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ABSTRACT

Two alfalfa cultivars, ’Rangerf and TLew,f and three ex
perimental alfalfas, ’Hayden PX,’ ’Heat-tolerant,’ and ’Salt- 
tolerant,’ were tested in the field in combination with five 
different rhizobia strains, near Tucson, Arizona. A superior 
rhizobia strain was sought that would enhance alfalfa yields, 
especially during the head of mid-summer.

Four of the rhizobia strains were isolated previously 
from Arizona soils, then purified, increased, and placed on seed ■ 
by an industrial coating process. The other source of inoculum 
was obtained from the Nitrogin Company of Milwaukee, Wisconsin, 
and was applied to seed by the slurry technique immediately 

prior to planting in the fall of 1977. Five harvests were made 
in 1978 and analyses of variance and the Newman-Keuls test were 
used in the interpretation of the data.

Few significant yield increases, as a result of the sym
biosis between natural strains and adapted genotypes, were noted

i

over the total growing season or at any harvest. Ranger, a cul- 

tivar unadapted to Southern Arizona’s climate, yielded less than 
all other genotypes.

Forage yields of all cultivars decreased considerably 
after July as a result of ’’summer slump.”



CHAPTER 1

INTRODUCTION .

This thesis is a very small part in the large movement of 
research throughout the world on biological nitrogen fixation.
In the forefront of this effort is the research being conducted 
in legume-rhizobia symbiosis, although research in biological 
nitrogen fixation is also being expanded into non-leguminous 

crops.
Because of the need for increased food production, there 

is a demand for more nitrogen fertilizer. Consequently, the re
quirements for raw materials and energy to manufacture these fer
tilizers also increase. Biological nitrogen fixation is ah 
important means in reducing the pressures of these demands.
Crops which can satisfy their nitrogen requirements through sym
biotic nitrogen fixation will not need fertilizers of industri
ally fixed nitrogen. Additionally, the effective use of 
biological nitrogen fixation can boost crop yields in many coun

tries and increase the protein level in the diet of the peoples 
of developing countries.

1



CHAPTER 2

REVIEW OF LITERATURE

Biological Nitrogen Fixation 
Biological nitrogen fixation is commonly associated with 

the bacteria, genus Rhizobium, and its host, a legume. During 
the development of the new and young roots of a legume, the rhi- 
zobia, if in the soil, and capable, will infect the roots and 
initiate bacterial colonies which enlarge and cause the host 
plant to form a nodule or small body of tissue around the infec
tion area. Then, if environmental conditions are favorable, the 
bacteria fix atmospheric nitrogen, Ng, and convert it to nitro
genous compounds. These compounds eventually become available to 
the plant and aid its growth. The plant, in turn, provides the 
carbohydrate material necessary as an energy source for the bac

teria. Thus, both organisms are benefited. This is symbiosis. 
Rhizobium meliloti is the species of rhizobia that can form a 
symbiotic relationship with cultivated alfalfas, Medicago sativa, 
M. falcata,.as well as with species of Melilotus.

History of Alfalfa-Rhizobia 
Research in Arizona

The first known study of alfalfa inoculation in Arizona
was reported by Hawkins in 1923. At two experimental sites, he



inoculated alfalfa with a commercial inoculum sold to farmers at 
that time. Inoculation did not result, in increased yields at the 
Salt River Valley experimental farm. However, similar studies at 
the Sulphur Spring Valley-Dry Farm demonstrated that 15% in
creases. in yield were possible as a result of inoculation.

Hawkins also sterilized soil in pots and planted them with alfal
fa. Some pots were inoculated; others were not. Weights of tops 
and roots increased as a result of inoculation, and maturity was 
hastened by five to seven days. He (1923, p. 84) made two other 
observations which were classic: "Root nodules cannot be found
in nearly so great abundance during the hot summer months as dur
ing cooler weather," and "an application of 2 0 times normal of 
commercial inoculum in a sterile soil gave a yield of alfalfa 
three times as heavy as a normal application."

An unpublished study by Massengale (1965) between the 
years 1961 and 1964 was described by Brown (1976). One cultivar 
of alfalfa, ’Moapa,’ was inoculated with different rhizobia 
strains by several different methods. No significant differences 
were found between any treatments or checks on the basis of for
age yield or nitrogen content of plant material.

A study conducted by Brown (1976) produced similar re
sults. This time, however, six cultivars of alfalfa were inocu
lated with a commercial inoculum in the field and compared to 
ininoculated check plots. Brown's results showed no significant 
differences between cultivars or treatments on the basis of 
forage produced or percent protein in the tops. Brown suggested



in his summary remarks that native strains already adapted to 
Arizona’s arid climate and saline soils be isolated from effec
tive nodules on alfalfa roots, cultured> and developed as inocu- 
la. These strains would hopefully compete successfully against 
the wild strains already present in the Southwest’s calcareous 
soils.

This thesis, in part, has carried out the suggestions 
made by Brown.

Classification of Modulation

The following classification of nodulation was used by 
Caldwell and Vest (1977), and will be used generally in this 
work: Nonnodulated means that there are no nodules, nor the ini

tiation of nodules as can be observed by the naked eye. The 
plant, if grown in a nitrogen-free medium, will be small and 
chlorotic, a symptom common for nitrogen deficiency. Ineffective 
nodulation describes the situation in which roots bear cortical 

proliferations or small nodule-like structures. The centers of 
these structures may be white, green, or pink. The host plant is 

still small and chlorotic, if grown in a nitrogen-free medium. 
Effective by inefficient nodulation is the term for roots that 
are nodulated but nitrogen fixation is insignificant. The nodules 

have green, white, or sometimes have pink interiors. However, the 
plant still exhibits some degree of chlorosis and is small to 
medium in height compared to plants receiving adequate nitrogen. 
Effective and efficient nodulation describes roots well
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nodulated. These nodules have pink interiors and the plant is 
dark green and healthy. These terms are used differently by some 
authors, but their meanings are clear in context.

Cultivar and Strain Effect 
on Productivity

Several researchers have determined that both plant geno
type and rhizobia strain have an effect on modulation and nitro
gen fixation. Most of the research below cited was performed 
under controlled conditions in the greenhouse and in nitrogen- 
free media.

Cultivar effects were studied by Burton and Wilson in 
1939. Among species of Medicago, host plant specificity was very 

definite. But among three cultivars of Medicago sativa, cultivar 
effects were significant in only one of the three experiments 
conducted.

