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Soil Suitability of the Sultanate

(792,000ha) 2.52% 4.55%(1.430,000 ha)

92.93% (29,204,610 ha)

0 S1 - most suitable
B 52 - marginally suftable
@ NS - non-suitable




1) Water Shortage

2) Soil Suitability for Agriculture (salinity problem)
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Water Balance in the Sultanate
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You would have to flush your toilet
Treated Wastewater around six million times to generate the

same volume of wastewater that the city's

ou tS | d e M us Cat fwo treatment plants receive every day.
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BOD

TSS
Total N as N
NO; as N
Total P as P

Faecal Coliforms

Viable Helminth Ova

Residual Chlorine at
customer point

MPN/100 ml

Number /L

mg/l

<15 <5

<15 <5
<15 <15
- <I11.3
30 <30
<200 <200
<1 <1

0.3<x<1

11.3
30
200

<1
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Value EPA FAO Omani |Jordanian | Saudi
Parameters Standard | Standard | Standard | Standard | Standard
BOD (mg/l) | <MDL i 0 15 15 10
oH 7.60 1 -1 A_1,0 q .4 Yt At —
EC (dS/m) 1.37 L LS SR LY A g 58
N-NH4 (mg/) | 0-22 : : 5 y 5
TSS (mgll) 7.00 15 o 15 B4 10
N-NO3 (mg/1) | 0-00 o Yoo 50 i 10
Oil & Grease 0.90 g .0 0.50 8 0.0
(mgl/l)
Coli forms 0 Yoo Yoo 200 100 2.2
(cell/100 ml)
E-Coli 0 Yoo Wi 200 100 2.2

(cell/100 ml)
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Sample | Sample EPA FAO Omani Jordanian Saudi
Parameters 1 2 Standard | Standard | Standard Standard
ml/I
Standard
cd <0.001 | <0.001 0.01 0.01 0.01 0.01 0.01
Co 0.001 0.002 0.05 0.05 0.05 0.05 0.05
Cu 0.009 0.018 0.50 0.20 1.00 0.20 0.40
Cr 0.002 0.003 0.10 0.10 0.05 0.10 0.10
Fo 0.014 0.017 5.00 5.00 5.00 5.00 5.00
Pb 0.005 0.009 0.10 5.00 0.20 0.20 0.10
Mn 0.002 0.002 0.20 0.20 0.50 0.20 0.20
Mo 0.002 0.006 0.01 0.01 0.05 0.01 0.01
Ni 0.039 0.031 0.10 0.20 0.10 0.20 0.20
Vv 0.004 0.002 0.10 0.10 0.10 0.10 0.10
Zn 0.016 0.036 5.00 2.00 5.00 5.00 4.00
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Wastewater
Reuse (mg/l)

Limitations:
Contains

some Heavy
Metals

Monitoring is
Required

Aluminum-(asAbD-—

.\

\

Arsenic (as As) 0.100 O 100
Barium (as Ba) 1 2
Beryllium (as Be) 0.100 0.300
Boron (as B) 0.500 1
Cadmium (as Cd) 0.01 0.010
Chloride (as Cl) 650 650
Chromium (total as Cr) 0.050 0.050
Cobalt (as Co) 0.050 0.050
Copper (as Cu) 0.500 1
Cyanide (total as CN) 0.050 0.100
Fluoride (as F) 1 2
Iron (total as Fe) i 5
Lead (as Pb) 0.100 0.200
Lithium (as Li) 0.070 0.070
Magnesium (as Mg) 150 150
Manganese (as Mn) 0.100 0.500
Mercury (as Hg) .001 0.001
Molybdenum 0.010 0.050
Nickel (as Ni) 0.100 0.100
Ammonical (as N) 5 10
Nitrate (as NO,) 50 50
Phenol (total) 0.001 0.002
Phosphorus (total P) 30 30
Selenium (as Se) 0.020 0.020
Silver (as Ag) 0.010 0.010
Sodium (as Na) 200 300
Sulphate (as SO,) 400 400
Sulphide (total as S) 0.100 0.100
Vanadium (as V) 0.100 0.100
Zine (ac 7n) < <




