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The effect of the interaction between water stress and potassium nitrate on some

of the physiological responses of Nicotiana tabacum L.
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Abstract. In this study, water stress was applied by polyethylene glycol at a concentration of 20 perecentage. To
improve the resistance of the plants, the samples were treated by potassium nitrate at concentrations 5, 10, and 15 mM
within 9 days. Changes in proline, total protein, photosynthetic pigments, carotene, anthocyanin, malondialdehyde,
phenols, flavonols, flavonoids, soluble sugars and potassium ion were examined. The results showed that tobacco plants
which had been exposed to drought used the accumulation of osmolytes such as proline, soluble sugars and potassium
in order to balance their osmotic pressure. Drought stress also caused oxidative stress and increased the production of
active forms of oxygen. As a result, non-enzymatic antioxidant defense system of tobacco plants including
anthocyanins, flavonoids, flavonols and beta-carotene increased, which could be considered to be a major step for
resistance to drought. The results also showed that the concentration of 15 mM potassium nitrate in particular, could
significantly improve some of the harmful effects of stress and reduced photosynthetic pigments and proteins.
Potassium nitrate could also bring down the MDA and beta-carotene levels to equivalent levels in control plants. As a
result, it seems that using potassium can affect plant resistance to drought and plays an important role to reduce some
harmful effects of stress.
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Fig. 1. Average changes in the quantities of proline (A) and protein (B) in the first, second and third harvests. The data
represents the average of three replicates + standard error (SE), respectively. Different letters indicate significant
differences among treatments according to Duncan's test with p<0.05.
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Fig. 2. Average changes in the amount of Chlorophyll a (A), chlorophyll b (B) and carotenoid (C) in the first, second and third

harvests. The data represents the average of three replicates + standard error (SE), respectively. Different letters indicate
significant differences among treatments according to Duncan's test with p<0.05.
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Fig. 3. Average changes in the amount of anthocyanin (A) and phenol (B) in the first, second and third harvests. The

data represents the average of three replicates + standard error (SE), respectively. Different letters indicate significant
differences among treatments according to Duncan's test with p<0.05.
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Fig. 4. Average changes in the amounts of soluble sugars (A), potassium (B) and malondialdehyde (C) in the first,
second and third harvests. The data represents the average of three replicates + standard error (SE), respectively.
Different letters indicate significant differences among treatments according to Duncan's test with p<0.05.

Sl b Bl ke b s o3I 4 1) (e O gl ST
(FC ) dins el pnlsy

&

<
oS g Sl T Ol BIP G kSl (S
IR el s A Sl 5T S el s
(Serraj & Sinclair 2002) s 45 s oS ;5 ods, Ol

5L agrlge Slom lanl plae 5o ¥ dals claw s
Olea 35 5 25 Gl abolBl 1) ds s Ol o Sas

&AK Ll (Lals gﬂ‘ﬁ\ 6@:-}3 )jﬁ-)) )‘..Liﬁ 4 d}‘ w‘bj

3 ‘_;b- £33 sy oaslles cadiged j3 s polas

=0 LL&WL; Ay ‘]a...?u Br) ML‘U_’ Ol xd palas &b’él
)29 Ou\.:l)Ls.:; 6\}543}»4 CLQS BL V.:.wt.g_ J..J‘JLEJ )‘:Ls.'du &.}"}9‘

RS- IGI- U

g5 4 by e LT 30 Il Hldie 53 ¢ Sis 55 Cow
s a0 b Ul s Jol ol SRIHIY aals gl
05553 Sl iy cply D25 el el Bl A s
o3 25 Gladisad 53 ¥ dald 4 Cod ST 20 b 4 g
dals lad gos Al odalive e 5 p9d Wl Slls paw o

Ol s ~b,-< D3 e Cards oy Al LY



266/yss

Nova Biologica Reperta 2 (4): 260-271 (2016)

