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As competition for finite water resources increases in many parts of California, there will 

be a greater need to utilize both rainfall and applied irrigation as efficiently as possible to 

support vineyard production. Minimizing the non-productive losses of water is a key step 

towards reducing total vineyard irrigation requirements. 

Reducing vineyard water use: mechanisms, strategies and limitations 

Introduction 

 This article intends to provide a basic background 

on the fate of water in vineyard systems, and suggests pos-

sible management practices to reduce non-productive loss-

es of water. While this article focuses on vineyards irrigated 

with groundwater under Central Coast conditions, with spe-

cific examples from the Paso Robles area, the basic princi-

ples can apply to other regions with similar conditions and 

concerns. Water availability for irrigated crop production is 

becoming a limiting factor in many parts of the state and 

world; it is clear that grape growers and other agricultural 

water users will increasingly need to focus on minimizing 

non-productive losses of water to ensure sustainable long-

term crop production. 

There are two general sources of water available 

for growing vineyards in this area; the rainfall that falls on 

the vineyard itself, and supplemental irrigation from 

groundwater, which itself is recharged by rainfall that falls 

over the entire groundwater basin watershed. Growers of 

non-irrigated crops in areas with limited precipitation know 

that their crop production will be directly correlated with 

the amount of rainfall that is stored in the soil and subse-

quently available to the crop over the season. Therefore, by 

utilizing as much of the rainfall as is possible to meet vine 

water requirements, one can correspondingly reduce the 

need for irrigation applications. Likewise, if the evaporation 

losses from applied irrigations can be reduced, this too can 

reduce the total irrigation requirement as more of the ap-

plied water will be used for vine transpiration. These two 

strategies, of maximizing the storage of rainfall for use by 

the vines and of reducing the evaporation losses of applied 

irrigation, will be the main focus of this article. 

A third strategy to reduce irrigation water use is to 

reduce net vine transpiration. However this generally 

comes at the cost of lower overall vineyard productivity if 

carried out in a vineyard which is already under deficit irri-

gation, as the vast majority currently are. Thus efforts to 

reduce vineyard water use should mainly focus on maxim-

izing rainfall storage for use by the vines and on reducing 

non-productive evaporation losses wherever possible. 

 

Rainfall and evaporation patterns 

 The mechanisms of water addition and loss from 

the vineyard system are controlled to a large extent by the 

patterns of rainfall and evaporation rates throughout the 

year. Water loss outcomes of otherwise similar activities 

can be very different at different times of the year due to 

the seasonal variability of both the rainfall and evaporation 

patterns. An example of the seasonal rainfall pattern is 

shown in Figure 1; three-fourths of the rainfall occurs from 
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Figure 1. Monthly average rainfall recorded at the City of Paso 

Robles (source: UC IPM Website). The magnitude of the monthly 

values will vary for different locations, but the general pattern is 

the same throughout the region. 

http://www.ipm.ucdavis.edu/WEATHER/index.html
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face can reduce the rate of water conduction to the surface 

and thus reduce evaporation losses of soil moisture. For 

this reason shallow summer tillage is a common practice in 

many non-irrigated farming areas to conserve soil moisture. 

Rainfall wets the soil surface, and a considerable 

portion of this water may evaporate back into the atmos-

phere over time. Water applied with sprinkler irrigation is 

much like rainfall in that it wets the entire ground surface, 

and is thus exposed to large evaporative losses, particular-

ly in the summer when evapotranspiration rates are high 

(Figure 3). This large loss of water to evaporation is one 

reason why sprinkler irrigation is not widely practiced in 

Central Coast vineyards. Exceptions include some vine-

yards which may be irrigated with sprinklers in the fall after 

harvest or during the winter, to compensate for lack of rain-

fall during dry years or to help manage soil salinity. 

The bulk of vineyard irrigation is applied with 

above-ground drip systems, but these applications are also 

subject to appreciable soil evaporation losses from the 

wetted soil surface areas, even though these wetted areas 

are usually relatively small. Low-volume drip irrigation sys-

tems are often operated at a relatively high frequency com-

pared to high-volume surface irrigation methods, which 

may have been applied once every few weeks. This high 

frequency of application of drip irrigation, often multiple 

times per week, helps maintain consistent soil moisture 

levels which in turn leads to consistent vine water stress 

levels. However, such high frequencies of water application 

also mean that the soil surface beneath the drip emitters 

remains relatively moist and hence is more prone to lose 

water due to evaporation.  

December through March, while summers are very dry. 

 We estimate the evaporation conditions over the 

season with the reference evapotranspiration rate (ETo). 

This is the amount of evaporation that would be expected 

to occur from a well-watered grass surface such as a large 

lawn. Solar radiation (sunlight) is the main driving force 

behind evapotranspiration, so rates are much higher in the 

summer when days are long and the sun is directly over-

head, as compared to the winter when days are short and 

the sun is low in the sky. The CA Dept. of Water Resources 

ETo map classifies much of the area east of Paso Robles 

as Zone 16 (Figure 2). The magnitude of both rainfall and 

evapotranspiration will vary across the region, but the rela-

tive seasonal patterns and their influence on water loss 

mechanisms will be similar throughout the area.  

