THYE T S I0RE]R 2017, 23(2): 389-397 doi: 10.11674/zwyf.16132
Journal of Plant Nutrition and Fertilizer http://www.plantnutrifert.org

HAEFDCERE AR S Emo KL S & 5
XF CO, e BEARHE AN 52 B3 [ W S

oz, i EAe, & om', e
(1 VEZE T R2EVIIC R X A AR A TR ERE S LSR5, BVGI4, 710048;
2 PEAL MBI KoK AR 58 i o 4 5 R - R0 5 R b R R SR, BRVEgE, 7121005
3 BB KRS K AR EFITFTRT, Bedtitges, 712100 )

BE: [ I ] %50 CO, W B A T 538 T A E RO A RetE LARZS M K I & P & isem, Ak K
R CORETHRE LA TR 2B TR IXK /37 AR T AR R A KIS IR IR R A S8, [ k] 7
R R A X BT, AT T 8 4 b XML R B ) (1 2 BOG SRR R S5 M PR OK AL &4 (NSC) K4 5y
(TVEPEREFITERD) M-S B AR CO, #E (400 umol/mol A1 800 pmol/mol) FIARIK /AL RE [35%~40% FC (5 B
FEHA) . 55%~60% FC (RFE T2 WHA) Fl 75%~80% FC (X RO] BUma i, [ 55 ] CO, MeBE R F+ 5L isa
Xt 2E RO A -G N 28 S 40 NSC MLy & A W em, 12 MHERZREA RENLEE-. COo,
WAL RE & T A E R R RO G E R (P,,.) . R TRCE (40Y). BN (LSP) FOGAMEE
(LCP)(P <0.01), TS0 @& %MK T P,,.. AQY Al LSP (P <0.01), CO, MMM T REPaie T HE
B A AT R, TEIER CO, WP, SXTIEAHLL, BE TS0 MERE T 205 8 ERE T
HAEF L LR FIAR R & . CO, WRFERFE T i, A28 1 e A 8 B T S e A B 25 1
EBTVER B RE T 17.4%. 44.2% 1 18.7%, WA TER SR HIRE T 17.3%. 88.4% 1 54.4%, %%
JE TR B T S 2 0 E BRI T IR CO, VB &/ T FIE R R0 NSC &rit, CO, WRBEASHG 48 5 1 X ]
A RN B T S0 AL FE N P E R R DA T R A A RN R T R A AR BN SR FR R NSC
B, IEHE COWET, BEMERE T RWhia 530 A F i FFA AR R T iE & /5 8 NSC & &
FOE M B . R COME F, BT RN B &S T HFE R Lo nE & 25 8 NSC & &
FILLAE, i R BRI T R ha e B 2R, (4] TEUOREET AR N TER 10 rT M
Sefl, SECTIFTERE & A TR AR & R ARRAE . CO, W HE IR U T 1 2 5 b 35020 AR 22350 40 B s A
NSC SR, AT RME T AR A BARENG 2 T T IE R AL TR, CO, IR M RE M T 2
I RAFIEN, BT AEENPIRE.

EHEIR): CO, WREEREHG; TR0 SUERE; Rtk G ; HFE

Responses of photosynthesis and non-structural carbohydrates of Bothriochloa
ischaemum to doubled CO, concentration and drought stress

XIAO Lie', LIU Guo-bin®™, LIPeng', XUE Sha>"

( I State Key Laboratory Base of Eco-hydraulic Engineering in Arid Area, Xi’an University of Technology, Xi'an 710048, China;
2 State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Institute of Soil and Water Conservation,
Northwest A&F University, Yangling, Shaanxi 712100, China, 3 Institute of Soil and Water Conservation, Chinese Academy of
Science and Ministry of Water Resource, Yangling, Shaanxi 712100, China )

Abstract: [ Objectives ] The objective of the study was to evaluate effects of doubled CO, concentration and
drought stress on photosynthesis characteristics and non-structural carbohydrates (NSC) of Bothriochloa
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ischaemum, and provide scientific basis for the growth of B. ischaemum under future elevated CO, concentration
in arid and semi-arid areas. [ Methods ] Using the split plot design, the effects of doubled CO, concentration
and drought stress on the photosynthesis and NSC contents in B. ischaemum were investigated. The main plot was
two CO, concentrations (ambient CO, concentration, 400 pmol/mol, and doubled CO, concentration, 8§00
pmol/mol), and the split-plot was three water treatments (severe drought stress, 35%—40% field capacity (FC),
moderate drought stress, 55%—60% FC, and control, 75%—80% FC). [ Results ] The results showed that the
parameters of photosynthesis-light response curves of B. ischaemum and the NSC contents were significantly
influenced by the doubled atmospheric CO, concentration and drought stress, while there were no significant
synergetic effects between them. The doubled CO, concentration significantly increased the maximum
photosynthetic rate (P,,..), apparent quantum yield (4QY), light saturation point (LSP) and light compensation
point (LCP) (P < 0.01), while the drought stress significantly decreased P,,,, AQY and LSP (P < 0.01). The
doubled CO, concentration and drought stress increased the soluble sugar content in the aboveground part of B.
ischaemum. Under ambient CO, concentration, the moderate drought stress and severe drought stress significantly
decreased the starch contents in the aboveground and root parts of B. ischaemum. The doubled CO, concentration
increased the starch contents in the aboveground part of B. ischaemum by 17.4%, 44.2%, and 18.7%, respectively
under the control, moderate drought stress and severe drought stress, and in the root part by 17.3%, 88.4%, and
54.4%, respectively. Under ambient CO, concentration, the moderate drought stress and severe drought stress
significantly decreased the NSC contents in the root part of B. ischaemum. Under the doubled CO, concentration,
the NSC contents in the aboveground part were significantly increased under the control and moderate drought
stress treatments, and the NSC contents in the root part were significantly increased under the moderate drought
stress and severe drought stress treatments. Under ambient CO, concentration, the moderate drought stress and
severe drought stress significantly increased the ratios of soluble sugar contents and NSC contents in the
aboveground and root parts of B. ischaemum. Under the doubled CO, concentration, the severe drought stress
significantly increased the ratio of soluble sugar content and NSC content in the aboveground part of B.
ischaemum, and the ratios under the control and moderate drought stress had no significant difference.

