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ABSTRACT

A detailed evaluation for the use of treated petroleum refinery
wastewater in irrigation of Gerbera plants, vegetative growth, production and
chemical compounds of Gerbera jamesonii were determined. The experiment
was conducted for two successive seasons of 2014 and 2015 at the
Floriculture Nursery under full sunlight conditions at Horticulture Research
Institute, Ornamental Plants and Landscape Gardining Research Department,
Egypt using clay loam soil and 30 cm pots. The mean plant height in harvest
was 32.33 +1.86 and 25.67+ 2.18 cm for irrigation with treated wastewater at
the first and second seasons respectively. Mean number of roots /plant in
harvest was 42.33 +5.5 and 42.67+ 2.03 for irrigation with treated wastewater
at the first and second seasons respectively. Mean flowers number / plant in
harvest were 6.42 +1.1 and 6.81+ 1.3 for irrigation with treated wastewater at
the first and second seasons respectively. Mean flower diameters in harvest
were 7.44 +1.14 and 7.1+ 1.18 cm for irrigation with treated wastewater at
the first and second seasons respectively. The mean numbers of leaves / plant
in harvest were 8.33 +0.37 and 6.0+ 1.0 for irrigation with treated wastewater
at the first and second seasons respectively.

Keywords: Water reuse, Treated petroleum refinery wastewater effluent,
Gerbera, Fertigation, Floriculture.

INTRODUCTION
Water is an important resource, vital for both social and economic
growth (Soliman et al., 2012; Dobson, and Burgess, 2007).
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Egypt's water resources are limited to the Nile River, deep groundwater
in the Delta, the Western Deserts, and Sinai, sporadic rainfall and flash floods
The overall efficiency of the Nile system in Egypt is about 75%.The actual
resources currently available for use in Egypt are 55.5 BCM/year and 1.0
BCM/year effective rainfall on the northern strip of the Delta, non-renewable
groundwater for western desert and Sinai (Abdin and Gafaar, 2009). While
water requirements for different sectors in Egypt are in the order of 75
BCM/year and therefore, the gap between the needs and availability of water
is about 20 BCM/year. This gap is overcome by water recycling and possible
desalination of sea water.

The reuse of treated industrial wastewater called non-conventional
source is necessary to meet a part of the water requirements. For
petrochemical and petroleum refinery industries, Wastewater generated is 0.4
to 1.6 times of crude oil processed (Ishak et al., 2012).

A typical refinery effluent treatment plant consists of two basic
treatment stages. The first stage consists of mechanical and physicochemical
treatments followed by the biological treatment of the pre-treated primary
effluent. Treated effluents may be used in agriculture as a source of water and
nutrients for plants especially cut flower crops. (Friedman et al., 2007 and
Papadopoulos et al., 2005).

Gerbera, commercially grown throughout the world in a wide range of
climatic conditions. (Sujatha et al., 2002). Gerbera belongs to the family
Asteraceae (Cardoso and Silva, 2013). Gerbera comprises 45 species, native

to tropical Asia and Africa (Keditsu R. 2013). Gerbera was grouped into

64 Vol. 37, No.3, March 2017



Soliman,et al

single, semi-double and double cultivars based on flower heads (Loser 1986).
Gerbera species bear a large capitulum with striking, two-lipped ray florets in
yellow, orange, white, pink or red colors.

Gerbera sp. May have many medicinal uses. (Nungki et al. 2015 and
Srivastava et al. 2009).

Gerbera is very popular and widely used as a decorative garden plant or
as cut flowers. It is the fifth most used cut flower in the world. It is also used
as a model for studying flower formation (Dos Santos et al. 2015).There is
still very little information concerning the use of treated wastewater for
irrigation and fertigation; mainly for growing gerbera and cut flower species.
Darwish et al. 1999 demonstrated that greenhouse crops might be excellent
options when associated with the reuse of treated domestic wastewater. On
the other hand, there is no information about using treated industrial effluents
especially petroleum refinery wastewater for gerbera cultivation. The present
work focuses on the technical feasibility regarding the use of treated
industrial effluents for the growing gerbera considering the nutritional effects
on growth variables, yield and flower quality. Cairo Oil Refinery Company
(CORC) is one of the biggest petrochemical companies in Egypt and refines
about 25% of refining capacity in Egypt; the treated wastewater of Mostorod

plant was used in this investigation to study its effect on Gerbera growth.

