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‘ Abstract

Treatment with SA and GA at 1 and SmM, mastly clevaied tag
values of nitrzte-, nivile-, ammonia- and amids- N in Viciz fabe scads
and seedlings compared with those of the unireated anes, during the
whole experimental period. Vicia fada seedlings imposed 1o 1 and
5mM SA and GA resulted in progressfve incréases in the contents of
10121 free 2mino acids. Treatment with GA at 1mM, resulied in the
highest level of 10 fres amino sciés throughout the experimental

period. Canversely, using both types of phenolic acids at 1 erd SmM,
mostly reduced (he protein-N and 1o1al-N amounts during the diffarent
ages of germination and seedling growth as compared 10 the control
ones, but unlikely, 101al soluble-N was variably changed due to these
phenolic acid treatments.

The higher conceniration {(SmM) of phenolic acids employed
comparably reduced the amounts of DNA and RNA than the control
amounts whila the lIow concentration. of these z¢ids (1mM) increased
them especially at the later ages of seedling growth (7 and 14 days). A
compleiely reversed sitnation was realized regarding the activities of
the nuclease anzymes DN- ase end RN - ase it maising the
concentration of SA and GA from 1 to SmM miscd 1he aclivitics of
these fiydrolytic enzymes.

Nitrate reductess activity (NRA) wes markedly elevated sbove the
coniol activity especieliy at the Jater ages of seedling growth (7=nd -
14 ¢ays} due to veatment with SA and GA. On the other hand, nitrite
reductase eetvity (NiRA) was either generally reduced 2s 2
consequence of treatment with SmM of SA and GA or highly
accclerated due 1o application of ImM of the same acids as compared
to the contro] activities et all ages of genminztion and scediing
growth, glthough 5mM GA increas=d this enzyms Bclivity &t the lzlest s
age of growth (2 weeks). :

"]

Key words: Vicia faba, Gallic acid at lmM: GA1, Gellic acid at 5 mM: GAS,
Salicylic acid a1 ImM: SAl, Salicylic acid at SmM: SAS, I"iitratc reductase activicy:
NRA and Nitrite reductase activity: 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 smdy of the mechanism at 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 results 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
chelatng properties (Clemetson and Anderson, 1966). In fact, SA accelerates
leaching of soluble nirogen from maize endosperm (Jzin and Srivastava, 1981 z).
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 bath roots and shoots of maize with nitrate and Iow concentration of
SA increased nitrate reductass activity (NRA) but did not affect nitrite reductase
activity (NiRA), while wvsing high concentration of SA decreased NR and NiR
activities (Jain and Srivastave, 1981 ab). '

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 Vicia feba (cv. Giza 402) seedlings imposed to low and high
concentrations (1 and SmM) of salicylic acid (SA) and galtic acid (GA).
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Materials and Methods

Plant material and growtbh conditions:

T Deieiled growth conditons for the germiinadion of Vicia faba seeds (cv. Giza
~402) and their weatments with phenolic acids (gallic acid and salicylic acid) have
“peen previously described (Roushdy er al undzr press) and-are cnly brizfly outlined

fiere.

Seeds of Vicia faba wesre perminated in § groups of plastic pots, each groupﬁ
“consisied of 8 pots and each pot contained 15 equal seeds and recieved 15 cm™ of
the following solutions: The 1st proup zeceived distilled warer to represent the

control treatment, the 2nd group received salicylic acid (SA) solution at ImM, tae

3rd group received SA at SmM, while the 4th and 5th groups received gallic acid

(GA) et 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

activities. (During the experimental period, all pots were maintained under constant,
climatic conditions; day / night temperature 22-18 °C, relative air humidity 60-65%,

12 h day length).

Methods of analysis.

