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Assessment of Nitrate Reductase Gene Expression Pattern and Qualitative
and Physiological Characteristics Under Oxidative Stress Conditions in
Spinach (Spinacea oleracea L.)
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Table 1. Scoring by apparent phenotype based on the following table from 1 to 9.
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Phenotype appearance Score
Jss 9

Control
JssS ans aw,e 4+ 90 percent similar to control 8
JyuS ans s ye Ae - 80 percent similar to control 7
JysS ami ao,e Yoo 70 percent similar to control 6
JS ans we,s £+ 60 percent similar to control 5
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JysS ams ao,e ¥+ 40 percent similar to control 3
JysS s ae,e e 30 percent similar to control 2
JyuS ans asye Yo 20 percent similar to control 1
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Table 2. Primer details of nitrate reductase and GAPDH house-keeping genes.
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primers Start  Nucleotide Sequencing primer 'ﬁea‘é“o{‘ Melting
nucleotides end roduc temperature
length
Nir For 78 101 5'- CCTAYTGGCCGCCRCART -3 116b 62.4
Nir Rev 193 174 5'- CGTTGAACTTRCCGGT -3 P 60.50
GAPDH For 113 132 5'-TCACCACCGACTACATGACC-3’ 121b 60
GAPDH Rev 233 214 5'-ACAGCAACCTCCTTCTCACC-3 P 60
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Table 3. Appearance changes of spinach leaves (New Persian cultivar) treatment by spraying silver nitrate
(AgNO3) and actions of ascorbic acid pretreatment (ASA 20mM).

(5bJslre) Jlos (cele) (L2l Jslome 5l o Olo

Treatment (spraying) Time after spraying (hour)
48 24 12
Control (water) () aals 9 9 9
Ascorbic ACId ol 550l 9 9 9
AgNOz 1ImM 5 7 8
AgNO3 2mM 3 6 7
ASA + AgNO3; 1mM 6 8 9
ASA + AgNO3; 2mM 5 7 8

Rated based on the 1 and 9 respectively. score 9 in control, Points 1, 20% of eligible control surface and
intermediate values any 10% difference in the take. 1 point of difference was not statistically significant by t test
ata=0.05.

1y BTN Sy e auly ax polie 5 wals alis g,elb Jla 517V sqam ) 5l caalis asp0 4 jlatel (83 plul ALY 51 s 5Ll

ool o sine 0=0.05 mhas 5t gnil Lol 1 (s ,bel S 51 jhiel VNS e 3, oo

Oy a5 ol d g8 bl ool ools L ¥ Jgaz 10 S mhe lade 5 olse plasl Sas oole Ol sy Wy,

p ol e BB el ST T e g gulanST i 4 Sy STy il o o] Sl zliasl oS B rane
2o Sl e 2l a4 al S sSul (3l Jsle a0 I gl 5 S esle e Jol> slaazs bl
gy 0,8 Dl g b Jelore 4B 0 S e g S cole polie 0gzg ul b .cuilad S mhaw g S ools jlade
30 S oobe Hlade Jl> e 40 090 (0=0.05) Hlo sre vl 4y ced alS pl o jlee S p0 a5 Wols las salS
5o wle lid gyle gme Wglay wald 4y ol (6,10 paiges 3l G el FA loj jo fadd oai Olis (Yee LoV jles
L Golosine Ssls (LBhJsloe 5l Sl FA 5 YT olej jo Sglas cnl 0,8 @l Vee (oo ¥ jless jo &S J>
Sl slne 3,5 Jolo gl JolS sty Capndy 35 S e 3,0 50 (¥ Jpaz) d5ad sl aals 4 Carn
08 Ol sl 1 6l 53 Al B Syt e o Sl 3] 8 el 33 bl S5l Lot
O 29 JB alis oS 6, (Bwsy Condg b S (nl (¥ Jgo2) 08 S ghaw o g S (5 e