 

Soil evaporation 

 The evaporation of water from the soil is a con-

stant mechanism of water loss that is invisible to us and 

very often ignored, but it can result in large losses of water 

to the atmosphere that could otherwise have been utilized 

for growing crops. In general for a given soil, the greater the 

moisture content of the exposed surface, the greater the 

rate of evaporation loss under similar weather conditions. 

Because the evaporative demand is higher in the summer 

and lower in the winter, a similarly moist soil will evaporate 

water at a much higher rate in the summer than in the win-

ter. As the soil becomes drier, the rate of soil water conduc-

tion to the surface is reduced and therefore the rate of 

evaporation loss decreases.  Shallow tillage of the soil sur-

© 2013 The Regents of the University of California 

Figure 2. Monthly average reference evapotranspiration (ETo) for 

DWR Zone 16. (source: DWR CIMIS Website). Note that values 

from local weather stations may differ from these estimates; cur-

rent work is underway to assess these values more accurately. 

Figure 3. Summertime sprinkler irrigation of a vineyard in eastern 

Washington State. This practice is much less common on the 

Central Coast due to water supply limitations as well as potential 

foliage toxicity problems due to salts in the irrigation water. 
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tion application rate; if the emitter flow rate is too high for a 

particular soil, water will pond on the surface or flow later-

ally across the soil, leading to increased evaporation losses 

(Figure 4). The proportion of irrigation water lost to soil 

evaporation will be particularly high for newly planted vine-

yards because they require frequent shallow irrigations and 

have very little leaf canopy to shade the soil surface (Figure 

5). Mature vineyards will often receive deeper irrigations 

and have larger leaf canopies to shade the wetted soil sur-

face; both of these factors help reduce the soil evaporation 

losses. 

The appropriate amending and tillage of soils dur-

ing vineyard preparation and as a part of routine vineyard 

maintenance over time can help improve infiltration of wa-

ter deeper into the soil. In areas with hardpans or other 

restrictions to infiltration, appropriate tillage will improve 

water movement downward past these layers. Wheel track 

areas become more compact over time due to the weight 

of tractors and harvest equipment; tillage of these areas as 

needed will help improve water infiltration. Drip-irrigated 

vineyards on soils with poor water infiltration may see 

much of the soil surface wetted during irrigation, and thus 

have unexpectedly large evaporation losses (Figure 6). 

Many irrigation waters on the Central Coast con-

tain appreciable levels of sodium. The addition of this sodi-

um to the soil will gradually degrade the soil structure as 

the sodium disperses the soil aggregates into smaller parti-

cles that clog the soil pores. Sodium-affected soils have 

very dense structure with reduced infiltration rates; irriga-

tion water applied to these soils tends to pond on the sur-

face and move laterally, wetting a large surface area that 

may not include the vine root zone as intended (Figure 7). 

Maintaining the soil in a suitably permeable condition with 

appropriate amendments such as gypsum and organic 

The evaporation rate from the small wetted areas 

beneath the emitters is relatively high due to the move-

ment of hot, dry air from the surrounding dry soil areas 

(advection effect). The exposed dry soil surface in the row 

middles can become very hot on a summer day, with sur-

face temperatures commonly exceeding 140°F. This hot 

surface heats the adjacent air, which is then capable of 

removing more moisture from the nearby wetted soil sur-

face; this effect is identical to a clothes dryer using heated 

air to speed drying. Thus even relatively small wetted soil 

areas under drip emitters can lose appreciable amounts of 

water to evaporation in the middle of the summer. 

Reducing this soil evaporation loss is achieved by 

minimizing the soil surface area which is wetted with irriga-

tion, and reducing the amount of time that it remains wet-

ted. In a properly designed drip irrigation system, the rate 

of water infiltration in the soil is determined by the irriga-

© 2013 The Regents of the University of California 

Figure 4. Ponding of water occurs in drip irrigated systems when 

the application rate exceeds the soil infiltration rate. 

Figure 5. The frequent, shallow irrigation applications made to 

young vines are prone to large evaporation losses, particularly in 

soils with limited water infiltration characteristics. 

Figure 6. Extensive soil surface wetting with drip irrigation in soils 

with poor infiltration characteristics can lead to significant evapo-

ration losses. 
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With normal surface drip irrigation, the accumulat-

ed soil salts are pushed to the outer edges of the wetted 

soil volume, but with sub-surface irrigation salts will also 

accumulate at the soil surface directly above the wetted 

soil volume. This pattern of salt accumulation above the 

root zone with sub-surface irrigation can create more chal-

lenging salinity management situations. For example, if 

limited rainfall moves the surface salts downward into the 

root zone while the vines are actively growing, this can lead 

to severe plant injury or even complete defoliation under 

severe conditions. To prevent such damage, the irrigation 

system would need to be operated during the rainstorm to 

flush the salts out of the root zone. Considering the elevat-

ed soil salinity levels in some local vineyards, root zone soil 

salinity management will be a key consideration if sub-

surface irrigation systems are to be used effectively.  