FROM THE AMERICAN PEQPLE

-

Date Palms
mdwater and

11

Heavy Metals
ted by GJ

Irriga

k
|
o
ot



Adald) (§ sl sty adly

4.4 338674 14.17 11573.92 | A Li. ilile 1
12 55 2817190 3955 | 111407.06 | g aslld) ibie 2
173 144381 1131 452100 | (o idailas 3
10.36 250545 49.29 27136.37 | D5 alall dikie 4
20.81 952428 57.22 5449728 | E a4 alal dakidl) 5
16.76 1397010 1141 43878.51 | pag ,a dakal 6
0.05 21388 6.19 132.43 G ks idailas 8
332 265012 184 8704.10 | [ o diikilas | 7
100.00 261850 4037 | 0486628 Total & sexall
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ecavy metals translocations 1n location 1




cavy metals translocations 1n location 2




ecavy metals translocations 1n location 3




Guideline for safe limits of heavy metals
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Irrigated by-Treatcd Wastewatcr i

Groundwater and Mix of both Waters
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1sk of
using TWW

KEY :

A=50% TTW

B=100% OW

C=75% TTW

D=100%TTW

S5V= SOLENOID VALVE
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Concentration (%)

Concentration{mg/I)

pa Nitrogen
0.05 -
0.04 -
0.03 -
0.02 -
0-01 [ T 1 1
50% TWW 100% GW 75% TWW 100%TWW
Treatment
100 Potassium
80 -
60 -
40 -
20 -
a I T

50% TWW 100% GW 75% TWW 100%TWW
Treatment

Concentration (mg/l)

Concentration(mg/l)

40
35
30
25
20
15
10

Phosphorus

1 I I I

50% TWW 100% GW 75% TWW 100%TWW
Treatment

Magnesium

I I

50% TWW 100% GW 75% TWW 100%TWW
Treatment



* Soil chemical properties (mg/1)

Concentration

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

m 50% TWW

W 75% TWW

Fe B Ba Pb Co
Micro element

m 100% GW

® 100%TWW

Cr




* Crop physical properties

Result and discussio

1800 -

1600 -

1400 -

1200 -

Weight

600 -

400 -

200 -

1000 -

Maize Weight (g)

|

50% TWW 100% GW 75% TWW

Treatment

100%TWW

Weight

16 -

14 -

12 A

10 -

50% TWW

Okra Weight (g)

|

100% GW 75% TWW

Treatment

100%TWW




Result and discussion

* Crop chemical properties (mg/1)

Co Pb Ni Ti

B Al Ba Cr
Micro element

Mn Cd Cu Fe Zn

Mn Cd Cu Fe Zn

B Al Ba Cr
Micro element

3 maize i) sweet corn
7 1.600
2 1.400
c & 1.200
8 2 = 50% TWW 2 - = 50% TWW
g Y £ 1.000 :
§ 1.5 m 100% GW § S m 100% GW
§ 1 m75% TWW § 0.600 m75% TWW
9 H 100%TWW 0.400 m 100%TWW
: 0.200
0 0.000
Mn Cd Cu Fe Zn B Al Ba Cr Co Pb Ni Ti Mn Cd Cu Fe Zn B Al Ba Cr Co Pb Ni Ti
Micro element Micro element
o3 okra 35
> Sweet melon
2
B 15 m50% TWW o m 50% TWW
‘qé; m 100% GW ‘g 2 m 100% GW
§ m75% TWW § m 75% TWW
1
05 m 100%TWW m 100%TWW
0.5
0 0

Co Pb Ni Ti
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* Crop physical properties
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Crop physical properties
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esult and discussion

* Soil chemical properties (mg/I)

1.4
H100% GW H50%TTW m75% TWW ¥ 100% TWW
1.2
1
= 0.8
)
E
J
§ 06
o
0.4
0.2
o — : B B
Fe Ni B Cu In Pb Mo Co Cd Cr

Element



esult and discussion
* Crop (Eggplant) chemical properties (mg/1)

1.000

H100% GW m50% TTW m75% TWW H100% TWW

0.900

0.800

0.700 -

0.600 -

0.500 -

Conc. (mg/1)

0.400 -

0.300 -

0.200 -

0.100 -

0.000 -
Ni B Cu Zn Pb Mo Co Cd Cr

Element



Guideline for safe limits of heavy metals
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In :
Integrated Approach of Aquaculture
System

Hydroponics system Aquaculture system Aguaponics system



Farm-based project

Started 1n 2001 1n response to
requests from farmers.
Tilapia previously introduced
throughout Oman for malaria
control
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Brackish
water -

