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Vol. 18 {1953),

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

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

By

| Mona M. Abdalls, Shafira S. Roushdy and Kamal 4. El Telwany
Botany Department, Faculty of SCien?:e, Ain Shams
University, Abbassia, Cairo, Egypt.

Abstract

The influence of two concenmations (1and 5mM) of saficylic acid (S4A)
2nd gallic acid (GA) on the changes of growth rate, carbohydrate contents
and the activity levels of certain enzymes in Vicia Jaba (cv, Giza 402)
seedlings were examined in the present stody,

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 shoet ard root and mean number and length of the lateral roots)
except GA at 1mM which siimulated the seedling growth GA at ImM
increased the activity leve! of catalase while it decreased AA-oxidase activity
as compared with ths untreated seedling. On the other hand, treaument with
SA (1 and SmM) and GA (SmM) declined eatalase while they increased AA
axjdase activilies below and over those of the unmreated seedlings,

1t was found tha, the activities of polyphenol axidase end inverase
enzymes and the contents of reducing sugars (exeept at 1 and 2 days)
polysaccharides and tolsl carbohydrates were lower in seedlings treated with
SA and GA than in the control oaes. On the other hand, seedlings imposed
to SA and 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 eoniro! Seedlings.

Key words: Vicia faba, Gellic acid at 1mM - GAI, Gallic acid at 5 mM: GAS, Salicylic
acid at I mM: SAL, Salicylic acid at 5 mM: SAS,

Introduction

Many phenolic compounds, the most commonly identified as phytotoxins produced
by higher plants (Rice, 1984) are widely spread in soil (Wang ez al., 1967). Whitehead
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2 sgr eXucston (Sueazi and #eCslia. 825 Rovira, 1968 and Tuley, 1977).

20 oz e2imoounas Lote e showm to be of imporiance in the regulation of plar:
_ ol o3 mer balism and &02 po iunger considered 1 b2 passive py-products (Jain and
~sastave. 13R1), Fervlic acid (FA) alters seed germaination (Leather and Einhellig,
734}, inhiols tzdicle growih (Blum er af., 1984) and decreases leaf expansion, leaf
cradacion, ary weignt accurenlation (Pattarson, 1981; Blurz 2nd Dalton, 1985 and Blum
et n'. 1933 a,b) phorosyaibetic rates (Patterson, 1931) and leaf chlorophyil content
JEinhellir and Rasmussen, 1979 and Patierson, 1981). The magnitude of these responses

vanes wii' the concentraion of ferutic acid (Einhellig and Eckaich, 1984).

Dccreused lear water potential (7,'{: ), shoor wrgor pressure (77«’/:,— ) and' osmoric
potential ﬂ.‘,‘rj hawve been goserved in soybean and sorghum seedlings after reaiment with
250 to 1L00uM FA for one day (Pattersen, 1981 and Einheilig ¢r al., 1985).
Tronspiradon and swater utilization in cucumber seedlings decreased after 2 days of
searment v ih 500uM FA (Blum et al., 1985 b). However Blum ei gf. (1985 b) noted that

: mber readiings wilted within 2 h of reament with 500uM FA but visibly recoverzd
..vn 24 h. They suggested that FA temporarly modified water uptake by the roots,

1L educ=d the inward diffusion of water needed for cell and leaf expansion.

Ahmed (1987) found that all doses of MNa-salicylate caused Significant decreases in
ieducing sugars , sucrose and polysaccharide contenis at the early stages of leaf growth

ci wheat piaiz

The prese:u study deais with the effect of monophenolic acids (seiicylic 2cid, SA)
aad pelyphenclic acids (gallic acid, GA) on the growih, carbohydrate meraboiism and
acnvities of cerzin oxidative and hydrolytic enzymes during seed germination and carly

seedling growih of Viciajaba cv. Ciza 402.
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Materials and Methods
Growtb of the plants. -

Seeds of Vicia faba cv. Giza 402 were surface sterilized with 0.1 % HgCl2 for 100
ro‘n 2rd then wasked thoroughiy with sterile water, The seeds were germinated in plastic
pots (15 cm in diemeter and 11 en1in depth) on Whaoman filter paper 00. 45 under the
following conditions: relarive humidity of 60-65 %, day length of 12 h and day/night air
temperaiure; 22/18°C. Ten seeds were planted in each pot and ali pots were aranged into

5 groups each of 8 pots, then each group recieved 15ml of the following soiutions.
1- Distilled w;i[cr to represent the untreated plants.
2- Salicylic acid at the concentrations of 1 and SmM.
3- Gallic acid at the concentrations of 1 and SmM.