Erdman and Means (1953) studied the effects of 21 strains 
on three cultivars of alfalfa: ’Buffalo,1 ’Narraganset,’ and
’DuPuits.’ The cultivars differed widely in genetic composition. 
Rhizobia strains used in the experiment were from the United 

States, Turkey, Alaska, and Africa. Significant strain X culti
var interactions were found because the cultivars responded dif
ferently to the individual strains.

In 1962, Gibson reported positive results in an experi

ment that involved 15 cultivars of alfalfa and several strains of 
R. meliloti. Gibson found that some cultivars were more effec
tive than others in their symbioses with these bacterial strains.



This he attributed to genetic adaptation. Likewise, some 
strains were generally more effective on the cultivars tested 
than other strains. Some high cultivar X strain interactions 
were found, but Gibson cautioned that care be taken in their in

terpretation. Yet, such interactions may suggest selecting a 
strain for each cultivar.

Leach (1968) worked with 40 cultivars of alfalfa and a 
commercial inoculum composed of two rhizobia strains. He found 
differences among the cultivars in their tendency to nodulate. 
Some cultivars would not nodulate, and some cultivars were less 
effective in forming nodules than others.

Gasser et al. (1972) tested the effects of five R. meli-
loti strains on five alfalfa cultivars. Strain effects in the

}
first cutting were very noticeable, but less so in the second 
cutting. The effects disappeared in the third cutting. Some 

cultivar X strain interactions were significant in the first cut
ting but disappeared by the second cutting.

Bordeleau, Antoun, and Lachance (1977) tested 49 iso
lates of R. meliloti with a single cultivar, ’Saranac,’ and found 
six strains to be very efficient. In this experiment, yield data 
from the second of three cuttings gave the researchers the best 
information for evaluating the symbiotic efficiency of the dif 
ferent strains.

Variation in the response of cultivar or strain in symbi

osis has been found in other associations of legume and rhizobia 
species. Some examples follow:



Hely (1957) studied the variation among Trifolium am- 
biguum races and Rhizobium trifolii strains towards ef
fective symbiosis. Some races of T. ambiguum were more 
resistant to infection by rhizobium. Among Turkish, 
Australian, and New Zealand strains of R. trifolii, the 
Turkish ones nodulated more readily and effectively. In 
a second study, Hely (1963) found that plants in a dip
loid line of T. ambiguum varied greatly as to time of 
nodulation and in effectiveness of nodules to fix 
nitrogen.
Bowen (1959a) found a range in effectiveness in the 21 
rhizobia isolates used in a study with Centrosema pubes- 

cens Benth. 'The differences among the strains were not 
determined by their ability to fix nitrogen, but by their 
ability to form nodular tissue. Effective strains either 
had more nodules per plant or formed nodules of greater 
volume. In a slightly different study, Bowen and Kennedy 
(1961) found extreme variation in nodulation and plant 

growth within several commercial seed lots of C. pubes- 

cens that were inoculated. with different rhizobia strains. 
Some lines of this plant species were profusely nodulated 
and other lines were sparsely nodulated.
Nutman (1968) found several genes in red clover that 
caused inefficient nodules. These genes caused failure 
of nitrogen fixation in certain rhizobia strains, but had 
no effect on nodule size, numbers, or formation. A



strain effect was also reported in this study: three
strains were outstanding, four intermediate, and one in
effective with unselected red clover. '

4. Nicholas (1971) reported an interesting study involving 
nodulation in Glycine wightii. The F2 population of a 

cross between two cultivars or lines was better nodulated 
and produced more dry matter. Nicholas and Haydock 
(1971) observed considerable variation in three commer
cial cultivars in ability to nodulate. Both studies sug
gested that breeding programs could be developed to 
select for increased nodulation. Such a program would be 
particularly valuable in cultivars with poor nodule 
production.

5. In a study involving cowpea, Vigna unguiculata (L.)
Walp., Minchin, Summerfield, and Eaglesham (1978) found 
certain strains of rhizobia to be effective with certain 
cultivars. However, no strain was superior for all 
cultivars.

Effect of High Temperature and 
Aridity on Symbiosis

The major irrigated agricultural areas of Arizona and of 
the Southwestern United States are in deserts. High tempera
tures and aridity pose problems to both farmer and researcher.. 
Cultivars are often developed to be heat and drouth tolerant. 
Since rhizobia and nitrogen fixation are sensitive to high



temperature (Chatel and Parker 1973; Roponen, Valle, and Hala
1970), as are plants, this subject is of much concern to re
searchers in arid zones.

Based on studies by Meyer and Anderson (1959), using sub
terranean clover, nitrogen fixation, and not nodulation, was in
hibited by higher temperatures. The plants of Trifolium 
subterraneum L. var. 'Bacchus Marsh’ were grown at two tempera
tures, 20 and 30 C, in nitrogen-free agar. Some plants were ino
culated, some were not, and others were given potassium nitrate 
(KNO3 ). Inoculated plants were well nodulated at both tempera
tures, but only the plants treated with KNO3 produced good yields 
at the higher temperature. At the lower temperature, only the 
uninoculated plants yielded poorly.

Gibson (1963) reported an experiment similar to that of 
Meyer and Anderson (1959). He used four cultivars of Trifolium 
subterraneum L. and inoculated them with two strains of R. tri- 

folii. At the high root temperatures of 26 and 30 C, Gibson 
found that cultivars given nitrogen varied in plant-dry weight 

production. Yield variation of the inoculated plants was due to 

host-strain combinations. Some combinations showed a marked re
duction in nitrogen fixation at 30 C. On a single cultivar, dif
ferent strains varied as to their ability to nodulate the plant. 
As root temperature increased, some strains were' less infective, 
some were unaffected, and other strains produced greater number 

of nodules.
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Pate (1961), who worked with purple vetch, Vicia atro- 

purpurea Desf-, and barrel medic, reported that certain rhizobia 
strains effectively formed nodules at high temperatures, whereas 
other strains did not. He suggested that bacterial strains be 
selected to overcome the limitations of unfavorable growing con
ditions on symbiosis. In another report, Pate (1962) commented 

that the effects of high temperatures on bacterial strains were 
of minor importance when considering their overall effect on the 
host plant.

Pankhurst and Gibson (1973) reported that only one of 
four R. trifolii strains continued to fix nitrogen effectively 
after transfer from 22 to 30 C. One of the strains was active 
for three to four days after the transfer to the higher tempera
ture, but then rapidly lost its nitrogen fixing ability due to 
nodule breakdown.