An alternative salinity management scenario is 

possible with watering stakes, as they can be switched be-

tween sub-surface and surface irrigation fairly readily by 

moving the spaghetti supply line. In the summer the spa-

ghetti line is inserted into the stake, delivering water at the 

target depth into the soil; in the winter the spaghetti line is 

positioned outside the stake, delivering water to the sur-

face as with normal drip irrigation. The latter use will be 

helpful to leach surface accumulations of salts below the 

root zone (Figure 9). Whether this type of management is 

practical and cost-effective on a commercial scale remains 

to be seen. 

In spite of their management limitations, the po-

matter will encourage the desirable infiltration of water into 

the root zone and reduce evaporation losses. 

Sub-surface drip irrigation (SDI, or buried drip) can 

minimize the wetting of the soil surface and thus reduce 

evaporation losses. The resulting drier surface soil will also 

tend to have fewer summer weeds, further reducing water 

consumption. Sub-surface irrigation typically utilizes buried 

drip lines, but watering stakes or sand/gravel columns can 

also function similarly while eliminating the need to bury 

the drip line itself.  

All of these sub-surface methods can have signifi-

cant practical limitations for their use in Central Coast vine-

yards. Buried drip lines are prone to damage by burrowing 

animals, clogging or pinching by plant roots, and may expe-

rience upwelling of water to the surface under some soil 

conditions. Maintenance can be very challenging because 

the lines and emitter output cannot be visually inspected 

as with standard systems. Watering stakes, which are per-

forated vertical tubes that direct water from the standard 

above-surface emitters to a target depth in the soil, add 

significant additional cost and complicate vine row soil 

management and vineyard renovation. Sand or gravel col-

umns function like a watering stake; a hole is cored in the 

soil to the target depth beneath the drip emitter and filled 

with coarse sand or gravel to serve as a water conduit 

deeper into the soil (Figure 8). These are also expensive to 

install, and will preclude any tillage of the vine row as the 

columns cannot be disturbed; however during vineyard 

renovation they can simply be tilled with the native soil. 

© 2013 The Regents of the University of California 

Figure 7. High levels of sodium in the irrigation water will over 

time degrade the soil structure, leading to a dense surface with 

poor water infiltration. Applied irrigation will tend to move laterally 

over the surface as in this case where it waters the weeds 

downslope rather than the vine roots as intended. 

Figure 8. A sand column is used to direct irrigation water to a 

deeper depth in this soil with poor infiltration conditions. The spa-

ghetti line directs water into the sand column, which in this case 

is about 2 inches in diameter and 12 inches deep. This is the 

same vineyard as shown in Figure 5. 
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Cover crop transpiration 

 Cover crops are commonly used in Central Coast 

vineyards, as they provide a wide range of benefits to soil 

health. These benefits include reduced erosion and rainfall 

runoff, nutrient cycling, and improved soil fertility and soil 

structure through organic matter inputs from roots and 

above-ground biomass. Cover crops also enable vehicle 

traffic in vineyards under wetter soil conditions than would 

be possible with bare soil. Cover crops can be intentionally 

seeded with a wide variety of species, or a grower may 

simply manage the native vegetation that germinates on its 

own at that location. 

 However, cover crops also transpire large amounts 

of water to grow. A full field of barley which grows to maturi-

ty can consume 15 to 20 inches of water over its entire 

growing season if such water is available to it; this is equiv-

alent to about 9 to 12 gallons per square foot. In drier re-

gions there is simply not enough water supplied by rainfall 

to meet both the cover crop water requirements while also 

fulfilling all of the vineyard water needs later in the season. 

The more water that cover crops consume from the limited 

soil moisture storage, the more irrigation that will need to 

be applied later in the season to make up for this loss. 

Ideally one would take advantage of the benefits 

of cover crops, while not allowing them to deplete soil mois-

ture storage that would otherwise be available to the vines. 

Whether or not the presence of the cover crop in the field 

has a net positive or negative effect on the overall soil 

moisture storage later in the season depends in large part 

on the particular rainfall pattern for the year, how late the 

cover crop is allowed to grow in the spring, the rooting 

depth of the cover crop, and the management of the cover 

crop residues after the growth terminates.  

 During the winter months the soil surface is rela-

tively moist from rainfall, but the evapotranspiration rate is 

tential for water savings will warrant more focus and experi-

mentation with these and other types of sub-surface irriga-

tion methods. Growers contemplating adopting sub-surface 

irrigation would be well served by thoroughly investigating 

the potential pitfalls of the various methods, and by con-

ducting their own feasibility trials for several years before-

hand to thoroughly understand the benefits and limitations. 

