307
Annals Agric. Sci., Ain Shams Univ., Cairo, 48(1), 307-327, 2003

EFFECT OF IRRIGATION INTERVALS AND SALT
CONCENTRATIONS ON THE GROWTH AND CHEMICAL
COMPOSITION OF ASCLEPIAS CURASSAVICA L.
23]

Hussein', M.MLM. and Amal A. Haggag’

ABSTRACT

This study was conducted at the Experimental Nursery of the Ornamental Horti-
culture Deparrment, Faculty of Agriculture, Cairo University, during the two suc-
cesstve seasons of 2000/2001 and 2001/2002. The aim of this study was to tnvesti-
gate the response of Asclepias curassavica plants to different irrigation intervals and
irrigation with saline water. The plants were irrigated (till 100% of ficld capacity)
every 3, 6, 9 or 12 days using tap water (control, 270 ppim) or waler containing a
mixture of NaCl and CaCl, (1:1 w/w) at concentrations of 1500, 3000, 4560, 6000 or
7500 ppm. The recorded data included the survival percentage, plant height, stem
diameter, as well as the fresh and dry weights of leaves, stems and roots/plant. Also,

" chemical analysis of the leaves was conducted to determine their contents of total
chlorophylls, totat carbohydrates, proling, Na, Cl and Ca. The most important results
are summarized as follows;

- Prolonging the irdgation intervals to 9 or 12 days caused significant reductions in
the survival percentage and all of the vegetative growth parameters, compared to
irrigation every 3 days.

- Salt concentrations of 4500-7500 ppm significantly reduced the survival percent-
age, while salt concentrations of 3000-7500 ppm reduced most of the tested vege-
tative growth parameters significantly, compared to the control.

- Prolonging the irrigation intervals and raising the salt concentration in- the irriga-
tion water decreased the values recorded for the different wvegetative growth
parameters. No significant reduction was detected for most of the studied growth
characteristics when the plants were irrigated every 3 days using a salt concentra-
tion of 1300 ppm, or every 6 days using tap water, compared to plants irrigated
every 3 days using tap water.

- In general, prolonging the irrigation intervals and/or raising the sali concentrations
reduced the total chlorophylls content steadily and increased the proline content.
The totat carbohydrates content was increased gradually by prolonging the irmiga-
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tion intervals, but was reduced by high salt concentrations (3000-7500 ppm), com-
pared to the control. The Na, Cland Ca contents were reduced steadily by pro-
longing the irrigation intervals, but were increased by raising the salt concentra-

lLion.

From the above results, it can be concluded that 4sclepias curassavica plants can
be imrigated every 6 days using tap waler, or cvery 3 days using saline water with
concentrations up to 1500 ppm, without any significant reducuon in growth.

Key Words: Asclepias curassavica, Irrigation intervals, Salinity

INTRODUCTION

Asclepias curassavica  (Famly
Asclepiadaceae) is an evergreen subshrub
native to South America. It reaches a
height of approximately 1 m, with upright
branches and opposite, elliptic-lance-
shaped, mid-green leaves (up to l3cn
long). The flowers are carried m axiilary
or near terminal, umbel-like cymes, and
ar¢ red or orange-red, sometimes yellow
or white, with orange-yellow hoods. The
plants flower from suwmnmer to autumn,
and flowering is followed by the forma-
uon of erect fruits of up to 8 cm in length
(Brickell, 1996).

In addition to its use for landscape
purposes as a flowering ormamental plani,
A. curassavica has shown a number ol
medicinal properties. For example, car-
diotonic activity was found in the leaves
(Carbajal er al 1991), while the latex
showed antifungal actisity against Can-
dida albicans (Glordani et al 2040).
Also, cardenolides, free sterols, triacyi-
ghycerols, tnterpenyl acetates, steryl- and
triterpene  esiers were found in the plants,
especiaily in the latex [Groeneveld ¢z af
{1990, 1991 and 1994)] In additios, 1.
curassavica was tested for large scale
cultivation as an alternative source of
renewable intermediate  energy, rubber
and phytochemicals (Marimuthu ¢ al
1989).

In Egypt, the large scale land recla-
mation activities require enormous
amounts of water for irrigation in order to
ensure vigorous plant growth, since water
shortage may have adverse effects on
plants in the landscape, as it often results
in an osmotic shock to the roots, which
causes an inunediate reduction in photo-
synthesis (Hoddinott et al 1979). This
has made it necessarv to use various
sources of irmgation water, which often
have relativelv high salinity levels (such
as well water or recycled municipal wa-
ter). Salinity is known to have unfavour-
able effects on plant growth, which can
be attributed to inhibition of water aval-
ability mechanisms, disturbance of hor-
monal  mechanisms within the plant,
damage to plant cells and cytoplasinic
organelles, ard interference with normat
metabolism  (Meiri and Shalhavet,
1973). The adverse etfect of high salinity
levels on plant metabolism was empha-
sized by Taiz and Zeiger (1998), who
stated that high concentrations of total
salts inactivate enzymes and inhibit pro-
tein synthesis, and that photosynthesis is
inhibited when high concentrations of
Na” and/or CI" accurnulate in chlero-
plasts.

It is therefore, very unportant to select
ornamental plants with low water re-
quirements and a high tolerance to salin-
ity. Several researchers have conducted
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studies on the effect of different irrigation
regimes [Williams ¢ al (1999) on Rosa X
hybrida, Rizzitelli et af (2000) on Euny-
mus japonicus, Viburnum tinus, Pittospo-
rum tobira and Osmanthus heterophyilus,
and Hammam (2002) on Cassia acutifo-
lia| and irrigation water salinity {Farahat
et al (1995) on Acalypha macrophyila,
Song ef al (1997) on Hibiscus syriacus
and H hamabo, and Wu et al (2001) on
Pistacia  chinensis, Nerium oleander,
Buxus microphylia, Liquidambar styraci-
flua, Ceanothus thyrsiflorus, Nandina
domestica, Rosa sp., Jasminum polyan-
thurm and Mexican Stone Ping] on the
growth of ornamental plants.

