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Influence of dust stress on the photosynthetic and chlorophyll fluorescence

characteristics of Pistacia vera L.
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Abstract; In plants, photosynthesis is one of the physiological processes that are sensitive to sand-dust stress. The leaves of
sand-dust stressed plants show decreases in net photosynthetic rate and chlorophyll pigment content, and changes in
chlorophyll fluorescence parameters because of decreased leaf-absorbed solar radiation, physical blockage of stomata and
physical leaf epidermis damage by sand-dust particles. Photosystem I (PS Il ) is the most sensitive component of the
photosynthetic apparatus to environmental stresses. Analyses of chlorophyll fluorescence dynamics are useful to determine the
effects of environmental stresses on PSII structure, and to study the response mechanisms of the photosynthetic machinery.
Pistacia vera L. is often subjected to drought and salt stress during its growth season in planted areas. However, little is
known about chlorophyll pigment content and the physiological mechanisms underlying changes in the photochemical activity

of PS II in Pistacia vera under sand-dust stress. This experiment was designed to study the adaptive photosynthetic
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mechanism and chlorophyll fluorescence characteristics of Pistacia vera under dust stress and was carried out in a greenhouse
at the experimental site of Xinjiang Agricultural University. Plant materials were grown in flowerpots in the greenhouse and
the stress treatment was performed by covering plant leaves with 2 mg/cm’( mild sand-dust cover) or 9 mg/cm’ (severe
sand-dust cover) dust, with 0 mg/cm’ as a control. Photosynthesis, chlorophyll pigment content and chlorophyll
fluorescence parameters were measured at 7, 14, 28 and 42 d after treatment. The results showed that prolonged dust stress
led to decreases in net photosynthetic rate (P, ) and stomatal conductance (G_) , and that P, and G, decreased more under
severe dust treatment than mild dust treatment, while the intercellular CO, concentration (C,) increased at the beginning
but later declined, and was increased less under severe dust treatment than mild dust treatment. Chlorophyll-a ( Chl-a)
chlorophyll-b ( Chl-b) and total chlorophyll contents decreased with increasing treatment time, and decreased more in the
severe dust treatment than the mild. The rate of Chl-a decrease was higher than that of Chl-b, which resulted in a decrease
in Chl-a/Chl-b ratio. The F /F  gradually decreased under mild and severe stress conditions, and decreased more under
severe sand-dust cover compared with mild sand-dust cover. While the quantum efficiency of photosystem I (®,; ) and
the nonlinear electron transport rate (ETR) were decreased after 42 d in the mild dust treatment, they rapidly decreased

nd

until the 14" day of treatment under severe stress conditions and then increased to the levels of the control by the 42" day.
Non-photochemical quenching ( NP(Q) was decreased at first and then continually increased under mild stress conditions,
whereas it was maintained at a high level during the entire treatment period under severe stress. In conclusion, the
contribution of non-stomatal inhibition to the photosynthetic rate was greater than stomatal inhibition at the beginning, but
stomatal inhibition became the main factor at later stages under mild sand-dust stress, because of the increased adaptive

dissipation of absorbed photoenergy by the photosynthetic machinery, and caused a decrease in photosynthetic CO,

assimilation rate in Pistacia vera leaves.

Key Words: Pistacia vera L.; dust stress; photosynthetic characteristics; chlorophyll fluorescence characteristics
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557 R VDR ant i ¢ EY) B3 & T
M abE 7 d 3] 28 d Z (6] C (B FER ] 3G n, 7652
i S o R PR b B 28—42 d Z ] € {E
T 6 20 % HE Y KO A E R WA R RS AR R
UEAA , B ¥ 7 R e U0 2 3 i R AL IR
AR TR 1 A sk e & TSALBE R E RS
FLBR T A WY b, 3 5 I AL BRI R %
HERAT AR X B VS AR B AT R B, 1R
FE e T A AE ) 32252 A AL R e e
TR a2 AL Z PR AR AR e A A AT
FEEER R FEESES AN TE 40 d 5, KZEHYY
LTI R, PR BE T 50%

M2 Z e A VE L FE R AT G RE M A% i
I HA DB Chl-a 2 5564k 28 B, BN
REFE b A ERE . JEA RN SR S B 5 2
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TR Chl-b $R, 52 Chl-a /Chl-b i [,
Agastian SEAF5T & B, 0035 T AE AR A 36 R SRR
A R T SRR R 254G, [l SR R A g2 18 5 3
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15 1M Chl-a /Chl-b {HEIFFE >,

