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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 

Mnjor 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 i nfluenced 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 f erti lization (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-

uroincd 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 n early 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 
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mixtures containing alfalfa showed greater response to the harvest 

frequency in increased forage yield than the other mixtures. 

AJ.l nitrogen applications gave forage yield increases. The first 

50 pound increment gave the greatest and the second 50 pound increment 

gave the l east forage yield response. 

The different irrigation intervals, with the same total seasonal 

water applied, resulted in no significant forage yield differenc es. 

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 

lnterval. 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 (TAG) per acre with the 20 day irrigation 

interval and with five harvests. Grass roots percent and total pounds 

of TAG per acre were high with five harvests. Alfalfa root TAG 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 

i s 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 

i n 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 e ffects 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 
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Lhan merely academic interest and may be of considerable practical 

l.mportanc<· to anyone interest ed in the growing of plants (pasture) . 

For example, mana gement practices which tend to increase carbohydrate 

r ese rve storage in the roots or favor root growth more than shoot 

growth, will almost invariably put a plant in a condition to more 

like ly survive severe winter conditions, drought or high tempera tures 

or both. Management practices which tend to deplete root r eserves or 

favor shoot growth over root growth tend to make the plant more sus­

ceptible to these adverse conditions. Individual species differ in 

thei r response to different management practices. 

Troughton (1957) could find no report of any worker that the max­

lmum growth of both roots and shoots coincide when measurements were 

ta ke n 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,l966) analyzed some of the results in a series of 

articles "Up-grading Irrigated Pastures". Hill (1972) determined the 

e ffects of commercial and legume nitrogen on dry matter and nitrogen 
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production and sward changes of three pasture mixtures as affect ed by 

differ ent 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 dete rmine the influence of two clipping frequencies, three irriga­

tion intervals, and four nitrogen f ertilization levels on grass and 

legume root yields, root to forage ratios, protein production, and 

root carbohydra t e reserves of five pasture mixtures after four years 

of forage production under the different management practices. 
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REVIEW OF LITERATURE 

Influence of Management Factors on 
Protein, Forage, and Root Yields of Pasture Mixtures. 

Clipping freguency 

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 

midwes tern states, where alfalfa is not as well adapted as it is in the 

irrigated regions of the west, some management practices not suited to 

a r eas where alfalfa is ~ot 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 seasona l 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 

early 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. In 

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 correla t ed 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 

ladino clover as legumes, and orchardgrass and bromegrass. The yields 

of the various mixtures were greater with three c lippings, l ess with 

four clippings, and least with five clippings. Allred (1965a) found 
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Lhal with less frequent clipping the s ea sonal 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 . Af ter four years all harvest frequencies sap­

ped the vigor of the alfalfa. 

Biswell and Weaver (1933) working with prairie grasses found that 

ov ergrazing of pas tures and frequent cutting of hay crops reduced the 

dry weight of roots from 2.6 t o 20.6 percent of the control plants with 

a n average 10.1 percent and r educed the average root volume to 11.7 

percent of the control plants. 

The effec t 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. 

Ne lson's (1925) experiments indicate that frequent cutting of 

alfalfa i n premature stages depleted root reserves and retarded root 

growth. 

Ootzenko and Ahlgren (1950) working with alfa lfa found a positive 

correlation of 0.84 be tween the dry weight of roots and the total poly­

saccharides in the roots. Frequent and early cutting treatments r e­

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 

amount of to tal polysaccharides stored in the roots. Cutting alfalfa 

earlie r 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 

w<· rt• ell ppcd. 

Robertson (1933) observed that, in general, root penetration of 

seed ling grasses was retard ed 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 (TAG). Earlier cuttings decreased both the 

root dry matter we ights and TAG 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 
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roots (wJ.th crowns) of plants cut at the succulent stages averaged 

7. )', grnms wh I lc those cut at more rna turc stages averaged 12. 65 grams, 

or nl'nr ly twlcc 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 

conccntrntion 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 (TAG) 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, 
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t,ow carbohydrate percentages were associated with losses in s t and 

as well as r educed yields (Graber et al ., 1927 and Bryant and Blaser, 

1964). 

Tesar and Ahl gren (1950) working with ladino clover, found that 

frequen t c lipping reduced both the weigh t and TAC in the stolons by 

the time of the last cutting and tha t the TAC varied accord ing to the 

severi ty of the cutting trea tments . By November the percentages of 

TAC were about the same on all plots regardless of cutting trea tment. 

The higher fall stolon weights gave the higher spring stolon weights 

nnd the weights of live stolons in the spring and yields that summer 

were positively correlated. 

We inmann (1952) de t ermined that the e ffects of repeated defo lia­

tion wer e cumulat ive and the progressive depletion of root reserves 

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

tain c lipping 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. 

Afte r reviewing McCarty and Price and others, Troughton (1957) 

s ummarized that a decrease in the concentration of reserve carbohy­

drates in the underground organs at the end o f 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 

be tween defoliations. 
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Cooper nnu Watson (1967) found that cutting treatments of four, 

t hree , 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 

initia l 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 

c lose r e lationship 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 l evels of carbo­

hydrates were at tained 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 

r esult in a check or cessation of further root growth and some times 

death and decay of the existing roots. Defoliation directly removes 

actual or potential food making tissues, thus diminishing the food 

supply t o 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 a t 

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

Van Horn ct al. (1956), Tesar (1958), and McKibben, Card, and 

Wvhb (1959) In pasture irrigation studies all found favorable response 

Lo irr lgatlon of pastures by increased production. 

In De laware, Mitchell (1962) decided that supplemental irrigation 

improved seasona l distribution of growth but didn't significantly 

chan ge the seasona l dry matter. 

Under California conditions, Hagan and Peterson (1953) found very 

l ittl e difference be tween pasture mixtures on the consumptive use of 

wa t e r . 

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 yie lds 

than heavier, l ess 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 (l965c) concluded, in his Utah pasture study, that the 

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



12 

f actor 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 "plo-wsole" 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. 

Mitchell (1962) found that irrigation increased root growth as 

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 
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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 r etards 

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 expec ted. Drought appears to depress 

carbohydra te utf.lization to a greater ex tend 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 r esponse was used 

t o 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 e ffect 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 



14 

rl'suiLo, nn l.n<.:rcasc in water decreases re l a t ive roo t grow th and in­

<.:censea relntlvc shoot growth. 

Water is supplied almost entire ly 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 i ncrease of water to the shoots increases their growth and 

activity and their use of more of the manufactured sugars. This di­

minishes the carbohydrate s upply to the roots, reducing root growth, 

and gives a decrease in roots when expr essed as part of the total plant 

weight. 

Wate r is more commonly l imi t ing and limiting to a grea ter degree 

for shoots than for roots. Any trea tment that will improve the avail­

able water supply to the plant is likely to favor the shoots more than 

roo ts (Curtis and Clark, 1950, pages 669, 670). 

Clipping frequency and irrigation 

Peterson and Hagan (1953) studied four irrigated pasture mixtures 

har vested at two, three, four, and five week intervals over a t hr ee 

year period. All mixtures i ncreased in yie lds as growth interva ls 

were ex t ended from two weeks to five weeks. The average increas e of 

a ll mixtures was 92 percent. The ladino clover-grass mixtures showed 

the l east increase (43 percent) and the alfalfa-grass mixtures showed 

the most increase (177 percent) by lengthening the cutting intervals. 

Hagan and Pe terson (1953) found that there was very little dif­

fer ence in the consumptive-use rates of water during the hot dry months 

of July and August in California under different clipping, irrigation, 

or mixture regimes. Consumptive-use rates averaged approximat ely 0.3 
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lnch of water per day. Cutting more frequently than two weeks or less 

(r..,quently than flvc weeks may affect rooting depths. The large dif­

ferences ln yleld 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 l evels combined with three tem­

peratures. At any one temperature the root carbohydrate percentages 

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 ~ ~ in the field and found 

no conclusive results or consistent effect due to the application of 

a nitrogeneous fertilizer. 
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J ackobs (1952), in a Yakima Valley study, found only a slight re­

sponse to nitrogen in a legume dominated pasture mixture but a marked 

r esponse to ni trogen 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 acre to a ladino 

c l over-orchardgr as s mixture of only 0.47 and 0.64 tons per acre, re­

spect ive l y. They suggested that 60 to 90 pounds of nitrogen per acre 

as about optimum r ates under their conditions in northwestern Washing­

t on. 

Under Nor th Carolina conditions, Woodhouse and Chamblee (1953) 

de t ermined t he r esponse of a ladino clover-grass mixture to nitrogen 

applications of 50 to 400 pounds per acre, The increase in dry matter 

production ranged from 300 to 3000 pounds per acre . They recommended 

up to 400 pounds of nitrogen per acre for all grass pastures for maxi ­

mum y i e lds but cautioned that the high rates may reduce or eliminate 

the l egume from the sod . 

In Wyoming, Lewis (1955) obtained increased forage production 

with nitrogen on two grass-legume mixtures. The grass portion in­

creas ed and the legume portion of the mixture decreased. 

At two locations in Kentucky, Doll, Hatfield, and Todd (1961) 

de termined that the use of nitrogen fertilizer was not practical on 

grass-legume pastures but was necessary to obtain high yields on grass 

pastures. 

From grazing trials in Virginia, both Blaser et al. (1956) and 

Compling, Maclusky, and Holmes (1958) reported increased carrying 

capacity and more production from grass pastures heavily fertilized 

with nitrogen than from grass-legume mixtures with no nitrogen applied 
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but lower quality forage as evidenced by the lower dai ly gains obtained 

per animal. 

Sullivan et al. (1959) found no difference in forage quality be­

tween the herbage of gr ass -l egume and nitrogen fertilized grass pas­

tures in a Pennsylvania study. The application of 140 to 160 pounds 

of nitrogen per acre in 30 to 40 pound increments to the grass mixture 

evidenced more stable and higher forage production than grass-legume 

mix tures without nitrogen fertilization • 

. Brown and Munsell (1943) and Wagner (1954) reported more uniform 

seasonal product ion with a gr as s-legume mixture than n i trogen ferti­

lized grass . Robinson and Sprague (1952) r eported more uniform pro­

duction with nitrogen f ertilized grass than with grass-legume mixtures. 

Allred (196Sa,b), in his Utah study, found that in alfalfa-grass 

mixtures more forn ge was produced with the high rate of nitrogen fer­

t iliza tion a t all irrigation frequencies, however, the decrease in the 

legume component that was associated with heavy nitrogen fertilization 

resulted in a decrease in percent protein at the frequent irrigation 

interval . With the grass mixture there was an increas ed response with 

each increment applied with successive harvests indicating very little, 

if any, nitrogen carry over from one clipping to the next. 

Parvis (1955) studied the effect of nitrogen on the yield and 

protein content of a lfalfa in New J ersey and found that 25 and 50 

pounds of nitrogen per acre reduced the yield, 100 pounds gave the 

same yield as no fertilizer, and 200 pounds of nitrogen increased both 

the alfalfa yields and protein content significantly provided that 

four cuttings instead of three cuttings were made . 
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Parsons (1958) stud ied the r esponse of three alfalfa-grass mix­

tures to nitrogen fertilization in Ohio. He found no effect of nitro­

gen treatments on the dry matter yield on the second or third cutting 

and a first cutting response only with the alfalfa-orchardgrass mix­

ture. The added nitrogen increased the orchardgrass component and 

decreased the alfalfa component. In each mixture the total protein 

production of the first cutting increased as the nitrogen rates were 

increa s ed to 100 pounds per acre because of the increase of percent 

nitrogen in the grass. However, the alfalfa-orchardgrass mixture 

showed a decrease in protein production with 25 and 50 pounds of 

nitrogen per acre because of the drastic change in sward components. 

Using several species of grasses in Pennsylvania, Harrington and 

Washko (1956) found that the application of 100 pounds of nitrogen per 

acre after each harvest produced the greatest amount of forage and the 

largest yie ld of protein per acre with better seasonal distribution of 

the production. Dotzenko (1961) also used several species of grasses 

in an experiment conducted in Colorado and found that annual nitrogen 

rotcs to 640 pounds per acre increased both the forage production and 

percent nitrogen content. The different species responded differently. 

Reynolds and Smith (1950), working with hairy vetch, determined 

that fertiliza tion increased the total pounds of nitrogen per acre in 

both the tops and roots. The increase was greater in the roots. 

Sullivan and Sprague (1953) found that the application of nitrogen, 

whether applied on the day of cutting or seven or fourteen days later, 

r esulted in an immediate decline in the percent of fructose and sucrose 

in both the roots and stubble as compared with unfertilized plants and 

increased the total and especially the soluble nitrogen in all plant 
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parts . The difference tended to decrease as time advanced. Bell and 

DeFrance (1944), reported that with added nitrogen, increased carbohy­

drate accumulation occurred in the roots. May (1960), cited Weinmann's 

work of 1943 and 1948 and concluded that with fertilizer applications 

(NPK) to natural pastures no change in carbohydrate accumulation occur­

red although the herbage yield was increased. Benedict and Brown 

(1944) and Sprague and Sullivan (1950) have both reported that added 

nitrogen gave a decreased percentage of carbohydrates. 

Knoblauch e t al. (1955), working in New Jersey, stated that an 

application of nitrogen fertilizer to a Phleun1 pratense pasture during 

the growing season resulted in an increas ed weight and increased nitro­

gen and carbohydrate content of the corms. 

According to Benedict and Brown (1944), one of the principal 

effects of lowering the concentration of nitrogen in the growth medium 

wns to increase the concentration and quantity of starch and/or sucrose 

in both the roots and shoots of plants. 

Macleod (1965) found that the yield of roots was significantly 

increased by addition of nitrogen f ertilizer for all grass species 

studied. The grass roots showed greater response to nitrogen than the 

alfalfa roots. Fertilization showed no significant change in the TAG 

of the under ground portions of bromegrass, significant TAG increases 

in the underground portions of orchardgrass, and significant decreases 

in TAG in alfalfa roots. The TAG in alfalfa roots was lower in alfalfa­

grass mixtures than when the alfalfa was grown alone. 

Auda, Blaser, and Brown (1966) decided that nitrogen stimulated 

tillering and growth, which lowered the carbohydrate reserves. They 
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ci ted Colby, Drake, Sprague, and Waite to substantia te their conclu­

s ion that root weights decreased wi th added nitrogen. 

!lorrlson (1931) found that the addition of nitrogen increased top 

growth but the weigh t of the roots did not increase over the roots of 

unfertllized gr asses. 

Mitchell (1962) stated that nitrogen fertilization was generally 

associated with smaller roo t systems as measured by methylene blue 

adsorption and to a lesser ext ent by dry weight measurements. He 

quoted the work of Kennedy in comparing 0 to 200 pounds of nitrogen 

on orchardgrass and concluded that nitrogen increased root deve lopment 

which resulted in better production during a dry season. 

Oswa lt, Ber trand, and Teel (1959) used root weights and P32 up­

take to follow the growth of bromegrass and orchardgrass roots and 

<:oncluded that, since dry matter production is increased and root 

yields decreased, nitrogen must have increased the efficiency of the 

root system. 

Troughton (1957) wrote that, in general, it appeared that plants 

grown in conditions where available nitrogen was a factor limiting 

growth had a well-developed root system, but a poorly developed shoot 

system. Plants grown with an excess of nitrogen exhibited the opposite 

relative development. 

Mitchell (1970, pages 181, 182) concluded that an increased sup­

ply of nitrogen, within limits of practical interest, caused more top 

growth in relation to root growth (i.e. it decreased the root-shoot 

ratio). Thus an adequate supply of nitrogen favored the use of avai l­

a ble carbohydrates for growth of the top. In addition, a greater 

nitrogen supply tended to increase the quantity of growth hormone 
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present in the plant. This favored top growth and inhibited root 

growth . However, nitrogen fertilizer increased the total dry weight 

of roots. 

Nitrogen is directly necessary for protein formation and growth. 

It is more likely to be deficient in the shoots because of the dis­

tance from the supply. A deficiency of nitrogen checks the shoot 

growth and restricts carbohydrate utilization by the shoots. This 

increases the carbohydrate supply available to the roots which in­

creases root r eserve storage or root growth if carbohydrates are the 

limi ting factor. The nitrogen is absorbed from the soil by the roots 

and a deficiency is more like ly to limit shoot growth, but increase 

root growth and/or enlargement. An increase in the available nitrogen 

supply will increase the protein and relative shoot growth and decrease 

the r elative root growth (Curtis and Clark, 1950, pages 671-673). 

Nitrogen fertilization and clipping frequency 

Harrison (1931) decided that mineral fertilization did not com­

pensate for the lack of top growt h in the production of roots. 

Weinmann (1952) concluded that an abundance of nitrogen may, 

under severe defoliation, produce an actual reduction in root weight. 

Oswalt, Bertrand, and Teel (1959) found that clipping stopped 

root growth within 24 hours and induced root decomposition in 24 to 

48 hours after clipping. The roots reached a great_er depth when no 

nitrogen was applied. Nitrogen increased the root diameter and de­

creased the rate of elongation. 

Higher protein percentages in the forage were usually obtained 

with both nitrogen fertilization and more frequent clipping. Because 
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of lower dry matter yields, too frequent clipping decreased the total 

protein production regardless of the higher protein percentages found 

ln thP younger, more succulent forage. 

Nitrogen fertilization and irrigation 

Using a ladino clover-orchardgrass mixtur~Robinson and Sprague 

(l952) found that nitrogen fertilization greatly increased yields on 

both irrigated and non-irrigated plots. Both actual and percentage 

increases in yield from the nitrogen were greater on non-irrigated 

plots than on irrigated plots. There was an increase in yield due 

to irrigation with both high nitrogen and no nitrogen fertilization. 

The annual yields on plots receiving both irrigation and nitrogen 

averaged 8050 pounds per acre when clipped to simulate rotational 

grazin g as compared to an averaged yield of 2950 pounds per acre on 

plots r eceiving neither irrigation or nitrogen fertilization. Herbage 

on the high nitrogen fertilized plots was nearly all orchardgrass at 

the end of the experiment. 

Levine, Kennedy, and Gray (1955) studied a bromegrass-alfalfa 

mixture in New York using four irrigation levels. Yields were the 

same for the three irrigation levels applyi ng water, all of which 

were higher than the yields of the plots receiving no water. Nitrogen 

fertilization increased the yields at all four moisture levels . 

Bennett, Stanford, and Bumenil (1953) showed that the percent 

uptake of nitrogen into plants decreased with increasing soil mois­

ture, but since irrigation increased yields, the total uptake was 

usually higher with irrigation. 



Kmoch ct al. (1957), studying root development of winter wheat 

i n cen tral Nebraska, found that nitrogen fertilizer increased root 

weigh t s at all moisture leve ls and at nearly all soil depths. 
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Cooper, Klages, and Schulz-Schaeffer (1962), working with six 

grass s pec ies in Montana, found orchardgrass responded relatively less 

to high nitrogen applications than the other grass species, particu­

larly when grown under low i rrigation . They also found that the per­

centages of appl ied n itrogen recovered by the plants increased with 

l ncrca sed frequency of irrigation and wer e grea t e r on plots fertiliz ed 

with 100 pounds of nitrogen per ac r e than on plots f er tilized with 400 

pounds of nitrogen per acre. 

Allred (1966) found that the frequency of irrigation did no t 

affect the production of fora ge from an alfalfa-intermediate whea t­

grass mixture over four year averages. There were insignificant 

yield i ncr eases to nit rogen fertilization of 0 . 1 ton with 50 pounds 

of nitrogen, 0.27 ton with 100 pounds of nitrogen, and 0.57 ton wi th 

200 pounds of nitrogen per acre. 

Nit rogen fertilization. clipping frequency. and irrigation 

Ne lson and Robins (1956) considered the r esults of different 

moisture and nitrogen f ertilizat ion levels and two clipping heights 

on the production of a ladino clover-orchardgrass mixture in western 

Washington . An irrigation fr equency of 7 to 11 days and a clipping 

height of twelve inches gave the highest forage yield. Both longe r 

irrigation frequencies of 15 to 20 and 20 to 30 days and a six-inch 

clipping height gave lower yie lds. Applying 50 pounds of nitrogen 

in April produced more forage than the same amount applied in June . 
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The application of 100 pounds of nitrogen at one time gave a lower 

yield than a split application of two 50 pound increments which was 

lower than three 33.3 pound increments applied in April, May, and 

June. Application rates of nitrogen greater than 100 pounds produced 

approximately the same forage yield but did reduce the percentage of 

ladlno clover in the sward . Decreased frequency of irrigation also 

decreas ed the ladino clover content. 

Lorenz et al. (1961) studied the influence of nitrogen fertili­

zation, harves t frequency and moisture on the production of bromegrass 

and an alfalfa-bromegrass mixture in North Dakota. The low-moisture 

level (non-irrigated) gave the lowest yield. The yields at the medi­

um and high-moisture levels were similar and significantly higher than 

the low-moisture level. Yields were doubled by the application of 40 

pounds and tripled by the application of 80 pounds of nitrogen at the 

low moisture level. An application of 200 pounds of nitrogen increased 

the yields fourfold at both the medium- and high-moisture leve ls. Fre ­

quent clipping reduced the average yield of all treatments by 18, 33, 

a nd 29 percent at the low-, medium-, and high-moisture levels, respec­

tively. At the low-moisture level, yields of the mixture were equiva­

lent to those of bromegrass receiving 40 pounds of nitrogen, but when 

irrigated they were equivalent to those receiving 120 and 160 pounds 

of nitrogen for the pasture and hay treatments, respectively. The 

percentage of alfalfa in the mixture increased with time at the higher 

moisture leve ls but decreased at the low-moisture level. Frequent 

clipping also held the percentage of alfalfa in the mixture at a lower 

l evel than cutting at the hay stage. 
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Mlxtur~s 

From Cnllfornla, Warren (1957) reported tha t the most succpssful 

pastures have been thos e that included just one type of legume and one 

or two types of grass. The ease of management of the l egume determined 

the success of these stands. Pe t e rson et al. (1959) agreed in princi­

ple and recommended that the pasture mixture be kept relatively simple. 

Blaser, Skrdla, and Taylor (1952ab) working in humid non-irrigated 

eastern United States also advoca ted the use of simple mixtures be­

caus e, as they point out, complex mixtures revert to simple ones in 

response to competition and environmental adaptation. 

However, Kop l and, Post, and Stitt (1954) reported that the r a ther 

comp l ex Huntl ey mixture was superior to s everal simple grass-legume 

mixtures for dairy cattle , under Montana conditions. Bateman and 

Keller (1956) in their Utah studies, obtained the highest yield from 

a complex mixture and with Jackobs (1952) indicate that the high yie lds 

of mixed pastures are the results of including a highly productive 

l egume. These studies indicated alfalfa-grass mixtures as superior 

i n yield to thos e using ei ther ladino clover or birdsfoot trefoil as 

the l egume. 

In Montana , Cooper, Eslick, and Stitt (1960) confirmed the alfalfa­

grass mixtures as highest yielding followed in decreasing order by 

mixtures containing ladino clover and red clover, ladino clover, alsike 

c love r , and birdsfoot tre foil. 

Fuelleman, Burlison, and Kammlade (1944) de termined that both 

bromegrass and orchardgrass gave larger yields of forage as well a s 

larger gains by grazing animals when associated with a legume such as 

alfa lfa. Protein and ca l cium content were materially increased both 
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in percentages and in pounds per acre production by inc luding alfalfa 

in the mixture. 

Mitchell (1962) decided that the inclusion of orchardgrass with 

l egumes as a forage crop generally resulted in significant dry matter 

lnc r0ases . Orchardgrass responded significantly to all three l evels 

of nitrogen us ed over no nitrogen. 

Tesar and Ahlgren (1950) found that mixtures of ladino clover 

with smooth bromegrass, timothy or orchardgrass were more productive 

than ladino clover alone. 

Washko and Pennington (1956) concluded that bromegrass, orchard­

grass, reed canarygrass or tall oa t grass yielded more forage in asso­

ciation with ladino clover than with alfalfa . 

In direct contrast, Burger, Jackobs, and Hittle (1962) found that 

alfalfa-grass combinations consistently outyielded ladino clover - grass 

mixtures regardless of the cutting management used. They also found 

bromegrass mixtures produced more dry matter than orchardgrass mix­

tures, regardless of frequency or height of cutting or legume asso­

ciat i on. 

In Pullman, Washington, Woods e t al. (1953) found no significant 

difference in the yield of hay between alfalfa-grass mixtures and 

alfalfa grown alone. More roots were produced by mixtures than alfalfa 

alone--4.34 tons per acre as compared to 2.59 tons per acre. In the 

mixture , the grasses produced more roots than the alfalfa--2.81 tons 

and 1.53 tons per acre, respectively. The yield of roots by mixtures 

was de t e rmined by the grass and not by the alfalfa and was dependent 

on the kind of grass grown with the alfalfa . The root yield average 



wa s similar for both the bunch and sod grasses--3.68 tons and 3.64 

tons per acre, respectively. 

Aberg, Johnson, and Wilsie (1943) decided that all grass es had 
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a significantly higher yield of roots when grown in association with 

alfalfa and swee t clover. In no case in either the field or green­

house study was there a significant gain or loss in forage or root 

ylclds for both members of an association. Significant gains or 

losses in yield for one crop usually resulted in significant losses 

or gains, respec tively, for the other crop in association . Response 

of crops in mixtures was of the compensating type rather than mutually 

beneficial or antagonistic. Alfalfa yields were reduced in competi­

tion with orchardgrass. 

Root reserves 

The most important reserve substances of grasses were considered 

by Weinmann (1948) to be sugars, fructosans, dextrins , and starch. 

He considered a ll others to be structural materials which could not 

be further utilized by the plant . Similar opinions were held by Brown 

(1943) and Sullivan and Sprague (1953). 

These nonstructural carbohydrates stored in the crowns and under­

ground plant organs have an important role in perennial plants growth 

and longevity. These carbohydrates are frequent l y referred to as root 

reserves total nons tructural carbohydrates (TNC), or total available 

carbohydrates (TAC). The latter designation will be used in this 

paper because true carbohydrate analysis of root reserves has to 

restrict itself to those carbohydrates available for relocation from 

the storage organs for use by other parts of the plant. Roots can 
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manufac ture none of their own sugar but are dependent on the tops for 

this essentia l . The distance separating the roots and shoots makes 

carbohydra t es more limiting to root growth. Any treatment that is 

likely to increase the carbohydrate content of the plant is likely to 

favor the roots more than the tops. 
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EXPERIMENTAL DESIGN AND METHODS 

Thi s exper iment was conducted at the Greenville Experimental 

Farm, Logan, Utah, from 1960 to 1965. 

The soil was Millville silt loam that occurs on an alluvial fan, 

we ll-drained and has a surface slope of about one percent. It is 

high in potash and phosphorous and is alkaline, having a pH of 7.9-

8. 2 . 

Experimental Design 

The experiment was set up in a factorial arrangement (modified 

split plot des ign) with irrigation as the main plot consisting of 

four moisture intervals with four replications arranged i.n a Latin-

square design. The sub-plots were two frequenci es of clipping, four 

l eve ls of nitrogen fertilization, and six pastur e mixtures. The plan 

of the layout is given in Figure 1. The size of the smallest experi-

mental unit was 6 feet x 23 feet in size. The overall experiment in-

volved a total of 768 plots. Forage, protein, and root yield data for 

this study was obtained from 480 plots. 

Pasture Establishment 

Plots were seeded in the spring of 1960. During the establish-

ment year, the plots were uniformly irrigated by sprinkler with ap­
• 

proximately one and one -half inches of water at eight- to ten-day 

intervals. The irrigation was done replication-wise. All the plots 

were mowed twice to control weeds. No treatment was started the first 

year. 
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Treatments 

The treatments were applied during the year 1961. For conven-

ience, letters will be used to designate different treatments, viz . 

"I" for irrigation, "F" for fertilization, "C" for clipping, and "M" 

for pasture mixtures. These symbols are consistent in designation 

with all previous publications relating to this pasture study. These 

l e tters will be referred to frequently throughout this paper when 

discussing the various treatments. These treatments were as follows : 

Clipping frequency 

Two clipping frequencies were included in the study. 

C-1 

C-2 

Treatment 

One-half the plots harvested four 
times a season at 35 day intervals. 

One-half the plots harvested five 
times a season at 28 day intervals. 

The state of forage development was used to determine the initial 

clipping date for both clipping treatments. 

In 1965 all plots were clipped the same. The initial spring 

growth was removed by close mowing with a rotary lawn mower. A 

second mowing down to the plant crowns took place just prior to the 

undercutting of the plots. The clipped forage was blown away from 

the mowed area {Figure 2). 

Irrigation 

Irrigation water was applied to the plots using a perforated 

pipe sprinkler system designed to fit the plot design. The applica-

tion rate was approximately one inch o f water per hour . 
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Tlw four Irrigation treatments provided equivalent total amount s 

of wolpr uf approximate ly 23 inches each grow ing s eason, bu t the 

amou nt and fr equency of the individual treatments varied. 

I-1 

I-2 

I-3 

I- 4 

Interval 

Long - 4 inches of water every 20 days. 

Medium- 3 i nches of water every 15 days . 

Medium Short - 2 inches of wa t er every 10 
days 

Short - 1 inch of water every 5 days. 

No irrigation water was appli ed in 1965, the year the roots were 

removed for this study. The winter water supply from natural precip-

itation did stimulate some forage growth in the early spring. After 

the initial spring growth, the soil moisture was depleted to a l evel 

below plant utilization, 

No root samples were taken or other data compiled from the I-2 

irrigation plots. 

Nitrogen fertilization 

Four leve ls of actual nitrogen per acre were used on the plots. 

.sm.Ql Treatment 

F-1 0 pounds of nitrogen per acre 

F-2 50 pounds of nitrogen per acre 

F-3 100 pounds of nitrogen per acre 

F-4 200 pounds of nitrogen per acre 

The fertilizer was applied as ammonium nitrate. Fifty pounds of 

nitrogen were applied in April to the F-2, F-3 and F-4 plots. Addi-
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tiona! 50 pound applications wer e made after successive harvests for 

the F-3 and F-4 plots esch year. 

The soil was high in potash. One hundred pounds per acre of 

phosphate were broadcast over the entire experimental area in the 

sprlngs of 1961 and 1963 as P2o5 . 

Pasture mixtures 

The planted mixtures were composed of legumes plus grasses or 

gras s es alone. Certified seed was us ed in the mixtures if availabl e. 

To obtain uniform distribution the seed was mixed with sawdust and 

broadcast over the plot by hand. The soil was smoothed with a garden 

rake to provide coverage of the seed. 

No companion crop was planted with the forage mixtures. The 

land had either been in a row crop or fallow the previous two years . 

Nevertheless a good crop of annual weeds grew and were removed by 

clipping the entire experimental area June 16 and again August 4, 1960. 

