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ABSTRACT

Alfalfa (Medicago sativa var. Hayden) was planted in 
a greenhouse and field experiment to determine the effect of 
surface applied phosphoric acid, seeding method, seeding 
rate, and delayed overseeding with oats (Avena sativa L.) on 
seedling emergence and yield. The research was conducted to 
identify improved methods of alfalfa stand establishment.

Under greenhouse conditions significantly more 
seedlings, emerged when seed were planted at 1.25 as compared 
to 2.50 cm depth. When 1,300 1/ha of 12% phosphoric acid 
were applied to the soil surface after planting, crusting 
was reduced and significantly more seedlings emerged from 
soil in the treated pots.

In the field experiment weight of seedlings from 
plots treated with phosphoric acid was greater than from 
plots receiving soil incorporated phosphorus. Rains that 
occurred after planting the field experiment prevented the 
formation of serious soil crusts. Surface applied phos
phoric acid did not increase the number of emerged seedlings 
under these conditions. Seedling counts were made 10 days 
after planting.

When seed were broadcast and the soil was culti- 
packed and treated with acid, significantly more seedlings 
were produced. For broadcast plantings, seedlings

viii



ix
were significantly larger when taken from the cultipacked 
furrow than from the ridge.

Forage yields from the first harvest did not differ 
significantly for the 11.2 and 22.4 kg/ha broadcast seeding 
rates, but were significantly less for the lower seeding 
rate when seed were drilled. Delayed overseeding with oats 
did not significantly increase forage yield.



INTRODUCTION

Alfalfa is the most important forage crop in the 
southwestern United States. Good stands are essential for 
the successful cultivation of any crop. Stand establishment 
is especially critical for alfalfa because it is a perennial 
and usually left in the rotation for at least three years.

Many factors affect alfalfa seedling emergence and 
therefore stand establishment. Most of these factors may 
be manipulated to favor seed germination and seedling 
emergence. Planting methods that properly distribute 
alfalfa seed, place it in firm contact with the soil, and 
at depths from 2.5 to 5.0 cm, favor rapid germination and 
seedling emergence. Seedling emergence may be prevented 
when soil crusts form. Soil crusting is especially serious 
for alfalfa since it has epigeal germination character
istics.

The objectives of this research were to determine 
the effect of:

1. Band application of 12% phosphoric acid on soil 
crusting, seedling emergence, seedling weight, and 
forage yield.

2. Seeding rates and method on seedling emergence, 
seedling weight, and forage yield.

1



Delayed over-seeding with Mesa oats on yield of 
first harvest of forage.



REVIEW OF LITERATURE

Many secrets of life are contained in seed„ For most 
agronomic plants, correct temperature, adequate but not 
excessive moisture and oxygen are required for viable seeds 
to produce seedlings. With the addition of light, these 
seedlings grow and develop and ultimately produce seed, 
thereby perpetuating the species. Germination and seedling 
emergence often represent the most precarious time in the 
life cycle of the plant. Sometimes soil crusting impedes the 
emergence of seedlings, especially many of those that are 
dicotyledoneous, Results of investigations concerning ways 
to improve alfalfa seedling emergence and stand establish
ment are reported in this study.

Germination Process 
Hudson and Kester (1968) observed five stages in 

the germination of seeds. The. first stage began with 
imbibition of water by the dry seed, softening of the 
seed coat, and hydration of the protoplasm. They concluded 
that this was largely physical and that it occurs in all 
seeds. With water absorption, swelling results and seed 
coats break. They found that the second stage of germina
tion starts with the initiation of cellular activity, ap
pearance of a specific enzyme, and a rise in respiration.
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The plant growth hormone giberellin is believed to 

play a key role in the initiation of germination. When the 
seed imbibes moisture, giberellin appears in the embryo and 
is translocated to the aleurone layer where it activates 
enzymes. One of these enzymes, alpha-amylase, moves to the 
endosperm, causing starch to be converted to sugar. Other 
enzymes appear in the aleurone, weakening the seed coat and 
allowing the radicle to emerge. Cell elongation and emer
gence of the radicle are events associated with the onset 
of germination.

Hudson and Hester (1968) reported that enzymatic diges
tion of complex insoluble reserve materials to soluble forms 
occurs in the third stage of germination. These are then 
translocated to meristematic areas. When the soluble forms 
are assimilated they provide energy and components for 
cellular activity and growth. The seedling grows by 
division, enlargement, and differentiation of cells at 
growing points. The seedling depends upon food reserves in 
the seed until these are supplemented and finally completely 
provided by photosynethic activity.

The embryo has one or more seed leaves or cotyledons 
and the radicle emerges from the base of the embryo axis. 
During epigeous germination and early seedling growth, as 
for alfalfa, the hypocotyl elongates and pulls the 
cotyledons to and finally through the surface of the soil.
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Seedlings of small-seeded crops may fail to emerge 

above the soil because of soil crusting. One of the effects 
of a hard soil crust is limitation of oxygen diffusion, 
another factor inhibiting seedling emergence. Eavis (1972) 
found that lengths, fresh weights, and dry weights of pea 
(Pisum sativum L.) seedling roots grown for 4 8 hours in a 
loose soil column were progressively less as the oxygen 
partial pressure of the soil atmosphere was lowered from 
0.21 to 0 atmosphere. He also found that with pea roots, 
rate of cell division was reduced at 0.03 atmosphere oxygen. 
On this assumption pea root elongation was calibrated at 
different mechanical impedance and oxygen levels, in order 
to predict the oxygen concentration at the surface of pea 
roots growing in poorly-aerated soils. In this way he 
proved the existence of a causal relationship between 
growth, cell development, and oxygen availability.

