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Introduction 
Producers of hard red spring wheat know that inadequate water 

reduces y1eld and quality. However. excessive water can also cause 
reductions m y1eld and quality. This type of loss may be difficult to 
identify and quantify because the problem may be attributed to a cause 
other than poor 1rrigat1on techniques. For example. diseases such as 
take-all. foot rot. Rhizoctonia root rot. black chaff. bacterial leaf blight. 
black po1nt. and scab all infect cereals. and their rates of infection and 
their severities increase with poorly timed and excessive irrigation. 

Often growers ask. How much water will my crop need before I 
can tum the water off? Are there any easy methods for determining 
when the water can be turned off? When will the crop mature? 
Some irrigation managers use head color or stem node color as an 
indicator o f when to irrigate. how much water to apply. and when to 
turn water off. But plant diseases and water and nitrogen stresses can 
affect plant color and therefore the reliability of these methods for 
irrigation scheduling. Other managers rely entirely on the number of 
irrigations applied. This method does not recognize that plant water 
use varies with temperature or that rainfall affects the need for irriga
tion water. 

Some producers base their entire irrigation scheduling program 
on soil moisture content, regardless of crop. In limited moisture years. 
however. water they could have applied to a crop that would gain more 
benefit they use instead on a crop that could have easily matured with 
the water already available in the soil. 

Irrigation scheduling using water-use tables <See University of Idaho 
CIS 1039. lrrigat1on Scheduling Using Water-use Tables> closely 
matches ava1lable water with the crop's demand. This method accounts 
for water stored 1n the so1l as well as the stage of crop development. 
This method works well when water-use tables are readily available 
and the Irrigator IS diligent in tracking crop water use. However. many 
irrigators need a quick method to determine if sufficient water exists 
to finish the crop without a loss of yield or quality. 

By estimating a crop's future water requirements based on visual 
examination of plant development and by using soil texture and the 
"feel and appearance" method to estimate available stored soil water. 
you can determine if adequate water exists to complete crop develop
ment or if additional irrigation is required. Even irrigators who primarily 
rely on other methods may use this method to help "fine tune" cur
rent irrigation practices. 

Wheat growth and water use 
Three principles are basic to effectively managing irrigated wheat 

crops for optimal yield and quality. These principles are: ( 1) cereal 
plants develop in a genetically predetermined pattern: (2) the rate of 
development is driven by temperature through maturity, although some 
varieties may be strongly affected by day length: and (3) over the 
growing season. solar radiation and the resulting air temperature is 
the dominant factor in determining evaporative demand and the rate 
of water use by wheat. Wind and relative humidity have less impact. 

Hard red spring wheat development as a function of 
temperatu re 

Cereal grain plants undergo specific growth stages that can be 
easily recognized. Weather conditions during the growing season af
fect the rate of development. The minimum temperature, or base tem
perature (Base TJ. for spring wheat development is 32°F. The maxi
mum temperature from emergence through the two-leaf stage. Haun 
stage 2.0. is 70°F, and the maximum temperature for plant develop
ment thereafter is 95°F. Plant growth slows and then ceases when the 
temperature falls below 32°F or exceeds the maximum. 

ll~ll~ll~~iiilliiilllllllll~ 
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EXAHPL.E 1: 

Calculating growing-degree days 

Suppose the low temperature for the day 
was 56°F, the high temperature was 98°F, 
and wheat was in the early dough develop
ment stage. Haun stage 14.0. Then MinT 
equals 56°F and Max T would be set to 95°F. 
The number of growing-degree days for this 
particular day is then: 

or 

OG00=43.5° 

Adding each day's value to the previous 
days· values provides the accumulated 
growing-degree days CGDD). 
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Daily growing-degree days COGOO) are calculated by averaging 
the minimum CMin n and the maximum CMax n temperatures for a 24-
hour period and then subtracting the base temperature CBase n: 

OGDD= ( MinT ; MaxT~ - BaseT. 

When the minimum temperature for the 24-hour period fa lls be
low 32°F, MinT is set to 32°F. When wheat plants have two or fewer 
leaves and the maximum temperature exceeds 70°F, the Max Tis set 
at 70°F. When wheat plants have progressed beyond the two-leaf stage 
and the maximum temperature exceeds 95°F, Max Tis set to 95°F 
(example 1 ). 

