=T
‘7;'2

THE EFFECT OF SPACING AND VARIETY ON SEED YIELD AND OTHER
CHARACTERISTICS OF ALFALFA

By

oami Michel Saad

A Thesis Submitted to the PFaculty
of Agricultural Sciences in Partial Fulfillment of
The Requirements for the Degree of

MASTER OF SCIENCE IN AGRICULTURE

Majors:s Agronomy - Seed Technology
Minor: Plant Pathology

coicAN HVERS!ITY OF BEIRUY
A?‘ﬁtﬁﬂﬁ&%‘d !l':':.r. T lmiiiars 3 J .; '
SCIENCE & AGRICULTURE
~ LIBRARY

Cheirman, G uate Committee

American University of Beirut

18965



Seed Production in Alfalfa
Saad



ACKNOWLEDGENMENTS

The sauthor wishes to express his deep respecf,and
gratitude to Dr. W.W. Worzella for his invaluable advice,
constructive criticism, continuous encouragement and
correction of the manuscript. |

Sincere thanks are due to Dr. Donald W. Bray for
his helpful suggestions and guidance in setting up the
tables and in the methods of statistical analysis.

Grateful acknowledgements are also due to the Crop
Production staff at the Agricultural Research and Education

Genter for their help and co-operation in making this study

possiblee.

Sami M. Saad

- 1V =



ABSTRACT

A three-year study was carried out at the Agricultural
Research and EZducation Center of the American University of
Beirut, to evaluate the effect of various plant populations
and varieties of alfalfa upon seed yield, forage yield,
plant height, percent seed germination, and 1000 seed weight.
The study was conducted under irrigated conditions,

The results reveal that the 50 x 50 cm. plant spacings
produced more seed per dunum than did the 50 x 25 cm. and
the solid planting, respectively. The solid plantings, how-
ever, produced significantly taller plants and higher forage
yields than did the other two plant spacings tested. The
germination and the size of the seed of alfalfa were not
influenced by the wvarious planttpopulations studied.

Hairy Peruvian produced significantly taller plants
- and higher seed and forage yields than did the varieties
African and Chilean. The size 0of the seeds in the African
variety was larger than that obtained in fhé other two
varieties. The germination percentage of the alfalfe seed

was the sanme for the three varieties tested.
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INTRODUCTION

Alfalfa, Medicago sativa L., also known as Lucerne

in some pasrts of the world, is a herbaceous perennial plant
belonging to the Leguminosae family. It has become an
established facf that this crop occupies a place as one of
the world's most valuable forage crops. Iis widé distribu-
tion in the world indicates a remarkable adaptability to
different climatic and soil conditions. The crop does best,
however, when grown in relatively dry atmospheric conditions,
under irrigation and on well drained fertile soil.

Alfalfa is known for its role in balancing crop pro-
duction. This is accomplished in two ways, namely through
soil improvement and by furnishing highly palatable andl
nutritious feed for liveétocka

The production of alfalfa seed in Lebanon has been
neglected becauée of the lack of knowledge of production
practices, non-availability of good quality seéd, high cost
of the seed, znd the under-estimation of the value of the
crop as a source of potentiality in crop productionﬁ'

Growing alfalfa seed has become a complicated enter-
prise in which farmers must give great attention to many
production practices. High seed production hag been obtained

by planting the alfalfa in rows, keeping the soil moist at
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all times from the initiation of growth in the spring until

o few weeks before harvesting, applying fertilizers, control-
'ling weeds, harmful insects and diseases, and keeping polli-
nating insects in abundance during the blossoming period.

The climetic conditions in the Bega'a, Lebanon are similar

to those of other areas in the world where alfalfa seed
pfoducticn has been successful. During the season of seed
production there is no rainfall and the air temperatures are
relastively warm and dry. These conditions favor bee acti-
vity, seed setting, and:seed maturations,

The work reported here was undertzsken at the Agri-
cultural Research and Education Center of the American
University of Beirut, located in the Bega'a plain, Lebanon.
The purpose was to investigate the effect of plant popula-
tion énd varieties upon seed yield, forage yield, and
certain other‘agronomic characteristics of alfalfa when
grown under irrigsted conditions during the period of March

1962 to August 1964.



REVIEW OF LITERATURE

With a cross-pollinated crop like alfalfa, there are
many factors, apart from climate, which affect seed produc-
tion and can be controlled by the grower. Density of plant
population is one of the most important cultural practices
which affects the yield of both seed and forage.

Considerable work was done on the problem of stand
density and in general mos®t workers agreed that thin stands
were best for seed production. It is the purpose of this
section to review the available information pertaining to
the effect of spacing and variety on yield and other agro-

nomic characteristics of alfalfsa.

Seed Yield

Westgate et al. (38) and Westgate (37) recommend thin

stends as this causes better development of the single plant
by allowing more sunlight to be received by the individual
plants. The most promising method was to seed the alfalfa
in rows from 30 to 40 inches apart and practice thinning
within the rows as the plants becgme established. HBouth-
worth (32) reported that by growing alfalfa in 36 inch rows
the crop received more air and sunlight. This helped to

produce healthier plants and more vigorous growth of flowers.

