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Effect of Salicylic Acld and Gallic Acid on the Growih
Responses and Physiological Changes of Vicia faba
{cv. Gizg 402) Seedlings.

I. Changes in growth responses, carbohydrate contents and
activities of certain enzymes

By

| Mona M. Abdalla, Shakira S, Roushdy and Kamal 4. ElTelewany
Botany Department, Faculty of Scien::e, Ain Shams
University, Abbassia, Cairo, Egypt.

Abstract

The influence of two concenmations (Jand 5mM) of salicylic acid (SA)
and gallic acid {GA) on the chanpes of growth rate, carbohydrate ¢ontents
and the activity levels of cenain enzymes in Vicia Jaba (cv. Giza 402)
seedlings were examined in the presens stedy,

Treatment with SA and GA at 1 and 5mM inhibited the % of seed
germination and supressed ths rate of seedling growth {expressed as mean
length of shoot and root and mean nurnbar end lenph of the lazeral roots)
except GA at ImM which siimulated the seedling prowth. GA at ImM
increased the activity leve! of catalase while it decreased AA-oxidace activily
as compared with (he untreated sezdling. On the other hand, treatment with
SA (1 and SmM) and GA (SmM) declined caalace while they increased AA
axidase activilies below and over thosa of the untreated seedlings.

1t was found that, the activities of polyphenol axidase and invertase
enzymes and the contents of reducing sugars (exeept at I and 2 days)
polysaccharides and toial carbohydrates were lower in seedlings treated with
SA and GA (hen in the contro! ones. On the other hand, seedlings imposed
to SA 2d GA at 1 and 5 mM, caused an elevation of both sucross contents
{except for seedlings grown with SAS) and (¢ and B amylase activity over
those estimated in the egnira! seedlings.

Key words: Vicia faba, Gellic acid at 1mM : GAI, Gallic acid at 5 mM: GAS, Salicylic
actd at ] mM: SA1, Salicylic acid at 5 mM: SAS.

Introduction

Many phenolic compounds, the most coramonly identified as phytotoxins produced
by higher plants (Rice, 1984) are widely spread in soil (Wang ez al., 1967). Whitehead

e
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e wogient Ao the 0, Ioludon wthe concemirade vanes of G.GY 1 00ad Thece
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a3 eXugston (Suenzi and MeCalia. 954 Rovira, 1965 and Tuley, 1977).

20 mmis e2moounas ket tes shown to be of imporiance in the ragurlation of plan:
otk wnd merhalism and a2 no unger considered ¥ bz passive by-products (Fain and

Lieastave. 1381), Fervlic acid (FA) alters seed germaination (Leather and Einhellig,

*34%%, inhjolis tadicle growih (Blum er af., 1984) and decreases leaf expansion, leaf

rradaction, dry weight sccurenlation (Pattarson, 1981; Blurz and Dalton, 1985 and Blum
ef o', 1933 a,b) photosynibetic rates (Patterson, 1931) and leaf chlorophyil content
ighellir and Rasmussen, 1979 2ad Patterson, 1981). The magnitude of these responses

vanes with the concenatradion of fenuie acid (Einhellig and Eckaich, 1984).

Decreused lear water potential (7,!/;: ), shool wrgor pressure G&Cr ) and ¢smortic
potental ﬂe{,; have been ooserved in soybean and sorghum seedlings after weaunent with
250 to 1U00uM FA for one day (Patterscn, 1981 and Einhellig er al., 1985).
Tronspiradon and water vtilization in cucumber seedlings decreased after 2 days of
searment viih 500uM FA (Blum et gl., 1985 b). However Blum e: al. (1985 b) noted that

L.z 24 h They suggested that FA temperarly modified water uptake by the roots,

Svei edeezd the inward diffusion of watsr needed for cell and leaf expansion.

