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Photosynthetic characteristics of C, desert species Haloxylon ammodendron and

Calligonum mongolicum under different moisture conditions

SU Pei-Xi, YAN QiEO'Di ( Linze Inland River Basin Comprehensive Research Station, Cold and Arid Regions Environmental and Engineering Research
Institute , Chinese Academy of Sci , Lanzhou 730000, China).Acta Ecologica Sinica ,2006,26(1) :75 ~ 82,

Abstract: In order to probe into the responses of photosynthesis of C, desert species Haloxylon ammodendron and Calligonum
mongolicum under different moisture conditions, thus providing a scientific basis for the conservation of desert ecosystem and
restoration of damaged regions, the diurnal courses of their net photosynthetic rate ( Pn) and photochemical efficiency of PS I
( Fv/Fm), and the responses of Pn to different light intensities under three different water conditions were studied in the desert in
the middle section of the Hexi Corridor regions in Gansu Province, China (39°20'N, 100°08'E,1380 m a.s.1. ). The three water
conditions were arid environment (AE), near-ground moist air condition during post-rain period (PR), and condition of artificial
supplement of soil water (SW) . Adult plants ( more than 20-years-old) of H. ammodendron and C. mongolicum , were selected
to be studied.

The results showed that the diurnal course of Pn of H. ammodendron and C. mongolicum exhibited a non-typical bimodal
pattern with a decline under intensive irradiation in the arid environment, but a unimodal pattern under the PR and SW. The
diurnal changes in Fv/Fm exhibited an obvious decline under intensive irradiation in the arid environment, but did not under the
other two conditions’. Those suggested that there existed photoinhibition under the arid environment, but no under higher air
humidity and soil moisture content conditions. Both two species performed higher daily mean Pn under PR and SW than that under

arid environment. The daily mean Pn for both species one to two days after SW was higher than that one day after the PR. The
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mean Pn for the first day after SW was obviously highe; than that in the second day. Compared to that under the arid environment,
the daily mean Pn of H. ammodendron was 3.1 pmolCO,+m™2+s™! higher under the PR, and 9.7 (the first day) and 7 jumol
CO, *m~%+s" " (the second day) higher under the SW, respectively. Once water condition was improved, the light compensation
points of the two species were reduced, but their light saturation point became higher, light saturated rate of photosynthesis and
apparent quantum yield were increased. The apparent quantum yield and the light saturated rate of photosynthesis under the PR
were higher and less respectively than that under the SW.

It was concluded that water stress causes the photoinhibition of H. ammodendron and C. mongolicum. Increasing air
humidity or soil moisture content can avoid photoinhibition, and thus increase the efficiency for solar energy utilization.

Key words: water stress; photoinhibition; Haloxylon ammodendron; Calligonum mongolicum ; photosynthesis; C, desert species
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WEAMEE RE &G, BARTNEREAE, B - KEFRABERHRAKE =8 mm /5 1~2d.RE(0
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Table 1  Soil moisture content (weight % ) under different moisture conditions
TR Soil depth (em)

i H Item
0~10 10 ~20 20 ~ 40 40 ~ 60 60 ~ 80 80 ~ 100

WM Growth site of T HIFHE AE 0.1 2.8 1.4 1.7 1.7 1.6
H. ammodendron WMEBHE%H PR 5.9 0.5 0.6 1.0 1.4 1.5

BAKEHE 1R W1 6.1 6.5 6.2 6.8 12.7 9.0

EAREHE2X W2 5.0 5.4 5.1 5.1 6.4 6.9
W Growth site TR 31K AE 0.2 2.4 1.7 1.4 1.7 1.7
of €. mongolicum WERE&H PR 5.0 0.3 0.5 0.6 1.0 1.1

BAKEHE 1R W1 5.6 6.1 5.7 7.6 7.6 6.9

BAREE 2R W2 3.3 4.0 6.2 6.7 6.7 6.8

AE arid environment; PR near-ground moist air condition during post-rain period; W1 the first day after watering; W2 the second day after watering; The same

abbreviations are used in the following table and figures; T [F] the same below

HEERMAAME R (LCP)E SRR F AR EE (PFD) (<200 pmol-m™?+s™" ) Xt N H & F (Pn)
LRYEFA T RRE ZHELNALR dPn/dPFD R EME T Kt S (LSP)#iZ & PFD( > 200 pmol -
m™ 5" )X RIH Pr BRI R BT F BB,
1.4 MEHEFRLNE

