El Manejo De Pis
De Arturo Ludwig oasisdesign.net

Corrección de español: Lia Urdanta
Introducción

El pis es un material que es mitad fertilizante rápido súper concentrado, y mitad veneno despacio súper concentrado (sodio).

El chiste con el manejo del pis es realizar los beneficios del fertilizante sin destruir el suelo  a  largo plazo. 


Photo by Ron Nichols, USDA Natural Resources Conservation Service.
Esto se complica con  este  otro factor: el fertilizante se pierde fácil. Se lava muy fácil de la tierra con lluvia y/o riego, y fácil se convierte a forma de gas y se pierde al aire también.

Mientras, el sodio no se quita del suelo tan fácil, no puede salir en forma de gas. Y, como tiene carga positiva, se pega con fuerza eléctrica a la arcilla en el suelo y no se suelta tan fácil (la arcilla tiene carga negativa). 

Esta artículo se enfoca en el manejo del pis a escala residencial o de pequeña comunidad, pero el manejo al escala industrial está  basado en los mismos principios.

El buen manejo de pis está basado en un entendimiento profundo del pis y su contexto (suelo, clima, plantas, riego, habitats). Hay que tomar en cuenta estos factores:

· Cantidad total y distribución de lluvia

· Demanda del agua ( evapotranspiración potencial)

· Porcentaje de arcilla en el suelo

· Cantidad de calcio y magnesio en el suelo

· Capacidad de lavar sodio del suelo

· Proporción entre consumo de abono pora la producción de comida y la producción de pis 

Y tomar estas acciones:

· Captar/ distribuir pis donde y cuando es útil y para no perder  el nitrógeno

· Dispersar el pis que sobra al suelo, mar, manto freático en una manera que no haga demasiado daño.

Para todos estos factores el aspecto cuantitativo es importante. 

Concentración del pis

El pis de una sola persona tiene casi toda la proteína que consume esta persona. Si esta comida viene de un cultivo de 1000 m2,, y suponemos que se usa con eficacia del 50%, se pueden abonar 500 m2 con el pis de una sola persona. Con esta información, es claro que el pis de cuatro personas en los 5 mt2  mas convenientes es 200x mas abono del que las plantas pueden utilizar.

El pis es muy concentrado, como la mitad de concentración de agua del mar, y 17 veces mas concentrado en sólidos disueltos que el agua recomendada para el riego. Con puro riego de pis, cualquier planta se muere con el tiempo.
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JJ Harrison Wiki Commons

La sal que tiene el pis es la mitad de la del  agua del mar. El pis de una persona de un año tiene 250-1000 gr sal.   Un suelo arcilloso en un clima árido puede lavar quizás unos ___ gramos de sal de un metro cuadrado en un año, quizás ______ gramos con un aplicación grande de yeso y un riego muy profundo.   Entonces, para que no se aumente la  concentración de sodio ni el pH, hay que distribuirlo sobre ___m2 mínimo.

El río cerca de mi casa tiene un flujo de 100 m3/ día en el verano, cuando esta seco. Eso es 100,000 litros. Si una persona hizo el pis en un  cubo con un huequito que goteaba continuamente en el río durante el día como crees que esto afectó la concentración del nitrógeno en el río?
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Estos 1-1.5 litros de pis en 100,000 litros del río doblan la concentración del nitrógeno y fósforo.
 El fósforo es generalmente el nutriente mas limitante enel crecimiento de algas en el río, y el nitrógeno el segundo. Así, a lo mejor, la cantidad de algas también se doble…del pis de una sola persona. 

Esto se da un idea del significado del pis humano en el medio ambiente. Es como estamos andando, tirando monedas de oro a la tierra. 

Pero…el aspecto instintivo y espiritual?

Todos los hombres, igual los perros, tienen el instinto de hacer pipi en árboles, y a muchos les dan ganas de hacer pipi en un flujo de agua. 

De 3,000,000 hacia  2,000 años atrás evolucionamos así en simbiosis con los frutales y peces que nos alimentaban uno entre otro. Esto era una buena adaptación. Los nutrientes siempre faltaban, y la sal no  estaba bastante concentrada en espacio y tiempo para acumularse a un nivel peligroso.

Pero mira como ha cambiado la población en los últimos momentos:
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Al mismo tiempo, la dieta es mas rica en proteína (N) y sal, las dos. Entonces, ahora es totalmente diferente.  Como los genes no tienen tiempo para adaptarse, necesitamos nuevos ¿memes? para no destruir los suelos con sal y/o chemar las plantas con nitrógeno. 

Porque nadie esta flipando  eso?

Porque toma tiempo a los problemas para manifestarse, años,  hasta décadas, y estamos pensando en corto plazo. En California, si pueden regar tierra al riesgo de salinización por 20 años antes de que esté destruida por siglos…es considerado rentable. 

Hay bastantes estudios de suelos sódicos y salinizados en agricultura industrial, donde hay dinero concentrado también. Pero sobre suelos y producción domestica a escala domestica…precisamente donde el orín puede llegar a la cantidad mas grande, hay poco, casi nada de estudios. 

Con respecto al aspecto espiritual…es seguro que es algo especial de estar afuera debajo del sol o luna, y sentirse unido con los ciclos naturales del agua y abono por parte del flujo del cuerpo al suelo y frutales. 

Pero…mejor es esta participación en positivo, en la realidad y no solo en fantasía. 

Hay maneras de mantener aspectos de esta conexión sin destruir al suelo en los lugares mas cerca de la casa, que son no sólo los mas convenientes para orinar sino también los mejores para cultivar frutales. 
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 Urinarios de árbol en el Roskilde festival en Danmark. El orín se junta o se manda a la alcantarilla.

Esta acomodación puede estar tan sencilla como un cubo en donde haces el pis para distribuir a otra ¿ara?,¿área? o dedicar áreas a sacrificar para el dispersión del orín en lugares convenientes y bonitas.

Acciones recomendadas

Desviar  el pis de mas del  puedan utilizar las plantas o lavar el sodio (lo que es mas bajo) en otro lado.

Por ejemplo, al mar por medio de alcanterillas, al manto freático, o a un campo pequeño de secuestro el cual se sacrificará.

Todo el pis de muchas personas se puede absorber en una área de uno o dos metros cuadrados, que será distruida, pero protege las demas áreas.

Eso se puede hacer, por ejemplo, con urinarios que tienen un tubo que va a un área pequeña o un campo de absorción.

Combinar el pis con un material de mucho carbón

Como paja o leña molida. Esto hace que se pierda menos nitrógeno y el nitrógeno ¿se dura mas? con menos intensidad

Distribuir el pis parejo en un área cultivada grande

Por ejemplo con riego por goteo o a mano. Parece que se esta investigado un poquito la aplicación del orín en riego por goteo. Parece que lo mejor es diluir el pis con agua, dejar que se precipite el mineral struvite por un mínimo de 45 minutos, y de allí filtrarlo y combinarlo con el agua del riego, posiblemente por medio de un venturi:
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Lavar la sal del suelo  con aplicación del calcio y un riego hondo 

Aplicar yeso o agua calcificada y mucho agua, como > 5 cm. Esto se puede hacer cuando hay mucha agua. Es mas útil hacerlo un vez y cuanto mas hondo, que muchas veces.

*Si hay manto freático alto con agua salada es mas complicado…hay que asegurar que el agua salada del acuífero no llege a la superficie.

Para Investigar: Separar los nutrientes del sodio con plantas

Es posible, quizás probable, que haya plantas que absorben el nitrógeno y fósforo pero dejan la sal. Así se puede dejar la sal infiltrar hacía el acuífero, y cosechar las hojas de las plantas y echarlas como mulch alrededor de los frutales o hacer composta con ellos. Esto es lo  optimo, pero hay que hacer la investigación; no se si esta hecha ya.

Fijarse en las plantas

Si las plantas tienen hojas quemadas, esta es un señal que ya esta avanzado el problema. 

Falta de hierro en los cítricos por parte de pH alto en el suelo es un señal  temprana de que esta empezando un problema. 

Chequear el suelo

Es importante a saber si tu suelo esta normal, sodico, o salinizado,  el manejo es diferente.

[image: image6.png]



Acciones especificas para Can Masdeu

Dejar de vaciar jarras de pis en cualquier lugar, aparte de los baños o urinario

Esta asegura que la mayoría del pis no daña a los frutales.

Dejar de hacer pis en las plantas adentro de las paredes 

hasta que la problema del sodio esta estudiado

Cuando la balsa esta llena y llueve, lavar el sodio del suelo para mantener calidad del suelo

Con un riego profundo con agua de la balsa. Esta tiene bastante calcio y es eficiente para quitar el sodio. Si un riego normal de un campo es 2 – 3 m3, un riego de 10 m3 cuando el suelo ya esta mojado mande el sodio hacia abajo. Si puede 

Reparar el suelo donde había mucho pis con aplicación del yeso y uno o dos reigos profundos

En todos áreas donde le es conveniente  a la gente para hacer pis. 

Investigar la posibilidad de regar campos con pis por parte del sistema del riego por goteo

Con un venturi. 