Wl


https://dor.isc.ac/dor/20.1001.1.16807154.1398.20.1.1.8
http://journal-irshs.ir/article-1-40-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-08 ]

[ DOR: 20.1001.1.16807154.1398.20.1.1.8 ]

Ohlen 5 ,50ls

pﬁ)) CL.M‘ ol.:f L) 4)3_» ..\}‘5 o (é)]A IM‘;JLAJ) S)J C.]a.».u 9 (‘B;) ‘5:‘9& ‘n‘..\.v‘ Sz oole )L.\M ul)...uu -f Jﬁl—\?

sl S ysSal 5 0,8 S sl jles (AL sloee 2 (e s
Table 4. The changes of shoot dry mater (g) and leaf area (m?) in spinach per plant (Newpersian cultivar) under
spraying silver nitrate (AgNOs3) and pretreatment of ascorbic acid (ASA 20mM).

(3l sbme) o S gl @l il S22 055
Treatment (spraying) Leaf area (m? per plant Shoot dry weight (g)
fA \Ad VY fA \Ad VY
48 (hour) 24 (hour) 12 (hour) 48 (hour)  24(hour) 12
(hour)
Control (water) (<) sals 0.062 0.062 0.061 7.100 6.900 6.900
AscorbicAcid . . .
RS 0.067 0.065 0.060 7.200 7.100 6.900
AgNO3 ImM 0.051" 0.061" 0.057" 6.200" 6.500" 6.600"
AgNO; 2mM 0.047" 0.050" 0.053" 6.000" 6.300" 6.500"
ASA + AgNO3 1mM 0.055" 0.060" 0.069 6.500" 6.700" 6.800
ASA + AgNO3z 2mM 0.055" 0.054" 0.055" 6.100" 6.500" 6.600"

The asterisk represents a significant reduction compared to the control (a=-/-0).
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Fig. 1. The changes growth rate of spinach plant (the New persian) measured values affected by treatments,
including spraying water + ascorbic acid as a control, silver nitrate levels 1 and 2 mM spraying
treatments and combination treatments applied ascorbic acid pretreatment (mM 20) two hours before
spraying silver nitrate (values are average).
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Fig. 2. Changes in the protein content of spinach leaves under the influence of the measured values after foliar
spraying treatments. As mean values and standard error values shown above each column.
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Table 5. Chlorophyll a and b compared with control values in spinach leaves (New Persian cultivar) after
spraying by treatments.

& g ls b s k5
(b Jele) Hlews Chlorophyll a Chlorophyll b

Treatment (spraying) (cel) VY (el vE (cel) FA  (cel) VY (celo) YF (cels) FA
12 (hour) 24 (hour) 48 (hour) 12 (hour) 24 (hour) 48 (hour)

Control (water) () aals 100 100 100 100 100 100

Ascorbic ACId sl S, 5! 99 100 98 100 99 99

AgNO3 1mM 87+ 83" 65* 91* 86" 70*

AgNO3 2mM 80* 73" 60* 85* 70* 66*

ASA + AgNO3 1mM 95 92 74 96 93 79+

ASA + AgNO3 2mM 85* 81" 66* 93 80* 73*

Chlorophyll values (percent compared control) is on average. The asterisk represents a significant reduction
compared to the control (05/0 = a).
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Table 6- Changes in the oxidation level cell (TBARM) and lipoxygenase activity (LOX) in spinach plant leaves
(New Persian cultivar) affected by treatments.

(5 Jsloee) Jlous LOX (nmol min"mg! protein) TBARM (umol g* FW)
Treatment (spraying) Al vY FA VY vf FA
12 (hour) 24 (hour) 48 (hour) | 12 (hour) 24 (hour) 48 (hour)
Control (water) (.1 sals 1.9 2.7 25 35 3.9 3.3
Ascorbic ACId ol 55l 2.1 25 2.6 4 3.7 3.1
AgNO3 1mM 5.9% 7.3* 9.1% 10.1# 13.9* 15#
AgNO3 2mM 8.1* 10.5% 11.9% 14.3* 17+# 16.6*
ASA + AgNO3 1mM 4.1 5.7 8.1* 6.1 7.0 9.7¢
ASA + AgNO3 2mM 5.9 8.9* 9.3* 8.1% 10.5* 11.3%

