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AN ABSTRACT OF THE THESIS OF

Mahboob Akhtar For M.S. in Agronomy-Seed Technology

Title: Effect of irrigation intervals and plant population on seed
production in alfalfa,

Experiments were conducted to study the effect of four irriga-
tion intervals and three within-row spacings on the seed yields and
other associated characteristics of three alfalfa varieties, namely
African, Chilean, and Hairy Peruvian. Irrigation intervals were of
one, two, three, and four weeks; and the within-row spacings were of
25, 50 and 75 em., The work was done in 1966 and 1967 at the Agricultural
Research and Education Center of the American University of Beirut in
the Bega'a plain, Lebanon. '

Irrigation applied once every two weeks produced the largest
amount of seed, as well as an increase in the number of pods per raceme,
number of seeds per pod, and seed weight. Plants irrigated at three
and four week intervals produced the highest mumber of hard seeds,

The 50 cm within-row spacing produced vigorous and well developed plants
which gave relatively high seed yields of 79.8 and 65,4 kg per dunum
during 1966 and 1967 respectively. Irrigation intervals of two weeks
and 50 cm within-row spacings proved to be the best combimtion for the
production of high seed yield in alfalfs.

The Hairy Peruvian variety prroduced relatively shorter plants,
more mumber of pods per raceme, and seeds per pod which resulted in
higher seed yield than the African and Chilean varieties,
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I. INTRODUCTION

Alfalfa, Medicago sativa L., is ore of the most important

forage crops throughout the world agriculture. It furnishes high
tonnage of good quality feed which is rich in protein, minerals, and
vitamins. These qualities make it an excellent forage crop for farm
animals., Alfalfa is also known for its role in building and con-
serving soil to give permanency to agriculture.

Even though, alfalfa grows satisfactorily over a wide range
of soil and climatic conditions, the acreage under this crop in most
of the Middle Eastern countries is negligible. The lack of knowledge
of quality seed productioh.may be considefed as an important factor
in the way of the popularity and status of this legume in the area.

Successful seed production of alfalfa requires special climatic
conditions and management practices. A combination of knowledge,
skills, and timeliness of operations are essential for satisfactory
seed yields. High seed production has been obtained by having normal
growth of an adapted variety sown in rows; applying fertilizers and
a sufficient amount of water; controlling weeds, diseases and insect
pests; and the presence of sufficient numbers of pollimating insects
at the blooming stage. Bright, warm, and sunny days during the period
of pollimation and seed setting are conducive to higher seed yields,

The present investigation was undertaken at the Agricul tural

Research and Education Center of the American University of Beirut to




study the effects of irrigation interval, plant population, variety,

and tripping on seed production of alfalfa.




II. REVIEW OF LITERATURE

Seed production of perennial legumes such as alfalfa is
mrkedly influenced by a mumber of climatic and biotic factors., Proper
photoperiod, good light intensity, and moderate temperature are
necessary for higher seed yields. Bright dry weather at the time of
pollination and seed setting acceleragtes insect activiﬁy which plays
a vital role in seed production. Proper cultural practices such as
spacing and irrigation have great influence on seed yield and its
quality. The purpose of this section is to review the literature per-
tainming to moisture requirements, plant density, and tripping and

pollination in the seed production of alfalfa.
Tripping and Pollimation

The low seed yields of alfalfa in many seed producing areas
has been ascribed by many workers to be mainly due to the failure
of blossom tripping. Insufficient tripping is either due to the
scarcity of pollimating insects or to unfavourable climatic factors,
especially temperature and humidity. Different strains of alfalfa
show variations in the extent of tripping when grown under the same
enviromental conditions. This led to the belief that the phenomenon
of tripping is genetically controlled. |

Tripping: Tripping may be defined as the release of the sexual column

from the keel of the flower. The staminal column includes the style,

stigma, and part of the ovary surrounded by the 10 stamens and




diadelphous filaments, This release must take place when the flower
is.in.a turgid condition and thus it is accomplished by.an.explosive
force as if a spring under tension is released,

White (53, p. 205) reviewed.the work of several investigators
on the importance of tripping and cross—pollination of the alfalfa
flower, The results of these workers indicate that about one percent
of untripped flowers may set pods., A mmber of bees belonging to tﬁe

genera Apis, Bombus, Nomia and Megachile are important in tripping and

crogs-pollinating the alfalfa flower, Armstrong and White (4, p. 176)
reported that alfalfa flowers must be tripped and cross-pollinated to
produce a commercial seed crop. The act of tripping aids fertiliza-
tion by rupturing the stigmatic membrane ﬁhat provides a liquid medium
for the germination of pollen grains. Carlson (11) found that
artificially—-tripped flowers set 2.5 times more pods than those flowers
which developed under natural conditions. Southworth (42) working in
Canada, obtained a gain of 3,6 times in the percentage of flowers
forming pods in favor of artificial tripping when compared with no
tripping and flowers enclosed, |

Hay (22) found that 9.48 percent of the mechanically tripped
flowers and 5,94 percent of the untripped flowers formed seed pods,
It was concluded that lack of tripping was not the only limiting factor
in bringing about satisfactory seed set, but cross-~pollination of the
tripped flower is also essential, Some pod setting without tripping was
recorded by Carlson (13, p, 503)., It was established by histological
examination that pollen tubes and embryos were present in 13 flowers

out of 84 untripped flowers that were studied. Tysdal (46) pointed out




that for some strains of alfalfa tripping was not necessary for pod
seeting. Tysdal and Kiesselbach (48, pp. 649-655) have shown great
intérpl&nt variation in alfalfa for the percentage of flowers forming

pods upon selfing the tripped flowers.

Jones and Olson (26) stated that cross-pollination of artifi-
cially tripped flowers increased pod setting more than four-fold.

High seed yields upon crossing were due to the combined effect of high
proportions of flowers setting pods and large mumbers of seeds per pod.
Similar results were reported by Bolton (7, p. 119). Tysdal (45, p. 583)
concludled that the alfalfa flower must be tripped to produce a
satisfactory seed set. An abundant supply of pollinating insects is

the most effective way of insuring a seed crop of alfalfa.

Pharis and Unrau (39), compared the effectiveness of a locally
built mechanical tripper with three kinds of insects in.bringiﬂg about
flower tripping. It was found that an average of 37.2 percent of the
exposed flowers was tripped by the use of the mechanical tripper.

Bombus Spp. (Bumble bee) tripped 90.2-percenﬁ and Megachile rotundata

(leaf cutter bee) 61 percent of the flowers visited, Apis mellifers L.

(honey bee) was inefficient both as a tripper and cross~pollinator of
alfalfa flowers, because it tripped very few of the flowers it wvisited.
Pedersen (33) reported that increasing pollimation by caging
the 21falfa plants with honey bees increased the seed yields to 1020
pourds per acre as compared to 666 pounds produced on uncaged plots,
Hobbs and Iilly (23) revealed during their two years study that seed
yields of alfalfa were much higher in plots having honey bees as

compared to those with no honey bees, Iaboratory studies showed




that automatic tripping began to take place when the relative humidity
was between 30 to 40 percent and the temperature was at QOOF. Such
conditions are conducive to the high efficiency of bees., Zaleski (54)
reported that pollen collecting honey bees were more effective in
tripping alfalfa flowers than nectar collecting honey bees. Bohart
and Knowlton (6) concluded that honey bees and some wild bees are the
only effective trippers of alfalfa flowers in Utah, An abundant supply
of honey bees was recommended for having higher seed yields. Bradner
et al. (9) indicated that the amount of crosspollination depends upon
the bee species and the distance between alfslfa plots. It was
observed that honey bees carried pollen to a greater distance from
the base plot as compared to leaf cutter bees, Some bumble bees
carried pollen even to one mile distance from the pollen source.
Knowles (27, p. 38) working in Saskatoon, South West Camada,
found a significant correlation between the amount of tripping, the
amount of seed setting and the abundance of leaf cutter bees. These
bees were observed to visit alfalfa flowers at an average rate of 17,3
flowers per minute, and tripped nearly all the flowers they visited,
It was further reported that proper temperature was the most important
of the weather factors that influence the tripping of alfalfa flowers,
Laberge et al. (28) concluded from a field experiment in Nebraska

that Megachile camptoides (anthophorid leaf cutter bee) and Compsomeris

plumipes (large scoliid wasp.) were the most effective crosspollinators
of alfalfa in that area. Data for seeds per pod and pods per plant

indicated that the latter was a better pollinator,
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Linsley and Macswain (30) indicated that a mumber of physical
factors like temperature, light intensity, cloudiness, moisture,
and wind influence the activity of both honey bees and solitary bees

such as Nomia and Megachile spp. It was further observed that honey

bees and bumble bees tended to work completely on the flowers of a
single raceme énd the racemes of a single planf while solitary bees
visited more plants per unit time leading to more cross-pollination,

Bohart (5) suggested that nesting sites, made of six milli-
meter diameter straw tubes embedded in wooden contairers or wooden
logs with tubular holes in them, should be placed around alfalfa
fields to increase the populafion of leaf cutter bees. Similar types
of nesting sites were recommended by Peck and Bolton (32, pp. 399-404).