&%
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There was an increased tendency for the flowers to become
fertilized and produce more seed than when the plants were

more crowded together in a broadcast plot. Kidder et al.

(22) recommended a thin seeding whether in rows or broadcast.
The best rate of seeding alfalfa in rows for a seed crop was
by planting from one half to one pound of seed to the acre.
Carlson and Stewart (6) reported that growing alfalfa in
hills for seed producfion gave an increase in acre yield of
seed by approximaﬁely 44 and 76 percent compared with the
rows and drilling methods, respectively. The authors obtained
better results where alfalfa was drilled in rows 28 inches
apart and thinned %o 21 or 28 inch-hills within rows than
where the rows were spaced 14, %5, or %9 inches apart.
Engelbert (10) found that thin stands of alfalfa
induce the best seed production by causing better development
of the plants., The highest seed yields were obtained from
fields with thin stands. Spencer and Stewart (33) reported
that alfalfa planted in rows and hills 28 x 21 inches pro-
duced 76 percent more seed per acre than when broadcast.
Westover (39) concluded that growing alfalfa in rows under
limited moisture supply will give larger yields of seeds
than close drilling or broadcasting. Carlson (4) obtained,
during a four year study under irrigation, higher seed ylelds
from hill spaced plants than from row spaced and drilled
stands, respectively. Similar results were found by Carlson

et al. (5). Tysdal and Kiesselback (%5) found that planting
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alfalfa in rows or in spaced hills either under irrigation
or dryland conditions resulted in higher average seed

yields. Weighing et al. (36) found that seed yields in

Colérado averaged 65 pounds per acre for solid stands, 84
pounds for rows 21 inches apart, 97 pounds for plants 21 x
24 inches apart, 96 pounds for rows 35 inches apart and 102
pounds for plants 35 x 36 inches apart. These results in-
dicated the merits of a thin stand for seed production.
Grandfield and Franklin (15) concluded that alfalfa planted
for'seed production should be seeded in rows at the rate of
one pound to the acre. Graber (13) reported that the pros-
pects for alfalfa seed productlon are generally better where
the stands are thin. .

Jones et al. (20) recommended planting aifalfa in rows
24 x 36 inches apart at a rate of one pound per acfe. The
suthors revealed that planting alfalfa in rows required less
water. Also, cultivation for control of weeds was possible
with row planting. Graumann and Henson (16) suggested that,
with limited moisture available under semiarid conditions,
21falfa in rows uauallylproduces a higher average yield of
seed than when drilled or broadcast. Pedersen and McAllister
(28) found that crowding was harmful to seed production. In
comparing hills 48 inches apart with dense hay-type stands
at Newton, Utah, it was found that about twice as much seed
was produced on the spaced plants as was produced'on the

hay-type stand. It was found that spaced plants favored
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nectar production, bee visitation, pod setting, and seed
production. The authors found that for seed production
alfalfa should be planted in rows not closer than 24 inches
and at a rate of one pound per acre.

Pedersen (25) reported, over a three year period of
experimental work at the United States Legume Research Seed
Laboratory, that alfalfd seeded in rows 24 inches apart at
a rate of one pound per acre produced 147 percent as much
seed as a hayﬁstand planted at a rate of three pounds to the
acre. Zaleski (41), during a three year study on lucerne
seed production at Cambridge, observed that the highest yieid
of seed each year was obtained from rows 24 inches apart sown
at & low seed rate and uncut in spring for fodder. Pedersen
(26) reported that rows 24 inches apart cross-thinned to
hills 12 inches apart yielded the highest nectar production

and hence the highest seed yield. Pedersen et al. (27)

found that the 24 inch plots seeded at the rate of one pound
per acre produced an acre yield of 307 pounds on the average
compared with 273 pounds from plots with 48 inch rows.
Plants in the wider rows were apparently too far apart to
take advantage of the area alloted. Garrison (12) suggested
that where alfalfa is grown primarily for seed, row spacings
of 24 to 42 inches heve been superior to solid plantings.

In an F.A.O0. report (1) it was suggested that for seed
production alfalfa should be planted in rows. Experiments

have shown that spacing alfalfa plants at a distance of 30
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to 60 cms. within foirly wide rows gave higher seed yields
than sowing them in continuous rows. Jones and Pomery (21)
observed, during a three year study, that thinning within
rows was beneficial for all row ﬁidths studied. The highest
yields were obtained from rows spaced 24 inches apart and
thinned to 6 x 18 inches (6-inch blocks of the row remained,
between which 18-inch blocks were removed). Pedersen and
Nye (30) reported that for satisfactory management of alfalfa
for seed production the seeds should be planted in rows 24
inches apart at a rate of one and a half poﬁnds per acre, and
after the second year the stand should be thinned by cutting
out every other foot in the row. Zaleski (40) revealed that
al1falfa for seed production should be drilied in wide rows

ot a low seed rate and without a companion grass.

