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ABSTRACT 

The  northern region of Litani river catchment, the most important "river region" in 

Lebanon, consists of the following compartments: troposphere, soil, agriculture (soil and farms), 

households, ground water, surface water, wastewater management, water supply and industrial 

areas. In this study, I will focus on the agriculture soil process via calculating the stored amount 

of nitrogen and phosphorus in different regions, and deduce the impact of agriculture soil 

activities on the nutrient balance in the northern Litani River Catchment area. This measurement 

shows that the input of nutrients is greater than the output, i.e. an accumulation of nutrient 

amount in the region that will cause eutrophication in the soil over time. Results are represented 

by a model of nutrient balance in the agriculture soil as well as the input and output amounts of 

N and P.  
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INTRODUCTION 

Litani River catchment area, with 677 mm³ of water is consumed annually for irrigation, is the 

most important area in Lebanon. The problem addressed in this study is the high nutrient load of 

the Litani River and its tributaries. The effects of eutrophication have not been researched and 

the negative impact on fishing, recreation and both drinking water quality and supply have not 

been estimated. 

Nutrients such as nitrogen and phosphorus are carried into any wetland by precipitation, over 

bank flow from streams, tides, movement of surface and ground water and biological fixation 

from atmosphere. Nutrients are exported by surface flows, seepage and gas transfer via 

denitrification (National Research Center, Washington, D.C., 1996). 

Naturally, the quantities of N and P vary seasonally depending on both, the rate of formation 

(Mineralization) and uptake by marsh plants. The decomposition process is affected by the level 

of nutrients concentrations. From the enormous reservoir of organic nutrients, the average 
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percentages that can be mineralized available for plants are 1-2% and 0.01-0.1% for nitrogen and 

phosphorus respectively. 

The importance of the material flux analysis in understanding the metabolic evolution of the 

anthroposphere is so obvious that it needs no further explanation [1]. However, it is necessary to 

stress out that the regional material management can serve as a political means for the control of 

material fluxes in and between: 

1- The socio-economic system (the anthroposphere): fertilizers, farms and wastewater. 

2- The natural capital (the environment): precipitation, denitrification and erosion [22].  

A region is a network of natural, man-controlled and man-

made (anthropic) ecosystems, forming the so-called socio-

ecologic system. In most regions, the man-made material 

fluxes (anthropogenic fluxes) have surpassed those generated 

by natural and biogeochemical cycles (geo-genic fluxes) [2]. 

Thus, the socio-economic system (anthroposphere) and the 

natural capital (environment) can be looked – from the 

perspective of the material flux analysis – as subsystems of 

any region [2]. The subsystem anthroposphere comprises of 

four main compartments where transport and transformation of 

materials take place, and thereby called “processes”: Agriculture (soil and farms), Industry, 

Private household, and Waste management [25]. 

The agriculture soil process of Litani River catchment is the most important compartment in the 

inflow of nutrients, so we calculate the nutrient balance of this process in the entire region.  

In Litani catchment, particularly, agriculture soil plays a highly important role. A lot of products 

are obtained and processed in the area and then exported to other regions in the country and over 

the surface water [11]. 

LOCATION:  

Litani River is the most important river in Lebanon with 25% of its 

population [3] living in the catchment area. This area can be divided 

into two parts: first, the northern part which elongated from the spring 

till the Qaroun Lake's dam, covering a large part of the middle and the 

southern part of the Beqaa valley, which is about 1,300 km². Second, 

the southern area which includes the southern part of Lebanon and a 

part of the coastal region; its surface is about 875 km². 

 

METHODOLOGY 

The study has been carried out in the northern part of the river 

catchment, up to the Qaroun Lake. Many soil and water samples are 

taken from the region in the north part of Litani River system, from 25 

different locations down to the river stream, to deduce the nutrient 

amounts in region. Each sample has been tested according to specific 

parameters: pH, conductivity, oxidized organic carbon, organic matter, 

nitrates, and total phosphorus. These parameters are used as indicators 

Fig1. Lebanon (Litani River). 

