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Figure 1. Aerial photo of integrated crop/livestock systems
at Mandan, ND.

SUMMARY

1. Drilled corn stored water to a greater depth
in the soil profile than either oat/pea or
triticale/sweet clover (Fig. 4).

2. When residue or stover was removed (R) for
triticale/sweet clover and drilled corn,
differences in soil water content did not
occur as deep in the soil profile as when
residue or stover was left in place with no
livestock (IP) or when grazed by livestock
(L) (Fig. 4).

3. Soil water storage during the fall period was
negative for 0-30 cm and 30-60 cm depths
when residues were oat/pea and triticale/
sweet clover. Cover crops may have a fit
since minimal soil water storage occurs
during the fall period (Fig. 5).

4. Precipitation storage efficiency (PSE),
during the total non-crop period for corn
residue was about two-fold greater than
oat/pea or triticale/sweet clover residues
(Table 2).
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INTRODUCTION

Enterprise diversity is the key to ensure a
productive and sustainable agriculture for the
future (Kirschenmann, 2002). Integrating crop
and livestock systems adds enterprise diversity
by adding value to grain, efficient nutrient
cycling, and providing uses for forages and
crop residues (Powell et al., 1996). Livestock
have been known to enhance soil water storage
on perennial grasslands due to trampling of
vegetation (Naeth and Chanasyk, 1995).
Information on the impact of livestock on soil
water storage in cropping systems is not well
documented.

Our broadscope objective was to develop an
integrated crop/livestock system that met
nutritional requirements of dry bred cows
during the winter and provide adequate crop
diversity in time and space for sustainable crop
production

Specifically, objectives of this research
were to determine if over-wintering dry bred
cows on cropping systems designed for forage
and grain swath grazing influences soil water
storage, profile soil water, and precipitation
storage efficiency during the non-crop period.

MATERIALS AND METHODS

Research was initiated in 1999, 6.0 km
southwest of the Northern Great Plains
Research Laboratory in Mandan, ND. The three-
year no-till cropping system, with all phases
present each year, consisted of oat/pea –
triticale/sweet clover – drilled corn. The
research project was designed to meet
nutritional requirements for wintering dry bred
cows in each of the treatments (Fig. 1). Soil
water content, to a depth of 2.1 m, in 30 cm
increments was measured using a neutron
moisture meter from fall 2000 to June 2006 to
determine soil water storage (SWS) and
precipitation storage efficiency (PSE). Soil
water content was determined for the noncrop
storage periods of fall, winter, and total (Fig.3).
Crop residue or stover treatments were residue
or stover left in place with no livestock (IP),
residue or stover removed (R), and residue or
stover grazed by livestock (L) (Fig. 2).

(Tanaka et al., 2005; Karn et al.,
2005).

Figure 2. Integrated crop/livestock systems treatments
with residue or stover left in place with no livestock (IP),
residue or stover removed (R), and residue or stover

Figure 3. A three year cropping system (oat/pea-triticale/sweet clover-drilled corn) with
all crop phases to winter swath graze dry bred cows. Soil water content was measured
for the fall and winter periods after oat/pea and triticale/sweet clover and for the winter
period after drilled corn.
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Table 1. Monthly and long-term precipitation at Mandan, ND.

Figure 4. Average soil water content (2000-2006) after harvest and before seeding
another crop to a soil profile depth of 2.1m for oat/pea, triticale/sweet clover, and
drilled corn residues. Residue treatments were residue or stover left in place with no
livestock (IP) residue or stover removed (R) and residue or stover grazed by livestock
(L).
†
Values are LSD at p=0.05 and NS is not significant.

Figure 5. Soil water storage for fall and winter periods at the 0-30 and 30-60 cm depths for residue or
stover left in place with no livestock (IP), residue or stover removed (R), and residue or stover grazed by
livestock (L). Residues or stovers were from oat/pea, triticale/sweet clover, and drilled corn.
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Table 2. Soil water storage (SWS) and precipitation storage efficiency (PSE) to a depth
of 2.1 m as influenced by storage period and residue management treatment. Residue
treatments were residue or stover left in place with no livestock (IP), residue or stover
removed (R) and residue or stover grazed by livestock (L).
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SWS PSE
Storage
period Precip. IP R L IP R L

(cm) -------------- (cm) ------------- -------------- (%) --------------

Oat/Pea
Fall 6.35 -2.78 -1.84 -1.36 -43.8 -28.9 -21.4
Winter 13.82 4.61 4.25 3.86 33.3 30.7 27.9
Total 20.17 1.82 2.41 2.50 9.0 12.0 12.4

Triticale/Sweet Clover
Fall 6.57 -2.80 -5.03 -2.44 -42.7 -76.6 -37.1
Winter 16.61 7.55 6.23 7.03 45.5 37.5 42.3
Total 23.18 4.75 1.20 4.59 20.5 5.2 19.8

Drilled Corn
Fall --- --- --- --- --- --- ---
Winter 13.44 6.86 5.74 7.13 51.1 42.7 53.0
Total 13.44 6.86 5.74 7.13 51.1 42.7 53.0

†
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Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

------------------------------------------------------ cm ---------------------------------------------------------------
2000 --- --- --- --- --- --- --- --- 3.23 3.96 3.38 1.02 ----
2001 0.86 1.88 0.48 5.08 3.89 10.44 21.26 0.03 2.97 2.36 0.05 0.15 49.45
2002 0.53 0.30 1.12 2.49 1.35 3.18 6.58 4.90 0.91 1.75 0.41 0.66 24.18
2003 0.71 0.46 0.89 2.13 13.23 5.26 1.24 1.04 4.14 1.30 1.40 1.35 33.15
2004 1.83 0.23 2.90 1.52 3.23 4.93 6.71 3.35 4.14 3.12 0.00 0.41 32.36
2005 0.46 0.18 0.89 2.41 6.96 12.29 7.37 5.79 0.99 3.15 1.88 1.32 43.69
2006 0.18 0.36 0.91 2.57 3.23 --- --- --- --- --- --- --- ----

Study Avg 0.76 0.57 1.20 2.70 5.31 7.22 8.63 3.02 2.73 2.61 1.19 0.82 38.91
Long Term 0.91 0.98 1.69 3.74 5.63 8.36 6.53 4.55 3.72 2.57 1.35 0.95 40.99


