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Alfalfa Response to Water and Nitrogen

Barry R Tickes, Michael Oman

Introduction

Two of the most important inputs in the production of field crops in Arizona are water and nitrogen
fertilizer. Much interest is currently directed toward the management of these resources. Demand for water
has continually increased as has the concern over nitrate pollution of groundwater.

Alfalfa uses more water than most other field crops grown in Arizona and means of conserving water in
alfalfa production have been studied for many years. Nitrogen fertilizer is not commonly recommended for
or applied to alfalfa. The potential benefit of nitrogen fertilizer to alfalfa has been questioned, however,
by some producers. The purpose of this test was to evaluate the response of alfalfa to water and nitrogen.

Materials and Methods

This test was conducted at the Yuma Mesa Agricultural Center on a Superstition fine sand soil type.
Water and nitrogen were applied with an overhead self- moving lateral sprinkler system specifically designed
to conduct irrigation and nitrogen management research. By altering the speed of the system, between 0.2
and 1.4 inches of water could be applied. The different amounts of water applied was accomplished by
using different orifice size nozzles. Different nitrogen applications were made by injection into the irrigation
water through variable nozzle sizes. Water was managed by using a neutron probe to monitor soil moisture.
The optimum level of water was set at maintaining 1.5 to 2.0 inches of water in the top foot of soil. The
other treatments received a percentage of water, from 50% to 150 %, of this optimum level. We tried to
apply 40 lbs. of actual nitrogen per acre between each cutting in the optimal plots. These applications were
split between three irrigations. Nitrogen levels varied from 0 to 167% of the optimal. A total of nine
levels of water and nitrogen combinations were applied with the optimal (100 %) treatment replicated 5
times. A total of 13 treatments were applied to plots measuring 40' X 3' and randomized down the crop
row. The water and nitrogen combinations were:

Combinations
of Optimal

Water Nitrogen

50 100
65 53
65 147

100 33
100 0
100 100
100 167
135 53
135 147
150 100

17



Twelve acre feet of water and 508 lbs. of nitrogen were applied to the optimal treatment between planting
on April 8, 1991 and the last or 12th harvest on July 1, 1992. All other treatments received a percentage,
up or down from this "optimum ". Plots were harvested using a self -propelled small plot forage harvester.
Fresh weights were measured, correlated to 20% dry matter and hay yields reported at 12% moisture.

Table 1.

Alfalfa Hay Yield (12% moisture) as Influenced by Water and Nitrogen Application Expressed as in Percent
of "Optimum ".

Hay Yield
% of Optimum f
Water NitrogenÌÌ,

(Tons per Acre)
4Apr91 16May 6Jun 27Jun ,' 22Ju1 5Sep 280ct 25Feb92 23Mar 1May 1Jun 13ul TOTAL

50 100 0.49 0.32 0.23 0.51
I

0.11 0.65 0.35 0.62 1.85 1.35 1.73 0.88 9.08

65 , 53 0.76 0.41 0.32 0.60 0.28 1.02 023 0.90 1.57 1.43 1.13 135 10.20

65 147 0.51 0.35 0.28 0.45 ¡ 0.27 0.96 0.56 1.00 2.16 i 1.67 1.75 1.21 11.17

100 0 0.71 0.50 I 0.37 0.45 0.43 1 1.63 0.90 0.65 1.15 1.85 1.50 2.37 12.50

100 33 0.55 0.46 : 0.40 0.46 , 0.42 1.69 0.98 0.89 1.96 i 2.28 2.19 1.90 14.18

100 100 0.55
1

0.48 : 0.42 f 0.48 , 0.40 ' 1.75 1.06 1.36 1.83 2.17 1.92 ; 1.79 14.21

100 167 0.56 0.50 , 0.42 0.51 ' 0.43 1.70 1.02 1.90 2.08 2.31 2.05 1.81 15.29

135 53 0.56 0.50 0.42 0.41 ' 0.41 1.38 0.97 1.32 I 1.88 ! 2.12 1.41 1.94 13.31

135 ; 147 0.59 0.52 0.46 0.53 0.46 1.53 1.00 ! 1.56
i

2.27 2.45 I 2.06 1.94 15.37

150 100 0.53 i 0.46 0.38 0.33 0.44 1.14 1.00 1.19 1.99 2.03 2.00! 2.001 13.48

Results and Discussion

Water application strongly influences alfalfa yield. Alfalfa has a relatively high water requirement. It is
difficult to apply too much water to alfalfa on light- textured soils. Yield was increased approximately one -
half by increasing water application from 50 to 100% of consumptive use.

Well -modulated alfalfa does not benefit from nitrogen fertilizer application, according to dogma. Nitrogen
fertilizer is often applied preplant or during the seedling stage as a starter fertilizer, however. Some growers
feel that alfalfa nodules are ineffective during Arizona's hot summers. Our study documents a yield increase
of 1 to almost 3 tons per acre due to nitrogen fertilization depending on the water level. This represents
a yield increase of 9.5 to 22 %. Interestingly, nitrogen fertilizer was most effective for the first two cuttings
during the second year. We often assume that nitrogen fertilizer would be most beneficial to alfalfa during
the heat of the summer due to ineffectiveness of the nodules, which was not the case in this study.

Response of alfalfa to nitrogen fertilizer will undoubtedly depend on soil type, irrigation amounts,
management, and weather conditions. This study demonstrates that nitrogen fertilization of alfalfa may be
economical under some conditions.
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