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Abstract. One of the fundamental ways to schedule irrigation is through the monitoring and 
management of soil water potential (SWP).  Soil water tension (SWT) is the force necessary 
for roots to extract water from the soil and growers find it easier to deal with the positive units 
of SWT rather than the negative units of SWP.  With the invention of tensiometers, SWT 
measurements have been used to schedule irrigation.  There are seven different types of 
field instruments used to measure SWT, either directly or indirectly.  Specific SWT criteria for 
irrigation scheduling have been developed for the production of individual vegetable crops, 
field crops, trees, shrubs, and nursery crops and for the management of landscape plants.  A 
review of the known SWT criteria for irrigation scheduling will be presented. 
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Why Measure Soil Water Tension 
 
The lack of water in plant-top tissues is transmitted through the plant, down into the roots, 
and into the soil.  The measurement of soil water tension can be closely related to the stress 
experienced by the plant tissues, and in these conditions irrigation scheduling based on soil 
water tension can be directly related to plant performance.  The use of a soil water tension 
measuring device provides a continuous measurement analogous to the force (suction) 
necessary to extract water from the soil.  
 
When growers irrigate too infrequently and with too much water, product yield and quality is 
lost (Tjosvold and Schulbach 1991) and water and nutrients are lost, with the potential of 
environmental harm.   Since SWT is closely related to plant stress, crop yield and quality is 
closely related to SWT irrigation criteria (Shock et al. 2007b).  Careful irrigation scheduling 
by SWT simultaneously provides the grower with a tool to optimize income and minimize 
negative off site effects of irrigation. 
 
Instruments to Measure Soil Water Tension 
 
Soil water tension has been measured directly with tensiometers and through indirect 
methods such as with gypsum blocks, granular matrix sensors (GMS, Watermarks), 
porcelain resistance to air movement (Irrigas), psychrometers, pressure plates, and dielectric 
sensors coupled with porous media (MPS-1). 
 
The Response of Specific Crops to SWT Irrigation Scheduling  
 
The specific SWT irrigation criteria chosen for each crop should be based on experience 
with the crop in a given region.  The climate, soil type, irrigation system, and sensor 
placement can affect the optimal irrigation criteria. 
 
Response of Onion 
Onion is a shallow rooted crop requiring relatively wet soil (Table 1).  The response of 



vegetable crops to SWT has been reviewed (Shock et al. 2007b).  For short-day onion, the 
irrigation criterion has varied from 8.5 to 45 cbar depending on the climate, soil, and 
irrigation system.  Sandy soil and drip irrigation systems necessitate wetter irrigation criteria.  
When and where rainfall is significant, onion production is favored by slightly drier irrigation 
criteria.  The irrigation criterion for long-day onions on silt loam has varied from 10 to 27 
cbar.  When rainfall is absent, wetter criteria are favored.  Furrow irrigation requires drier 
criteria due to the risk of bulb decomposition in excessively wet parts of fields.  Increasing 
water stress (increased SWT) in the later part season in an attempt to reduce onion bulb 
decomposition reduced bulb yield and grade (Shock et al. 2000b).  Onions are particularly 
sensitive to losses in yield and grade from small amounts of water stress when infected by 
iris yellow spot virus (Shock et al. 2009). 
 
 
Table 1. Soil water tension (SWT) as irrigation criteria for onion bulbs.  
 
SWT, cbar Location Soil type Irrigation 

system 
Soil moisture 
sensors, depth 

Citation 

8.5 Piaui, Brazil sandy micro 
sprinkler 

tensiometer Coelho et al., 1996 

10  Pernambuco, Brazil  flood tensiometer, 
gravimetric 

Abreu et al., 1980 

15 Sao Paulo, Brazil sandy and clay furrow gravimetric Klar et al., 1976 
10 to 15 Oregon silt loam drip GMS Shock et al., 2009 
17 to 21 Oregon silt loam drip GMS Shock et al., 2000a 
27 Oregon silt loam furrow GMS Shock et al., 1998a 
45 Karnataka, India sandy clay loam  tensiometer, 

gravimetric 
Hegde, 1986 

 
 
Response of Potato 
 
Potato is also shallow rooted requiring relatively wet soil (Table 2).  Precise irrigation of 
potato has been closely related to many tuber quality attributes (Shock et al, 2007a).  Wetter 
irrigation criteria are needed on sandy soils.  Silt loam soils should be maintained slightly 
drier.  Where drip irrigation is applied frequently, the irrigation criteria for silt loam is wetter 
(25-30 cbar) than where sprinkler or furrow irrigations systems are used (50-60 cbar). 
 
