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ABSTRACT
Comparison of Protein, Forage, and Root Yield Data of
Five Pasture Mixtures as Influenced by Clipping,
Irrigation, and Nitrogen Fertilization
by
Clair E. Blaser, Master of Science
Utah State University, 1974

Major Professor: Dr. DeVere R. McAllister
Department: Plant Science (Crop Production and Management)

A study was made to compare the protein and forage yield and root
dry weight data of five pasture mixtures as influenced by two clipping
frequencies (28 and 35 day clipping intervals), three irrigation inter-
vals (1 inch every 5 days, 2 inches every 10 days and 4 inches every
20 days) and four levels of nitrogen fertilization (0, 50, 100, and
200 pounds per acre). The study was conducted at the Greenville Farm,
Logan, Utah. The farm has about 1 percent surface slope and is a well-
drained Millville silt loam that occurs on an alluvial fan. It is high
in potash and phosphorous and is alkaline, having a pH of 7.9 to 8.2.

Only mixtures gave significant percent forage protein results.
Clipping, irrigation and fertilization treatments did not significantly
affect the percent of forage protein but did affect the forage yield
and thus the total protein production per acre. The total forage
protein yield increases were nearly lineal with the nitrogen treatment
increases.

The yield of forage from the 35 day clipping frequency was greater

than from the 28 day clipping frequency for all five mixtures. The




mixtures containing alfalfa showed greater response to the harvest
frequency in increased forage yield than the other mixtures.

All nitrogen applications gave forage yield increases. The first
50 pound increment gave the greatest and the second 50 pound increment
gave the least forage yield response.

The different irrigation intervals, with the same total seasonal
water applied, resulted in no significant forage yield differences.

Ladino clover had the greatest root dry weight per acre with the
28 day harvests and 50 pounds of nitrogen. The alfalfa and grass root
dry weights per acre were largest with the 35 day harvests, the first
50 pound increment of nitrogen application and the longest irrigation
interval. A mixture of alfalfa and intermediate wheatgrass had the
high alfalfa root dry weight and the low grass root dry weight yield
per acre.

Ladino clover roots were high in both the percent and pounds of
total available carbohydrates (TAC) per acre with the 20 day irrigation
interval and with five harvests. Grass roots percent and total pounds
of TAC per acre were high with five harvests. Alfalfa root TAC per
acre was nearly double with four harvests over five harvests and showed
the greatest response to the first 50 pounds of nitrogen and the 20 day
irrigation interval.

Five harvests gave higher root to forage (R/F) ratios for all mix-
tures except the ladino clover-grass mixture.

Zero pounds of nitrogen gave the highest R/F ratio for the grass-
only mixture. Fifty pounds of nitrogen gave the highest R/F ratios for

the other four mixtures.




INTRODUCTION

The root represents one of the main organs of the plant body. It
is comparable to the submerged part of an iceberg in that the part be-
neath the surface is virtually disregarded until some problem arises.
It has been suggested that the below ground part of the plant environ-
ment could be under the control of the agriculturist to a greater extent
than the aboveground micro and macroclimate. While little can be done
in changing the composition, humidity, or temperature of the air or the
quantity of light available, much can be done by proper fertilization,
irrigation, drainage, and cultivation to influence the structure, fer-
tility, aeration, and temperature of the soil and hence its suitability
for root growth (Mitchell, 1970, page 73).

In the abundant literature dealing with the effects of various
management factors on plant growth and forage production, data showing
the effects of these conditions on root growth are lacking. This is
probably in part due to the labor involved in separating them from the
soil for determining their mass or extent. The behavior of the tops
that we observe are dependent on conditions influencing root growth,
distribution, and activity and therefore on the ability of the roots
to absorb various minerals and water from the soil and, in the case
of grasses and legumes, to store sufficient nonstructural carbohydrates
as available food reserves to initiate and maintain new foliage growth
until the photosynthetic compensation level is reached.

An understanding of the effects of various management factors on

relative root growth as contrasted with shoot growth should be of more




than merely academic interest and may be of considerable practical
Importance to anyone interested in the growing of plants (pasture).

For example, management practices which tend to increase carbohydrate
reserve storage in the roots or favor root growth more than shoot
growth, will almost invariably put a plant in a condition to more
likely survive severe winter conditions, drought or high temperatures
or both. Management practices which tend to deplete root reserves or
favor shoot growth over root growth tend to make the plant more sus-
ceptible to these adverse conditions. Individual species differ in
their response to different management practices.

Troughton (1957) could find no report of any worker that the max-
fmum growth of both roots and shoots coincide when measurements were
taken at frequent intervals.

