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>~ .~ Water use efficlency (WUE) Is of concern to farmers
* when they must deal with suboptimal water resources
% " and they wish to utilize each increment recelved to the
4 klestextent. Under these conditions, it is necessary to
¥ - mikeasmuchof the water resource available to the crop
/- s possible and subsequently to have the crop utilize
that water with maximum efficlency to produce desired
‘tommodities. Depending upon its intended use, WUE
may be defined In several way as follows:
WUE,= Y/PPT; WUE, = Y/ET; WUE, = Y/T ‘1)
£ i where: Yleld (Y) can be total biomass or usable product
%  weh as grain, PPT is total precipitation received per
" crop, ET is evapotranspiration, and T is transpiration.
. WUE, Is a measure of water use efficiency based upon
" iotal preclpitation avallable including all ways in which
>~ waler Is lost and/or remains unuscd in the soll. This
=" defnition Is useful in long-term agronomic studies where
. evaluation of cultural practices includes their effective-
" messin making the water resource avallable to the crop.
"+ WUE,, Is a measure of water use efficiency based upon
evapotranspiration and iIs useful in agronomic studies to
. waluate the effects of cultural practice on efficient use
of water lost from the system by evaporation (E) and
" transpiration. WUE_{s a measure of water use efficiency
- based upon transpired water and is important in physi-
ology studies where information is sought relative to
basic metabolic functions and relationships between
plant growth and water use.

!

Soil Fertility and Water Use Efficiency
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Thus, factors having a disproportionate effect on
yleld and plant water use will affect WUE., For example,
Black et al. (1981) found that replacing crop-fallow
production systems with more intensive cropping sys-
tems resulted in increased average annual crop yields
with subsequent increases in WUE, (Table 1). The an-
nual cropping sequences used 81% of the precipitation,
while the 3-year rotation used 59% and the crop-fallow
51% of the precipitation received. Nitrogen application
resulted in additional yield increases without affecting
water utilization which resulted in an additional in-
crease in WUE,,. Excellent reviews of the effects of soil
fertility on water use and WUE_, and WUE_ have been
published (Briggs and Shantz, 1913; Viets, 1962, 1967;
Power, 1983). These reviews provide more detail than
will be possible to discuss here. However, we will briefly
address the main principles since they apply to current
problems of maximizing use of avallable waler resources
in crop production through optimization of inputs.

Data in Figure la illustrates the effects of the
interaction beltween available water and nutrient levels
on grain sorghum [Sorghum bicolor (L..) Moench]. As
available water increased, yleld responses to applied N
increased. For the medium (W,) and high (W,) water
levels, ET and Y where independent (Fig. 1b), with the
expected linear relationship between WUE,, and yleld
(Fig. 1c). This may occur, because as nutrient levels
increase plant growth, leaf area is increased resulting in
greater ground cover and T while reducing incident
radiation on the soll surface and E (Power, 1983). Thus,

. Table 1. Average precipitation-use efficiency per cropping sequence as influenced by cropping system within a tall wheatgrass barrier
gystem over a 12-year perlod (Adapted from Black et al., 1981).

Average annual

Tolal ppt Total water* grain yleld WUE,
Cropping system per crop use per crop WUE * No N +N No N +N
mim %o Mg/ha kg /ha/mm

Annual cropping

6WW,B.S,B.WW,S,B 396 222 81 1.33 1.79 3.4 4.5
Three year rotation

SW-WW-F 569 333 59 1.00 1.42 2.6 3.7
Crop fallow

WW-F 788 404 51 1.02 1.25 2.6 3.1

*Crop water-use per crop is based on solf water use plus precipitation received from seeding to harvest.
'Symbols: +N = 34 kg N/ha each crop year; ppt = precipilation: WUE_ = [(tolal water use/crop) / (tolal precipilation received /crop)]
x100; WW = winter wheat (Triticurn aestivurnL.); SW = spring wheat; B = spring barley (Hordeum vulgare L.}; S = safflower (Carthamus

tinetoris L.); and F = fallow.
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Figure 1. Relationships between sorghum grain yield, ET, and WUE,,. All plots preplant irrigated to fill soll
profile. Growing season: W, = rainfed, W, = 50% of ET replaced weekly, and W,= 100% of ET replaced
weekly. ET replacement began approximately six weeks after planting. (Onken, A.B. and C.W. Wendt,.

