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Abstract: Atmospheric CO, concentrations, soil moisture, and photosynthetically active radiation are the major factors
limiting plant growth and photosynthetic productivity in large areas of the world. These factors affect agricultural and forest
production and the distribution and composition of vegetation. Human activities have resulted in increased CO,
concentrations in the atmosphere, leading to changes in temperature, water cycling, and radiation. CO, is required for
photosynthesis, and the ongoing increases in atmospheric CO, concentrations could eventually lead to higher temperatures

and greater evaporative demands. Hence, droughts will be more frequent, intense, and erratic, and may affect regions that
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are not currently affected by drought. The effect of changes in CO, concentrations and soil water content on plants is an
important theme in studies on global change. To date, few studies have assessed the effects of continuous increases in CO,
concentration and soil moisture on photosynthesis. Securinega suffruticosa is one of the dominant drought-tolerant species
growing on the shell islands in the Yellow River Delta region. To investigate the carbon and water cycles of the ecological
system in this region, it is important to investigate the photosynthetic responses of S. suffruticosa to changes in CO,
concentrations and soil moisture conditions. This has important practical significance both in terms of food safety and for
constructing, improving, and managing a functional ecological environment as the global climate changes.

The study materials were 2-year-old plants of S. suffruticosa, originally from the shell islands in the Yellow River Delta.
These plants were obtained from a nursery. The plants were subjected to seven different levels of water supply using an
artificial water control system in a covered shed, and to a series of CO, concentrations controlled using a LI-COR 6400
portable photosynthesis system. The objective of this study was to investigate photosynthetic responses to CO, concentrations
and determine whether photosynthetic productivity was quantitatively related to soil moisture content. The photosynthetic rate
(P,) and characteristic parameters of photosynthesis showed threshold-value responses to variations in soil relative water
content (SRWC). S. suffruticosa plants were able to maintain higher photosynthetic productivity in the range of 50.3% to
83.2% RWC; in this range, the range of suitable CO, concentrations was 700 to 1100 pmol/mol, and P, increased with
increasing CO, concentrations. The most suitable SRWC was 70.5% , and P, peaked at the CO, concentration of 900 pwmol/
mol. The characteristic parameters of photosynthesis showed different responses to changes in SRWC. Under normal and
double CO, concentrations, the ranges of SRWC in which S. suffruticosa maintained higher photosynthetic productivity were
45.5%—90.0% and 47.0%—92.6% , respectively, indicating that S. suffruticosa was highly adaptable to changes in soil

moisture content. The apparent maximum photosynthesis rate (P__ ) and carboxylation efficiency ( CE) increased with

increasing SRWC, peaking at 70.5% SRWC and then decreasing slowly at higher SRWC. The CO,compensation point showed
_and CE, and reached a minimum value (approx. 51.3 pmol/mol) at 70.5% SRWC. The

the opposite trend to that of P .
" at 50.3%

photorespiration rate increased slowly with increasing SRWC and peaked at approximately 2.6175 pmol - m s
SRWC.

We concluded that photosynthesis in leaves of S. suffruticosa is widely adaptable to changes in CO, concentrations and
soil moisture, and that this species has the typical physiological characteristics of a water-tolerant and drought-tolerant plant.

Thus, S. suffruticosa has the potential for cultivation on the shell ridge islands of the Yellow River Delta, China.

Key Words: Photosynthesis; CO, concentration; soil moisture; Securinega suffruticosa
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Fig. 1 Responses of net photosynthetic rate ( P, ) to

intercellular CO, concentration under different soil moisture
condition. Points are the mean of replicate P responses for each

C;. Vertical bars indicate +1 SE of the mean
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Table 1 Parameters of photosynthetic rate in response to CO, concentration under different water supply
SRWC METH P CE R, r )
/% Simulated equations /(pmol-m™s7") /( wmol+m™%s™1) /(pmol-m™>s71)  /(umol/mol) R
94.4 P, = 0.0367xC,- 3.0311 16.8¢ 0.0367¢ 3.0311b 82.6¢ 0.9847
83.2 P, = 0.0420xC;~ 2.9318 19.3b 0.0420b 2.9318b 69.8d 0.9990
70.5 P, = 0.0525%C;- 2.6953 20.6a 0.0525a 2.6953d 51.3e 0.9854
62.7 P, = 0.0457xC;~ 2.8161 18.3b 0.0457b 2.8161c¢ 61.6d 0.9960
50.3 P, = 0.0383%xC;~ 2.6175 13.8d 0.0383¢ 2.6175d 68.3d 0.9904
37.9 P, = 0.0311xC,~ 3.1730 10.2¢ 0.0311d 3.1730a 102.0b 0.9924
23.6 P, = 0.0223xC;~ 3.0074 7.6f 0.0223e¢ 3.0074b 134.9a 0.9733
ARG F R — S BB TE 0.05 K FAF7E B35 P22 55 SRWC . L 3EAAXT & 7K it Relative water content; P, .+ B K GH HH