Although hard red spring wheat development depends primarily 
on temperature. some highly day-length sensitive varieties will require 
a minimum day length to trigger flower initiation. After floral initiation, 
however. day-length sensitive variety development becomes more 
dependent on temperature. 

Eight-leaf early maturing varieties require 130 GOD per leaf. Eight
leaf standard varieties require about 143 GOD per leaf. Early maturing 
varieties from emergence through heading, Haun stage 11 .0, accu
mulate 1,365 GOD, while standard varieties require 1,500 GOD 
(table 1 ). After the completion of heading through to maturity, early 

Table 1. Approximate cumulative growing·degree days for eight-leaf hard red spring 
wheat cultivars from emergence through ripening. 

Stage of development Cumulative GOD ' 

Description Haun Standard Early 
scale maturity maturity 

First awns visible 10.1 - -
Inflorescence emergence (heading> - - -
First spikelet of inflorescence visible 10.2 1390 1260 
I I 4 of inflorescence emerged - - -
1 /2 of Inflorescence emerged 10.5 - -
3/4 of inflorescence emerged 10.7 - -
Emergence of inflorescence 11.0 1500 1365 

completed <Fully headed) 

Anthesis (flowering) 
Beginning of anthesis (flowering 11 .4 - -
begins about the middle of the head 
and progresses toward the top and 
bottom of the head at the same time> 

Anthesis half-way 11 .5 - -
Anthesis complete 11.6 1590 1445 

Milk 
Kemel watery ripe 12.1 1645 1495 
Early milk 13.0 1835 1685 
Medium milk - - -
Latem1lk - - -
Dough 

Early dough 14.0 2000 1820 
Soft dough 14.5 2040 1890 
Hard dough 15.0 2245 2095 

Ripening 
Kemel hard 15.5 2320 2170 
(difficult to divide by thumbnail: 
physiological maturity) 

Kemel hard 16.0 2400 2250 
(can no longer be dented by thumbnail) 

Harvest ripe (direct combining> - - -

Note: Seven-leaf standard matunng vanet1es requwe 143 GOD fewer than eight-leaf vaneties. and 
nine-leaf varieties require 143 GOD more. 
' Cumulative growing-degree days <GDDl Is the sum of daily growing degree-days <DGDDl from 
emergence to specific growth stage. 
Source: Baur A , C. Fanning. J.W. Enz and C.V. Eberle1n. 1984. Use of Growlng·Degree Days to 
Detennlne Spring 'Mleat Growth Stages. EB 37. North Dakota State University Cooperative Extens1on 
Serv1ce. Fargo. NO. --

~ ------
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EXAMPL£2: 
Calculating days to maturity 

Suppose a standard maturing wheat crop 
is in the early dough stage. Haun stage 14.0. 
It will require an additional400 GOD 
(2.400 GOD- 2.000 GOD> (table 1) to reach 
maturity. 
If the low temperatures are expected to be 
about 55°F and the high temperatures about 
95°F for the remainder of the growing pe
riod, then about 43 GOD [(55° +95°)/2- 32°1 
will accumulate each day. The days required 
for the crop to develop from the early dough 
stage to kernel hard is therefore 

400 GOD + 43 GOD/day = 9.3 days. or 
about 1 0 days 

and standard maturing varieties require about the same number of 
GOD to complete development. Standard maturing eight-leaf hard red 
spring wheat varieties develop eight leaves prior to heading and re
quire about 2,400 GOD to mature. Early maturing eight-leaf varieties 
require about 200 GOD less. 

Seven-leaf standard maturing varieties require 143 GOD fewer 
than eight-leafvarieties. and nine-leaf varieties require 143 GOD more. 

The pattern does not vary signficantly from year to year. A grow
ing season may be exceptionally warm or cold. and it may take fewer 
or more calendar days for wheat to ripen. but the amount of heat units 
required remains the same. 

The growing-degree day concept along with accurately staging 
crop development can be used to calculate the number of days to 
maturity (example 2). 

