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LR b B T AR A K G JE SB35 Tk (NOEC) 2 10% |, 2F Fie KA % BE (EC,, YK YK M 32.87% .33.69% .30.56% .32.34% .
3823% ., FIFHBTIEE IR sRECEPEM A5 1 | 55 MR 1Y) B & R4 A= K 32 30 F A K B g e de s o O LR i a2k, oF
FEEE ] Oy [ SR ST AR AR TR A IR AR AR S 5 IR 0l

KRB : PR REPP R R ARG 2R K

XEHS: 1673-5897(2023)5-320-11 RESES: X1715 SHERFRIRAG . A

Phytotoxicity of Reclaimed Water from Oilfield to Seeds Germination of
Different Plants

Song Qingwen'?, Wang Ling'*" | Liu Chentong', Tao Xue’, Su Wenhao', Jia Hongtao'?, Zhu Xinping™*
1. College of Resources and Environment, Xinjiang Agricultural University, Urumqi 830052, China

2. College of Grassland, Science Xinjiang Agricultural University, Urumgqi 830052, China

3. Xinjiang Key Laboratory of Soil and Plant Ecological Processes, Urumgqi 830052, China

4. XinjiangTianxi Environmental Protection Technology Co., Ltd., Urumgqi 830000, China

5. College of Bioscience and Resources Environment, Beijing University of Agriculture, Beijing 102206, China

Received 31 August 2022 accepted 8 November 2022

E£WE W5 /R BIA XBHE TR B0 H (2022 E02026)

FE—1EE ARG EW1997—), &, WA 5T BFFE 7 1) S 5 X B8 055 55 M, E-mail: 690841164 @ qq.com
* JE{51E#& ( Corresponding author) , E-mail: 42216412@qq.com

# @ {E1EE ( Co-corresponding author) , E-mail: zhuxinping1 978 @163.com



5 5 1] IR S48 i FH A KO AN TR o3 8 2 B B PP 321

Abstract; The effects of reclaimed water from oilfield on six plant seeds (Lolium perenne, Festuca elata, Sorghum
sudanense, Eremopyrum triticeum, Suaeda salsa and Agriophyllum squarrosum) germination and phytotoxicity were
studied by adopting a seed germination test with six reclaimed water concentrations (0%, 10%, 20%, 30%, 50%
and 100%, reclaimed water/deionization water, V/V). The results showed that the seed germination rate, germina-
tion potential, germination index, bud length and root length of Lolium perenne, Festuca elata, Sorghum sudanense,
Eremopyrum triticeum and Suaeda salsa were firstly increased and then decreased with the increase of oilfield re-
claimed water concentration. The seed germination and plant growth of Lolium perenne, Festuca elata and Sorghum
sudanense seeds were significantly promoted (P<0.05) when the reclaimed water concentration was 10% , while the
seed germination and plant growth of Eremopyrum triticeum and Suaeda salsa were significantly promoted under
the 20% concentration, but the seed germination and plant growth of the six plants were significantly inhibited un-
der more than the 50% concentration. From dose-effect curve established with data of reclaimed water concentra-
tion and seed root length, the NOEC of the reclaimed water for seed root length of Lolium perenne, Festuca elata,
Sorghum sudanense, Eremopyrum triticeum and Agriophyllum squarrosum were 10%, and the EC,, were deter-
mined as 32.87%,33.69%,30.56%,32.34% and 38.23%, respectively. According to the evaluation by using fuzz-
y membership function, the seed germination and plant growth of Suaeda salsa was least affected by the oilfield re-

claimed water, and was more tolerant than other five plants. The experimental results provide scientific basis for the

national establishment of environmental standards of renewable water resources.