Working with R. meliloti, Bowen and Kennedy (1959), and 
Wilkins (1967), found some strains to be more tolerant of high 
temperature than others. Wilkins, who did his work in Australia, 
found that strains imported from cooler climates were not as well 
adapted to high temperatures as were those strains imported from 

arid zones.
Possingham, Moye, and Anderson (1965), working with Tri

folium subterraneum L. var fBacchus Marsh,’ found that high root 
temperature (30 C) caused an increase in the number of nodules, 
but resulted in a reduction in protein, nitrogen content, and dry 
weight of plants not supplied with fertilizer nitrogen. High
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shoot temperature (30 C) had no adverse effect on nitrogen con
tent of plants, but did reduce yields of fertilized and non
fertilized plants. Plants transferred from a low to a high root 
temperature regime had nodules with less pink tissue after 48 

hours.

Native Strains
Many soils harbor native or indigenous strains of rhizo- 

bia. If native strains are effective and efficient, then inocu
lation of seed or soil with a suitable strain is unnecessary. 
However, if native strains are absent, or present but nonnodulat- 
ing or inefficient, then inoculation is advised (Roughley 1976; 
Skerman 1977).

In the presence of inefficient native strains, it is nec
essary to "swamp" the soil with an efficient strain by tremen
dously increasing the inoculation rate (Parker, Trinick, and 
Chatel 1977). However, this procedure is not always successful 
(Boonkerd, Weber, and Bezdicek 1978). The strain used in inocu
lation should have a competitive characteristic for infecting 
nodulation sites on the root system (Date 1976; Parle 1967).
This will give the rhizobia strain an additional advantage over 

native strains.
Indigenous rhizobia strains are often better adapted to 

local conditions than introduced strains. This is due to the 
process of natural selection. Therefore, when selecting strains
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for crops to be grown in harsh environments, native strains 
should not be overlooked (Lie 1971).

Inoculation Techniques and Materials
There are three common methods of inoculation: dusting,

slurry technique, and pelleting. The first is the simplest but 
least effective. The inoculant is mixed with the seed prior to 

planting. Very little inoculant adheres to the seed and much 
falls off while the seed is passing through the planter. The 
slurry technique is like dusting except that the seed is moist
ened prior to application of the inoculant. Pelleting is an in
dustrial procedure requiring specialized equipment, therefore 
eliminating it as an on-farm practice (Johnson 1976). The rhizo- 

bia are protected from toxic substances that may exist on the 
seed coat by being separated from it by a layer of material, usu
ally peat. The rhizobia are also protected from unfavorable phy
sical and chemical conditions of.the soil by an outer layer of 
material (Brockwell 1977).

As mentioned, peat is the most common material used, al
though many other materials have been tested and some were as 

good as peat (Strijdom and Deschodt 1976). Limestone is added to 

the pelleting material for seed to be planted in acid soils, but 
can be replaced with bentonite clay for use in nonacid soils 

(Burton 1976).
The last three authors cited recommend pelleting of seed 

that will be sown into hot, dry soils. Pelleting increases the
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chances for the survival of a sufficient number of the applied 
rhizobia.

Selection Process for Superior 
Rhizobia Strains

Laboratory and field studies are used to select adapted, 
effective strains of rhizobia. The laboratory work is basically 
a screening process to obtain a set of strains with above-average 
ability to nodulate and fix nitrogen. Field studies evaluate the 
performance of each strain under a wide variety of environmental 
conditions and test the strain’s ability to colonize the rhizo- 
sphere, to compete for nodule sites, and to persist in the soil. 

Hence, it is the ’’ultimate” test (Date and Roughley 1977; Lie
1971).

Date (1976) listed selection criteria for effective rhi
zobia strains. They include: formation of nitrogen-fixing nod
ules on the host under varying field conditions, competitiveness 
in nodulation, survival and multiplication in the soil, prompt 

nodulation for various root temperatures, good growth in culture, 
growth and survival in peat, survival on the seed, pH tolerance, 
pesticide tolerance, and nodulation in presence of combined 

nitrogen.
Date (1976) also suggested a general procedure to be used 

in the field which consists of three treatment groups. The first 
group is not inoculated in order to serve as a control or check, 
and to discover the presence and degree of effectivity and effi
ciency of naturally occurring rhizobia. The second group of
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treatments contains potentially useful strains obtained from 
greenhouse screening. The third treatment group involves plots 
with inoculated hosts supplied with fertilizer nitrogen. This 
group tests the performance of each strain in the presence of 
combined nitrogen.

Several evaluation techniques used in the field to deter- , 
mine efficiency of strains were scrutinized by Thompson, Roughley, 
and Herridge (1974). The four techniques compared were: per
centage of plants nodulated, dry matter yield per unit area, vis
ual rating of yield, and mean dry weight of individually 
collected plants. As a basis of comparison, they used the dry 
matter yield per unit area method, since it is the most reliable. 
This basis of comparison is not without experimental basis, how
ever. Erdman and Means (1952) found, in laboratory tests, that 

yields of plants grown in' sand cultures were highly correlated to 
the amount of nitrogen obtained by symbiosis. Bordeleau et al. 

(1977) obtained similar data and concluded that plant weights can 
be used as an indirect method to measure nitrogen-fixation. Most 
likely, the correlation would not be as striking in the field, 
due to varying degrees of nitrogen content in the soils. In 
their study, Thompson et al. (1974) found that percentage of 

plants nodulated was not a reliable indicator of efficiency since 
it was not related to yield. This first, method was evaluated on 

both swards and rows. Visual ratings were good for rows, but 

less reliable for swards. The use of mean dry weight of indi

vidually collected plants was also unreliable, except when a
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large sample was collected and a calculated yield (mean plant 
weight X number of plants collected) was made. The data obtained 
from this method were too variable when considered as individual 
plant weights. Therefore, in this study, dry matter yield of 

rows was the method used to evaluate strain efficiency. Also, 
visual ratings of rows were used once, early in the experiment, 
to evaluate strain and seed coating effects.



CHAPTER 3 

MATERIALS AND METHODS 

Selection of Cultivars and Treatments
Two cultivars and three experimental alfalfas were se

lected for use in this study based on past experimentation and 
recent breeding programs at The University of Arizona: TRanger’
(a winter-hardy cultivar), 1 Lew,r ’Hayden PX’ (a phytophthora root 
rot resistant strain from the cultivar ’Hayden’), and two experi
mental lines of 'Mesa Sirsa' called ’Heat-tolerant’ and ’Salt- 
tolerant.’ The strains of Hayden and Mesa Sirsa will be included 
under the general term of cultivar. Of the above cultivars, all 
are non-winter hardy except Ranger.