Fig 2. Litani River 

region 
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of the trophic state and other pollutants from the soil. The soil samples have been taken from 

about 20-30 cm depth. During testing, most samples, EPA approved methods, are used for water 

quality analysis. (BS, M 1377, 1975) 

DISCUSSION:  

In 1999, Lebanon imported 1,530 tonnes of pesticides and almost 32,000 tonnes of fertilizers. 

Fungicides and insecticides represent the largest share of imported pesticides, followed by 

herbicides, acaricides and nematicides (MoA, 2001) and (CAS, 2000). 

Farmers in Lebanon tend to use pesticides and fertilizers in excessive amounts and frequently do 

not conform to the specified waiting period (i.e. the minimum length of time, which must elapse 

between spraying and harvesting to safeguard the health of the consumer). If the cultivated area 

in Lebanon is 313,560 ha, each hectare will consume about 435kg of fertilizers each year [9], 

which gives a total of 32,573.2 tons applied in the studied region (74,881ha). Knowing the 

composition of fertilizer (MoE and LEDO, 2001) so, the input nutrient fluxes are: 5,492 and 

2,300 tons of N and P/year respectively. 

Note: The studied area is 127,620 ha, where cultivated and arable lands represents 58.675% 

(74,881 ha).  

This value is proportional with the value of fertilizers that most farmers had claimed that they 

need for each hectare per year (about 500 kg). This represents a relatively high input of nutrients 

on agricultural soils. This high quantity is related to the multi culturing of lands each year.  

The amount of manure used as fertilizer should be added in order to have a complete image of 

the real impact of agricultural activities on the region. In order to compare the impact of different 

types of animals, livestock statistics are often cited in terms of “animal units.” One animal unit 

equals 1,000 lbs. (454 kg) of the live weight of an animal, (for example, four 1,250-pound (567.5 

Kg) cows equal 5 “animal units” of cattle, while 125 eight-pound (56.75Kg) chickens make up 1 

“animal unit” of chicken) ( U.S. Government Accounting Office,1999). 

By this measure, one animal unit of broiler (meat) chickens produces an average of 14.97 tons of 

manure each year, fattened cattle 10.59 tons per year and dairy cows 15.24 tons per year. In 

comparison, one “animal unit” of humans produces a mere 5.48 tons of waste per year (Kellogg, 

R. L. et al., 2000). 

The direct contribution of agriculture to the surface water nutrient load can be evaluated from the 

wastewater production of farms [18]. All the crops coming in/out of the agriculture “process” 

pass through farm. It is also the stocking place for some goods like: feed, fertilizer, manure, and 

animals [22]. 

 

Table 1. Nutrients Amount in Manure Of The Target Region. 

 

Species of animals 

Cattle (570 kg) 

Goats (50 Kg)  

Poultry (3.5 kg) 

Sheep (50 Kg) 

Tones nr Animal unit Unit\ Manure 

\year 

Total manure\year 

8435 14,799 18580 13 Tones 241540 Tones 

6200 124,006 13657 14 Tones 191200 Tones 

2200 628,634 48463 15 Tones 72694 Tones 

11268 225,363 24820 14 Tones 347476 Tones 

Total     1507154 Tones 
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It has been considered that no losses occurred during the short storage period (of several months) 

on farms, so that input fluxes and outputs of mineral fertilizer of farms are alike: 13,394tN/year 

and 12,698tP/year. 

In the “sub process” farm, the amount of nutrients contained in manure, which was applied on 

the agricultural soil in the region, has been described. In Litani region, the nutrient content of the 

manure (85% of the total manure product) applied on arable soil yearly is: 1,204,123t. 

