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ABSTRACT
A pot experiment was carried out to investigate the effect of different
soil salinity levels and their combinations with ferrous additions on
growth, flowering traits and chemical constituents of Chrysanthemum
morifolium var. Ice Cap plants. Plant height, number of flowers/plant,
flower diameter and fresh weight, photosynthetic pigments and
ferrous % were decreased, but leaves content of each of chloride,
calcium, sodium and proline were increased due to the medium and
high (2500 and 4000 ppm) salinity levels. The application of ferrous
to salt-stressed plants caused a noticeable relief of the injurious and
adverse effects of salinity imposed on growth, flowering aspects and
chemical constituents of chrysanthemum plants. It is, therefore,
strongly recommended to use ferrous to relief or alleviate the harmful
effects of salinity on chrysanthemum plants.
Salinity is the major

INTRODUCTION

Chrysanthemum is one of the
most important marketable
floricultural crops. It is belonging to
Asteraceae family. It is successfully
and widely used as cut flower, potted
flowering plant and herbaceous
perennial (Anderson, 2007)
Chrysanthemum morifolium, Ramat
var lcecap, characterised with showy
yellow flowers, is among many other
recently introduced and grown mum
varieties in Egypt.

environmental factor limiting plant
growth and productivity. Soil salinity
in agriculture soils refers to the
presence of high concentration of
soluble salts in the soil moisture of the
root zone. These concentrations of
soluble salts through their high
osmotic pressures affect plant growth
by restricting the uptake of water by
the roots. Salinity can also affect plant
growth because the high concentration
of salts in the soil solution interferes
with balanced absorption of essential




Ragaa Aly Tahaz014

nutritional ions by plants (Tester and
Davenport, 2003).

Different authors reported the
harmful effects of salinity on
vegetative growth, flowering aspects
and/or chemical constituents of various
herbaceous plants such as
chrysanthemum (Mohamed, 1990 ;
Lee and Van lersel, 2008 and Elhindi,
2012), there ornamental cultivars
(Colom and  Vazzana, 2002),
Calendula officinalis (Chaparzadeh et
al., 2004), chamomile (Razmjoo et al.,
2008) and geranium (Leithy et al.,
2009).

On the other hand, ferrous singly
or among different commercial
micronutrients was found to be
capable of alleviating or reliefing the
injurious effects of salinity on growth,
flowering and/or chemical
composition as revealed by Zayed
(1984) on Saponaria officinalis ;
Koriesh (1984) ; Al-Badawy et al.
(1989) and Elhindi (2012) on
chrysanthemum ; Aly et al. (1994) on
borage and Badran et al. (2012) on
Nigella sativa.

Therefore, the present study was
designated to investigate the ability of
such variety to grow and flower under
different soil salinity levels. In
addition to figure out the capability of

ferrous in alleviating the injurious
effects of salinity.

MATERIALS AND METHODS

A pot experiment was carried out
during two  successive  seasons
2011/2012 and 2012/2013 in the
Nursery and Laboratory of
Floriculture Dept., Fac. of Agric.,
Minia Univ. to explore the effect of
soil salinity and the relieving effect of
ferrous on salt-stressed
Chrysanthemum  morifolium  var.
Icecap in terms of plant height,
flowering characteristics and chemical
composition.

Uniform seedlings, which were
taken on last Feb. were repotted in 25
cm clay pots, filled with 3.5 kg of clay
loamy soil (Table a) in the middle of
April for both seasons. On the last
week of June all plants were supplied
with NPK fertilization dose at the rate
of 6:9:6, per pot where P amounts
were add at once, while N and K
amounts were divided into 3 batches
and added at 3 weeks intervals.
Irrigation was executed according to
the field capacity, which was
determined at the beginning of the
experiment by 2 liters/pot added twice
weekly or three times weekly on hot
days.

Table (a): Physical and chemical analysis of the soil.

Character Value Character Value
Sand % 29.4 E.C. mmos/cm 1.04
Silt % 30.5 Total N % 0.08
Clay % 40.1 P ppm 15.20
Org. matter % 1.58 Exch. K" meg/100 g 211
CaCO; % 2.11 Exch. Ca"™ meg/100 g 33.82
pH (1:2.5) 7.78 Exch. Na" meg/100 g 2.46
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The complete randomized block
design with three replicates and five
plants/replicate was followed in this
experiment. Three levels of soil
salinity, with or without ferrous
addition, were used by mixing equal
amounts of sodium chloride and
calcium chloride by weight at the rate
of 0.10, 0.25 and 0.40 % with the soil
on the middle of Aug. for both
seasons, in addition to the control
(unsalinized)  treatment.  Ferrous
(FeSO,) at the rate of 0.5 g was added
to each one of the three salinity
treatments 2 weeks after salts addition.
So, the seven involved treatments were
control, 0.10 % salinity, 0.25 %
salinity, 0.40 % salinity, 0.10 %
salinity + 0.5 g Fe, 0.25 % salinity +
0.5 g Fe and 0.40 % salinity + 0.5 g
Fe.