This study was conducted to test the
suitability of 4. curassavica plants for
cultivation under conditions of water
shortage, and to determine their tolerance
fo saline irmigation water,

MATERIAL AND METHODS

This  study was conducted at the Ex-
perimental Nursery of the Omamental
Horticulture Department, Faculty of Ag-
rculture, Cairo University, during the
two successive seasons of 2000/2001 and
2661/2002. The aim of the study was to
investigate the effect of different irriga-
tion intervals and irrigation water salinity
on the growth and cheniical composition
of Asclepias curassavica L plants,

Seeds of Asclepias curassavica were
sown on 15" March 2000 and 2001 (in
the first and second seasons, respec-
tively), in a glasshouse in 8-cm plastic
pots filled with a 1:1 (v/v) mixture of
sand and clay. On 15" May, in both sea-
sons, the seedlings (153 cm tall) were
transplanted into perforated polyethylene
bags (36-cm diameter) filled with 6 kg of
a clay loam soil, obtained from the Ex-

perimental Nursery of the Ornamental
Horticulture Department, Faculty of Ag-
riculture, Cairo University. The physical
and chemical characteristics of the soil
are shown in Table (1).

In the first week of June, in both sea-
sons, the seedlings were moved outdoors
to a sunny area, and the treatments werc
initiated 15 days later. The plants were
irrigated every 3, 6, 9 or 12 days using
tap water (control, 270 ppm) or saline
water at concentrations of 1500, 3000,
4500, 6000 or 7500 ppm. The different
saline water concentrations were prepared
using a mixture of NaCl and CaCl, (1:1,
w/w), At each irrigation, the plants were
watered till 100% of soil field capacity
(F.C). The soil moisture tension was
measured before each imigation using
microtensiometers, and the quantity of
waler needed to rcach 100% F.C. was
calculated, as described by Richards
(1949). The treatments were applied
regularly until the termination of each
scason. All plants received monthly fer-
tilization using Kristalon NPK fertilizer
(19-19-19) at the mte of 3 g/plant,
starting 15" August 2000 and 20601 (in
the first and second seasons, respec-
tively).

The layout of the experimem was a
split-plot design, with the main plots ar-
ranged in arandomized complete blocks
design, with 3 blocks (replicates). The
main plots were assigned to the irrigation
intervals, while the sub-plots were as-
sipned to the irrigation water salinity
treatments, The study included 24 treat-
ments [4 irrigation intervals X 6 salt con-
centrations {(including the control)], with
each block consisting of 240 plants (10
plants/treatment).

On 1" July, 2001 and 2002 (in the two
seasons, [respectively), the experinient
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Table 1. Physical and chemical characteristics of the potting soil used for growing
Asclepias curassavica during the 2000/2001 and 2001/2002 scasons

Physical characteristics

Soil Cs(;a;fse S;EZ Silt  Clay  CaCO,  EC c:pl:i?ty (m(ifffoo
() B, Q ]
exture Tort o 9 0 9 sy TR0 e
Cly g5 316 267 335 24 0.34 45.9 345
loam
Chemical characteristics
u Organic matter Available macro-nutrients (ppm)
P (%) N P K
16 1.34 420 9.2 387.0

was terminzated and the survival percent-
age was recorded. Also, vegetative
growth  parameters, including plant
height, stem diameter (at 15 cm above
soil surface), as well as fresh and dry
weights of stems, leaves and roots/plant
were recorded. In addition, chemical
analysis of fresh leaf samples was con-
ducted to determine their total chloro-
phylls content using the method described
by Nornai (1982). while the content of
total carbohydrates in dried leaf samples
was determined using the method de-
scribed by Dubois ef al (1956).

Also, nutrients were extracted from
samples of dricd leaves, using the method
described by Piper (1947). The contents
of Na and Ca in the extract were deter-
mined by using a Pyc Unicam Model 8P
1900 Atomic Absorption Spectropho-
tometer, while the Ci content was deter-
mined using the method described by
Higinbothan er a! (1967). The proline
content in fresh leaves was also deter-
mincd vsing the method recommended by
Bates et al (1973).

The data on the vegetative growth
characteristics were subjected 1o statisti-
cal analysis of variance, and the means
were compared using the "Least Signifi-
cant Difference (L.5.D.)" test at the 5%
level, as described by Little and Hills
(1978). The survival percentage data was
arcsine transformed, and the transformed
data was statistically analysed.

RESULTS AND DISCUSSION
1- Survival percentage

The results presented in Table (2)
show that immigation intervals and salt
concentrations had significant effects on
the survival percentage of Asclepias
curassavica  plants. In both seasons,
prelonging the immigation intervals re-
sulted in a steady reduction in the mean
survival percentage. However, this re-
duction was insignificant when the irn-
gation intervals were prolonged from 3 to
6 days, while longer irrigation intervals (9
or 12 days) significantly decrcascd the
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Table (2): Effect of irrigation intervals and salt concentralions on the survival percentage, plant height and stem diameter of

Asclepiay curassaviva plants during the 2000/2001 and 2001/2002 seasons.

frrigation

First scason (2000/2001)

Second season{2001/2002)