Pankiw and Bolton (31) revealed that bees are the most
effective agents for transferring pollen from one plant to the other,
It was suggested that the extent of honey bee pollimation can be
improved by producing alfalfa varieties with flowers having an exposed
stigma or with a vestigial standard petal. It was expressed by Busbice
and Wilsie (10) that there is a possibility of breeding alfalfa

varieties in which the flower can be tripped easily.
| Irrigation

Irrigation is one of fhé most important cultural practices
for alfalfa seed production., Moisture is the main factor controlling
the over—-all plant growth. Optimum moisture supply is an essential for
having normal, and sufficient plant growth in order to havelgood seed
yields., Research investigations have shown that for legume seed pro-

duction, fequency of irrigation is more important than the amount of




irrigation water applied.

Westgate (50) reported that alfalfa sets a good seed crop
when there is a control over moisture supply. ©Soil moisture must be
sufficient to enable the plant tc mture its seeds but not so much as

to induce new growth from the crown before the seeds are matured,

Carlson (12) stated that a hot dry climate with frequent light summer
rains was found to be better for alfalfa seed production in the valley

land of Utah. It was reported by Zaleski (55) that in dry seasons,

alfalfa seed raised in Cambridge, England, had only 23 percent germina-
tion and as much as 72 percent hard seeds, It was concluded that dry
climte was conducive to hard seed production. According to a'report
of the Food and Agriculture Organization (2, p., 310), irrigation is
necessary in dry aréas for seed production of alfalfa, There should

be light application of water from the time of sowing to flowering.
Some additional water is beneficial at blooming time. Tysdal (46)
found out in a field experiment that alfalfa plants grown under some
limited amount of moisture supply produced mﬂre_seed yield than those
grown at high moisture level conditions,

Wheeler (52, pp. 345-=346) reported that a seed crop of
alfalfa should receive only enough water to make a slow, vigorous,
and erect growth, Some additional supply of water at blooming time
increased the vigor of the plant and prolonged the blooming period,
It was suggested that irrigation should not be applied during the bud
stﬁge except when stress from the lack of moisture is observed.
Grandfield (19) reviewed Alter's work that a certain amount of

moisture stress is necessary at blooming time to force the alfalfa
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plant into setting seed. Engelbert (17) concluded that sufficient
moisture must be provided to alfalfa plants to have vigorous growth.
Near and during the initial blooming stage, irrigation should be
withheld to give the plants a moisture stress, OSome light applica-
tion of water is beneficial during the rest of the blooming and seed
setting period to have a better filling of the pods., It was suggested
by Pedersen and McAllister (37) that heavy irrigafion.éhould not be
applied to the alfalfa crop after the early bud stage. PFurthermore,
after the commencement of flowering only enough water should bel
applied to keep the plants in a healthy condition. Grandfield (19)
sumarized the effects of the environmental factors that influence
the seed yield of alfalfa as follows: "Moderate air temperature, low
humidity, and soil moisture below optimum produced the type of vegetative
growth of alfalfa plants that was conducive to the storage of high
organic reserves, resulting in a physiological condition favorable to
seed setting”. Zaleski (56) found that irrigation was useful for
seed production of white clover when it was applied bétween the period
of the stopping of vegetative growth and the start of flowring. An
excess supply of water during the flowering period had an adverse
effect on seed production. It caused an excess of vegetative growth
and reduced the number of inflorescences and the total seed
yield,

Pedersen (33) reviewed Shuel and Pedersen's work on the
efféct of environmental factors on nectar secretion and reported
that wide deviations in the soil moisture from the moisturelequivalent

(Field capacity) in a loam soil were associated with a reduction in
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nectar yield of alfalfa flowers. Pedersen (33) reported that high
nectar content in the alfalfa flower is inducive to_pollinators which
are absolutely necessary for high seed yields. It was found that

irrlgated plants had on the average 0,457 mg of sugar per flower as
compared to 0,371 mg of sugar in the flowersof the plants whlch were
not irrigated., Pedersen and Nye (38) found a depressive effect on
nectar secretion, honey bee p0pulation,-and geed yields as a result of
low temperature and hlgh mﬂlsture conditions.

Cowett and Sprague (16) studied the effect of soil moisture
on plant and flower development., It was observed that when the

noisture itension was decreased from ten to approximately one half

atmospheres, there was an increase in the mmber of stems, buds, height,

root weight, and top weight of alfalfa plants.

Sterling et al. (44) found that the seed yieids of alfalfa
plants were maximum when the mean soil moisture suction was between
two and eight bars., ©So it was suggested that for good seed production
of alfalfa, mean soil moisture suction should not be allowed to
exceed two bars until the time of full blbom. A sufficient amount of
water should be applied at the time of early bloom to restore the
moisture in the root zone. This-will lead to a condition of growth

for meximum seed production,

Spacing

A suitable enviromment around the plant is recessary for
better plant and flower development. Density of plant population is

an important factor affecting micro-climate around the plant,
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Cultural practices such as between and within row spacings play a
great role in conditioning the proper enviromment around the plant,
Westgate (50) found that thin stands are better than solid
stands for alfalfa seed production and stated that the most promising
method for seed production is to seed the alfalfa in rows 30 to 40
inches apart and practice thinning within rows after ;he plants be-
come well established, Engelbert (17) reported that thin stands were

better for seed production in alfalfa as these provide more space for

good plant development, Southworth (42, p. 1) indicated that alfalfa

plants grown in rows three feet apart gave more seed yield than those
which were more or less crowded together in a broadcast plot, The
spacing helped to produce vigorous and healthy flowers with an in-
creased tendency to hecome fertilized, and consequently gave more
seed yield, Westover (51) concluded that under low iainfall areas
with limited moisture supply, the seed yield of alfalfa plants grown
in rows was higher than those of close drilling or broadcasting.
Tysdal and Kiesselbach (47) found that planting alfalfa in spaced
hills or in rows gave good seed yield both under irrigated and dry-
land conditions.

Tysdal (46, p, 532) believes that in thick stands the
competition of plants for light, air, space, and food produces slow
growth, poor flower development, and low seed yields, Spencer and
Stewart (43) got 76 percent more seed yield by planting alfalfa in
rows 28 inches apart as compared to the broadcasting method,
According to Carlson (13) wide spacing helps to produce large sized
vigorous alfalfa plants which produce high seed yields when the poilina—

tion is adequate.
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Pedersen (35) reported that drill plantings thinned to
24 inches between rows without aqy‘withinrrow thinning yielded
slightly more nectar per flower than those plants which were obtained
from drilling in rows eight inches apart. However, when similar
24 inch.rows were cross thinned to 12 inch hills, higher nectar
production and seed yields were obtained, The same author working
at the United States Legume Research LaboratOrj in 1955 (34)
reported that alfalfa seeded in rows 24 inches apart at a rate of one
pound of seed per acre produced 147 percent more seed per acre than
that of a hay-type stand obtained by sowing three pounds of seed per
acre, Proper spacing favored nectar secretion, bee visitation, and
better pod development.

