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Abstract An experiment was carried out to study the effect of various arsenic (As) treatments on growth, essential oil (EQ) yield,
composition of oil and morphology and ultrastructure of glandular trichomes of Ocimum basilicum (sweet basil) an important EO
yielding plant. As in the form of disodium hydrogen arsenate [Na2HAsO4.7H20] was added in the soil in the range of 0, 10, 50, 150
mg/kg As. As stress caused reduction in growth and biomass of shoot system at 50 and 150 mg/kg As. EO vyield increased by 3.5-4
times at 10 and 50 mg/kg As, but decreased significantly by 0.08% at 150 mg/kg As. GC analysis revealed that linalool the main EO
compound present in the leaves augmented 3 to 4 times under 10-150 mg/kg As as compared to control. Other compounds such as
1,8-cineol and methyl eugenol decreased with increased As treatments whereas methyl cinnamate was not detected at 50 and 150
mg/kg As in chromatographs. Camphor did not appear in any of the As treated plants. Light microscopic studies and electron
micrographs revealed that As stress affected glandular trichome morphology and ultrastructure. Premature senescence was observed
in trichomes of leaves at 150 mg/kg As and noticeable changes were observed in cell organelles of secretary cells. A positive
correlation between EQ yield and trichome density was observed in the present study.

Keywords Arsenic; Essential oils; Ocimum basilicum; trichomes
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FEE PR IE PRI ] FR 457 B9 0 3 B0VF 22 S B A R VR P B R0 A 1) 1 B4 (Rashiid et al., 2004) . R4 (AR M 1438
rRER G, AR R B A B R E JR /KT (Zhang et al., 2002). FRAIRE 2 REYIEET T 28, KRBTGS
IR A W A e AR B B A ASH) 80 (Carbonell-Barrachina et al., 1997). FRATVEGHIN 7T 1 & R £ L
T 0 H E BB SRR, WIgv . FE. BRI ORI B EK BE (Carbonell et al., 1998; Abedin and Meharg, 2002;
Chaturvedi, 2006; Fayiga et al., 2007).

T PR T A A 2 R B R A BR VR A LA 24 FAMEL I AR W0 1 o) SRR . X SR N B R R A 52
71, REAEIR A A B W 4 I8 s G 1 1 e RN 4 Jg V5 Y L 8 b 22 4 K (Zheljakov and Nielsen, 1996; Salamon,
2008). AT —LeEE A MY, WORME, AR, MEEE, FEE, FENPRER, EES,
B B R TR E 25 E IR (Zheljakov et al., 2008). [EIRE, AT AT SRS A B R 2 I
R AT HARERIRC I . AR, XA EE 4 R N T DL SO Tl 4 sk (Zheljakov et al., 2006)

DE(STEHRY, BWRE T, &P 05 & 2 R R = T B0 EE A i H A [X . FEENE, B %
FRIFTERTREL, oG /R,  AbJ7 HOR P s HRax k- 3l iy 4% 7 5 ) h 7 (Heikens, 2006; Rao et al., 2007).
CAEVF 2 AR R B () 3 A5 S 1F R AR REAE K AT % (Begum et al., 2002). F&ulir~ @2 %), S8 ZNHT&H
AR AR PRI AN 2576 (Bahl et al.,, 2000; Kumar et al., 2004). F&ith & A £V s e K, BAPUE
(Elgayyar et al., 2001), 5 (Reuveni et al., 1984), %t (Bowers and Nishida, 1980) 11k &4 (Rice, 1979). 144t
b, BEICHHTIRTOE. . IBIE . (EAL. JERE ThRERERS (Politeo et al., 2007). il ) 7 AN BN K
T VF 2 IR E, AR 2GR AR B M ) 2 Jirovetz et al., 2003).

B R IR RS T AP RS R AR B R B, JERR B, R, BEEERIR, IR R AL
Bt BRBMITER. 2 MWAIER B ks i (Fischer et al., 2011). HER/R KRZE A (2012) W58, HiErh & W
BRI E SRS BRI G se B . SR, VA VEAH I S0 UE AR B IR R B RS N A R KPR
B, UAKRRESE AR B A R RS R T P B R R ) . R (R G AL S TR 57 A BT PR A A0 1D S i RO A 2
WM IN(ER), ZRRIAA, R 1T RETE SN i P s (17) 25 B M AR I R A (1 B P AT B A

ATEIC BRI (—) R IR B o - ARG = B R 5 SR O AL B ()38 O
T 4340 s T SRR M Y . T9F 2 28 KPR I 60300 PO 50 Rl L R 245 e (14 1)
M2 5 PR T 4T T T

