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IntroducVon
Alfalfa, a forage crop,
has relaVvely large
crop water needs and,
thus, can beneﬁt from
highly eﬃcient
irrigaVon systems
such as subsurface
drip irrigaVon (SDI).
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Alfalfa is typically harvested when
10% of the plants are blooming.
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PotenVal Advantages of SDI for Alfalfa
In some regions, irrigaVon is
limited by geohydrological
or insVtuVonal constraints,
so SDI can eﬀecVvely
increase alfalfa producVon
by increasing the crop
HarvesVng research
transpiraVon, while
plots of alfalfa in 2006
reducing or eliminaVng
irrigaVon runoﬀ, deep
percolaVon, and soil water
evaporaVon.
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PotenVal Advantages of SDI for Alfalfa

Since alfalfa is such a large water user
and has a very long growing season,
irrigaVon labor requirements can be
reduced with SDI relaVve to less
eﬃcient alternaVve irrigaVon systems
that would require more irrigaVon and
thus more irrigaVon events.
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PotenVal Advantages of SDI for Alfalfa

A major advantage of SDI on alfalfa is the
ability to conVnue irrigaVng immediately
prior, during, and immediately aaer the
mulVple seasonal harvests.
ConVnuaVon of irrigaVon reduces the
amount of water stress on the alfalfa and
thus can increase forage producVon which
is generally linearly related to transpiraVon.
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PotenVal Advantages of SDI for Alfalfa
TranspiraVon on SDI plots that did not require
cessaVon of irrigaVon was 36% higher than where
irrigaVon was stopped for the normal harvest
interval (Hutmacher et al., 1992).
Yields with SDI were approximately 22% greater
than surface ﬂood-irrigated ﬁelds while sVll
reducing irrigaVon amounts by approximately 6%.
Water producVvity (WP), was increased mainly due
to increased yield, not due to less crop water use.
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PotenVal Advantages of SDI for Alfalfa
Alfalfa can be very sensiVve to foliar leaf burn from
sprinkler irrigaVon of low-quality water.
Yields can also be reduced by temporary ponding
of irrigaVon water on the soil surface during
periods of hot weather.
SDI can avoid both of these issues enVrely.
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PotenVal Advantages of SDI for Alfalfa
In drier regions, annual weed compeVVon can also
be reduced with SDI compared to surface and
sprinkler irrigaVon since the soil surface is not
wehed by irrigaVon.
When irrigaVon can conVnue, less physiological
stress on the crown of the plants occurs, and weed
compeVVon can be reduced.
Fewer weeds can result in beher quality hay which
then can receive a premium price in some regions.
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Challenges for SDI with Alfalfa
Burrowing mammals, principally of the rodent
family, can cause extensive leaks in alfalfa ﬁelds
when using SDI. Most rodents avoid digging into
wet soil, so dripline leaks presumably are not
caused by the animals looking for water.
The diﬃculty in determining the actual locaVon of a
dripline leak caused by rodents is compounded by
the fact that the leaking water may follow the
burrow path for a considerable distance before
surfacing.
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Challenges for SDI with Alfalfa
Typical rodent habitat scenarios include the close
proximity of permanent pastures and alfalfa ﬁelds,
railroad and highway easements, irrigaVon canals,
sandy soils, crop and grain residues during an
extended winter dormant period, or absence of
Vllage.
Some growers have tried deep subsoiling and/or
applying poison bait around the SDI system ﬁeld
perimeters as a means of reducing rodent
subsurface entry into the ﬁeld.
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Challenges for SDI with Alfalfa
Periodic wejng of the soil during the dormant
period has been suggested as a possible means of
reducing rodent damage.
Deeper SDI depths (18 inches or greater) may avoid
some rodent damage (Van der Gulik, 1999). Many
of the burrowing mammals of concern in the USA
have a typical depth range of acVvity that is less
than 18 inches (Cline et. al. 1982). However, on the
negaVve side, deeper driplines require more labor
to make the repair when a leak does occur.
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Challenges for SDI with Alfalfa
CausVc, odoriferous, pungent, and
unpalatable chemical materials have been
applied through SDI systems in ahempts to
reduce rodent damage, but most of these
trials have not obtained adequate control.
Industry is experimenVng with products
that may help with the rodent
management issue.
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Challenges for SDI with Alfalfa
On some soils with some SDI designs, irrigaVon
with SDI may need to be reduced during the
harvest interval to avoid wet spots and
compacVon by heavy harvesVng equipment.
Possible soluVons to these problems might be
deeper SDI installaVons or closer dripline and
emiher spacings, thus resulVng in more uniform
water distribuVon (McGill, 1993; Hengeller,
1995).
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Challenges for SDI with Alfalfa
The choice of emiher discharge rate must also account
for the soil hydraulic properVes in order to avoid
backpressure on the emihers and surfacing of water.
Surfacing is an SDI phenomenon in which excessive
emiher ﬂowrate, coupled with insuﬃcient soil water
redistribuVon, creates or uses an exisVng preferenVal
ﬂow path to allow free water to reach the soil surface.
Surfacing can be a signiﬁcant problem on some soil types
and is parVcularly troublesome when it occurs in alfalfa
ﬁelds.
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Challenges for SDI with Alfalfa
“Surfacing” may also be
directly associated with a
“chimney eﬀect” in which
small, ﬁne soil parVcles are
carried to the surface in
the preferenVal ﬂow path
Caldera resul*ng from surfacing of water from
or macropore.
an SDI emi7er in California.