 

Table 2. The amount of nutrients in manure (calculated according to U.S. Department of 

Agriculture Standards): 

 

 % of N % of P Total N \ t Total P \t 

Cattle 0.9 0.8 2173.86 1932 

Goats 1.8 2.2 3441.6 4206 

Poultry 6.4 5.2 4652 3780 

Sheep 0.9 0.8 3127.3 2780 

Total   13394 12698 

 

RESULTS: 

1- Phosphorus: 

High concentration of Phosphate is found in the soil in the river, with an average of 150.5 ppm, 

while the standard is not more 63 ppm. 

 In the cultivated areas, where the gravity method is utilized in irrigation, phosphate ratio is 

too high, reaching the 160 ppm. 

 Around the poultry slaughter, the concentration of P increases as we go closer to the 

slaughter, to exceed 260 ppm. 

 Near the sources and away from the reach of urbanization, low amount of P is detected in 

the soil. 

 The cultivated area, where new methods in irrigation are used, high amount of P is 

observed. 

 In Qaroun village, the quantity of P is at a lethal value, more than 300 ppm. 

As a conclusion, areas close to urban cities and industrial factories are contaminated with 

high amount of phosphorus. 

2- Nitrogen: 

Whatever the method of irrigation is, the concentration of nitrogen in the cultivated area is at the 

same level (156 ppm) which is still below the normal value (880 ppm). Near the slaughter, 

nitrate increased to the maximum (550 ppm), which is related to the wastes discharged from that 

place. 

In general, the soil of the region contains low amount of nitrogen at total average of 156 ppm, 

while the standard is 880 ppm. 

There have only been a few attempts to estimate soil erosions rate in Lebanon. These have been 

compiled in the 1995 by ‘SOER’. However, using GIS and remote sensing, new efforts are 

underway to assess soil-water erosion, with a technical assistance from the “Institut National 

Agronomique” in Paris and the National Center for Remote Sensing in Beirut (MoE, 2001). 
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Table 3.  Data used to balance the "process" Agricultural soil for the Litani catchment: 

Parameter Unit Value 

Deposition (county):  

Percolation rate 

 

Denitrification rate 

  

(kg N/ha/year) 13 

(kg P/ha/year) 0.1 

(kg N/ha/year)  

N- concentration in soil (nitrate) % 0.1 

P- concentration in soil 

Erosion rate 

% 0.015 

kg soil/ha/year 2 (40%of the area) 

 

Crops 1: 

This good includes all harvested crops, used for animal feed and human nutrition. The N, P 

fluxes have been calculated based on production of main cultivated species and their nutrient 

concentrations. In the Litani catchment, the crop production was estimated at 12,650.5 t N/year 

and 2,978.2 t P/year. Data in the table have been estimated based on different reports of national 

and international non-governmental organizations [LEDO, 2001], [Schrieber,H., et al, 2003], 

[Mundi index, 2000].    
 

Crops 2 

This good includes feed that is not used in the region and crops used for human nutrition. As 

only net fluxes have been considered, this good was obtained by subtracting the feed demand for 

livestock from the total crop production (Crops 1).  

For nitrogen: 12,650.5 – 10,312.7 = 2,337.8 tN/year. For P: 2,978.2 – 2,062.5 = 915.7 tP/y 

Inputs to Agricultural soil 

To calculate N-fixation by microorganisms input we took into account the surfaces cultivated 

with different plant species and the N-fixation capacity of each species. The total input of 

nitrogen in agricultural soil is 702.5 t N/year. 

Table 4. Nitrogen input through N-fixation by microorganism on the agricultural soil of Litani 

region, 2004. 