1 4R 545
1.1 Bt AE K B

T D EEY) B B TR R I IR B IR A KB DD, RIZEKAIZE A ETE, SEY D, W
M fx /D B AR 150 =5/ T vl x0T AR AH LU 22K B B> T 34.65%, 1 Ho At Ab B 7 vk 2 [A] (1) 22 7 H AN B
o PR E AT EAE 150 Z 5/ T AL E R 2 i) 7 31.78%F 27%. SAT, fE 10 Z5/ T rfiib
PN, K. SEETE AR,

1.2 B RE T = B A LA IR MR

TATR =A H R B2 kit i i 7K 28 S8 AT T R I, R4 R e BN 0.20%(wiw) . TE
10 A1 50 = 5w/ TS AR R R, KSR BN 3.5-4 fiF, 2 HIIER T 0.77%H1 0.8%, T{E 150 =7/ T i fifikb
HR 2 B KA 0.08%(B 1), X B AR YR h B2 Ak 9 0% 1% 8.(0.0013 mg/g F-H), PRIH:RR 8 (0.013
mg/g ). #fi§(0.0072 mg/g FE), 1,8-F¢H-%(0.009 mg/g F ) Al HI L T #3(0.028 mglg T HE). 55X &L
L5 Al 5 B AE 10-150 2 5 /T 5 A AL EE R340 3-4 5. PAERR FBR IR FEAE 10 =5/ T oAb 3 R B N A 2
72.30%, TMi7E 50 Al 150 Z e/ Tl ~, EEAPARANE], FETHFBM 1,8 - R 55 A A h 2
(A AR LEAE 150 22 50/ T sa AL FE R 20 R/ T 67.7%F1 96%. % fixi 52 1) i 2 P (1) ) EL§L 00, e 4 A e Ak 7
kAR ) R R A AR B (R 2).

1.3 BT IR B E K AE KT
131 JREEE
IEH IR B A 10 M 50 Z50/T e iAb B R S5 AR A LB in 2-3 f%5. 76 150 =50/ sofd kb3

T, IREEERKT 34%. 10 =7/ T it ~, REBREZEEINT 66%, M{E 50 A 150 =7/ T 7 b
TN 550 R ZHAH L BRAK T 67 1 34% 73 s nt R (& 2) o
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Figure 1. EO yield (%) of O. basilicum as affected by different concentrations of arsenic levels. Values with different superscripts (a-
c) are significantly different at p<0.05
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Figure 2. Trichome density (cm 2 ) on both adaxial and abaxial surfaces of O. basilicum as affected my different arsenic levels.
Values with different superscripts (a-c) are significantly different at p<0.05
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Table 1 Effect of arsenic on shoot length, fresh wt. and dry wt. of Ocimum basilicum

Arsenic (mg'kg sol) Shoot length Shoot FW Shoot DW
] 47.33£1. 16 ¢ 36,50+2.50 ¢ 310=017 b
10 GE96H0 BT d BO33+2.08 d 516037 ¢
A0 4090+ .65 b 32 73+£1.55h0 323061 b
150 3093144 a 2490065 a 2.26=00a

Walues with different letters (a-d) are significantly different at p < 0.05 (means of three replicates + 5.10.).

2R 2 FHO R I B F 5

Table 2 Effect of arsenic on essential oil composition of Ocimum basilicum.

Compounds Omgkg 10 mg'kg As S0 me'ke As 150 mg/'kg As
Methyl cinnamate 0.01320.005 0.0036£0,00 nd nd

Linalool Q.00 3=0.00 a OL005=0,00 ¢ 000474000 be 000000 b
Methyl eugenol 0028000 2 0.006=00 bd (n.00EH0.00 ed (T 0,00 a
1, 8-cincol 0,0090.001 ¢ 0,005=0,00 b (. D036::0,00 a (290,00 7
Camphor 000722000 nd nd nd

nd: not detected Values with letters (a-¢) are significantly difference at g < 0L05 (means of three replicates + 5.10).