Forage Yield

Bolton (3) stated that for forage production, the
distance between rows is closely related to the available
moisture. If water is a limiting factor, rows of 12 inches
or even 18 inches apart will produce better growth and allow
normal harvesting. Graumann and Henson (16) concluded that
where rainfall is a limiting factor, the yield of forage
from row planting was greater than that from close drilling
or broasdecasting. Higher yields were obtained from a dense

stand under sufficient precipitation. Clements et al. (8)

stated that competition between plants became more critical
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as stand denéities increased. Garner and Sanders (11) feound,
in a four year study, that alfalfa drilled at a constant seed
rate per acre in narrow rows 3.5 and 7 inches apart, gave
higher forage yields than when drilled in rows 10.5 and 14
inches apart. The yield of dry matter per acre from narrow
rows was half a ton more than from thé wide rows. Tysdal
(34) obtained the highest forage production per acre from
close spacing with frequent irrigation. Weighing and
Robertson (36) found that rows spaced 12 inches apart com-
pared to 20 or 36 inches produced more dry matter per acre.
Kramer and Davis (23) tested thirty varieties of alfalfa,
planted in rows 7 and 18 inches apart and at six inch spa-
cings within the rows, observed a high correlation between
yield and stand of alfalfa. It was found that the influence
of stand on the yield was greater in the first year than in
the second year after seeding. This was due to the ability
of alfalfa to adapt itself to thin stands.

Pedersen and McAllister (29) reported that alfalfa
spaced in rows 20 and %6 inches apart gave good hay yields
under dry conditions. Cowett and Sprague (9) oﬁserved that
stand density had the most pronounced effect on the number
of stems produced by the alfelfa plant. Lower stand densiﬂ
ties resulted in less yield per unit area, but a greater
number of stems per plant. Rumbaugh (31) studied the effect
of four different row spacings, namely 5.25, 10.50, 21 and

42 inches on the yield of alfalfa. It was concluded that the
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dry matter yield per acre was higher in close spacing and
that as the population density increased the dry matter per
plant decreased. Jarvis (19) reported, in a study of diffe-
rent spacings on the forage yield of alfalfa, that as stand
density increased the yield of forage iﬂcreasedlrapidly up
to a certain level, but further increases in stand density
did not give any significan® increase in yield. Carmer and
Jackobs (7) reported the results of an experiment involving
seeding rate, row spacing, and fertilizer placement. In
general the total yields of dry matter, in tons per acre,
were higher from alfalfa planted in rows four inches apart
at a rate of eight pounds to an acre compared to plantings
made in rows eilght inches apart and at a rate of 12 pounds
per acre,

Grandfield (14) recommended 10 to 15 pounds of seed

per acre for forage production. Hutcheson et al. (18)

suggested seeding alfalfa at a rate of 15 to 20 pounds per
acre for high yield and good quality hay. This is in agree-
ment with Hosterﬁan (17) who suggested a thick stand to

produce higher yields of alfalfa hay.

- Other Characteristics

Carmer and Jackobs (7) observed that the height of
alfalfa plants and dry weight of the top growth decreased as

the seeding rate and consequently the plant population
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increased. Rumbaugh (31) reported, from a study involving
four spacing treatments, that maximum length of stem was
attained at the 21 x 21 inch spacing compared to the narrow
and wide plantings. Zaleski (42) revealed that the propor-
tion of hard seed depends chiefly on the weather conditions
during the ripening of the seed and harvesting time, density
of plant population, and moisture content of the seed. In
an exceptionally dry season, alfalfs seed produced at
Cambridge, has had as much as 72 percent hard seed and only
25 percent germination.

Tysdal and Kiesselback (35) recommended that the
best time to harvest alfalfa seed is when about two-thirds
of the pods are black to brown. If cutting 1s deléyed
beyond this period considerable seed is lost by shattering.
Zaleski (41) concluded that the right stage of seed maturity
at which the crop should be harvested is very important. The
best stage for harvesting with respect to yield and germina-
tion is when 70 to 80 percent of the pods formed are brown.
Pedersen and Nye (30) reported a reduction in both the
number of seeds per pod and in the seed weight as the age of
the stand increased. The number of seeds per pod decreased
from 4.9 to 3.1 and the seed weight from 2.48 milligrams to
2.03 milligrams per seed during the four year period of

study.
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MATERIALS AND METHODS

The experiment was carried out for three years, 1962
to 1964, at the Agricultural Research and Hducation Center
of the American University oleeirut, located in the north
central part of the Bega'a plain, Lebanon.

The soil in general is low in orgenic matter, nitro-
cgen, and phosphorus, high in clay and potassium content and
is calecareous with a pH of about 8. The monthly average
temperature, relative humidity, and annual rainfall at the
central Bega'a plain is shown in Table 1.

A_smooth firm seedbed was Prepared and the experi-
mental plots received a uniform application of 20 kilograms
of P,0¢ (as superphosphate) per dunum. The first year the
fertilizer was broadcast and disked into the soil before
planting time. In subsequent years an annual application of
20 kilograms of P205 was made by brdadcasting the fertilizer
on the surface in March.

