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ABSTRACT

A pot expeniment was conducted in the greenhouse of the National Research
Centre, Dokki, Cairo, Egypt during the winter season of 2000/2001 to evaluate the
effect of 6-benzyl adenine under different salinity levels on growth, yield and the
concentration of different endogenous hormones in barley plants cv. Giza 124. Plant
height, number of tillers and leaves/plant, dry weight of shoots No. and length of
spices and straw, grains and total yield/plant were decreased as the salt concentration
increased in water used for irrigation of barley plants. BA (6-benzyl adenine) treatment
were slightly affected growth and yield characters. 1AA, GA and Cytokinins decreased
but ABA concentration was reversely responded by salt stress. Spraying BA at 50
mg/l raised the endogenous concentration of GA, IAA and Cytokinins by 13.76, 12.97
and 22.77 % and lowered the concentration of ABA by 20.97 %, BA treatment
contracts the effect of salt stress on the different estimated hormones.

INTRODUCTION

Plants are exposed to many types of environmental stresses among
of these stresses osmotic stress in particular that due to salinity and drought,
is the most serious problems that limits plant growth and crop productivity in
Agriculture (Boyer, 1982 and Yoshiba et al., 1997).

-Many authors discuss the relation between growth hormones and salt
stress. Popova and Maslenkova (1997) demonstrated that leaf Na® and CI*
contents in barley were lowered in pretreated plants by jasmine acid Zang--
Shigong et al. (1999) concluded that BA improved CI absorption in roots and
decreased the translocation and content in shoots, this increasing the salt
resistance and the adaptability of wheat seedlings to salt stress. Kopier et al.
(1990) revealed that a stimulatory effect of BA on plant mineral nutrition was
"also associated with an effect on the level of endogenous cytokinins. Kupier
et al. (1990) noticed that addition of BA inhibited growth during stress of a
salt sensitive variety of barley but over came the decline in growth rates,
shoot/root raiio and internal CK content in a salt tolerant variety. Moreover,
Hare et al. (1997) reported that several studies involved stress - induced
decline in cytokinins in root tip and the resuiting decrease in CK transport
might affect the physiology of the shoots. Cther ways and relations had been
mentioned such as osmotic adjustment (Sanada et al., 1997) enzymes
activity (Popova and Maslenkova, 1997) and gene responsible (Yoshiba et
al., 1997 and Hare et al., 1997). This study was conducted to shed more light
on the relations of growth hormones and salt stress through its effect on
growth, yield and concentration of endogenous hormones in shoots of barley
plants.



Hussein, M.M. et al.

MATERIALS AND METHODS

Pot experiment was conduced in the greenhouse of the National
Research Centre at Dokki, Cairo, Egypt. During the winter season of
2000/2001 to evaluate the effect of salinity and 6-Benzyl adenine on growth,
yield and the concentration of endogenous hormones and intem its relation
with salt resistant in barley plants. The treatments were as follows :

1- The salt concentration in irrigation water (by diluting Midetrainian sea water
with fresh water) : O (tap water 200 ppm), 2000, 4000, 6000 and 8000
ppm.

2- Benzyl adenine : 0 (tap water) and 50 mg/| foliar spray.

The experiment included 5 levels of salinity in combination with 2
levels of growth hormone i.e. 10 treatments in 6 replicates arranged in
completely randomized design. Metallic tin pots 35 cm. In diameter and 50
cm. In depth were used. Every pot contained 30 kg of air dried clay loam soit.
The inner surface of the pots was coated with three layers of bitumen to
prevent direct contact between the soil and metal. In this system, 2 kg of
gravel, (particles about 2-3 cm. In diameter) was used to cover the bottom of
the pot. Irrigation water was poured through a vertical tube (2.5 cm. In
diameter), so the movement of water was from the base upward.

Grains of barley (Hordium vulgare, L.} cv. Giza 124 were sown in 15
November, plants were thinned twice the 1% 20 days after sowing and the 2™
two weeks latter to leave three plants/pot. Calcium superphosphate (16.5 %
P,05) and potassium sulfate (48.5 % KO) in the rate of 2.29 and 1.14 g/pot
were added before sowing. Ammonium sulfate (20.5 % N) in the rate of 6.86
g/pot was added in two equal portion the 1% after two weeks from sowing
and the 2™ two seeks latter.