Nitrogen determination: )

Total-N and total soluble-N were dstermined by micro- kjeldahl after digesion
in sulphuric ecid (Strauch, 1265). Subtracting the tozal soluble-N from iz toml-N
gave the value of protein-N. Totzl free amino acids were estimated colourimeirically
by ninhydria method as edopred by Muting and Kaiser (1963). Estimations of
NOs-N. NOZ-N. NH - and amide-N were cartied out sccording o methods

¢ described by Snell and Snell, 1949; Snall and Snell, 1939; Delory, 1945 and
Naguib, 1964 respcctively. B )

Determination of DNA and RNA

DNA and RNA were extracted and dstermined ascording to the methods
¢zseribed by Schnewder (1945} and Ogur and Rosen (1930}, ’
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Erzyine assays:

Enzymes stodied in this werk were cstimated in the crude extracts that were
srepared by homogenizing 1-5g fresh plant tissues with Tris-HC1 buifer at pH 7.4
{Guerrier and Stroliu, 1950). The homogenates were cenmifuged at 7000g for

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

Ribonuclzase (RNase) and deoxyriboauclease (DN ase) were assayed by the
method of Wilson (1968) using RNA and DNA as the substrates, respectively.
Activides of nitrate reductasz (NR ) and of nitrite reductase (NiR) were assayed in
vitrc and 1’\*02 concentrations were meastred colourimetrically (Stevens and Ozks,
1973 and Losada and Paneque, 1971)}.

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

Results and Discussion
Changes in DNA and RNA contents and DN ase and RN ase activities:

Results presented in table 1 show that there are marked and progressive
increases in the relative conients of DNA and RNA cormrelated with the increase in
sesdling age from 1-14 days. Throughout the experimental period, Vicia faba
szedlings imposed 10 GAl contained the maximum level of nucleic acids while
seedlings imposed to SAS5 contained the minimum level. The order of increase in
these contents in seedlings grown with SA1 and GAS and untreated scedlings were
as follows: control > GA5> SA| after 1 and 2 days and SA1> control > GAS after
7 and 14 days.

The pattern of cbanges in DN ese and RN ase activities, in response to the
different reatments applied, was, more or less, the reverse of the DNA and RNA

(27)
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pehaviour. The raze of DNA and RINA hydrolysis in szedlines imposed o tha jow
and high concenmation of SA and GA were suzcassively less and more thea et in
the control seedlings. Thase increases and decreasas in the nucleic acid contants tre

1 pmrd

ouraliz} (0 the changes in the growth taies of Viciz foba szedlings mown wiih § and

SmM SA and GA (Abdalla, e al, underpress).

Tn ihis connaction, Foves znd Sirokman {1969), Kefeli (1978) and Hassancin
21 4. (1987} stated that, the natural phenalic inhihitors daclined the nucleic a2id
{RNA and DNA) content in ihe treated plenis. It is known that phenolic acids
teducz plant water wtilization (Blum and Dalton, 1985 and Booker 7 al, 1992),
turgor end esmotic pressures 2nd close stomara (Einhellig ¢/ ai., 1985 and Booker
2t al., 1992). According 10 Xessler er al. (1664}, Sheoran and Garg (1974} and
Hassanein and El-Telwany {1989) water stress indueced by phenolic treatments
strongly suppressed the ANA and DNA contept. A decrease in RINA was attriboted
to iniensified activity of cytoplasmic RN ase, whereas reduced DNA content was
auributed 10 impaired synihesis and / or due o enhanced DN ase aciivity undzr
water stress condition. On the cther hand, Rauser 2nd Hanson (1966) showed that
saline treatments caused leakage of divalent catons (Cn++ and MgH) which
normally stebilize ribosomes agains: endogenous nucleases. Many phenolic
componnds are known 1o possass cheletng properiies (Clemetsen and Andarsor,
1635}, Chelation of some imporiant elemenss of celluler and orpancllar membranes,

tkemby increases their permezbility.
Changes in NR and NiR aciivities:

Tablz 2 shows that the zeiivitias of NR und Ml measured in Vicia feba
sc2cil o8 exnosed in “he Aiffirent tearments showed marked progressive increzses
s the expe tmenitl end (except NRA of the control that sharply declined at 7
d-.2). Tz pattern a: increasss 1 NRA was: GAS> SAL> comral> SA5> GAl ot !
vrd T A2ys whearcas 't vaast GAS: Tal> SAL 545> conirol at 7 and 14 ¢2y3,

On 'z gther hend, MRL wos w e onder ofr SAT> CGAL> cantrol> SAS> GAS

Joeom 82 an i Tdays wbis Loovm Galds GASe B centrot = SAS atihe inal
v rIreT Tloryig T TN Moyl anes of peoTinzien) and NIRA by




-6-

~5mM SA s observed in this experiment is consistent with the report of inhibition of
~NR4A and NiRA by higher concentrations of phenolic acids (Schrader and
Tageman, 1967 and Jzin and Srivastava, 1981 gb).