MATERIALS AND METHODS
This investigation was carried out at the Floriculture Nursery under full
sunlight conditions in the Agricultural Research Institute, Horticulture

Research Institute, Ornamental Plants and Landscape Gardining Research
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Department, Giza, Egyp during two successive seasons of 2014 and 2015 to
detrmine the effect of using different water resources (petroleum refineray
treated wastewater, Nile water and tap water ) on Gerbera seading
Soil analysis: Soil used during the experiment was analyzed to determine its
physical and chemical properties in the experiment. The used soil is brownish
black loam (clay loam) obtained from Nile Delta (Qalubia governerate). The
soil samples were air-dried, crushed and finely ground then sieved through (2
mm). Mechanical analysis was estimated according to Jackson (1973).

pH values were measured in the suspension according to ASTM D 4972
by using benchtop pH/ISE meters, ORION model 710A. EC was measured at
25°C using ATC bench electric conductivity meters, HANNA, Model HI
8820.

Soluble cations and anions were determined in the extract of soil paste
as described by Black (1982) using lon Chromatography (IC) model DX-500
Chromatography. While carbonates (CO3) and bicarbonates (HCO3) were
detected by titration method using 0.1 N HCI.
Organic matter: Organic matter is measured using DR-2000
spectrophotometer instrument HACH, where organic matter is oxidized under
standardized conditions with potassium dichromate in sulphuric acid solution
as reported by Baruah and Barthakur (1997).
Wastewater Samples location, collection, and preparation: The treated
industrial wastewater effluent used in the study was obtained from drainage
line of Wastewater Treatment unit of Cairo Oil Refining Co on Ismailia

Channel, Mostorod Cairo. For compression, water samples from Ismailia

66 Vol. 37, No.3, March 2017



Soliman,et al

Channel were collected (100 m upstream) and tap water samples also were
used for analysis and characterization.

Sampling. Water samples were collected from Ismailia Canal, according

to methods stated in Standard Methods for Examination of Water and
Wastewater, (20th Ed.), (APHA 1998).
Physical properties: The pH of the samples was determined using the
electrometric method according to ASTM D1293 using a digital pH meter
model Hana pH 213. The density and specific gravity were determined
according to ASTM D 1429. Electrical conductivity & resistivity were
determined according to ASTM D 1125 using digital conductivity meter
WTW model Cond. 3301 .

Total dissolved solids were determined according to ASTM D 5907.
The salinity of samples was calculated from chloride content. The alkalinity
of samples was determined by titration according to ASTM D 1067 using a
digital pH meter model Hana pH 213.Total hardness of samples was
calculated according to method ASTM D 1126.

Anions and cations were determined according to ASTM D 4327 and
6919, respectively using ion chromatography Dionex IC model ICS 1100
equipped with high capacity columns (AS9 and CS12) for anion and cations,
respectively.Heavy metals were determined using Flame Atomic Absorption
Spectrophotometer model Zenit 700p according to ASTM D 4691.

Sodium absorption ratio (SAR) was calculated according to the

following equation:
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SAR =[Na] / [Ca]l+[Mg]/2

Where Na, Ca, Mg is expressed in milliequivalents/liter
Basic ratio (BR) value can be estimated according to the following equation:
BR =[Na] + [K] /[Ca] + [Mg]
Where Na, K, Ca, Mg are expressed in milliequivalents/liter

The residual sodium carbonate (RSC) index is used to indicate the
alkalinity hazard for soil.
RSC index = [HCO3 + CO3] — [Ca + Mg] are expressed in
milliequivalents/liter

The experiment was conducted at the Floriculture Nursery under full
sunlight conditions A hole was drilled at the bottom of the pot, and a 2 cm
layer of crushed stone was deposited and covered with geotextile mesh, after
which a 30 cm layer, (4 kg) of a brownish black loam was added.