Para frutales, echar pis encima de materia con mucho carbón en cantidad controlada

Se pueden calcular los gramos de N que necesitan los árboles por mes hasta tres meses y aplicarla encima de materia orgánica. 
Dejar de comprar jabones que contenen sodio
Investigaciones utiles

Cambios de quemica con manejo

Almacen? Fermentacion?

Plantas que chupan nitrogeno pero no chupan sodio

Reviewers

http://forum.susana.org/forum/categories/91-productive-sanitation-blog-or-experiences/2531-research-into-blocking-of-drip-irrigation-systems-when-using-urine-fertilization-in-nepal
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Research Notes

General  (i´ll do my coments here…can I? Sure, Lia go ahead. I have added comments here and there as well but not comprehensively. There are lots of uresoveld questions, so I’ll start with those:

· It’s easy to estimate how much na is going into the soil…basicially, all of it that crosses into the area, but how can you know the Na movement out of your soil?
· It appears that sodium accumulation is the long-term limiting factor for agriculture / food production in many areas. 

... --a
How To Use Pee In Your Garden
http://www.nwedible.com/2013/03/how-to-use-pee-in-your-garden.html
I think this approach is oversimplified--Art
Components of Urine

The exact breakdown of urine varies depending on the diet of the pee-maker. The more protein a person consumes, the more nitrogen will be excreted into the urine. Typical Western Diet pee has an NPK ratio of about 11-1-2. In comparison, blood meal is 12-2-1 and cottonseed meal is 7-2-2. Madre mia!!!
Urine also contains salt – sometimes quite a lot of it if you are hopped up on a diet of canned soup and french fries. Because of both the salt and high nitrogen levels, urine should generally be diluted 10:1 before use on garden crops. Good to know!—Mmm…I feel dilution ratios can be misleading. Its how much sodium leaves as compared to what’s coming in that determines the sodium concentration in the soil, regardless of how much water was involved. Greater dilution – 20:1 or more – is appropriate for more tender plants, seedlings and potted plants which are more susceptible to salt build up.

Keep in mind that areas with a lot of rain (Seattle!) tend to leach salts out of the soil, so salt build up is something gardeners in arid climates should be more concerned about.
…See above about buildup.
Grossness Issues

Assuming the safety issues are satisfactorily addressed, then the grossness issue is cultural programing and you should think about if it’s programming you want to keep in your brain. Most gardeners, after all, are pleased as punch to get ahold of a big load of cow poop for their garden, and that fertilizer has a far greater chance of spreading harmful pathogens than pee. So, pee can replace manure without any nutrient looses? What about soil texture?
Here’s a few other things to think about:

“Urine accounts for only 1% of the total volume of wastewater, but it contains up to 80% of all the nutrients.”
-Science Daily
A typical toilet flusher wastes “up to 22 liters of drinkable water every day, one three- to six-liter flush at a time. What follows…is the long and costly process of sanitizing the water that was clean before you answered nature’s call. Using so much water per flush unnecessarily increases the volume of our waste and the cost of its transportation and treatment, ecologists say….The process also leaves a huge carbon footprint.”Here in Spain, the “bidet” is used a lot… this can be use as urinary for women, so..we can save tons of water..but it is appraise as a luxury nowadays… pity.. With both female and men urinaries, and dry toilets..can you imaging how much water we can save ..and the pollution they cause just minimized…   
-Time Magazine
Basically, the environmental and financial cost to piss in a bunch of drinking-quality water and then process it back into drinking water is huge. Separating urine from solid waste – through direct pee-cycling or urine-separating toilets – could go a long way to offset this cost by reducing the burden on wastewater treatment programs. Well, this is what I was trying to say… jej
..

5 Ways To Use Pee In The Garden

Okay, I’ve convinced you! You are ready to drop trou’ and add your liquid gold deposit to your garden. But how do you pee in the garden in the most effective way (and without getting arrested for indecent exposure in the process!)?

1. Compost Accelerator
Is your compost pile cold? A little long on carbon and low on nitrogen? Pee, poured or – ahem – directly deposited – on the pile can start to speed things up and add moisture. If you are nervous about using urine directly on your plants, incorporating urine into a compost pile is the way to go. So, you have to collect your urine as on the cowboys era… on a bowl under the bed…… 
2. Dilution is The Solution except when its not…ref your clay content, potential et less precipatition, CA content of soil and water…
Dilute fresh urine at a 4:1 ratio and apply to the root-zone of corn every two weeks or as needed. (Some people say corn, being a grass, can handle fertilization with straight urine. Proceed with caution.)
Dilute fresh urine at a 10:1 ratio and apply to the root-zone of fruiting plants like tomatoes, peppers and eggplant, or to leafy crops like cabbage, broccoli, spinach and lettuce every two weeks or as needed.
Dilute fresh urine at a 20:1 ratio and water in to the root zone of seedlings and new transplants.

3. The Straw Bale Sprinkle
When Straw Bales are used for gardening, they must be “conditioned” or partially broken down / composted before use. This is accomplished with the addition of a very high nitrogen fertilizer. Guess which free, Bud Lite-hued high-nitrogen fertilizer I’d recommend?  Jeje..
4. Deep Mulch Direct Application 
If you thickly mulch your woody perennials, cane fruit and fruit trees with a high-carbon material like leaves or woodchips, you can apply your urine straight onto the mulch, which will absorb and moderate the straight shot of nitrogen in your pee.

5. That Asparagus Smell!
If asparagus makes your pee smell funny, take revenge and pee on your asparagus! Nutrient hungry, deep rooted, perennial and salt-tolerant, asparagus might be the ideal crop to fertilize with pee. If you grow your asparagus under a thick layer of carbonaceous mulch, like straw or wood chips, use the Direct Mulch Direct Application technique, otherwise dilute 2:1 if your asparagus is in the sandy soil it prefers, or 4:1 in heavier soil. Apply throughout the growing season, along with a good source of potassium, like bone meal, in the early spring.

Study of the fertilizer value of human urine 
http://wmr.sagepub.com/content/26/2/132.abstract
Abstract

The introduction of ecological sanitation (ECOSAN) toilets in South Africa has created opportunities for safer sanitation and recycling of human excreta, as fertilizers, in rural and peri-urban areas. A study was carried out to evaluate the fertilizer value of human urine (0 to 400 kg N ha—1) for maize and tomato, compared to urea, in a tunnel house. Dry matter yield of both maize and tomato, harvested at 9 and 10 weeks after planting, respectively, increased with increasing N rate (both as urine or urea) up to 200 kg N ha —1. Urea reduced soil electrical conductivity (EC) whereas urine increased it. Leaf tissue Na, in both crops, also increased with urine application. A follow-up study was carried out with two crops with contrasting sensitivity to salinity and using a wider range of N application (0 to 800 kg N ha—1). The results indicated increased root and leaf dry-matter yield of beetroot (tolerant to salinity) with increased urine rates up to the highest rate of 800 kg N ha—1 , whereas the leaf and root dry-matter yield of carrot, which is sensitive to salinity, peaked at the low urine application rate of 50 kg N ha— 1. Soil EC increased with urine application up to 4.64 and 13.35 mS cm—1, under beetroot and carrot, respectively. Generally the results showed that human urine compared well with urea as a source of N for crops but optimum rates depend on the sensitivity of the crops to soil salinity, which should be monitored where human urine is regularly used for fertilizing crops. 

Crop-thrives-on-urine-compost-mix
http://www.scidev.net/global/farming/news/crop-thrives-on-urine-compost-mix-1.html
[KATHMANDU] Human urine is superior to urea, a common nitrogen-rich mineral fertiliser, according to the results of a study carried out in a farmer’s field outside Nepal's capital city.

Researchers who tested the effects of applying different combinations of urine, compost and urea on sweet pepper, Capsicum annuum,  found that urine synergises best with compost. Urine for the study was sourced from mobile public toilets in the city and compost prepared from cattle manure.

Results of the study, due to be published in Scientia Horticulturae this week, (4 April), showed that urine-compost mixtures produced the tallest plants and bore the most fruit.

A "synergistic effect" was attributed to several factors including reduced nitrogen loss and enhanced availability of organic carbon in the soil. "Human urine could be a viable alternative to chemical fertilisers for sustained crop production," the study suggests.

Blending urine with compost minimises the risk of salt accumulation, said Debendra Shrestha, lead author of the study and researcher at Tribhuvan University’s Institute of Agriculture and Animal Science.

In Nepal, where collection and use of farmyard manure is common, farmers apply urine directly to the soil. "We need to start moving towards the application of urine in combination with compost," Shrestha told SciDev.Net.

Surendra Pradhan, post-doctoral fellow at the West Africa office of the International Water Management Institute, Ghana, has also tested combinations of urine with poultry manure and with human faeces to address the problem of disposing of sanitary waste.

"Urine alone is not a long-term solution," explained Pradhan, who has published several papers on urine as fertiliser.

Urine lacks sufficient organic matter to sustain plant growth for more than a few years, but provides faster-releasing nutrients that complement slow-release nutrients from compost, which has a higher content of organic matter and beneficial microbes.

Pradhan, who is currently developing a business model to make urine more competitive, said marketing urine and compost mixtures may be difficult because of cultural factors. "I hardly think compost and urine can compete with mineral fertiliser." Not today… but later on… 
Apart from farmers being reluctant to handle their own urine, commercially available mineral fertilisers often have the advantage of being subsidised by the government, Pradhan told SciDev.Net.   