W ater use in re lation to p lant development stage 

The daily rate of water use by wheat is dependent upon climatic 
conditions and the density of crop vegetation. Temperature has a major 
effect on crop water use: wind and relative humidity have less impact. 

The relationship between water use and the Haun stage of devel
opment also has been found to be significant (figure 1 ). In general. 
water use by irrigated hard red spring wheat from emergence to head
ing, Haun stages 0 to 1 0. is about 8 to 9 inches. Average water use 

F IGURE 1: Cumulative water-use by evapotranspiration for irrigated hard red spring 
wheat in relation to plant development stage1• 
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EXAMPLE 3: 
Calculating total available soil water 

Total available soil water= 
total water holding capacfty- total water deficit 

Suppose wheat is at the milk stage with an 
effective root depth at milk stage of 3.5 feet 
and that soil depths and textures are as fol
lows: 

Soil depth Soil texture Water-holding capacity' 
Cinches> Cinches/inch) 

0-12 Silt loam 0.20 

12-18 Loam 0.17 

18-42 Sandy loam 0.14 

1Water-holding capacity is from table 2. 

Calculate water-holding capacities and esti
mated deficits for 6-inch increments and for 
the entire profile: 

Soil depth Water-holding' Estimated water 
Cinches) capacity deficit2 

Gnchesl Cinches> 

().6 6 X 0.20 = 1.20 1.20 X 1 Oo/o = 0. 12 
6-12 6 X 0.20 = 1.20 1 20 X 20o/o = 0.24 
12-18 6x0.17 = 1.02 1.02 X 30% = 0.31 
18-24 6 X 0.14 = 0.84 0.84 X 40o/o = 0.34 
24-30 6x0.14 = 0.84 0.84 X 40% = 0.34 
30-36 6J<0 14 = 0.84 0.84 X 25% = 0.21 
36-42 6x0.14 = 0.84 0.84 X 25o/o = 0.21 
Total 6.78 1.77 

1 Soil depth Gnchesl x water-holdmg cap:!CIIy(,nches/inchl 
2 Water-holdtng capacity (inches) x soil-moisture 
deficiency (o/o) (from table 3l 

Then, 

Total available soil water = 
6.78 inches- 1.77 inches= 5.01 inches 
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Table 2. Water-holding capacity for various textural classes of soils. <To be 
used when soil series is unknown.) 

Soil textural class Water -holding capacity Water-holding capacity 
(inches/inch) Cinches/foot) 

Sand 0.04 0.43 
Loamy sand 0.08 0.94 
Sandy loam 0 .14 1.67 
Sandy clay loam 0 .14 1.67 
Loam 0.17 2.10 
Silt loam 0.20 2.44 
Silt 0 .18 2.12 
C lay loam 0.16-0.18 2.0-2.16 
Silty clay loam 0 .18 2.16 
Silty clay 0 .17 2.04 
C lay 0.16 1.94 

Source: McDole. R.E., G.M. McMaster. and D.C. larson. 1974. Available Water-Holding 
Capacities of Soils In Southem Idaho. CIS 236. University of Idaho Cooperative Extension 
System and Agricultural Experiment Station. Moscow. ID. 

per Haun development stage is essentially constant from the eight
leaf unfolding through kernel hard stages, stages 7 to 15. That is, on 
average, from stage 7 through stage 15, hard red spring wheat will 
use about 1 .5 inches of water per Haun stage of development. 

Water manag_ement for irrigated 
sprmg wheat 

D etermin ing effective crop-rooting depth 
You will need to examine soil moisture content carefully to the 

effective crop-rooting depth. The unrestricted effective root zone of 
hard red spring wheat at Haun stages 8 to 11 .6, flag leaf through 
flowering, is about 2 to 3 feet. At milk development, the effective root
ing depth has reached its maximum, about 3 to 3.5 feet. Effective root 
zones may be shallower due to soil compaction, impervious layers 
Crock), or water-saturated soil conditions. See CIS 1039, Irrigation 
Scheduling Using Water-use Tables. for additional information on ef
fective rooting depth. 

