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Effects of coal dust deposition on the physiological properties of plants in an open-

pit coal mine
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Abstract: Open pit coal mining is the current source of substantial low-cost energy in China, but it has also caused major
ecological and environmental issues. In the arid area of the East Junggar basin in Xinjiang, coal dust produced by open-pit
mining not only affects the regional atmosphere, but also affects the physiological growth of nearby plants, to some extent.
To determine the physiological effects of coal dust on surrounding plants, the Li- 6400XT Portable Photosynthesis System
was used to measure the photosynthetic parameters of Ulmus pumila L., Haloxylon ammodendron ( C.A.Mey.) Bunge, and
Tamarix chinensis Lour. under dust and dust-free conditions during the 2017 growing season. A field control trials was used
to obtain light response curves for the three species in the vicinity of the coal mine. Plant samples were analyzed by scanning
electron microscopy. Our major results were as follows: (1) Coal dust cover had an obvious effect on the three species. (2)
Net photosynthetic rate, stomatal conductance, and transpiration rate of the coal-dust groups under different illumination
intensities were reduced. Net photosynthetic rate in the coal-dust groups decreased from T. chinensis (18.6%) < H.
ammodendron (28.3%) < U. pumila (30.7%). Stomatal conductance rates in the coal-dust groups decreased from H.
ammodendron (24.1%) < T. chinensis (30.9%) < U. pumila (33.2%). Transpiration rates in the coal-dust groups
decreased from H. ammodendron (16.7% ) < U. pumila (18% ) < T. chinensis (39.1%). (3) The influence of coal dust on

U. pumila was mainly attributed to non-stomatal limitation, and the effects on H. ammodendron and T. chinensis should be
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examined further. Therefore, dust produced by open-pit coal mining affects the photosynthetic physiological processes of
neighboring plants to some extent, thereby inhibiting plant growth, and long-term discharge may lead to a decrease in

vegetation coverage.

Key Words: coal dust; plants; physiological effect; open-pit coal mine; arid area
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Fig.2 Comparison of Pn, Gs, Ci and Tr under the dust-washing and coal-dust groups with the effective light radiation changes in

U. pumila
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Table 1 Comparison of photosynthetic characteristic parameters of U. pumila under the dust-washing and coal-dust groups

Jis: | LSP/ LCP/ Ry/ Pn,,./ AQE/ ERA R
Treatments (pwmol m™2s71h) (pmol m 2571 (wmol CO,m™2s™") (wmol CO,m™2s™") (pmol CO, pmol 1) R? of Model fitting
VEA22H Dust-washing group 1134 35.66 1.89 11.47 0.058 0.9981
HA 4 Coal-dust group 874 23.43 1.25 8.17 0.059 0.9959

LSP . YA A1, light saturation point; LCP ; YEAME 5, light compensation point; R y; 2RI H %, apparent dark respiration rate; Pn, ;i KOG A %, maximum

net photosynthetic rate; AQE ; ZeWLi T35 , apparent quantum yield
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Fig.3 Comparison of Pn, Gs, Ci and Tr under the dust-washing and coal-dust groups with the effective light radiation changes in

H. ammodendron
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Table 2 Comparison of photosynthetic characteristic parameters of H. ammodendron under the dust-washing and coal-dust groups

hba LSp/ LCP/ Ry Pu,,./ AQE/ BRI RPE
Treatments (wmol m™2s71) (pmol m™2s7")  (pmol CO,m™2s™") (wmol CO, m™2s™") (pmol CO, pmol ') R? of model fitting
P4 Dust-washing group 1680 108.33 1.51 9.27 0.015 0.9991
M2 Coal-dust group 2270 140.78 1.38 6.85 0.011 0.9988
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Fig.4 Comparison of Pn, Gs, Ci and Tr under the dust-washing and coal-dust groups with the effective light radiation changes in

T. chinensis
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Table 3 Comparison of photosynthetic characteristic parameters of 7. chinensis under the dust-washing and coal-dust groups

Ji:l Lsp/ LCP/ Ry Pn,./ AQE/ HERS RAH
Treatments (wmol m™2s71) (pmol m™2s7™")  (pmol CO,m™2s™") (wmol CO, m™2s™") (pmol CO, pmol ') R? of model fitting
Ye2B 4 Dust-washing group 1800 42.78 1.61 21.20 0.039 0.9996
MR Coal-dust group 2182 46.93 1.24 20.66 0.031 0.9990
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Fig.5 Comparison of Ls and Ci under the dust-washing and coal-dust groups with the effective light radiation changes
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Table 4 Correlation matrix of photosynthetic factors of U. pumila, H. ammodendron, T. chinensis