Keywords: reclaimed water irrigation; the lawn grass; germination; root length; bud length
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1 ##l57 % (Materials and methods)
1.1 #k

BER B OPPR R SR HhsE b
EERFIT 2021 4RI AR RAO R B R SK S Y
PR T AR A 48 (25 ~30 C)ELhk
JEAEF o T FH Y FE AR KB B SR AR XN T
TR MK, FRA KK L 1, K iR = 2
TK,
1.2 ik
.21 kit

g it 6 b H. CK(100% £ B 1K),
10% (10% 3 H FE2E 7K +90% 2255 77K ) . 20% (20%
TH A2 7K +80% 25 B 17K ) .30% (30% 1 H - 7K
+70% E B T7K) . 50% (50% i T FEAE K +50% 25 55
FK)FI 100% (I B F-AE 7K ), Db e B8 2y 4 R A L
FLBCH

BRI /INE &) Ml P Fh 7, SE F 75% &
fERHH 1 min, FJ5 H 30% H,O, IR 10
min PABH 1 BB /A0 BT YR SR e 2 B T K bk
4 W, KIS BRI S AR A SUZ IR AR Y
REFRIL(EAR 9 em)N, BFHIIL 30 K7, #5A 10.0 mL
A5IC L A Y AR K W T R SR L S Ak B
HE 4 W, R, 8RR PR E 2 AR A
IR A3 ANAE W RG SR ML AR BE 25 °C/15 C (H/
&), JEF 16 h/8 h(/mE) A N T fe 85 I 4 rh 1%
FH(GXZ BRI FAE , T WILR AR ), T
BRI 2 RIFUR eI & 28, L IRAR it s A Ry b+
WY R bR, RGP R E5 R DLk 2%
TN M, W5 10 d,
1.2.2 $5bpiE

B R AR PRI E o FHHE0E B KA sk AN R H A
A KR BE T R 8  BR  RRELTTHER 10 d R TR
PR 253 R ZF 3 R ZF BRI T8 5L, 1A
NI
KR (GR)= (W & Fh T /AR A T 80%x100% (1)

R ZFHGE) = (K 2 o W I S - 1) 22 28 oAt

A E0x100% )
K ZEHEE(GI) = T (Gt/Dt) 3)

. Dt FERAHRAYITT]), Gt FoRes ¢ REGL HHN,
5 JI8%EU(VI) = SxGI @)

Ao, SR AR K AR KRR
1.2.3  AERKIEFRE

2 AR B2 5 « PR = FRUI £ 407 i 7 e
ZERIARK R, B A FERE LI 10 #RADTH (4h T 2>
F 10 BRIGALFE US4 1), Bl 3 kE S, fif
FEAIE RSP T 24 10 KBS 401, B4
AbFRBEALEL 10 Bk (418 2> F 10 #1940 BREUIT A 4
B, IR T H R K o e, PRI R 4 3
WHEEP,
1.2.4 R

(1) K& R & BT

X AN )3 H AR KR BE T 6 REA RN 1 &
MR ISR AT L5 G PR Y TR & 2R A
B 5 TS AR A0SR JE pR B, B T S AR e &
TEM BRI,

X(a) - (Xmax _‘vain) (5)
X b 71_(X_Xmin) 6
( )_()(maX_Xmin) ( )

Ao X OIS [F] A0 38T R P - B — A g
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BRI A2 AR R0 R R bR SRR R A Rk
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Tl & A5 55 , 122 55 pRESC(EL B K | Ui i e
T R ARG | 2 2 55,

(2) FHAEIKXTHE IR 2R BN AN

WIS AEAR K A AR K IR 52 F Origin
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F1 X% AHBEBEKKR

Table 1 Water quality of reclaimed oilfield water for test
Mgk FERIES
u SS Kmg-L™") BOD CoD Amg-L™") As Hg Pb Cd N TP
P Amg-L™")  Total salt  /mg-L™') /(mg-L™') Petroleum oil /(ug-L™') /(pg-L™") Apg-L") Aug-L') Amg-L') Amg-L")
/(mg-L"") /(mg-L™")
792 100 7 903 855 350 0.04 025 0.14 <25 <25 15 42
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WA KA SZ IR B (BCy, ), #2300 i 28 58
i Origin 2019b Pro M #EATHIE . WK FH
P<0.05, Ui iR 56 0 1 LLE I AR 22 3R