Ahmed (1987) found that all dosas of Nz-salicylate caused significant decrenses in
reducing sugars , sucrose and polysaccharide contenis at the early stages of leaf growth

Gi wheat piait

The prese:u siudy denis with the effect of monophenolic acids (seiicylic 2cid, SA) -

aad pelyphencliz acids {gallic scid, GA) on the growih, carbohydrate metaboiism and
actvities of cerain oxidative and hydrolytic enzymes during seed germination and carly

seedling growih of Viciajaba cv. Giza 402

e
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Materials and Methods
Growib of the plants. o

Seeds of Vicia faba cv. Giza 402 were surface sterilized with 0.1 % HgCl‘.2 for 100
min ard then wasked thormughiy with sterile water, The seeds were germinated in plasiic
pots (15 cm in diemeter and 11 21 in depth) on Whatman filter paper 10. 45 under the
 following conditions: relatve humidity of 60-65 %, day length of 12 h and day/night air

teroperature: 224’1_8°C._ Ten seeds were plented in each pot and all pots were aranged into

5 groups each of 8 pots, then each group recieved 15ml of the following solutions.
1- Distilled w;ne.r to represent the nnireated plants.
2- Salicylic acid at the concentmtiong of 1 and 5mM.
3- Gallic acid at the concentrations of 1 and SmM.

The solution of each treatment (pH7.8) wes daily renewed and at intervals of 1,2,7
and 14 days, germinated seeds or seedlings of only 2 pois were harvested per eatment

The percentage of germination and cerzin morphological measurements were taken
and statistically analysed using the Jeast sighificant difference (LSD) at 1% and 5% levels
of probability { Snedeccr and Cochran,1967).

Methods of analysis
bstimation of carbohydrates

The different caﬁ:»ohydfate fractions were determined in the oven dried Plant tissues.
The methods of extraction and clarification were similer to those adopted by Said aud
Naguib (1964). The direct reducing sigars were determined following the procedure of
Somogyi (1937) as described by Younis (1963). The total reducing sugars werc
estimated after the hydrolysis of the sucrose by inveriase, The sucrose comtent was
calculated from the diffcrence between the total reducing sugars and the direct reducing
sugars. Polysa-ccharidcs were estimated in the dry residue Jeft after extraction of soluble

sugars by the method adopted by Naguib {1963).

(9)




LRZyMma $S7aYS

Crude sxtracts were prepared by homogenizing 1-5g fresh matter with 30 cm”
~ris-HCI buffer pH 7.4 (Guerrier and Stully, 1990). The homogenatss were centrifuged

ar 7000¢ for 30 min and the supernatants were Girectly nsed for the enzyme assays.

_ Activities of ascorbic acid oxidase {AA-oxidase), polyphenol oxidase and catalase
were essaved sccording o the methods described by Mukherjes and Cheudhari (1981),
Har and Mishrz (1976} end Biswas and Choudhuri (1976) i'espec&t'e.i}r. Acrvites of
AA-oxidase and polyphenol oxidase were expressed as Lhe change in ihe opiical density

g'l fresh weight bl Caalase activity was expressed as u mole H,0, destroyed g'l

vesh weight nl

Activites of( andp amylases were assayed according to the methods described by
Davis (1977) and Malik and Singh (1980) respectively- Activity of o} amylase was
expressed as the decrease in opucal density per unit titne. The p-amylase activity, on the
other hand, was expressed as ug maltose released from starch by the enzyme g'l fresh
weight h'l. Invertase activity was assayed eccording to the method used by Russell and
Jimmy {1980) with some modifications. The modifications were that the reducing sugars
hberated from sucrose were determined by the method of Somogyi (1937). Invertase
gciivity was expressed as mg reducing sugars released by the enzyme g'l fresh weight
h 1' .

Results
Eifect of 54 and GA en seed germination and seediing growth of Viciz faba.

Results presenzed in tahle ! show that SA and GA at their used concentrations (1 and
5 mM) variably affected the % of seed germination of Vicia faba plants (24 h efter
weatment) so that high significant inhibi_tion." complete inhibition, kigh significan:
stimelation apd significant inhibition were observed at SAl, SAS5, GAl, and GAS

© respectively as compared to the control results. Vicia faba seeds imposed to SA1, SAS,

GA) and GAS germinated at the % of 73.3, £0., 100 and 66.7. successively afier 2 days
which were highly significantly decreased (except GA1) than the contral results.

