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Tretment iti ة SA anD GA at 1 a dح 5mh, m.aslly clevatcd tc
vتa ues of Ritrate-. niuiue-, ammonia- and amnidc- N in Vicicfabc seads
and secdling9 comprcd viuh whose of Dhe wnteated oaes, duning tc
whole epenimenلt perod. Vcia jaba sعedlings imposed u 1 and
5mN SA and GA rsت ued i progressfve i crcascsم in te contenUs of
oهu l frce amino acids. TreALmenL wiy CA at 1mN, rEsulted in whc
highest level of uoاl fee amino Ecits throughout the exprimcnLAI
peridd. Converscly, Dsing boU Tys of phenolic acids at 1 rع 5m,
mosLly reduced te prouein-N and utal-N amonUs during uhe diflerent
ages of geminauion and sccling hدrowع as compared to whe contol
ones. but unliely, uoاl soluble-N w asب vaniably change due to tese
phenolic acid teaLen4s.

The higher concenuuion (SmM) of phenolic acids emnploycd
comparably reduced e emonكL of DNA and RNA than the contol
amouns whie uhelow 6onceuaLion. of uhese ecids (1mM) increAsd
tem especiAlly at the Later ages ofsccdling gTowh (7 ndه 14 d ys).Aع
complELelyrevrsed sitaUio was realiEd regarding te actviuies of
te nuclease anzyines DN- ase end RN • ese i.٤ raising tc ،
cocenueLo of SA and GA from l ta 5mM mised uhe acUvitcs 0f
thesE fyrolytic cnuyes.

Niuale relucuعseac!ivity @NR) ves mTakedly elzatcd 3bve uhe
conGol activiry cspcieliy at We later ages of seedlig grOwU (7 snd.
14 days) duE o Leuen wiiL SA and GA, O the oher hand, niunite
reducuAse Acuivivy ،(NiRA) was eiuer geerelly reuced as a
consegucnce of reatnentا wiu 5mM ٥f SA and GA or hiENly
acععlerated dueLo applicaUion of Imh of th sams acids as cora3تp ed
to ue corumo] aciiyiuies et agcs اله of geminauion and sdtdLing
grwuh, elthough 5mM GA ivreagcd this enzyme Euviy at thc Laاعst
ageof gmowth {2 eks).
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Kعy words: Vicia aba, Gallic acid at 1mM: CA1, Cellie aeid at 5 mM: GA5,
Salicylic acid ar 1mM: SA1, Salicylic acid at 5SmM: SA5, Nitate reducLAse acDiviry:

NRA and NiBite rcducuase activiry: NiRA.

{24)

• و ا «ب



 :ج

-2-

Ltroduction

Phenols and phenolic acids are of considcable importance in the regulation of

,lant growth and metabolism (WWain and Taylor, 1965 and Jain aud Srivasuavaج 

1981 a,b). Although teir role as a plant morphogeneuic regulator is wvell establishad
(Asthana and S>ivasrava, 1978), there has been liTle sndy of the mechaniجs ar te

1nolecular level.

Phenolic derivatves of bcnzoic acid and cinuaصic acid are commony fond in

soils and many of these compounds are considered allclcchemicals @Rice, 1984).
Phenolic allelochemicals are relcased by plants into soils as leaf leachates, rOot

exudates, and by plant tissne dccompositon (Guenzi and McCAlla, 1966; Tukey,

1970 and Rice, 1984).

THe results of Glass (1974) and Class and Dunlop (1974) showad uhat
phenolics have nonspecifc effects on rot cel membranes and therefore on ionم 
uptake, and that the degree of inhibition of ion uptake caused by A pbenolic

compound is conelated wit ius Lipid solubiliry and ius ability to depolarize the

memnbrane potentials of mot cels. Many phenolic coupounds are hNOwn tO pOSSess

chelatng propcruies (Clemetson and Anderson, 1966). Ln facL SA acccemates
leAching ofsoluble nirogen fom maize endospemm (Jain and Srivastava, 1981 a).

In addition, SA may induce NRA by interacDng with the NR specific inhibitor
which has been shown in many systems (SIivastava, 1980). It was found what

incDbation of bth rots and shoots of uAiae with nitte and low concenuaDon of

SA increased niurate reucuass acuvity (NR) but did not affect nitite reductase

aciivity (NiRA), while using High concentaton of SA dccreased MR and NiR

activites {Jain and SrivastavE, 1981 a,b).

