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Abstract: In this study, five water supplies in Jeddah city —Kingdom of Saudi Arabia (KSA), viz, Mineral water,
Bottled water, Tap water, Zamzam water and Distilled water (as control) were investigated on germination and early
seedling vigor of Phaseolous vulgaris and lentil (Lens culinaris) plants. Physico-chemical parameters in terms of
heavy metals, EC and pH, were analyzed in water and plants in addition to some growth parameters of the plants.
Results elucidated that, bottled water, which represents the main drinking water in Jeddah, showed similar results of
elements to control (distilled water), followed by mineral water, Zamzam water and tap water. All water types were
acidic except tap water and Zamzam water which were alkaline and they showed high electric conductivity(Ec)
compared to control (P>0.01). The results showed that lentil plants watered with Zamzam water showed a
pronounced increase in root fresh weight, while the high shoot weight was achieved with mineral water. On the
other hand, plants watered with bottled water have high seeds dry weights in both plants. Phaseolous vulgaris plants
watered with bottled water showed good growth parameters compared to the correspondence water types. Both
plants accumulated the heavy element Ni in the same pattern (mineral water > bottled water > Zamzam water > tap
water). However, from the present study, all water types in Jeddah seem to be safe for growing crop plants.
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1.Introduction continued urban expansions, future disposal plans
The evaluation of non-conventional water need to be made organizing the earlier problems

types quality and its impact on seed germination and encountered. There must be anticipation of new
seedling growth, in Jeddah, is still in progress. The environmental and socio-economic consequences of
water balance in the Jeddah area that is the supply, developmental decisions .
use and removal of water has changed rapidly with
the growth of this city. In the early history of Jeddah 2. Materials and Methods:
water was a very scarce and expensive commodity 2.1. Experimental work
(Al-Alawi and Abdulrazzak, 1994; Turki, 2009). The 2.1.1. Collection of Water Types
natural environment through rain and ground water Water samples, from different regions of Jeddah,
could not supply the needs. Over the last years viz, Mineral water, Bottled water, Tap water,
significant infrastructure has been established to Zamzam water (used by other people visiting KSA
provide residents throughout city with dependable for Hajj or Omra) and Distilled water (as control),
water supply. Today, however, increased volumes were collected and reserved in pre-cleaned
and mixed contents of the water used in Jeddah that polyethylene bottles, for chemical analysis.
must be disposed of, is greater than the 2.1.2. Seeds germination
environment’s natural ability to remediate it Sterilized seeds of Phaseolous vulgaris and lentil
(Haddadin, 2002). (Lens culinaris) were raised in continuous light in

The supply of fresh water to the area comes from Petri-dishes at 2542 C. Seeds were immersed in the
the desalinization of sea water from both the large above mentioned waters (3 replicates for each) and
plant and many smaller facilities and from the natural continued to be irrigated with the particular water
supplies of rain in the watershed east of Jeddah type till the emergence of roots and shoots. Seedlings
(Hussain and Al-Saati, 1999). were then collected for further analyses.

Past and present disposal of natural and used water 2.2. Water Chemical Analysis
from domestic and industrial users has created Water samples were analyzed for the evaluation of
unacceptable conditions in downtown Jeddah and the dissolved-metal concentration: Manganese (Mg),
along the marine areas (Hussain and Al-Saati, 1999). Nickel (Ni), Copper (Cu), Zinc (Zn), Arsenic (As),
It is now expensive to fix these conditions. With Cadmium (Cd), Barium (Ba), Lead (Pb) and
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Chromium (Cr). Metal determination were carried
out by Atomic Absorption Spectrometer, model
Mettler DL55/ DR 2010/ WTW.

2.3. Mineral Elements in Plants

Elements were determined after digestion of a
definite weight of dry ground leaves according to
Stewart (1983). Atomic Absorption Spectrometer,
model Mettler DL55/ DR 2010/ WTW was used in
elements determination.
2.4. Measurement of plant parameters

Some plants parameters were recorded 10 days
after germinations. These included fresh and dry
weights of root, stems, leaves and cotyledons (seeds),
in addition to root and stem lengths and widths.

2.5. Statistical analysis:

Statistical analysis was performed employing one
way ANOVA test using SPSS 18.0 software to detect
the significant differences between treatments. All
values (in Tables) are expressed as mean + SDs.
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3. Results and Discussion
3.1 Water types:

The results represented in Table 1, verified that the
chemical analysis of Zamzam water contains a
considerable amount of elements than that found in

Table 1: Chemical analysis (ppb

other water type in terms of Ni, As, Ba, and Cr.
(3.1,ppb, 1.58 ppb, 11.02 ppb and 0.53 ppb) of these
elements respectively. On the other hand, the high
values of Cu and Zn was recorded in tap water (1.52
ppb and 8.58 ppb) respectively.

