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It appears that in some cases we can utilize a natural water table to meet part of the crop needs. The fluctuating water

table data indicated that alfalfa is not the best plant to use where there is significant variation in water table that extends over periods in excess of 4 days.

The water used to irrigate and maintain water tables in this experiment was of good quality.

Water Analysis: Conductence Salts Reaction

150 micromhos/cm 105 parts/million 8.2 pH

cations

Equivalents/millions

Calcium magnesium Sodium

percent sodium

0.93 0.57

38.00 1/
anions

Equivalents/millions

carbonate bicarbonate sulfate chloride

0.18 1.12

T

0.24

Other constituents

Boron

0.12

1/

Percent Na = Na x 100


Ca + Mg + Na

2
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Alfalfa Growth as

V

AST acreages of irrigated land de​

voted to the production of forage crops in the southwestern states are affected by high water tables. Alfalfa can adapt to static high water table conditions and maintain a good produc​tion level; however, fluctuating water tables that inundate the alfalfa root system for extended periods will greatly reduce production or kill the plants.

The quantitative effect of shallow water tables on the water requirements, by rainfall and irrigation, has been un​known. It has been noted, however, that excessive irrigation of alfalfa re​sults in a buildup of the water table and creates an aggravated drainage problem which in turn seriously limits the productivity of the land. The lack of information relative to water require​ments in high water table areas has made it difficult to prepare recommen​dations for the irrigation of alfalfa.

Design criteria for surface irrigation, sub-irrigation, and drainage require in​formation on the seasonal and/or intra-​seasonal consumptive-use requirements alfalfa in high water table areas and the duration of water-logging or ooding tolerated by crops.


DESIGN AN'D PROCEDURES

Sixty-three 3-ft-diameter lysimeters, 3 ~o 9 ft deep, were installed and stands of alfalfa established in and around the lysimeters in 1958 on the University of Nevada main station field laboratory near Reno. The short-term (weekly) consumptive use of alfalfa and related factors were measured during the 1959, 1960, and 1961 growing seasons. The effects of fluctuating water tables on

the yield and growth of alfalfa were studied during the 1962 growing season.

Static Water Tables


The variables of the experiment were as follows:

1 Constant water tables at 2, 4, and 8-ft depths and some well-drained lysi​meters


2 Three soil textures - clay loam,

loam, and sandy loam

Influenced by Static and Fluctuating


Water Tables
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 Fluctuating Water Tables

Lysimeters containing a sandy loam soil were selected for the water table fluctuation investigation.  Water tables of all these lysimeters, with the exception of the well-drained, surface-irrigated treatment used as a control were set at a static level of 2 ft.  The 2-ft water table was selected because an average of three years’ previous date showed optimum alfalfa production for this water table level (1)◦.
When the alfalfa reached an average height of 1 ft, the water tables were raised to the soil surface and held there
     Presented as Paper No. 63-708 at the Winter Meeting of the American Society of Agricultural Engineers at Chicago, Ill., December 1963, on a program arranged by the Soil and Water Division.  Approved as a joint contribution of the SWC, ARS, USDA, and the Nevada Agricultural Experiment Station.

     The author-RHYS TOVEY-is agricultural engineer, SWC, ARS, USDA, Reno, Nevada.

     Numbers in parentheses refer to the appended references.
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This article is reprinted from the TRANSACTIONS of the ASAE (vol. 7, no. 3, pp. 310-312, 1964),

the Transactions of the American Society of Agricultural Engineers, Saint Joseph, Michigan

FIG. 1 Seasonal summary of consumptive use and yield of alfalfa grown in the pres​ence of static water tables and well-drained (D) conditions.


3 Irrigated and non irrigated treat​ments


4 Cuttings and years.

The consumptive use, yield, and growth of alfalfa, under various con​stant water-table and well-drained con​ditions were measured for irrigated and non-irrigated treatments. Multiple ten​siometers, placed in the well-drained lysimeters, were used to indicate the need for irrigation. A weather station was established at the experimental site and climatic factors measured and re​corded.