Data were recorded for plant
height (cm), flowering date (number of
days from transpotting to first flower
opening), flower diameter (cm), single
flower fresh weight (g) and number of
flowers/plant. ~ Chemical  analysis
included chlorophyll a, chlorophyll b
and carotenoids contents (mg/g F.W.)
which  were determined, before
flowering at the middle of Sept.,
according to Fadl and Seri-Eldeen
(1978). In addition, chl, Ca, Na and Fe
% were determined in the dry leaves
following the method of Page et al.
(1982), while proline content was
estimated according to Bates et al.
(1973).

All obtained data were subjected
to statistical analysis, at 5 % level,
according to the L.S.D. method
outlined by Little and Hills (1978).

RESULTS

Plant height (cm):

Plant height was significantly
decreased due to soil salinity at 2500
and 4000 ppm with the high
concentration being more effective, in
both seasons, than the medium one as
shown in Table (1). Combining
ferrous with salinity treatments caused
considerable and significant alleviation
of salt stress as the medium soil
salinity combined with ferrous (2500
ppm + Fe) did not differ significantly
than control treated plants as clearly
shown in Table (1).

The reducing effect of salinity,
especially at higher levels, on plant
height was also found by Mohamed
(1990), Lee and Van lersel (2008) and
Elhindi (2012) on chrysanthemum;
Razmjoo et al. (2008) on chamomile
and Leithy et al. (2009) on geranium.
The role of ferrous in reliefing the
harmful influence of salinity on plant
height was demonstrated by Al-
Badawy et al. (1989) and Elhindi
(2012) on chrysanthemum, Aly et al.
(1994) on borage and Badran et al.
(2012) on Nigella sativa.

Flowering traits :

Number of days to flowering was
reduced and each of flower
number/plant and flower diameter and
flower fresh weight were considerably
decreased, in both seasons, due to soil
salinity at 2500 and 4000 ppm with the
high  concentration being more
pronounce than the medium one. Such
high concentration (4000 ppm) gave
significantly lesser values, for the three
quantity  traits, than the low
concentration (1000 ppm) and the
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control treatment as clearly indicated
in Table (1). Meanwhile, it was
obvious that the application of ferrous
to salt-stressed plants minimized the
deleterious effect of salinity on
different flowering aspects, (Table, 1).
In harmony with the four studied
flowering traits, as affected by soil
salinity, in the present study were the
findings of Mohamed (1990), Lee and

Van lersel (2008) and Elhindi (2012)
on chrysanthemum ; Colom and
Vazzana (2002) on three ornamental
cultivars and Razmjoo et al. (2008) on
chamomile. While, Koriesh (1984) and
Elhindi (2012) on chrysanthemum and
Aly et al. (1994) on borage indicated
the role of ferrous in alleviating the
harmful influence of salinity.

Table (1): Effect of soil salinity and salinity/ferrous on plant height, flowering date,
flower number/plant, flower diameter and flower fresh weight of Chrysanthemum
morifolium cv. Icecap during 2011/2012 and 2012/2013 seasons.

Soil saline  Plant height Flowering No. of F_:Iower Flower fresh
flowers per diameter .

treatments (cm) date (day) olant (cm) weight (g)
(ppm) 1st 2nd 1St 2nd 1St 2nd 1St 2nd 1St 2nd
Control 889 844 1933 192 184 203 7.36 743 337 348
1000 87.0 835 1925 1944 195 211 727 737 339 346
2500 836 80.1 1904 1915 1663 196 7.08 7.11 311 3.20
4000 765 744 1872 1896 134 164 663 6.83 286 295
1000 + Fe 880 846 1935 1963 199 212 730 741 341 349
2500 + Fe 86.3 814 1913 1935 186 214 7.18 720 323 332
4000 + Fe 825 786 1895 1905 154 17.0 6.87 7.07 3.00 3.12
LSDat5% 42 33 NS. NS 2.5 22 033 041 028 0.22
atl% 59 46 NS. NS 3.5 30 N.S. NS. NS 0.29

Chemical constituents:
Photosynthetic pigments and ferrous
contents:

The three photosynthetic
pigments (chlorophyll a, chlorophyll b
and carotenoids), as well as, ferrous
contents were gradually decreased
parallel to the increase in soil salinity
level, in both seasons, in comparison
with the unsalinized control plants as
shown in Table (2). Significant
differences were detected, in the two
seasons, between the high salinity
treatment (4000 ppm) and the

unsalinized control treatment for the
three photosynthetic pigments and
ferrous contents, (Table, 2). The
addition of ferrous to each one of the
three salinity treatments caused a
pronounced relief of the harmful effect
of salinity on each of chlorophyll a,
chlorophyll b, carotenoids and ferrous
contents, in both seasons, as clearly
illustrated in Table (2).