1.3.2 BARREE FI A S 4 )

IR, IRBAEREHED R 52K, 1-3 oAk U g (K 3A). fE 10 A1 50 258/ T ¢
TS, H i A B A 2 B B VR AL B Sk A K (B3R . ) 150 mg/kg T B RN FEER . SRAEE
BEGEIRSML, 87 9 Y 9 2R B MIRE (B 3D) . SEM 1 A5 o /E P2 il 0 v v Jo L 6 Sk i 589 i IR T 25 (&
4A). FABUZINHE X FENER, BRI S SRR R WS B A A B B R R . L
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E 10 195 WAL M R 4T B 1 40 BE R ¢, I 50 R 150 mo/kg VAT . RERSKANM, WAHMIIZE, EEBIE 50 2
I3 JTEI(E AC) KB MIRIERIALE 150 23/ T R WKI(E 4D), & — AN AT O B ) B R A (IR 5

1993). WEUTARAEM R _E ST AT (K 4D). WS BIR LARINAT, MEAREREM. FERBOEAS TH
Hy i e Bk

P 38 s T 2 Bl e R ke A B2 4 i I (40)

H)FEd: KEE.

(b)10 Z 50/ A Fr e SB35 () o

(C)E 50 ZE5a/ A FT o= {5 35 ) S 40 0 AP0 4 467 1 25400

(d)7£ 150 =%/ T o HEZHE.

Figure 3. Light micrographs showing the response of O.basilicum leaf peltate glandular trichomes to arsenic at
differentconcentrations (40X)

Note:(A)Control: Developing trichome.

(B)10 mg/kg As: Folding of head cells (arrow).

(C)At 50 mg/kg As: Collapsed head cells and shortening of stalk cell.
(D)At 150 mg/kg As: Senescent trichome.

1.3.3 BRI L F R R 444

B PG TR IR B AR SR Bt T 2D R IR . A o Sk P UL R A I A R B0 £ 4 B A A A
PIAAL . KBIE AL A BA KA s ik A1 (8] 4E). HHIT P95 Y (RER) S iy AR BEAR L iG H mT L, RAEAH AR
25 EO 7hh. £ 10 ZBW/ AR, WA BAENZRN, WELM M LB L= h. R W RIEZ S
R B G AR (B 4F) . SRTMT, 8 50 Z 50/ A TR, B NIER A B T R AR A (] 4G). 1E
150 W/ A TN, ESHAE A AT IRE 2 AR, AR IH B 0. DA B R AF, (HE
R RN L2 230 (] 4H) o

2718

AWIRIOGEREHIFY, BT i, FRAKEE TR, EEMRKRENSRERLE., —MIWEK
M 10 ZEFUATT, GRS s B — S . BTSSR R B B, HN TR G 2
R (Cao et al., 2000). X FRUNL 1 52 S 7E B8 (K4 P T LA — A e . B h RIVRFATR 6 A3 3 AL AR 11
WM. ORI, IR Eh/ L I A L T #h LA B 7 (K5 R /7 (Meharg and Macnair, 1990). R £k 1 % i
Bl R B4 75 (Meharg and Macnair, 1990). 75 - SR I, 35k 13 - S5 B Ay A ek ke g
KPuf.

Mu FEREYIALZA ) EO ™ B I INI ML 21 -3 b iR FE 3R =i B 50 2250/ A, T 150 250/ Fr A i
BRARADY) 60%. FEJE TR LR AR IR A R B AT CARGE R AR R 48 EO Ji
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R Matrica chamomilla(g4& B3 et al., 2010), Mentha ##fj(Prasad et al., 2010)F1 R J& ¥ (stancheva et al.,
2009). EO & E 1G5 i LA A IEAR B0, AR VA DR T <6 Ja o 3 0k Bl i R i 3 12 ) 52

BRAR, HETIS2 EO & i 4% (Prakash #1 kardage, 1980). FRAR Z e~ d EO R s B 48 hn 2 b &% /K 7
PRI FUBIIR o 3 A2 o 138 0 P A ok 50 4 F) A

-

7. Y, P ﬂ\z\\v

4 S T TR AN R R o Ji B T 25 2 M ) RS HE

Hc()FE ) B EAR IR o S SRR AL Hh SR 43 %of 3R R T T )

()10 ZE 50/ 2 T I A E IR IR B Y AS: IE T AR T

(C)50 ZEFL//A JT, 5 A I & R IR B B . 4R

(d) 9 150 =2 v/ Jr: 4K 617 5 FEL IR B AT R 2 L = ki 3 0 ¢ . 2 PRLEE (CW B R oREL A J5i X, e £,
%, N: M: oS50, Vi = /REEAR: D: PD #% i (F) R 10 250/ T HE: 2 i B AR 40 g Y

() 50 ZE 5/ A T IR TR LRI o 72 HEE 53 1A 4 P A [R) 3% 22 1% (7 3k

(h)Jy 150 Z& 5/ 23 F: Hi 73 A 20 0 2 ILAE &1 LIRS T 25

Figure 4 Scanning electron micrographs of O. basilicum showing effects of different concentrations of arsenic on
morphology of peltate glandular trichomes

Note: (A) Control: Mature peltate trichome. Arrow indicates cuticle in central part showing a buldge, possibly
corresponding tosub-cuticular cavity underneath.