Barley plants were sprayed with Benzyl adenine (BA) at 50 ppm at 75
days after sowing. Spraying was carried out using operated compressed air
sprayers, "Nonidet 42" was used as a wetting agent at the rate of 0.10 %.
Control plants were sprayed with tap water at the same rate of wetting agent.

Sampling :

Ten plants were randomiy taken from each treatment for growth
measurements at harvest after 150 derys from: sowing). The following data
were recorded, plant height (crm) of mrair steny, nurmber of tillers, dry weight of
shoots (g/plant), number of leaves, weight of stvaws (g/plant), number of
leaves, weight of straws (g/plant), grains weight (g/plant), spike length: (e,
spikes/straw, grains/straw and grains/spikes per plant.

The data were statistically analyzed as described by Snedecor and
Cochran (1982). :

Determination of plant growth hormones :

For endogenous growth hormone determinations, one sample from
the shoots was taken after 90 days from sowing was taken from the 2™
season. Thirty gram fresh weight of the shoot were extracted with 80 % cold
methanol according to the method of Badr et al. (1971). The extracts were
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treated for HPLC analysis using water 746 data modular. Milipoa apparatus.
Samples for extraction were taken after 90 days from pianting from
treatments; Tap water, 4000 and 8000 ppm salinity levels in combination with
0 and 50 ppm benzyl adenine spraying only.

RESULTS AND DISCUSSION

" A. Endogenous hormones :
1. Gibberellins :

Data presented in Table (1) and Fig. (1) show that gibberellins
concentration in shoots of barley plants drastically depressed by high level of
salinity. Irrigation with water contains 4000 and 8000 ppm salts decreased
gibberellins (content) by 33.42 and 46.52 % in combarable with that irrigated
by tap water. In this concern, El-Antaby et al. (1994) revealed that the
increases in inhibitors levels shown to be a function of age and paralleled in
most cases the increase in level of salinization.

Roy et al. (1995) reported the same trend. However, Moussa and
Sallem (1996) noticed that the highest gibberellins activity was observed
when plants were grown under mild stress (4000 ppm) used 6000 ppm level
diminished gibberellins activity while it disappeared by irrigation with water
contains 12000 ppm salts.

Table (1) : Effect of spraying barley plants with benzyl adenine on the
amounts of endogenous hormones of the shoots of plants
grown under the two levels of salinity (Calculated as ng/g

fresh weight).
Endogenous hormones| Gibberellins Cytokinins
content content
(equivalent to IAA | ABA (equivalent
Treatments -~ GA;) to Zeatin)
1. Tap water 232.20 122.30 | 40.60 66.18
2. Tap water + 50 ppm BA 264.14 138.16 | 31.66 81.25
3. 4000 ppm salinity 154.60 64.50 | 79.30 43.10
4. 4000 ppm salinity + 50 pm BA 172.11 73.80 | 55.58 59.07
5. 8000 ppm salinity 124.18 50.11 | 86.25 34.36
6. 8000 ppm salinity + 50 ppm BA 133.08 59.91 | 65.57 39.87

2. Indole acetic acid :

Data in Table (1)and Fig. (1) clearly indicated that the two levels of
salinity a decreased |AA concentrations as compared with control plants.
irrigated plants with water contains 4000 ppm lowered the concentration of
IAA to be about one half of that in the control plants. Increased salts up to
8000 ppm sharpley decreased IAA concentration from 122.3.to 50.11 ppm. In
this concernes, Sinel-Nikova (1981) and Mousa and Sallem (1996) reached
to a negative relation between degree of salinity and auxin activity in tomato
and triplex plants. ' '
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Fig. (1) : endonegous hormones of the shoots of barley plants sprayed
With benzyl adenine under the two level of salinity.

