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Effects of elevated CO, concentration on the growth of wheat seedlings

under different water potential and nutrition concentrations
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Abstract: On the basis of hydroponic experiment, this pot study included five nitrogen concentration levels (N,
N;.N;.N;.N,), three PEG concentration levels (Py.P;.P;), and two CO, concentrations (370 + 50 pmol+mol ~'; 700
+50 pmol * mol 1) . We studied the growth, dry matter accumulation and distribution, and water relation of wheat
seedlings in different conditions. The results showed that plant height, shoot dry weight, root weight, biomass, and leaf
water potential reached their maximums at NPy, and so were the effects of elevated CO, concentration. Maximal root
length and root to shoot ratio appeared at NyPy and N; P, respectively. The biggest influence of elevated CO, arose under
the same condition. High CO, concentration could mostly improve the growth of wheat seedlings at appropriate condition.
At the same time, elevated CO, could improve leaf water potential of wheat seedlings, which reduced the negative effects

of PEG stress to some extent. Therefore, elevated CO, concentration would improve the growth of wheat and remit the
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negative effects of mild water stress, whereas subtle effect might be observed if wheat growth was under severe drought.

Keywords: elevated CO, concentration; nitrogen; water stress; wheat seedling; dry matter accumulation
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Table 1  Effects of elevated CO, concentration on seedling
height of wheat in combination with different PEG

and nitrogen concentrations

Co, WE PEG #<JZ/(g* 100ml ")
€O, contentration ’Eﬁfv‘j PEG concentration
/(pmol*mol ™) o P, P, P,
N 18.7+2.3  16.2+0.8 12.8+1.8
N, 2.0£2.1  20.9:1.6 15.6+0.7
370 = 50 N 19.6£2.3  18.5+0.3 13.5+1.4
N 19.840.3 18.7£4.0 13.6+0.7
N, 16.8+1.7 15.0=2.1 11.1£0.3
No 23.3:3.0 19.7+4.4 14.8+0.8
N, 28.2:0.8 25.6+0.8 18.1+0.3
700 + 50 N, 2.7:1.4  20.5+1.3 14.5£0.1
N 2.7:1.4  20.0£23 14.7£3.0
N, 18.1£0.6 15.6+0.4 11.1x1.1
No 24.6 21.6 15.6
N, 28.2 25 16.0
RD/% N, 15.8 10.8 7.4
N 14.6 7.0 8.1
N, 7.7 4.0 0.0
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Table 2 Effects of elevated CO, concentration on seedling

PO O3 Mak i = 0 =

shoot dry weight of wheat in combination with different

PEG and nitrogen concentrations/ (mg* plant~!)

Co, W PEG %% /(g+100ml 1)
€Oy contentration 2R KT PEG concentration
ol mol 1) N level o . Pz

No 26.3:1.0 22.1+2.7 15.8£0.3
N, 34.3+4.7 29.5+2.1 21.5+2.1

370 + 50 N, 34.5£6.4 28.9:0.1 22.0£4.2
N 34.5£3.5 29.1x1.6 21.0+1.4
N, 30.5:6.4 24.0+1.4 15.9+1.7
No 30.1+4.1 24.4:3.4 16.0£2.8
N, 40.1+1.3 32.8%3.1 23.2£3.1

700 + 50 N, 39.8+3.1 31.7+2.4 22.7£3.3
Ny 39.2+1.1 31.3+1.8 21.5+0.4
N, 30.7+1.8 24.05:1.3 12.5+1.8
No 14.4 10.4 1.3
N, 16.9 11.2 7.9

RD/% N, 15.4 9.7 3.2
Ny 13.6 7.6 2.4
N, 0.7 0.2 -21.4

®3 AEPECHARRELAET CO, REAS
IHNELE R BRI/ cm

Table 3  Effects of elevated CO, concentration on seedling

root length of wheat in combination with different PEG

and nitrogen concentrations

CO, e

CO, contentrallon

REAF

N level

PEG #¢J¥/(g+100ml ")

PEG concentration

/(pmol * mol ~") P, P, P,

No 23.6+1.6 19.4+0.8 13.4%2.3
N, 18.2+£2.3  14.9+3.4 10.8+2.0

370 + 50 N, 15.4£2.1  12.920.8 8.6+0.8
Ns 15.0£1.8  11.7%1.1 7.9+1.8
N, 10.5+2.5 7.7£1.8  4.1=x1.1
No 25.4+2.7 20.4+x1.6 13.6+0.8
N 19.2+1.6 15.5£1.0 10.9+3.4

700 + 50 N, 16.3+1.6 13.3+0.4 8.5+1.7
N; 15.8+2.4  12.1£0.6  7.9%1.6
Ny 10.6+2.3  7.8+1.0 3.0+1.4
No 7.6 5.2 1.5
N, 5.5 4.0 0.9

RD/ % N, 5.8 3.1 -1.2
N; 5.3 3.4 0.0
N, 1.0 1.3 -26.8
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Table 4  Effects of elevated CO, concentration on seedling
root dry weight of wheat in combination with different

PEG and nitrogen concentrations/ (mg* plant~!)