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

The percentage of germination and certain morphological measurements were taken
and statistically analysed using the least significant difference (LSD) at 1% and 5% levels
of probability ( Snedecor and Cochran,1967).

Methods of analysis
Estimaticn of carbohydrates

The different carbohydfate fractions were determined in the oven dried plant tissues.
The methods of extraction and clarification were similer to those adopted by Said aid
Naguib (1964). The direct reducing sugars were determined following the procedure of
Somogyi (1937) as described by Younis (1963). The total reducing sugars were
estimated after the pydrolysis of the sucrose by inveniase, The sucrose content was
calculated from the diffcrence between the total reducing sugars and the direct reducing
sugars, Polysa-ccharidcs were esdmated in the dry residuz Jeft after extracton of soluble

sugars Dy the method adopted by Naguib (1963).

(9)
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Crude sxtracts were prepared by homogeniziny 1-5g fresh matter with 30 cma”
Tris-HCI buffer pH 7.4 (Guerrier and Strulln, 1990). The honogenates were centrifuged

at 7000g for 30 min ard the supernatants were directly used for the enzyme assays.

Activities of ascorbic zcid oxidase {AA-oxidase), polypherol oxidase a#& catalase
svere essayed according o the methods described by Mukherjez and Cheudhuri (1981),
Kar and Mishrz (1976) end Biswas and Choudhuri (1976) respectively. Acdvities of
AA-oxidase and polyphenol oxidase were expressed as Lhe change in ifte opiacai density

g'l fresh weight h'1' Caialase activity was expressed as u mole H202 destroyed g'l

resh weight nl

Actvites ofo and P amylases were assayed according 1o the methods described by
Davis (1977) and Malik and Singh (1980) respectively- Activity of of- amylase was
expressed as the decrease in opucal density per unit time. The p-amylase activity, on the
L fresh
weight h'l . Invertase activity was assayed zccording to the method used by Russell and

other hand, was expressed as ng maltose released from starch by the enzyme g

Jimmy (1980) with some modifications. The modifications were that the reducing sugars

hberated from sucrose were determined by the methed of Somogyi (1937). Invertase

sctivity was expressed as mg reducing sugars released by the enzyme g'1 fresh weight
-1 :

h.

Results
Effect of SA and GA on seed germination and seediing growth of Vieiz faba.

Results presenzed in tahle ! show that SA and GA at their used concentrations (J and
3 mM) variably affected the % of seed germination of Vicia faba plants (24 h efter
reatment) so that high significant inkibition, complete inhibition, high significant
stimulation and significant inhibition were observed at SA1, SAS, GAl, end GAS

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

GA1 and GAS germinated at the % of 73.3, 60., 100 and 66.7. successively after 2 days
which were highly significantly decreased (except GA1) than the conwral results.

(10}




The proaqusion of the plumule was completely inhibited in seeds imposed t¢
wnlle SAY, GAT and GAS highly significantly simulated the plumule length at ag
days above the untreated seeds. The radicle length was found to be significant
highly significantdy dacreased at SA1 and SASwhile GA1 and GAS highly signif:
and significantly increased this criterion if being compared with that of the ¢
secdlings after 7 days. All meatments adopted highly signilicantly depressed the
length of both shoois and roois below the contro!l seedlings after 14 days w:
exception that GA1 highly significantly increased the sams citeria. At the same a. -
days), all reamments used (except SAL) either highly significantly decreased the «
of lateral roots or highly significantly stimulatzd (except (GAS) the mean iength of
roots below and above those of the unmeated 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|,SA5 GAl and GAS at 1 day and SA, and SAg 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 itopr
GA, and GAS at 2 days and SA1, SAS, GA1 and GAS5 at 7 and 14 days below th-
the conuols. Among the used phenolic acid reatments, SAS and GAt gave the t
and the lowest values of reducing sugars respectively throughous the experimental +
{table 2;.

