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Abstract
Irrigated alfalfa (Medicago sativa L.) is an important forage crop for western 
Kansas dairy producers. Concerns over decreasing groundwater supplies have 
prompted the need to develop more efficient methods of irrigation. We 
investigated the effects of a subsurface drip irrigation system at three levels of 
water inputs [70, 85, and 100% of plant evapotranspiration rates (ETr)] on 
resulting alfalfa production and nutritive value. Alfalfa was harvested at 0, 15, and 
30 inches from established subsurface driplines within each of the three irrigation 
levels. Crude protein concentration and in situ dry matter disappearance, when 
found to be different at ETr and dripline distance combinations, tended to be 
greater at greater distances from the dripline and at the 70% ETr level. Fiber 
concentrations tended to be lower at greater distances from the dripline and at the 
70% ETr level. Alfalfa yield was similar at all dripline distances and at all ETr levels 
in 2005 and 2007, but alfalfa yield was greater 0 inches from the dripline 
compared to 30 inches from the dripline in 2006. We conclude that alfalfa can be 
irrigated with subsurface drip systems at 70 or 85% ETr without sacrificing yield or 
forage nutritive value.

Introduction
Alfalfa (Medicago sativa L.) is an increasingly important crop in western 

Kansas to supply a growing dairy industry with high quality hay. Of 
approximately 2.75 million irrigated crop acres in Kansas, almost 230,000 of 
those acres are used for alfalfa production (18). Alfalfa production in western 
Kansas relies on irrigation because of low annual rainfall (15 to 20 inches) and 
high growing season evapotranspiration amounts. Subsurface drip irrigation 
(SDI) systems under alfalfa are viewed as an alternative to center pivot sprinkler 
irrigation systems in this region to increase efficiency of water use and to 
decrease concerns with declining groundwater supplies (1). Similar SDI systems 
under corn grown for grain can reduce water use by 35 to 55% compared to 
traditional irrigation systems (12). Water savings are attributed to water being 
applied directly where needed in the root zone, eliminating evaporation and 
water runoff, and increased infiltration of natural precipitation events (11). 

Alfalfa has greater yield potential than other common legumes under water 
stress (15); therefore alfalfa may produce well with the limited water that is 
applied with SDI systems. Subsurface drip irrigation systems have demonstrated 
increased alfalfa yield compared to furrow irrigation (9) and have produced 
alfalfa with significant reductions in water use (14). Alfalfa may be able to 
produce well with SDI systems using less total water applied because of its 
ability to extract soil water. Alfalfa demonstrated its ability to produce greater 
dryland forage yield compared to chicory (Cichorium intybus L.) and red clover
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(Trifolium pratense L.) because of greater soil water extraction (4). Alfalfa is 
also more tolerant than many grass and legume forages to deficit irrigation (13). 

However, alfalfa irrigated with subsurface drip irrigation systems may 
become water stressed and yield less at increasing distances from irrigation 
driplines if irrigated at low levels and driplines are spaced too widely (1,2). 
Alfalfa under water stress often is higher in nutritive value than unstressed 
alfalfa (15,22). Since forage quality is a major component of the value and 
pricing of alfalfa crops, an experiment was conducted to evaluate the effects of 
reduced water inputs and distances from driplines on alfalfa production and 
forage nutritive value. 

Establishing and Harvesting the Alfalfa Stand
Located on the Kansas State University Northwest Research-Extension 

Center at Colby, a study to investigate yield and quality of alfalfa with SDI was 
established in 2003. Subsurface drip irrigation lines were installed 18 inches 
below the soil surface in parallel 60-inch spaced intervals. Alfalfa (Pioneer 
HiBred brand 54Q25, Pioneer Hi-Bred Intl. Inc., Johnston, IA) was seeded at 12 
lb/acre into a clean-tilled seedbed in the fall of 2003 (12 September) with a 
Great Plains (Great Plains Mfg. Inc., Salina, KS) disk drill. Stand establishment 
was insufficient with the fall 2003 planting, so on 20 April 2004, the established 
alfalfa stand was interseeded at the same rate at an approximately 15° angle to 
the original drill rows. Alfalfa was allowed one full production year (2004) at a 
single 100% of ET irrigation level prior to collection of yield and quality data to 
ensure that the SDI system was operating properly and to ensure that alfalfa 
attained a full stand.