HAETEHEE &M R R VOCRET DI R4 K
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FeREE I — R 56 B 1 e 28R R 0 £
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F T G RE T AR AR B LG A B, NPQ
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B CO, [H 22 BE 738 NPk I | L BR ) 4 jl Ay 32 2
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4 ZHit

(1) TEVDZRAREE 28d NOEA AR HIAY AR S FLFR il
B B TE 5 28 K ULJE B SFLBR HZ T R, LA
FLBR A 3

(2) TERBEEVD A5/ Chl-a F1 Chl-b [y
TR AR FEA A [E, B Chl-a/Chl-b {8 725, 1fij £5 8
JEVD A2 A BT Chl-a 9 B3 385 T Chl-b, 5]
Chl-a/Chl-b {8 F %,
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Se 2R N BRI S KR

References :

[1] LiJC, DongZ B, Wang X M, He S S. Seasonal distribution and
causes of dust events in Tarim Basin. Chinese Journal of Desert

Research, 2008, 28( 1) : 142-148.

http ; //www.ecologica.cn



6458 £ ¥ 34 %
[2] Farmer A M. The effects of dust on vegetation-a review. [17] LiHS, Sun Q, Zhao S J, Zhang W H. Principle and Technology

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Environmental Pollution, 1993, 79(1) . 63-75.

Yao ] M, Gao X Q, Feng Q, Zhang X Y, Gu L L. The
photosynthestically active radiation during dust storm day in Ejina
Oasis. Acta Energiae Solaris Sinica, 2006, 27(5) : 484-488.
Chen X, Wei W S, Liu M Z. Influence of sand-dust over Tarim
Basin on shortwave radiation: a case study in Tazhong area.
Chinese Journal of Desert Research, 2008, 28(5) : 920-926.
Cheng X W. Study of the short time eco-physiological response of
plant leaves to dust. Acta Botanica Sinica, 2001, 43 (10) .
1058-1064.

Honour S L, Bell N B, Ashenden T W, Caped J N, Power S A.
Responses of herbaceous plants to urban air pollution; Effects on
growth, phenology and leaf surface characteristics. Environmental
Pollution, 2009, 157(4) . 1279-1286.

Hirano T, Kiyota M, Aiga l. Physical effects of dust on leaf
physiology of cucumber and kidney bean plants. Environmental
Pollution, 1995, 89(3) . 255-261.

Sharifi M R, Gibson A C, Rundel P W. Surface dust impacts on
gas exchange in Mojave Desert shrubs. Journal of Applied
Ecology, 1997, 34(4) . 837-846.

Igbal M Z, Shafiq M. Periodical effect of cement dust pollution on
the growth of some plant species. Turk Journal of Botany, 2001,
25(1): 19-24.

Naidoo G, Chirkoot D. The effects of coal dust on photosynthetic
performance of the mangrove, Avicennia marina in Richards Bay,
South Africa. Environmental Pollution, 2004, 127(3) : 359-366.
Bake B, Musha R, Abudurufu S, SI M, Wang X, Abulaiti M.
Dust retaining capability of six fruit tree leaves in Southern
Xinjiang. Journal of Xinjiang Agricultural University, 2010, 33
(2): 125-128.

Li HM, Liu X. Relationships between leaf epidermal morphology
and dust-retaining capability of main garden trees in Chengyang
District of Qingdao City. Chinese Journal of Ecology, 2008, 27
(10) : 1659-1662.

Nanos G D, llias I F. Effects of inert dust on olive ( Olea europaea
L.) leaf physiological parameters. Environmental Science and
Pollution Research, 2007, 14(3): 212-214.

Wang Z H, Li J B. Capacity of dust uptake by leaf surface of
Euonymus Japonicus Thunb. and the morphology of captured
particle in air polluted city. Ecology and Environment, 2006, 15
(2): 327-330.

Wang S Q, Shang X Y, Shi Y Q, He J, Nurmemet T, Gu W M,
Haxim P. Case of Pistacia vera resources in Xinjiang. Chinese
Journal of Economic Forest Researches, 1996, 14(4) : 54-56.
Liu Y F, Xiao L T, Tong J H, Li X B. Primary application on the
non-rectangular hyperbola model for photosynthetic light-response
curve. Chinese Agricultural Science Bulletin, 2008, 21 (8):
76-79.