V OS[BUUY

Bl 8 75

R

00t

¢

intervals Sult concentrations (8), ppin Salt concentrations (8), ppm -
n Conwrl 3000 4500 6000 7500 Means | Cosmtrol 1500 3000 4500 6UOD 7500 Means
*Survival percentage
Sdays u lga  baida Wda 9674 9954 P00 1000 00D uka oa Wha Y983 a
6 days &t iva 100U a $00bc BOObe 93 3ab 100 a 10000 0000 e 900sc 8ithd 95.6a
9 days it 100 0 a BV3u¢  FUbd 06.7cd B6.TLe 10004 10000 JO00a S0ubd  T0Ded  600de 830 b
12 days [l $6.7u-¢c T00bd  o0dod 300d TTEe 10000 10005 Yo Tubk i ted 607de 433 ROOD
Muoans L0 (0w 96.7 ab BE.3 be 775cd 734l GO0 0 ooty 992 a 8830 BL70L 6Y.2c¢ ---
Plant height {(em)
Jdays 100.3 86.3 0650 393 38.0 121.0 1E5.% 10-1.7 81.5 50.7 Jo.1 95.0
6 days 88.7 Bl 61,1 54.8 79.8 1163 1127 99.8 63.6 610 54.) 85,0
9 days 78.2 75.1 44.5 39.3 67.0 110.5 100.3 690 5.7 46.1 337 0%.1
12 days 69.6 549.2 407 3.5 58.1 93.1 85.0 60.9 492 40,4 9.9 60.9
Ny 84.2 75.5 33.0 46.2 110.2 165.7 55.1 G628 57.1 47.4
LS 1) g es
| 83 g
5 9.1 11.9
NS 9.8 11.9
Stem dianieter {mm
3 days 234 RERH 20.2 18.5 233 EXR ) 34 8.3 258 2201 17.2 26,2
6 days 2701 2.3 176 15.6 21.2 a2 208 7Aa 255 18.6 i35 24.3
Ydiya 19.9 18.0 17.1 14.2 19.9 285 230 230 194 15.0 13.1 210
12 days 18.2 5.1 I4.4 13.0 17.8 259 250 20.1 15.6 15.0 14.0 19.3
Means 20.7 19.1 173 153 29,84 27.2 246 215 177 1558 -
£ .50 {4005
[ 25 24
S 33 35
XS 37 N

*Witlun the cow Lor saliniy ireatnent teans, the column tor irngation interval means. or the nicans (or combinanons of the o faciors, means sharng

one urmore letters are insignidicantdy ditferent al die 5% level, according to the "Least Significant Dilference” sl
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survival percentage, compared 1o values
recorded for plamts irrigated at the short-
¢st intervals {every 3 days), Sitmilar de-
creases in the survival percentage were
obtained by Humphries et af (1982) on
Betla  pendula, and El-Khateebh ef al
(1991) on Schinus molle, as aresult of
prolonging the 1irogation intervals. No
significant difference was obtained be-
tween the survival percentages of plants
irrigated every 9 or 12 days (in both sea-
sons). Also, no significant difference was
cbtained in the first season between the
survivai percentages of plants irigated
every 6 or 9 days.

A salt concentration of 1500 ppm in
the irrigation water caused no reduction
in the survival percentage, compared to
the control, but further increases in the
salt concentration caused a steady reduc-
tion in the recorded values. However, this
reduction was insignificant at a salt con-
centration of 3000 ppm (compared to the
control), whereas higher salt concentra-
tions (4500-7500 ppm) significantly re-
duced the recorded values, compared to
the controk

The reduction in the survival percent-
age at high salinity levels may be at-
tributed to three reasons: toxicity of one
or more specific ions, osmotic inhibition
of water absorption, and the combination
of the two factors (Seatz ef al 1938).
Similar reductions in the survival per-
centage as a result of salt stress have heen
reporied by El-Khateeb ef af (1991) on
Schinus molle, and Song et al (1997) on
Hibiscus syriacus and f. hamabo plants.

Regarding tie interaction between the
effects of irrigation intervals and salt
concentrations on the survival percentage,
the results recorded in the two seasons
(Table 2) show that among plants irri-
gated at each of the tested intervals, no

significant  diffcrence  was detected
between the survival percemtage of plants
irrigated with tap water and that of plants
receiving salt concentrations of 1500 or
3000 ppm. However, the cffect of higher
salinity levels (4500-7500 ppm} differed
from one irrigation interval to the other.
With frequent irigation (every 3 days),
salinity had no significant effect on the
survival percentage, even at the highest
salt concentration {7500 ppm). On the
other hand, as the immigation intervals
were prolonged, the plants became more
susceptible to salinity. Accordingly,
plants irrigated at the longest intervals
(12 days) were the most susceptible to
salinity. In  both scasons, these plants
showed significant reductions in the sur-
vival percentage when the irrigation wa-
ter had a salt concentration of 4300-7300
ppm. The above results can be easily ex-
plained, since the long irrigation intervals
allow the soil to dry out and, conse-
quently, the concentration of soil solution
becomes much higher than the original
concentration of the irrigation water, This
increase in the concentration of the soil
solution may cause partial plasmolysis of
the root cells, thus affecting their ability
to perform their physiological functions
of absorption of water and nutrients,

The data in Table (2) also show that
plants irrigated with water containing salt
concentrations of up to 3000 ppm showed
no significant reduction in the survival
percentage when the irrigation intervals
were prolonged from 3 to 6, 9 or 12 days.
On the other hand, plants irrigated with
water containing higher salt concentra-
tions (4300-7500 ppm) were more sensi-
tive to prolonging the irrigation intervals,
ie as the salt concentration was in-
creased, the plants needed imrigation at
short intervals in order to aveoid any
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significant reduction in the survival
percentagz. For example, plants irrigated
with saline water at the highest concen-
tration {7300 ppm) showed no significant
difference in the values recorded at refa-
tively short irrigation intervals {3 or 6
days), but longer irrigation intervals (9 or
12 days) reduced the survival percentage
significantly (in both seasons), compared
to plants irigated with 7500 ppm every 3
days. These results are in agreement with
the findings of El-Khateeb ef af (1991),
who reported that the survival percentage
of Schinus molle plants was decreased by
combining fong irrigation imtervals with
high salt concentrations in the irrigation
water.

It can be concluded that if dsclepias
curassavica plants are irrigated using
saline watar at concentrations of up to
3000 ppmy, the irrigation intervals can be
prolonged up to 12 days with no sigmfi-
cant reduction in the survival percentage,
but if the salt concentration is higher
(4500-75%) ppm), the plants should be
irrigated at shorter intervals in orderto
maintain a high survival percentage.