In addition, Jain and Srivastava (1981 a,b) demonstrated that in maize
- seedlings a Jow concentration of SA increased NRA while bad no effect on nitrite
‘reduciase activity (NiRA). The increase in NRA in response to SmM GA is
" supported by the data obtained by Knypl (1974) who found that 10mM chlorogenic
“acid induces NRA in cucumber cotyledons. 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 !he induction of NRA (Jain and Srivastava, 1981 a). c- Phenols may
affect the balance berween synthesis / activaton and degradation / inactivation
processes of NR as reported by Jain and Srivastava (1981 a). d- Altemnatively the
effects of phenolic acids especially polyphenalic acids (GA) on the activides of NR
"and NiR may be mediated via phytohormones. Many phenolic compounds are
known to provide protection to auxins against oxidation (Schneider ard Whiunan,
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
detecied in untreated Vicia faba seeds and seedlings during the whole experimentel
period, these fraction were remarkably elevated in SA and GA treated - plants (at

-concentrations of 1 and SmM) although during the first 48 hours, slight reductions
" were determined in response to both GA treatments (1mM) in nitrate-N and (SmM)
in amide-N and SA treatment (SmM) in amide-N (mble3).
“ Treatment of Vicia faba seeds with 1 and SmM, SA and GA resulted in
" progressive increases in the amount of 1ol 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 Jevel of total free amino acids throughout the experimental
period.
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Conversely, using both types of pheaolic zcids at 1 and SmM, mosty seduced
the protein-N and total-N amounts duzing the different ages of germination and

seedling growth as compared to the conirol ones.

As regard 1o the total - soluble-N fraction estimated in both phenolic acids -
treated plents, it either markedly increased dus to ImM GA (at 2,7 and 14 days),
5mM GA (at 7 and 14 days) and 1 anclr SmM SA (at 7 days only) or mostly

- decreased due 1o 1 and 5mM SA (at 1,2 and 14 days), ImM GA (at I day) end
5mM GA (at 1 and 2 days) above and below the contzal.

enerally 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 & crucial element in determing the rates of CO2 fixetion and plant
growth (Winter, 1985 and Nobel, 1988). Several studies have found a lower
mineral content, including nitrogen element, in plants meated with phenolic acids
(Jain and Srivastava, 1981 a; Balke, 1985; Kobza and Einheilig, 1987, Mersie and
Singh, 1988; Klein and Blum, 1950 and Booker er al., 1592). The toial nirogen,
organic nitrogen and protein contents of the maize embryonic axis (root + shoot)
from seedlings raised with 10mM Ca (NO3), were substantially higher than those
from the control when low concenmretion of SA was applied, whereas the nitrate
contcats at higher concentration of SA in botk minus and plus nitrete seedlings were
siguificantly lower than in their rcspecﬁvé controls (Jain and Srivastava, 1981 a,b),
In addidon, Ahmed, (1987) found that Na-salicylate a1 4000 and 8000ppm resulied
in significant increasss in grain protein content in wheat at beginning of ‘mamraﬁon

and non-significant changes later on.

The genera! decline in protein, DNA 2r#PNA conténts with concomitant
marked and progressive increases in total free aino acids and emide-N contentsin
Vicia faba seedlings imposed to SA and GA may be atiributed either directly to the
increesed activity of the proteolytic enzymes or/end the increased activitic.s of DN

Y
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asz and RN ase or indirectly to the induced water deficiency caused by these
phenolic acids at Jeast in seedlings imposed to SmM SA and GA (Kessler e al.,
£ 1664; Sheoran and Garg, 1978 and Booker et al., 1992). The general progressive
“increases in the nitraie and nitrite contents accompanied by a remarkable decline in
* protein and tatal-N ebscrved in the present study are in accordance with resulis of
- both Kessler end Oesierhald (1970) who observed nitrate generation and NRA in
N-starved algae and Funkhouser and Garay (1981) who suggested that reduced
' nitrogen compounds ere oxidized to nitrate in seedlings of higher plants and algas.
¢ 4 comelation between NRA and NiRA and organic nitrogen as observed i several
sysiems (Johnson et. al., 1976 and Peuke and Tischner, 1991) suggests that these
enzymes are operative in the assimilation of nitrate and nitrite. These conclusions
support the results obtained in our work, where the progressive increases in nitrate
and nitrite nirogen contents were accompanied ‘with increased NR and NiR

gciivities.

