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f - Abstract

Treatment with SA and GA at 1 and SmM, mastly clevaied tae
vaiues of nitrate-, nitrile-, ammonia- and amide- N in Viciz fobe sseds
and seedlings compared with those of the unirenied ones, dering the
whole experimental period. Vicia yaba seedlings impased to I and
SmM SA and GA resulied in progress'_‘wc incréases in the conlents of
to1s] free amino acids. Treatment with GA 2t 1mM, resulted in the
4 highest level of wtal fre2 amino acids throughout the experimental

pericd. Conversely, vsing both types of phenolic acids at 1 erd SmM,
mosily reduced the protein-N and 1otal-N amounts during the different
ages of gemination and seedling growih as compared 10 the contro]
ones, but unlikely, 1otal soluble-N was varisbly changed due to these
phenolic acid trearments.

The higher concenrstion {(SmM) of phenolic acids employed
comparably reduced the amounts of DNA and RNA than ths conrnl
amounts while the Jow ¢oncentration. of these zeids {LmM) increasad
them especially at the later ages of seedling growth (7 and 14 days). A
compleiely revarsed sitnation was realized reparding the activilies of
the nuclease anzymes DN- ase and RN - sse it raising the
concentration of SA and GA from I to SmM miscd the aclivitics of
these hydrolytic cnzymes.

Nitrate reductese acrivity (NRA) wes markedly elovated sbove the
coniol activity especially at the later ages of seedling growth (7 end.
14 days} due 1o vreatment with SA and GA. On the other hand, nitrite
reduciase pedvity .(NiRA) was either generally reduced as 2
consequence of treatment with SmM of SA znd GA ar highly
accelerated due 1 application of ImM of the same acids as compared
to the cortrol 2ciivities st all ages of genmination and scediing

.

growth, slthough 5mM GA increas=d this enzyme sclivity at the lalest -

age of growth (2 weeks).

Rey words: Vicia faba, Gallic acid at ImM: GA1, Gellic acid at 5 mM: GAS,
Salicylic acid at ImM: SAI, Salicylic acid at SmM: SAS, Nitrate reductase activiry:
NRA and Nirite reductase activiry: NiRA.
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Introduction

Phenols and phenolic 2cids are of considerable importance in the regulation of
plant growth and meiabolism (Wain and Taylor, 1965 and Jain and Srivastava,
1981 a,b). Although their role as a plant morphogenetic regulator is well established

(Asthana and Srivastava, 1978), there has been linle study of the mechanism art the

molecular level.

Phenolic derivatives of benzoic acid and cinnamic acid are commonly found in
soils and many of ihese compounds are considered allelochemicals (Rice, 1984).
Phenolic allelochemicals are released by plants into soils as leaf leachates, root
exudates, and by plant tissne decomposition (Guenzi and McCalla, 1966; Tukey,
1970 and Rice, 1984). '

The resulis of Glass (1974) and Glass and Dunlop (1974) showed that
p’henolics have nonspecific effecis on root cell membranes and therefore on ion
uptake, and that the degree of inhibition of ion uptake caused by a phenolic
compound is correlated with its lipid solubility and its ability to'depolarize the
membrane potentials of root cells, Many phenolic compounds are known to possess
chelating properties (Clemetson and Anderson, 1966). In fac, SA accelerates
leaching of soluble nitrogen from maize endosperm (Jain and Srivastava, 1981 a).
In addition, SA may induce NRA by interacting with the NR specific inhibitor
which has been shown in many systems (Srivastava, 1980). It was found that
incubation of both roots and shoots of maize with nitrate and low concentration of
SA increased nitrate reductass activity (NRA) but did not affect nitrite reductase
acivity (NiRA), while using high conceniration of SA decreased NR and NiR
activities (Jain 2nd Srivastava, 1981 a.b), '

This study was carried out to investigate the changes in the nitrogen and
nucleic acids (DNA and RNA) contents and DN ase, RN ase, NR and NiR
activities in Vicie fuzba (cv. Giza 402) seedlings imposed to low and high
concentrations (1 and SmM) of salicylic acid (SA) and gallic acid (GA).
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Msterials and Methods

Plan{ material and growib conditions:

v Deiziled growth condidoas for the germination of Vicia faba seeds (cv. Giza
- 402) and their reatments witk phenolic acids (gallic acid and salicylic acid) have
*haen previously described (Ronshdy er al under press) and-are only brizfly outlited

fiere.

