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ABSTRACT

Application of d1fferent levels of
salinity in irrigation water (0, 2000,
4000 & 6000 ppm) to Giza 5 Reina culti­
vars o٤ £lax plant, resulted in a differ­
ential responses 1ntwo different direct-
1ons particularly at the highest level of
sa11nity (6000 ppm) .

The plants o٤ Reina cultivar respon­
ded positively and exhibited stimulation
1n the growth criteria and yiela, whereas
the plants of Giz 5 cultivar followed a
reverse situatlon. On the other hand,
the plants of the two cultivars responded
similarly to the low and moderate levels
of salinity ( 2000 & 4000 ppm ) but aif٤­
ered in the magnitude of the response.

It 1s suggested that, the plants of
Reina cult4var are more tolerant to
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salinity than those of Giza 5 cult1var.
The difference in the magnitude of res­

ponse between the plants o٤ the two
cultivars was discussed on the basis of
the differential changes in the contents
and activity levels of the endogenous
grOwth hormones.

INTEODUCTIO?

Soil salinity is one of the most important factors affe-

cting growtH and yield of plants. It represents one of the

ma1n problems facing those who are interested in agriculture

and plant physiology ( Mass and Nieman, 1978 ).

Through the last few years, the problem of salinity has

recieved much attention in EgyYpt due to the lack of good qual-

1ty of water obtalned from the River Nile owlng to the reduct-

ion of its water level. On the other hand, the newely recla-

imed areas which are far from the main course of the Nile or

one of 1ts branches, depends malnly on water of low qual1ty

pumped either from wells or collective drains. All of these

water sources conta1n high levels of salinitY.

The effect of salinity on the growth and yield o many

plants have been reported by many investigators. In certain

plant specles, the response may be shown as a marked stimula-

tion of the growth and yield. In this connection, we can
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refer to tbe Work o3: Bakr Abmed et.al.(1970); Ahred et.

a1. (1977, 1978); Khali1 et. a1978)إ. ); Singb et.al.
 ي بد د ،

(1982), Abmed et. Al.(1983). Al-RAwi and Lazim (1983)
 د

SHalaby t. gl. (1983) and Wassif et.al. (1983). 0n the، ، »

other hand, tbe response May be reflected in the form 4

a severe reduction of the growtb and yield of plants as

reported by soae authors. Balba (1960); Strogonov (1962);

Hutton (1971); Lashin & Atanslu (1972). ShalHavet ٤ Yaron

(1973). Abaza et.al. (1974); GHaz1 (1976); Feika1(1976);
،

Heikal et.al. (1980 a, b); and Aly (1987). Generally, what-

ever the response of plants to the salinization treatments,

the magnitude of sucb response varied according to the

1evel o4 salinity and the species of plant.

Regarding the chanGes in the endogenous Horrones

(auxins, gibberellins & cytokinins) es influenced by salin±-

aation treatment and the reflection of sucH change on the

growth and dewelopaent of plants, limited work was carried

out in this field (Itai and Vaadia, 1965. Itai et.al.1968,د 

BrowinE, 1973; Zabadal, 1974 and Ghazi, 1976).

The present paper presents Ehe difterential responses

ot two cult1vars of flax to salinization treatments for

evaluating their tolernnce to soil salin1ty And to bring 1n­

to focus the change 1n growtE and yield of plants in rela­

tion to the concoMitant cbanges in the endogenous gromtb

horrones in respoDse to the sAliniaation treatments.
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MATERIALS AD METHoODS

Two cultivars of flax plant ( L1numsitatlssimum. L)

were used in the present investigation. They were :

1. Giza 5 : local varietY, started to be released from 1978. It

was originated from the cross between Glza 4 and Precederia

1n Field Crops Research Institute, Agricultural Research

center.

2. Reina a fiber type variety imported from Holland.

A pure lot of the Eeeds of both cultivars was kindely obtai-

ned from Agricultural Research Center, Giza. A.R. EgYpt.

Pot experiment was conducted in an-open-air -wirehouse

at the Faculty.of. Education during the growing season. Seeds
٠·٤h -of both cultivars were sown on November 20 1987 in 320 1arge

unglazed pots( 40 cm 6) containing egual amounts of homogenous

soil collected from the wpper 30 cm layer from the Botanlcal

Garden of the Faculty o£ Education, Ain Shams DnlversitY. The

pots were irrigated with egual volumes of tap water. Two eeks

later, thinning was done so that ten unifomm seedlings were left

in each pot for experlmentation. The plants were exposed to

normal day length and natural illulnation.

