fully

(Wu et al. 2005; Wang et al. 2014). In this study, theexpanded leaf from the top of all the tested plants on day 7

photosynthetic and growth parametersfviolaceus and  after the onset of bicarbonate treatment. Water use efp-

B. juncea under different levels of exogenous bicarbonateciency (WUE) was calculated using the following

were examined to determine their potential productivity.equation:

Moreover, the3'C values of leaves and culture solutions WUE = Py/E

were measured to determine the photosynthetic assimila-

tion of inorganic carbon (atmospheric G@r HCOy, )  WherePy is the net photosynthetic rate adis the tran-

under water culture conditions. Furthermore, the relationspiration rate.

ship between thé'C and photosynthesis of the two plant

species was studied to explore the capacity of the plants 33 Determination of leaf biomass

utilise bicarbonate and the Omissing carbon sinkd involved

in the chemical dissolution of carbonate rocks. The leaf biomass was estimated to determine the leaf area
(LA, mm?) of the youngest fully expanded leaf of both
plants from each bicarbonate treatment (Evans and Poorter

2 Materials and methods 2001). After 1, 3,5, 7, 9, 11, and 13 days of water culture,
the leaf length (X, mm) and the maximum leaf width (¥
2.1 Plant materials and experimental treatments mm) of the youngest fully expanded leaves from each

bicarbonate treatment were determined using a
The O. violaceus and B. juncea were obtained from the portable digital caliper. Leaves in varying sizes of each
Institute of Geochemistry, Chinese Academy of Scienceplant species were randomly selected to determine the LA,
and the Guizhou Institute of Rapeseed, respectively. Seedgaf length, and maximum leaf width on day 7. The values
of these plants were germinated in 12-hole trays withof LA were estimated using the leaf length and the maxi-
perlites in a greenhouse at a 12h light cyclemum leaf width of all the leaves on the basis of the fol-
(200 umol m 2 s %, PPFD), a day/night temperature rangelowing power curve equation:
of 25 fC/18 °C, and a relative humidity range of 50_%D LA = bo x (X0 x XW)bl (1)
60 % in the laboratory of the Institute of Geochemistry,
Chinese Academy of Sciences, Guizhou Province, Chinwhere LA(mn?) is the value of the LA of each plant at
(26.57 N, 106.72 E, altitude of 1045 m). Seedlings which different bicarbonate treatments on day 7, apaid Q are
germinated in a uniform size were selected and cultureg¢onstants.
with half-strength Hoagland nutrient solution (Hoagland To eliminate the physiological errors produced by the
and Arnon 1950). 5, 10, 15 mm NaHGQabelled with initial leaf, the initial leaf length and maximum leaf width

@ Springer



132 Acta Geochim (2016) 35(2):130D137

of each plant species under different bicarbonate treatments the proportion of exogenous bicarbonate in the total

were calibrated using the followed logistic equation: inorganic carbon sources in the nutrient solution.
_ For the exogenous NaHG@abelled with a8*°C value
LA'= Yo+ A /(1 + B xe® 2
ot /( + % ) 2 of - 2.45%0PDB, Eq. 5 can be changed to
where LAQ is the LA of each plant treated with bicarbonatey, o, = d,—fansida + fonsides (6)
A, B, and K are constants; ands the culture time«= 0,
1,3,5,7,9, 11, 13 days). wheredys; is the §*3C value of the nutrient solutiord, is
Furthermore, the proportion of increased b|om&'§§)( the 613C Value Of the bicarbonate generated from atmo-
during bicarbonate treatment can be calculated as spheric carbon dioxideic; is the3'°C value of the initial
nutrient solution added with exogenous NaH{@nd
fia = (LA-LA) / LA 3 ; i

labelled with a8*°C value of- 2.45%,PDB, andfsns: is
where LA, and LA; are the initial LA ¢ = 0 day) and the proportion of exogenous bicarbonate in the total inor-

bPnal LA (=i day) during bicarbonate treatments, ganic carbon sources in the nutrient solution. Similarly, for
respectively. the exogenous NaHGQlabelled with a5*3C value of
- 24.409%0PDB, Eg. 5 can be changed to