Mulches on the soil surface that cover the wetted 

soil are also very effective at reducing the soil evaporation 

losses. Plastic and fabric films are used in many crops for 

weed control and to reduce evaporation losses, but their 

use may not be practical or cost-effective in vineyards. Or-

ganic mulches from cover crop residues can also be posi-

tioned beneath the vine rows to cover the wetted soil. How-

ever, organic mulch materials will diminish the effective-

ness of herbicide sprays, which can lead to increased weed 

pressure over time which defeats the water-saving intent. 

Organic mulches at the base of the vine trunks will also 

shelter rodents from their predators and can often lead to 

increased rodent damage to the vines.  

© 2013 The Regents of the University of California 

Figure 10. Cover crops provide benefits of soil protection, but also 

consume large amounts of water to attain their growth.  

Figure 9. Example soil wetting patterns under SDI (left) and 

watering stakes with and without the spaghetti line inserted 

(center and right respectively). With sub-surface applica-

tion, salts accumulate on the outer margins of the wetted 

volume, including the area above the root zone; this cre-

ates risks of salt movement into the root zone with rainfall. 

The use of watering stakes avoids the need to bury the drip 

line, and they can be converted between sub-surface and 

surface application by moving the spaghetti line. Alterna-

tively two separate drip systems can be installed, one for 

surface and the other for sub-surface application; the for-

mer used in the winter for leaching and the latter in sum-

mer to avoid evaporation losses. 
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Figure 1), this is the period when a cover crop provides the 

most benefit in the form of soil protection and increased 

rainfall infiltration, at the least cost of water consumption. 

Active cover crop growth in April and beyond provides rela-

tively little additional protection from erosion because rain-

fall is less likely to occur during this period, while the cover 

crop consumes increasingly larger amounts of water from 

the soil moisture storage. 

 Past research in the non-irrigated hillside olive 

groves of southern Spain (with a very similar Mediterrane-

an climate) has indicated that the third week of March is 

about the average optimum date to terminate winter cover 

crop growth in that region to maximize rainfall soil water 

storage for use by the olive trees. Earlier grain farmers on 

the Central Coast also incorporated similar logic into their 

management of the non-irrigated winter wheat and barley 

crops; if the winter season was dry and crop growth ap-

peared unpromising by spring, they would till the grain crop 

under and fallow the field for the remainder of the year, 

thus conserving the remaining soil moisture in the field for 

the following winter with hopes of a more productive crop. 

This type of variable cover crop management may not fit 

well with the use of self-reseeding cover crops such as 

bromes and fescues that need to mature seed every year, 

but for annually-seeded cover crops this type of variable 

management can help maximize soil water storage of rain-

fall for later use by the vines.  

How the cover crop growth is terminated and the 

fate of the cover crop residues will also have an effect on 

soil moisture storage. Mowing (mechanical or chemical) in 

which the cover crop residues remain on the soil surface 

will help prevent runoff and erosion from any spring rain-

storms, and will reduce soil evaporation losses later in the 

season. Shallow tillage will also terminate the cover crop 

growth but the mulching benefits of the residues will be 

reduced. Deep tillage can bring moist soil to the surface 

where the soil water is lost to evaporation and as such may 

be avoided in the spring.  

Other factors will also determine how cover crops 

are managed. If the site is prone to spring frost damage, 

then it may be more beneficial to have a bare soil surface 

achieved by tilling the cover crop in advance of the frost 

risk period. If the goal is to conserve moisture, the ideal 

system will terminate all cover crop growth while retaining 

all of the residues on the surface as a mulch layer. 

Summer cover crops are not common in dry re-

gions but can be found under some circumstances. In vine-

yards that practice sprinkler irrigation it is not uncommon 

to have actively growing cover crops or weeds in the row 

middles all season. In some vineyards summer cover crops 

are intentionally grown in the row middles with a separate 

drip irrigation line to provide additional soil organic matter 

and to create potential habitat for beneficial insects (Figure 

very low (see Figure 2). At this time, the rate of evapotran-

spiration from the cover crop will be about the same as the 

rate of evaporation from a bare moist soil, because the 

process of evaporation is limited by the very small amount 

of incoming solar energy rather than by the supply of water 

available to be evaporated or transpired. Thus, there is 

little additional water lost to the atmosphere by having the 

cover crop in place during typical wet winters. Because the 

cover crop improves soil infiltration conditions and reduces 

runoff, rainfall infiltration is generally improved with the 

cover crop compared to a bare soil, particularly on sloping 

ground. This leads to potentially significant net increases in 

soil water storage when a cover crop is present during the 

rainiest months. Thus a cover crop during the wet winter 

months will not consume much more moisture than will a 

bare moist soil, and may significantly increase total soil 

moisture storage by reducing runoff and increasing the 

infiltration of water deeper into the soil (see the December 

2007 Grape Notes for more information). 

 However, if cover crops are allowed to continue 

growing beyond the wettest rainfall period and into the dri-

er spring months, or if the winter has seen little rainfall, 

then the transpiration rate of the actively growing cover 

crop will be greater than the evaporation loss from a bare 

soil surface. As the bare soil surface becomes increasingly 

drier, the soil’s ability to conduct water to the surface to be 

evaporated is reduced; however, a cover crop can continue 

to exploit deeper soil moisture with its roots even when the 

soil surface has become quite dry. Because the reference 

evapotranspiration rate is also becoming increasingly high-

er throughout the spring, the rate of water consumption by 

the cover crop steadily increases as long as soil moisture is 

available for it to consume. In areas that reliably receive 

abundant winter rainfall, vigorous and deep-rooted cover 

crops are often allowed to grow late in the spring to pro-

duce desirable organic matter for the soil. This same prac-

tice under drier conditions will lead to large depletions of 

valuable soil moisture that will have to be made up for with 

additional irrigation later in the season. 