 
Table 2. Soil water tension (SWT) as irrigation criteria for potato.  
 
SWT, 
cbar 

Location Soil type Irrigation 
system 

Soil moisture 
sensors, depth 

Citation 

20 Western Australia sandy loam sprinkler tensiometer Hegney and Hoffman, 1997 
25 Maine silt loam sprinkler tensiometer, 

gravimetric 
Epstein and Grant, 1973 

25 Northern China  drip Tensiometer Wang et al. 2007 
30 Oregon silt loam drip GMS Shock et al., 2002b 
50 California loam furrow tensiometer Timm and Flockner, 1966 
50 to 
60 

Oregon silt loam sprinkler GMS Eldredge et al., 1992, 1996; 
Shock et al. 1998b, 2003 

60 Oregon silt loam furrow GMS Shock et al., 1993 



Response of Cole Crops 
 
Cole crops are among the species most sensitive to soil water tension (Table 3).  Irrigation 
criteria as wet as 6 to 10 cbar are recommended in Arizona.  
 
Table 3. Soil water tension (SWT) as irrigation criteria for cole crops.  
 
Common name SWT, 

cbar 
Soil type Irrigation 

system 
Soil moisture 
sensors, depth

Citation 

Broccoli 10 to 12 sandy loam drip tensiometer Thompson et al., 2002a, b 
Broccoli 50, 20b silt loam lysimeters gypsum 

blocks 
Maurer, 1976. 

Cabbage 25 loamy sand 
and sand 

lysimeter gypsum 
blocks 

Smittle et al., 1994 

Cauliflower 10 to 12 sandy loam drip tensiometer Thompson et al., 2000 a, b 
Cauliflower 25a  furrow and 

flood 
 Prabhakar and Srinivas, 1995. 

Cauliflower 20 to 40 various   Kaniszewski and Rumpel, 1998 
Collard 9 sandy loam drip tensiometer Thompson and Doerge, 1995 
Mustard, greens 6 to 10 sandy loam drip tensiometer Thompson and Doerge, 1995 
Mustard, greens 25a loam sand 

and sand 
lysimeter gypsum 

blocks 
Smittle et al., 1992 

 
a25 kPa was the wettest irrigation criterion tested. 
bSWT of 50 during plant development, then 20 during head development. 
 
Response of Other Field and Vegetable Crops 
 
The published SWT irrigation criterion for other crops is listed in table 4. In the case of sweet 
potatoes, the recommendation is to irrigate at 25 cbar during early plant development, then 
switch to a much drier criteria for potato development.  These recommendations contrast 
with potato, where the soil is maintained a more constant SWT throughout development, and 
where some limited stress on early vegetative plant growth favors potato vine health and 
tuber quality (Cappaert et al. 1994; Shock et al. 1992). 
 
Thomson and Fisher (2006) used SWT irrigation criteria of 60 cbar for developing ET 
irrigation scheduling for cotton in Mississippi.  
 