The varieties of legumes and grasses used in the mixtures were: 

Ranger Alfalfa 

Ladino Clover 

Kenland Red Clover 

Granger Birdsfoot Trefoil 

Orchardgrass 

Manchar Bromegrass 

Tualatin Tall Oatgrass 

Greenar Intermediate Wbeatgrass 

Reed Canarygrass 

(Medicago sativa) 

(Trifolium repens) 

(Trifolium pratense) 

(Lotus corniculatus) 

(Dactylis glomerata, 
commercial) 

(Bromus ~, 
commercial) 

(Arrhenatherum elatius) 

(Agropyron intermedium) 

(Phalaris arundinacea, 
commercial) 
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The components and the seeding rates for the six mixtures wer e 

as follows: 

Seeding rate Seeding rate 
Symbol Legume lbs./acre Grass lbs./acre 

Bromegrass 4 
M-1 Alfalfa 3 Orchardgrass 3 

Ladino Clover 2 Tall Oatgrass 3 
Red Clover _3_ Reed Canarygrass _1._ 

sub-totals 8 13 
TOTAL 21 pounds 

M-2 Ladino Clover 3 Orchardgrass 8 
Bromegrass g_ 

sub-totals 3 20 
TOTAL 23 pounds 

M-3 Alfalfa 3 Orchardgrass 8 
Bromegrass g_ 

sub-totals 3 20 
TOTAL 23 pounds 

M-4 Birdsfoot Trefoil 6 Orchardgrass 6 
Bromegrass lQ__ 

sub-totals 6 16 
TOTAL 22 pounds 

M-5 Alfalfa _3_ Intermediate wheatgrass .!.2_ 

sub-totals 3 15 
TOTAL 18 pounds 

M-6 None Orchardgrass 8 
Bromegrass g_ 

sub-totals 0 20 
TOTAL 20 pounds 

M-1 was the most complex mixture consisting of three legumes and 

four grasses. The other mixtures were relatively simple. M-6 was 

composed of grasses only. 



No root samples were taken or other data compiled from the M-4 

plots. The birdsfoot trefoil component had nearly disappeared from 

the stand by the 1964 harvest season basically leaving only an 

orchardgrass-bromegrass pasture similar to M-6. 
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One problem did develop with the alfalfa-intermediate wheatgrass 

mixture (M-5). There was an invasion of the plots by dandelions 

beginning the second harvest season and increasing each year there­

a ft er. This was the only mixture that had any significant weed 

invasion during the experiment. 

Forage Yield Data 

The forage was cut to a height of two inches with a Milbradt 

plot mower having a three-foot sickle bar. Just prior to each harvest 

the alley-ways were blocked out. Then a swath the width of the mower 

and 20 feet long was harvested through the middle of each plot for an 

area of 60 square feet. The total herbage harvested from each strip 

was weighed gr een. A sample of 1000 grams of the freshly cut material 

was taken in a bag for dry weight and protein analysis. The 1000 gram 

green samples were dried in a forced hot-air oven and then reweighed. 

Resulting data were used to compute the percentage dry weight. 

Root Yield Data 

The root samples were obtained during the summer of 1965. A 

foot level of root undercutting was determined for this experiment 

because of power available, the mass of soil involved, and the appar­

ently small percentage of roots extending below the l foot depth. 

Undercutting to the 12 inch depth was performed with a modified Noble­

sweep, 42 inches wide, attached to a tool bar of a wheel tractor 
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(Figures 3, 4, 5) . The direction of cutting was at right angles to 

the long side of the plots. Two trips were made through each plot 

givi ng two areas for the root sampl es. All plots were und er cut, even 

t hough no root samples were to be taken, to insur e uniformity of 

uepth (Fi gure 6). The forage growth had been clipped and blown from 

t he sample areas prior to undercutting (Figure 2) . 

As the soil was ex t reme ly dry, there was a t endency for l arge 

c lumps of dirt and sod t o rise. Two riders on the t oo l bar insured 

that ther e was no sod displacement away from the sample areas (Figure 

7). 

A 3-foot square we lded meta l frame was us ed to outline the indi­

vidual sample areas (Figure 8). 

The soil and roots from the framed area were removed and placed 

on canvasses and the larger clods broken with a large wooden mall et 

(Figure 9) . The canvass es were emptied into a portable tractor-mounted 

cement mixer . Water was added and the mixer was run long enough to 

loosen the soil from the r oots. The material was poured onto framed 

one-fourth and one-eighth inch screens and washed with fr esh water 

(Figures 10, 11). 

The washed roots were placed into a smaller cement mixer for 

final cleanup, rinsed on one-eighth inch screens (Figure 12) and 

sorted into three categories (a) all grass roots, (b) ladino clover 

r oots, and (c) alfalfa roots, including all other legume roots (Figure 

13). The weed roots wer e sorted out and discarded. Dandel ions were 

the preval ent weeds and wer e only serious i n the M-5 samples. 

The sorted r oo ts were put into c lean cotton bags and dried by 

forced hot air to ten per cent moisture or les s. 



Figure 2. Clipping and removing 
the spring forage growth. 

Figure 4 . Undercutting operation 
showing the sweep in the ground. 
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Figure 3. View showing the con­
struction and attachment of the 
modified sweep. 

Figure 5 . The soil removed. Note 
the relation of the roots and the 
sweep. 



Figure 6. A field view showing the 
uniformity and layout after mowing 
and undercutting. 

Figure 8 . Three foot square metal 
frame and sod cutting tool. 
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Figure 7 . Ri ders on tool ba r 
keeping sod displacemen t minima l . 

Figure 9 . Removing the sod from 
the plots onto a canvas and break­
ing up the clods. 



Figure 10. Washing the soil from 
the roots in a tractor mounted 
cement mixer. 

Figure 12. Final washing and clean­
up in a small cement mixer. 
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Figure 11. Dumping onto a s tack 
of screens. 

Figure 13. The roots sorted and 
ready to bag and dry. 



The dried roots were weighed and a sample ground in a Wiley 

grinder for chemical analysis. The ground root samples were s tored 

i n sealed plastic vials until testing. 

Root yields per acre were determined. 

Protein Analysis 
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For the forage protein a nalysis, all of the plots of two r epli­

ca t ion~ we re sampled for each harvest. 

The dr led ~amples we re finely ground in a Wiley mill. A one 

gram sample was used to dete rmine the total nitrogen percent. The 

percent protein was calculated by multiplying the percent total 

nitrogen with the factor 6.25 as outlined in Appendix A. 

Nitrogen was determined by a modified Kjeldahl method. Reagents 

included concentrated sulfuric acid, sodium hydroxide solution (40 to 

45 percent NaOH by weight), standard 0.0715N H2so4 and 20 mesh gran­

ular zinc . Other reagents used a re listed in the following paragraphs. 

The digestion mixture used was pre pared by mixing copper sulfa t e , 

a nhydrous powder; sodium sulfate, anhydrous powder; and powdered 

selenium in a 5:10:0.5 ratio. 

The indicator solution was a mixture of brome cresol green, 

aqueous one percent solutions of new coccine, and p-nitrophenol. 

The ammonia was distilled in two percent boric acid solut ion 

and the contents then titrated with 0.0715N H2so4• The procedure 

fol lowed was essentially the same as given by Jackson (1958, pages 

183-203) and is given in Appendix A. 



Total Available CArbohydrate (TAC) Analysis 

Tlte root sampl es we re forc ed alr-dri ed to 10 pe rcent moisture . 

The dri ed tissue was sampl ed, gr ound and stor ed in capped plasti c 

v ials until analysis was made . Analysis was made on samples from 

two of the r eplications. 
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The TAC in the root sampl es wer e extract ed and hydrolyzed by the 

ac id me thod outlined by Smith (1962). Changes from the procedur e 

outlined by Smith wer e (1) 0. 2N H2S04 was used in place of 2 pe rcent 

v . /v. (approximate ly 0.8N) H2S04 ; ( 2) a reflux condenser was not 

used; (3) the concentrations of NaOH and HCL were dec reased; (4) the 

hydrolyzate was diluted to 125 ml. with distill ed water; and (5) an 

aliquot analyzed by a modifi ed Nelson-Somogyi test (Ne lson, 1944; 

Somogyi, 1952) . 

The absorption of each sample was read at 520 millimicrons against 

a treatment blank on a Perkin-Elmer Double Beam Spectrophotome t er, 

Coleman 124. 

The results were calculated against a known standard of a 10 

pe rcent sucrose solution and reported as percent TAC. 

Complete extraction and analysis procedures are given in 

Appendix A. 

Statistical Analysis 

A statistical analysis was made at the Utah State University 

Computer Center. An analysis of variance was made for the dry matter 

yield of the total roots, total l e gume roots and the roots of the 

alfalfa, ladino clover and grass; forage yield; percent forage 

protein; forage protein production; root/forage ratio as a percent; 
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p~rccnt availab l e carbohydrates and total available carbohydrates 

(TAC) of totn l r oots and of th ~ roots of th~ alfalfA, ladlno c lov0r, 

nnd ~rnss. 

F tests were made for the main effects and interactions at the 

. 05 a nd .01 probability levels . LSD tests at the . 05 and .01 levels 

were made for the main effects which had significant F values. 

The term significant refers to the .05 level and highly (or very) 

significant refers to the .01 level of probability. 
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EXPERIMENTAL RESULTS 

The experimental results of this pasture mixture study as influ-

enced by clipping frequency (C), irrigation (I), and nitrogen fertil­

ization (F) are presented in the following order: dry matter yield 

per acre, percent protein and protein yield per acre for the forage 

harvested in 1964; dry matter yield per acre, percent total available 

carbohydrate s (TAC) and TAC per acre for ladino clover, alfalfa, tota l 

legume, grass and total grass and legume roots harvested in 1965; and 

the root-dry-matter-yield to forage-dry-matter-yield ratio (R/F) as a 

percent. All average yields are in pounds per acre. 

Dry matter yield 

The analysis of variance for the total seasonal dry matter yield 

is given in Table 111 (Appendix C) and shows highly significant F 

values for the main effects of clipping, nitrogen fertilization, and 

mixtures and interactions between mixtures x clipping, mixtures x 

irrigation, and mixtures x nitrogen fertilization and a significant F 

value for mixtures x clipping x nitrogen fertilization. The average 

dry matter yields as influenced by the different management practices 

are given in Table 94 (Appendix B). 

Effect of clipping frequency. The response of forage production 

to clipping frequency appears in Table 1. Treatment C-1 (four har­

vests per season) gave a highly significant greater yield than C-2 

(five harvests per season). The difference was 1068 pounds of dry 

matter per acre. 
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Tabl e 1. Effect of clipping fr equency on fora ge dry matter production, 
1964 

Clipping Harvests per year 

C-1 4 

C-2 5 

Average yield 

lbs/A 
6919 

5851 
LSD 0 . 01 = 158 

Effect of nitrogen f e rtilization, Table 2 and Fi gure 14 show th e 

forage production respons e to the four d iffer ent l eve ls of nitrogen 

f ertilization, There was no significant yield difference between the 

F-2 (50 pounds) and F-3 (100 pounds) treatments, All other differences 

were highly significant. 

Effect of mixture. Forage production as affected by mixtures is 

shown in Table 3 and Figure 15. The alfalfa containing mixtures M-1, 

M-3, and M-5 were high in production but indicated no significance in 

yie ld diffe renc es. Ther e were highly significant yield differenc es 

be tween each of the alfalfa mixtures and both the M-2 (ladino clover-

grass) and M-6 (grass-only) mixtures, 

Interaction of irrigation interval x mixture. The average dry 

matter yields as influenced by irrigation x mixture are shown in 

Table 4 and Figure 16. This first order interaction was highly 

significant. The I-1 (20 day interval) gave the lowest yield with 

all mixtures except M-3, Little difference was recorded in yield 

between the I-3 (10 day interval) and I-4 (5 day interval) irrigation 

intervals except with M-3, 

Interaction of clipping fr eguency x mixture . The average dry 

matter yields as influenced by clipping x mixture are shown in Table 5 
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Table 2. Effect of nitrogen fertilization on forage dry matter pro­
duction, 1964 

Fertilization Nitrogen Average yield 

lbs/A 
F-1 0 4994 

F-2 50 6074 

F-3 100 6414 

F-4 20Q 8059 
LSD 0.05 - 429 

0.01 • 572 

8000 

., 7500 ... 
t) 

< .. 7000 ., .... .. 
-g 

6500 5 .... 

"" 6000 ..... ., .... 
>< 

5500 

5000 

F-1 F-2 F-3 F-4 

Figure 14. Average forage dry matter yield as influenced by nitrogen 
fertilization 
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Table 3. Effect of mixtures on dry matter production, 1964 

Mixture Species Average yield 

lbs/A 
M-1 A-RC-LC-OG-BG-RCG-TOG 7009 

M-2 LC-OG-BG 6069 

M-3 A-QG-BG 7060 

M-5 A-IWG 6868 

H-6 QQ-1!11 4920 
LSD 0.05 ~ 198 

0.01 • 260 

7000 

6500 

Ql ... 
<J 6000 < 
... 
Ql 
II. 

"' 5500 
"' "' " 0 
II. 

5000 

"' ..... 
Ql 

4500 .... 
>< 

4000 

M-1 M-2 M-3 M-5 M-6 

Figure 15. Average forage dry matter yield as influenced by mixtures 
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Table 4. Average forage dry matter yield as influenced by irrigation 
and mixture, 1964 

!:!ixtl!re 
Irril!!ti2n !:!-1 !:1- 2 !:!-3 !:!-.2 M-6 Avera11e 

165/A 
I-1 6900 5274 7130 6766 4438 6102 

I-3 7111 6452 7230 6931 5098 6564 

I-4 7015 6481 6821 6908 5224 6490 

Average 7009 6069 7060 6868 4920 

7000 -... 
. . "" .\ 

6500 \ 
"' " \. <) 

< 6000 \. 

" "\. "' p.. , .. 
Cl) 

5500 \ · "d 
<= \" . " 0 ~ p.. 

5000 
"d .... ., 

Legend .... 
4500 >< 

I-1 ---- I-3 

4000 
..... .. .. I-4 

M-1 M-2 M-3 M-5 M-6 

Figure 16. Average forage dry matter yields of pasture mixtures as 
influenced by irrigation interval 
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and Figure 17. This interaction was highly significant. The C-1 

trea tment gave the highest average yield with all mixtures. The 

overall ave rage yield difference between the two clipping frequencies 

was 1068 pounds. M-2 and M-6, the non-alfalfa containing mixtur es, 

averaged less than half this difference with 374 and 456 pounds, 

r espec tively. 

Inte raction of nitrogen f ertilization x mixture. The interaction 

of f<"rtilizatlon x mixtur e gave highly significant r esults. The 

average dry matter yields are shown in Tabl e 6. Figure 18 gra phica lly 

lndlcates that each succeeding increase o f nitrogen fertilization gave 

lncreased forage production by all mixtures. The additional 50 pounds 

of nitrogen added as the F-3 treatment did not give as large an in­

crease in production as the first 50 pounds of nitrogen (F-2), except 

with M-5. The F-4 (200 pounds of nitrogen) treatment showed the least 

variation between mixtures . M-2 and M-6 showed the greatest deviation 

by lower forage production with F-1, F-2, and F-3. M-6 (grass-only) 

gave the lowest production at all nitrogen levels. 

Interaction of clipping frequency x nitrogen fertiliz a tion x 

~· The second order interaction of clipping x fertilization 

x mixture was significant at the 0.05 level . The average yields are 

given in Table 7 and graphed in Figure 19. Only M-2 showed an increase 

of production with C-4 and this was with F-1 (no nitrogen). Only M-1 

did not have an increase in production with each additional nitrogen 

treatment. The F-3 treatment yielded slightly less (38 pounds) than 

the F-2 treatment . These are the only two exceptions to genera l pro­

duction trends in this second order interaction of a yield increas e 

with an increase of nitrogen and a higher yield with fewer clippings. 



49 

Table 5. Average forage dry matter yield as influenced by clipping 
frequency and mixture, 1964 

Clilllli!:J& 

C·l 

C-2 

8000 

7500 

.. 7000 

" u 
-< 

" 6500 .. ... .. .., 
& 

6000 
... 
.., 5500 
..... .. ... 
>< 

5000 

4500 

4000 

tUxtu~e 

l:l•l. 1:1·2 tl-~ 1:1-~ 1:1-6 
lbs/A 

7876 6256 7826 7491 5148 

6142 5882 6294 6246 4692 

....-----~ -- .,... \ ......................... , 

Legend 
C-1 

---- C-2 

M·l M-2 M-3 M-5 

\ 
\ 

\ 

Average 

\ 

6919 

5851 

\ 
\ 
\ 

M-6 

Figure 17. Average forage dry matter yields of pasture mixtures 88 

influenced by clipping frequency 
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Table 6, Average forage dry matter yield as influenced by nitDogen 
fertilization and mixture, 1964 

Fjlrtilizati2n 

F-1 

F-2 

F-3 

F-4 

8500 

8000 

7500 

7000 .. ... 
tl 
< 6500 
... .. eo. 6000 .. 
§ 5500 0 eo. 

5000 
"' ..... .. 

4500 .... 
>< 

4000 

3500 

3000 

Mixtlo!re~ 

H-1 H-2 IN H-5 H-6 Average 
lbs/A 

5929 4489 5694 6040 2820 4994 

6883 5685 6913 6598 4288 6074 

6973 6000 7219 7026 4855 6414 

8251 810 2 8415 7808 7720 8059 

._......____ -·-·-·- ........ 

Legend 

M-1 M-2 

F-1 
F-2 
F-3 
F-4 

M-3 

"--·-·-

M-5 M-6 

Figure 18. Average forage dry matter yields of pasture mixtures as 
influenced by nitrogen fertilization. 
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C-1 

C-2 

Q) ... 
u 
< 
... 
Q) 

"' .. 
"" § 
0 

"' 
"" ..... 

Q) .... 
:>< 

Effect of clipping frequency and nitrogen 
average yield of pasture mixtures, 1964 

11.-l 

F-1 7039 
F-2 7670 
F-3 7888 
F-4 8907 

F-1 4819 
F-2 6096 
F-3 6058 
F-4 7595 

9000 

8000 

7000 

6000 

5000 

4000 

3000 

2000 

F- 1 2 3 4 
M-1 

~~.-, 

4427 
5951 
6152 
8491 

4552 
5419 
5847 
7713 

2 3 4 
M-2 

M-3 

6494 
7772 
8150 
8891 

4894 
6055 
6289 
7938 

lbs/A 
H-.2 

6746 
7280 
7827 
8112 

5335 
5916 
6223 
7503 

Legend 

1 2 3 4 
M-3 
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fertilization on 

H-2 a::.:erage 

2858 5513 
4597 6654 
4966 6995 
817tl 8514 

2782 4476 
3979 5494 
4743 5832 
7269 7604 

C-1 0 C-2~ F-1 F-2 
F-3 

· F-4 

2 3 4 
M-5 

1 2 3 4 
M-6 

Figure 19 . Average forage dry matter yield of pasture mixtures as 
influenced by clipping frequency and nitrogen fertili­
zation 
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Percent protein 

The analyHis of variance for percent protein content of the 

forage is given in Table 112 (Appendix C). Mixtures a lone lndlcated 

a significant F value and this was at the 0.01 level. Complete data 

on percent protein of the forage as influenced by the various manage­

ment practices are compiled in Table 95 (Appendix B). 

Effect of mixture. The effect of mixture on percent protein of 

the forage is given in Table 8 and graphically shown in Figure 20. 

The percent protein in M-2 was significantly lower than M-5 and M-6 

was significantly lower than M-1. Both M-3 and M-5 had highly signif­

icant protein percentages above M-6. 

M-1, M-3, and M-5, the three mixtures containing alfalfa, were 

highest in percent protein followed by M-2, the ladino clover-grass 

mixture. M-6, the all grass mixture, was lowest in percent protein. 

Protein yield 

The protein yield is the product of dry matter yield and percent 

protein. The analysis of variance is given in Table 113 (Appendix C). 

Average protein yield data are given in Table 96 (Appendix B). The 

analysis of variance shows highly significant F values for clipping 

frequency, nitrogen fertilization, mixture, irrigation interval x mix­

ture and clipping frequency x mixture. These were also indicated as 

highly significant F values in the dry matter yield analysis of variance. 

Effect of clipping frequency. The effect of clipping frequency 

on the protein yield appears in Table 9. Treatment C-1 was highly 

significant over C-2. 
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Table 8. Effect of mixtures on percent protein content of forage, 
1964 

Mixture 

M-1 

M-2 

M-3 

M-5 

M-6 

18.00 

17.50 

17 .oo 

"' ..... 16.50 .. ... 
0 

.t 
... 16 , 00 
~ 
" ... .. 15.50 II< 

15.00 

14.50 

14.00 

M-1 

Species 

A- RC-LC-OG-BG-RCG-TOG 

LC-OG-BG 

A-OG-BG 

A-IWG 

OG-BG 

M-2 M-3 

Average percent 

15.89 

15.50 

16 . 56 

17.29 

14.09 
LSD 0.05 • 1.44 

0.01 • 1.91 

M-5 M-6 

Figure 20. Average percent protein content of forages as influenced 
by mixtures 
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Tnbl<• l), Effccl of cllppln;; f n•qttt •ncy on fora;;l' pro tel.n yll'ld, 196'• 

Clipping Harv e sts p e r year 

C-1 4 

C-2 5 

Prote in yie ld 

lbs A 
1067 

968 
LSD 0.01 = 97 

Effect of nitrogen fertilization. Table 10 and Figure 21 show 

the effec t of nitrogen f ertilization on the protein yield. The graph 

design is very similar to the forage dry matter graph (Figure 14). 

All diffe rences were highly significant except be tween F-2 and F-3. 

Effect of mixture. Protein production as affected by mixtur es 

is shown in Table 11 and Figure 22. The graph has a great similarity 

to Figure 15 with the protein yield highest in the alfalfa containing 

mixtures, M-1, M-3 and M-5 but there was no significance in the pro-

tein yield differences of thes e three mixtures. There were highly 

significant differences between each of the alfalfa mixtures and M-2 

and M-6. M-6 was low in protein production with 246 pounds less pro-

tein than M-2 and 413 pounds l ess than M-1, the lowest of the three 

alfalfa containing mixtures. 

Interaction of irrigation interval x mixture. The average forage 

protein yields as influenced by irrigation x mixture are shown in 

Table 12 and Figure 23. This first order interaction was highly 

significant. Little difference was not ed in protein yield between 

I-3 and I-4 except I-3 was the higher for all mixtures, I-1 was 

highest in protein production with M-1, M-3, and M-5, the alfalfa 

containing mixtures, and lowest with M-3 and M-6. M-2 and M-3 showed 
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Table 10. Effect of nitrogen fertilization on forage protein yield, 
1964 

Fertilil:ation Nitrogen Protein yield 

lbs/A 
F-1 0 801 

F-2 50 959 

F-3 100 1004 

F-4 200 1304 
LSD 0.05 m 98 

0.01 a 131 

1300 

.. .. 1200 
u 
< .. 

1100 .. ,. .. 
"' § 1000 
0 ,. 
<! 900 ..... .. ... 
0 

&: 800 

700 

F-1 F-2 F-3 

Figure 21. Average forage protein yield as influenced by nitrogen 
fertilization 
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Table 11. Effect of mixture on forage protein yield, 1964 

Mixture Species Protein yield 

lbs /A 
M-1 A-RC-LC-OG-BG-RCG-TOG 1110 

M-2 LC-OG-BG 943 

M-3 A-OG-BG 1149 

M-5 A-IWG 1188 

M-6 OG-j!G 697 
LSD 0,05 = 84 

0,01 D 110 

1200 

QJ 1100 
... 
<I 
< 
... 1000 QJ ... .. .... 
§ 900 
0 ... 
<= 800 

..... 
QJ ... 
0 

~ 700 

600 

M-1 M-2 M-3 M-5 M-6 

Figure 22. Average forage protein yield as influenced by mixture 
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Table 12. Average forage protein yield aa influenced by irrigation 
and mixture, 1964 

tUxtllr~ 
lH~&!tiQ!l t!-1 t!-2 H-3 M-5 1:!-6 Average 

lbs/A 
I-1 1158 838 1249 1215 647 1021 

I-3 1113 1000 1119 1210 729 1034 

I-4 1058 ..22Q lQl.!! 1138 716 996 

Average 1110 943 1149 1188 697 

1200 

<II 1100 ... 
<J 
< 
... .. 1000 ... .. 
"" g 900 ... 
c: 800 ·-< .. .. Legend 0 ... ... 700 I-1 

----- I-3 
• 0 0 0 ••• 0 . I-4 

600 

M-1 M-2 M-3 M-5 M-6 

Figure 23. Average forage protein yield of pasture mixtures as influ­
enced by irrigation interval 
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the largest deviation in protein production as influenced by irriga­

tion interval. 

Interaction of clipping frequency x mixture. The average forage 

protein yields as influenced by clipping x mixture are shown in Table 

13 and Figure 24. This interaction was highly significant. The C-1 

treatment gave the highest protein yield with the alfalfa containing 

mixture but less than C-2 with the ladino clover- grass and grass-only 

mixture. The mixtures ranked in order of protein production with the 

C-1 treatment and the deviation from the C-2 treatment protein pro­

duction are M-5, M-3, M-1, M-2, and M-6 (212, 208, 199, -98 and -26 

pounds, respectively). 

Root Dry Matter Yield 

The root dry matter yields were all figured in pounds per acre. 

The experimental results will be discussed for ladino clover, alfalfa, 

total legume, grass, and total grass and legume roots, respectively, 

Ladino clover root yield 

The analysis of variance for the ladino clover root dry matter 

yields is given in Table 114 (Appendix C). The yield data are com­

piled in Table 97 (Appendix B). The main effects of clipping frequency 

and mixtures; and the interactions of irrigation x nitrogen fertiliza­

tion and mixtures x irrigation interval showed significant F values. 

The main effect of nitrogen fertilization showed a highly significant 

F value. The irrigation interval was nonsignificant but the root yield 

increased with the increased frequency of irrigation. 

Effect of clipping frequency. The effect of clipping frequency 

on ladino clover root production is shown in Table 14. The ladino 
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Table 13. Average forage protein yield as influenced by clipping 
frequency and mixture, 1964 

I<URR~IlK 1:1-l H-2 

C-1 1209 894 

C-2 1010 992 

1200 

Q) .. 1100 <J 
-< .. 
Q) 

"' 1000 .. 
"0 
§ 
0 900 "' 
c: ..... 800 Q) ... 
0 .. 
"' 700 

600 

M-1 

ti!!S~ure 
1:1-3 1:1-~ 

lbs/A 
1252 1294 

1044 1082 

Legend 

M-2 M-3 

1:1-6 

684 

710 

--""'\ - \ 

C-1 
C-2 

M-5 

\ 
\ 

\ 

Averas.e 

\ 
\ 

1067 

968 

\ 

M-6 

Figure 24. Average forage protein yield of pasture mixtures as influ­
enced by clipping frequency 



clover under C-2 gave a slgnlfl.cantly higher root yield than und<'r 

C-1 . There was a difference of 133 pounds of rools per acre. 

Table 14. Effect of clipping frequency on ladino clover root pro­
duction, 1965 

60 

Clipping Harvests per year Root dry weight 

lbs/A 
C-1 4 203 

C-2 5 336 
LSD 0.05 = 98 

0.01 =141 N.S. 

Effect of nitrogen fertilization. Table 15 and Figure 25 show 

the effect of nitrogen fertilization on ladino clover root yield. 

The differences were highly significant. Fifty pounds of nitrogen 

(F-2) gave the highest yield, followed by no nitrogen (F-1), 100 

pounds of nitrogen (F-3) and 200 pounds of nitrogen (F- 4). 

Effect of mixture. The effect of mixtures on ladino clover root 

yield is shown in Table 16. The difference was significant. Only two 

mixtures contained ladino clover. The simple mixture (M-2) gave a 

higher ladino clover root yield than the more complex mixture (M-1). 

Interaction of irrigati0n interval x mixture. The results of 

the interaction between irrigation x mixture on ladino clover root 

production appear in Table 17 and Figure 26. M-2 gave higher yields 

than M-1 at the two longer irrigation intervals (I-1 and I-3) but 

dropped in yield with the shortest irrigation interval (I-4) while 

M-1 made a sharp increas e under the I-4 treatment. 



Table 15. Effect of nitrogen fertilization on ladino clover root 
production, 1965 

61 

Fertilization Ni trogen Root dry wei ght 

1 s A 

F-1 0 318 

F-2 50 454 

F-3 100 253 

-4 200 52 
LSD 0.05 a 108 

0.01 a 144 

500 

Ql .. 
" 400 < .. 
Ql 

"" .. 300 

"' § 
0 

"" 200 . 
<J) .... 
0 
0 100 <>: 

0 

F-1 F-2 F-3 

Figure 25. Average 1adino clover root production as influenced by 
nitrogen fertilization 

F-4 



62 

Table 16. Effect of mixture on ladino clover root production, 1965 

Mixture 

M-1 

M-2 

Table 17. 

~rri&!t~O!l 

I-1 

I-3 

I-4 

Average 

Q) ... 
<J 
< 
... 
Q) 

~ 

Species 

A-RC-LC-OG-BG-RCG-TOG 

1&-0G-BG 

Average yield 

lbs/A 
238 

302 
LSD 0.05 a 51 

0.01 • 68 

Average ladino clover root production as influenced by 
irrigation interval and mixture, 1965 

~illt!.!rll 
~-l 1:!-2 Average 

lbs/A 
149 257 203 

205 326 266 

~ ll2. 340 

238 302 

400 

300 

200 

100 

I-1 I-3 I-4 

Figure 26. Average ladino root production of pasture mixtures as 
influenced by irrigation interval 
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Interaction of irrigation interval x nitrogen fertilization. 

The results of the interaction between irrigation x fertilization on 

ladino clover root production appear in Table 18 and Figure 27. The 

results were significant. The production of I-1 and I-3 was similar 

at F-2, dropped to less than fifty percent at F-3 and a similar drop 

at F-4. The root production at F-4 was low for all three irrigation 

intervals. I-4 was high in production at F-2 and F-3 treatment levels, 

intermediate at F-1 and low at F-4. 

Alfalfa root yield 

The analysis of variance for the alfalfa root dry matter yields 

is given in Table 115 (Appendix C). The yield data are compiled in 

Table 98 (Appendix B). All of the legume roots in M-1 except the ladino 

clover roots were considered in the alfalfa root category. The main 

effects of clipping frequency, irrigation interval,mixture and nitrogen 

fertilization were all highly significant. The first order interaction 

of irrigation x fertilization was significant and the second order 

interaction of clipping x fertilization x mixture was significant. 

Effect of clipping frequency. The response of alfalfa root pro­

duction to clipping frequency is shown in Table 19. Plants cut four 

times a season (C-1) gave a highly significant increase in root pro­

duction of 1024 pounds over plants cut five times a season (C-2). 
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Tablt· 1.8. Av e rage ladlno dovPr rool proc.Ju c tlon a s lnf lut•nc.: t•d by 
l.rrl;~ntion lntt'rVIII nnd nl.tr o~t· n fl.'rllllw ll.on, .190) 

Fertilization 
Irrigation F-1 F-2 F-3 F-4 Avera ge 

1bs/A 
I-1 231 366 164 52 203 

I-3 432 407 154 69 266 

I-4 293 590 440 34 340 

Average 318 454 253 52 

600 • 

QJ 
500 " u 

< 

" 
.... . • 

QJ -.--
"" 400 

"' .,; 

" " 300 0 

"" 
., 

200 ... 
0 

oil 
100 

.. 
F- 1 F-2 F-3 F-4 

Figure 27. Average ladino clover root production a t nitrogen fertili-
zat ion l eve ls as influenced by irrigation interval 



Table 19 . Effec t of clipping frequency on alfalfa root production, 
1965 
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Clipping Harvests per year Root dry weight 

C-1 4 

C-2 5 

lbs/A 
2169 

1145 
LSD 0.01 - 345 

Effect of mixture. The effect of mixture on alfalfa root produc-

tion is shown in Table 20 and was highly significant between all three 

mixtures containing alfalfa. The simplest mixture of alfalfa and 

intermediate wheatgrass (M-5) gave the highest alfalfa root yield 

followed by M-3 and then the most complex mixture (M-1) giving the 

lowest yield. 