The sorVng of soil parVcles and deposiVon into the walls
of the chimney will further reinforce the preferenVal ﬂow
path and surfacing may become worse.
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Challenges for SDI with Alfalfa
On some soils under
good irrigaVon
management, it may
be possible to use
deeper and
relaVvely wide
dripline spacings for alfalfa because of its
extensive and deep root system.
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Challenges for SDI with Alfalfa
In arid California on a silty clay loam, yields
from driplines spaced at 6.6 a were nearly
equal to that obtained by a narrower, 3.3 a
spacing aaer the ﬁrst year of operaVon (Ayars
et al., 1999).
Alfalfa yield for the wider spacing was reduced
approximately 17% during the ﬁrst year of that
study when the root system was not well
established.
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Challenges for SDI with Alfalfa
In semi-arid Kansas on a sandy loam soil, yields
were 18% lower for 5 a spacing as compared to the
narrower 3.3 a spacing for the second and third
years of producVon (Alam et al., 2002b).
It was concluded in this study that it was more
economical to use the 3.3 a spacing. However, it is
possible that irrigaVon applicaVons with SDI on this
soil type were too marginal to allow the alfalfa to
fully develop under the wider 5 a spacing.
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Alfalfa Study with SDI at KSU-NWREC, 2005-07

A ﬁeld study was conducted from 2005 through 2007
at the KSU Northwest Research-Extension Center,
Colby, Kansas to examine alfalfa producVon using
SDI.
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Alfalfa Study with SDI at KSU-NWREC, 2005-07

The climate is semi-arid with a summer precipitaVon
pahern and a long term average annual rainfall of
approximately 19 inches.
Average precipitaVon is approximately 15.75 inches
during April through October, the typical alfalfa
acVve-growing period.
In this region, we can anVcipate to get 4 to 5 annual
harvests of alfalfa with the 5th harvest occurring near
the hard freeze preceding overwinter dormancy.
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Alfalfa Study with SDI at KSU-NWREC, 2005-07

The subsurface drip
irrigaVon (SDI) system
was installed in the fall
of 2003 before planVng
of the alfalfa.
Low-ﬂow (0.15 gal/h-emiher) dripline with a 12-inch
emiher spacing and 0.875 inch inside diameter
(Roberts Ro-Drip XL 12-15) was installed with a 60inch dripline spacing using a shank-type injector at a
depth of 20 inches.
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Alfalfa Study with SDI at KSU-NWREC, 2005-07

We examined alfalfa producVon at
3 horizontal perpendicular distances from the 60-inch
spaced driplines
•

0, 15, and 30 inches

under 3 irrigaVon regimes (treatments designed to
replace a percentage of crop evapotranspiraVon (ETc)
minus precipitaVon
• 100,

85, or 70%
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Alfalfa Study with SDI at KSU-NWREC, 2005-07

In the late fall of each year, an irrigaVon amount of 5
inches was applied with the SDI system. This large
irrigaVon event was conducted to reduce the chance
for root intrusion and/or rodent damage during the
long overwinter period.
This large irrigaVon amount would aﬀect the year-toyear sustainability of the alfalfa under the more
deﬁcit-irrigated treatments, but should not greatly
aﬀect the in-season diﬀerenVal responses of the
various irrigaVon treatments.
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Alfalfa Study with SDI at KSU-NWREC, 2005-07

Weather condiVons during the three years
of the study were generally favorable for
alfalfa producVon.
IrrigaVon requirements were somewhat
similar among the three years, with the
seasonal amount for the fully irrigated
treatment being 23, 25, and 22 inches for
2005, 2006, and 2007, respecVvely.
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Alfalfa yields
were excellent
compared to
regional norms
of ≈6.5 tons/a
for all 3 years.