Graumann and Henson (21, pp. 26-30) described thin planting
as one of the essentials for higher seed yields in alfalfa, The
crop planted thin in spaced rows both under irrigated and semiuérid
conditions, produced a higher seed yield than when sown broadcast or
cross drilled. It was suggested by Jones et al. (25) that for higher
seed yieids of alfalfa in California, it should be planted in rows
36 X 21 inches apa?t at a rate of one pound of seed per acre. In
addition to high seed yields, alfalfa planted in rows economizes on
water use, and mmkes mechanical cultivation possible for controlling
weeds, OSimilarly, Weighing et al. (49) in Colorado found that spaced
alfalfa plants gave much better seed yield than did those in solid
stands, DPedersen and NMcAllister (37, pp. 7=15) reported that
crowding of plants was harmful to seed production. In comparing

hills 48 inches apart with a dense hay~type stand, it was fournd that
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spacing helped to produce twice as much seed as that produced by the
hay-type stand. Zaleski (55) reported that on heavy soils lucerne
can be drilled in rows 24 indhés apart at a seed rate of two to three
poundé per acre while on light soils three pounds of seed should be
drilled in rows 18 inches apart for good seed yields, Carrison (18,
p. 41) concluded from the findings of several workers that for good
seed yields in alfalfa, the optimum stand density is.one establ ished
plant per foot of row, Pedersen and Nye (38, p, 8) stated that for
satisfactory management of the seed crop, alfalfa should be planted
in rows 24 inches ap&rt}at a rate of one and a half pounds of seed per
acre. . In the second year the stand should be thinned by'cutting cuf
every other foot of plants in the row to stimulate seed yields, Jones
and Pomery (24) found that seed yields of alfalfa, grown on light
goils under irrigation, ﬁere improved to the extent of 20 to 30 per-
cent by skip-row planting in 24 or 36 inches apart. On;heavy.soils;
36 inch rows with no skipped rows proved to be good for seed pro-
duction., Cowett and Spﬁague (16) stated that.stand density had a
pronounced effect on tillering of alfalfa plants. It was found that
in a stand established at the rate of one plant per square foot,
plants-produced approximately double the mmber of tillérs as those
having a stand density of eight plants per square foot.

In summsry, seed production in alfalfa is dependent upon a
mmber of climatic and biotic factors, Proper temperature and
moisture conditions are necessary for high seed yields., High moisture
level in the soil leads to a luxurious vegetative growth that results

in plant lodging. On the other hand, low moisture level leads to

——  —— — — ———
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pobr nectar production, Fairly wide spacing between plants is
necessary to eliminate competition for light, space, and nutrients.
Since alfalfa is a crosspollinated crop, therefore, an aburdant

supply of bees at the blooming stage is very important to insure good

seed yields,




III. MATERIALS AND VNETHODS

An irrigation and within-row spacihg experiment was conducted
during the 1966 and 1967 growing seasons at the Agricultural Research
and bducation Center of the American University of Beirut, Bega'a
plain, Lebanon, In general the soil is calcareous in mature; high
in potassium content; low in organic matter, nitrogen and phosphorus;
and has a pH value of 8,0, Three alfalfs varieties African, Chilean,
and Hairy Peruvian were used in the study.

The experiment was laid out in a split-split-plot design with
four replications, The main plots were the irrigation treatments and
the subtreatments of within-row spacing were randomized and super-
imposed on each of the main treatment. FEach spacing had one row,
five meter long, of each of the three varieties as the sub-sub-effect.
All the rows were 50 cm apart from each other., One border row was
maintained on each side of the subplbts. seventy-five centimeters
alleys were kept between replications. The.details of the experiment
are as follows:

#ithin-row spacing and stand establishment: The experiment was started

in the year 1965, Seedlings were raised in wooden flats under green
house conditions, The young seedlings were transferred to the field
and planted on the top of ridges spaced 50 cm apart. The within-row

spacings between the plants were 25, 50, and 75 c¢m,

15
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The number of plants per row, and the plant population per

duntm of the different spacings are given below:

Within-row Number of plants per Plant population per
spacing (cm) S5-meter row dunum

25 (Sl) 20 | 8000

50 (Sz) 10 _ 4000

75 (Sy) 7 2800

Sprinkler irrigation was used during the early stages of plant

establishment.

Irrigation intervals; The four irrigation intervals and the symbols

used are as follows:

Symbol Irrigation interval
Il Irrigation once every week.
12 Irrigation once every two weeks,
I3 Irrigation once every three weeks.
Ia Irrigation once every four weeks,

Irrigation water was applied by the furrow method through
surface gated pipes. Sufficient water was applied in each irrigation
to return the moisture content of the soil to its moisture equivalent
(field capacity). The amount of water applied in each irrigation was
measured by the Sparling flow meter. The total amount of water

recorded under each treatment was as follows:

Irrigation Interval Total inches of water applied during the
growing season e 5

Il 19,68 inches, in 10 irrigations

12 10,14 inches, in 5 irrigations

I3 6,56 inches, in 3 irrigations

I 3,58 inches, in 2 irrigations
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Spacing and varietal effects were randomized separately in each
replication., But irrigation treatments were not randomized due to the
fact that it is very difficult to apply water to part of the furrows
at different tinmes,

Cultural practices during the growing season: In the spring seasons

of 1966 and 1967, the crop was sprayed with 1,25 percent Malathion to
control the alfalfa weevil, A tOp dressing of superphosphate'was
applied in the early spring at the rate of 20 kg of EEOS per dunum,
Weed control was done by means of one medhanicai cultivation after the
winter season was over, and by hand hoeing later during the growing

sSeasoll,

Date collection and harvesting: Data were recorded on plant height,

nuuber of pods per raceme, seeds per pod, seed yield, seed weight, and
seed germination,

Average plant height was recorded by measuring the height of
five plants, selected at random from each row, with a centimeter
granduated rod, Fifteen normal and matured racemes from each of the
treatments were collected in envelopes a day before harvesting. The
number of pods in each raceme was counted and recorded. The representa-
tive pods from each treatment were threshed and their seeds were
counted,

A week before harvesting, the plants were sprayed with a
defoliant mixture that consisted of 100 grams dinitrocresol, five
gallons of diesel oil, and five gallons of water., Harvesting was done
with a hand sickle., One and a half meters from the center of each

row was harvested, This involved the harvesting of six, three and two
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plants from the 25, 50, and 75 cm within-row spacings respectively.
The plants were cut at a height of approximately ten centimeters from
the ground level, The stems bearing the seed pods were put in cloth
sacs and hung in the open air for drying. Threshing and cleaning of
seeds was done with the available nursery equipment present at the
Agricultural Research and Education Center. The ¢lean.seeds were
weighed and seed yields were computed on dunum basis., Representative
samples of clean seeds were taken for the 1000-seed weight and the
germination tests done at the seed laboratory of the American Uhivérsity
of Beirut, These tests were done accarding to the International Rules
for Sced Testing, proceedings of the International Seed Testing
Association, 1966, (3, pp. 498, 542).

Statistical methods appropriate to the Split-Split-plot design
were used to analyse the data, The analysis of variance and t-test
were applied to determine the differences between treatments and their
interactions., In the analysis of variance, the error term for irriga-
tion was reduced by one because the irrigation treatments were con-

fourded due to management diffieulties,
Tripping and Pollination Study

A preliminmary study on tripping and pollimation phenomenon was
conducted., Onre plant of each of the three varieties used in the study
was covered with screen cage of 2 X 1,5 X 1,5 meter size before the
start of blooming, in order to eliminate tripping and cross pollination
by bees, At the full bloom stage, 50 racemes of about the same age were
tagged and the number of flowers on them were counted., Small and im-

mature flowers were trimmed off by a pair of scissors. Twenty five racemes
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were tripped mechanically by a tooth pick while the remainding 25 were
left untripped. Plants so worked remained caged until the whole cCrop
was matured. Racemes of tripped and untripped flowérs were harvested
by hand and the number of pods set per raceme were counted and re—
corded, Pods of racemes set by mechanically tripped and naturally
tripped flowers were kept separately for further study. Seeds per
pod, germination percentage, and vigor tests were-doné on seeds col-
lected from tripped and untripped flowers,

A record on insects causing tripping and pollination of
alfalfa flower was kept throughout the blooming period of the crop.
This was achieved by collecting pollinators with a screen net during

the late morning hours,



IV, RESULTS AND DISCUSSION

This experiment was conducted during the years 1966 and 1967
at the Agricultural Research and Educaticn Center of the American
University of Beirut, to study the effects of four'irrigation.intervals
and three within-row spacings on alfalfa seed yield and its associated
components., Three commonly grown alfalfa varieties African, Chilean,
and Hairy Peruvian were used in the study. The results of the effects
of these treatments on seed yield, plant height, pods per raceme, seeds
per pod, 1000-seed weight, germination percentage, and hard seed pro-
duction are reported in tables 1l-l14,.