Data are mean. The asterisk represents a significant reduction compared to the control (05/0 = a).
0=+ 1+ 0) ail g0 dald 4 Cond o gime (ialS oaips ylis o)l cudle akil oo (12 ilee &0 4y osld

LS99, lyid o5 ole Ol i
Al Sy o8l jlad Jloel b olo L brazes .l oo oolo Lid ¥ K 5o 5LS g0, Slis o5 ole ledss
oS T s Jdods iolisl ol cde aS sy oo L 4 i 28l iol381 (O) vals 4 cas 5 ool ole ladke
(51'3" Y oﬁ)lf Ja.u‘)....: )o U] )L\M 9 _\;o)f U) u.!‘ QL"’ )L.\M wa:lf 90 o).m u‘).....: )La.u oﬁ)lf Lo .\)9_.» M‘t_i.u)j.iw‘
Aol S 98l g 0,85 Dl oo 5 jlewd 95,5 ol lis (g ien malS Vee oo ) jled 4y Cond 0,85 Ol s Yge
s alflas e 5l ieS Cilpe 4 mals el Ll aso 3 vl 4 e jlSg0, il is o5 olo Jlade jmals caw 5
é_‘i‘g.n ‘5.4:4 )Q 9 Mbso \>5.>3.n GQLS LSLQ:L.}[J )Q u|3|)3 )L\M L as w‘ é..JjJL..A oole s_i_v M|®)5&‘ .95.3 o).a.:
A o gl LS 50 (25 4 ey ) oo GRS sl S35l sy 00 oS Sy S Slhgiome woyo V- B ]l
G 4 4 b (TF) s 3Ll 1y 0T g aler 51 JUeb 5081 355 iz )8 1, gbls5 ool o5 (sleisS

0,85 &l s Ol 3l oS haw i 0,8 Sl b o plgs 0,05 loy 5o cedls ol ol (oo sl S oSl oy axslis
S ey (7S alS alh 4y S 1S90, DS 0 Gl Hlaie 0ad carge g axils |,

O et Nisdise ST S8 ladisS ads e oy s 5 oy sl il Jeld e aliSie sla s
cble ol JenSg,0en JI00l, 5 059 0emanS Ty waSTngw o (ool GieST Jol Sl sla S0,
Ailie el LS (VY ) 5o SeilSy5 ool  bopuiis  slid gloorms) 4 il ool go b JIS501, oy
L O aiilse or3l pd 5 (o3l cannSTas glo 555l (lyls (5T Jlad sla ISl 51 (L5 seilaansT s L
oS (TBARM) (glazsl st (asls Jaie o)) cbpas olog 4o glibd Sy Sslb 5 by coenl 4 azgs
s S, pol Sl o el Coal Bl wllige laBl CBL )0 s 5 G Sl S ke (e
Kao 4 Hsu 4 (\Y) Forney 5 Hodges .cul ai3 )3 & je0 daowe acluwl Loyl b 55 oaunSlas gl slapiunew (s,
s 5 ol S35l ol oo 1l Zlihsl GlaS 50 00T (glas 5T Collad (5 (o 50 oS WS (315 ()
Jole Olyie @ g atdls (285 (1) Jgmgiom 5 (1) Sadly IS )0 Jlad 05081 sladisS (5lSh 50 (5Ll -~ Sl
WS (i Ty feS 55000 5 ST nsm g2 Wl oo et jsbay ol S jeSul &S oal atiie WS e Jes ol
™)

(LOX) LS ged (so 3] pim sty slalid slooyz i b alaly 50 pge (o3l slopincas 51 (S
ST s s0n Sy 5 eldl b oz sloal 5 05081 J5Us0 (S STy U5 onSTad mil Sl
SoaisT 0y cage mu il ol Colled 5l 8b oz bl amslonaST (1 0) WS e JymS 1, snis gLl oz
wile i Jld sladiss oy Rl cage 25 A Swl ews S (B)1FL(00) 3edee ST JU