During the Fall of 1976, soil samples and nodules were 

collected from an alfalfa field at the USDA Plant Materials Cen
ter in Tucson, Arizona. Native rhizobia strains were isolated 
and purified by.Dr. Joe Marlow from Cel Pril Industries, Inc., at 
Manteca, California. Purified strains were evaluated for infec- 
tivity under greenhouse conditions (Table 1).

Seed of each alfalfa cultivar received seven treatments. 
The first four treatments consisted of seed coated with selected 
rhizobia strains by an industrial process at Cel Pril Industries 
(Table 1). Approximately 100,000 bacteria were’coated onto each

16
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Table 1. Infectivity of Khizobium Meliloti Strains and Materials 

Used for Coating Seed

Khizobium
Meliloti

Infectivity
Coating Materials (gms/90,000 seed)

Strain Inoculum Peat Lime PVOH

1394 Good 0.44 5.50 45.0 12.4
1403 Good 0.23 5.71 45.0 12.4
1408 Very poor 0.30 5.64 45.0 12.4

1414 Good 0.32 5.62 45.0 12.4

seed. The last three treatments were controls consisting of com
mercial inoculant; coated, but uninoculated seed; and check (un
treated) seed.

The peat based commercial inoculant was obtained from the 

Nitragin Company of Milwaukee, Wisconsin, and contained a mixture 
of strains. The commercial inoculum was applied to the seed by 
the slurry method at planting time. The second control enabled 
the observation of coating effects on seed or yield. The last 
control allowed observation of the effects of indigenous rhizobia 

populations of forage yield.

Selection and Preparation of Field 
The University of Arizona Agricultural Experiment Station 

at Marana, Arizona, 25 miles Northwest of Tucson, was selected as 
the site for the experiment. The criteria for selection of a 
field plot were: soil low in nitrogen fertility, and no residual
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herbicides present. A plot 40 feet by 600 feet was found, on 
which no crop was grown in the 1977 season.

The ground was prepared and 10 beds with centers 40 
inches apart were made which extended the length' of the plot.
The soil at the time the rows were formed was moderately moist 
and after a short time, the surface layer of soil was dry. The 
selection and preparation of this plot occurred in September and 
October of 1977.

Layout and Planting of Field 
The prepared beds were numbered one through 10 from left 

to right looking down the field from the South. The first and 
tenth rows were designated border rows, as was a swath approxi
mately one foot wide at the South and North ends of the field

i
plot. All border areas were planted with seed of the cultivar 
’Hayden. 1 Rows two through five and six through nine were chosen 
to contain the five completely randomized blocks of the 35 
cultivar-treatment combinations (Figure 1).

Each row in the field was divided into six feet plots.

Four six feet rows, side by side, contained one cultivar-treatment 
combination. Thus, block one of the experiment had a total of 35 
cultivar-treatment combinations, each combination being planted 
on four six feet rows side by side (Figure 1). The two middle 
rows were used for collecting one meter lengths of forage for 
yield data. The two outer rows served as boundary and as speci
mens for collecting data on nodulation. Numbered stakes placed



35
34
33
32
31

5
4
3
2
1

tep.3

Rep. 2

Rep J-

(Rep. 3

Rep. 4

Rep. 5

Blank

3 4 5 6 7 8 9
Row

of Replications, Rows, and Plots 
for Alfalfa Cultivar X Rhizobia



20
along the Western edge of the field aided in the identification 
of plots.

Blocks one, two, and three were planted on October 2 0 , 
1977 with "Planet-Junior" hand planters. Blocks four and five . 
were planted on October 21. The seeds were planted approximately 
one inch apart and about one-quarter inch below the dry soil sur
face. On October 22, the field was well irrigated to insure that 
all seed and beds were wet.

Care of Field
Weeding was performed mechanically for the furrows, but 

manually with a hoe on the beds and among the alfalfa plants.
The field was irrigated on the following dates in 1978: 

March 28, May 31, June 30, August 1, September 1, September 18, 
and October 18. Approximately four inches of water were applied 
at each irrigation. Rainfall was light in most cases, but 0.5 
inches or more fell on the following days in 1978: January 1,
0.76 inches; January 16, 0.60 inches; February 10, 0.78 inches; 
February 13, 0.52 inches; March 1, 0,50 inches; May 1, 1.12 

inches; and August 4, 0.54 inches.

Collection and Processing of Data
The first harvest of the experiment occurred between 

April 10 and the fifteenth of 1978. The other four harvests oc
curred on the following dates: harvest two, May 22 and 24; har
vest three, July 6 , 7, and 10; harvest four, August 15 through 
18; and harvest five, September 30, October 5, 10, 12, and 14.
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A one-meter stick and a pair of grass clippers were used 

to collect the forage. During the first two harvests, particular 
care was taken to obtain what appeared to be the best one-meter 

section of forage per six feet row. In harvests three and four, 
the selection of the one-meter portion was more random. In har
vest five, the forage was harvested only if there were not large 

gaps in the row. In harvests one through four, the plot was har
vested even if large gaps in the forage existed. Harvested ma
terial from each plot was placed into a cotton bag, tagged, and a 
stand count recorded. Thus, two samples were obtained for each 
cultivar-treatment combination, or entry, in a replication.
Stand counts were often approximations of actual plant densities 
since many plants grew so closely together that they were diffi

cult to separate. Therefore, stand counts often underestimated 

actual plant numbers. Within a week of each completed harvest, 
the whole field was mowed with a small tractor mower in one or 
two consecutive days, and the cut forage removed from the field.

The forage in the bags was allowed to dry a few days in 
the field, then taken to the Campbell Avenue Farm of The Univer
sity of Arizona, where further drying took place. The bags were 

usually tied to wires strung underneath the roofs of sheds or al
lowed to dry on the shed floor or inside a ventilated building. 
The forage in each replication was treated consistently, however. 

After drying was complete, the bags of forage were weighed sepa

rately. Then the forage was removed completely, the bags cleaned 
of adhering leaves, and the bags weighed to obtain tare weights.
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This allowed for the calculation of net weights or actual weights 
of forage harvested per row. Each bag was weighed separately for 
a tare weight because the bags were of different make and origin. 
All the weighing was done in metric units on a Toledo balance.

Periodically, in one or two replications or blocks, 
plants were dug up in one or both of the two outer rows of each 
entry to examine roots for nodulation. This was done during the 
first harvest, after the third harvest, and in the Fall.