In accordance with these results
concerning salinity were those pointed
out by Mohamed (1990), Lee and Van
lersel (2008) and Elhindi (2012) on

- 186 -



Ragaa Aly Tahaz014

chrysanthemum. Furthermore, Elhindi
(2012) on chrysanthemum proved the

the injurious effect on salt-stressed
plants.

role of ferrous addition in minimizing

Table (2): Effect of soil salinity and salinity/ferrous on chlorophyll a, chlorophyli
b, carotenoids and ferrous contents of Chrysanthemum morifolium cv.
Icecap during 2011/2012 and 2012/2013 seasons.

. . Chl.b Carotenoids
tsrzgtrsr?(ilnr][(se (E:‘r:;gcg Q}\?r)'t content content Ferrous

(ppm) T (mg/g F.W.) (mg/g F.W.)
pp 151 2nd 151 2nd 151 2nd 1St 2nd
Control 2.766 2.642 2164 1975 2432 2252 574 612
1000 2742 2.640 2124 1961 2414 2247 56.2 53.6
2500 2.703 2.615 2044 1915 2366 2.163 522 54.1
4000 2.624 2543 1924 1805 2.285 2.018 48.1 50.8
1000 + Fe 2.761 2.665 2154 2.005 2426 2249 665 721
2500 + Fe 2.733 2634 2093 1934 2390 2195 62.6 68.2
4000 + Fe 2661 2583 1985 1855 2331 2.068 59.2 634
L.S.Dat5 % 0.067 0.047 0.054 0.048 0.036 0.042 46 4.3
atl % 0.094 0.066 0.076 0.067 0.050 0.059 6.4 6.0
Chloride, calcium, sodium and The increase in the contents of

proline contents:

Table (3) shows clearly that the leaves
contents of chloride, calcium, sodium
and proline were significantly
increased, in both seasons, due to all
three soil salinity levels. Such increase
was gradually upward parallel to the
gradual increase in salinity level. So,
the highest values for such four
chemical constituents were obtained
from the high salinity level (4000
ppm). The alleviating effect of ferrous,
when added to salt-stressed plants, was
obvious as it clearly reduced the
increase in the four studied chemical
constituents, in the two seasons,
especially at the low salinity level
(1000 ppm) as shown in Table (3).

chloride, calcium, sodium and proline
due to salinity was emphasized by
Mohamed (1990), Lee and Van lersel
(2008) and Elhindi (2012) on
chrysanthemum; Chaparzadeh et al.
(2004) on Calendula officinalis and
Leithy et al. (2009) on geranium.
Meanwhile, the role of ferrous in
alleviating the harmful effects of
salinity on such four chemical
components was found by Koriesh
(1984), Al-Badawy et al. (1989) and
Elhindi (2012) on chrysanthemum.
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Table (3): Effect of soil salinity and salinity/ferrous on chloride, calcium,
sodium and proline contents of Chrysanthemum morifolium cv. Icecap
during 2011/2012 and 2012/2013 seasons.

Soil saline treatments Chloride Calcium Sodium Proline
(ppm) 151 2nd 151 2nd 151 2nd 1St 2nd
Control 1.87 2.01 0.332 0.345 0.362 0.352 6.47 6.11
1000 205 232 0.346 0.361 0.383 0.368 7.79 7.53
2500 249 252 0367 0.39% 0414 0.398 8.12 7.88
4000 2.88 297 0.398 0.437 0.449 0.413 8.76 8.25
1000 + Fe 198 2.09 0334 0.349 0.366 0.366 6.69 6.44
2500 + Fe 2.27 238 0.340 0.357 0.375 0.372 7.06 6.76
4000 + Fe 240 2.62 0.363 0.398 0.411 0.390 7.63 7.26
LS.Dat5% 0.07 0.08 0.009 0.011 0.017 0.012 0.31 0.37
atl % 0.10 0.11 0.013 0.015 0.024 0.017 0.43 0.52
known escape strategy (Hirose et al.,
DISCUSSION 2005). Our results indicated a gradual
The role of soil salinity, reduction in number of flowers/plant