2- Vegetative growth
a- Effect of irrigation intervals

The results recorded on Asclepias
curassavica plants (Tables 2-4) show that
the different growth parameters {(plant
height, stem diameter. as well as the fresh
and dry weights of leaves, stems and
roots/planiy were decreased stcadily with
prolonging the irrigation intervals. In
most cases, proionging the irrigation
imtervals from 3 to 6 days caused only a
slight (insignificant) reduction in the
growth characteristics of the above-
ground plant parts, but longer irngation

intervals {9 or 12 days) resulted in sig-
nificant reductions in the mean values
recorded for these characteristics, com-
pared to the values recorded with irriga-
tion every 3 days. The only exception to
this general trend was detected in the first
season, with plants irrigated every 6 days
having a dry weight of leaves that was
significantly lower than that recorded for
plants irrigated every 3 days. On the other
hand, the growth of the roots was more
scnsitive to changes in the irrigation in-
tervals, compared to the growth of above-
ground parts. [n the first season, cven the
increase in the imgation intervals from 3
to 6 days caused significant reductions in
the fresh and dry weights of roots/plant.
Also, prolonging the irrigation intervals
from 3 to 6 days in the second season
significantly reduced the dry weight of
roots/plant, but had no significant effect
on the fresh weight of roots/plant. Longer
irrigation intervals (9 or 12 days) caused
a more pronounced reduction in root
growth, with plants irrigated at these in-
tervals giving significantly lower values
for the fresh and dry weights of roots
/plant, compared to plants irrigated every
3 or 6 days.

The reduction in vegetative growth as
a result of prolonging irtigation intcrvals
is in agreement with the findings of El-
Khateeb er af (1991), who reported that
the different growth characteristics of
Schinus molle plants (plant height, stem
diameter, as well as the fresh and dry
weights of leaves and roots) were de-
creased by prolonging the irrigation in-
tervals. In another study, Nash and
Graves (1993) found that the shoot and
root dry weights of Adcer rubrum, \lag-
nolia virginiana, Nyssa sylvatica, Taxo-
divm  distichum and Asimina riloba
plants were significantly reduced by
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Table (3): Effect of irrigation intervals and salt concentrations on the fresh weights of stems, leaves and
roots/plant of Asclepias curassavica plants during the 2000/2001 and 2001/2002 seasons,

Irrigation First scason (2000/2001) = Second season(2041/2002)
intervals Salt concentrations (S), ppm Salt concentrations (8), ppm
(0 Control 1500 3000 4500 6000 7500 Means | Control 1500 3000 4500 6000 7500 Means
Fresh weight of stems/plant {g)
3 days 82.0 786 700 59.4 52.3 40.7 63.8 100.5 98.1 82.4 742 53.1 47.9 76.1
6 days 78.7 712 65.6 53.0 4410 36.3 58.2 98.4 93.6 81.1 69.1 494 44.2 126
9 days 64.3 63.0 514 48.0 36.9 26.1 48.3 80.1 762 65.1 506 34.8 24.8 553
12 days 61.2 59.8 46.9 40.0 24.8 19.2 42.0 652 60.6 49.3 35.7 29.0 15.5 42.6
Means 71.6 68.2 58.5 50.1 395 M6 -— 86.1 82.1 69.6 57.4 41.6 33.1 -
L.S.D. (0.05) o
1 6.0 51
S 6.8 58
X5 7.3 6.1
—— . e e =
Fresh weight of leaves/plant (g)
3 days 63.5 599 45.1 30.6 245 190 40.4 54.9 527 45.3 345 231 19.2 383
6 days 60.8 52.8 4.9 28.1 219 15.9 36.7 49.3 47.0 43.9 30.0 214 16.9 34.9
9 days 45.9 399 246 183 13.4 9.0 252 8.4 36.6 310 23.1 15.0 14.4 26,4
12 days 30.8 31.6 19.9 13.3 9.7 8.1 18.9 32.0 279 22.6 18.3 15.3 12.6 21.5
Meauns 50,3 460 32.6 226 17.4 130 — 438 411 357 166 18.7 158 —
L.S.D. {0.05)
I 38 35
S 4.5 38
(XS _ 49 43
3 days 6l.8 387 52.0 49.6 426 26.8 48.6 62.0 60.9 510 41.0 356 30.2 46.8
6 days 570 56.1 46.4 402 36.5 254 43.6 59.9 57.8 48.4 39.7 349 300 45.1
9 days 50.1 48.0 39.5 328 285 25.0 3.3 54.7 50.2 384 27.5 20.1 i5.7 344
12 days 40,7 35.8 33.4 30.0 26.0 25.0 32.7 46.4 39.8 3173 20.5 12.2 11.0 279
Means 52.4 51.9 44.1 38.2 33.4 25.6 — 55.8 52.2 43.8 322 28.7 21.7 —
L.&.D. (6.U5)
I 22 2.0
s 28 3.7
1XS 3.1 1.9

ri¢
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Table (4): Effect of irrigation intervals and sali concentrations on the dry weights of stems, leaves and

roots/plant of Asclepias curassavica plants during the 2000/2001 and 2001/2002 seasons.