The aim of good crop (pasture) management should be to maintain
an adequate level of reserves in the desirable species of the sward,
achieved by using suitable management practices that are available.

The long range pasture experiment of which this study is a part,
has been carefully examined and many of the results reported. Jeth-
malani (1962) considered the different management practices on the
production and forage quality of the six pasture mixtures. Gawai
(1967) analyzed the forage yield and chemical composition of the all
grass mixture as influenced by the different management practices.
Johanson (1967) reported on the root chemical composition and produc-
tion of five pasture mixtures under the different management practices.
Allred (1965a,b,c,1966) analyzed some of the results in a series of
articles "Up-grading Irrigated Pastures'". Hill (1972) determined the

effects of commercial and legume nitrogen on dry matter and nitrogen




production and sward changes of three pasture mixtures as affected by
different management factors.

Considering the importance of the plant roots and their role in
forage production, additional research became desirable on the well
established pasture plantings to investigate the influence of different
management practices on both root and forage production.

The basic objectives in planning and performing this study were
to determine the influence of two clipping frequencies, three irriga-
tion intervals, and four nitrogen fertilization levels on grass and
legume root yields, root to forage ratios, protein production, and
root carbohydrate reserves of five pasture mixtures after four years

of forage production under the different management practices.




REVIEW OF LITERATURE

Influence of Management Factors on

Protein, Forage, and Root Yields of Pasture Mixtures.

Clipping frequency

The time of season and frequency of removal of top growth of pas-
tures has been shown by several investigators (Granfield, 1935; Graber
and Sprague, 1938; Nelson, 1925) to influence the vigor and future pro-
ductivity of the stand.

Jackobs (1950) suggested, in his article concerning Yakima Valley,
that, because most reports on alfalfa management have come from the
midwestern states, where alfalfa is not as well adapted as it is in the
irrigated regions of the w;st, some management practices not suited to
areas where alfalfa is not well adapted may be safe to use where alfalfa
is well adapted.

Yager and Tesar (1968), working in Michigan, partially agreed that
the strict recommendation of not cutting alfalfa in September or early
October now in effect in many states should be re-examined. Liberal-
izing such recommendations would permit occasional '"fall cutting" of
alfalfa stands for greater flexibility of management.

Graber and Sprague (1938) have shown the deleterious effect of
cutting alfalfa at an immature stage in the fall and more especially
on low fertility soils. Sprague and Cowett (1961) indicated that cut-
ting managements did not influence persistence of ladino clover when
grown with orchardgrass. Growth of ladino clover with bromegrass was

hampered only when the first and second cuttings were at the hay stage.




Bromegrass and orchardgrass were little influenced by different cut-

tings when grown with ladino clover. Jackobs (1950) concluded that
spring clipping had little or no effect on seasonal yields during the
current or subsequent years. Although late cutting in the fall had a
pronounced effect on early growth, this effect diminished as the sea-
son progressed.

Mueggler (1967) found that the removal of herbage either during
carly growth or after the foliage began to dry did not appreciably
affect the vegetative production until the third year of clipping.

Kust and Smith (1960) found no marked differences in the protein
yields from alfalfa regardless of the clipping frequency in 1956. 1In
1957 they found that the protein yields varied widely among the treat-

ments and were of the same approximate ranking as the yields of the

hay.

In Ohio, Parsons and Davis (1960) found that a 35 day cutting

schedule gave the lowest alfalfa yield but had the highest protein

percentage. Cutting every 45 days produced the maximum alfalfa yield

and the lowest protein percentage.

Jackobs (1952) showed that with alfalfa the nitrogen percentage

was negatively correlated with the amount of growth, advance of the

growing season and interval between cuttings. He obtained the maximal

seasonal yield of nitrogen when the interval between cuttings was 37

days and no early spring clipping practiced.

In Illinois, Burger, Jackobs, and Hittle (1962) used alfalfa and

The yields

ladino clover as legumes, and orchardgrass and bromegrass.

of the various mixtures were greater with three clippings, less with

four clippings, and least with five clippings. Allred (1965a) found




that with less frequent clipping the seasonal production was higher.

Nevertheless, the amount of dry matter produced by the mixtures de-
creased in each of four harvest years regardless of the other manage-
ment factors involved. After four years all harvest frequencies sap-
ped the vigor of the alfalfa.

Biswell and Weaver (1933) working with prairie grasses found that
overgrazing of pastures and frequent cutting of hay crops reduced the
dry weight of roots from 2.6 to 20.6 percent of the control plants with
an average 10.1 percent and reduced the average root volume to 11.7
percent of the control plants.