The pots of each cultivar ( 160 pots in each ) were divi-

ded 1nto 4 groups, 40 pots each. stThe plants of the 1=group

were irrigated w1th tap water to serve as control, whereas
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nd ٠٠ .those of the 2 roups ,شش ج9 ج م±ي were irrigated with 2000,

4000 & 6000 ppm of salinity levels respect1vely. The saline

solution was composed of a mixture of Macl + Cacl2)و :l by we­

iو ht). The plants of all treatments were irrigated occasionally

w1th certain volume of tap water to keep the salinity Level

constant.

when the capsules of the differently treated and untrea-

ted plants attained full maturity, the foLlowing parameters were

analysed in the shoot system :

1. Total length of stem (cm).

2. Technical legth o٤ atem (cm).

3. Straw Yie1d / feddan (in tons) .

4٠ Fiber yield/ feddan (in tons).

5. F1ber percentage.

The data of the d1fferent treatments were statistically

analysed us1ng the least significant difference ( L.S.D) at 1%

and 5% levels of probab1lity-

Extraction,separationandb±oassayoع qrOxthhormones

Etraction

Separation

The method o٤ extraction of the growth substances

as ه essentially ،similar to that described by Zakyب 

(1985).

Strip 10ading of the plant extract, each represe-

nting 0.5 g dry weight of plant tissue, was carr-
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1ed out on mhatman No. 1 papei chromatography and

developed using isopropanol : ammon1a : water {l0:

1:1 V) 1n a descending manner. The dr1ed chro

matograms were cut into l0 equal strips which were
٣eluted overnight at 5 C with distilled water-

B1oassaY The method used to assay the act1vity of auxins

and growth 1nhibitors was the straight growth test

of BordEun coleopt1le as adopted by Foda and Radwan

(1962)٠ THe method used ،for the bioassay of gibb-

erell1ns and gibberellin-like ،substances was similar

to that adopted by Bently - Mowat (1966). The

method used for the bioassay of cytoKin±ns was

essentially that o٤ Esashi & Leopold (1969).

The results of the bioassays were analysed statistically

using the method of the least s4gn1ficant difference ( L.S.D)

at 5% level of probabillty. THe significant activit1es of aux-

ins and growth inhibitors, gibberellins and gibberellin- like

substances, and cytokinins are represented by shaded areas.

RESULTS

1.

A-

It is obv1ous from Table 1 that, the shoot length of

Giza 5 cultivar of fla plant: was found to be either

-131-

 و ، ييد
-= ب=د٠ --جج٣٣-٠٠٠٣٦٠٠٣٣٩••-٠ -ذ"ذ-ه ه



Women's Coll. Ann Rev.
Vol. 15 (1990).

significantly increased in the plants 4rr1gated with the

Lowest concentration used of salinity ( 2000 ppm ), or

highly signifLcantly increased in the plants irrigated

witH the medium concentration used of salinity (4000 ppm)

over that of the control. 0n the other hand, the shoot

length of the plants irrigated w4th the highest concent-

rat1on used (6000 ppm) was found to be significantly

decreased below thatof the control.

Regarding the response o± Reina cultivar to the same

levels of salinity, it is evident that the shoot Length

of the treated plants followed a different trend as comp-

ared with that of Giza 5 cultivar. At all levels of sal-

inity used ( 2000. 4000 4 6000 ppm ), the shoot length

was highly s1gnificantly increased.

B-

THe technical length of Giza 5 cultivar shoots was

found to be highly significantly increased in plants tre-

ated with 2000 & 4000 ppm of salinity levels as compared

with that o٤ the control. On the other hand, in response

to treatment with the highest level of salinity (6000 ppm) ,

the technical length of the shoot appeared to be non sig-

n1ficantly affected.

As concerning the change inthe technical length of
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Relna cultivar plants, it was found that at all salinity

levels used, the technical length was remarkably increased

over that o٤ the corresponding control. Ths increase

was found to be elther h1ghly significantly increased at

2000 6 4000 ppm of salinity level or signlficantly incr

eased at the h1ghest concentration uEed (6000 ppm)..

c- StrawYieldLfeddan

The changes in the strw yield / £eddan of both Giza

5 and Reina cultivars 1n response to treatment with varlous

levels of salinlty were found to follow the same pattern

of change as the technical length of the shoots {Table 1).