RS


https://dor.isc.ac/dor/20.1001.1.16807154.1398.20.1.1.8
http://journal-irshs.ir/article-1-40-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-08 ]

[ DOR: 20.1001.1.16807154.1398.20.1.1.8 ]

Ohlen 5 ,50ls

el Gl cge odel Cansay 3 amannSTy ol i 4 g (YY) oud alS sloaisl o o35 000S]
(N Sguds oo 6@[.5 slasl 4O )b)wfy..)

®m 12 hour =24 hour 48 hour

L olhae

050

el

20 { "

The nitrate reductase gene expression
compared to control

ML-LMCMJL-S_SJJ =l
s

sl S5 AgNO3ImM  AgNO32mM  ASA +AgNO3  ASA + AgNO3

ASA ImM 2mM

olas SlasS 5
Treatment compounds

Fig. 3. The nitrate reductase gene expression compared to control at different times after sampling
(S0 dged 3l am alizee o yloy yo bl 4y o (LS g0, Sl g 5 ole Hlade -Y USS

S5 4

$lojloss 556 5 (TBARM) slaisl (psnlanns] s iomiw ol oasls jlie Giagy ool 5
Jlesl asopl L og iy 0,8 Sl Yeo oo ¥V ocdale o aliis (pl (8l oli8l 0,8 Sl SeuwlannS]
5> TBARM Jlude (£0l5 crge s)osinn 5 jie 955 0 0,88 Sl (B Jsbona 51 5 eloSen 8l Lot
bl 5l i cel YE 5 VY ole 93,0 ASA+AGNO: IMM oS 5 e 45 (glaiof b 03,8 oS 5 (sl lous
Sl 6o bylens 5l 3 305 enS sed mepl Collid e ol ol wals L TBARM jlade s (5l sine oglis
st 5 <l Gl wals a4 coes AGNOs slalas o s)ls e yobas LOX Jlade 5 cépdy b 6,8

g1 550 MalS LOX rhaws (2lS 5 sl S 5]

References &l

.

1. Ainswor, S. 1990. Vegetable production training manual. Asian Vegetable Search and Development Center.

AVRDC, Publication. 447pp.

2. Almeselmani, M., P.S. Deshmukh, R. K. Sairam, S. R. Kushwaha and T. P. Singh. 2006. Protective role of

antioxidant enzymes under high temperature stress. Plant Sci.171: 382-388.

3. Asada, K. 1992. Ascorbate peroxidase- hydrogen peroxide-scavering enzyme in plants. Physiol. Plant.

85:41-235.

4. Asada, K. 1999. The water—water cycle in chloroplasts: scavenging of active oxygens and dissipation of

excess photons. Ann. Rev. Plant Physiol. Plant Mol. Biol. 50:601-639.

5. Becana, M., J. F. Moran and I. lturbe-Ormaetxe. 1998. Iron dependent oxygen free radical generation in

plants subjected to environmental stress: toxicity and antioxidant protection. Plant Soil. 201:137-147.

6. Chaoui, A and E. Ferjani. 2005. Effects of cadmium and copper on antioxidant capacities, lignification and

auxin degradiation in leaves of Pea (Pisium sativum L.) seedlings. Competes Rendus Biol. 328:23-31.

ARR


https://dor.isc.ac/dor/20.1001.1.16807154.1398.20.1.1.8
http://journal-irshs.ir/article-1-40-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-08 ]

[ DOR: 20.1001.1.16807154.1398.20.1.1.8 ]

10.

11.

12.

13.

14,
15.

16.

17.

18.

19.
20.

21.

22.

23.

24,

25.
26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

g U550, Slid of olo 5 U,/

Fergusson, J. 1990. The heary elements: chemistry, environmental impact and health effects. Mc Graw Hill,
Newyork.