Unpublished data.)

Table 2. Fertilizer effects on grain yleld and WUE_, of grain sorghum and millet in Niger and Mall (Wendt, C.W., Z. Kouyate, and

W.A. Payne, unpublished data).

Grain sorghum Millet
Ferti- Yield WUE,, % of Yield WUE, % of
Location lity* control control
Mg/ha kg/ha/mm % Mg/ha kg/ha/mm %
Kdla Pate’, Niger 4] 0.27 0.83 100 0.65 2.01 100
ET (321 nun) ¥ 0.63 1.66 200 0.84 2.62 130
N'Dounga, Niger 0 1.20 4,40 100 1.14 4.18 100
ET (273 mmy) o 1.73 6.35 144 1.44 5.27 126
Chikal, Niger 0 0.24 1.12 100 0.48 2.24 100
ET (214 nan) o 0.35 1.62 144 0.56 2.64 118
Cinzana, Mali 0 1.31 3.52 100
ET (372 mm)" F 2.05 5.52 157
ET (390 mm)* 0 1.51 3.88 100
F. 2.62 6.72 173

*Niger: 0 = control; F = 10 kg P + 45 kg N/ha - 1985.
Mali: 0 = control; F = 20 kg P + 45 kg N/ha - 1986.

*Tillage = No till.

*Tillage = Deep plowing + tied ridges.

with a moist soll surface these two processes may affect
each other such that little change in ET occurs. At the
lowest water level (W), the relationship between ET and
Y and WUE_, and Y was non-linear due to a significant
increase in ET with applied N.

Fertilizer applications have been found to have
substantlal effects on yield and WUE_, for sorghum and
mlllel [Pennisetum americanum(L.) Leeke] grown In dry-
land systems in the Sahelian zones of Niger and Mali on
solls that were very low in N and P (Table 2). Amounts of
ET were low. Indicating yleld restricting levels of avail-
able water. Increases In grain yleld and WUE_ were
dramatic, ranging from 18 to 100%. Changes in WUE_,
were less for millet than for sorghum due to a lesser
response to fertilizer. These data confirm that under very
deficient soll fertility conditions, responses to applled
fertilizer can be obtained even at low levels of available
water.

Under similar levels of ET, N fertilization signifi-

cantly increased WUE_ of winter wheat (Triticum aestivum
L.), corn (Zea mays L.), and sorghum produced dryland
in the central Great Plains of the United States (Table 3},
Data in Table 4 illustrate the effects of the degree of crop
responsiveness to available and applied nutrients on
WUE,,. Available water and soil fertility were low as can
be seen from the low values for ET and the magnitude of
the response to applied N. While there were significant
differences in yield with no applied N, there were no
differences in WUE_,. However, due to a larger yleld
response, the WUE_ of SC630 was greater than 77C51
and SC325, and the WUE _, of R6956 was greater than
SC325 when N was applied. Thus, since one of the :
primary effects of fertilizer on WUE_ s its effect on yleld,
maximum beneflts from applied fertilizer will be achleved
only when the most responsive cultivars are utilized.
Research to define the relationships between plant
nutrition and WUE_has been conducted in contalners -
such that E can be controlled and T measured. Briggs
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7§ Tible3. influence of N fertilization on grain yleld and WUE,,of winter wheat, comn. and sorghum grown in a three year dryland wheat-
“§ om (or sorghum)-fallow rotation at Akron, Colorado (A.D. Halvorson. unpublished data).

Winter wheat Corn Sorghum
N
rate Yield WUE_* Yield WUE,_, Yield WUE_,
kg/ha » Mg/ha kg/ha/mm Mg/ha kg/ha/mm Mg/ha kg/ha/mm
0 2.53 8.8 1.70 7.1 1.06 4.5
28 3.58 12.5 2.64 11.1 1.61 6.8
56 4.18 14.6 3.57 15.0 2.27 9.5
84 4.50 15.7 3.61 15.2 2.38 10.0
112 4.70 16.4 3.77 15.8 1.98 8.3

‘WUE,, = kg/ha/mm.

Table 4. Water use, grain yleld. and WUE_, of four grain sorghum genotypes grown dryland at Lubbock, Texas, 1984 (Onken, A.B.

and C.W, Wendt, unpublished data).