Irrigation First seasoa (2000/2001) Second season{2001/2602)
intervals Salt concentrations (S), ppm Salt concentrations (8), ppm
) Control 1500 3000 4500 6000 7500 Means | Control 1500 3000 4500 6000 7500 Means
Dry weight of stems/plant (g)
3 days 18.4 180 169 029  10.2 7.5 13.9 18.5 172 161 146 132 9.8 14.9
6 days 18.0 1727 159 118 39 6.8 13.1 7.8 166 158 130 123 8.2 14.0
9 days 17.8 169 150 95 7.3 5.0 1L9 15.2 149 131 12.2 93 6.0 1.8
12 days 16.5 15.8 12,3 6.8 6.0 4.6 10.4 14.4 13.7 12.1 10.9 7.6 4.3 10.5
Meuns 17.7 17.1 151 10.3 #.1 6.0 — 16.5 156 143 127 106 7.1 -
L.S.D. (0.05)
I 1.1 1.0
5 L3 1.6
1X8§S .8 _ 2.0
W —— N
Dry weight of leaves/plant {g)
3 days 9.6 8.7 56 4.] 15 3.1 5.8 972 8.5 69 4.3 38 23 58
6 days 9140 8.5 50 4.} 3.1 29 54 89 79 6.6 39 34 20 55
9 days 8.0 62 4.4 35 15 20 44 7.7 6.0 4.9 490 30 1.7 4.6
12 days 7.6 5.8 3.7 2.9 2.1 1.6 4,0 7.4 5.3 4.4 3.5 2.6 1.6 4.1
Means 8.6 7.3 4.7 3.7 2.8 2.4 — 3.3 6.9 5.7 39 32 1.9 —
L.S.D. (0.05)
I 0.3 04
S 05 0.6
X8 0.7 0.7
— = s ===
D eight of roots/plant
3 days 18.0 173 16.0 13.2 12.3 103 14.5 18.9 18.6 15.7 11.7 .1 10,0 14.2
6 days 16.5 16.0 14.3 2.3 11.8 9.3 13.5 17.6 16.9 14.8 119 9.6 7.9 13.1
9 days 4.5 13.5 i23 12.0 10.0 B0 1.7 16.0 13.8 10.5 8.5 6.6 4.6 10.0
12 days 13.0 12.5 12.3 10.8 9.3 7.5 10.9 15.2 12.9 99 6.8 4.5 38 5.9
Mecuns 15.5 M8 137 122 109 B8 - 16.9 154 12.7 9,7 8.0 6.6 —
L.S.D. (0.05)
1 0.6 0.9
S 0.8 1.7
iXs 0.9 1.9
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drought. Moreover, Rober and Horn
(1993) detected a reduction in the vege-
tative growth of Euphorbia pulcherrima
under conditions of water shortage, while
Harris and Bassuk (1995) found that
Corylus colurna secdlings subjected to
drought had smaller diameter trunks.
Also, Williams et af (1999) reported that
miniature rose plamis (Rosa X hybrida)
produced with a water deficit were more
compact than contro! plants. Recently,
Rizzitelli ef al (2000) mentioned that
water deficit markedly affected plant
growth in Eunymus japonicus, Viburnum
tinus, Pittosporum tobira and Osmanthus
heterophylius.,

b- Effect of irrigation with saline water

Increasing the salt concentration in
the irrigation water also had an adverse
effect on the growth of Asclepias curas-
savica plants, In both seasons, the mean
values recorded for the different growth
characteristics were reduced steadily as
the salt concentration was raised to 1500,
3000, 4300, 6000 or 7300 ppm. However,
the reduction in the mean values recorded
for most of the studied parameters was
insignificant at the lowest salt concen-
tration (1500 ppm) as compared to the
control, whereas higher salt concentra-
tions (3000-7500 ppm) resulted in sig-
nificant reduction in the values recorded
for most of the growth characteristics.
The dry weight of leaves/plant was the
only growth characteristic that showed a
significant reduction in both seasons as a
result of using the lowest salt concentra-
tion (1300 ppm), compared to the conirol.

The reduction in plant height as a
result of high salt concentrations was
explained by Everade ¢f al (1975), who
suggested that the inhubitory effect of

salinity on plant height might be due to
the reduction in cetl division and/or the
inhibition of both cell clongation and
activity of meristematic tissues. This may
be attributed to a decrease in the activity
levels of auxins and gibberellins within
the plant, and/or an increase in the activ-
ity of growth inhibitors (Ghazi, 1976).
Other explanations were proposed by
Yasseen ef al (1987) and St. Arnaud
and Vincent (1990), who mentioned that
the decrease in plant height under saline
conditions was probably due to the insuf-
ficient uptake of water and nutrients, as
well as sodic toxicity.

The insignificant effect of the lowest
salt concentration (1500 ppm) on most of
the vegetative growth parameters is in
agreement with the results obtained by
Wu et al (2001), who reported that a salt
concentration of 500 or 1500 mg/litre
caused no apparent salt stress symptoms
on plants of Pistacia chinensis, Nerium
oleander, Buxus microphylla, Liquidam-
bar styraciflua, Ceanothus thyrsiflorus,
Nandina domestica, Rosa sp., Jasminum
polyanthum and Mexican Stone Pine. On
the other hand, the generally adverse ef-
fect of higher levels of imgation water
salinity is similar to those obtained by El-
Leithy and El-Khateeb (1992} on
Thevetia nereifolia, Ei-Khateeb (1994)
on Murraya exotica seedlings, and Song
et al (1997) on Hibiscus syriacus and H.
hamabo.

¢- Interaction between effects of irriga-
tion intervals and salt concentra-
tions

The data recorded in the two seasons
{Tables 2-4) show that the most vigorous
vegetative growth of Asclepias curas-
savica plants (i.¢., the highest values for
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the different vegetative growth charac-
teristics) was obtained as a result of irri-
gation every 3 days using tap water (con-
trol}. In most cases, prolonging the irri-
gation intervals and/or raising the salt
concentration in the irrigation water de-
creased the values recorded for the differ-
cnt growth parameters. However, this
reduction was insignificant (in most of
the studied characteristics) when the
plants were irmigated every 3 days using a
salt concentration of 1300 ppm, com-
pared to plants irrigated every 3 days
using tap water. This effect was clear in
the data recorded in both seasons for
plant height, stem diameter, fresh weight
of leaves/plant, fresh and dry weights of
stems/piant, and dry weight of
roots/plant. A similar result was also re-
corded for the fresh weight of roots/plant
in the second season. These results are in
agreement with the findings of Warmen-
hoven et al (1995), who reported that the
reduction in chrysanthemum growth from
high NaCl concentrations was less
marked with a high irrigation frequency.

