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Abstract: 111eadoption of dry land conservation technologics can significantly increase
productivity and prolitability in dry land agriculture. 11lese tt..'Chnologies arc based
on maintaining surfacc residue cover and conserving as much water as possible'
for use by marketable crops. Dryland conservation tedmologies involve: (i) reducing
soil water evaporation; (ii) eliminating water lL~e by weeds, (iii) reducing water
runoff (and soil erosion), (iv) increasing water inliltration, and (v) increasing snow
catch. These critical components involve maintaining crop residues on the soil surface
throughout the year. Although stOIing additional water is essential, changing the

cropping system to utilize the additional water will dramatically increase prolitability.
1ilerefore, producers must reduce tillage intensity to increase the quantity of soil
water stored; howcvcr, to increase prolitability producers must reduce their dependency
on lallow by incrcasing their cropping intensity \\ith altemative spring mId stumner
row crops. As a result of interdisciplinary tt..'Clmology transfer programmes, thc
number of acres managed with conservation technologics has increased live-fold
over the last five years. Producers lUlderstand that the dry land conservation teclmologies
providc the greatcst opportunity to achieve agricultural sustainability mId protitability
in tllC Great Plains.

Key words: Conservation technologies, protitability, sustninability, residues, weeds,
water used.

TIle Great Plains region represents one
of the most important agricultural regions
in the U.S. With approximately 280 million
hectares in ten states (31% of the total
U.S. land area), the Great Plains produces
over 50% of the beef and 66% of the
wheat. TIle Great Plains has the highest
proportion of its population directly in-
volved in production agriculture. Despite
its contributions to production agriculture,
the traditional dryland wheat-fallow rotation
is generally not profitable and, thus, many
producers diversify through cattle and ir-
rigated crop production to increase prof-

itability. The primary reason for marginal
dryland crop productivity and profitability
is limited available water. In the semi-arid
Great Plains environment, total precipitation
is less than the evapotranspiration demand;
thus, yields are frequently limited by plant
available water. At the same time, excessive
water loss can occur through intensive tillage
and poor weed control practices.

Another water related problem is low
water-use efficiency. TIle water-use effi-
ciency is extremely low in wheat-fallow,
which indicates that fallow is an inefficient
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Fig. 1. Decrease in soil nitrogen contell! (0-15 cm depth) with ye(//:5 0/
cropping in conventional til/age dryland wheat in lI'estem Kansas
(Haas and Evans. 1957).

way of storing and using water. Water-use
efficiency in dryland cropping systems can'
be doubled if producers adopt dry land con- .
servation technologies. Instead of producing
1600 kg of grain per 50 cm of plant available
water, production of 3000 kg of grain with
the same amount of water is possible.

TI1Clast problem associated with dry land
agriculture is declining productivity related
to soil erosion and oxidation of soil organic

matter. TIle concems about declining soil
productivity under fallow cropping systems
are not ne\v (Fig. I). TIlese data show
that fron~ 1910 to 1946, total soil nitrogen
decreased 50% in just 40 years. Similar
results have been reported throughout the
U.S. and Canadian prairie regions and con-
finn that intensive tillage in dryland crop-
ping systems ·reduces soil organic matter
by 50% during the first 50 years of cul-
tivation.
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Fig. 2. Influence 0/ soil erosion Oil soil organic malter (V-/5 cm depth)
0/ a U(l'sses sill loam soil in Irestem Kansas (l1m·Jin et aI., 1992).
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Fig. 3. Influence a/soil erosioll all II'lieal graill yield produced all a U(vsses
silt loam soil ill weslem Kallsas (Havlin et al., 1992).

Reducing soil productivity through top
soil erosion by wind and water significantly

Table 1. b!/luence of soil erosioll all all/lIIal alld cUlllulalil'e yields alld pro/il loss (Havlin el al., 1992)
--------.---------------. -----------------.-------;---)
Crop Annual yield loss Marketprice Annual prolit loss 40 year cUlllulaliveloss
______ kg/haiclll_kg/hall5 CIll $/kg $/halclll $/halI5 CIll kg/lm $/ha
Wheat 30.2 453.5 O.(l% 2.89 43.40 9070 871
Sorghulll 53.6 803.6 0.078 4.18 62.76 16072 1254
So\·bc:.m 39.5 592.7 0.210 8.31 124.75 11855 2490

J Assulllpti~i~5~1ll soillo;~~\~;;-40yc:.~I:;:-·------~-- .__ m ••• __

Soil Erosion and Conservation

Recent studies in Kansas have quantified
the relationship between erosion of topsoil
and wheat productivity. In a Ulysses silt
loam soil, organic matter decreased by
0.05% for every em of topsoil eroded (Fig.
2). More importantly, wheat.yield decreased
48 kg ha-I cm-1 of topsoil loss (Fig. 3).