2 Z55 (Results)
2.1 T P KO S TR 42 5 2 1 5 il

FH 6 2 W, Bl S AR KR R T, SR
FORES PR A RORNEh b B A ) R Y
KR R R FFRBUNIE S48 505748 B e
i E AR AR ASTR)C U 8 3 FE 2R 7K A B
EEFPT- I & 25 B A 3 A I 4E FH (P<0.05), HL
I FE P K T L g, o v 3 R K A4 4 A
B . 5 CK AH L, 100% i H FEAE KRBT, 3
HE SRS PR R AR HE FYbE k2
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R IR T A0 R e bR A B e R (E (R
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Fig. 1 Effect of reclaimed water on seedling height and root length of 6 plants
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F GLAZ RN R Hb wR & AP I IR 3 K, g3 il
482 248 400,625 F11.78 cm; BEE HFF I
FPRE R ZZ FA T IR K K, 0 5o 2,07,
1.83.1.98 F11.74 cm;20% jii FH PR A= K AL BT | £ b
Bz AT IRAR K K, 0.99 em, 10% & LAy H
FRA KRR | Vb 3% A R 2R K R AR A #0358 T
CK 43 (P<0.05);20% K LA b il H A K Ab 3R,

MER mAEFRREEFNIRZER A S ERT CK
AL H(P<0.05);30% K L 1l H FRA= K AL BE T, & 2R
SR 2 R Y RAR AR (i R T CK AbFE(P<0.05);
50% Kz VAL i FH R AR K AR BT S5 A R 2R K RN
PG Rk e VAR A i E KT CK AR B (P
<0.05), X FHAAS I B (4 30 P24 7K Ak 36 AN ]
Tt (A IR 25 R RAR K 4 AR [R]

x2 HHEBLEKI 6 AT FIHLZHZ N
Table 2 Effect of reclaimed water on seed germination of 6 plants

T R Ab P R, K ER% R FEEL SEPAE K13
Plant material Treatment GR/% GE/% GI VI

CK 86.11+3 61ab 55.67+1026b 756+041c¢ 265+0.05b

10% 89.78+192a 7567+231a 959+038a 390+0.67a

L 20% 8222+192ab 5433+231b 8.97+0.88ab 249+0.03b
Lolium perenne 30% 79.33+5.09bc 36.67+0.58¢ 8.55+0.57b 228+0.12b
50% 7233+385¢ 31.00+1.73d 751+030¢ 1.08+0.09¢

100% 4556+7.70d 15.33+4 04e 5.77+038d 02320.03d

CK 95.67+751ab 65.67+231ab 8.600.93b 2.12+023b

10% 100.00+0.00a 6933+3.00a 995+021a 2.48+0.08a

[EE 20% 90.00+3.00b 5433+924b 8.58+0.33b 193+0.12b
Festuca elata 30% 57.67+5.03¢ 3133+751c 426+095¢ 0.49+0.04c
50% 5233+8.08¢c 2333%651c 353+024c¢ 025+0.15d

100% 0.00+0.00d 0.00+0.00d 0.08+0.14d 0.00+0.00¢

CK 87 67+4 04ab 36.67+11.93b 17.87+0 94¢ 2.12+023b

10% 98.00+1.73a 523344 04a 21.03+058a 248+0.08a

IS 20% 9133+751ab 40.00+7.00b 19.77£0.77b 220+0.12b
Sorghum sudanense 30% 81.00+1.73b 3533+6.81b 13.38+0.85d 049+0.036¢
50% 49313 46¢ 22.11£1.73¢ 8.70+042¢ 025+0.15d