If the goal is to maximize soil water storage of win-

ter rainfall, the timing of cover crop termination should be 

done during the transition between the winter rainfall peri-

od when the cover crop provides a net benefit of increased 

water storage, and the drier spring period when the cover 

crop becomes a net consumer of water. The optimum date 

of this transition will vary from year to year, depending up-

on the particular rainfall conditions that winter. In a dry 

year, the cover crop growth should be terminated relatively 

early, while in an unusually wet year the cover crop can be 

allowed to grow later into the spring. Because most of the 

region’s rainfall occurs from December through March (see 

© 2013 The Regents of the University of California 
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 Losses of water from ponds are primarily due to 

seepage and evaporation from the water surface. If aquatic 

plants are present, this will include transpiration from 

these plants. For areas that rely on groundwater, seepage 

from ponds will gradually recharge the groundwater basin 

and thus will not contribute significantly to the overall water 

loss from the system in the long run. In other areas where 

seepage would not lead to recharge of a basin, seepage 

losses would be more detrimental. Properly lined ponds will 

lose little water to seepage. 

The more significant loss of water from a pond is 

through evaporation from the water surface to the atmos-

phere. The rate of water loss depends upon factors such as 

the depth of the pond, the water temperature, and the 

evaporative demand of the atmosphere. Evaporation loss-

es are relatively small in the winter, and much larger in the 

summer, following the same pattern as in Figure 2. For 

shallow agricultural ponds (< 2 m or 6.5 ft. deep), the rate 

of water loss to evaporation is approximately 1.05 times 

the reference evapotranspiration (ETo) rate. 

Based on Figure 2, the annual ETo of the Paso 

Robles area is approximately 62.5 inches. A shallow pond 

which is kept filled year-round would be expected to lose 

approximately 65.6 inches of water a year to evaporation 

(1.05 times 62.5). Therefore a shallow pond with an area 

of one acre that is kept filled year round would lose approx-

imately five acre-feet of water to evaporation. A pond which 

is filled with water only during portions of the year will have 

less evaporation loss; the amount of loss can be estimated 

using the factor of 1.05 multiplied by the monthly ETo val-

ues in Figure 2, for those months when the pond has wa-

ter. Note that ETo values from other sources may differ 

from the DWR map value; current work is underway to as-

sess the magnitude and patterns of ETo throughout the 

11). The benefits of such practices need to be weighed 

against the additional water that a summer cover crop will 

consume; because the evapotranspiration rates are very 

high in the summer, the cover crop water use is at its maxi-

mum and additional water loss is very high. Weeds present 

any time of year will play a similar role as a cover crop with 

regards to water consumption. Weeds will consume rela-

tively large amounts of water as compared to a weed-free 

soil surface from the spring through fall. Thus, adequate 

weed management through appropriate herbicide and till-

age programs will also be important to help preserve soil 

moisture for vine use (Figure 12). 

 Cover crops are important tools for protecting soils 

but the benefits of their growth in the spring need to be 

weighed against their unavoidable and potentially large 

consumption of water. The main soil protection benefits of 

cover crops occur during the winter rainfall months, with 

diminishing benefits in the spring as their water consump-

tion rapidly increases. 

 

Pond and reservoir evaporation 

 Constructed ponds and reservoirs are used for 

surface storage of water in many regions. In areas with 

abundant winter rainfall but limited groundwater storage, 

winter streamflow is often diverted to ponds to be stored 

for later irrigation use in the summer. Ponds are also used 

to provide a large volume of water for times when high ap-

plication rates are needed, such as for sprinkler frost pro-

tection in the spring. The output rate from most groundwa-

ter wells is not sufficient to meet the application require-

ments for sprinklers over large acreages; instead surface 

pumps draw water from ponds for the sprinklers, while the 

pond is gradually refilled by the groundwater well. 

© 2013 The Regents of the University of California 

Figure 11. Drip irrigation of the row middle is used to keep this 

cover crop growing throughout the summer. 

Figure 12. Heavy weed growth in this organic vineyard also com-

pete with the vines for limited soil moisture.  
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benefit in the form of a high-value crop. Similar logic ap-

plies to any other factor which can prevent a vineyard from 

producing a normal crop, whether it be a lack of nutrients, 

or excessive disease or pest pressure. 