Table 20. Effect of mixture on alfalfa root production, 1965 

Mixture Species 

M-1 A-RC-LC-OG-BG-RCG-TOG-

M-3 A-OG-BG 

M-5 A-IWG 

Root dry weight 

lbs/A 
1172 

1704 

2096 

LSD 0.01 = 138 

Effect of irrigation interval. The effect of irrigation interval 

on alfalfa root production is shown in connection with legume root 

production in Table 21 and Figure 28 and was highly significant. The 

longest irrigation interval (I-1) gave the highest alfalfa root yield 

followed by lower yields in the order of the shortening interval (I-3 

and I-4) 
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Table 21. Effect of irrigation interval on alfalfa and total legume 
root production, 1965 

Irriution 

I-1 

I-3 

I-4 

., 2000 .. 
" < .. ., 
.... 
"' § 1500 
0 .... 

(/) ... 
0 

~ 
1000 

.... 

_.. 
I-1 

· rnteryal 

..... 

days 
20 

10 

5 

...... ..... ..... ..... 

Root drv weight 
Alfalfa Total legume 

lbs/A ----
2098 1675 

1514 1268 

1358 1188 

LSD 0,05 • 306 
0.01 • 464 

323 
490 N.s. 

..... ...... ..... ..... --- ---Legend 
Alfalfa root 
Total legume root 

I-3 I-4 

Figure 28. Average alfalfa and total legume root production as influ­
enced by irrigation interval 
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Effect of nilrogen ferLillznll.on. The highly signiflcnnl e ffecl 

of nitrogen fcrtllization on nlfa lfa root production iG s hown wl tlt 

the l egume root production in Table 22 and Figure 29 . The F- 2 treat­

men t gave the highest root yield f ollowed by F-1, F-3 and F-4 . The 

differences between the F-1 and F-2 and F-1 and F-3 trea t ment s were 

not significant. 

Interaction of irrigation interval x nitrogen f ertilization. The 

significant r esults of the interaction of irriga tion x fertilization 

on alfalfa root production ar e shown in Table 23 and Fi gure 30. At 

all fertilization rates I-1 gave the highest yield . I-3 gave t he l owes t 

yield at F-3 but was s econd highest at all other fertilization r ates . 

The alfalfa root production dropped with the I-4 trea tment as the 

nitrogen incr eased excep t a s light increase with the F-3 treatment. 

The F-2 trea tment produced the highest root yield for both I-1 and I-3. 

Interaction of clipping frequency x mixture x nitrogen fertili za­

tion. The results of the significant s econd order int eraction of 

clipping x mixture x fertilization on alfalfa root production are 

given in Table 98 (Appendix B). The alfalfa root production averaged 

over clipping was highest with the F-2 and lowest with the F-4 treat­

ment for all three mixtures containing alfalfa. The a lfalfa root pro­

duction averaged over fertilization was highest with the C-1 and lowes t 

with the C-2 frequency for al l three alfalfa mixtures . 

Legume root yield 

The analysis of variance for the l egume-root-dry-matter yields i s 

given in Table 116 (Appendix C). The yie ld data are compi l ed in Tabl e 

99 (Appendix B) . 



68 

Table 22. Effect of nitrogen fertilizer on alfalfa and total legume 
root production, 1965 

Uuut Ux:x w:,;:iabt 
Fertilizer :i~''gg~u Alfalfa Legume 

lbs/A 
F-1 0 1913 1594 

F-2 50 2032 1750 

F-3 100 1800 1476 

F-4 200 888 688 

LSD 0.05 = 172 128 
0.01 229 171 

2000 

Q) .......... ... -0 ..., ..... 
< .,..., ..... ..... ... 

1500 
..... 

Q) 

......... "" Ill ' ., 
' " " ' 0 

"" ' ' ' rn 1000 ' .... 
' 0 

0 ' "' ' ' Legend .... 
Alfalfa root 

500 -----Total legume root 

F-1 F-2 F-3 F-4 

Figure 29. Average alfalfa and total legume root production as influ-
enced by nitrogen fertilizer 
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Tabl e 23. Average alfalfa root production as influenced by irriga ­
tion interval and nitrogen f ertiliza tion, 1965 

lrrigation 

I-1 

I-3 

I-4 

Average 

"' .... 
0 

~ 

2500 

2000 

1500 

1000 

500 

Fertilization 
F-1 

2388 

1762 

1588 

1913 

F-2 

2464 

2092 

1539 

2032 

........... 
/ '\ ,. / '\ 

~ '\ 

.... ...... 

t:-3 
lbs/A 
2242 

1446 

1712 

1800 

'\ .. 
'\ 

'\ 
\... 

Legend 

F-1 F-2 F-3 

' ' 

F-4 

1298 

757 

592 

888 

-......·. ,. 
" 

Av erage 

20 98 

1514 

1358 

1657 

"-:-... 
I-1 ·"-·' I-3 . ' 
I-4 . ...... 

F-4 

Figure 30. Aver~ alfalfa root production at nitrogen fertilization 
levels as influenced by irrigation interval 
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This information is a compilation of ladino clover and alfalfa root 

production data. M-1 was the only mixture containing both alfalfa 

and ladino clover so these two were combined. M-2 contained only 

ladino cloverand M-3 and M-5 contained only alfalfa as legumes; M-6 

was grass-only and not included in the data. 

The analysis of variance gave a significant F value for irrigation 

interval, highly significant F values for clipping frequency, mixtures, 

nitrogen fertilization, irrigation x fertilization, irrigation x mix-

ture, clipping x mixture and fertilization x mixture. 

As the graphs for irrigation, fertilization and irrigation x 

fertilization for legume root production were very similar to those 

of the alfalfa root production, these data were combined in the tables 

and graphs. 

Effect of clipping frequency. The effect of clipping frequency 

on legume root production is shown in Table 24. Four clippings per 

season (C-1) outyielded five clippings per season (C-2) by 702 pounds. 

Table 24. Effect of clipping frequency on legume root production, 
1965 

Clipping Harvests per year 

C-1 4 

C-2 5 

Root dry weight 

lbs/A 
1728 

1026 
LSD 0.01-229 

Effect of irrigation interval. The effect of irrigation inter-

val on legume root production is shown in Table 21 and Figure 28. The 

legume root production was lower than the alfalfa root production 
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nft c r nvernKin K ln the ladino root product i on. The curves wer e slm­

llar except closl'r in productLon with the more fr equent lrrlgntlon 

tr ea tments . I-1 was significant i n incr eas ed production over I-3 and 

I-4 but the difference between I-3 and I-4 was nonsignificant . 

Effect of mixture. The effect of mixtures on legume root produc­

tion is shown in Table 25 and Figure 31 . All root yield differences 

for the four mixtures were highly s ignificant. M-2 was lowest and 

M-5 highest in legume root production . 

Effect of nitrogen fertilization. The e ffect of nitrogen f ertil­

l zatlon on legume root production is shown in Table 22 and Figure 25. 

The yle ld difference between F-1 and F-3 was nonsignificant, be tween 

F-1 and F-2 significant and between all other treatments high signifi­

cant. The legume root yield with F-2, F-1, F-3 and F-4 was 1750, 

1594, 1476 and 688 pounds per acre , respectively. 

Interaction of irrigation int erval x nitrogen fertilization. The 

highly significant results of the interaction of irrigation x fertili­

zation on legume root production are shown in Table 26 and Figure 32. 

Figure 32 is similar to the alfalfa root yield graph (Figure 30) for 

the same interaction. I-1 gave the highest yield at all fertilization 

rates. I-3 was the lowest of the irrigation levels in production at 

F-3 but was second highest at all other fertilization rates. Both I-1 

and I-3 increased in production with the first 50 pounds of nitrogen 

(F-2) but dropped off sharply as higher rates of nitrogen were applied . 

Le gume root production increased with the short irrigation interval 

(I-4) through the 100 pound (F-3) nitrogen application and then 

decreased sharply with the highest increment of fertilization (F-4). 

F-4 produced the lowest root yield with all three irrigation intervals. 
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Table 25, Effect of mixtures on legume root production, 1965 

Mixture Species Hoo t dry weigl>t 

M-1 

M-2 

M-3 

M-5 

., ... 

2000 

.';\ 1500 
... ., 
p.. 
., 
"' § 
0 
p.. 

(I) ... 
0 

~ 

1000 

500 

M-1 

lbs fl 

A-RC-LC-OG-BG-RCG-TOG 1408 

LC-OG-BG 302 

A-OG-BG 1704 

A-IWG 2906 
LSD 0.01 - 136 

M-2 M-3 M-5 

Figure 31. Average legume root production as influenced by mixture 



73 

Tabl e 26. Average legume root production as influenced by irrigation 
interval and nitrogen fertilization, 1965 

Irrigation 

I-1 

I-3 

I-4 

Average 

Q) ... 
" < 
... 
Q) 

"' 
"' "" § 
0 

"' 

"' .., 
0 
0 
~ 

2000 

1500 

1000 

500 

Fertilization 
F-1 F-2 

1906 2030 

1538 1772 

1337 1449 

1594 1750 

... -"' ...... \ 
," ' 

. .. .. 

F-1 

.... ·'\ 

Legend 

F-2 

F-3 
lbs/A 

1764 

1162 

1504 

1476 

' ' 

.. 

' 

F-3 

...... 

I-1 
I-3 
I-4 

F-4 

1000 

602 

461 

688 

...... 
...... 

...... ...... . ..... 
....... 

Average 

1675 

1268 

J.l88 

...... ....... . . ...... 
· . ...... .. 

F-4 

Figure 32. Average legume root production at nitrogen fertilization 
levels as influenced by irrigation interval 
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Interaction of irrigation interval x mixture. The interac tion 

of irrigation x mixture on legume root production was highly signifi­

cant and is shown in Table 27 and Figure 33. The long irrigation 

interval (I-1) had the highest root production with all mixtures 

except M-2 where it was lower than the other irrigation intervals. 

I-3 had a slightly larger root production than I-4 with all mixtures . 

Figure 33 indicates M-2 being very low in comparison with the other 

mixtures in l egume root production. 

Interaction of clipping frequency x mixture. Table 28 and 

Figure 34 give the highly significant clipping x mixture legume root 

production data. C-1 gave a substantially higher yield than C-2 for 

all mixtures except M-2 where the root production dropped slightly 

lower than C-2. 

Interaction of nitrogen fertilization x mixture. Table 29 and 

Figure 35 give the highly significant nitrogen fertilization x mixture 

legume root production data. The 50 pound nitrogen (F-2) treatment 

yielded highest with all mixtures followed by 0 pounds (F-1), 100 

pounds (F-3) and 200 pounds (F-4) except M-1 yielded 41 pounds more 

legume roots with F-3 than F-1. M-2 yielded least for all fertiliza­

tion levels. Less mixture variation in legume root yield was noted 

with F-4 than any of the other fertilization treatments. 

Grass root yield 

The analysis of variance for the grass-root-dry-matter yields is 

given in Table 117 (Appendix C). The yield data are compiled in Table 

100 (Appendix B). The effects of irrigation interval and the clipping 

frequency x nitrogen fertilization x mixture interaction were signif-



Table 27. Average legume root production of pasture mixtures as 
influenced by irrigation interval, 1965 

Mixtures 

75 

~rrigation M·l M-2 !::!•3 M-5 Average 

I-1 

I-3 

I-4 

Average 

.. 
" 0 
< 
... .. 
"' 
"' ., 
" " 0 

"' 
"' .., 
0 a 

1753 259 

1260 326 

1212 320 

1408 302 

2500 

2000 

1500 

1000 

500 

M-1 M-2 

lbs/A 
2172 

1575 

1366 

1704 

I •'. 
I . 

I : 
1." , . 

1: 
'/." 

2519 

1913 

1855 

2096 

Legend 
I-1 

----- I-3 
I-4 

M·3 M-5 

1675 

1268 

1188 

Figure 33. Average legume root production of pasture mixtures as 
influenced by irrigation interval 



Table 28. Average legume root production of pasture mixtur es as 
influenced by clipping frequency, 1965 

Mixture 
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c aeeing M-1 M-2 M-3 M-5 Average 
lbs/A 

c-1 1914 247 2126 2626 1728 

C-2 902 356 1283 1565 1026 

Average 1408 302 1704 2096 

Legend 

2500 -----

"' 2000 
" u 
< 

" "' "" ~ 

"' 1500 , 
"" .,... 
" .,... 
" 0 /"' "" 
"' 1000 ... 
0 

~ 

500 

M-1 M-2 M-3 M-5 

Figure 34. Average legume root production of pasture mixtures as 
influenced by nitrogen fertilization 



Table 29, Average legume root production of pasture mixtures as 
influenced by nitrogen fertilization, 1965 

Mixture 
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F~rtilizer M-1 M-2 M-3 M-5 Average 

F-1 

F-2 

F-3 

F-4 

Average 

"' ... 
u 
< 
... 
"' ~ 
Ul 

§ 
0 
~ 

2500 

2000 

1500 

1000 

500 

1515 

1860 

1556 

698 

1408 

' ' 
M-1 

368 

519 

261 

~ 

302 

' / ., .. / . .., 
M-2 

lbs/A 
2150 2340 1594 

2252 2371 1750 

1769 2320 1476 

645 1352 688 

1704 2096 

/ 
/ 

/ 

/ 
/ Legend 

/ F-1 

---- F-2 . ... . ... F-3 
- ·-·- F-4 

M-3 M-5 

Figure 35. Average ·legume root production of pasture mixtures as 
influenced by nitrogen fertilization 
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icant . Nitrogen fertilization, mixture, clipping frequency x mixture, 

and nitrogen fertilization x mixture all gave highly significant results. 

Effect of irrigation interval. The effect of irrigation on grass 

root production is shown with the total root production data in Table 

30 and Figure 36. The 20 day interval (I-1) gave the highest root 

production followed by the 5 day interval (I-4). The difference was 

nonsignificant. The 10 day interval (I-3) was the l owest in produc­

tion. Yield differences between the I-3 and the other two irrigation 

intervals were significant. 

Effect of mixture. The effect of mixture on grass root produc­

tion is shown with the data for total root production in Table 31 and 

Figure 37. The differences between M-1 and M-5 and M-2 and M-3 were 

nonsignificant. All other differences were highly significant. M-6 

(grass -only) was highest in grass root production followed by M-2 

(grass-ladino clover). 

Effect of nitrogen fertilization. The effect of nitrogen fertil­

ization on grass root production is shown in Table 32 and Figure 38 

with the total root production data. The difference between F-2 and 

F-4 was nonsignificant; between F-1 and F-3, significant; and between 

all others, highly significant. Highest root production came from 50 

pounds of nitrogen (F-2) followed by 200 pounds (F-4), 100 pounds 

(F-3), and 0 pounds (F-1). 

Interaction of clipping frequency x mixture. The clipping x 

mixture interaction on grass root production was highly significant. 

The results are given in Table 33 and Figure 39. M-1 and M-3 each 

had 3 pounds difference in grass root yield under the two clipping 

treatments. M-6 showed a 145 pound difference and M-2 a 557 pound 



Tabl<' 30. Effect of irrigation interval on grass and total root 
pr oduction, 1965 

Root dr:z: . weisht 
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Irrigation Interval Gras s Total root 
days l bs /A 

I-1 20 5398 6734 

I - 3 10 4823 5837 

I - 4 5 5249 6200 

LSD 0. 05 • 417 435 
0 . 01 • 632 N. S. 659 

7000 Legend 
Grass root 

---- Total root 

' 6500 
...... ...... ., ...... ... ...... 

<J ...... -< ..... -... 6000 ..... -., ...... ~ -"" 1/) 

"" 5500 § 
0 

"" 5000 
1/) .... 
0 
0 

4500 0<! 

I-1 I-3 I-4 

Figure 36. Average gr a s s and t ot al r oot production as influenc ed by 
irrigation i nterva l 
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Table 31. Effect of mixture on grass and total root production, 
1965 

Mixture 

M-1 

M-2 

M-3 

M-5 

M-6 

7000 

QJ ... 
6500 u 

< 
... 
QJ 

"' ., 6000 
'0 
<= 

" 0 

"' 5500 

., 
w 
0 
0 

5000 

"' 
4500 

l~oo t dry wcigltt 
Gr ass Total root 
---lbs A.---

A-RC-LC-OG-BG -RCG-TOG 4798 6199 

LC-OG-BG 

A-OG·BG 

A-IWG 

OG·BG 

5345 

5148 

4733 

5759 

LSD 0,05 248 
0.01 = 327 

..----, 
/ ' 

/ ' 

5647 

6852 

6829 

5759 

248 
327 

/ ' ' / ' ' / ~ 

M·l 

', / ' 
v 

Grass root 
- - - - Total root 

M-2 M-3 M-5 M-6 

Figure 37 . Average grass and total root production as influenced by 
mixture 
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Table 32. Effect of nitrogen fertilization on grass and total root 
production, 1965 

Fertilization 

F-1 

F-2 

F-3 

F-4 

7500 

7000 

Q) ... 
6500 <J 

< 
... 
Q) ... 

6000 
"' 'tl 
§ 
0 

5500 ... 

"' ., 
5000 0 

.il 

4500 

4000 

B22t gr::c weight 
Nit rosen Grass Total root 

lbs /A 
0 4275 5549 

50 6020 7416 

100 4679 5861 

200 5652 6202 

LSD 0.05 = 386 396 
0 .01 = 514 528 

" I \ 
I \ 

I \ 
I \ 

I \ 
I \ 

I \ -----~ 
I \.----

1 

F-1 F-2 

Legend Grass root 
____ Total root 

F-3 F-4 

Figure 38. Average grass and total root production as influenced by 
nitrogen fertilization 



Table 33. Average grass root production of mixtures as influenced 
by clipping fr equency , 1965 

Mixture 
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Clipping M-1 M-2 M-3 M-5 M-6 Average_ 
lbs /A 

C-1 

C-2 

Average 

'" ... 

6000 

.';! 5500 
... 
'" p.. 

" ""' § 5000 
0 
p.. 

Ill .., 
~ 4500 

4000 

4799 

4796 

4798 

M-1 

5624 5146 4113 5831 5103 

W1. 5149 5353 5686 5210 

5345 5148 4733 5759 

M-2 M-3 M- 5 M- 6 

Figure 39. Average grass root production of mixtures as influenced 
by clipping frequency 
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difference in favor of 4 harvests (C-4). M-5 (alfalfa and intermed­

iate wheatgrass ) had 1240 pounds higher grass root yield in favor of 

5 ha rves t s (C-2). 

Inter action of nitrogen fertilization x mixture. The res ults of 

grass root production from the highly significant fertilization x mix­

ture interaction a re shown in Table 34 and Figure 40. F-2 yielded 

highest for all mixtures excep t second f or M-5. F-4 was second in 

production for all mixtures except was first for M-5. F- 3 was third 

and F-1 was lowes t in grass root production for all mixtures . 

Interac tion of clipping frequency x ni trogen fertiliz a tion x 

mixture. Significant grass root production res ults were obtained 

with the interaction of clipping x fertiliza tion x mixture and are 

shown in Table 35 and Figure 41. The mixtures varied in r esponse to 

the different clipping and fertilization treatments. 

Total root yield 

The analysis of variance for the t ot al-root-dry-matter yields is 

given in Table 118 (Appendix C). The yield data are compiled in Table 

101 (Appendix B). All of the main effects clipping frequency, i rriga­

tion interval, mixture, and nitrogen fertilization were highly s ignif­

icant. The clipping frequency x mixture and nitrogen fertilization x 

mixture interactions were highly significant. The irrigation interval 

x mixture and clipping frequency x nitrogen fertilization x mixture 

interactions were significant. This data was obtained by combining the 

legume and the grass root data. M-6 was the grass-only mixture so did 

not change nor was it affected by the presence of legumes in this com­

pilation . The grass roots were dominant i n yi eld in all other mixtures. 
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Table 34. Average grass root production of mixtures as influenced 
by nitrogen fertilization, 1965 

Fertil i zation 

F- 1 

F-2 

F-3 

F- 4 

Average 
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Q) 
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Legend 
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Figure 40. Average grass root production of mixtures as influenced 
by nitrogen fertilization 
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Table 35. Effect of clipping frequency and nitrogen fertilization 
on average grass root yie l d of pasture mixtures, 1965 

M-1 M-2 M-3 M-5 M-6 Average 
lbs /A 

C-1 F-1 4074 4455 4101 3556 5040 4245 
F-2 5122 6684 5867 4443 6541 5732 
F-3 4436 5277 4608 3509 570 2 4706 
F-4 5566 6080 6010 4920 6040 5728 

C-2 F-1 4000 4065 4042 4513 4901 4304 
F-2 5911 6341 5991 5665 7637 6309 
F-3 4485 4388 5079 4579 4731 4652 
F-4 4789 5474 5485 6657 5476 5577 

7500 Legend C-L D'-'1'_, F-2 
F-3 

7000 F-4 

.. 6500 

... 
t) 

< 6000 ... .. 
"' 
U) 5500 

§ 
5000 0 

"' 
4500 

U) ... 
0 

~ 4000 

3500 

Figure 41. Average grass root dry matter yield of pasture mixtures 
as influenced by clipping frequency and nitrogen fertili­
zation 
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Effect of clipping frequency . The e ffect o f clipping frequency 

on the total root production is shown in Table 36 . The results wer e 

h i ghly significant with the four harvests per season (C-1) outyi e lding 

the fi ve harvests per s eason (C-2) by 450 pounds of roots. 

Tabl e 36. Effect of clipping frequency on total r oo t produc tion, 1965 

Clipp i ng Harvests per yea r 

C-1 4 

C- 2 5 

Ave r age y i e ld 

lb s A 
6482 

6032 
LSD 0.01 - 414 

Effect of irrigation interval. The e ffect of irrigation on total 

root production is shown with the affect on grass root production in 

Tabl e 30 and Figure 36. The long interval irrigation (I-1) was hi gh-

est in total root production and significantly higher than the shor t 

interval irrigation (I-4) which was s econd i n root production. I-3 

was lowest in production but the yi e ld difference was only 363 pounds 

less than I-4 and was nonsignificant . I-1 produced 897 pounds more 

roots than I-3, a highly significant difference. The graph is very 

similar to the grass root graph. 

Effect of mixture. The effect of mixture on total root produc-

tion is shown in Table 31 and Figure 37 . Root yield differences 

between M-3 and M-5 and M-2 and M-6 were nonsignificant. All othe r 

di ffe r enc es were highly significant. 

Effect of nitrogen fertilization. The effect of fertilization on 

total root production is shown in Table 32 and Figur e 38 . Root y ie ld 



differences between F-1 and F-3 and F-3 and F-4 were nonsignificant . 

All other differences were highly significant . The highest root 

yield was obtained with the 50 pounds of nitrogen (F-2) treatment. 

Interaction of clipping frequency x mixture. The clipping x 

mixture interaction on total root production was highly significant. 

The results are given in Table 37 and Figure 42. C-1 gave better 

root yields for all mixtures but M-5, ranging from 145 pounds more 

for M-6 to 1001 pounds more for M-1. 
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Interaction of irrigation interval x mixture. The irrigation x 

mixture interaction on total root yield was significant. The results 

are given in Table 38 and Figure 43. I-1 had a higher root yield for 

all mixtures although there was only a 7 pound difference with M- 2 

over the second highest irrigation interval (I-4). The I-3 treatment 

was lowest in root yield for all mixtures. 

Interaction of nitrogen fertilization x mixture. The fertiliza­

tion x mixture interaction on total root yield was highly significant . 

The results are given in Table 39 and Figure 44. F-2 was highest in 

root production for all mixtures. F-1 was lowest for all but M-5. 

F-4 was second high for M-2, M-5 and M-6. 

Interaction of clipping frequency x nitrogen fertilization x 

~. The results of the significant interaction of clipping x 

fertilization x mixture on total root yield are given in Table 40 and 

Figure 45. C-2 produced more root yield only with M-5 (F-2 and F-4) 

and M-6 (F-2). F-2 was highest in total root yield followed by F-4, 

F-3 and F-1 in all mixtures except in M-3. F-1 had a slightly higher 

production than F-3. C-2 was more variable in production but F-2 was 

still highest for all mixtures. 



Table 37, Average root production of mixtures as influenced by 
clipping frequency, 1965 

Mixture 

88 

qii!I!L!lB tj•l tj-2 M-3 M-5 M-6 Average 
lbs/A 

C-1 6700 5870 7272 6739 583 1 6482 

c-2 5699 llil 2£ill. 6919 5686 6032 

Average 6199 5647 6852 6829 5759 
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~ Legend 
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Figure 42, Average root production of mixtures sa influenced by 
clipping frequency 
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Table 38. Average root production of mixtures a s influenced by 
irrigation interval, 1965 

Mixture 
Irrigatlon M-1 M-2 H-3 M-5 M-6 Average 

I-1 6622 

I-3 5852 

I-4 6125 

Average 6199 
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Figure 43. Average root production of mixtures as influenced by irri­
ga tion interval 
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Table 39. Average root production of mixtures as influenced by 
nitrogen fertilization, 1965 

Mixture 
Fertilization M-1 M-2 M-3 f5 M-6 Average 

F-1 

F-2 

F-3 

F-4 

Average 
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Figure 44 . Average root production of mixtures as influenced by 
nitrogen fertilization 



Table 40, Effect of clipping 
average total root 

M-1 M-2 

c-1 F-1 6103 4758 
F-2 7568 7163 
F-3 6481 5456 
F-4 6649 6103 

C-2 F-1 5001 4498 
F-2 7136 6901 
F-3 55 53 4730 
F-4 5104 5564 

8500 

8000 

"' 7500 
" 0 
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" 7000 ., 
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"" 6000 

Ul 5500 .... 
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frequency and nitrogen fertilization on 
yield of pasture mixtures, 1965 

M-3 

6764 
8581 
6747 
6995 

5680 
7780 
6478 
5790 

M-5 M-6 Average 
1bs/A 
6382 5040 5810 
7279 6541 7427 
6434 5702 6164 
6860 6040 6530 

6366 4901 5289 
7571 7637 740 5 
6296 473 1 5557 
7442 5476 5875 

Legend C-1 0 C-2~ F-1 
F-2 
F-3 
F-4 

F- 1 2 3 4 1 2 3 4 2 3 4 
M-3 

2 3 4 
M-5 

2 3 4 
M-6 M-1 M-2 

Figure 45. Avera ge total root yield of pasture mixtures as influenced 
by clipping frequency and nitrogen fertilizat ion 
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Root Reserves-Percent Total Available Carbohydrates (TAC) 

Root reserves as a percent were calculated by dividing the sum 

of the legume and grass TAC in pounds per ac re by the total root 

weight per acre . The percent TAC will be discussed for ladino clover, 

alfalfa, grass, and total roots (grass and legumes combined). 

Ladino clover root percent TAC 

The analysis of variance for the ladino clover root percent TAC 

is given in Table 119 (Appendix C) . The data are compiled in Table 

102 (Appendix B). Only the ma in ef fect of mixture was highly signif-

icant. The main effect of nitrogen fertilization and the irrigation 

interval x clipping frequency interaction were significant. All other 

results were nonsignificant. 

Effect of mixture. The effect of mixture on ladino clover root 

percent TAC is given in Table 41. The difference of percent TAC of 

the ladino clover in M-1 as compared to M-2 was 5.64 and highly sig-

nificant. 

Table 41. Effect of mixture on ladino clover root percent TAC 

Mixture Species 

M-1 A-RC-LC-OG-BG-RCG-TOG 

M-2 LC-OG-BG 

TAC 

% 
19.75 

14.11 
LSD 0.01 = 2.88 

Effect of nitrogen fertilization. The effect of fertilization 

on ladino clover root percent TAC is given in Table 42. The percent 
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TAG was highest with the F-4 treatment followed by F-1, F-3 and F-2. 

F-4 was significantly higher than F-1 and F-3 in percent TAG and highl y 

significant over F- 2. All other differences were nonsignificant. 

Table 42. Effect of nitrogen fertilization on ladino clover root 
percent TAG 

Fertilization Nitrogen TAG 

lbs/A % 
F-1 0 16.85 

F-2 50 14. 94 

F-3 100 15.95 

F-4 200 19.99 
LSD 0.05 2. 69 

0 . 01 ~ 4.07 

Interaction of clipping fr equency x i rr iga tion int erval . The 

clipping x irrigation interaction gave a significant F value for 

lauino c lover root percent TAG. The results are given in Table 43 

and Figure 46. Both c lipping frequencies increased in percent TAG as 

the i rrigation interval changed from I-1 to I-3 and C-2 showed a sharp 

i ncrease from I-3 to I-4 while C-1 dropped over 4 percent from I-3 to 

I-4. 

Alfalfa root percent TAG 

The analys is of variance for the alfalfa root percent TAG is 

given in Table 120 (Appendix C). The data a r e compiled in Table 103 

(Appendix B). The main effect of mixture and the nitrogen fert i l iza -

tion x mixture interaction were significant. All other results were 

nonsignificant. 



Tabl e 43. Average ladino clover percent TAG as influenced by c l ip ­
ping frequency and irriga tion interva l 

Irrigation 

94 

ca 12eins I-1 I-3 I-4 Aver a ge 
% 

C-1 16.64 19.62 15.42 17.23 

C-2 15.49 16. 22 18.20 16.63 

Aver age 16.06 17.92 16.81 

20.00 

19.00 

18.00 

;;j 
E-< 
.., 17 .oo 
c 
<ll 

" " <ll 16.00 ~ ----
15.00 

14. 00 
Legend C-l 

- _- _c-2 

I-1 I-3 I-4 

Figure 46. Average ladino clover percent TAC at irrigation intervals 
as influenced by clipping fr equency 
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Effect of mixture. The effect of mixture on alfalfa root percent 

TAC is given in Table 44. M-3 had the highest pe r cent TAC, M- 1 was 

second and M-5 was lowest in percent TAC. The diffe rence be tween 

M-3 and M-5 was significant. 

Table 44. Effec t of mixture on alfalfa root percent TAC 

Mixture Species TAC 

% 
M-1 A-RC-LC-OG-BG-RCG-TOG 16.58 

M-3 A-OG-BG 16.98 

M-5 A-IWG 15.70 
LSD 0.05 = 0.96 

0.01 = 1.35 N.S. 

Interaction of nitrogen fertilization x mixture. The fertiliza-

tion x mixture interaction gave a significant F value for alfalfa root 

percent TAC. The results are given in Table 45 and Figure 47. F-1 

produced the highest percent TAC for M-3, F-2 for M-1 and F-3 for M-5. 

No pattern was apparent. 