Good quality water pumped from a nearby irrigation ditch was used to ir​rigate the alfalfa and maintain the water tables. \\Tater applied was suf​ficient to bring moisture in the soil above the water tables up to field ca​pacity without causing the water tables b fluctuate.

for 1, 2, 3, 4, 5, 6, 7, 9, and ll-day in​tervals. Excess water was removed, by pumping, and the water tables held constant at 2 ft until the next fluctua​tion cycle. Lysimeters were flooded or surface irrigated (well-drained treat​ment) every 14 days, which previous investigations (1) had indicated was the most desirable irrigation interval for the sandy loam soil. Fluctuation cycles were continued until the end of the growing season. All treatments were replicated.

Alfalfa yield and growth (average plant height) were recorded for all treatments. Finally roots were dug from the lvsimeters to determine the effects of the various inundation periods.

RESULTS AND DISCUSSION Static Water Tables

The data obtained from the alfalfa

consumptive-use and yield experiment followed similar trends for three sea​sons. Differences in magnitude of the measured values were attributed to the prevailing climatic conditions and other

growth factors during each of the grow​ing seasons.

Consumptive use accounts for all moisture transferred from the soil into the atmosphere by any process and is considered identical to evapotranspira​tion in this discussion.

The results presented are relative quantities measured under controlled experimental conditions and should be considered as such when applying this information to actual field conditions.

A three-season average of consump​tive use and yield of alfalfa (Table 1), disregarding soil textures, indicates an almost straight-line relationship with water table depth for the non-irrigated treatment. The differences due to water

TABLE 1. CONSUMPTIVE USE AND YIELD OF ALFALFA GROWN UNDER CONSTANT WATER TABLE CONDITIONS

 Water Table
Consumptive use◦
Yield
      Depth





Feet
Inches
Inches
Tons



Per

Per
Per



Day
Season+
Acre




Irrigated


2
0.34
42.0
7.4


4
0.31
38.3
7.1
8
0.32
39.9
7.2
None (drained)
0.25
31.2
6.4




Non-irrigated







2
0.33
40.9
7.9
4
0.30
36.9
6.7
8
0.25
31.4
6.3


     ◦Three-season average includes all soil textures.

     +Average growing season, 124 days.
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FIG. 2 Weekly consumptive use of non-irrigated alfalfa. (Values plotted are the average of three seasons' data.)

FIG. 3 Three-year average of growth rate of alfaUa. (Average includes three soil textures and three static water-table depths,)

table depth were less for the irrigated than for the non-irrigated lysimeters. Extraction pattern error is introduced to lysimeter measurements by irriga​tion, as surface-water application changes the soil moisture regime above static water tables. These data also show that consumptive use and yield of the drained-irrigated treatment are al​most the same as those for the 8-ft water table non-irrigated treatment. These results indicate that alfalfa can adapt to shallow or deep non-fluctuat​ing water tables and produce compar​able yields under either condition.

Three years' seasonal consumptive ​use and yield data are summarized in Fig. 1 (average includes all soil tex​tures). The effects of water table depths are shown for the irrigated and non-​irrigated alfalfa grown in lysimeters

and can be compared to the seasonal results for the well-drained irrigated treatment. A very good growing sea​son occurred in 1959 as indicated by the high production. In 1960 frosts late in June and early in August greatly

reduced the yields. Considerable cloud​iness and somewhat lower temperatures in 1961 held the yield down, although it was a better production year than 1960. Another reason for the lower yields in 1960 and 1961 is that produc​tion tends to decrease as the alfalfa plants become older.