Alfalfa production was measured at 0-, 15-, and 30-inch horizontal distances 
from subsurface driplines where water was released into the soil at three levels 
of irrigation, designed to replace 100%, 85%, and 70% of evapotranspiration 
rates (ETr) with allowances for precipitation (irrigation scheduling with a water 
budget). The reference ETr for each irrigation level was calculated using a 
modified Penman combination equation, and irrigation scheduling has been 
described previously in detail (10). The test was arranged in a randomized 
complete block design with three replications, with irrigation level as the whole 
plot and distance from the dripline as randomized substrips within the whole 
plot. Whole plots were approximately 30 ft wide and 83 ft long. Five harvests 
were made at the target of one-tenth bloom in each of three years, 2005 through 
2007. From the middle 40 ft of plot length, harvested substrips were 36 inches 
wide and centered over the 0-, 15-, and 30-inch distances from the driplines. A 
self-propelled flail harvester cut forage to an approximately 3-inch height and 
weighed forage with an automated weighing system. A subsample was collected 
from each plot. Wet subsamples were manually weighed and then dried in a 
forced air oven at 120 to 130°F for 48 to 72 hr, and weighed again to determine 
harvest moisture content and to provide material for forage quality analysis. Plot 
dry matter yield was calculated by multiplying the whole plot weight and the 
sample dry matter proportion.

Sample Preparation for Nutritive Value Tests
Subsamples were ground through a 0.08-inch screen on a mill blade grinder, 

and half the ground sample was then processed through a 0.04-inch screen on a 
cyclone mill. Samples were scanned with an NIRSystems 6500 (Foss 
NIRSystems Inc., Silver Spring, MD) near infra-red reflectance 
spectrophotometer, and CENTER and SELECT procedures were used to select 
calibration samples for forage quality analysis. Selected samples were analyzed 
for neutral detergent fiber (NDF) and acid detergent fiber (ADF) using the fiber 
fractionation system (7,19) minus decaline and sodium sulfite solution and 
modified for use in an ANKOM (ANKOM Technology, Macedon, NY) fiber 
analyzer (21). Crude protein (CP) of samples was determined using the micro-
Kjeldahl method similar to that of Bremner and Breitenbeck (3) for sample N 
and multiplying N*6.25. Samples from the 0.08-inch grind were also exposed to 
in situ digestion for 48 h. Samples were moistened in warm water for 15 min
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prior to insertion in a fistulated dairy animal on a 70% alfalfa, 30% corn grain 
diet, and followed other recommendations (20) of incubation and rinsing for in 
situ dry matter disappearance (ISDMD) analysis. 

Wet chemistry values for NDF, ADF, CP, and ISDMD were used to develop 
NIRS equations for predicting nutritive value of all forage samples for statistical 
analysis. Proportional values of each harvest were multiplied by harvest dry 
matter (DM) yield, and each constituent was then summed to determine season 
total yields of NDF, ADF, CP, and ISDMD. Season total yields of each nutritive 
constituent were divided by season total DM production to determine average 
season proportions for each trait. The overall experiment was analyzed with the 
PROC MIXED procedure of SAS (17) using the REPEATED statement for 
sampling that occurred on the same experimental unit (substrips) over years. 
The PDIFF statement was used for detecting differences between means when 
treatments were determined to be significantly different. Irrigation level, 
distance from the driplines, year, and their interactions were considered fixed 
effects, while replication and its interactions with the fixed effects were 
considered random. Significance was based on P < 0.05 unless otherwise noted.

Water from Precipitation and Irrigation
Annual precipitation in 2005, 2006, and 2007 was 20.1, 21.1, and 18.2 

inches, respectively (Table 1). However, timing of precipitation varied greatly 
from year to year. Although total precipitation was greater in 2006 than in 2005 
or 2007, growing season precipitation was actually 2.4 and 3.1 inches lower in 
2006 than in 2005 or 2007. Irrigation amounts averaged 23.1, 19.1, and 15.7 
inches annually for the 100, 85, and 70% ETr irrigation levels. Another 5.5 
inches was applied to all plots during the late fall and winter of each year to 
deter rodents from damaging the SDI system and to prevent root intrusion into 
the driplines.

Table 1. Monthly and annual precipitation in inches during 2005-2007, and the 30-
year average for Colby, KS. 