Grass root percent TAC 

The analysis of variance for the grass root percent TAC is given 

in Table 121 (Appendix C). The data are compiled in Table 104 {Appen-

dix B). The main effects of irrigation interval, nitrogen fertiliza-

tion, and mixture and the irrigation interval x mixture interaction 

were all highly s ignificant. Clipping frequency and the interactions 

of clipping frequency x nitrogen fertilization and clipping frequency 

x mixture were significant. The data of the highly significant main 



96 

Table 45. Average alfalfa percent TAG of mixtures as influenced by 
nitrogen fertilization 

Fertilization M-1 

F-1 16.05 

F-2 17.36 

F-3 16.72 

F- 4 16.22 

Average 16.58 

20.00 

19.00 

18.00 

'-' < 
H ... 17.00 

" ., 
u ... ., 16.00 Po< 

15.00 

14.00 

F-1 F-2 

Mixture 
M-3 M-5 

% 
18.56 15.23 

16 . 94 14.47 

15.61 17.08 

16.79 16,00 

16.98 15 .70 

Legend 

F-3 

Average 

16.61 

16.25 

16 . 47 

16.34 

.... --.,.,.,_,. .... ... . 

M-1 
M-3 
M-5 

F-4 

Figure 47. Average alfalfa percent TAG of mixtures as influenced by 
nitrogen fertilization 
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effects are compiled and graphed with the total root data to show the 

effect of the grass component on the total root percent TAC. 

Effect of clipping frequency. The effect of clipping on grass 

root percent TAC is given in Table 46. C-2 had a significantly higher 

percent TAC than C-1. 

Table 46. Effect of clipping frequency on grass root percent TAC 

Clipping Harvests per year 

C-1 4 

C-2 5 

TAC 

% 
15.63 

16.61 
LSD 0.05- 0.77 

0.01 = 1.04 N.S. 

Effect of irrigation interval. The effect of irrigation on grass 

root percent TAC is shown in Table 47 and Figure 48. l-3 produced the 

highest percent followed by l-4 and then I-1. The higher percent TAC 

of I-3 and l-4 were both highly significant over l-1 but were nonsig-

nificant between themselves. 

Effect of mixture. The effect of mixture on grass root percent 

TAG is shown in Table 48 and Figure 49. There was considerable vari-

ation between mixtures. There were nonsignificant differences between 

M-2 and M-3, M-1 and M-5 and M-5 and M-6. There was a significant 

difference between M-1 and M-6. All other differences were highly 

significant. 

Effect of nitrogen fertilization. The effect of fertilization 

on grass root percent TAC is shown in Table 49 and Figure 50. The 

fertilization treatments listed in order of decreasing percent TAC were 



Table 47. Effect of irrigation interval on grass and total roots 
percent TAC 

TAC 

98 

;!;rrigation Interval Grass Total root 
days 

I-1 20 

I-3 10 

I-4 5 

18.00 

17.00 

~ 
'"' 

16.00 
.:: .... QJ 
<) ~""' ... 
QJ 15.00 .....: 
"" 

14.00 

I-1 

% 
14.86 15.08 

16.98 16.88 

16.53 16.56 

LSD (}.OS • 0.94 0.81 
0 . 01 R 1. 27 1.10 

Legend 
Grass root 

----Total soot 

. 
I-3 I-4 

Figure 48. Average grass and total roots percent TAC as influenced 
by irrigation interval 
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Table 48 . Effect of mixture on grass and total roots percent TAC 

TAC 
M~xturc SJ2jl~L cs Crass Total root 

f.: ____ 

M-1 A-RC-LC-OG-BG-RCC -TOG 18 . 15 18.04 

M-2 LC -OG-BG 13.69 13.71 

M-3 A-OG-BG 14.86 15.56 

M-5 A-IWG 17.20 16.82 

M-6 OG-BG 16.71 16.71 

LSD 0.05 - 1.21 1.05 
0.01 1.64 1.42 

18.00 

17,00 

16 .00 

u / < 
H 15.00 
'-' 

" QJ 
u 

" 14,00 QJ 
0.. 

13.00 
Legend 

Grass root 
12.00 ---- Total root 

M-1 M-2 M- 3 M- 5 M-6 

Figure 49, Average grass and total roots percent TAC as influenced 
by mixture 
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Tabl e 49. Effect of nitrogen fertilization on grass and total roots 
percent TAG 

Fertilization Nln;~w 
F-1 0 

F-2 so 

F-3 100 

F-4 200 

18.00 

"17 .oo 
~ 
H 

... 16.00 

" " t) 

" " 15 .00 &>. 

14.00 

F-1 F-2 

TAG 
Grass To t al root 

% ___ 
16.13 16.15 

14.55 14.73 

16 . 48 16 . 54 

17.34 17.27 

LSD 0.05 = 1.08 0.94 
0 .01 1.47 l. 27 

Legend 
Grass root 

__ - - Total root 

F- 3 F-4 

Figure 50. Average grass and total roots percent TAG as influenced 
by nitrogen fertilization 
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F-4, F-3, F-1 and F-2. F-4 was significantly higher than F-1; and 

F-4, F-3 and F-1 each produced a percent TAC tha t was hi ghly s i gnifi­

cant over the F-2 perc ent TAC. 

Inte raction of irrigation i nterval x mi xture . The irrigation x 

mixtur e interaction was highly significant for grass root percen t TAC . 

The results are gi ven in Table 50 and Figure 51. I-3 produc ed higher 

per cent TAC than I-1 in all mixtures, was highest in M-1 and M-5 and 

second highes t in M-2, M-3 and M-6. I-4 produced highest percent TAC 

in M-2, M-3 and M-6, second highest in M-5, and lowest in M-1. 

Interaction of clipping frequency x nitrogen f erti l iza tion. 

The clipp i ng x fertilization interaction was significant for grass 

root percent TAC . The r esults are given in Table 51 and Figure 52 . 

The mor e fr equent clipping (C- 2) gave a higher percent TAC for a ll 

fert i l iza tion l evels except 50 pounds (F-2). The gr eatest differ ence 

between the two clippings occurred with F-4 with a 3.21 percent dif­

fer ence . 

Interaction of clipping frequency x mixture. The clipping x 

mixture interaction was significant for grass root percent TAC. The 

results are given in Table 52 and Figure 53 . The more fr equent clip­

ping (C-2) gave a higher percent TAC for all mixtures except M-2 than 

C-1. M-1 and M-6 had differences of over 2 percent TAC in favor of 

C-2 . 

Total roots percent TAC 

Total roots percent TAC is a computation of the ladino clove r, 

a lfalfa and grass root percent TAC. The ana lys is of variance for the 

t ota l roots percent TAC is given in Table 122 (Appendix C). The data 
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Table50, Average grass root percent TAC of mixtures as influenced 
by irrigation interval 

Irrigation 

I-l 

I-3 

I-4 

Average 

22.00 

21.00 

20,00 

19.00 

18.00 

~ 
H 
., 17.00 

"' Q) 
u 
.... 
Q) 16,00 0.. 

15.00 

14.00 

13,00 

12.00 

Mixture 
M-1 M-2 M-3 

16.94 13.14 12.12 

21.98 13.28 14.52 

15.54 14,66 17.95 

18.15 13.69 14,86 

' \ \ 
\ 
\ 
\ 
\ 
\ 
\ 

M-l 

\ 
\ 
\ 
\ 
\ 
\ 
\ 

. \ .. \' .. 
\ 
\ 

M-2 

/ 
/ 

/ 

M-5 
% 

15.56 

18.35 

17.68 

17.20 

I 
,/ , 

M-3 

M-6 Average 

16.55 14.86 

16.77 16.98 

16.82 16.53 

16.71 

Legend 
I-l 
I-3 
I-4 

I 

I 
I 

I 

" I ' i ... . ' 
·' I .. , 

I '..: 

M-5 M-6 

Figure 51 · Average grass root percent TAC of mixtures as influenced 
by irrigation interval 
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Table 51· Average grass root percent TAC as influenced by clipping 
fr equency and nitrogen fertilization 

Fer til ization 
Clipping F-l F-2 F-3 F-4 Average 

% 
C-l 15.90 14.80 16 .10 15.74 15.63 

C-2 16,36 14 .29 16.86 18.95 16.61 

Average 16.13 14.55 16 . 48 17.34 

20.00 Legend C-1 

---- C- 2 
19.00 

~ , , , 
1.8 . 00 

, , 
/ 

u / 
< / f-< 

17.00 / ... ,. 
c 
QJ I 0 .... I QJ 16.00 0.. I 

/. 

15 .00 

14.00 

F-1 F- 2 F-3 F-4 

Figure 52. Average grass root percent TAC of ni trogen fertilization 
l evels as influenced by clipping frequ ency 
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Table 52. Average grass root percent TAC of mixtures as influenced 
by cl ipping frequency 

Mixture 
Cl iEging M•l M-2 M-3 M-5 M- 6 Average 

'" C·l 16.72 14.06 14 . 68 17.05 15.65 15,63 

C-2 19,58 13,32 15 .05 17,34 17.77 16.61 

Average 18.15 13.69 14.86 17.20 16.71 

20,00 

' 
Legend 

C-1 
19,00 \ -- --C-2 

\ 
\ 

18 . 00 \ 
\ 

_ .... 
17,00 \ 

u \ < 
H 

\ 
'"' ~ 16.00 \ ., 
" \ ... ., 

\ "' 15.00 ~ 

14.00 

13.00 

12.00 

M-1 M-2 M-3 M- 5 M-6 

Figure 53, Average grass root percent TAC of mixtures as influenced 
by clipping frequency 
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nrc compiled in Table 105 (Appendix B). All four main e ffects, c lip-

ping frequency, irrigation interval, nitrogen fertilization and mixture 

were highly significant. The clipping frequency x nitrogen ferliliza-

tion and irrigation interval x mixture interactions were highly sig-

nificant. The irrigation interval x nitrogen fertilization and clip-

ping frequency x mixture interactions were significant. 

Effect of cllppi ng frequency. The effect of clipping on total 

roots percent TAC is given in Table 53. The C-2 percent TAC r esults 

were highly significant over C-1. 

Table 53. Effect of clipping frequency on total roots percent TAC 

Clipping Harvests per year 

C-1 4 

C-2 5 

TAC 

% 
15.71 

16.64 
LSD 0.01 ~ 0.90 

Effect of irriga tion interval. The e ffect of irrigation int erva l 

on total roots percent TAC is shown in Table 47 and Figure 48. I-3 

produced the highest percent followed by I-4 and then I-1. The I-3 

and I-4 percents were both highly significant over the I-1 percent but 

were nonsignificant between themselves. 

Effect of mixture . The effect of mixture on total roots percent 

TAC is shown in Table 48 and Figure 49. The difference between M-5 

and M-6 was nonsignificant; between M-3 and M-5, M-3 and M-6, M-5 and 

M-1, and M-6 and M-1 significant; and between all others highly sig-

nificant. 
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Effect of nitrogen fertilization. The effect of fertilization 

on total roots percent TAC is shown in Table 49 and Figure 50. F-4 

produced the highest percent TAC followed by F-3, F-1 and F-2. F-4 

was significantly higher than F-1; and F-4 , F-3 and F-1 each produced 

a percent TAC that was highly s ignificant over the F-2 percent TAC . 

Interaction of clipping frequency x nitrogen fertilization. The 

clipp ing x fertilization interaction for t otal roots percent TAC was 

hl. gh ly significant. The results are given i n Table 54 and Figure 54. 

The more frequent cl i pping (C-2) produced highe r per cent TAC at a ll 

fertiliza tion levels except F-2 where the percent dropped be low that 

of the C-1 treatment. F-2 produced the lowest percent TAC for both 

clipping frequencies. F-4 had the largest difference be tween the two 

clipping treatments, 3.24 percent. 

Interaction of irrigation interval x mixtur e . The irrigation x 

mixture interaction for total roots percent TAC was highly significant . 

The results are given in Table 55 and Figure 55. M-2 was lowest for 

a ll irrigations. M-6 had l east differences be tween irrigation tr ea t­

ments. I-4 gave the lowest percent for all mixtures excep t it was 

second low with M-1. 

Interaction of irrigation interval x nitrogen f ertilization. The 

irrigation x fertilization interaction for total roots percent TAC was 

significant. The results are given in Table 56 and Figure 56 . I-1 

was l owest for all fertilization levels. I-3 and I-4 were similar in 

r esults with a drop from F-1 to F-2 and then an increase through F-3 

a nd F-4. I-1 dropped from F-1 to F-2, increas ed with F-3 and dropped 

with F-4. 
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Table 54. Average total roots percent TAC as influenced by clippint< 
frequency and nitrogen fertilization 

Fertilization 
Cl11212ing F-1 F-2 F-3 F-4 Average 

% 
c-1 15.89 15.03 16.23 15.65 15.71 

C-2 16.41 14,42 16.84 18,89 16.64 

Average 16.15 14.73 16.54 17.27 

19.00 

""" .,. 
..... 

18.00 ..... .,. .,. 
...... 

....... 
17.00 ....... 

~ 
,..... 

H 

'"' 16,00 
" '" -u ... 
'" "' 15.00 

Legend 
C-1 

14.00 ---- C-2 

F-1 F-2 F-3 F-4 

Figure 54. Average total roots percent TAC of nitrogen fertilization 
levels as influenced by clipping frequency 



Tabl e 55. Average total 
by irrigation 

Irrigation M-1 

I-1 16.92 

I-3 21.11 

I-4 16 ,10 

Average 18.04 

22,00 

21.00 

' \ 20 .00 \ 
\ 
\ 

19 .00 
\ 

u \ < 
H 18.00 \ ... 

roots percent TAG of mixtures as 
in t erval 

Mixture 
M-2 M-3 M-5 M-6 

% 
13.20 13.45 15 .23 16.55 

13.34 15.52 17.64 16.77 

14,58 17,72 17,58 16.82 

13.71 15.56 16.82 16.71 

Legend 
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influenced 

I-l 
I-3 
1-4 

Average 

15.08 

16.88 

16 .56 
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<J 
\ ... 17.00 "' <>< \ 

16,00 \ 
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/ ............ . 
/ .......... 

M-5 M-6 

Figur e 55. Average total roots percent TAG of mixLurcs as influenced 
by irrigation interval 



109 

Table 56. Average total roots percent TAC as influenced by irrigation 
interval and nitrogen fertilization 

Irrigation F-1 

I-1 15.35 

r-3 17.06 

I-4 1bQl 

Average 16.15 

20.00 

19,00 

lR.OO 

17,00 

16.00 

15.00 

14.00 

F-1 

Fertilization 
F-2 F-3 

14.14 16.07 

14.97 16.94 

15,07 ll...l2. 

14,73 16.54 

Legend 

F-2 F-3 

F-4 
% 
14.73 

18.53 

.lb.2.§. 

17.27 

I-1 
I-3 
I-4 

Average 

15.08 

16.88 

16.56 

F-4 

Figure 56. Average total roots percent TAC of nitrogen fertilization 
as influenced by irrigation interval 
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Interaction of clipping freguency x mixture. The clipping x 

mixture interaction for total roots percent TAC was significant. The 

results a rc given in Table 57 and Figure 57. C-2 was high in percent 

TAC for all but M-2. Both clippings took a sharp drop from M-1 to 

M-2, were nearly the same for M-3 and M-5 but separated for M-6 when 

the C-1 percent TAC dropped nearly one percent. M-1 had the highest 

and M-2 had the lowest percent TAC for both clippings. 

Root Reserves--Pounds Total Available Carbohydrates (TAC) 

The root reserves in pounds of TAC per acre is the sum of the 

l egume and grass TAC in pounds per acre. The pounds TAC will be 

discussed for ladino clover, alfalfa, grass, and total roots (grasses 

and legumes) . 

Ladlno clover root TAC 

The analysis of va rianc e for pounds of TAC in l adino clover roo ts 

is given in Table 123 (Appendix C). The data are compiled in Table 106 

(Appendix B). The nitrogen fertilization treatment and irrigation 

interval x mixture interaction were highly significant. Clipping 

frequency and the irrigation interval x nitrogen fertilization inter­

action were significant. All other results were nonsignificant. 

Effect of clipping freguency. The effect of clipping on pounds 

of TAC for ladino clover roots is given in Table 58 . C-2 produced 

more pounds TAC than C-l (51 to 32 pounds). The difference was sig­

nificant. 
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Table 57. Aver age total roots percent TAC of mixtures as influenced 
by c lipping frequency 

Cli(!(!lng M-1 

c - J 16 . 77 

C- 2 19.31 

Average 18.04 

20.00 

19.00 \ 
\ 
\ 

18.00 \ 

' ~ 17 .00 ' !-< 
.., 
" '" CJ 

16.00 " '" 0.. 

15 .00 

14.00 

13.00 

M-1 

Mixture 
M-2 M-3 M-5 

% 
14.06 15 .48 16.53 

13.36 15.64 17.10 

13.71 15.56 16 . 82 

\ 
\ 
\ 
\ r. 
\ 

M-2 M-3 

/ 

M-6 

15 .65 

17.77 

16.7 1 

/ 
/ 

/ 

Legend 

-r 

C-1 
C-2 

M-5 

Avera ge 

15.71 

16 . 64 

........ -

M-6 

Figure 57 . Avera ge total roots percent TAC of mixtures as influenced 
by c lipping frequency 



Table 58. Effect of clipping frequency on ladino clover root TAC 

Clipping Harvests per year 

C-1 4 

C-2 5 

TAC 

lbs/A 
32 

51 
LSD 0 . 05 - 15 

112 

0.01 22 N.S. 

Effect of nitrogen f e rtilization. The e ff ect of f ertilization on 

pounds of TAC for ladino clover roots is given in Table 59 and was 

highly significant. F-2 was highest in pounds of TAC, not signifi-

cantly higher than F-1, but highly significant in pounds over F-3 and 

F-4. The F-1 yield was nonsignificant compared to F-3 but there was 

a highly significant yield difference over F-4 . 

Table 59. Effect of nitrogen fertilization on ladino clover root TAC 

Fertilization Nitrogen TAC 

lbs/A 
F-1 0 52 

F-2 50 64 

F-3 100 39 

F-4 200 10 
LSD 0.05 - 16 

0.01 21 

Interaction of irrigation interval x mixture. The irrigation x 

mixture interaction on ladino clover root TAC production was highly 

significant. The results are shown in Table 60. M-2 had slightly 
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higher production than M-1 with I-1 and I-3 but the M-2 TAC dropped 

6 pounds with I- 4 while M-1 increased 24 pounds. 

Tabl e 60. Ave rage Pounds of ladino clover root TAC of mixtures as 
i nfluenced by irrigation interval 

Mixture Irrigation Average 
I-1 I-3 I-4 

lbs/A 
M-1 26 38 62 42 

M-2 36 46 40 41 

Ave rage 31 42 51 

Interaction of irrigation interval x nitrogen fertilization. The 

irrigation x f ertilization interaction on ladino clover root TAC pro-

duction wa s s ignificant. The results are shown in Tabl e 61 and Figure 

58. I-3 gave the highest yield with no nitrogen (F-1) and then de-

creased with each increase of nitrogen . I-1 a nd I-4 incr eased from 

F-1 to their highes t production at F-2 and then dec r eased with each 

increase in fertilization. The low yield for all irrigations was F-4. 

Alfalfa root TAC 

The analysis of variance for pounds of TAC in alfalfa roots is 

given in Table 124 (Appendix C). The data are compiled in Table 107 

(Appendix B). All four main effects--clipping frequency, irrigation 

interval, mixture, and nitrogen fertilization were hi ghly s ignificant. 

The first order interactions--irrigation interval x nitrogen fertili-

zation, clipping frequency x mixture and nitrogen fertilization x mix-

tur e and second order int eractions--irri ga tion interval x nitrogen 
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Table 61. Average pounds of ladino clover root TAC as influenced by 
irrigation interval and nitrogen fertilization 

Irrigation 

I-1 

I-3 

I-4 

Avt•rage 

75 

50 

25 

..... 

F-1 

F-1 

.... 

35 

71 

50 

52 

..... ..... 
.... 

Fertilization 
F-2 

53 

58 

80 

64 

' 

F-2 

' \ 

F-3 

28 

24 

66 

39 

. . 
~ 

F-3 

F-4 
lbs/A 

8 

15 

___§_ 

10 

Legend 

Average 

31 

42 

51 

1-l 
I-3 
I-4 

F-4 

Figure 58. Average pounds of ladino clover root TAC at nitrogen fer­
tilization levels as influenced by irrigation interval 
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fertilization x mixture, and cllpplng frequency x nitrogen fcrtillzn-

Llon x mlxture were all highly s ignificant. The clipping f rcquL'ncy x 

irrigation interval x nitrogen fertilization x mixture interaction was 

significant. 

Effect of clipping freguency. The effect of clipping on pounds 

of TAG for alfalfa roots is given in Table 62. C-1 produced 353 pounds 

compared to 189 pounds for C-2. The results were highly significant. 

Table 62. Effect of clipping frequency on alfalfa root TAG 

Clipping Harvests per year 

C-1 4 

C-2 5 

TAG 

lbs/A 
353 

189 
LSD 0.05 37 

0 .01 =53 

Effect of irrigation interval . The ef fect of irrigation on pounds 

of TAG for alfalfa roots was highly significant and is given in Table 

63. I-1 had the highest production and there was a highly significant 

decrease through I-3 and I-4. 

Table 63. Effect of irrigation interval on alfalfa root TAG 

Irrigation Interval TAG 

days lbs/A 
I-1 20 335 

I-3 10 253 

I-4 5 225 
LSD 0 . 05 - 48 

0.01 = 73 
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Effect of mixture. The effect of mixtur e on pounds of TAC fo r 

o lfn lfa roots is given in Table 64. All differ enc es wer e hi ghly 

s ign i fi cant . Production increased from the low with M-1 through M-3 

to a high with M-5. 

Table 64 . Effect of mixture on alfalfa root TAC 

Mixture Species 

M-1 A-RC-LC-OG-BG-RCG-TOG 

M-3 A-OG-BG 

M-5 A-IWG 

TAC 

lbs/A 
195 

291 

327 
LSD 0.05 ~ 18 

0.01 = 23 

Effect of nitrogen fertilization. The effect of fertilization on 

pounds of TAG for alfalfa roots is given in Table 65. The difference 

between F-1 and F-2 was nonsignificant , between F-2 and F-3 significant 

and between F-1, F-2 and F-3 and F-4 highly significant. 

Table 65. Effect of nitrogen fertilization on alfalfa root TAC 

Fertilization Nitrogen TAC 

1bs/A 
F-1 0 318 

F-2 50 328 

F-3 100 299 

F-4 200 140 
LSD 0.05 = 29 

0 . 01 = 39 
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Interaction of irrigation interval x nitrogen fertilization. 

The irrigation x fertilization interaction on alfalfa root TAG pro­

duction was highly significant. The results are shown in Table 66 

and Figure 59. I-1 was highest in production at all fertilization 

levels with the highest being at the F-1 level and dropping with each 

increase in nitrogen. I-3 produced its highest at the F-2 level of 

nitrogen. I-4 hit its peak at the F-3 level of nitrogen. The F-4 

treatment recorded the lowest amount of TAG for all three irrigation 

i ntervals. 

Interaction of irrigation interval x mixture . The irrigation 

x mixture interaction on alfalfa root TAG production was highly 

significant . The results are shown in Table 67 and Figure 60. I-1 

was highest, I-3 second, and I-4 lowest in pounds TAG for all three 

mixtures. M-1 was lowest in pounds TAG for all three irrigations. 

Interaction of clipping frequency x mixture. The clipping x 

mixture interaction on alfalfa root TAG production was highly signifi­

cant. The results are shown in Table 68 and Figure 61. Four harvests 

(G-1) was more favorable than five harvests (G-2) for all three alfalfa 

containing mixtures. 

Interaction of nitrogen fertilization x mixture. The fertiliza­

tion x mixture interaction on alfalfa root TAG production was highly 

significant. The results are shown in Table 69 and Figure 62. M-1 

increased in TAG production from F-1 to F-2 then dropped with each 

increase of nitrogen. M-3 decreased from its high at F-1 with each 

nitrogen increment increase. M-5 dropped from F-1 to F-2, increased 

with F-3 and dropped with F-4. All three mixtures produced the lowest 

TAG with the highest level of nitrogen (F-4). 



118 

Table 66, Average pounds of alfalfa root TAC at nitrogen fertiliza­
tion levels as influenced by irrigation interval 

Irrigation F-1 

1-1 396 

I-3 289 

1-4 267 

Average 318 
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Figure 59, Average pounds of alfalfa root TAC at nitrogen fertiliza­
tion levels as influenced by irrigation interval 
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Tabl e 67 . Ave rage pounds of alfalfa root TAC of mixtures as inf lu­
enced by irrigation interval 

Irrigation 
Mixture M-1 M-3 M-5 Avera s e 

lbs/A 
I-l 263 369 372 335 

I-3 178 282 301 253 

I-4 146 ill 209 225 

Average 195 291 327 
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Figure 60. Average pounds of alfalfa root TAC of mixtures as influ­
e nced by irrigation interval 
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Tabl e 68. Average pounds of alfa lfa root TAC of mixtures as influ­
enced by c lipping fr equency 

Mixture 
CliEEing M-l M-3 M- 5 AvPra ge 

lbs/A 
c-1 293 360 407 353 

C-2 ..22 ill 248 189 

Average 195 291 327 
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Figure 61 . Average pounds of alfalfa root TAC of mixtures as influ­
enced by clipping frequency 
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Tabl e 69 . Av e rage pounds of alfalfa root TAC of mixtures as i nflu ­
enced by nit regen fertilization 

Mixtures 
Fertilization M-1 M-3 M- 5 Av e rage 

lbs/A 
F-1 200 403 350 318 

F-2 260 382 340 328 

F-3 218 274 405 299 

F-4 103 104 214 140 

Av e rage 195 291 327 

Figure 62. Ave r age pounds of alfalfa root TAC of mixtures as influ ­
enced by nitrogen fe rtil iza t ion 
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InteracLlon of irri gation in t erva l. x nitrogen fert ill zat.lon x 

ml.xlttrt'. Thl' lrrlgatlon x fcrtlll zn tlon x mixture i nt eraction on 

alfalfa root TAC, production was highly significant. The r esults a r e 

s hown in Table 70. F-4 produced the l eas t alfalfa root TAC in a ll 

interactions . The M-3 production was highes t wi th I-1 and I-4 with 

no nitrogen (F-1) . Under I-3, a ll three mixtures produced highes t 

with 50 pounds nitrogen (F-2). 

Interac tion of c lioping frequency x nitrogen ferti lizat ion x 

mixtur e. The clipping x fertili za tion x mixtur e i nteraction on 

alfalfa root TAC production was highly significant. The r esults arc 

s hown in Table 71. F-4 produced the least a lfalfa root TAC in all 

lntcr::~ctions . F-i was highest for M- 2 wi th C-1 and M-2 and M- 3 with 

C- 2. M-1 was highes t with F-2 with C-1 and highes t with F-3 wi th C-2. 

The C-1 TAC production was hi gher than the C-2 for a ll mixtures and 

fer tiliza tions . 

Interaction of clipping frequency x irriga tion interval x nitro­

gen fertili za tion x mixture. The clipping x i rriga tion x fertilization 

x mixture interaction on alfa lfa root TAC production was significant. 

The results are shown in Table 107 (Append ix B). 

Grass root TAG. 

The analysis of variance for pounds of TAC in grass roots is 

given in Table 125 (Appendix C). The data are compiled in Table 108 

(Appendix B). Three main effec t s , c lipping f r equency, mixture , and 

nitrogen fertiliza t ion, and the following i nte ract ions were highly 

significant: clipping frequency x mixtur e, irrigation interval x 

mixture, nitrogen fertilization x mixture, clipping frequency x 
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Table 70. Average pounds of alfalfa root TAC of mixtures as i nflu-
enced by irrigation interval and nitrogen fertili zation 

I-1 I-3 I-4 
Fertilization M-1 M-3 M-5 M-1 M-3 M-5 M-1 M-3 M-5 Average 

lbs/A 
F-1 262 520 406 201 353 313 138 335 330 318 

F-2 325 463 386 262 408 376 194 277 260 328 

F-3 308 306 429 148 291 323 196 226 464 299 

F-4 157 188 266 _2§. ...12. 192 ~ _.!& 185 140 

Average 263 369 372 178 282 301 146 221 309 

Table 71. Average pounds of alfalfa root TAC of mixtures as influ-
enced by clipping frequency and nitrogen fertilization 

c-1 C-2 
Fertilization M-1 M-3 M-5 M-1 M-3 M-5 Average 

1bs/A 
F-1 287 497 405 113 309 295 318 

F-2 407 457 403 114 308 278 328 

F-3 313 328 516 122 220 294 299 

F-4 165 156 303 ...!!1. ...21 126 140 

Average 293 360 407 97 222 248 
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irrigation interval x mixture, irrigation interval x nitrogen fertil-

ization x mixture nnd clipping frequency x irrigation interval x 

nlLroJ ~t·n fl'rtillzntlon x mixture. The cllppin1~ fl·t'qUl'ncy x nlLrogcn 

fertilization x mixture i nteraction was significant. 

The tables and figures for nitrogen fertilization and mixture 

nrc included wi th the all root TAC and shows the effect of the grass 

root TAC on the total root TAC. 

Effect of clipping frequency. The effect of clipping on pounds 

of TAC for grass roots is given in Table 72. C-2 had the highest TAC 

production. The difference between the two clippings was highly sig-

nificant. 

Tabl" 72. Effect of clipping frequency on grass root TAC 

Clipping Harvests per season 

C-1 4 

C-2 5 

TAC 

lbs/A 
790 

857 
LSD 0.01 - 48 

Effect of mixture. The effect of mixture on pounds of TAC for 

grass roots is given in Tabl e 73 and Figure 63 with the total root 

TAC. The difference in TAC yield of M-2 and M-3 was nonsignificant, 

of M-1 and M-5 was significant, and of all others was highly signifi-

cant. 

Effect of nitrogen fertilization. The effec t of fertilization on 

pounds of TAC for grass roots is given in Table 74 and Figure 64 with 

the total roots TAC. F-1 had the lowest production. F-3 was second 
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Table73 . Effect of mixture on grass and total rool TAC 

Mixture 

M-1 

M- 2 

M-3 

M-5 

M-6 
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Figure 63 . Average grass and total root TAC as influenced by mixture 
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TablP 74. Effect of nitrogen fertilization on grass and totn J root 
TAG 

TAC 
Fertilization Ni t rogen Gr ass Total root 

lbs/A 
F- 1 0 691 902 

F-2 50 864 1088 

F-3 100 770 966 

F-4 200 968 1056 

LSD 0.05 - 60 62 
0.01 81 83 
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Figure 64. Avera ge grass and tota l root TAG as influenced by nit r ogen 
fertil i zation 



low a nd Llw difference was significant. Al.l other dlffcr ences wert' 

hlghly significant. F-4 had the highest TAG production followed by 

F-2 . 
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Interaction of clipping frequency x mixtur e . The clipping x 

mixture interaction on grass root TAG production was highly signifi­

cant. The r esults are shown in Table 75 and Figure 65. G-2 was 

highes t for all mixtures except M-2. There was only a 10 pound dif­

ference with M-3. 

Int eraction of irrigation inte rval x mixtur e . The irrigation x 

mlxtur C' lnte rnctlon on grass root TAG production was highly signifi­

cant. The r esults are shown in Table 76 and Figure 66 . Only the M-3 

and M-5 interaction with irrigation produced th e same order of TAG 

production with I-4 highest, I-3 second, and I-l lowest. 

