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TR FFTEPR IR Dy 200 mg/L IR KA . 2556 R W, MoK ek FE T =5 8. 200 mg/ L F1) 400 mg/L W, &% 6] H
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Tolerance and phytoremediation capacity of sunflower exposed to aniline

wastewater
JING Tao, XIE Huicheng“, SUN Juwen, LIU Haodong, LI Hui

Shandong Provincial Key Laboratory of Soil Erosion and Ecological Restoration, Forestry College of Shandong Agricultural University, Tai'an 271018, China

Abstract: In order to investigate the ‘tolerance of sunflower to aniline and the use of sunflower in the phytoremediation of
aniline wastewater, we measured the effects of aniline stress on the photosynthesis and chlorophyll fluorescence parameters
of hydroponic United States Oil Sunflower and the resulting contents of aniline in the wastewater and organs of sunflowers. At
the low concentration of\aniline (100 mg/L) , the net photosynthesis rate, stomatal conductance, and transpiration rate of
sunflower were significantly greater (P<0.05) than that of the control. Meanwhile, fresh weight, the other photosynthesis
parameters, and the chlorophyll fluorescence parameters were not significantly different. However, as the concentration of
aniline increased, net fresh weight, net photosynthesis rate, maximum quantum yield of PSII, actual photochemical
efficiency, and 'photochemical quenching were reduced, whereas non-photochemical quenching first increased, reaching a
maximum at 200 mg/L and then decreasing thereafter. At the high concentration of aniline 500 mg/L, all the sunflowers
died. The data indicated that non-stomatal limitation was responsible for the reduced net photosynthesis rate. Sunflower
exhibited the greatest aniline removal rate (80.97% ) at the low concentration of aniline (100 mg/L). The aniline was
mainly accumulated in aboveground parts of the sunflower, and the content of aniline in the leaves increased along with the

concentration of aniline in the wastewater. In contrast, the content of aniline in the stems was not significantly affected, and
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the content of aniline in the roots was low.

Key Words: aniline stress; photosynthesis; phytoremediation; sunflower

NI 05 B W e BRI ) o, S 3R I K35 e b i WY Tl 75 944, S ER Gl il 250k Rl 3547l
B FES R Z —, WA X AT 0 K&  HE AR B AR AR 22 HEA K TP B B 9 B 25 41 )
IKAEBIREYI R, PR S EE A B R IR T R AR TR A AR DT I I 98 3 B L P 2, A
SRR, i, FEPR ARSI A E PR EEAL e 15 Y B4 0 v SE[E EPA HURE AR S PRseFai)
¥ 129 Fim ez 2

FEXS AL PR v R R e 5 PR 37k Ak 5 B AR 8 52 0 kil &, I8 2 5 s AN (RAT L) 2 B
154y, T ELd n] DGR AR5 7K 8 SR B ER AR T [ ) 3 BE x4k - 1, ol DX I e ) 2 E A A 3R 45
A RAPETEER ) XIRTE ™ FIFH UK B (Agropyron cristatum (L.) Gaertn.) X7 i 5 e 0 S HEEAT Al 0 16 2 150
KB, VK EAR ZR TSR i , 2ot 25FF i B RV P e i R RN BR 1 FIT T 7S FOK A A A 6 5 2 e
JRIK BB B ROR  WF 53 2 B0, R0 X6 AR AR B )18 B 380% R 50.7%—97. 3%, Jo w1 LLZESE (Ipomoea aquatica
Forsk ) MB35 R e bt

6] H %% ( Helianthus annuus ) ,JE 455 H 25 @AY, & —Fhit 5508 b 5 38 REPE T Ao ED Y
X AT LT R ) 1 S s R SR , KRB m) H 2 A1 U2 5 ( Phaseolus vulgaris 1) 1] DIAE Ky 4h
V5 Y B RS G AR ; 56 [ — e by b il 1] H S8 0RA8 5 B0 MR R 15 Y i T /K 5 Xie 250 1O 5T 48
71N 0] F B A [l i A8 L R H R K A i 52 PR R 5, 38 22 S AR K . PRI, 1) H S8 AR AR e I /K A O i A AR
U A BRI 3 O PR BRI AT S0 g o 1) H S AR B A8 R G A B 1 T TRT Y IS8 A0 R WA IE . ASBIFSE L
] H 28 (REMZE 1 5) APEL, 08T 17 AN [R) ik BE R AR e T ] H 35 09 R OIRES D BRI fIM 5 R 29005
B 5200 LA SR AR 1) H S8 N IR A D o il L8 705 1) H 3% 06 28 Bl J 38 ) T 52 F8 77 R WAL, Sk K A
AR S SR BERL AR