Soil Crusting
Soil crusting is one of the most important factors in 

decreasing seedling emergence of many crops. Taylor (1962) 
developed a nonporous wax surface crust technique to study 
seedling emergence of wheat (Triticum vulgare L.), sorghum 
(Sorghum vulgare L.), and guar (Cyamopsis tetragonolobus 
L.). He used wax crusts having different hardness charac
teristics and varied thickness of the wax from 0.7 to 2.54 
cm. He found a curvilinear relationship between seedling



emergence and hardness and thickness of crust. No emergence 
occurred for any of the plant species with a 2.54 cm crust 
treatment. As one might suspect, seedling emergence only 
occurred with softer wax as thickness increased.

Arndt (1965) allowed surface seals to be formed on 
Tippera sandy clay by simulated rainfall and natural drying. 
Impedance was determined by recording the force required to 
bring about the emergence of mechanical probes buried prior 
to seal formation. Wetting and then draining to field 
capacity caused a 2- to 3-fold increase in impedance of 
loose dry soil. On drying to 6% water content, impedance 
increased to a maximum of 4 to 9 times the initial dry soil 
value. On further drying to 2% water content, the impedance 
decreased to about 2/3 of the maximum value.

Frelich, Jensen, and Gifford (1973) compared seedling 
emergence of tall wheatgrass (Agropyron elongatum L.), 
pubescent wheatgrass (Agropyron trichophorum L.), basin 
wildrye (Elymus cinereus L.), Russian wildrye (Elymus 
junceus L.), tall fescuegrass (Festuca arundinacea L.), and 
smooth bromegrass (Bromus inermis L.). Seedlings of these 
grasses were grown at 0 to 8.4 bars osmotic potential under 
soft, medium, and hard wax crusts. The treatments were 
designed to simulate the separate and combined effects of 
salty soils and crusts as limiting factors in seedling 
establishment in arid regions. Emergence of all six 
species was lower under hard than under soft wax crusts.



Robbins, Carter, and Leggett (1972) conducted a 
study to determine if applying dilute phosphoric acid in 
narrow bands on the seeded rows would increase sugar beet 
(Beta vulgaris L.) seedling emergence. Phosphoric acid was 
applied to prevent or minimize soil crusting and provide 
phosphorus. Applying 6 9 kg phosphorus per hectare as dilute 
phosphoric acid in liquid volumes of 650 to 1300 liters per 
hectare reduced crusting by increasing aggregate stability 
of the soil surface, increased sugar beet seedling emergence 
and provided fertilizer phosphorus. The acid dissolved 
CaCOg and MgCO^ in the soil surface freeing Ca++ and Mg++. 
The cations reacted with PCX from the acid to form slightly 
soluble calcium and magnesium phosphates that acted as 
cementing agents for soil aggregates.

Studies Concerning Phosphorus 
Phosphorus is especially important in legume stand 

establishment. Kamprath and Lutz (1965) stated that 
phosphorus fertilization not only increased crop yield but 
also improved soil tilth and water holding capacity. In 
their research, soil that received heavy applications of 
phosphorus had a higher moisture content and significantly 
lower bulk density than untreated soils. These improvements 
in the physical properties of the soil were important in 
increasing crop yield. Subsequently soil samples were 
collected and studied in the laboratory. It was found that



the greatest effect per unit of applied phosphorus was 
produced by smaller increments. The water retaining 
properties of the soil increased with increased phosphorus. 
Sanchelli (1965) found that under a neutral pH, and
HPO^ ions were present in about equal amounts. With pH 
levels 8 to 10, the concentration of (OH ) ions increased 
greatly with most phosphate ions being the HPO^ fora. He 
theorized that hydroxyl ions compete with both phosphate 
ions, a factor explaining why there is less uptake of 
phosphorus at higher pH levels. At pH 8 the concentration 
of (OH-) ions is 10,000 times that of pH 4.

Plants growing in alkaline soil often require more 
phosphorus fertilizer than those grown in an acid soil. A 
crop producing maximum yields with 336 kg/ha of available 
phosphorus when grown on alkaline soil may do as well with 
only 2 8 to 56 kg/ha applied phosphorus on an acid soil. 
Hydroxyl ions dictate the relative amounts of HPO^ (mono
hydrogen) and (di-hydrogen) that may be available for
plants. Hydroxyl ions also interfere with a plant's ad
sorption of phosphate ions by direct competition.

Hydroxyl ions influence decomposition of more 
complex forms of phosphates that may be present in the :. 
soil. Hydroxyl ions tend to attract hydrogen associated 
with phosphate to fora water. If, for example, ortho- 
phosphoric acid H^PO^ is present, hydroxyl ions win away



its hydrogen atoms progressively leaving behind , HPO^,
and finally the PO^ ion.

In a recent study by Hills (1970)/ sugar beets were 
grown in culture solution and also in field experiments} 
this research indicated that phosphorus deficient sugar 
beets, particularly young plants, did not take up nitrate as 
well as plants adequately supplied with phosphorus.

The increase in concentration of NO^ in whole tops 
of young seedlings, cotyledons, and petioles of first leaves 
with increased phosphorus supply was greater than could be 
accounted for by a decrease in per cent dry matter of these 
plant parts.