The abbreviations used in these tables are I, for irrigation
and S for within-row spacing. The suffixes 1, 2, 3 and 4 with T
represent irrigations after one, two, three and four weeks respectively,
and the numbers 1, 2 and 3 with S represent within-row spacings of 25,
50 and 75 cm respectively, Anélysis of variance tables are given in
the appendix, The LSD values, at 5% and 1% level, are given for those
treatments which are statistically significant. For statisticsl
comparisons, weekly irrigation interval, 25 om within-row spacing and

the variety African were treated as control.
Seed Yield

The data for the seed yields during 1966 and 1967 are given in
Tables 1 and 2 respectively. In both years, the seed yields differed

significantly with respect to the irrigation treatment, The highest

20
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Table 1. Effect of irrigation interval and within-row
spacing on seed yield of alfalfa in kg per
dunum - 1966,

airies = —

Irrigation Within-row Variety
interval Spacing — — — m—
African Chilean Hairy
_ Peruvian
S1 64,8 64,0 73.2
I1 82 63 82,2 109.2
83 56,2 65.5 81,0
Sl 52 .5 93,0 99,2
12 82 84,5 108,0 98,0
SS 87 .0 71,0 84,2
S1 46,2 62,5 74,8
I3 82 57 .0 02,8 92,2
S3 39,0 41,5 60.5
Sl 52,8 42,2 69.0
14 82 51.8 19,2 83.5
S3 40,2 41,2 97 ¢5
o TSP 5% A8
Irrigation interval 15.7 12,9
Within-row spacing : 11,1 5.3
Variety 6.8 9.0
Treatment Means
Irrigation interval Within-row spacing Variety
Ii 73.9 S1 66,2 African 57.9
I 86,4 82 79,8% Chilean 66 , 67
I, 58.5% 52 60,4 H. Peruvian 81,34
Iﬁ 57 ,0%*

e R o i T e e

* Significant at 5% level.

)]

A%
Wy

ignificant at 17 level,
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Table 1. Effect of irrigation interval and within-row
spacing on seed yield of alfslfa in kg per
dunum - 1966,
Irrigation Within-row Variety
interval Spacing = e
African Chilean Hairy
Peruvian
Sl 64,8 64.0 75.2
Ii 82 63.0 82,2 109.2
S3 56 .2 65.5 81,0
S1 52,5 93,0 99,2
12 82 84,5 108,0 98,0
S3 87 .0 71,0 84,2
Sl 46,2 62,5 74,8
13 32 57 .0 52,8 92.2
S3 39,0 41,5 60.5
S1 52 ¢O 42 .2 69.0
I4 82 51.8 75,2 83,5
83 40,2 41,2 57 «5
LEh - 5% 1%
Irrigation interwval L5 7 19,9
Within-row spacing 111 15,1
Variety 6.8 9.0
Treatment Means
Irrigation interval Within-row spacing Variety
Ii 15,2 Sl 66,2 African 57 .9
f 5 86 .4 82 79,8% Chilean 66,67
I,  58.5% 52 60.4 H. Peruvian 81,8
I@ 57 ,0%

% Significant at 5% level,

% Significant at 17 level,
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Table 2, Effect of irrigation interval and within-
row spacing on seed yield of alfalfa in kg
per dunum - 1967,

el e = b S ] s

Irrigation Within-row Variety
interval spacing 3
African Chilean Hairy
Peruvian
Sl 58.5 61,5 61.8
I1 S 63,8 64,8 82,2
si 61.0 59.5 63.8
S1 61,0 60,0 64,2
]ﬁ 82 67.8 73.90 78,5
1 53 56.0 56,0 69.8
Sl 53,8 63,5 63,2
13 82 69,8 67 .5 71.5
83 07 .2 59,8 64 .0
S1 36..9 LA 02 42
I4 82 43,3 47 .2 50,5
S3 47 .5 46 .5 59 .2
LSD_ 5% 1%
Irrigation interval 8,6 12,6
Within-row spacing 2,6 5.6
Variety 1,9 2.5
Irrigation X within-row spacing He2 Tl
Treatment Means
Irrigation interval Within-row spacing Varieﬁg'
I 64,1 Sl 56.1 African 56,4
Il 65.2 82 65,470¢ Chilean 58,1
Ig 63.4 S, 56.7 - H, Peruvian 63,8%%
Ié 45 ,1%%

#% Significant at 1% level.
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seed yields were obtained from those plots which were irrigated at
fortnight interval. During 1966, there was no statistical difference
between the seed yields of plots irrigated at fortnight interval and
the one irrigated weekly (Control). Plots receiving irrigation after
three and four weeks intervals produced significantly lower seed
yields than that of the Control. However during 1967, plots receiving
irrigation after two or three weeks intervals diﬁ not differ signi-
ficantly from the Control. Only the plot receiving irrigation after
four weeks interval gave significantly lower seed yields,

The maximum seed yields achieved under fortnightly irrigation
treatment can be explained as due to normal, sufficiently vigorous,
and upright healthy growth of the plants. This type of growth leads
to uniformity of flowering, proper nﬁétar secretion and attractiveness
to pollingtors. Under weekly irrigation regime, the plants had
excessive vegetative growth which resulted in.lodgiﬁg of the plants.
This led to prolonged period of flowering amd poor seed setting. The
low seed production from the plots irrigated after three aﬁd four
weeks intervals can be attributed to the poor plént development that
resulted from insufficient amount of moisture, These results are in
line with the findings of many workers (1, 17, 19, 37, 44, 46,and 50).

The seed yields were also influenced by within-row spacings.
Tn both years, the highest seed yields were obtained from the 50 cm
spacing, On two year's average, 50 cm spacing produced about 19 per-
cent more seed yield than the 25 cm spacing (Control), 1In both years,
the seed yields from the 75 cm spacing did not differ significantly

from those of the control,.
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The highest seed yYields in the 50 cm spacing can be attributed

to the fact that the plants in this treatgent had sufficient space
around them for having vigorous growth with a tendency to lateral
development. In the 25 cm spacing the plants were more or less
crowded together with competition for Space, light, and mutrients.
This led to slow growth, poor development of the flowers, and con-
sequently low seed yields. The low seed yields obtained from the

75 cm spacing can be explained as due to the failure of the plants

to utilize the wide Space pfgvided around them, These results are in
agreement with the findings of mary workers (16, 17, 35, 57, 42, 46,
and 50),

During 1967, the interaction between irrigation and within-
row Spacing was significant. The highest seed yield of 73,1 kg per
dunum was obtained when the Plants were spaced 50 cm apart and were
irrigated once every two weeks (Table 19 in the appendix).

Alfalfa varieties also showed significant differences in the
seed yielding ability. The Chilean variety in 1966 differed signi-
ficantly from the control, but the difference during 1967 was not
statistically significant. In both years, the Hairy Peruvian variety
out-yielded the African ang Chilean varieties, This significant
difference can be attributed to the better adaptability of the Haixry

Peruvian variety to the Beka's ares,

Plant Height

The plant height as affected by different irrigation intervals

and within-row spacings is shown in Tables 3 and 4, TIn both years, it
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The highest seed yields in the 50 om spacing can be attributed
to the fact that the plants in this treatgent had sufficient space
around them for having vigorous growth with a tendency to lateral
development. In the 25 em spacing the plants were more or less
crowded together with competition for Space, light, and mutrients.
This led to slow growth, poor development of the flowers, and con-
sequently low seed yields. The low seed yields obtained from the
75 cm spacing can be explained as due to the failure of the plants
to utilize the wide Space pfovided around them, These results are in
agreement with the findings of mary workers (16, 17, 35, 37, 42, 46,
and 50),

During 1967, the interaction between irrigation and within-
row Spacing was significant. The highest seed yield of 73,1 kg per
dunum was obtained when the pPlants were spaced 50 cm apart and were
irrigated once every two weeks (Table 19 in the appendix),

Alfalfa varieties also showed significant differences in the

seed yielding ability. The Chilean variety in 1966 differed signie-

statistically significant. In both years, the Hairy Peruvian variety
out-yielded the African ang Chilean varieties, This significant
difference can be attributed to the better adaptability of the Hairy

Peruvian variety to the Beka’s area,
Plant Height

The plant height as affected by different irrigation intervals

and within-row spacings is shown in Tables 3 and 4., TIn both years, it
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Table 3, Effect of irrigation interval and within-row
spacing on the plant height of alfalfa in cm

1966,

=

Irrigation Within-row Variety
interval spacing =
African Chilean Hairy
Peruvian
5S¢ 127 .08 125.5 130,2
I1 82. 114 .5 117 .5 114.2
S3 108,5 11942 109.8
S1 115.8 112,0 108,2
Ié S2 115.5 110,0 116,2
S3 118,2 115,5 133.2
| Sl 100.0 92.5 95.0
IS 52 86.2 92,5 84,5
S3 85.8 82,8 92 .5
Sl 96,2 95,5 94.8
Iﬁ 82 87 .2 9142 90,0
S3 85.0 87 .5 87 .2
L3D 1%
Irrigation interval 6.8 2.9
Within-row spacing e’/ 4,9
Treatment Means
Irrigation interval Within-row spacing Variety
1z 118:5 S1 107 .7 African 103.2
I1 113,4 52 103,67% Chilean 103.5
T2 90,2%* 52 100, 3% H, Peruvian 102.8
I, 90,5%