Statistical analyses were conducted at The University of 
Arizona Computer Center on a program called "SPSS" (Statistical 
Package for the Social Sciences). Various means and analyses of 
variance were computed with this program. Using these data, the 

author conducted the Newman-Keuls range test (Hicks 1973) on 
various types of means to determine if their differences were 
significant at the 0.05 level.

The data from two small experiments were analyzed by com
puting means and standard deviations. The first experiment in
volved a visual rating of the three-month-old stand (Table 8 , 

Chapter 4), in which the average sample size for treatments was 

18, and for cultivars, 32. In the second experiment, which com
pared seeding rates of coated and noncoated seed (Table 9, Chap
ter 4), the average sample size was three.



CHAPTER 4

RESULTS AND DISCUSSION

The results of the field work will be presented and dis
cussed under four major topics: (1 ) the effect of applied rhizo-
bia strains on yield; (2 ) the effect of industrial coating on 
stand density; (3) the effect of high temperature and harvesting 
on nodules, nitrogen fixation, and yield; and (4) the effect of 
cultivar on yield.

Effect of Applied Rhizobia Strains 
on Forage Yield

The goal of this field study was to evaluate effects on 
yield of coating seed of numerous alfalfa cultivars with selected, 
native Rhizobium meljloti strains, especially under stress condi
tions imposed by high summer temperatures„ No single rhizobia 

strain was superior for all cultivars tested (Table 2). Addi
tionally, no rhizobia strain consistently enhanced yields of any 
cultivar (Tables 3-7). However, in the first harvest, Ranger al
falfa treated with the commercial inoculum yielded significantly 

higher than Ranger treated with strain 1403, strain 1408, and the 
coated but uninoculated treatment (Table 3). In the fifth har
vest of Ranger, the uncoated uninoculated treatment yielded sig
nificantly higher than the following treatments: commercial.
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Table 2. Rhizobia Treatment Effects on Average Harvest Yields (gm) of Alfalfa 
Cultivars over the Entire Growing Season*

Alfalfa
Cultivar

Rhizobium Meliloti Checks
cv**1414

Strain 
1394 1403 1408

Commercial
Inocula

Coated
Uninoculated

Uncoated
Uninoculated

Ranger 124 140 135 108 147 109 150 52.4

Lew 194 216 193 2.00 213 2 1 2 2 0 0 50.2
Hayden PX 2 0 2 186 205 2 1 2 214 229 208 47.8
Heat-tolerant 204 ... 209 2 0 0 204 186 209 208 49.9
Salt-tolerant 184 183 195 - 176 - 205 48.4
Entire Population 182 189 185 178 187 194 193 52.4

*No figures are significantly different at the O'. 05 level of the Newman-Keuls
range test for any treatment within cultivars or for the entire population.

**Coefficient of Variation (%) = standard deviation x 100.
mean



Table 3. Effect of Coated Khizobia Strains on Yields (gm) of Ranger Alfalfa in the 1978
Season*

Khizobium Meliloti Checks
Strain Commercial Coated Uncoated

Harvest 1414 1394 1403 1408 Inocula Uninoculated Uninoculated cv**
April 10-15 127ab 140ab 77a 62 a 2 0 0 b 62a 141ab LDCMCO

May 22, 24 136 148 139 118 175 137 176 33.2
July 6-10 165 190 236 167 169 157 ' 196 33.1
August 15-18 91 123 1 1 1 1 2 1 115 86 133 32.2
September 30- 

October 14 76a 83ab 84ab 6 6 a 67a 74ab 1 0 1 b 34.0
Season Means 124 140 135 108 147 109 150 52.4

*Figures in a harvest with differing superscripts are significantly different at
the 0.05 level of the Neuman-Keuls range test.

**Coefficient of Variation (%) = standard deviation x 100.
mean
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strain 1414, and strain 1408 (Table 3). Also a significant dif
ference was found in the fifth harvest of Lew alfalfa. Here, Lew 
treated with strain 1394 yielded greater than the alfalfa treated 
with strain 1414 (Table 4). No significant yield increases due 
to strain were noted for Hayden PX, Heat-Tolerant, or Salt- 
Tolerant alfalfa (Tables 5, 6 , 7).

There is a plausible explanation for the general lack of 
strain effect on yield. In the Spring of 1978, all plant roots 
were well nodulated including those of the check treatment and 
those of the coated, but uninoculated treatment. The native 
strains in the soil were evidently as infective as the commercial
and native Arizona strains applied to the seed. It is also pos
sible that the indigenous strains were as efficient as the applied
strains in fixing nitrogen.

The overall lack of a favorable yield increase of any cul- 
tivar in combination with any particular strain is contrary to 
most of the literature already cited (Gibson 1962 ; Gasser et al. 

1972; Bordeleau et al. 1977). These investigators had found some 
significant yield increases due to cultivar, strain, or cultivar 
X strain effect. It must be remembered, however, that most of 

the research cited was conducted in the greenhouse, whereas this 
study was conducted in the field where soil nitrogen and environ
mental stresses might mask any effects due to strain.

Indigenous rhizobia strains further complicated this 
field study. The presence of soil nitrogen and indigenous rhi
zobia may have masked any effects that may have been manifested



Table 4. Effect of Coated Rhizobia Strains on Yields (gm) of Lew Alfalfa in the 1978
Season*

Khizobium Meliloti Checks

Harvest 1414
Strain 

1394 1403 1408
Commercial

Inocula
Coated

Uninoculated
Uncoated

Uninoculated . cv**

April 10-15 328 369 318 290 318 333 362 27.4

May 22, 24 240 250 238 224 259 249 250 24.2

July 6-10 196 247 2 1 2 249 229 2 1 2 218 34.6
August 15-18 119 149 1 1 2 135 126 127 126 30.9
September 30- 

October 14 87a 116 b 8 8 'ab 91ab iosab 1 0 2 ab 94ab 28.5

Season Means 194 216 193 2 0 0 213 2 1 2 2 0 0 50.2

*Figures in a harvest with differing superscripts are significantly different at
the 0.05 level of the Newman-KeuTs range test.