JAY B Hansatech 24 B} A4 =1 FMS-2 A, X EHEARI LM E M SRR NS B EH B E L, A 8:00
Frif, 5 18:00 5, B2 h W 1 K, BEWHER KL (Fo) BREN(Fm) FBRAE(F)FXKESE I (PS
B K HALZEIIR(Fo/ Fm) , W E R, K RAY AR UM S F 345, BB DL 5 min, &FMIIEIRHE
5K,

R AL R ], LAY B AR 4 12004 2R i st 0 Y- K PR B, F 5T OX # 07 S K PR AT EL AL RUET B R 44 1h
20min, B #1 75 Bt 12:00 4L HUAT 13:20,
2 GR58W
2.1 AFKSEGTESEFHEL ,

AEAKGFA P RS E (PFD)REES AR -, ENZAFRERA B E R (E 1a), 8T
2000 pmol m™*+s™ ", ¥4 2024 ymol m *+s”',

FEHMMEE(RE)EFNHAE , HFEH(8:00~18:00) MEEBERMBT N 37.2%, FTEFHETH 17.5%, 5
KEHE2RNK17.9%; =& W RH RALES N 21.9% .9.0% F1 11.0% (& 1b),

ARKSHZGETRB(Ta)ZBLE Lo, REREFZET LR 29.6C, & HHRE 16:00,5 35.0C; T
BEFEMBEKEE 2R To FHES TR 32.9CH 33.3C, B EHHIMAE 15:00,4 518 36.5CH 37.2C,

B CO, B (Ca) ERBME . THRAMBEKESE 2 XHFH4HH KR 365.2.365.4 pmol - mol™' 1 366.5
pmol - mol ™' ([ 1d)

HR(TDERFAKSZATHEERE 2, HERE RETEMBEKES 2 XB VL5108 29.5,
33,2°CH133.6°C, BB {E 4 91N 35.1.36.7°CH1 37.6°C, BB 18] 55 <, 6 &% o {81 o1 B0 A st (B AH IR) o

MR 5ERZMHKESEZE(VPD)ERFAKSZAHTEFAB(E 2b), ERE RETREMRKE
%2 RV 51K 2.34.4.02kPa F1 4,51 kPa, tHRE # VPD B KIE 455124 3.62.5.45kPa Fl 5.68 kPa,
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Fig.1 Diurnal courses of photon flux density (PFD), sir relative humidity (RH), air temperature ( Ta) and ambient CO, concentration ( Ca) under

different moisture conditions
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Fig.2 Diurnal courses of leaf temperature (T1) and vapor pressure deficit ( VPD) under different moisture conditions i
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pmol'm™**s” ; FERHET Pn HFIH(18.0£3.7) pmol-m™ s ', B KMEN 36.1 umol'm s s WKEHE
12X Pn Hmﬂﬁ%u%(27.714.3)5121](25.014..4) pmol*m™* s, B KA SF 5K 42.1 #139.0 pmol*m™?+s7"


http://www.cqvip.com

D 000 http://www.cqvip.com]

14 HEE %:C, REEYRRAWHEEARF KT %4 T 806 ERRE 79

VHE P AENIEFFBIEAMG T bR R R (B 3c), BeF g BTE 13:00, ARG FHAEGERT
W TEFE U T B IR T 52 e g 700 O g 70, 05k 8 08 4 BILTE 1100, K 5 ik B BR7E 15:00,14:00 B EIEME. A
T ¥k &4 T XGRSy B A, WA P4 HEE T RABKR (B 3d),