. With 25 cm of top soil erosion, wheat
yield potential would have decreascd 1200
kg ha-1

, which represents a significant loss
in soil productivity. TI1US,soil crosion and
loss of soil organic matter can reducc soil
productivity and it is essential that producers
understand thcse relationships.

impacts profit potential. Erosion-producti-
vitv relationships were quantified for dry-
land winter wheat, grain sorghum and
soybean grown on five Kansas soils over
five or six years (Table I). Relationships
betwecn topsoil depth and yield showed
that the average yield loss was 30, 54
and 40 kg ha-I cm-I of topsoil loss for
wheat, grain sorghum and soybean, respec-
tivel\'. TIlcse losses represent $2.89, $4.18
and -$8.3 I ha-I cm-1 of top soil loss for
wheat, grain sorghum and soybean, respec-
tive"'. TIle cumulative effects of annual
soil loss from erosion can be substantial
(Table I). TIlese data show that, depcnding
on crop, lost rcvenue ranged betwecn $871
and $2490 ha- 1, which represents thc ap-
proximate average purchase price for the
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Fig. 4. Influence of tillage system on soil nitrogen in a dlyland wheat-fallow
system in westem Nebraska. Soil nitrogen is expressed as a per
cent of the on"ginal soil nitrogen content (Lamb et al., 1985).

land. In this region, the value of the lost
yield is nearly equal to the purchase price
of the land.

The most practical approach to increas-
ing or conserving soil organic matter (or
loss of carbon) is to reduce organic matter
oxidation by reducing tillage intensity and
increasing the carbon input through cropping
systems that produce more residues. In a
wheat-fallow system (Fig. 4), organic matter

5
~o

(measured as per cent of the original sod
or native soil nitrogen) declined 2% after
12 years under no tillage, whereas organic
matter decreased 9% and 15% with stubble
mulch and conventional tillage, respectively.
These results confirm that conventional till-
age wheat-fallow rapidly reduces soil or-
ganic matter. Therefore, minimizing soil
disturbance by tillage will maintain soil
organic matter (conserve soil carbon) and
ultimately enhance soil productivity.
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Fig. 5. Crop rotation and tillage system effect on soil organic matter. Crop
residue increased in the oltler colltinuous soybean (soy-soy) <soybean
- sorghum (s~v-sOlg) <continuous sorghum (sorg-sorg) (Havlin ei
al., 1990).
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fore, producers that manage for water con-
servation will enhance dryland agricultural
productivity and profitability.

Maximizing water conservation requires
knowledge of the water budget or the inputs
(gains) and outputs (losses) of the limited
precipitation.

In the central Great Plains, about 80%·
to 90% of the total precipitation received
is rainfall, while snowfall represents' about
10% to 20% of the total. TIle water outputs
or losses are runoff, snow loss by wind,
evaporation, percolation, and \vater use by
crops and weeds. Weeds are non-marketable
crops that use water intended for marketable
crops. Again, the goal should be storage
of all water received \vith efficient water
use only by a marketable crop.

Evaluating the different sources for plant
available water is important in under-
standing where the investment in water
conservation provides the greatest return
(Table 2). Water stored in the soil profile
is potentially 100% available to the next
crop. Therefore, any soil profile water left
after harvest must not be lost. The major
losses of stored soil water occur through
weed growth, transpiration, and soil evapo-
ration. About 80% of snowfall will become
plant available water in the soil profile.
Table 2. Relative value or efficiency oj water

sources in providing plant available
water (Greb. 1983)

(%)Water source Relative efliciency
Stored soil water wheat 100
Sno\\lllelt 70-85
Runoff 50-65
Cool season. rainfall 25-30
Wann season rainfall 20-25

