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ABSTRACT

The effects of elevated atmospheric CO; on photosynthesis and growth of Chinese cabbage (Brassica
campestris subsp. napus var. pekinensis) were investigated to predict productivity in highland cropping
in an environment where CO; levels are increasing. Vegetative growth, based on fresh weight of the
aerial part, and leaf characteristics (number, area, length, and width) of Chinese cabbage grown for 5
weeks, increased significantly under elevated CO, (800 wmol * mol™) compared to ambient CO, (400
pmol * mol™). The photosynthetic rate (4), stomatal conductance (g,), and water use efficiency (WUE)
increased, although the transpiration rate (E) decreased, under elevated atmospheric CQO,. The
photosynthetic light-response parameters, the maximum photosynthetic rate (4m.x) and apparent
quantum Yyield (@), were higher at elevated CO, than at ambient CO;, while the light compensation
point (Qcomp) Was lower at elevated CO,. In particular, the maximum photosynthetic rate (4m.) was
higher at elevated CO, by 2.2-fold than at ambient CO,. However, the photosynthetic CO,-response
parameters such as light respiration rate (R;), maximum Rubisco carboxylation efficiency (Vcmax), and
CO, compensation point (CCP) were less responsive to elevated CO, relative to the light-response
parameters. The photochemical efficiency parameters (F,/Fy, F\/F,) of PSII were not significantly
affected by elevated CO,, suggesting that elevated atmospheric CO, will not reduce the
photosynthetic efficiency of Chinese cabbage in highland cropping. The optimal temperature for
photosynthesis shifted significantly by about 2°C under elevated CO,. Above the optimal temperature,
the photosynthetic rate (4) decreased and the dark respiration rate (Rq) increased as the temperature
increased. These findings indicate that future increases in CO, will favor the growth of Chinese
cabbage on highland cropping, and its productivity will increase due to the increase in photosynthetic
affinity for light rather than CO,.
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1850\ 7FARE 3lEj e t 7] & CO,2] ==& oF 280
ppmO| 3oLt FA= 394.5 ppmo] 0] 212010 7]
37 = =7 s JAAE Abw), 1957t
A EC] 7HEEE QI8 o R® CO, EF A
&2 07 F7skL, o] & Qlef| 21417 A2 B+t &
Heww oF 1.5~2.0C ol Ao 8 d&ata glck
(IPCC, 2014). -2juete] et 2% 2 309
(1981-2010) B¢t 0.7C 5319, o2 2|43
O 2 A5d Ao R o SEHTHKMA, 2011).

7] & CO: 5k S7PF A2 dekE oF7| kA et
Cs A& tiiiolA= Fede S35k wiZel 2=
O] 2AAHHA] CO,EEE 0] WA S F A 5
AtH(Poorter, 1993). F2H2] CO A= 8=
PN 4= o, th=f 33%9] & F7ER o]0 A)7]
I IeK(Kimball, 1985). A2 A7 24 5710l A
A0 AAPAS t20]7] 915te] 2]} 40-80m 4| <]
SIS S ofl 25k Q= S A 5] #[8t
71 W COLE o]83}7| &= ttl(Kang et al., 2009). T
7] % CO, = 5710l et s Htore] At o
2=9] CO, 31749} Aetal & 4= Q= Hio| 22 Ay
Aofl 235 9531 Qlek Bltehu, Al 2ol 9
ojA A= Arbde Soieke Ent opyet 27] o8t
= HA oz AP Yo CO, 55 QR o= &9
A el sl7] = et Pl &2 13 Capsicum chinense
Jacq.)&] 7%~ CO, 5= F71o] 2J3f| =&tFo] F7het
wto] opy el b4l 7)o A A 115 Al of FAto] 4]
AFe AA TVt A o2 YEh CO, w27} o]t
AEES] ol #ofshs Aom HiESIt
(Garruna-Hernandez et al., 2013).