MEBBEAGTYHENAREGSER Pr HFHHN(26.0£5.0) pmol m™*-s™" , B RMEN 51.4 pmol-m™*-
s 3 TRIFET P HEHWMBRMERK A (25.4+4.6) p.mol'm'z's'l*ﬂ 47.1 pmol*m™2+s™', WEKEH 1.2
R Pn BEHABIH(31.3+4.9) umol m s ' F1(27.2+4.4) pmol:m™*+s™ ', B KA/ HIH 52.0pumol m™*+5~"
47 .5pumol m *+s ', ‘
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Fig.3 Diurnal courses of photosynthetic rate of two desert species under different moisture conditions
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Fig.4 Diumnal courses of photochemical efficiency of PS Il of two desert species under different moisture conditions
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8:00 ~ 18:00 ) HZE{L7E 0.85 ~ 0.83 Z (A A8 4k ; BE/K 556 2 X#E 0.86 ~ 0.82 Z [a] &k,

ETREFET ,UHER Fo/ Fm 7 14:00 TR ER S (E 4b), BB B F £ WS BIE KA BEK
JG58 2 X, Fol Fm B B AL %/, ZE I 7E 0.03 ~ 0.05 Z [ .

HiRE W (FE 4a,b)  ATERET , DHEN Fo/Fm BEBR/N, A EBFERRKE, Pr LR HER
B HI K (B 3¢) , R Fo/Fm BEBERK, Pn REE T AR E (E 3a). 2 Pn 5 Fo/Fm BIE R,
BT 15 B Pn A B HEME (B 3a),2 h W Fo/ Fm 7E 16:00 T &3 &KX B IRE (B 4a) , W Fo/ Fm B
RSB B 15:00 £EA;EWEBEMBKEE 2 KEE R/IFm WHEE TR P W TRAR, LHE P §
£ 14:00 B BURMEL (B 3c), WAt Fo/ Fm 2R EME(E 4b) ;A EMLREFRBNEGT  BF ’~
Fo/ Fm G931 8 T REF0 Pn BT RBLE .
2.4 AEKSG &4 A3 0t FEE BE i) W [

HE S B, EARKGFET , REAV B EE B B N RE R A BRI EGEESHR
R2,MEBHEARMMREAEE 2 RS TRAFLER, RMAEGE FRBMEAN KIS EREHABTHE,
TEAME R R, A ST . S UEEL, KB MEERARAEEE TREEME&ME, T
FRFHBNTHEBBEAG LRARMAAEXHER THE BBt RRAENFEEAGMEKE
B2RABAN M ERILFRE T RHRET 2R 27% M 35.2%, W EHH 435I E 24.4% 1 51.8% ;
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Fig.5 Responses of net photosynthetic rate of two desert species to different light intensity under difference moisture conditions

W 2 BF BB CO, W BE During the measurement ambient CO,( Ca): (360.0 +1.0) pmol/mol; I Leaf temperature ( 77):(30.0£0.3)C

£2 HWCO, REFAAIRSETHRRNDEENXSLEESY

Table 2 Photosynthetic and physiological parameters of two desert species under difference moisture conditions in current CO, concentration

..
Kol e et EMBTHE hlkiting
P , . . . . X . . Light saturated rate of
) Moisture Light compensation point  Light saturation point  Apparent quantum yield )
Species . 2o 2 -1 o photosynthesis
condition (pmol‘m 57 1) (pmol'm =57 1) (mol*mol ') 2.
(pmol*m™2+577)
i FERHE AE 79 1660 * * 0.044" %" 27.2* " \
H. ammodendron WEREES PR 13"~ 1975** 0.088" " * 34.55" " j
BKEHE2E w2 64" " 1989" * * 0.055" * 36.78" " ’
W FRIHE AE 76% " 1756 % * 0.057*** 30.6" "
C. mongolicum WERE&M PR e 1828 * 0.076" " * 38,06 *
ﬁ*}ﬁ%z% WSZ 49»n« 1995‘”“ 0-066“““ 46.45““”

BEKE » M «53PFKA p<0.01 7 0.001; Significance at = 0.01 and 0.001 p-level are indicated by * % and * * * , respectively
3 itie5&ie
AEEAREYN AR R R EELE AYENRREEEFH TAGERNTNER. K2
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RTRERXAESHEREF  ARKSREMEY O EBEENERRTHNEWAR, PEKSBHESIEST
BETHE, SEME CO, WK E BK, & MR T M, ™ E K5 M 684 8 85-1, 5-— B 48 3% 1k B/ &0 16
(Rubisco) {& M FEAK , CO, S MIME-1,5- — BEER (RuBP) By MR IL R N R BEMEY o AT B 3 Fh A Rk 4 &4
MERRE ERETEARTREMDBEEBALTELRIRABERN LG ER(Pr) THRIAR, Pn HELE
AR (F 3), FBEA TRMEENESALER™ s HpatE PST b2 % (Fo/ Fm) LB B F R
(BH4);EMEEBEFTBEMAIH TEREKITELBEKE 1~2d, ZFEW Pn IEAR, BERBLETH
Pn FHEF Fo/Fm B B EEKITE .,

