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Unsustainable water use in the Lake Chapala Lerma River watershed is reducing the lake levels and depleting some of the 37 watershed aquifers. Currently irrigation for agriculture is using 86.5 % of the water in the watershed, overusing an estimated 1.4 to 1.9 billion m3 of water each year (4, 5). 
A microfarm project is proposed for the basin to increase productivity of farmers, utilize degraded lands and reduce water requirements for farming. The microfarm is designed for a family using a hectare of land to produce from 40 to 140 kg of agricultural products a day. The farm uses simplified hydroponics and Israeli fertigation techniques to reduce the amount of land and water required to grow produce (8). 

Rainwater is captured for use on the microfarm. Fish ponds of 1060 m3 capture and store rainwater and drip irrigation fields utilize the fish waste water. Watershed average precipitation of 736 mm a year provides 7360 m3 of water falling on a microfarm hectare each year. The microfields are estimated to require about 1440 m3 a year and fish pond evaporation is estimated at 1964 m3 a year. The total 3344 m3 a year is less than available rainfall so if sufficient water can be captured, out water resources for irrigation will not be required.
In the Lerma Chapala watershed, of the 78,000 farmers, 52,125 are classified as small farmers. Currently 820,000 hectares are irrigated and an estimated three million hectares are in agricultural production. These practices currently use at least 6.5 billion m3 of water. If microfarms use 3444 m3 of water per year, the estimated 52,125 small farmers would require total water of about 180 million m3 of water a year on 52125 hectares of land. Reduction in land space and water could relieve the excess water use in the area, restoring both lake levels and aquifer waters. As estimated 3.2 billion m3 of water could be saved with this change in practice.
Introduction

Lake Chapala is in danger of drying up completely. Its current level of 1.2 billion m3 is only 15% of its capacity, not enough to provide for its annual evaporation of 1.5 billion m3. It could dry up this year, leaving the city of Guadalajara without its current supply of drinking water. 

In the past century, Mexico´s largest natural lake ranged in volume from 1.5 billion cubic meters to 8.1 billion. The national environmental protection agency, SEMARNAT (3), determined the red line or lowest possible level of the lake for environmental protection is 3.3 billion m3. At 1.2 billion m3 it is less than half its critical level. 
The key reason for the low levels of water in Lake Chapala is the unsustainable use of watershed water resources for irrigated agriculture. Currently, an estimated 7.5 billion m3 are available for all water uses and irrigated agriculture is using 86.5% of the water used. The excesses amount to a water deficit for the lake of about 700 million m3 a year and to groundwater about 1.3 billion m3. This unsustainable use is drying up the lake and depleting the aquifers in the watershed.
In 1991 and with subsequent updates SEMARNAT has published a report on the Master plan for the watershed. This report explains that the average hectare in Mexico is using 8000 m3 per year when the international average is 4000 m3 per year. The report recommends updating the irrigation channels that are reportedly only 35% efficient (65% of the water not reaching the plants and modernizing the methods of irrigation into the farms. This paper addresses the recommendation of SEMARNAT to update the methods of irrigation and agriculture in Mexico.
The Lerma Chapala watershed

The Lerma watershed of Lake Chapala is an area of 52,500 km2 shared by the states of Mexico, Michoacan, Guanajuato, Queretaro and Jalisco. The principle tributary of the watershed is the River Lerma, that traditionally fed Lake Chapala. The source of the Lerma River is near the town of Toluca in the western Mexico City metropolitan area. There are about 10 million people living in the watershed area. The region contributes 30% of the national GNP and occupies only 3% of Mexico´s land surface. 
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Figure 1. The Lake Chapala Lerma River watershed includes 53,667 km2 in portions of five Mexican states.
Of the water users in the Lerma watershed, 86% of the surface and groundwater utilized is used for irrigated agriculture. The amount overused of surface water is estimated at .800 million m3 and for groundwater over 1 billion m3. 