24 Determ?n.atio.n of the stable carbon isotope dnsz = da—fansda + fansdes (7)
composition in leaves

wheredys, is the §*3C value of the nutrient solutior, is
The stable carbon isotope ratio$'{C,) of the brst the 8'3C value of the bicarbonate generated from atmo-
youngest fully expanded leaf from the top of each testedpheric carbon dioxideic, is the 3**C value of the initial
plants at each bicarbonate treatment level was determindtitrient solution added with exogenous NaHC@nd
via gas isotope ratio mass spectrometry (MAT-252;-  labelled with a5*°C value of- 24.409%.PDB, andfsnszis
nigan MAT, Bremen, Germany). Tha"C values of leaves the proportion of exogenous bicarbonate in the total inor-
from three seedlings in each plant species under eac@ianic carbon sources in the nutrient solution.
bicarbonate level were determined on day 7 after the Plant seedlings with uniform sizes were randomly
bicarbonate treatment. The stable carbon isotope ratioselected for analysis; thuggns: can be equal tdfsns2-
(8*°C) in all samples were calculated using a standardomparing Eq. 6 with Eq. 7, we can calculggs as
equation (Pee Dee Belemnite, PDB) and expressed gg\s = fans1 = fans2 = (dnsi—dns2) / (dei—deo) (8)
Eq. 4. The accuracy of the analysis was0.1 %eo.

/ (13C/12C)

wheredys; is the 823C value of the bicarbonate treatment
_ } solution added with NaHCQand labelled with ad**C

standard value of - 2.45%.PDB, dyns; is the 8'°C value of the
bicarbonate treatment solution added with NaHC&hd

(4)  labelled with a3*3C value of- 24.409%,PDB, andfsns iS

where £3C/12C) sampreand £3CI2C) qanuarcaife the ratios of the proportion of exogenous bicarbonate in the total inor-

) . X i in th i lution.
height to light isotopes of the sample and the standaro‘?anIC carbon sources in the nutrient solution

respectively.

sample

d*3C (permil) = [(13C/12C)
x 1000

2.6 Calculations of the bicarbonate utilisation
proportion and corrected photosynthetic rate
2.5 Determination of the proportion of exogenous

bicarbonate in the nutrient solution For the bivariate isotope-mixture model,

. . . . do=da(1—f d 9
The stable carbon isotope ratio§"{Cys) in the nutrient L=0a( 5) + dafal 9
solution from each plant under each treatment were J_ is the 313C value of the leaves in the tested plants
determined 1 day after the bicarbonate treatment via gasultivated with NaHCQ and labelled with ai**C value of

isotope ratio mass spectrometry. - 2.45% or - 24.409%.PDB, 8, is the 8*°C value of the
According to the bivariate isotope-mixture model, leaf in the tested plants with atmospheric £&5 the sole
dns = da—fensida + fansdo (5) carbon sourcedg is the33C value of the leaf of the tested

plants with exogenous NaHG@s the sole carbon source,
wheredys; is the 3*°C value of the nutrient solutiord. is  andfy, is the proportion of exogenous bicarbonate utilised
the 3'°C value of the bicarbonate generated from atmo+y the tested plants under each bicarbonate treatment.
spheric carbon dioxid&¢; is the 313C value of the initial For the exogenous NaHGQabelled with ad13C value
nutrient solution added with exogenous NaHC&ndfsnsi  of - 2.45%.,PDB, Eq. 9 can be changed to
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dis = dar(1—fsr1) + deifsia (10)  bicarbonate treatment. However, the addition of both
exogenous bicarbonate and dissolved atmospherig iGO

X ) ) 13 the nutrient solution can trigger a reversible chemical
plants cultivated with NaHC@and labelled with &™C reaction because of the bicarbonate treatment. We assumed

