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ABSTRACT
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Nutrient culture experiments were conducted to study the effect of various
doses (25, 50, 100, 200, 400 and 800 pg g*) of silicon on the activity of
certain enzymes (peroxidase, polyphenol oxidase and nitrate reductase) in
the leaves of wheat and cowpea. Lower doses of silicon (25-200 pg g?)
significantly decreased the activity of peroxidase and polyphenol oxidase
enzymes. Theincreasing concentrationsof silicon (400-800 pg g) resulted
in a concomitant increase in the activity of peroxidase and polyphenol
oxidase in both the test crops. Nitrate reductase showed a different trend
from that of peroxidase and polyphenol oxidase in both the test crops. A
significant increase in nitrate reductase activity was observed at lower ad-
ditions of silicon whereas higher doses of silicon (400-800 pg g?) resulted
in adecrease in nitrate reductase activity in both the test crops suggesting
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the involvement of Si in the enzymatic activities of plants.
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INTRODUCTION

Silicon (S) iscongdered aplant nutrient “anomaly”
becauseit isnot considered to be essential for plant
growth and devel opment, there being no evidencethat
itisapart of plant congtituentsor enzymes¥. However,
beneficia effectsof Si have been observedinvarious
plant species?? at low silicon levels. Liang et al.¥
showed that added Si decreased the el ectrolytic leak-
agefrom leavesof salt stressed barley. Thisindicates
that Si may affect the structure and integrity of plasma
membranes by influencing the stress-dependent
peroxidation of membrane lipids and strongly sug-

gested® that S may beinvolvedinmetabolic or physi-
ologica and/or structural activity in higher plantsex-
posed to biotic and abiotic stresses.

K eeping theabovefactsin view anutrient culture
study was undertaken to analyze the effect of various
concentrations of Si on the activity of peroxidase,
polyphenol oxidaseand nitrate reductase in cowpea
and wheat.

EXPERIMENTAL

Silicon assodium metasilicate was gpplied at doses
of 25, 50, 100, 200, 400 and 800 ug g*. Different
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concentrations of siliconwere prepared separately by
taking corresponding amounts (cal culated onthebasis
of molecular weight) of thechemica per 100gof slica
Potswithout any added S constituted thecontrol. Each
pot contained 100 g silica.

Experimentswere set during the month of July for
cowpeaand December for whest. Fifteen certified seeds
of Vignaunguiculata (L.) Walp. Var. PusaKoma and
TriticumaestivumL. Var. Lok-1 were sown equidis-
tantly at 2cm. depthineachreplicate. Hoagland solution
was provided asasourceof water. After establishment,
seaedlingswerethinned totenin number ineechreplicate.
Setsintriplicate were prepared to record observations.

Theactivitiesof nitrate reductase, peroxidaseand
polyphenol oxidase enzymesand tota phenol contents
were estimated by methods described by Aeryl®l.

RESULTSAND DISCUSSION

Decreaseintheactivity of peroxidaseand polyphe-
nol oxidasewas observed upto 200 ug g* doseof Siin
both thetest crops, beyond which agradua enhance-
ment in the activity was observed. The magnitude of
increasevaried with both thetest crops. Themaximum
activities of peroxidase and polyphenol oxidasewere
observedin cowpeaat 800 ug g* doseof Si and were
119.80% and 118.05% higher, respectively, over the
control (Figure 1). Enhancement in peroxidase and
polyphenol oxidaseactivitieswasa so observedinwheet
at 800 ug g* concentration of siliconandwas 171.01%
and 116.66%, respectively, over the control, for whest
(TABLES1and 2).
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Figurel: Showingtheeffect of silicon assodium metasili-
cate on relative enzyme activity in the leaves of Vigna
unguiculata (L .) Walp.
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TABLE 1: Effect of different S concentrationson theactivity
of enzymesin cowpea (Relativeenzymatic activity givenin
parenthesis)

Si concentr ations . Polyphenol  Nitrate
(nggh Peroxidase ~ yijase  reductase

cC 27.4889 1.6000 0.0174

(100) (100) (100)

25 27.2555 1.4889 0.0180

(99.15) (93.05) (103.44)

50 25.1222 1.0889 0.0194

(91.39) (68.05) (111.49)

100 20.2777 0.8222 0.0204

(73.76) (51.38) (117.24)

200 27.3222 1.5000 0.0172

(99.39) (93.75) (98.85)

400 31.5999 1.7889 0.0158

(114.95) (111.80) (90.80)

800 31.9331 1.8888 0.0151

(119.80) (118.05) (86.78)

