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BACKGROUND

Historically, many producers in summer fallow areas of Montana followed a strict crop-fallow rotation
regardless of soil moisture conditions. By effectively using precipitation and stored soil moisture, producers
have the ability to improve their overall production as well as minimizing environmental hazards such as
saline seep development, nutrient leaching, and soil erosion.

INTRODUCTION

Flexible cropping can be used in areas of Montana where precipitation is not adequate for or is not
predictable enough to allow for annual cropping systems. Flexible cropping or Flex-crop is where the
decision to recrop is based on the amount of stored soil moisture and rainfall probabilities that will attain a
satisfactory yield. It is designed to accomplish several objectives including (1) increase grain production by
using water more efficiently; (2) control saline seeps by cropping as often as possible to use stored soil
moisture and precipitation; (3) reduce wind and water erosion by reducing time the land is in a fallow
condition. This process is also effective for determining expected yield and associated nutrient applications.

Yield Expectations: Data collected across Montana show that recrop small grains generally average
about 70 percent of yields attained on fallow acreage. However, considering the two-year total crop
production of both systems, flex-cropping produces 130 to 180 percent of grain production on fallow land.

Nonetheless, following a rigid annual cropping system can lead to low uneconomical yields or crop failures in
dry years; thus the concept of "Flexible Cropping".

Successful use of the flexible cropping system is highly dependent on efficient soil water
management, effective weed and volunteer grain control, adequate fertilization, and in general, good soil and
crop management. Failure to take care of any of these will often result in lower yields.

Water for the Crop:  Approximately 4 inches of available water is needed to produce, at a minimum, a
small grain crop. Available water is stored soil moisture plus the growing season precipitation. Neither
barley nor spring wheat will produce grain with less than 4 inches of total water use. With more than 5 inches
of water use, barley, and spring wheat yields will generally increase by 7 and 4 bushels per acre for each
extra inch of water, respectively. Grain yields may exceed these estimates in years of favorable climatic
conditions but may be lower when there are adverse effects such as weeds, insects, diseases, inadequate
fertility, and unfavorable weather.

Determining growing season precipitation needed to produce an acceptable yield is crucial. If the
amount of precipitation needed to successfully produce a crop is high and the probability of receiving that
amount of precipitation is low, the risk of crop failure is high. With a failure, not only will a producer lose that
year's crop but may also risk reduced yields the following year due to excess soil moisture depletion.
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Conversely, fallowing land that has adequate soil moisture in spring will aggravate salinity problems
in areas that are susceptibie.

Water Conservation:  The chances of a successful flex-crop system will be improved if fall and winter
water conservation measures are incorporated. Fall weed and volunteer grain growth use stored soil
moisture that can be saved for the following year's crop. Controlling weeds and green growth will not only

save moisture for the next crop but also will stop further weed seed production and reduce future weed
problems.

Allowing standing stubble during winter months will trap snow and increase the water content of the
soil in spring. Fields with standing stubble may gain 1 to 3 inches more stored soil water during the winter
period than fields with tilled stubble. The additional soil water conserved by controlling green growth and
weeds in the fall and by trapping snow in the winter will reduce the amount of growing season precipitation
required to attain an acceptable yield. "Scalping" maximizes snow catch in stubble. Scalping is the process

of cutting grain at various heights at each pass, i.e., first pass grain is cut at 10 inches, 6 inches on the
second pass, 12 inches on the third pass, etc.

Fertilization:  Fertilization with the necessary plant nutrients at optimum rates is essential for producing
good yields and high quality crops. If stored soil water and the probability of growing season precipitation
justify a decision to crop, then fertilizer needs should be determined also. Soil samples should be collected
and recommendations obtained based on Montana State University Guidelines or industry guidelines.
See Field Office Technical Guide (FOTG), Section IV, Practice Standard 590-Nutrient Management.

Nitrogen fertility will typically be lower in soils cropped in consecutive years. Soils accumulate
nitrate-nitrogen (available to the plant) through microbial conversion of organic nitrogen forms. Annual
cropping or recropping allows less time for conversion of organic nitrogen to nitrate than does a crop-fallow.
Also, harvesting higher yields because of improved water management will require greater quantities of
nitrogen and other nutrients.

Precipitation Probabilities: TABLE 2 shows the probability ( percent %) of receiving at least the indicated
amounts of growing season precipitation for three different time periods at 24 locations in Montana. For
Jocations not covered in table, use the Precipitation Probability Map, FIGURE 1.