* GSignificant at 59 level.
*f Significant at 1% level.
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Table 4. Effect of irrigation interval and within-row
spacing on the plant height of alfalfa in cm
1967,

Irrigation Within-row Variety
interval spacing
African Chilean Hairy
: Peruvian
Sl 130.5 197 ;2 124,0
Ii 82 124,8 123,2 126,0
S3 19250 124 ,2 129 ,2
Sy 128,0 128.0 119,8
Iﬁ 82 124,55 123,5 117,.8
SS 117 42 126 48 119 .0
- Sl 116,8 113 .5 11538
I3 S2 105.5 102,2 107 ,0
83 108.2 103 ,2 161 .2
Sl 116.5 110,0 105,5
I& S 101.2 97 o2 96,5
z 95.5 94 ,2 92,5
LSD __ 57 e lﬁ
Irrigation interval §5.9 8.1
Within-row spacing 2.8 3.9
Variety 2.5 345
Irrigation X within-row spacing 547 1.7
Treatment Means
Irrigation interval Within-row spacing Variety
I1 125,8 S, 119.,5 African 115.9
- l1923.1 SE 112 ,47%¢ Chilean 113,9
I3 107,9%% 57 110,73 H. Peruvian 112,7%
14 101 ,0%%

* Significant at 5% level.
#% Significant at 1% level,
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was found that irrigation treatments had significant effect on plant
height. The highest plants (118.5 cm in 1966 and 125.8 cm in 1967)
were produced in the plots which were irrigated at weekly interwvals.
Fortnightly irrigation did not produce significantly different plant
height from the control. Plots receiving irrigation after three.
and four weeks intervals produced significantly shorter plants. The
short plants produced under I3 and I, may be due to the moisture
stress in the soil., Sufficient water supply in I1 ard 12 treatments
resulted in taller plants,

Differences in plant height due to the effect of within-row
spacing were also significant. It can be seen from Tables 3 and 4
that the plants of 50 and 75 cm spacings were significantly shorter
than those of 25 cm spacing (control). The talll plants produced by
25 cm spacing were probably due to the crowding and_shading effects
of close plantings. The widely spaced alfalfa plants in the 50 and
75 cm spacings had a tendency to produce lateral branches and less
vertical growth.

The interaction between irrigation and within-row spacing
was significant during 1967, It can be seen from Table 20 that the
tallest plants (127,2 cm) were produced by the 25 cm within-row
spacing under the weekly irrigation regime.

No significant differences in plant height were observed
among the three varieties during the year 1966, But during 1967,
the Hairy Peruvian variety produced significantly shorter plants than
the African (The control variety).

In general the overall plant height was more in 1967 as
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compared with that of 1966, This could be due to excessive moisture
in the soil obtained from high rainfall in that year (Table 26 in the
appendix), or due to the fact that the pla.ri’cs were one year older in

1967 and therefore were better established.
Pods Per Raceme

It appears from the data given in Tableé 5 and 6 that irriga-
tion had its effect on pod development, The mmber of alfalfa pods
per raceme was more in the case of plants which were irrigated after
two weeks as compared with those obtained from weekly irrigation
interval. During 1966, both three and four weeks irrigation intervals
produced significantly lower number of pods per raceme than did the
control, However during 1967, only those plants receiving irrigation
after four week intervals differed significantly from the control.

Within-row spacing treatment also exerted its influence on
the number of pods per raceme. PFlants spaced 75 cm apart produced
the largest number of pods, 9.93 and 7.62 during 1966 and 1967
respectively, and these values were significantly greater than those
of the control, Plants. spaced 50 cm apart did not show any
difference from the control plants.

The results can be explained by the fact that both irrigation
and spacing have their effects in conditioning the micro-environmment
around the plants, Excessive irrigation in the control treatment
caused lodging of the plants and this was more pronounced in close
plantings. Under low moisture treatments, low pod set could be due
to the wilting of flowers and ovary abortion as reported by Gramifield

(19), Pedersen and Nye (38) and Tysdal (46), Variations as to the
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Table 5, Effect of irrigation interval and within-
row spacing on the number of pods per

receme of alfalfa -~ 1966,

e —

Irrigation Within-row

Variety

African

Chilean

interval spacing
il
L >
S
3
S
1
T 5
>
S
1
Iy %
3
S
1
T, 5
3

LSD

Irrigation interval
Within-row spacing
Variety

5%

0,48
0,39

Irrigation interval

L 10,51

. 10,92%
9,333k
8,31%%

il

Treatment Means

2

o
w
O ~N B
W o &

Within-row sgacing

3t

V&r@pﬁz

- African 9.51

Chilean 9.48
H., Peruvian 10,163¢

m— S et —

# Significant at 5% level,
“* Significant at 1% level,




Table 6, Effect of irrigation interval and within-
row spacing on the mumber of pods per raceme
of glfalfa - 1967.

S T

Irrigation Within-row Variety
interval spacing =2 =
African Chilean Hairy
Peruvian
Sl 6.4 6,6 y A3
I1 82 6.7 6.5 7.8
83 6.4 T el 7.6
Sl 7.6 7.6 v
12 82 8.2 8.4 8.7
83 8.7 BT 9.1
Sl 7.6 6,9 7 4
I3 S2 6,7 6.5 6.6
53 Z:8 79 8.1
Sl 8.4 o 5.8
Ia 82 6.5 6,6 6.4
S3 6.7 6,6 6.8
1SD 5% 1%
.Irrigation interval 0,58 0,84
Within-row spacing 0.51 0,70
Variety 0,18 | 0.24
Irrigation X Variety 0,38 0,50
Treatment Means
Irrigation interval Within-row spacing Varie
1. 6,91 Sl 6,82 African 7 .06
I 8,30%* g i Chilean  7.09
Ig 7.28 83 7 .62 7% H, Peruvian 7,427
1, 6.,28%%

A L e aaa o AT - ey e B wh i

% Significant at 5% level,
#% Significant at 1% level.
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number of pods per raceme were also observed among the three varieties,
In both years, the Hairy Peruvian variety produced significantly higher
mimber of pods than the African (control).

Significant interaction between irrigation interval and
variety was obtained during 1967. The highest mumber of 8,5 pods
per raceme were produced by the Hairy Peruvian variety when irrigated
once every two weeks, The lowest rnumber of 6,2 pods per raceme were
produced by African variety under the four week irrigation interval

(Table 21 in the appendix).

Seeds Per Pod

The data for the number of seeds per ten pods are summaerized
in Tables 7 and 8, The largest number of seeds per pod were produced
undef fortnightly irrigation interval during 1966, but it was not
gignificantly different from the control, Three and four week irriga-
tion intervals produced significantlylamaller mumber of seeds than the
control, During 1967, only those plants receiving irrigation once
every four weeks produced significantly smaller number of seeds per
pod., Ié and I3 treatments did not show any significant differences
from the control, The low number of seeds produced under low moisture
conditions could be due to the moisture stress on the normal physioclogy
of the reproductive parts of the plants as reported by Grandfield (19).