100% 28.81+10.15d 9.01+1.73d 525+0.50f 0.00+0.00e

CK 7233+477¢ 4433+5.13¢ 1598+0.55b 358+0.72¢

10% 88.00+1.73b 57.67+4.04b 1945+041a 449+035b

AR 20% 97.67+4.04a 7633+5.77a 13.030.76¢ 5.12+0.17a
Eremopyrum triticeum 30% 7567+231c 48.33+4.53¢ 12.10+047¢ 385+0.12¢
50% 6333+3.00d 3333+351d 937+0.61d 124+0.28d

100% 4333%651e 2333%351e 289021 037+0.09¢

CK 82.00+1.73b 41008 54ab 736+049a 0.93+0.06¢

10% 8633+1.73ab 49.00+4 04a 826+036a 1.18+137b

o 20% 9631x1.15a 5233+346a 645+0.55b 1.64+0.06a
Suaeda salsa 30% 83.67+1.13b 45 67+4 04ab 6.06+0.62bc 1.07+0.06¢
50% 6233+401c 3333+5.74bc 483+029¢ 0.51+0.02d

100% 4333+6.51d 2333+574¢ 3.01+0.88d 041007d

CK 6033+577a 3233+10.79a 5.67+036a 039+0.06a

i 10% 42.03=1.73b 20.00+0.00b 3.72+0.38b 0.132001b

) 20% 4100+732b 20.00+0.00b 3.71+0.62b 0.02+0.00b

Agriophyllum

30% 34.68+4 04c 18.00+1.73b 3.05+0.04c¢ 0.02+0.02b

squarrosm 50% 27.67+4.04d 1567+231b 15220.13d 0.03£1.00b
100% 3.00+0.00¢ 3.00+0.00¢ 042+0.14¢ 0.00£0.00b

TE : B R /NG TR 237 AN R b B ) 22 57 i 21 f 2 7K P (P<0.05); R IRl

Note: Different lowercase letters in the same column in the table indicate significant differences among different treatments (P<0.05); the same below.
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1= FHE T CK ALH(P<0.05), 733 269.73 541.10
F1142.66 mg;20% i H A KA BT, ST
B S BB T CKAh B 5 % A f T o
FHT CK 4bH(P<0.05), 4 36.37 mg;50% M LA I
FRAERACELR R B E 50 | 0 PR AR i

R 6 o £ 35 i E AR T CK ARF(P<0.05),
2.3 i HERAE K SR Rl R AR KR AR A AR
FAES BT

e 3 F 3 FH HE IR MR S 2R B0 X PR A=
K B A8 R B A A R B A7 AH DG 20 #r, 25
SRR AR E S BER S SRR
2z BLAE ) W R B A K e bR B e S A DG (P<
0.01), FFAE/KHREE S VD 2 Frdh Hh e 1 2 2 % IR
AR R 5T it 49 5 B 3 FUAE OG(P<0.01), IR 2R K
51 FERAHK(P<0.05) .
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L. perenne F.elata  S. sudanense E. triticeum S. salsa A. squarrosum
L YL L RN
Plant name

2 HEBAEKX 6 FEY S REN N

Fig. 2 Effect of reclaimed water from oil field on fresh dry weight and water content of 6 plants

x3 HEBEKEEYMTFHEMERKERNEXES T

Table 3  Correlation analysis of oilfield reclaimed water and plant seed germination and growth index
oy R TE hTE
- e " A HhHbBRE Ui
R (SR piyER - o
. Eremopyrum Suaeda Agriophyllum
Lolium perenne Festuca elata Sorghum sudanense B
triticeum salsa squarrosum
B %
/% -091** -0.70* * -093** -0.80** -096** -096* *
GR/%
2K /om
BAFK -0.92%* -0.89%* -0.70** -091%** -0.56%* -0.53*
Shoot length/cm
R /em
! —0.74%* -091** -0.59%* -095%* -0.79%* -097**
Root length/cm
i J57 1t /my
Hme -0.85%** -085** -0.75%** -067** -091** -097**