Link to abstract in Scientia Horticulturae: 

Application of human urine as liquid fertilizer in agriculture
http://eprints.lib.hokudai.ac.jp/dspace/bitstream/2115/53892/1/Sene_Moustapha.pdf
 Salts

Human urine contains a various salts and the most predominant among them is sodium

chloride. The concentration of sodium (Na) and chlorine (Cl) in undiluted fresh human urine

analysed by Kirshmann and Pettersson (1995) were amounting 0.94-0.98 g/L and 2.3-2.5 g/L
respectively. While a value of 2.34 g/L of sodium content in urine was recently reported in

the literature (Pradhan et al. 2010). In Niger, sodium contents in source-separated urine

collection were in the range of 2.9-3.5 g/L (Dagerskog and Bonzi, 2010). Moreover, the

evaluation of human urine as source of nutrients for selected vegetables in South Africa

(Mekeni et al., 2008) showed a high Na (0.90 %) contents in bulk urine compared to N

(0.74%) and P (0.029%) but slightly lower than K (1.62%). Consequently, applications of human urine as liquid fertilizer in agriculture may have potential to accumulate sodium (Na) ions in soil and eventually be detrimental for plant growth and production, especially in dry land when urine is planned to be reused at several years’ scales. Besides, it has been reported earlier that salts including chlorides may be toxic to some plants (Holliman, 1998) and

consequently there has been concern about the toxicity of human urine (Höglund, 2001).

Furthermore,

since urine contains also some salts, especially a high sodium chlorides, its reuse in

agriculture for long term view is also current unknown ; and further research on urine and

salinity would be welcome to avoid long term problems (Dagerskog and Bonzi, 2010). Too

much human urine application in agricultural land may cause soil salinity, sodium (Na) and

nitrogen (N) accumulation in soil. Mnkeni et al., (2005) observed a depressed growth of

spinach and cabbage in one time cultivation at high application rate of human urine caused by

an increase of salinity of the treated soils. Excess of sodium in soil stressed plant, by altering

the water uptake in the root zone, causing ions specific toxicities and interfering with

completive nutrients which so called nutritional imbalance (Dasgan et al., 2002; Asano et al.
Furthermore, Kirchmannn and Pettersson (1995) reported that N
lost from soil is promoted in high rate of human urine application. Therefore, how much

human urine should be use in agriculture and how do continuous application of overzealous

urine volume affect plant and soil need to be addressed in order to provide a sound vision of

urine application in agriculture.
EFFECTS_OF_CONTINUOUS_APPLICATION_OF_EXTRA_HUMAN_URINE_VOLUME_ON_PLANT_AND_SOIL
http://www.academia.edu/4125263/EFFECTS_OF_CONTINUOUS_APPLICATION_OF_EXTRA_HUMAN_URINE_VOLUME_ON_PLANT_AND_SOIL
INTRODUCTION
High price of fertilizer causes lower yields and less production, especially in marginal area of developingcountries, where tools are limited and accessibility of fertilizer when needed is currently a great concern. More concerningis the global peak in phosphorus production, which is estimated to occur around 2030, and after the maximum reached, production will drop year upon year, seeing a widening gap between demand and supply (Cordell, 2008). At the meantime,it is widely known that in domestic wastewater, urine fraction contains approximately 80 % of the nitrogen, 55 % of the phosphorus and 60 % of the potassium (Höglund, 2001). Therefore, source separation of black water, which diverts urineand faeces, is a holistic approach to reduce the reliance on chemical fertilizer for a sustainable food production, byallowing to recycle plants nutrients in urine to the soil. Thus, in recent years numerous research works have shown that,urine human urine has a potential to substitute industrial fertilizer due to its large amount of nitrogen (N), phosphorus (P)and potassium (K) contents (Krichmann and Pettersson, 1995; Heinomen-Tanski et al. 2007; Pradhan et al., 2007, 2009a,2009b, 2010a). However, urine contents some salts (Krichmann and Pettersson, 1995; Mnkni et al., 2005, 2008),  pathogens  (Höglund 2001, Pradhan et al., 2007), and pharmaceuticals (Winker et al., 2008; 2010). Subsequently, for the long-termview related to a sustainable agricultural production, uncontrolled urine application in agriculture land, may causesimultaneously soil salinity, sodium (Na) accumulation and nitrogen accumulation in soil. It has been reported that extra
International Journal of AgriculturalScience and Research (IJASR)ISSN 2250-0057Vol. 3, Issue 3, Aug 2013, 75-90© TJPRC Pvt. Ltd.
Moustapha Sene, Nowaki Hijikata, Ken Ushijima & Naoyuki Funamizu
 
urine application inhibited a growth of cabbage, spinach and carrot accompanied with increase of soil EC (Mnkeni et al.,2005; 2008). Furthermore, sodium is contained in the urine at the level of 1-9 g/L (Krichmann and Pettersson, 1995;Mnkeni et al., 2008; Pradhan et al., 2010b). The excess of sodium accumulation in soil have a potential to be detrimental to plant growth, by disrupting the water uptake in the root zone, interfering with completive nutrients and/or dispersing soil particles as a result of breaking down soil aggregates (Asano, 2007; Franzan, 2007; Allotey et al., 2008; Lee, 2012)
Sanitation

Urine diversion– hygienic risks and microbial guidelines for reuse
http://www.who.int/water_sanitation_health/wastewater/urineguidelines.pdf
known to be sensitive to ammonia (like beans and clover), nitrite, sodium or chloride (like

Irish potatoes, tomatoes, strawberries and cucumber), which also are prevalent in fairly high

concentrations in urine. To avoid burns on the plant and on the roots and to avoid loss of

nitrogen in the form of ammonia, the urine should be applied on the soil and directly be

incorporated into it. The urine is preferably applied in small holes or groves either before

planting or a short distance (~20 cm) from the plant. To avoid ammonia loss and to decrease

the hygienic risk the grove or hole is closed as soon as the urine has soaked into the soil or

alternatively water is applied to the hole or grove soon after fertilisation, to flush the

remaining urine and ammonia into the soil. It is advantageous and saves labour if the urine is

utilised without dilution. It is also advantageous to apply water after fertilisation to better

flush the urine into the soil.

The equipment used for fertilising with urine is normally very simple. Often the urine can be

poured from the jerrican directly. However, it is an advantage if a flexible hose is connected

to the opening, to increase precision in application and to prevent splashing. If the urine is

fetched from a big tank, watering cans can be used, and if the operation is to be mechanised

the normal tankers for spreading slurry can be used.

Salinity and Sodicity

Introduction to Salinity and Sodicity 
http://waterquality.montana.edu/docs/methane/basics_highlight.shtml
Saline irrigation water contains dissolved substances known as salts. In much of the arid and semi-arid United States (including Montana), most of the salts present in irrigation water are chlorides, sulfates, carbonates, and bicarbonates of calcium magnesium, sodium, and potassium. While salinity can improve soil structure, it can also negatively affect plant growth and crop yields. 

Sodicity refers specifically to the amount of sodium present in irrigation water.[image: image20.jpg]


 Irrigating with water that has excess amounts of sodium can adversely impact soil structure, making plant growth difficult. Highly saline and sodic water qualities can cause problems for irrigation, depending on the type and amount of salts present, the soil type being irrigated, the specific plant species and growth stage, and the amount of water able to pass through the root zone. 

 

1. Effects of Salinity on Plant Growth 
Salinity becomes a problem when enough salts accumulate in the root zone to negatively affect plant growth. Excess salts in the root zone hinder plant roots from withdrawing water from surrounding soil. This lowers the amount of water available to the plant, regardless of the amount of water actually in the root zone. For example, when plant growth is compared in two identical soils with the same moisture levels, one soil receiving salty water and the other receiving salt-free water, plants are able to use more water from the soil receiving salt-free water. Although the water is not held tighter to the soil in saline environments, the presence of salt in the water causes plants to exert more energy extracting water from the soil. The main point is that excess salinity in soil water can decrease plant available water and cause plant stress.
Soil water salinity is dependent on soil type, climate, water use and irrigation routines. For example, immediately after the soil is irrigated, plant available water is at its highest and soil water salinity is at its lowest. However, as plants use soil water, the remaining water is held tighter to the soil and becomes progressively more difficult for plants to obtain. As the water is taken up by plants through transpiration or lost to the atmosphere by evaporation, soil water salinity increases because salts become more concentrated in the remaining soil water. Thus, evapotranspiration (ET) between irrigation periods can further increase salinity. (Increased salinity due to ET is rarely taken into account in salinity charts.) 

2. Effects of Salinity on Soil Physical Properties 
Soil water salinity can affect soil physical properties by causing fine particles to bind together into aggregates. This process is known as flocculation and is beneficial in terms of soil aeration, root penetration, and root growth. Although increasing soil solution salinity has a positive effect on soil aggregation and stabilization, at high levels salinity can have negative and potentially lethal effects on plants. As a result, salinity cannot be increased to maintain soil structure without considering potential impacts on plant health. 
 