Units: Peroxidase and Polyphenol oxidase: Change in absor-
bance/ minute/ g fresh weight of leaf; Nitrate reductase: pmoles
of NO,/ 30 minutes/ g fresh weight of leaf

TABLE 2: Effect of different S concentrationson theactivity
of enzymesin wheat (Relative enzymatic activity given in
parenthesis)

Si concentr ations . Polyphenal  Nitrate
(ng g?) Peroxidase * ijase  reductase

C 1.5333 2.9333 0.0429
(100) (100) (100)

25 1.4667 2.9111 0.0437

(95.65) (99.24) (101.86)

50 1.3333 2.8667 0.0573

(86.95) (97.92) (133.56)

100 1.3111 2.5333 0.0629

(85.50) (86.36) (146.62)

200 1.5333 2.5667 0.0472

(100) (87.50) (110.02)

400 2.1555 3.1107 0.0356

(140.57) (106.04) (82.98)

800 2.6222 3.4222 0.0318

(171.01) (116.66) (74.12)

Units: Peroxidase and Polyphenol oxidase: Change in absor-
bance/ minute/ g fresh weight of leaf; Nitrate reductase: pmoles
of NO,/ 30 minutes/ g fresh weight of leaf

Peroxidaseparticipaesinligninbiosynthesis indole
acetic acid degradation and converts H,O, towater. It
isasoreatedtoligninand suberin synthesis, whichin-
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creasethe hardness of tissues and to the production of
quinones and active oxygen, which possessantibiotic
properties”. Anincreasein peroxidaseactivity may be
used asanindicator of heavy metal stress®.

Inthe present investigation, higher concentrations
of Si haveled to asubstantial increasein peroxidase
activity in both thetest cropswhereas|ower additions
of dlicon (25t0 200 pg g*) significantly decreased the
peroxidase activity in both thetest crops (TABLES 1,
2 and 3). Increasein peroxidase activity was a so ob-
served in tolerant genotype of lentil (Lensculinaris)
during salt stress¥. Under stressed conditionsthein-
creasein theamount of phenols (Figure 2) appearsto
be accompani ed by an enhancement inthe peroxidase
activity causing thedestruction of auxing,

TABLE 3: Reationship between applied concentrationsof S
assodiummetasilicateand activity of certain enzymes.

Parameters ation(v) _ codtficent ()
Cowpea
1. Peroxidase Y =25.075+0.0105x  0.724 (PS)
2. Polyphenol oxidase Y =1.269+ 0.0008x  0.627 (NS)
3. Nitratereductase Y =0.019 - 0.0000x -0.757 (S)
Wheat
1. Peroxidase Y =1.342+0.0016x  0.953 (S**)
2. Polyphenoal oxidase Y =2.732+ 0.0008x 0.730 (S
3. Nitratereductase Y =0.052 - 0.0000x -0.673 (NS)

x = Applied sodium metasilicate concentrations; y = Param-
eters studied; S** = Significant at 0.1 % level; S = Significant
at 2% level; PS = Significant at 5 % level; NS = Significant at
10 % leve
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Figure?2: Showingtheeffect of silicon assodium metasili-

cate on total phenol contents in the leaves of Vigna

unguiculata (L .) Walp.
Liang et al.[¥ observed that exogenous silicon

significantly incressedtheactivitiesof SOD, POD, CAT
and GR (glutathione reductase) in the roots of salt-
stressed barley. Theinduction of theseenzymescoin-
cided with a decrease in concentration of MDA
(malondia dehyde). They suggested that oxidation dam-
ageinduced by salt can bedlleviated by the addition of
silicon. Jio-Jing et al .Y observed that exogenous Si
could reduce withering of cucumber leaves and in-
creased the antioxidant activities and reduced lipid
peroxidation induced by chilling. Similarly, Wang et
al.[* observedthat Si alleviatesthe stress caused by
NaCl and suggested that exogenous Si increases
antioxidative enzyme activities under NaCl stress.
Ahmad and Haddad*® investigated the effect of S on
major antioxidative enzymes including superoxide
dismutase (SOD), catalase (CAT), ascorbate peroxi-
dase (APX), peroxidase (POD), relative water con-
tent (RWC), chlorophyll and soluble protein contents,
proline (Pro) and glycinebetaine (GB) accumulationin
wheat plantsunder drought stress. Si has been shown
to partialy changethe negativeeffectsof drought stress
andincreased thetol erance of whest by increasing pro-
lineand glycinebetain contents. Activitiesof SOD, CAT,
APX and POD asoincreased. They concludedthat Si
adleviateswater deficit of whesat by preventing the oxi-
dative membrane damage and may be associated with
plant osmotic adjustment.