VESYVY 0 5Les Y alo i pole 45 ol sloaily

o5 5 (G55T- 3558 Sl w(Geml olaT (s i
(Marschner, 2012) s,1> :3

S5 Cansy 3D s@ Lo IS sl js edbedalie ialS
ok SIS 055 ol o)l 53 5500 o 48 0ler ( St
Jb9 S i o 5 e (Pastori & Trippi, 1993)
JYs 51 (Thalooth et al., 2006) .l 0T jiw 4 S
(S Sy 53 Srgs eSS, JMhe s Kos
os 5 Sy 5 IS Olazsi b 55 3 50 4 Bkes Ol g5 oo
O3S b T A8l o J35 157 O gl 58 ¢ 0 528
5 ilen 5 3 IS oS e classla i 5 4 2B
oS4y o Glag 5T Ol 5 Lder (sla Jb A7 i s
55 olal Gaeser SN 5 NS IS el Loy IS
om 03 @ s S 5luae sl (Neocleous et al., 2007)
313 QLS g B sl slails 1 s dali 5l Cow OblE
ol S RIP e el DI L s Sl S
b8 J8slS 5Ll 5 35800 Mals 4 g & Sl 0555
58 Jho IS alie Dk aglin (YA JS8) uS o o
D s IS Jials Ol o S 25 3155 a8 sl olas b
Osy oSy Sl @ by IS el Olpe Sl i
S el S b (S B Cod ek )l
ol Sl ST B ails 2 s 3 IS L5 s Wls
o3y ol e 53 pely 2B s 4 Ll
Liu et al., ) st 0581 Jlb slaws & als 5 iy S

(2014

sphe BASSTE GBI el OT oM s
T s 548 S Jb- 55 «(Jeyaramraja et al., 2005)
Munne-Bosch & ) 55i o s 555,57 0uieS C so
(s 5 3115 3L 6535 la s 555,18 .(Penuelas, 2004
B2 ot bt GBS L LS s o (D 5 (D
LS Lis ) e S gblis WS e s S
Ol i a0 s s 25 (sladi gad Hles L .(KoYro, 2006)
Ly (oo Sl ol paiped AT 50 S 5 ety

4 S T ol 5 2500 g 53,8 el

S Ddh gl 5 (65 L g eeln Sl e ST
s B Sl o)l gl 4 Lo Wb gad ol s
odud A5 glad sai ol (s 9 03 LMgusl:f sl s
by 1 e delals plisl b (5850 sl B Ol
Fhw s s Jsl Sl 4 Cad ) o n e 5 S
S 55 o gl 53 sy polie Lok Llesls tals
1S o (68 sl ST ISty 5 5l e 5T b )3
s olie il slaely 51 S (Ma et al., 2004)
Il 4 4l SUST fal JE-LE 0 5T s 3
(Manivannan et al., 2007) s52 o 2 opds s O
e ol 53 OT iy Qo 4 68 3 b 51 Kos O bl

(Kanai et al., 2007) welowl o (6 5ol s RS g

oS, ldie JhalS o )by sy 93b) sla iyl S
Parry et al., 2002; Liu et al., ) o5 5 ol ;5 25 4o
ol )5 Jghous (sla g Ol e 2alS . dias s Ol (2014
5 Feg T3 Wi Sl Ol |y S SRS o
ol 33 05 oS W5 Glaesle iy a5 OT Cdlane
S G g, euiS U a0 Ol (SKas JiS sl
O35 ddoms &S o5 5 9 5 4 o o 5 S o WI,
A sl sk e S Sl J sl sla sz OT Cdlaze
SRR (S R L s (Sl AT Ay o
s S Sl T S NIB1 s s e
(A5 @) Sl doh Sdls 5o (Feller, 2004) Wb L
B e Cnlie Sy Gy B Ok aSmoT )
0> S ol 1Bl AL sy 055 lealS
Ol gboble & bl i sdalin byles S\,@
2l g Gl Comse s g pas SalAls s el
Vodalh gladise 4 Cond 4l les sbdiged s 59
e e A S (T <=l§;m 53 s
93 05555 4 TRNA Jlasl 5 4T (slacnl plralr oL
RUIZ & ) ol odd Ol 55 Cov s il
(3T Gledld 5o wlul 15 oly (ROmero, 1999