Table 1. Agricultural water use in the Lerma watershed
	
	
	Hectares
	Water used
	Surface
	Groundwater

	
	
	
	Mm3
	Mm3
	Mm3

	Total land area of watershed
	5,366,700
	
	
	

	
	
	
	
	
	

	Total agriculture
	3,000,000
	
	
	

	Rainfed agriculture
	2,170,000
	
	
	

	Irrigated hectares
	830,000
	6,375
	
	

	Large scale irrigation
	286,017
	2,720
	2225
	495

	Small scale irrigation
	543,983
	3,655
	1506
	2149

	Modern irrigation
	117,000
	468
	
	

	Traditional irrigation
	713,000
	5,907
	
	


Of the 5.3 million hectares watershed, about 3 million hectares are used for agriculture and an estimated 830,000 hectares are irrigated. These irrigated lands use 6.375 Mm3 of water a year or average about 8000 per m3 per hectare . This is double the international average of 4000 m3 year (SEMARNAT 2001) and amounts of water used by individual farmers range from 1000 m3 to 15,000 m3 per hectare per year.  

Currently the irrigation practices used in the watershed include flood irrigation, sprinkler systems and some modern drip irrigation. About 117,000 hectares of irrigated lands are considered modern and conserve water use. 
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	Figure 2. Flood irrigation in the Lerma watershed.
	Figure 3. Flood irrigating a field   from an earth canal.


Flood irrigation can use even more than the 8000 m3 per hectare of water a year, as there is little regulation or control on how much water is added. One farmer explained that in flood irrigation, the water access end of his field receives over 4 meters of water and the far end from the gates only 20 cm. This uneven application leads to poor crop growth, excessive use of water and problems in excess drainage and runoff. The practice of flood irrigation has been un practice in Israel for over 50 years .  
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	Figure 4. Sprinkler systems reduce the water requirements from flood but still deliver water to the whole field.


	Figure 5. Drip irrigation with plastic mulch can reduce water use per hectare to international average of 4000 m3.




With a sprinkler system, water is sprayed on the plants with mechanical devices. This is less wasteful than flood irrigation but still uses excessive amounts of water for optimum plant growth. Sprinklers require flat lands or water collects in pools and low spots, and the sprinkled water promotes fungus growth on the plants. Fields under sprinkler cultivation can use as much as 8000 m3 of water per hectare per year.

Drip irrigation uses individual lines the deliver water directly to the plant roots. Drip line water use can be regulated through valves and so the area surrounding the plant is not watered. This reduces evaporative losses and restricts the area of competing weeds. Drip irrigation was designed to reduce the amount of water required for agricultural crops and is used in areas where water is scarce or valuable. The average cost of setting up a hectare with drip irrigation is from 3000 to 5000 US dollars. In Israel, average use of water per drip irrigated hectare is about 4000 m3 of water per year (6).

Current practices unsustainable

Current practices, according to the Master Plan for Lake Chapala Lerma watershed, a SEMARNAT publication, currently 8 billion m3 of water are being used for agricultural crops with  800 million m3 of surface waters and 1.3 billion m3 of groundwater used unsustainably. The Lake Chapala level keeps dropping and the aquifers are being depleted. 

Throughout the watershed, the irrigated lands are now used for low value crops such as corn, wheat and sorghum, so the estimated total value of watershed crops is less than 1 billion dollars or about 0.14 per m3 a year.

Groundwater extraction unsustainable

Each of the five states in the watershed utilizes groundwater for some of their agriculture, and together the states are using 1.3 billion m3 more groundwater than is recharged each year (Table 2, SEMARNAT). 

	Table 2. Groundwater extractions and recharge for each state (2000) SEMARNAT

	State
	
	Extraction
	Recharge
	% recharged

	
	
	Mm3
	Mm3
	

	Guanajuato
	
	3523
	2049
	58.20%

	Jalisco
	
	108
	76
	70.50%

	Mexico State
	
	630
	456
	72.30%

	Michoacan
	
	689
	1111
	161.20%

	Queretaro
	
	208
	150
	72.00%

	Total
	
	5159
	3841
	74.50%
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The watershed area includes 37 watershed areas, some overused and some not. On average, the agricultural uses of water in the watershed are 25% over that available for recharge or a deficit of about 1.3 billion m3 a year. The problems associated with overuse of groundwater need to be solved on an aquifer by aquifer basis. But the general overuse of water both from the aquifers and from the Lake Chapala is unsustainable and if it continues the available water will be reduced, wells will have to be drilled deeper.

Current state of agriculture in the watershed.