) of water types in Jeddah
2

Water Mn" Ni*? Cu” Zn" As cd” Ba" Pb+2 Cr*
type
Control <0.10 0.16+0.0 <0.10 0.19+0.16 <0.10 <0.10 <0.10 <0.1 <0.10
(Distilled 0
water)
Mineral <0.10 0.20+0.07 <0.10 1.55+0.07 0.10+0.0 <0.10 0.27 < 0.10
water ? B 0.10
Bottled <0.10 <0.10 <0.10 0.18+0.0 <0.10 <0.10 <0.10 < 0.10
water 0.10
Tap 0.15+0.07 1.29+0.14 1.52+0.02 8.58+0.01° 0.12+0.01 <0.10+0. 1.13+0.01° <0.1 0.36
water ! ! ¢ i 0 0
Zamza <0.10 3.100.01" 0.130.01" 0.10+0.0 1.58+0.07 <10 11.02+0.07 <10 0.53+0.07
m water ! ! B

The data are expressed in mean + SD. #»=3 in each group.

*P<0.05,"P<0.01 & P <0.001, compared to control (Distilled water).

Table 2 clarified that, pH of Zamzam water was alkaline (8.11), while other water types were slightly

acidic, except for tap water which was slightly alkaline (7.72). On the other hand, Zamzam water contained heavy
elements more even than tape water, such as Ni, (3.10 PPT), As (1.58 PPT) and Ba (11.02 PPT). Nonetheless, all
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elements amounts were relatively low and within the safety range (Mutwally and Al-Sayaad 2002; Hamed et al.,
2009). Moreover, mineral water recorded low amounts of elements except for Zn, where it recorded 1.55 ppb (Table
1). Distilled water and Bottled water contain the least amount of elements and they recorded almost the same
amount of all elements.

Table (2) indicated that, significant differences between treatments and control regarding Ec. Zamzam water and
Tap water have the highest Ec and pH values (976.0 us/cm and 8.11) respectively which indicated basic values.
Mineral water came next, it recorded 239.0 us/cm Ec followed by bottled water (161.0 us/cm) and then distilled
water (2.19 us/cm). Worth mentioning is that, mineral water is almost neutral (pH= 6.99), as distilled water and
bottled water; were slightly acidic.

Table 2: Conductivity (us/cm) and pH of rainwater collected from different site in Jeddah

Water Type Cond. Us/cm pH
Control (Distilled water) 2.19+0.38 6.15+0.37
Mineral water 239.0+0.18° 6.99+0.02
Bottled water 161.0+0.09¢ 6.13+0.09
Tap water 555.0£0.97¢ 7.72+0.01°
Zamzam water 976.0+0.18°¢ 8.11+0.01°

The data are expressed in mean + SD. »=3 in each group.

PP <0.01 & P <0.001 compared to control (Distilled water).

The data are expressed in mean = SD. #=3 in each group.?P< 0.05, ® P < 0.01 & ¢ P < 0.001, compared to control
(Distilled water).

3.2Chemical analysis of lens culinaris and Phaseolus vulgaris

Chemical analysis of Lens culinaris and Phaseolous vulgaris which is represented in Table 3 & 4 respectively,
clarified that, there was no significant difference in Mn content between Lens plants watered with different water
types (Table 3). Nonetheless, higher accumulation of Ni, Cu, Zn and As was recorded in plants watered with tap
water and Zamzam water.
3.3 Plants Growth Parameters:

The results of the present investigation verified the effect of different water supplies on growth parameters of
lentils seedlings irrigated with different water types. Irrigation of lentil seeds with Zamzam water resulted in high
root growth in term of fresh weight, followed by plants irrigated with tap water. These two waters reported the
highest amount of Cu?, Zn" and Ni*?, As™ Cr'® and Ba**respectively. Claire et al., (1991) obtained similar results in
a study using nickel and other heavy metals on cabbage, lettuce, millet, radish, turnip, and wheat. Moreover, the
highest stem fresh weight was recorded in lentils irrigated with mineral water (Fig. 1).

Conversely, high dry weight of cotyledon was reported in lentil plants were watered with bottled water (0.06 g
compared to 0.04 g of the control, Fig. 2).