Polyphenol oxidaseisessentialy acopper-depen-
dent enzyme andisinvolved in the biosynthesis of
lignin and aka oid and catalyzing the phenol oxidation
into quinonesin the presence of atmospheric oxygen.
Inthe present study, lower dosesof S significantly de-
creased the polyphenol oxidase activity whereashigher
doses (400 and 800 pg g*) resulted in an enhancement
in PPO activity. It is possible that the mechanism of
increasing polyphenol oxidaseactivity occursina‘la-
tent form” in plants. Increased PPO activity in the plant
tissues after silicon stresscould haveresulted from ac-
tivation of ‘latent phenolase”’ in cells!.

Silicon could increasetheactivities of peroxidase
and polyphenol oxidasebecauseit triggersdefence pro-
cessesin plants, acting asan elicitor. Increased PPO
activity aso might be dueto denovo synthesisof PPO
under silicon stresg*.

Cherif et al.'” also reported that amendment of
nutrient solutionswith soluble Si resultedin amarked
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increaseinstimulation of chitinaseactivity andinamore
intenseand rapid activation of peroxidaseand polyphe-
nol oxidasesin cucumber after infectionwith Pythium
$p. S dso hasan effect ontheactivity of enzymesuch
asH*-ATPaseon plantssubmitted to salinestress, sug-
gesting that it can somehow affect thestructureand the
integrity of theplasmamembrang*®.,

Nitrate reductase (NR) showed adifferent trend
from that of peroxidase and polyphenol oxidasein both
thetest crops. Themaximum activity of nitrate reduc-
tase was observed at 100 pg g dose of Si which
showed anincrease of 117.24% and 146.62% in cow-
peaand whest, respectively. A dight increasein nitrate
reductase activity wasal so observed at 200 ug g* con-
centration of Si in case of wheat (Figure 3). Beyond
100 and 200 pg g dose of Si agradual reductionin
nitrate reductase activity was observed in cowpeaand
wheat, respectively (TABLES 1 and 2).
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Figure3: Showingtheeffect of silicon assodium metasili-
cate on relative enzyme activity in the leaves of Triticum
aestivumL.

Nitrate metabolismisimportant for providing the
organic nitrogen essential for plant growth and nitrate
reductase (NR) isthekey enzymeinthisprocess®¥. In
greenagae, fungi and higher plants, reduction of nitrate
to nitriteiscataysed by nitrate reductase, an enzyme
complex of higher molecular weight which contain FAD,
cytochrome and molybdenum as prosthetic group.
Nitratereductaseisaninducibleenzymeinplantsandit
isinduced by nitrate?,

Mo as a cofactor is required for the transfer of
electronsfrom NADH, to nitrate. The source of the
reductant iseither frommitochondrid e ectrontransport
inthedark or photosynthetically produced reductant in
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thelight®. Nitratereductase enzymeisvery sensitive
to heavy metals because they have an affinity for
sulfhydryl groups.

Inthepresent study, lower dosesof S significantly
increased the NR activity in boththetest cropsnamely,
cowpeaand wheat. Higher concentrationsof Si (400-
800 ug gt) ledto asubstantia decreasein NR activity
in both the test crops (TABLES 1 and 2).
Choudhary?y, Madhwani?@ and Surana?? also
observed areductionintheactivity of nitratereductase
in crop plants at higher levels of Cr, Se and Li,
respectively. Inthe present studies, thereductioninthe
NR activity at higher concentrationsof S might bedue
to inadequacy of the reducing power, binding of SH
groupsof enzymeand replacement of molybdenum from
theenzyme?4,

According to Ghosh et al . thedecreased yield
of potato caused by salt stresswas dueto nutritional
imbalance resulting in theinactivation of enzymesuch
asnitratereductase (NR). NR containsboundironand
its activity has been reported to decrease in iron
deficiency!?,

Si has positive benefits to cellular protection,
especidly under sat stress?”l. Mdi and Aery™®® observed
that S playsanimportant rolein plant physiology and
inducethedry matter production, nodulation and upteke
of nitrogen in cowpea plants. Kumar and Singh/?
observed high positive correlation among NR activity,
grain protein concentration and grainyield per plantin
maizeleaves. They suggested that leaf NR activity could
be useful asamarker enzymefor N content in plants,
grain protein concentrationand grainyield.

Resultsof present investigationindicated that higher
concentrations of Si were positively correlated with
peroxidase and polyphenol oxidase activity and
negatively correlated with nitrate reductase activity
(TABLE 3). Theseresults seem to suggest that Si is
involved inthe metabolic or physiological activityin
plants exposed to abiotic stresses.