Nutritive Value
Crude protein. An ETr × Distance × Year interaction resulted for CP (Table 

2). Forage CP within a year and ETr level was equal at all distances from the 
driplines except at the 85% ETr level in 2005 and the 100% ETr level in 2006 
when alfalfa at 30 inches from the driplines had greater CP than at 0 inches 
from the driplines. However in 2007, alfalfa at 15 inches from the driplines had 
greater CP than at 30 inches from the driplines within the 70% ETr irrigation 
level. Within a year at specific dripline distances, CP was greater for the 70% 
ETr level than for the 100% ETr level in 2005 and 2007 at 15 inches from the 
dripline, while in 2006, at both 0 and 30 inches from the driplines, the 70% ETr 
level had greater CP than the 85% ETr level. At 0 inches from the driplines in 
2006, CP was greater at the 70% ETr level than at the 100% ETr level. When CP 
was significant at ETr and dripline distance combinations within a year, CP 
tended to be greater at greater distances from the dripline and at the 70% ETr 
level (Table 2). 

Year

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

Precipitation (inches)

2005 0.20 0.34 0.74 3.62 3.78 3.12 2.35 3.03 0.08 2.52 0.23 0.08 20.09

2006 0.55 0.04 2.05 0.65 1.03 3.20 1.68 2.44 2.11 3.14 0.02 4.23 21.14

2007 0.63 0.66 1.52 3.45 1.15 1.61 2.73 3.25 1.98 0.24 0.10 0.87 18.19

Avg 0.43 0.51 1.22 1.81 3.27 2.67 3.78 2.68 1.34 1.46 0.75 0.47 20.35
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Table 2. Crude protein (CP) percentage of alfalfa forage from 2005-2007 
at different distances from subsurface irrigation driplines, and at three 
irrigation levels, when grown near Colby, KS. Within rows, values followed 
by the same letter (a,b,c) are statistically similar. Within columns, values
followed by the same letter (x,y,z) are statistically similar. Values with no 
letters were statistically similar to other values within rows or columns. 

In situ dry matter disappearance. An ETr × Distance × Year interaction 
also resulted for ISDMD (Table 3). In situ DM disappearance at 30 inches from 
the driplines was greater than 0 or 15 inches from the driplines in 2005 and 
2006, but not in 2007. Within a year and ETr irrigation level, alfalfa 30 inches 
away from the driplines had greater ISDMD than at 15 inches from the driplines 
within the 85 and 100% ETr levels in 2005, and alfalfa 30 inches from the 
driplines had greater ISDMD than alfalfa 0 inches from the driplines at the 70 
and 100% ETr levels in 2006. Within a year and distance from the driplines, 
ISDMD in the 70% ETr level in 2005 was greater than at the 85% and 100% ETr 
levels at 15 inches from the driplines. In 2006, ISDMD from the 70% ET level 
was greater than the 100% ETr level at 0 inches from the driplines. In 2007, 
disappearance from the 70% ETr level was greater than for the 85% ETr level at 
15 inches from the driplines. When ISDMD was significant at ETr and dripline 
distance combinations within a year, ISDMD tended to be greater at greater 
distances from the dripline and at the 70% ETr level. Overall, the 70% ETr 
irrigation level had greater ISDMD than the 85 and 100% irrigation level.

Year
Distance
(inches)

Irrigation level (%ETr)

70 85 100 Avg

CP (%)

2005 0      17.8     17.7y     17.9      17.8y

15      18.2a     17.8abxy     17.7b      17.9y

30      18.1     18.2x     18.1      18.1x

Avg      18.0     17.9     17.9 −

2006 0      18.0a     17.4b     17.1by      17.5

15      17.8     17.5     17.6x      17.6

30      17.9a     17.4b     17.8abx      17.7

Avg      17.9     17.4     17.5 −

2007 0      17.9xy     17.9     17.9      17.9

15      18.3ax     17.6b     17.9b      17.9

30      17.9y     17.8     17.7      17.8

Avg      18.0     17.8     17.8 −

ET Avg      18.0a     17.7b     17.7b −
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Table 3. In situ dry matter disappearance (ISDMD) percentage of alfalfa 
forage from 2005-2007 at different distances from subsurface irrigation
driplines, and at three irrigation levels, when grown near Colby, KS. 
Within rows, values followed by the same letter (a,b,c) are statistically
similar. Within columns, values followed by the same letter (x,y,z) are
statistically similar. Values with no letters were statistically similar to
other values within rows or columns.