267/vsv

Norastehnia et al. The effect of water stress/potassium nitrate on Nicotiana

OFF 3 peelly Sl g (S 25 1)) Ses g Liat s

S 4ot yd 5 LS o e 0581 RSy glaws &
Chang ) & s oo e O gonlitenST)y ile 5 J sk glalis
bls s 4 b 3 SIS 5T slac s (et al., 2002
ool iy Wl e b s .ol Sl 05 SN 4
i e O 28Ty b gas |y LS|y s Silanine 5 &S
ROS (slas S Ay mlio op jpgn 51 Osmd (2S5 S
Sas i3 51 ey s J(Rispail et al., 2005) .l
S s a5 paS oS 53 SO I S
O 3 Sl R3S s 8,V e
ool UL aT VT b m cla b oS i g o 5T
Gkl Lig o o M ols 5 (Tian & Li, 2006)
Wiy ) & (Sdsrse s Shs Fap AT
53 ol Caglin s s SRS 1) Gym (Sl Culde oy b
wlin 5 bl T .(Buttery, 1993) wui il Sas 4l
D5 s Lol s s Ll o350, dads 50
o=l (Chalker-Scott, 2002) .S 0l
S 5 b5 il 5T 655 Shli A8 Cley il 5T
Zhang etal.,) col 5514 25 J5b 55 LROS (i
g s 55 el T Ol S 5 Jlesl L (2010
O 2l 3l ols fme Hsb ) dald € a4 oo oy 3 25
(Jsl Cbls ) 5 yam 3l W gad Clils 5 9 i Codo ls
CLase aen 53 ol T Hldie 2l a5 sl Ol
Olozar T dald ) Sl ool O 25 b 0lplas 5 0l les
ol bl 5T llde 2l Comge 5 ol atils asll
J5pse 5 ped il 5y alie j4b 4 Ly, ol .l
a0 53 ol 55T 4Bl 513 e gl oo 5 3L el
o) 03 e s AT Sk gel Hled dup e B 4 A adiged
ol 5T Bl 1 5 jlge 4 506 el D2 L andlas
(i SIS 2 b il 5T (YU Gl s a0 b 0350
Sldalie b s ol el 48 55 Oy g il 5T 20l

3,05 Casles 2010) LK 65k s 01,8 5 Zhang

o Jsloe (SladS Hliie 487513 O 35 Sl G
ot 3 ol ks 855 b R (S S

Lg‘jj:' r‘gé \:M;"Jj DL &L» cd‘g\ g;.&':‘bj DL L@JJQ u"ﬂ‘ﬁ‘

s Al I SOl s sk 4 T als 4 s
Coi i35 )5 2w G o iy O 25 5,087 &S
kS g oo WISl R sk e S
S Jsbe SIS T Canslan Ol )] 4 ¢ g
ST 2351 G5 Gt el Corse 5 AS
OS5 badks 55,8 (Blis 25 s 4 15 658 e
O 53 ediyls VL e 455,87 S a8 s s g3
) 8 oudls al g 65530 pbo (S I 30 sl
S st 5 QS 058 035 el s 1355
den ST 5 o 3 bk OgeeltnST

.(Koyro, 2006)