(10




The proousion of the plumule was completely inhibited in seeds imposed 1o
whiie 3AL, GA1 and GAS highly significantly simulated the plumule length at agp
days above the vnircated seeds. The redicle length was found to be significan:
highly significantly dacreased at SA] and SASwhile GA1 and GAS5 highly signifi
and significantly increased this criterion if being compared with that of the ¢
secdlings after 7 days. All weatments adopied highly signilicantly depressed the
length of both shoois and roois below the control seedlings after 14 days w:
exception that GA1 highly significantly increased the sams criteria. At the same a- ¢
days), all srearments used (except SAI) cither highly significantly decreased the 1
of lateral roots or highly significantly stimulated (except (3AS) the mean fength of . . -
roots below and above those of the untreated seedlings respectively.

Effect of SA and GA on the carbohydrate contents:

Reducing sugars: The contents of reducing sugars determined in Vici.
seedlings imposed to SA 1:5A5 GAl and GAS at 1 day and SA, and SAq at 2 day-
obviously elevated over that determined in the corresponding control. On the othe:
the same contents were found to be markedly declired in Vicia faba seedlings imps
GA, and GAS at 2 days and SA1, SAS, GAL and GAS at 7 and 14 days below th-
the controls. Among the used phenolic acid reatments, SAS and GA1 gave the t
and the lowest values of reducing sugars respectively throughous the experimental =
(table 2. '

Sucrose: Table 2 shows that treatment with'GA1, GAS and SA1 obviously elc
the level of sucrose while SAS treatment lowered this level above and below the st -
lc_ve[ determined in water - grown plants at all plant ages, The highest value of s

was geterminéd in plants imposed to ImM gallic acid.

Polysaccharides: The polysaccharides contents determined in variously t
and unrreated Vicia faba seedlings were progressively and markedly decreased acrs - «
thz plant age. Moreover this fraction was found to be lower in all treaunents em;
than those of ihe untreared plants. The arder of decreases were as follows: Co.
SAS> SA1> GAs> GAL |

(11)




Tot: . corhehyrato,. Thg ouloss of total cotbchydine; estimatzd in Viciz faba
Po1ong mesed with 341,8A7.GA7 and GAS were found, in roos: cases, 1o be Jower than
w2 detacted in the aneated plants. The ssquerce of decrease were shown 10 be:

~or ool SArs 5A5> GAl> GAS except in germinnied seeds of 1 day-old.
Effect of SA and G\ on the activities of invertase,of and [3- amyizses:

The relative changes in the zctivities of invertase,o( end f-amylases are shown in
rable 3. As compared to the umzeated plents the invertase zctivity of Vicia faba plants wis
dbviously decreased in respoasc to the phenolic acids treatments, at all agés. The

sequence of decreases were found to be: control > SA1> SAS> GAI> GAS.

In contrast, the activities of «f and F-._myiases were markedly elevated above the
untreated plants throughout the experimental pericd. The order of increases were as

follows: GAl1> QA5> SA1> SA5> control.
Effect of SA and GA on the activities of certain oxidative enzymes.

Throughout the experimentzal period, GA1 markedly increased the activity of catalase
enzyme above that of the control, whereas SA1, SAS and GAS markedly decreased the
catalase activity below that of the control plants. The magnitude of decrease was most
pronounced in plants imposed to SAS (table 4). The sequence of increasss in the catalase

acrivity were: SA5> GAS> SA1> control .

Table 4 shows that SA1, SAS, GA1 and GAS markedly declined the achvity ievels of

- polyphenol oxidase below those of the corresponding controls at the all plant ages. The

sequence of decreases were as follows: conirol > SA1> SAS> GAl> GAS.

The activity levels of AA- oxidase detected in Vicia faba planis treated with SA1,
SAS and GAS were found to be markadely elevated above those of the correspending
controls, while the activity of the same enzyme delected in plants imposed to GA1 was
found to be lower than that detected in the control plants (table4). .