Also, most of the studied growth
characteristics showed no significant re-
duction in the recorded values (compared
to plants irrigated every 3 days using tap
water) when the irrigation iniervals were
prolonged from 3 to 6 days, without
adding any salt in the urigation water
(i.e, plants were irrigated with tap water).
In both seasons, this was evident in data
recorded for stem diameter, dry weight of
leaves/plant, as well as the fresh and dry
weights of stems/plant. This effect was
also evident in the first season for the
fresh weight of leaves/plant, and inthe
second season for plant height, and the
fresh and dry weights of roots/plant.

On the other hand, the vaiues re-
corded for most of the studied character-

istics were decreased significanty (com-
pared to plants irrigated every 3 days us-
ing tap water) when the irrigation water
contained salt concentrations of 3000-
7500 ppm, regardless of the irrigation
intervals. Moreover, when the lowest salt
concentration {1500 ppm} was combined
with  irigation intervals of 6. 9 or 12
days, most of the studied paramerzrs were
decreased significanily. Also, plants irti-
gated every 9 or 12 days gave signifi-
cantly lower values for most of the stud-
ted characteristics (regardless of the salt
concentration), compared to plants irmi-
gated every 3 days using tap water, These
results are similar to those obuined by
Ei-Khateeb o1 al {1991), who reported
that combining long irnigation intervals
{12 days) with a high salinity leval (8000
ppm) reduced plant height, stem diame-
ter, as well as the fresh and drv weights
of roats of Schinus molfe plants.

From the above results, it can be con-
Cluded that aithough the most vigorous
growth of Asclepias curassavica plants
can be obtained with irrigation every 3
days using tap water, but irrigation every
6 days using tap water, orevery 3 days
using a salt concentration of 1300 ppm,
caused no significant reduction of
vegetative growth.

3- Chemical composition
a- Total chlorophylis content

The data presented in Table (3) show
that imgation intervals had a considerable
effect on the total chlorophylls content in
leaves of Asclepias curassavica. in both
seasons, prolonging the irrigation inter-
vals from 3to6, 9 or 12 days resulted in
a steady reduction in the total chioro-
phylls content. Accordingly, the highest
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Table (5): Effect of irrigation intervals and salt concentrations on the total chlorephylls, total carbohydrates
and proline contents in leaves of Asclepias curassavica plants during the 2000/2001 and 2001/2002

SEasons.
Irrigation First season (2000/2001) Second season(2001/2002)
intervals Sall conceutrations (83, ppm Salt concentrations (8), ppm
(N Conitol 1500 3000 4500 6000 7500 Means | Conwrol 1500 3000 4300 6000 7500 Means
Total chlorophvlls content (mg/g fresh matrer)

3 days 213 209 1.96 1.59 1.50 1.27 1.76 233 212 2.11 1.70 1.58 1.40 1.87
6 days 2.1 1.95 1.85 1.44 1.39 1.25 1.67 212 2.0 1.95 1.61 1.44 1.32 1.74
9 days 199 . 1.90 1.76 1.28 1.26 L1 1.55 208 2.0t 1.78 1.48 1.34 1.30 1.67
12 days 1.85 1.81 1.50 1.23 1.15 0.80 1.39 1.80 1.65 1.65 1.30 1.30 §.25 .49

Means 2.02 1.94 1.77 1.39 1.33 1.11 e 2.08 1.95 1.87 _'1'.52 1.42 1.32 -;-__._d

Total carbohydrates content (%% dry matter)

3 days i7.0 18.0 140 11.7 10.9 9.0 13.4 216 20.0 18.0 15.0 14.6 12.06 16.9
6 days 18.3 189 16.4 16.0 14.1 110 158 24.0 21.0 20.0 15.8 15.4 2.5 18,1
9 days 19.0 193 179 16.6 15.0 140 16.9 249 229 200 19.2 18.3 145 20.0
12 days 21.8 243 20.8 16,0 15.5 15.5 19.0 30.8 26.0 22.4 21.8 20.4 16.6 23.0

Means 19.0 20.1 17.3 14,9 13.% 12.4 -— 15,3 22,5 20.1 18.4 17.2 13.9 —

Proline content (p moles/g fresh matier)

3 days 23 44 5.4 96 10.0 15.8 1.9 2.1 23 46 6.1 99 17.5 7.1
6 days 4.6 6.0 12.4 240 289 30.5 17.6 6.4 8.1 8.5 9.9 12.0 18.1 10.5
9 days 8.3 10.5 12.6 270 355 38.0 220 6.6 9.3 138 21.6 30.0 40.3 20.3
12 days 11,0 212 21.6 280 46,1 55.1 30.5 9.0 15.3 16.7 3.2 344 48.3 25.8

Means 6.4 10.4 13.0 22.2 30.1 34.9 - 6.0 8.8 10.9 17.2 216 3.1 -
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mean values (1.76 and 187 mg/g
fresh matter in the first and second sea-
sons, respectively) were obtained from
plants irrigated at the shortest intervals (3
days), whereas the lowest values {1.39
and 1.49 mg/g fresh matter in the two
seasons, respectively) were obtained from
plants imigated at the longest intervals
(12 days). This reduction in the chioro-
phylls content as a result of prolonging
the irrigation intervals is in agreement
with the findings of Hammam (2002) on
Cassia acutifolia.