The experiment was laid out in a split-plot design
involving three spacings as major plots and three varieties
=s sub-plots. There were four replicates. Three varietlies
(not rendomized), Hairy Peruvian, Chilean, and African were
planted in the sub-plots. The sub-plots consisted of three
rows, each four meters long and 0.50 meter apart. The

within-row plant spacings were 25 cm., 50 cm., and the solid

- 1
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plant rows sown at the rate of 100 grams per dunum.

Alfalfa seedlings were started in flats in soil Tilled
vita-bands containers to facilitate transplanting. Field
trensplanting was done on April 20, 1962. For the solid row
plantings, the seeds were planted by a Planet Junior drill
on the same date.

The experimental plots were irrigated weekly by
sprinklérs. Weekly irrigation by the furrow method was
started on June 25, 1962 and continued until two weeks before
harvesting the seed crop or until one week before harvesting
the forage crop. Weeds weré controlled Dy hoeing and by
hand when necessary. Alfalfa plants were sprayed with
"Gusathion" and "Heptachlore“ early in the spring to control

the alfalfa weevil (Hypera sp.)e

For seed yield the ﬁlants were harvested in Augus?t
when two-thirds of the seed pods had turned brown in color.
For seed and forage yields one square meter was harvested
from each of the one row sub-plots. This involved harvesting
four plants from the 50 x 50 cm. spacing, eight plants from
the 50 x 25 cm. spacing, and a length of two meters from the
solid planted row. Harvesting was done with a handsickle by
cutting the plants at a height of two 10 three inches above
+the soil level. The stems bearing the seeds were put into
sscs which were hung in the open air and sun to permit drying.
Threshing and cleaning of the seed was done with the nursery

equipment. The clean seed was then weighed and the seed
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jield calculated as kilograms per dunumal Representative
eemples were taken to evaluate the seed quality. Germination
and weight of 1000 kernels were determined according to the
International Rules for Seed Testing (2).

For forage yield, which represented the first crop,
not used for seed production, one cutting was taken from the
plots in April of each year when the plants had reached the
one-tenth bloom stage. Plant heights were determined just
before each harvest. Total green forage weights were re-
corded and moisture samples of one kilogram were taken from
each plot harvested. These samples were alr dried for six
weeks and then reweighed. The forage yield of alfalfa is
reported on an air dry basis 1in kilegreme per dunule

Statistical methods appropriate to the split-plot
design were used according to LeClerg, Leonard and Clark

(24).



RESULTS AND DISCUSSION

A three-year study was conducted to find the effect
of three different plént populations and three varieties on
yield of seed, forage, and other agronomic characteristics
of alfalfa when grown under irrigated conditions.

The results are summarized and reported in Tables
2 to 6. Analysis of variance tables are given in the
Appendix (Tables 7 to 20). The L.8.D. figures are given at
the bottom of the tables for treatments that are statisti-

~cally significant.

Seed Yield

Alfalfa seed yields were affected significantly by
the three spacings studied. As shown in Table 2 the highest
seed yields per dunum were obtained each year from the 50 x
50 ecm. spacing. The beneficial effects of thin stands on
seed yield may be attributed to the better development of
the single plant by allowing more air and sunlight to be
received by the individual plants. It has been suggested by
several authors (10, 28, 32, 37, 38, 39) that low seed
production by dense stands can be explained by low nectar
production, unattractiveness to pollineting insects, and

increased ovary abortion.

= $B.=
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Table 2 -~ Average seed yield of alfalfa in kgs. per dunum as

affected by spacing and variety. Grown at the
Agricultural Research and Education Center, Rega'a,
Lebanon, during the period 1962-1964.

LTI AT

Year Spacing Variety 5 opacing
Hairy Pg- Chilean African Mean
Sl ruvian =
50x50 em.” 79 68 49 65.3
1962 50x25 em. 52 48 41 47, 0%
colid 46 44 29 59.6%
Variety Mean 59.0 D5 3 39.6%
50x50 em, 116 84 75 91.6
1963 50x25 em. 58 T 75 70.0%%
oolid B& = 46 45 48, O%*
Variety Mean 75.6 69.0 65,0 |
50x50 em. 101 95 67 87 .6
1964 50x25 cm., 94 4 T4 82.3
Solid 15 70 47 64.0%*
Variety Mean 90.0 81,3 62.6%* |
Average 50x50 cm. 98.6 824 63.6 81.5
for 50x25 cui. 68.0 8.0 63.5 66,4 %%
1962-64 So0lid 58.0 D32 40.3 50+ 5%*
Veriety Mean 74.8 67 .9% 55, T**
* Significant at the 5% level,
** Significant at the 1% level.,
+ 50 x 50 em. spacing and Hairy Peruvian used as check,
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The plants in the plots were established in 1962 which
accounts for the lower seed yield in that year. The larges?d
seed crop was harvested from the well established plants in
1964,

An average seed yield, for the three-year period
1962-1964, of 81.5 kgs. per dunum Waslobtained from the 50
x 50 cm. plant spacing. This was followed by the 50 x 25 cm.
spacing with 66.4 kgs. and the solid planting with 50.5 kgs.
of seed per dunum.