Figure 6: Geographical districts in the Chapala Lake Watershed 
In the watershed, only 117,000 hectares have modern methods of irrigation, usually either  
Sprinkler system or drip irrigation 
 According to SEMARNAT, if all irrigated hectares were switched to drip irrigation, about 3.2 billion m3 of water could be saved, enough to maintain the aquifers and the critical level of the lake. This is assuming that repairs and restoration of the irrigation system in the watershed improves the overall efficiency of 35%.

But the situation in the watershed is more complicated and requires not only modernization of irrigation systems, but attention paid to the needs of small farmers, including those currently farming without irrigation, depending upon seasonal rain to water their crops. About 2.17 million hectares in the watershed are being cultivated without irrigation, including lands being cultivated by some of Mexico´s poorest farmers.

Guanajuato state, in 1996, was cultivating 524,493 of the 830,000 hectares under irrigation, or 63% of the irrigated watershed lands. The average annual income per hectare is $1140 US. Most of the lands are growing corn, wheat, sorghum and other lower value crops.

In Guanajuato, another half million hectares are under cultivation without irrigation. The average yield of these lands is much lower, with annual income averaging only $147.00 US per hectare per year. 
Table 3.  Agricultural production in Guanajuato, 1996.

	
	Irrigated
	Rainfed

	Sowed hectares
	524,493
	503,913

	Harvested hectares
	520,166
	415,092

	Production tons
	3,352,643
	556,483

	Value $M (pesos)
	6,149
	741

	Value per ha US dollars
	1,172.3
	147.1


This proposal addresses the intention of SEMARNAT Master Plan for the watershed to reduce water use by modernizing agriculture and diversifying to higher value crops. We propose introducing the concept of a microfarm for the smaller farmer, who may or may not be using irrigation water now (1, 2). 

Irrigated agriculture is 520,493 hectares in Guanajuato or about 63% of the total irrigated farmland in the watershed. These hectares average in income of $1172.30 US dollars a year and if extended across the entire watershed this would be 973 million dollars a year for all the irrigated hectares. The rain fed cultivated land of 503,913 hectares averages $147.10 US dollars per hectare in income and if this were extended across the entire watershed of 2.17 million hectares, the value of rainfed production is 310 million. Combined the value of agricultural production is about 1.28 billion dollars. 
To provide each hectare with a drip irrigation system will cost 3.5 billion dollars in investment, averaging $5000 per hectare for costs. With a crop only being worth $1140 per hectare it takes several years for the farmer to recover expenses, unless they also switch to higher value crops that increase income per hectare.

Saving Irrigation Water

According to CAN, 830,000 has are irrigated, with 66% owned by small farmers and 34% by large farmers. The total number of water users is 78,976, with 52,124 small farmers. If all farmers switched to drip irrigation on all 830,000 hectares of land, 2.4 billion m3 of water could be saved each year.   
  There are basically three types of farmers in the basin. The first are larger farmers that have substantial holdings of land and are in large scale production. The second is small farmers using ten hectare or less, and the third are subsistence farmers who only provide for their own families food supply.

Microfarm project
The microfarm project addresses the needs of the small farmer and subsistence farmer. With 51,124 farmers listed as small farmers using 66% of the irrigated land, their total water used is about 3.655 billion m3 of water for an estimated income of about $11,000 per year, on farms of 10 hectares. If all these farmers switched to single hectare microfarms at least 1.8 billion m3 of water could be saved each year. If they changed their practices to cultivate only one hectare instead of ten the savings could be as much as 3.44 billion m3 of water saved.
Reaching small farmers with microfarm technology
The 52 124 small farmers in the watershed are basically organized in small villages and towns, perhaps as many as 6000 in the watershed. To reach each farmer with his or her options, an organization is needed that will train farmers, provide the tools and equipment to begin, and then ongoing technical support and marketing support to maintain production and income.