The decreased absorption of NO^ by phosphorus de
ficient plants in aerated culture solution, with all roots 
exposed continuously to high concentration of NO^, indicated 
that the phenomenon reflects not merely increased root 
extension but a physiological aberration resulting from 
phosphorus deficiency.

Sheard, Bradshaw, and Massey (1971), working with 
alfalfa and using phosphorus labelled monocalcium phosphate, 
observed increased phosphorus uptake from fertilizer placed 
5 cm directly below alfalfa seed. Dispersing the phosphorus 
throughout the soil, localizing it on the surface, or 
moving the band laterally, decreased phosphorus uptake 15 
days after seeding. Seedlings emerging directly over the 
fertilizer band obtained 50 to 5 6% of their phosphorus .
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content from the fertilizer. He also found that only 2,5 to 
6.5% of the total phosphorus was obtained from the ferti
lizer when the band was located 3 cm laterally and none 
when the band was located 6 to 9 cm laterally.

Phosphorus uptake by grain sorghum was measured by 
Mahtab et al. (1972) at four levels of applied phosphorus 
and three levels of moisture on four different Texas soils. 
These soils differed mainly in clay content. Phosphorus 
uptake was a function of the per cent of clay and water 
content of the soils and the amount of applied phosphorus. 
The total increase in dry matter yield for each additional 
increment of phosphorus was about the same for each soil 
except at the lowest moisture level. At the lower moisture 
level, response to phosphorus fertilizer was least for 
plants grown on coarser textured soils. Phosphorus uptake 
was related to the diffusion coefficients of phosphorus 
previously determined for the four soils tested.

Experiments with phosphorus fertilizer were also 
completed by Kandera (1972). He applied 99 and 19 8 kg of 
phosphorus and 249 and 498 kg/ha of potassium to alfalfa on 
a degraded Chernozem soil. Phosphorus fertilization in
creased the phosphorus content of dry matter, particularly 
in the third year, whereas potassium application increased 
plant potassium content most in the first year. '

John (1972) measured adsorption of phosphorus by 
soil from a solution which delivered phosphorus
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concentrations approximating the composition of the soil
solution system. In his study, he used a heterogeneous group
of 343 soils and phosphorus labelled KH-PO. solution. Thisz 4
method allowed accurate determination of small quantities 
of phosphorus and identified the phosphorus under considera
tion as that added from solution. Simple correlation and 
stepwise linear regression analyses indicated that soil pH, 
calcium, phosphorus, aluminum, iron, organic salts, and 
particle size significantly influenced the amount of phos
phorus adsorbed by soils.

White (1973) found the rate of accumulation of 
phosphorus in roots and its transport to the shoot did not 
conform to the kinetic models derived from studies with 
excised roots or tissue slices. The. demand for phosphorus 
associated with the rate of plant growth had a marked in
fluence on the rate of phosphorus uptake at deficient to 
optimum levels of supply. From these studies a hypothesis 
was presented whereby the rate of influx of phosphorus into 
root cortical cells was regulated by the turn-over rate of 
the pool of inorganic phosphorus in the cytoplasm and by 
the rate of transport of inorganic phosphorus to the shoot.

White (1973) completed an experiment in which 
alfalfa was grown with a 14-hour photoperiod at 27 C and 
50% relative humidity and in a nutrient solution with a 
range of phosphorus concentrations and two nitrogen con
centrations. Nitrogen had no significant effect on either



the instantaneous or the long term phosphorus uptake rate at 
the lowest concentration of phosphorus, but significantly 
increased phosphorus uptake rate at optimum phosphorus 
levels, Luxury uptake occurred from solutions having 
greater than 10 micro-mole phosphorus. Atkinson and 
Davison (1973) induced acute phosphorus deficiency in 
seedlings of seven species over five weeks and then stressed 
the seedlings with water. Phosphorus deficiency negatively 
affected the weight of roots to shoot, leaf water content; 
leaf water deficits, and the time taken for the plant to 
show stress after watering ceased.

Gardner and Jones (1973) constructed phosphorus 
sorption isotherms for two Idaho soils with widely different 
chemical properties. They found the. rate of sorption and 
desorption were decreased as equilibrium temperatures were 
lowered. Less phosphorus was found in the equilibrating 
solution at the lower temperature.

Modulation of Alfalfa Plants
Rhizobia bacteria require a specific environment to 

be effective for alfalfa nodulation. Laboratory tests com
pleted ,by Rao et al. (1972) showed that Rhizobium meliloti 
tolerated NaCl concentrations up to 0.3%, but germination of 
'Lahontan,' 1 Ranger 1 and 1 Sonora' alfalfa was reduced

50% by 0,7 and 0,9% NaCl and completely inhibited germina
tion at 1,5%, At 0.4% concentration, initial nodulation was
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delayed and the number of nodules was reduced, At 0,7% con
centration, the plant failed to nodulate, These results 
indicate the salinity level inhibitory to symbiosis between 
alfalfa and Rhizobium was lower than the level inhibitory to 
germination,

Research by Titus and Pierre (19 73) was designed to 
determine the quantitative effects of symbiotic nitrogen 
fixation on soil acidity and to compare this effect with the 
theoretical amount of acidity that should be produced on the 
basis of the excess base and nitrogen content of the crop. 
Alfalfa and soybeans (Glycine max [L,] Merr.) were grown on 
two soils in a greenhouse experiment. Acidity changes were 
determined by measuring the amounts of calcium carbonate 
required to bring the pH of the cropped soils back to those 
of the uncropped.