**Coefficient of Variation (%) = standard deviation x.100.
mean



Table 5. Effect of Coated Rhizobia Strains on Yields (gm) of Hayden PX Alfalfa in the
1978 Season*

Rhizobium Meliloti Checks

Harvest 1414
Strain 

1394 1403 1408
Commercial

Inocula
Coated

Uninoculated
Uncoated

Uninoculated cv**
April 10-15 311 272 318 330 320 329 342 29.2
May 22, 24 254 214 246 243 245 254 254 26.2
July 6-10 195 215 2 2 1 227 263 275 214 30.4
August 15-18 132 116 1 2 2 140 148 140 1 2 0 30.7
September 30- 

October 14 93 1 0 0 104 98 1 1 2 1 0 1 105 20.7

Season Means 2 02 186 205 2 1 2 214 229 208 47.7

*No figures are significantly different at the 0.05 level of the Newman-Keuls
range test at each harvest or for the overall season.

**Coefficient of Variation (%) = standard deviation x 100.
mean



Table 6. Effect of Coated Ehizobia Strains on Yields (gm) of Heat-Tolerant Alfalfa in
the 1978 Season*

Rhizobium Meliloti Checks
Harvest 1414

Strain 
1394 1403 1408

Commercial
Inocula

Coated
Uninoculated

Uncoated
Uninoculated cv**

April 10-15 297 278 303 321 260 316 304 32.9
May 22, 24 245 245 253 2 1 0 247 223 2 54 32.9
July 6-10 213 244 203 244 22 0 228 234 34.7
August 15-18 148 148 1 2 0 140 147 136 139 35.6
September 30- 

October 14 87 106 89 108 91 104 93 32.8
Season Meanis ' 204 209 2 0 0  . 204 186 2 09 208 49.9

*No figures are significantly different at the 0.05 level of the Newman-Keuls
range test at each harvest or for the overall season.

**Coefficient of Variation (%) = standard deviation x 100.
mean



Table 7. Effect of Coated Rhizobia Strains on Yields (gm) of Salt-Tolerant Alfalfa 
in the 1978 Season*

Harvest 1414

Khizobium Meliloti 
Strain 
1394 1403

Checks 
Commercial Uncoated 

Inocula Uninoculated cv**
April 10-15 262 291 260 272 312 30.3
May 22, 24 197 2 09 245 237 259 28.9
July 6-10 186 170 237 172 230 38.4
August 15-18 151 109 152 99 1 2 2 38.9
September 30- 

October 14 1 1 0 96 1 0 0 83 103 28.4

Season Means 183 183 195 176 205 48.4

*No figures are significantly different at the 0.05 level of the Newman-Keuls
range test at each harvest or for the overall season.

**Coefficient of Variation (%) = standard deviation x 100.
mean
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by the different inoculation treatments in this study. A soil 
test (Appendix A), taken in January of 1979, when the field was

Xentering its second season, indicated that there was adequate ni
trogen present to support an alfalfa crop if rhizobia were pres
ent (Pennington 1979).

Three other factors may have been responsible for general 
lack of treatment effects: inadequate inoculation rates, similar
strains used for inoculation, and the seed coating technique„ 
Possibly, the population of native strains in the field was too 
great for nodulation to be significantly affected by the intro
duction of a "new" strain. But, it may be possible to overcome 
the effect of native strains by greatly increasing the inocula
tion rates (Parker et.al. 1977). Secondly, the strains coated 
onto the seed in this experiment were isolated from soil in 
Tucson, Arizona. These strains could be identical to those in 
Marana where the study was conducted. At least, the strains 
would be similarly adapted to the common environmental conditions 
of both locations, high temperatures, for example. Hely (1957), 
who worked with strains from different areas in the world, found 

that the most effective strains came from the same area: Turkey.

Last, the coating process used at Cel Pril Industries may not 
have been suitable for maintaining a large number of viable rhi
zobia in the inoculum (Johnson 1979), thereby making the treat

ments less effective by reducing the actual inoculation rate.



Effect of Seed Coating on Stand .Count
The first clue that seed coating might be affecting stand 

count came from a visual rating of the plots in January of 1978, 
when the plants were about three months old. Each plot in the 
experiment was evaluated using density of stand, height, and vig
or as factors. The ratings were compiled and then compared to 
determine if there were any treatment or cultivar effects. Only 
Lew, Hayden PX, Heat-tolerant, and Salt-tolerant were included in 
these computations because Ranger was still dormant (Tables 8 and 
9). Because the plots from uncoated seed had higher ratings than 
the coated seed, two questions arose: (1 ) was the coating ma
terial slightly toxic to the germinating seed, and (2 ) was the 
coated seed being planted at a lower rate? It was decided to 
take stand counts of each row at each harvest and also to test 
the seeding rates of coated versus uncoated Hayden seed through 
the Planet-Junior planter. The results are shown in Tables 10 
and 11. The figures in Table 11 are underestimates of actual 

average plant densities per meter-row because some plants grew so 
close together that they were counted as one plant.

In comparing the seeding rates to stand counts of coated 
versus uncoated Hayden seed, a correspondence was found. Just as 
the seeding rate decreased from uncoated to coated seed (by 39%), 
the stand counts also decreased (by 21%). This indicates that at 
least part of the effect of coating on standcount was due to the 

effect of coating on seeding rates. The coating may also have 
had a deleterious effect on germinating seed.
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Table 8 . Effect of Bhizobia Strain on Visual Ratings of Three 

Month Old Stands of Alfalfa

Treatment Mean Rating Standard Deviation
1414 2.4 + .57

1394 2 . 2 + .67
1403 CMCM +. 63
1408 2.3 + .76
Commercial 3.1 + .55
Coated 2 . 6 + .48
Check 3.3 + .76

Table .9, Effect of 
Ratings of

Cultivar, Regardless of 
Three Month Old Stands

Treatment, on Visual 
of Alfalfa

Cultivar Mean Rating Standard Deviation
Lew 2 . 8 + .67

Heat-tolerant 2.3 + .63
Hayden PX 2.5 + .87
Salt-tolerant 00CM + .76
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Table 10. Seeding Rate per Meter and Standard Deviation of 

Coated and uncoated Hayden Alfalfa through a 
Planet-Junior

Aperture Size
Treatment 1 2 3
Coated 17±3.7 2ll2.4 33±3.2
Uncoated 28±2.5 35±6.0 54112.1

The effect of coatihg on yield, because of lowered stand 
count, was minimal. This is illustrated by the equation derived 
using linear regression on the average stand counts and yields of 
the seven treatments over the entire population: y (yield) =
170.4 + 2.74 x (stand count), where r = .436. Illustrated in an
other way, the average decrease 'in stand count of 1.47 per row, 

because of coating, resulted in an average decrease in yield of 

4.9 grams, only a 2.6% decrease.