Acid detergent fiber. Acid detergent fiber had significant ETr × Year (Table 
4) and Distance × Year (Table 5) interactions. Acid detergent fiber concentration 
was lower for the 70% ETr irrigation level than for 85 or 100% ETr irrigation 
levels (Table 4), except in 2007 when all ETr irrigation levels had similar ADF. 
In 2005 and 2007, ADF was similar at all distances from the driplines, but in 
2006 alfalfa 30 inches from the driplines had lower ADF than alfalfa 0 and 15 
inches from the driplines (Table 5).

Table 4. Acid detergent fiber (ADF) percentage of alfalfa forage from 
2005-2007 at three irrigation levels when grown near Colby, KS. Within 
rows, values followed by the same letter (a,b,c) are statistically similar. 
Within columns, values followed by the same letter (x,y,z) are 
statistically similar. Values with no letters were statistically similar to 
other values within rows or columns.

Year
Distance
(inches)

Irrigation level (%ETr)

70 85 100 Avg

ISDMD (%)

2005 0      74.5      74.2xy      75.0x      74.6y

15      75.6a      74.1by      73.5by      74.4y

30      75.5      75.4x      75.0x      75.3x

Avg      75.2      74.6      74.5 −

2006 0      73.4ay      72.8ab      71.7by      72.6y

15      73.6xy      72.6      73.0x      73.1y

30      74.6x      73.8      74.0x      74.1x

Avg      73.9      73.1      72.9 −

2007 0      74.7      74.4      74.4      74.5

15      74.9a      73.6b      74.3ab      74.3

30      74.6      74.3      73.9      74.3

Avg      74.8      74.1      74.2 −

ET Avg      74.6a      73.9b      73.9b −

Irrigation
level
(%ETr)

Year

2005 2006 2007 Avg

ADF (%)

70 36.2y 33.6y 33.8 34.6y

85 37.2x 35.0x 34.2 35.5x

100 36.9x 35.3x 34.2 35.5x

Avg 36.7a 34.7b  34.1c −
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Table 5. Acid detergent fiber (ADF) percentage of alfalfa forage from 
2005-2007 at three different distances from subsurface irrigation 
driplines when grown near Colby, KS. Within rows, values followed 
by the same letter (a,b,c) are statistically similar. Within columns, 
values followed by the same letter (x,y,z) are statistically similar. 
Values with no letters were statistically similar to other values within 
rows or columns.

Neutral detergent fiber. An ETr × Distance × Year interaction also resulted 
for NDF (Table 6). Neutral detergent fiber was lower for the 70% ETr irrigation 
level than for the 85 or 100% ETr irrigation levels, except in 2007 when all 
irrigation levels had equal NDF (Table 6). Alfalfa NDF was similar at all ETr 
irrigation levels at 0 inches from the driplines in 2005, and was similar at all 
ETr irrigation levels and all distances from the driplines in 2007. The 70% ETr 
irrigation level had lower NDF than the 85 or 100% ETr levels at 15 and 30 
inches from the driplines in 2005, and at 0 and 30 inches from the driplines in 
2006. 

Table 6. Neutral detergent fiber (NDF) percentage of alfalfa forage from 
2005-2007 at different distances from subsurface irrigation driplines, and 
at three irrigation levels, when grown near Colby, KS. Within rows, values
followed by the same letter (a,b,c) are statistically similar. Within columns,
values followed by the same letter (x,y,z) are statistically similar. Values
with no letters were statistically similar to other values within rows or 
columns.