Six months Gerbera seedlings Gerbera jamesonii), local variety type
were obtained from Horticulture Research Institute, Ornamental Plants and
Landscape Gardining Research Department (the local variety with orange
flowers) planted in 30 cm clay pots, irrigation with different water types used
(treated waste water, Nile water and tap water), after 20 weeks data were
recorded on growth performance the following vegtative growth parameters

The plant height was measured in centimeters from the soil surface to the
highest point of the plant. Number of leaves / plant were counted for each
plant for all traetmentss, the average was clculated and recorded.Number of
flowers per plant was obtained for each plant the average was calculated and

recorded.Flower diamter was measured in centimeter at the full opening
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stage. The average was calculated and recorded.The stem diamter was
measured in centimeter in the soil surface in the pot using a caliper.

Chemical analysis: Total soluble indoles were determined using colorimetric
method (A. O. A. C, 1990) using the standard curve of indole acetic acid.
Total soluble phenols were determined by using folin-denis colorimetric
method (A. O. A. C, 1990), a standard curve of pyrogallol.

Total carbohydrates content was determined in dry leaf powder.

Total chlorophylls were determined in leaf samples (mg/100g FW) by using
colorimetric method (A.O.A.C, 1990).

Statistical analysis: Experimental design was laid out in a completely
random experimental design with three treatments and nine replications. The
treatments consisted of application of different types of water (treated
wastewter, Nile water and tap water in black soil). each traetment included 9
plants per treatment. All data collected were subjected to statistical analysis
of variance as described by Gomez and Gomez (1984). The treatment means

were compred using L.S.D test at 0.05 level of probability.

RESULTS AND DISCUSSION
Water analysis results: The study of the treated petroleum refineary
wastewater effluent for reuse began with the characterization of the main
effluents. The average results of analysis are listed in the table (1).From the
measured date during the different agricultural seasons, it was found that the
composition of the different types of water is nearly similar from the mineral
composition. The largest dissolved solids content was found in the treated

refinery waste water then the upstream Nile water then the tap water which is
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considered as the lowest mineral concentration. The overall concentration is
accepted according to law 48 of 1982 for the protection of the Nile river and
its waterways from pollution pH within the range 7 - 8.5, organic Nitrogen
not to exceed 1mg/l, Ammonia not to exceed 0.5 mg/l, oils and grease not to
exceed 0.1 mg/l, total alkalinity within the range 20 — 150 mg/I, sulphate not
to exceed 200 mg/l, Iron not to exceed 1 mg/l Manganese not to exceed 0.5
mg/l, Copper not to exceed 1 mg/l. The organic content is totally different
between the used water samples since the treated wastewater contains a
higher organic content giving higher COD and BOD values, higher oil and
phenol content over the accepted ranges for BOD not to exceed 6 mg/l, for
COD not to exceed 10 mg/l. For more characterization, a detailed study for
the most dangerous pollutant 16 polyaromatic compounds was examined
separately, and the found values are listed in Table (2) From the obtained data
in Table (2) it was found that the treated wastewater is contaminated with a

higher level of PAH compared to the Nile river water with a total of 5.08

ppm.
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Table (1): Analysis of the different irrigation water used in the study all

determinations are given as ranges in mg/l or as specified.