The excess base and nitrogen content of the plants 
were determined by analyzing plant tops and roots. The 
amount of nitrogen fixed was calculated from differences 
between the total nitrogen found in the crop and the nitrate 
accumulation that took place in the uncropped soils during 
the experimental period. Some information was also ob
tained on the uptake of nitrogen from one of the soils by 
growing a non-nodulating strain of soybeans. Under the 
intensive cropping in the greenhouse, the amount of nitrogen 
fixed by 1 Vernal' alfalfa during a growth period of 167 days 
(3 cuttings) or by soybean during a growth period of 67 to



73 days, was sufficient to lower the pH of the soils by more 
than 1.0 pH unit and to require the addition of up to 2,000 
ppm of CaCOg to bring the soils back to their original pH. 
Further analyses showed that nitrogen fixation from an 
annual yield of 10 tons/ha of alfalfa would produce acidity 
in the soil equivalent to 600 kg of CaCOg/ha. Relatively 
good agreement was obtained between the amount of acidity 
developed in the soil by alfalfa and soybeans and the 
theoretical amount calculated from nitrogen and excess base 
content of the plant. Thus, the acidity produced in soils 
by nitrogen fixation is of considerable significance under 
certain cropping conditions.

■ Use of Nitrogen Fertilizer 
on Legumes /

Nitrogen fertilization has some influence on the 
activities of certain enzymes in alfalfa according to 
Cartwright (1972). He found that response to nitrogen was 
associated with increased activity of phosphogluconate de
hydrogenase, but several glycolytic enzymes, particularly 
phosphofructokinase showed decreases in activity. Yield 
response to phosphorus was associated with the increased 
activities of glycose-6-phosphate and phosphogluconate de
hydrogenase only at the highest level of applied nitrogen. .

Lee (1972) found that nitrogen had no effect on 
alfalfa stands, herbage yields, or non-structural carbo
hydrate percentage. The percentage of total non-protein,
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nitrate, free alpha"-amino, aspargine, and glutamic nitrogen 
were increased with each increase in nitrogen rate. Protein 
percentages in leaflets were not affected by nitrogen rate, 
but there were increases in stem and total herbage protein 
content. In his experiment, applications of 336 kg nitro
gen/ha were made; when this was done, the total seasonal 
herbage and protein yield increased by 6.1% and 12.2%, 
respectively.

Schertz and Miller (1972) determined the nitrogen 
accumulation in the soil profile under alfalfa grown on a 
silty clay loam and a silty loam soil. In their research, 
nitrogen fertilization was at rates of 0, 224, 448, and 672 
kg/ha using ammonium sulfate. Applications were in equal 
amounts and made at 14-day intervals.. He found that the 
greatest NO^-nitrogen concentrations at the beginning of 
the second growing season were at 30 to 60 cm depths. At 
the end of the growing season the greatest concentrations of 
NO^ were at soil depths of 15 to 30 cm. Data also showed 
that no more than 1 ppm NO^ nitrogen was found at the 90 to 
105 cm depth at the end of the growing season. Approxi
mately 85% of the total NO^ nitrogen was located in the 
upper 30 cm of the soil profile. There were no significant 
differences in NOg nitrogen concentration between 0 and 224 
kg nitrogen at any depth at the end of the growing season 
in this research.



Effect of Salts on Alfalfa 
Germination

When growing alfalfa with irrigation, one must also 
be concerned with problems caused by salt accumulation. 
Kathib and Massengale (1966) studied the effect of salinity 
on germination of several varieties of alfalfa and species 
of other plants. They arranged varieties and species in the 
following decreasing order of tolerance: 1 Sonora1 and
'Lahontan1 alfalfa, 'Miscasi' berseem clover and 1 Ranger' 
alfalfa. Magnesium chloride reduced germination more than 
sodium chloride and calcium chloride. The combined 
salts were less toxic to germinating seeds than single salts 
at the same level of total salinity. Both rate and total 
germination decreased with increased salt concentration.

In irrigated soils, water is brought to the surface 
by evaporation. When this occurs, sodium, potassium, and 
other ions accumulate in combination with sulfate, chlorate, 
and other ions.

Studies concerning the sensitivity of alfalfa to 
salinity were undertaken by Bernstein and Francois (1973). 
They used Sonora alfalfa, greenhouse lysimeters, and irriga
tion water at two salinity levels. The salinity of water

3 3for irrigation was EC^ x 10 = 1  and EC^ x 10 =2. Water
at these salinity levels was prepared by adding NaCl and
CaClg to a 0.4 mmhos/cm tap water. Yields with 2 mmhos/cm
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irrigation water treatments were about 10% less than those 
with the 1 mmhos/cm water.

In the research by Bernstein and Francois (1973), 
yield of alfalfa was adversely affected when leaching was 
reduced and salinity was permitted to exceed 35 mmhos/cm. 
Yields were 9% higher when leaching was at every third or 
sixth irrigation than at every irrigation. Increasing the 
degree of water depletion caused major salt accumulation at 
lower depths corresponding to the increased depths at which 
major water depletion occurred.

Effect of Temperature on 
Germination

When considering seed germination, one cannot speak 
about salinity problems without including the role of 
temperature, since the two are interrelated. Francois and 
Goodin (1972) observed the interaction of temperature and 
salinity on germinating sugarbeet seeds. Salinity had 
little effect on germination at 10 and 15 C, but was in
creasingly inhibitory as temperature increased from 25 to 
40 C. Germination was highest at 25 C, with low salinity, 
but almost completely inhibited at 45 C with all salinity 
levels.