This study was camried out to invesuigate the changes in the nitogen and
nucleic acids (DNA and RNA) contents and DN ase, RN ase, NR and NIR
aciivites in Vicia faba (cv. Gia 402) secdlings imposed to low and high
concentations (1 and 5mM) ofsalicylic acid (SA) and gلa hic acid (GA).
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Materials ann Methods

5 Deieiled growh conذ iUoas fo: uhe gemnIinaUion of Viciafaba seEds (cv. Giza

Flant material antd [roRtb conditions:

·402) and their treatments with phenolic acids (galاic acid and salicylic acid) :tve
-Eeca previoysly describcd (Roushdy er al und=rprcss) andare only bi±fly outite

Fere.

Seeds of Viciajaba wemE gcminated in 5 gmoups 0f plastc pots, each moupع
. ٠ • .3'consisted of 8 pots and each pot contained 15 cual seeds and recieved 1 cm' of
2he following solutions: The 1st group received dsلt ld warer to Iepresen: tie
control treetnent, tHe 2nd goup reeived salicyLic acid (SA) so!uton at ImM, t eخ
3mD group received SA at 5mM, whie the 4uh and 5th groups reccived gaلlic acid
(GA) e٤ 1 and 5mM respcctively. After 1,2,7 and 14 days. eminated ع seeds and
secdlings were harvested and guickly oven- dried ar 80C for nitogen esDهaDion,
air - died for nuclcic acid determination or kept frozen for the assay of enzyme
activites. ODuring the eRpcnimentAl peiiod, pots تلك were mintained under consuant,
climatic condidon5; day / night teuapenanure 22-18 'C, relaiive air hنdنmu ty 60-65%,
12 h d yق lengU).

Methods of analysis.

Nitrogen determinatior:

Total-N and tota} soluble-N ereع detمime ed by micr Kjeldahl aftcr digcsDon
in sulphuriE ecid (STeuch, 1965). Subtacting the t0لقذ soluble-N frm te total-N
gave LHc value of pmtein-N. Totl fee amino acids were esDmated colouriهeuiلlا y
by niniydrin merhcd as adop?cd by Muting and Kaiser (1963). Esrimations of
N0,-N, 20,-h. NvH,-i and c-i& تصه were camried ut ت acccrding to metمds
descriLcd by Snell aad Snel, 1949; Snell end Snell, 1939; Dclory, 1949 d صه
Nagib, 1964 respcciively.

Determination ? DNA cHd RNA

DNA and RNA werE cxtrected and dstemind according to te mnد thRs
c±sbcdl by ScineIdcr (1945) aم d Ogur and Rosen . ز1950)
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Erzyme assays:

Enzymaes studied ir this wori were csDmated in the cnude extacts tat wer

epared by horogenizing 1-5g fesh plant tissues wiit THs-HCI buifer atpH  :ج7.4

Genو ier and Suم LX, 19g0). THe Homogenaes were ceaaifged at 700g for

30.3in. and thie sUpemataRtsere directly usei far the enzyme assays.

Ribonuclease (RNase) and deoxyriboauclease (DN ase) were assayed by te

metiod of W٦ilson (1968) using RNA and DNA as the subsTrEtes, respccDvely.

ActiviUies of nitrare reductass @NR) and of nitite reducTase @NiR) wvre assayed i

vitc and N0و concentatons were mEeasuedl colourimetically (Stevens and Oaks,

(.nd Losada and Panegue, 1973 ة1971

The ativity of each enzyae was expressed as ( ATV)/ tv. where A is the

absorbance of the sample after incubation minus the absorbance at zEro DimE, TV is
the tota] volume of te supemAtnt, t is the Dime (in mنnutes) of incubation with

substrete and vis the total volume of thc supemnatant taken far incubaton @Fick and

Qualset, 1975).

Results and Discussion

Changes in DNA amd RNA contents and DN ase and RN ase activities:

ResulrS presented in table 1 shw that there are marked and progressive

increasEs in the relaDve contehts oF DNA and RNA conrelated wnit the increase in

seediing age from 1-14 days. Throughout the experimental period, Wicia jaha

saعdlings imposed ro GA1 conuained the maxirum level of nucleic acids whle

$&edlings imposed wo SA5 contained the minimum level. Tie order of i creaseص  iم

ht eه contents in seedlings gm0wn wiu SA1 and C5 and unteatcd sccdlings Weme

as follows: control > CA5> SAi after i a dج 2days and SA1> contol > GA5 after

7 snd 14 days.