The progressive decreases in the totl-N contents in Vicia faba seedlings
imposed to the used phenolic acids, as compared with the results of the unireated
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 a prerequsite for intensine growth rate at this period (Clemetson and Anderson,
1955; Jain and Srivaﬁrava. 1981 a ; Hassanein er a! ., 1987; Bergmark, 1950 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£03 2.66 £ 0.2 22.6 1.5 54,7 £ 3.7
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 62.744.3
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 mg NG, h™ g frw 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 100210 816
GAS 124110 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 nitrogenous constituents during seed

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

403+%3.5

Il Age/ | Concenteion | Tomliree | Nitratc-N | Nitite-N | Ammonia-N | Amide-N Total Total -N 1 Protein- N
day mivl aming acids Soluble - N

Conuol (15,0) | 0.8 +0.15 |0.38 £ 0.08 {0.26£0.03 | 0.09 £ 0.01 | 086£02 | 30.0£3.0 | 726 L 5.1 | 426 %35

SAL 434031 [0.73+£0.10 | 0274003 [0.151002 | 098201 | 102+12 | 59.7+4.5 | 49.5% 3.3

1 SAS 1.64:0.18 10511010 10204003028 +0.02| 045%0.1 | 7.6+05 | 446142 | 3701 3.3
GAL 514041 {0.15+00! | 028003 034 £002| 118403 | 21.6:£ 1.9 | 669 +3.6 | 45.3::4.1

GAS 244041 | 12002 0322002 | 046006 | 063+02 | 201+2.6 | 62.0+3.0 | 410+ 4.1

Conirol (1,03 | 17+ 0.11 |08 £ 0.05 | 0.24£0.02 | 0.06 £ 0.01 | 081 £0.2 | 25250 | 664433 | 412 +45

SAl | 51+033 090004 |0.26£0.02}011+003 | 122402 | 168+25 | 49.623.1 | 328+ 28

2 §AS5 244031 [062+003 [0.28%0.02 (021003 | 06301 | 126%25 | 36.8+2.0 | 242+ 25
GAL 65042 [090+008 | 0274002026003 | 1.53+03 | 302+33 | 60.3+4.5 | 30.1 %25

GAS 38+034 | 13501 |030£002 0384003 | 100102 | 240233 | 522+4.1 | 282132

-

Cantrol (H,0) | 81 T 044 [023£0.03 [0.24 £0.02]0.1220.02 | 072+0.1 | 194%26 | 57.3£53 | 370 % 3.6

ga1 | 63+050 |1.15:£009 [0.25£002(0.18+0.02 | 120403 | 29.6:3.1 | 30.8+3.6 | 102+ 1.6

7 9 30£036 |0.90£0.00 |0.27+0.020.184+002| 09802 | 27.6+33 | 32313.6 | 47105
o 120£0.55 | 1.65+0.11 |0.26+£002 | 036 £0.03 | 1.62+03 | 402240 | 493£338 | 9.1 +04

G 48+037 [23320.18 | 0301 0.02 | 044 £0.03 | 11702 | 33.6+4d1 | 41.2+40 | 7.6 0.9

Control (11,0 | 160+ 180 |0.58+ 0.15 | 027 £0.02 | 0.18 £0.01 | 141203 | 272124 | 546+3.1 | 274 £ 2.3

SAL 144 1.31 [1.604 028 |028+0.0210282001 | 18203 |24.0£24 | 36630 | 1264 1.1

1 SAS 10.5+£0.86 {110 £ 0,14 [ 0304002 | 0361001 | 1.53+02 | 21.6+1.8 | 284128 | 681.1
GAl 175 £ 145 1210 £0.15 | 0294002 | 056 2.0.05 { 2.7+ 0.5 | 33.8+20 | 450+ 25 | 11.2% 1.5
Ioaas 119£23 {2634£035 [0.33:0.02 {080 £008 | 162103 | 31033 9.3%0.8

—a

sl
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