Using the_Soil Probe: Using a soil probe (i.e., Brown soil moisture probe) is a convenient tool for
determining depth of moist soil. The probe is used by vigorously pushing, without turning, it into the soil.

The probe will penetrate moist soil but will stop at dry soil depths. The depth of penetration is the moist soil
depth measured in feet (i.e., 1.0, 1.5, 2.5, etc).’

TABLE 1 shows inches of plant available water per foot of moist soil according to textural class. To
determine stored soil moisture, multiply depth (in feet) of moist soil X the estimated Average Water holding

Capacity (AWC) for the appropriate textural class. ExaAMPLE: 3 feet of moist soil were probed in spring on a
fine sandy loam field. 3 X 1.5 = 4.5 inches of stored soil water.

To acquire accurate stored soil moisture estimates, each quarter section should be probed at 6 to 10
representative locations or at least once per 20-acre block. Atypical areas such as wet spots, saline seeps,
and rock outcrops should be avoided or recorded separately. For each management unit, average the moist
soil depth readings, then multiply by the AWC from TABLE 1.
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DETERMINING PLANT AVAILABLE SOIL MOISTURE

1. Determine the soil texture in the upper 4 feet of soil profile by field inspection or from a soil survey.

2. Determine the average depth of stored soil moisture as close to planting as possible using the soil

probe or soil auger. Convert the depth of soil moisture to plant available moisture using TABLE 1-Plant
Available Water Capacities for Textural Classes in Montana. Note that recropping with spring grains is
not recommended if stored soil moisture is less than 3 inches.

3. Use TABLE 2-Growing Season Precipitation Probabilities, to estimate the probable amount of growing
season precipitation.

4. Determine expected yields based on stored soil moisture plus probable growing season precipitation.

TABLE 3-Estimated Barley Yields; TABLE 4—Estimated Spring Wheat Yields; or TABLE 5—-Estimated Winter
Wheat Yields may be used for estimating yields of small grains.

5. Based on yield estimates, decide to crop or fallow (as a general rule, a recrop yield of 60 to 75% of the
average Yield on fallow should be economical).

a. Spring Planting Decisions for Flex-Cropping

> If the available soil moisture plus the estimated growing season precipitation at the 70%
probability level is less than 9 inches, do not plant a small grain crop for grain harvest. If
calculated available water will be greater than 9 inches, plant a crop (the decision to plant a crop
is ultimately the producer's and should be based on economics as well as resource

considerations). The decision process is the same for non-small grain crops except water
requirements are different.

b. Fall Planting Decisions for Flex-Cropping

> Plant a winter wheat crop when there is 1 inch or more of plant available moisture in the top
1 foot of soil and the average winter-stored soil moisture plus growing season precupltatlon is
equal to 8 inches or more.

> For winter wheat, growing season precipitation is assumed to equal average precipitation from
fall seeding until June 30 with the following adjustments:

e Under fallow conditions, when the soil profile is at field capacity (4-feet), no additional moisture credit
is given for precipitation received from time of planting to April 1.

* Under clean-tilled fallow conditions, with the soil profile at less than field capacity to a  4-foot depth,
12 percent of the average precipitation from date of planting to April 1 is assumed.

e 33% credit is given for winter precipitation when there is standing stubble and 25% for worked
stubble.

e Use 48% credit for a herbaceous barrier system

c. Planting Decisions for Summer Fallowed Land for Flex Cropping Rotation

> Plant a crop on summer fallowed land regardless of stored soil moisture. Tilled double summer
fallow is not recommended due to potential for erosion and salinity problems.

d. Planting Decisions for Flexible Legume-cereal Rotation.

> Plant a leguminous crop as early as possible when it is determined that available water makes a
small grain (or other grain or root) crop unfeasible.

REFERENCES:

Soil Water Guidelines and Precipitation Probabilities. Montana State university Extension Service
Bulletin 356. Reprinted May 1990.

USDA-NRCS Field Office Technical Guide, Section IV, Practice Standard 328-Conservation Crop Rotation

USDA -NRCS Field Office Technical Guide, Section IV, Practice Standard 590-Nutrient Management
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TABLE 1. Plant Available Water Capacities for Textural Classes in Montana!’ ¥

SOIL TEXTURAL ESTIMATED AVERAGE
CLASS PLANT AWC (in/ft)?