- 0 i 13 i .
}[’ﬁlute Otf dZ.LIlS /E"’PD_E:]’ 6’?1 IS thheS_ C \giﬁ of tr;e Ieafbm that fanso and fgns are the proportions of exogenous
e tested plants with atmospheric & € SOI€ carbon ;i arbonate in the initial and Pnal nutrient solutions,

H 13,
SQL;]rce'SBl is thed™C value ththe I‘Taf of tk:]e tested plantz respectively. In this study, the value fifyso can be con-
with exogenous NaHCPas the sole carbon source, an sidered as 1, and the value f@fys can be calculated using

feL1 IS the proportion of exogenous bicarbonate utilised byEq_ 8. Furthermore, the proportion of total bicarbong@)
the tested plants under each bicarbonate treatment.

Similarly, for the exogenous NaHGQOabelled with a
31°C value of- 24.409%.PDB, Eq. 9 can be changed to

dio = da2(1—far2) + deafeie (11)

where §,, is the 8*°C value of the leaves in the tested
plants cultivated with NaHC@and labelled with a*°C
value of- 24.409%,PDB, 5,5 is the 5:3C value of the leaf BUC = Py x fo/ (1—f3) (16)
in the tested plgnts Witfg‘ atmospheric £@s the sole car- P\ = Py + BUC (17)
bon sourcepg, is the 3-°C value of the leaf in the tested
plants with exogenous NaHG@s the sole carbon source, Where Py is the net photosynthetic rate of the plants with
andfs, » is the proportion of exogenous bicarbonate utilisedCO> as the sole carbon source for photosynthgsis the
by the tested plants under each bicarbonate treatment. proportion of total bicarbonate utilised by the plants, and
In this study, plant seedlings with uniform sizes wereBUC is the photosynthetic rate of the plants which catal-
randomly selected for analysis. Thiés, could be equal to  ysed bicarbonate into GCfor photosynthesis.
da2, andfg 1 could be equal tgg .. Comparing Eq. 10
with Eq. 11, we can calculate the proportion of utilised 2.7 Data analysis
exogenous bicarbonatgs() as
. - . Data were subjected to ANOVA to determine signibcant
fou = forr = forz = (da—tiz) / (da1—Ce2) (12 differences (debned a8 B 0.05) between group means.
For (0g1BBg2) in Eq. 12, the difference can be replaced Data are shown as mean standard error (SE) via factorial
with (3c1Bcy), where 8¢y and 8¢, represent thed™*C  analysis with SPSS (version 20.0). The mean results were
values of NaHCQ@ labelled with - 2.45% and compared via a Duncan post hoc test at the 5 % signip-
- 24.409%0PDB, respectively. Thus, Eg. 12 can be chan-cance level # B 0.05).
ged to

where ;. ; is the °C value of the leaves in the tested

utilised by each plant during the bicarbonate treatment can
be calculated with

Jo = 2fsL/fin(1+ fans) (15)

The bicarbonate utilisation capacity (BUC) and the
corrected photosynthetic rat&(0) were calculated with

for = (du1—di2) / (dci—dc2) (13) 3 Results

where fg. only represents the proportion of exogenous
bicarbonate used by the plants (in total leaf biomass) as &1 Gas exchange
photosynthetic substance during the bicarbonate treatment.
Thus, the bicarbonate utilisation proportiofi))(of the — TheO. violaceus andB. juncea exhibited different changes in
increased leaf biomass of each plant during the bicarbona@as exchange characteristics, sucR@ss, and WUE, under
treatment can be calculated as various bicarbonate levels (Flg l)PN signibcantly
fo = fou /f (14) decreased i. violaceus but increased iB. juncea after the
Jb = /BL/JLA bicarbonate treatment. However, both plants showed no sig-
wheref,, is the proportion of utilised exogenous bicarbonatenibcant changes igs after treatments with different bicar-
with increased leaf biomass (LADAQ) during the bonate levels. Furthermore, the WUE values of both plants
bicarbonate treatmenfz,_ is the proportion of exogenous signibcantly increased after the bicarbonate treatment, and
bicarbonate used by the plants (in total leaf biomass) as #he highest WUE was achieved at 10 mm bicarbonate.
photosynthetic substance during the bicarbonate treatment,
andf_a is the proportion of increased biomass during the3.2 Leaf biomass
bicarbonate treatment.