Dry Matter Yield (tons/acre)

Alfalfa Study with SDI at KSU-NWREC, 2005-07
2005
2006
2007
Mean

10

9

8

7
100

85

70

There were no
Irrigation Level (% of ET)
staVsVcally signiﬁcant diﬀerences in dry maher
yields ahributable to irrigaVon level.
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Alfalfa Study with SDI at KSU-NWREC, 2005-07

The lack of signiﬁcant diﬀerences in total
seasonal alfalfa dry maher yield as aﬀected
by irrigaVon level was probably related to
the extensive root system of the alfalfa
being able to suﬃciently and eﬀecVvely
mine the plant available soil water from the
deep silt loam soil without experiencing
severe water stress.
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Alfalfa Study with SDI at KSU-NWREC, 2005-07
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Although soil water
decreased during the
season and more so with
less irrigaVon, the
decreasing late summer
crop growth and less crop
water use during the laher
part of the season tended
to buﬀer out yield
diﬀerences.
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Alfalfa Study with SDI at KSU-NWREC, 2005-07
Crop Water Use (inches)

45
40
Seasonal water
use increased
35
with increasing
30
irrigaVon level
25
averaging
approximately
20
11% greater for
100
85
70
the fully irrigated
Irrigation Level (% of ET)
(100% of ETc) compared to the most deﬁcit
irrigaVon level (70% of ETc).
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2005
2006
2007
Mean

Water Productivity (ton/acre-in)

Alfalfa Study with SDI at KSU-NWREC, 2005-07
0.32
2005
2006
2007
Mean

Water producVvity
0.28
tended to be
greater for the
0.26
deﬁcit-irrigated
0.24
treatments and
0.22
was signiﬁcantly
0.20
greater in both
100
85
70
2006 and 2007
Irrigation Level (% of ET)
for the 70% of ETc treatment as compared to the
fully-irrigated treatment.
0.30
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Alfalfa Study with SDI at KSU-NWREC, 2005-07

Water producVviVes in this study were somewhat
greater than values of 0.18 to 0.19 tons/acre-inch
that were reported by Grismer (2001) and also
greater than the 0.20 tons/acre-inch value by
Hengeller (1995).
These greater WP values are probably indicaVve of
reduced soil water evaporaVon, the E component of
ETc, when alfalfa is grown with SDI.
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There was lihle
diﬀerence (<0.1 ton/
acre) in annual
alfalfa yield as
aﬀected by distance
from dripline when
averaged over all
years.

Dry Matter Yield (tons/a)

Alfalfa Study with SDI at KSU-NWREC, 2005-07
At dripline
15 inches from dripline
30 inches from dripline
Mean of all distances

10

9

8

7
2005

2006

2007

Mean

Year

Small yield diﬀerences in 2006 related to increased distance from
the dripline increased slowly with successive harvests.

31 of 35

11:34:57 AM

Alfalfa Study with SDI at KSU-NWREC, 2005-07

As the plant available soil water
decreases during the season,
alfalfa plants further from the
dripline would have increased
diﬃculty scavenging limited soil
water resources.
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Alfalfa Study with SDI at KSU-NWREC, 2005-07

Crude protein (a
measure of alfalfa
quality) and
digesVbility was
greater at the
greater distances
and reduced ET.
This helped compensate for the slight yield reducVon.
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Alfalfa Study with SDI at KSU-NWREC, 2005-07

When considering the long term
viability of the alfalfa, it is concluded
that the 85% ET replacement would
be beher than the 70% ET
replacement if drought condiVons
conVnue for mulVple seasons or
where the climate is more arid.
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This presentaVon is part of a SDI technology
transfer eﬀort beginning in 2009 involving
Kansas State University, Texas A&M
University and the USDA-ARS and is funded
by the Ogallala Aquifer Program.

Comments or
Questions??
Google SDI in the Great Plains
http://www.ksre.ksu.edu/sdi
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