In the operation of frost sprinklers, relatively large 

amounts of water are applied on a limited number of nights 

during the spring. The goal is to coat the tender vine tis-

sues with water that is constantly in the process of freez-

ing. During the freezing process water releases heat (the 

heat of fusion) that maintains the ice-encased vine tissue 

at 32°F and thus protects it from colder temperature dam-

age. With standard impact sprinklers, most of the water 

falls on the ground surface, and relatively little actually 

coats the vine tissues. The water applied with sprinkler 

frost protection will have a similar fate as rainfall at that 

time of year; most will infiltrate into the soil, and a relatively 

small amount will evaporate into the air during the applica-

tion. If the infiltration rate of water into the soil is lower 

than the application rate, then some water can be lost as 

runoff from the field. 

Sprinkler frost protection is typically used from the 

end of March through late May, and thus the water applied 

to the soil surface is prone to larger soil evaporation losses 

in the days following the application than would be the 

case for earlier winter rainfall (see Figure 2). To help pre-

vent erosion and runoff problems due to the operation of 

frost sprinklers, most vineyards that use sprinkler frost pro-

tection will maintain actively growing cover crops through-

out the spring frost period to increase the infiltration of the 

applied water and reduce runoff and erosion (Figure 13). 

 However, these cover crops will transpire signifi-

region. 

Estimating the rate of water loss from deeper (> 2 

m or 6.5 ft) ponds and larger reservoirs is more complex. 

The evaporation rate is lower in the spring relative to shal-

low ponds, mostly due to the colder temperature of the 

water in deep ponds. Conversely, the evaporation rate is 

higher in the fall due to the water in the deep ponds retain-

ing the summer heat later into the fall. Most small agricul-

tural ponds tend to be fairly shallow. 

A number of strategies can be employed to mini-

mize evaporation losses from ponds. Ponds should only be 

utilized where their use is mandatory such as for sprinkler 

frost protection and for storage for later in the summer 

when other supplies may not be available. A deeper pond 

with smaller surface area will have less evaporation loss 

than a shallow pond with a larger surface area containing 

the same volume of water. A key point is that ponds should 

be kept filled with water only when needed; ponds which 

are kept filled for aesthetic or recreational uses achieve 

this at a very large evaporation loss, particularly in the sum-

mer months. Evaporation barriers such as fabric covers, 

floating spheres or oil films may offer some potential to 

reduce evaporation losses from ponds, but their use may 

not be practical or cost-effective in their current forms; 

windy conditions in particular can make evaporation barri-

ers difficult to manage and less effective. 

The evaporation losses from large surface water 

storage reservoirs are a significant source of inefficiency in 

water management systems throughout the West. For ex-

ample Lake Nacimiento to the west of Paso Robles cap-

tures and stores water from the Nacimiento River, and has 

a surface area of approximately 5000 acres when near 

capacity. If the annual evaporation loss is roughly estimat-

ed at four feet per year, then a full reservoir would evapo-

rate about 20,000 acre-feet of water every year. Future 

generations will undoubtedly focus more attention on stor-

ing captured surface water in local groundwater basins 

rather than in open reservoirs in order to avoid such large 

evaporation losses. 

 

Sprinkler frost protection 

One of the most inefficient uses of water is that 

water needed to irrigate a vineyard for the entire growing 

season after it has suffered severe frost damage earlier in 

the spring. Such a vineyard produces little or no fruit but 

requires the same amount of water as an undamaged vine-

yard. Therefore, providing vineyards with adequate frost 

protection will help ensure that all of the water applied as 

irrigation during the growing season produces the most 

© 2013 The Regents of the University of California 

Figure 13. Large cover crop growing in the spring in a vineyard 

with sprinkler frost protection. This heavy growth comes at the 

cost of significant water consumption, regardless of whether or 

not the sprinklers are operated for frost protection. 
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Vine transpiration 

All of the preceding discussion referred to water 

losses from the vineyard system which were not directly 

related to vine productivity per se. Vine transpiration of 

water makes up a large portion of the total vineyard water 

use, so reductions in this component have the potential for 

reducing overall vineyard water use the most. However, 

grape vines are no different from other plants in that their 

production of biomass is in general directly related to the 

amount of water that they transpire over the season. Vine-

yards with less total available water, whether provided by 

rainfall or irrigation, will tend to produce less fruit per acre 

(Figure 14). If the quality of fruit from such lower-yielding 

vines is considered to be better and is correspondingly val-

ued at a higher price, then this production strategy may 

make economic sense; however, if the fruit value is not 

sufficiently compensated for at lower production levels, 

then a greater economic return per acre will be achieved 

with more irrigation if such water is available. 

 Deficit irrigation is the practice of applying less 

water than the crop can potentially transpire. Deficit irriga-

tion to varying degrees is now common practice in 

winegrape vineyards throughout California. Regulated defi-

cit irrigation targets these intentional and measured deficit 

periods to specific vine growth phases. Excessive water 

stress is generally avoided in the spring during the critical 

cant amounts of water throughout the spring months re-

gardless of whether or not the sprinklers are operated, and 

thus will use significant stored soil moisture throughout the 

spring as previously described. Extended operation of 

sprinklers will lead to increased soil moisture storage at 

deeper soil depths, beyond the reach of shallow-rooted 

cover crops. In dry years especially, this deeper soil mois-

ture provides for vine water needs later in the season and 

can reduce the amount of irrigation that would otherwise 

need to be applied later in the season. 