[ Conclusions ] Drought stress facilitated the transfer of starch into soluble sugar, and increased the soluble
sugar content and decreased the starch content. The doubled CO, concentration increased the starch contents and
NSC contents in the aboveground part and root part, and provided the source of soluble sugar that maintained
metabolic activities and survival during the drought event. Therefore, it is speculated that in arid and semi-arid
areas, elevated CO, concentration could increase plant photosynthesis, increase NSC accumulation, alleviate the
adverse effect induced by drought stress, and improve the drought resistance. Our findings provided new insights
into the underlying mechanisms and responses of plant species to future climate changes.

Key words: doubled CO, concentration; drought; photosynthesis; non-structural carbohydrates;
Bothriochloa ischaemum
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Fig. 1 Photosynthesis-light response curves of Bothriochloa
ischaemum under different CO, concentrations
and water regimes

[F (Note) : AC—CO, 400 pmol/mol + 75%~80% FC; AM—CO,
400 pmol/mol + 55%~60% FC; AS—CO, 400 pmol/mol +
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#1 TFE CO,REMADZEHTAEEMN XS KBS HREFES
Table 1 Variance analysis of parameters of photosynthesis-light response curves in Bothriochloa ischaemum under different
CO, concentrations and water regimes

COMRIE BRI Sy/N S FNE S REpUES FAME TR AL JEHMEER I e R

CO, concentrition Soil moisture Maximum net photosynthetic Apparent quantum Light saturation points Light compensation = Dark respiration

(1umol/mol) content (FC) rate [umol/(m?-s)] yield (mol/mol) [umol/(m?-s)] points [pmol/(m?s)] rate [umol/(m?-s)]
400 75%~80% 11.60 +£0.47 ¢ 0.042 +0.001 be 660 + 35 be 12+0a 0.56+0.14a
55%~60% 9.53+0.24a 0.037 £ 0.003 ab 547+58a 19+2a 097+0.22a
35%~40% 9.10+0.18 a 0.030+0.001a 547+44 a 16+4a 0.60+0.15a
800 75%~80% 12.98+0.89d 0.049 +0.010 cd 749 £51d 45+2b 0.85+0.11a
55%~60% 10.55+0.26 b 0.053 +£0.005d 711 £27 cd 23+6a 0.86+0.26 a
35%~40% 9.13+0.36a 0.040 + 0.003 abc 621 + 15 ab 20+12a 0.62+0.37a
F5 2250407 Variance analysis (F)

CO, 12.905%* 20.008%** 32.036%* 24.641%* 0.830

W 79.022%%* 7.758%* 13.300%* 5.333 2.786

CO, x W 3.425 1.158 2.050 12.410 2.026

# (Note) : [FFNEHR G AR EREFRRNAF AL BRI A7 B35 %2 5 (P < 0.05) Values followed by different letters in the same column are
significantly different among different treatments at the P < 0.05 level. **—P < 0.05.

Fz2 CO,REMKILEN AFEIREEMMERKLENETHNNEARFESTHER
Table 2 Results of multi-factor variance analysis of non-structural carbohydrate components of Bothriochloa ischaemum
under different CO, concentrations and water regimes

ELEF MR AL 2 414> AF S Hb_[-3#B4> Aboveground part ML H4) Root part
Non-structural carbohydrate component Source of variation F P F P
AR (mg/g) Co, 0.219 0.647 0.509 0.489
Soluble sugar w 4.501 <0.050 0.769 0.485
CO,x W 0.863 0.443 0.171 0.845
WM (mg/g) o, 28.055 <0.010 37.190 <0.010
Starch w 11.881 <0.010 7.909 <0.010
CO, x W 1.847 0.194 3.649 0.058
FRLEBPERR KLY (mg/g) Co, 16.256 <0.010 36.323 <0.010
Total non-structural carbohydrates W 1505 0256 7195 <0.010
CO,x W 0.578 0.574 2.957 0.090
AR E R Z 1L Co, 17.946 <0.010 19.620 <0.010
Soluble sugar/starch w 15.724 <0.010 4360 <0.050
CO, x W 4262 <0.050 2.450 0.130
AR ARG R R L Co, 14.953 <0.010 20.099 <0.010
Soluble sugar/total non-structural carbohydrates W 15.453 <0010 4770 <0.050
CO, x W 3.385 0.063 2,520 0.120

23 CO,REASMTEMENAFXEEFEHME HoHOTEMBSENRZELADEEmH (E 3),
Bk e &R S 7 BRI TETER CO, WEREA TR, e 5L iyt i o 5
CO, WEEFT 2 a %t A E S E3 IR R WAty W e 7 R B 0 MR R4 ] v
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Fig. 2 Concentrations of non-structural carbohydrates (NSC) and components in Bothriochloa ischaemun
under different CO, concentrations and water treatments

[ (Note) : Jrkl BRI B3R A [ b B o] A2 7 35122 5% (P < 0.05)

Different letters abovethe bars are significantly different among different treatments at the P < 0.05 level.]
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Bothriochloa ischaemun under different CO, concentrations and water treatments
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