W\ 5(Brassica campestris subsp. napus var. pekinensis)
= AA8l 2K Cruciferae) of] £8H= A]&Eo0]H, 72| o]
Az STt AL L Aul7} e HadE
Sofl shfolH, of 2 Ae& 53l A% Auli=aL ok 71
S YA o FHl 52 AulH A2 A w5 Al E A
o] oF 10%0]1, 7%= -5 s 600m °] 2] ALy A] 4]
oA of| A Aufjstal QQth(Park and Park, 2013). 18 A=
ST} ol R 7] 20] HAF HolA| = 7% 5

d W Zof| ool AL2rhG o= Qlsl FikR| oA A
Hial7] of 2l T a1} v At of] Aet
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umol - mol” 2 §AE| =2 245} B &
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e 7] 2k, B, TGSt AAES HlolH
Z7|(CR1000, Campbell Scientific Inc., Logan, USA)
£ o] gsto] skl o, 1417H 72 0 = ek ek
(Fig. 1).
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Fig. 1. Diurnal climatic (culture environmental

conditions - chamber air and soil temperature, air
humidity, photosynthetic photon flux density) variables
during leaves development of Chinese cabbage plants
under different culture CO, conditions. Each value
represents the mean + SE measured from culture periods.
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19.47T, of7F 13.81C)o]H, B9k 5: 18.5C(7+
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CHFig. 1A). 183 AEEs Ha  62.2%(F7t
56.6%, OF7F 70.0%)0]m, WrA7ke] RS- 700 pmol -
m? - 512 AF3]a1 Sl ck(Fig. 1BLF1C). 1%54 C0,(800
umol + mol™)ofl A 537F A ufj 5] XA AY A
H AW, 9, P22 Bm5E 7] CO, F & 271400
umol + mol™) o A A= L& wff Bt A Lpepge
™, SPAD g} 25]2] R3tthTable 1). 53], @4,
AT SPADGE AHH] CO, w0l wheh-f-2f5h 2}
o]Z XYt} o)8)dt A= ol S(Brassica oleracea

subsp. capitata cv. Lennox), 115 Capsicum annuum),

TY(Raphanus sativus) 52 tF2 Al ZHEo A= Bl
= v} Itk Vuorinen et al., 2004; Pifiero et al., 2014; Lee
etal.,2009). SFFS] FAL-t7] & CO, 5= =715}
FL o) AA|Fo] Z715}+9 . H(Vuorinen et al., 2004),
5 TAAE 947 ST B el
2RI 5 M| COptAHES] AL 2]
= Ao 2 AR 1L QJch(Pifiero et al., 2014; Lee et al.,
2009). o] €, CO; 5%k 57k= A=Al xlx4;<40]nq
K] %851 28Rz, 714 ANAR HH-L Al el
A &5 i=F 37% S7HA7I= *]Hlﬁﬁ"]q
(Poorter, 1993). 2135 2] CO,0)| A Hlo] 2uj A 0] =7}
= Ao B AFAEFRAA WE s 5o FEA
SolA] M, op ek A 2o A o et
1A YePA T Pritchard et al., 1999; Poorter, 1993).
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Table 1. Growth characteristics of Chinese cabbage plants grown under different culture CO, conditions (ambient,

400 umol - mol’; elevated, 800 umol
measured from 5 independent plants

-mol™) at 5 weeks after treatment. Each value represents the mean + SE

Growth CO; conditions

Growth parameters Ambient CO, Elevated CO, P values
(400 pmol - mol™) (800 pmol * mol™)
Fresh weight of aerial part (g - shoot™) 223.048.5 277.2433.8 0.159
Number of leaves (no. * plant™) 27.6£0.9 28.5£1.6 0.628
Leaf area (cm’ * shoot™) 2648.2+108.8 3458.7+248.8 0.017
Leaf length (cm) 23.7+0.40 25.94+0.66 0.008
Leaf diameter (cm) 18.5+£0.30 19.2+0.47 0.214
SPAD value 67.6+1.3 61.7£1.8 0.032

Data show mean values + standard error of six independent plants. Statistical differences between CO, treatments were

tested with a one-way analysis of variance.
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Table 2. Characteristics of the chlorophyll fluorescence and photosynthetic parameters of Chinese cabbage plants
grown under different culture CO, conditions (ambient, 400 pmol * mol™; elevated, 800 umol * mol™) at 5 weeks after
treatment. Each value represents the mean + SE measured from 10 independent plants