The patcm of cbanges in DN ase and RN ase actvites, in response to the
diferent reatmcnts applied, was. more or less, the reverSe of the DNA and RNA

(27)
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thaviovr. Tie raae of DNA an& IlA Hydol;sis im seEdligs impvsخ d io ti3 io:

٤nd norE thzn :ir inn 5igh concenratior ofSA a=d GA rere sarcessivEly lessة 
:i4 c5:iarol scedlings. THAse increascs and dscraSes in tHe rucieic acid corter!s re ت

hanges in the grovh r3te5 cT IiciafEa s5e5iirgs grown wi1 ar5ن a!:>} :o theتج 

::1SA ard GA (Abislla, ٤1 al, uncempess}.

in :!iis connEction., Foves and Sirokamr {1959), Kefeli (1978) :n Haذ sancin

٢٤٤!. (19S7; stated uha5, the natural p!enolic imhibitors dechired tic nucleic zج id

(RNA and DNA) contcnt in iHe trezted p!ants. lt is 1aaon tha! Rhenolic acids
reduc= p!ant water uti!izauion (Slum and Dalton, 1985 and Booker et al, 199Z),

١٤gor end csmouic pressures and close sromratA CEinhcllg et at.,, 1985 and Boaker؟ 
e1 al., 1992). According :o Kessler er al. , ز1964) Sheoran and Gag (1974) and
Hassnein and El-Telwany (1989) water stress induccd by phenolic teateRts
sTrongly suppresed te KNA and DNA content. A decrease in RNA was attibUted
to iniensified activity of cytoplasmic PN ase, whereas reduced DNA content was

aimibuted vo impaire synIhesis and/ or due ro enhanced DN ase acvity under
ater stess cnditor. On 1he cther hand, RAvser and Henson (1965) showed thet

saline ،د بو treatments caused lEakage of divalent catons (Ca'· and Mg ') which
normally stAbilize riboscres Agaist cndogenous nucleases. Many pienolic

cocpounds arc Low ta possesr cheiating properties (CIenaetscn and Andrson,
1955). CHclation of some irporart eleraen:s ofcelulaz and oganelar mnembmars,
:Hcmeby ircreses uheir pemeability.

CRagc6 in NR and HiR activities:

TablE 2 sho:as 'hat 3H actiitiEs of NR aم d NiI measurzd ir Vicia fcba
sc:&!:،s e.pose Ir ·:+e dif: :rert tEfneats sHcwred varkcd prcgressivc increم ses
٣r٠.:٤:5 th± cxp ienil enE (ezcapt NRh ofhe control tha1 siap!y dvcire at7

.(١d;5» اجو د قي Ti٥ p٤tem q iacreascs .٦ 23vvas: GA5 SAL> contol> SA5> A1 نت =t]

.57s wtuarcs 'T 74as: (A5:. 5AL> SA.1> 54.5> conuro' at 7 and !4 d2;3.2،ج/ 

0٤٨;'٦ oi!!cr iznd, N:?} W±s 13 te ٥-dsr o£: SA1> CAI> <trol ت€5 SA3>45خ 

.1١-٤٣,2 :٢.٤7 dzy5 :i:= : <i.٦٦٤: رتت GA5> 3;،1- !c nRrcن : SA . ت at tHc 5:a;

 ل بي
٠ لاد ، ،٠٠ كي ،

0-٢ م0 .ج{·٠٣٤ لإ'٠ ا-م±-/«
·٤٠٥٥٠.٠ ، .إ بلا ة «
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-5mh SA es obsered in this cxpenimcnt is consistent wiit the reprt of inhibiton of
NRE and NiRA by higher concenrations of phenlic acids (Schreder and
I3geman, 1967 and Jain and SIivsuawa, 1981 .(b بع

In addition, iain and Srivastava (1981 a,b) demonstrated that in maize
scedlings a low concsnTation of SA increased NRA while bad no efiect on niuite

'rcductase actvity (NiRA). THe increase in NRA in response to 5uM GA is
suppored by tie dsta obtained byKnypl (1974) wbo found that 1OM chlorogenic
acid induces NRA in cucuaber cotyledons. The recorded influence of the used

&phenoBc ccids on uhe actviues ofbt NR and NiR may be based on uhe following
fEctors: a- Phenols mAy interect with specific inhibiuors whch has been show in
many systeas (Srivastave, 1980). bSA mAy w theبloهل fee access of metabliues
involved in the inducUon of NRA (Jain and STivastav, 1981 a). c- Phenols mAy
affcct rhe balance berween sythesis / acDvaDion and degradation { inactivaDon
pRcesses of NR as repored by Jain and Srivastava (1981 a). d- Altemativey uhe
efferts of phenoLic acids especially polypheDolic acids (GA) om te activides of NR
And NiR may be mediated via phytolomuones. Mصa y phenolc coupounds are
kmown to prowide protection to auxins against oxidation (Schneider and Whiaan,
1974; Wikins, 1979 and El-Telwany et al., under press).