The total chlorophylls content was
also affected considerably by the salinity
of the irrigation water. In both seasons,
the highest mean values (2.02 and 2.08
mg/g fresh matter in the first and second
seasons, respectively) were obtained from
plants irrigated using tap water {control).
Raising the salt concentration to 1500,
3000, 4500, 6000 or 7500 ppm caused a
steady reduction in the recorded values,
with the highest salt concentration (7500
ppm) giving the lowest mean values (1.11
and 1.32 mg/g fresh matter in the two
seasons, respectively). Similar reductions
in the chlorophylls content were reported
by Farahat (1990) on Schinus molle, S.
terebinthifolius and Myoporum acumi-
natum, Shehata (1992) on Cupressus
sempervirens and Fucalyptus camaldu-
lensis, and El-Khateeb (1994) on Mur-
raya exotica as a result of irrigation using
saline water,

Regarding the interaction between the
effects of imgation intervals and salt
concentrations, the data recorded in both
seasons {Table 3) show that the highest
total chlorophylls contents (2.13 and 2.33
mg/g fresh matter in the first and second
seasons, respectively) were obtained from
plants irrigated at the shortest intervals (3
days) using tap water {conirol), whereas

the towest values (0.80 and 1.25 mg/g
fresh matter in the two seasons, respec-
tively) were obtained when irrigation at
the longest intervals (12 days) was com-
bined with the highest salt concentration
(7500 ppm).

b- Total carbohydrates content

The mean total carbohydrates content
in leaves of Asclepias curassavica was
generally increased steadily by prolong-
ing the imgation intervals. (Table 5).
Accordingly, the lowest vaiuc: were ob-
tained from plants irrigated at the shortest
intervals (3 days), while te highest val-
ucs were obtained with the longest irriga-
tion intervals (12 days). This behaviour
may be attributed to a reduction of car-
bohydrates translocation from leaves to
other plant parts under drought conditions
and/or the lesser consumption of carbo-
hydrates in the leaves (El-Khateeb ef af
(1991) on Schinus molie).

The data in Table (5) also show that
the lowest salt concentration (1500 pps)
increased the total carbohydrates content
in the first season, but decreased it in the
sccond season, compared to the control,
The increase in the total carbohydrates
content that was detected in the first sea-
son as a result of using a sait concentra-
tion of 1500 ppm may be explained by
the accumulation of carbohydrates more
rapidly in plants grown under these
conditions, compared to the rate of
carbohydrate utilization for the different
metabolic processes. A similar increase in
the total carbohydrates in leaves of plants
grown under saline conditions was ob-
tained by Darwish (1994) on Casuarina
glanca,

On the other hand, all higher salt
concentrations (3000-7500 ppm) gave
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lower values than the control in both
seasons. Moreover, the results recorded in
both seasons show that raising the salt
concentration from 1500 to 3000, 4500,
6000 or 7500 ppm caused a steady de-
crease in the total carbohydrates contents,
Accordingly the lowest values recorded
in both seasons were found in plants
recetving the highest sait concentration
(7500 ppm), regardless of the irrigation
intervals. This reduction in the total car-
bohydrates content of plants immigated
using saline water (at 3000-7500 ppm)
may be attributed to the production of
relatively high energy by increasing res-
piration to overcome the relatively low
availability of water under saline condi-
tions (Moursi et al 1976). Similar reduc-
tions in the total carbohvdrates content
have been recorded by El-Khateeb ef af
(1991) on Schinus molle plants as a result
of raising the salt concentration in the
uTigation water.

Regarding  the effect of different
compinations of irrigation intervals and
salt concentrations, it is clear from the
results  presented in Table (5) that the
highest total carbohydrates content was
obtaincd when irrigation every 12 days
was combined with using a salt concen-
tration of 1500 ppm (in the first season)
or tap water (in the second season). On
the other hand, the lowest values recorded
in the two season$s were obtained from
plants irrigated every 3 days using the
highest salt concentration {7500 ppm).

¢- Proline content

The data presented in Table (5) show
that in most cases, the proline content in
the leaves of Asclepias curassavica plants
was increased steadily with prolonging
the irrigation intervals and/or raising the

salt concentration. Accordingly, plants
irrigated  at the shortest intervals (3 days)
had the lowest mean proline content (7.9
and 7.1 p moles/g fresh matter in the first
and second seasons, respectively), while
those imgated at the longest intervals (12
days) had the highest mean proline con-
tents (30.5 and 25.8 n moles/g fresh mat-
ter in the tJ scasons, respectively), re-
gardless of the salt concentration. The
increase in the proline content of plants
irrigated  at long intervals is in agreement
with the findings of El-Khateeb et al
(1991) on Schinus molle, and Rober and
Horn (1993). who reported that the free
proline content of Fuphorbia pulcherrima
plants increased with increasing drought
stress, and this confirms the role of pro-
line as an indicator of water stress.
Regarding  the effect of irrigation wa-
ter salinity, the data in Table (35)show
that plants irrigated with tap water had
the lowest mean proline contents (6.4 and
6.0 p moles/g fresh matter in the two sea-
sons, respectively), while those receiving
the highest salt concentration (7500 ppm)
gave the highest mean values (34.9 and
31.1 p moles/y fresh matter in the two
seasons, respectively), regardless of the
irrigation intervals. Similar results were
repotted by El-Khateeb (1994) on Mur-
raya exotica. The increase in the proiine
content under saline conditions may lead
to the conclusion that proline plays a role
in plant tolerance to salinity. This role
was expiained by Greenway and Munns
(1980), who mentioned that proline can
be considered as stabilizer of osmotic
pressure within the cell. Also, Maraim
(1990) and Marcum and Murdoch
(1994) concluded that proline can make a
substantial contribution to c¢ytoplasmic
osmotic adjustment. Moreover, Taiz and
Zeiger (1998) mentioned that proline
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accuinnlates in the cytoplasm under con-
ditions of stress, in order to maintain swa-
ter potential equijibrinm within the cells.