Three alfalfa cultivars representing a range of 
environmental adaptation were grown by Bula (1972) at 20,
25, 30, and 35 C under controlled environmental conditions 
to determine temperature effect on growth and development.
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Stem and leaf weights per plant were highest for plants 
grown at 25 C followed by those grown at 20 and 30 C and 
lowest at 35 C. Plants grown at 20 or 25 C had larger 
leaves than plants grown at 30 or 3 5 C. Specific leaf- 
weight was highest for leaves from plants grown at 35 C but 
essentially the same at 20, 25, or 30 C. Leaves of plants 
at 20 or 25 C had larger cells and more intercellular 
spaces than those grown at 35 C. These data provide a 
partial basis for explaining the generally lower alfalfa 
yield during hot summer months. During high temperature 
periods plants have less total leaf tissue, less area, and 
smaller, more densely packed leaf cells than when grown 
during the cooler portion of the season. Large cells in the 
vascular tissue facilitate translocation of photosynthates 
and water, and large intercellular spaces in the parenchyma 
tissue enhance CO^ diffusion.

McElgunn (19 73) studied the germination response of 
forage legumes to constant and alternating temperatures for 
21 days. Daily germination counts were made on alfalfa, 
sainfoin (Onobrychis viciaefolia L.), sweetclover (Melilotus. 
alba Desr.), and birdsfoot trefoil . (Lotus corniculatus L.), 
Total germination was similar for all temperature regimes 
except the one with 2 C for 12 hours followed by 13 C for 
2 hours. Seedling emergence at 8 days was similar for 
constant and alternating temperature regimes except for the 
7 C for 24 hours, 2 C for 12 hours, and 13 C for 12 hours,
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Sweetclovers germinated more rapidly than alfalfa and 
birdsfoot trefoil. Alfalfa and birdsfoot trefoil had 
similar rates of germination and sainfoin had the lowest 
rate of germination. The 2 G for 12 hours and 13 C for 12 
hours regimes reduced total germination of all legumes, 
with sainfoin being affected least. In this experiment, it 
was concluded that cold alternating temperatures reduced 
both rate and total germination of legumes whereas cold 
constant temperature reduced the rate of germination but 
did not affect the .final germination.

Seeding and Stand Establishment
Alfalfa can be seeded with a drill or it can be 

broadcast and covered. According to Dennis et al.
(1965) using a grain drill gives a more uniform distribution 
of seeds and better control of planting depth. If alfalfa 
is to be planted in a dry seedbed and irrigated, the seeds 
should be placed at a shallow depth and covered. Alfalfa 
seeds are small and contain limited food reserves. Seed
lings can not emerge easily or at all if they are planted 
too deep or in situations where severe soil crusting occurs.

When alfalfa is planted in loam or clay-loam soil, 
seed planting depth should not exceed 0.63 cm (.Dennis 
et al., 1965), Research undertaken by Smith (.1960). 
indicated that seeding depths varying from 1.27 cm to 3.81 
cm are better for coarse-textured soils subject to drought



or in acid soil. Triplett and Tesar (1960) showed the 
importance of good seed and soil contact, especially for 
shallow plantings. The benefits of band seeding over 
broadcast seeding was reported by Tesar, Lawton, and Kawin 
(1954). They found an increase in alfalfa seedlings from 
band seeding as compared with broadcast seeding in six 
trials over a 3-year period on four soil types, Sund, 
Barrington, and Scholl (1966) concluded in their research 
that band seeding gave better results than broadcasting 
under "less than optimum" conditions as on soils of low 
fertility or when dry periods followed seeding. Research 
conducted by Marble (1970) at the University of California 
at Davis failed to show a difference between forage yield 
at the end of three cuttings for broadcast and drilled 
alfalfa.

According to Dennis et al, (1965) rates of 
planting alfalfa vary from 11.2 kg/ha to 45 kg/ha. They 
stated that this rate could be decreased to 11.2 and 22.4 
kg/ha if conditions were favorable. They reported also 
that 322 to 376 seedlings per square meter from 530 seeds 
per square meter can be described as a good emergence.

According to Kust (19 68), alfalfa established with 
herbicides was unproductive during the seeding year, but 
higher forage yields were obtained when alfalfa was 
established with oats. When alfalfa was grown without oats 
as a companion crop, Schmid and Behrens (1972) found that
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higher stand counts were obtained during the seeding year, 
However, they observed that this did not influence the yield 
during the following year.



METHODS AND MATERIALS

This research consisted of two related studies in 
which the nonwinter hardy alfalfa cultivar 'Hayden' was 
used. The first experiment was conducted in the greenhouse 
during April 1974. This was followed by a field experiment 
established at the University of. Arizona Mesa Branch 
Experimental Farm in September 1974.

Greenhouse Experiment 
Soil for the greenhouse experiment was obtained from 

the Mesa Experimental Farm, This sandy clay loam had a 
pH of 7,9 and contained 847 ppm soluble salts (Table 1),
The percentages of sand, clay, and silt were 62,9, 25,4, and 
11,7, respectively.