We used Eg. 14 to determine the proportion of exogeTo estimate accurately the leaf biomass, 15 leaves of
nous NaHCQ used by the plants (in increased leaf bio-varying sizes from each plant species were randomly
mass) as a photosynthetic inorganic carbon during theelected to determine the LA, leaf length and maximum
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Fig. 1 Net photosynthetic ratea( Py), stomatal conductancé,(gs) and water use efpciency,(WUE) of Orychophragmus violaceus and
Brassica juncea under bicarbonate treatments. The meaiSE ¢ = 9) followed bydifferent letters in the same plant species differ signibcantly
atp B 0.05 subjected to one-way ANOVA aneest

Table 1 Leaf area estimation  pjgng Leaf area (LA) and product of leaf length and leaf width & Xp) model

model
Ov Yia = 2.5479(% 9 Xp)>®% R’ = 0.974P = 0.000n = 15
Bj Yia = 0.6037(% 9 Xp)'O*®"R?= 0.954P = 0.001n = 15
Table 2 The model of growth  pyan Bicarbonate level Leaf area (Y9 and time () model
rate (leaf area) with timer)
ov 5 mm Yiao= - 194.644? 1798.284/(1? 2.446 exp °*0)
R*= 0.993P = 0.000n = 8
10 mm Yiao= - 199.405? 2933.572/(1? 4.437 exp %)
R*= 0.996P = 0.001n = 8
15 mm Yiao=- 9079.365? 10359.304/(1? 0.107 exp °%°8)
R? = 0.990P = 0.000n = 8
Bj 5 mm Yiao=- 578.022? 11799.457/(1? 14.063 exp °'%°)
R* = 0.998P = 0.000n = 8
10 mm Yiao=- 454.682? 5161.412/(1? 7.453 exp %%
R*= 0.999P = 0.000n = 8
15 mm Yiao=- 753.655? 9538.045/(1? 10.055 exp %27

R?=0.998P = 0.001n = 8

leaf width. The LAs can be estimated using the power3.3 Leaf stable carbon isotope ratios
curve equation (Table 1). Furthermore, the leaf area of
both plants in the hydroponic culture with bicarbonates forThe 3*C values of the leaves varied with plant species and
various culturing times can be btted using the logisticbicarbonate treatments (Table 3). TREC values ofO.
growth model equation (Table 2). The initial leaf, initial violaceus were higher than those d&. juncea. Moreover,
leaf length, and maximum leaf width of each plant specieghe §*3C values of0. violaceus andB. juncea were higher
under various bicarbonate treatments were calibrated ounder treatment with 10 mm bicarbonate than under
the basis of the logistic growth equation to eliminatetreatments with other bicarbonate levels.
physiological errors.

The O. violaceus and B. juncea exhibited different 3.4 Stable carbon isotope rations in the nutrient
changes infia values under different bicarbonate levels solution
(Fig. 2). The highest and lowegts values inO. violaceus
were under 10 and 15 mm bicarbonate levels, respectivel\Similarly, the 5*3C values in the bicarbonate treatment
Those ofB. juncea were under 10 and 5 mm bicarbonate solutions varied with plant species and bicarbonate levels
levels, respectively. (Table 4). When the bicarbonate concentration was
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increased, thé*C values in the initial nutrient solutions violaceus were lower than that oB. juncea under each
(81 and$,) used to culture the plants for 1 day were similartreatment. Moreover, both plants had the highggd val-
to those of the exogenous bicarbonaig;(and d¢»).

3.5 BUC and corrected photosynthetic rates

ues under the 10 mm bicarbonate level.