Sandy Soils Course Texture Sands 0.5
Loamy sands 1.0
Loamy fine sands
Loamy v. fine sands 1.25
Fine sands
Very fine sands

Loamy Soils Moderate Coarse Texture Sandy loam } 1.5
Fine sandy loam

Medium Texture V. fine sandy loam
Loam 2.0
Silt loam
Silt
Moderately Fine Texture Clay loam

Sandy clay loam } 2.2
Silty clay loam

Clayey Soils Fine Texture Sandy clay
Silty clay } 2.0
Clay

Y soluble salts and gravel will decrease plant available water capacity. Organic matter and good soil
structure will increase it. Capacity increases about 0.1 in/ft for each 1% organic matter. Soils with
water restricting layers like compacted subsoil, shallow bedrock or stratification can increase plant
available water capacity of the overlying layers. Soils that are deep, medium textured and uniform
can have decreased plant available water but allow for deeper rooting.

z Approved by Soils Committee, MSU, Plant and Soil Science Planning Conference, January 31, 1984,
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TABLE 2. Growing Season Precipitation Probabilities (%) of receiving at least the indicated amounts of
growing season precipitation at 24 selected locations in Montana.

AVERAGE PRECIPITATION - INCHES
PRECIPITATION 2 3 4 5 6 7 8

(Inches) Percent
Big Timber
Mar 29-Jun 27 6.48 96.3 94.7 85.3 75.4 60.3 32.7 22.4
Apr 12—=Jul 11 6.42 98.7 94.8 83.4 71.5 55.1 36.7 23.7
May 03-Aug 01 6.09 >09.0 935 81.5 62.9 47.2 30.6 16.4
Bozeman
Mar 29—-Jun 27 7.06 >99.0 >99.0 95.7 83.1 70.7 49.6 34.3
Apr 12-Jul 11 6.93 >09.0 98.7 94.8 87.1 68.5 42.6 30.3
May 03-Aug 01 6.50 >99.0 97.1 85.8 81.1 60.5 41.14 27.9
Cascade
Mar 29-Jun 27 6.83 >09.0 96.0 87.4 71.86 63.6 49.8 30.1
Apr 12-Jul 11 7.01 >99.0 98.6 90.9 73.8 63.0 49.0 33.8
May 03-Aug 01 6.59 >99.0 93.1 86.6 70.2 56.1 427 26.4
Choteau
Mar 29-Jun 27 5.60 98.4 90.2 741 50.2 34.4 18.2 14.9
Apr 12-Jul 11 6.05 98.8 93.3 84.1 61.3 39,9 2232 17.2
May 03-Aug 01 6.23 97.8 93.7 80.1 63.6 417 29.7 22.0
Crow Agency
Mar 29-Jun 27 6.39 >09.0 95.0 74.9 63.2 58.3 39.5 25.1
Apr 12-Jul 11 6.29 >09.0 97.3 78.3 68.0 50.8 33.8 21.1
May 03-Aug 01 5.67 >09.0 92.7 73.1 571 42.4 28.5 15.5
Cut Bank
Mar 29-Jun 27 5.27 95.9 93.4 80.9 56.6 27.4 12.4 9.8
Apr 12-Jul 11 5.76 98.3 93.9 81.6 63.6 40.9 21.5 13.0
May 03-Aug 01 5.85 98.6 92.4 774 64.7 47.1 25,5 12.9
Ekalaka -
Mar 29-Jun 27 6.77 98.1 94.1 87.0 77.8 58.2 46.0 27.2
Apr 12-Jul 11 7.26 >09.0 94.4 91.3 81.7 70.8 54.1 40.0
May 03-Aug 01 7.31 97.9 96.6 90.7 82.4 71.3 60.0 38.6
Flatwillow
Mar 29-Jun 27 6.04 98.8 96.4 78.8 63.0 48.2 30.7 28.3
Apr 12-Jul 11 6.38 >09.0 97.9 85.8 69.1 £3.6 37.8 25.2
May 03-Aug 01 6.49 >99.0 95.0 85.2 77.4 51.9 355 25.4
Forks
Mar 29-Jun 27 5.33 97.9 88.1 67.9 50.7 36.4 20.5 12.8
Apr 12-Jul 11 6.06 >09.0 93.0 77.9 64.0 51.0 35.2 22.6
May 03 - Aug 01 6.21 >96.7 91.5 81.0 65.3 43.4 36.2 28.8
Fort Benton
Mar 29-Jun 27 6.67 >088.0 >99.0 89.5 76.3 57.9 39.5 211
May 01-Jul 31 6.68 >00.0 >974 86.8 81.6 57.9 39.5 23.7
Glasgow
Mar 29-Jun 27 519 >09.0 83.2 69.6 48.3 335 20.7 13.4
Apr 12=Jul 11 578 >99.0 87.8 77.7 61.6 374 333 19.3
May 03-Aug 01 5.84 >99.0 90.7 77.5 55.7 46.4 29.5 21.7
Glendive
Mar 29-Jun 27 6.20 98.4 90.3 84.9 66.8 60.6 33.7 257
Apr 12-Jul 11 6.78 08.8 93.7 88.2 75.4 70.1 52.3 27.2
May 03-Aug 01 6.87 97.8 96.9 90.9 77.7 63.0 49.1 30.6
Great Falls
Mar 29-Jun 27 6.15 >09.0 98.1 88.5 63.9 39.3 29.2 20.3
Apr 12-Jul 11 6.44 >99.0 97.3 88.5 69.2 44.8 38.9 22.4
May 03-Aug 01 6.25 >99.0 95.1 80.8 66.0 489 35.4 22.9
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TABLE 2. Growing Season Precipitation Probabilities (%) continuep.