Apparent maximum photosynthesis rates;

compensation points

25 -

20 -

15 +

10 -

BRI AHEER
Prax.o/(umol-m2.s71)

20 30 40 50 60 70 80 90 100
0.08 -

0.07 -
0.06 -
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R

CE/(pmol-m™2.s7™")

0.04 -

0.03 -

0.02

20 30 40 50 60 70 8 90 100
3k 4y SRWC/ %

B3 RURKHELSE

CE. ®RALZ % Carboxylation efficiency; R,: I I 1% 3% 3 Photorespiration rate;

HIE (P o) JEUE(CE) .CO, #MER

Fig.3 The responses of apparent maximum net photosynthesis rate ( P

I, CO, #MZ 5 CO,

—_ —_ —_
353 P (=)
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CO %M A
g

I/ (umol/mol)

0
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T
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34

32 ¢

3.0 +

b
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2.4 . . . . . . . .
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T3k 4y SRWC/ %

2 (1) RFEFFIREEE (R,,) X 1358 7K 53 B 0E B

), Carboxylation velocity (V,), CO, compensation point

max, ¢

(I'), and photorespiration rate (R,) to soil relative water content (SRWC)
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L) BT R 114 45 o A BT 8 S A 36 B 119 7K 4 75 ke
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U R ORAIE T I RSB 1 AR A RF85 5 16 A 1 HKOF

FIEE AR LR, X7k T 2 E R 5 G K 5
FEZK , NI 2 K 20 i s S8R

CO, R M0 RN B ) fi K 6 A 1 R A — E R
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FIFw R4 R 1N, BORE N T CO, %} Rubisco il
SEA AT AR TE S DT R CE |, LA K 3o 410 i e vy g
FEEEoe s EeRT MY RC A R R R AE
ANTRAE P a5 VR P i P ) T 28 A6 B AR A, 76 Bk
HIAEATEAMT i R B e KA R ]
Wt R A RES Y SR B KOS
RE 1 A Jir 22 5, % M5 ( Myrica rubra )™ | % 35
( Phragmites australis) U A ( Populus euphratica
oliv) P KA RETI 43N 41.2 pmol -m 57"
51.8 pmol-m™>s™' 26.7 pmol-m™>s™"' | ARWFFEH,
IR B AR R KA BE T R 20.6 wmol -m ™5™
WAL T UL LR 19565 68 7, WT LA [R]A 4 %
W E CO, MmN TR At ERE
K O REREYCAREBEE CO, W B 38 in i
B0 BN [F R R IR AR R, AN RS
AR 22 FARB R . REECA G C YA
T KRR COMREF &3 C Y BCAER
KAWL X CAM (R HY
FIRF AR A b A R AR R —5 ) Cure™
I Kimball " 258 A 54 T K 0 S2 56 25 B8
CO VR PRSI IS | C AL E HR RGN T 4% 1M
CHE I ¥ G A R N T 2 5 66% 8 1k AHIF 5 45
AT, MIRER T ARLE CO M 24T, B Ko
AT B R A HURIE R M 40% , 7 SRWC
H 96.2% I}, B8 K 75% , 55 Cure'”’ | Kimball ) 4
NI I8 45 SR HA — 5

CE LW T AHY)TE 45 € S5 B 4 CO, 1Y R 4k fig
Ho ARSI EY] HKERE K CE X SRWC BA
—E WY ERE N, 76 SRWC ) 62.7%—70.5% I 153
B 34 0.049 wmol »m 287", M3k I 3 Fl
CE ¥4/, B CE 78 5 /K43 51 F W 1 ek 5 1] i
INTHEMK 43 55, R IK 3 S5 1 AR T B AR X
CO,[AMERET) . COAMERI( D) 22 T i F i LA 1E
FHAIE AR I 3 56 R 10— A 2 AR FRAS b, 7EAS
[ AN RIS 4P CREXT €O, 1 A B
AR AR HE— 5 A TR S P, T B 3 B e
Thim B CO, YR B M REAR T T B> ARWF5E 4
R RER B ARTE SRWC N 50.3%—83.2%M}, I
MZEA K, AL SR BEAE 51.3—69.8 wmol/mol Z [H],
Bifi 5 e oS 0 A, T OBH B 38, 76 ™ FE K 43
JiliE 353 134.9 wmol/mol, 7] UL RS BE B AR LA

[l ZK A3 5600 R X CO, Mk BE R — o (Y 3 3
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