The varieties Hairy Peruvian and African differed
significantly in seed yielding ability. Hairy Peruvian
produced the highest yield in 1962 as compared to Chilean
ond Africen. In 1963 the varieties did notv differ signifi-
cantly, although, as 1in 1962, Hairy Peruvian showed a trend
toward higher production_of seed as compared to the other
varieties. In 1964 the same trend was obtained, but the
difference between Hairy Peruvien and African was highly
significant. In all three years there was no significant
difference between Hairy Peruvian and Chilean in seed pro-
duction. Hairy Peruvian averaged T74.8 kgs. of seed per
dunum over the three year period. This yield was signifi-
cantly higher than that of Chilean at 67.9 kgs. and African

st 55.7 kgs. per dunun,
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Dry Matter Yield

The dry matter yields of alfalfa were greatly affec-
ted by plant spacing as is shown in Table 3. Higher dry
matter yields were recorded from the solid planting or dense
stand than from the 50 x 25 em. and 50 x 50 cm. spacings.
These results are in agreement with several authors (7, &,
ot o,

e

T+ is well known that competition between plants
often becomes more critical as stand densitly 1is increased.
Plots with plants spaced too far apart within the row yield
less because individual plants do not make the maximum use
of the environment.

The total dry matter yields were comparatively low,
because they represent the yield of only one cutting, and
that taken early in the spring. Furthermore, the total
yields of dry matter were higher'in 1963 and 1964, primarily
because of the better establishment of the plants during
those years.

In 1962, the alfalfa in both the solid planting and
in the 50 x 25 cm. spacing produced significantly higher
yields than did that 1n the 50 x 50 cm. spacing. The solid
planting of alfalfa gave the highest dry matter yields 1n
1963 and 1964. However, no significant difference in the
yields of dry matier was found between thé 50 x 25 c¢nm., and

50 x 50 cm. spacings.
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Table 3 - Average dry matter yield of alfalfa in kgs. per

dunum as affected by spacing and variety.

Grown

at the Agricultural Research and Education Center,
Bega'a, Lebanon, during the period 1962-1964.

opacing

Year Spacing Variety
Hairy Pe-~  Chilean  African Mean
ruvian i o
50x50 cm.” 151 182 167 166.7
196 2 50x25 ecm. — 288%% - D12%* 227 ** 242, %%
Solid % 18%%* 3TH** D7 Bk 3002, O%*
Variety Mean 252.3 056,3  222,3% |
50x50 cm. 261 318% 284 28T
1963 H50x25 cm. 36 4%* 386 ** 296 248, 7
Solid 466 %% 478% % 34 1%% 428, 3%
Variety Mean 363;7 394;0* 307;0** | |
50x50 cm. 307 398%% 250 318473
1964 50x25 cm. 409 %% 500%* 364 424,35
Solid 6o*a 398 % * 55T %% 530, 3%%
Variety Mean 450,7 432.0  390.3%* |
Average 50x50 em. 239.7 299,3%* 233 7 25746
for 50x25 cm. 353, T** 366.,0%% 205, ,T*% 338 4%*
1962-64  Solid 473, 3%* 417.0%% 390.3%% 496 ,9%*
Variety Mean 355.6 360.7  306.6%*

* Significant at the 5% level.

+* %

.4 50 B, 8 50 Cll.

Significant at the 1% level. .
spacing and Hairy Peruvian used as check,
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The three-yeaf average yields of the Solid plantings
and 50 x'25-cm.fspacing show significantly highér forage
production than that obtained from alfalfa plants planted
50 x O em. apart.

Dry matter yields were affected also by the varieties.
In 1962 African produced a lower yield than did Hairy Peru-
vian and Chilean which yielded about the same. However, 1in
1963 Chilean produc@@/ﬁore forage than did Hailry Peruvian or
African. In 1964 Hairy Peruvian performed the best, but
the difference between Chilean and Hairy Peruvian in dry
matter production was not significant.

Considering the average yield for the three years,
it can be seen that African produced the least amount of

dry matter, whereas Chilean and Hairy Peruvian gave the

highest forage yield,

The significant interaction between the varieties
and spacings shows the response of the varieties to the
variation in stand. -At the 50 x 50 em., or the wide spacing,
Chilean outyielded Hairy Peruvian and African. At the 50 x
25 cm. spacing, Chilean and Haify Peruvian gave higher
yields than did African. However, when planted in solid

rows, Hairy Peruvian outyielded ‘the other two varieties.

Plant Height

The average plant height in centimeters recorded at

the time of seed harvest is reported in Table 4. A study



- Il

Pable 4 - Average plant height of alfalfa in cms. as affec-

. ted by spacing and variety. Grown at the Agri-
cultural Research and Education Center, Beqa'a,
Lebanon, during the period 1962-1964.