Foyer, C. 1993. Ascorbic acid, CRC Press, Boca Raton, Pp: 31-58.

Gallego, S. M., M. P. Benavides and M. L. Tomaro. 1996. Effect of heavy metal ion excess on sunfiower
leaves: Evidence for involvement of oxidative stress. Plant Sci. 121: 151-159.

Grechkin, A. N. and A. Tarchevsky. 1999. The lipoxygenase signaling system. Russ. J. Plant Physiol. 49(1):
114-123.

Hagege, D., A. Nouvelot, J. Boucard and T. Gaspar. 1990. Malondialdehyde titration with thiobarbiturate in
plant extracts: avoidance of pigment interference. Phytochem. Anal. 1:86-89.

Hodges, D. M and C. F. Forney. 2000. The effects of ethylene, depressed oxygen and elevated carbon
dioxide on antioxidant profiles of senescing spinach leaves. J. Exp. Bot. 344:645-655.

Hsu, S.Y and C. H. Kao. 2003. Differential effect of sorbitol and polyethylene glycol and antioxidant
enzymes in rice leaves. Plant Growth Reg. 39: 83-90.

Inze, D and M. V. Montago. 2002. Oxidative stress in plants, Taylor and Froncis: PP: 321.

Jiang, Y and B. Hung. 2001. Drought and heat stress injury to two cool-season turf grasses in relation to
antioxidant metabolism lipid peroxidaion. Crop Sci. 41:436-442.

Karimi, M. M and K. H. M. Siddique. 1991. Crop growth and relative growth rates of old and modern wheat
cultivars. Aust. J. Agr. Res., 42:13-20.

Maccaron, M., G. V. Zadelhoff, G. A. Vegdink, F. G. Vliegenthart and A. Finazzi- Agro. 2000.Early
activation of lipoxygenase in lentil root protoplasts by oxidative stress induced programmed cell death. Eurp.
J. Biochem. 267: 5078 — 5084,

Mauchamp, A. and M. Methy. 2004. Submergence—induced damage of photosythetic apparatus in Phragmite
saustralis. Environ. Exp. Bot. 51; 227-235.

Mittler, R. 2002. Oxidative stress. Antioxidant and stress tolerance. Ann. Rev. Plant Sci., 7: 405-415.

Nasibi, F. 2003. The effect of different UV bands on some growth parameters and induction of oxidative
stress in canola (Brassica napus). Thesis of M.SC. Bahonar university of Kerman.

Niaee fard, S. A. S. J. Tabatabaee, J. Hajilou, M. Seifi kalhor. 2008. Vegetative and physiological responses
of olive trees to antioxidants and salinity. J. Hort. Sci. Technol. 9(4): 275-284.

Noctor, B and C. H. Foyer. 1998. Ascorbate and glutathione: Keeping active oxygen under control. Ann.
Rev. Plant Physiol. Plant Mol. Biol., 49: 249-279.

Ozdamir, F., M. Bor, T. Demiral and I. Turkan. 2004. Effect of epibrassinolide on seed germination,
seedling growth, lipid peroxidation. Proline content and antioxidative system of rice (Oriza Sativa L.) under
salinity stress. Plant Growth Reg. 42: 203-211.

Padh, H. 1990. Cellular functions of ascorbic acid. Biocem. Cell Biol. 68:1166-1173.

Peivast, GH. A. 2002. Olericulture. Agriculture of Science Press. 348 P.

Porra, R. J., W.A. Thompson and P. E. Kriedmann. 1989. Determination of accurate extinction coefficients
and simultaneous equations for assaying chlorophylls a and b extracted with four different solvents:
verification of the concentration of chlorophyll standards by atomic absorption spectroscopy. Biochem
Biophys Acta., 975: 384-394.

Prasad, M. N. V. 1995. The inhabitation of maize leaf chlorophylls, carotenoids and gas exchange functions
by cadmium. Photosynthetica, 31: 635-640.