Sucrose: Table 2 shows that wearment with GA1, GAS and SA1 obviously els
the level of sucrose while SAS treatrment lowered this level above and below the st +
level determined in water - grown plants at all plant ages. The highsst value of s.

a5 cetermined in plants imposed to 1mM gallic acid.

Polysaccharides: The polysaccharides contents determined in variously t
and untreated Vicia faba seedlings were progressively and markedly decreased acr. -
th2 plant age. Moreover this fracton was found to be lower in all treatments em:
than those of ihe untreated plants. The arder of decreases were as follows: Co.
SAs> SA1> GAS> GAL. |

(11)




Tot . corhehv~rate,  Thg caloss of totat corochydraws esimatzd in Vicia faba
P:3s meseed with 3a1,3A35.GAY and GAS were fourd, in roos: cases, *o os Jower than
w2 detacted in the oneated plants. The sequence of decrease were shown o be:

roreel> SA1s 545> GAL> GAS except in germinnied seeds of 1 day-cld.
Effect of SA and GA on the activities of invertase,ofand F- amyiases:

The relative changes in the zclivities of invertase, end f-amylases are shown in
rable 3. As compared to the unineated plants the invertase activity of Viciafaba plants was
abviously decreased in responsc to the phanolic acids treauments, ai-all ages. The

szquence of decreases were fourd to be: control > SA1> SAS> GA1> GAS.

In conrast, the activities of of and P-._myiases were markedly elevated above the
untreated plants throughout the experimental pericd. The order of increases were as

follows: GA1> GA5> SA1> S5A5> control.
Effect of SA and GA on the activities of certain oxidative enzymes.

Throughout the experimental 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 magnimde of decrease was most
pronounced in plants iroposed to SAS (table 4). The sequence of increasss in the catalase
activity were: SA5> GAS> SA1> contol .

Table 4 shows that SAi, SAS, GAi1 aad GAS markedly declined the activity evels of
polypheool oxidase below those of the corresponding congrols at the all plant ages. The
sequence of decreases were as follows: conirol > SA1> SAs> GA1> GAS.

The activity levels of AA- oxidase detected in Vicia faba planis meated with SA1,
SAS and GAS were found to be markedely elevated above those of the comresponding
conmols, while the activity of the same enzyme delected in plants imposed 10 GA1 was
found to be lower than that detected in the control plants (table4).

(12)




Discussion

Phenolic ccids at the concentrations used in this study significantly influen
germination and growth of Vicia faba pienis. SA and GA mostly inhibited ser
germination, SA significantly supressed the mean length of sheor and roct ar
significantly increased the number and mean length of Iateral roots at ke latest stage
seedling growth. GA at the low concentration employed, generally increased the.ple
growth while its high concenrration 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 of SA increased the grow
of maize seedlings, while the higher conccntratipn inhibited it (Join and Srivastay.
1981). Ferulic acid (FA) was found to alter seed germination (Leather and Einhell:=
1984), inhibits radicle growth (Blum et al., 1984) and decreases leaf expansion and I¢
production (Patterson, 1981; Blum and Dalton, 1985). The magnitude of these respone
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 Fa.
Transpiration and water utilization in cucumber seedlings decreased after 2 days =~
treatment with S00uM FA and it modified water uptake by the roots which, in tus.
reduced the inward diffusion of water needed for cell and leaf expansion (Blum et ¢
1985 a,b and Booker et al., 1592).

Although the role of pherolic substances as a plant morphogentic regulators is wet
kmowr, there has been little siudy of the mechanism at the molecular level. The prese.
study proved that the phenolics ar their high concentration 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 coumarin resulted in decreased activities of catalase and peroxidase enzyme
Fositive correlation occurs between phenolic acids treatment and water stess. in tt
treated plants (Patterson, 1981; Einhellig ez al., 1985 and Booker et al., 1992). In th
respect, Dwivedi et al. (1979), Mukherjee and Choudhuri (1981) and Hassanein 2t
E!l-Telwany (1989) observed that water stress lowered the activity of catalase ar
AA-oxidase in the studied plants.

(13)
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of caialase may resuit in accumnulated toxic Ievels of hydrogen peroxide wbich may be

4

Thas the siznificant changes in the siudizd oxidztive enzymes, in the present work,
r response to seed reatment with piienolic acids used, may cause the accumulation of
canzin 1oxic sabstances that 2ffect the metaiolic pathways and canseguenily the rate of
sicnt growth. The quinonss fonmed by the axidation of phenolic substances are guits

{oxic 10 the plant cell enzyines (Mayer and Harel, 1979}, and the reduction in the actvity

invalved in the suppressed growih raie of Vicia faba plants imposed to phenolic zcids in
e present spidy.