D etermining soil water-hold ing capacity 
Soil water-holding capacity varies with soil texture, from 0.43 inches 

per foot of soil for sand-textured soils to 2.44 inches per foot of soil 
for some silt loam soils (table 2). A uniform silt loam soil at field capac
ity at the maximum effective rooting depth of a crop at the milk stage 
of development will hold about 

2.44 inches/foot x 3 feet= 7.3 inches 

Water-holding capacities for specific soil texture classifications and 
soil series can be obtained from county soil surveys available from the 
Natural Resources Conservation Service and soil conservation dis
tricts or from county extension offices. Once soil textures and the 
depths of each are known, water-holding capacities can be estimated 
from table 2. Total water-holding capacity to the effective rooting depth 
can be calculated by summing the water-holding capacities of each 
soil layer in the profile. 

D etermin ing available soil water 
Available water can be determined with the " feel and appearance" 

method (table 3). This method estimates the water deficit in the soil 
based on how a soil sample ribbons, forms a ball, or rolls between the 
fingers. Since water use occurs more rapidly from soil depths closer 
to the surface than from greater depths, and irrigation practices vary 
from producer to producer, an auger or soil sampling probe will be 
required to adequately assess soil moisture conditions. 
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Take soil samples in 6-inch increments to the maximum effective 
root depth. usually 3.5 feet for unrestricted root zones of hard red 
spring wheat. If time for sampling is limited. one sample, taken at one
third the effective root zone depth, will give a representative soil-mois
ture level if soil texture does not vary with depth (example 3). 

Allowable soil moisture depletion 
The percentage of available soil water at field capacity that the 

crop can use without causing yield or quality loss is called the man
agement allowable depletion CMAD>. The MAD in cereal grains will 
vary with stage of development. 

Wheat at all stages of development except boot through flower
ing and ripening may use up to 55 percent of the available water in the 
soil at field capacity without injury to yield or quality. From boot to 
flowering, allow the crop to use up to to 45 percent of the available 
water in the soil at field capacity. Once hard red spring wheat has 
matured to the hard dough stage. Haun stage 15, up to 90 percent of 
the water in the soil may be used. 

Determining water requirements and final irrigation 
The water requirement to complete development of hard red spring 

wheat can be calculated at any stage of development. but recognizing 
the correct stage of crop development is essential (figure 1 ). To do 
so. examine kemel development carefully. selecting heads from vari
ous parts of the field. 

Table 3. Feel and appearance method for estimating soil moisture deficiency. CThe numbers in parentheses indicate inches of water 
deficit per foot of soil.l 

Soil-moisture Coarse M oderately M edium Fine and 
deficienc y t extu re coarse t exture t exture very f ine 

t exture 

0% Upon squeezing, Upon squeezong. Upon squeezong. Upon squeezmg. 
<F~eld capacity) no free water no free water no free water no free water 

appears on soil appears on sod appears on sool appears on soli 
but wet outline but wet outhne but wet outline but wet outline 
of ballos left on of ball is left on of ballos left on of ball is left on 
hand. <O.Ol hand. <O.Ol hand. <O.Ol hand. <O.Ol 

0-25% Soil tends to stick Soil forms weak Soil forms a ball. Soil easily ribbons 
together slightly. ball, breaks easily, is very pliable. out between 
sometimes forms a very will not slick. slicks readily If fingers. has slick 
weak ball under <0.0 to 0 4) relatively high in feeling. <O.O to 0.6) 
pressure. <0.0 to 0.2> clay. (0.0 to 0.5) 

25·50% Soil appears to be Sool tends to ball Soil forms a Soil forms a ball. 
dry. Will not form a under pressure but somewhat plastic ribbons out 
ball With pressure. seldom holds ball. Will sometomes between thumb 
<0.2to0.5> together <0.4 to 0.8> slick slightly With and forefinger. 

pressure. <0.5 to 1.0> <0.6to 1.2> 

50-75% Soil appears to Soil appears to Soil is somewhat Soil is somewhat 
be dry, will not be dry, woll not crumbly but holds pliable. will form 
form a ball with form a ball. <0.8 to 1.2> together with a ball under 
pressure. (0.5 to 0.8> pressure. (1.0 to 1.5) pressure. < 1.2 to 1.9) 