Roots and stems length and width, which were represented in Fig. 3, clarified that, lentils plants irrigated with tap
water achieved the highest stem and root length compared to other treatments including the control (P<0.001). Stem
length recorded 7.5 cm compared to 1.6 cm of the control, while the root length reported 3.2 cm compared to 1.2 cm
of the control. Lentils irrigated with Zamzam water, came next and The data are expressed in mean + SD. n=3 in each
group. It is recorded relatively high stem and root lengths compared to control (Fig. 3).

Table 3: Chemical analysis (mg/l) of lentil (Lens culinaris) seedlings grown with different water types in

Jeddah
Water Mn*2 Ni2 Cu™ Zn*? As™? ca? Ba™ Pb*? Cr'
Type
Control
= = + = =
(Distilled 26.5:0.0 52.5.0+0. 13.020.0 26.540.0 <100.0+0. <2.0+0. <10.0£0. <5.0+0. <2.0+0.
0 0 0 0 0 0
water)
Mineral 37.0+0.7 a 16.0+£2.8 52.04+0.5 <100.0+0. <2.0+0. <10.0£0. <5.0+0. <2.0+0.
¢ 60.0+£3.5 b a
water 0 0 0 0 0
+ + <100.0+0. <2.0+0. <10.0+0. <5.0+0. <2.0+0.
Bottled 31.043 5 55043 58 37.5a 0.7 4445b 1.0 100.0+0 2.0+0 10.0+0 5.0+0 2.0+0
water 0 0 0 0 5
Tap 34.0+0.0 a 18.0+0.0 50.0+0.0 <100.0=+0. <2.0+0. <10.0+0. <5.0+0. <2.0+0.
- 45.0+0.0 . ;
water 0 0 0 0 0
=
Zamza 3240.7° 47435 17£0.7¢ 3843.5 <100.020. | <2.00. <125 10z0.7¢ | 200
m water 0 0 0
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Table 4: Chemical analysis (mg/l) of Phaseolous vulgaris seedlings grown with different water

types in Jeddah
Water Type Mn* Ni*? Cu” Zn" As”? | cd” | Ba” Pb*’ Cr*
C"“”‘:;t(gl)“‘“ed 35.542.5 62.5+7.5 19.0£0.5 455455 | <1000 | <2.00 <10.0. <5.040.0 | <2.00.
Mineral water 40.0+1.5 72.5+2.5 18.50+0.5" 46.5+7.5 <100.0 2.00 <10.00 <5.0+0.0 15.5+0.
Bottled water 41.5£1.0 70.0£0. 15.50+0.5 48.5+1.5 <100.0 <2.00 <10.00 <5.0 3.5+01
Tap water 37.50+0.5" 67.5+0.0 15.0£0.3 43.5£0.0 <100.0 <2.00 <10.00 <5.00 <2.00.
Zamzam water 37+0.5" 70+0.5" 16.5+0.3 36+0.5" <100.0 <2.00 <10.0+0 <5.0£0.0 <2.00.
*P<0.05 & " P < 0.01, compared to control (Distilled water).
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Figure 2: Seeds, root and stem dry weight (g) lentil {Lens
culinaris) seedlings grown with distilled water and other
water types in Jeddah.

typesin Jeddah.

Pertaining to results of Phaseolus vulgaris
plants which were demonstrated in Fig. 4, cotyledon
weights were high in plants irrigated with different
water types, excluding the control, which may be due
to the low amount of minerals in this water especially
in this stage of germination, as was reported by many
authors e.g., Claire et al., (1991); Bishnoi, et al.,
(1993) ;Peralta ef al., (2001) ; Lei et al., (2009) and
Joshi et al., (2010). Trrigation with bottled water
assisted Phaseolus plants to gain high cotyledon fresh
weights (1.48 g). surprisingly, there was no
significant difference in cotyledons fresh weight
when plants were irrigated with mineral and Zamzam
waters (1.41 g and 1.39 g) respectively.
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Figure 4: Seeds, root and stem fresh weight (g) Phaseolous
vulgaris seedlings grown with distilled water and other water
typesin Jeddah.
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Moreover, root and stem fresh weights reported no
significant differences between different water types
with the control reported slightly higher fresh
weights.  Nonetheless, Fig.5 illustrated that,
cotyledons dry weights of Phaseolus vulgaris
followed the pattern, according to water type,
bottled water > Zamzam water > mineral water > tap
water > distilled water. Moreover, the highest stem
dry weight was recorded when plants were irrigated
with Zamzam water (0.39 g) compared to other water
types (P<0.01). On the other hand, high root dry
weight was recorded in control and tap water plants
while there was no significant difference among other
treatments.
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Figure 5: Seeds, root and stem dry weight (g) Phaseolous
vulgaris seedlings grown with distilled water and other
water types in Jeddah.