1- tap water

2- tap water +50 ppm BA

3- 4000 ppm salinity

4- 4000 ppm salinity +50 ppm BA
5- 8000 ppm salinity

6- 8000 ppm salinity +50 ppm BA
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3. Abscisic acid :

Data recorded the effects of salts on ABA are in Table (1) and Fig.
(1). The data show that using the two levels of salinity caused marked
increases in the concentration of ABA in the extract of barley shoots. The
increment in ABA conc. was 97.95% by salinity level 4000 ppm, however, it
raised to be 115.30% when salts increased to 8000 ppm. These data are in
agreement with those obtained by Roy et al. (1995) on rice and El-Antably et
al. (1994) on tomato.
Concerning the relation between ABA and salts stress, El-Antably et al.
(1994) on tomato, related the increase in ABA under saline conditions to an
enzyme conversion of precursor to inhibitor B during prolonging wilting or
salinity exposure. Thomas et al. (1992) noticed that ABA level increased 8 to
10 fold in leaves during salt stress. These conclusions are in line with those
previously maintained by Koshimizu et al. (1995). Also, El-Antably et al.
(1994) supported the findings of Eder and Harber (1977) that such elevated
ABA levels induced by salinity are important for rapid osmotic adjustment via
stomata closure and also favor the accumulation of amino acids in general
and proline in particular and improve the adaptation to salinity.

4. Cytokinins :

Data in Table (1) and Fig. (1) revealed that the two levels af salinity
caused a depressive effect on cytokinins content especially when salinity
increased to 8000 ppm. Promotive effect on cytokinins contertt in barley were
induced by BA application. This may be attributed to less synthesis of
cytokinins in plant roots and intern less quantity of this hormone which
translocated to the shoots. Furthermore, salinity may affect the movement of
cytokinins from roots twards the top and intemn lowering the levels of
cytokinins in the leaves. Moussa and Sallem (1996) reported the influence of
spraying BA, the highest cytokinins content attained when BA was sprayed .
on barley plants which grown under non or salt stress: However, the
stimulative effect of kinetin tended to decrease with increasing salinity levels,
wirereas, cytokinins content increased when BA sprayed. Depending upon
the abowe menfioned data, it is concluded that the dippressive effect of
salirity o cytokinins was rminimized to some extent by treating witty BA.

Spraying BA in the rate of 50 ppm: slightly increased the conc. of
gibberellins. IAA and cytokinins, Kopier et al. (1990) demonstrated that
addition of BA inhibited growth to some extent and enhanced the cytokinin
conc. On barley in Egypt. Moussa and Sallem (1996) found that kinetin
enhanced gibberellins activity. On wheat, Rabie (1996) revealed that foliar
application with GA, BA and prolamine increased the level of action and
achieved remarkable increase in gibberellins activities in shoots extracts of
wheat during flowering and milk stages. On reverse, ABA decreased with BA
application. Similar results were obtained by Rabie (1996), Moussa and
Sallem (1996) and Bondok et al. (1992), Uesutigi ef al. (1994) indicated that
BA application caused a drastic decrease in endogenous ABA levels in peach
within 2 hours of application.
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The interaction effect of salt stress and 6 benzyl adenine on
endogenous hormones of barley plants are in Table (1). These data show
that irrigation with 4000 ppm solution decreased GA;, |AA and Zeatin by
33.42, 47.26 and 34.88 %, respectively. Meanwhile, spraying ptants with 50
ppm (6-benzy! adinene) lowered this decrement to be 25.88, 39.66 and 10.74
%, respectively. Furthermore, raised the conc. of salts around plant roots to
8000 ppm sharply depressed the conc. of the aformentioned endogenous
hormones by 46.52, §9.02 and 48.08%, while it be 42.69, 51.01 and 39.76 %,
respectively. In addition of BA at 50 ppm in the contr. In the contrary addition
of BA in the rate of 50 ppm limited the increment in ABA conc. The level of
salt 4000 ppm caused 79.95 % but it be 38.74 % when plants received 50
ppm BA. Moreover, at 8000 ppm salt in the root media increased ABA in
barley shoots by 115.30 % Nevertheless the increment could be measured
by 63.68 % by BA application.

Concerning the combined effect of benzyl adenine and sait stress.
Sinel-Nikova (1981) noticed that, in general, higher significant values of
inhibitors than control was shown till the last age with increasing tendency
due to increase in salinity level and advancement in age. El-Antably et al.
(1994) supgort these ﬁndlngs Kupier et al. (1991) recorded that the addition
of 5 X 10”° moll. BA/m® retarded the decreases in cytoklnlns caused by
salinity. Moussa and Sallem (1996) demonstrated that auxin activity was
adversely correlated with the increase in plant age and salt stress. They
added that mild salt stress and proline favoured gibberellins activity. The
data showed that BA treatment induced bariey plant to tolerate salinity stress.