Table 1. Analysis of 
ment.

soil used in the greenhouse experi-r.

pH EC x 103
Soluble.salts 

(ppm)
NO 3 
(ppm)

P04
(ppm)

7,9 1.21 847 48 4.7

22
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Soil was placed in plastic circular pots having a 

2surface area of 7 8 cm . A grid was used to locate 21 seeds 
on the surface of the soil in each pot, with each seed 
equidistant from adjacent seeds. Seeds in half of the pots 
were covered with 0.7 cm and half with 1,4 cm of soil. All 
pots were perforated on the bottom to permit sub-irrigation 
and drainage.

Phosphoric acid (.12%) was applied to the surface of 
half of the 192 pots after seed had been planted and covered 
with soil. Water for each irrigation was applied by having 
pots in water 5 cm deep until the surface of the soil in the 
pot was wet. After the first irrigation on April 10, 1974, 
pots were placed on a greenhouse bench in a completely 
randomized plot design (Fig, 1). Two irrigation treatments 
were imposed. Half of the pots received two and half 
three irrigations, Soil in pots to be irrigated a second 
time were watered April 15, 1974, and those to be watered a 
third time were irrigated on April 18, 1974,

Counts of emerged seedlings were made four days 
after seeding and also on April 16 and April 18, 1974, On 
April 20, 1974, pots were taken from the greenhouse bench 
and the soil in each pot was washed through a sieve with 
water to collect seedlings. Seedlings were counted and 
then oven dried. Maximum and minimum temperatures and 
relative humidity were recorded during the course of the 
greenhouse experiment.
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Fig. 1. Photo showing pot layout of greenhouse experiment.



Field Experiment 
■ A split-plot design with three replications was 

employed in the field experiment, Each of the three borders 
was 7 m x 71 m. The field-plot design included•use of 216 
plots, each 1.53 m x 3.7 m. The analysis of a representa
tive sample of the sandy clay loam soil from these borders 
is reported in Table 2„

Table 2. Analysis of soil used in the field experiment.

PH. Ec x 10^
Soluble salts• 

(ppm)
NO 3 
(ppm)

po4
(ppm)

8.0 0.94 660 78 7.2

Alfalfa seeds were double^inoculated immediately 
before planting on the flat in dry soil on September 11,
1974. The first irrigation was applied during the evening 
of, September 11, 1974.

Two methods of seeding (drill and broadcast followed 
by cultipacking) and two seeding rates (11.2 and 22,4 kg/ha) 
were employed, A corrugated roller was used after seeding 
and before irrigation on those plots in which seed was broad
cast. ■

Nitrogen was applied as 33-0^0 broadcast prior, to 
seeding at the rate of 22„4 kg/ha * Half of the .plots for
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this experiment received 71 kg/ha phosphorus as 12% 
phosphoric acid in a 5-cm band, and half as 0-18-0 
incorporated into the soil before planting.

Two hygrothermogfaphs were installed in the center 
of the experimental area.at the beginning of the experiment. 
Temperature and humidity data were obtained September 12 to 
October 30, 1974. Daily readings at 8:00 a.m, were obtained 
from Bouyoucous moisture blocks placed at 15 and 30 cm 
depths and located at four different sites in each of the 
three borders.

Five soil thermometers were installed so as to 
obtain maximum and minimum soil temperatures at the 2,5 cm 
depth. These data were recorded each day, September 12 to 
October 10, 1974. All plots received the same irrigation 
treatment during the course of this field research. Plants 
were irrigated each time that approximately 40% of the 
available soil moisture was used. During the period 
September 11, 1974 to March 6, 1975 plants received about 
125 ha^cm/ha of water.

Three weeks after the establishment of the expert^ 
ment, soil samples were taken from and between phosphoric 
acid treated rows in drilled and broadcast plots. These 
samples were composited for each replication of each of. the 
three borders.

Seedling emergence counts were first made September 
19, 1974, one week after planting and at the conclusion of



each of the next two seven-day periods. Four counts of 
seedlings were made on each plot and averages were recorded.

Alfalfa seedlings from treated plots were harvested 
October 10, 1974, A planting device 6,4 cm diameter was 
pressed 7.5 cm into the soil at four randomly selected 
locations to harvest alfalfa seedlings. These samples were 
obtained as follows:

1. From, phosphoric acid and dry phosphorus treated and 
nontreated rows in the drilled plots.

2. From phosphoric acid and dry phosphorus treated and
nontreated rows and area between rows in the
broadcast plots.

Seedlings of each treatment were removed from the
soil by washing. They were then counted and dried a t 24 C
for 24 hours. After drying, weights of seedlings were 
obtained and recorded. One-third of the plots in the 
experiment were overt-seeded with Mesa oats on November 10, 
1974 using cone-planters and 67 kg/ha of seed. Plants on 
all plots were harvested March 6, 1975 using a cutter-bar 
mower. Harvested plants from each plot were weighed using 
a tripod and scale.



RESULTS AND DISCUSSION

Two experiments were conducted in 197 4, one at The 
University of Arizona, Tucson, and the other at the 
University of Arizona Mesa Branch Experimental Farm, to 
investigate ways to improve alfalfa stand establishment.

Greenhouse Experiment 
The average maximum temperature was 34 C and 

minimum temperature 19 C during the greenhouse experiment, 
April 10 to April 20, 1974, The average relative humidity 
during this period was 51,2%.

Alfalfa seeds placed at 0,7 cm depth produced 44% 
more seedlings than when planted at a depth of 1.4 cm.
The number of emerged seedlings from pots treated with 
surface applied phosphoric acid was significantly greater 
than from the untreated pots (Table 3 and Fig, 2). There 
were 39% more plants in plots that received the third 
irrigation than in plots receiving only two irrigations. 
The fourth irrigation did not increase the number of 
seedlings in any treatment,

Seedlings harvested from phosphoric acid treated 
plots were significantly heavier than those from control 
plots. Surface applied phosphoric acid reduced soil

28



Table 3. Average number and weight of alfalfa seedlings 
harvested 10 days after initiation of the 
greenhouse experimentApril 20, 1974.