(12)




Discussion

Phenolic acids at the concentrations used in this study significandy influer
germination and growth of Vicig faba planis. SA and GA mostly inhibited se-
germination, SA significantly supressed the mean length of shcot and root ai
significantly increased the number and mean length of iateral roots at (ke latest stage
seedling growth. GA at the low concentration employed, generaily increased the.ple
growth while its high concenmation significantly suppressed the rate of the plant grow:
Phenolic. compounds have been shown to be of importance in the regulation of pia
gorwth and metebolism. It was noted that a low concentration df SA increased the grow
of maize seedlings, while the higher concentration inhibited it (Jain and Srivestav.
1981). Ferulic acid (FA) was found to alter seed .gcrminaﬁon (Leather and Einhells>
1984), inhibits radicle growth (Blum et al., 1984) and decreases Jeaf expansion and I¢
production (Patterson, 1981; Blum and Dalton, 1985). The magnitude of these respons
varies with concentration of FA (Einhellig and Eckrich, 1984). Several lines of eviden-
point to water stress as an important factor in the observed responses to Fs.
Transpiration and water utilization in cucumber seedlings decreased after 2 days =~
treatment. with 500uM FA and it modified water uptake by the roots which, in .
reduced the inward diffusion of water needed for cell and leaf expansion (Blum ef ¢
1985 a,b and Booker er al., 1692).

Alithough the role of pherolic substances 2s a plant morphogentic regulators is we#
mowr, thers has been little study of the machanism at the molecular level. The prese.
study proved that the phenolics ar their high concentrarion used, decreased the activi:

levels of catalase and polyphenol oxidase while increased the activity Jevel <.

- AA-oxidase. In this connection, Hassanein ez al. (1987 b) found that treating sorghu:

grains with coitmarin resulted in decreased activities of catalase and peroxidass enzyme
Fositive correlation occurs between phenolic acids treatment and water stress. in &
treated plants (Patterson, 1981; Einhellig et 6l., 1985 end Booker et al., 1992). In.tk
respect, Dwivedi ef al. (1979), Mukherjee and Choudhur (1981) and Hassapein ar
El-Telwany (1989) observed that water stress lowered the activity of catalase ar
AA-oxidase in the studied plants.

(13)
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of cazalase may result in accumulated toxic Izvels of hydrogen peroxide which may be

" they increased the activities of« and p-amaylases. In this respect, Hassanein eral. (1987 a) ¢

~ found that coumarin ishibited markedly the activitics of amylases and invertase in

Thus he siznificant changes in she siudisg oxidatve enzymes, in the present work,
r rusponse to seed treatment with pherolic acids used, may cause the accumulation of
canizin t0xic sabstances that effect the metzoolic pathways and cansequently the rate of
siint growth, The quinones fonmed by the oxidation of phenolic substances are guits

toxic to the plant cell enzymes (Mayer and Hazel, 1979}, and the reduction in 1he activity

invalved in the suppressed growth raie of Vicia faba plants imposed to phenclic zcids in
e present snidy.

Traating seeds and s=2=dlings of Vicie Jfzba with SA and GA gave Tise, in genéral, to
decreased i=vels of redbcing sugars, polysaccharides and total carbohydrates while they

caused general increases in the sucrose contents below and above those of the untreated
plants respectively.

Tt may be stated that the effect of phenolic compounds on the metabolism varies with
the plant, stage of plant growth, the organ of the plant and the doses of phenolics used,
Ahmed (1987) found that all doses of Na-salicylate caused significant decreases in
rcducing sugars, sucrose, and polysaccharide contents at the early stages of leaf prowth
of wheat plant. However, Hassanein et al. (1987 a) found that no obvious changes in
polysaccharides and reducing sugars contents and marked decreases in sucrose content

were observed in covmarin treated sorghum grains s compared with those of the
untreated ones.

Our results also showed that, SA and GA decreased the activity of invertase while

tcrghum crains. The reletive amounts of sucrose in plants may be determined by the
j""1.".3! utive activities of both sucrose synthetase and invertase enzymes. On the other hand, 7.
there are more or less possitive relationship berwesn the amounts of each of stcrose and *
reducing sugars and the activity of invertase since the reducing sugars may be used ns
respiratory substrates and/or in building the amino acids, amides and protwins (Abdalla ez .