SB35 3 by OIS L ekis 25 Sladised Sl (b 5o
ol AT (630 e Ol jn s ginn 28 (g 5053 5 I
Ol Hled O3g 5 5l (S a5 Ad sdalin ¥ dals 4
" (2)led & A B Sl 25 R ey
4= b ROS Code bl Sl b i s sl
Wi 5 &S o 6,8 sl b ST 51 0L
23 sl AST i J S A ys s o el 1, MDA

el (S 55 o 53 0lE ol Chgn o O 555 ol

S5 DS 5 Ol (S o das e OUS gl s s
ol s Rl Y dals 4 Gl sls A5 sladises o |y
(Andersen et al., 055 55 L3 claadl alie Laosls
s a Jyl Sdls 5o &S sls olis @L‘J et el (2001
53 Hlanl g5 (F dald) aly Sl b el les Slad s
sl w6l e plosl (S O Sl st b
Sl s 2T (25 el A gy B Ol 5 03 50
S oo opl 53 b el DI L eddled sladi sl
509> Tl 4 by e Sladgad Ll (LladIN 1) Slg e
5 ST g ) B adl 1 e Ll g 5 4 p g
S Sl das Sl dias JralS g 5 500 ssb 4
Coe GRIP (i 5 Cew 0 S| ST
Rebey et al., 2011; Bettaieb et ) ol A3 oLS 5
oVl O gen LS 5 65 ol 1> @l 2011



268/Y5A

Nova Biologica Reperta 2 (4): 260-271 (2016)

VESYVY 0 5Les Y alo i pole 45 ol sloaily

SIS T T RNC-Y £ 0] FJNCIE JTCIUN Y-S 5 < SR PR R
Gl gen udd 4 by e @k}.@la:\:él sl ('.:.wl.:a o sk
51 A Sl sl Sl age i Bl el
-C.,.EL'G;\g;:J}(ayjrj:LgLa@l:ﬁ@bﬁfsudﬁ
WAooyl T & LS gla ise ):45‘(..:..”\:4# Ol s sla

AS a5

(S g5 Ao

ol S 55 bl U5 o g 2] 02 @ 4 5L
Srol JLis B )5 s SIS S L agrlse 03 05 5
OB el @l sanl IBRIL 1, E l 5 sl 5
)w%QJMadrl?Jﬁ.ﬂti@gajdjlmdhﬁj
20T 51 S o oSS oS slad shor il 55 5 (S o
Wy s Sl ods LaoluST 55 slwl Cob Sis 25 oS
- ST SRl L 05y oS (ol osls il 1, LROS
(DL S AP Akl 3T OS]
320 ol paly (S 25 4 b5, 5 sl 5T
Bl 4 ol Y e e VO B gty el DS
G el il G5 pgmimn s b Y ga Jee 05 V0 Sl
5 SFmsd GloiSS, Al Ogmen (T pae sladaly
MDA b Gl § ly S by 3500 s 551
by Ll yy o 525 QLS 53 0T slie L Joles law 4 1,
OB e gy o B g SRl
5 ke OlS 5 sl Lials O Sl WS 1, Sas
el r-:—*‘tio‘f‘:‘ Calide ol bl Ll pys dg, Hldes
5 o ple ST 05 SIS 55 e B pely
b oagd oo comsn 5 30 odge p olS 55 Il alT Lais
3 e o B el (RISl 05 $as 0 pols oS
P Ll e sk 5 b 2T s o,
Salghns 5 das walsl s Gl lac s 4 25 Consds
Slp g s dal s 5 o Bn 53 55y 3 Shes
oS 4 oSSy (S 5 e la Sl (S i Oy

TS M NP RN E PPN IR S

I Sl o Dl S 213 o e kg ples
@3t Jolge (Sis Cands )3 sks Glahua s S
Chle s mipl bl gl iyl eluly ol ods ST
Liet al, ) culis 4 50 dos Sl Son Jglous slau
o&n 3 Sl Sland 558l 5T b 130 L (2013
Ul als eomes sl (Plaue et al., 2004) s
Jsbomn Sl ydn S 2l 4 a8 51 2l 4 5,8
5 Deeli S 35S S TR o sd e e
(Pereira et al., 1993) .l odd odalin OT kol
(5 pBn 3 Jgbe slas 515 LY S K (S
Plaue et ) ol jlw Sliws 3,5 ﬁ;T N [P AP
Calibes glaclale dlsa bases Hls L LI @l 2004
S S 5 55 g S r0 o il ly O 2
Glas &5 55 0 aBl e ladised 3 A5 Hlie EalS
slgiin Cpiomen .l (2014) Bazaid ; Fayez (glaasl
aibaie 4y S JUS| 55 egr 2 G153 ol 47 Sl o
ol ((Saftner & Wyse, 1980) ol 4o, ol
(Jsloe glous Jal 5 J& Jogud b Ll 5 o0 gl SRl 3]
S 9ty adkle Slad gl (il B5 )3 cage S
Jolome oS ez ol 5 4l albie Jsho pleT Lo