The effect of clipping on root production was reviewed by Weaver
and Darland (1949) who noted that, with one exception, studies indi-

cated that clipping may ultimately decrease production.

Nelson's (1925) experiments indicate that frequent cutting of

alfalfa in premature stages depleted root reserves and retarded root

growth.

Dotzenko and Ahlgren (1950) working with alfalfa found a positive

correlation of 0.84 between the dry weight of roots and the total poly-

saccharides in the roots. Frequent and early cutting treatments re-

duced the dry weight of alfalfa roots and the percentage of total

polysaccharides found in the roots. There was also a positive corre-

lation of 0.86 for the yields of top growth obtained on June 7 and the

Cutting alfalfa

amount of total polysaccharides stored in the roots.

earlier than one-tenth bloom reduced the forage yields and this reduc-

tion was related to the weight of the roots and the percentage of

polysaccharides in the roots. Alfalfa reacted exactly the same in

mixture with bromegrass as it did when grown alone.




Schuster (1964), working in Colorado with native plants, found

grass root weights were significantly greater under no use than under

moderate and heavy use, but nongrass root weights did not vary signi-

ficantly.

Harrison (1931) clipped grasses at different heights and concluded

that the amount of roots increased with the height to which the grasses
were clipped.

Robertson (1933) observed that, in general, root penetration of
seedling grasses was retarded 35 to 62 percent as a result of frequent
clipping, the dry weight of the roots was reduced from 68 to 98 per-
cent; and the dry weight of the tops was reduced from 80 to 96 percent.

Graber et al. (1927), in summarizing their work and other research
to date, stated that alfalfa harvested at full bloom or in the seed
stage of growth yielded roots highest in dry matter weights and total
available carbohydrates (TAC). Earlier cuttings decreased both the
root dry matter weights and TAC with increases in the frequency of the
cutting of the top growth. This marked retardation of root growth de-
creased the top growth and intensified the quantitative relationship
of the root reserves. They suggested that the storage of food reserves
in the roots of alfalfa does not exceed a certain concentration and
when this point is reached root extension occurs and/or the reserves
are converted into non-recoverable organic substances. The manifesta-
tions of the grasses observed, from the depletion of the food reserve
of the roots, were very similar to alfalfa with one important exception.
No mortality could be readily observed in the grasses cut ten or more
times per season but death occurred in all the Grimm alfalfa plants cut

nine times at the rosette stage of growth. On a dry weight basis the




roots (with crowns) of plants cut at the succulent stages averaged
7.35 grams while those cut at more mature stages averaged 12.65 grams,
or nearly twice as much. Bluegrass established for thirty years (with
the past ten years of heavy grazing) gave root yields of 75 grams per
square foot as compared to 147 grams per square foot when lightly
grazed.

McCarty and Price (1942) concluded that the concentration of re-
serve carbohydrates stored in the roots and stem bases at the end of
the growing season was related to the amount of herbage present during
the normal storage period (following the final season clipping). The
concentration became less as the interval between the time of clipping
and the normal storage period decreased. All of the clipping treat-
ments reduced the concentration of the reserve carbohydrates.

Working in Tennessee where some green leaves were present through
the winter, Reynolds (1971) compared the nonstructural available car-
bohydrates (TAC) in alfalfa roots under six harvest frequencies of
eight, six, five, four, three, or two cuttings per year. The two,
three, and four cutting treatments had the most vigorous and productive
stands. The yields in the third year did not have a significant posi-
tive correlation with carbohydrate concentrations at the end of the
second harvest year.

Investigators generally agreed that the more frequent and drastic
the clipping treatment the less the yields of tops, rhizomes, and roots.
Severe defoliation affected root growth adversely and resulted in lower
amounts of carbohydrates stored in the underground portion of grasses

and legumes. The greater the intensity and/or frequency of clipping,




the greater was the reduction in herbage, flower stalks, and root

product ton (Mucggler, 1967).

Low carbohydrate percentages were assocliated with losses in stand
as well as reduced yields (Graber et al., 1927 and Bryant and Blaser,
1964) .

Tesar and Ahlgren (1950) working with ladino clover, found that
frequent clipping reduced both the weight and TAC in the stolons by
the time of the last cutting and that the TAC varied according to the
severity of the cutting treatments. By November the percentages of
TAC were about the same on all plots regardless of cutting treatment.
The higher fall stolon weights gave the higher spring stolon weights
and the weights of live stolons in the spring and yields that summer
were positively correlated.