CORC Treated

Nile

Analysis . Tap water
wastewater river water
T.D.S mg/l 501.1+ 240.81 352.5+ 31.24 320+ 21.54
E'C'Z‘fg o @ 589 + 27 445+ 33.81 440+ 29.61
Salinity mg/I 105.1+ 40.31 100.7 +11.18 61.38+ 9.38
Hardness mg/I 145.3 + 51.69 161.9+ 18.35 144,15+ 13.58
pH@ 250C 7.84 +0.50 7.14+ 0.09 7.60+ 0.19
BOD mg/l 89.15 + 22.33 58.55+ 12.44 18.15+ 2.37
COD mg/I 206.98 £ 20.40 89.74+ 34.19 39.34+ 3.45
Lithium mg/I 0.039 £ 0.01 0.0033+ 0.001 0.0035+ 0.002
Sodium mg/I 84.60 + 18.51 39.00 + 10.60 28.58+ 9.75
Potassium mg/| 7.10£0.96 6.95 + 0.68 5.603 = 0.54
Magnesium mg/| 10.20 + 4.27 13.10+ 2.88 12.08+ 2.53
Calcium mg/| 41.35+13.32 43.25+ 13.49 37.9+ 1251
Fluoride mg/I 0.565% 0. 06 0.66+ 0. 05 0.65+ 0. 15
Chloride mg/I 63.7 + 14.26 61+ 18.22 37.2+12.13
Bromide mg/I 0.0145 £+ 0.001 0.039 + 0.06 0.04 £ 0.01
Nitrate mg/I 0.18 + 0.006 1.374+ 0.16 4.64 +0.11
Hydroxide mg/I ND ND ND
Carbonate mg/| ND ND ND
Bicarbonate mg/I 272 £12.95 160 + 13.68 136 + 15.30
Sulfate mg/I 20.5+2.80 27.1+ 4.60 38.34 + 3.66
Phosphate mg/I 2.565+1.72 2.356 + 1.62 0.18+0.12
TPH, mg/l 10.65 + 3.83 2.20 +0.85 Nil
Phenol, mg/l 7.20+0.77 1.89+£0.18 0.18 + 0.08

ND = Not detectable.
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Table(2): Characteristics of 16 PAHs of irrigation water

CORC

16 PAHSs (mg/l) Treated rivel;l Ivl\?ater Tap Water
wastewater
R?r’\g Naphthalene 2.69+2.18 | 0.31+0.18 N.D
Total (2-Ring) 2.69+218 | 0.31+0.18 N.D
Acenaphthylene 0.11+0.10 N.D N.D
3. Acenaphthene 0.45+0.30 | 0.26 £0.02 N.D
Ring Fluorene 0.07+0.02 | 0.12+0.01 N.D
Phenanthrene 0.03+£0.01 | 0.031+0.15 N.D
Anthracene 0.03+0.01 | 0.087+0.02 N.D
Total (3-Ring) 0.69+0.44 | 0.498+0.2 N.D
Fluoranthene 0.07 £ 0.08 N.D N.D
4- Pyrene 0.63+0.17 N.D N.D
Ring | Benzo[a]anthracene | 0.04 + 0.02 N.D N.D
Chrysene 0.61+0.10 N.D N.D
Total (4-Ring) 1.35+0.37 | 0.037+0.016 N.D
Benzo[b]fluoranthene | 0.30 £ 0.07 N.D N.D
5- | Benzo[Kk]fluoranthene | 0.02 +0.01 N.D N.D
Ring Benzo[a]pyrene 0.03+£0.01 N.D N.D
Dibenz[a,h]anthracene N.D. N.D N.D
Total (5-Ring) 0.35+0.09 | 0.05+0.01 N.D
Benzo[ghi]perylene N.D. N.D N.D
6- Indeno[1,2,3-
Ring " N.D. N.D N.D
cd]pyrene

Total (6-Ring) N.D. N.D N.D
Total 16 PAHs 5.08 +3.08 | 0.895+0.406 N.D

ND = Not detectable.

The soil in the experiment was a clay loamy soil. The physical and

chemical characteristics of the soil were shown in Tables (3 & 4).
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Table(3): Mechanical analysis of the experimental soil.