:FiEery4e1d/feddanد- 

As regards Giza 5 cultivar, the fiber yleld/feddan

was found to be highly signiflcantly increased at the

relatively low levels of salinity ( 2000 4000 ppm )

whereas the same character was highly significantly decr-

eased in plants irrigated with the highest level of sali-

nity ( 6000 ppm ).

In Reina cultivar plants, the pattern of change in

fiber yield/feddan was quite different. It uas highly

s1gn1ficantly increased at all levels of sal1nity.
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E- FiberPercentage :

The Eiber percentage of both Giza 5 and Reina cultiy-

ars showed highly significant increases in response to the

irrigation of plants w1th the relatively low levels of

salinity ( 2000 ٤ 4000 ppm). on the other hand, the

same character was found to be highly significantly decr-

eased in Giza 5 cult1var and non significantly affected

in Reina cultiwar due to treatment with the highest level

of salinity ( 6000 ppm )

A: ChanGes in auxins and arowth inhibitors_contents

The pattern of cHanges in auxins and growth inhibitors

in the contral plants and those irrigated with the d1ffer-

ent levels of salinity are illustrated ±n f1g.(1).

It 1s apparent tHat tHe extract of the contral plants

of Giza 5 cultivar contained at least 4 growth promoting

2ones having significant auxin activity. the R, af which

are at : 0.0-0-2, 0.2-0٠4, 0٠4-٥٠6 and 0.8-1.0.

THe .1ast two zones appeared likely to be indale acetic

acid (IAA) and indole acetonitrile (IA) since they prod-

uced the same positive colour reactions with the reagents

testing for indole substances as the authentic compounds.

In addition the same extract appeared to contain one

significant growth inhibiting zone ( R0.8-0.6م: )
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which appeared to be unsaturated lactone since it gave a

pos1t1ve colour reaction with diazotized p- nitroaniline

reagent.

The extracts of plants irrigated with the lowest level

of salinity ( 2000 ppm ), showed a marked increase in the

activ1ty levels of the growth promoting 2ones which appe-

ared to be unchanged in its number but their R, values

were different as compared with those of the corresponding

control. Their R values م ranged betveen : 0.0 -0.2,

0.3- 0.5, 0.5-0.7 an 0.7-0.9.

The extract of plants treated wlth the moderate level

of salinity ( 4000 ppm) contained the highest number of

s1gnificant growth promoting 2ones which reached their

max1mum activ1ty levels as compared with that of the

untreated plants aRd that of the treateD ones.

on the other hand, the highest level of salinitY

(6000 ppn) caused a sharp decrease 1n the content and

the act4vity levels of the grGwth promoting 2ones- THe

zones o٤ IAA sharply decreased cnd IAN disappeared

completely and two significant growth inhibitirg zones

(R:0.1 -0.2 &0.7-0.9) appeared in the extract of

Plants treated w1th that highest level of salinity.

Concerning auxins and growth inhibitors of Reina

cultivar, ±t is clearly shown from the histogram illus-
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.trated in fig.(l) that, the extract of the untreated

plants contained 4 growth promoting zones having signif-

icant auxin act1vity, all of which appeared to contain

indole compounds. The R, values of which ranged between:

0٠1-0٠3٠ 0.3-0-5, ٥٠6- 0.8 and 0.8- 0.9. on the

other hand, only one growrth inHibiting one خ was found 1n

the same extract ( R,: 0.5-0.6 ).'

The content and the actirity levels of growrth promo-

t1ng zones whicb have the significant auxin activity were

progressively and markedly increased as the level of sal-

inity was increased. However, this increase in the auxin

activity was accompanied by complete disappearance of the

growth inhibitors at 2000 and 4000 ppm salinity level.

On the other hand, the highest level of salinity used

( 6000 ppm) increased sl1ghtly the auxin act4v4ty as

compared with that of the control.