 
Table 4. Soil water tension (SWT) as irrigation criteria for Other Field and Vegetable Crops 
 
Common 
name 

SWT, 
cbar 

Soil type Irrigation 
system 

Soil moisture sensors, 
depth 

Citation 

Beans, snap 25a loamy sand lysimeter gypsum blocks Stansell and Smittle, 1980 
Carrot 30 to 50  sprinkler TDRb Lada, 2002 
Carrot 40 to 50  micro 

sprinkler 
GMS Lada and Stiles, 2004 

Lettuce, 
romaine 

<6.5 sandy loam drip tensiometer, 30, cm Thompson and Doerge, 1995 

Lettuce, leaf 6-7 sandy loam drip tensiometer, 30 cm Thompson and Doerge, 1996a, b
Lettuce <10 red earth drip tensiometer, 30 cm Sutton and Merit, 1993 
Lettuce 20 clay loam sprinkler, drip tensiometer, 15 cm Sammis, 1980 



Lettuce, 
romaine 

30 clay loam n.a. tensiometer and 
gypsum blocks, 30 cm

Aggelides et al., 1999 

Lettuce, 
crisphead 
and romaine 

50 sandy loam sprinkler tensiometer, 15 cm Gallardo et al., 1996 

Spinach 9 sandy loam drip tensiometer Thompson and Doerge, 1995 
Squash, 
summer 

25a loamy sand 
and sand 

lysimeter gypsum blocks Stansell and Smittle, 1989 

Sweet corn 20  drip  Phene and Beale, 1976 
Sweet potato 25, then 

100c 
loamy sand 
and sand 

lysimeter gypsum blocks Smittle et al., 1990 

Tomato 10 fine sand drip tensiometer Smajstrla and Locasio, 1996 
Tomato 20 sand drip tensiometer Oliveira and Calado, 1992 
Watermelon 7 to 12.6 sandy loam drip tensiometer Pier and Doerge, 1995a, b 

 
a25 kPa was the wettest irrigation criterion tested. 
bTDR, time domain reflectrometry. 
cSWT of 25 during plant development, then 100 during root enlargement. 
 
 
Response of Poplar Trees 
 
Poplar tree growth is favored by an irrigation criterion of 25 cbar and drier criteria lead to 
reduced tree and biomass production (Shock et.al. 2002). 
 
Response of Wine Grapes 
 
Recently the viticulturist of Camalie Vineyards, Napa, California, has demonstrated potential 
usefulness of SWT data for the production of quality grapes (Holler 2008).  Wine grapes are 
a case where controlled and managed water stress is related to crop quality.  
 
Response of Cranberries 
 
Jeranyama (2009) reports that cranberries require SWT in the range of 2 to 6 cbar in the 
morning and 2 to 10 cbar in the afternoon.  Surprisingly soil consistently wetter than 2 cbar is 
too wet. 
 
Response of Strawberries 
 
Strawberries are extremely sensitive to water stress.  A SWT irrigation criterion of 10 cbar 
has been recommended (Serrano et al. 1992). 
 
Response of Flower Production and Ornamental Plants 
 
The production of nursery plants and flowers grown in artificial medium is particularly 
vulnerable to loss of water and nutrients from excessive amounts of irrigation (Tjosvold and 
Schulbach 1991; Oki et al. 1995).  Soil often needs to be maintained in the range of 1 to 6 
cbar (Kiehl et al. 1992; Plaut et al. 1976).  Plaut et al. showed that the medium needs to be 
maintained wetter than 6 cbar for cut roses.  Oki et al. demonstrated that smaller irrigations 
at wetter SWT using tensiometers resulted in much more productive rose productivity.  



 
Carnations grown in raised beds responded well with growth medium maintained in the 0 to 
10 cbar range (Marsh et al. 1962).  Tensiometers needed to be designed to be accurate and 
responsive in the 0 to 10 cbar range. 
 
References.   
 
Abreu, T.A.S., A.A. Millar, E.N. Choudhury, and M.M. Choudhury. 1980. Analyses of onion 
production under variable irrigation. (In Portuguese, with English abstract.) Pesq. Agropec. 
Bras. 15:233-236. 
 
Aggelides, S., I. Assimakopoulos, P. Kerkides, A. and Skondras. 1999. Effects of soil water 
potential on the nitrate content and yield of lettuce. Commun. Soil Sci. Plant Anal. 30:235-
243. 
 
Cappaert, M.R., M.L. Powelson, N.W. Christensen, W.R. Stevenson and D.I. Rouse. 1994. 
Assessment of irrigation as a method of managing potato early dying. Phytopathology 
84:792-800. 
 