Water Management

Water is the most limiting resource to
attaining maximunl dryland crop yield po-
tential. Unfortunately, producers seldom
give water management their highest pri-
ority, whereas most would indicate variety
selection, fertility, etc., as their most im-
portant management input. After water, fer- .
tility, pests, etc., become the next most
limiting factors. Dryland conservation tech-
nologies that reduce water stress also en-
hance yield response to other inputs. There-

Although producers are sensitive to long
tenn erosion-productivity issues, their pri-
mary short-ternl concern is profitability.
Producers will readily adopt new technolo-
gies provided profit potential is maintained
or enhanced. Therefore, dry land conser-
vation technologies designed to enhance
or sustain agricultural productivity also must
be profitable. Enhancing productivity and
profitability in dryland fanning demands
that yield limiting factors be reduced or
eliminated.

Organic matter actually increased with
higher levels of residue produced over 13
years (1975-87) with soybean-soybean, sor-
ghum-soybean, and sorghum-sorghum ro-
tations in North Central Kansas (Fig. 5).
However, the increase in organic matter
was significantly greater when all the residue
was left undisturbed on the soil surface
(no tillage) compared to conventional tillage.
These data demonstrate how managi?g carb-
on can influence soil organic matter. In-
creasing the quantity of total carbon input
(increasing residue produced) and decreas-
ing the quantity of carbon oxidized or lost
(decreasing tillage intensity) will conserve
or increase soil' organic matter.
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Approximately 60% of runoff water from
other parts of field can be stored as plant
available water. Unfortunately, only about
30% of growing season rainfall is plant
available water. The low rainfall efficiency
is related to higher evaporation loss during
spring and summer months. If, for example,
we receive 25 cm of rainfall in the spring/
summer and efficiency is 25%, only 6.3
cm 'is stored as plant available water in
the soil profile. In contrast, if we receive
an average of 60 cm of snow (5 cm of
water), at 80% efficiency, 4 cm of water
(from the snow) enters the soil profile as
plant available water. Comparing the two
sources, plant available water from snow
(4 cm) represents two-thirds of that obtained
from rainfall (6.25 cm). Storage of additional
soil water from snowfall can increase yield
potential through increased plant available
water. Therefore, snowfall is an extremely
valuable source of plant available water
and collecting snow on the soil surface
over winter is critical for increasing plant

available water and eliminating water as
a limiting factor to crop productivity, Thus,
leaving wheat stubble standing after harvest
will enable collection of additional snow.
Increasing stubble height also can increase
snow catch.

Maintaining surface crop residue cover
(reducing tillage intensity) is important for
reducing runoff and evaporation and increas-
ing water infiltration which are essential
to increasing stored soil water. Rain falling
on a bare soil will seal off the soil surface
within the first 30 minutes (depending on
soil texture/structure and rainfall intensity).
Experiments'in Kansas showed scaling of
bare soil with I cm of rainfall, where the
additional rainfall would runoff. Once
sealed, infiltration slows or ceases and water
begins to move off the field. Surface residue
cover can increase the time period for 'in-
filtration by 2 or 3 fold, which greatly
increases the quantity of rainfall infiltration
(reduced nll1off),
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Fig. 7. IlIjluence of sl/lftlce residue cover all relative soil sl/Iftlce evaporatioll
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Increasing infiltration and reducing run-
off will greatly reduce soil loss by erosion
(Fig. 6). In a wheat-fallow field (4% slope),
maintaining standing wheat residue (no till-
age) significantly reduced soil loss com-
pared to full tillage (no residue cover) or
stubble mulch tillage (20 to 30% residue
cover). In the two tillage systems, tilling
on the contour also reduced soil loss com-
pared to tillage with the slope. Reduced
soil loss means that water runoff was re-
duced and water infiltration was increased.

Evaporation of water from the soil sur-
face constitutes a major loss of plant avail- .
able water. While evaporation loss can not
be eliminated, significant reductions are pos-
sible (Fig. 7). To reduce evaporation. from
bare soil by 70%, 2 tons ha-I of wheat
residue are needed compared to 4 tons
ha-I of sorghum residue. Much greaterquan-
tities of cotton, soybean or sunflower residue
would be required to obtain the same re-
duction in evaporation.