Int eraction of nitrogen fertilization x mixture. The fertiliza­

tion x mixture interaction on grass root TAC produc tion was hi ghly 

significant. The results are shown in Table 77 a nd Figure 67 . F-l 

was l ow for all mixtures except with M-5 where it produced slightly 

higher than F-3. F-4 was highest in production with M-1, M-3, and 

M-5, the alfalfa containing mixtures; and second with M-2 and M-6. 

F-2 was highest with M-2 and M-6, second with M-3 and M-5 and third 

with M-1. 

Interac tion of clipping frequency x irrigation interval x mixture. 

The clipplng x irrigation x mixture interaction on grass root TAG pro­

duction was highly significant. The results are shown in Tabl e 78. 

M-1, M-5 and M-6 all had higher production at all three irrlgatlon 

intervals under the G-2 trea tment . M-2 had h igher production unde r 

the G-l treatment. 
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'1'.1h I e 75 . AvPrag <> pounds of grass root TAC of mix tures as !.nfluPncl'd 
by c lipping frequency 

Mix t ur e 
c ueeing M-1 M-2 M-3 M- 5 M- 6 Avera ge 

lbs/A 
C- 1 797 786 749 703 912 790 

C-2 931 ill 759 933 989 823 

Average 864 729 754 818 951 
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Figure 65 . Average pounds of grass root TAC of mixtures as influenced 
by clipping frequency 
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Tabl e 76 . Average pounds of grass root TAC of mixtures as influenced 
by irrigation interval 

Mixture 
Irrigation M-l M-2 M-3 M-5 M- 6 Average 

lbs/A 
I-l 827 744 624 789 985 794 

I-3 993 630 707 810 897 808 

I-4 ill lli 931 856 968 867 

Average 864 729 754 818 951 
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Figure 66 , Average pounds of grass root TAC of mixtures as influenced 
by irrigation i nte rval 
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'I' a b l<> 77. AvPrn g<' pounds of grass root TAC of mix tun's as lnflu<'nn·d 
by nitrogen fertilization 

Fertil ization 
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Figure 67. Average pounds of grass root TAC of mixtures as influenced 
by nitrogen fertilization 
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Table 78 . Average pounds of grass root TAC of mixtures as influenced 
by clipping frequency and irrigation interval 

C-1 c - 2 
Irrigation M-1 M-2 M-3 M-5 M-6 M-1 M-2 M-3 M-5 M-6 

lbs/A 
I-1 741 834 633 752 962 914 655 616 827 1008 

I-3 928 708 678 766 798 1058 552 735 853 1000 

I-4 723 lli 937 592 977 820 806 926 ll20 958 

Average 797 786 749 703 912 913 671 759 933 989 

Interact ion of clipping f r equency x nitrogen fertilization x 

mixture. The clipping x fertilization x mixture interaction on grass 

root TAC production was significant. The r esults are shown in Table 

79 . 

Table 79. Average pounds of grass r oot TAC of mixtures as influenced 
by clipping f requency and nit rogen fertilization 

C-1 C-2 
Fertilization M-1 M-2 M-3 M- 5 M-6 M-1 M- 2 M-3 M-5 M-6 

lbs/A 
F-1 738 651 643 578 760 682 496 652 804 902 

F-2 758 909 806 749 970 910 731 739 977 1090 

F- 3 812 772 654 591 963 963 650 704 726 869 

F-4 881 814 894 895 958 ll68 806 942 1226 1093 

Average 797 781 749 703 912 931 671 759 933 989 



Interaction of irriga tion int erval x ni trogen fertilization x 

mixture . The irrigation x fertili zation x mixture i nt eraction on 

gr ass root TAG production was highly significant. The r esults are 

shown in Table 80. 

I JZ 

Interact ion of clipping frequency x irrigation interval x nitro ­

gen fertilization x mixture. The clipping x irrigation x ferti l iza ­

tion x mixture i nteraction was highly significant . The r esults are 

shown in Tabl e 108 (Appendix B) . 

Total roots TAG 

The analysis of variance for pounds of TAG in the total roots 

is given in Table 126 (Appendix C). The da ta are compiled i n Tabl e 

109 (Appendix B) . The main e ffec ts of mixture and nitrogen fertiliza­

tion and the followin g interactions were highly significant : clipping 

frequency x mixture, irrigation interval x mixture , nitrogen fertili­

zation x mixture, clipping frequency x irrigation interval x mixture, 

clipping frequency x nitrogen fer tilization x mix ture, irriga tion 

interval x nitrogen fertilization x mixture , and clipping frequency 

x lrrl gation interval x nitrogen fer tiliza tion x mixture. The clip ­

pi ng frequency x irrigation interval x nitrogen fertilization i nter ­

action was significant. 

Effect of mixtur e. The eff ec t of mixture on pounds of TAG for 

total roots is given in Table 73 and Figure 63 wi th the grass root 

TAG. The difference in TAG yield of M-2 and M- 3 was nonsignificant, 

of M- 1 and M-5 was significant, and of all others was highly s i gnifi­

cant. 
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Table 80 . Average pounds of grass root TAC of mixtures as influenced 
by irrigation interval and nitrogen fertilization 

Mixture 
Irrigation Fer ti llza t ion M-1 M-2 M-3 M-5 M-6 

lbs/A 
I-1 F-1 706 523 571 700 826 

F-2 840 883 592 832 1075 

F-3 928 761 652 629 988 

F-4 835 810 682 995 1052 

I-3 F-1 911 513 588 552 899 

F-2 957 688 717 872 1033 

F-3 1018 612 520 706 76 2 

F-4 1087 707 1002 1108 902 

I-4 F-1 513 684 783 821 768 

F-2 704 888 1008 884 982 

F-3 717 760 866 640 998 

F-4 1151 914 1069 1078 1122 

Average 864 729 754 818 951 
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Effec t of nitrogen fertilization. The effect of fertiliza tion 

on pounds of TAC for total roots is given in Table 76 and Figure 64 

with the grass root TAC. F-1 had the lowest production, F-3 was 

second low and the difference was significant. F-2 had the highest 

production but the difference over second place F-4 was non-si gnificant. 

All other differences were highly significant. 

Interaction of clipping freguency x mixture. The clippint; x 

mixture interaction on total roo t TAC production was highly signifi­

cant. The results are shown in Table 81 and Figure 68. C-1 was 

highest for M-1, M-2 and M-3. C-2 was highest for M-5 and M-6. 

There was only a 36 pound difference with M-1, a 103 and 120 pound 

differ ence for M-2 and M-3, respectively, and a 71 and 72 pound dif­

ference for M-5 and M-6, respective ly. 

Interaction of irrigation interval x mixture. The irrigation 

x mix ture interaction on total root TAC production was highly s i gni f ­

icant. The r esults are shown in Table 82 and Figure 69. The M- 2 , 

M-J and M-5 interaction with irrigation produce<! the same ord er of 

TAC production with I-4 highest, I-1 second and I-3 lowes t. I-3 was 

highes t of all irrigations with M-1 but lowest with all other mixtures. 

Interaction of nitrogen fertilization x mixture. The fertiliza­

tion x mixture interaction on total root TAC production was highly 

significant. The results are shown in Table 83 and Figure 70. F-1 

was low for all mixtures except with M-3 where it showed a hi t;he r 

production than F-J or F-4. F- 2 was highes t in production with all 

mixtures except with M-5 where F-4 has a 72 pound higher production. 
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Table 81. Av e rage pounds of total root TAC of mixtures as influenc ed 
by clipping frequency 

CliJ2Eing M- 1 M- 2 

C-1 1119 821 

C-2 1083 ill 

Average 1101 770 
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Figur e 68. Average pounds of total root TAC of mixtures as influenced 
by clipping frequency 
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Table 82. Average pounds of total root TAC of mixtures as influenced 
by irrigation interval 

Mixture 
Irrigation M-1 M-2 M-3 M-5 M-6 Ave rage 

lbs/A 
I-1 1114 781 1003 1161 985 1009 

I-3 1209 676 988 111 1 899 977 

I-4 979 852 1153 1165 968 1023 

Average 1101 770 1048 1146 951 
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Figure 69. Average pounds of total root TAC of mixtures as influen~ed 

by irrigation interval 
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Table 83. Avera ge pounds of total root TAC of mixtures as influ<'nced 
by nitrogen fertilization 

Fertilization 
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Figure 70. Average pounds of total root TAC of mixtures as i.nflucnced 
by nitrogen fertilization 



F-2 had only a 5 and 15 pound higher production than F-3 a nd F-4, 

respectively, with M-1 and only a 4 pound higher production than 

F-4 with M-6. 
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Interaction of clipping frequency x irrigation interval x mix­

ture. The clipping x irrigation x mixture int eraction on total root 

TAC production was highly significant. The results a r e shown in 

Table 84. M-2 and M-3 both had higher root TAC production at all 

three irrigation intervals unde r the C-1 trea tment . C-1 a l so had 

higher produc tion with the other mixtures except under C-2 , M-1 

produced more pounds of root TAC with I-1, M-5 produced mor e with 

I- 4 , and M-6 produced more with I-1 and I-3 than und er C- 1 . 

Inte raction of clipping frequency x nitrogen f ertilization x 

~· The clipping x f e rtilization x mixture interaction on total 

root TAC production was highly significant. The results are shown 

in Tabl e 85. Under C-2 all mixtures except M-3 had hi gher root TAC 

production with F-4 and M-6 had higher produc t ion with F-1, F-2, and 

F-4 than under C-1. The production was less under C-2 for all other 

mixture x f ertilization interaction treatments. 

Interaction of clipping frequency x irrigation interval x nitro­

gen fertilization. The clipping x irrigation x f er tilization inter­

action on total root TAC production was significant. The r esults are 

shown in Table 86. 

Interaction of irrigation interval x nitrogen fertilization x 

~. The irrigation x fertilization x mixtur e interaction on 

total root TAC production was highly significant. The results are 

shown in Table 87. 
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Table 84. Average pounds of total root TAG of mixtures as influenced 
by clipping frequency and irrigation i nterva l 

G-1 G-2 
Irrigation M-1 M-2 M-3 M-5 M-6 M-1 M-2 M-3 M-5 M-6 

lbs /A 
I-1 1099 858 1056 1199 962 1129 704 950 1123 1008 

I-3 1242 750 1032 1160 798 1176 602 945 1062 1000 

I-4 1014 854 1238 971 ill 943 849 1068 1359 958 

Average 1119 821 1109 1110 912 1083 718 987 1181 989 

Table 85. Average pounds of total root TAG of mixtures as influenced 
by clipping frequency and nitrogen fertilization 

G-1 G- 2 
Fertilization M-1 M-2 M-3 M-5 M-6 M-1 M-2 M-3 M-5 M-6 

lbs/A 
F-1 1070 698 1139 983 760 857 550 960 1099 902 

F-2 1199 971 1263 1152 970 1106 803 1072 1255 1091 

F-3 1154 795 982 1107 963 1143 698 925 1020 869 

F-4 1052 818 1050 1198 958 1224 821 993 1352 1093 

Average 1119 821 1109 1110 912 1083 718 987 1181 989 
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Table 86 . Average pounds of total root TAC as inf luenced by clipping 
fr equency, irrigation in t erva l and nitrogen fertilization 

C-1 C- 2 
Irriga tion F-1 F-2 F-3 F-4 F-1 F- 2 F-3 F-4 

lbs /A 
I-1 994 1095 1008 1043 840 1119 1015 958 

I-3 897 1111 990 988 892 1061 782 1093 

I - 4 898 1127 1002 1016 890 1016 997 1239 

Average 930 1111 1000 1015 874 1065 931 1096 

Table 87. Average pounds of total root TAC of mixtures as influenced 
by irrigation interval and nitrogen fertilization 

Mixture 
Irrigation Fertilization M-1 M-2 M-3 M-5 M-6 

lbs/A 
I-1 F-1 1001 560 1091 1107 826 

F-2 1198 950 1092 1218 1075 

F-3 1258 796 958 1058 988 

F-4 999 818 871 1261 1052 

I-3 F-1 1174 592 941 865 899 

F-2 1264 760 1125 1249 1033 

F-3 1194 633 811 1029 762 

F-4 1204 718 1077 1300 902 

I-4 F-1 715 720 1118 1151 768 

F-2 995 951 1284 1143 982 

F-3 993 812 1092 1104 998 

F-4 1211 923 1117 1263 1122 

Average 1101 770 1048 1146 951 
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Interaction of clipping frequency x irrigati on inte rval x nitro-

gt•n l"vrllll.zallon x mlxlure . The clipping x lrrl.gation x fcrt ll. lzrr 

t l on x mixture interaction was highly significant . The results arc 

s hown in Table l09 (Appendix B). 

Root To Forage Ratio 

The root to forage (R/F) ratios were figured by dividing the 

total r oo t weight by the forage dry matter weight. 

Total root to forage ratio 

The analysis of variance for the total root/forage ratio (R/F) 

is given in Table 127 (Appendix C). The data are compil ed in Tabl e 

110 (Appe nd lx B). All four main ef fects--clipping frequency, irr i-

ga tion interval, mixtur e , and nitrogen fertilization wer e highly 

significant. The first order interaction of nitrogen fertilization 

x mixture was highly significant and clipping frequency x mixture was 

significant. 

Effect of clipping freguency. The effect of clipping frequency 

on the R/F ratio was highly significant and is given in Table 88. C-2 

had a larger R/F ratio than C-1--1.14 to 1.04, respectively, but the 

difference was nonsignificant. 

Tabl e 88. Effect of clipping frequency on R/F ratio 

Clipping Harvests per year R/ F ratio 

C-1 4 1.04 

c-2 5 1.14 
LSD 0 . 05 • 0.18 N.S . 
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Effect of irrigation interval. The effect of irrigation on the 

R/F ratio was highly significant and is given i n Table 89 and Figure 

7 L Tlw dl.fference be tween the I-1 and I-4 R/F ratio wns sl.gnlfl.can t 

nnd between the I-1 and I-3 R/F ratio was highly slgniflcant. The I - 3 

and I-4 R/ F ratios were nearly similar. I-1 produced the hi ghes t R/F 

ratio and I-3 the l owest. 

Effect of mixture. The effec t of mixture on the R/F ratio is 

given in Table 90 and Figure 72. M-6 had the highes t and M-1 had the 

lowest R/F ratio. M-2, M- 3 and M-5 were nearly identical. The dif­

ferences between M-6 and the other four mixtures were highly signif i ­

cant . All other differences wer e nons ignificant. 

Effect of nitrogen fertilization . The e ffect of f ertilization on 

the R/ F ratlo is given in Table 91 and Fi gure 73. F-1 and F-2 had 

identica l and the highest R/F ratio . F-3 was nex t and F-4 was l owest . 

All differences except between F-1 and F- 2 were highly significant . 

Interaction of clipping frequency x mixture . The clipping x mix­

ture interaction on the R/F ratio was significant. The r esults are 

s hown in Table 92 and Figure 74. C-2 was highes t for all mixtures 

excep t M-2. M-1 was lowest and M-6 was highest for both clipping 

treatments. 

Interaction of nitrogen f ertilization x mixture. The fertiliza­

tion x mixture interaction on the R/ F ratio was highly significant. 

The results are shown in Tabl e 93 and Figure 75. F-2, F-1, F-3, and 

F- 4 was the order from the highest t o the lowes t R/F ratio f or M-1, 

M-2, M-3 and M-5. For M-6, the fertiliz er tr eatments were i n order 

of increasing nitrogen; F-1, F-2, F-3 and F-4 for decreasing R/F 

ratios. 
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Tnblc 89 . llff<•ct of irrigation interval on R/F raLi.o 

Irrigation Interval H/F r.1tlo 

days 
I-1 20 l. 24 

I - 3 10 0.99 

I-4 5 1.04 

LSD o.os 0.14 
0.01 0.21 

1.30 

1.20 

0 1.10 ... 
'-' 

~ 
~ 1,00 

---,: 
0,90 

0 , 80 

I - 1 I - 3 I - 4 

Figure 71. Average R/F ratio as inf luenced by irr i gation interval 



Ta bl e 90 . Eff ec t of mixture on R/F ratio 

Mixtur e' Spec i es 

M-l A-RC-LC -OG-BG-RCG-TOG 

M- 2 LC -OG-BG 

M- 3 A-OG-BG 

M- 5 A- IWG 

M- 6 OG-BG 

1.50 

1. 40 

1. 30 

0 1. 20 .... 
'"' ~ 
~ 1.10 --cG 

1.00 

0 . 90 

0.80 

M- 1 M-2 M-3 

J44 

R/F ratio 

0.93 

1. 03 

1. 02 

1. 04 

1. 44 

LS D 0 . 05 0 .26 
0 . 01 0 .34 

M- 5 M- 6 

Figure 72. Average R/F ratio a s influenc ed by mixture 
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Table 91. Effect of nitrogen fertilization on R/F ratio 

Fertilization Nitrogen R/F ratio 

1bs/A 
F-1 0 1.32 

F-2 so 1. . 32 

F-3 100 0. 96 

F-4 200 0.78 

LSD 0.05 - 0. 13 
0.01 0.17 

1.40 

1.30 

I .20 

.I .10 
0 .... ., 
~ 1.00 
l:c 
"' 

0.90 

0.80 

o. 70 

.. 
F-1 F-2 F-3 F-4 

Figure 73. Average R/F ratio as influenced by nitrogen f ertilization 
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Tabl e 92 . Aver age R/F ratio of mixtures as influenced by clipping 
fr equency 

Mixture 
Cli[![!ing M- 1 M-2 M-3 M-5 M- 6 Average 

R/ F ratio 
C-1 0.88 1.05 0.95 0.92 1.41 1.04 

C-2 0.98 1.01 1.10 1. 16 1.47 1.14 

Average 0.93 1.03 1.02 1.04 1.44 

l. 50 

Legend / 
1.40 C- 1 I 

C-2 I ---- I 
I 

1.30 I 
I 

I 
0 

1.20 I .... ....,I .... 
~ ---"' 

.L.lO 

---"' 
1.00 

0.90 

0.80 

M-1 M-2 M-3 M- 5 M- 6 

Figure 74. Average R/ F ratio of mixtures as influenced by c l ipping 
frequency 
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Table 93, Aver age R/F ratio of mixtures as influenced by nitrogen 
fP.rtillzatlon 

Fertilizat ion 

F-1 

F-2 

F-3 

F-4 

Average 

2,20 

2.00 

1.80 

1.60 

0 .... .., 
1.40 

~ 
~ --00:: 1.20 

1,00 

0.80 

0.60 

Mixture 
M-1 M-2 M-3 

R/ F 
0 .99 1.21 1.15 

1.12 1.31 1.24 

0,89 0 .89 0,95 

0,72 a. n 0,76 

0 .93 1.03 1,02 

Legend 

M-5 
r a tio 

1.10 

1.18 

0 . 94 

0.94 

1.04 

F-1 
F-2 
F-3 
F-4 

M- 6 

2,14 

1. 74 

1.11 

0,7 5 

1. 44 

• .. . ... .•.. . . .• . .. ... ;.......:.. 
..... ...... 

~ - - · -·- · - · -·_,., 

M-1 M-2 M-3 M-5 

Av erage 

1.32 

1. 32 

0 . 96 

0.78 

M-6 

Figure 75, Average R/F ratio of mixtures as influenced by nitrogen 
f ertilization 
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DISCUSSION 

Response of forage dry matter yield to various management factors 

This study found and agrees with Burger, Jackobs, and Hittle 

(1962) in Illinois that the less frequent and thus fewer harvests 

t r eatment (C-1) gave the highest forage yield. The differenc e was 

highly significant over the C-2 treatment. 

Each nitrogen increment gave a yield increase. The initial 50 

pounds of nitrogen affected the greatest yie ld change resulting in a 

yie ld increas e of 1080 pounds over no nitrogen. The second 50 pound 

increment gave a 340 pound yield increase and the last 100 pound 

increment gave a 1645 pound yield increase. 

Cooper, Eslick, and Stitt (1960) in Montana and Jackobs (1952) 

in Yakima Valley found that alfalfa-grass mixtures were superior in 

yie ld to mixtures containing other legumes. There were no significant 

yield differences between any of the three mixtures containing alfalfa 

(M-1, M-3, M-5) but the difference in yields from thes e mixtures we r e 

highly significant and greater than the grass-only (M-6) and ladino 

clover -grass (M-2) mixtures. The lower ladino clover-grass (M-2) 

yield is in contradiction to Washko and Pennington's (1956) findings 

that bromegrass and orchardgrass yielded more forage in association 

with ladino clover than with alfalfa. 

Previous work by Lorenz, Rogler and Holman (1959) determined 

that irrigation increas ed yields but the yi e lds at two irrigation 
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l e ve ls seldom differed significantly. Irrigation as a main factor 

flliV<' no sig11lflca11t yield difference; as a first order l11teractlon wi.th 

ml.xlur<'S gave highly significant r esults. The Lwenty da y irrigation 

lnterval (I-1) gave the lowest average y i e ld followed by the five day 

interval (I-4) and then the ten day interval (I-3) with average yields 

of 6102, 6490 and 6564 pounds r espec tive ly. The grass-only (M-6) and 

the ladino clover-grass (M-2) mixtures gave a slightly higher yie ld 

r esponse to the five day (I-4) than the t en day (I-3) and l east yield 

response to the twenty day (I-1) irrigation interval. The yi e ld of the 

alfalfa mixture showed least variation with change in irrigation 

i..nt crval. 

Tlw clipping x mixture interaction was highly significant . The 

five harvests per season (C-2) decreas ed the yield for all mixtures 

from the yield of the four harvests per season (C-1). The ladino 

c lover-grass (M-2) and grass-only (M-6) mixtur es were affec t ed l ess 

by the more frequent harvest than the thr ee mixtures containing alfalfa 

(M-1, M-3 and M-5). 

The fertilization x mixture interaction indicated that all mix­

tures had an increase of forage production with each succeeding 

increase of applied nitrogen. The first 50 pound nitrogen treatment 

(F-2) gave greater yield increases than the second 50 pound increment 

(F-3). The second 50 pound increment gave the smallest increase for 

all five mixtures. The 200 pound treatment (F-4) showed the least 

yield differences between mixtures. The grass-only mixture (M-6) had 

the lowest forage production at all nitrogen l evels but gave the 

greates t response to each fertilization treatment. The ladino clover­

grass mixture (M-2) was second in total response. 
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The clipping frequency x nitrogen f ertiliza tion x mixtur e inte r ­

a ction showed general trends of yie ld incr eas es with each increas e of 

nitrogen and fewer clippings. 

Forage Percent Protein 

Effect of various management factors on percent protein 

Mixtures had highly significant diffe r ences in percent prote in. 

Al l other management factors and all interactions wer e nonsign i fi cant . 

The mix tures containing alfalfa (M-1, M- J, and M- 5) had t he high­

est percent forage protein . There was a decrease in protein with an 

increas e in the number of grass species in the a lfalfa mixture . The 

ladino clover- grass mixtur e (M-2) had a lower percent protein than 

the three mixtures containing alfalfa. The grass-only mixtur e (M-6) 

had the lowe st percent protein for all five mixtures. 

Forage Prote in Yield 

Effect of various management factors on protein yield 

The forage protein yield basica lly followed the forage yie ld a s 

i t was the product of forage dry matter and percent protein . Only 

mixtur es as a treatment gave significant results in perc ent pro t ein . 

These differ ences were in harmony with the fora ge yield differences 

attributed to the main effect of mixtur es and thus the forage protein 

yields as affected by mixtures showed more deviation from the affec t 

of mixtures on forage dry matter production than other treatments or 

interactions . 

Prot ein yields from four harvests per s eason (C-1) wer e highly 

significant over the protein yields from five harvests per season (C-2) . 

The protein yield of mixtures as influenced by the four harvests per 
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sea son (C-1) was higher for the mixtures containing alfalfa (M - 1, M- 3 

nnd M-5) and lowe r for the ladino c lover-grass (M-2) a nd grass-on ly 

(M-6) mixtur es. Clipping frequency had littl e effect on proL cin pro­

duction of the gras s-only mixture (M-6). 

Nitrogen treatment e ffec ts on prot e in yields we r e similar to the 

e ffec ts on forage yields wi th all yield differences be ing highly sig­

nificant except between the 50 pounds pe r acre (F-2) and the 100 pounds 

per acre (F-3) treatments which differ ence was nonsignificant. 

Ther e was agreement with Kust and Smith' s (1960) findings on 

protein yi e lds from alfalfa as the protein yields from t he mi x tures 

containing a lfalfa (M-1, M-3 and M-5) s howed little variation and the 

differences wer e nonsignificant but wer e all highly significant ove r 

the ladino clover-grass (M-2) and grass only (M-6) mixtures . The grass­

only mixture (M- 6) had the lowest protein yield of 697 pounds per 

acre--246 pounds less than the ladino clover - grass mixture (M-2) with 

943 pounds of protein, and 413 pounds less than M-1 the lowest of the 

mixtures containing alfalfa with 1110 pounds of protein. 

The irrigation interval x mixtur e interaction gave little yie ld 

differ ences be tween irrigation tr ea tments with the t en day int e r va l 

(I-3) being higher than the five day interval (I-4) for all mixtures 

and resulting in an average production difference of only 38 pounds. 

The twenty day irrigation interval (I-1) gave slightly higher protein 

yields for the three mixtures containing alfalfa (M-1, M-3 and M-5) 

but lower protein yields for the ladino clover -grass (M-2) and grass­

on l y (M-6) mixtures than the shorter irri ga tion intervals. The ladino 

clover-grass mixture (M-2) showed the most deviation in protein yield 

as influenced by the different irrigation intervals. 
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Roots 

Effect of various management factors on root dry matter yield 

The specle (s) in the mixture seemed to be a major determining 

factor ln the affect of various management factors on root dry matter 

yield. 

Ladino clover roots. Five harvests per season (C-2) gave s ignif­

icantly higher ladino clover root yields than four harvests per season 

(C-1). 

Fifty pounds of nitrogen per acre gave the highest ladino clover 

root yield of 454 pounds with a lower root yield of 318 pounds with 

no nitrogen, 253 pounds with 100 pounds of nitrogen and 52 pounds with 

200 pounds of nitrogen per acre. 

The simple ladino clover-grass mixture (M-2) gave higher root 

yields than the more complex mixture (M-1) and gave higher root yields 

at the two longer irrigation intervals (I-1 and I-3) but M-1 responded 

to the shortest irrigation interval (I-4) with a sharp increase to 

outyield M-2 in ladino clover roots. 

The short irrigation interval (I-4) gave the highest root yield 

with 50 pounds (F-2) and 100 pounds (F-3) of nitrogen. Ladino clover 

root production varied little between the twenty day (I-1) and the ten 

day (I-3) irrigation intervals for the 50 pounds (F-2), 100 pounds 

(F-3) and 200 pounds (F-4) nitrogen treatments. 

Alfa lfa and total legume roots. Four harvests per s eason (C-1) 

gave highly significant a lfalfa and total legume root yields over five 

harvests per season (C-2). 

Four harvests per season (C-1) gave higher total legume root 

production for the three alfalfa-grass mixtures (M-1, M-3 and M-5) 
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but s li ghtly l ower roo t production for the ladino clover- grass mix ture 

(M-2) t han the five harvests per season (C-2). 

Alfalfa root yie ld dropped as the mixture became mor e compl ex 

golng f rom a high of 2096 pounds of roots wlth the alfalfa - one gra ss 

mix tur e (M-5), to 1704 pounds with alfalfa-two grass mixture (M-3), 

t o the l ow of 1172 pounds with the complex mixture (M-1). To tal 

legume r oots followed the same patt ern except the ladino c l over- gr ass 

mix t ur e (M- 2), although not as complex as M-1, had the l owest t otal 

l egume root y i e ld of 302 pounds but contained no alfalfa. 

The SO pound nitrogen treatment (F-2) gave the highest, 0 pounds 

(F-1) slightly less, but both gave highly significant root yie lds over 

100 pounds (F-3) and 200 pounds (F-4) of nitrogen with one minor excep­

t i on--F-3 produced 41 pounds mor e legume roots than F- 2 with M-1. 

Fifty pounds of nitrogen (F-2) produc ed the highes t alfalfa and 

total l egume root yield for both the twenty da y (I - 1) and t en (I-3) 

irrigation interval. The twenty day interval (I-1) gave the highest 

r oo t y ield at all fertilization rates. 

Two hundred pounds of nitrogen (F-4) and the five harvests pe r 

s eason (C-2) gave the lowest alfalfa root yield for all three of the 

mixtures containing alfalfa. 

The longest irrigation interval of twenty days (I-1) gave the 

highest root yield followed by lower yie lds in the order of the 

shortened irrigation intervals. Exc ept for the non-alfalfa mix ture 

(M-2), the twenty day irrigation interval (I-1) had the highest total 

legume root production for all the legume containing mixtures. The 

t en day irrigation interval (I-3) had slightly highe r tota l l egume 
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root production than the five day irrigation interval (I-4) for a ll 

mixtures . 

Grass roots . The four harvests per s eason (C-1) gave higher 

grass root production for the ladino c l over - grass (M-2) and grass -only 

mix tures {M- 6) and lower grass root product ion for the a lfalfa-one 

gross mixtur e (M-5) than the flve harvests per season (C-2). 

Grass root production was highest with the 50 pound nitrogen 

(F-2) treatment followed by the 200 pound (F-4), 100 pound (F- 3) , and 

0 pound {F-1) nitrogen treatments in the order of decreasing root pro­

duction . 

No nitrogen (F-1) gave the lowes t grass root production for a ll 

mixtures with 100 pounds of nitrogen {F-3) just s lightly higher for 

M- 5 and M-6 but second lowest for al l mixtures. The 50 pound nitrogen 

application {F-2) yielded highest in grass roots for all mixtures 

exc ept second high for M-5. 200 pounds of ni trogen {F-4) was second 

for a ll mixtures except was highest for M-5 and showed the l east devi ­

a t ion be tween mixtures for the various fertilization trea tments. 

The grass-only mixture {M-6) had the highes t grass root yield 

followed by the ladino clover-grass mixture (M-2). 

The twenty day irrigation interval (I-1) gave the highes t grass 

root yield with a slight decrease for the five day interval (I-4) and 

a significant decrease for the ten day irrigation interval (I-3) . 

Total roots. Four harvests per s eason (C-1) produced a yield of 

6482 pounds of total roots which was highly significant over the lower 

total root yield of 6032 pounds of total roots for the five harvests 

pe r s eason {C-2). Four harvests per s eason {C-1) gave the highest 

total root yields for all mixtures except M- 5 over five harvests pe r 
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s eason (C-2). Boswell and Weaver (1933) and Weaver and Darland (1949) 

pointed out that frequent harvesting and/or overgrazing reduced root 

volume and weight. 

The twenty day irrigation interval (I-1) gave the highest tota l 

root production with the five day interval (I-4) second and the t en 

day int e rval (I-3) lowest in total root production. This order was 

true for a ll mixtures and followed the results of the grass root yie ld 

as influenced by irriga tion interval. 

The three mixtures containing alfalfa (M-1, M-3 and M-5) had the 

highest tota l root yield followed by the grass - only mixture (M-6) and 

then the ladino clover-grass mixture (M-2) with the lowest total root 

yie ld. 

Flfty pounds of nitrogen (F-2) produced the highest total root 

yi e ld for all mixtures, 0 pounds of nitrogen produced the lowest total 

root yi eld and for all mixtures except M-5 . These total root yie lds 

nearly paralleled the grass root yields for all four fertilization 

treatments. 