I HI R E IR RES RGBTSR, Fo/ Fm 283 SR8 BA %14 F A6/, 2408
B VUG IR A SRR L EA R B ORI B Fo/ P B8 RRAR B R R U OR 0 R B 0 BT AR A
O NFREREH (B3, B MRV ERERETERE FALNHNS AWESSBRA
ATHEKE 1~ 24, BERMHAR, LEBRFREEEYHAVNEERIK 1 mo XEFHFEKERE CO, ¥
mol HE , RMWHERFHFRUBH ISV LR FHITE, WL f# R BOLE YL E S TheE i
B, AR EEREEEYA TN KEERE, BN TRELNS MW E ERUE", RS
AR (ES,%X2) BNV BRAWNE S SBEARAKG, ZWEE E FRRMIBMA LA 3 RH TR E
TEFRETRERT. HWHEIAN S EAMERM MR NEE N  AFRTIELX — S, H¥EIL
HIMHEIE R PSIRE™  HRAAK PSI bR RIE SR 2 4 HARB/DEME"  HEREFE M
RSB PST ARG, ZRERBHORZEEDSREAROEE DA, NEI B4 FH, W
BEKEME AL B (B 3c, H 4b) , BRBE (K 32,8 4a) . BEMPBRERL TS EE TR FEL,
Fol Fm B2 R B AR, W5 BT S HT M G 3R, VT W08 B e, A 28 PS I k4G, Semsl 2
Y IE MR T R A E R — R R P HLE

BRI EMENERET HBE KB EEE, BT RS S A MR e,
B BAEBRMBEA T, b THESEEH A BSEREMH ALY NIMKIEXGNESE TS
*E OERBERREFBAEREZST, HMT 2000 pmol-m™? -5 ', AT W3R Y3 A £ 5| 2 e AR Y 48 4R FO 00
BEHIAAMHNEREF. NKBAMHBRERE 3HAKIRZET, B EHSKEE30~33C, BHEHKRE
35~37°C; H PR 30 ~34°C, BB HBTE 35~38C, C, MY ESERANBESENS~10C, BESE
H3I5~45C, BBBHR45~60C; 1 C3OHEYM B BEMBEEHHSBEEE SR - 10~0C .15 ~30CH 35
~45CH, MRVAEHFARRET RS T HIEMHMERE, 8 co, MEBMMERK(E 14), HE
EEMAMBEMNFSSKZAKNKBSKEENAR, ZSHANEEAWNEEEAGTEER TRETRRT
BHRKEE 2R, EEZRAMERK(E b) ;M SERZANKESERETEREAZGTRERT
RETREAREMEKEE2R(E2), BRKEF2RERETREAFEILE, TEEKEHBHA, LHAKK
TREEED. TEBEEHAGTEEAPEERA KBNS SKEEHEAZ ATRKELEEERERS,
RETEIFEFESBEMLHBERB/D, HEH KB ESRTREMDHRHEINH .

MEBEAGF TESHAMEEEES THRETEN R, £0~10m 2 ZTHEEABRHAER THRET R
HEE D, BRRESHFE20em AT, WHEEHERRRLE, SRR S, RS REHXWEE 780
L, ENEAAFE - EWR. SKEEHAMNERVBEAMHANTREX, DERRAERETEREKE
SKKEMEN , BAFERAK .