Effect of High Temperature and Harvesting on 
Nodules, Nitrogen Fixation, and Yield

Alfalfa is noticeably affected by the high summer temper
atures of the Southwest. There is a sudden drop in forage yield 
midway through the growing season commonly known as the "summer 

slump" (Bula and Massengale 1972). This phenomenon can be il

lustrated by charting the yields of the adapted cultivars and 
Ranger at each harvest against the average daily maximim



Table 11. Effect of Coating Alfalfa Seed and Cultivar on Stand Count (Number of Plants 
per Meter)*

Rhizobia
Strain

Cultivar Treatment
Means 1ORanger Lew Hayden PX Heat-Tol Salt-Tol

1414 5.79 6 . 2 0 6.24 5.98 5.53 5.95a 25.1
1394 5.12 5 . 58 5.. 32 6.05 4.54 5.33a 32.4
1403 4.72 5.63 5.61 5.27 6.23 5.483 30.1
1408 5.00 6.27 5.56 5.49 ~ COLDLD 28.7

Commercial 7.48 7.24 6.93 6.71 6 . 0 0 6 .8 6 b 2 2 . 2

Coated 4.68 6.15 6.40 5.87 - 5.82a 29.0

Check 7.64 8.09 6.38 6.63 7.71 7.33b 23.9

Cultivar Means 5.81 6.46 6.07 6 . 0 1 6 . 0 0 6.08 29.2

*Figures with differing superscripts are significantly different at the 0.05 
level of the Newman-Keuls range test.

'"''Coefficient of Variation (%) = standard deviation x 100.
mean
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temperature for each week of the 1978 growing season (Figure 2), 
or the number of hours per night the temperature was over 36 C 
(Figure 3). In Figure 3, an extra line for night temperature is 
shown which adds one hour for every 10 hours of temperature.1 C 
higher than 36 C. Although this correlation may not be perfect, 
nevertheless it more graphically portrays the effect of higher 
night temperatures on yield. Based on Figures 2 and 3, high 
night temperatures appeared to have greater effect on yield than 
high day temperatures.

The average yield of a meter-row of forage at each har
vest was: early April, 266 grams; late May, 221 grams, early
July, 214 grams; mid-August, 128 grams; and early October, 95 

grams (Table 12). Only the second and third harvests were not 
significantly different at the 0.05 level of the Newman-Keuls 
test. These two harvests each yielded about 80% of the April 

harvest. The April harvest had the advantage of five and one- 
half months of slow but undisturbed growth, since it was growth 
which occurred in the fall, winter, and early spring. The August 
harvest yielded 59% of the amount yielded by the May or July har
vest. The October harvest yielded 44% of the May or July 

harvest. All cultivars, except Ranger, followed the same general 
pattern. Although the last harvest of Lew, Hayden PX, and Salt- 
tolerant yielded less than the fourth harvest, the differences 

were not significant.
There are many possible factors contributing to the de

cline in alfalfa yields after July: high temperatures affecting
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Table 12. Effect'of Harvest Data on Alfalfa Yields (gm) in the 1978 Season at Marana, 
Arizona

Cultivar
Harvest Date

cv**Apr 10-15 May 22, 24 Jul 6-10 Aug 15-18 Sep 30-Oct 14
Ranger 115bc 14 7b 183a 112 bc 79c 52.4
Lew 327a 244b 224b 127° 97c 50.2
Hayden PX 316a 244b 231b 131° 102c 47.8
Heat-tolerant 298a 241b 227b 141c 96d 49.9
Salt-tolerant 279a 229b 199b 127° 98° 48.4
Harvest Mean 266a 221b 214b 128° 95d 52.4

*Data with different superscripts in each row are significantly different at the
0.05 level of the Newman-Keuls range test.

^Coefficient of Variation (%) = standard deviation x 100.
mean
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the many physiological functions of the plant itself, high tem
peratures affecting nodules and nitrogen fixation, and the sudden 
loss of top growth causing several changes within the plant.

Bula and Massengale (1972) observed the change in plant 
growth in mid-summer: a decrease in height and shorter time to
flowering as the temperatures increased, and a decrease in leaf 
size at temperatures above optimum. The author observed that al
falfa plants grew very little in height and began flowering with
in one week after the July harvest-— a period of very high day and 
night temperatures (see Figures 2 and 3).

Plants were well nodulated in the spring and early summer 
but lost their nodules after the third harvest, in July. On the 
26th and 27th of July, plant roots in replication four were 
checked for nodules. At that time, most nodules were gone, or 
desiccated. Both high temperatures and harvesting had contribut
ing effects. Nodules need a continued supply of photosynthates 
to fix nitrogen (Bergersen 1974; Bethlenfalvay and Phillips 
1977). A reduction in that supply can prove deleterious to the 

nodules. Bowen (1959b) correlated nodule inactivity with a slow 
down in growth and declining net assimilation rate. The flow of 

carbohydrates to the roots (and nodules) can be slowed by two 
factors: a decrease in net photosynthesis due to increased res
piration at high temperatures (Brown et al. 1972; Jung and Larson 
1972; Meyer and Anderson 1959), and the removal of tops which 
causes root reserves and new photosynthates to be used primarily 
to produce new top growth (Brown et al. 1972). Skerman (1977)
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reported that nodules are shed or decay after plants are grazed 
and are replaced only when the plants have produced new growth to 
supply the necessary carbohydrates. Skerman’s report suggests 
that the alfalfa plants in this present study lost their nodules 
after the first and second harvests and then replaced them. Ob

servations were not made after these two harvests to challenge 
Skerman's observations.

High soil temperatures do not seem to be directly respon
sible for the loss of most nodules. Munns, Fogle, and Hallock 
(1977) obtained data in a very interesting experiment involving 
soil temperatures and nodules at soil depths ranging from 0 to 
90 cm. They found that only 18% of the nodules, or about 34% of 
nodule volume, was in the first 10 cm of soil where maximum tem
peratures were over 28 C. Most nodules were below 10 cm of soil 
and therefore escaped direct exposure to high temperatures. It 

would appear that the nodules in this field study did not reap
pear after the July harvest mainly because of the effect of high 

temperatures and harvesting on the flow of carbohydrates to and 
from the roots.