Barka

Fresh
water
tilapia
farm,
Sinaw,
Oman
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Comparative growth of Nile tilapia in freshwater

(Barka) and at 10ppt salinity (Rumais)

250

200

150 -

—®— Barka
I -- Rumais

Weigt ©)

100 -

50
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Integrating Fish Culture with Freshwater Agriculture

Trialfarm - Barka




Aquaponics for Smart Cities
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Greenhouse Aquaponics

Buried Sump

Breeder Rabbits
Waste drops in Tank

Sand Filter
Gravity/Pump
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Greenhouse Aquaponics




o
¥

The combined growing of fishh and greenhouse

crops has been tested successfully irnn OQrrcar.

I 20710 r report was publishred by a growup of
scientists from Sulftan Qaboos University and the
Ministry of Agricultwure and Fisheries

Sor the combined prodouaction of tormatoes

arrdd red hivbrid cifapio

quaponics: rising mMethod
T QEOWIRG-HSE: ahG: CEORS-4h) L Eman

By Dr Stephen Goddard

QUEAPONICS  §s the combina-
Azian of fish production (@cgua-
ulture) with the soil-less pro-
duction of plants (hydroponics). It
operates within a closed-loop system
and wrilises minimal resources. Fish
feed provides most of the nutrients
required for healthy plant  growth.
These nutrients, excreted directly by
the fish, or generated by the micro-
Bial Breakdown of organic wastes, @are
absorbed by growing plants. Nutrient
removal by the plants in turn treats
the water by remowving nitrogenous
compounds, such as dissobred ammo-
nia, which arc harmful to fish. Water
is then re-oxygenated and returned Lo
the fish tanks. Fresh, potable water is
added to the system. as necessary to
replace evaporative lass.
Aguaponics Rescarck fo Qraan
The combined growing of fish and
grecenhouse crops has been tested
successfully in Oman. In 2010 8 report
was published by a group of scientists
from Sultan Qaboos Universite and
the Ministry of Agriculture and Fish-
eries for the combined production of
tomatoes and red hybrid tilapia. The
trials were conducted at the Rumais
Agricultural Station. This research
is mow being extended with support

Froam the Agricultural and Fisheries
Development Fund, which is operated
by the Ministry of Agriculture and
Fisheries. Mew varieties of salad craps
and various fish species will be grown
in a cimate-contralled greenhouse
and the results will be made awvail-
able o growers. The unit in Rumais
wrill also funcrion as a demonstration
facility. The main research objectives
are to examine the production and
uptake of minerals and their effects
an the growth of plant crops, fish and
plant crop produoctivity, the potentizal
caosts benefits for farmers and guality
and safety issues.

Comrrrrercial Develfoprment
The commercial development
of large-scale aguaponics is being

pioneered in Oman by Water Farm-
ers Canada in collaboration with the
Al-Raid Business Corporation. Their
initial project. developed on a sive at
Manuma, is now in its third phase of
expansion and has the seen the pro-
duction of commercial guantities of
fruits, salads and wvegetables in sys-
tems integrated with the production
of tilapia.
ot forn systenres

Two main systems are used in ag-
uwaponics. The first involves growing
crops in shallow grow-beds, using
media o provide support for root

systems. Expanded clay balls are
commaonly used to provide the physi-
cal support necessary for the roots
of tall or orellised plants. The system
operates on a flood and eblb syestenm,
where each tank is filled with miner-
al-rich water and drained 2-3 times
each hour A second method, used for
smaller plants such as herbs and sal-
ads, invoblves floating the plants in a
styrofoam raft. The plants are growwn
in smnall coir pots and receive their
necessary minerals firom the fish tank
wia the water which circulates around
their exposed roots beneath the Aoat-
ing rafcs.

Aguaponic systems need o be
run intensively for maximom benefit
wwith carefully managed planting and
harvesting cycles. This necessitates
maintaining the necessary balance
beoween the culture of fish and the
growing of plants. This ensures acd-
eoquate circulating minersls and main-
tenance of water gquality. Whilst most
benefits of aguaponics are normally
derived from the sale of plants thers
is considerable inverest in growing
fish of high wvalue.