Sairam, R. K and D. C. Saxena. 2000. Oxidative stress and antioxidant in wheat genotypes: possible
mechanism of water stress tolerance. J. Agron Crop Sci. 184; 55-61.

Smirnoff, N and G. L. Wheeler. 2000. Ascorbic acid in plants: Biosynthesis and function. Critic. Rev. Plant
Sci. 19(4): 267-290.

Stadtman, E. R. 1986. Oxidation of proteins by mixed-function oxidation systems: implication in protein
turn over, gaining and neutrophil function. Trends Biochem., Sci., 11: 2-11.

Sudhakar, C., A. Lukshmi and C. Giridarakumar. 2001. Changes in antioxidant enzymes efficacy in two high
yielding genotypes of mulberry under NACL salinity. Plant Sci. 161:613-619.

Turkan, 1. M., F. Bor, M. Ozdemir and H. Koca. 2005. Differential responses of lipid peroxidation and
antioxidants in the leaves of drought-tolerant P. acutifolius Gray and drought-sensitive P. vulgaris L.
subjected to polyethylene glycol mediated water stress. Plant Sci., 168: 223-231.

Wang, D., M. C. Shannon and C. M. Grieve. 2001. Salinity reduces radiation absorption and use efficiency
in soybean. Field Crops Res. 69: 267-277.

Wang, Y. T. C. Y. Yang, Y. T. Chen, Y. Lin and J. F. Shaw. 2004. Characterization of senescence-
associated proteases in postharvest broccoli florets. Plant Physiol. Bioch. 42:663-670.

Zhang, J and M. B. Kirkham. 1996. Lipid peroxidation in sorghum and sunflower seedling as affect ascorbic
acid, benzoic acid, and prophyle gallate. J. Plant Physiol. 149: 489-493.

Zhong, L., Y. Xu and J. Wang. 2009. DNA-methylation changes induced by salt stress in wheat Triticum
aestivum. African J. Biotech. 8 (22): 6201-6207.

Wy


https://dor.isc.ac/dor/20.1001.1.16807154.1398.20.1.1.8
http://journal-irshs.ir/article-1-40-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-08 ]

[ DOR: 20.1001.1.16807154.1398.20.1.1.8 ]

Iranian Journal of Horticultural Science and Technology 20 (1): 101-112 (2019)
Research article

Assessment of Nitrate Reductase Gene Expression Pattern and Qualitative
and Physiological Characteristics Under Oxidative Stress Conditions in
Spinach (Spinacea oleracea L.)

S. Navabpour*, G. Kazemi and A. Mazandarani'

Spinach is one the most important vegetables with high qualities that is widely cultivated
in northern region of Iran. Environmental stresses are excessively grown up and they are
serious threat in quality of cultivated spinach. These stresses generally cause dreadful
damages in plant cells via increasing reactive oxygen species (ROS). In this study oxidative
stress has been applied by using AgNOs (0, 1, 2 mM) spray, also pre-treatment of ascorbic
acid (0, 20 mM) was used followed by AgNO; treatment. The measured traits included
phenotypic performance, leaf area, dry mass, growth index, leaf protein, chlorophyll and
oxidative cellular levels (LOX and TBARM assay) during sampling period (12, 24, 48 h)
after sprayed treatments. The New Persian cultivar was used in greenhouse condition with 6
treatments in RBCD design with 4 replications. The results showed spraying ascorbic acid
had no detrimental effect on studied traits. Whereas, sprayed of AgNOj3 caused some decline
in the amount of most traits as well as some increase in the content of TBARM and LOX.
Nitrate reductase gene expression relatively increased by ascorbic acid compared with control
(water spray). Whereas, applying AgNO; significantly decline nitrate reductase gene
expression. However, applying pre-treatment of ascorbic acid followed by AgNOs3 after 2 h
retrieved mostly all studied traits.

Keywords: Cellular oxidation, Chlorophyll content, Growth parameters, Protein content,
Spinach.
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