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W OE OUHAEBRANAE (CK), XRAGRKEARTH FERERS N L L EEE
SRR ENE W, WET 3ANT K EAERAIE, B EA(T,) &I A I B 7k K K
(T,) FMERFEMAEAK (T,), TREMABIHATT RERERLIE. EREW . 7 HEAER
WESNNEHEKREREERALRAREN AT H. AL, T, T, 1 T, &L EE
MEEREMtER RATE LG EESN T FRTHE(P<0.05),T, 43 /NE e Mt
£ %4 E (SPAD ) B B (P<0.05);T, T, fn T, & I 89 #F 41 7= & 2 7 o 3t BB T 5
15.4% 9.8% 71 17.8% . WA, & FF FEAEBAE NZ A F Cr.Ph Cu 0 Zn N4 EH T F
BTXEB, XAT HERKERSRHELEANEZALFRE.
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Effects of irrigation with mine wastewater on physiological characters and heavy metals ac-
cumulation of winter wheat. MA Shou-chen'*, MA Shou-tian*, SHAO Yun®, JIANG Li-na®, LI
Chun-xi’ ('Key Laboratory of Mine Spatial Information Technologies of SBSM, School of Surveying
and Land Information Engineering , Henan Polytechnic University, Jiaozuo 454000, Henan, China;
*College of Life Science, Henan Normal University , Xinxiang 453007, Henan, China). -Chin. J. Ap-
pl. Ecol. ,2013,24(11) ; 3243-3248.

Abstract; A pot experiment was conducted to study the effects of irrigation with mine wastewater on
the physiological characters and heavy metals accumulation of winter wheat. Three treatments were
installed, i. e., irrigation with coal-washing wastewater (T, ), irrigation with coal-washing
wastewater after its precipitation (T, ), and irrigation with coal gangue leacheate (T;), taking the
well water irrigation as the control (CK). The plants were irrigated with mine wastewater after the
turning green stage. Irrigation with mine wastewater had negative effects on the winter wheat growth
and grain yield. At anthesis stage, the leaf area, dry mass per stem, root activity, and net photo-
synthetic rate of winter wheat in treatments T,, T,, and T, were significantly lower than those in CK
(P<0.05), the plant height and leaf chlorophyll content in T, decreased significantly (P<0.05),
and the grain yield in T,, T, and T; was decreased by 15.4% , 9.8% , and 17.8% , respectively.
In addition, the heavy metals (Cr, Pb, Cu and Zn) contents in the grain of winter wheat under
mine wastewater irrigation were significantly higher than those in CK, suggesting that the irrigation
with mine wastewater could result in the heavy metals accumulation in wheat grain.

Key words: mine wastewater; irrigation; physiological character; winter wheat; heavy metal.
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1.1 AR S5t

K Z AR, A 5 R o #B 22 9023, T 2010
10 H Z 2011 4F 6 H A £ E ALl B2 B
A A 7 T 308 O A T 64T, B4 ( ELAR 30 em,
15 40 em) 251+ 15 ke, ZARH 1 BCA A5 AN
FRE MR 4% (0 ~20 em) , HI3E pH{E R 7.6,
HIEAEYE SR 13.33 g - kg, A TR 113
g+ kg™ EERL A A E 217 mg - kg, HALEE A B
9.19 mg - kg™, HALHRF & 213. 10 mg - kg™ & 3
AT IX K HEBE AL B . R E K (T,) L& UTTE AL B
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e E KR T 60% a5 7K 5, PETE T R K i £
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Table 1 Background value of heavy metals content in test
soil (mg - kg™)

LR TR AT TR bR R IS

Element Background value National Measured
in Henan Environmental value in
Province Quality Standards test soil

Grade I

Zn <74.2 <200 180. 15

Pb <19.6 <250 13.2

Cr <63.8 <150 14.6

Cu <19.7 <50 13.84

x2 EBRAKRKER

Table 2 Water quality of irrigation water

JbF pH Cr Cu Pb 7n

Treatment (mg - kg™") (mg + kg™") (mg - kg™) (mg - kg™")

T, 5.8 0.57 0.32 0.35 0.98

T, 6.0 0.39 0.29 0.30 0.77

Ty 5.2 0.61 0.37 0.51 1.19

CK 7.8 0.03 0.21 0.10 1.06

REHESEGRE  5.5~8.5 0.1 1.0 0.2 2.0

Standard of

agricultural irrigation

T, JEBEE K Coal washing wastewater; Tzé'é{}rl:ﬁﬂ‘ﬂﬂﬁ(ﬁfﬁ%ﬂ( Coal washing
wastewater after precipitating; Ty‘}i%ﬂﬁ WA K Leacheate of coal gangue; CK:
7K Well water. F[A] The same below.
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i FH Excel 344X 50 5088 2517 70 B 5 R I
FH SPSS B A% 56 4l 647 Ge 1 4 i, R A LSD
ZE BB IT T ETNES BEEHRR (a=
0.05).