I٤ is of interest to mention that in all treatments

B:

of salinity, both IAA and IAN ald not disappear

the extracts of the treated Reina plants.

from

The results of changes in gibberellins and gibberellin-

l1ke substances of differently salinized- treated and

untreated plants of botH Giza 5 and Reina cultivars are

-136-



Waen's CalE- Mnn- Rer­
Wo1.15 (1990).

iLlustratea in fig- (2}.

٤t is clearly shown that the extract of the untrea-

ted plants of Gza 5 cultivar contained at least 4 grouth

promoting tones having signifLcant g1bberellir activities٠

the R, values of which ranged betwreen : 0.0-0-1, 0.1-

0.3, 0.4-0٠6 and 0.7-0.9 respectively. All of the

previously detected zones appeared likely to contain gib-

berellib compounds sirce they produced a posit1e colour

reaction with the reagent testing for gibberellins. Tre-

at4ng plants w1th the relatively 1ow levels of salinity

( 2000 ٤ 4000 ppm caused marked and progressive incr-

ease 1n the content and activity levels of the zones hav-

1ng significant gibberellin activitles without a yص change

in their number. on the other hand, the hlghest level of

salin1ty ( 6000 ppm } did not cause any obvious change in

the biolog1cal activity of the extract since the content

and the act1vity levels of the detected zones havirg g1bb­

erell1n activities appeared to be rore or less comparable

t٥ tHose aPpeared in the extract of the control plants.

It is of worthy mentioning that all ones ة detected ir

extracts of the differently treated plants of Giza 5 cult-

irar appearea to contain gibberelLin--like substances, s1nce

they produced negative colour reactions with the reagent

testing for gibberellins with the exception of the zone

detectea at Rم ranged between : 0.6-0.8 in the extract

of plants treated with the lowest level of salinity (2000
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ppm) which exhibited gibberellin nature since it gave pos-

it1ve colour reaction with the previous reagent.

With regard to Reina cultivar plants, it is clear that

treatment with warious levels of salinlty resulted in

marked and progressive increases in the content and the

activity levels of the promoting aones having s1gnificant

gibberellin activities which reached their maximum in the

extracts of plants treated with the moderate level of sal-

inity ( 4000 ppm). In tHe extract of the plants treated

with the highest level of salinity ( 6000 ppm ), the biol-

ogical activitles and the contents of the significant gib-

berellins were found to be lowered slightly as being comp-

ared with those detected in the extracts of plants treated

w1th the relatively lower levels of sal1nity ( 2000 & 4000

ppm ), but still higher than those detected in the corres-

ponding control.

It is of interest to mention that, the observed marked

progressive increases in the gibberellin contents of the

Reina cultivar plants 1n response to sallnizatlon treatme-

nts, were accompanied by the appearance of gibberellin

compounds in the extracts of these plants on one hand,

since all zones detected gave a positive colour reaction

with the reagent testing for gibberellins. and the incre-

ase in the content and the activity level of the zone

detected at R, 0.6-0.8 which was corresponding to GA,

-138-
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on the other hand.

The results of the changes in cytokinins due to salin-

ization treatments of Giza 5 and Reina cultlvars are 1llus-

tratea 1n ٤1g. (3).

It is clearly shown that, the fractionated extract of٤

the control plants of G1za 5 cultivar exhibited cytokin1n

activ1ty represented by 4 signif1cant zanes The R o٤- '٤
which are nearly at : 0.1 -0٠2, 0-3-0.5, 0.5-0-7 and

0.7-0.9 respect1vely. The colour test of the previously

mentioned 2ones indicates that these aones are occupied by

cytokinin compounds of purine nature. on the other hand,

the extracts of the correspond1ng control of Re1na cultivar

exhibited cytokinin activity represented by only 3 s1gn1f-

ican zones. Their R, values are nearly at : 0.2-0.4,

0٠4-0.5 and 0.6-0.8 respectively, all of which are of

pur1ne nature since they gave positive colour reactions

1th the reagent test1ng for purines. The activlty levelsب 

of the significant zones which appeared 1n the fractionated

extract of Reina cultivar were found to be lower than those

o٤ Giza 5 cult1var.