Weinmann (1952) determined that the effects of repeated defolia-

tion were cumulative and the progressive depletion of root reserves

will bring about a reduction in the weight of the storage organs. Cer-

tain clipping treatments may not result in a decreased percentage of

TAC but merely a reduction in storage organ weights. His conclusion

was that both percentages and actual amounts of TAC must be calculated

in order to assess full effects of management practices or root re-

serves.

After reviewing McCarty and Price and others, Troughton (1957)

summarized that a decrease in the concentration of reserve carbohy-

drates in the underground organs at the end of the herbage growth

season was in proportion to the number of defoliations during the

growing season or in inverse proportion to the length of the interval

between defoliations.




10

Cooper and Watson (1967) found that cutting treatments of four,
three, two, and none had little effect on the final TAC level in roots
of alfalfa at the end of the growing season. Frequent cutting appar-
ently was not detrimental when the last cutting was early enough to
provide time for carbohydrate storage before a killing frost. The
initial carbohydrate level was reached more quickly following a late
rather than an early summer cutting.

Kust and Smith (1960) found that the level of TAC in the storage
organs of alfalfa as of mid-November was reduced by fall cutting and
by cutting more frequently than three times per year. There was a
close relationship between the amount of carbohydrates present in the
storage organs of alfalfa in the fall and the yield of hay obtained
from the plants in the subsequent year.

Reynolds and Smith (1962) concluded that higher levels of carbo-
hydrates were attained under two cuttings than under three cuttings in
alfalfa, smooth bromegrass and timothy.

Removal of the leaf-bearing parts of a plant will almost certainly
result in a check or cessation of further root growth and sometimes
death and decay of the existing roots. Defoliation directly removes
actual or potential food making tissues, thus diminishing the food
supply to the roots; and it increases the relative supply of water and
minerals, especially nitrogen, to the shoots. Thus root development
is checked and shoot development favored. The degree of reduction in
root growth will vary with the degree of defoliation and the season at

which it is carried out (Curtis and Clark, 1950, page 680).




Irrigation

Van Horn et al. (1956), Tesar (1958), and McKibben, Gard, and
Webb (1959) in pasture irrigation studies all found favorable response
Lo Irrigation of pastures by increased production.

In Delawarc, Mitchell (1962) decided that supplemental irrigation
improved seasonal distribution of growth but didn't significantly
change the seasonal dry matter.

Under California conditions, Hagan and Peterson (1953) found very
little difference between pasture mixtures on the consumptive use of
water,

Hansen (1924) reporting on pasture irrigation at the Huntley
Branch Station, Montana recommended irrigation intervals of two to

four weeks during the grazing season as needed to keep the surface

soil well supplied with water. Welch (1941), considering Idaho con-

ditions, recommended light frequent irrigations for better grass yields

than heavier, less frequent, irrigations. Robertson et al. (1952)

found that ten to fourteen day intervals were best for irrigation in

their Colorado pasture studies.

An alfalfa-bromegrass mixture gave an increase of 14.4 percent in

dry matter when irrigated in New York as reported by Levine, Kennedy,

and Gray (1955). Results were the same from three different levels of

water application.

Lorenz, Rogler, and Holman (1959), in a North Dakota study, found

that irrigation significantly increased yields but the yields at two

irrigation levels seldom differed to a significant degree.

Allred (1965c) concluded, in his Utah pasture study, that the

frequency of irrigation and not the amount per season was the main




factor in the yield of all grass and ladino clover-grass mixtures. He
further concluded (Allred, 1966) that the frequency of irrigation did
not affect the production of forage over the four year averages with
an alfalfa-intermediate wheatgrass mixture.

Myers and Shockley (1955), in their Idaho studies of forage crops
under irrigation, found plants extracted about forty percent of their
moisture from the upper quarter and seventy percent from the upper half
of the root zone.

Bloodworth, Burleson, and Cowley (1958) studied root distribution
and found that in irrigated areas where a '"plowsole' layer existed, a
large percentage of plant roots were found to occupy the first foot of

soil and especially the first six inches of soil.

root growth as

Mitchell (1962) found that irrigation increased

measured by both methylene blue adsorption and root weight although in

the latter case significant irrigation x species interactions were no-

ticed. The heavier root systems were always associated with supple-

mental irrigation.

Upchurch and Lovvorn (1951), in their North Carolina study, found

that the maximum depth of taproot penetration of alfalfa was attained

by the end of the first year. The greatest changes noted from the age

of one to six years were increases in the number of laterals per plant

and increases in the diameter of the laterals and the tap root at all

depths.