Weeds and Weed Control

Another major source of water loss is
water use by weeds. The dran1atic effects
of weeds on water loss can be frequently
observed in fields throughout the Great
Plains. Water use data from the Great Plains
shows that 900 to 3000 kg ha-I of weed
residue are produced after harvest. Total
water use by weeds after wheat harvest
often ranges between 5 and 15 em of water.
Eliminating weed growth in the dryland
cropping system is essential for ma'\:imizing
the soil water accumulation. Technologies
used to reduce evaporati,on and nmoff, in-
crease infiltration, and increase snow catch
are useless if weeds are allowed to use
the additional water stored.

Tillage has been the traditional metllOd
of controlling weeds In fallow; however,
tillage deplete soil moisture through
evaporation and destroys standing crop resi-
due. Therefore, herbicides need to be used
for weed control in conservation cropping
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systems to conserve moisture and maintain
surface crop residue cover.

Weed control in fallow begins with ef-
fective weed control in the previous crop.
For example, judicious weed control in the
growing wheat, combined with a good stand
of wheat, will likely result in weed free
stubble after harvest. Several herbicides can
provide post-emergence control of weeds
in the growing crops, as "Well as residual
weed control through harvest. Bumdown
and/or residual herbicides can be used to
control weeds through the fallow period
as needed, but residual herbicides (e.g.,
atrazine,etc.) must be used with good judg-
ment to avoid herbicide carry-over to the
following crop.

Certain weeds that arc similar to the
crop, such as jointed goatgrass and cheat-
grass in wheat, can become unmanageable
in reduced tillage, mono-cropping systems.
lllese weeds can not be controlled effec-
tively in wheat with herbicides. However,
rotation with summer crops changes the
growing environment and disrupts the

weeds' life cycle thereby greatly reducing
the weed pressure.

Alternative Dryland Cropping Systems

In summary, increasing the amount of
plant available water requires that we: (i)
increase snow catch, (ii) increase infiltration,
(iii) reduce runoff, (iv) reduce evaporation,
(v) eliminate water use by weeds, and (vi)
save all stored soil water in fallow periods.
With conventional tillage, only 75% of the
field capacity is attained aftcr the fallow
period (14 months) (Fig. 8). Field capacity
is the ma,imum amount of plant available
water that can bc stored in a soil. In contrast,
with full residue cover (no tillage), 100%
of ficld capacity is attaincd by late June
(only 12 months). Once the soil is at 100%
field capacity, it cannot store additional
water, thus, a full 14 month fallow period
is not needed.

Surface residue cover increases fallow
efficiency (Fig. 9). As plant available soil
watcr increases, grain sorghum yield poten-
tial increases. With 50% fallow <?fficiency,
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3 to 4 tons ha-I sorghum yields are possible,
In the year following wheat harvest.

In the typical wheat-fallow system, 14
out of 24 months are fallow (1 crop in
2 years). However, with additional water
stored, a spring crop can be inserted into
the fallow period so that 2 crops are produced
in 3 years (increased cropping intensity).
Many producers ask why they can't remain
in wheat-fallow if dryland conservation
practices are adopted? Simply, winter.\~heat
will not respond in yield to the addItIOnal
stored water so there, is little opportunity
to recover the additional input costs. There-
fore, increasing the cropping intensity (re-
ducing dependency on fallowing) by pro-
ducing 2 crops in 3 years or 3 crops in
4 years is necessary to increase profitability.

Several alternatives are possible in the
central Great Plains. Sorghum, com, and
sunflower have been demonstrated to be
profitable crop alternatives. Sorghum is
more suitable for the west central regions,
whereas com is more productive in northern

regions. Sunflower is adapted in most re-
gions except for the extreme southwest.
Rotations with 2 crops in 3 years are the
most common, but with sufficient soil water,
3 crops in 4 years or more frequent croppings
are possible. For example, continuous no
tillage grain sorghum is a profitable al-
ternative in the southern regions. The im-
portant concept relative to alternative cr~p
options is for the producer to take economIC
advantage of the additional stored moisture.
There will be drought years where fallowing
is necessary; however, if soil moisture is
adequate at planting time to insure a prof-
itable yield, then producers should plant.
In Kansas, for example, if 3 or more feet
of soil moisture are present at planting
time (late April) then com or sunflower
could be planted. If there are less than,
3 feet of soil moisture, the producer might
wait until the end of Mayor early June
and plant grain sorghum if additional water
was stored during May. If not, the producer
should continue fallowing until' September
and plant wheat. Thus, to increase pro-
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ductivity and profitability producers must
evaluate cropping opportunities based on
soil water availability.