In both years spacing did not show any significant difference
for the number of seeds per pod. However, significant variations
were observed among the three ﬁarieties. Hairy Peruvian variety pro-

duced more seeds per pod than African (control), Chilean wvariety did not



Table 7, Effect of irrigation interval and within-
row spacing on the number of seeds per 10
pods of alfalfa = 1966,

Irrigation Within-row Variety
interval spacing =
African Chilean Hairy
Peruvian
S1 63.5 63,0 65.0
Il 82 64,5 57 .8 66,0
S3 578 64,5 66,2
Sl 63,0 67,0 69,5
12 82 59.5 61,8 69,2
S5 62,0 63,8 67 .0
Sl 54,0 50,5 99,2
I3 82 028 56,0 7.2
S% 50,0 5145 55,8
S1 54,8 53,8 56,8
I4 82 92,0 07140 57 .2
83 48,2 50,2 57 .5
LSD = 5% 1%
Trrigation interval 63 9,4
Variety LS 1,9
Treatment Means
Irrigatien.intervgl Within-row spacigg Variety
63,1 S1 60,0 African 56,8
64,8 S 09.2 Chilean 58.1
5 REix sg 57.8 H. Peruvian 62,23
T 54.1%

4

#* Significant at 5% level,
#% Significant at 1% level,



Table 8, Effect of irrigation interval and within-
row spacing on the number of seeds per 10
pods of alfalfa - 1967,

Irrigation Within-row Variety
interval spacing 5
African Chilean Hairy
Peruvian
Sl 57 a2 66,8 65,8
I1 82 62 .5 62,8 66,8
83 70.5 63,8 69,2
S 63,0 61.5 65.5
Ié 82 64,2 61,5 64.5
S3 56,0 59,5 62,38
Sl 65,5 61,8 61,5
13 82 66,5 68,0 70,8
33 63,2 64.2 69.8
Sl 58,8 61,2 62,0
14 S2 55.2 62.0 56,8
53 56,0 56,0 09,0
LSD , 5% 1%
Irrigation interval 4,3 6.2
Variety ' 25 5.l
Treatment Means
Irrigation interval Within-row spacing Varie
L. 65,0 Sl 62.6 African 61,6
62,1 82 63.5 Chilean 62.4
65.7 83 62 .9 H. Peruvian 64,5%
58 .63

#* Significant at 5% level.
%% Significant at 1% level,
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differ statistically from the control.
1000~-5eed Weight

It can be indicated from the data presented in Tables 9 and
10 that irrigation treatment had the significant effect on the seed
weight in 1966, but not in 1967. During 1966 (Table 9) the heavy
seeds were obtained from plants receiving irrigation after weekly and
fortnightly interval. Three and four weeks intervals produced
significantly lighter seeds as compared with the control.

The resultg may be eéxplained by the fact that under wide
irrigation intervals the plants suffered froﬁ moisture stress and
produced small and shrivelled seeds., The shrivelled seeds were
lighter in weight than the normal plump seeds that were produced
from the plants under the weekly irrigation treatment. These results
are in line with the findings of Pedersen and Nye (38) and Tysdal (46).

In both years the differences in seed weight obtained by

the spacing and variety treatments were not significant.
Germination Percentage

The data for the germination percentages of 1966 and 1967
crop seeds are presented in Tables 11 and 12 respectively. It can
be seen that there was no significant effect of irrigation interval
and within-row spacing on the germination capacity of alfalfa seeds,
However, the variety differences were significant in both years.
Chilean and Hairy Peruvian varieties gave lower germination percentages
than did the African. During 1966 these differences were signi-

ficant at 5% level, but were highly significant during 1967,



Table 9, Effect of irrigation interval and within-
row spacing on the 1000~seed weight of
alfalfa in grams = 1966,

35

e ~ =ity SE

Trrigation Within-row Variety
 interval spacing S
African Chilean Hairy
Peruvian
Sl 2.48 2452 2,19
Il 82 2.34 2 .24 2.31
S3 2 .59 2427 2 .32
Sl 2,26 2429 2.41
I2 82 2 .38 2.24 2.27
S3 2,48 2.25 2.321
Sl 1.98 1.99 2.05
13 82 1,96 1,96 1,94
S3 2.06 1,89 2,85
Sl 2.04 2,02 1,95
I& 32 a6 1,94 1,94
83 1,94 1,90 1.88
LSD : - 5% 1%
Irrigation interval 0,07 0,10
Treatment Means
Irrigation interval Within-row wing Variety
.. 2,30 Sl 2.16 African 2,20
255 g 2.4 Chilein 2.11
Ig 1,983 8, 2.15 H., Peruvian 2.12
I4 1,97#¢

¥t Significant at 17 level,



Table 10, Effect of irrigation interval and within-
row spacing on the 1000~seed weight of
alfalfa in grams - 1967,

Irrigation Within-row l Variety
dinterval spacing E SRS
African ~ Chilean Haixy
Peruvian
Sl 2,13 2.11 2,17
I1 82 2.18 2.21 225
S3 2,15 2.25 2.26
Sl 2415 2415 2.25
Ié S 2,12 2.14 2,08
3 2 .10 2 ﬂlzl' 2 .1[}
Sl 2.45 2.11 2,08
I3 82 2.16 2,22 2.29
83 2.18 2,14 Zene
Sl 2.09 2,08 2,06
I4 32 2,04 2,10 2.09
S3 2,03 2,06 2,08
Treatment Means
Irrigation interval Within-row spacing Variety
Il 2,19 81 2,13 African 2412
T 9 %k 82 2.16 Chilean 2.14
i 3,27 S. 2.8 . H, Peruvian 2.16
£ 287

[43
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mable 11. Effect of irrigation interval and within-
row spacing on the germination percentage

of alfalfa seeds = 1966,

D

Trrigation Wi thin-row Variety
interval spacing sk
African ~ Chilean Hairy
Peruvian
Sl 85.8 81.2 85,2
I1 82 88,8 84,5 85.8
83 88.5 84,8 82.5
Sl 89.8 84,2 85.2
Iﬁ 82 90,5 87 .5 87 .2
83 87.2 86,5 86,5
Sl 84,8 85.8 88 .2
15 82 85.8 82 .2 83.5
83 84,5 83.5 82.8
Sl 85.8 86 .2 84.2
Ia 82 84, 84,5 82.2
S3 85.5 87 «2 83.5
ISD 5% 1%
Variety 14 1.8
Treatment Means
Irrigation interval Within-row spacing - Varie
%1 85,2 S, 85.5 African 86.8
8742 S 85.6 Chilean 84 ,8%
I§ 84,6 s% 85.3 H. Peruvian 84,7%
14_ 84,8

G

%* Significant at 5% level.




Table 12, Effect of irrigation interval and within-
row spacing on the germination percentage
of alfalfa seeds - 1967,
Irrigation Within-row Variety
interval spacing ks a
African Chilean Hairy
Peruvian
Sl 87 .8 84,2 80,2
Il gz 86.5 85,2 8l.8
3 86.8 82,2 80,5
Sl 88,5 78,2 82,2
Ié 82 85.8 82.5 85.5
S3 82.8 85.2 79.8
S1 87 .8 83,2 84,2
I3 S2 85,8 84,5 82 .8
83 83,5 77 45 79.2
Sl 86,2 7942 78,2
Iﬁ 82 80,8 78,5 80,5
N 83,8 81,8 8lL.8
3
LSD 5% 17
Veriety 1.6 .29
Treatment WMeans
Irrigation interval Within-row spacing Variety
T 85.9 Sl 83.3 African 85.3
Il 82,9 S, 83.0 Chilean 81 ,8%¢
Ig 84,3 S2 82,1 H, Peruvian 81,23¢
3
;& 81,2

e

NI

Significant at 1% level.
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Hard Seeds -

The data for hard seeds of 1966 and 1967 crops are summarized
in Tables 13 and 14 respectively. In both years, the effect of
irrigation treatment was highly significant on the number of hard
seeds produced. During 1966, irrigation.after three and four weeks
intervals resulted in a higher mumber of hard seeds as compared to
the weekly irrigation (control). But during 1967, only the irrigation
after fouf week: intervals resulted in significantly higher number
of hard seed production. TFortnightly and three weeks intervals did
not differ significantly from the control. No significant differences
in the number of hard seeds were observed due to the within~row
spacing treatment. Varietal differences in the number of hard seeds
produced were significant in 1966. The Chilean variety produced
Isignificantly higher_number of hard seeds than the conmtrol. The
differences in 1967 were not significant, in both years the number
of hard seeds produced by the Hairy Peruvian variety was not stati-
stically different from that of_the control,

It can be seen from Taﬁles 13 and 14 that the number of hard
seeds obtained during 1967 was more than that of 1966. The low
mumber of hard seeds reported in Table 13 as compared to the re-
latively high number reported in Table 14 may be attributed to the
fact that the hard seed test of 1966 crop was done two months after
harvesting, whereas in 1967 the test was done immediately after
harvesting. It is well-known that the high percentage of hard seeds

in freshly harvested alfalfa crop decreases with age .
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Table 13, Effect of irrigation interval and within-
row spacing on hard seed production - 1966,
Irrigation Within-row Variety
interval spacing :
African Chilean Hairy
Peruvian
Sl 242 Do 2.6
Ii 22 2.9 3.8 242
3 2.9 3.8 348
S1 S 6.2 &7
12 82 5.8 8,8 5.0
83 4,2 8.5 4,8
Sl 9.5 12.8 6..2
13 82 6.0 13.5 8.5
83 10.C 12 .6 6.5
Sl 12.5 15,0 10,0
I& 32 10 .5 15,8 16:8
83 14,6 12,5 D
1SD 5% 1%
Irrigation interval 4.1 6,0
Variety 1,9 2.6
Treatment Means
Irrigation interval Within-row spacing Variety
%L 3-0_ Sl 7.6 African 6.9
Se7 82 7.6 Chilean 9, 9%
I, 9.5% & 7.7 H, Peruvian 6.3
I4 12 ,3%F

¥% Significant at 1% level.