The microfarm project begins with a single gravity fed drip irrigation system of 435 m2 in surface area. This system requires an estimated 144 m3 of water a year to produce about 3650 kilograms of food, or 10 kilos of food a day. When managed with corn and bean production in rotation along with other vegetables, this small microfield can produce the daily food requirements for a family of seven year round. It will require substantial investment in hydroponic nutrients of $160 per year and an initial investment of about $400 for the drip system, plastic mulch and seeds. 
Table 4. Single field in gravity fed microdrip culture for family food supply
	Crop
	Rows
	Spacing
	Time
	Plants
	Yield
	Total

	
	
	
	Days
	per year
	kg/plant
	kg/yr

	Corn 1
	20
	10
	90
	3000
	0.1
	300

	Beans 2
	20
	10
	90
	3000
	0.1
	300

	Corn 3
	20
	10
	90
	3000
	0.1
	300

	Beans 4
	20
	10
	90
	3000
	0.1
	300

	Tomato
	1
	3
	360
	45
	7
	315

	Tomatilla
	1
	3
	360
	45
	7
	315

	Chili
	1
	3
	360
	45
	7
	315

	Cabbage
	1
	5
	90
	300
	1
	300

	Spinach
	1
	3
	60
	270
	0.25
	67.5

	Celery
	1
	10
	90
	600
	0.5
	300

	Brocoli


	1
	3
	90
	270
	0.5
	135

	Lettuce
	1
	6
	60
	540
	0.25
	135

	Cucumber
	1
	3
	360
	45
	7
	315

	Peas
	1
	10
	90
	900
	0.1
	90

	Peanut
	1
	10
	120
	450
	0.2
	90

	Sunflower
	1
	10
	90
	900
	0.1
	90

	Total Kg produced
	
	
	
	
	3667.5


The microfield can be offered to each farmer through existing federal and state programs either with a subsidized part of the cost, or a loan program. This program would have to be offered to the subsistence farmer, who perhaps is not currently using any irrigation water at all. So the potential users of the microfarm would include more than the 51,125 small farmers currently using irrigation water.
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Microfarm proposed for small farmers
A microfarm is proposed as a technology for a small farmer to increase family income and decrease land and water requirements for producing food.   A microfarm is proposed that produces from 40 to 140 kilograms of food a day for the family food and income. The value of this produce will vary according to type of food produced and available market, but should be between 14,600 to 51,000 dollars a year if the kilograms of produce are worth $1.00 each. This represents a significant change in the lifestyle of the small farmer family in the watershed under present circumstances.
The total productivity calculated for the microfarm is about 11 kg per meter 2/ per year. The average productivity in hydroponic and fertigation culture is actually much higher in many existing farms. The value of the produce will be subject to worldwide markets and local conditions. A primary objective of the microfarm is to begin by providing the family all their own food needs so that food security is obtained before income producing crops are established.
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Figure 7. A microfarm on a single hectare of land uses intensive agricultural techniques to produce from 40 to 140 kg of produce a day. This provides a family with basic food each day and additional income. 
In experiments in Africa (7), the microdrip system produced 100 tons of corn per hectare. This is when it is used with fertigation, supplying nutrients to the plants through microdrip lines. The normal amount of corn produced on a single hectare of land in Mexico can be from 200 kg (.2 tons) to 10 tons. 
The 100 tons of corn per hectare was an experimental yield, but similar field trails in Mexico are yielding 90 tons per hectare. These are yields in areas where the climate is such that corn can be grown year round. This normally allows for four rotations a year. Corn is planted at ten plants per meter, in rows on meter apart.
For use with vegetables, the fields are modified with soil built up in mounds approximately 14 cm high and 40 cm wide. The area between the rows of vegetables is dug down 14 cm. The mounded soil is covered with a very thin plastic mulch. The microdrip tubing is normally placed below the plastic mulch and this conserves water from evaporating.
Fish ponds proposed for capturing rainwater and runoff

In hydroponic or fertigation, a fish pond or aquaculture pond can provide some of the nutrients for plants. The microfarm proposes for the Lerma Chapala watershed to use aquaculture ponds as an integrated part of the hydroponics and fertigation of fields.

The five ponds in the microfarm combine for a total of 1068 m2 in surface area. They are all located to capture runoff of excess rainwater from the drip irrigated fields. The total capacity of the fish ponds for storing water is 1602 m3 of water.    Each field requires 144 m3 of water a year and there are ten fields so the expected water use is 1440 m3. However, when evaporation from the ponds is also included, the total for evaporation is 1900 m3 and so the total for the farm is 3400 m3, about 46% of the expected annual rainwater of 7360m3 to fall on the hectare. So if rainwater could be successfully captured during the year, there would be no need additional irrigation water for a microfarm in the Lerma watershed.
	Table 5. Calculations for the rainwater capture ponds for a one hectare microfarm in Lake Chapala area. 