Year Spacing Variety Spacing

Hairy Pg— Chilean African  Mean

= ruvian 3 K

50x50 cm.” 6678 61.8 59.73 62.7

1962 HhOx25 enm. 69.5 . J2+€ 68.8 10
oolid 81.8 T7s0 1G5 79, 1*%

Variety Mean 7T2.7 19s 5 68.9

50x50 cm.  73.8 74.0 o5 158

1963 50x25 cm. 81.0 79.3 A D 199
Solid 99.3 91.8 92.8 94, 6%
Variety Mean 84.7 §1.7 80, 9% |

50x50 cm. 84.8 875 815 84,0

1964 50x25 emn. 91,5 96.8 89,0 92.4
Solid 107 5 1155 110.0 110, 5%
Variety Mean 94.6 99,2 = 93,5 &

Average  50x50 cm. 751 T4.4 17945 T5.4
for HhO0x25 en. 80,7 82a [ - 7940 80.8%*
1962=64 Solid 96 42 94.0 93.8 94,.T**

Variety Mean 84.0 83.7 81, 1%% |

¥ Significant at the 5% levele
¥% Significant at the 1% level.
+ 50 x 50 cm. spacing and Hairy Peruvian used as check.
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of the data reveals a highly significant effect of plant
spacing on the mean height of alfalfa plants in the three
years. The tallest plants wefe recorded from the dense
stand or solid plantiné#;;d the shortest plants were recorded
from the 50 x 50 cm. spacing. As for the average of the
three years, both the solid planting and the 50 x 25 cm.
plant spacing gave taller plants than did the 50 x 50 cm.
spacing and the differences are highly significant.

The varieties did not differ significaﬁtly in plant
height in 1962 or in 1964. Over the three-year period of
the experiment, it was found that the plants of Hairy

Peruvian and Chilean were significantly taller than were

those of the African variety.

1000 Seed Welight

The weights of 1000 seeds of the three varieties
used in the trial are shown in Table 5. In both years, 1963
and 1964, African produced heavier seeds than did Hairy
Peruvian, and the lightest seeds were produced by the variéty
Chilean.

A study of the data in Table 5 reveals that plant
spacing did not have any influence on-the weight of 1000

seeds of alfalfa,



L

Table 5 - Average weight of 1000 seeds of alfalfa in grams
as affected by spacing and variety. Grown at the
- Agricultural Research and Education Center, Bega'a,
Lebanon, during the period 1963-1964.

\x,_ e

=z

Year opacing Variety opacing
Hairy Pe- Chilean African Mean
ruvian
50x50 cmeT  2.43 2.04 2,47 2.31
196 7% 50x25 cmnm. 2.25 2.05 2:54 2. 27
Solid 2:35 1.95 2.%56 el
Variety Mean 2.34 2.071%% 2.46
50x50 en. 2+ 594 2.02 242 Pe 20
196 4 50x25 cm., 2 .56 2. 006 2406 2¢29
Solid 2,36 1,98 2.38 2.24
Variety Mean 2.35 2.02%% 2,42%%
Average 50x50 cm., 2498 2.80% 2.44 2,28
for 50x25 enm. 2451 2.04 2.50 2428
1963%3-64 Solid 2e 98 1.96 237 222
Variety Mean 2.34 D, 44%%

2.0 1%%

i

** Significant at the 1% level,

+ 50 x 50 cm. spacing and Hairy Peruvian used as check,
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Germination Percentage

The data on the effect of spacing and variety on
the germination percentage of alfalfa seed are presented in
Table 6. It will be noted from the data that variations in
alfalfa plant populatibns did not influence the resulting
germination percentage of alfalfa seed.

The varieties differed significantly in germination
percentage as is shown in Table 6. However, according to
the International Rules for Seed Testing (2), the results
fall within the allowable toierance range, hence the statis-
tical significance is meaningless in.this case, Thus the

results obtained could be considered not significante.
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Table 6 = Average germination of alfalfa seed as affected
by spacing and variety. Grown at the Agricultural
Research and Education Center, Bega'a, Lebanon,
during the period 1962-1964.

Year Spacing Variety Spacing
Hairy Pe- Chilean African Mean
ruvian
50x50 cm.” 89 86 91 89
1962 50x25 cm. 90 88 92 90
Solid 87 86 85 86
Variety Mean 89 87 * 89
50x50 cm. 91 90 89 90
1963 50x25 cm. 94 88 90 91
Solid 90 89 89 89
Variety Mean 92 89 % 89 **
50x50 cm, 87 86 94 89
1064 50x25 cm. 88 38 92 89
Solid 90 87 92 90
Variety Mean 38 87 Ui
Average 50x50 cm. 89 87 91 89
for Hh0x25 cm. 91 88 1 S0
1962-64 Solid 89 87 89 88

Variety Mean 90 81 ** 90

¥ Significant at the 5% level.
** Significant at the 1% level,
+ 50 x 50 cm. spacing and Hairy Peruvian used as checks



oUNMARY AND CONCLUSIONS

The study was undertaken to evaluate the effect of
three different spacings and. three varieties of alfalfa on
seed yield, forage yield, plant height, 1000 seed weight,
and percent germination. The trial was conducted under
irrigated conditions at the Agricultural Research and
Zducation Center of the American University of Beirut,
during the period of 1962 to 1964.

The within-row alfalfs plant spacings were 50 cn.,
25 cm., and solid planting. All of the rows were planted
50 cm. apart. Three alfalfa varieties, Hairy Peruvian,
Chilean, and African were evaluated for their performance.
The 50 x 50 cm. plant spacing and the'variety Hairy Peru-
vian were used as check.