Teble 14, Effect of irrigation interval and within-
row spacing on hard seed production - 1967 .
Irrigation Within-row Variety
interval spacing = %
African Chilean Hairy
' Peruvian
Sl 6.0 6.5 6.5
Il 82 6,8 5465 5.8
83 5.5 6.2 7.0
Sl 9. 10,8 11,2
12 82 10 .2 15 .5 12..0
S 10. 9.0 9.
>
Sl 13,5 12,5 11,5
I3 52 14,0 104D 12,2
Sﬁ 12,8 13,0 8.0
Sl 16.5 17 .8 15.8
I& 32 18.8 17,2 18.5
S3 18,2 18,0 16,8
ISD 5% 1%
Irrigation interval 6.9 10.1
Treatment Means
TIrrigation interval Within-row spacing Variety
. &2 S1 11 .5 African 11,9
- 10,7 g 1. Chilean iz
 12.8 s i H, Peruvian 11,2
4 17 5%

3% Significant at 1% level,
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Tripping and Pollination

A preliminary study on natural and artificial tripping,
in the absence of pollinating insects,was conducted on caged plants
of the African, Chilean, and Hairy Peruvian varieties, The data
collected on pod setting percentage, number of seeds per pod, gefmina—
tion percentage, and seed vigor, are presented in Tables 15-18.

Pod setting percentage: It appears from the data given in Table 15

that there was a great difference in the percentage of flowers forming
pods as affected by the cause of tripping. The data have not been
anglyzed statistically but it is clear that mechanical tripping in-
creased the pod setting percentage considerably over natural tripping.
The two years averages showed 5,99 and 17.49 percent pod setting of
mtural tripping and mechanical tripping respectively, The ratio was
1:2.9 in favor of mechanical tripping.

There was very little difference among the three varieties
with respect to the pod setting percentage due to natural or mechanical
tripping. Hairy Peruvian variety showed the least percent pod setting
among the three varieties under matural tripping method. Chilean
variety gave relatively higher pod setting percentage by mechanical
tripping.

In general, a higher pod setting was observed in 1966 in the
three varieties as compared to that of 1967, _This difference may be
attributed to the fact that the season of 1966 was more favourable
to alfalfa seed production than that of 1967.

Tt is clear from the data presented that artificial tripping

of 21fal1fa flowers results in better pod setting. These results are




in agreement with (11, 26, 39 and 42).

Table 15. Percentage of flowers forming pods due to
natural and artificial tripping - 1966, 1967,

Treatment
Natural tripping Artificial tripping
Variety - - = —
1966 1967 Variety 1966 1967 Variety

- 3 mean = mean
African 8,23 4,62 6.44 18,28 16,00 17 .14
Chilean 729 5.32 6,31 20,55 15,19 17 .87
H, Peruvian 6,09 4,32 S.21 20,07 14,76 17 .46
Yea.r Mean 6,87 4,76 19,63 15,32
Treatment Mean 5,99 - 17,49

Seeds per pod: It is apparent from Table 16 that pods formed by open
pollination set considerably more seeds than those tripped by either
matural or mechanical means. The mean values of natural tripping,
mechanical tripping and insect pollination of the three varieties are

1,73, 1,89 and 6,09 respectively. Not much difference: was: observed

tripping. Insect pollination produced about 3.5 times more seeds
per pod than those of either mtural or mechanical tripping.

The higher mmber of seeds per pod set by insect pollination
may be attributed to the advantage of cross pollimation over selfing,

fatural and mechanical tripping lead to selfing, whereas insects

result in tripping and eross pollination at the same time. The results
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obtained are in line with the findings of (7, 26, 27 and 39).
Number of seeds per pod set by natural

tripping, artificial tripping and open
pollination - 1966, 1967,

Table 16,

s P e

Treatment
Variety Ma.tural tripping Artificial tripping Open pollimetion
1966 1967 Variety 1966 1967 Variety 1966 1967 Variety
= mean mean ' mean
African T30 1. 72 1,72 1,96 1,69 1,89 = 5i68 6,14 5yl9
Chilean 1.6 1.70 1,61 1.97 X953  Lkg86 5.81 6,24 6,02
'H. Peruvian 2.05 1,67 1,86 2,16 1,84 2,00 6,20 6,47 6,34
Year Mean 1,76 1,69 2,02 1,75 5,56 6.28
1,73 1,89 6.09

Treatment Mean

Germimtion percentage: It can be seen from Table 17 that seeds result-

ing from open pollination gave higher germination percentages than those
seeds obtained from either natural or mechanical tripping. Not much
difference was obtained between matural and mechanical tripping. The
differences in the germination percentages between the seeds set after
open pollination and matural or mechanical tripping may be due to some
partial incompatibility faqtors present among the plants,

Seedling vigor: The data for seedling vigor, as measured by the length

of the seedlings, are given in Table 18, It is apparent that seeds

produced by insect pollination were more vigorous than those pro-
duced by natural and artificial tripping. These results emphasize the

beneficial effects of cross—pollination in alfalfa seed production,
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Table 17. Germination percentage of seeds set by
natural tripping, artificial tripping, and
open pollination - 1966, 1967,

Treatment

T SN T

=T " a8

Variety MNatural tripping Artificial tripping Open pollination
= Variety = Variety hﬁariety
= 1966 1967 mean 1966 1967 mean 1966 1967 __mean
African 49 34 41,5 57 37 47,0 - 75 63 69,0
Chilean 53 38 45.5 59 32 45,5 69 59 64,0
H. Peruvian 61 31 46,0 53 36 44,5 76 59 67.5
Yéar'MEan 04,3 34,3 b6.3 35,0 73:,53 60,0
Treatment Mean 44 3 45,7 66,83
Table 18. Seedling vigor in mm of seeds set by natural
tripping, artificial tripping, and open
pollination - 1967,
Treatment
: Variety
e Natural Artificial Open lean
tripping tripping pollination
African 21.6 18,7 43,7 28,0
Chilean 19.5 21.2 41,6 27 .4
H. Peruvian 23,7 20,9 42,5 28,7
Treatment Means 21.3% 20,3 42 ,6
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Alfalfa pollinators: A record of the alfalfa pollinmators, through-

out the growing season of the crop, indicatad that honey bees and

Some species (unidentified) of wild bees are the important pollinstors

of alfalfa crop in the Beqa 'a ares, Honey bees were present throﬁghm

out the growing season, while the wild bees were more abundant at

the full bloom stage of the crop,



V. SUMMARY AND CONCLUSIONS

The experiment was conducted during the 1966 and 1967 growing
season at The Agricultural Research and Hiucation Center of The
American University of Beirut, to study the effects of four irriga-
tion intervals and three within-row spacings on seed production in
alfalfa. Three alfalfa varieties mamely African, Chilean, and Hairy
Peruvian were used in the experiment. The characters studied were
gseed yield, plant height, pods per racene, seeds per pod, seed weight,
germinmation percentage, and hard seeds.

The irrigation intervals and within-row spacings had their
effects on seed yield. The highest seed yield was obtained by the
fortnightly irrigation interval, The 50 cm spacing proved to be
better than 25 and 75 cm spacings. The Hairy Peruvian variety out-
yielded the African and Chilean varieties. During 1967, the inter-
sction between irrigation and within-row spacing was significant and
the highest seed yield of 73.1 kg per dunum was obtained from the
plants spaced 50 cm apart and irrigated once every two weeks.

The plots receiving irrigation at weekly interval produced the
tallest plants with a tendency towards lodging, The 25 cm within-
row spacing produced tall plants as a result of the crowding and
shading effects, The interaction between irrigation and within-row
spacing was significant during 1967 and the tallest plants were pro-

duced by the 25 cm within-row spacing under the weekly irrigation regime,
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The fortnightly irrigé.tian interval and the 75 em within-
row spacing treatments produced large number of pods per raceme.

Out of the three alfalfa varieties, the Hairy Peruvian out-muimbered
African and Chilean. During 1967, the fortnightly irrigation and

the Hairy Peruvian variety interaction gave the highest mumber of 8,5
pods per raceme.