Seeds of Vicia faba were germinated in 5 groups of plasu'é pats, each grnup'ﬁ
“consisted of 8 pots and each pot contained 15 equal seeds and recieved 15 cra™ of
the following solutions: The 1st group received distilled warer to represent we

control treatment, the 2nd group received salicylic acid (SA) solution at ImM, fbe
3rd group received SA at 5SmM, while the 4th and 5th groups received gallic acid
(GA) at 1 and SmM respectively, After 1,2,7 and 14 days, germinated seeds and
seedlings were harvested and quickly oven - dried at 80°C for nitrogen estimation,
air - dried for nucleic acid determination or kept frozen for the assay of enzyme
activiries. (During the experimental period, all pots were maintained under constant,
climatic conditions; day / night temperature 22-18 °C, ralative air humidity 60-65%,
12 h day length).

Methods of analysis.

Nitrogen determinalion: )

Total-N and total soluble-N were dstermined by micro- kjeldahl after digeston
in sulphuric ecid (Strauch, 1265). Subtreeting the toal soluble-N from dhe total-N
gave 1hc value of protein-N. Totl fres amino acids were estimated colpurimemically

by ninkydrin method as edopred by Muting and Kaiser (1963). Estimations of

© NO,-N, NO,-N. NH,-X and amide-N were caied cut sccording to methods

+ gaseribed by Snell 2ad Snell, 1949; Snall and Snell, 1939; Delory, 1949 and
Naguib, 1964 respectively. B )

Determination of DNA and RNA

DNA and RNA were extracted and determincd 2ccording to the metheds
Ceseribed by Schnetder (1945} 2nd Ogur and Roser {1950} ’
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Enrzyine assays:

Enzymes studied in this work were cstimated in the crude exmacts that were
srepared by homogenizing 1-5g fresh plant tissues with Tris-HCl buifer at pH 7.4
1Guzrrier and Struliu, 1950). The homogenates were cenmifuged at 7000g for

30min. and the supernatants were directly used for the enzyme assays.

Ribonuclease (RNase) and deoxyribonuclease (DN ase) were assayed by the
method of Wilson (1968) using RNA and DNA as the substrates, respectively.
Activities of nitrate reductasz (NR ) and of nitrite reductase (NiR) were assayed in
vitre and NGZ concentrations were measured colourimetrically (Stevens and Ozks,
1973 and Losada and Panaque, 1971).

The activity of each enzyme was expressed as { AxTV) / txv. where Aisthe
ghsorhance of the sample after incubation minus the absorbance at zero time, TV is
the wial volume of the supematunt, t is the time (in minutes) of incubation with
substrate and v is the total volume of the supematant taken for incubation (Fick and
Qualset, 1975).

Resnits and Discassion
Changes in DNA and RNA contents and DN ase and RN ase activities:

Resulrs presented in table 1 show that there are marked and progressive
increasss in the relative conients of DNA and RNA comelated with the increase in
se=dling age from 1-14 days, Throughout the experimental period, Vicia faba
saedlings imposed 10 GA1 contained the maximum level of nucleic acids while
seedlings imposed to SAS contained the minimum level. The order of increase in
these contents in seedlings grown with SA1 and GAS and untreated scedlings were
as foltows: control > GAS5> SAI after 1 and 2 days and SA1> control > GAS after
7 and 14 days.

The pattern of cbanges in DN ase and RN asc activities, in response to the
different reatments applied, was, more or less, the reverse of the DNA and RNA
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pehaviour. The rate of DNA and RINA hydrolysis in ssedlines imposad io the Jow
and high concenmation of SA and GA were suzczesively less and raoze then thatin
the control seedlings. Thase increases and decreassas in the nucleic acid contens are
Suraliz} (0 the changes in the growth retes of Vielz o6 ssedlings mown with | ang
SaMi SA and GA (Abdalla, e 2l, ungerpress). o

In s connaction, Foves and Siroknian {1968), Kefehi (1978) 2nd Haisanein

o1 61 {1987 sinted that, ihe natural phenolic inhihitors daclined the nucleic «2id
{RNA and DNAJ content in ihe rrezted planss, 1t is known that phenolic acids
veduce plant water uiilization (Blum and Dalion, 1985 and Booker ez al, 1982),
surgor and csmotic pressures and close stomeata (E_inhcllig &t ai., 1985 and Booker
et al., 1992). According to Xessler ¢r /. (1564}, Sheoran and Garg (1974) and
Hassanein and El-Telwany (1989) waisr stress induced by phenolic wreatments
strongly suppressed the KNA and DNA conent. A dectease in RNA was attiboted
to intensified activity of cytoplasmic RN ase.,.whe.reas reduced DINA content was
auributed 10 impairad synihesis and / or due to enhanced DN ase acivity under
water sress conditor. On the other hand, Rauser 2nd Hanson (1965) showed that
saline treatments caused lsakage of divalent cadons (Ca"L"L and MgH) which
normally stabilize riboscmes apains: endogenous nucleases. Many phenolic
compotnds are known 1o poss2ss chelating properiies (Clemetson and Anderson,
14353, Chelation of some imporant elements of celluler 2nd organcllar membranes,

ikemby increases thelr permaability.
Changes in NR and NiR activities:

Tablz 2 shows that the aciivitisz of MR wnd Ml measured in Vicia feba
scedil.os exposed in e Aiffirent teaments showed marked progressive insresses

1

trvoeaids the expe Tmenid end (except NRA of the control that sharply declined at

~d

d-2). Tha pattern oi nereasas =t NRA was: GAS> SAL> conrol» 845> GAl st}

ey

rd Z42ys whearcas ‘tyas: GASx Salx SALr 545> conirol st 7 and 15 éays.

On iz other hend, MiRA wis w the ovdar oft SAT> CGALS control> EAS> A%

3

Ler 1.2 a0 Tdgys wine o7 Gadds GASe SA L coatrot - SAS, atihe Onal
v rrmere Tlory Yl rT N fsap iy agee of peoTinadion) and NiRA by
=y
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«5mM SA es observed in this experiment is consistent with the report of inhibition of
~NRA and NiRA by higher concenmations of phenolic acids (Schrader and
Hageman, 1967 and Jzin and Srivastava, 1981 g,b).

In addivion, Jain and Srivastava (1981 ab) demonstrated that in maize
- seedlings a low concentration of SA increased NRA while bad no effect on nimite
‘reduciase activity (NiRA). The increase in NRA in tesponse to SmM GA is
" supported by the data abtained by Knypl (1974) who found that 10mM chlorogenic
“acid induces NRA in cucumber cotyiedons. The recorded influence of the used
+phenolic ecids on the activities of both NR and NiR may be based on the following
factors: a- Phenols may interact with specific inhibitors which has been shown in
many systems (Srivastava, 1980). b-SA may allow the free access of metabolites
involved in ﬂle induction of NRA (Jain and Srivastave, 1981 a). c- Phenols may
affect the balance berween synthesis / ectivation and degradarion / inactivation
processes of NR as reported by Jain and Srivastava (1981 a). d- Altematively the
effects of phenolic acids especially polyphenolic acids {GA) on the activifes of NR
"and NiR may be mediated via phytobormones. Many phenolic compounds are
known to provide protection to auxins against oxidation (Schneider and Whiwman,
1974; Wilkins, 1979 and El-Telwany ef al., under press).

Changes in the nitrogen contents:

When comparing the values of nitrate-, nitrite-, ammonia - and amide-N
detected in unereated Vicia faba seeds and seedlings during the whole experimental
period, these fraction were remarkably elevated in SA and GA treated - plants (at

-goncentmations of 1 and SmM) although during the first 48 hours, slight reductions
" were determined in response W both GA treatments (1mM) in nitrate-N and (SmM)
in amfde-N and SA mreatment (StaM) in amide-N (mble3).

4. Treatment of Vicia faba seeds with 1 and S5mM, SA and GA resulted in

~ progressive increases in the amount of total free amino acids. Its content was either
~increased (during the first 48 h ) or decreased (at 7 and 14 days) above and below
" those determined in the control seedlings, whereas seedlings imposed to GAl
- contained the highest level of total free amino acids throughout the experimental
period.

(29)
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Conversely, using both types of phenolic acids at 1 and SmM, mosty reduced
the protein-N and total-N amounts during the different ages of germination and

seedling growth as cornpared to the conirol cnes.

As regard to the total - soluble-K fra};ticn cstimated in both phenolic acids -
treated plents, it either markedly iﬁcrcas:d dus to ImM GA (at 2,7 and 14 days),
$mM GA (at 7 arnd 14 days) and 1 and' SmM SA (at 7 days only) or mostly

* gecreased dug to 1 and 5mM SA (at 1,2 .and 14 days), ImM GA (at 1 day) end
5o GA (at 1 and 2 days) sbove and below the contral

Generally speaking, GA (1 and 5mM) applied to Vicia faba seeds,
considerably increased both total-N and all soluble-N fractions as compared to SA.