Coelho, E.F., V.A.B. de Souza, and M.A.F. Conceição. 1996. Onion yields under three water 
regimes and five spacings. Pesq. Agropec. Bras. 31:585-591. 
 
Eldredge, E.P., Z.A. Holmes, A.R. Mosley, C.C. Shock, and T.D. Stieber. 1996. Effects of 
transitory water stress on potato tuber stem-end reducing sugar and fry color. Am. Potato J. 
73:517-530. 
 
Eldredge, E.P., C.C. Shock, and T.D. Stieber. 1992. Plot sprinklers for irrigation research. 
Agron. J. 84:1981-1984. 
 
Epstein, E., and W.J. Grant. 1973. Water stress relations of the potato plant under field 
conditions. Agron. J. 65:400-404. 
 
Gallardo, M., L.E. Jackson, K. Schulbach, R.L. Snyder, R.B. Thompson, and L.J. Wyland. 
1996.  Production and water use in lettuces under variable water supply.  Irrig. Sci. 16:125-
137.  
 
Hegde, D.M. 1986. Effect of irrigation regimes on dry matter production, yield, nutrient 
uptake and water use of onion. Indian J. Agron. 31:343-348. 
 
Hegney, M.A., and H.P. Hoffman. 1997. Potato irrigation - development of irrigation 
scheduling guidelines. Final Report, Horticultural Research and Development Corporation 
Project NP 6. Agriculture Western Australia. 114 p. 
 
Holler, M. 2008. High Density, Multiple Depth, Wireless Soil Moisture 
Tension Measurements for Irrigation Management.  Crossbow Technologies. 
 



Jeranyama, P. 2009. Irrigation water management. p 53-54. In Cranberry 2009 Chart Book 
Management Guide for Massachusetts. University of Massachusetts Amherst, Cranberry 
Station. 
 
Kaniszewski S., and J. Rumpel, 1998. Effects of irrigation, nitrogen fertilization and soil type 
on yield and quality of cauliflower. J. Veg. Crop Prod. 4:67-75. 
 
Kiehl, P.A., J.H. Lieth, and D.W. Burger. 1992. Growth response of chrysanthemum to 
various container medium moisture levels. J. Amer. Soc. Hort. Sci. 114(2):224-229. 
 
Klar, E.A., J.F. Pedras, and J.D. Rodrigues. 1976. Effect of various soil and climatic 
conditions on water requirement of onion. I. Yield of bulbs. Phyton 34:9-25. 
 
Lada, R. 2002. Processing Carrot Research Program. Nova Scotia Agricultural College 
Department of Plant and Animal Sciences Research Summary Volume 4, 2001-2002.  
 
Lada, R., and A. Stiles. 2004. Water Requirement and Irrigation Management 
for Optimizing Carrot Yield and Quality. Nova Scotia Agricultural College, Truro, Nova 
Scotia, Canada. Processing Carrot Research Program Fact Sheet, PCRP Publication 2004-
03. 
 
Marsh, A.W., L.F. Werenfels, and R.N. Sciaroni. 1962. Advantages of tensiometer use in 
carnation irrigation. Florists Review. May pp 13, 14, 38, and 39. 
 
Maurer, A.R. 1976. Response of broccoli to five soil water regimes. Can. J. Plant Sci. 
56:953-959.  
 
Oki, L.R., J.H. Leith, and S. Tjosvold. 1995. Tensiometer-based irrigation of cut-flower roses. 
1994 Project Report to the California Cut-flower Commission. 
 
Oliveira, M.R.G. and A.M. Calado. 1992. Tomato root distribution under drip irrigation. J. Am. 
Soc. Hortic. Sci. 121:644-648.  
 
Phene, C.J., and O.W. Beale. 1976. High-frequency irrigation management for water and 
nutrient management in humid regions. Soil Sci. Soc. Am. J. 40:430-436. 
 
Pier, J.W., and T.A. Doerge. 1995a. Concurrent evaluation of agronomic, economic, and 
environmental aspects of trickle-irrigated watermelon production. J. Environ. Qual. 24:79-86. 
 