sl adls sdge 5 5 s

U s ¥ dals lad gad oS o5 OLES ey S5 (o)
SMie g S Gl s i ladises s 5 ) dals
Eskandari oo 5 (2005) Cakmak .zs ool
Sl S WS 58 s sla wy el (2011)
A e ozl cl St 25 030 51 Sl
5 el S Dl Sl (S A5 0 el
- o3l olE laaty G b 31 0T o 2alS sl
Sl 53 ey SIS L odkis 55 Sladisad p3)led &S
4 S oy 3o Hla g (13N Cel psm 5 093 5
ol aS sy o e S Y LAl Y dald 5 ) dald 4 gel
ey OIS s Gl NI e sl 8590

ol ng:fojlwu\ Sl 53 S S1us ameiiny g 355 o0



269/v54

Norastehnia et al. The effect of water stress/potassium nitrate on Nicotiana

OFF » by Ol g (Sas 55 5oL g a5

Sl Rl

Ol SIS S 0 5100515 el e lin ) 08 1,
4 S oBails 515 055 lasd el ol O3S
S e Sl Jb ol

Ahifar, H. 1995. Comparison of morphological,
physiological and quantitative and qualitative
performance of Tiklak and Trabzon varieties. Tirtash
tobacco Research Institute, Research Workbook. —
Iranian Tobacco Company. pp: 26-16.

Andersen, R.A., Lowe, R. and Vaughn, T.A. 2001.
Plant phenols and polyphenol oxidase in Nicotiana
tabacum during greenhouse growth, field growth and
air-curing. — Phytochemistry 8: 2139-2147.

Andre, C.M., Schafleitner, R., Legay, S., Lefévre, I,
Hausman, J.F., Larondelle, Y and Evers, D. 2009.
Gene expression changes related to the production of
phenolic compounds in potato tubers grown under
drought stress. — Phytochemistry 70: 1107-1116.

Bates, L.S. 1973. Rapid determination of free proline
for water stress studies. — Plant Soil 39: 205-207.

Bettaieb, 1., Hamrouni-Sellami, 1., Bourgou, S., Limam
F. and Marzouk, B. 2011. Drought effects on
polyphenol composition and antioxidant activities in
aerial parts of Salvia officinalis L. — Acta Physiologiae
Plantarum 33:1103-1111.

Bradford, M.M. 1976. A rapid and sensitive method
for the quantification of microgram quantities of prot
utilizing the principle of protein dye-binding. — Annal
Biochemistry 38: 248-252.

Buttery, R.B.T., Buzzel, C.S., Gayron, J.D. and
Matarish, D.C. 1993. Stomatal number of soybean and
response to water stress. — Plant Soil 149: 283-288.

Cakmak, 1. 2005. The role of potassium in alleviating
detrimental effects of abiotic stresses in plants. — The
Journal of Plant Nutrition and Soil Science 168: 521-
530.

2 e O 5 WL Fge Sl Wi by 05,58
LSl olE s rs lie 55 e glis

References/ ztwo

5 &S50 Slao gt ooy MWAY LT B3 o § .z (S
9 s T Sl ST il 5 olesl g a8 ol
AF-AL O S5l

Caruso, A., Chefdor, F., Carpin, S., Depierreux, C.,
Delmotte, F.M., Kahlem, G. and Morabito, D. 2008.
Physiological characterization and identification of
genes differentially expressed in response to drought
induced by PEG 6000 in Populus canadensis leaves. —
Plant Physiology 165: 932-941.