Treating seeds and szedlings of Vicis feba with SA and GA gavé rise, in genéral, to
Gecreaseaq i=vels of reducing sugars, polysaccharides and total carbohydrates while they

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

It may be stated that the effect of phenolic: compounds an 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
reducing sugars, sucrose, and polysaccha_ridc contents at the early stages of leaf growth
of wheat plant. However, Hassanein er al. (1987 a) found that no obvions changes in
polysaccharides and reducing sugars contenits and marked decreases in sucrose content

were observed in covmarin treatsd sorghum grains as compared with those of the

unireated ones.

*

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

" thay increased the activities of & and P-amylases. In this respect, Hassanein eral. (1987 a) ¢

found that coumarin ichibited markedly the activitics of amylases and invertase in
scrghuimn grains. The reletive amounts of sucrose in plants may be determined by the
t"'r'r;!ntivc activities of both sucrose synihetase and invertase enzymes. On the other hand, %
there are more or less possitive relationship betwesn the amounts of each of sucrose and *
reducing sugars and the activity of invertase since the reducing sngars may be used as
respiratory substrates and/or in building the amino acids, amides and protzins (Abdalla ez

al., under press). The changes in o and P~amylascs actvities of the trerted and untreated

(14)
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tesG. and scediings of Vicie faba are cbserved to coincide with the correspe
chiznges in the polysaccharides level. These rasults are supported by the results ob
by Hassanein ez gi. (1987 a). In eddition, the decline in polysaccharides and conseq
thie total carbohydrate contenis particularly in seedlings of 7 and 14 daysold - .
atributed in pari to 1;:13 increased activites ofe¢-and F—amylascs and in part to the ink
photesyninetic rate ceused by phenobics weatments. In this respect FA mea
decreased leaf production and dry weight accumulation (Patterson, 1981; Blur-
‘Delton, 1985 and Blum et al., 1985 a,b), leaf chlorophyll content (Einhelli,.

Rasmussea, 1979) and photesynthetic rates (Patterson, 1981).

Conclusion: It may be stated that treatment wiih 5A 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 polyphenol oxidase especially at SA3, SAS an¢
may be participated in the inhibition of seed germination and seedling grow,
addiden, treating seeds and seedlings of Vicia faba with the used pﬁcnolic acids i+
increased activides ofs] .ﬂ.m:lP- amylases and sucrose content, while they decreases

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

Aknowlegment: The authors wish 1o express their preat thanks and gratimde t
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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

8,

Ul

lateral roots of Vicia faba secdlings. Each value is a mean of 8 replicates

Days after treatment
Concentration 1 2 7 14
) % of germination rﬁmm_ﬂw.zw_.mm. hwﬂ%%g&% f Z&.Wmﬁo_v. K.-.ﬁ_v.m"c_.. _mﬂw_.uoﬁ.owmm _mw“mmu_.:nwwa
Control (H,0) |33.3 100 02 2.4 10.8 123 19 1.9
SA1 133-SH 733-SH{ 07+SH  20-S 7.0-SH 53 -SH 21+SH 4.8 +SH
| SAs 0.0 60.0-SH | 00 0.4-SH 43-SH 3.1-SH 2-SH 1.7+ SH
GA1 46.7+SH 100NS | 15+SH 3. +SH 14.6 + SH 14.5+ SH 11-5H 4.1 + SH
» GAs 267-S 667-SH| 05+SH  28+8S 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.Datl1% |74 7.9 10.05 0.6 1.04 1.08 1.18 0.18

Q3)

- S = significant NS = non significant

M.No. = mean number

HS = high significant
ML = mean length
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Table (2) Effect of salicylic z¢cid and gallic 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 g1 dry weight (£ sd).