REFERENCES

[1] E.Epstein; Annual Review in Plant Physiology and
Molecular Biology, 50, 641-664 (1999).

[2] M.Mdi, N.C.Aery; Journa of Plant Nutrition, 31,
1867-1876 (2008a).

e, BIOCHEMISTRY

Hn Tndéan g%wumé



82 Effect of silicon on the activity of peroxidase, polyphenol oxidase and nitrate reductase

BCAIJ, 6(3), 2012

Regular Poper ===

[3] M.Mdi, N.C.Aery; Communicationsin Soil Science
and Plant Analysis, 40, 1041-1052 (2009).

[4] Y.C.Liang, Q.R.Shen, Z.G.Shen, T.S.Ma; Journal
of Plant Nutrition, 19, 173-183 (1996).

[5] Y.C.Liang, Q.Chen, Q.Liu, W.H.Zhang, R.X.Ding;
Journal of Plant Physiology, 160, 1157-1164 (2003).

[6] N.C.Aery; ‘Manual of Environmental Analysis’,
CRC Press, USA, (2010).

[7] M.J.Stout, JWorkman, S.S.Duffey; Journal of
Chemical Ecology, 20, 2575-2594 (1994).

[8] T.Pandolfini, R.Gabbrielli, C.Comparini; Plant Cell
Environ., 15, 719-725 (1992).

[9] R.A.Singh, N.K.Roy, M.S.Haque; Indian Journal
of Plant Physiology, 6, 406-410 (2001).

[10] GStenlid; Phytochemistry, 15, 911-912 (1976).

[11] L.Jiao-Jding, L.Shao-Hang, X.U.Pei-Lei, W.Xiu-
Juan, B.Ji-Gang; Agricultural Sciencesin China, 8,
1075-1086 (2009).

[12] X.Wang, Z.Wei, D.Liu, GZhao; African Journal of
Biotechnology, 10(4), 545-549 (2011).

[13] S.T.Ahmad, R.Haddad; Czech J.Genet.Plant
Breed., 47, 17-27 (2011).

[14] L.A.Del Rio; Life Chem.Reports, 1, 1-33 (1983).

[15] D.A.Rabby, L.W.Mapson, T.Swain; Nature, 201,
503-504 (1964).

[16] H.Hyodo, I.Uritani; Plant Cell Physiology, 7, 134-
144 (1966).

[17] M.Cherif, A.Assdin, R.R.Belanger; Phytopathol ogy,
84, 236-242 (1994).

[18] Y.C.Liang, W.H.Zhang, Q.Chen, R.X.Ding; Environ.
Exp.Bot., 53, 29-37 (2005).

[19] H.S.Srivastava; Phytochemistry, 19, 725-733
(1980).

[20] L.Beevers, R.H.Hageman; Ann.Rev.Plant Physi-
ology, 20, 495 (1969).

[21] P.Choudhary; Studies on the Effects of Chromium
on the Growth and Metabolic Activities of Certain
Speciesof Plants. Ph.D. Thesis, Mohanla Sukhadia
University, Udaipur, (2003).

[22] PMadhwani; Studies on the Effect of Selenium on
the Growth and Physiol ogy of Certain Plants. Ph.D.
Thesis, Mohanlal Sukhadia University, Udaipur,
(2005).

[23] A.Suarna; Studies on the Effect of Lithium and
Vanadium on the Growth and Metabolic Activities
of Certain Speciesof Plants. Ph.D. Thesis, Mohanlal
Sukhadia University, Udaipur, (2005).

[24] S.Venkatramana, K.Veeranjaneyulu, V.S.Rama
Das; Indian Journd of Experimenta Biology, 16(5),
615-616 (1978).

[25] S.C.Ghosh, K.Asanuma, A.Kusutani, M.Toyota; Sail
Science and Plant Nutrition, 47, 467-475 (2001).

[26] S.C.Agarwala, C.P.Sharma, S.Farooq, C.Chatterjee;
Can.J.Bot., 56, 1905-1908 (1978).

[27] L.E.Datnoff, FA.Rodrigues, K.W.Seebold; Silicon
and Plant Disease, in L.E.Datnoff, W.H.Elmer,
D.M.Huber, (Eds); Minera Nutrition and Plant Dis-
ease, The American Phytopathological Society,
USA, 233-246 (2007).

[28] M.Mdli, N.C.Aery; Journal of Plant Nutrition and
Soil Science, 171, 835-840 (2008b).

[29] S.N.Kumar, C.P.Singh; Indian Journal of Plant
Physiology, 6(2), 152-157 (2001).

BIOCHEMISTRY (mm—
A Indéan ﬂo«/md