(B) 10 mg/kg As: Mature peltate trichome on adaxial leaf surface.

(C) 50 mg/kg As: Mature peltate trichome with torn cuticle sheath, disclosing the head cells.

(D) 150 mg/kg As: Sunken trichome. Transmission electron micrographs of glandular cells of peltate trichome in the
active secretory stage under different concentrations of arsenic. (cw: cell wall, rer: rough endoplasmic reticulum, m:
mitochondria, n: nucleus, v: vacuole, d: dictyosome, pd: plasodesmata). (Bar = 1pum)

(E-F) Control and 10 mg/kg As: Details of cytoplasm and organelles in secretory cells.

(G) 50 mg/kg As: Large-shaped mitochondria. Plasmodesmata in the secretory cell walls (arrow).

(H) 150 mg/kg As: Secretory cell showing peripheral nucleus and mitochondrial aberrations in the form of inflated
cristae.

BT E . FR4E Charles 55 A(1990), EO & &M T E IR R MG FRMAE, B HAFESE
AR KR4 L 5 . EO 76 B B 7= A i s 20401 DL 150 2255/ Fr . /b 6 & LRI/ AR T R 4 o h A8
P AT g 5] X A AMHIVE ] . HR4E Croteau A1 Johnson (1984)MVA 2. ke & i £ B R A AER B iR, R TR I%,
R, BT A AR 0 & 1 T 40 i 2 75 SRR IR S . EO AR = tHAR T 45 A AS [A) 1) AT i 3 b 8 97 1
o BRI R T A e a2 () B B R B T IR A B KO . X TEE A K
WEeR| AR AN 9| ke B il T w100 20K, NaCl W %¢217F2 JE 41 (Ben Taarit et
al., 2009)F14-% 5 Z 5 4l(Baatour et al., 2010). UI7E 438 T4 58 7 P 5 S5 M E 77 55 1 HE R0 R . 26
PVl 2 RS0, MDAV B E N R AARRGIT FiE SR, &R RaRx B a s tha
SR E, XAMRAA SRR EE R EO M. Biswas 25 A (2011)E— Mg E &, &
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AR T Al AR A [F EO MWREBIRN M s e #h . 4wk LRI AYE, YT R K 5
Wi 77 T0 3R A AE AT ] R, AR AR

R WA A S I 7T, R AE K AE BT L3 . AF 150 Z 00/ TR, Sk EAH A A 45 # BRI S
AR T RN B RN B R R T . IX AR — M 52 I 7E 43 W4 B B (Gravano et al., 1998). Werker et al. (1993)
WALERE, TEF R IR E P RN R B BRI B e BT 3 3 . Bl g 248 H Rl it 7 B g2 2 1)
SR o

£ 10 Z 5/ T REBUEH T, BA SRTBRIN IR BUEFAA, EYERAGST A, Skilgn
R A AANMEE, KK, MiFZ4ohitk. XDt MR g il BA m A ERH L. b2
AeE M TS TEE R X B 75, s & R il ((Fahn, 1988). [Nk, A7 — AN KAYBRB LR %L
BRI WITENR . RIBIAAE AT R YA 1 (168 47 70 90 2 B (Figueiredo, 1994). f£ 50 Z 7/ AJT
N, BATTZ BORE T A B R A, X R BIE PEB R  RAAAE, RIEOASA LRHIE ARAER R
A E 242 322 132 240 M5 3 0 240 L 1907 98 5 1) B P i o W o ) A0 ) e A0 AR 58 /0> 1) FL 7 S0 Wt BLAE. 150
EVIN T o KKK RIS BRETTRERZ EO P RARMI I o X5 AR W 17 B vt 70 (0 5 M 40 I AN A Al
AT AL U 5 21 P A2 A 7 2 SR BT 24 R A I 240 K F o

BEFESFE L 1,8-F i, AEERR S . DY RERE (Lee et al., 2005), AN, 1,8 - v A5 AR A B
R A P B4 (Morris et al., 1979). XS4k &9 BA B b AR A 1R &6 97 I (A I Pt S8 AL 1 B8 (Raseetha et
al., 2009). MM BoR 5 REE. O. basilicum 32 B o A2 Bl ey, (HASHKE R T HB, W
FERR F G, 1,8 -Re Wi FH A 2 B AP, W0 TR J3(FR 2) EAE—A ST EO HIZBALAST] T4 i