Tilapia are hardy fish. They are
able o survive high water tempera-
tures and are a suitable species for
aguaponics  production in O
Othern more highly valued species, in-

clude the Asian sea-bass and koi carp,
which are sold for aguaria and orna-
mental fish ponds.
Srestorirnc Biliey

The benefits of using soil-less cul-
ture technigues and water re-cycling
provide considerabl benefits  for
long-term sustainability. VWater con-
sumption is less than 10 per cent of
normal levels for horticultural pro-
duction and can be provided from
potable supplies. This eliminates the
risk of contamination with pathogens
wwbiich  rmay  occur  in groond-wseater
supplies. Reduced water demand is
clearby uscful in a hot arid enwviron-
ment. There are no direct mineral or
Fertilizer costs simoce the primaey min-
eral source is the fish feed., which is
contributing also to fsh produoction.
Borme srns additions of allcaline salts,
o maintain a stable. neutral pH and
Ferrous salts, to maintain the neces-
sary iron content, are the only mmin-
eral additives used in aguaponics. The
intensive nature of aguaponic pro-
duction reduces the amount of land
necessary for commercial prodaction
units. Additionally, aguaponic systens
operate with a low energy footprine,
by maximising the use of grawity for
swater Floww,
Seafed v

Meither chemicals nor pesticides

are used In agquaponic systems, which
have @ hi lewel of enwvirommental
compartibility as they do not discharge
effluents. Being the ideal closed loop
system, all chemical and biological
by-products of the systemnm are natu-
rally used and neurralised within the
system tsell. The systems can be ini-
tiaved with potable water and thers
are no direct risks of contamination
with coliform bacteria or salmonella,
since these pathogens do-not sarvive
in cold-blooded animals, such as fish.
As in all crop production systerms
cross-contamination is possible, but
the risk is greatly reduced when com-
pared with field crops or greenhouse
production systems using soill. Major
testing  programmes on  aguaponic
produce in Canada and Hawaii hawve
recomumended normal washing pro-
cedures following harvest for s
salad crops and herbs. Farmers using
aquaponic technigues also have op-
portunity to seek organic certifica-
tion since no pesticides or chemicals
are used during production and crops
should remain free of any unwanted
residues.

(D Stepbven Goddard is the Director
af the Centre for Marine Biotectmology
i Sultan Qabroos oniversiow AN pic-
tures were tobiery at the Al Raid Farrme
ire Marcerraa, mear Rurmais),




Integrating Fish Culture with Saline
Agriculture




Salinity tolerance of hybrid Tilapia
Strain evaluations for red hybrid Tilapia (O.mossambicus X
O.niloticus). Evaluate for salinity tolerance and growth rate
Consumer preference
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Result and discussion

Tomato plant growth at different irrigation water treatments, low saline
fish effluent (3E), higher saline fish effluent (6E), low saline (S3), high
saline (S6) and freshwater (FW).

Treatment  Height (cm) Fresh Leaf area Root weight
weight (g)  (cm?) (2)

3E 39.80¢ 25.40* 9332 11.20°

O6F 30.83>  7.33> 437  6.67°

FW 28.25¢ 6.00° 3.75¢de 6.75°

Mean values in each column followed by the same superscript are not significantly different (P > 0.05).
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Inte grated Approach of Aquaculture
System using Treated Wastewater

Nutrient Rich Water I -|
Pump r Root Cleansed Water
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Sample
GW+Fish (Water)

TWW (Water)
GW (Water)
GW + Fish (Plant)

GW (Plant)




average chlorophyll content index (CCI)

®m Radish

m Hot pepper

m Beans

GW

GW+F

TWW+F
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2: Integrated Aquaculture Study in Shade House




Integrated Aquaculture with TWW
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Water analysis

_—

ameter 25% TWW 50% TWW Fresh water

perature 25.49 25.21 25.31

alinity 0.341 0.503 0.424

s/cm)

4.32 3.11 4.69

6.72 6.81 6.27




&ated Aquaculture study in Shade House

———
Plant analysis (Lettuce)

ment | CCM-200 B Treatment
(CCI)

samples Nitrogen
1 water 8.4 DLV WAV YA Lettuce shoot /A 2.54

%o

Lettuce shoot/ B 3.64
25% 12.5

14.8 ]

Lettuce shoot /A 3.52

Lettuce shoot/ B 4.23 I

Fresh Lettuce shoot 3.56



Integrated Aquaculture with TWW.
culture with TWW

Lettuce growth as affected by different treatments
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