As regards the changes in cytokinin content of Giza 5

and Reina cultivar plants 1n response to salinIzation tre-

atments, 1t was found that suh changes folloved more or
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1ess s1milar pattern ( Fig. 3). It is clearly shown that

the responses of the test objects due to the different lev-

els of salinlty showed increases in the content

and the activity levels o٤ the cytokinin compounds at al1

concentrations appl1ed as compared with thuse of the corre-

spond1ng controls. At the same time, the moderate concen-

tration of salinlty ( 4000 ppm) induced the maximum level

of cytokinin compounds in both Giza 5 and Reina cultivar

plants without any change in the number of the significant

2ones having cytokinin activity.

DISCUSSION

THe results of the present investigation reveal that

the two cultivars of flax plant ( Giza 5 & Reina) exhibLted a

differential response by Aز plYinو the highest level of salinity. T

growth characters, yield and the changes in the endogenous gro-

wth hormones ( aux1ns. gibberellins & cytokinins ) were found

to be negatively affected in response to tRe salinization trea-

tments of G1za 5 cultivar particularly when the highest level

of salinity was used ( 6000 ppm ). on the other hand, the same

characters of Reina cultivar were found to be pos1tively affe-

cted at all levels of salinity, where such characters exhibited

either sign1ficant or highly slgn±flcant increase over the val­

ues o٤ the.corresponding controls ( Table 1 ).

Regarding the effect of the low and moderate levels of
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salinity ( 2000 & 4000 ppm) on the groth. characters and yield

of Giza 5 Reina ع cultivars, it was found that, the shoot length,

technical length of shoot, straw yield, fber yield and fLber A

were found to be stimulated over thase of carresponding controls.

The magnitude af stimulation was higher in plants of Re1na cult-

ivar than that observed in plants of Giza 5 cultivar. In this

cannection., sim1lar findings were reported by several 1nvestig-

ators,among them we may refer to the work of Ahmed et. a±.  ي,1977)

1978) working on cotton and safflover plants: Khalil et. a1.

(1978) work1ng on flax plant; Singh et. a1. (1982) working on
 د

Capsicum; Al-Rawi and Lazim (1983) working on flax plant, shal­
 د

aby et. .lة (1983) work1ng on wheat plants and El-Gayar (1988)

working on flax plant-

Based on the preceed1ng results, it appears that at the

1o and moderate levels af salin1ty , the plants o£ the two stu-

died cultivars (Giza 5 6 Reina ), not only could tolerate the

salinizat1on treatments, but also exhiblted a s1gn1f1cant st1m-

ulation in the different criteria of groth and y1eld of plants.

Such stimulation in growth criteria may be attributed to the

stimulatory effect of the low and moderate levels of salinity

on the endogenous growth hormones 1ncluding auxins, gibberellins

and cytokin1ns ( Figs1,2&3). In this regard, 4t could be conclu­

ded that the tolerance of plants of the two studied cult4vars

to the low and moderate levels of salinity and their signlficant

stLmulated growth and yield might be caused through the enhan­

cement of such levels of sal1nlty on the synthesis of the
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endogenous growth hormones to considerable activity levels which

enable plants to cope with water deficits and finally exHibit a

growrth rate surpassing that o± the control plants. THis corc-

lusion is supported by the findings of Niller 6 Kramer (1965)

ana Ficher (1970).

on the other hand, 1t was found that the highest 1evel of

salinity ( 6000 ppm) induced a dذ fferent responses in plants

of Giza 5 and Reina cultivars respectively. Whereas such h1gh

level of salinity caused either rop significant or h1ghly s1gn1f­

icant decline in the parameters of growth and yield of plants

of Giza 5 cultivar, the same level of salinity ( 6000 ppm) in-

duced either significant or highly significant increases in the

parameters of the growth and yield of plants of Reina cultivar.

Both negative and pos1t1ve responses of plants of G1za 5 and

Reina cultivars respectively as a result of treatment with the

h1ghest level of salinity, were found to be correlated to a

great extent to the changes in tHe endogenows growth horones.

In this connect1on. 1t is suggested that the changes in the

hormonal level evoked certaln concurrent seguence of events

1eading to water unavailabil1ty for plants of Giza 5 cult1var

and water availabllity for plants of Reina cultivar. This sugg­

estion is supported by the findings reported by Ouda Bandurski ة

(1984) and Reid and wample (1985).