In locations where effective and viable alternatives 

to sprinkler frost protection exist, their utilization can help 

save water. Passive frost protection measures should be 

the first step in minimizing potential frost damage at any 

site. Where temperature inversion conditions are suitable, 

wind machines may be a viable tool. Taller vine training 

heights may also offer useful avoidance of the coldest frost 

temperatures. The avoidance of frost pockets and the use 

of later-budding varieties can minimize the need for frost 

protection. However, at some locations sprinklers may be 

the only viable frost protection method due to the extreme 

cold temperatures experienced. 

If sprinklers are employed for frost protection, the 

total water use can be minimized by operating the sprin-

klers only when local temperature conditions specifically 

require their use. Water is applied unnecessarily if sprin-

klers are turned on too soon before the critical temperature 

period, or allowed to run too long after the risk of frost 

damage ends. The most accurate information upon which 

to base the sprinkler operation start time is from measure-

ments of the ‘wet bulb’ temperature at the particular vine-

yard itself. Alternatively, calculations based on the dew 

point can be used to estimate the air temperatures when 

sprinklers should be started, but such measurements gen-

erally come from a regional weather station and may not be 

very representative of the conditions at a specific vineyard. 

Directional or targeted sprinklers use a lower wa-

ter application rate per acre by targeting their reduced 

spray volume only over the vine row; they may be an alter-

native to conventional impact sprinklers in some vineyards. 

Directional sprinklers require many more sprinkler heads 

per acre, and will require more maintenance to ensure that 

they are aimed to deliver their spray over the vine row as 

required. Directional systems may not perform well under 

breezy frost conditions if the spray drifts away from the 

vines, but such conditions are challenging for any frost pro-

tection method. With their lower flow rate requirement 

these systems may help reduce the need for separate wa-

ter storage ponds and larger pumps as are often required 

for conventional impact sprinkler systems, particularly 

when operated over large acreages.  

© 2013 The Regents of the University of California 

Figure 14. Hypothetical relationship between the amount of irriga-

tion applied and the relative yield, for deficit-irrigated vines under 

different rainfall conditions. In wetter regions, supplemental irriga-

tion provides for a small portion of the total yield, while in very dry 

climates a large amount of supplemental irrigation is needed to 

achieve the same yield. Allowing a cover crop to consume large 

amounts of soil moisture is equivalent to shifting from a wetter to 

drier rainfall regime. Reducing the irrigation evaporation loss has 

the same effect as increasing the applied irrigation amount. 
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cluster (Figure 15). In this study the drier irrigation treat-

ments did not result in improved wine quality, and thus no 

increase in fruit value was attained by using lower irrigation 

rates relative to the moderate deficit irrigation treatment. 

Results at different sites may vary from the observations at 

this one location, but dramatic reductions in vine irrigation 

levels need to be approached with caution, and the under-

standing that they will over time generally result in lower 

production levels. Grape vines require less water than most 

crops, but they do need some minimal amount to survive, 

and more to produce an economically viable crop (Figure 

16). 

 A variety of measurement tools are available to 

growers to help them apply the amount of irrigation re-

quired to best meet the vine water stress level that they are 

targeting. It is very difficult if not impossible to be able to 

implement a repeatable irrigation strategy that maintains 

uniform vine water stress levels from year to year unless 

some types of measurements are made that serve as a 

baseline target, simply because the growing conditions 

(rainfall, temperature, evaporation) are variable from year 

to year. Measurements of soil moisture content help deter-

mine the amount of moisture stored after the winter rainfall 

season, and can help document the moisture depletion in 

the spring and thus indicate when irrigation needs to begin. 

Soil moisture measurements over the entire soil profile can 

help determine at what depth vine roots are extracting 

moisture, and help avoid over or under irrigation of the root 

zone. Plant-based measurements of vine water stress such 

as the leaf water potential are labor-intensive, but provide 

an integrated measure of all the factors that affect vine 

water availability and uptake, and can serve as a useful 

flowering and fruit set period; if winter rainfall was not suffi-

cient to maintain vines with minimal stress levels during 

this period, early irrigations are usually applied to compen-

sate. The period from fruit set to harvest is generally when 

deficit irrigation management is applied, but no single 

strategy as far as the timing or severity of deficits exists. 

Moderate levels of deficit irrigation (for example, applica-

tions of 65 to 70% of the potential full water use) are com-

mon to avoid excessive vegetative growth and to maintain 

desirable small berry size. In the survey of irrigation appli-

cations in Paso Robles vineyards, a wide range of deficit 

levels was observed during the period of July-August (see 

the April 2013 Grape Notes). 