Combining the longest irrigation in-
tervals (12 days) with the highest salt
concentration (7500 ppm) gave proline
contents which were more than twenty
times higher than that found in plants
irrigated at the shortest intervals (3 days)
using tap water {control).

d- Contents of Na, Cl and Ca

The results presented in Table (6)
show that in general, the mean contents
of Na, Cl and Ca in leaves of Asclepias
curassavica plants were reduced steadily
with prolonging the irmigation intervals
(in both seasons). Accordingly, the high-
est contents of the three nutrients were
found in plants irrigated at the shortest
intervals (3 days), while the lowest values
were obtained from plants irrigated at the
longest intervals (12 days). Similar
decreases in the Na and Ca contentsin
leaves of Schinus molle have been
reported by El-Khateeb e al (1991) as a
result of extending the irngation inter-
vals. The adverse effect of long irrigation
intervals on the accumulation of the three
nutrients can be explained by the increase
in the concentration of the soil solution
that occurs as a result of the dryness of
the soil. This increase in the concentra-
tion of the soil solution reduces the ability
of the roots to perform their function of
absorption and translocation of nutrients
ifto the  plant. Moreover, the water
shortage in the sotl (caused by long irri-
gation intervals) results 1a a decrease of
the absorption rate of minerals by the
plant roots. Also, with long irrigation
intervals, the quantity of salts that are
added to the soil is reduced, compared to
the quantity of salts added with frequent

irrigation (since the salts are dissolved in
the irrigation water). As a result, the
amount of the three nutrients available in
the soil is much lower with long imigation
intervals than with short irmigation inter-
vals.

The results in Table (6) also show that
the Na, Cl and Ca contents were in-
creased steadily with raising the salt con-
centration.  Accordingly, the  lowest
contents of the three nutrients were found
i control plants, whereas the highest
contents were found in plants irrigated
with water containing ti: sughest salt
concentration (regardless of the irrigation
intervals). Tiusncreass in the Na, C! and
Ca contents as a result of raising the salt
concentration may partly explain the
reduction in the survival percentage under
these conditions  (as previousiv men-
tioned), since the accumulation of these
elements at high concentrations may in-
terfere with the mechanisms responsible
for the closure of stomata, thus resulting
in an increase in the rate of transpiration
from the plant. This may eventually lead
to plant wilting or death (Meidner and
Mansfield, 1968). Increases in the Na, Cl
ang Ca contents with increasing the sa-
linity level have been reponed by El-
Mahrouk et al (1992) on Dodonaeq vis-
cosa, El-Khateeb (1994) on \furraya
exotica, and Farahat et al (1993) on
Acalvpha macrophyila.

The interaction between the eifocts of
iTigation intervals and salt concentrations
also resulted in considerable variations in
the Na, Cl and Ca contents in lzaves of
Asclepias curassavica plauts, In general,
the contents of Na, C! and Ca were in-
creased by frequent irrigation using high
salinity levels. Accordingly, the highest
valucs recorded in both scasons were
obtained in plants irrigated at the shortest
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Table (6): Effect of irrigation intervals and salt concentrations on the Na, CI and Ca contents in leaves of
Asclepias curassavica plants during the 2000/2001 and 2001/2002 scasons.
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Irrigation First season (2000/2001) Second season(2U0 1/2iHI2)
intervals Salt concentrations (8), ppm Salt concentratiens (8), ppm
)] Control 1500 3000 4500 6000 7500 Means § Control 1500 3000 4500 6000 7500 Means

Na content (% dry matter)

3 days 0.26 0.47 0.63 0.70 0.78 0.91 0.63 0.21 0.45 0.36 0.63 0.0 0.94 0,58

6 days 0.23 0.4 0.56 0.61 0.73 0.83 0.56 0.20 0.40 0.43 0.55 0.70 090 0.53

9 days 0.22 0.40 0.49 0.56 0.72 0.78 B.53 0.20 0.36 0.38 0.54 0.55 0.76 0.47

12 duys 0722 040 0.46 0.48 0.608 0.75 0.50 0.18 0.28 0.34 0.38 0.43 0.57 0.36

Means 0.23 0.42 0.54 .59 1.73 0.82 —e= 0,28 0.37 0.43 0.53 .60 0.79 -

Cl content {% dry matter)

3 days 0.46 0.59 0.64 0.78 0.33 0.93 071 0.40 0.55 0.58 0.735 0.83 0.89 4.67

6 days 0.45 0.54 0.59 0.70 0.76 0.90 0.66 .34 0.47 0.56 0.60 0.70 .80 0.58

9 duys 0.38 0.50 0.56 0.63 0.68 0.79 0.59 0.30 0.40 0.55 0.58 0.65 0.70 0.53

12 days 0.35 0.48 0.51 0.59 (.62 0.74 0.55 0.19 0.28 0.45 0.50 0.60 (.62 0.44

Means 0.41 0.53 0.58 0.08 0.72 0.84 e 0.31 0,43 0.54 0.61 0.7¢ 0.75 —

Ca content (%4 dry maller)

3 days 048 71 032 0.9 0.96 1.30 0.4%6 035 .51 .68 0.85 G.94 1.00 t72

6 days 0.47 0.54 0.72 0.74 .86 1.10 0.74 0.29 G.51 0.6 0.80 0.85 0.94 0.67

9 days .41 0.53 .62 0.63 0.74 1.05 0.66 0.25 0.45 0.55 0,79 0.31 0.85 0.62

12 duys 0.37 0.50 0.58 0.62 0.65 0.81 0.59 0.25 0.39 0.44 0.58 0.70 0.73 0.52

Means 1.43 0.57 069 0.72 .80 1.07 — 0,29 .47 0.57 0.76 0.83 0.88 —-
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intervals (3 days) using the highest sait
concentration (7500 ppm). On the other
hand, prolonging the irrigation intervals
and/or lowering the salt concentration
decreased the conlents of the three ele-
ments, with plants irrigated every 12 days
using tap water giving the lowest values.

Conclusion: From the above results,
it can be concluded that Asclepias curas-
savica plants can be grown with irrigation
every 6 days using tap water, or every 3
days using water with salt concentrations
of up to 1500 ppm, with no significant
reduction in growth.
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