75·100% Soil is dry. loose. Soil is dry. loose. Soil is powdery. dry. Soil is hard. 
(100% is single·grained. flows through sometimes slightly baked. cracked. 
permanent flows through fingers. < 1.2 to 1.5) crusted but easily sometimes has 
wilt point> fongers.<0.8 to 1.0) broken down onto a loose crumbs 

powder. (1 5 to 2.0> on surface. (1 .9 to 2.5) 

Note. A baD is formed by squeezong a handful of sod~ finnly. 
Source: lsraelsen. O.W.. and VE. Hansen 1962. lmgatoon Pnncoples and Practoces Third Ed1toon. New York John Woley and Sons. Inc. 
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Definitions of terms 

Allowable soil moisture depletion
Depth of water that a crop can remove with
out loss to yield or quality: total water hold
ing capacity x MAD 

Available water-Water held in the soil 
between the existing soil-moisture 
content and the wilting point. 

Field capacity-the maximum amount of 
water that can be held by soil against 
gravity. Field capacity varies with soil 
texture. 

Management allowable depletion 
<MAD>- The percentage of available 
water at field capacity that can be used 
by the crop at a particular stage of 
development without loss of yield or 
quality due to moisture stress. 

Minimum available water-Minimum 
depth of water, in inches, that should 
remain in soil to avoid loss to yield or 
quality. If plants are allowed to utilize this 
minimum available water, a reduction in 
yield and quality will result because more 
energy is required to extract the water 
from the soil 

Soil moisture deficiency-The 
difference between field capacity and the 
current moisture level in the soii.The 
value is expressed as a percentage of 
total water holding capacity. 

Total water-holding capacity- The 
depth of water a soil at field capacity can 
hold in the root zone against gravity and 
be available to the crop: the difference 
between field capacity and wilting point. 
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Table 4 gives estimated water use from heading completion to 
hard dough. If the total available water equals or exceeds the esti· 
mated water use plus the minimum available water level then addi
tional irrigation is not required. However, if estimated water use plus 
the minimum available water level is less than the total available wa
ter, irrigation is advised. Because only a portion of the irrigation water 
applied to the soil is stored in the crop-root zone. calculate the full 
amount of water to apply by dividing the net irrigation requirement by 
the application efficiency Cas a decimaD. Typical irrigation system ap
plication efficiencies are provided in table 5 (example 4). 

Table 4. Estimated water use from flowering to hard dough for hard red spring 
wheat. 

Haun scale Description GOD' Water-use2 Water-use 
during this to hard 

stage dough 
Cinches) Cinches) 

11.0· 12.0 Heading complete to watery npe 145 1.5 6.4 
<includes flowering) 

12.0-13.0 Watery ripe to early milk 190 1.6 4.8 
(watery ripe) 

13.0·14.5 Early milk to soft dough Cmilkl 205 1.6 3.2 

14.5·15.0 Soft dough to hard dough 205 1.6 1.6 
(soft dough) 

1 GOD. from table 1, is the growing·degree days required to complete this Haun 
stage. 
2 Water-use dunng this stage is an estimated value derived from the difference 
between cumulative water values as calculated by the equation Y = 0. 11 OX2-
0.00244X3 + 0.27 where X= Haun stage and Y = cumulative water use in inches. 
Source: Bauer. A .. A .L. Black. and A.B. Frank. 1989. Soli Water Use by Plant 
Development Stage of Spring and Winter Wheat. Exp. Sta. Bull. 519. North 
Dakota State University, Fargo. 

Table 5. Typical irrigation system application efficiencies. 