Two important responses occur when
producers change from wheat-fallow to
wheat-sorghum-fallow. First, wheat produc-
tivity is maintained even when mor~ water
is used in the wheat-sorghum-fallow system.
Therefore, producers with 2800 kg ha-1

wheat yield potential in wheat-fallow will
maintain their wheat yield potential in
wheat-sorghum -fallow-sorghum-fallow.
Second, increased profit potential is realized
through the spring crops because of more
efficient water storage and utilization.

Profitability

Producers should adopt dryland tech-
nologies if they maintain or enhance ag-
ricultural profitability. Profitability will be
enhanced if returns are increased and, thus,
producers must determine the most prof-
itable tillage system and crop rotations for
their individual farm and management skills.

Producers need to consider how alternative
dryland cropping system affect profit, capi-
tal requirements, financial risks and man-
agement requirements.

To illustrate, an economic analysis was'
conducted to compare the returns fn;>m
wheat-fallow (WF) and wheat-sorghum-fal-
low. (WSF) rotations in western Kansas
(1987 -93 data). Alternative tillage regimes
were evaluated for each crop rotation. Crops
are produced in WF and WFS rotations
on 50 and 67% of tillable acres, respectively,
on an annual basis. Returns from WF
were not sufficient to cover all costs of
production regardless of tillage method (Fig.
10). Returns with no-till wheat were the
lowest due to additional herbicide costs.
Returns from conventional tillage were not
much lower than returns from reduced till-
age, indicating there is little economic in-
centive to reduce. or eliminate tillage in
a WF rotation. Net returns in the WSF
rotation were all positive, because of the
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additional revenue generated from the sor-
ghum crop (Fig. 10). Returns for WSF
rotations we're higher for reduced tillage
predominately because of the lower input
costs comparedto NT. As in the WF rotation,
returns from conventional tillage were
slightly less than the reduced tillage, in-
dicating there is little economic incentive
to reduce tillage on both wheat and sorghum
crops. However, returns of the sorghum
portion of the WSF rotation were highest
for no-till and lowest for conventional till-
age. Sorghum yields increase significantly
as the amount of tillage is reduced. The
most profitable tillage method in the WSF
rotation was reduced-till wheat and no-till
sorghum.

Technology Transfer

The adoption of dryland conservation
technologies can significantly increase pro-
ductivity and profitability in dryland agri-
culture. These technologies are based on
maintaining surface residue cover and con-

serving as much water as possible for use
by marketable crops. To summarize, dryland
conservation technologies involve: (i) re-
ducing soil water evaporation, (ii) elimi-
nating water use by weeds, (iii) reducing
water runoff (and soil erosion), (iv) in-
creasing water infiltration, and (v) increas-
ing snow catch. These critical components
primarily involve maintaining crop residue
on the soil surface throughout the year.

, Increasing the quantity of residue (or
carbon) added to the soil and reducing
organic matter oxidation (by reducing till-
age) will increase soil organic matter, and
subsequently soil productivity. Research,re-
suIts confirm that increasing the quantity
of residue produced and left undisturbed
on the soil surface dramatically increased
soil organic matter (Fig. 1I). The more
intensive the crop rotation, the more pro-
ductive the soil becomes.

Two major benefits are realized when
producers adopt dryland conservation tech~
nologies. First, producers realize increased
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profitability, which improves the standard
ofliving apd increases the cash flow through
the rural community (producer has more
disposable income to purchase local goods
and services). Second, soil erosion is dra-
matically reduced as a dryland production
problem. Producers should adopt dryland
conservation practices because of increased
profit potential and enhanced productivity.

Extensive technology transfer progra-
mmes were initiated in 1988 that rep-
resented a cooperative effort between
professionals in agricultuffiI extension and
industry. The multidimensional effort com-
prised on-farm field demonstrations of dry-
land conservation technologies, producers
and agricultural dealer meetings arid semi-
nars, and publication of written materials,
slide sets, and videos. For example, in Kan-
sas between 1988 and 1995, over 15 field
demonstrations and 400 county and dealer
meetings were held. The' best measure of
success of any technology transfer effort
is .monitoring the rate of adoption over

.time (increase in land area with dryland
conservation technologies). Figure 12 shows
the rapid increase in producer adoption of
dryland com, planted predominately in a
reduced or no-till wheat-corn-fallow rota-
tion. Dryland com production has tripled
between 1993 and 1996. These data provide
convincing evidence that new technologies
that enhance productivity of the land will
be readily adopted by producers, provided
profit potential is enhanced.