3. Effects of Sodium and Sodicity on Soil Physical Properties [image: image21.jpg]g





Sodium has the opposite effect of salinity on soils. The primary physical processes associated with high sodium concentrations are soil dispersion and clay platelet and aggregate swelling. The forces that bind clay particles together are disrupted when too many large sodium ions come between them. When this separation occurs, the clay particles expand, causing swelling and soil dispersion. 

Soil dispersion causes clay particles to plug soil pores, resulting in reduced soil permeability. When soil is repeatedly wetted and dried and clay dispersion occurs, it then reforms and solidifies into almost cement-like soil with little or no structure. The three main problems caused by sodium-induced dispersion are reduced infiltration, reduced hydraulic conductivity, and surface crusting. 
Salts that contribute to salinity, such as calcium and magnesium, do not have this effect because they are smaller and tend to cluster closer to clay particles (Figure 1). Calcium and magnesium will generally keep soil flocculated because they compete for the same spaces as sodium to bind to clay particles. Increased amounts of calcium and magnesium can reduce the amount of sodium-induced dispersion. 
Infiltration 
Soil dispersion hardens soil and blocks water infiltration, making it difficult for plants to establish and grow. The major implications associated with decreased infiltration due to sodium-induced dispersion include reduced plant available water and increased runoff and soil erosion. 

Hydraulic Conductivity 
Soil dispersion not only reduces the amount of water entering the soil, b[image: image22.jpg]


ut also affects hydraulic conductivity of soil. Hydraulic conductivity refers to the rate at which water flows through soil. For instance, soils with well-defined structure will contain a large number of macropores, cracks, and fissures which allow for relatively rapid flow of water through the soil. When sodium-induced soil dispersion causes loss of soil structure, the hydraulic conductivity is also reduced. If water cannot pass through the soil, then the upper layer can become swollen and water logged. This results in anaerobic soils which can reduce or prevent plant growth and decrease organic matter decomposition rates. The decrease in decomposition causes soils to become infertile, black alkali soils. 

Surface Crusting 
Surface crusting is a characteristic of sodium affected soils. The primary causes of surface crusting are 1) physical dispersion caused by impact of raindrops or irrigation water, and 2) chemical dispersion, which depends on the ratio of salinity and sodicity of the applied water. 

Surface crusting due to rainfall is greatly enhanced by sodium induced clay dispersion. When clay particles disperse within soil water, they plug macropores in surface soil by two means. First, they block avenues for water and roots to move through the soil. Second, they form a cement like surface layer when the soil dries. The hardened upper layer, or surface crust, restricts water infiltration and plant emergence.
 

4. Relationship Between Salinity and Sodicity and Soil Physical Properties (EC/SAR) 
The relationship between soil salinity and its flocculating effects and sodicity and its dispersive effects influence whether or not soil will stay aggregated or become dispersed under various salinity and sodicity combinations. As irrigation water with low salinity is applied to the soil by irrigation or rainfall, this water flows into the spaces between clay particles (micropores). If salinity of the applied water is low relative to soil salinity, swelling and dispersion of clay particles results. In contrast, irrigation water with higher salinity than the soil tends to cause particles to stay together, maintaining soil structure. 

More than fifty years of research have been conducted to determine the relationship between salinity (EC) and sodicity (SAR) of irrigation water and its affects on soil physical properties. This relationship is now understood well enough to make accurate predictions of how specific soils will behave when irrigated water containing different levels of salts and sodium. The main concerns related to the relationship between salinity and sodicity of irrigation water are the effects on soil infiltration rates and hydraulic conductivities. 
The Swelling Factor 
The ratio of salinity (EC) to sodicity (SAR) determines the effects of salts and sodium on soils. Salinity promotes soil flocculation and sodicity promotes soil dispersion. The combination of salinity and sodicity of soils is measured by the swelling factor, which is the amount a soil is likely to swell with different combinations of salinity and sodicity. Essentially, the swelling factor predicts whether sodium-induced dispersion or salinity-induced flocculation will more greatly affect soil physical properties. 
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Figure 2. Swelling factor as a function of sodium content (adjusted ESP) of soil and salt concentration of soil water (After McNeal, 1968). 

Scientists have been able to get a good idea of the swelling factor by using Figure 2. It is possible to draw a line from the sodium content (adjusted ESP) in the left column to the appropriate salt concentration in the right column. The line intersects the middle column, the swelling factor, indicating how much the soil will swell. For instance, drawing a line between adjusted ESP = 2 and an EC = 40 meq/L (red line) yields a swelling factor of 0.0041. In this example, the swelling factor of 0.0041 indicates that dispersion is not a problem. However, a combination of adjusted ESP = 30 and EC = 2 yields a swelling factor of 0.28 which indicates that dispersion is likely. In short, Figure 2 helps show how the dispersive effects of soils with high ESP can be lessened with the flocculating effects of irrigation water with high EC. 

Infiltration Rates 
Another approach to judging the effects of salinity (EC) and sodicity (SAR) on soil physical properties is to assess potential impacts of various irrigation water qualities on infiltration rates. Figure 3 demonstrates the relationship between salinity and sodicity and infiltration rates. For example, severe problems are likely if the irrigation water has low salinity and high sodicity. At SAR = 15, a severe reduction in infiltration will occur at an EC = 1 dS/m. An EC of 2.5 or less results in a slight to moderate reduction in infiltration. With an EC greater than 2.5, there will likely not be a reduction in infiltration. Similarly, Table 1 numerically defines the relationship between EC, SAR, and infiltration rates. 
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Figure 3. Potential for reduction in infiltration rates resulting from various combinations of EC and SAR of applied water (After Hanson et al., 1999). 

	   
	EC dS/m
	EC dS/m
	EC dS/m

	SAR
	No Problem
	Slight to moderate
	Severe problem

	0 to 3
	> 0.9
	0.9 to 0.2
	< 0.2

	3 to 6
	> 1.3
	1.3 to 0.25
	< 0.25

	6 to 12
	>2.0
	2.0 to 0.35
	< 0.35

	12 to 20
	> 3.1
	3.1 to 0.9
	< 0.9

	20+
	> 5.6
	5.6 to 1.8
	< 1.8


Table 1. Guidelines for saline-sodic water quality suitable for irrigation, presented in terms of reduced infiltration (After Ayers and Tanji, 1981). 

Factors such as climate, soil type, crop and plant species and management practices also need to be accounted for when determining acceptable levels of salinity and sodicity of irrigation water. Rainfall also plays an important role in the relationship between salinity and sodicity and soil physical properties. Intense rainfall can flush salts beneath the root zone, but often cannot significantly reduce amounts of sodium bound to the soil. Therefore, rainfall can reduce the potential for soil aggregation from salts and increase the likelihood that sodium-induced dispersion will occur. 
  

5. The Role of Soil Texture. 
Soil texture plays an important role in all aspects of irrigated agriculture, and the role of soil texture with respect to effects of salinity and sodicity is no exception. Soil texture helps determine how much water will be able to pass through the soil, how much water the soil can store, and the ability of sodium to bind to the soil. 

Because they are composed of small particles, clay soils can hold more water and are slower to drain than course textured soils. Smaller particles can pack closely together, block the spaces between particles and prevent water from passing through. Sand particles are larger and therefore, have larger pore spaces for water to pass through. Under normal irrigation practices, sandy soils will naturally be able to flush more water through the root zone than clay soils. The end result is that sandy soils can withstand higher salinity irrigation water because more dissolved salts will be removed from the root zone by leaching. 

Another important aspect of soil texture has to do with surface area. Because of their tiny size, a given volume of clay particles has far more surface area than the same volume of a larger sized particle. This simply means that clay soils are at a greater risk than course textured soils for excess sodium to bind to them and cause dispersion. Sands have larger particle sizes, resulting in less surface area; correspondingly, they cannot accept as much sodium as clay particles. 

  

6. Role of Clay Type 
The three main clay types are montmorillonite, illite, and kaolinite clays. On the microscopic scale, each of these clays has a different lattice structure, i.e., different building blocks. This directly affects the ability of sodium to bind to each type. Basically, the more sodium a certain type of clay is able to hold, the more infiltration and hydraulic conductivity will be reduced. Montmorillonite clays are affected by sodium the most, while kaolinite is least affected. This same pattern is also true for the swelling factor. Montmorillonites are the most prone to swelling and dispersion, whereas kaolinites are the least likely to swell and disperse. 

For more information: 
Frequently Asked Questions - Saline and/or Sodic Soils and Water 
Frequently Asked Questions - Coal Bed Methane 
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INFORMATION ON SALINE AND/OR SODIC WATER 

http://waterquality.montana.edu/docs/methane/saline-sodic_faq.shtml#What%20can%20be%20done%20to%20manage%20or%20reclaim%20a%20saline%20or%20sodic%20soil?
What is saline water and why is it defined as saline? 
Water is classified as "saline" when it becomes a risk for growth and yield of crops. Saline water has a relatively high concentration of dissolved salts (cations and anions). Salt is not just "salt" as we know it - sodium chloride (NaCl) - but can be dissolved calcium (Ca2+), magnesium (Mg2+), sulfate (SO42-), bicarbonate (HCO3-), Boron (B), and other compounds. 