Changes in the nitrogen contents:

When comparing the vAlucs of nitale-, nitrite-, ammonia - and aصide-N
detected in unteAted Viciafaha seeds and ceedliogs duing the whole crpcnimenعt ]
period, tese fraction were remarkably elevatcd iم SA d صة GA tcared -plants (at

· concenmations of 1 and SmM) a thoughل duning uhe first 48 iours, slight reductons
were detemined in respnse u bt GA trcatents (lmM) in niaate-N and (5mM)
in a de-Nح and SA qeauent (SmM) n ز amiعd -N (able3).

a seeds wit 1 And 5mM, SA and CA resulted inط Wieia faTreatent oبه٤. 
progressive increases in the amount of total fee amino acids lts content was eitherم 
• increased (during the first 48 H) or decreasad (at7 and 14 days) abve and below
those detemine in the conuol seedlings, whereas seedlings imposed to GA1أ 

' contincd the highest level of totAl fTee amino acids throughout the experirental
perio.

(29 ر
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Converscly, using boا types of phenolic acids at 1 and 5mM, mosty medvced

the protein-N and totaH-N aa ountsت duning the different ages of gemination and

.cedling growth as corpared to the contol oaes؟ 

As 1egard to the total - soluble-N fiactor cstiratcd in both phenolic acids -

1rated plents. it either rarkedly increasad due to 1mW GA {at 2,7 and 14 days),

5mM GA (at 7 and 14 days) a dص 1 and Sلm SA (at 7 days only) or mosty

- &ecreased due 1o 1 and 5mM SA (at 1,2 and 14 ,(d ysق m GAل1 (at 1 day) end

5mMGA (a٤ 1 and2 days) above and tlow the contal

Cenerally speaking, GA (1 and 5mM) applied to Wicia faba seeds,

cansidcebly increased both total-N and aلl soluble-N facdons as compared to SA

Nirogen is a crcial cleaent i detering te retes ofCO, fxAtio and plant
l studies have found a lowerة rowth (Winter, 1985 and Nobel, 198&). Severع 

miineral content, including nitrogen eleuent, in plAnts Teatcd witb phcnoLic acids

(Jain and Stivasuava, 1981 a; Balke, 1985; Kobza and Einheilig, 1987, Mعisre and

Singh, 1988; Klein and Blum, 1990 and Booker er al., 1992). The touقl nitogcn,
organic niLogen and prtein contents of the maize emnbryonic aris (rot + shoot)

fom seedlings raised wiu 1OM CA @NOو)و were substantially higher tAn tose

fom the control when low concenTetion of SA was applied, whereas the nitrate

contcnTs at higher conccnuation ofSA in botk minus and plus nitrete scedlings werE

sigifcantly Iower than in their respecdivc comols (Jain and SrivesuAva, 1981 a.b).

Ln additon, Ahmed, (1987) found that Ns-salicylate et 4000 ndه 8000pa resulred

i significant inceasss in grain protei crntent in wheat at bcginniag of matraton

and non-significant changes later oa. •
The genera! decline in protein, DNN eRNA contEnts vith concomitحa t

marked and progressive increases in totel free amino acids and amide-N contents in

Ytciafab saedlings imposcd to SA and GA may be amibuted either directy t te

increesed activiry of uhc prteolytc enzymes orfend the increascd aeDivities of DN

(30)
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ase and RN ase or indirecDy to uhe induced water defcicncy caused by these

phenolic acids at least in seedlings imposcd to 5mM SA and GA (Kessler e1 al.,

Sheoran and Garg, 1978 and Booker et al., 1992). The general progressive;1964ا 

"increeses in the nitraie ndة nitite contents accorpanied by a remarkable decLine in

' protein and total-N obscrvcd in Le preSent Study are in eccordance with resuls of
- 5oth Kessler end Oestcrheld (1970) ho ب observed nitate generaton and NRA in

N-suarved algae and Funkhouser and Garay (1981) who suggested that rduced

' niuogen compounds wre oxiنed to nitate in secdliags ofhghcr planrs and algae.

: 4 comTelation between NRA and NiRA and orgnic nitogen as observed in seveel

systms (ohnson er. al., 1976 and Peuke And Tischner, 1991) suggests thar these

enzys are operativ in the assimilaton of niuarc and niaite. Thesc conclusions

suppor the results obtained in our work, wbere ube progressive incrcases in nitate

and nitite nirogen contents were accompanied with increased NR ndع TiR

Actiwite3.