Effect of various management factors on percent root reserves--total 
available carbohydrates (TAC) 

Ladino clover root percent TAC. The most comp l ex ladino c lover 

mixture (M-1) resulted in a much higher percent total availabl e car-

bohydrates (TAC) than the other mixture containing ladino clover (M-2) 

i. e . 19.75 and 14.11, respectively . 

The highest leve l of nitrogen, 200 pounds (F-4), resulted in the 

highest percent TAC of 19.00 and was significantly higher than the 

results of 0 pounds (F-1) with 16.85, 100 pounds (F-3) with 15 . 95, 
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nnd hlghl.y slgnl[Lcant over Lhc 14.94 pc rc<'nt TAC resulting f rom 50 

pound s of nIL t·ogL' Il (F-2). 

The percent TAC increased for the five clippings per season 

treatment (C-2) as the irrigation interval shortened; however, the 

fiv e clippings per season treatment (C-1) showed an increase in per­

cent TAC with the irrigation interval change from twenty to ten days 

but showed a sharp percent decreas e as the irrigation interval short­

ened from ten to five days. 

Alfalfa root percent TAC. The mixtures showed little variation 

in pe rcent TAC with only one differ ence being significant . 

The 0 pounds of nitrogen (F-1) treatment showed the largest 

variation among the mixtures. This variation narrowed with each 

increase of nitrogen. No other pattern was apparent. 

Grass root percent TAC. The five harvests (C-2) resulted in a 

significantly higher grass root percent TAC than the four harvests 

(C-1) . The more frequent c lipping (C-2) showed higher grass root 

percent TAC for all nitrogen applications except the 50 pound treat­

ment (F-2). The higher the level of applied nitrogen the larger the 

di ffer ence in percent TAC between the two clipping treatments. 

Only the ladino clover-grass mixture (M-2) had a lower grass 

root percent TAC with the five harvests per season (C-2) than with 

the four harvests per season (C-1). 

Considerable variation in grass root percent TAC between mixtures 

existed . Some differences were nonsignificant, some significant, and 

others highly significant. 

Fertilization effect on grass root percent TAC indicated that 

200 pounds of nitrogen (F-4) resulted in the highest, 100 pounds (F-3) 
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Sl'cond hi gh, 0 pounds (F-1) th i r d hi gh, and 50 pounds (F- 2) of ni.tro­

g<• n l hl' lowes t pL! rc<"nt TAC. 

Tht• r <' was only a sma ll nonsi gnificant di ffe r ence in grass roo L 

pe r cent TAC be tween the highest for the t en day (I-3) and the nex t 

hi gh for the five day irrigation interval (I-4) but both wer e highly 

significant over the lowest percent TAC for the twenty day ir r i ga t ion 

i n t er val (I-1). The different irri gation intervals had l east e f fec t 

on the grass-only mixture (M-6) and most e ffect on the compl ex mixture 

(M- 1). 

Total root percent TAC. Total root percent TAC was der i ved by 

computation using ladino clover, alfalfa, and grass root per cent TAC 

f igures. All four main effects wer e highly significant. The gra s s 

roots constituted a major portion of the total roots for s everal of 

the mixtures and thus there are many similarities in the e ff ects of 

tr eatments on total root percent TAC to the effects of the same treat­

ments on grass root percent TAC. The preceding discussion under gras s 

root pe rcent TAC is applicable here for total root percent TAC . 

The ladino clover-grass mixtur e (M-2) had the lowest total root 

percent TAC for all irrigations. The all grass mixture (M-6) showed 

the least differences between the different irrigation intervals. The 

twenty day irrigation interval (I-1) gave the lowest total root pe r­

cent TAC for all fertilization l eve ls and for all mixtures except 

second low with the complex mixture (M-1). The two shorter irrigation 

intervals (I-3) and (I-4) were similar in trend to I-1 for the l ower 

thr ee nitrogen l evels but showed an increas e i n pe r cent TAC from the 

100 pound (F-3) to the 200 pound nitrogen (F-4) treatment. The l onges t 
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irrigation interval (I-1) showed a decrease for the highest nitrogen 

treatment (F-4). 

Effect of yarious management factors on pounds of total available 
carbohydrates (TAC) 

The pounds of total available carbohydrates (TAC) is the product 

of the percent TAC and pounds of total root dry matter. 

Ladino clover root TAC. The more frequent clipping (C-2) and 

the lower nitrogen levels, 0 and 50 pounds (F-1 and F-2) resulted in 

s ubstantially higher pounds of TAC than the l ess frequent clipping 

(C-1) and higher levels of nitrogen, 100 and 200 pounds (F-3 and F-4). 

For all irrigation intervals the TAC production dropped with increased 

nitrogen above the 50 pound level (F-2) reaching the lowest yield with 

the 200 pounds of nitrogen (F-4) application. 

Alfalfa root TAC. Whereas, only mixture and the nitrogen fertili -

zation x mixture interaction were significant for alfalfa root percent 

TAC; all main effects and most interactions were highly significant 

for alfalfa root pounds of TAC. 

Results similar to Graber, et al. (1927) were obtained wherein 

the four harvests per season (C-1) result ed in nearly twice the pounds 

of alfalfa root TAC as the five harvests per season (C-2). This was 

true for each mixture as well as the clipping average. 

Fif t y pounds of nitrogen (F-2) resulted in the highest alfalfa 

root TAC production of 328 pounds, just 10 pounds greater than 0 pounds 

of nitrogen (F-1) at 318 pounds, 29 pounds h igher than the 100 pounds 

of nitrogen (F-3) at 299 pounds and over twice the production of 200 

pounds of nitrogen (F-4) at 140 pounds of TAC per acre which was low 
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for all mixtur es. Except for the F-4 r esults, the differ ent nitrogen 

I ••v l'ls s how<•d various rcsulls with the diffl'r cnt mixtures. 

The s impl est mixture (M-5) gave the grea test TAC production wi.th 

n decrease through each of the other mixtures (M-3 and M-1) r e lated 

to the increasing complexity of the mixtures with 327, 291 and 195 

pounds of TAC, respectively. 

The twenty day irrigation interval was highest in TAC production 

at a ll f ertilization levels, decreasing from the high of 396 pounds 

with 0 pounds of nitrogen (F-1) through each increase of nitrogen 

applied. 

Grass root TAC. Five harvests per season (C-2) yielded si gnifi­

cantly higher grass root TAC than four harvests (C-1). This he ld true 

for all mixtures except the ladino clover-grass mixture (M-2) . 

No nitrogen (F-1) gave the lowest production of grass root TAC; 

100 pounds of nitrogen per acre (F-3) had significantly higher produc­

tion; 50 pounds of nitrogen (F-2) and then 200 pounds of nitrogen (F-4), 

respectively, each gave highly significant increased grass root TAC 

production. In interaction with mixture, these trends were basically 

the same. 

Total root TAC. Total root TAC is the sum of legume and grass 

root TAC. All differences in total root TAC production between mix­

tures were significant or highly significant. The mixtures con taining 

alfalfa were all substantially higher in total root TAC over the grass 

root TAC production. 

Fifty pounds of nitrogen (F-2) gave the highest total root TAC 

production; just slightly, but not significantly higher than the 200 

pounds of nitrogen (F-4). Zero pounds of nitrogen (F-1) gave the 
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lowest production of total r oot TAC. The interactions of other trea t­

ments with mixture produced sever a l variations from the genera l trends . 

Root to Forage Ratio 

The tota l roo t/forage ratio (R /F) was a ca lculation being the 

quotient of total root weight (dividend) and forage dry matter weight 

(divisor). A figure of one or larger indicates as many or more pounds 

of roots as pounds of harves t ed forage. 

The five harvests per season (C-2) gave a relative ly higher R/F 

ratio than the f our harvests per season (C-1). This was true for all 

mixtures except the ladino clover -grass mixture (M-2). 

The 0 pounds (F-1) and 50 pounds (F-2) of nitrogen had the largest 

and identical R/F ratios of 1.32 followed by the ratios of 0.96 for 

100 pounds of nitrogen (F-3) and 0.78 for 200 pounds of nitrogen. 

In interaction with mixtures, the 200 pounds of nitrogen (F-4) 

gave the smallest R/F ratios for a ll mixtur es except an identical R/F 

ratios for the alfalfa -intermediate wheatgrass mixture (M-5) with the 

second low R/F ratio for the nitrogen treatment of 100 pounds (F-3). 

50 pounds of nitrogen (F-2) had the largest R/F ratio for all mixtures 

except the grass-only (M-6) where the 0 pounds of nitrogen (F-1) 

changed from the second largest to the largest R/F ratio . 

The grass-only mixture (M-6) had the lar gest R/F ratio of 1.44 

and the complex mixture (M-1) had the lowest R/F ratio of 0.93. The 

other three mixtures--(M-2, M-3 and M-5) had almost identical R/F 

rat ios of 1.03, 1.02 and 1.04, r espective ly. 

The twenty day irrigation interval (I-l) produced the lar ges t R/F 

ratio, significantly larger than the five day interval (I-4) and highly 
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significant over the ten day interval (I-3) which was the lowest with 

R/F ratios of 1.24, 1.04 and 0.99, respective ly. 

The 0 pounds of nitrogen {F- 1) and grass -only mixture {M-6) 

interaction had the largest R/F ratio. It was 2 .14. 
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SUMMARY AND CONCLUSIONS 

The field experiment was conducted at the Greenville Farm at 

North Logan, Utah, on a Millville silt loam soil that occurs on a 

well-drained alluvia l loam, high in potash and phosphorus with a pH 

of 7.9 to 8.2. 

A study was made during 1964 to evaluate the forage and protein 

yield and in 1965 to evaluate the root yield, total available carbo­

hydrates (TAC), and root/forage R/F ratio of l adino clover, alfalfa, 

and grass in five pasture mixtures as influenced by two clipping fre­

quencies, three irrigation intervals and four nitrogen fertilization 

levels. 

The results are summarized and conclusions drawn as follows: 

Four harvests a season gave a gr eater forage yield than five 

harvests. The alfa lfa mixtures were affected greater by the clipping 

frequencies than the ladino clover-grass and grass -only mixtures. 

All nitrogen applications gave a yield increase. The first 50 

pounds had the most response. The second 50 pound increment gave the 

least response of the nitrogen treatments. All mixtures responded 

about the same. All mixtures responded to each nitrogen application 

with increased yields for each increase in nitrogen but the mixtures 

containing alfalfa had less response than the ladino clover-grass and 

grass on ly mixtures. The grass-onl y mixture had less yield with 0 

pounds of nitrogen and showed the greatest response at all nitrogen 

application levels. 
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The three mixtures containing alfalfa gave s ubstantia lly gr eater 

yl.dds t han the mlxtures with no alfalfa. The yield responses w<'r<' 

equ.:tl in th e simpl e and more complex mixtur es . 

With equal amounts of water applied, the irrigation interva l gave 

no sign i fi cant yield results. There was little forage yield differ­

ence be tween the ten and twendy day irriga tion intervals, but the t en 

day interva l was slightly better for the conditions of this proj ec t. 

The twenty day irrigation int erval was too long for good forage pro­

duction from the non-alfalfa mixtures . 

Only the mixtures treatment showed significant percent protein 

res ults . The grass -only mixture had the lowest percent prote in and 

t he alfalfa-one grass mixture ha d the highes t percent protein. 

Clipp i ng frequency, irrigation interval, and nitrogen fertiliza ­

tion did not affect the percent of forage protein but did affec t the 

forage yield. Their affect on forage protein yield was c lose ly 

r e l a t ed to their affect on the forage yield. 

Four harvests gave higher protein production than five harves ts 

from t he mixtures containing alfalfa but less from the mixtures con­

taining no alfa lfa. 

No nitrogen gave the low forage protein yield. Protein yield 

r egistered a gradual increase with each increase in nitrogen. Increases 

were nearly lineal and didn't follow the forage yield increases. 

The mixtures containing alfalfa gave the highest protein yie l d. 

The protein yield decreased with the increase of the number of s pec i es 

i n the mixture. The lowest protein yield was from the gra ss-only mix­

ture. The twenty day irrigat ion interval gave highes t pro t ein yields 
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when the mixtures contained alfalfa. The ten day irrigation interval 

gave higher protein yield than the five day interval for all mixtures. 

Lndlno clover grown as the only legume in a mixture with brome­

grass and orchardgrass gave a higher l adino clover root yield per 

acre than ladino clover grown with a mixtur e of red clover, alfalfa, 

bromegrass , orchardgrass, tall oatgrass and Reed canary grass. 

Ladino clover plants harvested five times a season gave a higher 

root yie ld than those harvested four times a season. 

Fifty pounds of nitrogen per acre gave the highest ladino clover 

root yie ld followed by 0 pounds, 100 pounds and 200 pounds of nitrogen 

pe r acre. The irrigation interval interaction caused variation to the 

above . 

Alfalfa plants harvested four times a season gave a higher root 

yield than those harvested five times a season. 

Fifty pounds of nitrogen per acre gave the highest alfalfa root 

yield fol lowed by 0 pounds, 100 pounds and 200 pounds of nitrogen per 

acr e . 

Alfalfa grown in a mixture with intermediate wheatgrass gave the 

highest root yield followed by that grown in a mixture with bromegrass 

and orchardgrass; and a mixture with ladino clover, red clover, brome ­

grass , orchardgrass, t all oatgrass and Reed canarygrass. The alfalfa 

root yield was less as the mixture became more complex. 

The longest irrigation interval of twendy days gave the highest 

alfalfa root yield followed by lower yields in the order of th e s hort­

ened irrigation intervals--ten days and five days. 

Grass plants in the grass-only; alfalfa, intermediate whcat grass; 

and ladino clover, bromegrass and orchardgrass mixtures harves ted four 
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Fifty pounds of nitrogen per acre gave the highest grass root 

yield followed by 200 pounds, 100 pounds and 0 pounds of nitrogen 

per acre. 

Grass grown alone gave the highest root yield followed by the 

ladino clover-grass mixture. 

The longest ir rigation interval of twenty days gave the highest 

grass root yield followed by a slight root yield decrease for the five 

day interval and a l arger root yield decrease for the ten day interval. 

Pasture plants harvested four times a season gave a larger total 

root yield than plants harvested five times a season, 

Fifty pounds of nitrogen per acre gave the highes t total root 

yield followed by 200 pounds, 100 pounds, and 0 pounds of nitrogen 

per acre. 

The three mixtures containing alfalfa gave the highest total root 

yield followed by the grass-only and then the ladino clover-grass mix-

tures . 

The longest irrigation interval of twenty days gave the highest 

total root yield followed by the five day interval and then the ten 

day interval. 

Although the ladino clover root percent TAC was highest in the 

complex mixture and with 200 pounds of nitrogen the actual pounds of 

TAC were nearly identical from both mixtures containing ladino clover, 

and lowest from 200 pounds of nitrogen. Both percent and pounds of 

TAC were high with five harvests per season and with the twenty day 
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irrigation interval. The pounds of TAC decreased as the irrigation 

interva l decreased from twenty to ten to five days. 

Alfal fa plants harvested four times a season gave nearly twice 

the pounds of alfalfa root TAC as thos e harvested five times a season. 

This was true for each alfalfa mixture. 

Fifty pounds of nitrogen per acre gave the highest alfalfa root 

TAC production fol lowed by 0 pounds, 100 pounds and 200 pounds of 

nitrogen per acre. 

Alfalfa grown in a mixture with intermediate wheatgrass gave the 

highest alfalfa root TAC production followed by that grown in a mix­

ture with bromegrass and orchardgrass; and a mixture with ladino clover, 

red clover , bromegrass, orchardgrass, tall oatgrass and reed canary­

grass. The alfalfa root TAC production was less as the mixture 

became more complex . 

The twenty day irrigation interval gave the highest alfalfa root 

TAC production followed by the ten day and then five day irrigation 

interval as a treatment and for each alfalfa mixture. 

Grass plants harvested five times a season gave both a higher 

grass root percent and production of TAC than those harvested four 

times a season. 

Two hundred pounds of nitrogen per acre gave the highest grass 

root percent TAC followed by 100 pounds, 0 pounds and 50 pounds of 

nitrogen per acre. 

Two hundred pounds of nitrogen per acre gave the highes t grass 

root TAC produc tion followed by 50 pounds, 100 pounds and 0 pounds of 

nitrogen per acre. 
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Pasture plants harvested four times a season gave a lower total 

root percent TAC but a higher TAC production than those harvested five 

times a season . 

Two hundred pounds of nitrogen per acre gave the hi ghest total 

root percent TAC followed by 100 pounds, 0 pounds and 50 pounds of 

nitrogen per acre. 

Fifty pounds of nitrogen per acre gave the highest total root TAC 

production followed by 200 pounds, 100 pounds and 0 pounds per acre . 

The twenty day irriga tion interval gave the highest total root 

TAC production followed by the ten day and then five day irrigation 

interval. 

Pasture plants harvested five times a season gave a higher R/F 

ratio than those harvested four times a s ea son. Only the ladino 

clover-grass mixture was otherwise. 

Fifty pounds of nitrogen per acre gave the highest R/F ratio for 

a ll mixtures except the grass-only mixture. Zero pounds of nitrogen 

gave the highest R/F ratio for the grass-only mixture. When averaged 

over mixtures,O and 50 pounds of nitrogen per acre gave identical and 

the hi ghest R/F ratio followed by 100 pounds and 200 pounds of nitrogen 

per acre. 

The grass-only mixture had the highest R/F ratio and the most 

complex mixture had the lowest R/F ratio. The three mixtures contain­

ing alfalfa had nearly identical R/F ratios. 

The twenty day irrigation interval gave the highest R/F ratio 

follow ed by the five day and then ten day irrigation interval. 
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Appendix A 

M<"thod of Chemical Analysis to De t ermine Total Avnllnbl<• 
Carbohydrate (TAC) Cont~nt 

Reagents 

Somogyi reagent. Dissolve 24 grams of anhydrous Na 2co3 and 12 

grams of Rochelle salt in about 250 ml of water. Dissolve 4 grams of 

Cuso4· 5H20 in 40 ml of water. Add the dissolved copper sulfate to the 

dissolved carbonate and Rochelle salt without stirring. Add 16 grams 

of NaHC03• Dissolve 18 grams of anhydrous Na 2so4 in about 500 ml of 

hot water and boil to expel the air. After cooling, the solutions are 

united and diluted to a volume of 1000 ml. 

During the first few days, or a week, a slight amount of cuprous 

oxide may settle, together with impurities of the ingredients us ed. 

Remove these by filtration. No more self reduction takes place at 

ordinary room temperature, except, perhaps under prolonged exposure 

to sunlight (Somogyi, 1952). 

Nelson reagent. Dissolve 25 grams ammonium molybdate in 450 ml 

of distilled water. Add 25 ml of concentrated H2so4 and mix. Dis-

solve 3 grams Na2HAs04 7H20 in 25 ml of water. Add to the above 

475 ml and mix. Place in a 38 C incubator for 24-48 hours. Filter 

and store in a brown glass, stoppered bottle. Prevent exposure to 

sunlight or prolonged exposure to artificial light . 

TAC extraction and analysis 

1. Place one-half gram of the uniformly dried, ground root samples 
into a 100 ml flask. 

2. Add 50 ml of 0.2N H2S04• Stopper with large glass marbles or glass 
bulbs blown from thick wall tubing. 
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3. Heat in a boiling water ba th for 1 hour. 

4. Filter the hot solution through Whatman 's 1142 filter paper into a 
125 ml flask. 

5. Wash the filtrate with approximately 50 ml of distilled water. 

6. Add phenophthalein indicator. 

7. Add 6 F . NaOH until indicator end point is reached. 

8 . Remove indicator color by making slightly acid with 1 percent HCL. 

9. Fill to the 125 ml mark with distilled water. 

10. Make a 10:1 dilution by extracting 5 ml and diluting to 50 ml . 

11. Place 5 ml into a test tube calibrated to 25 ml . 

12. Add 5 ml Somogyi solution. Stopper with a large glass marble or 
a glass bulb blow n from thick wa ll tubing . 

1.3. Hea t in a rapidly boiling wat er bath for 10 minutes . Avoid undue 
agltation of the test tubes whil e boiling. 

14. Remove and cool to room temperature with running tap wat er for 
about three minutes or in a 20 C water bath for 5 minut es. 

15. Add 2 ml Ne lson reagent. 

16. Cap and rotate or gently shake to al low completion of the inter­
action between the acid and the carbonates. Release the pressure by 
uncapping as necessary. 

17. Dilute to the 25 ml mark with distilled water. 

18 . Cap and mix by inverting the test tube several times. 

19. Analyze at 520 millimicrons against a reagent blank that is 
treated identical in the procedure outlined above except step #1 
(no root tissue used). 

20. Prepare a known standard solution of glucose that does not exceed 
0.6 mg glucose per 5 ml. For ease of computation use a 10 percent 
(0.5 mg per 5 ml) glucose standard. Start the sugar standard prepara­
tion with step #11 and continue through step #19. 

21. A straight Beer's law plot line should be obtained from the read­
ings of a series of dilutions of the glucose standard. 
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:1 2. Cnlculatl.ons for the above diLutions with n LO percent g lucos e 
s tandard were made by dividing the reading of the unknown by the 
r eading of the glucose standard and multiplying by 25 to obtain the 
pe rcent glucose in the unknown (or by dividing the glucose standard 
r cadlng by 25 and dividing the reading of the unknown by this answer 
to obtain the percent glucose). 

Preparation of racks to hold 20 flasks and 20 test tubes allowed 

for t he t esting of 18 unknowns with each batch . It took about six 

hours to complete the entire run of each batch. 

The analytical procedur e with the Somogyi r eagent is much th e 

!: :wll' rt s wi_Lh otlwr coppc~r r eagents used in c ol o ri.mc t r y. A me a s ured 

vo luHH ' o r Lhl' so lut Lon t o be ana l.yzed i s mixed w i t.h an idl'n t i cnl 

vo lunll' o f Lh c coppe r r e a gent and heated in a bo iling wat e r bath . Fo r 

glm:os c and fructose a 10 minute heating pe riod i s a dequate . Af t er 

cool i.ng , Nelson 1 s chromogenic reagent is adde d and c are is take n t o 

dissolve the cuprous oxide completely . The blue solution is then 

diluted to a volume s e l ected in accordanc e with the quantities of 

sugar involv ed. 

Ra the r than a stcrotyped r ecipe, the above allows for technique 

<• l.n s ti.c i.ty a nd adaptahlllty to a great varie t y o f expe rimental c on-

Ui.tions . From 1 to 5 mJ. of sugar solution pl~r nnal.ys "l s with L"qual 

volwnes of the copper r eagent can be used. Th e amount of chromogenic 

reagent to be added need not exceed 2 ml. The final volume of the 

colored solution can be adapted to the prevalent color densities. In 

microanalysis, when the amount of sugar is low, the final volume can 

be kept to 6 ml which is the combined volume of 2 ml portions each of 

the sugar solution, the copper reagent, and the chromogenic reagent. 

At the other extreme, a dilution to 25 ml is in order when the solu-

tion contains up to 0.6 mg per 5 ml of glucose or other sugar of 
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comparab l e reducing power. Color denslty being the limiting factor, 

the above t echnique is limited t o a range of 0 . 2 to 12 percent sugar 

(Somogyi 1952). 

Using a concentration of acid gr eater than 0.2N may result in 

the breakdown of structural carbohydrates and destroy some of the 

g lucose. 

Grueb and Wedin (1969) and Smith (1969) investigated different 

methods of r emoving TAC from plant tissue. They determined that the 

plant s pecies a nd stage of gr owth are two variabl es to be conside r ed 

i n obtain i ng accurate r esults when considering the type of enzyme 

and/or concentration of sulfuric acid to us e . 

When alfalfa TAC values were at their lowest levels, the acid 

values wer e always 2 to 4 percenta ge units hi gher than the enzyme 

values . At all other times when alfalfa TAC l eve ls were high, the 

enzyme treatment resulted i n values up to 20 percentage units higher 

than the acid values. In those species, or during the s eason i n 

other species when starch is an important constituent of stored car­

bohydrates , the enzymatic ex trac tion a nd saccharification if di- and 

polysaccharides to reducing sugar s is a more accurate method for 

estimating TAC than simultaneous extraction and hydrolysis us i ng 

0. 2N H2so4 (Greub and Wedin, 1969) . 

The a cid method is apt to over-estimate the TAC where littl e 

starch is pr esent and under-estimate where large amounts of starch 

are present. 

The time of root harvest and preliminary chemica l analysis both 

indicated a low to medium level of s tarch content in the alfal fa, 

gr ass, and ladino roots and so the dilute acid method was us ed. 



Kjeldahl Method of Chemical Analysis 
to De termine Nitrogen Content 

Digestion mixture. Thoroughly mix 500 grams sodium sulfate, 

a nhydrous powder; 50 grams copper sulfate, anhydrous powder; and 
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5 grams powdered selenium metal. All ingredients should be finely 

ground. 

Boric acid. Mix 100 ml of standard indicator solution with 18 

liters of 2 percent boric acid solution. 

Standard indicator solution. This was a standard mixture of 

brome cresol green, aqueous percent solution of new coccine, and 

p-nitrophenol. 

Procedure 

1. Place 1 gram of the uniformly dried, ground forage into an 800 ml 
Kjeldahl flask. 

2. Add l teaspoonful (approximately 10 grams) of the digestion mix­
ture. 

3. Wash with enough distilled water (15-20 ml) down the neck of each 
flask to thoroughly soak all the contents. 

4. Add 20 ml of concentrated sulfuric acid. 

5. Place the flask on the digestion heater of the standard Kjedahl 
apparatus and boil until the conversion of the nitrogen is complete 
(about 30 minutes). 

6. Allow the flask and contents to cool. 

7. Add about 300 ml of distilled water and mix thoroughly . 

8. Add gram of 20 mesh granular zinc. 

9. Using a dispensing burett e, add 75 ml of concentrated sodium 
hydroxide allowing it to run down and under the solution in the flask. 
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10. Connect each flask to a distilling tube under which has been 
placed a 500 ml Erlenmeyer receiving flask containing SO ml of a boric 
nt:id r; o _lution. 

11. fi[L er connecting to the distilling tube , swirl the flask gent ly 
Lo mix the cont ents. 

12. Place on a hot diges tion heater and dis till until about 150 ml 
has distilled into the receiving flask. 

13. Titrate the distillate with 0 .0715 N sulfuric acid unt il the gr een 
color has changed to a grey color or colorless as was established for 
the indicator. 

14. A blank containing no forage should be run through the Kjedahl 
process. Titrate the blank and subtract the blank titration reading 
from the titration reading of the sample . 

15. One mg of the titration acid is equivalent to 1 mg of nitrogen in 
the anm1011in form. Using a 1 gram sample, the percentage of nitrogen 
l s calculated by multiplying the difference of ml of acid used in 
tltrntlon be tween the blank and the sample of 0.10. 