2 ZEREHHR

2.1 W I PKEBE R INAZ Mk e | i TR T4 R
ESiipal|

MR 3 WTLLE 0 K BEE X /NS ik s
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AEI) A7 IR K HE T (T, ) /N R i i AR
ZET YA /N TR (CK) . T, F T, A B #k
e A . FESR T I T, A 3 A B 2R B S R
TR X HR A 0 22 5 (L T, A 33 B2 It
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i AR 2 R R (P<0. 05) ; BT AE IR, T, A1 T, 4b
T i B2 J R AR ) A H 24 B e (P<
0.05). K I AKRE R /N 0 AR K 2 3 —
FEEE (R AN, PR bR K E R AR B (T, ) X /INEZ
A ARV E P oK
2.2 WIBKBEBX NE MG R O A R
FIR 216 77 150

MR 4 FTLE AR B K E X /N
FNT LR R AN K, 3 P I K AL BN f i
LEE i (SPAD H) 5 X HRIC W 3% 22 55 2 R AE
Bf, T, AL /INAZ (S 25 5 1 5 0] HERE L Bl 25 T B
FEPRTI TR T, A B /N7 195 A 3 36 5 6 BEAH L
TCi 25 5%, T, b /N7 195 A 3 38 5 %) A L I
& MR BIFALIARE T, T, A1 T b /N7 ()6 3
REXF AR LY 52 R, BT, AN O Gk
R E/NT T AT, A3, BT 3 S 5 K T
X /INAZ AR A 25 ) < 10 R 9 T 0k
INZZ A D RE S B 5 25 10 A .

3 PP I K A R A % /N AR 2N A
S 2B AESCT AR AE T, T, RN T, A B /)N
R ARG 1 2/ N TR (CK) | XUl R 7K
VETEXT /N A2 W8 22 0 e A . AR 0, T, A3t
XF/NAZ R R 05 T3 A A T o, T, AL B AR &R 15
FI R IR B 2 R 30. 9%  7E T AL T, AR B A9AR £
6 1515, S50 HEAH E 3 R 37.5% .

Table 3 Plant height, leaf area and dry mass per stem of winter wheat under different treatments

AbEE P18 Jointing stage FF £ Flowering stage
Treatment ] LEY o 25 i A H o2k it o 25
Plant height Dry mass per Leaf area per Plant height Dry mass per Leaf area per
(em) stem (g) stem (cm?) (em) stem (g) stem (cm?)
CK 41.2a 1.94a 45.6a 82.3a 2.82a 62.4a
T, 39.3a 1.78b 42.2b 80.5a 2.32¢ 53.3b
T, 40.4a 1.82a 44.4a 81.5a 2.58b 57.1b
T, 37.4b 1.51c 38.8¢ 78.4b 2.24¢ 50.5¢

[a] 5 AN R) bl e n 72 53 1 2 (P<0. 05) Different letters in the same column meant significant difference at 0. 05 level. F I The same below.

R4 THEKEBRDNEHERSE LGERMIRRF AN

Table 4 Effects of irrigation with mine wastewater on chlorophyll content, net photosynthetic rate and root activity of winter

wheat

AbER 4% % & i (SPAD) Pl ES [0V

Treat- Chlorophyll content Net photosynthetic rate (pmol - m™ - s7!) Root activity (g TPF - ¢7' - h™")

ment P TFAEH] BT TFAEH] BT TFAEH]
Jointing stage Flowering stage Jointing stage Flowering stage Jointing stage Flowering stage

CK 45.6a 55.2a 18.9a 22.8a 5510.5a 2010. 5a

T, 44.3a 54.3a 17.9a 20.2b 3807.7d 1400. 3be

T, 43.8a 56.5a 18.1a 20.9b 4806.9b 1600. 4b

T, 46.2a 47.2b 16.9b 19.2b 4207. 8¢ 1255.6¢
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Table 5 Effect of irrigation with mine wastewater on yield
traits of winter wheat

Ak RRE R THRE YR kel
Treatment Grain mass Spike 1000- Biomass Grain
per spike grain grain yield yield
()  mmber  mas  (gepor) (gepor)
(g)
T, 1.53b 29.53d 47.13¢ 54.33¢ 28.25¢
T, 1.8%a 36.87b 53.67a 63.45b 30. 14b
Ty 1.48b 32.13¢ 49.72b 50.91d 27.45d
CK 1.%4a 39.47a 51.20a 69.52a 33.40a

k6 WHEKERNEZSHUNELESSE
Table 6 Heavy metals content in different organs of wheat
irrigated with mine wastewater (mg - kg™)

TH wHE T, T, T, CK

Element  Organ

Cr R Root 4.15a  3.97b  3.48b  2.13¢c
2501 Stem and leaf 4.32a 4.53a 4.21a 2.01b
5t Glume 4.26a 3.08b  3.15b  2.19¢
FFRL Grain 4.15a  2.98¢ 3.5b 1.9d

Cu R Root 11.52a  12.27a  10.38b 8.02¢
250 Stem and leaf 3.22a 2.63h 3.6la 2.11b
5t Glume 7.45a 7.15a 6.34b 5.68¢
FEAL Grain 10.57a  10.25a  9.37b  7.88c

Ph R Root 2.73a 1.51b  2.75a 1.37b
250 Stem and leaf 3.53a 2.12b 3.94a 1.35b
B Glume 2.32a  1.56b  2.45a  1.38b
FFRL Grain 2.65a 1.51lb  2.27a  0.53¢

Zn R Root 226.32a 167.35b 226.35a 126.43c

126.33b 119.85h 185.05a  96.05¢
F5E Glume 106.15a  93.28b 119.56a 116.91a
FFEL Grain 181.65b 200.25a 195.05a 116.35¢

[FAT AR FhE R R 2 5 8 3 (P<0.05) Different letters in the same

row meant significant difference at 0. 05 level.

251 Stem and leaf
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