HHo

XF ORI B B 1,8 - A I B R R s, A MRS T I AN A I B T2 5 R N (Rice,
1979). Mt F WM ESAEWNFFL, BT, KWL 7 E WM PE . XN RN ES)E i
T EO 4H i (Nasiri et al., 2010). Mentha arvensis (Prasad et al., 2010) 01 i & % (stancheva et al., 2009). Xf—%&
B2 WA G A S PRl 1 R BCEE S R AR D RE . ADRFFIS K (Murch et al., 2003).

3RS
3LEMM R, ERKFAMLEE

SR 2 % A1 [ 5K Jmy A 5 B U AR AP AL ) A% TR (NBPGRY), B8 BL(EN L) G AR IG BIF 78 45 i T (B
FE) i BRI . AR R FIEAE (38 UK ELAR) 7RI 4 AT KT LAIHMEAR AL, B3N RE L,
pHE Ny 7.2, NO 125 N 3 Z 70/ T, A&k 0.5 Z /A Tl K 120 Z 5 /A T. R TRk iT 17188k,
TEZ A —4N[2 HASO 4 7H 2 OJ#EME Y 10, 50 Al 150 EAZ i/ A 138, FNE=ABEIA. RN a/E v
il AR AR AT AR AN A A K G RN — SRR . AT A KAE H AR R 1S
B WBEE, WA HEEIEBCGRE . %2, ENHRERAS. WTEMALUS, 0RE 72 BIKENT

MR .

3.2 EO HyREL

AT BT 2 (AT 2) 20 B R HEAT 2R VR AR AR HL 4 /NI AR BE e 25 N 45 H I B3 (2005)

TR . AT ZRMRIEE, FE N TFREAR. BN TREAIRA 100 =T IE Cheiafif EO. EO 3R )E, &
KT E AT K . MR OB HER EENE, RRAOHEERE 2 AR EHSREA, 1585
(2005): A LU (%)=5 (g)/FF A L RSB A A= Y & 7518 (G)x 100

3.3 EO KIZH#T

AR S AT EO /AT A S S (B 2014 L 4% O B 1A I 25 (FID) AN L1 1 7 4% il (EP C) i i
8. SUENEASIAGE 1.2 ZTH04hE R Restek DB-5 B4HE (K 30 KX 0.53 K EAAM WfiE/E 0.5um).
Tl WRE RS S, FIECEEMEE(0.05 Z T2y A 0.95 Z2 T+ AU (il bR Al 42 1E ) FIRE i FHAURE € ity 4y
Wro WIFERFA 156 20407E 60°C, TFE] 240°CHE 5°Clmin (S, 38 id HLHah & ' o oo 14F (5 B I 1) 5 s
fobriE 18-kt a. DS RERE . HEE cinnamte, R T AR (CDH FIBRTE, E[EE) Mg AT AH R 264 N Gl
1965). ¥ 7EHIFE H K BEAN 4 20 1 S48 FH DA 5 72 (Lee et al., 2005)

TR (2 5 o ) =HE U 7 B (AN SV 7)) X S0 68 1% U T R 9% 100 (2 v )/ 28 2 (A 0 4 R ()
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3.4 BWRIEIHFR
A T A (3 ) RO i e T S A (O O B O S AT WSO B T (B B B B (LM
FH 375 555 H 5% Sk s TR PR B A 5 R 1 2 7

3.4.1 HERAMBI(LM): iR 7T AL R R 2 B LE I TR IS T AR T AN . A s U0, KR R
SETE FAA(HEE: UKESER: £BF, 1:1:18, 24 h, @il TE(TBA) R @ M ADE /3 MK . 7547 s G35 k4T
B R IFRT(1981) . HRAMBHE S BAS BT 23 /E AR Y] i Riechert e V) v MLAIF Bh. 8pm EEEVIEI. M
W K CRE IR R AR 1% AR 60 1% RIS A . ede 58 rE DPX, JB e s T i ge.

3.4.2 P T BB ). B E E 7E Karmnovsky. 0.1 M BEFRENZE TR AE pH 7.4 6-8 7F 4 $RIKE
B, TELZMPIX AR TE S CRER B K, I 5t A CO2(Serrato Valenti et al., 1997). 7F 435 HLF WA
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