16. flbout 16 pe rcent of proteins is nitrogen on the average and 
100+ 16 = 6.25. The percent protein was determined by percent 
nitrogen times 6 . 25 (NX6.25). 
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Aeeendix B 

Interac tion Tables 

Ta bl e 94. Average dry matter yields in pounds per acre of forage as 
influenced by the interaction of clipping frequency, nitro-
gen ferti lization, i rri ga tion interval, and mixture 

Cl C2 Average 
Fl F2 F3 F4 Ave Fl F2 F3 F4 Ave Cl & C2 

Ml Il 7390 7685 7910 8470 7866 4789 5820 5905 7276 5934 6900 
I3 6905 7890 8125 9248 8041 4981 5839 6091 7815 6181 7111 
I4 6824 7436 7621 9002 7721 4737 6630 6178 7695 6310 7015 

M2 Il 3951 5178 5367 8017 5629 3650 4403 4990 6641 4921 5274 
I3 4955 6475 6890 8347 6667 4993 5628 6180 8136 6235 6452 
!4 4374 6198 6200 9110 6470 5011 6226 6371 8360 6492 6481 

M3 Il 6920 8022 8120 8875 7935 5156 6322 6030 7598 6276 7130 
I3 6710 8084 8607 9251 8163 5202 5355 6464 8164 6295 7230 
I4 5853 7208 7721 8548 7334 4324 6490 6375 8055 6310 6821 

M5 Il 6703 7480 7735 8467 7596 5104 6146 6006 6480 5934 6766 
I3 6665 7336 7588 8146 7434 5068 6033 6766 7842 6427 6931 
I4 6870 7020 8157 7722 7442 5832 5570 5898 8195 6373 6908 

M6 Il 2520 4062 4416 7482 4620 2303 3755 4346 6620 4255 4438 
I3 2980 5082 5240 8350 5413 2578 3957 5024 7576 4784 5098 
I 4 3073 4646 5243 8680 5410 3463 4227 4860 7608 5040 5224 

Averages of the above 
Ml 7039 7670 7888 8907 7876 4819 6096 6058 7595 6142 7009 
M2 4427 595 1 6152 8491 6256 4552 5419 5847 7713 5882 6069 
M3 6595 7772 8150 8891 7826 4894 6055 6289 7938 6294 6061 
M5 6746 7280 7827 8112 7491 5335 59 16 6223 7505 6246 5858 
M6 2848 4597 4966 8171 5148 2782 3979 4743 7269 4692 4920 

Il 5497 6485 6711 8262 6739 4190 5289 5456 6923 5464 6102 
I3 5643 6974 6290 8668 7144 4564 5362 6105 7907 5984 6564 
I4 5399 6502 6989 8612 6875 4673 5829 5936 7982 6105 6490 

M or I 5513 6654 6995 8514 6919 4476 5494 5832 7604 5851 6385 

Averages over cliEEings 
Ml 5929 6883 6973 8251 7009 
M2 4489 5685 6000 8102 6069 
M3 5694 6913 7219 8415 7061 
M5 6040 6598 7026 7808 6868 
M6 2820 4288 4855 7720 4920 
Il 4844 5877 6083 7592 6101 
I3 5104 6168 6697 8288 6564 
I4 5036 6165 6462 8297 6490 

M or I 4994 6074 6414 8059 6385 

Note: Explanation of abbreviations and trea tments on pages 31-35 
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Table 95. Average percent forage protein (N x 6.25) as influenced by 
the interaction of clipping fr equency, nitrogen fertiliza-
tion, irrigation interval, and mixture 

C1 C2 Ave 
F1 F2 F3 F4 Ave Fl F2 F3 F4 Ave Cl &C2 

M1 I l 16.97 15.35 17.07 17 . 23 16.68 16.39 17.39 16.19 17.44 16.85 16.76 
I3 15.47 13.79 14.10 16. 15 14.88 16.85 16.21 15.01 18.12 16.55 15.71 
14 12.99 15.82 15.57 13.52 14 . 48 16 . 35 15.52 17.15 14.75 15.94 15.21 

M2 Il 15.46 12.66 13.80 15.74 14.42 16.58 16.70 16.19 19.35 17.20 15.81 
I3 13.82 13 . 30 14.62 15.03 14.19 16.63 17.17 16.07 17.19 16.76 15.48 
14 12.65 14.29 15.39 13.79 14.03 14.65 17.80 15.59 16.48 16.38 15 .21 

M3 Il 17.43 17.68 16.92 17.31 17.34 18.37 17.12 17.46 18.07 17.76 17.55 
I3 16 .05 14.59 14.27 15.26 15.04 17.77 15 . 67 15.02 16.22 16.17 15.61 
I4 17.28 16.35 15.51 14.06 15.80 21.83 15 .35 16.38 15.36 17.23 16.51 

M5 Il 17 . 94 18.29 18.16 18.71 18.28 17.14 18.05 17.35 17.41 17 . 49 17 .88 
I3 15.93 17.83 17.19 17.57 17. 13 18.22 17.32 17 .9 7 17.67 17.80 17.46 
14 15.31 16 .94 15.33 17.69 16.32 17.02 16.88 16.57 16.40 16.71 16. 51 

M6 Il 14.05 12 .15 13.11 15.32 13.66 15.13 15.53 13.90 16.15 15.18 14.42 
I3 14 . 16 12.42 11.81 14.30 13.17 14.96 13.81 15 . 54 16.58 15.22 14. 20 
14 13.42 13.12 11.53 13.21 12.82 14.23 14.11 14 .. 1,2 15.28 14.51 13.66 

Averages of the above 
M1 15.14 14.99 15.58 15.65 15.34 16.5 3 16.37 16. 12 16.77 16.48 15.89 
M2 13.98 13.42 14.60 14.85 14 .21 15.95 17.22 16 .28 17.67 16.78 15.50 
M3 16 .92 16.20 15.57 15.54 16.06 19.32 16.05 16 . 29 16 . 55 17.05 16.56 
M5 16.39 17.69 16.89 17.99 17.24 17 .46 17.42 17.30 17.16 17.33 17.29 
M6 13.88 12.56 12.15 14.28 13.22 14.77 14.48 14.62 16.00 14.97 14.09 

Il 16.38 15.23 15.81 16.87 16.07 16.72 16.96 16.22 17.68 16.90 16 . 49 
I3 15 .09 14.39 14 . 49 15.66 14.88 16.89 16.04 15 .92 17.16 16 .50 15.70 
I4 14.33 15.30 14.69 14.45 14.69 16.82 15.93 16.22 15.65 16.16 15.70 

M or I 15.26 14.97 14.96 15.66 15.21 16.81 16 . 31 16.12 16.83 16.52 15.87 

Average over cliJ:!J:!ings 
M1 15.84 15 . 68 15.85 16.21 15.89 
M2 14.96 15 . 32 15.44 16.26 15.50 
M3 18.12 16.13 15.93 16.05 16.56 
M5 16.93 17.55 17.10 17.58 17.29 
M6 14.32 13.52 13.39 15.14 14.09 
Il 16.55 16.09 16.02 17.28 16.49 
I3 15.99 15.21 16.20 16.41 15.70 
I4 15.57 15.62 15 . 44 15.05 15.43 

M or I 16 . 04 15.64 15.55 16 .25 15.87 

Note: Explanation of abbreviations and treatments on pages 31-35 
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Table 96. Average yields in pounds per acre of forage prote in (N x 6 .25 ) 
as influenced by the interaction of clipping frequency, ni-
trogen fertilization, irrigation int erval, and mixtur e 

Cl C2 Average 
Fl F2 F3 F4 Ave Fl F2 F3 F4 Ave Cl & C2 

m 11 1254 1179 1350 1463 1312 777 1012 956 1268 1003 1158 
I3 1068 1088 1146 1492 1198 840 945 914 1414 1028 1113 
I4 886 1176 1185 1217 1116 774 1030 1060 1135 1000 1058 

~1 2 11 610 655 742 1262 817 606 735 808 1284 858 838 
I3 686 861 1007 1254 952 829 966 993 1401 1047 1000 
I4 553 886 954 1256 912 733 1110 1056 1378 1069 990 

H3 11 1206 1419 1374 1536 1384 946 1082 1053 1374 1114 1249 
I3 1077 1180 1228 1412 1224 924 839 970 1324 1014 1119 
I4 l Oll 1179 1198 1202 1158 744 997 1044 1237 1006 1078 

N5 11 1202 1368 1405 1583 1390 875 1110 1043 1128 1039 1215 
I3 1062 1309 1305 1432 1277 924 1045 1216 1386 1143 1210 
I4 1052 1189 1251 1366 1214 992 940 977 1344 1063 1138 

N6 11 354 494 578 1147 643 348 583 604 1069 651 647 
I3 422 631 619 1194 716 386 546 780 1257 742 729 
I4 1;12 610 604 111;7 693 493 596 701 1162 738 716 

Averages of the above 
Ml 1069 1148 1227 1391 1209 797 996 977 1272 1010 1110 
M2 616 801 901 1257 894 723 937 952 1354 992 943 
M3 1098 L259 1267 1383 1252 871 973 1022 1312 1044 1149 
M5 1105 1289 1320 1460 L294 930 1032 1079 1286 l082 ll88 
M6 396 578 600 1163 684 409 575 695 1163 710 697 

ll 925 1023 1090 1398 1109 710 904 893 1225 933 102l 
I3 863 1014 1061 1357 1074 781 868 975 1356 995 1034 
14 783 1008 1038 1238 1017 747 935 968 1251 975 996 

N or I 857 1015 1063 1331 1067 746 903 945 1277 968 1017 

Averages over cli!!!!ings 
Ml 933 1072 1102 1332 1110 
M2 670 869 927 1306 943 
M3 984 1116 1144 1348 1149 
M5 1018 1160 1200 1373 1188 
M6 403 577 648 1163 697 
11 818 964 992 1312 1021 
I3 822 941 10 18 1356 1034 
I4 765 972 1003 1244 996 

M or I 801 959 1004 1304 1017 

Note : Explanation of abbreviations and treatments on pages 31-35 
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Tabl e 97 . Average dry matter yields in pounds per acre of ladino clover 
roots as i nfluenced by the interaction of clipping frequ ency, 
nitrogen fertilization, irrigation interval, and mixtur e 

Cl C2 Average 
Fl F2 F3 F4 Ave Fl F2 F3 F4 Ave Cl & C2 

Ml Il 112 102 45 15 68 279 381 188 73 230 149 
I3 240 134 112 33 130 408 48 1 176 103 280 205 
I4 295 478 307 38 280 280 808 644 19 438 359 

M2 Il 172 375 123 10 170 361 606 301 109 344 257 
I3 534 453 53 47 272 545 608 278 93 381 326 
14 204 607 364 l3 297 392 466 446 65 342 320 

Averages for the above 
Ml 216 238 155 29 159 322 540 336 65 316 238 
M2 303 478 180 23 247 433 560 342 89 356 302 

Il 142 238 84 12 119 320 494 244 91 287 203 
I3 387 294 82 40 201 476 520 227 98 330 266 
I4 250 542 336 26 288 336 637 545 42 390 340 

M or I 260 358 167 26 203 377 550 339 77 336 270 

Averages over cliE:Qings 
Ml 269 389 246 47 238 
M2 368 519 261 56 302 
Il 231 366 164 52 203 
I3 432 407 154 69 266 
I4 293 590 440 34 340 

M or I 318 454 253 52 270 

Not e : Explanation of abbrevia t ions and treatments on pages 31-35 
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Table 98. Ave rage dry matter yields in pounds per acr e of alfalfa roots 
as influenced by the interaction of clipping fr equency, ni-
trogen fertilization, irrigation intervals, and mixtur e 

Cl C2 Average 
Fl F2 F3 F4 Ave Fl F2 F3 F4 Ave Cl & C2 

Ml Il 2195 2598 2322 1495 2152 994 1251 1445 527 1054 1603 
I3 180 2 2397 1367 1142 1677 641 574 396 121 433 1055 
I4 1455 1778 L982 524 1435 400 231 356 103 272 854 

MJ II 3 L9 8 3046 2205 1750 2550 2262 2407 1898 608 1794 2 L72 
I3 2286 2760 2264 752 2016 1372 1899 1087 178 1134 1575 
I 4 2506 2338 1948 453 1811 1279 1062 1212 128 920 1366 

M5 Il 3536 3068 3339 2212 3039 2140 2411 2246 1199 1999 25 19 
I3 2760 3004 2310 1772 2461 1711 1916 1254 578 1365 1913 
I4 2182 2436 3124 1769 2378 1707 1290 1651 578 1331 1855 

Averages of the above 
Ml 1817 2258 1890 1054 1755 678 685 732 250 587 1172 
M3 2663 2715 2139 985 2126 1638 1789 1399 305 1283 1704 
M5 2826 2836 2924 1918 2626 1853 1906 1717 785 1565 2096 

ll 2976 2904 2622 1819 2580 1799 2023 1863 778 1616 2098 
I3 2283 2720 1980 1222 2051 1241 1463 912 292 977 1514 
I 4 2048 2184 2351 915 1875 1129 894 1073 270 841 1358 

M or I 2436 2603 2318 1319 2169 1390 1460 1283 447 1145 1657 

Averages over cli2Eings 
Ml 1248 1472 L311 652 1172 
M3 2150 2252 1769 645 1704 
M5 2340 2371 2320 1352 2096 
Il 2388 2464 2242 1298 2098 
I3 1762 2092 1446 757 1514 
14 1588 1539 1712 592 1358 

M or I 1913 2032 1800 888 1657 

Note: Explanation of abbreviations and trea tments on pages 31 - 35 
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Table 99. Average dry matter yields in pounds per acre of legume roots 
as influenced by the interaction of clipping frequency, 
nitrogen fertilization, irrigation interval, and mixture 

Cl C2 Average 
Fl F2 F3 F4 Ave Fl F2 F3 F4 Ave Cl & C2 

M1 Il 2307 2700 2367 1510 2221 1273 1632 1632 600 1284 1753 
I3 2030 2531 1479 1175 1806 1049 1006 572 224 713 1260 
I4 1750 2256 2289 562 1714 680 1039 1000 122 710 1212 

M2 Il 172 375 123 10 170 361 606 301 109 344 257 
I3 534 453 53 47 272 545 608 278 93 381 326 
I4 204 607 364 13 297 392 466 446 65 342 320 

M3 Il 3198 3046 2205 1750 2550 2267 2407 1898 608 1794 2172 
I3 2286 2760 2264 752 2016 1372 1899 1087 178 1134 1575 
I4 2506 2338 1948 453 1811 1279 1062 1212 128 920 1366 

M5 Il 3536 3068 3339 2212 3039 2140 2411 2246 1199 1999 25 19 
I3 2760 3004 2310 1772 2461 1711 1916 1254 578 1365 1913 
I4 2182 2436 3124 1769 2378 1707 1390 1651 578 1331 1855 

!\_yerages_q£_!!!3 above 
Ml 2030 2496 2045 1082 1914 1001 1226 1068 315 902 1408 
M2 303 478 180 23 247 433 560 342 89 356 302 
M3 2663 2715 2139 985 2126 1638 1789 1399 305 1283 1704 
M5 2826 2836 2924 1918 2626 1853 1906 1717 785 1565 2096 

Il 2303 2297 2008 1370 1995 1509 1764 1519 629 1355 1675 
I3 1903 2187 1526 936 1639 1169 1357 798 268 898 1268 
I4 1660 1909 1931 699 1550 1014 989 1077 223 826 1188 

M or I 1955 2131 1822 1002 1728 1231 1370 1131 373 1026 1377 

Averages over cli~~ings 
Ml 1515 1860 1556 698 1408 
M2 368 519 261 56 302 
M3 2150 2252 1769 645 1704 
M5 2340 2371 2320 1352 2096 
Il 1906 2036 1764 1000 1675 
I3 1538 1772 1162 602 1268 
I4 1337 1449 1504 461 1188 

M or I 1594 1750 1476 688 1377 

Note: Explanation of abbreviations and treatments on pages 31-35 
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Table 100. Average dry matter yields in pounds per acre of grass roots 
as influenced by the interaction of clipping fr equency, 
nlLrog<.'n fertilization, irrigation lntcrval, and mi.xtur-e 

Cl C2 Ave rage 
F1 F2 F3 F4 Ave Fl F2 F3 F4 Ave C1 & C2 

Ml Il 4297 5005 4664 5275 4810 4119 6541 4764 4436 4965 4888 
I3 3808 4654 4620 5553 4659 4002 5637 3849 4623 4528 4594 
14 4116 5708 4023 5871 4929 3878 5554 4841 5308 4895 4912 

M2 ll 4334 7269 6092 6986 6170 3981 5990 4508 5987 5116 5643 
I3 4116 5959 4728 5342 5036 3289 6273 3754 5100 4604 4820 
14 4916 6825 5010 5912 5666 4925 6760 4903 5446 5481 5573 

M3 ll 4028 6609 4259 6568 5366 4162 6530 5359 5546 5354 5360 
I3 3924 5195 4811 5027 4739 3894 6552 4292 5358 5024 4882 
14 4350 5796 4755 6436 5334 4069 5070 5586 5552 5069 5202 

M5 ll 3846 4558 3741 6508 4663 4754 5910 4676 6800 5535 5099 
13 2969 4716 3798 4168 3913 4245 4842 4162 6061 4827 4370 
I4 3852 4056 2989 4150 3762 4539 6244 4899 7109 5698 4730 

M6 ll 5190 6510 6211 6463 6094 5046 7614 4824 6135 5905 6000 
I3 4625 6607 4960 5471 5416 4971 7886 4122 4946 5481 5449 
14 5306 6507 5934 6187 5984 4685 7412 5246 5348 5673 5829 

Averages of the above 
Ml 4074 5122 4436 5566 4799 4000 5911 4485 4789 4796 4798 
M2 4455 6684 52 77 6080 5624 4065 6341 4388 5474 5067 5345 
M3 4101 5867 4608 6010 5146 4042 5991 5079 5485 5149 5148 
M5 3556 4443 3509 4942 4113 4513 5665 4579 6657 5353 4733 
M6 5040 6541 5702 6040 5831 4901 7637 4731 5476 5686 5759 

ll 4339 5990 4993 6360 5421 4412 6481 4826 5781 53 75 5398 
I3 3888 5426 4583 5112 4753 4080 6238 4086 5218 4893 4823 
14 4508 5 778 4542 5711 5135 4419 6208 5075 5731 5363 5249 

M or I 4245 5732 4706 5728 5103 4304 6309 4652 5577 5210 5157 

Averages over cliEEings 
Ml 4037 5516 4460 5178 4798 
M2 4260 6512 4833 5 777 5345 
M3 4072 5929 4844 5748 5148 
M5 4034 5054 4044 5800 4733 
M6 4970 7089 5216 5758 5759 
ll 4376 6236 4910 6070 5398 
13 3984 5832 4310 5165 4823 
14 4464 5993 4818 5741 5249 

M or I 4275 6020 4679 5652 5157 

Note: Explanation of abbreviations and treatments on pages 31-35 
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Tahl<· 101 . Avt•rngt· dry mattC'r yil'LUs l.n pounds pl'r :1cre of loL:1l rools 
(grasses and ll' gumcs) as lnflu<'llCl'd by Lhe lntt•r fH.: Lion of 
cllpplng frequency, nltrogen fcrll L lzal Lon, lrrlgntlon 
interval, and mixture 

C1 C2 Average 
Fl F2 F3 F4 Ave F1 F2 F3 F4 Ave Cl & C2 

M1 Il 6604 7555 7032 6785 6994 5392 8173 6396 5036 6249 6622 
I3 5838 7185 6099 6728 6463 5051 6643 4421 4847 5240 5852 
I4 5866 7964 6312 6432 6644 4559 6593 5841 5430 5606 6125 

M2 Il 4506 7644 6215 6996 6340 4342 6596 4809 6096 5461 5900 
I3 4649 6412 4781 5388 5308 3834 6881 4032 5193 4985 5146 
I4 5120 7432 5373 5925 5963 5317 7226 5348 5402 5823 5893 

M3 Il 7226 9655 6464 8317 7916 6424 8758 7257 6154 7148 7532 
IJ 6210 7954 7074 5 779 6755 5267 8451 5379 5535 6158 6456 
I4 6855 8134 6704 6890 7146 5348 6131 6798 5680 5989 6568 

M5 Il 7382 7626 7080 8720 7702 6894 8321 6922 7999 7534 7618 
I3 5729 7720 6108 5940 6374 5956 6758 5416 6639 6192 6283 
I4 6034 6492 6112 5919 6140 6246 7634 6550 7688 7029 6584 

M6 Il 5190 6510 6211 6463 6094 5046 7614 4824 6135 5905 6000 
I3 4625 6607 4960 5471 5416 4971 7886 4122 4946 5481 5449 
I4 5306 6507 5934 6187 5984 4685 7412 5246 5348 5673 5828 

Averages of the above 
M1 6103 7568 6481 6649 6700 5001 7136 5553 5104 5699 6199 
M2 4758 7163 5456 6103 5870 4498 6901 4730 5564 5423 5647 
M3 6764 8581 6747 6995 7272 5680 7780 6478 5790 6432 6852 
M5 6382 7279 6434 6860 6739 6366 7571 6296 7442 6919 6829 
M6 5040 6541 5 702 6040 5831 4901 7637 4731 5476 5686 5759 

Il 6182 7798 6600 7456 7009 5620 7892 6042 6284 6459 6734 
I3 5410 7176 5805 5861 6063 5016 7324 4674 5432 5612 5837 
I4 5836 7306 6087 6271 6375 5231 6999 5957 5909 6024 6200 

M or I 5810 7427 6164 6530 6482 5289 7405 5557 5875 6032 6257 

Averages over cliQQings 
Ml 5552 7352 6017 5876 6199 
M2 4628 7032 5093 5833 5647 
M3 6222 8181 6613 6393 6852 
M5 6373 7425 6365 7151 6829 
M6 4971 7089 5216 5758 5759 
Il 5901 7845 6321 6870 6734 
I3 5213 7250 5239 5647 5837 
I4 5534 7152 6022 6090 6200 

M or I 5549 7416 5861 6202 6257 

Note: Explanation of abbreviations and treatments on pages 31-35 
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Table 102. Average percent available carbohydrate on ladino roots as 
influenced by the interaction of clipping frequency, nitro-
gen fertilization, irrigation interval and mixture 

Cl C2 Ave 
F1 F2 F3 F4 Ave F1 F2 F3 F4 Ave C1 &C2 

M1 Il 18.91 23.55 13.73 23.73 19.98 16.73 14.18 20.23 15.45 16.65 18.31 
I3 22 . 27 19.82 21.50 30.23 23 . 46 17.73 14.59 17.50 27.36 19.30 21.38 
I4 19 . 82 13.58 17 . 49 19.64 17.63 24.68 16.00 16.44 28.83 21.49 19.56 

M2 Il 14.29 13.39 15.35 10.23 13.29 13.32 13.58 16.82 13.58 14.32 13.81 
IJ 16.44 14.06 14.99 17 .67 15.79 12.87 13.32 11.98 14.40 13.14 14.47 
I4 l3.50 l2.09 11.98 15.29 13.22 11.61 11.12 13.47 23.44 14.91 14.06 

Averages of the above 
Ml 20.33 18.98 17.57 24 . 53 20 . 36 19.71 14.92 18.06 23.88 19.14 19.75 
M2 14 . 74 13.18 14.07 14.40 14.10 12.60 12.67 14.09 17.14 14.12 14.11 

Il 16.60 18.47 14.49 16.98 16.64 15.02 13 . 88 18.52 14.52 15.49 16 .06 
I3 19.36 16.94 18.24 23.95 19.62 15.30 13.96 14 .74 20 .88 16.22 17.92 
I4 16.66 12.84 14.74 17.46 15.42 18.14 13.56 14.96 26.14 18.20 16.81 

M or I 17.54 16.08 15.82 19.46 17 .23 16.16 13.80 16.07 20.51 16.63 16.93 

Averages over cli:QQings 
Ml 20.02 16.95 17.82 24.21 19.75 
M2 13 . 67 12.93 14.08 15.77 14.11 
Il 15.81 16.18 16.51 15.75 16.06 
I3 17.33 15 .45 16 . 49 22 . 42 17.92 
I4 17.40 13.20 14.84 21.80 16.81 

M or I 16.85 14.94 15 .95 19.99 16.93 

Note: Explanation of abbrev iations and treatments on pages 31-35 
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Table 103. Ave r age perc ent available carbohydrate i n a lfalfa roots as 
influenc ed by the interaction of c l ippin g frequency, nitro -
gen f ertilization, irrigation int erval, and mixtur0 

C1 C2 Ave 
Fl F2 F3 F4 Ave Fl F2 F3 F4 Ave C1 &C2 

M1 ll 16.02 16.68 16.28 15 .22 16.05 17.22 17.30 16.45 16.09 16.76 16.41 
I3 16 .33 18.41 16.81 15.58 16.78 16.53 14 .58 16 . 85 15.50 15 . 86 16.32 
I4 14.70 19.43 16.77 17.17 17 . 04 15.50 17.65 17. 15 17.75 17 .0 1 17.03 

M3 Il 18.20 16.69 14.73 15.94 16.39 20.25 17.37 15 .11 16.09 17.20 16.80 
I3 18 .62 17.52 17.03 15.90 17.27 20.39 17.45 18.05 17.07 18 . 24 17.75 
I4 19.23 16.26 14.06 15.45 16 .25 14 . 69 16 . 34 14.69 20.28 16.50 16.38 

M5 Il 13.46 14 .83 15.35 15.70 14.84 15.73 13.11 15.38 15.45 14.92 14.88 
I3 13.99 15.49 19.09 15.87 16 .11 14.06 14.97 16.35 17.78 15.79 15.95 
I4 16.17 11.90 16.17 15.87 15.03 17.96 16.50 20.17 15.34 17.49 16.26 

Averages of the above 
Ml 15. 68 18.20 16.62 15.99 16.62 16 .42 16.51 16.82 16.45 16.55 16.58 
M3 18.68 16.82 15.27 15.76 16.64 18.44 17.05 15 .95 17.81 17.32 16.98 
M5 14.54 14.07 16.87 15.81 15.32 15.92 14.86 17.30 16.19 16.07 15. 70 

Il 15.89 16.07 15.45 15 . 62 15.76 17.73 15.93 15.65 15.88 16.30 16.03 
I3 16.31 17.14 17.64 15.78 16.72 16.99 15.67 17.08 16.78 16.63 16.67 
I4 16.70 15.89 15.67 16.16 16. ll 16.05 16.83 17 . 34 17.79 17. 00 16 .55 

M or I 16.30 16.37 16.25 15.86 16.20 16.93 16.14 16 . 69 16.82 16.64 16.42 

Averages over cli212ings 
Ml 16.05 17.36 16.72 16.22 16.58 
M3 18.56 16.94 15.61 16.79 16.98 
M5 15.23 14.47 17.08 16.00 15.70 
Il 16 . 81 16.00 15.55 15.75 16.03 
I3 16.65 16.40 17.36 16.28 16.67 
I4 16.38 16.36 16.50 16.98 16.55 

M or I 16.61 16.25 16.47 16.34 16.42 

Note : Explanation of abbreviations and treatments on pages 31-35 
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Table 104. Average percent available carbohydrate in grass roots as 
influenced by the int erac t ion of clipping frequency, 
nitrogen fertil i zation, i r rigation interval, and mixture 

Cl C2 Ave 
Fl F2 F3 F4 Ave Fl F2 F3 F4 Ave Cl&C2 

M1 Il 19.33 12.30 15.37 14 . 68 15 . 42 13 . 47 16.29 23.90 20 .18 18 . 46 16.94 
I3 22.20 18 . 97 24 . 46 15.37 20 . 25 24.40 18 . 31 23.54 28 . 55 23.70 21.98 
14 12.46 13 . 57 14 . 65 17 . 27 14 . 49 13 . 24 11.41 17.43 24 . 26 16.58 15.54 

M2 Il 13 . 46 13.94 15 . 20 11.65 13.56 11.65 12.56 13.23 13.46 12.72 13.14 
I3 14 . 72 13 . 70 13 . 58 14 . 37 14 . 09 12 . 80 8.90 15.51 12.68 12.47 13 . 28 
14 15.55 13 . 13 14.92 14 . 57 14.54 12 . 24 13.03 15 . 75 18.11 14.78 14.66 

MJ Il 14.09 10 . 26 13.28 10.95 12.14 13.79 9.14 13.79 11.64 12.09 12.12 
I3 15 .56 12. 50 12. 46 16.98 14.38 14 . 91 11.98 10.26 21.47 14.66 14.52 
I4 17 . 24 18 . 79 16 .77 17.24 17.51 20.14 18.28 16 . 72 18 . 53 18.39 17.95 

M5 Il 17 . 24 15 . 99 15 . 20 16 . 07 16.12 15 . 52 15 . 84 14 . 75 13 . 89 15.00 15 . 56 
I3 14 . 64 18 . 81 18 . 73 24.77 19.24 15.77 17.72 16.82 19.52 17.46 18.35 
14 16.52 15.54 16.48 14.62 15 .7 9 22.15 18 . 21 16 . 08 21. 80 19.56 17 . 68 

M6 Il 16.25 15.05 16 . 50 15 . 50 15.82 16.02 15.38 19. 70 17.98 17 .27 16.55 
I3 16 . 02 12.7 2 15 . 66 15 . 24 14 . 91 21. 25 15.54 18 .1 2 19 .62 18.63 16. 77 
14 13.08 16.74 18 . 31 16 . 78 16 . 23 17 . 95 l l. 81 17.33 22. 56 17 .41 16 . 82 

Avera ges of the above 
Ml 18.00 14.95 18 .1 6 15 .77 16.72 17.04 15 . 34 21. 62 24.33 19 . 58 18. 15 
M2 14 . 64 13.59 14 . 57 LJ.53 14.06 12 . 23 11.50 14 . 83 14.75 13.32 13 . 69 
M3 15 . 63 13 . 85 14 . 17 15.06 14.68 16.25 13.13 13.59 17. 21 15 .05 14.86 
M5 16 . 13 16 . 78 16.80 18 . 49 17.05 17.81 17 . 26 15 . 88 18.40 17.34 17 . 20 
M6 15 . 12 14.84 16.82 15.84 15 . 65 18.41 14 . 24 18.38 20 . 05 17 . 77 16.71 

Il 16 .07 13.5 1 15 .11 13 . 77 14.67 14.09 13.84 17.07 15.43 15.11 14 .86 
I3 16 . 67 15.34 16 . 98 17.35 16 . 57 17.83 14 . 49 16.85 20 . 37 17.38 16.98 
I4 14 . 97 15 . 55 16 . 23 16 . 10 15 . 7l 17.12 14.55 16.66 21. 05 17.34 16 . 53 

Mori 15 . 90 14 .80 16 . 10 15 .7 4 15 . 63 16 . 35 14.29 16.86 18 . 95 16.61 16 . 12 

Aver a ges over cliEEings 
Ml 17.52 15. 14 19 . 89 20. 05 18 . 15 
M2 13 . 44 12. 54 14 . 70 14 . 14 13 . 69 
M3 15.94 13 .48 13 . 88 16 .14 14.86 
M5 16.97 17. 02 16 . 34 18 . 44 17. 20 
M6 16.76 14.54 17 . 60 17.95 16. 7l 
Il 15 . 08 13.68 16. 09 14.60 14 . 86 
I3 17.25 14 . 92 16. 91 18.86 16 . 98 
14 16.05 15 . 05 16. 44 18.5 7 16.53 

M or I 16. 12 14.55 16.48 17.34 16. 12 

Not e : Exp l anation of abbreviat ions and treatmen t s on pages 31-35 
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'J'.1bl.<· 105 . AvC't:age pe rcent availabl t• carbohydratt• in aLl roots a s 
influenced by the interaction of clipping fr equency, 
nitrogen fertilization, irrigation int erval, and mixture 

Cl C2 Ave 
Fl F2 F3 F4 Ave Fl F2 F3 F4 Ave C1 &C2 

M1 ll 18.63 13.76 15.66 14.81 15.72 14.34 16.35 22.11 19.70 18.12 16.92 
I3 20.41 18.79 22.69 15.47 19.34 22.87 17.75 22 . 71 28.18 22.88 21.11 
I4 13.38 14.90 15.46 17. 27 15.25 14 .13 12.19 17.29 24.16 16.94 16.10 

M2 Il 13.49 13.92 15.19 11.65 13.56 11.79 12.66 13.47 13.45 12.84 13.20 
I3 14.93 13.72 13.60 14.40 14.16 12.81 9.30 15.28 12.71 12.52 13.34 
I4 15 .47 13.05 14 .7 2 14.58 14.46 12.21 12.91 15.56 18.18 14.72 14.58 

M3 Il 15 . 91 12.28 13.77 12 . 00 13.49 16 .06 11.40 14.14 12 . 07 13.42 13.45 
I3 16.68 14.24 13.92 16.85 15.42 16.06 13.21 11.84 21.34 15.61 15 . 52 
14 17.97 19.06 15.98 17. 13 17.54 18.75 17.94 16.36 18.57 17.90 17.72 

M5 IL 15 .43 15.53 15.28 15.97 15.55 15.58 15.05 14.85 14.13 14 . 91 15. 23 
I3 14.33 17.51 18.86 22. 12 18.20 15 . 28 16.94 16 . 71 19.37 17.08 17.64 
I4 16.39 14 . 17 17.78 15.00 15.84 21.01 17.89 17.10 21.32 19.33 17. 58 

M6 ll 16.25 15.05 16.50 15.50 15.82 16.02 15.38 19.70 17.98 17.27 16.55 
I3 16.02 12.72 15.66 15 .24 14.91 21.25 15.54 18.12 19.62 18.63 16.77 
I4 13.08 16.74 18.31 16.78 16.23 17.95 11.81 17.33 22.56 17.41 16 .82 

Averages of the above 
M1 17 . 47 15.82 17 . 94 15.85 16 . 77 17.11 15.43 20.70 24.01 19.31 18.04 
M2 14.63 13 . 56 14.50 13.54 14.06 12.27 11.62 14.77 14.78 13.36 13.71 
M3 16.85 15.19 14.56 15.33 15.48 16.96 14.18 14.11 17.33 15.64 15.56 
MS 15.38 15.74 17.31 17.70 16.53 17.29 16.63 16.22 18.27 17 . 10 16.82 
M6 15 . 12 14.84 16.82 15 . 84 15 .65 18.41 14.24 18.38 20.05 17.77 16.73 

Il 15 . 94 14 .11 15.28 13 . 99 14.83 14.76 14.17 16.86 15.47 15.32 15.08 
I3 16 . 47 15 . 40 16.95 16.82 16 . 41 17.65 14.55 16.93 20 . 24 17.34 16.88 
I4 15.26 15.58 16.45 16 . 15 15 . 86 16.81 14.55 16.73 20 . 96 17.26 16.56 

M or I 15.89 15.03 16.23 15 . 65 15.71 16.41 14.42 16.84 18.89 16.64 16.17 

Averages over cliEEings 
M1 17.29 15 . 62 19.32 19.93 18 . 04 
M2 13.45 12 .59 14.64 14.16 13.71 
M3 16 . 90 14.69 14 . 34 16 . 33 15.56 
MS 16.34 16.18 16.78 17.98 16.82 
M6 16 .76 14 . 54 17 .60 17 . 95 16.73 
Il 15.35 14.14 16.07 14.73 15 .08 
I3 17 . 06 14.97 16.94 18.53 16.88 
I4 16.03 15.03 16.59 18 . 56 16.56 

M or I 16 . 15 14.73 16.54 17. 27 16.17 

Not e : Explanation of abbreviations and tr eatments on pages 31-35 
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Tabl e 106. Average pounds TAG per acre in ladino roots as influe nced 
by the in t eraction of clipping frequency, nitrogen fertili-
zation, irriga t ion interval, and mixture 