ET Grain yleld WUE,,
Sorghum
line No N +N* No N +N No N +N
mm Mg/ha —— leg/ha-mm
5C630 277 284 2.98 ab® 5.84a 10.8 206a
R6956 366 312 3.11a 547 a 8.5 17.5b
77CS1 297 348 2.53 ab 4.78 a 8.5 13.7 be
5C325 305 300 2.35b 3.21b 7.7 10.4 ¢
N.S. N.S. N.S.
*180 kg N/ha.

*Means followed by the same letter in the same column do not differ significantly at the 0.05 probability level,

Onken. unpublished data).

¥ Table 5. WUE. and values of “m" for tlwo sorghum genotypes as allected by water and feriility levels (Wendt, C.W. and A.B.

WUE, "m"” values
Tops Tops and roots Tops Tops and roots
g/kg

Genotype

SC630-11E 3.1a* 360 300a 343b

77CS1 33a 45a 28.2a 39.3a
Water level

High 3.2a 38b 285a 343b

Low 32a 43a © 296a 38.4a
Fertility level

0 32b 39b 28.6b 356b

10 32hb 28.7a

20 3.2bh 3.9h 29.0 a 35.7b

40 320 28.3 a

80 34an 43 a 30.7 a 39.2a

Wendt, G.W., and A.B. Onken. Unpublished data.)

*Means followed by the same letter in the same column do not differ significantly at the 0.05 probability level.

and Shantz (1913) provided an excellent summary of
early work in water requirements. The earliest work
reported was that of Woodward (1699) which was con-
ducted fn solutfon cultures, which led to the conclusfon
that, within limits, water requirement of plants was
dependent upon the amounts of plant nutrients avall-
able. The first reported study in soil was that of Lawes

(1850), in which he found reductions in water require-
ments for wheat and clover (Trifolium pratensej due to
additions of manure and ammonical salts. Some of the
best early work on the influence of fertilizers on WUE_
was conducted by Kiesselbach (1910, 1916). In a study
with solls of diflerent inherent fertility, he found the
greatest decrease in water requirement occurred when
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manure was applied to solls of lowest fertility. His data
suggest that fertilizer effects on WUE_ are Inversely
related to the fertllity level of the soli.

de Wit (1958) suggested that In arid and semiarid
areas, water requirement depends on plant species and
evaporative demand with the following relationship:

Y = mT/E, (2]

where Y is total dry matter, T is total transpiration, E_is
mean dally free water evaporation, and m Is a propor-
tionality conslant characteristic of the crop. Thus, there
is a correction for evaporative demand. Research by
Hanks (1983) supports this relationship; however, “m”
values are apparently affected by genotype and year-to-
year climatic variability. Use of vapor pressure deficit for
E_rather than evaporation has been proposed by Tanner
and Sinclair (1983). They suggest that through such
corrections, “m” values will be the same in all climates.

In an effort to more carefully define the relationship
between sorghum genotypes, water level, and nutrient
levels on WUE., a controlled study was conducted under
a rainout shelter in mini-lysimeters sealed to prevent
evaporation (Table 5). Dillerences in WUE_ and “m” were
not well delineated based on shoot weight alone. How-
ever, when root weights were included, significant differ-
ences were found between cultivars, fertility levels, and
water levels. The “m” values were lower than those of
Howell and Musick (1985) and higher than those of
Hanks (1983) and de Wit {1958).

The foregoing discussion indicales that fertlllzer
affects WUE through Its clfect on yleld. Improvement of
WUE 1s only of value If the lertilizer applicallon makes
cconomie sense. Yield potential inflluences the nutrlent
requirement of a crop. Many factors influence dryland
crop yield potentials. Among the most important are
cropping systems (Table 1) and amount and distribution
of available water (Fig. 1). Thus, as a first step in
determining fertilizer needs, some realistic estimate of
yield potential must be available.

Since crops obtain nutrients from the soil as well as
from fertilizers applied in the current season, the nutri-
ent supplying power of the soil needs to be assessed. This
can best be accomplished through the use of soil tests
that have been correlated to crop yield and fertilizer
application rates (Halvorson and Kresge, 1982; Onken
and Sunderman, 1972; Onken et al., 1980; and Onken
etal., 1985). The objective is to simultaneously make the
most efficient use of the available water resource and
applied fertilizer.
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