Fresh weight/mg

= 7E 001 HAIWUR), * 7E 0.05 G BUR) , AHCH: b 2
Note: * *at level 0.01 (double-tail), * at level 0.05 (double-tail), the correlation is significant.
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{0 YA Tff Ml S W A 00 ) B0 308 R AT A ) T P R K
S K BE R B9 48 b 22— TR R SR R
BT I FAE D TEPE AR O 6 ML) Ff 11T T 258
A PEPE A, Bt T il F - 2 oK BB 4
AIFED)

W 4 R SRR s 8 2R G 5 6 6 R

T 6 JHT R FEARFE 5L, 15 1 6 FAEY A+ )& pR
BOEPETE N 0.4389 ~0.4964, 6 M HEYIA Ty
sk PR KT 508 4 5 R 0.4869 . 0.4847 . 0.4521 .
0.4482 .0.4964 F10.4389 , Fi = J& pREUE K/ NHE 15
Hh X P AR K T A2 P A TR S - b el 5% > R 7
F>E >R B RS

F AR A 45 ATk B il AR KT 6 R )
A A3 AR 2800 56 R AR I (18] 3), % 45
AT GETT 3T, A5 AN [R) B AR 7KW B 45 7 19 NO-
EC Fl EC,, , 45 R4 T35,

100
50F
= [
3 I
sE 0
o .S I
= < r
= -
s -50f
H 3 L
™ © Sl == TH
B L —O— MERL L. perenne
g —O— W F elata
= _100F —O— 75/} S. sudanense
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Fig. 3 Dose-effect relationship of reclaimed water on the root length of plant seeds

&4 6 MEYMREBIER
Table 4 The subordinate indexes of 6 plant species

FLHIA R REFH KRR AR i ot FH{E He4
Plant material GR GE GI Root length Fresh weight Average Sequence
A H
. 04302 0.5240 05341 04943 0.4467 04869 2
Lolium perenne
hisd 04500 04967 04947 04969 04864 04847 3
Festuca elata
TRPREL
I 04554 04181 04972 042225 04674 04521 4
Sorghum sudanense
E %*"
e .. 04490 04594 04006 04765 04556 04482 5
Eremopyrum triticeum
h b
M 04526 05253 04487 0.5839 04735 04964 1
Suaeda salsa
04456 04829 04897 03791 03974 04389 6

Agriophyllum squarrosum
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W& 3 JioR , WG T A K e BE 3, 6 R Fh
TR KA K HROZ W, 50% LU A K
Ab PR B SR PE R DL K R b B R AR A K L
A AR FE P 5 10% DA PR AR K AL B R RS
I RO AR AR ELA B S A T 254 5 1 10%
~100% W E AKX D ER TR ALK A
ARR PN EIVE . DRI VD TE RN AR FR W 52 1 B P
A K BEPEBURR i 32 PR, A B H 2R KA i 2R a8 ]
P TE 10% AR B F-A2 2K 6T B Vb 3% b 7 4 i HL
AAEPFP IR R A K BRI RE R A Ve
NOEC /R FA /K AT i 3 IR AR A IR
TINFEAE 7K Y B v 77 2 (P>0.05) , i i 7 22 43 A A0 XS

2 E TS, S I e AR B AR KR
TP A K2 2] T 0] X RIS LT ek
5E NOEC® | ECy, BA Sy J2 S A B 1 s M A5 1,
‘B RE S WA [ B34 10 B K/ Nk A ] 32 AR 54
(AT A2 P /NP X TV T o, AR IR 1 P
AR AT R o A il B 1, L BCy, HN 67.22%
(R;;=0.9953), XJH At 5 Fhi i & , AR MY
FRAEACER AT LAXE S FiAE Y 7™ A= 520 ,30% B LA Rl
FE P A K X AR EL A (R B 52 0, 30% K LA b T %o A
PIAR A AR R B B i 4E . ECy, B K/NIF
g LT (38.23% ) > 1 5 (33.69% ) > B A i
(32.87% )>F- A H1(32.34% )(# 5),

x5 AEBEKKRETAREWIRKE NOEC 1 EC;,
Table 5 NOEC and EC;, of different plants at different reclaimed water concentrations