4!, under press). The changes in and P-amylases actvities of the treeted and untreated

(14}
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test. and scediings of Vicie faba are cbserved two coincide with the comespe
chiznges in the polysaccharides level. These rasults are supported by the results ok
by Hassanein ez gi. (1987 a). In eddition, the decline in polysaccharides and conseq
thie total carbohydrate contents particularly in seedlings of 7 and 14 days old - .
atributed in pari to 1;:1.=: increased actvides of o¢-and F—amylascs and in part to the ink
photesyninetic rats ceused by phenobes treatmnents. In this respect FA mea
decreased leaf production and dry weight accumulation (Patterson, 1981; Blur -
‘Delton, 1985 and Blum et al., 1985 a,b), Ieaf chlorophyll content (Einhelli,,

Rasmussen, 1979) and pholosynthetic rates (Patterson, 1981).

Conclusion: It may be stated that treatment wiih SA and GA, decreased the %
germination and the growth rate of Vicia faba seedlings except at 1mM gallic acid. ¢
increzsed the activity of catalase while it decreased AA-oxidase activity that may
role in the obserbed stimulated plant growth. On the other hand, the declined activ.*
catalase and the increased one of polypheno! oxidase especially at SA3, SAS an¢
may be participated in the inhibition of seed germination and seedling grow.
addidon, treating seeds and seedlings of Vicia faba with the used pﬁcnolic acids i+
increased activides of« and P- amylases and sucrose content, while they decreaser

of invertase activity, reducing sugars, polysaccharides and total carbohydrate conten’

Aknowlegment: The authors wish 1o express their great thanks and gratimde t
Hossan Anwar Foda, and Dr. Raifa A. Hassanein, Professors of -
Physiology, Foculry of Science, Ain Shams University, for constrective criticisr
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Table (1) Effect of salicylic acid and gallic acid on the % of germination, shoot and root length, mean number and length’ of
lateral roots of Vicia faba secdlings. Each value is a mean of 8 replicates

Days after treatment
x 1///
Caoncentration 1 2 7 14 _
M) % of germination rmﬂWﬁme h,ww%%% ' Z&Wnﬁ. Kw.o_m”om wﬁ...ﬂﬂwwﬂ _mﬂmmwm%%ﬂm
Control (1,0) [33.3 100 02 24 10.8 12.3 19 19
SA1 133-SH 733-SH{ 07+SH  2.0-8 7.0-SH 53 -SH 21+SH 48 +SH
| SAs 0.0 60.0-SH | 00 0.4-SH 43-SH 31-SH 2-SH 1.7 + SH
GA1 467+SH 100NS | 15+SH  3.1+SH 14.6 +SH 14,5+ SH 11-5H 4.1 + SH
» GAs 267-S 667SH| 05+SH  28+8 6.1 - SH 63 -SH 7-SH 1.1-SH
L.S.Dat5% |48 5.1 0.03 04 0.75 0.86 0.93 0.12
L.S.Dat1% |74 79 0.05 0.6 1.04 1.08 1.18 018

Q3)

- § = significant NS = non significant

M.No. = mean number

HS = high significant
ML = mean length
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Table (2) Effect of salicylic zcid and gailic acid on the carbohydrate contents during
seed germination and early seedling growth of Vicia faba . Values listed are
the average of triplicate determinations and expressed as mg glulcose

equivalent o1 dry weight (& sd).