especially at the medium and high
concentration, in reducing plant height,
flower  quantity and  quality,
photosynthetic pigments and ferrous,
but increased chloride, calcium,
sodium and proline, as indicated in the
present experiment, could be attributed
to a reduction in cell division, cell
enlargement and meristemic activity,
osmotic inhibition of water absorption
and specific ions concentration in the
saline media interfering with normal
stomatal closure, causing excessive
water loss and leaf injury symptoms
like those of drought, (Bernstein,
1972). Early flowering, which means a
short growth duration, generally
involves a reduction in plant size and
leaf area and leads to a complete life
cycle before severe drought stress, a

flower diameter and flower fresh
weight due to the increase in soil
salinity level, and this reduction could
be due to osmotic stress.

Regarding the reducing effect of
salinity on the contents of the three
photosynthetic  pigments, it was
suggested by Patil and Patil (1982) and
Batanouny (1988) that such reduction
under salt stress was due to stomata
closure, inhibition chlorophyll
synthesis, a decrease in carboxylase
and due to the high chlorophyllase
activity. Regarding the influence of
soil salinity on increasing proline %,
which observed in the present study,
Ackerson (1984) postulated that
cellular osmotic adjustment occurs in
response to stress via an active or
passive accumulation of solutes. The
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author assumed that salt stress
enhanced the production of proline,
which causes osmotic adjustment.

Concerning ferrous application, the
results showed that Fe could alleviate
the adverse effects of soil salinity, at
the medium and high concentrations,
on plant height, flowering aspects and
chemical composition of
chrysanthemum plants. The plants
grown in medium and high soil
salinity levels and treated with Fe had
considerably taller plants, more flower
number, wider flower diameter and
heavier flower fresh weight than those
received no Fe application. In addition,
ferrous-treated plants, in comparison
with non-treated ones, exhibited a
trend of increasing chlorophyll a, b
and carotenoids contents and Fe
concentration and decreased each of
chl, Ca, Na and proline. Such effect
might be attributed to the favourable
influence of Fe on metabolism and
biological activity and its stimulating
effect on photosynthetic pigments and
enzyme activity, which in turn,
improve  vegetative growth and
flowering traits. Ferrous is known to
be involved in many photosynthetic,
respiratory and N-assimilation
reactions, as Fe is a cofactor in redox
reactions, (Mengel and Kirkby, 1982).

REFERENCES

Ackerson, R.C. (1984): Carbon
partitioning and translocation in
relation to osmotic adjustment.
Agronomy Abs., 67, Annual
Meeting, Las Vegas, NV., 25-30.

Al-Badawy, A.A.; Aly, MK. and
Hassan, M.A. (1989): Effect of

growing media and Bayfolan
treatment on Chrysanthemum
morifolium var. Icecap. Minia J.
Agric. Res. 8 Dev., 11 (3): 1141-
1163.

Aly, M.K.; EL-Sayed, A.A. and
Sherif, M.A. (1994): Response of
Borago officinalis, L. plants
grown in sandy soil to some
commercial micronutrient
fertilizers. Minia J. Agric. Res. &
Dev., vol. 16, No. 4: 1249-1262.

Anderson, N.O. (2007):
Chrysanthemum, Dendranthema
x grandiflora, flower Breeding
and Genetics, Anderson, N.O.,
Ed. Springer, Netheral ands, pp:
389-437.

Badran, F.S.; Aly, M.K. and Abd-
Ellatif, M.Z. (2012): Influence of
NPK, biofertilizers and
micronutrients on Nigella sativa,
L. plants Minia Intern Conf. for
Agric. and Irrig. In the Nile Basin
Countries, Minia, Egypt.

Batanouny, K.H.; Hussein, M.M. and
Abo-Elkheir, M.S. (1988):
Response of Zea mays to
temporal variation of irrigation
and  salinity under  from
conditions in the Nile Delta
Egypt. Intern. Conf. On Plant
growth, drought & salinity in
Arab region, Cairo, Egypt.

Bates, 1.S.; Waldern, R.P. and Teare,
I.D. (1973): Rapid determination
of free proline for water stress
studies. Plant & Soil, 39: 205-
207.

Bernstein, L.; Francois, L. E. And
Clark, R.A. (1972): Salt tolerance
of ornamental shrubs and ground

- 189 -



Ragaa Aly Tahaz014

covers. J. Amer. Soc. Hort. Sci.,
97: 550-556

Chaparzadeh, N.; D'Amico, M.L.;
Khavari-Nejad, R.; lzzo, R. and
Navari-lzzo, F. (2004):
Antioxidantative responses of
Calendula  officinalis  under
salinity conditions. Plant Physiol.
Biochem., 42: 695-701.