Y44 R TENEE R He B (NOEC) R e BE(ECs) 2
Plant No observed effect concentration (NOEC)  Concentration for 50% of maximal effect (ECy,) o
. 10% 3287% 0.8975
Lolium perenne
[SE=2
bl 10% 33.69% 0.8269
Festuca elata
biSERT
10% 30.56% 09311
Sorghum sudanense
PR
B » 10% 32.34% 09380
Eremopyrum triticeum
o p %
= 10% 3823% 09114

Suaeda salsa

3 iFit ( Discussion)

HETAFSE & T 12 AR Tl s /K Wi A= 36 15 7K
FFRIE 5K & A KERE FRY 0] TR A Rk
FNFAKE P REWE | H X AE 9 i & i s AE
WEHZ B AN ER, AOFTRE, REH R
Tk 75 KR RAE A AR AE R A — s A AR
FH TR e 1 Tl 3 K ) m) DA kA A/ 4 A A
FEAAE Y B A A B — e i IEEHE T 15 &
FHFHEWER 3ol ol 28 3% V5 KR 4l AN [] (%) Ak B 5
3, XARAEY R B ALY ()52 AR ], A A
SRy R S B3k T A 3 5 AR ARV E W R R B B Y i
FA A A B 42 VR BT o SR P ™ A9 B 5
FEH TR RN A T8 0 30k ol A 16 15 /K 3% R P B AT
FVHIE . ASBHSE I R W1 31 H A AV B A 15
5 6 MR T & 2R IR AR RN o
0 3 17AH DG, vl TP AR K FE 30% S AT Ak
I, W R R SRR IR PRRE 5 ORI G 1Y

i R R0 A R I e E A T, R 0 B B4 il T
AR NI HE A AN [R) i JEE B4 A 4 P, 3wl 2
FREM RN H AR R P R R W R SR
AR AR R 0 AL R AR A T R A
2y ARG, K P B AT BE 45, 9] 0 L Y A AR IR
Y RE XA A A — 5 BB, DR 3 25 7
AR 980 1l A K BB, BRAR T
G AT AN ER B TR B A R T AR AR
Koo ANTRIAYAE At 08 ity P A K AR T A2 1 AN T
XFFUPEETE AR 3 FH PR A K AR TH 2 25 0
T AN AE R AT ¥ 2 AN T B ik PR AR K
FTHERE o

F & R ECRPEAN 7K {5 G W00 A ) ) 2
IR AT S DA 30 BT 52 1 5 SR T 5] 20 0 b £
XA B REVE RN HEAT B AL, HE— 2P B e T R M AR
R PR AR K B HAT R 32 P X i) RS2 Hh T 4k
BRGEA B Jy—RhER AR A, X e v B R Eh e T A
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Fook 18 &

—EBITHHERY ) 10% ~ 100% ¥ 3 (1 T4 K 70 2%
PR R AR K BRI HIEH . — 2 sk
JEE 0 L PN A AR AL B A A ) A AR A K B ]
8 AR B AV Y R R IR AR A 7
T AR K AT T I R 5 B AT e f A 7K
A HE], PR, 3 B AR KN TR A e A
SR DA RO A = S U R TR T, A I R
FEPR T B e 1 3 FE AR K T E A A B T J 5 4% 452
Jite A A= 53800 1) LA 5, o T 52 DX P AR 7K
DAL AR 0% i oy 22, i LA Ay ] 2 At 57 7
HE KGR I R AR AR TSR L S 5 K3
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