Root lengths of Phaseolus vulgaris (Fig.6),
followed the pattern: distilled water> bottled water>
mineral water> tap water> Zamzam water, while the
stem length patterns was; mineral water> distilled
water> bottled water>tap water.
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Figure 6: Root and stem length and width (cm) of Phaseolous
vulgaris seedlings grown with distilled water and other water types
in Jeddah.

In general, the present study has found that it
would be possible to produce the food required in

1554

future using all water supplies available in Jeddah
city. The more efficient water must be used more
efficiently. SIWI, (2005) ;Chartres and Varma,
(2010) have reported that farmers in dry regions have
to strive to increase plant productivity to meet the
growing demands for food.

This study, highlighted many facts concerning
different water typed in Jeddah city. The chemical
analysis of different water types indicated that all
waters were not harmful in terms of heavy elements
and they are below the national and international
standard limits (Sayre, 1988; Wolf 2011;
Sudhanandh, 2011 and The World Bank, 2011). In
addition, water types pH ranged between slightly
acidic (mineral and bottled water), to slightly alkaline
(tap water and Zamzam water). These pH values are
suitable for germination of many plants as was
reported by many researchers, e.g. Demosthenis and
Krishna (2002); Bhagirath et al., (2009), Shouhui et
al., (2009); and Mercy et al., (2012). As the results
revealed,electric conductivity, on the other hand,
were relatively low in mineral, bottled and tap waters
and slightly high in zamzam water. The Ec recorded
values of Jeddah's waters did not affect germination
of seeds of the two plants. Similar water Ec was
found harmless to plants by other researchers, e.g.
Al-Tukhais, (1997); Hsing et al., (2000); Dimitris, et
al., (2005), Molden, (2007); Botto, (2009); Al-
Rashed, (2010); Natale, ef al., (2010) and Al-Sokary,
(2011). The results indicated that low concentrations
of Cr'®, Cu™, and Ni"? had micronutrient-like effects
on the lentils and Phaseolus vulgaris. According to
obtained data, the Zn"? have positive effects on the
growth of the plants, even at moderately high
concentrations in this research.

Conclusion:

Being a desert country with a growing
population, alternative water supplies imperative for
the development of agriculture in Saudi Arabia. In
addition, according to the present study one can
speculate about getting benefits from the huge
amount of Zamzam water to be used in agriculture
after careful handling and storing.

References

1-Abderrahman, W.A. (2000). Urban Water Management
in Developing Arid Countries. International Journal of
Water Resources, 16: 7-20.

2-Al —Rashed, W.S. (2010). Assessment of Drinking Water
Quality in Jeddah and Identification of Suitable
Purification Technologies. M.Sc. thesis, Faculty of
Engeneering, King Abdulaziz University, Jeddah,
Kingdom of Saudi Arabia

3-Al-Alawi, M. and Abdulrazzak, M. (1994). Water in the
Arabian Peninsula: problems and perspectives, In " P.



Life Science Journal 2013;10(1)

http://www.lifesciencesite.com

Rogers and P. Lydons, (eds.) Water in the Arab
World: perspectives and progress. Division of Applied
Sciences, Harvard University, Cambridge Mass.

4-Alsokari, S.S. (2011). Zamzam Water-Induced Changes
in Growth and Biochemical Parameters in Lentils.
Australian Journal of Basic and Applied Sciences, 5
(9): 559-563.

5-Al-Tukhais, A. S. (1997). Water Resources and
Agricultural Production in Saudi Arabia: Present and
Future, In "Water Resources and its Utilization in
Saudi Arabia". Proceedings of the first Saudi
conference on Agricultural Sciences, 25-27 March
1997, College of Agriculture, King Saud University,
Riyadh.

6-Bhagirath S. Chauhan and David E. Johnson. (2009)
Seed Germination and Seedling Emergence of
Synedrella (Synedrella nodiflora) in a Tropical
Environment. Weed Science,57(1): 36-42.

7-Bishnoi, N. R.; Anita Dua, V.K. ; and Gupta S.K.
(1993). Effect of chromium on seed germination,
seedling growth and yield of peas. Agriculture,
Ecosystem and Environment, 47(1): 47-57.

8-Botto, S., 2009. Tap water vs. bottled water in a Footprint
Integrated approach. Nature Proceedings. United
States.

9-Chartres, C. and Varma, S. (2010). Out of water. From
Abundance to Scarcity and How to Solve the World’s
Water Problems FT Press (USA), 2010.