Treatments
Plants 

(number/m )
Total plant dry 

. weight 
(gms/m )

HgPO^ treated 1785 a* 93.8 a

Control 1384 b 67.9 b

*Means followed by the same letter are not signifi
cantly different at the 0.05 level according to the 
Student-Newman-Keuls' Multiple Range Test.
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Fig. 2. Photo showing effect of surface applied phosphoric 
acid on emergence of alfalfa seedlings planted at 
0.7 cm and 1.4 cm, greenhouse experiment at The 
University of Arizona, Tucson.
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crusting and significantly increased seedling emergence and 
seedling weight.

Field Experiment 
Maximum and minimum air temperatures, 1,5m above 

the soil surface, September 15, 1974 to October 14, 1974, 
are reported in Fig, 3. Daily maximum, minimum, and 7 a„m, 
soil temperatures at 2,5 cm depth for the same period are 
reported in Fig, 4, The relative humidity averaged 51% 
for the period September 14, 1974 to September 28, 1974, 

Precipitation data obtained at the University of 
Arizona Mesa Branch Experimental Farm weather station are 
reported in Fig, 5 for the period September 14 to October 
31, 1974.

The mean maximum soil temperature and the mean 
maximum air temperature were 31 C during the period 
September 14 to September 28, 1974. . These temperatures are 
in the upper range of those considered optimum for alfalfa 
germination and seedling emergence.

The amount of precipitation occurring during 
September and October was high,enough to greatly reduce 
soil crusting as a factor influencing seedling emergence.

Effect of Treatments on Soil Analyses
Applications of phosphorus as E^PO^ or 0^18^0 

dramatically increased the amount of PO^ in the seed zone 
in plots at the University of Arizona Mesa Branch
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Experimental Farm (Table 4), The NOg nitrogen content of 
soil for the field study averaged 78 ppm in the top 20 cm 
on September 9, 1974, before initiation of the experiment. 
Germination irrigations and rainfall leached nitrogen from 
the upper 3 cm of soil so that only an average of 13.8 ppm 
NOg remained in this part of the profile on October 5, 1974. 
Treatments appeared to have no effect upon soil pH (Table 4).

Phosphorus as 0-18-0 was broadcast and incorporated 
into the soil with a rake, September 11, 1974, for those 
plots receiving phosphorus in this form. On October 5,
1974 phosphorus as PO^ was greater in plots where planting 
was with the drill than where seed were broadcast.
Apparently, action of the drill moved soil, thereby 
increasing P04 in the seed row.

Early Seedling Emergence
Seedling count data were collected September 26,

1974, 15 days after planting (Table 5), At the lower 
seeding rate (11.2 kg/ha) there were significantly more 
seedlings in plots receiving phosphoric acid in a band 
application. At this seeding rate,application of 
phosphoric acid did not significantly increase the number 
of seedlings where planting was with a drill. At the higher 
seeding rate (22,4 kg/ha) there were significantly more 
seedlings in plots treated with phosphoric acid for the 
broadcast and drilled methods of planting.



Table 4. Effect of several stand establishment methods on soil pH, phosphorus, 
and nitrogen in the upper three centimeters of soil, October 5,
1974.

Treatments

NOg
(ppm)

PO^
(ppm) PH

Seeding rate Seeding rate Seeding rate

1 1 , 2  kg/ha 2 2 ,.4 kg/ha 1 1 . 2  kg/ha 22.4 kg/ha 11.2 kg/ha 22.4 kg/ha

Seed Broadcast
h 3 po4 15.1 15.0 14.7 1 2 . 0 8 . 0  8 . 0

Qt-18v 0 14.1 14.2 16.4 17.1 8 . 1  8 . 1

No phosphorus 1 2 , 1 1 1 . 8 7.4 8 . 1 7.9 7.9

Seed Drilled
H 3 PO4 15.2 15,7 13,3 15.7 8 . 0  8 . 0

0-18^0 13,1 14,2 26.3 28.4 8 . 1  8 . 1

No phosphorus 11.7 13,1 8 , 6 8 . 0 7.9 7.9

aSoil sample taken between bands of surface applied phosphoric acid.
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Table 5. Mean number of emerged, seedlings in field experi

ment plots, September 26, 1974, 15 days after 
planting.

Treatments

Number of plants 
(per m2)

Seeding rate
11.2 kg/ha 22.4 kg/ha

Seed Broadcast

H3P04 250.0 a* 293.0 a
0-18-0 214.4 b 232.0 b

Seed Drilled
h3po4 164,0 c 214,4 b
0-18-0 153,0 c 189,0 c

*Means followed by the same letter are not signifi*-
cantly different at the 0,05 level according to the Student^
Newman-Keuls! Multiple Range Test,
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Seedling Harvest

The number and weight of individual seedlings were 
significantly less for seedling samples taken from untreated 
areas within those plots where band applications of 
phosphoric acid were made (Table 6). Seedlings were 
harvested from the ridge and furrow areas of broadcast 
seeded plots in which 0-18-0 was used as the source of 
phosphorus. The individual seedling weight was signifi
cantly less for plants on the ridge * as compared to those 
growing in the furrow. These data indicate that phosphorus 
fertilizer increased the number of seedlings and the mean 
weight of seedlings.