1 #MREFE

1.1 Kt

IR FFRE: DA 5 [ Y0 28 (Helianthus annuus Linn. ) 1 5 R Eam R, SEHUH H R/ N—Z0RFh 1, £ 24 /B
RS, W R IR B A b ) RSB K BERE, AR N R ZE, 8RR sy faet gty il
250 mL =AM, 1 50% W B2 (A% 22 3G IR s 95 AU 5 e 8 K — B A AR A TR R 3 A B

AR 30 b PR B2 50 100,200,300 ,400 ,500 mg/ L, 4 RN & 28 i A b 3] 8 AN EAE, A ARERIE A5 1F
AR 7 RJE MR T R A S BRI AR DI 2R R B SRR T R R
1.2 WsED B 577
1.2.1 ) HEEA Wi )il o (fif )

K T H 25 B oK B SRS FIWROK AR T PR,
1.2.2 U E A B H0N

TENG B RS, e HUR:— iU g ARk Pl A R et il 3 v, i 9 ] PPS 28 |]4E 77 %) CIRAS-2 BB AI
YEF RS, EHOCA R ( P,) ZEBHAR( T,) AL 6,) Ml SR E ( C) S a1ESEL,
57K 43R AR (WUE) FIAFLRRGIE ( L) s BIH AR WUE=P /T | L =1-C/C,'"™ & ¢, H
2R CO M
1.2.3  MERIOCSHNE

12 A ARG T I AK 30 min J&5 , IR ebiA 61 X9 R 48 (FMS 2.02 Y, 95 [F Hansatech 23 ) ) I AN [ 4 i

http ; //www.ecologica.cn



18 1 SRV A 1) HBER ARG R K I B A B B PR 6093

WERBIE T 18] H B2 RAOERPOL( F,) BRPE( F,) S TRADATOL(F,") JEFRRIOC(F,") LR
PR (F,) IR R PS T KRR F /F, = (F,-F,)/F, ; PS TT SEPRGAb 22 80R &y =
(F,'=F)/F, 6K R qP=(F,'=F,)/(F,'=F,") ; A AHERK NPQ=(F, ~F,") /F,',
1.2.4  ZRMrIE

IR G SR IR H 28R 25 HRES B3 B IR G IORE , HZR IR K ke, MoK AR T 3R 7K 43, FREUEE
fn 3 g RS CA 50 mL B0 A 27 mL HEESR I HR I 24h, H 0.22 pum A HLIERE S U8 3 Wk, A5 Rl
fh o KFEZERL 0.22 wm BEFEAT UG 15 B RHE . 1 = S80AE L3 (water 515, & [E) 2478 BURALEL /b
R g A T RE S BRI R AT A DK R 240 nm, B BIAR A F B K (35:65 (IR ) ) | i ikl pH=
3.0, Wi 0.8 mL/min, #EEER N 10 wL 107 BRASEESRINGE 3 K,
1.3 HdEmwr

K H SPSS 17.0 Fl Excel 2010 #4447 5548 73 #7, ~F- 34 BOR FH 5 K 3 U7 22 40 1 (one-way ANOVA) ,
DUNCAN #1722 5 W PE HLEE . R Origin 7.5 R, ZRERFEAANX I LBR% (% ) = COMITR A ek
— I BRI B ) /W UG AR R B ) X100,