Chalker-Scott, L. 2002. Do anthocyanins function as
osmoregulators in leaf tissues? — Advances in
Botanical Research 37: 103-106.

Chang, W.C., Kim, S.C., Hwang, S.S., Choi, B.K. and
Kim, S.K. 2002. Antioxidant activity and free radical
scavenging capacity between Korean medicinal plants
and flavonoids by assay-guided comparison. — Plant
Science 163: 1161-1168.

Chaves, M.M. and M.M. Oliveira. 2004. Mechanisms
underlying plant resilience to water deficits: prospects
for water-saving agriculture. — Journal of Expermental
Botany 55: 2365-2384.

Fayez, K.A. and Bazaid, S.A. 2014. Improving drought
and salinity tolerance in barley by application of
salicylic acid and potassium nitrate. — Journal of the
Saudi Society of Agricultural Sciences 13: 45-55.

Feller, U. 2004. Proteolysis. In: Plant Cell Death
Processes. — Elsevier. pp. 107-123.

Gao, T., Jelle, B.P., Sandborg, L.1.C. and Gustavsen,
A. 2013. Monodisperse hollow silica nanospheres for
nano insulation materials: synthesis, characterization
and life cycle assessment. — ACS Applied Materials &
Interfaces 5: 761-767.

Garg, A K, Kim, J.K., Owens, T.G., Ranwala, A.P.,
Choi, Y.D., Kochian, L.V., and Wu, R.J. 2002.
Trehalose  accumulation in rice plants confers high
tolerance levels to different abiotic stresses. —



270/vv.

Nova Biologica Reperta 2 (4): 260-271 (2016)

VESYVY 0 5Les Y alo i pole 45 ol sloaily

Proceeding of the National Academy of Sciences USA
99: 15898-15903.

Heath, R.L. and Packer, L. 1969. Photoperoxidation in
isolated chloroplast kinetics and stoichiometry of fatty
acid peroxidation. — Archives of Biochemistry and
Biophysics 125: 189-198.

Irigoyen, J.J., Emerich, D.W. and Sanchez-Diaz,
M., 1992. Water stress induced changes in
concentrations of proline and total soluble sugars in
nodulated alfalfa (Medicago sativa) plants. — Plant
Physiology 84: 55-60.

Jeyaramraja, P.R., Meenakshi, S.N., Kumar, R.S,,
Joshi, S.D. and Ramasubramanian, B. 2005. Water
deficit induced oxidative damage in tea (Camellia
sinensis) plants. — Plant Physiology 162: 413-4109.

Kanai, S., Ohkura K., Adu-Gyamfi, J. Mohapatra, P.
Saneoka, H. and Fujita, K. 2007. Depression of sink
activity precedes the inhibition of biomass production
in tomato plants subjected to potassium deficiency
stress. — Journal of Experimental Botany 58: 2917-
2928.

Koc, E., islek, C. and Ustun, A.S. 2010. Effect of cold
on protein, proline, phenolic compounds and
chlorophyll content of two pepper (Capsicum annuum
L.) varieties. — Gazi University Journal of Science 23:
1-6.

Koyro, HW. 2006. Effect of salinity on growth,
photosynthesis, water relations and solute composition
of potential cash crop halophyte Plantago coronopus
(L.). — Environmental and Experimental Botany 56:
136-149.

Krizek, D.T., Britz, S.J. and Mirecki, R.M. 1998.
Inhibitory effects of ambient levels of solar UV-A and
UV-B radiation on growth of cv. new red fire lettuce.
— Physiologia Plantarum 103: 1-7.

Li, M.H., Cherubini, P., Dobbertin, M., Arend, M.,
Xiao, W.F. and Rigling, A. 2013. Responses of leaf
nitrogen and mobile carbohydrates in different Quercus
species/provenances to moderate climate changes. —
Plant Biology 15: 177-184.