Salinity of water is referred to in terms of total dissolved solids (TDS), but salinity is actually approximated by measuring the electrical conductivity (EC) of water, expressed in decisiemens per meter (dS/m) or less often in millimhos per centimeter (mmhos/cm) (the two measurements are numerically equivalent). TDS is related to EC by the following equations: 
· TDS (parts per million, ppm or milligrams per liter, mg/L) = 640 x EC (dS/m)

· TDS (milliequivalents per liter) = 10 x EC (dS/m)

The U.S. Department of Agriculture defines water with an EC greater than 4.0 dS/m as saline. The horticulture industry frequently uses a standard of 2 dS/m to define saline water.
What is a sodic water and why is it defined as sodic? 
Sodic water is high in sodium (Na+) concentration relative to concentrations of calcium (Ca2+) and magnesium (Mg2+). The sodicity of water is expressed as the sodium adsorption ratio (SAR), 

SAR = Na / √ [(Ca + Mg) / 2]   (These values are in meq/L) 

SAR = (Na x 0.043) / √{[(Ca x 0.05) + (Mg x 0.083)] / 2}    (These values are in ppm or mg/L) 

Sodic water is defined as having a SAR greater than 12. 

Can a water source be both saline and sodic? 
Water can be both saline and sodic, or saline-sodic. If water has an EC greater than 4 (2 for horticulture) and a SAR greater than 12, it is considered saline-sodic.

What is water alkalinity? 
Alkalinity is the ability of water to neutralize acids or buffer the water from change in pH. Alkalinity is measured by determining the concentration of bicarbonate (HCO3-), carbonate (CO3-), and hydroxide (OH-) and is reported as the concentration of calcium carbonate (CaCO3) equivalent to the sum of the carbonate, bicarbonate and hydroxide. Well-buffered surface water systems have alkalinity of 20 to 300 ppm. Commercially available meters or test strips can be used to test alkalinity.

Fertilizers, soil amendments (gypsum or lime), and manure may contribute to soil salt problems. Applications of saline and/or sodic water without adequate leaching or in the presence of a high water table will increase soil EC over time, eventually resulting in saline soil.

Conference Tackles Global Problem of Salinity
http://www.ars.usda.gov/is/pr/2005/050425.htm
The International Salinity Forum that begins here today has drawn more than 200 scientists from 20 countries to discuss concerns about accumulating salts that threaten millions of acres of irrigated land around the globe. The three-day conference is sponsored by two USDA agencies—the Agricultural Research Service and the Natural Resources Conservation Service—together with the U.S. Bureau of Reclamation and the U.S. Bureau of Land Management. 

"ARS efforts to find salt-tolerant crops that can use lower-quality drainage and sewage waters, including turf grasses for lawns and golf courses, will help conserve the region's vital fresh-water supplies and reduce threats to local aquatic and marine environments," said ARS Administrator Edward B. Knipling. 

NRCS, the nation's private-lands conservation agency, uses ARS science and longstanding conservation expertise to help landowners control salinity and face other environmental challenges on their land. 

[NOTE the focus on salt tolerant crops…this is like responding to the house being on fire by seeking more heat tolerant residents.]

Urine in Drip Irrigation

Risk of clogging of drip-line emitters during urine fertilization through drip irrigation equipment

http://www.susana.org/lang-en/library?view=ccbktypeitem&type=2&id=1732
Stored human urine can be used as a balanced fertilizer in agriculture. However there are some challenges related to field application of urine. Using urine as a liquid fertilizer through drip irrigation could help overcome some of these challenges. In this report we describe the results of a field study aimed at testing two possible ways of coombinig urine fertilization and drip irrigation. The main finding ist that a system in which the water / urine mix is allowed to settle in the tank of the irrigation system for 45 minutes does not lead to more work for the farmer in terms of inspecting and unblocking the emitters in the drip lines than using only water. A second system, where irrigation with urine and water was done in sequence, did not function well. The most likely reason for this problem is a lack of pressure in the sysem when pure urine was used.

For situations where a different type of drip irrigation system is used and for places with hard water (high calcium content) we recommend further small scale testing before investing in a large system.

Urine application through drip irrigation for bitter gourd production

Nitrate

http://water.usgs.gov/edu/nitrogen.html
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Water Quality Variables from NOAA
http://www.nerrs.noaa.gov/doc/siteprofile/acebasin/html/envicond/watqual/wqintro.htm
Natural levels of nitrate in surface waters seldom exceed 0.1 mg/l as N, but waters influenced by human activity normally contain up to 5 mg/l as N with levels over 5 mg/l as N indicating pollution by animal or human waste or fertilizer runoff. National drinking water standards for nitrates are 10 mg/l as N.

…

Phosphorus is an essential nutrient for living organisms and is often the limiting nutrient for algal growth (primary production ). Phosphorus is rarely found in high concentrations in fresh waters as it is actively taken up by plants. Seasonal fluctuations are normal due to fluctuations in primary production (Chapman 1992). Natural concentrations of phosphorus in surface waters usually range from 0.005 to 0.020 mg/l.
SOIL DEGRADATION & LOSS OF AGRICULTURAL LAND

http://waste-nrg.co.uk/vhuf/soil-degradation.html
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Degradation of land includes soil erosion, salinization, nutrient depletion, and desertification. The rate of degradation has increased dramatically with growth in human populations and technology. Severe land damage accompanies large scale agriculture. Restoration is very problematical. Continued loss of arable land will jeopardize our ability to feed the world population. Land degradation is worldwide - both developed and developing countries. 

Why You Shouldn't Let Your Dog Pee on Trees
An investigation of how canine urine contributes to urban plant death. 
http://www.citylab.com/weather/2012/08/why-you-shouldnt-let-your-dog-pee-trees/3117/
When dogs single out a tree for a pee party, the plant sustains impairments in at least three areas. These are:

The bark
Regularly slathering a tree's skin with urine can cause "ammonium toxicity," says Nina Bassuk, program leader at Cornell University's Urban Horticulture Institute. "Ammonium is in all mammals' pee. It is a nitrogen source so a little bit is OK, but a lot is toxic.... It's a question of a little too much of a good thing."

Under its scaly armor, a tree has a layer of tissue called the cambium that makes it grow in diameter. The chemicals in urine can soak through exterior bark and damage this vital substance, explains Bassuk, either destroying the tree or impairing its growth. "It's like cutting off part of the circulatory system," she says. And a tree with a dysfunctional bark is easy prey to burrowing insects and oozing diseases like "bacterial wetwood."

The roots
A spokesperson for the New York City Department of Parks & Recreation e-mailed this statement when put to the dog question:

When urine is added to a tree pit, the extra salt can create a crust on the soil, which makes it almost impenetrable to water. Salt also draws out water from tree roots, further compounding water loss and simulating the effects of drought.... These problems are exacerbated because dog urine attracts more dogs to do the same. Tree pits are very limited in water, air, soil, and nutrient availability. The soil is also very compacted, which further intensifies these limitations and damages. Therefore, it’s important to limit animal waste in the pit to help keep the tree as healthy as possible so that it can fight off pests and diseases and grow to its full potential.

Sam Bishop, education director for Trees New York, says that on a dense city block where everybody's dog ends up using the same tree, the dirt can become highly polluted with salt. His organization has planted thousands of trees around New York City and now feels forced to defend them with signs reading, "Curb Your Dog."

Bishop says it is especially frustrating when he runs into New Yorkers who believe that their furchildren are actually doing the tree a favor. "I've heard people jokingly refer to it as 'watering the tree,' and some people think it's good for the plant and is fertilizing it," he says. "But no, no, it is not good for the plant."

The topsoil
Dogs tromping around in a tree box or a public park every day can make the ground as hard as "a base to pour a sidewalk on," says D.C.'s John Thomas. The constant pounding of thousands of paws squishes macrochambers of soil-locked air down into microchambers, destroying the earth's natural architecture and starving upper roots of oxygen. The surface becomes nearly impenetrable, so that when storms come the tree stays parched of rain.

"We see it in certain parks, like the one up by Mount Pleasant in the dog area," says Thomas. "Those trees were not doing so great before they started. They're doing even worse now because of compaction and feces and urine."

The D.C. government has reached out to pet owners to mitigate dog-based deforestation – for instance, working with communities to put up signs that might help protect a green space. Thomas says the results thus far have not been encouraging.

"It's hard, because dog owners are pretty avid, or pretty rabid, depending on what group you're dealing with," he says. "I love dogs and dog owners, but it's just a hard group to penetrate. They are kids to them, and they can get very defensive. We've had very little luck when we've gone into this kind of situation."

…

"We all have to share public spaces, and as dog owners if we want to get respect from our neighbors, we have to give them respect," says Philadelphia's Maria, who recently put out a sign requesting that passersby allow her, and not dogs, to water the tree in front of her home. "It's not anti-dog. It's just pro-tree."