.1 ’:g;/ C"’“(C;"&E)lﬁm R S;;:g Sucrose Polysaccharides carbg‘r?ﬁrates
' Control (,0) | 13.1%35 | 175226 | 887105 | 11933203
| SA1 208438 | 30153 | 77.0£87 | 1279158
i 1 SAs 26.9 £ 4.5 14.7£2.5 80.6 88 | 12221158
GAI 147433 | 35647 | 678+59 | 1181156
GAs 168+28 | 224%36 | 733%56 | 11252105
Control (H,0) | 147241 | 11.9%28 | 846%83 | 1112£153
SA1 168+32 | 175222 | 71878 | 106.1%104
2 SAs 189+35 | 88+35 | 748263 | 1025189
[ GAI 112432 | 259+54 | 612x71 | 983%121
| GAs 133+22 | 152+24 | 665£62 | 950%10.3 |
Control (HZO) 20.3+5.3 147133 792+ 94 1i4.2 £ 18.6
SA1 154244 | 19332 | 665+58 | 101.2+14.1
7 SAs 168+33 | 126%18 | 69.6x74 | 99.0£86
GAI 9945 | 27342 | 50055 | 87.2%81
' GAs 12.6 3.9 16:8 £ 2.0 558 %55 85.2+64
Tconmot @1,0) | 17.5£56 | 175253 | 688103 | 10382111
-SA1 126+36 | 214+41 | 625+75 | 965+83
s | SAs 147£30 | 154226 | 652273 | 95368
GAl 7.8+3.1 30.1%61 | 464+38 84.3+6.4
4 GAs 109+28 | 193+36 | 50032 | 802£59

(20)




-_——
e

. Table {3) Eff2ct of selicylic acid and gallic acid on the activities of inveriase, -znd -

amylases during seed gemmination and early seedling growth of Vicia faba .
Valuves listed are the average of triplicate determinations (£ sd) .

Age/| Concentration Invertase ) :glgcl;ls fi:ﬁs?;agfiﬁf zdgglari;rz: :g:ha:;, e
gy | @M time pr
" | Coatrol (5,0) 6613 045+ 0.11 10£3
SA1 3.7£06 0.39 +0.12 20 £ 4
1| sas 28+05 0.43 % 0.10 15+ 3
- GA1 20+05 0.33 £ 0.15 30%5
- GAs 1105 0.35+ 0.13 25+ 4
Control (H,0) 45+08 041 % 0.16 15+3
SA1 3.3 %06 034+ 0.11 25+4
vy SAs 2.4 04 0.38 % 0.06 20 + 4
GA1 1.5+023 0.28 + 0.05 406
GAs 0.5+0.1 . 031%0.08 3047
| Conral (H,0) 8.3+ L1 0.34 % 0.10 305
SA1 75408 0.26 £ 0.03 45£7
7 SAs 6.3 0.8 0.39 +0.05 3543
, GAI 4805 0.20 £ 0.03 70+ 8
GAs 34405 0.23 £ 0.03 556
Control (H,0) 11.8+1.3 0.44 £0.10 405
SA1 92+15 0.31 % 0.06 5045
14 SAs 832038 0.39 + 0.03 453
GAl 5003 0.25 £ 0.03 80£7
GAs 4207 0282003 | 7557
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Tirect of salioylic acid and gallic acid on the activities of some oxidative

enzymes during seed germination and early seedling growth of Vicia faba.
Values listed are the average of triplicate determinations (£ £d) -

icrlg CGECI;H;?MH Catalase Po?;:;i;g;:eol- AA - oxidase
| Contzol (H,0; 336 %33 588 60£1.3
SA1 192 + 10 © T29%5 65%1.0
1 SAs 96 + 10 1523 80+ 1.4
’ GA1 480 £ 25 12£2 5.1%06
f GAs 168+ 15 9+ 2 7.0+ 0.8
Control (1,0) 432+ 20 256 6309
SA1 288 + 20 123 . 75+ 0.6
5 SAs 192+ 15 10+ 3 8.6+ 0.8
' GAl 528 +26 © g2 55+ 06
i Ghs 240 + 28 5+1 78512
Conuol (H,0) 480+ 26 4815 48+03
SA1 43222 42+3 58+0.3
. Shs 288+ 16 3943 6.6+ 08
GAL 624+ 19 3143 2.9+02
GAs 336+ 18 253 6.2£05
| Control (1,0 . 92036 60%6 TITER
: SA1 720 £ 33 485 41+0.7
: 18| SAs 33619 43%3 55%07
i’ GAI 1392 £ 46 36+ 4 23%04
f' GAS 528+ 21 29+4 48%03
(22)