AVERAGE PRECIPITATION - INCHES
PRECIPITATION 2 3 4 5 6 7 8
{Inches) Percent
Hamilton
Mar 29—Jun 27 3.94 96.0 71.7 48.7 27.1 15.8 7.7 3.8
Apr 12—Jul 11 4.12 94.1 73.4 57.9 31.2 20.0 12.2 4.8
May 03—Aug 01 4.03 91.0 71.6 50.3 324 17.5 6.6 4.1
Havre
Mar 29-Jun 27 4,95 98.9 84.8 63.9 48.0 30.0 17.6 8.0
Apr 12=Jul 11 5.33 >99.0 03.8 73.2 52,4 31.3 24.5 13.9
Helena
Mar 29-Jun 27 4.66 98.3 83.2 68.0 40.4 29.0 12.3 3.9
Apr 12—Jut 11 4.24 >99.0 90.6 71.8 441 28.6 16.2 6.6
May 03—-Aug 01 478 >08.6 87.3 71.1 40.3 235 11.9 5.8
Huntley
Mar 29-Jun 27 5.70 96.6 94.4 70.0 58.4 437 27.7 17.2
Apr 12—Jul 11 5.77 96.2 94.0 80.7 60.4 46.5 29.9 22.3
May 03-Aug 01 5.38 97.1 85.2 76.2 57.1 45.9 22.8 16.2
Jordan
Mar 29-Jun 27 5.10 92.7 79.4 62.6 50.1 37.4 21.6 14.2
Apr 12—Jul 11 5.68 95.5 82.2 68.2 56.0 437 31.6 20.7
May 03—-Aug 01 5.56 97.2 88.7 68.3 B5.7 46.9 22.0 18.3
Kalispell
Mar 29—-Jun 27 4.80 100 95.7 735 46.0 16.7 7.3 6.3
Apr 12-Jul 11 5.12 100 97.7 75.9 51.7 245 9.4 6.7
May 03—Aug 01 4.45 100 95.3 71.4 40.4 18.7 7.4 6.7
Malta
Mar 29-Jun 27 5.42 98.2 83.1 71.8 54.0 35.0 25.3 16.3
Apr 12—-Jul 11 5.97 98.4 90.7 78.1 62.2 43.6 28.7 21.4
May 03—-Aug 01 6.19 97.0 90.5 82.3 63.0 49.4 32,7 19.9
Medicine Lake
Mar 29-Jun 27 5.74 96.5 86.5 69.0 56.9 46.9 26.5 21.8
Apr 12-Jul 11 6.62 >99.0 92.5 775 69.7 60.9 39.0 24.3
May 03-Aug 01 7.02 >99.0 97.8 84.8 79.2 62.4 385 34.3
Mildred
Mar 29-Jun 27 5.84 95.9 90.8 76.7 64.6 46.9 32.2 18.1
Apr 12—Jul 11 6.29 98.4 94.7 80.5 70.6 59.1 37.7 24.2
May 03-Aug 01 6.23 98.6 93.7 82.7 69.4 56.8 35.3 19.2
Miles City
Mar 29-Jun 27 5.74 97.2 92.9 71.3 60.9 453 29.3 17.5
Apr 12-Jul 11 6.06 98.4 93.4 78.7 64.3 49.1 30.7 22.3
May 03-Aug 01 6.01 >99.0 89.7 79.3 64.8 48.0 32.3 19.3
Moccasin
Mar 29-Jun 27 6.68 >99.0 97.2 92.4 78.8 58.4 445 31.7
Apr 12—-Jul 11 7.1 >99.0 96.7 92.9 81.7 67.0 53.8 411
May 03—Aug 01 7.28 >99.0 08.8 94.5 84.4 68.4 58.9 38.1
Plevha :
Mar 29—-Jun 27 5.99 98.8 91.8 77.0 65.3 52.4 39.6 21.6
Apr 12—-Jul 11 6.42 >99.0 89.7 81.5 69.9 59.7 47.7 27.6
May 03-Aug 01 6.52 >99.0 95.4 85.3 70.9 62.2 49.7 23.8
Poplar '
Mar 29-Jun 27 5.52 97.1 87.8 72.8 62.4 40.1 24.6 14.0
Apr 12-Jul 11 6.49 98.6 91.3 79.7 701 60.8 42.4 29.2
May 03-Aug 01 6.83 >99.0 95.2 84.9 69.1 55.2 44 4 39.3
St. lgnatius
Mar 29-Jun 27 5.73 100 96.2 89.7 72.6 41.8 32.6 14.3
Apr 12-Jul 11 5.95 100 100 89.2 72.9 459 27.3 22.9
May 03-Aug 01 511 100 100 89.4 55.2 30.3 21.5 15.6
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TABLE 3. Estimated Barley Yields