Application Water required to 
efficiency 

(%) 
put 1 inch of water 
in crop-root zone 

Gnchesl 

Surface systems 
Furrow 35-65 1.5·2.8 
Corrugate 30-55 1.8·3.3 
Border. level 60-75 1.3·1.7 
Border, graded 55-75 1.3·1.8 
Flood. w1ld 15-35 2.8·6.7 
Surge 50-55 1.8-2.0 
Cablegation 50·55 1.8-2.0 

Sprinkler systems' 
Stationary lateral (wheel or hand move) 60-75 1.3· 1.7 
Solid set lateral 60-85 1.2·1.7 
Traveling b1g gun 55-67 1.5-1.8 
Stationary big gun 50-60 1.7-2.0 
High-pressure center pivot 65-80 1.3-1.5 
Low-pressure center pivot 75-85 1.2-1.3 
Moving lateral <linear) 80-87 1.1-1.2 

Micro irrigation systems 
Surface/ subsurface drip 90-95 1 05-1.1 
Micro spray or mist 85-90 1.1-1.2 

' For sprinkler systems, use the lower values for wide nozzle spacing and windy 
conditions. 
Source: Sterling R. and W.H. Neibling. 1994. Final Report of the Water 
Conservation Task Force. IOWA Report. Idaho Department of Water Resources. 
Boise,ID. 



EXAMPL£4: 
Calculating the final irrigation 

Suppose you want to determine if adequate 
water exists to complete the development of 
a hard red spring wheat crop that is in the 
milk stage. Assume the estimated total wa-
ter-holding capacity, estimated total water 
deficit, and total available water given in ex-
ample 3: 

une Example Your 
value value 

Total water hold1ng capacity of 6.78 
soil in the effective root zone 
(inches> 

2 Management allowable depletiOn 0.55 
<MAD> <boot through 
flowering= 0.45; watery ripe to 
hard dough= 0.55; and hard dough 
to harvest tipe = 0.90) 

3 Allowable sod motsture depletion 3.73 
(inches) <= Line 1 x Line 2> 

4 Min1mum available water 3.05 
<inches) <= Line 1 • Line 3> 

5 Available water (inches) 5.01 
<Determine us1ng feel and 
appearance method or appropriate 
field Instrumentation) 

6 Water available to crop without 
loss to yield or quality 1.96 
(inches) <= Une 5 • Line 4) 

7 Estimated water-use from current 3.20 
stage to hard dough (Inches> 
<see table 4) 

8 If Une 6 is greater than Line 7. 
adequate water is available to 
complete development 
If Line 6 IS less than Une 7. an 
irrigatiOn appliCation is advisable. 
Proceed to Une 9. 

9 Net 1rngabon requ1rement (inches> 1.24 
<= Line 7 · Line 6) 

1 0 AppliCation effic~ency 0.70 
<as a decimal from table 5> 

11 Actual amount of water to apply 1.77 
(inches> <= Line 9 + Une 1 0> 

Example 4 discussion 

The estimated total water-holding capacity of the soil is 6. 78 inches 
(Line 1 >.At the milk to hard dough stage, the MAD level is 55 percent 
of the estimated total water-holding capacity <Line 2). That is, the crop 
could use as much as 3. 73 inches <6. 78 inches x 0.55) if the soil 
profile was filled to field capacity Cline 3). But in this case the soil 
profile is not filled to field capacity but contains an available water 
content of 5.01 inches Cline 5). 

To calculate water available to the crop without loss to yield or 
quality Cline 6), subtract the minimum available water <Line 4) from 
the available water Cline 5): 

5.01 inches · 3.05 inches = 1.96 inches. 

Compare the water available to the crop without loss to yield or 
quality Cline 6) to the estimated water use from the current stage of 
development, milk, to hard dough <Line 7>. Because the estimated 
water use required to complete crop development is greater than the 
water available to the crop, irrigation is advised. 

To calculate the net irrigation requirement Cline 9), subtract the 
water available to the crop without loss to yield or quality (Line 6) from 
the estimated water use for the crop from the current stage of crop 
development to hard dough (Line 7>: 

3.20 inches· 1.96 inches= 1.24 inches. 

Because only a portion of the irrigation water is delivered to the 
crop root zone. adjust the irrigation requirement for the application 
efficiency Cline 1 O> of your particular irrigation system <table 5>. For a 
high-pressure center pivot system, you would apply 

1 .24 inches+ 0. 70 = 1. 77 inches. 

In this example. if the available water in the effective root zone 
was equal to or greater than 6.34 inches. then additional water would 
not be needed. Though the crop is not mature at Haun stage 15. hard 
dough, there should be adequate water in the soil to carry the crop to 
maturity. 
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