Stress and disease tolerance
Breeding for salt tolerance in rice

http://www.knowledgebank.irri.org/ricebreedingcourse/Breeding_for_salt_tolerance.htm
Major symptoms are :  

· White leaf tip followed by tip burning (salinity)
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· Leaf browning & death (sodicity)

· Stunted plant growth

· Low tillering

· Spikelet sterility
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(Papery) Spikelet sterility is an effect of salinity at reproductive stage

 

· Low harvest index

· Less florets per panicle

· Less 1000 grain weight

· Low grain yield

· Change in flowering duration 

· Leaf rolling

· White leaf blotches

· Poor root growth 

· Patchy growth in field 

Soil Management Guide  
Soil Salinity

http://www.gov.mb.ca/agriculture/environment/soil-management/soil-management-guide/soil-salinity.html
“The only real reclamation procedure for saline soils is to drain the excess water off the bottom and pour fresh water on the top to flush the salts out and away.” Les Henry, 1990 
There are no quick or easy solutions to soil salinity. Saline soils can only be reclaimed by rinsing the salts down and out of the root zone. Preventing capillary rise involves adopting water management practices which improve drainage, lower the water table and promote the downward movement of salts in a saline soil.
Primary salinity: Saline soils due to primary salinity often have high EC values. These soils are not suited to crop production. The best course of action for primary salinity is to leave the affected area in its natural state. If the land has been tilled, salt-tolerant vegetation should be established. Secondary salinity: Saline soils due to secondary salinity may have lower EC values and may be improved with management. In order to optimize production in saline, discharge areas, water must be utilized in the adjacent, non-saline recharge areas (Table 5.6). This will decrease the movement of excess water from recharge areas to discharge areas. 

Table 5.6  Management options for secondary salinity  

	Control Types
	Recharge Areas
	Discharge Areas

	Vegetative
	· high moisture use crops

· continuous cropping
	· salt tolerant crops

	Mechanical
	· surface drainage
	· tile drainage

· salt leaching


The following are additional recommendations for managing secondary salinity: 

1. Eliminate summerfallow – this reduces evaporation which draws water and salts to the soil surface.  

2. Improve drainage to lower the water table and minimize the upward movement of salts.  

3. Crops that use large amounts of soil water (such as alfalfa, perennial grasses, corn, sunflowers, winter wheat) should be planted in recharge areas – this reduces the amount of excess water that percolates through the soil and prevents the water table from rising in discharge areas.  

4. Select salt tolerant crops to grow in discharge areas in order to reduce evaporation and maximize soil water use. Since crops will not root into the water table (saturated soil), drainage may be required for crops to establish.  

5. Seed shallow and early when soils are moist and most favourable for germination.  

6. Use recommended fertilizers according to soil test information. There are no quick chemical fixes to cure soil salinity.   

7. Use manure and crop residues to provide additional organic matter to the soil. Although increased organic matter does not cure salinity, it reduces evaporation, improves water infiltration, water holding capacity and tilth of the soil. Apply 20 to 30 tons/acre (45 to 67 tonnes/hectare) of solid manure once every three to four years to saline areas.  

8. Avoid deep tillage on saline soils because it will bring salts up to the soil surface. Zero tillage should be considered for strongly saline soils. For sodic soils, deep tillage may be beneficial to break up the hardpan and improve infiltration, as well as to bring any calcium salts present in the subsoil to the surface. A field investigation should be conducted before attempting deep tillage.  

9. Establish forage buffer strips (at least 10 to 20 feet (3 to 6 metres) wide) immediately adjacent to municipal ditches, field drains and depressional areas to reduce the encroachment of soil salinity into the field (see the Manitoba Agriculture, Food and Rural Initiatives Field Crop Production Guide). 

Follow-up monitoring 

Keep annual records of crop yields and growing season precipitation. Using GPS technology, establish benchmark sites for repeated soil testing to monitor changes in soil salinity. If inspection wells or piezometers are installed, monitor water table levels throughout the growing season to determine if water tables are being lowered. If salinity levels do not decrease, then other management strategies may need to be considered.
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Visual Diagnosis of Salt-affected Soils

Accumulation of salts can result in three soil conditions: saline, saline-sodic and sodic soils. Each of these soil conditions has distinct characteristics that can be observed in the field, which are useful for diagnosing the problem. Completely white soils are saline, soils with a brownish-black crust are sodic, and grey-colored soils are generally saline-sodic. The following physical observations/symptoms may be helpful in diagnosing salt-related soil problems:

	Problem
	Symptoms

	Saline
	White crust on soil surface. Water-stressed plants. Leaf tip burn.

	Sodic
	Poor drainage. Black powdery residue on soil surface.

	Saline-Sodic
	Grey-colored soil. Plants showing water stress.

	Source: Waskom et al., 2010. Diagnosing saline and sodic soil problems. Colorado State University Extension Fact Sheet # 0.521


Soil Salinity Measurements

Problems due to soil salinity and sodicity in soil are commonly evaluated by laboratory testing. The following laboratory measurements are typically used to determine the extent of these problems:

1. Electrical Conductivity (EC) – Measures the ability of the soil solution to conduct electricity and is expressed in decisiemens per meter (dS/m, which is equivalent to mmhos/cm). Because pure water is a poor conductor of electricity, increases in soluble salts result in proportional increases in the solution EC. The standard procedure for salinity testing is to measure EC of a solution extracted from a soil wetted to a "saturation paste." According to U.S. Salinity Laboratory Staff (1954), a saline soil has an EC of the saturated paste extract of more than 4 dS/m, a value that corresponds to approximately 40 mmol salts per liter. Crops vary in their tolerance to salinity and some may be adversely affected at ECs less than 4 dS/m. Salt tolerances are known for common crops. For example, peach is sensitive, whereas cotton is more salt tolerant (Maas, 1990). Beets and asparagus are very tolerant of salinity. 

2. Total Soluble Salts (TSS) – Refers to the total amount of soluble salts in a soil-saturated paste extract expressed in parts per million or milligrams per liter (ppm or mg/L). A linear relationship exists between TSS and EC within a certain range that can be useful to closely estimate soluble salts in a soil solution or extract. The ratio of TSS to EC of various salt solutions ranges from 550 to 700 ppm per dS/m. Sodium chloride, the most common salt, has a TSS of 640 ppm per dS/m. So if EC is known, TSS can be estimated using the formula below: 
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3. Sodium Adsorption Ratio (SAR) – A widely accepted index for characterizing soil sodicity, which describes the proportion of sodium to calcium and magnesium in soil solution. The formula to calculate SAR is given below, with concentrations expressed in milliequivalents per liter (meq/L) analyzed from a saturated paste soil extract. 
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When SAR is greater than 13, the soil is called a sodic soil. Excess sodium in sodic soils causes soil particles to repel each other, preventing the formation of soil aggregates. This results in a very tight soil structure with poor water infiltration, poor aeration and surface crusting, which makes tillage difficult and restricts seedling emergence and root growth (Munshower, 1994; Seelig, 2000; Horneck et al., 2007). 

4. Exchangeable Sodium Percentage (ESP) – Another index that characterizes soil sodicity. As noted above, excess sodium causes poor water movement and poor aeration. By definition, sodic soil has an ESP greater than 15 (US Salinity Lab Staff, 1954). ESP is the sodium adsorbed on soil particles as a percentage of the Cation Exchange Capacity (CEC). It is calculated as: 
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CEC is often estimated as the sum of the major exchangeable cations, including hydrogen. Both cations and CEC are expressed as meq/100g. ESP can also be calculated as: 

[image: image17.jpg]BSP = x100
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ESP is used to characterize the sodicity of soils only, whereas SAR is applicable to both soil and soil solution or irrigation water. 

The Natural Resources Conservation Service (NRCS) provides the following classification of salt-affected soils using the saturated paste extraction:

	Class
	EC
(mmhos/cm)
	SAR
	ESP
	Typical soil structural condition*

	Normal
	Below 4.0
	Below 13
	Below 15
	Flocculated

	Saline
	Above 4.0
	Below 13
	Below 15
	Flocculated

	Sodic
	Below 4.0
	Above 13
	Above 15
	Dispersed

	Saline-Sodic
	Above 4.0
	Above 13
	Above 15
	Flocculated

	*Soil structural condition also depends on other factors not included in the NRCS classification system, including soil organic matter, soil texture and EC of irrigation water (Horneck et al., 2007).


Reclaiming Salt-affected Soils

After the kinds and amounts of salts in the soil have been determined by testing, the soil can be properly treated. Reclaiming a salt-affected soil involves leaching, chemical treatment or a combination of both.

Leaching. Application of good quality irrigation water in the correct amounts will remove excess salts from soils that are well structured and have good internal drainage. Excess salts should be leached below the root zone so that the EC of the soil solution becomes lower than the crop's critical threshold. The University of Georgia recommends leaching techniques to remove salts from the root zone when EC is greater than 1.25 mmhos/cm at a soil-to-water ratio of 1:2. The volume of low-salt water needed to dissolve and leach any large quantities of salts from the soil is given below. A general rule of thumb is that 6 inches of water will remove about half of the salt, 12 inches will remove 4/5, and 24 inches will remove 9/10.

	Estimated leaching requirements to remove salts

	Volume of salt-free water
	Reduction of salt content in soil

	6 inches
	50%

	12 inches
	80%

	24 inches
	90%


For soils with poor drainage, it is recommended to break root-restrictive hardpans or clay pans by deep tillage to allow water to penetrate and leach the salts. It may be necessary to install tile drains to remove salt-laden drainage water and move it below the root zone by rainfall or irrigation water.