BB, REMYBERTYHEETERR TAEMEHAR, AMFHRENENRE T RFEN—
FRFOLE R ARIIERMFHNEFEF, K PHASBRRAVHE L IOLME, M5 EERA TH
K&EH BESSEERLEEEYTRAOEME , RS EIIMEERAE,

References:

[ 1] Schulze E D. Carbon dioxide and water vapor response to drought in the atmosphere and in the soil. Annu. Rev. Plant Physiol., 1986, 37; 247 ~ 274.


http://www.cqvip.com

poog httg://www.cgjlg.com|
-

82 £ & ¥ W 26 &

[2] SuPX, LiuXM, Zhang L X, et al. Comparison of § * C values and gas exchange of assimilating shoots of desert plants Haloxylon ammodendron and
Calligonum mongolicum with other plants. Israel J. Plant Sci., 2004, 52; 87 ~ 97. x

[ 3] Franco A C, Liittge U. Midday depression in savanna trees: coordinated adjustments in photochemical efficiency, photorespiration, CO, assimilation and ;
water use efficiency. Oecologia, 2002, 131: 356 ~ 365. H

[ 4] Bilger W, Bjorkman O, Thayer S S. Light induced spectral ahsorbance changes in relation to photosynthesis and the epoxidation state of xanthophylls cycle
components in cotton leaves, Plant Physiol., 1989, 91; 542 ~ 551. '

[ 5] Von Caemmerer S, Farquhar G D, Some relationships between the biochemistry of photosynthesis and the gas exchange of leaves. Planta, 1981, 153: 376
~ 387.

[ 6] Shanghai Institute of Plant Physiology, Chinese Academy of sciences, and the Shanghai Society of Plant Physiology. Experimental guide of modern plant

physiology. Beijing: Science Press, 1999, 83 ~ 95.

{71 LalA, Ku M SB, Edwards G E. Analysis of inhibition of photosynthesis due to water stress in the Cy species Hordeum vulgare and Vicia faba: Electron
transport, CO, fixation and carboxylation capacity. Photosynth. Res., 1996, 49: 57 ~ 69,

[8] SuPX,ChenHS, AnL Z, et al. Carbon assimilation characteristics of plants in oasis-desert ecotone and their response to CO, enrichment. Science in

China Ser. D, 2004, 47(Supp.): 39 ~ 49.

(9] Valladares F, Pearcy R W. Interactions between water stress, sun-shade acclimation, heat tolerance and photoinhibition in the sclerophyll Heteromeles ;
arbutifolia . Plant Cell Environ. , 1997, 20: 25 ~ 36. , ;

[10] Oquist G, Chow W S, Anderson J H. Photoinhibition of photosynthesis represents a mechanism for the long-term regulation of photosystem I . Planta, :
1992, 186: 450 ~ 460. |

[11] Demming-Adams B, Adams W W. Photoprotection and other response of plants to high light stress. Annu, Rev. Plant Physiol, Plan Mol. Biol., 1992,
43; 599 ~ 622,

[12] Sassenrath G F, Ort D R. The relationship hetween inhibition of photosynthesis at low temperature and the inhibition of photosynthesis after rewarming in
chillsensitive tomato. Plant Physiol. Biochem., 1990, 28: 457 ~ 465.

[13] Leverenz ] W, Falk S, Pilstrm C M, et al. The effects of photoinhibition on the photosynthetic light response curve of green plant cells ( Chlamydomorias
reinhardtii) . Planta, 1990, 182; 161 ~ 168,

[14] Long S P, Humphries S, Falkowski P G . Photoinhibition of photosynthesis in nature. Annu, Rev. Plant Physiol. Plant Mol. Biol., 1994, 45: 633 ~ 662.

[15] Flexas J, Escalona ] M, Medrano H. Water stress induces different levels of photosynthesis and electron transport rate regulation in grapevines. Plant Cell
Environ., 1999, 22: 39~ 48,

[16] Ludlow M M. Ecophysiology of C, grasses. In; Lange O L, Kappen L, Schulze ED eds. Water and Plant Life: Problems and Modemn Approaches. Berlin
Heidelberg New York: Springer-Verlag, 1976. 21 ~ 40.

t Epd ¥ ,

(6] HEMNSELESHEWEBERRER. LBGMYEESS RREYE B TRIER . L3 B2 E R, 1999. 83 ~ 95,
[8] FEE,BRIFM, RBY % . QT BL WAV F L AAE R K5 CO, WA B BgWIRE . H EH 2 (D #]), 2003, 33(MFI): 37~ 46,


http://www.cqvip.com