Nitrogen fixation, like the nodules, is affected by high 
temperatures and harvesting. A decrease in net photosynthesis 
due to higher temperatures and the use of photosynthates and 

carbohydrate reserves in the roots following harvesting for new 

top growth may be the causes for decreased nitrogen fixation.
But Lie (1974) indicated that nitrogen fixation activity of the . 

nodules is reduced by high temperatures because of nodule
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degeneration. Pankhurst and Gibson (1973) shared that view and 
showed supporting data, using Trifolium subterraneum. Nitrogen 
fixation, per se, was not affected by high temperatures, but nod
ules disintegrated in soil at 30 C. Pate (1962) suggested that 
the effect of high temperatures on bacterial strains is minor 
when considering the general pattern of host response to high 
temperature.

Nitrogen fixation is also affected by stage of plant 

growth and water stress. When plants begin flowering, nitrogen 
fixation increases until early- or mid-pod fill. At this point, 
nitrogen fixation declines because of a lack of assimilates due 
to the competitive sinks of the growing seed (Hardy 1977).
Sprent (1971) studied the effect of water stress on nitrogen fix
ation in soybeans. He found an 80 to 90% reduction in actylene 
reduction activity when plants were strongly wilted, and a 45% 

reduction in slightly wilted plants. Acetylene reduction is a 
common laboratory assay used to estimate nitrogen fixation.

Water stress, along with high temperatures, could have 
depressed yields. The field received approximately 32 inches of 
water in irrigation and rainfall from January 1 to October 18, 
1977. Usually, alfalfa requires .50 to 60 inches of water per 
growing season to satisfy its consumptive use in the Tucson area. 

This is based on 80% of the consumptive water use of alfalfa in 
Maricopa County (University of Arizona Bulletin 1977).
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Effect of Cultivar on Yield 

Generally, the adapted cultivar, Lew, and University of 
Arizona experimental alfalfa strains, Hayden PX, Heat-tolerant, 
and Salt-tolerant, yielded similarly throughout the season.
Ranger, the non-adapted cultivar, yielded less than the adapted 
cultivars throughout the season (Figure 4 and Table 13).

The Salt-tolerant strain yielded significantly less than 
Hayden PX on the first and third harvests. This trend was ex
hibited in the other harvests, but the differences were not sig
nificant at the 0.05 level of the Newman-Keuls test.

Ranger, because of its winter dormancy, yielded much 
lower than all other cultivars on the first two harvests. But in 

the July and August harvests, it did not yield significantly 
lower than one or more of the adapted cultivars, although numeri
cally it had yielded lower.

Duhigg, Melton, and Baltensperger (1978) conducted an ex

periment that capitalized on the plant side of the symbiotic 
process. Instead of finding a "best" strain of rhizobia for a 
given cultivar, these researchers selected alfalfa plants within 
a cultivar for increased nitrogen fixation (acetylene reduction 

rates). From 278 plants, 1 5  were selected which showed the high
est acetylene reduction rates. These were intercrossed. Com
pared to the original cultivar, the progeny of the intercross 
group had an 82% increase in acetylene reduction, a 57% increase 
in top growth, and a 60% increase in total nitrogen .in. top 
growth. The philosophy of Duhigg et al. (1978) was to produce an



Table 13. Effect of Cultivar on Alfalfa Yields (gm) in the 1978 Season*

Cultivar
Harvest Ranger Lew Hayden PX Heat-tol Salt-tol cv**

April 10-15 115a 32 7C 316° 298bc 279b 45.9

May 22, 24 147a 244b 244b 241b 229b 33.7

July 6-10 183a 224b 231b 227b 199a 35.0

August 15-18 112 a 127ab 131ab 141b 127ab 34.2
September 30- 

October 14 79a 97b 102b 96b 98b ' 29.6

Season Mean 131a 204bc 207° 2 03bc 188b 52.4

*Data with different superscripts in each harvest are significantly different at
the 0.05 level of the Newman-Keuls range test,

'"'Coefficient of Variation (%) = standard deviation x 100.
mean
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alfalfa cultivar that could effectively fix nitrogen with several 
strains of rhizobia. Most commercial inocula are composites of 
several strains of rhizobia, and most field situations display a 
group of strains for a given legume. Duhigg et al. also believed 
this approach would be more fruitful than producing a superior 
rhizobia strain for a given cultivar because of the difficulty of 
introducing a new strain in the field in large enough numbers to 
become the predominant strain.



CHAPTER 5

SUMMARY

No rhizobia strain coated onto seed before planting con

sistently increased the yield of any of the alfalfas included.in. 
this study. Even untreated seed developed into plants whose 
roots were well nodulated by indigenous strains. Based on forage 
yield data, their symbioses were as efficient as those plants de
veloped from inoculated seed.

The coating used on most of the treated seed significant
ly reduced seeding rates through the planter, probably due to the 
increased size of coated seed over uncoated seed. The reduced 
seeding rate was a contributing factor in the decreased stand 
counts of alfalfa planted from coated seed. The coating, how
ever, did not significantly decrease yields j, even though stand 
counts were significantly lower.

High temperatures in the field, along with diminishing 
carbohydrate reserves in the roots, depressed forage yields. Net 

photosynthesis decreased as higher temperatures increased respi
ration. Monthly harvests further depleted carbohydrate reserves 
in the roots as they and new photosynthates were used to produce 

new top growth. These stresses, along with high temperatures, 
likely had an adverse effect on the nitrogen fixation process and
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the nodules. Summer slump in yields of alfalfa is mainly the re
sult of high temperatures and frequent harvests, although the 
loss of nodules may be a contributing factor.

Adapted cultivars yielded most successfully in this field 
trial. Ranger, a winter hardy alfalfa developed in Nebraska, 
yielded significantly less forage than the adapted cultivars at 
every harvest except during the July and August harvests.

A possible dimension to add to legume-rhizobia research 
in the Southwest is that of Duhigg et al. (1978): selection of

plants within cultivars for high nitrogen fixation rates in the 
presence of several strains. These can be used to develop new 
cultivars.



APPENDIX A

ANALYSIS OF SOIL SAMPLES*

Sample pH ECe X 103
NA

meq/L
K

meq/L ESP
N
ppm

P
ppm

1 7.60 0.77 7.10 0.23 18.66 3.25 0.40

2 7.60 0.79 6.64 0.33 11.53 3.50 3.00

3 7.55 0.83 3.69 . 0.50 2.46 3.50 0.95
4 7.50 0.69 4.60 0.29 5.21 3.25 0.70
5 7.60 0.69 4.98 0.34 6.21 2.25 0.70

6 7.60 0.61 5.29 0.23 11.71 3.45 0.70

*Analyses of samples done by the Soils, Water and Plant 
Tissue Testing Laboratory, Department of Soils, Water and Engi
neering, College of Agriculture, University of Arizona.
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