Chemical treatment. When a soil has an SAR value of above 13 (or ESP greater than 15), it contains excess sodium that makes it a sodic soil. Excess sodium can cause soil dispersion, which prevents the formation of soil aggregates, resulting in surface sealing or crusting. Dispersion of the soil by excess sodium reduces water infiltration and movement through the soil, and also causes poor aeration. Good aeration and water movement are both essential to unrestricted growth of plant roots. To eliminate surface sealing, the soil should be treated with calcium to remove sodium. One of the most commonly used calcium sources for correcting sodium-contaminated soil is gypsum (calcium sulfate, CaSO4.2H2O). Gypsum is incorporated into the soil, followed by application of salt-free irrigation water. The amount of calcium to apply depends on the quantity of sodium in the soil. Road de-icing salt or calcium chloride (CaCl2) is also an option to provide calcium to soil, but it is more expensive than gypsum.

The table below provides the amount of gypsum needed to replace exchangeable sodium in the soil. The soil test sodium values are determined from an ammonium acetate extraction at pH 7.

	Soil exchangeable
sodium
	Amount of Gypsum Neededa
(CaSO4.2H2O)

	lbs/acre
	Tons/acre-footb
	Tons/acre-6 inchesc
	lbs/1000 ft2-1 foot
	lbs/1000 ft2-6 inches

	460
	1.7
	0.9
	80
	40

	920
	3.4
	1.7
	160
	80

	1380
	5.2
	2.6
	240
	120

	1840
	6.9
	3.4
	320
	160

	2300
	8.6
	4.3
	400
	200

	2760
	10.3
	5.2
	480
	240

	Source: U.S. Salinity Laboratory Staff, 1954, with modifications.
a The amounts of gypsum are given to the nearest 0.1 ton.
b 1 acre-foot of soil weighs approximately 4,000,000 pounds.
c 1 acre-6 inches of soil weighs approximately 2,000,000 pounds.


Correcting a salt-affected soil involves identifying the kind and amount of salt, chemical treatment and leaching. When a salinity problem is identified, it is recommended that corrective steps be taken immediately. Prompt action will give a better chance of reclaiming the affected soil, be less expensive and pose less risk of plant damage.
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http://waterquality.montana.edu/docs/methane/basics_highlight.shtml
Recoup Saline Soils and Feed Your Beasts with Amshot

http://fadr.msu.ru/rodale/agsieve/txt/vol5/5/art3.html
[ED NOTE: How does it work? Where does the sodium go? Is it in the plant tissue? If so, have to dump the plants in the ocean to get rid of sodium…]

In Northern Egypt a large percentage of land is out of production due to high salinity, and a very limited water supply. These conditions, which are familiar to arid and semi-arid regions, limit potential productivity and the effectiveness of flushing salt from the soil with water. Conventional treatments for saline soils are ponding or application of gypsum. However a grass that is found in drainage canals and swamps in Northern Egypt, Amshot grass (Echinochloa stagninum), proved more effective than conventional treatments in reducing alkalinity and salinity of sodic soils, those with a high sodium content. Amshot also yielded twice as much fresh weight fodder compared to clover (Trifolium alexandrinum) cultivated under the same conditions.
A 2-year trial was conducted at Dakahlia Province near Manzala Lake in Northern Egypt, comparing the potential of Amshot to reclaim saline soils with the conventional methods, ponding and gypsum. Average annual rainfall at the site is 67 mm. The soils are highly saline-sodic and heavy in texture (61% clay). 

An area of 273 m2 was divided into 12 plots, with four replications of three treatments. Water was ponded on all plots for the duration of the trial to a depth of 5-10 cm. In the second treatment, gypsum was broadcast as dry granules just before planting at a rate of 10 tons/feddan (1 feddan=4200m2). In the third treatment, Amshot was cultivated by vegetative cuttings at a density of 80,000 plants per feddan. 

Soil samples were collected at 15 cm intervals from 0 to 105 cm depth. These were taken before the experiment started, and at the end of the first and second year. Samples were analyzed for soluble and exchangeable Na, Ca and Mg as well as the relative electrical conductivity (REC) of the saturation extract, and the soluble absorption rate (SAR). Another measure of salinity, the exchangeable sodium percent (ESP) is the proportion of absorbed sodium as a percentage of total absorbed cations. It is one of the most important indicators of soil physical characteristics. The ESP and SAR were measured at the surface layer (0-15 cm) at sampling. Fresh and dry weight of the Amshot yield was recorded for the first year.

Amshot was superior to both gypsum and ponding in causing ESP reduction during both years, and gypsum surpassed ponding. Gypsum reduced the ESP to 14.1 after two years, just below the alkalinity limit (ESP 15), but Amshot reduced it until it became non-sodic, to ESP 10.1.
Overall, Amshot showed a higher reduction in SAR values. Gypsum was more effective in reducing the SAR in the top 15 cm, whereas Amshot was more effective in the lower layers. This could be attributed to the distribution of roots under the surface. Below 45 cm, gypsum and Amshot were about equally effective. 

The effect of Amshot on reducing soil alkalinity was accompanied by a reduction in total salt content. The REC did not change significantly during the first year in the three treatments in the upper 30 cm. REC changes became apparent below 30 cm. Amshot was the most successful treatment at reducing salt content, particularly below 30 cm.

Amshot also shows promise as fodder. Fresh weigh of three cuts of Amshot averaged 4.3 tons per feddan, compared to clover (Trifolium alexandrinum) which produce less than 2 tons per feddan fresh weight. Amshot also grows year round whereas the growing season for clover is late January to early May.

Thus, Amshot is effective at reclaiming saline-sodic soils, and it can be profitable. Helalia A. M. , S El-Amir, S.T. Abou-Zeid and K.F. Zaghloul. 1992. Bio-reclamation of saline-sodic soil by Amshot grass in Northern Egypt. Soil &Tillage Research. Elsevier Science Publishers, Amsterdam. pp. 109-115.

Reclamation of sodic soils:
http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/agdex13200
Reclamation or improvement of sodic soils can be very expensive, and improvement will take time. Reclamation involves careful soil sampling and analysis to determine the severity of the problem and then calculating how much calcium must be added to the soil. Often, several tons of a calcium product must be applied and well incorporated into the soil to modify the sodic condition.

To improve a sodic soil, most of the exchangeable sodium must be removed by leaching it downward, below the root zone. To accomplish this result, the sodium in the soil exchange complex must be replaced by calcium.
If free lime (calcium hydroxide) is present in the soil (determined by a soil test), applying elemental sulfur will reduce the soil pH, which will also dissolve the lime that naturally occurs in the soil, to free up the calcium. 

If free lime is not present in the soil, calcium must be added with application of a chemical soil amendment. Soil amendments are calcium-containing materials such as gypsum (calcium sulphate) or calcium chloride, which can supply soluble calcium to replace the exchangeable sodium. 

The calcium amendment is normally broadcast onto the soil surface, followed by thorough incorporation with cultivation. Then, adequate moisture is necessary to dissolve the calcium to initiate the displacement of sodium from the soil exchange complex. 

It takes considerable time for natural precipitation to leach the sodium from the root zone. In drier climatic regions of the province, this process could take a number of years and may not be completely successful. However, greater success can result with the application of significant amounts of good quality irrigation water to leach the sodium from the root zone over a period of years. 

Additional organic matter such as straw, livestock manure or green manures will help to improve the physical soil condition (e.g. tilth and water infiltration). However, care must be taken to ensure that any material added to the soil (e.g. manure) does not contain sodium. It is important to note that sodic soil reclamation is a relatively slow process. 

The amount of a chemical amendment used to replace the exchangeable sodium in soil will depend on the amount of sodium in the soil, the desired level of soil improvement, the type of amendment used and the volume of soil to be reclaimed.

Gypsum is a commonly used amendment because it is inexpensive, reasonably soluble and more readily available. The following detailed formula can be used to determine the amount of pure gypsum required to amend a sodic soil:

MPG = db x A x D x (ESPA – ESPD) x CEC x (8.6 x 10-7)

In this formula: 

· MPG is the mass of pure gypsum, in megagrams (Mg) or metric tonnes, required to amend the stipulated volume of soil. 

· db is the bulk density of the soil, given in units of kg/m3. 

· A is the area stipulated in m2 (1 hectare equals10,000 m2.) 

· D is the depth of soil to be amended, in metres. 

· ESPA is the actual Exchangeable Sodium Percentage of the soil to be amended, expressed as a decimal value (e.g. 20% would be entered as 0.20). 

· ESPD is the desired Exchangeable Sodium Percentage of the soil, expressed as a decimal value. 

· CEC is the cation exchange capacity of the soil, in units of milliequivalents per 100 grams (meq/100 g). 

· The remaining numbers are conversion factors for the atomic mass of pure gypsum.

The following are simplifications of the formula, in metric and imperial units.

MPG(in Mg per hectare to a depth of 30 cm) = (ESPA – ESPD) x CEC x 3.5

In this case, the bulk density (db) is estimated to be 1,350 kg/m3, the area is 10,000 m2 and the depth is 0.3 m. The values required from soil lab analysis are the actual ESP (ESPA) and CEC of the top 30 cm of soil. 

MPG(in tons per acre to a depth of 1 foot) = ESPA – EXPD) x CEC x 1.6

In this case, the mass of gypsum required is given in tons per acre to amend soil to a depth of one foot. The values required from lab analysis are still in units of decimal per cent for ESP and meq/100 g for CEC. 