10-Claire, L. C.; Adriano, D.C.; Sajwan, K.S. and Driver,
J.T. (1991). Effect of selected trace metals on
germinating seeds of six plant species. Water, Arid,
Soil Pollution, 59: 231-240.

11-Demosthenis C. and Krishna N. R. (2000) Factors
affecting Campsis radicans seed germination and
seedling emergence. Weed Science: Vol. 48 (2): 212-
216.

12-Dimitris P.; Komilis E.; Karatzas, C. and Halvadakis, P.
(2005). The effect of olive mill wastewater on seed
germination after various pretreatment techniques.
Journal of Environmental Management, 74(4):339-
348.

13-Haddadin, M. J. (2002). Water in the Middle East
challenges and opportunities. Water Pollution, 4: 205-
222.

14-Hamed, B.A., HM.A. Mutwally and S.A.M. Omar,
2009. Some Physiological Parameters of the Yields of
Vicia faba L. and Triticum vulgareL. Irrigated with
Zamzam, Desalinized and Well Water. World J.
Agri.Sci., 5:30-42.

15-Hussain, G. and Al-Saati, A.J. (1999). Wastewater
quality and its reuse in Agriculture in Saudi Arabia.
Desalination, 123:241-251.

16-Joshi, M., B. Adhikari, J. Panozzo and P. Aldred, 2010.
Water uptake and its impact on the texture of lentils
(Lens culinaris). Journal of Food Eng., 100: 61-69.

17-Lei, S., Q. Yunzhou, J. Fengchou, S. Changhai, Y.
Chao, L. Yuxin, L. Mengyu and D. Baodi, 2009.

1/2/2013

1555

Physiological mechanism contributing to efficient use
of water in field tomato under different irrigation.
Plant Soil and Environ., 55: 128-133.

18-Magram, S.F. and Abdel-Azim, M.M. (2008).
Evaluation of the performance of dynamic and
filtration on under real working conditions. Research
Journal of Environmental Science, 2:52-57.

19-Mercy H.; Sabila, T.; Grey, T.; Webster, M.; William K.
and Donn G. (2012) Evaluation of Factors That
Influence Benghal Dayflower (Commelina
benghalensis) Seed Germination and Emergence.
Weed Science 60(1) :75-80.

20-Molden, D. (2007). Water for food, Water for life: A
Comprehensive Assessment of Water Management in
Agriculture. Earth scan/IWMI, 2007.

21-Natale’ E.; Zalba® SM.; Oggero’ A. and . Reinoso,
(2010). Establishment of Tamarix ramosissima under
different conditions of salinity and water availability:
Implications for its management as an invasive species.

22-Peralta, G. R.; Gardea, J. L.; Tiemann, K. J.; Gomez, S.;
and Parsons, J. G. (2001). Uptake and Effects of Five
Heavy Metals on Seed Germination and Plant Growth
in Alfalfa (Medicago sativa L.). Bull. Environ.
Contam. Toxicol.

23-Sayre IM. International standards for drinking water.
Journal of the American Water Works Association.
1988;80(1):53-60.

24-Shouhui Wei, Chaoxian Zhang, Xiangju Li, Hailan Cui,
Hongjuan Huang, Biaofeng Sui, QinghuiMeng and
Hongjun Zhang. (2009) Factors Affecting Buffalobur
(Solanum rostratum) Seed Germination and Seedling
Emergence. Weed Science 57(5): 521-525.

25-Stewart, E. A. (1983). Chemical analysis of ecological
materials. Black Well Scientific, London. Pp 12-15.

26-Stockholm International Water Institiute (SIWI),
(2005). Making water a part of economic
development- The economic benefits of improved
water management and services. Commission on
Sustainable Development, Norway and Sweden.

27-Sudhanandh, V.S.; Shibu, R.; Ajimon, V.J. and
Narendra, K.B. (2011). Water Quality Effects of
Harbor  Activities Assessed with Integrated
Ecotoxicological Parameters in Kerala, India. African
Journal of Environmental Science and Technology,
5(11): 924-932.

28-The World Bank (2011). "Water and Climate Change:
Understanding the Risks and Making Climate-Smart
Investment Decisions". 2011-10-24.

29-Turki, M. A. (2009). Membrane Bioreactor for
Wastewater Reclamation-Pilot Plant Study in Jeddah-
Saudi Arabia. Research Journal of Environmental
Sciences, 3 (2): 267-277.

30-Wolf, A. T. (2001). “Water and Human Security.”
Journal of Contemporary Water Research and
Education. 118. (2001): 29.