Highest yields of seed were obtained from the 50 cm.
within-row plant spacing. This was followed by the 25 cm.
plant spacing and the lowest seed }ields resulted from the
solid planting. The differences in seed yields are highly
significant. The three alfalfa varieties differed signifi-
cantly in seed yields with Hairy Peruvian giving the highest
yield as compared to Chilean and African.

Forage yields were the highest from the solid planting,

followed by the 25 cm. within-row plant spacing. The 50 x

e
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50 cm., plant spacing resulted in the lowest forage yields.

The variety African gave the lowest forage yields and
the difference was highly significant as compared to Hairy
Peruvian which yielded about the same as did the variety
éhilean.

Plant height in alfalfa was materially affected by
the within-row plant spacings and varietiéS. The tallest
plants were obtained from the solid planting and the shortest
ones were obtained from the 50 cm. within-row plant spacing,
These differences are highly significant when compared with
the 50 x 50 em. spacing.

The variety Heiry Peruvian produced the tallest plants,
followed by Chilean and African. The difference between
African and Hairy Peruvian was highly significant.

The germination percentage of alfalfa seed was not
affected significantly by the within-row plant spacings and
the varieties chosen in this trial,

There was no significant effect of the different
within-row plant spacings on the 1000 seed weight, but the
varietlies differed significantly in seed weight. African
had the highest 1000 seed weight and Chilean had the lowest.
These differences were highly significant when compared with
Haliry Peruvian.

It appears from the present study that the highest
seed yield of alfalfa is obtained by seeding the alfalfa in

rows 50 cm. apart and 50 cm. between plants within the row.
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For forage production, alfalfa should be planted in narrower
rows at a higher seed rate per dunum to produce a dense stand

that would be profitable for hay production,
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Table 7 - Anélysis of varisnce for alfalfa seed yield -

1862,
source DsFo MaeSo i)
Blocks 3 292.04 0.99
Spacings 2 207175 T« 06%
Error "g™ 6 - 295,075
Varieties 2 1135.,58 BaTT¥
Varieties x Spacings 4 103.853 0.53

Errer “b“ 18 1964 19

* Denotes F value significant at the 5% level,
LeSeD. at 5% level for spaclng = 17.1; variety = 12.0.

Table 8 - Analysis of variance for glfalfa seed yield -

1965+
Source D.F. M.Se )
Blocks 5 26715 1.92
Spacings 2 57424356 41,29%%
Error "a" 6 139.06 %
Varieties 2 361.806 105
Varieties x Spacings 4 1012436 2.87

Error “p" 18 352,45

*%¥ Denotes F value significant at the 1% level.
L.S.D. at 1% level for spacing = 17.8; variety = N.S.
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Table 9 = Analysis of variance for alfslfa seed yield -

1964.

source D.F, M.S. B
Blocks 9 41,78 0.48
Spacings 2 1878.58 21.89%%
Brror Ya¥ 6 85 .80 '
Varieties 2 2%22.75 11.59%%
Varieties x Spacingé 4 15 1e 59 Q. 78" "
kError "b" . 18

200632

** Denotes F value significant at the 1% level.

L.S.D. at 1% level for spacing = 14.0; variety 16.6

At 5% level for spacing = 5.4; variety 5

L.S.D. for the average of the 3 years, 1962-1964:
At 1% level for spacing = 8,2; variety = 7.6,
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Table 10 - Analysis of variance for alfalfa dry matter
yield (air dry) - 1962.

oource D. F, MeSo F
Blocks g £190,03  1.48
Spacings 2 72400,03 25 .66 %*
Error "a" 6 2821425 X
Varieties 2 4182.86 D 9™
Varieties x Spacings 4 6863%.03 6.48%%
Error "b" 18 1059.00 '

* Denotes P value significant at the 5% level.
¥% Denotes F value significant at the 1% level.

L.S.D. at 5% level for spacing = 5%.2; variety = 27.9;
Vare . X SpBe-= 48.5,
L.S.D. at 1% level for spacing = 80.5; variety = 38.3;

VaTe - X SP8o-= 06642

Table 11 - Analysis of variance for alfalfa dry matter
yield (air dry) = 1963,

—

source D. R, MoSe -

Blocks i 54%2+93% 1.43

Spacings 2 5936175 15.60%*%
Error "a" 9 98075. 18 |
Varieties 2 25496.35  22,19%%
Varieties x Spacings 4 5816.96 B ADES
Brror "p” 18 1058.86 £,

*#*¥ Denotes F value significant at the 1% level. -
L.S.D. at 5% level for spacing = 61.7; variety = 27.9;
Var. . X 8pas-= 48.5s
L.S.D., at 1% level for spacing = 93.5; variety 38l
var..-X 8pa. - = 66.2,
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Table 12 - Analysis of variance for
yield (air dry) - 1964.