[19]

[20]

[21]

[22]

[24]

[25]

[26]

[27]

[28]

[30]

of Experimental Plant Physiology and Biochemistry. Beijing:
Higher Education Press, 2000 134-137.

LuBS, Bai ZY, Liang HY, WuJ M, Dong Y. A study on
photoinhibition of photosythesis in Pistachio ( Pistacia vera L.)
leaves. Acta Horticulturae Sinica, 2002, 29(4) . 313-316.
Herrick J] D, Thomas R B. Effects of CO, enrichment on the
photosynthetic light response of sun and shade leaves of canopy
sweetgum trees ( Liquidambar styraciflua) in a forest ecosystem.
Tree Physiology, 1999, 19(12); 779-786.

Wang Y, Chen ] W, Di X Y. Characterization of the responses of
photosynthetic and chlorophyll fluorescence parameters to water
stress in seedlings of six provenances of Chinese Pine ( Pinus
Tabulaeformis Carr.). Acta Ecologica Sinica, 2011, 31(23):
7031-7038.

LuBS,BaiZY, Cui)JZ, LiCY, Li HP. The effect of relative
soil water content on photosynthesis in Pistachio ( Pistacia vera
L.)leaves. Journal of Agricutural Universit of Hebei, 2004, 27
(1) 44-47.

Wei X D, Chen G X, Shi D W, Liu D. Effects of drought on
fluorescence characteristics of photosystem Il in leaves of Ginkgo
biloba. Acta Ecologica Sinica, 2012, 32(23) ; 7492-7500.
Kakem U, Kurban H, Chen Q J, Wang X C. Study on daily
change and midday depression of photosynthesis of alhagi
pseudoalhagi, and vigna radiata under salt stress. Chinese Journal
of Arid Zone Research, 2012, 29(6) ; 1039-1045.

Briiggemann W. Low-temperature limitations of photosynthesis in
three tropical Vigna species: A chlorophyll fluorescence study.
Photosynthesis Research, 1992, 34(2) . 301-310.

Thompson J R, Mueller P W, Fliickiger W, Rutter A J. The effect
of dust on photosynthesis and its significance for roadside plants.
Environmental Pollution Series A, Ecological and Biological,
1984, 34(2): 171-190.

Huang F. Effect of Highway Dust Pollution on Photosynthesis in
[ D].
Technology, 2007.
Farquhar G D,

Plant  Leaves Wuhan:  Wuhan  University  of
Sharkey T D. Stomatal conductance and
photosynthesis. Annual Review of Plant Physiology, 1982, 33
(1): 317-345.

Chaves M M, Flexas J, Pinheiro C. Photosynthesis under drought
and salt stress: Regulation mechanisms from whole plant to cell.
Annals of Botany, 2009, 103(4) : 551-560.

Stepien P, Johnson G N. Contrasting responses of photosynthesis
to salt stress in the glycophyte arabidopsis and the halophyte
thellungiella; role of the plastid terminal oxidase as an alternative
electron sink. Plant Physiology, 2009, 149(2) . 1154-1165.
Reddy A R, Chaitanya K V, Vivekanandan M. Drought-induced

responses of photosynthesis and antioxidant metabolism in higher

plants. Journal of Plant Physiology, 2004, 161(11) . 1189-1202.

http ; //www.ecologica.cn



22 1]

UEE e I % R R NS DG L USRS S Ry (B IV e & b i b HEop AL

6459

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Bjorn L O, Papageorgiou G C, Blankenship R E, Govindjee. A
viewpoint; Why chlorophyll @? Photosynthesis Research, 2009,
99(2) : 85-98.

Zhang 7. S, Yang C, Li G, Gao H Y, Liu P. Relationship
between photochemistry activity and decrease in chlorophyll
content during senescence in leaves of stay green and quick-leaf-
senescence inbred line of maize. Scientia Agricultura Sinica,
2012, 45(23) ; 4794-4800.

Agastian P, Kingsley S J, Vivekanandan M. Effect of salinity on
photosynthesis and  biochemical characteristics in
genotypes. Photosynthetica, 2000, 38(2) . 287-290.

Huang C J, Zhao S Y, Wang L. C, Shu Z X, Yang Y, Fang C M.

mulberry

Effect of drought stress on chlorophyll contents in ramie. Plant
Fiber Sciences in China, 2012, 34(5) . 208-212.