4 Discussion

The seedlings of the two plants were cultured for 7 d under
treatments with different levels of exogenous NaHGDd
labelled with &C values of - 24.409% and
- 2.45%PDB. Thefg, andf,0 of both plants were calcu- However, these plants aon also utilise exogenous

lated using Egs. 13 and 15, respectively. Tge andf,O bicarbonate as an alternagivinorganic carbon source

values ofO. violaceus were signibcantly increased with the for photosynthesis whenosrces of exogenous inor-

increasing concentration of bicarbonate, while thos#®.in ganic carbon change (Raven 1970; Shelp and Canvin
juncea had no signibcant change (Fig. 3a). Tae andf;,O
values ofB. juncea were lower than those ad. violaceus
under each bicarbonate treatment. The photosyntheti€a®’ ? HCOs ), the majority of DIC is involved in
inorganic carbon assimilation capacities (BUC ahgO)
were calculated using Eqgs. 16 and 17, respectivély.

violaceus had higher BUC thamB. juncea under the same

bicarbonate treatment (Fig. 3b). However, thgd ofO.

AN

5 10

Bicarbonate level (mM)

Fig. 2 The proportion of the increased leaf biomagsa,) during
bicarbonate treatmendszerisk represents the calibratgidy values in
the same parameter@vN Orychophragmus violaceus, BjN Brassica
juncea. The meant SE @ = 9) followed by different letters in the

same plant species differ signibcantlyzaB 0.05 subjected to one-

way ANOVA and-test

Terrestrial plants utilise atmospheric GOas their
principal inorganic carbon source for photosynthesis.

1980). In karst regions, during the chemical dissolution
of carbonate rocks (CaG®® H,O? CO, — -

the formation of bicarbonat In the presence of plants,
the dissolution of carbonate rocks can be accelerated
by various biological effectsTherefore, plants growing

in karst regions have access to both atmospheric, CO
and bicarbonate for photosthesis (Waele et al. 2009;
Yan et al. 2012; Raven 1970).

Py rel3ects the photosynthetic G@ssimilation and thus
the potential growth and productivity of plants. This index
can be determined using the open gas exchange system.
Several studies determined the bicarbonate utilisation
capacities of particular plants under hydroponic culture
conditions via the stable carbon isotope technique; how-
ever, the fact that the bicarbonate generated from the dis-
solved CQ is utilised by the plants was ignored (Long and
Bernacchi 2003; Wu and Xing 2012). In natural environ-
ments, quantifying the photosynthetic assimilation of
bicarbonate in plants is difbcult. Based on previous studies,
the present study developed a new and improved method to
quantify the bicarbonate utilisation capacity of plants under
various bicarbonate levels via the stable carbon isotope
technique in hydroponic culture.

The Py and LA of both plants under various bicarbonate
levels were examined in this study (Figs. 1a, 2). When the
bicarbonate levels increased, tig of O. violaceus sig-
nibcantly decreased, whereas that of tlBe juncea

Table 3 3*°C values of the
leaves ofOrychophragmus
violaceus and Brassica juncea

under bicarbonate treatments

Parameter Plant Bicarbonate treatment
5 mm 10 mm 15 mm
313C (%o) ovD2 - 31.68+ 0.11 - 30.78+ 0.10 - 31.14+ 0.06
ovb24 - 31.74% 0.08 - 32.33+ 0.09 - 31.86+ 0.13
BjD2 - 33.52+ 0.15 - 33.12+ 0.06 - 33.13+ 0.03
BjD24 - 33.75+ 0.07 - 33.33+ 0.04 - 33.56+ 0.08

Data are presented as meanSE @z = 3). OvD2 andBjD2 represer®. violaceus andB. juncea treated with
NaHCQ; labelled with a3*°C value of- 2.45%.; OvD24 andBjD24 represer®. violaceus andB. juncea
treated with NaHC@ labelled with a8*°C value of- 24.409%.
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Table 4 5'°C values in the