Pier, J.W., and T.A. Doerge. 1995b. Nitrogen and water interactions in trickle-irrigated 
watermelon. Soil Sci. Soc. Am. J. 59:145-150.  

Plaut, Z., N. Zieslin, and N. Levev. 1976. Effect of different soil moisture regimes and canopy 
wetting on 'Baccara' roses. Scientia Hort. 5: 277-285. 

 



Prabhakar, M., and K. Srinivas. 1995. Effects of soil matric potential and irrigation methods 
on plant water relations, yield and water use of cauliflower. J. Maharashtra Agric. Univ. 
20:229-233. 
 
Sammis, T.W. 1980. Comparison of sprinkler, trickle, subsurface and furrow irrigation 
methods for row crops. Agron. J. 72:701-704. 
 
Serrano, L., X. Carbonell, R. Savé, O. Marfà and J. Peñuelas. 1992. Effects of irrigation 
regimes on the yield and water use of strawberry. Irrigation Sci. 13:45-48.  
 
Shock, C.C., E.B.G. Feibert, and L.D. Saunders. 1998a. Onion yield and quality affected by 
soil water potential as irrigation threshold. HortScience 33:1188-1191.  
 
Shock, C.C., E.B.G. Feibert, and L.D. Saunders. 1998b. Potato yield and quality response to 
deficit irrigation. HortScience 33:655-659. 
 
Shock, C.C., E.B.G. Feibert, and L.D. Saunders. 2000a. Irrigation criteria for drip-irrigated 
onions. HortScience. 35:63-66. 
 
Shock, C.C., E.B.G. Feibert, and L.D. Saunders. 2000b. Onion storage decomposition 
unaffected by late-season irrigation reduction. HortTechnology 10:176-178. 
 
Shock, C.C., E.B.G. Feibert, and L.D. Saunders. 2003. Umatilla Russet and Russet Legend 
potato yield and quality response to irrigation. HortScience. 38:1117-1121. 
 
Shock, C.C., E.B.G. Feibert, L.D. Saunders, and E.P. Eldredge. 2002b. Automation of 
subsurface drip irrigation for crop research. p 809-816. In F. Zazueta and J. Xin (eds.) World 
Congress on Computers in Agriculture and Natural Resources. 13-15 March 2002. Iguaçu 
Falls, Brazil. American Society of Agricultural Engineers.  
 
Shock, C.C., E.B.G. Feibert, L.D. Saunders, L.B. Jensen, S.K. Mohan, R.S.  Sampangi, and 
H. Pappu. 2009. Management of onion cultural practices to control the expression of iris 
yellow spot virus. Oregon State University Agricultural Experiment Station, Special Report 
1094:41-60. 
 
Shock, C.C., E.B.G. Feibert, M. Seddigh, and L.D. Saunders. 2002. Water requirements and 
growth of irrigated hybrid poplar in a semi-arid environment in Eastern Oregon. Western 
Journal of Applied Forestry. 17:46-53. 
 
Shock, C.C., Z.A. Holmes, T.D. Stieber, E.P. Eldredge, and P. Zhang. 1993. The effect of 
timed water stress on quality, total solids and reducing sugar content of potatoes. Am. 
Potato J. 70:227-241.  
 
Shock, C.C., A.B. Pereira, and E.P. Eldredge. 2007a. Irrigation best management practices 
for potato. In C. Rosen and M. Thornton (Eds.). Symposium on Best Management Practices 
for Nutrients and Irrigation: Research, Regulation, and Future Directions. Am J. Potato Res. 
84:29-37. 
 



Shock, C.C., A.B. Pereira, B.R. Hanson, and M.D. Cahn. 2007b. Vegetable irrigation. p. 535-
-606. In R. Lescano and R. Sojka (ed.) Irrigation of agricultural crops. 2nd ed. Agron. 
Monogr. 30. ASA, CSSA, and SSSA, Madison, WI. 

Shock, C.C., J.D. Zalewski, T.D. Stieber, and D.S. Burnett. 1992.  Early season water 
deficits on Russet Burbank plant development, yield, and quality.  Am. Potato J. 69:793-804. 