Yield of Forage
Plants in all plots of the field experiment were 

harvested March 6, 1975 (Fig, 6), The mean yield of forage 
from plots established at the lower, seeding rate (11,2 kg/ 
ha) with the drill was significantly lower than from other 
plots (Table 7)., The yield of plants established by 
broadcast seeding and cultipacking at the lower and higher • 
seeding rates did not differ significantly,

Alfalfa established with a drill at the higher 
seeding rate produced significantly more forage than when 
planted at the lower seeding rate. The forage yield of the 
drilled alfalfa at the higher seeding rate did not differ



Table 6. Effect of seeding rate, method of seeding and source, and method of 
phosphorus application on seedling emergence and weight, October 12, 
1974, thirty days after planting.

Seedling weight 
Number of plants . . ..........(mg/piant)

Seeding rate . . ......... Seeding, rate......
11,2 kg/ha 22,4 kg/'ha 11.2 kg/ha 22.4 kg/ha

Treatments Furrow Ridge Furrow Ridge Furrow Ridge Furrow Ridge

Seed Broadcast 
H3po4 427 b* 559 a 61,6 a 53.3 a
0-18-0
No phosphorus

419 b 355 b 44 4 b’ 445 b 55,2 a 35.7 b 64.8 a 34.2 1
172 c 206 c 36.6 b 40.7 b

Seed Drilled
H3P04 ' 0-18-0

438 b 747 a 53,0 a 44.2 a
341' b 643 a 49.3 a 55.7 a

No Phosphorus 143 c 348 b 28.3 b 47.1 a

gSeedling sample taken between bands of surface applied phosphoric acid.
*Means followed by the same letter are not significantly different at the

0,05 level according to the Student'-Newman-Keuls' Multiple Range Test;,
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Fig. 6. Photo showing harvesting of alfalfa plants in the 
field experiment, March 6, 19 75.
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Table 7. Effect of seeding rate, method of seeding and

source, and method of phosphorus application on 
the yield of forage harvested March 6, 1975.

Treatments

Forage yield 
(T/ha green weight)

Seeding rate
11,2 kg/ha 22.4 kg/ha

Seed Broadcast

H3P04 26,0 a* 25.0 a

oi00 1—1 1o 2 6,0 a 27.0 a

Seed Drilled

H3P04 20.5 b 24.0 a
0—18*̂ 0 18.5 b 23.5 a

*Means followed by the same letter are not signifi
cantly different at the 0,05 level according to the Student^
Newman-Keuls' Multiple Range Test,
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significantly from that of either rate used for the 
broadcast seeding.

Forage was removed from one replication of plots 
after harvest to show relative stand density (Fig. 7),
There were noticeably fewer or smaller plants in plots 
drilled at the lower seeding rate.

Delayed Overseeding with Oats
It was thought that the yield of the first harvest 

after seeding might be larger if the new stand were over^ 
seeded with Mesa oats, Yield of forage at the first 
harvest was not increased by overseeding as accomplished in 
the field experiment (Table 8). The yield of forage in 
plots established by drilling with 11,2 kg/ha of seed was 
significantly less for oyerseeded and non^overseeded plots, 
These results seem to confirm the competitive and vegeta^ 
tive effect of companion crops (Fig, 8),
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Fig. 7. Photo showing plant density in one replication of 
the field experiment after harvest on March 6, 
1975 —  The two plots at left were established by 
broadcasting and cultipacking and those at the 
right with a drill. The higher seeding rate 
(22.4 kg/ha) was used for the plot at the left of 
each seeding method pair.



Table 8, Effect of overseeding newly established alfalfa with Mesa oats on 
November 10, 1974 at the rate of 67 kg/ha.

Treatments

Forage yield 
(T/ha green weight)

Not overseeded with oats Overseeded with oats
Seeding rate Seeding rate

11.2 kg/ha 22.4 kg/ha 11.2 kg/ha 22.4 kg/ha

Seed Broadcast
h3po4 26,0 a* 25,0 a . 22,5 a 23,4 a
0-18-0 26,0 a 27,0 a 25,3 a 24,1 a

Seed Drilled

H3P04 20.5 b 24.0 a 19,8 b 22.2 a
OtISt-O 18.5 b 23,5 a 16.5 b 21.7 a

*Means followed by the same letter are not significantly different at the
0,05 level according to the Student-Newman-Keuls t Multiple Range Test,
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Fig. 8. Photo showing cone-planters used to overseed Mesa 
oats in alfalfa, November 10, 1974.



SUMMARY

Greenhouse research, as conducted in this study, 
indicated that surface application of 12% phosphoric acid 
reduced soil crusting and increased alfalfa seedling 
emergence and vigor.

Unusually timely rains occurred during the period 
after planting alfalfa in the field. This prevented soil 
crusting and therefore eliminated any beneficial effects 
that might have resulted from surface-applied phosphoric 
acid. However, fertilizer benefits from the phosphorus 
application were evident. Arizona’s alfalfa seed bill 
could be reduced by one million dollars each year if seed 
use were limited to 11,2 kg/ha and planted with a culti- 
packer or similar tool as in the field experiment of. this 
research.

Overseeding alfalfa 60 days after planting with Mesa 
oats did not increase the total yield of forage from the' 
first harvest. Oat plants provided excessive competition 
for alfalfa, as reflected in yield data.

4 6
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