Qb Y45 H: BIEHT Photosynthetic factors

Treatments PAR Gs Ci Tr
Ui 6242 ( Dust-washing group of U. pumila) Pn 0.818"" 0.141 -0.999** 0.855 "
FITAR A ( Coal-dust group of U. pumila) Pn 0.718™" 0.050 -0.995 " 0.770**
HH e (Dust-washing group of H. ammodendron ) Pn 0.949* 0.982%* -0.992** 0.991 *
PRI (Coal-dust group of H. ammodendron ) Pn 0.958 ** 0.979 ** -0.989 ** 0.986 **
REMIBEAR ( Dust-washing group of T. chinensis) Pn 0.941** 0.937** -0.997 ** 0.964**
BEMIIEA ( Coal-dust group of T. chinensis) Pn 0.937" 0.702 " -0.996 " 0.853 "

T RIRAE 0.01 ACE- (W) bW EADG, + RIRTE 0.05 ACF- (W) F W EMIC, PARDECHA RS

& Par Ci Tr FUXEIN, £ A0 B R ALY B P 200 8 100, P AR S M B i R 02 G, HL I 3 522 3 3 Al
K(P<0.01) (F4),FMIH Gs 5 Pn AMIE, 3 FIEYI WAL BE b A M A2 09 4 AP Par Gs Ci \Tr 55 Pn
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FIXGE IR TEAE, AR T T B AR X 52 1 AT EAO G SRR 25 R AR R 2
3.2 ERRAE R DL A R R e A A R R 2B

BEBTUTREAE R AR MO F Pn Gs Tr BIRFRAC, Ci BUBA K, U DI AP AL BES VR L & 1 B %
JFRZ —1 CO, Mt A 2E AN K, Bl CO, AN R 3 A0t &4 A A E 2 {8 Naidoo FI Chirkoot B
FERWVBER DR BRI - CO, 38 Hedm il b, T SR ARL ) I e A R 22 ol TARBE 52 b Mk
WAL R AR PR O 13 B T B A R BRI R AR AL R Iy e — @ R L A Far ity i P i ot
FihtE, Prusty SEATTE AL 6 FhR ILHGAAEY) A AR BRER TIKAE S 24h i L P Tt s X i W R
B AN O R I T, 22 S BOG G R T Ib BE b — R 50 A 3 A AL b 1 BICE , ANt S Pl 1 1 11 78
o, BET S BOFT AU R R, ASCENE S LM R R R —8u, IR B Ak, s Tl
DL IR 2 T AT R R 2 (] 6) |, 200l A — e Y BHLASHAE B2 M RO A 1 T, Rk, 0 25 B S 4t
T RO A T S ER MO A R T M, OTFTA R 0 I Ci (Ls 89724 J7 1wl A7 2 <AL A
RILIEAR AL, 2 BT R MIR it A2 K (18] 6) |, X M i ik 1B o RO e AT e A P A B
HHA

BT UTRE M ER 0 AR R B E VR, B AR B TR AR AP R DICRE T RE 2 e X Sz
MLk A TP ZRENE AR AR 55 DR . A A YR imad My B s R PR TN 545 22 5 T PR B A 4
A VR ARSI R S | SR B A SRV R 2 B SAL Y R R AR R i A A SR R e e 28, i
TR A A S VR B XA R 7 e AN T A B IR

4 ZEig

ARSI S BT DR AT PRAR EEMI 3 PGS R R RE IR | ELXC G A A8 I A T T 4
AT OB TR 3 R, A P (4K 18.6%—30.7% Gs FEAIK 24.1%—33.2% . Tr F#{iK 16.7%
—39.1,3 FiAEYI B GE VR R 32 BUM G OB TR AR 4 it 1 6 D' & A 2800 S ) U E R AIX, BLRER O
ErA RS AR R Gs (Ci T BRI L FAATR 5 SREAR DI 2 IR AR P I R A 9 016 45 0 12 BELAS
PR RO, X6 =25 A B i 3 2 A UL PR 3R S B8 M DR R i 06 5 P A 3 2 BR
Rt — L5

ABFFEALIRTE T Fa KA IR TUREXT A 3 3 FAE 0 & 45 T B2 23 Hr , DAL, Sk i ves A 0 R X A
AT B A2 TRAR AR ST ST R 2 B W A A K S R U W0 A5 OS2, LA SRR TR
Xt Ji] S ML R A A 0 S B B R
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