:a ";i;" C““f;"ggﬁo“ R :f;;:gg Sucrose Polysaccharides cmbg‘;ﬁmm
' Contol (,0) | 13.1%3.5 | 17.5%26 | 887105 | 11933203
i SA1 20.8 % 3.8 30.1+£53 | 77.0%87 | 127.9%158
|1 SAs 269545 | 147225 | 80688 | 12222158
l GA 147+33 | 35647 | 67859 | 11814156
; GAs 168+28 | 224%36 | 733%56 | 1125105
| |Conal(,0)| 147%41 | 119%28 | 846%83 | 1112%153
SAl 168+32 | 17.5222 | 718278 | 106.1+104
2 SAs 189+35 | 88+%35 | 748%63 | 1025189
[ GAl 112+32 | 259+54 | 612%71 | 983121
' GAs 133+22 | 152£24 | 665162 | 950103

Control (H,0) | 20.3%53 | 147%33 | 792494 | 1142£186

SA1 154244 | 193%32 | 665£58 | 101.2+141

7 SAs 168+3.35 | 126%18 | 69674 | 99.0+86
GAl 99+ 45 273+42 | 500%55 | 87.2%81

GAs 12639 | 168+20 | 558255 | 85264
| Control (H,0) | 17.5%56 | 175253 | 688+103 | 10382 1.1
-SA1 126236 | 214%41 | 625%£75 | 965+83

| Sas 147230 | 154226 | 652+73 | 953168
GAl 7.8%3.1 30.1£61 | 464+38 84.3+6.4

: GAs 109+28 | 193+36 | 50032 | 802259

(20}
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. Talle {3) Effzct of saifeylic acid and gallic acid on the activities of inveriase, -snd -
anmiylases during seed genmination and early seedling growth of Vicia faba .
Values listed ara the average of triplicate determinations (£ sd) .

Age/; Concentration Invertase ) gg]:ibgaals E:Ifs?:gapfﬁiﬁ} mﬁarﬁﬁf :grrcpharl;;b e
day |  (md) time enzyme g fwh
" | Cortrol (5,0) 6.6% 1.3 045 % 0.11 1013
SA1 37 +0.6 0.39 + 0,12 204
1| sas 28+0.5 0.43 + 0.10 153
- GAl 2005 033 £0.15 305
. GAs 11%05 0.35 +0.13 25+ 4
Control (H,0) 4508 041+ 0.16 15+3
SA1 3306 0.34 £ 0.11 25+ 4
* 9  SAs 2404 0.38 £ 0.06 20x4
GA1 1.5+0.3 0.28 + 0.05 40+6
GAs 0.5+0.1 . 031+0.08 30£7
" | Contral (H,0) 83 L1 034 £ 0.10 30%5
SAL 75208 0.26 + 0.03 45+7
7 SAs 6.3 0.8 0.39 + 0.05 35+3
GA1 48+05 0.20£0.03 70+8
GAs 34205 0.23 £ 0.03 556
Control (H,0) 118+ 1.3 0.44 +0.10 405
SAi 92+ 1.5 0314 0.06 50%5
14 SAs 83+£038 0.39 + 0.05 4543
GAl 5003 0.25 + 0.03 80%7
GAs 42%0.7 028+003 | 75+7

{21)




“ohis (¢} Cfiect of salioylic acid and galiic acid on the zctivities of some oxidative:
enzymes during seed germination and early seedling growth of Vicia faba.

T et RS R ommorA o s o o o

Values listed are the average of triplicate determinations (+ sd) .

| Control (4,0 336 %33 588 60£13
SAl 192+ 10 - T29%5 6.5%1.0
1 SAs 96 + 10 155 80214
l GA1 480 + 25 122 51%06
! GAs 168+ 15 942 704 0.8
Control (£,0) 432+ 20 25x6 63009
SAI 288 + 20 12+3 7506
- SAs 192£ 15 103 8.6+ 0.8
| GAY 528 + 26 © 8%2 55+ 0.6
s Gas 240 £ 28 541 7812
. Control (H,0) 480+ 26 485 48+03
SA1 4324722 4235 58%0.3
7 Shs 288 £ 16 393 66038
GA1 624419 3143 2.9+02
GAs 336+ 18 253 6.2%05

| Conrol@,0)] . 92036 60+ 6 35E11 -
: SA1 720+ 33 4845 41407
: 14 SAs 33619 433 55207

ﬂ GAl 1302 £ 46 3644 23404 -
“ " GAs 528 %21 29+4 48%03
(22)