	
	Jan
	Feb
	Mar
	April
	May
	June
	July
	Aug
	Sept
	Oct
	Nov
	Dec
	Total

	Precipitation
	1
	5
	5
	6
	22
	184
	232
	191
	160
	51
	16
	9
	883

	Temperature
	16
	17
	19
	22
	23
	22
	21
	21
	21
	20
	18
	16
	

	Cubic meters/month
	10
	47
	54
	62
	219
	1837
	2322
	1913
	1595
	514
	164
	88
	8825

	Required for farm
	120
	120
	120
	120
	120
	120
	120
	120
	120
	120
	120
	120
	1440

	Pond water used for farm
	1458
	1385
	1327
	1269
	1488
	1600
	1600
	1600
	1600
	1600
	1600
	1568
	

	Required for pond evaporation
	162
	162
	162
	162
	162
	162
	162
	162
	162
	162
	162
	162
	1949

	Volume water in ponds
	1133
	898
	802
	582
	320
	1600
	1600
	1600
	1600
	1600
	1600
	1406
	


Conclusion
The microfarm project addresses several of the objectives SEMARNAT Master Plan for Lake Chapala. The use of drip irrigation systems under fertigation for crops will release much of the irrigation water now used by small farmers. The farm includes diversification of cultivars and the reuse of agricultural water in the utilization of fish pond waste water for crops. 
|An important component of the recovery of the Lake Chapala Lerma River watershed is the successful harvesting of rainwater for a small farmer in the region. In addition to harvesting rainwater is the importance of establishing drip irrigation fertigation technology to deliver the captured water to plants in a water conservative manner that reduces evaporation and increases yield per plant.
In the microfarm project Israeli technology of fertigation is combined with aquaculture and water capturing technology to reduce the need for using either surface waterways such as the Lerma river or the groundwater supply to produce crops.

If existing water users and potential waters could successfully produce crops using microfarm technology, family farm income would increase, regional income would increase due to primary production, and land and water use could be conserved.
A complete switch to microfarming from traditional soil based agriculture of flood irrigation could save 3.44 billion m3 of water a year, enough to allow both Lake Chapala and the aquifers to be used sustainably.
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																				Superficie total    53,667 Km2

				ADASUP 1991				DOF (scc)		cc		DOF (ccc)		%

		México		11.0		5,303.7		5,378.6				5,378.6		10						México		10				%

		Querétaro		6.0		2,892.9		2,933.8				2,933.8		5						Querétaro		5				%

		Guanajuato		48.5		23,384.3		23,714.6				23,714.6		44						Guanajuato		44				%

		Michoacán		19.5		9,401.9		9,534.7		4,771.0		14,305.7		27						Michoacán		27				%

		Jalisco		15.0		7,232.3		7,334.4				7,334.4		14						Jalisco		14				%

		Totales		100.0		48,215.0		48,896.0				53,667.0		100

																				Incluye Cuencas Cerradas de

																				Pátzcuaro y Cuitzeo





PobTotxSbc

		Cuenca		Población Total

		A		Río Lerma 1 (Alzate)		1,621,008

		B		Río La Gavia (Ramírez)		391,258

		C		Río Jaltepec (Tepetitlán)		25,568

		D		Río Lerma 2 (Tepuxtepec)		278,277

		E		Río Lerma 3 (Solís)		400,084

		Q		Lago de Pátzcuaro		229,963

		R		Lago de Cuitzeo		978,648

		Alto Lerma				3,924,806

		F		Río La Laja 1 (La Begoña)		548,137

		G		Río Querétaro (Ameche)		949,429

		H		Río La Laja 2 (Pericos)		545,646

		I		Laguna de Yuríria		11,887

		J		Río Lerma 4 (Salamanca)		250,901

		K		Río Turbio (Adjuntas)		1,301,055

		L		Río Angulo (Angulo)		205,243

		M		Río Lerma 5 (Corrales)		1,462,785

		N		Río Lerma 6 (Yurécuaro)		186,111

		Medio Lerma				5,461,194

		Ñ		Río Duero		382,792

		O		Río Zula		140,262

		P		Río Lerma 7 (Chapala)		578,283

		20		Sayula		245,798

		Bajo Lerma				1,347,135

		TOTAL LERMA				10,733,135
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