Nitrogen is ¢ ¢rucial element in determing the rates of CO2 fixetion and plant
growth (Winter, 1985 and Nobel, 1988). Several studies have found a lower

nineral content, including nitrogen element, in plants treated with phenolic acids

(Jain and Srivastava, 1981 2; Balke, 1985; Kobza and Einheilig, 1987, Mersie and

— Tl L

Singh, 1988; Klein and Blum, 1990 and Booker 7 al., 1992). The toisl niwogen,
organic nitrogen and protein contents of the maize embryonic axis {root + shoo?)
from seedlings raised with 10mM Ca (NO3), were substantially higher than those
from the contro! when low conceniretion of SA Was applied, whereas the nitrate
coments at higher concentration of SA in bothk minus and ples nitrete seedlings wesé
siguificantly lower than in their respective controls (Jain and Srivastava, 1981 ab).
In addidon, Ahmead, (1987} found that Na-salicylate i 4000 and 8000ppm resulted
in significant increasss in grain protein content in wheat at beginning of _mz_xmraﬁon

and non-significant changes later oa.

The genera! decline in protein, DNA =r#ENA conénts with concomitant
marked and progressive increases in total fres anino acids and emide-N contents in
Vicia faba seedlings imposed to SA and GA may be auributed either directly to the

increesed activity of the proteclytic enzymes orfand the increzsed aetivities of DN

(30)
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‘ase and RN ase or indirectly to the induced water deficiency caused by these
phenolic acids at least in seedlings imposed to 5mM SA and GA (Kessler er al.,
£ 1664; Sheoran and Garg, 1978 and Booker e1 al., 1992). The gencral progressive
“{ncreases in the nitraie and nitrite contents accompanied by a remarkable decline in
* protzin and total-N abserved in the present study are in accordance with results of
« hoth Kessler end Oesicrhald (1970) who observed nitrate generation and NRA in
N-starved algae and Funkhouser and Garay (1981) who suggested that reduced
! nirogen compounds are oxidized to nitrate in seedlings of higher plants and algac.
¥ 4 comelation between WRA and NiR A and organic nitrogen as observed in several
systems (Johnson er. al., 1976 and Peuke and Tischner, 1991) suggests that these
enzymes are operative in the assimilation of nitrate and nitrite. These conclasions
support the resulis obtained in our work, where the progressive increases in nitrate
and nitrite nirogen contents were accompanied ‘with increased NR and NiR

eciivides.

The progressive decreases in the total-N contents in Vicia faba seedlings
imposed to the used phenolic acids, as compared with the results of the untreated
seedlings, may be attributed to the accelerated efflux of some soluble metabolies in

 response to the applied phenolic acids or/and to the increased demand of soluble N
-as & prerequsite for intensing growth rate at this period {Clemetson and Arderson,

© 195%; Jain and Srivaétava. 1981 a ; Hassanein er al ., 1937; Bergmark, 1990 and
Abdalla, et al., under Press).
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Table (1) Effect of salicylic acid and gallic acid on the changes of DNA and RNA
contents and DNase and RNase activities during seed germination and
early seedling growih of Vicia faba . Each value is the average of three

replicates (* sd).

I. %:g Concgf{-nﬁun DNAmu g-ll &y j:: | DN - ase RN ase
: —= =
: Comrol @,0) | 06202 | 16803 | 19818 485£45
il SAl 048 £0.1 1.03 £ 02 21.5% 1.5 513+ 3.6
{1 SAS 0a1£01 | ogszoz | 25323 | 636%31
GAl 0.78 £ 0.2 2.11£03 209 %22 436%34
GAS 0.58 £0.2 1.18£ 0.3 236119 56.5+2.8
Control @L,0) | 09802 | 231£03 24820 | 59264
SAl 0.7210.2 1.68 0.1 23.6%18 63335
2 SAs 05801 | 137302 | 273%18 665+ 3.1 .
GAl 1.10£0.3 2.6610.2 22.6 1.5 547137
GAS 0.82£03 1.98 £ 0.2 26.1 £ 1.6 648 %51
Control (H,0) | 1.16 0.2 2.66 £ 0.3 232£22 69.7%5.3
SAl 1.37+0.2 34003 21.3£0.3 62.7+4.3
7 SAS 0.83 0.2 214102 25.6x1.7 76.813.8
GAl 17803 | 38701 108220 | s8.4xs26 |
| ' GAS 101 203 233102 243523 | T4.9%3.6
|| Conmair,0) 160203 3.84+0.2 193809 | 48.5:63 '
1 - SA1L 1.92+0.2 405403 16.8+1.1 40.6+5.0 y
1 SAS . 1.30%0.2 3,23+0.2 24.4%1.5 54.644.4
' GAl 2.2910.2 468403 |- 15.6£20 | 36733
GAs 1.4820.1 3.630.3 23.131.6 52.4%4.1
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Table (2) Effect of salicylic acid and gallic acid on the activities of NR and
NiR enzymes during seed germination and early seedling growth
of Vicia faba. Each value is the average of three replicates (¥sd).