. Seasons
Parameters Unit 5014 5015
Sand % 38.80 37.75
Silt % 32.92 33.10
Clay % 28.28 29.15
Texturalclass |  ------ Clay loam Clay loam

The chemical composition of the soil was studied before irrigation with
different waters and after the two agricultural seasons. The tests were
repeated to find out the effect of irrigation water on the constituents of soil.
Data are listed in Table (4). According to the obtained data, it was found that
the chemical composition was changed approximately and the measured
indices like SAR and RSC showed that the soil has a better criteria.
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Table(4): Characteristics of Soil before and after irrigation.

CORC Treated Nile Tao water
Determinations wastewater river water P
Before After Before After Before After
H 8.05 + 8.02 + 8.22 + 8.02 + 8.04 + 8.08 +
P 0.45 0.30 0.25 0.50 0.4 0.35
E.C.d/m 0.722+ | 0482+ | 0.319+ | 0.628 = 0.650 0.628 =
@ 250C 0.033 0.024 0.035 0.023 0.025 0.018
. 110 + 109 + 98 + 99 +
Sodium mg/I 129 80+ 7.25 | 50+ 6.25 12 95 15.3 9.65
Potassium 13 + 12 +
mg/| 505 11+2.84 | 7+1.24 | 13+3.15 | 12+3.0 5 45
Ma?:gelsl'“m 814224 | 6.241.2 | 4.141.25 | 82423 | 6.9+2.2 | 7.4+2.46
Calcium 231+4.8 | 181436 | 122¢1.8 | 232 | 20068 | 21.8+3.4
mg/l 5.7
Chloride 195+ 130+ 73 + 169 + 188 + 175 +
mg/l 26.6 16.4 6.44 28.6 36.8 16.8
Nitrate mg/I 1%72i 54412 | 72+16(49+21 | 112424 | 7.2+2.6
Carbonate mg/I N.D N.D N.D N.D N.D N.D
Bicarbonate | 2\ 160 | 69+14.0 | 664120 | /%% | 1154250 | 72 +13.0
mg/I 15.0
10.6 105+ 11.3 + 12.2 +
Phosphate mg/I ‘14 0.92 8.7+£0.83 142 9.5+1.2 0.94
Organic Matter 1.88 + 1.61+ 2.89 + 1.92 + 2 53+1 1 1.83 +
% 0.18 0.12 0.68 1.08 T 0.58
(SAR) 4.96 4.09 3.13 490 4.70 4.62
(BR) 5.57 5.27 492 5.48 5.61 5.38
(RSCI) -0.617 -0.291 0.130 -0.548 0.265 -0.526
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Table(5): Effect of different water types on vegetative growth of Gerbera

jamesonii during 2014 and 2015 seasons

Water source

Characters Season Treated Nile LSD
. Tap water
wastewater river water
Mean Plant First 32.33+1.86 | 30.67+1.86 | 28.67+1.76 | NS
height (cm) Second | 25.67+3.18 | 28.67+3.17 | 31.67+1.33 | NS
Mean Number First 8.33+0.33 8.67 +£1.20 7.33+0.33 NS
of leaves in
harvest Second 6.0+ 1.0 967+1.86 | 6.0+1.53 NS
'\’I'gggtﬁ?ﬁt First | 4067+233 | 3867+176 |2867+176| 6.82
harvest (cm.) | Second | 34.67+7.64 | 30.33+4.18 | 30.67+12 | NS
Mean Number | riot | 4233+55 | 37.33+49 | 39.33+39 | NS
of Roots in
harvest Second | 42.67+203 | 47.0+43 | 4133+78 | NS
Mean fresh First | 2068+071 | 24.48+1.14 | 1874+2.44 | NS
weight of
leaves in Second | 17.73+0.82 | 22.21+28 | 24.85+143 | NS
harvest(gm.)
Mean dry First 4.04 +0.43 6.22+0.73 | 528+050 | NS
weight of leaves
in harvest(gm.) | Second 416 £0.33 452+049 | 578+1.96 NS
Mean fresh First | 33.37+325 | 24.85+406 | 2932+526 | NS
weight of roots
in harvest(gm.) | Second | 34.27+2.46 | 23.622.32 |2696+1.22 | 7.2
Mean dry First 751+040 | 452+058 | 487+014 | 145
weight of roots
in harvest(gm.) | Second | 7.24+0.97 | 561+1.01 | 6.28+1.05 | NS
Mean flower | o 642+11 | 7.01+099 | 635+12 | NS
number in
harvest Second 6.81+1.3 6.88+1.1 6.21+1.1 NS
Mean flower First 7.44 +1.14 8.1+1.21 7.2+1.25 NS
diameter in
harvest (cm.) | Second 71+1.18 7.98+1.22 | 7.1+119 NS
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Results presented in table (5) showed that mean values of Gerbera
jamesonii height in 2014 and 2015 growing seasons were not affected
significantly by using different water types of irrigation. The greatest value
(32.22 + 1.86 cm) for the first season and was obtained when plants were
irrigated with wastewater while as the lowest one was (28.67 £ 1.76 cm) and
obtained by irrigation with tap water. These data are in agreement with those
obtained by Lisanea et al. (2010) who recorded that treated effluents may be
used in agricultural as a source of water and nutrients for plants especially cut
flowers.