The effects of irrigation on the con​sumptive use and yield of alfalfa are apparent when the irrigated and non​-irrigated treatments are compared. The non-irrigated alfalfa definitely shows the effects of water table depth on con​sumptive use and yield, as no error is introduced because of the effects of irrigation on the soil moisture condi​tions above the static water tables. Non-irrigated yields decrease as depth to water table increases, whereas the irri​gated lysimeters show only small varia​tions in yield for the various treatments. For all years of record, the differences due to water table depth were less for the irrigated than for the non-irrigated lysimeters.
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Fig. 2 represents a three-year aver​age of weekly, non-irrigated alfalfa con​sumptive use for all soils at three water table depths. Non-irrigated values are accurate indications of weekly use dur​ing the growing season, because period differences are not influenced by sur​face-water application. The small amounts of precipitation during the growing seasons introduced only a minor error in the weekly non-irrigated con​sumptive-use rates. As was anticipated, peak consumptive use occurred when the alfalfa was at or approaching the one-tenth bloom stage and tempera​tures were high. The average consump​tive use of the third crop peaked be​fore maturity and then tapered off be​cause of low temperatures at the end of the growing season.

A knowledge of peak water require​ments is essential in planning the de​sign capacity of water-conveyance structures for irrigation projects and individual farms. Weekly consump​tive-use values such as those can be used in determining adequate design criteria for irrigation systems. These re​sults can also be employed in accurately estimating the irrigation frequencies re​quired on a given field under similar conditions to meet peak moisture re​quirements of a crop.

No soil moisture deficits occurred during the growing season; therefore, alfalfa consumptive use was governed by climate, water table depth, and soil texture. The consumptive-use rate s presented in this discussion are typical of the plant growth environment of arid and semiarid regions where con​stant water tables are found within a few feet of the soil surface. The oasis effect, prevalent in these areas, plus static shallow water tables undoubtedly account for what seems to be compara​tively high consumptive-use rates meas​ured at the experimental site.

V\'hen alfalfa growth measurements for all of the lysimeters were plotted against time and compared, only minor differences were found between the various water-table, soil and irrigation
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treatments. Therefore, water-table depths and soil textures were ignored when three years of data from the ir​rigated and non-irrigated lysimeters were averaged (Fig. S). The curves show that only a very small difference exists between the two irrigation treat​ments. These curves, for all practical purposes, are sufficiently accurate to be used in comparing alfalfa growth trends for weekly periods to the other measured variables such as consump​tive use and yield.

The alfalfa plants showed good root development and did not appear to be potbound. Some of the roots extended into the saturated zone above the water table and enlarged white rootlets extended into the water table. These root systems appeared to be typical of those developed by alfalfa in the presence of non-fluctuating water tables.

Alfalfa root studies conducted in a

greenhouse, prior to examination of the root systems in the lysimeters, gave similar results and supported the con​cept that alfalfa root systems will adapt to various sha]]ow water table depths, providing the water levels are held con​stant. '

Fluctuating Water Tables

Flooding or waterlogging is tolerated for a time by alfalfa plants. However, the degree of tolerance depends on the time and rate of removal of excess water. Results of the alfalfa fluctuat​ing water table study are concerned with the time alfalfa will tolerate excess water and still maintain a maximum forage crop production (2).

Cutting and seasonal yields of al​falfa for the various treatments are shown in Fig. 4. Seasonal alfalfa yields were greater for the 1, 2, and 3-day water table fluctuation intervals than for the well-drained irrigated treat​ment (control). Maximum seasonal production was measured for the 2-d fluctuation interval. With more than 3-day intervals the seasonal yield dropped off considerably, with the 4~ay interval yield being slightly less

- 1 Tovey. Rhys. Consumptive use and yield of

alfalfa grown in the presence of static water tables. University of Nevada, Agr. Expt. Sta. Tecb. Bull. No. 232, 1963.