The mmber of seeds per pod was affected by the irrigation
interval and not by within-row spacing. Plants which were irrigated
once every two weeks produced more mumber of seeds per pod. Signifi-
cantly small mumber of seeds per pod were produced by those plants
which were irrigated at three and four week intervals during 1966 and
at four week intervals during 1967. Among the three varieties used
in the study, the Hairy Peruvian produced the largest munber of seeds
per pod,

During 1966, the heavy seeds were obtained from those plants
which were irrigated at weekly and fortnightly intervals, However,
there was no difference in seed weight during 1967,

Germination percentage was not affected by either irrigation
or within-row spacing treatment. In both years, however, the African
variety gave a higher germination percentage than the Chilean and
Hairy Peruvian,

The plants which were irrigated at three and four week inter-
vals produced significantly higher mimbe# of hard seeds than did
those irrigated at weekly intervals. During the 1966 growing sSeason,
the Chilean variety produced significantly larger number of hard

seeds than the African (control).
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The preliminary study on tripping of alfalfa flowers indicated
that mechanical tripping increased pod setting by three-~fold of the
untripped flowers, Tripped and untripped flowers produced the same
nurber of seeds per pod, These seeds gave very low germination per-
centages, and week seedlings as measured by the length of the
seedling obtained in the germination test.

Collection of alfalfa pollinmators throughout the growing
seasons indicated that honey bees and some unidentified species of
wild bees are the important pollinators of alfalfa in the Beqa'a area.

On the basis of the above mentioned results it may be con-
cluded that:

i, Alfalfa plants spaced 50 X 50 cm apart and irrigated at two
week intervals produced high seed yileld.

ii,. The alfalfa variety Hairy Peruvian was found to be better
adapted than the African and Chilean for seed production in
the Bega'a area.

iii, The mumber of pods per raceme and seeds per pod were found to
be directly related to seed yield.

iv. Low moisture content in the soil was conducive to hard seed

production,
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Table 19. Analysis of variance for seed yield of
alfalfa during 1966 and 1967,

Mls [}
Source . B.T. —
1966 1967
Replication 3 4552 ,667+ 109,10
Irrigation 3. 6893,03%% 3297 27%%
Error (a) 87 632,08 251.74
Within-row spacing 2 4755 ,35%% 1368, ,75%¢
Irrigation X within-row spacing 6 165,26 143 ,87%
Error (b) 24 697 .00 39.40
Variety 2 7059 .207%% 731 ,50%%
Irrigation X variety 6 239,10 24 .61
Within-row spacing X variety 4 281,70 24,00
Irrigation X within-row spacing X variety 12 533.75 30 .95
Error (c) 72 284,41 22,43
Irrigation X within-row spacing -~ 1967,
2

Il Ié I3 I&
Sl 60,6 61,7 60 .2 42 .1
82 703 75.1 69,6 48,8
83 61.4 60,8 60.3 44 4

* Significant at 5% level.

*#* Significant at 1% level,

+ The number of degrees of freedom for error (a) has been reduced
by one because of the confounding of the irrigation treatments,




Table 20, Analysis of variance for plant height

of alfalfa during 1966 and 1967,

06

source D.f.
1966 1967
Replication 3. 913.1%% 32,20
Irrigation 3, 8026,73%% 489803
Error (a) 8" 156,15 102,62
Within-row spacing 2 764 ,60 3%k 1018 ,55%¢
Irrigation X within-row spacing 6 187 .23 137 .,27%
Errver (b)) | 24 77 .07 45,58
Variety 2 5.30 131,60%
Irrigation X variety _ 6 39,66 45,18
Within-row spacing X variety 4 42 .44 52,55
Irrigation X within-row spacing X variety 12 61.20 20,48
Error (c) | 72 59 , 64 38,19
Irrigation X within-row spacing - 1967,

5 5 Ly L
S1 127 .2 124 .9 1147 110,7
52 124 .7 121.9 104.,9 98.3
S3 125.5 118,9 104,2 94,1

#* Significant at 5% level.
#% Significant at 1% level.

+ The number of degrees of freedom for error (a) has been reduced
by one because of the confounding of the irrigation treatments.
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Table 21, Analysis of variance for number of pods
per raceme during 1966 and 1967,

cx
Qource D.f. M.S.
1966 - 1967
Replication 3 5.03 1,40
Irrigation 3, . A7 .34 25 .6635¢
Error (g) 8" 0.80 1,20
Within-row spacing 2 3.007% 8,403
Irrigation X within-row spacing 6 1,72 2,08
Error (b) | 24 0,83 157
Variety 2 7,.,15%% 2 .,007%¢
Irrigation X variety 6 0.70 0,60
Within-row spacing X variety 4 0,90 0,08
Irrigation X within-row spacing X variety 12 0,67 0.17
Error (c) 72 0,66 0,22
Irrigation X variety - 1967,

I1 12 15 I4
African 6.5 8,2 7.4 6.2
Chilean 6.7 8.2 7.% 6.3
H. Peruvian 7D 8.9 7 .4 6.3

# Significant at 5% level,

#*¥% Significant at 1% level.

+ The number of degrees of freedom for error (a) has been reduced
by one because of the confounding of the irrigation treatments.



Table 22, Analysis of variance for number of seeds

per 10 pods of alfalfa during 1966 and

1967,

o8

Source D.E. M,S, o
1966 1967
Replication 5 19,93 61,20
Irrigation S 1166, 663¢¢ 382 ,86%
Error (a) 8" 140,85 62 .36
Within-row spacing 2 56.90 14,10
Irrigation X within-row spacing 6 15.72 85,00
Error (b) 24 242,73 40,39
Variety 2 386,10%% 142 ,95%
Irrigation X variety 6 735 1,87
Within-rcw spacing X variety 4 15,22 24,25
Irrigation X within-row spacing X variety 12 17,28 36,80
Error (c) 72 12.90 32.54

% Significant at 5% level.
¢ Significant at 1% level.

+ The number of degrees of freedom for error (a) has been reduced
by one because of the confounding of the irrigation treatments.
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Table 23. Analysis of variance for 1000-~seed weight.
of alfalfa during 1966 and 1967,

oource
DL M.S.

1966 1967
Replication 2 0,003 0,001
Irrigation 5. 1,320%% 0,07
Error (a) 8" 0,16 0,05
Within-row spacing | 2 0,015 0.02
Irrigation X within-row spacing 6 0,013 0,04
Error (b) 24 0,014 0,02
Variety 2 0,115 0,06
Irrigation X variety 6 0,012 0,04
Within-row spacing X variety 4 0,010 0,05
Irrigation X within-row spacing X variety 12 0,026 0,04
Error (c) 72 0,440 0,03

¥ Significant at 17 level,
+ The mumber of degrees of freedom for error (a) has been reduced
by one because of the confounding of the irrigation treatments,




Analysis of variance for germination
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Table 24,

percentage of alfalfa seeds during

1966 and 1967,
source D.f. MeDae =

1966 1967

Replication 3 2.10 4,20
Irrigation 3 49,56 40 44
Error (a) - g 22,81 22,00
Within~-row spacing _ 2 12 .10 26,90
Trrigation X within-row spacing 6 7..20 19,80
Exrror (b) . 24 12,29 - 24,99
Variety . 2 59,80% 102 ,.25%*
Irrigation X variety . 6 12 .20 9.97
Within-row spacing X variety 4 4,22 23,90
Trrigation X within-row spacing X variety 12 21,67 11,98
Error (¢) 72 12 .41 16,16

# Significant at 57 level.
3% Significant at 1% level,

X The mmber of degrees of freedom for error (a) has been reduced
by one because of the confounding of the irrigation treatments.
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Table 25. Analysis of variance for hard seeds of
alfalfa during 1966 and 1967.

it e s

sSource B.E, M.S.
1966 1967

Replication 3 220,00 2520
Irrigation 3., 4414 ,23%F¢ 1272 77 #%
Error (a) 8" 58.10 161,59
Within-row spacing 2 5.75 = 96,55
Irrigation X within-row spacing 6 38,69 22 .43
Error (b) 24 32,68 78,59
Variety 2 315 10 £6.25
Irrigation X variety 6 52 .67 61,92
Within-row spacing X variety 4 32,98 55,80
Trrigation X within-row spacing X variety 12 33,43 54,22
Error (c) 72 23,94 36,55

#% Significant at 17 level.
+ The mumber of degrees of freedom for error (a) has been reduced
by one because of the confounding of the irrigation treatments.
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