Colom, M.R. and Vazzana, C. (2002):
Water stress effects on three
cultivars of Eragrostis curvula.
Italy J. Agronomy, 66: 127-132.

Elhindi, Kh.M. (2012): Alleviation of
adverse effects of seawater on
growth and chemical constituents
of Chrysanthemum morifolium by
foliar Fe and Mn application.
American J. of Plant Nutrition
and fertilization Technology,
2012 ISSN 1793-9445.

Fadl, M.S. and Seri-Eldeen, S.A.
(1978): Effect of N-
benzyladenine on photosynthetic
pigments and total soluble sugars
of olive seedling grown under
saline condition Res. Bull. No.
843. Fac. of Agric., Ain Shams
Univ.

Hirose, T.; Kinnngasa, T. and Shitaka,
Y. (2005): Time of flowering,
costs of reproduction and
reproductive output in annuals.
Reproductive allocation in plants,
Reekie E.G. and F.A. Bazzaz,
Eds., Academic Press,
Burlington, MA, pp: 159-188.

Koriesh, E.M.  (1984):  Foliar
application of some commercial
fertilizers on Chrysanthemum
morifolium, Ram. Annals of

Agric. Sci., Moshtohor, 21 (3):
977-985.

Lee, M.K. and Van lersel, M.W.
(2008): Sodium chloride effects
on growth, morphology and
physiology of chrysanthemum
(Chrysanthemum morifolium.
HortScience, 43: 1833-1891.

Leithy, S.; Gaballah, M.S. and Gomaa,
A.M. (2009): Associative impact
of bio. and organic fertilizers on
geranium plants grown under
saline conditions. Inter. J. of
Acad. Res., Vol. 1 No. 1: 17-23.

Little, I.M. and Hills, F.J. (1978):
Agricultural Experimentation,
Design and Analysis. John Wiley
8 Sons Inc., New York.

Mengel, K. and Kirkby, E.A. (1982):
Principles of Pant Nutrition, 3
Ed., Bern. International Potash
Institute, Switzerland.

Mohamed, M.K. (1990): Effect of
some agricultural treatments of
flower production of
chrysanthemum plants. M.Sc.,
Fac. of Agric., Minia Univ.

Page, A.L.; Miller, R.H. and Kenney,
D.R. (1982): Methods of soil
analysis, Part 1l, Amer Soc.
Agronomy Inc., Madison,
Wisconsin, U.S.A.

Patil, P.K. and Patil, V.K. (1982):
Effect of soil ESP on the growth
and chemical composition of
pomegranate (Punica granatum).
Progressive Hort., 14-15.

Razmjoo, K.; Heydorizadeh, P. and
Sabzalian, M.R. (2008): Effect of
salinity and drought stresses on
growth parameters and essential
oil content of Matricaria

-190 -



Ragaa Aly Tahaz014

chamomilla. Int. J. Agric. Biol., Zayed, A.A. (1984): Studies on some
10:451-454. factors affecting growth and
Tester, M. and Davenport, R. (2003): active principles of Saponaria

Na* tolerant and Na* transport in officinalis, L. plants Ph.D. Diss.,
higher plants. Annals of Botany, Fac. of Agric., Minia Univ.
91: 503-527.

@l padlal)

¢ Yol il Ao Aaglall §iliall HEY) Cidanl saad) Jleaiad (Sas R
db e clay

Ll Aasls — Aol 4K — il o

e Ailia) il GlAS Al Aagle (e Adlite Gligiae Ll Al S panal dyn
Yol ¥ il i glasll il Sl dypa il clially gaill e dnl dagle e cDLabaall @l ayaal)
Ll Gl i

Gsinas il Ledyss a3 iy bl Slay¥) saes clall Jsa G S b Gl Ciaa
205l G JS e Gl (ssine B Baly cias (s A waalls gl Cliaall o IS (e GhsY)
2500) pdiyally bassgiall 585l A glall (e Al clalae Aais Allg (s lls o spageally o sl
daslall gylall Al (e Cais 28 WY1 clala) aand) A8la) o aags - (Osalall A 632 4000 «
bl 45l b sSally Al clially (gyamall gatll il Silly i) oda Ll Cuajat 1l
NshY!

e Aaslall plaall 3l Cadanl saall jeaie Jlextiuls daa gl (S 4ild Gl e ol
MY il

-191 -