Surveys were conducted in 1995 to
assess the primary reasons why producers
did or did not adopt dryland conservation
technologies. The major reasons provided
by producers unwilling to accept the new
technology were: (i) insufficient water avail-
ability or rainfall for intensive cropping,
(ii) too expensive (no-till equipment and
herbicides), and (iii) tradition (always have
farmed wheat-fallow).

In contrast, the major reasons provided
by producers who adopted wheat-corn-fal-
low or other dry land conservation tech-
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nologies were: (i) dry land conservation tech-
nologies were more profitable, (ii) available
water or precipitation was adequate for in-
tensive cropping, and (iii) reduced and no-till
cropping systems required less time and
labor.

Clearly the primary motivation for adop-
tion of dryland conservation techno~ogies
was enhanced profit potentiaI and their un-
derstanding of how to manage limited avail-
able water for enhanced crop production.

The future and viability of the Great
Plains agriculture dl:pends on sustaining
the soil resource base and ~ncreasing pro-
ducer profitability. Dryland conservation
technologies provide the greatest oppor-
tunity to achieve agricultural sustainability
and profitability in the Great Plains. It is
essential that dry land producers adopt
proven technologies that insure the future
productive capacity of our fragile soils.

References
Dickey, E., Harlan, P. and Vokal, D. 1981. Crop

residue management for water erosion control.
NebGuide G81-554, University of Nebraska-
Lincoln, NE.

Dyuvetter, K.C. and Norwood, C.A. 1994.Economic
incentives for adoption alternative dryland crop-
ping systems. In Proceedings of the Great Plains
Soil Fel1ility Conference (Ed. J.L. Havlin), Den-
ver, CO., March 7-9, 1994.

Greb, WD. 1983. Water conservation: Central Great
Plains. In Dryland Agricultllre (Eds.RE. Dregne

and W.O. Willis), pp. 57-72, ASA-CSSA-SSA,
Madison, Wl.

Haas, H.J. and Evans, C.E. 1957. Nitrogen and
carbonchanges inGreatPlains soilsas influenced
by cropping and soil treatments. USDA Tech.
Bull No. 11: 64.

Havlin, J.L., Kissel, D.E., Maddux, L.D., Classen,
N.M. and Long, J.H. 1990. Crop rotation and
tillage effects on soil carbon and nitrogen. Soil
Sciellce Society of America Joun/al 54: 448-
452.

Havlin, J.L., Kok, H. and Wehmueller, W. 1992.
Soil erosion - productivity relationship for dry-
land winter wheat. In Proceedillgs of the Great
Plains SoilFel1ilityCollferellce (Ed. J.L.Havlin),
Denver, CO., March 3-4, 1992.

Lamb, J.A., Peterson, G.A. and Fenster, C.R. 1985.
Wheat fallow systenls' effect on a newly cul-
tivated grassland soils' nitrogen budget. Soil
Science Society of America Jou17la149: 352-356.

Peterson, G.A. and Westfall, D.G. 1990. Long-term
soil-cropmanagement research for the 21st Cen-
tury. In Proceedings of the Great Plains Soil
Fel1ility Conference (Ed. J.L. Havlin), Denver,
CO., March 6-7, 1990.

Schlegel, A.J. 1990. Effect of cropping system and
tillage practices on grain yield and soil water
accumulation and use. Conservation Tillage Re-
search Rep011 of Progress No. 598, pp. 1-12.
Kansas Agricultural Experiment Station, Kansas
State University, Manhattan, KS.

Steiner, J.L. 1989.Tillage and surface residue effects
on evaporation from soils. Soil Science Society
of America Jou17lal 53: 911-916.

Unger, P.W. 1983. Water conservation: Southern
Great Plains. In Dlyland Agriculture (Eds. H.E.
Dregne and W.O. Willis). ASA-CSSA-SSA,

. Madison, Wl.