Distance
(inches)

Year

2005 2006 2007 Avg

ADF (%)

0 36.8 35.1x 34.1 35.3

15 37.0 34.8x 34.0 35.3

30 36.4 34.1y 34.1 34.9

Avg  36.7a 34.7b  34.1c −

Year
Distance
(inches)

Irrigation level (%ETr)

70 85 100 Avg

NDF (%)

2005 0     45.3abx     46.1a     44.9by 45.4

15     44.3bxy     46.3a     46.4ax 45.7

30     44.1by     46.1a     45.3axy 45.2

Avg     44.6b     46.2a     45.5a −

2006 0     42.3b     43.8a     44.4ax 43.5

15     42.6     43.7     43.7xy 43.3

30     42.0b     43.4a     42.8aby 42.7

Avg     42.3b     43.6a     43.6a −

2007 0     42.3     43.2     43.0 42.9

15     42.5     43.2     42.8 42.8

30     42.8     42.7     43.2 42.9

Avg     42.6     43.0     43.0 −

ET Avg     43.2b     44.3a     44.1a −
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Yields
Dry matter yield. Total DM yield was lower for alfalfa 30 inches away from 

the driplines than for alfalfa 0 inches away from the driplines in 2006 (Table 7). 
In 2005 and 2007, DM yield was similar at all three distances from the 
driplines. Within a year, total DM yield was similar between irrigation levels, 
and, averaged over the three years, totaled 9.21, 9.36, and 9.30 ton/acre for the 
70, 85, and 100% ETr irrigation levels, respectively. Total DM yield was greatest 
in 2005 and lowest in 2006. Individual harvest yields and crop water use prior 
to each harvest date was previously summarized (10).

Table 7. Dry matter (DM) yield (ton/acre) of alfalfa forage from
2005-2007 at three different distances from subsurface irrigation
driplines when grown near Colby, KS. Within rows, values
followed by the same letter (a,b,c) are statistically similar. Within
columns, values followed by the same letter (x,y,z) are statistically
similar. Values with no letters were statistically similar to other
values within rows or columns. [Adapted from Lamm et al. 2012 (10)].

Discussion and Implications
Crude protein percentage and ISDMD percentage are positively associated 

with forage quality, and tended to be greater at the lowest ETr irrigation level 
and at the greatest distance from the driplines. Forage ADF and NDF 
percentages have negative relationships with forage digestibility and animal 
intake, respectively, so lower ADF and NDF at 70% ETr and at 30 inches from 
the driplines indicate greater forage quality than the 85 or 100% ETr and 0 or 15 
inches from the driplines. Legumes under water stress have greater leaf:stem 
weight ratio, delayed maturity, and often higher nutritive value in both the leaf 
and stem fractions compared to unstressed legumes (15). Nutritive value of 
alfalfa grown in semi-dry soils with soil water between field capacity and wilting 
point is generally improved compared to alfalfa grown in soil between field 
capacity and 70% available water (16). In that study, alfalfa had decreased lignin 
and acid detergent fiber concentrations, and increased CP. The slowing of plant 
maturation accounts for most, but not all, of the increase in alfalfa forage 
nutritive value under water stress (6,8). Less irrigation at the 70% ETr level and 
greater distances from the driplines likely decreased maturation and increased 
forage nutritive value in the current study. Dry matter yield tended to be lower 
only at the greatest distance from the driplines in 2006, but the yield decline 
was offset by greater nutritive value. 

It would be impractical to harvest only areas that are a certain distance from 
the dripline, thus alfalfa whole stand nutritive value would be a combination of 
the nutritive value over the three distances. Therefore, irrigation level would be 
the main form of water manipulation that would affect alfalfa yield and nutritive 
value on a field basis for marketing and diet composition purposes. Fields 
irrigated at 70% ETr would have a slight advantage for higher CP and IS 
disappearance percentage, and lower ADF and NDF percentage, but overall DM 
yields would not be different between the three ETr irrigation levels. Alfalfa 
irrigated at low levels has been shown to produce forage with more efficient 
water use than at high irrigation and at the same time increased digestibility (5). 
Subsurface drip irrigation at 70% ETr is efficient and would save water and 
money without sacrificing dry matter yield or nutrient yield, and could 
potentially increase market value of harvested alfalfa because of slightly greater

Distance
(inches)

Year

2005 2006 2007 Avg

DM (ton/acre)

0 9.9 9.1x 9.0 9.3

15 9.9 8.9xy 9.2 9.3

30 9.9 8.6y 9.1 9.2

Avg 9.9a 8.9c 9.1b −
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forage nutritive value and digestibility. Subsurface drip irrigation at the 85% ETr 
level would also be more efficient than producing alfalfa at the 100% ETr level 
by providing the same amount of dry matter at the same nutritive level, without 
the extra water input. Therefore, alfalfa can be irrigated with subsurface drip 
systems at 70 or 85% ETr without sacrificing yield or forage nutritive value.
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