 If vines which have been managed with moderate 

levels of deficit irrigation are subsequently exposed to 

more severe deficits by applying less irrigation in the sum-

mer, this will lead to reduced vegetative growth and fruit 

production over time. The full effects of such reduced irri-

gation amounts may not be observed immediately, as per-

ennial crops such as grape vines can compensate for less 

growth to some degree by mobilizing stored carbohydrates 

from their permanent tissues, and by exploiting deeper soil 

moisture than they needed to previously. In an earlier irri-

gation study with Cabernet Sauvignon in the Paso Robles 

area, reduced irrigation treatments applied to mature vines 

during the period between fruit set and harvest resulted in 

fairly small reductions in yield in the first several years, 

primarily due to smaller berry size in the less-irrigated 

vines. However, as irrigation treatments continued into the 

fourth and fifth year of the study, the crop yield in the drier 

treatments began to drop off sharply, with the stressed 

vines producing smaller berries as well as fewer berries per 

© 2013 The Regents of the University of California 

Figure 16. Irrigated vines in dry climates which have been aban-

doned will eventually die off, particularly if other vegetation is 

allowed to grow and compete for the limited moisture from sparse 

rainfall. 

Figure 15. Effects of reduced summer irrigation amounts on  

grape yield of Cabernet Sauvignon in Paso Robles. The indicated 

treatments are percentages of the control treatment that was 

irrigated at approximately 65% ETc. Treatments were applied to 

mature vines over five years; over time the drier treatments re-

sulted in significantly lower yields.  

©
 2

0
1

3
 R

e
g
e

n
ts

, 
U

n
iv

. 
o

f 
C

A
 

http://cesanluisobispo.ucanr.edu/newsletters/Grape_Notes46823.pdf


The University of California’s Cooperative Ex-
tension offices are local problem-solving cen-
ters. Campus-based specialists and county-
based farm, home, and youth advisors work as 
teams to bring the University's research-based 
information to Californians. UCCE is a full part-
nership of federal, state, county, and private 
resources linked in applied research and edu-
cational outreach. UCCE develops and ex-
tends timely and pertinent information in a 
manner which is independent, unbiased, non-
commercial, and research-based. These fun-
damental criteria set it apart from all other in-

formation resources. 

You can view or subscribe to this free online newsletter at the following website: 

http://ucanr.org/grapenotes 

About the UC Cooperative Extension 

Mark Battany                               2156 Sierra Way, Suite C 
Viticulture/Soils Farm Advisor     San Luis Obispo, CA 93401 
mcbattany@ucanr.edu                805-781-5948 phone      
                                                    805-781-4316 fax 
 

Additional water and soil management information at the UCCE San Luis Obispo Website: 

 http://cesanluisobispo.ucanr.edu/Viticulture/Water_and_soils/ 

© 2013 The Regents of the University of California 

target benchmark throughout the season. Climate-based 

irrigation scheduling seeks to adjust irrigation applications 

based on the changing evapotranspiration conditions that 

result from varying weather conditions and the particular 

crop demand. The combined information from these differ-

ent measurement methods will provide the grower with the 

most accurate information to supplement their own physical 

observations of vine growth and stress levels.  

 

Soil salinity management concerns 

The groundwater used for irrigation on the Central 

Coast contains varying levels of salts; its use can lead to 

gradual increases in soil salinity levels if soils are not ade-

quately leached. By its nature, deficit irrigation often results 

in limited to no leaching of soils during most of the summer 

irrigation season. To make up for this lack of leaching, par-

ticularly after dry winters when little natural leaching oc-

curred, many growers apply larger leaching irrigations after 

harvest. A survey of soil salinity in vineyards that overlie the 

Paso Robles Groundwater Basin has shown a steady in-

crease in soil salinity levels since the survey began in 2006. 

This observed increase in soil salinity conditions suggests 

that leaching has on average been insufficient in these 

soils. Reducing water use by cutting back on the application 

of leaching irrigations may save water, but at the cost of 

gradual degradation of soil quality and ultimately vineyard 

production as salinity levels increase above damage 

thresholds. If salinity levels continue to increase, growers 

may have no choice but to apply additional quantities of 

irrigation to leach the soils, alter soil management practic-

es to encourage more water infiltration and leaching, and/

or utilize more salt- and drought-tolerant rootstocks on 

replanted vineyards.  

 

Conclusion 

 The standard drip irrigation practices used by typi-

cal wine grape growers are for the most part quite efficient 

in their use of water. Simple reductions in applied irrigation 

with no other changes in management will tend to result in 

lower vine transpiration and reduced crop yields per acre. 

To avoid these yield reductions, the net available water 

supply to vines can be increased by reducing preventable 

soil evaporation losses and by limiting excessive cover 

crop water consumption. Sprinkler frost protection and 

storage ponds can be managed to help minimize unpro-

ductive water losses. All of these practices are highly site-

specific, so any changes in management should be based 

on the results from detailed local evaluations. As water 

supplies become less available, growers will have greater 

incentive to increase their overall efficiency of water use, 

as doing so will help avoid crop yield reductions. 
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