Irrigation with different waters types had no significant effect on number
of leaves / plant of Gerbera jamesonii. The highest value of mean number of
leaves / plant was obtained from Nile river water (8.67+1.20) and (9.69+1.86)
for the first and second seasons respectively. The lowest values of number of
leaves /plant of Gerbera jamesonii were obtained from irrigation with tap
water in two seasons. These results are confirmed with that suggested by
Lisanea et al. (2008).

Results presented in table (4) showed that number of flowers/plant of
gerbera jamesonii had no significant increase when plants irrigated with
different water types. Irrigated plants with Nile water gave the highest mean
value of number of flowers /plant in both seasons (7.01+ 0.99) and (6.88+
1.1) for first and second seasons respectively. While the lowest number of
flowers /plant obtained by using tap water. The same trend was obtained in
mean flower diameter, which was (8.1 + 1.21) and (7.98 + 1.22) for the first

and second seasons respectively. The lowest flower diameter (7.2+1.25) and
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(7.1 +1.19) for the first and second seasons respectively were obtained by
irrigated plants with tap water.

Number of roots was not affected significantly with different water types
of irrigation. Mean root length was the highest non-significantly when plants
were irrigated with treated wastewater in both seasons (40.67 + 2.33) and
(34.6 + 7.64) respectively. The data are in accordance with Lisanea et al.
(2008)

Table (5) shows the effect of different water types on fresh and dry
weight of leaves and roots of Gerbera jamesonii during 2014 and 2015
seasons. Plants irrigated with different water types had no significant
differences in leaves fresh or dry weight.

The highest fresh weight of leaves was obtained by irrigated plants with
Nile river water (24.48+1.14) in first season and (24.85+1.43) in the second
season when irrigated by tap water respectively. The same trend was obtained
with mean dry weight of leaves. The highest value was obtained with Nile
river water (6.22+0.73) for the first season and (5.78+1.96) when irrigated
with tap water for the second season respectively.

Mean weight of fresh roots (gm.) was not affected significantly in the
first season when plants were irrigated with different water types. The highest
fresh weight of roots was (33.37+3.25) with treated wastewater. The highest
fresh weight of roots significantly was obtained by irrigated plants with
treated wastewater (34.27+2.46) respectively. These results are in accordance
with Das et al. (2012). The mean dry weight of roots showed significant
difference on the first season where the highest dry weight was obtained

when irrigated plants with treated wastewater (7.51+0.40) .There was no
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significant difference in the second season for dry weight of roots by using
different water types. These data are in accordance with Lisanea. et al. (2010)

Table (6) show the effect of different water types on total soluble indoles
content, total soluble phenols content and total carbohydrates content of
Gerbera jamesonii during 2014 and 2015 seasons. The highest total soluble
indoles were obtained by irrigated plants with treated wastewater (2.03+£0.03)
in The first season and (1.74+0.04) in the second season respectively. The
same trend was obtained with total soluble phenols content. The highest was
obtained with treated wastewater (3.51+0.14) for the first season and
(2.75%0.10) for the second season respectively. There was a small significant
difference in total soluble indoles content, total soluble phenols content
during the two seasons between plants irrigated with different water types.