2 HREH

2.1 CRERA X H A SEN R

WEHE A FZ RG] H 280 RO G AR (P,) STt en NRE, PURIEHR EZ 0 100 me/L 1Y P, fieiss
(16.78 wmol CO,m™*s™") , X IRALAY 1.40 15 (P<0.05) ([ 1) 5 Y4Bk B 15 %) 200 mg/L, 7] H 351y P, %
TRE(P<0.05) 5 AR REIR BTN 400 mg/L, P, AU R A BEALIY.2.41% , 3= WA B8 R e 41 i 1) H 28 DL B 4F
FH, B R R DOC AR, BB S W RE B 3 s AR T o . R 5 A0 2K sRARCBEAUL T ) H 28 it & ik
(P, GHREHTE (o) KR SRR, P =1403893%( 1-EXP (—( (¢+63.1496)/220.3939)*-6.5830) ), it
ARG A S AR I AR B R 182 me/Luy PG AN BE I3 =, 0] H 280 7 I SLFE (G,) (2RI R
R(T,) KGR (WUE) L SSLRGME L) 28k poARE], B 2B &5 TR B B
TEAR MR FE A 100 mg/L iK B e KAE AN G, 128G P AHIL, YR MR BE K T 100 mg/L B, Bifi 45 R e vk
JERHGE LR FREM C B35 EFR(P<0.05) , i e H 250t K P, FREM B2 N & A Tl AFLE E 1 dER
LR BEEAE , A, MR BE R T 100 mg/L B, ) H 3% WUE 5 I8 T X5 41 ( P<0.05) , R Rk FE 35
F] 400 mg/L, WUE {{ChXHRZTHY 7.01%
2.2 CRBRA X H ZE R SE SR

t & 2 0] LI B R R BE () TH i, IR 96 (F)) 2 T, R B = F 200 me/L &, 50
Yl F, 2 TR IRAL(P<0.05) , 2 W i BE R e fbihae 8 PS T s iy o0 2 A B R ol l 3 G 6 % A s, B
AR LR T 10] H 28 PS I e KOG FRCR(F /F,) VR F R (D ) LOLIF R R B (gP)
HRE TR B ARG AL A K R A (NPQ) B Je T i 5 T BRI # , BNE R Bk B2 AR T 200 mg/L 1), i
T BE BB T T AR TR KT 200 mg/L B B 25 AR B RE G T T R AR . b FL/F R @ BRE
A PS I AMBAETR T T 1%, qP MR ULEA PS ISR A0 O TGPEREAR ), 2 W Bl e 2 WA fat 410 1 225
emy H 2 mk R4 PS TG A TE PRt 2i i %
2.3 ) HZEX AR B R ROR

B A A PR B 3 v ) HOSE AR W TR (R 1) o AR BRI EE S 200 mg/L B, ) H 244
B R E T XL (P<0.05) ; MAMEH N 400 mg/L i, Az 45 BRI I 58 15 28.04% 5 242K [l vk 15 15 3 500
mg/L B, [7) H ZEAEARIE T, R IWALE—JH i35 52 01,500 me/L &3k 3 ) H 2585 K 52 W BE

] H 2R [l BRI I R R B B 22 5 (R 1) TR AR MM B AR, 48 e 32 SR B AR In] H 2511
ZErh YRR BE R 300 me/L B R R BN RAE rh | B R A A AR v B R RIS K B A R Bk B
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Fig.1 Photosynthetic parameters of sunflowers under aniline stress ( means=SE)
RN B R A BRI E 0.05 K- 2557 B3, P, . #9658 % Net photosynthetic rate; T, 7€ 534 % Transpiration rate; G,; S FLF
Stomatal conductance; C;: L[] CO, ¥& & Intercellular CO, concentration; L, : “FLBR il {E Stomatal limitation; WUE: 7K 4> Fll FH 8% Water
use efficiency
FR TR , 1) 28 A ) 2R B A B BRI 3, SR BE D 100 mg/ L B, LB e , 1551 80.968% .
3 it 54£iR

VA AR A K B T 50358 360 o AR 0 14016 A IR R E W 0 K MR o PS> B 9 TR
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Fig.2 Fluorescence parameters of sunflowers under aniline stress ( means+SE)
AR/INE PR R AL FEEFE 0.05 7J(q2§7':1"—ﬂ%;1’“; VIR ¢ Minimal fluorescence ; F,: 5 K7¢)E Maximal fluorescence; Fv/Fm; PSII iz K
YeAL2ERR Maximal quantum yield of PSII photochemistry; ¢P: YAk 2 K Z2 81 Photochemical quenching coefficient; NPQ: BRI D EX:
Non photochemical quenching; ®@pgy: JFRIEALZEMR Effective quantum yield of PSII photochemistry