CO, MR

PEG #¢f/(g-100ml ")

CO, contentration %Niz JV(E ?Z PEG concentration
/(pemol *mol =) - P P, P,
No 17.7+£2.4 14.2+1.1 10.8+1.1
N 24.6+0.8 19.7+x1.8 15.7+0.4
370 + 50 N, 21.9£2.7 17.2+x4.0 13.4+2.0
N3 19.0£0.8 15.2+1.1 12.3+1.0
Ny 12.6+1.4 9.0£1.4 7.4+0.8
Ny 19.1+£1.3 15.1+x1.3 11.2+0.3
N, 27.8+2.5 22.0+x2.8 17.7+1.8
700 + 50 N, 23.3+£1.0 18.2+1.1 14.4+0.8
N; 20.1+£1.3 16.1+0.1 13.1+1.3
Ny 12.0+1.4 8.4+£0.3 5.6+0.6
Ny 7.9 6.3 3.7
N 13.0 11.7 12.7
RD/ % N, 6.4 5.8 7.5
N; 5.8 5.9 6.5
Ny -4.8 -6.7 -24.3
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Table 5  Effects of elevated CO, concentration on
seedling biomass of wheat in combination with

different PEG and nitrogen concentrations/ ( mg* plant ~!)

CO, i35

CO, contentration

PEG ¥/ (g+100ml ")

PEG concentration

REKF

/(pmol* mol =") N el Py Py P,
No 44.0+3.4 36.3+3.8 26.6+1.4
N, 58.9+3.8 49.2+0.3 37.2:1.7
370 £ 50 N, 56.4+3.7 46.1+3.8 35.4+6.2
N3 53.5+4.4 44.3:2.7 33.3+2.4
N, 43.1+5.0 33.0+2.8 23.3+0.8
No 49.2+5.4 39.5+4.7 27.2+2.5
N, 67.9+3.8 54.8+0.3 40.9+5.0
700 = 50 N 63.1£2.1 49.9+1.3 37.1x4.1
Ns 59.3+0.1 47.4+1.7 34.6+1.7
N, 42.7£0.4 32.45+1.1 18.1+2.4
No 11.8 8.8 2.3
N, 15.3 11.4 9.9
RD/ % N, 11.9 8.2 4.8
Ns 10.8 7.0 3.9
N, -0.9 -1.7 -22.3

Fo6 AR PECHEARREAAT Co, REFAS
Xt /N2 4 IR b B 4 P
Table 6  Effects of elevated CO, concentration on seedling
root to shoot ratio of wheat in combination with

different PEG and nitrogen concentrations

CO, e PEG ¥ /(g 100ml=")

CO, contentration ﬁ;ﬁz i(e ?Z PEG concentration
/(pmol -mol 1) / P, P, P,
No 0.67+£0.1 0.64+0.0 0.68+0.1
N, 0.73+0.1 0.67+0.1 0.73+0.1
370 + 50 N, 0.65+0.2 0.60+x0.1 0.61+0.0
N; 0.55+0.0 0.52+0.0 0.59+0.0
Ny 0.43+0.1 0.37+£0.0 0.47+0.1
No 0.64+0.0 0.62+0.0 0.71+0.1
N 0.69+0.0 0.68+0.2 0.76+0.0
700 + 50 N, 0.59+0.1 0.58+0.1 0.64+0.1
N3 0.51+£0.0 0.52+0.0 0.61+0.0
Ny 0.39+£0.1 0.35+0.0 0.45+0.0
No -5.1 -3.6 4.3
N -4.5 0.9 4.0
RD/ % N, -9.9 -3.1 4.3
N; -7.0 -1.3 4.0
Ny -8.0 -6.4 -4.5

CO, X IR S S M B K5 R R WL KT Ny i
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Table 7  Effects of elevated CO, concentration on seedling

leaf water potential of wheat in combination with different

PEG and nitrogen concentrations

- T
Cor i A PG e
Spmolemol -1y 1 P P P,
N -2.7£0.2 -3.1:0.2 -3.9:0.1
N 223503 -2.550.0 —-3.1%0.2
370+ 50 Ny 27806 -2.650.1 -3.8%1.7
Ny -3.0£0.2 -3.080.3 -4.1£0.7
Ne  -3.6:0.3 -3.8:0.2 -4.520.5
No  -2.7£0.5 -3.180.2 -4.1£0.3
N Z2.1£0.0 -2.3£0.0 —3.1£0.3
700 + 50 Ny -2.5£0.2 -2.6£0.2 -3.9:0.1
Ny -3.0£0.2 -3.0£0.1 -4.3£0.2
Ne  -3.6:0.3 -4.080.2 -4.8+0.3
No 1.8 0.3 _3.5
N, 10.1 6.9 0.8
RD/% N, 6.8 1.5 ~2.9
N, ~03 ~0.2 -5.0
Ny -2.0 -5.8 ~7.0

R 8 AE CO, IREPECREURRRREINENHERBMP T EDH

Table 8 ANOVA results of the effects of different CO,, series of PEG, and nitrogen concentrations on growth of wheat seedlings

CO, ¥ Bt PEG #¢J% (P) AR (N)
T H Items €0, PEG Nitrogen €O, x P €O, x N PxN CO, x Px N
concentration concentration concentration
Pk Plant height ® % % ® % % NS NS NS NS
i1 E 3BT T Shoot dry weight % % * % % * NS NS NS NS
MK Root length NS * % % ¢ % NS NS NS NS
T Root dry weight NS ® % % * NS NS NS NS
H: ) Biomass ® % % * % % * NS NS NS NS
HR5EE EE Root/shoot NS NS * NS NS NS NS
7K Leaf water potential NS * %o * NS NS NS NS

T NS FURMBIZERTE P <0.05 KF EARZKERERTF, x * =« x DRFORMBZERTE P <0.01 fl P<0.05 Eik#KF.
Note: NS indicates no significant difference at P <0.05; * % * and * * denote significant differences at P <0.01 and P <0.05, respectively.

BE R R UL AL, COy WRBERS /INZE A i bk e
R RTE AYE MRS K RD

PIE N, M B K I E B AR WS &1 T,
EHE CO, ITEFIIR K. Ny Fll N, (BE N3) Ab /N T
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