alfalfa dry

matter

Source D.F, MeS _F
Blocks ! 4723%.63 0.40
Spacings 2 134832, 11 11.66%%
Error "a“ 6 11560.07
Varieties 2 11555 1.1 6+ H5%*
Varieties x Spacings 4 44399.778 254 10%%*
hrrer “h* . 18 1768.7C
*%¥ Denotes F value significant at the 1% level.
L.S.D. at 5% level for spacing = 107.5; variety = 36.1;
VATr. .X 8D8.-= 02.5¢
L.8.D. at 1% level for spacing = 162.8; variety = 49.5;

VB . X 8D2e-= 85 »

Li.S.D. for the average of the 3 years,

1962-1964:

At 5% level for spacing = 31.8; variety = 12.6;

Var.-X Spa. = 30,9,

At 1% level for spacing = 48.2;

Vare - X SP8es .= 4244

variety =

17 655
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Table 13 - Analysis of variance for plant height of alfalfa -

1962.

source Db, - MeBa i)
Blocks > 178632 2.24
Spacings 2 819,00 105 h*
Error "a" 6 79.41 |
Varieties 2 45,08 taDe
Varieties x Spacings ‘ 24421 0.82
Error "b" 18 29.68

* Denotes F value significant at the 5% level,
L.S.D. at 1% level for spacing = 13.%; variety = N.o.

Table 14 - Analysis of variance for plant height of alfalfa -

1963. ~
source D.F. M.Sa s STt
Blocks | 3 69:75 1510
Spacings 2 147925 23,4 1%*
Error "a® 6 6317
Varieties 2 47225 4.27%
Varieties x Spaclings 4 18,12 115"
Error *b" 18 1605

* Denotes F value significant at the 5% level.
** Denotes F value significant at the 1% level.
L.S.D. at 5% level for spacing = 3.4; varietly

= Na.Se
L.S.D. at 1% level for spacing = 12.0; varietly

NaeDe

W N
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Table 15 - Anslysis of variance for plant height of alfalfa -

1964 .

sSource D.F. MaSe SR
Blocks 3 172452 2581
Spacings 2 2006 .33 27 - QO* *
EBrror "a" . 6 T4.41

Varieties 2 108.58 2.79
Varieties x Spacings 4 11.66 0. 29
Yrror "b* 18 40, 16

.

*¥* Denotes F value significant at the 1% level.
LoS.D. at 1% level for spacing = 13.03 variety = N.D.

L.S.D. for the average of the 3 years, 1962-1964:
At 1% level for spacing = 5.3 variety = 2.6.
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Table 16 = Analysis of variance for 1000 seed weight of
alfalfa - 1963,

source s Valls - N.Ou F
Blocks 3 0s045 0+25
Spacings 2 0.0351 0. 16
Error Ya" 6 O, 189

Varieties 2 0.649 5Ok
Varieties x Spacings 4 0,021 1.62°
Brrer Yp" 18 0.013

* Denotes F value significant at the 5% level,
L.8.D. at 1% level for variety = 0.04; spacing = N.B.

Table 17 = Analy51s of variance for 1000 seed weight of
alfalfa - 1964,

source Deolfs Moo )
Blocks 3 0.008 0.46
Spacings 2 0,008 0e46
Error "a® 6 0.018

Varieties 2 Qe85 79.00%*
Varieties x Spacings 4 0,002 Ce28 " °
Error "b" | 18 0. 00T

¥* Denotes F value significant at the 1% level,
TLieSeD. at 1% level for variety = 0.03%; spacing = N.S5.

L.S.D. for the average of the 2 years, 1963-=1964:
At 1% level for variety = 0.02; spacing = N.S.



e S e

Table 18 - Analysis of variance for percent germination of
alfalfa - 1962,

Fo : IileSl. ‘ F

Lource | D, S
Blocks 5 1148 0,69
Spacings 2 545373 54356
Error "a" 6 16,18

Varieties 2 24,25 4,28%
Varieties x Spacings 4 15.08 Sl
Brror "bh* 18 5.66

ety L2

* Denotes P value significant at the 5% level,
L.S.D. at 5% level for variety = 2.0; spacing = N.S.

Table 19 - Analysis of variance for percent germination of
alfalfa - 1963,

source D.F, MaiS, B
Blocks 3 11,55 212
Spacings 2 T.58 1,78
Error "a" 6 4,25

Varieties 2 28.58 65 13%*%
Varieties x Spacings 4 Tod1 1,59
Error "b" 18 4.66

** Denotes F value significant at the 1% level,

L.S.D. at 1% level for variety = 2.5; spacing = N.S.
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Table 20 - Analysis of variance for percent germination of
alfalfa - 1964,

source | D.H. Moo ¥
Blocks 5 6.25 1.19
Spacings 2 153 Q.25
¥rror MaY 6 Bal2?2
~Varieties 2 103,00 9.09%%
Varieties x Spacings 4 2.08 0,18
Errer "b" 18 1,52

S

¥¥ Denotes F value significant at the 1% level.
L.S.D. at the 1% level for variety = 3.9; spacing = N.S.

L.S.D. for the average of the 3% years, 1962-1964:
At 5% level for variety = 0.94; spacing = 1.2.
At 1% level for variety 1.3 ; speeing 1.8,

U
i