®1 BEHENSEETURNERAOEERR CFELARER)

400

Table.1 Changes of the fresh weight of sunflower and its effect on the restoration of aniline ( means+SE)

IRAAHR PR R T/ (mg/ L)

HIMI A BRI/ (mg/g)

Aniline concentration in water ﬁi%{ﬁ/g LB/ % Aniline concentration in plant
- - The difference -
WA B e in fresh weight Removal rate n = it
Before the test After the test Leaf Stem Root
0 0 2.057 — 0.000 0.000 0.000
100 19.032 2.680 80.968 0.027+0.003d 5.182+0.232a 0.945+0.098a
200 51.617 -2.530 74.192 2.750+0.351¢ 3.213+0.192b 0.210+0.048¢
300 83.283 -2.867 72.239 3.953+0.655b 3.023+0.257b 0.260+0.020bc
400 141.177 -2.893 64.706 4.623+0.214b 3.759+0.366b 0.385+0.008b
500 239.517 death 52.097 7.092+0.103a 3.483+0.159b 0.390+0.008b

a,b,c,d 435I 5] H SEA R A AS [ b B0 A0 AR e 7 bk 1) 22 Sk L AR
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YER MR ZE AT 2 AL R AR SAL IR R B 8 K o0 s S 80L S BE T %, CO, i A sz BRI fd )t &
TR AR AR AT TR ARBFSERIA (E 1) YR S 100 mg/L i 1) H 22064
B L T B2 I 255 (P<0.05) |, 11T H K 43 AR R 55 X0 BRAT AT 1 28 25 5 (P>0.05) |, I /s IRk B A
izt 1) H 28 15 A9 A IS Bh A — a2 A PR REVE T 15 24 2R e vk B 38 3 3 K T 200 mgy/LL B, 2 fHie 25 17 48 310
] H 28000 E R, ok B2 ORI e 0 Baik ;1 H P, B N BEAEREE C, 09 ETHRN L0 B R G G4
MR EERBIHZRIEFSARED | 15 B RO Z B E, 2% 0F 50 R I, 162 By vk B2 A%
(50 mg/L) BOREHLT , EM 04 e A AR PRI B R R 355 Xie 2511 6, ) H 25000006 A 1 F R e =
BRI A b SCIEE ) YR N 100 mg/L I B MK, TR iOBFoe e 3 P (IR vR I Al 2%
(10 mg/kg) $55 T /KRG B AR 1 e J3 DU A S Ao A v [ e 3 A 1,2, 4- = G 0 35 B S 465 /K e
FEL A LIRNFSE R, A VLU A 25 AR R AR P 0 A B TS G i aa B A A P Lt %
PR T 2250 AEWTE A B ARSI AR I HOG AR F ) BRIE S 78 AL R 5 AR AL IR 2 Rl A 7 e
B, d TR AT . FE R MU N 100—200 mg/L 2Z 8], Al BEAE7E— I FL vk i | HARIG FUAERE a8 15 Tt — 2
HERFET