Concerning the changes 1n auxins and growth inhibitors

content of plants in response to saliniaation treatments with
9
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the low and moderate levels ( 2000 & 4000 ppm ), 1t was found

that the plants of Giza 5 and Reina cultivars followed a more

or less simllar pattern. In their extracts,there was a marked

increase in the content and actlvity levels of the s1gnificant

growth promoting zones having 1ndole nature which reached thelr

maximum when the moderate 1evel of salin4ty was used.(4000p).It 1s o٤

worthy mentioning that the magn1tude of the content and act1vity

level of growth promoterE in the extract of plants of Reina

cultivar were found to be relatlvely h1gher than those of

plants of Giza 5 cultivar. On the other hand, the extract of

plants of Giza 5 cult1var wh1ch were treated with the moderate

1evel showed the presence o٤ growth 1nhiblt1ng substance, wher-

eas the extract of plants of Reina cultivar treated with the

same level of Ealinity was found to be completely devoid ٤rom

the growth 1nhibitors ( Fig.1). When the h1ghest level 5f

salinity was used ( 6000 ppm ), the extract of plants of Giza 5

cultivar showed a marked decllne in the content and activity

levels of the indol1c auxins and an 1ncreased number o٤ the

s1gn1ficant growth inhibitin zones. whereas the extract of pl­

ants of Reina cultivar showed an increased content in the growth

promoters over that present 1n the etract of the control plants.

From such results, it appears that the plants of the tvo stud­

-1ed cult1vars d1ffers in their magnitude of response to high saliniم 

2ation treatment and that difference depends- to a great extenE

- on the potent1al1ty of plants of each cultiwar not only to

synthesize adequate levels of the growth promoters, but also

maintaLned such levele from enzymatic destruction by IAA -
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oxidase, so the growth proaoting substances cAn serve

as modulators of plant response. Our results 04fer a

great support for the prevlous suggestion.

It i Wortby to refer to the complete disappeAr-

ance of both IAN And sharp decreAse of IAA in the

extract 0f plants of Giza 5 cultivar whdch were treated

with the highest level of salinity, wbile both substances

IAA IAN &ع showed high Activ1ty levels in the extracts of

plants of Reina cultivar treated witH tbe same level of

salinity.

THe relative h1gh levels of auxins especially IAA

and IAN in the extract of Reina cultivar plants grom 1n

the soil 1rrigated with the h1ghest applled level of

salin1ty (6000 ppm) y د Blay an important role in 1n­

creasing the active water uptake (non-osrotic absorption)

aga1nst the osmotic gradient (Audus, 1972; Wareing k

١ ا

 ن

Phillips, 1981; Wilklns, 1984).

This May be one of the mechan4sms by mhich the

plants of ReinA cultivar were shown to be relatively more

tolerant to the High 1evel of salinity tHan those of Giza

5 cultivar. Ia this regard, Livine and Vaadia (1972);

Hs1a0 (1973); E1-Beltagy & Hal1 (1974) and Reid & Wample

(1985) reported that the endogenous horTonal levels are

considered to be a link between water potential and

growtH. responses. Tbey also added tbat the adaptive
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mechanisms of plants to water stress may involve regulation

through changes in hormone balance including growth components

which serve as modulators or turners for the alterations in

water status .

As regards the changes in gibberellIns and cytokinlns in

response to salinizat1on treatments, it was found that the gib-

berellins of both Giza 5 and Reina cyltivars followed a pattern

of change more or less comnparable to that of auxins ( Fig. 2 &

3). on the other hand. the content and activity levels of

cytokinins 1n plants of the two cultivars were found to be nea-

rly comparable and 1ncreased ower that of the control plants-

These results appear to be in accordance wlth those obtalned

by Mizrahi et. a197)لإ. l) and in contradiction w1th the findings

o£ Ita4 and Vaadia {1965}; Itai et a1 (1968); B1umRenfeld  د٣ ،(1970}

and Itai & Ben - 2ion1 (1976).

In conclusion, the overall obtalned results in the pres-

ent investigation suggest that pLants of Giza 5 and Reina cult-

1var responded d1fferently to the salinizatton treatments. The

plants of Relna cultlvar were found to be more tolerant to hoh sal-

inity than those of Giza 5 cult1.var. The difference in the

magitude of response between the plants of the tvo cultivars

may be attributed to the changes 1n the contents and activity

1evels of the endogenous growth hormones and / or the operation

of certaln adaptive control mechanism leading to the alterati-

ons 1n water status
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