Cl C2 Average 
Fl F2 F3 F4 Ave Fl F2 F3 F4 Ave Cl & C2 

Ml Il 21 24 65 3 14 46 54 38 12 38 26 
I3 54 26 24 10 28 72 63 31 28 48 38 
14 58 65 54 7 46 69 130 106 6 78 62 

M2 ll 24 50 18 1 24 48 83 51 15 49 36 
I3 88 64 78 8 42 70 81 34 14 50 46 
14 28 74 44 2 37 46 52 60 15 43 40 

Averages of the above 
Ml 44 38 28 7 29 63 82 58 15 55 42 
M2 47 62 23 4 34 55 72 48 14 47 41 

Il 23 37 12 2 19 47 68 44 13 43 31 
I3 71 45 16 9 35 71 72 32 21 49 42 
14 43 69 49 5 41 58 91 83 10 60 51 

M or I 45 50 26 5 32 59 77 53 15 51 41 

Avera ges over c l i eE ings 
Ml 54 60 43 ll 42 
M2 51 67 38 9 41 
Il 35 53 28 8 31 
I3 71 58 24 15 42 
14 50 80 66 8 51 

M or I 52 64 39 10 41 

Not e : Explanation of abbreviations and treatments on pages 31-35 
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Tnbl<· l07. Avl'rllKt:' pounds TAC IH' l- nc r< ' In n l f.1l fn r oo ts as Lnf I u t' IH.' t•d 

by th<· lnteracLlon of dlpplng fn•quency, nllrog<'n f< ·rLII-
lz.nllon, lrrlgatlon l nt c rval, nnd mi x lun• 

C1 C2 Av e rage 
Fl F2 F3 F4 Ave F1 F2 F3 F4 Av e C1 & C2 

Ml Il 352 433 378 228 348 172 216 238 86 177 263 
13 296 441 230 178 286 106 84 67 19 69 178 
14 214 347 332 90 246 62 40 61 18 45 146 

M3 11 582 508 325 279 424 458 418 287 98 315 369 
I3 426 484 386 120 354 280 332 196 30 210 282 
14 482 380 274 70 301 188 173 178 26 141 221 

M5 11 476 455 513 347 448 337 316 346 185 296 372 
I3 386 465 441 281 393 240 287 205 103 209 301 
14 353 290 594 281 379 306 230 333 89 239 309 

Averages of the abov e 
Ml 287 407 313 165 293 113 114 122 41 97 195 
M3 497 457 328 156 36U 309 308 220 51 222 291 
M5 405 403 516 303 407 295 278 294 126 248 327 

11 1,70 466 405 285 406 322 317 290 123 263 335 
I3 369 463 352 193 344 209 234 156 51 162 253 
14 350 339 400 147 309 185 148 190 44 142 225 

M or I 396 423 386 208 353 239 233 212 73 189 271 

Averages over cliEEings 
Ml 200 260 218 103 195 
M3 403 382 274 104 291 
M5 350 340 405 214 327 
Il 396 391 348 204 335 
13 289 349 254 122 253 
14 267 243 295 96 225 

M or I 318 328 299 140 271 

Note: Explanation of abbreviations and treatments on pages 31-35 
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Table 108. Av e rage pounds TAC per acre in grass roots as influenced 
by the interaction of clipping frequency, nitrogen f erti1-
ization, irrigation interval, and mixture 

Cl C2 Aver age 
Fl F2 F3 F4 Ave Fl F2 F3 F4 Ave C1 & C2 

M1 11 857 616 717 774 741 555 1066 1139 895 914 827 
I3 845 883 1130 854 928 977 1032 906 1320 1059 993 
14 513 774 590 1014 723 514 634 844 1288 820 771 

M2 ll 583 1013 926 814 834 464 75 2 597 806 655 744 
I3 606 816 642 768 708 421 558 582 647 552 630 
14 764 896 747 862 817 603 881 772 966 806 811 

M3 ll 568 678 566 719 633 574 506 739 646 616 624 
I3 611 650 600 854 678 566 785 440 1150 735 707 
I4 750 1089 797 1110 937 815 927 934 1029 926 931 

M5 Il 663 728 569 1046 752 738 936 690 944 82l 789 
I3 435 887 712 1032 766 670 858 700 1183 853 810 
I4 636 630 492 607 592 1006 1137 788 1550 1120 856 

M6 Il 844 980 1025 1002 962 808 1171 950 1103 1008 985 
IJ 741 840 777 834 798 1056 1226 747 970 1000 899 
I4 694 1089 1086 1038 977 841 87 5 909 1206 958 968 

Averages of the above 
Ml 738 758 812 881 797 682 910 963 1168 931 864 
M2 651 909 772 814 786 496 731 650 80 6 671 729 
M3 643 806 654 894 749 652 739 704 942 759 754 
M5 578 749 591 895 703 804 977 726 1226 933 818 
M6 760 970 963 958 912 902 1090 869 1093 989 951 
Il 703 803 760 871 784 628 886 823 879 804 794 
I3 648 815 772 868 776 738 892 675 1054 840 808 
I4 672 896 743 926 809 756 891 849 1208 926 867 

M or I 674 838 758 888 790 707 890 782 1047 857 823 

Averages over cliEI!ings 
Ml 710 834 888 1024 864 
M2 574 820 711 810 729 
M3 647 772 679 918 754 
M5 691 863 658 1060 818 
M6 831 1030 916 1026 951 
Il 665 845 792 875 794 
I3 693 854 724 961 808 
I4 714 893 796 1067 867 

M or I 691 864 770 968 823 

Note: Explanation of abbreviations and treatments on pages 31-35 
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Table 109. Average pounds TAC per acre in all roots as influenc ed by 
the interaction of clipping frequency, nitr ogen f erti1iza-
tion, irrigation int erval, and mixture 

C1 C2 Average 
F1 F2 F3 F4 Ave Fl F2 F3 F4 Ave Cl & C2 

Hl Il 1230 1060 1101 1005 1099 773 1336 1414 992 1129 1114 
I3 1194 1350 1384 1041 1242 1155 1179 1004 1366 1176 1209 
I 4 785 1187 976 1111 1014 644 804 1010 1312 943 979 

H2 Il 608 1064 944 815 858 512 835 648 820 704 781 
I3 694 880 650 776 750 491 640 616 660 602 676 
I4 792 970 791 864 854 649 933 832 982 849 852 

M3 Il 1150 1186 890 998 1056 1032 998 1026 743 950 1003 
I3 1036 1133 985 974 1032 846 1116 637 1181 945 988 
I4 1232 1469 1071 1180 1238 1003 1100 1112 1055 1068 1153 

M5 11 1139 1184 1082 1393 1199 1074 1252 1035 1130 1123 1161 
I3 821 1352 1152 1314 1160 910 111;5 905 1286 1062 1111 
I4 989 920 1087 888 971 1312 1366 1120 1639 1359 1165 

M6 11 844 980 1025 1002 962 808 1171 950 1103 1008 985 
I3 741 840 777 834 798 1056 1226 747 970 1000 899 
14 694 1089 1086 1038 977 841 875 909 1206 958 968 

Averages of the above 
M1 1070 1199 1154 1052 1119 857 1106 1143 1224 1083 1101 
M2 698 971 795 818 821 550 803 698 821 718 770 
M3 1139 1263 982 1050 1109 960 1072 925 993 987 1048 
M5 983 1152 1107 1198 1110 1099 1255 1020 1352 1181 1146 
M6 760 970 963 958 912 902 1091 869 1093 989 951 

Il 994 1095 1008 1043 1035 840 1119 1015 958 983 1009 
I3 897 1111 990 988 996 89 2 1061 782 1093 957 977 
I4 898 1127 1002 1016 lOll 890 1016 997 1239 1035 1023 

H or I 930 1111 1000 1015 1014 874 1065 931 1096 992 1003 

Averages over clieeings 
Ml 964 1153 1148 1138 1101 
M2 624 887 747 820 770 
H3 1050 1167 954 1022 1048 
M5 1041 1203 1064 1275 1146 
M6 831 1030 916 1026 951 
11 917 1107 1012 1000 1009 
I3 894 1086 886 1040 977 
I4 894 1071 999 1127 1023 

M or I 902 1088 966 1056 1003 

Not e: Explanation of abbreviations and treatments on pages 31-35 
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Table llO. Average root to forage (R/F) ratio as influenced by the 
interaction of clipping frequency, nitrogen fertilization, 
irrigation interval, and mixture 

C1 C2 Av e 
F1 F2 F3 F4 Ave Fl F2 FJ F4 Avl'C1&C2 

M1 Il 0 .93 l.OO 0.89 0.83 0.91 1.19 1.46 1.12 0 . 69 L.ll 1.01 
I3 0 . 87 0.95 0 . 80 0.73 0.84 1.07 l.l8 0. 76 0.62 0.91 0.87 
14 0.90 1.10 0 . 83 0 . 72 0.89 0.97 1.04 0.96 0.71 0.92 0.90 

M2 Il 1.56 1.59 1.15 0.88 l. 29 1.47 1.49 1.02 0.92 1.23 1.26 
I3 0.98 1.09 0 .70 0.65 0.86 0. 85 1. 26 0 . 66 0. 64 0.85 0.85 
14 l. 24 1.24 0.91 0.65 1. 01 1.17 1.16 0.86 0.65 0 . 96 0.99 

M3 Il 1.05 l. 21 0 . 80 0.95 1.00 l. 36 1.47 1.23 0.81 l. 22 l.ll 
I3 0 . 96 1.03 0.84 0.63 0.86 1.06 l. 61 0.88 0.68 1.06 0.96 
14 1.17 1.13 0.88 0.81 1.00 l. 28 0.97 1.09 0.71 1.01 1.00 

M5 Il l.ll 1.03 0 . 92 1.04 1.03 1.39 1.40 1.19 1. 25 1.31 1.17 
I3 0.89 1.10 0 . 84 0.76 0.90 1.18 l. 23 0.83 0.86 1.02 0.96 
I4 0.89 0.93 0 . 75 0.76 0.83 1.12 1.43 l.ll 0.94 1.15 0.99 

M6 Il 2 . 60 1.63 1.42 0.87 l. 63 2 . 56 2. 20 1.11 0.92 1. 70 1.66 
I3 1. 75 L. 36 0.98 0 . 66 1.19 2.18 2.04 0.86 0.65 1.44 1. 31 
I4 2.25 l. 45 1.19 0.71 1.40 1.50 1.77 1.09 0 . 70 l. 27 l. 33 

Averages of the above 
Ml 0.90 1.02 0.84 0.76 0.88 1.08 1. 23 0.94 0.67 0. 98 0.93 
M2 1. 26 l. 31 0 . 92 0. 73 1.05 1.16 1.30 0. 85 0. 74 1.01 1.03 
M3 1.06 1.12 0.84 0 . 80 0.95 1. 23 1. 35 1.06 0 . 73 1.10 1.02 
M5 0.97 1.02 0.84 0.85 0.92 1. 23 1.35 1.04 1.02 1.16 1.04 
M6 2 . 20 1.48 1.19 0 . 75 1.41 2 . 08 2.00 1.02 0. 76 1.47 1.44 

Il 1.45 1. 29 1.04 0.91 1.17 1.59 1.60 1.13 0 . 92 l. 31 1.24 
I3 1.09 1.10 0 . 83 0.69 0.93 1. 27 1.46 o. 80 0.69 1.06 0.99 
I4 l. 29 1.17 0.91 0 . 73 1.03 1. 21 1. 27 1.02 o. 74 1.06 1.04 

M or I 1.28 1.19 0 . 93 0 . 78 1.04 1.36 1.45 0.98 0.78 1. 14 1.09 

Averages over cliEEings 
Ml 0.99 1.12 0 . 89 0 . 72 0.93 
M2 1. 21 l. 31 0.89 0. 73 1.03 
M3 1.15 1. 24 0.95 o. 76 1.02 
M5 1.10 1.18 0.94 0.94 1.04 
M6 2 . 14 l. 74 l.ll 0.75 1.44 
Il 1.52 1.45 1.09 0.92 1.24 
I3 1.18 1.28 0.81 0.69 0.99 
I4 1.25 1.22 0 . 97 0. 74 1.04 

M or I 1.32 1.32 0.96 0. 78 1.09 

Note: Explanation of abbreviations and treatments on pages 31-35 
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Appendix C 

Analysis of Variance Tables 

Table 111. Analysis of variance of dry matter yields of total forage, 
1964 

Source of variation 

Replication 
Irrigation 
Error 
Clipping 
Clipping X irrigation 
Error 
Fertilization 
Fertilization x irrigation 
Fertilization x clipping 
Fertilization x irr. x clip. 
Error 
Mixture 
Mixture x irrigation 
Mixture x c lipping 
Mixture x irr. x clip. 
Mixture x fertilization 
Mixture x irr. x fert. 
Mixture x clip . X fert. 
Mix. X irr. x clip . x f ert. 
Error 

* Significant at 0.05 
*'' Significant at 0.01 

DF 

3 
2 
6 
1 
2 
9 
3 
6 
3 
6 

54 
4 
8 
4 
8 

12 
24 
12 
24 

288 

All other F values nonsignificant 

Mean square 

36325380 
9877256 
8873079 

136865300 
2792103 
2842304 

193369700 
755021 
436056 
601301 

2749690 
79748480 
3260859 
9300156 

443594 
6806662 

376656 
1077787 
428617 
483201 

F value 

48.15 ** 

70.32 ** 

165.04 ''* 
6. 75 '"' 

19 .25 M< 

14.09 M< 

2 . 23 ~' 
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Table 112. Analysis of variance of percent forage prot ein, 1964 

Source of variation 

Irrigation 
Clipping 
Clipping x irrigation 
Fertilization 
Fer tilization x irriga t ion 
Fertilization x clipping 
Fertilization x irr. x clip . 
Mixture 
Mixture x irrigation 
Mixture x clipping 
Mixture x irr . x clip . 
Mixture x f ertilization 
Mixture x irr . x fert . 
Mixture x clip . x fert . 
Mixture x irr. x clip . x fert. 

(Error) 

'"''' Significant at 0.01 

DF 

2 
l 
2 
3 
6 
3 
6 
4 
8 
4 
8 

12 
24 
12 
24 

All other F values nonsignificant 

Mean square 

7.066 
17.580 

5 . 316 
0.258 
4.363 
2.574 
6.063 

32. 186 
5.311 

16.301 
3.096 
4 . 076 
6 . 500 
2.312 
5 . 875 

F value 

5 . 48 *'" 
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Table 113. Analysis of variance of fora ge protein production, 1964 

Source of variation 

Replication 
Irrigation 
Error 
Clipping 
Clipping x i rrigation 
Error 
Fertilization 
Fertilization x irrigation 
Fertilization x clipping 
Fertilization x irr. x clip. 
Error 
Mixture 
Mixture x irrigation 
Mixture x clipping 
Mixture x irr. x clip. 
Mixture x fertiliza tion 
Mixture x irr. x fert. 
Mixture x clip. x fert. 
Mixture x irr. x clip. x fert. 
Error 

·Jd, Significant at 0.01 

DF 

3 
2 
6 
1 
2 
9 
3 
6 
3 
6 

54 
4 
8 
4 
8 

12 
24 
12 
24 

288 

All other F values nonsignificant 

Mean square 

856885 
159300 
302253 

1836327 
499254 
105868 

6517720 
122934 

12029 
138928 
144723 

4487508 
274321 
777164 
136936 
141454 

82208 
101382 
111369 

86945 

F value 

17.35 ** 

45.04 ""' 

51.61 ~"'' 
3.16 .... ,.,., 

8.94 ** 
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Table 114. Analysis of variance of dry matter yields of ladino clover 
roots, 1965 

Source of variation 

Replication 
Irrigation 
Error 
Clipping 
Clipping x irrigation 
Error 
Fertilization 
Fertilization x irrigation 
Fertilization x clipping 
Fertilization x irr . x clip . 
Error 
Mixture 
Mixture x irrigation 
Mixture x irr. x fer t . 
Mixture x clip. x fer t. 
Mix . x i r r . x clip . x f ert. 
Error 

* Significant at 0. 05 
M< Significan t at 0 .01 

DF 

3 
2 
6 
1 
2 
9 
3 
6 
3 
6 

54 
1 
2 
6 
3 
6 

72 

All other F va lues nonsignificant 

Mean square 

382990 
296830 
339523 
942900 

18915 
89977 

1377317 
205847 
45553 
11620 
69702 

153290 
109740 

32685 
34670 
51365 
31994 

F value 

10 . 48 1< 

19.76 *'' 
2. 59 ,, 

4 . 79 * 
3.43 * 
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Tnblc 115. 1\nnlysls of variance of dry matter yields of nlfnlfn 
roots, 1965 

Source of variation 

Replication 
Irrigation 
Error 
Clipping 
Clipping x irrigation 
Error 
Fertilization 
Fertilization x irrigation 
Fertilization x clipping 
Fertilization x irr. x clip. 
Error 
Mixture 
Mixture x irrigation 
Mixture x irr. x fert. 
Mixture x clip. x fert. 
Mix. x irr. x clip. x fert. 
Error 

* Significant at 0.05 
** Significant at 0~01 

DF 

3 
2 
6 
1 
2 
9 
3 
6 
3 
6 

54 
2 
4 

12 
6 

12 
144 

All other F values nonsignificant 

Mean square 

1786435 
14278630 

751143 
76219050 

57969 
812402 

19790710 
684786 
227569 
309254 
264166 

20359620 
78440 

203132 
327122 
216661 
133655 

F value 

19.01 >'d< 

93.82 >d< 

74.92 ** 
2. 59 * 

152.33 >d< 

2. 45 * 
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Table 116. Analysis of variance of dry matter yields of legume roots, 
1965 

Source of variation DF Mean square F value 

Rep lLca t ion 3 2372766 
Irrigation 2 8735605 7 . 83 1< 

Error 6 1115996 
Clipping 1 47185010 98.83 ** Clipping X irriga tion 2 93302 
Error 9 477933 
Fertilization 3 21482960 109.14 ** Fertilization x irrigation 6 686954 3 . 49 ** 
Fertilization x clipping 3 75823 
Fertilization x irr. X clip. 6 234810 
Error 54 196839 
Mixtur e 3 57026600 434 . 50 *'' Mixture x irrigation 6 1371725 10.45 1<* 

Mixture x clipping 3 7222007 55.03 ** Mixtur e x irr. x clip. 6 13802 
Mixture x fertilization 9 1427225 10.87 'b~ 

Mixture x irr. X fert. 18 217115 
Mixture x clip. x fert. 9 149536 
Mix. X irr. x clip. X fert. 18 153106 
Error 216 131248 

,., Significant at 0.05 

** Significant at 0.01 
All other F va lues nonsignificant 
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TnblL• 117. Analysis of variance of dry matter yields of grass roots, 
l965 

Source of variation 

Replication 
Irrigation 
Error 
Clipping 
Clipping x irrigation 
Error 
Fertilization 
Fertilization x irrigation 
Fertil iza tion x clipping 
Fertilization x irr . x clip. 
Error 
Mixture 
Mixture x irrigation 
Mixtur e x clipping 
Mixture x irr . x clip . 
Mixture x fertiliza tion 
Mixture x irr . x f ert. 
Mixture x clip. x fert. 
Mix. x irr. x clip . x fert. 
Error 

1< Significant at 0 .05 
*'~ Significant at 0.01 

DF 

3 
2 
6 
1 
2 
9 
3 
6 
3 
6 

54 
4 
8 
4 
8 

12 
24 
12 
24 

288 

All other F va lues nonsignificant 

Mean square 

33137800 
14258390 

2325146 
1392669 

782444 
1440970 

79873720 
839938 

3160439 
1450777 
2220237 

16953120 
527951 

10876110 
1199202 
2936160 
888220 

1542398 
776818 
74465.3 

F value 

14. 25 1n'< 

6.13 * 

35.98 ** 

22 . 17 M< 

14.22 '"~ 

2.02 * 
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Table 118. Analysis of variance of dry matter yi e lds of the total 
roots, 1965 

Source of variation 

Replica t Lon 
Irrigation 
Error 
Clipp ing 
Clipping x irrigation 
Er ror 
Fertilizer 
Fertilizer x i rri gation 
Fertilizer x cl ipping 
Fertilizer x irr. x clip. 
Error 
Mixture 
Mixture x irriga tion 
Mixture x clipping 
Mixtur e x irr . x clip. 
Mixture x fertiliza tion 
Mixture x irr. x fert. 
Mixture x clip. x fert. 
Mix. x irr . x clip . x f ert. 
Error 

1< Significant at 0.05 
** Signi ficant at 0.01 

DF 

3 
2 
6 
1 
2 
9 
3 
6 
3 
6 

54 
4 
8 
4 
8 

12 
24 
12 
24 

288 

All other F values nonsignificant 

Mean s quar e 

20752400 
325823 10 

2526604 
24372950 

395 183 
1943029 

80152570 
1866414 
2547974 
1629042 
2343861 

31315670 
1930331 
5679452 
1308535 
2324559 

942433 
1373564 

988943 
762505 

F value 

8 . 21 * 
12.90 ~'de 

12. 54 1ri< 

34 . 20 1<* 

41.07 *1' 

2. 53 * 
7.45 ** 

3.05 -~* 

1.80 -n· 



Table 119. Analysis of variance of pe r cent TAC of ladino c lover 
roots, 1965 

Source of variation 

Irriga tion 
Clipping 
Clipping x irrigation 
Fertilization 
Fertilization x irrigation 
Fertilization x clipping 
Fer tilization X irr. x clip. 
Mixtur e 
Mixture x irrigation 
Mixture x clipping 
Mixtur e x irr. x clip . 
Mixture X fertiliza tion 
Mixtur e x irr. X fert. 
Mixture X clip. X fert . 
Mix . X irr. X clip. X fert. 

(Error) 

'' Significant at 0.05 
'"' Significant at 0.01 

DF 

2 
1 
2 
3 
6 
3 
6 
1 
2 
l 
2 
3 
6 
3 
6 

All other F values nonsignificant 

Mean square F value 

14.010 
4.213 

39.105 5.41 
57.116 7.90 
18.937 

6.873 
11.313 

381.377 2.76 
5 . 831 
4.613 

10.708 
14.575 

9 .001 
5.138 
7.228 

208 

;, 

* 

** 
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Tabl e 120. Analysis of variance of percent TAG of alfalfa roots, 
1965 

Source of variation 

Irriga t lon 
Cllpplng 
Clipping x irrigation 
Fer tilization 
Fer tilization x irrigation 
Fer tilization x clipping 
Fertilization x irr. x clip. 
Mixture 
Mixture x irrigation 
Mixture x clipping 
Mixture x irr. x clip. 
Mixture x fertilization 
Mixture x irr. x fert. 
Mixture x clip. x fert. 
Mix. x irr. x clip . x fert . 

(Error) 

* Significant at 0.05 
All other F values nonsignificant 

DF 

2 
1 
2 
3 
6 
3 
6 
2 
4 
2 
4 
6 

12 
6 

12 

Mean square F value 

2.854 
3 .614 
1.486 
0.448 
1.652 
1.124 
1.886 

10.334 4.44 * 
3.269 
1.249 
2.335 
8.983 3.86 * 
2.634 
1.238 
2.328 
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Table 121. Analysis of variance of percent TAG of grass roots, 1965 

Source of va riation 

Irrigation 
Clipping 
Clipping x irrigation 
Fertiliza t ion 
Fertilization x irriga t ion 
Fertilization x clipping 
Fertilization x irr . x clip. 
Mixture 
Mixture x irrigation 
Mixture x clipping 
Mixture x irr. x clip. 
Mixture x fertilization 
Mixture x irr. x fert . 
Mixture x clip . x fert . 
Mix . x irr . x clip . x f er t. 

(Error) 

* Significant a t 0.05 
M< Significant at 0.01 

All other r esults nonsignificant 

DF 

2 
l 
2 
3 
6 
3 
6 
4 
8 
4 
8 

12 
24 
12 
24 

Mean s quare F value 

49 .716 12.05 ** 28.792 6 . 98 ~' 
3 . 472 

41.037 9.95 *'" 8.644 
18.803 4.56 * 

6. 464 
78.532 19 . 04 *"~'c 

33.370 8.09 *"'( 
12.967 3 . 14 '" 

5 .495 
6.613 
6.583 
5 . 937 
4 . 124 
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Table 122. Analysis of variation of percent TAG of total roots, 1965 

Source of variation 

Irrigation 
Cllpp lng 
Clipping x irrigation 
Fertilization 
Fertilization x irrigation 
Fertilization x clipping 
Fertilization x irr. x clip. 
Mixture 
Mixture x irrigation 
Mixture x clipping 
Mixture x irr. x clip. 
Mixture x fertilization 
Mixture x irr . x fert. 
Mixture x clip . x fert. 
Mix. x irr . x clip. x fert. 

(Error) 

'' Significant at 0.05 
'"' Significant at 0.01 

All other F value nonsignificant 

DF 

2 
1 
2 
3 
6 
3 
6 
4 
8 
4 
8 

12 
24 
12 
24 

Mean square F value 

37.091 12.02 ~·o'<: 

26.564 8.61 *'' 
2.086 

34.314 11.12 'io'r 

7.793 2.53 1< 

19.902 6.45 ')'(* 

4.370 
63.859 20.70 *1' 

19.220 6.23 1<* 

11.071 3.59 ,, 
4.580 
5 . 263 
4.381 
5 .11 7 
3.085 
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Tabl e 123 . Analys is of variance of TAG of ladino clover roots, 1965 

Sou~cc of vorlotlon 

Rep lie at ion 
Irrigation 
Error 
Clipping 
Clipping x irrigation 
Error 
Fertiliza tion 
Fertilization x irrigation 
Fert i liza tion x clipping 
Fe rt i lization x irr. x clip. 
Error 
Mixture 
Mixture x irrigation 
Mixture x clipping 
Mixture x irr. x clip. 
Mixtur e x fertilization 
Mixture x irr. x f e rt . 
Mixture x clip . x fert . 
Mix. x irr. x clip. x f crt . 
Error 

'' Significant at 0 . 05 
** Significant at 0 . 01 

DF 

3 
2 
6 
l 
2 
9 
3 
6 
3 
6 

54 
l 
2 
l 
2 
3 
6 
3 
6 

72 

All other F values nonsignificant 

Mcnn s quar e 

9219 .03 
636 6. 40 
8709 . 24 
1769 . 88 
457 . 52 

2131. 10 
25701. 23 
3617 . 87 
1019.01 

209.60 
1532 .63 

76.26 
5100 . 52 
1710.05 

703 . 00 
428.24 

1236.47 
756 . 78 
971.03 
560 . 84 

F valu<' 

8.30 '~ 

16.77 i <i' 

2. 36 '~ 
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Table 124. Analysis of variance of TAG of a lfalfa r oots, 1965 

Sour ce of variation DF Mean square F va lue 

Replication 3 37616 
Irrigation 2 308750 16 . 74 *'k 

Error 6 18443 
Clipping 1 1937988 100.82 -,'(•/<; 

Clipping X irrigat ion 2 9123 
Error 9 19222 
Fcrtlllzation 3 55 7473 72.85 -,'de 

Fcrtllizat lon x irrigation 6 24288 3.17 ''* Fe rtilizat i on x clipping 3 9667 
Fe rtilization x irr. x clip. 6 7399 
Error 54 765 3 
Mixture 2 446657 116.29 *"'' Mixture x irrigation 4 16823 4.38 ** Nixture x clipping 2 20939 5.45 ** Mixture x irr. x clip. 4 2700 
Mixture x f e rtilization 6 76893 20.02 ** Mixture x irr . x fer t , 12 9696 2.52 ** Mi xture x clip. X fert. 6 22728 5.92 *1' 

Mix . X irr. x clip . X fert. 12 8715 2.27 * Error 144 3841 

1< Significant at 0.05 

''* Significant at 0.01 
All other F values nonsignificant 
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Tnbl l' 125. Analysis of variance of TAC of grass roots, 1965 

Source of variation 

Replication 
Irrigation 
Error 
Clipping 
Cl i pping x irrigation 
Error 
Fertilization 
Fertilization x irrigation 
Fertilization x clipping 
Fertilization x irr. x clip. 
Error 
Mixture 
Mixture x irrigation 
Mixture x clipping 
Mixture x irr. x clip. 
Mixtur e x fertilization 
Mixture x irr. x fert. 
Mixture x clip. x fert. 
Mix. x irr . x c lip. x fert. 
Error 

'' Significant at 0.05 
** Significant at 0.01 

DF 

3 
2 
6 
1 
2 
9 
3 
6 
3 
6 

54 
4 
8 
4 
8 

12 
2'• 
12 
24 

288 

All other F values nonsignificant 

Mean square 

883004 
243780 

53764 
535803 

94958 
26264 

1715970 
81050 

116066 
108397 

54081 
758708 
341090 
406342 
158365 

99333 
73241 
43130 
79849 
21867 

F value 

16.42 ** 

20.40 ** 

31. 73 '~* 

34.70 ** 
15.60 ** 
18.58 *"i< 

7.24 *'~ 
4.54 ;,* 
3.35 ** 
1.97 * 
3.65 ** 
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Table 126. Analysis of variance of TAC of total roots, 1965 

~our c~ of vnrlnncv DF Me.'ln squn rt• F vnlul! 

Replication 3 544474 10. 29 ""'' 
Irrigat ion 2 90786 
Error 6 52923 
Clipping l 60480 
Clipping x irrigation 2 67307 
Error 9 39760 
Fertilization 3 866544 15.05 '~* 
Fertilization x irrigation 6 96957 
Fertiliza tion x clipping 3 145540 
Fertilization x irr. X clip. 6 145436 2.53 * 
Error 54 57573 
Mixture 4 2142527 99.77 ** 
Mixture x irrigation 8 237476 11.06 ** 
Mixture x clipping 4 209215 9.74 ** 
Mixture x irr. x clip. 8 184593 8.60 ** 
Mixture x fertilization 12 87564 4.08 ·lrk 

Mixture x irr. x fert. 24 68359 3.18 Yn'c 

Mixture x clip . x fert . 12 56083 2.61 ** 
Mix. X irr. x clip . X fert. 24 81341 3.79 ·k')'( 

Error 288 21475 

"' Significant at 0.05 
">'de Significant at 0.01 

All other F values nonsignificant 
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Table 127. Analysis of variance of the root/forage ratio as a 
percent, 1964 and 1965 

Source of variance DF Mean square F value 

Replication 3 4 .073 15.98 *·k 

Irrigation 2 2.812 11.03 *"''( 
Error 6 0.255 
Clipping 1 1. 227 15.73 ''* 
Clipping x irrigation 2 0.132 
Error 9 0.078 
Fertilization 3 8.685 33.79 ** 
Fertilization x irrigation 6 0.121 
Fertilization x clipping 3 0.353 
Fertilization x irr. x clip. 6 0.108 
Error 54 0.257 
Mixture 4 3.740 46.33 ** 
Mixture x irrigation 8 0.144 
Mixture x clipping 4 0.259 3.21 * 
Mixture x irr. x clip. 8 0.106 
Mixture x fertilization 12 1.122 13.90 *,'c 
Mixture x irr. X fert. 24 0.064 
Mixture x clip. x fert. 12 0 . 129 
Mix. X irr. x clip. x fert. 24 0.063 
Error 288 0.081 

i< Significant at 0 . 05 
*,'c Significant at 0.01 

All other F values nonsignificant 
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