The desired ESP (ESPD) should be determined by the producer, based on the type of crops to be grown on the site. Note that this estimation is for pure gypsum and that gypsum available for purchase may contain impurities.For this reason and because of inefficiencies in the calcium-sodium exchange process, the actual amount of amendment used may have to be increased by 20 to30 per cent.

Other calcium-containing amendments can be used to amend sodic soils. Calcium chloride, for example, can be another economical amendment, which has a higher solubility than gypsum but may not be as readily available. Calcium carbonate is of limited use as an amendment for sodic soil as it has a low solubility. 

Regardless of which type of amendment is used, the landowner should work with the supplier and a qualified agrologist with a specialty in soil science to determine the suitable application rate.

Once the amendment has been applied to the surface, it must be thoroughly mixed into the soil by cultivation. The soil must be moist to hasten the exchange process. The sodium must then be leached down the soil profile by rainfall or by the application of good quality irrigation water. Short, frequent irrigations will give the best results. 
If a sub-surface hard pan layer is preventing internal drainage of the soil, it may have to be deep-ripped to allow the sodium to be flushed below the root zone. If the site can be cropped during the process, better results will be achieved due to enhanced soil permeability resulting from the growth of plant roots.

The installation of a sub-surface drainage system may be necessary to permanently move the sodium salts away from crop roots; however, drainage systems are expensive and safe disposal of the high sodium drainage water is essential. Alberta Environment must be contacted prior to installation of a subsurface drainage system to determine if approval and licensing of the drainage system will be required. 

As stated, the amendment of sodic soils can be a long and laborious process and is not always successful or permanent. For example, over-irrigation or the occurrence of a large rainfall event can cause the water table to rise, bringing the sodium salts back to the soil surface, leading to deflocculation of the surface soil. Therefore, the management of a sodic soil must be considered as an ongoing process.

It is important to note that calcium-containing amendments should never be added to saline or saline-sodic soils because this will only increase the amount of soluble salts in the soil and worsen the salinity problem.
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What you can do about salty soil
http://www.fao.org/docrep/006/x8234e/x8234e08.htm
Taste your irrigation water. If it is not salty or slightly salty, it should be OK to use as long as drainage is good. If you are worried, send a sample away for measurement of electrical conductivity (EC) to indicate its level of salinity.

If you suspect salinity because of areas of poor growth in your crop, put some soil in a container and add some clean water to more than cover the soil. Shake it up. When the water above the soil clears, taste it. If it doesn’t taste at all salty or very slightly salty, the problem is not salt. If it extremely brackish, you certainly have a problem. See whether any of the following solutions can be used. (Taste test from Rana Munns.)

Flush the soil system with heavy infrequent irrigations rather than light frequent applications. If the soil is already very saline, fresh water should not be used for leaching. Water without salt could destroy soil structure with formation of crusts over a soupy soil that forms cracks on drying.
Improve drainage by deep cultivation and incorporation of organic matter to ensure a net downward flow of the irrigation water to leach salts.

Check whether your water table is saline by the taste test. Do your samples indicate it is getting less or more salty towards the surface? If it is not more salty, work on lowering the water table. If it is more salty, concentrate initially on flushing the salt downwards.

If soil tests show that the soil sodium concentration is high, add calcium, usually as gypsum, to replace the exchangeable sodium in the soil.

Level the field so that particular areas do not remain wet for prolonged periods.

Use mulches to reduce evaporation from the soil surface.

Do the above but also change to a more tolerant genotype or crop species.

Chapter 2 — Hydrologic controls on salinity
https://publications.qld.gov.au/storage/f/2013-12-19T05%3A40%3A26.626Z/salinity-management-handbook-ch02.pdf
Water is the dominant medium for salt movement in

the environment. When water is removed from the

environment by processes that exclude salt, such as

evaporation and transpiration, salt is deposited and

accumulates over time (Figure 15).

Evaporation occurs at the soil/atmosphere interface

where groundwater seeps at the soil surface or where

the watertable is close enough to the soil surface for

capillary action to draw water to the surface. Another

source of salt accumulation is evaporation of surface

water. This is important in areas where salt is not

regularly flushed out of the catchment, such as in

Lake Eyre.

 Transpiration occurs at the soil/root interface

where plants absorb water from the soil, generally

excluding salts dissolved in the water so that these

salts accumulate in the root zone. When vegetation

has root systems reaching to a deep watertable, salt

accumulates at greater depths in the soil profile or

over a larger depth range above the watertable.

Hydrologic equilibrium results from a balance

between climate (largely rainfall and temperature)

and the development of a landscape (including

weathering/soil formation and vegetation pattern).

The presence of a discharge area indicates that the

rate of water movement into the groundwater of the

catchment exceeds the rate of water movement out

of the catchment. Thus, only hydrologically sensitive

catchments (without effective vegetative or soil water

storage buffers) will exhibit waterlogged or saline

discharge areas.

Soil hydraulic properties govern the height to which

the capillary fringe of the watertable can rise within a

given soil. When the capillary fringe intersects the soil

surface, soil hydraulic properties also determine the

maximum rate at which groundwater and dissolved

salts can be transported to the soil surface. If the daily

evaporation rate exceeds the supply of groundwater

to the soil surface, the soil dries and capillary rise is

greatly reduced.

In undisturbed areas, the native vegetation is

generally in equilibrium with the natural hydrology

of an area. Trees normally utilise all the available

water and remove water from the area by

evapotranspiration. A small proportion of rainfall

(less than 10%) evaporates from the surfaces of

grasses and the leaves of trees. In this situation, the

vegetation is able to cope with and moderate the

effects of variations in seasonal and yearly rainfall.

Chapter 2 — Hydrologic controls on salinity

Figure 15. Evaporation, transpiration, and the role of

vegetation in catchment water and salt balance (adapted

from Dowling & Gardner 1988). Used with permission from

CSIRO.
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When trees are removed, water usage in the system

generally decreases, runoff slightly increases, and

the resulting excess water may percolate through

soils and weathered rock into the watertable. If lateral

drainage is poor, the level of the watertable will rise,

establishing a new hydrologic balance in the system.

The salinity of the groundwater may increase as

additional salt is dissolved from weathered rocks and

soils not previously below the watertable.

Thus vegetation provides a buffer in the system,

with the capacity to utilise the available water in the

landscape. There are limits: if rainfall is so low that

plants cannot grow or reproduce (for example, the

Sahara Desert and to a lesser extent the Simpson

Desert), vegetation will be limited or absent; if rainfall

is so great that it exceeds the ability of any vegetation

to utilise the water (that is, the rainfall exceeds the

potential evapotranspiration capacity of plants which

is determined by the radiation energy), there will be

an excess of water. In the second case, the landscape

adjusts to the extra water through geomorphological

processes such as enhanced weathering, erosion,

gully formation, and increased baseflow in streams.

Salt mass balance

Salt mass balance refers to an equilibrium between

salt entering and salt leaving the catchment. For

instance, salt entering the catchment in the form of

a large volume of water with low salt concentration,

such as rainfall, can be in balance with salt leaving

the catchment as a trickle of outflow of very high salt

concentration (refer Figure 19). The accession of salts

from weathering and rainfall and the export of salts

through stream flow and groundwater discharge are

in equilibrium. In periods of adjustment between

changing inputs or outputs, there will be a change

in the salt storage in the landscape until the new

equilibrium is attained. The salt storage may increase

or decrease or, most commonly, salt mobilisation

will cause a translocation of salt within the existing

storage.

This is described by the steady state mass balance

equation:

Qici = Qoco . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

where

Qi is quantity of water entering the system

ci is salt concentration of the water

entering the system

Qo is quantity of water leaving the system

co is salt concentration of the water leaving

the system.
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Qe Qt

Qg cg
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Figure 20. Diagrammatic section through a catchment

indicating mass balance inputs and outputs (Shaw 1993).

where

Qr is quantity of rainfall

Qd is quantity of water draining below the

root zone

Qe is quantity of water evaporated from the

soil surface in the discharge area

Qt is quantity of water transpired by

vegetation in the discharge area

Qg is quantity of groundwater flowing away

from the discharge area (subsurface

outflow)

Qru is quantity of surface runoff across the

discharge area

Qs is quantity of surface seepage flowing

away from the discharge area

(including base flow in drainage lines

intercepting the discharge area)

cr is salt concentration of rainfall

cd is salt concentration of the water

draining below the root zone

cw is salt concentration of the water

attributable to rock weathering and

dissolution

ch is salt concentration due to the

dissolution of historic salt storage in

the discharge area

ce is salt concentration due to salt on the

soil surface resulting from evaporation

ct is salt concentration in the root zone of

vegetated areas due to transpiration

cs is salt concentration of water seeping

from the groundwater in the discharge

area (including base flow in drainage

lines intercepting the discharge area)

cg is salt concentration of the groundwater

flowing away from the discharge

area (this is equivalent to the sum

cd+cw+ch+cs).
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� De mas o menos 0.1 ppm Nitrate como N y 0.01 ppm P (see research notes)


� Hay que pensar tambien en el aquifero…esta fucione solo donde el aquifero no esta impactado. Mas de 10-20ppm Nitrato como N el el aquifero y no sirve para tomar.