-4 R SRR E YDA VE R R O R GG RE BRI A% 8RB AL 20 TI0 257 T EL A e g 4
FHPY S F S PSR H U GBI 5% YK S, PS I 07 oo MO SR B ] it 2R3 ) 51 P g3 >7
AR5 Hh Bt 25 2R e 5 ARSI, F AN TR A, 4 2R e e KT 2000 /T B 55 5% B 14 22 Sk 31 8 35 /K
-, U BH R B R R AT 5 1A PS T S g HPo B SR B mT 3 G ([ 2) o Fo/F, & PS T i KOk 17 i,
ST PS IR D G RERL AL R ) B 2 NS BUEil /N | R Z PRl R A= K S A i 2 i,
S B R AR R R T 200 me/L B F /F, SX IR 2557 58 31 5 K (B 2) |, BB L =) H 2% 0
R EEAEVER &4 Temdls PS I REHEBINIR, @y RIBSE T YEA P BT IS RE H 627 RO 19
Fei]>"  qP 3o PSIT R H U X & RERI R RG4S 00, LSRR, UiRH PSIT A H A& i Pk s 2 A
B (8 2)  BEE RN L TF, qP Ml @pgy YL BT RS I B30 25388 K PS TT S 7 iR cs i 56
PAREE , e il T iR N[, T PSIT S2hn by S b7 i ERERR IR B M O T, NPQ L B
Je TV IR AR R, AR 2R e FE AR T 200 mg/ L I, B35 A e vl FE 3G i 715 H F JE 30 & g7
b, F W LR 1) H 35 A CRER B LS 27, PS T BT WS 4 6 B FH T K 2k (5 38 SARE LAY BE B 184 i, A T ke 51
T AR AR PS TR H OO Y BEIRAE R ZE ek B KT 200 mg/L I NPQ Fifi 5 A< e vik & 11 T
T FAAR, DRI ) 5 St i, 2 W I K 2k £ 38 ARRE 0100 R o BRI, 00 o kB 198 45 i T B o 5 9 I
J IR SR A T R, i B T R AR ER A EE AR, ) H 2R PS TG A R 4052 256 5 1Y
B3, EPFUEY B RAREE TR 2R 1,2, 4- = 50CRWRE R THE  NPQ TRGH R ARG, 7K 8 i AR 7
WIS BRI i B el s 437 N

TR i DME ) BIPET R E A Y BRI A e AR . AR, BAR ORI R BN YIPET R AN
AR L fER BT H 2SR LR KRR AR W R A T B R, KA R IR e FE AR T 100 mg/ L I i)
H 22 it S0 R0 o 35 22 5 FRWIIRHR BE R ) 1) H 2209 AE K EZ MR K, SR e i vk BE 34 51 200 me/L
J&i , T H 22 A W 1 3 T e (H S R Rk FE Ak St T ) H 28 A W2 AN A B B A28 A, X —iR e 2 R
5o B 20 i gt A L, 2 A vk BE B PR (=200 mg/L) Wl H 25 AR K (R 1), 24K
JHe e BE K 5] 500 me/L B, 1) H 25561, RIITE 1 AR SR 500 me/L k% 10 H 255 K32 Wk B2, KAk
TS YLk R R DL LY 2R BB AT TS e A S R BRASCR , A BIAE P A b S G R B R AR
HLPIRTTS YW R RE T, 1) H S8 X R M 10 2 R 5 8 iz 1) ok B85 A O, B 26 2 e e B A T 1, 1) I S8 ) 2 M
R 25 bR R S B AR 2, SR Bl 100 mg/ L B[] H 8060 0 1Y) 25 B R A 7, 38 80.968% , 3% 5 T i 4x Al
TR HRIE A2 A (Canna indica L.) XF 30 mg/ L ARG BY ZBRACR AR, (B T 2E S8 SE M) 5 Xie = ay
FFE R, M E AR EE R 100 me/L B, i) H 280 HAG T35 L BR A 62.64% , 575 ) H 58X i (9 22 BR sk
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REMRTMEIHE, YRR E R 200 me/L B, 2R 5B RAE H 250925 T Y 2K Bk B KT 200 me/LL
B, e 32 AR B b AR AR R B AR D T Y R R B R 100 mg/ L BE, I R O B AR, AR
() Fr B A T A A B R TR . S5 A R G S oS8k, N AR e S BEAE 0 v EA T R, K R rp R
e SR AT AR R 0 R AT R P R S AR AR R B WS, R e 32 R R AE [ H 25
A3 DRI AT A e A L A3 T A PR e AR BE TR ARSI

B2 ARHE (PR M (<100 mg/L) %) H 3 A9 1E 3 A2 KA — € ROPE IRV L, 1 35 X {1 e J3E 25 g .
FASTR G B AR K RRAE T . PR MR B WTR EE  h) H 25 RO A R, T AR R R, S B
FEIIE R A BRI SE S R E Sy 182 me/L B, A R T 2, 7T LME M A ) H 880
K H A e B 1) R
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