Smajstrla, A.G. and S.J. Locascio. 1996. Tensiometer-controlled, drip-irrigation scheduling of 
tomato. Appl. Eng. Agric. 12:315-319.  
 
Smittle, D.A., W.L. Dickens, and J.R. Stansell. 1994. Irrigation regimes affect cabbage water 
use and yield. J. Am. Soc. Hortic. Sci. 119:20-23. 
 
Smittle, D.A., W.L. Dickens, J.R. Stansell, and E. Simonne. 1992. Irrigation regimes affect 
leaf yield and water use by turnip and mustard. HortScience 27:308-310. 
 
Smittle, D.A., M.R. Hall, and J.R. Stansell. 1990. Irrigation regimes on yield and water use by 
sweetpotato. J. Am. Soc. Hortic. Sci. 115:712-714. 
 
Stansell, J.R., and D.A. Smittle. 1989. Effects of irrigation regimes on yield and water use of 
summer squash. J. Am. Soc. Hortic. Sci. 114:196-199. 
 
Stansell, J.R., and D.A. Smittle. 1980. Effects of irrigation regimes on yield and water use of 
snap bean (Phaseolus vulgaris L.). J. Am. Soc. Hortic. Sci. 105:869-873. 
 
Sutton, B.G., and N. Merit. 1993. Maintenance of lettuce root zone at field capacity gives 
best yields with drip. Scientia Horticulturae (Canterbury, England) 56:1-11. 
 
Thompson, T.L., and T.A. Doerge. 1995. Nitrogen and water rates for subsurface trickle-
irrigated collard, mustard, and spinach. HortScience. 30:1382-1387. 
 
Thompson, T.L., and T.A. Doerge. 1996a. Nitrogen and water interactions in subsurface 
trickle-irrigated leaf lettuce: I. Plant response. Soil Sci. Soc. Am. J. 60:163-168. 
 
Thompson, T.L., and T.A. Doerge. 1996b. Nitrogen and water interactions in subsurface 
trickle-irrigated leaf lettuce: II. Agronomic, economic, and environmental outcomes. Soil Sci. 
Soc. Am. J. 60:168-173. 
 
Thompson, T.L., T.A. Doerge, and R.E. Godin. 2000a. Nitrogen and water interactions in 
subsurface drip-irrigated cauliflower: I. Plant response. Soil Sci. Soc. Am. J. 64:406-411. 
 
Thompson, T.L., T.A. Doerge, and R.E. Godin. 2000b. Nitrogen and water interactions in 
subsurface drip-irrigated cauliflower: II. Agronomic, economic, and environmental outcomes. 
Soil Sci. Soc. Am. J. 64:412-418. 
 
Thompson, T.L., T.A. Doerge, and R.E. Godin. 2002a. Subsurface drip irrigation and 
fertigation of broccoli. I. Yield, quality, and nitrogen uptake. Soil Sci. Soc. Am. J. 66:186-192. 
 



Thompson, T.L., T.A. Doerge, and R.E. Godin. 2002b. Subsurface dip irrigation and 
fertigation of broccoli. II. Agronomic, economic, and environmental outcomes. Soil Sci. Soc. 
Am. J. 66:178-185. 
 
Thomson, S.J. and D.K. Fisher. 2006. Calibration and Use of the UGA EASY Evaporation 
Pan for Low Frequency Sprinkler Irrigation of Cotton in a Clay Soil. J Cotton Sic. 10:210–
223.  
 
Timm, H., and W.J. Flockner. 1966. Responses of potato plants to fertilization and soil 
moisture under induced soil compaction. Agron. J. 58:153-157. 
 
Tjosvold, S.A. and K.F. Schulbach. 1991. How to reduce water use and maximize yields in 
greenhouse roses. California Agriculture. May-June 1991, p. 31-32. 
 
Wang, F.X., K. Yaoku, L. Shi-Ping, H. Xiao-Yan. 2007. Effects of soil matric potential on 
potato growth under drip irrigation in the North China Plain. Agri. Water Manag. 88:34-42. 
 
 