Are/ | Concenmration N'va -1 NiR,l -1
day mM mgNO, h™ g fr.w. mg NO, h™* g™ fr.wt.
Co@uol (H,0) o 60x4 - 4543
" 8A1 - 66x4 . 5443
1 " sAs 50+4 3643
‘ GAL 4213 504
GAS 8313 33+4
Conmol (H,0) 70%5 G0+5
SA1 785 T4+ 5
2 SAS 54+2 54+5
GA! 4812 6614
GAs 8415 45+ 4
Conirol (H,0) 3313 -66 *5
- SAl1 87138 . 949
7 SAS 7818 60+ 4
GAI 10010 816
GAS 124+ 10 5616
Caritrol (10) 846 7848
SAl 114110 6818
14 - 5AS 949 74+8
.~ GAI1 125+9 : 144 £10
GAs 164+ 11 1104 15
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Table (3) Effect of salicylic acid and gallic acid on the changes in the nitrogenaus constituents during seed

germination and early seedling growth of Vicia faba. Each value is a mean of three replicates (t sd)
and expressed as mg m-_ dry weight.

Cencenteation | Total free Nitrate -N { Nitrite-N | Ammonia-N | Amide-N Total Total-N | Protein - N
mM | amino nacids Soluble - N

Comrol (1,0) | 0.8 +0.15 [0.38 £ 0.08 {026+ 0.03 {0.09+0.01 | 086+0.2 [ 30.0%£3.0 | 726+ 5.1 | 426 3.5
5A1 414031 |0.73+£0.10 |027+0.03 |0.15£0.02 | 098201 | 102+ 12 | $9.7:+4.5 | 49.5133
5AS 162018 ]051£0.10 0294003028002 | 04501 | 7.6+05 | 446142 | 370133
GAl 514041 [0.15+001 |028+0.03 {034 £0,02] 118+£03 | 21.6£19 | 669+3.6 | 453:+4.1
GAS 244041 {120£02 |032+£002 0461006 | 0.63+02 | 20.1£2.6 | 62.0£3.0 | 419t 4.1

Control (H,0) | 17 0.11 [04820.05 [024£0.02 )0.06: 001 | 081402 | 252150 | 664433 | 412 £4.5
sal | 51:+033 |090:£0.04 | 026002011003 1.22::02 | 16825 | 49.6+3.1 | 3281238
§AS 244031 |062%003 [0.28£0.02(021+0.03| 063£01 | 12625 { 368120 | 242125
GAl 651042 [090+008 |027£002]026+003 | 15303 |302+33 | 603145 | 30.1125
GAS 3.8+034 | 135201 |030+002[038+0.03 | 100102 | 240£33 | 52241 | 282132

Control (M0 | 8- £044 [0.23£0.03 [0.24 £0.02]0.12+0.02 072+01 | 194+26 | 573£53 | 3791 3.6
ga1 | 63£050 [1.15£0.09|025£0.0270.182002 | 12903 | 29.6:£3.1 | 39.813.6 | 102+ 1.6
$AS 304036 [0.90+£0.09 [027+0.020.18+002] 09802 | 276133 | 323+3.6 | 47105
GAL 120 £0.55 [1.65£0.11 (0261002 {036 £0.03 | 1.62+0.3 | 402£4.0 | 49338 | 9.1104
GAS 48+037 [233£0.18 | 0.30£0.02 | 044 £0.03 | L17£02 | 33.6+41 | 41.2+40 | 7.61£ 09

Control (H,03 | 160+ 1.80 [0.58 £ 0.15 [027 £ 002 [0.18£001 | 141203 | 272424 | 546+3.1 | 274+ 23
a1 144 £1.31 [180::0.28 | 0280020282001 | 1.8+03 |240+24 | 36630 | 126 L1
SAS 10545086 {1.10£0.14 |030£002 | 036 L001 | 1.53+02 | 21618 | 28428 | 682 1.1
GAL 1751445 1210 £0.15 | 0.29+002 1056005 [ 2.7+ 05 | 338420 | 450+ 25 | 11.2%+ 1.5
GAS 119423 [263+£035]033:£0.02{080+008 | 162103 |31.0+33 | 40335 | 93208

s

-t —-r
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