B. Growth and Yield :

Data presented in Table (2) show that increased the salit
concentration in water of irrigation up to 8000 ppm clearly depressed the
growth characters. The highest effect was in No. of tillers (69.28 %) and the
lowest was (50.51 %) in main stem length compare to the control plants.

Many workers reached to the similar results. Moussa and Sallem
(1996) and Nour et al. (1982). These effects could be attributed to the effect
of salts on water availability, mineral absorption, photosynthesis and protein
metabolism (Boyer, 1982, Milteva et al. (1991), Yadav (1993) and Moussa
and Sallem (1996).

Regardless the effect of salinity, one spray in the rate of 50 ppm of
Benzyladenine slightly affected growth and yield characters of barley plants
(Table 2). Rabie (1996) found that both BA and prolamine increased plant
height, fresh and dry weight and area of flag leaf at flowering of wheat
plants. She also added that yield and yield characters responses are in line
with that of growth criteria.

The effect of interaction between salinity and BA on growth characteristics
are in Table (2). These effects on no. of tillers/plant, weight of stems and dry
weight of shoots were significant. Addition of BA depressed slightly the
decrement -in growth parameter. In addition, total yield, spike and straw
yields showed the same response of growth criteria.

The role of BA on overcoming the depressing effect of salinity on growth may
be due to the enhancing effect sof endogenous cytokinins (Table 1) which

5288



J. Agric. Sci. Mansoura Univ., 27(8), August, 2002

- - - 8,0 9€'0 GL'0 610 990 ] vaxs
- - - S€°0 910 8900 600 620 A vd %G1 Q'S
- - - 150 00 600 [4Y 050 S
[3r4 9'LS 8L 0£'9 FA 1 €0’y ¥Z'9 €1’ 0s ve
XA €8S 9Ll ¥6'G €6°L 18'¢ 179 08¢ 0 JO sanjeA ueapy
yey 6'€8 v6'L vy 15°1 18'1 19€ 05'L uesiy
o'ty L8 v6'L 8y 19°1 06°'L 69 191 0s 0008
L'ey 1'€8 £6°'L o'y f4 K £8°L €5t [ X943 0
8'9¢ §'cL 16'} xR [ or'e 48 4 S8 FANA uesiy
9t 614 661 £ 61 e 2: 04 L8 2e'C LS 0S 0009
v'LE 0'tl S6°'L ZS__ | €L} LT €9 £8 )02 _ 48 0
€82 9'6S oLe 1 | 181 | 1Z¢ [Z8] 601 78T FA: uesiy
1'8C 2’68 oLe Z'9 €8’ 9zt 98'9 oLl 0ot 0 oS 000
9'9¢ 009 (/154 09 | e84 SlL'e 299 401 19'C 0
£92 £'6¢ SE') ¥9 1. 002 89°'G L5°L vyl 8'E ... 098 uespy
vSZ | OVE | vEL S9 00z | e85 | 81 X o0'¥ 198 05 0002
1’2 6ot Se't Z9 00¢ 8y's LEL ovi 19°€ . E8g 0
892 (X Sl S8 62 ov'9 44 G'Ll oSy | _ PEL uesiy
02 '8t vl L8 *i° 4 899 o6 [18:]% 197 00/ 0S oem  dey
S'9¢ 0'6¢ iy’ €8 e €29 816 0’4l [ X% 2N N m@v 0
soyids [mens ;[ mens |{wd) yBusy [ JyBidm | smens | sexds | seaee) s49)n ,am& dd &
/sufeto |supean| somds | ewids [ supean | jom | o | 10oN | joma | s0-on  [iuBleydued ybw va | wdd Auyes

pajoaye se sjueld Aojieq jo pjalh pue ipmoib uo auluape jAzusq YHM Byuejd Aajset) Binkesds jo yoay3 : () elqey

"sjoA9)| AjjUjes Jusdojjip ul aUIUBPE: jAzuag Aq

5289



Hussein, M.M. et al.

affect plant water balance (McRobic, 1981) and/or decreasing root resistance
to water flow (El-Banna, 1985 and Sakr, 1996).

in this concern, Mumtaz et al. (1997) revealed that chlorophyll
degradation and reduction of root growth resulting from NaCl treatment were
counteract by BA treatment. Kupier ef al. (1991) used salt resistant barley
varieties ceathe indose which showed a bad response to salt stress and the
shoot to root ratio decreased. However, the addition of BA temporarily
overcome this salt induced response.
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