Krause G H, Weis E. Chlorophyll fluorescence and
photosynthesis: The basics. Annual Review of Plant Physiology
and Plant Molecular Biology, 1991, 42(1) . 313-349.
Demmig-Adams B, Adams W W. Photoprotection and other
responses of plants to high light stress. Annual Review of Plant
Physiology and Plant Molecular Biology, 1992, 43(1) . 599-626.
Sayed O H, Earnshaw M J, Emes M J. Photosynthetic responses
of different varieties of wheat to high temperature Il . Effect of heat
stress on photosynthetic electron transport. Journal of Experimental
Botany, 1989, 40(6) : 633-638.

Yamane Y, Kashino Y, Koike H, Satoh K. Increases in the
fluorescence F_ level and reversible inhibition of photosystem I
reaction center by high temperature treatments in higher plants.
Photosynthesis Research, 1997, 52(1) . 57-64.

Wang X, Li Z Q, Gu W B, Shi L, Gao HY, Zhao S J. Systemic
regulation of anatomic structure and photosynthetic characteristics
of developing leaves in sorghum seedlings under salt stress. Acta
Agronomica Sinica, 2010, 36(11) . 1941-1949.

Ort D R. When there is too much light. Plant Physiology, 2001,

125(1) : 29-32.

SE Lk

[1]

[3]

[4]

ZEE, RS, EUIW, TR, B EAR AP R E
AR KR A3 AT, VDL, 2008, 28(1) : 142-148.
W, EeVs, AL, sk, R BTSN A R
KATF A A B 5 1 B A KRR AE. K PHAE % 4%, 2006, 27
(5): 484-488.

MRS, BT, NI, 35 BEOR S v e A0 i v o D A S

[11]

[12]

[14]

[26]

[32]

[34]

SN ——LAE o). P EIPEE, 2008, 28(5) : 920-926.
R SC. AR o P 24 P e ) A T A 2 R . A2 3R
2001, 43(10) ; 1058-1064.

ELVRF/R - B3, difE - RVD, VAR INID Sy - B AR
FVEGE, EORAS, SERAR - BA R, BT R 4R 6 AR T A
iR BE I AT BTERAROML R 2R, 2010, 33(2) : 125-128.
GG, XIEE. T 5T X R AR R R RS
IR, ERFAE, 2008, 27(10) @ 1659-1662.
WRLL, ZRZObR. T A T R SRR AR i Vs A2 B T B
AWRPIER. MBI, 2006, 15(2) : 327-330.
TR, #Er, AESE, A, ihhisEa, AR, g
. TS b F O T SR L. S TR AR A, 1996, 14(4) .
54-56.

XU, IR, mEE, R F AN R A
S 157 1 2 B 43 b g g . o B A 22 5E 4 2005, 21(8) -
76-79.

G, IMEE, BHEAS, FI0AE. MY EAE S S0 SR A
HOR. L5t BB AR, 2000 134-137.

AL, AGSE, Bk, RaTR, WIR. BTAEF RS
FERRYEMGIBET. 18224, 2002, 29(4) . 313-316,
IR, BRESC, . NIRRT R & L S HOE K 43
Jolk 38 B R ARAE . A=A 2E4], 2011, 31(23) : 7031-7038.
BAt, A, BEM, 2EK, 20T TRBMaxTA
BT FOGE VR B 2. Wbk K224 2004, 27(1) .
44-47.

BMEAR, BRIERE, BRfh, XIrh T REha st R A e s &
g8 WV CHFER . 5254, 2012, 32(23) : 7492-7500.
BB - Ry, MR - BERPE, BRHZ, TFE. 3R
AT ISR S 4k T A B AR LR AE BT IRI A 1 I
FRIXHFFT, 2012, 29(6) ; 1039-1045.

W, WA A A TS X O AR (D], &
W, RIF T AR, 2007.

ST, R, R, ZERE, XUMG. PREE TR S5 R ok
F R R R S A R eI MR R
R4 Bl 2012, 45(23) ; 4794-4800.

HOREE, BUER, TS, fFR0, R, HIEK. TR
X AR 4 22 52 R, o BRI R, 2012, 34(5) -
208-212.

T, FEMW, BTN, AT, Wk, SR HE TS
BER A ARG A R RGO EE. fEYAEIR, 2010, 36
(11): 1941-1949.

o

http ; //www.ecologica.cn