2 Tovey, Rhys. Water-table fluctuation--ef​fect on alfalfa production. University of Nevada, Agr. Exp. Sta. Bull. No. Tl, 1964.
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than the control. Thereafter yields de​creased, up to 9 days. Inundation for 9 days resulted in practically no yield at the end of the season. The 11-day water-table-fluctuation interval pro​duced somewhat more alfalfa than the -day treatment. Soil moisture for the 11-day fluctuation interval was at or close to saturation for the entire 14-day irrigation cycle, and, in this instance, alfalfa plant roots were adapting to the saturated environment. That is, new roots were developing at the soil sur​face to replace those killed by flooding and lack of oxygen.

Fig. 4 also illustrates the effects of fluctuating water tables on the growth of alfalfa. Average plant height was

almost the same for the drained, sur​face-irrigated alfalfa as the 1 through

3-day fluctuation intervals, but foliage density was not as great. The 4-day fluctuation had a thinner stand of al​falfa, and plant color was not as good as that produced by the first three treatments. Growth and plant density became progressively worse as the pe​riod of inundation increased from 3 to 9 days. The 11-day fluctuation interval had a few more plants than the 9-day treatment at the end of the growing season.

             Alfalfa plants were dug from the 
lysimeters after the third crop was harvested and carefully washed to determine visually the effects of the different water-table treatments on the plant root systems. Plant root system deterioration became progressively worse for periods of submergence of more than 4 days. The few plants that survived the 9 and 11-day inundation treatments were beginning to establish new roots at the soil surface.

Excess water and lack of oxygen or aeration were undoubtedly the major factors contributing to decreased plant growth and yield as the period of waterlogging increased from 4 to II days. Optimum yields were measured where surplus water was drained from the root zone within 3 days. Sufficient nutrients were available to insure good alfalfa production for all treatments.

r

FIG. 4 Yield and growth of alfalfa under 8uctuating water table and well-drained (D) conditions.

However, soil moisture relations above the 2-ft static water table level were w) favorable in some instances where excess water was not removed before the alfalfa root systems were damaged.

The author has observed in the field that alfalfa roots deteriorate where over irrigation causes inundation of the root zone for extended periods, es​pecially during hot weather. When this occurred the plants became shallow rooted and the zone of water uptake was limited. This led to more frequent water application which aggravated the situation. Finally, alfalfa plants were replaced by undesirable vegetation. For the example cited, careful water ap​plication when the crop was established resulted in a healthy, vigorous stand of alfalfa.

SUMMARY

Use of water by alfalfa growing w1der high water-table conditions was studied to determine the irrigation re​quirement. The results presented are relative quantities measured under con​trolled experimental conditions and should be considered as such when ap​plying this information to actual field
conditions.

High water tables, carefully man​aged, can be an asset to forage crop production when water-table fluctua​tions are controlled. Where physical and economic conditions are favorable, drainage may be the answer. If it is not feasible to drain certain areas, good crop production can be obtained by careful water-management practices.

A summary of pertinent findings of the alfalfa static water table experiment follows:

1 A three-season average of con​sumptive use and yield of alfalfa dis​regarding soil textures, shows an al​most straight-line relationship with wa​ter-table depth for the non-irrigated treatment.

2 The non-irrigated alfalfa definitely shows the effects of static water-table depth on the consumptive use and yield of alfalfa, as no error is introduced by surface-water application.

3 Peak consumptive-use occurred when the alfalfa was at or approaching the one-tenth bloom stage and tempera​tures were high.

4 Only minor differences in the growth of alfalfa were found for the various water table, soil and irrigation treatments.

5 The alfalfa plants in the lysimeters showed good root development, with roots in the saturated zone and en​larged white rootlets extending below the water-table level.

Significant results of the fluctuating water-table study are:

1 Excess water must be removed the root zone of alfalfa plants adapted to 2-ft static water tables within 3 days to insure optimum crop production.

2 Alfalfa root-system deterioration became progressively worse as the fluc​tuation or submergence intervals ex​ceeded 4 days.
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