Lichtenthaler, H.K. 1987. Chlorophylls and
carotenoids: pigments of photosynthetic
biomembranes. — Methods in Enzymology 148: 350-
382.

Liu, J., Li, J, Su, X. and Xia, Z. 2014. Grafting
improves drought tolerance by regulating antioxidant
enzyme activities and  stress-responsive  gene
expression in tobacco. — Environmental and
Experimental Botany 107: 173-179.

Ma, Q., Turner, D.W., Levy, D. and Cowling, W.
2004. Solute accumulation and osmotic adjustment in
leaves of Brassica oilseeds in response to soil water
deficit. — Australian Journal of Agricultural Research
55: 939-945.

Manivannan, P.C.A., Jaleel, B., Sankar, A,
Kishorekumar, R., Somasundaram, G.M.,
Lakshmanan A. and Panneerselvam, R. 2007. Growth,
biochemical modifications and proline metabolism in
Helianthus annuus L. as induced by drought stress. —
Colloids and Surfaces B: Biointerfaces 59: 141-149.

Marschner, P. 2012. Marschner’s mineral nutrition of
higher plants. 3rd ed. Academic Press, London, UK.
pp: 178-189.

Masukasu, H., Karin, O. and Kyoto, H. 2003.
Enhancement of anthocyanin biosynthesis by sugar in
radish (Raphanus sativus) hypocotyls. — Plant Science
164: 259-265.

Munne-Bosch, S. and Alegre, L. 2004. Die and let live:
leaf senescence contributes to plant ssurvival under
drought stress. — Functional Plant Biology 31: 203-216.

Nagata, M. and Yamashita, 1. 1992. Simple method for
simultaneous determination of chlorophyll and
carotene in  tomato  fruit. —  The Japanese
Society for Food  Science and  Technology-Nippon
Shok 39: 925-928.

Neocleous, D. and Vasilakakis, M. 2007. Effects of
NaCl stress on red raspberry (Rubus idaeus L. 'Autumn
Bliss"). — Scientia Horticulturae 112: 282-289.

Oliviera-Neto, C.F., Silva-Lobato, A.K., Goncalves-
Vidigal, M.C., Costa, R.C.L., Santos-Filho B.G., Alves
G.AR., Silva-Maia, W.J.M., Cruz, FJ.R., Neres,
H.K.B. and Santos-Lopes, M.J. 2009. Carbon
compounds and chlorophyll contents in sorghum
submitted to water deficit during three growth stages. —
Science and Technology 7: 588-593.

Ort, D.R. 2001. When there is too much light. — Plant
Physiology 125: 29-32.

Parry, A.D., Tiller, S.A. and Edward, R. 1994. The
effects of heavy metals and root immersion on
isoflavonoid metabolism in alfalfa (Medicago sativa
L.). — Plant Physiology 106: 195-203.

Pastori, G.M. and Trippi, V.S. 1993. Cross resistance
between water and oxidative stress in wheat leaves. —
Journal of Agricultural Science 20: 289 -294.

Pereira, J.S. and Chaves, M.M. 1993. Plant water
deficits in mediteranian ecosystems. In: Water Deficits
and Plant Growth. Eds. By Kozlowski, T.T. -
Academic Press, New York. pp: 237.

Plaue, Z., Grava, A., Yehezkel, Ch. and Matan, E.
2004. How do salinity and water stress affect transport
of water, assimilates and ions to tomato fruits? —
Physiologia Plantarum 122: 429-442.

Rebey, 1.B., Bourgou, S., Debez, 1.B.S., Karoui, 1.J.,
Sellami, I.H., Msaada, K., Limam, F. and Marzouk, B.

2011. Effects of extraction solvents and provenances
on phenolic contents and antioxidant activities of



Norastehnia et al. The effect of water stress/potassium nitrate on Nicotiana

OFF » by Ol g (Sas 55 5oL g a5

Cumin (Cuminum cyminum L.) seeds. — Food and
Bioprocess Technology 5: 2827-2836.