The progressive decreAses in uhe toual-N contenUs in Vicia faba seedlings

imposed to the used phenolic acids, as comparcd with the rcsults of the unDeated

seedlings, may be attributed to the acrclerated cfTux of some soluble metabolies in

rcsponse to the applie phcnolic ecids orand to the inceased dcuand of soluble N

.as a prcrcqusite for intensine gmowth rate at this periad (Clemctson and AnderSoD,

1955; Jain and SIivastava, 1981 a; Hassanein er al ., 1987; Bergmark, 1990 and

Abdalla, et ul., under Fress).
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Table (1) Etfeet of salicylic acid and gلa lic aoid on the changcs of DNA and RA
eontents and DNase and RNasE actvites during seed gemmination and
ear]y seedling growth of Vicia faba . Each valuE is the average of tree

replicates (± sd).

 ر

/Ageا CorcenTaton
DNA RNA RN aseDN -ase

d3y mم mg g-' yهم weight
B }

Conuol @H,O) 0.62 ± 0.2 1.68 ي0.3± 19.8 ± 1.8 48.5± 4.5

SA1 0.48 ± 0.1 1.03 ± 0.2 21.5 ± 1.5 51.3± 3.6

1 SA5 0.41 ±0.1 25.3 ± 2.3 63.6 ± 3.1
0.65 ± 0.2

GA 0.78 ± 0.2 2.11 ± 0.3 20.9 ±2.2 43.6 ± 3.4

GتA 0.58 ± 0.2 1.18 ± 0.3 23.6± 1.9 56.5 ± 2.8

Contl (O ر) 0.98 ± 0.2 2.31 ± 0.3 24.8 ± 2.0 59.2± 6.4

SA1 0.72 ± 0.2 1.68 ي0.1± 23.6 ± 1.8 63.3 ± 3.5

2 SA5 0.58 ±0.1 1.37 ±0.2 27.3 ± 1.8 66.5 ±± 3.1

GA1 1.10 ±0.3 2.66± 0.2 22.6 ± 1.5 54.7 ± 3.7

GA5 0.82 ± 0.3 1.98 ± 0.2 26.1 ± 1.6 64.8±5.1 "  .ة

Conmo1 @Hو O) 1.16 ± 0.2 2.66 ± 0.3 23.2 ي22± 69.7±5.3

SA1 1.37 ±0.2 3.40 ± 0.3 21.3 ±0.3 ١ 62.7±4.3

SA5 0.83 ±0.2 2.14 ±0.2 25.6±1.7 76.&±3.8

GA1 1.78 ±0.3 3.87 ± 0.1 19.8±2.0 58.4±+2.6

GكA ١ 1.01 ±0.3 2.33± 0.2 24.3 .غذ3 ١ 7493.6
 لا

١
١

٤  لا١

Cnrol (Oر) 1.60±0.3 3.84±0.2 19.3 ذ0.9 48.5±6.3

SA1 1.92+0.2 4.0510.3 16.8±1.1 40.6±5.0 ٤  يا

14 SA5 1.30±0.2 3.23±0.2 24.4±1.5 54.6±4.4

CAI 2.29±0.2 4.68±0.3 15.6±2.0 36,7±3.3

GA5 1.48±0.1 3.63±0.3 23.1±1.6 52.4±4.1

(38)
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Table (2) Effect of salicylic acid and gallic acid on the activities of NR and
NiR enzymmes during seed gemmination and early seedling growth
of Viciaaba. Each value is te average of three replicates (±sd).

NR NiR
Age Conccmtation mg No, ٤! g-أ٤ wa. mg No, w.day.٨!" أي6

Coatol @H,0) 60 ±4 45±3

SA1 - 66±4 54±3
1  م

SA5 50 ± 4 36±3

GA1 42±3 50± 4

GA5 83±3 33±4

Cnrol @Hر O) 70±5 60±5

SA1 78±5 74±5
2 S5 54±2 54±5

GA1 48±2 66±4

GكA 94±5 45± 4
 ن

Coatol @,O) 33±3 66±5

SA1 87±8 94±9
7 ٣

SA5 78±8 60±4

GA1 100±10 81 ±6
GA5 124±10 56±6

Cnaol @Hر O) 84±6 78±8

SA1 114±10 98±8
14

SA5 94 ±9 74±8

GA1 125±9 144 ±10

GA 164±11 110± 15

(39)
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