The highest value for carbohydrate content was obtained at the first
season (1.63+ 0.03) when irrigated with tap water while at the second season
it was (1.60+ 0.01). It was found that there were no significant differences in
total carbohydrate content during the two seasons between plants irrigated
with different water types. These results are in accordance with Mehraj et al.
(2014).

78 Vol. 37, No.3, March 2017



Soliman,et al

Table(6): Effect of different water types on total soluble indoles, total soluble
phenols and total carbohydrates content, in Gerbera jamesonii

leaves during 2014 and 2015 seasons

Water source
CORC .
Characters Season Treated _ Nile Tap water LSD
river water
wastewater
qomlsoluble | girg | 2034003 | 1.69£004 | 0452008 | 1.458
(mg/100 gm of
dry sample) Second 1.74+0.04 0.49+0.02 0.53+0.03 0.124

Total soluble First 3.51+0.14 1.92+0.08 | 0.81+0.01 | 0.415
phenols content

(mgof gallicacid | gacong | 2.75+0.10 1.47+035 | 1.08+0.02 | 0.945
/g of dry sample)

Total First 1.40+0.10 1.53+0.04 1.63+0.03 NS
carbohydrates
content Second 1.58+ 0.04 1.43+0.04 1.60+ 0.01 NS
(% wt.)

Table (7) show the effect of different water types on Chlorophyll a,
Chlorophyll b content and total carotenoid of Gerbera jamesonii during 2014
and 2015 seasons. The highest Chlorophyll a was obtained by irrigated plants
with Nile water (11.47+1.24) in the first season and (14.61+ 0.55) in the
second season when irrigated with treated wastewater respectively. The same
trend was obtained with Chlorophyll b content. The highest value was
obtained with treated wastewater (4.12+ 0.12) for the first season and (6.18+
0.18) for the second season respectively. There was a small significant
difference between them in Chlorophyll a & b content, during the two seasons

between plants irrigated with different water types.
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The highest value for total carotenoid, represented as Carotene was
obtained at the first season (5.73+ 0.71) when irrigated with Nile water while
at the second season it was (5.80£0.57), for irrigation with treated wastewater
respectively. It was found that there were no significant differences in total
carotenoid content during the second season between plants irrigated with
different water while there was a slight difference in the first season.
Table(7): Effect of different water types on total carotenoids, chlorophyll a

and b in Gerbera jamesonii leaves during 2014 and 2015 seasons

Water source
CORC ]
Characters Season Treated _ Nile Tap water LSD
river water
wastewater
Chlorophyll a First 5.39+0.32 11.47+1.24 8.73+0.23 | 3.393
content
(Mg/100g FW) Second 14.61+ 0.55 14.03+0.22 9.98+ 0.09 1.548
Chlorophyll b First 1.56+ 0.16 4.12+0.12 | 2.35+0.13 | 0.636
Content
(mg/100g FW) | Second | 6.18+0.18 | 3.14+0.05 | 3.57+0.02 | 0.481
Total First 3.42+0.09 | 573+0.71 | 4.79+056 | 2.16
carotenoid,
Carotene
Second 5.80+0.57 5.40+ 0.49 5.27+0.61 NS
(mg/100g FW)
CONCLUSIONS

1. Treated industrial wastewater effluents from petroleum crude oil refinery
can be used for irrigating Gerbera jamesonii under protected ambient
conditions without loss of quality and growth.

2. There was no significant effect for irrigation using treated industrial

wastewater effluent or Nile river water and tap water concerning the
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number and quality of flowers harvested, during the first or the second

agricultural seasons.
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