AVAILABLE SOIL WATER — GROWING SEASON PRECIPITATION (INCHES) —

AT SEEDING TO 4 FEET 2 3 4 5 6 7 8 9 10 11 12

INCHES BUSHELS PER ACRE
1 With less than 0 0 5 12 19 26 33 40 47 54 61
2  2"f seasonal 0 5 12 19 26 33 40 47 54 61 68
3 rainfall, barley 5 12 19 26 33 40 47 54 61 68 75
4  will fail in 12 19 26 33 40 47 54 61 68 75 82
5  most years. 19 26 33 40 47 54 61 68 75 82 -
6 26 33 40 47 54 61 68 75 82 - -
7 33 40 47 54 61 68 75 82 - - -
8 40 47 54 61 68 75 82 - - - -

TABLE 4. Estimated Spring Wheat Yields

AVAILABLE SOIL WATER — GROWING SEASON PRECIPITATION (INCHES) —

AT SEEDING TO 4 FEET 2 3 4 5 6 7 8 9 10 11 12

INCHES BUSHELS PER ACRE
1 With less than 0 0 9 13 20 22 26 31 35 40 44
2  2%f seasonal 0 8 13 17 22 26 30 35 39 44 48
3  rainfall, spring 8 12 17 21 26 30 34 39 43 48 52
4  wheat will fail 12 16 21 25 30 34 38 43 a7 52 56
5  in most years. 16 20 25 29 34 38 42 47 51 56 60
6 20 24 29 33 38 42 46 51 55 60 64
7 24 28 33 37 42 46 50 55 59 64 -
8 28 32 37 41 46 50 54 59 63 - -
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TABLE 5. Estimated Winter Wheat Yields

AVAILABLE SOIL WATER — GROWING SEASON PRECIPITATION (INCHES) —

AT SEEDING TO 4 FEET 2 3 4 5 6 7 8 9 10
(OR EARLY SPRING) A F A F A F A F A F A F A F A F A F
INCHES BUSHELS PER ACRE

1 0 0 0 0 4 7 8 14 12 21 16 28 20 35 24 42 28 49
2 0 4 7 8 14 12 21 16 28 20 35 24 42 28 49 32 56
3 4 7 8 14 12 21 16 28 20 35 24 42 28 49 32 56 36 63
4 8 14 12 21 16 28 20 35 24 42 28 49 32 56 36 63 40 70
5 12 21 16 28 20 35 24 42 28 49 32 56 36 63 40 70 44 77
6 16 28 20 35 24 42 28 49 32 56 36 63 40 70 44 77 48 84
7 20 35 24 42 28 49 32 56 36 63 40 70 44 77 48 84 52 o1
8 24 42 28 49 32 56 36 63 40 70 4 77 48 84 52 91 56 99
9 28 49 32 56 36 63 40 70 44 77 48 84 52 o1 56 98 60 105
10 32 56 36 63 40 70 44 77 48 84 52 91 56 98 60 105 64 112

A — Average condition with some problems such as weeds, disease, fertility, high temperatures and wind.

F - Favorable growing conditions: few weeds, no disease or insect problems, good fertility and climate.
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FIGURE 1. Precipitation Probability Map

Amount of Precipitation that is Equalled or Exceeded in 70 Percent of the Years
May 1- July 31 (Inches) |

{—Less than ; .
)—Greater than . \\} : y ' Ik 54 55 555566

JM.Caprio
Mons. Agr. Exp. Sta.
Bazeman, Montana, Dec. 1979
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