Rebey, 1.B., Jabri-Karoui, I., Hamrouni-Sellami, 1.,
Bourgou, S., Limam, F. and Marzouk B. 2012. Effect
of drought on the biochemical composition and
antioxidant activities of cumin (Cuminum cyminum L.)
seeds. — Industrial Crops and Products 36: 238-245.

Rispail, N., Morris, P. and Webb, K.J. 2005. Phenolic
compounds: Extraction and Analysis. In A. J. Marquez,
ed. Lotus japonicus Handbook. — Springer, pp: 349-
355.

Ruiz, J.M. and Romero, L. 1999. Nitrogen efficiency
and metabolism in grafted melon. — Scientia
Horticulturae 81: 113-123.

Saeed-Akram, M., Ashraf, M. and Aisha Akram, N.
2009. Effectiveness of potassium sulfate in mitigating
saltinduced adverse effects on different physio-
biochemical attributes in sunflower (Helianthus annuus
L.). —Flora 204: 471-483.

Saftner, R.A. and Wyse, R.E. 1980. Alkali
cation/sucrose cotransport in the root sink of sugar
beet. — Plant Physiology 66: 884-889.

Serraj, R. and Sinclair, T.R. 2002. Osmolyte
accumulation: Can it really help increase crop yield
under drought conditions? — Plant Cell and
Environment 25: 333-341.

Singh, G.S. and Tuteja, N. 2010. Reactive oxygen
species and antioxidant machinery in abiotic stress
tolerance in crop plants. — Plant Physiology and
Biochemistry 48: 909-930.

Suriyan, Ch. and Chalermpol, K. 2009. Proline
accumulation, photosynthetic abilities and growth
characters of sugarcane (Saccharum officinarum L.)
plantlets in response to iso-osmotic salt and
waterdeficit stress. — Agricultural Sciences in China 8:
51-58.

Thalooth, A.T., Tawfik, M.M. and Magda Mohamed,
H. 2006. A comparative study on the effect of foliar
application of zinc, potassium and magnesium on
growth, yield and some chemical constituents of
mungbean plant grown under water stress conditions.
— World Journal of Agricultural Sciences 2: 37- 46.

Tian, X. and Li, Y. 2006. Nitric oxide treatment
alleviates drought stress in wheat seedlings. - Biologia
Plantarum 50: 775-778.

Vendruscolo, A.C.G., Schuster, 1., Pileggi, M., Scapim,
C.A., Molinari, H.B.C., Marur, C.J. and Vieira, L.G.C.
2007. Stress-induced synthesis of proline confers
tolerance to water deficit in transgenic wheat. — Journal
of Plant Physiology 164: 1367-1376.

Venskutonis, P.R., Miliauskas, G. and Van Beek, T.A.
2004. Screening of radical scavenging activity of so
medicinal and aromatic plant extracts. — Food
Chemistry 85: 231-237.

Wind, W., Arend, M. and Fromm, J. 2004. Potassium-
dependent cambial growth in poplar. — Plant Biology
6: 30-37.

Zhang, K.M., Yu, H.J,, Shi, K., Zhou, Y.H., Yu, J.Q.
and Xia, X.J. 2010. Photoprotective roles of in Begonia
semperflorens. — Plant Science 179: 202-208.

*kkkk

Norastehnia, A. and Farjadi, M. 2016. The effect of the interaction between water stress and potassium nitrate on some of
the physiological responses of Nicotiana tabacum L. — Nova Biologica Reperta 2: 260-271.
sl — (Nicotiana tabacum L.) o5 olS 50558 o fruly (52 1 poely Sl 5 (St 25 Jlize 31AYAF Lo (o3l 35 by 5

NPTV Y r_,lpjs Y


http://www.sciencedirect.com/science/journal/03044238
http://www.sciencedirect.com/science/journal/03044238
http://link.springer.com/journal/10535
http://link.springer.com/journal/10535

