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Water Use by Alfalfa, Maize and Barley as influenced by available soil water

by Ted Sammis from a paper in Agricultural Water Management (1)

The availability of soil water is one of the most important determinants of crop production. Field studies
were conducted to examine the relationships between relative evapotranspiration (E/Emax) and
Available water (W) for alfalfa, maize and barley. Potential evapotranspiration (Eo) was estimated using
Penman's equation to characterize the evaporative demand. The Management Allowed Depletion
(MAD) is the level ofW that E/Emax starts to decrease. Irrigating after MAD is reached will cause a
decrease in E and yield. Evapotranspiration and yield are linearly related and the relationship is the
evapotranspiration water production function.

The results show that the relationships between E/Emax and W were different for the three crops.
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Fig. ]. Rf'!btive evapotranspiration (1!;/l!;mn;x) as a function of the proportionot avoilablc
water (14'") for alfalfa in soils or different textures and wh.h cHUerenl pot-ential p.vapotran~.
pirotion (Eo)'
A, 2iandy loam (Eo = 6.3 mm/day): .l!.'IEmex - O.lR7 + 2.703W - 2.41!HJn. ,.1 = 0.94-
B. clay loam (E" = 6.1 mmfday): EIEmax = 0.254 + 1.093W. 7~ = 0.74
C. clay loam (Eo = 'j.6 mm!day): EIEmfD< - 0.114 + 1.643"'. ,.a = 0.82
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Fig. 2. Relative evapotraru;pind.iun (EIEm.aa) as a (unction of the proportion of avail.ab]e
waler (W) for alfalfa in a sandy loam soU with different potential evapotranspiration (E~).
A.ED'"' 6.3 mm./day: E1Em.ax = 0.187 + 2.703W - 2.419W2. r:l- 0.94
n. KD= 7.5 mm.lday: E1Emax= 0.236. 2.024W - 1.409","2,r3 - 0.90
~. Eo=4.7 rnrnJday: EIEmax" 0_838 + 1.427", - O.976W'. ,.' = 0.90

For alfalfa, the relationship was dependent on the physical properties ofthe soil and on Eo. In a clay
loam soil, the decline in E from Emax commenced at a higher value of W than in a sandy loam soil.
Furthermore, the rate of decline in E for Emax was dependent on Eo and was greater as Eo increased. In
the sandy loam soil the relationship between E/ Emax and W was not dependent on Eo.

For maize and barley in clay loam soils, E/Emax as a function ofW was linear and was not dependent
on Eo.
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Fig. 3. Relative evapotranspiration (EIEma~J as a function of thc proportion of o.voiloblc
water (R') [or maize in a cla.y loam soU with differcnt potential evapol.ranopiratjon (ED)'
F. Eo - 8.8 mmJrlay: F./fi:rnitX= -o.O~ -f.1.85 W. r: =O.tl5
G. Eo - 7.5 mm/da)r: EIEmax = -0.03 + 1.73W. r" =O.R4
H. F = 9.8 mm/da.y: EIEmax = -0.08 + 1.75W, r'J = O.R3

http://weather.nmsu.edu/Teaching_Material/soil456/Tensiometers/wateruse.htm 3/7/2008
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Fi~. -I. Relative evapQtranspiration (EIE~u ) as a function of the proportiun uf available
'Wa.te:r (\V) roc barley in u clay loam soil with ditferent. pulenlial evapouanspiration(1<:..),
T. Ko = 9.-1mm/ilay: E/Emax - 0.18 ~ 2.95W, r2 = 0.88
J. Eo - 7.2 mm/aay: F./F:D:J.>D<= -0.21 + a.09W. r1 - 0.93K.Eo -9.1. nun/day; EIE_ax --0.02 + 2.11 \V, r" ~ 0.86

This study was compared to results reported in the literature,
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Fig. 6. Vari«:.u. proposal.. of the relation..hip b~tw..n thc.o relative wat4r UB9 by alfall". and
mai%e end the proportion 01" available water.
~ 1, Maize (Denmead and Shaw. 1962). silty clay loam (E. - 6-4 nun/day)
M2, Maize (Denm..ad and Shaw. 1962). silty clay loam (Eo - 5.6 mm/day)
$, Mei,", (RitC!hie. 1973), cia:)' (R.. - 6,5 mm/day)
MS, Maize (Thi& Btudy). clay loam (Eo - 7.6-9.8 rnrn/day)
AI, AlfaUa (Van Bavel. 1967), clay loam (E. - 9.0 mm/day)
A2. Altalfa (Th is study). clay loam (E.. - 7.6 mm/day)
AS. AlfaU'a ('1'his 8tudy), .andy loam (1::0 - 6.3 mm/day)

and it was hypothesized that differences were related mainly to the way variation in soil moisture was
introduced over the measurement period.

(1) From paper by A. S. Abdual-Jabbar, T. W. Sammis, D. G. Lugg, C. E. Kallsen and D. Smeal.
1983.Water Use by Alfalfa, Maize and Barley as Influenced by Available soil water. Agricultural Water
Management, 6 : 351-363