Crops Cultivated area 

(ha) 

Rate of N-fixation 

(kg N/ha/year) 

N-fluxes 

(tN/year) 

Fruit trees 5,361.578 5 27 

Citrus 12,862.3 5 64.5 

Beet sugar and Vineyard 15,323 5 76.5 

Vegetables 16,400.8 25 410 

Olive 3,240 5 16 

Cereals (wheat, maize, 

oats, sorghum)  

21,693.3 5 108.5 

Total   702.5 

Many regions in Litani basin featured higher density of industry and traffic; therefore, higher 

rates of N-deposition will be available. Hence, according to the information taken from EMEP-

data [Schreiber, H. et al, 2003], different values have been used for N-deposition rates, with an 

average of 10 kg N/ha/year. A uniform deposition of 0.3 kg P/ha/year was considered for the 
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whole basin. The total nutrient deposition on the agricultural soil was calculated as following: 

909.6 t N/year and 27.3 t P/year. 

Outputs from Agricultural soil 

The good of Crops1 was discussed above as an input into Farms. It was calculated as 

13,394tN/year and 12,698tP/year. Through percolation, the nutrient surplus of the agricultural 

soil is removed and directed to groundwater. The intensity of this flux depends on the 

hydrological conditions, type of soil and surplus. Nitrate is the most mobile chemical form of 

nitrogen, while phosphate is strongly adsorbed on soil particles. The average infiltration rate of 

soil is 35%. 

The losses of nitrogen through denitrification vary in a large range, depending on the N surplus, 

pH, water content of soil and soil characteristics. Denitrification is proportional to anoxic 

conditions. Besides the losses of nitrogen from manure during storing process in a farm, 

additional reduction occurs when applying manure to soils. It was assumed that 15% of the total 

amount of N contained in manure is lost after applying emission on soils. Considering that 

6,339.4 t N-manure applied on soil, a total amount of 951 t N-loss was calculated for the studied 

region. 

Due to the different parameters that influence the nutrient removal by erosion (precipitation, soil 

characteristics, and agricultural practices) and the lack of data on Litani region, the rate of this 

process was roughly estimated. Erosion was assumed for agriculture land (40%) and was 

considered to be about 2 kg soil/ha/year, 72.77 t/ha/year. Considering the mean N-concentration 

of 0.1 % and P-concentration of 0.015% in soil, the nutrients lost by erosion could be evaluated. 

Thus, the total amount of nutrients lost through this process is 7.3 t N/year and 1.2 t P/year. 

CONCLUSION: 

Agricultural soil is the largest storage site for phosphorus and one of the predominant 

“processes” for nitrogen. Its diverse connections with almost all other components of the 

anthroposphere and the amplitude of fluxes are strong arguments to consider it as a key 

“process’’ within the anthroposphere. We deduce that it stores a lot of phosphorus, which may 

increase the amount of nutrients in the agriculture soil as found in our results, where the manure 

represents the main source. 

 

Table 5. Nutrient balances for “process” Agricultural soil in Litani region, in the reference year 

2004. 

Input fluxes into Agricultural soil 

Source Good N-fluxes (t N/year) P-fluxes (t P/year) 

Farm Mineral fertilizer 5,492 2,300 

Farm Manure 13,394  12,698 

Wastewater 

management 

 

Sewage sludge 

 

- 

 

- 

Troposphere N-fixation 702.5 - 

Troposphere Deposition 1,273.5 27.3 

Water supply (Farm) Irrigation water 2000 48 

Farm Sowed seed NA NA 

 Total input 22,862 15,073.3 
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N-fixation 

denitrification 

Deposition 

Gaseous looses 

Sewage 

sludge 

Manure 

Crops 

Fertilizer

s 

Sowed 

 seed 

Irrigation water 

Erosion 

Percolation Erosion 

Output fluxes from Agricultural soil 

Good Process of destination N-fluxes (t N/year) P-fluxes (t P/year) 

Crops (1) Farm 12,650.5 2,978 

Percolation Groundwater ---- ---- 

Denitrification Troposphere NA - 

N-losses(2) Troposphere 951 - 

Erosion Surface water  7.3 1.2 

 Total output 13,608.8 2,979.7 

 

Boundary of system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3. The nutrient balance model of agriculture soil in the northern Litani River region 
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