Bray (1963) stated that there was a clear tendency for root pro-

duction within species to decrease from irrigated to non-irrigated

fields with irrigated fields showing the highest production. Among

the non-irrigated fields, there was a production decline from the




moist climate of Germany to the drier climate of the western U, S. S. R.

This trend was supported by information from three species (Triticum

sp., Trifolium sp. and Medicago sativa) for which data was available

from all three regions.

Brown and Blaser (1970) found that moisture stress which retards
growth of grasses caused an increase in percentage of soluble reserve
carbohydrates. An inverse relationship between the rate of growth and
soluble carbohydrates might be expected. Drought appears to depress
carbohydrate utilization to a greater extend than photosynthesis. There
was an increase in reserve carbohydrates under moisture stress or dur-
ing drought.

Mitchell (1970) stated that a limited water supply decreased root

growth slightly but caused an even more striking reduction in shoot

growth, Under certain management conditions, this response was used
to favor the development of a more extensive root system, thus providing
a better root system to support increased shoot growth later.

An increase in the amount of water in the soil results, in most
environments, in an increase in shoot-relative-to-root-growth i.e. the
percentage of the plants weight in the roots decreases. The roots
adapt themselves to the available water supply by their distribution
in the soil (Troughton, 1957).

There have been more studies on the effect of soil moisture on
root growth than any other factor. The results of investigators appear
to be in conflict because some claim an increase in water increases
root growth while others claim a decrease in root growth with moisture

increases. By using a root to shoot ratio (R/S) on the investigation
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results, an Incrcase in water decreases relative root growth and in-
creases relative shoot growth.

Water is supplied almost entirely through the roots for most land
plants so the shoots are dependent upon the roots for their water.
Most of the plant water loss is from the shoots.

An increase of water to the shoots increases their growth and
activity and their use of more of the manufactured sugars. This di-
minishes the carbohydrate supply to the roots, reducing root growth,
and gives a decrease in roots when expressed as part of the total plant
welight,

Water is more commonly limiting and limiting to a greater degree
for shoots than for roots. Any treatment that will improve the avail-
able water supply to the plant is likely to favor the shoots more than

roots (Curtis and Clark, 1950, pages 669, 670).

Clipping frequency and irrigation

Peterson and Hagan (1953) studied four irrigated pasture mixtures
harvested at two, three, four, and five week intervals over a three

year period. All mixtures increased in yields as growth intervals

were extended from two weeks to five weeks. The average increase of

all mixtures was 92 percent. The ladino clover-grass mixtures showed

the least increase (43 percent) and the alfalfa-grass mixtures showed
the most increase (177 percent) by lengthening the cutting intervals.
Hagan and Peterson (1953) found that there was very little dif-
ference in the consumptive-use rates of water during the hot dry months
of July and August in California under different clipping, irrigationm,

or mixture regimes. Consumptive-use rates averaged approximately 0.3
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inch of water per day. Cutting more frequently than two weeks or less
frequently than five weeks may affect rooting depths. The large dif-
ferences in yield obtained under the several clipping frequencies with
those pasture mixtures, for which the consumptive-use rates were nearly
equal, led to correspondingly large differences in forage production
per unit of water consumed.

Brown and Blaser (1970) stated that although frequent cutting or
heavy grazing during dry weather conditions were generally thought to
be harmful to forage stands, it had been shown to the contrary that
cutting alfalfa six times per year reduced stands to a much greater
degree under irrigation than with no irrigation (Ward et al. 1966).

May (1960) concluded that studies on soil water content and tem-

perature had given consistent results as illustrated by the experiments

of Barnes (1936) showing the pattern of induced fluctuations. Plants

were grown at three different moisture levels combined with three tem-

At any one temperature the root carbohydrate percentages

peratures.

varied inversely with the moisture, and at any one moisture level the

percentage again varied inversely, this time with the temperature.

Lorenz, Rogler, and Holman (1959) found that the pasture yields

averaged somewhat lower than hay yields at all moisture levels.

Nitrogen fertilization

Studies conducted on nitrogen added to pastures have given many
contradictory results.

Watkins (1940) worked with Bromus inermis in the field and found

no conclusive results or consistent effect due to the application of

a nitrogeneous fertilizer.




Jackobs (1952), in a Yakima Valley study, found only a slight re-

sponse to nitrogen in a legume dominated pasture mixture but a marked
response to nitrogen in a predominately grass or grass alone mixture.

Austensen, Chapin, and Law (1955) obtained increased yields from
applications of 90 and 180 pounds of nitrogen per a