Growth CO; conditions

Parameters Ambient CO, Elevated CO, P values
(400 pmol - mol™) (800 wmol * mol™)
F, (ratio) 412+8.1 439+5.0 0.014
Fm (ratio) 2307+33.9 2420+25.0 0.016
Fu/Fy (ratio) 0.82+0.003 0.82+0.002 0.495
F./F, (ratio) 4.42+0.09 4.30+0.06 0.287
A (umol CO, - m? - s 18.6+0.18 41.9+0.38 0.000
g (mol HyO » m? 5™ 0.310.001 0.48+0.001 0.000
E (mmol H,O - m? - s']) 4.85+0.03 4.77+0.07 0.295
WUE (mmol CO, + mol”' H,0) 3.83+0.03 8.78+0.08 0.000
ITE (umol CO; - mol' H,0) 60.6+1.26 87.0+1.04 0.000
Ly 0.42+0.006 0.35+0.004 0.000
Ci/C, 0.58+0.006 0.65+0.004 0.000

Data show mean values + standard error of six independent plants. Statistical differences between CO, treatments were

tested with a one-way analysis of variance.
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T olikRlE A FE O] STk o] Aol E FTHAA A
& BE FY| S FAHHA = RS F7HA7
=d|(Norby et al., 1995), & oL A= 11 5=2] CO,
(800 pmol - mol™)el| o]gt AJv| &3}7} LyepyiT). 4%
O] F H=TH s oHA EH Aol s |
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Fig. 2. Photosynthetic light-response curves and atmospheric CO, concentration (C;) obtained from leaves of
Chinese cabbage plants grown under different culture CO, conditions (ambient, 400 pmol * mol™; elevated, 800 p
mol - mol™). The curves were fitted with the non-rectangular hyperbola. Each value represents the mean + SE
measured from 4 independent plants.

Table 3. Characteristics of the photosynthetic light-response curves and CO,-response curves obtained from leaves
of Chinese cabbage plants grown under different culture CO, conditions (ambient, 400 umol - mol™; elevated, 800
umol - mol'l).

Growth CO, conditions

Photosynthetic parameters Ambient CO, Elevated CO, P values
(400 umol * mol™) (800 wmol * mol™)
Amax (umol CO, * m? » s 22.1+0.49 49.4+0.41 0.000
R4 (umol CO, * m? - s -2.64+0.01 -2.95+0.14 0.065
Qcomp (umol + m? - s 55.2+42.11 45.242.08 0.009
O (umol * m? + s7) 960.4+86.3 1122.9+26.2 0.109
K (umol * m? - s 335.0+9.6 472.0+4.6 0.000
¢ (umol CO, + pmol” photons) 0.050+0.002 0.069+0.001 0.000
6 0.861+0.031 0.869+0.005 0.798
Jmax (Lmol * m? + s7) 49.9+0.052 46.9+0.87 0.008
R, (umol - m? - s -4.78+0.27 -4.38+0.08 0.195
CCP (umol * mol™) 61.5+2.02 62.2+0.46 0.721
CSP (umol - mol™) 673.0£20.9 750.248.9 0.009
ACE (umol + m? - s 0.083+0.001 0.071+0.001 0.000
Vemax (umol + m? - s 26.1£2.19 25.4£1.79 0.803

Amax, net photosynthetic rate under light saturated conditions; Ry, dark respiration rate at zero irradiance; Qcomp, light
compensation point; Qs,, light saturation point; K, half saturation constant; ¢ apparent quantum yield; &, convexity of
the non-rectangular hyperbola curve.

Jmax, Maximum electron transport driving regeneration of RuBP; R,,, mitochondrial respiration rate in the light; Vemax,
maximum Rubisco carboxylation efficiency; CCP, CO, compensation point; CSP, CO, saturation point; 4CE, apparent
carboxylation efficiency.

Each value represents the mean + SE of four independent plants. Statistical differences between CO, treatments were
tested with a one-way analysis of variance.
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26.1°C o] B3 % 1} 1=t|(Oh et al., 2015), 2
TN 7] CO, 204 o]} AR H AL

=2 Jehy1 98-8 3Rl 2= 9tk ZE(Phalaris
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] G3HAJL 95t 2 A 9] L7} oA oL Mt o}
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Fig. 3. Temperature response curves of foliar net photosynthetic rate and dark respiration in leaves of Chinese cabbage
plants grown under different culture CO, conditions (ambient, 400 pumol * mol; elevated, 800 pmol - mol™). Each
value represents the mean + SE measured from 5 independent plants.
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