. g Parameter Plant Bicarbonate treatment
nutrient solutions under
bicarbonate treatments 5 mm 10 mm 15 mm
dc1 (%o) Ov - 153+ 0.12 - 153+ 0.12 - 1.53+ 0.12
Bj - 1.53+ 0.12 - 1,53+ 0.12 - 1.53+ 0.12
dca (%o) Ov - 28.87+ 0.25 - 28.87+ 0.25 - 28.87+ 0.25
Bj - 28.87+ 0.25 - 28.87+ 0.25 - 28.87+ 0.25
31 (%o) Ov - 6.69+ 0.04 - 4.70% 0.02 - 2.25+ 0.05
Bj - 10.04+ 0.10 - 6.93+ 0.05 - 2.99+ 0.01
32 (%o) Ov - 17.57+ 0.09 - 21.05+ 0.15 - 2240+ 0.12
Bj - 18.01+ 0.08 - 20.68+ 0.10 - 22.22+ 0.23
fans (%) Ov 39.79+ 2.15¢c 59.79% 3.24b 73.67+ 3.98a
Bj 29.16+ 1.02c 50.27+ 2.35b 70.35t 2.98a

Data are presented as meanSE (z = 3). fgns IS the proportion of exogenous bicarbonate in the bnal
nutrient solution. The meax SE ( = 3) followed by different letters in thgys values of each plant
species differ signibcantly at B 0.05 subjected to one-way ANOVA andest

20 3 10+ ;
g A2 oy, .5/, 2 B mmorr, mmsir,
2 |ovg-f B -1 . [ 10vBUC [ ]BjBUC
S8 slrmovar-r,) wBBI*-1,)| | % 8
" 2 bb SE~
i: e 155 .
5% BE =
5% £ES
@ .5 2 = 2 44
s - €=
< 3 = g E
HE 7 2
23 E‘ E 24
- o
5 2
= =
= 0-
5 10 15
Bicarbonate level (mM) Bicarbonate level (mM)

Fig. 3 The various forms and proportions of bicarbonate utilized by the plantar(d photosynthetic inorganic carbon assimilation capacities
(b) of both plants among bicarbonate treatmgigt.is the proportion of exogenous bicarbonate utilised by the pl#tisis the proportion of total
bicarbonate utilised by the plantg,® fs.) is the proportion of the bicarbonate generated by the dissolvedu@iized by the plantsPy is net
photosynthetic rate and BUC is bicarbonatebutilisation capacity of the plamtsik represents the calibrated values in the same parameters.
OvN Orychophragmus violaceus, BjN Brassica juncea. The meant SE @ = 9) followed by different letters in the same plant species differ
signibcantly ap B 0.05 subjected to one-way ANOVA anedest

signibcantly increased. The increasgd in O. violaceus  level. To eliminate the physiological errors caused by the
changed nonbsynchronously witly as the bicarbonate initial leaf, we assumed that the calibrated values of LA in
treatment intensibed (Fig. 4a). Meanwhile, #hg values the initial leaves were 287 mmin O. violaceus and

in the leaves of the. juncea changed synchronously with 152 mnf in B. juncea. Similarly, thefi a* of O. violaceus

the Py in response to various bicarbonate treatments. Thstill changed non-synchronously withy. Therefore, we
deviation between th¢ o and Py of the O. violaceus  hypothesised that th&y does not rel3ect the real growth
revealed that they values determined using the open gasstate fia Or fia*) under bicarbonate treatments. Further-
exchange system did not reRBect the true response tmore, the change i6*3C values in the leaves and culture
bicarbonate treatments and that some errors offthe solutions treated with different bicarbonate levels can
values were caused by the difference in the properties afeRect that the plants can utilise both exogenous bicar-
the initial leaves. Thus, an LA growth logistical model was bonate (NaHCG) and dissolved atmospheric GQener-
established to eliminate these errors under each bicarbonaaged bicarbonate.
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